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ReEview

Linoleic acid: have we understood how it works in Psycho-
pathologies and Ischemic Cardiovascular Diseases?

Massimo Cocchi™?, Elisabetta Mondo', Chiara Minuto', Giovanni Lercker’

'Department of Veterinary Medical Sciences, University of Bologna-E-mail: massimo.cocchi@unibo.it; *Research Institute
for Quantitative and Quantum Dynamics of Living Organisms, Center for Medicine, Mathematics & Philosophy Studies;
*Department of Agri-Food Sciences and Technologies, University of Bologna

Summary. The question about Linoleic Acid, which remains arguable, is whether the Linoleic Acid is in-
versely correlated to the Cardiovascular Disease or not and whether increasing the intake over the Recom-
mended Daily Allowance (RDA) is positive or negative. The scientific literature, past and recent, is still
controversial about the matter. To try to answer this controversy, it is important to remember the role of the
Linoleic Acid in the membrane and its relationship with cholesterol. Furthermore, it is important to examine
the effect of the oxidation of Linoleic Acid, its impact on the gut microbiota and the consequences on the gut
epithelial integrity.

Highlights. Nutritional considerations about Linoleic Acid > Characteristic of oxidizability of Linoleic Acid
with respect to the cell membrane function > Linoleic Acid in platelets > The position of Linoleic Acid with
respect to Psychopathology and Ischemic Cardiovascular Disease > Linoleic Acid and its effect on gut bacte-

ria adhesion to gut epithelial barrier.

Key words: linoleic acid, psychopatology, cardiovascular disease, membrane mobility

Nutrionional Characteristic of Linoleic Acid

The essentiality of Linoleic Acid (n-6), and alpha
Linolenic Acid (n-3), was discovered by Burr & Burr
in 1929 (1). It mainly consists in preventing tissue de-
generation until death (1) and it is considered that the
1- 2% of total calories is the right amount to prevent
deficiency (2). The assumption of 3-6 grams of Lin-
oleic Acid is considered safe for average adults.

If we consider an average of 2000 Kcal per day,
the amount of Linoleic Acid should be provided by
about 4 grams of the fatty acid.

The increased consumption of vegetable oils has
increased the intake of Linoleic Acid to about the 6%
of total calories (3), which means that in diets with an
intake of 2000 calories, the amount of Linoleic Acid
has increased of about 3 times increasing the risk of
oxidation.

Linoleic Acid: oxidizability and cell membrane

mobility

There is a relationship between the molecular
structure and the environmental behavior of all chemi-
cal species, both in chemical and biological systems,
although it is not always the same for the two systems.

The interpretation of an event in complex systems
such as biological ones is often also due to the knowl-
edge of the molecular structures involved.

The fatty acids, that can be found bound or in
their free form in different types of substances, have a

carboxyl group able to bind different chemical
species, while the hydrocarbon chain can give chemi-
calphysical interactions of energy that is lower than in
a bond, but still very important for biology (4).

By the existence of van der Waals forces, the hy-
drocarbon chains of different molecules can approach
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each other to produce an electrostatic attraction for the
coupling of those linearly similar molecular parts due
to the deformations of the electronic clouds, with the
genesis of electrostatic effects. The presence of double
bonds in the hydrocarbon chain keeps part of the jux-
taposed chains and decreases the total energy due to
van der Waals forces, appearing among the molecules
involved as critical points of minor forces and greater
spatial bulk. For molecular structures rich in hydrocar-
bon, linear or not, the melting point, the viscosity and
the respective structural distances between molecules
will be different and indicative of the “interaction” in-
tensity. In a biological membrane, dominated by the
presence of phospholipids and cholesterol, its fluidity
and functionality will be conditioned by these molecu-
lar interactions, with variations due to the presence of
all the minor components of the membrane.

In addition to these effects, the thermostatic con-
trol will be a necessity in order to facilitate the ho-
meostasis of many interactions, maintained by a series
of self-regulations, triggered by any changes that have
occurred.

The diet influences the composition and behavior
of the membranes, which the living being will rebal-
ance in relation to their respective needs. For mem-
branes, saturated fatty acids and cholesterol will be
used to increase the stiffness of the membrane folds,
while polyunsaturated fatty acids will have the task of
fluidizing it. The oxidation of fatty acids or their de-
rivatives is an inevitable event for the needs of living
organisms to produce energy (beta-oxidation) and for
chemical transformations, i.e., the synthesis of oxygen-
ated derivatives (prostaglandins, thromboxanes, leu-
kotrienes, etc.).

Unfortunately, alongside the needs of the desired
oxidative process, other undesired ones may occur.

Reactive Oxygen Species (ROS), considered as
the cause of undesired biological oxidation, are “buff-
ered” by numerous antioxidant systems present in our
body.

The problem of oxidation arises when its quan-
tity is very high, and the antioxidant means are not
enough.

The connection between oxidation and inflam-
mation, with the possible consequences, increases the
importance of the oxidation argument.

Lipid oxidation mechanisms have been studied
extensively through research conducted on foods to
protect them, but little in biological systems. Oxida-
tion in the aqueous-lipidic system has a very differ-
ent behavior from that of lipids in the homogeneous
phase. In fact, in the latter, it follows the perfect cor-
respondence of speed with the level of unsaturation
of the fatty acids (5, 6), while in the aqueous-lipidic
system the Linoleic Acid (LA) is the most oxidiz-
able and the Docosahexaenoic Acid (DHA) the least
oxidizable (7).

The explanation of this behavior is attributable to
the ability of the DHA to twist itself, in a watery en-
vironment, based on the presence of six double bonds
reaching a structure with minimal surface exposed to
water, the exact opposite behavior with respect to the
lipidic system (8).

These phenomena explain the central role of Lin-
oleic Acid in the regulation of cell membrane mobility
and explain how this fatty acid, whose molecular size
is greater than any other fatty acid, conditions both,
cholesterol levels and exposure of membrane receptors.

Linoleic Acid, membrane viscosity, Ischemic Heart
Disease and Psychopathology

Fatty acids and membrane viscosity of platelets
(cells primarily involved in cardiovascular patholo-
gies), have been extensively studied in patients with
Ischemic Cardiovascular Disease (ICVD) and Major
Depression-Bipolar Disorder (9-14).

In these studies, Linoleic Acid in platelets is, by
far, lower than in normal subjects and this finding
could confirm that lower levels are characteristic of the
ICVD and Depression-Bipolar Disorder.

The question is whether a higher intake of Lin-
oleic Acid can reduce cardiovascular risks.

Linoleic Acid facts

To better understand the position of Linoleic
Acid in ICVD and Depression-Bipolar Disorder risk,
some arguments should be addressed:
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Linoleic Acid concentration in platelets of ICVD and De-
pression-Bipolar Disorder subjects.

The platelet concentration of Linoleic Acid in
normal subjects with respect to the pathologic subjects
is higher at such extent that is practically impossible to
reach normal conditions (19% vs 10% in ICVD sub-
jects) (9,11,14).

The platelet concentration of Linoleic Acid in in
suicide risk and severe heart ischemia reaches a very
low concentration, about 5% (11, 15).

Linoleic Acid and Cholesterol have the same behavior in
cell membrane

Linoleic Acid and Cholesterol act the same way
in the membrane. The larger molecular dimension of
the first increases the fluidity of the membrane, but an
increase of cholesterol contrasts this to maintain the
balance of the membrane mobility (16, 17).

Cholesterol protects Linoleic Acid from oxida-
tion being the latter the trigger of endothelial activa-
tion which leads to pro inflammatory effects (18).

Linoleic Acid is, among all polyunsaturated fatty acids, the
most oxidizable

It is demonstrated that Linoleic Acid, because of
the above characteristic, is more oxidizable with re-
spect to the other polyunsaturated fatty acids (19) and
that the cell membrane has an increased risk of oxida-
tion (20-22).

Despite the large number of scientific papers claim-
ing a positive effect of Linoleic Acid in ICVD risk re-
duction, other papers claim the responsibility of Linoleic
Acid in ICVD because of its peroxidative role in LDL,
VLDL and HDL and the production of oxidized me-
tabolites such as 9-HODE (9-hydroxy-10,12- octadeca-
dienoic acid) and 4HNE (4-Hydroxynonenal) (23, 24).

Linoleic Acid influences the gut bacterial adhesion fo the
epithelial gut opening the door to the silent inflammation
which is considered one of the major events in ICVD and
Psychopathology

Complex cellular and inflammatory interactions
are involved in the progress of vascular diseases, such
as, for example, the association between pro-inflam-
matory cytokines with endothelial dysfunction and
atherosclerosis (25, 26).

Several studies, including the ones conducted by
Arif et al. (27) have demonstrated that the increased
membrane fluidity of bacteria reduces the adhesion to
the epithelial wall influencing the opening of the tight
junctions and giving access to the pro-inflammatory cy-
tokines.

The excessive presence of PUFAs in general, in
particular Linoleic Acid, both in the culture media
of the various bacterial strains and in the daily diet,
such as seed oils, lecithin, etc. (28) should be avoided
in order to prevent the silent inflammation involved in
ICVD and in Psychopathologies. Further, it is of inter-
est the activity of B. longum and L. acidophilus in their
antioxidant capacity on the Linoleic Acid and in their
scavenging activity on malondialdehyde (29).

Conclusion

The evidence of a reduced plasma and cellular
concentration of Linoleic Acid in cardiovascular risk
and in the course of ischemic cardiovascular disease
has certainly led many researchers to believe that it is
advisable to take a greater amount of Linoleic Acid
than recommended.

This work is not a criticism against the opinion
of researchers (29) who recommend increasing the in-
take of Linoleic Acid over the recommended amount;
however, it wants to draw attention to the biochemical
aspects of Linoleic Acid. Based on the tissue distribu-
tion of Linoleic Acid, ranging from about 1% of the
brain (30) to about 20% of the cardiac cells (31) it is
recognized the role that Linoleic Acid plays in the reg-
ulation of the ion channels flux (32, 33). The authors
suggest respecting the quantities recommended to not
compromise the delicate biochemical role of this fatty
acid with the risk of an increased oxidizability with re-
spect to the heart and brain functions (15).
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Potential therapeutic effects of alpha lipoic acid in memory
disorders

Leonardo Triggiani
Neurology Department, Ospedale Santo Spirito, Rome, Italy - E-mail: Itriggiani@gmail.com

Summary. With ageing, biological processes promote a gradual loss of the ability to maintain homeostasis,
leading to a progressive deterioration in the body’s biochemical and physiological functions, thereby increas-
ing susceptibility to disease. ALA, a low-molecular-weight dithiol with a chiral centre, is a dietary supple-
ment thought to have potential therapeutic effects for the prevention or treatment of neurodegenerative
diseases. In addition, treatment with ALA is able to regulate inflammatory cell infiltration into the central
nervous system and to down-regulate VCAM-1 and human monocyte adhesion to epithelial cells. In neuro-
degenerative disease models, treatment with ALA is able to improve the function of the dopamine, serotonin
and norepinephrine neurotransmitters. Scientific evidence shows that ALA possesses the ability to improve
memory capacity in a number of experimental neurodegenerative disease models and in age-related cognitive
decline in rodents. Studies have shown that this substance is able to reduce memory loss in various behav-
ioural paradigms of Alzheimer’s disease and in age-related cognitive dysfunctions.

Key words: alpha lipoic acid, ALA, memory disorders

Cognitive decline

Ageing is a multi-factorial process that includes
genetic, social and environmental factors. With age-
ing, biological processes promote a gradual loss of the
individual ability to maintain homeostasis, followed
by a progressive deterioration in the body’s biochemi-
cal and physiological functions, thereby increasing
susceptibility to age-related diseases. The cognitive
functions also undergo a decline with age. Alzheimer’s
dementia and mild cognitive impairment (MCI) are
common amongst the elderly and are characterised by
a progressive loss of the cognitive functions, memory,
speech and reasoning ability. However, even those who
do not suffer from these conditions can present minor
cognitive changes that affect the activities of daily liv-
ing and quality of life.

Alpha lipoic acid

Opver the years, increasing attention has been ded-
icated to alpha lipoic acid (ALA) as a dietary supple-
ment with potential therapeutic effects for the preven-
tion and treatment of neurodegenerative diseases and
age-related cognitive dysfunctions.

ALA (1,2-dithiolane-3-pentonoic acid, or thi-
octic acid) was discovered in 1937 by Snell (1) and
characterised by Reed in 1951 (2); however many of its
properties are yet to be clarified.

ALA is a low-molecular-weight dithiol with a chi-
ral centre and its structure is formed of eight carbon at-
oms, two oxygen atoms in the carboxyl group and two
sulphur atoms (Figure 1). A substantial part of ALA
is reduced to dihydrolipoic acid (DHLA) by lipoamide
dehydrogenase with the involvement of the NADH and
NADPH system (3,4). ALA contains an asymmetrical

carbon atom that determines two optical isomers: the
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Figure 1. Structural formula of alpha lipoic acid

S form and the R form, the former being synthesised
endogenously (5). ALA can be taken in through the diet
and, due to its endogenous synthesis capacity, it is not
considered a vitamin, rather it is structurally considered
a member of the B vitamin family (6). When taken as
a dietary supplement in the racemic mixture form, it
contains two isomers (1:1 ratio of R-ALA and S-ALA)
of which S-ALA can prevent the polymerisation of R-
ALA and therefore increases its bioavailability (5). ALA
is found in foods of both vegetable and animal origin. R-
ALA is most abundantly present in vegetables like spin-
ach, broccoli and tomatoes; amongst the foods of animal
origin it is found most copiously in bovine kidney, heart
and liver (7). Even when taken in through food and sup-
plements, ALA is absorbed, metabolised and excreted
rapidly. Up to 93% of an oral dose is absorbed in the
digestive tract and undergoes considerable pre-systemic
elimination. Between 27 and 34% of the oral intake is
available for tissue absorption; the liver is one of the
main clearance organs on account of its high absorp-
tion and storage capacity (8). Gastrointestinal absorp-
tion varies greatly and would appear to be reduced with
dietary intake, suggesting that the absorption of ALA
competes with that of other nutrients. ALA is rapidly
absorbed in the digestive tract and its plasma presence
is followed by rapid clearance. The plasma half-life of
ALA is approximately 30 minutes. Peak urinary excre-
tion occurs 3-6 hours after intake. Approximately 45%
is excreted in urine within 24 hours and just 3% is ex-
creted in stools. A small amount of ALA is excreted in
an unmodified form (9). There are no guidelines regard-
ing the recommended daily dose and the dose that could
have adverse effects on human health is not known.

At cell level, ALA is an essential substrate for
energy metabolism and the formation of amino acids
(9). It is a fundamental cofactor for mitochondrial de-

hydrogenase complex enzymes including pyruvate-de-
hydrogenase (PDH), a-ketoglutarate-dehydrogenase
(0-KGDH) and branched-chain keto acid dehydroge-
nase (10).

The presence of a dithiol ring in both the oxidised
form (ALA) and the reduced form (DHLA), makes
both forms potent natural antioxidants (11). They re-
act with both reactive oxygen species (ROS), such as
the hydroxyl, peroxyl and superoxide radicals (12), and
with reactive nitrogen species (RNS), and therefore
their functions are considered part of the cell protec-
tion mechanisms against those conditions in which
oxidative stress plays the main aetiological role (13).

A high level of oxidative stress contributes to
making the inflammatory processes chronic. A number
of studies show that ALA alters nuclear factor (NF-
%) signal transduction at cell level. NF-xf} is a redox-
sensitive transcription factor that plays an important
role in inflammation by regulating the expression of
cytokines, internal tissue factors and adhesion factors
in the endothelial cells. The expression of adhesion
molecules causes an interaction between white blood
cells and endothelial cells through the bloodstream. In
this situation, other inflammatory mediators, such as
monocyte chemo-attractant protein-1 (MCP-1), met-
alloprotease 9 and various cytokines, are involved by
NF-xf (14,15). As an inhibitor of NF-»f, ALA has
been studied in cytokine-mediated inflammation (16).
In addition, treatment with ALA is able to regulate
inflammatory cell infiltration into the central nervous
system and to down-regulate vascular cell adhesion
molecule-1 (VCAM-1) and the human monocyte ad-
hesion to epithelial cells, and to inhibit the expression
of NF-»f-dependent metalloprotease 9(17,18).

Metals can mediate the generation of free radicals,
induce oxidative damage and exert a potential toxic
and carcinogenic action. In addition to the direct anti-
oxidant properties of ALA, some studies have shown
that both ALA and DHLA and a great capacity to
chelate redox-active metals, such as copper, free iron,
zinc and magnesium, albeit in different ways (19, 20).
The evidence from research seems to suggest that ALA
modulates the free radical actions induced by metals in
transition metal accumulation sites. More specifically,
it has been shown that iron and copper chelation with
DHLA may explain the low level of free radical dam-
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age in the brain and the improvement in the patho-
biology of Alzheimer’s Disease (21). It has also been
demonstrated that treatment with ALA reduces both
iron absorption and the size of iron accumulations in
the cerebral cortex (22).

Experimental models

Alzheimer’s Disease (Figure 2) in a progressive,
chronic neurodegenerative disease. It is characterised
by a progressive loss of cognitive and memory capac-
ity, as well as self-sufficiency in daily life and com-
munication and interpersonal skills. In the past, it
was postulated that the aggregation of Beta-Amyloid
peptides (Af) to form amyloid plaques constituted the
first event in the pathological cascade of Alzheimer’s
disease; this mechanism was known as the “amyloid
cascade hypothesis”. The so-called “oligomer hypoth-
esis” now suggests that Alzheimer’s disease is initiated
by a synaptic dysfunction caused by soluble oligom-
ers of AP (23). Furthermore, scientific evidence has
shown that multiple neurotransmitters and the cho-
linergic system undergo a change under this condition
(24,25). These changes can be defined as a deteriora-
tion of the basal cholinergic neurons of the frontal
cortex and a reduction in acetylcholine production
(26). As acetylcholine metabolism is associated with

Insulinomimetic Anti-inflammatory
role of ALA / and antioxidant
IS action of ALA
Availability of o
Acetyl CoA

s
ALA as a ChAT / o
activator

Figure 2. ALA can improve cognitive performance and could be
a potential treatment for the pathogenesis of Alzheimer’s disease
through a number of mechanisms: (1) increased acetylcholine
production; (2) increased glucose uptake and therefore greater
availability of acetyl-CoA for the production of ACh; (3) inhibi-
tion of hydroxyl radical formation, removal of ROS, inflamma-
tory process down-regulation; (4) potent metal chelator.

\ ALA’s action as

a metal chelator

the glycolytic pathway and the formation of pyruvate,
acetylcholine synthesis will be altered by the depletion
of glucose in the brain of patients with Alzheimer’s
disease (27). Energy depletion and oxidative stress are
therefore fundamental biochemical characteristics of
the disease. Oxidative stress is triggered by the astro-
glia and microglia activated through an inflammatory
process (28) that leads to the formation of free radicals
and to extensive oxidative stress in the progression of
Alzheimer’s disease (29). Superoxide species and free
radicals therefore cause neuronal damage in this con-
dition (30,31). Observational studies suggest that anti-
oxidant supplementation can modulate oxidative stress
and reduce the risk of Alzheimer’s disease (32). Many
mechanisms have been postulated to explain the ef-
fect of ALA in Alzheimer’s disease: one recent pilot
study showed that combination therapy with omega-3
and ALA may reduce functional and cognitive decline
in patients with mild and moderate Alzheimer’s dis-
ease (33). ALA down-regulates the pro-inflammatory
redox-sensitive transduction processes, including NF-
%[} translocation, with a reduction in the release of fur-
ther free radicals and cytotoxic cytokines. ALA is able
to down-regulate inflammatory processes by modulat-
ing the pro-inflammatory cytokines (29), and it can in-
fluence oxidative stress by increasing intracellular glu-
tathione levels(34,35). One study has shown that ALA
improves mitochondrial enzyme activity and reduces
the levels of lipid peroxidation in the hepatic and renal
mitochondria of rats (36). Another study has shown
that ALA may increase the mitochondrial synthesis
of ATP in the brain of elderly rats, thereby increasing
the activity of the mitochondrial enzymes (37). In an
age-related reaction, the excess of metal ions (copper,
iron and zinc) in the brain causes peptide precipitation
and the formation of plaques. The abnormal combi-
nation of A with copper and iron ions induces the
production of hydrogen peroxide from molecular oxy-
gen (38) with the consequent production of neurotoxic
hydroxyl radicals. ALA is able to chelate transition
metal ions and, therefore, modulate the iron- and cop-
per-mediated oxidative stress in Alzheimer’s plaques
(39). This results in an increase in the extraction of
AR peptide from the cortical areas (40). In an experi-
mental mouse model of Alzheimer’s, ALA was seen to
increase the extraction of AP from the frontal cortex
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that, like other metal chelators, could reduce the amy-
loid load in affected patients (40). ALA may also play
arole in the activation of the choline acetyltransferase
enzyme (ChAT), which is essential in the anabolism
of acetylcholine (41,42). One experimental study has
shown that in rats that had been administered ALA
there was an inversion in the cognitive dysfunction
with an increase in ChAT activity in the hippocampus
(43). Another study showed the complete disappear-
ance of enzymatic activity of purified ChAT after the
dialytic removal of DHLA, whereas activity was re-
stored by adding DHLA. The authors concluded that
DHLA plays an essential role in the activity of this
enzyme and that the relationship between reduced and
oxidised ALA is important for the synthesis of ace-
tylcholine (42). DHLA can act as a coenzyme in the
ChAT reaction or it can reduce an essential functional
cysteine residue of ChAT that no other physiological
antioxidant, including reduced glutathione, is able to
reduce.

Clinical studies

A number of clinical studies have been conducted
to evaluate the effects of ALA in Alzheimer’s disease.
Unfortunately, as they all have methodological limita-
tions, the conclusions that can be drawn from them
have a merely indicative value.

In 2001, Hager et al. studied 9 subjects with Alz-
heimer’s aged over 45 years. These patients received a
standard treatment with acetylcholinesterase inhibitors
- donepezil or rivastigmine - for three months before
starting a dose of 600 mg of ALA for 12 months. The
neuropsychological scales used were the Mini-Mental
State Examination (MMSE) and the Alzheimer’s dis-
ease assessment score cognitive subscale (ADAScog).
After starting treatment with ALA, the results of these
tests remained constant throughout the follow-up pe-
riod of almost a year (44). A few years later, the same
group published the results of a 48-month follow-up
study including 43 patients with mild, moderate-early
and moderate-advanced dementia. The results show a
lower disease progression rate in the subjects taking
ALA (600 mg/day) (45). However, the small sample

size of the study and the absence of a control group

constitute important limits.

Galasko et al. in 2012 conducted a double-blind,
placebo-controlled trial on 78 Alzheimer’s patients to
evaluate biomarkers in the cerebrospinal fluid (CSF).
In this trial, patients were randomised to three groups
that received: (a) a combination of 800 IU/day of vi-
tamin E (E), 500 mg/day of vitamin C (C) and 900
mg/day of ALA; (b) 1200 mg/day on co-enzyme Q;
(c) placebo. Although the C/E and ALA combination
reduced the CSF biomarker F2-isoprostane, showing
a reduction in cerebral oxidative stress, none of the an-
tioxidants altered the levels of CSF biomarkers associ-
ated with amyloid disease or tau protein. Furthermore,
the E/C/ALA group presented a faster cognitive de-
cline, based on MMSE scores, than the placebo group.
These results suggest that further clinical studies are
required to evaluate the benefits of ALA in cognitive
decline (46).

In 2014, Shinto et al. studied 39 subjects with
Alzheimer’s Disease in a randomised, double-blind,
parallel-group, 3-arm trial evaluating the efficacy of
omega-3 fatty acids alone or in combination with
ALA (600 mg/day) versus placebo. The purpose of the
trial was to evaluate changes in oxidative stress bio-
markers. The following cognitive and functional tests
were also performed: MMSE, ADAScog and Activi-
ties of Daily Living / Instrumental Activities of Daily
Living (ADL/IADL). After 12 months, none of the 3
groups presented significant differences in F2-isopros-
tane levels. The group treated with omega-3 presented
a halt in decline on the IADL but no change in the
MMSE and ADL scores. It is interesting to note that
the omega-3 + ALA combination caused a slow-down
in cognitive decline (considering both the MMSE and
the IADL scores but not the ADAScog scores) (47).

In 2005, Bragin et al. suggested ALA as an ap-
proach for integrated treatment in patients with mod-
erate dementia (MMSE < 15) and depression. In this
trial, 35 subjects with an average age of 71 years were
followed for 24 months. The treatment was composed
of antidepressants, cholinesterase inhibitors, supple-
ments and vitamins. Patients were also given dietary,
exercise and stress control technique instructions.
Neuropsychological assessment scales were used. The
results showed that this treatment, administered for 2
years, slowed cognitive decline and improved the per-
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formance of these patients. This effect can be partly
explained by an improvement in the patients’ overall
mental health, due primarily to the depression treat-
ment. The main limitations of this study were the lack
of information on patient compliance and the con-
comitant use of other medicinal products. It is also dif-
ficult to establish which of the interventions produced
a positive effect (48).

Possible mechanisms of the neuroprotective effect

of alpha lipoic acid

In vivo and in vitro studies have been conducted
to define the cellular and molecular effects of ALA
underlying its activity on memory processes. The ef-
fects of ALA on oxidative markers in various areas of
the brain have been discussed in a number of studies
on animal models of ageing and degenerative diseases.
The administration of ALA reduces lipid peroxida-
tion in different areas of the brain and increases the
activity of antioxidants such as ascorbate (vitamin
C), a-tocopherol (vitamin E), glutathione, and also
the activity of superoxide dismutase, catalase, glu-
tathione-peroxidase, glutathione-reductase, glucose-
6-P-dehydrogenase. Furthermore, administration of
ALA inverts the increase in carbonyl protein levels in
a radiation-induced cognitive dysfunction model and
causes a decrease in carbonyl protein levels in elderly
SAMPS rats (49-51).

Liu et al. examined the effects of ALA on the
mitochondrial structure, hippocampal neurodegenera-
tion, and the nucleic acid oxidative damage in the hip-
pocampus and cortex of elderly rats. ALA supplemen-
tation significantly reduced the levels of oxidised RNA
and inverted age-induced structural mitochondrial
damage in the hippocampus (52). In another study,
conducted to evaluate the protective effect of ALA
against damaged caused by arsenic-dichlorvos in rats,
showed that cerebral oxidative stress and cholinergic
dysfunction were significantly reduced by the adminis-
tration of ALA (53).

The SAMPS8 mouse is an experimental model that
shows increased oxidative stress and memory decline
associated with a rapid ageing process. The mecha-
nisms underlying the inversion in the cognitive decline

of SAMP 8 mice caused by ALA were determined by
studying the expression and specific carbonylation of
protein in the brain of 12-month-old SAMPS8 mice
after the administration of ALA or carrier. The lev-
els of 3 proteins (neurofilament L triplet protein, a-
enolase and ubiquitous mitochondrial creatine kinase)
were significantly elevated, whereas protein carbonyla-
tion was reduced in lactate dehydrogenase B, in dihy-
dropyraminidase-like protein 2 and in the a-enolase
of elderly mice receiving ALA, suggesting that, in
addition to improving learning and memory, ALA is
able to restore certain proteins in the brains of elderly
SAMP 8 mice (54).

In neurodegenerative disease models, treatment
with ALA can improve the function of the dopamine,
serotonin and norepinephrine neurotransmitters (49).
In an AP vaccine-induced Alzheimer’s disease model,
mice treated with ALA presented increased levels of
serotonin, dopamine and norepinephrine, whereas the
concentration of the metabolites 5-hydroxyindole,
acetic acid and homovalinic acid gradually normalised
(55). Another study demonstrated that ALA can im-
prove the neurological damaged induced by excess Af3
and aluminium, thereby restoring AChE activity (56).
In a AlCL-induced neurodegeneration model, ALA
showed the ability to improve cognitive functions
and increase cholinergic system functions. Treatment
with ALA increased the expression of genes encoding
for muscarine receptors M1 and M2 and for choline
acetyltransferase in the group treated with AlCL;-(57).

Both ALA and DHLA have been seen to inhibit
the formation of A fibrils and their expansion, and
they also weaken pre-formed fibrils in a dose-de-
pendent manner (58). Furthermore, DHLA alone has
been seen to have a signiﬁcant neuroprotective action
against the neurotoxicity induced by AP and by iron/
hydrogen peroxide (59).

Conclusions

Although the mechanisms of action of ALA are
not yet completely clear, it is evident that a multitude
of pathways underlie its neuroprotective capacity.

Scientific evidence shows that ALA possesses the
ability to improve memory capacity in a number of ex-
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perimental neurodegenerative disease models and in
age-related cognitive decline in rodents. Studies have
shown that this substance is able to reduce memory
loss in various behavioural paradigms of Alzheimer’s
disease and in age-related cognitive dysfunctions.

In vivo and in vitro studies have shown that ALA
has a positive intervention in the neurodegenerative
processes of the hippocampus, by reducing neuronal
apoptosis and supporting a neuroprotective role medi-
ated by the mitochondrial cell death process. ALA is
also able to inhibit the formation of Af fibrils, thereby
improving the consequent neurological damage, and it
significantly restores AChE activity. This latter prop-
erty suggests that ALA has a potential role in improv-
ing cholinergic and cognitive function. These neuro-
protective effects can be associated with ALA’s ability
to improve the memory loss associated with neurode-
generative diseases.

Although they have yielded promising results, the
clinical studies conducted in humans to date present a
number of limitations - small sample size, open-label
design, concomitant use of other antioxidants - that
make it impossible to draw appropriate conclusions re-
garding the use of ALA in neurodegenerative diseases
and memory disorders.

The improvements in memory and cognitive capac-
ity and the neuroprotective activity shown by ALA sup-
port the hypothesis that it could be used as a supplemen-
tary treatment in neurodegenerative diseases and provide
the rationale for clinical trials with an ad hoc design.
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Summary. Chronic renal disease (CKD) is a social problem affecting millions of patients characterized by
loss of renal function and related to metabolic diseases. The approach from the dietary point of view to this
problem could be a perfect strategy to slow down the progression of the disease and at the same time the
problems of malnutrition typical of CKD. Several studies show that the Mediterranean diet (MD) may play
a key role in the control of the early stages of the disease. Even if the MD showed to be the best diet for the
control of metabolic diseases and for the general well-being, in the case of the patient with CKD, should be
adapted in what is called the DASH diet, characterized by the typical roles of the MD but with a controlled

intake of minerals and proteins.

Key words: Mediterranean diet, chronic renal disease, obesity, cardiovasvascular disease, DASH diet.

Introduction

Chronic Kidney Disease (CKD) is characterized
by a physiological alteration of the kidneys, manifest-
ed by abnormal albumin excretion or decreased kidney
function, quantified by measuring glomerular filtra-
tion rate (GFR), that is detectable for more than three
months (1).

CKD occurs from many reasons that alter the
function and structure of the kidney irreversibly. CKD
is one of the biggest health problem in our society;
the number of CKD patients rises every year, reflect-
ing the growing elderly population and the increasing
number of metabolic diseases (2).

The causes of CKD may be different: diabetes,
hypertension and obesity are the main reasons of this
disease (3).

The insulin resistance typical of the metabolic
syndrome is present in mild kidney disease, and gets
worse as kidney function diminishes (4).

For this reason, the first approach for patients af-
fected by CKD is designing an optimal diet because there
is an interrelationships between diet and CKD, but it is
not easy to find a perfect balance. The diet plan should be
balanced in all nutrients, depending on the stage of the
individual patient’s illness to maintain the requirements
for calories (5). This is not the only problem, since the re-
quirement for calories is also influenced by CKD; in fact,
CKD results in the development of insulin resistance and
eventual impairment of carbohydrates and lipids utiliza-
tion. This is relevant because a high intake of protein is
generally accompanied by an increase in dietary salts (6).

Up to now, many studies in CKD have focused on
protein intake, in particular the guidelines have sug-
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gested a protein restriction to get a modest benefit.

The Mediterranean Diet (MD) has received at-
tention for decreasing cardiovascular risk and all the
metabolic and inflammatory diseases, including the
CKD. In particular, it brings improvements in blood
pressure (BP), lipid profile, endothelial function, and
systemic inflammation (7).

Clinical practice guidelines for adult patients
with CKD have recommended dietary protein intake
of 0.6-0.8 g/kg body weight per day and energy intake
of 30-35 kcal/kg ideal body weight per day. However,
protein restriction is only a part, though a very relevant
part, of a more complex dietary management of CKD
patients. Phosphate intake should be reduced (700-
400 mg/day), as well as sodium intake (2-3 g/day). Di-
etary energy intake must cover energy requirements up

to 35 keal/kg/day for 65 years old patients (8).

Could Chronic kidney disease induce malnutrition?

Malnutrition is defined as an alteration of nu-
tritional status resulting from imbalanced nutrients
intake; this phenomenon is very common in patients
with CKD. The patients affected by CKD show re-
duced body weight, due to the loss of fat and muscle
mass and the low levels of some plasmatic and visceral
proteins (9). Various studies show high incidence of
malnutrition in 23-76% of haemodialytic (HD) pa-
tients and in 18-50% of peritoneal dialysis (PD) pa-
tients. The reason of this malnutrition may be related
to factors such as age, diseases and quality of dialysis
therapy. In many CKD patients the reason of this phe-
nomenon is not really clear; it may be related to a poor
food intake, nausea and vomiting due to uremic tox-
icity, hormonal derangements, acidosis and increased
resting energy expenditure and depression of the pa-
tient (10).

In CKD, malnutrition is strongly related to many
inflammatory metabolic diseases such as atherosclero-
sis. For this reason, a rapid atherosclerosis that occurs
in advanced CKD has been reported by many authors
and this is probably due to different mechanisms such
as inflammation, malnutrition, oxidative stress and ge-
netic components.

Early evaluation of pre-dialysis CKD patients
for malnutrition, paying more attention to their diet
and correcting metabolic disorders like acidosis, may

help to mitigate development of cardiovascular disease

(CVD) (11).

The role of the Mediterranean diet in several diseases

The discovery of the health benefits of the MD is
attributed to the American scientist Ancel Keys who
suggested a relationship among lifestyles, nutrition and
CVD in different populations (12). From this study
comes out, as the populations that follow a diet based on
the MD present a very low incidence of metabolic and
chronic diseases. The reason of this data are mainly due to
the plentiful use of olive oil, bread, pasta, fish, vegetables,
herbs, garlic, red onions, and other foods of vegetable ori-
gin compared to a rather moderate use of meat (13).

Many studies and clinical trials have shown that
the MD reduces the risk of CVD and metabolic syn-
drome that are related to the CKD. In particular, it has
been observed in many trials performed on patients,
the decrease of abdominal circumference, an increase
in high density lipoprotein (HDL), a decrease in
triglycerides, a lowering of blood pressure and a de-
crease in the concentration of glucose in the blood and
all these values are related to the reduction of many
chronic diseases (14).

The typical balance of the MD maintains intes-
tinal eubiosys whose imbalance is closely related to
systemic inflammatory and metabolic diseases that, as
reported, increase the incidence of CKD (15).

The MD provides the high consumption of ol-
ive oil that is very rich in monounsaturated fatty acids
(MUFA); furthermore, in the traditional MD pattern,
the intake of dairy products and meats is lower than in
the Western diet and animal fats are mainly from goats
and sheep, which provide a higher content in medium-
chain fatty acids that are less atherogenic than long-
chain fatty acids (16).

Results of the PREDIMED trial pointed out that
a MD with relatively high fat intake (35-40%), mostly
from Extra virgin olive oil (EVOQO), was associated
with primary prevention of CVD. Oleic acid is the
main MUFA representative component and it is pre-
sent in EVOO, which is also rich in polyphenols and
vitamin E; these compuonds have high anti-inflam-
matory, antioxidant and vasculoprotective properties.
Increased olive oil consumption has been consistently
associated with a lower risk of all-cause mortality, car-
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diovascular mortality, cardiovascular events and stroke
in the general population and in individuals with man-
ifest CVD (17).

From these observations, it is possible to say that
a low-fat diet, coupled with the widespread availabil-
ity of zero- or low-fat foods (e.g., milk, yogurt), is not
essentially healthy; in fact, it may induce the people
to have higher consumption of refined starch-and
sugar-rich foods, thus contributing to excessive en-
ergy intake, overweight, obesity, and related complica-
tions (i.e., CVD). In support of this concern, there is
some evidence that, compared to carbohydrates, both
MUFA and polyunsatered fatty acids (PUFA) in the
MD eating pattern, tend to reduce low-level density
lipoprotein cholesterol (LDL-C) and triglycerides,
while increasing HDL-C (18).

Worth of notice is that in the MD the most in-
take of fats comes from olive oil and fish that are rich
in eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) and for this reason many evidences sup-
port the health benefits of a MD eating pattern against
metabolic diseases (19).

Epidemiological data and various clinical trials
support a correlation between moderate red wine con-
sumption and lower risk of CVD, but also with lower
risk of CKD and end-stage renal disease (ESRD) in
individuals with normal kidney function (20, 21).

Mediterranean Diet for the Chronic Kidney Disease

Traditional dietary management of CKD focuses
predominantly on the quantity of calories and proteins,
and the restriction of single micronutrients, with little
mention of dietary quality. Emphasis on restriction of
sodium, potassium and phosphorus in CKD may pos-
sibly compromise overall diet quality (22). Fruit and
vegetable-rich diets such as the MD are recommended
for primary and secondary disease prevention. Many
evidences in patients with CKD suggests that the MD
may be helpful to delay progression and prevent com-
plications, but in the same time the scientific commu-
nity has reluctance to recommend a normal MD to the
CKD patient; in fact, some of the typical components
of the MD pyramid could conflict with the traditional
dietary restrictions of CKD (23).

The importance of the MD comes from the
balance among all the nutrients but even if a lot of

evidence recommend this diet for special needs, in
CKD, some values in nutrients should be readapted
(for example protein intake in the MD aligns with a
controlled protein diet for CKD - 0.8 g/kg/day). An
interesting aspect is the source of protein, which in the
MD comes predominantly from vegetables, fish and
white meat. Red meat and processed meats are less of-
ten consumed, which may convey a lower amount of
dietary sodium, phosphate and potassium. Such hab-
its have been associated with lower risk of CKD and
ESRD in individuals with a normal kidney function
(22). In some studies have been showed the benefits
of plant-based versus animal-based protein in patients
with CKD, slowing or even blocking the progression
of the disease (24, 25).

The Mediterranean diet for CDK treatment may become
DASH

The Dietary Approaches to Stop Hypertension
(DASH) provides high intakes of fruit, vegetables,
legumes, and nuts, moderate amounts of low-fat dairy
products, low amounts of animal proteins and sweets;
sodium reduction is part of this diet (26). Although the
DASH diet was originally designed for blood pressure
(BP) reduction, several characteristics, such as higher
intakes of whole grain and lower intakes of red and
processed meat, are similar to the MD; this may sug-
gest that the DASH diet may be the adapted version of
the MD for CKD patients. The DASH diet also im-
proves low-density lipoprotein cholesterol control, in-
sulin sensitivity and reduces the risk for coronary heart
disease, heart failure and stroke, all highly important
treatment targets for patients with CKD.

For all these reasons, the DASH diet is strongly
considered as a MD modified for electrolyte and pro-
tein intake suggesting that it may be safe for these spe-
cific patients (27).

BP control is a mainstay of treatment for patients
with CKD to prevent both the progression of CKD
and its associated CVD-related complications.

The National Kidney Foundation - Kidney Dis-
ease Outcome Quality Initiative (KDOQI) guide-
lines do not recommend the DASH eating plan for
individuals with “advanced” CKD (defined as eGFR <
60 ml/min/1.73m?). KDOQI guidelines suggest that
non-dialysis patients with advanced CKD should limit
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protein intake to 0.6 — 0.75 g/kg/day. Reasons cited
for this recommendation include observational studies
that show an associated reduction in the generation of
nitrogenous wastes products and inorganic ions with
protein restriction (28).

It is well known that a reduced intake of protein
is recommended for CKD patients since it diminishes
uremic symptoms, improves hyperkalemia, hyper-
phosphatemia, and calcium or sodium balance control,
protects against oxidative stress which may aggravate
progression of CKD, and delays the initiation of di-
alysis (29).

The DASH diet may be safe in any case for pre-
venting Hypertension and in the population at risk for
kidney diseases.

In general there are many evidences that the pa-
tients following the DASH diet experience a lower
prevalence of metabolic complications and may be
most likely to experience slower progression of CKD
with adequate BP control (30).

On the other hand, there are many instances
when the DASH eating pattern may not be appropri-
ate for patients with CKD. This occurs for individuals
who have already experienced metabolic complications
or are at high risk for their development. That is, if a
patient has high-normal or elevated serum potassium
and phosphorus values, the DASH eating pattern
should not be initiated (28). A larger study of patients
with lower kidney function is clearly needed to defini-
tively establish the efficacy and safety of the DASH
diet in this population, considering the risk of hyper-
kalemia (30).

Conclusions

A proper nutritional regimen is important for pa-
tients with CKD, and the MD which is rich in fruits,
vegetables, fish, cereals, whole grains, fibers and poly-
unsaturated fatty acids but low in saturated fatty acids,
could be beneficial for this category of patients.

Malnutrition often occurs in CDK patients, caus-
ing metabolic inflammatory diseases, such as athero-
sclerosis, and the development of complications that
may induce patient early death.

For this reason, choosing accurately the dietary

plan is really important, because it could improve the
patient’s quality of life.

The re-adaptation of the MD in the DASH diet
makes this regimen even more appropriate and safe for
the treatment of those patients in an initial or interme-
diate CKD. In fact, the adjustment of nutrients such
as proteins, sodium and potassium, make this diet an
ideal therapeutic approach for these patients.

Finally, the DASH diet has a positive effect on
blood pressure and those markers of mineral metabo-
lism and kidney function. Further studies are necessary
to confirm the therapeutic and safe effects to be adopt-
ed worldwide as treatment for the patient in CKD.
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Summary. The current study evaluated the impact of food behavior on the incidence of gastrointestinal dis-
orders, food allergies, and overweight, on children. For this purpose, a series of questionnaires regarding diet,
eating habits, and the incidence of childhood affections, were completed by the parents of 212 children aged
between 0 and 14 years, patients in the St. John Children’s Hospital of Galati, Romania. Eating patterns were
investigated, including the frequency of eating breakfast, fruits and vegetable intake, fast food, and carbonated
drinks consumption. The results showed an increase in the incidence of digestive disorders, by 6.13% for boys
and by 4.72% for girls, especially for those who eat daily fast food compared to children who consumed fast
food only two to three times a week and respectfully, an increase in the incidence of food allergies by 8.96%
for boys and 6.60% for girls in case of daily consumption of carbonated drinks compared to children who
consumed this type of beverages only once a week or less. In the case of overweight children, the results also
displayed a low-frequency consumption of fresh fruits and vegetables, by 5.19% for boys and 4.71% for girls,
less than two times a week, compared with the daily consumption of these products.

Keywords: children diet, food allergies, food-behavior, fast-food, gastrointestinal disorders, overweight children.

Introduction

Health is one of our most important values, both
for us as individuals and also for our society, and is also
a very important condition for the sustainable devel-
opment of a nation (1). With the recent globalization
processes, besides various economic and political chal-
lenges, we also need to be aware of the challenges for
our health.

The globalization that characterized and influ-
enced our society seems to include even the food that
we eat (2). Many nutritional factors may influence dis-
ease, including changes to the production and avail-
ability of food, changing food preferences, increased
supply of processed foods for consumption (3).

In this context, some of the most important chal-
lenges to our health at this stage are the chronic diseases:

heart disease, stroke, cancer, diabetes, and particularly
obesity and especially the role of diet in the development
of obesity that was poorly understood (4). Among other
challenges of globalization, there is an urgent need to
identify dietary factors that contribute to obesity among
children and young adults so that prevention efforts can
be effectively made from an early age (5).

Most components of metabolic syndrome are re-
lated separately to lifestyle factors such as weight con-
trol, diet, and physical activity (6). It was found that
all these chronic diseases are governed by both genetic
and lifestyle factors (7).

One of the major negative effects of an unhealthy
lifestyle is obesity, the genesis of which begins in child-
hood. Obesity has reached epidemic proportions in the
world (8). Obesity per se is an important risk factor for
atherosclerotic cardiovascular disease, type 2 diabetes,
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dyslipidemia, hypertension, and other chronic diseases
(5). A recent study conducted in 79 countries revealed
that there were 250 million obese worldwide, includ-
ing an estimated 22 million children under the age of 5
years, emphasizing the idea that 50% of obese children
will become obese adults (9).

According to WHO statistics, the prevalence of
obesity has tripled since 1980, and in 2010, there were
over 40 million overweight children under the age of
5 worldwide (10). Specialty literature and studies have
shown a doubling of the prevalence of childhood obe-
sity in the world over the past 30 years in both indus-
trialized and developing countries (11).

Therefore, the question is: can we prevent obesity
somehow (12). It is very important to know what we
eat, so we can make the best choices (13). Individual
recommendations included the decreasing of sugar
and fat intake, increasing the consumption of fruit and
vegetables as well as whole grains and cereals and ex-
ercising regularly (60 minutes a day for children) (14).

Materials and Methods

Cross-sectional survey

A cross-sectional survey was used in St John Child
Hospital in Galati, Romania, to quantify the impact of
food behavior on a group of children in Romania. For
analysis, a child eating behavior questionnaire has been
used and also anthropometric measurements, like the
body weight, and height was used to calculate the body
mass index. For this specific case study, the graphics
from the World Health Organization website were
used for calculating percentile and Z score.

The study information was provided by the par-
ents on behalf of their children. A total of 212 parents
gave their consent, and from the information obtained,
110 were boys and 102 were girls.

From this starting point, three groups of children
were created, first one with the age between 0 and 3 years,
the second one with the age between 3 and 7 years and
the third group, with the age between 7 and 14 years.

Eating patterns of these groups of children were
investigated, that included frequency of eating break-
fast, fruits and vegetable intake, fast food consump-
tion, and carbonated drinks consumption. More spe-

cific, it was assessed the impact of food behavior on the
incidence of gastrointestinal disorders, food allergies,
and obesity on the 212 children.

Statistical analysis

Statistically significant results were obtained with
the CrossTabs in IBM SPSS Statistics 23 software.
The threshold of significance we considered is o = 0.05.
Database associated variables were of a nominal or or-

dinal type.

Results and Discussion

First of all, it was studied the correspondence be-
tween eating habits represented by the frequency of
taking breakfast, considered by most specialists the
most important meal of the day, and weight calcula-
tion for a healthy life represented by Z score.

Centralized data can be seen in Table 1.

From the data in Table 1, it can be seen that the
children with Z score within the normal range have
had the habit of having breakfast daily in the propor-
tion of 14.15% boys and 13.21% girls. Since the calcu-
lated value of the Pearson chi-square test, ), is 38,168
and the probability associated with this value p < 0.001
< a = 0.05, it was accepted that there was a link be-
tween Z scores and the frequency of breakfast.

Usually, the absence of breakfast is offset by the
consumption of fast foods during breaks between
school hours, which also lead to excessive weight gain.
Similar results have also been observed by Janssen et
al., 2005 (15) and Barlow 2007, (16) who appreciated
that the global increase in the prevalence of obesity
and overweight is due, on the one hand, to an increase
in energy intake, especially high-calorie foods rich in
fat and sugars, by so-called fast food or junk food, and,
on the other hand, the decrease in physical activity due
to the increase in sedentary prevalence.

The incidence of digestive disorders depending on
fast food consumption was also investigated. The cen-
tralization of results can be seen in the chart in Figure 1.

There was an increase in the incidence of digestive
disorders especially in children who ate fast food daily
by about 6.13% for boys and by 4.72% for girls who
eat fast food only two to three times a week. Children,
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Table 1. Z scores according to the frequency of breakfast.

Z scores Less than -2 Between -2 and 1 Between 1and 2 Over?2

Gender Boys (%) Girls (%) Boys(%) Girls(%) Boys(%) Girls(%) Boys(%) Girls (%)
Daily 0.94 0.94 10.85 10.38 3.30 2.83 0.94 0.47

3-6 days a week 1.42 1.89 5.66 5.66 6.60 6.13 1.89 1.42

0-2 days a week 2.83 3.30 4.25 3.30 9.91 8.96 3.30 2.83

who ate fast food once a week or less, have had diges-
tive disorders more than three times a year only in the
proportion of 3.77% boys and 2.83% girls.

Other authors have found as well, the undesirable

effect of fast food consumption. It has been underlined
by Shau et al. in 2016 (17) that the fast food consump-
tion may contribute to a positive association with the
development of functional gastrointestinal disorders.
For instance, junk food is unhealthy for the digestive
system as it slows down the digestion process mak-
ing the stomach bloated. In Shau’s study, it has been
reported that 26.8% had a history of at least one gas-
trointestinal disorder and 88.1% of the subjects re-
ported fast food consumption. Another inconvenience
is that fast food can replace other, more nutritious and
healthier products (18).
It was investigated also if there was a link between the
incidence of food allergies in children and the con-
sumption of carbonated beverages. The data central-
ization results can be seen in the graph in Figure 2.

There was an increase in the incidence of food al-
lergies by 8.96% among boys and 6.60% among girls in
case of daily consumption of carbonated drinks com-

pared to children who have this type of beverages only
once a week or less.

However, increasing the incidence of food aller-
gies to less than three per year was likely to be influ-
enced by other factors such as genetic ones because the
same dependence on the frequency of carbonated bev-
erages was no longer observed.

The literature provides reports of carbonated drinks
that can cause a change in the child’s immune system
that can cause allergic reactions (19). Another study
showed that carbonated beverages not only favored
weight gain but also affected the body’s ability to pro-
cess sugar and thus, the increased risk of developing
diabetes (20).

Finally, the link between eating habits in terms of fresh
fruit and vegetables and obesity in children was ana-
lyzed. The results of the centralized data can be tracked
in the graph of Figure 3.

From the chart in Figure 3, it is noticeable that in
the case of overweight children (percentile 85-97), the
consumption of fresh fruit and vegetables with a fre-
quency of fewer than two times a week is with 5.19%
more common for boys and with 4.71% for girls than
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the daily consumption of these products. It is also ob-
servable in the case of obese children (over 97 percen-
tile), that the consumption of fresh fruit and vegetables
less than two times a week is 3.01 times more common
for boys and 5.02 times for girls than the daily con-
sumption of these products.

Regarding prevention, European Union dietary
guidelines recommended that every child should con-
sume vegetables and fruits daily, along with cereals
(including bread, rice, pasta, and noodles) preferably
whole, lean meats, fish or poultry, milk, yoghurt, and
fresh cheese; to choose the water as a drink; to choose
low-salt foods, sugar, and additives in the menu, and
also very important, to do daily outdoor exercise (21).

Thus, a healthy diet and physical activity reduce
the risk of obesity in adult life, also ensuring a harmo-
nious development in the child (22). Increased con-
sumption of fruit and vegetables has been postulated
to be associated with a decrease in the prevalence of
asthma and rhinitis through their antioxidant proper-
ties, which may protect against inflammation (23).

Conclusions

The results obtained showed that it was an in-
crease in the incidence of digestive disorders especially
in children who eat daily fast food by about 6.13% for
boys and by 4.72% for girls who eat fast food only two
to three times a week. It was observed also an increase
in the incidence of food allergies by 8.96% in the case
of boys and 6.60% in the case of girls in case of daily

Fruit and vegetables intake: Overweight
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Figure 3. Fruit and vegetable intake and overweight at chil-
dren.

consumption of carbonated drinks compared to chil-
dren who consume this type of beverages only two to
three times a week. In the case of overweight children
(percentile 85-97), the consumption of fresh fruit and
vegetables with a frequency less than two times a week
was 5.19% more common for boys and 4.71% for girls
than the daily consumption of these products.

This data has been confirmed by other researchers
in the literature. In terms of prevention and the con-
tinuous education, children who will be educated early
on to eat breakfast daily, to eat fruits and vegetables,
but also to do physical exercise, to treasure their health,
they will practice these skills in their adult life and they
will educate their own children based on these prin-

ciples (24).
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and depression in elderly patients. A new novel geriatric
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Summary. Background/Aim. The proportion of elderly individuals is increasing worldwide and geriatric syndromes
(GS) are associated with a decreased life span. Malnutrition and depression are highly prevalent among the elderly
and associated with poor clinical prognosis. This study investigated the frequency of inflammation and depressive
symptom comorbidity in the context of a cause-and-effect relationship among elderly patients with malnutrition
and/or malnutrition risk. Material and Methods: Participants in this cross-sectional study included 217 individu-
als aged 65 years and over. Comprehensive geriatric assessment was performed to participants. Malnutrition and
depression were diagnosed according to the Mini-Nutritional Assessment (MNA-SF) Tool and Yesavage Geriatric
Depression Scale (YGDS), respectively. Inflammation status were diagnosed according to the C-reactive protein
(CRP) levels. Results: According to MINA-SE, 41 (18.9%) patients were malnourished, 82 (37.8%) at a risk of
malnutrition, and 94 (43.3%) possessed normal nutrition. Among the malnourished patients, 51.2% experienced
CRP elevation and 70.7% displayed symptoms of depression. Patients at risk of malnutrition experienced 39.0%
CRP elevation, and 46.3% displayed depression symptoms. There was a statistically significant negative correlation
between MNA-SF scores and YGDS and CRP (r: -0,201, p: 0,003, r: -0,495, p: 0,000, respectively). The incidence
of inflammation-depression association in malnourished patients was 36.6%, 12.2% in those at risk for malnutri-
tion, and 10.6% in those with normal nutrition. Conc/usion: Physicians should be informed regarding the association
among malnutrition, inflammation, and depression in geriatric patients.

Key words: malnutrition, inflammation, depression

Introduction

In comparison to the general population, the pro-
portion of elderly individuals is increasing worldwide.
According to data reported by the Turkey Statistical
Institute, the geriatric population constitutes 8.2% of
the total population in Turkey (1). In developed coun-
tries, the geriatric population has risen to 15%, and it
is estimated that 22% of the world’s population will be
elderly by 2020 (2).

In elderly patients, geriatric syndrome (GS) refers
to clinical conditions comprised of atypical symptoms
and cannot be fully explained by a specific disease defi-
nition. In addition, Kane et al. have proven that GS is
associated with a decreased life span (3).

Geriatric malnutrition is a major problem world-
wide. Malnutrition is highly prevalent among the el-
derly and is associated with poor clinical prognosis,
decreased functional status, and increased morbidity

and mortality (4). Among patients diagnosed with
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GS, the prevalence of geriatric malnutrition has been
found to be 22.8% (5). Moreover, inflammation plays
an important role in the development of GS and is
thought to be related to malnutrition (6). Depression
is a common health problem among elderly individuals
which impacts several functions, leads to public health
expenditure, and increases mortality rates (7). Accord-
ing to a recent meta-analysis, the prevalence of major
depression ranged from 4.6% to 9.3%, and the preva-
lence of all depressive symptoms ranged from 4.5% to
37.4% among individuals aged 75 years and older (8).
In several other studies, the role of inflammation in
the etiopathogenesis of depressive disorders has been
supported in different ways. In recent years, findings
supporting the elevation of proinflammatory cytokine
levels in patients diagnosed with depressive disorders
has increased (9).

This study investigated the frequency of inflamma-
tion and depressive symptom comorbidity in the con-
text of a cause-and-effect relationship among elderly
patients with malnutrition and/or malnutrition risk.

Material and Methods

Subjects

Participants in this cross-sectional study includ-
ed 217 individuals aged 65 years and over who had
been admitted for routine medical care to the outpa-
tient clinic of the Department of Internal Medicine,
Division of Geriatric Medicine at Gaziantep Univer-
sity Hospital. All patients were administered compre-
hensive geriatric assessment tests via a one-on-one
interview method. Patient demographics were also
recorded during this interview, including age, sex,
height, weight, marital status, household size (includ-
ing spouse, children, and relatives), educational status,
exercise habits, comorbidities (diabetes mellitus, car-
diovascular diseases, neuropsychiatric diseases, mus-
culoskeletal diseases, and respiratory system diseases)
and polypharmacy status (currently using >4 drugs).
Patients excluded from this study were those under 65
years of age; those with active malignancy or a gastroin-
testinal pathology directly causing malnutrition; those
residing in nursing homes; those with visual or hear-
ing problems potentially complicating the interview;

those with schizophrenia, mental retardation, and/or
bipolar disorder; and those with a Mini-Mental State
Examination (MMSE) score less than 17. All partici-
pants provided informed consent, and the procedures
followed throughout the course of this study were in
accordance with the institutional ethical standards of
the responsible committee on human experimentation.
The study protocol was approved by the Gaziantep
University Local Research Ethics Committee.

Comprehensive Geriatric Assessment Tests

Patients were administered a standardized com-
prehensive geriatric assessment, and detailed patient
histories were recorded using several clinical testing
modalities including the 15-question Yesavage Geri-
atric Depression Scale (YGDS) (10), MMSE (11),
Barthel Index of Daily Living Activities (12), Law-
ton-Brody Instrumental Activities of Daily Living
Scale (13), and an abbreviated form of the Mini-Nu-
tritional Assessment (MNA-SF) Tool (14). MMSE
assesses five different areas in cognitive functions such
as orientation, registration, attention and calculation,
recalll and language. Moreover, GDS scores of 5 and
over indicate depression. The nutritional status of
participants was determined by utilizing the MNA-
SF, which is a simple and validated screening tool for
nutritional risk. Scores <7 indicate malnutrition, those
7-11 indicate malnutrition risk, and those >12 desig-
nate normal nutritional status.

Blood Samples

Blood samples were obtained between 8:30 and
10:00 a.m. from the antecubital veins of all subjects,
who had fasted for at least eight hours prior. The results
of laboratory tests consisting of complete blood count
analysis (CBC), erythrocyte sedimentation rates (ESR),
and C-reactive protein (CRP) were analyzed via a hos-
pital auto-analyzer. Moreover, CBC analysis was per-
formed via a Beckman Coulter (High Wycombe, UK)

Gen-S automated analyzer within 2 hours.

Statistical Analysis

SPSS 17.0 software for Windows was utilized for
statistical analysis. All data were entered into a data-
base and verified by a second independent person. The
variables were examined using visual (histograms and
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probability plots) and analytical methods to determine
whether or they were normally distributed. Data are
presented as mean + SD for normally distributed vari-
ables and as median (minimum-maximum) + IQR for
skew-distributed continuous variables. Categorical
variables are displayed as frequencies. The Pearson’s
Chi-square method for categorical parameters and the
Mann-Whitney U Test for skew-distributed param-
eters were conducted for univariate analysis. Moreover,
correlation analyses were performed via the Spearman’s
Rank Correlation Analysis for Non-Normal Data, and
two-sided values of p< 0.05 were considered as statis-
tically significant. A One-way ANOVA was used to
compare normally distributed variables, and the Lev-
ene Test was employed to assess the homogeneity of
variances. Post-hoc Tukey or Tamhane T2 tests were
performed according to the homogeneity of variances.

Results

Patient ages ranged from 65 to 90 years, and the
median age was 72.48 + 5.98 years. A total of 128 pa-
tients (59%) were female and 89 (41%) were male. Ac-
cording to MNA-SF, 41 (18.9%) patients were mal-
nourished, 82 (37.8%) at a risk of malnutrition, and
94 (43.3%) possessed normal nutrition. The current
study observed that malnutrition and/or malnutri-
tion risk increased in elderly patients who were living
alone and unmarried (p> 0.005). In terms of labora-
tory values, Hb decreased while PLT, CRP, and ESR
increased in elderly patients with malnutrition/malnu-
trition risk compared to elderly patients with normal
nutrition (p <0,05). The amount of medication used
regularly by patients ranged from 0 to 20 units, and
the mean amount was 4.67 + 2.98. The most common
diseases were diabetes mellitus, cardiovascular disease,
neuropsychiatric disease, musculoskeletal disease, and
respiratory system disease, respectively. Patients’ social
and demographic information is displayed in Table 1.
There was a statistically significant difference between
the groups according to the MNA-SF score in terms
of YGDS, Bartel ADL, Lawton-Brody IADL, lone-
liness frequency, marital status, walking speed, hand
strength, CRP, ESR, and PLT (p<0005) (Table 1).

Among the malnourished patients, 51.2% experienced

CRP elevation and 70.7% displayed symptoms of de-
pression. Patients at risk of malnutrition experienced
39.0% CRP elevation, and 46.3% displayed depression
symptoms. There was a statistically significant nega-
tive correlation between MINA-SF scores and YGDS
and CRP (r: -0,201, p: 0,003, r: -0,495, p: 0,000, re-
spectively) (Table 2). The incidence of inflammation-
depression association in malnourished patients was
36.6%, 12.2% in those at risk for malnutrition, and
10.6% in those with normal nutrition.

Discussion

Over the past century, the improvement of living
conditions, technology, and science as well an increase
in the elderly population has continued. With this in-
crease, the frequency of GS in malnutrition-depression
patients has increased, as well. This study is the first
study that demonstrates the relationship among malnu-
trition, depression, and inflammation in elderly patients.
Besides this is the first usage of the term of MID (Mal-
nutrition, Inflammation, Depression) complex.

Malnutrition among the elderly is a public health
problem that is important and often neglected. Moreo-
ver, it has been shown that more than one-third of the
elderly (37-40%) are unable to meet their daily energy
needs from food on a daily basis and that two out of
three elderly individuals skip at least one meal a day
(16). Studies have demonstrated that deteriorating nu-
tritional health among the elderly decreases their qual-
ity of life, increases their hospital visits and lengths of
stay, increases their frequency of infection, delays wound
healing, disturbs their gait, increases their fall-fracture
risk, and increses the likelihood of sudden death (17).
The present study observed that the Bartel GYA, Law-
ton-Brody EGYA, YSGD, and hand - muscle strength
values of elderly patients malnourished or at risk of mal-
nutrition were negatively affected (p <0,05) compared
to elderly patients with normal nutrition.

The second factor examined in this study, in-
flammation, plays a protective role in the body. Acute
phase response is a major pathophysiologic event that
accompanies inflammation and is associated with the
increased activity of proinflammatory cytokines. If in-
creased inflammation becomes permanent, a decrease
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Table 1. The social and demographic distribution of the patients. Various letters describe statistically significant difference.

Malnutrition With Malnutrition Risk ~ Normal Nutrition P
N:217 41 82 94
Age 74.1+7.5 72,8+6,1 71,549 0,054
Gender
- Male 31.7% 43.9% 42.6% 0,398
- Femal 68.3% 56.1% 57.4%
Smoking (+) %24.4(10) 24,4%(20) 20,29%(19) 0,765
Alcohol (+) 2,4%(1) 9,8%(8) 5,3%(5) 0,232
Exercise (+) 14,6%(6) 30,5%(25) 19,1%(18) 0,080
Living Alone 31,7%(13)* 20,7%(17)" 12,8%(12)¢ 0,003
Education Status
- Unaeducated 51,2%(21) 50%(41) 59,6%(56) 0,103
- Elementary 46,3%(19) 34,1%(28) 24,5%(23)
- High School 2,4%(1) 7,3%(6) 9,6%(9)
- College 0% 8,5%(7) 6,4%(6)
Diagnosis
- Diabetes mellitus 46.3%(19) 39,0%(32) 29,8%(28)
- CVD 29,3%(12) 39,0%(32) 35,1%(33) 0,187
- SVD 14,6%(6) 9,8%(8) 9,6%(9)
- Respiratory Diseases 4.9%(2) 3,7%(3) 12,8%(12)
- Musculoskeletal Diseases 4.9%(2) 8,5%(7) 12,8%(12)
Marital Status
- Married 53,7%(22)a 75,6%(62)" 76,6%(76)" 0,015
Barthel ADL 3,68+7,02/+1,10° 2,42+6,19/+0,68" 0,87+3,58/+0,37¢ 0,015
Number of daily drugs 5,39+2,75 4,70+3,45 4,32+2,63 0,188
Lawton Brody IADL 9,44+6,20° 12,035,420 13,11+4,01° 0,001
MMSE 25,95+4,09 25,81+4,18 26,00+3,18 0,971
MNA-SF 6.78+1,84° 9,46+1,60° 12,44+1,77¢ 0,000
YGDS 6.42+3.96° 5.87+3.98¢ 4.41+3.39" 0,011
CRP 10.7+8.7 7.2+6.6" 3.6x3.4 0,001
ESR 42,14£25,80° 23,62+17,90° 17,79+12,80¢ 0,000
Hemoglobin 11,79+1,54 13,38+1,60° 13,66+1,49° 0,000
White blood cell 8243+2463 80742460 77362368 0,466
Platelets 324.550+£122.362* 262.797+65.383" 253.963+69.171° 0,000
CRP>5 51.2%(21) 39,0%(32)" 14.6%(20)¢ 0,039
YGDS>5 70,7%(29) 46,3%(38)" 21,3%(20)¢ 0,012
CRP>5+YGDS>5 36.6%(15)" 12.2%(10)" 10.6%(10)" 0,002

CVD: cardiovascular diseases, SVD: Serebrobascular diseases, ADL: activities of daily living, IADL: Instrumental activities of daily living,
MMSE: mini-mental state examination, MINA-SF: mini-nutritional assessment, YGDS: Yesavage Geriatric Depression Scale, ESR: eryth-
rocyte sedimentation rates, CRP: C-reactive protein
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Table 2. The correlation between MNA(SF), YGDS, and CRP

MNA(SF) YGDS CRP

r p r p r p
MNAGSF) 1 -0.201 0.003 -0.495 0.000
YGDS  -0.201 0003 1 0.264 0.000
CRP -0.495 0.000 0.264 0000 1

in appetite can lead to negative consequences such as
skeletal muscle loss and protein loss in tissues. It is also
believed that inflammation plays an important role in
the prevalence of aging-related cardiovascular disease
and mortality (18-20). In older people, increased IL-6
and CRP have been shown to increase mortality, cause
functional regression, and reduce physical activity (21-
23). Yukiko et al. have observed that higher levels of
plasma tumor necrosis factor alpha (TNF-a) are as-
sociated with various parameters related to the nutri-
tional status of the elderly (24). In the present study,
the ESR and CRP values of patients with malnutri-
tion and/or malnutrition risk were significantly higher
than those with normal nutrition (p <0.005). Moreo-
ver, there was a statistically significant negative cor-
relation (r: -0.495, p: 0.000) between MNA-SF scores
and CRP in all patients with CRP elevation in more
than half of malnourished patients (51.2%).

In addition to inflammation and malnutrition, de-
pression also significantly impacts much of the elderly
population. Studies have demonstrated that inflam-
matory responses play an important role in the patho-
physiology of depression. In patients with depression,
higher proinflammatory cytokines, acute phase pro-
teins, chemokines, and cellular adhesion molecules are
higher (25,26). In a population study conducted among
2,861 individuals, a positive correlation was observed
between depressive symptoms and IL-6, TNF-o and
CRP (27). Moreover, a relationship between the somat-
ic symptoms of both depression and anxiety and IL-6,
TNF-a and CRP levels was observed. Thus, it has been
suggested that the somatic symptoms of depression and
anxiety may be related to inflammation (27). Psycholog-
ical stress can also increase inflammatory response via
sympathetic and parasympathetic pathways (28). The
results of the present study have demonstrated a posi-
tive correlation between CRP elevation and YGDS as

well as CRP levels in 34% of patients with depressive
symptoms. Patients who were either malnourished or at
risk for malnutrition also exhibited increased depressive
symptom frequency (r: 0,264, p: 0,000). While 14.6%
of patients with depressive symptoms also experienced
malnutrition and inflammation, 24.3% experienced
malnutrition risk and inflammation comorbidity.
Regarding the association among malnutrition,
inflammation, and depression, Choi et al’s recent
study among chronic hemodialysis patients described
these, along with atherosclerosis, as a MIDA complex
proven to be an independent risk factor for cardiovas-
cular disease as well as chronic hemodialysis for all

causes of death (29).

Limitations

There are some limitations of the present study
that should be considered when interpreting the find-
ings. First, CRP in this study were only measured
once, so it was not possible to determine whether an
acute and brief episode of infection or chronic inflam-
mation was responsible for the observed correlation.
Moreover, as this study was cross-sectional in design,
it was not possible to establish a causal relationship
among malnutrition, inflammation, and depression.
Further studies conducted among a larger number of
participants over a longer period of time are warranted
to confirm the cause-and-effect relationship among
MID complex components.

Conclusion

Depression and inflammation may occur fre-
quently as well as simultaneously in elderly malnutri-
tion patients. Thus, physicians in outpatient clinics
should be informed regarding the association among
malnutrition, inflammation, and depression in these
individuals. Finally, in the presence of one or two MID
components, physicians should seek to identify the
second or/and third components. But further compre-
hensive studies are needed to gain general acceptance
of MID complex in the clinics.
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Summary. Background: determination of antioxidant orientation schoolchildren of nutrition in recreational

period and evaluation of its efliciency. Methods: it is studied nutrition of 221 schoolchildren aged 7-15 years

old at children’s recreational institution. It is used the method of analysis of menu production records with

the subsequent calculation of average daily set of foods, specifying its chemical composition and energy value.

The efficiency of nutrition was estimated according to indicators of vitamin and antioxidant statuses. The

dynamics of excretion of vitamins C, B2 and B6 was studied in hour-long portion of urine. The features of

urine bio-chemiluminescence in 9 indicators are estimated. Studies were conducted on 2-3 and 22-23 days

of recreation. Result: it is confirmed the existence of antioxidant direction of nutrition by means of sufficient

content of total protein, aromatic amino acids, phospholipids, tocopherols, B vitamins, S, Zn. Content of

Se, ascorbic acid in food ration was insufficient. It is determined 16 indicators which are most objectively

characterized antioxidant direction of food ration. Conclusion: The nutritional factor influenced positively on

vitamin and antioxidant status of organism. The determined correlation dependences between indicators of

biochemiluminescence and level of vitamins egestion confirmed the efficiency of nutritional factor for influ-

ence on schoolchildren’s health.

Key words: nutrition, schoolchildren, recreational period, health, indicators

Introduction

Nowadays the exacerbation of social and econom-
ic situation is led to adverse health changes of children
and youth, increase in probability of formation the pre
nosological states (1, 2). The analysis of eating behavior
of schoolchildren revealed prevalence of pre nosology
of nutritional genesis (3). These states displayed them-
selves by overweight, deficiency of essential nutrients
(vitamins, minerals, dietary fibers), functional digestive
disorder. It demands development of the target actions
directed to correction of nutrition and nutritional sta-

tus. Such approach allows increasing the potential of
adaptative opportunities of children, providing organ-
ism with necessary biologically active agents (4, 5). It
is advisable to carry out such programs in period of rest
and recreation.

Nutrition is important preventive and remedy of
modern medicine. Correctly composed food ration al-
lows preventing development of illnesses, providing op-
timization of eating behavior (6). The import value is
attached to nutrition of preventive direction. Such food
ration allows limiting influence of risk factors influenced
on the person. It is reached by enrichment of food ra-
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tion with natural antioxidants and adaptogens (7). Such
food ration is characteristic of Korean ethnic cuisine as
one of the healthiest in the world. It is determined that
keeping of national cuisine traditions promoted higher
antioxidant status. It is emphasized that in the condi-
tions of oxidative stress just healthy nutrition couldn’t
provide the high antioxidant status. It is also necessary
the additional enrichment of food ration (8).

It is necessary to enrich food ration with antioxi-
dants for prophylaxis of health problems. In this case
the essential value has the level of such microelements
as Se, Cu and Zn (9). Important risk factors of diges-
tive disorder system are oxidative stress and inflam-
mation. Therefore giving of antioxidant direction to
food ration by means of enrichment with vitamins and
amino acids allows decreasing the level of oxidative
stress (10).

It is important to study balance of oxidants — an-
tioxidants for the prognosis for illness development
in children’s and adult age. Study of oxidative stress is
offered for early diagnostics. It allows revealing inter-
mediate states between health and illness (11). In turn,
enrichment of food ration with antioxidants is recom-
mended as a factor of protection from oxidative stress
and complications caused by it (12). It is distinguished
vitamin C, vitamin E, Se and vitamin A among sig-
nificant antioxidant factors of nutrition. Such elements
give corresponding direction to food ration. This is
achieved by prophylaxis of many illnesses (13).

There are quite certain connections between level
of carotenoids consumption and children body struc-
ture in 2-18 year old. It is confirmed that decrease of
carotenes level in food ration is risk factor of chronic
illnesses development and also causes overweight (14).
The negative correlation between antioxidant activity
and markers of overweight is also determined. It proves
that the level of oxidative stress is closely connected
with overweight development (15). In other research
groups with excess weight / overweight had much low-
er average doses of critical microelements necessary
for body growth in comparison with normal children
(16). Authors specify that low average consumption of
critical microelements among all age groups from 2 up
to 18 year old indicates the need of adequate interfer-
ences for solution the problem of food insecurity and
undernutrition. Other authors determined that un-

dernutrition among children is the main problem of
public health care in developing countries (17). These
problems are especially characteristic of schoolchildren
living in regions with intense ecological situation (18).

Mode of life and behavior in social environment
are distinguished among many factors of overweight de-
velopment in youth. The mode of life of children with
excess weight / overweight and teenagers influences on
efficiency of treatment (19). Authors determined that
family multidisciplinary approach is effective in the
short term in health condition improvement, eating
habit and physical indicators in children and teenagers.
In other researches was revealed that decrease of general
physical activity and increase in consumed food is close-
ly connected with mode of life (20, 21). It is necessary
to recommend to teenagers to practice sport actively to
avoid consequences of abdominal overweight (22, 23).
At the same time the physical activity of schoolchildren
has to have pedagogical control (24). It is also neces-
sary to use various approaches to assessment of risks of
excess weight and overweight (25).

Saturation of food ration with antioxidants allows
decreasing negative impact of many adverse factors: in-
fluence of toxic metals, ionizing radiation, stress, diges-
tive disorder. Researches (26) confirmed the increased
tension of antioxidant protective systems in conditions
of influence of toxic metals, in particular, of Cd. Au-
thors developed and proved the diet of protected di-
rection which is characterized by the high level of an-
tioxidants. Its application has allowed decreasing toxic
influence of Cd on organism. In other research (27)
the oxidative and antioxidative statuses were analyzed
in children with various levels of protein and energy
insufficiency. Undernutrition led to decrease in level
of antioxidant enzymes and increase of concentration
of lipids’ peroxidation. Special methodical recommen-
dations were developed for improvement the children
from Chernobyl disaster zone (1986, Ukraine) (28).
They are based on the principle of increase in adapta-
tion potential of organism. It is reached by use of the
developed complex of improving actions. The nutrition
with antioxidant direction is a part of this complex.

The purpose of the research was determination of
antioxidant direction of nutrition of schoolchildren in
the recreational period and assessment of its efliciency.
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Materials and Methods

Participants

It was studied nutrition features of 221
schoolchildren in 7-15 year old in children’s recrea-
tional institution.

Study design

The design of research presupposes study of nutri-
tion features of schoolchildren in recreational period
and assessment of dynamics of indicators character-
izing vitamin and antioxidant status as criteria of ef-
ficiency of food ration.

The analysis of nutrition was carried out by means
of the calculation method providing study of the menu
production records during the recreation period (not
less than 7-10 days). The analysis of daily consumed
food allows calculating their daily average set (7). The
chemical composition and energy value of food ration
is calculated on the basis of this set and with the help
of chemical composition tables of food (29, 30). Rec-
ommendations of food set for children from Cherno-
byl disaster zone for summer recreational period was
used for comparison (28).

The efficiency of nutrition was estimated on in-
dicators of vitamin and antioxidant status in 2-3 and
22-23 days of recreation. Vitamin saturation was esti-
mated by ascorbic acid, riboflavin and pyridoxine eges-
tion in hour portion of urine. Level of ascorbic acid
was determined by titration with Tillman’s indicator.
Level of B vitamins was determined by fluorometric
method (31). Ascorbic acid level lower than 0,4 mg
hour — was considered low; 0,4-0,69 mg hour — was
considered average; 0,7 mg hour and more — was con-
sidered normal. Egestion level of riboflavin not less
than 10 mkg hour is taken for norm. Egestion level
of pyridoxine not less than 40 mkg hour is taken for
norm. The quantity of studied participants was: for vi-
tamin C — 42 persons; for B vitamins — 15 children in
10-14 year old.

The antioxidant status was estimated according
9 parameters of biochemiluminescence of urine on
HLM1C-01 device. The spontaneous luminescence
(SL) (impulse/second) was defined in urinalysis sam-
ples of 2 ml. Stimulation of luminescence were carried
out with the help of fresh reagent 6% of hydrogen per-

oxide. It was determined 8 parameters of stimulated
luminescence: intensity (IL), (impulse/second), initial
amplitude of “flash” (IA) and final amplitude (FA) of
research (relative units), indicator of activation (IA =
IL - SL), (impulse/second). It was defined average in-
tensities of luminescence of the first (I1) and the last
(I2) 10 seconds of research (impulse). It was estimated
the correlation of these values (CI) and also relative
value of slope ratio of chemiluminogram (TK). The
research involved 39 children at the age of 10-14 year.

Statistical analysis

The statistical analysis of results is carried out
with use of the licensed tables of Excel. Indicators of
descriptive statistics were defined: arithmetic means,
standard deviations and mean values. Considering
sample value, the reliability of differences in groups
was estimated by means of parametrical Student’s t-
test. In making an assessment of levels of vitamins
egestion was used nonparametric sign test. It was de-
termined correlation by Pearson between indicators of
antioxidant and vitamin statuses. Study of dependence
of B vitamins level in urine and indicators of biochem-
iluminescence included: determination of correlation
coefficient; assessment of F-test. It was estimated the
reliability of the revealed dependence on the basis of
F-test. Use of F-test allows to level to some extent the
distortion appeared at the small sample value.

Ethical consideration

The study protocol was approved by the Ethical
Committee of Academy of Physical Culture. In addi-
tion, children and their parents or legal guardians were
fully informed about all the features of the study, and
a signed informed-consent document was obtained
from all the parents. A written informed consent was
obtained from all participants prior to data collection.
Schoolchildren were approached during mandatory
course class and invited to participate in the study. In
addition, children and their parents or legal guard-
ians were fully informed about all the features of the
study, and a signed informed-consent document was
obtained from all the parents. They had a right to with-
draw from the study at any time. The study was con-
ducted in accordance with the Declaration of Helsinki.
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Results

Data on average daily consumption of the main
food products are provided in table 1. Taking into con-
sideration need of realization of set within 7-10 days
the deviation of recommended within 10% was con-
sidered reliable. The reliability of differences of main
food products consumption was estimated by Stu-
dent’s t-test.

It is determined that in June levels of milk and
dairy products consumption, meat and meat products
consumption, juice and fats consumption were within
reliable deviations. The content in food ration of grain
and noodle products, bread and bakery, sugar and con-
fectionery was reliably overestimated. Total consump-
tion of vegetables and fruit was underestimated.

The consumption of milk and dairy products,
vegetables and fruit, fats generally corresponded to
recommendations in July. Specific weight of meat and
meat products in nutrition increased. This indicator re-
liably exceeded the recommended level. The consump-
tion of grain, noodle and bakery products, sugar and
confectionery decreased. This indicator exceeded rec-
ommended level. Content of juice in food ration de-
creased. There were absence of fish, fish products and
sea products in children nutrition. Also there was no
additional vitaminization.

Data of chemical composition and energy value of
nutrition also confirm ambiguity of effect of alimenta-
ry factor (tab. 2). According one indicators (content of
total protein, total of aromatic and sulfur-containing
amino acids, tocopherols etc.) food ration coincides

with recommendations. The energy value, content of
sugars, Na, chlorides, B vitamins exceed level of rec-
ommendations. According to the content of proteins
of animal origin, Se, ascorbic acid, I food ration is sig-
nificantly in arrearages of recommendations.

16 most characteristic indicators were chosen
for specification of antioxidant direction of food ra-
tion. Data are submitted in the figure 1. Recommended
consumption of nutrients according to the developed
food ration is represented in the form of circle (28).
Their values in percentage corresponding to content in
nutrition in recreation period are represented in the
form of the dispersing beams.

In our opinion, the graphic representation reflects
existence of essential antioxidant direction of food ra-
tion. The majority of indicators don't significantly dif-
fer from the recommended levels. However there are
significant deviations as upwards (protein, B vitamins),
and downwards (Se, ascorbic acid).

The food ration was characterized by suffi-
cient content of proteins (in June and July in 3,9% and
9,9% higher than recommended). Specific weight of
proteins of animal origin decreased (in June in 20,9%,
in July —in 9,6%).

Assessment of amino acid content was carried
out using amino-acid score method. It allows to con-
sider amount of amino acids of nutrition and to com-
pare it to ideal protein. It is the most optimum way
of assessment of protein full value of nutrition. The
obtained data confirm the sufficient and optimum bal-
anced content of amino acids in food ration. Thus, part
of lysine is: in June — 5,4%; in July — 7,5% at recom-

Table 1. The average daily consumption of the main food products by schoolchildren in recreation period

Content in food ration, g

Food
recommended June July

Cereals and noodle products 85 128,07+7,71 119,4+11,3!
Bread and bakery 260 423,8+13,2! 415,0+9,3!
Vegetables and fruit 880 537,2+0,9! 897,0+83,8
Butter and fats 50 54,9+2,3 48,8+2,0
Milk and dairy products 510 505,3+24,3 444,4+28,2
Vegetable and fruit juices 250 197,5+14,7 182,5+10,6!
Meat and meat products 215 191,8+11,4 282,5+25,5
Sugar and confectionery 70 102,5+6,6' 96,9+9,5!

! — Differences of recommended consumption are reliable (p<0,05).
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Table 2. The chemical composition and energy value of food ration of schoolchildren in period of recreation

. Content in food ration
Nutrients
June July recommended
Proteins, g 117,6 124,4 113,2
among them animal proteins, g 56,6! 64,7 71,6
Lipids, g 113,5! 113,9! 101,3
among them vegetable fats, g 28,2 245! 27,8
Carbohydrates, g 491,9' 494,71 341,1
of them sugar, g 139,0! 141,3! 121,7
Amylum, g 352,9' 353,4 219,4
Amino acid, g
Lysin 6,318 7,096 7,56
Tryptophan 1,331 1,503! 1,39
Methionine +cystine 3,920 4,384 4,00
Phenylalanine + tyrosine 8,870 10,130 9,53
Histidine 2,694 3,167 3,19
Phospholipids, g 5,44 6,75 5,83
Polyunsaturated fatty acid (PUFAs), g 16,53 13,11 18,34
Saturated fatty acid (SAFA), g 48,18 47,07 44,17
Dietary fiber, g 24,19! 27,77 32,86
among them pectin, g 1,951 3,19t 4,25
Minerals, mg
Na 3616,5! 36,47,1! 2575,1
K 4363,28 5608,7 55346
Ca 975,9 899,9! 1210,5
Mg 485,9! 541,8 547,2
P 1848,7 1983,5 2067,2
Fe 29,92 29,06 30,58
S 815,0 1090,7! 903,4
Chlorides 44845 5418,9' 3383,4
I, mcg 40,5! 91,11" 136,58
Se, mcg 17,88! 15,23 29,55
Zn, meg 13156,5' 15825,0" 15197,3
Vitamins, mg
Carotenes 2,37 3,541 5,19
Retinol 0,49! 1,42! 4,24
Thiamine 1,97 2,08 1,82
Riboflavin 1,95 2,26! 3,12
Niacin 22,47 29,53! 21,42
Ascorbic acid 62,31! 108,57 186,80
Pyridoxine 3,22 417 3,46
Cyancobalamin, mcg 4,63! 12,70! 32,25
Tocopherol 22,02 20,46 22,23
Folate, mcg 317,31! 291,48! 379,01
Choline 499,78! 586,221 672,4
Energy value, keal 3459,5" 3501,5" 2729,6

! — difference of recommended consumption more than 10%.
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Figure 1. Assessment of antioxidant direction of food ration of
schoolchildren in period of recreation.

mended level 5,5%. The part of tryptophan is 1,1-1,2%
(recommended level — 1%). The part of phenylalanine
and tyrosine is 7,5-8,1% (recommended level — 6%).
The part of methionine and cystine is 3,3-3,5% (rec-
ommended level — 3,5%).

The lipid component of nutrition exceeded
the recommended level in 10-12%. Specific weight
of vegetable fats in June increased, and in July —de-
creased in comparison with recommended level. The
food ration was adequately provided with phospholip-
ids. Their contents in June wasn't differ, and in July ex-
ceeded the recommended level in 15,8%. The balance
of proteins, lipids, carbohydrates on mass was: in June
-1:0,97:4,18 g; in July — 1:0,92:3,98 g (recommended
level was 1:0,89:3,01 g).

Maintenance of balance of saturated fats
(SAFA) and unsaturated fats (PUFAs), lipids and
tocopherols is relevant for assessment of antioxidant
protection of nutrition. The studied food rations were
characterized by balance of SAFA/PUFAs - 0,34-
0,28, (recommended level was 0,42). The content of
PUFAs was below the recommended level (in June —
4,3% and in July — 3,4% of daily food energy, recom-
mended level was 6%). The quantity of SAFA in nu-
trition exceeded the recommended level. The quantity
of vitamin E to the level of PUFAS’ consumption was
rather high: 1,33-1,53 (recommended level was 1,21).

The content of tocopherol generally corresponded
to recommend. Content of thiamine, niacin and pyr-
idoxine deviated in June, and even exceeded in July.
The level of ascorbic acid consumption was above the
physiological standard for children of this age, but be-

low the recommended for this category.

The disproportion of food ration caused the
insufficient content of vitamin A and its precursors —
carotenes. The retinol equivalent was 17,4% (June) and
39,3% (July) of the recommended quantity.

The mineral component of food ration couldn’t
be estimated definitely. On the one hand, the content
of S, Zn, Fe, consumption of K, Mg and P was rather
high (in July it generally corresponded to recommend-
ed level). The balance of Ca, P and Mg was 1:1,89:0,5
(June) and 1:2, 2:0,6 (July), the recommended level
was 1:1,71:0,45. On the other hand, the absence of
seafood in nutrition (as main source of I) caused its
insufficient level during the observation period. Devia-
tions from recommended daily set caused decrease of
Ca level in 19-24%. The amount of Se didn’t exceed a
quarter of recommended level.

Results of studied status of ascorbic acid of
its egestion with urine in dynamics of recreation are
presented in fig. 2, 3. The third part of participants had
the low level of egestion of this vitamin. Besides, all
children were characterized by unsatisfactory indica-
tors of egestion of riboflavin and pyridoxine. They was,
respectively, (4,25+0,51) and (5,06+0,48) mkg/hour.
It is confirmed the vitamins deficiency states among
schoolchildren. Moderate level of vitamin C egestion
was found in 45, 2% of examined children, normal
level — in 21,7%.

Use of antioxidant nutrition influenced posi-
tively on vitamin status of children. The part of chil-
dren with a low ascorbic acid egestion decreased al-
most by 3 times (11,9%). The number of children with

Blow B moderate Onormal

Figure 2. Level of ascorbic acid egestion at the beginning of
recreation period
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Table 3. Dynamics of indicators of antioxidant status of children during the recreation period

Indicator At the beginning Atthe end Expression (%)
Spontaneous luminescence, impulse/second 9,84+0,98 4,96+0,89? 64,1
Stimulated luminescence, impulse/second 411,88+59,53 280,73+35,47 30,8
Index of activation, impulse/second 402,63+59,25 271,93+36,17 30,8
Initial amplitude, relative units 92,00+10,76 54,90+9,40' 25,6
Final amplitude, relative units 45,75+4,17 34,06+2,41" 41,0
Slope of chemilumigramm 0,48+0,09 0,22+0,08! 33,3
Initial intensity, impulse 818,50+80,17 550,18+68,29! 28,2
Final intensity, impulse 455,07+37,62 356,42+23,55! 43,6
Intensity correlation 2,00+0,27 1,35+0,18" 28,2

! — differences are reliable (p<0,05), > — differences are reliable (p<0,001).

normal egestion of this vitamin increased up to 26,2%.
To the end of recreation period the main part was chil-
dren with moderate level of this vitamin egestion.

The similar increase in levels of egestion is re-
vealed for B vitamins. The content of riboflavin and
pyridoxine in hour portion of urine increased, respec-
tively in 1,3 and 1,7 times. At the end of the recrea-
tional period the average level of pyridoxine egestion
was (9,00+0,95) mkg/hour. This indicator was reliably
higher (p<0,01), than at the beginning. The egestion of
riboflavin was (5,56+0,49) mkg/hour. The comparison
of data revealed tendency to reliability of differences
(t=1,85, p<0,1). Use of non-parametric test of signs al-
lowed to confirm the importance of differences in both
cases: z=1 for pyridoxine; z=3 for riboflavin, (p<0,05).

The assessment of dynamics of antioxidant
status was carried out by individual comparison of
the studied indicators at the beginning and the end of
recreation period: the part of children with expressed
effect was defined. In addition, the frequency of effect
expression by quantity of the changed indicators was
estimated.

The received results confirmed favorable dy-
namics of the majority of parameters (tab. 3). It was
expressed in decrease of super weak luminescence of
urine in 25,6-64,1% of children.

Study of frequency of expression changes demon-
strates the favorable dynamics: one indicator —in 41,1%
of children; 2-3 indicators — in 23%; 4-5 — in 17,9%;
7-9 — in 18%. Comparison of indicators of BCL and
hour egestion of vitamin C allowed to reveal existence
of the inverse correlation dependence (p<0,05) with 4

indicators: TK (g=-0,36), CI (g=-0,31), I1 (g=-0,35),
IA (g=-0,35).

It is revealed the existence of the inverse corre-
lation dependence between pyridoxine egestion level
with urine and indicators of BCL (g<0,3). However
results weren’t reliable (p>0,05) that could be connect-
ed with small value of sample. Feedback of weak and
average power is revealed between the riboflavin level
and indicators of IL (g=-0,52), IA (g=-0, 515), IA (g=-
0,517) n I1 (g=-0,513). Comparison of riboflavin and
pyridoxine egestion allowed to reveal direct correlation
of average power between them (g=-0,533).

At the end of recreational period the interrela-
tion of riboflavin egestion and indicators of BCL was
characterized by weak inverse correlation, and with IL
and IA even of average power. But the small number
of observations didn’t allow considering it reliable. As-
sessment of interrelation of BCL and pyridoxine eges-
tion levels revealed reliable strong inverse correlation

7 26.20%
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Figure 3. Level of ascorbic acid egestion at the end of recrea-
tion period
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dependence in IL indicators (t =-0,713, p<0,05) and
IA (=-0,711, p<0,05). The inter vitamin dependence
at the end of research was also characterized by strong
direct correlation (g=0.799, p<0,01).

Discussion

The used study of research is standard in hygiene
of food and nutritional biology. Assessment of “food —
is health of the person” system is based on the study of
nutrition features and analysis of its efficiency of influ-
ence on health.

Nowadays the large number of techniques is ap-
plied to estimate the food ration. Some authors (12)
recommend using the questionnaire of consumption
frequency of certain food products for assessment of
nutrition features. Other authors recommend using
24-hour dietary recalls method (32). Results of re-
searches confirmed its efficiency in the analysis of nu-
trition features in middle school age children. Other
authors (33) by means of 24-hour dietary recalls meth-
od studied communications between consumption of
fruit and vegetables and vitamins level in blood serum
of European teenagers. It is defined that normal con-
sumption of fruit and vegetables is characterized by re-
liable higher levels of B vitamins, folic acid, C, E and

-carotene. The method of nutrition analysis was used
in our research according to the menu production re-
cords. It is most convenient for application at the col-
lective level. This technique allows to level fluctuations
in consumption of the main food products by means
of nutrition assessment during rather long period (not
less than 7-10 days). Besides, it is defined the devia-
tions in consumption of food products allow to predict
deviations of the main nutrients from standards and
influence of food on organism.

Our results (tab. 1) allow determining some dis-
proportions in consumption of food. It is revealed the
expressed increase in consumption of grain products
(grain, noodle products and bread). It allows assuming
the increased consumption of starchy complex carbo-
hydrates, B vitamins. The lack in food ration of fresh
vegetables and fruit causes deficiency of dietary fiber
and water-soluble vitamins, especially ascorbic acid.
This deficiency in a certain measure is leveled by suffi-

cient consumption of vegetable and fruit juices. At the
same time the sufficient consumption of dairy, meat
products allows to predict optimum level in food ra-
tion of essential amino acids, Ca, P, Mg, S and other
minerals. Excess of recommendations in sugar and
confectionery could lead to increase in consumption
of monosaccharide.

The similar methodological research is conducted
by other authors (34). They defined adequacy of con-
sumption of Fe and vitamin C in children’s food ra-
tions. It was studied levels of food consumption and
their chemical composition. It is indicated the need of
group and individual consumption levels with direc-
tion to average physiological norms of consumption.
In other research (32) was defined that diets of chil-
dren contained enough polyphenols in relation to the
recommended values. The consumption of carotene
usually exceeded the recommended retinol equivalent.
Conversely, vitamin C didn’t meet the requirements.
The conclusion is drawn about need of increase in con-
sumption of fresh vegetables and fruit.

Definition of average daily set of food allows cal-
culating average chemical composition and energy val-
ue of food ration according to special reference tables.
It gives the grounds for the decision of nutrition direc-
tion. The carried-out analysis confirmed competency
of the made prognosis.

Thus, the level of consumption of essential amino
acids is associated with processes of growth and chil-
dren development. The defined balance of tryptophan
and total of aromatic amino acids in the studied food
rations coincides with found in nutrition of long-living
persons from Abkhazia (35). Researches of authors
confirmed direct dependence of this value and lifetime
by means of increase in capacity of protective systems
of organism.

Decrease of PUFAS’ content caused some reduc-
tion of pro-oxidant features of food ration. It also has
to be estimated as increase of antioxidant direction of
nutrition. At the same time, the insufficient consump-
tion of ascorbic acid has to be estimated as illustra-
tion of decrease of antioxidant potential of nutrition.
Its value is confirmed by several researches (36). Au-
thors emphasize the importance of ascorbic acid (as
water-soluble antioxidant), necessary for ensuring
many functions of organism. The food ration with
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high level of this vitamin by means of vegetables and
fruit is prophylaxis factor of many illnesses. It is con-
nected with decrease in level of oxidative stress. Some
authors (37) determined that optimum level of vitamin
C consumption is 200 mg/day. It allows to maximize
potential advantage of this vitamin for health and to
minimize risk of adverse effects for health.

The general antioxidant protection of organism
is formed by means of complex of factors. It requires
complex assessment of food ration direction; this was
used by us (fig. 1). In our opinion, closeness of square
of figures (formed by raying) and circle confirms suf-
ficient value of antioxidant direction of nutrition. The
similar technique of assessment of direction of nutri-
tion was developed and patented with our help (38). It
was based on the planimetric analysis of square of the
specified figures.

The conclusion about complex assessment of an-
tioxidant direction of nutrition is confirmed by sev-
eral researches. Authors (39) emphasize that general
antioxidant activity of nutrition and blood serum are
considered adequate tools of study of influence of an-
tioxidants on health. The questionnaire of frequency of
consumption of certain products was used for assess-
ment of direction of nutrition. It was applied the cor-
relations of indicators of oxidative stress to antioxidant
activity and to the level of antioxidants in food ration
As criteria of efliciency.

The competency of application of nutrients cor-
relations for assessment of nutrition direction is con-
firmed by other researches (40). Authors give a row
of the indicators and indexes used in the analysis of
nutrition features. At the population level it is proved
that food ration with the high content of antioxidants
is associated with low risk of development of illnesses.

Similar correlations were applied in our research.
Our results confirmed the sufficient level of antioxi-
dant protection of food. The optimum quantity of to-
copherols, their high correlation with the PUFAs level,
and the optimum correlation of PUFAs/SAFA testifies
to the expressed antioxidative direction of food ration.

It is repeatedly proved the efficiency of nutri-
tion enriched with antioxidants for neutralization of
action of unfavorable ecological factors. Experiments
on animals (41) were confirmed the efficiency of the
diet enriched with antioxidants. It allowed decreasing

effect of radiation. Tocopherols and native protein pro-
moted decreasing of damage diaphragms and DNA by
X-rays.

In other research (42) is noted that addition of an-
tioxidants within 4 months improved antioxidant and
oxidative balance and moderately improved functions
of liver. It is determined reliable correlations between
oxidative stress and level of inflammatory conditions
of liver.

It is confirmed the sufficient antioxidant direction
of nutrition of schoolchildren in recreational period by
means of the content of certain nutrients and their op-
timum ratios. Use of this food ration allows assuming
its preventive effect, positive influence on the vitamin
and antioxidant status of children.

Definition of vitamin egestion with urine is con-
sidered one of the most adequate tests of assessment
of nutrition efficiency (31). The preventive character
of nutrition caused positive changes of vitamin status
of schoolchildren. The majority of schoolchildren were
characterized by moderate and normal level of ascorbic
acid egestion, significant increase of B vitamins eges-
tion. On the other hand, at the end of the recreation
period were found out children with low egestion of
vitamin C. The normal level of B vitamins egestion
wasn't reached. It gives grounds for recommendations
to increase in vitamin component of food ration by
means of additional intake of multivitamin prepara-
tions.

The preventive character of nutrition assumes
limitation of risk factors and neutralization of dam-
aging mechanisms. And the most optimal of them is
the intensification of free radical oxidation (43). That’s
why pathogenetically substantiated method of re-
search was use biochemiluminescence for assessment
of antioxidant status.

Other researches (44) confirmed efficiency of
this method for assessment of free radical oxidation.
Authors proved its availability and high informational
content to the analysis of adaptative potential. Other
authors (45) used blood chemiluminescence assess-
ment method for the analysis of antioxidant potential
of organism. The increase in consumption of straw-
berry decreased chemiluminescence rest level in blood
and urine increased the antioxidant potential of organ-
ism. Indicators of chemiluminescence correlated with
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the level of leucocytes. Decrease of chemiluminescence
at rest is estimated as result of depression of oxidizers’
formation and decrease of risk of systemic imbalance
between oxidizers and antioxidants. Such dynam-
ics is determined in our research. Our results testify
(tab. 3), that decrease of indicator of spontaneous lu-
minescence is the most essential. Improvement of this
indicator most often met in the examined collective,
and also had the most expressed dynamics. Decrease
of indicators of TK and CI was observed in 33,3% and
28,2% of schoolchildren. These criteria reflect change
of character of chemiluminogram and serve as illustra-
tion of improvement of balance of work of protective
anti-oxidative systems of organism.

Similar processes are confirmed by dynamics of
indicators of amplitudes and intensity of luminescence.
Excess of initial indicators over final observed up to
the end of recreation, however its expression decreases.
It can be interpreted as tendency to improvement of
antioxidant status.

In 30,8% of examined schoolchildren had de-
crease of indicators of intensity of the initiated lumi-
nescence and indicator of activation. However in this
case was revealed the tendency to reliability (p<0,1).

Determination of correlation dependence re-
vealed existence of reliable inverse average and strong
connection between indicators of vitamin status and
BCL. It confirms a potential possibility of influence
on intensity of free radical oxidation in organism by
means of a nutritional factor. The most interesting de-
pendence is between TK and CI. The found interrela-
tion confirms a possibility of influence on the anti-oxi-
dative status by means of modification level of vitamin
C in organism.

Assessment of interrelation of BCL and levels
of pyridoxine egestion at the end of recreation pe-
riod reflects decrease of potential ability of biological
substrates to oxidation, restoration of functionality of
anti-oxidative systems. It is caused by normalization of
the vitamin status.

The most expressed correlation communication at
the end of recreation is found for pyridoxine. Its level
in urine at the end of recreational period was authenti-
cally increased. It proves that normalization of vitamin
status, increase of indicators of egestion will contribute
to normalization of intensity of free radical oxidation

in organism of children and teenagers.

The competency of the drawn conclusions is con-
firmed by the available results. Other researches (12)
confirmed existence of positive association of antioxi-
dant direction of nutrition with consumption of die-
tary fiber, folic acid, Mg and A, C and E vitamins. The
body weight index, indicator of standard deviation of
body weight index and the general body fat were con-
nected with antioxidant direction of food ration only
at patients with overweight. These data show that the
antioxidant activity of nutrition could be potential in-
dicator of risk of development of the signs connected
with overweight and can be considered as a useful
method at assessment of consumption of antioxidants.

Conclusion

The received results confirm efficiency of preven-
tive nutrition of schoolchildren in the recreational
period. Use of our recommendations allowed increas-
ing significantly antioxidant direction of nutrition of
schoolchildren. The nutritional factor positively in-
fluenced the vitamin and antioxidant status of organ-
ism. Dynamics of vitamin status is characterized by
increase in levels of B vitamins egestion with urine,
decrease in number of children with the low level of
ascorbic acid egestion. It occurs due to transition to
moderate and normal levels of egestion. Indicators
of antioxidant status illustrate depression of level of
free radical oxidation in organism. About a half of
the schoolchildren examined by us were character-
ized by improvement more than on one indicator of
biochemicoluminescence. The determined correlation
dependences between indicators of biochemilumines-
cence and level of egestion of vitamins are confirmed
by efficiency of use of nutritional factor for influence

on health of schoolchildren.
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Summary. Objective: This research was carried out at Bilkent University cafeterias to standardize the reci-
pes that are not available for specific dishes which are mainly used by commercially operating mass feeding
institutions. Throughout the study, 75 food recipes classified under 9 categories (soups, meat, chicken, fish,
vegetables cooked with meat, cold vegetable dishes cooked with olive oil, pastries, salads and desserts) were
standardized for 100 portions and written to the forms redeveloped by the researchers. All of the dishes
were prepared, cooked and served by the cooks working at Bilkent University main kitchen. Recipe base line
information was created by combining the data collected both from the well experienced cooks and famous
cook books. The organoleptic evaluation of the recipes to be standardized were made by using a 5 points
scale evaluation form which was based on 5 criteria (colour-shape, general appearance, flavour-taste, texture-
consistency, portion size) and graded by the panellists composed of dietitians, university students, university
staff and cooks. Fifty nine of these recipes were standardized following their initial, 9 after their second, and 7
after their third trial of production. The recipes which were perceived to be average and/or below by the panel-
lists were produced again considering their shortcomings until the desired points were achieved. Energy and
nutrient content of the recipes were calculated using BEB S (computerized program giving the energy and
nutrient values of given food and recipes that are specific for Turkish dishes) program. The cost of the recipes
was calculated as food cost and the total cost. The food cost was calculated by the ingredients’ cost indexed to
the value of American Dollar is due to its consistent rate compared to Turkish Liras. Total cost was achieved
by the factors affecting the cost of the dish such as the cost of employee and other technical costs. Total cost
was calculated to determine the sale price of the dishes. Energy and nutrient content and the total cost of the
dishes were shown on the standardized recipe forms. It was found that the percentages of the food, labour and
the operational cost of the total cost were 33.3 %, 29.9 % and 26.4% of the total cost respectively.

Key words: standardized recipes, cost evaluation, food cost, nutritional values.

recipes, it is possible to serve the food with the same
cost, quality, consistency, and taste. They also allow the

Standard recipes are one of the factors influenc-  operators to control the portion size and the total yield

ing the quality, effectiveness and the cost control at
food service establishments together with purchasing
methods, well trained staff, layout and equipments
and quality control procedures. By using standardized

to be produced (1-12).

The first advantage of using standardized recipes is
consistency. Standard recipes are one of the four factors
that help achieve the quality, consistency and control-



Standardizing the recipes mainly used in the menus of commercially operating institutional food services: their nutritional values and cost analysis 49

ling costs at Institutional Food Services. By using stand-
ardized recipes, prepared foods will have the same cost,
quality, portion control, consistency, and taste, regard-
less of whom they are prepared for, who prepared the
food and the time of preparation. The other factors that
help achieve quality, consistency and controlling costs
are standardized purchasing methods, well trained staff
and quality control procedures (3,10,13-15).

Standardized recipes and standard portions are
the main pillars of cost control program, and give con-
stant and valid information for the program. By using
the information gathered from standardized recipes,
exact cost of items and services could be calculated and
analyzed. This is very critical for the strategic planning
and control of the business (5,12).

Today most of the commercially operating insti-
tutions in Turkey do not use standardized recipes, thus
nutritional value of foods served are not known and the
cost analysis of the foods is not easy to substantiate (16).
This study was planned and carried out to standardize
the recipes that are not available for the dishes mostly
served in the commercially operating institutions and to
define their nutritional values and total cost.

Table 1. The Dishes Chosen for Standardization

Materials and Methods

The recipes chosen for standardization

In this study seventy-five different dishes were stand-
ardized for one hundred portions. The criteria for the selec-
tion of the dishes for their recipe standardization were

1) to be seen in the menus of commercially operat-
ing institutional food services.

2) not having standardized recipes.

The dishes were chosen from 9 different dish groups
i.e. soups, meat, chicken, fish, vegetables cooked with
meat, cold vegetables dishes cooked with olive oil, borek-
pasta, salads and desserts. All recipes were tried and pro-
duced at the Bilkent University kitchens by well trained
cooks under the supervision of the researchers. The dishes
that are chosen for standardization are shown in Table 1.

Bebis 8 (nutrition information system) program is
used in the calculation of energy and nutrient content of
meals.

Methods Used in WritingThe Recipes fo the Forms
Recipes were documented on a form redeveloped by

the researchers. This form contains information about the

name of the dish, group number of the dish, portion size,

Dish Group Number Name*

Soups 10 Carrot, broccoli, minestrone, spinach, vegetable, bezir, mushroom,
chicken, ezogelin, corn soups.

Meat 18 Kebabs (kagit, orman, yorik, islim, with puree), lamb tendaur,
shepherds sautee, roasted lamb, hiinkar begendi, elbasan tava and
meatballs (roast, hasanpasa, grilled, dalyan).

Chicken 13 Chicken with soybean sauce, chicken stuffed with spinach, sauteed

chicken with mushroom, roasted chicken roti, chicken sautee with

vegetables, chicken topkapi, kdyliim chicken,

Fish 1 Trout sautee.

Vegetables Cooked With Meat 3 Vegetables augratin, cauliflower augratin, zucchini mousakka.

Cold Vegetable Dishes Cooked With Olive Oil** 4 Artichoke, stuffed aubergine, stuffed cabbage, saksuka.

Boreks, Pastas 5 Spagetti napoletana, su boregi, milfoy borek with cheese, yufka boregi
with spinach, vermicelli with cheese and walnut.

Salads and Appetizers 7 Salads (Mediterranean, garden, shepherds, aubergine and potatoes),
carrot tarator and fava.

Desserts 14 Tulumba tathisi, kalburabasti, keskiil, sekerpare, revani, irmik tatlsi,

lokma tatlisi, firin siitlag, kazandibi, sakizli muhallebi.

*Orginal names of some dishes are given and explained in Table 4, as they don’t have direct translation into English.

“In Turkish Cuisine, there is a group of dishes titled “Olive Oiled Dishes”. These dishes are cooked with olive oil and served cold. Recently
others oils (corn, sunflower etc) were started to be used instead of olive oil, but the dishes are still called oliveoiled dishes. Vegetables, legumes, rice
are main ingredients of this group. The dish is mostly named after the main ingredients such as olive oiled green beans, olive oiled artchoke,

olive oiled stuffed green pepper, etc.
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utensils used to control portion size, equipments used in
preparation and cooking, preparation and cooking time,
total yield, ingredients; their net, gross weights and aver-
age measurements, the steps to be followed for prepara-
tion and cooking, the cost and energy and nutrient con-
tent of one serving size.

While calculating the energy and nutritional value
of the dishes, the net quantity of the foods in the dishes
was used. Gross quantities of the foods were shown on a
separate column at the form to determine the purchasing
amount and transferring amount of the foods from the
dry and cold stores to the kitchen on a given day. Net val-
ues of the food were calculated by subtracting the waste
from the gross values. All net and gross values of the foods
were given in kilograms. For simplifying the procedure
for the users, third column is allocated for the ingredients
average amounts such as pieces, bunches, glass etc. Some
foods that were not purchased as kilograms but in pieces,
such as lemon, parsley etc, were stated in kilograms to be
used in calculating their nutritional values. The order of
the ingredients were written as the order of their process
in the preparation and the cooking of the dish. Each new
step to be processed were separated by a horizontal line to
make the recipe easy to follow.

Organoleptic Evaluation of the Dishes

Each dish was evaluated by ten panelists consisting
of two dietitians, two staff members, two cooks and four
university students from Bilkent University. A form, cre-
ated by Kurtcan and Géniil (17) based on grading the
criteria determined for the evaluation, was given to the
panelist to be filled after they tasted the given dish.

The criteria stated on this form were colour-shape,
general appearance, flavour-taste, texture-consistency, and
portion size of the dish. As the appearance of quality cri-
teria on the forms is important, they were written as above
mentioned order. These five criteria have been graded on a
1 to 5 points scale (18) which are: Unacceptable: 1 point,
Acceptable: 2 points, Average: 3 points, Good: 4 points,
Excellent: 5 points. Each dish would get a minimum of
ten and a maximum of fifty points on this grading method
with a panel of ten evaluators. The range of points in grad-
ing and their explanation are shown in Table 2.

At the end of the evaluation, the dishes that were
graded as an average of 34 points and above were con-
sidered acceptable and standardized consequently. The

dishes that were graded below 34 points were repro-
duced until they get the acceptable grade.

Each panelist were trained on the purpose and the
grading criteria of the study prior to the evaluation.
The dishes to be tested were served on the plates stand-
ardized for each panelist and the survey. As one of the
evaluation criteria is portion adequacy, the dishes were
served at lunch time (12.00-13.00) in the cafeteria.
Much effort was given to make sure each panelist were
served the dishes at the same inner temperature (19).

Points Considered During the Trials of the Recipes
Dishes were prepared by the cooks under the su-
pervision of the researchers and some notes such as
preparation and cooking time and measurements re-
sults (such as wastes and absorbed oil etc) were taken.
The amount of waste during vegetable preparation can

be seen in Table 3.

Table 2. The Points of Grading and Their Explanation Used in
the Evaluation of the Standardized Recipes

Points of Grading Explanation
10 -17 Unacceptable
18 -25 Acceptable
26 - 33 Average
34-41 Good

42 + Excellent

Table 3. Percentage of the Vegetable Waste

Vegetable Waste Vegetable Waste
(%) (%)

Potato Tomato

Peeling By Hand 25  Pitting only the top 1

Peeling By Machine 10 Peeling 20

Peeling After Boiling 10 Scooping 30
Zucchini 20 Onion 12
Scooping 45 Spring onion 30
Celery Root 35 Aubergine 20
Carrot 20 Cabbage 30
Cauliflower 45 Radish 25
Garlic 5 Green Pepper 10
Dill 35 Parsley 40
Broccoli 25 Spinach 25+
Brussel Sprout 10 Iceberg 25
Garden Cress 30 Lemon (80g) juice 25 g
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Preparation Time

The time spent for preparation was categorized
into 3 groups to show the time spent by the cooks
(during washing, peeling, chopping etc.), the time that
passes to hold the food for specific reason (soaking the
beans in water, the rising of dough etc.) and time spent
by the cooks after cooking the food (slicing the roasted
meat etc.).

Cooking Time

The time spent for cooking was also categorized
into 3 to show the time spent by cooks (frying, sauté-
ing, stirring the food etc.), the time not needed staff
interference (in the oven, boiling in the pots etc.) and
the time needed to make the dish ready to serve (hold-
ing rice to become flufly, cooling deserts and olive oil
dishes that are served cold etc.) Preparation and cook-
ing times that are seen on the recipe forms are the av-
erages of the staff performance for one person.

Cost Analysis of the Recipes

Standardized recipes’ portion food costs were cal-
culated with the help of an MRP (Material Require-
ment Program) system and the unit prices that were
used on food cost analysis were taken from purchasing
lists of the production kitchen. Food Cost was calcu-
lated by taking into consideration the gross weights
of the ingredients and the prices were indexed to the
American Dollar due to its consistent rate. While cal-
culating energy and nutritional value of the fried foods,
oil absorption were taken into consideration and noted
on the recipe charts. In addition to the above men-
tioned analysis, labor cost and operational cost were
also calculated to find the total cost of the dishes. In
determining these costs the following procedure was
used. Food costs were calculated with the help of an
MRP (Material Requirement Program) system, la-
bor and running costs were calculated by dividing the
number of meals produced annually by the number of
cafeterias producing meals.

Results and Discussion

From the seventy nine foods produced, fifty nine
(79%) were standardized during the first, nine (12%)

were standardized during the second, and seven (9%)
were standardized during the third trial of the produc-
tion. All recipes were written into a specific standardi-
zation form redeveloped by the researchers. Table 4
shows an example of a standardized recipe for “Chick-
en Stuffed with Spinach”. The nutritional value, food
cost and the total cost of the standardized recipes are
given in Table 4. The components which are the basis
for cost analysis and their percentages are shown in
Table 5. Food cost were found to be as 33.3% of the
total cost. Labor cost and the operational cost were
29.9% and 26.4% respectively Table 6.

The first step in the preparation process is washing
of food.Thus, food, stone, mud, dust, pesticides harm-
ful to health are largely purified (20). The extraction of
food from all kinds of foreign matter and bruises af-
fects not only health and economy but also the taste of
food (21). In this study, the purchased food items were
first extracted and washed. After the extraction pro-
cess, the shear rates between the gross and net quanti-
ties were calculated.

Time, temperature and humidity control are the
most important factors in giving proper shape and
consistency to the food. The better these three factors
are set, the better the quality of the food (1). In this
study, these three factors which have a direct effect on
the quality of the food were meticulously followed, the
preparation and cooking times, the cooking tempera-
tures were checked.

Standardization of the recipes was achieved
mostly after the first trial. Dissatisfaction reasons stat-
ed by the panelists for the dishes that were needed to
be tried for second and third time concentrated on two
evaluation criteria, consistency and taste. Taste stands
much higher between other sensory quality factors for
acceptance of food by the consumer and differs widely
from individual to individual. When dissatisfaction
reasons were analyzed; surface dryness, undercooking,
too much fat content, mushy, unsatisfactory taste, im-
proper cooking time were found to be the mostly stat-
ed points. No inadequacy was found on color-shape
and portion size criteria of the dishes. There were no
low grading for the portion size showing the quantity
of foods that form the standardized portion size of the
recipes were normal. As the energy value of the lunch
meal is suggested to be one third of the daily energy
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Table 4. An Example of the Standardized Recipes.
Total Amount: 100 PORTION

Name Chicken Stuffed With Spmach Preparation Time 15.3-0-25
Group : 1 Cooking Time : 12-1h.25-0
Portion Size 250 ¢ Total Weight (Kg) 25
Portion Measurement 1 piece Food Cost : 0.60.- USD
Cooking Pots Caserol, Oven Tray, Oven Total Cost 1.17.-USD
Ingredients Weight Measure Procedure Period Notes
GROSS NET
(kg)  (kg)
Chicken Steak  15.000 15.000 100 Piece Wash the chicken steaks and pound, (10°)  As they will wait till the
prepare to wrap. filling is ready keep cold or
make ready while the filling is
prepared by someone else.
Spinach 8.000 6.000 Clean, wash carefully and chop the (157)
spinach.
Braise the spinach. 10’
Onion 1.500 1.320 10 MS  Peel, wash and finely chop the onion. 9
Mushroom 2.000 2.000 Clean mushroom and slice to a case (8"
which is filled with water.™
Strain when to be used. 3
Margarine 1.000 1.000 4 Pack  Melt the margarine in a pan, add onion, 10’
mushroom and spinach and sautee.
Black Pepper 0.050  0.050 3 Spoon Add black pepper, red pepper and salt 2’
Red Pepper 0.050  0.050 3 Spoon to the sautéed mixture.
Salt 0.100  0.100 3 Spoon
Spread mixture on the beefs which were  (20°)
prepared before and wrap up like roll.
Tomato 1.500 1.485 10 MS  Clean and wash tomatoes. Slice (5
tomato’s middle size.
Green Pepper 1500  1.350 Clean and wash the green pepper and (107)
cut into two pieces.
Place the rolls to the oven tray and 37
decorate surface of the rolled beefs with
a slice of tomatoes and pepper.
Boiling Water ~ 1.000  1.000 5 Glass Add the boiling water to the oven tray 75’

and put it into the oven (175 °C).

