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Abstract

Germinated soybean is rich in bioactive compounds such as y-aminobutyric
acid (GABA), polyphenols, and flavonoids. Thus, quantification of these
components is critical for assessing nutritional value of soybean after
germination and processing. In the current research, methods for determination
of GABA, daidzein, genistein, and glycitein in germinated soybeans using
high-performance liquid chromatography with ultraviolet-visible detector
(HPLC-UV-VIS) were optimized. Then, soybean germination time was optimized
in ‘DT84’ and ‘DT51’, two Vietnamese soybean cultivars. These cultivars were
soaked for 1 h, 2 h, 3h,4 h, and 5 h with water-to-bean ratio of 1:5 at 26 - 28 °C
to initiate germination. After being soaked, the seeds were germinated, dried,
and ground into powder for quantification of GABA and isoflavone aglycones.
The highest concentration of GABA, daidzein and genistein were reached after
1 h of bean soaking. Further, germinated ‘DT51’ had higher GABA and lower
genistein and daidzein content than germinated ‘DT84’ Previous studies had
reported the extraction and quantification of GABA and isoflavone aglycones
in various food matrices. However, in this study we performed optimization
of these procedures in a soybean matrix and showed potential of germination
as a low-cost processing to boost the nutritional quality of soybean.
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Introduction shows that it resembles egg protein.? Hoffman and

Soybean, commonly known as Glycine max (L.)
Merrill, provides all essential amino acids and
high-quality protein, compared to other plant-based
protein.” Research on the quality of soy protein

Falvo (2004) claimed that soy protein was equivalent
to animal protein on the PDCAAS scale with highest
attainable value (1.0 score).® Thereby, soybean
meals are a rich source of nutrition and a viable
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alternative to animal products.* Recent advances
in food technology have innovated on the use
of soybean to produce functional foods with health
benefits. One of which is germination to reduce
phytic acid content but also to increase protein,
y-aminobutyric acid (GABA), and antioxidants
such as polyphenols, flavonoids, carotenoids,
and vitamins.>® Germination consists of vigorous
metabolic activities that encompass respiration,
cellular structural changes, molecular synthesis
and hydrolysis, and protein, lipid, and carbohydrate
transformation.” Germination is recognized as
a straightforward, low-cost approach of boosting the
nutritional value and efficiency of soybean usage.?
Therefore, analysing the bioactive compounds
in the germinated soybean is critical for assessing
its nutritional value.

GABA is present in large quantities in most
organisms and acts as an inhibitory neurotransmitter
in the mammalian central nervous structure.®
GABA is generated from decarboxylation
of L-glutamic acid by enzyme glutamate
decarboxylase (GAD).® Glutamic acid is produced
mainly by protein hydrolysis and its content has been
shown to increase during germination. In addition,
the synthesis of GABA during germination also
depends on the activity of the GAD enzyme
which is strongly dependent on the germination
temperature. In both, the solid and liquid stages,
GABA can exist in various structural configurations.
Thus, it has numerous key biological activities,
including anti-psychotic effect, anti-cardiovascular
disease control, blood pressure regulation,
anti-diabetic,' stress and anxiety reduction, pain
prevention, and cancer cell suppression.'?'3614 Due
to these appealing properties, many people are
interested in supplying this amino acid to the body
through GABA-rich diet.

Isoflavones are the important bioactive compounds
in the germinated soybean as they are essential
for human health.'® They belong to the group
of polyphenols, a sub-class of the flavonoid group.1®
Isoflavones have a fundamental structure that
consists of two benzene rings (A and B) joined
by a three-carbon bridge to form a pyran (C)
heterocycle, with the benzene B ring connected at
the third position of the heterocycle. The C-ring is
like other flavonoids. Isoflavones exist in 12 different
forms in soybean and soybean products, which

are grouped into four major groups: aglycones,
glycosides, and two ester forms of glycosides
i.e., malonyl and acetyl glycosides. Among them,
only isoflavone aglycones are proven to be
biologically active against many human ailments
such as cancer, obesity, cardiovascular disease,
diabetic complications, Alzheimer's disease, and
menopausal symptoms.'”'81® The isoflavone
aglycones content rises after germination,? this is
due to the intracellular enzyme B-glucosidase being
active during germination and converting isoflavone
glycosides plentiful in soybean into aglycones.?'

