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Abstract: Flour production from soybeans and corn is a promising strategy to increase their use as
local ingredients in diverse food applications. In this study, local and improved varieties of soybean
and corn seeds collected from Sumenep, Indonesia, were subjected to soaking pretreatments for 0, 24,
48, and 72 h prior to flour production. The resulting flours were characterized for their
physicochemical and pasting properties and evaluated regarding their production cost. The results
showed that variety and soaking time significantly affected the physicochemical properties of
soybean and corn flours (p < 0.05). Longer soaking time reduced the bulk density and increased the
whiteness of soybean and corn flours, except for the local corn variety, which was similar to the control
(0 h). The yield increased for corn flour, while it decreased for soybean flour. Greater yield values
were obtained for improved varieties relative to local varieties. The fat, protein, and amylose
contents of both flours increased along with soaking time; however, ash and carbohydrate contents
decreased. The pasting behaviors showed that soybean flours were hardly gelatinized, with no
detectable peak viscosity at any soaking time. Conversely, corn flours gelatinized at a range of
72.35-75.65 °C, with the highest values noted for 0-h soaking. Soaking for 24 h resulted in the
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highest peak viscosity, with values of 303.33 cP for the local Sumenep and 201.67 cP for HJ 21. A
soaking pretreatment for 24 h was likely suitable for soybean seed, while corn required a longer (48 h)
period. The economic analysis showed that home-scale production was feasible and profitable to be
developed in the study area, with B/C ratios of 1.11-1.14 for soybean flour and 1.40-1.45 for corn
flour.
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1. Introduction

Soybean (Glycine max [L. Merr.]) and corn (Zea mays L.) have been cultivated for a long time
and are widely utilized as food sources in Indonesia. Both commodities are popular with regard to
their essential nutrients and bioactive compounds that are beneficial for human health [1-4]. Soybean
is frequently regarded as the golden or miracle bean due to its essential role in human and animal
nutrition, being a cheap source of protein, with multipurpose uses, and having high weight in the world
agriculture trade [5]. Soybean seeds contain approximately 33%—-50% protein and 18%—22% fat [6,7],
which consists predominantly of unsaturated fatty acids [8]. Tempe and tofu represent the major use
of soybeans in Indonesia (83.7%), while soy sauce, soy milk, sprouts, and flour comprise the rest [7].
Meanwhile, corn is widely known as a rich source of carbohydrates and energy, with starch as the major
component (75%) [9] and protein in a lesser amount (12.32%—-13.50%) [10]. The main use of corn is
for animal feed and non-food industries (78%), while the remaining is for direct food consumption
and seeds (2%) [11]. In terms of food, corn can be consumed either as fresh or dried grains, with a
consumption level of 2.27 and 0.57 kg/capita/year, respectively [11].

The domestic production of soybeans and corn was reported to be approximately 0.56 million
tons and 14.77 million tons in 2023, respectively [12]. Corn is mainly grown in the dry land
(non-paddy fields) with a monoculture cropping pattern using hybrid (70.75%), composite (6.35%),
and local (22.9%) varieties. Conversely, the majority of soybeans are grown in paddy fields, while
only 33.56% is cultivated in dry land with a monoculture cropping pattern [13,14]. The use of
improved varieties of both crops is essential in terms of increasing domestic production. These
varieties are particularly superior in terms of their high-yielding potential, adaptability to different
agroecology and growing conditions, and resistance to pest and disease attacks [14—16]; therefore,
they are intensively introduced and disseminated to users/farmers.

In Sumenep Regency, which belongs to Madura Island in East Java Province, Indonesia,
agricultural activities, including the cultivation of corn and soybean crops, are mainly managed in the
dry land [17] with a planting time of corn at the beginning of the rainy season (December), followed
by soybean in March [18,19]. The total production of corn was about 455,808 tons in 2022, which
contributed 6.14% to East Java's total production, being the largest corn-producing area in Indonesia [20].
About 90% of farmers in this region plant local corn varieties, such as Guluk-Guluk, Manding, and
Talango, due to their color, taste, and small size preferences, as well as early maturity and longer
storage life [21-23]. Conversely, a much lesser quantity of soybean (206 tons) was produced in this
region (BPS Jawa Timur, 2024), which commonly uses local and old improved varieties.

Corn is normally consumed either as a staple food or snacks, which are mostly limited to
traditional food, such as Durnang, Nasi Jagung, and Marning [24-26]. The main use of soybeans is
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for tempeh and tofu, particularly consumed as side dishes and cheap protein sources [27-29],
followed in small amounts by snacks, namely Kedelai Goreng [30]. These facts reflect limited corn
and soybean food products available in this region; thus, diversification is needed to provide more
attractive and added-value products derived from corn and soybean.

Research activities regarding the introduction of high-yielding improved varieties and
appropriate cultivation technologies of both corn and soybean have been intensively performed
in Madura Island, including the Sumenep region, to effectively solve the dry land limitation for
increasing production [31-34]. However, these activities have not been accompanied by studies on
the utilization of the resulting produce for food applications, including their physicochemical
properties and quality attributes. Therefore, in this study, considering that local varieties are still
grown by farmers in this region, both local and improved varieties of corn and soybean produced
from Sumenep were used as ingredients for flour-making to compare the profiles of both varieties.

Processing corn and soybean seeds into flour makes them flexible to be used as an ingredient or
composite flour with rice, wheat, legumes, sago, root, or tuber flour, for making a variety of food
products that are normally produced from rice or wheat flour. Additionally, nutritional balance can be
obtained through composite flours of cereals and legumes, particularly regarding amino acids. Cysteine
and methionine, the limiting amino acids in legumes, are highly available in cereals, while lysine, the
limiting amino acid in cereals, is present in large amounts in legumes [35]. Being rich in protein and
bioactive components, soybean flour can also be applied to enrich other food products [36,37].

Prior to milling into flour, the seeds of corn and soybean need to be treated by soaking to soften
the cellular structure of the kernels/cotyledons and facilitate the removal of the seed coat [38].
Soaking may also remove anti-nutritional compounds and enhance the physical characteristics and
functional properties of the products prepared from the flour [39]. However, longer soaking time
may decrease the amounts of total solids and nutrients due to leaching into the soaking water [40].
Therefore, this study aimed to find out the proper soaking time for both local and improved varieties
of corn and soybean collected from Sumenep for flour preparation based on their physicochemical
and pasting properties. The effective cost of flour production was also covered in this study to
estimate its development opportunities as a local business or small-scale industry in this region. The
results should be beneficial for the development of local source-based food products, supporting the
national food diversification program [41—44].

2. Materials and methods
2.1. Materials

Soybean seeds and corn kernels were collected from cultivation crops in Sumenep Regency,
East Java Province, Indonesia. The light-yellow local corn variety of Sumenep and the orange
improved variety (HJ 21) were harvested from a monoculture cropping system in dry land (first
planting time during the rainy season) from December until March. Meanwhile, soybeans consisted
of the local variety of Sumenep and the improved variety Dering I. Both varieties were also
harvested from a monocropping system conducted in dry land from March to June (second planting
time). The soybean shoots and corn cobs were first sun-dried and then threshed to separate the seeds
and kernels, winnowed, sorted, and redried to a safe moisture content of below 10%. They were then
packed in plastic bags for further use.
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2.2. Flour preparation

Soybean flour was prepared using the method previously shown by Fanzurna & Taufik [45]
with a minor modification. The processing steps are illustrated in Figure 1, starting from sorting the
dry seeds to obtain good seeds and separating the damaged or moldy seeds. Approximately 200 g of
seeds were washed and subsequently soaked in water at a ratio of 1:3 by volume for 0, 24, 48, and 72
h at room temperature. Soaked seeds were then manually dehulled or peeled, washed, and drained.
Subsequently, seeds were dried using a cabinet dryer at a temperature of 55 £ 1 °C for 16 h until
the seed moisture content was less than 10%. Dried seeds were milled (Disk Mill FFC 15, Futake,
Indonesia) and sieved using an 80-mesh sieve to obtain the final flour.
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Figure 1. Preparation method of soybean flour [41].