Energy and Nutritent Content of One Serving
Energy  Protein Fat CHO Calcium Iron Vitamin C Thiamin Riboflavin Niacin f.Karoten Cholesterol
308.4kal 46.4g 122¢g 23mg 294.8mg 3.6 mg 36.5mg 13.4 mg 93.2 mg

ok Vegetables loose much of their nutritional value while holding in water. Darkening of vegetables is also important during mass production,
thus holding time of vegetables in water must be kept as short as possible.

0.2 mg 0.4 mg 3.6 mg

value, the energy content of the dishes were also con-
sequently indicating the adequacy as most of the meals
consist of three course and bread.

Vegetable waste percentages found in this study
were in accordance with another study (1) carried out
for standardization of the recipes mostly used in public

institutions. In another study, the differences between
the wastage rates in the comparison with the wastage
ratios were determined. In this study, since the dishes are
produced according to 6-8 portions and in the labora-
tory environment, the difference between the controlled
production in this environment and the number of serv-
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Table 5. Energy and Nutrient Content, Food Cost and Total Cost of the Standardized Recipes

P2 5 25 9.3 E R F 3 &5 8z
Name of the Dish %5 '% é % g i:'f g \Ef = g \%f 'g \%f £ \QE: g 5 3 5
£ A © . 5= 9 £ £ S B 27 F

Chicken sautee with soy sauce ~ 315.1 399 139 73 8.0 01 277 01 01 124 11 0.51.- 1.07.-
Chicken stuffed with spinach 308.4 46.4 122 23 708.6 36.5 2948 0.2 04 134 3.6 0.60.- 1.17.-
Roasted chicken 4053 43.0 230 6.7 8.8 0.8 355 02 0.4 106 3.0 0.50.- 1.07.-
Chicken sautee with mushroom 229.7 341 9.0 2.6 1383 158 428 0.1 03 125 1.5 0.48.- 1.05.-
Chinese chicken 3029 34.0 12.6 133 1041.8 6.1 756 0.2 0.2 10.6 2.3 0.45.- 1.01.-
Roasted chicken thighs 359.2 433 187 42 1120 128 423 0.2 0.4 10.7 3.3 0.49.- 1.06.-
Chicken sautee with vegetable ~ 299.0 352 10.0 16.3 4909 17.7 46.5 0.2 02 112 1.5 0.46.- 1.02.-
Chicken ball 491.8 345 170 49.1 959 129 1050 0.2 0.2 91 1.7 0.43.- 1.00.-
Pili¢ Topkap1! 306.1 40.7 116 9.4 883 08 422 0.1 01 124 23 0.51.- 1.07.-
Broiled chicken 3376 47.8 132 6.5 6755 184 813 0.2 0.2 144 19 0.62.- 1.19.-
Koyliim Chicken? 4444 40.5 235 174 4612 140 2121 0.2 0.3 114 1.5 0.52.- 1.09.-
Chicken schinitzel 5342 547 16.8 40.2 7409 181 958 03 0.3 14.7 2.8 0.76.- 1.33.-
Chicken sautee 360.1 345 17.7 153 146.6 244 49.7 02 0.2 112 1.6 0.46.- 1.02.-
Rainbow trout Sautee 489.6 523 16.4 31.8 233.0 33.0 941 0.3 0.2 6.9 3.0 0.82.- 1.43.-
Kagit Kebap® 367.8 36.2 19.2 124 6571 139 809 0.2 0.3 5.9 49 1.01.- 1.58.-
Yorik Kebap* 457.1 422 239 181 1381 174 169.0 0.2 0.5 6.5 52 0.97.- 1.54.-
Islim Kebap® 452.4 385 25.7 162 2377 486 955 0.2 0.4 6.5 4.7 1.16.- 1.73.-
Orman Kebap® 4014 35.6 224 143 8563 93 59.6 0.1 0.3 52 58 0.85.- 1.43.-
Kebab with puree 409.7 385 204 173 1398 320 70.6 0.2 0.4 5.9 49 0.88.- 1.44.-
Lamb tendour 363.1 27.9 275 1.6 6.4 1.9 504 0.1 0.3 4.6 2.6 1.52.- 2.09.-
Roasted lamb 416.6 43.0 209 13.9 5626.1 10.0 848 0.2 1.5 102 89 1.56.- 2.13.-
Ankara Tava’ 385.2 42.0 202 86 141.1 214 547 0.1 0.3 6.4 4.0 1.75.- 232.-
Coban Kavurma® 349.4 251 259 41 107.0 357 354 02 0.3 6.2 3.4 0.86.- 1.97.-
Boiled veal 369.4 36.6 179 155 1048.6 8.8 324 0.1 0.3 54 46 0.87.- 1.43.-
Beef with mashroom sauce 4533 389 225 232 482 147 683 0.2 0.4 58 5.0 1.00.- 1.56.-
Hiinkar Begendi® 491.1 442 214 295 139.2 239.7 112 43 0.2 0.5 6.1 1.17.- 1.73.-
Roasted Kofte 339.2 309 183 126 1146 56.1 188 3.9 02 03 54 0.63.- 1.19.-
Hasanpasa Kofte® 468.6 36.0 21.8 31.5 117.0 2485 182 39 02 04 58 0.66.- 1.22.-
Grilled meatballs 3709 32.1 184 188 3722 66.6 191 43 0.2 0.3 56 0.69.- 1.26.-
Dalyan Kofte" 4393 36.4 214 252 7802 864 19.6 49 0.2 0.4 5.8 0.67.- 1.23.-
Elbasan Tava® 456.4 35.7 262 19.1 1083 1823 14.7 3.9 0.2 0.4 5.0 0.80.- 1.36.-
Vegetables au gratin 409.7 24.5 255 204 561.1 253.6 16.0 2.8 0.2 0.4 3.7 0.49.- 1.05.-
Cauliflower au gratin 3553 27.7 154 258 1133 276.3 52.7 2.8 0.2 0.4 3.3 0.70.- 1.26.-
Zuccini mousakka 2574 17.8 170 8.2 1594 775 228 44 0.2 0.3 3.3 0.32.- 0.88.-
Veal sautee with mushrooms 346.1 36.1 195 6.5 842 347 240 49 0.2 05 6.8 0.95.- 1.51.-



54 A.Dag, T. K. Merdol

Table 5. Energy and Nutrient Content, Food Cost and Total Cost of the Standardized Recipes

a =3 — Q —~ py A ?‘3 — 2 ]
2 2 5 T Iz 3 io5-. E 3 ds5és
Name of the Dish 5 8 5 9 EPEP E EPEP = E S22 5@
§ 5 £ F ET ES 5 g% g5 3 g 2 £
Artichokes cooked with olive 0il 231.8 4.8 17.3 14.0 660.7 983 116 2.1 0.1 0.1 1.2 0.75.- 1.31.-
Stuffed aubergines cooked with 20 7 4y 905 150 967 515 143 22 01 01 11 023 0.79-
oilve oil
Fava® 1417 49 103 75 2237 303 27 11 01 01 05 0.07.- 0.64-
Stuffed cabbage cooked with o300 44 173 162 827 1036 494 25 01 01 18 016- 0.72-
olive oil
Saksuka® 1716 21 143 85 872 285 264 08 01 01 07 0.11.- 0.67.-
Spaghetti Napoliten 3911 85 19.8 446 1414 346 287 14 01 01 17 0.07.- 0.66.-
Layered bérek 2931 9.4 155 29.0 1822 1380 67 1.0 01 02 04 011.- 0.68.-

Vermicelli with walnuts and 399.9 12.9 193 433 290 1547 01 12 01 01 13 0.16- 0.73.-

cheese

ffeyelii pastry stuffed with 559.7 152 382 39.4 3309 2619 36 11 01 03 08 0.18- 0.73.-
Boérek with spinach 368.5 11.1 143 48.0 7269 177.7 224 4.1 0.1 0.2 0.8 0.17.- 0.75.-
Carrot soup 1315 14 105 83 709.0 36.1 4.1 0.5 - - 0.2 0.02.- 0.59.-
Broccoli soup 1682 2.0 158 50 408 583 155 04 - 0.1 0.2 0.06.- 0.62.-
Minestrone Corba 1229 25 6.0 145 4370 289 11.8 0.8 0.1 0.1 0.7 0.04.- 0.61.-
Spinach soup with cream 156.4 2.0 147 42 4016 739 87 1.5 - 0.1 0.2 0.11.- 0.68.-
Vegetables soup with cream 1498 15 126 7.8 2557 279 36 04 - - 0.3 0.08.- 0.65.-
Mushrooms soup with cream 1781 19 156 79 549 210 11 04 - 0.1 1.0 0.10.- 0.67.-
Kremali Bezir ¢orba®® 2413 9.7 17.7 109 2074 996 5.9 1.1 0.1 0.2 2.4 0.18.- 0.75.-
Chicken soup with cream 181.5 63 147 64 580 216 02 03 - - 1.7 0.13.- 0.69.-
Ezogelin ¢orba' 1147 2.7 6.6 11.1 60.5 203 24 1.5 - - 0.5 0.03.- 0.60.-
Corn soup 142.7 2.0 10.7 9.8 323 273 6.1 0.4 - 0.1 0.4 0.05.- 0.61.-
Carrot sautee with yoghurt 269.8 6.0 21.8 13.4 1997.2 1285 6.1 1.2 0.1 0.2 0.6 0.25.- 0.82.-
Meditarranean salad 130.1 3.7 9.6 7.0 1071 922 149 0.8 0.1 0.1 0.7 0.14.- 0.70.-
Garden salad 106.1 14 83 6.2 10894 371 187 09 0.1 0.1 0.6 0.11.- 0.68.-
Shepherds salad 113.0 1.8 84 7.0 1842 419 522 12 0.1 0.1 08 0.11.- 0.68.-
Aubergine salad 207.0 2.6 184 7.7 1789 445 552 1.2 0.1 0.1 1.0 0.20.- 0.76.-
Potatoes salad 1849 38 71 252 1169 32.0 635 1.2 0.2 0.1 2.0 0.07.- 0.64.-
Cheesecake 610.2 123 41.2 47.6 4585 1451 0.8 0.7 0.1 0.3 0.2 0.92.- 1.48.-
Triamisu 549.0 142 285 574 2076 750 0.3 3.2 0.4 0.6 3.7 0.65.- 1.21.-
Tulumba Tatlis1?” 5123 43 119 958 427 156 0.2 0.8 - 0.1 0.1 0.17.- 0.73.-
Kalburabast1™ 4114 45 122 701 1021 231 0.2 1.1 0.1 0.1 0.9 0.10.- 0.67.-
Keskiil® 455.0 84 135 74.0 69.5 260.5 1.8 0.7 0.1 0.3 0.4 0.20.- 0.77.-
Sekerpare® 482.6 50 13.6 842 1222 253 02 0.9 - 0.1 0.2 0.15.- 0.71.-

Revani* 367.6 48 114 609 1454 196 02 0.8 - 01 01 0.11.- 0.68.-
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Table 5. Energy and Nutrient Content, Food Cost and Total Cost of the Standardized Recipes

E %D b 3 fca —~ (é - £ ;s; - % - \%f “eh § a § a
Name of the Dish %5 '% é :% g i;e'f g \Ef % g \%f 'g \%f £ \QE: g 5 = 5

£ A ©c s 5 9 £ £ S B 27 F
Irmik Tatlisi® 2704 52 54 494 450 1838 13 0.2 - 0.2 0.1 0.12.- 0.69.-
Supangle® 4085 9.2 111 66.7 66.1 2708 1.7 1.0 0.1 0.4 03 0.19.- 0.75.-
Lokma Tatlisi* 3833 39 100 66.7 145 9.0 0.3 0.9 0.1 0.1 0.5 0.13.- 0.70.-
Firin Siitlag® 3550 70 72 644 600 2447 1.7 0.2 - 0.3 0.2 0.16.- 0.72.-
Krem Sokola* 4476 74 139 723 540 2162 11 12 01 03 03 0.23.- 0.80.-
Kazandibi” 306.8 51 62 56.8 51.1 1835 13 0.2 - 0.2 0.1 0.12.- 0.69.-
Sakizli Muhallebi?* 4316 9.1 11.7 713 565 2350 23 1.0 0.1 0.3 0.6 0.38.- 0.95.-

'Grilled chicken stuffed with rice.
*Oven grilled chicken breast with vegetables.

’ Sautee lamb pieces wrapped in grease-proof paper with vegetables and cooked in the oven.
*Poached and sautéed veal finished in the oven with vegetables and served over vermicellr.
’Roasted pieces of lamb wrapped with aubergine and cooked in the oven.

*Sauteed lamb with potatoes, carrots and onions.

"Poached lamb, cooked in the oven over rice.

*Sauteed lamb with tomatoes, onions and green peppers.
*Sauteed lamb served over aubergine puree with roux.
"Stuffed meatballs with potatoes puree.

""Roasted meatball stuffed with cucumbers, eggs and beans.
2Sauteed veal and vegetables with béchamel au gratin
“Broad bean puree.

“Fried vegetable cubes (aubergine, green pepper and potatoes) garnished with tomatoes sauce.

P Chicken and bean soup with creamy roux.

" Lentil, whole wheat and rice soup.

Syrup soaked pastry (flat and round shaped).
BSyrup soaked pastry (big flat round shaped).
Y Milk pudding with almonds.

“Syrup soaked pastry (ball shaped, fried).

A sweet made of semolina, flour and eggs.
2Cooked semolina with milk and vanilla.
#Chocolate pudding.

»Syrupy fried pastry.

*Baked rice pudding.

2Cream chocolate.

VA kind of pudding, bottom part is burnt.

P Milk pudding with mastica.

ings and the rate of wastage in our study is considered
normal (22). It can be concluded that these vegetable
wastage values can be used as a guidance for institution-
al food services to calculate the amount to purchase and
to calculate the nutritional value of foods served.
Standardized recipes are the main component
of the food services to maintain the quality and cost
control in a desired level. With the help of this study,

food cost, total cost, energy and nutritional value of the
dishes mostly used in commercially operating establish-
ments were standardized. This may help the institutions
where quality and cost control is the primary objective.

Increased competitiveness in the field of mass ca-
tering industry has decreased the flexibility for errors.
For this reason, companies could achieve customer sat-
isfaction through using standardization recipes which
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Table 6. Total Cost Criteria and their Percentages.

Cost component (%)

* Food Cost 33,3

* Labor cost 29,9

* Operational 26,4
Transportation 7.6
Cleaning 2,8
Energy-Fuel 2,9
Investment Expenses 2,8
Washing 2,2
Uniform 1,4
Care-Repair 1,5
Amortizaton 1,2
Consumables 0,8
Health 0,4
Stationery-Documents 0.3
Telephone-Fax 0,3
Disinfectation 0,2
Laboratory 0,2
Insurance 0,2
Other 1,6

* Profit 10,4

would improve their productivity and decrease costs in
every aspect of their work, from procurement to cook-
ing and service.

Standardized recipes are not just lists of cooking
procedures. At the same time they are preparation and
service directions for the people who are responsible
for these. In addition, these are used by managers when
deciding on the equipment and amount to buy for the
company as well as personnel needs and qualities.

By using standardized recipes the production stag-
es of food can be tracked. Besides, food cost control,
the quality, taste and portion standards and nutrient
ingredients can be achieved. For this reason, recipes
should be standardized in all mass feeding institutions
and these should be made available in bulletin boards,
a feeding list, and calculation folders and the control
mechanism should be established accordingly.

When standardizing recipes it is essential that
HACCP regulations should be considered when pro-
ducing meals with the risk of hygienic concerns, espe-
cially those which are prepared without cooking.

Moreover, price determination strategies can be
created by using standardized recipes. Price determi-
nation strategies and cost controls are important not
only for a lot of catering services but also for insti-

tutional food services as well. All companies should
check their costs. Commercial institutions should do
this in order to have appropriate profit. In addition,
institutional food services should also do this within
their budget.

Food cost was found to be as 33,3% of the total
cost. This result was between 30-35 % in the studies
carried out in other countries (23-28). Running costs
were calculated as 26,4% and this is a much higher
ratio than other studies’ 20% ratio (23-26). Energy
prices (electricity, natural gas, gasoline etc), corporate
tax ratio, VAT ratio and income tax ratios, transpor-
tation, and sanitation costs are all affecting factors of
this cost which are much higher in Turkey than other
countries. Labor costs were found to be 29,9% of total
cost. This result is consistent with other studies. One
would expect a lower cost with the industries’ wage
rate, however lack of technology in kitchens and un-
qualified personnel increases the labor cost. This affects
the profit. As it is seen in Table 6, the profit is 10.4 %
for our study which is lower than other studies of 15-
20 % (23-26).
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Summary. Purpose: The present study was aimed to define the quantities and types of foods consumed by
adolescents during use of media tools to evaluate the contribution of energy and nutrient intake during the
use of media tools to daily energy and nutrient intake. Mezhods: A total of 73 adolescents who visits an in-
ternet cafe, were included in the study. Participants were evaluated when they were using a computer in an
internet cafe, food consumptions during the use of media tools and daily consumption and physical activity
level were recorded. Results: It has been found that consumption of cakes, pastries and cookies during the use
of media tools constitute more than half of daily consumption. At the same time, consumption of oily seeds,
consumption of sweet foods and saturated fat consumption during the use of media tools were contributed
to the daily consumption significantly. It was found that, adolescents consumed less egg, legumes, milk and
dairy products, and vegetables in front of the media tools (p<0.05). A significant correlation was observed
between the energy and fat content of foods consumed in front of media tools, and obesity. Also, time spend
in the internet cafe are increasing as the energy intake during the use of the media tools increases (p<0.05).
Conclusion: Consequently it is necessary to reduce the time spend in front of media tools and regulate the
consumed foods during the use of media tools to live a healthier life and reduce the risks of development
chronic disease in the future lives.

Key words: adolescent, media tools, nutritional habits, obesity, physical activity

Introduction

The adolescent period is an important period in
the gaining of healthy dietary habits in which more
physiological and behavioral changes occur than in
other stages of life, apart from infancy, and that encom-
passes the years extending from the start of puberty
until the start of adulthood (1). Updated findings ob-
tained from the general youth population demonstrate
that there is an inverse relationship between seden-
tary behaviors and healthy dietary habits and also that
there is a positive relationship between the consump-
tion of snacks and sedentary behaviors (2). Sedentary
behaviors like watching television or playing video
games independently influence dietary consumption

(3). The nutritious value of the diets of children and
adolescents who regularly use media tools for a longer
period of time is found to be lower than their peers
who whose media tools less (4). Tools of mass commu-
nication, radio, television, and advertisements found
in print are powerful factors that influence the dietary
habits of children and adolescents (5). In the past 30
years, the lifestyles of children and adolescents have
changed drastically with the increase in their use of
television, video games, and computers. The daily time
spent watching television for children and adolescents
in the United States (US) increased from 3 hours and
45 minutes in 1999 to 4 hours and 30 minutes in 2009.
Rates for computers and video games increased even
greater (6). As a result of sedentary activity taking the
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place of physical activity and at the same time being
exposed to stimulants that encourage unhealthy foods
alongside the increase in the use of media tools, the
increase in the consumption of high-energy content,
low-nutritional content foods like high-fat foods and
sugary snacks or beverages has also increased the risk
of obesity in children and adolescents (7). The global
prevalence of childhood obesity has increased signifi-
cantly. Childhood obesity rates were 4.2% in 1990 and
increased to 6.7% in 2010 (8). Turkey Nutrition and
Health Survey 2010: According to the Final Report
on the Assessment of the Status and Habits of Nutri-
tion, of children between the ages of 6-18 through-
out Turkey, 14.3% and 8.2% are overweight or obese,
respectively. This study conducted in Turkey reported
that obesity is seen most frequently in the 12-14 age
group (9.8%) and least frequently in the 9-11 age group
(6.0%) (9). Childhood obesity can have harmful effects
in different ways over body composition and health.
Obese children are at risk in terms of cardiovascular
diseases, impaired glucose tolerance, Type 2 Diabe-
tes, insulin resistance, respiratory problems like sleep
apnea and asthma, musculoskeletal system disorders,
fatty liver disease, gallbladder stones, acid reflux, psy-
chological stress, low self-esteem, and various health
problems like impaired physical, social, and emotional
functionality (10). Childhood and adolescent obesity,
which is a growing problem in our society, may be
slowed down if the causes are addressed and measures
are taken against this. The co-implementation of diet
and physical activity interventions is very important
for the prevention of obesity and being overweight.
Focusing on these causes reduces the risk of childhood
and adolescent obesity with time and helps to create a
healthier society (11). One of the factors that lead to
the increase of the prevalence in childhood and adoles-
cent obesity is spending long periods of time in front
of media tools. The aim of this study was to determine
that the amount and variety of the nutrition that ado-
lescents consume within the period of time they spend
each day using computers and other media tools at
Internet cafes. Also, to evaluate the contribution this
makes in their daily intake of nutrients by determining
the amount of energy and other nutrients provided by
the consumed foods.

Methods

A total of 73 adolescent individuals (36 females-37
males) between the ages of 11 and 18, who visit the
Internet cafe found in the center of the Giimiishane
province were included in this study. The ethics com-
mittee permission required for the study was obtained
from the Hacettepe University Non-Interventional
Clinical Research Ethics Board (GO 16/94). The
“Parental Approval Form and Child Approval Form
Clarified for Research-Purpose Study” was read to and
signed by the adolescents and who agreed to participate
in the study and their parents. Information regarding
the general characteristics and the status of their use
of television and computers were obtained with a face-
to-face interview technique in the first section of the
survey form. Adolescents were asked about the status
of their physical activities.

Anthropometric measurements of body weight,
height, and waist circumference measurements were
taken in accordance with the method by the researcher
(12). 24-hour recall was used to determination of food
consumption (13). The consumption amounts of foods
were determined using a photographic food catalog
(14) and the intake of energy and nutrients were cal-
culated with the Nutritional Information System 7.2
computer program (15). The percentages of meeting
the daily energy and nutrients requirements were eval-
uated using the Nutritional Guide Specific to Turkey
(16). The meet of daily requirements of the nutrient
intake of >67% was accepted as sufficient intake (12).

Statistical Analysis

The SPSS 11.5 packet program was used in the
evaluation of the data. The Single Sampling Kolmogo-
rov Smirnov Test was utilized to determine whether
the data were normally distributed. The homogene-
ity test was conducted with the One-Way Anova. The
Mann-Whitney U Test was used to analyze the sig-
nificant of the difference between the two independent
groups. The Spearman Correlation Analysis was used
to test whether there was a relationship in the propor-
tional data, and the Pearson Chi-square Test was used
in the categorical data (17).
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Results

A total of 73 adolescents, which 37 were males and 36
were females, who visit the Internet cafe were included in
the study. The average age of the adolescents was 14.7+1.9
years, and it was seen that 53.4% of the individuals at-
tended middle school and 46.6% attended high school.
Of the adolescents, 15.1 were overweight (285th-<95th
percentile) and 9.6% were obese (>95th percentile), and
the rate of obesity was found to be 16.2% and 2.8% for the
males and females, respectively. The rate of overweight is
10.8% in male adolescents and 19.4% in females. Of the
adolescents, 69.9% do not regularly play sports. The aver-
age waist circumference was found to be 77.0+13.7cm for
the male adolescents and 76.4+9.1cm for the females. The
body mass index (BMI)average of the adolescents was
found to be 21.1+4.5 kg/m?and 21.4+3.3 kg/m?* in the
males and females, respectively. While the total energy
expenditure was 2961.8+821.1 kcal/day in males, it was
2425.5+396.0 kcal/day in females. The average numbers
of main meals and snacks for all adolescents was found to

be 2.71+0.5 and 2.35+0.9, respectively (Table 1).

It was found that 75.3% of the adolescents ex-
ceeded the recommended duration of the use of com-
puters (<2 hours) on weekdays, and that 83.6% exceed-
ed this period on the weekends. The percentages of
adolescents who have a personal computer were found
to be 35.6%. It was seen that 84.9% of the adolescents
enjoy watching television. The adolescents overall have
an average of one (1.320.5) in their homes. While the
rate of male adolescents who have a television in their
bedrooms is 5.4%, it is lower than the rate for female
adolescents (22.2%) (Table 2).

Male adolescents (75.7%) and 86.1% of the female
adolescents watch television for more than the recom-
mended time (<2 hours). The rates of female and male
adolescents who watch television on the weekends
more than the recommended <2 hours were 91.6%
and 89.2%, respectively. While the adolescents use the
computer for an average of 3.35+2.0 hours on week-
days, they use the computer for an average of 4.30+2.8
on the weekend. The amount of time passed in to use
a computer on the weekends is greater than weekdays,
significantly (p<0.05). Similarly, the amount of time

Table 1: General charecteristics of the adolescents

Male (n=37) Female (n=36) Total (n=73)
(x+SD) (x+SD) (x+SD)

Age (year ) 14.5:1.7 14.8+2.1 14.7+1.9
Educational status’

Middle School 21 (56.8) 18 (50.0) 39 (53.4)

High School 16 (43.2) 18 (50.0) 34 (46.6)
Body weight (kg) 57.0+15.0 53.8+9.0 55.4+12.5
Length (cm 163.5+11.0 158.317.1 160.9+9.6
Body mass index (kg/m?) 21.124.5 21.4%3.3 21.3£3.9
BMI percentile’

<5 1(2.7) 1(2.8) 2(2.7)

5-15 6 (16.2) 3(8.3) 9 (12.3)

15-85 20 (54.1) 24 (66.7) 44 (60.3)

85-95 4(10.8) 7(19.4) 11 (15.1)

295 6(16.2) 1(2.8) 7(9.6)
Waist circumference (cm) 77.0£13.7 76.4£9.1 76.7+11.6
Doing regular sports’ 16 (43.2) 6 (16.7) 22 (30.1)
Total energy expenditure (kcal/day) 2961.8+821.1 2425.5+396.0 2697.3+697.3
Number of main meals 2.73+0.5 2.69+0.5 2.71+0.5
Number of snacs 2.25+1.0 2.44+0.8 2.35+0.9

n (%)
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Table 2. The use of media tools in adolescents
Male n=37 Female n=36 Total* n=73
n % n % n % P
Use of computer (hour)
Weekdays ° 3.6£2.1 3.06x2.04 3.35+2.0
0-2 8 21.6 10 27.8 18 24.7
>2 29 78.4 26 72.2 55 53 oo
Weekend * 4.7+3.1 3.8+2.3 4.30+2.8 '
0-2 4 10.8 8 22.2 12 16.4
>2 33 89.2 28 77.8 61 83.6
Do you have a personel computer?
Yes 14 37.8 12 33.3 26 35.6
No 23 62.2 24 66.7 47 64.4
Do you like watching television?
Yes 33 89.2 29 80.6 62 84.9
No 4 10.8 7 194 11 15.1
Number of televisions at home ¢ 1.3+0.4 1.320.5 1.320.5
Do you have a televisions in your bedroom?
Yes 2 5.4 8 22.2 10 13.7
Time of watching television (hour)
Weekdays ° 3.0£1.8 3.2+1.6 3.14+1.7
0-2 9 24.3 5 13.9 14 19.1
>2 28 75.7 31 86.1 59 80.8 Y
Weekend * 3.8+2.1 3.6:1.8 3.77£2.0 002
0-2 4 10.8 3 8.4 7 9.6
>2 33 89.2 33 91.6 66 90.4
Time of stay at internet cafe (hour)
<1 9 24.3 10 27.7 19 26.0
1-4 22 59.5 20 55.6 42 57.5
4-6 6 16.2 4 111 10 13.7
26 - - 2 5.6 2 2.7

5( %£8D); *<0.05, *p<0.01

the adolescents spent watching television on average
on the weekends (3.77+2.0) was significantly greater
than the amount they spent watching television on
weekdays (3.14+1.7) (p<0.05). While 57.5% of the ad-
olescents spend 1-4 hours at the Internet cafe, 13.7%
spend 4-6 hours, and 2.7% spend 26 hours (Table 2).
The daily vitamin B, intake in male adolescents aged
14-18 years was found to be below the daily requirement.
The total folic acid intake was below the daily require-
ment in male adolescents age 14-18 and in all the female
adolescents. Calcium intake was similarly found to be

below the requirement in all age groups. When consider-
ing the status of the adolescents meeting the requirement
for iron intake, it was determined that all of the male ado-
lescents and the 11-13 age group of female adolescents
were within the normal limits for the requirement of iron
intake but that female adolescents aged 14-18 were un-
der the requirement for iron intake. The percentages of
the meet requirement of vitamins B,, vitamin C and zinc
intakes were found to be sufficient in all adolescents. The
amount of dietary sodium, except for salt, was above the

requirement in all age groups (Table 3).
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The percentages of contribution total consumption
of milk and dairy foods across from the media tools is
were 11.9+27.3% and 33.9+41.1% of daily consumption
in male and female adolescents, respectively. Female
adolescents consumed more milk and dairy products
than males while using media tools (51.6£81.9 and
26.3+71.2, respectively, p<0.05). Additionally, the con-
tribution to daily consumption of the milk and dairy
products that female adolescents consumed while us-
ing media tools was found to be significantly greater
than males (p<0.05). The total consumption of meat
and similar foods during the use of media tools was
determined as 21.3+32.6 ¢ in male adolescents and
29.2+46.7 ¢ in females (p>0.05). However, the con-

sumption of red meat during the use of media tools in
females (8.1+20.2 g) was found to be significantly more
than in males (3.4+18.7 g) (p<0.05). The contribution
to bread consumption during the use of media tools to
daily consumption was found to be significantly higher
in females (38.7+43.8%) than in males (11.7+27.5%)
(p<0.05). Similarly, the contribution of saturated fat
consumption during the use of media tools to daily con-
sumption was significantly higher in female adolescents
than in males (46.2+47.7% and 18.3+37.0%, respec-
tively) (p<0.05). The total amount of sweets consumed
during the use of media tools was found to be signifi-
cantly higher in females than in males (17.6+22.2 g and
7.2+14.2 g, respectively, p<0.05) (Table 4).

Table 4: The average consumption of food groups by adolescents during the use of media tools and contribution of daily consump-

tion (%) (n=73)

Consumption of during
the use of media tools (x+SD)

Percentage of contribution
to daily consumption (x+SD)

Food groups (g) Male Female P Male Famele P
Milk and dairy products

Total 26.3+71.2 51.6+81.9 0.038* 11.9£27.3 33.9#41.1 0.009*
Milk, yogurt 19.8+48.7 44.6x£79.9 0.192 15.1+30.8 34.9+45.1 0.157
Cheese 6.5+34.5 6.9+13.6 0.093 9.0+26.8 31.2+43.9 0.039*
Meat and egg group

Total 21.3+32.6 29.2+46.7 0.656 16.2£23.7 35.5+47.3 0.178
Red meat 3.4+18.7 8.1£20.2 0.023* 7.9+29.8 20.4+36.1 0.123
Egg 1.5£3.5 2.1+6.7 0.657 6.5£19.8 19.4+37.9 0.539
Legumes 0.7+4.2 6.5+31.2 0.521 11.1+33.3 20+42.1 0.606
Nuts and oily seeds 15.6+24.0 12.4+22.6 0.592 48.0+51.8 57.4+47.5 0.315
Vegetables and fruits

Vegetables 19.1260.9 12.544.2 0.522 21.8429.2 28.6£39.0 0.223
Gren leafy vegetables 2.0+8.7 0.5+1.7 0.954 13.9+34.2 13.5£32.2 0.945
Fruits 91.1+140.9 132.8+264.3 0.595 46.2+46.5 39.7+44.3 0.609
Citrus 4.0+24.6 - 0.324 16.6+40.8 - 0.317
Bread and cereal

Bread 22.0+57.2 41.4+55.3 0.019* 11.7£27.5 38.7+43.8 0.003**
Rice, pasta, flour 25.8+50.2 44.5+84.7 0.283 16.2+28.2 36.0+44.2 0.131
Cake and biscuits 38.9+54.8 28.1+49.9 0.141 73.5+40.5 50.3+47.2 0.087
Fats and oils 2.5+6.1 5.0+12.3 0.286 11.6+25.7 28.0+40.5 0.093
Fats 1.0£3.3 2.1+3.8 0.2 18.3+£37.0 46.2+47.7 0.028*
Oils 1.4+4.9 2.9+10.8 0.935 10.8+28.9 14.0+31.9 0.576
Sweets 7.2+14.2 17.6x22.2 0.040* 36.4x43.1 53.7+44.4 0.143

*p<0.05, *p<0.01
# The Mann-Whitney U test
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Table 5: The status of correlation with regard to some anthropometric measurements regarding adolescents, dietary habits, and the

intake of energy and other nutrients

Variable BMI Waist circumference Du.ratlon of stay at
internet cafe
0.677** 0.206
L P
Waist circumference (cm) £=0.000 p=0.080
0.368* 0.259* 0.114
E intake (kcal/d
nergy intake (keal/day) p=0.001 p=0.027 p=0.336
0.398** 0.224 0.049
Fat (g/d
at (g/day) p=0.000 p=0.057 p=0.683
.294* . 27
Energy intake during the use of media tools (g/day) p(l(Q)BO 1 P(=) 002(; 3 pi)O%O ; e
0.399** 0.053 0.195
Fat intake during the use of media tools (g/day) $=0.000 p=0.654 9=0.099
-0.066 -0.052 0.219
N f mai 1
umber of main meals p=0.581 p=0.661 p=0.063
0.032 0.053 0.329*
Number of snacks
p=0.809 p=0.686 p=0.010
Total g (keal/day) 0.194 0.137 0.029
otal energy expenditure (kcal/da
&y P Y p=0.099 p=0.248 p=0.810
*<0.05, *p<0.01 (BMLI: body mass index)
Table 5 is shown that the status of correlation with Discussion

regard to some anthropometric measurements regard-
ing adolescents, dietary habits, and the intake of energy
and other nutrients. There is a positive relationship
between the waist circumference and BMI (p<0.05).
Also, as BMI and waist circumference increase, the dai-
ly consumed energy increases, too (p<0.05). A positive
relationship was determined between energy consumed
during the use of media tools and the BMI values of
the adolescents (p<0.05). A significant, positive corre-
lation was also determined between the amount of fat
consumption provided by foods during the use of me-
dia tools and the BMI values of adolescents (p<0.05).
There was also a significant, positive relationship found
between the energy intake during the use of media tools
and the duration of stay at the Internet cafe (p<0.05).
Although there was no significant relationship between
the number of main meals consumed each day and the
duration of stay at the Internet cafe, there was a sig-
nificant, positive relationship between the number of
snacks and the duration of stay at the Internet cafe. As
the duration of stay at the Internet cafe increased, the

number of snacks also increased (p<0.05) (Table 5).

The increase in the rates of obesity in adolescence
originates from a significant increase in the sedentary
behaviors especially including the use of technological
tools in the past twenty years (18). With the use of media
tools, it’s not just the issue of the replacement of seden-
tary activity with physical activity but the issue of the
exposure of youth to stimulants that at the same time
encourage unhealthy foods that has been confronted (7).
It is known that each additional hour to the total amount
of time spent watching television in a day increases the
status of being overweight by 20-30% (19). Stroebele et
al. (20) demonstrated that watching television is corre-
lated with an increase in the frequency of meals and with
the consumption of more energy. They also found that
consumption of foods while watching television reduces
the time spent on physical activity, that participants who
watched more television had greater body weights and a
larger BMI compared with those who watched less tel-
evision and had a greater daily consumption of fat. This
study found similarly that as the amount of time spent at
the Internet cafe increased, the number of snacks and the
energy intake during the use of media tools increased.
There is also a positive, significant relationship between



The effects of media tools on food consumption and obesity in adolescents

65

the energy intake during the use of media tools and the
BMI values of the adolescents (p<0.05). For this reason,
the use of media tools should be considered in the pre-
vention of obesity in children, just like in other sedentary
activities. The increase of the number of snacks con-
sumed during the use of media tools and the constitution
of foods consumed in snacks with high-energy content,
low-nutritional value snacks leads to a significant in-
crease in the intake of energy. For this reason, long-term
use of media tools is causally connected with a gradually
increasing prevalence of obesity in adolescents because
it leads to a greater intake of energy and to the rate of
energy from fat being greater and because it affects their
nutritional preferences.

The media environment changes as the days pass,
and within the past five years, the rate of children and
adolescents between the ages of 8-18 who have a com-
puter in their homes rose from 73% to 86%, and the rate
of homes with an Internet connection rose from 47% to
74%. Video games have been improved and begun to be
made more realistically in order to influence children and
adolescents (21). As a result, adolescents spend more than
what they spend in school or sleeping using various me-
dia tools (22). In this study, it was found that 75.3% and
83.6% of adolescents use the computer more than the rec-
ommended time (<2 hours) on weekdays and weekends,
respectively, and that 80.8% and 90.4% watch more than
the recommended amount of television on weekdays and
on the weekends, respectively. The increase today of the
number and accessibility of media tools like television,
computers and computer games, and the internet also
increase the inactive amount of time that children and
adolescents spend in front of these tools. Borraccino et al.
(23) showed that more than 80% of adolescents aged 15
years have more than 2 hours of sedentary, screen-related
activities each day. Watching television for long periods of
time contributes to the increasing rates of childhood and
adolescent obesity by leading to the exposure of children
and adolescents to commercials for unhealthier foods and
to their being physically inactive. The American Acad-
emy of Pediatrics (24), recommends for this reason that
children and adolescents limit their time spent watching
television to 2 hours.

The global prevalence of childhood obesity increas-
es with each passing day. While the prevalence of child-
hood obesity was 4.2% in 1990, it reached 6.7% in 2010.

It is estimated that this increase will continue and that
9.1% of children around the world will be obese in the
year 2020. It has also been shown that the prevalence of
overweight and obesity in developed countries is twice
as great as that in developing countries and that chil-
dren are largely affected (11.7% overweight, 6.1% obese)
(8). The prevalence of overweight and obesity were de-
termined 15.1% and 9.6% in this study, respectively.
While the prevalence of obesity has been determined
as 16.2% in male adolescents and 2.8% in females, the
condition of overweight has been determined as 10.8%
in male adolescents and 19.4% in females. Similarly, in
the scope of the WHO European Childhood Obesity
Surveillance Initiative (COSI) study, the prevalence of
overweight and obesity in 7-8year old, school-aged
children in Turkey (Childhood (ages 7-8) Obesity Re-
search (COSI-TUR) of Turkey 2013) were found to be
14.2% and 8.3%, respectively (25). Good dietary hab-
its are an important part of a healthy lifestyle (26) and
a protective factor in the prevention of obesity (27).
Healthy nutrition in the early stages of life like child-
hood and adolescence is very important and should be
encouraged (12). When the daily food consumption of
adolescents was asked in this study, it was determined
that the consumption of vitamin B, (thiamin) was lower
than the normal limits (67%-133%) of the percentage to
meet the requirement. Problems like nervous and diges-
tive system disorders, reduced appetite, and fatigue may
emerge with a deficiency of vitamin B,. Moreover, the
percentage that met the requirement of total folic acid
consumption in the female adolescents in the 11-13 and
14-18 age groups was found to be below normal limits.
Insufficient folic acid intake and folic acid deficiency can
result in an increase of sensitivity to leucopenia, intesti-
nal malabsorption, impaired blood clotting, and infec-
tion and in macrocytic anemia, which is the second most
common type of nutritional anemia after iron deficiency
(28). The percentage that meet the requirements in all
age groups for the consumption of calcium by the ado-
lescents in the study was found to be low. Similarly, As-
sumpgao et al. (29) determined that they conducted over
adolescents between the ages of 10 and 19 that 88.6% of
the adolescents were unable to meet the recommended
intake of calcium in a study. Calcium is a nutrient neces-
sary in the provision of bone mineralization and in the
protection of bone health. Bone mass reaches forty times
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its size from birth to adulthood and peaks at the end of
puberty. For this reason, the sufficient intake of calcium
in adolescence is an important factor in the creation of
adequate bone mass and in the protection of bone health
(29). Together with growth during adolescence, some
nutrient requirements also increase. One of these nutri-
ents is iron (12). In this study found that the female ado-
lescents in the 14-18 age group were unable to meet the
recommended intake of iron. The risk of anemia is quite
high especially in the girls in this age group because of
low iron intake and at the same time due to the loss of
blood that occurs during the menstrual cycle. Iron defi-
ciency may originate from an insufficient dietary intake
of iron or from absorption disorders (30). Foods right in
iron should be added to the diets of adolescents for this
reason. Micronutrients are quite important for growth
and development, and insufficient consumption is as-
sociated with various diseases and developmental risks.
Therefore, their deficiencies may lead to growth devel-
opmental retardation and bone disorders in adolescents
(12). Additionally, this study found the consumption of
dietary sodium - except for salt - to be greater than nec-
essary in all age groups. This situation is very important
in terms of adolescent health. It creates risk for many
chronic diseases like sodium hypertension and cardio-
vascular diseases (31). The sodium content of the diets of
adolescents should be carefully examined and initiatives
introduced to decrease sodium content.

In this study, the percentage that contribution daily
consumption of the total consumption of dairy products
during the use of media tools by adolescents was found to
be much greater in females than males (p<0.05). The per-
centage of the contribution daily consumption of the con-
sumption of meat foods during the use of media tools was
determined as 35.5+47.3% in females and 16.2+23.7% in
males (p>0.05). Additionally, the consumption of fatty
seeds during the use of media tools constitutes more
than half of daily consumption in females (57.4+47.5%)
and almost half in males (48.0+51.8%). Along with this,
adolescents do not consume any chicken or fish during
the use of media tools. The consumption of eggs and leg-
umes were also found to be quite low during the use of
media tools. The percentage of the contribution to the
total daily consumption of vegetables by the consump-
tion of vegetables during the use of media tools was found

to be 21.8+29.2% in males and 28.6+39.0% in females.

The total consumption of fruit during the use of media
tools was greater in contrast to conducted studies, and
the consumption of citrus was found to be less. The most
consumed foods from the wheat group during the use of
media tools were varieties of cakes, pastries, and cook-
ies. The consumption of bread during the use of media
tools was found to be greater in females than in males
(p<0.05). The contribution to daily consumption of the
fat consumption was also found to be greater in females
than in males (p<0.05). The contribution to the daily con-
sumption of sweets was again found to be 36.4+43.1% in
males and 53.7+44.4% in females. In light of this infor-
mation, it can say that the consumption of fatty seeds,
fruits, and varieties of cakes, pastries, and cookies during
the use of media tools by adolescents constitutes a sig-
nificant portion of daily consumption, that they consume
more fat and sugar relating to this, that they consume less
eggs, legumes, and less vegetables and citrus, and that
they do not consume any chicken and fish. Falbe et al.
(32) reported that each increase of an hour in the total
use of electronic media is associated with the increase in
the consumption of unhealthy foods like sugary drinks,
fast-food, and sweet and salty snacks and with a decrease
in the consumption of vegetables and fruits. Based on
the results of this study, the use of media tools is associ-
ated with a greater consumption of snacks and unhealthy
foods. The use of media tools may lay the groundwork for
the development of obesity in adolescents by leading to
a greater consumption of energy, a greater intake of fatty
foods, and spending less energy, due to it being associ-
ated with either unconscious eating or replacing physi-
cal activity and due to it affecting the variety of foods
consumed. For this reason, the effect of media tools on
childhood and adolescent obesity should be carefully ex-
amined, the amount of time spent in front of media tools
should be limited, and low-energy content, high-nutrient
content foods like fresh fruits and vegetables should be
preferred in place of unhealthy foods that are consumed
while using media tools.
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Assessment of microbiological quality of ready-to-eat foods
in institutions providing mass feeding

Ayhan Dag

Department of Nutrition and Dietetics, Faculty of Health Science, Cyprus International University, Lefkosa, Northern Cyprus,
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Summary. Objective: This study was designed to evaluate microbiological quality of ready-to-eat foods in in-
stitutional mass feeding and to determine their risk for food poisoning. In the study, 275 ready-to-serve food
samples were evaluated in institutional feeding. The food groupings in the Turkish Food Codex Regulation
Supplementary Document I and parameters established in food safety criteria in Supplementary Document I
and III were adopted. The samples were analyzed for parameters about coagulase-positive Staphylococci (T'S
EN ISO 6888-1/A1), B. cereus (T'S EN ISO 7932), E. col/i (TS ISO 16649-2), Staphylococcal enterotoxins
(AOAC OMA) 2007.06 - VIDAS SET 2), Salmonella spp. (TS EN ISO 6579-1), L. monocytogenes (TS EN
ISO 11290-1) and mold - yeast (T'S ISO 21527-1/2) by reference methods. Of the samples analyzed, 250
samples (90.9%) were found appropriate for consumption while 25 samples (9.1%) as inappropriate according
to Microbiological Criteria Regulation. It was concluded that meats served warm carry risk for L. monocy-
togenes, B. cereus and E. coli parameters while salads-appetizers served cool carry risk for L. monocytogenes and
Salmonella spp. and deserts, particularly cream cakes, carry risk for E. co/i and mold - yeast parameters.

Key words: ready-to-eat food, hygiene, microbiological quality, public health

Introduction

Nutrition, providing basis for maintaining life, is a
process that involves intake, digestion, absorption and
metabolizing nutrients required for function of body
with foods (1, 2). Mass feeding defined as feeding of
individuals out of home by foods and beverage planned
and prepared from a center has become increasingly
important (3-5).

There are several organizations serving food out
of home. Food services previously given in restaurants
and eating houses have evolved to mass feeding indus-
try through provision of food services to employees
with own kitchen and dining hall by institutions where
substantial number of individuals employed and emer-
gence of food factories providing food services to these
institutions (4-6).

The demand for mass feeding is increased by in-

creasing number of working individuals, participation
of women into professional life, acceleration of ur-
banization, alterations in standards, economic and so-
ciocultural environment, need for and interaction with
comfort and ready-to-eat food (6-8).
The incidence of food poisoning is higher in institu-
tions providing mass feeding when compared to home
conditions since substantial amounts of food is pro-
duced in institutions providing mass feeding on con-
trary to home conditions (7, 8).

Products marketed in food stores and ready to con-
sume instantly are termed as ready-to-eat food (9, 10).
These foods are ready to consume as raw or cooked, cold
or hot, or without additional heat treatment (9).

Based on data from previous studies, more than
70% of foodborne diseases are linked to food service or
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catering sectors. Microorganisms that causes contami-
nation during a cascade of processes ranging from food
production to delivery to consumers can lead impaired
sensory properties, economical losses and foodborne
diseases by growing rapidly in case of suitable condi-
tions (11-13). In this process, staft hygiene is one of
the most important steps of chain of hygiene. In ad-
dition, other contamination sources include chopping
boards, slicers, mixers, grinders, water and air used in
the stages of food production and processing as well as
waste, insects, rodents and pets that should not be in
the production media (12).

In a study by Aksu et al., it was suggested that
food poisoning caused by ready-to-eat foods mainly
occurred in hotels, restaurants, school or student resi-
dence which provide food services (14).

Lack of microbiological safety of food remains to
be a global public health issue. The attempts to take
novel measures to improve food safety have been made
in response to increase in foodborne diseases globally.
Some arrangements have been made in regulations
to establish a “Food Safety Management System” for
manufacturers in the field of agriculture; as such, it
is aimed to prevent foodborne outbreaks (15). In our
country, the most recent regulation for this purpose is
Turkish Food Codex Microbiological Criteria Regu-
lation established by Republic of Turkey, Agriculture
and Livestock Ministry (16).

The aim of this study is to investigate the micro-
biological quality of ready-to-eat meals offered in mass
feeding institutions and to determine the risk of food
poisoning.

Materials and Methods

In this study, 275 food samples were taken from
ready-to-eat foods served in 15 institutions providing
mass feeding in Ankara between December, 2018 and
February 2019. Samples of ready-to-eat meals were
taken from non commercial (school, workplace, etc.)
and commercial nutritional institutions (restaurants,
cafes, etc.).

Food samples (100 g each) were taken into sterile
containers in aseptic conditions and transferred to lab-
oratory in transport vessels containing pack ice within

4 hours. The samples were analyzed within the same
day by taking parameters established in food safety
criteria in Turkish Food Codex Microbiological Cri-
teria Regulation Document I and III into account. In
our study, the ready-to-eat food samples analyzed were
grouped according to section in 1.13 Ready-to-Eat
Foods in Supplementary Document I of Turkish Food
Codex Microbiological Criteria Regulation: 1.13.1.
all kinds of ready-to eat cooked meat and vegetables
etc. (grilled chicken thighs served with saffron rice,
mexican chicken, meat sauteed, okra with meat, green
peas with meat, beef barbecue, chicken schnitzel, roast
beef, chicken thighs with broccoli and carrots, kebab
with mashed potatoes, roasted meatballs ); 1.13.2.
all kinds of ready-to eat salads, delicatessen products
and cold appetizers etc. (potato salad, amasra salad,
coleslaw salad, olive oil bean, iceberg salad, mediter-
ranean salad); 1.13.3. all kinds of ready-to-eat cooked
bakery products including all kinds of pastry, pancake
with spicy meat filling, pita, pizza, Turkish ravioli etc.
(phyllo pastry stuffed with cheese, pasta with yogurt,
pasta with basil sauce, rice pilaf, baked pasta with bé-
chamel sauce and cheese, noodle with walnuts and
cheese); 1.13.4 all kinds of ready-to-eat cooked deserts
including pudding, milk pudding, cream cake, Noah’s
pudding and etc. (fruit cup, chocolate cake, tiramusu,
eclair pie, pudding, rice pudding, semolina dessert
with milk and chocolate). The samples were analyzed
according to limits and parameters described in food
safety criteria in Turkish Food Codex Microbiologi-
cal Criteria Regulation Supplementary Document I
and III. The parameters included coagulase-positive
Staphylococci, B. cereus, E. coli, Staphylococcal en-
terotoxins, Salmonella spp., L. monocytogenes and mold
- yeast. Reference methods were used for analyses, in-
cluding TS EN ISO 11290-1 for L. monocytogenes, TS
ISO 21527-1/2 for mold - yeast, T'S EN ISO 6888-1/
A1 for coagulase positive staphylococcus, TS EN ISO
7932-Mannitol Yolk Polymyxin (MYP) agar for B. ce-
reus count, TS EN ISO 6579-1-Mini Vidas method
tor Salmonella spp. Count, Association of Official An-
alytic Chemists Official Methods of Analysis (AOAC
OMA) 2007.06-VIDAS SET for Staphylococcal en-
terotoxins and T'S ISO 16649-2 for E. co/i count (16).
Microbiological analyzes of ready-to-eat meals were
carried out once.
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In the microbiological analysis, the change in
units (MPN/g or cfu/g) resulted from analytical meth-
ods. The methods were determined according to limits
in Turkish Food Codex. If limit value was low (for ex-
ample, <3 for E. coli), EMS method was used.

Results

Table 1 presents distribution of 275 ready-to-eat
foods sampled for microbiological analyzes according
to food groups. Of 275 samples, 64 (23.63%) were all
kinds of ready-to eat cooked meat and vegetables etc.
whereas 90 (30.72%) were all kinds of ready-to eat sal-
ads, delicatessen products and cold appetizers etc.; 25
(9.10%) were all kinds of ready-to-eat bakery prod-
ucts including all kinds of pastry, pancake with spicy
meat filling, pita, pizza, Turkish ravioli and etc; and 79
(28.73%) were all kinds of ready-to-eat deserts includ-
ing pudding, milk pudding, cream cake, Noah’s pud-
ding etc. (16).

Table 2 presents groupings of ready-to-eat foods ac-
cording to Turkish Food Codex Microbiological Cri-

teria Regulation (16) and their appropriateness. Of
the food samples analyzed, 250 samples (90.9%) were
found appropriate for consumption while 25 samples
(9.1%) as inappropriate according to Microbiological
Criteria Regulation.

It was found that, of 25 ready-to-eat food product
found to be inappropriate for consumption, 3 (4.6%)
were cooked meat and vegetable dishes whereas 8
(8.9%) were salads, delicatessen products and appetiz-
ers; 2 (8.0%) were cooked bakery products) 11 (13.9%)
were deserts (milk puddings, cream cakes, pudding
etc.) and one (6.25%) were other foods (sauces, kashar
cheese).

No coagulase positive Staphylococci or Staphylococ-
cal enterotoxin was detected in 275 ready-to-eat food
samples analyzed in our study. Table 3 presents distri-
bution of 25 food samples found to be inappropriate
for consumption according to food groups and micro-
biological parameters. Of these samples, 5 were found
inappropriate according to L. monocytogenes while 2
according to Salmonella spp., 10 according to E. coli,
one according to B. cereus and 7 according to mold -
yeast parameters. Of samples found to be inappropri-

Table 1. Distribution of ready-to-eat food samples according to food groups

Food Group Numberof %
samples

All kinds of ready-to eat cooked meat and vegetables etc. 65 23.63

All kinds of ready-to eat salads, delicatessen products and cold appetizers etc. 90 32.72

All kinds of ready-to-eat cooked bakery products including all kinds of pastry, pancake with spicy meat fill- 25 9.10

ing, pita, pizza, Turkish ravioli etc

All kinds of ready-to-eat cooked deserts including pudding, milk pudding, cream cake, Noah’s pudding and etc. 79 28.73

Other 16 5.82

Total 275 100.0

Table 2. Assessment of food groups according to results of analyses

Food Group Sample Appropriate Inappropriate
Number Number % Number %

All kinds of ready-to eat cooked meat and vegetables etc. 65 6 95.4 3 4.6

All kinds of ready-to eat salads, delicatessen products and cold appetizers etc. 90 82 91.1 8 8.9

All kinds of ready-to-eat cooked bakery products including all kinds of pas- 25 23 92.0 2 8.0

try, pancake with spicy meat filling, pita, pizza, Turkish ravioli etc

All kinds of ready-to-eat cooked deserts including pudding, milk pudding, 79 68 86.1 11 13.9

cream cake, Noah’s pudding and etc.

Other 16 15 93.75 1 6.25

Total 275 250 90.9 25 9.1
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Table 3. Distribution of inappropriate microbiological parameters in ready-to-eat foods according to food groups

Microbiological Parameter L. Monocytogenes Salmonella Spp. E.coli B. cereus Mold - yeast
Food Group Sample Analysis result/ Analysis result/ Analysisresult/ Analysisresult/ Analysis result/
Number Acceptable limit Acceptable limit Acceptable limit Acceptable limit Acceptable limit
(in25¢g) (in25¢) *<10 cfu/g - 1.000 cfu/g 1.000 cfu/g
<3MPN/g
All kinds of ready-to 3 Positive 10 cfu/g 3.800 -
eat cooked meat and
vegetables etc.
All kinds of ready-to eat Positive 320 cfu/g - -
salads, delicatessen products 8 Positive 30 cfu/g
and cold appetizers etc. Positive Positive 30 cfu/g
Positive
All kinds of ready-to-eat 11 - Positive 3.6 MPN/g >15.000
cooked deserts including 7.4 MPN/g >15.000
pudding, milk pudding, 9.2 MPN/g >15.000
cream cake, Noah’s 23 MPN/g >15.000
pudding and etc. 20 MPN/g
1.100 MPN/¢
All kinds of ready-to-eat 2 - - - 3.000
cooked bakery products >15.000
including all kinds of
pastry, pancake with spicy
meat filling, pita, pizza,
Turkish ravioli etc
Other (sauces, kashar cheese 1 - - - 9.600
Total (Number-%) 25 %100 5 20% 2 8% 10 40% 1 %4 7 %28

ate according to E.coli; 6 were desert samples while
3 were salad samples. Of samples found to be inap-
propriate for L. monocytogenes parameters, 4 were salad
and appetizer samples while one were meat samples.
Again, of the samples found to be inappropriate for
mold - yeast parameters, 4 were desert samples while 2
were pasta-rice samples.

Overall, L. monocytogenes was found to be positive in
5 samples including one cooked meat sample and 4
salad-appetizer samples, which is not allowed in 25 g
of food according to Turkish Food Codex Microbio-
logical Criteria Regulation (16).

The E. coli count was found as 1.100 MPN/g in the
tiramusu sample among 6 desert samples found to be
inappropriate according to E. co/i parameter. Among
deserts, E. co/i growth was detected particularly in
cream cakes such as tres leche cake, chocolate chestnut
cake and chocolate cream cake while no growth was
detected in milky puddings and semolina desert. Of
3 salad-appetizer samples found to be inappropriate
to consumption according to E. co/i parameter, E. coli

count was found as 320 cfu/g in potato salad. This was
the highest E. co/i burden in ready-to-eat foods. While
preparing potato salad in stripping stage, staff with
contaminated hand by microorganisms, particularly
by coliform bacteria and coagulase positive Staphylo-
cocci, can cause contamination in potato salad.
Salmonella spp. was found to be positive in salad-appe-
tizer (chickpea salad) and desert (chocolate brownie)
samples.

B. cereus was found as 3,800 cfu/g in sautéed meat.
Mold - yeast growth was found as >15,000 cfu/g in 4
deserts including chocolate cake, eclairs, and tiramisu
samples whereas >15,000 cfu/g and 3,000 cfu/g in 2
bakery products including sandwiches and 9,000 cfu/g

ina ready—to—eat sauce.

Discussion and Conclusion

In our study, it was found that proportion of
ready-to-eat food with appropriate microbiological
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quality was 90.9% while proportion of those found to
be inappropriate was 9.1% in institutions providing
mass feeding. It was also found that bacterial growth
detected differed according to type of food. In a study
by Ergiil et al., it was shown that microbiological qual-
ity was good in ready-to-eat foods served in distinct
places (92%). Authors reported that proportion of
products inappropriate to consumption was 8% and
that bacterial growth differed based on type of food
(17). In our study, microbiological quality of ready-to-
eat foods was found to be comparable to those report-
ed in the study by Ergiil et al.

In our study, it was concluded that ready-to-eat
foods, particularly meat and vegetables, deserts and
salads carried risk for E. coli, Salmonella spp., and L.
monocytogenes parameters. In addition, no coagulase
positive Staphylococci, Staphylococcal enterotoxins
and §. aureus was detected in foods analyzed, which
was considered as favorable.

In several studies, it was seen that Sa/monella, E.
coli 0157, L. monocytogenes and Campylobacter spp. fre-
quency was rather low in ready-to-eat foods (18, 19).

In a study by Yalgin and Can, 100 ready-to-eat
foods were evaluated for parameters of Sa/monella spp.,
S. aureus, E. coli and B. cereus. As similar to our study,
it was reported that no §. aureus growth was detected
in these samples (20). In that study, it was reported
that there was S. aureus (1 x 10* - 4 x 10* cfu/g) in 8
samples, B. cereus (1 x 10% - 3 x 10* cfu/g) in 7 samples
E. coli (1 x10% - 2 x 10* cfu/g) in 6 samples analyzed.
Of these foods, only those with E. co/i growth showed
incompliance to criteria defined in relevant regulation
(20). In another study, microbiological features of 30
ready-to-eat doner kebap were investigated (21). In
analyses, no §. aureus and sulfide-reducing anaerobic
bacteria growth was detected in doner kebap samples
while it was reported total aerobic mesophilic bacteria
count ranged between 10° and 10* cfu/g, reaching up
10° cfu/g in some samples. In the same study, 36.6% of
doner kebap samples was found to be negative for Ezn-
terobacteriaceae while 56.6% for E. coli. Bacteria counts
were reported to be 10* and 10° cfu/g in samples with
Enterobacteriaceae and E. coli growth, respectively. In
both studies, it was shown that meat dishes can com-
prise risk for health due to poor hygiene applications
despite they are served after cooking. In our study, E.

coli was detected in a sample from meat meal and bac-
teria number was found as 10 cfu/g.

In a study by Arnc et al. (22), it was found that
coliform bacteria and E. co/i were detected in most of
ready-to-eat salad samples analyzed and that bacte-
ria number were 10%-9.2 x 10°and 25-10 cfu/g, re-
spectively. In addition, authors reported that S. aureus
number ranged between 1.2 and 2.8 x 10° cfu/g. In our
study, E. co/i was detected in samples from salad group
and bacteria number was found to range from 30 cfu/g
to 320 cfu/g. In our study, L. monocytogenes was found
in 4 and Sa/monella spp. in one of 90 samples. The high
bacterial burden and consequent hygiene risks are
well-known in raw vegetables and salads using these
vegetables. Chopping and rasping of vegetables dur-
ing salad preparation will not only promote growth
of already present microorganisms but also lead con-
tamination with microorganisms. Thus, salads could be
considered as risky foods in term of public health.

In a study by Can and Yalgin (20), microbiological
evaluation was performed in 50 cake samples (23). Based
on analysis, no Salmonella spp. and L. monocytogenes was
detected in the samples. In our study, no L. monocy-
togenes was detected in cake samples in the desert group
and Salmonella spp. was found to be positive in only one
sample. In our study, 11 desert samples were found to be
inappropriate, including cake, eclairs, tiramisu, chocolate
brownie, tres leche cake and chocolate chestnut cake. In
that study, it was reported that E. co/i was detected in 4
of cake samples and that bacteria number ranged from 9
to 21 cfu/g. In our study, E. co/i was detected in 6 of cake
samples in the desert group and microorganism number
was found as 3.6-1,100 MPN/¢.

In the study by Hilal Colak et al. (24), coliform
bacteria was detected in 28 (30.4%) of 92 samples in-
cluding 7 (28%) of meat meal samples, 3 (20%) of 15
meat-free vegetable meal samples, 6 (30%) of 20 rice
samples, 3 (20%) of pasta samples and 9 (52.9%) of 17
mashed potato samples with levels ranging from 5.5 x
10* to 6.2 x 10* cfu/g (24). In our study, E. co/i was de-
tected 10 (3.6%) of 275 samples including one (1.5%)
65 meat meal sample, 6 (7.6%) of 79 desert samples
and 3 (3.3%) of 90 salad-appetizer samples with levels
of 10 cfu/g -320 cfu/g and 3.6 MPN/g-1,100 MPN/g.
in our study, it was seen that proportion of ready-to-eat
food in which E. co/i was detected was lower. This may
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be due to differences in hygiene procedures of institu-
tions and level of knowledge of staff about hygiene.

In a study by Ildiz and Ciftcioglu (25), E. coli
was detected in 4 (7.69%) of 52 soup samples and 8
(15.09%) of 53 meat meal sample. In our study, ineligi-
bility rate was found as 4.6% in meat dish group, 8.9%
in salad-appetizer group, 8% in bakery product group
and 13.9% in desert group when assessed regarding
ineligibility to all parameters. The ineligibility rates in
our study were lower than those reported in the study
by Ildiz and Cift¢ioglu.

In a study by Aksu (14), coliform bacteria was de-
tected in 15 rice samples (<10-5.4 x 10* cfu/g) and 5
pasta samples (3.6 x 10* cfu/g -1.6 x 10° cfu/g) while
E. coli was detected in one rice sample containing meat
and vegetable. In that study, it was reported that .
coli was isolated up to 30% of meat-rich products. In
our study, mold - yeast was found as >15,000-3,000
cfu/g in 2 samples from bakery products but no E. co/i
was detected. This may be due to fact study by Aksu
dated previous period and novel industrial hygiene and
disinfection products are being used to ensure food
and personal hygiene during this period. Presence of
coliform microorganisms in ready-to-eat food is con-
sidered as a marker for failure of heat treatment or re-
contamination following heat treatment. In addition,
coliform microorganisms can also be found in these
foods as a result of inappropriate sanitation procedures
(26). Presence of E. coli in ready-to-eat foods is an in-
dicator for fecal contamination.

In our study, S. aureus was detected in none of sam-
ples analyzed. Lack of S. aureus in the samples was con-
sidered as beneficial for public health. In the contamina-
tion of foods with §. aureus, the most important is food
processing in poor conditions and it generally contami-
nates foods via staff involved in food services and sur-
faces having contact with foods (chopping board, knife
etc.) (27). Another important way is cross-contamina-
tion between raw and cooked foods (26).

In our study, B. cereus was detected in one (0.36%)
of 275 samples in meat meal group at a level of 3,800
cfu/g. In a study, Aygicek et al. (27) reported that B.
cereus was detected in none of ready-to-eat food sam-
ples from different food groups. In our study, rate for
B. cereus was lower than those reported by Aksu and
comparable to those reported by Aygigek et al.

In a study on microbiological quality of ready-
to-eat raw seafood such as sashimi and sushi, analyses
were performed by 8 foodborne pathogen (B. cereus, E.
coli O157: H7, Listeria monocytogenes, Salmonella spp.,
8. aureus, Vibrio cholerae, V. parahaemolyticus and Vibrio
vulnificus) and unacceptable growth levels were de-
tected. Ready-to-eat raw seafood such as Sashimi and
sushi can be readily contaminated by bacteria origi-
nated from water environment and human reservoirs,
comprising risk for food poisoning (28).

In conclusion, it was found that microbiological
quality is generally sufficient (90.9%) in ready-to-eat
foods analyzed. It was seen that type of parameters in
which ready-to-eat foods were found to be ineligible
varied according to food type.

In our study, ready-to-eat foods marketed and
served hot carried risk for L. monocytogenes, B. cereus
and E. coli parameters while products served cool such
as salad-appetizer carried risk for L. monocytogenes and
Salmonella spp. parameters and cream cakes in desert
group carried risk for E. co/i and mold - yeast param-
eters. Presence of E. coli, Salmonella spp., L. monocy-
togenes and B. cereus in ready-to-eat foods at varying
levels is considered as risk for public health.

To eliminate these risks, one should adopt meas-
ures of food and personnel hygiene and adequate dis-
infection and cleaning of equipments and tools used
in kitchen should be performed. The awareness of
hygiene should be improved by training kitchen staft
about hygiene.

Core temperature should reach up to 75°C - 80°,
which is considered as safe temperature during cook-
ing phase. In re-heated foods, core temperature should
also reach up to 75°C - 80° which must be maintained
for 2 minutes. Chafing food for warm service can be
maintained maximum 2 hours and temperature should
not fall below 63°C. In foods undergoing cooling pro-
cess, temperature should be cooled rapidly as being
21°C within 2 hours and <4°C within 4 hours.
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Does mediterranean diet correlate with cognitive perfor-
mance among elderly? A cross-sectional study from Cyprus
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Summary. Purpose: Today, the importance of the Mediterranean Diet is emphasized due to its beneficial effects on
chronic and neurodegenerative diseases, which represent a serious health problem affecting an increasing number of
elderly people. Our objective was to investigate whether MeDi influences cognitive functions in the elderly. Mezhods:
541 participants over 50 years of age were selected by “Stratified random sampling” method. Adherence to a Medi-
terranean Diet was measured using MeDi Adherence Screener. Neuropsychological tests were evaluated by Mini
Mental State Examination (MMSE) and Subjective Cognitive Complaints Scale (SCC). Anthropometric meas-
urements like body analysis, handgrip strength, waist and mid-upper arm circumference were also assessed. Resulfs:
Out of 541 participants, 25.3% had high, 68.4% had medium and 6.3% had low adherence to MeDi. The MMSE
scores showed that 79% of the participants were normal, 20% had mild dementia and 1% had severe dementia. The
SCC showed that 42% had good, 52% had moderate and 6% had poor subject memory. A weak and positive correla-
tion was found between higher MeDi scores and higher MMSE scores. This correlation was particularly observed
in attention-calculation, language and recall. There was a positive correlation between the consumption of canned
tuna fish, legumes, dark green leafy vegetables, olives, olive oil and MMSE scores. Additionally age, right hand grip
strength and Adherence to MeDi scores were significantly predictors of MMSE scores (p<0.05). Conclusion: In this
study, higher adherence to MEDi is correlated with better cognitive functions. In addition to these results, right hand
grip strength, which is an objective measure for frailty, is also correlated with MMSE scores.

Keywords: Mediterranean diet, nutrition, cognitive performance

Introduction

Today, the importance of the Mediterranean Diet
is emphasized due to its beneficial effects on chronic
and neurodegenerative diseases, which represent a se-
rious health problem affecting an increasing number
of elderly people (1,2).

There is growing evidence in epidemiologic stud-
ies and randomized controlled trials suggesting that
adherence to a Mediterranean Diet (MeD1i) may be
protective against chronic diseases, particularly on car-
diovascular diseases and dementia (3).

The Mediterranean Diet is an antioxidant-rich
dietary pattern which includes high consumption of

unrefined cereals, fruit, vegetables, legumes and olive
oil, moderate consumption of dairy products and alco-
hol and low meat consumption. The primary source of
fat is the monounsaturated fatty acids in the form of
olive oil (4,5).

Bioactive constituents, including dietary phe-
nolic compounds, have antioxidant activity which
reduces tau aggregation and neuroinflammation and
interacts with intracellular signaling pathways (6).
Oxidative stress and inflammation in particular have
a significant effect on cognitive decline and brain
ageing (7). Due to the high content of fruits, vegeta-
bles and olive oil, MeDi reduces oxidative stress and

lipid peroxidation, which may lead to DNA damage
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and neuronal death. Tocopherols and polyphenols
are the antioxidant compounds of olive oil (8). An-
other mechanism is the anti-inflammatory effect via
from fish and olive oil (3,9). Furthermore the MeDi
provides a combination of vitamins E, B, B, folate,
carotenoids, which are the other dietary antioxidants
which exhibit synergitic neuroprotection against
frontal and subcortical systems via memory tasks (8).
Also, MeDi has been shown to decrease vascular risk
factors, which decreases the risk of dementia (3).

Another possible mechanism is that MeDi in-
creases neurotropic factors, neurotransmission, syn-
aptic plasticity and leads to the elimination of beta
amyloid from the brain (10).

Although the causes of dementia and cognitive
decline in the elderly are multifactorial, research on
modifiable risk factors like MeDi, physical activity and
physical strength are important (11). In addition to
these modifiable risk factors, frailty, which is a clinical
syndrome characterised by an age-related decrease in
physical functioning, is associated with cognitive de-
cline, low physical activity, poor muscle strength and
low adherence to MeDi (12).

The aim of this study was to investigate the rela-
tionship between adherence to a Mediterranean Diet
and cognitive functions among elderly people living in

North Cyprus.

Methods

Study Population and Design

The study population consisted of 541 male and
female Turkish Cypriots aged 50 and over (mean
age 60.42+8.71). Eligible participants were selected
by stratified random sampling method from differ-
ent cities ( Nicosia, Famagusta, Kyrenia, Guzelyurt,
Iskele) in North Cyprus between the years 2016-
2017.

This study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all
procedures were approved by the Eastern Mediterra-
nean University Scientific Research and Publication
Ethics Committee (project number: ETK00-2016-
0042). Written informed consent was obtained from
all subjects.

Participants were face to face interviewed at home
by a specifically trained dietician. Exclusion criteria
included any type of diagnosed dementia, also con-
ditions that cause any kind of cognitive impairement
such as psychiatric condition, brain injury and using
medications known to influence cognition.

The study questionnaire is divided into four sec-
tions that cover; general information, Mini Mental
State Examination (MMSE) (13), Quantitative Food
Frequency Questionnaire (QFFQ) and Mediterrane-
an Diet Adherence Screener (MEDAS) (14).

Assesment of adherence to a Mediterranean Diet

Adherence to a Mediterranean Diet is measured
using the validated 14-point Mediterranean Diet Ad-
herence Screener. MEDAS consists of 14 questions,
12 of them was designed to evaluate the frequency
of major ingredients of MeDi (olive oil, vegetables,
fresh fruits, legumes, fish, nuts) and two items that
were related to eating habits (primary oil and meat
choice). Zero or one point was assigned to each of
the 14 items, one point was given for using olive oil
as the principal source of fat for cooking, preferring
white meat over red meat, or for consuming: a) four
or more tablespoons (1 tablespoon = 10 gram) of ol-
ive oil (including that used in frying, salads, meals
eaten away from home, etc.); b) two or more servings
of vegetables/day; c) three or more pieces of fruit/
day (1 piece = 100 gram); d) < 1 serving of red meat
or sausages/ day (1 serving = 90 gram); e) < 1 serv-
ing of animal fat/day (1 serving = 12 gram); f) < 1
cup (1 cup =200 mL) of sugar-sweetened beverages/
day; g) seven or more servings of red wine/week; h)
three or more servings of legumes/week (1 serving =
150gram); i) three or more servings of fish/week (1
serving= 100g); j) fewer than two commercial pas-
tries/ week; k) three or more servings of nuts/week (1
serving = 30gram); or 1) two or more servings/week
of a dish with a traditional sauce of tomatoes, garlic,
onion, or leeks sautéed in olive oil. If the condition
was not met, 0 points were recorded for the category.
As a result, total MEDAS score could range from 0
to 14 points and was classified as Low (< 7points),
Moderate (8-9 points) and High (= 10 points) De-
gree of Adherence.
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Quantitative Food Frequency Questionnaire (QFFQ)

Dietary information was assessed by the validated
quantitative food frequency questionnaire almost every
season to consider seasonal differences. The number of
servings per frequency was expressed in natural units
(for example, slice of bread ), household measures (for
example, cup or spoon) or grams (cooked vegetables
or meat). Pictures of foods were also shown to par-
ticipants along with common household measuring
tools to help participants estimate portion sizes. For
all foods, the amount reported by the trained dietician
and then was multiplied by the frequency variable to
obtain the amount of consumed food item per day (in
grams or mL). Frequency of consumption categories
considered were: no consumption, once a month, two
times per month, once or twice a week, three to four
times per week, five to six times per week, every day
and every meal. This questionnaire consists of mini-
mum of 130 foods that belong to 5 food groups; milk
and dairy products, meat-egg-legumes, fruits and veg-
etables, bread and cereals and fats-sugar-desserts-bev-
erages. In Table 4, only the foods that are related to the
Mediterranean Diet are represented.

Anthropometric Measurements

Among the anthropometric measurements; body
weight (BW), body fat percentage and total body wa-
ter were evaluated by using the Tanita TBF 300 scale
to the nearest 0.1 kg without shoes and 0.5-1 kg de-
ducted for clothes. Body Height (BH) while standing
against a wall without shoes, waist and mid-upper arm
circumference were measured by plastic measuring
tape to the nearest 0.1 cm. Finally, hand grip strength
was measured using a Takei hand dynamometer. Body
mass index (BMI) was calculated as BW/BH2. The
test was repeated three times and a mean value was
calculated. All measurements were taken by the same
trained dietician.

Physical Activity Level

Physical activity level was determined by record-
ing 24-hour physical activity. Mean MET values based
on specific activities within corresponding categories
were used. Physical activity levels (METxh) for spe-
cific activities were estimated by multiplying reported

time (h) by MET (kcal/kgxh). Participants were cat-

egorised according to Physical Activity Levels as fol-
lows; Sedentary-Low Active (PAL: 1.40-1.69), Mod-
erate Active (PAL: 1.70-1.99) and High Active (PAL:
2.00-2.40).

Cognitive Functions

The Turkish validated version of Mini Mental
State Examination (MMSE) (15) was used as a cog-
nitive screening tool, which is a standardised test as-
sesing global cognitive functions. It measures orien-
tation, attention, calculation, recall and language. The
cut-point for cognitive function was as follows: 24-30
points: normal range, 23-18: mild dementia,17-0: se-
vere dementia.

Subjective memory complaints were also inves-
tigated. The Subjective Cognitive Complaints Scale
(SCCs) was used to assess subjective memory prob-
lems and forgetfulness. The scores were categorised as
follows: 0: no symptoms (good subjective memory),
1-3: low symptoms (moderate subjective memory),
4-6: high symptoms (poor subjective memory).

All cognitive tests were performed and evaluated
by trained neurologists.

Statistical Analysis

All statistical analysis was performed using Sta-
tistical Package for Social Sciences (SPSS) 21.0.

Descriptive statistics were used for the evaluation
of the MMSE, SCCs and Adherence to MeDi scores.

Data was tested for normal distribution using
the Kolmogorov-Smirnov, Q-Q plot and skewness-
kurtosis tests. As the data showed normal distribution,
parametric tests were used.

In order to determine the correlation between the
MMSE, SCCs and Adherence to Mediterranean Diet
scores, the Pearson correlation coefficient was used.

To test for any independent associations be-
tween both demographic-anthropometric factors and
MMSE scores, Multivariate analyses were conducted
using hierarchical regression, where age, BMI, Mid-
Upper Arm Circumference, handgrip strength and
physical activity were treated as the main predictors
of MMSE scores and adjusted for socio demographic
factors. All models were performed by multivariate
linear regression. All statistically significant differences
were set at p<0.05.
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Results

The study population consisted of 541 partici-
pants (377 female, 164 male) aged over 50 years. The
mean age was 60.42+8.71 years. None of the partici-
pants had been diagnosed with dementia. The general
characteristics of the participants have been displayed
in Table 1.

According to the MeDi scores; 25.3%, 68.4% and
6.3% of participants showed high, medium and low
adherence to MeDi respectively (Fig.2).

The MMSE scores showed that 79% of the par-
ticipants were in the normal range (MMSE score
>24 points), 20% had mild dementia (MMSE 18-23
points) and 1% had severe dementia (MMSE score
<17 points) (Fig.1a).

Out of 541 participants, 42% of them had no
symptoms (good subject memory), 52% had moder-
ate symptoms (moderate subject memory) and 6% had
high symptoms (poor subject memory) according to
the Subjective Cognitive Complaint scale (Fig.1b).

When we compared the correlation between
the MMSE scores and MeDi, a weak and positive
correlation was found between higher MeDi scores
and higher MMSE scores. This correlation was par-
ticularly in attention-calculation, language and recall
(p<0.05) (Table 2). Also, a weak and negative cor-
relation was found between higher MeDi scores and
SCCs scores (p<0.05) (Table 2).

The results of the hierarchical regression analyses
are given in Table 3, where age, BMI, Mid-Upper
Arm Circumference, handgrip strength and physical
activity are treated as the main predictors of MMSE
scores. According to Table 3, age ($=-0.24, p<0.05),
right hand grip strength (f=0.18, p<0.05) and Ad-
herence to Mediterranean Diet scores ([3=0.09,
p<0.05) were significant predictors of Mini Mental
State scores. Resultantly, a one unit rise in age causes
a 0.24 unit decrease in MMSE scores, while a one
unit rise in right hand grip strength causes a 0.18
unit rise in MMSE scores and a one unit rise in the
MeDi adherence score increases the MMSE scores
by 0.09. Furthermore, BMI, mid-upper arm circum-
ference, left hand grip strength and physical activity
were not significant predictors of the Mini Mental
State scores (p>0.05).

Table 1. Socio-Demographic and Health Characteristics of
Participants (n=541)

Characteristics Number (n) Percentage (%)
p<0.05
Age (Group)
50-54 years 146 26.99
55-59 years 116 21.44
60-64 years 111 20.52
65 years and over 168 31.05
Gender
Male 164 30.31
Female 377 69.69
Education
None 34 6.28
Primary School 202 37.34
Completed high school 170 31.42
University and Postgraduate 135 24.95
Marital Status
Married 468 86.51
Single or divorced 73 13.49
Work Status
Working 160 29.57
Not working 381 70.43
Cigarette Smoking
None 286 52.87
Ex-smoker 158 29.21
Current Smoker 97 17.93
Physical Activity Level
Sedentary or Low Active 503 93.00
Moderate Active 33 6.00
High Active 5 1.00
Health Status
Have at least one chronic disease 245 45.29
Healthy 296 54.71
Diseases (n=245)
Hypertension 176 71.84
Diabetes 67 27.35
Cholesterol 56 22.86
Thyroid 52 21.22
Cardiovascular 37 15.10
Renal 2 0.82

Besides the Mediterranean dietary pattern as
a whole, the consumption of different food groups
were also investigated and correlated with the
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Mini Mental Test

® Normal

m Mild
Dementia
1%

T Severe
Dementia

Figure 1a. The distribution of MMSE Scores

Subjective Cognitive Complaints

M Good Subjective Memory & Moderate Subjective Memory M Poor Subjective Memory

Figure 1b. The distribution of SCC Scores

Adherence to Mediterranean Diet

68.4

253

Low Medium High

Figure 2. The Adherence to MeDi

MMSE scores. There was a positive correlation be-
tween the consumption of canned tuna fish (1:0.09,
p:0.03), legumes (r:0.12, p:0.00), dark green leafy
vegetables (r:0.20, p:0.00), olives (1:0.13, p:0.00) and

Table 2. Correlation between mini mental test score, subjective
cognitive complaints and adherence to Mediterranean Diet (n:541)

Subjective Adherence to
Cognitive Mediterranean
Complaints Diet
) ] r -0.09 0.01
Orientation
P 0.04* 0.79
r - _
Registration
p - _
Attention and r -0.16 0.09
Calculation P 0.00* 0.03*
r -0.05 0.08
Recall
p 0.26 0.05*
L r -0.12 0.10
n
angnase p 0.00* 0.02¢
Mini Mental Test T -0.17 0.11
Total Score P 0.00* 0.01*
$<0.05

olive oil (r:0.09, p:0.03) and MMSE scores. No cor-
relation was found between fish (r:0.05, p:0.22) and
nut (r:0.06, p:0.18) consumption and MMSE scores
(Table 4).

Discussion

Numerous studies suggested that adherence to
the MeDi is associated with improved cognitive per-
formance and can be protective against dementia and
Alzheimer’s disease.

Studies published in the Mediterranean region,
show encouraging results in relation to cognitive func-
tions (1,7, 16). This study was the first and largest
study that was held among elderly population in North
Cyprus and its results are consistent with the literature.

Our findings suggest that there was a positive
correlation between higher MeDi scores and higher
MMSE scores. This correlation was particularly in at-
tention-calculation, language and recall (p<0.05) (Ta-
ble 2). Also, a negative correlation was found between
higher MeDi scores and SCCs scores (p<0.05).

The protective effect of MeDi was also supported
by the review of Aridi et al. and Hardman et al. that
investigate the association between MeDi and cogni-
tion (9,16). Similar results were also found in two dif-
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Table 3. Hierarchical regression model to predict MMSE Score according to age, BMI, physical activity, adherence to Mediterranean

Diet score
Unstandardized coefficients Standar.dlzed
coefficients t P
Model Estimates B Std. Error Beta
31.95 0.93 34.30 0.00*
Model 1 (Constant)
Age -0.10 0.02 -0.28 -6.68 0.00*
(Constant) 29.46 1.07 2761 0.00°
Model 2 Age -0.09 0.02 -0.24 -5.73 0.00*
Right hand grip strength 0.06 0.01 0.19 451 0.00*
el (Constant) 28.37 1.21 23.36 0.00
Mode Age -0.09 0.02 -0.24 -5.68 0.00*
o Right hand grip strength 0.06 0.01 0.18 4.40 0.00*
Adherence to MeDi 0.13 0.06 0.09 2.09 0.04*

*<0.05; * R=0.12

ferent large-scaled cohort studies, which indicated that
the Mediterranean Diet is protective against dementia
and decreases the risk of Mild Cognitive Impairment
(MCI) and Alzheimer’s disease (AD) (17,18).

According to one systematic review and meta-
analysis, subjects in the highest MeDi score tertile had
33% less risk of cognitive impairment (MCI or AD) in
comparison to the lowest tertile (19). In a similar way,
the results of another study suggested that individuals
with medium and high adherence to MeDi had a 15 to
21% and 39 to 40% reduction in Alzheimer’s disease
risk, respectively. Additionally, for every one-unit rise
in the participants’ MeDi adherence score, the risk of
developing MCI decreased by 8% (2).

In the HELIAD study conducted in Greece, ad-
herence to MeDi was associated with a decrease in de-
mentia and better cognitive performances in language,
visuospatial perception and particularly in memory.
Additionally, in the same study, each unit increase in
Mediterranean dietary score was associated with a
10% decrease in the odds for dementia (20).

Our finding is also consistent with these results.
According to the result of our study; one unit rise in
the MeDi adherence score increases the MMSE scores
by 0.09.

Additionally, prospective studies investigating the
relationship between MeDi, cognitive performance
and the risk of dementia and also in the review of Roy
J Hardman et al., high adherence to MeDi was found

to be associated with slower cognitive decline. As a re-

sult, the risk for dementia, mainly AD, and conversion
from MCI to AD were reduced (1,5, 21).

The results of many studies support that the
Mediterranean Diet might be protective against cog-
nitive decline as it comprises several foods and nutri-
ents that are shown to be protective against cognitive
dysfunction or dementia, such as fish (n:3 PUFA), ol-
ive oil (MUFA), fruits and vegetables, nuts and seeds
(PUFA), folate, polyphenols and antioxidants (vitamin
E, vitamin C, carotenoids, flavonoids) (1,21,22).

Besides the adherence to MeDi, our study also in-
vestigate the correlation between dietary components
such as fish, vegetables, dairy products, olive oil con-
sumptions and MMSE scores. It was found that there
was positive correlation between the consumption
of canned tuna fish (r:0.09, p:0.03), legumes (r:0.12,
p:0.00), dark green leafy vegetables (r:0.20, p:0.00), ol-
ives (r:0.13, p:0.00) and olive oil (1:0.09, p:0.03) and
MMSE scores. No correlation was found between fish
(1:0.05, p:0.22) and nut (r:0.06, p:0.18) consumption
and MMSE scores (Table 4).

Olive oil is one of the major components of MeDi.
In a prospective, 4-year follow up Three-City Study
conducted in France, a weak association was described
between increased olive oil intake which and the risk
of cognitive decline. However in an Italian Longitu-
dinal Study on Aging involving an 8 year follow up,
greater intake of monounsaturated fatty acids, mainly
olive oil, was found to be related to better cognitive

functions (23,24). Additionally, in a RCT by Martin-
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Table 4. The correlation between Mediterranean Diet related
food consumption, MMSE Scores and SCC Scores (n=541)

MMSE Scores SCC Scores

r 0.05 -0.03
Fresh Fish
p 022 0.51
r 0.09 0.05
Canned Tuna
p 003 0.26
L r 0.12 -0.01
cenmes b 0.00* 0.90
r 0.06 0.02
Nuts
p 018 0.59
r 0.20 -0.09
Dark Green Leafy Vegetables
p 0.00* 0.03
r -0.01 -0.02
Fresh Frui
resh Fruits p 081 0.59
r 0.13 -0.09
Oli
e p 0.00* 0.04*
r 0.09 -0.04
Olive Oil
e p 003 0.34
*<0.05

ez Lapiscina et al, MeDi supplemented with EVOO
or mixed nuts (1 It/'week EVOO or 30 g/day mixed
nuts) showed better cognitive performance versus con-
trol in all cognitive domains, particularly fluency and
memory tasks (25).

Legume consumption of participants was also
found to be correlated with MMSE scores in our
study. In a recent study consisting of 214 elderly peo-
ple aged 65 years and over, a positive association was
found between MMSE scores and the participants’
legume consumption one year after the start of the in-
vestigation (26).

Fish consumption, which is one of the main ele-
ments of MeDi and a good source for EPA and DHA
(n:3 PUFA), was found to be the only predictor of de-
mentia in Anastasiu et al.’s study. Fish consumption
was negatively associated with dementia (20). In par-
allel to our study, according to the Women’s Health
study by Kim et al., consumption of tuna and dark meat
fish once a week or higher was found to be associated
with a lower decline in verbal memory, although total
seafood consumption was not related with changes in
global cognition over a 4-year period (27).

Leafy vegetables are also a good source of folate
and B vitamins, which are effective for reducing ho-

mocysteine levels that are a risk factor for age-relat-
ed cognitive decline (21). According to the result of
our study, green leafy vegetables were correlated with
MMSE scores. In the prospective study held by Mor-
ris et.al; it was shown that green leafy vegetables help
to slow cognitive decline with ageing (28).

In our research, handgrip strength was also found
to be associated with MMSE scores. Handgrip strength
is easy and safe to evaluate in the elderly and is used
as a measure of whole-body muscular strength. It is a
proxy tool for the assessment of nutritional status, phys-
ical functions and frailty (29). Accumulating evidence
suggests that higher levels of physical function are as-
sociated with better cognitive abilities. According to the
study of Jang and Kim, greater handgrip strength was
found to be associated with higher cognitive function in
cognitively normal elderly Korean subjects (30).Simi-
larly, from the population-based longitudinal Swedish
Adoption/Twin Study of Aging, grip strength perfor-
mance was associated with a positive change in the four
cognitive abilities after 65 years of age (Verbal ability,
Spatial ability, Processing speed, Memory) (31).

Conclusion

Our data suggests that MeDi is correlated with
better cognitive functions based on the MMSE scores,
particularly in the attention-calculation, language
and recall domains in the elderly population living in
North Cyprus. This correlation was also significant
among the diet components olives, olive oil, green
leafy vegetables and legumes.

Another important outcome was the significant
positive correlation between cognitive functions and
right hand grip strength test, which is an objective
predictor of frailty and physical strength.

Among the lifestyle-related modifiable risk fac-
tors, optimising dietary behaviour is crucial to prevent
or delay cognitive decline that is associated with nor-
mal aging and frailty. Due to the increasingly aging
world population, we believe that increasing scien-
tific and public recognition on the beneficial effects of
MeDi is important and deserves further attention.

All the authors declared that “there is no conflict
of interest”.
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Summary. Background: Teacher-led nutrition education is a practical method for informing children about
healthy eating at an early age. Commonly reported teacher barriers include self-efficacy and use of teaching
methods. Objective: This study is the first to evaluate preschool teachers’ self-efficacy in teaching nutrition
and their preferred teaching methods. Material and Method: Researchers recruited preschool teachers from
133 preschools in Konya. At the baseline, teachers were asked to provide demographic information, including
their age, sex, level of education, teaching experience, previous involvement in teaching nutrition and resourc-
es used to plan nutrition lessons. The completed survey data were entered into SPSS 24. The data were ana-
lysed using descriptive statistical methods, and each question was analysed for frequencies. Kendall’s Tau-b
was used throughout the analysis to determine the relationships among the variables (self-eflicacy and teach-
ing methods). Results: All of the teachers were female. The baseline score for self-eflicacy was relatively high,
with an average of 74£65.6. Teachers who demonstrated decreases in self-eflicacy were those who reported
previous experience teaching nutrition, and those who showed increases in self-eflicacy were those who re-
ported no previous experience teaching nutrition. Kendall’s Tau-b showed a statistically significant relation-
ship between self-efficacy and teaching method and indicated a statistically significant relationship between
the belief that teachers are doing a good job regarding the health of students and role playing, 0.194 (p<0.05).
Teachers believe that students’ engagement in regular physical activity and preference for well-balanced meals
increased with increased numbers of field trips (Kendall Tau b 0.260 and 0.245 respectively). Conclusions:
The study investigates teachers’ self-eflicacy in teaching nutrition and preferred methods of teaching nutri-
tion. Role-playing, field trips and project-based learning methods of nutrition teaching are directly related to
teachers’ self-eflicacy. This study provides information for teachers on how to improve their nutrition educa-
tion efforts for the benefit of students. Teachers’ self-efficacy and teaching methods for preschool children’s
nutrition education may have profound effects on the implementation of a nutrition education programme.

Key words: preschool teachers, self-efficacy, nutrition, nutrition education, teaching methods, role-playing,
field trips, project-based learning, Kendall’s Tau-b, questionnaire

nomic consequences. The prevalence of overweight and
obesity has increased in the last two decades. For example,

Nutrition is a key component of mental develop-
ment, mood alteration, behaviour and physical activity.
Children’s general nutritional habits also affect teachers’
teaching methods and self-efficacy. Obesity is a major
and widespread public health problem throughout the
world, and has substantial medical psychosocial and eco-

preschool obesity has become an important and alarming
health issue in Turkey. An effective way to prevent child-
hood overweight and its consequences while maintaining
adequate nutrition in later life is to promote and establish
healthy eating behaviours and increased physical activity
early in life (1). Many of the health-related attitudes and
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behaviours developed at preschool ages are maintained
throughout life and may have profound effects on chronic
disease risk later in life. Food nutrition is also crucial for
a child’s normal growth and development. Healthy food
choices thus contribute to academic success in addition to
providing a foundation for good health.

There are no systematic national studies on the
prevalence and trends of overweight and obesity in Turk-
ish children. Studies have highlighted that body weight
prior to 5 years of age is a significant predictor of health at
older ages (2). The Turkish Ministry of Health addresses
fighting overweight and obesity, and the Department of
Obesity, Diabetes and Metabolic Diseases and the Head
Office of Health Promotion have implemented policies
such as, “Turkey Nutrition Guide’, “Turkey Nutrition
and Physical Activity Pyramid with Healthy Food Plate’
and ‘Movement to Combat Obesity’. The policies of
the Ministry focus on nutrition attitudes and behaviour,
and physical activities. A number of projects target chil-
dren, such as, ‘School Milk Progran’, ‘Nutrition Friendly
Schools Program’ ‘Control of School Canteens and Hy-
giene Rules to Conform’ and ‘Nutrition Recommenda-
tions and Menu Programs for Preschool and School Age
Children’.

Obesity is a major problem among pre-school chil-
dren in Turkey, 11 % of children under 5 years of age
are overweight/obese (3) and later a recent research by
Santas and Santas (4) showed that obesity is a major
problem among pre-school children in Turkey: 8.6%
of pre-school children are overweight and/or obese by
height and 6.6% are overweight and/or obese by age.
This finding demonstrates that effective interventions
regarding obesity in Turkey should begin as early as
infancy. Due to the complexities of individual, social
and environmental factors on children’s dietary choices,
nutrition interventions often use theoretical models of
behaviour change as frameworks to develop nutrition
education interventions (5). Of the many models of be-
haviour change, social cognitive theory (SCT) has been
most widely used in school-based interventions (6). One
of the primary constructs of SCT is self-eflicacy —a per-
son’s perceived ability to perform desired behaviours.

Schools can serve as an excellent vehicle for dis-
seminating health and nutrition information. Individ-
ual teacher characteristics such as education, training
and skills also play considerable roles in how teachers

behave in the classroom. While nutrition is not a part
of traditional preschool teacher training programmes,
teacher-led nutrition education can potentially en-
courage children to adopt healthful eating practices
in a supportive school environment. School-based
nutrition education intervention has the potential
to improve children’s dietary behaviours (7), and the
implementation of nutrition curricula in schools can
be influenced by preschool teachers’ self-eflicacy and
methods of teaching nutrition (8). Self-eflicacy refers
to beliefs in teacher’s capabilities to organise and ex-
ecute the courses of action vital to produce the given
attainment (9). Teachers’ perceived self-efficacy is sup-
posed to affect behaviour in several ways. Perceived
efficacy affects the choices that individuals make and
the courses of action that they follow. Individuals tend
to engage in tasks in which they feel skilled and avoid
those in which they do not. Self-beliefs determine how
much effort people will expend on an activity, how
long they will persist when encountering obstacles and
their resilience in the face of opposition. As teachers’
efficacy increases, their effort, persistence and flexibil-
ity also increase. Pajares and Schunk (10) noted that
efficacy beliefs influence thought patterns and emo-
tional responses. Teachers with low self-efficacy may
underestimate their abilities, which can foster stress,
depression and less creativity in problem solving. In
contrast, teachers with high self-eflicacy are likely to
feel calmer in approaching difficult tasks and activities.

Teacher-led nutrition education is a practical meth-
od for informing children about healthy eating at an early
age. Commonly reported teacher barriers include self-
efficacy and use of teaching methods. This study is the
first to evaluate teachers’ self-eflicacy in teaching nutri-
tion and their preferred teaching methods.

Material and methods

Research Group

Researchers recruited preschool teachers from
133 preschools in Karatay, Konya at the beginning of
the 2016 academic year. At the baseline, teachers were
asked to provide demographic information, including
their age, sex, level of education, teaching experience,
previous involvement in teaching nutrition and resourc-
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es used to plan nutrition lessons. The researcher inter-
viewed the Ministry of Education of Konya Karatay
district to obtain information about nutrition educa-
tion programmes implemented by teachers enrolled in
this study. Meetings were conducted at the university at
which the researcher was working during normal school
hours. During the introductory meeting, the researcher
presented the study’s goals, methods and expectations.

Study Instrument

Section one explores the self-eflicacy of teaching
nutrition using a questionnaire that was administered
before the preliminary meeting and after the comple-
tion of the preschool nutrition education curriculum.
This questionnaire was revised from an earlier pub-
lished and validated survey measuring self-efficacy in

the teaching of health education (11). Fifteen questions
relevant to nutrition education were chosen. Answer
choices were provided using a five-point Likert scale
(strongly disagree, somewhat disagree, neither agree nor
disagree, somewhat agree, and strongly agree). Section
two explores the methods that teachers use to present
nutrition information and the extent to which nutrition
education is integrated with other subject areas.

Statistical Analysis

The completed survey data were entered into
SPSS 24. A professional statistician worked with the
researcher to check data for errors. The data were ana-
lysed using descriptive statistical methods, and each
question was analysed for frequencies (percentages or
distributions). Kendall’s Tau-b was used throughout

Table 1. Teachers’ self efficacy of teaching nutrition

Strongly Somewhat Neitheragree Somewhat Strongly

Self Efficacy Disagree Disagree  nor disagree Agree Agree
n (%) n (%) n (%) n (%) n (%)

I'believe I can do a good job teaching students about health 2(6.1) 1(3) - 2(6.1) 28(84.8)
I believe I can do a good job teaching students about nutrition  2(6.1) - - 2(6.1) 29(87.9)
I undFrstand nutrition concepts well ?nough to be effective in 13) ) 103) 4(12.1) 27(81.8)
teaching elementary nutrition education
ITam ?Lble to stlmulat'e .students enough so they ask thoughtful 26.1) ) 103) 4(12.1) 26(78.8)
questions about nutrition
I bfth.eve I can do a good job teaching student about physical 103) 26.1) 163) 103) 28(84.8)
activity
Even if I try hard, I will not teach about nutrition as well as I
will most other subjects 16(48.5) 7(21.2) 1(3) 4(12.1) 5(15.2)
I believe I can do a good job teaching student about nutrients ~ 2(6.1) 2(6.1) 1(3) 2(6.1) 26(78.8)
I'believe I can do a good job teaching student about recom-
mendations for a healthy diet 13) 30-D 29(87.9)
I believe if I do a good job teaching, the students I teach will
be more knowledgeable about nutrition and health 2(6.1) ) 1) 2(6.1) 28(84.8)
Increased teaching time in nutrition produces significant
changes in nutrition related behaviours of many students 1) ) 8(24.2) 24(72.7)
I believe that if I do a good job teaching, the students I teach
will be more likely to engage in regular physical activity 1) ) 30.1) 2(6.1) 27(81.8)
I believe that if I do a good job teaching, the students I teach
will be more likely to eat well-balanced meals 2(6.1) 2(6.1) 26.1) 5(15.2) 22(66.7)
I believe that %fI doa go?d j_ob teaching, thﬁ students I teach 3(9.1) 7(21.2) 8(24.2) 15(45.5)
will be more likely to maintain a normal weight
I believe that if I do a good job teaching, the students I teach
will be more knowledgeable about nutrients 19) 2(6.1) 9(27.3) 21(63.6)
I believe that if I do a good job teaching, the students I teach
will be more knowledgeable about recommendations for a 2(6.1) 2(6.1) 2(6.1) 10(30.3) 17(51.5)

healthy diet
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the analysis to determine the relationships among the
variables (self-eflicacy and teaching methods).

Results

All of the teachers were female (male preschool
teachers are very rare in Turkey); none had earned Mas-
ter’s degrees. The baseline score for self-efficacy was rel-
atively high, with an average of 74+65.6. There were no
significant differences in the change in self-efficacy be-
tween schools. Teachers who demonstrated decreases in
self-efficacy were those who reported previous experi-
ence teaching nutrition, and those who showed increas-
es in self-eflicacy were those who reported no previous
experience teaching nutrition (Table 1).

When asked about methods used to teach nutri-
tion, teachers most often reported the use of demon-

strations (97%) (Table 2). Guest speakers (84.8%), role

playing (78.8%), field trips (72.7%), student projects
(66.7%), collaborative work (51.5%) and hands-on
learning (54.5%) were also used. Teachers in this study
reported comparatively more limited use of lecturing,
active classroom discussions and computers.

Kendall’s Tau-b showed a statistically significant
relationship between self-efficacy and teaching meth-
od (Table 3) and indicated a statistically significant
relationship between the belief that teachers are doing
a good job regarding the health of students and role
playing, 0.194 (p<0.05). As the use of role playing as a
preferred teaching method increased, so did the belief
that teachers are doing a good job regarding the health
of the students.

Teachers believe that students’ engagement in
regular physical activity and preference for well-bal-
anced meals increased with increased numbers of field
trips (Kendall Tau b 0.260 and 0.245 respectively).
Additionally, teachers believe that increased project-

Table 2. Methods used by teachers to teach nutrition

Instruction method Very Poorn (%)  Below Average n (%) Average n (%) Above Averagen (%)  Excellent n (%)
Role playing 2(6.1) - 1(3) 3(9.1) 26(78.8)
Lecturing 26.1) 14(42.4) - 11(33.3) 5(15.2)
Active classroom discussion 2(6.1) 1(3) 2(6.1) 15(45.5) 12(36.4)
Guest speaker 4(12.1) . - - 28(84.8)
Field trips - - 2(6.1) 6(18.2) 24(72.7)
Project based learning 1(3) 1(3) - 8(24.2) 22(66.7)
Collaborative work 1(3) 5(15.2) - 9(27.3) 17(51.5)
Computers 2(6.1) 3(9.1) 16(48.5) 11(33.3)
Hands on learning 2(6.1) 1(3) - 11(33.3) 18(54.5)
Demonstrations 1(3) 7(21.2) - 24(72.7) 32(97)

Table 3. Relationship between self efficacy and teaching method

Self-efficacy and teaching method

Kendall’staub  p

I'believe I can do a good job teaching student about health - Role playing 0.194 0.042*
I believe that if I do a good job teaching, the students I teach will be more likely to engage in regular N
. . . - 0.260 0.014
physical activity - Field trips
I believe that if I do a good job teaching, the students I teach will be more likely to eat well balanced .
- . 0.245 0.049
meals - Field trips
I believe if I do a good job teaching, the students I teach will be more knowledgeable about nutrition and .
. . 0.272 0.017
health - Project based learning
Increased teaching time in nutrition produces significant changes in nutrition related behaviours of many .
. . 0.270 0.047
students - Project based learning
I am able to stimulate students enough so they ask thoughtful questions about nutrition — Project based 0.033 0.004*

learning

(p<0,05)
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based learning resulted in increases in students’ knowl-
edge about nutrition and health, significant changes in
nutrition-related behaviours and more questions from
students about nutrition.

Discussion and Conclusions

The study investigates teachers’ self-efficacy in
teaching nutrition and preferred methods of teaching
nutrition. Preschool teachers play a significant role in
developing children’s knowledge and skills to enable
them to make informed, healthful choices about their
diet (12, 13). Role-playing could also bring about bet-
ter and deeper effects on nutrition by actively engaging
preschoolers in educational sessions (14).

Teachers play a very important role in designing
and organising trips to out-of-school environments to
promote education, and they have to invest a great deal
of time and effort in planning successful school trips
(15). It is therefore important to train self-confident
and well-informed teachers (16). Hence, instead of ex-
clusively offering them theoretical knowledge, having
them perform extra-curricular activities will help them
become more well-equipped (17).

Project-based learning requires students to de-
sign and complete projects. Students learning by this
method become creative and constructive; they inter-
act more with their classmates and can thus better de-
velop their understanding of scientific concepts (18).
Role-playing, field trips and project-based learning
methods of nutrition teaching are directly related to
teachers’ self-efficacy.

This study provides information for teachers on
how to improve their nutrition education efforts for
the benefit of students. The sample size of teachers
was small, however, and this study should be replicated
with larger samples. All of the data used in this study
were self-reported. The nature of the survey was closely
connected to the act and vocation of teaching, and par-
ticipants may have had a tendency to respond in a per-
sonally favourable manner or to give perceived socially
desirable responses, biasing the results (19). Teach-
ers’ self-efficacy and teaching methods for preschool
children’s nutrition education may have profound ef-
fects on the implementation of a nutrition education

programme. It is therefore recommended that future
studies investigate whether student outcomes are de-
pendent on teacher self-efficacy and teaching method.
Studies should also investigate whether these factors
vary depending upon the number of hours of nutri-
tion taught in the classroom. Nutrition professionals
should push for more specific standards so that teach-
ers have clear guidance and direction for teaching nu-
trition in their classrooms (20).
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Summary. Background and aim of the work: Prevalence of diabetes mellitus has reached pandemic proportions.
Our aims were to recognize nutritional habits of people with type two diabetes mellitus, as well as the differen-
ces in respect of gender and nutritional state. Mezhods: The study encompassed 50 patients from Polyclinic for
Endocrinology, Diabetes and Metabolic Diseases of the Clinical Center of Vojvodina. Data were collected based
on a questionnaire specially designed for this study. Resu/ts: The majority of polled patients were overweight
and obese (86%), and there were no undernourished subjects. The analysis of nutritional habits showed that the
intake of fatty meat and offals by males was statistically significantly higher compared to females (p=0.0229). In
the group of the same nutritional state, obese subjects consumed significantly more meat products compared to
those with normal nitritional status (p=0.0097). No other differences were observed. Conclusions: It is a worrying
finding that the majority of subjects with type two diabetes mellitus are overweight or obese. This indicates that
the energy intake is not in proportion with the energy expenditure. It is necessary to carry out more detailed
studies on a larger number of subjects, which would include the amounts of foodstuffs consumed, as well as the
daily energy intake, accompanied by the analysis of the level of the subjects' physical activities.

Key words: diabetes melitus, diet, adults, attitude to health, Body Mass Index

Introduction

Diabetes melitus (DM) represents one of the great-
est public health challenges in the 21st century. Ac-
cording to the data of the World Health Organization
(WHO), there are presently about 422 million of adults
with this disease (1). If no adequate preventive measures
were taken, the prognoses indicate that in the period of
twenty years this number will amount to 522 million.
The majority (about 80%) of people with DM live in
developing countries, where a highest increase of those
with this disease could be expected in the future (2,3).

A similar situation is observed in Serbia. Ac-
cording to the data of the National Institute of Public
Health there are currently 7.6% of adults with DM (4).

DM type 2 represents a group of similar meta-
bolic disturbances that are manifested as hyperglyce-
mia (elevated glucose blood level), caused by a complex
interaction of genetic and external factors, as well as
by lifestyle (5). Overweight, especially when accom-
panied with sedentary lifestyle and inappropriate diet,
can be one of the major triggers for DM type 2 (6).

Nutritional therapy and appropriate physical ac-
tivities represent the basis of DM type 2 treatment
(7,8). Adequate changes in the patient’s daily routines
lead to better lifestyle quality and lessen the risk of
cardiovascular, cerebrovascular disorders (6).

The aim of the study was to identify the nutri-
tional habits of patients with type 2 DM, as well as the
differences in respect to gender and nutritional status.
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Material and methods

The study was carried out in October 2017 at the
Polyclinic for Endocrinology, Diabetes and Metabolic
Diseases of the Clinical Center of Vojvodina. It was a
cross-sectional study. The sample included all hospital-
ized patients with DM type 2 at the Clicinal Centre
at that period of time. There were 50 subjects of both
genders.

The criteria for excluding certain patients from the
study referred to their unwillingness to give a consent for
taking part in the research or those whose condition (e.g.
dementia) would prevent them from supplying valid an-
swers, the information provided from the patients’ doc-
tors. None of the patients was exluded from the study.

The data for the study were collected from patients
via face-to-face interviews, using a questionnaire’ that
was filled anonimously. The questionnaire was specially
designed for the purpose of this study and had not been
pilot-tested nor validated. It consisted of two parts. The
first part contained questions concerning general data of
the subjects - gender, age, duration of the disease, body
height and body mass. The patients’ height and weight
were not measured during the study, as these values had
been obtained when the patients came to the Clinical
Centre. These were considered as valid self-reported
data, as it has been the case in many other studies (9,10).
The data for height and body mass were used to calcu-
late the body mass index (BMI), which served as the ba-
sis for assessing the nutritional status of the patients (11).

The second part was concerned with the frequency
of consumption of particular foodstuffs. The questions
concerning nutrition were designed in such a way to
provide information about the frequency of consuming
particular foodstuffs in the last seven days. These ques-
tions encompassed both the foodstuffs that are recom-
mended and not recommended by WHO in the nutri-
tive therapy of type 2 DM (12). For each question, there
were four proposed answers, from which the subjects
could choose only one.

Ethics
This study was approved by the Ethical Commit-
tee of the Faculty of Medicine, University of Novi Sad.

1 The original questionnaires are available from the authors

Data Analysis

The respondents’ answers were coded and entered
into a Microsoft Excel table. They were analyzed using
descriptive quantitative statistics and presented in the
form of graphs and tables. The gender dependence of
the obtained answers relating to nutrition was ana-
lyzed using the Mann-Whitney nonparametric test,
whereas the comparison in respect to the BMI groups
was performed using the Kruskall-Wallis nonparamet-
ric test. Both tests were carried out at the significance

level of 0.05.

Results

The study group of subjects with type 2 DM con-
sisted of 30 (60%) females and 20 (40%) males. The av-
erage age of the subjects was 60.02 + 10.84. The young-
est subject was 26 years of age, and the oldest one was
75 years old.

The total number of those with normal nutritional
status was 7 (14%), the number of the overweight was
overweight 28 (56%), whereas the group of obese (class
L, II, and IIT) consisted of 15 (30%) subjects.

The average BMI value was 28.92 + 3.99 kg/m*
29.20 and 28.77 kg/m?, for females and males, respec-
tively.

Table 1 shows the participants’ responses concern-
ing the foodstuffs recommended for patients with type
2 DM.

By analyzing the responses related to the foodstuffs
recommended for nutrition of patients with type 2 DM,
shown in Table 1, it can be seen that the majority of pa-

70.00%
60.00%
50.00%
40.00%
30.00%
20.00% 10.009

10.00% 1" 0.00% 0.00%
0.00%

Undernourished ~ Normally
nourished

0O Male OFemale

Overweight Obese

Figure 1. Gender dependence of the noursihment status based
on BMI
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Table 1. Intake of foodstuffs recommended for patients with type 2 DM.

Every day 3-5xweekly 1x weekly Never

Foodstuff - % - % - % - %
Whole-grain cereals 25 50.00 8 16.00 7 14.00 10 20.00
Citruses and apples 35 70.00 11 22.00 4 8.00 0 0.00
Nut fruits 4 8.00 4 8.00 23 46.00 19 38.00
Fresh vegetables 33 66.00 16 32.00 1 2.00 0 0.00
Low-fat dairy products 26 52.00 17 34.00 4 8.00 3 6.00
Young animals’ lean meat 14 28.00 31 62.00 4 8.00 1 2.00
Fish 0 0.00 7 14.00 28 56.00 15 30.00
Table 2. Intake of foodstuffs that are not recommended for patients with type 2 DM.
Foodstuff Every day 3-5x daily 1x daily Never

n % N % n % n %
White-flour and fatty bakery products 4 8.00 25 50.00 14 28.00 7 14.00
Other fruit types (grapes, bananas, figs,...) 4 8.00 25 50.00 14 28.00 7 14.00
Dry fruits 0 0.00 2 4.00 15 30.00 33 66.00
Legumes and potato 11 22.00 33 66.00 5 10.00 1 2.00
High-fat dairy products 2 4.00 12 24.00 26 52.00 10 20.00
Fatty meat and offals 1 2.00 5 10.00 19 38.00 25 50.00
Meat products 9 18.00 17 34.00 20 40.00 4 8.00
tients consumed the recommended foodstuffs. However, Discussion

aworrying fact is that that 30% of the subjects never con-
sumed fish.

Table 2 gives the answers concerning the intake of
the foodstuffs that are not recommended for patients
with type 2 DM.

The data presented in Table 2 show the frequency
of intake of foodstuffs that are not recommended for pa-
tients with type 2 DM, especially of white-flour prod-
ucts and fatty bakery products, fruits with high sugar
content, high-fat dairy products, and meat products.

The comparison of the answers given by the sub-
jects of different genders, using the Mann-Whitney
nonparametric test, showed that there was a statisti-
cally significant difference only in respect to the intake
of low-fat dairy products (p=0.0322) and intake of
fatty meat and offals (p=0.02292) (Table 3). The other
differences were not statistically significant.

The analysis of the answers of the subjects of dif-
using the Kruskall-Wallis
nonparametric test showed that there was a statisti-
cally significant difference only in respect to the intake
of meat products (p=0.0097) (Table 3).

The other differences were not statistically sig-
nificant.

ferent nutritional status

There are numerous risk factors responsible for the
onset of diabetes, but of special importance is the fact that
some of them can be modified. These factors may pre-
vent the beginning of the disease and its development
and they are termed modifiable risk factors. On the other
hand, there are some factors that cannot be influenced by
lifestyle and these are called non-modifiable risk factors
(race, gender, age, genetic predisposition, etc.) (13).

The group of modifiable factors includes obesity,
nutritional habits, physical inactivity, etc. (13).

Obesity is one of the most important etiologi-
cal factor in the development of type 2 DM, and it
is significantly present in patients suffering from this
disease (14-16).

In the present study, the average BMI value of the
subjects was 28.92+3.99 kg/m?* which indicates that it
is higher than the recommended values, as well as the
values reported in some similar investigations (17-19).

The analysis of nutritional status of the patients
showed that there were only 7 (14%) of them with
normal status values. The largest number of patients
(28, 56%) were overweight, whereas none of them was
underweight.
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Table 3. Statistical significance of difference between the genders and between patients of different nutritional status in respect to

the intake of particular foodstuffs

Difference between the genders

Difference between patients of different

Foodstuff p-value nutritional status
p-value
Whole-grain cereal products 0.4838 0.4192
Citruses, apples 1 1
Nut fruits 0.823 0.7654
Fresh vegetables 1 1
Low-fat dairy products 0.0322 0.9524
Young animals’ lean meat 0.2364 0.9404
Fish 0.2169 0.2466
White-flour and fatty bakery products 0.8089 0.1352
Other fruit types (grapes, bananas, figs,...) 0.1427 0.1584
Dry fruits 0.9135 0.6008
Legumes and potato 0.2364 0.9404
High-fat dairy products 1 0.0882
Fatty meat and offals 0.0229 0.4878
Meat products 0.5412 0.0097

As it has already been said, the basic principle of
treating patients with type 2 DM is the appropriate
diet aimed at preventing and curing the disease, as
well as preventing development of acute and chronic
complications (20). It is assumed that diabetes treat-
ment should be a proper combination of correct calory
intake and choice of foodstuffs with other therapy
methods (oral antidiabetics, physical activity, reduction
of body mass, etc.) (8, 21-23).

The analysis of nutritional habits of the patients en-
compassed by this study showed that even 73% of them
consumed white-flour products and fatty bakery prod-
ucts once or several times a weak. This kind of diet pos-
es serious problems to people with type 2 DM because
it involves high concentrations of simple carbohydrates,
along with saturated and trans fats, which directly influ-
ence the levels of blood glucose and LDL cholesterol.
Also, it should be pointed out that fine white flours do
not contain adequate concentrations of vitamins, miner-
als, and dietetic fibers from the grain husk, as all of these
ingredients are highly recommendable to the patients.
Hence, it is necessary to replace such foodstuffs with
whole- grain bakery products (24-27).

Apart from whole-grain products, important
sources of dietetic fibers, vitamins, and minerals make
foodstuffs from the group of vegetables and fruits.

