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Abstract

Citri Exocarpium Rubrum (CER), Citri Reticulatae Endocarpium Alba (CREA), and Citri
Fructus Retinervus (CFR) are used as medicine and food, which derive from three dif-
ferent parts of the pericarp of Citrus reticulata Blanco through natural drying. To sys-
tematically investigate similarities and differences in phytochemicals about the three
herbs, a series of analytic approaches were applied for the qualitative and quantitative
analysis of chemical constituents in them. The results indicated a total of 48 volatile
compounds were determined representing 99.92% of the total relative content of CER
extracts, including 24 alkenes, 11 alcohols, 6 aldehydes, 2 ketones, and 2 phenols,
while volatile compounds were not extracted from CREA and CFR. CER was abun-
dant in volatile components that mainly existed in the oil gland. And a total of 32, 35,
and 28 nonvolatile compounds were identified from CER, CREA, and CFR extracts,
respectively. The total content of flavonoids and phenolic, and hesperidin in CFR was
the highest, followed by CREA and CER. Conversely, CER was a rich source of poly-
methoxyflavones (PMFs), and the total polymethoxyflavone content (TPMFC), the
content of nobiletin, 3,5,6,7,8,3",4"-heptamethoxyflavone (HMF), tangeretin, and 5-h
ydroxy-6,7,8,3"4"-pentamethoxyflavone (5-HPMF) in CREA and CFR were extremely
low. Besides, CER and CREA had a higher concentration of synephrine than CFR. The
phytochemicals of CER, CREA, and CFR were significantly different, which might pro-
vide chemical evidence for the comparative pharmacological activities’ research and

rational application of them.
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1 | INTRODUCTION

As traditional Chinese medicines (TCMs), Citri Exocarpium
Rubrum (CER), Citri Reticulatae Endocarpium Alba (CREA), and
Citri Fructus Retinervus (CFR) derive from three different parts
of the pericarp of Citrus reticulata Blanco through natural dry-
ing. CER, the dried outer pericarp of Citrus reticulata Blanco
and its cultivars, known as “Juhong” in China, is widely used to
eliminate dampness and phlegm, and other respiratory diseases
(Pharmacopoeia CON, 2020). CREA, the dried middle pericarp of
Citrus reticulata Blanco and its cultivars, is employed to improve
digestion by strengthening spleen function (Chinese Herbalism
Editorial Board, 1999) and its Chinese name is “Jubai.” CFR, called
“Juluo” in China, the endothecium ligamentum of the fruit peel of
Citrus reticulata Blanco and its cultivars, is traditionally applied
to dredge meridian and promote blood flow (Chinese Herbalism
Editorial Board, 1999).

CER, CREA, and CFR have been widely applied in clinical areas to
treat different diseases based on the theory of traditional Chinese
medicine (TCM), which has been considered to be related to the
chemical profiling and the concentration of bioactive constituents.
At present, research on the three TCMs mainly concentrated on
their pharmacological activities (Liu et al., 2008; Wang et al., 2016;
Xiao et al., 2009). For instance, the extracts of five citrus herbs
(CitriReticulataePericarpium [CRP], CitriExocarpium Rubrum [CER],
Citri Grandis Exocarpium [CGE], Aurantii Fructus Immaturus [AFI],
and Aurantii Fructus [AF]) showed inhibitory effects on acetylcho-
linesterase and a-glucosidase in a concentration-dependent man-
ner (Guo et al., 2021). Regarding the chemical profiling of them, a
few studies focused on flavonoids, such as hesperidin and nobiletin
(Zhao et al., 2017). However, there is a lack of research systemati-
cally and comparatively reporting on the chemical constituents of
the three herbs.

