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Cassia bark or cortex cinnamomi, the dried stem bark of Cinnamomum cassia Presl. (Lauraceae), is
a popular natural spice and a commonly used herb in traditional Chinese medicine. However,
adulterants are frequently found in the market. In this study, 44 samples of Cassia bark including
bark from seven related Cinnamomum species were collected from fields and market. Four
characteristic components, cinnamaldehyde, cinnamic acid, cinnamyl alcohol, and coumarin were
determined by RP-HPLC, and a fingerprint comprised of five markers was established. These results
showed that cassia barks contained high contents of cinnamaldehyde (13.01—56.93 mg/g). The highest
content of cinnamaldehyde (up to 93.83 mg/g) was found in debarked cortex, which is traditionally
regarded as having the best quality in local herb shops. In contrast, the adulterants from the other
Cinnamomum species, C. wilsonii Camble, C. japonicum Sieb., C. mairei Levl. and C. burmanii (Nees)
Blume, contained low contents of cinnamaldehyde (<2.00 mg/g). The content of cinnamaldehyde in
C. loureiriiNees was comparable to that in C. cassia. It is suggested that five characteristic peaks by
HPLC are suitable for distinguishing genuine cassia bark from the adulterants and could be applied
in the quality control of this commodity.

KEYWORDS: Cortex cinnamomi; Cinnamomum ; Cinnamomum cassia ; cinnamaldehyde; quantitative
analysis; chemical profile; HPLC fingerprint

INTRODUCTION of volatile oil in the bark was identified as cinnamaldehyde by
GC—-MS. Also, similar studies showed the volatile oil of cassia

Cassia bark refers to the bark @Ginnamomum cassigresl. ’ . . . :
bark and cassia twig (ramulus cinnamomi) contained 83.10 and

(Lauraceae). It is commonly used as traditional Chinese ; . . ;
medicine for treating dyspepsia, gastritis, blood circulation 64.57% cinnamaldehyde, respective).(Cinnamaldehyde is

disturbances, and inflammatory diseast [t is also used as ~ ©N€ of the active i_ngr_e(_jients of cassia _bark. It was reported that

a popular natural spice in many parts of the world. It is cinnamaldehyde mhlblted .thg production .o.f Iymphocytgs and

scheduled as cortex cinnamomi in the Chinese pharmacopoeia{mdu'ated T-cell differentiation9). In addition, it exhibited

(2). However, barks from othe€innamomumspecies are antifungal, cytotoxic, antipyretic, antioxidant, antimicrobial, and

frequently found as substitutes or adulterants (1). The use of mosquito larvicidal effects (10—15).

otherCinnamomunspecies may significantly affect its intended Previous studies o€innamomunspecies with TLC, GC,

therapeutic values. GC—MS, and HPLC are well-documented, (7, 8, 16—23).
Various aromatics, diterpenes, and polyphenols have beenHowever, a systematic study on the authentication and assess-

identified in cassia bark3(6). Li et al. (7) found that 67.21% ment on relatedCinnamomunspecies is not well-defined. In

this study, samples of cassia bark and related materials from
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the fingerprints were established that could be employed for Taple 1. Collected Crude Materials of Cortex Cinnamomi and Its
authenticating genuine cassia bark and assessing its qualityRelated Species

efficiently.
sample latin name Chinese name part collected location
1 C. cassia Pres| Rou-Gui bark Guangxi, China
MATERIALS AND METHODS 2 C. cassia Pres| Rou-Gui bark Wuzh?)u, Guangxi, China
o 3 C. cassia Pres| Rou-Gui bark Rongxian, Guangxi, China
Chromatography. Quantitative analyses were performed on an 4 ¢ cassiaPres| Rou-Gui bark Tengxian, Guangxi, China
Agilent 1100 chromatography system with DAD detector. A 4.6 5 C. cassia Pres| Rou-Gui bark Fangcheng, Guangxi, China
150 mm, 5um, Zorbax XDB RP-G column (Agilent Technologies) 6 C. cassiaPresl Rou-Gui bark  Pingnan, Guangxi, China
together with a RP-G guard column were used with column temper- 7 C. cassiaPres| Rou-Gui bark Mengzi, Yunnan, China
. . L 0 8 C. cassia Pres| Rou-Gui bark Yunnan, China
ature set at 20C. The mobile phase consisted of acetonitrile and 0.04% ; . ! .