People with type 2 DM should consume fresh raw
vegetables and less sweet fruits (citruses, apples, ber-
ries, etc.) every day (24-27). The present study did not
show statistically significant differences in respect to
the intake of different flour products, vegetables and
fruits, either related to the nutritional status or gender.

There was a gender-dependent statistically sig-
nificant difference in respect to the intake of dairy
products, as females more frequently consumed these
products with lower fat content. On the other hand,
the males appeared to be more frequent consumers
of fatty meat and offals. No other gender differences
were found.

As far as the intake of meat products is concerned,
they were involved in diets of the majority of subjects,
whereas only 4 (8%) never consumed them. Still, it was
found that obese subjects consumed more meat prod-
ucts compared to the other subjects and this proved to
be statistically significant difference. Apart from this,
no other significant differences were observed in re-
spect to the nutritional status. This study confirmed
the results of similar investigations carried out in the
surrounding countries and worldwide. The nutritional
habits of patients with type 2 DM are most often in
accordance with the pertinent recommendations, and
are not often related to the nutritional status and gen-
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der. Namely, there were more patients who frequently
the recommended foodstuffs than those
who did not. In most cases these were the patients

consumed

who previously obtained the knowledge from their
family physicians (28, 29, 13).

A shortcoming of this study lies in the fact that
it analyzed only one segment of therapy of type 2 DM
and it included a small number of subjects, which ap-
pears as an impediment for drawing some more pre-
cise conclusions.

Conclusion

This investigation showed that, although patients
to a significant extent followed the recommendations
about dietetic regime, especially in respect to the rec-
ommended foodstuffs, their nutritional status was not
in accordance with the recommendations for patients
with type 2 DM. The recomendations strictly insist on
reduced energy intake, more frequent consumption of
recommended foodstuffs, and more limited intake of
those foodstuffs that are not recommended in the nu-
tritional therapy.

Further investigations should be focused on the
analysis of the energy intake, amounts of foodstuffs
consumed, as well as on the type and frequency of
physical activity, along with the addiction to smoking
and alcohol.
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Evaluation of nutritional status in patients with end-stage re-
nal disease in hemodialysis using principal component analysis

Erika Saenz-Pardo-Reyes, Fatima Ezzahra Housni, Antonio Lopez-Espinoza, Alma Gabri-
ela Martinez Moreno, Maria del Rocio Padilla Galindo

Research Center in Food Behavior and Nutrition (CICAN by its acronym in Spanish). Centro Universitario del Sur. Univer-
sidad de Guadalajara. Guzman, Jalisco. México - E-mail: antonio.lopez@cusur.udg.mx

Summary. The evaluation of nutritional status in patients with end-stage renal disease in hemodialysis is com-
posed of a large number of measurements that complicate their execution. Therefore, the objective of this study
is to reduce the number of variables through the principal component analysis (PCA). For this, a PCA was
performed with 10 variables of the nutritional diagnosis in patients with hemodialysis: Energy Intake, Protein
Intake, IBM,% UBW,% SBW,% MUAC, cAMA,% TCF, HGS and TLC as well as the age of the patients. The
results show that PCA matrix with orthogonal rotation Varimex yielded four main components of the evalua-
tion of the nutritional status of renal disease in patients with end-stage hemodialysis, whose value was greater
than 0 and explains the 79.91% of the total variance. The first factor was called body composition status, which
is composed of cAMA (r = 0.9138), IBM (r = 0.8755),% MUAC (r = 0.8681) and% SBW (r = 0.6238). In the
second factor called nutritional risk, a correlation was observed with energy intake (r = -0.8934), protein intake
(r = -0.8752) and %TCF (0.5040). The third component called functional status risk is composed of age (r =
0.9022) and HGS (r = 0.8508). The fourth factor, called body composition stability, was correlated with %UBW
(r=0.7456) and %TCF (r = 0.5825). The results of this study will allow reducing the number of variables for the
preparation of a nutritional diagnosis in hemodialysis patients. From many to one of the four main components:
1) body composition status, 2) nutritional risk, 3) functional status risk or 4) body composition stability.

Key words: evaluation of nutritional status, principal component analysis, hemodialysis patients, end-stage
renal disease

List of abbreviations HD: Hemodialysis
HGS: Hand-Grip Strenght
%MUAC: Percent of Mid-Upper Arm Circumference ~ ISRNM: International Society of Renal Nutrition and

%SBW: Percent of Standard Body Weight Metabolism

%TSF: Percent of Triceps Skinfold Thickness KDOQUI: Kidney Disease Outcomes Quality Initiative
%UBW: Percent of Usual Body Weight KMO: Kaiser-Meyer-Olkin

Alb: Albumin LYM%: Lymphocyte percentage

AND: Academy of Nutrition and Dietetics MUAC: Mid-Upper Arm Circumference

AW: Actual Weight NCPM: The Nutrition Care Process and Model
BMI: Body Mass Index NHANESS II: The second National Health and Nu-
cAMA: Corrected Arm Muscle Area trition Examination Survey

CKD: Chronic Kidney Disease NKF: National Kidney Foundation

ESRD: End-Stage Renal Disease PCA: Principal Component Analysis
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PEM: Protein-Energy Malnutrition

PEW: Protein-Energy Wasting

SAH: Systemic Arterial Hypertension

SEGG: Spanish Society of Geriatrics and Gerontology
SENPE: Spanish Society of Parenteral and Enteral
Nutrition

T2DM: Type 2 Diabetes mellitus

TLD: Total Lymphocyte count

TSEF: Triceps Skinfold

WBC: White Blood Cells

WHO: World Health Organization

Introduction

The Academy of Nutrition and Dietitians (AND)
places the evaluation of nutritional status as the first
step of the Nutritional Care Process Model (NCPM)
and describes it as a systematic method of collecting,
comparing and interpreting data and information from
different sources that allow us to write a nutritional
diagnosis (1-3). In turn, over the years, various au-
thors have differed in the number of components that
make up the evaluation of nutritional status in patients
with end-stage renal disease in hemodialysis, but have
agreed that it requires several components for its ap-
plication. In addition, it has been sought to group all
the components by categories, establishing that the
evaluation of nutritional status is composed mainly
of anthropometric, biochemical, clinical and dietary
parameters, usually referred as the A, B, C, D of the
evaluation of nutritional status. However, each pro-
posed category is made up of a large number of com-
ponents that, when collected and interpreted together,
complicate the execution of the evaluation of nutri-
tional status and the writing of nutritional diagnosis
(1-14,20,22-23).

For this reason, the objective of this study is to
determine the main components of the evaluation of
nutritional status that allow formulating a nutrition-
al diagnosis in patients with end-stage renal disease
(ESRD) in hemodialysis (HD). In such a way that the
clinical health and nutrition professional can select the
minimum components of the evaluation of nutrition-
al status that make up the nutritional diagnosis in a
group of patients.

Materials and methods

Cross-sectional, observational, descriptive and
correlational study, in which the principal component
analysis method was applied and the main indicators
of nutritional status in hemodialysis patients were cor-
related. We evaluated 31 outpatients diagnosed with
chronic renal failure (CKD) between 21 and 84 years
who were in a hemodialysis program. The study was
conducted according to the Helsinki declaration and
the informed consent of all the patients was obtained
before enrollment.

The evaluation of the nutritional status of patients
on hemodialysis was made up of the following com-
ponents: 1) anthropometric parameters, 2) biochemi-
cal parameters, 3) dietary parameters and 4) functional
parameters.

Anthropometric parameters

The anthropometric measurements were made by
a specialist in clinical nutrition with 10 years of experi-
ence in Care Process Certification & Medical Therapy
in Renal Disease. The anthropometric parameters
evaluated were: current weight (AW), body mass in-
dex (BMI), percent of usual body weight (% UBW),
percent of standard body weight (% SBW), percent of
triceps skinfold (% TSF), the percentage of the mid-
upper arm circumference (% MUAC), the corrected
mid-upper arm muscle area (CAMA).

Next, the method used for its interpretation is de-
scribed. The AW was considered post-hemodialysis
weight or dry weight. The BMI was interpreted in sub-
jects > 20 and < 65 years of age using the cut-off points
proposed by the World Health Organization (WHO)
of 2006. For subjects > 64 years of age, the interpretation
proposed by the Spanish Society of Parenteral and Enteral
Nutrition (SENPE) and the Spanish Society of Geriatrics
and Gerontology (SEGG) of 2007 was used (15-16).

The % UBW was calculated by comparing the AW
against the usual body weight (UBW) by the following
formula: %UBW=[(UBW-AW)]/UBW x100, consid-
ering weight loss > 7.5% in three months as a serious
weight loss. To calculate the % SBW, the bone structure
of the patient was first determined and classified with
the tables of the Metropolitan Life Insurance Company.
Subsequently, the standard body weight (SBW) was ob-



98

E. Saenz-Pardo-Reyes, F. Ezzahra Housni, A. Lépez-Espinoza, et al.

tained with the tables of the National Health and Nu-
trition Examination Survey (NHANESS II) and finally
the variation between the patients AW with the SBW
using the formula: %SBW=(AW/SBW)X100; being
interpreted as malnutrition values < 95% and as excess
weight at values > 115% (17-20).

To calculate and interpret the % TSF and the %
MUAC, the TSF and the MUAC were first located
in the Frisancho percentile tables and then the per-
centages of each were calculated with the following
formulas: % TSF=[(TSF actual)/(TSF p50)]x100 y
MUAC=[MUACactual/(MUAC p50)]x100. Finally,
the T'SF was interpreted as adipose tissue excess at val-
ues > 110% and deficit values <90%. Subsequently, the
cAMA was calculated and according to the Frisancho
percentile tables, the data located from p5 to p15 were
interpreted as mild to moderate depletion of muscle
tissue and the data <p5 as severe depletion of muscle
tissue (17-20).

Height and current weight (AW) were taken in
a single measurement. The triceps skinfold (TSF) and
mid-upper arm circumference (MUAC) were per-
formed in three measurements repeated by a single
evaluator. Subsequently, we calculated the technical er-
ror (TEM) intra-evaluator of TSF and MUAC meas-
urements for patients with end-stage renal disease in
hemodialysis with the following equation: Absolute
TEM=\(Y D?/2n and Relative TEM%=(Absolute
TEM)/VAV*100. The relative TEM for intra-evalu-
ator verification for TSF were 5.2% and for MUAC
were 0.6%, this means that the human error for meas-
urements in the study was acceptable. (21-22).

Biochemical parameters

The biochemical parameters analyzed for the eval-
uation of nutritional status were serum albumin (Alb)
and total lymphocyte count (TLC). The TLC was cal-
culated with the total leukocyte values (WBC) and the
percentage of lymphocytes (LYM%) by the following
formula: TLC=[LYM(%)*WBC(k/uL)]/100, consid-
ering as malnutrition the values < 2000 lymphocytes
/ mL; and values < 3.5 g/dL were interpreted as mal-
nutrition by serum albumin. Serum phosphorus and
potassium were also evaluated as metabolic markers
related to the nutrition of patients on hemodialysis

(11,23-25).

Dietary parameters

The energy and protein intake was evaluated by
means of a 3-day food diary also called a food and
beverage register. Prior to the delivery of the food di-
ary, individual training was provided on the size of the
portion in household measurements and grams by a
specialist in clinical nutrition. In turn, the method of
registering the food diary was taught and the patients
were asked to record the consumption of two non-
consecutive weekday days and one weekend day. Af-
terwards, the nutrient content of the ingested food and
beverages of the three days was calculated in the Nu-
trimind® nutrition software and an average of the en-
ergy, protein, phosphorus, potassium, liquid and fiber
intake of each patient was performed. Finally, the data
obtained were compared with the values recommend-
ed by the KDOQUI Clinical Practice Guidelines for
patients on hemodialysis. In the intake of phosphorus,
potassium, liquids and fiber, an adjustment was made
to be considered deficient intake at values lower than
90% compared to those recommended and an exces-
sive intake at values higher than 110% compared to
those recommended for each nutrient (4,7-9,24-26).

Functional parameters

The hand-grip strength (HGS) was evaluated by
dynamometry, performing the measurement on the
non-fistula side or hemodialysis catheter. The meas-
urement was made before the hemodialysis session,
with the arms in extension, parallel to the body and
without support, indicating the patients to grasp the
dynamometer with maximum force. The strength of
the hand was measured three times with a recovery
time of one minute, registering the maximum value
with the muscle strength data. Values lower than the
10th percentile according to age and sex were inter-
preted as low muscular strength and values between
the 10th percentile and the 25th percentile categorized
as below average muscular strength (27).

Statistical analysis
A Principal Components Analysis (PCA) was

performed using the Factor procedure in STATA (ver-
sion 12.0). We use the 10 types of nutritional status
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assessment in our models. In nutritional epidemiol-
ogy, the most used method to derive the nutritional
diagnosis is ACP with varimax rotation; therefore, the
factors were rotated by an orthogonal transformation
(varimax rotation function) to improve the difference
between the loads, which allowed an easier interpreta-
tion. The number of factors to be retained was deter-
mined using the own values diagram (the Scree graph)
and the interpretability of the factors.

Results

Of the 31 patients evaluated nutritionally, 39% (n =
12) corresponded to the female sex and 61% (n = 19) to
the male sex; with a minimum age of 21 years, a maxi-
mum of 84 years and a mean of 61.1 + 16.9 years. In
addition to the diagnosis of CDK, 87% (n = 27) had
pathological personal history of systemic arterial hyper-
tension (SAH), 68% (n = 21) of diabetes mellitus type
2 (T2DM), 6% (n = 2) of hyperuricemia, 6% (n = 2) of
alcoholism and 3% (n = 1) of dyslipidemias (Table 1).
The results obtained from the evaluation of nutritional
status in hemodialysis patients are described below:

Anthropometric parameters

The sample of patients on hemodialysis had a mini-
mum AW of 41 kg and a maximum of 117.4 kg, with
a mean of 70.9 + 17.9 kg. Regarding the evaluation of
nutritional status, the results are shown in Table 1, with
a higher prevalence of normal BMI (54.8%), followed by
overweight (19.4%) and obesity I (19.4) and without any
diagnosis of thinness by BMI. However, in the evaluation
of nutritional status by %UBW it is shown that 26% of
the population has presented a serious loss of weight, that
is, they lost more than 5% of weight in a month. Like-
wise, a high prevalence of malnutrition was shown by
%SBW (58%), a high prevalence of adipose tissue deficit
(39%) and a greater prevalence of muscle mass depletion

as measured by %MUAC (45.3%) and cAMA (54.9 %).

Biochemical parameters

A higher prevalence of malnutrition was shown
when evaluating nutritional status by means of CTL
than by Alb levels; we observed a frequency of 72.4%

of the diagnosis of malnutrition by CTL, in contrast

Table 1. Anthropometric parameters of nutritional assessment

n %
BMI (kg/m?)!
-Severe thinness (<16 kg/m?) 0 0
-Moderate thinness (16 to 16.99 kg/m?) 0 0
-Mild thinness (17 to 18.49 kg/m?) 0 0
-Normal range (18.5 to 24.99 kg/m?) 17 54.8
-Overweight (25 to 29.99 kg/m?) 6 19.4
-Obese class I (30 to 34.99 kg/m?) 6 19.4
-Obese class IT (35 to 39.99 kg/m?) 1 32
-Obese class III (> 40 kg/m?) 1 32

%UBW!
-Severe weight loss (in 3 months a weight loss of 7.5%) 7 23
%SBW!

-Severe malnutrition (<70%) 2 6
-Moderate malnutrition (70 to 85%) 8 26
-Mild malnutrition (85.1 to 95%) 8 26
-Normal (95 to 115%) 8 26
-Overweight (115.1 to 130%) 5 16
-Moderate obese (131 to 150%) 0
-Severe obese (>150%) 0
%TSF!

-Severe deficit of adipose tissue (<70%) 8 26
-Moderate deficit of adipose tissue (70 to 80%) 1 3
-Mild deficit of adipose tissue (80 to 90%) 3 10
-Average adipose tissue (90 to 110%) 8 26
-Excess of adipose tissue (>110%) 11 35
%MUAC!

-Severe muscle tissue deficit (<70%) 2 6.5
-Moderate muscle tissue deficit (70 to 80%) 6 19.4
-Mild muscle tissue deficit (80 to 90%) 6 19.4
-Average muscle tissue (90 to 110%) 15 48.4
-Excess of muscle tissue (>110%) 2 6.5
cAMA!

-Severe depletion of muscle mass (<p5) 11 35.5
-Moderate depletion of muscle mass (p5 to p15) 6 194
-Average muscle mass (>p15) 14 45.2

'BMI: Body mass index; %USW: Percent usual body weight; %SBW:
Percent standard body; %TSF: Percent triceps skinfold thickness;
BMUAC: Percent mid-upper arm circumference; cAMA: Corrected

arm muscle area
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Table 2. Evaluation of nutritional biochemical parameters

Table 3. Dietary parameters of nutritional assessment

n % n %
Alb' (n=23) Energy intake
-Severe malnutrition (<2.5 g/dL) 0 O -Inadequate energy intake 30 97
-Moderate malnutrition (2.5 - 2.9 g/dL) 1 >60 years: <30 cal/kg
-Mild malnutrition (3 - 3.49 g/dL) 2 9 <60 years: <35 cal’kg
-Normal (3.5 - 4.5 g/dL) 20 87 -Adequate energy intake 0 0
TLC' (n=29) >60 years: 30-35 cal/kg
-Severe malnutrition (<800 lymphocytes/mL) 4 13.8 <60 years: 35 cal/’kg

-Moderate malnutrition (800-1999 lymphocytes/mL) 4 13.8
-Mild malnutrition (1200-1599 lymphocytes/mL) 13 44.8

-Excessive energy intake 1 3

>60 years: >35 cal/kg

-Normal (>1600 lymphocytes/mL) 8 27.6 <60 years: >35 cal/kg
Serum phosphorus levels (n=25) Protein intake
-Normal values (2.5 - 5 mg/dL) 12 48 -Inadequate protein intake (<1.1 g/kg) 26 84
-High (>5 mg/dL) 11 44 -Adequate protein intake (1.1 - 1.2 g/kg) 3 10
-Below (<2.5 mg/dL) 2 8 -Excessive protein intake (>1.2 g/kg) 2 6
Serum potassium levels (n=28) Phosphorus intake'
-Normal values (3.5 - 5 meg/L) 8 29 -Inadequate phosphorus intake (<800 mg) 23 74.2
-High (> 5 meq/L) 20 71 -Adequate phosphorus intake (800-1000 mg) 6 19.4
LAlb: Albumin; TLC: Total lymphocyte count -Excessive phosphorus intake (>1000 mg) 2 65
Potassium intake'

with 13% by Alb. On the other hand, the evaluation  _Inadequate potassium intake (<40 mg/kg) 0 0
of the metabolic markers related to the nutrition of  _Adequate potassium intake (40 mg/kg) 7 23
patients on hemodialysis showed high levels of serum -Excessive potassium intake (>40 mg/kg) 2477
phosphorus with a 44% prevalence and elevated levels Ty intake!
of serum potassium in 71%. -Inadequate fluid intake (<1000 mL + diuresis) 21 68

) -Adequate fluid intake (1000 mL + diuresis) 9 29
Dlemr_y parameters -Excessive fluid intake (>1000 mL + diuresis) 1 3
The evaluation of nutritional status by dietary param- iber tntalet

. : . iber inta
eters showed that patients on hemodialysis have a de- Inadequate fiber intake (<20 &) s 74
ficient intake of energy (97%) and proteins (84%). In ] d fber intale ) &
addition to a deficient intake of phosphorus (74.2%), Adequate fiber intake (20 - 30 g) 8 2
-Excessive fiber intake (>30 g) 0 0

liquids (68%) and fiber (74%); and an excessive intake
of potassium (77%).

Functional parameters

There was a high prevalence of low muscular strength
(92%, n = 24) measured by HGS in the hemodialysis
patients evaluated. In addition, no patient showed av-
erage muscle strength levels for age and sex, and only
8% (n = 2) had below-average muscle strength levels.

Principal Component Analysis (PCA)
A PCA was performed with 10 variables of nu-
tritional diagnosis in patients with hemodialysis: En-

Inadequate intake: <90% of recommended values; Excessive intake
>110% of recommended values.

ergy Intake, Protein Intake, IBM, %UBW, %SBW,
%MUAC, cAMA, %TCF, HGS and TLC as well as
the age of the patients. First, we obtain a matrix of
correlations between all the variables considered (r of
Pearson). The basic assumption of factor analysis is
that the correlation matrix expresses a pattern of rela-
tions between variables that can be deciphered. It can
be seen in table 4, the significant correlation between

the variables (p <0.005).
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Table 4. Correlation matrix

Variable Age  Energy Protein IBM  %UBW %SBW %MUAC cAMA %TCF HGS TLC
Intake  Intake

Age 1

Energy Intake 0.8830 1

Protein Intake 0.9060  0.0000 1

IBM 0.6454  0.0024 0.0004 1

%UBW 0.5772  0.0150 0.0356 0.0933 1

%SBW 0.0913  0.0005 0.0003 0.0000 0.3235 1

%MUAC 0.7449  0.0325 0.0207 0.0000 0.0214 0.0366 1

cAMA 0.6931 0.0011 0.0005 0.0000 0.0625 0.0000 0.000 1

%TCF 0.5315 0.0743  0.0323 0.0190 0.9663 0.0136 0.3589 0.0558 1

HGS 0.0006 0.3787 0.4393 0.3970 0.5970 0.0422 0.6285 0.3284 0.5256 1

TLC 0.4695 0.0664 0.1826 0.0164 0.0397 0.1163 0.0815 0.0531 0.6560 0.7862 1

Determinant of the correlation matrix P<0.005

With the generation of the correlation matrix,
we obtain a series of statistical tests that indicated
whether it is pertinent or not to carry out the factorial
analysis with the available information. Then, it was
found that for the Bartlett test, the variables are sig-
nificantly correlated since a value of p-value = 0.0000
is obtained, so the adjustment of the variables by factor
analysis is considered appropriate. In addition, for the
Kaiser-Meyer-Olkin Coefficient (KMO) the value is
greater than 0.6 (0.661), so it is considered an accept-
able analysis (Table 5).

From the correlation of the main components
(Table 6), four factors whose value is greater than 0
were determined and which explain 79.91% of the to-
tal variance. The first factor identified explains 43.85%
of the variance, the second factor explains 59.74% of
the variance, factor three the 70.69% of the variance
and the last factor of 79.91% of the variance.

An orthogonal varimax rotation was performed,
from which we obtain a matrix of rotated components
that indicates the correlation between each of the vari-
ables and their corresponding factor. According to the

Table 5. Bartlett Test of Sphericity and Kaiser-Meyer-Olkin

measure

Bartlett test Chi-square 234.089
Degrees of freedom 55
p-value 0.000
Kaiser-Meyer-Olkin Measure KMO 0.661

of Sampling Adequacy

matrix of analysis of principal components (PCA) with
varimax orthogonal rotation, the first factor is made
up of IBM, %SBW, %MUAC, cAMA. In such a way
that IBM, %SBW, %MUAC, cAMA, present posi-
tive correlations indicating that an increase in IBM,
%WBW, %MUAC involves an increase in cAMA.
The second factor is formed by Energy Intake, Protein
Intake and %TCF in such a way that when there is a
decrease in energy and protein intake there is an in-
crease in %TCF. The third factor is formed by age and
HGS so that when age increases the measure of HGS
decreases and the fourth factor is made up of %UBW
and %TCF with a positive correlation (Table 7).

Table 6. Correlation of principal components

Component  Eigenvalue Difference Proportion Cumulative
Component 1 4.82299  3.0749  43.85%  43.85%
Component 2 1.74809  0.543774  15.89%  59.74%
Component 3 120431  0.190118  10.95%  70.69%
Component 4 1.0142  0.258623  9.22% 79.91%
Component 5 .755573  .171305 6.87% 86.77%
Component 6 .584268  .182416  5.31% 92.09%
Component 7 401852 137625 3.65% 95.74%
Component 8 .264227  .158208  2.40% 98.14%
Component 9 .106019  .036534  0.96% 99.10%
Component 10 .0694851 .0404956  0.63% 99.74%
Component 11 .0289895 . 0.26% 100%

Chi2(45) = 243.27 and P= 0.0000
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Table 7. Matrix rotation

Variable Matrix rotation

Factor 1 Factor2 Factor3 Factor 4
Age -0.0587 0.1150  0.9022  0.0968
Energy Intake -0.2714 -0.8934 0.0251  0.1679
Protein Intake -0.3253 -0.8752 -0.0216  0.0576
IBM 0.8755 0.3602 -0.1096  0.0475
%UBW -0.2207 -0.3774 0.0800  0.7456
%SBW 0.6238  0.4977 -0.3870 0.1914
%MUAC 0.8681  0.0774  0.1517  -0.2425
cAMA 0.9138  0.2979 -0.0853 -0.0441
%TCF 0.2922  0.5040 0.0671  0.5825
DINAMOTRY  0.0153 0.1970 -0.8508 0.0572
TLC 0.3953  0.2437  0.1898  -0.4588

After the varimax rotation, the correlation be-
tween the set of variables that make up the factor 1
present 29.25% of the total variance. The correlation
between the variables in factor 2 is 52.38%, factor 3
represents 68.55% of the total variance and factor 3 of
79.91% (Table 8).

Discussion

First, it is important to discern the nomenclature
and the diagnostic criteria used so far to evaluate the
nutritional status in patients with CDK. The Interna-
tional Society of Renal Nutrition and Metabolism (IS-

RNM) “review and develop standard terminology and
definitions related to wasting, cachexia, malnutrition,
and inflammation in CDK and recommends the term
protein-energy wasting (PEW) for the loss of body
protein mass and fuel reserves” that has specific crite-
ria for clinical diagnosis (28). For its part, the National
Kidney Foundation (NKF) developed the K/DOQUI
guidelines which have a section entitled “Evaluation
of Protein-Energy Nutritional Status” in patients with
dialysis, concluding that the nutritional status should
be evaluated with a combination of different compo-
nents, since there is no single measure that provides a
complete indication of the protein-energy status. It is
recommended to evaluate energy and protein intake,
visceral protein reserves, muscle mass, other dimen-
sions of the body composition and functional status
to evaluate protein-energy malnutrition (PEM) (24).

Therefore, it is important to point out that the pur-
pose of the evaluation of nutritional status is to iden-
tify problems related to nutrition and the pathology of
study, which allow to plan and implement evidence-
based strategies and clinical practice guidelines designed
to address the identified nutritional problems (1-11,24).
The objective of this study is to simplify the process of
evaluation of nutritional status through the PCA.

This study shows that patients with ESRD in HD
have a high prevalence of PEM diagnosed nutrition-
ally by a severe weight loss determined by %UBW
(26%), malnutrition by %SBW (58%), adipose tissue
deficit by %TSF (39%), depletion of muscle tissue by

Table 8. Analysis principal component factors

Principal component Names Location Variance Difference Cumulative
IBM
Body composition %SBW 0
Factor 1 status %MUAC 3.21 0.67356 29.25%
cAMA
Energy Intake
Factor 2 Nutritional risk Protein Intake 2.54 0.76614 52.38%
%TCF
: HGS
Factor 3 Functional status 1.77 0.52851 68.55%
risk Age
Body composition %6SBW 0
Factor 4 stability %TCE 1.24 . 79.91%

Chi2(55) = 243.27 P= 0.0000
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%MUAC (45.3%) and cAMA (54.9%), malnutrition
by CTL (72.4%), deficient energy intake (97%), defi-
cient protein intake (84%) and low HGS (92%). These
results agree with cross-sectional analyzes performed
in patients on HD who have found a prevalence of
more than 60% of PEM and some authors have cited
that the HD procedure is a general catabolic event per
se, which decreases circulating amino acids and accel-
erates proteolysis rates muscle and body mass leading
to PEM (29-32). It is also important to point out that
in the sample studied, 68% (n = 21) of the patients
with ESRD in HD had T2DM and it has been experi-
mentally concluded that diabetes mellitus causes loss
of muscle proteins by the activation of the ubiquitin-
proteasome pathway with increased expression of the
ubiquitin gene (33).

In addition to the above, it is relevant to note the
high prevalence of low HGS (92%) present in patients
with ESRD in HD and to contrast this fact with the
results found by BMI and Alb; the BMI did not iden-
tify underweight (0%) as a nutritional problem that
contributes to the nutritional diagnosis of PEM and
a low prevalence of malnutrition (13%) was found by
Alb. Some studies have found that low HGS is not in-
fluenced by dialysis variables and therefore can be used
as a reliable nutritional marker in HD patients. A sig-
nificant linear trend towards progressively lower values
of HGS with the degree of malnutrition has also been
shown (27,30). Therefore, we conclude that HGS can
be considered an indicator of nutritional risk in pa-
tients with ESRD in HD independently of the results
of anthropometric and biochemical parameters. Given
that muscle strength is the first component of the eval-
uation of nutritional status that is affected, reflecting a
decrease in functionality that will lead to a progressive
loss of muscle mass that will affect the morbidity and
mortality of this group of patients.

The objective of the analysis of main components
was to reduce the number of variables used for the
evaluation of nutritional status, losing as little infor-
mation as possible. The results of this analysis showed
that a nutritional diagnosis can be made in patients
on hemodialysis by means of four main components
of the evaluation of nutritional status. Also, the re-
sults obtained through the PCA show theoretical and
practical logic that allowed us to assign names to the

components. The first component was called the body
composition status component, the second compo-
nent was the nutritional risk component, the third
component was functional status risk and the fourth
component was body composition stability. In the ro-
tation matrix (Table 7) the relation between the com-
ponents and the indicators is observed, being in the
first component called body composition status a cor-
relation with cAMA (r = 0.9138), IBM (r = 0.8755),
%MUAC (r) = 0.8681) and %SBW (r = 0.6238), that
is, the higher the cAMA, IBM, %MUAC and %SBW,
the greater or better body composition status. As pre-
viously mentioned, these results show theoretical and
practical coherence, since the anthropometric param-
eters of weight and body mass are related to the body
composition status (15-20) since several studies have
shown that decreased levels in these parameters lead to
a decrease in the quality of life and an increased risk of
mortality related to PME (34-36).

In the second component called nutritional risk,
a correlation was observed with energy intake (r =
-0.8934), protein intake (r = -0.8752) and %TCF
(0.5040), that is, the lower the energy and protein in-
take, the greater the nutritional risk, or in other words,
the higher the energy and protein intake, the lower the
nutritional risk. These results have already been dem-
onstrated in several studies, recognizing as one of the
main causes of malnutrition in patients on hemodi-
alysis to deficient food intake. On the other hand, the
correlation between the %TCF with this component
shows that body fat is a nutritional risk factor, because
it increases the risk of suffering cardiovascular disease
(37-40).

In the third component called functional status
risk, a correlation was found with age (r = 0.9022) and
HGS (r = 0.8508), that is, higher values of HGS lower
functional status risk, or said other way at lower values
of HGS greater functional status risk. Likewise, the
higher the age, the higher the functional status risk.
These results agree with the information shown in oth-
er studies in patients on hemodialysis, in which, it has
been found that a low HGS is related to a lower qual-
ity of life and nutritional status. Likewise, it has been
pointed out that age is a risk factor for malnutrition
and morbidity and mortality in patients on hemodi-
alysis 30,41).
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Finally, in the fourth component called body
composition stability was correlated with the %UBW
(r = 0.7456) and the %TCF (r = 0.5825), that is, the
higher %USW and %TCF higher body composition
stability. Concluding that the body composition sta-
bility is indispensable in patients with end-stage renal
disease in hemodialysis.

To conclude: The number of variables used for the
evaluation of nutritional status in the end-stage renal
disease in hemodialysis was reduced by the PCA to
four main components called: 1) body composition
status, 2) nutritional risk, 3) functional status risk and
4) body composition stability.

Ultimately, this manuscript provides scientific ev-
idence for health and nutrition professionals to make
decisions about the selection and interpretation of the
main minimum components for the assessment of nu-
tritional status in the end-stage renal disease in hemo-
dialysis. These conclusions facilitate the medical and
nutritional care of greater efficiency and quality in this
group of patients.
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Determination of difference between freshman and senior-
level of psychology students in terms of the eating attitudes
and psychological symptoms
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Summary. A4im: Eating disorder (ED) is a deviation in eating habits that are based on insufficient or overeat-
ing and mental influences, causing serious problems such as anxiety. In recent years, some physical appear-
ances have become more prominent in social settings such as TV and social media. The purpose of this study
was to investigate the impacts of appearance with body dissatisfaction, perfectionism levels, and psychological
symptoms of the university students on the eating attitude enrolled at the department of psychology. Particu-
larly, it focused on whether any changes in the attitudes towards eating habits could change after psychology
education in college. Method: Data was collected from the psychology students at their freshman in 2015 and
senior years in 2019 by utilizing a longitudinal study methodology. Data collection tools contained Positive
and Negative Perfectionism Scale (PNPS), Social Appearance Anxiety Scale (SAAS), Brief Symptom Inven-
tory (BSI), and the Eating Attitudes Test (EAT). Srudy Group: A total of 53 college students were included
in the study. Most of them (N=40, 75.6%) were female and few (N=13, 24.5%) were male. The average ages
of the students were found 20.6(2015 sd parameter 1.8, 2019 sd parameter 1.7) years old during the data
collection process. Results and Discussion: The findings showed that male students achieved lower scores than
females in terms of eating habits (EAT) and psychological symptoms (BSI), and higher on appearance anxiety
levels (SAAS) based on the results of the pretest and posttest sessions.

Key words: eating behaviors, appearance anxiety, perfectionism.

Introduction

Eating disorder (ED) is one of the most common
problems among teenagers and commonly considered
to be affected by their attitudes towards social and
physical appearances, and perfectionism (especially
physically) as well as having any forms of psychologi-
cal symptoms (1-3).

Several studies have been conducted regarding
eating habits and disorder cases at different age stages
and groups concerning other significant factors such
as perfectionism, body image dissatisfaction, gender
issues, eating behavior, personality, and parental bond-
ing (1-9).

In a related study, Eisenberg (10) investigated the
prevalence, correlation, persistence, and treatment-
related issues of the eating disorder among a group
of college students, randomly selected. The research-
ers collected data from students through an internet
survey at a large university in 2005 and 2007. The
SCOFF(Sick, Control, one stone, Fat, Food) ques-
tionnaire was utilized to measure ED symptoms of
the participants. The SCOFF basically describes five
essential questions for ED ‘Sick, Control, one stone,
Fat, Food’. A total of 2822 students, 56% of the group
asked to participate, completed initial survey questions
at baseline. The students were required to be at least 18
years old. The prevalence of positive ED screens was



Determination of difference between freshman and senior-level of psychology students in terms of the eating attitudes and psychological symptoms 107

found 13.5% women and 3.6% for men. Some of the
students with positive screens (20%) stated that they
had previously received mental health treatment. In
2007, out of the initial group, 753 students participated
in the follow-up survey. The results at baseline initial
group were used to predict symptoms 2 years later. The
findings of the study showed prevalent and persistent
ED symptoms for the participants. The study also sug-
gested that a brief screen such as SCOFF can identify
students with ED symptoms.

In another study, ethnic differences in eating dis-
order symptoms among college students were explored
(11). They studied the importance of body mass in-
dex (BMI). A reliable method was utilized to collect
data from Hispanic, Asian, and white college women
from two different groups. Controlling their BMI lev-
els, the effects of ethnic differences in eating disorder
and concern about weight and shape were analyzed.
The results revealed that no statistical differences ex-
isted among the participants. A total of 407 freshmen
students (sample 1) and 123 college students (sample
2) at a large university were selected for the partici-
pants. In the first sample, Hispanic students were more
concerned than Asian and White students regarding
weight and shape concerns. However, when BMI is
controlled the differences disappeared. Besides, the
participants showed that the more weight a person has,
the higher levels of concerns appear. Therefore, it is
important to lose weight to treat eating disorders and
reduce the symptoms.

The main purpose of this study was to explore
how much certain attitudes towards physical and so-
cial appearances and phycological anxieties affect
eating behaviors among a group of college students.
The findings would be important for the researchers
to overview the correlations and regressions between
those variables. Also, it is especially valuable to study
the evolution of teenagers before and after psychology
education at college in a longitudinal research meth-
odology.

Materials and Methods

This study was designed as a quasi-experimental
with pretest and posttest methodology. For the study

ethics committee approval received on 03/04/2019 from
Nuh Naci Yazgan University. The participants initially
responded to the items on the questionnaires in their
freshmen years in 2015. After four years of university
education in 2019, the same participants were asked to
answer the same questions to identify the changes in
their attitudes and behaviors about eating habits. Data
was collected in their classrooms and students were
promised extra points for participation in the study.

Participants

The participants were composed of university stu-
dents enrolled in the department of psychology at a
private university in Turkey. The average ages of the
students were found 20.6 years old during the data
collection process. 40 (76%) participants were female
and 13 (24%) were males. Students are required to take
psychology courses during their course of undergradu-
ate education such as introductory psychology, social
psychology, developmental psychology, health psy-
chology, psychopathology.

In 2015, 67 students agreed to participate in the
study at their freshmen year and completed data col-
lection tools. After four years, the same students were
found and asked to continue the study by filling out
items in the same inventories. 60 of them participated
in the second half of the study. After reviewing their re-
sponses for inconsistencies, errors, and incompleteness,
responses from 53 participants for both data collection
sessions were included in the study for data analysis.

Data Collection Tools

The study data was collected via four different
questionnaires in addition to a sociodemographic form.
Positive and Negative Perfectionism Scale (PNPS) was
developed by Oguzhan Kirdok to measure the features
of perfectionism in 2004 (12). It was designed with
the uses of three forms of scales designed to measure
depression (13), anxiety (14), and self-respect (15) in-
ventories. It assesses both positive and negative perfec-
tionism of individuals with 17 items on the inventory.
The reliability value (Cronbach alpha) in the original
study was found 0.81.

Social Appearance Anxiety Scale (SAAS) was the
second data collection tool developed to measure anxi-
ety by Spielberger in 1973 (14). The original version
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of the SAAS consists of 17 items with 5-point Likert
scale response options.

Brief Symptom Inventory (BSI) is an instrument
designed to identify nine dimensions of physical symp-
toms in adolescents and adults (16). It consists of 53
items that use a 5-point Likert scale. The BSI is gen-
erally used to gather information regarding treatment
procedures, patient progress, and psychological assess-
ment. It has an average internal reliability score of 0.70.

The Eating Attitudes Test (EAT), developed by
Garner and Garfinkel (17) in 1979, was another data
collection tool implemented in the study. It is a 40-
item inventory to determine whether a person might
have an eating disorder required for professional at-
tention. The EAT items are answered with a 6-point
Likert scale from always (6) to never (0) options. The
reliability (Cronbach alpha) of the EAT in the original
study was found around 0.87.

Hypothesis

This study was guided by the seven hypotheses
regarding how college students’ eating habits, appear-
ance anxiety, perfectionism, and psychological distur-
bances evolve during their college education. It was
necessary to investigate these hypotheses to provide a
general perspective of their eating habits.

H1: There is a significant difference between the
eating attitudes of college students in their freshman
and senior years.

H2: There is a positive correlation between the
number of psychological symptoms and deterioration
in eating attitudes among college students in the fresh-
man and senior years.

H3: There is a positive correlation between eating
attitudes and the social appearance anxiety among col-
lege students in the freshman and senior years.

H4: There is a significant difference between de-
terioration in eating attitudes and positive-negative
perfectionism levels among college students in the
freshman and senior years.

HS5: The eating habit positively correlates with
psychology symptoms.

H6: The eating habit positively correlates with
appearance anxiety.

H7: The eating habit positively correlates with
perfectionism.

Results

It is important to investigate college students’
eating attitudes before and after achieving psychol-
ogy education. In this study, initially, the participants’
sociodemographic factors were analyzed. Sociodemo-
graphic issues included gender and ages of the students
concerning four important features provided from
EAT, PNSP, SAAS, and BSI inventories. Table 1 il-
lustrates the relationship between sociodemographic
factors and features related to eating attitudes.

Gender

Average scores of the data collection inventories
in regard to gender differences were summarized in
Table 1. According to the table 1, most of the par-
ticipants (N=40, 75.6%) were female and few (N=13,
24.5%) were male students. Moreover, females showed
higher levels of social appearance disturbance (SAAS)
and psychological symptoms (BSI).

Following four years of psychology education, fe-
male students scored dramatically lower on the eating
habits (EAT), physical symptoms (BSI) and improved
on social appearance (SAAS). Both male and female
participants scored approximately same levels of per-
fectionism (PNSP). No further elaboration wasn’t dis-
cussed on this aspect since the number of female and
male students were not equivalent.

Factors Affecting Fating Behaviors
In the second part of the study, we investigated how
some particular factors including the attitudes towards

Table 1. The relationship between gender and EAT, PNSP, SAAS, and BSI scores of the participants

EAT PNSP SAAS BSI
Gender N (%) Pre-EAT  Post-EAT Pre-PNSP Post-PNSP Pre-SAAS Post-SAAS  Pre-BSI  Post-BSI
Male 13 (24.5) 85.9 81.8 30.6 30.7 16.6 20.8 48.3 32.8
Female 40 (75.6) 85.4 57.2 28.7 27.2 20.5 23.1 71.4 39.5
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perfectionism, physical symptoms, and social appear-
ance affect the eating behaviors of the college students
at different levels. Similarly, the findings were compared
to test the hypothesis. Data analysis included statistical
tests including regression analysis, correlational analysis,
ANOVA. The results also revealed that certain impor-
tant relationships between college students’ eating be-
haviors evolve during their psychology education.

During data analysis in terms of the above study
purposes, it was suggested using three data combina-
tions. First, eating attitudes were compared between
freshmen and senior year students. As shown in Table
2, freshmen and senior scores showed a low positive
correlation (0.27) for eating habits. Besides, there ex-
ists a statistically significant difference between fresh-
man and senior-level students (p-value < 0.05) for
eating habits. This outcome supported hypothesis 1.
These results refer to the effectiveness of psychology
education towards eating habits.

Table 2 also illustrated that positive low correla-
tion between freshmen and senior students according to
PNSP (0.29), SAAS (0.24), and BSI (0.17) test scores.
Moreover, there existed a statistically significant differ-
ence among them in the case of psychological symptoms
(BSI). That shows that a strong and effective psychology
education has an impact on students’ psychological de-
velopment. Secondly, Pre-EAT scores were compared
with the initial scores of the PNSP, SAAS, and BSI col-
lected in their freshman year. Later, Post-EAT scores
were compared with the scores of the PNSP, SAAS,
and BSI for their freshman year. Lastly, we compared
Pre-EAT scores with the PNSP, SAAS, and BSI re-
sults collected in both their freshman and senior years.
The results of the three comparisons are illustrated in
Table 3. Table 3 presented that statistically significant
differences were found for eating attitudes for freshmen
students.

R-square scores (correlation coefficient) were
shown between eating attitudes among freshmen stu-
dents, between freshmen and seniors. Also, eating atti-

Table 2. Comparison of the freshmen and senior students’ scores of
EAT, PNSP, SAAS, and BSI inventories

EAT PNSP SAAS BSI
Correlation 0,27 0,29 0,24 0,17
P-value 0,0000 0,3587 0,2712 0,0001

Table 3. Regression statistics and ANOVA results and signifi-
cant statistical figures

P-VALVE Freshmen-  Senior-  Freshmen &
EAT EAT Senior-ALL
R Square 0.24 0.06 0.35
Sig. F 0.003 0.39 0.002
Freshmen-PNPS 0.094 0,284 0,060
Freshmen-SAAS 10.916 0,577 0,733
Freshmen-BSI 0.009 0,188 0.025
Senior-PNPS 0,355
Senior-SAAS 0.013
Senior-BSI 0,704

tudes (EAT), social/physical appearance anxiety (PNPS,
SAAS), perspectives of perfectionism (BIS) freshmen
and seniors were also summarized.

Pre- and Post-tests (EAT, PNPS, SAAS, BIS)
scores were compared with each other. P-values, r-
squared, and significant F scores are illustrated in table
3. Some of the P-values were insignificant since their
values were higher than the boundary (0.05) for statisti-
cal difference.

The first important result was that eating attitude
of freshmen and social/physical appearance anxiety
(PNPS, SAAS), perspectives of perfectionism (BIS) for
both freshmen and senior students had statistically sig-
nificant differences. The correlations coefficients were
also found to be low positive levels, and such as result
supported hypothesis 2, 3, and 4.

The scores of the eating attitude and perspectives
of perfectionism for freshmen is correlated with a low
positive relationship (0.24) with each other. Also, eat-
ing attitudes and perfectionism for freshmen students
were found to have a statistically significant difference
(p-value < 0.05). That result supported hypothesis 5.

On the other hand, the eating attitude was not cor-
related with social/physical appearance anxiety (PNPS,
SAAS) among freshman and senior levels. Therefore
Hypothesis 6 and 7 were not supported by this finding.
Table 4 summarizes the findings of hypothesis testing.

Discussion

Identifying eating disorders and eating behaviors
of young adults (college students) is important to de-
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Table 4. Results of the hypothesis tests

Accept Reject

There is a significant difference be-
tween the eating attitudes of college
H1 e v
students in their freshman and se-

nior years.

There is a positive correlation be-
tween the psychological symptoms

H2  and deterioration in eating attitudes v
among college students in the fresh-
man and senior years.

There is a positive correlation be-
tween eating attitudes and the social

H3 appearance anxiety among college v
students in the freshman and senior
years.

There is a significant difference be-
tween deterioration in eating at-

H4  titudes and perfectionism levels v
among college students in the fresh-
man and senior years.

Eating habit positively correlates J

H5 with psychological symptoms.
Eating habit positively correlates

H6 : v
with appearance anxiety.

H7 Eating habit positively correlates Wy

with perfectionism.

velop methods and approaches towards the treatment
process. Also, the findings could be essential for de-
signing courses and curriculum for college students
especially psychology majors.

The findings from freshman students revealed that
males scored higher on eating habits (EAT) and perfec-
tionism (PNSP), however, lower on social appearance
disturbance (SAAS) and psychological symptoms (BSI)
than females. These results supported previous findings
in the literature (18-21) at some certain degrees.

As found in earlier similar studies (22-23), a statis-
tically significant difference was found between fresh-
man and senior-level students (p-value < 0.05) in terms
of the eating attitudes and psychological symptoms.

Other related important features including per-
fectionism and social/physical appearance for them
also provide important results in terms of eating at-
titudes and its evolution during college education.

More detailed and extensive studies could be
conducted as a qualitative research methodology to
generate deeper and specific consequences. A mixed

methodology could also be a good approach to identify
more detailed understandings of the situations.

Any improvement in training and eating attitudes
tests could be an idea that the appropriate education
for the young generation might change the deceptive
perception of society created by the advertisements.
For this reason, it is important that institutions such as
ministries of national education, the higher education
council, other education- related authorities should
offer and support such courses that contain topics re-
garding eating attitudes and importance of balanced
diet chapters are important for the physical and social
development of the students.

Conclusion

This study was constructed to investigate the
revolutions of university students’ eating habits, per-
fectionism, psychological symptoms, and appearance
anxiety that were affected by psychology education for
four years in college. It is important to identify such
patterns and tendencies among these four variables for
creating treatments and providing important method-
ological approaches for college students. Also, it would
help university decision-makers to design a more ap-
propriate and useful curriculum for the psychology de-
partment. Finally, the results are expected to provide
great inputs for future researches.
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Summary. The aim of this study is to investigate whether there is a difference in nutrition habits of the students
in different departments of a vocational school in a university, depending on the life quality of them, and to
compare by various variables. A total of 205 students, as 92 female and 113 male in Atabey Vocational School
in Isparta University of Applied Sciences in the 2018-2019 academic year, participated in this study. Students
who took or did not take the lesson of healthy life and nutrition, participated in the study. As a data collection
tool in the research; the turkish version of The World Health Organization Quality of Life Scale short form
questionnaire and, Three-factor Eating Questionnaire (TFEQ) were applied. And The Personal information
Form was used to obtain the demographic information. In this study, SPSS 22.00 Programme was used which is
used in quantitative research methods. The data were summarized by giving the percentage and frequency tables.
Statistically, there are both significant (p < .05) and nonsignificant (p > .05) differences in students between life
quality and its subfactors by age, gender, being engaged in sports, taking the lesson of healthy life and nutrition
and income status. Since age and gender variables have no effect on any of the nutrition scale snd its sub-factors,
there is no significant difference between them (p > .05). There is a significant difference between the students’
income level, the status of being actively involved in sports, the status of taking the lesson of healthy life and
nutrition, and the nutrition scale and its sub-factors ( p < .05). Statistically, there was found a significant rela-
tionship intensive and in a positive way between individuals’ quality of life and their nutrition habits (p < .05).
As the total score of the life quality scale or the total score of the nutrition scale increases, other one increases, as
well. As a result, an increment in a significance level is observed in the quality of life and nutritional levels of the
university students taking the lesson of healthy life and nutrition. When the lesson of healthy life and nutrition
becomes a compulsory course and its length gets increased, we can say that there will be difference in the levels of
the quality of life and nutrition. As a result of ensuring the participation in the class of healthy life and nutrition,
we can say that it will be helpful for individuals in terms of protecting against disesases and gaining health life
and nutrition behaviors by struggling against the factors that affect the life negatively. Since it will be useful to
repeat this study in different fields as more inclusively, we can say that this study will shed light on future studies.

Key words: quality of life, nutrition, university students

cal and psychological aspects. People who can balance
between their physical and psychological aspects, and

“Healthy life and nutrition” is one of the indis-
pensable facts in the quality of life of human, in other
words in the life of human. Mankind needs to pay at-
tention to the quality of life, in order to keep living.
The human, by nature, is a whole with his/her physi-

who can protect and improve their physical and mental
health, can live a happy and healthy life (1). Accord-
ing to the definition of World Health Organization
(WHO), “Health is not only the absence of disease or
disability, but the status of a full well-being, physically
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and mentally (2)”. WHO has also defined health, as
awareness of breathing, meeting the needs, changing
or coping the environment (3). And the healthy life-
style includes taking responsibility of health behaviors,
balanced nutrition, adequate and regular exercise, be-
ing a nonsmoker, having health responsibility, taking
hygiene measures, establishing positive interpersonal
relationships and stress management (4). In the pro-
cess starting with birth, people aimed to maintain a
long and healthy life by giving importance to the issues
such as improving the quality of life, being resistant
to physiological and psychological factors and healthy
nutrition (5). Quality of life is the perception of life
about how individuals feel well themselves within the
values of the society where they live (6). Quality of
life analyses the material and non-material aspects of
the individual. The concept of quality of life can be
defined as not only being in a good state of health, but
a full well-being state containing physical, social and
spiritual concepts. The target of the quality of life is
to determine how much the individuals feel pleased
or displeased because of their physical, socio-economic
and spiritual functions (7). When the studies conduct-
ed are examined, researchers have used the term qual-
ity of life, as synonym with the terms such as pleasure,
happiness and life satisfaction (8).

Adequate and balanced nutrition is one of the ba-
sic conditions for the society and individuals to live
healthy and strong, improve themselves economically
and socially and increase the level of welfare (9). Many
studies conducted up to the present have revealed the
importance of nutrition on various subjects and many
definitions have been made. Nutrition is the use of
macro and micronutrients which are taken by the or-
ganism for the vital activities. As a result of a number
of chemical processes, macro and micronutrients are
absorbed by the body through the intestines and used
for vital activities through circulation (10). In another
definition, nutrition is the status that the body utilizes
the food eaten, in order to grow, perform the body
functions and maintain the life as healthy and happy
(11). According to the reports of the World Health
Organization (2), it was explained that the most im-
portant risks of non-communicable disease are high
blood pressure, high cholesterol concentrations in
blood, insufficient intake of fruits and vegetables, be-

ing overweight or obese, physical inactivity and tobac-
co use. Insufficient nutrition is an important risk factor
in non-communicable diseases such as cardiovascular
diseases, diabetes and some types of cancer (12). Bal-
anced nutrition is formed by taking the required food
from different food components in order to meet one’s
energy and nutritional needs (13). Therefore, diet and
physical activity have an impotant effect on health
protection and disease prevention. Physical activity
is any bodily movements performed by skeletal mus-
cle that result in energy expenditure (14). Researches
states that the physical activity shows protective and
curative effects in many diseases (15). Physical activity
is not limited to sports activities only. Physical activity
is in every part of life, like individuals’ home, work and
transportation (16).

As a result, the education of healthy life and nu-
trition changes the quality of life of individuals sig-
nificantly, when it starts to be given first in the family,
and then at the universities regularly. The education
individuals received in this regard, causes the quality
of life to change.

Material And Method

In this research, as the data collection tools; “Per-
sonal Information Form” which was prepared by the
researcher and Three-Factor Eating Questionnaire
(TFEQ) which was prepared by Kirag et al. (16) were
used in order to determine the nutritional habits of in-
dividuals, and the turkish version of The World Health
Organization Quality of Life Scale Short Form
(WHOQOL-BREF-TR) were used in order to de-
termine the quality levels of life. The validity and reli-
ability of the WHOQOL-BREF scale for the Turkish
language and society was confirmed and the scale was
found suitable fort he Turkish society. When evaluat-
ing the validity of the scale; construct validity, concur-
rent validity, distinctive validity and the importance of
the areas in explaining the overall health and quality
of life were evaluated and the scale was found valid in
these areas. Regarding the evaluation of the reliability,
internal consistency (Cronbach alpha) of all sections
and areas of the WHOQOL-BREF scale was calcu-
lated and it was found between 0.53 and 0.83. These
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values show that the reliability of the scale is high (18).
It has been translated into more than 20 languages in-
cluding Turkish. >Adaptation of the scale to Turkish
was done by Eser et al. (19). The question 27 which
was added to the scale evaluates the national environ-
mental area. Field scores range from 0 to 20. As the
score increases, the quality of life increases, as well.

Data Analysis

World Health Organization - “Lafe Quality Scale”

* 'The total score of the life quality scale is calculated
from 26 items. The minimum score that can be ob-
tained on the scale is 26 and the maximum score that
can be obtained is 130.

* Subscales of the Quality of Life Scale;

-Factor 1: General health condition (items 1-2)
(minimum 2, maximum 10 points can be obtained)

- Factor2: Physical health condition (items 3-4-10-
15-16-17-18) (minimum 7, maximum 35 points
can be obtained)

- Factor 3: Psychological condition (items 5-6-7-11-
19-26) (minimum 6, maximum 30 points can be
obtained)

- Factor 4: Social relations (items 20-21-22) (mini-
mum 3, maximum 15 points can be obtained)

-Factor 5: Environment (items 8-9-12-13-14-23-
24-25) (minimum 8, maximum 40 points can be
obtained)

* Looking at the “Cronbach’s Alpha if Item Deleted”
column in the “Item-Total Statistics” table, it is
seen that the cronbach's alpha value increased from
0.988 to 0.996 when the item 3 was removed from

Table 1. Statistics for the Total Scores of Quality of Life Scale

and its Subscales

the survey. The answers given by the participants to
this item decrease the reliability of the questionnaire.
Looking at the “Corrected Item-Total Correlation”
column, -0.959 is seen, but all the rest is positive.
This shows that it has a completely opposite consist-
ency with other items.

Three Factor Nutrition Questionnaire

Important Reminder - The name of the questionnaire
is “three-factor nutrition survey”, but since one more
factor (hunger sensitivity level) has been added to the
survey, four-factor nutrition questionnaire was ana-

lyzed.
* The total score of the “Three-Factor Nutrition Sur-

vey” is calculated from 18 items. The minimum score

that can be obtained on the scale was 18, while the

maximum was 72. Questions 1-2-3-4-5-6-7-8-9-

10-11-12-13 were scored from top to bottom from

4 to 1. Questions 14-15-16-17 are listed from 1 to 4

from top to bottom. In the 18th question, those who

marked 1-2 were scored as “1”, those who marked

3-4 were scored “2”, those who marked 5-6 were

scored as “3” and those who marked 7-8 were scored
s “4”,

Three-factor nutrition questionnaire subscales;

- Factor 1: Restricting eating (items 1-7-13-14-17)
(minimum 5, maximum 20 points can be obtained)

- Factor 2: Level of uncontrolled eating (items 3-6-
10) (minimum 3, maximum 12 points can be ob-
tained)

-Factor 3: Degree of eating at emotional times
(items 2-11-12-15-16-18) (minimum 6,

- maximum 24 points can be obtained)

- Factor 4: Hunger sensitivity level (items 4-5-8-9)
(minimum 4, maximum 16 points can be obtained)

Table 2. Cronbach’s Alpha Values for Total Scores of Life Qu-
ality Scale and Sub-Scales

MinimumMaximum Average  Std. Skew
Deviation

Factor 1 2 10 5.9220 3.2949 -0.057
Factor 2 11 31 21.0244 7.5260 -0.037
Factor 3 7 30 17.2732  9.5081  0.096
Factor 4 5 15 9.3073  3.9603  0.232
Factor 5 10 34 20.8780 10.3478 0.070
Quality of 40 117 74.4049 34.1238 0.096
life scale

Cronbach’s Alpha
Factor 1 0.967
Factor 2 0.837
Factor 3 0.990
Factor 4 0.990
Factor 5 0.983

Quality of life scale 0.988
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Table 3. Statistics of Four-Factor Nutrition Survey and Sub-
Factor Total Scores

Table 5. Data Distribution by Demographic Characteristics

Class Frequency Percentage ~ Cumulative
Minimum Maximum Average Std. Skew (%) Percentage (%)
Deviation A
ge
Factor 1 11 16 13.2537 2.0541 0.260 70 341 341
Factor 2 3 12 8.0049  4.0481 -0.139 106 518 859
Factor 3 14 18 15.2976  0.8069 -0.367 29 141 100.0
Factor 4 5 16 10.7756  5.1590 -0.005 Total 205 100
4-Factor 34 60 47.3317 11.7622 -0.005
.. Gender
Nutrition
Survey Male 113 55.1 55.1
Female 92 449 100.0
Table 4. Cronbach’s Alpha Values for four factor nutrition scale Total 205 100
and Sub-Factor Total Scores Active Sports
Cronbach’s Alpha Doing 100 48.8 48.8
Factor 1 0.976 Not-doing 105 51.2 100.0
Factor 2 0.993 Total 205 100
Factor 3 0.988 Lesson of Healthy Living and Nutrition
Factor 4 0.981 Taken 100 48.8 48.8
Four factor nutrition scale 0.823 Not-taken 105 51.2 100.0
Total 205 100
* Looking at the “Cronbach’s Alpha if Item Deleted”  Income status
column in the “Item-Total Statistics” table, it is seen 0—500 55 26.8 26.8
that when the items numbered 2-11-12-14-17 are 501 - 1000 75 366 63.4
removed from the questionnaire, the cronbach's al- 1001 = 2000 75 36.6 1000
pha value is higher than 0.823. The answers given by 7~ 203 100

the participants to these items decrease the reliability
of the questionnaire. looking at the “Corrected Item-
Total Correlation” column, negative correlation values
are seen, but all the rest are positive. This shows that it
has a completely opposite consistency with other items.

Findings

When the participants were examinerd in terms of de-

mographic characteristics, the following findings were

reached.

* 205 people participated in the questionnaire. 70
people of them (34.1%) were between 0-19 years
old, 106 people of them (51.8%) were between 20-
29 years old, and 29 people of them (14.1%) were 30
or older. While the youngest participant was 14 and
the oldest participant was 48 years old. The average
age of 205 participants was found as 23.2341 and the
standard deviation was found as 6.0959.

* 113 (55.1%) of 205 participants were male and 92
(44.9%) were female.

* Among the 205 people prticipated in survey, 100
(48.8%) people were actively involved in sports,
while 105 (51.2%) were not actively involved in
sports.

* 100 (48.8%) of the participants took “healthy life
and nutrition lessons” while 105 (51.2%) did not
take this lesson.

* 55(26.8%) of the 205 people surveyed were between
0-500, 75 (36.6%) were between 501-1000 and 75
(36.6%) were between 1001-2000.

* There were obvious differences between “quality of
life” and “its sub-factors” according to demographic
findings.

* As the ages of the participants increased, it was
observed that the “physical health conditions” de-
creased and the “social relations” decreased. Addi-
tionally, according to the general scale, statistically
the quality of life was found significantly decreased
as the ages of the people increased.
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Table 6. Findings Regarding the Quality of Life and Sub-Scale Scores, according to Participants” Age, Gender, Active Athletics,
Healthy Life and Nutrition Lesson and Income Status

Age Gender Involvedin Active ~ Lesson of Healthy Income
Sports Life and Nutrition Status
General Health Condition 0.118 0.001 0.000 0.000 0.000
Physical Health Condition 0.006 0.015 0.000 0.000 0.000
Psychological Condition 0.183 0.000 0.000 0.000 0.000
Social relations 0.007 0.051 0.000 0.000 0.000
Environmental Conditions 0.091 0.526 0.000 0.000 0.000
Quality of Life 0.016 0.148 0.000 0.000 0.000
* The “gender” of the individuals did not have any ef- a healthy lifestyle and nutrition lessons, comparing

fect on their general quality of life, but there were
significant differences found in some sub-factors.
General health and psychological conditions of fe-
males were better than males. Physical health condi-
tions of males were better than females.

The quality of life of people who were actively in-
volved in sports and the people o taken healthy liv-
ing and nutrition lessons is significantly higher than
those who were not involved in sports and who did
not take healthy living and nutrition lessons. Statis-
tically significant differences were obtained for all
sub-scales and general scale.

Again, when looking at all sub-factors and general
quality of life scale, statistically significant differenc-
es were obtained for all of them. According to the
results obtained, it was seen that as the income level
of the individuals increased for all the sub-factors
and the quality of life scale, the quality of life signifi-
cantly increased.

It was observed that age and gender variables had no
effect on any of the “Four-Factor Nutrition Survey”
and related “sub-factors”.

“Degree of restriction to eating” is higher in people
who were actively involved in sports and who took

others. At the

* same time, “uncontrolled eating levels”, “degree of
eating at emotional times” and “hunger sensitivity
level” in these people were lower than those who do
not do sports and take a healthy lifestyle and nutri-
tion lesson.

* A significant correlation was found between the
total scores of 4-factor nutrition questionnaire and
its sub-factors with the individuals’ income status.
According to the results obtained, as the inco This
means that as people's income increases, their eat-
ing habits become better. They pay attention to what
they eat and avoid uncontrolled consumption that
will cause obesity.me status of individuals increases,
total scores of general scale and sub-scales increase.

Relationship Between The Life Quality Scale And Three
Factor Nutritional Survey

The Pearson Correlation coeflicient takes values
ranging from -1 to +1. A positive value indicates the
same directional relationship between the two vari-
ables, and a negative value indicates an inverse rela-
tionship between the two variables. As the correlation
value approaches -1 and +1, the severity of the rela-

Table 7. Findings Regarding Nutrition and its Sub-Scale Scores of the Participants, According to their Age, Gender, Active Athle-
tics, Healthy Life and Nutrition Lesson and Income Status

Age Gender Being and Lesson of healthy Income status
active athlete  life and Nutrition
Degree of Restriction to Eating 0.053 0.067 0.000 0.000 0.001
Uncontrolled Eating Level 0.051 0.055 0.000 0.000 0.000
Degree of Eating in Emotional Times 0.078 0.334 0.000 0.000 0.000
Hunger Sensitity Level 0.051 0.055 0.000 0.000 0.000

Four-Factor Nutrition Survey 0.056 0.060 0.000 0.000 0.001
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Table 8. Pearson Correlation Coefficient of the Relationship
between the scores of Quality of Life Scale and the Four-
Factor Nutrition Scale

Quality of Four-factor
Life Scale Nutrition Survey
Quality of 1.000 0.971
Life Scale (0.000)
Four-factor 0.971 1.000
Nutrition Survey (0.000)

tionship between them increases. A correlation coef-

ficient of 0 indicates that there is no relationship be-

tween the two variables. As it approach 0, the severity
of the relationship decreases.

* A very strong and positive relationship was found
statistically significant between the quality of life of
individuals and their eating habits. Pearson's corre-
lation coefficient was found as 0.971. As the total
score of the quality of life scale or total score of the
four-factor nutrition questionnaire increases, the
other increases, as well.

Discussion and Conclusion

Within the scope of the research, it was aimed to
investigate whether there are difference between the
nutrition habits and the quality of life of students in
different departments of the vocational school in the
university and to compare with various variables. Dis-
cussions and conclusions related the research findings
are given below.

It was observed that as the age of the participants
increased, their “physical health condition” went back
and their “social relations” decreased. In addition, ac-
cording to the general life scale, it was found statisti-
cally significant that the quality of life decreased as the
ages of the people increased (p < .05). In psychological
condition, there is no statistically significant difference
between the environmental conditions and age (p >
.05). No studies have been found about the relation-
ship between, according to the age variable. We can say
that, as the age gets older, the changes in individuals’
body structure and health, emotions and thoughts can
cause changes in individuals’life and health.

The “genders” of individuals have no effect on
their general quality of life, social relations, and en-

vironmental conditions (p> .05). However, significant
differences were found in some sub-factors. Females’
general health and psychological conditions are better
than males. Physical health status of males is better
than females (p < .05). When the studies on different
sample groups were examined according to the gen-
der, Salic1 (20) stated that there is was no statistically
significant difference found in terms of gender in the
study of the quality of life of the university students.
flhan (21), in his study examining healthy lifestyle
behaviors of athlete students in university teams, In
terms of total scores of healthy lifestyle behaviors, it
was concluded that there was no significant differ-
ence between male and female students. In the study
conducted by Kangal (22) on university students about
their quality of life, he found a significant difference
in favor of female students in terms of gender. Erdal
(23), in his study titled the effect of university students’
physical activity levels on their quality of life levels and
social participation levels, when the sub-dimensions
of the gender variable and the quality of life scale were
examined, the psychological status of the female par-
ticipants received higher scores and in all other sub-
dimensions male participants received higher scores.
As a result of the studies conducted, it is thought that
the reasons for the relationship between the quality of
life and the gender variable shows difference or not;
can be the sample groups’ specific characteristics, the
environment they live, the university they study, their
economical status and their cultural characteristics.
The general health, physical health, psychologi-
cal state, social relations, environmental conditions
and quality of life of those who are actively involved
in sports are significantly higher than those who do
not do sports. There is a significant difference between
those who do sports and those who do not (p <.05).
Ayhan (24) obtained the results that the individuals
who are in physical activity have high quality of life.
In the study conducted by Yilmaz and Karaca (7), it
was determined that healthy life and nutrition were ef-
fective on university students who do sports and do
not do sports. Blair (25) in his study on the benefits of
regular physical activity; found that exercise improves
quality of life, prevents diseases and injuries, and re-
duces mortality. Also, Hawk et al. (26), in their study
about healthy lifestyle and behavior of those who do
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regular sports, found higher results. As a result of the
studies, we can say that sports or physical activity is
extremely effective on healthy life and individuals who
do sports are conscious of this issue.

The general health status, physical health status,
psychological state, social relations, environmental con-
ditions, quality of life of the people who take the les-
son of healthy life and nutrition are significantly higher
than those who do not take the lesson healthy life and
nutrition. Statistically significant differences were ob-
tained for all subscales and general scale (p <.05). Jones
et al. (27) stated that the nutritional knowledge levels of
students who took nutrition lessons were significantly
higher than others. In his study, Kavas and Kavas (28)
stated that the veradge scores of the students who re-
ceived nutrition education were higher compared to the
average scores of students who did not received nutri-
tion education. In their study, Yilmaz and Karaca (7)
stated that there is a significant difference between uni-
versity students who took nutrition classes and who did
not take nutrition classes. As a result of the studies, we
can say that the reason for the difference between those
who take and do not take the healthy life and nutrition
lesson was that the lesson of healthy life and nutrition is
effective on the students.

When all sub-factors and general quality of life
scale regarding income level were analyzed, statistical-
ly significant differences were obtained for all of them
(p < .05). According to the results obtained, for all the
sub-factors and the quality of life scale, it was seen that
the quality of life increased significantly as the income
level of the people increased. There is no study we
found, investigating income status. Healthy living is
directly proportional to income status. The increase in
income will cause individuals to change the quality of
life. As the quality of life changes, the individual will
take care of himself in better health and better condi-
tions. So, we can say that income status has an impact
on the quality of life.

It was observed that the age variables had no ef-
fect on any of the “Nutrition Survey” and the related
“sub-factors”. Since the general nutrition and subscale
items (the degree of restriction on eating, the level of
uncontrolled eating, the degree of eating at emotional
times, the level of sensitivity to hunger) had no ef-
fect on age, there is no significant difference between

them (p > .05). We can say that mankind knows the
nutritional conditions at any age. Because of the edu-
cation received by the university students in the study
we have done and because they know the nutrion for
any range of age, we can state that age is not effective
on nutrition. We can say that nutrition is not effective
on age due to the characteristics of individuals such
as education, cultural characteristics, environment they
live in, increased communication, nutrition programs
on television, increased participation in regular physi-
cal activities, and their awareness.

It was observed that gender variables had no ef-
fect on any of the “Four Factor Nutrition Survey” and
related “sub-factors”. Since the general nutrition and
subscale items (the degree of restriction on eating,
the level of uncontrolled eating, the degree of eating
at emotional times, the level of sensitivity to hunger)
had no effect on gender, there is no significant differ-
ence between them (p > .05). In the nutrition study
conducted by Kirag et al. (17), some items were found
similar, while some items did not differ. In the study
conducted by Aksoydan and Cakar (29), it was stated
that male students’ diet was better than girls, but there
was no significant difference between the groups. Nu-
trition is important for every individual. In order to
sustain the life in a healthy and peaceful manner, man-
kind should be fed balanced and regularly. Therefore,
because nutrition affects male and female, we can say
that there is no difference between them.

“Restriction of eating” was higher in people who
are actively involved in sports compared to others. At
the same time, in these people, “uncontrolled eating
level”, “degree of eating at emotional times” and “hun-
ger sensitivity level” are lower than those who do not
do sports. It means, there is a significant difference in
nutrition and its subscales between the people who
do sports and those who do not (p < .05). Individuals
doing sports eat a balanced diet and they know well
the diet. They have a programmatic diet. They arrange
their diet according to that programme and do not go
out of that programme. They are strong-willed about
feeding them selves. They know what to eat and drink
very well. They take good care of themselves. Their diet
is very different, according to individuals who do not
do sports. Otherwise they can not do sports. We can
say this is the reason of the difference.
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People who took the lesson of healthy life and
nutrition have a higher degree of “restriction on eat-
ing” than others who did not take this lesson. At the
same time, “uncontrolled eating level”, “degree of eat-
ing at emotional times” and “hunger sensitivity level”
in these people were lower than those who did not take
healthy living and nutrition lessons. Shortly, there is
a significant difference in nutrition and its subscales
between those who take healthy life and nutrition les-
son and those who do not take this lesson (p <.05). In
the study conducted by Yilmaz and Karaca (7), it was
found that there was a significant difference in favor
of students who took a nutrition lesson compared to
those who did not take a nutritional lesson. When the
nutritional attitudes were analyzed, it was found that
there was a significant difference between the students
who took a nutritional lesson and those who did not
take it. We can say that the healthy life and nutrition
lessons taking in schools is effective on individuals. In-
dividuals will be able to learn and apply healthy eating
and living through their healthy life and nutrition les-
son. Through the healthy life and nutrition lessons, in-
dividuals will be able to learn healthy eating and living
and apply them to their lives. This way, they will know
what to eat and what to drink and how to do the physi-
cal activities. The individuals who eat properly and do
the regular physical activities, will be able to sustain
their lives in a healthy way. We can say that healthy life
and nutrition are directly proportional to long life. By
applying the healthy life and nutrition lesson in pre-
school education, we can raise healthier generations.

A significant correlation was found between the
income status and the total scores of nutrition and its
sub-factors by (p < .05). According to the results ob-
tained, as the income status of individuals increases, to-
tal scores of general scale and the sub-factors increase.
This means thatt as the people’s income increases, their
eating habits become better. They pay attention to what
they eat and avoid uncontrolled consumption that will
cause obesity. Healthy eating, in parallel with the eco-
nomic situation of the family, varies to the access to
the healthy food (Tanriverdi et al., 2011.30). In the
determination of the factors affecting the nutrition and
exercise behavior in adolescents, Kalay and Tiirkmen
(2015.31) concluded that healthy nutrition-exercise
behavior of the students with good economic status

is better than the students with poor economic status.
This finding is similar to the literature. In our study,
we stated that the nutrition and sub-factors show in-
creasement in the students with good economic status
while thees factors show decreasement in the students
with poor economic status. We can say that as the in-
come status increases, the diet changes and individuals
can take care of themselves in better conditions.

A very strong and positive relationship was found
statistically significant between the individuals’ qual-
ity of life and their eating habits (p <.05). As the to-
tal score of the quality of life scale or the total score
of the nutrition scale increases, the other increases as
well. In a study by Yilmaz and Karaca (2019.7), they
found a significant difference between the total scores
of nutrition and the total scores of quality of life. Nu-
trition increases the quality of life. Considering these,
individuals should be made conscious about healthy
life and nutrition. As the quality of life increases, a
signiﬁcant increase is observed in nutrition scores. In
this context, since as the nutrition habits will be regu-
lated as the quality of life will increase, it is thoght that
the individuals will be able to do physical activity or
sports, take care of their health, be conscious of dis-
eases and take necessary precautions, have information
about nutrition, know their healthier and longer lives,
and increase the quality of life as they will eliminate
the factors that negatively affect their life. In order to
maintain the life, mankind needs to be fed regularly.
Otherwise, he/she cannot survive. If the human body
cannot get the necessary nutrients, he/she will endan-
ger his/her development and will be open to all kinds
of dangers that may arise outside. We can say that the
stronger body structure means the stronger human
against the outside. If the immune system of individu-
als is strong, we can say that they are healthy. We can
state that the strong immune system depends on the
quality living conditions.

As a result, a signiﬁcant increase is observed in
the quality of life and nutritional levels of university
students taking the lesson of healthy life and nutrition.
We can say that when the healthy life and nutrition
lessons are compulsory at universities and as the du-
ration of the existing lessons increases, the quality of
life and nutrition levels will differ in a positive way.
As a result, ensuring the participation of the healthy
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life and nutrition lesson will be helpful about learning
to live healthy, protecting against diseases and gain-
ing healthy living and nutrition behaviors by strugling
with factors affecting life negatively. We can say that
this study will shed light on future studies, since it is
thought to be useful to repeat this study more broadly
in different areas.
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Summary. Background: Current prevalence estimates for child obesity in Arabian Gulf countries are some of
the world’s highest. The study aims to evaluate the effect of rewarding and pedometer- feedback on increasing
the children’s physical activity and decrease obesity rates. Mezhods: A sum of 225 participants (110 boys - 115
girls) ranging from 9 to 11 years old from six public elementary schools in Kuwait City, Kuwait took part in
the study. Three different groups were created; feedback (FB), feedback with rewards (FD+R), and control
group (C). Children were assigned to one of the three groups randomly. In the FB group, participants received
information about the function of pedometer only wherein the FB+R group received information about the
function of the pedometer and were asked for a 3000 counts milestone to get ten stickers. The control group
participants haven't received any information about the function of the pedometer. Pedometer counts were
taken from all participants through five physical education classes. Resu/ts: The average step counts for the
groups were; 2091+483 for the control group, 2655+577 for the FB group, and 3429+458 for the FB+R group.
A significant difference was found in the counts among the three groups (p < 0.05). Post-hoc Tuky analysis
indicated a specific significant difference between the FB+R group and the two other groups (P < 0.00). Con-
clusion: The results of the study showed that encouraging children with rewards will sustainably increase their

physical activity.

Key words: children, physical activity, rewards, pedometer

Background

Facing the growing rates of child obesity is an im-
portant research area as it has been increasing vastly
in many countries all over the world (1-3). Literature
shows that the Food Dude program which is simply a
peer-modeling and rewarding has increased children’s
fruits and vegetables’ consumption (4, 5). The Food
Dude program is based on a group of fictional charac-
ters presented to children in a video series. Food dude
stickers and pencils were awarded daily to children as
they achieve a certain number of fruit and vegetable
virtues. Previous studies indicate that the poor eater’s
consumption noticeably increased over the others. Al-
so, the combination of both the video modeling and

the daily rewards gave better results than using each
separately (6-8).

This study investigates the influence of the pre-
viously discussed model in increasing the children’s
physical activity. While a large percentage of children
in Kuwait do not take the recommended daily physi-
cal activity hours (9), studies show that Food Dude
program may also be effective when it comes to chang-
ing the children’s behavior for a better level of physi-
cal activity. Children and adolescents are evident to
be influenced by significant other in their social en-
vironment. For instance, an observational study that
was conducted in a school playground indicated that
children were motivated to be more active from their
peers (10). Also, it has been indicated through research
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that higher levels of physical activity were tied to peer
encouragement, supports, and participation (11).
When it comes to increasing children’s physical ac-
tivities, It is evident that rewards become more effective
when they are tangible items like baseball tickets and
stickers and when awarded after clear and explicit goals
(12). So, in this study, children need to have the abil-
ity to monitor their own progress through the task that
leads to the reward. To achieve that, activity monitors,
like the pedometer, need to be used. The pedometer is
an activity monitor that provides a count of movements
and steps which will help in setting activity goals and
help children follow their own performance to achieve
the goal according to the given instructions. Goldfiel et
al. (2006) instructed obese children to set a goal of ei-
ther 750 steps or 1500 steps in a 20 lab session to get
10 minutes of television viewing in return. Results in-
dicated that the 1500 steps group was more active than
the 750 steps group, which was more active than the
control group. Over a six week period, this approach
has shown to be effective at increasing physical activity
of sedentary children (13). A follow-up study showed
that obese children achieved more physical activity than
children who had physical activity monitors but no re-
wards in returns. Findings accumulatively indicate that
a combination of activity monitoring and tied rewards
has a broader effect than just activity monitoring (14).
No experimental studies have been conducted
in Kuwait to investigate the effectiveness of rewards
on increasing children’s physical activity up till today.
This study evaluated the effect of the effectiveness of
a combined pedometer-feedback and rewards versus
feedback alone on increasing physical activity.

Methods

Participants

A total of 225 children participated in the study
(110 boys, 115 girls). The age ranged from 9 to 11 years
old. Children attended six different public schools in
Kuwait City, Kuwait. Participants were selected from
this age because pre-adolescent has been identified as a
high-risk age for developing obesity (15). Studies also
showed that physical activity noticeably declined with
age during elementary school (16). Also, the age is ap-

propriate as children would have the cognitive abilities
to absorb the process of setting up the pedometer and
self-monitoring. The consent form for the study was
approved by the department of food science and nutri-
tion at Kuwait University. A written consent form was

signed by the parent of each child.

Experimental design and procedures

Three different groups were created; feedback
(FB), feedback with rewards (FD+R), and control
group (C). Children were assigned to one of the three
groups randomly. In the FB group, participants re-
ceived information about the function of pedometer
only wherein the FB+R group received information
about the function of the pedometer and were asked
for a 3000 counts milestone to get ten stickers. The
control group participants haven't received any infor-
mation about the function of the pedometer. Cross-
contamination was minimized through assigning
children to groups based on the school they attended.
A well-validated pedometer (Yamax Digiwalker SW-
200, Tokyo, Japan) that displays a digital count of
physical activity was used. Physical activity was meas-
ured through 5 physical activity sessions.

Measures

Pedometers were given to participants at the be-
ginning of every session. All pedometers were set to
zero and participants were instructed to keep wear-
ing them during the whole session (50 minutes). The
pedometer given to the control group was sealed with
a tape. Step counts were not revealed to the control
group and the researcher would simply say thank you
to the child at the end of a session. Children’s Body
mass (to the nearest 0.1 kg) and height (to the nearest
0.1 cm) were measured without shoes using a Hanson
electronic scale and a tape measure attached to a ver-
tical wall, respectively. Each child’s body mass index
(BMI) was then computed.

Statistical analysis

Statistical Package for Social Sciences (SPSS
Inc., Chicago, IL, USA) version 24 was used for data
analysis. Differences in average values and p-values
were tested by analysis of variance (ANOVA) with a

95% confidence interval.



124

A.R. Allafi

Results

Characteristics of the participants are shown in
(table 1), the average weight was 38.7+12.4 kg, the av-
erage height was 137.4+7.1 cm and the average BMI
was 27.9+7.9 kg/m2. It is also important to notice that
the number of girls was a little bit more than boys,
115 to 110. The average weight of boys was 37.5+11.6
kg, while the average weight for girls was 39.9 + 13.1.
Girls had a higher average height than boys, 137.9+7.8
cm to 136.9+6.4 cm). The average BMI for boys was
27.2+7.6 kg/m2 while the average BMI for girls was
28.6+8.1 kg/m2. According to ANOVA, there was no
significant difference between boys and girls in the av-
erage age (p = 0.43), step counts (p = 0.16), height (p =
0.13), mass (p = 0.15), or BMI (p = 0.15).

The average step counts for the groups, shown in (ta-
ble 2), were; 2091483 for the control group, 2655577
for the FB group, and 3429+458 for the FB+R group. A
significant difference was found in the step counts among

the three groups. (p < 0.05). Post- hoc Tuky analysis indi-

cated a specific significant difference between the FB+R
group and the two other groups (p < 0.00).

Discussion

Results claimed the efficacy of pedometer-feed-
back and rewards combination in increasing the physi-
cal activity of 9 to 11 years old children. During the
study, the FB children showed a sustainable increase
(2655 steps) while the FB+R group showed an in-
crease of 3429 steps which is a great progress over the
control group that had an average of 2091 steps.

No significant difference was noticed between
the two sexes in the step counts (p = 0.16). Although
Vandongen et al., Sallis et al., 1997 found the girls are
more responsive to physical activities than boys (17),
further research is required to explore the validity of
gender differences. Generally, an active lifestyle needs
to be mentioned over long period of time so children
can experience its health benefits.

Table 1. Descriptive data for the total sample and within sex groups

N  Mean Std. Deviation Std. Error  95% Confidence Interval for Mean ~ Minimum Maximum Sig.
Lower Bound Upper Bound

steps  Boys 110 2639 666 63 2513 2765 1108 4494 0.16
Girls 115 2775 786 73 2629 2920 273 4679
Total 225 2708 731 49 2612 2804 273 4679

weight Boys 110 37.5 11.6 1.1 35.3 39.7 21.0 71.0 0.15
Girls 115 399 13.1 1.2 37.4 42.3 22.0 96.0
Total 225 38.7 12.4 0.8 371 40.3 21.0 96.0

height Boys 110 136.9 6.4 0.6 135.7 138.1 123.0 153.0 0.31
Girls 115 1379 7.8 0.7 136.4 139.3 119.0 159.0
Total 225 137.4 7.1 0.5 136.4 138.3 119.0 159.0

BMI Boys 110 27.2 7.6 0.7 25.8 28.6 16.0 47.3 0.17
Girls 115 286 8.1 0.8 27.1 30.1 16.4 60.4
Total 225 279 7.9 0.5 26.9 29.0 16.0 60.4

Table 2. Mean step counts for the control, feedback and feedback plus reward groups

N Mean  Std. Deviation Std. Error  95% Confidence Interval for Mean =~ Minimum Maximum  Sig.
Lower Bound Upper Bound
Control 72 2091 483 57 1977 2204 273 3251 0.00
FB 85 2655 557 60 2535 2775 1349 4494 0.00
FB+R 68 3429 458 56 3318 3540 2212 4679 0.00
Total 225 2708 731 49 2612 2804 273 4679
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The use of intervention and pedometer step target
to promote physical activity behavior change is what is
unique about this intervention. The literature showed
many studies using self-reporting to assess physical ac-
tivity while there is a widespread concern about the
validity of such measures (18).

The current study is the first test in this pilot in-
tervention. Strong effects were accomplished, although
the study was short in duration (only 5 sessions). Ba-
sic learning principle suggests that longer exposure to
such circumstances may result in better consistency of
effect. For future research, longer periods are recom-
mended. It also appears that it might be more useful to
include parents in the process due to the importance
of parental support and encouragement (19). In this
study, parents were involved only by via home pack and
information letters, but in future research, the role of
parents should be promoted to maybe giving parents
their own pedometers with a set of step count goals in
order to promote modeling. Also, the pedometer data
were collected at school which means that the study
missed measuring the physical activity on the week-
ends. Many studies have shown a significant difference
between physical activity on weekends and weekdays
(20), so it is recommended that weekends should be
included in future studies of this intervention.

Future research should also investigate the effects
of this intervention on children of different weight
status as it was indicated that pre-adolescence is a
high-risk age for developing obesity which calls for

programs that aim to prevent it from a very young age.

Conclusion

The current study indicates, for the first time, the
effectiveness of rewards and pedometer feedback in
increasing habitual activity among 9 to 11 years old
children in Kuwait city, Kuwait. Even though, some
modifications in the process might be necessary to
ensure long-term maintenance of behavioral change
in children. The findings of this study are considered
an initial step towards a physical activity intervention
program in Kuwait which can lead up to the reduction

of child obesity if implemented widely.
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Summary. Aim: The evaluation of relationship between serum vitamin B12, folic acid, ferritin levels and
anthropometric measurements (Body Mass Index and Waist-Hipp Ratio) in 18-64 years Turkish citizens.
Material and Method: The questionnaire including demographic features, health status, biochemical param-

eters (vitamin B12, folic acid, ferritin) was applied to the participants who were 18-64 years. Moreover their

weight were measured by a delicate scales (Tanita HB 418) and height were taken by stadiometer. Waist —

Hipp measurements were made by using a flexible tape recorder and all measurements were recorded. Their
biochemical values were done by Sisli Hamidiye Etfal, Education and Resarch Hospital Lab. in Istanbul. Re-
sults: The findings in this study were obtained from 251 healthy volunteers. 72,9% (n:183) of 251 subjects were
female and 27,1% (n:68) were male and mean age was 36,85 + 12,17. According to findings there was found a
significant relationship between gender with BMI (body mass index) and WHR (waist-hipp ratio) (p=0,000).
Additionally the waist-hipp ratio (WHR) measurements were higher in male than female participants and it

was statistically significant. According to gender vitamin B12 deficiency was more male than female. Besides
the blood levels of hemoglobin (Hb), ferritin, folic Acid (PA) were lower in female than male (respectively,
p=0,053; p=0,000; p=0,431). In this study, according to age BMI were observed and it was found meaningful
relationship between them (p=0,000). Conclusion: The measurements of BMI and WHR of subjects can be
related with serum folic Acid, ferritin and vitamin B12 levels. As a result there is more scientific research for

supporting our study.

Key words: BMI, WHR, vitamin B12 level, folic acid level, ferritin level, adult

Introduction

High body mass index (BMI) can be an indica-
tor of high body fatness and it can be used to screen
weight categories that may lead to health problems but
it is not diagnostic for the health of an individual (1).

Some common conditions related to overweight
and obesity include: premature death, cardiovascular
diseases, high blood pressure, osteoarthritis, some can-
cers and diabetes (2).

BMI does not measure body fat directly, but re-
search has shown that it is moderately correlated with
more direct measures of body fat obtained from skin-
fold thickness measurements, bioelectrical impedance,
densitometry (underwater weighing), dual energy x-
ray absorptiometry (DXA) and other methods (1, 3,
4).

As a water-soluble vitamin, vitamin B12 is natu-
rally found in fish, meat, poultry, eggs, milk and milk
products and it is required for proper blood cell forma-



128

S.Z. Aydenk Koseoglu, D. Toprak, N. Dogan

tion, neurological function, and DNA synthesis. The
main causes of vitamin B12 deficiency include vita-
min B12 malabsorption from food, pernicious anemia,
postsurgical malabsorption, and dietary deficiency (5).

Folic acid, also known as folate is found naturally
in foods, is one of the B-group vitamins. Folic acid has
several important functions like working together with
vitamin B12 to form healthy red blood cells and to
help to reduce the risk of central nervous system de-
fects, such as neural tube defects (NTDs), in unborn
babies. Folic acid deficiency could lead to anaemia.
Folate can be found in many foods. Good sources in-
clude: broccoli, brussels sprouts, liver, spinach, aspara-
gus, peas, and chickpeas fortified breakfast cereals (6).

Ferritin is a compound composed of iron mol-
ecules bound to apoferritin, a protein shell. Stored iron
represents about 25% of total iron in the body, and
most of this iron is stored as ferritin. Ferritin is found
in many body cells, but especially those in the liver,
spleen, bone marrow, and in reticuloendothelial cells.
Ferritin is found in serum in low concentrations and is
directly proportional to the body’s iron stores (7).

This study aimed to identify relationships between
BMI measuements and the level of “Vitamin B12”,
“Folic Acid”, and “Ferritin” among Turkish citiziens.

Material And Methods

The survey was performed with face to face inter-
views by the researchers over 300 adults, aged between
18-64 years. Measurements of weight, height, body
mass index (BMI), waist and hip circumferences and
blood analysis of 251 adults were recorded.

Population and Sampling

The population for the survey was defined as adults
aged between 18 -64 years. The study population was
randomly selected fromTurkish citiziens who applied
to Family Medicine Polyclinics of Sisli Hamidiye Etfal
Training and Research Hospital. 251 of the subjects
gave permission for the research. Pregnant, women
who were in postpartum period, vegetarians or ve-
gans, people who were taking H2 receptor inhibitors,
vitamins, metphormin or were taken antibiotics in the

last week, who had diagnosed as gastritis, peptic ulcus,
anemia, Chronic Renal Deficiency or Chronic Heart
Disease and people who had (known) excessive homo-
cysteine were excluded from the study.

Data collection

A questionnare structered by us was applied to
all subjects and socio-demographical features (gender,
age) health status.

From the general questionnaire, we extracted in-
formation on sex, age, smoking, and alcohol consump-
tion. Blood sampling and biochemical determinations
during the normal life condition over the 8 hours fast-
ing period venous blood samples were obtained from
subjects in a sitting position.

Respondents were chosen from the volunteer pa-
tients who applied to the Family Medicine Polyclinics
of Sisli Hamidiye Etfal Hospital in Istanbul in Turkey
for any complain, in 6 months and who were between
the age of 18 -64 years, in both gender. After the face
to face interviews, height, weight, BMI, waist, and
hip circumferences were measured. Socio-demograph-
ic and medical histories were recorded. Serum levels
of vitamin B12, folic acid and Ferritin levels that had
been obtained in the last 3 months were evaluated ret-
rospectively.

Measurements

Height and weight were measured; BMI was
calculated from measured height and weight. Height
was measured with a steel anthropometer. Weight
was measured on a Tanita bathroom digital scale. The
waist was measured at the smallest horizontal trunk
circumference and the hip was measured at the largest
horizontal circumference around the hip and buttocks,
with nonstretching fiberglas. Three trained fieldwork-
ers acquainted with standardized methods took all an-
thropometric measurements. All measurements were
performed in duplicate, and the average was used for
analysis, or metal tapes. BMI was expressed as weight
(kg) divided by height (m) squared and also waist / hip

ratio was calculated.
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Statistical Analysis

All statistical analyses were performed using the
survey analysis method except for factor analysis and cor-
relation. In defining statistics of datas had been used aver-
age, standard deviation, median, minumum, maximum,
rate and frequency values. Distribution of variables had
been controlled by kolmogorov and simimov test. In the
analysis of quantitative datas had been used independent-
sampling t test and mann-whitney u test. In analysis of
qualitative datas had been used chi-square test. In analy-
sis of correlation according to distribution of datas had
been used correlation analysis of pearson and spearman.

Analyses were conducted using SPSS 16.0.

Study Delivery

Study protocols were piloted and refined. Proto-
cols were given ethical approval by the Research Eth-
ics Committee of the Sisli Hamidiye Etfal Hospital
Istanbul in Turkey. Study interviews were conducted
by trained researchers.

Results

The findings reported in this research are col-
lected from the 251 eligible healthy volunteer partici-
pants. Of 251 participants 72,9% (n=183) were female
and 27,1% (n=68) were male with the mean age of
36.85+12.17 (min:18; max:64 years). 99,6% (n=250)
of participants were lived in downtown. A total of
50,6% (n=127) were married, 33,1% (n=83) were ac-
tive smokers, 74,9% ( n=188) were working and 34,1%
(n=61) had chronic disease.

While a total of 16,3% (n=41) had at least one
children, 57,8% (n=145) had no children. Of 251 par-
ticipants, 69,7% (n=175) had mid level income.

Table 1. Demographical Characteristics

n %
Gender
Female 183 72,9%
Male 68 27,1%
Marital status
Married 127 50,6%
Single 105 41,8%
Divorced 19 7,6%
Educational status
Low 56 22,3%
High 195 77,7%
Working status
Yes 188 74,9%
No 63 25,1%
Child number
Have no child 145 57,8%
Have one or more than one child 106 42.2%
Income status
Low 26 10,4%
Medium 174 69,7%
High 50 19,9%
Using alcohol
Yes 70 27,9%
No 181 72,1%

45.8% (n=115) of the participants were low educated
and 54,2% (n=136) were high educated.

Consumption rate of alcohol were 27,9% (n=70)
in total participants (Table 1).

There was a significant relationship between gen-
der and BMI and WHR values. According to gender,
BMI values were higher among women (p=0,000). On
the other hand weist/height ratio (WHR) values were
higher in men than women (p=0,013) (Table 2).

According to gender, vitamin B12 deficiency were
more common in men (n=17; 25,0%) than women

(n=36; 19,7%) (p=0,358). On the other hand, Hemo-

Table 2. Anthropometry measurements according to gender

Gender WHR BMI

Lower than 0,85 Upper than 0,85 <25 25<BMI<30 230
Female 146 (79,8%) 37 (20,2%) 115 (62,8%) 38 (20,8%) 30 (16,4%)
Male 44 (64,7%) 24 (35,3%) 27 (39,7%) 32 (47,1%) 9 (13,2%)

P 0,013

0.000
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globin, ferritin, and folic acid levels were lower in wom-
en than men (p=0,053, p=0,000, p=0,431) (Table 3).

While no relationship was found between WHR,
BMI, and vitamin B12, folic acid values, there was a
significant relationship between BMI and Ferritin lev-
els (p=0,013) (Table 4).

Regarding the age 28,4% (n=29) of people who
were 240 age group had high BMI (230kg/m2) and
it was 6,7% (n=10) among 18-39 age group (p=0,000)

There was a significant relationship between age
group and WHR measurements (p=0,010) that WHR
measurements were higher as 35,3% (n=36) in 240
age group in comparison with 18-39 age group (n=25;
16,8%) (Table 5).

The results of serum vitamin B12, hemoglobin,
folic acid, and ferritin levels. Regarding age were
shown in Table 6.

No relationship was found between education
level and vitamin B12, folic acid, Hb and Ferritin val-
ues (p>0.05)

There were significant relationship between ed-
ucation level and BMI values and WHR measure-
ments (p=0,000, p=0,000). BMI measurements were
9,7% (n=19) in high educated people and 35,7%
(n=20)in low educated subjects (p=0,000). Accord-
ing to education level, WHR measurements were
lower in high educated people (n=37; 19,0%) than
in low educated people (n=24; 42,9%) (p=0,000)
(Table 7, 8).

There was a significant relationship between
having children and BMI and WHR measurements
(p=0,000, p=0,000). BMI measurement was higher
in people who has got one or more children (n=30;
28,3%) than participants who haven't got any children

Table 3. Biochemistry values according to gender

Gender Vitamin B12 Folic Acid Ferritin
126,5 pg/mL 505 pg/mL 3,1 ng/mL 19,9 ng/mL 11 ng/mL 306,8 ng/mL
Female 36 (19,7%) 147 (80,3%) 11 (6%) 172 (94%) 52 (28,4%) 131 (71,6%)
Male 17 (25%) 51 (75%) 6 (8,8%) 62 (91,2%) 1(1,5%) 67 (98,5%)
P 0,38 0,431 0.000
Table 4. Biochemical values according to Anthropometric measurements
WHR Vitamin B12 Folic Acid
126.5 pg/mL 505 pg/mL 3.1 ng/mL 19.9 ng/mL

n (lower than 0,85) 42 148 15 175
n (upper than 0,85) 11 50 2 59
P 0,498 0,212
BMI Vitamin B12 Folic Acid Ferritin
<25 333,6 8,3 28,1
25<BKI<30 339,8 8,7 43,5
230 323,2 9,5 40,4
P 0,666 0,176 0,013
Table 5. Anthropometry measurements according to age
Year WHR BMI

Lower than 0,85  Upper than 0,85 <25 25<BMI<30 230
18-39 (n=149) 124 (83,2%) 25 (16,8%) 105 (70,7%) 34 (22,8%) 10 (6,7%)
40 and upper (n=102) 66 (64,7%) 36 (35,3%) 37 (36,3%) 36 (35,3%) 29 (28,4%)

P 0,001

0.000
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Table 6. Biochemical measurements according to age
Year Vitamin B12 Folic Acid Ferritin
126.5 pg/mL 505 pg/mL 3.1ng/mL 19.9 ng/mL 11 ng/mL 306.8 ng/mL
18-39 (n=149) 30 (20,1%) 119 (79,9%) 15 (10,1%) 134 (89,9%) 42 (28,2%) 107 (71,8%)
40 and upper (n=102) 23 (22,5%) 79 (77,5%) 2 (2%) 100 (98%) 11 (10,8%) 91 (89,2%)
P 0,645 0,012 0,001
Table 7. Education and Anthropometric measurements
Education WHR BMI
Lower than 0,85 Upper than 0,85 <25 25<BMI<30 >30

Low 32 (57,1%) 24 (42,9%) 23 (41,1%) 13 (23,2%) 20 (35,7%)
High 158 (81%) 37 (19%) 119 (61%) 57 (29,2%) 19 (9,7%)
P 0.000 0.000
Table 8. Education and Biochemical values
Education Vitamin B12 Folic Acid Ferritin

126,5 pg/mL 505 pg/mL 3,1 ng/mL 19,9 ng/mL 11 ng/mL 306,8 ng/mL
Low 10 (17,9%) 46 (82,1%) 2 (3,6%) 54 (96,4%) 10 (17,9%) 46 (82,1%)
High 43 (22,1%) 152 (77,9%) 15 (7,7%) 180 (92,3%) 43 (22,1%) 152 (77,9%)
P 0,498 0,279 0,498

(n=9; 6,2%) while in subjects who haven't got any chil-
dren had lower WHR measurements (n=23; 15,9%)
than people who has got one or more children (n=38;
35,8%). There was no significant relationship between
having children and biochemical parameters (p >0.05)
that vitamin B12, hemoglobin, ferritin, and folic acid
deficiences were more common in people who had no
child.

While the relationship between family income
and BMI was significant (p=0,011) there was no rela-
tionship between family income and biochemical pa-
rameters (p>0,05).

The relationship between BMI, WHR, alco-
hol consumption, and serum biochemical parameters
were shown in Table 9 and Table 10. In addition to
the results there was a limited significant relationship
between cardiovaskular disease and serum folic acid

levels.(p=0,066)
Discussion

According to our study results, there was a sta-
tistically significant relationship between gender and

Table 9. Alcohol and anthropometric measurements

Alcohol Type BMI WHR

<25 25<BMI=<30 >30 Lower than 0,85 Upper than 0,85
yes (n) 24 4 4 22 10
yes (%) 75% 12,5% 12,5% 68,8% 31,3%
beer, vine (fermented) n 27 5 2 27 7
fermented (%) 79,4% 14,7% 5,9% 79,4% 20,6%
raki, wisky, vodka (not fermented) n 11 5 1 13 4
not fermented (%) 64,7% 29,4% 5,9% 76,5% 23,5%
P 0,136 0,793
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anthropometric measures BMI (p=0,000) and WHR
(p=0,000). BMI was found high in female subjects,
while WHR in men was higher than in women. Noh
JW. ef al. (8), Reas L.D. ez al. (9) and Fan M. ez
al. (10) reached conclusions that support our study.
On the other hand, McKinnon E.J. ¢z 4/. (11) did not
find significant correlation between gender and an-
thropometric measurements in that study. The results
we achieved in our study show similarities to those of
most scientific studies.

According to gender biochemistry findings, there
was not statistically significant relationship between
gender and serum vitamin B12 and serum folic acid
levels, but only between gender and serum ferritin
level (p=0,358, p=0,431, p=0,000, respectively).

Serum ferritin level was found to be higher in
females than males in our study but Ellidag H.Y. ez
al. (12), McNamee T. ¢z a/. (13), McKinnon E.J. ¢z al.
(11), Rushton D.H. & Barth J.H. (14) and Cafolla A.
et al. (15) found significantly lower levels of serum
ferritin in women than in men. In our study, the pres-
ence of lower serum ferritin levels in men suggests
that it may be due to more caffeine consumption in
men’s diet (16). We could not observe a statistically
significant difference between gender and serum vita-
min B12 level in our study. Likewise, Baltac1 D. ez al.
(17) and Cafolla A. ez a/. (15) did not correlate gen-
der and vitamin B12 levels. Shams M. ¢z 4/. (18) and
Fakhrzadeh H. ez al. (19) observed significant differ-
ences between gender and serum vitamin B12 levels.
Shams M. ez al. (18) found serum vitamin B12 levels
lower in males, while Fakhrzadeh H. ¢ a/. (19) found
higher levels. No statistically significant correlation
was observed between gender and serum folic acid
level in our study. Shams M. ez a/. (18) and Fakhrza-
deh H. ez al. (16) found that serum folic acid levels
were lower in males in their studies, while Cafolla A.
et al. (15) found no relationship between gender and
serum follicle, which supports our study.

When we examine the relationship between an-
thropometric measurements and bio-chemical values
of the participants (serum vitamin B12, serum folic
acid, serum ferritin); there was no significant correla-
tion between BMI and serum vitamin B12 and serum
folic acid (p=0,666; p=0,176) while BMI and serum
ferritin levels were found to be statistically significant

(p=0,013). There was no significant relationship be-
tween WHR and biochemical parameters (p=0,498
for vitamin B12, p=0,212 for folic acid).

Arshad M. ez al. (20), Abu-Samak M. ez al. (21)
(p<0,001) and Baltac1 D. ez a/. (17) (p<0,001) found a
statistically significant relationship between BMI and
serum vitamin B12 in their studies. Abu-Samak M.
et al. (21) and Baltac1 D. ez al. (17) (p=0,673) did not
reach a statistically significant relationship between
BMI and serum folic acid, similar to our study. Alam
F. et al. (22) (p<0,001) and McKinnon E.J. ez a/. (11)
(p<0,001) found a statistically significant relation-
ship between BMI and serum ferritin, like our study.
However, Baltac1 D. ef a/. (17) and Ghadiri-Anaria A.
et al. (23) did not find statistical significance between
BMI and serum ferritin (p=0,132).

Regarding the relationship between haemoglobin
(Hb) and BMI; Hemamalini J. (24) showed that se-
rum Hb level increases as BMI increases. In a study to
find the relationship between Hb and WHR, Jamshi-
di L. ef al. (25) found that serum Hb levels were low
in people with normal WHR. Statistically significant
differences were found between them (p<0,0005).
The relationship between Hb and BMI was observed
by Ghadiri-Andri A. ez al. (23), and they found no
statistical significance in their study.

(BMI and
WHR) by age were evaluated in our study, and we

Anthropometric measurements
reached a statistically significant relationship between
age and BMI, age and WHR, respectively (p=0,000;
p=0,01). In other words, we observed that as the age
advances, there is an increase in BMI and WHR as
expected.

In studies conducted by Dalvand S. ¢7 a/. (26) and
Gillum R.F. (27), BMI and WHR increased as age
advanced. Moreover, according to the study by Gil-
lum R.F. (27), WHR was found to increase with age.
These two studies support our work in terms of the
results they found.

Reas L.D. ez al. (9) reported that the correlation
between age and BMI was negative and significant
(p<0,001). In the study by Akhlaghi M. ez al. (28),
however, the relationship between age and BMI was
not statistically significant.

When the relationship between age and bio-
chemical parameters (vitamin B12, folic acid, ferri-
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tin) was examined in our study, only the relationship
between serum vitamin B12 and age was insignificant
(p=0,645), while the relationship between serum folic
acid and serum ferritin and age was statistically sig-
nificant (p=0,012; p=0,001).

Heilmann E. & Bartling K. (29) showed that se-
rum vitamin B12 decreased with age and there was
a negative correlation between them with statistical
significance (p=0,001). Fakhrzadeh H. ez al. (19) re-
ported in their study that the lowest level of vitamin
B12 was between 35-44 years for women and 45-54
years for men. Andres E. ez a/. (30) found a negative
correlation between aging and vitamin B12. In our
study, the relationship between age and vitamin B12
was not statistically significant. We think that this is
due to the unequal number of women and men in the
sample group that we included in the study.

Fakhrzadeh H. ez a/. (19) found similar results
with ours, that is, as the age increases a decrease in the
serum folic acid value is observed, with a significant
relationship found between them.

In a study in women, Ellidag H.Y. e al. (12)
found that serum ferritin levels increases with age.
Gillum R.F. (27) observed a decrease in serum ferritin
with age, similar to our results. We think that the rea-
son Ellidag H.Y. e# al. (12) reached a conclusion that
is the contradicting to ours is that because they only
included women in their study.

In our study, the relationship between education
and BMI and WHR was examined and the correla-
tion was found to be significant respectively (p=0,000;
p=0,000). According to our study, as the level of par-
ticipants’ education increases, BMI and WHR also
increase.

According to studies by Kroeger R.A. (31) and
Hermann S. ez al. (32), as education increases, BMI
levels decrease. Maddah M. ez al. (33) observed that
in women, the level of BMI was found to be low as
education increased, whereas in adults, this was the
opposite. Fan M. ez al. (10) reported that the level
of education increased as the level of BMI increased
(p=0,030). Garcia-Mendizabal M.]. ez al. (34) ob-
served an increase in BMI as the level of education
decreased in the study they conducted. Maddah M. ez
al. (33) and Hermann S. ¢z al. (32) found a negative
relationship between WHR and education level.

As the reason why the levels of BMI and WHR
were found to increase with the level of education in
our study, can be attributed to the sedentary lifestyle
as a consequence of the socioeconomic change in the
society, and to the fact that the study was conducted in
a metropolis with inadequate facilities for physical ac-
tivity, and to the difficulties in accessing healthy food.
The relationship between education and biochemical
parameters (serum vitamin B12, serum folic acid, se-
rum ferritin) of the subjects was statistically insignifi-
cant (p=0,498, p=0,279, p=0,498 respectively). Stud-
ies explaining the relation between education and
biochemical parameters were searched but no relevant
data about the topic were found.

The relationship between alcohol and anthropo-
metric measurements (BMI, WHR) was statistically
insignificant in our study (p=0,136; p=0,793 respec-
tively). The reason for such a result can be attributed
to the fact that participants did not use alcohol or the
consumption of alcohol was small in quantity and fre-
quency.

Noh J.W. ez al. (8) found a positive relationship
between alcohol intake and BMI (p=0,004).

Freshmen M.A.N. ez al. (35) stated that individ-
uals who use alcohol had a higher BMI and that there
was a statistically significant relationship between al-
cohol intake and BMI (p<0,01). French M.T. ¢f al.
(36) observed a positive relationship between alcohol
intake and BMI (p<0,01). Liangpunsakul S. ez a/. (37)
stated that there was a significant positive significant
relationship between alcohol intake and WHR. Kelly
N. et al. (38) found a statistically significant associa-
tion between alcohol consumption and visceral adi-
posity and WHR (p=0,025). While Lukasiewicz E. ez
al. (39) found a significant relationship between alco-
hol consumption and WHR in both genders, women
who consumed alcohol at low levels found to have
lower WHR than women who did not consume alco-
hol or consumed excessive alcohol. In men, that was
the opposite, and the relationship between alcohol in-
take and BMI was significant (p=0,05).

In our study, the relationship between alcohol
consumption and biochemical parameters (serum vi-
tamin B12, serum folic acid, serum ferritin) was sta-
tistically insignificant (p=0,161, p=0,947, p=0,244 re-
spectively). The reason why our study resulted in this
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way is that the number of alcohol users and alcohol
use rates in the sample group taken for the study were
low. Green P.H. (40) observed in a study that vita-
min B12 level decreased with alcohol consumption.
Cravo ML.L. ez al. (41) found that serum vitamin B12
increased due to alcohol consumption. Lieb M. ez al.
(42) and Eichner E.R. & Hillman R.S. (43) found
no significant association between alcohol consump-
tion and vitamin B12 in their studies. Eichner E.R.,
& Hillman R.S. (43) and Green P.H. (40) found low
serum folic acid levels in alcohol users, whereas Cravo
M.L. et al. (41) observed that the level of serum fo-
lic acid in alcohol consumers was high. Lieb M. ez al.
(42) found no significant relationship between alco-
hol intake and serum folic acid level. While McKin-
non E.J. ez al. (11) and Eichner E.R., & Hillman R.S.
(43) found no significant relationship between alcohol
consumption and serum ferritin, Lieb M. ez al. (42)
observed a high serum ferritin level in alcohol users.

Conclusion

All of the findings we have obtained in our study
are approximately in line with similar studies and we
think that the differences may be due to the selection
of the participants in the study in a cross-sectional
and randomized manner. In our work, we wanted to
multiply the parameters to observe different results.
For that reason, in some parameters we did not obtain
exactly the same results as those of similar studies that
had been conducted before. In the discussion part,
information related to this topic is provided. Studies
like ours, which was conducted in a metropolitan area,
should be made in rural areas as well and be compared
with groups with different socioeconomic and socio-
cultural characteristics so that we can shed light on

the public health problems.
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Summary. Aim: This study was planned and conducted to investigate the effects of adequate dairy products, at

least 3 portions, and calcium intake on Premenstrual Syndrome (PMS) symptoms in women with PMS who

have inadequate calcium intake. Merhods: Thirty-one women, aged between 20-28 years who were diagnosed

with PMS had participated. All women had inadequate calcium intake and regular menstrual cycles. These par-

ticipants were randomly allocated into two groups, an intervention (n=16) group and a control (n=15) group. It

was ensured that the intervention group consumed foods containing at least 1000 mg calcium for two months.

Turkish £asseri cheese (50 g) which is made from cow’s milk was provided to the intervention group and they

were informed to consume at least 400 ml of milk and 150 g of yogurt every day for two months. No specific
diet was recommended to the control group. The Premenstrual Syndrome Scale (PMSS) and the Short Form
of Quality of Life Scale were administered at the baseline and after the study. Independent t-test and Mann-
Whitney-U test were used for group comparisons according to data normality. Results: No significant difference
in PMSS scores, physical functions and mental health scores on the SF-36 quality of life scale and daily calcium
intake between the intervention (500.9+114.6 mg) and the control groups (511.3+149.2 mg) at baseline as-
sessment (p>0.05). The intervention group’s total PMSS post-intervention (104.8+21.5) score was found to be

significantly lower than their baseline scores (151.9+15.4) (p<0.05). The intervention group’s physical functions
(47.9+8.0) and mental health (48.6+6.9) post-intervention scores on the SF-36 quality of life scale were found
to be significantly higher than their baseline scores (41.2+10.7 and 45.0+10.7 respectively) (p<0.05). Conclusion:
These results indicate that suflicient dairy and calcium intake affects women’s PMS symptoms and improves the

quality of life.

Keywords: premenstrual syndrome, calcium, quality of life

Introduction

Premenstrual syndrome (PMS) is characterized
by physical, behavioral and psychological symptoms
during the luteal phase of menstrual cycle, which ends
with onset menstrual flow (1,2). Prevalence of PMS
among the women of reproduction age varies between
30% and 73.7% (2-4). PMS not only affects women’s
mental health and social relationships but also reduces
their efficiency at work, family, friends and hobbies

due to its physical and behavioral symptoms. PMS,
considered a community health problem, is common
among most women of reproduction age (5).

PMS is considered a psychoneuroendocrine dis-
order. Instabilities of the ovarian hormones such as es-
trogen and progesterone, and neurotransmitters such
as serotonin and y-amino butyric acid (GABA) can
be seen in the pathophysiology of PMS. Estrogen, in-
creasing in the fourteenth day of menstruation, may
decrease the amount of calcium in the luteal phase
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and increase the parathyroid hormone (hyperparathy-
roidism). It may also develop PMS symptoms such as
mood swings, muscle cramps, tension and migraine
(6,7). Therefore, nutritional, hormonal and neuro-
transmitters such as serotonin treatments are adminis-
tered to PMS patients (8). The guide published by the
Royal College of Obstetrics and Gynecology (RCOG)
in 2007 indicates that B6 vitamin supplements, oral
progesterone (10mg/day) and selective serotonin re-
uptake inhibitors should be administered in the luteal
phase or continually to reduce PMS symptoms (9).

Formation process of PMS is affected by some
nutrients. Insufficient intake of calcium, copper, potas-
sium, iron and group B vitamins, alcohol consumption,
smoking and sedentary behaviors increase PMS risk
(6,10). Estrogen increases with ovulation, causing fluc-
tuations in calcium, parathyroid hormone and vitamin
D levels. Fluctuating calcium levels cause hyperpar-
athyroidism in the luteal phase and PMS symptoms
(6,7,11). It was found in the Nurses’ Health Study-II
that women who consume low amounts of calcium
have a higher risk of PMS. Women who consumed
high amounts of dietary calcium (1283 mg/day on av-
erage) and those who consumed low amounts of cal-
cium (529 mg/day) were compared and it was found
that high calcium consumption decreases PMS risk by
30%. Fat free or low-fat milk consumption was also
found to be related to lower risk of PMS (12). The
symptoms of women with PMS were found to de-
crease in many studies that calcium supplements were
used (13-16). Thys-Jacobs et al. (17,18) reported that
a daily supplement of 1200 mg of calcium decreased
PMS symptoms by 48%, and a daily supplement of
1000 mg of calcium reduced PMS pains and reduced
edema.

Dairy products are good source of riboflavin, nia-
sin and vitamin B;, and calcium, magnesium, phos-
phorus and zinc. Previous studies indicating the effect
of calcium, zinc, vitamin B, D and iron supplements
on PMS symptoms exist, but there is no study on the
effectiveness of dietary dairy and calcium intake. The
aim of this study is to examine if increasing dairy prod-
uct and dietary calcium consumption improves the
symptoms of PMS in women with inadequate calcium
intake.

Subjects and methods

This study was planned as a randomized con-
trolled trial consisting of intervention and control
groups. Resource screening and background processes
began in April, 2014. The sample consists of volun-
tary students studying at the Eastern Mediterranean
University who meet the study inclusion criteria. This
study was conducted between January 2015 and Janu-
ary 2016 with thirty-one women between 20 and 28
years of age who were consuming less than the recom-
mended dietary allowance (RDA) of calcium and had
been diagnosed with PMS by a doctor. This study is
registered at Trials.Gov (NCT02809066).

All of the voluntary students were diagnosed with
PMS and had been consuming less calcium than the
RDA. The inclusion criteria for the intervention and
control groups include: regular menstrual cycle (last-
ing for three to eight days between the range of 22 to
35 days), non-smoker, no systemic diseases (diabetes,
chronic renal failure, hypertension, hyperlipidemia,
PCOS, coronary heart disease, hyperthyroid, renal or
hepatic diseases), no use of oral contraceptives, antide-
pressant and vitamin/mineral supplements, and no his-
tory of hormonal treatment. These criteria were observed
while selecting the sample. The research procedures were
approved by the Clinical Research Ethics Committee of
Eastern Mediterranean University and written informed
consent was obtained from all participants (2015/10-03).

The sample size was calculated using G*Power
software 3.1.9 and assuming a nonparametric test was
used in comparison of two groups with 0,05 alpha val-
ue, 0,80 power and Cohen 4:1 effect size, total sample
size was calculated as at least 15 for each group. With
an expected drop out, 20 participants per group was
considered adequate.

