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Abstract. Background and aim: Excessive lipid accumulation is a prevalent condition that causes oxidative 
stress and bacterial imbalance in the intestine, leading to obesity. To reduce the prevalence, several studies 
have proposed the use of microgreens, such as red spinach, radish, and mustard greens, due to their high dietary 
fiber content. Therefore, this study aims to determine antioxidant activity, total dietary fiber, and organoleptic 
properties of different varieties of microgreens with and without blanching process. Methods: The study proce-
dures were carried out using Completely Randomized Design (CRD) by applying blanching treatment on red 
spinach, red radish, and mustard greens microgreens with variations in time of 10, 15, and 30 seconds. IC50 
antioxidant test was performed using DPHH (2,2-dhipenyl1-picryhydrazyl) method, while total dietary fiber 
was assessed with the enzymatic gravimetric method. Organoleptic tests were carried out using hedonic and 
Just About Right ( JAR) assessments on 67 panelists. Subsequently, the data obtained were analyzed using 
the Kruskal-Wallis statistical test. Results: The results showed that the 30-second blanched mustard greens 
(8401.05 ppm), fresh radish (11793 ppm), and 15-second blanched red spinach (15382 ppm) had the high-
est IC50 antioxidant activity. Meanwhile, the 30-second blanched red spinach (7.9 g/100 g), fresh red radish 
(7.09 g/100 g), and 10-second blanched mustard greens (6.69 g/100 g) had the highest total dietary fiber. The 
results also showed that the optimal treatments were observed in 15-second blanched red spinach, fresh red 
radish, and 30-second blanched mustard greens. Conclusions: Blanching process affected antioxidant activity, 
total dietary fiber, texture, taste, and color of red spinach microgreens. The treatment was also known to influ-
ence total dietary fiber, texture, taste, color, and aftertaste of red radish microgreens. Meanwhile, in mustard 
greens, blanching process only affected antioxidant activity, texture, and taste.
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Background

A BMI of ≥30 kg/m2 is indicative of obesity, 
which is defined by the WHO as an excessive buildup 
of fat that compromises health (1). The 2023 Indo-
nesian Health Survey (SKI) revealed that the rate 

of obesity in adults in Indonesia increased to 23.4%. 
This indicated an increase compared to the 2018 Ba-
sic Health Research (Riskesdas) results, where the rate 
only reached 21.8% (2,3). Several studies have shown 
that excessive fat accumulation can cause increased 
production of free radicals both in circulation and 
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adipocyte cells. In addition, the increase in free radicals 
is accompanied by an elevation in antioxidant enzymes 
in the body, causing a condition known as oxidative 
stress. Bacterial imbalance in the gut or dysbiosis has 
also been reported to be associated with obesity (4). 
For example, a previous study revealed the presence of 
an inverse relationship between dietary fiber intake and 
the risk of developing obesity-related pathologies. Di-
etary fiber acts as an important substrate for anaerobic 
fermentation processes by the gut microbiota, thereby 
facilitating the synthesis of key beneficial metabolites 
(5). Edible young shoots also called microgreens are 
currently being promoted as promising alternatives for 
dietary fiber (6). Based on previous studies, microgreens 
are young shoots of horticultural and herbaceous spe-
cies, which consist of fully developed cotyledons and 
the first true leaves. Compared to sprouts, their roots are 
often removed before being consumed as food (7). Mi-
crogreens are typically consumed between 7 and 14 days 
after germination, exhibiting a strong flavor, crunchy 
texture, and very bright color due to the presence of 
bioactive compounds (8). In addition, these shoots 
have been shown to experience hyperaccumulation of 
phytochemicals on average 10 times more compared to 
sprouts and mature plants of the same species (9). Mi-
crogreens are also very suitable for use as salads or ed-
ible garnishes for soups, sandwiches, and various main 
dishes due to their distinctive flavor, attractive color, 
and crunchy texture (10). The most commonly grown 
and studied microgreens are from the Brassicaceae and 
Amaranthaceae families, with plants such as red spin-
ach, radish, and mustard greens (11). The metabolite 
profiles of mustard and radish microgreens show varia-
tions between sugars, amino acids, fatty acids, organic 
acids, polyphenols, sugar alcohols, and amines content 
(12). Red spinach has high phytochemical content, 
such as phenolic compounds, flavonoids, tocopherols, 
and betalains, which are known as compounds with 
potential health benefits due to their antioxidant and 
radical scavenging properties (13). Fiber is one of the 
complex carbohydrates that cannot be digested by the 
body but plays an important role in weight manage-
ment and obesity control (14). Dietary fiber is an im-
portant functional ingredient defined as an indigestible 
carbohydrate, which can regulate the composition of 
gut microbes to provide health-improving benefits. 

