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ABSTRACT

Legumes are plants of the family Leguminosae with seed pods that split into two halves. Black soybean seed coat 
contains numerous bioactive compounds having radical scavenging, anti-tumor, and anti-carcinogenic activities. This 
study was aimed to assess the effect of soaking, germination, natural fermentation, and roasting on nutritional and anti-
nutritional components, minerals (Fe, Zn, Mn, and Cu), and bioactive components of the black soybean. The effect of 
soaking was studied at 12 and 24 h while that of germination at 24, 48, and 72 h. The results revealed that the phenolic 
contents augmented significantly (P ≤ 0.05) in germination, fermentation, and roasting by 11.49%, 8.96%, 2.95%. 
Further, there was an 11.84% and 22.13% increase in the protein contents during the germination and fermentation 
processes, respectively. The antioxidant activity of processed grains increased significantly (P ≤ 0.05) during 
germination, fermentation, and roasting by 72.51, 10.14, and 9.64%, respectively. The anti-nutritional compounds 
such as phytic acid and tannin contents decreased significantly (P ≤ 0.05) during processing treatments. Phytic acid 
decreased to the extent of 34.04, 51.06, and 13.47% and tannin contents as 47.22, 75, and 38.89%, after germination, 
fermentation, and roasting processes, respectively. A significant (P ≤ 0.05) increase in mineral contents was observed 
after the germination, fermentation, and roasting of the black soybean.

1. INTRODUCTION

There is great importance of pulses in human nutrition as these provide 
a sufficient amount of proteins, calories, vitamins, minerals, and other 
bioactive components [1]. The popularity of soybean is growing 
at faster rate as these are rich sources of micronutrients such as Fe, 
Zn, and Ca and have low glycemic index. The production of soybean 
showed increasing trend from 454.50 kg/ha in 1961 to 927.80 kg/ha in 
2020 in India. The overall production of soybean in world was 385.85 
million metric tonnes during 2019–2020 [2]. Besides nutraceutical 
components, seed comprises numerous essential isoflavones, 
namely, daidzein and genistein having medicinal properties [3]. The 
soybean seed coat is rich in several bioactive components having 
radical scavenging, anti-tumor, and anti-carcinogenic activity [4]. It 
is nutritionally rich and comprises higher contents of carbohydrates 
(30%), proteins (32.1–39.8%), fats (10.8–19.6%), dietary fibers 
(21.77–30.31%), and minerals (3.93–6.15%) including phosphorous, 
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iron, potassium, sodium, zinc, copper, and manganese. Besides, higher 
content of vitamin B comprising vitamin B1, B2, B3, B5, and B6 is 
present in different cultivars of soybean [5].

Black soybean (Glycine max L. Merrill) has recently received 
considerable attention due to its high nutritional value and availability 
as an ingredient in various foods and folk medicines in Asia. Out of 
the supposed medicinal components in black soybean, the common 
chemical components are anthocyanins [6], isoflavones such as 
phytoestrogens [7], oligosaccharides, and saponins [7]. Soybean 
contains anti-nutritional factors such as tannin and phytic acid. These 
anti-nutritional factors, especially phytates, are powerful chelating 
agents that reduce the bioavailability of divalent cations such as zinc, 
iron, and calcium by the formation of insoluble phytates [8].

Traditional processing treatments such as soaking, fermenting, 
germinating, and roasting have been utilized for improving the 
nutritional value of cereals and pulses [9]. The germination process is 
widely used in cereals and legumes for increasing the nutritive value 
mainly through the breakdown of anti-nutritional components  [10]. 
Processing techniques responsible for decreasing the anti-nutritional 
factors as well as minimizing the losses of micronutrients are of great 
interest to scientists. The thermal, as well as biological processing 
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treatments, have the potential to increase the bioavailability of 
nutrients in foods [9,11]. These techniques lead to a decline in anti-
nutrients such as phytic acid and increase the solubility of minerals in 
foods resulting in an improved bioavailability of mineral contents in 
legumes and cereals. The study is aimed at investigating the changes 
in nutritional, anti-nutritional, and bioactive components of black 
soybean subjected to various processing treatments such as soaking, 
germination, fermentation, and roasting.

