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Abstract: A solvent-free microwave extraction (SFME) process was optimized to extract cinnamon essential oil, and the components of the
extract were analyzed by gas chromatography/mass spectrometry. The in vitro antioxidant capacity and surface micromorphology of the cinnamon
essential oil extracted by SFME were also examined and compared with those of cinnamon essential oil extracted by steam distillation (SD). Using the
oil yield as an indicator, the optimal extraction conditions were obtained by conducting orthogonal tests. The conditions are as follows: extraction time,
60 min; microwave power, 450 W; moisture content, 60%; and infiltration time, 2.5 h. The essential oil yield under these conditions was 3.15%, which
is 35.78% higher than that of the traditional SD. Gas chromatography/mass spectrometry was used to analyze the composition of the extracted
cinnamon essential oil, and the results were verified using mass spectrum library and retention indexes. In total, 24 compounds were identified. The
main components include cinnamaldehyde (67.69%), eugenol (11.36%), linalool (4.26%), and limonene (2.40%). The cinnamaldehyde and limonene
content in the cinnamon oil extracted by SFME was 14.49% and 34.51% higher, respectively, than that extracted by SD, indicating that the cinnamon
oil extracted by SFME has superior pharmacological activity. The SEM results suggest that the solvent-free microwave extracted cinnamon essential
oil has distinct voids and many irregular cavities. The ICs, values for DPPH (2.10 mg/mL) and hydroxy! free radicals (0.17 mg/mL) in the cinnamon oil
extracted by SFME are higher than those for the cinnamon oil extracted by SD. In summary, SFME is a suitable method for extracting cinnamon
essential oil because high extraction efficiency, high oil yield, and excellent oil quality can be achieved using this method.
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Fig.1 Effect of extraction time on the yield of essential oils
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Fig.3 Effect of moisture content on the yield of essential oils
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Table 1 Horizontal table of orthogonal test factors

A&
KE OA@FRE B C D(iz i
BHE/min)  SHEW)  (BUKE%)  iE/h)
1 50 400 50 15
60 450 60 2
3 70 500 70 2.5

*2 MWERS N
Table 2 Orthogonal test design and results

F¥k5  BEEA GRREE)  EEB (MkshF) REC (AKE) RED GRENE) HwFEm%

1 1(50) 1(400) 1(50) 1(1.5) 0.84
2 1(50) 2(450) 2(60) 2(2) 221
3 1(50) 3(500) 3(70) 3(2.5) 157
4 2(60) 1(400) 2(60) 3(2.5) 2.64
5 2(60) 2(450) 3(70) 1(1.5) 3.02
6 2(60) 3(500) 1(50) 2(2) 2.41
7 3(70) 1(400) 3(70) 2(2) 1.95
8 3(70) 2(450) 1(50) 3(2.5) 2.01
9 3(70) 3(500) 2(60) 1(1.5) 1.70
K1 154 1.81 175 1.85
K2 2.69 241 2.18 2.19
K3 115 1.89 2.18 2.07
R 115 0.60 043 0.34

TRIAE A>B>C>D

AL A AxB,C;D;

M 2 ATV, 4 D EERFESRA I
KANEIHEF = RIS [8)> fltip B 3> 5 K AR>S IZ I

(8], ToVa vk 2B T 2 BB AR I ) e it e 2 1
SNFEENT ] 60 miny UK IIER 450 W E7K % 60%-

261



R EmiB Modern Food Science and Technology 2021, Vol.37, No.8

BRAE ] 2.5 ho FELLEAE T, #EAT 5 UOPAT ISR A G T EIINEE 5 s, AR Nistll AT
AR EMEN 3.15%, BT LEMALATIER, & Kbt ESO FhS IR TERIEAT X Hoxd S T,
IKZER LR T 35.78%, HILEAL LZ%M4H AR TR E — AT A5 R A By o 2% 1 o AR 23
A;B,CoD3. ToVA M I T Z MU BRI 3R = /K- FIEAS whE, 4iRIE 4

