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1 | INTRODUCTION

| Guodong Zheng

Abstract

Ultra-high-performance liquid chromatography-Q-Exactive Orbitrap-mass spec-
trometry (MS) and gas chromatography (GC)-MS were performed for the qualitative
and quantitative analyses of Citri Sarcodactylis Fructus (CSF) from different origins.
The contents of eight major CSF components, namely 5,7-dimethoxycoumarin, sco-
poletin, hesperidin, tangeretin, nobiletin, limonin, nomilin, and stachydrine, were
quantitatively analyzed. Clustering analysis and principal component analysis (PCA)
were, respectively, performed to classify and compare the 10 CSF batches. One hun-
dred and two volatile components were identified accordingly by comparing retention
times, reference standards, parent peaks, fragment peaks, and findings from relevant
literature. Moreover, high content of 5,7-dimethoxycoumarin and stachydrine was de-
tected in all the CSFs, especially in CSF-Zhe. Therefore, the high content component
coumarin “5,7-dimethoxycoumarin” was suggested to be quality analysis component
rather than hesperidin. Additionally, characteristic compounds were found to distin-
guish different CSFs. This work was a comprehensive study about the components
of various CSF. It distinguished the basic differences in the compositions of CSF from
different origins. Eventually, it provided experimental and systematic bases for the

quality control analysis of CSF, which has potential application in the further research.

KEYWORDS
Citri Sarcodactylis Fructus, GC-MS, qualitative and quantitative analyses, UPLC-Q-Exactive
Orbitrap-MS

of medicine and food with tremendous medicinal value. In addition,

Citri Sarcodactylis Fructus (CSF), the dry fruit of Citrus medica
L. var. sarcodactylis Swingle with the Chinese name “Foshou”, be-
longs to Rutaceae family and is one of the most popular homology

CSF is an ornamental plant and its essential oil is used as a raw ma-
terial for high-grade spices, which has great economic prospects.
CSF is divided into the following four groups according to the origin:
CSF-Guang (from Guangdong or Guangxi Province), CSF-Zhe (from
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Zhejiang Province), CSF-Chuan (from Sichuan Province), and CSF-
Yun (from Yunnan Province). CSF-Guang and CSF-Zhe have supe-
rior quality and are applied for the treatment of cough with phlegm,
stomach distension, vomiting, and other diseases (Pharmacopoeia
CON, 2020; Wang et al., 2012), which could be considered good
development prospects. CSF shows essential pharmacological activ-
ities, such as gastroprotective (Zhu et al., 2020), anticancer (Fiorillo
et al., 2018; Memariani et al., 2020), anti-inflammatory (Carresi
et al., 2020), anti-oxidation (Hashemi & Jafarpour, 2020), antibac-
terial (Alexa et al., 2020), and neuroprotective activities (Rombola
etal., 2017, 2020).

Based on Pharmacopoeia of the People's Republic of China (ChP),
hesperidin is the only CSF component with a content >0.030% and
is therefore used in quality control. Considering that the hesperi-
din content of CSF is slightly low, hesperidin as a single indicator is
not sufficient to distinguish CSFs from different origins. Therefore,
scientific index components should be urgently explored via quan-
titative analysis.

Some CSF components have medicinal and commercial values
(Chu et al., 2012; Yanmei et al., 2015; Zheng et al., 2021). In previous
study, we have carried out a relatively comprehensive qualitative
analysis of the nonvolatile components of CSF (Fu et al., 2020; Wang
et al.,, 2021), including flavonoids, limonoids, organic acids, couma-
rins, and other compounds. However, the determination analysis of
major pharmacological compositions and volatile oil that possesses
remarkable potential value of CSFs from different regions is lacking.
Few indicators of CSF quality are confirmed. Now this study will per-
form further quantitative analysis and clustering analysis of the CSF
major components in order to make a systematic and comprehensive
study on the CSF components.
liquid chromatography (UPLC)-Q-
Exactive Orbitrap-mass spectrometry (MS) (Arachchige et al., 2021;
Mohd et al., 2021; Zheng et al., 2020) is often used for nonvolatile
natural extracted product and gas chromatography (GC)-MS (Al-
Hwaiti et al., 2021; Ichihara et al., 2021; Tsurunaga et al., 2021) is

Ultra-high-performance

TABLE 1 Information of CSF samples from different origins

used for volatile component analysis. They are considered reliable
devices in CSF analysis owing to their rapidity and sensitivity in sam-
ple measurement.

