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Abstract

Malnutrition in adolescents occur as a result of unhealthy eating behavior. Providing
nutritious snacks contribute to prevent malnutrition in adolescents. Some local
nutritious food ingredients that can be given to adolescents are soybean and moringa
leaves. The aims of this study were to analyze the sensory properties of granola bar
formulations based on soybean and moringa leaf flour, and to analyze the nutritional
content of the selected formula. This study was experimental research using a
completely randomized design with three treatments. The formulations of granola bar
in the ratio of soybean flour and moringa leaf flour were F1 (95:5), F2 (90:10), and F3
(85:15). The variables included sensory tests (descriptive and hedonic test) and
nutritional contents. The result showed that the formulations (F1, F2, and F3) gave no
significantly different in few descriptive parameters (colour, sweetness, soybean taste,
crunchy texture, and bitter aftertaste) and hedonic parameters (color, flavor, and
texture). However, this formulation gave significantly different in moringa aroma,
moringa flavor, and aroma preference (p<0.05). The overall sensory test showed that F1
was a selected formula. The nutritional content of F1in 100 grams was 433 kcal of total
energy, 149.4 kcal of energy from fats, 16.6 gram of fats, 16.6 g of protein, and 54.3 g of
carbohydrates. F1 meets the requirements for protein sources claims, namely
contributing 27.6% of nutritional adequacy per 100 grams. Snack bar based on soybean
and moringa leaf flour in F1 had the potential to be an healthy alternative snack for
adolescent.
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Introduction

Malnutrition is a major public health problem affecting adolescents worldwide and
particularly in developing countries. Malnutrition has various forms including
undernutrition (wasting, stunting, underweight), overnutrition (overweight, obesity),
and micronutrient deficiencies resulting in diet-related diseases [1]. In Indonesia, the
Indonesian Health Survey (SKI) showed that the prevalence of stunting, overweight and
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obesity, and thinness in adolescents aged 13-15 is 24.1%, 16.2%, and 7.6%, respectively.
These nutritional problems also occurred in the group of adolescents aged 16-18 years,
the prevalence of stunting, overweight and obesity, and thinness is 23.7%, 12.1%, and
8.3%, respectively. In addition, the problem of anemia is also quite high, which is 16.2% of
the community suffers from anemia and 31.8% of them occur in children and adolescents
[2]. The consequences of malnutrition in adolescence are likely to exacerbate health
problems in adolescence and later in adulthood. Stunting and thinness in adolescence is
associated with morbidity, mortality, poor physical development, lack of learning
capacity, and increased risk non-communicable diseases later in life [3]. Overweight and
obesity in adolescence has been associated with premature mortality, physical
morbidity, increased risk of type 2 diabetes, hypertension, and polycystic ovarian
syndrome [4,5].

Malnutrition in adolescents can be caused by many factors, one of which is unhealthy
eating habits. Unhealthy eating habits in adolescents generally come from snack
consumption. Snacking has become a common habit among adolescents. Previous
studies have shown that the main sources of snacks consumed were sweets, fatty and
salty snacks, and sugar-sweetened drinks [6,7].These snacks are characterized by high
energy, sugar, and salt and low fiber and other nutrients. Unhealthy snacks have been
shown to have negative impacts on health, such as blood pressure, obesity and diabetes
[8]. Therefore, alternative efforts such as developing healthier and more nutritious food
are important, especially for snacks that are popular with adolescents. In addition to
providing promising results in terms of reducing malnutrition problems, developing
nutritious food products in snacks also has the potential to be effective because
adolescents tend to consume snacks every day [8,9].

Many local Indonesian foods have high nutritional value, for example soybean (Glycine
max). Soybeans are high in protein, more than any other legume produced for human
consumption. Soybeans also contain the essential amino acids that must be obtained
from the diet. In addition, soybeans contain biologically active compounds, such as
isoflavones, saponins, lecithin, phytosterols, and oligosaccharides. Many of these
compounds have antioxidant, anti- diabetic, anti-inflammatory, and anti-cancer
properties that are beneficial to human health [10]. Previous studies have reported that
soybean consumption has beneficial effects in improving skeletal muscle growth,
muscle strength, and digestion in adolescents [6,10] In addition, due to its low fat
content, soybeans are ideal for children who are on a weight control and obesity
prevention [11,12].

