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Abstract. Background and aim: Stunting and wasting prevalence in Indonesia are considered really high (31% and 
10.2% respectively), which have been major global issue. On the gastrointestinal system of malnourished chil-
dren, there are gut microbiota alterations. Dysbiosis and functional capacity change affects short-chain fatty acid 
(SCFA) production, causing inefficient nutrition uptake. This study aimed to analyze the correlation of SCFA 
profile and nutritional intake of malnourished children, including the association of risk factors in malnourished 
children. Methods: Fourty children (25 males, 15 females) with stunted and/or wasted according to World Health 
Organization (WHO) growth chart were included in this study. Anthropometric measurements and physical 
examination were done by pediatrician. Questionnare about child’s gestational age, exclusive breastfeeding status, 
congenital disease, antibiotic consumption, and dietary intake using 3-days food recall were filled by parents/ 
caregivers. Fecal and SCFA analysis was done by GC-MS at laboratory in Semarang, Indonesia. Intergroup 
differences and association were compared using Spearman and Mann-Whitney test. Results: Children with 
double malnutrition have different SCFA profile than children with single malnutrition, especially in acetic and 
propionic acid. There is a correlation between fibre intake and propionic acid in malnourished children (p=0.037). 
Antibiotic usage and malabsorption contribute significantly in SCFA profile (p=0.033, 0.016, 0.042). Fibre and 
leukocytes count in feces are correlated with SCFA profile (p=0.013, 0.024). Conclusions: There is correlation 
between fibre intake and propionic acid levels in malnourished children. Antibiotic usage is associated with pro-
pionic and valeric acid levels, while malabsorption is associated with butyric acid levels.
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Introduction

Pediatric malnutrition has been a major global is-
sue, associated with higher morbidity and mortality. 
According to American Society for Parenteral and En-
teral Nutrition, pediatric malnutrition is defined as an 
imbalance in the intake and requirements of nutrients 
that leads to cumulative shortfalls of energy, protein, or 
micronutrients that may impact negatively on growth, 
development, and other relevant outcomes. The term 
malnutrition encompasses three terminologies: under-
nutrition, micronutrient, and overnutrition. Based on 

World Health Organization (WHO) classification of 
nutritional status of infants and children, undernutri-
tion was divided into moderately stunted (moderate 
chronic malnutrition), severely stunted (severe chronic 
malnutrition), moderately wasted, and severely wasted 
with weight-for-length/height score median below  
−3 SD. Pediatric malnutrition results from combination 
of several factors, namely availability of food resources, 
cultural food practice, social-economic status, health-
care facility for maternal and child care, along with 
government policies. United Nations Children’s Fund 
(UNICEF) levels and trends in child malnutrition 
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2023 edition showed that 148 million children under 
the age of 5 years were stunted, 45 million wasted, 
and 37 million were overweight. Stunting and wasting 
prevalence in Indonesia are considered really high. On 
the report of Indonesian Health Survey in 2023, it was 
found that one in five toddlers in Indonesia (21.5%) 
experienced stunting, with the most cases from the 2-3 
years age group. According to 2023 Joint Child Mal-
nutrition Estimates data by UNICEF, World Health 
Organization (WHO), and World Bank Group, it 
is estimated that 31% child population were stunted 
and 10,2% child population were wasted in Indonesia 
(1,2). Malnutrition brings long term impacts on child’s 
overall health status, physical growth, and cognitive 
development. On the gastrointestinal system of mal-
nourished children, some alterations have been known 
such as intestinal permeabilty, malabsorption, and gut 
microbiota changes. Gut microbiota is a collection of 
microorganisms, composed mainly of bacteria, that 
plays role in producing metabolites for nutrient me-
tabolism. One of metabolites produced is short-chain 
fatty acids (SCFA), resulted from fibre fermentation 
in colon. Major SCFAs produced in gut are acetate, 
propionate, and butyrate. SCFA could help regulate 
immune system, therefore strengthening intestinal 
barriers. However, there was a dysbiosis and change 
of functional capacity from gut microbiota in children 
with malnutrition. Dysbiosis is found to be associated 
with gut microbiota immaturity, changes of microbes’ 
variation, and increase of pathogenic and inflamma-
togenic species. Moreover, gut microbiota dysbiosis 
affects SCFA production which will cause inefficient 
nutrition uptake (3–6). The aim of this study was to 
analyze the association of SCFA profile and nutritional 
intake of malnourished children, including the associa-
tion of risk factors in malnourished children.