The Citrus reticulata “Chachi” pericarp (CRCP), from Sanjiang
of the Xinhui region (Guangdong Province, China), is one cultivar
of Citri Reticulatae Pericarpium (CRP) and the main plant mate-
rials of CRCP. According to the previous studies (Zheng, Zeng,
et al.,, 2019), CRCP, particularly planted and harvested in the
Xinhui region (Guangdong Province, China), is traditionally con-
sidered to have superior qualities compared with RCP of other
varieties. Therefore, Citrus reticulata “Chachi” was selected as the
materials of CER, CREA, and CFR in the study, since it can be used
as an excellent source of Citrus reticulata Blanco in clinical applica-
tion and by-product development.

Owing to the complicated compositions and various natural
medicinal plants, a combination of analytical techniques is required
to analyze their phytochemical compositions (Choe et al., 2020).

For example, combining the separation ability of chromatogra-
phy with the qualitative function of mass spectrometry, ultra-high
performance liquid chromatography combined with quadrupole-
Exactive Orbitrap tandem-mass spectrometry (UHPLC-Q-Exactive
Orbitrap-MS/MS) technology is widely used for rapid analysis of
plant extracts with higher separation efficiency, higher throughput,
faster scanning speed, and higher sensitivity than high performance
liquid chromatography-mass spectrometry (HPLC-MS) (Zheng, Li,
et al., 2020).

Thus, a series of analytic approaches were employed to com-
prehensively determine chemical components of the three herbs in
this study. Gas chromatography-mass spectrometry (GC-MS) was
used for the analysis of volatile components first. Simultaneously,
UHPLC-Q-Exactive Orbitrap-MS analysis was used for the qualita-
tive analysis of differences in nonvolatile constituents. Furthermore,
the contents of important nonvolatile compounds, including flava-
none glycosides, PMFs, phenolic and synephrine, were determined
and compared by ultraviolet (UV) and high-performance liquid
chromatography-photodiode array detection (HPLC-PDA). It is con-
ducive to further clarify the differences in the chemical constituents
of CER, CREA, and CFR, which may provide the scientific basis for
explaining the different pharmacological activities and rational de-

velopment of them.

2 | MATERIALS AND METHODS

2.1 | Plant materials

About 20 kg Citrus reticulata “Chachi” were gathered in December,
2020 from Sanjiang of the Xinhui region (Guangdong, China), which
were certified by Prof. Guodong Zheng. According to the botani-
cal characteristics of Citrus reticulata Blanco, samples of fruit peel
of Citrus reticulata “Chachi” were separated into the outer peel, the
middle outer peel, and the endothecium ligamentum, which became
CER, CREA, and CFR, respectively, after drying and were kept in
the Laboratory of Pharmacognosy, Guangzhou Medical University,

Guangdong Province, China.

2.2 | Chemical materials

The solvents, acetonitrile and methanol of HPLC-grade, were ob-
tained from Merck. Chromatographic-grade formic acid and hex-
ane were purchased from Thermo Fisher Scientific and Honeywell ,
respectively. Ultrapure water was available using a Milli-Q system
(Millipore). The other reagents were of analytical grade and purity
and commercially available. The reference standards (gallic acid,
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synephrine, hesperidin, nobiletin, tangeretin, ferulic acid, narirutin,
and limonin) were obtained from Must Biotechnology. The other
reference standards (3,5,6,7,8,3",4"-heptamethoxyflavone (HMF),
isoscopoletin, scopoletin, scoparone, stachydrine) were purchased
from Weikeqi Biological Technology Co., Ltd. and 5-hydroxy-6,7,8,
3'4'-pentamethoxyflavone (5-HPMF) was obtained from Spring &
Autumn Biological Engineering Co., Ltd. The purity of these refer-
ence standards was above 98%.

2.3 | Sample preparation

Approximately 100 g of CER, CREA, and CFR was used for the ex-
traction of volatile compounds according to the method described in
the 2020 edition of Chinese Pharmacopoeia (Pharmacopoeia, 2020).
A 50 pL aliquot of the volatile compounds was dissolved in 950 plL
of hexane solvent and filtered through a 0.22-um membrane before
GC-MS analysis.

