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100 W) ; 80-2B B DML L2 FL 22U ER 615, 4000 v/min) ; KZE 7R 1R 4 B 1 [ 5 25 LR
TE%E.

RRE ARV i ( AccuStandard Company, JE[E) | 1E VG FLA THEE (KRR RG22 A R AR |
HOBE(AERE T ) KIEK B (R R EALFRTN) YR Hr 4l S ekod (5 Mt U i
WAEBRAT, S8 97.80% , FHIKIFE 4.30 pwm) ; WM T RETERKL G (P21 76, BiER
60 H&H).

1.2 SKIETFE

1201 AEHCHEE FIBOR S B R EC(NPSMAE) ¥4 2 ¢ BESL S5 1 g CIP FTEAMR G A INAGLIE S HUREP
FEANA 15 mL IEC %%, LA 120 C TR 10 min 5, BHEBORE L, I EEBEREHE 25 mL
R, MAZE ARV (R 0. 08 mg/mL) , FIIECAEEZ, MIC/KERRR K T4, 75
4 C R EHA AT

1.2.2 BABEABKRI(CSMAE) ¥ 2 ¢ FEH5 15 mLIBAER (5 mL JL/K LM 10 mL 1EC %)
T PR ERE . H5 R E AR E 1. 2. 1715,

1.2.3 MEHRBHRI(UAE) ¥2 g M55 15 mL IECEEINA ZE 50 mL ELZEHE BT, A $
30 min. HJFMHEAMELTRR 1. 2.1 5.

1.2.4 KXEAZEMW(HD) # 20 g FEF 5 300 mL 284K B T & MRS, 4206 h, 5324
0.5 mL R E AL, FHIECER 25 FEHBEE 250 mL e, HEMWEELER 1.2.1 1.
1.3 SHEeEREEE

e A 4354 . Rxi-Sms 30.0 m x0. 25 mm x0. 25 um; SERE R . 260 °C; BFTHR.: 9
100 °C, Ph4 C/min THEHEHRTFZE 150 C (1453 min) , FLL4 °C/min F+E 180 C, fJ5LA 10 C/min
FH2 220 °C; #EFERE 1 pL, /23R 1:10;5 2500 He, HE K 1 mL/min.

FIig k. BFUR . EL 2R BRI . 200 C; MBS, 70 eV; E2IREE . 250 C;
PG (m/z) « 45 ~450.

2 FER5TE

2.1 NPSMAE REVE &L

2.1.1 CIP 5HBRELHBFE BET CIP SHEMBEELSHN 121, 1:2, 1:3, 1:481 1: 587 AR
BUGR. 25 %M, MR LR T 1:268), RWAERE PR R, FR5 A, WY CIP
B, SRR R THES RS, FERTRCK, BRI SCIREEL CIP SFE S A BTaE Heoh 11 2.

2.1.2 EXRBEZEREMRKRIBAE LD RERRIU=Z 58 bR, IR MR, #
SE T2 NPSMAE. PR 48 & Jif B B0™ R 9 32 28 PR 38 O 4R O 500 . B2 st 1) | 45 O 38 R 61 A e
(m/V) , R Ly (3*) IEACIRSS, i S SR U AN . SRR IE O b, $RIURFTE] 10 min, $2HL
I 120 °C, WL 1:7. 5(mg/mL) , F8f 2 520 A PR 28 2 4R Gl 2

2.2 HEELZHEA GC-MS 7347

W GC-MS ZrHri e T #4121 20 B e SRR X5 St (el 4 43 %) €00 1 06 1 B 5 PR AR 0 1) 0 T
), IEH TS5 RS CSMAE, UAE A1 HD $#EB=I4s SRt 4T T HER. 4 R s IR &
(RS P WA 1 s, #E &ML 28 MS %08 5 5 SCHRIRTE - &5 R 1T e, B s e Al
A3 FRAARNT S5 T3 1.

ML 1 T RE I, WA RISy EE DML G Yo &, S/ DE0 B R &
JEACE W, 4 Fh 7V T B U PR AT 2 43 R R RRE X B st WA 25 K, WA & 3 IR ARl P i e i
WA R = A b & 4. R NPSMAE, CSMAE, UAE 1 HD 84 &2 GC-MS 4387, 43 9% &
18, 19, 15 & 15 Fifb &4, © HA5r BAHXT & i (4% 4l AR B & m A 4 51 13.448%
12.267% , 11.171% , 9. 897% . TEXEMALA YT, ARXS & 5 s (920 53 /2 A FERE ( Cinnamaldehyde ) |
4 Fp 7 A I BN AR S N 8. 641% , 8.534% , 7. 471% F16.986% , He AHR &8 m 1) 5
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Fig.1 Gas chromatograms of essential oils obtained by different methods

(A) NPSMAE; (B) CSMAE; (C) UAE; (D) HD.

