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Abstract

Many Thai people consume soybean extracts obtained by classical boiled water extraction daily.
However, there is no scientific data on their composition of phytonutrients. The present study aims to assess the
antioxidant power and composition of isoflavones in soybean extracts from classical extraction. HPLC analyses
of the extracts showed daidzein and genistein as the major components. The antioxidant activities of the
soybean extracts were evaluated by free radical scavenging (DPPH and ABTS) assays. Total phenolic and
isoflavone contents were also determined by using Folin-Ciocalteau reagent and developed HPLC methods,
respectively. The IC50 values of daidzein, genistein and reference standard, trolox, in DPPH radical scavenging
assay were 0.41, 0.39 and 0.28 mg/ml, respectively. Daidzein and genistein were also found to scavenge the
ABTS"" with IC50 values of 0.55 and 0.53 mg/ml, respectively, and the activities were higher than trolox
(IC50 = 0.88 mg/ml). Measurement of total phenolic contents of the soybean extracts showed that daidzein and
genistein account for about half part of total phenolics in soybean extracts. These results obtained in this study

clearly indicate that the soybean extracts obtained by classical extraction has a significant potential to use as

a natural antioxidant agent.
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Introduction

Antioxidants play important roles in the
scavenging of free radicals and chain breaking of the
oxidation reactions. The prevention of oxidative stress
related diseases in the human body and the inhibition
of oxidative reactions in foods, pharmaceutical and
cosmetic products are some of the useful potential
functions of antioxidants. The two commonly used
synthetic antioxidant, butylated hydroxyanisole (BHA)
and butylated hydroxytoluene (BHT) have been
restricted because of their toxicity and DNA damage
induction (Thompson and Moldeus, 1988). Due to
these limitations, natural antioxidants from plant
extracts have been widely interested due to their safety.

Soybeans are one of the most produced
commodities worldwide. They have attracted
increasingly attention owing to their nutritional and
health-related beneficial aspects. Soy isoflavones,
daidzein and genistein, are phytochemicals of

prominent interest for some of these beneficial health

effects (Rostagno et al., 2002; Rostagno et al., 2005;
Georgetti et al., 2008). Isoflavones are a subclass of
flavonoids and also called phytoestrogens due to their
weak estrogenic activity with potential protective
effect against some hormone related diseases
(Rostagno et al., 2007; Penalvo et al., 2004).
Several studies have shown that soy isoflavones play
an important role in the reduction of cardiovascular
disease risk as well as prevention of several
hormonally influenced cancers, menopausal
symptoms and osteoporosis. Earlier studies indicated
that soy isoflavones, especially genistein, have the
antiphotocarcinogenic properties and can also
significantly decrease UV-induced cutaneous
erythrema and skin ulceration in human skin (Kim et
al., 2004; Draelos, 2007; Chiu and Kimball, 2003).
Furthermore, isoflavones in soymilk can reduce hair
growth and hair follicle dimensions (Seiberg et al.,
2001). These findings have encouraged soy
isoflavones as possible topical alternative agent and

surge of interest from the cosmetic industry. Their ability
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to act as antioxidants may also serve to prevent
oxidative damage in living tissue, since they have
hydroxyl groups in rings A and/or B, and are thus
capable of donating hydrogen to free radicals (Lazarus
and Baumann, 2001; Rostagno et al., 2004; Liggins
et al., 1998; Dixon and Ferreira, 2002). However,
the degradation of the phenolic substances, including
daidzein and genistein, are degraded when exposed
to high temperature.

Generally, consumption of soybean extract as
soymilk in Thailand was prepared by using classical
extraction techniques at 100°C for 1 hour. Thus, the
aim of this work was to evaluate the effect of high
temperature during preparation of soymilk on free
radical-scavenging activity, polyphenolic and isoflavone
contents of the aqueous extracts. According to
literature data, this is probably the first study where
the total phenolic content and radical- scavenging
activities of daidzein and genistein from soybean
extracts obtained by classical extraction were

compared.

Materials and methods
1. Plant materials and chemicals

Seeds of Glycine max (L.) Merr. were acquired
from a local producer in Nonthaburi, Thailand
(Rhai-Thip Co. Ltd). Two isoflavone standards,
genistein and daidzein, were purchased from
Sigma-Aldrich (St.Louis, MO). Methanol (HPLC
grade) was purchased from Merck (Darmstadt,
Germany). 1,1-diphenyl 2-picryl hydrazyl (DPPH),
6-Hydroxy-2,5,7,8-tetra-methylchromane-2-car-
2,2,-Azino-bis(3-

ethylbenzothizoline-6 -sulfonic acid, diammonium salt

boxylic acid (trolox),

(ABTS) and Folin-Ciocalteu’s phenol reagent were

purchased from Sigma, Germany.