The samples were ground into powder and passed through a
40-mesh sieve. Each dried sample powder (0.2 g) was weighed
accurately and was extracted by ultrasonic treatment in a KQ-
800KDE instrument (Kunshan Ultrasonic Instruments Co. Ltd)
with 20 ml methanol for 30 min at 320 W (40 kHz) and an ali-
quot of 1 pl of the filtrate was injected for UHPLC-Q-Exactive
Orbitrap-MS analysis.

Similarly, each sample powder (0.2 g) was extracted by ultra-
sonic treatment with 20 ml methanol or ethyl acetate and then
filtered to obtain the sample solution. The above methanol ex-
tracts were prepared for the determination of the total flavonoid
content (TFC) and the total phenolic content (TPC), and the ethyl
acetate extracts were prepared for the determination of the total
polymethoxyflavone content (TPMFC). Methanol extracts (1 ml)
were filtered through a 0.22-pm membrane before the HPLC-PDA
analysis.

2.4 | GC-MS analysis system for
volatile components

GC-MS analysis was carried out with an Agilent 7890A gas chroma-
tography system equipped with Agilent DB-5MS Ultra Inert capillary
GC column (30 m x 0.25 mm, 0.25 pm) and a 5975C mass spectrom-
eter equipped with a triple-axis detector (Agilent). The heating pro-
gram settings were as follows: (i) the temperature was set at 60°C
first and then increased to 80°C at a rate of 1°C-min~? for 10 min;
(i) the temperature was ramped up to 250°C at a rate of 5°C-min™*
and to 300°C at 20°C-min"! for 1 min finally. The other procedures
were set as follows: electron impact (EI*) mode: 70 eV; detector tem-
perature: 270°C; injection volume: 5 pL; injection port temperature:
270°C; high-purity helium flow rate: 1 ml-min™%; split ratio: 10:1; scan
speed: 0.2 amu-s™* (from m/z 30 to 550 amuy); solvent delay: 4 min. All
volatile components were determined by comparing the mass spec-
tra with the NIST08.L database.

2.5 | UHPLC-Q-Exactive Orbitrap-MS analysis
system for nonvolatile compounds

The extracts samples were separated on a ZORBAX SB-C, 4 column
(4.6 mm x 50 mm, 1.8 um) with a flow velocity of 0.40 ml-min™ at
40°C. The mobile phase was composed of 0.1% (v/v) formic acid so-
lution (phase A) and acetonitrile (phase B). Gradient elution system
was as follows: 0-2 min, 5%-5% B; 2-4 min, 5%-25% B; 4-6 min,
25%-25% B; 6-10 min, 25%-50% B; 10-14 min, 50%-85%; 14-
16 min, 85%-90%.

The conditions of the MS system were set as follows: the ion
spray voltage was maintained at 3.5 kV. The auxiliary gas heater and
capillary temperatures were retained at 300 and 320°C, respec-
tively. The sweep gas, auxiliary gas, and sheath gas were, respec-
tively, sustained at 1.7, 3.3, and 10.0 L min~. Chemical compound
data were gathered from m/z 70 to 1000 Da in the full MS scan mode
with a resolution of 70,000.

2.6 | UV analysis for the determination of TFC,
TPMFC. and TPC

TFC and TPMFC were determined using the external standard
method with hesperidin and nobiletin. The methanol extracts for the
determination of TFC and the ethyl acetate extracts for the deter-
mination of TPMFC were diluted to a proper concentration and the
absorbance was measured using a UV 2600 instrument (Shimadzu)
at 283 and 330 nm, respectively.

TPC was calculated using the folin phenol colorimetric assay.
Methanol extracts (0.1 ml) mixed with folin phenol reagent (1 ml)
and ultrapure water (0.4 ml) were kept in the dark for 2 min. Then,
ultrapure water (1 ml) and Na,CO, (7.5% w/v, 2 ml) were added.
The above-mixed solution was allowed to react in the dark at 40°C
for 30 min. The absorbance of the mixed solution was measured at
765 nm with gallic acid as a reference standard.