Methods

Study design

This study was an observational analytic study 
with cross-sectional design. It was conducted involv-
ing children with malnutrition who visited the Nutri-
tional and Metabolic Disease clinic of tertiary hospital 

and outpatient therapeutic centre for malnutrition in 
Semarang (Indonesia) from April until August 2021.

Study population

A total of 40 children (25 boys and 15 girls) within 
the age of 6 months to 5 years old, with stunted and/or 
wasted status according to WHO growth chart were 
included in this study. The WHO classification of nu-
tritional status of infants and children defined stunted 
and wasted as moderately stunted (moderate chronic 
malnutrition) with length/ height-for-age score me-
dian between ≤−2 SD and ≥−3 SD; severely stunted 
(severe chronic malnutrition) with length/ height-for-
age score median below −3 SD of the median; mod-
erately wasted with weight-for-length/height score 
median between ≤−2 SD and ≥−3 SD; severely wasted 
with weight-for-length/height score median below −3 
SD. Sample was chosen using consecutive sampling, 
where each subject who met the inclusion criteria was 
selected until the required sample size was reached (7).

Anthropometric & dietary intake measurements

All subjects underwent full anthopometric evalu-
ation, including weight, length/ height, upper arm 
circumference, head circumference, nutritional status 
according WHO classification; Physical examination to 
determine whether subjects are sick on admission; and 
subjects’ parents/ caregivers have to filled in questionare.

•	 Weight and height were measured by mechan-
ical scale (SECA, Hamburg, Germany) with 
light clothing and no shoes, ankles together, 
relaxed shoulders, and both arms at the sides 
of the bodies. Length were measured by me-
chanical scale (SECA, Hamburg, Germany) 
with light clothing and no shoes, lying down, 
both legs fully extended, from the top of head 
to bottom of one heels (8).

•	 Upper arm circumference was measured by 
nonstretchable tape measure (SECA, Ham-
burg, Germany) at the midpoint between the 
acromion and olecranon processes, arm flexed 
at 90° (8).

•	 Head circumference was measured by non-
stretchable tape measure (SECA, Hamburg, 
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Germany) from the occiput to supraorbital 
ridge (8).

•	 Nutritional status was measured according 
WHO classification of nutritional status of 
infants and children, using Height-for-Age z 
score (HAZ) chart, Weight-for-Age z score 
(WAZ) chart, Weight-for-Length z score 
(WHZ) chart (7).

•	 Physical examination was done thoroughly 
by head-to-toe examination, carried out by a 
pediatrician

•	 Data taken from questionnaire filled in by 
parents/ caregivers, such as child’s gestational 
age, whether the child received exclusive 
breastfeeding, had congenital disease, had an-
tibiotic consumption in the past month, and 
child’s dietary intake using 3-days food recall

Fecal and SCFA analysis

The children and their parents/ caregivers had 
consented to give the stool collection containers and 
taught the collection procedure. Fecal samples were 
collected from children at their home in the morn-
ing, collected in a clean container, and sent to the 
laboratory. Macroscopic fecal analysis was carried out 
to determine if there was any mucus or blood in the 
feces, while microscopic fecal analysis was carried out 
to determine if there was any fat, carbohydrate, fibre, 
erythrocytes, leukocytes, occult blood, fungus, or mal-
absorption. For SCFA examination, parent needed to 
obtain 2-5 grams fresh fecal samples and sent directly 
to laboratory and stored under stable condition at 
4-8°C temperature. SCFA quantification was done us-
ing Gas Chromatography-Mass Spectrometry (GC-
MS) method to determine total SCFA, acetic acid, 
propionic acid, valeric acid, and butyric acid levels. 
Each SCFAs were measured as percentage and total 
SCFA was measured as mg/dL.