. . . 9 C. cassia Pres| Rou-Gui bark Deging, Guangdong, China
aqueous acetic acid (25:75), and the flow rate was 1.0 mL/min. The 15 ¢ cassia Pres| Rou-Gui bark Luoding,Guangdong, China
detection wavelengths were at 280 nm for cinnamaldehyde, cinnamic 11 . cassia Pres! Rou-Gui bark Fujian, China
acid, and coumarin and at 250 nm for cinnamyl alcohol, respectively. 12 C. cassia Pres| Rou-Gui bark Hainan, China _

The chemical fingerprint analyses were performed under the same 1% G cassiaPresl Rou-Gui bark Xishuangbanna,Yunnan, China
. ) . o 14 C.cassiaPreslvar.  Qing-Hua-Gui bark Guangxi, China
conditions. The mobile phase consisted of acetonitrile (eluent A) and macrophyllum Chu
0.02% aqueous acetic acid (eluent B). Linear gradient elution from 10 15  C. cassiaPreslvar.  Qing-Hua-Gui bark Vietnam
to 50% eluent A in 60 min was applied. The detection wavelength macrophyllum Chu

16 C. wilsonii Gamble Chuan-Gui bark Sichuan, China
was at 280 nm. . 17 C. wilsonii Gamble Chuan-Gui bark Yaan, Sichuan, China
Reagents.HPLC-grade acetonitrile and ACS'grade methanol were 18 C. wilsonii Gamble Chuan-Gui bark Jiangyou, Sichuan, China

purchased from International Laboratory (NV). HPLC-grade acetic acid 19  C. wilsoniGamble ~ Chuan-Gui  bark Jiangyou, Sichuan, China
was purchased from BDH Laboratory Supplies (Poole, U.K.). HPLC 20 C.japonicumSieb  Tian-Zhu-Gui  bark Longnan, Guangxi, China
water was prepared with the Millipore Milli-Q SP water purification 2L C.japonicumSieb  Tian-Zhu-Gui  twig - Chongyi, Jiangxi, China
system. Cinnamaldehyde was isolated and purified from the bark of 22 C.japonicum Sieb Tian-Zhu-Gui bark - Chongy, Jiangxi, China

. . - R 23 C. japonicum Sieb Tian-Zhu-Gui  bark Lichuan, Jiangxi, China
authenticC. cassiaby silica gel chromatography eluted with hexane/ 24 C. japonicum Sieb Tian-Zhu-Gui  bark Jinggangshan, Jiangxi, China

acetone (10:1). The purified cinnamaldehyde was kepf@t 4s purity 25  C.japonicumSieb  Tian-Zhu-Gui bark Zhejiang, China

was determined to be higher than 98% by HPLC analysis, and its 26  C. burmannii(Nees)  Yin-Xiang twig  Xishuangbanna, Yunnan, China
structure was confirmed by NMR analysis. Cinnamyl alcohol and Blume ) . N .
eugenol were purchased from Acros Organics (NJ). Coumarin was 2/ g g:xz"tgx: nggﬂ: g:ﬁt iﬁzgﬁ'agiciﬁgﬁaghﬁgna
purchased from Sigma (St. Louis, MO). Cinnamic acid was supplied 59 ¢ joureiriiNees Lit-Shi-Gui  bark Korea ’

by the Chinese National Institute for the Control of Pharmaceutical
and Biological Products.

Materials. A total of 13 samples of the bark fro@. cassia, 16 Table 2. Market Samples of Cassia Bark and Related Materials
samples from 6 otheCinnamomumspecies, and 15 different market  Purchased in Hong Kong
commodities of Cassia bark and related materials were collected from

China, Vietnam, and Korearlébles 1and?2). The species of genus price
Cinnmomunwere identified carefully by morphological characteristics. commercial original dealer  (HK$)
Voucher samples were deposited in the laboratory of the Hong Kong sample  name or grade species D (HK$kg) usage
Jockey Club Institute of Chinese Medicine and at the Museum of the 39 debarked cortex  C. cassia Pres| A 73684  drug
Institute of Chinese Medicine, Chinese University of Hong Kong. 31 debarked cortex  C. cassia Pres| A 7368.4  drug
Sample Preparation Procedures.Samples were pulverized, and 32 debarked cortex  C. cassia Presl B 10526  drug
the powder was screened through 180 sieves. Fine powder (0.5 g) gi ‘é?_bBa};krigE?’tex g g:z:,g EE?: <D: 2662(9)g o gmg
was accurately weighed, and 25 mL of methanol was added and the 35 bark C cassia Pres| D 201 s 19
; . . . . pice
mixture was weighed again. Then, the powder was extracted by g bark C. cassia Pres| E 789  drug
ultrasonication at room temperature for 30 min. After cooling, methanol 37 bark C. cassia Pres| B 2632 drug
was added to make up to the initial weight. The supernatant fluid was 38 bark C. cassia Pres| F 1316 spice
filtered through a syringe filter (0.4xm). A total of 0.5-10 uL 39 bark C. cassia Pres| G 376.2  drug
(adjusting the volume according to the concentration) of each filtrate 40 twig C. cassia Pres| E 68.2  drug
was subject to HPLC quantitative analysis, andllwas subject to ffé L";‘i g gzzz;: Eigz: ‘j 12%2 S“iige
chemlcal-p.roflllng analy§|s. . . . . 43 bark C. cassia Pres| K 166.7 sgice
Preparation of the Calibration Curves. Cinnamaldehyde, cinnamic 44 bark C. cassia Pres| L 166.7  spice

