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In this study, we analyzed the characteristics of volatile compounds of Chinese prickly ash peels with different
climate conditions and their correlation. The data revealed that the contents of limonene and linalool in peels
from southwest and northwest regions were higher, and the aroma was stronger, while the contents of p-myrcene
and (E)-ocimene in them from north, east and central China were higher, and the spicy flavor was heavier.
Hierarchical cluster analysis demonstrated that the classification had geographical continuity. Through the

correlation analysis and path analysis, it was found that the contents of volatile compounds were closely related
to the climatic factors. The influence of wind speed and annual average temperature on volatile substances was
greater than that of annual average precipitation and annual sunshine duration. This enriched the effect of
climatic factors on the accumulation of volatile substances, and promoted the agriculture practices in area having

similar climate conditions.

Introduction

Zanthoxylum bungeanum Maxim, known as Chinese prickly ash,
widely distributed in China, is one of the most important traditional
condiment in China for over hundred years, with strong ecological
adaptation (Liu, Xu, Liu, Wang, Zhao, Kang, & Wu, 2020; Yu et al., 2020;
Zheng, Zhang, Su, & Liu, 2020). The peels are the main edible and
medicinal part of Chinese prickly ash (Yang, Su, Li, Zhang, & Sun, 2008).
With several decades of clinical research, it is used to treat toothache,
ascariasis, gastralgia, dyspepsia, eczema, and so on, as a traditional
Chinese medicine (Ahua et al., 2007). It has also been used as a char-
acteristic spice with unique tingling taste in the food industry (Yang,
2008).

The volatile active ingredients in Chinese prickly ash peels have
many physiological functions such as antibacterial, anti-oxidation, anti-
tumor and anti-cancer (Gong et al., 2009). The volatile substances are
also the main index reflecting the intrinsic quality of Chinese prickly
ash. The aroma of Chinese prickly ash peels is mainly determined by
volatile components (Lan et al., 2014; Li, Liu, Wang, Liu, & Peng, 2020).

* Corresponding authors.

The main volatile components include alkenes, aldehydes, esters, ke-
tones, alcohols and epoxides (Lin et al., 2006).

Head-space solid phase micro-extraction and gas chromatography-
—olfactometry-mass spectrometer (HS-SPME-GC-O-MS) is a method for
the analysis and identification of volatile compounds (Kataoka, Lord, &
Pawliszyn, 2000; Sousa et al., 2006; Paula et al., 2012). Mo identified 63
compounds in green Chinese prickly ash and 80 compounds in red
Chinese prickly ash by GC-MS technology (Mo et al., 2009). Xia used
GC-O-MS method to analyze and identify the volatile components of
jujube brandy. A total of 72 volatile compounds were detected, but only
47 characteristic aroma compounds were identified. Yang analyzed the
key aroma components of Citrus medica sarcodactylis essential oil by GC-
O-MS method (Xia et al., 2015). A total of 36 volatile compounds were
detected, and the key characteristic aroma components of essential oil
were D-a-pinene and a-bergamotene (Yang et al., 2015). Miao analyzed
the aroma components of four kinds of oolong tea by HS-SPME-GC-O-MS
method, and identified the main aroma components (Miao, Lu, Sun, & e.
a., 2010). Therefore, HS-SPME-GC-O-MS could be used to analyze the
volatile compounds of Chinese prickly ash from different habitats, and
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identify the characteristic aroma substances. The differences in char-
acteristic aroma substances of Chinese prickly ash from different habi-
tats could be analyzed by qualitative and quantitative analysis.

Biosynthesis and accumulation of plant secondary metabolites are
largely affected by various climate factors (Morison and Lawlor, 1999),
as the secondary metabolites confer protections as well as adaptive
advantage against climate stress. In the process of plant growth and
development, in addition to their own genetic factors, the type, content
and proportion of plant secondary metabolites may be affected by a
series of climate factors (Sandeep, Sanghamitra, & Sujata, 2015; Zhao
et al., 2016). Recently, the effects of wide range of climatic conditions
and soil factors on the content of secondary metabolites in food and
medical herbs (including asafoetida (Ferula assa-foetida), kale (Brassica
oleracea var. sabellica), bilberry (Vaccinium myrtillus), turmeric (Curcuma
longa), hardy rubber tree (Eucommia ulmoides) and Sinopodophyllum
hexandrum) from different geographical locations have been reported
(Dong, Ma, Wei, Peng, & Zhang, 2011; Liu, Liu, Yin, & Zhao 2015;
Rohloff et al., 2015; Sandeep et al., 2015; Neugart, Krumbeinand, &
Zrenner, 2016). Latitude and longitude usually influence medicinal
plants indirectly through the effects of temperature and precipitation, so
their effects are important (Guo et al., 2013). The anthocyanin contents
in bilberry are seemed to affect by altitude (Rieger, Muller, Gutten-
berger, & Bucar, 2008). Katerina Biniari’s research showed that the total
phenolics (in grape skins and seeds), were closely linked to air tem-
perature and wind speed (Biniari et al., 2020). Chinese prickly ash from
different habitats showed different morphological characteristics under
different climatic conditions, and the types and contents of volatile
components were also different. Therefore, it is of great significance to
study the effects of climate factors on the accumulation of volatile
substances in Chinese prickly ash pericarps for the identification pro-
ducing areas and directional application.

In this study, 26 individual Chinese prickly ash peels samples and
corresponding climatic factors were collected from five major producing
areas in Southwest, Northwest, North, East and central of China. HS-
SPME-GC-O-MS method was used to analyze the volatile compounds
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and characteristic aroma compounds in Chinese prickly ash peels from
different habitats, so as to provide a theoretical basis for the quality
evaluation and classification. A multivariate statistical approach using
hierarchical cluster analysis, principal component analysis, correlation
analysis and path analysis was adopted, to assist the interpretation of
correlations between the main volatile components in Chinese prickly
ash from natural habitat of China with different climate factors.

These results may help to better understand the phytoconstituents
(quantity and quality) variation due to climate factors, and also provide
theoretical and practical basis for quality evaluation, quality classifica-
tion, product origin traceability of Chinese prickly ash.