The participants were allocated into two groups
randomly by simple randomization using random
number charts, an intervention group of twenty and
a control group of twenty. It was ensured that the in-
tervention group consumed the RDA of 1000 mg of
calcium (70-80% minimum from dairy products, 20-
30% from other food groups) for two months. Turkish
kasseri cheese (50 g) which is made from cow’s milk
was given to the intervention group every day for two
months, and they were informed to consume at least
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400 ml of milk and 150 g of yogurt each day. The nu-
trition composition of Turkish 4asseri cheese is sum-
marized in Table 1. The calcium consumption of the
control group was not altered.

Interviews were conducted with the participants
and a questionnaire was administered including ques-
tions about their general backgrounds, nutritional sta-
tus and physical activities, the Premenstrual Syndrome
Scale (PMSS) and the short form of the Quality of Life
Scale (SF-36). The Premenstrual Syndrome Evaluation
Scale is a five-point Likert type scale with forty-four
items that was developed in 2006 by Geng¢dogan using
DSM-III and DSM-IV-R. This scale was administered
to the participants both at the beginning and at the end
of the study. The PMSS has nine subscales: depres-
sive mood, anxiety, tiredness, anger bursts, depressive
thoughts, pain, appetite changes, sleep disturbances and
abdominal bloating. Exceeding half of the maximum
score on the subscale of this scale determines whether
an individual has PMS (19). Total scores on the PMSS
and its nine subscales were calculated. The SF-36 qual-
ity of life scale was administered to the participants at
the beginning and end of the study (20). The partici-
pants were followed up for two months, and at the end
of two months 31 participants finished the study: 16 in
the intervention group and 15 in the control group.

Dietary assessment

3-day dietary record was recorded twice, once at
the beginning of the study and once at the end. Dietary
assessments were recorded using the Photography Cat-
alogue of Food and Dishes: Portion Sizes and Amounts
(21). Portions were calculated using the Standard Reci-
pes book (22). After specifying the daily amounts of the
consumed foods, daily energy and macro- and micro-
nutrient intakes were calculated using the Nutritional
Information Systems Package Software (BEBIS) 7.2
professional edition (23). It was evaluated whether en-
ergy and nutrient intakes met the RDA (24).

Anthropometric Measures

Anthropometric measurements such as waist and
hip circumference, height, weight and body compo-
sition (body fat mass, fat-free mass, total body water
and abdominal fat volume) were performed by the re-
searcher at the beginning and end of the study. The

Table 1. Kasseri cheese nutrition composition of edible por-

tion (23).

Nutrient Value per 100 g
Energy (kcal) 452.2
Protein (g) 19.1
Total lipid (fat) (g) 39.1
Carbohydrate (g) 0.0
Minerals

Calcium (mg) 600.0
Magnesium (mg) 50.0
Phosphorus (mg) 400.0
Potassium (mg) 100.0
Iron (mg) 0.4
Zinc (mg) 3.0
Vitamins

A (pg) 468.0
E (mg) 1.2
B, (mg) 0.4
B; (mg) 6.4
B¢ (mg) 0.1
B2 (pg) 2.0

Table 2. Demographic and anthropometric characteristics of
participants at baseline

Intervention  Control p
Group (n=16)  Group
(n=15)
Mean+SD  Mean+SD
(% 95 CI) (% 95 CI)
Age (years) 22.3+1.84  22.9+2.06 0.425
Weight (kg) 57.06.9.40  54.9+5.65 0.621
BMI (kg m?) 21.3+3.08 21.0+2.13 0.767
Menarche age (years) 13.5+1.03 13.4+1.12  0.902
Menstrual duration (day)  5.4+1.09 5.1+0.74  0.529
Body composition
Lean body mass (kg) 42.8+4.66 41.2+2.62 0.251
Soft lean mass (kg) 39.5+4.18 38.1+2.34 0.220
Skeletal muscle mass (kg)  18.9+4.06 17.3+2.25 0.363
Body fat (kg) 14.2+5.4 13.7£3.7  0.906
Total body water (kg) 30.8+3.35 29.4+2.5  0.206

p value was calculated Mann-Whitney U test

body weights of the participants were measured using
the Jawon X Scan Plus 2 bioelectrical impedance ana-
lyzer. The measurements were carried out in the fasting
state. They were wearing light clothes and no shoes.
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Statistical Analysis

Statistical analysis of the data obtained from the
study was performed using SPSS (Statistical Package
for Social Sciences) Version 20.0. The Kolmogorov-
Smirnov test was used to see whether the numerical
data had a normal distribution. The data with normal
distributions were evaluated with parametric tests, and
those that did not were evaluated using non-paramet-
ric statistical tests.

To compare the numerical data of the intervention
and control groups, the independent two-sample t-test
was used when the parametric conditions were met,
and the Mann-Whitney U test was used when they

were not. Baseline and post-intervention results were

compared using dependent two-sample t-test when
the parametric conditions were met, and the Wilcoxon
test was used when they were not. For the categorical
data and comparisons between the intervention group
and control group, 2*2 and 2*3 chi-square tests were
used. P value could not be specified when sufficient
frequency was not ensured in the categorical variables.
The threshold for significance was p<0.05 in all sta-
tistical test results. P-value was adjusted for potential
confounders, such as the baseline values of daily intake

of energy and macro- and micro-nutrients in Table 3
and Table 4.

Table 3. Evaluation of the premenstrual syndrome scale (PMSS) total subscale mean scores and quality of life (SF-36) scale

Intervention Group (n=16)

Control Group (n=15)

Baseline Post-intervention Baseline Post-intervention P P P
Mean+SD (% 95 CI) Mean+SD (% 95 CI)

PMSS subtitles

Depressive mood 24.7+3.9 17.5+4.5 <0.001* 23.1+4.0 23.04.5 0.688 0.306 0.003*
(22.6-26.7) (15.2-19.8) (21.0-25.2) (20.6-25.4)

Anxiety 19.0+3.3 13.2+£3.9 0.001* 20.0+3.3 20.03.9 0.951 0.446 <0.001*
(17.3-20.8) (11.2-15.2) (18.2-21.8) (18.0-21.1)

Tiredness 21.1+3.9 14.7+4.6 0.001* 21.7+3.9 22.4+4.6 0.688 0.725 <0.001*
(19.1-23.2) (12.3-17.0) (19.6-23.8) (20.0-24.8)

Angry 20.5+3.3 12.1+4.5 0.001* 17.5+3.3 19.0+4.5 0.674 0.026™ 0.001#
(18.8-22.2) (9.8-14.4) (15.7-19.3) (16.6-21.3)

Depressive thoughts 22.3+4.7 15.7x4.5 <0.001* 22.9+4.7 24.2+4.5 0.680 0.744 <0.001*
(19.8-24.7) (13.4-18.0) (20.3-25.4) (21.8-26.6)

Pain 11.6£2.9 6.612.5 0.001* 9.2+3.0 11.1£2.5 0.078 0.047* <0.001#
(10.0-13.1) (5.3-7.9) (7.6-10.8) (9.8-12.5)

Appetite changes, 11.9+3.5 8.8+3.5 0.007* 10.1+3.5 10.9+3.5 0.031* 0.188 0.119
(10.1-137) (7.0-10.6) (8.2-11.9) (9.0-12.8)

Sleep disturbances 10.3+2.4 7.6%2.5 0.003* 10.4+2.5 10.9+2.5 0.783 0.898 0.001*
(9.0-11.6) (6.3-8.8) (9.1-11.7) (9.6-12.3)

Abdominal bloating 10.8+2.2 7.7¢2.9 0.001* 10.1£2.2 10.63.0 0.506 0.453 0.014*
(9.6-11.9) (6.2-9.2) (9.0-11.3) (9.1-12.2)

PMSS total scores 151.9+15.4 104.8+21.5 <0.001*  145.0+15.5 151.1+21.5 0.320 0.254 <0.001*
(143.9-159.8) (93.8-115.8) (136.8-153.2) (139.7-162.5)

SF-36 quality of life scale

Physical functions 41.2+10.7 47.9+8.0 0.041* 45.0£10.7 40.9+8.0 0.222 0.364 0.027*
(35.7-46.7) (43.8-51.9) (39.2-50.7) (36.7-45.1)

Mental health 40.3+9.2 48.6+6.9 0.002* 37.629.2 38.7+6.9 0.078 0445 0.001*
(35.6-45.0) (45.0-52.1) (32.7-42.5) (35.0-42.3)

*p < 0.05; p value was calculated Wilcoxan test; p: Comparing the early data of the Intervention and control groups; (p-value was adjusted
Jfor baseline protein, carbobydrate, vitamin E and zinc intake); p': Comparing the post-intervention data of the Intervention and control
groups (p-value was adjusted for post-intervention potassium intake; # p-value was adjusted for baseline scores and post-intervention potas-
sium intake
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Table 4. Individuals’ daily intake of energy and macro- and micro-nutrients

Intervention Group (n=16)

Control Group (n=15)

Baseline Post-intervention P Baseline Post-intervention  p P P
Mean+SD (% 95 CI) Mean+SD (% 95 CI)
1608.2+371.9 1733.0+319.5 . 1313.6x218.3 1351.1+349.3 .
Energyf (1410.0-18063)  (1562.8-19033) 0% (1192.7-14345) (1157.8-1544.8 0.955 009 <0.001
. 54,1193 69.7+9.6 . 47.5+7.6 47.6+9.6 i
Protein (¢)t 0001 (425.507) 0650 00407 <0001
160.7+41.0 164.7+34.8 .
Carbohydrate (g)t (169.5-230.8) (156.1-191.7) %088 (1379.183.4) (146.3-183.2) 0.5320.037" 0.488#
. 511116 54.3+17.2 .
Fat (¢)t 0013°  Lrecrs) (445.639) 0570 0078 0.003
, . 697,16 659,49 .
vie A lug) (339,5-1383,5)  (5848-24269) 0% (33056-1174,44) (343,57-954,13) O088 0.626 0,003
Riboflavin (mg)t  1.1:0.2 (0.9-1.2) 1.840.2 (1.7-1.9) <0.001* 1.00.3 (0.8-1.1) 1.0:0.3 (0.8-1.2) 0.513 0.299 <0.001*
. N 18.2+4.4 16.745.1 .
Niacin (mg)t 0.009 (15.7-20.6) (13.9-19.6) 0.307 0.338 0.001
Vitamin B6 (mg)  1.4:0.4 (1.2-1.7) 1.5:0.4 (1.3-1.7) 0.623 1.3x0.4(1.1-1.6) 1.3:0.5(1.1-1.6) 0.463 0.175 0313
Vitamin B12 (ug)t 2.8+0.8 (2.4-3.3) 5.3+1.3 (4.6-6.1) <0.001 2.1:13 (1.4-2.8) 2.7¢1.5(1.9-35) 0.177 0.066 <0.001*
. 12.7+4.8 15,9+7.9 .
Vitamin E (mg) 0,877 (6.9-25.9) (11.9-20.0) 0.394 0.027* 0.,751#
. . 2216.1+554.8  2630.1:613.7 . 2156.9+699.1 2054.1+762.2 .
Potassium (mg) (1920.5-2511.7)  (2303.4-2957.5) 0% (1769.7-2544.0) (1632.0- 2476.2) 0.5700.379 0.016
. 1284.8+140.3 511.3+149.2 496.7+158.3 .
Calcium (mg)t (439.9-562.0)  (1210.1-1359.5) %091 (4287.5039)  (409.1-584.4) 0.570 0.953 <0.001
A . 2143+63.2 197.8+96.3 N
Magnesium (mg)* (203.9-269.6) (241.6-301.1) 0.015 (179.4-249.3) (144.4-251.1) 0394 0216 0.009
927.7+147.9 1387.2+140.8 . 841.6+160.1 825.5+254.1 .
Phosphorus (mg)* (848.9-1006.6) (1312.2-1462.2) <001 (712.9.930.2) (584.8-966.3) 0.570 0.163 <0.001
Tron (mg)* 9.5+2.3 (8.3-10.7) 8.6+2.7 (7.1-10.1) 0.215 8.5+2.9 (6.9-10.1) 7.8+3.5 (5.9-9.7) 0.334 0.318 0.213
Zinc (mg)* 7.1:1.6 (6.3-8.0) 8.7+1.7 (7.8-9.5) 0.001* 6.0+1.6 (5.2-6.9) 6.7+1.7 (5.8-7.5) 0.977 0.030* 0.003#

<0.05; p value was calculated Wilcoxan test; p': Comparing the early data of the Intervention and control groups; p': Comparing the post-
intervention data of the Intervention and control groups; T The data were distributed normally. P value was calculated Two- sample t-test, * The
data were not distributed normally. p value was calculated Mann-Whitney U test; # p-value was adjusted for baseline scores

Results

Thirty-one women with PMS, 16 in the interven-
tion group and 15 in the control group, participated
in the study. A Consolidated Standards of Reporting
Trials (CONSORT) flow chart of the randomization
procedure can be seen in Figure 1. Their ages ranged
from 20 to 28, and the mean ages of the intervention
and control groups were found to be 22.3+1.8 and
22.9+2.1, respectively. The menarche ages of the inter-
vention and control groups are 13.5+1.0 and 13.4+1.1,
respectively. The menstruation durations of the inter-
vention group and the control group were 5.4+1.1 days
and 5.1+0.7 days, respectively. There was no signifi-

Enrollment

Assessed for eligibility (n=100)

Excluded (n=60)

Allocation l

o 8-week follow-up

« Lostto follow-up (n=5)
(We could not contact)

e
(intention to treat)

Analysed (n=15)

(intention to treat)

Figure 1. CONSORT flow diagram of the study
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cant difference between the ages, menarche ages and
menstruation durations of the intervention and control
groups (p>0.05) (Table 2).

The baseline mean Body Mass Index of the in-
tervention and control groups were 21.3+3.1 kg/m*
and 21.0+2.1 kg/m? respectively. They were 21.5+3.1
kg/m? and 21.1#2.1 kg/m? at the end of the study.
There was no significant difference between the BMIs
of the intervention and control groups at the begin-
ning and end of the study (p>0.05). A statistically
significant increase was determined in the BMIs of
the participants in the intervention group (p<0.05). A
statistically significant increase was determined in the
baseline (42.8+4.6) and post-intervention (43.1+4.6)
fat-free body masses of those in the intervention group
(p<0.05). There were no differences in the baseline and
post-intervention body composition values of the con-
trol group (Table 2).

Dairy products are sources of calcium, B2, B3,
B12, magnesium, zinc, and phosphorus. In addi-
tion, the recommended consumption of milk and
dairy products to the intervention group resulted in
increased energy, protein and fat consumption of in-
dividuals. For this reason, PMSS total score, PMSS
sub-scale scores and SF-36 quality of life scores were
adjusted at the baseline and post- intervention.

PMSS score and sub-scale scores except the ap-
petite change score were found to have decreased
between the baseline and post-intervention in the
intervention group (p<0.05). There is no significant
difference between the baseline and post-intervention
PMSS scores and PMSS sub-scale scores of the con-
trol group (p>0.05). The intervention group’s baseline
and post-intervention physical functions and mental
health scores on the SF-36 quality of life scale were in-
creased (p<0.05) (Table 3). The changes of the baseline
and post-intervention PMSS scores of the interven-
tion and control groups are shown in Figure 2.

At the end of the study, daily calcium intakes of the
intervention and control groups were 1284.81+140.28
g and 496.74+158.34 ¢ respectively (p<0.05) (Table 4).
Post-intervention intake of the intervention group’s
daily energy, protein, fat, riboflavin, niacin, By, po-
tassium, calcium, magnesium, phosphorus, zinc, and
magnesium was found to be higher than that of the
control group (p<0.05) (Table 4).
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Figure 2. Distribution of the total baseline and post-interven-
tion PMSS scores of the intervention and control groups

Discussion

The intervention group received significantly
higher amounts of energy, protein, fat, riboflavin,
niacin, vitamin B12, potassium, calcium, magnesium,
phosphorus, and zinc due to macro and micro-nutri-
ents having positive effects on PMS symptoms and
quality of life.

Vitamins and minerals play an active role in the
hormonal and neurotransmitter metabolisms related
to PMS. Therefore, consuming less than the RDA of
vitamins and minerals is a risk factor for PMS (6, 25).

Insufficient dietary intake of minerals is related
to depressive symptoms (26, 27). Davison et al. (26)
found that insufficient intake of minerals such as cal-
cium, potassium, phosphorus, magnesium and iron,
and vitamins such as pentatonic acid, B,, Bs, Bs, B,
and folate is related to depression and mood disor-
ders. Chocano-Bedoya et al. (25) found that group
B vitamins (thiamine, niacin, riboflavin, folic acid,
B, and B;,) might have a role in PMS development
by affecting neurotransmitters such as serotonin and
GABA. The participants in this study consumed less
than the RDA of thiamine and folic acid, which play
a role in PMS. Vitamin By serves as a cofactor in the
transformation of tryptophan amino acid to serotonin,
and riboflavin is necessary for B6 activation (25). The
participants’ baseline and post-intervention dietary as-
sessments revealed that they consumed sufficient vita-
min B,. Both groups’ baseline riboflavin intake was less
than the RDA. After the study, an increase in ribofla-
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vin intake was found only in the intervention group.
This increase in the riboflavin intake is thought to re-
duce some of the PMS symptoms such as depressive
feelings, depressive thoughts, and anger bursts.

Chronic zinc deficiency reduces zinc in the hip-
pocampus and glucocorticoid secretions, causing
neurological symptoms (28, 29). The Nurses’ Health
Study-II data indicate that those diagnosed with PMS
consume less zinc than those who are not diagnosed.
Insufficient zinc intake is reported to increase PMS
risk (6). Our study found that all the participants had
low baseline zinc intakes. The intervention group’s
post-intervention zinc intake increased significantly.
This increase may have caused a significant decrease in
their PMSS score and PMSS sub-scale scores, and a
significant increase in their SF-36 quality of life scores.
The control group’s post-intervention zinc intake was
found to be significantly lower than their baseline re-
sults. Iron is the cofactor of tryptophan hydrolysis en-
zyme that plays a role in the formation of preliminary
serotonin substances (30). Especially the parts of the
brain that receive signals from GABA are rich in iron.
Low intake of iron causes depression arising from the
changes in the ovarian hormones (31). The baseline
and post-intervention iron intakes of all the partici-
pants were lower than the RDA. Insufficient iron in-
take may have affected their PMS.

Magnesium reduces menstrual pains, relaxes mus-
cles and ensures vasodilation by inhibiting prostaglan-
din F2 (PGF2) (32). The intervention group’s baseline
magnesium intake was lower than the RDA. The post-
intervention increase in their magnesium intake may
have reduced their PMS symptoms and increased their
physical functions scores on the SF-36 quality of life
scale.

Excessive increase of estrogen in the ovulation
and insuflicient calcium intake can cause hypocalcae-
mia. Bocchieri et al. (33) stated that hypocalcaemia is
one of the reasons of PMS is seen particularly in lu-
teal phase. Hypocalcaemia can cause similar symptoms
that arise from PMS like anxiety, emotional fluctua-
tions, and depression. (34, 35). Also, these symptoms
arise with a hypocalcaemia trigger during PMS (34).
The body increases parathormone secretion to prevent
hypocalcaemia if dietary calcium intake is low. Borer
et al. (33) stated that hyperparathyroidism causes neu-

ropsychiatric disorders such as tiredness, concentration
deficit, stress and sadness. Moreover, calcium plays a
role in the synthesis of serotonin. The level of seroto-
nin synthesis decreases with hypocalcaemia. King et al.
(34) found that hypocalcaemia might lead to depres-
sion. Sufficient dietary calcium intake in the interven-
tion group caused the decrease in total PMSS score
and increase in quality of life score.

Penland and Johnson (37) compared the effect of
the daily intake of 1336 mg of calcium (calcium lac-
tate) and 5.6 mg of manganese (manganese sulphate)
on PMS symptoms to that of 587 mg of calcium and
1.0 mg of manganese. They found that increased se-
rum calcium concentration affected symptoms such as
pain, behavioral symptoms, and positive mood. Thys-
Jacobs et al. (6) noted that serum calcium concentra-
tion decreases in the luteal phase, as a result of this,
PMS symptoms increase. Calcium supplementation
inhibits the decline of serum calcium concentration in
the luteal phase.

Bae and Kim found daily intake of calcium to be
related to depression (36). Miki et al. (37) compared
the calcium intakes of those with and without de-
pressive symptoms and found that low intake of (220
mg/1000 kcal/day) calcium increased the depressive
symptom development by 36%. Participants’ calcium
intakes were low in our study, so this might have in-
creased the depressive mood.

Sutariya et al. (38) found that a 500 mg/day cal-
cium supplement (calcium carbonate or glutamate)
reduced symptoms such as mood disorder, depres-
sion, anger bursts, crying attacks, edema, abdominal
cramps and abdominal bloating, back pain, headaches,
appetite, acne, and desire for sweets. Dairy products
consumption rates were increased in this study to en-
hance the daily calcium intakes of the participants in
the intervention group. Moreover, depending on this
increase, there was an increase in the intake of calci-
um, phosphorus, B, and By,. This may have reduced
the intervention group’s PMSS sub-scale scores for
depressive mood, anxiety, anger bursts, and depres-
sive thoughts, and increased their SF-36 mental health
scores.

Obesity changes the neurotransmitter functions
that affect estrogen and progesterone hormones (39).
Bertone-Johnson et al. (40) noted that every increase
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of 1 kg/m?* in BMI increased PMS risk by 3%. In an-
other study, a significant relation was found between a
BMI higher than 30 kg/m?* and PMS occurrence (39).
The participants in this study had intense PMS symp-
toms although their BMIs were in the normal range.
Insufficient consumption of the nutrients related to
PMS may have caused PMS symptoms.

Limitations of our study are as follows:

Individuals who were consuming low amounts
of dietary calcium and using no supplements were in-
cluded in the study to see the effect of dairy intake
on PMS symptoms. However, it was not possible to
determine whether participants had hypocalcaemia
since their blood findings such as serum calcium, ion-
ized calcium, vitamin D, and parathormone were not
examined.

In conclusion, sufficient and balanced nutrition is
always important, as it is for PMS, too. Dairy prod-
ucts are sources of calcium, B,, Bs, By, magnesium,
zinc, phosphorus. The previous studies showed that
these vitamins and minerals could decrease the PMS
symptoms. We concluded that daily sufficient intake
of calcium from food sources has positive effects on
depression, anxiety, fatigue, anger, depressive thoughts,
pain, appetite chances, sleep disorders and swelling of
extremities symptoms in women with PMS whose cal-
cium intakes are lower than recommended.
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The effect of different term swimming exercise in rats
on serum leptin levels
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Summary. The aim of this study was to investigate the effect of serum leptin in rats performing various dura-
tion swimming exercises. In the study, 30 healthy albino wistar male rats with an average weight of 180-220
grams were divided into 5 groups including; control, water exercises, 15, 30 and 60 minutes swimming groups.
Animals were swim-exercised for 90 days. At the end of 90 days, after performed urethane anesthesia, blood
samples were taken by intracardiac way. Collected blood was analysed according to procedures. Data were
analyzed by using SPSS 15. One-way anova and tukey multiple comparison test were performed in the study.
The homogeneity of the variances was examined by Levene’s statistic. Results showed that the leptin levels
were as follows: control (1480,00 pg/ml), water exercise (705,83 pg/ml), 15 (602,33 pg/ml), 30 (396,67 pg/
ml) and 60 (435,83 pg/ml). Statistically significant difference was found between control and 30 minutes
swimming group (p=0,012) and control and 60 minutes swimming group (p=0,017) (p<0,05). It is deter-
mined that 3 months of different terms (15, 30, 60 minute) of swimming exercise reduces the levels of leptin.

Key words: swimming exercise, rat, leptin

Introduction

Biochemical parameters differ in terms of the
type, intensity, period and continuity of the exercise.
The effect mechanism of recently discovered leptin
hormone which has significant roles in energy homeo-
stasis and the association between leptin and exercise
have been assessed with various acute and chronic ex-
ercise practices (1-18). In these studies, the dominant
thought is that short-term (<12 weeks) acute exercises
do not influence leptin levels or have a very little ef-
fect (1, 6, 7, 9, 13-15), while long term (>12 weeks)
and long term chronic exercises influence serum leptin
levels (4, 5,8, 10, 12, 16, 18). However, there are stud-
ies which show that leptin levels decrease as a result of
acute exercises (2, 3,11, 17).

Several investigators reported that exercise may
result in reductions depending on the duration and

calorie expenditure whereas others have reported no
change in leptin concentrations. Exercise doesn't gen-
erate decrease in leptin concentrations; Torjman et al.
(1999), Weltman et al. (2000), Kraemer et al. (2002).
Besides, exercise that generated decrease in leptin con-
centrations; Zafeiridis et al. (2003). In general, the de-
crease in leptin concentration after a long-term exer-
cise (= 60 min) has been attributed to diurnal reduction
in circulating leptin and hormonal changes induced by
exercise. Exercises of very long duration that generated
a sufficient energy imbalance (kilocalorie intake versus
kilocalorie expenditure) suppress the amplitude of the
diurnal rhythm of leptin (21).

Information regarding the response of serum lep-
tin to a single bout of resistance exercise is limited. In
contrast to continuous running of moderate intensi-
ty, heavy resistance exercise is a potent nonoxidative
stimulus that produces differential neural, metabolic,
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and neuroendocrine responses (9). Exercise is another
physiological stress that may alter leptin secretion. In
rats, ob mRINA levels were found to be decreased im-
mediately and 3 h after a prolonged exercise bout to
exhaustion (22). Significant reductions in serum leptin
levels were observed after exercise training, but these
were explained by changes in fat mass. One study per-
formed in animals has shown that acute exercise in rats
was associated with a 30% reduction of the expression
of the ob gene in the adipose tissue (23).

According to some authors, low leptin concen-
tration was probably due to weight reduction. Thus,
short-term training (< 12 weeks) and long-term train-
ing (= 12 weeks) have disparate findings concerning
leptin concentration. The reduction of leptin has been
attributed to alteration in energy balance, improve-
ments in insulin sensitivity, alteration in lipid me-
tabolism and lipid concentration and unknown factors
(21). Within this framework, a significant relation-
ship is thought to exist between serum leptin level
and type of exercise. Further, the characteristics of a
sport affect the serum leptin levels of an athlete who
does that sport (24). Physical activity is important for
long-term regulation of body weight, partly because it
increases the resting metabolic rate. Weight reduction
after physical exercise is correlated with reductions in
plasma leptin concentrations in obese middle-aged
women. However, results regarding the effects of ex-
ercise on plasma leptin concentrations, independent of
fat mass, are conflicting (25).

Leptin levels and body mass index have a posi-
tive relationship (26, 27). Leptin has a critical role
on regulation of body weight and also body fat mass.
Given the key role of leptin on regulation of body
weight and prevention of obesity, it seemed that lep-
tin levels were decreased during the elevation of body
weight. But most obese humans have higher circu-
lations of leptin. It has been indicated that obesity
might induce state of leptin resistance (28). Moreover,
Leptin is one of a growing number of adipocytokines
that play an important role in the regulation of body
weight by coordinating metabolism, feeding behavior,
energy balance, fertility and neuroendocrine respons-
es. Originally thought to be exclusively produced by
adipocytes, it is now evident that leptin is expressed,
in lesser amounts, in many fetal and adult tissues

including: placenta stomach, mammary gland, skeletal
muscle, pancreas, and bone (29).

Leptin, which is the product of obesity gene (30),
regulates weight and food intake in both animals and
people, suppresses hunger (31) and decreases food in-
take (32), increases energy use and prevents fat accu-
mulation (25, 9, 33, 34, 35). The most important effect
of leptin on energy expenditure is providing increase in
thermogenesis (17). In addition, leptin has been found
to have a great number of metabolic and endocrine
functions (36, 37, 38, 39) and also have a role in obe-
sity, bone development, wound healing (40), fetus de-
velopment (41), start and development of adolescence
in children (37), hypertension and heart diseases (42,
16), and the regulation of gastrointestinal functions
and glucose metabolism (42, 33, 43).

The association of leptin, which is found to have
a great number of functions for human metabolism,
with exercise is still not clear. We can say the effects
of physical exercise on leptin are still being discussed
and currently controversial. When studies conducted
so far are examined, the effect of different durations of
chronic exercise on leptin has not been researched yet,
to the best of our knowledge. Thus, the purpose of this
study is to show the effects of long and different dura-
tions of swimming exercise (15, 30, 60 minutes for 3
months) on the leptin levels of rats.

Materials and Methods

Adult male Wistar rats weighing 180-220 gr.
were used throughout this study after at least 1 week of
acclimatization. All described procedures were approved
by the local ethics committee. Animals were housed in
groups of 5 and were allowed free access to food and
water, except for the short time that the animals were
removed from their cages for the experiments. All
animals were kept in a temperature controlled (22+1°C)
environment on a 12-h light/dark cycle.

Experimental Design

Rats were assigned to the following experiments
and groups: (Group 1) control group; (Group 2) 15
minutes-trained for 90 days; (Group 3) 30 minutes-
trained for 90 days; (Group 4) 60 minutes- trained for
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90 days (Group 5) adapted to the water. Each animal
group was composed of six rats.

The adaptation to the water proceeded during ex-
perimental period. The purpose of the adaptation to
water was to reduce stress without promoting a physi-
cal training adaptation (44, 45).

Exercise training program

The swimming was performed in water at a
temperature of 32-33°C between 11.00-13.00 A.M.
Training period lasted 90 days and consisted of 15, 30,
and 60 minutes of daily sessions for seven days/week
without workload. Exercise was performed by swim-
ming in three training glass tanks (length 100 cm,
width 50 cm, depth 50 cm) containing tap water.

At the end of 90 days, after performed urethane
(1.25 g/kg) anesthesia, blood samples were taken by
intracardiac way. Blood samples were collected into
EDTA bottles for hormonal assay.

Analyzes were made in Samsun Veterinary Control
Institute Biology Laboratory. In leptin analysis; Sigma
Rat Leptin Elisa Kit was used. All reagents and samples
were taken to room temperature (18-25°C) before use.

All standards and samples were repeated twice.
100 ml of each standard and samples were added into
appropriate wells. Well were covered and incubated for
2.5 hours at room temperature with gentle shaking by
Heidolph Tiramax 1000 orbitel shaker. The solution
was discarded and washed 4 times with 1x Wash Solu-
tion. Each well was washed and filled with 1x Wash
Buffer (300 ml) using a multichannel pipette. At each
step removal of liquid was completed for good perfor-
mance. Biotinylated antibody was prepared and added
100 ml of 1x prepared to each well and was incubated
for 1 hour at room temperature with gentle shaking.
The solution was discarded and washed 4 times with
1x wash solution. Each well was washed and filled with
1x Wash Buffer (300 ml) using a multichannel pipette.
100 ml of prepared Streptavidin solution was added
to each well and incubated for 45 minutes at room
temperature with gentle shaking. The solution was
discarded and washed 4 times with 1x Wash Solution.
Each well was washed and filled with 1x Wash Buff-
er (300 ml) using a multichannel pipette. 100 ml of
TMB One-Step Substrate Reagent (Item H) to each
well was added and incubated for 30 minutes at room

temperature in the dark with gentle shaking. 50 ml of
Stop Solution was added to each well and was read
at 450 nm immediately. The mean absorbance of each
data was calculated. On the sigma plot software, the
standards were plotted on the curve and the curve was
drawn at these points. By using this standard curve,
the leptin concentrations of the samples were calcu-
lated in pg/ml.

Data were analyzed using SPSS 15 (Statistical
Package for the Social Sciences) package and the er-
ror rate was determined as 5%. One-way anova was
used to determine the differences between the groups,
and the Tukey’s Multiple Comparison Test was used
to determine which groups the difference was in when
the difference was found. The homogeneity of the vari-
ances was examined by Levene’s statistic.

Results

Serum leptin levels of rats which were trained
with swimming exercises of different durations (15,
30, 60 minutes for 3 months) are given in the tables
below respectively.

In the study, the highest average leptin values were
found in the control group, while the lowest average
leptin values were found in the 30 minutes swimming
group.

Statistically significant difference was found
between control and 30 minutes swimming group
(p=0,012) and control and 60 minutes swimming group
(p=0,017) (p<0,05). Differences were found between
groups (p=0,010).

Discussion

In the present study, statistically significant dif-
ference was found between control and 30 minutes
swimming group and control and 60 minutes swim-
ming group when rats which were trained for 15, 30
and 60 minutes of swimming for three months were
examined.

No statistically significant differences were found
between the leptin levels of the control and water ad-
aptation group. Short exercises during the one-week
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Table 1. Post-swimming exercise serum leptin values and One Way Anova results

Groups n X sd F P

pg/ml

Control 6 1480,00 870,05

Water adaptation 6 705,83 513,98

15 Minutes of swimming 6 602,33 491,48 4,179 0.010

30 Minutes of swimming 6 396,67 269,48

60 Minutes of swimming 6 435,83 242,54

1<0,05

Table 2. Post-swimming exercise serum leptin values and paired comparisons

Groups n X ss Control Water 15 min. 30 min. 60 min.

pg/ml adaptation swimming swimming swimming

P P P P P

Control 6 1480,00 870,05 0,114 0,057 0,012 0,017

Water adaptation 6 705,83 513,98 0,997 0,846 0,900

15 Minutes of swimming 6 602,33 491,48 0,960 0,981

30 Minutes of swimming 6 396,67 269,48 1,000

60 Minutes of swimming 6 435,83 242,54

£<0.05

long process of water adaptation were not found to
create stress-induced leptin changes. Although not
significant, decreases in leptin levels of the water ad-
aptation group when compared with the control group
decreased leptin levels of one-week long water exercis-
es; however, this decrease was not sufficient and sup-
ports our thought that stress-induced leptin decreases
are not experienced.

Statistically significant difference was found
between the control group and the 30 minute
swimming group in terms of leptin levels. In their
study they applied a training of 9 weeks treadmill
exercise-every day for the first two weeks and twice
a day for the following 7 weeks, which started with
30 minutes and got 2 minutes longer every day, Zhao
et al. (2011) found a significant decrease in the leptin
levels of rats (n=16) (35). In another study, Kondo et
al. (2006) found decrease in leptin levels as a result of
exercises they applied on 8 obese women for 7 months-
4-5 days a week and 30-60 minutes a day (12). In a
study conducted on women between the ages of 40 and

49 who were in premopausal period and who were not
doing regular exercise (n=40), Gézliikaya (2008) found
significant changes in the leptin hormone levels of the
quick tempo group as a result of 54-minute walking
exercise which started as 30 minutes a day and increased
3 minutes a week for five days a week in 10 weeks
(46). Another study showed that 30 min of swimming
exercise caused a 30% reduction in leptin levels in lean
but not obese (fa/fa) Zucker rats (22). Zafeiridis et al.
(2003) controlled the effects of maximum strength,
muscular hypertrophy and resistance exercise protocols
on serum leptin concentrations. Leptin concentrations
significantly decreased 30-minute into recovery after
exercise protocols compared with the respective
baseline values. While decreases are found in leptin
levels in all studies as a result of exercises, data from
investigations examining single exercise bouts suggest
that serum leptin concentrations are unaltered by short
duration (41 minutes or less), non-exhaustive exercise,
but may be affected by short duration, exhaustive
exercise (47). Weltman et al. (2000) found that 30 min
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of exercise at various intensities and caloric expenditure
(from 150 * 11 to 529 * 45 kcals) in 7 healthy young
men did not cause modifications in leptin levels during
the exercise and during the recovery (3.5 hours) (20).
Exercise programs preferred in studies have been
planned as 9,10 and 12 weeks, for periods of 30 minutes
and more. According to the results of this study, it can
be said that at least 9-10 week-long regular exercise
programs with unit periods of 30 minutes and more
can cause significant changes in leptin levels.

In the present study, statistically significant
difference was found between the control group and
the 60-minute swimming group in terms of leptin
levels. Benatti et al. (2008) applied swimming exercises
on rats (n=18) which lasted 40 minutes for 5 days in
the first week and continued as 5 days a week and 60
minutes a day for the following 8 weeks. They found
that 9-week long swimming exercises decreased the
serum leptin levels of rats irrespective of their body fat
mass. In their study they applied a diet for 4 months
and an hour long moderate exercise 3-4 days a week on
obese men (n=15) (48). Pasman et al. (1998) found with
blood samples taken from the study group at months
0,2, 4,10 and 16 that exercise decreased plasma leptin
levels irrespective of body fat change. In their study
they examined the association between diet, exercise
and obesity (4). Murakami et al. (2007) found that as a
result of 60-minute long aerobic exercise for three days
a week during 12 weeks decreased leptin levels (49).
Moazami et al. (2013) found that 24-week long aerobic
exercise (three days a week, for 60 minutes) decreased
serum leptin levels in obese women (n=15) (50). While
the results of the aforementioned studies are similar to
the results of our study, the study period of our study is
12 weeks, as in Murakami et al. (2007)’s study; however,
the frequency of their exercise is different from our
study. The fact that the results are similar in all these
studies although different exercises were applied in
different intensities and frequencies shows that the
type, content, intensity or frequency of exercise is not
effective on the change in leptin levels and the change
can occur as a result of regular and long-term exercises.
Benatti et al. (2008)’s results showed that 9 week-long
exercise can cause significant decreases in leptin levels
and this shows that 9 week and longer regular exercises
which last longer than 30 minutes can be enough.

In the present study, no statistically significant
difference was found when the results between control
group and 15-minute swimming group and water
adaptation group and 15-minute swimming group
measurement results were compared. Akbarpour (2013)
applied a running exercise program on obese men (n=16)
for 12 weeks as three days a week. Following 10 minute
long warm up, the running period was 15 min for the first
session, and every two sessions 1.5 min was added to the
running period in a stepwise manner until the running
period reached 30 min. The running exercise program
was found to decrease serum leptin levels significantly
(p=0,003); there were decreases in the leptin levels in
interval measures conducted at the end of 6th week;
however, the decrease was not found to be significant
(51). This was thought to occur as a result of insufficient
training period and intensity. These two studies show
the significance of both unit exercise duration and long-
term chronic exercises to have significant decreases in
leptin. In our study, it was found that 15-minute long
exercises decreased leptin levels; however, this decrease
was not significant, while 30 and 60-minute long
exercises caused significant decrease. According to these
results, it can be said that to obtain significant decreases
in leptin levels, unit exercise durations are as important
as long-term exercises and 15-minute long exercises
are not sufficient. The fact that the average leptin levels
of the 15-minute swimming group were higher than
both 30 and 60-minute swimming group supports this
thought.

As a conclusion, while swimming exercises for
30 and 60 minutes during 12 weeks decreased the
serum leptin levels of rats significantly, this significant
decreasing was not found in 15-minute exercises.
There are no experimental animal studies in literature
conducted with parameters similar to ours in literature.
Studies conducted in this field with different procedures
and different approaches will give healthier information.
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The effects of weight class athletes’ nutrient consumptions
and eating habits on their depression-anxiety-stress levels

Deniz Ozge Yiiceloglu Keskin, Menderes Kabaday, Ozgilr Bostanci, Levent Bayram, Deniz
Giinay Derebag1
Ondokuz Mayis University, Yagar Dogu Faculty of Sport Sciences - E-mail: levent.bayram@omu.edu.tr

Summary. Diet is important in sports in terms of having an influence on bodily and mental health besides
sportive performance. The objective of this study is to find out the effects of dietary habits and eating at-
titudes on moods of weight class athletes. The study was conducted with a total of 60 athletes -33 wrestlers
who participated in Turkey Men’s Greco-Roman Wrestling National Team Preparation Camp, 18 wrestlers
who participated in Turkey Men’s Freestyle National Team Preparation Camp and 9 judokas who participated
in Turkey Men’s Judo National Team Preparation Camp during the years 2013 and 2014. Athletes’ demo-
graphic characteristics and information about their three-day eating habits were found, eating attitudes test
(EAT) and Depression, Anxiety and Stress Scales (DASS-42) were applied and some of their anthropometric
measurements were found. Student-t, Mann Whitney U, Anova and Kruskal tests were used for the statisti-
cal analysis of data. Statistically significant difference was found between the EAT scores of Greco-roman
wrestlers and freestyle wrestlers and EAT scores of Greco-roman wrestlers were found to be higher (p<0,05).
Average carbohydrate intake and stress scores of athletes whose stress scores were higher than normal were
found to be significantly higher when compared with the group with normal stress scores (p<0,05). Unhealthy
diets which athletes follow to keep body weight under control both damage the athletes’ diet and negatively
affect their moods.

Key words: diet, wrestling, judo, sport

Introduction

Sports nutrition has recently become an exces-
sively researched and increasingly interesting area of
science. It has become an area in which sport scientists
and also trainers, athletes and athlete families should
have sufficient and correct information and this nu-
tritional information should be received from expert
dieticians (1).

Appropriate and balanced diet is essential for
young athletes not only in terms of sportive achieve-
ment but also for their growth, development and
general health conditions (2). An appropriate diet
is important especially for developing performance,

maintaining condition and protecting from post-exer-
cise recovery and injuries (3). Mostly, individuals can-
not allocate time for eating due to various reasons and
thus, they cannot be nourished properly (4). It is cer-
tainly a truth to say that it is impossible to expect high
performance from an athlete whose diet is not proper
and whose health is deteriorated (5).

Psychological factors such as perfectionism, anxi-
ety, mood, mood disorders, disrupted bodily image and
self-respect have a role in the multi-factor etiology of
eating disorders (6,7). According to American Psy-
chiatry Association (APA)’s DSM-V (Diagnostic and
Statistical Manual of Mental Disorders-V, 2014), eat-
ing disorders (ED) include anorexia nervosa (AN), bu-

This article is extracted from Deniz Ozge Yiiceloglu Keskin' doctorate dissertation entitled “The effects of nutrition habits and eating attitudes of
wei ght-class athletes on mood states”, (PhD Dissertation, Ondokuz Mayis University, Samsun/Turkey, 2015).
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limia nervosa (BN) and other eating disorders (APA,
2014). Significant associations have been found be-
tween eating habits and anxieties about body shape,
social anxiety, depression and body mass index (8).

In addition, it is also stated that eating habits and
behaviors can be damaged as a result of exercise and
also eating habits and behaviors can cause mood disor-
ders and consequently depression (9-12).

In all sports branches based on weight class, ath-
letes limit their daily energy consumption and thus
by decreasing their weight, they get advantage when
compared with other contestants (13).

Diet is important in sports in terms of having an
influence on bodily and mental health besides spor-
tive performance. The objective of this study is to find
out the effects of dietary habits and eating attitudes on
moods of weight class athletes.

Material and Method

The universe of the study consists of athletes who
participated in TM wrestling (Greco-roman and Free-
style) and judo NTPC as part of 2013-2014 activity
program. A total of 60 voluntary national team ath-
letes — 33 athletes who participated in Istanbul Mers-
inli Ahmet Wrestling Camp Training Center Men’s
Greco-roman NTPC, 18 athletes who participated
in Ankara Elmadag Wrestling Camp Training Center
Men’s Freestyle NTPC and 9 judokas who participat-
ed in Samsun Atatiirk Sports Hall Turkey Olympics
Preparation Center Men’s Judo NTPC- were included
in the study. Of the national team athletes who were
included in the study from wrestling, 17 had medals
in European Championship, 27 had medals in World
Championship and 7 had medals in Olympic Games.
The athletes were informed about the questionnaires
and measurements. Athletes who had injuries or
health problems were not included in the study. Elite
weight class athletes who are in camp train for an aver-
age of 5 days a week and 4 hours a day. In this study,
the athletes’ demographic features and information
about their three-day food consumption were collected
through questionnaire form and EAT and DASS-42
were applied and some anthropometric measurements
were taken.

Demaographic Information Form

A form which included 12 questions to get infor-
mation about the athletes’ demographic features was
prepared.

Nutritional Status

Nutritional status was found by recording the die-
tary consumption of athletes in three consequent days.
The amount of nutrients in individuals’ one course
were calculated by using the amounts determined by
the individuals and by using Kutluay’s book entitled
“Standard Recipes for Catering of Institutions”(14).
Energy and macro nutrient analyses of these con-
sumptions were calculated by using diet information
systems (BEBIS 6) package program and their aver-
ages were taken.

Anthropometric Measurements

All the participants’ weights and body composi-
tions (body fat mass and percentage, lean tissue mass,
total bodily fluid) were measured. Tanita make BC 418
model BIA device was used to find out body compo-
nents. The subjects were measured with shorts on and
bare feet.

Body mass index
BMI is an easily calculated (Weight [kg]/Height*
[m]) criterion which is accepted as a good indicator of

total body fat (15).

Depression, Anxiety, Stress Scales (DASS-42)

The validity and reliability of this scale developed
by Lovibond and Lovibond (1995) was conducted by
Akin and Bayram (2007) (16,17). Each item in the
scale has 4 Likert type grading of “0”: did not apply
to me at all, “1”: applied to me to some degree or for
some of the time, “2”: applied to me to a considerable
degree or for a good part of time and “3”: applied to me
very much or most of the time. The adaptation validity
scores of DASS were .87 and .84, respectively. Cron-
bach Alpha internal consistency reliability coeflicient
was .89, while item total correlations were found to
be between .51 and .75. The test retest and split-half
reliability scores of the scale were found as .99 and .96.
These results show that DASS has high level of relia-
bility and validity. The participants are asked to choose
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the item that applies most to them. The questions in
the Depression and Anxiety category are grouped in
three different groups and assessed according to the
total scores of the individual from each group. Accord-
ing to these, a score of 0-9 taken from the depression
category, a score of 0-7 taken from the anxiety cat-
egory and a score of 0-14 taken from the stress cat-
egory are interpreted as “normal” values. Higher values
of these scores in each category show the increase in
depression, anxiety and stress levels. Since we did not
have too many participants, we did not grade them
as normal, mild, fair and advanced level according to
depression, stress and anxiety average scores, instead
grouped in two as those within normal range and those
over normal range.

The Eating Attitude Test- EAT: It is a self-assess-
ment scale developed by Garner and Garfinkel (1979)
to assess the disorders in eating attitudes and behav-
iors. The scale was adapted into Turkish by Savagir and
Erol (1989) (18,19). The cut-off score of EAT scale
was found as 30. Savasir and Erol (1989) found the
Cronbach alpha reliability coeflicient of the scale as
70. Individuals are asked to choose the choice that fits
them best by thinking about their eating habits (20).
In terms of pathology, 3 points are given for each end
response and 2 and 1 points are given for the other
choices. Total score is obtained by adding up the grad-
ing (21).

Statistical Analysis: Statistical analysis of all the data
obtained within the context of the research was assessed
through SPSS (Statistical Package for Social Sciences
for Windows) 17.0 statistic program. Student-t, Mann
Whitney U tests were used for the statistical assess-
ment of the data. In the comparison of more than two
independent groups, the groups which were normally
distributed were compared with Anova test. Tukey mul-
tiple comparison test was used for paired comparisons.
The groups which were not normally distributed were

compared with Kruskal Wallis test.

Results

In Table 1, no statistically significant difference
was found between the groups which participated in
the study p(>0.05).

In Table 2, as a result of the calculation of en-
ergy and nutrient elements of daily average food con-
sumption of the athletes who participated in our study,
carbohydrate intake percentage of the wrestlers was
found as 37,98+12,42, while their protein intake per-
centage was found as 18,58+6,42 and their fat intake
percentage was found as 42,46+16,48. Carbohydrate
intake percentage of free-style wrestlers was found
as 44,50+16,74, their protein percentage was found
as 18,13+5,68 and their fat percentage was found as
36,31£12,98. As a result of judo energy and nutrient
element calculations, judokas’ carbohydrate intake per-
centage was found as 38,33£1,56, their protein intake
percentage was found as 19,97+4,24 and their fat in-
take percentage was found as 40,89+ 9,39.

In Table 3, the athletes’ depression score average
was found as 6,72 +5,69, their stress score average was
found as 11,78+ 6,20, and their anxiety score average
was found as 7,33 #5,56.

In Table 4, depression anxiety, stress and eating
attitudes of the athletes in the study were examined as
normal and above normal. Depression score was found
as above normal in 21 (35%) participants and as nor-
mal in 39 (65%) participants. Stress score was found as
above normal in 23 (38.3%) participants and as normal
in 37 (61.7%) participants. Anxiety score was found as
above normal in 24 (40%) participants and as normal
in 36 (60%) participants. When eating attitude scores
were examined, 10% of the athletes were found to have
eating disorder.

In Table 5, statistically significant difference was
found between eating attitude test score averages
of Greco-Roman wrestlers and free style wrestlers
(p<0.05). No statistically significant difference was
found between groups when depression anxiety, stress
score averages were examined (p>0.05).

When the athletes’ EAT scores were compared
between groups in terms of their eating attitude, anxi-
ety, stress and depression scores, a statistically signifi-
cant difference was found between EAT scores of
Greco-Roman and Freestyle wrestlers (p<0.05).

In Table 6, average carbohydrate intake of athletes
who had above normal stress scores was found to be high-
er. This difference was found to be statistically significant
(p<0.05). No statistically significant difference was found
between other nutrient elements and stress levels (p>0.05).
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Table.1. Descriptive Information about the athletes

Parameter Group N Ave +Sd Min. Max. P
Greco Roman 33 24,39 3,45 17 31
Freestyle 18 26,06 +2,96 21 31
Age (years) ,096
Judo 9 23,22 + 3,90 18 31
General 60 24,71 £3,46 17 31
Greco Roman 33 176,03+7,10 164 190
Freestyle 18 172,50+8,08 155 192
Height (cm) ,080
Judo 9 170,67+5,59 165 183
General 60 174,17+7,42 155 192
Greco Roman 33 85,91+18,38 62,1 123,8
Freestyle 18 79,68+16,78 63 118,6
Weight (kg) 117
Judo 9 73,43+8,16 63,5 89,2
General 60 82,17+£17,17 60 123,8
Greco Roman 33 27,41+4,11 22,3 37
Freestyle 18 26,53+3,23 21,3 32,2
BMI (kg/m?) .648
Judo 9 25,38+1,71 22,5 27,7
General 60 26,84+3,62 21,3 37
Greco Roman 33 11,05+4,85 4.4 23,6
Freestyle 18 11,28+4,88 2,7 20,1
Fat (%) 0,277
Judo 9 8,38+3,83 33 14,2
General 60 10,72+4,76 2,7 23,6
$<0.05

Table 2. Comparison of the athletes’ average carbohydrate, Table 4. Depression, Stress, Anxiety and Eating Attitudes of

protein and fat intake in percentages according to groups the Athletes
Carbohydrate  Protein Fat Variable Group N "
croue o e ke Higher th 1 21 35
Ave +Sd Ave +Sd Ave +Sd igher than norma
Depression § Normal 39 65
Greco Roman(%) 37,98+12,42 18,58+6,42 42,46x16,48 epression Score orm
Total 60 100

Freestyle(%) 44,50+16,74 18,13+£5,68 36,31+12,98
Judo(%) 38,33+1,56  19,97+4,24 40,89+ 9,39
Total (%) 39,85 +13,39 18,66+6,02 40,52+15,35

Higher than normal 23 38.3
Stress Score Normal 37 617
Total 60 100

Higher than normal 24 40

Table 3. Depression, Stress and Anxiety Average Scores of the

Athletes Anxiety Score Normal 36 60
Variable N  Ave.x S.d. Min. Max. Total 60 100
Depression score 60 6,72 +5,69 0 19 30> 6 10
Stress score 60 11,78:620 0 23 ]Szj:)lrrelg Attitude (EAT) 30« 54 90

Anxiety score 60 7,33 5,56 0 21 Total 60 100
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Table 5. Comparison of groups’ eating attitude, anxiety, stress and depression scores in terms of branches

Variable Group N Ave.* S.D. Min. Max. P

Eating Attitude (EAT) Greco-Roman 33 13,84 + 8,289 4 48
Freestyle 18 26,67 +2,43¢ 4 81

0,034*
Judo 9 15,33 +10,75® 6 40
Total 60 17,92 15,21 4 81
Anxiety Score Greco-Roman 33 7,51 +5,79 0 19
Freestyle 18 7,83 +5,52 1 21

0.618
Judo 9 5,67 + 5,05 0 15
Total 60 7,33 + 5,56 0 21
Stress Score Greco-Roman 33 11,72 + 6,20 0 23
Freestyle 18 11,78 + 5,49 2 20

0.993
Judo 9 12,00 8,08 0 20
Total 60 11,78 8,08 0 20
Depression Score Greco-Roman 33 7,30 5,79 0 19
Freestyle 18 7,11 5,84 0 19

0.245
Judo 9 3,78 +4,52 0 12
Total 60 6,72+5,69 0 19

Table 6. Comparison of average total energy, carbohydrate, protein and fat intakes in terms of branches

Mood Nutrients Level N Ave.+S.d Min Max P
Normal 24 237,05 + 82,94 121,7 410,5
Carbohydrate 0,633
Higher than normal 36 227,15 + 70,27 30,5 385,2
Normal 24 105,61 + 34,27 21 174
Anxiety Protein 0,638
Higher than normal 36 109,98 + 35,67 30 186,9
Normal 24 104,38 + 42,21 259 182,1
Fat 0,991
Higher than normal 36 104,50 + 38,35 34,4 2129
Normal 39 233,03 + 88,24 30,5 410
Carbohydrate 0,768
Higher than normal 21 227,56 + 54,53 121,7 334
Normal 39 108,36 + 34,82 30 186,9
Depression Protein 0,968
Higher than normal 21 107,99 + 35,88 21 168,3
Normal 39 396,84 + 180,46 34,4 163,6
Fat 0,975
Higher than normal 21 386,79 + 201,93 259 212,9
Normal 21 257,28 + 70,25 158,7 410,5
Carbohydrate 0,038
Higher than normal 39 214,85 + 78,47 30,5 379,5
Normal 21 111,97 + 29,08 52,7 174
Stress Protein 0,517
Higher than normal 39 105,90 + 38,260 21 186,9
Normal 21 107,73 + 34,82 41,9 182,1
Fat 0,617
Higher than normal 39 102,41 + 42,62 25,9 2129

p<0.05
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Anxiety scores of the athletes who participated
in our study were normal and the groups which had
higher than normal anxiety scores were compared in
terms of some nutrients. Average carbohydrate intakes
of athletes who had higher than normal stress scores
were found to be higher. This difference was found to
be statistically significant (p<0,05).

Discussion

The objective of our study was to compare the ef-
fects of eating habits and eating attitudes of weight
athletes on their mood. The total body fat percentage
average of the athletes who participated in our study
was found as 10,72+4,76%. Groups’ body fat percent-
ages were found to be 11,05+4,85 % for Greco-roman
wrestlers, 11,28+4,88% for freestyle wrestlers and
8,38+30% for judokas (p>0.05). Various studies have
shown average body fat values of wrestlers to be be-
tween 6% and 15% (22). In Roemmich and Sinning’s
(1996) study, BMI of adolescent wrestlers was found
to be 7,8%, while in Zorba’s (2006) study, BMI of elite
Turkish wrestlers was found to be 10,92+5,3% and
this result was in parallel with the results of our study
(23,24).

As a result of energy and nutrient calculations
of athletes’ daily average food consumption, carbohy-
drate percentage was found as 39,85 £13,39, protein
percentage was found as 18,66+6,02% and fat percent-
age was found as 40,52+15,35. While it is sufficient
for healthy adults to take 55-60% of their daily en-
ergy from carbohydrates, 12-15% from proteins and
25-30% from fats for a sufficient and balanced diet, for
athletes, the contribution of nutrients to daily energy
is different in terms of the athletes’ branches. It has
been reported that in sports branches such as boxing,
wrestling, judo, karate, tackwondo, it is sufficient for
50% of the energy to come from carbohydrates, 20%
from proteins and 30% from fats (25,26,27,28). It was
found that the weight class athletes in our study had
low intake of daily carbohydrate and protein, while
they had higher values of fat intake than the levels rec-
ommended. When it is taken into consideration that
the measurements in our study were conducted 3 days
before competition and weigh-in, it can be seen that as
a method of adjusting weight, athletes tend to get away

from nutrients that have carbohydrate and protein and
specific weight that can influence weight-in. This has
shown a state that can be assessed negatively in general
eating habits.

In our study, depression (6,72+5,69) and stress
(11,78+6,20) scores of elite athletes were found to be
within normal values and it was though that this could
occur as a result of sport’s positive effect on depres-
sion and stress. A great number of studies have exam-
ined the association between depression and anxiety
and shown that a regular sport is useful for such dis-
orders (29). In their study they compared the depres-
sion levels of elite wrestlers and tackwondo athletes,
Kumartagh et al (2015) found that depression levels of
elite wrestlers and tackwondo athletes were in inter-
mediate levels (30).

Anxiety scores of our athletes were found to be
above normal (7,33+5,56). In their study conducted
with 131 male judokas and wrestlers participating in
Universities Turkey Championship competitions, Civ-
an et al. (2010) reported that athletes had average level
of anxiety (31). When the sportive careers of the ath-
letes in the study are taken into consideration, the size
and significance of the competitions they participate in
are understood better. The fact that they are participat-
ing in the biggest and most important competitions of
the world and the national pressure they feel can cause
increase in the anxiety levels of athletes.

Carbohydrate intake of the group with normal
stress scores was found to be higher than the group
with stress scores higher than the normal (p<0.05).
This result related with stress is also present for de-
pression scores, though not statistically significant.
High amounts of carbohydrate or alcohol intake stim-
ulates dopamine use in the brain (32). High amounts
of food intake artificially triggers the reward center in
the brain, provides dopaminergic activation and cre-
ates a kind of therapeutical effect (33). A diet in favor
of carbohydrates at the same time eases tryptophan’s
transition to the brain and transformation into sero-
tonin (34, 35). It is known that the serotonin level in
the brain is effective on mood and the decreases in
serotonin level are known to contribute to the etiol-
ogy of depression in some individuals. The decreases
in tryptophan levels which are necessary for seroto-
nin synthesis also influence the decreases in serotonin
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level. This situation results in a decrease in the moods
of some individuals, though not in all (36).

It was found that the 10% of the athletes in our
study got scores of 30 cut-off point and higher from
EAT, while 90% got scores of lower than 30 cut-off
point. In their study they conducted to examine the eat-
ing disorders of 446 high school students with an av-
erage age of 16,07, Tannverdi et al. (2011) found that
17.3% of the students got scores of 30 cut-off point and
higher from EAT (37). In their study they conducted
on 372 university students between the ages of 17-30,
Toker (2008) found that 4,83% got scores of 30 cut-off
point and higher from EAT (38). While some of the
results of our study were in parallel with other studies,
it was found that unlike some studies, the percentage of
those who got scores of EAT cut-off point and higher
were higher than the percentage of other groups.

When the EAT scores of the athletes who par-
ticipated in our study were examined, a statistically
significant difference was found between the EAT
scores of Greco-roman wrestlers and freestyle wres-
tlers, with EAT scores of freestyle wrestlers being
higher (p<0,05). There is an insignificant but notice-
able difference between anxiety levels of groups. The
average anxiety levels of Freestyle wrestlers were found
to be higher than the other groups. Eating behavior is
considerably influenced by mood. Various studies have
found that the frequency of courses, the amount eaten
and what is eaten are associated with psychological
needs and it has been accepted that there is a strong
association between these. In a study which examined
the association between food intake amount and dif-
ferent kinds of emotion, while excessive food intake
was found to be associated with distress, depression
and fatigue, small quantities of food intake was associ-
ated with fear, tension and pain (39).

It can be interpreted that high levels of anxiety
leads these athletes to have less balanced and consist-
ent behaviors of eating.

Athletes may follow unhealthy diets from time to
as weight control is a significant factor for weight class
athletes, and as a result some essential nutrients which
are not taken sufficiently can contribute to the devel-
opment of depression and anxiety.

For the optimal performance of elite athletes,
an experienced nutritionist who plans and follows

the dietary habits and food consumptions of athletes
not only during camp periods but also before and af-
ter camp periods and also a psychological advisor and
regular training programs can make information more
permanent and cause it to become a life style. We are
of the opinion that increasing the number of athletes
who participate in such studies can lead to healthier
scientific information about the subject.

In weight athletes, body weight has significant
effects on performance. Inappropriate diets to control
body weight on the one hand disrupt the athlete’s nu-
trition and on the other hand have a negative effect on
their mood. It can be said that insufficient and unbal-
anced nutrition and negative mood will have a nega-
tive effect on the general health of athletes and also on
their sportive success.
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Acute effects of static and dynamic stretching exercises on
isokinetic strength of hip flexion-extension in male handball
players

Mahmut Alp
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E-mail: mahmut.alp@windowslive.com

Summary. This study aimed to examine and compare the acute effects of static stretching (SS) and dynamic
stretching (DS) on the hip flexor and extensor concentric (CON) isokinetic peak torque (PT) at 60°/s and
180°/s angular speeds in well-trained male handball players. A total of 14 male handball players (mean age
20.28+1.06 years; handball experience 11.50£1.45 years; height 180.64+6.34 cm; weight 73.35+6.60 kg; body
mass index 22.49+1.90 kg/m2) who train at least 4 days a week, 120 min a day, were recruited in this study. Play-
ers were tested for hip flexor and extensor isokinetic PT at 60°/s and 180°/s angular speeds before and 4 min after
three different stretching exercise sessions, namely, non-stretching (NS), SS, and DS, with 48-h rest intervals
in a randomized crossover study design. Statistical analysis revealed that no significant difference (p>0.05) was
observed among the stretching exercises in hip CON isokinetic PT values at 60°/s and 180%/s. The findings of
our study are that SS exercises do not have a tension deficit in PT; DS exercises showed that PT did not increase
the hip flexor and extensor CON isokinetic muscle movement more than SS exercises in male handball players.
Based on previous studies, the findings suggest that athletes who are accustomed to static or dynamic stretching
movements in male handball players may be less susceptible to stretch-induced power loss.

Key words: handball, static stretching, dynamic stretching, isokinetic strength

Introduction

Submaximal aerobic running is the main com-
ponent of classical warm-up that increases the body
temperature (1). Besides, SS is believed as an essen-
tial component in warm-up which degrade the risk of
injury and improve performance (2). Although, latest
researches stated that pre-exercise SS induced the per-
formances of maximal strength output, jump height,
sprint, agility compared to dynamic stretching (DS)
(3). Negative effects of SS are based on neural varia-
tion such as changes in reflex sensitivity and induced
motor unit activation as proofed by reductions in elec-
tromyography and mechanical factors (e.g., changes
in muscle tendon unit stringency) (EMG) (4). Owing
to the negative effects of SS previous to strength and

power works, many researchers have proposed the DS
exercise (5-7). Yamaguchi et al. (7) stated that develop-
ment in muscle performance after DS could be related
with two factors: the incident of post-activation po-
tentiation (PAP) and the rise of muscle temperature.
PAP includes the phosphorylation of myosin regula-
tory light chains, which improve actin—myosin interac-
tion. This coaction is caused by the optional contrac-
tion of the muscle antagonist to target the stretched
muscle (8).

Considering at the beginning and during the move-
ment in sports, the explosive strength is highly impor-
tant. Strength can extend the opponent’s decision time
as speed increases and increase the likelihood of mak-
ing mistakes (9). Therefore, some researchers signified
to a stretching protocol which will not cause reduces in
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strength performance. Power and condition trainers have
perceived active and DS protocols to make the athletes
ready for competitions (10, 11). Kim et al. (12) lined up
with that measuring the extensor and flexor strength is a
major indicator in observing training effects.

Contflicting results regarding the effects of SS and
DS on isokinetic strength were also reported. Some sci-
entists advocated the detrimental effects of SS on isoki-
netic strength (13-16), while others stated that after SS
there were no strength isokinetic deficiencies (17-19).

In the light of these information about litera-
ture, the current study aimed to examine and compare
the acute effects of SS and DS exercises on isokinetic
strength of hip flexor and extensor CON isokinetic
peak torque (PT) at 60°/s and 180°/s angular speeds in
male handball players.

Materials and Methods

Participants

A total of 14 male handball players (mean age
20.28+1.06 years; handball experience 11.50+1.45 years;
height 180.64+6.34 cm; weight 73.35+6.60 kg; body
mass index 22.49+1.90 kg/m?) who train at least 4 days
a week, 120 min a day, were recruited in this study.

Study Design

The inclusion criteria were as follows: (7) age be-
tween 18 and 22 years, (77) male gender, (777) active hand-
ball player for at least 5 years, and (7v) received specific
training period for handball for at least 12 weeks without
interruption. The exclusion criteria were determined as
follows: (7) history of orthopedic problems, such as glu-
teus maximus-medius-minimus, hamstring, piriformis,
adductor magnus-longus-brevis, psoas, iliacus, sartorius,
gracilis injuries; fractures, surgery, or pain in the spine
or gluteus maximus-medius-minimus, hamstring, piri-
formis, adductor magnus-longus-brevis, psoas, iliacus,
sartorius, gracilis muscles over the past 3 months, ()
missing a testing session during the data collection pe-
riod, and (7i1) using ergogenic aid that would affect the
isokinetic test. The participants were verbally informed
about the study method used as well as the purpose and
risks of the study, and written informed consent was ob-
tained from all participants.

Experimental Protocol

Participants began with a 5-min standardized
warm-up (cycling at 90 W at 60~70 rpm) for NS, SS
and DS sessions.

Non-stretching (NS) session. Participants had no
stretching exercises.

S8 session.: This session consisted of rear foot el-
evated, the couch, glute and sumo squat stretch exer-
cises for 3x30 sec with 20 sec resting intervals between
the repetitions in the same position. Each stretch was
executed to the point of discomfort, which was subjec-
tively determined.

DS exercises: This session consisted of straight leg
kick, butt kick, groin and rear foot elevated stretch
exercises. The participants were instructed to execute
the exercises in a repetitive manner and as fast as they
could. In this session, exercises were executed at each
joint for 3x30 sec with 20 sec resting intervals between
repetitions.

Isokinetic tests were performed before and after
each stretching session.

Isokinetic testing

The study data were collected using a Cybex-Hu-
mac Norm-brand Isokinetic Dynamometer. Isokinetic
tests were conducted according to the study of Ma-
noel et al. (20). Tests included a total of 3 days with at
least 48-h resting intervals. The order of NS, SS, and
DS sessions was randomized for each participant in a
crossover study design. The tests were applied in domi-
nant leg for 60°/s and 180°/s angular speeds in a CON
manner. Each session began with a 5-min standard-
ized warm-up (cycling at 90 W at 60-70 rpm), then
2.5-min rest was given. The dynamometer’s seat was
positioned in the supine position with zero degree in
every ankle before the test start. The participants who
randomized systematically before, were subjected to
pre-test. Then, participants performed applying NS,
SS and DS sessions. 4-min rest was given. In tests
which 3 sub-maximal trials were followed by 3 maxi-
mal efforts, 2-min of relaxation intervals were given
between the angular speeds. The PT values of the par-
ticipants were recorded as “Newton meter (Nm)” in
all pre- and post-tests. Table 1 presents the detailed
flowchart of the study.
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Statistical analysis

The statistical analysis was initially performed us-
ing the “Shapiro~Wilk” normality test, and all variables
presented with normal distribution. Therefore, statisti-
cal differences between the pre- and post-test at each
session were evaluated using the “Paired t-test.” Statis-
tical differences among post-tests after three stretch-
ing exercises were evaluated using “Repeated Measures
ANOVA” according to the 95% reliability. So findings
are presented as descriptive analyses, ANOVA results
and an alpha level of p<0.05 considered statistically
significant for all analyses. All data analyses were con-
ducted using the statistical package program.

Results

Table 1. Flowchart of the study
NS SS DS

5 min submaximal warm-up
2.5 min resting
3 submaximal trial

60°/sec isokinetic pre-test

2 min resting
3 submaximal trial

180°/sec isokinetic pre-test
No Static
Stretching Stretching
4 min resting
3 submaximal trial

60°/sec isokinetic post-test

Dynamic
Stretching

2 min resting
3 submaximal trial

180°/sec isokinetic post-test
Cool Down

Table 2. Descriptive Statistics of Players’ Demographic Infor-
mation

Minimum Maximum Mean SD

Age (years) 18.00 2200 2028 1.06
g&‘i?:ilce (years) 9.00 1400 1150 1.45
Height (cm) 17200  191.00 180.64 6.34
Weight (kg) 62.00 8530 7335  6.60
BMI (kg/m?) 18.48 25.89 2249  1.90

Table 3. Comparison of Isokinetic PT at 60°/sec from Different

Stretching Sessions

Stretchin Test
Type (Nn;g) Sequence Mean+SD F P
NS Pre-test 281.34+8.88

Post-test 283.66+9.07

Pre-test 283.33+9.01
5§ Post-test 281.63+8.08 10.09 190
DS Pre-test 298.70+8.54

Post-test 301.50+7.81

Table 4. Comparison of Isokinetic PT at 180°/sec from Dif-
ferent Stretching Sessions

Stretching Test
Type (Nm) Sequence Mean=SD ¥ P
NS Pre-test 186.14+22.51
Post-test 188.40+25.03
sS Pre-test 185.92+25.68 333 9280
Post-test 184.00+24.20
DS Pre-test 191.92+23.70
Post-test 195.64+24.09
Discussion

As the main findings of the current study were
analyzed, SS exercises did not find stretch-related
power deficit in PT, and DS exercises were not higher
in handball players than SS exercises in increasing the
hip joint CON isokinetic muscle strength. Prior to the
study, we assumed that SS may have strain-related PT
deficits in the hip joint at both angular velocities of 60
°/sand 180 °/ s compared to DS. Based on the results
of this study, we were unable to confirm our hypothesis
due to the lack of previous studies describing the acute
effects of SS and DS on hip flexor and extensor isoki-
netic PT in handball players.

For that reason, this study could support ours
Kapo et al. (21). Researchers reported in their study
that different and better results on PT at 60°/s and
180°/s in favor of DS compared with proprioceptive
neuromuscular facilitation in 50 male athletes from
different sports disciplines, such as karate, tackwondo,
box, football, and athletic sprint.

Similar to the results of our study, Egan et al. (19)
reported that SS did not affect the isokinetic PT at
60°/s and 300°/s angular speeds during any of the post-
stretching intervals. In contrast with our study, ekir
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et al. (22) defined that SS significantly decreased the
muscle strength in eccentric (ECC) and CON modes
at 60°/s and 180°/s angular speeds in well-trained track
and field athletes.

On the contrary, some researchers reported that
SS exercises have generally no stretching-induced PT
loses in muscles (4, 14, 17, 18). Ayala et al. (17) re-
ported that short pre-exercise SS and DS of stretching
routine do not elicit stretching-induced loses or im-
provements on isokinetic CON and ECC strength and
power at different speeds (60°/s, 180°/s, and 240°/s).
However, Marek et al. (15) and Miyahara et al. (13) re-
ported different results than the previously mentioned
studies. Marek et al. (15) reported that stretching-
induced deficit in the strength of extension at 60°/s
and 300%/s angular speeds. As reported, two factors
have been proposed to explain the stretching-induced
strength loses (19); first one is the mechanical factors
associated with decreased musculotendinous stiffness
that may alter the length—tension relationship and
second one is the neural factors caused by decreased
muscle activation.

We found that majority of the studies in the lit-
erature involved the effects of different stretching ex-
ercises on the isokinetic strength of the knee muscles.
In this regard, results of the current study also sug-
gested that differences in isokinetic ankle flexion and
extension PT after NS, SS, and DS are not significant.
Yamaguchi and Ishii (24) reported that the effect of
30-sec static stretching exercises on isokinetic strength
was not found significant. Balei (25) defined SS and
DS exercises have no effect on the effect of concentric
isokinetic strength. In a study examining the mecha-
nomiographic responses of concentric isokinetic mus-
cle contractions, it was concluded that the reduction-
induced reduction in slow and fast angular velocities
may not be velocity-specific (16). In addition, some
researchers found that stretching exercises had no ef-
fect on force, and suggested that this was related to SS
time and severity (26).

In previous studies, there are different findings
on unknown effects of SS and DS on isokinetic power
(27); however, these may be related to the duration
and intensity of the SS exercise, the training or com-
petitive experience level of athletes (19, 28) and the
isokinetic test rates (29). Ayala et al. (17), the total SS

duration per <60-90 s isolate muscle group may not
have changes in strength and stress due to CON and
ECC isokinetic muscle movements. In addition, well-
trained athletes who are accustomed to static or dy-
namic movement actions as in handball may be less
susceptible to the stretching-induced strength defi-
cit. These results should only be considered in male
handball players who can perform SS and DS prior to
training and competition without strength loses (19,
22, 30).

The limitations of this study are: (a) failure to
evaluate the effects of SS and DS through EMG.
Therefore, the results are interpreted in the literature
according to the findings of previous studies. (b) when
conducting isokinetic tests, it was observed that play-
ers were familiar with low warm-up and tests and
rested for a long time between stretching sessions and
post-test. For this reason, more specific test protocols
should be developed for this type of future research.
(c) difficulty of positioning participants in the supine
position and aligning the dynamometer axis with the
large trochanter of the femur same as in the study of
Zapporoli and Liberto (31). (d) small sample group
limited results. Therefore, larger working groups may

be needed.

Conclusion

According to the our findings and the results of
similar studies supporting it, as the causes of chang-
es in isokinetic PT parameters; It can be said that in
sports activities, the application of the set numbers
and stretching times higher than the normal ratios
recommended in the literature and causing neurogenic
inhibition in SS exercises and exhaustion in DS exer-
cises. In addition, it can be considered that for a long
time, a minimum effect on power performance is ob-
served, but insufficient increase in blood parameters
is observed. In sports, where slight positive increases,
strength and performance differences affect the com-
petitive outcome, it is recommended that stretching
protocols applied in warm-up are performed accord-
ing to the requirements of the related sports branch.
In our study, considering the fact that short-term
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maximal loadings are related to force performance in

a sport such as handball, where explosive strength and

continuity in strength are combined with the flawless

playing feature, these are recommended to do that me-

chanical and neuromuscular factors including the ap-

propriate set numbers and stretching times to reach

strong positive increase rates are considered.
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Summary. The study aims to investigate students’ physical selves, eating attitudes and subjective well-beings be-
sides the predictive status of their physical self and eating attitude in subjective well-being. Method: The research
which has been designed on the basis of relational research method was conducted with 267 participants from
physical education and sports schools. The data of the research consist of participants’ demographic information
(the department that they study, grade level, gender), Physical Self Inventory scores, Eating Attitude Test scores,
and Subjective Well-Being Scale scores. Descriptive analysis, Pearson Correlation and regression tests have been
used for data analysis. Results: As a result of the analyzes, it is found that subjective well-being levels of the par-
ticipants are moderate, 26.6% are at risk of eating attitude disorder, that the physical self, general self, physical
condition and sport competence perceptions of physical self-perception sub-dimensions are moderate, and that
physical fitness and physical strength perceptions were low. In addition, it is observed that there is a weak nega-
tive correlation between subjective well-being and eating attitude behavior, a weak positive correlation between
subjective well-being and general self, physical self, physical condition and physical attraction perceptions, a
moderate negative correlation between subjective well-being and physical strength perception, no significant re-
lationship between subjective well-being and sport competence perception, and that eating attitude and physical
self-perception are significant predictors of subjective well-being and explain 42% of the total variance.

Key words: subjective well-being, eating attitude, physical self

sential requirement for the development of the body,
maintenance of life and protection of health. Adequate

It is possible for a person in contemporary social
life to lead a happy and systematic life, to express a
meaning in society and to play their social roles duly
via a healthy individual and personality development.
Nutrition, which forms the basis of being a healthy
individual, is an individual’s consumption of nutri-
ents that provide each of the energy and nutritional
elements necessary for the growth, development and
healthy and productive life of the individual in suffi-
cient amounts and their usage in the body in the most
economical way without losing its nutritional value
or making it health-impairing (1). Nutrition is an es-

and necessary intake of all nutrients required for the
growth of the body, regeneration and functioning of
the tissues and the proper use in the body are defined
as adequate and balanced nutrition (2). Although peo-
ple have enough nutrition, human health is affected
negatively since body’s needs cannot be adequately
met as a result of consuming the same food group fre-
quently or not receiving the right foods, the necessary
energy cannot be provided and the body tissues cannot
be structured (3). Overeating leading to obesity, refusal
to eat, individual’s becoming vegetarian or certain eat-
ing restrictions due to the psychological causes, eat-
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ing things that cannot be categorized as food, disposal
of the food digested immediately after being eaten or
irresistible behavior of eating at night arise with the
situations referred to as imbalanced nutrition or eating
disorder (4). It has been observed that there is no sin-
gle cause of eating disorders. There are approaches that
relate the occurrence of eating disorders to problems in
the family, the presence of eating disorders in the fam-
ily, obesity, adolescent problems, acceptance of sexual-
ity, sexual trauma, socio-cultural norms, biological and
genetic factors, and low self-esteem (5, 6).

As mentioned above, low self-esteem is one of the
factors effective in the formation of eating disorders.
Self-worth in eating disorder depends on appearance,
body shape and weight (7). When the symptoms of
eating disorder (diet, weight loss, and binge eating,
vomiting behavior) are evaluated as an effort to increase
self-woth, it is very important to consider individuals’
eating attitudes in the context of self. Self is the way
individuals perceive their own personality (8). There
are many definitions about self in the literature. Self
is the whole of one’s self-evaluations and beliefs about
himself (9). In another definition, self is expressed as
an object, the totality of the thoughts and feelings that
one imposes on themselves. Beane and Lipka (10) de-
fined the concept of self as individuals’ perception of
various roles and personal characteristics.

Based on the content of the self-concept, as a
result of a large number of researches and a consen-
sus on the multi-faceted and hierarchical structure
of the self-concept, defining and evaluating indi-
vidual’s thoughts regarding themselves in different
living conditions have started to be dealt with (11).
Physical self-perception, which is becoming more and
more important and starting to be investigating by
the researchers more frequently, is a subset of general
self-perception. The concept of physical self, general
self-esteem, psychological well-being is regarded as
a sub-element of health and life. In addition, physi-
cal self-perception is the most important element of
multifaceted and hierarchical self-perception that is
affected by participation in exercise (12-15). Physical
self-concept or physical self-perception is important
for healthy development, specialization ability and re-
lationship with our physical environment from child-
hood and is defined to be individual’s self-perception

and evaluation of the psychomotor dimension (13). It
is how the individual perceives and evaluates them-
selves in motor skills (coordination, sports ability,
etc.) and physical fitness parameters (strength, endur-
ance, flexibility, etc.) (16).

Self-esteem is important when studying mental
wellbeing because of its close association with emo-
tional stability and adjustment, low self-esteem fea-
tures in many forms of mental illness and low self-
esteem is associated with poor health behaviours.
Physical self-esteem has been shown through its as-
sociations with measures of emotional adjustment, in-
dependent of global self-esteem and socially desirable
responding, to have mental wellbeing properties in its
own right (17). The influence of physical activity on
mental well-being. Like self-perception, physical self-
perception is an indicator of psychological health and
psychological well-being (18). The concept of psy-
chological well-being expresses positive functionality
in one’s life. Subjective well-being, expressed as hap-
piness in spoken language, is the evaluation of one’s
own life. This evaluation is both cognitive (judgments
about life satisfaction) and emotional (satisfactory and
unsatisfactory emotional responses) (19). Subjective
well-being, which is defined as experiencing positive
emotions more frequently than negative ones and sat-
isfaction from life (20), is the subjective belief or feel-
ing that life is going well (21). Satisfaction obtained
from life expressed in the definition constitutes the
cognitive dimension of subjective well-being and in-
cludes evaluations of the individual about various liv-
ing areas (marriage, work, health, success, etc.). The
frequency of positive and negative emotions is the
affective dimension of subjective well-being. Accord-
ingly, emotions such as joy, enthusiasm, confidence,
excitement, interest and gaiety are positive affect; fear,
anxiety, guilt, anger, hate and sadness are negative af-
fect (20-23).

When the literature is examined, there are not
many studies examining the relationship between
these three concepts. Such a study is considered to be
more useful in determining some of the factors affect-
ing the subjective well-being levels of the students. In
this study, it is aimed to investigate the physical self,
eating attitude and subjective well-being levels of stu-
dents and predicting the subjective well-being levels
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of students according to their physical self and eating

attitude. In accordance with this purpose, responses to

sub-problems below are investigated:

1. What is the level of physical self-perception, subjec-
tive well-being and eating attitude of students?

2. Do the students’ physical perceptions and eating at-
titude behaviors predict their subjective well-being
statistically significant?

Methods

This research has been designed on the basis of the
correlational research method defined as the examina-
tion of the correlation between two or more variables
without any effect on the variables (24). This method
has been preferred in this research because the partici-
pants were asked to answer the questions without any
effect.

Participants

The research group of the study consists of a to-
tal of 267 people studying at the School of Physical
Education and Sports. Random sampling method was
used to identify the participants. Table 1 shows the
distribution of participants by department, grade level
and gender.

As can be seen in Table 1, 27.7% (74 people) of
the participants are female and 72.3% (193 people) are
male. 48.8% (125 people) are in the administration de-

Table 1. Frequency and Percentage Distribution of Demo-
graphic Characteristics of Participants

Gender n Percentage %
Female 74 27,7
Male 193 72,3
Total 267 100,0
Department n Percentage %
Administration 125 48,8
Teaching 147 53,2
Grade n Percentage %
Grade 1 105 34
Grade 2 87 29
Grade 3 61 20
Grade 4 52 17

partment and 53.2% (147 people) are in the teaching
department. 34% (105 people) are 1st grade, 29% (87
people) are 2nd grade, 20% (61 people) are 3rd grade
and 17% are 4th grade.

Measures

Four different data have been collected in the
study: demographic characteristics (department, class
level and gender), physical self-perception, eating at-
titude habits and subjective well-being levels of the
participants. A form was prepared by the researchers
to determine the demographic characteristics of the
participants.

Physical Self Inventory (PSI)

Data related to the physical self-perception of the
participants were collected using the 6-point Likert
type Physical Self Inventory (PSI) which was devel-
oped by Ninot et al. (2000), adapted to Turkish and
whose validity-reliability studies were done by Caglar
et. al. (2017) (25, 26). The physical self-scale consists
of 25 items in six sub-dimensions: general self, physi-
cal self, physical condition, sport competence, physical
strength and physical attraction. In order to determine
the reliability of the scale, Cronbach alpha internal
consistency coeflicients have been calculated in the
physical attraction sub-dimension (0.55) = 0.71 in
this study; in the general self-concept sub-dimension
(0.66) = 0.68 in this study; in the physical condition
sub-dimension (0.72) = 0.70; in the physical strength
sub-dimension (0.72) = 0.70 in this study; in the phys-
ical self-worth sub-dimension (0.80) = 0.71 in this
study and in the sports competence sub-dimension

(0.89) = 0.69 in this study.

Eating Attitude Test (EAT)

The 6-point Likert-type Eating Attitude Test
(EAT), which was developed by Garner and Garfinkel
(1979), adapted to Turkish and whose validity-reliability
studies were done by Savasir and Erol (1989), was used
to evaluate the disorders in eating behaviors and atti-
tudes of the participants and to measure the symptoms
of anorexia nervosa. EAT consists of 40 questions (27,
28). The cut-off point of the scale is 30 points. For items
1,18, 19, 23, 27, 39 sometimes 1 point, rarely 2 points
and never 3 points and other options are evaluated as 0
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points. For the other items of the scale, always 3 points,
very often 2 points and often 1 point and other options
are calculated as O points. As a result, the total score of
the scale is obtained by adding the scores taken from
each item of the scale. In the current study, people who
scored 230 according to the EAT-40 evaluation scale
have been described as “susceptible to eating behavior
disorder”. The Cronbach’s alpha reliability coeflicient
for the whole inventory was calculated to be (0.83) by
Garner and Garfinkel (1979), (0.70) by Savasir and Erol
(1989), and in this research = 0.87.

Subjective Well-Being Scale

Data related to subjective well-being of the par-
ticipants were developed by Tuzgsl (2004) based on
the theories explaining subjective well-being, mainly
Diener’s (1984) views on subjective well-being (20,
29). The 5-point Likert-type Subjective Well-Being
Scale consists of 46 items. The scale includes per-
sonal judgments about living spaces and positive and
negative emotion expressions. The scores of each item
ranged from 5 to 1. 26 of the scale items are nega-
tive expressions. Negative expressions are items 2, 4,
6,10, 13, 15,17, 19, 21, 24, 26, 28, 30, 32, 35, 37, 38,
40, 43 and 45. Scoring negative expressions is done by
reversing. The lowest score that can be obtained from
the scale is 46 and the highest score is 230. High score
indicates a high level of subjective well-being. Cron-
bach’s alpha reliability coefficient (0.93) of the scale
has been found to be = 0.92 in this study.

Ethical Consideration
Ethics committee approval for this study was

Ethical Committee of Scientific Research (Decision
number: 2019.05.05-03). We thank all study partici-
pants for their willingness to participate.

Statistical Analysis

Data have been analyzed using SPSS version 22.
Frequency and percentage values were used to iden-
tify the demographic characteristics of the participants
(department, grade level, gender).

In the research, firstly, the appropriateness of the
data to the normal distribution has been examined
when deciding the analysis of the sub-problems. Since
Skewness and Kurtosis values are between +2 and -2,
it is accepted that the movement distributions are nor-
mal (30). In addition, when the Q-Q plot graphs are
examined, it can be assumed that the data are normally
distributed because all the sub-dimensions and total
values are collected on or near the diagonal.

Arithmetic mean and standard deviation tech-
niques have been used to reveal the physical self-
perception, eating attitude habits and subjective
well-being of the participants. Pearson Correlation
Coeflicient has been also calculated to determine the
level or amount and direction of the correlation be-
tween the variables. A simple regression analysis has
been used to find out the answer to the question as
to whether physical self-perception and eating attitude
are a significant predictor of subjective well-being. The
significance level of the tests has been taken as .05.

Results

In this section, the findings obtained from the students

obtained from Erzincan Binali Yildirim University are given.
Table 2. Descriptive statistics of variables
n Min. Max. X Ss Skewness Kurtosis

Subjective Well-being 267 99.00 230.00 171.31 26.08 -.109 -.557
Eating Attitude 267 3.00 85.00 22.88 15.57 1.677 1.986
General Self 267 8.00 30.00 19.03 5.96 .608 -.931
Physical Self 267 5.00 30.00 19.79 4.16 -.343 252
Physical Condition 267 6.00 49.00 16.97 4.30 1.506 1.406
Sport Competence 267 4.00 24.00 13.52 2.67 531 1.895
Physical Attractiveness 267 6.00 18.00 10.00 3.18 1.017 273
Physical Strength 267 3.00 18.00 7.87 3.37 .598 -.380
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Table 3. Eating attitude test score percentages of participants
EAT<30 EAT=30
n % n %

204 76,4 63 23,6

EAT-40

As seen in Table 2, subjective well-being levels
(=171.31) of the participants have been found to be
moderate and eating attitudes (=22.88) are normal
eating attitudes according to student perceptions. It
has been observed that the physical self (= 19.7general
self (= 19.03), physical condition (= 16.97) and sport
competence (=13.52) perceptions of physical self-per-
ception sub-dimensions are moderate; physical fitness
(=16.97) and physical strength (=7.87) perceptions are
low. In addition, as presented in Table 2, when the dis-
tribution of the data is examined, it is accepted that the
related distributions are normal due to the fact that the
sub-dimensions of the inventory and Skewness and
Kurtosis values related to the distribution of all data
are between +2 and -2 (30). Moreover, when the Q-Q
plot graphs are examined, it can be assumed that the
data are distributed normally as all the sub-
Dimensions and all the values according to total scores
are collected on or near the diagonal.

A score of 30 or higher on the Eating Attitude

Test indicates impaired eating behavior. Accordingly,
when Table 3 is examined, it is determined that 23.6%
of the students have the risk of eating disorder.

As shown in Table 4, it can be observed that there
is a weak negative linear correlation between subjec-
tive well-being levels and eating attitudes of the par-
ticipants (r = -. 241, p <0.01); there is a weak positive
linear correlation between subjective well-being levels
and general self (r = .387, p <0.01), physical self (r =
.214, p <0.01), physical condition (r = .242, p <0.01),
physical attractiveness (r =. 122, p <0.05); there was a
moderate negative linear correlation between subjec-
tive well-being levels (r = -600, p <0.01) and physical
strength, and there is no significant correlation be-
tween subjective well-being levels (r = -103, p <0.01)
and perception of sport competence.

In Table 5, when the regression results between
eating attitude and physical self-perception as the
predictive variables and participants’ subjective well-
being levels as the predicted variables are examined,
it is observed that there is a negative weak correla-
tion between eating attitude and subjective well-being
of participants (r = -. 24). And when other variables
are controlled, this correlation is calculated as (r = -.
02). It is clear that there is a positive moderate (r =

Table 4. Results of correlation analysis according to the views of the participants
1 2 3 4 5 6 7 8
1. Subjective Well-being r 1 -.241° 387" 214 242" -.103 122 -.600"
P .000 .000 .000 .000 .047 .023 .000
2. Eating Attitude r .017 .109 .092 2317 -.006 449"
p .389 .038 .066 .000 464 .000
3. General Self r 3707 454" .095 5167 -.320"
P .000 .000 .061 .000 .000
4. Physical Self r 4117 366" 2427 -.041
P .000 .000 .000 254
5. Physical Condition r 1597 281" -.135°
P .005 .000 .014
6. Sport Competence r .031 284"
p 309 000
7. Physical Attractiveness r =151
p .007
8. Physical Strength r 1
p

<0.01, p<0.05
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Table 5: Regression analysis results regarding the predictive status of participants’ subjective well-being of eating attitudes and their

physical self-perceptions.

Variable B StEI:ia:d B t P Binaryr  Partialr
Constant 178.390 8.850 20.157 .000

Eating Attitude -.022 .046 -.026 -491 .624 =241 -.023
General Self .833 277 202 3.189 .002 .387 150
Physical Self .806 .353 129 2.287 .023 214 107
Physical Condition .390 336 .064 1.162 .246 242 .055
Sport Competence =215 .524 -.022 -411 .681 -.103 -.019
Physical Attractiveness -.896 451 -.109 -1.985 .048 122 -.093
Physical Strength -4.024 454 -.520 -8.855 .000 -.600 -.416

R=.655 R’=.429; F=27.785 p=.000

.38) relationship between the general self and subjec-
tive well-being of the participants, but when the other
variables are controlled, the relationship between the
two variables is (r = .15). While the correlation be-
tween the physical self and subjective well-being of
the participants is positive and low (r = .21), it is seen
that, when the other variables are controlled, it is again
calculated to be positive and low (r=.10). When the
relationship between physical fitness and subjective
well-being scores of the participants is examined, it is
observed that the calculated correlation is positive and
low (r = .24). However, when the other variables are
controlled, this relationship has again been found to
be low positive (r = .05). It is seen that the relationship
between sport competence which is another predictor
variable and subjective well-being levels of participants
is negative and low level (r = -. 10), but this coefficient
changes to become (r = -. 01) when other variables
are controlled. While there is a positive and low (r =
.12) correlation between the scores of physical attrac-
tion and subjective well-being of the participants, it is
observed that this value is negative and low (r = .09)
when other variables are kept under control. There is a
negative and high level (r = -. 60) relationship between
physical strength and subjective well-being of the par-
ticipants, but when the other variables are controlled,
the relationship between the two variables turn into a
moderate and negative (r = -. 41) relationship.

The established regression model shows that the
general self which is called the participants’ eating atti-
tudes and physical self-perception, physical self, physi-

cal condition, sport competence, physical attractive-

ness, physical strength, and the subjective well-being
of the participants form a moderate and significant
relationship (R = .65). R2 = .42, p <.001). All inde-
pendent variables included in the model explain 42%
of the total variance related to subjective well-being
levels of the participants that are dependent varjables.
This signifies that the 48% change in subjective well-
being scores can be explained by different variables
not included in the regression model. According to
the standardized regression coeflicients (f3), the order
of relative significance of the predictive variables on
the subjective well-being levels of the participants is
as follows: physical strength, general self, physical self,
physical attraction, physical condition, eating attitude
and sport competence.

When the results of the t-test regarding the
significance of regression coefficients are examined,
it is seen that the general self-perception (t = 3.189,
p <.005) and physical self-perception (t = 2.287, p
<.005), which are one of the predictive variables, are
important predictors in analyzing the subjective well-
being scores of the participants. Accordingly, consider-
ing the positive relationship direction, it is possible to
claim that the increase in the general self and physical
self-perceptions positively affected the increase in the
scores of the participants’ subjective well-being levels.
In addition, according to the t-test results related to
the significance of regression coeflicients, physical at-
tractiveness (t = -1.985, p <.005) and physical force
perceptions (t = -8.855, p <.005), which are the predic-
tive variables, are an important predictive in explaining
the scores related to subjective well-being of the par-
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ticipants. Accordingly, considering the negative aspect
of the relationship, it can be said that the increase in
physical attraction and physical strength perceptions
adversely affect the increase in subjective well-being
scores of the participants.

Discussion

In the current research, physical self-perception,
eating attitude behaviors and subjective well-being
levels of students, the predictive aspects of physical
self-perception and eating attitudes regarding their
subjective well-being levels have been investigated.
The findings of the research have been discussed and
supported by the literature.

The subjective well-being levels of the participants
have been found to be moderate. In the literature, sub-
jective well-being levels of students are parallel to this
study (31-35).

In this study, it was found that the mean eating
attitude of the participants are 22.88 and 26.6% are
at risk of eating attitude disorder. In the studies con-
ducted, it has been seen that the mean scores of eating
attitude of the students are close to the findings of this
study (36-40).

The physical self, general self, physical condi-
tion and sport competence perceptions of the physi-
cal self-perception sub-dimensions have been found
to be moderate, while physical condition and physical
strength perceptions are low. Crocker et al. (2000) re-
ported that physical condition and sport competence
perceptions of the physical self perception sub dimen-
sions have been found to be high in adolescence. Raus-
torp et al. found that (2004) physical self-worth, sport
competence, body attractiveness, physical strength and
physical condition were moderate (41). In the study
conducted by Makar (42), it was found that the levels
of physical self-perception of the students participat-
ing in the study had normal values. In the study of
Pehlivan (43), it was specified that teacher candidates’
sports ability, physical strength, flexibility and appear-
ance were high. In their study, Kilicarslan (44) found
that physical education teachers have a high level of
physical self-perception. It was seen that the students
participating in the study had normal values in terms

of their physical self-perception levels. It can be said
that the differences in the sub-dimensions of physi-
cal self-perception between other studies and this one
are due to the gender variable, the different physical
activity levels of individuals, and the individual’s self-
perception at the psychomotor level (45-49).

In the study, it has been specified that there is a
weak negative relationship between subjective well-
being and eating attitudes of the participants, a weak
positive relationship between subjective well-being
levels and general self, physical self, physical condi-
tion and physical attraction perceptions, a moderate
negative correlation between subjective well-being
level and physical strength perception, and it has
been found that there is no significant relationship
between subjective well-being level and sport compe-
tence perception. In addition, it has been found that
eating attitude and physical self (general self, physical
self, physical condition, sporting competence, physi-
cal attraction, physical strength) explain 42% of total
variance in which subjective well-being is a significant
predictor.

When the literature is researched, it is seen that
there are negative and significant relationships between
eating attitude behavior and subjective well-being (35,
50-53). The reason for this is that the high level of sub-
jective well-being of university students can lead to the
development of healthy emotion-thought and behav-
ior, and accordingly, the incidence of psychopathologi-
cal symptoms may decrease. From this point of view,
the incidence of problems related to eating attitude
can decrease with increasing subjective well-being. In
addition, the study result can be supported from a dif-
ferent point. There are also studies in the literature that
reveal positively significant relationships between eat-
ing attitude disorder and depression (54-57).

Edwars et. al. (58) data analysis revealed moderate
positive correlations within and between the two scales
(physical self perception and well-being), supporting
the conceptualisation that physical self-perception is a
subsystem of the more general construct of psycholog-
ical well-being. Significant relationships were found
between psychological well-being and self-acceptance,
sport competence, conditioning, conditioning impor-
tance, and body importance. The results generally in-
dicated the two scales were moderately positively cor-
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related. In addition, there are studies in the literature
that reveal significant relationships between physical
self-perception / self-perception and subjective well-
being / psychological well-being (20,59-67).

In the literature, there are very limited stud-
ies investigating the relationship between these three
concepts (eating attitude, physical self and subjective
well-being). Interviews confirmed that those showing
abnormal eating behavior in the questionnaires did in-
deed show greater eating pathology as well as lower
self esteem. In their study, Oktan and Palanci (51) find
that age, body image and eating attitude are identified
as significant precursors of subjective happiness and it
is determined that the model explains 17% of total var-
iance with regard to subjective happiness. In the study
that Hwang at all (68) conducted, female students’
eating attitudes are negatively associated with parental
attachment and self-esteem, but positively with a de-
pressive mood. In their study Button et. al. (69) found
that abnormal eating behavior of 15-16 year old girls
in the questionnaires did indeed show greater eating
pathology as well as lower self esteem and interviews
also revealed that those with high levels of eating con-
cern showed greater levels of global self dissatisfaction
and higher dissatisfaction with their physical appear-
ance. The results are similar.

Conclusion

In this study, it is revealed that physical self-
perceptions and eating attitude habits are effective in
individuals having more positive emotions, less nega-
tive emotions, and feeling satisfied with their lives. As
the subjective well-being of individuals decreased, they
are more prone to be at risk of eating behavior disor-
ders, and the better physical condition they feel they
have and the higher their body perceptions, the hap-
pier they are. It is considered that the physical activity
levels and the physical self-perception of the students
studying in the sports education department are better
than the students studying in another department. In
this regard, it is recommended that this study should
be conducted for students studying in other depart-
ments and for people of middle age and above who
have a lower level of physical activity.
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Summary. Objective: The aim of this study was to determine the relationship between serum leptin (SL) level,
which is the sensor of changes in energy intake and consumption, and maximal oxygen consumption (VOau.)
level in pre-puberty swimmer girls. Methods: Voluntary participants were divided into swimmer group (n: 16)
and the control group (n: 15). Bruce protocol was used for acute exercise effect. Body composition, VO, and
SL concentrations of the study group were measured before and after acute exercise. The paired-samples t-test
and independent samples t-test were used for intra- and inter-group comparisons. The linear relations between
the VO,,.. and SL levels were determined by Pearson correlation coeflicient. The level of significance was used
at 0.05. Results: There was a significant difference between the SL level and test stage, test duration, HR of test-
end, and VO, variables in both groups (p<0.05). There was a high level of negative correlation between VO,
and SL levels in both groups after exercise (SG, r=-0.63; p<0.01, and CG, r=-0.60; p<0.05, respectively). Con-
clusion: Acute exercise resulted in decreased SL levels of both groups. It was concluded that regular swimming

sports has a positive effect on body composition, VO,..., and SL values of pre-pubertal girls.

Key words: serum leptin, VO,..., body composition, acute exercise, pre-pubertal girl

Introduction

Regular participations in physical activity during
adolescence lead to significant changes in hormone
concentrations that may affect growth and develop-
ment. For this reason, having knowledge about specific
hormonal and metabolic responses during exercise of
children is very important to understand the physi-
ological benefits and potential risks of participation in
sports activities on a regular basis (1). In this case, un-
derstanding metabolic responses to exercise can help
to create better physical activity and nutritional rec-
ommendations for children of all ages.

Leptin is one of the hormones consisting of cy-
tokine family and 167 amino acids with various effects
on the organism (2). Leptin hormone, which acts as a
sensor of changes in energy intake and consumption,

secreted by adipocytes may contribute to the long-
term control of energy balance and body composition
by interaction with receptors in the hypothalamus (3,
4). Also, it plays an important role in the development
of fetus, the onset and development of adolescence in
children (5) and weight control, energy consumption
and nutrient intake (6, 7), in the regulation of neu-
roendocrine functions (5) has a great effect. Leptin has
a short-term and stimulating effect on lipid oxidation
in skeletal muscle. Thus, leptin decreases lipid stores in
skeletal muscle by increasing fatty acid catabolism (8).

The exercises with sufficient intensity, which may
alter the balance of energy consumption, may also lead
to changes in leptin levels (8). Because, the exercise is
a strong stimulant for the secretion of many hormones
and has been suggested to also affect serum leptin
(SL) levels (9). Exercise doesn't only increase energy
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consumption, but also decrease the fatty mass. Since
leptin hormone increases the energy consumption, it
is ensured the increasing of energy consumptions dur-
ing exercise, and so the fat mass also decreases. Several
studies that have evaluated the effects of exercise on
leptin are based on this fact (10), and so exercise can
decrease SL levels (11).

Maximum oxygen consumption (VO,u.), which
is a criterion of cardio-respiratory development, is the
most reliable test to determine the maximum aerobic
capacity. If someone can consume high amounts of ox-
ygen over a unit time, this means that this person has
a high aerobic capacity. That is, there is a high correla-
tion between the maximum aerobic capacity and the
ability to sustain severe effort (12). During the high-
intensity exercises, fats are metabolized by hydrolysis,
and so provide energy. Therefore, many studies show
that fat oxidation increases significantly during exer-
cises that are performed at the level of 85% of VO,
(13, 14).

Findings showing the increasing effects of leptin
on food intake and energy metabolism have led to the
need to investigate the relationships between leptin
levels and exercise (15). But unfortunately, despite the
potential importance of pediatric exercise metabolism,
a limited number of studies are currently available on
this topic (1, 9). On the other hand, there are almost
no studies that investigate the effect of acute exercise
on SL levels of the pre-puberty girls. In conclusion,
the aim of this study was to investigate the relationship
between serum leptin concentrations and VO, levels
of acute exercise that applied to pre-puberty girls who
regularly practice swimming sports.

Materials and Methods

Ethical Considerations

Prior to the research, this study was approved by
the Clinical Research Ethical Committee of the Inonu
University Faculty of Medicine. The purpose and pos-
sible risks of the study were explained to the parents
of the intervention group. The informed voluntary pa-
rental consent and acceptance forms prepared accord-
ing to the Helsinki Declaration were read and signed
by each parents. All candidates that agreed voluntarily

participate in the study were included in the study af-
ter going through the required medical examinations.

The Study Group

The study group consisted of 31 healthy pre-
puberty girls. The swimmer group (SG) consisted of
16 licensed swimmers who applied training for 90
minutes a day, 6-day a week at a local swimming club.
The mean age of SG was 9.88+1.41 years, the height
was 140.38+9.75 cm, the weight was 35.66+9.71 kg
and the sport age was 26.31+10.22 months. Also, 15
healthy and sedentary girls participated in this re-
search as control group (CG) that the mean age was
9.73+1.16 years, the height was 142.93+10.33 cm, and
the weight was 41.20+10.63 kg. Both of the groups
were living in the same city, and they came from simi-
lar socioeconomic backgrounds.

Study Procedures

Care was taken to ensure that both groups did not
participate in any intensive exercise or activity until
48 hours before the study. In the evening before the
study, the last meal and fluid consumption was asked
to be terminated at 08.00 pm. Children with fasting
were called to the physiology laboratory at 8.00 am
with their parents and they were informed about the
study. The participants were given a light and standard
breakfast of 500 kcal (1.5 cheddar cheese toast, 1 egg,
and 1 cup of tea with sugar) prepared earlier (16, 17).
Participants were shown a movie until 10.30 am (start
time of the study) and after the brief information were
made again, the study started.

Concurrent Variables

The anthropometric measurements of the inter-
vention groups were taken as shorts, t-shirts and bare
feet. A stadiometer (Harpenden, Holtain Ltd. UK)
with a precision of +1 mm was used for height meas-
urement. Body mass index (BMI), which is considered
a better index for evaluating adiposity in children, was
calculated using the (Kg/m**) formula for corrected
BMI (18). Body weight, basal metabolic rate (BMR),
body fat percentage (BFP) and body fat mass (BFM)
were determined by bioelectrical impedance analysis
(Tanita BC-418 MA Professional, Japan). The adoles-

cent maturity level of the subjects was determined by
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a pediatric specialist through the evaluation of pubic
hair according to the Tanner (sexual maturity) scale
((Tanner Stage I/II/III/IV), the swimmer group was
7/4/2/3 (n=16), and control group was 4/6/1/4 (n=15),
respectively) (19).

Acute Exercise Test Protocol

The Bruce test protocol, performed in a labora-
tory environment and on a computer-controlled tread-
mill (Cosmed T-150, Italy), was considered an acute
exercise program. Every subject started the exercise
with a 5-minute warm-up jogging at 0% slope, and
subsequently the automatic protocol that was loaded
in the treadmill was started. The heart rate (HR) was
controlled using the (95% x 220 bpm — Age) formula
(20), and it was monitored with a portable pulse meter
(Polar S800i, Finland). The test was ended when the
observed exhaustion against a certain workload (vol-
untarily fatigue) and according to the Borg scale crite-
ria (21). The test ending stage, test duration, and end-
ing HR values were recorded for each subject. VO
capacities of the subjects were determined using the
(VOse (mL/kg/min) = 4.38 x Time (min) — 3.9) for-
mula (22).

Collection of Blood Samples

7 ml of forearm venous blood samples were taken
from every subject before and 3 minutes after the acute
exercise protocol. The collected blood samples were
centrifuged for obtaining serum samples, and then
they were stored at -80°C for further study. The SL
levels before acute exercise (SL1) and the SL levels af-
ter acute exercise (SL2) were determined by Elisa Kit

(Boster Biological Technology Co. CA, USA).

Statistical Analysis

The descriptive statistics of the data were calcu-
lated and presented in the form of mean and standard
deviation (X+SD) in the text. The normality of the var-
iables was tested with the Shapiro-Wilk test and they
were found to have parametric distributions (p>0.05).
Thus, the independent samples t-test was used for the
evaluation of the variables between groups. The paired
samples t-test was used for the intra-group compari-
son of the VO,... and the SL values. The relationship
between VO.,,. and SL levels was tested with the

Pearson’s simple linear correlation (r) test. The statisti-
cal analyses were conducted with the IBM SPSS 25.0
package program, and the level of significance was ac-

cepted as p<0.05.

Results

In this study, the physical, anthropometric, meta-
bolic and physiological responses of the pre-pubertal
swimmer girl group (SG; n: 16) and sedentary girl
group (CG; n: 15) to acute exercise were examined.
The results of obtained data before and after acute ex-
ercise of the research group are given below in tabular
forms.

As a result of the research, it was observed that
both groups were in the weak category when the cor-
rected BMI values for the children were examined, and
they were in stage II, according to Tanner’s sexual ma-
turity grading. For this reason, the mean of the physi-
cal, anthropometric, and sexual maturity variables of
both groups were similar, since there was no signifi-
cant difference between the age, height, weight, BMI,
BMR, BFP and LBM values of the research group
(Table 1; p>0.05).

Discussion

This study is based on the relationship between
the acute exercise protocol and leptin VO,,.. by com-
paring two groups of healthy pre-puberty girls (swim-
mers and sedentary). It was observed that there was
no significant difference between the pubertal levels of
the 31 girls who were taken into the study as they were
in stage II of the Tanner (sexual maturity) scale. This
can be explained by the fact that there are no hormonal
sex-dependent changes in the early ages (23), and that
the two groups were physically and anthropometrically
similar. It was observed that there were a significant
relationship and a direct correlation between the acute
exercise (Bruce) protocol ending stages and duration.
When the corrected BMI (Kg/m**) results — which is
considered a better index for the evaluation of adipos-
ity of children (18) — it was determined that the both

groups were healthy and non-obese.
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Table 1: Descriptive statistics and inter-group comparisons of the research group

Swimmer Group (SG,n:16) Control Group (CG, n:15)

Variable X SD X SD t P
Age (year) 9,88 1,41 9,73 1,16 0,304 0,763
Height (cm) 140,38 9,75 142,93 10,33 -0,709 0,484
Body mass (kg) 35,66 9,71 41,20 10,63 -1,517 0,140
BMI (kg/m**) 13,31 2,56 14,58 2,64 -1,365 0,183
BMR (kcal) 1150 136,13 1222 147,75 -1,412 0,169
BEP (%) 23,36 6,28 26,87 6,48 -1,529 0,137
BFM (kg) 8,78 4,60 11,59 5,15 -1,607 0,119
Test ending stage 4,38 0,89 3,73 0,70 2,224 0,034*
Test duration (min) 12,88 2,67 10,31 2,05 2,977 0,006*
Ending HR (bpm) 203,44 7,47 197,53 4,79 2,636 0,014*
VO.,.. (ml/kg/min) 52,49 11,71 40,98 9,10 3,040 0,005*
SL1 (ng/mL) 11,67 8,17 14,82 9,86 -0,971 0,339
SL2 (ng/mL) 8,53 5,55 12,20 9,22 -1,354 0,186
Sports age (months) 26,31 10,22

Tanner stage1/2/3/4 7/4/2/3 (X+SD:2,06+1,18)  4/6/1/4 (X+SD: 2,33+1,18)

*$<0.05; X+SD: meantstandard deviation; SL1: SL level before acute exercise; SL2: SL level after acute exercise.

The VO,... values of the subjects after the acute
exercise protocol, together with the other intra-group
variables, were found to be strongly correlated with the
test ending stage and test duration (p<0.01; Table 3).
The HR and VO,,,, values of the swimmer and control
groups were found to be similar with results of other
studies (24, 25). The inter-group comparisons revealed
that the SG had better HR and VO2,,, values accord-
ing to CG (p<0.05; Table 2). The inter-group compari-
sons revealed that the SG had better HR and VO,,.,
values (p<0.05; Table 2). This result was not a surprise.
Because, swimming raises heart rate and respiratory
frequency, and normally provides increased blood flow
to the skeletal muscles while increasing the blood pres-
sure (26). Thus, the chronic effect of regular training
(26.31+£10.22 months) is decreased HR and increased
heart beat volume (27), which may have led to the
significant improvement of the HR values in favor of
SG. The increased VO, can depend on the frequency,
intensity and the duration of the training, which can
provide 5-30% increase (28, 29). Therefore, it can be
said that regular swimming practices positively affect
the VO,,.. levels of the swimmer subjects.

It was observed that there was a highly linear cor-
relation between the SL concentrations and BMI of

Table 2: Intra-group SL1 and SL2 levels of the research group
Group Variable X SD t P

SG (n:16) SL1-SL2 (ng/mL) 3,14 3,66 3,43 0,004*
CG (n:15) SL1-SL2(ng/mL) 2,62 4,60 221 0,045
*$<0.05; SL1: SL level before acute exercise; SL2: SL level after

acute exercise.

Table 3: Intra-group correlation between VO, and other vari-
ables of the research group

Variable SG (n:16) CG (n:15)
Age (year) 0,04 -0,12
Height (cm) -0,20 -0,07
Body mass (kg) -0,45 -0,33
BMI (kg/m?*) -0,42 -0,48
BMR (kcal) -0,42 -0,274
BFP (%) -0,43 -0,48
BFM (kg) -0,48 -0,39
Test ending stage 0,97" 0,83"
Test duration (min) 1,00° 0,99”
Ending HR (bpm) 0,36 -0,06
SL1 (ng/mL) -0,54 -0,53
SL2 (ng/mL) -0,63" -0,60°

$<0.01; *p<0.05; SL1: SL level before acute exercise; SL2: SL level

after acute exercise.
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the research group (p<0.01; Table 4). This suggests that
the leptin levels were influenced by the adipose tissue
that is increasing with age (23), other than the logical
differences in BMIs that caused by young ages. While
energy consumption increases with exercise, fat mass
decreases accordingly. Since leptin increases energy
consumption (10), thus, the leptin hormone can also
explain the high level of correlation between the SL
levels and the BMR, body fat percentage, and body
fat mass variables of both groups (p<0.01; Table 4). In
addition, it was observed that the negative moderate
correlation between the test ending stage and test du-
ration of the acute exercise and the SL levels was in the
favor of the SG (p<0.01; p<0.05; Table 4). This may be
the result of the CG’s shorter exercise time and con-
clusion of the exercise in easier phases of the treadmill
program (30), despite encouragement and psychologi-
cal support.

The SL1 and SL2 levels were not significantly dif-
ferent between the two groups (p>0.05; Table 1). This
may be because SL levels are stable among girls aged
9 to 11 (31). But also, a significant decrease was re-
vealed in intra-group comparisons (p<0.05; Table 2).
This may be because of the fact that chronic exercise
often decreases leptin levels (32-35). Thus, the energy
consumption increases with exercise while the fatty

Table 4: Intra-group correlation between SL levels and other
variables of the research group

SG (n:16) CG (n:15)
Variable SL1 SL2 SL1 SL2
(ng/mL) (ng/mL) (ng/mL) (ng/mL)

Age (year) 002 005 032 008

Height (cm) 0,21 0,12 0,50 0,25

Body mass (kg) 0,71" 0,69 0,85” 0,68
BMI (kg/m>*) 0,77" 0,85” 0,67" 0,72
BMR (kcal) 0,68" 0,65” 0,83" 0,63
BFP (%) 0,74" 0,79" 0,73" 0,74"
BFM (kg) 077" 0,78 083 075"
Test ending stage -0,51°  -0,65" -0,26 -0,24
Test duration (min) -0,54 -0,63" -0,53°  -0,62
Ending HR (bpm) -0,36 -0,34 -0,15 -0,22
VO, (mVkg/min)  -0,54  -0,63" -0,53  -0,60
SL1 (ng/mL) 1 0,93° 1 0,89"

*$<0.01; "p<0.05; SL1: SL level before acute exercise; SL2: SL level

L?fl"e?’ acute exercise.

mass decreases, and subsequently, the leptin hormone
contributes to the energy metabolism (32-34). This is
due to key role of leptin in energy homeostasis and
adipocyte secretion (36). The decreased BMI and fatty
mass that results from long-term exercise can decrease
leptin concentration (32-34). However, while strenu-
ous exercises cause a decrease in leptin levels in men
and women (37), a decrease in plasma leptin levels may
be observed after acute exercise of 30 minutes (at 50%
VOima) (38). In addition, 41 minutes or shorter exer-
cises, if they are exhausting enough to consume, may
change the concentrations of SL due to their effects on
fatty acid partitioning in muscle cells (36, 39). These
data support the notion that high-intensity exercises
are more effective on SL levels. On the other hand, the
retrieval period of blood sample after the acute exercise
session (3 minutes after the protocol) (40) may have
caused this decrease in SL levels. In addition, these
decreases in SL levels of both groups can be attributed
to circadian rhythm or hemoconcentration (41, 42).
These findings suggest that exercise-related reductions
in leptin may be due to changes in nutrient availability
or changes in the nutrient flow in the production and
secretion of leptin, the primary site of adipocytes (39).

It was observed that there was a significant cor-
relation between the SL and VO,,. measurements
in both groups, both before and after acute exercise
(p<0.05; Table 3). There was a moderate negative cor-
relation between VO, and SL1 levels, and a high
inverse relationship with SL2 in both groups. As simi-
lar studies had found a negative correlation between
VO, and SL levels (2, 43), these results of current
study were consistent with the findings of various
studies in this field.

