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The objectives of this study were to determine the phenolic and anthocyanin contents in black soybean
Mallika and Cikuray variety seed coat extract and to examine antioxidant activity of extract against DPPH
radical and LDL oxidation. Black soybean seed coat of Mallika (M) and Cikuray (C) was extracted using
methanol-1%HCl. The phenolic and anthocyanin contents were determined with Folin–Ciocalteu and
pH differential methods, respectively. Individual anthocyanidins were identified with HPLCdiode array
detector, and antioxidant activity was examined, using DPPH and TBARS assay with LDL as the oxidation
substrate. BHT and rutin were used as antioxidant references. The phenolic content in M and C were
8.15 ± 0.23 and 6.46 ± 0.11 g GAE/100 g, respectively. The anthocyanin contents were 11.36 ± 0.12 and
1.45 ± 0.13 g/100 g, respectively. Cyanidin, delphinidin, and pelargonidin were found as individual anth-
ocyanidins. The optimum DPPH radical scavenging capacity (%) of M and C were 92.78% and 91.50%,
respectively, BHT and rutin were 77.0% and 91.94%, respectively. The optimum inhibition of TBARS for-
mation from M and C were 37.10 and 30.37 nmol MDA equivalents/g LDL protein, respectively, and rutin
were 30.10 nmol MDA equivalents/g LDL protein, respectively. These results suggest that black soybean
seed coat has high levels of phenolic and anthocyanin, and also demonstrated considerable antioxidant
activity of black soybean seed coat.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Black soybean has long been consumed in Indonesia. It was
originally grown in Southeast Asia (Shurtleff & Aoyagi, 1979).
According to Rhumpius report in 1750 (Mary-Astuti., 1996), black
soybean has been planted by farmer in Java and Bali island and
used for tempeh production. It has also been used as holy food in
Indonesian tradition. In Japan and Korea, black soybean has been
known as medicinal food, it has antioxidant compound especially
anthocyanins in their seed coat (Inagaki, Morimura, Shigematsu,
Kida, & Akutagawa, 2005; Kim, Yun, Chung, & Park, 2004; Shin-
omiya, Tokunaga, Shigemoto, & Kamei, 2005).

Many studies have demonstrated the antioxidant activities and
health benefits of various beans (Aparicio-Fernandez, Yousef, Loar-
ca-Pina, de Mejia, & Lila, 2005; Daaz-Batalla, Widholm, Fahey, Tos-
tado, & Paredes-Lopez, 2006; Heimler, Vignolini, Dini, & Romani,
2005; Lee & Shibamoto, 2000; Madhujith, Amarowicz, & Shahidi,
2004; Madhujith & Shahidi, 2005). In addition, work on bean with
ll rights reserved.
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di).
different seed coat colour has been carried out by Choung, Choi, An,
Chu, and Cho (2003) which reported on anthocyanin profile of Kor-
ean cultivated red and black kidney beans (Phaseolus vulgaris L.).
Another work by Ranilla, Genovese, and Lajolo (2006) reported that
the seed coat colour pattern and the type of bean cultivar showed
an important influence on the variability of phenolic profiles and
levels. However, little has been reported about the health func-
tional properties of anthocyanins from black soybean. The objec-
tives of this study were to determine the anthocyanins and
phenolic contents in Indonesian black soybean Mallika and Cikuray
variety seed coat extract and to examine antioxidant activity of ex-
tract against free radical DPPH and LDL oxidation.
2. Materials and methods

2.1. Materials

The samples of black soybean Mallika variety were obtained
from farmers in Bantul district, Yogyakarta Special Province, Indo-
nesia and Cikuray variety were obtained from Malang district, East
Java Province, Indonesia.
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2.2. Chemical

Methanol, hexane, formic acid, acetonitrile, HCl, Folin–Ciocal-
teu’s reagent, CuSO4, thiobarbituric acid (TBA), and trichloroacetic
acid (TCA) were purchased from Merck (Darmstad, Germany),
and 2,2-diphenyl-1-picrylhydrazyl (DPPH), rutin, butylated
hydroxytoluene (BHT), and gallic acid (GA) were purchased from
Sigma Chemical Co. (St. Lois, MO). Anthocyanin standards (cyani-
din, delphinidin, and pelargonidin) were purchased from Extrasyn-
these, Genay Cedex, France.

