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Abstract The seed coat of the black soybean contains 3 main anthocyanins such as delphinidin-3-O-β-glucoside, cyanidin-
3-O-β-glucoside, and petunidin-3-O-β-glucoside. As a part of our effort on discovering and breeding new black soybean
cultivars which possesses specific anthocyanin component rich, we determined the anthocyanin profiles of the 2 cultivars
recently developed soybean cv. Gaechuck #1 and cv. Gyeongsang #1, using liquid chromatography-tandem mass spectrometry
(LC-MS/MS) and compared their content and identity with those of previously known 10 cultivar controls. The Cosmosil-
5C18-AR-II column were selected for the analysis because of the best peak separation. The column temperature was set up at
35oC. The mobile phase consisting of water containing 0.5%(v/v) formic acid and methanol gave good separation between the
3 anthocyanin analytes and internal standard (quercetin 3-O-β-rutinoside) and peaks with suppressed tail. The MS/MS spectra
of each individual anthocyanin standard were detected in positive electron spray ionization (ESI) modes. It was disclosed that
the anthocyanin contents of the soybean cv. Gaechuck#1 and cv. Gyeongsang#1 are roughly higher than those of the 10 controls.
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Introduction

Anthocyanins are one of plant polyphenol families and
glycosylated derivatives of the 3, 5, 7, 3'-tetrahydroxy-
flavylium cation (Fig. 1) (1). More than 600 types of
anthocyanins have been found from plant sources to date
and derivatives of cyanidin, delphinidin, malvidin, peonidin,
pelargonidin, and petunidin are the most prevalent (2).
They play various important roles in plants such as an
attractant of animals participating in pollination and seed
disposal, a repellant of harmful insects, and a protectants
against damage by ultra violet (UV) light (3). For example,
cyanidin-3-O-β-glucoside (CG) protects cotton leaves
against the tobacco budworm (4).

The content and composition of anthocyanins of the
individual plants differ from genetic origins and are
affected by environmental factors such as light condition
and temperature (5,6). There is considerable current interest
in various health-enhancing effects of anthocyanins such as
antioxidant activity (7,8), anti-inflammatory (9), protecting
effect against cardiovascular disorder (10), anticancer
(11,12) and hypoglycemic effects (13). Increasing attention
has been focused to the anthocyanin content of deep

colored crops because of their potential as functional foods
and nutraceutical ingredients (14).

Black soybean [Glycine max (L.) Merr.] has been
popularly utilized as a food and a folk medicine and very
widely cultivated in the Far East from about 5,000 years
ago. The black soybean cultivars are planted from May to
July, grow up to about 60 cm height, burst into purple or
white bloom from July to August, and harvested from
September to October. About 2,780 black soybean genotypes
were registered in USA soybean germ plasmcenter (15).
The black pigmentation of the seed coat of the black
soybean is ascribed to accumulation of anthocyanins in its
epidermis palisade layer (16). Three main anthocyanins,
i.e., delphinidin-3-O-β-glucoside (DG), CG, and petunidin-
3-O-β-glucoside (PG) were characterized in the seed coat
of the black soybean (Fig. 1) (17).

Although a number of studies have been devoted to the
presence of anthocyanins in soybeans (18,19), reports on
variation of the content and composition of anthocyanins
according to different black soybean cultivars has been
restricted (17).

Recently, we are engaging in study discovering and
breeding new cultivars which possesses specific anthocyanin
component rich. The detailed information for their content and
identity in the different cultivars will be the first step in such
an effort, the results of which may provide opportunities to
broaden biological and commercial applicability. Therefore
the anthocyanin profiles of the 2 cultivars were determined,
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soybean cv. Gaechuck#1 and cv. Gyeongsang#1 of the black
soybean recently developed by Chung, one of co-authors of
this paper (20) using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) and compared their content and
identity with those of 10 previously developed cultivars. The
results are reported in this paper. Anthocyanins were
conventionally characterized by reverse phase high
performance liquid chromatography (HPLC) coupled with
UV-vis detector or mass spectrometry (1,21,22). Recently,
LC-MS/MS has been proven to be one of the most powerful
tools for the characterization and quantitation of anthocyanin
pigments in fruits and vegetables (23,24).