Previous studies on quinoa microgreens showed the 
presence of high soluble dietary fiber content in the 
sample (15). Radish microgreens have been reported 
to have a higher fiber content compared to the tubers 
and leaves of the mature plant (16). Higher intake of 
polysaccharides and fiber fractions have been reported 
to be associated with a lower risk of chronic diseases, 
such as certain types of cancer, diabetes, obesity, and 
cardiovascular disease in humans. Fiber also promotes 
the growth of gut microbiota and positively regulates 
various physiological functions (17). IC50 value is the 
concentration of a sample required to ward off 50% of 
DPPH free radicals. This indicates that the higher the 
IC50 value in a sample, the lower its antioxidant activ-
ity (18). Antioxidants are substances that directly ward 
off Reactive Oxygen Species (ROS) or indirectly act to 
increase antioxidant defenses or inhibit ROS produc-
tion (19). Oxidative stress occurs primarily due to an 
imbalance between endogenous ROS production and 
antioxidant activity in the body. Several studies have 
shown that oxidative stress plays a major role in the 
development of chronic inflammation associated with 
obesity (20). Several studies have shown that green 
vegetables are a good source of antioxidants. In addi-
tion, antioxidant activity in polyphenol compounds is 
associated with a reduced risk of disease (21). Antioxi-
dant content of red spinach, red radish, and mustard 
greens microgreens has been reported to vary, leading 
to differences in their activity. Increased antioxidant 
activity indicates a reduction in the accumulation of 
ROS. Methionine and homocysteine ​​are amino acids 
that inhibit stress and reduce oxidative damage. Amino 
acids provide protection to cells against inflamma-
tion by working as antioxidants. Previous studies have 
shown that microgreens are very effective with signifi-
cant results in weight loss. Bioactive substances found 
in these shoots can affect various inflammatory path-
ways. Therefore, by following the swelling guidelines, 
microgreens can help prevent diabetes, Cardio Vascular 
Disease (CVD), and weight problems (22). Microgreens 
typically have a different taste, hence, sensory analysis 
is often an important factor in determining whether 
new products based on microgreens are acceptable. Hu-
man sensory analysis in food engineering is usually 
used as a standard method for evaluating food proper-
ties. In Indonesia, microgreens are not widely consumed, 
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indicating the need for sensory tests on appearance, 
texture, taste, color, and aftertaste (23). Blanching is 
a heating process, which aims to deactivate oxidative 
enzymes causing changes in color, odor, taste, and tex-
ture. Blanching process can improve the appearance of 
food ingredients (24,25) and affect the physicochemi-
cal properties of dietary fiber. These properties include 
the proportion of soluble and insoluble fiber, viscosity, 
and molecular weight. During wet heat treatment, in-
soluble fiber can dissolve or even degrade into smaller 
fragments in the processing water (26). Therefore, this 
study aims to determine antioxidant activity, total di-
etary fiber, and organoleptic properties of different 
varieties of microgreens with and without blanching 
process.

Method

Study design

This study was carried out using an experimental 
method with Completely Randomized Design (CRD). 
The samples were subjected to several blanching treat-
ments, namely A: red spinach microgreens (Amaranthus 
tricolor L.), B: red radish microgreens (Raphanus sativus 
L.), and C: mustard greens microgreens (Brassica juncea 
L.). In addition, the treatments were performed with 
variations in blanching time (P1: 10 seconds, P2: 15 
seconds, P3: 30 seconds) at a temperature of 70°C, 
with 3 replications. During the procedures, one of the 
samples served as the control without blanching (P0), 
leading to a total of 36 experimental units (Table 1).

Microgreens planting process

Red spinach, red radish, and mustard greens 
microgreens were selected in this study because these 
plants were the most commonly consumed. Further-
more, seeds were purchased from the e-commerce 
“Gani The Yong ( Jakarta)”. In general, seeds were sown 
in a 32 cm × 25 cm × 5 cm tray with cocopeat media, 
and the prepared media was watered until moist, and 
then sown evenly. The sown seeds were then stored in 
a dark place for the first 3 days, and after the seedlings 
emerged, microgreens tray was moved to a shelf that 

was given a 6000 K LED light with a CRI of 60-70 
with an exposure of 8 watts per shelf that was lit for 
24 hours (10). Irrigation was carried out every day by 
watering without using fertilizer, and after microgreens 
reached a height of 6-9 cm, the plants were harvested 
at the 2-leaf stage when matured. Red spinach micro-
greens (Figure 1) and red radish microgreens (Figure 2)  

Table 1. Microgreens Blanching Study Design

Sample Treatment 

Repetation

1 2 3

A P0 A01 A02 A03

P1 A11 A12 A13

P2 A21 A22 A23

P3 A31 A32 A33

B P0 B01 B02 B03

P1 B11 B12 B13

P2 B21 B22 B23

P3 B31 B32 B33

C P0 C01 C02 C03

P1 C11 C12 C13

P2 C21 C22 C23

P3 C31 C32 C33

Figure 1. Process of planting red spinach microgreens red 
spinach microgreens day 0.
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were harvested on the 9th day, while mustard greens 
microgreens (Figure 3-6) were harvested on the 14th 
day (16-27).

Microgreens blanching

Microgreens blanching process was conducted in 
Culinary Laboratory of the Nutrition Study Program, 
Universitas Diponegoro. The harvested microgreens 
were washed and dried using a salad spinner. This 
study was modified from a previous report on sweet 
potato leaves with a shorter blanching time because 
microgreens were small. This sprout was blanched with 
different time variations, namely 10, 15, and 30 sec-
onds, as well as without blanching as a control. After 
completion, microgreens were put into ice water in a 
basin to stop the cooking process (28). The plants were 
soaked in ice water and then dried using a salad spinner 
to remove the remaining water and then weighed and 
put into plastic to be vacuumed.