As people's quality of life nowadays improves,
there is a high demand to produce GABA and
isoflavones-rich foods to promote human health.
As a result, quantifying these compounds become
an essential part to facilitate their applications in food
industry. So far, several methods have been applied
to determine GABA and isoflavones, for example
automated amino acid analysis, spectrophotometric
(UV-VIS), liquid chromatography tandem mass
spectrometry (LC/MS),?2:2324 glectrochemical
detection,?® capillary electrophoresis-MS (CE-
MS),% and high-performance LC (HPLC).?"-28.29:30.31
Among them, HPLC is considered as a standard
analytical method because it offers the advantage of
simplicity, sensitivity, reproducibility, and economics.
Nevertheless, GABA is a small aliphatic amino
acid that does not possess fluorescent and strong
ultraviolet absorbance property, it cannot be directly
detected with a HPLC system coupled with UV—
VIS or fluorescence detector.®? Therefore, several
derivatizing agents such as 2-hydroxynaphthaldehyde
(HN),28:333¢ o-phthalaldehyde (OPA),28:31:35
4-dimethylaminoazobenzene-4’-sulphonyl,*¢ and
phenylthiocarbamyl®” were used to create GABA
derivatives to extend the retention time of GABA on
HPLC columns, resulting in better GABA detection.
However, depending on derivatizing compounds
and mechanisms to form GABA derivatives, the
sensitivity of GABA detection might be varied, leading
to deviation in its linear dynamic range. Furthermore,
methods describing the sample extraction and HPLC
quantification for these compounds on legumes in
general and germinated soybean in particular are
inadequate. In addition, the HPLC conditions are
sample matrix dependent. For these reasons, the
current study aimed to optimize the methods for
quantification of GABA and isoflavone aglycones
in germinated soybean. The optimal methods were
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then applied to quantify these compounds in two
popular germinated soybean cultivars grown in
Vietnam for selection of the suitable material to
produce functional foods.

Materials and Methods

Optimization of HPLC conditions for
determination of GABA and isoflavone aglycones
content

Preparation for Soybean Sample

The extraction optimization and high-performance
liquid chromatography with ultraviolet-visible
detector (HPLC-UV-VIS) conditions for quantification
of GABA, daidzein, genistein, and glycitein was
performed using germinated cultivar ‘DT84’.
This cultivar was soaked for 1 h with water-to-bean
ratio of 1:5 at 26 - 28 °C to initiate germination.
After being soaked, the seeds were taken out
of the water and germinated at the same temperature
for 30 h. Spraying water was changed every 6 h to
remove the toxic compounds generated from seed
respiration activities. After germination, the soybeans
were dried at 60 °C for 17 h, then ground into fine
powder using a high-speed multi-function grinder
(Retsch, Germany). The powder was stored at -80
°C until analysis.

Reagents and Instrument

Daidzein, glycitein, and genistein, GABA standards,
HN reagent, GABA, HPLC solvents (MeOH, formic
acid, acetonitrile, and water) were purchased from
Sigma-Aldrich (U.S.A). The remaining chemicals
were of analytical grade.

Chromatographic analysis was performed on an
Agilent 1260 HPLC system (Agilent Technology infinity
LC, U.S.A) equipped with an auto sampler, an online
degasser, a quaternary pump, an ultraviolet-visible
(UV-VIS) detector. The chromatographic column
used was an XDB-C18 column (4.6x150mmx5um).
Chemstation software system was used to control
the equipment.

Calibration Curve, Limit of Detection, and Limit
of Quantification

Preparation of GABA Standard Solutions

A GABA stock standard solution (5 mg/ml) was
created by dissolving the GABA standard in 10 ml
aqueous 70% MeOH and kept in the dark at 4 °C until
analysis. Six working solutions of 3.125 ug/ml, 6.25
pg/ml, 12.5 pg/ml, 25.0 pg/ml, 50.0 pg/ml and 100.0

pg/ml were prepared through dilution with MeOH
70%. Then, each working solution above was mixed
with HN in absolute MeOH, followed by addition of
borax buffer (pH 8.0) in a 2ml Eppendorf tube in a
ratio of 1:1:1 (v/v). Thus, the concentration of GABA
was reduced threefold, corresponding to GABA
concentrations 1.04 pg/ml, 2.08 pg/ml, 4.16 pg/ml,
8.33 pg/ml and 16.67 ug/ml. The mixed solution was
heated in a thermostatic water bath for 10 min at 80
°C and allowed to cool down to ambient temperature
before being centrifuged for 10 min at 4 °C, 12000
rpm. After that, the supernatant was collected and
used to quantify GABA on the HPLC-UV-VIS system.

Preparation of Isoflavone Standard Solutions
Each isoflavone standard (daidzein, genistein, and
glycitein) was dissolved individually in a mixture
of MeOH:DMSO (70:30 v/v) to give a solution
concentration of 2000 pg/ml, and stored at -20 °C.
The combined stock solutions containing daidzein,
genistein, and glycitein were prepared to acquire
a concentration of 300 pg/ml for each compound.
A series of standard working solutions with
concentrations of 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0,
and 50.0 g/ml for daidzein, genistein, and glycitein
were then prepared by diluting this mixed solution
with aqueous MeOH 70%.