The preparation of corn flour followed the method by Aini et al. [46] with a slight modification
(Figure 2). Corn kernels were cleaned of dirt and separated from the damaged kernels. The kernels
were then washed and soaked in water at a ratio of 1:3 for 0, 24, 48, and 72 h. Soaked kernels were
drained and then dried using a cabinet dryer at 55 £ 1 °C for 16 h until the seed moisture content was
less than 10%. Dry kernels were ground into corn rice, and the shell was separated. Corn rice was
subsequently milled into flour and sieved using an 80-mesh sieve. A flow diagram of corn flour
preparation is presented in Figure 2.
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Figure 2. Preparation method of corn flour [42].

2.3. Data collection
2.3.1.  Physical properties

Physical properties of soybean and corn seeds included bulk density and hardness. Bulk density
was determined by putting the seeds of known weight into a measuring glass containing a certain
volume of distilled water and recording the increase in volume (Archimedes’ principle). The bulk
density was calculated by dividing the seed weight by the volume [47], expressed in g/L [48]. Seed
hardness was measured using a Digital Grain Hardness Tester (AGW-20, Graigar, China) with a
maximum load of 20 kg. The bulk density of soybean and corn flour was measured using a similar
method to that conducted for seeds. A whiteness tester (Kett C100, Tokyo, Japan) was applied to
measure the whiteness level of both flours using BaSO4 powder as a standard [49].

2.3.2.  Chemical composition

Proximate analysis was performed for soybean and corn seed samples and flours. The
procedures followed the American Association of Cereal Chemists methods [50], including moisture
(method 44-01.01), ash (method 08-01.01), protein (method 46-10.01 with a conversion factor of
5.69 and 5.61 for soybean and corn, respectively), and lipid (method 30-20.01). Difference (100%—
moisture—ash—protein—lipid) was used for the calculation of carbohydrate content. Amylose content
was determined using a spectrophotometric method, which was detected at a wavelength of 625.9 nm
and quantified using a potato amylose (A0612-1G, Sigma-Aldrich Co, USA) calibration curve [51].

2.3.3.  Pasting properties

The pasting properties of soybean and corn flours were determined using a Rapid Visco
Analyzer (RVA) (Model 45000, Perten Instruments, Australia) following the AACC International
Method 76-21.01 and ICC Standard No. 162 with STD1 pasting profile [52]. This instrument was
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equipped with a heating and cooling system to measure the sample resistance during controlled
stirring [53]. A fine sample (2.5-3.5 g) was put in an RVA canister and mixed well with 25 mL of
distilled water. The temperature used for RVA observation ranged from 50 to 95 °C for 13 min. First,
the speed applied was 960 rpm, then it was reduced to 160 rpm after 10 s. Temperature was
increased from 50 to 95 °C, held at 95 °C for 3 min, and then reduced to 50 °C at a rate of 11 °C per
min, with a final hold at 50 °C for 2 min. Observations included pasting temperature (°C), peak
viscosity (cP), through/hold viscosity (cP), breakdown viscosity (cP), final viscosity (cP), and
setback viscosity (cP).

2.4. Experimental design and statistical analysis

A factorial randomized block design was applied for the experimental design of each soybean
and corn flour with three replicates. The first factor was variety (local and improved varieties), while
the second factor was seed soaking time (0, 24, 48, and 72 h). Data were statistically analyzed using
a two-way ANOVA (MSTAT-C version 1.4, Michigan University), followed by the least significant
differences (LSD) test to assess differences between treatments (p < 0.05).

2.5. Ethics approval of research

No human or animal was used as the research object in this study.
3. Results and discussion
3.1. Physical properties of corn and soybean seeds

Bulk density represents the ratio of the seeds' weight to their total volume and can be used as a
reference to design the packaging material and define storage room, the capacity of processing tools,
and the transportation means for the seeds as raw materials [54—56]. Figure 3 shows that corn seeds
presented higher bulk density than soybeans. This finding is consistent with previous studies, which
reported that soybeans have lower bulk density compared to corn [57-59]. A study in Nigeria
exhibited a greater bulk density of corn, ranging from 1140 to 1200 g/mL, and from 1010 to 1140
g/mL for soybean [58]. Another study noted smaller bulk density ranges of 639-773 g/mL for corn
and 585-617 g/mL for soybean [57].

Moreover, the bulk density of the local corn variety was higher than that of the improved
variety. In contrast, such a difference was not observed in soybean varieties. Several studies have
shown that bulk density is strongly influenced by seed moisture content [61]. Different seed varieties
can produce similar or completely different bulk densities depending on their moisture content. Bulk
density shows a negative correlation in some seeds, like wheat, coriander, okra, arecanut, gram,
amaranth, rapeseed, Turkish mahaleb, and soybean, as well as some legumes [54,55,62,63]. This
suggests that the weight gain due to an increase in moisture content is lower than the volumetric
expansion of the seeds [50]. However, in this study, the moisture content and bulk density were
positively correlated, with R* = 0.86 (Figure 4). Differences in the shape, size, weight, and volume of
corns and soybeans may be attributed to this finding. A lower bulk density indicates that a larger
volume is required to store the exact weight of seeds (voluminous). Concerning the soaking process,
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bulk density is an important variable, as seeds with high bulk density typically have low porosity,
which would consequently result in low water absorption capacity [60].
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: Comn (Hj 21) 779.3 " Corn (Hj21) 13.05
e Ly i
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Figure 3. Bulk density (a) and hardness (b) of soybean and corn seeds.
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Figure 4. Relationship between moisture content and bulk density of soybean and corn seeds.

Corn seeds exhibited much higher levels of hardness compared to soybeans (Figure 3). In
particular, the local corn variety showed a slightly higher hardness value than the improved variety,
whereas the hardness of both soybean varieties was nearly the same. Similar to bulk density, seed
hardness is influenced by moisture content [64]. High moisture content will lower the seed's rupturing
forces, thus decreasing the hardness level, and vice versa [64]. Seed hardness affects flour processing,
particularly the type of milling machine and the yield obtained. A hammer mill is commonly used for
hard seeds (e.g., corn), whereas an abrasive mill is used for softer seeds, such as rice and soybeans [65].
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3.2. Chemical composition of corn and soybean seeds

Seed moisture contents of corn and soybean ranged from 6.32% to 6.83% (Table 1) and were
considerably affected by the drying process [66]. The amount of moisture influences the storage life of
the seeds, the handling and processing method, and the selling price [67]. High seed moisture
consequently provides high flour moisture and shortens the storage life by being susceptible to
microorganism attacks. Therefore, a low moisture content (<10%) is normally required for grain
storage purposes [68].