Table 1 Retention time(#; ), formula and relative content of chemical compositions in essential oil
obtained from Cinnamomum cassia Presl by NPSMAE, CSMAE, UAE and HD

Relative content( % )

No. tp/min Compound Formula
NPSMAE CSMAE UAE HD
1 6.76  3-Phenyl-2-propenal CyHgO — 0. 065 — 0. 142
2 8.01  Cinnamaldehyde CoHgO 8. 641 8.534  7.471 6. 986
3 8.70  3-Phenyl-2-propen-1-ol CyHy, 0 — 0. 063 — —
4 9.09  4-(1-Hydroxyethyl) benzaldehyde CyH,,0, — 0. 062 — —
5 10.48  (+)-Cycloisosativene CysHyy 0. 063 — 0.060 0.032
6 10.69  Copaene CysHyy 1.077  0.905 1.026  0.686
7 11.92  Caryophyllene CisHy, 0.090 0.068 0.083 0.091
8 12.30 2H-1-Benzopyran-2-one CyHy 0, 0.235 0.263 0.165 —
9 12.87  a-Caryophyllene CysHyy 0. 049 — — —
10 13.49 1,2,3,4,4a,5,6,8a-Octahydro-7-methyl-4-methylene-1-( 1-methylethyl)-, CisHpy  0.335  0.140  0.262  0.304
(1-a,4a-a,8a-ar) -naphthalene
11 13.58 1-(1,5-Dimethyl-4-hexenyl) 4-methyl-benzene CisHyy 0.122  0.079 0.101 0.124
12 14.25 1,2,4a,5,6,8a-Hexahydro4,7-dimethyl-1-( 1-methylethyl ) -naphthalene ~ C;5Hy, 0.562 0.411 —_— 0. 496
13 14.44  1-Methyl4-(5-methyl-1-methylene-4-hexenyl) -, (S)-cyclohexene CisHyy 0.091  0.058 — —
14 15.06 1,2,3,5,6,8a-Hexahydro4,7-dimethyl-1-( 1-methylethyl) -, (1S-cis) - CisHy, 0.707 0.548 0.664 0.052
naphthalene
15 15.18 3-(2-Methoxyphenyl)-2-propenal CioHp0, 0.850 0.650 0.754  0.295
16 15.31 2,6-Dimethyl6-(4-methyl-3-pentenyl ) -bicyclo[ 3. 1. 1] hept-2-ene CisHy  0.134  0.084 0.127  0.140
17 15.43 1,2,3,4 4a,7-Hexahydro-1,6-dimethyl-4-( 1-methylethyl ) -naphthalene CisHy, 0.119 0.079 0.109 0.170
18 15.67 cis-a-Bisabolene CysHyy 0. 105 0.066  0.095 —
19 18.87 Di-epi-a-cedrene-( 1) CisHy O — — — 0. 083
20  19.41 «-Cadinol Cy5Hy O 0.138 0.089 0.123 0.182
21 19.55 1,2,3,4,4a,7,8,8a-Octahydro-1,6-dimethyl4-(1-methylethyl) -, CisHyO  0.130  0.050 0.067 —
[1R-(1-a,4-8,4a-8,8a-B) ] -1-naphthalenol
22 20.84  «-Bisabolol Cy5Hy O 0.070 0.053 0.064 0.114

%4 i 61 #5 copaene (1.077% , 0.905% , 1.026% 1 0.686% ), 3-( 2-methoxyphenyl )-2-propenal
(0.850% , 0.650% , 0.754% #110.295% ), 1,2,3,5,6,8a-hexahydro4, 7-dimethyl-1-( 1-methylethyl ) -
(18S-cis) -naphthalene (0. 707% , 0. 548% , 0. 664% F10.052% ), 1,2,4a,5,6,8a-hexahydro4 ,7-dimethyl-
1-( 1-methylethyl ) -naphthalene (0. 562% , 0.411% , AHIF10.496% ), 1,2,3,4,4a,5,6,8a-octahydro-7-
methyl-4-methylene-1-( 1-methylethyl) -(1-a,4a-ac,8a-ar) -naphthalene (0. 335% , 0.140% , 0.262%
0.304% ), ESR 4 Py ik eas B0 PR & T 32 2 043 P o LU 45 AN AR ], (AR AR 25 K, X 4%
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A TS 237 A B S s

K H] CSMAE JIrfa i IR ARA% Al vh & Ak G W 24H 53 F5 22, 4 3-phenyl-2-propen-1-ol, 4-( 1-hydroxy-
ethyl) benzaldehyde %, FI g S5HEIOE R A O¢, (X B2 43 & A%, XF AR R Tl 0y 5 AN 2
AR, BEAh, PR (3 RO AT OV R AR & ) SR BRG] RE B ER IO Ok, CSMAE 1
PR AR BRI o (6, AR E R ENTURY. EHIECRERN, AR PRESED
BE FITC K LB R G R EIR T BT E] PR i 2 ZL ROk, s e 204 V8 T, 2R R A ok
AN, FEE, ST GC/MS KR, AR MRS AT Y ik A, i NPSMAE (945 A& i $2 BORCh ¥
W, AEKHRILTE IR, $BGRH ETRA/0, BRI RE G R

