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Quantitative Comparison of Cinnamomi Cortex
and Various Cinnamon Barks using HPLC Analysis
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ABSTRACT

Objective : In this study, we performed quantitative comparison on the content of 10 marker compounds in cinnamon
barks from different species and found chemical discrimination between genuine Cinnamomum cassia and other
Cinnamomum species (Non C. cassia).

Methods : Cinnamon bark samples were extracted using the ultrasonication in 100% methanol for 30 minutes, The
samples were analysed using high—performance liquid chromatography with statistical analysis.

Results . The analytical method developed in this study met all validation criteria and was applied to the quantification
of the 10 marker compounds in cinnamon bark samples, The major chemical discrimination of C cassia were
identified as low content of epicatechin and eugenol, and high contents of benzaldehyde, cinnamaldehyde and cinnamic
acid compared to other Non C cassia samples, Especially, among other compounds, the content of cinnamaldehyde
was the highest in the C. cassia and Non C, cassia samples, The result of principal component analysis showed that
the samples of C. cassia and Non C. cassia were clearly differentiated via benzaldehyde, cinnamaldehyde, cinnamic
acid, eugenol, and epicatechin, which influenced on clustering C. cassia and Non C cassia samples,

Conclusion : C cassia and Non C. cassia samples were chemically discriminated using the quantitative HPLC analysis,
Based on this, it is possible to control the quality of herbal medicines containing Cinnamomi Cortex, It is necessary
to further improve the accuracy of discrimination between C, cassia and Non C. cassia species to evaluate cinnamon
bark quality.
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S (AkE, Cinnamomi Cortex)= =UE I} (Lauraceae)©]
&3t $A Cinnamomum cassia (L) J.Presl®] Z=23%2
AAT MR ke 3EH, KEGHL FeS B, R, BEte s
HIER, BEMEE. ARG, BRSO RkAko) UTH. &4 58
of gt Fejas A2« BT up2o A9 5 R F
e B3 Funr?, gy 2 9% A7, AR E A <
I3, P 4 FAs® anrt RaE i

SAE oA H AEFer dY AR HE AE AdeE F
Eoprlot 67w 7Y T4 EA ek d, gl
FH QSR ()T AR, dESTY, FIHAUTIFA,
qurEoRd, TF3FAARE, 2AUNFFRIRFS=oFA
R (Lauraceae) AEQ SA Cinnamomum cassia (L.)
J.Presl®] £7|143Z #As J=d|, Y& Cinnamomum
verum J Preslio] S I8l o5 FH], olgteha, 1A
s} o] thaFet ko] 2gEa girt?,

a1 %, 7P A@Fo|1 713t o e Hrto o3 B
19 EHYO R = O cassia fie Tt A o2 £
S 13 A= WU C verum K= 5 Ao k2 Fo2
Al7Hcigar) A Hol GHS Holuh, A Adh T 2
Eo] §5EE oA 7 AEd o] Erhssin?. ol &
Bty fiste] '3HshER3Hchemotaxonomy) o2t £
olsfera gEe 1AL AF| ARuhE Teu-Frolo.C He
EAY(HPLC-DAD), E& 94|, 7|4 22utEady A
BHUQC, GO-MS)S o) 92 1 AREe] 48 xE
Y& vast= WA e APEm, 0 YR A1t T
of gt FRE FAlol E& = JeBE 4 FHrloe §-&
st} B3| ¢ cassias T2 Cinnamomum % ()8 Non
C. cassia)®| Bl8} coumarin®] FFo] Fob 54 fIFo] 21
=371 o]& YRR sh= AF Ee YoEel diF 5§ He
Q9| £ & o] sty BAwo] FgE gk

o]z}t BAMO R BAEE= O cassiad T8 IFFES
cinnamaldehyde®} coumarino|®, 1 th&©Z cinnamic
acid, cinnamyl acetate, benzaldehyde, eugenol, cinnamyl
cinnamaldehyde, 2—hydroxyl