Apart from soybean, another local food ingredient that also known to have many health
benefits is moringa leaves (Moringa oleifera). Moringa leaves are considered an
excellent supplement due to its high protein value and amino acids (lysine, tryptophan,
methionine, and cysteine) [13]. It has been reported that moringa leaves are also rich in
vitamins and minerals such as vitamin C, E, B (B1, B2, B3, B6, and B12), beta-carotene,
calcium, and potassium [14]. Moringa leaves also have bioactive phytochemical
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compositions such as flavonoids, glucosinolates, carotenoids, alkaloids, phenolic acids,
ascorbic acid, tannins, terpenoids, and lectins [15]. These phytochemicals have many
health benefits such as antioxidants, antimicrobial, immunostimulants, and
hepatoprotective properties [13,15]. Previous studies have reported the effects of
moringa leaves on malnourished adolescent. It was reported that consumption of
moringa leaves has the potential to increase body weight and height in malnourished
adolescent [16]. It was also reported that consumption of moringa leaves has the
potential to improve hemoglobin level in anemic adolescents [17,18].

Research on the development of snack bar products has been widely conducted by
several previous studies. Previous studies have shown that the addition of 10% moringa
leaf flour to snack bars can increase protein levels by up to 16.9%, calcium levels by up to
285.19 mg/100 g energy bar, and antioxidant activity by up to 75% [19]. Other studies
have also shown that snack bars added with 5% moringa leaves have protein content
(12.18), iron (10.1 g), calcium (345 mg), magnesium (112 mg), zinc (19.4 mg), and energy
(447 kcal) [20]. Snack bars fortified with moringa leaf flour have high nutritional value
and can be used as an alternative food for malnourished children to provide healthy and
high-energy food.

Based on the many beneficial contents of soybean and moringa leaf, the current
research aims to make processed foods from these two ingredients in the form of
granola bars as a healthy snack for adolescent. This study aims to formulate these two
ingredients into granola bars and determine the sensory evaluation and nutritional
content.

Methods

Research design

The design of this study was a laboratory experiment with a completely randomized
design. The making of granola bars and sensory tests were carried out in the dietetics
and product development laboratory of Nutrition Study Program, Universitas
Muhammadiyah Cirebon, Cirebon, West Java. Nutritional content analysis was carried
out in Saraswanti Indo Genetech (SIG) Laboratory, Bogor, West Java. The nutritional
content analysis consisted of ash, moisture, protein, fat, and carbohydrate. This study
was conducted from June to July 2024. This research was conducted in two stages. The
first stage was the making of granola bars and sensory testing. This stage aimed to
obtain the selected formulation from the three formulations that had been made (F1,
F2, and F3). The second stage was the nutritional content analysis of selected
formulation.

Material and preparation of granola bar

The basic ingredients for making granola bars were oats, powdered milk, puffed rice,
chocolate, honey, raisins, brown sugar, egg white, and peanut butter. These basic
ingredients were then added with a combination of soybean flour and moringa leaf flour
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with different ratios in each formulation, namely F1(95:5), F2 (90:10), and F3 (85:15). The
formulations are presented in Table 1.

Table 1. Formulation of granola bar
Formulation (g)

Ingredients 1 Fa F
Soybean flour 95 90 85
Moringa leaf flour 5 10 15
Oats 20 20 20
Powdered milk 15 15 15
Puffed rice 18 18 18
Chocolate 33 33 33
Honey 10 10 10
Raisins 33 33 33
Brown sugar 15 15 15
Egg white 33 33 33
Peanut butter 30 30 30

Granola bar was made by combining two main doughs. The first dough contained a
mixture of moringa leaf flour, soybean flour, powdered milk, oats, egg whites, peanut
butter and raisins. The second dough contained a mixture of puffed rice, honey and
melted brown sugar. The first dough then was placed in a baking pan, then the second
dough was placed on the top of it. Then the dough was baked in the oven at a
temperature of 180°c for 40 minutes. After that, melted chocolate was added to the top
of the bars until it hardens.

Sensory test

Sensory tests including descriptive and hedonic tests were conducted on 30 semi-
trained panelists using a sensory assessment form with nine-point scale (one as the
lowest value and nine as the highest value). The sensory aspects assessed in descriptive
test were color, moringa aroma, sweetness, moringa leaf flavor, soybean flavor, crunchy
texture and bitter aftertaste. The sensory aspects assessed in hedonic test were color,
aroma, flavor, and texture. The nine scales of hedonic test were liked extremely (9), like
very much (8), like moderately (7), like slightly (6), neither like nor dislike (5), dislike
slightly (4), dislike moderately (3), dislike very much (2), dislike extremely (1).

