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Soybean (Glycine max L.) is considered as an important and widely consumed legume due to its higher nutritional and
bioactive potential as well as better functional characteristics. It is a rich source of numerous nutritional components
such as essential amino acids, protein, and various dietary components which are suitable for all age groups. This
research is aimed to assess the effect of soaking, germination, fermentation (natural and with Saccharomyces
cerevisiae), and roasting on nutritional characteristics, anti-nutritional components, minerals (Fe, Zn, Mn, and Cu),
and bioactive components of soybean. The effect of soaking was studied at 12 and 24 h, while that of germination
at 24, 48, and 72 h, fermentation for 12, 24, and 36 h interval, and roasting at a temperature of 180°C. The results
revealed that the antioxidant activity increased significantly (P < 0.05) by 98.01% after 72 h of germination and 68%
after the 36 h of fermentation with S. cerevisiae. Further, there was a 19.86 and 17.42% increase in the phenolic
components during roasting and germination processes, respectively. The protein contents get increased significantly
(P <0.05) by 6.54, and 23% during germination and fermentation treatments, respectively. The anti-nutrients such as
phytic acid and tannin contents declined significantly (P < 0.05) to the extent of 7.35, 27.94, and 58.82% and tannin
contents as 8.70, 44.93, and 58.82%, after soaking, germination, and fermentation processes, respectively. There was
a significant (P < 0.05) increase in mineral contents after processing treatments of soybean. Therefore, the processing
treatments were quite effective in increasing the nutritional value as well as the bioactive components and decreasing

the antinutritional components.

1. INTRODUCTION

Legumes are economical and nutritionally rich sources of nutrients
containing low glycemic index carbohydrates, proteins, and
micronutrients such as Fe, Zn, and Ca. Being rich in all the nutrients,
the popularity of soybean is growing at faster rate. 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 [1].
Soybean (Glycine max L.) is the richest source of protein, essential
amino acids, and other nutritional and bioactive components for
making them a popular nutritional supplement to help people stay
healthy, especially in rural areas of Asian countries [2]. Because of
its high nutritional potential, it’s not only preferred by vegetarians but
also the non-vegetarian people of all age groups. Soybeans possess the
most scientific interests, due to the presence of phytoestrogens such as
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isoflavones, which have been linked to the lower cholesterol levels,
anti-cancer capabilities, and the risk of cardiovascular diseases [2,3].
Studies have revealed that the people in East Asia who consume soybean
products frequently are less prone to develop certain chronic ailments,
such as cardiovascular diseases and cancer [4]. Phenolic components,
which are present in abundance in soybean, are a collection of bioactive
components that possess health-promoting characteristics. These may
act as antioxidants, helpful for lowering the risk of various lifestyle
diseases such as atherosclerosis and coronary heart diseases, both of
which are linked to the oxidation of low-density lipoproteins. These
have also been reported to protect against certain types of cancer [5].

Anti-nutrients are inactivated by thermal procedures such as boiling,
steaming, autoclaving, and roasting [6]. Different processing
methods can be utilized to improve the bioavailability of numerous
micronutrients in diets based on plant foods [7]. Soaking and
germination are commonly utilized as traditional processing techniques
and are considered as the simplest and economical techniques for
improving the nutritional value and decreasing the anti-nutrients in
food grains. Soaking is a common domestic technique for hydrating the
seeds in water for a few hours [8] and decreasing the anti-nutritional
compounds in cereals and pulses by leaching in water [9].
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The use of fermentation techniques to process the cereals and legumes
for manufacturing complementary foods has been found to reduce the
anti-nutritional compounds and improving the nutritional value of
food products. This technique is being used in making a wide range
of foods at domestic as well as commercial scales around the world.
The fermentation process is beneficial in imparting the characteristic
flavor and textural properties to the grains [10]. Roasting is a typical
heating method, and roasted soybeans are frequently sold as snack
foods. Thermal treatments can alter physical features such as color
and break down cell walls and membranes which release insoluble
ester bonds resulting in increased soluble phenolic compounds as well
as enhancement in antioxidant properties. Roasting influences not
only the physical qualities and flavor of food but also its chemical
composition. The Millard reaction during the roasting treatment has
been found to increase the antioxidant activity [11]. Keeping in view
the above benefits of different processing treatments, the present
investigation was planned to study the effect of processing treatments
such as soaking, germination, fermentation (natural and with
Saccharomyces cerevisiae), and roasting for improving the nutritional
value, and bioactive potential of soybean as well as decreasing the
anti-nutrients in soybean seeds.

