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Objective: To study some soybean cultivars commonly used in Northern Thailand that
exhibit high nutritional profile and to investigate the changes in bioactive principles and
antioxidant capacity of the fermented soy broth that was prepared using the selected
soybean cultivar and Lactobacillus paracasei HII02 mediated fermentation process.
Methods: The best soybean cultivar was subjected to fermentation, and then analyzed
the phytochemical, antioxidant and nutritional changes by high performance liquid
chromatography and spectrophotometric analysis.

Results: Sor Jor 2 soybean cultivar showed rich nutritional profile and was subjected to
fermentation process. Lactobacillus paracasei HII02 mediated fermentation of Sor Jor 2
soybean exhibited stable physical and chemical characteristics. Lactic acid bacteria
mediated fermentation also increased the aglycone forms of isoflavone content, exhibited
antioxidant capacity and thereby enhanced the quality of the fermented soy broth. It also
prevented the growth of coliforms in fermented soybean.

Conclusions: The study results suggest that fermented soybean is rich in nutrition and
considered to be safe for consumption for the improvement of health and to treat the
malnutrition.

1. Introduction

With the advancement of food science and technology,
government regulatory bodies are controlling each and every

The fermented soybean products are one of the ancient and  step in food processing, production and distribution. The pro-

commonly used plant-based health supplement with the history
of thousands of years [1]. Soybean-based products, like tofu, has
taken an increasing share in market because of low cost and
nutritional richness (includes protein, oligosaccharides, vita-
mins, and minerals), especially in Asian countries [2-4].
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duction of fermented functional soybean products is majorly
attributed to the starter culture. The most acceptable and
commonly used starter strains are lactic acid bacteria (LAB), a
well-known probiotic bacteria with several desired bioactivities.
LAB are frequently related to dairy products, but they also play a
part in other food forms and processes such as sausages, drinks,
food preservation, etc.

The LAB fermented soybean products are reported for
antithrombotic [5], anticancer properties [6], and are rich in
antioxidants and isoflavones (reported to have tyrosine kinase
inhibition, anti-angiogenic effects and activation of natural
killer cells). Though the soy milk itself is an excellent functional
food, fermentation process may add extra nourishment in terms
of bioactive compounds by the metabolic reaction of the mi-
crobes. The nutritional value of the fermented soy milk is varied
based on the type of probiotic strain used for the fermentation.
The versatile nature of LAB strains aid the food industries to
develop innovative and functional food products.
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The probiotic LAB strains like Lactobacillus paracasei
(L. paracasei), Lactobacillus casei (L. casei), Lactobacillus
mali, and Bifidobacterium breve are reported as a potent starter
for the fermentation of soy milk to produce improved fermented
soy milk products with pleasant flavor and bioactivities [7]. The
glycoside form of isoflavones of soybean can be changed to
aglycones by fermentation, and it also depends on the
bacterial strain which facilitates the natural absorption of
isoflavone [8.9]. The efficiency of isoflavone absorption has
been reported and proved that the fermented soy milk is
superior to raw soy milk in terms of improvement of the
biological efficiency of isoflavones [10].

Even though soy milk and fermented soybean products are
enriched with vital nutrition, the acceptance rate of such foods is
limited because of the discrete odor of soybeans, mainly in
Western countries. The fermentation process improves the smell
of the soy milk. LAB strains which are capable of reducing n-
hexanal, n-pentanal, and group A saponin glycosides are used to
improve the odor and taste of the fermented soy milk [11]. Thus,
the selection of appropriate probiotic starter strain could be the
critical step in the production of fermented soybean products.

The nutritional profile of commonly used soybean cultivars
of Northern Thailand was assessed in the present study. Sub-
sequently, one soybean cultivar was selected for L. paracasei
HIIO2 mediated fermentation process, and the changes in
bioactive principles and antioxidant ability were estimated.

