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Geographical Origin Discrimination of Zanthoxylum bungeanum
from Southwest China Using HPLC and PCA: Identification and

Determination of Marker Compounds
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Abstract: The geographical origin of 15 samples of Zanthoxylum bungeanum fruits obtained from five different regions in Southwest
China was differentiated. The pericarps of Z. bungeanum were extracted using methanol. Fractions were obtained by column chromatography
and analyzed by high-performance liquid chromatography (HPLC) analysis. Principal component analysis (PCA) and partial least-square
discriminant analysis (PLS-DA) were performed to develop clessification models to differentiate between samples from Hanyuan and those
from other regions of Southwest China. The results showed that samples from the Hanyuan region were significantly different from those
obtained from the other regions; PLS-DA analysis showed a greater discriminatory effect than did PCA approach. In addition, the chemical
compounds with variable influence on the projection (VIP) > 1 from PLS-DA modek and p < 0.05 for unpaired Student’s ttest were considered
relevant for group discrimination. These included neochlorogenic acid, chlorogenic acid, quercitrin, hydroxy-B-sanshool, and
hydroxy -y-sanshool, which could be potential markers to distinguish Hanyuan Z. bungeanum fruits from those obtained from other regions of
Southwest China. Hy droxy-y-sanshool content alone in Z. bungeanum fruits from Hanyuan region was higher than that in Z. bungeanum fruits
from other regions, while contents of other compounds were lower; the differences were significant (p <0.05). The results of this study provide
theoretical and experimental basis to some degree for screening and quality evaluation of Z. bungeanum fruits from different geographical
origins.
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Chinese prickly ash (Zanthoxylum bungeanum
Maxim), commonly called huajiao in China, belongs to
the genus Zanthoxylum of the family Rutaceae and is an
aromatic tree and shrub. The fruits of Z. bungeanum have
been widely used as spices in Chinese cuisine owing to
their pungent taste, known as numb ™. In addition to
culinary applications, many species of Zanthoxylum have
also been used as traditional Chinese medicine for the
treatment of cold, itching, helminth infections, epigastric
pain, toothache, and dysentery ¥, The constituents of the
fruits include citronellal- and sanshool-type unsaturated
alkylamides, which cause a tingling sensation and are
pharmacologically active ®1. Antioxidant activity of the
fruits and leaves has also been reported, which was
attributed to the presence of flavonoids and phenolic
acids in the pericarps of Z. bungeanum ¥ Recently,
distinguishing characteristics of Z. bungeanum and Z.
schinifolium collected from different regions have been
identified. Studies indicate that alkylamidess such as
hydroxyl-y-sanshool, volatile oils, and terpenes could be
used to differentiate between Z. bungeanum and Z.
schinifolium P ¢! Moreover, it has been reported that the
content of volatile oil is significantly different in Z.
bungeanum from various regions, while that of
components responsible for the numb taste is not different
71

The use of Z. bungeanum can be traced back two
thousand years and it plays a significant role in
Sichuanese cuisine, which is famous for a unique taste
attribute known as “ma la” (tingling andchili)™. Huajiao
is widely cultivated in the Sichuan province of Southwest
China. In particular, Z. bungeanum from Hanyuan region
is popular for its long history of use and high quality and
is well accepted by consumers in China. It is well known
that Z. bungeanum varies in different regions; however,
no information ‘is currently available regarding the
characterization of the geographical origin of Z.
bungeanum from Hanyuan and the other regions of
Southwest China.

Metabolomics, the study of low molecular-weight
metabolites in a system, is well established and
systematic, and has gained importance in many research
areas ®® In food science, it can be used as a tool for
evaluating parameters including geographical origin &
quality ™ and safety ™. Principal component analysis

(PCA) and partial least square (PLS) are widely used to
maximize classification and extract valuable information
for differentiation of samples .

In this study, the chemical compositions of Z.
bungeanum from Hanyuan region and other regions of
Southwest China were measured and compared to
differentiate samples on the basis of their geographical
origin. In addition, potential marker compounds from Z.
bungeanum fruits from the Hanyuan region were detected
using high-performance liquid chromatography (HPLC)
and identified by PCA and PLS-discriminant analysis
(DA).