2. Preparation of soybean extract by using
classical extraction

Soybeans were macerated in water for 8 hours

and then blended with water (soybeans 1 g / water
12 ml). The crude extract was filtered and boiled for
1 hour. Water was removed by using freeze drying
prior to storage at -20 "C. The dried extract was used
for the assessment of antioxidant activity. The
isoflavones content of the extracts were determined
by using high performance liquid chromatrography in

comparison to standards genistein and daidzein.

3. Determination of soy isoflavone contents
by using developed high performance liquid
Chromatography (HPLC)

The developed HPLC method for quantification
of genistein and daidzein has been validated and shown
to be reliable, accurate, precise, and linear. The
validity of the method has met the requirement of AOAC
guidelines (Sobharaksha et al., 2011-in press).
Therefore it can be used as an accurate routine
procedure for the determination of soy isoflavone
contents in soybean extracts with short retention times
(13.8 and 14.5 minutes respectively) and simple.

A Finnigan modular LC system with a Model
P4000 dual pump equipped with a Rheodyne 7725i
injector linked to a 20 Wl loop and a Model UV 6000
photodiode array detector was used for analysis by
liquid chromatography. A Phenominex C18 column
(250 x 4.6 mm I.D., particle size 10 UWm) was used
for chromatographic separations. The chromatographic
data were obtained by a PC system, and software
ChromQuest from Thermo Fisher Scientific was used
to acquire and process the data. Gradient elution was
needed for complete separation of the analysis. The
mobile phase consisted of two eluents: (A) 0.1%
acetic acid in deionized water and (B) 0.1% acetic
acid in methanol. The analyses were preformed under
gradient elution conditions. The system was
maintained at 50% B for 5 minutes with the flow rate
of 1 ml/min, then, increased to 80% in 5 minutes
with the flow rate of 0.5 ml/min and held at 80% for

another 7 minutes with the flow rate of 1 ml/min. At
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the end, the system was set to increase solvent B
from 80% to 100% within 2 minutes, holding these
conditions for 11 minutes and then returned to the
original condition, 50% B, for 10 minutes. Total run
was time 40 minutes including 10 minutes
stabilization time. The chromatographic analysis was
performed at an ambient temperature and detection
wavelength set to 254 nm. Injection of 20 WI was
effected with a SGE Analytical Science 100 WI

syringe.

4. Determination of total phenolic contents

Total phenols in the soybean extracts were
determined by Folin-Ciocalteau reagent using gallic
acid as a standard (Kerget et al., 2005). 100 W
solution of soybean extract was added to 500 W
of Folin-Ciocalteau reagent. After 10 minutes, 400
W of 7.5% Na CO_was added and the mixture was
incubated at 50°C for 5 minutes. The absorbance
of the blue color that developed was read at 760 nm.
The content of total phenols was expressed as gallic
acid equivalents (GAE) in mg per g extract. All
analyses were run in triplicate and mean values were
calculated. The calibration equation of gallic acid was
y = 10.043x - 0.1724 (R® = 0.999).

5. Determination of antioxidant activities
5.1 Free radical-scavenging activity of
soybean extract using DPPH (1,1-diphenyl
2-picryl hydrazyl)

The free radical-scavenging activity of the
soybean extract was measured in terms of hydrogen
donating on radical-scavenging ability using the stable
radical DPPH (Brand-Williams et al., 1995). 0.20
mM solution of DPPH in ethanol was prepared and
950 Wl of this solution was added to 50 I of extract
solution in water at different concentrations. The
mixture was shaken vigorously and was allowed to
stand for 60 minutes at room temperature. The

absorbance of the resulting solution was measured at
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517 nm. The inhibition percentage of free radical by
sample was calculated using the following formula:
% inhibition = [(A - Asamp‘e)/ A_ .. 1x 100, where

Acontrol was the absorbance of the control (blank,
without extract) and Asample was the absorbance in
the presence of the extract.

All the tests were performed in triplicate and
the graph was plotted with the mean values.
Radical-scavenging ability was calculated as IC50
(concentration causing 50% inhibition) and expressed
as trolox equivalent antioxidant capacity (TEAC) in
mg trolox per g extract as follows:

TEAC (mg trolox/g) = (IC__ (00 ) x 10°

The IC50 of trolox used for calculation of TEAC was

50(sample)

0.28 mg/ml.