2. Materials and methods
2.1. Sample collection and microorganism

The fresh soybean samples, five different cultivars (Chiang-
mai 1, Chiangmai 60, Rajamangala, Sor Jor 2, Sor Jor 4 and Sor
Jor 5) were collected from local market of Chiang Mai,
Thailand. The lactic acid bacterial strain L. paracasei HII02 was
obtained from Health Innovation Institute and the strain was
maintained in MRS (de Man, Rogosa and Sharpe) medium until
use.

2.2. Quantification of total protein, fat, carbohydrates,
fiber, and minerals

The soybean samples were mechanically crushed and the
total protein content in soybean was measured by Bradford's
method [12] and Lowry's method [13]. The fat content was
measured by following
Analytical Communities [14]. The percentage of fat in the
sample was calculated as per the following formula:

the method of Association of

Weight of fat extracted)

100
(Weight of samples) X

Fat content (%) = (

Carbohydrate and fiber content was measured by following
the standard methods of Association of Official Analytical
Chemist (AOAC) [14]. Mineral content was measured by
following the AOAC Official Method 975.03 [15] as described
in the previous publication [16].

2.3. Quantification of isoflavones

The soybean samples were subjected to isoflavones extraction
using 80% methanol as described by Achouri et al [17]. The

concentration of genistein, daidzein and their glucoside forms
(genistin and daidzin) were assessed by high performance liquid
chromatography (HPLC) method with respective HPLC grade
standards. To detect the isoflavones in fermented soybean (FSB)
broth, samples were collected at various time points and filtered
through whatman no. 1 filter, and then the filtrate was subjected
to analysis. HPLC was performed as detailed in previous reports
with slight modifications [18.19]1. Briefly, reversed-phase HPLC
system (Waters Inc., Ireland; Model No.: 2995) was equipped with
UV detector. An ACE® C18 column (250 mm x 4.6 mm; 5 [Lm)
was used. The mobile phase A (water:methanol:acetic acid at the
ratio of 88:10:2) and mobile phase B (methanol:acetic acid at the
ratio of 98:2) were used at the flow rate of 1.5 mL/min. All the
samples were assessed in triplicate.

2.4. Fermentation process

The soybeans were submerged in drinking water for 12 h and
subjected to steam sterilization (cooking) by autoclave at 121 °C
for 15 min. The cooked soybean was minced and mixed with brown
sugar and water at the ratio of 3:1:10 (soybean:brown sugar: water),
and filtered through cheesecloth to obtain soybean milk. Sugar
(10%) and L. paracasei HII02 starter (10%) were added to the
soybean milk, which was incubated at 30 °C for 3 weeks. The
samples were collected aseptically at regular intervals to study the
various parameters. The soybean milk with all the ingredients at the
same ratio without LAB starter was considered as a control.

2.5. Physical and chemical parameters

The changes in the color, odor, taste, turbidity and gas for-
mation were monitored and noted at regular intervals by manual
observation. The total acidities of FSB at different time points
were measured by titration technique as described in previous
report [16]. The moisture content of the sample was calculated by
measuring the total solid by AOAC method [20]. Briefly, 2.5—
3.0 g of sample was placed in a moisture can and incubated in
steam bath for 10-15 min, followed by baking at 90-100 °C
for 3 h. Then the total solid and moisture content (%) were
calculated by the following formula.

Total solid content (%) = Weight of can with sample after
baking—Weight of empty can/Weight of sample x 100

Moisture content (%) = Weight of can with wet sample—Weight
of can with sample after baking/ Weight of can with wet
sample x 100

2.6. Antioxidant assays

The antioxidant capacity of FSB broth and control samples
were evaluated by 2, 2’-azinobis-(3-ethylbenzothiazoline)-6-
sulfonic acid (ABTS) assay [21], nitric oxide scavenging,
superoxide anion scavenging assays [18] and ferric reducing
antioxidant power (FRAP) [22] as detailed earlier.