2.7 | HPLC-PDA analysis system for the
determination of six bioactive components

A methanol mixture of six standard substances was diluted for ob-
taining various concentrations to establish calibration curves. The
six standard substances included hesperidin (283 nm), nobiletin
(330 nm), HMF (330 nm), tangeretin (330 nm), 5-HPMF (330 nm),
and synephrine (224 nm). The extracts samples were separated on
a Diamonsil C,4 column (250 mm x 4.6 mm, 5 um) and the mobile
phase consisted of 0.1% (v/v) phosphoric acid water solution (phase
A, pH 3.70) and 50% methanol +50% acetonitrile (phase B). The gra-
dient elution condition was as follows: 0-5 min, 5%-5% B; 5-10 min,
5%-55% B; 10-15 min, 55%-60% B; 15-20 min, 60%-65%; 20-
25 min, 65%-75%; 25-30 min, 75%--80% B; 30-35 min, 80%-85%
B; and 35-40 min, 85%-90% B. The flow rate was set at 1 ml-min’?
and the injected sample volume was 10 pl.
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TABLE 1 Forty-eight volatile compounds identified in Citri Exocarpium Rubrum (CER) by gas chromatography-mass spectrometry

(GC-MS)

No.

Alkenes

1

VO 0N O BAW N

N Y
NV N D W N -, O

23
38
39
42
43
44
45
46
Alcohols
15
18
20
21
24
25
26
27
33
35
37
Aldehydes
16
22
28
31
41

tr(min)

6.96
7.27
7.97
9.07
9.33
10.00
10.93
11.68
12.05
13.01
13.74
14.71
16.59
16.96
18.87
19.92

24.41
40.94
41.45
42.53
45.02
45.36
45.69
47.42

17.97
19.71
21.12
22.49
26.13
27.20
28.32
28.97
37.16
37.59
40.52

18.43
23.12
30.73
36.08
42.41

Compound formula

ClOH 16
CiOH 16
10" '16
CiOH 16
10" '16
CiOH 16
10" '16
CiOH 16
ClOH 14
C10H 16
ClOH 16
C10H 16
ClOH 16
C10H 12
ClOH 14
C10H 180

C10H16
C15H24
C15H24
C15H24
C15H24
C15H24
C15H24
C15H24O

ClOHiBO
CiOHléo
ClOHiéo
C10H180
ClOHiso
C10H14o
ClOHiso
CiOHléo
ClOHiéo
CiOHléo
ClOHiso

C9H18O

C10H180
C10H2OO
C10H14O
C12H240
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Identified compound

Sabinene
a-Pinene
Camphene
Sabinene
B-Pinene
Myrcene
a-Phellandrene
o-Terpinene
p-Cymene
D-Limonene
3-Carene
y-Terpinene
Terpinolene
p-Cymenene
1,3,8-p-Menthatriene

Bicyclo[3.1.0]hexan-2-ol,
2-methyl-5-(1-methylethyl)-

2-Carene
Copaene
Cubebene
Caryophyllene
a-Selinene
Farnesene
Cadinenes

Caryophyllene oxide

Linalool
2-Cyclohexen-1-ol,1-methyl-4-(1-methylethenyl)-
cis-p-Mentha-2,8-dien-1-ol
Cyclohexanol,1-methyl-4-(1-methylethenyl)-
L-Terpinen-4-ol

p-Cymenol

a-Terpineol

Carveol
2-(4-methylidenecyclohexyl)prop-2-en-1-ol
1-Perillyl alcohol

Nerol

Nonanal

6-Octenal, 3,7-dimethyl-
Decanal

Perillaldehyde

Dodecanal

Relative percentage (%)

0.93
2.71
0.03
0.27
2.01
271
0.11
0.30
1.31
71.71
0.02
11.97
0.95
0.02
0.05
0.01

0.01
0.03
0.03
0.08
0.03
0.17
0.03
0.01

0.13
0.08
0.08
0.02
0.34
0.08
0.40
0.12
0.02
0.01
0.01

0.02
0.03
0.08
0.06
0.02
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TABLE 1 (Continued)