2. MATERIALS AND METHODS

2.1. Materials

The soybean seeds (NRC-127 cultivar) were procured from ICAR-
Indian Institute of Soybean Research, Indore, Madhya Pradesh,
and seeds were reproduced at the experimental farms of the Eternal
University, Baru Sahib. The chemicals and reagents of ultrapure grade
were used in the present study. These were obtained from the standard
companies of chemicals such as Qualigens, Hi-Media, Merck India,
and Sigma-Aldrich.

2.2. Physicochemical Properties

The physicochemical evaluations of raw soybean (RS) grains and that
of the processed (soaked, germinated, fermented, and roasted) ones
were carried out at the laboratories of Eternal University, Sirmour,
Himachal Pradesh, India.

2.2.1. Physical and functional characteristics

Physical parameters such as length, breadth, as well as thickness were
determined with the help of Vernier caliper. The thousand-grain weight
(TGW) was determined by measuring the weight of thousand grains of
soybean and expressed in g [12]. The bulk density (BD) was evaluated
as per the methodology expressed by Huang et al. [13]. The tap density
was estimated as per the methodology described by Jones et al. [14],
and the water absorption capacity (WAC) by the method specified by
Sosulski [15] with minor modification. A similar methodology was
also adopted to estimate the oil absorption capacity (OAC) [16] in
which refined oil was used instead of water. The water solubility index
(WSI) was estimated as per the method of Stojceska et al. [17] and the
swelling capacity of grains was estimated as per the method of William
etal [18].

2.2.2. Chemical parameters

Moisture content (%) of grains was estimated by following the hot
air oven-drying method [19]. The equipment Fibroplus FBS 08P
(Pelican Inc.) was used to determine the crude fiber, Soxoplus SPS
06 AS (Pelican Inc.) for crude fat, and Kjelodist CAS VA (Pelican
Inc.) was used to estimate the crude proteins and ash contents as per
the methods defined by Ranganna [20]. The total carbohydrates were

assessed by deducting the measured moisture, crude protein, ash,
crude fat, and crude fiber from 100. The calorific value (kcal/100 g)
was determined using the factors of 4.0, 9.10, and 4.2 kcal/g for
crude protein (Nx6.25), fats, and carbohydrates, respectively. The
mineral components such as iron, zinc, manganese, and copper were
assessed using Atomic Absorption Spectrometer (AA240FS, Agilent
Technology, CA, USA) [19].

The antioxidant activity (%) (DPPH radical scavenging activity)
was estimated as per the methodology stated by Bouaziz et al. [21]
with minor modifications. Tannins (%) were determined using the
technique evaluated by Saxena ef al. [22]. The extraction, as well as
the quantification of the phytic acid in all the samples, was estimated
by Gao et al. [23], with slight changes. Total phenolic contents (TPCs)
were determined using the Folin—Ciocalteu reagent by following a
slightly modified method of Ainsworth and Gillespie [24] and were
expressed as mg GAE/100 g.

2.3. Processing Treatments

The processing treatments such as soaking as well as germination
of grains were conducted as per the technique described by Egli
et al. [25] with minor modification. The soybean seeds were cleaned
by removing the foreign impurities and soaking of grains was done
in distilled water in the ratio of 1:5. The seeds were soaked for 12
and 24 h at room temperature conditions and then dried in the hot air
oven at 40°C for 24 h. The grains were stored at 4°C after packaging
in airtight pouches for further analysis. For germination treatment,
the seeds after soaking in distilled water were subjected to the
germination process after dividing into many groups (20 g for each
group) according to the treatments given for different periods. The
seeds after the steeping process were drained off and then covered with
the wet muslin cloth. The process of germination was conducted in the
incubator for 0 (control), 24, 48, and 72 h at a temperature of 25°C.
During germination treatment, the water was sprinkled intermittently
over the muslin cloth to keep it moist. After each germination time
treatment, the seeds were dried at 40°C for 24 h in hot air oven. The
roasting treatment of seeds was conducted as per the methodology
defined by Sindhu ef al. [26] on a heated plate at 180°C for 10 s. The
roasted seeds were then cooled and milled. The flour was screened
through a 60 mesh sieve size and stored in airtight sealable packets
at 4°C.