2.7. Microbiological examination

The microbial load in FSB broth was assessed at the
beginning and the end of the fermentation process by plating
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the serially diluted samples in specific media. The samples
were plated on plate count agar (total bacterial load), potato
dextrose agar (yeast and mold), phenol red egg-yolk kana-
mycin agar [Bacillus cereus (B. cereus)], mannitol salt phenol
red egg yolk agar [Staphylococcus aureus (S. aureus)],
Salmonella-Shigella agar (Salmonella spp.) and cooked meat
medium [Clostridium perfringens (C. perfringens)], and were
incubated at the optimum temperatures of the respective mi-
crobes for 24-48 h. Then, the colony forming unit (CFU) was
calculated [23].

2.8. Statistical analysis

The analysis was performed in triplicates, and values are
represented as mean + SD. The significant difference among the
samples were assessed by analysis of variance using statistical
SPSS software version 16 (Chicago, SPSS Inc, USA) at the 95%
confidential level (P < 0.05).

3. Results
3.1. Nutritional value of soybean

Five different cultivars of soybean samples were collected,
and their protein, fat, carbohydrate, fiber and mineral contents
were assessed. The range of (37.59 =+ 0.30)% to
(3949 = 033)%, (1471 = 0.100% to (20.82 = 0.28)%,
(3579 = 041)% to (42.24 = 0.17)%, (4.60 = 0.21)% to
(8.02 = 0.44)%, and (5.31 = 0.01)% to (5.49 + 0.12)% of pro-
tein, fat, carbohydrate, fiber and mineral were found in tested
soybean samples, as shown in Table 1.

3.2. Isoflavones content of different soybean cultivars

The glucone and aglucone forms of isoflavones (daidzin,
genistin, daidzein and genistein) were quantified in soybean
samples. The daidzin content was found to be ranging from
(303.2 + 18.0) mg/kg to (948.6 + 19.0) mg/kg among the tested
soybean samples. The genistin content was found to be ranging
from (281.1 £ 11.0) mg/kg to (949.2 + 31.5) mg/kg among the
tested soybean cultivars. Whereas, the daidzein and genistein
content was found to be ranging from (2.8 + 0.6) mg/kg to
(5.2 £ 1.2) mg/kg and (7.1 = 1.0) mg/kg to (27.5 = 4.5) mg/kg,
respectively among the tested soybean samples (Table 2).

3.3. Physical and chemical characteristics of unfermented
and fermented Sor Jor 2 soybean broth

The physical properties such as color, odor, taste, turbidity
and gas of soybean broth (SB) and FSB broth were observed

Table 1

Table 2
Quantity of isoflavones content of selected
(Mean = SD, n = 4) (mg/kg).

soybean cultivars

Daidzin Genistin Daidzein Genistein

446.3 + 104.7 360.2 +25.7 2.8 +0.6 10.0 2.8

Cultivars

Chiangmai 1

Chiangmai 60 588.5 + 68.4 825.6 £89 3.8 +0.7 26.0 2.1
Rajamangala  927.1 + 63.5 9492 +315 3.1+x09 7.1 %10
Sor Jor 2 948.6 + 19.0 8345140 52+12 27.5%45
Sor Jor 4 4084 £ 653 6103 950 39+0.6 189 +22
Sor Jor 5 3032 +18.0 281.1 £11.0 29+09 9435

manually. The color of both SB and FSB was observed to be
light brown. The fragrant of SB was found to be changed into
sour smell after 7 days, and FSB was found to exhibit sour
odor after 4 days. The turbidity of SB was observed to be
slightly opaque and started sediment after 23 h, whereas the
turbidity of FSB remained slightly opaque until the moni-
toring duration of this study. The SB samples were found to
exhibit bubbles on the surface throughout the study and pro-
duced gas after 7 days. While the FSB samples exhibited
bubbles on the surface until 18 h and exhibited no bubbles and
gas after 23 h (Table 3).