2.3. Sample preparation of extract

Black soybean seed coat was peeled from the grain manually,
and then blended using a food processor (Model 2L-350W, Phillips,
Indonesia) and passed trough 30 mesh sieve. The fat from seed coat
powder was removed with hexane (1:5 w/v, 1 h � 3) in an Erlen-
meyer. Erlenmeyer was shaken using a shaker (Model OS 752,
Optima Inc., Japan) at 125 rpm at 27 �C. The resulting slurry was
filtered trough a Whatman filter paper and the residue was air
dried. The dried defatted powder was stored in vacuum packaged
at �20 �C prior to analysis.

2.4. Preparation of crude extracts of black soybean seed coat

A quantity of 5 g (db) defatted powder was placed in Erlen-
meyer and 50 ml of methanol-1% HCl was added, the Erlenmeyer
was placed in a shaker and shaken at 125 rpm for 1 h, at room tem-
perature. Then extracts were macerated at 4 �C for 24 h. After that,
extracts were placed in a tube and centrifuged at 4000g, 4 �C for
10 min. After centrifugation the supernatant was filtered trough
a Whatman no 42 paper and the volume was measured. The
extraction was repeated three times and supernatants were
combined.

2.5. Analysis of phenolic compounds

The phenolic content in the black soybean seed coat extracts
was determined according to the Folin–Ciocalteu procedure (Sin-
gleton & Rossi, 1965) with a slight modification. In brief, 0.1 ml ex-
tract was placed in a tube, and 0.5 ml Folin–Ciocalteu reagent was
added, mixed, and allowed to stand for 8 min. Then 4.5 ml of 2% so-
dium carbonate (Na2CO3) solution were added, mixed and placed
in a dark room for 1 h at room temperature. Absorbance of the
resulting blue complex was then measured at 765 nm using a Shi-
madzu UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan).
Methanol was used as the blank and gallic acid used as a standard.
The used of gallic acid based on its stability and purity (Singleton &
Rossi, 1965; Waterhouse, 2002). The results were expressed as g
gallic acid equivalents (GAE)/100 g fresh weight of black soybean
seed coat powder. Data were reported as means ± SD for three
replications.

2.6. Quantification of anthocyanins

Anthocyanins quantification was performed by the pH differen-
tial method of Giusti and Wrolstad (Awika, Rooney, & Waniska,
2004) with a slight modification. Samples were diluted 1:170 in
pH 1.0 and pH 4.5 buffers. Then the diluted samples were
measured at 513 and 700 nm in a Shimadzu UV-1601 spectropho-
tometer. Absorbance readings were converted to total g of antho-
cyanins per 100 g fresh weight of black soybean seed coat
powder using the molar extinction coefficient of 26,900, a molecu-
lar weight of 445 and an absorbance of (A) = [(A513�A700) pH
1.0�(A513�A700) pH 4.5)]. Data were reported as means ± SD for
three replications.
2.7. HPLC identification of individual anthocyanidins

High Performance Liquid Chromatography (Shimadzu, Kyoto,
Japan) coupled with a photodiode array (PDA) detector (SPD-
M20A, Shimadzu, Kyoto, Japan) performed in 510–550 nm were
used for identification of individual anthocyanidins (Nakajima, Ta-
naka, Seo, Yamazaki, & Saito, 2004). Briefly, 0.5 g black soybean
seed coat powder was placed in 50 ml polyethylene centrifuge
tube and 20 ml of 2 M HCl in methanol were added. The centrifuge
tube was sealed and placed in 90 �C waterbath for 50 min. Then the
mixture was centrifuged (1500g) and filtered trough a 0.2 lm ny-
lon membrane. The supernatant (0.20 ll) was injected into a C-
18 column. HPLC conditions were as follows: solvent A, 10% formic
acid; solvent B, 100% acetonitrile; linear gradient, initial percent-
age of A (96–85%) and B (4–15%) from 0 to 8 min; from 8–
23 min, isocratic elution A (85%) and B (15%); from 23–24 min, lin-
ear gradient, A(85–20%) and B (15–80%); from 24–27 min, isocratic
elution A (20%) and B (80%); from 27–28 min, linear gradient, A
(20–96%) and B (80–20%); column temperature 35 �C, flow rate,
0.8 ml/min. Cyanidin, delphinidin, and pelargonidin standards
(Extrasynthese, Genay Cedex, France) were dissolved in 1.2 M
HCl in methanol in 0.1–0.3 lg/ll concentration to obtain standard
curves.

