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Abstract. Kidney beans and soybeans have the potential to be developed because they contain
good nutrient. Kidney beans and soybeans are sources of vegetable protein. One form of
development of legume products is composite flour. The aim of this study was to analyze the
physical and chemical characteristics of composite flour made of kidney beans and soybeans. The
experiment was designed using Completely Randomized Design with nine treatments and each
treatment was replicated three times. The factor investigated was formulation of composite flour
made from kidney bean and soybean (90%:10%; 80%:20%; 70%:30%; 60%:40%; 50%:50%;
40%:60%; 30%:70%; 20%:80%; and 10%:90%). The swelling power, solubility, color, white
degree, moisture content, ash, protein, fat, and carbohydrate content were analyzed. The results
showed that the higher percentage of soybean flour caused a decrease on swelling power, white
degree, and redness of composite flour, but it increased the value of solubility, lightness and
yellowness of composite flour. Composite flour with higher percentage of kidney bean flour had
higher carbohydrate level, while composite flour with higher percentage of soybean flour had
higher protein and fat content. The moisture contents of composite flour made of kidney bean and
soybean were in accordance with the standard for beans flour products.

Keywords: composite flour; kidney bean; soybean

1. Introduction

Kidney beans and soybeans are types of legumes that have the potential to be developed.
Kidney beans production in 2020 was 66,210 tons (Badan Pusat Statistik, 2020), while soybean
production in 2019 was 424,190 tons and the number increased to 613,300 tons in 2020 (Setyawan
& Huda, 2022). The production of kidney beans and soybeans was quite high, but it was
unbalanced with the amount of consumption. According to Badan Ketahanan Pangan (2021), the
consumption of nuts in Indonesia has decreased from 26.5 g/capita/day in 2019 to 25.0
g/capita/day in 2020. Setyawan and Huda (2022) stated that the average consumption of soybeans
in 2015-2020 was 2,953,022 tons. One attempt to increase the use and consumption of kidney
beans and soybeans is processing the kidney beans and soybeans into food products.

Kidney beans and soybeans contain good nutrients, especially protein and fiber. Kidney
beans and soybeans contain 22.47% and 36.38 to 40.00% of protein, respectively (Sahasakul et
al., 2022; Krisnawati, 2017). The fiber content of kidney beans and soybeans were 6.23 to 6.82%
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(Hayat et al., 2014; Sari et al., 2020) and 5.56 to 8.58% (Ratnaningsih et al., 2017), respectively.
It is higher than fiber content of peanuts (2.4 to 2.9%), mung beans (5.7 to 7.5%), and bogor beans
(2.5%), but lower than peas (10.3%) (Direktorat Gizi Masyarakat, 2018). Singh et al. (2021) stated
that kidney beans and soybeans have a low glycemic index value. The values are 15,6 and 22,72,
respectively.

Processing legumes product into flour is one way to increase the use of kidney beans and
soybeans as food products because flour is more practical to use and has a longer shelf life.
Moreover, kidney bean flour and soybean flour can be processed into composite flour. Composite
flour is a mixture of various types of flour (two types of flour or more), which is done with the aim
to get flour with better characteristics and higher nutrient content (Sitanggang, 2016). Composite
flour could be made from a mixture of tubers flour, legumes flour, cereals flour, fruit, and
vegetable flour with or without wheat flour (Astuti et al., 2014; Yuniarsih et al., 2019; Ardiyani
et al., 2021; Kambabazi et al., 2022). The mixing of flour is conducted with the same mesh size
(Hernawan, 2017).

Composite flour has been used extensively and successfully in food products production
(Hasmadi et al., 2020), such as bakery products and pastries (bread, biscuits, cookies, and pasta)
(Noorfarahzilah et al., 2014). Composite flour is made from legumes/nuts/beans without addition
of other flour, including: composite flour from cowpea-soybean-red bean flour (Mbofung et al.,
2002), chickpea-soybean flour (Hemeda et al., 2018), and soybean-mung bean-red kidney bean
flour (Ratnawati et al., 2019). In this study, composite flour was made from soybean and kidney
bean flour. Composite flour from kidney bean and soybean has the potential to be developed as a
raw material for processing food products, such as cake (Astuti et al., 2014), nutrimat bar
(Wiranata et al., 2017), and tortilla (Syaiful et al., 2022). Comparison between each flour in
making of composite flour will affect the characteristics of the composite flour produced. The aim
of this study was to observe the effect of kidney bean flour and soybean flour formulation on the

physical and chemical properties of composite flour.