The VO,,. considered as a determiner for evalua-
tion of cardiovascular fitness (44), and it is a very suit-
able test to reflect the type, duration and performance
of exercise in a given population (45). The VO, is
measured by exercise tests such as treadmill or cycle
ergometer (44), and Bruce test is the most widely used
of them. In this study, we observed that there were sig-
nificant differences in test ending stage, test duration,
ending HR and VO, values after acute exercise. This
situation can be interpreted for SG and CGs as a sign
of different physical performance. Because, compared
to the pre-puberty swimmers, pre-pubertal sedentary
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girls required more oxygen and energy for an equiva-
lent workload. Therefore, the CG working in the lesser
phase of the treadmill program failed to work hard and
relatively quickly exhausted despite the adequate en-
couragement and psychological support (30). For this
reason, despite moderate changes in CG’s mean leptin
values, some individuals showed a large increase or de-
crease in leptin levels, while there were no any changes
for the others (36). Several factors influence the inter-
pretation of these results. For example, exercise train-
ing may produce changes in leptin production and/or
lack of leptin, at a given time point, that leptin levels
cannot be reflected by a single plasma measurement.
Furthermore, there are studies indicating that leptin
circulates in free form (possibly in bioactive form) or
that it is due to leptin binding proteins and that the
ratio of these two forms changes even among weak
and obese individuals (46). Because leptin is one of
the most important regulators of energy balance (37),
and given the important role of fat mass in circulating
leptin levels, the role of adipose tissue in the secre-
tion of these hormones can be directly correlated with
VO, (47). Thus, it can be interpreted that individu-
als who regularly exercise can also decrease serum lep-
tin levels as the VO, (aerobic) levels increase (43).
To date, it has been suggested that different results of
the effects of exercise on leptin may be responsible for
leptin changes in exercise, fluctuations in food intake,
intensity, duration of exercise, and circadian rhythm.
Therefore, it can be said that even acute exercises with
enough intensity to affect energy balance or body fat
mass may change leptin secretion (39). So, an increase
in VO, can be expected as long as exercise can be
sustained. Correspondingly, regular and prolonged
exercises increase fat metabolism and decrease fatty
mass, and also suppress SL levels (2). For these rea-
sons, acute exercises with enough intensity to affect the
energy balance or the body fat mass may justify our
findings that lead to a decrease in serum leptin levels.

Conclusion
The increases in VO, during acute exercise were

found directly related to BMI, BMR, BFP, BFM, and
SL levels. Regular and long-term swimming exercises

increased the pre-puberty girls’ fat metabolism, and
thus reduced the amount of body fat and suppressed
serum leptin levels, too. Correspondingly, it can be said
that long-term and regular swimming exercises (due
to tendency to adapt to chronic exercises) cause a de-
crease in leptin levels. Therefore, it was observed that
swimming sport performed regularly in pre-puberty
period of girls had a positive effect on BMI, BFP,
BFM, HR, VO.,,... and SL values. For all these reasons,
regular swimming exercises may be recommended for

healthy development of pre-puberty girls.
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Summary. The aim of this study was to determine the fatty acid composition of different mushroom species

collected from the Yozgat and Tokat region in Turkey. Fatty acid composition was determined in the mush-

room species (Morchella elata, Macrolepiota procera, Lactarius delicious, Helvella lacunosa, Boletus edulis, Cantharel-

lus cibarius, Bovista plumbea, Agaricus bisporus). The fatty acids copmpsition in mushrooms were identified and

quantified by gas chromatography. The amounts % of fatty acids in species were different, Fatty acids with

14-24 carbons were occured in mushrooms samples linoleic acid was the major fatty acid detected in all species

linoleic acid respectively in species * Bovista plumbea, Agaricus bisporus, Macrolepiota procera” were higher than

other mushrooms. Percentage of linoleic acid ( -6) in species varied from 10 % to 51 %. The other major fatty

acids were respectively, palmitic, stearic, oleic acids other abundant fatty acids in the mushrooms. These four fatty

acids were present in all of the mushrooms examined. The high level of docosadienoic acid (22:2) detected in

Morchella elata is remarkable. When fatty acid composition results are compared as saturated and unsaturated,

the fatty acid composition of the mushrooms showed that the unsaturated fatty acids are in higher proportions

than the saturated fatty acids.

Key words: edible mushroom, fatty acid composition, GC-MS

Introduction

Fatty acids are the basic building block of many li-
pids. Polyunsaturated fatty acids such as omega-3 and
6 have many biological properties and are biosynthetic
precursors of eicosanoids. Fatty acid levels in blood are
closely related to many diseases such as cardiovascular
diseases, blood pressure and arthritis (1). These fatty
acids act as regulators in cellular functions by partici-
pating in the structure of membrane phospholipids
and other components.

Two fatty acids are dietary essentials in humans
because of our inability to synthesize them: linoleic
acid and linolenic acid. Linoleic acid is the precursor
of ®-6 arachidonic acid, the substrate for prostaglan-

din synthesis. o-linolenic acid is the precursor of other
-3 fatty acids important for growth and develop-
ment. Plants and mushrooms provide us with the es-
sential fatty acids.

Lack of essential fatty acid and effective metabo-
lism of diet plays an important role in the etiology and
progression of many diseases (2).

The consumption of wild mushrooms is increasing
with the understanding of human nutrition and phar-
macological properties (3). Mushrooms have a low in
calories and fats, essential fatty acids, contain vegetable
proteins are also important food for human beings due
to containing valuable vitamins and minerals (4-11).

Many mushrooms have been used for medical
purposes until now to prevent diseases such as hy-
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pertension, hypercholesterolemia, atherosclerosis and
cancer. The reason for this is the height of the essential
unsaturated fatty acid levels (12).

Most researchers have examined the fatty acid
composition of various mushroom and have clari-
fied the importance of a diet containing mushroom
(3,13,14).

since ancient times for medicinal purposes due to

Many wild mushrooms have been used

their beneficial components and their biological activ-
ity. But consumers have been consumed fewer mush-
rooms to eat because of their relative shortages and
some difficulties in the supply. For easier access and
commercialization of wild mushrooms, many research
groups have focused on the development of artificial
production methods using a wide variety of materials
and conditions (15).

Most of the studies on fatty acids found in mush-
room are limited to certain well-known types of mush-
room. However, studies have shown that wild edible
mushroom, which are accessible and economically im-
portant, contain significant amounts of valuable fatty
acids. For this reason, studies on fatty acid contents of
all edible mushroom should be made.

Matherials and Methods

The following Table 1 contains information on
the characteristics of the mushroom specimens; names,
habitat, coordinate, edibility and localite. All samples
were collected from of Tokat or Yozgat province in
Turkey in 2015. Then the mushrooms were identified.
Finally, all samples were dried and ground in appropri-

ate conditions in the laboratory. Prepared samples were
stored in the refrigerator until the time of analysis.

Lipid Extraction and Analysis of Fatty Acid

The conventional method of total lipid extraction
described by Folch et al. (1957) was used for the dried
mushroom. Derivatization of the fatty acids to me-
thyl esters was performed by adding 500 ul of HCSM
75/20/5,
v/v/v, Sigma, GC grade) solution to the sample vials
(16).

Gas chromatography-mass spectrometry (GC-
MS) analyses of the methyl derivatives of fatty acids
were performed by Agilent 7890 GC /5970 MS Series
gas chromatography system (Agilent, Santa Clara, CA,
USA) with a FID and MS and a fused (88% - Cyano-
propy) aryl-polysiloxane and high polarity capillary
column (HP-88, 100 m x 0.25 mm, 0.20 um film (Part
no: 112-88A7, Agilent, Santa Clara , CA, USA) was
used injector and detector temperatures were 250 and

(hexane/chloroform/sodium  methoxide,

270 °C, respectively, carrier gas was He at a flow rate
of 1.0 mL/min; sample volume 1.0 pL; split ratio 20:1.
The detector gas was dry air set at 350 mL min”, and
H, gas was set at 35 mL min. The detector makeup
gas was N; at 35 mL min™. The initial oven tempera-
ture was held at 120 °C for 5 min, then increased up
to 250 °C with 5 °C/min increments and held at this
temperature for 16 min. Injection system with auto
sampler was used. The injector was rinsed with hex-
ane 5 times before and after each injection to prevent
contamination. The relative percentages of separated

Table 1. Information on the Chracteristics of the Mushroom Species

Mushroom samples ~ Habitat

Coordinates

Edibility Localite

Morchella elata In conifers woods 39°34'N-35°58'E  Edible Yozgat
Macrolepiota procera Under or near deciduous trees, especially beec or buried wood ~ 39°57’N-3524'E Edible Yozgat
Lactarius delicious In conifers woods 40°07N-3519E  Edible Yozgat
Helvella lacunosa In mixed woodland especially on burnt ground 4021'N-36°38'E  Edible Tokat
Boletus edulis In mixed woods 40°30'N-3640'E  Edible Tokat
Cantharellus cibarius ~ In all kinds of woodland 40°33'N-3636'E  Edible Tokat
Bowvista plumbea Amongst short grass, on lawns 3939’N-35°55'E Edible Yozgat
Pleurotus ostreatus Often in large clusters on stumps and usually of deciduous trees 40°38'N-36°S9E  Edible Tokat
Agaricus bisporus On manure heaps, garden waste and roadsides 40°32’N-3637E ~ Edible Tokat
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compounds were calculated by using GC data analysis
computer program (FID: flame ionization dedector,
MS: mass spectrometry). The results were interpreted
by the software recorded in the system.

The fatty acid methyl ester(FAME) results were
reported in percent. All samples were studied three
times and averaged.

Results and Discussion

In the present study, fatty acid composition of nine
species of mushroom namely Morchella elata, Mac-
rolepiota procera, Lactarius delicious, Helvella lacunosa,
Boletus edulis, Cantharellus cibarius, Bovista plumbea,
Pleurotus ostreatus, Agaricus bisporus mushrooms were
analyzed. The results for fatty acid composition, total
saturated fatty acids (SFA), monounsaturated fatty
acids (MUFA), polyunsaturated fatty acids (PUFA),
total unsaturated fatty acids(Y; UFA) and total unsatu-
rated fatty acids to total unsaturated fatty acids ratio
(> UFA/SFA) of the studied mushrooms are shown
in Table 2. The major fatty acids found in the studied
samples were linoleic acid (C18:2 n-6) and oleic acid
(C18:1 n-9), followed by palmitic acid (C16:0) and
stearic acid (18:0). All of these results are shown in
Table 3 and Figures 2 and 3. An example of the GC-
MS chromatogram is given in Figure 4.

Table 2. Distribution According to % Fatty Acid Saturations in
Mushroom Samples
Name of mushroom SFA MUFA PUFA SUFA SUFA/

SFA
Morchelle elata 48.74 22.19 29.08 51.27 1.051
Macrolepiota procera 3833 12.23  48.55 60.78 1.585
Lactarius delicious 44.91 39.54 15.54 55.08 1.226
Helvella lacunosa 30.56 46.94 2249 69.40 2.270
Boletus edulis 32.17 25.90 41.99 67.89 2.110
Cantharellus cibarius 29.13 32.33 38.54 70.87 2.432
Bovista plumbea  32.56 13.83 53.61 67.44 2.071
Pleurotus ostreatus 42.77 2413 4031 64.44 1.506
Agaricus bisporus  46.24 4.02 49.74 53.76 1.162

SFA; Saturated Fatty Acid, MUFA; Monounsaturated Fatty Acid,
PUFA: Polyunsaturated Fatty Acid, X UFA: Total Unsaturated
Fatty Acid, 3 UFA/SFA: Total Unsaturated Fatty Acid fo Saturated
Fatty Acid ratio

Y UFA/SFA ratio was observed the highest in H.
lacunosa and the lowest in M. elata in our samples.

Nervonic acid (C24:1) was detected as 7.22% in
Pleurotus ostreatus only. This result is consistent with
the results of the study of Karine 2007 but higher
than it.

Lignoceric acid (C24:0) was detected as 0.71%
in Macrolepiota procera only. Although amount of this
fatty acid is very low, it can be an important finding.

In this study, highest SFA is % 46.24 in Agaricus
bisporus, lowest SFA is %29.13 in Cantharellus cibarius,
highest MUFA is % 46.94 in Helvella lacunosa, lowest
MUFA is % 4.02 in Agaricus bisporus, highest PUFA
is %53.61 in Bovista plumbea, lowest PUFA is %22,49
in Helvella lacunosa, highest Y UFA is % 70.87 in Can-
tharellus cibarius, lowest Y UFA is % 51.27 in Morchella
elata, highest > UFA/SFA is 2.432 in Cantharellus cibar-
ius, lowest Y UFA/SFA is 1.051 in Morchella elata were
obtained. All of these results are shown in Table 2.

Results reveal that levels of unsaturated fatty acid
were higher than saturated ones in nine mushrooms.
These results is in agreement with the earlier findings
that unsaturated fatty acid content were predominat-
ing fatty acid in different species of mushrooms as
compared to saturated ones (17).

(c24:1)
(C24:0)

(c22:2)

——
(€220)

(C20:1) | Agaricus bisporus

1 Pleurotus ostreatus

(c18:2) - -

\ \
——3
£

Bovista plumbea

™ Cantharellus cibarius

m Boletus edulis

Helvella lacunosa
(C18:0)

™ Lactarius delicious

M Macrolepiota procera

(@zo) |

® Morchella elata

40 50 60

Figure 1: Fatty Acid Distribution in Mushroom Samples
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Table 3: % Fatty Acid Distribution in Mushroom Samples
M. elata M. procera L. delicious H. lacunosa B. edulis  C. cibarius B. plumbea P. ostreatus A. bisporus

Mpyristic acid (C14:0) 1.20 nd 0.45 0.36 nd 0.67 4.93 nd 0.96
Pentadecanoic acid (C15:0) 3.96 3.95 1.53 nd 2.97 1.74 17.46 6.18 3.54
Palmitic acid (C16:0) 29.57 23.32 10.26 15.10 17.61 14.86 5.31 20.54 20.97
Palmitoleic acid (C16:1) 4.54 3.30 1.33 0.88 2.69 2.54 nd 4.34 Nd
Margaric acid (C17:0) Nd nd nd nd nd nd 10.17 nd 3.58
Stearic acid (C18:0) 14.01 10.95 32.67 13.82 9.83 11.86 8.52 16.05 11.61
Oleic acid (C18:1) 17.65 8.93 38.21 45.32 23.21 28.62 51.15 12.57 3.46
Linoleic acid (C18:2) 10.78 48.85 15.54 22.49 41.99 38.64 nd 40.31 49.74
Arachidonic acid (C20:1) Nd nd nd 0.75 nd 1.17 nd nd 0.56
Behenic acid (C22:0) Nd nd nd 1.28 1.70 nd 2.46 nd 5.58
Docosadienoic acid (C22:2)  18.30 nd nd nd nd nd nd nd Nd
Lignoceric acid (C24:0) Nd 0.71 nd nd nd nd nd nd Nd
Nervonic acid (C24:1) Nd nd nd nd nd nd nd 7.22 Nd

nd: not detected

"(c16:0) ®(c16:1) "(c18:0) " (c18:1) ™(c18:2)

48,85 S 49,74

1554 151 454,

M. elata M. procera L. delicious H. lacunosa B. edulis C. cibarius B.plumbea  p_ostreatus A. bisporus

Figure 2: Distribution of the major fatty acids in mushrooms
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Linoleic acid is called an essential fatty acid be-
cause it can not be synthesized by the human organism.
So it should be derived from diet and a series of ®-6
fatty acids containing y-linolenic, dihomo-y-linolenic
and arachidonic acids (18). Essential fatty acids are
the kind of fatty acids that a living thing needs to take
but can not synthesize in their own body (19).

Conclusion

In this study, linoleic acid was the major fatty acid
detected in all species of mushroom and it is one of the
important essential fatty acid.

The analysis of the obtained profiles showed that
linoleic (10.78 to 51.15%..) oleic (3.46-45.32 %),
and, to a lesser extent, palmitic (10.26-29.57%) and
stearic acids (9.83-32.67%) were the main fatty acids
in the studied species in Table 3. This is in agreement
with the results reported for other edible mushrooms
(20,21). Linoleic amounts varied between 10.78 and
51.15%. The least was in (10.78%), the most in Bovista
plumbea (51.15%)

Linoleic acid was the preponderant fatty acid in
Macro[epioz‘a procera, Helvella lacunosa, Boletus edults,
Cantharellus cibarius, Bovista plumbea, Pleurotus os-
treatus, Agaricus bisporus in Table 2.

Cis-linoleic acid (18:2) was obtained in high
amounts in Bovista plumbea (51.15%), Agaricus bispo-
rus (49.74%). These results have shown that, in the
many of previous reports, the majority of mushroom
have higher levels of unsaturated fatty acids, especially
linoleic acid (22,23).

Oleic acid is a monounsaturated fatty acid and
is found in the ®-9 family. Since people have the en-
zymes necessary for the synthesis of oleic acid, this
fatty acid is not regarded as essential. Under the se-
vere conditions of essential fatty acid deficiency, the
mammals elongate and desaturate oleic acid to pro-
duce eicosatrienoic acid (C20:3 n-9) (18). It is known
that oleic acid which on olive oil has a positive effect
human plasma cholesterol levels (24,25).

Other ®-9 fatty acid, such as, nervonic acid was
also identified in Pleurotus ostreatus in Table 3.

Palmitic acid was found in the highest amounts in
Morchella elata and Macrolepiota procera species. Stearic

acid was found to be the highest amount (32.67%) in
Lactarious delicious.

Pamitoleic acid was detected in all species except
one, as shown in Table 3. As is known, arteriosclerosis
can be treated by long-term use of palmitoleic acid.

As seen in Table 2, SFA’s were generally found
more than MUFA’s and PUFA’s. But UFA’s were
found to be higher than SFA’s in all mushroom species.

Characterization of saturated, monounsaturated
and polyunsaturated fatty acid profiles are shown in
Table 2. The total fatty acid content for SFA, MUFA
and PUFA was 29.13-48.74%, 4.02-46.94%, 15.54-
53.61%.

SFA content was higher in M. e/ata due to pal-
mitic acid (48.74%, 46.24) and in L. delicious as result
of the high levels of both stearic acids and palmitic
(45% of total compounds) in Table 3. The high linoleic
acid content contributes to the overall increase in PU-
FAs, while oleic acid raises MUFAs levels.

PUFAs amount was higher in B. Plumbea, A.
Bisporus, M. Procera species, in which linoleic acid
was the main compound, and MUFA were present in
highest levels in H./acunosa, L.delicious, C.cibarius spe-
cies, due to oleic acid.

These results are consistent with the fact that ratio
of unsaturated fatty acids in total fatty acids in mush-
room reported in previous studies is higher than satu-
rated fatty acids (26-28).

Increasing the ratio of unsaturated fatty acids in
the diet is very important because it leads to an in-
crease in HDL levels, known as good cholesterol,
and a decrease in LDL levels and triacylglycerol, also
known as bad cholesterol (29).

In addition, it has been proven to be correlated
with the increase in atherosclerosis, cardiovascular
and other related diseases, with a saturated fat-rich
diet (30). Therefore, the consumption of L. Delicious,
H.lacunosa, B.edulis, C.cibarius, B.plumbea, Postreatus
species is important for health.

The fatty acid compositions of different mush-
room species were different from each other.

Although oleic acid and linoleic acid were in all
mushrooms species, linoleic acid was the major com-
pound in B. plumbea and A. bisporus species. It has been
observed that there is a great difference between these
compounds of mushroom species. These may be dif-
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ferent in the synthesis of the genes responsible for the
enzymes involved in the synthesis of fatty acids (31).

Karine et al. examined temperature-related fatty
acid composition of P, ostreatus collected from Canada
in 2007. In this mushrooms of P, ostreatus grown at 12,
17,21 and 27 °C, changes in SFA, MUFA and PUFA
ratios were observed. 18.8-22.9%, 10.1-14.3% and
71-62.8% SFA, MUFA and PUFA respectively were
detected. It was determined that SUFA and MUFA
ratio gradually increased with temperature and PUFA
ratio decreased. This study is significant in terms of
explaining the effect of ambient temperature on the
changes in the fatty acid composition in this mush-
room (32). According to the results of this study, our
findings were lower than SFA and MUFA and higher
than PUFA. The reason for the difference is thought to
be caused by temperature.

Kayode et al. examined the fatty acid composition
of P, ostreatus collected from Nigeria in 2015. In this
study, fatty acid ratios were determined SFA 9.56%,
MUFA 49.02% and PUFA 41.43%. PUFA levels are
similar to our study. According to our study it was
observed that SFA was lower but PUFA was higher
than (33). These differences are thought to be caused
by climate and environmental factors. On the other
hand, Zengin et al. examined the fatty acid levels of
H.lacunosa collected different from Turkey in 2015. In
this study, fatty acid ratios were observed SFA 21.06%,
MUFA 41.78 % and PUFA 37.23 % (34). Addition-
ally, Riberio et al. examined the fatty acid profiles of
C.cibarius and B. edulis collected northeastern of Por-
tugual in 2009 (1). The fatty acid ratios of C.cibarius,
B. edulis and H.lacunosa mushrooms are similar to our
same mushrooms results.

Sagia et al. observed the fatty acid composition
of A. bisporus collected the plains of Punjab, Pakistan
in 2008. In this study, unsaturated fatty acid ratio, like
our study, was observed to be more dominant in wild
edible mushrooms (35).

Abugri et al. observed the fatty acid levels of Aga-
ricus sp. And Lactarius sp. purchased commercially in
the USA in 2016 (36). Oleic acid (C18:1) was no de-
tected in the cultivated species, but in the wild species
it detected 20.66 to 37.21 percentage of total fatty ac-
ids. This results similar to ours.

The fatty acid levels of the mushroom species in

Table 3 can be different from those reported in the
literature. These differences can be from different ex-
traction methods, quantification methods, or derivati-
zation of fatty acids.

In previous studies of the same region, it was ob-
served that the fatty acid profile was different in the wild
edible mushroom samples (1,2,11,12,20,23,27,28,37).

Rathore 2017, one of his studies, reported that
the Agaricus bisporus had insulin secretion and anti-
aging properties, and Pleurotus species also has posi-
tive effects on the usage of glucose and HbA,c levels in
human body (38).

In another study of the same region, the fatty acid
results of the Lactarius delicious are similar to ours (39).

Due to its low saturated fatty acid content, fungi
are excellent nutrients that can be used in low-calorie
diets. For this reason, it can be consumed by humans
for low cholesterol levels. Mushrooms are important
for human health due to the unsaturated fatty acid va-
riety. Therefore, they can be used as food supplements
by the food industry.

Acknowledgements

The author would like to thank all persons of Bingol
University Central Research Laboratory.

References

1. Ribeiroa B, Paula G P, Paula B A, Paula B, PatriciaV. Fatty
acid composition of wild edible mushrooms species: A com-
parative study. Microchemical Journal 2009; 93 (1) 29-35.

2. Yilmaz N, Tiirkekul I, Bulut S, Sahin F, Bayrak, OF. Fatty
Acid Composition in Ten Mushroom Species Collected
from Middle Black Sea Region of Turkey. Asian Journal of
Chemical 2013; 25 (3) 1216 — 1220.

3. Barros P B, Correia M, Casal S, Oliveira B, and Ferreira I
C F R. Fatty acid and sugar compositions, and nutritional
value of five wild edible mushrooms from Northeast Portu-
gal. Food Chemistry 2007; 105 (1) 140-145.

4. Agrahar-Murugkar D and Subbulakshmi G. Nutritional
value of edible wild mushrooms collected from the Khasi
hills of Meghalaya. Food Chemistry 2005; 89 (4) 599-603.

5. Bobek P, Ginter E, Jurcovicova M, Kunia K. Cholester-
ol-lowering effect of the mushroom Pleurotus ostreatus in
heredi-tary hypercholesterolemic rats. Annals of Nutrition
and Metabolism 1991; 35, 191-195.

6. Breene W M. Nutritional and medicinal value of specially



The fatty acid composition in some economic and wild edible mushrooms in Turkey

191

mushrooms. Journal of Food Protection 1990; 53(10) 883—
894.

7. Chang S T, Hayes W A. The biology and cultivation of ed-
ible mushrooms, New York: Academic Press 1978; 727-793

8. Kurasawa S, Sugahara T, Hayashi ]. Studies on dietary fiber
of mushrooms and edible wild plants. Nutrition Reports In-
ternational 1982; 28 (2) 413-421.

9. Manzi P, Gambelli L, Marconi S, Vivanti V, Pizzoferrato L.
Nutrients in edible mushrooms: an inter-species compara-
tive study “Nutrients in edible mushrooms: an inter-species
comparative study. Food Chemistry 1999; 65(4) 477-482.

10. Manzi P, Aguzzi A, Pizzoferrato L. Nutritional value of
mushrooms widely consumed in Italy. Food Chemistry.
2001;73 (3) 321-325.

11. Sanmee R, Dell B, Lumyong P, Izumori K, Lumyong S.
Nutritive value of popular wild edible mushrooms from
northern Thailand. Food Chemistry 2003; 82 (4) 527-532.

12. Tiirkekul I, Yilmaz N, ahin F, Bayrak OF Fatty Acid
Composition of Six Mushroom Samples of Black Sea Re-
gion of Turkey. Asian Journal of Chemistry 2010; 22 (2)
1479-1486.

13. Wang D, Sakoda A, Suzuki M. Biological efficiency and
nutritional value of Pleurotus ostreatus cultivated on spent
beer grain. Bioresource Technology 2001;78 (3) 293-300.

14. Li C, Li Z, Fan M, Cheng W, Long Y, Ding T, Ming L. The
composition of Hirsutella sinensis, anamorph of Cordyceps
sinensis. Journal of Food Composition and Analysis 2006;19
(8) 800-805.

15. Zacharia S, Doshi A. Artificial indoor cultivation of Tricho-
loma crassa (Berk.) Sacc. An ectomycorrhizal mushroom
using some local substrates. Journal of Mycology and Plant
Pathology 2004; 34 (1) 125-126.

16. Folch J, Lees M and Sloane-Stanley GH. A simple method
for the isolation and purification of total lipids from animal
tissues. ] Biol Chem 1957; 226 (1) 497-509.

17. Senatore Dini A. and A. Marino. Chemical constituents of
some Basidiomycetes. Journal of the Science of Food and
Agriculture 1988; 45,337-345.

18. Wiley & Sons, Hoboken, N. J. Voet Biochemistry 2004
(3rd ed.)

19. Maga J A, Mushroom flavor. Journal of Agricultural and
Food Chemistry 1981;29 (1)1-4.

20. Barros L, Baptista P, Correia D M, Morais J S, Ferreira I
C F R. Effects of conservation treatment and cooking on
the chemical composition and antioxidant activity of Por-
tuguese wild edible mushrooms. Journal of Agricultural and
Food Chemistry 2007;55 (12) 4781-4788.

21. Le6n-Guzmin M F, Silva I, Lépez M G. Proximate chemi-
cal composition, free amino acid contents, and free fatty
acid contents of some wild edible mushrooms from Queré-
taro. México Journal of Agricultural and Food Chemistry
1997;45 (11) 4329-4332.

22.Kala P, Chemical composition and nutritional value of Eu-
ropean species of wild growing mushrooms: a review. Food
Chemistry 2009;113 (1) 9-16.

23. Ruess L, Higgblom M M, Garcia Zapata E J, Dighton J.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Fatty acids of fungi and nematodes—possible biomarkers in
the soil food chain. Soil Biology and Biochemistry. 2002;34
(6) 745-756.

Puiggrés C, Chacén P, Armadans L I, Clapés J, Planas M.
Effects of oleic-rich and omega-3-rich diets on serum lipid
pattern and lipid oxidation in mildly hypercholesterolemic
patients. Clinical Nutrition 2002;21 (1) 79-87.

Tomiés M, Senti M, Elosua R,Vila J, Sala J, Masia R, Mar-
rugat J. Interaction between the Gln-Arg 192 variants of
the paraoxonase gene and oleic acid intake as a determinant
of high-density lipoprotein cholesterol and paraoxonase ac-
tivity. Eurepean Journal of Pharmacology 2001;432 (2-3)
121-128.

Pacheco Y M, Lépez S, Bermudez B, Abia R, Villar J, Mu-
riana F J G. A meal rich in oleic acid beneficially modulates
postprandial sSICAM-1 and sVCAM-1 in normotensive
and hypertensive hypertriglyceridemic subjects. The Journal
of Nutrional Biochemistry 2008;19 (3) 200-205.

Barros L, Venturini B A, Baptista P, Estevinho L M, Fer-
reira I C F R. Chemical composition and biological proper-
ties of Portuguese wild mushrooms: a comprehensive study.
Journal of Agricultural Food and Chemistry 2008;56 (10)
3856-3862.

Kavishree S, Hemavathy J, Lokesh B R, Shashirekha M N,
Rajarathnam S. Fat and fatty acids of Indian edible mush-
rooms. Food Chemistry 2008;106 (2) 597-602.

Isanga J, Zhang G N, Biologically active components and
nutraceuticals in peanuts and related products: review. Food
Reviews International 2007;23, 123-140.

Wang L, A Folsom R, Eckfeldt ] H. Plasma fatty acid com-
position and incidence of coronary heart disease in mid-
dle aged adults: the Atherosclerosis Risk in Communities
(ARIC) Study, Nutrition, Metabolism and Cardiovascular
Diseases. 2003;13 (5) 256-266.

Qi B, Fraser T, Mugford S, Dobson G, Sayanova O, Butler ],
Napier JA, Stobart A K, Lazarus C M. Production of very
long chain polyunsaturated omega-3 and omega-6 fatty ac-
ids in plants. Nature Biotechnology. 2004; 22 (6) 739-745.
Pernedault K, Angers P, Avis T ], Gosselin A, Tweddel R J.
Fatty acid profiles of polar and non-polar lipids of Pleurotus
ostreatus and P. Cornucopiae var. ‘citrino-pileatus’ grown
at different temperature. Mycolojical Research 2007;111,
1228-1234.

Kayode R M O, Olakulehin T F, Adedeji B S, O. Ahmed,
Aliyu T H, Badmos A H A. Evaluation of amino acid and
fatty acid profiles of commercially cultivated oyster mush-
room (Pleurotus sajor-caju) grown on gmelina wood waste.
Nigeria Food Journal 2015;33, 18-21.

Zengin G, Sarikurcu C, Aktumsek A et al. A Comparative
fatty acid compositional analysis of different wild species of
mushrooms from Turkey. Emirates Journal of Food and Ag-
riculture 2015; 27(7), 532-536.

Sadiq S, Nawaz B H, Asif H M. Studies on chemical com-
position and nutritive evaluation of wild edible mushrooms,
Iran J. Chem. Chem. Eng. 2008;27(3), 151-154.

Abugri D A, McElhenney W H, Willian K R. Fatty acid



192

A.S.Bengu

profiling in selected cultivated edible and wild medicinal
mushrooms in southern Unites States. Journal of Experi-
mental Food Chemistry 2016; 2 (1), 1-7.

37.Bengu A S, Some elements and fatty acid profiles of three
different wild edible mushrooms from Tokat province in
Turkey. Progress in Nutrition 2019; 21, 1: 00-00 DOI:
10.23751/pn.v21i1.7562

38. Himanshi R, Shalinee P, Satyawati S. Mushroom nutraceu-
ticals for improved nutrition and better human health. A
review, Pharma Nutrition 2017; 5:35—46.

39. Yilmaz H C, Bengii A S. The investigation of fatty acids and
mineral profiles of some edible Lactarius species (L. De-
licious, L. Deterrimus, L. Salmonicolor, L. Sanguifluus, L.

Semisanguifluus) in the Usak/Turkey province of Aegean
Region. Biological Diversity and Conversation 2018;11:1
95-104.

Correspondence:

Aydin Sukru Bengu

Department of Medical Services and Techniques,

Vocational School of Health Services, University of Bingol,
12000 Bingol, Turkey

E-mail: abengu@bingol.edu.tr; aydinbengu75@gmail.com



Progress in Nutrition 2020; Vol. 22, N. 1: 193-198  DOI: 10.23751/pn.v22i1.7949

© Mattioli 1885

ORIGINAL ARTICLE

Varietal and time dependent differences in juglone and total
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Summary. From May to October, time dependent differences with two weeks intervals in juglone (5-Hy-
droxy-1,4-naphthoquinon) and total phenolic content of the leaves of five walnut (Juglans regia L.) cultural
varieties grown in Turkey (cv. Sebin, cv. Yalova-2, cv. Yalova-3, cv. Yalova-4 and cv. 1974/7) were investigated.
Juglone and phenolic contents were determined by spectrophotometric methods. Correlations between juglone-
phenolic content, juglone-climatic factors and phenolic content-climatic factors were also established. In con-
clusion, there were significant differences between the varieties and the highest values of both juglone and
phenolic content were recorded in Yalova-2 cultivar among the varieties. For example, maximum juglone content
was determined in Yalova-2 (3,51 mg/g) but minimum in Yalova-4 (2,26 mg/g). Maximum phenolic content
was also determined in Yalova-2 (51,8 mg/g), but minimum phenolic level was seen in 1974/7 cultivar (49,3
mg/g), as a mean. On the other hand, both juglone and phenolic content were generally higher from middle
of August to middle of September and the lowest levels were seen in May. Further, while a significant positive
correlation between juglone and phenolic contents of the leaves was found, there was almost no significant cor-
relation between juglone and climatic factors except a significant negative correlation between phenolic content
and wind speed in Yalova-2 cultivar.

Key words: climatic factors, juglone, phenolic content, walnut cultivars, walnut leaf

Introduction

The walnut family (Juglandaceae) contains sev-
eral species and is rather distributed on the world. The
most common species among the species is Juglans re-
gia (1). This species is grown commercially in several
countries such as China, USA, France, India, Italy,
Spain and Turkey for nut production (2). Several parts
of the walnut mainly kernels, shells, bark and leaves are
using for the pharmacological and cosmetic aims (3).
Walnut leaves are easily available in abundant amounts
and are considered a source of healthcare compounds
and are intensively using in traditional medicine for
treatment of several disorders (4).

Juglone (5-hydroxy-1,4-naphthoquinone) is a
quinone group aromatic compound has been found in
all parts of the walnut tree and it has also been re-
ported that the amounts of juglone were in order of
green peel>leaves>bark and it has phytotoxic and al-
lelopathic properties (5). Juglone can be toxic for sur-
rounding plant species, and is of great interest due to
its chemical reactivity. Juglone is involved into the
walnut pathogenic defense mechanism (6). Walnuts
had the highest antioxidant activity among analyzed
foods and drinks (7). A balance among competing
source and sink mechanisms and rates will ultimately
determine whether juglone is capable of attaining suf-
ficient levels to be allelopathic to intercrops in a walnut
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tree agroforestry system. Although the allelopathic ef-
fect of Juglone on plants is generally toxic (8), in some
cases it may also be beneficial (9).

Detrimental impact of Juglone may be associ-
ated with suppressing the intensity of a wide range
of physiological processes and biochemical reactions
occurring in plant tissues. Some researchers reported
that Juglone may inhibit the growth of both shoots and
roots, photosynthesis, chlorophyll content, respiration,
transpiration, stomatal conductance and disrupting
root plasma membrane and decreasing of water up-
take. Juglone influence the germination, growth, de-
velopment, reproduction and distribution of a number
of plant species (8). In spite of the large number of
papers published on the biological activity of Juglone,
little is known about the mechanism of its toxic effect
on plant cells growth (10). Juglone has been found to
have herbicidal effect on some weed species (11) and
antioxidant activity on some enzymes (12). Its antivi-
ral and antimicrobial activities have also been detected
(1, 13). Recently its antifungal and antibacterial ac-
tivities have been enhanced using PLGA nanoparticle
system, as well (14, 15).

Phenolic compounds are secondary metabolites
synthesized in plants by mainly mevalonic or shikimic
acid pathways. Their synthesis depends on numerous
enzymes involved in different metabolic pathways.
They show pharmacological activities such as antioxi-
dant, immune stimulating, antiseptic and spasmolytic
so on (16). Phenolics are also involved in physiological
processes such as fruit growth and they affect differ-
ent aspects of fruit development (17). Phenols are ac-
tive in defense against various types of stresses caused
by pathogens or abnormal environmental conditions.
Wounding in plants can also cause stress situations af-
fecting the biosynthesis of phenolic compounds (18).
Since phenolic compounds have been shown to have
antioxidant, free radical-scavenging and metal-chelat-
ing activity in addition to their anticarcinogenic prop-
erties, they are considered beneficial for human health
(19, 20).

Walnut is a rich source of phenolic compounds, in-
cluding phenolic acids, naphtoquinones and flavonoids.
In walnut leaves, naphtoquinones and flavonoids are
considered as major phenolic compounds (19). The in-
creasing interest in the powerful biological activities of

plant phenolics has outlined the necessity of determin-
ing their content (21). There have been reports of sea-
sonal variation in juglone level in leaves and soil beneath
of J. migra (22). But no reports regarding the varietal
differences and time dependent variation of juglone and
phenolic content in the leaves of Turkey’s cultivars of /.
regia have been encountered. For this reason, the pres-
ent study was conducted to understand time dependent
variations in juglone and total phenolic contents in the
leaves of five walnut cultural varieties grown in Tur-
key, and relations between juglone-phenolic content,
juglone-climatic factors and phenolic content-climatic
factors. This information should allow for a better time
dependent use of the leaves of walnut to extract juglone
and phenolics, as well as for a better ecological defini-
tion of these compounds.

Materials and Methods

Leaf sampling

Walnut leaves were picked up from the five culti-
vars (cv. Sebin, cv. Yalova-2, cv. Yalova-3, cv. Yalova-4
and cv. 1974/7) of 20 years old walnut trees (Juglans
regia L.) grown in the walnut orchard of Agricultural
Faculty of Uludag University in Bursa city of Turkey.
Three trees per cultivar were chosen randomly and leaf
collecting procedure was carried out during two fol-
lowing years with two weeks intervals from May to
October. The collected leaves were put into the plastic
bags and bring to the laboratory. Then the leaf samples
were dried in an oven by keeping for 48 h at 70°C. The
dried leaf samples were put into the plastic bags and
labelled, and so they were kept in a cold room until to
use. On the other hand, the meteorological values of
Bursa city were obtained from General Directorate of

Meteorology of Turkey (Table 1).

Determination of Juglone Content

Measurement of juglone content of the walnut
leaves was carried out by spectrophotometric method
(23). 2 g of leaf was homogenized in 50 ml petroleum
ether and after filtration the filtrate was centrifuged at
18.000 rpm in refrigerated centrifuge for 15 min. The
supernatant was diluted ten-fold with petroleum ether
and its absorbance was recorded by spectrophotomet-
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Table 1. Meteorological values of Bursa city where the walnut orchard from which the leaves were picked is exist. The values are mean
of two following years of the research conducted from May to October.

Meteorological Parameters May June July August Septemb. October
Temperature (°C) 19.4 23.5 25.2 26.2 20.7 16.1
Rainfall (mm)3 10.7 55.0 7.7 2.2 47.2 60.5
Humidity (%) 59.0 57.0 53.5 55.5 63.5 74.5
Wind Speed (m/s) 1.9 1.8 2.0 1.7 1.7 1.3

ric measurement at 410 nm. Blank sample was only
petroleum ether. In determining of juglone content of
the leaves was used standart curve prepared by a series
of pure juglone solutions in the range of 0.01, 0.02,
0.03, 0.04 and 0.05 mg juglone contents. The juglone

content was expressed as “mg juglone/g dry leaf”.

Determination of Total Phenolic Content

The amount of total phenolic compounds in the
walnut leaves was determined spectrophotometrically
(24). 2 g of leaf was homogenized in 50 ml methanol
and after filtration the filtrate was centrifuged at 4.000
rpm in refrigerated centrifuge for 15 min. 10 ml of su-
pernatant was taken and its methanol was evaporated in
a rotary evaporator. Then the residue was dissolved in 2
ml of methanol, and 0.1 ml of this solution was mixed
with 0.1 ml of Folin reagent, 0.5 ml of Na-carbonate
solution (%20) and 9.3 ml of distilled water. After keep-
ing at 25°C for 2 hours, absorbance of the mixture was
measured in spectrophotometer at 765 nm. The mixture
without 0.1 ml of leaf extract was used as blank sample.
In determining of phenolic content of the leaves was
used a standart curve prepared by a series of gallic acid
standart solutions in the range of 0.02, 0.04, 0.06, 0.08
and 1 mg gallic acid contents. The phenolic content was
expressed as “mg phenolic/g dry leaf”.

Statistical Analyses

The mean values obtained from three replications
were shown on the tables. LSD multiple comparison
test was applied for comparing the significant differ-
ents among cultural varieties and sampling dates at
0.05 level for both juglone and phenolic content of the
walnut leaves. Further, correlation test was applied to
show significant correlations between juglone - pheno-
lic content, as well as between juglone - meteorologi-
cal parameters and phenolic content - meteorological
parameters.

Results and Discussion

The increasing interest in the powerful biological
activities of plant phenolics has outlined the necessity
of determining their content in leaves of different wal-
nut cultivars. In this study, walnut leaves from five wal-
nut cultivars originating from the same orchard and
from the same year of production were analyzed for
their seasonal variations in juglone and phenolic con-
tent from May to October. The walnut cultivars were
grown under the same agricultural, geographical and
climatic conditions.

In this study, in all the cultivars, the lowest content
of juglone in leaves was measured in May which the
stage of vigorous development of spring growth unit. In
a former study, the lowest content of juglone of walnut
in annual shoots was also measured in May (18). It was
followed an increase during the resting time between
the spring and summer growth. That is, juglone contents
increased from the spring growth cycle in May to the
summer flush of growth in middle of September. The
juglone pattern of seasonal variations was almost similar
in all cultivars with some differences. In Yalova-3 and
Yalova-4, it increased continuously from May until to
October. The other varieties have showed some fluctua-
tions in juglone content (Table 2). On the other hand,
maximum juglone content was determined in Yalova-2
(3, 51 mg/g leaf) and minimum in Yalova-4 (2, 26
mg/g leaf), as average of the months. Some researchers
proved that the content of juglone in leaves and nuts of
pecan (Carya illinoensis K.) was low in early season and
increased through July. In black walnut (Juglans nigra
L.) great seasonal fluctuations in the concentrations of
juglone were ascertained (25).

Formerly, it has been shown showed that mea-
surements of seasonal change in juglone content
among varjous tissues of pecan walnut revealed that
the highest concentrations occurred in leaves in June
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Table 2. Time dependent juglone contents of the leaves of the
five walnut cultivars. The values in the table are mean of tripli-
cate determinations of two following years. The last row values
are mean of juglone contents for each cultivar.

Table 3. Time dependent total phenolic contents of the leaves
of the five walnut cultivars. The values in the table are mean of
triplicate determinations of two following years. The last row
values are mean of total phenolic contents for each cultivar.

Sampling Date Sebin Yalova-2 Yalova-3 Yalova-4 1974/7

Sampling Date Sebin Yalova-2 Yalova-3 Yalova-4 1974/7

May 15 1.03 0.61 0.68 0.21 0.65 May 15 18.7 29.3 19.3 25.0 24.3
June 1 1.08 2.11 1.20 0.72 0.98 June 1 20.6 32.5 17.5 15.0 243
June 15 1.71 2.73 2.00 1.75 2.32 June 15 23.7 31.8 25.0 19.3 27.5
July 1 2.92 3.45 2.71 2.27 3.06 July 1 34.3 38.7 42.5 25.6 35.6
July 15 2.92 4.23 2.96 2.31 2.83 July 15 431 36.5 51.8 59.3 48.7
Aug 1 2.37 4.86 3.23 2.86 3.70 Aug 1 58.1 63.1 56.8 66.2 56.2
Aug 15 3.45 5.31 3.03 2.92 4.73 Aug 15 65.0 68.7 66.2 58.7 63.7
Sept 1 3.57 4.21 3.36 3.18 4.61 Sept. 1 88.1 69.3 80.2 82.5 66.8
Sept 15 3.55 4.46 3.87 3.02 3.81 Sept. 15 85.0 72.5 71.2 76.8 66.8
Oct 1 3.20 3.67 3.53 3.65 3.23 Oct. 1 78.1 68.7 68.7 61.2 72.5
Mean 2.53 3.51 2.66 2.26 3.01 Mean 51.2 51.8 50.0 50.0 49.3

A multiple comparison test LSD (5%) values for sampling dates and
the cultivars were 1.07 and 0.81, respectively.

A multiple comparison test LSD (5%) values of sampling dates and
the cultivars were 4.5 and 2.1, respectively.

and in nuts in September. On the other hand, at the
end of vegetation period, low juglone was reported in
the walnut J. regia (17). Also, regarding the seasonal
changes, juglone showed a linear decrease over grow-
ing season in the leaves of green husks of . regia (26).
This opposite result may be derived from different cul-
tivars used or from different climatic conditions along
the varied seasons. Other researchers showed that po-
tential juglone abundance estimated in walnut leaves,
hulls, and roots ranges from less than 0.1% to as much
as 5% dry weight-basis, depending on the growing sea-
son and extraction techniques used (26).

In our study, the total content of phenolic com-
pounds was the lowest in the stage of vigorous spring
growth in May (Table 3). After that, in the mid-time
between the spring and summer growth (second sam-
pling date) and at the beginning of the summer growth
flush (third sampling date) in middle of September it
strongly increased. As average of the months, maxi-
mum phenolic content was determined in Yalova-2 va-
riety and minimum phenolic level was seen in 1974/7
variety (49, 3 mg/g leaf). Considering that the light
may plays an essential role in phenol biosynthesis,
some researchers attributed the increase in phenolics
in July to the highest value of solar radiation in July.

Total content of phenols depends on sampling
time (3). Our study is also consistent with this result.

Differences in terms of total phenols at different sam-
pling times are supposed to be the effect of change in
ecological parameters. Biosynthesis of phenolic com-
pounds can be induced by stronger sunlight and length
of daytime, therefore the phenols content is increasing
until the beginning of August. High temperature stress
promotes production of phenolic compounds; the in-
creases observed in phenolic content of walnut leaves
collected in July may be attributed to higher values of
temperatures. However, no significant correlation be-
tween climatic parameters such as temperature, rain,
humidity and wind, and phenolic or juglone contents
was established (Table 4); variations in total phenols
and juglone of walnut leaves reported in the present
study (Table 2,3) may be explained by genetically pro-
grammed inner conditions of walnut species.

Most of the results show that contents of flavo-
noids and phenolic acids are lowest at the beginning
of vegetative period and increase during summer to
achieve the highest amounts at the end of phenologi-
cal cycle (27). Our results suit to that pattern that cul-
tivar varjations in phenolic contents were estimated.
The levels of phenols are influenced by environmental
factors, soil composition, maturation level, cultivar and
harvest year. Some researchers indicated that the aver-
age values of phenolic acids, flavonoids and total phe-
nols seem to point out to a decrease until September,
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Table 4. Correlations between meteorological parameters and
contents of juglon (J) and total phenolic (P). The values in the
table are correlation coefficients.

Comparative Sebin Yalova-2 Yalova-3 Yalova-4 1974/7
Parameters

J-P 0.869"* 0.756"  0.922* 0.809" 0.848"
J-Temperature -0.026  0.380  -0.017 -0.085 0.181
J-Rainfall -0.046 -0.211  0.044  0.093 -0.125
J-Humidity ~ 0.299 -0.006  0.350  0.443  0.150
J-Wind Speed -0.331 -0.272  -0.450 -0.585 -0.347
P-Temperature -0.305 -0.210 -0.152 -0.149 -0.241
P-Rainfall 0.195 0.111  0.018 -0.028 0.079

P-Humidity ~ 0.585  0.530 0.443 0.391  0.550
P-Wind Speed -0.628 -0.692* -0.508 -0.438 -0.658
**(P<0.01), * (P<0.05)

while others indicated that each phenolic group had its
own curve of seasonal fluctuations (3).

On the other hand, in this study, a significant
positive correlation between juglone and phenolic
contents of the leaves was found (r: 0,893; P<0, 01).
While there was no significant correlation between ju-
glone and climatic factors, except a significant negative
correlation between phenolic content and wind rate in
Yalova-2 cultivar (1:-0,692 ; P<0,05) (Table 4).

The results obtained indicated that walnut leaves
may become important in obtaining a noticeable
source of the compounds with health protective po-
tential and antimicrobial activity; therefore the wal-
nut leaves should preferentially be collected from the
middle of August to the early September, in that time
juglone and phenolic contents are higher. It has been
shown that cultivars and sampling date is important
for the juglone and phenolic contents in the walnut
leaves. Juglone was considered as a useful tool for dis-
tinguishing different genotypes, and may be a poten-
tial genetic marker to study variation. This approach
may be more useful for achieving a quick and short-
term objective of either increasing juglone content for
juglone production or decreasing its content for nut
production in horticulture and reducing allelopathy in
agroforestry (2).

In conclusion; it may be concluded that there is a
significant positive relation between juglone and phe-
nolic content in walnut leaves depending on seasonal
variation. Juglone and phenolic contents rather change

according to walnut cultivars that the highest juglone
content was determined in Yalova-2 cultivar. The results
of the present study apparently indicated that the wal-
nut (/. regia L.) leaves are constitute a suitable source
of juglone and phenols and they could be used as al-
ternative natural antioxidants. As juglone and phenolic
contents are higher in that time, walnut leaves should
preferentially be collected between late August and ear-
ly September. The information obtained in the walnut
leaves may be useful in planning the collecting time and
cultivar selection for producing medicinal extracts.
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Summary. The aim of the present study was to evaluate some commercial dairy rations in terms of chemical
composition, methane production, net energy for lactation (NE;) and organic matter digestibility (OMD).
There are considerable variations among total mixed rations (TMRs) used by farms, especially in terms of
chemical composition. Crude protein (CP) contents of TMRs ranged from 9.83 to 14.32 %. Acid detergent
fiber (ADF) and neutral detergent fiber (NDF) contents of TMRs ranged from 22.79 to 32.32 % and 42.5
to 52.98 % respectively. There are significant differences among TMRs in terms of gas, methane production,
NE; and OMD. Gas production ranged from 82.25 to 97.25 ml. Gas production, NE; and OMD for TMR
3, 6 and 8 was significantly higher than the others. Methane production (ml) for TMR 8 was significantly
higher than that for TMR 7. As a conclusion, TMRs investigated in the current study are not well balanced
to meet the nutritional requirements of lactating cows. Therefore, it is not likely that lactating cows fed with
these TMR will not explain their genetic potential very well. Especially CP and NE; of TMRs should be

taken into consideration to improve efliciency in milk production of lactating cows in small farms in Turkey.

Key words: chemical composition, digestibility, methane production, net energy lactation, total mixed ration

Introduction in vitro gas production technique were widely used for

evaluation of uninvestigated forages (1-5). The in vitro

As most parts of the world, diet formulation of
lactating cows are based on protein and energy re-
quirements. The chemical compositions and energy
contents of feed ingredients or TMRs used in lactating
cow diets were not determined due to lack of analytic
facilities in most of small dairy farms in Turkey. In ad-
dition, most of small dairy farms have no a qualified
consulting nutritionist. As a result, in practice, for-
mulating of well-balanced diets is very difficult in the
most of small dairy farms. Preliminary investigation
clearly showed that diets of lactating cows were not
well balanced in Turkey due to lack of analytic facilities
and qualified consulting nutritionist in most of small
dairy farms. Recently the chemical composition and

gas production technique not only allows estimation
of energy content but also allows methane production
of feedstuffs. Recently methane production potentials
of some commercial dairy rations and some feedstuffs
were evaluated using iz vitro gas production technique
(1, 6). It is well known that methane is one of the most
important greenhouse gases. The methane production
from ruminant animal has a considerable contribution
to the global worming during the fermentation. It was
also reported that during the ruminal fermentation 2-
12 % of dietary energy intake is lost as methane (7).
Therefore, the aim of current experiment was to evalu-
ate the diets of lactating cows in terms of chemical
composition, NE;, OMD and methane production.
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Materials and methods

This experiment was conducted in the laboratory
of Department of Animal Science, Faculty of Agri-
culture, University of Kahramanmaras Sutcu Imam,
Kahramanmaras in Turkey. Studies performed using iz
vitro experimental model was approved by the Animal
Experimentation Ethics Committee of University of
Kahramanmaras Sutcu Imam, Faculty of Agriculture
(Protocol No: 2018/01).

The ingredients of TMRs were collected from
eight different farms in 2017 in Nigde Province of
Turkey and mixed in the laboratory as exactly done in
farm. The TMRs dried under the shadow at room tem-
perature. Dried TMRs samples were milled to pass 1
mm screen and kept in airtight plastic bags for chemi-
cal analysis and in vitro gas production. Dry matter
(DM), ash, CP and ether extract (EE) contents of
TMRs were determined according to AOAC (8). Cell
wall (NDF and ADF) contents of TMRs were deter-
mined according to method described by Van Soest
and Wine (9) and Van Soest (10) respectively. Chemi-
cal analysis was carried out in triplicate. The chemical
compositions of TMRs are given in Table 1.

The in vitro gas and methane production of
TMR samples were determined using the iz witro
gas production technique (11). Three Awassi lambs
(approximately 50 kg average weight) were used as
inocolum donor’s animal for in vifro gas production
trials. Lambs were fed with diet containing of alfalfa
hay (800g) and barley (400g). Equal amount of rumen
fluid was transferred into thermo flask before morning
feeding and strained through four layered cheesecloths
under flushing with CO,. The rumen fluid and buffer
solution were combined in the ratio 1:2 (V/V). 40 ml
of buffered rumen fluid were transferred into syringes
containing TMR samples (0.5 gram) in quadrupli-
cate. 40 ml of buffered rumen fluid were transferred
into four syringes without TMR samples to obtain the
blanks. All syringes were incubated for 24 h in wa-
ter bath maintained at 39 °C. The gas and methane
production were detected from the syringes containing
TMR samples to determine the net gas production at
24 h incubation. Net gas productions of TMR sam-
ples were obtained after correction for blank and hay
standard (University of Hohenheim, Germany).

NE. (MJ/kg DM) and OMD of TMR samples
were estimated using equation of Menke and Stein-
gass (11) as follows:

*NE. (MJ/kg DM) = -0.22 + 0.1062GP+ 0.048CP
+0.1329EE

*OMD (%) = 14.88 + 0.8893GP + 0.448CP +0.651
Ash

* Where GP = 24 h net gas production (ml/200 mg);
CP = Crude protein (%), EE: Ether extract (%), ash
content (%). NE, was converted into kcal multiply-
ing by 0.239

The methane contents of gas produced after 24
h incubation of TMR samples were determined using
an infrared methane analyzer (Sensor Europe GmbH,
Erkrath, Germany) (12).

Methane production (ml) = Total gas production
for 24 h incubation (ml) X Percentage of Methane (%)

The effect of TMR on gas production, methane
production, NE; and OMD were determined using
the one-way analysis of variance (ANOVA). Tukey’s
multiple range tests was employed to identify the sig-
nificance between means. Mean differences were con-
sidered significant at P<0.05.

Results and discussion

There is considerable variation among TMRs in
terms of feed ingredients and their levels in TMRs
used for dairy cows in Nigde Province, Turkey. TMRs
used in the current experiment contained up to 10 in-
gredients. The concentrate obtained from commercial
feed companies used by the all farms, which is com-
mon practice in Turkey. In addition to the concen-
trates, the oat grain was used by one dairy farm. The
concentrate level of TMRs ranged from 23.17 to 54.32
%. Wheat straw, corn silage and sugar beet pulp are the
mainly used forages for TMRs. Alfalfa hay is used for
only three dairy farms.

There is also considerable variation among TMRs
in terms of chemical composition. CP contents of
TMRs ranged from 9.83 to 14.32 % respectively. It
is well known that CP requirements of lactating cows
are considerable high due to milk production. NRC
(13) suggested that lactating cows with an average 30.9
kg/d of milk production should be fed with a diet av-
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eraging 16.1 % of CP of DM with a range from 13.8
to 20.8 % of DM. As can be seen from Table 1, CP
contents of TMRs 1, 3, 5, 6 and 7 did not fall into this
range suggested by NRC (13). On the other side, CP
contents of TMRs 2, 4 and 8 was close to lower and of
this range suggested by NRC (13).

As can be seen from Table 1, ADF and NDF
contents of TMRs ranged from 22.79 to 32.32 % and
42.5 to 52.98 % respectively. NRC (13) recommends
a minimum of 17 to 21% of ADF, 25 to 35 % of NDF
for lactating cows. It is unlikely that metabolic disor-
ders such as low milk fat, off feed problems, acidosis
and feet sore will occur in the farms involved in cur-
rent study since ADF and NDF contents of all TMRs
studied in the current experiment higher than NRC
(13) recommendation. On the other hand, Allen (14)
summarized 15 studies and showed a general decline
in dry matter intake with increasing NDF concentra-

tions in diets when diets exceeded 25 percent NDF.
Therefore high level of NDF contents of TMRs used

in the current experiment will results in depression of
feed intake, thus reducing milk production.

Estimated NFC (Non Fibrous Carbohydrates)
contents of TMRs ranged from 23.9to 34.1 %. Hoover
and Stokes (15) regressed data from Nocek and Rus-
sell (16) and found that when dietary NFC was greater
than 45 to 50 % or less than 25 to 30 %, milk pro-
duction was decreased. As can be seen from Table 1,
NFC contents of TMRs 1,2, 5 and 7 were very close
to lower end of this recommended range. The others
except for TMR 3 was lower than the upper end of
recommended end.

In vitro gas production, methane production, NE.
and OMD of TMRs are given in Table 2. There are
significant differences among TMRs in in vitro gas,
methane production, NE; and OMD. Gas produc-
tion ranged from 82.25 to 97.25 ml. Methane produc-
tions of most of TMRs studied in the current experi-
ment was similar whereas methane production (ml)

for TMR 8 was only significantly higher than that for

Table 1. Ingredient composition (%) of TMR fed lactating cows on selected dairy farms in Turkey, (as dry matter)

TMRs
Ingredients 1 2 3 4 5 6 7 8
Wheat straw 33.44 33.14 - 20.37 40.3 15.49 19.31 21.73
Corn silage 14.85 10.09 10.4 18.26 17.58 15.54 4.25 -
Sugar beet pulp 11.57 6.91 - 8.39 8.87 15.18 3.09 18.52
Concentrate 40.13 42.61 51.49 44.82 33.25 413 23.17 54.32
Patato - 7.24 7.21 - - - - -
Bean straw - - 30.9 - - - - -
Oat grain - - - 8.15 - - - -
Alfala hay - - - - - 12.49 11.58 5.43
Barley straw - - - - - - 19.31 -
Corn stover - - - - - - 19.31 -
Total 100 100 100 100 100 100 100 100
Composition (% DM)
DM 91.00 91.47 91.12 91.49 92.57 91.92 92.43 91.66
Ash 10.94 9.17 13.17 9.60 10.14 10.25 8.70 13.17
cp 10.06 14.32 12.41 14.08 9.83 12.78 10.38 13.95
ADF 29.5 28.11 22.79 23.78 30.4 26.09 32.32 23.82
NDF 51.56 50.17 38.06 43.10 52.98 48.46 55.27 425
EE 2.88 2.46 2.3 3.33 2.69 2.28 1.65 2.15
NFC 24.0 23.9 34.1 29.9 24.4 26.2 24.0 28.2

DM: Dry matter (% as feed), CP: Crude protein, ADF: Acid detergent fiber, NDF: Neutral detergent fiber, EE: Ether extract, NFC= 100~

(NDF+CP+EE+CA)
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Table 2. Gas, methane production, net energy for lactation and organic matter digestibility of TMR fed lactating cows on selected

dairy farms in Turkey
TMRs

Parameters 1 2 3 4 6 7 8 SEM Sig.
GP(ml) 84.50° 84.50° 97.25¢ 85.75" 84.00° 92.25¢ 82.25 92.75¢ 1.625 o
CH.(ml) 12.71® 13.26® 13.39® 13.33® 12.43* 13.04* 11.88" 13.74 0.473 ok
CH.(%) 15.04®¢ 15.69° 13.77¢ 15.54® 14.80 14.14% 14.46% 14.81% 0.440 ok
NE, 1012.0¢  1047.5¢ 1149¢ 1084.7" 997.7% 1102.7* 953.5¢ 1117.0® 16.53 ok
OMD 56.56< 57.33< 63.61° 57.94¢ 55.77% 60.09° 54.46 61.88" 0.578 ok

! Row means with common superscripts do not differ (P<0.05); S.E.M. — standard error mean; S ig. — significance level; GP: Gas production
(ml), CH,— Methane emission(ml or %), NE,: Net energy for lactation (M] /kg DM), OMD: Organic matter digestibility (%), , "*P<0.001.

TMR 7. The gas and methane production of TMRs
at 24 h incubation were considerably lower than those
reported by Getachew ez 4/ (1) who measured gas
and methane production of seven TMR from selected
dairies. The low gas production of TMRs in the cur-
rent experiment might be associated with low NFC
and high level of NDF and ADF, which ranged from
23.9 to 34.1%, 42.5 to 55.27 % and 22.79 to 32.32%
respectively. NFC, NDF and ADF contents TMRs
selected by Getachew ez al. (1) ranged from 34.9 to
46.3,25.0 to 31.5% and 18.3 to 24.6% respectively.
TMRs used in the current experiment were col-
lected from small dairy farms without qualified con-
sulting nutritionist. Therefore, it was expected that
there would be considerable variations in chemical
composition of TMRs, which was the case and the
variation in chemical compositions of TMRs would
affect the methane production. However, the type of

Table 3. Correlation coefficient (r) of relationship of chemical
composition with gas, methane production and estimated pa-
rameters

GP CH, NE. OMD
Ash 0.828* 0.624"¢ 0.714* 0.848*
CPp 0.399~¢ 0.828* 0.688™¢ 0.538"s
ADF -0.808* -0.906** -0.965** -0.890*
NDF -0.830* -0,840* 0.929* 0.904*
EE -0.177% 0.302"¢ 0.143%8 -0.072"¢
NFC 0.791* 0.609~¢ 0.812* 0.814*

Ash (% of DM), CP — Crude protein (% of DM), ADF — Acid de-
tergent fiber (% of DM), NDF — Neutral detergent fiber( % of DM),
EE: Ether extract (% of DM), CT' — Condensed tannin (% of DM)),
GP: Gas production (ml), CH, — Methane emission (ml), NE,: Net
energy for lactation (kcal /kg DM), OMD: Organic matter digest-
ibility (%) NS: Not significant, ** P<0.01, *P<0.05

TMR has a significant effect on methane emission but
not great as much as expected. The methane produc-
tion of TMRs ranged from 11.88 to 13.74 ml per 0.5
g incubated DM. Methane production is been affected
by forage species and quality.

Gas production, NE; and OMD for TMRs 3,
6 and 8 was significantly higher than the others. As
can be seen from Table 2, NE; of TMRs ranged from
953.5 to 1149 kcal/’kg DM. The recommendation of
NRC (13) for NE, ranged 1234 to 1640 kcal /kg DM
for lactating cows with 10-30 kg milk production.
Therefore, TMRs studied in the current study is not
likely to meet the energy requirement of lactating cows
since the NE, of TMRs offered were lower than those
suggested by NRC (13).

The cell wall contents of feedstuff are very impor-
tant factors affecting the nutritive value of feedstuffs.
As can be seen from Table 1, an increase in NDF and
ADF of TMRS at the expense of NFC decreased the
gas production, digestibility and NE; value of TMRs
since cell wall contents of TMRs are less fermentable
than NFC contents of TMRs. As can be seen from Ta-
ble 1, NFC contents of TMRs increased with increased
level of concentrate. Concentrates are rich in NFC than
that for forages. Therefore, cell wall structural elements
contents are negatively correlated with nutritive value
parameters such as gas production, digestibility and en-
ergy value of feedstuffs. As can be seen from Table 3, in
vitro gas and methane production of TMRs were nega-
tively correlated with NDF or ADF contents of TMRs.

It is well know that concentrate contains more
fermentable substrate than forages. Therefore, the
concentrate produces more gas and methane when
fermented by rumen micro-organisms.
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As can be seen from Table 3, NE;, and OMD
decreased with increasing NDF or ADF contents of
TMRs whereas NE;, and OMD increased with in-
creasing NFC content. Therefore, TMRs studied in
the current study should be supplemented with con-
centrate to increase NE, contents.

Conclusion

All theTMRs investigated in the current study are
not well balanced to meet the nutritional requirements
of lactating cows. Therefore, it is not likely that lactat-
ing cows fed with these TMRs will not explain their
genetic potential very well. Especially CP and NE, of
TMRs should be taken into consideration to improve
efficiency in milk production of lactating cows in small
farms in the Turkey and worldwide.
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Summary. Background. Nutritional deficiencies and imbalances may be encountered in hemodialysis (HD)
and peritoneal dialysis (PD) patients. The aim of this study is to investigate the relationship between nutri-
tional status, and serum folic acid and homocysteine levels in hemodialysis and peritoneal dialysis patients.
Methods. Information about demographics and eating habits were recorded using a questionnaire in 30 hemo-
dialysis and 30 peritoneal dialysis patients. The subjective global assessment was used to assess the nutritional
status of the patients. Individual food consumption records were taken in three consecutive days. Some rou-
tine blood parameters were recorded from the patient files. Folic acid, vitamin B, and homocysteine analysis
were also performed from the serum samples from the remaining blood. Resu/zs. All of the dialysis patients
were found malnourished. Body weight, body mass index, waist and hip circumferences values was lower HD
patients than PD patients (p<0.05). Serum homocysteine levels of PD patients were higher than HD patients
(p<0.05). A positive correlation was identified between serum homocysteine and BUN levels, whereas there
was an inverse relationship between homocysteine and vitamin By, level, total protein, albumin level and mal-
nutrition score (p<0.05). In general, no significant difference was found between the nutrients intake of HD
and PD patients. Conclusion. Nutritional status of patients of HD was found better than PD patients. Assess-
ment of nutritional status periodically is important for the prevention of malnutrition and early intervention
in dialysis patients. Dietary folic acid, vitamin B,,, vitamin B, and protein intake may be improved by foods
or supplementation for prevention of hyperhomocysteinemia in dialysis patients.

Key words: nutritional status, dialysis, malnutrition, folic acid, vitamin B:,, homocysteine

fected by the nutritional status of patients with dialysis.
Assessment and monitoring of nutritional status

Renal cachexia, malnutrition and inflammation  in dialysis patients is important to determine mal-

are the most important risk factors for medical com-
plications, cardiovascular deaths and all-cause morbid-
ity and mortality in dialysis patients (1, 2). The control
of blood pressure (3), excessive fluid accumulation (4),
pulmonary hypertension (5), fatigue (6), anemia (7), the
management of hyperphosphatemia (8, 9) and the ef-
fects of inflammation, to prevent and fix the weakening
and sarcopenia, reduce costs of medication (1), improve

quality of life and survival (2). Course these all are af-

nutrition and to make timely nutritional therapy. In
this context, to know effect of dialysis types on blood
homocysteine, folic acid, vitamin By, levels and asso-
ciation of these molecule levels with nutritional status
will affect the medical approach and the prognosis of
patients. In other words, to protect dialysis patients
from cardiovascular diseases; how much folic acid and
vitamin B;, supplementation should be given, and what
type of food supplements may be used can be deter-
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mined by examining the relationship between nutrient
intake, folic acid, vitamin By,, and homocysteine levels.
The nutritional interventions to be applied without
evaluation will lead to nutritional deficiencies and over
dosage in the vitamins, or unnecessary costs. As far as
we detect in literature, studies on dialysis patients have
been based on generally clinical data but limited mal-
nutrition measures (2, 10). Sarcopenic obesity, coagu-
lability, risk of mortality and morbidity from infection
and death risk in elderly is higher for patients receiving
PD than in those receiving HD (11, 12). Insufficient
home-based nutrition therapy, nutritional self-care or
nutritional education facilities, consulting with a dieti-
tian may have an additional effect on nutrition status
in PD compared with HD. In this study, we evaluated
the influence of hemodialysis (HD) and peritoneal di-
alysis (PD) on nutritional status and patient’s plasma
levels of homocysteine, folate, and vitamin By,. Also,
malnutrition has been evaluated as versatile through
food consumption records, clinical examination, an-
thropometric measurements and biochemical param-
eters as a different aspect. The hypothesis of this study
was hemodialysis is superior in nutritional aspects and
B vitamins levels (folate, vitamin B;,) and, decreases
the plasma level of homocysteine of dialysis patients
than peritoneal dialysis.

The Ethics Committee of Medicine Faculty at
Atatirk University, Erzurum, Turkey approved the
study protocols with the number of 15 on 09.02.2007
and informed consent was obtained from all partici-
pants. Study procedures followed were in accordance
with the Helsinki Declaration.

Material and methods
Subjects

The study recruited patients from Atatiirk Uni-
versity Faculty of Medicine, Yakutiye Research Hos-
pital, and Dialysis Unit in Erzurum province, Turkey.
The study design was descriptive, cross-sectional, and
single-centered. All dialysis patients who are suitable
for the inclusion criteria and are eager to participate in
the study were included in the study. Thirty (16 male,
14 female) HD patients and 30 (14 male, 16 female)
PD patients were enrolled. Patients with dialysis have

osteoporosis (12.5%), rheumatism (4.2%), and hepati-
tis C (4.2%) diseases. Inclusion criteria included being
on maintenance HD and PD patients for >3 months
whose age was >18 years, voluntary individuals who
were literate. Exclusion criteria included patients ex-
posed to nitric oxide in the last 3 months, life expectan-
cy shorter than 6 months (metastatic cancer, terminal
HIV), who have diseases such as stroke, thrombosis,
myocardial infarction within the last 3 months, have
received vitamin therapy in the last 4 weeks, who use
anti-folate and anti-epileptic medication, alcohol, who
support enteral and parenteral nutrition, who have
kidney transplantation, who have blood transfusion
within 30 days. All HD patients were dialyzed for 4
hours and 3 times per week with bicarbonate-buffered
dialysate. Patients were dialyzed with the flow rate of
blood at 350 mL/min and the flow rate of dialysate
at 500mL/min. Polysulfone membranes whose surface
area was 1.5-1.8 m*with low flow and low hepariniza-
tion were used in all cases. PD patients perform four
exchanges per day. PD was performed with dialysis
fluids containing 1.36%, 2.27%, and 3.86% glucose.
Bicarbonate was used as a buffer for PD patients.
Sociodemographic characteristics and eating habits
of patients were obtained by questionnaire. Subjective
Global Assessment Form was used for assessing the
malnutrition status of patients (13, 14).

Anthropometric measurements

Anthropometric measurements (body weight,
height, mid-arm circumference, waist circumference,
and hip circumference) were performed after exiting
dialysis session of HD patients and the day when they
came to the doctor’s control of PD patients. Dry weight
was used as the body weight at the end of dialysis in HD
patients. For PD patients, weighing was done with the
empty abdominal cavity. The evaluation of fluid status
is made by clinical observation of body weight change,
edema, and blood pressure and checking of biomarkers.
Participants were weighed in kilograms using a NAN
brand digital weight scale with scale sensitive to 0.1kg.
Standing height was measured with a tape measure. All
measurements were obtained as described previously
(15). Body mass index and mid-arm circumference were
compared to clinical references proposed by HEMO
study for dialysis patients (16).
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Modified Subjective Global Assessment (MSGA)

A screening test used in the evaluation of protein-
energy malnutrition. MSGA consists of 2 section and
7 variables. MSGA examines weight change in the
preceding 6 months. The history focused on 7 vari-
ables, namely: weight change in preceding 6 months,
presence of GI symptoms (anorexia, nausea, vomiting,
and diarrhea), change in dietary intake and functional
capacity, subcutaneous loss of fat, muscle wasting and
edema. Variables scores are graded from 1 to 5 such as
1 = Never, 2 = Mild, 3 = Moderate, 4 = Severe 5 = Very
seriously. MSGA total score ranges from 7 (normal) to
35 (severe malnutrition). MSGA score; between (7-
10) is considered as well-nourished, between 11-22 is
considered as having mild to moderate malnutrition,
and between 23-35 is considered as severely malnour-
ished in patients on dialysis. Application of MSGA
form to dialysis patients is explained in detail in previ-
ous studies (13, 14).

Dietary intake

Food consumption record was taken in three con-
secutive days of all dialysis patients by the researcher.
The days for the hemodialysis patients were selected
as one day on the weekday, one day on the dialysis day
and one day at the weekend; and it was determined as
two days on the weekday, and one day on the week-
end for the PD patients (17). Dietary energy and other
nutrients intake were analyzed by the Food Informa-
tion System (BEBIS) computer program (18). For PD
patients, dialysate calorie added to total calorie intake
considering dextrose concentration of dialysate, di-
alysate volume and dialysis frequency. The mean per-
centages of meeting energy and other nutrient require-
ments according to the RDA were determined of all
dialysis patients (19-21).

Biochemical Data

Biochemical tests were made following an over-
night fast, prior to the midweek dialysis session in
HD patients and without interruption of the dialy-
sis schedule in PD patients for some routine analysis
With the serum samples from the remaining blood,
folic acid, vitamin By, and homocysteine analysis were

performed. The blood was placed in EDTA tubes and

iced. The plasma was separated in 5000 rpm at 5 min-
utes within 30 minutes. Plasma samples were stored
in Eppendorf tubes at =80°C until analyzed. The iced
plasma was thawed at +4 °C after seven days. Homo-
cysteine values were analyzed using the Immuchrom
ready commercial kit by means of the Hewlett Packard
(HP) 1100 HPLC (high-pressure liquid chromatog-
raphy) system. The reference value for adult male and
female is 5-15 pmol/dL (22). Folic acid and vitamin
B, were studied by immunochemistry without elec-
trochemiluminescence by means of Roche Modular
Analytical E 170 system. The normal range for adult
male and female is 3-17 ng/mL for folic acid and 193-
982 pg/mL for By, vitamins (23). All other biochemi-

cal tests were taken from patient files.

Statistical Evaluation of Data

Statistical analysis was performed using SPSS
20.0 (SPSS, Inc., IBM, Illinois, USA). Continuous
variables were expressed as the mean * standard devia-
tion and minimum-maximum ranges. Descriptive sta-
tistics are used according to the feature of data. Group
differences were assessed using the unpaired s-test tak-
ing into account showing the normal distribution in
table. Chi-square test of independent groups (Fisher
Chi square or Pearson square) was used for frequency
tables. Linear correlation between two variables was
assessed by the Pearson test. The coeflicient of correla-

tion 7 is given. P<0.05 is considered a statistically sig-
nificant difference (24).

Results

The mean age of HD and PD patients were
48.07+14.62 and 47.70£13.77 years old, respectively.
The duration of dialysis was 52.00+44.12 months in
HD patients and 27.67+29.31 months in PD patients.
Mean duration of education was 6.07+4.78 years of HD
patients, and 5.53+4.32 years of PD patients. Malnutri-
tion score according to MSGA was found 17+4.14 and
14.87+4.44 in HD and PD patients, respectively (p>
0.05). The anthropometric measurements of the patients
according to dialysis were given in Table 1. There was a
statistically significant difference between the weight,
body mass index (BMI), waist circumference, waist/hip
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Table 1. Anthropometric measurements of patients according to type of dialysis

Type of Dialysis

Hemodialysis Peritoneal dialysis
Anthropometric measurements Male (n:16) Female (n:14)  Male (n:14)  Female (n:16) P1 P2
X+SD X+SD X+SD X+SD

Body weight (kg) 66.42+7.96 55.99+12.51 73.45£8.35 68.35£19.07 0.03* 0.05*
Height (m) 1.69+.06 1.5420.08 1.70+0.04 1.57+0.06 0.61 0.26
Body mass index (kg/m?) 23.18+2.55 23.38+4.47 25.32+2.85 27.53+7.27 0.04* 0.08
Mid arm circumference (cm) 27.12+1.82 27.14+3.82 28.10+2.41 29.81+5.55 0.22 0.14
Waist circumference (cm) 89.68+7.96 92.57+16.56 97.92+7.91 103.87£19.39 0.02* 0.10
Hip circumference (cm) 99.43+5.25 96.35+11.94 100.57+6.83 108.5£18.39 0.61 0.04*
Waist/hip ratio 0.90+0.07 0.95+0.10 0.97+0.07 0.95+0.60 0.01* 0.95

*$<0.05, P1=male; P2=female

ratio of male patients undergoing peritoneal dialysis and
hemodialysis (p<0.05). These measurements of the pa-
tients with PD were found higher than HD patients.

Daily intake of energy and nutrients according to
dialysis types is given in Table 2. No significant differ-
ence was found between the nutrient consumption of
patients who underwent HD and PD. The percentages
of receiving insufficient energy those are the normal
weight were found 53.3% and 80% in HD and PD
patients, respectively. 76.7% of patients with hemodi-
alysis and 90% of patients with peritoneal dialysis con-
sume inadequate protein. The daily intake of thiamine,
vitamin Bg, folic acid, vitamin C, vitamin D, vitamin E,
iron and fiber were found to have lower levels in both
dialysis patient groups. Vitamin B, intake was lower
in females with PD than the HD patients (p>0.05).
Vitamin B, intake is less than RDA levels for female
patients with HD and PD. Vitamin A intake is lower
than recommended levels in both genders with HD
whereas it is normal in PD patients.

Biochemical measurements of patients according
to dialysis type are given in Table 3. In general blood
parameters for health condition were found higher in
PD patients than HD patients (p<0.05). Only, HDL-
cholesterol, albumin, calcium, vitamin B, ferritin, and
parathyroid hormone (PTH) levels were found lower
in PD patients than HD patients (p<0.05). Serum
folic acid level was found to be normal in 63.3% of
HD patients and 73.4% of PD patients. There was no
low folic acid level in HD patients but, 3.3% of PD

patients had low serum folic acid level. The percent-

ages of normal serum B, levels were found 60% of
hemodialysis patients and 83.3% of peritoneal dialysis
patients. Although no patients with HD lower serum
Bi,levels, 3.3% of patients with PD had lower serum
B, levels. Also, serum homocysteine level was found
a normal level in 73.3%, mild high level in 26.7% of
HD patients. The percentages of mild, moderate, se-
vere high homocysteine levels were found 13.3%, 80%,
6.7% of patients with PD, respectively.

The correlation between some blood nutritional
parameters and homocysteine levels in dialysis pa-
tients are given in Table 5. A positive correlation was
identified between serum homocysteine and BUN lev-
els, whereas there was an inverse relationship between
homocysteine and vitamin By, level, total protein, al-
bumin level and malnutrition score (p<0.05).

Discussion

The aim of this study was to evaluation of modal-
ity in dialysis (HD versus PD) on nutritional status
and patient’s plasma level of homocysteine, folate, and
vitamin By,. In this study, all of the hemodialysis (HD)
and peritoneal dialysis (PD) patients were found to be
malnourished by using the MSGA. Anthropometric
measurements of PD patients were found higher than
HD patients. Both male and female body weights and
body mass index, waist/hip ratio were found higher
in male PD patients than male HD patients (p<0.05)
(Table 1). Therefore, PD patients are more prone to
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Table 2 Daily energy and nutrients intake according to types of dialysis

Type of Dialysis

Hemodialysis (n:30)

Peritoneal dialysis (n:30)

Energy and Nutrients Ma)légBIG) Fem)—z}_esg:h‘) Maﬁ g;;l4) Fem}_ziesgl)l:lﬂ P1 P2
Energy (kcal) 1594.09+860.48  1200.73+504.08 1655.82+1376.71 1059.99+426.33 0.88 0.41
Protein (g/kg) 1.03+0 .65 0.88+0.47 1.02+0.76 0.60+0.25 0.56 0.25
Lipid (g) 56.47+31.57 52.16+27.56 77.83+84.58 48.67+24.74 0.36 0.72
Cholesterol (mg) 214.41+£137.62 172.02+107.38 307.18+307.70 192.43+165.90 0.29 0.70
Saturated fat (g) 23.96+15.35 22.66+14.07 34.47+41.84 21.42+11.49 0.36 0.79
MUFA (g) 18.84+9.93 18.18+9.69 27.49+30.58 17.08+8.53 0.29 0.74
PUFA (g) 9.28+5.94 7.70+3.52 10.29+7.35 7.05+3.52 0.68 0.62
Carbohydrates (g) 201.07+120.89 133.78+63.81 159.41£102.90 113.84+48.78 0.32 0.34
Fibre (g) 17.38+8.94 11.93+5.44 13.75+4.59 10.16+4.39 0.18 0.33
Vitamin A (pg) 643.41+318.18  567.80+327.51  976.72+592.87  694.30+397.81 0.06 0.35
Vitamin B; (mg) 0.67+0.36 0.43+0.17 0.62+0.36 0.42+0.13 0.67 0.84
Vitamin B, (mg) 1.14+0.62 0.76+0.31 1.20+0.83 0.84+0.24 0.82 0.46
Vitamin B, (mg) 1.03+0.58 0.66+0.29 0.98+0.58 0.62+.22 0.83 0.70
Vitamin By, (ug) 3.54+3.88 2.29+1.47 4.01+3.87 1.94+1.58 0.74 0.53
Total Folic Acids (pg) 243.98+138.01 167.73+73.28 213.96+125.31 156.18+61.87 0.54 0.64
Vitamin C (g) 62.61+37.36 42.62+31.86 54.16+31.00 42.47+20.37 0.51 0.97
Sodium (mg)** 3168.72+£1570.42 2538.92:1022.87 3474.82+2311.59 2849.77:1503.61  0.67 0.52
Potassium (mg) 1789.11+1017  1101.18+434.30 1680+763.57 1138.02+321.53 0.75 0.79
Calcium (mg) 565.35£356.09  371.65:202.23  590.57:583.20  451.99:129.42 0.89 0.20
Magnesium (mg) 178.80+91.53 124.61+46.88 190.33£112.34 121.79+31.48 0.76 0.85
Phosphorus (mg) 959.95+539.99 654.53+270.99  1036.90+846.97  648.59+192.08 0.77 0.95
Iron (mg) 8.68+4.64 6.33£2.63 9.78+5.49 5.35+2.01 0.56 0.26
Zinc (mg) 8.68+4.77 6.27+2.53 10.38+8.79 5.64+2.45 0.51 0.49

t-test; “p<0.05, Pl=male; P2=female ; ™ Sodium from salt wasn’t included in calculation; MUFA: Monounsaturated fatty acids, PUFA:

Polyunsaturated fatty acids

chronic diseases. High CRP and blood lipids in PD
patients also support this finding. There is a close re-
lationship between body size and composition with
physical functions and life quality (25). Mid-Upper
Arm Circumference (MUAC) is one of the most im-
portant markers that represent the nutritional status
and inflammation, also independently increases the
survival time in HD patients (4, 26). In this study,
when the arm circumference measurements of dialysis
patients are compared to standard values, it was shown
that male (49%) and female (47%) hemodialysis pa-
tients were in the 5"-10" and 10*-25" percentile, and
male (47%) and female (49%) PD patients were in the
10*-25" and 25*-50" percentile, respectively. It shows

that the protein mass of skeletal muscle of dialysis pa-
tients is low. Liman et al. (27) reported that 51% pa-
tients with hemodialysis were malnourished according
to MUAC. Isoyama et al. (28) found that 20% of dialy-
sis patients had sarcopenia, 24% of them had low mus-
cle mass, and 15% of them had low muscle strength.
Also, obese sarcopenia was found higher in the PD
group than in the HD group (12). Decreased protein
intake, cardiovascular insufficiency, proinflammatory
cytokines and changes in DNA methylation decrease
the protein synthesis in muscle and increase the mus-
cle destruction. Decreased muscle mass and strength
were increased the risk of heart failure, fractures, in-
fections, insulin resistance, weakness, and deaths (29).
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Table 3. Biochemical measurements of patients according to type of dialysis

Type of Dialysis °
Nutritional blood parameters Hemodialysis (n:30) Peritoneal dialysis (n:30) P values
X+SD X+SD
High-density lipoprotein cholesterol (mg/dl) 46.86+9.59 40.46+7.48 0.006*
Low-density lipoprotein cholesterol (mg/dL) 121.06+37.20 146.96x45.17 0.018*
Triglyceride (mg/dL) 169.26+98.43 213.96+138.28 0.155
Total cholesterol (mg/dL) 181.36+45.31 207.60+54.17 0.046*
Blood urea nitrogen (mg/dL) 19.90£11.87 45.30+15.57 0.000*
Creatinine (mg/dL) 2.95+1.40 10.85+15.51 0.007*
Albumin (g/dL) 4.21+0.74 3.24+0.58 0.000*
Sodium (mmol/L) 140.16+3.72 138.30+4.44 0.083
Potassium (mmol/L) 3.36+0.55 4.30+0.82 0.000*
Calcium (mg/dL) 10.13+0.88 8.92+1.29 0.000*
Phosphorus (mg/dL) 2.49+0.67 4.57+1.18 0.000*
C-reactive protein (mg/dL) 0.58+0.47 2.84+4.42 0.007*
Hemoglobin (g/dL) 11.30+1.79 10.22+3.22 0.112
Hematocrit (%) 35.13+6.09 30.32+9.58 0.024*
Folic Acid (ng/ mL) 12.63+6.27 13.74+22.13 0.792
Homocysteine (Lmol/L) 13.53+4.03 53.44+38.05 0.000*
Vitamin B, (pmol/L) 899.64+412.16 592.13+354.91 0.014*
Alkaline phosphatase (U/L) 197.68+152.23 120.46x67.45 0.490
Lactate dehydrogenase (U/L) 248.30+95.83 265.53+96.25 0.000*
Total Protein (g/dL) 7.90+1.19 6.41+1.01 0.340
Glucose (mg/dL) 100.93+31.80 111.33+49.91 0.019*
Ferritin (ng/mL) 585.96+335.22 384.92+307.02 0.000*
Parathyroid hormone (pg/mL) 723.76£627.12 256.41+226.32 0.006*

t-test, *p<0.05; * Dialysis output values were taken into account for HD and PD patients

It has been found that %52-85.4 of HD patients
(10, 30-32) and %40.6-74.8 of PD patients (33) were
malnourished in these previous studies. It has been in-
dicated that malnutrition increases the risk of infection
in dialysis patients (34), triggers arterial calcification
in HD patients, and has an important role in cardi-
ovascular deaths (2). In this study, it was found that
albumin level of PD patients was significantly lower
than the HD patients (p<0.05). Similarly, Mathew
et al. specified that the albumin level of PD patients
was lower than the HD patients. Low albumin levels
can be explained with loss of high-molecular protein
during the PD and inflammation in PD patients. Low
albumin levels in dialysis patients cause impairment of
the Ca, P, cholesterol, and triglyceride transportation
(10). Also, low levels of albumin led to impairment in

total cholesterol and LDL cholesterol transport in PD
patients. In this study, C-reactive protein, which is a
marker of inflaimmation, total and LDL-cholesterol
levels were found higher of PD patients than HD pa-
tients (p>0.05) (Table 3).

Various studies have shown that serum and red
blood cell folic acid levels of PD patients are higher
than HD patients (35, 36). However the difference
was not statistically significant, it was also found that
HD patients had lower serum folic acid levels than PD
patients, in this study (Table 3). Presence of low folic
acid level might be explained by folic acid is a small
molecule and it loses during the HD process and it can
also interact with other medications in HD patients
(37, 38). Also, vitamin By, level was found higher in
HD patients than PD patients (p>0.05). Similar re-
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Table 4 Correlation between some nutritional blood param-
eters and homocysteine levels in dialysis patients

Homocysteine levels

Nutritional blood parameters Pearson P
Correlation

Triglyceride (mg/dL) 0.023 0.860
Cholesterol (mg/dL) 0.113 0.391
Blood urea nitrogen (mg/dL) 0.549 0.000**
Creatinine (mg/dL) 0.108 0.413
Albumin (g/dL) -0.369 0.004™
C-reactive protein (mg/dL) 0.04 0.761
Hemoglobin (g/dL) -0.019 0.883
Folic acid (ng/mL) -0.147 0.262
Vitamin B, (pmol/L) -0.316 0.014*
Lactate dehydrogenase (U/L) -0.011 0.936
Total protein (g/dL) -0.315 0.014*
Body mass index (kg/ m?) 0.163 0.212
Malnutrition score -0.389 0.020*
Calcium (mg/dL) -0.315 0.014*
Phosphorus (mg/dL) 0.380 0.003**
Parathyroid hormone (pg/mL) -0.256 0.048*

*<0.05, *p<0.01

sults have shown in the literature (39). Vitamin B,
is a large molecule and its binds to haptocorrin (big
non-glycoprotein) at 80-90%, thus the loss of vitamin
B, is less due to hemodialysis (40). Homocysteine and
methylmalonic acid (MMA) are novel markers which
are used to determine the functional status of vitamin
B, and folate in tissues. High levels of homocysteine
and normal levels of MMA show the folate deficiency.
On the other hand, high levels of homocysteine and
MMA show vitamin By, deficiency (41). Vitamin B,,
serves as a vehicle molecule in the transfer of the me-
thyl groups from 5-methyltetrahydrofolate to homo-
cysteine. Therefore, even though folic acid levels are
normal, vitamin By, deficiency cannot ensure the me-
thionine remethylation from homocysteine. Further-
more, adenosyl-cobalamin, as one form of vitamin B,
ensures the transformation of methylmalonic acid to
succinyl CoA. This reaction has an important role in
the metabolism of fatty acids and aliphatic amino ac-
ids. Vitamin B, deficiency causes abnormal lipid accu-
mulation (42, 43). In this study, abnormal lipid levels of
PD patients could be correlated with the functional vi-

tamin By, deficiency. Normal blood vitamin By, level is
associated with the late emptying of vitamin B, stores
in the body. Vitamin By, is stored in the body for 3-5
years, folic acid is stored in the body for 1-1.5 years,
and vitamin Bs is stored in the body for 3-4 months
(40). Also, it has been found that 80% of the PD pa-
tients have moderate levels of homocysteine and 73.3%
of the HD patients have normal levels of homocyst-
eine in this study. It is shown that homocysteine lev-
els were higher than the cutoff value (13.5pmol/L) in
both dialysis modality (HD and PD) (44). Decrease
of cystathionine synthase activity occurs due to PEM,
decreases the synthesis of cytosine and cysteine from
methionine and it leads to hyperhomocysteinemia
(45). In this study, dietary protein intake of PD pa-
tients was found lower than HD patients (p>0.05) (Ta-
ble 2). Furthermore, there is a positive relationship be-
tween serum homocysteine and BUN levels and there
is an inverse relationship between vitamin By, levels,
total protein levels, albumin levels, and malnutrition
scores in this study (p<0.05) (Table 4). Despite nor-
mal vitamin By, and folate levels, high homocysteine
levels may show the decrease in the function of vita-
min By, receptors dependent on uremia. The decrease
in transcobalamin II level may lead to the reduction of
vitamin By, intake from peripheral tissues in inflam-
mation prone HD patients. This mechanism may oc-
cur in order to remove the vitamin B;, from pathogenic
microorganisms which lead to inflammation and in-
fection in peripheral tissues. High serum vitamin B,
concentrations in case of inflammatory conditions
such as HD, lead to functional vitamin B, deficiency
in peripheral tissues and thus hyperhomocysteinemia
occurs (37). Saifan et al, there was a 58% prevalence of
vitamin B, deficiency as defined by high MMA level
in HD patients (46). This hypothesis is supported by
vitamin By, level and the relationship between CRP
and ferritin levels. Hyperhomocysteinemia could be
impaired vitamin B, metabolism (38). Despite normal
vitamin By, and folate levels, one reason for high levels
of homocysteine can be explained vitamin B6 deficien-
cy. Even though vitamin B;, and folate levels are nor-
mal in hemodialysis patients, it was previously shown
in other studies that dialysis patients had a vitamin B
deficiency (41). Vitamin B deficiency is observed in
24-56% of hemodialysis patients. Also, observing more
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common compared to other vitamin B deficiencies be-
cause the molecular size of vitamin By (MW 245) is
smaller than the molecular sizes of folate (MW 441)
and vitamin By, (MW 1355). Therefore, the loss of vi-
tamin B is more during dialysis. Furthermore, vitamin
B stores in the body are limited and this also increases
the deficiency risk (40). Thus, hyperhomocysteinemia
can occur because of malnutrition, vitamin B;, func-
tional deficiency, vitamin By deficiency and uremia. In
present study; the dietary consumption of vitamin By is
found 1.03 + 0.58 mg and 0.66 + 0.29 mg in male and
female patients with hemodialysis, respectively. Vita-
min Bg intakes were 0.98 + 0.58 mg and 0.62 + 0.22 mg
in the male and female patients with peritoneal dialysis
patients, respectively. Although pyridoxine is recom-
mended 1.3-1.7 mg in diet of healthy adults (47) , this
daily intake of pyridoxine does not meet requirements
of hemodialysis and peritoneal dialysis patients. It is
proposed that dialysis patient should consume more
vitamin Bsthan RDA (20, 48).

Strengths of the study are as follows; measure-
ments were performed in only one laboratory and sub-
jective global assessments and anthropometric measure-
ments were performed by one dietitian. These strengths
ensure the minimum measurement bias. In this study,
there were an equal number of patients from each
group, age characteristics of the two groups are similar,
and both genders were well represented. These strengths
decreased the error dependent on confounding factors.
This study is a single-centered study. Vitamin Bg levels
were not measured, functional indexes/biomarkers were
not used in the determination of the vitamin B,, and
folate levels, and only static indexes were used. These are
the important limitations of this study. MMA level was
not measured whereas only homocysteine levels were
measured. This prevented to determine whether or not
hyperhomocysteinemia occurs due to the functional de-
ficiency of vitamin By, or folate.

Conclusion

This study was conducted to compare nutritional
status, serum folic acid and homocysteine levels of
hemodialysis and peritoneal dialysis patients. Malnu-
trition is identified in both dialysis modalities. Body

mass indexes (BMI), waist circumference, waist/hip
ratio of male PD patients were found higher than
male HD patients. PD patients had a higher level of
homocysteinemia than HD patients. Hyperhomocyst-
einemia can be affected by malnutrition, functional de-
ficiency of vitamin By, vitamin B deficiency and ure-
mia. These findings suggest that when anthropometric
measurements are assessed in patients on dialysis, a
health professional should be considered to use with
body composition methods. While making a decision
about dialysis modality in renal units, it should be also
considered that the types of dialysis which could effect
on nutritional status and homocysteine, folic acid, vita-
min By, levels of patients. Further analysis of data after
longer follow-up is needed to suggest a nutritional sta-
tus benefit for a particular dialysis modality. Also, fur-
ther studies are required for the determination of well
and malnutrition nutritional status at the beginning of
dialysis in patients. In addition, change of nutritional
status with dialysis modality in the long term should
be detected.
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Summary. This study was designed to investigate the aflatoxin B1 (AFB1), B2 (AFB2), G1(AFG1),
G2(AFG2) and total aflatoxin levels in 27 samples of several packaged chips randomly obtained from vari-
ous markets in Istanbul using immunoaffinity chromatography and post-column UV derivatization system
by HPLC. Seventeen of the samples contained some aflatoxins at detectable levels, whereas 10 did not. The
levels of aflatoxin ranged between 1 and 39 pg/kg. AFB1 and AFB2 were detected in 63% and 41% in analyz-
ing chip samples respectively. The levels of AFB1 varied from 1 to 24 pg/kg in chip samples and the levels of
AFB2 varied from 1 to 16 pg/kg in chip samples. Low levels of AFG2 ranging from 0 to 3 pg/kg were found
in chips. Groundnut chips showed high aflatoxin concentrations and recorded relatively higher AFB1, AFB2,
AFG2 and Total aflatoxin levels ranging from 1 to 39 ug/kg, indicating that groundnut is potentially causing
serious health risks to consumers of these products than other chips. The aim of this study is to determine the

presence and amount of aflatoxin B1, B2, G1, G2 in various chips samples consumed in Istanbul.

Key words: aflatoxin, chips, HPLC, mycotoxin, post-column UV derivatization system

Introduction

Chips are nutrients with high energy and low nu-
tritive value. Chips products have a huge potential as
a snack for children and young people and depend-
ing on this its market is increasing and also export of
these products is growing day by day in the World
and Turkey (1). Aflatoxins are mycotoxins, which are
considered to be toxic metabolites, produced mainly
in foods by some fungi such as Aspergillus flavus and
Aspergillus parasiticus (2, 3). In the United States daily
calorie intake for children between the ages of 2 and 5
increased by 30% with the contribution of snack foods
in between 1977 and 1996. It is also reported in several
publications that there is an association between the
increase in consumption of these snack foods and the
increase in obesity and other chronic diseases related
to obesity in children and adolescents (4).

Worldwide obesity has shown a threefold increase
compared to 1975 and it has been appointed that there
are 1.9 billion adults over the age of 18 being over-
weight and 650 million of them are obese in 2016.
In other words, while 39% of adults over 18 years old
were overweight, 13% of them determined to be obese
(5). Obesity is increasingly widespread among children
and has increased 10-fold over the past 40 years. 41
million children between 0-4 years of age and 340 mil-
lion children aged 5-19 years were found to be over-
weight or obese in 2016 (5, 6). If the current situation
continues, the number of overweight or obese children
aged 0-5 years is expected to increase globally to 70
million by 2025 (7).

In 2016 Turkey Health Interview Survey con-
ducted by the Turkish Statistical Institute (Turkstat),
Body Mass Index (BMI) was calculated using height
and weight values. It has been determined in this study
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that the proportion of obese individuals aged 15 years
and over has declined from 19.9% in 2014 to 19.6%
in 2016 (8). It has been stated in “Turkey School-age
Children (Age 6-10) Growth Monitoring Project’ in
2009 that being obese and overweight status among
the children of this age was found 14.3% and 6.5%,
respectively (9). Additionally, according to the another
study of the same age group which was the COSI-
TUR research, 14.9% of the children between this age
group has been identified as overweight and 9.9% as
obese in 2016 (6).

Over the last few years, the growth in the sales
of salty snacks in the US continues to be steady. Sales
in 2015 reached 22 billion dollars with an increase of
3.5%. The best salty snack was potato chips, which
remained unchanged at 2015 and had a share of 7.5
billion dollars. Prospectively, an annual growth rate
of 4% is predicted in the salted snack market between
2015 and 2020 (10). Considering the number of peo-
ple consuming potato chips in the US based on years,
the number of people in 2011 was 257 million and it
reached to 276 million in 2017. Consumption of 16
packets or more per year, which is the highest amount
of these in annual consumption, covered 19.9 million
people in 2011 and rose to 32.8 million people in 2017
(11, 12).

When considering the chip market development
over the years in Turkey, the market, which has a size
of approximately 233 million dollars in 2004, reached
a turnover of 1.1 billion dollars in 2012 and about 1.3
billion dollars in 2013. The sales volume of the market
in 2012 reached 90 thousand tons with a growth of
300% has reached 105 thousand tons of sales volume
in 2013. With the increased production, the consump-
tion of chips, which was 400 g per capita in 2004,
has increased to about 1 kg by 2012 (13). In ‘“Turkey
Childhood Obesity Research’ (COSI-TUR 2013) re-
search, the nutritional behaviours of children in Turkey
are determined according to the declarations of fami-
lies in 2013 for the first time. When classified accord-
ing to the frequency of consumption, it was found that
chips and popcorn were consumed in 1-3 days a week
with the highest rate of 59.6% (14). In repetitive work
in 2016, three years later, salted nut consumption was
included and salted snacks consumption of children
within the frequency of 1-3 days in a week was found

29.6%. They consumed less than once in a week with
the highest rate (34.6%) (6).

Mycotoxins are found in various foods which
were stored in hot, humid and unhealthy conditions
such as cereals, especially maize and rice, some ani-
mal source foods such as milk and cheese, hard-shelled
fruits such as walnuts, hazelnuts and peanuts, oilseeds
such as sunflower and soybean, dried fruits and spices
(red pepper, black pepper, turmeric, ginger, coriander)
which are highly toxic compounds (15-17). It is esti-
mated that mycotoxins contaminate about 25% of the
world’s nutrients each year and that approximately 4.5
billion people are chronically exposed to mycotoxins,
according to the US Centers for Disease Control and
Prevention. Among the different type of mycotoxins;
aflatoxins are widespread in major food crops such as
groundnuts, maize, dried fruits and spices as well as
milk and meat products (17-20).

Aflatoxins are the most dangerous ones in between
known 400 toxins. Aflatoxin B;, aflatoxin B,, aflatoxin
G; and aflatoxin G, are the main ones produced natu-
rally between 20 types of aflatoxins (21). Among these
aflatoxin B; (AFB1) is the most predominant and toxic
mycotoxin that seriously threatens the human health.
Many experimental, clinical and epidemiological stud-
ies indicate that the aflatoxins have been found to be
carcinogenic, genotoxic, mutagenic, teratogenic, im-
munotoxic, hepatotoxic, nephrotoxic and they also
inhibit several metabolic systems of humans and ani-
mals (15, 16, 22-24). Prolonged exposure to aflatoxin
contamination even at low levels in the crops, affect-
ing the main functions of the organism, can lead to
immune system disorders as well as liver damage or
can cause cancer in various organs, especially liver and
kidney (25). Aflatoxins, along with other mycotox-
ins, are thought to play a role in the pathogenesis of
malnutrition and kwashiorkor in children, as well as
in the development of edema in malnourished people
(26, 27). High doses of aflatoxin exposure can result in
vomiting, abdominal pain and even death (28).

Regarding these negative effects, many countries
and some international organizations have made im-
portant regulations on “Acceptable health risk” to con-
trol aflatoxin contamination in foods and to ban the
trading of contaminated products. These regulations
generally depend on the level of economic develop-
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ment of a country, the rate of consumption of high-risk
products and the susceptibility of crops to contamina-
tion (25, 29). The safe limits of aflatoxin for human
consumption was determined as 4-30 pg/kg. The EU
has indicated that no direct human consuming prod-
uct should be present at levels greater than 2 pg/kg for
AFB1 and greater than 4 pg/kg for total aflatoxin (30,
31). Therefore, controls of these risky nutrients, espe-
cially risky in the context of aflatoxin (such as corn,
peanut, oilseeds, dried fruits and spices) and like chips,
which can be contain aflatoxin have a high importance
in terms of food safety, protecting consumer health es-
pecially children and economics (15, 23, 32). In the lit-
erature, there are studies based on the aflatoxin content
of foods that focused on cereals, particularly maize,
oilseeds like groundnut and spices (33-42) but studies
on the aflatoxin content of chips are limited (43-48)
and more important these limited number studies are
based on traditional foods. This study was conducted
in order to determine the presence and levels of afla-
toxins, which have been proven to have adverse effects
on health and the residues of aflatoxin B; (AFB1), B,
(AFB2), G; (AFG1), G, (AFG2) and total aflatoxin in
27 chips which are purchased from various markets in
the province of Istanbul, Turkey.

Materials and methods

This study has focused on the aflatoxin levels of
chips. Immunoaflinity chromatography and post-col-
umn UV derivatization system by HPLC were used
to determine the presence and levels of AFB1, AFB2,
AFG1 and AFG2 in the 27 chips samples.

The following chemicals; methanol (MeOH), ace-
tonitrile (ACN), sodium chloride (NaCI), potassium
dihydrogen phosphate (KH,PO.), sodium hydroxide
(NaOH) and aflatoxin mix 4 solutions (B;+B,+G+G,)
were obtained from Sigma (St. Louis, MO, U.S.A).
Immunoafhinity column (AFLAPREP, Product Code:
P07) was obtained from R-Biopharm (Glasgow, UK)
for the purification of aflatoxins. Teflon tube “tubing”
(length: 20 m diameter: 0.25 mm) was purchased from
Supelco Analytical. UVA lamp (20W, 60cm) was sup-
plied by Sylvania. In this study, all other chemicals
were used in high purity.

Sampling and sample preparation

27 different kinds of chips were sampled which
are obtained from different markets in Istanbul ac-
cording to the sampling protocol of Turkish Food
Composition Table (49) The samples were homog-
enized by grinding. Then, 50 g of each sample was
weighed and placed in a 250 mL plastic beaker. Then,
5 g of sodium chloride and 100 mL of distilled wa-
ter were added and thoroughly mixed in a high speed
mixer for 1 min. After that, 150 mL of methanol was
added to the prepared mixture and mixed again in the
high-speed mixer for 2 minutes. The mixture was fil-
tered through a filter paper and centrifuged at 4000
rpm for 10 minutes and then adjusted to pH 7.4 with
a 2M NaOH solution. After purification 5 mL of this
obtained liquid was taken and 5 mL of buffer solution
was added onto this (50)

Immunoaffinity chromatography

The extract obtained in the preparation of the sam-
ple was passed through the immunoaffinity column in
a volume of 2 mL per minute with the prepared pump
system. After the sample loading was completed, the
column was rinsed with 20 mL of buffer solution to re-
move residual impurities. The toxins were eluted with
1 mL of methanol at a flow rate of approximately 5
mL per minute and then filtered through a 0.22 pm
cellulose-based filter and injected into the HPLC.

HPILC conditions

The content of aflatoxins was determined by
HPLC, consisting of Shimadzu Nexera-1 LC-2040C
3D pump with a Shimadzu RF-20A fluorescence
detector (Shimadzu Corporation, Kyoto, Japan) ac-
cording to the procedure described by (51) with some
modifications. The Mobile phase consisted of a mix-
ture of water/acetonitrile/methanol (60/15/30 //v/v/v).
Excitation and emission wavelengths 365 nm and 460
nm for aflatoxins, respectively. The separation was per-
formed with a Luna (Spm, 250x4.6 mm), C18 100 A
analytical column (Phenomenex, USA) and the flow
rate was 1.2 mL/ min. The column oven temperature
was maintained at 35°C, the analysis time was 30 min
and the injection volume was 50 mL.
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Derivatization System

As an alternative to the post-column derivatiza-
tion system of Kobra Cell, the photochemical deri-
vatization system was established in a laboratory en-
vironment. The derivatization system was formed by
wrapping a 60 cm long UV-A lamp with a length of
20 m and a 0.5 mm diameter Teflon tube.

Results and Discussion

In this study, 27 packaged chip samples were ana-
lyzed for aflatoxin B, (AFB1), B, (AFB2), G, (AFG1),
G; (AFG2) and total aflatoxin. They were obtained
from various markets in Istanbul. The presence and
concentration range of AFB1, AFB2, AFG1 and
AFG2 in the samples were investigated by HPLC us-
ing immunoafhinity chromatography and post-column
UV derivatization system. Figure 1 shows the HPLC
chromatogram of aflatoxins mix standard (B,, B,, G,
G,) and Figure 2 shows the HPLC chromatogram of
aflatoxins in chips.

The limit value for aflatoxin B;, which can be
found in human food according to the legal limits of
aflatoxins in the European Union (EU) member coun-
tries, is accepted at 2-4 pg/kg (30, 31) Table 1 shows
the legal limits for aflatoxins of foods like chips in Tur-
key, European Union member states and the United
States.

The maximum acceptable value is determined as 5
pg/kg for aflatoxin B; and 10 pg/kg for Total aflatoxin
(Bi+ B, + G; + Gy) content for processing snacks con-
taining peanut, other oilseeds and spices in the Turkish
Food Codex Legislation (52, 53)

Table 2 lists the results of determining aflatoxin
values in chips. According to this, AFB1 was detected
in 63% of analyzing chip samples. AFB1 has been de-
tected in 17 chip samples and 5 of them were found

above the maximum limits. In other words, 19% of the
chips products are above the maximum limits consid-
ering AFB1. It has been known for many years that
aflatoxin B; is the most carcinogenic form of aflatoxin
that occurs naturally and has toxigenic properties in
living organisms (54) The levels of aflatoxin B, var-
ied from 1 to 24 pg/kg in chip samples. According to
the results of the analysis, the amount of 24 pg/kg of
AFB1 is close to about five times to legal tolerance
limits applied in Turkey at 5 pg/kg.

However, AFB2 was detected in 41% of chip
samples. AFB2 was found in 11 chips. AFB2 was de-
tected in 41% in chips. The levels of aflatoxin B, varied
from 1 to 16 pg/kg in chip samples.

AFG1 was not detected at all. However, accord-
ing to the Table 2, the results of the analysis of 27 sam-
ples in total indicate that aflatoxin G, was found in
only 1 of the samples. Low levels of AFG2 ranging
from 0 to 3 pg/kg were found in chips.

With regards to Total aflatoxin, it detected in 63%
of the samples. When the amount of Total aflatoxin
(B:+ B, + G, + Gy) in chips products is considered
the results of the analysis obtained as 39 pg/kg is ap-
proximately twice as much as the tolerable level of 20
pg/kg (55) as determined by the FDA which is an in-
ternational organization as well as it is approximately
quadrupled of 10 pg/kg which is the legal tolerance
limits applied in Turkey. In addition, 2 samples with
33 pg/kg and 39 pg/kg were well above the FDA limits
whose tolerable level is 20 pg/kg. And more impor-
tantly, 39 pg/kg total aflatoxin level is almost 10 times
higher than the limit values determined by the EC.
However, according to the Table 2, Total aflatoxin in
41% of the analyzed samples were above the limit val-
ues determined by the EC.

With regard to Turkish Food Codex; when the
amounts of aflatoxin found in the analysis of chip
samples compared with the maximum acceptable val-

Table 1. Legal limits for aflatoxins of groundnut-chips in Turkey, European Union member states and United States.

Aflatoxins Maximum acceptable levels Maximum acceptable levels Maximum acceptable levels
in Turkey (pg/kg) in EU Member States (pg/kg) in United States (pg/kg)
(TFC) (EC) (FDA)
AFB1 5 2 -
Total aflatoxin 10 4 20

(AFB1+AFB2+AFG1+AFG?2)
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Table 2. Aflatoxin levels in chips

Chips B, B, G, G, Total
samples  (pg/kg) (ng/kg) (ng/kg) (ngrkg) (pgrkg)
1* 14 16 - 3 33
2 2 1 - - 3
3* - - - - -
4 _ - _ _ _
5 - - - - -
6 - - - - -
7 - - - - -
8 - - - - 1
9* 5 6 - - 11
10* 24 15 - - 39
11 2 1 - - 3
12% 1 - - - 1
13* 4 2 - - 6
14 - - - - -
15 1 - - - 1
16 2 1 - - 3
17 12 6 - - 18
18 - - - -
19 - - - - -
20 1 - - - 1
21 3 1 - - 4
22 - - -

23 2 1 - - 3
24 - - - -

25 5 2 - - 7
26 1 - - - 1
27+ 1 - - - 1

- not detected; *Groundnut containing chips

ues for aflatoxin in Turkey; it can be seen that the 15%
of the chips products is above the maximum limits in
terms of Total aflatoxin.

However, Total aflatoxin was detected in 17 chips.
17 of the samples contained some aflatoxins at detect-
able levels, whereas 10 did not. The levels of aflatoxin
ranged between 1 and 39 pg/kg. Total aflatoxin levels
were found above the maximum limits in 3 chips, ac-
cording to the Turkish Food Codex and more impor-
tantly all of them were groundnut-containing chips.

Remarkably, 75% of the Total aflatoxin detected

chips were groundnut-chips.

When we assess the groundnut-containing chips;

+ Aflatoxin was detected in 86% of them and could not
be detected in only 1 groundnut containing chips.

+ AFBI1 levels were found above the limits in 3 of the
groundnut chips. In other words, 43% of the ground-
nut chips were found above limits considering AFB1
level.

* AFB2 was detected in 57% of the groundnut chips.
Table 2 provides the AFB2 levels that there are 3
groundnut-chips in the range of 6-16 g /kg.

* Total aflatoxin levels were detected in 3 groundnut-
chips above the maximum limits as 11 pg/kg, 33 pg/
kg and 39 pg/kg as can be seen in Table 2.

* 10 numbered samples (groundnut-chips) was almost
2 times the limit of 20 pg/ kg that the FDA has de-
termined with the 39 pg/kg.

* Groundnut-chips showed high aflatoxin concentra-
tions, with means ranging from 5 to 39 pg/kg po-
tentially causing serious health risks to consumers of
these products.

* Groundnut chips recorded relatively higher AFB1,
AFB2, AFG2 and Total aflatoxin levels ranging
from 1 to 39 pg/kg, indicating that groundnut is po-
tentially a more serious risk to consumer health than
other constituents.

Groundnut (Arachis hypogaea L.) is an impor-
tant crop for domestic markets as well as for foreign
trade in several developing and developed countries.
It is also one of the most valuable crop for snack foods
like chips. Inadequate hygiene conditions during dry-
ing, transport and storage stages in the production of
groundnut could cause microbiological and Mycologi-
cal growth which could result in the formation of my-
cotoxins. However, groundnut can easily be damaged
by fungi, especially by Aspergillus species, which cause
quantitative losses and produce highly toxic and carci-
nogenic chemical substances known as aflatoxins (15,
32)

Aflatoxin contamination is one of the main prob-
lems about dried foods and groundnuts are also suita-
ble for aflatoxin contamination. Therefore, controlling
of aflatoxins in groundnuts and groundnut-contained
products such as chips has a great importance for pro-
tecting consumers.

Njumbe et al., reported in their study done in
Cameroon that 74% of the maize samples were be-
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ing contaminated with one or more toxins while 62%
of the groundnut samples were contaminated. In the
same study, aflatoxin B1 was found to be one of the
most common contaminants in maize (6-645 pg/kg).
Aflatoxin B1 (6-125 pg/kg) was detected as one of the
main contaminants in groundnut samples (56)

Tosun and Arslan, showed that the AFB1 lev-
els of 41 organic spice samples were found above the
EU regulation limit (5 pg/kg). In a study, 93 pieces
of organic spices were selected randomly from organic
markets and organic shops in Turkey. In 58 organic
spices AFB1 was detected. The maximum value was
determined by cinnamon sample between organic
spice samples (53 pg/kg). AFB1 was not detected in
thyme samples. A recent study has shown that stricter
measures must be taken in order to prevent mold con-
tamination in the production of organic spices (57)

The present study evaluated the aflatoxin presence
in chips obtained from markets in Istanbul. Number of
samples was 27. Number of positive samples was 17.
Number of samples exceeding EU limits was 11. More
importantly, the results of this study also indicate that
a person can easily exceed these limits. When a person
consumes 1 package from the sample which numbered
1 (product pack 130 g), the EC daily intake limit for
aflatoxin is excessively exceed. However, when a per-
son consumes 2 packages from the sample which num-
bered 10 (product pack 55 g), the EC daily intake limit
for aflatoxin is also exceeded. If we take into account
that aflatoxin intake will occur also from other foods,
we may have a better understanding of the seriousness
of this risky situation.

In 2013, Republic of Turkey Ministry of Health
Turkish Public Health Institution, Department of
Obesity, Diabetes and Metabolic Diseases performed
‘Obesity Surveillance Initiative’ for the first time as
part of WHO European Childhood Obesity Surveil-
lance Initiative — COSI (14) In this study, the nutri-

tional behaviours of children (Ages 7-8) in Turkey are
determined according to the declarations of families.

Table 3 provides the nutritional behaviours of
children for snacks consumption, such as chips and
popcorn based on localities. According to the table
3, the frequency of consumption for chips and pop-
corn between 1-3 in a week with the highest per-
centage (59.6%), 60.5% in urban areas and 54.8% in
rural areas. It has been reported that the frequency
of consumption of foods such as chips and popcorn
between 4 and more in a week more in rural areas than
in urban areas with 27.7% and 21.0%, respectively. Be-
sides, it has been stated that nearly twenty percent of
children, never consume such foods (18.3%). While
approximately three out of every four schools can be
reached the wafers and chocolates, foods such as chips
and snacks can be reached in one out of every seven
schools. Accessibility is much higher in schools in the
urban areas. This shows that the possibility of reach-
ing unhealthy foods at schools is high. The data of this
study were compared with the findings of the TOCBI
(Research Report of the School-age Children (Age
6-10) Growth Monitoring Project in Turkey) research
(9) While the chips and popcorn consumption fre-
quency every day was 8.7% in this study, it was 19.0%
in TOCBI Research. It has been suggested in a recent
review that establishing of reliable and effective low-
cost testing methods to monitor aflatoxin contamina-
tion levels in rural areas is necessary (25)

Table 4 provides the distribution of the salty
snacks (potato chips, corn chips, snack) consump-
tion frequency of children in Turkey and in Istanbul
(6) According to the results of “Turkey Childhood
Obesity Research (2016) 7.6% of children consume
salty snacks (potato chips, corn chips, cookies) every
day, 13.7% frequently (4-6 days a week), 29.6% rarely
(1-3 days a week) and 34.6% consume less than once a
week. However, 14.5% of children, never consume. It

Table 3. The nutritional behaviours of children in Turkey, according to the declarations of families (%), Turkey, 2013 (Republic of
Turkey Ministry of Health Turkish Public Health Institution, Department of Obesity, Diabetes and Metabolic Diseases. Turkey
Childhood (Ages 7-8) Obesity Surveillance Initiative) (COSI-TUR, 2013).