The dilution series of the GABA and isoflavone
standard solutions were then used for the calibration
curves. The limit of detection (LOD) and the limit
of quantification (LOQ) for each compound were
calculated based on their corresponding standard
curve.

LOD= 3.3x0/S
LOQ= 10x0/S

Where S is the slope of a calibration curve and ¢ is
the standard deviation of the response factor.

To evaluate the precision of the HPLC-UV-VIS
methods, GABA and standard isoflavones samples
(with concentration of 2.0 pg/ml) were injected 5
times into the HPLC system. It is expressed as RSD
(Relative Standard Deviation).

RSD(%)= SD/X x100 (%)

where, X: the spectral area of the analysis' mean
value.
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X= (3" ) /n

n: number of repetitions.
x: measured spectral area value of each analysis.
SD: standard deviation.

Optimization Conditions for Separation of GABA
and Isoflavone Aglycones in HPLC

Isoflavone aglycones and GABA separation on HPLC
was performed by extracting these components
from a real sample matrix, namely the germinated
soybean ‘DT84’ as described above. A 15 ml
falcon tube containing 10 ml of 70% HPLC grade
MeOH was used for extraction, along with 0.5 g
of soybean powder. The extraction was then carried out
at 50 °C for 1 h. During extraction, the tubes were
shaken every 15 min to accelerate mass diffusion.
Then, the tubes were ultrasonically vibrated
for 30 min at 30 °C. After extraction, the combined
solution was centrifuged for 20 min at 12,000 rpm.
Next, the supernatant was obtained for HPLC
analysis by filtration through a 0.22 pm syringe
membrane. GABA and isoflavone aglycones
in the extracts were identified by comparing their
retention time with that of the genuine standards.
Quantification of the detected compounds was made
using the corresponding calibration curves.

Separation Optimization of GABA-HN
Derivatization

This optimization included three factors, namely
1) HN concentration for GABA derivatization,
2) HPLC flow rate and 3) composition of the mobile
phase. First, the HN concentration for GABA-HN
derivatization was optimized. The derivatives were
prepared by adding the sample extract with borax
buffer at pH 8 and HN solution at 0.1%, 0.2%, 0.3%,
0.4%, and 0.5% in absolute MeOH with the volume
ratio of 1:1:1. Afterwards, the mixtures were heated
for 10 min at 80°C. The solutions were then allowed
to cool down to room temperature (25°C) before
being centrifuged for 10 min at 4 °C, 12,000 rpm.
Finally, the supernatants were collected and injected
to the HPLC column for GABA separation.

Second, the optimal HPLC flow rate was determined.
Two flow rates were examined: 0.8 ml/min and 1.0
ml/min. The fixed factors were the mobile phase
containing A (water) and B (0.1% formic acid (FA)
in acetonitrile (ACN); stationary phase being the
XDB-C18 column (4,6x150mmx5um); the injection
volume of sample of 20 uL; the column temperature
set at 30 °C, the UV-VIS detector with detection
wavelength of 254 nm.

Table 1: Scheme of the elution gradient procedures for GABA Analysis.
Percentage of solvent B

Elution gradient Time (min)
solvent B

0 2 5 8 8.5 9 10 12
GE1 50 60 70 80 90 50
GE2 50 60 70 90 90 50 50
GE3 40 50 60 90 90 40 40

Third, to determine the optimal composition of the
mobile phase through gradient elution, different
elution gradients (GE1, GE2, GE3) were examined
as presented in Table 1.

Separation Optimization of Isoflavone Aglycones
To optimize a method for quantifying daidzein,
genistein, and glycitein by HPLC, two factors were
examined: flow rate and elution gradient. To start
with, the flow rate was investigated with two levels:
0.8 ml/min and 1.0 ml/min. The chromatographic

conditions were the mobile phase containing
A (water) and B (0.1% formic acid (FA) in acetonitrile
(ACN); the stationary phase being the XDB-C18
column (4,6x150mmx5um); the injection volume
of sample of 16 pl; the column temperature set at
40 °C, the UV-VIS detector with detection wavelength
of 254 nm. Next, to determine the optimal composition
of the mobile phase through gradient elution,
different gradient elution procedures (GE4, GE5,
GEB6) were investigated as indicated in Table 2.
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Table 2: Scheme of the elution gradient procedures for isoflavone aglycones analysis.
Percentage of solvent B.
Elution Gradient Time (min)
solvent B
0 10 N 15 16 18 19 20 21 35 40
GE4 10 45 90 90 10 10
GE5 20 36 95 95 20 20
GE®6 23 36 95 95 23 23
15000 T 1800 =
| : 1500 - ¢
12000 1
c o 1200 -
‘E 9000 E
E- | 2 900 - .
6000 E 501 4
3000 7 300 -
01, : : . . : : 01 : . . : .
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Fig. 1: The calibration curves for A) GABA,

Glycitein concentration (pg/ml)

B) Daidzein, C) Genistein, and D) Glycitein.