The natural fermentation process was carried out as per the method
of Park et al. [27] with minor modification. Samples of soybean flour
(20 g) were gently mixed with 60 ml distilled water. The fermentation
was carried out in an incubator at 37°C for 12, 24, and 36 h. The
microorganisms naturally present in the seeds caused fermentation.
The samples collected at each time point were oven-dried at a
temperature of 50°C, pulverized in a blender, and then sieved
through a 60 mesh sized sieve, before being sealed in polyethylene
bags at 4°C.

Fermentation with baker’s yeast (S. cerevisiae) was conducted as
per the method described by Day and Morawicki [28] with minor
modification. Soybean flour (20 g) was mixed properly with 120 ml
of distilled water in a 500 ml conical flask and was autoclaved. The
pH of the solution was checked to ensure that it is >4.5, and 0.4 g of
S. cerevisiae was added to it. After proper mixing, the conical flask
was put in the water bath at 37°C for 12, 24, and 36 h. The fermented
flours after each fermentation time were oven-dried at 50°C, packed in
airtight pouches, and stored at 4°C until further analysis.
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3. RESULTS AND DISCUSSION

3.1. Physicochemical Characteristics of Raw Grains

3.1.1. Physical and functional properties

The data on physical as well as functional properties of raw grains
are presented in Table 1. The length, width, and thickness of soybean
grains were 6.6 mm, 5 mm, and 5.65 mm, respectively. Sakare
et al. [29] reported the length, width, and thickness of soybean
seeds as 7.71, 6.71, and 5.34 mm, respectively. The tap and BD of
soybean were determined as 0.74 and 0.71 g/cm’, respectively. The
values for WAC, WSI, OAC, and SC of soybean grains were observed
as 1.93 ml/g, 5.47 g/g, 3.37 ml/g, and 249.67%, respectively. Sakare
et al. [29] reported the BD, WAC, WSI, and OAC of soybeans as
0.455 g/ml, 1.690 g/g, 25.66%, and 1.956 g/g. The TGW of soybean
grains was 152.15 g. Gandhi et al. [30] described that the TGW of
different cultivars varied from 93.5 to 184.0 g and was analogous with
the values detected in the present study.

3.1.2. Nutritional, anti-nutritional, and bioactive characteristics
The nutritional and anti-nutritional components, as well as bioactive
characteristics of RS are depicted in Table 2. The values for crude
fat, crude fiber, crude protein, ash, and carbohydrate contents in
raw grains of soybean were observed as 19.86, 7.0, 38.35, 5.43, and
21.18%, respectively. Similar findings were also reported by Joshi
and Varma [31] during the nutritional evaluation of soybean. They
observed a crude fat content of 19.2%, crude fiber 6.5%, crude protein
40.2%, ash content 4.8%, and carbohydrate content 21.18%. The
antioxidant activity in RS was observed as 38.22% DPPH radical
scavenging activity. Malenci¢ et al. [32] reported 22.87-48.17%
antioxidant activity in different cultivars of soybean. Tannin and phytic
contents of soybean were found as 0.207 and 1.36%, respectively. The
TPC content observed in soybean was 14.35 mg GAE/100 g. Kumari
et al. [33] reported tannin, phytic, and TPC of 2.18 mg/g, 22.50 mg/g,
and 6.24 mg/g in soybean grains, whereas Sharma et a/. [34] found TPC
ranging from 14 to 36.2 mg/g in soybean seeds. The mineral contents
such as Cu, Mn, Fe, and Zn have been reported as 12.10, 21.28, 61.43,
and 41.65 mg/kg, respectively. Ozcan and Al Juhaimi [35] reported
the Cu content of 14.1 mg/kg, Mn 22.8 mg/kg, Fe 64.9 mg/kg, and Zn
contents as 45.5 mg/kg in soybean.

