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Abstract 

Biscuits are one of the food products that are in great demand by the people of Indonesia 

with a consumption growth rate of 4.25% from 2016 to 2020. Biscuits have the 

characteristics of low moisture content so they have a long shelf life. In this study, 

innovation was carried out on the main raw material of biscuits using the substitution of 

jack bean starch (Canavalia ensiformis L.) modified by annealing-heat moisture treatment 

(HMT). This study aimed to determine the effect of HMT and annealing-HMT on the 

physical and chemical characteristics of biscuits and to determine the best biscuit 

formulation. The design used in this study was completely randomized design (CRD) with 

one factor in the combination of modified starch and biscuit formula, namely control 

(100% flour), native starch (100%), native starch: wheat (50:50), native starch (100%), 

HMT modified starch: wheat (50:50), HMT modified starch (100%), annealing HMT 

modified starch: flour (50:50), and annealing HMT modified starch (100%). Based on the 

research, it was found that the substitution of wheat flour using annealing HMT 

modification starch affects brighter color, lower hardness and fracture strength, lower 

moisture content, ash content, fat content, and protein content, as well as increment in 

carbohydrate content. The best formula was determined based on multiple attributes, 

namely the F7 formula with 100% annealing HMT starch modification.  

1. Introduction 

Wheat flour is one of the raw materials with a high 

level of consumption in Indonesia. It is widely being 

used in both of household and industrial sector as the 

main ingredient in the form of end products such as 

bread, cakes and noodles. The high demand of wheat 

flour is presented by the United States Department of 

Agriculture (2022) statistic, which shows that wheat 

import in Indonesia from 2021 to 2022 is increasing to 

11.2 million metric tons (MMT). The growth in national 

wheat consumption has also placed Indonesia as one of 

the largest importers of wheat in the world. This fact 

reflects that there has been an increase in the 

consumption of wheat-based foods in Indonesia. The 

continuous increment in the number of imports poses a 

threat to national food security. Food import activities 

could fulfill the national food supply, but on the other 

side it could harm local food production. For this reason, 

the concept of food diversification is one of the 

alternative solutions to achieve national food security. 

One alternative to reduce the consumption of wheat flour 

is by utilizing local legumes, one of which is jack bean 

(Canavalia ensiformis L.). Jack bean is a local food from 

legumes which is rich in carbohydrates and protein. The 

high carbohydrate content in jack bean makes jack bean 

suitable as an alternative source of starch. In fact, 

carbohydrates are the most abundant macromolecule in 

jack bean starch with an amount of about 79.2% 

followed by moisture content of about 11.3%, protein of 

2.28%, lipid content by 6.41%, and low ash content of 

0.19% (Akinyemi et al., 2020).  

However, native starch has a limited use due to its 

incompatibility when used for processing, such as inert 

granules, insoluble in water, resistant to enzymatic 

hydrolysis, high hydrolysis and syneresis, and is unstable 

to changes in temperature and pH (Punia, 2020). Thus, to 

improve the characteristics of starch, it is necessary to 

modify starch properties. Modification of starch that can 

be done to improve the characteristics of jack bean starch 

is through physical modification. Physical modification 

was chosen with consideration of low operational costs 

and considerable as safe because no chemical reagents 

are used. Physical modifications that are widely used are 

annealing and heat moisture treatment (HMT). 

Annealing is a starch modification process through 
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heating by adjusting the moisture content of 40-50% w/w 

or >60% w/w by heating below the gelatinization 

temperature (Wang et al., 2018). HMT is a modification 

process by controlling the moisture content and heating 

above the starch gelatinization temperature for a certain 

time (Varatharajan et al., 2011). 

One of the commercial food products that could be 

produced by jack bean starch is biscuits. It is widely 

consumed by the public and has a growing consumption 

rate every year. Based on Food Consumption Statistics 

(2020), biscuits experienced a consumption growth rate 

of 4.25% from 2016 to 2020. The main characteristic of 

biscuits is its low moisture content (maximum 5%), so 

they have a long shelf life. In general, biscuits are an 

energy source food that comes from carbohydrates and 

protein, have crunchy characteristics due to their fat 

content.  

