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Abstract: Objective To establish a quantitative analysis of Cinnamomum cassia based on the prediction of quality marker
(Q-Marker), and to analyze the quality differences of C. cassia from different areas by chemometrics. Methods An HPLC method
were developed for the determination of five quality markers including cinnamaldehyde, coumarin, cinnamyl alcohol, cinnamic acid,
and o-methoxy cinnamic aldehyde in C. cassia in order to establish the fingerprints of C. cassia. The quality of 27 batches of C.
cassia was evaluated by cluster analysis, principal component analysis, and other chemometrics methods. Results The relative
correlation factors of cinnamyl alcohol, cinnamic acid, and O-methoxy cinnamic aldehyde were 0.135 7, 0.211 5, and 1.592 7. The
HPLC fingerprints and common patterns of 27 batches of C. cassia from different origins were established, and cluster analysis,

principal component analysis and orthogonal partial least squares discriminant analysis were carried out. The results showed that 27
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batches of C. cassia can be clustered into five groups. Cinnamaldehyde and coumarin were the main symbolic components reflecting

the difference among the three main producing areas. It was suggested that the content of C. cassia in Vietnam was different from

that of C. cassia produced in Guangdong and Guangxi Provinces of China. Conclusion The established QAMS can accurately and

easily determine the content of Q-Markers in C. cassia. There are certain differences in the quality of C. cassia from different origins.

It provides a more scientific and comprehensive basis for the quality control of C. cassia.
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Table 1 Source information of C. cassia
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Fig. 1 HPLC chromatograms of reference substances (A)

and sample (B)
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Table 2 Linear regression equations of five compounds
D% EPE W s 2 Y5 Fl/(mg- mL ") R?
HEUE Y=12 281 485.202 6 X—105 702.450 0 0.0101~1.013 0 0.999 5
AR Y=92 261 809.816 8 X—35273.391 8 0.000 5~0.050 3 0.999 9
WHEERR Y=60 204 588.549 8 X—64 849.383 3 0.001 0~0.100 1 0.999 7
P Y=12 337 376.098 8 X—394 234.178 0 0.050 1~5.005 0 0.999 6
A F A RS Y=7956 009.500 3 X—40 432.933 8 0.0052~0.5215 0.999 6
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Table 3 Results of sample determination

RS/ (mg-g™") RSD/

R/ (mg-g') RSD/ ABFREIEWHERE/(mg-g!) RSD/

WHR/(mgg) FFH/(mgg!) RSD/
=

ESM ESM  QAMS % ESM  QAMS % ESM  QAMS % ESM QAMS %
S01 20.03 0.36 0.56 21.15 ND ND ND 0.32 0.33 0.69 1.80 1.81 0.26
S02 39.90 1.49 1.62 432 ND ND ND  0.56 0.56 0.36 4.55 4.46 0.97
S03 24.80 0.53 0.72 1522 ND ND ND  0.46 0.46 0.20 2.89 2.85 0.69
S04 32.76 0.53 0.69 1322 ND ND ND  0.61 0.60 0.69 1.74 1.77 0.74
S05 21.37 ND ND ND ND ND ND 033 0.34 0.34 1.67 1.68 0.38
S06 27.18 0.66 0.84 1244 ND ND ND 037 0.37 0.70 1.85 1.87 0.68
S07 27.32 0.96 1.11 6.96 0.07 0.07 373 026 0.27 1.65 1.12 1.17 222
S08 35.71 0.65 0.84 12.74  0.08 0.09 403 025 0.27 2.61 2.33 234 0.32
S09 37.10 ND ND ND ND ND ND  0.37 0.38 0.64 1.00 1.06 3.14
S10 34.26 0.29 0.49 26.05 ND ND ND  0.24 0.25 291 1.59 1.64 1.50
S11 35.08 0.31 0.51 2451 ND ND ND 035 0.36 1.11 2.26 2.27 0.37
S12 22.07 1.41 1.55 482 ND ND ND 039 0.39 0.13 2.35 234 0.39
S13 80.33 0.85 1.03 9.67 0.14 0.15 1.95 051 0.52 0.46 4.19 4.16 0.35
S14 50.56 0.64 0.84 13.14  0.12 0.12 244 029 0.30 2.29 1.80 1.85 1.41
S15 46.20 0.66 0.85 12.70 0.10 0.11 291 0.28 0.29 231 2.19 222 0.72
N 45.71 0.66 0.85 1273  0.13 0.14 1.94 028 0.29 233 2.13 2.16 0.80
S17 38.66 0.27 0.47 2699 042 0.41 0.62 0.19 0.20 424 1.44 1.50 1.93
S18 41.26 0.28 0.46 2421 041 0.40 0.55  0.19 0.20 3.80 1.52 1.56 1.51
S19 37.71 0.33 0.53 2341 0.15 0.15 1.39 028 0.29 2.16 1.65 1.70 1.45
S20 45.13 0.28 0.48 2637 0.19 0.19 091 032 0.33 1.72 1.15 1.22 3.13
S21 34.82 0.41 0.59 17.88 0.07 0.07 446 024 0.25 2.42 1.81 1.84 0.83
S22 25.02 0.57 0.76 13.97 0.09 0.10 2.89 020 0.21 3.43 3.13 3.07 0.85
S23 24.18 1.02 1.19 743 0.07 0.08 406 022 0.24 2.70 4.00 3.89 1.36
S24 21.06 0.95 1.09 724 0.07 0.07 398 0.18 0.20 3.32 3.61 3.51 1.42
S25 39.53 ND ND ND 0.08 0.09 386 042 0.42 0.68 1.38 1.45 222
S26 35.26 ND ND ND 0.07 0.08 4.05 036 0.37 0.81 1.14 1.20 2.69
S27 20.09 1.40 1.52 414 ND ND ND 0.14 0.16 4.81 4.07 3.93 1.68
S28 23.35 0.27 0.45 26.00 ND ND ND 022 0.23 2.64 0.95 1.01 3.24
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BR3

