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Abstract. Phytoestrogens which mimic mammalian estrogens structurally and functionally are
phenolic compounds. The aglycone phytoestrogens in soy germ including daidzein, genistein,
and glycitein are known to have higher biological activity than other derivative forms. This
study aimed to assess the potential of pure B-glucosidase to hydrolyze glucoside phytoestrogens
from soy germ to increase aglycones content. The optimal conditions for the hydrolysis of
aglycones from soy germ evaporated extract included a B-glucosidase content of 4 units/g of
defatted soy germ flour and an incubation time of 5.5 hours. Under these conditions, the
hydrolysis of B-glycosides, malonyl glycosides, and acetyl glycosides were more than 90 %, 60
%, and 60 %, respectively. The phytoestrogen aglycones content was 31.36 £ 0.06 umol/g
(14.97 + 0.03 umol/g daidzein, 7.58 £ 0.05 umol/g glycitein, and 8.81 + 0.02 umol/g genistein),
5 times higher than that of the defatted soy germ flour.
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1. INTRODUCTION

Phytoestrogens which are derived from “Phyto” and “estrogen” are phenolic compounds
including isoflavones, stilbene, coumestan, and lignan. The main phytoestrogens in the form of
isoflavones are mainly found in the bean family. The amount of isoflavones in soy germ is about
five to six times higher than that in cotyledons and higher than seed coat and whole seeds [1].
Soy isoflavones include aglycones (daidzein, genistein, glycitein), glycoside forms (daidzin,
genistin, glycitin), acetyl glycoside forms (acetyl daidzin, acetyl genistin, acetyl glycitin), and
the malonyl glycoside forms (malonyl daidzin, malonyl genistin, and malonyl glycitin) [2]. The
B-glucoside conjugates, acetyl glycosides, and malonyl glycosides are inactive forms of
isoflavones. The aglycone forms account for only about 2 - 5 % of total isoflavones but are
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rapidly absorbed because of their hydrophilic capacity and lower molecular weight, showing
higher biological activity than other derivatives in digestion [3, 4]. Moreover, isoflavones,
primarily genistein and daidzein, show their phytoestrogenic activity with many health benefits
including chemopreventive activity against breast and prostate cancer, and the ability to modify
carcinogenesis, e.g. initiation, promotion, and cancer progression [5]. The conversion of
isoflavone glycosides to aglycones can be achieved using chemical agents such as HCI [6] or
base, or biological agents including enzyme B-glucosidase (cellobiase) [7], galactosidase [8],
cellulase [9], and microorganisms capable of producing $-1-4 glycoside binding enzyme [10].
The most common and effective agent is the enzyme B-glucosidase. The main sources of enzyme
B-glucosidases are widely distributed in plants (almonds), filamentous fungi, mammals, and
microorganisms, for example, Aspergillus niger, Phanerochaete chrysosporium, Agrobacterium
sp., and Thermotoga martima. To deconjugate isoflavone glycoside to biologically active
aglycones, the B-glucosidic linkage between B-glycoside and aglycones must be broken.
Previous studies on soy germs focused only on analyzing the content of B-glycosides and their
aglycones and not on other conjugated forms such as malonyl glycosides and acetyl glycosides
because their concentrations in some samples were too low to be determined [7, 11], or due to
the point that B-glucosidase only hydrolyzed B-glycosides [12, 13]. In this study, all 12
isoflavones of soy germ were analyzed and the effect of B-glucosidase on all glycosides was
determined to increase aglycones in the extract.

2. MATERIALS AND METHODS
2.1. Materials

Soy germ with a size of 0.1 mm was supplied by Vinanusoy Viet Nam Co., Ltd
(commercially available) and B-glucosidase from almonds with a content of 4 U/g was
purchased from Sigma-Aldrich with a purity of 98 % (EC: 3.2.1.21). Phytoestrogens standards
(Wako Pure Chemical Industries Ltd.) were used for HPLC analysis. Other reagents were of
analytical grade and were purchased from Fisher Scientific (USA).