Each point represents the mean * SD (n = 3)

Extraction Condition of GABA and Isoflavones
from the Germinated Soybean Samples

The most crucial factors, solid-to-solvent ratio
and extraction time were explored to improve
the extraction conditions for the chemicals under
investigation. For the effect of solid-to-solvent ratio,
three sample sets of germinated ‘DT84’ powder
were prepared corresponding to three soybean:
solventratios (1:10, 1:20, and 1:30). To examine the

impact of extraction time, the soybean powder was
added to MeOH 70% with the optimal ratio found
above. The mixture was then extracted at different
duration of 1 h, 19 h, and 25 h. After extraction,
the combined solution was centrifuged for 20 min.
The supernatant was obtained by filtration through
the 0.22 ym membrane and then subjected to the
HPLC analysis.
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Quantification of GABA and Isoflavone Aglycone
in Germinated Soybean

Optimization of soybean germination aimed to
increase GABA and isoflavone aglycones content.
Soybean cultivars ‘DT84’ and ‘DT51’ were grown in
the winter season in 2020 and supplied by Legumes
Research and Development Centre in Vietnam.
These cultivars were soaked for 1 h, 2 h, 3 h, 4 h,
and 5 h with water-to-bean ratio of 1:5 at 26 - 28 °C
to initiate germination. After being soaked, the seeds
were germinated, dried, and ground into powder for
quantification of GABA and isoflavone aglycones
as described in section 2.1.

Data Analysis

The GABA and isoflavones content were reported as
pg/g of germinated soybean on a dry weight (DW).
The data were expressed as mean +SD (standard
deviation) from three replicate measurements.
To examine the significant of the means, one-way
ANOVA was conducted. The differences between
mean levels were evaluated by Tukey’s multiple
comparison tests. Statistical analyses were

performed using the JMP software version 10
(SAS Institute, Inc., Cary, NC, USA).

Results and Discussion

Protocol Optimization for Quantification
of GABA and Isoflavone Aglycones in Germinated
Soybean

Linear Dynamic Range, Sensitivity, and
Repeatability for Quantification of GABA and
Isoflavone Aglycones by HPLC-UV-VIS

Figure 1A-D shows the calibration plots for GABA,
daidzein, genistein, and glycitein detection which
were constructed using a series of concentrations
for each compound as indicated in section 2.2.1.
All the curves showed an excellent linear correlation
between the absorbance signals (mAU.min) and the
analyse concentrations with the correlation coefficient
0.999 for all the investigated compounds, which is
desirable for the quantification. The regression
equation, R2, LOD, LOQ, and repeatability for
quantification of GABA, daidzein, genistein,
and glycitein are given in Table 3.

Table 3: Regression analyses of the linearity data of GABA and isoflavone aglycones

Compounds Regression Correlation LOD (ug/ml) LOQ (ug/ml)  RSD (%)
equation coefficients (R?)

GABA y =365.37 x + 80.23  0.9999 0.06 0.17 3.30

Daidzein y=93.67 x+4.75 0.9999 0.04 0.15 4.16

Genistein y=97.21 x + 47.84 0.9998 0.84 2.57 2.12

Glycitein y=71.05x+12.47 0.9995 0.59 1.79 1.50

The results demonstrated that GABA had LOD of
0.06 pg/mland LOQ of 0.17 pg/ml. Among isoflavone
aglycones, daidzein had the lowest LOD and LOQ
which were 0.04 ug/ml and 0.15 pg/ml respectively,
followed by glycitein which was detectable
at 0.59 pg/ml and quantifiable at 1.79 pug/ml. Finally,
genistein had the highest LOD of 0.84 ug/ml and a
LOQ of 2.57 pg/ml. Their sensitivity values were
365.37 mAU.min.ml/ug for GABA, 93.67 mAU.
min.ml/ug for daidzein, 97.21 mAU.min.ml/ug for
genistein, and 71.05 mAU.min.ml/ug for glycitein as
calculated from the slope of the calibration curve.
The linear dynamic range is as low as 1.05 pg/ml
to at least 33.6 pug/ml for GABA; and 0.5 ug/ml to at
least 50 ug/ml for daidzein, genistein, and glycitein.
Comparing with the data published by Panrod

