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Citri Reticulatae Pericarpium (CRP), known as Chenpi (CP) in Chinese, is a medicinal food for health and fitness. In order to find
out the characteristic activity chemicals distinguishing various cultivars of CRP and provide a reference for effective development
of citrus resources, an “activity fingerprint” of CRP from 21 different cultivars was established based on the evaluation of
antitussive and expectorant activities. There were 18 common peaks in the HPLC fingerprint, of which 3 flavonoid glycosides and
14 polymethoxyflavonoids (PMFs) were identified by LC/MS-IT-TOF. Furthermore, five characteristic chemicals were deter-
mined and similarity calculation with principal component analysis (PCA) was combined together to compare the similarity and
difference among various cultivars. The results showed that some other cultivars were also similar to C. reticulata “Chachi” except
for C. reticulata “Tangerina” and C. reticulata “Dahongpao” recorded in Chinese Pharmacopoeia. Most importantly, the peels of
C. reticulata “Shiyueju,” C. reticulata “Ponkan,” C. reticulata “Tribute,” and C. reticulata “Bayueju,” traditionally rarely used for
medicinal food, were highly similar to that of C. reticulata “Chachi” and rich in bioactive flavonoids, which can be considered the
effective medicinal resources of CRP.

1. Introduction

Citri Reticulatae Pericarpium (CRP), also known as Chenpi
(CP) in Chinese, the dry mature peel of Citrus reticulata
Blanco or its cultivated varieties [1], has been traditionally
used as both nutritional food and herbal medicine for clinic
treatment of cough with phlegm, vomiting and diarrhea, and
stomach ache [2]. There are four cultivars of CRP officially
listed in Chinese Pharmacopoeia (2015 version), such as C.
reticulata “Chachi,” C. reticulata “Dahongpao,” C. reticulata
“Tangerina,” and C. reticulata “Unshiu.” Among them, the
desiccative ripe peel of Citrus reticulata “Chachi,” called

Guang Chenpi (GCP) in Chinese and produced chiefly in
Xinhui (Guangdong, China), is well known as a traditional
genuine herb with high quality. However, there are no more
uniform quality standards on CRP application and other
nonlisted cultivars were often sold at best quality prices,
resulting in a confusing market with uneven quality of CRP.
Thus, it is necessary to establish a scientific method and find
the characteristic activity chemicals distinguishing various
cultivars of CRP for quality control.

High-performance liquid chromatography (HPLC)
fingerprint analysis has recently been applied as a quality
evaluation method with high specificity, stability,
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reproducibility, and integrity because a large number of
samples could be well analyzed by describing the similarities
and differences through similarity results [3, 4]. Although it
is a good assumption to evaluate and compare a great
number of CRP samples through the HPLC fingerprint,
previous studies mainly focused on a single cultivar of C.
reticulata “Chachi” from different places of Guangdong
Province or four recorded cultivars [5], while other non-
recorded but common cultivars have not been taken into
consideration. It is more reliable to find out characteristics
distinguishing varieties to protect the health of the CRP
market when adopting as many different cultivars as possible
for quality comparison. In addition, the HPLC fingerprint is
just a kind of qualitative analysis and the compounds cor-
responding to its characteristic peak have not been profiled
[6], so it is of significance to further study the characteristic
components in combination with other identification and
quantification techniques.

Flavonoids have been proved to be the main chemical
components in CRP, extracted mostly from methanol, and
distributed into two types: flavonoid glycosides and poly-
methoxyflavonoids (PMFs). And recently, pharmacological
studies reported for individual flavonoids described anti-
inflammatory [7, 8], antitumor [9, 10], antibacterial [11, 12],
and antioxidant activities [13, 14] and cardiovascular pro-
tection [15, 16]. However, there are few reports about the
pharmacological activity of the mixed CRP extract so that
the HPLC fingerprint has not yet been proved to relate to
active compounds. Moreover, it is uncertain whether the
methanol extract of CRP (MECRP) has antitussive and
expectorant activities. The antitussive and expectorant ac-
tivity evaluation of the MECRP played an indispensable part
of “activity fingerprint” for systematical quality control.

