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Abstract

Analysis of Volatile Components in Cinnamomum cassia
using Gas Chromatography-Mass Spectrometry and the

Effect of Sample Preparation

Lv Guangping

Supervisor: Prof. Li Shaoping

Cortex Cinnamomi (CC), Rougui in Chinese, has long been regarded as a
medicinal plant and spice in China. Cinnamomum cassia, also called Chinese
Cinnamon, has been wildly cultivated in China and Southeast Asia with a long history
for health care and flavoring spice. Previous studies have proved that it is generally
safe and has multiple pharmacological activities, such as antidiabetic and
antimicrobial effects. The essential oil is one of the main active fractions in C. cassia.
Unfortunately, safrole, a toxic compound, was reported in several species, which need
to be carefully investigated.

Sample preparation is the crucial first step in analysis of TCMs, which impacts
nearly all the later assay steps, including unequivocal identification, confirmation and
quantification of analytes. However, the sample preparation step is often not well
optimized and frequently considered as an end by a large number of analysts.
Pressurized liquid extraction (PLE) is an innovative sample preparation technique
which combines elevated temperature and high pressure to achieve fast and efficient

extraction of the analytes from the (semi-)solid matrices, which is a promising method

VI



for sample preparation of TCMs.

China is the main producing country, which accounts for more than 80% of the
world's production. Therefore, chemical analysis is very important for ensuring the
safety and clinical efficacy. In present study, a PLE and GC-MS method was
developed for simultaneous determination of seven compounds, including the toxic
component safrole in C. cassia. The influence of sample preparation, especially the
effect of solvent, on the quantification was also investigated in detail.

The dissertation consists of three chapters: Chapter 1 reviewed the
distribution, pharmacological activites and quality control of CC. In Chapter 2 the
effect of sample preparation on the quantification of C. cassia was illustrated.
Furthermore, alcohol was found incompatible to sample preparation of aldehydes
due to the aldol reaction. In Chapter 3, a GC-MS method was established for
simultaneous determination of seven components in C. cassia and successfully
applied to quantification of 15 samples collected from different areas of China. The
results showed that cinnamaldehyde was the most abundant compound, but safrole
was not detected in all samples.

Key words: Cinnamomum cassia, Gas chromatography—mass spectrometry,

Pressurized liquid extraction, Sample preparation

VII



P

W
PRRE S8 S B RO SR €3 0 A B i R T IR R 8

Z)

e T S R

I, 1R R IREEN) R R HE PR B S b 5 80 T N A A =25 Bz (I . AR
B 2% el , PR ARSI A B AR R o ARMEIIAKE Cinnamomum cassia Presl.
IS R 2 (e A ROILANBZE L) 20054 R YSe sk P R Fr M — A, 2=
AR RHAA Ry B R, MIREERREBEN JORESE P . DU SRR 7 e,
HERATUE, PURIRIN, LA, PUB R PT RS, $H52 e H 3 BOE TR
HS R SRR, AT F FE e W AR A A AT B B R, R R Rty A S50
WA BRI il PR AR SR A 80 %L B, PRIk AR
A AR 2 AR NS R R RS U 2

RIS, kb B 2 8 TR R SR 10 26— 2, RSB b R VA
i R B E I INBE ISR AR A HOE R R i A B, &5 T AL
BRI P R RO R P SR AT . AR B B N R i
PSR B S ART IEE TS PR B4 RO SR L REATIO 558 14K i SR i B R 357 20 el SR 10
S, RRREERIR R M, S SRR Gl A R AR 1 v, PR R
O AT ZHR AR RN BT, AT RIS S ven RV ER B R K

BN =E, BB TR R R R
UKo o5 —FERIRE 1 Bldh M B RE RIS PURE R A 0 e BAS R S 2, s8]
I AT ) B PRV P A AP AE A S, BRSO AR R I HE R . 2 =
TEEEL T [RIREIALE PR R G RE R Y GC-MS A3 AT v, IR RV E R B A
B 253t 15 M PIEEAR A EAT T 0 bT. S5 RBUR, WHRE AP Z N, 1