3.2. Effect of Processing Treatments on the Nutritional, Anti-
nutritional, and Bioactive Compounds

The soybean seeds after the soaking, roasting, germination, and
fermentation treatments were subjected to physicochemical analysis.
The alterations reported in physicochemical features of RS were
recorded after the soaking treatment of 12 (S12) and 24 h (S24),
roasting (RosG), germination treatment for 24 (G24), 48 (G48), and
72 h (G72), natural fermentation for 12 (NF12), 24 (NF24), and 36 h
(NF36), and yeast (S. cerevisiae) fermentation for 12 (SCF12), 24
(SCF24), and 36 h (SCF36). The results of analytical studies conducted
on processed soybean are discussed under the following headings.

3.2.1. Effect of soaking as well as roasting treatments on the
nutritional components, antioxidant activity, and total phenolic
components of soybean

The physicochemical characteristics of soybean grains after roasting
and soaking treatments are presented in Table 3. Moisture content
ranged between 8.12 (RosG) and 8.20% (S12). There was a non-
significant (P < 0.05) increase in moisture content during the soaking
treatment. Joshi and Varma [31] observed a similar change in
processed grains after soaking and roasting treatments. The fat content

Table 1: Physical and functional characteristics of raw grains of soybean

Parameters Values
Length (mm) 6.60+0.36
width (mm) 5.0040.20
Thickness (mm) 5.65+0.31
1000 kernel wt. (g) 152.15+0.88
Tap density (g/cm?) 0.74+0.01
Bulk density (g/cm3) 0.71+0.01
WAC (ml/g) 1.93+0.08
WSI (g/g) 5.47+0.03
OAC (ml/g) 3.37+0.15
Swelling capacity (%) 249.67+0.58

Values in the table are presented as mean+SD

Table 2: Nutritional, anti-nutritional, antioxidant activity, phenolic, and
mineral content of raw grains of soybean

Parameters Values
Moisture (%) 8.17+0.20
Fat (%) 19.86+0.34
Fiber (%) 7.004£0.22
Ash (%) 5.43+0.08
Protein (%) 38.35+0.18
Carbohydrate (%) 21.18+0.20
Calorific value (Kcal/100 g) 423.11£2.58
Antioxidant activity (%) 38.22+0.20
Tannin (%) 0.207+0.002
Phytic acid (%) 1.36+0.04
Total phenolic content (mg GAE/100 g) 14.35+0.09
Cu (mg/kg) 12.10+0.18
Fe (mg/kg) 61.43+0.35
Zn (mg/kg) 41.65+0.66
Mn (mg/kg) 21.28+0.58

Values in the table are presented as mean+SD

ranged from 19.34 to 19.86% during the processing of soybean. It was
observed highest in RS (19.86%) but it decreased to 19.34% resulting in
anon-significant (P < 0.05) decrease of 2.62% in fat content. The fiber
content increased from 7.00 (RS) to 7.26% (S24) and ash content from
5.43 (RS) to 5.74% (RosG) during soaking and roasting treatments,
respectively. Soaking as well as roasting both significantly (P < 0.05)
increased the crude fiber content by 3.71 and 3.43%, respectively.
Ash content ranged from 5.43% (RS) to 5.74 (S24). There was a non-
significant (P < 0.05) increase in ash content during soaking (5.71%)
and roasting (4.97%) treatments. The protein content ranged from
38.35% (RS) to 38.69% (S24). The values increased non-significantly
(P <0.05) by 2.13% during the roasting of soybean. There was a non-
significant (P < 0.05) decline in carbohydrate and calorific values of
soaked and roasted grains and values declined from 21.18 to 20.65%
and 423.11 to 418.63 Kcal/100 g, respectively.

The antioxidant activity ranged from 38.22% (RS) to 66.02% DPPH
radical scavenging activity (S24). There was a significant (P < 0.05)
increase in antioxidant activity after the S24 (72.74%) treatment.
Roasting is a type of heat treatment that uses dry heat treatment to
produce the Maillard reaction and it has been shown to increase the
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antioxidant rich Maillard reaction products [36,37]. The improved
oxidative stability of some roasted seed oils has been connected to
the Maillard process [38]. There was a 19.86% increase in polyphenol
content in soybean grains during the roasting process. The roasted
grains were observed to have the highest polyphenolic content
(17.20%) and it was recorded lowest in RG (14.35%). Results were
comparable with Joshi and Varma [31] who reported an increase in
TPC content by 15.55% during the roasting of soybean.