Materials and Methods

Materials and reagents Total 12 black soybean cultivars-
soybean cv. Gaechuck#1, cv. Gyeongsang#1, cv. PI424432,
cv. PI438496B, cv. PI423721, cv. PI424188A, cv. PI398741,
cv. PI407927A, cv. PI424188B, cv. PI398200, cv. PI407908,
and cv. PI407860 were planted at the experimental field of
Gyeongsang National University in May 10, 2004. The
soybean seeds were harvested at maturity. The harvested
seeds were air dried to a seed moisture content of about
8.0%. The coats of dried seeds were peeled manually and
stored in brown glass bottle at 4oC until required for analysis.

HPLC grade methanol and water were obtained from
Duksan Pure Chemical Co., Ltd. (Ansan, Korea). HCl
were purchased from Samchun Pure Chemical Ind., Ltd.
(Pyungtaeg, Korea). Internal standard (IS), quercetin-3-O-
β-rutinoside (QR) was purchased from Sigma-Aldrich (St.
Louis, MO, USA). DG, CG, and PG were separated from
the soybean cv. Gaechuck#1 cultivar according to literature
method (17).

Sample preparation The seed coats of each sample (0.1
g) were ground into a powder, homogenized in 30 mL of
a mixed solvent of water/methanol (6:4, v/v) containing 0.1
% HCl, and stood at 4oC refrigerator for 24 hr. The mixture
was filtered through glass filter under reduced pressure.
The solid residue was washed with methanol until the
colored materials were sufficiently removed. The extracts
were combined and concentrated to 30 mL and filtered
through a polytetrafluoroethylene (PTFE) syringe filter
(Whatman International Ltd., Maidstone, England) and
stored at −20oC until injection into the LC-MS/MS system.
The stored solution was diluted 10 times immediately
before each injection.

HPLC HPLC analysis was performed using an 1100
series LC system, equipped with a G1322A degasser,
G1312A pump, G1313A autosampler, and G1316A oven
(Agilent Technologies, Palo Alto, CA, USA). The
chromatographic separation was carried out on a Cosmosil-
5C18-AR-II column (Nacalai Tesque Inc., Kyoto, Japan),
(particle size 5 µm, 4.6×150 mm), The mobile phase
consisted of water containing 0.5%(v/v) formic acid (A)
and methanol (B), with a linear gradient of 0-80% B over
15 min, increased to 98% B over 2 min, followed by
isocratic elution at 100% B for 5 min. The flow rate was
0.4 mL/min, with column temperature of 35oC and an
injection volume was 10 µL in each experiment.

Mass spectrometry MS/MS experiments were carried
out using a 3200 Q TRAP LC-MS/MS system (Applied
Biosystems, Forster, CA, USA) with a Turbo VTM source
and Turbo Ion Spray probe (500oC). The mass spectrometer
was operated in the positive mode with the multiple
reaction monitoring (MRM) modes. A total of 8 MS/MS
transitions (6 for 3 anthocyanin analytes and 2 for IS) were
monitored during the LC separation. BioAnalst™, version
1.4.2, and Analyst software, version 1.4.2, were used for
instrument control and data acquisition, respectively.

Both the nebulizing and drying gas was nitrogen. The
flow rates of both the gases were 45 psi. The capillary
voltage was set at 5.5 kV and the source temperature at
500oC. The resolutions of the first and third quadrupole
were between 0.6 and 0.8 (unit resolution). Mass spectra
were recorded between m/z 50 and 800 by a step size of 0.1
u. By varying the collision energy of the precursor ion, the
product ions for each analyte were optimized. The fragments
and fragmentation conditions are summarized in Table 1.

Preparation of standard and stock solution for
calibration experiments Stock solutions of the anthocyanin
standards were prepared in 0.1% HCl-water/methanol (6:4,
v/v) at a concentration of 100 mg/L and stored at −20oC.
These solutions were further diluted with 0.1% HCl-water/
methanol to give the standard working solutions at
concentrations of 20, 10, 5, 1, 0.1, 0.01, and 0.001 mg/L.
Standard working solution of IS were prepared in 0.1%
HCl-water/methanol at concentration of 10 mg/L immediately
before sample preparation.

Statistical analysis The statistical analysis was done using
the SPSS for Windows (version 12.0, SPSS Inc., Chicago,

Fig. 1. Structures of anthocyanins and quercetin-3-rutinoside.
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IL, USA). All data were presented as mean. Differences
among mean values were tested for significance by means
of Duncan’s multiple range tests (p<0.05).