In this study, 88 samples including 21 different cultivars
were used for quality analysis. The MECRP was firstly
prepared on the animal models for antitussive and expec-
torant activity evaluation. HPLC and HPLC combined with
ion-trap and time-of-flight mass spectrometry (LC/MS-IT-
TOF) were then applied to clarify the characteristic chem-
icals corresponding to each common peak in the fingerprint
and determine the content of five main flavonoids. Finally,
similarity calculation and principal component analysis
(PCA) were combined to compare the similarity and dif-
ference among various cultivars. Overall, this effective
method of “activity fingerprint” would not only contribute
to establishing an excellent quality evaluation system of CRP
to find out the characteristic activity chemicals dis-
tinguishing various cultivars but also provide a reference for
the effective development of citrus resources.

2. Materials and Methods

2.1. Plant and Animal Materials. Eighty-eight batches of
samples including 21 different cultivars were gathered from
different major citrus-producing regions in China (Table 1).
The sample S1 (Lot no. 20141016) is chosen as reference
crude herb for the activity assay and method validation with
the qualification of China’s protected geographical indica-
tion product, provided by the natural planting base in
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Luokeng Town by Xinbaotang Company. The voucher
specimens, appraised by Prof. Bo Wu, have been deposited at
the Laboratory of Pharmacognosy, Guangzhou Medical
University, Guangdong Province, China.

SPF Kunming mice weighing 18 to 22 g, half male and
female, were provided by the Medical Experimental Animal
Center of Guangdong Province (License SCXK[Yue] 2013-
0002). Animals were fasted for 12 hours before the first and
the final administration but given water ad libitum. All the
experimental procedures were performed in accordance
with the Regulation on the Administration of Laboratory
Animals issued by the State Council of China. All animals
were killed by cervical dislocation, and all efforts were made
to minimize suffering.

2.2. Chemicals and Reagents. The positive control drug,
dextromethorphan hydrobromide (DH) tablets, for the
antitussive activity assay was purchased from Baiyunshan
Guanghua (China). The ambroxol hydrochloride (AH)
tablets, used for the expectorant activity assay, were obtained
from Boehringer Ingelheim (Shanghai, China). The solvents
for HPLC and LC/MS-IT-TOF analysis, HPLC-grade ace-
tonitrile and purified water, used after filtration through
membranes, were procured from Honeywell (America) and
Yibao (China), respectively. Hesperidin (Chengdu Must
Bio-Technology, Chengdu, China), nobiletin (Chengdu
Must Bio-Technology, Chengdu, China), 3,5,6,7,8,3',4'-
heptamethoxyflavone (Weikeqi, Sichuan, China), tangeretin
(Chengdu Must Bio-Technology, Chengdu, China), and 5-
hydroxy-6,7,8,3',4'-pentamethoxyflavone (Spring & Au-
tumn, Nanjing, China) were all of reference standard grade,
with the high purity above 98%. All other reagents were of
analytical grade and pure.

2.3. Standard Solution and MECRP Preparation. Each ref-
erence of the five flavonoids was dissolved together in
methanol at an appropriate concentration to obtain the
mixed standard solution. Each sample powder was extracted
ultrasonically with 100 times of methanol (w/v) for 30
minutes at 320 W [17]. The solvent of the sample S1 was
eliminated by a rotary evaporator to obtain the dried
MECRP (extraction rate = 31%, g/g), which was dispersed to
different concentrations with distilled water for the activity
assay. Meanwhile, all the sample solutions with the MECRP
were filtered through a 0.22 ym membrane for HPLC-UV
and LC/MS-IT-TOF analysis.

2.4. Evaluation of Antitussive and Expectorant
Activities of MECRP

2.4.1. Antitussive Activity Assay. Fifty Kunming mice were
randomly allocated to five groups of half male and half
female each: control, MECRP-20, MECRP-40, MECRP-80,
and DH-60. The control group and standard group received
normal saline (0.9%) and DH (60 mg/kg) daily for 7 con-
tinuous days, respectively, while the test groups were ad-
ministered orally with the MECRP (20, 40, and 80 mg/kg).
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After final administration for an hour, each animal was put
in a sealed glass container and exposed to 25% ammonia
water aerosol for 20s by an ultrasonic nebulizer [18]. The
mice were then removed to observe the incubation period of
cough and bouts of cough within 3 minutes.