1 Materials and Methods

1.1 Materials and Reagents

Dried pericarps of Z. bungeanum were collected
from five different regions of Southwest China. In total,
15 samples (three each from Hanyuan, Qingchuan,
Maoxian, Wenchuan, and Chongging) were collected in
August 2013 and stored at the Key Laboratory of Food
Biochemistry of Sichuan University. The pericarps were
divided into two groups, Hanyuan (H) and other origins
(Qingchuan, S1; Maoxian, S2; Wenchuan, S3; and
Chongging, S4).

As previously described, hydroxyl-y-sanshool
(purity, HPLC > 90%) was isolated from commercially
available Z. bungeanum oil ™. Quercitrin (purity, HPLC
> 95%) was obtained from Z. bungeanum leaves, as
previously described ™. In addition, neochlorogenic acid
(purity, HPLC > 93%) and chlorogenic acid (purity,
HPLC > 93%) were kolated from leaves of Z.
bungeanum. Characteristics of neochlorogenic acid:
white powder; ESIMS (negative), m/z 353 [M-H] ~;
'"H-NMR & (600 MHz, methanol-d) ppm (J in Hz):
2.06-2.24 (4H, m, H-2, 6), 3.64 (1H, m, H-4), 4.14 (1H,
m, H-3), 5.35 (1H, d, J = 3.75, H-5), 6.30 (1H, d, J =
15.85, H-8’), 6.77 (1H, d, J = 8.34, H-5"), 6.93 (1H, dd, J
= 1.88, 8.34 Hz, H-6"), 7.04 (1H, d, J = 1.88, H-2"), 7.58
(1H, d, J = 15.85, H-7"). Characteristics of chlorogenic
acid: ESIMS (negative), m/z 353 [M-H] ; "H-NMR §
(600 MHz, methanol-d,), ppm (J in Hz): 2.06-2.24 (4H,
m, H-2, 6), 3.72 (1H, d, J = 6.41, H-4), 417 (1H, d, J =
5.21, H-3), 5.33 (1H, d, J = 4.32, H-5), 6.25 (1H, d, J =
15.92, H-8"), 6.77 (1H, d, J =8.18, H-5"), 6.94 (1H, d, J
=818, H-6),7.04 (1H, d,J =154, H-2*), 7.55 (1H, d, J
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= 1592, H-7°). The NMR data of the two compounds
were consistent with those reported in the literature ™,

The solvents for HPLC analysis were of HPLC-
grade. All other reagents used were of analytical grade.
1.2 Sample preparation

Before extraction, the dried pericarps of Z.
bungeanum were crushed into powders (approximately
40 granularity), using a mixer (JYL-350, Jiuyang Co.,
Ltd., China). The phytochemical compounds (mainly
amides and polyphenols) were obtained using an organic
solvent. Briefly, 1 g of the powders was extracted in 10
mL of 70% aqueous methanol solution by continuous
stirring at room temperature for 12 h. Then, the extract
was filtered and condensed using a rotary evaporator
(RE-52AA, Yarong Co. Ltd., Shanghai, China) at 45 C
under vacuum. Thereafter, the dried extract (0.7 g) was
passed through an ODS open column (15 %130 mm)
with a water-methanol gradient to give three fractions: Fr.
1, 15% methanol in water (80 mL); Fr. 2, 50% methanol

in water (80 mL); and Fr. 3, 100% methanol (80 mL).
Each of the fractions was condensed at 45 C under
vacuum, and the dried residue was stored at -20 C prior
to further analysk.
1.3 HPLC analysis