Nutrition Locality Everyday  4-6 timesaweek 1-3 timesaweek Never Total
Chips, popcorn Urban 8.1 60.5 18.5 3795
Rural 11.5 54.8 17.4 788
Total 8.7 59.6 18.3 4583
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Table 4. Distribution of the salty snacks (potato chips, corn

chips, snack) consumption frequency of children in Turkey and

in Istanbul (COSI-TUR, 2017).

Consumption frequency Turkey (%)  Istanbul (%)
Never 14.5 17.7
Less than once a week 34.6 383

1-3 day 29.6 26.4
4-6 day 13.7 11.7
Every day 7.6 59
Total 100.0 100.0

can be seen from the table that the levels of consump-
tion frequency of chips and snacks in Istanbul, one of
the most populous cities in Turkey.

Aflatoxins are a critical problem for food safety
in many developing countries. Groundnuts are one of
the most important oilseed crops and snack foods in
the agro-processing sector in the industrialised world
trade market. Aflatoxin contamination in groundnut
is both a pre-harvest and postharvest problem (58)
Preserving foods by drying is an effective and an-
cient method, but inefficient drying and inappropri-
ate storage conditions, may cause aflatoxin produc-
tion in dried foods. Aflatoxins are not only a problem
during cropping, but also during storage, transport,
processing, and handling steps due to their high sta-
bility. Aflatoxin contamination of groundnuts is one
of the most important factors determining the qual-
ity of groundnuts and has caused significant financial
losses for producing and exporting countries. In ad-
dition, aflatoxins pose serious public health issues in
many developing countries, since the occurrence of
these toxins can be considerably common and even
extreme. In the literature studies have shown that raw
material selection and drying process parameters are
the key elements in food drying. It is known that my-
cotoxin formation which have negative effects on hu-
man health can be prevented by providing adequate
and appropriate drying conditions (59) The best way
to control aflatoxin contamination of groundnuts is to
get under control and prohibit it in the first place (60)
Recent studies have shown that aflatoxin levels during
drying and pre-storage were significantly higher than
those during harvest and post-harvest. In other words
the drying and pre-storage terms are the most critical
periods for aflatoxin contamination (59) It is evident

that, alternative technologies necessary at pre- and
post-harvest levels, aiming to minimize contamination
of commercial foods and food commodities, at least
to ensure that aflatoxin levels remain below safe limits
(61) and providing the required control systems which
create an effective regulatory environment for ensuring
domestic food safety in rural and urban areas.

The occurrences of mycotoxins as food contami-
nants in different localities, especially in developing
countries and the inevitable exposure of populations
and particularly children to these toxins with probable
adverse outcomes need be scientifically assessed.

This study was undertaken to determine the pres-
ence and levels of aflatoxin By, B,, G1, G, and total afla-
toxin in chips consumed in the province of Istanbul,
Turkey. High levels of aflatoxin in the finished product
show that there is inadequate control for aflatoxin in
chips.

As a result, the aflatoxin levels were high regard-
ing the tolerance level in food for human consumption
in chips, which are snack products with high energy
and low nutritional value, may have some potential
risks to human and causes negative impacts on human
life. It is clear that high aflatoxin levels caused human
health risks and created an obstacle to expanding trade
both internally and internationally. In order to reduce
aflatoxin contamination, it is necessary for monitoring
contamination levels in different snack products like
chips and raising the awareness of public health im-
pacts associated with aflatoxin contamination.

Conclusions

In this study, aflatoxin B,, B,, G; and G, were ana-
lyzed in 27 chips with an effective analytical method
for the safe determination of aflatoxins in food sam-
ples. Results regarding aflatoxin levels in chips show
that high levels of aflatoxin in the finished product
show that there is inadequate control for aflatoxin in
chips, remarkably for groundnut-chips. Aflatoxin lev-
els of the groundnut-chips and the difficulty of meet-
ing tolerance limits by importers and food processors
must lead to the rejection of the groundnut for chip
production and the reduction in market demand of
the chips. Groundnuts shall be subjected to sorting or
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other physical treatment to reduce aflatoxin contami-
nation before human consumption or use as an ingre-
dient in chips. Therefore, new methods of detoxifica-
tion are necessary to prevent health risks and economic
losses that result from aflatoxin contamination. It was
concluded that the widespread presence of aflatoxins
in chip samples were considered to be possible haz-
ards to public health especially, children. On account
of this, chips products have to be controlled continu-
ously for the presence of aflatoxin contamination by
the Turkish public health authorities. Moreover, mul-
tidisciplinary and comprehensive research is required
to effectively control and minimizing aflatoxin con-
tamination maintaining healthy living and economic
development.

Raising public health awareness is crucial regard-
ing aflatoxin to;
* improved health conditions of human and animals
* increase food safety and security
* enhance the quality of foods
* conserve natural resources
* increase economic benefits and reduce related costs.
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Summary. The purpose of this study was to evaluate the phenolic content and the antioxidant activity of some
commonly foods consumed in Algeria. 22 vegetables and 14 fruits extracts were evaluated for their polyphenolic
content and antioxidant potential using different methods. Results showed that beans, cauliflower and courgette
were rich in total polyphenols. However, Jew’s mallow was the richest in flavonoids and the highest content of
tannins was noticed in the pomegranate. The antioxidant activity of fruits and vegetables extracts using -carotene
bleaching assay showed that lettuce, courgette, cauliflower, artichoke, mallow, bean, green bean, green pea, peach
and apricot were the most effective with antioxidant activity percentage greater than 70%. However, eggplant,
lettuce, courgette, artichoke, mallow, chard, green bean, green pea, black grapes and pomegranate showed the
highest antioxidant activity against DPPH radical with ICs, < 0.8 mg/ml. Also, potato, lettuce, carrot, courgette,
pumpkin, turnip, cucumber, fennel, cauliflower, cabbage, artichoke (flower), Jew’s mallow, chard, green bean,
bean and green pea showed the highest chelating activity with ICs, < 0.8mg / ml and onion, potato, courgette,
Jew’s mallow, chard, green bean, bean and green pea showed the highest reducing power (ICs, < 5 mg / ml).
Finally, these selected consumed fruits and vegetables are natural source of polyphenols and have an important
antioxidant activity and their consumption may reduce the risk of pathologies induced by oxidative stress.

Key words: antioxidant activity, phenolic content, fruits, vegetables, DPPH, chelating activity, reducing pow-
er, 3-carotene bleaching

and beverages such as fruit juices, tea, coffee and red
wine (5). These secondary metabolites can act as scav-

Oxidative stress is an imbalance between the pro-
duction of reactive oxygen species (ROS) and antioxi-
dant defense mechanisms, leading to damage to lipids,
proteins and nucleic acids (1), which are involved in
several diseases such as cancer, aging skin, inflammato-
ry, cardiovascular and neurodegenerative diseases (2).

Antioxidants which can neutralize free radicals
are of great importance in preventing the development
of these diseases (3). Thus, to avoid the toxic effect of
synthetic antioxidants, many studies have investigated
new antioxidants of natural origin as polyphenols (4).

Polyphenols are bioactive compounds usually
found in fruits, vegetables, legumes, grains, chocolate,

engers of free radicals which are responsible for the
initiation of oxidation, as well as chain breaking anti-
oxidants, singlet oxygen deactivators, reducing agents,
metal chelating agents and inhibitors of specific oxida-
tive enzymes (6).

Many studies showed that diets rich in fruits and
vegetables are good antioxidants and can reduce the
risk of development of many diseases associated with
oxidative stress as cancers, atherosclerosis, aging, in-
flammatory, cardiovascular and neurodegenerative dis-
eases (7, 8).

The health effects of polyphenols and their prop-

erties, especially when these compounds are present in
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large quantities in food, are important to consumers,
which requires the evaluation of their antioxidant ac-
tivity. Thus, the objective of this study was to evaluate
the total polyphenols content and 7z vitro antioxidant
activity of some consumed vegetables and fruits in Al-
geria.

Material and methods

Plants materials

All fresh vegetables and fruits used in this study
(Table 1) were bought from the local market in Biskra
(south eastern of Algeria) and Setif (north eastern of
Algeria) regions at the time of their most frequent
consumption during 2012-2013. At least 1 kg of the
good quality produces without bruises and damage
were purchased.

Extraction of phenolics from food samples

The extraction was carried out according to the
method described by Hossain et al (9). 1 kg of con-
sumed part of fresh fruits and vegetables previously
cleaned and washed with distilled water, except for
Jew’s mallow which was used in dry form were cut into
small pieces and crushed. Then 100 g of each crushed
material were macerated in 625 ml of methanol / water
mixture (80/20: V / V) for 3 days at 4 °C. The macer-
ate was filtered and the filtrate was subjected to a ro-
tary evaporation under reduced pressure at 45 °C. The
extract obtained was dried and stored at 4 °C until use.

Determination of total phenolic content

Total polyphenol content was assayed by Folin-
Ciocalteu reagent described by Li et al (10). 100 pl of
each extract were added to 500 pl of Folin-Ciocalteu
reagent (10 times diluted in distilled water). After 4
min of incubation, 400pl of 7.5% sodium carbonate
were added and the solution mixtures were kept in
the dark for 1 h and 30 min at room temperature.
Then, the absorbance of each solution was read at 765
nm against a blank by a spectrophotometer.

The concentration of the total polyphenols was
calculated from the regression equation of the cali-
bration curve of gallic acid at different concentrations
(12.5 to 100 pg/ml) and expressed in micrograms of

gallic acid equivalent per milligram of dry extract (ug
of GAE / mg of extract).

Determination of total flavonoids content

The flavonoids evaluation was assayed by the
method of Quettier-Deleu et al (11) using aluminum
trichloride (AICl;). 500pl of each extract was added to
an equal volume of a solution of AICI; (2% in metha-
nol). The mixture was vigorously stirred and after 10
minutes of incubation, the absorbance was read at
430 nm by a spectrophotometer. The quantification
of flavonoids was evaluated from the calibration curve
of quercetin at different concentrations (1.25 to 40
pg /ml). The results were expressed in micrograms of
quercetin equivalent per milligram of dry extract (pg of

QE / mg of extract).

Determination of total tannins content

Tannins were assayed by the method described
by Bate-Smith (12). A volume of 500 pl of fresh bo-
vine blood (which had an absorbance equal to 1.6 at
a wavelength of 576 nm) was added to 500 pl of the
extract. After stirring and centrifugation for 10 min at
4000 rpm, the absorbance of the supernatant was read
at 576 nm. The quantification of tannins was carried
out using the calibration curve of tannic acid at differ-
ent concentrations (200 to 600 pg/ml).

The results were expressed in micrograms of
equivalent tannic acid per milligram of dry extract (ug

of TAE / mg of extract).

In vitro antioxidant activity

The diversity of nature and the strucure of plant
compounds require the development of many methods
to evaluate their antioxidant activity. Thus, different
methods are used to measure the antioxidant activ-
ity of the extracts. Each method uses or generates a
different radical that is involved in the oxidation pro-
cess. Only one method is insufficient to represent the
total antioxidant capacity of the extracts, and for this
purpose four different tests were used to evaluate the
antioxidant activities of the extracts which are DPPH
radical scavenging assay, ferrous ion chelating, ferric
reducing power and f-carotene/ linoleic acid bleach-
ing assay.
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Table 1. Common name, region of purchase, scientific name and used part of fruits and vegetables

Common name Region of purchase Scientific name Used part
Vegetables Artichoke (flower) Setif Cynara cardunculus L.var. scolymus Flower
Artichoke (stem) Setif Cynara cardunculus L.var. scolymus Stem
Bean Setif Vicia faba L. Seed
Beetroot Biskra Beta vulgaris L.var. rapacea Koch Root
Cabbage Setif Brassica oleracea L. Leaves
Carrot Biskra Daucus carota ssp. sativus Tuber
Cauli flower Biskra Brassica oleracea L. Flower
Chard Setif Beta vulgaris L.var. cicla Pers Leaves
Courgette Biskra Cucurbita pepo L. Fruit
Cucumber Biskra Cucumis sativus L. Fruit
Eggplant Biskra Solanum melongena L. Fruit
Fennel Biskra Foeniculum dulce Mill. Leaves
Green bean Setif Phaseolus vulgaris L. Fruit (clove)
Green pea Setif Pisum sativum Seed
Jew’s mallow Biskra Corchorus olitorius L. Leaves
Lettuce Setif Lactuca sativa L. Leaves
Onion Biskra Allium cepa L. Bulb
Pepper Biskra Capsicum annum L. Fruit
Potato Biskra Solanum tuberosum L. Tuber
Pumpkin Setif Cucurbita maxima Duch. Fruit
Tomato Biskra Solanum lycopersicum L. Fruit
Turnip Biskra Brassica napus L. Root
Fruits Apple Biskra Malus communis Poir. Fruit
Apricot Setif Prunus armentiaca L. Fruit
Banana Setif Musa sapientum L. Fruit
Dates “ Deglat-Nour” Biskra Phoenix dactylifera L. Fruit
Dates “Ghars” Biskra Phoenix dactylifera L. Fruit
Dates “Mech-Degla” Biskra Phoenix dactylifera L. Fruit
Grapes (black) Biskra Vitis venifera L. Fruit
Grapes (white) Biskra Vitis venifera L. Fruit
Mandarin Setif Citrus reticulata Fruit
Medlar of Japan Setif Eryobotrya japonica Lindl. Fruit
Orange Setif Citrus sinensis Osb. Fruit
Peach Setif Prunus persica L. Fruit
Pear Biskra Pyrus communis L. Fruit
Pomegranate Setif Punica granatum L. Fruit

DPPH radical scavenging assay

The DPPH radical scavenging method is a spec-
trophotometric procedure used to determine the anti-
oxidant capacity of the components. It is based on the

ability of the DPPH radical to discolor from purple to

yellow color in the presence of antioxidants by accept-
ing an electron or hydrogen atom given by an antioxi-
dant compound (13).

The antiradical activity of the extracts in this study
was measured by the 2,2’-diphenyl-1-picrylhydrazyl
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(DPPH) test according to the method of Brand-Wil-
liams et al (14) with slight modification. A range of
extract concentrations and quercetin as antioxidant
reference were prepared. A volume of 50puL of each ex-
tract solution was mixed with 1.25 ml of DPPH (0.04
mg / ml) prepared in methanol. After stirring, the mix-
ture was incubated for 30 minutes in the darkness at
room temperature and the absorbance was read at 517
nm against a blank. The inhibition of free radical activ-
ity was calculated according to the following equation:
The antiradical activity (%) = [(ADS cnirot = ADS wunpic) / AbS coneat] x 100.
The ICs, which is the concentration of extract or
quercetin responsible for 50% of inhibition of DPPH
radical was determined from the plot of inhibition per-
centage against extract or quercetin concentration.

Ferrous ions chelating activity

Transition metal ions such as copper and iron are
important for the generation of highly reactive hy-
droxyl radicals via the Fenton reaction in iz vivo and in
vitro systems. Compounds that bind to metal ions can
alter the redox potential of these ions, making them
catalytically silent. Therefore, compounds that can act
as effective chelators for the sequestration of copper
and iron ions are considered antioxidants by intercept-
ing and / or suppressing radicals (15).

The chelating activity of the extracts was meas-
ured following the inhibition of the formation of the
Fe (II) -Ferrozine complex after incubation of the
samples with divalent iron according to the method
described by Le et al (16). The sample solutions (250
pl) were initially mixed with 50 pl FeCl, (0.6 mM in
distilled water) and 450 pl of methanol. After 5 min,
50 pl of ferrozine (5 mM in methanol) were added to
the reaction medium and the mixture was stirred well
and then left to react for 10 min at room temperature.
The red chromophore (Fe (II) -Ferrozine) had maxi-
mum absorption at 562 nm and the chelation activity
was calculated according to the following equation:
The chelating activity (%) = [(AbS cnwi=AbS crmpic) / ADS conra] x 100

Where ICy is the concentration of extract re-
sponsible for chelate 50 % of iron ions.

Ferric reduction power
The reducing power of the extracts can provide
a significant indication of the potential antioxidant

activity of the plant. The presence of antioxidants in
the extracts would result in the reduction of Fe** to
Fe** by giving an electron. The amount of Fe* com-
plex can be monitored by measuring the absorbance
at 700 nm (13).

The reducing capacity of the various vegetables
and fruits extracts was evaluated using the method
of Ozsoy et al (17). 100pl of each extract was mixed
with 100 pl of phosphate buffer solution (0.2 M, pH
6.6) and 100 ml of 1% potassium hexacyanoferrate
solution. The mixture was incubated for 20 minutes
at 50 ° C in a water bath. After that, 250 ul of 1%
trichloroacetic acid was added and the mixture was
centrifuged for 10 minutes. Then, 250 pl of the super-
natant were taken and mixed with 250 pl of distilled
water and 500 pl of 0.1% aqueous solution of FeCls.
The absorbance was read at 700 nm. A calibration
curve was plotted from the line obtained with the
BHT used as reference at different concentrations.
The IC,, value was defined as the effective concentra-
tion of the extract or standard which had the absorb-
ance of 0.5.

B-carotene/ linoleic acid bleaching assay

The B-carotene bleaching test measures the ability
of antioxidants to retard the [3-carotene decolorization
induced by conjugated diene hydroperoxides resulting
from the oxidative degradation of linoleic acid (13).

In this test, the antioxidant capacity of the ex-
tracts is determined according to the method of Kar-
tal et al (18). 25 pl of linoleic acid and 200 mg of
tween 40 were added to 0.5 mg of [-carotene dis-
solved in 1 ml of chloroform. After evaporation of
chloroform by a rotavapor, 100 ml of distilled water
saturated with oxygen were added with vigorous stir-
ring. 2.5 ml of this emulsion were transferred into
tubes and 350 pl of each extract or BHT as reference
antioxidant with a concentration of 2 mg / ml were
added. The kinetics of discoloration of the emulsion
in the presence and the absence of antioxidant (nega-
tive control in which the sample was replaced by 350
pl of methanol) was monitored at 490 nm at regular
intervals of time for 24 hours. The relative antioxi-
dant activity of the extracts was calculated according
to the following equation:
Antioxidant Activity (%) = (AbS . / Abs pirr) x 100
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Statistical analysis

Statistical analysis was performed using the
Graph Pad Prism software (version 5.01 for Win-
dows). The results were presented as mean * stand-
ard deviation (SD) and were analyzed by the one way
analysis of variance (ANOVA) followed by Dunnet’s
test. For the comparison of the results, the P < 0.05
values were considered statistically significant.

Results

Total phenolic content

Phenolic compounds are widely distributed in the
plant kingdom and have significant antioxidant activ-
ity because of their ability to yield hydrogen and to
form stable intermediate radicals. The total polyphe-
nols, flavonoids and tannins contents of vegetables and

fruits was presented in Table 2 and 3.

Table 2. Polyphenols, flavonoids, tannins content in vegetables

Common Polyphenols  Flavonoids Tannins
name content content content
in extract in extract in extract
(pg GAE/ mg) (pg QE /mg) (pg TAE /mg)
Artichoke 108 £ 5.34 0.89 +0.02 2.74 £+ 0.17
(flower)
Artichoke 3451 +435 1.46+0.03 3.47 +0.07
(stem)
Bean 360.2+820 11.07+0.56 7.89 +0.04
Beetroot 87.11+3.79 237+0.06 1791+0.74
Cabbage 62.22+1.35 0.73 £0.09 4.48 + 0.03
Carrot 43.88 +1.72  1.43 +0.05 7.35+0.04
Cauliflower 340.22 +4.66 2.78 +0.28 5.26 +0.01
Chard 255.88 +4.87 32.13+0.99 19.59 +0.12
Courgette 305.85+3.79 19.93+0.35 21.59+0.12
Cucumber 69.11 +2.78  0.34 +0.00 5.53 +0.02
Eggplant 29296 +4.29 4.50+0.16 8.68 +0.18
Fennel 43.77 £9.23  0.53+0.01 2.70 £ 0.21
Green bean 91.92+9.00 2.53 +0.06 8.47 +0.52
Green pea 259.2+£3.95 10.07+0.80 9.06 +0.06
Jew’smallow 27637 +530 348+0.80 20.91+1.24
Lettuce 300.66 +5.97 12.28 +0.25 8.81 +0.25
Onion 245.88 +7.07 4.38 +0.07 6.54 +0.91
Pepper 294.07 +5.62 2.49+0.20 6.51+0.01
Potato 167.22 £3.61 2.72+0.23 5.88 +0.24
Pumpkin 80 +3.14 2.90 £ 0.00 2.98 +0.51
Tomato 197.40 + 9.06 2.08 + 0.04 8.04 + 0.54

Results were expressed as mean 8D, n=3

Total phenolic content

As seen in Table 2, the total polyphenols content
in vegetables ranged from 34.51 to 360.2 pg of GAE /
mg of extract. Bean, cauliflower, courgette and lettuce
showed the highest total polyphenol contents with
values of 360.2 + 8.20, 340.22 + 4.66, 305.85 + 3.79
and 300.66 + 5.97 pg of GAE / mg of extract, respec-
tively, followed by pepper (294.07 + 5.62 pg GAE /
mg extract), eggplant (292.96 + 4.29 pg of GAE / mg
of extract) and Jew’s mallow (276.37 + 5.30 pug of GAE
/ mg of extract).
However, artichoke stems (34.51 + 4.35 ug of GAE /
mg of extract), fennel (43.77 + 9.23 pg of GAE / mg
of extract), cabbage (62.22 + 1.35 pg of GAE / mg
extract) and cucumber (69.11 + 2.78 pg GAE / mg
extract) contained low phenolics content.
Concerning the quantification of phenolics in fruits, it
was found that the pomegranate contained the highest
total polyphenols content (200.51 + 1.26 pg of GAE
/ mg of extract) followed by pear (151.55 + 1.25 pg
of GAE / mg of extract), apple (115.77 + 0.00 pg of

Table 3. Polyphenols, flavonoids, tannins content in fruits

Common Polyphenols  Flavonoids Tannins
name content in content in content in
extract extract extract
(pg GAE/mg) (pg QE /mg) (g TAE /mg)
Apple 115.77 £0.00 1.19+0.01 5.33 +0.09
Apricot 48.3+4.76 0.66 = 0.13 2.26 = 0.01
Banana 41.55+2.19 0.04 £0.00 3.65 +0.02
Dates “ Deglat- 84.15+3.14 0.22+0.01  1.86 = 0.00
Nour” cultivar
Dates “Ghars” 56.77 +1.72  0.20 + 0.06 2.25£0.10
cultivar
Dates “Mech- 29.48 +7.18  2.94 + 0.05 1.77 £ 0.06
Degla” cultivar
Grapes (black) 91 +2.98 0.63 +0.02 4,99 +0.07
Grapes (white) 92.11+3.45  0.41 +0.05 5.17+0.01
Mandarine 115.25+0.12 0.08+0.00 10.91+0.29
orange
Medlar of 80.36 + 1.40  0.83 +0.09 1.84 +0.02
Japan
Orange 65.22 £1.72  1.14 £ 0.00 7.50 +0.19
Peach 46.86 +8.30  1.05+0.11 2.27 £ 0.01
Pear 151.55+1.25 1.03+0.03 5.15+0.10
Pomegranate  200.51+1.26 0.86+0.16 39.44+0.83

Results were expressed as mean +SD, n=3
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GAE / mg of extract) and mandarin (115.25 + 0.12pg
of GAE / mg of extract) (Table 3).

Total flavonoids content

As shown in Table 2, flavonoids content in vegetables
ranged from 0.34+0.00 to 34.8+0.80 pg of QE / mg of
extract. Cucumber, turnip and fennel contained the low-
est content, while Jew’s mallow, chard, courgette and let-
tuce contained the highest flavonoids content with values
of 34.8+0.80, 32.13+0.99, 19.93 + 0.35 and 12.28+0.25
pg of QE / mg of extract, respectively. However, the dates
“Mech-Degla”, apple, orange, contained the highest con-
tent of flavonoids (2.94+0.05, 1.19+0.01, 1.14+0.00 pg of
QE / mg of extract respectively) (Table 3).

Total tannins content

As shown in Table 2, tannins content in the veg-
etables was found to be ranged from 2.70 +0.21 to
21.59 £1.24 pg of TAE /mg of extract. Courgette con-
tained the highest content (21.59+0.12pg of TAE / mg
of extract) followed by Jew’s mallow (20.91+1.24 g of
TAE/ mg of extract), chard (19.59+0.12 pg of TAE /
mg of extract) and beetroot (17.91+0.74 pg of TAE
/ mg of extract). Whereas, the pomegranate was the
richest fruit in tannins with a content of 39.44+0.83

pg of TAE / mg of extract (Table 3).

In vitro antioxidant activity

The antioxidant activity of 22 vegetables and 14
fruits extracts assessed by DPPH radical scavenging
assay, ferrous ion chelating assay, reducing power and
[3-carotene/linoleic acid bleaching assay were present-

ed in Table 4 and 5.

DPPH radical scavenging activity

In this study (Table 4 and 5), green bean, Jew’s
mallow, lettuce, eggplant, artichoke (flower), cour-
gette, green pea, chard, pomegranate and black grapes
showed high antioxidant activity against DPPH radi-
cal with ICs, <0.8 mg/ml. Pepper, tomato, onion, po-
tato, beetroot, pumpkin, cauliflower, cabbage, bean,
white grapes, apple, peach, medlar of Japan and apri-
cot had IC 5, value ranged between 0.8 and 2 mg/ ml.
Whereas, carrot, turnip, cucumber, fennel, artichoke
(stem), pear, banana, mandarin, orange and dates had
low antiradical activity with ICs, > 2 mg / ml.

Ferrous ion chelating activity

As shown in Table 4 and 5, vegetables and fruits
can be classified into four groups according to their
chelating capacity (high, medium, low chelating ca-
pacity).

The chelating potential of the extracts was in-
versely proportional to the ICs; value. Vegetables and
fruits with high chelating activity included potato,
lettuce, carrot, courgette, pumpkin, turnip, cucum-
ber, fennel, cauliflower, cabbage, artichoke (flower),
Jew’s mallow, chard, green bean, bean and green pea
with ICs, <0.8mg / ml. Pepper, onion, eggplant, white
grapes and dates “Ghars” showed ICs, between 0.8 and
2 mg /ml. Tomato, beetroot, artichoke (stem), pear,
black grapes, apple, pomegranate, banana, mandarin ,
orange, peach, medlar of Japan, apricot, dates “Mech-
Degla” and “Deglat-Nour” had low chelating activity
(ICs 2 2 mg / ml).

Ferric reducing power

In the same manner, vegetables and fruits have
been classified into four groups according to their re-
ducing capacity (high, medium, low reducing capacity).

Table 4 and 5 showed that extracts with high an-
tioxidant activity (ICs, < 5 mg / ml) included onion,
potato, courgette, Jew’s mallow, chard, green bean,
bean and green pea. Tomato, eggplant, pumpkin,
turnip, cabbage, artichoke (flower), artichoke (stem),
and pomegranate had the medium activity with ICs,
ranged between 5 and 10 mg / ml. However, extracts
with low reducing power (ICs, 210 mg / ml) includ-
ed pepper, lettuce, carrot, beetroot, cucumber, fennel,
cauliflower, pear, black grapes, white grapes, apple,
banana, mandarin, orange, peach, apricot, medlar of
Japan and dates.

B-carotene/ linoleic acid bleaching assay

According to our results, the tested fruits and veg-
etables can be classified also into four groups according
to their antioxidant activity which is ranging from 13
% to 92% (high, medium, low and very low).

From the 22 vegetable and 14 fruit extracts which
were tested for their inhibition of linoleic acid oxida-
tion, 7 vegetables and 2 fruits were found in the group
that had high antioxidant activity (> 70%) including
lettuce, courgette, artichoke (flower), artichoke (stem),
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Jew’s mallow, green bean, bean, green peas, peach and
apricot. The group having a medium activity (50-70%)
was represented by pepper, beetroot, cabbage, chard,
mandarin, orange, medlar of Japan. However, tomato,
onion, eggplant, potato, cucumber, fennel, black grapes,
pomegranate and banana represented a group with a
low antioxidant activity (<50%). Carrot, pumpkin, tur-
nip, pear, white grapes, apple and dates showed a very
low antioxidant activity percent (<40%) (Table 4 and 5).

Table 4: Antioxidant activities of vegetables extracts

Discussion

In the present study, the total phenolic, flavonoids
and tannins contents of 14 fruits and 22 vegetables
consumed commonly in Algeria were evaluated and
their antioxidant activity using four different antioxi-
dant assays were also assessed.

Phenolic compounds such as flavonoids and tan-
nins are widely distributed in fruits and vegetables and
have gained much attention due to their antioxidant

Common name DPPH radical Ferrous ion chelating  Ferric reducing power  P-carotene / linoleic acid
scavenging assay activity (ECs mg/ml) assay bleaching assay
(ICs mg/ml) (ICs mg/ml) (% of inhibition after 24 h of
incubation)
Artichoke (flower) 0.36x0.02¢@ 0.04+0.01¢® 7.73+0.076 72.12+2.539
Artichoke (stem) 4.02+0.289 2.21+0.169 7.68+0.579 78.73+1.439
Bean 1.58+0.04 0.09+0.00¢ 4.08+0.20 88.42+2.97®
Beetroot 1.76+0.01¢ 5.23+0.17@ 37.30+1.27@ 51.11+5.37@
Cabbage 1.79+0.06“ 0.22+0.01@ 9.07£0.18¢ 66.06+3.64
Carrot 3.77+0.06¥ 0.32£0.01@ 76.25+1.90@ 35.45+5.38@
Cauliflower 1.67+0.03¢ 0.72+0.02¢ 16.75+0.66“ 72.07£1.559
Chard 0.77+0.01@ 0.07+0.01¢® 4.95+0.189 64.31£7.699
Courgette 0.48+0.02¢ 0.18+0.01¢ 3.3220.01¢ 84.892.66 ©
Cucumber 7.21+0.249 0.17+0.00@ 60.91£3.469 47.17+9.22@
Eggplant 0.36+0.00@ 1.27+0.06“ 7.13+0.09¢ 49.14+5.289
Fennel 3.29+0.079 0.29+0.02@ 53.28+2.28@ 47.72+1.209
Green bean 0.04+0.00 ® 0.23+0.00@ 3.44+0.31@ 91.70+3.379
Green pea 0.65+0.01¢ 0.69+0.01@ 3.40+0.119 92.31+7.649
Jew’s mallow 0.06+0.00@ 0.35+0.03@ 2.30+0.03@ 76.92+2.93¢
Lettuce 0.22+0.00@ 0.19+0.00@ 12.19+0.489 77.17+5.389
Onion 1.14+0.16® 0.97+0.089 4.02+0.18@ 41.36+5.479
Pepper 1.710.01® 1.63+0.01¢ 26.02+0.579 53.78+11.54@
Potato 1.02+0.11® 0.320.02@ 4.32+0.05@ 48.93+0.46
Pumpkin 1.69+0.03¢ 0.16+0.00 6.59+0.549 21.13+2.92@
Tomato 0.96x0.01@ 10.17+0.839 5.22x0.609 44.39+8.189
Turnip 2.15+0.03@ 0.18+0.01@ 5.35+0.449 20.25+3.819
Rutin 0.0072+0.00
EDTA 0.0064+0.00
BHT 0.32x0.00 94.94+3.69
H.,O 6,41+0.38
MeOH 9.59+0.74

@ : No significant difference,”: * (P<0.05),”** (P<0.01), “: ** (P<0.001) compared to standards
Results were expressed as mean +SD, n=3
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Table 5: Antioxidant activities of fruits extracts

Common name DPPH radical Ferrous ion Ferric f3-carotene bleaching /
scavenging assay chelating activity reducing power linoleic acid assay
(ICs mg/ml) (IC5y mg/ml) (EC5 mg/ml) (% of inhibition after 24
h of incubation)
Apple 1.65+0.049 9.18+0.11@ 19.68+0.489 13.38+0.31@
Apricot 1.67+0.03 7.94+1.33@ 30.00£1.47€ 75.76x2.009
Banana 9.20+0.87¢ 5.48+0.38@ 52.30+3.01@ 45.15+5.219
Dates “ Deglat-Nour” cultivar 3.72+0.08¢ 2.04+0.049 108.53+15.989 15.93+2.19¢
Dates “Ghars” cultivar 4.15+0.13@ 1.60+0.079 31.73+0.549 13.58+0.089
Dates “Mech-Degla” cultivar 4.59+0.10@ 2.97+0.049 195.25+10.92¢9 34.69+16.11@
Grapes (black) 0.74+0.009 3.29+0.03@ 16.08+0.749 46.76+0.719
Grapes (white) 1.40+0.11¢ 1.07+0.08¢ 16.12+2.549 22.32+2.599
Mandarin 4.92+0.09@ 23.41+0.60@ 52.07+0.02¢ 58.68+3.84@
Medlar of Japan 0.95+0.02¢ 18.81+0.06¢ 18.43+0.349 61.01+0.80@
Orange 2.48+0.04@ 6.66+0.189 23.64+2.18@ 53.18+5.50@
Peach 0.98+0.02@ 21.47+1.449 14.62+0.66 © 80.97+1.30@
Pear 3.16+0.04@ 11.08+0.89¢ 28.28+0.30@ 17.17+1.009
Pomegranate 0.32+0.01@ 2.78+0.369 9.58+0.22¢ 42.02+4.979
Rutin 0.0072+0.00¢
EDTA 0.0064+0.00
BHT 0.32+0.00 94.94+3.69
H,O 6.41+0.38
MeOH 9.59+0.74

@ : No significant difference, ©:* (P<0.05),7:** (P<0.01), “: ** (P<0.001) compared to standards.

Results were expressed as mean +SD, n=3

activities and free radical scavenging abilities, which
potentially have benefit for human health. Thus, many
reports had evaluated the phenolic content of fruits
and vegetables (7).

Results obtained in the present study revealed
that the level of these phenolic compounds in beans,
cauliflower and courgette extract were considerable. In
comparison with other studies, the total polyphenols
content in tomato , onion, courgette, white grapes,
orange, bean, lettuce, eggplant and pepper have been
found in this study were higher than those of Cie lik et
al (19), Liu et al (20), Baginsky et al (21) and Mokhtar
et al (22). However, phenolic content in cauliflower,
carrot and pea were lower than those of Dos Reis et
al (23) and Kihkonen et al (24). The total phenolic
content estimated in pomegranate (200.51 + 1.26 pg
of GAE / mg of extract) was higher than that of De-
rakhshan et al (25) which was equal to 23.8 + 6.74 pg
GAE/mg of juice extract.

Flavonoids are plant polyphenols found frequent-
ly in fruits, vegetables, and grains and are divided into
several subclasses including anthocyanins, flavanols
(catechins), flavones, flavanones, and flavonols (26).

The flavonoids content in this study was higher in
Jew’s mallow and chard which were higher than those of
Oboh (27) and Sacan and Yanardag (28). However, the
flavonoids content in three varieties of dates and cour-
gette were higher than those of other authors (29, 30).

The orange, red, and blue or violet coloration in
vegetables, fruits, flowers, and plant storage tissue are
due to water-soluble anthocyanins, which are natural
pigments reduced from the yellow flavonoids due to
loss of oxygen (26). Thus, the anthocyanins detected in
eggplant, onion, apple, black grapes and pomegranate
may be considered as responsible for the high phenolic
content in this study.

Tannins are a group of polyphenols present in
various concentrations in many fruits and vegetables
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consumed by human. Studies revealed that the phyto-
constitutents belonging to tannins class possess potent
antioxidant activity; some exhibit radical scavenging
activity as well (31).

The obtained results showed that the highest level
of tannins was detected in the pomegranate ~which
was higher than that of Orak et al (32) who estimated
the tannin content in Turkish pomegranate (16.38 *+
0.35 pg TAE/mg of juice extract) . Several classes of
pomegranate tannins include ellagitannin such as el-
lagic acid, punicalagin and punicalin that are found in
pomegranate juice and peel showed a great antioxidant
activity as reported by Zarfeshany et al (33). Also,
many vegetables and fruits have shown to be a rich
source of polyphenols, flavonoids and tannins as feru-
lic, chlorogenic, coumaric and syringic acids, luteolin,
quercetin, kaempferol, and catechins which showed
marked antioxidant activities (34, 35). However, the
comparison the presented results with those of bib-
liography remains difficult because each study uses a
different extraction method.

In this study, the extraction of the polyphenols was
carried out by maceration in a hydro-methanol mixture
(80% methanol) which is frequently used for the extrac-
tion of phenolic compounds, where the solubility of the
phenolic compounds was influenced by the degrees of
polarity of solvent, the degree of polymerization of the
phenolic compounds, and the interaction of the phe-
nolic compounds with other food constituents and the
formation of insoluble complexes. Thus, there is no uni-
form or completely satisfactory procedure suitable for
the extraction of all phenols or a specific class of phenol-
ic compounds in plant materials. (36). As mentioned by
Pérez-Jiménez et al (37), a procedure for the extraction
of antioxidants from plant foods should combine at least
two extraction cycles performed with aqueous-organic
solvents with different polarities in order to extract an-
tioxidant compounds with different chemical structures.
Also, several factors may influence the phenolic content
of food plants such as the geographic region where they
were cultivated (38, 39), altitude, environmental factors
as soil, irrigation, temperature range, light quality , ex-
posure to diseases and pests, the harvest season, , indus-
trial processing, the way of drying , storage and method
of extraction and quantification (34). Furthermore,
many studies showed that the highest polyphenol con-

tent and antioxidant activity has been reported for fruits
and vegetables grown in arid zones which is explained
by the fact that fruits and vegetables increase their phy-
tochemicals to adapt with abiotic stress (38, 39).

The total antioxidant properties of plants cannot
be evaluated by single method because of complex na-
ture of their phytochemicals which may act through
different mechanisms. Therefore, two or more meth-
ods should always be employed in order to evaluate
the total anti-oxidative effects of fruits and vegetables
extracts (40). Of these, DPPH scavenging, ferrous ion
chelating, reducing power test and [3- carotene bleach-
ing assay are used for the evaluation of the antioxidant
activities of the extracts.

The radical scavenging activity of extracts of fruits
and vegetables was evaluated using DPPH assay which
is a commonly used for its rapidity and effectiveness
(41). In this assay, the lowest ICs, value indicated the
more potent antioxidant activity of the extract in terms
of hydrogen atom or electron donating capacity.

Results showed that fruits and vegetables extracts
exhibited a good DPPH radical scavenging effect that
may be related to their higher polyphenols contents.
Hence, polyphenol-rich foods found in vegetables and
fruits can serve as free radical scavenger. Furthermore,
the obtained results corroborate with findings of Jiang
et al (42), Lui et al (20), Oboh (27) and Marathe et
al (43) who studied the correlation between the anti-
oxidant activity and the polyphenolic content of dif-
ferent varieties of vegetables and fruits. Pincemail et
al (44) reported also that fruits and vegetables rich in
anthocyanins generally have a greater total antioxidant
capacity than those rich in flavanones and flavonols
and this may be explain the high antioxidant activity
of eggplant, pomegranate and black grapes.

The metal chelating assay is based on the ability of
extract to chelate transition metals by binding them to
ferrous (Fe*) ion catalyzing oxidation and disrupting
the formation of Fe*- ferrozine complex (intense red
purplish in color). This chelating capacity is important,
since it reduces concentration of the catalyzing transi-
tion metal in lipid peroxidation through the inhibition
of lipid peroxides to peroxyl and alkoxyl radicals via
the Fenton reaction (13).

The obtained results showed that the vegetables
and fruits extracts exhibited appreciable chelating ef-
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fect with the highest antioxidant capacity noticed by
potato, lettuce, carrot, courgette, pumpkin, turnip, cu-
cumber, fennel, cauliflower, cabbage, artichoke (flow-
er), Jew’s mallow, chard, green bean, bean and green
pea. This iron chelating activity of extracts shown in
this study could be related to their amount of total
phenolic and flavonoids contents. Similar correlations
between polyphenols and iron-chelating ability were
also noted by Nathan and Brumaghim (45) whose re-
ported that the strong iron-binding properties of poly-
phenols, whether the iron chelating ability of catechol
or gallol containing polyphenols are actually plays a
key role in their antioxidant activity and anti-lipid per-
oxidation by blocking the Fenton reaction. Gebhardt
and Fausel (46) mentioned also that artichoke extract
have a marked chelating potential which can be due, at
least, to some ubiquitous and artichoke-specific poly-
phenolic and flavonoid compounds.

Reducing power assay is also widely used in eval-
uating antioxidant activity of plant polyphenols. The
samples with higher reducing power show higher ab-
sorbance. The presence of reductants like antioxidants
in the fruits and vegetables extracts causes the reduc-
tion of the ferric to the ferrous form, indicating that
they are electron donors and can reduce the oxidized
intermediates of lipid peroxidation process (41).

Onion, potato, courgette, Jew’s mallow, chard,
green bean, bean and green pea showed the a consider-
able reducing power indicating that they can act as elec-
tron donors and could react with free radicals to convert
them into more stable products and then terminate the
free radical chain reactions. These obtained results agree
with other reports on reducing power of plants food
who reported that the reducing power of polyphenolics
is probably due to the presence of hydroxyl group, which
might act as electron donors (47, 48).

[-carotene bleaching test is based on the oxida-
tion of linoleic acid generates peroxide radicals, fol-
lowing the abstraction of hydrogen atoms from dial-
lyl methylene groups of linoleic acid. These free radi-
cals will subsequently oxidize the highly unsaturated
[3-carotene, thus causing the disappearance of its red
color. However, in the presence of an antioxidant com-
pound, this degradation process is prevented. It also
reflects the ability to inhibit the lipid peroxidation in
vitro (13).

In this study, the vegetables and fruits extracts
found to hinder the extent of B-carotene bleaching by
neutralizing the linoleate free radical and other free
radicals formed in the system which is in agreement
with results of many studies (49) who studied the lipid
peroxidation of food rich vegetables and fruits. The
antioxidant activity percentage of peroxidation in-
hibition of the presented vegetables and fruits ex-
tracts was similar to that reported by Ismail et al (50).
Also, Karadeniz et al (51) found close results for pears,
grapes and apples. But, pomegranate showed a lower
antioxidant activity (42.02%) than that found in the
study of Singh et al (52).

The statistical analysis indicated that legumes
(green bean, bean and green pea) and courgette had sig-
nificantly high antioxidant activity (91.70%, 88.42%,
92.31%, 84.89%) compared with BHT as a reference
antioxidant and the same results were reported by Am-
arowicz and Pegg (53). Also, previous studies indicated
the good correlation between the antioxidant capacity
of the fruits and vegetables and their phenolic content
(54). However, many studies have found no correla-
tion between total polyphenols content and antioxi-
dant activity of plant extracts (50, 55) and this may be
explained by the fact that the molecular antioxidant re-
sponse of the phenolic compounds varies considerably
according to their chemical structure (56). Thus, the
antioxidant activity of fruits and vegetables depends on
not only to its content of phenolic compounds but also
on the type of phenolics and their relative distribution
(57) and the interactions between antioxidants (58).

Conclusion

This study showed that consumed fruits and veg-
etables in Algeria contain polyphenols, flavonoids and
tannins which are affected mainly by the geographical
region and harvesting time and showed a good antiox-
idant activity in relation to their phenolic content and
their consumption may deliver greater health benefits
thought the supply of natural antioxidant. So, the use
of a balanced diet containing enough fruits and vegeta-
bles as a source of natural antioxidants could be much
more effective and economical than artificial sup-
plementation with antioxidants such as ascorbic acid
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or

-tocopherol for body protection against oxidative

stress. Also, this work highlighted that it is important
to use different free radicals and oxidation systems to

evaluate the antioxidant activity of fruit and vegetable

extracts because the extracts didn't present the same

results in all methodologies and this could be due to

difference in chemical composition of extracts and dif-

ferent mediums and principals of technics.
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Summary. Purpose: Fruits are important source of phytochemicals such as polyphenols, flavonoids, tannins, cart-
enoides and vitamins which poss antioxidant activity. The aim of this study is the screening of polyphenols and
the evaluation of antioxidant activity iz vitro and in vive of Fargaria ananassa, Prunus armeniaca and Prunus persica
(Rosacea family) fruits extracts. Methods: The antioxidant activity of hydromethanolic extracts were estimated by
methods of the scavenging activity against DPPH, ABTS, hydroxyl radicals (HO.), 3-carotene/linoleic acid model
system, lipid peroxidation, reducing power and chelating activity. Total phenolics and flavonoids content in these
extracts were determined using Folin—Ciocalteu’s reagent and Aluminum chloride colorimetric methods respectively.
In vivo antioxidant activity was conducted by biological study using male wistar rats. Resu/z: The results showed that
Fargaria ananassa contains high amount of polyphenols and flavonoids (310 + 0.003pg gallic acid /mg extract and
14.78 + 0.001pg quercetin equivalent/mg extract respectively ), followed by Prunus armeniaca and Prunus persica, but
the highest levels of tannin were found in Prunus armeniaca (127.9+0.003 pg tannic acid equivalent/ mg extract).
Fargaria extract have a high antiradical effect towards DPPH radical, however, Prunus persica have a good effect in
the inhibition of lipid peroxidation. The administrations of Fargaria extract (200 mg/kg and 600 mg/kg) elevates the
plasma antioxidant activity and reduced the level of MDA with 85.07 + 2.06% and 39.54 + 1.11% respectively and
increased the levels of GSH in the liver of rats. The UPLC analysis of extracts demonstrated the presence of various
phenolic acids (gallic acid, cinnamic acid and hydrocinnamic acid) and flavonoids (rutin and flavons3-ols) in all ex-
tracts. Conclusion: These results support the idea that the consumption of fruits can reduce the risk of disease related
to free radicals such as cancer, cardiovascular diseases, hypertension, diabetes and stroke. This effect can be attributed
at least in part to the antioxidant properties of polyphenols present in the extracts.

Key words: Fargaria ananassa, Prunus armeniaca, Prunus persica, polyphenols, flavonoids, tannin, antioxidant
activity.

Introduction

The oxidative stress is the imbalance between an-
tioxidants and the free radicals (1). Free radicals are
defined as the molecules with an unpaired electron (2).
These molecules are highly reactive and have an impor-
tant role in cell physiology, such as life cycle regulation,

development, migration, induction of signaling path-
ways, activation of second messengers, and triggering
of antioxidant responses (3). The oxidative stress is as-
sociated with various diseases such as hypertension,
cardiovascular disease, atherosclerosis, diabetes, cancer
and arthritis (3, 4). Fruits and vegetables are impor-
tant source of antioxidants such as phenolic acid, fla-
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vonoids, cartonoids, vitamin C. These compounds are
important functional food. Fruits can be considered as
natural materials to prevent human from various pa-
thologies as they may help to reduce the risk of many
age related degenerative diseases (5). Polyphenols can
maintain the health by several mechanisms including
the elimination of free radicals. The protection and re-
generation of other dietary antioxidant and the chela-
tion of pro-oxidant metals (6-8). In this study fruits
of Fargaria ananassa (Strawberry), Prunus armeniaca
(apricot) and Prunus persica (peach) were used. These
fruits belong to the same family Rosaceae growing in
Algeria and are widely consumed by the Algerian pop-
ulation. Apricot, strawberry and peach are considered
as rich sources of phytomolecules such as vitamins,
polyphenols, flavonoids, carotenoids, fatty acids and
proteins (9, 10). The aim of the present study was to
examine the iz vitro and in vivo antioxidant properties
and the polyphenols content of these fruits in order to
establish a relation between the consumption of these
fruits and prevention from pathologies where oxida-
tion stress is implicated.

Materials and methods

Plant material

In this study, fruits of Fargaria ananassa and Pru-
nus persica were purchased from commercial market in
Amoucha, Setif (Algeria) on April and July 2016. Pur-
nus armeniaca fruits were harvested from Tizi Nbachar
in Setif region on May 2016. Fresh Fruits were used
for the present study.

Animals

Male Wister rats (150-200g) were purchased
from Pasteur institute, Algiers. They were kept in cages
at room temperature for one week to familiarize with
the environment and have free excess to commercial
diet and tap water. Ethics committee of the faculty of
nature and life sciences, University Ferhat Abbas, Sétif
1 approved the experimental protocol.

Preparation of extract
The extraction of phenolic compounds was car-

ried out according to method used by Markham (11).

Hundred gram of the consumed parts of the fruits
were washed with water, homogenized and mixed with
1 liter of methanol (85:15 v/v for the first extraction
and then in 50:50 v/v for the second step) and kept at
room temperature for 5 days to allow maximum ex-
traction of bioactive molecules. The resulting solution
was then filtered and the supernatant was evaporated
using vacuum rotary evaporator at 40° C to obtain
crude methanol extract. The crude extract was dried
and stored at 4° C until use.

Determination of total polyphenols

The amount of total phenolic content in fruit
samples was estimated using the Folin—Ciocalteu rea-
gent as described by Li (12) with slight modification.
In brief 200pl of samples solution were mixed with
1000pl of Folin —~Ciocalteu reagent (1:10diluted with
distilled water). The mixture was allowed to stand for 5
min, and then 800pL of sodium carbonate (7.5%) was
added to the mixture. The mixture was incubated at
room temperature in the dark for 90 min. the absorb-
ance was measured against a blank at 760 nm using
a UV-Visible spectrophotometer. The standard curve
was prepared using 0-160 pg/ml solution of gallic acid.
The amount of total phenolic was expressed as mg
equivalent gallic acid /g dry extract.

Determination of flavonoids content

Aluminum chloride colorimetric method adapted
from Bahromun (13) was used for the determination
of total flavonoids. One ml of 2% AICl; solution was
added to an equal volume of extract. After mixing, the
mixture was incubated for 10 min at ambient tem-
perature in the dark. The absorbance was determined
against the same mixture without the extract as a blank
at 430 nm. The results are expressed in milligram of
quercetin equivalent per gram dried extract.

Determination of tannin content

The amount of tannins was determined using the
method described by Gharzouli (14). This method
is based on the capacity of the tannin to precipitate
hemoglobin. Briefly, a volume of samples mixed with
an equal volume of hemolysed bovine blood (absorb-
ance = 1.6). After 20 min of incubation at room tem-
perature, the mixture was centrifuged at 4000 rpm for
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10 min, and the absorbance of the supernatant was
read at 576nm. Results were expressed as mg equiv-
alent tannic acid per gram dried weight (mg TAE/g
DW).

Determination of protein in the extracts

The amount of proteins in the extracts was estimat-
ed by Commasie bleu method described by Bardford
(15). The blue of Commassie 0.004 % was dissolved
in 4% ethanol (96 %) and 10% phosphoric acid (85%).
SDS 0.1% was added to the mixture.100 pl of extract
was added to 2 ml of reagent. Tubes were mixed with
vortex, and then the absorbance was measured against a
blank at 595 nm. The standard was prepared using 0.1-2
mg/ml solution of BSA in water. The results were ex-
pressed as mg BSA equivalent per g extract.

Total soluble sugars content

Total soluble sugars were determined using the
method described by Dubois (16). In brief, 1 ml of
samples was treated with 1 ml of 5% phenol and 5
ml concentrated sulphuric acid. The absorbance was
recorded at 490 nm in UV/VIS spectrophotometer,
against a blank (without sample). D-Glucose was used
as standard and the amount of sugar was expressed in

mg/g dried weight.

Ldentification of phenolic compounds by UPLC-DAD

The phenolic compounds in samples were ana-
lyzed by UPLC-DAD system (Perkin Elmer series
275), a model LC-200 micro pump High pressure
Binary with series 200 autosmpler, a model Hypersil
Gold reversed phase column(1.9pm* 3nm* 50mm) and
a model diode array detector. The flow rate was kept
constant throughout the analysis at 0.6 ml/min and
the injection volume was 20 pl. The operating condi-
tion were a follows: mobile phase water (A) and ace-
tonitrile (B): gradiant 5% B from 0 to 1 min, 5%-21%
B from 1 to 5 min, 21%-50% B from 5 to 7 min, 50%-
100% B from 7 to 10min, 5% B from 10 to 13 min. The
column was maintained at 30° and UV detection was
recorded in the range 165 nm- 365 nm. Phenolic com-
pounds were identified by comparing retention time
and spectrograms of samples with standards.

Determination of the in vitro Antioxidant activity of extracts

Phosphomolybdate assay (Total Antioxidant Capacity)

Total antioxidant capacity assay is a method used
for the quantitative determination of antioxidant ca-
pacity, through the formation of phosphomolybdenum
complex; this method was described by Prieto (17). An
aliquot of 0.1 ml of sample solution was mixed with 1
ml of reagent solution (0.6 M sulphuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate).
The tubes were capped and incubated in a water bath
at 95°C for 90 min. After the samples had cooled to
room temperature, the absorbance was measured at
695 nm against a blank. A typical blank contained 1 ml
of the reagent solution and the appropriate volume of
the solvent and incubated under the same conditions.
The total antioxidant capacities were expressed as pg
ascorbic acid equivalent per mg dry extract.

DPPH radical scavenging assay

Free radical scavenging activity of extracts against
stable DPPH (2-diphenyl-2-picrylhydrazyl hydrate)
was determined using the method described by Yard-
piroon (18). 1 mL of the extract was added to 2.0 mL
of 0.1 mM DPPH solution. The mixture was strongly
shaken and left to stand at room temperature for 30
min. The changes in color (from deep-violet to light-
yellow) and the Absorbance of samples were measured
at 517 nm. The percentage of radical scavenging activ-
ity was calculated using the following equation:
Radical scavenging activity (%) = [Acwwwa = Awmpie] /
A wax 100.

Where A....i is the absorbance of the control re-
action (containing all reagents except the sample). A
s is the absorbance of the extract. A curve of percent
inhibition or percent scavenging effect against sam-
ples concentrations was plotted and the concentration
sample required for 50% inhibition was determined.
The value for each test sample was presented as the
inhibition curve at 50% or ICs.

Free radical scavenging ability by ABTS

The free-radical-scavenging activity was deter-
mined by ABTS radical cation decolorization assay
Re (19). Briefly, ABTS" radical cation was generated
by a reaction of 7 mM ABTS with 2.45 mM potas-
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sium persulfate. The reaction mixture was allowed to
stand in the dark for 16 h at room temperature. The
solution was then diluted by mixing ABTS solution
with methanol to obtain an absorbance of 0.70 + 0.02
units at 734 nm. Then, 50 pl of sample was mixed with
1ml of ABTSsolution and kept for 30 min at room
temperature. The absorbance of reaction mixture was
measured at 734 nm. The ABTS scavenging capac-
ity of the extract was compared with that of VIT C
and the percentage inhibition was calculated as ABTS
radical scavenging activity (%) = [(AbScnioi = AbSgumpte ) /
(Abscontrol) | x 100 where Abs .uais the absorbance
of ABTS radical + methanol; Abs . is the absorbance
of ABTS radical + sample extract /standard.

Reducing power of extracts

The reducing power of the fruit extract was es-
timated according to the method described by Ebra-
himzadeh (20) .In brief, 100 pl of the extract with vari-
ous concentration were mixed with an equal volume
of 0.2 M phosphate buffer (PH= 6.6) and 1% of po-
tassium ferricyanide [K3Fe (CNg)]. The reaction was
incubated at 50°C in a water bath for 20 min and the
reaction was terminated by the addition of 250 pl of
10% trichloroacetic acid followed by centrifugation for
10 min at 3000 rpm.250 pl of the upper layer of solu-
tion was mixed with 250pl of distilled water and 500pl
of FeCl; and the absorbance was measured at 700 nm
against a blank. Higher absorbance indicates higher
reducing power.BHT was used as positive control.

Ferrous ion chelating activity of the extracts

The method described by Decker and Welch (21)
was used to investigate the ferrous ion chelating ability
of different extracts. This activity ferrous ion chelating
ability was monitored by the absorbance of the ferrous
iron ferrozine complexe at 562 nm. The mixture con-
tained 500 pl sample or EDTA, 100 pl FeCl, (0.6 mM
in water) and 900pl methanol. Same mixture without
the extract or EDTA was considered as a control. The
mixture was shaken well and allowed to react at room
temperature for 5 min; 100 pL of ferrozine (5 mM in
methanol) was then added. The chelating effect was
calculated as a percentage, using the same equation as
that described for the DPPH assay.

B-Carotene bleaching assay

In this test, the antioxidant capacity of the ex-
tracts is determined by measuring the inhibition of
the oxidative decomposition of B-carotene (discol-
oration) by the products of oxidation of the linoleic
acid according to the method described by Gur-
soy (22). The emulsion of B-carotene/ linoleic acid
is prepared by solubilization of 0,5mg B-carotene
in 1ml of chloroform, 25ul of the linoleic acid and
200mg of Tween 40 are added, after that 100ml of
distilled water saturated with oxygen was then added
to the reaction. 350pl of extracts or BHT solubilized
in methanol (2mg/ml) was mixed with 2,5ml emul-
sion. The same procedure was repeated with MeOH
and H,O as negative control. The absorbance was
measured at 490 nm after: 1heure, 2h, 3h, 4h, 6h and
24h of incubation at room temperature in the dark
.The percentage of inhibition of f-carotene decom-
position by the extracts antioxidant was measured as
follows:
AA% = ABS .../ ABS gur x100
AA%: Percentage of the antioxidant activity.
ABS . Absorbance in the presence of the extract
(test).
ABS i1 Absorbance in the presence of positive con-

trol BHT.

Ferric thiocyanate (FTC) method

The antioxidant capacity of fruits extracts towards
the peroxidation of linoleic acid was tested by the thio-
cyanate method described by Yen (23). In this test, the
concentration of peroxide decreases as the antioxidant
activity increases. The mixture contained 0.5 ml of
samples, 2.5 ml of 0.02M linoleic acid emulsion at pH
7.0 and 2 ml of 0.2 M phosphate buffer at pH 7.0. The
emulsion was prepared by mixing 0.2804 g of linoleic
acid, 0.2804 g of Tween 20, and 50 ml of phosphate
buffer. The reaction mixture was incubated for 5 days
at 37 °C. 0.1 ml of the reaction mixture is transferred to
a test tube and 75% EtOH (4.7 ml), 30% ammonium
thiocyanate (0.1 ml), 0.02 M ferrous chloride in 3.5%
HCI (0.1 ml) were added to tubes each 24 h intervals.
Three minutes after the addition of ferrous chloride
to the reaction mixture, the absorbance of the result-
ing mixture (red color) is measured at 500 nm every
24 h until the absorbance of the control reached its
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maximum. BHT and vitamin C were used as positive
controls and the mixture without the sample is used as
the negative control. % Inhibition of lipid peroxidation
is calculated by the folowing equation: Inhibition (%)
=[Ac—As/ Ac x 100].

Where, A, is the absorbance of the sample on the
day when the absorbance of the control is maximum
and Ac is the absorbance of the control on the day
when the absorbance of the control is maximum.

Thiobarbituric Acid (TBA) assay

According the method of Kikuzaki and Nakatani
(24), the TBA was measured on the final day of FTC
assay. This method based on the determination of the
in levels of malonaldehyde (MDA) formed during li-
pid peroxidation. The sample contained the same ele-
ments used in the lipid peroxidation. 1 ml of sample
solution was mixed with 2 ml of trichloroacetic acid
(20%) and 2 ml of thiobarbituric acid solution. The
mixture was then placed in a boiling water bath for 10
minutes, after cooling tubes were centrifuged at 3000
rpm for 20 min. The absorbance of the supernatant
was measured at 532 nm and recorded after it has
reached its maximum.

Hydroxyl radical scavenging assay

Hydroxyl radical is one of the potent reactive oxy-
gen species in the biological system that reacts with
polyunsaturated fatty acid moieties of cell membrane
phospholipids and causes damage to cell. Hydroxyl
radical scavenging activity was measured by the ability
of the different fruit extracts to scavenge the hydroxyl
radicals according the method described by Smirnoft
and Cumbes (25) with slight modifications. The reac-
tion mixture consists of100 pL of varying concentra-
tion of samples or standard antioxidants, 1 ml of FeSO,
(1.5 mM), 0.7 ml of H,0,(6 mM), 0.3 ml of sodium
salicylate (20 mM). This mixture was incubated at 37
C® for 1 h, after which the absorbance of the hydroxy-
lated salicylate complex was measured at 562 nm. The
percentage scavenging effect was calculated as flows:
Scavenging rate = [Awuwo = Asnple] 7 Aconax 100.
Where A.....was the absorbance of the control (with-
out sample) and A, was the absorbance in the pres-
ence of the sample.

Determination of the in vivo Antioxidant activity of
[fruits extracts

Experimental design

Rats were divided into 08 groups having 6rats in
each group: Group 01: received 0.9% of NaCl. Group
02: received vitamin C (200 mg/kg); Group 03: re-
ceived the dose 200mg /kg of Fargaria ananassa extract.
Group 04: received the dose 600mg /kg of Fargaria
ananassa extract. Group 05: received the dose 200mg /
kg of Purnus armeniaca extract. Group 06: received the
dose 600mg /kg of Purnus armeniaca extract. Group
07: received the dose 200mg /kg of Purnus persica ex-
tract. Group 08: received the dose 600mg /kg of Pur-
nus persica extract.

At the end of the experimental period (15 days),
rats were sacrificed. Blood was collected in heparinized
tubes and centrifuged at 3000 rpm for15 min. Plasma
was kept in the freezer until use. Tissues are also kept
in freezer until use.

In vivo Antioxidant activity of plant extracts

LEffect of extracts on plasma antioxidant capacity using
DPPH radical

In this assay, the ability of plasma to scaveng-
ing the DPPH radical was measured by the method
of Burists and Bucars (26) with slight modifications.
Briefly, 50 ul of plasma was mixed with DPPH solu-
tion (0.004%). the mixture was incubated for 30 min,
then tubes were centrifuged at 3000 rpm for 15 min.
The absorbance was measured at 517 nm, and the plas-
matic antioxidant capacity was calculated as follows:
% scavenging activity = [(AbSwuwo-AbS wmpie)/ADS control]
X 100
A control: is the absorbance of the blank solution
A sample: is the absorbance in the presence of plasma.

Effect of extracts on plasma reducing power

According the method of Chung (27) the reduc-
ing power was evaluated. 0.1 ml of plasma was mixed
with 0.1 ml of sodium phosphate buffer (0.2 M, pH
6.6) and 0.1 ml of potassium ferricyanide (1 %). The
mixture was incubated for 20 min at 50°C. After that,
0.250 ml of trichloroacetic (1%) was added. Then, the
mixture was centrifuged for 10 min at 3000 rpm. An
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aliquot (0.250 ml) of the upper layer was mixed with
0.250 ml of distilled water and 0.5 ml of ferric chloride
(0.1%), and the absorbance at 700 nm was measured.
Higher absorbance indicates a higher reducing power.

Preparation of liver homogenate

After scarifying the animals, the homogenate of
liver were prepared by homogenizing 0.5g of liver tis-
sues in 4.5 ml cold KCI solution (1.15%) using ho-
mogenizer on ice. The homogenate was centrifuged at
4000 rpm for 15 min at 4C and the supernatant was
used for the determination of (GSH) activity and lipid
peroxidation (MDA).

Assessment of reduced glutathione concentration

GSH was measured using a previously described
procedure by Ellman (28). GSH can react with 5,
50-dithio-bis (2-nitrobenzoic acid) (DTNB) and
formed yellow color. In brief, 50 pl of tissue homoge-
nate was diluted in 10 ml phosphate buffer (0.1 M,
PH 8). 3 ml of this mixture was mixed with 20 pl of
DTNB. The developed yellow color was then meas-
ured immediately after 5 min at 412 nm against a
blank (without tissue homogenate). GSH concen-
trations were calculated using the standard curve of
GSH. It was expressed as pmol/ g tissue.

Assessment of lipid peroxidation

According the method of Okhawa (29) lipid per-
oxidation rate was determined by malondialdehyde
level (MDA). This assay was based on the reaction
between TBA and MDA. In brief, to 0.5 ml of tis-
sue homogenate, 1 ml of TBA (0.67 %) was added.
The mixture was incubated for 15 min in boiling water
bath. 4 ml of n-butanol was added to the mixture after
cooling, tubes were then centrifuged at 3000 rpm for
15 min. The amount of TBARS formed in each sample

was assessed by measuring the optical density of the

supernatant at 535 nm against a blank. The concentra-
tion of MDA was determined from a standard curve
of 1,1, 3, 3 tetraecthoxypropane in the same conditions
and it was expressed as nmol/ g tissue.

Statistical analysis

Statistical analysis was performed using Graph Pad
Prism (version 5.01 for Windows). In vitro results were
expressed as mean + standard deviation (SD) and were
analyzed by one way analysis of variance (ANOVA)
followed by Dunnet’s test. The pharmacological re-
sults were presented as mean * standard error of mean
(S.E.M.) of six experiments. In all cases, The P-values
less than 0.05 were considered statistically significant.

Result

Total polyphenols, flavonoids and tannins contents in the
extracts

Fruits are major source of biologically active com-
ponents. Most of these compounds have antioxidants
effects such as polyphenols, flavonoids, protein and vi-
tamins. These substances have an important role in the
prevention of various diseases (30, 31). Total phenolic,
flavonoids and tannins contents in different extracts are
shown in Table 1. Total phenolic compounds ranged be-
tween 112.5 and 310 pg GAE /mg DW, and the results
showed that Fargaia is rich in polyphenols followed by
Prunus armeniaca and Prunus persica. Total flavonoids
contents were expressed as mg quercetin equivalents per
gram of dry weight (ug QE/mg). Fargaria extract exhib-
ited the highest flavonoids content. The quantification
of tannins contents showed that Prunus armeniaca ex-
tract contained the highest tannins concentration with
the value of 127.9 + 0.0003 pg TAE /mg extract. The
lowest tannins content was noticed for Prunus persica

extract with a value of 62.83 + 0.03 pg TAE /mg extract.

Table 1. Total polyphenols, flavonoids and tannins contents in fruits extracts

Extract Total phenolic content (pg GAE/mg)  Total flavonoids (ug QE/mg) Total tannins (ug TAE/mg)
Fargaria ananassa 310+0.003 14.78+0.001 81.5+0.01

Prunus armeniaca 232.5+0.02 5.68+0.002 127.9+0.003

Prunus persica. 112.5+0.02 6.02+0.003 62.83+0.03

GAE : Gallic Acid Equivalent QF : Quercetin Equivalent TAE : Tannic Acid Equivalent. Results expressed as means + SD
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Protein and Sugar content in the extracts

Fruits are important source of bioactive molecules
such as protein, carbohydrate, amino acid, phenolic
compounds and minerals (32). As shown in table 2,
Fargaria contains the highest amount of sugars with
a value of (958+ 0.06 mg D-glucose/ g) the lowest
amount was observed in Prunus armeniaca (285 0.06
mg D-glucose/g). Total protein content was high in
Fargaria (2.73 £0.04 g/1) and low in Prunus persica
(1.55+0.01mg/g).

Identification of different phenolic acids, flavonoids and
ascorbic acid in fruits extracts

Phenolic compounds are very important fruits
constituents because of their scavenging ability due to
their hydroxyl groups (33). The UPLC chromatogram
of Fargaria ananassa, Prunus persica and Prunus arme-
niaca fruits extracts revealed the presence of various
phenolic acid and flavonoids such as gallic acid, proto-
cachuic acid, caffeic acid, flavon-3-ols. Fargaria extract
showed the presence of some compounds which are
absent in the Prunus persica and Prunus armeniaca such
as hydroxynammic acid, p-coumaric, cinamic acid as
presented in the Figl. Catechin was detectable in the
Fargaria ananassa, Prunus persica. Prunus persica and
armeniaca contained ferulic acid but only rutin and
vanillic acid and chlorogenic acid was found in Prunus
armeniaca (Fig.2).

In vitro antioxidant activity of fruit extracts

Total Antioxidant Capacity (TAC) of fruit extracts

The total antioxidant was estimated using phos-
phomolybdate assay. It is based on the reduction of
molybdenum (VI) to molybdentum (V) in the pres-
ence of antioxidant, and this reduction produced green
phosphate/ Mo (V) complex in acid pH, which can
measured at 695 nm (34, 35). The phosphomolybdate

Table 2. Total sugars and proteins in fruits extracts

model evaluates both water soluble and fat soluble an-
tioxidant capacity. It increases with the increase in the
concentration of extract. The result was expressed as
pg Ascorbic acid equivalent per g of extract. The result
of total antioxidant capacity showed that Fargaria had
the highest antioxidant capacity (99.6 + 0.007) flowed
by Prunus persica and Prunus armeniaca (81.33 + 0.04
and 81.66 + 0.008), respectively.

DPPH radical scavenging activity of fruifs extracts
DPPH is widely used to assess the radical scav-
enging activity of antioxidant compounds (20, 36, 37).
The 2,2diphényl-1-picrylhydrazyle is the first free rad-
ical used to study the relation between the structure
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Fig 1. UPLC chromatogram of Fargaria ananassa fruit metha-
nol extract

AU polic acid deriv. 5
~ | Caffeic acid deriv.

Chlorogenic acid
Hy droxy cinnamic deriv.

Epigallocatechin L Rutin

3%

Protocatechuic acid

Gallic acid deriv.

08

Flavone-3-ol

Vanillic acid deriv.

Extract Total sugar Total protein o LZ m 5 E/

(mg d-glucose E/g) (mg/g) N
Fargaria ananassa 958 +0.06 2.73 +0.04 e
Prunus persica 610 +0.008 1.55 0.01 LT etotmenn
Prunus armeniaca 285 +0.06 2.12 +0.02

Results are expressed as Mean + 8D (n=3)

Fig 2. UPLC chromatogram of Prunus armeniaca fruit metha-
nol extract
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and antioxidant activity of phenolic compounds (38).
It was found that the radical- scavenging activity of
extract increased with increasing concentration (39).
The degree of discoloration indicates the scavenging
potential of the antioxidants . The antioxidant activities
obtained by the DPPH method for the fruits extracts
are presented in Fig.4. This activity was compared with
that of BHT as a synthetic antioxidant. The results re-
vealed that methanol extract of Fargaria is more effec-
tive scavenger than the Prunus armeniaca and Prunus
persica with ICsvalues 0.142 + 0.0004, 0.488 +0.012,
0.673 +0.02 mg/ml for the three extracts respectively.

Free radical scavenging ability using ABTS

The ABTS radical is one of various radical used
for measuring the antioxidant activity in foods (40).
ABTS is a stable organic radical that has gained hy-
drogen; this method determines the antioxidant activ-
ity of hydrogen donating antioxidants in fruit crude
extract (41, 40). Fargaria extract has high scavenging
ability of the ABTS radical with an ICs,value of 0.040
+ 0.003 mg/ml. Prunus persica and Prunus armeni-
aca have good scavenging activity with ICs, values of

0.173+0.003 and 0.323+ 0.007 respectively.

Reducing power of fruits extracts

Various studies have revealed that the electron
donation ability reflects the reducing power of the bio-
active compound. The amount of the Fe*? complex was
determined by measuring the formation of perls Prus-
sian blue at 700 nm. Results are shows in fig 6 and7.
Fig.6 showed a relationship between the increase in
the absorbance, the concentration of extract and the
reducing power. At 0.5mg/ml the absorbance of fruit
extracts were in the flowing order Fargaria (1.142)
>Prunus armeniaca (0.744) >Prunus persica (0.592).
Figure7 shows the reducing power of fruit extracts. All
extracts exhibited low activity compared to BHT with
RCsvalues of: BHT (0.008mg/ml) >Fargaria (0.251
mg/ml) >Prunus armeniaca (0.329 mg/ml) >Prunus
persica (0.779 mg/ml).

Metal Chelating activity of extracts

The Ferrosine-Fe* complex produced a red
chromophore which can be measured at 562 nm (42).
In this study, the chelating activity of fruits extracts is
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Fig 3. UPLC chromatogram of Prunus persica fruit methanol
extract.
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Fig. 4. DPPH free radical scavenging activity of different fruit

extracts. Data were presented as ICs, means= SD (n = 3). ™ (p
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Fig 8. Metal chelating activity of different fruits extracts. Data
were expressed as EC50 means + SD (n = 3).(ns: no signifi-
cant difference, ** p<0.001) compared to EDTA as a standard
chelating agent.

Fig 7. Reducing power of different fruits extract. Data were
presented as RCs, means +SD (n=3). (*** P < 0.001) compared
to BHT as a standard

presented in Fig 5. Prunus aremeniaca had the high-
est ferrous ion chelating activity compared to Fargaria,
and both extract had low activity than EDTA. EDTA
is a strong metal chelator, hence, it is used as a stand-
ard metal chelator agent in this study. The low metal
chelating activity was found for Prunus persica with
EC5, value of 9.01 mg/ml.

Antioxidant activities of extracts using [-carotene-
linoleate model system

The antioxidant activity of fruits extracts was also
estimated by B-carotene bleaching assay. In 3-carotene/
linoleic acid model system, linoleic acid during incuba-
tion forms hydroperoxides free radicals (43). The anti-
oxidant activity is high when the color of p-carotene
does not change during the incubation period of 24
h. In the present study, the percentage inhibition of
B-carotene bleaching by fruits extracts ranged from
55.22 to 80.72 %. The highest activity was found for
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Fig9. Changes in the percentage of the inhibition ratios of
linoleic acid oxidation of different fruit extracts (2mg/ml)
using [-carotene bleaching method, compared to BHT as a
positive control during 24 h.

Fargaria (80.72 + 4.57%) and the lowest activity was
noticed for Prunus (55.22 = 4.90 %). All extracts had
lower activity compared to BHT.

Antioxidant activity of fruit extracts on linoleic acid per-
oxidation

The ferric thiocyanate method is used to measure
the rate of peroxide formation in the first stages of li-
pid peroxidation (44). During linoleic-acid oxidation,
the peroxide formed reacts and oxidize Fe* into Fe*
to give red color (45). High absorbance demonstrated
high concentration of peroxide during the incubation;
which has a maximum absorbance at 500 nm. Low
absorbance value indicates high level of antioxidant
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Fig.10. Antioxidant activities of different fruits extracts mea-
sured by -carotene bleaching method (2 mg/ml at 24 h of
incubation). BHT was used as standards antioxidant. Values
are means * SD (n = 3). ("p < 0.05,* p < 0.001) compared to
BHT as standard.

activity. Fig.11 shows the results of thiocyanate meth-
od. All fruit extracts have varying percentages of in-
hibition in the formation of peroxides compared with
vit C, which is used as positive control. Fargaria and
Prunus exhibited good peroxidation inhibiting activity,
with 56.67 + 3.34 % and 55.22 + 2.86% respectively.
While Prunus armeniaca presents the lowest ability to
inhibit the formation of peroxide during 5 days with a
value of 37.55 + 4.055 %.

Thiobarbituric Acid (TBA) assay

FTC and TBA are the important methods used to
measure the amount of peroxide radicals. TBA is used to
indicate the amount of peroxide radicals in the second

E3 FTC
E3 TBA

inhibition %

Fig 11. A comparison between total antioxidant activities of
fruits extracts using the FTC and TBA methods. Vit C: Posi-
tive standards. Values are means = SD (n=3)

stage. Fig.11 showed the antioxidant activity of fruits
extracts in TBA method. Results showed that Fargaria
had high antioxidant effect than other fruits extracts. The
inhibitions of the formation of Malonaldehyde were in
the following order: vit C (62.19 + 0.342%) >Fargaria
ananassa (46.20+ 3.89%) > Prunus persica (42.95 +2.42%)
> Prunus armeniaca (38.30 + 2.22%) Fig 11.

Hydroxyl radical scavenging activity of fruit extracts
Hydroxyl radicals are the major active oxygen spe-
cies in the biological systems; it reacts with fatty acids
of cell membrane phospholipids (46, 47). The high
concentration of hydroxyl induced damage to DNA, li-
pid, protein and produced carcinogenesis, mutagenesis
and cytotoxicity (48, 49). The scavenging of hydroxyl is
important to prevent cells from oxidative damage. The
reaction of Fenton is the first way to produce OH:, in
this reaction the transition of metal can degrade the
hydrogen peroxide and generate hydroxyl radical. The
hydroxyl scavenging ability of various fruit extract was
measured using a system containing FeSO,and H,O,,
this chemicals produced OH:, which hydroxylate sa-
licylate . The Hydroxyl radical scavenging activity of
methanol fruits extracts were determined and compared
to vit C. The results of fruit extract scavenging activity
were show in Fig.12. All extract can reduce the forma-
tion of hydroxyl radical with different ICs,values. Farga-
ria and Prunus present strong activity with ICs,values of
(0.079 + 0.031 and 0,089 + 0.003 mg/ml) respectively,
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Fig 12. Hydroxyl radical scavenging activity of different fruits
extracts. Data are presented as ICs, means = SD (n = 3).(ns: no
significant difference, *** p<0.001) compared to vitamin C as
standard
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but were significantly (p< 0.05) lower than vitamin C
(ICs = 0,076 +0.007 mg/ml). Prunus armeniaca had an
ICs, value of (0.16 + 0.008 mg/ml) and possess good
scavenging activity against OH-radicals.

In vivo antioxidant activity of fruit extracts

Plasma antioxidant capacity using DPPH radical scav-
enging activity

DPPH free radical was used to evaluate the anti-
oxidant activity after animal treatment. This method is
based on hydrogen or electron donation and the ability
of the extract to reduce the color of DPPH to yellow
color. Fig.13 shows that fruit extracts can scavenge the
DPPH radical. After the oral administration of 200
mg/kg of fruit extracts to rats , plasma antioxidant ac-
tivity was lower than that of reference group (vit c)
with the following order vit C 26.05 + 1.28% >Pru-
nus armenaica 22.91 +1.99% > Fargaria 15.84 + 0.94%
>Prunus persica 10.78 = 0.72%. For the dose of 600
mg/kg, Prunus armeniaca demonstrated high effect
than Vit ¢ with an inhibition value of 34.38 + 1.82%.

Effect of fruits extracts on plasma reducing power in rats
Figure 14 shows the effect of extracts on plasma re-
ducing activity. The results indicate that all extracts have
good reducing power. At 200 mg/kg Fargaria ananassa
and Prunus armeniaca have reducing capacity of 0.619
+ 0.14 and 0.625 = 0.13 respectively approximate to
the value of reference group (0.6 + 0.10). Prunus persica
show high activity with value of 0.865 + 0.08. The oral
administration of 600 mg/kg of fruit extract resulted in
a high reducing capacity in the plasma, the high value

was shown for Prunus armeniaca (1.044 + 0.082).

MDA levels

In the present study, TBARS method was used
to evaluate the levels of lipid peroxidation during the
oxidative stress, Thiobarbituric acid reactive substances
were produced and induced lipid peroxidation (50). In
lipid peroxidation, MDA is one of the major aldehydes
produced. Thus, it is considered as a good biomarker of
oxidative damage. MDA reacts with proteins, phos-
pholipids, nucleic acid and induced cell damage (51)
and this damage induces various diseases associated
with oxidative stress (52). Fig.15 show the capacity of

fruit extracts to inhibit lipid peroxidation in the liver of
rats and minimize the formation of MDA. The results
were compared with reference group, which received
Vit C (200 mg/kg). In this assay, the relation between

401
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Fig.13. Effect of fruit extracts and vitamin C. on DPPH scav-
enging activity in plasma of rats. Values are given as means *
SEM (n=6). (ns: no significant difference; * p < 0.05; ** p <
0.001) compared to control group

1.5+

o E=3 200 mg/kg
E3 600 mg/kg

reducing power

Fig.14. Effect of fruit extracts and vitamin C. on reducing
activity in plasma of rats. Values are given as means + SEM
(n=6). (ns: no significant difference; * p < 0.05; ™ p < 0.01; ** p
< 0.001) compared to control group.
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Fig 15. Effect of fruit extracts and vitamin C on MDA level
in liver of rats. Values are given as means + SEM (n=6). (ns: no
significant difference; ** p < 0.001) compared to control group
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the rate of MDA and the concentration of extract was
noticed. Extracts of Fargaria, Prunus and Prunus at 200
mg/keg had a good effect with values of 85.07+2.06,
50+5.70 and 58.93+0.91 nnomol/g tissue respective-
ly. However, the dose of (600 mg/kg) decreased the
MDA levels and this decrease was statistically signifi-
cant when compared to control group. Aydemir (53)
reported that Vit C has antioxidant activity and pro-
tect cell membrane against damage. Vit C has strong
activity with value of 42.51 + 2.96 nmol/g tissue.

Effects of fruits extracts on GSH levels in liver homaogenate

Reduced glutathione (GSH) is a linear tripeptide
of L-glutamine, L-cysteine, and glycine. GSH is an
extremely important cell protectant agent. GSH acts
as reducing agent and is a vital substance in detoxifica-
tion. It provides antioxidant protection in the aqueous
phase of cellular systems. The central role of GSH in
antioxidative defense is because it can regenerate an-
other water-soluble antioxidant, ascorbic acid, via the
ascorbate—glutathione cycle (54). Hence, depletion of
intracellular GSH is usually regarded a measure of oxi-
dative stress. In this test, the GSH reacts with DTNB
in the dark and forms yellow complex. Fig.16 show
GSH levels in the liver of rats treated different ex-
tracts. Prunus persica and Prunus armeniaca at 200 mg/
kg and 600 mg/ kg did not change the levels of GSH
in the liver. Fargaria treatment caused an increase in
the levels of GSH at dose of 600 mg/kg with a value of
36.01 + 2.51 pmol/g tissue.
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Fig 16. Effect of fruits extract and vitamin C on GSH level in
the liver of rats. Values are given as means + SEM (n=6). (ns:
no significant difference; ** p < 0.01; ** p < 0.001) compared

to control group.

Discussion

Fruits and vegetables contain phytochemicals
with antioxidant activity. These antioxidants have
multifunction. Their activity and mode of action in a
particular test system may depend on the oxidation
conditions, which may in turn affect both the kinet-
ics of oxidation and the composition of the system
.Therefore, a multi-dimensional assay protocol would
be an advantage by reducing these limitations (55).
The chemistry behind the antioxidant capacity assays
has been reviewed by Huang (42). Polyphenolic com-
pounds such as flavonoids, phenolic acids and tannins
are considered the major contributors to the antioxi-
dant activity of fruits and vegetables (36). The antioxi-
dant activities of polyphenols were attributed to their
redox properties, which allow them to act as reducing
agents, hydrogen donators and free radicals quenchers,
as well as their metal chelating abilities (36). Therefore,
multiple methods were used in this study to evaluate
the antioxidant properties of fruit extracts.

Various factors can change the fruit phenolic con-
tents such as the variety, the stage of maturation, the
area, the harvesting time and the part of the fruit as well
as the types and quantity of phytochemicals (56, 57).
During the second stage of maturation, the fruit have a
high phenolic content, which might be associated with
an amplified polyphenol oxidase activity (58). In addi-
tion, both genetic and agronomic or environmental fac-
tors play a role on the phytochemical composition and
nutritional quality of the crops (59). Climate has an im-
portant role on quality, including the nutritional value
of fruit and vegetables. Light intensity, temperature and
water availability affect the antioxidant activity in differ-
ent fruit and vegetables, and the deficit irrigation influ-
ences their polyphenol content (60, 61). Flavonoids have
high antioxidant effect, which depends on the environ-
ment condition. Various factors may change the action of
flavonoids and product alteration in their efficacy as an-
tioxidant (62). In this study, fruits were originated from a
semi-arid region of Sétif, Algeria with changing climate
(wet and cold in winter and dry and hot in summer).

Tannins bind to and precipitate proteins and vari-
ous other organic compounds including amino acids
and alkaloids. This tannin protein complex can provide
persistent antioxidant activity. The amount of tannin
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can be depending in their chemical nature, the solvent
used and the experimental condition (63).

Sugars are important food constituents and instant
source of energy for the body. A high sugar level of a
fruit also serves as an index of maturity. An overall view
of the obtained data showed variations in sugar levels
that might be due to genetic factors, responsible for dif-
ferences in composition among different varieties (64).
The sugars and protein have antioxidant effect (65).

Polyphenols and phenolic acids are also powerful
antioxidants and demonstrated various health benefits
by exhibiting antibacterial, antiviral, anticarcinogenic,
anti-inflammatory and vasodilator actions (66). Several
studies suggest that Catechin and rutin have good ef-
fects such as antioxidant, anti-ageing and may prevent
cardiovascular complications. Their beneficial effects are
attributed to their ability to reduce oxidative stress, li-
pid peroxidation, free radical generation and low den-
sity lipoprotein (LDL) cholesterol-oxidation (67, 68).
Moreover, other phenolic compounds found in the ex-
tracts such as gallic acid also possess beneficial effects on
human health and deceases oxidative stress (69). Vari-
ous natural product containing phenolics and flavonoids
have the ability to reduce molybdenum (35, 70, 71).

In the present study, DPPH scavenging activity of
extracts is correlated with tannins, flavonoids and vari-
ous phenolic compounds (37). Generally, the extract
with high total phenolic contents had higher scaving-
ing activity (18). It was reported that the extract of
strawberries (Fargaria) had the highest total antioxi-
dant activity compared with extracts of plums, orange,
red grapes, kiwi fruit, pink grape fruit, white grapes,
banana, apple, tomato and pears (8).

The scavenging effect of the ABTS+ radical by
the extracts was found to be much higher than that
of DPPH radical. Factors like stereo selectivity of the
radicals or the solubility of the extract in different test-
ing systems have been reported to affect the capacity
of extracts to react and quench different radicals (72).
Compounds which have ABTS+ scavenging activity
did not show DPPH scavenging activity. This is not
the case in this study.

In the reducing power, the transformation of Fe+3
to Fe+2 and changes of yellow color to green and blue
of test solution depend on the concentration and the
presence of reductants in the samples (73, 74, 75). In

this study this activity was also related to the amount
of polyphenols and flavonoids in the samples.

Ferrous ion has an important role in food systems
(76). It is well known as an effective pro-oxidant. Tran-
sition metals, like ion can stimulate lipid peroxidation,
the formation of free radical such as hydroxyl radical and
accelerates lipid proxidation into alkoxyl radical (77).
Chelating agent can reduce lipid peroxidation and inhibit
the formation of free radicals by stabilizing the transition
metals (72). The metal ion chelating activity was meas-
ured by the ability of some phenolic compounds to dis-
rupt the formation of Ferrosine-Fe+2 complex (78, 79).

The absences of antioxidant induce discoloration of
p-carotene because it will couple with linoleic acid and
generates free radicals. The rates of B-carotene blanch-
ing can be slow down in the presence of antioxidant
(80).Various studies demonstrated that the p-carotene
bleaching activity is in relation to flavonoids and poly-
phenols compounds which can inhibit oxidation of lin-
oleic acid and the formation of hydroperoxides (81, 82).

The inhibition of Self-oxygenation of unsaturated
fatty acids is one of the mechanisms of antioxidant ac-
tivity. Initiation of a peroxidation sequence in a cell
membrane or polyunsaturated fatty acid is due to the
abstraction of a hydrogen atom from the double bond
in the fatty acid molecule. The free radical tends to be
stabilized by a molecular rearrangement to produce
a conjugated diene which then easily reacts with an
oxygen molecule to give a peroxyl radical (83). Peroxyl
radicals can abstract hydrogen from another molecule
or they can abstract hydrogen to give lipid hydoperox-
ide R-OOH (84). These results indicate the relation
between the amount of polyphenols and flavonoids
and lipid peroxidation. The flavonoids can reduce or
stop lipid peroxidation by the scavenging the peroxyl
free radical. According to several studies, this activity
is related to the number of hydroxyl groups present in
the molecules of phenolics in the extracts.

When compared the FTC method and TBA the
result of the present study indicate that the product
of peroxide in the first stage is high compared to the
second stage. In this second stage, the Malonaldehyde
is a free radical product with high amount but is not
stable for a period. Malonaldehyde has low molecular
weight, it reacts with proteins, phospholipids, nucleic
acid and induced cell damage (51).
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Husain (85) reported that flavonoids such as
myrcetin, quercetin and rhamnetin were OH scav-
engers. They also noted that the effectiveness of such
compounds increases with increasing the number of
hydroxyl groups attached to the aromatic B ring. As
is the case for many other free radicals, OH can be
neutralized if it is provided with a hydrogen atom. The
phenolic compounds present in the crude extract had
the ability to donate a hydrogen atom to OH. Straw-
berry extracts exhibited high enzymatic activity for
oxygen detoxification and a high level of antioxidant
capacity against free radical species including peroxyl
radicals, superoxide radicals, hydrogen peroxide, hy-
droxyl radicals, and singlet oxygen (86, 87).

Various studies reported the use of several assays
for the determination of the antioxidant activity of fruit
and vegetable extracts in human plasma after diet. These
methods included ABTS, DPPH, reducing power and
ORAC. These methods are based on hydrogen dona-
tion and other electron (42, 88). Other parameters can
be used to determine the effect of crude fruit extracts
against oxidative stress in vivo using animal models.

These results demonstrated that fruits have good
plasma antioxidant activity using DPPH, reducing pow-
er. The plasma contains albumin, bilirubin, reduced glu-
tathione and uric acid endogenous antioxidant and may
be take exogenous antioxidants from food. Which can
work complementary and synergistic with endogenous
antioxidant to protect human health against ROS (89).

These results suggest that fruits extract exhibit
free radical scavenging activity, which could exert a
beneficial action against pathophysiological altera-
tions, caused by the presence of superoxide and hy-
droxide radicals indicating the regeneration of dam-
aged liver cells (90). This effect can be attributed to the
antioxidant properties of polyphenols present in the
extracts (91), because of their strong ability to scav-
enge free radicals and break the reaction chain of these
radicals 7z vitro and in vivo (92). Several works with
extracts of various plants have reported a reduction in
the oxidative stress due to the presence of high an-
tioxidants amount such as polyphenols. Vijayakumar
(93), found these effects for black pepper and Gladine
(94) reported these effects for rosemary, grape, citrus,
and calendula; whereas, Papandreou (95) reported the
same results for blue berries (Vaccinium angustifoli-

um).Various studies suggest that polyphenols stimu-
late the gene expression of SOD, and GPx (96).

The present study showed that Fargaria anana-
ssa, Prunus armeniaca and Prunus persica consumed by
the population and produced in Sétif region, Algeria
contain high amounts of polyphenols and flavonoids.
The extracts of these fruits exert a good in vitro and in
vivo antioxidant activity; bioactive compounds such as
polyphenols are important contributors to the antioxi-
dant activity of fruits. The treatment of animals with
these extracts resulted in a reduction in the produc-
tion of MDA in liver tissue of rats. It is concluded that
Fargaria ananassa, Prunus armeniaca and Prunus persica
are important source of phenolic acid and flavonoids
and their consumption can reduce the risk of several
diseases associated with oxidative stress such as cancer,
diabetes, aging and cardiovascular diseases.
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Summary. The leaf material of lemon balm (Me/issa officinalis L.) from different origins was evaluated for
their chemical composition under the semi arid conditions of Tunisia. Qualitative and quantitative varia-
tions of the chemical composition of essential oils according to the origin were shown. The main compounds
of Tunisian samples were germacrene-D (29.17-24.6%) and caryophyllene (14.91-13.44%) in Tabarka and
Nefza, the samples were characterized by the absence of citral and citronellal. Fatty acids from cultivated M.
officinalis leaves were analyzed by GC-MS. The major fatty acids of all studied samples were polyunsaturated
fatty acids, linoleic acid (73.93-66.74%), versus (16.25-13.32%) saturated ones, oleic acid and (6.29-4.26%)

of monounsaturated fatty acid palmitic acid.

Key words: Melissa officinalis 1., essential oil, fatty acids, tunisia

Introduction

Melissa officinalis L. (Lamiaceae) is a medicinal
plant native to Southern Europe and Northern Af-
rica (1). Due to several applications in pharmaceuti-
cal, food and hygiene industries, M. officinalis has been
one of the most important commercial plants in recent
decades (2). The plant germinate naturally in sandy
and scrubby areas (3) but has also been reported to
grow on damp wastelands, at heights ranging from sea
level to the mountains (4).

There are three subspecies of M. officinalis: subsp.
officinalis L, subsp. inodora (Bornm) and subsp. a/¢issi-
ma (Sibth. & Sm.) Arcangeli or M. romana Miller (5).
However, only subsp. gfficinalis has commercial value
and the characteristic lemony odour of lemon balm (6).

M. officinalis has been credited with many medici-
nal attributes such as tonic, antispasmodic carminative,
diaphoretic, antidepressant, antispasmodic, antibacte-

rial, hypoallergenic (7, 8).

Essential oil yield ranged from 0.03 to 0.47% (9).
This is quite low compared to other members of the La-
miaceae family and is considered to be the reason for
the high production cost and price of essential oil in the
market. Moradkhani, Sargsyan (10); Usai, Atzei (5) re-
ported that the main constituents of the essential oil are
citral (geranial and neral), citronellal, -pinene, a-pinene,
[3-caryophyllene, totalizing 96% of the oil ingredients.

The essential oil of M. officinalis is a prominent
antimicrobial agent against food-borne pathogens
and food spoilage bacteria (11). It is currently used in
medicine and pharmacology (anti-tumor, anti-bacterial,
antimicrobial, antihistaminic, antispasmodic and anti-
oxidant, by means of its antiviral effect curing of herpes
(12, 13). It was also reported that M. officinalis contains
substances that inhibit protein biosynthesis in cancer
cells (14, 15) antiulcerogenic, moderate Alzheimer’s dis-
ease, modulation of mood and cognitive performance,
and stimulation of the immune system (against anti-

HIV-1) (16). Unsaturated fatty acids (UFA) function
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as major nutrients, constituents of cell membranes and
precursors of various signal molecules, and they are im-
portant in both the medical and, as they are involved
in the human inflammatory response, blood-pressure
regulation, cholesterol metabolism and brain develop-
ment (17, 18). Epidemiologic prospective cohort studies
have suggested that replacing saturated fatty acids with
carbohydrates is modestly associated with a higher risk
of ischemic heart disease, whereas replacing SFAs with
polyunsaturated fatty acids is associated with a lower
risk of ischemic heart disease (19).

Due to the continental and geographical conditions,
Tunisia is a suitable location for the growth of many me-
dicinal plants, which are genetically valuable resources
in fundamental and applied research in plant breeding.
However M. officinalis has been cultivated in some Eu-
ropean and Balkan countries, but not in Tunisia. Its oil is
sometimes adulterated with Cymébapogon spp.

The Tunisian M. officinalis has received little at-
tention, and previous studies have been focused mainly
on other species from Lamiaceae family, M. officinalis
vanished from many parts of Tunisia (20), but some
still preserved in two locations in the North West of
the country: Tabarka and Nefza (21). Therefore, an in-
vestigation of this genetic resource was needed for the
assessment of its biochemical composition. The objec-
tive of the present study is to determine the chemical
composition of the essential oil and fatty acid of M
officinalis cultivated in Tunisia.

Material and methods

Plant Material

The plant material was botanically characterized
by Dr Ben Brahim N. (Laboratory of science and ag-
ricultural techniques, National Agricultural Research
Institute of Tunisia (INRAT) according to the mor-
phological descriptions in the Tunisian Flora (20). Tu-
nisian seeds were harvested from sites found in north-
ern Tunisia (Tabarka and Nefza). Seeds of French M.
officinalis were provided by National Institute for Ag-
ricultural Research, and the German seeds were pro-

vided by the Institute for Food and Resource Econom-
ics (ILR) University of Bonn.

Isolation of essential oil

The leaves were air-dried (for 30 days) at room tem-
perature in a shadowy place, protected from direct light.
Each sample was powdered and mixed to ensure sample
uniformity. The essential oils were obtained from 100 g
(dry weight) of plant material using a Clevenger-type
Apparatus for 3 h. The hydrodistillation was performed
in three replicates, and the oils were stored at 4°C until
analysis by GC/MS. The average oil yields were estimat-
ed on the basis of the dry weight of the plant material.

GC/MS analysis

The oils were analyzed with a Hewlett-Packard
6890N/5975B inert GC-MSD system (Agilent, USA)
equipped with two cap. Columns, a HP-INNOWAX
(30 mx0.25 mm i.d., film thickness 0.25 pm) and an HP-
5MS (30 mx0.25 mm i.d., film thickness 0.25 pm) col-
umn (J&W Scientific, USA). The oven temperature was
programmed isothermal at 50°C for 1 min, then rising
from 50 to 250 °C at 28/min, and finally held isothermal
at 250°C for 15 min; injector temperature, 250 °C; ion
source temperature, 230 “C; carrier gas, He (high purity
99.99%; 1.2 ml min™); injection volume, 1 pl; split ratio,
100:1. The electron impact ionization mode was used with
an ionization voltage of 70 eV. Total ion chromatograms
were obtained over the scan range of 30-800 a.m.u in
the full-scan acquisition mode, and the compounds were
identified using the NIST05 and Wiley 7 databases with
a resemblance percentage above 85%. Semi-quantitative
data were calculated from the GC peak areas without
using correction factors and were expressed as a relative
percentage (peak area %) of the total volatile constituents
identified. Retention indices (RI) were determined for all
the detected compounds based on the retention times (tr)
of a homologous series of n- alkanes (C8-C30) (22).

Fatty acid methyl ester preparation

Triplicate samples of 1 g of M. officinalis leaves
were subjected to lipid extraction using a modified
version of the Bligh and Dyer (23) method. Thus, leaf
samples were kept in boiling water for 5 minutes then
ground manually using a mortar and pestle; chloroform/
methanol mixture (2:1 v/v) was used for lipid extrac-
tion. After washing by fixation water, the organic layer
containing lipids was recovered and dried under a nitro-

gen stream. Total fatty acids (TFAs) of total lipids were
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transmethylated using sodium methoxide solution (3%
in methanol) (24). Methyl heptadecanoate (C17:0) was
used as an internal standard. The fatty acids methyl es-
ters (FAMESs) obtained were subjected to GC analyses.

Results

Essential o1l

The M. officinalis samples cultivated under the cli-
matic conditions of the INRAT yielded a small amount
of essential oil. The oils were analyzed by GC/MS. For-
ty-two compounds were identified, representing about
(86.11%, 83.1%, 96.72% and 71.83%) of the total oils
obtained from Nefza, Tabarka, Germany and France re-
spectively. In addition to the differences in the essential
oil yield, the GC/MS analyses revealed qualitative and
quantitative differences in the composition between the
oils of the four origins (Table1).

GC/MS analysis showed that the oils of the Ger-
man population were characterized by the presence of a
significant aldehyde fraction (39.31; 27.71%) with gera-
nial and neral being the dominant components, together
with the sesquiterpene (12.23%) f3-caryophyllene. The
sesquiterpene caryophyllene oxide (27.06%) was found
to have the highest value in the French population, which
exhibited lower levels (7.12-4.29% respectively) geranial
and neral. Germacrene-D (32.08-27.06%) was the high-
est in the Tunisian samples Tabarka and Nefza, together
with the sesquiterpene caryophyllene (16.4- 14.7% re-
spectively).

Fatty acids

The total fatty acids (TFAs) extracted from the
French, German, Tabarka and Nefza populations account
for 95.38, 98.91, 94.65, 88.02 mg/g DW, respectively
(Table 2).

Leaves of the German, Tabarka and Nefza popu-
lations have the same FA composition. Linoleic acid is
the major compound reaching over (74.08, 70.75, and
66.74% respectively) of TFA followed by palmitic acid
(15.77, 15.82, and 13.32% resp), C18:1n-9 (oleic acid)
(6.29, 5.89 and 4.26 % resp) and C20:0 and (arachidic
acid) (1.06, 1.19 and 1.31% resp). The main FA of the
French samples was C18:2n-6 linoleic acid (73.93%),
C16:0 (palmitic acid) (16.25%), C18:1n-9 (oleic acid)

(4.62%) C20:0 (arachidic acid) (1.60%); and the C16:1
(palmitoleic acid) was not detected. Melissa officinalis
leaves were characterized by a high proportion of polyun-
saturated fatty acid (PUFA) linoleic acid (73.93-66.74%)
versus (16.25-13.32%) of saturated ones (SFA) oleic acid
and (6.29-4.26%) of monounsaturated (MUFA) palmitic
acid (Table 2). To the best of our knowledge, the foliar
fatty acid composition of M. gfficinalis is reported herein
for the first time. The proportion of the fatty acids did not

show any differences according to the origin of samples.

Discussion

Essential o1l

All the sampled populations of Melissa officinalis
yielded a small content of essential oil. These results
were similar to those found with Iranian M. officinalis
which produced 0.06-0.16% (2). However, this yield
was lower for M. officinalis grown in other countries
such as Turkey, for example, the total essential oil con-
tent ranged between 0.27-0.36%, (25). In Spain, the
yield was 0.5% as reported (26).

In previously investigated oils from cultivated M.
officinalis, the major components are aldehydes such as
citronellal, neral and geranial, and the sesquiterpenes
such as (E)-caryophyllene and caryophyllene oxide
were also important compounds (27). The Iranian oils
presented the citral (geranial and neral), citronellal and
geraniol as the main components of M. officinalis (10).
Algerian populations showed that the most domi-
nant constituents obtained were citral, citronellal and
caryophyllene oxide (28). The main components of oil
from Turkey, were citronellal (39%), citral (33%), cit-
ronellol, linalool and geraniol (29). Those results are
similar to our findings for the German and the French
samples. Essential oil content shows a strong depend-
ence genetic constitution of the different origins (30).

As it is known in the literature, the essential oil
of M. officinalis subsp. officinalis contains significant
amounts of citral and/or citronellal, whereas for the M.
officinalis subsp. altissima a strong belong to chemo-
type germacrene D.(30)

It is noteworthy that the main components of
the leaf oils of cultivated M. officinalis subsp. altissima
from Greek as o-caryophyllene (7.27-12.66%), ger-
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Table 1. Comparison of the essential oils isolated from different M. officinalis.

N° Components Content (%)

RI Nefza Tabarka Germany France
1 Camphene 954 - - - 1.29
2 £-3-carene 1011 0.32 - - -
3 (Z)-a-Ocimene 1026 - 0.5 - -
4 Citronellol 1229 - - 1.88 -
5 Neral 1240 - - 27.71 4.29
6 GeranialL 1267 - - 39.31 7.12
7 Thymol 1290 - - 0.4 -
8 o-ylangene 1372 0.42 - - -
9 a-Copaene 1376 0.72 0.54 - -
10 Geranyl acetate 1381 - - 1.42 -
11 Dehydro-ar-ionene 1389 0.84 - - -
12 (E)-a-Bergamotene 1412 0.55 - - 1.24
13 (E)- Caryophyllene 1419 1.36 1.25 - 1.06
14 -Caryophyllene 1420 14.7 16.4 12.23 8.92
15 o-cedrene 1432 0.52 0.27 - -
16 Alloaromadendrene 1439 - 0.59 - -
18 Aromadendrene 1441 0.3 - - -
19 a-Cubebene 1475 1.45 1.34 1.23 0.42
20 Germacrene D 1468 27.06 32.08 1.67 2.0
21 Bicyclogermacrene 1495 0.18 - - -
22 Cis-Calamenene 1521 0.75 - - -
23 [-sesquiphellandrene 1522 2.75 0.4 - 0.97
24 delta-Cadinene 1523 0.73 - - -
25 o -Cadinene 1524 0.34 - - -
26 gamma-Cadinene 1538 4.96 - 0.76 1.77
27 a-Calacorene 1542 0.71 1.23 - 0.76
28 Nerolidol 1559 0.9 - - -
29 Globulol 1568 0.42 - - -
30 Caryophyllenol 1572 0.91 1.47 0.5 2.23
31 Germacrene D-4-o0l 1574 0.72 - - -
32 Caryophyllene oxide 1576 9.54 16.61 8.76 27.06
33 Spathulenol 1578 0.49 - - -
34 Humulene oxide IT 1606 0.56 1.01 0.26 1.29
35 a-Cadinol 1654 4.61 3.24 - 5.64
36 t-Muurolol 1627 - - 0.59 -
37 iso Aromadendren epoxide 1641 0.77 - - 0.46
38 Farnesol 1743 - 0.49 - -
39 (B-2)Curcumen-12-ol 1756 0.53 - - -
40 Phytol 1949 6.96 5.68 - 3.64
41 epi manoyl oxide 1993 0.22 - - -
42 (E-E)-Geranyl linalool 2027 0.82 - - 1.59
Total compound 86.11 83.1 96.72 71.88
Monoterpene hydrocarbons 0.32 0.5 - 1.29
Oxygenated monoterpenes - - 70.72 11.41
Sesquiterpene hydrocarbons 57.79 54.1 15.89 15.98
Oxygenated sesquiterpenes 20 .82 22.82 10.11 39.52
Oxygenated diterpenes 7.18 5.68 - 3.64

Yield (%(w/w)) 0.038 0.032 0.164 0.140
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Table 2. Fatty acid percentages content of M. officinalis leaves
Fatty acid France Germany Tabarka Nefza
C16:0 (palmitic acid) 16.25 15.77 1582 13.32
C16 :1 (palmitoleic acid) - 1.71 1.00 147
C18 :1n-9 (oleic acid) 4.62 6.29 5,89 4.26
C18 :2n-6 (linoleic acid)  73.93  74.08  70.75 66.74
C20:0 (arachidic acid) 1.60 1.06 1.19 1.31
Total (%) 95.38 9891  94.65 88.02

macrene-D (34.79-51.50%), sabinene (0.91-14.68%)
and o-pinene (0.53-8.03%) (31). These compounds
have also been detected as the main ones in the stud-
ied Melissa oils of Greek origin from natural popula-
tions, whereas no citral or citronellal was detected. The
subspecies M. officinalis subsp. altissima exhibits a dif-
ferent chemical profile and the slight odoUr of lemon
perceptible during a short period of flowering is not
attributable to the presence of citral (32).

The presented results suggest the existence of two
different chemotypes in the species M. officinalis. We
declare the three chemotypes ct. caryophyllene oxide,
ct. citral and ct. germacrene D.

The present work provides for the first time data
about the chemical composition, qualitative and quan-
titative patterns of essential oils extracted from the Tu-
nisian Melissa officinalis. 'The analysis implies that the
samples from Tunisia, Tabarka and Nefza can belong
to the M. officinalis subsp. altissima , according to the
previous studies (31-30).

Fatty acids

To the best of our knowledge, the foliar fatty acid
composition of M. officinalis is reported herein for the
first time. The proportion of the fatty acids did not show
differences according to the origin of samples. The com-
parison between different Melissa evidenced a similarity,
at least with reference to the presence of the main fatty
acid constituents. It is noteworthy that previous findings
showed that the genus Sazureja, Origanum and Thymus of
the Lamiaceae family had some minor variations in fatty
acid composition, which are dominated by the chemo-
types of linoleic acid, palmitic acid and linolenic acid.(33)

In conclusion, the Tunisian lemon balm has not been
studied before, it is founded in small fragmented habitats.
Quantitative and qualitative differences between the es-

sential oils of Tunisian and introduced M. gfficinalis have
been revealed and three chemotypes have been detected
Interestingly, in terms of the dominant compounds, not
even trace amounts of neral, geranial, or of citronellal,
were detected in Tunisian samples Tabarka and Nefza,
which were dominated by germacrene-D. No significant
difference was identified with the composition of FA
from the four populations which are dominated by the
unsaturated fatty acids linoleic acid.
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Summary. Aim: Zeolites are tectosilicates which appear as minerals in nature and can also be synthesized in the
laboratory conditions. Clinoptilolite is a natural zeolite which has ion exchanging and adsorbent characteristics. We
have aimed to display the effect of clinoptilolite to apoptotic, autophagic and antioxidant characteristics of cancer
cell lines under oxidative stress conditions. Material and Methods: The cytotoxicity of clinoptilolite was evaluated us-
ing the MTT assay. The total antioxidant status was measured by the total antioxidant status (TAS) detection kit.
The western blotting analysis was performed in order to assess the protein expression levels of the apoptosis and to
autophagy markers like Beclin1, Bcl-2 and LC3B. Results: 24 hours incubation of cancer cells with clinoptilolite
reduced cell proliferation in a dose dependent manner. Clinoptilolite lowered the autophagy in cancer cells, in par-
ticular, directing the cells towards apoptosis and leading to a fall in the TAS levels. Clinoptilolite to cause a decrease
in antioxidant defence. Discussion: Parallel to these findings, it has been seen that there was an increase in apoptosis
and a decrease in autophagy in cells induced with hydrogen peroxide effect. In this study, clinoptilolite was shown to
cause a decrease in antioxidant defense.

Keywords: clinoptilolite, cancer, autophagy, apoptosis, antioxidant

Introduction

Zeolites are tectosilicates which have been hy-
drated, and which appear as minerals in nature and
can also be synthesized as artificial materials, in the
laboratory (1-2). It is known that there are more than
40 zeolite structures in nature, while there are a fur-
ther 229 types of zeolites which have been synthesized
(3). Zeolitization is the process of zeolite formation
from feldspathic rocks (4). This zeolitic transformation
cause their chemical stability in solutions at different
pH values which is essential for human applications
(5).

Zeolites have a big potential for biomedical ap-
plications. It has been shown that microporous Fau-

jasite Zeolite could be used as a drug delivery system
to facilitate the oral delivery of poorly water soluble
compound (6). Current needs for the synthesis and
characterization of novel mesoporous and micropo-
rous materials, which would be better suited for bio-
medical applications (7).

Zeolites have been used as hemostatic com-
ponents, gastro-protective drugs and antioxidative
agents. Clinoptilolite, is a natural zeolite, which has
ion exchanging and adsorbent characteristics and is
not toxic. It has been shown in previous studies that
clinoptilolite can be used as an auxiliary product in the
treatment of cancer (8,9). Pavelic et all. Also shown
that antiproliferative and proapoptotic effects of zeo-
lites can be used for tumor treatment (7).
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Zeolites can be used as antibacterial agents, es-
pecially when Ag is incorporated into these materials
by ion exchange. (10,11). Zeolites, are used for as bio-
sensor in some applications (12). Intestinal cell medi-
ated antiinflammatuar effects of clinoplitolite has been
shown in some studies (13, 14) Recent studies have
estabileshed a possible link “gut brain axis” between
intestinal microbiome and neurological disorders (15).

Based on the antioxidant effects of zeolites,
clinoptilolite’s antioxidant effects on hepatocytes, fol-
lowing partial hepatectomy in rats has been shown. It
is found that, the levels of malondialdehyde, has de-
creased which is an indicator of oxidative stress on the
liver tissue, following the oral application of clinop-
tilolite (16).

Programmed cell death is defined as regulated cell
death mediated by an intracellular program (17). De-
fects in the system of apoptosis play a very important
role in cancer. New cancer treatment strategies target
to reduce apoptotic mechanisms. There are pro-anti
apoptotic proteins like Bcl-2 in the process of apopto-
sis in the cell (18). Studies have shown that clinoptilo-
lite reduces cell viability, DNA synthesis and increases
apoptosis (16).

Autophagy is a cellular mechanism by which cel-
lular materials are delivered to the lysosome for degra-
dation. With this mechanism, cellular components are
recycled and cellular energy and precursors of macro-
molecules are obtained (19). Some studies reveal that
autophagy is associated with oncogenes and tumor
suppressor genes. The mechanism of the autophagic
process is controlled by a series proteins such as Bec-
lin-1, ATG5, LC3B, ULK (20)

Extensive research over the last two decades has
shown that ongoing oxidative stress also can cause
chronic inflaimmation, which can mediate cancer (21).
Thus extanuate oxidative stress is a potential strat-
egy for therapeutic prevention of cancer. In this study
we evaluated the effect of clinoptilolite on cell death
mechanisms on the leukemia of the human peripheral
blood monocyte cell line (THP-1) under oxidative
stress conditions. High levels of oxidative stress exhibit
cytotoxicity, inhibiting cell proliferation and leading to
apoptotic/necrotic cell death.

Material and Methods

Clinoptilolite (MEGADETOX® TMAZ® Tri-
bomechanisch Mikronisierter Aktivierter clinoptilo-
lite-Zeolith % 100), and the human peripheral blood
monocyte cell line (THP-1, ATCC®-TIB202TM-
THP-1 Manassas, VA, USA) were used in this study.
Cells were cultured with the Roswell Park Memorial
Institute1640 medium (RPMI 1640), containing 10
% FBS, 0.2 mM glutamine, 100 pg/ml streptomycin,
100 IU/ml penicillin at 37°C, under 5 % CO2 and 1
atm pressure. THP-1 cell line without clinoptilolite
(control) was used as negative control. Only 200 mM
H.O, treated group without clinoptilolite administra-
tion was used as positive control. Cells were incubated
with increase concentrations of clinoptilolite (5x107,
10°%, 5x10%, 10, and 10° M) for 24 hour. After incu-
bation with clinoptilolite, H,O, added each treated
groups and only H,O, treated group for 1hour.

The Measurement of Cytotoxicity

Clinoptilolite’s effect on cell viability was evaluat-
ed using the MT'T [3—(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay kit (Promega-The
CellTiter 96® Non-radioactive Cell Proliferation
Assay) This is a colorimetric assay for measuring cell
metabolic activity. It is based on the ability of nicoti-
namide adenine dinucleotide phosphate (NADPH)-
dependent cellular oxidoreductase enzymes to reduce
the tetrazolium dye MTT to its insoluble formazan,
which has a purple color.

THP-1 cells placed on 96-well plates with 2.5
x 10* cells in each well and incubated for 24 h, with
serum-medium. Then, the medium was replaced with
serum-free medium containing the clinoplitolite at in-
creasing concentrations (5x10%, 107, 5x10+, 10, and
10-* M) concentrations, based on MTT assay, followed
by incubation for 24 h. The absorbance was recorded at
570 nm using 96-well plate reader.

Total Antioxidant Status (TAS)

After incubation with serum-free medium con-
taining clinoptilolite for 24 h and H,O, for 1 hour, cell
lysates were prepared with lysis buffer. (Thermo Fisher
Scientific, Cat No: FNNO0021). The total antioxidant
status (TAS) was measured using the TAS detection kit
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(Rel Assay Diagnostic) in cell lysates. The absorbance
was recorded at 660 nm using 96-well plate reader.

Western blot analysis

After incubation with clinoplitolite cells were
washed with PBS and centrifugated, the supernatant
fluid was discarded and the cellular pellet was lysate in 1
ml RIPA buffer (Mybiosource, Cat No: MBS169028)
containing protease inhibitor cocktail. After 20 min
incubation with RIPA, the cell lysate was centrifuged
at 16.250 g, 20 min, 4°C. The supernatant was col-
lected and the amount of protein was calculated using
the Bradford reagent (Sigma Aldrich, USA). Western
blotting was performed with the following antibodies
Rabbit anti-beclin-1 (Santa Cruz, USA) and mouse
anti-Bcl-2 and anti-LCB (Santa Cruz, USA) were
used to determine autophagy and apoptosis related
protein expression levels.

Signals were detected with an imaging system
(Bio-Rad ChemiDoc MP Imaging System, Singa-
pore). The density was analyzed using Image J software
(W. Ras Band, Research Service Brunch, NIMH,
NIH, Bethesta, MD) and normalized with the signal
of actin for equal protein loading control of each sam-
ple and each experiment (20)

Statistical Analysis

Data were expressed as mean * standard deviation
(SD). Statistical analysis was performed using non-
parametric Mann—Whitney U test. P value < 0.05 ()
and < 0.01(**) was considered statistically significant.
Statistical analyses were performed using GraphPad
Prism 5 software.

Results

Cell Viability

Cell viability is a parameter for the proliferation
index of the cells.