The chemical characteristics that include pH, acidity,
moisture, soluble protein and fat content of SB and FSB were
assessed as described in the methods section. The pH of the SB
and FSB were found to be reduced at all the time points
compared to that of the initial time point. The slight gradual
increases in acidity of the SB and FSB were observed
throughout the experiment. The moisture content and fat con-
tent of SB and FSB were found to be varied until the final day
of the experiment. About 4.58% and 5.76% soluble protein
content of SB were detected on the initial day and 21st day of
the experiment, respectively, whereas, about 4.79% soluble
protein content of FSB was detected on the initial day and
finally reached about 14.06% on 21st day of the experiment
(Table 4).

3.4. Isoflavones content of fermented Sor Jor 2 soybean
broth during fermentation

Daidzin, genistin, daidzein and genistein content of FSB
during fermentation were assessed. Both forms of tested iso-
flavones content were found to be varied at different time
durations during fermentation. On the initial day (day zero) of
FSB possessed about 55.31, 36.17, 14.48, and 6.36 mg of
daidzin, genistin, daidzein, and genistein per kg of FSB,
respectively. FSB possessed about 55.38, 10.77, 75.42, and
56.04 mg of daidzin, genistin, daidzein, and genistein per kg
of FSB, respectively on the 21st day of the experiment
(Table 5).

Nutritional profile of various cultivars of soybean (Mean + SD) (% per dry weight).

Cultivars Protein Fat Carbohydrate Fiber Minerals

Chiangmai 1 37.59 + 0.30° 20.82 + 0.28° 36.28 + 0.56° 4.60 + 0.21° 5.31 £ 0.01
Chiangmai 60 37.62 + 0.04° 18.00 + 0.62¢ 38.90 + 0.77° 8.02 + 0.44% 5.49 £ 0.09
Rajamangala 37.61 + 0.35° 14.71 = 0.10° 4224 + 0.17* 6.11 + 0.40° 5.44 = 0.10
Sor Jor 2 39.45 + 0.18° 19.19 + 0.19¢ 3591 + 0.25¢ 5.09 + 0.50° 5.46 £ 0.01
Sor Jor 4 38.54 + 0.35° 20.34 = 0.06° 35.79 + 0.41° 5.91 + 0.61° 5.34 + 0.09
Sor Jor 5 39.49 + 0.33* 18.54 + 0.12¢ 36.48 + 0.46° 5.32 + 0.81° 5.49 £ 0.12

*d indicates the statistically significant differences among the samples (P < 0.05).
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Table 3

pH, total acid, moisture, soluble protein and fat content of soybean broth and fermented soybean broth.
Time pH Total acid (%) Moisture (%) Soluble protein (%) Fat (%)
(Day) SB FSB SB FSB SB FSB SB FSB SB FSB
0 4.76 4.59 0.06 0.06 95.14 95.09 4.58 4.79 0.22 0.19
1 4.49 3.68 0.07 0.14 94.82 95.17 4.21 17.88 0.23 0.56
3 441 3.46 0.08 0.21 95.12 94.94 3.40 19.97 0.22 0.57
7 4.17 3.12 0.09 0.31 95.88 97.81 4.53 18.43 0.18 0.55
10 4.12 3.03 0.21 0.43 96.63 97.78 5.56 16.23 0.20 0.55
14 4.10 3.03 0.26 0.44 96.87 98.20 5.81 18.13 0.20 0.61
17 4.12 3.11 0.21 0.44 97.45 98.24 5.86 13.64 0.21 0.67
21 4.13 3.05 0.21 0.47 96.92 98.31 5.76 14.06 0.24 0.64

Table 4

Quantity of isoflavones in fermented soybean broth at various time points
(mg/kg).

