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Chinese cabbage (Brassica rapa L. ssp. Pekinensis) is a green leafy vegetable used mainly in kimchi, salted
and fermented dishes. Consumer preference for the leaf portion differs according to the type of dishes. In
this study, Chinese cabbage was divided into three parts, and their antioxidant activities were investi-
gated through in vitro assays. The total phenolic contents (TPC), total flavonoid contents (TFC), and
vitamin C contents were also determined as indicators of antioxidant contents. The phenolic acids and
flavonoids were separated and identified using high performance liquid chromatography (HPLC) and
liquid chromatography/mass spectrometry (LC/MS). The outer leaf had the strongest antioxidant activity
with the maximum antioxidant contents, followed by the mid- and inner leaves. Principal component
analysis (PCA) revealed that outer leaf is positively related to caffeic acid, p-coumaric acid, ferulic
acid, and myricetin contents, whereas the mid- and inner leaves are negatively related to sinapic acid
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1. Introduction

Chinese cabbage (Brassica rapa L. ssp. Pekinensis) is a crucifer-
ous green leafy vegetable consumed primarily in Asian countries
(Kim & Klieber, 1997), although its consumption has gradually
increased in Western countries (Islam & Choi, 2008). Green leafy
vegetables including cabbage, broccoli, kale, spinach, mustard
greens, and lettuce are high in fiber, vitamins, and minerals have
become popular components of balanced diets worldwide (Oboh,
Raddatz, & Henle, 2008; Subhasree, Baskar, Laxmi Keerthana,
Lijina Susan, & Rajasekaran, 2009). In Korea, Chinese cabbage is
the principal ingredient of kimchi, which is a salted and fermented
dish including whole cabbage leaves. However, the consumer pref-
erence for a particular part of Chinese cabbage varies among
recipes considering the appearance, taste, and texture. In some
foods, the outer greenish leaves are used for soups with soybean
paste, whereas the yellowish inner leaves are used as vegetable
outer rolls for grilled pork, beef, chicken, and seafood dishes. With
respect to its health benefits, the dietary antioxidants in Chinese
cabbage have been extensively studied for their ability to prevent
reactive oxygen species (ROS), which mediate aging and oxidative
damage-inducing pathological disorders such as inflammation and
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atherosclerosis (Huxley & Neil, 2003; Ji et al.,, 2011). In addition,
several antioxidant phenolic compounds including flavonoids were
investigated and identified in whole Chinese cabbage leaves
(Harbaum et al.,, 2007; Kim, Padilla-Zakour, & Griffiths, 2006;
Miean & Mohamed, 2001; Roy, Takenaka, Isobe, & Tsushida,
2007). Because Chinese cabbage leaves have different color,
texture, taste, and availability depending on their parts, the
different antioxidant capacities should be investigated to utilize
as fresh-cut products and health-benefit materials.

In this study, Chinese cabbage leaves were divided into three
sections, and their antioxidant activities were determined along
with antioxidant contents such as phenolic acids and flavonoids.
In addition, the polyphenolic profiles were differentiated by
principal component analysis depending on the leaves section.

2. Materials and methods
2.1. Sample materials and extracts

Chinese cabbages (B. rapa L. ssp. Pekinensis cv. Hwiparam)
cultivated in the field and harvested early in November 2013 in
Haenam-gun, Korea, were obtained from Hwawon Agricultural
Cooperative (Haenam-gun, Korea). The Chinese cabbages were
divided into three different sections of inner, mid- and outer
leaves, lyophilized, and ground using a roller mill (CW Brabender
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Instruments Inc., South Hackensack, NJ, USA) (Amin & Lee, 2005;
[sabelle et al., 2010; Watanabe, Musumi, & Ayugase, 2011). A
cross-section of a head of Chinese cabbage is shown in Fig. 1. The
outer, mid-, and inner leaves were denoted as L1, L2, and L3,
respectively. After chloroform treatment for removing the color
from chlorophylls, 1g aliquots of the sample powders were
extracted with 75% methanol (10 mL x 2) for 12 h at room temper-
ature. The extracts were then filtered and dried using a rotary
evaporator.