In this work, a simple, effective, and precise method was estab-
lished to comprehensively determine the compositions and distinc-
tion among CSFs from different origins.

2 | MATERIALS AND METHODS

2.1 | Materials and reagents

Ten CSF batches were harvested each from Guangdong or Guangxi
Province (CSF-Guang), Zhejiang Province (CSF-Zhe), Sichuan
Province or Chongging municipality (CSF-Chuan), and Yunnan
Province (CSF-Yun), China in 2019. The CSF samples were stored for
1 year and then used in the experiment. The detailed information of
the CSF samples is shown in Table 1. All the samples were authenti-
cated by Prof. Guodong Zheng (Guangzhou Medical University) and
deposited in the Laboratory of Pharmacognosy, Guangzhou Medical
University, Guangdong Province, China.

The reference standards of stachydrine, scopoletin, hesperidin,
5,7-dimethoxycoumarin, limonin, nomilin, nobiletin, and tangeretin
were obtained from Weikeqi (Sichuan, China). The compounds had
purities higher than 98%. High-performance liquid chromatogra-
phy (HPLC)-grade formic acid was purchased from Thermo Fisher
Scientific (USA). HPLC-grade acetonitrile and n-hexane were ob-
tained from Merck (Germany). Deionized water was prepared by a
Milli-Q system (Millipore, USA).

2.2 | Sample and standard preparation

For UPLC-Q-Exactive Orbitrap-MS analysis, the samples were
crushed and passed through a 40-mesh sieve to obtain a small powder.

Extraction
No. Origins Sample source Collecting time rate (%)
S1 CSF-Guang Le Town, Gaozong District, Zhaoqing City, Guangdong 25 October 2019 0.43
Province
S2 CSF-Guang Yongfu County, Guilin City, Guangxi Province 28 October 2019 0.03
S3 CSF-Guang Yongfu County, Guilin City, Guangxi Province 29 October 2019 0.10
S4 CSF-Zhe Jinhua City, Zhejiang Province 28 October 2019 1.53
S5 CSF-Zhe Luodian Town, Wucheng District, Jinhua City, 7 November 2019 1.54
Zhejiang Province
S6 CSF-Zhe Chisong Town, Jinhua City, Zhejiang Province 15 November 2019 1.66
S7 CSF-Chuan Huidong County, Liangshan Prefecture, Sichuan 21 October 2019 0.16
Province
S8 CSF-Chuan Peng'an County, Nanchong City, Sichuan Province 17 November 2019 0.10
S9 CSF-Yun Quijing City, Yunnan Province 23 October 2019 0.04
S10 CSF-Yun Hualing County, Yuxi City, Yunnan Province 28 October 2019 0.39
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Each powdered sample (0.1 g) was precisely weighed, soaked with
50 ml of methanol, and ultrasonicated for 30 min (320 W, 40 kHz).
After the samples were cooled to room temperature, methanol was
added to the CSF extracts until the weight was the same as its ini-
tial weight. The filtrate was prepared and then condensed to 5 ml
by a XHRE-2000C rotary evaporator (Shanghai Xiaohan Co., LTD.,
China). After filtering through a 0.22-um microporous membrane, the
obtained sample solution was injected into the UPLC-Q-Exactive
Orbitrap-MS equipment. The standards of stachydrine, scopoletin,
hesperidin, 5,7-dimethoxycoumarin, limonin, nomilin, nobiletin, and
tangeretin were accurately weighed and dissolved in 50 ml of metha-
nol. Then, methanol was used to dilute the mixture solution to obtain
the concentrations of the tested compounds, which were filtered by a
0.22-pm microporous membrane for UPLC-Q-Exactive Orbitrap-MS.
Then, method validation was performed to determine the repeatabil-
ity, stability, precision, recovery, and linear correlation of the method.

For GC-MS analysis, each sample was smashedinto coarse pow-
der, and approximately 60 g of the crushed powder was weighed
in a round-bottom flask. The mixture was added with 600 ml of
deionized water, fully soaked for 12 hr, and heated for 5 hr. Then,
volatile oil was flowed back into the extractor with water vapor
and then collected at room temperature. The obtained volatile oil
was stored at 4°C in the dark to prevent degradation. The weight

of the extracted volatile oil and tested compounds were used to
calculate the extraction rate in volatile oil. The extracted volatile
oil (50 pL) was diluted 20 times with n-hexane, filtered through a
0.22-um microporous membrane, and then injected into the GC-
MS system.