HPLC analyses were carried out using an UltiMate
3000 HPLC series instrument. Fr. 1 was run on an Inertsil
ODS-3 column (4.6 x 150 mm, 5 pm, GL Sciences,
Tokyo, Japan). The mobile phases, consisting of 0.1%
formic acid in ultrapure water (A) and methanol (B), were
used at a flow rate of 0.8 mL/min. The linear gradient
programwas as follows: 0 to 5 min, 0% to 20% B; 5to 10
min, 20% to 30% B; 10 to 15 min, 30% to 40% B; 15 to
20 min, 40% B; 20 to 25 min, 40% to 100% B; 25 to 35
min, 100% B. Separation of Fr. 2 was achieved using a
SunFire C18 column (4.6 x 150 mm, 3.5 um, Waters
Corporation, USA). HPLC mobile phases were the same
as those for Fr. 1, with the following linear gradient
program: 0 to 5 min, 5% to 35% B; 5 to 25 min, 35% B;
25 to 35 min, 35% to 50% B; 35 to 45 min, 50% to 60% B;
45 to 55 min, 60% to 100% B; 55 to 60 min, 100% B.
Liquid chromatography run of Fr. 3 was performed on a
Nucleodur 100-5 C18 cartridge (4 x 125 mm, 5 pm,
Macherey Nagel, Germany) with a gradient of water (A)
and acetonitrile (B) (35% to 75% B in 40 min, 75% to
100% B in 10 min, 100% to 100% B in 5 min), flow rate

310

of 0.5 mL/min. Detection was set at ultraviolet (UV)
wavelengths of 254, 270, and 320 nm. Each sample was
run in triplicate and the average of the results was used for
subsequent statistical analysis.

1.4 Statistical analysis

During the optimization of the HPLC analytical
procedure, most of the peaks exhibited the largest
chromatographic responses at approximately 254 nm for
Fr. 1, 254 nm for Fr. 2, and 270 nm for Fr. 3. Thus, the
quantitative analyses of chemical components were
represented by their relative peak area at the respective
wavelength. Statistical analysis of data was performed
using SPSS 19.0 software. For multivariate statistical
analysis, the HPLC data were imported into SIMACA-P
11.0 (Umetrics AB, Sweden) for data analysis. PCA was
used to identify general trends and outliers for an
exploratory overview. PLS-DA was used to optimize the
differentiation ability and validate the model. R2 and Q2
values were used to assess the amount of variation
represented by the principal components and the
robustness of the model, respectively. The PLS-DA
models were cross-validated by a permutation analysis
(200 times) ™,

To identify the variables contributing to the
differences in spectra between samples from Hanyuan
and those from other regions, variable influence on the
projection (VIP) values of all peaks from PLS-DA
models were calculated, and variables with VIP > 1 were
considered relevant for group discrimination. Besides,
unpaired Student’s t-test (p < 0.05) was also used to
evaluate the significant differences in the peak area for
each metabolite. A result of VIP > 1 of multivariate
statistical significance and p < 0.05 of univariate
statistical significance were identified as distinguishing
metabolites **!

2 Results and Discussion

2.1 PCAand PLS-DAmocels

The 70% methanol extracts from the pericarps of Z.
bungeanum were subjected to ODS open column to
obtain three fractions (Fr. 1-3), using a water-methanol
gradient system. Based on the specific nature of the
extract, the three fractions were analyzed using different
chromatogram  columns  for HPLC  analysk.
Representative HPLC chromatograms of Fr. 1-3 are
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shown in Fig.1. The relative contents are represented by
the peak area of each compound (Table 1). The raw data
(peak area of each compound and samples) were fed into
the SIMCA-P 11.0 software for PCA and PLS-DA
analysis; results are shown in Fig.2. The scores t[1] and
t[2], one vector for components 1 and 2, are new
variables computed as linear combinations of all the
original variables to provide a good summary. The results
showed a relative separation between Hanyuan region
and the other regions on the score plot of the first two
principal components (PC) (Fig.2a~c). In this step,
samples were identified in a pertinent space of reduced
dimension. Unlike supervised methods like PLS-DA, in
which both independent and dependent variables are
considered, PCA, an unsupervised method, only
considers independent variables, which makes it a
relatively weaker classification method. Therefore, a
visual overview was first acquired using PCA, following
which the presence of abnormalities was checked, and
then classification was performed using PLS-DA. In
addition, the mean-centered scale (ctr) was used in PCA
analysis. Thus, low levels of variable information could
be suppressed by high content of the signal. The majority
of samples lay within the 95% confidence interval;
therefore, all samples were used in the subsequent
analysis to ensure maximum information. The difference
between chemical components was visualized by
PLS-DA to optimize the separation between the Hanyuan
region and the other regions. As shown in Fig.2D-F, good
separation in the score plot of PC1 and PC2 was obtained.
This result revealed that the samples were all within the
ellipse, meaning that all samples were acceptable by PCA
and PLS-DA.
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Fig. 1 Representative HPLC chromatograms of Fr. 1-3.
(1A) Fr. Ldetected at 254 nm; (2A) Fr. 2 detected at 254 nm;
and (3A) Fr.3 cetected at 270 nm
Note: H: Hanyuan; S1: Qingchuan; S2: Maoxian; S3:
Wenchuan; S$4: Chongging.
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Fig.2 PCA(A-C) and PLS-DA(D-F) scores plot of Z. bungeanum
pericarps from Hanyuan (m) and other regions of southwest of
China (e).A, D for Fr:1; B, E for Fr2; C, F for Fr.3
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Table 1 Quantitatiwe analysis of chemical components in Z. bungeanum pericarps from the Hanyuan region and the other regions of Southwest