24 hours incubation with clinoptilolite reduced
cell proliferation in a dose-dependent manner, in the
THP-1 cells. The non-toxic concentrations of 5x10°
5,10%, 5x10+, 10+, and 10 M clinoptilolite were deter-

mined according to the MTT results (Fig. 1)

The Total Antioxidant Status in the THP-1 Cells Treated
with Clinoptilolite

A statistically significant decrease was observed
in positive control (H,O, treated) group in TAS lev-
el, (*p<0.05). TAS levels were intent to increase with
clinoptilolite +H,O, treated groups but these increases
were not significantly important (Fig. 2)

The Autophagy Markers
The protein expressions of Beclin-1 and LC3-B,
the early and late markers of autophagy respectively
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Figure 1: Effect of different clinoptilolite doses on the viability
of THP-1cells measured by the MT'T assay.
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Figure 2: Graphical comparison of Total Antioxidant Status
(TAS) mmol/L values for the control, H,O,, and different doses
of clinoptilolite in the THP-1cells. Mean+SD, *p<0.05 for con-
trol group vs H,O,.
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and the expressions in the THP-1 cells incubated
with clinoptilolite for 24 hours and H,O, for 1 hour
were determined using the western blot method.
Beclin-1 protein levels were decreased in H,O, and
clinoptilolite incubated groups in a statistically signifi-
cant manner (*p<0.05, *p<0.001 respectively (Fig 3).
LC-3B protein levels were also decreased in H,O,
and clinoptilolite incubated groups in a statistically
significant manner (*p<0.05, **p<0.005 respectively)
There was no significant differences only in 5X10
concentration of clinoplitolite incubated group (Fig 4).

The Apoptosis Markers

BCL-2 is an anti-apoptotic marker. It is known
that some tumor containing cells inhibit apoptosis to
escape death.

We found significantly increased BCL2 protein
level in H,O, treated group compared with control.
Clinoplitolite was decreased this protein levels in all
concentrations. These decreases were statistically dif-
ferent from H,O, treated group.

Discussion

In the last twenty years, the routes followed in
the formation and treatment of cancer have changed

to a great extent, at molecular levels. Thus, today, tar-
gets have been revealed at numerous molecular levels
for the development of alternative cancer treatments,
which have started to be clinically implemented (22).
Strategically targeted alternative cancer treatments fo-
cus on fundamental signal mechanisms, along the lines
of cell growth and cell death (23).

Apoptosis, which is also known as programmed
cell death, is a physiological cellular process, which is
seen in organisms during their normal development
(24). Many anti-cancer drugs impact the DNA syn-
thesis and separation of cells in the tumor cell, causing
apoptosis inductions (25).

Autophagic cell death is characterized by the ap-
pearance of cytoplasmic organelles, such as mitochon-
dria and endoplasmic reticulum, or vesicles with two
or multiple membranes, which swallow the cytoplasm
mass. Autophagy can be a protective mechanism
against apoptosis. Damage to the autophagy process
contributes to the development of cancer (26).

At the same time, autophagy may also be a tu-
mor suppressant in the early stages of tumor forma-
tion. Reduced autophagy is found in tumor cells and
may be associated with malignant transformation. Un-
der these circumstances, the induction of autophagy
is seen to be beneficial for the prevention of cancer.
Together with this, autophagy could also support the
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Figure 3: Graphical comparison of protein levels of Beclin-1 us-
ing Western Blot for the control, H,O,, and drug groups at differ-
ent doses of clinoptilolite in the THP-1 cells. Mean+SD, *p<0.05
for control group vs H,O, group, H,O, group vs 5X10* M and
10" M clinoptilolite. *p<0.01 for H,O, vs 10° M clinoptilolite.

Figure 4: Graphical comparison of protein levels of LC-3B
using Western Blot for the control, H,O,, and drug groups at
different doses clinoptilolite in the THP-1 cells. Mean+SD,
*p<0.01 for control group vs H,O, group, H,O, group vs 10+
M and 10°M clinoptilolite **p<0.01
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tumor, when the presence of a tumor has been shown
(that is to say, it is a tumor inhibiting mechanism) and
cancer cells can use developed autophagy in order to
survive under metabolic and therapeutic stress (27).

In many studies have been shown that reactive
oxygen species (ROS) could be effective in the forma-
tion of autophagosomes, as well as having regulatory
effects on autophagy for cell death or survival. At the
same time, high levels of ROS within the cell, pro-
motes apoptosis (28).

Autophagy is an alternative mechanism, which is
used especially by tumor cells to survive (29). Accord-
ing to our findings, it was seen that clinoptilolite sup-
presses autophagy in THP-1 cells (Fig 3 and 4). Thus,
there was a negative effect on the survival rate of this
cancer cells. The inhibition of autophagy will result in
an increase in the inflaimmation within the cell, and
this will induce the cell towards apoptosis. In one study,
stated that inflammation in the cells would increase
during the process of getting away from autophagy
(30), authors also stated that apoptosis increases dur-
ing the process of inflammation (31). Similarly, in our
study, it was observed that autophagy had been inhib-
ited as a result of the application of clinoplilolite, and
that, in parallel with the information contained in the
literature, this inhibition had increased the level of ap-
optosis, but also led to a relative fall in the TAS level.

The effects of clinoptilolite on Bcl-2, which is an
anti-apoptotic marker, were also examined. The Bcl-2

Figure 5: Graphical comparison of protein levels of Bcl-2 using
Western Blot for the control, H,O,, and drug groups at differ-
ent doses clinoptilolite in the THP-1 cells. Mean+SD, *p<0.05
for control group vs H,O, group, H,O, group vs 5X10* M, 10
M and 10° clinoptilolite, **p<0.01 for H,O, vs 10 M clinop-
tilolite.

protein levels only showed an increase, when compared
to the control group, in the cells incubated with H,O.,.
Accordingly, incubation with H,O, has directed THP-
1 cell lines away from apoptosis, in order to protect
them from oxidative stress. In one study it has been
observed that hydrogen peroxide induced cytotoxicity
increased the levels of the Bcl-2 protein (32).

On the other hand, clinoptilolite incubation, was
significantly decreased the Bcl-2 levels, when com-
pared to the H,O, group (Fig. 5). Based on these find-
ings, it can be said that clinoptilolite suppresses the
anti-apoptotic routes and directs the cells towards ap-
optosis, in cells which have suffered oxidative damage.

Even if the previous studies in the literature have
yet to fully explain the relationship between clinop-
tilolite and apoptosis, in their study using macrophag-
es derived from human peripheral blood monocytes
and we can also say that clinoptilolite was increased
apoptosis in dose dependent manner in THP-1 cells
(Fig. 5).

As a summary, in concordance with the literature,
there was an increase in apoptosis and a decrease in
autophagy in cells induced with hydrogen peroxide ef-
fect. In this study, clinoptilolite was shown to cause
a decrease in antioxidant defense. Parallel to these
findings, it was seen that while clinoptilolite inhibits
autophagy, it directs cells to apoptosis. This apoptotic
effects of clinoptilolite may related to the suppression
of oxidative stress. There is still a need for more ex-
tensive and more descriptive research to promote the
clinical use of clinoptilolite in cancer. Further human
studies are necessary to understand clinoptilolite con-
tributions on anticancer therapy.
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Effects of (+) - catechin + quercetin usage before exhaustion
exercise on free radical and antioxidant enzyme levels
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Summary. Study Objectives: The aim of this study was to determine the effects of the use of (+) - Catechin +
Quercetin for 10 days before an exhaustion exercise on free radical and antioxidant enzyme levels. Mezhods:
The study was performed on 12 male Wistar rats (260-320 gr.) from the same family and animals divided
into two groups as a control and experimental group. After the first exhaustion exercise, rats in the experi-
mental group used (+) - Catechin + Quercetin in addition to the standard laboratory diet and they performed
the second exhaustion exercise. In the experimental group, 20 mg/kg (+) - Catechin + Quercetin substances
were dissolved in dimethyl sulfoxide and given 1 ml/kg while the control group received 1 ml/kg 0.05% di-
methyl sulfoxide by gavage in addition to standard laboratory diet daily for 10 days. SOD, CAT, GPx, GST,
and MDA levels were measured by spectrophotometer. The IBM SPSS Statistics 24.0 was preferred for the
statistical analysis. The repeated measures two-factor variance analysis was used to determine the difference
between control and experimental groups. Results: It was determined that antioxidant enzyme levels (SOD,
CAT, GPx, and GST levels) in rats using (+) - Catechin + Quercetin for 10 days before an exhaustion exercise
were higher than those of the control group. Despite that, it was determined that MDA levels in rats using (+)
- Catechin + Quercetin for 10 days before an exhaustion exercise were lower than those of the control group.
Conclusion: It can be said that the use of (+) - Catechin + Quercetin can reduce the amount of MDA which
is the end product of lipid peroxidation in exercise and may create a protective effect against free radicals and
increase the levels of antioxidant enzymes and strengthen the antioxidant defense systems of the cells and
have a positive effect on exercise performance.

Key words: antioxidants, catechin, exhaustion exercise, free radicals, quercetin

Introduction

Physical activity and exercise have exhaustion
impact mechanisms according to the type of physical
activity and exercise besides protecting human health.
In both human and animal experiments, their bodies
have been found to have the ability to adapt to internal
and external sources of stress. In addition, Yagmur et
al. (2019) stated that exercise is a physical stressor that
causes hormonal, metabolic, cardiovascular and immu-
nological changes and that stress can affect the body
during heavy exercise (1).

Although physical exercise has many beneficial

effects on health, there are some findings showing that

reactive oxygen species and free radical formation are
increased particularly during heavy exercise, and that
oxidative damage occurs in muscles, liver, blood and
other tissues (2-6). The degree of the oxidative damage
that can occur during physical exercise is determined
not only by the production of free radicals, but also by
the defense capacity of antioxidants. Superoxide dis-
mutase (SOD), catalase (CAT) and malondialdehyde
(MDA) provide the first line of defense against reactive
oxygen species produced during exercise. Therefore,
exercise is thought to directly affect these enzymes (7).

It is known that exercise is a source of stress that
causes the formation of oxidative stress by increasing
the production of free oxygen radicals, whereas it in-
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creases resistance against oxidative stress by affecting
the activity of antioxidant enzymes. Cells have enzy-
matic and non-enzymatic defense mechanisms in or-
der to minimize or eliminate the damage caused by free
radicals particularly the ones produced through physi-
cal activity and exercise. Antioxidant enzymes such as
SOD, CAT, selenium-dependent glutathione peroxi-
dase (GPx) glutathione-S-transferase (GST) consti-
tute the enzymatic defense mechanisms. Vitamin C,
vitamin A, vitamin E, flavanoids, melatonin, uric acid,
haptoglobin, albumin, cysteine, ceruloplasmin, trans-
ferrin, lactoferrin, ferritin, oxypurinol, ubiquinone
(coenzyme Q10), bilirubin, mannitol, lipoic acid, and
hemopexin are non-enzymatic defense mechanisms
having antioxidant contents (8). Although Flavanoid
(+) - Catechin and Quercetin, which are among the
non-enzymatic defense systems, are present in dif-
ferent forms, they have a structure preferred both in
experimental studies and as ergogenic support due to
their antioxidant effects. In addition to superoxide, li-
pid alkoxyl, peroxyl and nitric oxide radical scavenging,
iron and copper chelation, a-tocopherol regeneration
functions of flavonoids and other plant phenolics, they
have also a vasodilator, immunostimulant, antiallergic,
estrogenic, antiviral (against HSV, HIV, Influenza,
and Rhinoviruses) effects (9, 10). In a study by Hayek
et al. (1997) on (+) - Catechin and Quercetin, which
are known to have different mechanisms of action in
the literature, it was reported that (+) - Catechin and
Quercetins bind to LDL particles by ether bonding,
reducing susceptibility to oxidation and aggregation
(11).

Phenolic antioxidants interact with lipid oxida-
tion in such a way as to rapidly give H + to lipid radi-
cals. Its function is to break down lipid peroxyl and
alkoxyl radicals and thus terminate the lipid peroxida-
tion chain reaction (12). As is known, MDA occurs
as the final product in the peroxidation of fatty acids
containing three or more double bonds. The effect of
Catechin on lowering lipid peroxidation level is asso-
ciated with the fact that Catechin has direct free radi-
cal scavenging activity due to the excess of hydroxyl
groups (13, 14), its function of breaking down free
radical chain reaction by working synergistically with
alpha-tocopherol to give hydrogen molecule for the
regeneration of alpha-tocopherol (15), its preventing

oxidation of low-density lipoproteins (16) and/or it’s
preventing free radical formation by binding iron and
copper by acting as a chelator (17).

Yu et al. (2010) stated that flavonoid supplemen-
tation not only reduces free radical formation but also
removes free radicals and improves endurance exer-
cise performance by reducing muscle fatigue (18).
Quercetin is an important flavonoid that prevents the
formation of free oxygen radicals in cells and provides
protection against lipid peroxidation. Kocabas et al.,
(2008) found that plasma MDA levels of rats given
Quercetin were lower than those of the control group
(p<0.05) (19). Duarte et al. (2001) observed a decrease
in MDA levels in rats after 5 weeks of use of Querce-
tin (20).

There are various studies in the literature on the
effects of (+) - Catechin and Quercetin given through
diet on antioxidant defense systems (SOD, CAT, GPx,
and GST) to prevent damage caused by exercise-
induced free radicals (21-28). Goktepe and Giinay
(2014) examined the effects of Quercetin on MDA,
SOD, GPx and GST levels in rats. They found that
Quercetin, which was administered through diet for
10 days, had a protective effect against free radicals
by reducing the amount of MDA under exhaustion
exercise conditions and strengthened the antioxidant
defense systems of the cells by increasing the antioxi-
dant enzyme levels (SOD, CAT, GPx, GST) (29). In
another study, it was found that (+) - Catechin, which
was applied as a diet for 10 days, decreased MDA level
under exhaustion swimming exercise conditions and
increased antioxidant enzyme levels (SOD, CAT, GPx,
GST) (30).

In the literature, there is no study in which (+)
- Catechin and Quercetin flavonoids that have differ-
ent effect mechanisms are used together with diet and
which investigates their effects on exhaustion exercise-
induced lipid peroxidation and antioxidant enzyme
levels (SOD, CAT, GPx, GST). Although the bioa-
vailability of (+) - Catechin and Quercetin is relatively
well documented, data on the effect of a relationship of
these two flavonoids on their absorption and metabo-
lism in dietary intake is still lacking. In addition, previ-
ous studies have reported that flavonoids may interact
with each other, and these interactions may demon-
strate effective competition against drugs for syner-
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gistic antioxidant properties or metabolic enzymes
(31-35). Therefore, the current study is important in
terms of determining the effects of dietary intake of
(+) - Catechin + Quercetin together on free radical and
antioxidant enzyme levels during exhaustion exercise.
In this connection, the purpose of the current study
is to reveal the protective effects of (+) - Catechin +
Quercetin by comparing MDA values and antioxi-
dant levels as the final product of lipid peroxidation,
which is the indicator of the effects of free radicals on
membrane lipids after exhaustion swimming exercise,
between the control and experimental groups. The hy-
potheses of the study are given below;
a) The use of (+) -Catechin + Quercetin for 10 days
before an exhaustion exercise increases SOD level.
b) The use of (+) -Catechin + Quercetin for 10 days
before an exhaustion exercise increases CAT level.
c) The use of (+) -Catechin + Quercetin for 10 days
before an exhaustion exercise increases GPx level.
d) The use of (+) -Catechin + Quercetin for 10 days
before an exhaustion exercise increases GST level.
e) The use of (+) -Catechin + Quercetin for 10 days
before an exhaustion exercise decreases MDA level.

Materials and Methods

Characteristics and Diet of the Rats

Twelve male Wistar Albino rats weighing 260-
320 ¢ from the same family were used in the current
study. The rats were randomly divided into two groups
as the control group (n = 6) and the experimental
group (n = 6). The rats were quarantined for 10 days,
six rates in one cage before the experiment. All the
rats were fed in special cages with standard laboratory
diet and water. The rats were subjected to 12 hours of
light and 12 hours of dark photoperiod at room tem-
perature of 18-22 ° C. In addition, the temperature in
the laboratory was 18-22 ° C and the relative humidity
was 50 + 10%.

Application and Experimental Design

After the 10 day-quarantine, all the rats per-
formed exhaustion swimming exercises twice at differ-
ent times (at an interval of 10 days) in a water tank of
80 x 60 x 60 cm®. The exhaustion criterion was deter-

mined as the initiation of uncoordinated movements
of the rats and/or their are remaining motionless for
10 seconds underwater (29). The water temperature in
the water tank was 28°C. 'The rats performed all the ex-
ercises between 09:00 and 10:00 in the morning when
they were full. In both exercises, rats were dried by a
towel and then blood was taken from them.

First exercise: After the 10-day quarantine, all the
rats performed the exhaustion exercise without using
any substance other than the standard laboratory diet.
After the exhaustion exercise, blood was taken from
their hearts.

Second exercise: After the first exhaustion exercise,
the rats in the experimental group used (+) - Catechin
+ Quercetin in addition to the standard laboratory diet
and they performed the second exhaustion exercise.
In the experimental group, 20 mg/kg (+) - Catechin +
Quercetin substances were dissolved in dimethyl sul-
foxide and given 1 ml/kg while the control group re-
ceived 1 ml/kg 0.05% dimethyl sulfoxide by gavage in
addition to standard laboratory diet daily for 10 days.
Sigma-Aldrich brand (+) - Catechin, Quercetin, and
Dimethyl sulfoxide were used throughout the experi-
ments.

Biochemical Analyses
Preparation of Erythrocytes and Taking Blood Samples
from Rats

In the experiment, blood was taken from the hearts
of the animals after both exhaustion exercises into hep-
arinized tubes with the help of a vacutainer. In the blood
samples, erythrocytes were separated from the plasma
through centrifugation at 1600 rpm +4 ° C for 5 min.
They were then washed in cold 0.9% NaCl solution.
The supernatant was carefully separated after each wash.
Erythrocytes were suspended in pH 7.4 phosphate
buffer. Hemoglobin concentration was determined ac-
cording to the Drabkin (1946) method (36). Cell mix-
tures were stored at -20 ° C for 24 hours. Cells were
detonated by forming an osmotic pressure difference
with water and centrifuged at 2500 rpm. For 10 min-
utes. MDA level, SOD, CAT, GPx and GST activities
of the obtained supernatants were measured by using a
spectrophotometer (Shimadzu UV-1700, Japan).

SOD enzyme: In the determination of the total
SOD levels, increasing absorbance was measured by
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autoxidation of pyrogallol at 440 nm in alkaline medi-
um using the Marklund and Marklund (1974) method
(37). One unit total SOD activity was calculated as
the amount of protein that caused 50% inhibition of
autoxidation of pyrogallol. The SOD activity was de-
termined as U / mg hemoglobin.

CAT enzyme: The activity of the CAT enzyme was
determined with the method specified by Aebi 1984
(38). Decreasing absorbance indicating the breakdown
of H,O, was measured at 240 nm. Changes in absorb-
ance per unit time were taken as a measure of CAT
activity. Enzyme activity was given in U / mg hemo-
globin unit.

GPx enzyme: The determination of the GPx level
was made according to the method specified by Paglia
and Valentine 1967 (39). Oxidation of NADPH to
Nicotinamide-adenine-dinucleotide phosphate causes
a decrease in absorbance at 340 nm, thus indirectly
used in the determination of the activity of GPx. Hy-
drogen peroxide was added to this mixture to initiate
the enzymatic reaction and absorbances were read at
340 nm for 3 minutes. GPx activity was calculated as
the amount of NADPH spent per unit time and the
specific activity of the enzyme was determined as U /
mg hemoglobin.

GST enzyme: GST determination was performed
according to the method developed by Habig et al. and
1-chloro-2.4-dinitrobenzene (CDNB) was used as the
substrate for all isozymes of GST (40). The absorb-
ance at 340 nm was read for the determination of the
enzyme activity. GST specific activity was given as U
/ mg hemoglobin.

Determination of the Amount of MDA: In order to
determine the amount of MDA based on the method
used by Ohkawa et al. (1979), the amount of MDA,
the end product of lipid peroxidation reacting with
thiobarbituric acid (TBA) at 532 nm, was measured
(41). The absorbance of the mixture added with TBA
was read at 532 nm on the spectrophotometer. The
amount of MDA was determined as nmol/mg hemo-

globin.

Ethical Approval

The current study was conducted in the Biology
Laboratory, Faculty of Science and Letters, Gazi Uni-
versity and the ethical approval for the study was given

by Gazi University, Animal Experiments Local Ethics
Committee under the number G.U.ET-10.091.

Statistical Analysis

Statistical analysis of the data was conducted
with the IBM SPSS Statistics 24.0 program package.
The repeated measures two-factor variance analysis
(2 groups X 2 times) was used for the analysis of the
obtained data. In addition, the percent difference of
the variables between two exhaustion exercises was
calculated using the formula “A% = ((Post-test — Pre-
test) / Pre-test) x 100” (42). The confidence interval
was 95% and the level of significance was set at p<

.05.

Results

In this section, the effects of 10-day use of (+) -
Catechin + Quercetin on rats’ free radical markers and
antioxidant enzyme levels are presented.

It was found that there was a difference in SOD
levels according to the measurement times (F= 49.339;
p=.001). However, there was also a difference between
the SOD levels of the groups. (F= 8.810; p= .014). In
addition, the interaction between the groups and the
measurement times was statistically significant (F=
34.111; p= .001). Accordingly, it was determined that
an increase of 20.21% was observed in the SOD levels
of the experimental group (Table 1).

It was found that there was a difference in CAT
levels according to the measurement times (F =
71.361; p = .001). However, there was also a difference
between the CAT levels of the groups (F = 15.398; p=
.003). In addition, the interaction between the groups
and the measurement times was statistically significant
(F=52.758; p= .001). Accordingly, it was determined
that an increase of 41.16% was observed in the CAT
levels of the experimental group (Table 2).

It was found that there was a difference in GPx
levels according to the measurement times (F= 16.633;
p=.002). However, there was also a difference between
the GPx levels of the groups (F= 25.875; p= .001). In
addition, the interaction between the groups and the
measurement times was statistically significant (F=
18.091; p=.002). Accordingly, it was determined that
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an increase of 49.95% was observed in the GPx levels
of the experimental group (Table 3).

It was found that there was a difference in GST
levels according to the measurement times (F= 27.455;
p=.001). However, there was also a difference between
the GST levels of the groups (F= 15.357; p=.003).
In addition, the interaction between the groups and
the measurement times was statistically significant (F=

15.357; p=.003). Accordingly, it was determined that
an increase of 33.80% was observed in the GST levels
of the experimental group (Table 4).

It was found that there was a difference in MDA
levels according to the measurement times (F=105.311;
p=.001). However, there was also a difference between
the MDA levels of the groups (F= 117.788; p=.001).
In addition, the interaction between the groups and

Table 1. Effect of using 10 daily (+) - Catechin + Quercetin on SOD (U/mg)

First Exercise ~ Second Exercise Total
Groups / Times N = = = A% F P
X+SD X+SD X+SE
Control 593.40+23.73 605.23+24.74 599.31+8.74 1.99 4.810 014*
Experimental 6 571.68+37.79 700.30+20.70 635.99+8.74 20.21 ' '
Total 12 582.54+32.15  652.77+54.20 Interaction

F=49.339; p=.001**

F=34.111; p= .001*

*$<0.05; *p<0.01; X Mean; 8.D.: Standard Deviation; S.E.: Standard Error; A%: Percentage difference of the time points

Table 2. Effect of using 10 daily (+) - Catechin + Quercetin on CAT (U/mg)

First Exercise Second Exercise Total
Groups / Times = = = A% F P
X+SD X+SD X+SE
Control 249.47+27.36 257.37+24.66 258.16+8.71 3.17 15.398 003"
Experimental 254.76x27.63 359.61+25.83 352.15+8.71 41.16 ’ '
Total 252.12+26.36 308.49+58.57 Interaction

F=.71.361; p= .001**

F= 52.758; p= .001**

$<0.01; X Mean; 8.D.: Standard Deviation; S.E.: Standard Error; A%: Percentage difference of the time points

Table 3. Effect of using 10 daily (+) - Catechin + Quercetin on GPx (U/mg)

First Exercise Second Exercise Total
Groups / Times N = = = A% F P
X+SD X+SD X+SE
Control 6 26.83+2.76 26.54+3.66 27.24+ 98 -1.08
25.875 .001*
Experimental 6 27.65+£3.91 41.46+5.04 34.00+1.27 49.95
Total 12 27.24+3.25 34.00+8.82 Interaction

F=16.633; p=.002** F=18.091; p= .002**

“$<0.01; X Mean; S.D.: Standard Deviation; S.E.: Standard Error; A%: Percentage difference of the time points

Table 4. Effect of using 10 daily (+) - Catechin + Quercetin on GST (U/mg)

First Exercise Second Exercise Total
Groups / Times N = = = A% F P
X+SD X+SD X+SE
Control 6 35.33+3.47 37.82+1.96 35.39+ .96 7.05
15.357 .003**
Experimental 6 35.44+3.14 47.34+3.88 42.58+ .89 33.80
Total 12 35.38+3.15 42.58+5.78 Interaction

F=27.455; p= .001* F=11.760; p= .006**

p<0.01; X Mean; 8.D.: Standard Deviation; S.E.: Standard Error; A%: Percentage difference of the time points
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the measurement times was statistically significant (F=
68.723; p= .001). Accordingly, it was determined that
a decrease of 53.89% was observed in the MDA levels

of the experimental group (Table 5).

Discussion

In addition to superoxide, lipid alkoxyl, peroxyl
and nitric oxide radical scavenging, iron and copper
chelation, a-tocopherol regeneration functions of
flavonoids and other plant phenolics, they have also
a vasodilator, immune-stimulant, antiallergic, estro-
genic, antiviral (against HSV, HIV, influenza, and
rhinoviruses) effects (12). A member of the flavonoid
family, catechin is a flavonoid that is abundant in bev-
erages such as fruit juices, red wine, and green tea and
chocolate. In addition, recent studies have shown that
catechin has anticarcinogenic, antimutagenic and hy-
podermic effects (43). Another member of the flavo-
noid family, quercetin is a bioflavonoid that is widely
available in fruits and vegetables. Quercetin directly
removes free radicals, inhibits lipid peroxidation, iron
chelation, and strengthens antioxidant defense (44).
Quercetin is known to reduce or prevent oxidative
damage by improving antioxidant enzyme activity or
by reducing lipid peroxidation (45-47). Changes in the
levels of antioxidant enzymes in the blood as an in-
direct result of oxidative stress induced by exhaustion
exercise are evaluated either alone or in combination
with other oxidative stress indicators, MDA.

In the current study, the levels of free radical and
antioxidant enzymes before giving (+) - Catechin +
Quercetin (first exercise) and free radical and anti-
oxidant enzyme levels after (+) — giving Catechin +
Quercetin (second exercise) were measured in the ex-

perimental and control groups. In this context, it was
found that there were significant decreases in MDA,
which is the end product of lipid peroxidation, in the
experimental group (rats consuming (+) - Catechin +
Quercetin for 10 days) compared to the control group
(p<0.001). It was also found that antioxidant enzyme
levels (SOD, CAT, GPx, and GST) increased signifi-
cantly after (+) - Catechin + Quercetin intake com-
pared to the control group (p<0.001).

The effects of flavonoids on lipid peroxidation
have been studied by many researchers and it has been
shown that flavonoids significantly lower MDA lev-
els (48-52). It was observed that cisplatin caused an
increase in the amount of MDA in the rat kidney,
whereas Quercetin decreased the increase in this lipid
peroxidation (53). Ciftci (2013) reported that Querce-
tin administered to rats has a reducing effect on MDA
and may also prevent degenerative changes in the
heart vessels (54). Hollman et al. (1995) found that
antioxidant capacity was significantly higher and lipid
peroxidation was inhibited in rats fed with a diet con-
taining 0.2% Quercetin compared to the control group
(55). In another study, which tried to determine the
antioxidative efficacy of Quercetin, they found that 2
weeks of Quercetin administration caused a decrease
in MDA level in rats (56). Goktepe and Giinay (2014)
also concluded that Quercetin application had a pro-
tective effect against free radicals in rats by reducing
the amount of MDA, the end product of lipid peroxi-
dation (29).

Catechin, another flavonoid, is known to exhibit
protective behaviour against pathologies such as cell
toxicity, cancer development, and free radical oxida-
tion. In a study, it was reported that Catechin admin-
istration in rats significantly reduced the consumption
of a-tocopherol and the accumulation of lipid perox-

Table 5. Effect of using 10 daily (+) - Catechin + Quercetin on MDA (nmol/mg)

First Exercise Second Exercise Total
Groups / Times N = = = A% F P
X+SD X+SD X+SE
Control 6 18.94+1.00 17.87+1.36 18.89+ .35 -5.81
117.788 .001™*
Experimental 6 18.84+1.37 8.71+1.01 13.29+ .35 -53.89
Total 12 18.89+1.15 13.29+4.92 Interaction

F=105.311; p= .001**

F=68.723; p= .001**

“p<0.01; X Mean; 8.D.: Standard Deviation; S.E.: Standard Error; A%: Percentage difference of the time points
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ides in plasma (57). According to the result of the cur-
rent study, the use of (+) - Catechin and Quercetin is
similar to that of flavonoids in the literature on MDA.

Antioxidants remove free radicals in the environ-
ment. For this purpose, SOD, CAT, and GST are in
antioxidative defense (58). Quercetin has a wide range
of therapeutic properties such as antioxidant, anti-
toxic, anti-cancer, anti-variant, anti-diabetic, anti-in-
flammation, cardiovascular effects, which are particu-
larly beneficial to health (59-65). It is also known that
catechins act as antioxidants by removing free radicals
from the environment (66). Indeed, Phachonpai et al.
(2010) reported that quercetin administered to rats in-
creased SOD, CAT and GPx enzyme levels (27). In
another study, it was found that Quercetin, which was
administered for 2 weeks, increased SOD, CAT, and
GPx enzyme levels in rats (56). Gargouri et al. (2011)
reported that quercetin administration increased SOD
and CAT enzyme levels in human lymphocytes (67).
Bu et al. (2011); in their study investigating the pro-
tective effect of Quercetin against cadmium-induced
oxidative toxicity in testicular germinative cells of
mice, reported that test animals were administered
cadmium (4mg/kg/day) and quercetin (75mg/kg/day)
for two weeks and at the end of the study antioxidant
enzyme activities (SOD and GSH-Px) were signifi-
cantly improved and lipid peroxidation and hydrogen
peroxide production were controlled significantly (68).

In relation to the effects of Catechin on antioxi-
dant enzyme levels, Chan et al. (2002) reported that
Catechin is an effective antioxidant that increases SOD
activity in rat astrocytes (69). In another study, it was
concluded that catechin increased the levels of SOD,
GPx, and CAT enzymes (70). Sadowska-Krepa et al.
(2008) stated that exercise type and intensity may af-
fect the response of antioxidant defense systems and as
a result, they found that red grape extract with Catechin
content slightly increased antioxidant enzyme levels
(SOD, CAT, and GPx) in the experimental group after
interval swimming test compared to the control group
(71). Yu et al. (2010) examined CuZn-SOD and GPx
activities in order to determine the effects of Cynomo-
rium Songaricum as a flavonoid extract with Catechin
content on swimming resistance and free radicals of rats
and reported that the group’s given flavonoid extract
have higher antioxidant enzyme levels than the group

not given (18). The results of the studies in the literature
showed that Catechin and Quercetin increased antioxi-
dant enzyme activities. The results of the current study
are similar to the ones reported in the literature in terms
of the effects of Catechin and Quercetin on antioxidant
defense mechanisms.

Conclusion

It was found that at the increasing free radical
level as a result of exhaustion exercise, the use of (+)
- Catechin + Quercetin together resulted in a decrease
of 36.79% in the level of MDA, the end product of li-
pid peroxidation. In addition, it resulted in an increase
of 18.48%, 36.41%, 56.52%, and 26.50% in the levels
of antioxidant enzymes SOD, CAT, GPx, and GST,
respectively. This result shows that (+) - Catechin +
Quercetin administered during exhaustion exercise
will decrease free radical enzyme levels and increase
antioxidant defense enzyme levels. Considering the
results of the study, it is recommended that (+) - Cate-
chin and Quercetin can be taken together through diet
by individuals engaged in exhaustion exercise. In this
way, the athletic performance of the individuals doing
a exhaustion exercise can be enhanced.
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Summary. This study with a placebo-controlled experimental design intends to investigate the effect of short-
term Royal Jelly (R]) on the testosterone levels in sedentary men at a dose of 1000 mg/day. For this purpose,
a total of 20 adult sedentary men aged 21 to 23 were included in this study. The subjects visited the laboratory
every day for 15 days between 08:00 and 10:00 to get their portion of royal jelly. The subjects were randomly
divided into two groups, namely the experimental group (n = 10 individuals, 1000 mg/day of Royal Jelly) and
the placebo group (n = 10 individuals, corn starch mixed with 1000 mg/day of water) and they took royal jelly
in glass vials at the same time. Blood samples were taken from both groups of subjects one day before and one
day after the study and analyzed to determine their testosterone levels. 2x2 mixed factor ANOVA and LSD
tests were used to analyze data obtained from the experimental and the placebo group. A sharp increase in the
testosterone levels of the experimental group that took RJ for a short time was found to be statistically signifi-
cant (p<0.05). The pre- and post-test values of the placebo group were not found to be statistically significant
(p>0.05). The study shows that a short-term 1000 mg/day dose of R] supplements was effective in increasing
testosterone levels in sedentary, healthy men.

Key words: testosterone, royal jelly, supplement

Introduction bees. While the queen bee can produce eggs almost

twice its own weight per day with exceptional produc-
gntp y P P

Royal jelly is a special nutrient secreted by the hy-
popharyngeal and mandibular glands of young worker
honey bees. The queen bee and the worker bee have
the same genetic structure during hatching. However,
dietary differences during the larval period leads to the
distinction between the queen and the worker bee. All
fertilized bee eggs are fed with royal jelly during the
first three days of maturation (1-3). From the third day
onwards, larvae fed with a mixture of royal jelly, honey
and pollen produce worker bees while larvae fed with
pure royal jelly that is a homogenous substance rich in
water, and include rich water, proteins, carbohydrates,
lipids, vitamins and minerals (4-9), produce queen

tivity, worker bees, though female, cannot lay eggs (3).
In the literature, the biological and pharmacological
effects of royal jelly on humans, animals and culture
cells have been studied. Studies that used rats and mice
as test subjects to examine the antibacterial, fungal, an-
tiviral and antiparasitic effects of royal jelly have dem-
onstrated estrogenic and gonadotropic effects (10-12),
effect on growth and development (13-15), impact
on increased life expectancy (16), role in preventing
hypoxia and increasing oxygen carrying capacity (17-
19), role in increasing fertility in male rabbits, rats and
mice (20-23), role in increasing reproductive capacity
in sheep and rats (24-27), association with high sperm
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quality, increased sperm concentration and motility
(28), testicular protective effect (29), role in protecting
the autoimmune system (30), preventing inflamma-
tion (31, 32), protecting against cancer (33), protecting
the cardiovascular system (34, 35), minimizing neural
damage, supporting memory (36), as well as antioxi-
dative properties and role in mitigating osteoporosis,
protecting the liver and preventing liver damage (18,
37-39). In a similar vein, studies that examined the ef-
fects of royal jelly on humans have demonstrated that
it reduces fatigue, improves performance (10, 40), has
a positive impact on blood parameters with regards to
cancer, allergies and wound healing (41-46), causes a
decrease in lipid metabolism, prevents cardiovascular
occlusion, dilates the veins, regulates the blood pres-
sure (47-50), has an antioxidant effect and protects
against radiation (51-54), has positive effects on fertil-
ity in both men and women (55). However, there is
limited information regarding the effect of short-term
using the royal jelly, as 15-day intake, on serum testos-
terone levels in humans. At this scope, it is considered
that the present study has an importance.

It is said that royal jelly has an estrogenic effect and
a positive impact on reproduction in humans and
animals. We hypothesized that short-term royal jelly
intake increases testosterone levels in sedentary and
healthy individuals. The purpose of this study was to
investigate the effects of royal jelly supplements on the
testosterone hormone.

Materials and methods

Participants

The study protocol was approved by the Ethics Com-
mittee of Gaziantep University (2017-311) and a vol-
untary consent form was obtained from all participants
before the study. The power analysis was performed for
sample size with GPower 3.1. with a priori test pro-
tocol.

A total of 20 healthy, sedentary men (Table 1) aged 21
to 23 participated voluntarily in the study. Healthy in-
dividuals without a chronic disease who do not smoke
and who do not train regularly were included in the
study. As per the exclusion criteria, individuals with a
chronic disease, who smoke and train regularly were

not included in the study. Besides, the reason for our
age limitation was for reach to individuals who were in

their first adulthood after puberty.

Study Design

This is a study with a placebo-controlled experimental
design. A total of 20 male subjects were randomized
with the stratified randomization method and divided
into two equal groups. The subjects visited the labora-
tory every day for 15 days between 08:00 and 10:00
to get their portion of royal jelly. The placebo group
(n = 10) took corn starch mixed with 1000 mg/day
of water in glass vials for 15 days between 08:00 and
10:00, while the experimental group (n = 10) took a
1000 mg/day of pure royal jelly supplement during
the same hours. Royal Jelly (Civan, Bee Farm, Bursa)
was prepared in 1000 mg glass vials according to cold
chain criteria and stored in a refrigerator. The subjects
were instructed not to engage in any physical exercise
or strenuous physical activity for 15 days.

All types of nutrients taken by the subjects along with
their names and the quantities consumed were record-
ed during one-on-one interviews for seven days. The
results of these records were calculated as daily aver-
age nutritional values. Energy levels, macronutrients
(carbohydrates, fat, protein), micronutrients (vitamins,
minerals) and fluid intake of the subjects who were
asked to maintain their dietary habits throughout the
experiment were analyzed with certain nutrients ru-
ining the dietary balance of the group removed from
the program to better monitor their diets. Testosterone
hormone levels were measured in 5 ml of blood taken

Table 1. Descriptive parameters of the study subjects

Mean SD

_ Age 21.70 1.16
gﬁﬁg‘gﬁf{gi Height 177.60 6.13
Weight 71.53 6.42

BMI 22.69 1.81

Age 23.00 1.16

Placebo Height 174.30 6.53
Group (n=10)  Weight 70.06 8.88
BMI 23.08 2.58

8D. standard deviation; BMI. body mass index. There is no
significant difference between groups in descriptive parameters

(p>0.05)
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Table 2. Statistical analysis of testosterone levels in the experimental and the placebo group

Experimental Group (n=10)

Placebo Group (n=10)

Mean SD Mean SD
Pre-test 453.74 81.21 459.93 107.45
Post-test 510.25* 70.50 466.03 108.09
Testosterone (ng/dL) Difference 56.51° 34.59 6.10 45.53
p (between pre-post tests) 0.003 0.546
p (between groups) 0.001

a. significant difference between the pre-post tests (p< 0.05); b. significant difference between the groups (p< 0.05); SD. standard deviation

before and after the study.

Measurement of serum testosterone level

One day before and after taking royal jelly supplements,
venous blood samples of 5 ml were taken from the right
arms of fasting participants between 09:00 and 10:30
in the central laboratory of the Medical Faculty Hos-
pital of Gaziantep University. The samples were placed
in tubes with yellow covers. The blood samples collected
were centrifuged for seven minutes at 4000 rpm in a
Niive-NF800 device to separate the serum. Serum tes-

tosterone levels were measured by electrochemilumines-
cence immunoassay (Hitachi Cobas 6000) (56).

Anthropometric Measurements

Weight has been measured to the nearest 0.1 kilogram
using a digital weight scale. Height has been measured
with a wall-mounted digital stadiometer. BMI was
calculated as weight in kilograms divided by height in
meters squared (57).

Statistical Analysis

SPSS 22.0 was used for statistical analysis. Data were
provided in mean and standard deviation. Significance
was defined as p < 0.05. 2x2 mixed factor ANOVA and
LSD tests were used to analyze data obtained from the
experimental and the placebo group.

Results

The effects of taking royal jelly at a dose of 1000 mg/
day for a period of 15 days on testosterone levels are il-
lustrated below in a table and diagram, for both the ex-

perimental and the placebo group. The groups consist-
ed 20 subjects and there was no significant difference
between groups in terms of descriptive parameters.

The pre-test value of the experimental group was
453.74 ng/dL and the post-test value was 510.25 ng/
dL. According to the statistical analysis, the difference
between the pre-and post-test values was 56.51 ng/dL.
The pre-test value of the placebo group was 459.93 ng/
dL and the post-test value was 466.03 ng/dL (Figure
1). According to the statistical analysis, the difference
between the pre-and post-test values for the placebo
group was 6.10 ng/dL (Table 2). Statistically, the in-
crease between the pre- and post-test for the experi-
mental group was found to be significant at p<0.05
level, whereas the values of the placebo group were
not found to be statistically significant (p>0.05). Also
a statistical significance was found between the groups
in favor of the experimental group (p<0.05).

| Experimental
520,00 group

—="Placebo group

500,00

480,00

Mean (ng/dL)

460,00

T T
Pre-test Post-test

Figure 1. Variation in testosterone levels in the experimental and
the placebo group. a, significant difference between the pre-post tests
(p<0.05); b, significant difference between the groups (p<0.05).
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Discussion

The purpose of this study was to determine the ef-
fects of short-term royal jelly supplements on testoster-
one levels in sedentary and healthy men. The strength
of the study has come up with two major findings: [1]
The royal jelly supplement taken by the experimen-
tal group increased testosterone levels in favor of the
post-test (p<0.05), and [2] the difference between the
pre-post tests was higher in the experimental group
compared to the placebo group (p<0.05). The results
of this study show that royal jelly supplement increases
testosterone levels in sedentary and healthy men.

Our study showed an increase in testosterone lev-
els of sedentary men in the experimental group tak-
ing royal jelly supplements for 15 days. The literature
shows that royal jelly plays a role in increasing sperm
count in infertility due to asthenozoospermia (58).
Furthermore, royal jelly has been shown to have a
positive effect on testosterone levels, live sperm count,
ejaculation volume, sperm motility and fructose rate in
seminal plasma in male rats (22).

Elnagar used royal jelly to prevent infertility in
male rabbits due to temperature related stress. The
study concluded that sperm motility, ejaculation vol-
ume, sperm concentration, seminal plasma’s fructose
rate and testosterone levels increased in groups of
rabbits given royal jelly at different doses (200, 400,
800 mg/kg) compared to the control group (21). An-
other study found similarly that giving 100 mg/kg of
royal jelly to diabetic rats over a period of six weeks
increased testicular weight, sperm count and motil-
ity, sperm viability and testosterone levels (59). For
women, taking royal jelly regularly has been shown to
increase fertility. It was pointed out that this was due
to the fact that royal jelly has an estrogenic effect. This
estrogenic effect is mainly due to fatty acids in royal
jelly. Royal jelly interacts with estrogen receptors via
these fatty acids, leading to altered gene expression and
cell proliferation (11). It is also argued that royal jelly
accelerates oocyte maturation, and increases the ferti-
lization, cleavage and blastocyst rate (60). All studies
have confirmed the positive effects of royal jelly on the
male reproductive system through experimental stud-
ies in animals and humans and through biochemical
and histological findings.

In conclusion, intake of short-term royal jelly,
which is used in many areas, is effective in increasing
testosterone levels in sedentary healthy men. Royal
jelly supports the development of bee larval cells and
maintains the ovulation capacity, and this increases its
possibility of having an important role in fertility. It
is assumed that the possible physiological mechanism
responsible for this effect works through polyunsatu-
rated fatty acids and phospholipids contained in royal
jelly protecting the sperm cell membrane from oxida-
tive damage, interacting with testosterone receptors,
causing cell proliferation and increasing testosterone
levels.
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Limitations

The present study constructed on short-term intake of
royal jelly. In order to obtain detailed data on this short-term
intake, the limitation of our study is that three or more repeated
measurements of the testosterone level were not taken. It could
be suggested that daily or every two days measurements of se-
rum testosterone level in order to sensitive determination for
further research.
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Summary. This study with a placebo-controlled experimental design intends to investigate the effect of Royal

Jelly (R]) on the aerobic and anaerobic power output of sedentary men at a dose of 1000 mg/day. For this pur-
pose, a total of 20 adult sedentary men aged 21 to 23 years were included in this study. The subjects visited the
laboratory every day for 15 days between 08:00 and 10:00 to get their portion of royal jelly. The subjects were

randomly divided into two groups, namely the experimental group (n = 10 individuals, 1000 mg/day Royal
Jelly) and the placebo (n = 10 individuals, corn starch mixed with 1000 mg/day water) group and they took
royal jelly in glass bottles at the same hour during these visits. In both groups, aerobic and anaerobic power

measurements were performed in the laboratory one day before and after the 15-day period. 2x2 mixed factor
ANOVA and LSD tests were used to analyze data obtained from the experimental and the placebo group. No
significant difference was found in the analysis performed between the pre- and post tests for anaerobic power
outputs of the placebo group (p > 0.05). Concerning the anaerobic power output of the experimental group,
there was a significant difference in the fatigue index value in favor of the post-test (p < 0.05). The intergroup
analysis of the difference between pre- and post-test in the same parameter showed a significant difference in

favor of the experimental group (p < 0.05). In the pre-test and post-test analysis of the aerobic power outputs

of the placebo group, no significant difference was found (p > 0.05). A significant difference was found in

the pre- and post-test analysis of the experimental group in favor of the post-test in terms of aerobic power

output (p < 0.05). The intergroup analysis of the difference between pre- and post-test showed a significant

difference in favor of the experimental group in terms of aerobic power outputs (p< 0.05). Consequently, it

can be argued that royal jelly supplementation taken daily for 15 days at 1000 mg has a positive effect on the

aerobic capacity of sedentary men.

Key words: Supplement, performance, power

Introduction

Royal jelly, a sticky, jelly-like matter, is excreted
from the glands (hypopharyngeal and mandibular)
of bees. This secreted substance is used to feed queen
bees and larvae. The color of this nutrient ranges from
light cream to dark yellow. Royal jelly is acidic and has
a pungent taste (1). Royal jelly impacts the organism
in many ways. Studies have shown positive effects on
blood parameters (2).

Studies on the physiological effects of royal jelly
in rats and mice have shown positive results. Many
studies show it helps with suppressing humoral im-
munity in rats, stimulating proliferation of immune
component cells and antibody production in mice (3),
raising hematopoietic stem cell production (4) and
lowering cholesterol levels (5). It has also been re-
ported that it has a positive effect on skeletal muscle
weight, muscle strength and recovery of injured mus-
cle groups (6).
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Studies in humans have revealed the positive ef-
fects of royal jelly. One study reported that taking 6 g
of royal jelly per day for a period of 4 weeks lowered
LDL cholesterol levels (7). In addition, royal jelly has
been acknowledged for its anti-aging properties (8, 9).
It has been shown that it has a positive influence on the
endurance of athletes (10), chronic fatigue and vago-
sympathetic balance of swimmers, regulation of heart
rhythm and energy deficiency (11), regulation of the
fat-muscle ratio and the body mass index in football-
ers (12). Another study has shown that royal jelly in-
creases physical performance and dilates blood vessels
(13). In a study on elderly people, royal jelly has been
shown to have a positive effect on muscle strength and
physical performance (6-minute walking test) (14).

Taking into account the contribution of royal
jelly to animals and humans, the hypothesis is posited
that controlled use of royal jelly supplements can have
positive effects on aerobic and anaerobic power. The
present study is important since the studies on the ef-
fect of royal jelly on athletic performance in general,
including aerobic and anaerobic power, are not com-
prehensive enough in scope. The aim of this study
is to investigate the effects of royal jelly supplements
on aerobic and anaerobic power outputs in sedentary
male subjects, taking into account the positive effects
of royal jelly on human health in line with the above-
mentioned information and studies.

Materials and Methods

Experimental Design

This is a study with a placebo-controlled experi-
mental design. A total of 20 male subjects were rand-
omized with the stratified randomization method and
divided into two equal groups. The subjects visited the
laboratory every day for fifteen days between 08:00
and 10:00 to get their portion of royal jelly. The pla-
cebo group (n = 10) took corn starch mixed with 1000
mg/day water in glass vials for 15 days between 08:00
and 10:00 on an empty stomach, while the experimen-
tal group (n = 10) took a 1000 mg/day pure Royal Jelly
supplement during the same hours. They did not drink
anything before royal jelly intake. Royal Jelly (Civan,
Bee Farm, Bursa) was prepared in 1000 mg glass vials

according to cold chain criteria and stored in a refrigera-
tor. The subjects were instructed not to engage in any
physical exercise or strenuous physical activity for 15
days. The groups carried out royal jelly intake only in
the morning. At the other time of the day, they carried
on a normal diet. Subjects did not receive any energy
drink or coffe before measurement. Royal jelly was kept
in the freezer and given to the subjects.

All types of nutrients taken by the subjects along
with their names and the quantities consumed were
recorded during one-on-one interview for 7 days. The
results of these records were calculated as daily average
nutritional values. Energy levels, macronutrients (car-
bohydrates, fat, protein), micronutrients (vitamins, min-
erals) and fluid intake of the subjects who were asked to
maintain their dietary habits throughout the experiment
were analyzed with certain nutrients ruining the dietary
balance of the group removed from the program to bet-
ter monitor their diets. One day before and one day af-
ter the study, the subjects underwent measurements in
a lab environment to determine the aerobic and anaero-
bic powers of the experimental group and the placebo
group with everyone participation in the groups.

Subjects

A total of 20 healthy sedentary men (Table 1)
aged 21 to 23 participated voluntarily in the study.
Healthy individuals without a chronic disease who do
not smoke and who do not train regularly were includ-
ed in the study. As per the exclusion criteria, patients
with chronic disease, who smoke and train regularly
were not included in the study. The study protocol was
approved by the Ethics Committee of Gaziantep Uni-
versity (2017-311) and a voluntary consent form was
obtained from all participants before the study.

Determination of aerobic power outputs in an exercise
with increased load

The aerobic power outputs of the subjects were
measured directly with an ergoline bicycle (Sana Bike
450F, Ergosana GMBH, Bitz, Germany) and an er-
gospirometer (Figure 14, Ergo100 PFT Systems,
Medical Electronic Construction R&D, Brussel, Bel-
gium).

The measurement was carried out by using the
“breath by breath” method on ergospirometer during
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Table 1. Descriptive parameters of the study subjects

Variables

Experimental Group (n=10)

Placebo Group (n=10)

M
Age 21.70
Height 177.60
Weight 71.53
BMI 22.69

M SD
1.16 23.00 1.16
6.13 174.30 6.53
6.42 70.06 8,88
1.81 23.08 2.58

exercise with increased load to determine the amount
of O,-CO, in the expiratory air. Heart rate, O, satura-
tion and blood pressure data were recorded during ex-
ercise by making subjects wear an O, saturation probe
and an arm manometer before the test. At the begin-
ning of the test, the bicycle pedal load was set to 50
watts and the test was continued with an increase of
25 watts per minute. During the test, the subject had
a bike screen as reference and tried to pedal at 60 rpm.
When the subject realized that he could no longer
continue, the exercise was stopped after checking the
Respiratory Exchange Rate (RER) value (15). Peak
oxygen consumption (VOspeax), relative peak oxygen
consumption (rVO,eeax), workload VO, ratio (AVO2/
AWR) minute ventilation (VEpgax), respiratory rate
(RRyeax), peak carbon dioxide release (VCOspeax) and
the respiratory exchange rate (RERpgax) was measured
as aerobic power output parameters.

Determination of the anaerobic power outputs with the
Wingate anaerobic power fest

The Wingate test protocol with a bicycle ergom-
eter with scale (894E Peak Bike, Monark Exercise AB,
Vansbro, Sweden) was used to determine the anaerobic
power outputs. Subjects did warm-up exercises for ten
minutes before starting the test. Weights correspond-
ing to 7.5% of the subject’s body weight were put
on the scales of the bicycle. The subject was told he
could start the test at any time by pressing the button
controlling the scale. When the subject felt ready, he
pressed the button that controlled the scales to lower
the weight on the scales to put more weight on the
pedals. From that moment on, he cycled with maxi-
mum effort for 30 seconds. The test was ended when
the time was out (16). Anaerobic power output pa-
rameters were measured as in peak power (PP), rela-
tive peak power (rPP), average power (AP), relative

average power (rAP), minimum power (MP), relative
minimum power (rtMP), fatigue index (FI) and time to
peak (TTP).

Royal Jelly

Freshness has been attributed a great importance
for RJ quality. Royal jelly can be spoiled easily if not
properly stored. Immediately after harvest it should be
placed in dark vessel and stored 0 - 5°C. Stored un-
der these conditions its quality remains OK for half an
year. Deterioration of royal jelly can be prevented by
storing R]J in Argon after harvesting (19). After longer
storage it will turn rancid. Frozen royal jelly can be ly-
ophilised as it can be transported more easily in the dry
state. If frozen, it can be stored for 2-3 years without
loosing of its quality. Chauvin states that the physical
properties of RJ change after 20 hours after harvest, if
left at ambient temperature (29).

Statistical Analysis

SPSS 20 package program was used to analyze
the data obtained from the study (SPSS Inc., Chica-
go, IL, USA). Data were presented as mean, stand-
ard deviation values. The Shapiro-Wilk test was used
for the normality test. 2x2 mixed factor ANOVA and
LSD tests were used to analyze data obtained from the
groups. 'The level of significance was accepted as p <

0.05.

Results

Table 2 illustrates the analysis of participants’
aerobic measurements between pre-test and post-test.
As a result of the analysis, no significant difference
was found between the pre- and post-test values of
the placebo group (p > 0.05). In the analysis for the
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Table 2. Analysis of participants” aerobic measurements between pre-test and post-test

Experimental Group (n = 10)

Placebo Group (n = 10)

M

SD M SD
— Pre-test 2.46 1.35 1.74 0.64
Post-test 2.96° 0.64 1.61 0.51
(L/min) Difference 0.49" 1.13 -0.13 0.49
VOmane Pre-test 34.85 19.77 25.17 10.77
Post-test 41.40° 7.52 22.69 6.16
(ml/kg/min) Difference 6.55" 15.80 -2.48 7.93
VO, WR Pre-test 11.50 6.08 10.62 417
Post-test 11.30 2.88 9.78 3.49
(mlO;.min". W) Difference -0.20 5.60 -0.84 3.16
— Pre-test 47.19 28.30 35.29 10.71
Post-test 81.71: 27.04 32.97 7.86
(L/min) Difference 34,520 21.55 2.32 8.73
RRosns Pre-test 36.40 8.98 38.30 12.55
Post-test 42.30° 6.09 34.00 10.84
(breath/min) Difference 5.90° 8.44 -4.30 10.81
VCOpenc Pre-test 2.39 1.35 1.70 0.57
Post-test 3.31¢ 0.87 1.55 0.44
(L/min) Difference 0.91° 1.05 20.15 0.54
RERusss Pre-test 1.05 0.12 1.09 0.09
Post-test 116 0.09 1.04 0.07
(VCO/VO,) Difference 0.113 0.14 20.05 0.11

SD-standard deviation, VOprix—peak oxygen uptake, rVO,ppu—relative peak oxygen uptake, AVO2/AWR-oxygen uptake to work rate slope,
VErra—peak minute ventilation, RRprix—peak respiratory rate, VCO,pru—peak carbon dioxide output, RERpry—peak respiratory exchange
ratio. a-significant difference between pre- and post-tests of group, b-significant difference between the experimental and placebo groups.

experimental group between pre-test and post-test
values in aerobic measurements, there was a mean-
ingful difference in favor of the post-test concerning
the VOzPEAK, rVOZPEAK, VEPEAK, RRPEAK, VCOsppax and
RERgzax values (p < 0.05). Concerning the VOapeax,
rVOzPEAK, VEPEAK, RRPEAK, VCOZPEAK and RERpeax val-
ues, a significant difference was found in favor of the
experimental group in the intergroup comparison of
the differences between the pre-test and post-test (p
< 0.05).

Table 3 illustrates the analysis of participants’ an-
aerobic measurements between pre-test and post-test.
As a result of the analysis, no significant difference was
found between the pre- and post-test values of the pla-
cebo group concerning anaerobic measurement results
(p > 0.05). In the analysis of the anaerobic measure-
ments of the experimental group, a significant differ-

ence was found concerning the FI value in favor of the
final test (p < 0.05). In the intergroup analysis of the dif-
ference between pre-test and post-test of the measure-
ments, a significant difference was found in favor of the
experimental group concerning the FI value (p < 0.05).

Discussion and Conclusion

This study investigated the effect of a daily dose of
1000 mg royal jelly on the aerobic and anaerobic power
of sedentary men. Immediately after the preliminary
measurements before starting the royal jelly supple-
ments, the 15-day long process for royal jelly supple-
ments was initiated. At the end of the process, the final
measurements were taken to evaluate the aerobic and
anaerobic performance of the individuals. Our study
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Table 3. Analysis of participants’ anaerobic measurements between pre-test and post-test

Experimental Group (n = 10)

Placebo Group (n = 10)

M

SD M SD
Pre-test 727.97 139.67 695.99 123.56
PP (W) Post-test 730.05 132.77 728.52 125.70
Difference 2.078 52.54 32.53 79.44
Pre-test 10.14 1.65 9.84 1.65
PP (W/kg) Post-test 10.25 1.52 10.30 1.64
Difference 0.12 0.78 0.46 1.11
Pre-test 507.58 77.48 471.50 69.95
AP (W) Post-test 509.29 71.56 488.96 78.39
Difference 1.71 31.67 17.46 22.31
Pre-test 7.07 0.80 6.65 0.86
rAP (W/kg) Post-test 7.16 0.71 6.89 0.80
Difference 0.09 0.40 .239 0.28
Pre-test 269.75 33.61 247.04 43.07
MP (W) Post-test 293.81 46.46 240.97 94.82
Difference 24.05 50.60 -6.07 83.31
Pre-test 3.78 0.52 3.48 0.55
rMP (W/kg) Post-test 4.15 0.68 3.39 1.27
Difference 0.37 0.74 -0.09 1.18
Pre-test 62.24 5.43 64.04 5.73
FI (%) Post-test 59.23¢ 6.39 66.85 11.63
Difference -3.01° 4.94 2.816 8.84
Pre-test 3.01 1.39 2.90 1.56
TTP (msec) Post-test 2.66 1.59 3.07 1.29
Difference -0.353 1.45 0.17 1.67

SD-standard deviation, PP-peak power, rPP-relative peak power, AP-average power, rAP-relative average power, MP-minimum power,
rMP-relative minimum power, FI-fatigue index, T'TP~time to peak. a-significant difference between pre- and post-tests of group, b-signifi-

cant difference between the experimental and placebo groups.

came up with two major findings. Firstly, Royal Jelly
was positively affect the aerobic power], and secondly
anaerobic power values. In the analysis of the data of
the experimental group, a statistically significant dif-
ference was found in the parameters VO,, relative VO,,
VE, RR, VCO, and RER in favor of the final test in
the analysis of the difference between the pre- and
post-test in aerobic measurements. In the anaerobic
measurements of the experimental group, a significant
difference was found concerning the FI value in favor
of the final test. According to the results obtained by
this study, using royal jelly supplements for 15 days can
have a positive effect on aerobic and anaerobic power
in sedentary men.

Previous studies have shown that royal jelly has
beneficial effects on animals and humans. Due to its
easy applicability and the convenience it affords with
regards to monitoring of the results, the positive effect
of royal jelly on animals in a clinical setting has been
demonstrated in almost all studies. It is assumed that
the positive results from animal experiments may also
apply to the human organism. Research on humans has
shown that royal jelly intake has contributed positively
to physical performance (in elders), a strong memory
(13,17), overall health, insomnia, vigor, heart health and
vascular ailments (18), renewal of energy spent, faster
recovery from fatigue (19), physical endurance and en-
ergy efficiency (in athletes) (11), reducing high choles-
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terol levels (7), and posture and body mass index (12).
Researchers also found that royal jelly has a positive ef-
fect on the body of footballers; and contributes to the
growth and development of the body (20, 21).

Studies have shown that royal jelly has positive
effects on physical performance (14), muscle strength
and the fat-muscle ratio (12). Aerobic power is ad-
versely affected by the increase in lipid hydroperoxides
in the blood (22). As an antioxidant, royal jelly can
inhibit lipid peroxidation (23). A previously conducted
study revealed that royal jelly supplementation stimu-
lates lipid peroxidation and inhibits its increase. After
the supplementation, a significant difference was ob-
tained by ensuring a decrease in the amount of lipid
peroxidation (10). Based on the results of this study,
it can be assumed that in our study, a certain part of
the increase in aerobic power may be due to this factor.

Anaerobic power is affected by a number of hor-
monal changes in the organism. It has been shown that
individuals with high values of total testosterone and
androstenedione have low fat in their bodies and a high
bone density and that such individuals have high per-
formance values and a maximum oxygen consumption
capacity (24). Testosterone can directly stimulate gly-
cogen synthesis, and a previous study has shown that
circulating testosterone levels increase during short-
term intensive exercise (25). Since royal jelly increases
testosterone production (26, 27, 28), in our study, the
effect of royal jelly on testosterone can be put forward
as the physiological basis of the increase in the fatigue
index value that occurs in anaerobic power.

It can thus be argued that royal jelly taken at a
dose of 1000 mg for 15 days has positive effects on aer-
obic and anaerobic capacity in sedentary healthy male
subjects. On the basis of the research results, it can be
argued that the increase in the aerobic and anaerobic
values of the subjects is due to the positive effects of
royal jelly on physical performance, overall health and
fatigue, and to the presence of highly nutritious com-
ponents in royal jelly.
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Summary. High blood cholesterol and hypertension are the leading causes of cardiovascular diseases which are one
of the leading causes of death worldwide. The current research study was designed to isolate soy protein to be used
as nutraceutical agents against hypercholesterolemia and hypertension. Soy protein was extracted and isolate was
given to rats for 4 weeks after inducing hypercholesterolemic and hypertensive conditions. Blood samples were col-
lected and analyzed for lipid profile (cholesterol, triglycerides, low density lipoprotein and high density lipoprotein)
and serum nitric oxide on 14* and 42 days of study. The results re vealed significant decrease in total cholesterol
(120.00 to 110.00 ml/dL), triglycerides (87.66 to 74.00 mg/dL), and low density lipoprotein (67.00 to 47.66 mg/
dL) while significant increase in high density lipoprotein (29.33 to 50.00 mg/dL) and nitric oxide (24.00 to 50.33

mg/dL) due to the uptake of soy protein isolate for a period of 28 days was observed.

Key words: soy protein, hypercholesterolemia, hypertension, cardiovascular diseases

Introduction

Globally most of the deaths are caused by heart
diseases, liver diseases and cancers. Among these, car-
diac ailments are major contributors (1). Main CVD
risk factors are high blood pressure, diabetes, hyperlipi-
demia, obesity and inflammation. Dietary modifications
are advised for cardio-protective effects, for that plant
foods are recommended because they can regulate blood
plasma concentrations (2). Healthy changes in diet can
lower the incidence of cardiovascular disease by lower-
ing risk factors and in specific, legumes are highlighted
as part of heart friendly diet, so augmented ingestion
can lower weight and blood glucose, high blood pres-
sure, and can manage dyslipidemia (3).

Soybeans are certainly the topmost oilseed pro-
duced globally as it is extensively cultured for their li-
pid content. Moreover, soybeans are familiar as a val-
ued source of nutrients as they comprise high-quality
protein (~40%); carbohydrates, poly unsaturated fatty

acids (PUSFA, 18%) and dietary fibers. Soybean is a
cherished legume because it contains all essential amino
acids which human body can’t produce; but it is com-
paratively deficient in sulfur containing amino acids,
cysteine and methionine. It can be ingested as a com-
plete protein. Soybean contains about 37 to 42% of pro-
tein. The two chief proteins of soybean are 11S glycinin,
and 7S B-conglycinin, both have globular structure (4).
Due to having all essential nutrients, soybeans are
known to be health friendly. These health benefits are
attributed to essential amino acids, bioactive peptides,
unsaturated fatty acids, secondary metabolites such as
isoflavones, anthocyanins etc. The protein part of soy-
beans is comprised of 37-45%, of which 70 to 83 are
glycinin and beta-conglycinin that is storage proteins.
Besides providing basic functions such as maintenance,
healing, soy derived proteins also prevent from develop-
ing dangerous diseases. Some proteolytic enzyme inhib-
itors prevent and treat the cancers of colon and rectum
without developing toxicity in normal body cells (5).
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Soybeans can reduce bad cholesterol and this ef-
fect is proven by several research studies. It can lower
12.9% of this bad cholesterol. Food and drug adminis-
tration has approved a health claim regarding soybean
consumption which states that daily consumption of
25¢g of soy prevent can lower the incidence of heart
diseases (2). Soy protein is usually used to substitute
animal proteins in diet. The ingestion of soy protein is
considered to lower down high blood cholesterol and
LDL-cholesterol levels (6). Soy protein hence prevents
from cardiovascular diseases as it reduces intestinal
cholesterol absorption and increases fecal cholesterol
excretion (7).

The proposed mechanisms for decreasing the in-
cidence of cardiovascular diseases are dilation of blood
vessels, inhibition of platelets accumulation with vessels
walls, check the relocation and propagation of smooth
muscle cells, and lessening the sticking of some com-
pounds to the vascular endothelium such as cholesterol
by enhancing the excretion of bile through feces or re-
ducing the absorption of cholesterol in small intestine.
Undigested soy peptides carry with them the bile acids
out of the human body and prevent cholesterol absorp-
tion. Beta- conglycinin, one of the major proteins of soy,
lowers blood triglyceride level and keep body fat mass
lowers. These biologically active peptides also possess
effects against high blood pressure, oxidative stress, obe-
sity, immune system diseases, diabetes, high blood cho-
lesterol and cancer (8-10)

Keeping in view the above described themes, this
research study was preliminary designed to isolate soy
protein to be used as nutraceutical agents and to con-
duct in vivo studies for effectiveness of soy protein
against hypercholesterolemia and hypertension

Materials and Methods

The study was conducted in Food Microbiology
and Biotechnology Laboratory, National Institute of
Food Science and Technology (NIFSAT), University of
Agriculture, Faisalabad (UAF). Soy beans were obtained
from local market. NaOH, HCl, H,SO., digestion tab-
lets, Hexane and Cholesterol were obtained from Food
Microbiology Lab, NIFSAT, UAF.

Preparation of soy protein isolates

Soy protein was isolated from soy beans follow-
ing the protocol given by Lhocine (11). Intact soybeans
were first broken down into three or four pieces to sepa-
rate the husk and then ground into fine pieces. Then
ground soy meal 250g were mixed with hexane in the
ratio of 1:2. The meal and solvent mixture was stirred
for half an hour and then allowed to get settled after
which the solvent layer was drained off. The hexane was
used to de fat the soy meal. After removal of hexane,
the mixture was washed with fresh water and then left
overnight to dry at room temperature.

Water was added in defatted meal in the ratio of
1:15, heated up at 55°C, and the pH 9.0 was adjusted
by adding 2N NaOH and stirred continuously for 40
minutes. The mixture was then allowed to cool down at
room temperature. The slurry was then centrifuged at
14300g for half an hour and the temperature of centri-
fuge was maintained at 4°C. The supernatant was col-
lected in a separate flask and the pH was set at 4.5 by
using 2N HCI and was stirred for 45 minutes at 25°C.
It was again centrifuged at 2830g for 15 minutes at 4°C.
The precipitate thus obtained was washed with water
and again centrifuged at 2830g for 10 minutes twice.
The washed precipitate was suspended in water and pH
was adjusted at 7.0 by using 2N NaOH. The precipi-
tates were then freeze dried and stored at refrigeration
temperature.

Crude protein of soy powder and soy protein isolate

Protein content of soy powder was determined by
Kjeldhal method by using Kjeltech Apparatus (Mod-
el: D-40599, Behr Labor Technik, Gmbh-Germany,
Method No: 984-13) as per procedure described in
AOAC (12).

Efficacy Study/Experimental protocol

To evaluate the role of soy protein on hypercho-
lesterolemia and hypertension, rats as an experimental
model were used. Purposely, fifteen rats were acquired
and housed in animal room of National Institute of Food
Science and Technology, University of Agriculture, Fais-
alabad. Rats were acclimatized for a period of 1 week by
the provision of regular diet and water ad libitum. After-
wards rats were divided into three groups; each compris-
ing of five rats. The group G, was given normal diet, G,
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and G; were given high cholesterol diet for specific period
to induce hypercholesterolemia and hypertension. After
induction of hypercholesterolemia and hypertension, the
baseline values for different biomarkers (total cholesterol,
triglycerides, low density lipoprotein, high density lipo-
protein and nitric oxide) were recorded. Then, the G,
was started to feed normal diet whereas G; was given soy
protein isolate diet for a period of one month. After one
month, the above mentioned parameters were again re-
corded. During entire experimental period, animal room
was maintained at a temperature and relative humidity of
2322°C and 55£5% respectively, with 12:12 hours light:
dark cycle (13).

Study parameters

Body weight and feed intake were measured on
weekly basis. Lipid profile and nitric oxide levels were
observed twice during whole study z.e. at 14* and 42~
days. For this purpose, rats were fasted overnight. Blood
samples of rats were collected through cardiac puncture
in EDTA coated tubes for study and non-coated tubes
to measure serum lipid profile and nitric oxide level

through Microlab-300, Merck, Germany.

Body weight gain

Increase in body weight of rats from all experimen-
tal groups was measured weekly throughout the study
period to analyze the effect of soy diet on body weight.

Feed intake

Feed intake of rats of all groups was measured
weekly throughout the study period to analyze any ef-
fect of high cholesterol diet or soy protein diet.

Determination of serum lipid profile

Serum lipid profile of rats including cholesterol,
high density lipoproteins (HDL), low density lipopro-
teins (LDL), and triglycerides were measured by follow-
ing protocols.

Estimation of triglycerides

Triglycerides in serum sample were estimated by
liquid triglycerides (GPO-PAP) method as illustrat-
ed by (14). Three test tubes were taken and labeled as
blank, standard and sample. Triglyceride reagent (1mL)
was added in these tubes and heated at 37°C for 4 min-

utes. Then 0.01 mL of blood sample was added. The
mixture of reagent and blood was mixed properly and
then placed in incubator at 37°C for 5 minutes. Then ab-
sorbance of all solutions was observed. For this, spectro-

photometer was used and its wavelength was adjusted
at 520 nm.

Estimation of total cholesterol

Serum cholesterol level of rats was measured using
CHOD-PAP method following the protocol of Kim
(15). Three test tubes were taken and labeled as blank,
standard and sample. One mL of reagent was added in
these tubes and heated up to 37°C for 2 min. Then blood
sample (0.01ml) was transferred in these tubes, shaken
and placed in incubator at 37°C for 10 min. The absorb-
ance by contents of all tubes was then observed by using
spectrophotometer whose wavelength was adjusted at
250nm.

HDL

High density lipoproteins (HDL) in serum sam-
ples were calculated by method as mentioned by Alshat-
wi (16). Two tubes were taken and labeled control and
sample. Equal amounts of serum and HDL cholesterol
reagent was added in these tubes and mixed them thor-
oughly. Then the mixture was centrifuged at 1500-2000
rpm for 10 min. and separated the supernatant. The
supernatant was considered as sample and processed
further to calculate high density lipoprotein cholesterol.
The absorbance by supernatant was measured by placing
in spectrophotometer whose wavelength was adjusted at

520nm.

LDL
Low density lipoproteins (LDL) in serum samples
were calculated by method as mentioned by Alshatwi

Table 1. Composition of diet g/100g

Ingredient Normal diet High fat diet
Wheat flour 65¢g 455¢
Chickpea flour 20¢g 14 ¢
Milk powder 15¢g 10.5¢
Fat - 30g*
Energy 360.5 keal 522.4 keal

* Animal fat 20g, vegetable fat 10g




Effect of soy protein on hypercholesterolemia and hypertension to reduce the risk of cardiovascular diseases 291

(16). Blank, Standard, and Sample tubes were labeled
appropriately. Reagent (1000uL) was transferred to
all tubes and pre-warmed at 37°C for 2 min. Then
sample (100 pL) was added to all the tubes, mixed
and returned to 37°C. All the tubes were incubated at
37°C for 5 min. After that, absorbance of all tubes was
measured by using spectrophotometer whose wave-
length was set at 546 nm.

Nitric oxide (NO)

NO determination was carried out by Griess as-
say presented by (17). Firstly, serum proteins were re-
moved by ultrafiltration with 10 kd rnicron at 4°C,
130,000 rpm. Then, nitrate in the serum was reduced
with nitrate reductase and 3-NADPH for 3 h. After
that, B-NADPH was removed by 10 min incubation
with 80 mM a-ketoglutaric acid and 1 M NH,CL. The
amount of nitrite was measured by adding 150 pL of
Griess reagent (Promega, USA). At last, the absorbance
of the chromophores formed was read by using spectro-
photometer at wavelength 540 nm.

Statistical analysis

All the data attained during the study was analyzed
using a software Statistic 8.1 as described by Montgom-
ery (18).

Results and Discussion

Crude protein of soy meal and soy protein isolate

The concentration of protein was 34.32% in soy
powder as it contained all other nutrients such as carbo-
hydrates, fats, minerals and vitamins. When soy protein
was isolated from soy meal, the percentage of protein
got enhanced as it was only protein. The concentration
of protein in soy protein isolate was 81.2% as shown in
Figure 3. It indicates that percentage of protein got en-
hanced by two folds in soy protein isolate as compared
to that of soy meal.

Weight of rats

The weight of rats was observed on weekly basis.
Rats who were fed normal diet gained more weight from
131.00g to 196.20g which was 65.2¢g during six weeks
of study, then comes the group of rats who fed high cho-

Figure 2. Efficacy study to determine the effect of protein iso-
lates on health.

Protein content of soy powder and soy protein
isolate

Soy meal (%)

Soy protein isolate (%)

Figure 3. Protein content of soy powder and soy protein isolate
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lesterol diet whose weight increased from 121.00g (on
1 week) to 201.00g (on 2™ week) which was 80g. The
lowest body weight was observed in the group who was
treated with soy protein isolate (Table 2). These read-
ings have shown that soy protein isolate had significant
effect in reducing weight and high cholesterol diet had
remarkable effect in gaining weight.

The rats given normal diet, high cholesterol diet
and high cholesterol plus soy protein isolate shown
highly significant increase in weight. But the trend of
increase was same with the passage of time that may be
due to the increase in body size. The change in weight
was consistent. This study has shown that as rats get
older with days their weight got increased. But the effect
of treatment on weight of rats shows that rats who fed
normal diet gain more weight, then comes the group of
rats who fed high cholesterol diet and the least weight
gain was recorded in group which was fed soy protein
isolate diet. It indicates that G, who took soy protein
isolate diet gained less weight as compared to those who
fed normal and high cholesterol diet.

Result of this study can't be co-related with previ-
ous research work mentioned by Kobayashi (19). Work
by this scientist showed no significant change in body
weight of rats either by consuming high cholesterol diet
or soy protein isolate diet.

Feed intake

The purpose of this observation was to find out the
effect of cholesterol and soy protein isolate supplemen-
tation in normal diet on diet consumption pattern. The
values of feed intake of rats are given in Table 3. Effects
of days and combined effect of days and treatment are
highly significant as they increased the uptake of feed
but effect of treatment on feed intake of rats is non-
significant as it remained almost constant in all groups.

First group who received normal diet had mini-
mum consumption of 19.800gat day 1 and maximum
consumption of 23.400gat day 42 which showed incre-
ment of 3.6g during six weeks of study. Second group
who received high cholesterol diet had minimum con-
sumption of 21.20g recorded at day 1and maximum of
22.80gon day 42 which showed increase of 1.6g during
entire study. Third group who received soy protein iso-
late diet had minimum consumption of 22.80g on day
21 and maximum of 23.00g on day 42 which showed
increase of 0.2 g during 4 weeks. The effect of treatment
on diet consumption pattern was non-significant which
indicates that high cholesterol, soy protein isolate diet
has no effect on consumption pattern.

A slight increase in feed intake of rats was observed
as they get older day by day. The results regarding effect
of treatments on rats feed intake shows that there was
no change in feed intake of rats either the diet was sup-

Table 2. Effect of treatments and days on weight of rats

Treatment Days Mean
0 7 14 21 28 35 42

G 131.00+1.00° 146.00+1.58" 167.00+1.58" 182.80+1.30° 188.80+1.30¢ 196.20+0.83¢ 211.20+0.83* 174.71°

G, 121.00+1.58" 136.00+1.58" 154.00+1.58' 160.00+1.58* 173.00+1.58" 186.00+1.58< 201.00+1.58> 161.57"

G, 118.80+5.01» 131.80+2.58° 144.00+1.58 162.40+2.70' 165.40+1.51" 175.80+1.09¢ 191.00+0.70¢ 155.60¢

Mean 123.60¢ 137.93¢ 155.00¢ 168.40¢ 175.73¢ 186.00° 201.07¢

Values are given as Mean + Standard deviation, Different small letters in rows and columns show significance

Table 3. Effect of treatments and days on feed intake of rats

Treatments Days Mean
0 7 14 21 28 35 42

G, 19.80+0.83" 20.60+0.54¢" 20.20+0.83¢"  3.40+0.54®  23.400:0.54® 23.800+0.83* 23.400+1.14® 22.200°

G, 21.20+0.83¢¢  21.00+0.70% 21.80+0.83*f 23.200+0.83* 22.400+1.14*¢ 23.000+0.70* 22.800+0.83*«¢ 22.086

G, 19.20+0.83" 22.20+0.83<¢ 21.80+0.83%f 22.800+0.83*¢ 22.800+0.83*¢ 22.800+0.83*¢ 23.000+0.70" 22.086*

Mean 20.06° 21.26° 21.26° 23.133¢ 22.867a 23.200° 23.067

Values are given as Mean + Standard deviation, Different small letters in rows and columns show significance
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plemented with cholesterol or soy protein isolate. Cur-
rent results highly correlate with earlier research find-
ings of Kobayashi who reported non-significant effect
on food intake, food efficiency and total energy intake
after supplementing the diet with either cholesterol or
soy protein isolate (9).

Total cholesterol

Soy protein possesses hypocholesterolemic proper-
ties in both normal and hypertensive subjects. Serum
levels of total cholesterol are presented in Table 4. The
highest value after 14 days for cholesterol 123.33ml/dl
and 120.00ml/dl was measured in groups provided with
high cholesterol diet trailed along by normal cholesterol
level 90.00ml/dl in rats given normal diet. A decrease
from 123.33+3.055 to 121.33+3.055 (2ml/dl) was ob-
served in second group and decrease from 120.00+5.00
to 110.00+3.00 (ml/dl) was observed in third group
which was fed soy protein isolate. Results revealed
8.51% decrease in total cholesterol of rats of third group
due to intake of soy protein isolate.

After inducing hypercholesterolemia, when rats
were given soy protein diet there was reduction in their
serum cholesterol levels. By the 2 week of study, group
2 and 3 had highest blood cholesterol levels but by
the 6* week the serum cholesterol of third group i.e. the
group given soy protein diet reduced noticeably while
that of members of second group remained same.

Cholesterol level must be below 200mg/dl as this
concentration is considered as ideal. People having cho-
lesterol 240mg/dl or more are at high risk of developing
heart diseases. Current results are highly correlate with
earlier research findings presented by kawakami (19)
which showed a decrease in plasma cholesterol level
by 10% in hypercholesterolemic subjects after ingest-

ing soy protein isolate. Another finding by Kawakami
(19) showed decrease in serum cholesterol which was
attributed to soy protein isolate intake. Kobayashi (9)
supported the current investigation of total cholesterol
depended on the amount of isoflavone aglycones ingest-
ed along with soy protein. Wang (20) found significant
reductions in plasma total cholesterol (8.4%, P<0.001)
when subjects having high cholesterol levels ingested
the diets having soy protein compared with the animal
protein diets.

Triglycerides

The highest value of triglycerides was 87.66 mg/dl
in group third after that second highest value was 85.00
mg/dl in group second as both these groups were fed
high cholesterol diet. The lowest value of triglyceride
was 72.66 mg/dl in group first because it was fed with
normal diet. After 28 days, the lowest value for TG was
74.00 and 74.66 mg/dl in first and third groups respec-
tively. This decrease from 87.66 mg/dl to 74.00 mg/dl
in third group was due to treatment with soy protein
isolate. Triglyceride was also decrease in second group
from 85.00 mg/dl to 84.00 mg/dl. Results revealed that
triglycerides level was decreased by 9.60% in third group
due to consumption of soy protein isolate (Table 5).

Rats given high cholesterol diet had more triglyc-
erides while the rats given treatment after inducing hy-
percholesterolemia showed decrease in TG levels almost
near to group consumed normal diet. Trend of increase
or decrease in serum T'G due to effect of days is shown
in Graph 4.8. The TGs of 2™ group members remained
highest at the 2™ and 6™ week but that of the animals of
3 group got decreased at week 6 after getting treatment.

Current data is in collaboration with previous re-

search work illustrated by Yoon (21) which showed

Table 4. Effect of treatments and days on total cholesterol (T'C)
of rats

Table 5. Effect of treatments and days on triglycerides (TG)
contents

Treatments Days Means Treatments Days Means
14 42 14 42
G, 90.00£5.00¢  99.67+4.50¢ 94.83¢ G, 72.667+2.51"  74.000+1.00° 73.333"
G, 123.33+3.05*  121.33+3.05* 122.33a G, 85.000+5.00*  84.000+5.00*  84.500°
G, 120.00+£5.00*  110.00+3.00° 115.00° G, 87.667+5.03* 74.667+1.52" 81.167*
Means 111.11 110.33¢ Means 81.778 77.556°

Values are given as Mean + Standard deviation, Different small
letters in rows and columns show significance

Values are given as Mean + Standard deviation, Different small
letters in rows and columns show significance
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that plasma TG levels were significantly decrease in the
group given soy protein isolate. When subjects were
provided soy protein isolate for consumption by quit-
ting high cholesterol diet the serum triglycerides level
decreased significantly (11.9 %, P<0.0001). Another
study presented by Wang (20) showed decrease in se-
rum triacylglycerol by 12% when subjects were given
soy diet. The reduction in plasma TG levels was con-
sistent, decreased by 12.3% (P = 0.018) after subjects
consumed the soy protein diet relative to animal protein
containing diets.

High density lipoprotein (HDL)

There is an inverse relationship between high
density lipoprotein cholesterol (HDL) concentration
and development of coronary artery disease. More the
amount of HDL in plasma, lesser will be the chances
of getting cardiac ailments. In the current study, at 14*
day, the highest HDL was 52.00 mg/dl in 1* group.
The second highest was 29.33 mg/dl in 3" group while
lowest was 27.66 mg/dl in 2 group. Third group
showed 22.66% decline in HDL while second group
showed 24.33% decline in HDL after consuming high
cholesterol diet. As HDL is termed as good choles-
terol, so consumption of high cholesterol diet declined
its level in Group 2 and Group 3 as members of both
groups ingested high cholesterol diet. But HDL re-
mained normal in Group 1 because they were on nor-
mal diet. At 42 day, the group 3 showed remarkable
increase in HDL from 29.33 mg/dl to 50.00 mg/dl
which was 20.67%. The Group 2 also showed increase
in HDL from 27.66 mg/dl to 30.00 mg/dl which was
2.33% and may be due to cessation of high cholesterol
diet and shifting to normal diet (Table 6).

In the current study, the group three after getting
treatment for hypercholesterolemia shown increase in
serum HDL while that of group two remained same
because this group didn't get any treatment. Group one
also showed normal range as it was on normal diet bal-
ance in all nutrients. After giving high cholesterol diet,
the HDL levels of both group second and group third
got decreased as compared to that of group first. But
by the 6™ week, group 3 shown remarkable increase in
HDL comparable with that of normal group.

Kobayashi found that daily soy beans consumption
alleviates bad cholesterol due to the formation of equol

Table 6. Effect of treatments and days on high density lipopro-
tein (HDL) contents

Treatments Days Means
14 42
G, 52.00+3.00°  52.00+2.64 52.00°
G, 27.66+2.51"  30.00+2.00° 28.83¢
G, 29.333\+2.51°  50.00+2.00* 39.66
Means 36.33" 44.00°

Values are given as Mean + Standard deviation, Different small
letters in rows and columns show significance

from soy isoflavone daidzein (9). The ingestion of high
soy protein diet for a period of one month resulted in
17% increase in HDL level in hypercholesterolemic rats.

Low density lipoprotein (LDL)

Soy protein decreases low density lipoprotein in
hypercholesterolemic subjects. The results showed a
highly significant decrease in low density lipoprotein.
The effect of days, treatment and combined effect of
days and treatment was highly significant in reducing
low density lipoprotein in hypercholesterolemic subjects
in which soy protein isolate was ingested (Table 7). At
14" day, the highest LDL level 67.00 mg/dl was ob-
served in third group, the second highest 64.66 mg/dl
was observed in second group and lowest 48.00 mg/dl
was observed in first group. The first two highest values
were due to consumption of high cholesterol diet. Then
at 42" day, the highest mean 64.33 mg/dl was observed
in 2™ group while lowest means 47.66 mg/dl and 47.66
mg/d]l were observed in 1* and 3" group respectively.
Third group showed a remarkable decrease from 67.00
mg/dl to 47.66 mg/dl and this was due to shift from
high cholesterol diet to diet containing soy protein iso-

Table 7. Effect of treatments and days on low density lipo-
protein (LDL) content

Treatments Days Means
14 42
G, 48.00+1.00"  47.66+2.08 47.83¢
G, 64.66£5.50°  64.33x4.50° 64.50°
G, 67.00£6.24*  47.66x1.52° 57.33
Means 59.88¢ 53.220

Values are given as Mean + Standard deviation, Different small
letters in rows and columns show significance
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late. Means of Group 2 at 42" day were remained al-
most same 64.66 mg/dl and 64.33 mg/dl because it was
not given soy protein isolate diet. 14.42% decrease was
observed after treatment with soy protein isolate diet in
group 3.

The ingestion of high cholesterol diet increased the
level of LDL in both Group 2 and Group 3. The level
dropped down in Group 3 when given soy protein while
remained high in Group 2. The results further showed
that at 2™ week, LDL was high in Group 2 and group
3. At 6" week, the level got decreased in Group 3 after
getting treatment for 4 weeks.

Results of present project are comparable to earlier
studies of Wang (20) who reported that when subjects
having high cholesterol were fed with soy diet the serum
low density lipoprotein showed a significant decrease
(17%, P = 0.003). Kobayashi found that equol, a me-
tabolite of daidzein decreased plasma low density lipo-
protein cholesterol (9). But this reduction was depended
upon the amount of soy foods consumed daily. In his
study, serum LDL cholesterol got elevated after provi-
sion of high cholesterol diet. But when treated with diet
containing 10% and 15% soy protein its level got de-
creased by 16% and 18% respectively.

Serum nitric oxide (NO)

Nitric oxide is an inter and intra-cellular signaling
molecule that plays important roles in many physiologi-
cal and pathological processes, including vasodilation,
transmission of signals along neurons, modulation of
immune system, cardiac contraction, inhibition of plate-
let accumulation, stem cell differentiation into mac-
rophages and their proliferation (22).

Serum nitric oxide levels are given in Table 8. At
day 14%, the lowest mean 24.00 mg/dl was observed in
Group 3, the second lowest 27.66 mg/dl was observed
in Group 2 while highest 49.33 mg/dl was observed in
Group 1. The lowest means were due to high cholesterol
diet which decreased serum NO level and highest was
due to normal diet as it didn’t contain high cholesterol.
At day 42, the highest mean 50.66 mg/dl was observed
in first group which was on normal diet throughout the
project. The 2™ highest 50.33 mg/dl was observed in
third group. The significant increase from 24.00 mg/dl
to 50.33 mg/dl was due to provision of diet containing
soy protein isolate and decline in level of high choles-

terol in diet. The means of 2™ group were changed from
27.66 mg/dl to 29.00 mg/dl which was due to shifting
on normal diet from high cholesterol diet. This indicates
that normal cholesterol in diet can also improve serum
NO but significant increase happened when diet was
high in soy protein. Almost 23.9% increase in serum
NO was observed as compared to that of control group
after feeding soy protein isolate. Till 2" week, serum
NO levels fell down in Group 2 and group 3 but at 6*
week the level increased in Group 2. When Group 2
and Group 3 were given high cholesterol diet serum
NO levels got decreased, but when Group 3 was given
soy protein diet its level increased comparable to that of
normal group.

Hypertension is caused when systolic blood pres-
sure (SBP) get increased to 140 mm-Hg and/or diastolic
blood pressure (DBP) to 90 mm-Hg. Primary hyper-
tension accounts for 90% of all cases and although the
root cause is unclear, the vital issues are unhealthy diet,
smoking, stress, obesity, and possibly genetics. Hyper-
tension increases the risk of blood vessels injury through
Inflammation, hence aggregate the risk for cardiovascu-
lar diseases. Angiotensin II causes constriction of blood
vessels; its level gets increased due to high blood pres-
sure and elevates the peroxidation of lipids, which in
turn generates low density lipoprotein cholesterol and
free radicals. Soy beans have some constituents who can
alleviate the chances of developing high blood pressure
by producing vasodilator. Soy isoflavone is considered to
form nitric oxide which is a key vasodilator (3).

Results of present project are comparable to ear-
lier studies. Park (17) found that NO concentration was
significantly elevated in the soy protein isolate group,
compared to the control group, a difference of 40%

(48.4+8.9 v 29.8+2.0, p<0.05).

Table 8. Effect of treatments and days on Nitric Oxide (NO)
contents

Treatments Days Means
14 42
G, 49.333+£1.52*  50.667+1.52¢ 50.000¢
G, 27.667+2.51°  29.000£2.00° 28.333¢
G, 24.000+2.00¢  50.333+2.51° 37.167
Means 33.667 43.333¢

Values are given as Mean + Standard deviation, Different small
letters in rows and columns show significance
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Conclusion

Serum cholesterol, triglycerides and low density li-
poprotein levels were significantly reduced while serum
high density lipoprotein and nitric oxide levels were
significantly increased after getting treatment. From
present research work it is concluded that high choles-
terol diet raises blood cholesterol and blood pressure
but when consumption of cholesterol is decreased and
diet is supplemented with soy protein isolate it causes
decrease in blood cholesterol and blood pressure near
normal levels.
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A folk remedy: royal jelly improves lung capacity in smokers
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Summary. Background and Aim: Royal jelly (R]) is one of the natural, valuable curative bee productdue to its
promising health-beneficial and nutritional properties. This healthy diet possesses anti-inflammatory, anti-
microbial, antioxidants, antitumor, and immunomodulatory functions which benefit in humans health and
welfare,resulting in its widespread medical use. The aim of this randomized case controlled study was to
determine the effect of royal jelly on the lung capacity of sedentary male smokers. Materials and Methods: The
study was approved by the ethics committee of the university and consisted of 83 sedentary male and single
participants aged 25-30 years without any health problems. Participation was voluntary. This case controlled
design study was conducted in accordance with the ethical principles outlined by the World Medical As-
sociation’s Declaration of Helsinki. Written informed consent was obtained from participants. The sample
was divided into four groups: smoker experimental (Group I: 22), non-smoker experimental (Group II: 21),
smoker control (Group III: 20), and non-smoker control (Group IV: 20). The experimental groups con-
sumed 1000 mg/day pure royal jelly between 08.00 and 10.00 am for 21 days. The control groups consumed
a placebo liquid between 08.00 and 10.00 am for 21 days. Pre- and post-pulmonary function tests (PFTs)
were performed. Results: Group I had significantly higher mean posttestforced expiratory volume in one
second(FEV1) (1.86+0.19 L) than mean pretest FEV1 (1.76+0.05 L) while Group II had significantly higher
mean posttest FEV1 (2.25+0.27 L) than mean pretest FEV1 (2.18+0.17 L) (p < 0.000). No statistically sig-
nificant difference was observed in the control groups. Conclusion: PFT results before and after 1000mg/day
royal jelly supplement revealed positive and significant differences.

Key words: royal jelly, sedentary, smoking, pulmonary function tests, FEV1

Introduction

Royal jelly is a substance secreted by honey bees to
feed especially the queen larvae, hence the name royal
jelly. Its health benefits were discovered in the 1600s.
Royal jelly is a secretion of the hypopharyngeal glands
of 5-10-day-old honeybee workers. It is pellet-like and
has a distinct smell and bitter taste. Worker bees be-
gin to synthesize protein in the hypopharyngeal glands
about four days after they are hatched. Protein synthesis
continues to increase for eight days, reaches its maxi-
mum level on the fourteenth day and starts to decrease
from the seventeenth day on (1, 2). Royal jelly is milky
when secreted and delivered to the oral cavity but it

turns dark and creamy after being placed in honeycomb
cells. It is a yogurt-like homogeneous substance with
the consistency of a fluid paste which, however, becomes
more viscous when stored at room temperature or in a
refrigerator at 5°C. It contains proteins, lipids, carbohy-
drates, ash, P, Na, K, Ca, Mg, pollen, and C, D and E
and B, and many other vitamins (3, 4).

It also contains 10-hydroxydecanoic acid (10-
HDAA), 10-hydroxydecanoic acid (10-HDAA) and se-
bacic acid (SEA) which exhibit broad-spectrum activity
against numerous bacteria and fungi (5). The proteins in
royal jelly are antioxidants used in the treatment of such
diseases as cancer, atherosclerosis, hypertension, infer-
tility, asthma, depression, and diabetes mellitus resulting
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from oxidative stress caused by the imbalance between
reactive oxygen species (6). It also plays a key role in cell
renewal, regeneration, and organization, and antiaging,
and lowers blood cholesterol, total lipid, phospholipid,
triglyceride, beta lipoprotein levels, and blood pressure,
and dilates vessels. It has also been reported for many
years that royal jelly exhibits antimicrobial and insulin-
like hypoglycemic and immunological activities, has
therapeutic properties for skin and hair, and reproduc-
tive diseases, regulates sexual functions, and repairs and

rejuvenates cells (7-9).

Royal jelly is used more and more in daily diet and
in the treatment of many diseases. With these superior
properties, royal jelly is becoming increasingly impor-
tant for health and is studied more extensively.

Smoking increases airway resistance during res-
piration. Thenicotine in cigarettes causes bronchioles
to contract, and carbon monoxide in the smoke is
bound by hemoglobin and hence reduces blood oxy-
gen carrying capacity. Research shows that smoking is
a dominant predictor of airway obstruction. Pulmo-
nary function test (PFT) values should be measured
to determine airway obstruction. PFTsare widely used
to understand and rate the abnormalities in respira-
tory system functions. The air entering and leaving the
lungs should be able to move fast enough and play a
decisive role in physical capacity.Air velocity depends
on theairway resistanceof chest and lung tissues, af-
fecting dynamic measurements (10, 11).

1) FVC (forced vital capacity) is the maximum amount
of air exhaledafter a maximum inhalation.There is
little or no difference between VC and FVC in nor-
mal subjects.

2) FEV1 (forced expiratory volume in one second) is
the maximum amount of air expelled during the first-
second after a maximum inhalation. This is the most
commonly used value to measure lung function. Ex-
ercise-induced bronchoconstriction (EIB) diagnosis
requires a > 10% fall in FEV1 after exercise.

3) FEV1/FVC ratio is the ratio of the forced expiratory
volume in the first second to the forced vital capacity
of the lungs. It is normally 80-90% and goes below
70% in the case of obstructive pulmonary diseases.

The aim of this study was to determine the effect
of royal jelly on the pulmonary functions of sedentary
male smokers aged 25-30 years.

Material and Method

The study was approved by the ethics commit-
tee of the university. The study sample consisted of 83
sedentary single male participants aged 25-30 years
without any health problems between January and
February 2019. Participants were asked whetherthey
had any lung disease in the past or now, whether they
smoked and how many cigarettes they smoked per day,
how long they had been smoking, and whether they
were performing physical activity or not. The exclusion
criteria were (1) being diagnosed with a disease affect-
ing respiratory functions, (2) receiving bronchodilator
therapy, (3) having a neuromuscular and/or cardio-
pulmonary disease, (4) having undergone abdominal
and thoracic surgery, (5) using alcohol and drugs, and
(6) refusing to participate in the study. The smoker
groups consisted of those who had been smoking for
at least 5 years and 10 to 20 cigarettes per day. The
non-smoker groups consisted of those who had never
smoked before. Participants were randomly assigned
to four groups: smoker experimental (Group I: 22),
non-smoker experimental (Group II: 21), smoker con-
trol (Group III: 20), and non-smoker control (Group
1V: 20). Anthropometric measurements were per-
formed before intervention. Body weight was recorded
in light clothing and height without shoes. Body mass
index (BMI) was calculated by dividing weight (Kg)
by the square of height (m). The experimental groups
consumed 1000 mg/day pure royal jelly in glass vials
between 08.00 and 10.00 am for 21 days. The con-
trol groups consumed a placebo liquid in glass vials
between 08.00 and 10.00 am for 21 days. The medi-
cations were stored in boxes labeled as A and B. The
participants were blinded to the allocation throughout
the study period and were educated to follow a healthy
lifestyle. Participants were instructed not to engage in
any exercise or activities requiring physical strength
for 21 days. Daily dietary intake data were evaluated
at baseline and at the end of the study by 2 days; 1
in the week day 1 in the weekend days by a dietician
blinded to the study. They were followed up every week
to check the side effects if any and for the compliance.
Pre- and post- PFTs were performed using spirom-
etry. VC (L), FVC (L), FEV1 (1), and FEV1/FVC (%)

were calculated.
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During the measurements, participants were seat-
ed in an upright position on a fixed chair, and their
nostrils were occluded with a nose clip to prevent them
from breathing through their nose. They were asked to
inhale and exhale through their mouth three times fol-
lowed by a maximum inspiration and then maximum
expiration. The best value was recorded after three
consecutive repetitions. The PFTs were performed by
another researcher blinded to the study protocol.

Statistical Analysis

Scale parameters were described by means and
standard deviations. Normality of parameters were
tested with Kolmogorov Smirnov Test. One Way
ANOVA test was used for normally distributed pa-
rameters, and Kruskal Wallis Test was used for non-
normal distributed parameters. Mann Whitney U test
was used for post hoc test of nonparametric differ-
ences. All analysis were performed at SPSS 17.0 for
windows at 95% confidence interval.

Results

Of participants, 42 were smokers (at least five
years and 10-20 cigarettes per day) while the remain-
ing 41 were non-smokers. All the participants were
male, single and all of them have academic educational
status. In the study flow diagram; the randomization
and the loss to follow up are presented (Figl).

In the study period no participants reported any
side effects.

Table 1 shows the groups’ demographic data, in-
dicating no statistically significant difference in age,

BM]I, or in daily dietary intake between the groups (p
> 0.05).When the pretest and post test results (PFTs)
were examined in terms of lung function parameters
such as VC, FVC, FEV,, it was found that the meas-
ured values improved significantly in Group I and
Group II (p: 0.000) Table 2

Pretest results of Group I were; 2.31 + 0.08 L
for VC, 2.34 + 0.08L for FVC, 1.76 + 0.05 for FEV,
whereas the improved results were found as 2.41 + 0.19
L,2.43 £+ 0.21L, and 1.76 + 0.05 as shown in Table 3.

The pretest results were 2.83 + 0.07 L for VC,
2.71 + 0.04L for FVC, 2.18 £ 0.17 for FEV, for Group
IT whereas improved results after royal jelly were found

Assessed eligibility (n=101)

.| Excluded (rejected participation)
(n=13)
Randomized (n=88)

Allocated to Allocated to Allocated to Allocated to
Group | Group Il Group Il Group IV

(n=22) (n=22) (n=22) (n=22)

\ \

Continued Lost to follow Lost to follow Lost to follow
intervention up (n=1), up (n=2), up (n=2),
(n=22) Received Received Received
allocated allocated allocated

intervention intervention

(n=21) (n=20) (n=20)

intervention

\ \

Analysed Analysed Analysed Analysed

n=22 n=21 n=20 n=20

Figure 1: The flow Diagram

Table 1. Demographic parameters of the groups

Pretest, Mean+SD Group I (n=22) Group II (n=21) Group III (n=20)  Group IV (n=20) P value
Age 27,27+1,64 26,62+1,28 27,20+1,67 26,60+1,35 0.369°
BMI 23,73+1,49 23,71+1,71 23,55+1,70 23,20+1,58 0.702°
Energy 2328,77+22,25 2324,10+22,23 2326,50+24,38 2325,60+25,42 0.872°
Carbonhydrate 243,23+8,28 242.,81+6,07 242,05+7,78 243,25+8,36 0.955¢
Protein 66,82+1,65 67,19+1,78 66,95+1,73 67,15+1,98 0.894°
Total fat 115,73+1,86 115,71+1,93 115,45+2,06 115,90+1,71 0.934

a. One Way ANOVA Test, b. Kruskal Wallis H Test, SD: Standard Deviation. BMI: Body Mass Index. P value < 0.05 is considered statisti-

cally significant.
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as 2.86 + 0.05L for VC, 2.78 + 0.09 L for FVC, and
2.25 + 0.27 for FEV, respectively.

In other words, Royal Jelly reduced the difference
between the initial pulmonary function capacities of
smokers and nonsmokers.

Table 4 presents the pretest results of PFT. The
main comparison was made between the smokers and
nonsmokers. There was no statistically significant dif-
ference in pretest measured VC, FVC, and FEV1 val-
ues between Group II and Group IV and Group I and
Group IIT (p >0.05).

There was no statistically significant difference in
posttest measured VC, FVC, and FEV, values between
Group I and Group III (p > 0.05). However, Group II
had significantly higher FVC value than Group IV (p
< 0.05) Table 5.

Figure II shows the pretest FEV1/FVC ratios
of the groups. Non-smokers (Groups II and IV) had

higher pretest FEV1/FVC ratio than smokers (Groups
I and III). Group II had higher pretestFEV1/FVC ra-
tio than Group IV.

Figure III shows the pretest FEV1/FVC ra-
tios of the groupsNon-smokers (Groups II and IV)
had higher posttest FEV1/FVC ratio than smokers
(Groups I and III). Among non - smokers Group II
had higher posttestFEV1/FVC ratio than Group IV
whereas Groups I and III had high range.

Discussion

Research shows that cigarette smoking causes res-
piratory impairment not only at older ages but also at
younger ages. Smoking leads to two physiopathological
changes in the lungs; (1) the proteolytic destruction of
lung parenchyma and emphysema, which is abnormal

Table 2. Pre-test PFT results of the groups

Group I Group 11 Group III Group IV P value
Pretest, Mean+SD (n=22) (n=21) (n=20) (n=20)
VC 2.31:0.08 2.83+0.07 2.29+0.07 2.84+0.07 0.000°
FVC 2.34+0.08 2.71+0.04 2.32+0.08 2.71+0.03 0.000°
FEV, 1.76+0.05 2.18+0.17 1.74+0.05 2.14+0.05 0.000°
a. One Way ANOVA Test, b. Kruskal Wallis H Test, SD: Standard Deviation.
Table -3: Post-test results of the groups

Group I Group I1 Group III Group IV

Final, Mean+SD (n=22) (n=21) (n=20) (n=20) P
VC 2.41+0.19 2.86+0.05 2.31+0.07 2.83+0.07 0.000°
FVC 2.43£0.21 2.78+0.09 2.34+0.10 2.72+0.04 0.000°
FEV, 1.86x0.19 2.25+0.27 1.77+0.06 2.13+0.08 0.000°

a. One Way ANOVA Test, b. Kruskal Wallis H Test, SD: Standard Deviation. VC: Vital capacity, FVC: Forced vifal capacity, FEV,: Forced

expiratory volume in one second. P value < 0.05 is considered statistically significant

Table 4. Pretest Comparison of the groups

Table 5. Posttest Comparison of the groups

Pre-test,, p values VC FVC FEV1 FEV1/FVC Post-test, p values VC FVC FEV1 FEV1/FVC
Group I- Group IT 0.000 0.000 0.000 0.000 Group I- Group II 0.000 0.000 0.000 0.171
Group I- Group I~ 0.399  0.472 0.367 0.658 GroupI- Group III  0.180 0.323  0.253 0.867
Group I- Group IV 0.000  0.000  0.000 0.000 Group I - Group IV 0.000 0.000 0.000 0.068
Group II- Group III 0.000  0.000  0.000 0.000 Group II - Group I 0.000  0.000  0.000 0.084
Group II-Group IV 0.606  0.679  0.548 0.712 Group II - Group IV 0.197  0.048  0.260 0.894
Group II- Group IV 0.000  0.000 0.000 0.000 Group II- Group IV 0.000  0.000  0.000 0.005

VC: Vital capacity, FVC: Forced vital capacity, FEV,: Forced expi-

ratory volume in one second.

VC: Vital capacity, FVC: Forced vital capacity, FEV,: Forced expi-

ratory volume in one second.
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permanent enlargement of air spaces, and chronic ob-
structive lung damage and (2) inflammatory constric-
tion of peripheral airways characterized by excessive
edema, mucus release and peripheral airway fibrosis.
Smoking increases airway resistance and causes pro-
longed expiration (12, 13). Free radicals increase during
chronic inflammation, and the balance between oxidant
and antioxidant is adversely affected, resulting in oxida-
tive stress. Smokers have low blood antioxidant capacity.
This may not only be due to oxidative stress, but also
because it circulates, and therefore, has a systemic ef-

fect. Smoking is associated with a reduction in erythro-
cyte glutathione peroxidase activity, serum antioxidant
activity, and plasma ascorbic acid, vitamin E, B caro-
tene, uric acid and selenium levels. There is an increase
in the amount of superoxide produced by neutrophils
in peripheral blood and a decrease in total antioxidant
capacity, especially during the attack and exacerbation
episodes of COPD and asthma (14-16).

The harmful effects of smoking on the respiratory
system emerge at later ages and is directly proportional
to pack-year. Our participants were young and had low
pack-year and therefore had normal PFT values. It is
known that PFT cannot be used to detect early changes
in the small airways, which is supported by some stud-
ies. Karimi et al. (17) reported that the prevalence of
asymptomatic people with normal PFT values was high
among smokers and that early changes in the small air-
ways could be detected by assessing the levels of air trap-
ping in the lungs using computed tomography (CT).

Present analysis demonstrates that there is a posi-
tive correlation between royal jelly consumption and
lung functions. In vitro studies show that 10H2DA,10-
HDAA, and SEA fatty acids in royal jelly reduce the
release of nitric oxide, IL 10 and TNF alpha (dose-
dependent major inflammatory mediators) and that
C, D, A, and E vitamins in it protect lung tissue from
harmful oxidative damage. AEOL150 was intratra-
cheally administered 6 hours a day, 3 days a week to
rats exposed to filtered air (control group) or cigarette
smoke (experimental group) to test whether cigarette-
induced inflammation would be reduced by a catalytic
antioxidant. The number of cells in the bronchoalveolar
lavage of the experimental group rats was significantly
reduced. A significant reduction was observed in necro-
phils and lymphocytes in two days and in macrophages
and lymphocytes in eight weeks. At 8 weeks, squamous
cell metaplasia was 12% and 2% of the total airway epi-
thelial area in the control and experimental rats, respec-
tively (18).

Antioxidants protect tissues from harmful oxida-
tive damage. Diet is the most important source of anti-
oxidants. The combined activity of dietary antioxidants
is probably superior to the individual effect of each anti-
oxidant drug, supporting the hypothesis that royal jelly
shows strong antioxidant properties due to the additive
effect of its antioxidants (19, 8).
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Vitamin C, which is found in tissues and liquids
with high potential for free radical production, con-
tributes to antioxidant defense by primarily removing
peroxyl and oxygen radicals. One of the mechanisms
explaining the protective effects of vitamin C on lung
function is as follows: Vitamin C is an important anti-
oxidant in the liquid that covers the surface of the air-
ways. Proteases and antiproteases in that fluid protect
the epithelial and immune cells from oxidant attack.
Low vitamin C content affects the activity of pulmo-
nary antioxidant defense systems negatively. Royal jelly
is a rich source of vitamin C and therefore an important
bioactive compound. Vitamin C protects the body from
smoke-induced airway inflammation and lung dam-
age and from oxidant air pollutants such as ozone and
nitrogen dioxide and also slows down the rate of lung
function (FEV1) decline in adults. It has recently been
reported that vitamins A and E also slow down the rate
of decline in FEV1 and protect respiratory functions in
smokers. Royal jelly is rich in vitamins A and E (20-22).

Our literature review showed that there are many
studies reporting positive effects of royal jelly on the
lungs.El Aidy et al. (23) found that royal jelly and propo-
lis had a positive anti-inflammatory effect on allergic
asthma and pulmonary fibrosis in albino rats.Arajua et
al. (24) also showed that 1 gram/kg/day royal jellyled to
a decrease in the number of Th1-mediated cells and an
increase in the number of Th2-mediated cells in the pe-
ripheral blood and lungs in people with asthma. Studies
argue that royal jelly does that by scavenging free radicals.

Zargar et al. (25) investigated the effect of roy-
al jelly on pulmonary fibrosis induced by bleomycin.
They reported that 50-100 mg/kg royal jelly acted
as a protective mechanism in bronchoalveolar lavage
samples by reducing TGF-, TNF-a cytokines, and
chemotaxis of inflammatory cells and by increasing
INF-v, an antifibrotic cytokine. They also showed his-
topathologically that royal jelly provided macroscopic
improvement.

TNF-o has both inflammatory and fibrogenic
properties and is responsible for the development of
airway obstruction, inflammation and pulmonary fi-
brosis. Intracellular studies have shown that MRJP3,
a major protein in royal jelly, reduces TNF-a produc-
tion. IFN-y prevents fibroblast activation. In vitro
studies have shown that IFN-vy has an inhibitory effect

on TGF- signaling pathways. Zargar (25) showed
that TGF-f level decreased in royal jelly consumers.

Kamiya et al. (26) conducted an intracellular study
of the proapoptoticactivities of royal jelly and reported
that HPO-DAEE, a fatty acid of royal jelly, induced
apoptosis of A549 cells. They argued that intracellular
ROS activated by HPO-DAEE played a role in the
destruction of cancer cells. Further research is war-
ranted detailing the chemical structure and clinical ap-
plication of HPO-DAEE in royal jelly.

In conclusion, proteins, proapoptoticfatty acids,
vitamins, and numerous antioxidants in royal jelly can
prevent smoking-induced airway obstruction and fi-
brosis in the early period, and PFTs can yield posi-
tive results before there arises a shift in the balance
between oxidants and antioxidants in favor of oxidants.

The strength of our clinical trial is randomized
and controlled design without inter individual differ-
ences however has two main limitations; (1) the sam-
ple consisted only of young male participants and (2)
smoking participants had a low pack-year history in
a short intervention time. Further studies with larger
sample sizes with different dosages and durations are
needed to provide more evidence regarding the posi-
tive effects of royal jelly on pulmonary function.

Conclusion

Royal Jelly is associated with the improvement in
lung function even in young smokers with intact oxi-
dant/antioxidant balance and a low pack-year smoking
history, however, it is misleading.

Finally, Royal jelly at moderate concentrations has
come into promising interest with many health benefits
in medicine. Future in vitro trials on respiratory physiol-

ogy are needed.
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Sleep quality and its relationship with night eating
syndrome, the risk of diabetes, and nutritional status among
university students

Yasemin Akdevelioglu, Teslime Ozge Sahin, Ozge Yesildemur

Department of Nutrition and Dietetics, Faculty of Health Sciences, Gazi University, 06560, Ankara/Turkey - E-mail:
dytozgeozay@gmail.com

Summary. Changes in sleep quality increase the risk of diabetes and obesity by affecting nutrition. This
study was conducted to find the correlation between sleep quality and night eating syndrome in addition to
obesity predisposition and the risk of diabetes. 550 university students including 330 women and 220 men
between the ages of 17-42 years participated in the study. A face to face questionnaire was conducted in order
to collect information about their personal characteristics, nutritional habits, and physical activities. Their
anthropometric measurements were taken and food consumption in the last 24 hours were recorded. The
Night Eating Syndrome Questionnaire, the Pittsburg Sleep Quality Index, and the Finnish Diabetes Risk
Score were conducted on the participants. 40% of the students were found to have good sleep quality, while
60% were found to have poor sleep quality. The median values of night eating syndrome, the risk of diabetes,
and the sleep quality scores of participants with good sleep quality were significantly lower than that of the
participants with poor sleep quality. Also, a positive correlation was found between the sleep quality score
along with the night eating and diabetes risk scores. Moreover, night eating syndrome and sleep duration were
positively correlated with waist circumference and waist/height ratio which are indicators of obesity. As a re-
sult, the study found that poor sleep quality increased night eating syndrome, obesity predisposition, and the
risk of diabetes, a metabolic disease. University students may be recommended to improve their sleep quality
in order to prevent the above-mentioned metabolic diseases.

Key words: sleep quality, night eating syndrome, diabetes, obesity, nutrition

Introduction

Humans have biological, psychological, social,
and cultural needs. One of our basic needs, sleep is a
state of physical and mental rest in which people are
inactive and unaware of their surroundings (1). Sleep is
a natural process which maintains energy homeostasis.
It also improves and restores the nervous system. It
is correlated with many components of the biologi-
cal structure, mainly the nervous system which con-
trols stimulation, motor-skills, behaviors and cognitive
functions (2). Generally, healthy sleep consists of two

dimensions including sleep duration and sleep qual-
ity (3). Sleep quality is about feeling energetic, fit, and
ready for a new day after waking up. It is also related
to quantitative aspects of sleep such as sleep latency,
sleep duration, and the number of times one wakes up
at night in addition to subjective aspects such as sleep
depth and restfulness (4). Although sleep is one of the
basic physiological needs to maintain health, sleep dis-
orders have currently become an important issue due
to living conditions or physiological and psychologi-
cal problems. According to the Epidemiology of Sleep
Disorders in the Adult Population Survey which drew
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up the sleep map of Turkey, 13% of the population
has difficulty falling asleep, 30% sleep less than eight
hours, and 11% sleep less than six hours (5).

Hunger is correlated with wakefulness. Distor-
tions in sleep duration and quality may cause physi-
ological and behavioral changes resulting in eating
disorders (6). Night eating syndrome has been among
the most prominent disorders recently (7). It is de-
fined as consuming more than 25% of the daily food
intake after dinner, waking up to eat at least twice a
week, appetite suppression during morning hours, and
appetite increase during evening hours in addition to
having difficulty in falling asleep or maintaining the
state of sleep at least four times a week (8). It was sug-
gested that sleep disorders take an active role in the
occurrence of night eating syndrome, the sleep quality
of individuals with the syndrome is significantly low,
they often wake up to eat, and have difficulty falling
asleep (9).

Distortions in sleep duration and quality may
significantly affect appetite, nutrition, in addition to
energy balance and thus may trigger obesity, insulin
resistance, and diabetes (10-12). Several prospective
studies showed that poor sleep quality patterns such as
excessive sleep duration (13), difficulty falling asleep
(14), and sleep management (14, 15) increase the
risk of impaired glucose tolerance or type 2 diabetes.
Pyykkonen et al. (16) indicated that sleeping less than
6 hours or more than 9 hours increases the risk of type
2 diabetes. Even though the mechanisms which are
correlated with sleep duration, quality, and the risk of
diabetes are not completely clarified, it was suggested
that short sleep duration may lead to insulin resistance
by increasing sympathetic nervous system activity (17,
18) along with evening cortisol levels (19), and reduc-
ing cerebral glucose use (20). Increasing load on the
pancreas due to insulin resistance may surpass p-cell
function and cause type 2 diabetes in time. In addi-
tion, along with sleep disorder, increase in systemic in-
flammation indicators such as C-reactive protein and
interleukin-6 play an important role in the formation
of diabetes (21, 22).