3.2.2. Efffect of germination treatments on nutritional components,
antioxidant activity, and total phenolic components of soybean
The changes in nutritional components, antioxidant activity, and the
TPC of soybean are described in Table 4. The moisture content of
soybean ranged from 8.09 to 8.17%. It was observed highest in RS
(8.09%) and lowest in G72 (8.13%). The fat content of treated grains
ranged between 18.68 and 19.86% after soaking and germination
treatments, respectively. It was observed highest (19.86%) in RS but
it decreased to 18.68% after G72. Warle et al. [39] observed a similar
decrease in fat content of soybean after 96 h of germination. Similarly,
Joshi and Varma [31] reported 1.56% declines in fat content after
48 h of germination. The utilization of fat content as an energy source
during germination is thought to be the cause of the decrease in fat
content. According to Mostafa et al. [40], fat content gets decreased
due to high metabolic activity in the grains during the germination
processing of grains.

During germination processing of soybean grains, a significant
(P < 0.05) increase (14.14%) in the fiber content was observed,

and values increased from 7.00% (RS) to 7.99% (G72). Joshi and
Varma [31] reported a 22.62% increase in soybean after G48. The crude
fiber contents increased significantly during germination processing,
which mainly consists of cellulose, lignin, and hemicelluloses [41,42]
as the plant cells manufacture diverse cellular constituents. A diet rich
in dietary fiber is recommended because the dietary fiber delays the
release of glucose from food [43], which may be beneficial to the
person suffering from diabetes. There was a non-significant (P < 0.05)
change in ash content during the germination process and values ranged
between 5.43% (RS) and 5.95% (G72). The protein content increased
significantly (P < 0.05) from 38.35% (RG) to 40.86% (G72) causing a
6.54% increase in protein contents during the germination processing
of soybean grains. Results are equivalent with the finding of Joshi and
Varma [31] who reported a significant (P < 0.05) increase in protein
content during soaking, germination, and roasting processes. The
increase in protein content during germination treatment is due to the
mobilization of stored nitrogen to make it available for the formation
of high-quality proteins required for the young plant’s development.
The seed germination comprises the mobilization of protein reserves
in the cotyledon, as well as the production of new proteins which is
required for the growth of sprouts [44]. Many enzymes are stimulated
during germination, and some proteins are generated by a sequence of
biochemical reactions. Alternatively, protease can hydrolyze several
other proteins also. The resultant protein content is influenced by the
interactions of proteolysis and protein synthesis processes [45].

The carbohydrate and calorific values of germinated soybean ranged
from 18.40 to 21.18% and 410.68 to 423.11 kcal/100 g, respectively.

Table 3: Effect of soaking and roasting treatments on nutritional components, antioxidant activity, and total phenolic components of soybean

Parameters Raw soybean
Moisture (%) 8.17+0.20°
Fat (%) 19.86+0.34°
Fiber (%) 7.00+0.22%
Ash (%) 5.43+0.08¢
Protein (%) 38.35+0.18¢
Carbohydrate (%) 21.18+0.20*
Calorific value (Kcal/100 g) 423.11£2.58¢
Antioxidant activity (%) 38.22+0.20¢
Total phenolic content (mg GAE/100 g) 14.35+0.09¢

Soaking Roasting
12 h 24h

8.20+0.05° 8.19+0.05° 8.12+0.07*
19.61£0.19® 19.47+0.16® 19.34+0.04°
7.154+0.12¢ 7.26+0.122 7.24+0.50%
5.71£0.16* 5.74+0.15* 5.70+0.28°
38.65+0.25% 38.69+0.68° 38.44+0.35%
20.68+0.19* 20.65+0.62° 21.16+0.64°
419.90+1.10° 418.65£1.15° 418.63£3.02¢
60.93+0.16° 66.02+0.12% 62.81+0.20°
14.64+0.04¢ 14.98+0.06° 17.20+0.09*

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 germination treatments on nutritional components, antioxidant activity, and total phenolic components of soybean