2. MATERIALS AND METHODS

2.1. Materials
The black soybean (VL-BHATT) used in the current research was 
procured from Vivekananda Parvatiya Krishi Anushandhan Sansthan, 
Almora. The chemicals utilized were bought from standard companies 
such as Merck India, BDH chemicals, Hi-Media, Qualigens, and 
Sigma.

2.2. Physicochemical Characteristics
The physicochemical assessment of raw soaked, germinated, 
roasted, and fermented black soybean was done at the laboratories 
of the Eternal University, Baru Sahib, Sirmour, India. The moisture 
content was estimated by following the air-oven drying method of 
AOAC [12]. The crude fiber was determined using Fibroplus (Pelican 
Inc.) and crude protein contents using Kjeloplus (Pelican Inc.). The 
crude fat contents were assessed by the equipment Soxoplus (Pelican 
Inc.), and ash contents were measured, as per the technique defined by 
Ranganna [13]. The total carbohydrates were calculated by deducting 
the sum of moisture, protein, fat, fiber, and ash content out of 100. 
The calorific value (kcal/g) was calculated by multiplying the contents 
of crude protein, fats, and carbohydrates with the Atwater factors of 
4.0, 9.10, and 4.2, respectively [14]. The minerals were estimated 
as per AOAC [11] using Atomic Absorption Spectrometer (Agilent 
Technology). The antioxidant activity (AA) (%) was assessed according 
to the methodology discussed by Bouaziz et al. [15] and expressed as 
DPPH radical scavenging activity (% inhibition). The tannins (%) were 
determined as per the procedure defined by Saxena et al. [16]. The 
anti-nutrient phytic acid was evaluated as per the techniques given by 
Gao et al. [17]. Total phenolic contents (TPC) were determined using 
Folin–Ciocalteu reagent as discussed by Ainsworth and Gillespie [18] 
and expressed as mg GAE/100g.

2.3. Processing Treatments of Black Soybean
The soaking as well as the germination of black soybean seeds was 
conducted as per the methodology given by Egli et al. [19]. For soaking 
treatment, the grains of black soybean were cleaned manually and 
dipped in distilled water (1:5) for 12 and 24 h at ambient conditions 
and were subjected to oven-drying for 24 h at a temperature of 40°C. 
For germination, the 30  g seeds were taken for each treatment and 
immersed in 120 ml of water in a beaker for 16 h. The seeds were 
drained off, spread on a tray, and covered with a wet muslin cloth. 
The germination was conducted at 24, 48, and 72  h at 25°C in an 
incubator. The muslin cloth was kept wet by sprinkling with water 
frequently during germination. Seeds after germination were dried at a 
temperature of 40°C in a hot air oven for a period of 24 h.

For roasting treatment, seeds were heated on a hot plate at 180°C for 
10 s. The roasted seeds were cooled and converted to fine flour by a 
kitchen grinder (Sujata, Powermatic Plus) at high speed to obtain flour 
of fine particle size. The flour was sieved through a 60-mesh screen 
and stored in an airtight container at 4°C until further analysis. The 

process fermentation was conducted by mixing 100 g of black soybean 
flour with 300 ml of distilled water and kept in an incubator at 37°C for 
72 h. The microorganisms naturally present in soybean flour caused 
fermentation. The samples were mixed thoroughly every 12 h and the 
fermentation was conducted for different time intervals, that is, 12, 
24, and 36 h. The samples collected at each period were oven-dried at 
50°C, ground in a blender, and sieved by passing through a 60-mesh 
sieve [20] [Figure 3].