Total dietary fiber

Total dietary fiber was calculated using the gravi-
metric enzymatic method carried out at the Chem Mix 

Figure 2. Process of planting red spinach microgreens red 
spinach microgreens day 9.

Figure 3. Process of planting red radish microgreens red radish 
microgreens day 0.

Figure 4. Process of planting red radish microgreens red radish 
microgreens day 9.

Pratama Laboratory in Yogyakarta. The samples were 
dried and ground, and then the fat was extracted when 
it contained >5% fat. Part of the sample was treated 
in an autoclave with amylase, amyloglucosidase, and 
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the sample was refluxed with neutral detergent and 
treated with alpha-amylase to remove water-soluble 
carbohydrates and proteins. The residue was dried, 
weighed, ashed, and reweighed, and total dietary fiber 
was calculated as the sum of 2 residues (29).

Antioxidant activity IC50

Antioxidant activity IC50 was calculated using 
DPHH (2,2-dhipenyl1-picryhydrazyl) radical scav-
enging activity method carried out at the Chem Mix 
Pratama Laboratory in Yogyakarta (30). IC50 test was 
carried out by adding a constant aliquot of 1 ml of sam-
ple at 100, 200, 300, 400, and 500 ppm in 96% etha-
nol into 1 ml of 200 mM DPPH. The same procedure 
was carried out for vitamin C as a working reference at 
100, 200, 300, 400, and 500 ppm in 96% ethanol. All 
reactions were incubated in the dark for 30 minutes, 
and each absorption response from each mixture was 
measured immediately at 517 nm.

Organoleptic analysis

Organoleptic tests were conducted at the Food 
Technology Science Laboratory of the Nutrition 
Study Program, Universitas Diponegoro, and the tests 
conducted in this study were hedonic tests and Just 
About Right ( JAR) tests. The subjects of organoleptic 
tests to be conducted in this study were 67 untrained 
panelists (31) of which were taken from students of the 
Nutrition Study Program, at Universitas Diponegoro. 
A study involving humans was reviewed and approved 
by the Health Study Ethics Committee, Faculty of 
Medicine, Universitas Diponegoro No. 428/EC/
KEPK/FK-UNDIP/VIII/2024. The participants gave 
written consent to participate in this study which was 
conducted following the 7 WHO 2011 standards.

Hedonic test

The hedonic test conducted included 5 aspects, 
namely color, taste, aroma, texture, and overall with 9 
assessment scales for the hedonic scale, 9 = like very 
much, 8 = really like, 7 = like, 6 = kinda like, 5 = neu-
tral, 4 = dislike, 3 = kinda dislike, 2 = really dislike, and 
1 = very much dislike (32).

Figure 5. The process of planting mustard microgreens mustard 
microgreens day 0.

Figure 6. The process of planting mustard microgreens mustard 
microgreens day 14.

heat-stable protease to remove starch and protein. 
The enzymatically undigested fiber was precipitated 
with ethanol and filtered. The residue was then dried, 
weighed, ashed, and reweighed. A second portion of 
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greens microgreens. Data analysis was conducted with 
a 95% confidence level with a p-value of 0.05 with  
α = 0.05. When the p-value <0.05 then H0 was re-
jected, which meant there was a difference in antioxi-
dant activity and total dietary fiber in microgreens with 
blanching process. Meanwhile, when the p value > 0.05  
then H0 was accepted, which meant there was no dif-
ference in antioxidant activity and total dietary fiber 
in microgreens with blanching process. Organoleptic 
data were also collected using Kruskal-Wallis because 
the data were not normally distributed. Data analy-
sis was continued with the Mann-Whitney test when 
there was a significant effect in the Kruskal-Wallis 
test.

Result and discussion

Total dietary fiber

Table 2 showed a significant difference between 
each treatment on total dietary fiber content in red 
spinach microgreens. Based on the results of further 
tests on total dietary fiber variable, there was a differ-
ence between treatments A0 and A3, and treatments 
A1 and A3. Based on the average treatment that had 
the highest total fiber was red spinach microgreens with 
30 seconds of blanching. Furthermore, in red radish 
microgreens, Table 2 showed that there was a signifi-
cant difference in total dietary fiber content between 
each treatment. When viewed from the results of 
further tests, there was no difference in total dietary 
fiber except between treatments B0 and B3 is slight 
change. The average with the highest total dietary fiber 
was fresh radish microgreens. This also showed that in 
mustard greens there was no significant difference in 
total dietary fiber in each mustard greens microgreens 
treatment. The highest average total dietary fiber was 
mustard greens with 10 seconds of blanching.

This study showed that total dietary fiber con-
tinued to increase with increasing blanching time 
in red spinach microgreens. Conversely, in red radish 
microgreens, total dietary fiber decreased with increas-
ing blanching time. In a previous study, total dietary 
fiber content in fresh red radish microgreens was 1.78 
g/100 g and fresh mustard greens was 2.08 g/100 g.  