2. Methods

2.1. Materials

The materials used in this study were kidney beans, soybeans, water, electric oven, blender,
sieve 80 mesh, polypropylene packaging, sealer, digital scale, and basin.
2.2. Research Design and Parameters

This study used a non-factorial completely randomized design. The treatment factor was the
formulation of composite flour (F). The treatment factor consisted of 9 levels so that 9 treatments
were obtained. Each treatment was repeated 3 times.
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F1 = 90% of kidney bean flour:10% of soybean flour
F2 = 80% of kidney bean flour:20% of soybean flour
F3 = 70% of kidney bean flour:30% of soybean flour
F4 = 60% of kidney bean flour:40% of soybean flour
F5 = 50% of kidney bean flour:50% of soybean flour
F6 = 40% of kidney bean flour:60% of soybean flour
F7 = 30% of kidney bean flour:70% of soybean flour
F8 = 20% of kidney bean flour:80% of soybean flour
F9 = 10% of kidney bean flour:90% of soybean flour
Composite flour made of kidney bean and soybean flour were tested to study their physical

and chemical characteristics. Physical characteristics consists of swelling power and solubility
(Senanayake et al., 2013), colors including lightness, redness and yellowness (Syafutri et al.,
2021), and white degrees (Mawarni & Widjanarko, 2015). Chemical characteristics consists of
moisture content, ash, protein, fat, and carbohydrate content (AOAC, 2005). The data obtained
were evaluated using analysis of variance (ANOVA) and honestly significant difference test at the
5% level.
2.3. Process of Making Kidney Bean Flour

The process of making kidney bean flour referred to Pangastuti et al. (2013). Kidney beans
were soaked (24 hours) in water (1:5). Kidney beans were boiled for 90 minutes, then kidney beans
were dried using an oven (55+2 °C) for 18 hours. Dry kidney beans were mashed using a blender,
then sieved (80 mesh) to produce kidney bean flour.
2.4. Process of Making Soybean Flour

The process of making soybean flour referred to Syaiful et al. (2022). Soybeans were soaked
(24 hours) in water (1:5). Soybeans were boiled for 30 minutes, then they were drained for 15
minutes andtheir skin was peeled. Soybeans were dried using an oven (552 °C) for 17 hours. Dry
soybeans were mashed using a blender, then sieved (80 mesh) to produce soybean flour.
2.5. Process of Making Composite Flour

The process of making composite flour referred to Syaiful et al. (2022). Kidney bean flour
and soybean flour were weighed (according to treatment; the total weight of flour was 100 g), then
they were homogenized using a blender. The mixed flour was sieved (80 mesh) to produce

composite flour.

3. Results and Discussion
3.1. Swelling Power and Solubility
Swelling power and solubility are functional properties of starch which are related to the
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quality of food products produced. According to Syafutri et al. (2018), swelling power indicated
the hydration capacity of the starch. The swelling power of composite flour ranged from 5.64 to
10.02% (Figure 1). The highest swelling power (10.02%) found in composite flour F1 (90% of
kidney bean flour: 10% of soybean flour), while the lowest swelling power (5.64%) found in
composite flour F9 (10% of kidney bean flour: 90% of soybean flour). The analysis of variance
showed that the formulation of composite flour had significant effect on swelling power of
composite flour made of kidney bean flour and soybean flour.

The results showed that the increasing percentage of soybean flour caused the decreasing of
swelling power. Based on statistical analysis, composite flour F1 (90% of kidney bean flour: 10%
of soybean flour) was significantly different with F7 (30% of kidney bean flour: 70% of soybean
flour), F8 (20% of kidney bean flour: 80% of soybean flour) and F9 (10% of kidney bean flour:
90% of soybean flour), but composite flour F1 was insignificantly different with others. Swelling
power value of composite flour decreased significantly in the treatment F7 (30% of kidney bean
flour: 70% of soybean flour). Based on preliminary research, the swelling power of kidney bean
flour was 8.24%, while the swelling power of soybean flour was 6.64%.
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Figure 1. Swelling power (%) of composite flour made of
kidney bean flour and soybean flour

Swelling power is the power of flour to expand. Some factors that influence swelling power
include comparison of amylose-amylopectin, chain length and molecular weight distribution.
Amylose content of starch is highly correlated with swelling power (Hidayati, 2013). High
amylose content will cause a decreasing of swelling power because amylose can block the
development of starch. Amylose content of soybean flour was higher than kidney bean flour.
Amylose content of kidney bean flour ranged from 14.93 to 15.00% (Wani et al., 2019), while
amylose content of soybean flour ranged from 19 to 22% (Stevenson et al., 2006). So, the
composite flour with the high proportion of soybean flour had a lower swelling power value.