Soybeans, as legumes, have a much higher protein content than cereals (Table 1). This is not
surprising, as soybeans are known to be rich in protein; their protein content can reach up to 40% [58].
In this study, the protein content of soybean Dering 1 was slightly higher than that of the local variety.
Much lower protein contents of Dering 1 (34.95% dw) grown in Malang, East Java, were noted [7]; the
value listed in its variety description is also lower, ca. 34.20% dw [14], reflecting the effects of different
planting seasons and growing conditions. Meanwhile, a similar protein content was observed for both
corn varieties. This would benefit the community's protein intake, which can be met through
local or improved varieties. The protein content of corn observed in this study was within the
range (8%—10%) typically present in corn, as well as the values (5.20%—13.70%) noted in nine
Indonesian corn varieties [69].

Table 1. Chemical composition of corn and soybean seeds.

Chemical composition Soybean Corn
Local Sumenep Dering 1 Local Sumenep HJ 21

Moisture (%) 6.32+0.33 6.83 £0.31 8.59 £ 0.09 8.46 £0.13
Protein (% dw) 38.24+0.87 39.67 +£0.45 9.42 £0.52 9.69 +£0.71
Ash (% dw) 5.56 £0.57 5.19+£0.39 0.92 £0.04 1.45+0.32
Fat (% dw) 18.46 + 0.62 17.88 +0.74 4.99 +£0.32 4.32+0.33
Carbohydrate (% dw)  37.76 + 0.62 37.27+0.81 84.68 £ 0.85 84.55+0.63
Amylose (% dw) 2.12+0.07 2.124+0.13 21.25+0.68 19.41 +0.57

Soybean seeds also showed higher contents of ash relative to those of corn (Table 1). A slight
difference in ash content between two soybean varieties and two corn varieties was predominantly due
to genetic factors, as they were planted in the same exact location. The effect of location can be seen for
Dering 1, which showed a slightly higher ash value (5.74% dw) when grown in Malang, East Java [7].
A previous study revealed a wider range of ash content (1.00%—-2.90%) found in nine corn varieties [69]
compared to the present study. Similarly, soybeans contained higher fat levels than corn (Table 1). This
result was consistent with an earlier study [70]. Besides being known as a good source of protein,
soybeans are also rich in excellent lipids [71]. Slightly higher fat contents were observed for both
improved soybean and corn varieties than for local varieties, following their protein contents. Typically,
protein and fat contents are negatively correlated, as observed in soybeans [8,72] and corn [73]. Dering 1,
harvested in another region (Malang), showed slightly lower fat content, ca. 17.24% dw [7], relative to
this study. In comparison, the corn fat amounts were within the range (2.20%—5.70%) reported for nine
Indonesian corn varieties [73].

As cereals, corn had a much higher carbohydrate content than soybean (Table 1). The local corn
variety showed a slightly greater amount of carbohydrates, while it was the same for both soybean
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varieties. Soybean comprises approximately 25% carbohydrates [74], while corn contains around 74%—
80% [75]. The amounts of carbohydrate determined in the present study were greater than those of four
soybean varieties collected from Brazil, ca. 25.3%-27.60% dw [76]. The present study also showed
greater carbohydrate contents of both corn varieties compared to nine Indonesian varieties (66.00%—
76.30%) reported by Widowati [69], suggesting that genetics and growing environments considerably
affect the carbohydrate content. Similarly, higher contents of amylose were also recorded for corn
relative to soybean, as amylose is a component of carbohydrate (starch). Starch normally accounts for
70%—-75% of the corn kernel, which greatly dictates its functional properties [77]. Both corn varieties
belonged to the non-waxy type, which normally contains >23% amylose, while it is 4%—7% for the waxy
type [77-79].

3.3. Physical properties of corn and soybean flours

The bulk density of soybean and corn flours was significantly affected by seed variety and
soaking time (p < 0.05) (Tables 2 and 3). The highest value was observed in soybean flour prepared
from the improved variety (Dering 1) without soaking. Such treatment also showed the highest value
of corn flour bulk density derived from both varieties. The longer the soaking time, the smaller the
bulk density noted in both soybean and corn flours. Soaking is greatly associated with water
absorption and diffusion into the seed intercellular spaces, causing enlargement of the space,
followed by cell wall expansion and disruption. Simultaneously, losses of cellular soluble solids
(2%-19%) may occur through leaching out into the soaking water, depending upon the soaking
temperature, time, type, and defect of the seed [80,81]. Such lost soluble solids mainly consist of
carbohydrates and protein (80%-91%), pigments, acidic compounds, vitamins, minerals, and
anti-nutritional factors, such as phytate, trypsin inhibitors, and hemagglutinins [80—82], resulting in a
lower weight of the seed after drying and ultimately reducing the bulk density of the flour. Bulk
density is a measure of flour heaviness and is normally influenced by the particle size [83]. Soaking
may also increase the seed porosity (due to a volume development) along with a decrease in bulk
density. A previous study on African yam beans soaked for 9 h revealed that the porosity increased
from 48.33% to 70.30%, while the bulk density decreased from 0.80 to 0.64 g/mL [84]. Bulk density
is an essential variable for determining flour handling, packaging requirements, and application in
the food industry [83]. In this study, both soybean and corn flours obtained from the soaked seeds
exhibited lower values of bulk density and moisture, thus requiring a larger packaging volume per
unit weight compared to the unsoaked flour. Flour with low bulk density is an advantage for
formulations of infant food [85].

Significant effects of seed variety and soaking time on the whiteness levels of both soybean and
corn flours are presented in Tables 2 and 3. Longer soaking time resulted in a whiter color of
soybean flour. This may be due to leaching of the natural pigments existing in the soybean seed coat
and cotyledon, like chlorophyll, flavonoids, and yellow pigments (xanthophylls and carotenes), into the
soaking water [82]. Losses of such pigments were not measured in this study; however, an earlier
study noted a significant decrease in the lightness (L*) of the soaking water after 120 min, but the
greenness (a*) and yellowness (b*) increased [82,86], reflecting the dissolution of such pigments
during soaking.
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Table 2. Bulk density, whiteness, and yield recovery of soybean flour pretreated with
different soaking times.

Variety Soaking time (h) Bulk density Whiteness Yield recovery
(g/L) (%) (%)

Local 0 745.70 +3.70° 62.20 + 0.55¢ 51.05 + 1.62%

Sumenep 24 654.60 = 1.00° 67.40 £ 0.70° 49.81 £ 1.62%
48 582.70 + 0.95° 67.50 + 2.05° 48.63 + 1.90°
72 563.70 + 2.55¢8 68.80 = 0.45" 46.09 + 1.62°

Dering I 0 757.60 + 0.55° 67.90 + 0.10 54.81 + 1.10°
24 588.00 + 5.45¢ 69.20 + 0.30" 53.57 + 1.10%
48 569.20 + 5.05¢ 72.20 + 0.90° 52.19 + 1.10%
72 550.50 £ 4.60" 71.80 + 0.40° 49.84 + 1.10%%

Values within the same column followed by different letters are significantly different (p < 0.05).

Table 3. Bulk density, whiteness, and yield recovery of corn flour pretreated with different
soaking times.

Variety Soaking time Bulk density Whiteness Yield recovery
(h) (g/L) (%) (%)

Local 0 795.20 + 1.10° 50.90 + 0.85° 43.09 +0.14°

Sumenep 24 732.60 + 3.27° 51.80+1.18° 46.53 + 1.65°
48 727.10 + 1.81° 48.90 £ 1.51° 51.16 + 1.39¢
72 727.30 + 6.36° 51.30 = 0.50° 50.59 + 0.88¢

HJ 21 0 787.40 + 4.90° 40.50 £ 0.65¢ 56.45 +(.92°
24 712.00 + 6.81° 41.90 £ 1.76% 58.32+0.92"
48 691.80 + 7.40¢ 42.90 + 1.00° 63.97 + 0.35°
72 687.60 £ 9.12¢ 4270 £1.07° 64.49 + (.45

Values within the same column followed by different letters are significantly different (p < 0.05).