Just About Right (JAR) test

After the panelists conducted the hedonic test, 
the 9-scale JAR test was used to determine the level of 
certain sensory attributes related to microgreens includ-
ing texture, unpleasant aroma, bitter taste, color, and 
bitter aftertaste (Appendix 4.). The midpoint used was 
represented by the attribute that was considered ap-
propriate and correct (32).

Analysis of the best treatment

The best treatment was selected using the multi-
attribute decision method using a compensatory model and 
additive weighting technique (MADCAW) (33). This 
was selected based on the best value of the calculation 
of each variable and its score. The calculation was car-
ried out in Microsoft Excel as follows, First, the im-
portance of the variables was sorted and ranked based 
on their significance to the quality of microgreens from 
highest to lowest as follows, IC50, total fiber, texture, 
aroma, color, taste, and overall. Second, the normal-
ized weight (A) was calculated by dividing the value 
of each rank by total rank value. Third, determine the 
dimensionless value (B) by calculating the difference 
between the worst value among the formulas and the 
formulation value divided by the difference between 
the worst value among the formulas and the best value 
among the formulas. Fourth, multiply the normalized 
weight (A) by the dimensionless value (B) to get the 
weight value. Last, total weight value of each attribute 
was added up with each formula, and the formula with 
the highest total weight value was the best.

Statistical analysis

The data on antioxidant activity and total dietary 
fiber were analyzed for data normality using Shapiro-
Wilk because the data obtained were <50. Organolep-
tic test results were tested using Kolmogorov Smirnov 
because the data obtained were >50. The bivariate test 
was conducted using the Kruskal-Wallis statistical test 
because the data were not normally distributed. The 
test was conducted to determine the significant differ-
ence in blanching process on antioxidant activity and 
total dietary fiber of red spinach, radish, and mustard 
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such as temperature and duration of processing (35). 
Before the study conducted on pumpkin leaves, it was 
reported as an increase in crude fiber of 24.6% after 
boiling which could be due to increased amylase activ-
ity, and loss of sugar and dissolved minerals (14).

IC50 Antioxidant activity

Table 2 showed a significant difference between 
each treatment of IC50 antioxidant activity in mustard 
greens microgreens. After further testing, there was a 
difference in antioxidant activity between treatments 
A0 and A1, treatments A1 and A3, and treatments A2 
and A3. Based on the average treatment, the one with 
the highest IC50 value was red spinach microgreens with 
30-second blanching. This also showed that in red rad-
ish microgreens, there was no significant difference in 
antioxidant activity in each treatment. The one with 
the highest IC50 value was red radish microgreens with 
15-second blanching. In microgreens mustard greens, 
Table 2 showed that there were significant differences 
in antioxidant activity in each treatment. Further test 
results showed that there were significant differences 
between treatments C0 and C2 and treatments C0 and 
C3, when viewed from the average IC50 results, the 
highest was fresh mustard greens microgreens. Based on 
the results of this study, IC50 levels of red radish micro-
greens continued to increase in fresh microgreens, with 
10-second blanching, and with 15-second blanching 
but decreased again in red radish microgreens with 
30-second blanching. In contrast to red spinach and 
red radish microgreens, IC50 levels of mustard greens 
microgreens decreased after blanching. Based on previ-
ous studies, the heating process significantly affected 
antioxidant activity, both positively and negatively. In 
general, the heating process softened the cell walls of 
vegetables, released more polyphenols, and produced 
higher antioxidant properties. High extraction tem-
peratures caused cell wall degradation due to damage 
to carbohydrates and proteins due to heat which facili-
tated the release of phenol from plant tissue (36,37). 
However, the heating process could also cause the 
degradation of several antioxidants and reduce their 
antioxidant activity (36). The results of this decrease in 
antioxidant activity could be associated with enzyme 
denaturation resulting from blanching process (38). 

These results were smaller than this report which 
reached 7.09 g/100 g in red radish microgreens and 
5.44 g/100 g in mustard greens (16). In addition, there 
was an increase in the 10-second blanching treatment 
but decreased again in the 15 and 30-second blanch-
ing treatments. Previous studies had shown that the 
heating process could change dietary fiber and nutri-
tional content of vegetables. The heating process also 
changed the texture of vegetables by changing their 
fibrous components. In previous studies, total dietary 
fiber content decreased in sesame leaves after blanch-
ing, but it could also increase in garlic stems (34). 
Heating processes such as blanching could cause the 
release of cell components and the dissolution of di-
etary fiber components such as pectin, beta-glucan, 
and oligosaccharides. The solubility level of cell wall 
components was influenced by the chemical properties 
of polysaccharides and their bonds with macromol-
ecules in the cell wall, as well as processing parameters 

Table 2. Results of Average Level of IC50 Antioxidant Activity 
and Total Dietary Fiber Level of Red Spinach, Red Radish, and 
Mustard Greens Microgreens

Treatment
Total Dietary  

Fiber (%)
Antioxidant  

Activity IC50 (ppm)