The solubility of composite flour ranged from 13.05 to 22.30% (Figure 2). The highest
solubility (22.30%) found in composite flour F7 (30% of kidney bean flour: 70% of soybean flour),
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while the lowest solubility (13.05%) found in composite flour F1 (90% of kidney bean flour: 10%
of soybean flour). The analysis of variance showed that the formulation of composite flour had
significant effect on the solubility of composite flour made from kidney bean flour and soybean
flour.

The results showed that the increasing of percentage of soybean flour caused the increasing
of solubility. Based on preliminary research, the solubility of soybean flour (15.30%) was higher
than the solubility of kidney bean flour (11.93%). It was due to the amylose content of each flour.
According to Aulia et al. (2018), amylose is water-soluble, while amylopectin is water-insoluble.
The amylose content of soybean (19 to 22%) is higher than kidney bean (14.93 to 15.00%)
(Stevenson et al., 2006; Wani et al., 2019). Thus, an increase in the concentration of soybean flour
addition led to an increase in the solubility of the composite flour. Solubility value of composite
flour increased significantly in the treatment F5 (50% of kidney bean flour: 50% of soybean flour).
Based on statistical analysis, composite flour F1 (90% of kidney bean flour: 10% of soybean flour)
was insignificantly different with F2 (80% of kidney bean flour: 20% of soybean flour), F3 (70%
of kidney bean flour: 30% of soybean flour) and F4 (60% of kidney bean flour: 40% of soybean
flour), but it was significantly different with other treatments. The results also showed that
treatment F5 (50% of kidney bean flour: 50% of soybean flour) was insignificantly different with
F6 (40% of kidney bean flour: 60% of soybean flour), F8 (20% of kidney bean flour: 80% of
soybean flour) and F9 (10% of kidney bean flour: 90% of soybean flour).
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Figure 2. Solubility (%) of composite flour made of kidney bean flour and soybean flour

3.2. Color (Lightness, Redness and Yellowness)

Lightness (L*) values have a range from 0 (black) to 100 (white). The L* notation indicated
the light which results in achromatic colors. The redness values (a*) show the red and green color,
and yellowness values (b*) show the yellow to blue color. The red color range is 0 to +80, while

the green color range is 0 to -80. The yellow color range is 0 to +70, while blue color range is 0 to

123
Syafutri et al. (2023)

JAAST 7(2): 119-129 (2023)



-70 (Anjani et al., 2015).

The results showed that the composite flour made of kidney bean flour and soybean flour
had lightness, redness and yellowness values ranged from 79.00 to 88.60, 7.40 to 9.27, and 9.63
to 19.30, respectively (Figure 3). The analysis of variance showed that the formulation of
composite flour had significant effects on lightness, redness and yellowness of composite flour

made of kidney bean flour and soybean flour.
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Figure 3. Color (lightness. redness. yellowness) of composite flour made of kidney bean flour
and soybean flour

The results showed that the lightness value of composite flour tends to increase in line with
the increasing of percentage of soybean flour. The highest lightness value was found in composite
flour F5 (50% of kidney bean flour: 50% of soybean flour) and F6 (40% of kidney bean flour :
60% of soybean flour), which were 88.57 and 88.60, respectively. The decrease on lightness values
occurred in the composite flour F7 to F9. It showed that composite flour with 50% of kidney bean
flour and 50% of soybean flour formulation produced the highest lightness value. Lightness of
composite flour with high proportion of kidney bean flour was lower than composite flour with
high proportion of soybean flour. It showed that the color of composite flour was darker.

The results also showed that the redness value of composite flour F1 was higher than other
treatments because the proportion of kidney bean flour on composite flour F1 was the highest

among other treatments. The composite flour F9 had high yellowness value because the proportion
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of soybean flour on composite flour F9 was the highest. It was caused by the content of natural
pigmen of kidney beans and soybeans. Kidney beans contain anthocyanins and proanthocyanidins
(Pangastuti et al., 2013; Han et al., 2015; Wiranata et al., 2017), while soybeans contain carotenoid
(Kang et al., 2012; Qin et al., 2017). Anthocyanins and proanthocyanidins are natural bioactive
compounds which contributed as red pigmen color, while carotenoid is yellow-orange pigmen
color. Both of pigmen colors also has a function as antioxidant. Redness value of composite flour
decreased significantly in the treatment F3 (70% of kidney bean flour : 30% of soybean flour),

while yellowness value increased significantly in the treatment F2 (80% of kidney bean flour :