Materials and methods
Plant materials

The Chinese prickly ash peels materials were collected from 26 sites
covering eight provinces of China (Fig. 1) at different altitudes
(201-2188 m) from July to August 2020, as shown in Table S1 and
Fig. S1. With the prerequisite of protecting the local germplasm re-
sources and ecological environment, representative plant samples were
collected in replicates of three at each site, with a distance of more than
50 m between any two plants. All voucher specimens were authenticated
by Professor Zhenhai Wu of Northwest Agriculture and Forestry Uni-
versity and deposited at the College of Sciences, Northwest Agriculture
and Forestry University, Yangling, China. The peels with no signs of
mechanical damage or disease were dried in an oven at 45 °C until they
reached a constant weight.

Sample preparations

The dried peels were pulverized and sieved through a NO. 60 mesh
(<0.250 mm). HS-SPME was applied to the extraction of volatile aroma
compounds. Each sample was accurately weighed at 1.500 g, placed in
10 mL headspace bottle, equilibrated at 80 °C for 30 min, and extracted
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Fig. 1. Map of collection sample sites of Chinese prickly ash.
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by solid phase micro-extraction needle (100 pL. PDMS fiber, SUPELCO,
USA). After the extraction, the fiber was desorbed at the injection port
for 5 min for HS-SPME-GC-O-MS analysis.

HS-SPME-GC-0O-MS analysis

The volatile aroma compounds in Chinese prickly ash were analyzed
and identified by GC-MS combined with GC-O method.

Gas chromatography (GC) conditions: HP-5MS (30 mx0.25
mmx0.25 pm, Agilent, 6890 N-5975B) chromatographic column was
used, the injector temperature was 230 °C, the carrier gas was high
purity He, the flow rate was 1.2 mL / min, the detector temperature was
240 °C, and the split ratio was 60:1. Temperature program: initial
temperature: 40 °C, keep 3 min, with 5 °C/min rate to 200 °C, then rising
to 250 °C at the rate of 30 °C / min, keep 4 min.

Mass spectrometer (MS) conditions were: ionization mode: EI, elec-
tron energy 70 eV, the ion source temperature 230 °C, quadropole
temperature 150 °C, interface temperature 240 °C, acquisition mode:
full scan, mass scan range 40-350 m/z.

The collected mass spectra were searched by NIST library (NIST Mass
Spectral Database 2.2) to identify the volatile components in the sam-
ples, and the relative contents of each component were analyzed by area
normalization method.

GC-O identification method: The characteristic aroma components of
samples were analyzed by olfactometer and gas chromatography. The
split ratio between mass spectrometry and sniffers was 1:1. GC-O anal-
ysis was performed by three experienced sensory evaluators. In the
analysis process, at least two sensory evaluators can obtain the same
sensory description at the same olfactory time, and then the final results
of the record are recorded.

Data on climate factors

The annual mean temperature (Xayt), mean maximum temperature
(Xamart), annual mean minimum temperature (Xamir), annual relative
humidity (Xgry), mean wind speed (Xyw), maximum wind speed (Xyaw),
extreme wind speed (Xgw), annual sunshine duration (Xasp) and annual
average precipitation (Xaap) for the sampling areas were obtained from
the Yangling Meteorological Administration (Table 1).

Data analysis

Chemometric analyses such as hierarchical cluster analysis, principal
component analysis, correlation analysis, regression analysis and path
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analysis were performed step-by-step to systematically analyze the in-
fluence of climate factors on the volatile component contents of Chinese
prickly ash peels. Hierarchical cluster analysis, principal component
analysis and correlation analysis were generated using the Origin soft-
ware for statistical and computing (Origin Pro 2020b, Origin Lab, USA).
Regression analysis and path analysis were performed using SPSS 24.0
for Windows (SPSS Inc., Chicago, IL, USA).

Results

Quantification of the volatile component contents of Chinese prickly ash
peels

The reliable and replicable GC-MS method was used to determine
volatile components in 26 populations of Chinese prickly ash. The
qualitative and quantitative results of GC-MS showed that 217 volatile
components were detected in Chinese prickly ash peels from different
habitats (summarized in Table S2).

The main factors affecting the differences in volatile components
were the contents and types of alkenes, alcohols and esters (summarized
in Table S3). Fig. 2(A) showed the significant differences in the contents
of different substances in 26 samples. It was obvious that the content of
alkenes in the central and eastern regions was higher than that in other
regions, while alcohols and esters were higher in the northwest and
southwest regions. As showed in Fig. 2(B), the contribution rate of al-
kenes in the volatile components contained in the peels was the highest,
accounting for 44.74 %-89.65 % of the total content. The highest content
of S26 was 89.65 %, followed by S17 (89.36%), S21 (87.63%) and S16
(85.04%). The contents of S9 (44.74%), S8 (53.18%), S13 (51.24%)
were lower. The contents of S9 (20.28%) and S5 (20.25%) were the
highest and S26 (5.53%) was the lowest in alcohols (Fig. 2(C)). Among
esters (Fig. 2(D)), S8 was up to 32.41%, followed by S9 (26.39%) and
S10 (24.42%); and S26 with a minimum content of 0.74%. Among the
ketone compounds (Fig. 2(E)), the content of S25 was 25.19 % at most,
and that of S10 was 0.43 % at least.

Analysis of common characteristic volatile components in Chinese prickly
ash peels

There were 17 kinds of common characteristic volatile substances,
including 11 alkenes, 4 alcohols and 2 esters. The highest content was
limonene, accounting for about 24.991 % on average, p-myrcene
accounted for about 7.061 %, followed by (E)-ocimene 4.299 %, (-)-4-
terpineol 4.22 % and y-terpinene 4.02 % (Summarized in Table 2).

