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Abstract: Adequate balance of nutrient intake is crucial due to its biological functions in supporting growth and muscle 

formation, particularly protein. Jackfruit seeds and mung beans are high-protein raw materials with potential for incorporation 

into protein-enriched foods, such as crackers. The purpose of this study was to determine the effect of jackfruit seed–mung 

bean composite flour fortification on protein content and sensory acceptability, and to identify the optimal fortification ratio 

in crackers. This experimental study employed a Completely Randomized Design (CRD) with five treatments representing 

different wheat-to-composite flour ratios. Data were analyzed using one‐way ANOVA to test for significant differences, 

followed by Duncan’s multiple range test to identify the best treatment. Findings indicated that the highest protein content 

(11.13 %) was achieved in treatment P5 (50 % wheat flour: 50% composite flour). Panellists rated color at 3.93 (like), aroma 

at 3.56 (like), texture at 3.86 (like), taste at 3.63 (like), and overall acceptability at 3.70 (like). The optimal fortification ratio 

was identified as P2 (80 % wheat flour: 20% composite flour). Fortification of crackers with jackfruit seed–mung bean 

composite flour enhances protein content and maintains favorable sensory attributes, with an 80:20 wheat-to composite flour 

ratio yielding the best overall results. 
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Introduction  
 

The lifestyle of the Indonesian people today is 

inseparable from fast food, which serves as an alternative 

food consumed amidst busy activities. Consumption patterns 

that fail to consider nutrient intake can negatively impact 

health if not balanced with foods that contain essential 

nutrients, such as protein. Suboptimal protein intake is a 

cause of decreased growth in children, which can be 

improved by providing adequate protein intake to prevent 

malnutrition, such as stunting. 

Stunting is a condition characterised by a linear 

decrease in growth rate due to long-term malnutrition, 

resulting from a chronic lack of nutrient intake, typically 

observed in children aged 24-47 months [1]. Efforts to deal 

with stunting in children can be carried out by organizing 

Supplementary Feeding (PMT) activities for toddlers with 

the aim of meeting nutritional needs in children, which is in 

accordance with the Regulation of the Minister of Health of 

the Republic of Indonesia Number 39 of 2016 concerning 

Guidelines for Implementing the Healthy Indonesia Program 

with a Family Approach to organize Toddler Feeding 

activities. One of the toddler feeding options that can be 

given is high-protein crackers [2]. 

Crackers are snack foods in the form of biscuits, 

which are manufactured with or without a fermentation 

process through a lamination process to produce a flat shape. 

If broken, they have a multi-layered appearance [3]. Based 

on the BPOM regulation of 2022 concerning the Supervision 

of Claims on Labels and Advertising of Processed Food, it 

states that foods with high protein claims require a high or 

rich nutrient content of not less than 35% of the Nutrition 

Label Reference per 100 g in solid form [4]. Increasing the 

nutritional value of protein can be achieved by fortifying 

food ingredients with high protein content, such as jackfruit 

seeds and mung beans. 

Jackfruit seeds are a part of the jackfruit that is rarely 

utilised optimally. According to BPS data in 2023 [5], 

jackfruit production in Indonesia reached 7,891,997 tons, 

with the nutritional content of jackfruit seeds per 100 g being 

72.09 g carbohydrate, 13.72 g protein, 2.13 g crude fibre, 

1.60 g fat, 9.86 g water, and 2.27 g ash [6]. To increase the 

protein content and also balance the texture of crackers, food 

ingredients that can be composited with jackfruit seed flour 

can be added, one of which is mung beans. 

Mung beans (Vigna radiata) are a type of cultivated 

plant that has benefits as a food source. Mung beans are a 

food with a source of vegetable protein with a protein content 

of 22.9% and contain mineral sources such as calcium and 

phosphorus [7]. The utilization of jackfruit seed flour and 

mung bean flour can be optimized to increase economic 

value, as well as fortification of nutritional value, especially 

protein, with alternative high-protein snacks as an effort to 

prevent stunting in the form of crackers. 