acid, cinnamyl alcohol, and coumarin were weighed, dissolved, and
diluted with methanol in a volumetric flask to obtain standard solutions
for the calibration curves. The ranges of calibration curves were-7.58
947.5,0.119—23.8, 0.165—33.0, and 0.171—342 ng, respectivety (n Quantitative Analyses.In comparison to the use of other
7). The contents of cinnamaldehyde, cinnamic acid, cinnamyl alcohol, splvents including 50% MeOH, acetone, chloroform, and hex-
and coumarin were calculated using the respective calibration curves.gne and steam distillation, the amount of the selected four
markers in the MeOH extract was the highest. The contents of
RESULTS AND DISCUSSION cinnamaldehyde, cinnamic acid, cinnamyl alcohol, and coumarin
. in the 44 samples listed ihables 1and2 were determined by
Collection of SamplesA total of 29 samples (samplds-29) PLC. The HPLC chromatograms were generated at wave-

of cassia bark and the barks of related species were collecte . -

) . engths of 280 nmKigure 1A) and 250 nm KEigure 1B). The
;rom %hlng, Koreq, andlvletnéﬂeblesl). S?gpleigg were peaks of coumarin, cinnamic acid, cinnamaldehyde, and cin-
rom e uangxi province, Lhina. samps an were namyl alcohol were identified based on the corresponding

from Vieinam and Korea,_respectlvely. A total of 1.5 . samples retention time at 7.88, 11.80, 15.77, and 10.10 min, respectively.
(samples30—44, representing four types of commodities) were

purchased from local drug stores or companies in Hong Kong The results showed that the contents of cinnamaldehyde in
(Table 2). samplesl—13ranged from 13.05 to 48.29 mg/g, in samplds
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L e e A A N Figure 3. HPLC profile of five components in cassia bark. (1) Coumarin,
(2) cinnamic acid, (3) cinnamaldehyde, (4) unknown, and (5) eugenol.

mAu
B.250 nm -
12 4 components were selected as characteristic peaks for the
10 ] . fingerprint (Figure 3). Four peaks were identified as coumarin
. cinnamy] alcohol (peakl), cinnamic acid (peaR), cinnamaldehyde (ped, and
3 eugenol (peak), respectively, by comparing the corresponding
6 1 retention times and the UV spectra of the standards. One
4 ] undetermined component (pedj was also included in the
5 ] fingerprint. The average relative retention times of these peaks
0 versus cinnamaldehyde (1.00, pejkvere 0.66 (peak), 0.92
e e e e (peak?2), 1.20 (peald), and 1.27 (peak), and their average
0 5 10 ] 15 20 mn ) relative areasX 10E—3) are 1.00 (peaB), 6.60 (peakl), 12.26
Figure 1. HPLC chromatograms of cassia bark. (A) 280 nm, to determine (peak 2), 14.11 (peakd), and 2.04 (peaks), respectively.
the contents of coumarin, cinnamic acid, and cinnamaldehyde. (B) 250 Previously, a group did not find eugenol @ cassia, but two
nm, to determine the content of cinnamyl alcohol. groups did observe this chemical, (17, 24). Our finding
and 15, ranged from 51.91 to 56.93 mg/g, and in sanffe supports the existence of eugenolGn cassia.
was 12.74 mg/g (Figure 2and Table 3). The contents of On the basis of the established chromatographic profiles, the
cinnamaldehyde in the bark of oth&@innamomumspecies analytical results of seven selected samples were compared with
(samplesl6—28)were below 2.00 mg/g. that of the fingerprint of cassia bark. It was obvious that the