2.2. Reagents and instruments

o,0-Diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tris(2-pyridyl)-
1,3,5-triazine (TPTZ), 2,2’'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), 2,2’-azobis(2-methylpropionamidine) dihydro-
chloride (AAPH), gallic acid, trolox, (+)-catechin, 2,4-dinitrophe-
nylhydrizine (2,4-DNP), ascorbic acid, sodium nitrite, aluminum
chloride, caffeic acid, sinapic acid, p-coumaric acid, ferulic acid,
and myricetin were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, Mo., USA). All organic solvents were of analytical grade
(Merck, Darmstadt, Germany ), except for HPLC (J.T. Baker, Phillips-
burg, NJ, USA). An ultraviolet-visible (UV-Vis) spectrophotometer
(UV 1601 PC, Shimadzu Co., Kyoto, Japan), a microplate reader
(Emax Precision Microplate Reader, Molecular Devices, Sunnyvale,
CA, USA), and a multi-label plate counter (Victor 3 1420, PerkinElmer
Inc., Boston, MA, USA) were used for the determination of
antioxidant activities and antioxidant contents. HPLC (1260
Infinity Quaternary LC System, Agilent Technologies, Palo Alto,
CA, USA) and liquid chromatography/mass spectrometry (LC/MS;
Agilent Technologies series 1200 system, Agilent Technologies,
Palo Alto, CA, USA) were used for polyphenolics analysis and
identification.

Fig. 1. Cross-section of the Chinese cabbage leaves. L1, outer leaves; L2, mid-leaves;
L3, inner leaves.

2.3. Antioxidant capacities of Chinese cabbage leaves

2.3.1. DPPH radical scavenging activity

Free radical scavenging activity was measured using the DPPH
method (Lim, Lim, & Tee, 2007). Nine hundred micro liter of
200 pM DPPH: solution was added to 100 pL of the crude extract
of the Chinese cabbage leaves (10 mg/mL). The mixture was
allowed to stand for 30 min in the dark, and then, the absorbance
was measured at 490 nm. The activities were converted to pM
trolox equivalents (uM TE).

2.3.2. Ferric ion reducing antioxidant power (FRAP) assay

The FRAP assay was performed using a TPTZ solution (Benzie &
Strain, 1996). The working solutions were prepared by mixing
25 mL of acetate buffer (pH 3.6, 300 mM), 2.5 mL of TPTZ solution
(10 mM), and 2.5 mL of FeCl3-6H,0 solution (20 mM), and were
kept at 37 °C. The sample solutions (10 mg/mL) were then mixed
with the working solutions and were incubated under darkness
at 37 °C for 30 min. The absorbance was measured at 650 nm,
and the activities were converted to uM TE.

2.3.3. Trolox equivalent antioxidant capacity (TEAC) assay

The TEAC assay was based on the scavenging of ABTS radical
anions method (Sariburun, Sahin, Demir, Tiirkben, & Uylaser,
2010). The ABTS™ solution (7 mM) was mixed with a 1:1 (v/v),
potassium persulfate (2.45 mM) solution, which was kept under
darkness at room temperature for 14 h. This stock solution was
diluted with methanol to adjust to the absorbance value of 1.0
(£0.02) at 734 nm. The sample solutions (10 mg/mL) were mixed
with the ABTS™ working solution and were kept for 7 min. Their
absorbance values were measured at 734 nm. The activities were
converted to pM TE.

2.3.4. Oxygen radical absorbance capacity (ORAC) assay

The ORAC assay was measured by a modification of a previous
method (Ou, Hampsch-Woodill, & Prior, 2001). Fluorescein solu-
tion (0.2 mM) was mixed with sample solutions (1 mg/mL) or
phosphate buffer saline (PBS) as a blank or Trolox (0.25-2 mM)
as a standard. After adding the AAPH' solution (200 mM), the fluo-
rescence was measured every 5 min for 120 min with excitation
and emission at 485 nm and 530 nm, respectively. The area under
the fluorescence decay curve (AUC) was calculated by applying the
following formula:

i=120
AUC = (0.5 +Y fi /f0> x5 net AUC = AUCgmpie — ACUpjank

i=1

where fj is the initial fluorescence at 0 min, and f; is the fluorescence
at i min. ORAC-FL values were converted to pM TE.