2.2. Methods

Soy germ was defatted using 95 % n-hexane at a solid/liquid ratio of 1:5 and was shaken at
180 rpm for 5 hours. The defatted soy germ with a moisture content of 5.79 + 0.09 % was
packed in a dark glass grinder and stored at — 4 °C until further analysis. The content of total
isoflavones in the defatted soy germ was 1748.01 + 8.25 mg/100g (40.80 + 0.17 pmol/g).

Preparation of total phytoestrogen extract from soy germ

The total phytoestrogen extraction was conducted as follows: defatted soy germ flours were
added with 65 % ethanol, at pH 9, and the solid/liquid ratio was 1:12; extraction time was 90
minutes. The liquid extract was separated from insoluble fractions by filtration. The extraction
was then evaporated under vacuum at 45 °C [14, 15].

Method of p-glucosidase enzyme activity analysis
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B-glucosidase activity was determined according to Ghose [16] with some improvements
by measuring the hydrolysis rate of 15 mmol of cellobiose. One unit of enzyme activity was
defined as the amount of B-glucosidase that releases 1 pumol of glucose per minute. Glucose was
measured using a D-glucose Assay Kit (GOPOD Format) - Megazyme.

Hydrolysis of soy germ extract by enzyme S-glucosidase

The enzyme B-glucosidase hydrolyzed glycoside isoflavones to aglycone forms. The
extract of total phytoestrogens from 2 g of defatted soy germ flour was adjusted to pH 5 using
0.02 N HCI and kept at room temperature for 1 hour. Then, this cloudy suspension was
centrifuged at 6000 rpm, at 4 °C for 10 minutes to remove insoluble matter [9].

The enzyme B-glucosidase was added at various concentrations (1, 2, 3, 4, 5 U/g of defatted
soy germ) in sodium phosphate buffer (pH 5.0) until the volume of each sample was 10 mL,
followed by incubation at 37 °C for 4.0; 4.5; 5.0; 5.5; 6.0 hours.

The enzyme hydrolysis conversion (%) was defined as follows:

Mo—M;
My: the content of glycoside forms before enzymatic hydrolysis (umol/g); M;: the content of
glycoside form after enzymatic hydrolysis (umol/g)

HPLC analysis

The HPLC analysis method was developed by the National Institute of Nutrition according
to the Song method with some improvements [17].

Enzymatic hydrolysis conversion (%) =

Each test sample (0.5 g or 2 mL) was added with 10 mL of acetonitrile and 2 mL of 0.1 M
HCI, then added with 4 mL of deionized water for the flour sample and 2 mL of deionized water
for the liquid sample with constant shaking on an orbital shaker at ambient temperature. Samples
were sonicated for 10 minutes and shaken for two hours at temperatures below 25 °C. Each
mixture was centrifuged at 5000 rpm for 30 minutes, then 1 mL of the extract was placed in a
test tube and blown dry with N,. Standards were dissolved in a test tube with 1 mL of methanol
and sonicated for 10 minutes. Samples were shaken for 1 minute and then filtered through a 0.45
pm PTFE membrane before being injected into the HPLC system.
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Figure 1. Calibration curves of standard.
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Phytoestrogens were analyzed by Alliance System, Waters, USA equipped with a Zorbax
SB-C18 (5 um x 4.6 mm x 150 mm). The HPLC conditions were set at a column temperature of
35 °C, detection wavelength of 260 nm, mobile phases A - 0.1 % acetic acid and B - acetic
acid/acetonitrile 20/80, flow rate of 1.0 mL/min. The detection was carried out under linear
gradient elution with mobile phase percentage changing from A 88 %, B 12 % to A 60 %,
B 40 % and was completed at A 88 %, B 12 %. The quantification of each phytoestrogen was
performed by integrating the chromatographic peak areas into the calibration curves (Figure 1).

Statistical analysis: All measurements were conducted in triplicate and were statistically
analyzed using the analysis of variance (ANOVA). Duncan’s multiple range test using the SPSS
software program version 25 (SPSS Inc., Chicago, IL, USA) were performed. The significance
of the difference was defined at p < 0.05.