A0 5,87±0,27a 18177,06±1962,96a

A1 6,09±0,47a 15382,52±318,42b

A2 6,89±0,46ab 15639,54±101,10ab

A3 7,90±0,58b 26676,37±709,86ac

p* 0,001 0,000

B0 7,09±0,51a 11793,00±215,78

B1 6,47±0,44ab 12292,50±924,50

B2 6,39±0,48ab 12733,48±486,47

B3 4,78±0,06b 11889,32±363,63

p* 0,001 0,076

C0 5,44±1,48 12448,10±215,88a

C1 6,69±1,25 8860,27±220,90a

C2 6,58±1,11 8594,22±251,57ab

C3 6,58±0,63 8401,05±89,65ac

p* 0,387 0,000

Numbers followed by different superscript letters (a,b,c) indicated 
significant differences (p<0.05) with the Dunn Bonferroni test. A: red 
spinach microgreens; B: red radish microgreens), and C: mustard greens 
microgreens.
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of taste attributes, the highest average panelists were in 
treatment A1 and the lowest in treatment A0. Assess-
ment of aroma, texture, and overall parameters did not 
show significant differences between treatments A0, 
A1, A2, and A3. According to the highest average in 
aroma parameters, treatment A0 was obtained, and the 
lowest A3, and also the panelist acceptance of texture 
parameters was highest in treatment A0 and lowest in 
A1. In terms of overall parameters, the highest aver-
age panelist acceptance was in treatment A0 and the 
lowest in A3.

This table showed that there were differences in 
taste parameters between treatments B0, B1, B2, and 
B3. However, after further testing, it was found that in 
the highest average color parameter, panelists preferred 
treatment B0 and the lowest treatment B1. Assess-
ment of color, aroma, texture, and overall parameters 
showed no significant differences between treatments 
B0, B1, B2, and B3. In the taste parameter, the high-
est average was obtained in treatment B0 and the low-
est in treatment B2. The aroma attribute was based on 
the highest average panelists in treatment B0 and the 
lowest in treatment B3. The highest average panelist 
acceptance in the texture parameter was in treatment 
B2 and the lowest was in B0. In the overall parameter, 
the highest average panelist acceptance was in treat-
ment B2, and the lowest was in B0. As shown in Table 
3, there were differences in color parameters between 
treatments C0, C1, C2, and C3. However, after further 
testing, it was found that in the highest average taste 
parameters, panelists preferred treatment C3 and the 
lowest treatment C2. Assessment of taste, aroma, tex-
ture, and overall parameters showed no significant dif-
ferences between treatments C0, C1, C2, and C3. In 
the color parameter, the highest average was obtained 
in treatment C0 and the lowest in treatment C2. The 
aroma attribute was based on the highest average pan-
elists in treatment C0 and the lowest in treatment C2. 
The panelists’ acceptance of the texture parameter was 
the highest in treatment C1 and the lowest in C2. In 
the overall parameter, the highest average panelists’ ac-
ceptance was in treatment C0 and the lowest in C2. 
Table 4 showed the results of JAR organoleptic test 
on red spinach microgreens, it was found that there was 
no significant difference in the aroma and aftertaste 
parameters between treatments A0, A1, A2, and A3. 

Increasing blanching time caused the degradation of 
several compounds such as vitamin C and chlorophyll, 
however, a decrease in antioxidant activity. Degrada-
tion of vegetable antioxidants occurred not only due 
to temperature but also the length of blanching time. 
High temperatures for a long time could encourage 
sample degradation and denature catalytic enzymes 
that played a role in the oxidation of phenolic com-
pounds (39). Based on the results of IC50 test on red 
spinach, red radish, and mustard greens microgreens, 
antioxidant activity in the 3 types of microgreens was 
classified as very weak. Based on previous studies, 
antioxidant capacity was divided into several groups, 
namely very strong antioxidants when IC50 value was 
less than 50 ppm, strong when IC50 value was 51-100 
ppm, and moderate when IC50 value was more than 200 
ppm (40). Compared to previous studies with the same 
analysis method, IC50 content of red radish microgreens 
was 155.7 ppm, and mustard greens microgreens were 
168.4 ppm, which was included in the weak group 
(21). In other studies, it was found that IC50 content of 
red spinach microgreens was 120.23 ppm, which was 
included in the moderate group (41). Several factors 
caused the value of antioxidant activity to decrease, ac-
cording to the literature which stated that the factors 
that affected the stability of antioxidant activity were 
pH, temperature, light, and oxygen (42). This finding 
suggests that, while red spinach microgreens exhibit 
moderate antioxidant capacity, other sources such as 
tempeh gembus hydrolysate may offer higher potential 
due to the presence of bioactive peptides with strong 
radical scavenging activity (43). Interestingly, fruit 
leather made from red dragon fruit and watermelon 
rind with seaweed addition also demonstrated antioxi-
dant activity, with the best formulation (F2) showing 
an IC50 value of 107.39 ppm, slightly stronger than 
red spinach microgreens and indicating its potential as 
a functional food with extended shelf life (44).