2.4. Antioxidant contents of the Chinese cabbage leaves

2.4.1. Total phenolic contents (TPC)

The TPC was measured using Folin-Ciocalteu reagent
(Singleton, Orthofer, & Lamuela-Raventos, 1999). The contents
were converted to milligram of gallic acid equivalent (GAE) per
100 gram of dry weight basis (mg GAE/100 g dwb).

2.4.2. Total flavonoid contents (TFC)

The TFC was measured by a previous method (Jia, Tang, & Wu,
1999) with some modifications. The sample solutions (10 mg/mL)
were mixed with 50% ethanol and 5% sodium nitrite. After 1 h,
10% aluminum nitrate was added, and the mixtures were incu-
bated for 6 min. The reaction was stopped by adding 1 M sodium
hydroxide. The absorbance was immediately measured at
510 nm. The flavonoid contents were converted to milligram of
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(¢)-catechin equivalent (CE) per 100 gram of dry weight basis (mg
CE/100 g dwb).

2.4.3. Vitamin C contents (VCC)

The VCC was determined photometrically after oxidation of
ascorbic acid to dehydroascorbic acid, which reacts with 2,4-DNP
to form a red complex (Mills, Daron, & Roe, 1949). The absorbance
was measured at 520 nm, and contents were converted to
milligram of r-ascorbic acid equivalent (AA) per 100 gram of dry
weight basis (mg AA/100 g dwb).

2.4.4. Total carotenoid contents (TCC)

The TCC was determined by a previous method (Chandler &
Schwartz, 1988) with some modifications. The method is based
on saponification, followed by organic extraction whereafter total
carotenoid contents in the extracts were measured using
spectrophotometer at 450 nm. The TCC was converted to milligram
of B-carotene equivalent per 100 gram of dry weight basis
(mg/100 g dwb).

2.5. Polyphenolic compositions of Chinese cabbage leaves

The polyphenolic compositions were analyzed according to pre-
vious methods (Park, Hwang, Zheng, Kim, & Chung, 2010) with
some modifications. After washing the chlorophyll from the leaves
using 10 mL of chloroform, 1 g of sample powder of the Chinese
cabbage leaves was extracted with 10 mL of 80% methanol at room
temperature for 2 h and was filtered through a 0.45 pm filter for
phenolic acids analysis. In order to acid hydrolysis for flavonoids
analysis, these filtered solutions were evaporated to achieve dry-
ness, and its dried extracts were 399.95 + 0.33 mg. One hundred
milligram of the dried extract was dissolved with 1 mL of 50%
methanol. This dissolved solution was mixed with 9 mL of 2 M
HCl in 50% methanol and was hydrolyzed at 90 °C for 4 h. After
mixing 10 mL of ethyl acetate and vortexing, the supernatant
was filtered and used as the sample solution for flavonoid analysis.
The phenolic acid and flavonoid analyses were performed by using
an HPLC (1260 Infinity Quaternary LC System, Agilent Technolo-
gies, Palo Alto, CA, USA) equipped with a 1024-element diode array
detector (1260 Infinity Multiple Wavelength Detector VL, Agilent
Technologies, Palo Alto, CA, USA) at 330 nm (C;g column, Develosil
ODS-HG-5, 4.6 x 150 mm, Nomura Chemical Co., Aichi, Japan). The
following binary mobile phases were used: A, 0.1% formic acid
(v/v) in 40% methanol (v/v); and B, 0.1% formic acid (v/v) in ace-
tonitrile: methanol (1:1, v/v). The gradient for HPLC analysis was
linearly conducted for a total 20 min as follows: 100% A/0% B at
zero min, 100% A/0% B at 2 min, 80% A/20% B at 5 min, 50%
A/50% B at 10 min, and 50% A/50% B at 20 min. The flow rate was
set to 0.4 mL/min with 35 °C of column temperature. Phenolic
acids and flavonoids of the sample were confirmed by comparing
their individual retention times with those of polyphenolic stan-
dards such as caffeic acid, sinapic acid, p-coumaric acid, ferulic
acid, and myricetin. The identified phenolic acids and flavonoids
were tentatively quantified (mg/100g dwb) by the individual
linear regression equation obtained from the standard calibration curve.