e WHR/(mgg!) FHEF/(mgg!) RSD/ WHE/(mgg') RSD/ WH:R/(mgg!) RSD/ ABHAIEAHR/(mgg!) RSD/
s ESM ESM QAMS % ESM QAMS % ESM QAMS % ESM QAMS %
829 19.99 076 091 897 0.09 009 217 029 029 081 168 1.69 0.28
$30 20.34 0.53 069 1341 008 009 262 029 030 081 167 1.68 0.36
S31 38.70 ND ND ND 009 010 313 029 030 179 139 1.44 1.96
$32 3229 ND  ND ND 009 009 297 023 025 251  LI7 122 247
$33 2743 0.54 072 1393 006 007 458 019 021 341 262 2.60 0.39
S34 31.29 084 102 966 ND ND ND 030 031 159 285 2.83 0.35
835 27.84 041 061 1921 013 013 158 018 019 437 195 1.97 0.52
S36 26.15 040 057 1818 013 013 120 016 017 449 178 1.80 0.54
837 35.29 120 137 659 ND ND ND 042 042 055 452 443 1.02
S38 34.07 067 086 1223 ND ND ND 031 032 153 285 2.84 0.25
839 31.20 084 102 966 ND ND ND 030 031 159 285 2.83 0.35
$40 32.96 078 094 911 ND ND ND 033 034 091 321 3.17 0.64
s41 33.84 083 101 98 ND ND ND 027 028 216 556 5.41 1.34
S42 3457 077 095 1046 ND ND  ND 025 027 242 524 5.11 125
s43 22.53 ND ND  ND 014 014 093 018 020 380 104 1.10 2.92
S44 26.82 063 082 1290 ND ND  ND 027 029 18 2.2 2.04 0.37
S45 25.90 060 076 1196 ND ND  ND 025 026 186 192 1.93 0.25
S46 26.81 029 047 2412 ND ND ND 021 022 289 099 1.05 3.12
S47 24.06 101 115 665 ND ND ND 021 023 247 284 2.80 0.79
S48 40.46 LIS 130 591 ND ND ND 039 039 055 3.1l 3.09 0.41
S49 41.56 I3 131 719 ND ND ND 040 040 088 329 3.27 0.33
850 31.16 ND ND ND ND ND ND 026 027 235 134 1.40 2.08
851 33.61 ND ND ND ND ND ND 025 026 259 082 0.91 4.88
852 31.07 059 077 1283 ND ND  ND 027 028 192 192 1.94 0.57
853 31.61 062 079 1263 ND ND ND 029 030 157 213 2.14 0.33
S54 40.68 032 053 2396 ND ND ND 046 047 039 174 1.79 134
855 40.96 028 046 2449 ND ND  ND 054 054 019 120 126 247
856 39.20 047 066 1751 ND ND  ND 048 048 028 170 174 1.40
857 86.11 083 102 1052 016 016 184 059 059 029 464 4.61 0.41
S58 79.69 076 094 1085 012 013 244 054 055 033 424 421 0.37
859 81.51 088 107 991 018 0.8 142 053 053 052 436 433 0.34
S60 35.43 049 069 1663 ND ND ND 031 032 162 204 2.07 0.68
S61 2439 031 051 244 ND ND ND 026 027 196 167 170 0.87
862 28.90 ND ND ND ND ND ND 026 028 208 135 1.40 1.95
863 27.09 052 071 1504 ND ND ND 024 025 239 138 1.43 171
S64 25.16 120 135 563 ND ND ND 016 018 445 232 2.31 0.23
865 33.29 075 094 1094 009 010 324 027 028 230 362 3.57 0.74
S66 66.40 1463 1445 061 026 027 049 056 057 025 173 1.79 1.73
867 80.38 1150 1143 030 047 046 020 058 058 026  5.54 5.47 0.67
S68 4181 658 65 013 ND ND ND 052 052 007  ND ND ND
$69 4140 656 654 015 ND ND ND 051 051 009  ND ND ND
$70 55.36 1227 1213 058 054 053 056 032 033 194 1205 11.69 151
ND #5A Kt