5.2 ABTS cation radical scavenging assay

The antioxidant activity was measured by 2,
2'-azinobis (3-ethylbenzothiazoline -6 -sulfonic acid
free radical cation (ABTS") decolorization assay. The
stock solution of 7 mM ABTS and 140 mM
potassium persulfate (KZSZOS) were mixed for
16-18 hours in dark and low temperature. The
solution was diluted with ethanol to give 0.7£0.05
absorbance at 750 nm. The soybean extract was
dissolved in ethanol to give an appropriate
concentration. An aliquot of 20 LI of each ethanolic
extract solution was added to 980 I of ABTS®
radical cation solution. The mixture was shaken
vigorously and the absorbance was measured at
750 nm. The radical scavenging assay was
calculated using the following formula: % Inhibition =

(A -A )/A

control sample

mmm] x 100, where Acomrol was the

absorbance of the control (blank, without extract) and

sampe WS the absorbance in the presence of the
extract.

All the tests were performed in triplicate and

the graph was plotted with the mean values.

Radical-scavenging ability was calculated as IC50
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and expressed as trolox equivalent antioxidant
capacity (TEAC) in mg trolox per g extract as follows:
TEAC (mg trolox/g) = (ICSO(MIOX)/ [ )x 103.

The IC50 of trolox used for calculation of TEAC was

50(sample)

0.88 mg/ml.

Results and discussion

1. The content of total phenols

It is considered that the phenolic compounds
contributed to overall antioxidant activities of soybean
extract. Total phenolics content of soybean extract was
assessed using the Folin-Ciocalteu reagent, which is a
mixture of phosphomolybdate and phosphotungstate.
In one gram of soybean extract, the amounts of
isoflavones, daidzein and genistein, in soybean
extract, were 1.28%+1.24 and 1.33%1.67 mg per g
extract, respectively and 4.79£0.43 mg gallic acid
equivalent per g extract of phenols was detected. The
results indicated that both isoflavones account for about
half part of total phenolics in soybean extracts. It is
accepted as an indication of antioxidant potential
because they act in soybean extracts as antioxidants.

2. Inhibition of DPPH radical

The antioxidant activity of the soybean extracts
were evaluated by the hydrogen-donor ability to DPPH-
method. The DPPH radical is considered to be a model
for a lipophillic radical. Radical scavengers may
directly react with and quench peroxide radicals to
terminate the peroxidation chain reaction and improve
the quality and stability of food products. DPPH: is a
stable free radical and accepts an electron or

hydrogen radical to become a stable diamagnetic

molecule (Liu and Yao, 2007). The reduction
capability of DPPH: is determined by the decrease in
its absorbance at 517 nm induced by antioxidants.
Now DPPH:- has been widely used in assessment of
radical scavenging activity because of its ease and
convenience.

The scavenging effect of soybean extracts and
trolox on DPPH radical was compared on the bases
of their concentrations providing 50 inhibition (IC_ ).
A higher DPPH- radical-scavenging activity is
associated with a lower IC50 value. The results showed
that the DPPH activity of soybean extracts was found
to increase in dose dependent manner (Figure 1).
The main phenolic substances, daidzein and genistein,
in the soybean extracts at the used concentrations
displayed a noticeable effect on DPPH- radical-
scavenging activity. The IC50 values were found to be
0.30 g and 0.28 mg for soybean extract and trolox,
respectively (Table 1). The amount of daidzein and
genistein in the soybean extract, which providing
potential effect of DPPH- activity as 50% of free
radicals inhibition, were quantified by the HPLC assay
with the values of 0.41 and 0.39 mg, respectively
(Figure 2). Isoflavones in the soybean extracts showed
the similar scavenging activity to trolox in the range of
0.05-0.44 mg, respectively. Antioxidant activities of
the extract and isoflavones were shown in the terms
of TEAC values as in Table 2. Since TEAC is a
measurement of the effective antioxidant activity of
the extract, a higher TEAC would imply greater
antioxidant activity of the sample. Thus, the results
indicated that both isoflavones had relatively high TEAC

and genistein had the antioxidant potential greater than
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Table 1 Effect of soybean extracts concentration on different radical-scavenging activities.