Parameters Raw (0 h)
Moisture (%) 8.17+0.20°
Fat (%) 19.86+0.34*
Fiber (%) 7.00+0.22¢
Ash (%) 5.434+0.08"
Protein (%) 38.35+0.18¢
Carbohydrate (%) 21.18+0.20°
Calorific value (Kcal/100 g) 423.11£2.58°
Antioxidant activity (%DPPH) 38.22+0.20¢
Total phenolic content (mg GAE/100 g) 14.35+0.09¢

Germination
24 h 48 h 72 h

8.134+0.02¢ 8.09+0.08° 8.13£0.04*
18.95+0.47® 18.8540.49 18.68+0.09

7.42+0.09° 7.554+0.22° 7.99+0.122

5.75+0.24* 5.89+0.11° 5.954+0.19°
39.93+0.18° 39.94+0.03° 40.86+0.44°
19.82+0.46" 19.25+0.44° 18.40+0.53¢
415.41£1.73° 413.97+3.42% 410.68+0.38¢
68.89+0.31°¢ 72.68+0.33° 75.68+0.48"
15.3240.13¢ 16.26+0.25° 16.85+0.09*

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
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The carbohydrate contents were observed highest in RS (21.18%)
which get decreased to 18.40% (G72) after the germination process.
Similarly, the calorific value was observed highest in RS (423.11
kcal/100 g) and lowest in G72 (410.68 kcal/100 g). Activated enzymes
resulted in the hydrolysis of energy providing components such as
lipids and carbohydrates during germination resulting in a significant
decline in carbohydrates as well as the calorific value [46].

The antioxidant activity of germinated grains increased from 38.22 to
75.68% (DPPH radical scavenging activity) resulting in a significant
(P <0.05) increase of 98.01% after G72 treatment and the results are
comparable with the findings as revealed by Kumari et al. [47] after
S12 (71.02%) and G72 (311.46%) treatments. During the germination
process, the synthesis of water-soluble vitamins (Vitamin C) or other
compounds with antioxidative properties, such as polyphenols, may
improve total antioxidant activity.

The TPC ranged between 14.35 (RG) and 16.85 mg GAE/100 g (G72).
The TPC content enhanced significantly (P < 0.05) by 17.42% during
the germination process. A similar increase of 9.62% (G72) in TPC
was observed during the germination treatment of soybean by Kumari
et al. [47].

3.2.3. Effect of fermentation treatments on nutritional
components, antioxidant activity, and total phenolic components
of soybean

The changes in nutritional components, antioxidant activity, and TPC
of soybean during fermentation are described in Table 5. The moisture
and fat content of grains subjected to natural (NF) and S. cerevisiae
(SCF) fermentation treatments varied slightly but non-significantly
(P < 0.05). Moisture content ranged between 8.08% (NF12) and
8.17% (RS). Whereas, the values for fat content ranged between 19.18
and 19.86%. It was reported highest in RS (19.86%) but decreased to
19.18% after NF36. The fat content decreased by 3.43% after NF36
and 2.82% after SCF36. The reduction in fat content observed could
be ascribed to the action of lipolytic enzymes during the process of
fermentation [48,49].

During the fermentation treatment, the values for fiber content ranged
between 5.10 and 7.00%. The crude fiber contents declined significantly
(P < 0.05) during fermentation by 27.14% in soybean seeds which
were comparable with the findings of Felix and Francis [48]. They
reported that the crude fiber content decreased by 37.14% after 72 h of
fermentation in African locust beans. According to Igbabul et al. [50],
a decrease in fiber content after fermentation indicates softening of
fibrous tissues and enhanced digestibility due to the conversion of

complex carbohydrates and lignocelluloses into simple sugars. A non-
significant (P < 0.05) change in ash content was observed during
germination and values ranged between 5.27 (NF36) and 5.43% (RS).
The protein contents increased significantly (P < 0.05) from 38.35%
(RG) to 47.17% (SCF36) causing a 23% increase in soybean grains
during the fermentation process. Similar observations were reported
during the fermentation of lupin seeds as reported by Romero-Espinoza
et al. [51]. During the fermentation process, an upsurge in protein
content can be attributed to the release of nitrogen when microbes
used carbohydrates as a source of energy [52]. A similar observation
has been reported by Pranoto et al. [53] during the fermentation of
sorghum seeds.