2.8. Determination of DPPH radical scavenging activity

Experiments were carried out according to Kordali et al. (2005)
with a slight modification. Briefly, 0.5 mM DPPH solution in meth-
anol was prepared, and then 0.5 ml of DPPH solution was mixed
with 0.1 ml of 50, 100, and 150 ppm anthocyanins equivalents of
the extract and vortexed thoroughly. Then, 4 ml of methanol was
added to the solution and allowed to stand for 60 min in the dark
room. The absorbance was measured at 516 nm using a Shimadzu
UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan). Decreasing
the absorbance of the DPPH solution indicates an increase in DPPH
radical scavenging activity. This activity is given as percent
DPPH radical scavenging, which is calculated with the equation.
% DPPH radical scavenging = [(control absorbance�sample absor-
bance)/control absorbance] � 100%. Control contained 0.5 ml of
DPPH solution and 4 ml of methanol. Rutin and BHT were used
as positive controls at 150 ppm concentration. Data were reported
as means ± SD for three replications.

2.9. Inhibition of LDL oxidation

2.9.1. LDL isolation
The isolation of LDL was performed according to Katsube et al.

(2005a,b). Plasma was obtained from healthy human volunteers
after 12 h of fasting and dispersed into a tube containing ethylene
diamine tetraacetic acid (EDTA) and plasma was immediately
separated by centrifugation (3000g, 10 min). The plasma was
then transferred to centrifuge tubes. Solid NaBr was added to ad-
just the density of plasma to 1.220 g/ml. Then 1.006 g/ml NaBr
solution was added and centrifuged at 236,000g, 4 �C, for
45 min (Hitachi SCP 85H; 80T rotor) ultracentrifuge. After separa-
tion of the very low density lipoprotein (VLDL) fraction on the top
and the next lower fraction, then 1.063 g/ml NaBr solution was
added to the remained fraction and centrifuged at 236,000g,
4 �C for 45 min. The LDL fraction on the top was then collected
and stored at �20 �C until used. The protein contents of the
fraction were determined with Biuret method (Castro, Neto, &
Gomes, 2006).

2.9.2. LDL oxidation
Protein level of LDL was adjusted to 8 g protein/l with phos-

phate buffer saline (PBS) pH 7.4. Then 0.4 ml of LDL fraction was
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incubated with 70 ll 20, 40, 60 ppm anthocyanins equivalents of
extract for 5 min. Then, 33.3 ll of 50 lM CuSO4 was added to in-
duce the LDL fraction and incubated at 37 �C for 24 h. After incuba-
tion, 33.3 ll EDTA (final concentration 27 mM) were added to
prevent any further oxidation.

2.9.3. Determination of thiobarbituric acid reactive substances
(TBARS)

The extent of LDL oxidation was determined by measuring the
TBARS formation. TBARS assay was performed according to the
procedures of Katsube et al. (2005a,b) with a slight modification.
Briefly, 2 ml of 0.67% of thiobarbituric acid (TBA) and 15% of tri-
chloroacetic acid (TCA) in 0.1 M HCl were added to the incubated
LDL, and then the mixed reagents reacted at 95 �C for 1 h and
cooled in ice for 5 min. Then the samples were centrifuged at
3000g for 15 min.

The formation of TBARS was measured at 532 nm and the re-
sults were expressed in nmol MDA equivalents/g LDL protein. A
solution of 1,1,3,3-tetramethoxypropane (TMP) was used as stan-
dard and data were reported as means ± SD for five replications.

2.10. Statistical methods

A completely randomised design was used for the experiment.
The data were analysed with SPSS version 12.0 using one way AN-
OVA followed by least significant different (LSD) test at the 95%
confident level (p < 0.05).

3. Results and discussion

3.1. Phenolics and anthocyanins content

The phenolics and anthocyanins are usually extracted from
plant materials with an acidified organic solvent, most commonly
methanol-1% HCl. This solvent system destroys the cell mem-
branes, simultaneously dissolves the phenolics and anthocyanins
and stabilises them.