China
:

s /(mAS*min) /(mAiJl*min) /(mA?JZ*min) /(mA?JS*min) /(mAEJAr*min) VIP p-Value
Fr.1

251 344241226 44014620 413641027 4360619  47.104361 040  0.0706
274 11004136 6524052 9.00:+1. 9 6.030.23 6.652045 036  0.0010
328 11.044084 6.65+0.45 6.99:+1.32 7.7920.48 7724250 032 0.0009
638  16.08:+447 8.3740.18 9.8422.11 9.66:0.30 8184075 048  0.0002
6.60 526641227  50.104220 38174695  40.56+460 35764395 046 00453
884 471841598  37.104361 35164363  30.824284 38361291 048  0.0531
1029 64184658  33.60+1800 343041747 52784629 50744130 065  0.0300
1091 188141416  42.8242127 484442786 22574788 318841277 048  0.1663
1186 81711737 1538346180 279.31473.74 324.86424.00  297.21410.54 223  0.0022
1258 43714253 20404826 22074820  23.17+1018 ~ 19.10+#1055 = 085  0.0005
1330 524042881 334312082 321041018 33014873 37.374867  0.67  0.0868
1423 526741504 21374756 617744250 622141792 ~ 605442357 110  0.9464
1480 192.88+1311  336.86433.67 390.03+7.99 3700142111  32627+19.08 229  0.0000
1545 40031737 729546189 793446576 ~ 914043070  98.82+4160  0.81  0.1204
1666 30.58+1000 26734805  10.43+1054 25184324 24974348 044  0.1896
Fr.2

222 7634545 10564927  11.884261 7.7546.79 7124673 030  0.7223
6.7 10134620  19.74+1285 9264903 11224916  11.97+1534 042  0.6397
2444 671816625 534.65+5500 689.72484.25 61315423020 773.83+164.13 068  0.8388
2572 46375412.90 317.22+106.86 43437410230 484.22+166.97 603.00+3027 038  0.9855
2697 16464114 277.76+49.86 0004000 12.0942094  42.18+1300 131  0.3343
3300 1783642331  410.34+6647  352.36:70.31 34956411536  350.8043955 221  0.0008
39.00 42.0247278 1060241338 33004549 482313322 453023013 045  0.5340
4121 1137146371 1928540045 15287412547 110.65+4217  266.45+17.87 103  0.1992
49.00 201142444 < 446242851 29962042  7.2543.03 24344685 050  0.6682
Fr.3

1416 25354830 31344787 49791145 57274493 50864875 067 00131
1473 49867+108.80 3490713655 508.05:213.63 564.17+114.64 6069949131 054 09341
1542  86.0043852 1655846175 20145412080 34036+101.70 2797044220  1.99  0.0106
2074 1307042162 8614599 654245069 495341001  52.43#1507 155  0.0015
2159 21974699 227438 312042223 25754707 20154303 060  0.8215
2206 13424125 25642.22 9.716.60 7774152 8644204 039  0.0294
2369 3.15+1.19 0.0040.00 1.04+1.80 1.7340.92 1584137 021  0.0240
3302 1577092 15842.73 9.1546.00 7.3242.3 6324117 054  0.0020

Note: H: Hanyuan; S1: Qingchuan; S2: Maoxian; S3: Wenchuan; S4: Chongging; ®Retention time; ® Variable influence on the projection

was obtained from PLS-DA model with a threshold of 1.0; © p-value obtained from unpaired Student’s t-test. Data are presented as mean +

standard deviation.