20% of soybean flour).
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Figure 4. White degree of composite flour made of kidney bean flour and soybean flour

3.3. White Degree

White degree is one of the important physical parameters for identifying the color of flour
(Pangastuti et al., 2013). White degree of composite flour made of kidney bean flour and soybean
color ranged from 74.23 to 80.15% (Figure 4). The highest white degree (80.15%) found in
composite flour F5 (50% of kidney bean flour: 50% of soybean flour), while the lowest white
degree (74.23%) found in composite flour F3 (70% of kidney bean flour : 30% of soybean flour).

The results of white degree analysis were in line with the results of color analysis. According
to Figure 4, white degree of composite flour F5 (50% of kidney bean flour : 50% of soybean flour)
was the highest among others. The results of color analysis also showed that lightness value of
composite flour F5 was the highest. It stated that the treatment F5 had brighter colors. Figure 4
also showed that white degree values of composite flour with high proportion of soybean flour
were higher than composite flour with high proportion of kidney bean flour.
3.4. Chemical Characteristics

Analysis of chemical characteristics included moisture content, ash, protein, fat, and
carbohydrate content (Table 1). Moisture content of composite flour made of kidney bean flour
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and soybean flour ranged from 6.48 to 7.94%. The moisture contents of composite flour were in
accordance with the SNI 01-3728-1995 or standard for beans flour products (maximal 10%). Table
1 showed that ash content of composite flour ranged from 3.24 to 3.76%. Ash contents of
composite flour made of kidney bean flour and soybean flour were higher than standard value of
ash for flour products. Kidney bean and soybean were source of mineral. Direktorat Gizi
Masyarakat (2018) stated that kidney beans and soybeans contained some minerals. The calcium,
phosphor and iron content of kidney bean were 502 mg, 429 mg and 10.3 mg, respectively. The
calcium, phosphor and iron content of soybean were 222 mg, 682 mg and 10.0 mg, respectively.
According to preliminary research, ash content of kidney bean and soybean were 2.86% and
2.96%.

According to analysis variance, formulation of composite flour had significant effects on
moisture content, protein, fat, and carbohydrate, but had no significant effect on ash. Protein, fat,
and carbohydrate content of composite flour were 20.01 to 33.72%, 4.42 to 24.68%, and 30.59 to
63.66%, respectively. The results showed that the protein and fat content of composite flour with
high proportion of soybean flour were higher than composite flour with high proportion of kidney
bean flour, but carbohydrate content of composite flour with high proportion of soybean flour was
lower.

Table 1. Chemical characteristics of composite flour made of kidney bean flour and soybean flour
Chemical Formulation of Composite Flour (Kidney Bean Flour : Soybean Flour)
Characteristics ~ 90: 10 80:20 70:30 60 : 40 50:50 40:60 30:70 20:80 10:90

'\ég'rftté‘r:te 7.944 7679  6.8lad  735bd  71oded  ggEMe 6488 6.55%  7.20bcd
Ash 3.28 3.48 3.41 3.38 3.59 352 376 356 3.24
Protein 20018 21.97° 2248 2445 2638  2673¢  27.64¢  31.38" 33729

Fat 4.4 6.76 918  11.449 1427 17.06'  19.499  22.09"  24.68

Carbohydrate 63.66" 59.489 57.62f 52.79¢ 48.10¢ 44.42°¢ 43.09¢ 35.96° 30.592

Protein and fat content of soybean flour were higher than kidney bean flour, but carbohydrate
of soybean flour was lower than kidney bean flour. According to Astuti et al. (2014), soybean
contained 47.80% of protein, 16.76% of fat and 26.28% of carbohydrate content, while kidney
bean contained 26.06% of protein, 2.70% of fat and 62.61% of carbohydrate content.

4. Conclusions
Formulation of composite flour had significant effects on swelling power, solubility, color
(lightness, redness, yellowness), white degree, moisture content, protein, fat, and carbohydrate,
but had no significant effect on ash. Composite flour with higher percentage of kidney bean flour
had higher carbohydrate level, while composite flour with higher percentage of soybean flour had
higher protein and fat content. The moisture contents of composite flour made of kidney bean and
soybean were in accordance with the SNI 01-3728-1995 for beans flour products.
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