The content of phenolics and anthocyanins in black soybean
seed coat Mallika and Cikuray variety is given in Table 1. The con-
tent of phenolics determined by the Folin–Ciocalteu method was
higher in Cikuray variety (8.15 ± 0.23) than Mallika (6.46 ± 0.11).
The differences of phenolic contents indicate that the type of culti-
var showed an important influence on the variability of phenolic
levels. In support of this observation, Ranilla et al. (2006) reported
differences in phenolic content of seed coat and cotyledon of
twenty five Brazilian and three Peruvian bean cultivars.

The Folin–Ciocalteu method is simple and can be useful in cha-
racterising and standardising botanical samples, for example sor-
ghum (Awika et al., 2004), common beans Phaseolus vulgaris L.
(Heimler et al., 2005), wheat (Liyana-Pathirana & Shahidi, 2006),
soybean (Takahashi et al., 2005), and white and black sesame seed
(Shahidi, Liyana-Pathirana, & Wall, 2006). However it suffers from
a number of interfering substances (particularly sugars, aromatic
amines, sulphur dioxide, ascorbic acid and other enediols and
reductones, organic acids, and Fe(II).
Table 1
Phenolics and anthocyanins content of black soybean seed coat

Variety Phenolics content* Anthocyanins content**

Mallika 6.46a ± 0.11 1.36c ± 0.12
Cikuray 8.15b ± 0.23 1.45c ± 0.13

Mean values with the same letters are not significantly different at p < 0.05.
* Data expressed as g of gallic acid equivalents per 100 g of fresh weight.
** Data expressed as g of anthocyanin equivalents per 100 g of fresh weight.
Anthocyanin pigments undergo reversible structural transfor-
mations with a change in pH manifested by strikingly different
absorbance spectra). The coloured oxonium form of anthocyanin
predominates at pH 1.0 and the colourless hemiketal form at pH
4.5. The pH-differential method is based on this reactions, it mea-
sures the absorbance at two different pH values, and relies on the
structural transformations of the anthocyanin chromophore as a
function of pH (Giusti & Wrolstad, 2001). This method is simple,
therefore it had been used by many scientist to determine antho-
cyanin content in various samples, for example sorghum (Awika
et al., 2004), black bean (Salinas-Moreno, Rojas-Herrera, Sosa-
Montes, & Pérez-Herrera, 2005), and purple wheat (Hoseinian, Li,
& Beta, 2008). In this research, Cikuray variety (1.45 ± 0.13) was
higher than Mallika (1.36 ± 0.12) but not significantly different. Re-
cently, increased attention has focused on the possible health ef-
fects of naturally occurring phenolics and anthocyanins. There is
much interest in replacing synthetic antioxidants with natural
alternatives due to safety concerns (Shahidi et al., 2006). Antioxi-
dant phytochemicals may also play an important role in human
health via scavenging reactive oxygen and nitrogen species (Bravo,
1998).

3.2. Individual anthocyanidins

We used HPLC coupled with diode array detector to identify
individual anthocyanin of black soybean seed coat Mallika variety.
The identification of individual anthocyanidins in black soybean
seed coat is given in Fig. 1.

Fig. 1 shows the individual anthocyanidins in Mallika variety as
delphinidin, cyanidin, and pelargonidin detected in chromato-
grams compared with standard curves.