The development of crackers in this study, utilising 

composite flour fortification from jackfruit seeds and mung 

beans, aims to increase the protein content in crackers in 

accordance with the requirements of high-protein food 
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claims and to determine the level of consumer preference for 

these crackers. It is expected that the treatment will be able 

to increase the protein content of crackers as a supporting 

action for the stunting prevention program by fortifying 

composite flour from jackfruit seeds and mung beans. 

 

Research Methods 
 

This research was conducted at the Food Processing 

Laboratory, Faculty of Technology, Bali Institute of 

Technology and Health and the Integrated Services 

Laboratory of Udayana University in March-May 2025 with 

a Complete Randomized Design (CRD) research design of 6 

treatments, namely P0 (100% wheat flour : 0% composite 

flour), P1 (90% wheat flour: 10% composite flour), P2 (80% 

wheat flour: 20% composite flour), P3 (70% wheat flour: 

30% composite flour), P4 (60% wheat flour: 40% composite 

flour), and P5 (50% wheat flour: 50% composite flour), with 

each treatment repeated three times. 

 

Tools and Materials 

 

Processing tools used are digital scales (idealife), 

food dehydrator (getra), food processing machinery (fomac), 

oven (mitochiba MO 888), stove, pan, basin, baking sheet, 

knife (oxone), spatula, spoon, and baking paper. Tools used 

for protein analysis are analytical scales, Kjeldahl tubes, 

distillation devices, and Erlenmeyer flasks. The tool used for 

sensory testing (hedonic) is 30 30-sheet panellist 

questionnaire form. 

The ingredients are wheat flour (Blue Key), 

jackfruit seeds, mung beans, powdered sugar (Rose Brand), 

salt (Dolphin), margarine (Blue Band), butter (Anchor), skim 

milk (Greenfields), baking powder (Rajawali), and mineral 

water. Materials used in protein analysis (Kjeldahl) are ½ 

Kjeldahl tablet (containing K2SO4 and CuSO4) and 15 ml 

concentrated sulfuric acid, 25 ml distilled water, NaOH 40%, 

and HCl 0.1 N. Materials used for sensory testing (hedonic) 

are 6 cracker samples from each treatment, mineral water, 

and a snack complement. 

 

Modified Jackfruit Seed Flour  

 

The first step is to produce jackfruit seed flour from 

high-quality jackfruit seeds. Jackfruit seeds are steamed for 

30 minutes until soft. The next step is to peel the outer skin 

and epidermis of the jackfruit seeds until they are clean. The 

seeds are then thinly sliced with a size of ± 3.5 mm. The 

sliced jackfruit seeds are then dried at 80 oC in a food 

dehydrator for 5 hours. The dried jackfruit seed slices are 

then ground into a fine flour using food processing 

machinery and subsequently sifted [8]. 

 

Mung Bean Flour  

 

Mung bean seeds are sorted. Cleaned mung beans are 

then dried with a food dehydrator for 3 hours at 65 °C. The 

dried mung beans are then pulverized using food processing 

machinery until smooth, then sieved with a sieve [9]. 

 

 

 

 

Composite Flour 

 

Jackfruit seed flour and mung bean flour were 

prepared. The ratio of jackfruit seed flour and mung bean 

flour is 1:1. Jackfruit seed flour and mung bean flour were 

homogenized and sieved. 

 

Crackers 

 

Preparation of mixture 1: skim milk, water and salt 

were stirred in a bowl until homogeneous. Furthermore, the 

mixture of wheat flour and composite flour, powdered sugar, 

baking powder, margarine, and butter is stirred until 

homogeneous. Combine mixture 1 and mixture 2, then knead 

by hand until smooth. The next process is to ferment the 

dough for 30 minutes covered with a cloth. The next step is 

to roll out the dough using a rolling pin and cut it into 

rectangles that are 4 cm long, 5 cm wide, and 1 mm thick. 