The selected formulation is the formula that has the highest overall value from the
ranking calculation based on percentage contribution of each hedonic parameter test.
The percentage contribution of hedonic parameter for the ranking calculation in
determining the selected formula is 25% for color, 25% for aroma, 25% for taste, and 25%
for texture.

Nutritional content

Nutritional content analysis consisted of ash, moisture, protein, fat, and carbohydrate.
Ash content was analyzed using the SNI 01-2891-1992 method, moisture content was
analyzed using the SNI 8217-2015 method, protein was analyzed using the Titrimetry
method, total fat was analyzed using the Gravimetry method, and carbohydrates (by
difference) were analyzed using calculations. Total energy content and energy from fat
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were analyzed using the calculation method. Furthermore, the percentage of daily value
was calculated by comparing the nutrient content of selected formula with the nutrition
label reference for general population by The Indonesian Food and Drug Authority.

Statistical analysis

Data were processed using Microsoft Excel and SPSS Statistics for Windows. Sensory
test data were analyzed descriptively by calculating the average value (mean) and
standard deviation (SD). In addition, this data was also analyzed using the Kruskal Wallis
difference test, then if there was a significant difference (p-value <0.05) it would be
continued with the Mann Whitney test. The results of significant differences in each
parameter were stated at a 95% confidence level or if the p-value <0.05. Data of product
nutritional content was analyzed descriptively by displaying the average value and
standard deviation.

Results and Discussion

Sensory evaluation

Sensory evaluation was conducted in a well-ventilated sitting room (booth) with good
lighting facilities. During the assessment, drinking water was given to each panelist so
that they could neutralize their mouths again to conduct testing on the next product
sample. The scale used in the sensory test was a nine-point scale. This sensory evaluation
was conducted on 30 semi-trained panelists. The sensory tests carried out include
descriptive tests and hedonic tests.

Descriptive test result of granola bars on various parameters is presented in Table 2.
Sensory attributes of this test included color, moringa aroma, sweetness, moringa taste,
soybeantaste, crunchy texture, and bitter aftertaste. Color scale parameters range from
one (dark green) to nine (dark brown). Moringa aroma, sweetness, moringa taste, and
soybean taste scale ranges from one (weak very much) to nine (strong very much).
Crunchy texture scale ranges from one (not crunchy very much) to nine (crunchy very
much). Bitter aftertaste scale ranges from one (strong very much) to nine (weak very
much).

Table 2. Descriptive test result of granola bars on various parameters

Parameter
Formulation Color Moringa Sweet Moringa Soybean Crunchy Bitter
aroma ness flavor flavor texture  aftertaste
F1 5.7+1,9° 4.8%1,6 5.3+1.2° 5.2+1.6°  4.4%1.4°  4.3%1.4° 6.4+1.3°
F2 5.6+1.97  5.7#1.9° 5.441.37  5.9%#1.4°  4.2%1.6°  4.7%1.7° 6.2%1.3°
F3 6.0+2.3° 6.2+2.1° 5.5+1.6° 6.8+1.8°  4.2+1.7° 4.7x1.7° 5.7+1.6°
p-value 0.671 0.014 0.940 0.010 0.920 0.464 0.338

a,b,c

Means within the same column with different superscripts are significantly different (P<0.05). F1
presents treatments: 95:5, F2 presents treatments :90:5, and F3 presents treatments: 85:15 as % of
soybean flour and moringa leaf flour.

The results of the statistical analysis showed that there were no significant differences
in the descriptive parameters of color, sweetness, soybean taste, crunchy texture, and
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bitter aftertaste between the formulations (p>0.05). Based on the results of the panelist
description, F1 dan F2 were in the range of creamy green color, normal or neutral
sweetness, slightly weak of soybean flavor, slightly not crunchy of texture, and slightly
weak of bitter aftertase. Meanwhile, F3 was in the range of brownies green color,
normal or neutral sweetness, slightly weak of soybean flavor, slightly not crunchy of
texture, and slightly weak of bitter aftertase.