Table 1
Data on the climate factors.
Location Xamr (°C) Xamar (°C) Xamir (°C) Xgu (Zheng et al.) Xmw (m/s) Xmaw (m/s) Xgw (m/s) Xasp(m/s) Xaap (mm)
Guide 8.84 16.12 2.95 47.31 1.83 8.57 16.05 208.88 301.70
Xunhua 10.12 16.84 4.71 48.28 2.96 12.61 18.71 207.52 272.30
Jiaocheng 11.54 19.13 5.05 60.68 1.69 9.58 17.09 193.99 621.30
Shexian 14.45 20.98 9.58 56.80 1.26 6.42 12.93 177.83 688.40
Hancheng 14.25 20.25 9.42 62.30 1.46 7.48 14.68 206.32 707.50
Laiwu 14.68 19.98 10.22 62.07 1.69 7.87 15.42 183.48 787.00
Wudu 15.54 21.13 11.58 55.88 1.63 9.33 17.08 137.33 806.40
Hanyuan 16.44 21.03 13.57 68.52 2.29 11.48 17.60 103.13 971.10
Qinan 11.72 18.25 7.15 69.41 1.23 6.42 12.43 145.17 654.60
Fuping 14.19 20.16 9.36 67.53 1.87 7.24 11.57 152.05 696.80
Yongjing 14.99 21.04 10.22 66.62 2.41 9.38 15.24 197.05 701.10
Lingbao 14.87 20.35 10.55 62.36 2.50 9.74 15.27 162.52 714.60
Fengxian 12.29 19.13 7.67 71.89 1.68 8.19 12.91 175.20 820.10
Zaozhaung 15.87 21.19 11.43 65.92 1.83 7.14 13.53 147.67 1037.90
Wenxian 15.10 20.20 11.10 62.00 1.86 10.20 16.10 115.80 799.30
Jiuzhaigou 13.10 19.00 8.50 64.30 1.87 6.80 10.90 113.70 813.90
Hengshan 10.28 17.64 4.01 53.19 2.20 10.92 18.66 273.56 342.20

Note: The time period for the climatic parameters reported was provided at 2019-2020. Data are averages of replications. Xaur (°C)-Annual mean temperature, Xamat
(°C)-Annual mean maximum temperature, Xavr (°C)-Annual mean minimum temperature, Xgy (%)-Annual relative humidity, Xyw (m/s)-Mean wind speed, Xyaw
(m/s)-Maximum wind speed, Xgw (m/s)-Extreme wind speed, Xasp (h)-Annual sunshine duration and Xaap (mm)-annual average precipitation.
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Fig. 2. Distribution of volatile matter content composition of Chinese prickly ash peels from different producing area. A: distribution of volatile component; B:
distribution of alkenes component; C: distribution of alcohols component; D: distribution of ester component; E: distribution of ketone component; E: distribution of

others component.

Among the 11 alkenes, the highest content was limonene, followed
by p-myrcene. The - myrcene content of S24 (16.85%) and the (E)-
ocimene content of S18 (16.56%) were significantly higher than that of
other samples. With the exception of limonene and 1-caryophyllene, the
contents of other alkenes in the northwest and southwest regions were
lower than those in the central and eastern regions. The variation range
of b-elemene and 1-caryophyllene was larger than other alkenes, so the
geographical variation was obvious, but the geographical difference of
limonene is not obvious.

Among the 6 oxygenated alkenes, the highest content was (-)-4-
terpineol, followed by linalool. The alcohols compounds had a larger
range of variation than did the esters. The contents of (-)-4-terpineol,
a-terpineol and in the western region were lower than those in the
middle and eastern regions, while the contents of linalool, phellan-
drenhydrat and nerol acetate were opposite.

Among the 17 kinds of volatile compounds, 11 kinds of aroma
compounds were identified by GC-O method, indicating that not every
volatile substance detected had aroma-forming effect. Higher content of
volatile substances might not contribute to aroma, such as 1-caryophyl-
lene, y-terpinene and so on. On the contrary, the lower content of sub-
stances had a certain contribution to aroma, such as linalool, nerol
acetate. The 11 kinds of aroma substances showed citrus flavor, herbal
flavor, fruit flavor, green flavor and flower flavor. Among them,
B-myrcene, (E)-ocimene and (-)-4-terpineol showed herbal flavor,
a-caryophyllene showed fruit flavor, allo-ocimene, nerol acetate and
geranyl acetate showed flower flavor, phellandrenhydrat showed green
flavor, limonene and linalool showed citrus flavor, and o-terpineol
showed sweet lilac flavor (Summarized in Table S4).

Overall, the Chinese prickly ash from the northwest and southwest
region contained limonene, linalool and other key aroma substances are
higher, so the pepper in this region showed citrus aroma, which was
more intense than that in other regions. However, the Chinese prickly
ash in central, eastern and northern China contained slightly higher key
aroma substances such as p-myrcene, (E)-ocimene and (-)-4-terpineol, so
they might have slightly lighter aroma and heavier spicy flavor than
those in northwestern and southwestern China.

HCA and PCA analysis

Hierarchical cluster analysis (HCA) and principal component anal-
ysis (PCA) were performed, so as to analyze the correlation between 17
common characteristic volatile compounds of Chinese prickly ash. The
HCA was used to sort samples into groups by applying the inter-group
connection, which used the pearson correlation as the measurement
standard. The Z-score method was used to standardize the related var-
iables to obtain the clustering diagram. The results of the HCA were
shown in Fig. 3(A). When the distance coefficient was 0.8, 26 Chinese
prickly ash samples were clearly classified into six groups. S1, S2, S3 and
S13 were grouped together. Both of them were all from the region with
less precipitation and the contents of (E)-ocimene and allo-ocimene
were close. S4, S5, S6., S7. S8, S9 . S10 and S11 were
divided into a group, because the content of alcohols and esters were
higher in this area. S12, S14 and S15 were clustered into one group,
which had higher contents of p-myrcene and (E)-ocimene. S16, S17, S18
and S19 were clustered into one group with high contents of 1,3,6-Octa-
triene, 3,7-dimethyl-, (Z)- and b-elemene. S22, S23, S24, S25, and S26
were grouped together, because they were from Shandong Province, and
the content of 1-caryophyllene and linalool content was higher. S$20 and
S21 were clustered because they belonged to the Taihang Mountains.
When the clustering coefficient increased to 1.2, all samples were
divided into two categories, which were obviously divided into the
western and central and eastern regions. According to these results, the
relative content of characteristic aroma substances was closely related to
the growth location. Climate factors have a comprehensive impact on
secondary metabolites, because each group has a geographical
continuity.

In the PCA, three principal components were constructed, explained
by 52.956%, 16.471%, and 13.261% variability, respectively and the
cumulative contributory ratio was 82.688%. From the 2D score plot of
PCA (Fig. 3(B)), there was a trend that the tested samples were separated
as relatively independent and 26 samples could also be divided into six
groups, which were approximately in accordance with the HCA.