alcohol, 2—methoxy
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/
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cinnamaldehyde 59°] QQtHY. ¢ verumS C cassia®t &
ARet 3HES 3-8k QAR coumarin® cinnamaldehyde
FHegol] Aozt Y= Aoz BuFo] Jo?, a1y 71E A
of| A& coumarin} cinnamaldehyde, cinnamic acid, cinnamyl
alcohol, eugenol 5% £435t47| W& & FgHEQ 3
FS A Hrgt 318H4 R & (chemical fingerprints)S H]
AFo2H Bolx & FUHS LT Yoyt Ju'? 53
A719 A%t A& ol met s JESY] FEA g2
H3EE 4= Ql7]of o] gl F QIS o5t FiFo] H-2 &,
EE WEAS L E Ed o] o "t

B o) H= HPLC-DADE ©]&3te] thaFat Ao

$AE C cassia @ Non C cassia fitge AR Ag] 2FA)
W R AR AE QR B vLsidn, #4824

(principal component analysis)& 53| C cassia®t Non
C. cassia®] e E AFHE oS £Y 5 U= °3EE
FEAE =&sHA

I, A2 %y

1, A3dA=

HPLC E4& 93 x| EAE 2 benzaldehyde, cinnamyl
alcohol, cinnamaldehyde, cinnamyl acetate, epicatechin,
2—hydroxycinnamic acid, coumarin, cinnamic acid,
2—methoxycinnamaldehyde, eugenol(Chem Faces; Wuhan,
Hubei, China) 5& 38t AHE3t9a, zF A EARE9)
TEe BF 98% ool dth(Figure 1).

o] A3 HPLC 539 acetonitrile®} water,
methanol®= J.T. Baker Inc(Center Valley, PA, USA)oj A
FA5F AL, trifluoroacetic acid(TFA)= Sigma—Aldrich
(St. Louis, MO, USA)oA F{lste] A&steiTh. S| (A19)
A&E TRt AF U A fAx A ez 7o &34
FEE Bgor AHgsttHTable 1),

/N

Cinnamaldehyde

2-Methoxy cinnamaldehyde

Caoumarin

OH

Epicatechin

Fiaure 1. Chemical structures of the marker comoounds in cinnamon bark samples.
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Table 1. Authentication of analyzed cinnamon products

25

Sample code Origin Form DNA barcoding result—species Determined species Voucher specimen
CC1 Vietnam Chip C cassia(L.) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CCO01
CC2 Vietnam Chip C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC02
CC3 Vietnam Chip C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC03
CC4 Vietnam Chip C cassia(L.) J.Presl C cassia(L.) J.Presl 2023—PNUKM—-CC04
CC5 Vietnam Chip C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM—-CCO05
CC6 Vietnam Chip C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM—-CC06
cC7 China Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC07
CC8 Vietnam Stick C cassia(L.) J.Presl C cassia(L.) J.Presl 2023—PNUKM—-CCO08
CC9 Vietnam Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM—-CC09
CC10 Vietnam Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC10
CC11 Vietnam Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC11
CC12 Vietham  Powder C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC12
CC13 Vietham  Powder C cassia(L.,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC13
CC14 Vietnam Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC14
CC15 China Stick C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC15
CC16 Indonesia  Powder C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC16
CC17 Vietnam Stick C cassia(L.) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC17
CC18 Vietham  Powder C cassia(L,) J.Presl C cassia(L.) J.Presl 2023—PNUKM-CC18
NC1 Vietnam Powder C verum J. Presl C verum J, Presl 2023—PNUKM-CVO01

C verum d. Presl C. verum J. Presl

NC2 Sri Lanka Powder C tamala (Buch,—Ham.) T.Nees C tamala (Buch,—Ham,) T .Nees 2023—PNUKM-CMO1
& Eberm, & Eberm,

NC3 SriLanka  Stick C tamala (Buch,—Ham,) T Nees C tamala (Buch,—Ham.) T.Nees 9093 PNUKM—CT01
& Eberm, & Eberm,

NCA SriLenka  Stick C tamala (Buch,—Ham.) T Nees C tamala (Buch,—Ham.) T.Nees 9093—PNUKM—CT02
& Eberm, & Eberm,

NC5 Sri Lanka Stick C verum J. Presl C verum J, Presl 2023—PNUKM-CV02

CC : Cinnamomum cassia.