Samples of four market commodities purchased in Hong bark of C. cassiavar. macrophyllum(samplel4) and debarked
Kong were also studied. A large variation in prices was found cortex (sample30) were very similar to the given reference
(Table 2). The cassia twigs (sampld® and 41) were the (Table 4 andFigure 4), in which all five common peaks were
cheapest, priced at HK$ 68:-231.6/kg, while debarked cortex  detected but the relative area of coumarin in the chromatogram
(samples30—32) were the most expensive, from HK$ 1052.6  of debarked cortex was 6.8 times higher than the reference.
26 000/kg. Analytical results seemed to suggest there was aFurthermore, three pealis2, and4 were absent or just barely
direct relationship between price and the contents of cinnama-detectable in the samples &f wilsoni, C. burmanii, andC.
Idehyde. The highest content of cinnamaldehyde was found in mairei(samplesl7,26, and28). Peak of C. japonicum(sample
sample30 (debarked cortex), amounting to 93.83 mg/kg. The 23) was missing, and the relative areas of pehkd, and5

lowest content of cinnamaldehyde was in samfle(twigs). were significantly different from the fingerprint of cassia bark
Also, it was shown that the average content of cinnamaldehyde (Table 4). Peak5 in the bark ofC. loureirii (sample29) was
in samples30—33(debarked cortex) and sam8d (Qi-Bian- absent. These results revealed that the bark fLorassiacould
Gui) was 65.35 mg/kg. Cinnamic acid, cinnamyl alcohol, and be distinguished from oth&innamomunspecies by the HPLC
coumarin are the minor components of cassia beigure 3). fingerprint.

Chemical Profile. From the HPLC chromatograms on 13 In this study, four main chemical components in 44 samples
samples of the bark &. cassia(samplesl—12), five chemical of cassia bark and related species were determined by the
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Figure 2. Contents (mg/g) of cinnamaldehyde in the 44 samples listed in Table 3.
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mAU 8 3 A Table 3. Contents of Cinnamaldehyde, Cinnamic Acid, Cinnamyl
1 2 4 Alcohol, and Coumarin in Cassia Bark and Related Materials (mg/g)
l Ve 5 sam- cinnamal- cinnamic cinnamyl cou- sam- cinnamal- cinnamic cinnamyl cou-
- ~ ple dehyde acid alcohol marin ple dehyde acid alcohol marin
B

N

0
8 1 3328 045 085 004 23 033 001 1.26
34 5 2 1946 022 007 019 24 008 0.22
4 / 3 2453 028 001 011 25 199 0.2 0.03
\ / 4 2402 025 003 08 26 038 0.02
07 : : . = 5 2547 019 005 27 129 004 0.20
8] c 6 2836 022 018 013 28 014
E 1 3 7 4829 039 006 012 29 1274 025 016 233
47 ' 4 5 8 17.28 0.19 002 011 30 93.83 0.84 0.69 917
E J/ 9 1305 018 001 063 31 8714 083 069 913
0 : — 10 1556 016 005 015 32 3383 191 044 544
8] 11 27.04 0.29 0.07 085 33 67.98 1.38 015 1218
E 5 D 12 2492 030 013 037 34 6976 087 015 4.27
3 13 2389 047 177 046 35 2010 035 010 0.88
44 4 / 14 5191 051 023 018 36 3752 039 010 0.21
7MMML%__ 15 5693 082 006 087 37 1436 031 027 041
0 : : : . ‘ 16 007 001 38 3747 083 007 183
8 E 17 0.08 39 4587 073 042 613
E 18 0.5 40 944 040 018 041
P 3 4 5 19 0.13 41 1112 0.40 0.63 035
E \ 20 016 033 42 1950 033 009 043
M \/ 21 0.08 021 43 2039 076 031 013
04 : : B —— 2 006 001 44 2999 055 014 188
8 1 3 F
44 2 4 Table 4. Relative Areas of Common Peaks for Related Cinnamomum
E Species
0 ;MM p
8 ' ‘ ' ' ‘ relative areas
E 1 2 peak 1 peak 2 peak 3 peak 4 peak 5
47 sample (x1073) (x1073) (S) (x1073) (x1073)
y J 14 1.650 11.059 1.000 14.509 0.819
R E— 17 1.000 381.976
0 10 20 23 1629.690 1.000 694.864 124.248
. . 26 1.000 125.238
Time (min) 28 1.000 165.128
Figure 4. HPLC chromatograms of related Cinnamomum species (A) C. 29 73.766 18.172 1.000 20.885
30 44.954 9.902 1.000 0.915 0.780

cassia var. macrophyllum (sample 14), (B) C. wilsoni (sample 17), (C) C.
Jjaponicum (sample 23), (D) C. burmanii (sample 26), (E) C. mairei (sample
28), (F) C. loureirii (sample 29), and (G) debarked cortex (sample 30).
(1) Coumarin, (2) cinnamic acid, (3) cinnamaldehyde, (4) unknown, and
(5) eugenol.