The PC1 and PC2 score plots show that all fractions
(Fr. 1-3) of samples from the Hanyuan region could be
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clearly distinguished from samples from the other regions
of Southwest China. As shown in Fig.2, the samples can
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be divided into two groups based on the position in the
score plots of PCA (Fig.2a~c) and PLS-DA (Fig.2d~f),
indicating that PCA and PLS-DA methods differentiated
between the Hanyuan and other regions.

Meanwhile, individual samples in PLS-DA were
more closely grouped into discrete clusters than they
were in PCA; the group situated mainly in the first
quadrant was from the Hanyuan region, while those in
other quadrants were randomly composed of samples
from the other four regions evaluated (Fig.2d~f). It was
suggested that the three samples collected from the
Hanyuan region were obviously different from those
collected from the other regions, especially for PLS-DA
analysis.
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Fig. 3 Validated models and loading plots of PLS-DA analysis. (A)
Fr.1; B)Fr.2;and (C) Fr.3

The total variance of the data explained by the PCA
model built for different fractions was as follows: Fr. 1:
R*Xeum= 87.5%, with 76.6% from PC1 and 10.9% from
PC2; Fr.2: szwm: 82.7%, with 56.2% from PC1 and
26.5% from PC2; and Fr.3: R*Xy,n=96.6%, with 59.1%
from PC1 and 37.5% from PC2, which was high enough
to represent all the variables. Moreover, to prove the
validity of the models, PLS regression was applied to
connect the information in two sets of variables, by
setting Y value to 1/2 matrix (the Hanyuan region to 1
and the other regions to 2), with X indicating peak area
data from the HPLC analysis and Y representing samples
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from the different regions. Model parameters in the
permutation test (n = 200) for the explained variation (Fr.
1: R2=0.94; Fr. 2: R2 = 0.96; and Fr. 3: R2 = 0.84) and
the predictive capability (Fr. 1: Q2 = 0.84; Fr. 2: Q2 =
0.89; and Fr. 3: Q2 = 0.42) by different fractions were
almost significantly high, indicating good quality of the
models (Fig.3).

The phytochemical compounds, which contributed
to the differences between the two groups, were analyzed
by PLS-DA loading plots (Fig.3). Loadings represent the
importance of the variables in those components and
show the correlation structure between the variables.
Therefore, if the score plot can distinguish between the
different groups of samples, the loading plot can express
the influence of variables on the separation between
classes. The influence of the variable has a negative
correlation with its distance to the main cluster of
variables. In this study, loading plots of PLS-DAand VIP
were generated to identify chemical markers for
discriminating between the different groups of samples.
Eight variables were important for distinguishing the
geographical origin of Z. bungeanum in the PLS-DA
model (Table 1). It was suggested that not all variables
with VIP > 1 were significant. Therefore, only variables
with the conditions of VIP > 1 and p < 0.05 were
identified further.

2.2 Targeted identification of maker compounds

The significantly  distinguishable  chemical
compositions were summarized according to VIP > 1 and
p < 0.05 (Table 1). The main contributing chemical
compounds in Fr. 1 (R; 11.86 and 14.89 min) were
identified based on the comparison of their retention time

and UV-visible (vis) absorption with those of abundant
standard substances by HPLC analysis. The UV spectra
of the peak at R; 11.86 min exhibited two absorption
maxima (215.9 and 325.0 nm), similar to that of
neochlorogenic acid. The chemical compound at R;
14.89 min showed UV absorption maxima at 216.5 and
3264 nm, which is in accordance with that of
chlorogenic acid. The significantly distinguishable
chemical composition of Fr. 2 was also identified
similarly. The results showed that the compound at R;
33.90 min with UV absorption maxima at 205.3, 257.2,
and 350.5 nm showed retention time and UV-vis
absorption similar to those of quercitrin. The compounds
at 15.42 and 20.74 min from Fr. 3 exhibited three UV
absorption maxima at approximately 270 nm, which is
characteristic of an aliphatic conjugated double bond
system and in accordance with the data previously
reported for sanshool derivatives %, The compound at
15.42 min with UV absorption maxima at 271.7 nm was
identified as hydroxy-p-sanshool, while that at 20.74 min
with UV absorption maxima at 273.3 nm was identified
as hydroxy-y-sanshool. As shown in Table 2, the results
of fold change revealed that levels of neochlorogenic acid,
chlorogenic acid, quercitrin, and hydroxy-B-sanshool
were significantly lower in the samples of Z. bungeanum
from the Hanyuan region as compared to those in the
samples of Z bungeanum from the other regions.
Conversely, the level of hydroxy-y-sanshool was
significantly higher in the samples of Z. bungeanum from
the Hanyuan region than in the samples of Z. bungeanum
from the other regions.