The utilization of modified jack bean starch 

annealing and HMT was chosen as an alternative to 

wheat flour in biscuit products because biscuits do not 

require large volume expansion as in bread (Di Cairano 

et al., 2018). The reason of flour substitution by starch is 

because it creates a texture that is preferred by 

consumers, by decreasing the hardness and fracture 

strength of the resulting biscuits (Di Cairano et al., 

2021). In addition, annealing and HMT can increase SDS 

(slowly digestible starch) and RS (resistant starch) for 

functional food products (Fonseca et al., 2021).  

From this research, it is expected to know the 

difference in the effect of starch modification treatment 

by HMT and annealing-HMT on the physical and 

chemical characteristics of biscuits substituted with jack 

bean modified starch. In addition, it is expected to know 

the right formulation to produce biscuits with the best 

characteristics. 

 

2. Materials and methods 

2.1 Extraction of jack bean starch 

The process of making jack bean starch is carried out 

based on previous research that has been done by 

Ariyantoro et al. (2022). The jack beans were soaked in 

distilled water containing 0.45% Na metabisulfite for 9 

hrs and separated between the bean and the nutshell. 

Next, distilled water was added and jack bean was 

crushed using a blender with the ratio of distilled water 

and jack bean at 3:1. The solution of the jack bean was 

then squeezed using a filter cloth, and followed by 3 

times washing with distilled water. The jack bean starch 

was then dried using a cabinet dryer at 50oC for 4 hrs. 

The dried jack bean starch was refined using a blender 

and sieved using a 100-mesh sieve to obtain jack bean 

starch. 

2.2 Heat moisture treatment modification starch 

HMT modification starch was carried out based on 

previous research conducted by Ariyantoro et al. (2022) 

which began with setting the moisture content to 33%, 

then stored in a closed container at 4℃ for 24 hrs. Then, 

it was heated at 110℃ for 16 hrs using an oven. Next, 

the starch was dried in a cabinet dryer at 40℃ for 8 hrs. 

The starch was then ground using a blender and sieved 

using a 100-mesh sieve to obtain HMT modified starch 

2.3 Modification of jack bean starch with annealing and 

heat moisture treatment 

Annealing and HMT modification starch was carried 

out based on previous research conducted by Ariyantoro 

et al. (2022) and Wang et al. (2017) with modification. 

The starch modification was started by weighing 60 g of 

jack bean starch which was then added with 180 g of 

distilled water (starch: distilled water ratio of 1:3). Jack 

bean starch which has been mixed with distilled water 

then stirred at a speed of 500 rpm for 5 mins. Next, the 

starch was annealed at a temperature of 55℃ for 24 hrs. 

The annealed starch of jack bean was then cooled and 

separated between water and wet starch. The wet starch 

was then dried in an oven at 50℃ for 4 hrs. The starch 

was then grinded and sieved to obtain 100 mesh 

annealed jack bean starch. The annealed starch was 

adjusted to the moisture content up to 30% and left in the 

refrigerator at 4℃ for 24 hrs. The starch was then re-

measured on the moisture content and the HMT process 

was carried out using an oven at 110℃ for 16 hrs. 

Furthermore, the modified annealing HMT jack bean 

starch was dried in an oven at 40℃ for 8 hrs. The starch 

was grinded and sieved to obtain annealing- HMT 

modified jack bean starch. 

2.4 Jack bean starch biscuits production 

The process of making biscuits is carried out based 

on Cahyana et al. (2020), which begins with mixing 70 g 

of sugar with 80 g of margarine and shaking using a 

mixer for 10 mins. Next, 60 g of egg yolk and 100 g of 

skim milk were added and continued by mixing with a 

mixer for 5 mins at medium speed. When the dough is 

formed, jack bean starch and 1 g of sodium bicarbonate 

were added. The dough was kneaded until soft and then 

flatten into a thickness of 0.2 cm using a roller. The 

flattened biscuit dough is then molded into a circle with a 

diameter of 3 cm. The dough mold is baked in an oven at 

160-165℃ for 10 mins. Next, the biscuits were cooled 

for 30 mins and then packaged and stored at 25℃. The 

biscuit formula was showed in Table 1.  
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3. Results and discussion 

3.1. Physical characteristics of biscuit 

3.1.1 Color 

Color is one of the important parameters in 

determining consumer preferences for biscuit products. 