2.3 | UPLC-Q-Exactive Orbitrap-MS
determination analysis

UPLC analysis was performed on a Dionex Ultimate 3000 series
UPLC system equipped with an online degasser, a column tem-
perature compartment, a quaternary pump, and an auto-sampler
manager (Thermo Fisher Scientific, USA). Chromatographic sepa-
ration was performed on a ZORBAX Eclipse Plus C;q column
(2.1 mm x 50 mm, 1.8 um; Agilent, USA) at 35 °C. The mobile phase
was composed of 0.05% (v/v) water-formic acid (A) and acetonitrile
(B) with the following gradient elution conditions: 0-5 min, 10% B;
5-10 min, 10%-20% B; 10-20 min, 20%-50% B; 20-30 min, 50%-
85% B; 30-40 min, 85%-100% B (Wang et al., 2021). The flow rate
was sustained at 1.0 ml/min with an injection volume of 10 pl.

MS identification was integrated on a Q-Exactive Orbitrap-
tandem MS instrument (Thermo Fisher Scientific, USA). Positive ion
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TABLE 2 Information of the eight compounds
Compound
Structure No. Name tp(min) [M + Hl*(m/z2) formula
N/"— 2 Stachydrine 0.83 144.1018 C,H,;0,N
HO’CH(O‘
(e}
20 Scopoletin 8.35 193.0498 CoHgO,
39 Hesperidin 12.85 611.1964 CygH3,045
46 5,7-Dimethoxycoumarin 17.2 207.0654 C11H1004
51 Limonin 18.99 471.2013 C,eH300g
54 Nobiletin 19.61 403.1388 C,,H,,0;
57 Nomilin 20.14 515.2272 CygH340,
~o o 59 Tangeretin 20.91 373.1286 CyoH500,

mode with 3500 V ion spray voltage was used. Nitrogen was ap-
plied as sheath gas (30 units), auxiliary gas (10 units), and sweep gas
(5 units). lon source temperature was sustained at 320 °C, and de-
solvation temperature was sustained at 300 °C. Full mass scan was
set in the range of m/z 100-1000 Da. All the chemical compounds
were discriminated by contrasting the mass spectra with the stan-
dard reference, reported literature, and Orbitrap Chinese Traditional
Medicine Library (OCTML).

24 | GC-MS analysis

GC analysis was performed ona TRACE DSQ GCinstrument (Thermo
Finnigan, USA). TG-5SILMS GC capillary column (0.25 mm x 30 m,
0.25 um; Thermo Fisher Scientific, USA) was applied, and the tem-
perature program was set as follows: initially, the temperature was
set at 60 °C for 3 min, then increased to 80 °C at 1 °C-min* for 3 min,

further increased to 250 °C at 10 °C:min?, and finally increased to



2061

-WILEY

NING T AL.

0+¢€000 0¥ %000 T000 F ¥¥0°0 9200 F 1921 8100 F 6940 T00'0 ¥ 0400 0+8000 #00°0 ¥ 860°T 0TS

0+ €000 0+ 5000 000 F €€T°0 8T0°0 FT6E°T Y100 F EVLO 0F€L00 0+ 5000 G000 F1€9°0 6S

0+8000 0+ 6000 7000 + 88T°0 S00°0 F 65T ¢00'0 F 1920 0+5200 0+ %100 9000 F99S'T 8S

0+9000 0+8000 T000 ¥ 6£0°0 2100+ /4421 000 ¥ +¥05°0 1000 ¥ 2900 0F¥100 7000 F26T'T LS

0+ 1700 0+¢€200 2000 F¢2eC0 0C00FTIET S00°0 ¥ 86%°0 T00'0 F££0°0 0+ 0700 8100 F €19°E 9S

0+0z00 0F€€00 2000 F T¥T°0 6000 F SEV'T €000 F52€0 0+ .00 0+8100 €100 +0€LC SS

0+ST00 0+ 0t00 ¢00'0 F¢ZET0 6T00F TEET T000 F ¥9T°0 0+0500 0+ 5000 9000 F06C°E S

0+ 5000 0+2100 2000 F 7600 0200 F LVE'T £L00°0 F T¥¥°0 0+8900 0+ 5000 €000+ ¥2S'T €S

0+ 1200 0F¢2v00 T00'0 F 5600 9200 F£LT°T 2000 ¥ 06£°0 0+ 5900 0+ €000 8000 F 6¥6'T @S

1000 ¥ 0500 1000 ¥ €800 €000 F 220 8200 FGSS'T 9100 F 5¥9°0 1000 ¥ ¥80°0 0+8000 000 ¥ 8080 1S

unL|IqoN unaiasue) uipadsapH aulipAyoels uljiwoN uuow unysjodods uLlewnodAxoyawiqg-£‘g ‘ON