Results and Discussion

To determine anthocyanins in the black soybean cultivars,
the methanolic water extract were analyzed by LC-MS/
MS. Of the cultivars analyzed, soybean cv. Gaechuck#1
and cv. Gyeongsang#1 were new ones breeded by Chung
(20). Of the 10 cultivars analyzed as controls, one was China
origin and others were Korea origin. The anthocyanin
profile of the black soybeans is rather simple. Only 3
anthocyanins were characterized previously, fewer than
other plants. For example more than 10 anthocyanins were
characterized in fruits such as bilberries (23) and grapes
(25).

LC-MS/MS optimization In order to optimize the LC
separation, variables such as column, column temperatures,
mobile phase, and elution condition were investigated. A

number of reverse phase column including Symmetry from
Waters, Zorbax from Agilent, LichroCART from Merk
(Damstadt, Germany), and Cosmosil-5C18-AR-II were tested
for their suitability. The Cosmosil-5C18-AR-II column
were selected for the analysis because of the best peak
separation. The column temperature was set up at 35oC
which was previously reported as the most efficient
temperature for anthocyanin separation (26) on LC-MS/
MS. The mobile phase consisting of water containing
0.5%(v/v) formic acid and methanol gave good separation
between the 3 anthocyanin analytes and IS and peaks with
suppressed tail. The MRM chromatograms obtained from
the 3 anthocyanins and IS are depicted in Fig. 2. As shown
in Fig. 2, the separations were achieved within about 17
min.

The MS/MS spectra of each individual anthocyanin
standard were detected in positive electronic spray ionization
(ESI) modes. The MS/MS experiments of anthocyanins
were conventionally carried out in positive ion mode because
the mode provides more abundant information (27,28).
The MS/MS condition was optimized using individual
standard solutions of 10 mg/kg in methanol. The declustering
potential (DP) was tuned to produce the most intense
response of the precursor ion in the first quadrupole and the
collision energy (CE) was tuned to produce the most
sensitive and stable product ion in the second quadrupole.
The different DPs and CEs determined by optimization
experiments were applied to the 3 anthocyanins. The full
scan mass spectra and the MS/MS spectra were acquired to
obtain 2 transitions (product ions) for each anthocyanins.
The optimized parameters for the 3 anthocyanins and IS,
together with the MS/MS transitions selected for
identification and quantification are shown in Table 1. As
depicted in Fig. 3A the full scan mass spectra show
precursor ions (PIs); m/z 465, 449, 479, and 633 a.m.u. for
DG, CG, PG, and IS (not shown), respectively. The PIs for
the 3 anthocyanins were detected as [M+H]+ and that of IS
as [M+Na]+. As illustrated in Fig. 3B , the MS/MS spectra
shows the most abundant product ions; m/z 303, 287, 317,
and 331 a.m.u. for DG, CG, PG, and IS, respectively,
corresponding to the loss of the glucose moiety. The
transitions, m/z 465→303, m/z 449→287, and m/z

Table 1. Mass spectrometry parameters for the LC-MS/MS
determination of selected anthocyanins and internal standard
(IS)

Anthocyanin1) tR
2)

(min)
Mw

Precursor 
ion

Product 
ion

DP3)

(V)
CE4)

(V)

DG 11.50 464
4655) 303 61 35

465 229 61 119

CG 12.13 448
449 287 51 33

449 137 51 75

PG 12.39 478
479 317 46 33

479 302 46 57

IS 16.56 610
633 331 106 41

633 71 106 81

1)DG, delphinidin-3-O-β-glucoside; CG, cyanidin-3-O-β-glucoside;
PG, petunidin-3-O-β-glucoside; and IS, quercetin-3-O-β-rutinoside.

2)Retention time.
3)Decluatering voltage (cone voltage of other manufactures).
4)Collision energy.
5)Ion used for quantification purposes is indicated in bold.

Fig. 2. LC-MS/MS separation of a standard mixture of anthocyanins represented as the mass chromatogram of each anthocyanin
class in the positive ion mode.
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Fig. 3. Full scan mass spectra (A) and MS/MS spectra (B) of anthocyanins (DG, CG, and PG).