japonicum(sample 23) were 247 and 49 times higher than those
of C. cassia(Table 4 andFigure 4). The barks ofC. loureirii
could be distinguished from the bark ©f cassicby the absence

established HPLC method@4ble 3). With reference to the just ~ ©f Peak5. In comparison to the fingerprint of cassia bark, the

released Chinese pharmacopoeia (2005 edition), the content of@'k of C. cassiavar. macrophyllumand debarked cortex was
t Identified as having the best quality. The results showed that

cinnamaldehyde in qualified cortex cinnamomi should reach al ) v - > :
least 10.00 mg/grable 3shows the contents of cinnamaldehyde the guantity of cinnamaldehyde and HPLC fingerprint analysis
along with corresponding chemical components may be used

in all 44 samples of cassia bark. The content of cinnamaldehyde X i c .
in the bark ofC. cassiawas more than 10.00 mg/g. However for rapid and reliable authentication and quality assessment of
' cassia bark.

the other relate€innamomunspeciesC. wilsonii, C. japoni-
cum,C. burmannij andC. mairej would have to be regarded
as counterfeits because their contents of cinnamaldehyde wereN\OTE ADDED AFTER ASAP PUBLICATION

less than 1.00 mg/g. o . .

The price of cortex cinnamomum is traditionally based on  The original posting of March 11, 2005, contained an error
the size, thickness, and smell of the bark. In our analysis of the In the Chemical Profile paragraph. This has been corrected as
market commodities, it was apparent that the price was directly ©f March 15, 2005.
proportional to the content of cinnamaldehydalfle 3). The
content of cinnamaldehyde may thus be taken as an important| ITERATURE CITED
index for prizing and quality assessment. The contents of
cinnamaldehyde in samplé§—28were lower than 10.00 mg/ (1) Lou, Z. Q.; Qin, Bo. Species systematization and quality
g; thus, it was possible to differentia@® cassiafrom counter- evaluatlo_n of com_monly_useq Chlne§e tradition drugs, edition
feits by comparing the contents of cinnamaldehyde. North-China; Peking University Medical Press, 1995; Vol. 1,

Five maj K lected as the fi ints of cassi Pp 203-251.
IVE Major peaxs were Selected as the ingerprints or cassia (2) Pharmacopoeia of the People’s Republic of China, edition 2000;

bark and related specieigure 4). Three peaks (peak, 2, Chemical Industry Press, 1999; Vol. 1, pp 30—31.
and4) were absent or barely detectable in the chromatogram (3) zhu, L. F.; Li, Y. H.; Li, B. L.; Lu, B. Y.; Xia, N. H.Aromatic
of C. wilsoni, C. burmanii, andC. mairei, while peak?2 was Plants and Essential Constituenfist ed.; Hai Feng Publishing

absent inC. japonicum. The areas of peaks 1 and 4Qn Co.: Hong Kong, 1993; pp 27—28.



2428 J. Agric. Food Chem., Vol. 53, No. 7, 2005

(4) Nohara, T.; Kashiwada, Y.; Murakami, K.; Tomimatsu, T.; Kido,
M.; Yagi, A.; Hishioka, I. Constituents of cinnamomi cortex.
5.Structures of five diterpenes, cinncassiols D; glucoside,
D,, D2 glucoside, and B Chem. Pharm. Bull1981,29, 2451 —
24509.

(5) Hohara, T.; Kashiwada, Y.; Tomimatsu, T.; Nishioka, |. Two
novel diterpenes from bark @innamomum cassi®hytochem-
istry 1982,21, 2130—2132.

(6) Yazaki, K.; Okuda, T. Condensed tannin production in callus
and suspension cultures @fnnamomum cassi&hytochemistry
1990,29, 1559—1562.

(7) Li, L. L,; Yuan, W. J. Cinnamon oil analysis by GC and GC/
MS. Chin. J. Drug Anal.2000, 116—118.