LC/MS analysis was conducted to identify the isolated phenolic
acids and flavonoids. First, the polyphenolics of the sample were
separated using an Agilent Technologies series 1200 system
(Agilent Technologies, Palo Alto, CA, USA) equipped with an auto-
matic degasser, quaternary pump, and auto-sampler. Chromato-
graphic separations were performed on an ODS-HG-5 column
(Develosil, 4.6 x 150 mm LD). The column temperature was
maintained at 35 °C, and the sample injection volume was 5 pL.
The conditions of mobile phase and gradient were the same as
that for HPLC analysis. Determination of molecular mass was
performed with a 6410 Triple Quadrupole LC/MS system

(Agilent Technologies, Palo Alto, CA, USA). Electro Spray lonization
(ESI)-MS was performed in the negative ion mode (600 °C, 20 psi).
Data were collected using a mass scan from 0 to 460 m/z, at 1.5 s
per scan.

2.6. Principal component analysis (PCA)

The results of the phenolic acid and flavonoid contents of the
Chinese cabbage leaves were analyzed with PCA using the Statisti-
cal Analysis System (SAS, Version 9.3, SAS Institute Inc., Cary, NC,
USA), which is a technique used for modeling a set of data onto
itself (Abdi & Williams, 2010). Individual contents of the phenolic
acids including caffeic acid, sinapic acid, p-coumaric acid, and
ferulic acid and flavonoids including myricetin were selected as
variables. In order to give all variables the same importance, the
variables were “auto scaled”, i.e., the average was subtracted from
each variable, and each variable was divided by its standard
deviation.

2.7. Statistical analysis

All of the examinations were executed in triplicate, and the
values were expressed as the mean t* standard deviation. The
results were evaluated through analysis of variance (ANOVA) with
Duncan’s multiple range tests (p < 0.05) using SAS.

3. Results and discussion
3.1. Antioxidant capacities of Chinese cabbage leaves

DPPH radical scavenging, FRAP, TEAC and ORAC assay were con-
ducted to evaluate the antioxidant activities of three different
types of Chinese cabbage leaves; the results are shown in Table 1.
These methods are based on spectrophotometric methods and
have been widely used to measure antioxidant activity in plant
materials (Huang, Ou, & Prior, 2005). The DPPH (Blois, 1958), FRAP
(Benzie & Strain, 1996), and TEAC (Miller, Rice-Evans, Davies,
Gopinathan, & Milner, 1993) assays are based on electron transfer
from the sample to the reagent radical and are measured
spectrophotometrically by evaluating their color changes. The
values of DPPH, FRAP, and TEAC were 92.17-239.17 uM TE,
87.00-714.50 pM TE, and 175.17-393.83 uM TE, respectively. The
outer leaves (L1) had the strongest antioxidant capacity compared
with the other leaves. The ORAC assay generally measures antiox-
idant inhibition of peroxyl radical (ROO")-induced oxidations and
thus reflects the classical radical chain-breaking antioxidant activ-
ity by H atom transfer (Ou et al., 2001). Traditional antioxidant
assays followed extension of the lag phase only. However, antiox-
idant activities often extend well beyond the early stage of
oxidation (Niki, 2002). To avoid inaccurate determination, the
ORAC assay followed the reaction for extended periods
(=60 min), and the antioxidant activity is calculated from the
net integrated areas under the fluorescence decay curves (Prior,
Wu, & Schaich, 2005). Therefore, this ORAC assay also has been
broadly applied in various foods as a standard quantifying antiox-
idant assay since its development. The value of ORAC assay ranged
from 493.37 uM TE to 1394.28 uM TE. The ORAC assay also showed
the strongest activity in L1 and provided higher antioxidant
activity values than other assays.

To support the results of antioxidant capacities of the Chinese
cabbage leaves, the TPC, TFC, VCC and TCC were also determined;
the results are shown in Table 1. The TPC was 148.81-347.46 mg
GAE/100 g dwb. L1 had the highest amounts of total phenolics,
which is consistent with previous research on the TPC of Brassi-
caceae (Heimler, Vignolini, Dini, Vincieri, & Romani, 2006). The
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Table 1
Antioxidant activities and contents of Chinese cabbage leaves.