The dough is baked at 170 °C for 10 minutes, then cooled for 

5 minutes at room temperature [10,11]. 

 

Protein Content   

 

The tests carried out in this study include protein 

content testing (Kjeldahl) using the AOAC standard method 

(2005). 

 

Sensory Test 

 

Sensory testing used the hedonic method or panellists' 

preference level based on the parameters of taste, aroma, 

texture, and overall acceptance [12], [13], [29]. The hedonic 

test rating scale is shown in Table 1. The hedonic test was 

conducted using 30 untrained panellists, as specified in Table 

2.  

 

Table 1. Hedonic Rating Scale 

Parameters Scale 

Color 1. Strongly dislike 

2. Dislike 

3. Slightly dislike 

4. Like 

5. Strongly like 

Aroma 

Texture 

Taste 

Overall acceptance 

 

Table 2. Panelist Sepsifications 

Panelist Spesifications 

Institute of Technology and Health Bali 

Aged 18-25 years 

Male & female 

Various majors at the Institute of Technology and Health 

in Bali 

Good health 

 

Analyze 

 

The research data on each test were then analyzed 

using the Statistical Program for Social Science (SPSS) 

using ANOVA, namely checking the normality of the data 

and then testing the Duncan test at the 95% confidence level 

(α = 0.05). 
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Results and Discussion  
 

Protein Content 

 

Based on the results of the ANOVA test, it was 

found that the treatment had a highly significant effect on the 

protein content of crackers (P < 0.01). The protein content of 

crackers ranged from 6.85% to 11.13%. The average results 

of three replicates of protein content testing are presented in 

Table 3. 

 

Table 3. Protein Content Test Results 

Sampel Average Protein Content (%) 

P0 6.85d 

P1 8.12c 

P2 8.57c 

P3 9.86b 

P4 10.14b 

P5 11.13a* 
Note: Different notations indicate a significant difference between 

treatments. 
 

The data in Table 1 shows that the highest protein 

content of crackers with composite flour was produced in 

treatment P5, which amounted to 11.13% and the lowest 

protein content was produced in treatment P1, which 

amounted to 6.85%. Referring to the quality requirements for 

protein content published by SNI 01-2973-2011, which 

stipulates a minimum of 5%, this study demonstrates that the 

protein content of crackers with the addition of composite 

flour made from jackfruit seeds and mung beans meets the 

established requirements [3]. This indicates that the higher 

the addition of composite flour made from jackfruit seeds 

and mung beans, the higher the protein levels in the crackers. 

Based on the BPOM regulation of 2022 concerning 

Supervision of Claims on Labels and Advertising of 

Processed Food on high protein food claims [4], it has a 

requirement of high/rich nutrients of not less than 35% of the 

Nutrition Label Reference per 100 g in solid form, which in 

this study with crackers products the highest protein content 

was 11.13%, so it did not meet the requirements of high/rich 

protein levels in accordance with BPOM regulations on high 

protein food claims.  

On vegetable sausage products made from jackfruit 

seeds and mung beans stated that protein levels increased as 

the concentration of jackfruit seeds and mung beans 

increased [14]. This is in line with the research of Hasnita et 

al (2021) [15] on chicken meatball products with the addition 

of jackfruit seed flour, which produced the highest protein 

content of 9.40% in the treatment of 100 g jackfruit seed 

flour: 100 g chicken meat. This is directly proportional to the 

increase in protein content of jackfruit seed and mung bean 

composite flour crackers, as observed in the P0-P5 

treatments, ranging from 6.85% to 11.13%.  Protein plays a 

role in supporting various biological functions of the body, 

such as growth, development, muscle formation, red blood 

cell production, and is a major component in the immune 

system and other tissue synthesis. Protein consumed is not 

directly used by the body, but rather processed during 

digestion into simpler forms known as amino acids. These 

amino acids are then absorbed by the body and distributed to 

vorious tissues or organs that require them, subsequently 

reforming into protein that plays a role in tissue and muscle 

formation [30]. 