et al. (2016) in which the linear range, LOD, and
LOQ detection for GABA were from 40 - 600 pg/ml,
1 pyg/ml and 5 ug/ml respectively,? the obtained data
in the current study are much lower, indicating the
high sensitivity of our methods. The data variations
might be due to the differences in the HPLC system,
column, and detector used by the research groups.
Regarding the repeatability, the relative standard
deviations (RSD) for all analyses varied from 1.5%
to 4.16% (n = 5), of which glycitein had the lowest
value of 1.50%, followed by genistein (2.12%),
GABA (3.30%), and daidzein having the highest
value of 4.16%. All these values meet the requirement
of AOAC standards (2016) for which RSD
< 8% for the analyte concentration <10 pg/ml.
This confirms the optimized methods show
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remarkable reproducible and high precision,
resulting in reliable quantification data. Furthermore,
the method proved the stability of GABA derivative
under the optimized condition.

Optimal Conditions for Separation of GABA and
Isoflavone Aglycones in HPLC Analysis

In the previous section, the calibration curves were
constructed and validated in the standard solutions.

mAl
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3129 GABA-HN

When they are applied to quantify GABA and
isoflavone aglycones in the germinated soybean
samples, separation of these compounds in HPLC
might be disturbing for example retention time
shift, baseline noise, and poor peak resolution due
to complexity of the real sample matrix. Hence, their
separation conditions need to be optimized to gain
accurate quantification.
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Fig. 2: Chromatograms depicting HN concentration for GABA-HN derivatization (A) 0.1% HN,
(B) 0.2% HN, (C) 0.3% HN, (D) 0.4% HN, (E) 0.5% HN
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Separation Optimization of GABA-HN Derivative
Effect of HN concentration on separation
of GABA-HN

GABA is an amino acid that is insensitive to the
UV-VIS detector. Consequently, to improve its
responsiveness to the UV-VIS detector, it must
be derivatized with 2-hydroxyl 1-naphtaldehyde
(HN) to generate GABA-HN derivative. Amount
of HN should theoretically be 1.5-2 times higher than
that of GABA in the reaction. If there is too much
excess of HN, it will impair the detector and the
column separation process. Therefore, one of the
most crucial aspects of the derivatization reaction
is determining the HN concentration. As shown
in Figure 2, the concentration of HN had a great
influence on the separation of GABA. When using
HN 0.1% for derivatizing, the narrow and symmetric
peaks were obtained for GABA-HN derivative with
the retention time of 3.129 min and for excess HN
at 8.335 min. This means 0.1% HN content was
sufficient for the derivatization reaction with GABA
(Figure 2A). When the concentration of HN was
increased to 0.2% - 0.5%, HN reacted not only
with GABA but also with other amino acids in the
sample matrix. Thus, the peaks were overlapped,
poor resolution, tailing, and asymmetric, leading
to inaccurate quantification of GABA-HN

mAl
1750
1s004 ()
1250
1000
750

250 -

(Figure 2B-E). Moreover, excess of HN might
negatively affect the detector and be difficult to wash off
the column, causing a long column equilibrating time.
Thus, the HN concentration of 0.1% was chosen
for GABA-HN derivatization reaction.

Effect of Flow Rate on Separation of GABA-HN
Flow rate of the mobile phase is an important
factor influencing GABA analysis. As indicated in
Figure 3A, when the flow of 0.8 ml/min was
applied, the peaks of GABA-HN with 0.1% HN for
derivatization and excess HN appeared at 3.080 min
and 8.307 min respectively. The proper resolution
of these peaks and the symmetry were achieved.
Further increase of flow to 1 ml/min significantly
speeded up the retention time for both compounds.
GABA-HN was released at 2.176 min, whereas
excess HN was detected at 6.318 min. Although
the signal of GABA-HN is symmetric, their tail was
closed to another compound having retention time
of 2.551 min, resulting in poor peak resolution and
possibly inaccurate peak integration. Furthermore,
the peak width in half height of excess HN was much
bigger than that observed when the flow was at 0.8
ml/min (Figure 3B). Hence, the flow rate of 0.8 ml/
min was chosen for improving the chromatographic
separation and analysis accuracy.