3. RESULTS AND DISCUSSION
3.1. Quantification of phytoestrogens in soy germ extract

Phytoestrogens content from defatted soy germ flour, and the soy germ extract before
enzymatic hydrolysis (after evaporation and pH adjustment) were analyzed by the HPLC
method, as shown in Table 1.

Table 1. Content of phytoestrogens.

Content of phytoestrogens (umol/g)
Phytoestrogens Soy germ defatted flour Sgr{z?,%r;iixﬁ%:o?;i?sre
Daidzin 7.18 = 0.03 9.57 £ 0.03
Glycitin 3.86+0.03 5.14 +0.03
Genistin 3.95+0.02 5.63 +£0.02
Malonyl daidzin 0.95+0.01 1.32+0.01
Malonyl glycitin 0.57 £0.00 1.16 +£0.01
Malonyl genistin 5.81+0.10 5.77 £0.02
Acetyl daidzin 7.74+£0.01 7.77 £0.02
Acetyl glycitin 0.29+0.01 0.39+0.01
Acetyl genistin 4.73+0.02 4.77 £ 0.02
Daidzein 1.79+£0.03 1.92£0.02
Glycitein 2.43+0.01 2.72+0.01
Genistein 1.52 £ 0.00 1.74+0.01
Total B-glycosides 14.99 + 0.07 20.35+0.08
Total malonyl glycosides 7.32+0.10 8.25+0.03
Total acetyl glycosides 12.76 + 0.03 12.93+0.01
Total glycosides 35.07 £ 0.17 41.52+0.10
Total aglycones 5.73+0.02 6.38 £ 0.01
Total phytoestrogens 40.80 £ 0.17 47.90+0.11
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The content of total phytoestrogens in defatted soy germ flour was 1748.01 + 8.25 mg/100
g (40.80 = 0.17 umol/g, ending with 35.07 = 0.17 umol/g total glycosides and 5.73 + 0.02
pmol/g total aglycones).

The phytoestrogens content of soy germ extract before enzymatic hydrolysis was 47.90 +
0.11 pumol/g (41.52 = 0.10 pmol/g total glycosides and 6.38 £ 0.01 umol/g total aglycones),
which was higher than that in defatted soy germ flour due to evaporation.

3.2. Hydrolysis of glycosides in soy germ extract by enzyme B-glucosidase
Hydrolysis of glycosides by enzymatic processes using B-glucosidase from almond (EC:
3.2.1.21) to increase aglycones - their bioavailability in soy products was conducted (Figure 2).

The effect of enzyme concentration on glycoside conversion is shown in Table 2.

Table 2. Effect of enzyme concentration on glycoside conversion.

Number | Hydrolysis conversion (%) Enzyme con(Z:entratlon U3/g) 2 5
1 Daidzin 76.33 87.40 91.69 94.76 90.67
2 Glycitin 52.42 77.57 85.58 90.68 85.00
3 Genistin 64.40 83.72 87.74 92.31 86.29
4 Malonyl daidzin 49.84 57.65 57.83 57.84 58.34
5 Malonyl glycitin 68.02 69.42 65.34 66.02 67.53
6 Malonyl genistin 64.29 65.73 64.01 64.18 64.21
7 Acetyl daidzin 66.77 69.32 69.64 70.03 70.01
8 Acetyl glycitin 52.53 53.90 53.09 50.02 53.32
9 Acetyl genistin 61.30 62.33 54.08 54.32 54.54
Total B-glycosides 66.70 83.78 88.98 93.00 87.95
Total malonyl glycosides 62.58 65.01 63.24 63.46 63.78
Total acetyl glycosides 64.17 66.08 63.02 63.24 63.42
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Figure 2. Effect of enzyme concentration on aglycones content.
Finally, after the enzymatic hydrolysis, an enzyme concentration of 4 U/g and an
incubation time of 4 hours were selected, and the total aglycone under this condition was 31.21

+ 0.05 (umol/g), including 14.88 + 0.04 umol/g daidzein; 7.58 + 0.04 umol/g glycitein, and 8.75
+ 0.05 pmol/g genistein. The effect of incubation time on glycosideconversion is shown in Table 3.
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Table 3. Effect of incubation time on glycoside conversion.