Statistical analysis

Statistical analysis was performed using IBM 
SPSS Statistics ver. 25.0 for Windows Software (IBM 
Co., Armonk, NY, USA). Categorical data were 

expressed as frequency and percentage, while numeri-
cal data was expressed as mean ± standard deviation 
with median, minimum and maximum data included. 
Shapiro-Wilk test was used for normality test, then 
numerical groups’ data were compared using Spear-
man test. Mann-Whitney test was used to determined 
correlation between categorical and numerical groups. 
P value of <0.05 was considered statistically significant.

Ethical statement

All parents or caregivers agreed to participated in 
this study and signed the informed consent for their 
children. The study was approved by the Ethical Com-
mittee of Dr. Kariadi Hospital Semarang, Indonesia 
(No.806/EC/KEPK-RSDK/2021) and was conducted 
in accordance with the declaration of Helsinki with 
good clinical practice as defined by the International 
Conference on Harmonization.

Results

Subject clinical and biochemical characteristics

Patients included in this study were patients 
with stunted and/or wasted status according to the 
WHO growth chart with 37.5% patients were fe-
males and 62.5% patients were males. Average age was 
19.4+12.23 months, mother’s age was 30.8+6.61 years, 
and father’s age was 34.2+6.84 years. The mean of an-
thropometric measurements was as follows: upper arm 
circumference was 121.35 + 11.35cm, head circumfer-
ence was 43.5 + 3.3cm, HAZ score was -2.9 + 1.64 
with minimum score -7.50, WAZ score was -3.8 + 
1.01 with minimum score -6.35, WHZ score was -3.4 
+ 0.79 with minimum score -6. As many as 27.5% of 
patients were born prematurely, with 22.5% of patients 
had congenital disease and only 67.5% of patients were 
given exclusive breastfeeding. On admission, 50% of 
patients were sick, where 42.5% of patients were cur-
rently using antibiotic. Of all patients, 62.5% patients 
had double malnutrition status, while 37.5% of them 
had single malnutrition status. From patient’s dietary 
recall in three days, the mean of dietary intake for en-
ergy was 1086.39 ± 182.5kcal/day, carbohydrate was 
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Association of SCFA and fecal analysis

In relation to fecal analysis, it has been shown that 
there was significant difference between fibre count in 
feces and acetic acid (p=0.013). Leukocytes count in 
feces also had significant difference with valeric acid 
(p=0.024) as seen in Table 5.

Discussion

This study showed that children with double mal-
nutrition (both stunted and wasted) have different 
SCFA profiles compared to children with single mal-
nutrition (either stunted or wasted). SCFA production 
is a biochemical process carried out by human gut bac-
teria through fermentation. SCFA are known to have 
roles in helping the absorption of various nutrients, act 
as an immune barrier that pathogenic bacteria growth, 
and have antiinflammatory effects. Recent metagen-
omic analysis suggested that gut microbiota and SCFA 
products could determine children’s nutritional status. 
In normal physiologic conditions, SCFA production 
is influenced by the diversity and number of micro-
organisms, consumption of carbohydrates, and low 
pH in the colon. The number of microorganisms in 
the normal human digestive tract is estimated to be 
ranging from 101-107 CFU/ml with 300-1000 dif-
ferent species. While recent research on malnourised 
children in Indonesia showed significant difference in 
the composition of gut microbiota between normal 
and malnourised children, known as dysbiosis. Stunted 
children also have notable gut microbiome differences, 
where Malnutrition and Enteric Disease cohort study 
showed a correlation between microbiome composi-
tion diversity and children’s linear growth, although 
it varies geographically. On the other hand, wasted 
children are known to have low diversity and imma-
ture microbiota as measured by the microbiota-for-age 
Z-score. The shift on microbiota diversity and matu-
rity disrupts intestinal function, delaying child’s me-
tabolism and nutrient absorption, most importantly 
alters production of SCFA which contributed to daily 
energy expenditure. Consequently, studies have sup-
ported the finding of this study where children with 
double malnutrition have different SCFA profiles 