Sensory Test (Hedonic) 

 

Based on the results of the ANOVA test, the 

treatment showed a very significant effect on color and 

overall attributes (P < 0.01), the treatment had a significant 

effect on texture and taste attributes (P < 0.05), but had no 

significant effect on aroma attributes (P>0.05), which can be 

seen in Table 4. 

 

Table 4. Sensory Test Result 

Sample Average Sensory Test (%) 

Color Aroma Texture Taste Overall 

P0 3.46b 3.43a 3.86a* 3.16bc 3.30bc 

P1 3.93a* 3.56a* 3.16b 3.36a 3.63ab 

P2 3.73ab 3.56a* 3.86a* 3.63a* 3.70a* 

P3 3.70ab 3.20ab 3.20b 3.30ab 3.60ab 

P4 3.33b 3.20ab 3.10b 2.76c 3.10c 

P5 2.66c 2.80b 3.16b 2.83bc 2.73d 

 

Color 

 

The results of sensory testing on the color parameters 

of crackers products with composite flour of jackfruit seeds 

and mung beans resulted in treatment P1 with the highest 

mean value, significantly different from the other treatments. 

P2 and P3 treatments are not significantly different from P0, 

P1, or P4 because they have the same notation. Treatments 

P0 and P4 have notations that are not significantly different 

from each other, but significantly different from P1. 

Meanwhile, P5 has the lowest mean value and is 

significantly different from all other treatments. 

In the color sensory parameter, panellists preferred 

crackers with bright colors compared to darker colors. The 

use of composite flour of jackfruit seeds and mung beans 

with high protein content causes the color of each addition 

of composite flour to darken, which can be caused by the 

maillard reaction [16]. 

The Maillard reaction is a browning reaction that 

occurs between carbohydrates, especially reducing sugars 

(such as aldoses and ketoses), and primary amine groups, 

including amino acids, proteins, and other compounds 

containing amine groups, one of which is found in beans 

[17], [18]. In mung beans, there is an amino group of lysine, 

which is an amino acid for protein biosynthesis that cannot 

be produced by body metabolism and is obtained through 

food intake [19]. 

 

Aroma 

 

The aroma parameter of crackers with composite 

flour of jackfruit seeds and peanuts with formulations that 

are not significantly different in the P1 and P2 treatments, 

with the same notation. It also shows that the highest average 

value is obtained by treatments P1 and P2, followed by P0, 

P3, and P4, while the lowest value is found in treatment P5. 

The ANOVA test results showed that the treatment of the 

proportion of composite flour made from jackfruit seeds and 

mung beans did not significantly affect the aroma parameter 

of the crackers (P > 0.05). 

The proportion of composite flour addition made the 

crackers less preferred by the panellists. The cause of the 

decrease in the level of panellist liking in the aroma 

parameter of crackers leads to the languid aroma of mung 
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bean aroma caused by the activity of the lipoxygenase 

enzyme, which causes the languid aroma or beany flavour 

[20]. This is in accordance with the research of Irmae et al. 

(2018). The addition of mung bean flour to nastar resulted in 

a decrease in the assessment of panellists' aroma parameters 

for nastar products [21]. This statement aligns with the 

research of Ponelo et al. (2022) on French baguette bread 

products with the addition of mung bean flour, specifically 

in the aroma parameter, which is less favoured by panellists 

due to the distinctive aroma of mung beans [22]. 

 

Texture 

 

The results of the texture parameter sensory test on 

jackfruit seed and mung bean composite flour crackers 

showed that the formulations with the highest acceptance 

level were P0 and P2, which were significantly different 

from the other treatments. Treatments P1, P3, P4, and P5 

have lower average values and are not significantly different 

from each other, which is indicated by the same notation. The 

results of the ANOVA test showed that the treatment with 

the proportion of composite flour made from jackfruit seeds 

and mung beans had a significant effect on the texture 

parameter of crackers (P < 0.05). 