) ) Incubation time (h)
Number | Hydrolysis conversion (%)
4.0 4.5 5.0 55 6.0

1 Daidzin 94.76 94.85 94.84 94.96 95.62
2 Glycitin 90.68 90.85 91.38 91.49 92.26
3 Genistin 92.31 92.54 92.67 92.72 93.42
4 Malonyl daidzin 57.04 57.79 58.90 59.59 59.38
5 Malonyl glycitin 66.02 65.29 64.43 66.11 64.60
6 Malonyl genistin 51.79 53.13 53.44 56.63 56.10
7 Acetyl daidzin 70.83 71.37 70.80 70.40 69.98
8 Acetyl glycitin 50.02 51.65 52.10 53.19 47.67
9 Acetyl genistin 51.04 54.63 53.51 53.80 48.19

Total B-glycosides 93.00 93.15 93.32 93.42 94.12

Total malonyl glycosides 63.46 63.44 63.46 63.36 62.93

Total acetyl glycosides 63.24 64.18 63.44 63.35 62.66

As can be seen in Table 3, when

malonyl glycosides and acetyl glycosides did not increase.

increasing the incubation time from 4 to 6 hours, the
hydrolysis conversion of total B-glycosides slightly increased, but the hydrolysis conversion of

The effect of incubation time on the content of each aglycone and total aglycones is shown
in Figure 3.

Content of aglycones
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Figure 3. Effect of incubation time on the aglycones content.

)

The content of total aglycones at the time of incubation for 5.5 hours was also higher than
that after 4 hours of incubation (p < 0.05), which was 31.36 + 0.06 umol/g (including 14.97
0.03 pmol/g daidzein, 7.58 = 0.05 umol/g glycitein, and 8.81 + 0.02 pumol/g genistein).

3.3. Discussion

3.3.1. Content of phytoestrogens from soy germ
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The isoflavone content of soy germs from Vinanusoy was also consistent with isoflavones
content in the varieties from Thailand and Korea in previous reports, for example, the
isoflavones content of Chieng Mai-60 soy germ was 30.60 pmol/g [18], the isoflavones content
of Korean soy germ varieties ranged from 1110.9 to 3131.1 mg/100g [19]. The aglycones
concentration in the soy germ sample was 8.9 %, which was quite higher than the average
concentration in previous reports (2 - 5 %). Studies showed that the glycoside forms were found
in higher concentrations in soy germ. The composition of glycosides in the sample was also very
different from that of Korean embryos. This result was due to genetic differences in varieties,
cultivars, breeding conditions, seasons, climate, and locations [18, 20, 21]. The amount of
glycosides composition was in the following order: B-glycosides > acetyl glycosides > malonyl
glycosides. In contrast, Korean varieties were in order: malonyl glycosides > B-glycosides >
acetyl glycosides [22]. This was advantageous because -glycosides were conjugated and could
be biotransferred to aglycones with the highest conversion rate (more than 90 %). Some Korean
varieties lacked glycitein and its derivatives [19], therefore they could not bring full knowledge
of these substances, but in our study, the defatted soy germ flour sample had full 12 components
of isoflavones. Instead of only three aglycones, the development of a database to investigate the
levels of all 12 dietary isoflavones is necessary.