VI



C. cassia FEH ARG B 5 1 A S AR TE

s PEE, DNESVATIREG,  GC-MS, Ak



TABLE OF CONTENTS

LIST OF FIGURES ... Xl
LIST OF TABLES ... oot X1l
LIST OF ABBREVIATIONS ... ..o XV
CHAPTER 1: Brief review on CorteX CinNamomi ..........ccccveeeieieneneneneseseeeenens 1
1.1 INEFOTUCTION ..t 1

1.2 Characters and distribution of C. Cassia .........cccccovvvvrireiiniiniiiiee 2

1.3 Chemical CONSITUBNTS ........ccveieiiiiicisesieee e 3
1.3.1 Volatile COMPONENTS....ciiiieiiiiiiieie et 3

1.3.2 Non-volatile COMPONENES.......c.iiveeiiiiee i 4

1.4 PharmacologicaSgetivity s el S bl ... o0 gt 5, 5
1.4.1 Central nervous and endocring SYStem ...........ccceceerieiieereerieseesnanens 5

1.4.2 Effeets on digestiVe SYSTEM ........cceecdieeniiereeieee s S st 6

1.4.3 Effects on the blood and cardiovascular system.............c.cccceeveveennene 7

1.4.4 Effects 0N iMMUNE SYSTEM .......oiiiiiiiiiinteniirienieieieeeee e 7

1.4.5 Anticancer effect.. L W B0 ... 7

1.4.6 Antimicrobial effeCtS ... 7

1.5 Sample Preparation...........iccecoiviiiiie et 8
1.5.1 Hydrodistillation .........cccovieeneeniee it 8

1.5.2 Supercritical CO, Fluid EXtraction.............cccoovveveiieiiieiiece e 9

1.5.3 UItrasoniC EXTraCtioN ..........cccoveuerierieriereiiniesiseeeeeeee e 9

1.5.4 Microwave Assisted EXIraction ............cccceovvireiiiineieineneeesee 9

1.5.5 Pressurized Liquid EXTraCtion............ccoceririiininiicienencnec e 10

1.6 QUAlItY CONIOL ..ot 10
1.6.1 Analysis of cinnamaldehyde...........cocooiiiriiiiiiiic 11

1.6.2 Analysis of Multi-COMPONELS..........cccveveiieiice e 11

1.6.3 Chromatographic FINGerprinting .........c.ccoovvvvirenierenenene e 12

CHAPTER 2 The effect of sample preparation on the quantification of

CINNAMOMUM CASSIA ..o eeee e 13



P22 A 101 (o Yo 11 o3 { 0] o WP 13

2.2 Optimization OF PLE ..o 14
2.2.1 Optimization of extraction SOIVENt ...........cccccvevviiiiicre e 14
2.2.2 Optimization Of teMPErature..........ccoeeeieienisiiiieeeee e 15
2.2.3 Optimization of static extraction time ..........cccccoevevvevecieseese s, 16
2.2.4 Influence of extraction efficiency and reCovery ...........ccccocecvnvnnne 17

2.3 Effect of extraction solvent on analytes...........ccocevveveviievi e seese e 18

2.4 ReSUlts and iSSCUSION ........ccveieiiiiieie et 26

CHAPTER 3 Simultaneous determination of seven components in Cinnamomum

cassia using gas chromatography — mass SPECtrOMELrY ........cccoevvvvverreieeiverieeeennes 28
3.1 Introduction.... .« & X M S 28
3.2 Instruments, chemical and materialS................cccciiiiiiiiicic e 29

3.2.1 INSUUTIENLS ....... grierierr et ... 0 e 29
3.2.2 ChgmMicals ......... PEEeaasun .............. L3 s 29
3.2.3 IMakerials ........... SRRl e 30
3.3 Methads................. R S O ... 32
3.3.1 Sample preparation ... i e s 32
3.3.2 GE-MSHnalysis.. o el 32
3.4 Method vallgatiOn s s it oo 33
3.4.1 Calibration CUrVes..........cccoininnec i i 33
3.4.2 LOD and LOQ...... it eeeeresesninesnssnsssssssssssesasnsnnsrens 36
34,3 PIECISION ...ttt 36
R A ol ol U (o3 RPN 39