Additionally, the loading of principal component was important to
evaluate the contribution of each volatile component for the separation
of clusters. Ycar (1.807) and Yy (2.103) showed higher weights in the
first principal component (PC1), and Yy (1.748), Y, (1.606) and Y.t



Table 2
The relative content of common volatile components in Chinese prickly ash samples.
Ymy Yea Yur Yoc Yocp YL Ycar Yo.car Ys.ca Yy.TE Yaoc Yun Ypu YTE YoTE YnE Yee
S1 10.180% 1.350% 24.580% 0.330% 1.850% 2.570% 2.880% 0.550% 0.860% 2.770% 4.580% 1.040% 5.840% 2.650% 1.660% 0.730% 0.970%
S2 5.580% 1.060% 27.390% 2.740% 1.890% 0.420% 1.250% 0.380% 0.880% 0.630% 2.270% 0.310% 1.370% 0.180% 0.550% 0.150% 0.340%
S3 8.250% 1.380% 37.570% 1.940% 1.670% 0.300% 1.400% 0.690% 0.580% 0.630% 4.010% 0.320% 2.810% 1.280% 0.850% 0.310% 0.480%
S4 1.830% 1.930% 28.620% 0.590% 0.910% 3.600% 8.150% 0.290% 0.502% 3.920% 1.330% 1.680% 1.740% 2.500% 2.150% 1.080% 1.820%
S5 4.280% 0.230% 21.590% 2.700% 3.330% 0.560% 16.410% 0.450% 0.860% 1.030% 0.510% 0.840% 1.420% 0.380% 1.270% 0.520% 3.190%
S6 6.910% 0.340% 22.070% 1.750% 1.640% 2.880% 8.890% 0.300% 0.490% 5.570% 0.840% 0.690% 0.770% 0.450% 0.550% 0.460% 0.970%
S7 7.910% 0.920% 23.800% 2.550% 2.450% 3.250% 5.710% 0.230% 0.600% 3.620% 0.590% 0.900% 1.000% 0.410% 0.480% 0.380% 0.520%
S8 3.430% 0.590% 26.820% 2.100% 2.500% 3.120% 8.100% 0.230% 0.570% 5.240% 0.580% 1.010% 1.490% 0.380% 0.550% 0.560% 1.250%
S9 2.288% 0.659% 24.119% 1.792% 2.133% 3.259% 7.882% 0.322% 0.452% 7.419% 1.378% 1.206% 1.699% 0.324% 0.456% 0.331% 0.607%
S10 6.860% 1.690% 23.110% 1.410% 1.810% 3.530% 6.610% 0.470% 0.390% 7.640% 1.010% 0.840% 1.240% 0.210% 0.480% 0.500% 1.340%
S11 7.580% 0.890% 25.540% 1.870% 1.910% 4.650% 4.700% 0.180% 0.390% 4.680% 0.520% 0.720% 0.870% 0.280% 0.390% 0.330% 0.590%
S12 8.380% 1.350% 19.990% 4.790% 1.440% 3.470% 2.640% 0.410% 1.720% 7.138% 2.630% 0.440% 0.840% 2.760% 4.300% 0.980% 1.990%
S13 1.810% 0.880% 27.350% 5.410% 3.130% 0.820% 5.270% 0.330% 1.980% 2.110% 5.280% 0.680% 2.900% 3.190% 1.058% 0.360% 1.140%
S14 8.440% 0.360% 24.630% 7.110% 4.670% 3.730% 1.540% 0.470% 2.290% 6.600% 1.300% 0.310% 0.640% 3.600% 2.450% 0.650% 2.250%
S15 9.230% 0.440% 18.320% 4.190% 2.660% 2.090% 1.310% 0.390% 1.100% 6.710% 1.180% 0.290% 0.490% 2.250% 1.580% 0.480% 0.520%
S16 12.160% 1.480% 29.240% 6.250% 4.210% 11.602% 1.320% 0.320% 2.070% 4.310% 0.920% 0.253% 0.380% 1.080% 1.200% 0.350% 1.260%
S17 3.250% 0.650% 28.800% 7.050% 4.070% 9.670% 0.940% 0.250% 1.700% 3.720% 0.900% 0.220% 0.610% 1.470% 1.640% 0.440% 1.740%
S18 2.780% 1.010% 26.020% 16.560% 7.070% 0.350% 4.210% 0.290% 4.890% 0.580% 0.950% 0.310% 1.460% 3.380% 0.380% 0.620% 1.360%
S19 4.330% 0.290% 29.860% 6.580% 4.530% 3.730% 1.590% 0.240% 1.990% 3.200% 1.180% 0.370% 0.560% 2.200% 1.860% 0.570% 2.210%
S20 12.400% 3.040% 25.690% 3.100% 1.870% 9.320% 1.810% 0.440% 0.950% 6.870% 1.560% 0.320% 0.550% 1.580% 1.210% 0.350% 1.450%
S21 1.915% 3.648% 28.781% 6.077% 1.489% 3.125% 1.333% 0.324% 1.666% 5.090% 0.933% 0.241% 0.533% 2.476% 1.085% 0.406% 1.997%
S22 10.380% 1.500% 19.150% 4.700% 3.250% 2.540% 1.980% 0.340% 1.740% 6.390% 1.970% 0.240% 0.570% 1.510% 1.230% 0.530% 3.120%
S23 6.160% 1.360% 17.270% 4.180% 2.640% 2.380% 2.830% 0.320% 1.280% 3.040% 1.320% 0.170% 0.380% 0.560% 1.380% 0.270% 2.420%
S24 16.850% 0.610% 27.300% 6.260% 4.200% 4.390% 2.010% 0.290% 1.890% 4.570% 1.050% 0.290% 0.460% 1.950% 1.130% 0.390% 2.170%
S25 12.820% 1.260% 22.060% 4.370% 2.830% 2.230% 1.390% 0.300% 1.280% 4.350% 1.060% 0.250% 0.400% 1.310% 0.990% 0.260% 1.040%
S26 7.580% 1.620% 20.100% 5.380% 3.780% 2.700% 2.360% 0.300% 1.850% 1.890% 0.620% 0.120% 0.130% 0.370% 0.830% 0.170% 0.440%

NOTE: Sample codes are the same as in Table 1. Yyy-p-Myrcene, Yca-(+)-4-Carene, Yi;- Limonene, Yoc-(E)-Ocimene, Yocp-1,3,6-Octatriene, 3,7-dimethyl-, (Z)-, Ygi-b-Elemene, Ycar-Caryophyllene, Y.car-o-Car-

yophyllene, Ys.ca-5-cadinene, Y,.rg-y-Terpinene, Yaoc- Allo-ocimene, Yyy- Linalool, Ypy- Phellandrenhydrat, Yrg-(-)-4-Terpineol, Y, rg-a-terpineol, Yng-Nerol acetate, Ygg- Geranyl acetate.
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Fig. 3. (A) Dendrograms resulting from hierarchical clustering analysis of Chinese prickly ash from different locations, (B) 2-D scores plot of the PCA of 26 samples,
(C) loading values of PCA of all 17 common characteristic volatile components on 3-D map, (D) correlation analysis results of environmental factors and volatile

components of Chinese prickly ash peels.