No. tr(min) Compound formula Identified compound Relative percentage (%)
47 51.49 C,5H,,0 (E,E,E)-2,6,10-trimethyldodeca-2,6,9,11-tetraen- 0.24
1-al
Ketones
29 31.73 Cog @ Carvone 0.49
36 38.07 C,H,,0, 1-(2-hydroxy-5-methylphenyl)-ethanone 0.01
Phenols
32 36.90 CyoH1,O Thymol 0.01
34 37.35 CyoH1,0 Phenol, 2-methyl-5-(1-methylethyl)- 0.13
Others
30 32.24 CioH16© 2-Carene epoxide 0.02
40 42.11 C,H,NO, Methyl 2-(methylamino)benzoate 1.98
48 55.93 Cad e Palmitic acid 0.04

FIGURE 1 The total ion chromatogram 100
(TIC) of Citri Reticulatae Endocarpium i /1'3
Alba (CREA) in positive model 90 -

80
70 1
60 -
50 1
40
30

20

10

_TIC F: FTMS + p ESI Full ms [70.0000-1000.0000]

3 | RESULTS

3.1 | GC-MS analysis of volatile compounds in CER
The extraction yield of volatile compounds in CER in this study was
5.44%, while almost no volatile compounds were extracted from
CREA and CFR. A total of 48 volatile compounds were determined
which accounted for 99.92% of all identified volatile compounds,
which also mean the relative percentage of 48 volatile compounds
representing 99.92% of the total relative content of CER volatile ex-
tracts. The 48 volatile compounds included 24 alkenes, 11 alcohols,
6 aldehydes, 2 ketones, 2 phenols, and others, of which the bioac-
tive components mainly were D-limonene (71.71%), y-terpinene
(11.97%), a-pinene (2.71%), B-pinene (2.01%), myrcene (2.71%), me-
thyl 2-(methylamino)benzoate (1.98%), isopropyltoluene (1.31%),
terpinolene (0.95%), and so on (Table 1).

4 6 8 10 12 14 16
Time (min)
3.2 | Analysis of differences in the nonvolatile

chemical composition of CER, CREA, and CFR

By optimizing a series of parameters such as the elution gradient of
mobile phase and flow rate, better analytical conditions were obtained
and were described in “Section 2.5." The total ion chromatogram
(TIC) of CREA in the positive model is shown in Figure 1. According
to the retention time and fragment ions’ information of constituents
provided by the UHPLC-Q-Exactive Orbitrap-MS analysis, a total of
47 compounds (Table 2) were separated within 16 min and identified
by comparing with fragment ions provided by the Orbitrap Traditional
Chinese Medicine Library (OTCML), relative literature, and standard
substances, including 4 coumarins, 8 PMFs, 8 flavonoid glycosides (5
flavanone glycosides), 6 other flavonoids, and 21 other compounds (3
alkaloids, 2 terpenoids, 5 organic acids, 3 aldehydes, 1 limonoid, and so

on). All of these chemical structures are displayed in Figure 2.
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Polymethoxyflavones
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39. 3,5,6,7,8,3',4"-Heptamethoxyflavone 40. Tangeretin 42, 5-Hydroxy-6,7,8,3',4'-pentamethoxyflavone 43.Gardenin B

Flavonoid glycosides OH
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Other flavonoids
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13. Eriodictyol 15.Naringenin chalcone  22. Naringenin 26. Hesperetin 29. Pinocembrin  30. Isosakuranetin
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OH H HO O=—
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2. Stachydrine 3. Synephrine 16. Dendrobine 46.Germacrone 47. «-Cyperone  11.Vanillin 17. Syringaldehyde
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1. 5-Hydroxymethylfurfural 4. Anisic aldehyde 10. 2-Hydroxy-4-methoxybenzaldehyde 5. Tyrosine 8. Tryptophan