3.5 Quantification of the investigated compounds in C. cassia by GC-MS. .... 40

3.6 ReSUlts and diSCUSSION .........cvivirieiriiiiiieisesi et 42
REFERENC E...... .ottt 44
APPENDIX ... 52
ACHIEVEMENTS ..ottt a et 58

Xl



LIST OF FIGURES

Figure 1.1 The original plants, crude drugs and decoction pieces of C. cassia...... 2

Figrue 2.1 Effects of solvent on pressurized liquid extraction ............c.cc.cceevevenene. 15
Figure 2.2 Effects of temperature on pressurized liquid extraction......................... 16
Figure 2.3 Effects of static time on pressurized liquid extraction ............cc.ccccveeee. 17
Figure 2.4 Effects of extraction times on pressurized liquid extraction .................. 18
Figure 2.5 Chromatograms of PLE extracts of different solvents .............c.ccccoeuee. 19

Figure 2.6 GC-MS spectra of cinnamaldehyde (CIN), 2-methoxycinnamaldehyde
(MOCIN) and four unknown peaks of M1, M2, EL, E2.......cccocooviiiiiiiiiniie, 21
Figure 2.7 The proposed aldol reaction between cinnamaldehyde or
2-methoxycimnamaldehyde and methanol or ethanol and their adduct fragmentation
patterns............. . S ... [ESSECORIRRRC S ............. L e 23
Figure 2.8 The stability of cinnamaldehyde (CIN) and 2-methoxycimnamaldehyde
(MOCIN) in different SOIVENES. ....c..ciiiiiiieeie e iiiiiie e 26
Figure 3.1 Chemical structures of the 7 investigated compounds .............c.ccccveuee. 30

Figure 3.2 Typical GC - MS chromatograms (TIC) of mixed standards and PLE

extracts of C. cassiak......... %, 5. 20 L. B8 Ll 33
Figure 3.3 Standard curves of investigated compounds.........c.cccccvevevverriieseennenn, 35
Figure 3.4 The Contents of Seven Investigated Compounds in C. cassia............... 43

Xl



LIST OF TABLES

Table 1.1 The non-volatile components inthe CC ..o 4
Table 3.1 Sources of 15 samples 0f C. CaSSIA.......c.ccceevviiieiiveriiieieere e 31
Table 3.2 Linear regression data of the investigated compounds............cc.ccccvevenne. 34
Table 3.3 LOD, LOQ of the investigated analytes .........c.ccccovcvvvevvericie e 36
Table 3.4 Intra-day precision of the investigated compounds............c.ccocvvviinnennn. 37
Table 3.5 Inter-day precision of the investigated compounds ..........cccccevvevivennenne. 37
Table 3.6 The results of repeatability determination ...........cccccoveveiiiin v, 38
Table 3.7 The recovery of investigated COMPONENtS..........ccceveviereereeiie e 39
Table 3.8 Mass data of seven investigated compounds analyzed by GC-MS. ......... 40
Table 3.9 The content of investigated compounds in C. CassSia...c..c..cccccvevverueenene 41

Xl



LIST OF ABBREVIATIONS

Abbreviation Interpretation

TCM Traditional Chinese Medicine

HPLC High Performance Liquid Chromatography
GC Gas chromatography

TLC Thin Layer Chromatography

MS Mass Spectrometry

UE Ultrasonic Extraction

MAC Microwave Assisted Extraction

PLE/ASE Pressure Liquid Extraction

SIN Signal to Noise Ratio

LOD Limit of Detection

LOQ Limit of Quantification

CcC Cortex Cinnamomi

NPSMAE Non-Polar Solventmicrowave-Assisted Extraction
ISFME Improved solvent-free microwave extraction
EPA Environmental Protection Agency

SGPT Serum glutamic-pyruvic transaminase
SGOT Serum glutamic-oxaloacetic transaminase
ROS Reactive oxygen species

XV