8307

mAU

@7 (b)

2176

6.318

6 8 i

Fig. 3: Chromatograms depicting the flow rate (A) 0.8 ml/min, (B) 1.0 ml/min
for separation of GABA-HN
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Effect of Mobile Phase Composition Through
Gradient Elution on GABA-HN Separation

Data in Figure 4 illustrate the mobile phase
composition by utilizing gradient elution had great
impact on elution of solutes. When the gradient
elution procedure GE1 and GE2 were employed,
the retention time of the analyses were shorter than
that of GE3. Specifically, in GE1 GABA-HN was
eluted from the column at 2.217 min, followed by HN
at6.414 min. In GE2, they were eluted at 2.183 and
6.359 min, respectively. Even though the signals in
these mobile phase systems are in good shape,

119

there are possibility that the peak of GABA-HN are
overlapped with other compounds that were eluted
later. Therefore, GE1 and GE2 were not optimal
to separate GABA-HN in chromatographic analysis.

With the third gradient elution procedure GE3,
the retention time was much longer for GABA-
HN (3.127 min) and the excess HN (8.345 min).
Other compounds were also obviously separated.
Therefore, the gradient elution procedure GE3 was
preferred for the subsequent experiments.
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Fig. 4: Chromatograms depicting the separation conditions by using three mobile phase gradient
elution procedures (A) Gradient elution procedure GE1, (B) Gradient elution procedure GE2,
(C) Gradient elution procedure GE3

Separation Optimization of Isoflavones

Effect of Flow Rate on Separation of Isoflavone
Aglycones

To determine the optimal flow rate for separation
of daidzein, genistein, and glycitein, different
conditions were tested. Figure 5 indicates the signals
of three isoflavones were well detected when both

flow rate of 0.8 ml/min and 1.0 ml/min were applied.
However, the peak resolution of daidzein and
glycitein at 1.0 ml/min was better than that at 0.8 ml/
min. Based on the peaks of isoflavone standards,
their retention time at 0.8 min/ml were identified
at 7.325 min for daidzein, 7.907 min for glycitein, and
10.784 min for genistein (Figure 5A). When applying
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the flow of 1.0 ml/min, their corresponding retention
times were shorter with 6.475 min, 7.079 min, and
10.048 min for daidzein, glycitein, and genistein,
respectively (Figure 5B). Hence, for the isoflavone

120

analysis, the flow rate of 1.0 ml/min was preferred
to preserve solvent, shorten elution time, and still
achieve high resolution.
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Fig. 5: Chromatograms depicting the flow rate (A) 0.8 ml/min, (B) 1.0 ml/min for separation
of isoflavone aglycones

Effect of Mobile Phase Composition Through
Gradient Elution on Isoflavone Aglycones
Separation

Data in Figure 6 reveal that the gradient elution
procedure GE6 provided the best separation
efficiency with narrow and symmetric peaks obtained
for daidzein, glycitein, and genistein. Based on the
standard signals, the retention time were found to be
6.620 min for daidzein, 7.215 min for glycitein, and
10.250 min for genistein. In contrast, chromatograms
generated from the gradient elution procedures
GE4 and GES5 provided the signals which are poorly
separated and resolved, especially for daidzein and
glycitein. As a result, the mobile phase gradient
elution procedure GE6 was chosen for further
investigation.

Extraction Optimization for Quantifying GABA
and Isoflavone Aglycones

Table 4 demonstrates the impact of the ratio of solid-
to-solvent ratio on isoflavone aglycones and GABA
extraction from the germinated soybean. It can be
seen that the most noticeable alteration was a shiftin

the ratio of solid-to-solvent from 1:10 to 1:20, which
resulted in a significant rise of the GABA, daidzein,
and genistein concentrations (from 183.15 pg/g DW
to 223.20 pg/g DW for GABA,; from 41.38 pug/g DW
to 52.33 pg/g DW for daidzein; and from 39.68 ug/g
DW to 52.34 ug/g DW for genistein respectively).
However, when the ratio of solid-to-solvent continued
to raise from 1:20 to 1:30, their concentration did not
change notably (P>0.05). This could be explained
by the fact that at high solid-liquid ratio, the solvent
easily gains access to cells and dissolve the solutes.
Furthermore, it creates stronger diffusion dynamics
to accelerate mass transfer and extraction rate
but at certain solid-liquid ratio (1:30) the extracted
concentration will reach plateau. Therefore, to save
solvent for both ecological and economical reasons,
the ratio of 1:20 was chosen for sample extraction.
It should be noted that out of three isoflavone
aglycones, the glycitein concentration was too low in
the actual germinated soybean. Therefore, only the
daidzein and genistein concentration were reported
(Table 4).



TRAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 111-126 (2023)

mAU -
1000 -
800 -}

400 -
200 -

0 +——

Daidzein
1
Genistein

A —

121

35

min

mAU
1000 -

800

400 -

200 -

Daidzein

21[) miﬁ

7. 216 lyeiten

———6.620Daidzein

B
|

|
|
J

s C

150

125

100

75 '
50

o Wi

2 4

]

8

= _|
(=]

T
12

T T
14 16

T
min

Fig. 6: Chromatograms depicting the separation conditions by using three mobile phase gradient
elution procedures (A) Gradient elution procedure GE4, (B) Gradient elution procedure GE5,
(C) Gradient elution procedure GE6

Table 4: Effect of extraction condition on the GABA, daidzein, and genistein
contents in germinated soybean

Extraction conditions GABA content Daidzein Genestein
(ng/g DW) (ng/g DW) (ng/g DW)
Solid-to-solvent 1:10 183.15 + 3.82° 41.38 + 1.25° 39.68 £ 1.16°
ratio (g/ml) 1:20 223.20 + 10.892 52.33 + 1.09° 53.34 + 0.95°
1:30 217.06 £ 6.012 51.60 + 0.342 52.54 £ 0.672
Extraction 1 242.46 +2.232 50.52 + 0.372 52.53 £ 1.392
time (h) 19 230.27 + 3.392 50.22 + 1.932 50.97 £ 0.40°
25 239.05 + 11.632 50.71 £ 0.532 52.00 + 0,642

Results with the same letter were not statistically different at a significant level a = 0.05.

Data representsthe mean + SD (n = 3)
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For the extraction time, it had a great effect on GABA
and isoflavone aglycones in the first hour. Initially,
their concentration increased with the increase
of extraction time and reached maximum at 242
pg/g DW for GABA, 50.52 pg/g DW for daidzein,
and 52.53 ug/g DW for genistein respectively after
1 h of extraction. After that even the duration was
prolonged until 19h and 25 h, there was no significant
difference in their concentration compared to those
obtained after 1 h at 95% confidence level (Table 4).
These results suggest that 1 h is optimal extraction
as it is enough for the system reaches saturation.
Even the extraction time was extended for a longer
period, concentration of the investigated compounds
remained unchanged. The extraction time in this
study is much shorter compared to that reported by
Phommalth et al. (2008) in which their extraction time
was found to be 15 h.® To conclude, the extraction
time of 1 h was optimal for further study to save
analytical resources.
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Soaking is considered as one of the principal steps
in germination process of soybean. During soaking,
the dry bean will absorb water, leading to texture
changes, increase of soluble proteins, reduction of
nutritional inhibitors and toxic substances, especially
activation of GAD enzyme and B-glucosidase which
are responsible for conversion of glutamic acid and
B-glucoside isoflavones into GABA and isoflavone
aglycones.*#% To identify the suitable soaking time
for accumulation of these bio-active compounds,
two soybean cultivars ‘DT51" and ‘DT84’ commonly
grown in Vietnam were soaked for different periods
of time (0 - 5 h), then germinated under the condition
described in section 2.1.1. After that, GABA,
daidzein, and genistein contents were determined
using methods optimized in the previous section.
The results are presented in Table 5.

Table 5: Quantification of GABA, daidzein, and genistein content in germinated soybean
cultivars at different soaking time

Soaking GABA concentration

Daidzein concentration

Genistein concentration

time (h)  (ug/g DW) (ng/g DW) (ng/g DW)
DT51 DT84 DT51 DT84 DT51 DT84

0 260.3746.90° 150.9110.3°  18.33+0.19° 53.11#3.24°  13.30+1.39° 36.71+8.41°
1 370.88+2.59° 242.90+¢8.25°  25.87+0.37% 70.63+2.57°  17.04+1.99° 50.35+2.28°
2 195.94+2.45¢  100.19£0.78°  19.14+1.43° 65.05:0.74®  10.00£3.38* 24.91+1.76°
3 222.75¢5.80° 130.74%0.57¢  18.9740.20° 58.10+1.40% 12.33+3.52% 24.47+1.72°
4 220.3144.39°  209.65:2.68"  20.30£0.28" 51.21:4.74°  15.71+9.67° 38.49+2.53°
5 252.80£7.95° 152.09+2.30°  13.11+2.91° 36.48+3.61¢  14.12+5.23° 25.55+2.08°

Results with the same letter were not statistically different at a significant level a = 0.05. Data represents

the mean £ SD (n = 3)