(1.797) were the chief indexes of the second component (PC2). Yy
(1.629), Yng (1.689) and Ygg (1.593) loaded highly in the third principal
component (PC3) (Fig. 3(C)). It meant that these eight components
make more contribution than other components for the identification of
Chinese prickly ash peels from different producing areas.

Correlation analysis between climate factors and volatile component of
Chinese prickly ash

Correlation analysis

The results of correlation analysis showed that the active compo-
nents were related to the climate factors but to varying degrees (Fig. 3
(D) and Table S5). The correlation coefficient and P-values are list in
Table S3 of supplement material. Ygg were positively correlated with
Xamat, Xamir and Xamr and Yoc was positively correlated with XanvaT;
while Yy.car, Yaoc and Ypy were negatively correlated with XamaT,
XAMIT and XAMT- The YLI: Yy»TE, YCAR: YAOC: YLIN: YpH and YTE were hlghly
associated with climatic factors such as Xyw, Xmaw and Xgw, expect Y.
TE, Ycar and Ypn, the rest were positively correlated with wind speed.
Yocar, Yy-1e and Ypy were negatively correlated with Xgy. The Yy, Yo
cARs Yaoc and Ypy were negatively correlated with Xaap, demonstrating
that the higher the annual average precipitation, the lower the content.
The Yaoc and Ypy were negatively correlated with Xaap, and the Ycar
and Yyn were positively correlated with it. It meant that these ten
components were more highly associated with climatic factors than
other components and were thus screened for further analysis.

In addition, all the climate factors were divided into two clusters, and
their relationship was observed on the top of the heatmap (Fig. 3(D)).

XaAMT> XAMAT> XAMIT> XAAP and Xgpy were included in a cluster. XAsDs XMW,
Xmaw and Xgw were clustered into together.

Path analysis

To gain insight into the inter relationship between various climate
factors and compounds, the direct and indirect effects of climate factors
on volatile components were calculated by using path analysis (PA). We
selected the contents of 17 common characteristic volatile compounds as
independent variables, and climate factors were used as the dependent
variables to carry on analysis. The specific process was conducted as
follows: firstly, the climate factors and volatile components in Chinese
prickly ash peels were analyzed by stepwise regression analysis using
SPSS statistical software. Then according to the regression analysis, the
dominant climate factors of each compound were screened out, and
finally the direct path coefficients and indirect path coefficients were
calculated.

The results of PA (Table 3) in this study demonstrated the effect of
climate factors was significant on volatile components contents. It can
be seen that the indirect effect of climate factors on the selected com-
pounds were generally weaker than its direct effect, indicating that the
climate factors played a direct and decisive role in the biosynthesis and
accumulation of the volatile ingredients. Xaap had the most positive
indirect effect (0.133) than the other climate factors on Y,.rg, but with
negative direct effect (—0.403) and the lowest correlation coefficient
(0.215), which meant the indirect effect of Xpap on Y,.1g through Xgy
and Xyw was the contributory cause of relevance. To Yy, Xmw had
positive direct effects on the contents, but to Y,.rg, showed negative
direct effects. The indirect effect of XASD on the Yoc, YAOC; YLIN) YTE: YGE
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Table 3
Path analysis between climate factors and volatile component of 26 Chinese prickly ash peels.
Item Factors Correlation Direct Path Indirect Path coefficient Significance
Coefficients Coefficients level
YLI XMW XMAW XAAP Total
Xmw 0.558 3.374 2.937 0.126 3.063 0.001
XMaw 0.547 3.539 2.800 0.156 2.956 0.008
Xaap —0.420 —0.387 —1.099 —1.429 —2.528 0.069
Yoc XamAT Xasp Total
XAMAT 0.391 0.618 —0.228 —0.228 0.004
Xasp 0.196 0.486 —0.289 —0.289 0.019
Ycar XamiT Xasp Xaap Total
XamIT 0.283 2.131 0.279 0.127 0.406 0.012
Xasp —0.605 —0.413 —1.440 —0.103 —1.543 0.001
Xaap 0.276 0.145 1.864 0.293 2.157 0.038
Yo-car Xasp Xaap Total
Xasp 0.311 —0.679 1.960 1.960 0.011
Xaap —0.556 —2.765 0.481 0.481 0.003
Y,-1E XRru Xmw XaaAp Total
Xgru 0.433 0.488 0.255 —0.310 —0.055 0.015
Xvw —-0.799 —0.743 —0.167 0.131 —0.036 0.000
Xaap 0.215 —0.403 0.375 —0.242 0.133 0.038
Yaoc XAMAT Xasp Total
XAMAT —-0.729 —0.540 —0.188 —0.188 0.001
XasD 0.656 0.402 0.253 0.253 0.008
Yin XAMAT Xasp Total
XAMAT —0.195 —0.515 0.319 0.319 0.010
Xasp —0.440 —0.682 0.241 0.241 0.001
You XamT XamrT XrH Total
XamT —0.652 —2.363 1.960 —0.252 1.708 0.004
XamiT —0.588 1.996 —2.323 —0.327 —2.650 0.014
XRrH —0.600 —0.417 —1.427 1.246 —0.181 0.022
YrE XRru Xasp Total
XRru —0.208 0.358 —0.348 —0.348 0.011
Xasp 0.407 0.616 —0.202 —0.202 0.039
Yer Xamr Xasp Xaap Total
XamT 0.471 0.629 —0.292 —-0.335 —0.627 0.111
Xasp —0.159 0.500 —0.368 0.273 —0.095 0.011
Xaap 0.344 —0.386 0.551 —0.354 0.197 0.039