JH UAE F1 HD J7 2 i85 04 N A% & ih 5 NPSMAE Fri8-45 & wh A LG, 4% & 2H 43 %0 B 4l 4y
SR BIK.
2.3 HEHRZRE

Sy RIFRELS 4y 2 ¢ AR, FEURALI SISO A THRE, DA & I 3 Fh 22244y cinna-
maldehyde, copaene . 3-(2-methoxyphenyl) -2-propenal B A%} & 28 L% %8 T NPSMAE B RS2 . 5K
IRA R, 5 RE R SCIR T A5 2] 3 A 32 Il 4L 53 i AE B i A X AR AR 2543 50 1. 5%
3.0% F13. 4% , HHXHMmZEE/N, UiIH NPSMAE LA 45 b ioRG 2 1 .
2.4 HEHRNST

2K PRV TS s Y o5 TC TSGR B2 2. 100 mg/mL AR TR 4 TR, 188 fid 4 YRR R 80k T 20 1l 4 0. 168,
0.504, 1.008, 1.512 F12. 100 mg/mL WA, HINAZSNARYIAE R (29K %R 0. 08 mg/ml). %18
3R GC-MS ZAEA T E , DAAHXTIE IR (A) AT, NEERSVREE (p) WiiAets, ZdilbnifEmdk, W
FEBE AY M FEAE 0. 168 ~ 2. 100 mg/mL JE BN LM LR B &, BIH AN A =4.460p +0.939, r =
0.9939.

L3 T NPSMAE, CSMAE, UAE Fl HD 4 FhJ7 ik A5 PR RE I 1) $2 5™ S R T i #E (W B ], 25 258 51
T3 2, Al UL NPSMAE 1575 (N EERE i 7 2 i s, HRERS %0, AHEL CSMAE, UAE Fil HD B A &%,
PHEFEOL . ] NPSMAE vE#EAT 1 [FIBCRINGE , FrAS [RISCR K 80% , H RSD 1 1.77% (n=3).

Table 2 Comparison of different extraction methods

Method Extraction time/min Extraction yield/(mg + g™!) RSD(% ) (n=3)
NPSMAE 15—20 21.43 1.5
CSMAE 15—20 21.28 0.4
UAE 30 17. 67 3.3
HD 360 17.33 1.9

3 % s

ARISCHEGE T LA CIP i e Wi A B, FH NPSMAE 35 52 B BE rh i 4% a4l 4y, &at %,
NPSMAE i34 & 15 H CSMAE, UAE Fll HD 1545 & M AR L o iR SRR & B35 LUz, W
RIREIMAT S0 WA B = A8 AL S 9, X R WIFE NPSMAE J5 32 2 BRI A & i 24 43 i it A8 vh
JIT FE A AR MR MR A . CIP XU A FA SN AR &y, I 388 VR R S i ) 5 0 i v AT A 21 93 2 A b2
N, S, 155 NPSMAE S EHREE . $REUREE 120 °C, $EHUE] 10 min, $2EBGRIECKE, FER
oM 1:7.5(mg/mL) , FEBLAAMET , NPSMAE $ET6 v 24 v (9 4% & 3 A RT 15 ~20 min, A HFPE
PEIUT 8 R 9 5 T AL 5

& % X M
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Analysis of Essential Oil from Cinnamomum cassia Presl by
Microwave-assisted Extraction Coupled with Gas
Chromatography-Mass Spectrometry

ZHU Xiao-Nan', WEI Shi-Gang', WANG Hao-Nan®, SUN Ying', JIANG Chun-Zhu',
WANG Jian', WANG Lu', WANG Li-Ying', SONG Da-Qian'"
(1. College of Chemistry, 2. College of Environment and Resource, Jilin University, Changchun 130012, China)

Abstract The essential oil from Cinnamomum cassia Presl was studied by non-polar solvent microwave-assis-
ted extraction( NPSMAE) coupled with gas chromatagraphy-mass spectrometry( GC-MS). The cinnamaldehyde
as a main component in the essential oil was determined. The effects of type of solvent, temperature, extrac-
tion time and ratio of solid to solvent (m/V) were examined and optimized. Compared with UAE and HD,
NPSMAE has several advantages such as shorter extraction time and higher extraction yield. The proposed
method is suitable for the extraction of essential oil.

Keywords Cinnamomum cassia Presl; Essential oil; Non-polar solvent microwave-assisted extraction; Gas

chromatagraphy-mass spectrometry
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