(;_8-8w)jusqu0)
sajdwes 4SD JuaJaIp ul sjusuodwod 4SD Y319 Jo sjusjuo)  3719VL

98¢ €G9°€0T €LT 991 1€¢ 6660 LO¥'TTSL +X8EE/BG'E=A uipuadsaH

LS'T 9196 VLT €T YA " G660 €76'L0¥'22T'9 + X 980'CE6' Ly =A aulIpAyoels

80T €€66 90T 880 9,0 6660 9T0°L0T' Y + X L£L'0ST'89T = A upsjodods

060 86'80T SL'C 00¢C 00°¢ 6660 Y0E'0E9LS + X #5920V LeT =A unaJasue]

SL°0 0T'¢c0T ge€¢C 00'¢ 00°¢ 6660 €50'6288ST + X SGTLY8TL=A uljiwoN

Tl 8G°C6 88°C 9T 4 000°T Z00TZT'6CT + X £€59'6HT°0E = A uiuowrn

LS50 €666 SY'T S6'T 68C 000°T ¥15°0€C'8Y + X L08'886'8TC = A ui3a|iqoN

€0 9L'66 670 L0 Y0 6660 TV vEE'€E6LT + X BEL'69Z'8TT =A  ullewnodAxoyldwiQ-£‘G

9=U'(%)asy 9 =u‘(%)A19n033Yy 9 = u‘(%)asy 9 = u(%)asy 9 = u(%)asy 2d uonenbs uojssaiday punodwo)
A1anoday Aupgers uoisidaid Ayjigejeaday

spaepuejs 3ySia jo ejep [e2iSojopoyisN £ 319VL



NING ET AL.
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300 °C at a rate of 25 °C:min~* for 5 min. High-purity helium, the car-
rier gas, was operated at a flow rate of 1.0 ml-min™, and 1 ul of the
sample solution was injected in a splitting ratio at 50:1.

MS identification was operated on a TRACE DSQ mass spec-
trometer (Thermo Finnigan, USA). lonization energy was maintained
at 70 eV, and temperature in the electron-impact ion source was set
to 270 °C. The mass scan ranged from m/z 35 to 500 amu, and sol-
vent delay time was set to 4 min. All the constituents in volatile oil
were identified based on the comparison of the mass spectra and ion
fragmentation with reported literature and MS library (NIST 2008).

2.5 | Statistical analysis

All the data of CSF from different origins were statistically analyzed
using SPSS and GraphPad Prism software. Clustering analysis and
principal component analysis were applied to observe the similari-
ties and differences of the CSFs from different origins.

3 | RESULTS AND DISCUSSION

3.1 | Chemical determination of CSF

Based on the previous study, the methanol extracts of 10 batches
of CSFs from various geographical origins were separated and
analyzed by UPLC-Q-Exactive Orbitrap-MS. The total ion chro-
matograms (TICs) of the methanol extract and mixed reference
substances in positive ion mode are shown in Figure 1. The com-
ponents were separated in 40 min under the gradient elution pro-
gram of this experiment. Eight main components of CSF, namely,
5,7-dimethoxycoumarin, scopoletin, limonin, nomilin, stachydrine,
hesperidin, tangeretin, and nobiletin, were detected and determined
the concentration by UPLC-Q-Exactive Orbitrap-MS (Table 2).

3.2 | Method validation

Good linear correlations were obtained for the eight compounds
using this method with R?>0.995 (Table 3). The limit of detection
and limit of quantification were the mass concentrations of the com-
pound when the signal-to-noise ratios were 3 and 10, respectively.
Moreover, the relative standard deviations of the repeatability

- i

FIGURE 2 Heat map and dendrogram
of CSF components from different CSF
samples

Tangeretin

Nobliletin

Stachydrine

Hesperidin

Limonin

Nomilin

Scopoletin
5,7-Dimethoxycoumarin

(0.47%-3.00%), precision (0.74%-2.0%), stability (0.49%-2.88%),
and recovery (0.31%-2.86%) of the method were all below 3.00%,
and the recovery was within the range of 92.58%-108.98%. These
results demonstrated that the UPLC-Q-Exactive Orbitrap-MS
method was effective and accurate for the quantitative analysis of
CSF composition.