Antioxidant activities (UM TE)

Antioxidant contents (mg/100 g dwb)

DPPH FRAP TEAC ORAC TPC TFC vcC TCC

L1 239.17 £ 16.80° 714.50 + 154.58° 393.83 +£27.30° 1394.28 + 7.06° 34746 £32.17° 328.17 £17.07° 13.67 £ 0.54° 18.87 £0.017
L2 106.17 +6.51° 102.83 +11.81° 175.17 +28.75" 562.51+48.77° 150.06 + 5.02° 75.37 +12.34° 9.84+1.21° 14.37 £0.01°
L3 92.17 +7.64° 87.00+6.61° 232.50 + 61.02° 493.37 +20.95¢ 148.81 +5.68° 61.29 + 10.68" 7.04 +0.50¢ 3.93£0.01°

L1, outer leaves; L2, mid-leaves; L3, inner leaves; DPPH, a,a-diphenyl-2-picrylhydrazyl radical scavenging activity; FRAP, ferric ion reducing antioxidant power; TEAC, trolox
equivalent antioxidant capacity; ORAC, oxygen radical absorbance capacity; TPC, total phenolic contents; TFC, total flavonoid contents; VCC, vitamin C contents; TCC, total

carotenoid contents.

The values of TPC, TFC and TCC were expressed to gallic acid, catechin and B-carotene equivalent, respectively.
ab<Data are shown as mean # SD, n = 3. Data with different superscript letters in the same column are significantly different (p < 0.05).

TFC was 61.29-328.17 mg CE/100 g dwb. Flavonoids are secondary
metabolites and have several biological activities such as antioxi-
dant, anti-inflammatory, anti-microbial, and anti-cancer activities
(Middleton, Kandaswami, & Theoharides, 2000). Myricetin, querce-
tin, and kaempferol are major flavonoids in Brassicaceae including
Chinese cabbage (Formica & Regelson, 1995; Miean & Mohamed,
2001). Thus, the TFC values in this study were also high. The vita-
min C contents ranged from 7.04 mg/100¢g to 13.67 mg/100 g,
which is consistent with the trends of TPC and TFC. L-Ascorbic acid,
known as vitamin C, plays an important role in collagen biosynthe-
sis and iron absorption (Mandl, Szarka, & Banhegyi, 2009). The TCC
ranged from 3.93 mg/100 g to 18.87 mg/100 g, which is consistent
with the trends of other antioxidants. Carotenoids are precursor of
vitamin A, and it plays an important role on the skin, skeleton
tissues and respiratory organs (Akter, Ahmed, & Eun, 2010). These
antioxidant compounds including phenolics, flavonoids, vitamin C,
and carotenoids are biosynthesized when the plant is exposed to
environmental stress (Kusznierewicz et al.,, 2008). Chlorophylls
are also a kind of plant phytochemicals with antioxidant activity
at high level (Cervantes-Paz et al, 2014; Ferruzzi, Bohm,
Courtney, & Schwartz, 2002), although they were not taken into
account in this study because of the limitations of the spectro-
scopic methods for antioxidant activities and contents. In general,
the concentration of phytochemicals such as polyphenolics varied
according to cultivar, growing area, and harvest time (Kang,
Ibrahim, Juvik, Kim, & Kang, 2006; Wu et al., 2008). Moreover, they
play a critical role in the protection of plants against UV radiation
(Gitz, Liu, & McClure, 1998). The high levels of phytochemicals are
also associated with increased resistance to fungal plant pathogens
(Nicholson & Hammerschmidt, 1992). The longer exposure to
sunlight during the cultivation might cause the outer leaves of
Chinese cabbage to contain more antioxidants than those in the
inner leaves as well (Ji et al., 2011).