2.4.2. Expectorant Activity Assay. Kunming mice were di-
vided into five groups (1 =10/group): control, MECRP-20,
MECRP-40, MECRP-80, and AH-40, and each of the groups
was medicated orally continuously for 7 days (1 time/day).
The control group and treated groups were administrated
based on the method of the antitussive activity assay,
whereas the standard group received AH 40 mg/kg orally.
Thirty minutes after the final administration, each mouse
was injected intraperitoneally with 0.5mL phenol red so-
lution in saline and killed by cervical dislocation 30 minutes
later. The tracheas of the same length were taken from the
thyroid cartilage to the trachea branch of the mice
and washed ultrasonically with 3mL NaOH solution
(0.03mol/L) in saline for 10 minutes [19]. Moreover, the
absorbance of phenol red in the solution was measured
spectrophotometrically at a wavelength of 546 nm, and its
content was calculated under the linear regression equation
y=0.1428x +0.0062 (R*=0.9993) (“x” denotes the concen-
tration of phenol red solution and “y” denotes the
absorbance).

2.4.3. Statistical Analysis. The results of activity assays were
statistically analyzed by SPSS (Version 16.0) and GraphPad
Prism software (Version 5.0), which are expressed as
mean + standard deviation (SD). One-way ANOVA was
used for the data analysis, followed by the LSD test to
compare the differences between control and test groups.
P <0.05 was considered statistically significant in this study.

2.5. HPLC Fingerprint Analysis. The HPLC condition of the
MECRP was performed in a previous method described by
Luo et al. [17]. SIL-20A HPLC (Shimadzu, Japan) equipped
with an SPD-20A UV detector and a Diamonsil C18 column
(250 x 4.6 mm, i.d. 5um) was used for HPLC analysis. The
mobile phase was solution A (water) and solution B (ace-
tonitrile) with the following gradient program: 0-15 min,
15-40% B; 15-35 min, 40-50% B; 35-40 min, 50-75% B; and
40-50 min, 75-85% B. Other HPLC conditions are shown as
follows: flow rate: 1.0 mL/min; column temperature: 25°C;
injection volume: 20 yL; and detection wavelength: 283 nm
and 330 nm. The chromatograms (330 nm) of C. reticulata
“Chachi” samples produced in Xinhui (S1-S12) were firstly
imported into the software “Similarity Evaluation System for
Chromatographic Fingerprint of Traditional Chinese
Medicine (Version 2012)” to establish the GCP fingerprint.
With the median method and choosing three chromato-
graphic peaks of hesperidin, nobiletin, and tangeretin for
multipoint calibration, a GCP common pattern was gen-
erated. Next, the final fingerprint was established according
to the representative chromatograms of remaining cultivars
(S13-S88) together with the GCP common pattern. The

similarity values of different cultivars were finally calculated
based on the GCP common pattern.

2.6. LC/MS-IT-TOF Analysis. LC/MS-IT-TOF analysis was
carried out as previously reported with a minor modification
[20]. The HPLC instrument equipped with the ion-trap and
time-of-flight mass spectrometer (Shimadzu, Japan) through
electrospray ionization (ESI) was used. The compounds of
extraction were isolated from the HPLC system with the
same condition as in HPLC analysis mentioned above. The
electrospray ionization (ESI) source was operated in a
positive ionization mode, and its conditions are listed as
follows: nitrogen gas flow, 1.5 L/min; dry gas temperature,
200°C; fragmentation voltage, 1.62kV; nebulizer pressure,
45psi; and full and dependent scan data acquisition, m/z
100-1000. Ion spectra were recorded from 5 to 40 eV with
argon. Data processing was performed using LC/MS Solu-
tion 3.60.361 software (Shimadzu), while molecular formula
prediction and elemental composition prediction were done
using Formula Predictor and Accurate Mass Calculator
software, respectively.

2.7. Quantitative Determination and PCA. The components
of hesperidin and other four PMFs were detected at
283nm and 330nm in HPLC, respectively, which were
calculated using the external standard method and
expressed as mean + SD. The contents of five flavonoids in
all samples were first normalized by SPSS software
(Version 16.0), and then principal component analysis
was performed.

3. Results and Discussion

3.1. Antitussive and Expectorant Activities of MECRP. The
effects of the MECRP on ammonia water-irritated cough
(Figures 1(a) and 1(b)) and tracheal phenol red excretion in
mice are depicted in Figure 1(c). Statistical analysis showed
significant differences between the control group and treated
groups in the incubation period of cough (P < 0.05), bouts of
cough within 3 minutes (P <0.05), and tracheal phenol red
excretion (P <0.05). The test of ammonia water-irritated
cough showed that the MECRP significantly prolonged the
incubation period of cough and decreased the bouts of
coughs in mice, possessing a good ability to relieve cough. In
addition, the tracheal phenol red excretion test illustrated
that the MECRP could effectively reduce sputum with the
increase of the excretion of phenol red in the trachea. It has
been well suggested that the MECRP exhibited excellent
antitussive and expectorant activities in mice.