Similarly, the whiteness of corn flour tended to increase with longer soaking time, even though
it was not significant for the local variety. About 18% and 16% reduction of lutein and zeaxanthin
were previously reported for 24-h soaking of corn seeds due to oxidation [87]. Also, a 7% loss of
B-carotene, a-carotene, and B-cryptoxanthin was observed during 24-h soaking and subsequent wet
milling [88] due to fatty acid oxidation and carotenoid bleaching associated with endogenous lipase
and lipoxygenase activities [89]. In addition, soybeans and corn normally contain polyphenolic
compounds [90], which may degrade during soaking, enhancing the flour brightness [91]. An
increase in flour whiteness was also seen for pre-soaking the decorticated sorghum seeds due to a
decrease in tannin content [39].

Different types and amounts of natural pigments, particularly the yellow pigment associated
with the varietal/genetical origin of soybean, may also contribute to differences in flour whiteness.
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This can be seen from the initial flour color of the improved variety (Dering 1) treated without
soaking, which was whiter than that of local Sumenep, notably giving a whiter flour color.
Conversely, corn flour prepared from the local Sumenep variety showed greater whiteness than that
of the improved variety (HJ 21). This may be due to differences in the initial color of the seeds: light
yellow for local Sumenep and orange for HJ 21.

Table 3 shows that the flour whiteness of both corn varieties tended to increase along with
soaking time; however, it was not significant for the local Sumenep variety treated with 0, 24, and
72-h soaking. These results suggest that there is no significant change in the color of the corn flour
produced from 0-72 h soaking treatments. The exception seen in the 48-h soaking may be due to
differences in pigment intensity of the corn seed samples randomly taken from this treatment.
Meanwhile, the flour of the HJ 21 variety prepared after 0, 24, and 48-h soaking presented similar
flour whiteness, but it was significantly different after 72 h, suggesting that leaching or dissolution of
the pigment (orange) into the soaking water occurred slowly.

The yield recovery of soybean flour significantly declined with longer soaking time, and higher
values were obtained for Dering 1 relative to the local Sumenep variety (Table 2). This reduction in
yield recovery may be related to the decrease in seed weight due to loss of protein, ash, and
carbohydrate during soaking (p < 0.05) (Table 4). A previous study recorded a decrease in dried seed
yield recovery from 77.80% to 70.71% after 9-h soaking [92]. According to economic calculations,
high flour yield recovery would be more profitable, and minimal losses of flour nutrients during
soaking are desired. Table 2 shows that the flour yield recovery for 24-h soaking was similar to that
of 48-h soaking for both varieties; thus, 24 h is chosen as a proper soaking time for soybean seed
with a value of 49.81% and 53.57% for the Local Sumenep and Dering 1 varieties, respectively.
Gozalli & Nurhayati [93] reported slightly lower values of soybean flour yield recovery obtained
from two improved varieties, namely Anjasmoro (48.50%) and Baluran (51.08%), in which the seeds
were pretreated with 3 h of soaking.

Both corn varieties exhibited greater values of yield recovery with longer soaking time (Table 3).
The HJ 21 variety showed higher values than those of the local Sumenep variety. Soaking changes
the hard part of endosperm (horny endosperm) of the seeds to become soft (floury endosperm); thus,
they are easier to grind and yield higher recovery [94]. Horny endosperm normally consists of 1.5%—
2% more protein and exhibits a thicker protein matrix compared to the floury endosperm, which is
softer and easier to break relative to the horny endosperm [95]. These differences in endosperm
constituents are dictated by the separation capacity of the starch granules from the protein matrix.
The adhesion level between the starch and protein matrix likely influences the corn hardness [95].
Soaking facilitates starch separation, followed by decreasing the seed hardness; thus, finer particles
will be obtained during milling. Aini et al. [46] also reported a significant increase in corn flour yield
recovery after pretreating the seeds with soaking for 60 h relative to 20 and 40 h. However, they
observed a decrease in yield recovery after 80 h due to more leaching of the seed chemical
components into the soaking water. In this study, the yield recovery after 48-h soaking was not
significantly different from that of 72 h, and no difference in chemical composition was noted (Table
5); thus, 48 h was chosen as the optimal soaking time for corn seed. The yield recoveries found for
48-h soaking (51.16% and 63.97% for the local Sumenep and HJ 21 varieties, respectively) were
greater than the value (49.50%) for 60-h soaking [46].
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3.4. Chemical composition of soybean and corn flours

In this study, soaking facilitated the removal of the soybean seed coat, the pericarp, and the
germ of the corn kernel. This may occur due to absorption or hydration of water by the seed until it
achieves the equilibrium moisture content, and the texture becomes soft. Complete hydration for
soybean seeds by soaking at 37 °C occurs after 6 h, with approximately 140% of the initial weight [96].
As a consequence, the moisture content of the soaked seed remarkably increases. After soaking for
12 h, chickpeas, lentils, and beans showed a moisture increase from 10.46%—12.22% to 66.78%—
73.06% [97]. However, Tables 4 and 5 show that the longer the soaking time, the lower the moisture
content of the flour, suggesting that both flours prepared from the soaked seeds had lower moisture
content than the unsoaked seeds. Penetration of water into the intercellular space of the seeds,
followed by solubilization and leaching of soluble solids into the soaking water, causes loss of the
seed mass integrity [80]. In soybean seeds, this leaching process is mainly associated with the loss of
soluble carbohydrates, such as sucrose and raffinose family oligosaccharides, which contributes to a
reduced mass integrity and facilitates an effective moisture removal during drying. Thereby, the seed
intercellular moisture would be more easily evaporated during subsequent oven-drying after soaking,
giving a lower moisture content of the final flour. Similar findings were also obtained for soybean
flour pretreated with seed soaking, which had a moisture content of 8.80%, 6.80%, 6.90%, and 6.70%
for 0, 24, 48, and 72-h soaking, respectively [98], while it was similar for maize flour pretreated with
0-h soaking (10.10%) compared to 48-h soaking (10.50%) [75]. Another reason may be due to the
occurrence of intermolecular cross-linking among hydrophilic molecules in the seeds due to higher
temperature, resulting in reduced hygroscopic capacity of the flour [75].

In terms of variety, both soybean varieties showed similar flour moisture after 48-h soaking
treatment (Table 4), while it was the 72-h soaking for both corn varieties (p < 0.05) (Table 5). Seed
structure, shape, size, porosity, and coat thickness, as well as the chemical composition that dictates
the water absorption and penetration during soaking [87], may determine the final moisture of the
flour obtained after the oven-drying and milling process. The local corn variety had greater seed bulk
density and hardness relative to the improved variety (Figures 1 and 2); thus, a longer time is likely
required to absorb water and equilibrate, giving a higher moisture content after 48 h of soaking (Table 5).

The drying process of the soaked seeds also considerably determined the amount of moisture in
the flour. As the oven-drying temperature and time applied in this study were the same, such seed
physical and chemical characteristics may also affect the drying process (moisture evaporation) and
dictate the flour moisture content. Low moisture content is essential to minimize the flour
deterioration during storage due to microbial growth and chemical reactions, resulting in prolonged
shelf life [99]. The flour moisture contents investigated in this study have met the national standard
quality, with a maximum of 10% for soybean and corn flours [100,101], reflecting the effectiveness
of oven-drying as one of the most economical and widely used methods in the food processing
industry [102].