3.2. Polyphenolic composition of Chinese cabbage leaves

The polyphenolics in plants include two main types of
compounds: phenolic acids and flavonoids. The phenolic acids
are compounds with at least one aromatic ring bearing one or more
hydroxyl groups (Hounsome, Hounsome, Tomos, & Edwards-Jones,
2008). Hydroxycinnamic acid derivatives such as sinapic acid,
caffeic acid, ferulic acid, and p-coumaric acid are found in lettuce,
tomatoes, pac choi, and cabbage (Miean & Mohamed, 2001). They
have strong antioxidant activities due to scavenging ROS (Cheng,
Dai, Zhou, Yang, & Liu, 2007) and inhibition of lipid oxidation
(Sroka & Cisowski, 2003). Flavonoids such as myricetin present in
Chinese cabbage possess anti-inflammatory, antiviral, and antioxi-
dant properties (Heim, Tagliaferro, & Bobilya, 2002). In this study,
the polyphenolic contents in the Chinese cabbage leaves were
analyzed by HPLC. Caffeic acid, sinapic acid, p-coumaric acid, and
ferulic acid as phenolic acids were isolated from the Chinese cab-
bage leaves (Fig. 2A). After acid hydrolysis, myricetin as a flavonoid

was also isolated (Fig. 2B). Flavonoids such as myricetin in plant
mostly present as glycosides. These glycosides can be hydrolyzed
and absorbed in the human stomach by strong acid. Likewise these
flavonoids could be analyzed by HPLC through acid hydrolysis.
These phenolic acids and the flavonoid were also identified by
LC/MS analysis (Table 2); the m/z (mass to charge ratio) values of
LC/MS data were 179.0, 223.1, 163.0, 193.1, and 317.1 [M-H]",
successfully matched with the molecular weights of caffeic acid,
sinapic acid, p-coumaric acid, ferulic acid, and myricetin,
respectively.

The isolated phenolic acid and flavonoid contents are shown in
Table 3. A high amount of sinapic acid, the major phenolic acid in
Chinese cabbage (Jiang et al., 2013; Mattila & Hellstrém, 2007),
was observed in all three leaf types at 6.01-8.00 mg/100 g,
as were p-coumaric acid (2.20-2.89 mg/100g) and myricetin
(0.80-0.83 mg/100 g). In contrast, caffeic acid (1.39 mg/100 g)
and ferulic acid (0.47 mg/100 g) were contained in L1. Similar to
that for the high antioxidant contents, the longer exposure time
of L1 to sunlight might be the cause of the varied distributions of
the polyphenolics.

T T T T T T

0 2.5 5 7.5 10 125 15 17.5
Time (min)
(B)
175
150
125
S 100
£ 751
50- 3
25 1 2 4 5
o_
0 25 5 75 10 125 15 17.5
Time (min)

Fig. 2. High performance liquid chromatography (HPLC) chromatograms of (A)
phenolic acid and (B) flavonoid analyses in the outer leaves (L1) of Chinese cabbage.
1, caffeic acid; 2, sinapic acid; 3, p-coumaric acid; 4, ferulic acid; 5, myricetin.
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Table 2

Identification of phenolic acids and flavonoids in the Chinese cabbage leaves by high
performance liquid chromatography (HPLC) and liquid chromatography/mass spec-
trometry (LC/MS) analysis.

Compounds Rt (min) [M—H]~
Phenolic acids Caffeic acid 8.5 179.0
Sinapic acid 10.2 223.1
p-Coumaric acid 10.5 163.0
Ferulic acid 109 193.1
Flavonoids Myricetin 12.6 3171
Rt, retention time.
Table 3
Phenolic acid and flavonoid contents of Chinese cabbage leaves.
Polyphenolics (mg/100 g dwb) L1 L2 L3
Caffeic acid 1.39+£0.06° ND ND
Sinapic acid 6.82+0.46° 6.01+0.43¢ 8.00 £ 0.08%
p-Coumaric acid 2.89+0.17° 224+017° 2.200.07°
Ferulic acid 0.47 £0.05° ND ND
Myricetin 0.83+0.01° 0.80 +0.00" 0.82 +0.00?
Total 12.40+0.75* 9.05+0.60° 11.02+0.15"

The values were determined at the mg/100 g dwb (dry weight basis) level.

L1, outer leaves; L2, mid-leaves; L3, inner leaves.

ND, not detected.

abcData are shown as mean + SD, n = 3. Data with same superscript letters in the
same row are not significantly different (p < 0.05).