2.4. Statistical Analysis
The IBM SPSS Statistics 26 software was used for the analysis of 
data using one-way analysis of variance. The values in tables were 
presented as mean ± Standard Deviation and changes in values were 
considered significant at the level of P ≤ 0.05.

3. RESULTS AND DISCUSSION

3.1. Nutritional, Functional, and Anti-nutritional Components 
of Raw Black Soybean
The data on nutritional as well as anti-nutritional components are 
presented in Table  1. Black soybean contains 10.57% of moisture, 
16.36% of crude fat, 8.23% of crude fiber, 3.08% ash content, 
24.67% crude protein, and 75.33% of carbohydrates. Sumangala 
and Kulkarni  [21] reported that moisture, fat, protein, fiber, ash, 
carbohydrate, and calorific value of black soybean were 8.58%, 
17.86%, 42.35%, 6.30%, 5.82%, 19.60%, and 408.00 kcal/100g, 
respectively. Black soybean was found a rich source of polyphenolic, 
antioxidant, and anthocyanin components. It contained 56.56  mg 
GAE/100g of polyphenolic components, 27.69% AA, and 614.41 mg 
CGE/100g (Cyanidin 3-glucoside equivalent/100  g) of anthocyanin 
content. Choi et al. [22] reported that the AA, TPC, and anthocyanin 
content of black soybean ranged between 32.3 and 39.6%, 19.87–
46.25 mg GAE/g, and 45.47–1085.89 mg/100 g, respectively.

Anti-nutritional factors such as tannin and phytic content were reported 
as 0.24  mg/g and 1.51  mg/g, respectively. Rusydi and Azrina  [23] 
reported phytic and tannin content in black soybean flour as 0.63 mg/g 

Figure 1: Effect of processing treatments on anti-nutritional components of 
black soybean (RG-Raw grains, S12-Soaking for 12 h, S24-Soaking for 24 h, 
RSG-Roasted grains, G24-Germination for 24 h, G48- Germination for 48 h, 

G72-Germination for 72 h, NF12-Natural fermentation for 12 h, NF24-Natural 
fermentation for 24 h, NF36- Natural fermentation for 36 h).
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and 0.056 mg/g, respectively. The mineral contents such as Cu, Mn, 
Fe, and Zn have been reported as 0.76, 0.46, 5.97, and 1.21  ppm, 
respectively.

3.2. Effect of Processing Treatments on Nutritional and Anti-
nutritional Components of Black Soybean
3.2.1. Nutritional characteristics
The various changes in nutritional and anti-nutritional characteristics 
of black soybean were determined after soaking treatment of 12 (S12) 
and 24 h (S24), germination treatment of 24 (G24), 48 (G48), and 72 h 
(G72), natural fermentation treatment of 12 (NF12), 24 (NF24), and 
36  h (NF36), and roasting treatments (RS). The moisture contents 
decreased significantly from 10.57 in raw grains (RG) to 9.38 (G72) 
and fat content from 16.36 (RG) to 15.88% (G72), respectively, 
during the soaking and germination processing [Table 2]. A decrease 
of 11.25% in moisture content was recorded in samples subjected to 

germination for 72 h. Warle et al. [24] reported a 10% decrease in the 
fat content of soybean after germination.

The moisture content of fermented grains declined 
significantly (P ≤ 0.05) from 10.57 (RG) to 8.98% (NF36) [Table 3]. 
Babalola and Giwa [25] reported a decrease in moisture content after 
5  days of fermentation treatment of soybean. There was an 8.61% 
decrease in fat content and values decreased from 16.36 (RS) to 
14.95% (NF72). Inyang and Zakari [26] reported a 27.32% decline in 
fat content in pearl millet after fermentation processing. Xu et al. [27] 
observed a decline in fat content in grain after the fermentation process 
and associated it with higher lipolytic action of enzymes during the 
fermentation that caused the hydrolysis of fat components.