Carbohydrate and calorific values of fermented soybean ranged from
14.96 to 21.31% and 421.90 to 427.10 Kcal/100 g, respectively. The
carbohydrate contents were observed highest in RS (21.31%) which
get decreased to 14.90% (SCF36) after the fermentation process.
Asignificant (P <0.05) decrease in carbohydrate components was seen
due to their use as an energy source during the fermentation process.

Similarly, the antioxidant activity increased from 38.22 (RS) to 64.21
(SCF36) during the fermentation process resulting in a significant
(P < 0.05) upsurge of 68% after the SCF36 treatment. The findings
are similar to those of Moore et al. [54] who revealed that after the
fermentation process, some yeast species increased DPPH radical
scavenging activity in cereals. The TPC ranged from 14.35 to 19.65
(mg GAE/100 g) during the fermentation of soybean. It was reported
highest in SCF36 (19.65 %) and lowest in the RS (14.35%). The values
for TPC get increased by 28.43% during NF and 36.93% during the
SCF process of fermentation.

3.2.4. Effect of the soaking, germination, roasting, and
fermentation treatments on anti-nutritional components of
soybean

The changes in anti-nutritional components during various processing
treatments are represented in Figures 1 and 2. The tannin contents
decreased from 0.207% (RS) to 0.114% (G72) during germination and
0.207 (RS) to 0.112% (SCF36) during fermentation processes. There
was a significant (P < 0.05) decrease of 8.70%, 44.93%, and 45.89%
in tannin content during soaking, germination, and fermentation
treatments, respectively. A similar trend of decline in tannin contents
has been reported by Kumari et al. [47] where tannin content decreased
by 14.22% during soaking and 50.46% during the germination process.

Phytic content reduced from 1.36 (RG) to 1.26% (S24) during
soaking, 1.36 (RG) to 0.98% (G72) during germination, and 1.36

Table 5: Effect of fermentation treatments on nutritional components, antioxidant activity, and total phenolic components of soybean

Natural fermentation

Fermentation with Saccharomyces cerevisiae

Parameters Raw (0 h)
12 h

Moisture (%) 8.17+0.20¢ 8.08+0.02¢
Fat (%) 19.86+0.34° 19.30+0.14°
Fiber (%) 7.00+0.22¢ 6.83+0.07%
Ash (%) 5.43+0.08* 5.3040.09
Protein (%) 38.35+0.18" 39.234+0.18¢
Carbohydrate (%) 21.18+0.20° 21.27+0.12¢
Calorific value (Kcal/100 g) 423.11+2.58>  421.90+0.87°
Antioxidant activity (%DPPH) 38.224+0.20¢2 46.82+0.48"
Total phenolic content (mg GAE/100 g) 14.35+0.09¢ 17.20+0.09¢

24 h 36h 12h 24 h 36h
8.09+0.07* 8.16+0.01 * 8.12+0.04* 8.11+0.04° 8.14+0.02°
19.28+0.03° 19.184+0.20 ® 19.35+0.28° 19.33+0.22° 19.30+0.07 ®
6.53+0.24° 6.15+£0.05 ¢ 6.04+0.22¢ 5.87+0.25¢ 5.10+0.05 ¢
5.28+0.03" 5.274+0.04 ® 5.3740.12% 5.35+0.09 ® 5.344+0.04 «®©
41.85+0.18¢ 44.48+0.80 ® 39.81+0.36° 43.61+0.18 © 47.17+0.27 *
18.95+0.23° 16.77+0.97 ¢ 21.31+0.38° 17.74+0.30¢ 14.96+0.28¢

422.48+0.54°  422.89+0.96°  424.84+2.68"°  424.85+2.51®  427.10+0.44*
51.88+0.12¢ 52.80+0.16 ¢ 61.71£0.47¢ 62.74+0.21° 64.21+0.58*
17.83+0.12¢ 18.43+0.16° 17.93+0.06¢ 18.91+0.09° 19.65+0.07*

Values in the table are presented as mean+SD; values with in rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis at P<0.05
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Figure 1: Effect of processing treatments on the anti-nutritional components of soybean (RG — Raw grains, S12 — Soaking for 12 h, S24 — Soaking for 24 h,
RosG — 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, SC12 — Fermentation with Saccharomyces cerevisiae for 12 h, SC24 — Fermentation with