NH,

0
> y Qs
QJNIN) oM H,N"“n Nfo
N
on "°'§)""°" Do WEN
HO H

35. Limonin 45. Steviol 6. Adenosine 7. Guanosine 41. Atractylodin
HO s 6 .
?):)\éxg“ OJ:)\é\gon o@\?xg°\/ NN oH
| I
21. Ferulic Acid 27. Isoferulic Acid 36. Ethyl ferulate 44 Linolenic acid

FIGURE 2 Chemical structures of 47 nonvolatile compounds identified by ultra high performance liquid chromatography-quadrupole
Exactive Orbitrap-mass spectrometry (UHPLC-Q-Exactive Orbitrap-MS)
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TABLE 3 The results of the determination of nonvolatile constituents in Citri Exocarpium Rubrum (CER), Citri Reticulatae Endocarpium Alba (CREA), and Citri Fructus Retinervus (CFR) by

ultraviolet (UV) and high-performance liquid chromatography-photodiode array detection (HPLC-PDA)

HPLC-PDA (mg-g™%)?

UV (mg-g™)?

TPC Hesperidin Nobiletin HMF Tangeretin 5-HPMF Synephrine

TPMFC

TFC

Sample

2.45+0.08
2.31 +0.02
0.37 +£0.00

0.34 +0.00
0.02 +0.00
0.01+0.00

3.99 +0.00
0.27 +0.01
0.05 +0.00

0.46 +£0.01
0.01 +0.00
0.05 +0.01

4.98 +0.00

24.08 +0.03
5447 + 0.46

26.73 £ 0.00
40.67 + 0.00

10.78 £ 0.00

89.23 +0.00
104.73 + 0.00

CER

0.12 + 0.00
0.15+0.01

101.64 + 1.41

48.47 +0.08

0.37 +0.00

0.56 +0.00

130.08 + 0.11

CREA
CFR

=3.

Mean + SD; n

YANG ET AL.

A total of 32 compounds were identified from CER methanol
extracts, including 3 coumarins, 8 PMFs, 3 flavonoid glycosides,
4 other flavonoids, and 14 other compounds. Simultaneously, 35
compounds (4 coumarins, 6 PMFs, 6 flavonoid glycosides, 4 other
flavonoids, and 15 other compounds) were determined from CREA
extracts and 28 compounds (5 PMFs, 6 flavonoid glycosides, 6 other
flavonoids, and 11 other compounds) were identified from CFR. In
general, 32, 35, and 28 nonvolatile compounds were, respectively,
identified from CER, CREA, and CFR.

A total of 32, 35, and 28 nonvolatile compounds were, respec-
tively, identified from CER, CREA, and CFR. It was worth noting that
scopoletin, isoscopoletin, and scoparone were present in CER and
CREA, and 5,7-dimethoxycoumarin was exclusively found in CREA.
While, the four coumarins were not found in CFR. Besides, diosme-
tin, chrysosptertin B, vicenin-2, dendrobine, and isoferulic acid were
exclusively present in CER. Rhoifolin, germacrone, anisic aldehyde,
and adenosine were found only in CREA, while eriocitrin, eriodic-
tyol, pinocembrin, 2-hydroxy-4-methoxybenzaldehyde, and atracty-

lodin were detected merely in CFR.

3.3 | Determination of TFC, TPMFC, and TPC
by UV

Flavonoids are considered as the primary bioactive constituents in
citrus species, including flavonoid glycosides (flavonoid O-glycoside
or flavonoid C-glycoside) and PMFs. As shown in Table 3, CER, CREA,
and CFR were abundant in flavonoids, of which the total flavonoid
content (TFC) of CFR was the highest (130.08 + 0.11 mg g2), followed
by CREA (104.73 + 0.00 mg g™*) and CER (89.23 + 0.00 mg g~%). PMFs
are special flavonoids that are mainly found in citrus. As seen in
Table 3, the total polymethoxyflavone content (TPMFC) of CER was
10.78 + 0.00 mg g'l, while those of CREA and CFR were extremely
low. In addition, the total phenolic content (TPC) of CER, CREA, and
CFR, respectively, was 26.73 + 0.00 mg g%, 40.67 + 0.00 mg g%, and
48.47 +0.08 mgg™.