Night eating syndrome is regarded as a key
mechanism caused by the correlation between poor
sleep quality and metabolic diseases such as diabetes.
However, any study which examines the relationship

between night eating syndrome, sleep quality, and dia-
betes risk together is not available in literature. This
study was planned and carried out to find the correla-
tion between sleep quality and night eating syndrome
in addition to diabetes risk and nutritional status.

Method

The study was carried out with 550 volunteers in-
cluding 330 women and 220 men between the ages
of 18-42 years who studied at universities in Ankara,
Turkey between May-November 2019. Sample size
calculated according to a previous research examin-
ing night eating syndrome (23), nutritional habits and
sleep quality among university students and consider-
ing 95% power and 5% a-error, 392 adolescents had
been determined. This study, coded 2019-081, was ap-
proved by the Ethics Committee of Gazi University on
30.04.2019 under document no E.55336.

Participants

Individuals who did not meet exclusion criteria
were not included in the study. Exclusion Criteria in-
cluded being under 18, having physical or mental in-
capacity, undergoing psychiatric drug use in the last 6
months, and type 2 diabetes mellitus diagnosis.

The face to face interview method was applied to
collect data from the participants with a questionnaire
form consisting of three sections. The first section in-
cluded questions regarding personal characteristics
of the participants. The second was about nutritional
habits and physical activities. 'The last part included
anthropometric measurements.

Data Collection
Food Consumption Record

The 24-Hour Dietary Recall Form was recorded
to determine their energy and food intake. The average
energy and nutrient intake were analyzed by means of
the “ Nutrition Information System 7.2” (Turkish Ver-
sion), a computer-aided nutrition program (24).

The Night Eating Syndrome Questionnaire
The Night Eating Questionnaire is used to assess
the risk of night eating syndrome. Consisting of 16
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questions, the Night Eating Syndrome Questionnaire
was developed by Allison et al. (25) and adapted into
Turkish by Atasoy et al. (26). The questionnaire con-
sists of questions about morning appetite and the first
meal of the day, evening and nocturnal ingestion, ra-
tio of food intake after dinner, food cravings, control
over night eating behavior, difficulty in falling asleep,
frequency of waking up to eat, awareness and mood
during nocturnal ingestions. Items except the 7th are
rated between 0-4 with 5 point likert scale and total
score ranges between 0-52. Scores not less than 25 are
evaluated as “with night eating syndrome”, while the
scores under 25 are “no night eating syndrome” (26).

The Pittsburg Sleep Quality Index (PSQI)

The Pittsburgh Sleep Quality Index (PSQI) is an
effective instrument used to measure the quality and
patterns of sleep in the adults. The index was developed
by Buysse et al. in 1989 (26) and Agargiin et al. car-
ried out validity and reliability study of the index (27)
in Turkey in 1999. It consists of 19 questions each of
which has 7 items rated between 0-3. These items are
subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disorder, sleeping pill
use and daytime dysfunction. PSQI score is obtained
by the total score of seven items ranging between 0-21.
High scores are associated with poor sleep quality and
high level of sleep disorder. More specifically, the
scores above 5 mean clinically poor sleep quality (28).

The Finnish Diabetes Risk Score (FINDRISC)

FINDRISC was developed by the Finnish Dia-
betes Association in order to scan the risk of diabetes
within the scope of the Program for the Prevention of
Type 2 Diabetes in Finland (29). It is widely used in
Turkey and highly recommended by the Turkish Jour-
nal of Endocrinology and Metabolism (30). Providing
information about the risk of diabetes within 10 years,
the FINDRISC consists of 8 questions including (age,
BMI, waist circumference, exercise, vegetable and fruit
consumption, hypertension, blood sugar level, diabe-
tes history in family). Total FINDRISC score ranges
between 0-26 and the individuals whose risk score is
above 20 are at diabetes risk and required to be taken
in a protection program (30, 31).

Body Composition and Anthropometric Measurements
The anthropometric (height, waist circumference)
and body composition measurements of participants
were carried out in compliance with applied tech-
niques (32). The “Tanita BC 532” body analysis de-
vice was used to measure the body composition (body
weight) of participants. In addition, their BMI (kg/

m?) values and waist/height ratios were calculated (33).

Statistical Analyses

The normality of distribution of continuous vari-
ables was tested by one-sample Kolmogorov-Smirnov
test. Continuous variables with normal distribution
were presented as mean (standard deviation [SD]);
non-normal variables were reported as median (in-
terquartile range [IQR]). Qualitative variables were
expressed with frequency (f) and percentages (%) and
Chi-square test was used to compare this data. For the
comparison of quantitative variables and the Mann
Whitney U test was used in other cases. Pearson corre-
lation coefficient and Spearman correlation coeflicient
were used in the examination of the correlation among
variables (34). All statistical calculations were evalu-
ated within the 95% reliability range and at the p<0.05
significance level.

Results

Sleep Quality

The age average of participants was 21.6+2.43
year and the median and interquartile range of their
sleep quality scores was 6.61(3.0).The distribution of
some characteristics of students by their sleep quality
is given in Table 1. 40% of the students were found
to have good sleep quality, while 60% were found to
have poor sleep quality. The mean age of poor sleeper
students was found 21.6+2.39 year and mean age of
good sleepers was found 21.7+2.49 year. Gender dis-
tribution of students with good sleep quality was 55%
women and 45% men. 28.2% of the students with
good sleep quality lived with their parents, while the
ratio was 18.5% in students with poor sleep quality.
54.1% of the students with good sleep quality stayed in
a dormitory, while the ratio was 64.8% in students with

poor sleep quality (p<0.05). There were significant dif-
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Table 1. Distribution of some characteristics of students by their sleep quality

Sleep Quality Total
Good (n:220) Poor (n:330) (n:550) 2 P
f % f % f %
Gender
Female 121 55.0 201 60.9 322 58.5
Male 99 45.0 129 39.1 228 41.5 1899 168
Residence
With family 62 28.2¢ 61 18.5° 123 22.4
Alone at home 11 5.0 12 3.6 23 4.2
With flatmates 28 12.7 43 131 71 12.9 8.67 034
Dormitory 119 54.1 214 64.8 333 60.5
Main meals
1-2 104 47.3 195 59.1 299 54.4
3 116 52.7 135 40.9 251 45.6 7431 004
Snack Meals
1 103 46.8 118 35.8 221 40.2
2 96 43.6 172 52.1 268 48.7 6.759 .060
>3 21 9.5 40 12.1 61 111
Meal skipping
Yes 179 81.3 287 87.0 466 84.7 12.470 .002
No 41 18.7 43 13.0 84 15.3
Skipped Meals
bonch s 1 ste ass sy 06 76
Dinner 8 4.3 11 3.8 19 4.0
Sleep duration in weekdays (hour/day)
<5 3 1.4¢ 56 17.0° 59 10.7
6-8 201 91.4¢ 259 78.5° 461 83.8 35.476 .000
>9 16 7.3 15 4.5 30 5.5
Sleep duration in weekends (hour/day)
<5 - - 11 3.3 11 2.0
6-8 114 51.8 189 57.3 303 55.1 11.266 010
29 106 48.2° 130 39.4° 236 42.9
Night eating syndrome
Available 1 0.5 25 7.6 26 4.7
N/A 219 99.5 305 92.4 524 95.3 14.863 000
Diabetes risk level
Low 213 96.8 313 94.8 528 95.6
Medium/high 7 3.2 17 5.2 24 4.4 1227 268
BMI classification
Underweight 12 55 27 8.2 39 7.1
Normal 156 70.9 225 68.2 381 69.3
1.526 466
Slightly overweight/overweight 52 23.6 78 23.6 130 23.6

a-b: These letters denotes a subset of sleep quality categories whose column proportions differ significantly from each other at the .05 level.
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ferences in terms of the sleep duration of students with
good and poor sleep quality on weekdays and week-
ends. 1.4% of the students with good sleep quality and
17% of the students with poor sleep quality slept less
than 5 hours on weekdays (p<0.001). Additionally, the
sleep duration of participants with good sleep quality
was a minimum of 6 hours, while 3.3% of the students
with poor sleep quality slept a maximum of 6 hours.

There were also significant differences between
the number of their main and snack meals. 40.9% of
the students with poor sleep quality and 52.7% of the
students with good sleep quality had three main meals
a day (p<0.05).
The percentage of protein intake (15.5%) of the par-
ticipants with good sleep quality was higher than in
those with poor sleep quality (14.0%). On the contrary,
the percentage of carbohydrate intake of participants
with good sleep quality was lower (44.0% and 45.0%)
(p<0.05) (Table 2).

Correlation between sleep quality score, night eat-

ing syndrome and diabetes risk scores and dietary en-
ergy, macronutrient intake and some anthropometric
measurements was shown Table 3. The sleep quality
score had positive correlation with the carbohydrate-
based energy intake rate. However, there was a nega-
tive correlation with the protein-based energy intake
rate and sleep quality score (rcrowy:-100, Tonen:--151;
p<0.01). The examination of the correlation with sub-
components of sleep quality and nutrition showed that
there was a positive correlation between dietary CHO
intake and sleep latency, a negative correlation between
habitual sleep efliciency and dietary protein intake
amount, contribution of protein-based energy to daily
energy intake, and protein intake amount per body
weight. In addition, even though sleep disorders had
negative correlation with protein-based energy intake
rates, there was a positive correlation with the CHO
rate. There was a negative correlation between daytime
dysfunction and the protein-based energy intake rate.

There was no correlation between the sleep quality

Table 2. Median and interquartile range values of several anthropometric measurements, daily energy and nutrient intake in addition

to scale scores according to sleep quality

Sleep Quality

Good (n:220) Poor (n:330)

Median (IQR) Median (IQR) P
Anthropometric measurements
Body weight (kg) 61.5 (15.0) 60.0 (17.0) 376
Waist Circumference (cm) 74.5 (12.0) 75.0 (14.0) 975
Waist/height 0.4 (0.0) 0.4 (0.0) 573
BMI (kg/m? 22.1 (4.6) 22.1(4.4) 756
Energy and nutrients
Energy (kcal) 1655.2 (721.7) 1645.2 (760.4) 965
Carbohydrate (g) 170.7 (98.1) 182.0 (92.4) 177
Carbohydrate (%) 44.0 (11.0) 45.0 (11.0) .018*
Protein (g) 60.9 (31.2) 58.4 (31.8) 148
Protein (%) 15.5(5.0) 14.0 (5.0) .002*
Protein (g/kg) 1.0 (5.0) 0.97 (0.5) 287
Fat (g) 76.6 (38.8) 74.0 (37.0) 275
Fat (%) 41.0 (11.0) 40.0 (11.0) .302
Scale scores
Sleep Quality 4.0 (2.0) 8.0 (3.0) .000**
Night Eating Syndrome 12.0 (5.0) 15.0 (5.0) .000**
Diabetes risk 4.0 (4.0) 5.0 (4.0) .020**

* Mann-Whitney U is significant at the 0.05 level.™ Mann-Whitney U is significant at the 0.001 level.
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score along with the waist circumference, waist/height
ratio, or BMI of participants. However, sleep duration,
one of the sub-components of sleep quality, was posi-
tively correlated with waist circumference and waist/
height ratio.

Median values of night eating (p<0.001), risk of
diabetes (p<0.05), and sleep quality scores (p<0.001) of
participants with good sleep quality were significantly
lower than in those with poor sleep quality (Table 2). In
addition, a positive correlation was found between the
sleep quality score and night eating in addition to dia-
betes risk scores (fga: . 111, roys:.428). There was also a
positive correlation between the risk of diabetes as well
as subjective sleep quality, sleep latency, sleep duration,
and night eating syndrome (p<0.05) (Table 3).

Night Eating Syndrome

The night eating syndrome rates of participants
with poor sleep quality (7.6%) were significantly higher
than in those with good sleep quality (0.5%) (p<0.001)
(Table 1). There was a positive correlation between
night eating syndrome and all sub-components of
sleep quality (p<0.05) (Table 3). A positive correla-
tion was observed between night eating syndrome and
dietary energy intake, carbohydrates, fat, and dietary
fiber amount, while it was negatively correlated with
the protein-based energy intake rate (p<0.05) (Table
3). Meal skipping habits of participants showed that
61.1% of participants with night eating syndrome skip
breakfast, 34.6% lunch, and 3.8% dinner. However,
meal skipping rates of individuals not having night
eating syndrome were 41.9%, 54.2%, and 4.0% respec-
tively (x2: 3.995, p=.136) (Table 1). Night eating syn-
drome was positively correlated with diabetes risk, as
well (r=.225, p<0.001).

In addition, there was another positive correla-
tion between night eating syndrome scores and waist/
height, BMI, waist circumference measurements

(run:131, rea: 170, 1,:125) (p<0.05).

Diabetes Risk

3.2% of the participants with good sleep quality
and 5.2% of the participants with poor sleep quality
had a high risk of diabetes (p>0.05) (Table 1). The
median value of diabetes risk was significantly high in
participants with poor sleep quality (Table-2). There

was a significantly positive correlation between diabe-
tes risk and waist/height along with BMI and waist
circumference measurements (p<0.05; .460; .490; .509
respectively) (Table 3).

Discussion

There is a general opinion that university students
have poor sleep quality and inadequate sleep duration
(35). In our study, supporting the above-stated opinion,
the median value of the sleep quality scores of students
was 6.61, 60% of the students (n: 330) had poor sleep
quality, and 40% had good sleep quality (n: 220). In
another study, similarly, the median value of the sleep
quality scores of university students was 6.9+2.4 (36).
This study showed that the residence and flatmates of
students affected their sleep quality. It was found that
the rate of students living with their families was lower
and rate of staying dormitory was higher among the
students with poor sleep quality than in students with
good sleep quality (p<0.05). In another study, 75% of
the students staying in the dormitory were found to
have poor sleep quality (37). These results can be re-
lated to the impact of the sleep environment on sleep
quality. Additionally, there was a significant difference
between weekday and weekend sleep durations of stu-
dents in terms of their sleep quality (p<0.05) (Table 1).
91.4% of students with good sleep quality and 78.5%
of students with poor sleep quality sleep for 6-8 hours
on weekdays (p<0.001) (Table 1). Considering that the
ideal sleep duration is a minimum of 7 hours for this
age group, (38)nearly all participants with good sleep
quality got adequate sleep (38). In this study, the poor
sleep quality of students (PSQI>5) can be attributed
to various factors such as living away from their fami-
lies, living alone or with friends, having the freedom to
go to bed at any time, increasing anxiety of academic
success, difficulty in adapting to the dormitory envi-
ronment, and increasing time spent on out-of-school
social activities.

In this study, a significant positive correlation
was found between night eating syndrome and sleep
quality scores (p<0.05). Also, the rate of night eating
syndrome (7.6%) was found to be significantly higher
in patients with poor sleep quality than in those with
good sleep quality (0.5%) (p<0.001) (Table 1). Simi-
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larly, another study conducted with university students
found that those with a higher rate of night eating syn-
drome symptoms had worse sleep quality (39). In ad-
dition, there was a significant positive correlation be-
tween night eating syndrome and sub-components of
sleep quality (p<0.05) (Table 1). Similar to our study,
sleep disorders, sleep medication use, and daytime
dysfunction were significantly higher in individuals
with night eating disorder, according to the Pittsburgh
Sleep Quality Index (40). Also, in a study conducted
with 144 morbid obese individuals in England, it was
found that the total night eating score is weakly corre-
lated with sleep duration and strongly correlated with
sleep disorders (41). The correlation between poor
sleep quality and night eating syndrome is explained
by the decrease in sleep duration due to frequent noc-
turnal ingestion in individuals with night eating syn-
drome (9, 42, 43).

On the contrary, night eating syndrome may also
occur due to the deterioration of sleep quality. Since
the triggering factor is unknown, there is a vicious cy-
cle between poor sleep quality and night eating syn-
drome (44).

In our study that the number of main meals de-
creased significantly with the deterioration of sleep
quality, whereas the number of intermediate meals in-
creased (p<0.05) (Table 1). As sleep duration in people
with poor sleep quality is shorter, they constantly need
snacks. This may increase the number of intermedi-
ate meals and deteriorate their appetite. For this rea-
son, they may skip breakfast. In furtherance, the rate
of skipping breakfast was higher in the participants
whose sleep durations were shorter (45). Sleep quality
is also associated with dietary patterns as well as meal
order. It was found that individuals with short sleep
durations tend towards high-calorie and high-carbo-
hydrate foods (46). Our study found that the ratio of
dietary energy from carbohydrate was higher and had a
positive correlation with sleep quality scores in partici-
pants with poor sleep quality (p<0.05) (Table 3). An-
other study showed that sleep quality deteriorated with
the increase in dietary carbohydrate intake, and those
with a higher consumption of confectionery in addi-
tion to noodles had worse sleep quality and those with
a higher consumption amount of fish along with veg-

etables had better sleep quality (47). On the contrary,

in a study conducted with Chinese adults, the carbohy-
drate rate in diet was significantly lower in adults with
shorter sleep durations than in normal adults (48).
Dietary carbohydrates contain a large variety of sugar
chains with different metabolisms. Thus, it is not sur-
prising that the amount of any individual carbohydrate
has no consistent influence on sleep parameters. In ad-
dition to carbohydrates, there is a correlation between
the dietary protein ratio and sleep quality. Our study
found that the ratio of dietary energy from protein
was lower and had a negative correlation with sleep
quality scores in participants with poor sleep quality
(p<0.05) (Table 3). Another study demonstrated that
short or long sleep duration in adults decreased the
protein-based dietary energy rate compared to normal
sleep durations (49). This is explained as tryptophan,
a precursor to the neurotransmitter serotonin and the
neuro-secretory hormone melatonin, both of which
are linked to sleep and alertness.

Dietary patterns were closely correlated with
night eating syndrome as well as sleep quality. Our
study results showed that night eating syndrome had a
positive correlation with the amount of dietary energy,
carbohydrates, fat, and dietary fiber intake in addition
to a negative correlation with protein-based energy
intake (p<0.05) (Table 3). However, in a study, adoles-
cents with night eating syndrome were found to have
high dietary fat and low carbohydrate intake (50). In
addition, there are several studies in literature which
find no difference among night eating syndrome, sleep
quality, and nutrient intake (51, 52). This may be caused
by the difference in dietary carbohydrate content (mo-
no-polysaccharide, low-high glycemic index etc.) and
tryptophan amounts, timing of carbohydrate ingestion
which impacts serotonin synthesis, and circadian dis-
ruption (53). It was considered that the effect of night
eating syndrome on increasing energy intake may be
correlated with the hormones regulating food intake.
In a study examining the effect of sleep duration on
hormones regulating food intake, it was found that a
4-hour sleep duration decreased leptin levels by 18%
on average and increased ghrelin levels by 28%. Ac-
cordingly, the hunger of individuals with inadequate
sleep durations increased by 23% and their craving for
high-carbohydrate food increased by 30% (54). In ad-

dition, orexin A and orexin B peptides released from
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the lateral region of the hypothalamus play a role in
the neuroendocrine control of appetite in the state of
sleep-wake. Orexin-containing neurons is active dur-
ing wakefulness and quiescent during sleep (55) The
short sleep duration in humans has been shown to de-
crease GLP-1 levels. Sleep restriction can also trigger
reward-driven eating behavior, which can lead to ex-
cessive eating and cause emotional stress in addition to
impulsive behavior. These changes may contribute to
the increase in food intake, as well (56). Anthropomet-
ric measurements which are indicators of obesity may
change with the increase of energy intake as a result of
the effects of these mechanisms.

This study found that night eating syndrome and
sleep duration were positively correlated with waist
circumference and waist/height ratio which are indi-
cators of obesity (p<0.05) (Table 3). Additionally, in
parallel with the literature, there was a significantly
positive correlation between night eating and BMI
(57, 58). Another study reported that individuals were
at normal weight before having night eating syndrome
and they put on weight after getting the syndrome
(59). Similarly, another study found that short sleep
duration increased obesity in adults by 1.55 times (60).
In a study conducted with university students, a posi-
tive correlation was found between poor sleep quality
and short sleep duration in addition to obesity (23).
Systematic review similarly concluded that short sleep
duration seems to be independently associated with
weight gain, particularly in young age groups (61).

Distortions in sleep duration and quality may
significantly affect appetite, nutrition in addition to
energy balance, and thus may trigger obesity, insulin
resistance, and diabetes (10-12). Poor sleep quality as
well as its complaints are associated with alterations
in diurnal cortisol levels consistent with alteration of
neuroendocrine functioning, in particular the hypotha-
lamic-pituitary-adrenal (HPA). Plasma glucose levels
of nocturnal individuals were consistently at a high
level between midnight and early morning, whereas
insulin secretion was markedly decreased during this
time period (i.e., a pronounced mismatch of glucose
and insulin levels). In contrast, there was a strong posi-
tive correlation between the plasma levels of glucose
along with insulin during the daytime and evening in
the diurnal individuals. For this reason, night meals

cause disruption of insulin response against glucose.
Accordingly, obesity and diabetes are higher in pa-
tients with night eating syndrome (62, 63). Also sys-
tematic review by Irwin confirmed the presence of the
association between sleep disturbance and markers of
systemic inflammation such as C-reactive protein and
interleukin-6 which are also related to obesity. It is
suggested that increased inflammation markers play an
important role in the development of chronic diseases
such as diabetes, and dyslipidemia (3). Night eating
syndrome delays meal times along with glucose, and
insulin levels. Ghrelin levels change similarly to the
deterioration in sleep quality as a result of delayed
energy intake. In parallel with this information, our
study showed that the risk of diabetes increases, as
night eating syndrome increases and sleep quality de-
teriorates. The correlation between sleep duration and
diabetes risk is supported by a number of epidemio-
logical and clinical studies. Epidemiological studies in
the United States and around the world have shown
that the risk of diabetes and the outcome of diabetes
are positively correlated with short (<6h/24h) and long
sleep (29h/24h) durations (64).In a meta-analysis of
prospective cohort studies, short sleep duration was as-
sociated with high risk of diabetes (relative risk=1.37;
95%CI, 1.22-1.53) (65). Gangwisch et al. (61)Q indi-
cated in a meta-analysis of seven studies that diabetes
type 2 risk in individuals with inadequate/short sleep
duration was 28% higher. Engeda et al. (66) found
that individuals who sleep <5 hours/day have 2 times
the rate of pre-diabetes than those who sleep 9 hours.
In summary, repeated bouts of restricted sleep may
induce chronic hyperinsulinemia, stimulating down-
stream pathways like pancreatic beta cell failure and
lipogenesis, leading to development of diabetes and

obesity (64).

Results and recommendations

In this study conducted on 550 university stu-
dents with a mean age of 21.6, more than half of the
participants were found to have poor sleep quality. It
was found that deterioration in sleep quality increased
obesity predisposition and night eating syndrome
which play a role in the etiology of metabolic diseases
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and even increase the risk of diabetes which is also a

metabolic disease. University students should improve

their sleep quality in order to prevent themselves from

getting such diseases. It is recommended to ensure a

suitable sleep environment and adequate sleep dura-

tion which is one of the most important factors which

improve sleep quality.
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Summary. The aim of this study is to evaluate the effect of 8-week zumba fitness on body composition of
Turkish women between the ages of 18-35. The sample of the study consists of 28 (n=14 experimental group
and n=14 control group) women who are between the ages of 18-35 and living in the city centre of Kirikkale.
The women in the experimental group participated in the zumba fitness which lasted about 60 minutes 3
days a week for 8 weeks. The women in the control group continued their daily life. Body composition of
the participants in both experimental and control groups was determined by Bioelectric Impedance Analysis
Method before and after 8 week zumba fitness. The data obtained from applications to determine body com-
position were evaluated in SPSS 25.0 package program with 95% confidence interval and 0.05 significance
level. In statistical analyses, statistically significant difference has been observed in the mean values obtained
from the applications of pre-test and post-test regarding variables of BMI (kg/cm?), body fat percentage (%
fat), body fat mass (kg), lean body mass (kg), right leg fat percentage (% fat), right leg fat mass (kg ) of the
women in the experimental group (p<0.05). Within the lights of the findings obtained in the study, it has been
concluded that the 8-week zumba fitness caused a decrease in body weight, body fat percentage and BMI
values of Turkish women between the ages of 18-35. In the regional body analysis done in the study, it has
been understood that the effect of the zumba fitness program was on the lower extremity.

Key words: turkish women, zumba fitness program, body composition

Introduction

In the international studies on health improve-
ment, regular physical activity in women was reported
to reduce and prevent problems related to the muscu-
loskeletal system. Participating in regular exercise and
avoiding sedentary activity have been highly recom-
mended (1, 2). Recently, the significance of preventive
rehabilitation has gradually increased. Health profes-
sionals have been focused on participation in regular
and sufficient physical activities and prevention of in-
juries (3). It has been known that adult women par-
ticipate in different types of exercise, especially the de-
mand of women for spine stabilization exercises which
are known as pilates or core trainings are high (4). It

has been reported in the literature that these relevant
exercises have many positive effects from individuals’
flexibility to functional capacities (5, 6).

Due to the fact that women have different physi-
ological structures compared to men and their roles in
society change according to cultures, their responsi-
bilities and daily activities (housework, child care, etc.)
increase. They prefer to rest rather than regular physi-
cal activity or exercise. Therefore, the rate of sedentary
life tendency is high. For this reason, regular exercise is
significant for women (7, 8).

It was reported in the literature that women were
affected more by the negativities caused by sedentary
life (7, 9). Thus it is significant to encourage women
to exercise and to ensure them to benefit from the ad-
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vantages of exercise (7, 8). Exercise in women was re-
ported to be effective on musculoskeletal pain (10), de-
pression, life quality, posture, body composition (such
as body mass index and waist-to-hip ratio) (11, 12).
Many women who wish to do exercise today prefer
zumba fitness.

Zumba fitness which combines exercise with the
most active and entertaining figures of Latin dance is
one of the most preferred fitness programs by women.
Zumba fitness is based on different Latin American
rhythms such as, bachata, reggaetén, salsa, merengue,
cumbia and samba. Hip hop, belly dancing, Indian and
African figures also enrich the content of Zumba fit-
ness (13). Zumba fitness which is one of the most pop-
ular fitness programs today was developed in the mid
90’s by the famous fitness trainer Alberto “Beto” Perez.
One day, Beto Perez notices that he has forgotten the
CDs that he always brings to his lessons. At that time,
he takes the CD containing salsa and merengue music
that he has prepared for himself in his bag and uses
that CD in his class. Beto Perez completes the class
with his energy and his own choreographies. Every-
body who attends the course is amazed. Thus, Zumba
fitness is born (14). Zumba fitness session takes an
average of 1 hour. The session starts with warm-up
music. Then, songs are lined up to be an intermittent
exercise. Zumba fitness session ends with the cooling
music (15).

Zumba fitness which not only entertains while
exercising, but also gives flexibility to body activates
effectively all body muscles. While it increases calorie
expenditure with aerobic interval loading and strength
exercises, it also enables the strength of whole body
and cardiovascular system to increase (13). While all
the muscles of the body are functioning, calorie burn-
ing is between 600 and 1000 in 45 and 60 minute
courses and it plays an active role in the weight loss
process (15). This modern fitness program provides
contributions such as prevention of posture disorders,
development of coordination and strengthening of
bone joint segments (16). It speeds up weight loss with
a balanced diet and helps shape all parts of the body
(15). The researches confirm that the implementation
of zumba fitness contributed to statistically significant
effects in improving functional and motoric abilities of
a woman (17, 18, 19, 20) and changes in women body

composition. Referring to the results obtained from
similar studies, the hypothesis of the study was deter-
mined that 8 weeks of zumba fitness had an effect on
body composition in Turkish women between the ages
of 18-35. Therefore the aim of the study is to evaluate
the effect of Zumba fitness on the body composition of
Turkish women between the ages of 18-35, who regu-
larly participated in the Zumba fitness program for 8
weeks.

Method

Participants

The sample of the study consists of 28 women
who live in the city center of Kirikkale and between
the ages of 18-35 (n = 14 experimental groups and n =
14 control groups).

Zumba Fitness Program

Zumba fitness was practiced 3 times a week for
8 weeks. Each session, which lasted approximately 60
minutes, consisted of warming, cooling with a main
section and stretching sections. The intensity of the
exercise was determined by the tempo of the music.
The warm-up section continued for 8-10 minutes
(tempo 125-140 bpm). In the main part of the ses-
sion, the participants aimed to dance and exercise with
their favourite music. The main part of the session was
exercised accompanied by 8-10 original fitness Zumba
songs. The dance choreographies and intensity of the
movements were adapted to the tempo of the music
ranging from 140-160 bpm. All Latin American dance
choreographies (such as merengue, salsa, samba, belly
dance, cha cha cha, tango) were utilized. Each dance
song continued for 3-5 minutes with 15-20 seconds
rest between the songs. During the cooling phase,
which is the last part of the session, the participants
were aimed to relax physically and mentally. Stretch-
ing exercises were performed to relax muscles, increase
muscle flexibility and avoid muscle pain. No jumping
and squat movement were allowed during the cool-
ing phase. All of the movements were performed in
a standing, sitting and stretching position (tempo of
music is 100 Beats Per Minute (BPM)) (13).
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Height and Body Weight Measurements

The tape measure with a 0.01 cm degree of ac-
curacy was used in the height measurements of the
participants. The measurements were performed when
the participants’ feet were bare. While height meas-
urements were performed when the participants’ heads
were upright, the soles of feet stood on the ground
flatly, the knees were stretched, the heels were adja-
cent and body was upright; body weights were meas-
ured with a device of Bioelectrical Impedance Analysis
(BIA) with a sensitivity of 0.1 and with barefoot and
minimal clothing (21).

Bioelectrical Impedance Analysis

Bioelectrical impedance analysis to determine the
body composition of the participants was performed
with the device of “Tanita-BC 418 MA”. The device of

Tanita has 8 electrodes and uses high frequency con-
stant current source (50 kHz, 500A). The individuals
who participated in the measurement were asked not
to eat anything until at least 4 hours before the meas-
urement, not to drink anything including caffeine-
containing drinks, not to take a bath or use sauna, not
to drink alcohol until 24 hours before the measure-
ment and not to do sports on the day of the measure-
ment. Individuals were asked to stand on bare feet on
the metal surface of the device, to hold the parts of
the device that should be handled with both hands,
and to release their arms free in a position parallel to
the body. The measurements lasted approximately 1-2
minutes for each subject, and the percentage of body
fat detected by the device of bioelectrical impedance
analysis was printed out from the device (21).

Table 1. Comparison of the pretest and posttest averages of the body composition of women in the experimental group

Variables Pre—_test Post_—test P
N X Sd+ N X Sd+

Body Weight (kg) 14 60.64 10.08 14 58.43 11.47 -2.232 0.003*
Body Mass Index (kg/cm?) 14 23.96 3.36 14 22.58 3.56 -1.476 0.005*
Basal Metabolic Rate 14 1346.6 115.4 14 1352.7 1212 -1.186 0.238
Total Body Water (kg) 14 31.12 2.56 14 31.20 2.52 -0.994 0.342
Fat Percentage (% fat) 14 31.66 7.34 14 30.22 7.16 -2.458  0.002*
Fat Mass (kg) 14 20.82 7.29 14 19.56 8.15 -2.776 ~ 0.016*
Free Fat Mass (kg) 14 41.42 4.71 14 42.52 5.17 -1.145 0.028*
Right Arm Fat Percentage (% fat) 14 33.92 8.26 14 33.96 9.26 0.614 0.596
Right Arm Fat Mass (kg) 14 1.12 0.62 14 1.09 0.58 -0.489 0.512
Right Arm Free Fat Mass (kg) 14 1.10 0.24 14 1.24 0.28 -1.108  0.256
Left Arm Fat Percentage (% fat) 14 34.58 8.10 14 33.46 8.22 1.424 0.424
Left Arm Fat Mass (kg) 14 1.07 0.48 14 1.11 0.54 1.378 0.486
Right Arm Free Fat Mass (kg) 14 1.90 0.22 14 1.92 0.26 -3.402  0.286
Fat Percentage (% fat) 14 43.86 6.79 14 43.42 7.12 0.916 0.268
Fat Mass (kg) 14 9.92 5.74 14 9.78 5.68 -1.405 0.214
Free fat Mass (kg) 14 22.52 1.65 14 23.04 1.61 -1.504 0.166
Right Leg Fat Percentage (% fat) 14 34.66 5.32 14 34.49 5.41 -1.124 0.268
Right Leg Fat Mass (kg) 14 3.95 1.29 14 4.14 1.30 -4.067 0.001*
Right Leg Free Fat Mass (kg) 14 4.28 071 14 4.18 0.72 2.385 0.033*
Left Leg Fat Percentage (% fat) 14 34.56 5.16 14 35.81 5.10 -4.564 0.001*
Left Leg Fat Mass (kg) 14 3.90 1.26 14 4.05 1.28 -4.048  0.001*
Left Leg Free Fat Mass (kg) 14 4.13 0.74 14 4.12 0.70 1.992 0.005*

*0.05 significance level
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Data Analysis

The statistical analysis of the data obtained from
the measurements carried out to determine the body
composition of women in the experimental and con-
trol groups participating in the study were performed
in the SPSS 25.0 package program with 95% confi-
dence interval and 0.05 error level. Paired Sample T
Test was utilized to compare the averages of the values
observed in two different cases of a variable.

Results

When Table was examined it was observed that
there was a statistically significant difference between
the average values obtained from the pre-test and post-
test applications regarding body mass index (kg/cm?),
body fat percentage (% fat), body fat mass (kg), body

free fat mass (kg), right leg fat percentage (% fat), right
leg fat mass (kg), right leg free fat mass (kg), left leg fat
percentage (% fat), left leg fat mass (kg) and left leg free
fat mass (kg) variables of women in the experimental
group (p <0.05). In Table 2, it was observed that there
was no statistically significant difference between the
average values obtained from the pre-test and post-
test applications to determine the body composition of
women in the control group (p> 0.05).

Discussion and Conclusion

In this study, the zumba fitness applied to wom-
en in the experimental group caused changes in the
body composition of women. Variables in which these
changes have been observed are body weight (kg),
BMI (kg/cm?), body fat percentage (% fat), body fat

Table 2. Comparison of the pretest and posttest averages of the body composition of women in the control group

Variables Pre—_test Post_—test >
N X Sd= N X Sdx

Body Weight (kg) 14 60.64  12.08 14 61.43 1247  -2.113  0.055
Body Mass Index (kg/cm?) 14 23.89 4.40 14 24.12 4.46 -1.870 0.084
Basal Metabolic Rate 14 1312.9 1179 14 1319.9  120.5 -1.192 0.255
Total Body Water (kg) 14 30.02 2.45 14 30.20 2.48 -0.998 0.336
Fat Percentage (% fat) 14 30.78 8.38 14 31.40 8.41 -1.753 0.103
Fat Mass (kg) 14 19.77 9.22 14 20.23 9.37 -1.882 0.082
Free Fat Mass (kg) 14 40.40 4.83 14 69.30 8.26 -1.033 0.320
Right Arm Fat Percentage (% fat) 14 33.84 9.17 14 33.60 9.14 0.602 0.557
Right Arm Fat Mass (kg) 14 1.04 0.51 14 1.05 0.53 -0.694 0.500
Right Arm Free Fat Mass (kg) 14 1.87 0.19 14 1.89 0.20 -1.482  0.128
Left Arm Fat Percentage (% fat) 14 34.27 9.06 14 33.96 9.22 0.673 0.513
Left Arm Fat Mass (kg) 14 1.10 0.56 14 1.09 0.59 0.618 0.547
Right Arm Free Fat Mass (kg) 14 1.90 0.24 14 1.92 0.26 -1.309 0.126
Fat Percentage (% fat) 14 44.94 6.96 14 27.87 9.80 0.963 0.353
Fat Mass (kg) 14 9.60 5.61 14 9.89 5.71 -1.358 0.198
Free Fat Mass (kg) 14 22.95 1.57 14 23.18 1.59 -1.510 0.155
Right Leg Fat Percentage (% fat) 14 34.48 5.21 14 34.52 5.19 -1.728  0.167
Right Leg Fat Mass (kg) 14 3.95 1.29 14 4.14 1.30 -1.162  0.214
Right Leg Free Fat Mass (kg) 14 4.28 0.71 14 4.18 0.72 -2.385 0.367
Left Leg Fat Percentage (% fat) 14 34.56 5.16 14 35.81 5.10 -2.564  0.412
Left Leg Fat Mass (kg) 14 3.90 1.26 14 4.05 1.28 -3.314 0.324
Left Leg Free Fat Mass (kg) 14 4.13 0.74 14 4.12 0.70 1.992 0.068
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mass (kg), body free fat mass (kg) and right leg fat per-
centage (% fat), right leg fat mass (kg), right leg free
fat mass (kg), left leg fat percentage (% fat), left leg fat
mass (kg), left leg free fat mass (kg). Similar findings
can be found when the literature is examined.

Barene et al. (22) have stated that the 12-week
zumba fitness reduced the fat percentage and fat mass
values of women working in the health sector. Ljubojevi
et al. (23) have suggested that zumba fitness program
caused a decrease in overall body weight, fat percent-
age and fat mass values of women who are between the
ages of 25-35. Micallef (24) has confirmed the effect of
Zumba fitness on body composition stating that it de-
creases fat mass, BMI and fat mass values. Cugusi et al.
(25) have stated that the 12-week zumba fitness caused
a significant change in body weight and BMI values and
decreased the number of heart beats during resting. In
their studies, Jain and Nigudkar (26) divided 60 women
who are between the ages of 20-50 into two groups,
who participated in the 12-week zumba fitness and who
both participated in the zumba fitness and also went on
a diet during this period. After the 12-week program,
differences have been observed in both groups in terms
of anthropometric characteristics, body composition
and components of physical fitness. No significant dif-
ference has been observed in fat percentage and waist-
to-hip ratio values in the group participating only in the
zumba fitness after the application. Bagtu et al. (27)
have concluded that there was a significant decrease in
BMI and body weight values of women who participat-
ed in the study after 12 weeks of pilates, crossfit, zumba
fitness. In the study done in 2009, Biger et al. (28) inves-
tigated the effects of 8-week (3 days a week, 60 minutes
a day) aerobic dance exercises on cardiovascular fitness,
recovery pulse rate, blood pressure, flexibility and body
weight. At the end of the research, the finding that the
difference between cardiovascular fitness, recovery pulse
rate, systolic blood pressure, flexibility and body weight
was statistically significant has been reached. Krishan et
al. (29) have stated that the 12-week Zumba fitness en-
sured the development of aerobic fitness of women who
were overweight, obese and have type 2 diabetes, and
decreased their body weight and body fat percentage.

60 healthy sedentary mid-fat and young women
participated in the study conducted by Akdur et al
(30). The groups were asked to do exercise for an hour,

3 days a week, for 10 weeks. Following the research,
a positive significant difference in body fat ratio val-
ues was observed. They attempted to determine the
contribution of dance and walking activities to per-
formance in 60 men and women between the ages of
24-48. Dividing the experimental group into two, they
practiced dance for the first group and walking exer-
cises for the second group for 8 weeks. At the end of
the research, no significant difference was found be-
tween the groups. Nindl et al. (31) practised a physical
activity program consisting of resistance and aerobic
activities for 31 healthy women 5 days a week for 6
months. It was found that their body weights averages
before exercise were 66.5 kg and 64.8 kg after exercise,
their body fat weight averages were 24.7-22.1 kg, and
free fat body weight averages were 41.8-42.7 kg. At
the end of the exercise program, they observed 2.2%
decrease in body weight, 10% decrease in body fat and
also 2.2% improvement in free fat body weight. In the
study Colako lu and Karacan (32) applied aerobic exer-
cise with 50-75% intensity for middle aged and young
women for 12 weeks, 3 days a week, 45-60 minutes,
they found a decrease in body weight in both groups.
Sucu (33) determined that at the end of 10 weeks BMI
values of those who exercised were lower than those
who did not perform physical activity. Moreover, it
was determined that participants’ body weight, chest,
waist, hip, arm and BMI values before the exercise
program decreased positively at the end of the exer-
cise program. In the study by Giines (34), when the
anthropometric measurements of women who were
doing and not doing sports were compared, a differ-
ence was observed in favour of women who were doing
sports in terms of measurement of chest and shoulder.
Additionally, it was concluded that waist-hip ratio and
hip circumference measurement scores were higher
in the groups doing sports. Ozeno lu et al. (35) ob-
served that for women who have been doing aerobic
exercise alone for 3 months and 3 hours a week for 3
months, the average weight before exercise decreased
from 70.33+11.53 kg to 69.06+10.94 kg, BMI values
average from 27.1424.27 kg/cm? to 26.58+4.20 kg/. In
the study, it was observed that exercise caused a signifi-
cant decrease in the weight, BMI, waist circumference,
waist-height ratio, body fat percentage, hip circumfer-
ence measurements of adult women (p<0.05). In the
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study Amano et al. (36) practised aerobic exercise to 18
obese individuals during 30 minutes 3 times a week for
12 weeks, the mean values of body weight, BMI, body
fat percentage before and after training was observed
respectively as 74.1+2.6 kg, 70.3+2.9 kg; 27.3+0.4 kg/
cm?, 25.920.5 kg/cm? %29.6+1.3, %26.6+1.3. It was
reported that the reductions observed in anthropo-
metric measurements were significant. In the study by
Dalleck et al. (37), it was observed that exercise for 5
days / week, 30 minutes and 45 minutes for 12 weeks
ensured a decrease in BMI, body composition and
waist circumference of postmenopausal women com-
pared to the control group who do not exercise.

Within the findings obtained in the study, it has
been concluded that the 8-week zumba fitness caused a
decrease in body weight, body fat percentage and BMI
values of Turkish women between the ages of 18-35.
In the regional body analysis done in the study, it has
been understood that the effect of the zumba fitness
program was on the lower extremity. It has been fore-
seen that if Zumba fitness is performed for a longer
period and is supported by diet, it can contribute more
to the body composition to reach the desired level.
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Summary. Auricularia cornea var. Li. is a natural mutation strain of A. cornea which has been preferred by
consumers for its white colour, good taste with their pharmacological properties. Even though there are many
reports about the cultivation technologies, to the best of our knowledge, very few studies have been performed
on nutritional compositions of white species of Auricularia. Therefore, this study aimed at determining the
nutritional compositions of A. cornea var. Li..Eighty percent of sawdust, 18% of wheat bran and 2% of lime
were used as cultivation substrate. Results were obtained by the mean + S.E of three independent determi-
nations based on the dry weight. Total dietary fiber was the dominant compound (78.94 g/100g), followed
by protein (8.68 g/100g), carbohydrates (6.31 g/100g), ash (2.43 g/100g) and fat (0.91 g/100g). Potassium
(1121.66 mg/100g) was the most abundant mineral, followed by magnesium (143.23 mg/100g), calcium
(108.97 mg/100g) and sodium (29.22 mg/100g) in tested samples. A. cornea var. Li. has been found to con-
tain all the essential amino acids. Glutamic acid was recorded more than 13% of the total detected amino
acid content and linoleic acid was recorded more than 43% of total detected fatty acid content in this study.
Although this mushroom desired for its color and flavor, it has found to be a good source of total dietary fib-
ers, proteins, trace functional minerals, and low fat content, making it an ideal component in healthy diets.

Key words: amino acid profile, Auricularia fuscosuccinea, Auricularia polyticha, fatty acid profile, macro nutri-
ent, nutritional composition

Introduction

Auricularia is a widely-reaching species of ed-
ible fungus. This species is recognized by its earlike
shape. Auricularia belongs to family Auriculariaceae.
It can be observed mostly on dead woods and decay-
ing logs (1). Auricularia is the fourth largest cultivated
mushroom species in the world as well as routinely
used ingredient in Chinese dishes and also in Chinese
medicine (2). China is one of the largest producers of
Auricularia (3). China Edible Fungi Association has
been reported the annual production in 2017 reached
nearly 75.2 and 16.9 million tons for 4. auricula and
A. cornea, respectively. Auricularia produce many types

of polysaccharides (4) and these kinds of polysaccha-
rides have the ability to stimulate the inner systems
in human body that can stop proliferation of cancer
cells (5). It has also been reported to have antitumor
(6), antioxidant (7), anticoagulant (8),antibacterial,
anti-parasitic (9,10),anti-inflammatory(11), immu-
nomodulatory (12), prevention of alcohol-related liver
diseases (13) and hypo glycemic (14) properties. Addi-
tionally, Auricularia has been reported to contain high
level of crude protein, low level of fat and 60% of fatty
acids are unsaturated (15) which contributes to treat
cardiovascular, hypo cholesterol (16) and obesity (17)
Auricularia species contain more fiber (18). Hence,
they have the ability to medicate constipation (19).
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Auricularia cornea var. Li. is a natural mutation strain
of A. cornea and it has been favoured by customers for
its white colour, flavour, and medicinal properties.

However, there are insufficient studies were car-
ried out about nutritional composition of 4. cornea var.
Li.. Therefore, this study was conducted to determine
the nutrition compositions and the mineral elements
of A. cornea var. Li. expecting that this information
could be used by academics, medicines, and consump-
tion market.

A. cornea, A. cornea var. Li. on a decaying trunk in
nature shown in Figure 1 and Figure 2 respectively. Ar-
tificially cultivated 4. cornea var. Li. shown in Figure 3.

Materials and methods

Spawn Preparation and Fruiting Body Production

Auricularia cornea var. Li. used in this study was
provided by Beijing Engineering Research Center
for Edible Mushrooms. The strain was cultured and
maintained on potato dextrose broth at 25 “C. When
required, 1.5% (w/v) agar was added to the appropri-
ate medium. Eighty percentage of oak (Quercus spp)
sawdust, 18% of wheat bran, and 2% of lime were used
to prepare substrate and the water content of the sub-
strate was adjusted to 62% (W/W). One kilogram of
substrate was filled in polyethylene bags (16 cm x 32
cm x 0.04 cm) which were then, autoclaved at 121 °C
for 120 min. Autoclaved substrate was inoculated with
A. cornea var. Li. spawn by 2% (w/w) of substrate fresh
weight. Inoculated polyethylene bags were kept in the
spawn running room at 25 “C and 70% RH under dark
condition. After the mycelium completely colonized,
bags were unfolded in order to facilitate the fruiting
body development and maintained at 25 °C and 85-
90% RH. Fruiting bodies were harvested at mature
stage.

General Chemical Analysis

Fresh mushrooms were collected randomly after
the first flush and dried at 60 °C to a constant weight.
Mushroom nutrition compositional analyze were car-
ried out according to the AOAC (20) standard pro-
cedures for moisture, ash, crude protein, fat and fiber.
Moisture content (%) was determined by drying 10.0

Figure 2. Naturally mutation white strain Auricularia cornea
var. Li. in nature.

Figure 3. Naturally mutation white strain Auricularia cornea
var. L:. in nature.
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g of dried mushroom in oven. Crude protein (%) was
analyzed using dried, ground mushrooms (1.0 g) by
micro-Kjeldahl method; the nitrogen factor used for
crude protein calculation was 6.25. The level of crude
fat (%) was determined by Soxhlet extraction of dried
mushrooms (3.0 g). Total dietary fiber (%) was deter-
mined by taking approx. 3.0 g dried mushroom with
H,SO, (1.25%) and NaOH (1.25%) followed by heat-
ing at 105 + 5 °C in hot air oven up to the constant
weight. Total ash (%) content was determined by
burning dried mushrooms (3.0 g) in a muffle furnace
at 55 °C for 8 hrs until ashing was completed. Total
carbohydrates (%) were estimated by determining the
difference as follow:

Total carbohydrates (%) = 100 — (% Moisture + %
Crudeprotein+%Crudefat+%Totaldietaryfiber+%Ash)
(Eq.1)

Total energy was calculated as in (21) formula:

Energy (kcal) = 4x (g Protein) + 9x (g Fat) +4x
(g Carbohydrates) + 2 x (g Total dietary fiber) (Eq.2)

Mineral Elements Analyses

Five hundred milligrams of mushroom samples
were burned to ash in a muffle furnace at 450 °C. Then
residue was dissolved with 0.5 mL/mL of HNO;, 0.5
mL/mL of HCI (20) and added proper amount of dis-
tilled water to which were directly weighed iron (Fe),
copper (Cu), zinc (Zn), manganese (Mn). It was di-
luted by 25 ml of distilled water to measure the other
elements (22). The concentrations of iron (Fe), copper
(Cu), zinc (Zn), manganese (Mn), potassium (K), so-
dium (Na), calcium (Ca), and magnesium (Mg) were
determined in an flame atomic absorption spectrom-
etry in Analyst 200 Perkin Elmer equipment.(Perkin
Elmer, Waltham, MA, USA).

After the crude fat extraction procedure, fatty ac-
ids were determined following the methods described
in (23), by gas chromatography (DANI 1000) with
split/splitless injector with flame ionization detection
(GC-FID) (DANI Instrument SpA., Cologno Manz-
ese, Italy). A high polar chromatography column HP-
88 was used (100 m x 0.25 mm x 0.2 pm) (Agilent
Technologies, CO, Santa Clara, USA). Hydrogen flow
rate was 4.mL/min. Split injection was carried out at
250 °C (1:40). Relative percentage of each fatty acid
was expressed by FAME mixture with standard. The

amino acid composition was determined by a high
performance liquid chromatograph (HPLC)-based
amino acid analyzer (Agilent 1120 Compact LC) as
detailed in (24), Vitamin-E was determined via spec-
trophotometry detailed in (25).

Statistical Analysis

Three replicates of 4. cornea var. Li. samples were
used for all the analyses. Nutrition compositional val-
ues were calculated as the mean + S.E of three inde-
pendent determinants on dry weight basis.

Results

Chemical compositions of analyzed 4. cornea var.
Li. are shown in Table 1. All the values were calcu-
lated based on their composition in 100 g of dry mat-
ter. The A. cornea var. Li. has been recorded to contain
219.89 Kcal of energetic value, 2.74 ¢ of moisture, and
2.43 g of ash. Total dietary fiber was the dominant
compound and it showed 78.94 g, followed by protein
(8.68 g), carbohydrates (6.31 g), and ash (2.43 g). Fat
showed the lowest value and recorded 0.91 g.

The mineral contents of the A. cornea var. Li ob-
tained from the experiment are given in the Table 2.
The macro element potassium was the most abundant
among all and recorded 1121.66 mg, followed by mag-
nesium (143.23 mg), calcium (108.97 mg) and finally
Sodium (29.22 mg) in sample. Among microelements,
zinc was the most abundant and it recorded as 10.13
mg, followed by iron (3.82 mg), copper (1.41 mg) and
manganese (0.50mg) in A.cornea var. Li.. The vitamin

E was also recorded as 0.59 mg.

Table 1. Chemical compositions of A.cornea var. Li.

Chemical component (per 100 g) Value
Energetic value (kcal) 219.89+1.19
Total dietary fiber (g) 78.94+0.64
Protein (g) 8.68 +0.03
Carbohydrates (g) 6.31+0.54
Ash (g) 2.43+0.04
Moisture (g) 2.74+ 0.05
Fat (g) 0.91+0.02

Values are expressed as the mean + S.E of three independent deter-
minations on dry weight basis.
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Table 2. Mineral content of A4.cornea var. Li.

Mineral content (mg/100g) Value

Sodium 29.22+ 0.77
Vitamin E 0.59+0.00
Potassium 1121.66+ 30.53
Magnesium 143.23+2.16
Calcium 108.97+0.94
ITron 3.82+0.13

Zinc 10.13+0.31
Copper 1.41+0.03
Manganese 0.50+0.00

Values are expressed as the mean + S.E of three independent deter-
minations on dry weight basis.

Free amino acid of the mushroom studied is
shown in Table 3. Eighteen amino acids were identi-
fied in A. cornea var. Li. Glutamic acid showed more
than 13% of the total detected amino acid content and
it was recorded 0.87 g. Aspartic acid recorded as 0.76
g. The lowest value was noted in methionine and it was

Fatty acid and their percentage of detection in
A. cornea var. Li presented in Table 4. Linoleic was
predominating over the other fatty acids constituents
and recorded as 0.36 g. Linoleic acid showed more
than 43% of total fatty acid content in 4. cornea var.
Li. Considerable amount of cis-9-octadecenoic acid
and palmitic acid were observed and values recorded as
0.25 g and 0.11 g, respectively. Other fatty acids, such
as myristic acid, pentadecanoic acid, hexadecanoic
acid, octadecanoic acid and behenic acid were found
in minor amounts.
Table 5 shows the previous studies records of white
strains in Auricularia spp.

Free amino acid of the A. cornea var. Li, A. po-
lyticha and A. fuscosuccinea were compared with the

current study and previous records and presented in
the Table 6.

Table 4. Fatty acid profile of 4. cornea var. Li.

0.03 g. Detected fatty acids Number of A cornea  Percentage

(g/100g) carbon var. Li. of Fatty
Table 3. Amino acid profile of 4. cornea var. Li. acid content
Detected free Amino A .cornea var. Li. Percentage of Myristic acid C140 0.01:0.002 0.94
acids content (g/100g) Amino acids content pentadecanoic acid C15:0 0.02 £0.000 2.42
Aspartic acid (ASP) 0.76+0.007 11.74 palmitic acid C16:0 0.11+0.000 13.25
Threonine (THR) 0.41+0.009 6.33 stearic acid C18:0 0.06+0.005 7.83
Serine (SER) 0.41+0.006 6.34 cis-9-octadecenoic  C18:1n9¢  0.25 +0.012 29.83
Glutamic acid (GLU)  0.87+0.006 13.48 acid
Glycine (GLY) 0.3420.006 519 linoleic acid C18:2n6c  0.36+0.001 43.54
Alanine (ALA) 0.5220.003 3.0 -linolenic acid C18:3n3  0.01+0.003 1.52
Valine(VAL) 0.3720.004 570 behenic acid C22:0 0.01+0.001 1.14

+ _

Methionine (MET) 0.0320.002 0.40 ZZZ; ;zz; e;f;z;:z’g Z‘ ZZJ:S Zean + §.E of three independent determi
Isoleucine (ILE) 0.20+0.007 3.09
Leucine (LEU) 0.53+0.008 8.15 Table 5. Previous studies of white strains recorded in Auricu-
Tyrosine (TYR) 0.20+0.009 3.03 laria spp.
Phenylalanine (PHE) 0.33+0.013 5.03 White strains of Ash  Protein Total dietary ~ Fat
Lysine (LYS) 0.4120.007 6.32 Auricularia spp. (g/100g) (g/100g) ];'il())%r (g/100g)
Histidine (FIIS) 0.16+0.003 2.43 Y T T R VR TY (gz 4.82g) -
Arginine (ARG) 0.39 +0.004 5.96 . polyticha (27) 21 77 : 045
Proline (PRO) 0.36+0.007 5.48 A. fuscosuccinea (28) 5.5 17.83* - 4.5
Tryptophan(TRP) 0.1220.002 182 A. cornea var. Li. 243 868 7894 0.91
Cysteine (CYS) 0.09:0.002 1.43 (our study)

Values are expressed as the mean + S.E of three independent determi-
nations on dry weight basis

* means the nitrogen factor used for crude protein calculation was
6.25, replaced the original factor 4.38.
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Table 6. Free amino acid contents of 4. cornea var. Li. , 4. pol-
yticha and A. fuscosuccinea.

Detected free Amino A .cornea  A. polyticha A
acids (g/100g) var. Li. (26) fuscosuccinea

(our study) (28)
Aspartic acid (ASP)  0.76x0.007 1.12 0.06
Threonine (THR) 0.41+0.009 0.63 0.16
Serine (SER) 0.41x0.006 0.57 0.16
Glutamic acid (GLU) 0.87+0.006 1.28 0.16
Glycine (GLY) 0.34+0.006 0.52 0.02
Alanine (ALA) 0.52+0.003 0.80 0.04
Valine(VAL) 0.37+0.004 0.62 0.03
Methionine (MET)  0.03+0.002 0.64 -
Isoleucine (ILE) 0.20+0.007 0.43 0.03
Leucine (LEU) 0.53+0.008 0.84 -
Tyrosine (TYR) 0.20+0.009 0.33 0.06
Phenylalanine (PHE) 0.33+0.013 0.57 0.02
Lysine (LYS) 0.41+0.007 0.61 -
Histidine (HIS) 0.16+0.003 0.26 -
Arginine (ARG) 0.39 +0.004 0.67 0.08
Proline (PRO) 0.36+0.007 0.55 -
Tryptophan(TRP) 0.12+0.002 0.13 0.01
Cysteine (CYS) 0.09+0.002 0.07 -
Discussion

The A. cornea var. Li. white strain is enormously
preferred by consumers in China for their white colour
and flavour with their nutritional and pharmaceutical
characters. As in (29), the chemical composition of
edible mushrooms defines their nutritional value and
sensory properties. Therefore, its timely needed to ana-
lyze the nutritional compositions of 4. cornea var. Li.
which have the benefits of making healthy food deci-
sions and maintaining healthy weights for consumers,
food production industries, medicines, and research
based fields.

The nutrition compositions of mushroom are eas-
ily influenced by the growing substrate and environ-
ment (30,31,32,33). In our study, Oak sawdust was
used as the main substrate. The nutrient values of
mushroom can be different regarding to their substrate.

The A. polyticha (26, 27) (Table 5) shown more
similar amounts of ash content with 4. cornea var. L.,

although 4. fuscosuccinea (28) contain it fairly high.

Auricularia species generally rich in fiber than other
cultivated mushroom species such as Agaricus bisporus,
Tremella fuciformis (19). According to (2), more than
50% of fiber content has been reported in 4. auricula-
Judae. Total dietary fiber of this study showed (78.94
+ 0.64 g) higher value than A. polyticha (26) (24.82
g) (Table 5). Auricularia species produce two kinds of
-D-glucans, acidic hetero types polysaccharides (4),
A. cornea var. Li. also has been reported to contain
several types of polysaccharides (13) and these non-
starchy polysaccharides could be a higher source of
dietary fiber which was observed in 4. cornea var. Li..
Fiber is often mentioning to as the seventh nutrient
and mainly consists of cellulose, hemicellulose, and
lignin (34). They have the ability to promote intestinal
absorption and digestion, medicate constipation (19),
lowering blood sugar, prevents circulatory and intesti-
nal cancer (35). Therefore, intake of 4. cornea var. Li.
with high level of fiber has great impacts on healthy
diets.

Our study indicates that, protein value of 4. cornea
var. Li. was slightly higher than 4. polyticha(27), while
it’s slightly lower than 4. polyticha (26) and deviated
from A. fuscosuccinea (28) (Table 5). A. cornea var. Li.
showed the values in between values among the white
strains. Eighteen amino acids were identified in this
study. All the detected amino acids of 4. cornea var. Li.
values were higher than 4. fuscosuccinea (28). Compo-
sitions of amino acid was consistent with the previous
study of 4. polyticha (26) with some quantity differ-
ences. As reported in (36,37) about edible mushrooms,
A. cornea var. Li. is also especially rich in glutamic
acid (0.87 g) and considerable amount of aspartic acid
(0.76 g). Glutamic acid recorded more than 13% of the
total detected amino acid contents. It is well known
the glutamic acid contribute to the flavour properties
of mushroom (38) could be associated with desires fla-
vour of A. cornea var. Li.. Sulphur-containing amino
acids are typically lacking in mushrooms (39,40). The
A. cornea var. Li. found to be a good source of pro-
tein with includes all of the nine essential amino acids
among the other white strains of Auricularia.

In our study, 4. cornea var. Li. contains lower fat
value (0.91 g) than 4. fuscosuccinea (4.5 g) (28) and
higher value than 4. polyticha (27) (0.45 g) (Table 3).

Mushrooms are low in fat which have been recom-
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mended as ideal vegetable for the fatness (30). Hence, 4.
cornea var. Li has low fat value, is advisable for treating
cardiovascular, hypo cholesterol and obesity related dis-
eases. Linoleic acid recorded more than 43% of total de-
tected fatty acids. Linoleic acid is an essential fatty acid
to mammals; therefore, could be supplied by 4. cornea
var. Li.. Unsaturated fatty acids are probable forerunner
flavour compound source in fungi, these fatty acids are
the precursor of 1-octen-3-ol, recognized as the alcohol
of fungi, which is the primary aromatic compound in
most fungi (38). Hence, the linoleic acid in 4. cornea var.
Li. could be narrowly related to their preferred flavour.

A. cornea wvar. Li. analyzed in the present study
appeared to be rich in minerals; especially, potassium,
magnesium, calcium, sodium, zinc and iron (Table 2).
Minerals are necessary for metabolic reactions, ruling
of water and ions balance, strong bone formation which
relates with calcium, coordination of nerve impulses
particularly sodium, helping to control blood pressure
and maintain muscle and nerve functions specially po-
tassium (41) and supports curing iron-deficiency ane-
mia conditions by iron (42, 43).

Conclusion

A. cornea var. Li was found to be a rich sources of
dietary fiber, proteins, minerals with having low fat val-
ue. Even though consumers prefer the flavour, taste and
medicinal properties, they have enriched with nutrition-
al contents which making them in well-balanced diets.
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Comparing video and poster based education for improving
6-17 months children feeding practices: a cluster randomized
trial in rural Benin
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Summary. Objective: This study aimed to assess whether short nutrition educational videos were more effec-
tive to improve child feeding practices compared to posters in a highly food insecure rural area in Southern
Benin. Materials and Methods: A two-arm cluster-randomized trial was implemented in two districts of the
Mono region, Benin. Over a 6 month period, eight villages received nutrition education sessions using either
short videos (n=4 villages) or posters and flyers (n=4 villages). Dietary practices were collected among 6-17
months children (n=155) before and at the end of the nutrition education program using a qualitative 24 hours
recall. UNICEF/WHO indicators for dietary diversification and meal frequency assessing were derived for
each child. The videos versus poster effect was assessed by the difference-in-differences (DID) estimator using
generalized estimated equations (GEE). Results: Overall, respectively 49% and 72% of children had achieved
Minimum Dietary Diversity (MDD) and Minimum Meal Frequency (MMF) at baseline. Results from DID
analysis showed that videos did not have significant advantage in terms of improving children compared to
posters neither for dietary diversity (DID = -0,036; p-value=0,651) nor for meal frequency (DID = -0,048; p-
value=0,574). However, others factors namely children age, mother age and districts, had significant influence
on these feeding practices. Conclusions: The nutrition education program using posters and videos performed
the same in improving complementary feeding practices. The conditions of the utilisation of videos might be
improved and other factors determining children feeding practices taken into account to allow mothers and
other participants to benefit from nutrition sessions.

Key words: nutrition education, communication, complementary feeding practices, dietary diversity, meal
frequency, 6-23 months children.

Abbreviations MMF: Minimum Meal Frequency
NGO: Non-Governmental Organization
DDS: Dietary Diversity Score UNICEF: United Nations International Children’s
DHS: Demographic Health Survey Emergency Fund
DID: Difference-in-Differences WHO: World Health Organization

GEE: Generalized Estimating Equations
MDD: Minimum Dietary Diversity
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Introduction

Poor child feeding practices are an issue globally.
According to a review of Demographic Health Surveys
(DHS) from 60 countries, only 36% of children aged 6
to 23 months achieved the minimum dietary diversity
(MDD) for children. Only 22% of children achieved
MDD and minimum meal frequency (MMF) (1). In
Benin, complementary feeding practices are sub-opti-
mal. In 2014, children who reached MDD, MMF and
Minimum Acceptable Diet were respectively 26%, 45%
and 16% (2). There is a large burden of malnutrition,
32% of children under five are stunted, with 12% se-
verely stunted (2). Stunting prevalence increases signifi-
cantly during the period of 6-23 months indicating that
poor complementary feeding practices contribute to the
high burden of malnutrition among children in Benin
(2,3,4). At the same time, a large diversity of cultivated
and wild foods are locally available and accessible (5,6).

To better understand this contradictory situation,
Bioversity International investigated the current and
potential role of local foods in meeting nutritional re-
quirements from complementary foods in a highly food
insecure area, the department of Mono, Benin. The re-
search was implemented in the two districts with high-
est percentage of households affected by food insecurity,
namely Bopa (40%) and Houéyoghé (34%). Cross-sec-
tional dietary intake studies showed that complemen-
tary feeding practices were not optimal. Only 49% and
39% of children between 6 and 11 months in Bopa and
Houéyogbé, respectively, achieved MDD. Consumption
of nutritious foods such as eggs (2.1%) and milk (2.7%)
was very low (7,8).

According to the national DHS, the proportion of
stunted children decreases significantly from illiterate
mothers to instructed ones (2,3,4). This positive rela-
tionship between mother instruction and child nutri-
tional status was confirmed by several studies in low and
middle income countries in Africa (9-12). Furthermore,
even if formal instruction is important, mother’s knowl-
edge on child feeding practices and nutrition has been
shown to be more crucial in certain situations (13). Sev-
eral studies in different countries found that nutrition
education used alone or combined with others strategies
could contribute to better feeding practices and/or im-
proved nutritional status (14-23).

Furthermore, in spite of large diversity of cultivated
and non-cultivated foods being locally available and ac-
cessible in the study areas, as stated previously, comple-
mentary feeding practices and children nutritional sta-
tus were still inadequate. This highlights the importance
of educational pursuits in the areas.

An intervention study providing nutrition edu-
cation was carried out, whereby we capitalized on the
WHO and UNICEF guidelines (24,25) as well as
knowledge on locally available agrobiodiversity, to de-
velop the educational materials. During a diagnostic
project phase, the current and potential role of local
foods in meeting nutritional requirements from com-
plementary foods in the districts of Bopa and Houeéyo-
gbé in Mono department, a highly food insecure area,
was investigated. Subsequently, key nutrition education
messages were developed in accordance with WHO
and UNICEF guidelines (24,25). Recommendations
were adapted to the local context, for example, foods
from local biodiversity were suggested to improve com-
plementary feeding practices.

The education program was organized as a combi-
nation of principles from two theories used to promote
health behavioural changes: the Health Belief Model
and the Social Ecological Theory. It aimed to capital-
ize on the advantages of videos especially in rural and
low literacy context (26-28). Communication tools
were designed to influence mothers’ perceptions and
practices regarding complementary feeding. Allowing
every household or community member, furthermore,
to participate in the education sessions and encouraging
all to share their experiences and worries makes it po-
tentially easier for mothers to adopt healthy behaviours
through the creation of an environment conducive to
change (29).

In Benin, similarly to many low income countries,
visual aids such as posters, flyers or image boxes have been
traditionally and largely used, while the use of videos are
relatively new in education program (28,30). However,
videos present many advantages in terms of standardiza-
tion of the message, facilitation of understanding and re-
membrance etc (26-28,31). Results from a study in Benin
showed that videos were more attractive and facilitated
memory compared to other communications tools (28).
According to the Benin National Council of Nutrition
(30), videos represent the best education tools for nutri-
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tion program at communities, households and schools
levels followed by others audio and visual supports. The
objective of the present study was to assess whether short
educational videos used in nutrition education programs
were more effective to improve child feeding practices
and care compared to traditional ways of nutrition educa-
tion using posters and flyers with same messages in rural

villages in Southern-Benin.

Materials and Methods

Settings

The study was part of a research project im-
plemented in the districts of Bopa and Houéyoghé in
Southern-Benin. The area is predominantly rural,
food insecure, with low literacy levels, particularly for
women. The research project included food consump-
tion, household food security, ethnobiology and mar-
ket surveys, as well as nutritional status assessments in
a first phase. This paper presents the results of the sub-
sequent nutrition education intervention conducted in
the same area.

Design and sampling

Seventeen villages participated in the nutritional
diagnostic survey (7,8) and then received the nutri-
tion education program. In each district, villages were
paired considering their socioeconomic and demo-
graphic characteristics; child feeding practices and nu-
tritional status. For each pair (two villages with similar
characteristics), videos were attributed to one village
and posters and flyers to the other. Distance between
villages was also considered. Neighbouring villages re-
ceived the same intervention (poster-flyer or video) in
order to avoid contamination. Distance between vil-
lages with different education tools was about 8km in
Bopa and 5km in Houéyogbe.

The evaluation of the program was done with a
sample of height villages randomly selected among
the seventeen villages using casting lot technique: four
in Bopa (Hounviatouin, Tékozouin, Djidjozoun and
Kpavé) and four in Houéyoghé (Gbadagli, Dahé-Kpodyi,
Zoungbonou and Aguéhon) districts. The design was a
cluster-randomized trial with two intervention arms
(video messages and poster-flyer messages). In each

District, two villages receiving video messages and two
receiving poster-flyer messages were selected.

Eventual contamination was assessed through
asking the participants whether they heard about or
participated in the education program in another vil-
lage; no positive case was reported.

This study is a part of a nutrition education pro-
gram aiming to improve not only complementary
feeding but also breastfeeding practices and children
health care. Therefore the overall target group is chil-
dren aged 0-23 months.

At baseline (prior to the nutrition programme), we
considered children aged 0-17 months aiming to have
the same children aged 6-23 months at endline (at the
end of the nutrition programme). Within each village,
all mothers with a child aged 0-17 months were listed.
From this list, 45 mother-child pairs were randomly se-
lected using casting lots technique and surveyed. In to-
tal (for the eight villages), 360 pairs were interviewed at
baseline. Due to some technical constraints, the nutrition
programme started not just after the baseline but two
months later. Therefore, from the baseline sample, 257
mother-child pairs (136 in poster-flyer group and 121 in
video group) were interviewed at endline, 103 mother-
child pairs (29%) had to be replaced because of non-
availability of informants or because of children having
outgrown the target age bracket (>23 months). Since
education sessions were organised for the whole cluster/
village, i.e. all community members were invited no mat-
ter whether they participated in the baseline survey or
not, the number of replacement mother-child pairs had
been sampled randomly from the updated lists of moth-
ers with child between 6 and 23 months for each village.
However, only mothers with children aged 6-17months
and who participated both baseline and endline surveys
(n=155) have been considered for analysis in the present
paper. We focused on this age group since, majority of
children continued to benefit from breastfeeding and
receive also complementary foods during this period ac-
cording to national DHS (2). Analysis among the whole
sample (including replacement cases) had also been per-
formed but showed similar trend.

Ethical considerations
The research protocol covering the whole study
was approved by the Benin National Ethics Commit-
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tee for Health Research (N°45/MS/DC/SGM/DFR/
CNERS/SA). Written informed consent was also ob-
tained from all participants before collecting data.

Production of educational tools

Results from the diagnostic surveys described
previously (7,8) revealed gaps in nutrition knowl-
edge and practices from which we derived the main
education topics: 1) Mothers’ diet during pregnancy
and breastfeeding practices, 2) Complementary feed-
ing practices, 3) Strategies to improve the nutritional
value of complementary foods of children, 4) Hygiene
and Diarrhoea, Prevention of micronutrient deficien-
cies and supplementation, 5) Stunting - Support and
prevention of malnutrition. For each topic, key mes-
sages were derived in accordance with the WHO and
UNICEEF nutritional guidelines (24,25).

GloCal Videos from an existing nutrition educa-
tion program, implemented in Eastern Africa (www.
glocalnutrition.com), which correspond to our key
messages for Benin, were selected. Transcripts and pic-
tures from the GloCal videos were adapted to the local

context (e.g. foods not available in our study area were
replaced). However, there was no Glocal video for key
message relative to stunting. More, key messages rela-
tive to complementary feeding practices and the need
of good protein sources for infants and children were
not adequately covered by Glocal videos. For these
three key messages, three new videos were produced by
the research team and used during education sessions.
For the new video among the need of proteins, the sce-
nario was written and a sketch was realized in a local
school using teacher and pupils. The video relative to
Stunting was an animated cartoon for which we wrote
the text and a professional designer drew pictures. The
video relative to complementary feeding practices was
a real life situation filmed in one of the study villages.
All videos used during education sessions, basi-
cally in English or French, have been translated in the
three most spoken local languages of the study area,
namely: Fon, Sahoué and Kotafon. The research team
made sure that messages in the videos were preserved
when translating. Table 1 presents the list of videos.
Posters, the comparative method to the videos,

were produced in line with the WHO and UNICEF

Table 1. List of videos used during nutrition education sessions

Topics Videos topics Sources
Topic 1: Mothers’ diet during pregnancy and ~ Additional needs during pregnancy and breastfeeding Adapted from Glocal
breastfeeding practices, Part 1 Colostrum Glocal
Exclusive breastfeeding Glocal
Topic 1: Mothers’ diet during pregnancy and ~ Advantages of breastfeeding Glocal
breastfeeding practices, Part 2 Sufficiency of breastfeeding Glocal
Breastfeeding problems Glocal
Mothers breast milk versus cow milk Glocal
Topic 2: Complementary feeding practices Why starting complementary feeding at 6 months? Adapted from Glocal
Dietary diversity Adapted from Glocal
Complementary feeding practices New video

Topic 3: Strategies to improve the nutritional

Recipes to improve complementary foods nutritional value Adapted from Glocal

value of complementary foods of children Infants and children need good protein sources New video

Topic 4: Hygiene and Diarrhoea, Prevention of Hygiene Glocal

micronutrient deficiencies and supplementation  Worms Glocal
Anaemia Adapted from Glocal
Sources of iron Adapted from Glocal
Folate Adapted from Glocal
Vitamin A Adapted from Glocal
Malaria Glocal

Topic 5: Stunting and Support and prevention of Stunting New video

malnutrition
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nutrition guidelines using pictures (24,25,32). First,
pictures used in nutritional education programs in Be-
nin and other countries were reviewed and used when
matching with the key messages. Where necessary,
new pictures were designed; the key message was pre-
sented to a professional designer and discussed. The
newly produced picture drafts were corrected and vali-
dated by nutrition experts before finalisation.

Posters were designed around the same key mes-
sages as the videos. Based on the posters, we made
small flyers summarizing the information to distribute
to the mothers after the poster sessions only. Posters
were mainly based on pictures and small messages in
French. However, discussions were made in local lan-
guages.

Organization of nutritional education meetings

Sessions were organized in a public area using lo-
cal language twice a month per village. All community
members (not only mothers) were invited to attend. A
nutritionist/moderator presented the poster or video
and subsequently invited the participants to ask ques-
tions and share their experiences and worries regarding
the topic.

Poster sessions were organized during the day in
a hall or under a tree or in a hut. The different pictures
on the posters were discussed. Video sessions were or-
ganized outdoors by night (starting between 7.30 and
8 pm). Videos were projected on a white screen and a
loud speaker was used. During each session, each video
was presented at least twice. Subsequently, the video
content was discussed part by part. Then, we moved for
the next video. No flyer was given.

Each session lasted between one to two hours de-
pending on the duration of the discussion.

Nutrition programme lasted six months. We
grouped posters and videos around the five main top-
ics described above (Table 1). Topic 1 was developed
during two sessions since it encompassed many videos.
Each of other topics (2, 3, 4 and 5) were developed
during one education session. In each village, two ed-
ucation sessions were organized per month. Therefore,
the first round of the six sessions (Topic 1 part 1, Topic
1 part 2, Topic 2, Topic 3, Topic 4 and Topic 5) lasted
three months. Then, we organised a second round (re-
vision round) of all sessions. This means that each edu-
cation topic had been developed twice in a village over

the period of intervention, once during each round of
sessions.

Sessions were organized at community level
meaning that all community members (not only moth-
ers) were invited to attend.

Data collection

Mothers or primary caregivers were interviewed.
Data collected were: (1) mothers’ socio-economic
characteristics (activities, matrimonial status, instruc-
tion level etc.) and (2) child aged 6-17 months feed-
ing practices and food consumption data using a 24
hour recall. For each child, all foods/recipes (including
drinks) consumed the previous day were listed. Then,
for each recipe, all the ingredients were recorded.

Data analysis and statistics

From the 24 hour recall data, foods consumed by
the children were split into ingredients and catego-
rized into seven food groups. Meal Frequency (MF),
Dietary Diversity Score (DDS), Minimum Dietary
Diversity (MDD) and Minimum Meal Frequency
(MMF) indicators were estimated following WHO
and UNICEF guidelines (24,25,33). Feeding practices
and socio-economic characteristics were compared
(poster-flyer vs video villages) using univariate statisti-
cal tests, Pearson’s chi square (34). Student t-tests or
Mann Whitney test were used for continuous vari-
ables.

Univariate chi-square tests were used to examine
whether the proportion of children that achieved each
of the indicators differed between the poster (con-
sidered as reference group, coded 0) and video group
(coded 1 and considered as intervention group) at
baseline.

Results from the above univariate chi-square tests
may be biased due to confounding effects related to
care-givers’ characteristics (age, ethnicity, instruction
level, matrimonial status, number of nutrition training
sessions attended, number of income generating activ-
ities), having participated in nutrition education in the
past, child age and sex, as well as District (Houéyogbé/
Bopa). To account from this, the intervention effect
(video compared to poster-flyer) from the baseline to
endline surveys was assessed by the difference-in-dif-
ferences (DID) estimator using DDS and MF rather
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than MDD and MMTF since continuous variables usu-
ally allow strongest analysis than derived categorised
variables. However analysis were also performed for
MDD and MMF. These results, not presented in this
paper, showed similar trend.

The DID is an impact evaluation approach ap-
plicable whenever one has access to panel data and/or
repeated cross-sectional data. DID estimator removes
unobserved fixed effects via within-person comparisons
over time as well as common period and ageing effects
by comparing the trends of an intervention and refer-
ence group. The between-comparison with the trend
of a reference group additionally removes any common
period effects that affect the intervention and reference
group in identical ways as well as any ageing effects (35).

To account also from data structure (panel data),
the DID analysis was run under a generalized estimat-
ing equations (GEE) framework (36,37,38) similarly
as in Waswa et al (23). We used Poisson loglinear dis-
tribution considering the type of dependent variables.
Data were analysis following Intention To Treat ap-
proach.

To allow comparison between baseline and end-
line, data used in this paper were related to comple-
mentary feeding among children aged 6 to 17 months,
which is the age group common to the two surveys.
Further analysis had been performed among all chil-
dren aged 6-23 months and results (not presented)
showed similar trend.

All statistical analyses were implemented in SPSS
version 23.

Results

Socio-economic characteristics of informants

Most of socioeconomic characteristics relative to
mothers and children were similar in the two groups
(Table 2). Even if majority of mothers (84,5%) were
from Sahoue ethnic group, significant differences were
observed between groups, the percentage of Sahoue in
Poster group is higher than video group. Mothers in
video group were involving in more income generating
activities than poster-flyer group.
Globally, about half of mothers participated the nu-

trition sessions organised. Participation to nutrition

Table 2. Socioeconomic characteristics of children and mothers
and participation to nutrition education programme.

Characteristics Total Poster  Video -value
(n=155) (n=83) (n=72) P

Children
Ageofchildren  10.0+2.6 9.9%2.7 10.1+24 0.573°
Children sex
Boys 53.5 55.4 51.4

. 0.616¢
Girls 46.5 44.6 48.6
Mothers
Age of mothers 282+6.127.6+6.1289+59 0.161°

Matrimonial status of primary caregiver
Living alone 18.1 18.1 18.1

C
Living with husband ~ 81.9 81.9 sto 0P

Instruction recoded
Illiterate 69.0 69.9 68.1

Literate or Primary
school

20.6 19.3 22.2 0.892¢

Secondary school
and more

10.3 10.8 9.7

Ethnic group
Sahoué 84.5 95.2 72.2
Autre 15.5 4.8 27.8

Income

Generating 91.0 84.3 98.6
Activities

Number of Income
Generating
Activities
Nutrition education

<0.001¢

0.002¢

0.040™
1.5+09 14+10 1.7£09

Participation to a
nutrition education
programme in the
past

3.9 2.4 5.6 0.311¢

Participation to at
least one nutrition 53.5 54.2 52.8
session

0.858¢

Participation to all 0.558¢
nutrition sessions
Number of
nutrition sessions
attended
Statistical tests: G, Chi square; S, Student t test; M, Mann
Whitney.

*Values presented are percentages or Mean + Standard deviation.

13.5 12.0 15.3

0.735%
15+18 1.5+1.8 1.7+19

Explanations among Matrimonial status of care givers: Living
with husband’ corresponds to woman married who lives with her
husband and ‘Living alone’ to woman who is married but doesn’t
live with her husband, divorced or widow.
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education programme even if in the past did not differ
from one group to another.

Description of feeding practices at baseline

Cereals, roots and tubers were the most important
food group and were consumed by almost all children
(Table 3). Food groups consumed by more than 50%
of children were: flesh foods, vitamin A products (in-
cluding leafy vegetables, red palm oil etc.) and others
fruits and vegetables. Eggs and milk products were less
consumed (< 5% of children).

Percentages of children who consumed legumes
and nuts in one hand and fruits and vegetables different
from those rich in vitamin A differed from poster-flyer
to video group (p=0.005 and p=0.044 respectively).

About half of children achieved the MDD in
the two groups. However, DDS showed slightly sig-
nificant advantage for video group. MMF percentages
were about 72% with no significant difference between

the two groups (Table 3).

Table 3. Complementary feeding practices among 6-17
months children at baseline

Groups
Parameters All Poster Video p-value
n=149) (n=77) (n=72)
Food groups
c
Cereals, roots 993 100.0 98.6 0.299
and tubers
c
Legumes and 242, 3.8 13.9 0.005
nuts
. - B
Vitamin A rich 611 62.3 59.7 0.744
products
3 c
Other fruits 2.4 701 549 0.044
and vegetables
X X B
Milk and milk 0.7 13 0.0 0.332
products
Eggs 4.0 2.6 5.6 0.359¢
3 c
Fishes and 678 714 63.9 0.325
meat
Feeding practices indicators
MF 2,710  2,7¢1,0  2,7+1,0 0.542M
DDS 32x14 34:13 29+1.4 0.034”
MDD 49.3 56.6 41.7 0.070¢
MMF 71.6 73.7 69.4 0.567¢

Statistical tests: C, Chi square; M, Mann Whitney.
*Values presented are percentages or Mean * Standard deviation

LEffect of the intervention on achieving recommendations

Video was associated to a better likelihood to
increase DDS. However, the DID estimates from
the GEE models assessing the effect of using video
compared to poster-flyer on the likelihood to increase
DDS and MF (Table 4) showed no statistically sig-
nificant difference. This indicates that video did not
significantly decrease or increase the likelihood to have
a greater DDS or MF compared to poster-flyer.

Regarding the other explanatory variables in-
cluded in the DID models, none of the following vari-
ables related to care-givers (education level, number
of training session attended, having or not an income
generating activity and having participated in nutri-
tion education in the past) significantly influenced the
feeding practices. However, child age was significantly
and positively associated to both DDS and MF in-
dicating that the likelihood to reach a better dietary
diversity and meal frequency increased with children
age. Younger mothers were also less likely to increase
the dietary diversity of their children than older ones
whereas mothers living in Bopa were more likely to
increase the meal frequency than those living in the
district of Houéyogbe.

Globally, the intercepts in the two models were
significant indicating that there were others variables
explaining feeding practices that were not taken into
account.

Discussion

Foods given to children in this study were mainly
cereals, roots and tubers based corroborating with the
literature on households’ diets in the country (3,39-43).

Results showed that, overall, about half of chil-
dren had achieved MDD at baseline and more than
60% reached MMF. Very similar values were present-
ed by Mitchodigni et al (7,8) for the same districts.
However, these trends were very different and high
compared to results from DHS. Indeed, our survey
was conducted during harvesting period. In general,
seasons affect the availability of different foods and
therefore, could influence dietary diversity (41,44). In
a rural poor household context, where financial power
to purchase food is low, results from two African coun-
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Table 4. Results from GEE analysis among 6-17 months children dietary diversity score and meal frequency

Hypothesis Test
Parameters B Std. Error Wald Chi-2 af povalue
Dietary Diversity Score
Intercept 0,595 0,1724 11,904 1 0,001
Survey: Baseline vs Endline (R) 0,051 0,0676 0,566 1 0,452
Districts: Bopa vs Houéyoghé (R) -0,004 0,0470 0,007 1 0,934
Sex of children: Boys vs Girls (R) -0,082 0,0421 3,785 1 0,052
Group: Poster vs Video (R) 0,167 0,0685 5,957 1 0,015
DID -0,036 0,0798 0,204 1 0,651
Nutrition education past: No vs Yes (R) 0,004 0,0559 0,006 1 0,936
Matrimonial status: LA vs LWH (R) 0,080 0,0507 2,507 1 0,113
Ethnic group: Saboué vs Others (R) -0,042 0,0621 0,450 1 0,502
Age of children 0,024 0,0084 8,356 1 0,004
Number of training sessions attended 0,019 0,0139 1,967 1 0,161
Mothers instruction level 0,047 0,0343 1,889 1 0,169
Age of mothers 0,009 0,0039 5,059 1 0,024
Number of activities -0,019 0,0237 0,667 1 0,414
Meal Frequency
Intercept 0,938 0,1763 28,272 1 <0,001
Survey: Baseline vs Endline (R) -0,114 0,0652 3,045 1 0,081
Districts: Bopa vs Houéyoghé (R) -0,109 0,0475 5,222 1 0,022
Sex of children: Boys vs Girls (R) -0,022 0,0441 0,253 1 0,615
Group: Poster vs Video (R) 0,025 0,0604 0,169 1 0,681
DID -0,048 0,0861 0,316 1 0,574
Nutrition education past: No vs Yes (R) 0,021 0,0650 0,100 1 0,752
Matrimonial status: LA vs LWH (R) -0,003 0,0601 0,002 1 0,963
Ethnic group: Sahoue vs Others (R) -0,072 0,0629 1,313 1 0,252
Age of children 0,023 0,0084 7,218 1 0,007
Number of training sessions attended 0,008 0,0129 0,351 1 0,553
Mothers instruction level 0,061 0,0335 3,310 1 0,069
Age of mothers 0,002 0,0040 0,275 1 0,600
Number of activities -0,010 0,0213 0,233 1 0,630

LA=Living Alone. Woman who is married but doesn’t live with her husband, or divorced or widow. LWH=Living with husband. Woman

married who lives with her husband; R=Reference category

tries, with one having similar agro ecological charac-
teristics with Benin, showed that the harvesting period
corresponds to good food availability (45,46).

Results from DID analysis showed that children
in video arm and those in poster-flyer arm performed
the same with dietary diversity and meal frequency. So,
video did not have a significant better likelihood of in-
creasing DDS and MF compared to poster-flyer arm.

Some studies have compared the effect of vid-
eos used in nutrition education to other communica-
tion tools. A systematic review on the effectiveness
of video-based education (47) showed that interven-
tions using video were variably effective for modify-

ing health behaviour. Significant improvements in
behavioural outcomes were not reported uniformly
across all studies. The effectivity depends on the tar-
get behaviours to be influenced; video-based educa-
tion is effective in influencing certain types of health
behaviours and non-effective for others. Authors (47)
underlined the fact that videos shall be tailored, mean-
ing adapted to the message, the target population and
the context of diffusion. Nevertheless, the majority of
the studies included in this review were from devel-
oped or high income countries; results may thus not
be systematically applicable to low income countries
like Benin. Unfortunately, literature from developing
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or African countries on this specific domain is scarce.
Videos have, however, some advantages compared to
other methods. They are more attractive and facilitate
mobilisation, e.g. in the present study, the number of
people attending the video sessions was twice as much
than for the poster sessions. In 2008, an NGO showed
videos to farmers in 19 villages in Benin. These videos
had attracted large audiences of community members,
including youth and women (28). In our study, videos
featuring fellow village inhabitants as actors received
more appreciation.

Videos do not necessarily need to be facilitated
by an expert who knows the subject; sometimes the
video can speak for itself (28). It removes inconsisten-
cies across educators and balances the presentation of
information to provide more standardized education
(31). Videos are also suitable for individuals or popu-
lations with low health literacy or illiterate audiences
(26,27) and they facilitate message recall. Bentley et
al. (28) showed that farmers were able to remember
education videos they had seen five years later. This
paper, however, only analysed behaviours and did not
look into changes in knowledge and attitudes.

The fact that participants in this study received
individual flyers at the end of the poster sessions and
not after the video sessions might have mitigated the
advantage of videos. According to Glanz and Rimer
(48), using multiple communications channels (here
poster + flyer vs video) increases the efficacy. Flyers
allowed people to set their own pace in reviewing in-
formation when back home (47). Combining videos
with flyers could increase their efficacy. Another pos-
sibility would be to share videos with participants by
copying them on their smartphones after the sessions.
However, most rural dwellers in Benin do not own
smartphones.

Another issue is that posters were presented dur-
ing the day, but videos had to be presented at night to
improve quality of projection. During the night, after
work, people could be more available and more focus
on to watch video with no stress among their activities
(to go market or to farm for example). However, after
awhole day of activities, mothers could have been tired
and less concentrated on the content presented and
discussed. People in remote villages with lack of basic
services such as power or running water, could have

been more attracted to the technology (electricity, big
screens, projectors, etc.) than the content of the videos.

Results showed that dietary diversity and meal
frequency are influenced by some other socioeconomic
factors. DDS and MF increased with children age.
Results from national DHS (2,3,4) and literature for
other African countries (49,50,51) confirmed these
trend. Indeed, when children are growing, they move
from eating cereal (especially maize) porridge to ex-
tracts from family dishes which are more diversified.
Mother’s age was positively associated with dietary di-
versity. Similar results were found in Ethiopia for child
dietary diversity (52). As the age increases, mothers
gain experience in child feeding.

We observed also that mothers in the district of
Bopa were more likely to increase the meal frequency
than those living in Houéyogbé. This difference was also
observed by Mithodigni et al (7) even if not signifi-
cant. Mother occupation could be pointed out here.
The occupation could provide or not an opportunity
for mothers to be with their children while working
and nurse them properly (53,54). According to our
field observations, mothers in Houéyoghé were mostly
involving in out-of-home activities. However, most of
mothers in Bopa were involving in agriculture or home
based small activities. Even if they had to go to farm,
they used to move with their children and this allowed
them to continue to feed them. In the same direction,
Mitchodogni et al (8), found when mothers were in-
volving in income-generating activities, their children

were less likely to meet MMF.

Limitations

Feeding practices could not be changed rapidly;
therefore, there are two challenges: using a sample too
small to detect the effects produced or intervention
duration being too short to measure an impact (55).

The period of 6 months is usually considered and
recommended as the minimum to observe outcomes
from interventions targeting complementary feed-
ing even if on growth performance (56,57). However,
some complementary feeding practices, such as dietary
diversity could change rapidly if interventions reach
the specific constraints of the target group (58). Inter-
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ventions implemented during 3 to 6 months and based
on behavior change approaches could lead to improved
complementary feeding practices (58).

Sample size is actually a major issue in assess-
ing effectiveness of nutrition education intervention.
However, sample size varies greatly across studies, for
example from only n=8 to about n=1424 mainly de-
pending on the objectives of the study and the level
of difficulty to collect the outcome data. We have: n=8
for Bauer & Capra (59); n=60 for Isenring et al. (60);
n=80 for Ha & Caine-Bish (61); n=99 for McAleese
& Rankin (62); n=198-207 for Waswa et al. (23) and
n=1424 for Hoddinott et al. (63). While our sample
size (n=360 for the whole sample, n=257 for both base-
line and endline and n=155 considered in the present
study) could be seen as low compared to other studies,
itis higher than that of Waswa et al. (23) who did simi-
lar studies in Kenya and we believed it was sufficient to
make accurate inference (15 villages and n=150). We
could have used some formulas to calculate the sample
size a priori but this would have implied speculations
on parameters such as variance, effect size, and we de-
liberately chose to not do such speculations.

Conclusion

The present study compared videos and posters-
flyers used as communication tools in a nutrition edu-
cation program implemented in a rural area in South-
ern-Benin. Results didn’t show a significant advantage
of videos in terms of improving child dietary diversity
nor meal frequency compared to posters and flyers.
More investigations are needed in order to disentangle
the effects of videos and posters on mothers’ nutrition
knowledge and attitudes as these factors could influ-
ence feeding practices. The contribution of each video,
either Glocal videos or newly designed ones, could also
be considered. Furthermore, we recommend the videos
being tested for use in different settings, such as health
centres and for different audience such as extension
workers as the conditions in rural villages in Benin (no
electricity, no smartphones, etc.) are logistically chal-
lenging.
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Pirineos FIT Endurance trail-running race. A case report
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Summary. Ultra-endurance competitions are highly demanding sport events for athletes and require a care-
fully controlled nutrition, hydration and supplementation before, during and after the physical effort. Scientific
research has shown a positive relationship between dietetic (caloric and macronutrient ingestion) recommenda-
tions and sport performance. This study describes the nutritional and hydration planning applied to an athlete
competing at the Pirineos FIT (a semi-self-sufficient trail-running multi-stage event). Diary caloric ingestion
was around 4000 Kcal, 550 Kcal were consumed during the race. In general, the athlete maintained the minimal
recommendable levels of hydration (2.5% Body Weight Loss) and Borg’s Scale of Exertion (RPE) was used to
report subjective perception of fatigue after each stage. Hematological and biochemical parameters showed a
normal response to endurance physical exercise. Therefore, the nutrition and hydration planning were success-

fully applied.

Key words: trail-running, hydration, nutrition planning, Spanish Pyrenees

Introduction

“Pirineos Fit” is an international event in Jaca
(Spain), a 234 km and 15.075 m elevation gain six-
day stage trail-running race. In this competition, par-
ticipants have to complete the stages (34-41 km) in
semi-self-suflicient conditions (athletes carry food
and equipment, only providing two points of liquid
provisioning during each stage). Participation in long
lasting single and multi-stage endurance events has
been growing over the last decades (1-3) despite their
high physiological (4), nutritional (5) and psychologi-
cal (6) demands. Although athlete physiological and
hydric response has been recently described in single-
stage ultra-endurance trail running races (4,7), little is
known about its biochemical response and nutrition
control during trail-running multi-stage races, with

only a few studies assessing hydration status and heart
rate in short (three days) races (8,9).

Macronutrient and fluid intake during endur-
ance events should be a major concern for athletes,
coaches and nutritionists to ensure both performance
and health during competition. Correct nutrition
reduces energy depletion, physiological stress and
gastrointestinal problems, increases performance and
accelerates recovery (10,11); while adequate hydra-
tion avoids hyponatremia, hyperthermia and central
nervous system dysfunction (12,13) that leads to low
performance and health damage.

The aim of this study is to describe a successful
case of nutritional and hydration planning of a six-
stage trail-running race in the Spanish Pyrenees.
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Interventions and methods

Athlete

Our participant was a highly trained (65.3
mlkg'min VO,max) and fit (Weight = 66.15 kg; BMI
= 22.49 kg/m? Fat Mass = 11.05 %; Free Fat Mass =
42.28 %; " 8 Skinfolds! = 55.4 mm; Basal metabolism?
= 1664 Kcal) 29-years-old male with significant train-
ing and racing history in trail-running: 14 years specific
training, more than 300 endurance flat running events,
various podiums in short trail races (2** place at “Liga
Serrania” 2017, Spain), and participations in ultra-trail
events of 200-330 km in semi-self-sufficient conditions.
Informed consent approved by Universidad Catélica de
Valencia “San Vicente Mirtir” was obtained.

Race

“Pirineos FIT” is a six-day stage race, from Pan-
ticosa to Jaca where the athletes (> 18 y/o) compete
covering the distance of each stage. Officially®, stages
range from 34 to 41 km with 1460-3565 m of posi-
tive accumulated ascension (m+). Organization en-
sures correct marking of the stages but is the athlete
the responsible for localization and orientation. Event
requires athletes carry all food and equipment, only
providing two points of liquid provisioning during
each stage.

Training

Training preparation for “Pirineos Fit” started
August’16 and implied 295 training sessions, 405 h of
running, 105625 m+ and 3429.1 km. During this pe-
riod, maximum training volume ranged between 15h
29" and 21h 10’ (including a 110 km ultra-endurance
event in September’16); while minimum training
volume was established in April with 5h 47 of train-
ing. Last training was programmed for the last four
months before the race, with two months of general
preparation (March-April) and two months of specific
ultra-endurance training (May-June). The best perfor-

1 Skinfolds measured following International Society for the
Advancement of Kinanthropometry (ISAK) methodology: tricipital,
subscapular, chest, axillar, abdominal, thigh, suprailiac, rear thigh.

2 Basal metabolism was calculated based on Harris Benedict formula:
66.5 + (13.75 x weight (kg)) + (5 x height (cm)) — (6.78 x age (years old)).
3 Distance and positive accumulated ascension were modified day-to-
day by the race organization due to necessary track modifications.

mance results accomplished by the athlete during the
preparation process where at “Maratén de Alcublas”
(21.9 km; 1h 48’; 705 m+; 2™ overall), “Tail Vielha-
Molieres” (40 km; 4000 m+; 7h 17’; 14™ overall) and
“UTES” (106 km; 6200 m+; 14h 58’; 1+ overall).

Using Skinner & McLellan’s triphasic model
(14), during preparation process, 27.9% of the time
was spent in Phase I, 54.2% in Phase II and 18.4% in
Phase III.

Nutrition planning and record

Key recommendations for the competition were
given to the athlete, aiming to reduce dehydration, hy-
ponatremia and to minimize body weight loss (BWL)
to 1-3 %, considered a minimal level of dehydration
(15). Main recommendations were to control hydric
and electrolytic reposition ingesting 400-600 mL/h
of fluid, 460-1150 mg/L of Na* and ensure periodic
ingestion of carbohydrates (30-60 g/h) (15-17). Dur-
ing “Pirineos FIT”, the method used for dietary as-
sessment prior (breakfast), during (intra-competition)
and after (post-race, lunch, afternoon, snacks and din-
ner) each stage was registered based on Food Record
as described on Larson-Meyer et al. (18). This record
includes food, supplement and fluid intake. Nutrients
register was calibrated with the software “Programa
Alimentacion y Salud’ v.2 (Granada University, Spain).
Additionally, subjective effort perception and feeling,
along with the heart rate (HR) were reported by the
athlete.

24 hours before competition the athlete ingested
4032 kcal/16854 kJ, 598 ¢ of carbohydrates (9 g/kg),
167 g of proteins (2.52 g/kg) and 124 g of lipids. BWL
was registered by the athlete, measuring body weight
immediately before and after each stage using a port-
able scale (Model 876 Seca, United Kingdom).

Blood samples were taken before and after the
event. 28 biochemical markers were assessed by Meg-
alab S.A. (Madrid, Spain): total, HDL and LDL
cholesterol, triglycerides, transaminases (GOT-AST,
GPT-ALT), iron, ferritin, urea, ureic nitrogen (BUN),
creatin kinase, isoenzyme MB, Na’, K+, CI, Ca*, thy-
roxine, thyroid stimulating hormone, testosterone,
cortisol, glucose, vitamin B12, reactive protein C,
erythrocytes, hemoglobin, hematocrit, mean corpus-
cular hemoglobin and lymphocytes.
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Statistical analysis

Measurement data are presented as mean * SD.
The software used to analyze the data was Microsoft
Excel.

Observations and outcomes

Race-day intakes

Athlete’s nutrients and supplements intake, to-
gether with its nutritional value, during the six stages are
shown in Table 1. Breakfast (three hours before com-
petition) was always the same (Table 2). Immediately
before each stage (within the last 20-30 min) one anti-
oxidant capsule and two mineral capsules were ingested,
providing 50 mg of coenzyme Q, 40 mg of vitamin C,
20 mg of phosphatidylserine and 5 mg of NADH in
order to improve physical performance and reduce oxi-
dative stress associated to exercise (19, 20) and 128 mg
of Na’, 180 mg K* and 151 Mg in order to rebalance
the acidified medium and keep cellular homeostasis re-
spectively. During the first two stages, a 100 kcal repo-

sition beverage (protein: 6 g; carbohydrates: 21 g; Na':
240 mg) diluted in 500 mL of water was added.

Table 2 shows nutrient and supplement intake
during each day of competition (before, during and af-
ter each stage). Differences between stages in nutrient,
supplements intake and fluid ingestion (water and re-
position beverage) were due to specific characteristics
of the stage (Table 3). Caffeine ingestion in the first
stage was due to the ingestion of a sport gel containing
22.5 mg of anhydride caffeine and 31.5 g of carbo-
hydrates. The reposition beverage provided a mix of
different high glycemic index carbohydrates (glucose,
maltodextrin, sucrose: 21 g/30 g), Na* (240 mg/30 g),
Mg (151 mg/30 ¢) and branched chain amino acids
(BCAAS) (6 g/30 g). Complementarily, aiming to op-
timize sodium intake, salt capsules were used which
provided 430 mg of Na, 5.04 mg of Ca* and 10.09
mg Mg*.

During stage four, nutrient and supplement in-
take was markedly lower than in the others due to an
orientation mistake (see table 2) that focused the ath-
lete on finding the correct path to the finish line.

Table 1. Athlete nutritional intake during each stage

Stage Intake Energy CH(g) P(g) F(g) Na (mg) Caf(mg) Antioxidants (mg)
(kcal/Kk])
One 45 g reposition beverage in 700 ml  717/2996  165.98 12.90  1.07 1442 22.5 50mg Coenzyme Q,
of water, 1x sport bar, 150g banana, 40mg vitamin C, 200mg
5x salt capsule, 1x sport gel, 1.5 L phosphatidylserine, Smg
water, 1x antioxidant capsule NADH
Two 30 g reposition beverage in 500 ml  390/1630  87.83 7.15 0.27 1109 - 50mg Coenzyme Q, 40mg
of water, 2x sport bar, 4x salt capsule, vitamin C, 200mg phospha-
1.5 L water, 1x antioxidant capsule tidylserine, 5mg NADH
Three 60g reposition beverage in 1000 ml  689/2082  154.03 1550  0.90 2216 - 50mg Coenzyme Q,
of water, 2x sport bar, 150 g banana, 40mg vitamin C, 200mg
20 g raisins, 8x salt capsule, 4 L phosphatidylserine, 5mg
water, I1x antioxidant capsule NADH
Four  60g reposition beverage in 1000 ml  297/1240  60.23  13.02 0.51 2201 - 50mg Coenzyme Q, 40mg
of water, 75g banana, 8x salt capsule, vitamin C, 200mg phospha-
4 L water, 1x antioxidant capsule tidylserine, 5mg NADH
Five  60g reposition beverage in 1000 ml  587/2452  106.41 19.28 7.92 2228 - 50mg Coenzyme Q,
of water, 2x sport bar, 62.5 g sweet 40mg vitamin C, 200mg
potato and honey, 8x salt capsule, 3 L phosphatidylserine, Smg
water, 1x antioxidant capsule NADH
Six 30g reposition beverage in 500 ml ~ 613/2562 118  13.82 7.95 1993.6 - 50mg Coenzyme Q,

of water, 2x sport bar, 62.5 g sweet
potato and honey, 8x salt capsule, 2 L
water, 1x antioxidant capsule

40mg vitamin C, 200mg
phosphatidylserine, Smg
NADH

Note. CH = Carbohydrates; I = Fat; P = Proteins; Caf = Caffeine.
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Table 2. Athlete nutritional intake before, during and after competition

Energy & Stage number
Timing  Macronutrient One Two Three Four Five Six Mean + SD
Breakfast E (kcal/k]) 1078/4506 1078/4506 1078/4506 1078/4506 1078/4506 1078/4506 1078 +0/4506 + 0
CH (g) 164.5 164.5 164.5 164.5 164.5 164.5 164.5 £ 0.0
P (g) 50.3 50.3 50.3 50.3 50.3 50.3 50.3+0.0
F(g) 25.2 25.2 25.2 25.2 25.2 25.2 25.2£0.0
During E (kcal/k]) 717/2996  390/1630  690/2882  297/1241  587/2453  613/2562 549 +169/2294 + 705
CH (g) 166.0 87.8 154.0 60.2 106.4 118 115.4 +39.9
P (g 12.9 7.2 15.5 13.0 19.3 13.8 13.6 £ 3.9
F(g) 1.1 0.3 0.9 0.5 7.9 8.0 3.1+38
Na’ (mg) 1442 1109 2216 2201 2228 1994 1865 + 460
Caffeine (mg) 22.5 0.0 0.0 0.0 0.0 0.0 3.8+9.2
CoenzQ (mg) 50 50 50 50 50 50 500
Vitamine C (mg) 40 40 40 40 40 40 40+0
PS (mg) 200 200 200 200 200 200 2000
NADH (mg) 5 5 5 5 5 5 5+0
Post-Stage'  E (kcal/k]) 213/966 671/2805  477/1994 213/890 282/1179 213/890 348 +187/1454 + 783
CH (g) 32.9 88.6 98.2 32.9 50.8 32.9 56.1+29.9
P (g) 20.4 39.9 21.7 20.4 22.4 20.4 242 +7.7
F(g) 0.3 12.2 0.5 0.3 0.9 0.4 2.4 +48
Lunch E (kcal/k]) 1050/4389  760/3177  675/2822  1045/4368 1145/4786 908/3795 931 +183/3890 = 767
CH (g) 108.5 68.7 63.9 216.2 178.7 160.3 132.7 £ 62.1
P (g 56.9 52.3 37.2 32.3 32.0 55.7 444 +11.8
F(g) 46.3 33.5 31.4 11.6 38.7 10.3 28.6 + 14.6
Snacks E (kcal/k]) 720/3010  663/2771  623/2604 0 0 0 334 +367/1398 + 1536
CH (g) 77.7 99.4 68.1 0.0 0.0 0.0 40.9 +45.9
P(g) 18.4 14.9 35.5 0.0 0.0 0.0 11.5+14.4
F(g) 36.3 23.6 25.1 0.0 0.0 0.0 14.2 + 16.1
Dinner E (kcal/k]) 821/3432  578/2416  510/2132  822/3436  669/2796  1247/5212 775 + 264/3237 + 1102
CH (g) 113.5 94.4 68.3 97.3 18.9 23.3 69.3 £ 40.0
P (g) 68.7 9.5 22.4 43.4 45.7 128.3 53.0+42.2
F(g) 13.4 20.8 18.2 31.5 45.2 72.0 33.6 +22.0

Note. PS= pbospbatidy/serine; CH = carbohydrates; E = energy; F = fat; P = proteins; Coenz(Q = coenzyme Q
 Energy intake immediately after each stage.

Immediately after crossing the finish line, the ath- noon snacks (only completed in the first three stages)
lete ingested two salt capsules plus 15 g of glutamine and dinner. Total daily nutritional intake by the athlete
and 10 g of BCAA’. This was completed with food  is summarized in Table 3 for each day of competition
and liquid provided by the race organization. Specific (breakfast, before-race, during-race, post-race, after-
nutritional value of the post-race nutrient intake is de- noon snacks and dinner). The greatest ingestion of
scribed in Table 2 along with nutritional information ~ proteins was the last day of competition, explained by
of each day lunch (after finishing competition), after-  the final celebration dinner.
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Table 3. Total nutritional energy and macronutrients intake for
each competition day

Energy & Competition day
Macronutrient Day1l Day2 Day3 Day4 Day 5 Day 6
E (kcal) 4617 4140 4053 3455 3761 4059

E (k)) 19298 17305 16940 14441 15720 16966

CH (g) 663.1 603.4 617.0 571.0 519.3 499.0
CH (g/kg/day) 100 91 93 86 78 75
P (g 227.6 147.1 182.6 159.4 169.7 268.5
P (g/kg/day) 34 26 28 24 26 41
F(g) 122.6 1156 101.3 69.1 1179 1159

Note. CH = Carbohydrates; E = Energy; F = Fat; P = Proteins;

Hydration and weight loss
The athlete began the competition with a body
weight of 66.2 kg and finished it with 64.9 kg. Af-

ter the conclusion of each stage, a reduction in body

weight was observed (Table 4). The BWL average dur-
ing “Pirineos FIT” was 2.4%.

Total fluid ingestion during the stages was 2000-
5000 mL provided by the reposition beverage and water
and was accompanied by a Na* intake of 1109 — 2228
mg provided by the reposition beverage and the salt
capsules (Table 4). Carbohydrate ingestion during the
stages with food and supplements ranged between 1.20
and 7.74 ¢/100 mL and 9.27-40.65 g/h, with the mini-
mum ingestion in the fourth stage. Details of meteoro-
logical conditions, weight loss and evolution, fluid in-
gestion, Na* and carbohydrates are provided in Table 4.

Effort perception and athlete’s performance

Borg’s Scale of Perceive Exertion (RPE) (21) was
used to report the subjective effort perception of the
athlete during each stage (Table 4). Mean heart rate

Table 4. Meteorological conditions, carbohydrate, fluid, sodium and weight control during the six competition stages

Stage number

One Two Three Four Five Six
Meteorology T (°C) 6.0 12.0 10.0 16.7 16.1 14.9
T, (°C) 24 28 22 30.5 33.2 28.7
Humidity (%) 98 94 71 77 89 98
Wind.,.. (km/h) 24 25 29 40 41 44
Weight Weight prs (kg)® 66.2 66.6 66.5 66.8 66.7 67.3
Weight posr (kg)® 64.5 65.6 64.5 65.0 66.0 64.9
BWL (kg) 1.7 1.0 2.0 1.8 0.7 2.4
BWL (%) 2.6 1.5 3.0 2.7 1.0 3.6
Nutrients intake  Fluid intake (mL) 2200 2000 5000 5000 4000 2500
Fluid/ hour (mL/h) 538.8 732.6 819.7 769.2 808.1 536.8
CH (g/100 mL) 7.6 4.4 3.1 1.2 2.7 4.7
CH intake (g/h) 40.7 32.1 25.3 9.3 21.5 25.3
Na* (mg) 1442 1109 2216 2201 2228 1994
Performance Stage result 6th 6th 7th 6th 4th 8th
Race time (h:min) 4:05 2:44 6:06 6:30 4:57 4:40
Distance (km)* 29.9 24.3 41 35 35 40
m+ 2000 1500 2600 2700 2874 1850
RPE 13 11 15 11 17 20
Mean HR (bpm) 150 148 141 131 142 138
Max HR (bpm) 170 175 180 172 182 183
Time Phase I (%) 3 23 34 74 44 68
Time Phase II (%) 94 75 66 24 56 30
Time Phase II (%) 3 0 0 1 0 2

Note. CH = Carbohydrates; T = temperature; Wind,,,. = maximum registered wind; m+ = accumulated positive ascension; BWL = body weight loss;
RPE = Borg’s Scale of Perceived Exertion score. * Weight before each stage; * Weight after each stage; © Real distance completed by the athlete during
the stages. Differences with the official distance is due to day-to-day track changes by the race organization.




348

E. Drehmer, M.A. Navarro, S. Carrera, et al.

(HR), maximum HR, RPE and final stage position are
also described in Table 4. In the last km of stage one,
the athlete suffered from light cramps and RPE was 13
(“somewhat hard”). For Stage two and four RPE score
was 11 (“moderate”). Stage three was perceived with
a RPE of 15 (“hard”) but he had great feelings, being
able to maintain pace during the stage and complete
nutrient intake. Stage five was reported as the day with
the best feelings, finishing in a 4* position despite a
RPE of 17 (“very hard)”. The athlete reported good
feelings during the first km of the last stage, but the
final RPE was 20 (“extenuating”), forcing him to slow
down the pace.

Biochemical, hematological and hormonal parameters
Comparing blood analysis before and after the
competition showed an increase in GOT-AST (71.86
%), GPT-ALT (117.86 %), iron (56.30 %), ferritin (55
9), creatine kinase (83.57 %), total testosterone (40.49
%) and reactive protein C (40 %). A reduction was
observed in urea concentration (12.79 %) and BUN
(12.39 %). No modifications were observed in the rest
of the parameters (total cholesterol, HDL, LDL, tri-
glycerides, thyroid hormones, cortisol, glucose, white

blood cells and red blood cells).

Discussion

The aim of this study was to assess several nutri-
tion and hydration strategies applied to an athlete that
participated in an endurance trail-running race that
finally led to a successfully implementation and a good
competition performance.

Literature has shown a positive relationship be-
tween dietetic recommendations and sport performance
(22). Adequate energetic intake improves endurance,
strength and FFM (Fat-Free Mass); while uncontrolled
caloric restriction depletes glycogen, critical for training
and physical exercise (23). Many factors must be con-
sidered for an adequate nutritional and hydration plan:
athlete’s characteristics, equipment to be carried, race
modality and details, environmental characteristics and
the solid and liquid intake possibilities.

“Pirineos FIT” represents a nutritional and sport
challenge. Therefore, it is crucial to minimize the to-

tal food carriage and provide the optimal energy and
macronutrients intake in the competition. The athlete
arrived to the competition well prepared, both from the
nutritional and physical point of view, being completed
an adequate diet and training program designed by pro-
fessionals. The foods and supplements that were chosen
to carry out the dietary-nutritional planning were those
that the athlete usually takes and therefore is familiar to
them, in order to avoid gastrointestinal problems. For
the nutritional planning, energetic and nutritional rec-
ommendations were applied following specific evidence
for endurance sports (24). It is worth mentioning that
there were some differences between dietary carbohy-
drate prescription (30-60 g/h), based on literature rec-
ommendations (15-17), and the carbohydrate quantity
ingested by the athlete during the race. Even the athlete
accomplished the minimum carbohydrate recommend-
ed intake, he wasn't able to increase it due to the effort of
self-management of food intake and race orienting. De-
spite that, the athlete’s perceptions were always optimal
and didn’t prevent him of accomplish a good final posi-
tion. Furthermore, no hunger or cramps were reported
by the athlete, and the feelings were described as “better
than in previous races”.

Maybe, subjective perception of fatigue of the
athlete was reduced by the ingestion of antioxidants
due to the athlete’s decision of avoiding caffeine in-
take after the first stage. As it’s well documented, long
duration and high intensity exercise increases the par-
ticipation of oxidative metabolism, consequently in-
creasing reactive oxidative species and oxidative stress
(25). Regarding hydration, the athlete exceeded the
recommendations (400-600 mL/h) in the race, avoid-
ing dehydration with a minimal BWL except in the
last stage (26,27).

Blood analysis assessment before and after com-
petition showed habitual physiological responses to
high demanding endurance efforts. Increased transam-
inases, testosterone, iron, ferritin and protein C are
normal physiological responses after exercise (28). In
fact, trained subjects tend to have significantly higher
concentrations of transaminases than sedentary peo-
ple (29, 30). Moreover, a high level of testosterone is
a marker for an adequate physical load and long-term
adaptation to exercise (28), while the increase in pro-
tein C reactive indicated an increase of physical stress



Nutrition planning and hydration control during a six-stage Pirineos FIT Endurance trail-running race. A case report 349

during the race (31). Additionally, several studies have
shown that after a moderate or intense exercise, an
increase in serum iron and ferritin is observed (32).
However, reduction in urea and BUN levels demon-
strated that there wasn’t FFM loss (33).

The good response in biochemical parameters,
without no changes after the competition, the good fi-
nal position of the athlete in the race (always within the
first ten) and the good feelings of the athlete could be
attributed (at least in part) to the appropriate dietetic-
nutritional planning carried out in this study, as well as
to the good body composition of the athlete, an adequate
training load and an optimal age. This study adds com-
plementary information to the existing literature (34,
35) regarding the positive influence of adequate dietary,
nutritional, supplementation and hydration planning in
trail-running. In addition, the dietary-nutritional strat-
egy applied in this study can serve as a guideline for
other professionals preparing ultra-endurance athletes
to achieve optimal performance.

Conclusions

The application of nutrition and hydration strate-
gies are crucial for successful performance at “Pirineos
FIT”, where it is necessary to reach a balance between
the amount of food (weight) that the athlete has to
carry and optimizing the intake of nutrients and drink.
This study demonstrates the importance of an adequate
dietary-nutritional planning to successfully compete
in a race like “Pirineos FIT”. This case study can be a
useful tool for other dietitians-nutritionists who advise
athletes disputing ultra-endurance trail-running events.
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