In the roasting process, the moisture content declined significantly 
(P ≤ 0.05) from 10.57% to 6.17%, whereas fat content increased from 
16.36% to 17.59% resulting in 7.51% increase in fat content [Table 4]. 
Oboh et al. [28] reported that fat content increased by 18.19% in yellow 
maize during roasting. They associated it with the breakdown of the 
bonds in the endosperm of maize due to high temperature resulting in 
the effective mobilization of the oil content in maize after the roasting 
process. The fiber content in black soybean increased significantly from 
8.23 to 9.94% resulting in a 20.77% rise during soaking and germination 
processing. Warle et al. [24] reported a 29.16% increase in crude fiber 
after G36 treatment and it has also been found to be associated with a 
significant augmentation in the cellular constituents such as cellulose, 
hemicelluloses, and lignin during the germination process. In case of 
fermentation, the crude fiber content decreased significantly (P ≤ 0.05) 
from 8.23% to 7.46% resulting in a 9.23% decrease after NF36 treatment. 
Babalola and Giwa [25] reported that the crude fiber decreased from 
20.16 to 17.20% after 5 days of fermentation treatment. This can be due 
to the degradation of the fiber components by fermenting microbes. 
In the process of roasting, there was a significant (P ≤ 0.05) decrease 
in crude fiber content and it declined from 6.23% to 6.12%. A similar 
decrease in crude fiber content has been reported by Oboh et al. [28] 
during the roasting of soybean seeds and attributed it to the structural 
changes in the cell wall.

The values for ash content diminished to a significant (P ≤ 0.05) 
level from 3.08% to 2.90% during the germination process. However, 
protein content augmented significantly from 24.67% to 27.59%. An 
increase of 11.83% in protein content was recorded after G72 treatment. 
Warle et al. [24] reported a 7.27% decrease in ash content and a 

Table 1: Nutritional, anti-nutritional, and bioactive composition of black 
soybean.

Parameters Raw grains

Moisture (%) 10.57±0.45

Fat (%) 16.36±0.01

Fiber (%) 8.23±0.03

Ash (%) 3.08±0.01

Protein (%) 24.67±0.02

Carbohydrates (%) 37.48±0.44

Calorific value (kcal/100g) 415.05±1.85

Tannin contents (mg/g) 0.36±0.01

Phytic acid (mg/g) 1.41±0.01

Antioxidant activity (% inhibition) 27.69±2.65

Total phenolic components (mg GAE/100 g) 56.56±0.79

Anthocyanin contents (mg CGE/kg) 614.41±3.22

Copper (ppm) 0.76±0.02

Manganese (ppm) 0.46±0.02

Iron (ppm) 5.97±0.03

Zinc (ppm) 1.21±0.03
Values in the table are presented as mean±SD

Table 2: Effect of soaking and germination treatments at different time intervals on the nutritive value of black soybean.

Parameters Time interval (h)

Soaking Germination

0 12 24 24 48 72

Moisture (%) 10.57±0.45a 9.98±0.45b 9.76±0.45b 9.83±0.03b 9.62±0.03b 9.38±0.06b

Fat (%) 16.36±0.01a 16.34±0.03a 16.29±0.03b 16.15±0.02c 16.04±0.02d 15.88±0.03e

Fiber (%) 8.23±0.03e 9.14±0.03d 9.16±0.02d 9.47±0.02c 9.66±0.02b 9.94±0.03a

Ash (%) 3.08±0.01a 2.94±0.04b 2.92±0.01b 2.92±0.01b 2.90±0.02b 2.89±0.03b

Protein (%) 24.67±0.02f 26.15±0.06e 26.85±0.03d 26.98±0.01c 27.18±0.02b 27.59±0.06a