The ash contents of soybean flour significantly decreased following the soaking time, with the
lowest value noted after 72-h soaking (Table 4). Slightly higher ash contents were seen in Dering 1
relative to the local variety (Table 4), according to the initial contents in their seeds (Table 1). Ash
content represents the mineral composition of the seeds, and during soaking, some minerals are lost
due to leaching into the soaking water. About 5%, 5%, and 4% reduction of Fe, Zn, and Ca,
respectively, were noted during soaking of soybean for 12 h [103]. Another study also reported that
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the ash content of some legumes (peas, lentils, chickpeas, and beans) and cereals (oat and wheat)
reduced by 6.91%—17.90% and 3.00%—6.90%, respectively, during 12-h soaking [97].

In contrast, corn flour showed a different response to soaking time. The ash content increased
after 24 and 48 h of soaking for both corn varieties, followed by a decrease at 72 h (Table 5). The
initial increase in ash content may be explained by a relative concentration effect, where the loss of
soluble organic components during early soaking stages increased the proportion of minerals in the
dry matter. However, prolonged soaking for 72 h likely enhanced mineral diffusion into the soaking
water, resulting in a reduction in ash content. The relatively harder kernel structure of corn compared
to soybean may have limited water penetration and mineral loss during the early soaking stages,
delaying leaching effects until extended soaking occurred. Despite these changes, the ash contents of
both soybean and corn flours remained below the maximum limits specified by national quality
standards for soybean flour (6% ww) and corn flour (1.5% ww) [100,101].

The fat contents of soybean and corn flours slightly decreased after 48-h soaking, but then
increased with prolonged soaking up to 72 h (Tables 4 and 5). Dering 1 soybean variety had a
slightly greater amount of fat relative to the local variety, while it was similar for both corn varieties,
following their initial values (Table 1). El-Safy et al. [97] also found a reduced fat amount in some
legume seeds after soaking for 12 h due to lipase activity. However, Suri & Tanumihardjo [88] noted
an increase in fat content of soybean flour from 22.60% up to 25.50% and 27.20%, respectively,
after pretreating the seeds with 24 and 48-h soaking, as well as in maize flour from 11.40% up to
11.80% after 48-h soaking [75]. Leaching of solid materials into the soaking water may result in a
greater proportion or concentration of fat per unit weight of the flour [75].

A significant decrease in protein content was noted for soybean flour pretreated with soaking,
both for the local and Dering 1 varieties, which was about 4.80% and 11.40%, respectively, after 72
h (Table 4). Loss of soluble protein, particularly albumin, may occur during seed soaking, thereby
decreasing the amount of protein [80]. Soybean protein predominantly consists of globulin (50%—70%) and
albumin (8%-20%) [104]. Globulin, which is primarily not soluble in water, may also decrease
during soaking, concerning its structure, which is facilitated with hydrophilic N-terminal amino acid
groups on the molecule's surface, whereas hydrophobic groups exist inside the molecules. These
hydrophilic properties promote water absorption up to 180% of the seed dry matter mass up to 12-h
duration, resulting in swollen seeds. This physical change is subsequently followed by biochemical
processes, including protein hydrolysis in relation to the activity of preexisting endoenzymes in the
seeds, leading to the accumulation of albumin fraction and peptide residues [105]. As they are
water-soluble, they would be easily released into the soaking water. In addition, natural fermentation
may take place after 48 h of soaking, associated with the growth and activity of multiple
microorganisms, resulting in variable metabolisms, including enzymatic hydrolysis of protein that
could contribute to decreasing the protein content [98]. During soaking for 24 and 72 h, Agume et al. [98]
also reported 5% and 22% reduction, respectively, in total protein of soybean flour.

Table 5 shows that the protein content of soaked corn flour is similar to that of unsoaked flour.
However, the results show an increase in protein in the local Sumenep variety over time (48—72 h),
while HJ-21 decreased at 24 h but increased at 48—72 h. The initial decrease in HJ-21 is likely due to
the harder texture of corn kernels compared to soybeans, resulting in minimal protein release into the
soaking water. Sayar et al. [80] reported only a 0.08% protein loss after 15 h of chickpea soaking and
observed no significant increase in soluble protein in sorghum during soaking/fermentation, as the
major corn proteins, namely prolamin (60%) and glutelin (34%), are water-insoluble. The increase in

AIMS Agriculture and Food Volume 11, Issue 1, 40-71.



53

protein after 48 h in both varieties was due to enzymatic hydrolysis/depolymerization of proteins by
microbial activity during spontaneous fermentation, resulting in higher soluble protein (0.9% dw).

Table 4 shows that the carbohydrate contents of both soybean flours significantly decreased
during soaking, and lower values were seen in the improved variety (Dering 1). This decrease in
carbohydrates is mainly due to starch (amylose) leaching into the soaking water. Sayar et al. [80]
recorded 2.51% of total solid loss during 15-h soaking of chickpea, and carbohydrate accounted for
88% of such loss, followed by protein (3%). Meanwhile, Wang et al. [96] recorded a total solid loss
of 10% after 24-h soaking of soybean. In addition, natural or spontaneous fermentation may occur,
particularly after 24 h of soaking, due to the activity of molds and yeasts with amylolytic enzymes
that hydrolyze starch into soluble sugars. These sugars are further fermented into lactic acid by lactic
acid bacteria, which are typically present after 36 h of soaking [75,105]. This results in a lower
carbohydrate content of the soaked soybean seeds. Sour taste/aroma, unclear soaking water, and pH
reduction indicate the proliferation of lactic acid bacteria and their metabolic activities during
soaking [39].

Table 4 presents a significant increase in amylose content of soybean flours by 1.00% during
72-h soaking, and slightly greater values were determined for Dering 1 relative to the local Sumenep
variety. It is assumed that prolonged soaking may lead to starch hydrolysis, including
depolymerization of the outer amylopectin branch chains, converting its structure into linear chains
similar to amylose, thus increasing the apparent amylose content [106]. A previous study reported the
presence of yeast, molds, and lactic acid bacteria as the primary microorganisms in soaking water at 15
and 35 °C [107]. Organic acids produced by these lactic acid bacteria also contribute to amylopectin
depolymerization, resulting in linear residues. These linear chains form a significant blue color when
reacting with iodine and are detected as amylose [108].

Conversely, the carbohydrate contents of corn flours derived from two varieties were likely not
significant before and after pretreatment with soaking (Table 5). Ntso et al. [75] observed a decrease
in pH from 6.54 to 6.39 during soaking of corn seeds for 48 h as a result of lactic acid bacteria
activity, predominantly L. fermentum and L. brevis, that convert the soluble sugar into lactic acid
through fermentation. Such soluble sugars are produced by molds and yeast, which were
preliminarily present in the soaking water up to 36-h soaking [106]. The amount of soluble sugar was
noted to be the same as the initial content up to 24-h soaking, but significantly decreased by 50%
after 48 h. Nevertheless, such significant changes in carbohydrates were not seen in this study, which
showed only a trace decrease in fat content and relatively similar protein content after soaking (Table 5).

