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Abstract A major polyphenolic compound extracted from omija (Schisandra chinensis} fruit was structurally identified, and
its composition of major nutrients was investigated as well in this study. A dominating high performance liquid chromatography
(HPLC) peak of water-extracted anthocyanin represented 94.1% of total absorbable compounds at 520 nm, which was further
identified with HPLC-mass spectrometry (MS). As a result, mass-to-charge ratio {m/z) of the predominant anthocyanin was
determined to be 727, and it was identical to molecular mass of cyanidin-3-xylosylrutinoside (Cya-3-O-xylrut). This is the first
report that colorant of omija i1s predominantly composed of Cya-3-O-xylrut. Omija fruit contained exclusively 3 types of
monosaccharide such as glucose (0.68 g, galactose (0.01 g), and fructose (0.52 g) per 100 g of fruits. Several organic acids,
citric (3.29 g), malic (1.4 g), acetic (0.4 g}, and succinic acids (0.36 g) per 100 g of fruits, were detected by high performance
anion exchange chromatography {(HPAEC) analysis. During the compositional analysis of free amino acid by HPLC, it was
noticed that omija fruit contained substantial amount (0.01 /100 g of fruits) of y-amino butyric acid (GABA).
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Introduction

Schisandra chinensis is known as omija in Korea, of which
literal meaning is berries with 5 distinctive flavor notes.
This monocecius perennial liana has attractive leaves and
woody stems (1). Traditionally its seeds and fruits are
considered a medicinal plant and are stored as dried form.
Fairly recently the effect of omija extract on kimchi
fermentation was investigated to improve quality of kimchi
(2). Bright pinkish-red color of water extract of omija fruits
makes them attractive natural colorant source. The pigments
in omija are highly water-soluble and thus are of great
interest in alcoholic and non-alcoholic beverage-type food
processing. However, this cheerful color of omija extract is
often unstable when it is exposed to heat, light, metal ion,
organic acids, oxygen, and pH change (3,4). In recent
years, a diet rich in colorful fruits and vegetables is
recognized as a recommended nutritional treatment for
preventing various adult diseases (obesity, atherosclerosis,
senescence, and cancer) {5-7). At the center of this issue is
the anthocyan that is one of the flavonoids. Especially
antioxidant capacity of anthocyan is derived from structurally
powerful electron-donating property (8-11).

The colorful characteristics of omija extract are presumably
endowed from certain types of anthocyan but structural
identification of omija anthocyans has not been carefully
investigated. Anthocyans which include anthocyanin
(glycoside) and anthocyanidin (aglycone) are ubiquitously
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distributed in the plant kingdom (12) and confer pH-
dependent bright attractive red, vellow, blue, and purple
color {13). Six core structures of anthocyanidin have been
identified from higher plants, which are cyanidin, delphinidin,
petunidin, peonidin, malvidin, and pelargonidin (14).
These 6 basic forms are differentiated by the degree of
methoxylation and hydroxylation. Most of them exist as
glycoside of which sugar moiety is substituted at 3-OH
group of C ring (15).

Anthocyans have recently received great attention as
natural colorant in food systems and will be substituted for
synthetic ones, as a consequence of the consumer’s preference
toward the consumption of natural products. Thus, new
natural sources of pigments such as anthocyanin, with high
colorant quality and stability, and low cost, are widely
investigated (16). A detrimental factor obstructing industrial
applications of anthocyan-derived colorants is its low
stability in general food processing environments. The
conditions affecting anthocyan color stability have been
reported in many previous studies (17-21), and its stability
is affected by the presence of other compounds such as
sugars, organic acids, etc (22). In an effort to increase color
stability of anthocyan, various treatments have been
designed by pH control, sugar addition, acylation, and
copigmentation (23,24),

The distinct color of omija fruit and water-extract is
speculated to be derived from omija-specific anthocyans.
However, there is no structural identification of what types
of anthocyan exist in omija extract and what the proportion
of them is in detail. Furthermore, quantitative analysis of
main components in omija extract was performed. Because
the compositional status of omija extract can affect the
color stability, this information would be very important in
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the following process and storage steps of omija. Therefore,
the compositional analysis of omija water-extract was
pursued and the characterization of colorant was achieved
in this study.

Materials and Methods

Omija sample and other materials Frozen omjjia fruit
samples were kindly provided by KOOKSOONDANG
(Seoul, Korea), which were cultivated at Mungyeong,
Korea, and harvested in 2005. The frozen samples were
stored at —70°C until further analysis. Cyanidin was
purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). High performance liquid chromatography
(HPLC) solvents and other chemicals were reagent grade.