Analysis organoleptic

Table 3 showed that there were differences in 
color and taste parameters between treatments A0, 
A1, A2, and A3. However, after further testing, it was 
found that the highest average, panelists preferred 
treatment A0 and the lowest treatment A1. In terms 
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Table 3. Average Results of Microgreens Hedonic Test

Treatment Color Taste Aroma Texture Overall

A0 7,63±1,179a

(very much like)
4,49±1,682a

(slightly dislike)
4,75±1,501

(neutral)
5,91±1,368

(like)
5,30±1,436

(slightly like)

A1 6,16±1,822b

(slightly like)
5,57±1,427b

(slightly like)
4,22±1,423

(slightly dislike)
5,36±1,658

(neutral)
5,18±1,413

(neutral)

A2 6,24±1,715b

(slightly like)
5,30±1,661b

(neutral)
4,27±1,822

(slightly dislike)
5,37±1,565

(neutral)
5,19±1,373

(netral)

A3 6,21±1,533b

(slightly like)
5,18±1,576b

(neutral)
4,07±1,682

(slightly dislike)
5,39±1,456

(neutral)
5,15±1,317

(neutral)

p* 0,000 0,009 0,067 0,177 0,940

B0 5,69±1,559
(slightly like)

3,45±2,010a

(dislike)
4,31±1,626

(slightly dislike)
5,01±2,004 (neutral) 4,15±1,635

(slightly dislike)

B1 5,22±1,613
(neutral)

4,82±1,696b

(neutral)
4,00±1,670

(slightly dislike)
5,12±1,472 (neutral) 4,70±1,337 

(neutral)

B2 4,99±1,581
(neutral)

4,69±1,860b

(neutral)
3,94±1,766

(slightly dislike)
5,30±1,605 (neutral) 4,72±1,574 

(neutral)

B3 5,30±1,567
(neutral)

4,39±1,705b

(slightly dislike)
3,72±1,722

(slightly dislike)
5,06±1,402 (neutral) 4,55±1,520 

(neutral)

p* 0,090 0,000 0,238 0,708 0,109

C0 6,84±1,123a

(like)
5,12±1,919 (neutral) 5,12±1,600 (neutral) 5,67±1,761

(slightly like)
5,49±1,655 

(neutral)

C1 6,07±1,598b

(slightly like)
5,30±1,723 (neutral) 4,79±1,513 (neutral) 5,76±1,508

(slightly like)
5,33±1,408 

(neutral)

C2 6,03±1,446b

(slightly like)
4,85±1,820 (neutral) 4,64±1,612 (neutral) 5,46±1,491 (neutral) 5,00±1,518 

(neutral)

C3 6,33±1,186b

(slightly like)
5,37±1,677 (neutral) 4,93±1,682 (neutral) 5,70±1,457

(slightly like)
5,52±1,318 

(neutral)

p* 0,004 0,387 0,475 0,722 0,229

Numbers followed by different superscript letters (a, b) indicate significant differences (p<0.05) with the Mann-Whitney test. A: red spinach micro-
greens; B: red radish microgreens, and C: mustard greens microgreens.

According to the panelists, the aroma of red spinach 
microgreens was slightly too bitter based on the aver-
age aroma that was most accepted in the A0 treat-
ment. In the aftertaste parameter, the panelists liked 
the A3 treatment the most because it was considered 
appropriate. Assessment of the texture, taste, and color 
parameters showed significant differences. In terms of 
texture parameters, according to the panelists, the A0 
treatment was appropriate, while the A1, A2, and A3 
treatments were slightly too soft. After further testing, 
it was found that the most preferred treatment was mi-
crogreens without blanching. In terms of taste, the A0 
treatment was slightly too bitter, while A1, A2, and 
A3 were appropriate. After further testing, the most 

preferred treatment was red spinach microgreens with 
15-second blanching. In terms of color, the A0 treat-
ment was appropriate, while A1, A2, and A3 were 
slightly too colorful. After further testing, the highest 
average was the A0 treatment.

Table 4 showed the results of JAR organolep-
tic test on red radish microgreens, which showed no 
significant difference in aroma parameters between 
treatments B0, B1, B2, and B3. According to the 
panelists, the aroma of red radish microgreens was a 
bit too unpleasant, based on the average aroma that 
was most accepted in treatment B3. Assessment of 
texture, taste, color, and aftertaste parameters showed 
significant differences. According to the panelists, the 
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Table 4. Average Results of JAR Microgreens Test

Treatment Color Taste Aroma Texture Aftertaste

A0 4,55±1,197a

(just right)
4,33±1,580a

(a little too bitter)
3,67±1,386
(a little too 
unpleasant)

4,58±1,281a

(just right)
4,48±1,673

(a little too bitter)

A1 4,09±1,288b

(a little too colorful)
4,81±1,328b

(just right)
3,52±1,418
(a little too 
unpleasant)

5,66±1,262b

(a little too soft)
4,66±1,513
(just right)

A2 4,01±1,409b

(a little too colorful)
4,94±1,217b

(just right)
3,54±1,599
(a little too 
unpleasant)

6,04±1,397b

(a little too soft)
4,85±1,469
(just right)

A3 4,00±1,477b

(a little too colorful)
4,90±1,383b

(just right)
3,34±1,297
(a little too 
unpleasant)