3.4 | Simultaneous determination of six bioactive
components by HPLC-PDA

Good linear correlations and the relative standard deviations (RSDs)
of repeatability (0.671%-2.595%), precision (0.463%-2.953%), and
stability (1.110%-2.449%) were obtained and the recovery was
within 97.541%-102.372%, indicating that the HPLC-PDA method
is reliable and suitable for CER, CREA, and CFR analyses. The HPLC-
PDA chromatograms are shown in Figure 3.

As observed in Table 3, CER, CREA, and CFR have a high content
of hesperidin, of which CFR (101.64 + 1.41 mg g™%) had 1-2 times
higher concentration of hesperidin than CREA (54.48 + 0.46 mg g™?),
followed by CER (24.08 + 0.03 mg g). The content of four PMFs
(nobiletin, HMF, tangeretin, and 5-HPMF) in CER was much higher
than in CREA and CFR, which was consistent with the results of
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FIGURE 3 High-performance liquid mAU
chromatography-photodiode array (a) 224nm 4nm
detection (HPLC-PDA) chromatograms of 1307
Citri Exocarpium Rubrum (CER) (A), Citri 100 i
Reticulatae Endocarpium Alba (CREA) (B), s /
and Citri Fructus Retinervus (CFR) (C). 1.
Synephrine. 2. Hesperidin. 3. Nobiletin. 4. 0(-)0 = =1 = e o % s s
3,5,6,7,8,3', 4-heptamethoxyflavone ' e
(HMF). 5. Tangeretin. 6. 5-hydroxy- mAU
6,7,8,3"4-pentamethoxyflavone (5- 200 ®) : D
HPMF) 150 /
100 1 i,
50 4 3 / 5/
LinaAan §
0.
0.0 50 10.0 150 200 250 30.0 35.0 min 40.0
=0 mAU
o) 52 224nm,4nm
150
1004
50+ 1 3456
2 1.4
0 l A A e/ NN A
0.0 50 10.0 15.0 200 250 300 35.0 min 40.0

the TPMFC determined in Section 3.3. Besides, CER and CREA
had a higher concentration of synephrine (2.45 + 0.08 mg g™* and
2.31 +0.02 mg g%, respectively) than CFR (0.37 + 0.00 mg g™3).

4 | DISCUSSION

The work found that CER was highest abundant in volatile com-
ponents (D-limonene, 71.71%; y-terpinene, 11.97%) and pharma-
cological research has demonstrated that D-limonene exhibited
anti-inflammatory activity in the prevention and control of respira-
tory injuries (Santana et al., 2020). Besides, CER was also rich in
PMFs (nobiletin, HMF, tangeretin, and 5-HPMF) that are mainly
found in citrus. PMFs have been reported to show pharmacologi-
cal effects on the anti-inflammatory activity (Duan et al., 2017),
and a study has mentioned that nobiletin inhibits growth and in-
duces apoptosis in human nasopharyngeal carcinoma (Zheng, Hu,
et al., 2019). CER is mainly used for eliminating dampness and
phlegm, and other respiratory diseases in the clinical application
of Chinese medicine, which may be closely related to its abundant
volatile components and PMFs. It was reported that hesperidin
exhibits various biological activities in insulin-sensitizing, anti-
oxidant, lipid-lowering (Li and Schluesener, 2017). Besides, syn-
ephrine also potentially inhibits the conversion of carbohydrates
to lipids (Maldonado et al., 2018). Hesperidin and synephrine can
enhance cell energy metabolism, and CREA was abundant in both
these compounds, which may be the reason that CREA is employed
to improve digestion ability in clinical application. Among the
three herbs, CFR was extremely rich in hesperidin, TFC, and TPC.
Phenolic compounds, including flavonoids, have antioxidant prop-
erties that have favorable effects on thrombosis (Kris-Etherton

et al.,, 2002). It is a possible explanation that CFR is traditionally
used to dredge meridian and promote blood flow in clinical applica-
tion due to its plentiful phenolic compounds.