Based on Table 2, the lower L* (lightness) values in 

control biscuits and biscuits with HMT and annealing 

HMT modified starch substitution were thought to be 

affected by the use of wheat flour and the presence of pre

-treatment on HMT and HMT annealed modified starch. 

Wheat flour with a higher protein can cause a Maillard 

reaction during biscuit baking. The less bright color of 

the biscuits with the full or partial use of wheat flour is 

thought to be the presence of high Maillard reaction 

between reducing sugars and protein amino groups that 

form melanoidin compounds when baking (Stoffel et al., 

2021).  

The increasing value of a* (redness) is thought to be 

related to the Maillard reaction which has a tendency 

toward positive a* values or browning tendency. 

According to Tamanna and Mahmood (2015), The use of 

high temperatures in the baking process will result in the 

breaking of the glycosidic bonds in carbohydrates and 

sucrose. Thus, sucrose is broken down into reducing 

sugars, such as glucose and fructose. After that, the 

reducing sugar will react with the free amino acid group 

to produce melanoidin compounds that form the brown 

color in biscuits. The higher the Maillard reaction lead to 

the higher a* value. 

The color difference of the raw material with 

modified starch also affects the decrease in L* value and 

the increase in a* value in biscuits (Zielinska and 

Pankiewicz, 2020). This is in accordance to the previous 

research by Cahyana et al. (2020), which state that use of 

modified banana flour using HMT can give a darker 

appearance than the unmodified biscuits. The use of high 

temperatures in the HMT modification process and 

annealing-HMT can cause a browning reaction in starch, 

resulting in a decrease in whiteness in modified starch. 

In the parameter value of b* (yellowness), there is a 

tendency to increase the value of b* on biscuits. The 

lower level of yellowness in unmodified biscuits was due 

to less melanoidin formation compared to control 

biscuits and biscuits with modified HMT and annealing-

HMT (Passos et al., 2017). The decrease in yellowish 

color was also influenced by an increase in the brown 

color (redness) of the biscuits. The biscuits appearance 

can be seen in Figure 1. 

 

Table 1. Jack bean starch biscuit formula design. 

Ingredients 

(in g) 

Samples (with native starch substitution, HMT modified starch, 

and Annealing HMT modified starch) 
F1 

(Control) 
F2 F3 F4 F5 F6 F7 

Flour 200 100 0 100 0 100 0 

Native jack bean starch 0 100 200 0 0 0 0 

HMT modified jack bean starch 0 0 0 100 200 0 0 

Annealing HMT modified jack bean starch 0 0 0 0 0 100 200 

Margarine 80 80 80 80 80 80 80 

Sugar 70 70 70 70 70 70 70 

Egg yolk 60 60 60 60 60 60 60 

Skimmed milk 100 100 100 100 100 100 100 

Sodium bicarbonate 1 1 1 1 1 1 1 

Note: Heating treatment; jack bean starch: flour includes F1 = without heating; 0:100; F2 = no heating; 50:50; F3 = no heating; 

Sample 
Color Texture 

L* a* b* Hardness (N) Fracturability (N) 

F1 68.57±2.01a 1.83±0.05g 39.93±0.34a 230.79±5.71g 6.22±0.25c 

F2 79.39±1.13cd 
-159±0.02b 41.83±1.58a 197.36±1.27f 4.36±0.21b 

F3 81.84±0.99d 
-3.5±0.06a 41.84±2.07a 98.46±0.15c 3.85±0.42ab 

F4 75.92±1.30b 1.25±0.05e 40.50±1.25a 117.96±1.88e 3.26±0.24a 

F5 76.27±0.81b 1.72±0.02f 39.33±1.06a 86.72±0.52a 3.13±0.63a 

F6 77.16±2.40bc 0.17±0.03d 40.83±0.68a 110.63±1.72d 3.32±0.44a 

F7 78.44±0.60bc 
-0.74±0.06c 40.11±1.73a 92.73±0.45b 3.22±0.27a 

Table 2. Physical characteristics of biscuit. 