(8) Shen, Q.; Chen, F. L.; Luo, J. B. Comparison studies on chemical
constituents of essential oil from ramulus cinnamomi and cortex
cinnamomi by GC—MSZhongyaocak002,25, 257—258.

(9) Koh, W. S.; Yoon, S. Y.; Kwon, B. M.; Jeong, T. C.; Nam, K.
S.; Han, M. Y. Cinnamaldehyde inhibits lymphocyte proliferation
and modulates T-cell differentiatiomt. J. Immunopharmacol
1998,20, 643—660.

(10) Singh, H. B.; Srivastava, M.; Singh, A. B. Srivastava, A. K.
Cinnamon bark oil, a potent fungitoxicant against fungi causing
respiratory tract mycosegyllergy 1995,50, 995—999.

(11) Kwon, B. M.; Lee, S. H,; Choi, S. U.; Park, S. H.; Lee, C. O
Cho, Y. K.; Sung, N. D.; Bok, S. H. Synthesis amd vitro
cytotoxicity of cinnamaldehyde to human solid tumor celech.
Pharm. Res1998,21, 147—152.

(12) Kurokawa, M.; Kumeda, C. A.; Yamamura, T.; Shiraki, K.
Antipyretic activity of cinnamyl derivatives and related com-
pounds in influenza virus-infected micEur. J. Pharm.1998,
348, 45-51.

(13) Lin, C.C.; Wu, S. J.; Chang, C. H.; Ng, L. T. Antioxidant activity
of Cinnamomum cassid&hytother. Res2003,17, 726—730.

(14) Kim, H. O.; Park, S. W.; Park, H. D. Inactivation Bécherichia
coli 0157, H7 by cinnamaldehyde purified froBinnamomum
cassiashoot.Food Microbio.2004,21, 105—110.

(15) Cheng, S. S.; Liu, J. Y,; Tsai, K. H.; Chen, W. J.; Chang, S. T.
Chemical composition and mosquito larvicidal activity of es-
sential oils from leaves of differef@innmomum osmophloeum
provenances]. Agric. Food Chem2004,52, 4395—4400.

He et al.

(16) Zhang, H. X.; Chen, J. W.; Wu, Z. P. Comparative experiments
in bark of Cinnamomum cassiand its adulterants by HSGEC
MS. Chin. Trad. Herb. Drug2003,34, 76-77.

(17) Ross, M. S. F. Analysis of cinnamon oil by high-pressure liquid
chromatographyd. Chromatogr.1976,118, 273—275.

(18) Sagara, K.; Oshima, T.; Yoshida, T. Determination of cinnamomi
cortex by high-performance liquid chromatograpldy.Chro-
matogr.1987,409, 367—370.

(19) Archer, A. W. Determination of cinnamaldehyde, coumarin, and
cinnamyl alcohol in cinnamon and cassia by high-performance
liquid chromatographyJ. Chromatogr.1988,447, 272—276.

(20) Kazuhiko, S.; Toshiyuki, O.; Tsuguchika, Y.; Tong, Y.; Zhang,
G.; Chen, Y. Determination of cinnamaldehyde, coumarin, and
cinnamyl alcohol in cinnamon and cassia by high-performance
liquid chromatographyJ. Chromatogr.1987,409, 365—370.

(21) Kau, P. N.; Bhattacharya, A. K.; Rao, B. R. R.; Syamasundar,
K. V.; Ramesh, S. Volatile constituents of essential oils isolated
from different parts of cinnamonCinnamomum zeylanicum
Blume).J. Sci. Food Agric2003,81, 53-55.

(22) Jirovetz, L.; Buchbauer, G.; Ruzicka, J.; Shafi, M. P.; Rosamma
M. K. Analysis of Cinnamomum zeylanicuBiume leaf oil from
south IndiaJ. Essent. Oil Re001,13, 442—-443.

(23) Jayaprakasha, G. K.; Rao, L. J. M.; Sakariah, K. K. Volatile
constituents fron€innamomum zeylanicufruit stalks and their
antioxidant activitiesJ. Agric. Food Chem2003,51, 4344—
4348.

(24) Miller, K. G.; Poole, C. F.; Pawlowski, T. M. P. Classification
of the botanical origin of cinnamon by solid-phase microextrac-
tion and gas chromatographyhromatographial 996 42, 639
646.

Received for review November 11, 2004. Revised manuscript received
January 27, 2005. Accepted February 2, 2005. This work was supported
by the Hong Kong Jockey Club Charities Trust (project number
JCICM-2-02R).

JF048116S