Time (Day) Daidzin Genistin Daidzein Genistein
0 55.31 36.17 14.48 6.36
1 71.94 33.54 21.10 19.45
3 37.46 11.52 15.64 16.82
7 55.58 13.31 45.01 42.36
10 84.38 16.20 89.23 79.17
14 56.39 7.57 67.92 56.06
17 80.72 32.58 91.12 54.62
21 55.38 10.77 75.42 56.04

3.5. Microbial load in unfermented and fermented Sor
Jor 2 soybean broth

The microbial load in SB and FSB on both initial day and the
end of the experiment were assessed. Total microbial count of
SB on zero hours was found to be nil, whereas, on day 21, the
total microbial count of SB was (4.9 x 104) CFU/mL. About
(1.7 x 108) and (2.2 x 106) CFU per mL of FSB was the total
microbial count on zero hour and 21st day of the experiment,
respectively. Total coliforms (except SB on day 21), total yeast
and mold count, B. cereus, C. perfringens, Salmonella spp., and
S. aureus were nil in the SB and FSB on both zero and 21st day
of the experiment (Table 6).

Table 5
The quantity of isoflavones in fermented soybean broth at various time
points (mg/kg).

3.6. Antioxidant property of unfermented and fermented
Sor Jor 2 soybean broth

Free radical scavenging property of SB and FSB was
assessed using FRAP assay, ABTS, superoxide, and nitric oxide
radical scavenging assay. Trolox equivalent antioxidant capacity
of both SB and FSB were found to be similar in ABTS assay
(Figure 1A). FRAP of SB at different time points were found to
be slightly varied when compared with that of the FSB
(Figure 1B). Both nitric oxide and superoxide radical scavenging
property of SB were almost similar to those of the FSB
throughout the experiment (Figure 1C, D).

4. Discussion

Messina et al [24] have reported the content of protein, fat,
dietary fiber, Ca, Fe, Zn, riboflavin, and folate in cooked
soybeans. Giri and Mangaraj [25] have reported the effect of
processing on the composition of soymilk. Zhang group have
reviewed the composition of soybean curd reside, which is
obtained while processing the soybean to prepare soybean
products like tofu, soymilk, efc. [26]. In the present study, all
the tested cultivars contain a relatively equal distribution of
protein, fat, carbohydrate, fiber and mineral content. The
nutritional composition of soybean varied among the cultivars.
Sor Jor 2 cultivar appeared to be superior in case of protein
content when compared to that of the other tested cultivars.
The content and the form of isoflavones were found to be
varied among the cultivars. The almost high content of both
forms of tested isoflavones was found in Sor Jor 2 samples

Ti D Daidzi Genisti: Daidzei Genistei . . .
tme (Day) aicemn e aiceem cnvrenn compared to that of the other soybean cultivars used in this
0 55.31 36.17 14.48 6.36 study. Achouri et al [171 have reported the appropriate
1 71.94 33.54 21.10 19.45 diti for th tracti £ isofl f t b
3 37 46 1152 1564 16.82 conditions for the extraction of isoflavones from two soybean
7 55.58 13.31 45.01 42.36 products. Mujic et al [27] have determined the total isoflavone
10 84.38 16.20 89.23 79.17 content present in the soybean seeds and also reported that
14 56.39 157 67.92 56.06 soybean seeds were found to be rich in genistein. Kuo et al
7 o 32.58 .12 34.62 [28] reported that media milled soymilk contains more
21 55.38 10.77 75.42 56.04
Table 6
The microbial load in fermented soybean broth.
Sample Total microbes Yeast and mold Coliforms Salmonella spp., S. aureus,
(CFU/mL) (CFU/mL) (MPN/100 mL) C. perfringens, B. cereus
(CFU/mL)
SB (0 h) Nil Nil Nil Nil
SB (Day 21) 4.9 x 10* Nil 2.0 Nil
FBS (0 h) 1.7 x 108 Nil Nil Nil
FSB (Day 21) 2.2 x 108 Nil Nil Nil
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aglycone forms of isoflavones compared to that of the filtered
soymilk. Recent studies have reported about the isoflavone
content of different soybean cultivars [29.30]. In the present
study, among the tested cultivars, Sor Jor 2 samples were rich
in daidzin, genistin, daidzein and genistein content.