Note: Heating treatment; jack bean starch: flour includes F1 = without heating; 0:100; F2 = no heating; 50:50; F3 = no heating; 
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3.1.2 Texture 

Texture is one of the important analyzes for biscuits. 

Texture can affect processing, handling, shelf-life 

stability, and as a determinant of consumer acceptance in 

consuming biscuits (Lara et al., 2011). Texture 

parameters that are important in the analysis of biscuit 

products are the level of hardness and fractur ability. 

Based on Table 2, the decrease in the level of hardness in 

the biscuits were influenced by the use of wheat flour 

partially or fully substituted with jack bean starch. The 

increasing level of hardness illustrates that the texture of 

the biscuit is hard and less crunchy than the biscuit 

product with a lower hardness level (Jia et al., 2020). 

This finding is in accordance with the research 

conducted by Cahyana et al. (2020), where the higher 

substitution of wheat flour with banana flour that has 

been modified by HMT cause decreased the hardness 

level of biscuits. The level of hardness in biscuits were 

influenced by the type of protein. In the control biscuit, 

most of the protein was gluten protein which was able to 

form biscuit structure. The lower level of hardness in 

biscuits with full or partial starch substitution is due to 

the reduced gluten content which plays a role in the 

hardness level of biscuits. Gluten is the main component 

of wheat flour protein and consists of gluten and gliadin 

proteins. Gluten tissue can bind to water molecules to 

form a hard texture on biscuits (Aslam et al., 2014). 

Based on Table 2, it can be seen that the decreasing 

fracture strength in biscuits with substitution of jack bean 

starch without modification of HMT and Annealing 

HMT was due to the low amount of gluten protein in the 

raw material for making biscuits. Low gluten in biscuits 

can weaken the structure of the product. According to 

Pauly et al. (2013), biscuits with the highest level of 

hardness, are biscuits with high protein content. 

Reducing the protein content can reduce the level of 

hardness and fracture strength, because a lot of starch 

was added. 

Besides being influenced by gluten, the formation of 

hardness and fracture strength in biscuits was influenced 

by the starch content in the ingredients of biscuits. 

According to Ikuomola et al. (2017), it was stated that 

the starch content of wheat flour had a stronger bond 

than the starch content of beans. The amylose content in 

wheat flour is 28%, while the amylose content in jack 

bean starch without modification is 29.31% (Ariyantoro 

et al., 2022), and the amylose content of starch with 

modified annealing HMT was in the range of 25.10-

25.19%. Amylose has the characteristics of a straight and 

tight structure, and has a hydroxyl group at one end so 

that it can easily absorb water. In the baking process, 

starch binds to water undergoes gelatinization and forms 

a gel. During cooling, the starch will undergo 

retrogradation so that the amylose molecules will bind 

back, and some of the amylose will bind back to the 

amylopectin on the outside of the granule. In this 

retrogradation process, starch grains are formed again 

with a strong microcrystal network. These bonds that 

occur during retrogradation then form a strong matrix so 

that it can produce biscuits with a hard texture. Thus, the 

low amylose content in biscuit raw materials could make 

a nonoptimal retrogradation processes because the rate of 

crystallization of amylose during retrogradation is faster 

than amylopectin (Guo et al., 2021). In consequence, the 

biscuit with lower amylose content becomes easily 

broken.  

3.2 Chemical characteristics of biscuit 

3.2.1 Moisture content 

Moisture content is the total amount of water 

contained in food that expressed by weight percentage. 

Based on Table 3, the different moisture content values 

in the control and partially substituted biscuits with 

modified starch by HMT or annealing-HMT were due to 

differences in moisture and protein content in biscuit 

materials. The results of the analysis of the moisture 

content obtained were in accordance with previous 

research by Ariyantoro et al. (2022), where the moisture 

content of the jack bean starch which was carried out by 

dual modification (annealing HMT) showed a lower 

value ranging from 3.48-3.86% compared to the starch 

treatment of annealing which ranged from 9.56-9.83%. 