Note: Ymy, Yca, Yir, Yoc, Yoc, Yer, Ycars Yo-car, Yo-cas Yy-1E Yaocs Yin, Yer, Y1e, Yoore, Yne and Ygg were performed in Table 3, respectively. Xawr, Xamat, Xamrr, Xru,

Xnws Xmaws Xew, Xasp and Xaap were performed in Table 2, respectively.

compounds were generally weaker than its direct effect, but to Ycar and
Yo-caAr, it was on the contrary. Xyw and Xyaw were significantly and
positively correlated to Yi; (P < 0.01). Xayr was key factor for the
content of Ycar. Xamar was the key factor for Yoc and Yaoc. Xaap
showed significantly and negatively direct effects on Y4.car (P < 0.01).
Xamr was the key factor for Ypy and Ygg. Xasp was the key one for Yy
and Y7g. Moreover, the direct effects of them were higher than their
indirect effect, which demonstrated that these factors played a direct
and decisive role in the accumulation of the effective components. In
short, path analysis explained the relative importance of each climate
factor to the volatile components, making the multivariate statistical
analysis more reasonable.

Discussion

Ecological factors such as temperature, precipitation, moisture and
altitude, could significantly affect the metabolism and accumulation of
secondary metabolites in plants (Searles, Flint, & Caldwell, 2001;
Bjerke, Elvebakk, Dominguez, & Dahlback, 2005). Different environ-
mental conditions in different production locations lead to the differ-
ences in active ingredient contents in plants. In the current study,
significant differences were observed in the concentrations of the vola-
tile components in 26 samples of Chinese prickly ash that were collected
from its natural habitats in China. The alkenes substances were the most

abundant compounds, followed by the alcohols and esters. Among the
17 common characteristic volatile substances, limonene had the highest
content, followed by p-myrcene and (E)-ocimene. The variation of al-
cohols was greater than that of alkenes and esters. In addition, the
content of volatile substances in the same variety varied greatly due to
different growth environments. For example, S3, S16, S25 belong to the
same variety Zanthoxylum bungeanum cv.Xiaohongguan, but the climate
factors in their growth environment was different, resulting in signifi-
cant differences in volatile contents, which indicated that the difference
in volatile components contents might be caused by climatic factors.
Climate factors, such as temperature, precipitation, relative humid-
ity, wind speed and annual sunshine duration, could affect the biosyn-
thesis and accumulation of secondary metabolites in plants (Zhang et al.,
2018). Zhang et al. reported that the accumulation of tanshinones and
biomass were affected by such meteorological factors as average relative
humidity and annual average temperature (Zhang et al., 2015). Olha
Mykhailenko and his team found that sunshine duration had a signifi-
cant positive effect on the accumulation of phenolic compounds in Iris
species (Mykhailenko et al., 2020). The total flavonoids content in
Chinese prickly ash leaves was significantly correlated with annual
sunshine duration, precipitation and relative humidity (P < 0.05)
(Zhang et al., 2020). The temperature, water vapor pressure and other
parameters were significantly negatively correlated with flavonoid
content, and wind speed was significantly positive(Su, Zheng, Chen,
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Zhang, & Liu, 2020). In our study, the relationships between 17 common
characteristic volatile substances and climate factors were different. For
limonene, the stronger the mean wind speed and the maximum wind
speed, the higher the content. For a-caryophyllene, allo-ocimene and
phellandrenhydrat, the lower the temperature and precipitation, the
greater the wind speed, the higher the content. For (E)-Ocimene, 1,3,6-
Octatriene, 3,7-dimethyl-, (Z)- and geranyl acetate, the higher the
temperature, the higher the content. Limonene, a-Caryophyllene,
y-terpinene, allo-ocimene, phellandrenhydrat and geranyl acetate may
be stimulated by environmental stress more easily than others in the
same environment. The contents of p-myrcene, 4-carene, (-) —4-
terpineol and nerol acetate were less affected by climate factors.
Therefore, we can change the conditions of climatic factors to explore
the regulation of volatile substances in Chinese prickly ash peels. In
addition, for the causes of the correlation between the content of volatile
components in Chinese prickly ash peels and climatic factors, it is
required to use molecular biology techniques to assess the relationship
between ecological factors and reproductive and nutritional factors.

The PCA and HCA analysis showed that there were significant dif-
ferences in volatile substances between different habitats. The B-myr-
cene, limonene, (E)-ocimene, linalool and allo-ocimene were potential
key compounds for distinguishing Chinese prickly ash from different
habitats. They can be used as markers for different locations and can be
used for quality evaluation of Chinese prickly ash peel. Through the
analysis of 17 characteristic volatile substances, it can be seen that the
characteristic aromas of all samples have certain similarities. In partic-
ular, the content of esters varies in a small range and the geographical
distinction is not obvious. However, alkenes and alcohols contents have
obvious regional differences. The content of volatile substances in Chi-
nese prickly ash peels was greatly affected by the producing region, and
the samples from different regions were obviously divided into two
categories. Among them, the key volatile substances of limonene,
linalool, allo-ocimene and geranyl acetate were higher in the western
region, so the aroma of Chinese prickly ash in this region was citrus and
floral, which was stronger than that in other regions. Samples in the
central and eastern regions contained a slightly higher content of key
aroma substances such as p-myrcene and (E)-ocimene, so the aroma of
them in this region was slightly lighter and heavier spicy flavor.

Conclusion

In summary, the aromatic substances and the differences in aroma
characteristics of 26 kinds of Chinese prickly ash from different habitats
were analyzed and identified by HS-SPME-GC-O-MS method. According
to the composition characteristics of volatile substances and aroma
active substances, the peels from southwest and northwest regions, with
higher contents of limonene and linalool, have aromatic flavor, and the
samples from north, east and central China, with higher contents of
B-myrcene and (E)-ocimene, show spicy flavor. Through correlation
analysis and path analysis of volatile components and ecological factors,
it was found that temperature, relative humidity, annual average pre-
cipitation and wind speed played important roles in the accumulation of
volatile components. Conclusively, this study not only provided a basis
for distinguishing high-quality Chinese prickly ash resources through
the characteristic volatile substances, but also provided a comprehen-
sive information and valuable reference for the accumulation of volatile
substances in Chinese prickly ash by climatic factors.

CRediT authorship contribution statement

Tao Zheng and Shu-Ming Liu conceived and designed the experi-
ments, Tao Zheng analyzed the data, modified the picture and wrote the
paper, Ke-xing Su and Xi-yan Chen participated in the experiments,
Mao-sheng Gao and Ding-ling Zhang provided meteorological data, all
authors have read and approved the manuscript for publication.