3.3 | Concentrations of CSF components

The contents of the eight principal components in the 10 batches
of CSF (Table 4) were obtained by the proposed standard method
to obtain a better description of CSFs from different origins. The
result indicated that the 10 CSF batches contained high levels of
5,7-dimethoxycoumarin (0.631-3.613 mg-g%), stachydrine (1.261-
1.555 mg-g™}), and nomilin (0.261-0.769 mg-g™?) and extremely
low levels of hesperidin (0.044-0.232 mg-g™}), scopoletin (0.003-
0.018 mg-g™}), limonin (0.025-0.084 mg-g™}), tangeretin (0.004-
0.083 mg-g™}), and nobiletin (0.003-0.050 mg-g™*). Compared
with major CSF cultivars, CSF-Zhe contained the most abun-
dant content of 5,7-dimethoxycoumarin at 2.730-3.3613 mg-g™*.
Additionally, hesperidin concentration in CSF-Zhe was higher than
those in the three other CSFs. The tangeretin contents of CSF-Zhe
and CSF-Guang were relatively higher than those CSF-Chuan and
CSF-Yun. However, nomilin was relatively higher in CSF-Yun than
in other CSFs.

Hesperidin is a flavonoid substance that is widely found in citrus
and contains substantial pharmacological activities, such as anti-
neoplastic, anti-oxidation, and anti-inflammatory activities; its con-
tent has been detected as a biomarker for quality control in CSF as
described in ChP (2020). The present study indicated that hesperidin
had extraordinarily low content and low response value compared
with the other main components; therefore, it is not efficient and
suitable as an index for the estimation of CSF quality. In comparison,
5,7-dimethoxycoumarin has remarkable pharmacological activity
(Alesiani et al., 2009; Yang & Wang, 2018) and is therefore more
suitable for CSF quality control.

The contents of eight main CSF components were subjected to
clustering analysis to determine the similarity among CSFs from dif-
ferent origins. The heat map and dendrogram of eight CSF compo-
nents are shown in Figure 2. The results manifested that CSF-Zhe
and CSF-Guang (S2 and S3) were classified together, and CSF-Yun
and CSF-Chuan (S7) were classified together.
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TABLE 5 (Continued)

S2 S3 S4 S5 Sé6 S7 S8 S9 S10

S1

Compound

(time)

No.

0.08

Octadecanoic acid 3-octadecyloxypropyl

47.58

96

ester

0.12

3'H-Cycloprop[1,2] androst-1-ene-3',3'-

49.61

102

dicarboxylic acid, 17-(acetyloxy)-1,2-

dihydro-17-methyl-3-oxo-, 3',3'-diethyl

ester, (1p,2B,5a,17p)-

Other

compound

7.28 4.31 2.67
0.11

2.60

5.14

6.24 3.42 6.27 6.02

4.78

p-Cymene

11.37
29.79
29.91

24, 25-Dihydroxy VD3

35
36

0.01

Geranyl vinyl ether
6-AH-cAMP

0.03

49.45

100

3.4 | GC-MS analysis of CSF

GC-MS analysis detected 102 kinds of volatile oil from the CSF
samples. The volatile oils included 5 alkanes, 38 alkenes, 24 alco-
hols, 5 ketones, 4 aldehydes, 2 phenols, 20 esters, and 4 other com-
pounds (Table 5). The TIC of the methanol extraction is shown in
Figure 3.

Consequently, the result revealed that CSF contained abundant
y-terpinene (10.63%-31.73%) and D-limonene contents (37.31%-
54.33%), which possess excellent antifungal (Karpinski, 2020),
anti-inflammatory (Ramalho et al., 2015), and antioxidant activities
(Guo et al., 2021). The extraction rates of volatile oils are shown
in Table 1. In this case, CSF-Zhe contained the most content of
D-limonene (52.08%-54.33%). Moreover, CSF-Zhe (1.53%-1.66%)
had the largest extraction rate of volatile content compared with
the other tested samples (0.03%-0.43%). CSF-Zhe and CSF-
Guang had higher y-terpinene content, and CSF-Zhe possessed
the highest D-limonene content. Tetratetracontane (1.46%) was
only detected in CSF-Guang (S1), whereas terpinolene (0.71%-
2.43%) was only found in CSF-Zhe. Tetratetracontane, the ex-
clusive component in S1, may be the characteristic compound
to distinguish CSF-Guang (Guangdong Province) from the other
CSFs. Terpinolene may be used as a biomarker to discriminate
CSF-Zhe from the other CSFs.