Table 2 Identification and quantification of compounds that distinguish between Z. bungeanum pericarps of the Hanyuan region

and those from the other regions by HPLC

Concentration/(ug/g)

No. Compounds R bFC
H s1 S2 S3 S4
Neochlorogenic
A 11.86 586.33+160.53° 1559.21471091 1912.044540.17 1553.27#12162 2196.17482.95 0.32
Ci
Chlorogenic
Acid 14.89 1614.03+121.19° 3664.604387.36 2723.06#131.75 1782.01#0696 2424.99#15025 0.61
ci
3 Quercitrin 33.90 1121.18+#171.97° 3489.074604.02 2596.634#756.96 2345.79483731 2077.12424630 0.43
4 Hydroxy-p-sanshol ~ 15.42 334.75+149.93° 793.934296.07  1040.28#46331 1303.56438952 919.19+138.67 0.33
5 Hydroxy-ysanshol  20.74  507.09484.15° 41.29428.73 233.494213.07 189.68+72.83  172.29449.52  3.20

Note: ® Retention time; °Fold change (FC) between the samples from the Hanyuan region and those from the other regions. A fold

change >1 indicates that a relatively higher concentration is present in the samples fromthe Hanyuan region than in those from the other regions,
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while a fold change <1 indicates that a relatively lower concentration is present inthe samples fromthe Hanyuan region than in those fromthe

Modern Food Science and Technology

other regions; ° represents statistically significant differences (p < 0.05) between the concentrations of the same compound in the samples from

the Hanyuan region andthose in samples from the other regions.Data are presented as mean =standard deviation.

The main contributing chemical compounds were

Phytochemistry, 1995, 39(3): 723-725

quantified using an external standard calibration curve. [5] ZHAO zhi-feng, ZHU Rui-xue, ZHONG Kai, ¢ al.
The linear regression model was Y = 375.88 x + 18.284 Characterization and comparison of the pungent comp onents
(R2 =0.995), Y =482.92 x + 26.375 (R2 =0.997),and Y = in commercial Zanthoxylum bungeaum oil and Zanthoxylum
246039 x + 524.94 (R* = 0.998), where Y was the peak schinifolium oil [J]. Joumal of Food Science, 2013, 78(10):
area and xwas the concentration of compounds (mg/mL). 1516-1522
Quantitative results of compounds that distinguish [6] LUO Kai, ZHU Lin, KAN Jian-quan, et al. Comparative
between Z. bungeanum pericarps of the Hanyuan region study of the essential oil content of Zanthoxylum schinifolium
and those from the other regions of Southwest China are Sieb.et Zucc and Zanthosylum bungeanum maxim from
shown inTable 2. different producing areas [J]. Science and Technology of
. Food Industry, 2012, 33(18): 103-106
3 Conclusions [71 YU Xiaogin, ZHENG Xian-yi, KAN Jian-quan, et al.
In ths study, the geographical origin for Z. Evaluation of specific quality of Zanthoxylum bungeanum
bungeanum samples from five different Southwest China Maxim and Zanthoxylum schinifolium Sieb. et Zucc [J].
regions was differentiated using HPLC analysis Food Science, 2009, 30(15): 45-48
combinated with PCA and PLS-DA. The results showed [8] Cevallos-Cevallos Juan M, Reyes-De-Corcuera JosE |1,
that Z. bungeanum from the Hanyuan region was Etxeberria Edgardo, et al. Metabolomic analysis in food
different from that obtained from the other regions, as science: a review [J]. Trends in Food Science & Technology,
determined especially by PLS-DA analysis. Moreover, 2009, 20: 557-566
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