Extraction of water and alcohol soluble components in
omija fruit Frozen omijja fruits (200 g) were soaked
without stirring in 1 L of distilled water at 4°C for 24 hr.
The residual omija fruits were removed by vacuum
filtration and the filtrate was either used for analysis of free
sugars, organic acids, and amino acids or further treated by
Sep-pak® Plus C,g cartridge (Waters Corp., Milford, MA,
USA) for colorant analysis. The Sep-pak® Plus Cg cartridge
was pre-activated by methanol, and the filtrate was injected
info it using a 10-mL syringe. After washing the cartridge
with 0.01% methanol, the adsorbed colorants were eluted
with 0.01%(v/v) HCl-methanol. Finally the omija extracts
were concentrated using a speed-vacuum dryer (SPD1010
Intergrated SpeedVac System; Thermo Savant, Millford,
MA, USA).

Analysis of free sugars by high performance anion-
exchange chromatography (HPAEC) and pulsed
amperometric detector (PAD) The water extract of omija
fruits was diluted by 40 times and injected to a HPAEC
system after filtration with a 0.45-um membrane filter. A
Dionex HPAEC system (DX 300; Dionex Corp., Sunnyvale,
CA, USA) combining with a PAD was connected with an
analytical Carbopac PA-1 column (Dionex, 40x250 mm)
for this analysis (25). The system had an injection volume
of 10 puL, and the sample was separated at a flow rate of
1.0 mL/min. The sample was isocratically eluted with
18 mM NaOH, and 200 mM NaOH was used as a washing
eluent. D(-)Fructose, D(+)glucose, and D{+)galactose were
purchased from Sigma-Aldrich and used for establishing
standard curves.

Analysis of organic acids by HPAEC and electrochemical
detector (ECD) The water extract of omija fruits was
diluted by 50 times and injected to a HPAEC system after
filtration with a 0.45 mm membrane filter. A Dionex
HPAEC system {DX 600; Dionex) combining with an
ECD and an anion micromembrane suppressor AMMS-
ICE II was connected with an analytical IonPac ICE-AS6
column (9P x250 mm) for this analysis (26,27). The system
had an injection volume of 20 uL, and the sample was
separated at a flow rate of 1.0 mL/min. The sample was
isocratically eluted with 0.4 mM heptafluorobutyric acid,
and 5.0 mM tetrabutylammonium hydroxide was used as a
washing eluent. Citric acid, D(+)malic acid, succinic acid,
and acetic acid were purchased from Sigma-Aldrich and
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Table 1. Instrumentation and operating condition for HPLC
analysis of omija colorant

HPLC-PDA LC-MS
LC-10AD VP Agilent 1100 series
HPLC system qpimadzu, Japan) (USA)
Column Xterra™ (4.6 cm <250 mm, Waters, Ireland)
Eluents A: 0.1% Trifluoroacetic acid (TFA)
B: Acetonitrile:H,0 in 0.1% TFA=1:1 (v/v)
Elution time (min) % Eluent B
0 20
Elution mode 18 33
(Gradient 30 40
condition) 40 40
42 20
50 20
Flow rate 0.8 mL/min 0.6 mL/min
SPDMIOA VP P ALl 120 e
UV detector diode array detector P d Adil
(Shimadzu, Japan) etectpr and Agilent
’ 110 series MSD (USA)
520 nm and

Detection range 190-800 nm

m/z=100-1,500

used for establishing standard curves.

Analysis of amino acid and y-aminebutyric acid (GABA)
by HPLC Amino acids in 50 pL of omija extract were
mixed with 250 pL of 100 mM borate buffer (pH 10) and
derivatized with ortho-phthalaldehyde (CgHsO,; OPA)
reagent. The derivatized amino acids were analyzed by
HPLC method. The filtered sample (20 uL) using 0.45 um
syringe filter was injected into a HPLC system (Summit®
HPLC System; Dionex Corp.) equipped with a ultraviolet
(UV) detector (detection wavelength=338 nm). A Nova-
pak Cg analytical column (Waters Corp.) was used to
separate amino acids at a flow rate of 1 mL/min. Potassium
phosphate buffer (60 mM; pH 6.65) was prepared as eluent
A, and eluent B consisted of eluent A:methanol:2-
propanol:acetonitrile=46:18:18:18.