To classify the relativity among the tested CSFs by their chem-
ical uniqueness, 35 main volatile components were standardized
and performed clustering analysis. The heat map of the relative
peak area based on 35 main volatile components is shown in
Figure 4. In this experiment, CSF-Zhe and CSF-Guang (S1) were
classified into one category, CSF-Guang (S2 and S3), CSF-Chuan,
and CSF-Yun were classified into another category. Based on the
35 main volatiles, CSF-Zhe and CSF-Guang (S1) shown chemical
similarities, which contain higher content of a-pinene, thujene, p-
pinene, f-myrcene, (E)-p-ocimene, a-terpinene, y-terpinene, and
sabinene.

To determine the difference of CSFs, principal component anal-
ysis (PCA) was performed on 35 major volatiles in the CSF samples.
Consequently, five principal components (PCs) were extracted
in total, with a cumulative contribution rate of 95.48% (Table 6).
These five PCs represented 95.48% information of the 35 main
volatile components. From the results, 55.60% of the variance
was attributed to the first PC (PC1) and 15.53% was attributed to
the PC2. PC1 was mainly related to D-limonene, (-)-isolongifolol,
(-)-spathulenol, (-)-terpinen-4-ol, ledol, t-cadinol, a-bisabolol,
a-terpineol, cubenol, methyl linoleate, methyl palmitate, (E)-B-
ocimene, a-terpinene, germacrene D, B-pinene, B-bisabolene,
a-pinene, sabinene, thujene, a-bergamotene, d-cadinene, neoiso-
longifolene 8-bromo-, a-caryophyllene, caryophyllene, p-elemene,
and B-myrcene. The main contributors to PC2 were y-terpinene,
nerol, linalool, citronellol, and citral. y-Elemene contributed to
PC3. Neryl acetate and elixene contributed to PC4. p-Cymene
contributed to PC5. A PCA plot is shown in Figure 5. From the
PCA plot, CSF-Chuan and CSF-Yun mainly distributed on the first
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FIGURE 3 Representative total ion
chromatograms of volatile components
in CSF

FIGURE 4 Heat map and dendrogram
of 35 volatile oils in CSF from different
origins

D-limonene

p-cymene
neoisolongifolene, 8-bromo-

B
(-)-Isolongnl?lol
a-cal ene
caryroyp%pyl lene
a-bisabolol
a-bergamotene

methyl palmitate
methyl linoleate
(-)-spathulenol
elixene

linalool
citronellol

S4 S5 S6 S1 S2 S3 s7 S8 s9  s10

CSF-Chuan CSF-Yun

CSF-Zhe CSF-Guang

and the fourth quadrant and CSF-Guang (S2 and S3) distributed

-1

-2

TABLE 6 Total variance explained of PCA of CSF from different

on the first quadrant. All samples of CSF-Zhe were mainly con- origins
centrated on the third quadrant and CSF-Guang (S1) distributed Cumulative
on the second quadrant, which indicates an obvious difference Component Total % of Variance %
between CSF-Zhe and CSF-Guang (S1) with other origins, which is 1 19.46 5560 5560
closely related to PC1. Overall, these results were in accordance 5 5.44 15.53 7113
with clustering analysis.

3 3.92 11.19 82.32

4 2.80 7.99 90.31

5 1.81 5.17 95.48

4 | CONCLUSIONS

In this study, a systemic qualitative and quantitative analysis of non-
volatile and volatile components was conducted. A particularly high
content of stachydrine was detected in CSF, and it was the first time
to performed stachydrine to quantitative analysis. A new referen-
tial index “5,7-dimethoxycoumarin” was demonstrated to assess

the quality and differences among CSF samples from various ori-
gins. CSF-Zhe contained the most abundant 5,7-dimethoxycoumarin
and volatile oil in the four main origins. In addition, some important
alkenes in CSF-Zhe were significantly high, such as D-limonene, y-
terpinene, a-pinene, and p-pinene, which indicated that there were
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certain chemical composition advantages in CSF-Zhe. From the
result, tetratetracontane was found to be detected in CSF-Guang
(51), and terpinolene may be one of the characteristic compounds
to distinguish CSF-Zhe from other CSFs in this study. In summary,
this work provided a comprehensive analysis method in CSFs, which
conveyed a better understanding and sufficient reference for their
further utilization.
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