NC : Non C. cassia

2, HPLC #4=4

F9 B IS auto—sampler, degasser, quaternary
solvent pump, ¥ diode—array detectorZ A% Agilent
1200 (Agilent Technologies, CA, USA)Z EA3st4ch
CAPCELL PAK C18 column(4.6 X 250 mm, 5gm;
SHISEIDO, Japan)& ARE3te] 3 A& 2 stgen,
column =& 30CE FAIBATH AR9] FUFL 10pL9]
A3, FEE UV A4E7]19 342 benzaldehyde, cinnamyl
alcohol, cinnamaldehyde, cinnamyl acetate= 250 nm=,
epicatechin, 2—hydroxycinnamic acid, coumarin, cinnamic
acid, 2—methoxycinnamaldehyde, eugenol< 280nmz=
d7ste] EA33ch HPLC 44 o842 74 1.0 pL

/min® water(0.1% TFA 23, A)%}
acetonitrile(B)o] W&l 7]1&7]&8HE 0|83t 0—2min
(20—20%, B); 2—30min(20—60%, B); 30—35min(60%, B)
2o BAst 58 & (B)&WE 20%2 st 587 {4

ato] TS BAS Zu|atEE et}

dAstRaL,

3. EEHAY =A

1035 ABAEY BAE ZEstA &3t w2 =9
2T 1000 gg/mL =9 stock solutione A5t 4°Cof
Bastgrt, AHE Ao A5t working solutiong ZA| 3}
o] AR5t



26 PN U -

4, A¥ XE AN Az

A8 E Cinnamomum ¥ A& £ A1LEL C cassias
H|Z3l C verum, C loureiroi C. wilsonii, C. burmannii,
C. iners, C, tamala 5ol Hsto] oerE, Fe-& ofYdA &,
HeE 60%, 70% AL & 5 st =240 gt o2
24 235 v, & dddA= o 5 M w2
£E8S Jehe Aog BuH 100% W2 F&3}d]
BASFATHISY B2 F 3T 500 gm Ao BN A
2E 500 mg Al SmL W22 3087 220 &35
G 4000 rpm .2 1087F YAEE & AFSIS Aas2y
(MG—2200; EYELA, Tokyo, Japan)® AZXstgch AXRsH
e WE2E &dliste 3000 pg/mlsEz eI
PTFE-O 0.2 pm syringe filter(BioFact,
Korea)2 o|3tsto] AN 5519t

ook

Daejeon,

_|_

1) M A(linearity), ZE3HA|(limit of detection) !
2FSHA|(limit of quantification)

10%-9] A#AE diste] 77HA] w=o Higk H=2H
EdE HIFAS s, JA49 HEdL A
(correlation coefficient, )& 8} zmxg% sty

A FAAES A& 9 HFSA = Z
(signal to noise ratio)& 33} 1022 ,—:]_13, 3 A ARFEFE T

2) MUAM(precision) X

AU ARAGR e 7] s=(AEE, S55&, ILF
E)i FHE HAL 51F Yol 33] vhE SAsAH(YW B

4, intra—day precision), 3% 39 &33HI7F FYA, inter—
day precision) ZIE AEZEHRH(relative standard
deviation, %) £l B7}stgch
3) 3|48 (recovery) X

3egg 5 A& (accuracy)S 4z AE T E 3714
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RS AEAR (ASE, F5E, TEE)E AR A7tsha
54 249 thet A RS BAste] $ES St Yos
AR, S SHE AR AR AR R HES

7o %, theol AE ekl Aktalsich

Recovery(%)

= [(detected concentration-initial concentration) /
spiked concentration) X 100]

6. A4

X3 C cassia @ Non C cassia A&7} 307 vjgto] 1L
7} 39 AN mPE Z2F 18719 5702 A= T2 7] o /el
go]Athy wohsle] vl AA 2 Kruskal Wallis 23l
uteh 59 Aolol e 7| A AR FFL wLste] $9
d& BEATATHp € 0.05, p €0.01, p €0.001). TAEML
IBM SPSS statistics software package 25.0(IBM software,
Chicago, TL, USA)S olgate] W= 4% A
(principal component analysis)2 SAZZ 1<l R(ver.