3.2. Similarity Analysis on “Activity Fingerprint”. The GCP
fingerprint (Figure 2(a)) was firstly established by twelve
batches of traditional genuine herbs from Xinhui (S1-S12)
due to their high quality. And a GCP common pattern
(Figure 2(b)) was further generated through the charac-
teristics of samples S1-S12. There were 18 common peaks
determined in the GCP common pattern, of which peaks 3,
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FiGure 1: Effect of the MECRP on ammonia water-irritated cough and tracheal phenol red excretion in mice. (a) Incubation period of
cough. (b) Bouts of cough. (c) Tracheal phenol red excretion. All values are expressed as mean+SD (n=10). “P<0.05 and **P <0.01
compared to the control group (one-way ANOVA followed by the LSD test).

9, and 12 were identified as hesperidin, nobiletin, and
tangeretin, respectively. According to statistical analysis, the
common peak area of each sample (S1-S12) accounted for
97.276%-98.870% (>90%) of total peak areas. And all of the
accuracy, repeatability, and stability results showed that the
RSD of relative retention time and relative peak area of the
18 common peaks was below 3%, satisfying the demands of
fingerprint.

The fingerprint of representative cultivars of CRP was
finally established with the GCP common pattern
(Figure 2(c)). In addition, the similarity evaluation results of 88
samples are shown in Table 1. The similarity values of samples
§1-S12 compared to the GCP common pattern were all above
0.990, indicating that the C. reticulata “Chachi” samples from
Xinhui were all of good quality uniformly. Moreover, the
average similarity of the C. reticulata “Chachi” samples from
other areas (S13-5S22) was high (0.974), suggesting that there
was little characteristic difference among C. reticulata “Cha-
chi” samples. It was also seen that several cultivars of CRP
showed high similarity to C. reticulata “Chachi,” such as C.

reticulata “Shiyueju,” C. reticulata “Ponkan,” C. reticulata
“Kinokuni,” C. reticulata “Yangshanju,” C. reticulata “Trib-
ute,” C. reticulata “Bayueju,” C. reticulata “Suavissima,” C.
reticulata “Wuyueju,” and C. reticulata “Nianju,” with the high
average values of 0.962, 0.957, 0.953, 0.950, 0.949, 0.945, 0.942,
0.941, and 0.935, respectively. However, the cultivars of C.
reticulata “Unshiu,” C. reticulata “Erythrosa,” C. reticulata
“Yichangju,” C. reticulata “Qingjiangju,” C. reticulata “Lin-
haiju,” and C. reticulata “Xunwuju” showed little similarity to
C. reticulata “Chachi,” with the low average similarity of 0.558,
0.539, 0.518, 0.504, 0.499, and 0.489, respectively.

3.3. Chemical Profiling on “Activity Fingerprint” by LC/MS-
IT-TOF. The technology of LC/MS-IT-TOF has been
proved to be an effective method for identifying the un-
known compounds in materials [21]. The total ion chro-
matogram (TIC) of CRP sample S1 (a) and mixed standard
solution (b) in the positive mode is displayed in Figure 3.
After chemical profiling, a total of 17 characteristic
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FIGURE 2: (a) GCP fingerprint of samples S1-S12. (b) GCP common pattern R. (c) Fingerprint of representative cultivars of CRP. Peaks 3, 9,

and 12 are hesperidin, nobiletin, and tangeretin, respectively.
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FIGURE 3: (a) Total ion chromatogram (TIC) of CRP in the positive mode. (b) TIC of mixed standard solution in the positive mode. Peaks 3,
9,11, 12, and 14 are hesperidin, nobiletin, 3,5,6,7,8,3 ,4'—heptameth0xyﬂavone, tangeretin, and 5—hydr0xy—6,7,8,3',4' -pentamethoxyflavone,

respectively.

compounds, including 3 flavonoid glycosides and 14 PMFs,
were identified according to the information of mass frag-
ment ions and retention times, and the detailed information
is illustrated in Table 2.