ND means not detected
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Fig. 2 Overlapping chromatograms of 27 batches of C. cassia
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Fig. 3 HPLC control fingerprint of 27 batches of C. cassia
ABACLEE A3 A R 27 R b 55 0 e Pt ) ) A
LA 0.865~0.995, K H 27 L2 AL 55 i o
I E X R TR, e C3. C4. C5. C6. CT 5
Wy MRE SR RAERE. RAERR. AR, 4FH
AIERHERS . BT S03. S11. S48. S54. S55. S56
RGN H REERE, Rt C4 5 (i ide AR oK
b NI,

2.8 WERNIRFIMAR

2.8.1 EEoHr DHELEE C1. C2. C3. C5.

C6.C7 “F A W [ i AR E A S as 258 , K A SPSS
20.0 ®A4, LY Euclidean ¥E B NS EhndE, XH
HNEREX O FRSUEIE R 27 SEASR] = A
TR, WE 4. @l an, 44l
FEA 10 B, FEMWTERAN 5 35, PR REEKRT
S57. S59 TA—3J, FEHUNREGIE LI ST0 R
NI, FEHUNERES R S66. S67 RN, FrEH
N EETE A S68 HM I N —, HARAIRE —
Ko BESWEREN, B~ RES /., |
R22A M E AR —EESE, BTR
BER P EES P P R ) R M 5T R TG R
Ex R,
282 FEWAONT W OEIRSUEER 27 #EA
[FP=Hi A C1. C2. C3. C5. C6. C7 SIFHIE
(T AEATARHEAL AL S, R A SPSS 20.0 # P
HEAT B 0. S5, 83 3 AN EH
T, BREMESY )N 2,301, 1.768. 0.867, J5ZETTHR
RN 38.354%. 29.467%. 14.458%, BRIy %
TUEREE N 82.279%, BAREK T 6 Ml &1 82.279%
s B2, FRFRSET 1. 2. 3 iEAARE
7L EE VPN 4B AR o

It Kaiser bR Ak 1) IEAZ e e 72 b 2145 21 e 5%
Ja WA PR AR RE LR 4, ERSRT 15 C3 5.
C5 5. CO6 FUEAAIMER; TR AT 2 X C1 5.



©2714 ¢

FEB 2021FE58 $52% W Chinese Traditional and Herbal Drugs 2021 May Vol. 52 No. 9

15 20 25

S38
S39
S53
S10
S50
S15 ||
S16
S14
S37

MOJ -

I

548
S51
S52
S11
S30

S25 J

S56
S09

S54 J
S03
S55

L

S70

S57 J

S59

S66 I

S67

S68

4 RBANHE

Fig. 4 Dendrogram of hierarchical clustering analysis

*4 ERPBETFSLEEBEXFEH
Table 4 Coefficient between principal component factor

and variable

WS ERART 1 ERAET 2 ERSET 3
C1 —0.089 0.919 —0.181
C2 0.014 0.916 —0.041
C3 0.569 0.242 0.518
Cs 0.931 -0.103 -0.117
C6 0.832 —0.062 0.289
C7 0.061 -0.295 0.895

C2 FUEMIFMAR; EMAHF 3% C3 5. C7 5
VIR AR K . s 5 X A B 1S
#5453 ()2 ¥1=—0.089 X;+0.014 X>+0.569 X3+0.931
Xs+0.832 Xs+0.061 X7; ¥>,=0919 X;+0.916 X+
0.242 X3—0.103 X5—0.062 Xs—0.295 X7; Y3=—0.181
X1—0.041 X>+0.518 X3—0.117 X5+0.289 X5+0.895 X7
(X s AT W W T AR 22 1 B LA B 5 D

ARSI 3 AN EROT TR 27 REKRFE ST
PRIy, HHELEEE: Y= X W+ 2 X Wa+Y3 X
W)/ BT Z TR (Wi Was Wi NG B
TiZETTRER) o R E IS5 REREAR AT HE

HRWAER S, LRERS Yilm, R, 45

REIR, PETHERBENIRX . TR E. TR
HE PR T A0 B S R e M ) 25 0 T R B, X LA
N FE S EEE BOR L IR P MR R A TR
PIRERR . PRRERE . A0 HA S0 2 PR A 1 1Y) 06e T AR 3S 3C
K, UEBR @ 3 B TR AU 3 N s e
FEARRIAE SRS S B .