6,09±1,390b

(a little too soft)
5,01±1,387
(just right)

p* 0,011 0,016 0,529 0,000 0,103

B0 5,94±1,217a

(a little too colorful)
2,94±1,516a

(a little too bitter)
3,19±1,406
(a little too 
unpleasant)

3,61±1,414a

(a little too loud)
3,04±1,508a

(a little too bitter)

B1 5,39±1,230b

(just right)
4,12±1,297b

(a little too bitter)
3,01±1,249
(a little too 
unpleasant)

5,16±1,321b

(just right)
3,99±1,273b

(a little too bitter)

B2 5,46±1,428b

(just right)
4,16±1,298b

(a little too bitter)
3,18±1,218
(a little too 
unpleasant)

5,31±1,246b

(just right)
4,13±1,424b

(a little too bitter)

B3 5,27±1,452b

(just right)
3,84±1,797b

(a little too bitter)
3,21±1,647
(a little too 
unpleasant)

5,49±1,260b

(just right)
4,08±1,940b

(a little too bitter)

p* 0,020 0,000 0,854 0,000 0,000

C0 5,42±1,183
(just right)

4,28±1,369a

(a little too bitter)
3,78±1,584
(a little too 
unpleasant)

4,12±1,187a

(a little too loud)
4,31±1,489

(a little too bitter)

C1 5,09±1,164
(just right)

4,25±1,341a

(a little too bitter)
3,75±1,418
(a little too 
unpleasant)

5,18±1,154b

(just right)
4,33±1,147

(a little too bitter)

C2 5,09±0,933
(just right)

4,66±1,052b

(just right)
3,84±1,463
(a little too 
unpleasant)

5,54±1,092bc

(a little too soft)
4,61±1,072
(just right)

C3 5,19±0,925
(just right)

4,79±1,441b

(just right)
3,88±1,451
(a little too 
unpleasant)

5,73±1,238c

(a little too soft)
4,63±1,324
(just right)

p* 0,065 0,019 0,928 0,000 0,179

Numbers followed by different superscript letters (a,b) indicate significant differences (p<0.05) with the Mann-Whitney test. A: red spinach microgreens 
(Amaranthus tricolor L.), B: red radish microgreens (Raphanus sativus L.), and C: mustard greens microgreens (Brassica juncea L.).

texture parameter of treatment B0 was a bit too hard, 
while treatments B1, B2, and B3 were just right. After 
further testing, it was found that the most preferred 
treatment was microgreens with 30-second blanching. 

In terms of taste, treatment B0 was slightly too bitter, 
while B1, B2, and B3 were slightly too bitter. After 
further testing, the most preferred treatment was rad-
ish microgreens with 15-second blanching. In terms of 



Progress in Nutrition 2025; Vol. 27, N. 2: 16750 11

Color

Fresh red spinach microgreens had a very popular 
color followed by mustard greens which were consid-
ered just right and red radishes which were considered 
slightly less colorful. Red spinach microgreens them-
selves were considered appropriate by the panelists 
which came from the anthocyanin content in red spin-
ach microgreens (47). After these plants were blanched, 
the color of red spinach microgreens became slightly 
too colored, the red radish became just right, and the 
mustard greens were just right. Blanching process 
could maintain the color of the food ingredients that 
had undergone blanching process and produced sharp 
colors (25).

Aroma

The aroma of mustard greens microgreens had the 
highest level of preference followed by red spinach and 
red radish. According to the panelists, mustard greens 
microgreens had a slightly too rancid aroma like vegeta-
bles, spinach microgreens were slightly too rancid like 
soil, while red radish had a slightly too rancid aroma 
that was pungent. In addition, it was known that the 
sensory chemistry of Brassicaceae species in this study, 
namely red radish and mustard greens, was com-
plex (due to organosulfur and phenolic compounds). 
Among organosulfur compounds, glucosinolates 
were responsible for their respective taste, aroma, and 
trigeminal characteristics (specifically bitter taste, sul-
fur aroma, and spicy sensation) (47). Based on previous 
studies, red radish microgreens had the highest glucosi-
nolate compounds while mustard greens had the low-
est glucosinolate compounds (49,50). After blanching 
process, both the aroma and taste changed to be more 
acceptable because it aimed to deactivate oxidative en-
zymes that could cause changes in odor and taste (24). 
In previous studies, this process reduced the glucosi-
nolate levels in white cabbage by 50% (26).