Results in Table 5 reveal that soaking time had
a significant influenced on GABA concentration
of germinated soybean ‘DT51" and ‘DT84’.
Both cultivars reached the peak of GABA content
of 370.88 pg/g DW for ‘DT51’ and 242.90 ug/g DW
for ‘DT84’ after 1 h of soaking. When soaking was
prolonged from 1 h to 5 h, the GABA content for both
cultivars tends to decline. This can be explained by
the fact that soaking helps soybean absorb water
which stimulate hydrolysis reactions. Additionally,
GAD enzyme present in plant cells is activated,
resulting in GABA biosynthesis in soybean. However,

if the beans are soaked for an extended period,
they will absorb too much water, thus the metabolic
activity will be inhibited and prevents subsequent
germination due to the drop of oxygen presentin the
water. This leads to the reduction of GABA content.
The best soaking time found in the current study was
much shorter compared to that published by Guo
etal. (2011) where his team discovered that the most
efficient temperature/time protocol was soaking for 4
h at 30 °C to have sufficient moisture in the soybean,
leading to successful germination and accumulation
of GABA.*° Furthermore, GABA content determined
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in the germinated soybean ‘DT51’ being soaked for 1
h and germinated for 30 h at 26 — 28 °C (370.88 ug/g
DW) was in the same range with that in the soybean
being soaked by lactic acid bacteria fermented whey
solution.41 However, it was 3.7 times and 1.3 times
higher than that in the best cultivar ZH13 screened
by Wang et al. (2015) after 1 day (100 pg/g DW) and
5 days (260 pg/g DW) of germination respectively
(Luo et al., 2018).5%42 At similar germination time
and temperature, GABA content in the germinated
soybean ‘Jindou 25’ (0.36 umol/g DW) was 10 times
lower than that in the germinated soybean ‘DT51’.43
The difference in GABA content in the soybean
cultivars could be due to the genetic properties and
various external factors such as growing season,
climate, storage environment, and germination
condition.#445:46

Changes in the isoflavone content followed the
same trend as in GABA. Soaking for 1 h gave the
highest concentration of daidzein (25.87 ug/g DW for
‘DT51’and 70.63 pug/g DW for ‘DT84’) and genistein
(17.04 pg/g DW for ‘DT51" and 50.35 pg/g DW for
‘DT84’). Then, if the soaking time continued to rise,
the isoflavone content in the germinated soybeans
diminished. After 5 h of soaking daidzein remained
only 13.11 ug/g DW for ‘DT51’ and 36.48 ug/g DW
for ‘DT84, about two times less than that after 1 h
soaking. Similarly, genistein also decreased and
reached 14.12 pg/g DW for ‘DT51" and 25.55 ug/g
DW for ‘DT84’ after 5 h soaking. Concentrations
of isoflavone aglycones found in the germinated
soybean ‘DT84’ was like those in the national
certified Zhonghuang soybean cultivars ZH13, ZH30,
and ZH42 grown in China.*?

Not only the concentration of bioactive compounds
was reduced but also the sensory quality of the
germinated soybean was unacceptable when
soaking was longer than 2 h. We observed that the
bean became viscous and had sour smell. When
it was used to produce germinated soy milk, the
beverage had off-flavour and odour. Furthermore,
coagulation of the soymilk occurred. This might be
due to the microbial growth and physiological and
biochemical activities of the bean when being soaked
for a long period. Further study shall be focused on
to identify the underlying causes. Based on these
findings, soaking of 1 h is the most appropriate time
before germinating the soybean.

When the comparison of the targeted compounds
in two soybean cultivars was made for the same
soaking duration, it is observed that the GABA
content in germinated soybean ‘DT51’ was found to
be 1.5 times higher than that in germinated soybean
‘DT84’. In contrast, the former had 3 times lower
in daidzein and genistein content than the latter.
These results suggest that soaking the soybean
for 1 h and then germinating for 30 h at 26 - 28
°C generated the best bioactive compounds
in germinated soybean. Thus, if one is interested in
producing isoflavone-rich foods, ‘DT84’ should be
selected while if GABA-rich foods are preferred then
‘DT51’ is the most suitable material.

Conclusion

The present work successfully optimized the
methods for determination of GABA and isoflavone
aglycones in the germinated soybeans using HPLC-
UV-VIS. The calibration curves were constructed and
validated for quantifying the targeted compounds
with high sensitivity, high precision, and low LOD.
The optimized methods were then utilized to quantify
GABA, genistein, and daidzein in two common
germinated soybean cultivars grown in Vietnam.
The results showed that the highest concentration
of GABA, daidzein and genistein are reached after
1 h of bean soaking. Further, germinated ‘DT51’
had higher GABA and lower genistein and daidzein
content than germinated ‘DT84’. To conclude, the
optimized methods explicitly described in this study
can be used to determine the GABA and isoflavone
aglycones in soybean and could be using in other
food matrices. The results suggest the suitability
of soybean cultivar for development of GABA-
or isoflavone-rich foods.
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