156.79 ± 29.5gr, protein was 25.63 ± 7.8gr, fat was 
41.97 ± 7.63gr, fibre was 386.59 ± 1152.67 gr, PUFA 
was 2.53 ± 2.20gr, cholesterol 151.48 ± 175.28mg, and 
iron 5.81 ± 5.39mg. Patient’s macroscopic fecal analy-
sis showed that 85% of patients had mucus and none 
of the patients had blood. While patient’s microscopic 
fecal analysis showed that 25% of patients had fat, 10% 
of patients had carbohydrate, 45% of patients had fi-
bre, 20% of patients had erythrocytes and leukocytes, 
25% of patients had occult blood, 35% of patients had 
fungus in their feces. 40% of patients experienced ma-
labsorption. SCFA analysis showed the mean + stand-
ard deviation of acetic acid 66.7 ± 9.71%, propionic 
acid 20.17 ± 9.44%, valeric acid 1.56 ± 1.47%, butyric 
acid 7.92 ± 5.88%, and total SCFA 14.25 ± 6.21ng/ml 
as seen in Table 1.

Correlation of SCFA and nutritional intake

When SCFA was examined with nutritional 
intake (Table 2), it was shown that fibre intake and 
propionic acid levels had significant correlation with 
p value of 0.037 (p<0.05). Correlation coefficient was 
positive (r=0.330), showing moderate correlation. This 
implies that increasing fibre consumption will likewise 
raise levels of propionic acid.

Association of SCFA, Dietary Intake, and Malnutrition

Regarding of malnutrion, it has been shown that 
there was significant difference in acetic acid (p=0.00) 
and propionic acid (p=0.046) between children with 
single and double malnutrition. On the other hand, 
dietary intake had no significant difference with mal-
nutrition (Table 3).

Association of risk factor and SCFA levels in 
malnourished children

Antibiotic usage had significant difference with 
propionic acid (p=0.033) and valeric acid (p=0.016). 
While malabsorption showed significant difference 
with butyric acid (p=0.042). Other risk factors related 
to SCFA in malnourished children such as exclusive 
breastfeeding, sick on admission, and congenital disease 
showed no significant difference with SCFA (Table 4).
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Table 1. Patients’ clinical and biochemical characteristics

Variables Frequency (%) Mean + SD

Gender Female 15 (37.5%)

Male 25 (62.5%)

Gestational age Aterm 29 (72.5%)

Preterm 11 (27.5%)

Exclusive No 13 (32.5%)

breastfeeding Yes 27 (67.5%)

Antibiotic usage Yes 17 (42.5%)

No 23 (57.5%)

Sick on admission Yes 20 (50%)

No 20 (50%)

Congenital Yes 9 (22.5%)

disease No 31 (77.5%)

Malnutrition Double 25 (62.5%)

status Single 15 (37.5%)

Age (months) 19.4 + 12.23

MUAC (cm) 121.35 + 11.35

HC (cm) 43.5 + 3.3

Mother’s age (years) 30.8 + 6.61

Father’s age (years) 34.2 + 6.84

HAZ score -2.9 + 1.64

WAZ score -3.8 + 1.01

WHZ score -3.4 + 0.79

Mucus Yes 6 (15%)

No 34 (85%)

Blood Yes 0 (0%)

No 40 (100%)

Fat Yes 10 (25%)

No 30 (75%)

Carbohydrate Yes 4 (10%)

No 36 (90%)

Fibre Yes 18 (45%)

No 22 (55%)

Erythrocytes Yes 8 (20%)

No 32 (80%)

Leukocytes Yes 8 (20%)

No 32 (80%)

Occult Blood Yes 10 (25%)

No 30 (75%)

Table 1 (Continued)
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Variables Frequency (%) Mean + SD

Fungus Yes 14 (35%)

No 26 (65%)

Malabsorption Yes 16 (40%)

No 24 (60%)