Food Chemistry: X 12 (2021) 100176
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This article was supported by the project “The demonstration and
promotion of efficient cultivation and management techniques of Zan-
thoxylum bungeanum in Weibei dry plateau” ([2017]18) and Major Sci-
ence and Technology Projects in Xianyang, Shaanxi, China. (2020k01-
35).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fochx.2021.100176.

References

Ahua, K. M., Ioset, J. R., loset, K. N., Diallo, D., Mauel, J., & Hostettmann, K. (2007).
Antileishmanial activities associated with plants used in the Malian traditional
medicine. Journal of Ethnopharmacology, 110(1), 99-104.

Biniari, K., Xenaki, M., Daskalakis, 1., Rusjan, D., Bouza, D., & Stavrakaki, M. (2020).
Polyphenolic compounds and antioxidants of skin and berry grapes of Greek Vitis
vinifera cultivars in relation to climate conditions. Food Chemistry, 307.

Bjerke, J. W., Elvebakk, A., Dominguez, B., & Dahlback, A. (2005). Seasonal trends in
usnic acid concentrations of Arctic, alpine and Patagonian populations of the lichen
Flavocetraria nivalis. Phytochemistry, 66(3), 337-344.

Dong, J. E., Ma, X. H., Wei, Q., Peng, S. B., & Zhang, S. C. (2011). Effects of growing
location on the contents of secondary metabolites in the leaves of four selected
superior clones of Eucommia ulmoides. Industrial Crops and Products, 34(3),
1607-1614.

Gong, Y. W., Huang, Y. F., Zhou, L. G., Shi, X. Y., Guo, Z. J., Wang, M. G., et al. (2009).
Chemical Composition and Antifungal Activity of the Fruit Oil of Zanthoxylum
bungeanum Maxim. (Rutaceae) from China. Journal of Essential Oil Research, 21(2),
174-178.

Guo, L. P., Wang, S., Zhang, J., Yang, G., Zhao, M. X., Ma, W. F,, et al. (2013). Effects of
ecological factors on secondary metabolites and inorganic elements of Scutellaria
baicalensis and analysis of geoherblism. Science China-Life Sciences, 56(11),
1047-1056.

Kataoka, H., Lord, H. L., & Pawliszyn, J. (2000). Applications of solid-phase
microextraction in food analysis. Journal of Chromatography A, 880(1-2), 35-62.

Lan, Y., Li, H., Chen, Y. Y., Zhang, Y. W,, Liu, N., Zhang, Q., et al. (2014). Essential oil
from Zanthoxylum bungeanum Maxim. and its main components used as
transdermal penetration enhancers: A comparative study. Journal of Zhejiang
University-Science B, 15(11), 940-952.

Li, J. K, Liu, Q. Y., Wang, J., Liu, Q. W., & Peng, Z. Q. (2020). Effect of red pepper
(Zanthoxylum bungeanum Maxim.) leaf extract on volatile flavor compounds of
salted silver carp. Food Science & Nutrition, 8(3), 1355-1364.

Lin, Q. Z., Feng., H. U., W Min, e. a. 2006. The anti-tumor effect of Zanthoxylunm Maxim
and its mechanism of essential oil of Zanthoxylunm Maxim. Journal of Snake, 18(3),
183-186.

Liu, W, Liu, J., Yin, D., & Zhao, X. (2015). Influence of ecological factors on the
production of active substances in the anti-cancer plant Sinopodophyllum
hexandrum (Royle) T.S. Ying. PLoS One, 10(4), €0122981. https://doi.org/10.1371/
journal.pone.0122981

Liu, X. Y., Xu, L. Y., Liu, X., Wang, Y. J., Zhao, Y., Kang, Q., . . . Wu, Q. 2020.
Combination of essential oil from Zanthoxylum bungeanum Maxim. and a
microemulsion system: Permeation enhancement effect on drugs with different
lipophilicity and its mechanism. Journal of Drug Delivery Science and Technology, 55.

Miao, A. Q., Lu, H. P., & Sun, S. L. (2010). Aroma components of oolong tea by HS-SPME-
GC-MS and GC-O. Journal of Tea Science, 1, 583-587.

Mo, B. B., Wan., G. C, Liu., Y., YUD S, e. a. 2009. Study on chemical components and
aromas of two species of volatile oils extracted by the method of supercritical
CO2from Zanthoxylum bungeanum Maxim. China Condiment, 03, 102-105.

Morison, J. I. L., & Lawlor, D. W. (1999). Interactions between increasing CO2
concentration and temperature on plant growth. Plant Cell and Environment, 22(6),
659-682.

Mykhailenko, O., Gudzinskas, Z., Kovalyov, V., Desenko, V., Ivanauskas, L., Bezruk, I.,
et al. (2020). Effect of ecological factors on the accumulation of phenolic compounds
in Iris species from Latvia, Lithuania and Ukraine. Phytochemical Analysis, 31(5),
545-563.

Neugart, S., Krumbeinand, A., Zrenner, R. 2016. Influence of Light and Temperature on
Gene Expression Leading to Accumulation of Specific Flavonol Glycosides and
Hydroxycinnamic Acid Derivatives in Kale (Brassica oleracea var. sabellica).
Frontiers in Plant Science, 7.

Paula, V., B. U,, Elena, C., et al. 2012. Identification and quantification ofodorous
compounds from adhesives used in food packaging materials by headspace solid


https://doi.org/10.1016/j.fochx.2021.100176
https://doi.org/10.1016/j.fochx.2021.100176
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0005
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0005
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0005
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0010
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0010
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0010
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0015
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0015
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0015
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0020
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0020
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0020
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0020
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0025
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0025
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0025
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0025
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0030
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0030
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0030
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0030
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0035
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0035
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0045
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0045
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0045
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0045
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0050
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0050
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0050
https://doi.org/10.1371/journal.pone.0122981
https://doi.org/10.1371/journal.pone.0122981
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0070
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0070
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0080
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0080
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0080
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0085
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0085
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0085
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0085

T. Zheng et al.

phase extraction and headspace solid phase microextraction coupled to gas
chromatography—olfactometry-mass spectrometry. Analytica Chimica Acta, 1(745),
53-63.