39.09±0.44a 37.45±0.38b 37.02±0.40bc 36.65±0.06cd 36.61±0.05cd 36.31±0.11d

415.05±1.85b 411.26±1.65c 460.49±3.69a 406.86±0.07d 406.51±0.23d 405.66±0.26d

27.69±2.65e 32.09±0.06d 33.28±0.16c 33.19±0.24c 46.43±0.35b 47.77±0.19a

56.56±0.79e 58.59±0.29d 60.14±0.02c 60.97±0.09c 61.06±0.01b 63.06±0.01a

614.41±3.22a 605.93±1.85a 605.55±3.76a 601.31±0.38b 598.06±1.06c 593.34±2.50c

Values in the table are presented as mean±SD; Values within rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis at P≤0.05

Carbohydrates (%)

Calorific value (kcal/100g)
Antioxidant activity (% inhibition)
Total phenolic components
 (mg GAE/100g)
Anthocyanin contents (mg CGE/kg)
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19.99% increase in protein content during germination. In the case of 
fermentation, a significant decrease (3.08–2.84%) in ash content was 
observed during the fermentation process. Constant and Kablan [29] 
reported a 54.14% decrease in ash content after fermentation of lima 
bean. The protein contents increased significantly from 24.67% to 
30.13% in black soybean resulting in a 22.13% increase in proteins 
after NF36 treatment. Barampama and Simard [30] reported an 
increase in protein content after fermentation of common bean. The 
enrichment in proteins after fermentation can be due to an increase 
in nitrogen content released when microorganisms used carbohydrates 
for energy [31]. In roasting, a non-significant change in ash content 
was observed and values decreased from 3.08% to 2.99%. Oboh 
et al. [28] reported that roasting did not cause a significant change in 
the ash content (1.93–2.00%) during the roasting of white maize flour. 
The carbohydrate content of black soybean declined from 39.09% to 
36.31% during germination.

Warle et al. [24] found that the germination of soybean reduced the 
carbohydrate content from 22.1% to 17.9 (%). Similarly, a significant 
decrease (P ≤ 0.05) in the calorific value from 415.05 to 405.66 
kcal/100g was observed after germination of the black soybean. 
During fermentation, the levels of carbohydrates and calorific value of 
fermented flour decreased significantly. The values for carbohydrates 
decreased from 39.09 to 35.64% and calorific values from 415.05 to 

405.12 kcal/100g. According to Đorđević et al. [32], fermentation 
caused a significant decline in the carbohydrate contents of the maize.

Whereas during roasting, the values of carbohydrates increased 
significantly from 39.09% to 44.96%, and calorific values decreased 
from 357.84 to 352.45 kcal/100g. As the carbohydrates in plant food 
are generally calculated by difference, the decreased amounts of 
crude protein, fiber, and moisture contents after the roasting treatment 
resulted in increasing the values of carbohydrates [28].

3.2.2. TPC, AA, and Anthocyanin
The TPC augmented significantly from 56.56 to 63.06 mg GAE/100g 
during the soaking and germination processing of grains. There was an 
11.49% rise in TPC after G72 treatment. Lin and Lai [33] reported that 
the TPC of soybeans gets increased after germination and it increased 
further with an increase in germination time.

After fermentation, there was an 8.96% rise in the TPC after 36 h of 
fermentation. Similar results have been obtained by Lin and Tanaka [34] 
who demonstrated that fermentation treatment enhanced the phenolic 
content of soybean. In roasting, the TPC decreased significantly from 
56.56 to 58.23 mg GAE/100g resulting in an augmentation of 2.95% 
in TPC after the roasting of the black soybean.

Anthocyanin contents decreased significantly (P ≤ 0.05) from 614.41 
to 593.34  mg CGE/kg resulting in a 3.42% decline in anthocyanin 
contents after 72 h of germination. During fermentation, the anthocyanin 
contents decreased significantly from 614.41 to 588.90 mg CGE/kg. In 
roasting, the anthocyanin content decreased from 614.41 mg CGE/kg 
to 584.41 mg CGE/kg. Lemos et al. [35] found that roasting at 150°C 
for 45 min did not significantly influence the anthocyanin content in 
Baru nuts. There was a 72.51% rise in the AA in black soybean grains 
during the germination and grains after G72 treatment possessed the 
highest AA (47.77%) and it was observed lowermost in raw grains 
(27.69%). In the case of fermentation, the AA enhanced from 27.69–
30.50% resulting in a 10.14% increase in values. During roasting, the 
AA increased significantly (P ≤ 0.05) from 27.69% to 30.36%. There 
was a 9.64% increase in AA during roasting. Lemos et al. [35] reported 
higher AA after roasting Baru nuts.