Acetic acid (%) 66.7 + 9.71

Propionic acid (%) 20.17 + 9.44

Valeric acid (%) 1.56 + 1.47

Butyric acid (%) 7.92 + 5.88

Total SCFA (ng/ml) 14.25 + 6.21

Energy (kcal/day) 1086.39 ± 182.5

Carbohydrate (gr) 156.79 ± 29.5

Protein (gr) 25.63 ± 7.8

Fat (gr) 41.97 ± 7.63

Fibre (gr) 386.59 ± 1152.67

PUFA (gr) 2.53 ± 2.20

Cholestrol (mg) 151.48 ± 175.28

Iron (mg) 5.81 ± 5.39

Abbreviations: MUAC, Mid-Upper Arm Circumference; HC, Head Circumference; HAZ, Height-for-Age z score; WAZ, Weight-for-Age z score; 
WHZ, Weight-for-Length z score. Categorical values are presented as frequency and percentage. Numerical values are presented as mean ± standard 
deviation with median, minimum and maximum data included.

compared to single malnutrition children (3,6,9–11). 
Apart from nutritional status, SCFA production is 
also influenced by dietary intake. The type, pattern, 
and content of food are important external factors 
that could interfere the composition and function of 
intestinal microbiota. Macronutrients such as carbo-
hydrates, protein, fat, and fiber have an influence on 
microbiota metabolites formation. Previous study in 
Indonesia on children with malnutrition showed that 
dietary intake increased the number of major bacte-
ria in the intestine which produced carbohydrate and 
fiber degrading enzymes, namely Bacteroides and 
Prevotella. It explained that the more of these bacte-
rias exist, the SCFA produced also increase, especially 
acetate, propionate, and butyrate. This study finding is 
also in accordance with previous research that there is 
a relationship between fiber intake and propionic acid 
in malnutrition children. On the contrary, other study 
found that underweight subjects (BMI <18.5 kg/m2) 
had reduced levels of propionic, butyric, and isovaleric 
acid. Different results may be due to the age of the 

subjects, namely 32 years in median and all under-
weight subjects were receiving a low-fiber diet, which 
may account for the low amount of SCFAs (10,12,13). 
Risk factors related to SCFA of malnourished children 
were analyzed in this study. Antibiotic usage showed 
significant correlation with SCFA profiles, spesifically 
propionic acid (p=0.033) and valeric acid (p=0.016). 
The number and dynamics of gut microbiota are influ-
enced by several factors such as age, diet, geographical 
location, psychological situation, physical activity, and 
use of drugs. Antibiotics as antibacterial agents could 
damage the balance of intestinal microbiota. Previous 
study showed that antibiotic consumption in children 
could disrupt microbiota diversity, and it took approxi-
mately one month to restore to its normal composi-
tion. Although antibiotics reduce microbiota diversity, 
they increase overall microbial load. Research on seven 
days of betalactam therapy doubled fecal bacteria 
count yet increased the proportion of specific bacteria 
such as Bacteroides and Firmicutes. Dysbiosis caused 
by antibiotic usage could impede SCFA production. 
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Table 2. Correlation of SCFA and Nutritional Intake

Variables Energy Protein Fat Carbohydrate Fibre PUFA Chol Iron

Acetic acid (%) 0.551 0.599 0.103 0.639 0.183 0.534 0.887 0.377

Propionic acid (%) 0.436 0.797 0.545 0.702 0.037 (r=0.330) 0.866 0.517 0.092

Valeric acid (%) 0.054 0.189 0.239 0.055 0.125 0.124 0.409 0.850

Butyric acid (%) 0.841 0.605 0.612 0.268 0.925 0.762 0.517 0.679

Total SCFA (ng/ml) 0.877 0.225 0.760 0.737 0.599 0.063 0.595 0.224

Values are presented as p value from Spearman test result. Boldface indicates a statistically significant difference with p<0.05. Spearman test revealed 
significant correlation between fibre intake and propionic acid levels.