Liu et al 311 investigated the physical and chemical
characteristics of about 39 commercially available soymilk
products and revealed that both physical and chemical
properties of tested soymilk products widely differed from
each other. A study has been reported investigating the
physical and chemical properties of commercially available
six soymilk plain beverages and suggested that consumers
prefer the soymilk products that are rich in protein content,
dark color and high viscosity [32]. Kuo et al 28] compared
the physical and chemical properties of blended soymilk,
filtered soymilk and media milled soymilk and suggested that
media milled soymilk was more stable when compared to
that of the other tested soymilk. In the present study, FSB
exhibited a stable physiochemical property compared to that
of the SB.

Aglycone forms of soy isoflavone (daidzein and genistein)
are the most active forms and gets easily absorbed in higher
quantity in humans compared to that of the glucoside forms of
soy isoflavones (daidzin and genistin) [33]. Gardner et al [34]
investigated the effect of isoflavone content in healthy adults
administered (three doses per day) with soy isoflavone tablets
(total dose per day: 144 or 288 mg of isoflavone) or soy foods
(total dose per day: 96 mg of isoflavone) and revealed that
genistein content was higher in the plasma of healthy adults
who consumed soy foods when compared to that of the
healthy adults supplemented with tablets. Therefore, intake of
isoflavones in the form of soy food source is more effective
than that of the tablet form. Marazza et al [35] have reported

that Lactobacillus rhamnosus CRL981 mediated fermentation
of soy milk increased the aglycone forms of isoflavone content
of FSB. In the present study, the daidzein and genistein
content of FSB were found to be increased after fermentation.
Increased concentration of aglycone forms of soy isoflavone in
FSB suggests that consumption of FSB might provide
beneficial effects of daidzein and genistein in humans.

Agboke group investigated the microbial quality of some
commercially available soymilk products that are consumed in
Nigeria and revealed that most of the soymilk products might
cause health risk due to the high bacterial count and presence of
either pathogenic microorganisms like Escherichia coli,
S. aureus, and Candida species [36]. A study has been reported
about the bactericidal activity of fermented soybean broth
using in vitro assays, rat, and mouse models [37]. In the
current study, the coliforms count of SB was higher on day 21
compared to that of the FSB. Yeast, mold, coliforms, and
pathogenic microorganisms like Salmonella spp., S. aureus,
C. perfringens, B. cereus were not found in FSB, which
proved that consumption of FSB is safe for human.

Marazza et al [35] have reported that fermentation of soy milk
with  Lactobacillus  rhamnosus CRL981 increased the
antioxidant capacity of the fermented soymilk. Similarly,
Lactobacillus  species-mediated fermentation of soymilk
increased the antioxidant capacity of the fermented soymilk [38].
A recent study reported the antioxidant capacity of L. paracasei
KUMBBO005 mediated fermented soymilk using diphenyl picryl
hydrazinyl radical and FRAP assays [391. In this study, both SB
and FSB showed antioxidant property, and even though the
antioxidant capacity of the FSB was slightly higher than that
of the SB, no significant changes were observed between the
antioxidant capacity of SB and FSB at the different time
points during the experiment.
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Among the tested soybean samples, was rich in protein and
isoflavone content. This study concludes that fermentation of
Sor Jor 2 cultivar soybean with L. paracasei HII02 increases the
quality of the soy broth by exhibiting stable physiochemical
properties, increasing the aglycone forms of soy isoflavone
content, preventing the growth of coliforms and slightly
increasing the antioxidant capacity. Therefore, FSB was
considered safe for consumption and healthy for humans.
Further study is required for evaluating the customer satisfaction
on consuming FSB.
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