Structural identification of anthocyanin: HPLC-photo-
diede array (PDA) and -mass spectrometry (MS) Fifty
mL of omija colorants eluted from Sep-pak Plus Cig
cartridge was concentrated to the final volume of 10 mL
using a speed-vacuum drier. The HPLC elution conditions
and operating parameters are summarized in Table 1. Mass
spectra of baseline-separated major peak were obtained by
using an Agilent 1100 series LC/MSD (Agilent Technologies,
Palo Alto, CA, USA) using a positive electrospray mode.
Sample solution was delivered to the electrospray source at
a flow rate of 600 pL/min and the injection volume was
10 ul.. The eluent used was 50%(v/v) of acetonitrile in
deionized water with 0.1% TFA. The fragmentor voltage
varied from 75 to 200 V, and the capillary voltage was
maintained at 4 kV. Source temperature was maintained at
350°C. The drying gas flow in the source chamber was
11.5 L/min, and the detection scanning range was m/z 100
to 1,500.
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Results and Discussion

Compositional analysis of free sugars, organic acids,
and amine acids in water extract of omija fruit Omija
extract was prepared by soaking the fruits (200 g)in 1.0L
of distilled water at 4°C for 24 hr. In order to determine the
amount of major components (free sugars, organic acids,
and amino acids) in the extract, the HPAEC and HPLC
methods were applied in this study. In HPAEC analysis
using a PA-1 analytical column, it was clearly identified
that 3 monosaccharides existed in the water extract of
omija fruit. It contained 0.68 g of glucose, 0.52 g of fructose,
and 0.01 g of galactose per 100 g (fresh weight) of omija
fruit. The extractable amount of glucose was 1.3 times higher
than that of fructose, which was fairly agreeable to other
study (28). No traceable amount of sucrose was detected
while previous studies reported small but detectable
amount of sucrose in the extract (29,30). Another peculiar
finding in this study was that less than 1% but identifiable
amount of galactose exist in omija fruit extract.

The pH of omija extract was determined to be 2.99
under our extraction condition, which was fairly low and
were mainly attributed to the considerable amount of
endogenous organic acids. In HPAEC analysis using an
TonPac ICE-AS6 analytical column, 4 types of organic
acids were identified and quantified. Citric (3.29 g), malic
(1.40 g), acetic (0.4 g), and succinic acids (0.36 g) per 100
g (fresh weight) of omija fruit extract were observed in this
quantification analysis. Tartaric acid was not observed in
this study while other study reported the existence of
tartaric acid in omija fruit (31). Oxalic acid is widely
distributed in edible plants as either soluble or insoluble
salt form (32). In this study there exists no detectable
amount of oxalic acid in omjja extract. Insoluble salt form,
which is mainly calcium oxalate, may remain in the fruit
tissue and may not freely diffuse out during water
extraction. There was inconsistency in the reported amount
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Table 2. Released amount of free amino acids in water extract
of omija fruit

Amount
No. Type of amino acid - -
mg/100 g, fresh weight basis
1 Aspartic acid 1.74
2 Glutamic acid 4.58
3 Asparagine 0.88
4 Serine 0.65
5 Histidine+Glutamine 14.48
6 Arginine 4.82
7 Glycine 0.20
8 Alanine 0.57
9  Threonine 1.43
10 y-Aminobutyric acid (GABA) 11.17
11 Tryptophan 2.80
12 Phenyalanine 0.62
13 Isoleucine 0.49
14 Leucine 0.28
15 Lysine 0.75

of oxalic acid in omija, which could be attributed to the
applied instrumental analysis methods, the developmental
stage of growing omija, and storage condition of harvested
one.

In the extractable amino acids from omija fruit, total 14
or 15 amino acids plus GABA were detected and quantified
by the HPLC analysis. It was known that 3 amino acids
(cysteine, proline, and tyrosine) could not be analyzed
using this OPA-derivatization method. Even if this fact was
considered, still 2 amino acids, methionine and wvaline,
were not observed in the water extract of omija fruit from
this HPLC analysis. The quantified amounts of individual
amino acids extracted from omija fruit are presented in
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Fig. 1. HPLC separation profile of omija colorant extract at 520 nm.
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Fig. 2a. PDA detection diagram of omija colorant extract.
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Fig. 2b. Full UV-Vis wavelength scan (190-800 nm) of the dominating component in omija colorant extract.

Table 2. The amount of histidine plus glutamine was the
greatest among the detectable amino acids but further
analysis should be achieved for identifying which one is
the major amino acid between them. There were a couple
of reports that GABA was detected in grape berries by
either HPLC or 'H NMR but the authors did not provide
the quantified amount of GABA (33). Total extractable
amount of free amino acids were determined to be 45.47
mg per 100 g of omija fruit, among which the GABA
consisted of 24.6% (11.17mg per 100 g) of total free
amino acids. This result suggests that omija fruit could be
one of excellent dietary sources of GABA.