4.3.0)Z o83t WAt

SR LRI ELIEE
benzaldehyde, cinnamyl alcohol, cinnamaldehyde, cinnamyl

SEZER)

acetate, epicatechin, 2—hydroxycinnamic acid, coumarin,
cinnamic acid, 2—methoxycinnamaldehyde, eugenol®]
iste] 5t Ee=E Uetle BAHE Sgsth(Figure
2).
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Figure 2. HPLC chromatograms of standard mixture (A), Cinnamomum cassia sample (CC8, B) and C. verum sample (NC3, C) at UV 250 nm.,
1. Epicatechin, 2. 2—Hydroxycinnamic acid, 3. Coumarin, 4. Benzaldehyde, 5. Cinnamy! alcohol, 6. Cinnamic acid, 7. Cinnamaldehyde,
8. 2—Methoxy cinnamaldehvde. 9. Euagenol. 10. Cinnamvl acetate.

10719 A#&Ee

oz BdEM, 0,99 9101]A1 o 99964 Heof 9l

A=A, dE}A= 0.

02~0.10 pg/mLola A3t

0.10~0.50 pg/mLo] Rt (Table 2).

F:3

2) &l4=2(Recovery) & HalM
7t '

(Precision) =7}
HEO| 3|48 88 36%—110.39%2) M= =4
H9on, AEEHA (RSD, %)= 5% vjgrez A=t
. (Table 3). Z+ N EAE] gt LT AL
AN EZHXHRSD, B)FOE AL, QAL 47t

AU 2F 39 =l s 5% vtz FAHEUG

(Table 4).

Table 2. Linear equations, correlation coefficients (), LOD, and LOQ values for the ten marker compounds in the cinnamon products

Compound Hinearlty LOD (ig/nt) LOQ (ug/uf)
Calibration curves Linear range (ug/m¢) Ve
Benzaldehyde y =0.0797x + 0,1265 0.40-28.00 0.9996 0.10 0.40
Cinnamyl alcohol y = 0.0267x + 0,1810 0.25-50,00 0.9994 0.02 0.10
Cinnamaldehyde y = 0.0691x + 0,6943 0.40-350.00 0.9996 0.10 0.40
Cinnamyl acetate y = 0.0164x + 0,0468 0.10-20.00 0.9995 0.02 0.10
Epicatechin y = 0.2648x + 0,1008 2.00-50.00 0.9995 0.10 0.50