The results also showed that there were significant differences between the
formulations in the descriptive parameters of moringa aroma dan moringa flavor
(p=0.014 and p=0.010). Further statistical analysis showed that F1 was significantly
different compared to F2 and F3. Panelists assessed that F1 had slightly weak of moringa
aroma and neutral of moringa flavor. F2 had neutral of moringa aroma and moringa
flavor. Meanwhile, F3 had slightly strong of moringa aroma and moringa flavor. These
results showed that the higher the percentage of moringa leaf flour, the stronger the
aroma and flavor of moringa leaves in granola bar products. The addition of high
concentrations of moringa as a functional ingredient result in an increased moringa leaf
aroma and flavor in the final product. The same results were also found in other studies
which showed that the more moringa leaf powder in the product, the more the aroma
and flavor of moringa leaves will be produced, and this can reduce consumer preference
for the product [21,22].

Hedonic test result of granola bars on various parameters is presented in Table 3.
Sensory attributes of this test included color, aroma, flavor, and texture. The nine-point
hedonic scale ranges from one (dislike very much) to nine (like very much). This scale
means that the highest scale indicates the most preferred, while the lowest scale
indicates the least preferred. The results of the difference test showed that the hedonic
values in the aspects of color, flavor, and texture were not significantly different
between formulations (p>0.05). However, based on the average value, F1 had a higher
value for color (6.2), flavor (6.0), and texture (5.7) compared to the other formulas. F1
was in the neutral range (neither like nor dislike) to like slightly range for color, flavor,
and texture parameters. Meanwhile, F2 dan F3 was in the dislike slightly range to neutral
range (neither like nor dislike) for color, flavor, and texture parameters. This showed
that F1 was preferred in terms of color, flavor, and texture compared to F2 and F3.

Table 3. Hedonic test result of granola bars on various parameters

F lati Parameter
ormulation Color Aroma Flavor Texture
F1 6.2+1,6° 5.9%1,7° 6.0+1.8° 5.7%1.7°
F2 5.1+1.8° 4.7+1.8° 4.9+1.8° 4.8+1.9°
F3 5.5+1.9° 4.6+2.2° 4.9%2.4° 5.4%2.1°
p-value 0.116 0.024 0.089 0,094

#b‘Means within the same column with different superscripts are significantly different (P<0.05). F1
presents treatments: 95:5, F2 presents treatments :90:5, and F3 presents treatments: 85:15 as % of
soybean flour and moringa leaf flour.
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Apart from that, the aroma parameter of the hedonic test showed that there was
significant differences between the three formulations (p=0.024). Further statistic
analysis showed that F1 was significantly different compared to F2 and F3, but between
F2 and F3 there was no significant difference. F1 had a higher hedonic value for aroma
compared to other formulas (5.9). F1 was in the neutral range (neither like nor dislike)
for aroma, while F2 dan F3 in the dislike slightly range. This showed that F1 was preferred
in terms of aroma compared to F2 and F3.

In this study, the F1 formulation that had a higher amount of soybean flour and lower
amount moringa leaves was preferred by panelists compared to other formulas. Similar
results were also obtained by Sandhya and Kanniammal which showed that snack bars
with lower amounts of moringa leaf flour were consistently preferred by panelists in
terms of taste, sweetness, texture, aroma, and appearance.(23) The study showed that
snack bar product of Moringa Amla Millet Bar with a 20% incorporation of dried moringa
leaf powder showed better overall acceptability, when compared to 40% and 60%
incorporation of moringa leaf powder.

Selected formulation

The selected formulation was determined based on the highest value of overall
parameters based on the hedonic test. In the hedonic test, each parameter provides the
same percentage or contribution (25%). Based on the calculated to determine the
selected formula, the highest result was F1, which was 5.9 (Table 4). Therefore, in this
study, F1is the selected formulation.

Table 4. Calculation to determine the selected formulation

Formulation Hedonic test parameter Overall Rank
Color (25%) Aroma (25%) Flavor (25%) Texture (25%)  (total)
F1 1.5 1.5 1.5 1.4 5.9 ]
F2 1.3 1.2 1.2 1.2 4.9 3
F3 1.4 1.2 1.2 1.3 5.1 5

F1 presents treatments 95:5, F2 presents treatments 90:10, and F3 presents treatments 85:15 as % of
soybean flour and moringa leaf flour.

F1 with a combination of 95 grams of soybean flour and 5 grams of moringa leaves is the
best formula in this study. Similar results were also obtained from other studies which
showed that the selected formula for snack bar was the formula that contained the least
amount of moringa leaf flour (5%) [23]. A recent research showed that the addition of
moringa leaves in food up to 10% was considered acceptable by adults [24]. However,
for children and adolescents, it is likely that they prefer products with a smaller
percentage of moringa leaves. Another study showed that, in peanut cake products
with a 2% addition of moringa leaf flour was found to be more acceptable by children in
late childhood [25].