In addition, natural medicinal herbs have various bioactive chem-
ical components. Relative contents of different bioactive chemical
components also lead to different pharmacological activities. For in-
stance, a previous study has mentioned that the relative contents of
synephrine and nobiletin coexisted in citrus, significantly affecting
the vasoconstriction pattern since synephrine and nobiletin com-
petitively blocked or activated the same contractile targets (Kim
et al.,, 2019). Therefore, the differences in the phytochemicals of
CER, CREA, and CFR were further clarified in this study, which might
provide the chemical basis for explaining the different pharmacolog-
ical activities and rational development of them.

5 | CONCLUSION

The volatile components of the dried peel of Citrus reticulata
“Chachi” were mainly distributed in the CER, the red outer peel con-
taining oil gland, which includes D-limonene (71.71%), y-terpinene
(11.97%), a-pinene (2.71%), and others. Simultaneously, a total of 47
nonvolatile constituents were isolated and identified from the three
herbs using UHPLC-Q-Exactive Orbitrap-MS analysis, among
which 32, 35, and 28 nonvolatile constituents were, respectively,
identified from CER, CREA, and CFR. Furthermore, CFR had the
highest concentration of total flavonoid, total phenolic, and hes-
peridin, followed by CREA and CER. Conversely, CER was highest
abundant in PMFs and the content of nobiletin, HMF, tangeretin,
and 5-HPMF in CREA and CFR was relatively much low. In addition,
the content of synephrine in CER and CREA was in the range of
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. 32 non-volatile compounds
48 volatile compounds
3 coumarins I 8 PMFs |3 flavonoid glycosidesl 4 other flavonoids I 14 other comounds
1 Extractlon yield (5.44% )| 2.TPMFC (10.78 mg-g") 3. Hesperidin ( 24.08 mg-g') / TFC (89.23 mg-g™') 4. Exclusively found in CER
% » OCN, OH
Ry
o Ry Mo 2 O ) °/ o i
e H ’
@ 1 o 8 )
oil gland RIS wo,, | 3 o Diosmetin Chrysosptemn B "y ®
3 0 2 o on
CER noon? ou
& 8 Vicenin-2
D-Limonene y-Terpinene Isoferulic Acid Dendrobme
35 non-volatile compounds
4 coumarins l 6 PMFs I 6 flavonoid glycosides | 4 other flavonoids | 15 other compounds

=

. Hesperidin ( 54.48 mg-g') / TFC (104.73 mg-g")

2. Exclusively found in CREA

o
. Nauljj’ I O h
m j M_%ﬁg " #}\ ’gj-on LY
0”7 =/ N oM

Citrus reticula§a ‘Chachi’ L B L
i € 5,7-Dimethoxycoumarin  Anisic aldchyde Adenosine Germacrone Rhoifolin
28 non-volatile compounds
5 PMFs | 6 flavonoid glycosides | 6 other flavonoids | 11other compounds

1. Hesperidin ( 101.64 mg-g*) / TFC (130.08 mg-g"')

oH
Ho,

Ho, o
e 0 oL
noAko o [
N >
5 8

CFR

2. Exclusively found in CFR - oH -
HO, ?N DQ\ ”
X

2-Hydroxy-4-methoxybenzaldchyde Eriocitrin

[P\ ==\

Atractylodion

Eriodictyol Pinocembrin

FIGURE 4 The representative chemical profiling of Citri Exocarpium Rubrum (CER), Citri Reticulatae Endocarpium Alba (CREA), and Citri

Fructus Retinervus (CFR)

2.00-3.00 mg g’l. In summary, the significant differences in impor-
tant bioactive components of the three TCMs from different parts
of fruits peel of Citrus reticulata “Chachi” were further clarified in
this study, which may provide scientific evidence for comparative

research on pharmacological activities and rational application of

them (Figure 4).
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