Meanwhile, the moisture content in native starch is 

10.5% and in the control treatment (the use of wheat 

flour) of 13.9-15.4% (Thanhaeuser et al., 2014). The 

lower moisture content value in biscuits that were 

 
F1 

  
F2 

  
F3 

  
F4 

  
F5 

  
F6 

  
F7 

Figure 1. Appearance of the biscuits. Note: Heating 

treatment; jack bean starch: flour includes F1 = without 

heating; 0:100; F2 = no heating; 50:50; F3 = no heating; 

100:0; F4 = HMT; 50:50; F5 = HMT; 100:0; F6 = Annealing 
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partially or fully substituted with starch modified by 

Annealing-HMT was also due to the decrease in gluten 

content, which is the largest protein constituent of flour 

in biscuits. Gluten is a protein that is not soluble in water 

and is hydrophilic which is able to bind water to wheat 

flour (Lynch et al., 2018).  

The effect of protein on moisture content is also 

strengthen by the findings of Thongram et al. (2016), 

which stated that the high protein content in flour will 

make it absorbs more water because protein has a higher 

water holding capacity. The hydrophilic groups on the 

protein will bind the water contained in the dough 

through hydrogen bonds. The baking process make the 

water that has been absorbed will be trapped in the 

margarine fat, making it difficult for water to evaporate. 

Then, the hydrogen bonds between starch and protein are 

weakening when heating occurs, so water can enter it. 

The cooling process in biscuits will have an impact on 

reinforcing the hydrogen bonds so that the water 

molecules will be tightly bound and difficult to release 

through evaporation or baking (Chang et al., 2021).  

3.2.2 Ash  

The ash content of the biscuit was presented in Table 

3. The ash content in the biscuits decreased with the use 

of jack bean starch either without modification or with 

modification of Annealing-HMT. The decrease in ash 

content was due to the lower ash content of jack bean 

starch compared to wheat flour in the control treatment. 

In the control treatment, the ash content ranging from 

1.62% (Heshe et al., 2016), while the starch of jack bean 

(Canavalia ensiformis L.) has an ash content in the range 

of 0.19% (Akinyemi et al., 2020). 

3.2.3 Fat 

In baked goods such as biscuits, fat play important 

sensory function, such as texture, mouthfeel, aroma and 

flavor of food (Biguzzi et al., 2014). The different fat 

content values between biscuits of the control treatment 

and biscuits that were partially or fully substituted with 

jack bean starch were influenced by the fat content. The 

fat content of biscuits tends to decrease along with the 

use of jack bean starch. The decrease in fat content was 

due to the lower fat content of jack bean starch compared 

to the fat content of wheat flour. Based on Nwosu et al. 

(2014), the fat content in the control biscuit using 

medium protein wheat flour was 2.13%, while the fat 

content in the jack bean starch was 6.41% (Akinyemi et 

al., 2020). Differences in fat content of raw materials 

that are not in accordance with the literatures may be due 

to differences in types and varieties of jack bean, 

environmental conditions, storage areas, differences in 

growing places, cultivation and harvesting age. 

In the making of biscuits, margarine and egg yolks 

also contribute to the fat content of biscuits. Margarine is 

a vegetable fat that tastes and smells like butter. 

According to Hwang et al. (2016), commercial 

margarine contains about 80% fat. Adding margarine to 

biscuits can increase the fat content. In each formulation 

for making biscuits, 60 g of egg yolk were also used. 

According to Xiao et al. (2020), egg yolks contain 62.5% 

fat. The more fat content in the raw material for making 

biscuits tend to the higher the fat content.  

3.2.4 Protein 

Based on Table 3, the decrease in protein content in 

biscuits that were partially or completely substituted with 

jack bean starch was due to the protein content in jack 

bean starch. Jack bean starch has lower protein content 

than in wheat flour. In the control, the protein content in 

wheat flour was medium protein, which was 14.4% 

(Heshe et al., 2016), while the protein content of the jack 

bean starch is 2.28% (Akinyemi et al., 2020). Besides 

being influenced by raw materials, egg yolks also 

contribute to the protein content of biscuits. Not only 

high in fat, egg yolks also contain a fairly high protein 

content for 33% (Xiao et al., 2020), thus contributing to 

the protein content of the resulting biscuits.  

3.2.5 Carbohydrate 

The carbohydrate content of biscuits was influenced 

by differences in the composition of the raw materials. 