28 K AR OB # 3k — Vol, 39 No, 3, 2024

Linearity

Compound Calibration curves Linear range (ug/m¢) Ved LOD (ug/nt)  LOQ (ug/ut)
2—Hydroxycinnamic acid y =0,0183x — 0,0081 0.1.-40.00 0.9995 0.02 0.10
Coumarin y = 0.0251x + 0.4416 0.375-300.00 0.9996 0.02 0.10
Cinnamic acid y = 0.021x — 0.2842 0.125-50.00 0.9991 0.02 0.10
2—Methoxycinnamaldehyde y = 0.0168x — 0,0028 0.125-50.00 0.9996 0.02 0.10
Eugenol y = 0.058x — 0.1264 0.4-20.00 0.9993 0.02 0.10
LOD. limit of detection; LOQ. limit of quantification
Table 3. Recovery of the ten marker compounds in the methanol extract of the cinnamon products
Compound Level Spiked amount (ug/me) Recovery (%) RSD (%)
Low 3.20 88.62+4.75 4.75
Benzaldehyde Middle 20.00 106.58+1.37 1.37
High 28.00 105.84+1.58 1.58
Low 4.00 100.2+2.12 2.12
Cinnamyl alcohol Middle 25.00 98.12+4.58 4,58
High 35.00 96.43+4.87 4.87
Low 28.00 104.56+1.17 1.17
Cinnamaldehyde Middle 175.00 98.26+1.97 1.97
High 245.00 96.78+1.69 1.69
Low 1.60 104.6+4.08 4,08
Cinnamyl acetate Middle 10.00 101,81+0.74 0.74
High 14.00 102.61+£0.64 0.64
Low 4.00 92.71+£3.35 3.35
Epicatechin Middle 25.00 88.36+1.55 1.55
High 35.00 84.86+2.38 2.38
Low 3.20 97.52+2.03 2.03
2—Hydroxycinnamic acid Middle 20.00 99.81%0.77 0.77
High 28,00 99.88+1.08 1.08
Low 24.00 96.57+0.9 0.90
Coumarin Middle 150.00 100.9+0.26 0.26
High 210.00 101.12+0.51 0.51
Low 4,00 98.25+2.6 2.60
Cinnamic acid Middle 25.00 99.01+0.33 0.33
High 35.00 100.78+0.96 0.96
Low 4.00 102.78+2.06 2.06
2—Methoxycinnamaldehyde Middle 25.00 99.7+£0.82 0.82
High 35.00 99.07+0.71 0.71
Low 1.60 110.39+3.73 3.73
Eugenol Middle 10.00 108.55+4.59 4,59
High 14.00 102.27+0.29 0.29

RSD (%), relative standard deviation (%) = (SD/mean) X 100.
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Table 4. Intra— and Interday precisions of the ten marker compounds in the methanol extract of the cinnamon products

Precision (RSD, %)

Compound Level Amount (ug/m¢)
Inter—day Intra—day

Low 12.00 1.76 3.26
Benzaldehyde Middle 20.00 3.68 2.84
High 28.00 2.67 2.94
Low 15.00 1.89 1.06
Cinnamyl alcohol Middle 25.00 0.67 0.11
High 35.00 0.86 0.71
Low 105.00 0.75 0.57
Cinnamaldehyde Middle 175.00 0.77 0.96
High 245,00 0.40 0.71
Low 6.00 0.53 0.25
Cinnamyl acetate Middle 10,00 0.99 0.19
High 14.00 1.05 0.32
Low 15.00 0.80 1.61
Epicatechin Middle 25.00 3.05 0.70
High 35.00 0.95 1.47
Low 12,00 0.83 2.11
2—Hydroxycinnamic acid Middle 20.00 3.22 0.68
High 28.00 0.84 1.59
Low 90.00 0.08 0.55
Coumarin Middle 150.00 0,77 0.11
High 210.00 1.17 0.57
Low 15.00 3.68 4.40
Cinnamic acid Middle 25.00 3.14 3.12
High 35.00 3.20 1.30
Low 15.00 0.83 0.91
2—Methoxycinnamaldehyde Middle 25.00 2.92 3.44
High 35.00 1.31 0.37
Low 6.00 4.99 2.16
Eugenol Middle 10.00 1.34 0.63
High 14.00 2,72 3.32

RSD (%), relative standard deviation (%) = (SD/mean) X 100.
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3. A& JEgF ulm

Benzaldehyde,
acid,

2—hydroxycinnamic
83
2—methoxycinnamaldehydex C cassia A& FZE|A
Hrt} @wo| A5t Benzaldehyde:= C cassia A&
Z5A B4 1.75 mg/g, Non C cassia A& FE2ENA
B 1 mg/g2 C cassia Fo|A Br} &2 qF RZS 1
9t} Cinnamaldehyde® 3L O cassia A|BoJA HIE
135 mg/g, Non C -cassia A=A Ha 91 mg/gZE,
2—hydroxycinnamic acid®] &2 C cassia A|ENA B
0.075 mg/g, Non C cassia N ZA 0,05 mg/g2 E4F
o] C cassia N =] o] TFH ALE 94 UA Fel=
Attt Coumarine C. cassia ANZOA H 17.5 mg/g,
Non C cassia ABIAANE B 7 mg/g THEA AU
Cinnamic acide= Non C. cassia Al&o|A BT 3.6 mg/g2)
FFE B C cassia A B2 Uehts $EFQ B 7 mg/g
weh A4 we® lo® e
2—Methoxycinnamaldehyde® & C cassia A|&o|A
B+ 7.75 mg/g, Non C. cassia N &NA 3.17 mg/g2 &
A= C cassia A& o= = o] AT