3.3.1. Identification of Flavonoid Glycosides. Flavonoids are
a kind of organic compounds with C6-C3-C6 as the parent
nucleus. Among them, flavonoid glycosides are widely
present in citrus, including flavone-O-glycosides and fla-
vone-C-glycosides. The flavone-O-glycosides are generally
characterized by attaching glycosidic substituents to the
flavonoid skeleton via the C-7 hydroxyl group, while the

flavone-C-glycosides directly linked glycosidic substituents
to the C atoms on the flavone A ring [22].

Compound 2 displayed a quasimolecular ion at m/z 581,
which formed a fragment ion at m/z 273 due to the loss of
terminal Rha-Glc (308 Da). The MS spectrum also showed
secondary fragment cracking by aglycon. For instance, the
fragment at m/z 153 was produced by RDA cleavage, and the
fragment at m/z 245 was formed corresponding to the fla-
vonoid glycoside ion loss of CO (28 Da). Therefore, the
compound was considered naringin according to the mass
fragmentation information above [23].

Compound 3 was putatively identified as hesperidin
because of the same mass spectrum and chromatographic
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characteristics with the reference standard. The high in-
tensity ions at m/z 449 and 303 were observed on the re-
moval of glucose (162 Da) and rhamnosylglucose (308 Da)
from the precursor ion, respectively. An extra minor frag-
ment at m/z 153 was yielded by the RDA cleavage of
aglycone ion. Compound 4 showed the similar fragment
information to compound 3 but was different in the relative
abundances, which could be inferred as neohesperidin [24].

Compound 5 showed the [M + H]" ion at m/z 595 in the
first-order MS spectrum, suggesting the molecular formula
of C,3H34014. A high-intensity ion at m/z 287 after losing
neohesperidose (308 Da) was generated. This compound was
tentatively inferred as poncirin after the comparison of its
mass spectrum data [25].

3.3.2. Identification of PMFs. PMFs are significant flavo-
noids particularly presented in citrus species, containing
multiple methoxyl groups, low polarity, and planar structure
[26]. With a basic unit of 222 Da, the molecular weights of
PMFs vary depending on the amount of methoxyl and
hydroxyl groups [27, 28].

Compound 9 was confirmed as nobiletin by comparison
to the reference standard with the same fragmentation in-
formation. Nobiletin gave an [M + H]" ion at m/z 403 and
yielded fragment ions at m/z 388 ([M+H-CH,]"), 373
(IM+H-2CH;]"), and 355 ([M+H-2CH;-H,0]").
Similarly, compound 11 was deduced as 3,5,6,7,8,3"4'-
heptamethoxyflavone by comparing to the reference stan-
dard with the [M + H]" ion at m/z 433.

Compounds 6, 7, 8, 12, 14, and 15 were considered
pentamethoxyflavones based on their molecular formula
and fragment ions [29]. Comparing with a reference stan-
dard allowed us to identify compound 14 as 5-hydroxy-
6,7.8,3,3',4'-pentamethoxyflavone. It exhibited the parent
ion [M + H]" at m/z 389 and the product fragment ion at m/z
374 ([IM+H-CH;]"), 359 ([M+H-2CH;]"), and 341
(IM+H -2CHj; - H,0]"). Compounds 6 and 8 were known
as isosinensetin and sinensetin combining with the mass
data of the previous research [30]. Compound 7 was pre-
sumed to be monohydroxy-pentamethoxyflavone based on
the molecular formula of C,0H,¢0Og and similar fragment of
compound 14. Similarly, compound 15 was inferred to be
dihydroxy-pentamethoxyflavone differed by the molecular
weight of 16 of compound 7.

Compound 12 was identified as tangeretin by comparing
the retention time and fragmentation information of the
reference standard. Moreover, the fragmentation information
of compound 17 was similar to that of compound 12 and
differed by the molecular weight of 14. Combining with the
fragment information previously reported [31], compound 17
was presumed to be 5-hydroxy-6,7,8,4'-tetramethoxyflavone.

3.4. Quality Evaluation by Quantitative Determination and
PCA. Hesperidin and other four main PMFs selected from
17 characteristic compounds profiled above were deter-
mined, and the results are given in Table 1. The method
validation showed a good linearity (R*>0.9990), and the

11

TaBLE 3: Component matrix of PCA.

Variable
importance in

Components projection (VIP)
values
PC1 PC2
Hesperidin -0.255  0.953
Nobiletin 0.934 -0.121
3,5,6,7,8,3'4'-Heptamethoxyflavone -0.641 —-0.247
Tangeretin 0.965 0.011
5-Hydroxy-6,7,8, 3',4'-pentamethoxyflavone ~ 0.827 0.227

2 components were extracted.