Any increase in the formulation of jackfruit seed and 

mung bean composite flour gives a cracker texture that is 

quite easily broken (brittle).  The higher the formulation of 

composite flour addition of jackfruit seeds and mung beans 

will produce brittle crackers. This is supported by the 

research of Adiliah et al. (2023) on the texture parameters of 

jackfruit seed flour biscuit products with 75% and 100% 

treatment, which are rather easy to break, which is influenced 

by the starch content of jackfruit seed flour with an amylose 

content of 47.60% [23]. 

The crumbly texture of crackers in increased 

composite flour formulations is caused by gluten that is not 

present in jackfruit seed flour, so that it cannot bind water 

optimally [24]. Gluten is commonly used as a structure 

builder and water binder in products that form elastic, 

extensible, and soft textures [25]. The gluten content, which 

is not present in jackfruit seed flour and mung bean flour, 

causes the elasticity of the crackers' dough to be suboptimal, 

resulting in crackers that are not sturdy. This finding aligns 

with the research of Normilawati et al. (2019), which 

suggests that high-protein biscuits may produce biscuits that 

are not sturdy [26]. 

 

Taste 

 

The results of the sensory test of flavor parameters on 

jackfruit seed and mung bean composite flour crackers 

showed that the formulation with the best acceptance level 

was P2, with a value of 3.63. The P1 and P3 treatments were 

not significantly different from P2; however, the results 

obtained were higher than those of the P0 and P5 treatments. 

The P4 treatment had the lowest value and was significantly 

different compared to the other treatments. The ANOVA test 

results showed that the treatment of the proportion of 

composite flour of jackfruit seeds and mung beans on the 

flavor parameter had a significant effect on the taste of 

crackers (P <0.05). 

Increasing the formulation of jackfruit seed and 

mung bean composite flour is increasingly disliked by 

panellists. This is due to the increased formulation of 

composite flour from jackfruit seeds and mung beans, which 

produces a taste that tends to be bitter, caused by the Maillard 

reaction during the baking of crackers. The bitter taste that 

arises is due to the chemical components in the ingredients 

used, which contain amino acids, sugars, and aromatic 

compounds that trigger the Maillard reaction, affecting the 

taste and inducing bitterness [27]. 

 

Overall 

 

The results of the overall sensory test on jackfruit 

seed and mung bean composite flour crackers showed that 

the formulation with the best acceptance level was P2, with 

a value of 3.70, indicating the highest value and being 

significantly different from the other treatments. P1 and P3 

treatments are not significantly different from P2 but are 

higher than P0. Treatments P4 and P5 had the lowest scores, 

with P5 being the treatment with the lowest overall rating. 

The results of the ANOVA test showed that the treatment 

with the proportion of composite flour from jackfruit seeds 

and mung beans had a significant effect on the overall 

parameter, affecting the texture of crackers (P < 0.01). 

Assessment of overall parameters is based on color, 

aroma, taste, and texture attributes [28]. In this study, 

panellists tended to like crackers with bright colors, aromas 

that were not too strong, flavors that were not bitter, and 

textures that were quite crunchy. This can be seen in Table 

2.2, which shows that panellists liked crackers with the 

highest score, namely in formulation P2. 

 

Conclusion 
 

Based on the results of this study, the addition of 

composite flour made from jackfruit seeds and mung beans 

has a significant effect on protein content (P < 0.01), with the 

highest protein content of 11.13% in treatment P5. 

Fortification of jackfruit seed and mung bean composite 

flour has a significant effect on the level of panellists' liking 

for crackers, especially in the parameters of color, texture, 

taste, and overall, which have a very significant effect (P 

<0.01), but does not have a significant effect on the aroma 

parameter (P>0.05). Based on the matrix table, the best 

proportion of the addition of wheat flour and composite flour 

of jackfruit seeds and mung beans in crackers is P2 (80% 

wheat flour: 20% composite flour of jackfruit seeds and 

mung beans), which produces a high enough protein content 

of 8.57% and is the most preferred crackers formulation by 

panellists. 
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