3.2.3. Anti-nutritional Components
The changes in anti-nutritional components during various processing 
treatments are represented in Figure 1. The tannin contents declined 
significantly from 0.36 mg/g to 0.19 mg/g in black soybean. There was 

Table 3: Effect of fermentation treatment at different time intervals on the nutritive value of black soybean.

Parameters Time interval (h)

0 12 24 36

Moisture (%) 10.57±0.45a 9.31±0.03b 9.27±0.21b 8.98±0.01b

Fat (%) 16.36±0.01a 15.36±0.20b 15.12±0.05c 14.95±0.02c

Fiber (%) 8.23±0.03a 7.97±0.04b 7.62±0.04c 7.46±0.04d

Ash (%) 3.08±0.01a 2.89±0.02b 2.88±0.02bc 2.84±0.04c

Protein (%) 24.67±0.02d 28.04±0.02c 28.93±0.02b 30.13±0.01a

Carbohydrates (%) 39.09±0.44a 36.43±0.20b 36.18±0.20b 35.64±0.09c

Calorific value (kcal/100g) 415.05±1.85a 403.25±1.15b 403.88±0.83b 405.12±0.25b

27.69±2.65c 28.99±0.46b 29.96±2.01b 30.50±0.42a

56.56±0.79b 59.40±0.31b 61.48±0.38a 61.63±0.46a

614.41±3.22a 596.39±1.51b 586.19±3.72b 588.90±2.55b

Values in the table are presented as mean±SD; Values within rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis at P≤0.05

Table 4: Effect of roasting treatment on the nutritive value of black soybean.

Parameters Raw grains Roasted grains

Moisture (%) 10.57±0.45 6.17±0.02

Fat (%) 16.36±0.01 17.59±0.05

Fiber (%) 6.23±0.03 6.12±0.02

Ash (%) 3.08±0.01 2.99±0.02

Protein (%) 24.67±0.02 22.17±0.02

Carbohydrates (%) 39.09±0.44 44.96±0.07

Calorific value (Kcal/100g) 415.05±1.85 352.45±0.28

0.36±0.01 0.22±0.01

1.22±0.01

27.69±2.65 30.36±0.25

56.56±0.79 58.23±0.23

584.41±3.22
Values in the table are presented as mean±SD

Antioxidant activity (% inhibition)

Total phenolic components (mg GAE/100g)

Anthocyanin contents (mg CGE/kg)

Tannin content (mg/ g)

Phytic acid (mg/ g) 1.41±0.01
Antioxidant activity (% inhibition)
Total Phenolic Components
(mg GAE/ 100 g)
Anthocyanin contents (mg CGE/ kg) 614.41±3.22
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a 47.22% decline in tannin content after G72 treatment. Shimelis and 
Rakshit [36] found a significant reduction in tannins contents because 
of the leaching out of tannins in water during soaking and germination. 
Similarly, the phytic acid decreased significantly (P ≤ 0.05) by 34.04% 
after the G72 treatment. Egli et al. [19] reported a 56.09% decline in 
phytic content after the germination process. Luo et al. [37] postulated 
that phytic acids may get reduced due to higher activity of phytase 
enzyme during germination treatment.