Nutritional content
The nutritional content from laboratory analysis of selected formula (F1) was shown in
Table 5. The results of the analysis showed that the granola bar contained 3.3% ash, 9.2%
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moisture content, 54.3% total carbohydrates, 16.6% fat content, 16.6% protein content,
433 kcal/100 total energy, and 149 kcal/100 energy from fat. Furthermore, the daily value
percentage calculation was calculated by comparing the nutrient content with the
nutritional label reference. Adolescents are included in the general population in the
nutritional label reference. So, the reference values used are 2150 kcal energy, 67 g fat,
60 g protein, and 325 g carbohydrates. Based on the calculation results, every 100 grams
of granola bar in F1 has a daily value percentage of 16.7% carbohydrates, 24.8% fat, 27.6%
protein, and 20.1% total energy. The results also show that the granola bar of F1 has a
claim as a protein source product because it has a daily value percentage of more than
20% per 100 g.

Table 5. Nutritional content of granola bars
Nutritional content of F1

Parameter . % daily value Nutritional content

Unit Result i

per100 g claim
Ash content % 3.3%0.1 - -
Moisture content % 9.2+0.04 - -
Carbohydrate total % 54.3+0.3 16.7 -
Fat content % 16.6+0.1 24.8 -

Protein content % 16.6+0.4 27.6 Source
Total energy Kal/100 g 433.0+0.9 20.1 -
Energy from fat Kal/100 g 149.4+0.7 - -

The nutritional content of selected formula (F1) compared to commercial product
(Fitbar) per serving size was shown in Table 6. The serving size of the granola bar was
20 g considering the amount of serving size based on commercial product. The calorie
content of F1 was 86.6 kcal per 20 g. This value is slightly lower than the commercial
snack bar (Fitbar) which has 90 kcal per 20 g serving. Based on the Indonesian dietary
recommendation (AKG), the average daily calorie requirement for adolescence aged 13
to 18 years is 2,300 kcal. Generally, the energy requirement for snacking is 10% of the
daily calorie requirement, so the calorie requirement for snacking is 230 kcal. This means
that the adolescence can consume 2.7 pieces of F1 granola bars to meets their daily
calorie needs from snacking. In addition, the results also showed that granola bar F1 has
a lower carbohydrate, fat, and energy from fat compared to commercial snack bars.
However, the protein content in granola bar F1is higher than commercial snack bars.

Table 6. Nutritional content of selected formulation per serving size

Nutritional content per serving size (20 g)

Parameter

Formula 1 (F1) Commercial products (Fitbar)'
Carbohydrate total (g) 10.9 15.0
Fat content (g) 3.3 3.5
Protein content (g) 3.3 2.0
Total energy (kcal) 86.6 90.0
Energy from fat 29.9 30.0

'Nutritional value of "Fitbar Coco Delight" on the package

The high protein content in F1 is due to the addition of soybean flour and moringa leaf
flour. Both soybean and moringa flour are good sources of protein [10,13] Soybeans
have been reported to have high protein quality, making them and their processed food
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products an excellent source of plant protein. Soybeans contain about 35% to 40%
protein [26]. Moringa leaves are known as an excellent food source that is easily
digestible and rich in protein. The protein content in fresh moringa leaves is 6.7% while
in dried leaves it is 29.4% [27]. However, further research is needed both laboratory and
clinical studies to further study the nutritional content and other bioactive components
as well as the clinical benefits of this snack bar.

Conclusions

Granola bar formulation made from soybean and moringa flour (F1, F2, and F3) gave no
significantly different in few descriptive parameters (color, sweetness, soybean taste,
crunchy texture, and bitter aftertaste) and hedonic parameters (color, flavor, and
texture). However, this formulation gave significantly different in moringa aroma,
moringa flavor, and aroma preference. Based on overall result, F1is the best formulation
(selected formula). F1 contained 3.3% ash, 9.2% moisture content, 54.3% total
carbohydrates, 16.6% fat content, 16.6% protein content, 433 kcal/100 total energy, and
149 kcal/100 energy from fat. F1 has a claim as a protein source. Adolescence can
consume this granola bars as an alternative healthy snack to meets their daily nutrient
needs from snacking.
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