3.3. PCA of polyphenolics in Chinese cabbage leaves

PCA allows for easy visualization of complex data according to
the similarity of the grouped data. It is closely related to the
method of distinguishing and determining a compound showing
large-scale dispersion in a population. Therefore, PCA is a powerful
tool for pattern recognition, classification, modeling, and other
aspects of data evaluation without preliminary grouping (Sousa
et al., 2008). In this study, PCA was applied to assess the relation-
ships between outer, mid-, and inner Chinese cabbage leaves
depending on the phenolic acids and flavonoid contents. The con-
tents of caffeic acid, sinapic acid, p-coumaric acid, ferulic acid, and
myricetin were subjected to PCA to outline the differences in the
Chinese cabbage leaves. The results were indicated by plotting
the principal component (PC) scores. In PCA, the PC is extracted,
which explains the largest amount of variation among the three
leaf types. A second PC is then derived to account for the maximum
variation in the remaining unexplained variability. Each PC is a lin-
ear combination of the original variables. The relationship between
the original variables and the samples can be observed by their
projection on these few PCs (Lee, Kim, Kim, Chang, & Lee, 2012).
In Fig. 3, the abscissa represents a PC 1 score, whereas the ordinate
represents a PC 2 score. The results indicate that the all of the
eigenvalues of the two principal components were higher than
1.0 and accounted for more than 95.04% of the total variance. PC
1 and PC 2 explained 74.93% and 20.11% of the total variance,
respectively. In the PCA plot with two components, three distinct
groups were identifiable (Fig. 3A). The three leaf types, L1, L2 and
L3, were clearly distinguished through PCA. In Fig. 3B, the corre-
sponding loading in PC 1 was positive for caffeic acid, p-coumaric
acid, ferulic acid, and myricetin, but it was negative for sinapic
acid. In PC 2, it was positive for all phenolic acids, except myricetin,
the flavonoid. Moreover, caffeic acid, p-coumaric acid, ferulic acid,
and myricetin were grouped, whereas sinapic acid was separated
from other phenolics. Thus, the outer and inner leaves differ
mainly because of their sinapic acid contents. These PCA results
also showed that the proper score range of the principal compo-
nents could be used for outstanding sample distinction depending
on the correlation between the three variables and these two PCs.
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Fig. 3. (A) Scores and (B) loading plots of principal component (PC) 1 and PC 2 of the
PC analysis (PCA) results obtained from the phenolic acid and flavonoid data of the
three sections from inner to outer leaves.

4. Conclusion

In this study, Chinese cabbage leaves were divided into three
types to investigate their different antioxidant capacities and
polyphenolics. The research accomplished confirmed a significant
diversity in the polyphenolic contents and in the antioxidant
activities related to them. The phenolic acids and flavonoid profiles
are characteristic for the particular part of Chinese cabbage leaves.
In all determinations of antioxidant activities and antioxidant
contents, the outer leaves had the highest levels, followed by the
mid- and inner leaves (L1 > L2 >L3). These results reveal that the
trend of antioxidant contents is the same as the order of the
antioxidant activities. In HPLC and LC/MS analysis, the four kinds
of phenolic acids (caffeic acid, sinapic acid, p-coumaric acid and
ferulic acid) and one flavonoid (myricetin) were identified and
were quantified by comparison with polyphenolics standards and
linear regression equations. Sinapic acid showed the highest con-
tents in all leaf types; p-coumaric acid and myricetin also were
contained in all leaves. On the contrary, caffeic acid and ferulic acid
were contained in only the outer portion. Thus, it can be assumed
that longer exposure time to sunlight leads to high antioxidant
contents and production of varied antioxidants in Chinese cabbage.
On the other hand, the outer leaves can contribute to improving
health value. The PCA identified the contribution of the PC in the
Chinese cabbage. The Chinese cabbage leaves showed significant
statistical differences according to the different leaf types in the
PCA. Antioxidant capacities and sinapic acid are important indica-
tors that can be distinguished between outer and inner leaves. It
could be used in chemotaxonomic classification and confirmation
of authenticity. Thus, this study can be very helpful for the
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development of new fresh-cut products using each particular part
depending on the purpose of consumption.
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