S. cerevisiae for 24 h, and SC36 — Fermentation with S. cerevisiae for 36 h)
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Figure 2: Schematic representation of processing treatments and major effects on nutritional, anti-nutritional, and bioactive components

(RG) to 0.56% (SCF36) during fermentation process. The values of
phytic contents (%) diminished significantly (P < 0.05) by 7.35%
during soaking 27.94% during germination and 58.82% during the
fermentation treatments. A similar decline of 9.78% has been found
by Kumari et al. [47] during the soaking process. Egli ef al. [25] and
Chitra et al. [55] reported a decline of 26.43% and 38.85% in phytic
contents during the germination treatment. Luo et al. [56] stated that

the significant (P < 0.05) reduction in phytic acid during germination
treatment was due to the enhancement in activity of enzyme phytase
resulting in increased availability of minerals. There was a 58.82%
reduction in phytic acid and similar findings have been reported by
Tope [57-59] where the phytic acid in lima bean seeds get decreased to
85.71% during the fermentation with S. cerevisiae. Decreases in tannin
content with the increase in fermentation time agreed closely with the
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Figure 3: Effect of processing treatments on the mineral composition of soybean (RG — Raw grains, S12 — Soaking for 12 h, S24 — Soaking for 24 h, RosG —
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findings of Effiong and Umoren [57] during processing treatments
in horse-eye beans (Mucuna urens). According to Molin [58], during
the fermentation treatment by Lactobacillus, the tannase activity
breaks down the tannin-protein complex, resulting in decreased tannin
content in fermented grains. The anti-nutrient contents were reduced in
fermented samples due to leaching and further microbial activities [60].

3.2.5. Effect of the soaking, germination, roasting, and
fermentation treatments on the mineral content of soybean

The data regarding the changes in mineral components during various
processing treatments are represented in Figure 3. Cu content increased
from 12.10 (RS) to 12.38 mg/kg (RosG) during roasting, 12.10 (RS)
to 14.33 mg/kg (G72) during germination, and 21.53 mg/kg (SCF36)
during the fermentation treatments. Similarly, the Fe content increased
significantly (P < 0.05) from 61.43 (RS) to 63.25 (RosG) during
roasting, 67.08 (G72) during germination, and 63.03 mg/kg (SCF36)
during fermentation treatments. The Zn content increased from 41.65
(RS) to 43.30 mg/kg (S24), 45.22 mg/kg (G72), and 45.30 mg/kg
(SCF36) during soaking, germination, and fermentation treatments,
respectively. In the case of Mn content, the values increased from 21.28
(RG) to 21.50 mg/kg (S24), 21.65 mg/kg (G72), and 23.42 mg/kg
(SCF36) during the soaking, germination, and fermentation processing
treatments, respectively. During the germination process, the values
for Cu, Fe, Zn, and Mn contents increased by 18.43, 9.20, 8.57, and
1.74%, respectively. Similarly, during the fermentation process, there
was 3.55, 2.60, 8.76, and 10.06% increase in the values for Cu, Fe, Zn,
and Mn contents, respectively. Ozcan and Al Juhaimi [35] reported
similar increasing trends during the roasting as well as the sprouting
of soybean cultivars.

4. CONCLUSION

The objectives of this study claim the effect of processing techniques
on nutritional value, anti-nutritional compounds, as well as bioactive

components of soybean. It was observed that there was a significant
(P <0.05) increase in protein contents, the total phenolic components,
and antioxidant activity during the germination and fermentation
treatments. Mineral contents were found to get increased significantly
(P < 0.05) after processing treatments. Anti-nutritional components
bind the micronutrients resulting in their decreased bioavailability.
The leaching of tannins in water during the soaking process and their
additional degradation during the processing treatments and increased
activity of enzyme phytase caused the decline of anti-nutrients such
as tannins and phytic acid and increasing the bioavailability of
micronutrients in the processed grains. Therefore, it can be concluded
that the use of processing techniques proved to improve the nutritional
quality as well as the functionality of soybean seeds. The processed
soybean can be used for value addition of bakery and extruded
functional food products with decreased anti-nutrients and increased
bioavailability of nutrients.
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