The amylose content of the local variety of corn flour was not significantly different, although
the 48-h soaking treatment resulted in slightly decreased values, while the average value was similar
for all soaking treatments. The amylose content of corn in all soaking treatments was in the 18.32%—
21.53% range. Similarly, in the improved variety HJ 21, soaking did not cause a difference in
amylose content (Table 5). Arifin et al. [106] recorded a decrease of 1.15% in the amylose content of
non-glutinous corn flour after soaking for 72 h. Following the carbohydrate content, it is likely that
the dissolution of amylose and the debranching process of amylopectin into a linear starch structure
(amylose) occurred at a lower rate for both corn flours compared to soybean flour.
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3.5. Pasting properties of soybean and corn flours

The pasting properties of flour are essential for understanding its potential applications in
commercial food processing. Table 6 presents the pasting properties of soybean and corn flours from
both local and improved varieties pretreated with different soaking times. The first property is
gelatinization temperature, which represents the temperature at which starch granules begin to swell,
lose their crystalline structure, and increase the viscosity of the surrounding medium [109]. Soybean
flour exhibited a higher gelatinization temperature, ranging from 85.40 to 93.00 °C, relative to corn
flour (72.35-75.65 °C). This is related to a much higher content of protein and fat in soybean flour,
while the amounts of carbohydrate and amylose were much lower compared to those of corn flour
(Tables 3 and 4). During the gelatinization process, starch has an important role in water absorption
and swelling of the granules. Therefore, the presence of non-starch components, particularly protein
and fat in soybean flour, would interfere with its capacity to absorb water [65], thus requiring a
longer time and higher temperature to be gelatinized. Protein, in particular, can compete with starch
in absorbing water, resulting in a weak starch—water interaction [110]. Also, the formation of an
amylose—lipid complex may inhibit the penetration of water into the starch granules, granule
swelling, and solubilization of amylose [110].

Soybean flour prepared from local and improved varieties, as well as different soaking times,
showed a varied gelatinization temperature. Soaking time likely accelerated the onset of
gelatinization and increased the gelatinization temperatures in soybean flour slurry derived from
Local Sumenep. However, such a phenomenon was not seen for the Dering 1 variety, even though
the gelatinization temperatures were not detected for the flour that underwent 0 and 24-h soaking
times. High protein and fat contents of the flour existing in these two soaking treatments may
contribute to such findings, in addition to their differences in starch chain structure and
composition (amylose and amylopectin) [111]. Aini et al. [46] revealed that the presence of fat
would increase the gelatinization temperature as the amylose-fat complex tends to prevent excessive
starch granule development. Thus, gelatinization might occur at a temperature higher than the range
applied in this study, or no gelatinization actually occurs. Meanwhile, similar gelatinization
temperatures of corn flours prepared from two varieties were noted for different soaking times, likely
due to insignificant changes in chemical composition, particularly carbohydrate and amylose of the
flour (Table 4). Higher gelatinization temperatures (81.70—88.50 °C) of maize flour pretreated with
20-80 h soaking time were reported by Aini et al. [46], suggesting that maize cultivar, origin, and
flour processing method may contribute to such differences.

Peak viscosity (PV) refers to the highest viscosity attained during gelatinization and represents
the ease of cooking and the strength of the starch gel formed from the flour during processing [94].
Table 6 shows that soybean flours had quite low peak viscosity, meaning that there was no change in
viscosity during heating. This may be due to low contents of carbohydrate and amylose in soybean
flour (Table 3) as well as the complexity of starch—fat—protein interaction, which may alter the starch
pasting and gelatinization kinetics [98,110]. Similarly, no peak viscosity of both soaking
treatments (0 and 24 h) for the Dering 1 variety can be visualized following their undetected
gelatinization temperatures. This implies that no gelatinization or quite a low rate of gelatinization
might occur during the heating of the soybean flour slurry.
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Table 4. Chemical composition of soybean flour derived from two varieties and treated with different soaking times.

Variety Soaking time Moisture Ash Fat Protein Carbohydrate Amylose
(h) (%) (% dw) (% dw) (% dw) (% dw) (% dw)
Local 0 7.25 +0.06° 521+0.07° 19.22 +0.02° 43.36 + 0.24° 32.12 +0.74¢ 1.85 +0.03°
Sumenep 24 5.17+0.01¢ 4.48 +0.03° 19.63 + 0.04° 40.84 + 0.24° 32.17+0.13¢ 2.36+0.11%
48 441+0.08° 4.40+0.07¢" 20.82£0.01° 40.22 +0.14¢ 30.89 + 0.26¢ 2.20+0.13¢
72 4.80 £ 0.03¢ 4.30+0.02° 2221+0.11° 38.53 +0.56° 26.60 £ 0.13° 2.86+0.02°
Dering 1 0 6.140.31° 510+0.11% 18.97+0.11¢ 45.05 + 0.50° 33.03+0.18° 2.22+0.03¢
24 4.32£0.01° 5.05 £ 0.03% 17.79 £0.02" 43.28 +0.48° 3536 +0.38" 1.69+0.17¢
48 432 +0.06° 4.95+0.13° 20.18 + 0.06¢ 39.00 + 0.35° 28.50 £ 0.48° 2.45 +0.25°
72 5.13+0.09¢ 4.69 +0.01¢ 22.88+0.18° 38.78 + 0.16° 23.45+0.26¢ 3.21 +0.04°
Values within a column followed by different letters are significantly different (p < 0.05).
Table 5. Chemical composition of corn flour derived from two varieties and treated with different soaking times.
Variety Soaking time  Moisture Ash Fat Protein Carbohydrate Amylose
(h) (%) (% dw) (% dw) (% dw) (% dw) (% dw)
Local 0 7.30 £ 0.00° 1.30 +0.04° 4.60 + 0.09% 8.47 +0.354 84.50 £ 0.252 20.04 + 1.04%
Sumenep 24 7.43 £0.23¢ 1.36 +0.19% 4.17+0.15¢ 8.73 +0.26" 84.60 £ 0.62° 20.71 £0.17%®
48 7.20 + 0.30° 1.45 +0.08% 439 + (.19« 9.09 + 0.65%<d 83.18 +0.72° 18.32+3.21°
72 6.25+0.21¢ 1.35+0.19% 5.07 +0.10° 8.58 + (.10 84.73 + 0.30° 21.01 + 0.46*
HJ 21 0 8.80 + 0.01° 1.40 +0.16% 4.65+0.07° 9.38 +0.20% 83.09 + 0.32° 19.87 £0.12%
24 8.03 +0.58° 1.48 +0.35% 4.25+0.204 9.22 +0.50%¢ 83.73 + 1.07% 19.63 +1.57%
48 6.58 +0.434 1.68 +0.25° 4.66 + 0.06° 9.52 + 0.40° 83.03 + 0.54° 20.36 +0.72%
72 6.37 +0.22¢ 1.37 + 0.09% 5.02+0.16° 9.61 £ 0.26° 82.91 + 0.56° 21.53+0.512

Values within a column followed by different letters are significantly different (p < 0.05).
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Table 6. Gelling properties of soybean and corn flours pretreated with different soaking times.