Identification of omija’s anthocyans by HPLC-PDA
analysis Among the identifiable & peaks in the

chromatogram at 520 nm, during the preliminary test, only
! dominating peak was considered for further analysis
because this major peak 5 at 19.96 min accounted for
94.1% and other 7 peaks only explain less than 6% of total
colorants (Fig. 1). In order to identify the number of
anthocyan types in omija extract, PDA detection method
was adopted. Once individual colorant was separated by an
HPLC system, each peak was fully scanned from 190 to
800 nm of wavelength. As shown in Fig. 2a, the peak at the
elution time of 16.24 min was dominating in the visible
wavelength range, and the maximum absorption of the
major peak was observed at 518 nm (Fig. 2b). A few of
other minor peaks were shown but barely identifiable on
the PDA diagram (Fig. 2a).
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Fig. 3. ESI mass spectra of omija colorant extract. The MS fragmentor voltages are (a} 75, (b) 125, and (¢) 180 eV.

Identification of emija’s major colorant by HPLC-MS
analysis When we directly analyzed the omija extract by
mass spectrometry without HPLC separation to obtain
structural information of the major colorant by analyzing
the fragmentation pattern, the variation of the mass spectra
with applied fragmentor voltages was observed (Fig. 3).
Based on the fragmentation pattern and mass-per-charge
ratio of precursor ion, the major anthocyan was tentatively
assigned as cyanidine-3-O-xylosylrutinoside (Cya-3-O-xylrut)
in this study. Relative intensity of the Cya-3-O-xylrut (m/z
727) decreased with the increase of the fragmentor voltage
whereas the m/z 287 assigned to cyanidin is generated and
its relative intensity increased as shown in Fig. 3. The
positively charged aglycone, cyanidin (s/z 287), was formed
by loss of trisaccharide sugar moiety {xylosylrutinoside)
from the Cya-3-O-xylrut (Fig. 4). In the analysis of
anthocyanins, it was reported that the precursor ions
detected were typically [M]" and [M-sugar]" (34). From
our experimental result, it was concluded that even without
chromatographic separation some principal components of
the extract mixture could be identified with LC/MS by
regulating the fragmentor voltage and comparing the mass
spectra.

After HPLC separation of major anthocyan, it was further
characterized with on-line MS system. Figure 5 shows the
mass spectrum of the major peak in the chromatogram and
a clear molecular mass ion of m/Zz 7272, which is
corresponding to that of Cya-3-O-xylrut. Recently, the
positive ion ESI-MS of acidic methanol extract of black
raspberry was shown to have a base peak at m/Zz 727,
corresponding to M" of Cya-3-O-xylrut and an aglycone
fragment at m/z 287 (35). Further sophisticated structural

mz =727

- xylosylrutinoside

miz =287

Fig. 4. Fragmentation mechanism of cyanidin-3-O-xylosylrutinoside
(Cya-3-O-xylrut).



792

S. -H. Kim et al.

100 -
80
60
40

20

7212 (a)

Intensity (%)

1007 287.1

80
60
40 -

20

(b)

72712

200 400

miz

600 800 1,000

Fig. 5. ESI mass spectra of the major anthocyan in omija colorant extract. The MS fragmentor voltage are (a) 75 and (b) 150 eV.

analysis should be performed to identify the exact chemical
structure of this tentatively assigned Cya-3-O-xylrut from
omija extract.

Omija’s anthocyan profile consisting exclusively of
Cya-3-O-xylrut has not been reported from any other plant
materials. Thus, omija could be very unique source of highly
pure Cya-3-O-xylut. According to very few obtainable
literature, Cya-3-O-xylrut was one of major anthocyanins
in red current (Ribus rubrum) (28), and it was only minor
component in blue berry (Vaccinium padifolium) (36).
Fairly recently, it was also reported that black raspberry
(Rubus occidentalis) contained substantial amount of Cya-
3-O-xylrut (35). These are only 3 reported plant materials
containing Cya-3-O-xylrut until now. Thus, it seems that
Cya-3-O-xylrut is relatively rare in nature as pointed out by
Cabrita ef al. (36).

The profiles of the anthocyans present in fruit and
vegetables can be used as fingerprints through which the
authenticity of raw materials, products, juices and extracts
may be assessed as described by Montoro ef al. (34). This
distinguishable peak pattern of omija extract under visible
light absorption detection can provide a strong screening
tool of adulteration in the processed omija foods. This
identified Cya-3-O-xylrut in omija fruit is responsible for
the bright reddish pink color of omija extract at proper pH
range controlled by endogenous organic acids. Based on
this structural characterization of omija colorant, further
study will be pursued to improve color stability of omija
extract and to increase applicability into food processing.
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