Taste

Mustard greens had the most acceptable level 
of taste preference, which was considered neutral for 
both fresh microgreens and blanched microgreens, the 

color, treatment A0 was slightly less colorful, while 
B1, B2, and B3 were just right. After further test-
ing, the highest average was treatment A0. In terms 
of aftertaste, according to panelists, treatment A0 was 
slightly too bitter, while B1, B2, and B3 were slightly 
too bitter. Afterward, the most preferred treatment 
was radish microgreens with 15-second blanching. 
Table 4 showed the results of JAR organoleptic test 
on mustard greens microgreens, it was found that there 
was no significant difference in the aroma, color, and 
aftertaste parameters between treatments C0, C1, C2, 
and C3. According to panelists, the aroma of mus-
tard greens microgreens was slightly too unpleasant, 
based on the average aroma that was most accepted in 
treatment C3. Based on the panelists, the color of the 
mustard greens microgreens was just right, according 
to the highest average, the most preferred color was 
treatment C0. In the aftertaste parameter, the panelists 
liked the C3 treatment the most because it was consid-
ered just right. In addition, assessment of the texture 
and taste parameters showed significant differences. 
In the texture parameter, according to the panelists, 
treatment C0 was a little too hard, C1 was just right, 
while treatments C2 and C3 were a little too soft. In 
the taste parameter, treatments C0 and C1 were a little 
too bitter, while C2 and C3 were just right. After fur-
ther testing, the most preferred treatment was mustard 
greens microgreens with 30-second blanching.

Texture

Based on organoleptic results, the texture of fresh 
red spinach microgreens was considered to be just right 
compared to red radish and mustard greens which were 
slightly too hard. One of the factors that influenced 
this was the morphology of microgreens themselves, red 
spinach microgreens had the smallest weight and length 
followed by mustard greens and red radishes (45). Af-
ter microgreens were blanched, the texture of the red 
spinach microgreens became slightly too soft, the red 
radish became just right and mustard greens became 
just right at 10 seconds and slightly too soft at 15 and 
30 seconds. This happened because when blanching 
could remove air from the tissue, and destroyed the 
microstructure of cells, blanching could soften the tex-
ture (46).
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same as in previous studies (51). Followed by red spin-
ach, which was unlike previous studies conducted in 
Colorado, which was very much liked, the taste of red 
spinach microgreens in this study was smaller, which 
was rather disliked on fresh microgreens to slightly 
like after blanching process (52). Last, followed by 
red radish, which was disliked on fresh microgreens 
to neutral on microgreens with blanching treatment. 
However, unacceptable tastes such as bitterness could 
be caused by various biochemical substances that 
could be beneficial to health. Since microgreens were 
usually consumed in mixed salads, consumers could 
include many varieties in mixed salads that produced 
vibrant colors, flavors, textures, and odors. Reducing 
the proportion of types that were not so preferred in 
mixed salads was another way to get health benefits 
without reducing taste.

Best treatment

Table 5 showed the score values produced to de-
termine the best treatment on red spinach microgreens, 
the highest results were obtained in the 15-second 
blanching treatment.

As shown in Table 6, the score values ​​produced 
were to determine the best treatment for red radish 
microgreens, and the highest results were obtained in 
the treatment without blanching.

Table 7 showed the score values produced to de-
termine the best treatment for mustard microgreens, the 
highest results were obtained in the 30-second blanch-
ing treatment.

Table 5. Best Red Spinach Microgreens Treatment

Parameter
Relative 

Rank A0 A1 A2 A3

Texture 1 0.04 0 0 0

Aroma 4 0.14 0.03 0.04 0

Taste 5 0 0.18 0.13 0.11

Color 2 0.07 0 0 0

Aftertaste 3 0.11 0.02 0.03 0

Antioxidants 7 0.19 0.25 0.25 0

Fiber 6 0 0.02 0.11 0.21

Total 28 0.54 0.51 0.56 0.33

Table 6. Best Red Radish Microgreens Treatment

Parameter
Relative 

Rank B0 B1 B2 B3

Texture 1 0 0.01 0.04 0.01

Aroma 4 0.14 0.07 0.05 0

Taste 5 0 0.18 0.16 0.12

Color 2 0.07 0.02 0.00 0.03

Aftertaste 3 0 0.10 0.11 0.08

Antioxidants 7 0.25 0.12 0 0.23

Fiber 6 0.21 0.16 0.15 0

Total 28 0.68 0.66 0.51 0.46

Table 7. Best Mustard Microgreens Treatment

Parameter
Relative 

Rank C0 C1 C2 C3

Texture 1 0.03 0.04 0 0.03

Aroma 4 0.14 0.04 0 0.09

Taste 5 0.09 0.15 0 0.18

Color 2 0.07 0 0 0.03

Aftertaste 3 0.10 0.07 0 0.11

Antioxidants 7 0.06 0.22 0.24 0.25

Fiber 6 0.05 0.21 0.20 0.20

Total 28 0.54 0.74 0.43 0.87

Conclusion

In conclusion, blanching process affected anti-
oxidant activity, total dietary fiber, texture, taste, and 
color in red spinach microgreens, and total dietary fiber, 
texture, taste, color, and aftertaste in red radish micro-
greens. In addition, blanching process also affected an-
tioxidant activity, texture, and taste in mustard greens 
microgreens. The plants with the highest antioxidant 
activity, namely microgreens with the lowest IC50 value 
were mustard greens with a 30-second blanching treat-
ment, red radish microgreens were fresh microgreens, 
and red spinach microgreens were microgreens with a 
15-second blanching treatment. Microgreens with the 
highest total dietary fiber content were red spinach 
microgreens with a 30-second blanching, red radish mi-
crogreens were fresh red radishes, and mustard greens 
were blanching treatments of 10 seconds. The selected 
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