In fermentation, the tannin contents decreased from 0.36 to 0.09 mg/g. 
There was a significant reduction (75%) in tannin contents after 
NF36 treatment. Similarly, the values for phytic content declined 
from 1.41 mg/g to 0.69 mg/g resulting in a 72% reduction in phytic 

content after the fermentation process. Towo et al. [38] reported 
that fermentation caused a higher decline in phytic acid than other 
treatments and found it to be due to the development of low pH 
during fermentation. Reale et al. [39] stated that microbial phytase in 
microorganisms hydrolyzes phytic acid to inorganic phosphate and 
inositol at low pH and is responsible for decreasing the phytic acid 
in the fermented products [40]. During roasting, the tannin contents 
diminished from 0.36% to 0.22% causing a 38.88% decline in tannin 
contents. Similarly, the phytic acid content reduced significantly from 
1.41% to 1.22% resulting in a 13.47% reduction in phytic content after 
roasting of grain for 2 min.

3.2.4. Mineral Components
The data regarding the changes in mineral components during various 
processing treatments are represented in Figure 2. A  significant rise 
in mineral contents of black soybean was observed after processing 
treatments. The values for the Cu content augmented from 0.76 to 
0.91  ppm during the soaking and germination processing. The Mn 
content increased from 0.46 ppm to 0.79 ppm, Fe content increased 
from 5.97 to 6.81 ppm, and values for Zn content increased from 1.27 
to 1.87 ppm during the soaking and germination treatment. Results are 
similar to the findings of Guardianelli et al. [41] who found an increase 
in zinc, copper, and manganese by 15, 6.93, and 5%, respectively, after 
24 h of germination in amaranth seeds.

Similar change was observed during fermentation treatment of black 
soybean seeds. The Cu content augmented significantly (P ≤ 0.05) 
from 0.76 to 0.85, Mn from 0.64 to 0.99, Fe from 3.60 to 5.18, and 
Zinc contents from 0.64 to 0.86. Gabriel-Ajobiewe [42] reported an 
upsurge in the mineral content of jack beans after fermentation. The 
increase in the mineral contents indicated that minerals were released 

Figure 2: Effect of processing treatments on mineral contents of black soybean. 
(RG-Raw grains, S12-Soaking for 12h, S24-Soaking for 24 h, RSG-Roasted grains, G24-
Germination for 24 h, G48-Germination for 48 h, G72-Germination for 72 h,  NF12-Natural
fermentation for 12 h, NF24-Natural fermentation for 24 h, NF36- Natural fermentation for 36 h).

: Schematic representation of processing treatments and major effects on nutritional, anti-nutritional, and bioactive componentsFigure 3
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from chelated complex compounds due to increased microbial activity 
during the fermentation process [43].

In the case of roasting, there was a slight increase in values for mineral 
contents in black soybean seeds. The Cu content increased from 0.76 
to 0.80 ppm, Fe content from 5.97 to 6.02, Zn from 1.21 to 1.27, and 
Mn content from 0.46 to 0.51 ppm during the roasting treatment. Oboh 
et al. [28] reported an increase in mineral contents of different maize 
varieties during roasting.

4. CONCLUSIONS

This study aimed to evaluate the impact of processing techniques on 
the nutritional composition, anti-nutritional compounds, as well as 
bioactive potential of the black soybean. Germination, fermentation, 
and the roasting processes were found to decline the anti-nutrients 
such as tannin and phytic acid contents resulting in improving the 
nutritional quality of black soybean. The changes in macronutrients 
during germination have been attributed to the activation of endogenous 
enzymes and further increased energy requirements during the growth 
of the seedling. These processing techniques generally increased the 
soluble molecules and enhanced the digestibility of black soybean 
grains. These changes were quite positive to produce weaning foods, 
where high energy and low viscosity are desirable. Therefore, it can 
be concluded processing techniques improved the nutritional value as 
well as the functionality of black soybean seeds. The flour obtained 
from processed soybean grains can be incorporated with wheat flour 
for preparation of bakery and extruded functional food products with 
decreased anti-nutrients and increased bioavailability of nutrients.
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