3.3. DPPH radical scavenging capacity

The antioxidant activity of black soybean seed coat extract Mal-
lika and Cikuray variety was evaluated by the DPPH radical scav-
enging capacity. Fig. 2 shows the percent of DPPH radicals
scavenging capacity with rutin and BHT as reference. The experi-
mental data of the variety reveal that all of these extracts at vari-
ous levels are likely to have the effect of scavenging free radicals.
From Fig. 1 we observe that a dose–response relationship is found
in the DPPH radical scavenging capacity; the activity increased as
the concentration increased for each extract. Among the three lev-
els used in the experiment, 150 ppm Malika variety was the stron-
gest one with 92.78%, then 150 ppm rutin as standard with 91.94%,
and 150 ppm Cikuray variety with 91.50%, which is not signifi-
cantly different (p < 0.05) from rutin, otherwise 150 ppm BHT only
found to be 77.00%. From the results, percent DPPH scavenging
capacity of black soybean extract was higher than the reference,
possibly due to the phenolics and anthocyanins content of extract
which could act as a hydrogen donor antioxidant. In this experi-
ment, only 50, 100, and 150 ppm anthocyanin equivalents were
used to determine the optimum levels of extract because at
200 ppm concentration and higher, a higher absorbance value
was read spectrophotometrically caused as by the red colour of
the extract that could not turn to a pale yellow colour. Moreover,
anthocyanins content in black soybean seed coat has colour inter-
ference with DPPH radical which could lead to underestimation of
antioxidant activity (Awika et al., 2004). Thus the same levels of
anthocyanins in black soybean seed coat do not necessarily corre-
spond to the same DPPH scavenging capacity. DPPH has been
widely used to test the ability of compounds or plant extracts to
act as free radical scavengers, for example sorghum. (Awika, Roo-
ney, Wu, Prior, & Zevallos, 2003), pea beans (Madhujith et al.,
2004), common bean (Phaseolus vulgaris) (Rocha-Guzman et al.,
2006), and barley (Madhujith & Shahidi, 2006).



Fig. 1. HPLC chromatogram and detected peak number on diode array detector Mallika extract. Peak (2) delphinidin, (4) cyanidin, (6) pelargonidin.

Fig. 2. Percent DPPH radical scavenging capacity of black soybean seed coat extract�. �Mean values with the same letters are not significantly different at p < 0.05.

Fig. 3. Inhibition of Cu2+ induced human LDL oxidation in vitro by black soybean seed coat extract�. �Mean values with the same letters are not significantly different at
p < 0.05.
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3.4. Inhibition of LDL oxidation in vitro

The low density lipoprotein (LDL) oxidation is one of the most
studied free radical-mediated processes occurring in the body, be-
cause it is believed to play a crucial role in the formation and pro-
gression of early atherosclerotic lesions linked to cardiovascular
diseases (Steinberg, 1997). In its native form, LDL does not form
atherosclerotic plaques. However oxidised LDL is responsible for
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the pathogenesis of atherosclerosis that may lead to the build up of
plaque in the arteries. Thus, the consumption of dietary antioxi-
dants is beneficial in preventing cardiovascular diseases, especially
atherosclerosis. In this study, the antioxidant protection of LDL was
evaluated as the inhibition of TBARS formation.

The antioxidant activity of black soybean seed coat extracts
were investigated individually at three different levels of anthocy-
anins against inhibition of Cu2+-induced oxidation of human LDL in
vitro by monitoring TBARS formation. Our results showed that all
these extracts at various levels were effective in inhibition of LDL
oxidation. From Fig. 3, a dose–response relationship was also found
in the inhibition of TBARS formation; the activity increased as the
concentration increased for each extract and shown by lower for-
mation of TBARS. Among the three levels used in the experiment,
60 ppm of Cikuray variety was the strongest one with 30.37 nmol
MDA equivalents/g LDL protein, which is not significantly different
(p < 0.05) from rutin as reference with 30.10 nmol MDA equiva-
lents/g LDL protein, and then 60 ppm Mallika variety with
37.10 nmol MDA equivalents/g LDL protein. From the result, ex-
tract could inhibit production of TBARS formation in three given
concentration. The protection of LDL by phenolics and anthocya-
nins in a copper-induced oxidation system could be due to both
metal-chelating and radical scavenging capacity. However, the
mechanism by which the extracts inhibit LDL oxidation in vitro re-
mains unclear. Dorman, Peltoketo, Hiltunen, and Tikkanen (2003)
suggested possible explanations for the protecting effects of phen-
olics and anthocanins on LDL: (i) scavenging of various radical spe-
cies in the aqueous phase, (ii) interaction with peroxyl radicals at
the LDL surface, (iii) partitioning into the LDL particle and termi-
nating chain-reactions of lipid peroxidation by scavenging lipid
radicals, and (iv) regenerating endogenous a-tocopherol back to
its active antioxidative form.

4. Conclusions

Black soybean seed coat Mallika and Cikuray variety were found
to have high levels of phenolics and anthocyanins. The antioxidant
activity of Mallika extract was higher than Cikuray. Black soybean
seed coat extract significantly scavenged DPPH radical and could
inhibit LDL oxidation by reduced formation of TBARS.
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