RSDs of accuracy, repeatability, stability, and recovery were
all below 3%, indicating that the assay method was feasible.

PCA is a well-known analysis method with the purpose of
dimensionality reduction to transform multiple indicators into
a few comprehensive indicators [32, 33]. Defining the contents
of the five flavonoids as five characteristics, PCA was used to
determine the correlation among samples from different
cultivars in this research. The first two principal components
were extracted by PCA (Table 3), accounting for 79.979% of
the total variance (PC1=59.269% and PC2=20.710%). And
the variable importance in projection (VIP) values of nobiletin,
tangeretin, 3,5,6,7,8,3',4’-heptamethoxyflavone, and 5-hy-
droxy-6,7,8,3' 4'-pentamethoxyflavone were 0.934, 0.965,
—0.641, and 0.827, respectively, showing more contribution to
PC1, while hesperidin contributed more to PC2 with the VIP
value of 0.953. It was indicated that these five compounds were
the characteristic chemicals distinguishing various cultivars of
CRP; especially, the four PMFs contributed more to PCl,
accounting for 59.269% of the total variance.

As the result of the PCA plot shows (Figure 4), 88 samples
with 2lcultivars were categorized into four groups. Group 1
contained C. reticulata “Unshiu,” C. reticulata “Erythrosa,” C.
reticulata “Yichangju,” C. reticulata “Qingjiangju,” C. reticulata
“Linhaiju,” C. reticulata “Xunwuju,” and C. reticulata “Bian-
gan,” with the high content of hesperidin and low PMFs. C.
reticulata “Tankan” was in group 2 due to its lower content of
flavonoids, while C. reticulata “Suavissima” with a higher
content of flavonoids was in group 3. Other eleven cultivars
were clustered in group 4 with C. reticulata “Chachi,” showing
parts of similarities and relationships with the traditional
genuine herb. The result of PCA was approximately consistent
with that of similarity analysis.

Since an LC/MS-IT-TOF was used, 17 characteristic
compounds were finally profiled on the 18 common peaks at
the “activity fingerprint,” and all of them were identified
belonging to flavonoids, suggesting that there may be a po-
tential relationship between the differences among varieties
and flavonoid compositions. Then, hesperidin and four main
PMFs were selected for quantitative determination and fur-
ther analysis. And the PCA results confirmed that the dif-
ferences among varieties were significantly correlated with
flavonoids, not only including hesperidin, the single indicator
for CRP quality control in Chinese Pharmacopoeia (version
2015) [1], but also including four main PMFs, such as
nobiletin, tangeretin, 3,5,6,7,8,3',4'-heptamethoxyflavone,
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and 5-hydroxy-6,7,8,3',4'-pentamethoxyflavone. Therefore,
we could not deny the importance of PMFs in CRP, and it is
considerable to add PMFs as indicator components for CRP
quality control and identification in Chinese Pharmacopoeia.

4. Conclusion

In the present study, an effective “activity fingerprint” on
CRP from different cultivars involving antitussive and
expectorant activity assays, similarity analysis, LC/MS-IT-
TOF analysis, quantitative analysis, and PCA was perfectly
established, which was proven to relate to pharmacological
activity and conducted to find the characteristic chemicals
distinguishing various cultivars of CRP for quality control.
From the results above, the recorded cultivars of C. reticulata
“Chachi,” C. reticulata “Tangerina,” and C. reticulata
“Dahongpao” were quite similar to each other except for C.
reticulata “Unshiu,” which indicated that the selection of the
traditional medicinal herb of CRP was rational related to the
high content of PMFs. In addition, there are some other
cultivars significantly similar to C. reticulata “Chachi,” such
as C. reticulata “Kinokuni,” C. reticulata “Yangshanju,” C.
reticulata “Wuyueju,” and C. reticulata “Nianju,” and so on.
Among them, it was worth noting that the cultivars of C.
reticulata “Shiyueju,” C. reticulata “Ponkan,” C. reticulata
“Tribute,” and C. reticulata “Bayueju” were rarely used for
traditional medicine but exhibited a relatively high content
of hesperidin and PMFs, even exceeding that of C. reticulata
“Chachi.” Therefore, these four cultivars can be considered

Evidence-Based Complementary and Alternative Medicine

effective resources for the application of CRP, which provide
a reference for citrus resource development.
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