Variety Soaking Gelatinization Peak Hold Final Breakdown  Setback

time temperature viscosity  viscosity  viscosity viscosity viscosity
(h) (0 (cP) (cP) (cP) (cP) (cP)

Soybean:

Local 0 85.40 2.50 - 25.00 - 22.50

Sumenep 24 77.50 2.50 - 20.00 - 17.50
48 93.00 2.50 - 27.50 - 25.00
72 92.80 2.50 - 30.00 - 27.50

Dering 1 0 - - - - - -
24 - - - - - -
48 92.60 2.50 - 25.00 - 22.50
72 87.35 2.50 - 30.00 - 27.50

Corn:

Local 0 75.65 192.50 662.50 2147.50 —470.00 1485.00

Sumenep 24 73.50 303.33 1725.00  4977.50 —1421.67 3252.50
48 72.35 181.66 903.30 2476.70 —721.64 1572.70
72 73.85 223.33 691.70 2181.70 —468.40 1490.00

HJ 21 0 75.50 117.50 960.00 3262.50 —842.50 2302.50
24 73.75 201.67 947.50 2607.50 —745.83 1660.00
48 72.35 126.67 506.70 1655.00 —380.03 1148.30
72 74.10 143.33 422.50 1250.00 —279.17 827.50

In contrast, corn flours showed a decrease in peak viscosity with prolonged soaking, except for
the 24-h soaking, which exhibited the highest value. Zaidul et al. [112] reported a negative
correlation between peak viscosity and amylose content. Soaking leads to starch leaching, especially
amylose, the amorphous starch constituent, as a result of enzymatic hydrolysis and starch
degradation, causing a diminished peak viscosity [46]. Natural fermentation, including soaking,
previously demonstrated a reduction in starch viscosity of corn flour [65]. A similar finding was also
noted for fermented corn flour with L. bulgaricus and L. casei [94]. Modified corn flour with lower
peak viscosity may broaden its application in various food products, including starch-based infant
foods. In contrast, flour with high peak viscosity often exhibits weak paste stability as viscosity rises
sharply to a peak and then rapidly declines due to the disruption of cohesive forces, leading to
structural breakdown [113].

Hold viscosity (HV) shows the slurry viscosity measured at 95 °C, while breakdown viscosity
(BV) is the difference between peak viscosity (PV) and hold viscosity (HV) when held at 95 °C for
10 min [114]. HV is the ability of starch paste to withstand shearing force at 95 °C. Table 6 shows
the absence of HV and BV data for all soybean flours. Meanwhile, relatively high HV of both corn
flours was noted, reflecting that the viscosity considerably increased after achieving peak viscosity.
However, extending soaking time resulted in lower HV values of corn flours. HV is influenced by
various physical changes occurring in the tested material. Soaking increases the water content of the
material, causing the starch granules to become hydrated and easily break down when stirred at high
temperatures. This resulted in a decrease in HV, which decreased with longer soaking times.
Annealing during the soaking process causes the rearrangement of starch crystals; as a result, longer
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soaking times-result in more organized starch crystals, which can result in lower HV. If fermentation
occurs during soaking, degradation of amylose and amylopectin may take place, and heating reduces
gel strength and consequently decreases HV. In soybean flours, HV was not detected due to the low
carbohydrate content, which was insufficient to induce measurable viscosity changes during heating
at 95 °C. Further heating at 95 °C for 10 min would normally weaken the swollen starch granules
and partly break them into polymers and aggregates, leading to a decrease in viscosity due to
amylose leaching and an increase in BV. Both flours markedly exhibited a decline in BV along with
longer soaking time, showing the lowest value in the 72-h treatment (Table 5). A flour slurry with
low BV normally has high stability during heating. Although it was not significant, slightly higher
amylose content of both corn flours pretreated with 72-h soaking may contribute to such a finding [114].

Final viscosity (FV) measured at 50 °C normally shows an increase in viscosity, reflecting the
slurry's ability to form a gel [115], while setback viscosity (SV) is the difference between FV and
HV. SV exhibits the starch gel tendency to retrograde upon cooling and gel stability [114],
suggesting that high SV would give a firm and stable gel. Soybean flours demonstrated extremely
low SV, ranging from 17.50 to 27.50 cP (Table 6), reflecting that the gel formed was very weak and
runny. As previously discussed, the presence of high amounts of protein and fat in soybean flour
alters the starch gelatinization behavior. Soaking slightly increased the SV, which might be related to
the higher content of amylose with longer soaking time (Table 3). Similar results of SV (6-26 cP)
were also recorded by Agume et al. [98] for soybean flours that underwent 0-72 h soaking
treatments. These findings suggest the limitation of single soybean flour application for gelatinized
food products, such as porridge and infant foods, puddings, pasta, and bakery products. Therefore,
soybean flour is better applied as a composite ingredient, blended with other starchy flours, like
cereals, roots, and tubers, particularly to improve the nutritive value, functional properties, and
sensorial attributes of the products [116-118].

Conversely, corn flours showed a significant increase in FV, resulting in a high SV (Table 6).
Higher FV was observed for the local Sumenep variety relative to Dering 1, as illustrated in Figure 5,
suggesting that the flour had strong retrogradation capacity and a more stable gel. The rate of
retrogradation depends on many factors, including the amylose-to-amylopectin ratio, temperature,
starch concentration, and the presence of organic and inorganic compounds [119]. Longer soaking
time (0 up to 72 h) decreased the FV and SV of HJ 21 corn flour by 61.70% and 64.10%,
respectively, resulting in lower thickening behavior of the gel compared to the unsoaked flour. This
indicates that the HJ 21 variety benefits from extended soaking to improve the starch functionality.
However, the values of FV and SV obtained from such soaking treatments were similar for local
Sumenep corn flour (Table 6), suggesting that a prolonged soaking time of more than 72 h applied
in this study was likely required to lower its FV and SV. Based on its gelling properties, corn starch
can be used alone as an ingredient in starch-based food products, such as porridge, pudding, bread,
and noodles. Nevertheless, differences in peak, hold, and final viscosities in relation to
varietal/genetic factors might need further soaking time optimization. This is essential as soaking can
also reduce cooking time, improve digestibility, and enhance product acceptability, which is
particularly valuable for the utilization of local food crops in rural areas. Furthermore, the simplicity
and cost-effectiveness of water soaking as a pretreatment support its economic feasibility.

AIMS Agriculture and Food Volume 11, Issue 1, 40-71.



58

6000

6000 r100
90
5000
5000 L 20
9 L [}
& 4000 2 & 4000 % o
~ o S 60 ©
= B S
5 3000 5 2 3000 Lso 2
S @ ol put
O % [
R = % F40 o
S 2 £ 2
2000 S > 2000 - g
= -
1000 1000 20
F10
0 0 — 0
1 4 71013161592225283134374043 1 5 9 1317 21 25 29 33 37 41 45
Time (minute) Time (minute)
w— 0 h — 24 h e () h — )4 h
— 43 h 72h — 48 b 72h
e Temperature —— Temperature
(a) (b)

Figure 5. Visco-amylograph profiles of corn flour derived from the local Sumenep
variety (a) and HJ 21 variety (b), pretreated with different soaking times.

3.6. Economic feasibility of soybean and corn flour processing

Table 7 shows the capital investment needed for purchasing the tools and machinery to produce
soybean and corn flours at a home-scale processor. The largest cost component was associated with
machinery procurement, particularly the cabinet dryer, which accounted for approximately 83.1%—
85.0% of the total investment. A similar finding was reported by [120] for small-scale cassava flour
production, in which approximately 80% of the total capital investment was allocated to the
procurement of tools and machinery.

The total cost of soybean and corn flour production includes fixed and variable costs, where the
variable costs consist of raw material expenses and other costs, such as packaging materials,
electricity, water, and labor costs (Table 8). The highest proportion of standard production costs was
attributed to the purchase of raw materials, accounting for 86.50% for soybeans and 78.30% for corn
kernels. Based on the yield recovery of soybean flour presented in Table 2, we used the value
obtained from Dering 1, an improved variety, for the proper 24-h soaking time (53.60%). Using a
selling price of IDR 60,000 or 3.75 USD per kg at retail market price, the potential profit gained
from normal soybean flour production with a capacity of 100 kg was approximately IDR 1,693,949
or 105.87 USD. The B/C ratio was 1.11, suggesting that soybean flour production can be developed
as a profitable home-scale business, as for every IDR 1,000 spent on production costs, it will
generate a profit of IDR 1,110.
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Table 7. Capital investment for tools and machinery needed for running a home-scale production of soybean and corn flours.