Biscuit with jack bean modified starch could increase the 

carbohydrate content of biscuits. Carbohydrate content in 

Sample Moisture Content Ash Fat Protein Carbohydrate 

F1 5.08±0.39de 1.98±0.03b 17.19±1.08b 10.8±0.34c 71.48±1.12a 

F2 5.40±0.28e 1.69±0.19a 15.04±0.31ab 9.13±0.37b 75.3±0.72b 

F3 5.02±0.2cd 1.70±0.01a 13.31±1.29a 6.74±0.4a 79.2±1.52d 

F4 4.64±0.18bcd 1.80±0.07ab 16.86±1.46b 8.84±0.37b 73.77±1.81ab 

F5 4.53±0.25abc 1.77±0.06a 15.97±0.93b 7.02±0.72a 76.36±0.61bc 

F6 4.4±0.38ab 1.69±0.15a 16.71±1.83b 8.66±0.76b 74.11±2.58ab 

F7 4.04±0.1a 1.66±0.02a 13.61 ± 0.81a 7.22±0.24a 78.42±0.97cd 

Table 3. Chemical characteristics of biscuit. 

Note: Heating treatment; jack bean starch: flour includes F1 = without heating; 0:100; F2 = no heating; 50:50; F3 = no heating; 
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biscuits were influenced by other nutritional components 

such as water, ash, fat, and protein. The lower the 

components of water, ash, fat, and protein cause the 

higher the carbohydrate content. Thus, treatment with the 

use of wheat flour can reduce the carbohydrate content 

of biscuits, although there is an increase in other 

components such as protein and fat (Zielińska and 

Pankiewicz, 2020). 

In addition, the carbohydrate content of biscuits was 

also influenced by the carbohydrate content of the biscuit 

materials. Wheat flour contains carbohydrates by 67.7%, 

while jack beans starch contains carbohydrates by 79.2% 

(Akinyemi et al., 2020). 

3.2.6 Determination of best formulation 

Determination of the best formulation in this 

research was based on a weighting test using multiple 

attribute method according to Bayes (2014). Bayes 

theorem is a decision-making technique based on the 

occurrence and evidence concept of probability. The best 

formulation of analysis stage was determined by the 

criteria of moisture, ash, protein, fat, carbohydrates, 

color, and texture of biscuits. For each parameter, the 

range and level of confidence are determined, followed 

by the calculation of the probability on each parameter 

which will produce an expected value as the basis for the 

decisions taken. The best treatment is taken from the 

treatment with the highest ranking based on the Bayes 

method. The best treatment results is showed in Table 4. 

Based on Table 4, It can be seen that the best 

treatment for biscuits with modified jack bean starch 

substitution is found in sample F7 or with annealing-

HMT modified jack bean starch treatment of 100%. 

Biscuits with the best treatment were then further tested 

using the T-test. Biscuits with the best treatment for each 

replication were compared with biscuits in the control 

treatment (100% wheat flour) to see whether there was a 

significant difference between the two samples. Based on 

the T-test, the results of the best treatment showed 

significantly different characteristics on the parameters 

a* (redness), hardness, fracture, ash content, fat content, 

protein content, and carbohydrate content. Meanwhile, 

the parameters L* (lightness), b* (yellowness), and 

moisture content did not have a significant difference in 

characteristics. From the data obtained, the substitution 

of modified jack bean starch with 100% annealing HMT 

can increase consumer preferences in the selection of 

biscuits in terms of color and texture compared to 

biscuits made with wheat flour as raw material. 

Meanwhile, the chemical characteristics had a lower 

result than the control biscuits but were still within the 

defined biscuit standards. 

 

4. Conclusion 

Based on the results from the study, it can be 

concluded that the modified jack bean (Canavalia 

ensiformis L.) starch by annealing-HMT has an effect on 

the physical characteristics of the biscuits produced. 

Partial or total substitution using starch that has been 

modified by annealing HMT led to the color of the 

biscuits to be brighter, and have a lower hardness and 

fracture strength compare to the control. The chemical 

characteristics cause a decrease in moisture, ash, fat, 

protein content, and an increase in carbohydrate content. 

Meanwhile, the best formula in this study was F7 

formulation or biscuits with 100% Annealing-HMT jack 

bean starch. 
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