Soybean (g) Soybean Daidzein  Genistein DPPH’ ABTS"*
extract (g) (mg) (mg) Inhibition (%) Inhibition (%)
0.18 0.03 0.05 0.05 4.65 + 0.27 -
0.36 0.06 0.10 0.09 13.39£ 0.5 -
0.78 0.13 0.18 0.17 2535+ 1.41 6.46 £ 0.79
1.20 0.20 0.27 0.26 35.08 £ 1.78 15.81 £ 0.92
1.56 0.26 0.36 0.34 4524 £ 1.97 29.45 £ 0.93
1.98 0.33 0.44 0.43 53.41 £ 1.38 4487 £ 1.64
3.00 0.50 0.67 0.64 62.32 + 2.06 5515+ 1.34
3.96 0.66 0.90 0.86 70.50 £ 0.67 68.36 + 1.75
4.98 0.83 1.11 1.07 79.84 + 0.93 82.96 + 1.83
6.00 1.00 1.33 1.28 91.76 + 2.47 9541 +1.24
Values are given as mean % SD of three replicates.
100
90 - §i
= 70 &
2 60 i1
8 F
£ 50 1 I ® Trolox
T 40 - . 5 o
T 30 - : aidzein
& 20 - m Genistein
10 4 'lk
0 & RIN iR LR R | | . R iR N L} | | | |
001 009 015 018 025 027 034 036 043 045 064 086 107 128
Concentrations (mg)
daidzein.

Figure 1 Free radical scavenging activity of daidzein and genistein, compare to trolox, by DPPH method.

cates).

(Results are means =SD of three repli-
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Figure 2 HPLC chromatograms of isoflavones, genistein (1) and daidzein (2), standard mixture (a) and

isoflavones in the soybean extracts (b).

3. ABTS radical scavenging

The ABTS assay was employed to measure
the antioxidant activity of the soybean extract because
it does not require sophisticated analytical equipment
and provides a good estimate of the antioxidant
activity of pure compounds and complex matrices
(Antolovich, 2002). The soybean extract displayed
antioxidant activities as it was able to scavenge the
ABTS"" radical cation. The soybean extract had a
scavenging activity on ABTS' radicals in a dose
dependent manner (0.03-1 g). Nonetheless, when
compared to trolox, the ABTS radical scavenging
effect of the extract was found to be low. This could
be due to the presence of reactive concentration of

bioactive constituents and mixture of other nutrients in
the extract.

As shown in Figure 3, the scavenging power
of all the soybean extracts increased with increasing
amount of sample. The IC50 values were found to be
0.41 g and 0.88 mg for soybean extracts and trolox,
respectively (Table 1). The concentration of daidzein
and genistein in the soybean extract, needed for 50%
inhibition, was quantified by the HPLC assay and found
to be 0.55 and 0.53 mg, respectively. The scavenging
effect of the extract and isoflavones were determined
in the terms of TEAC values as in Table 2. It is
interesting to find that daidzein and genistein had
relatively high TEAC and exhibited antioxidant

potential greater than trolox.

120 -+
R 100 =
S 80 - T
3 £
£ 1 = ® Trolox
| I
,}'; 4 Genistein
@ 20 - |
3 | i = i ® Daidzein
0 = i '
005 018 026 034 043 05 067 08 1 111 128 15

Concentrations (mg)

Figure 3 Free radical scavenging activity of genistein and daidzein, compare to trolox, by ABTS method.

(Results are means = SD of three replicates).



120
Indranupakorn et al. IJPS Vol. 6, No.3, Sep-Dec 2010
Table 2 Antioxidant activities of the soybean extracts and its major components (daidzein and genistein) in

DPPH and ABTS radical scavenging activities.

Sample DPPH assay ABTS assay
IC,, (mg) TEAC IC,, (mg) TEAC
Soybean extract 301.00 0.93 414.80 212
Daidzein 0.41 682.90 0.55 1,600.00
Genistein 0.39 717.95 0.53 1,660.30

TEAC = Trolox equivalent antioxidant capacity

ICs, = concentration causing 50% inhibition

Conclusion

The total phenolic contents and radical-scav-
enging activities of daidzein and genistein from
soybean extracts, which were prepared by using
classical extraction techniques at high temperature,
were compared. The results showed that the soybean
extracts still contained high level of total phenolic
compounds, including daidzein and genistein, and were
capable of inhibiting free radicals to terminate the
radical chain reaction. Furthermore, a significant and
linear relationship was found between the antioxidant
activities and phenolic contents, indicating that
phenolic compounds could be major contributors to
antioxidant activity. The main phenolic compounds,
daidzein and genistein, in soybean extracts showed
strong antioxidant activity by inhibiting ABTS""
stronger than DPPH* when compared with standard
trolox. Therefore, the soybean extracts obtained by
classical extraction can be used as an easily
accessible source of natural antioxidants with

consequent health benefits.
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