Table 2. Anthocyanin contents in seed coats of each black soybean

Black soybeans
(soybean cv.) 1)

Anthocyanin content (mg/kg)

DG (RSD2) %) CG (RSD %) PG (RSD %) Total (RSD %)

 Gaechuck#11 07.27 (1.79)h3) 4.54 (3.12)d 01.32 (8.64)cd 13.13 (1.70)g

 PI4244322 5.75 (5.20)b 3.89 (0.79)c 1.37 (1.84)d 011.01 (2.74)de

 PI438496B3 6.29 (2.44)d 02.02 (3.63)ab 00.22 (0.68)ab 08.53 (1.99)b

 PI4237212 8.49 (1.37)k 02.04 (2.45)ab 0.52 (1.81)b 011.05 (1.15)de

 PI424188A2 6.47 (0.86)e 1.87 (1.11)a 0.39 (4.79)b 08.73 (0.71)b

 PI3987412 0.51 (2.50)a 4.63 (1.61)e 0 (0)a 05.14 (1.47)a

 PI407927A2 7.34 (4.69)i 4.34 (3.92)d 0.32 (3.08)b 12.00 (3.20)f

 PI424188B2 8.86 (0.34)l 01.96 (2.55)ab 0.52 (7.24)b 11.34 (0.61)e

 Gyeongsang#11 8.09 (0.93)j 2.16 (2.33)b 0.47 (2.25)b 10.72 (0.85)d

 PI3982002 6.97 (3.29)f 01.97 (2.69)ab 0.85 (7.47)c 09.79 (2.49)c

 PI4079082 7.15 (0.43)g 3.88 (1.97)c 0.45 (2.64)b 11.48 (0.73)e

 PI4078602 5.93 (1.51)c 04.51 (3.22)de 00.23 (4.54)ab 10.67 (1.60)d

1)Origin; 1New cultivar, 2Republic of Korea, 3China.
2)Relative standard deviation.
3)Different letters mean significant differences among samples at p<0.05 (n=5).
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479→317 were chosen for the MRM quantitation mode.
The secondary transitions, m/z 465→ 229, m/z 449→137,
and m/z 479→302 were chosen for the MRM confirmation
mode (29).

Validation A calibration curve was constructed by
determining each anthocyanin/IS peak area ratio versus
each anthocyanin/IS concentration ratio. All constructions
were run in triplicate, with the results averaged. The peak
areas were calculated from the extracted ion chromatograms
of the most abundant product ions. The 3 calibration curves
prepared were linear in the range from 0.001 to 20 mg/L
and the correlation coefficients of all the calibration curve
are found to be higher than 0.995. The recovery was
determined by inter-day assays at each of the 4 concentration
levels for each compound. The recovery values of DG, CG,
and PG were 93, 87, and 97%, respectively. The relative

standard deviation (RSD)% values for the recovery were
≤2.0%. The limits of detection (LODs) were calculated by
using a signal-to-noise ratio of 3 (the ratio between the
peak intensity and the noise intensity was used). The LOD
values of DG, CG, and PG were 1.2, 0.2, and 0.7 µg/kg,
respectively. The limits of quantitation (LOQs) were
calculated by using a signal-to-noise ratio of 10. The LOQs
values of DG, CG, and PG were 4, 0.7, and 2.2 µg/kg,
respectively.

Quantitation Anthocyanin contents in seed coat of each
black soybean investigated are listed in Table 2. They have
been significant difference among the tested samples. Of
the 3 anthocyanins DG was the most plentiful all over the
cultivars and PG was the poorest. The DG contents in the
controls were in the range from 0.51 to 8.86 mg/kg. The
soybean cv. Gyeongsang#1 showed the highest DG content,
which was higher by 1.71 than 6.38 mg/kg, the average of
those in the controls. The DG content of the soybean cv.
Gaechuck#1 was larger by 0.89 mg/kg than the average. A
total content of anthocyanins in the controls was determined
to be average 9.97 mg/kg, ranging from 5.14 to 12.00 mg/
kg. The soybean cv. Gaechuck#1 was analyzed to have the
highest total anthocyanin content, which is higher by 3.16
mg/kg than the average, 9.97 mg/kg of that in the controls.
The anthocyanin total content in the soybean cv. Gyeongsang#1
was higher by 0.75 mg/kg than the average. As described
above, in view of anthocyanin content the quality of the
soybean cv. Gaechuck#1 and cv. Gyeongsang#1 is roughly
superior to the controls. The MRM chromatograms used
for the quantitation of DG, CG, and PG were shown in Fig.
4.

In conclusion, the content of 3 major anthocyanins, DG,
CG, and PG in the recently breeded 2 cultivars, soybean cv.
Gaechuck#1 and cv. Gyeongsang#1 was determined using
LC-MS/MS and compared with those in the previously
developed 10 controls. The anthocyanin contents of the
soybean cv. Gaechuck#1 and cv. Gyeongsang#1 were
analyzed to be roughly higher than the controls. Present
data will help for studies breeding new cultivars having
specific anthocyanin component plentifully.
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