Rieger, G., Muller, M., Guttenberger, H., & Bucar, F. (2008). Influence of altitudinal
variation on the content of phenolic compounds in wild populations of Calluna
vulgaris, Sambucus nigra, and Vaccinium myrtillus. Journal of Agricultural and Food
Chemistry, 56(19), 9080-9086.

Rohloff, J., Uleberg, E., Nes, A., Krogstad, T., Nestby, R., & Martinussen, I. (2015).
Nutritional composition of bilberries (Vaccinium myrtillus L.) from forest fields in
Norway - Effects of geographic origin, climate, fertilization and soil properties.
Journal of Applied Botany and Food Quality, 88, 274-287.

Sandeep, I. S., Sanghamitra, N., & Sujata, M. (2015). Differential effect of soil and
environment on metabolic expression of turmeric (Curcuma longa cv. Roma). Indian
Journal of Experimental Biology, 53(6), 406-411.

Searles, P. S., Flint, S. D., & Caldwell, M. M. (2001). A meta analysis of plant field studies
simulating stratospheric ozone depletion. Oecologia, 127(1), 1-10.

Sousa, E. T., Rodrigues, F. D., Martins, C. C., de Oliveira, F. S., de P. Pereira, P. A., & de
Andrade, J. B. (2006). Multivariate optimization and HS-SPME/GC-MS analysis of
VOCs in red, yellow and purple varieties of Capsicum chinense sp peppers.
Microchemical Journal, 82(2), 142-149.

Su, K. X,, Zheng, T., Chen, H. L., Zhang, Q., & Liu, S. M. (2020). Climate effects on
flavonoid content of Zanthoxylum bungeanum leaves in different development stages.
Food Science and Technology Research, 26(6), 805-812.

Xia, Y. N., Ma, Y. 1, J F Sun, e. a. 2015. Analysis of volatile flavor compounds of jujube
brandy by GC-MS and GC-O combined with SPME. Advance Journal of Food
Scienceand Technology, 9(6), 398-405.

Yang, F. X, Su, Y. Q., Li, X. H., Zhang, Q., & Sun, R. C. (2008). Studies on the preparation
of biodiesel from Zanthoxylum bungeanum maxim seed oil. Journal of Agricultural
and Food Chemistry, 56(17), 7891-7896.

Yang, J., Gao, H. Y., Chu, G. H., Li, Z. H., et al. (2015). Characterization of volatile
constitutes and odorous compounds in essential oil of finger citron (Citrus medica L.
var. sarcodactylis Swingle) by GC-MS and GC-O. Food Science, 36(20), 194-197.

Food Chemistry: X 12 (2021) 100176

Yang, X. G. (2008). Aroma constituents and alkylamides of red and green huajiao
(Zanthoxylum bungeanum and Zanthoxylum schinifolium). Journal of Agricultural
and Food Chemistry, 56(5), 1689-1696.

Yu, L., Wu, W. L., Pan, Y. Y., Wang, W., Sun, L. W, Liu, Y., et al. (2020). Quality
evaluation of different varieties of Zanthoxylum bungeanum Maxim. peels based on
phenolic profiles, bioactivity, and HPLC fingerprint. Journal of Food Science, 85(4),
1090-1097.

Zhang, C. L., Liang, Z. S., Liu, H. B. G. L., Liu, Y., Liu, F. H., & Wei, L. Z. (2015).
Correlation analysis between meteorological factors, biomass, and active
components of Salvia miltiorrhiza in different climatic zones. China Journal of
Chinese Materia Medica, 40, 607.

Zhang, Q., Chen, H. L., Zheng, T., Su, K. X., Zhang, C. Z., & Liu, S. M. (2020). Seasonal
variation of flavonoid content in the leaves of Zanthoxylum bungeanuman and its
relationship with meteorological factors. Journal of Northwest Forestry University, 35
(3), 43-47.

Zhang, X. D., Yu, Y. G, Yang, D. F., Qi, Z. C,, Liu, R. Z., Deng, F. T, et al. (2018).
Chemotaxonomic variation in secondary metabolites contents and their correlation
between environmental factors in Salvia miltiorrhiza Bunge from natural habitat of
China. Industrial Crops and Products, 113, 335-347.

Zhao, Q., Song, Z., Fang, X., Pan, Y., Guo, L., Liu, T., et al. (2016). Effect of genotype and
environment on salvia miltiorrhiza roots using LC/MS-based metabolomics.
Molecules, 21(4), 414. https://doi.org/10.3390/molecules21040414

Zheng, T., Zhang, Q., Su, K. X., & Liu, S. M. (2020). Transcriptome and metabolome
analyses reveal the regulation of peel coloration in green, red Chinese prickly ash
(Zanthoxylum L.). Food Chemistry: Molecular Sciences, 1.

Further reading

Kusmierek, K., Sankowska, M., Skrzypczynska, K., & Swiatkowski, A. (2015). The
adsorptive properties of powdered carbon materials with a strongly differentiated
porosity and their applications in electroanalysis and solid phase microextraction.
Journal of Colloid and Interface Science, 446, 91-97.


http://refhub.elsevier.com/S2590-1575(21)00064-X/h0100
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0100
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0100
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0100
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0105
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0105
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0105
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0105
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0110
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0110
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0110
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0115
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0115
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0120
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0120
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0120
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0120
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0125
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0125
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0125
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0135
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0135
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0135
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0140
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0140
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0140
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0145
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0145
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0145
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0150
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0150
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0150
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0150
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0155
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0155
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0155
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0155
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0160
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0160
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0160
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0160
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0165
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0165
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0165
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0165
https://doi.org/10.3390/molecules21040414
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0175
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0175
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0175
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0040
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0040
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0040
http://refhub.elsevier.com/S2590-1575(21)00064-X/h0040

	Chemotaxonomic variation in volatile component contents and their correlation between climate factors in Chinese prickly as ...
	Introduction
	Materials and methods
	Plant materials
	Sample preparations
	HS-SPME-GC-O-MS analysis
	Data on climate factors
	Data analysis

	Results
	Quantification of the volatile component contents of Chinese prickly ash peels
	Analysis of common characteristic volatile components in Chinese prickly ash peels
	HCA and PCA analysis
	Correlation analysis between climate factors and volatile component of Chinese prickly ash
	Correlation analysis
	Path analysis


	Discussion
	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References
	Further reading