3.3.2. Hydrolysis of glycoside phytoestrogens in soy germ

The effects of enzyme concentration on glycoside conversion

It could be seen that all conjugated B-glycosides, malony glycosides, and acetyl glycosides
were converted into aglycones. For B-glycoside forms, when 1.0 U/g B-glucosidase was added,
only 76.33 % of daidzin, 52.42 % of glycitin, and 64.40 % of genistin were converted after 4
hours, which might be the result of a low rate of enzymatic hydrolysis. With increasing enzyme
concentration to 4 U/g, the conversions were both significantly increased (p < 0.05) and reached
the maximum value, the conversions of B-glycosides were 94.76 %, 90.68 %, and 92.31 % for
daidzin, genistin, and glycitin, respectively. At an enzyme concentration of 5 U/g, the hydrolysis
conversion decreased. This could be explained by the fact that the final product, glucose
molecules, had a direct inhibitory effect on p-glucosidase activity. Kinetic studies of glucose
inhibition were an area of debate, although the actual inhibition mechanism was largely
dependent on the sources of enzymes [23]. The second reason for the decrease in hydrolysis
conversion was that when glucose and other soluble molecules dissolved during hydrolysis, they
were bound to water molecules, leaving the enzymatic system lacking water to carry out the
hydrolysis reaction [24]. The hydrolysis conversion of malonyl glycosides and acetyl glycosides
under the enzyme B-glucosidase was more than 60 %, which was observed in some reports on
the hydrolysis of isoflavone glycosides in soy milk by B-glucosidase [8, 25] with the metabolism
of malonyl and acetyl forms reaching about 50 % and 60 % of the baseline [25]. A similar result
was also reported by Ismail et al. [26] and it was possible that the enzyme and substrate
possessed specific complementary geometric shapes that fit exactly into one another, -
glucosidase acted on isoflavone glycosides as a “Lock and Key” model (Fisher 1894) [8]. The
effect of enzyme concentration on the content of aglycones and total aglycones is shown in
Figure 1.

The effect of incubation time on glycoside conversion

In general, when the enzyme concentration was highest, the rate of enzymatic reactions
increased rapidly during the first 30 minutes of the reaction. It was difficult to determine exactly
the optimum incubation time of enzyme-catalyzed reactions with two or more substrates or
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products. Most isoflavonefB-glycosides were hydrolyzed after 4 hours except for malonyl and
acetyl glycosides. The incubation time depended on many factors, such as the total isoflavone
glycoside content and the enzyme concentration. In contrast, in the study of Pham et al., after
240 minutes of hydrolysis by -glucosidase, about 93 % of the total isoflavone glycosides of soy
milk were hydrolyzed. Malonyl and acetyl glycosides were still present at 240 minutes, although
at a very low concentration [8]. In this experiment, the incubation time was 5.5 hours, which is
longer than the time of 5 hours for glycosides of Chiang Mai-60 soybean embryo to be
hydrolyzed to aglycones by B-glucosidase G0395 [7], and shorter than the optimal time of 7.5
hours for the hydrolysis of soybean embryos using the response surface methodology with the
Plackett-Burman model [11].

In summary, the biotransformation conditions of isoflavone glycosides in soy germ extract
were 4 U/g enzyme B-glucosidase and 5.5 hours. After the hydrolysis, the content of aglycones
was 31.36 £ 0.06 umol/g (14.97 + 0.03 pmol/g daidzein, 7.58 £ 0.05 pumol/g glycitein, 8.81 +
0.02 pumol/g genistein). The ratio of aglycones/total isoflavones (% mol) in the extract was 77.62
% (including 36.69 % daidzein, 18.57 % glycitein, and 21.60 % genistein) which was 5 times
higher than that of the defatted soy germ flour.

4. CONCLUSIONS

Soy germ is a remarkable source of bioactive phytochemicals due to its isoflavone
aglycones. The conversion of glycosides to aglycones by B-glucosidase could increase the
production of aglycones. It could be seen that all conjugated B-glycosides, malony glycosides,
and acetyl glycosides were converted into aglycones. The hydrolysis conversion of conjugated
B-glycosides was highest at more than 90 %, followed by malonyl glycosides and acetyl
glycosides at about 60 %. The conditions for hydrolysis of glycosides to aglycones were 4 U/g
enzyme B-glucosidase and 5.5 hours. The content of aglycones (umol/g) in the extract was 5
times higher than that of the defatted soy germ flour.
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