Table 3. Association of SCFA, Dietary Intake, and Malnutrition

Variables Double malnutrition (mean ± SD) Single malnutrition (mean ± SD) p

Acetic acid 70.64 ± 8.64 60.13 ± 7.80 0.00

Propionic acid 17.52 ± 6.24 24.6 ± 12.16 0.046

Valeric acid 1.41 ± 1.50 1.81 ± 1.44 0.581

Butyric acid 6.68 ± 4.79 10.00 ± 7.04 0.106

Total SCFA 14.48 ± 7.05 13.87 ± 4.72 0.720

Energy (kcal) 1104.05 ± 163.23 1056.96 ± 213.58 0.180

Protein (gr) 25.77 ± 7.78 25.40 ± 8.10 0.615

Fat (gr) 42.36 ± 7.55 41.33 ± 7.97 0.655

Carbohydrate (gr) 155.80 ± 27.26 158.45 ± 33.83 0.780

Fibre (gr) 138.28 ± 473.83 800.47 ± 1738.60 0.293

PUFA (mg) 2.40 ± 1.94 2.74 ± 2.64 0.922

Cholesterol (mg) 156.49 ± 187.01 143.12 ± 159.73 0.933

Iron (mg) 5.67 ± 6.21 6.03 ± 3.83 0.246

Zinc (mg) 4.62 ± 1.23 11.38 ± 3.46 0.28

Vitamin A(ug) 1152.07±299.7 1050.34 ±238.2 0.51

Vitamin D (mg) 4.19 ±1.14 6.2 ± 1.54 0.11

Vitamin C (mg) 57.13 ± 17.04 130.9 ± 53.5 0.33

Values are presented as mean±standard deviation and p value from Mann-Whitney test result. Boldface indicates a statistically significant difference 
with P<0.05. Mann-Whitney test revealed significant difference of acetic acid in children with double and single malnutrition.

In children with malnutrition, exposure to antibiotics 
at young age is associated with immaturity and micro-
biome diversity, potentially leading to prolonged poor 
nutritional status. The immature microbiome partici-
pates in the long-term efficacy of drug and nutritional 
therapy. Study on malnourished and healthy Indone-
sian children showed that concentrations of dominant 
SCFAs such as acetate, propionate, and butyrate were 

lower in malnourished children compared to the control 
group. Malnourished children with low levels of SCFA 
in feces are susceptible to gastrointestinal infections 
such as diarrhea, intestinal inflammation, and systemic 
inflammation. Low SCFA affects energy availability 
in malnourished children because SCFA is related 
to the processes of gluconeogenesis, lipogenesis, and 
stimulation of catabolic metabolism, which worsens 
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the general condition of children with malnutrition 
(14,15). On the fecal analysis, malabsorption showed 
significant difference with SCFA, namely butyric acid 
(p=0.042) and fibre count with acetic acid (p=0.013). 
As previously discussed, food intake is related to gut 
microbiota. Fiber intake is positively correlated with 
Bacteroides, which will increase SCFA production 
as shown in stool analysis. Conversely, other studies 
showed that Bacteroides counts decrease with increas-
ing body mass index. Bacteroides deficiency results in 
inefficient energy metabolism, so that the macronutri-
ents consumed, especially fiber will be excreted in the 
feces. In this study, leukocytes count in feces also had 
significant difference with valeric acid (p=0.024). High 
number of leukocytes in the feces is associated with an 
ongoing inflammatory or infectious process in the gas-
trointestinal tract. Malnourished children have a high 
susceptibility to infections in general. Moreover, with 
intestinal barrier dysfunction and alteration in micro-
biota, gastrointestinal infections are more likely to oc-
cur. Previous research also showed that high levels of 
leukocytes in feces were related to the microbiota pro-
file, particularly increased presence of Bacteroides and 
Gemellaceae. This is related to low glucose consump-
tion which may occur in malnourished children (16). 
Despite finding correlation between food intake and 
several risk factors with SCFA production, this study 
was unable to conclusively explain the association 
between variables. Future research should consider 
comparing the production of SCFA in children with 
normal nutritional status to their dietary consumption.
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