Tools and machinery " Price per Soybean flour Corn flour
unit Normal investment Adjusted investment Normal investment Adjusted investment
(IDR000) ¥ (Sumenep case) (Sumenep case)
No. of Amount No. of Amount No. of Amount No. of Amount
unit(s) (IDR000) unit(s) (IDR000) unit(s) (IDR000) unit(s) (IDR000)
Manual soybean dehuller 2,631.50 1 2,631.50 1 2,631.50 - - - -
Flour milling machine 3,185.00 1 3,185.00 1 3,185.00 1 3,185.00 1 3,185.00
Electric cabinet dryer (12 shelves) 13,935.00 1 13,935.00 0 0.00 1 13,935.00 0 0.00
Digital scale (40 kg) 205.00 1 205.00 1 205.00 1 205.00 1 205.00
Plastic sealer 234.00 1 234.00 1 234.00 1 234.00 1 234.00
80-mesh sieve 175.00 2 175.00 2 350.00 2 350.00 2 350.00
Drainer/strainer 52.00 5 52.00 5 260.00 5 260.00 5 260.00
Medium plastic tray 17.00 5 17.00 5 170.00 5 170.00 5 170.00
Big plastic basin 66.40 10 66.40 10 664.00 10 664.00 10 664.00
Big wood spoon 12.50 2 12.50 2 50.00 2 50.00 2 50.00
Bamboo tray 17.00 10 17.00 20 340.00 10 170.00 20 340.00
Plastic container box (150L) 250.00 6 250.00 6 1,500.00 6 1,500.00 6 1,500.00
Total investment (IDR000) 23,244.50 9,479.50 20,613.00 6,678.00

Y Data for tools and machinery were collected during the preparation of flour.

2 Based on the marketplace price when the study was conducted.
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Table 8. Components of soybean and corn flour production cost and its economic feasibility 2.

Description

Soybean flour

Corn flour

Standard production cost

Adjusted production cost (Sumenep)

Standard production cost

Adjusted production cost (Sumenep)

No. of Price per unit Amount No. of Price per unit Amount No. of Price per unit Amount No. of Price per unit Amount
units (IDR) " (IDR) units (IDR) " (IDR) units (IDR) » (IDR) units (IDR) » (IDR)
Fixed costs
1. Depreciation cost - 8,766 8,766 - 42359 4,235 - 7,889 9 7,889 - 3,244 9 3,244
2. Maintenance cost * - 877 877 - 423 423 - 789 789 - 324 324
Total fixed costs (A) 9,643 4,658 8,678 3,258
Variable costs
1. Soybeans (kg) 100 13,170 1,317,000 100 13,170 1,317,000 100 7,300 730,000 100 7,300 Y 730,000
2. Packaging (1 kg) 65 313 20,345 65 313 20,345 57 313 17,841 57 313 17,841
3. Electricity and water - 15,063 15,063 - 1,687 1,687 - 15,487 15,587 - 17,940 2,110
4. Labor 2 80,000 160,000 2 80,000 160,000 2 80,000 160,000 2 80,000 160,000
Total variable costs (B) 1,512,408 1,499,032 923,328 909,951
Total production costs (A + B) 1,522.051 1,503,690 932,006 913,209
Flour yield recovery (%) 53.69 53.69 64.0% 64.0%
Production (kg) 53.6 53.6 64.0 64.0
Price (IDR) 60,000 7 60,000 7 35,000 35,000
Revenue (IDR) 3,216,000 3,216,000 2,240,000 2,240,000
Income (IDR) 1,693,949 1,712,310 1,307,994 1,326,791
Revenue-cost (R/C) ratio 2.11 2.14 2.40 2.45
Benefit-cost (B/C) ratio 1.11 1.14 1.40 1.45

9 Calculated based on the capacity of 100 kg of soybean seeds or corn kernels per batch of production. V Data collected from many sources throughout the study. ? Depreciation cost was estimated from the economic life of tools (1-5 years) and

machinery (10-20 years) and respective price as listed in Table 7. ¥ Maintenance cost was calculated as 10% of depreciation cost. ¥ Assuming that the effective production time was 300 days per year. * National average price for dry imported

soybeans and corn kernel (for feed purpose) at a retail level in 2024 (Source: https:/panelharga.badanpangan.go.id/) and converted into 1 USD at a rate of IDR 16,000. © Soybean flour yield recovery of Dering 1variety with optimal 24-h

soaking time (Table 2). ” The price was collected from one of the online marketplaces (Tokopedia) for organic soybean flour produced by Moringa Pangan Aman, Sleman Regency, as of May 29, 2024. ® Corn flour yield recovery of HJ 21

variety with optimal 48-h soaking time (Table 3). ? The price of corn flour was collected from one of the online marketplaces (Tokopedia) for “Mugo” commercial corn flour, as of May 29, 2024.
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Taking into account the relatively low socio-economic conditions of most soybean farmers in
the Sumenep region, particularly those with limited capital for soybean flour processing, the initial
investment cost can be reduced by replacing the oven-drying method with sun-drying. This allows
the electric oven to be excluded from the process (Table 7). In addition to the limited investment
capital, sun-drying is also more feasible in this region due to the environmental temperature, which
can reach up to 35 °C on sunny days, especially during the dry season (June—November) [121].
Under such conditions, the drying process takes 3—4 days to complete. This would consequently
reduce the capital investment (Table 7) and the flour production cost, particularly the equipment
depreciation and maintenance costs, as well as the electricity cost (Table 8). A higher profit margin
can be obtained with an R/C ratio of 2.14 and a B/C ratio of 1.14 (Table 8), reflecting that soybean
flour production would be profitable and feasible in the Sumenep region.

Table 8 also indicates that home-scale corn flour processing is economically feasible and
profitable for development. Using the highest yield recovery of corn flour for HJ 21 (improved
variety) with a soaking time of 48 h, ca. 64.0% (Table 3), and a selling price of corn flour at the retail
level of IDR 35,000 or 2.19 USD per kg, it is estimated that the potential profit would be
approximately IDR 1,307,994 or 81.75 USD. The B/C ratio was 1.40, reflecting a generated profit of
IDR 1,400 for every IDR 1,000 spent on the production cost. Similarly to soybean flour processing,
replacing oven-drying with sun-drying would reduce capital investment and production costs,
resulting in higher profit margins, with an R/C ratio of 2.45 and a B/C ratio of 1.45 (Table 8).
Consequently, corn flour production represents a profitable and feasible business opportunity in the
study area.

Soybean and corn flours can be used alone or as composite flours and blended with other flours
to produce diverse food products, such as noodles, porridge, cakes, and bread [121-125], thereby
promoting utilization diversity and supporting the availability of nutritious, affordable foods derived
from local sources. Increased demand for these flours would ultimately stimulate greater production
of both crops to meet raw material requirements.

4. Conclusions

Soaking as a pretreatment for soybean and corn flour production influenced the
physicochemical and pasting properties of both local and improved varieties. Improved varieties
exhibited higher flour yields than local varieties. Based on nutritional, physical, and functional
properties, a 24-h soaking pretreatment was optimal for soybean seeds, whereas a longer duration (48
h) was more suitable for corn. Home-scale production of soybean and corn flours is economically
feasible and profitable, as indicated by favorable B/C ratios, highlighting the potential for developing
soybean and corn flour—based food products in the study area.
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