HUHH | eugenol, epicathechin, cinnamyl acetate, 12|12
cinnamyl alcoholZ Non C cassia A& FE&FA ¢ Zo|
=X =}t Eugenol®} epicatechin® Non C cassia A&
oAl 2zt B 1 mg/g 23.6 mg/gE Yehdt, 22 A

cinnamaldehyde,

coumarin, cinnamic acid,
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C. cassia N &2} Non C. cassia A=A Z}2F B+ 1 mg/g
I} 2.5 mg/g2 YEREI, cinnamyl alcohol®] A$= Ztzk
Bt 2.4 mg/git 7.4 mg/gR C cassia A=A XLt Non
C. cassia A &A HAHeg A SA=Ach(Figure 3,
Table 5).

EZ 8 AR FAR B Aol WE O cassa
9 Non C. cassia \&59 BEZE A&z 1tost7] 9
sto] AR A4S AAsHH € cassia Al&2 Non C.,
cassia NaE HHEE FAE H$(principal component
score)o]| o3 HEeA FRE= BEE B2, Non C
cassia N & % NC4 A E= C cassia N 270 Z3E= A
© 2 Yetgth(Figure 4A). FE =& (Figure 4-B)ollA+ W
4+ 7 B9 B AZHLR Tolgt 4 glon] sl 9
Ashe WS7lE s 245 ARBA o Y= AR P,
wakA] epicatechind}t eugenol & Ho| wj-$- 7t7to] 3l
28] 43 4TS 2L ASR BT £g 02 4R
Ha oFel gre 25 ekl AlIEARY ghe Z714)7]
=d 8% 9L = AR Ugyt, A= Qs FAAE
49| AP E(Figure 4A)A C cassia @83 Non C
cassia 7¥& AIFHAE & &4 F Ny Fo2 FEsIL
Non C. cassia T°] %¥(positive)?] FFof| ALEZ3} =0 2 A
7199319719 epicatechin¥} eugenole ZHEFSZE ZFE3I]
A 7hssitkal & 4= Uk, BHAH O cassia L ARE
E A A1FEEY F(negative)d] FHol FHHES 7]o%

_ _ - AEEL  cinnamic acid, benzaldehyde 181
A nlek BIAA Sk GoR SHHND C cassia Y "
- . cinnamalae e .
Az Bt} Wo] 3tg5 Ao 2 YeElYTt Cinnamyl acetate= yaexs
i 2-Hydroxycinnamic acid Coumarin
e Benzaldehyde 160 Cinnamaldehyde 18 -Hydroxyc
® 2 135 g or B 28
g15 g € g 21
= X = 90 = =
- - - - 1
g 2 45 20.05 1 g "
0.5 c c c 7
o o [0} o)
o | o (LI o o
0 0 0 - 0
CC NC CC NC
i~ _Cinnamicacid 15ZMelhoxycinnanr\enldehvyde
Iy ol =
® 9 10
£ £
g | 55
c 3 4 | =
[e] | o
o | Q 0 WA
0° "t NC cC NC
" Eugenol - Epicatechin . Cinnamyl acetate Cinnamyl alcohol
] 10
o~ ) — k% — Fkk
W15 4 #hs = 30 i b3 — =75 —
£ £ £ £
= 14 = 20 - 3 ~ 5
| g | |
£05 A £ 10 £15 £25
o S o <} w
o J 0 = C °
CC NC CC NC CC NC CC NC

Figure 3. Comparison of the contents of the marker compounds among the samples. CC : Cinnamomum cassia, NC : Non C. cassia. *, the
difference of content between CC and NC with sianificance at *o  0.05. **p { 0.01. and **o { 0.001.
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