L ER BT 1. 20 3 @ ABFRR, 2741t
AR = A RE 256445 0 G5 SR WE 5. s oA
BB AEZG M ol 3 2K, S tE I S TRk
ARG, RIBREREE = RS T R EER
FERIEESL, TS AR R AR, AR
ZESt
2.83 I W f /N Z 3 A 73 At (partial least
squares discriminant analysis , OPLS-DA ) H
SIMCA 14.1 AT 27 HEASF = Ho PUEERE S EAT
OPLS-DA 73#fr, MRAEZREI A E R 70 M43 21 1)
4558, F OPLS-DA 73 ailXf) =t Ak pg =
R AR R P AT A b . )P AR R
OPLS-DA #7 R2y(cum) =0.896, R%y(cum) =0.888,
0? (cum) =0.581; H[E]" 7 FIBLE ™ s OPLS-DA
PR R2y (cum) =0.914, R?y (cum) =0.908,
Q? (cum) =0.750, "I WL R*. Q* KT 0.5, Uil
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x5 EMSETFEIREEES
Table 5  Score of principal component factor and

comprehensive score

JETE TR )4 2 Y3 Y
S03 —0.32 -0.91 -0.41 —0.55
S09 0.25 —0.66 -1.10 —-0.32
S10 —0.98 0.88 —-0.19 -0.17
S11 —0.45 -0.32 -0.26 —-0.37
S14 -0.32 0.62 -0.16 0.05
S15 —-0.50 0.80 0.08 0.07
S16 —-0.52 0.98 0.06 0.12
S25 0.04 -1.07 -1.07 —0.55
S30 —-0.82 -0.63 —0.44 —0.68
S37 —0.38 —-0.14 0.83 —0.08
S38 —0.72 0.38 0.27 —0.15
S39 —-0.83 0.33 0.30 -0.22
S40 —-0.39 0.23 0.53 —-0.01
S48 0.24 0.75 0.49 0.46
S50 -0.91 0.62 —-0.38 -0.27
S51 -0.83 -0.53 —0.88 —-0.73
S52 —-0.80 —0.04 -0.26 —-0.43
S53 —-0.70 0.53 —0.06 —0.15
S54 0.26 —0.46 -0.85 -0.19
S55 1.13 —0.94 -1.49 —-0.07
S56 0.29 -1.26 -1.07 —-0.51
S57 1.69 —-1.00 0.52 0.52
S59 1.34 —-1.16 0.49 0.29
S66 2.18 0.03 0.49 1.11
S67 2.03 0.18 2.25 1.40
S68 1.48 3.58 —0.88 1.81
S70 —1.45 —0.80 3.18 —0.40

PR E VT 5E, AT PSR AR AR A
HFFER X 20, S ELE 6. 7, WIEA H T E
JUPES AR PT  AUAE B DX T R AR
J AR DR M PAVER WY S D) ) AR A = L AR
HEFMr. B A RIEAR 2, R E
HEMRGCAE VIP>1 ubrifE, wE R, &
SEAARBUR T, B 2 A R 2 SR

0 E bR ENER Ty, WEERE . & E R ERIT ET
AR R 2 AR RE 22 S 0 AR A K

gy, HAREGY VIP AT 1, RFEG X 70 2 mi

AN, R ILE 8. 9.
3 T
30 HiAMmARHIEGER G IERHIERE

ARSI TR GRS 5 EE RO,

5 AEAMERERDSHEIE
Fig. 5 PCA scores chart of C. cassia
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Fig. 6 OPLS-DA score plots of Guangxi Zhuang
Autonomous Region in China and Vietnam
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Fig. 7 OPLS-DA score plots of Guangdong Province in

China and Vietnam
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Fig. 8 VIP values of six components in Cinnamomum cassia
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Fig. 9 VIP values of six components in C. cassia from

Guangdong Province in China and Vietnam
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FERR . PURERE 5540 FH AU RS 5 PR I & &
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