WEE R REMESI R 3, BGRR[0 R %3 EXRBERSEN
PRGN /N, WOk D IR [ E iR =D, 6 H AR Table 3 Analysis of variance of orthogonal test results
DRIZRHEAT VAT, A5 SR TE) A S A4 I ERIR Ak SS  MS  F{i P
HA B350 (p<0.05). A (FRIRETH)) 2 2088 1044 1191 >0.05
23 4k GCIMS 447 B (#iksh%) 2 0.641 0321 366 <0.05
C (&k%) 2 0.367 0.183 209 <0.05
WEEM L2 2 GCIMS Kl TS 21 2 1 RE 2 0175 0087 - -
R 4 GC/MS F33EXT PR MIE A MR S B E L5 R
Table 4 Composition analysis of cinnamon oil
5 2 AR AFX ARG /min j%%ﬁﬁ ARXTE 5 G
e A SFME  SD
1 o- K CioH1s 13.67 935.00  930.00 0.01 0.12
2 b3 CioH1s 14.59 959.00  951.00 0.05 0.05
3 K EE CHO 14.98 969.00  963.00 0.14 0.06
4 - CioHsg 15.67 987.00  979.00 0.17 0.15
5 oK TN CioH1s 16.68 1013.00  1006.00 / 0.031
6 5-3-% W CioH1s 16.92 1019.00 1011.00 0.01 0.01
7 o-Hxih CioH1s 17.15 1025.00 1019.00 0.01 0.02
8 AT R AR CyoHuy 17.45 1032.00 1021.00 0.40 0.31
9 APA CioH1s 17.63 1037.00  1033.00 2.40 1.78
10 (2)-AAb74882 5kl CiHi0, 19.31 1080.00 1077.00 0.03 /
11 AR CioHi0 20.27 1104.00 1101.00 4.26 5.39
12 LB CoH140, 22.68 1168.00 1163.00 / 0.01
13 ELiS CoH10 22.75 1170.00 1172.00 0.03 /
14 o-HihBE CioH1s0 23.84 1199.00 1191.00 0.19 0.01
15 (2)- P AL CoHgO 24.90 1229.00 1217.00 0.50 0.37
16 AotEs CioH1s0 25.95 1258.00 1258.00 0.03 /
17 YRy CoH10 26.15 1263.00 1253.00 / 0.01
18 (IWAEETS CoHgO 27.06 1289.00 1267.00 67.69  59.12
19 AL CioH100; 27.45 1300.00  1290.00 0.25 0.19
20 o-F Ik M AES CioH0 28.64 1335.00 1318.00 / 0.13
21 TAE CioH120; 29.74 1368.00 1364.00 11.36  14.13
22 ok BN CisHas 30.49 1391.00 1379.00 0.15 0.12
23 p-T A CisHas 32.02 1439.00 1427.00 0.74 0.72
24 LR WAL BS CyiH10, 32.43 1452.00 1453.00 0.35 0.28
25 o-¥E R CisHas 33.11 1473.00 1463.00 / 0.11
26 LR T A By CioH1405 34.96 1533.00 1535.00 0.80 0.84
27 PRTS CisHas 35.10 1538.00 1524.00 0.04 /
28 T AR CisHO 37.15 1607.00  1594.00 0.32 0.38
29 E S CiH120, 4201 1783.00 1761.00 0.71 0.51
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Fig.5 Gas chromatographic/mass spectrometry total ion

chromatogram of cinnamon oil extracted by SFME method
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TS, RIRERE 1) 25 i BB R e PR M TR 0 T
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BT L (L MR AT IR 8 R A2, Ak,
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AR, ORI A B T 2 e 3RS AR i A5
o
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Fig.9 Scavenging activity of cinnamon oil extracted by different
methods on DPPH free radical
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252 HAHERFLRE
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Fig.10 Scavenging activity of cinnamon oil extracted by
different methods on hydroxyl radicals

3 g

3.1 SRHTCHEF BT 2560 R TR, IF
P ERZ R AT T2, 38R0 A 42
S [E]) 60 min. fHB DI 450 WL 7K 60%. 1211
IFIE] 2.5 ho LR RUAAS AR B iRk, BA
WALEIR, KRN 3.15%, BALGHIKAES LS
e T 35.78%. MR/ ikiE T PR
A EAT AT, DTG TR A B AT R HH 4 0 1 24
PR, HIERMERSY 91.63%, EER NG 10
Bl BEJE 3 Fh. EEIS 4 Fh. BESS 4 P EILEMEY 3
B, e mAUE N KB NMKIK N (B)- AR BE
(67.69%) . | &My (11.36%) . F5HElE (4.26%) .
s (2.40%) 5. oA 7R i 26 B AR A R A
R R T A6 0 o B BK 78 SRR TR AR B P AR Vil 4 31 4
i 1 14.49%7F1 34.51%, K BHTCIA IR 2 H A FE T
ARG E. ST RRAE SEM MR
YA TR A A5 UG 1R AR AE A B S 1) 25 BRI R 2 AN
UM 2 2, SEARIT R . TRE A
PR HL AN HT DPPH.- A2 H B 3EBRAE FH Y 1Cs0
43914 2.10 mg/mL 1 2.37 mg/mL, B TALGK%
AL AR IR 0.17 mg/mL 1 0.22 mg/mL.
32 EHEAEFER TR —MEk. Eik. L5
PURITCHR B AR LA, Al R Gk 2 SRR
BIAENBERTE. S5EKESR AR MBM
bb,  JoVR s A T 20 R0 G 1 ¥ 75 R i FE AN
ATREF=AE BTG Yy, RIS BRAR T PRVRE o
FACEVIRIK IR A e 7 RS RE . BB
Rt FF Ik CAPRRE A SR RHR) R S8 B R IR A Tk
B AR T B S

B Lk



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

2o W] = RERAG S 2 R B AR L[] TP R AR,
2015,30(9):1335-1337
LI Yan, MIAO Ming-san. Discussion on the chemical,

pharmacology and application characteristics of cinnamon [J].

Acta Chinese Medicine, 2015, 30(9): 1335-1337

TRIE N, B 1R, 3R A AN R AE KRB AN A AR FR P
IR IR FERM R S A S T 7T 9] 1 5524,2019,50
(12):2990-2996

ZHANG Ze-hui, QIAN Xin-yi, HUANG Guang-zhi, et al.
Oil yield, components and antimicrobial activity of volatile
oils of cinnamomi cortex from different growth environments
and growth years [J]. Chinese Traditional and Herbal Drugs,
2019, 50(12): 2990-2996

/N IR A, R A A AR RO A B 2R F AR
R EY(Q-marker) (I TIE 7) Hr [J]. 5 £4,2018,49(1):20-
34

HOU Xiao-tao, HAO Er-wei, QING Jian-feng. Chemical
components and pharmacological action for Cinnamomum
cassia and predictive analysis on Q-marker [J]. Chinese
Traditional and Herbal Drugs, 2018, 49(1): 20-34

LI Yan-qun, KONG De-xin, WU Hong. Analysis and
evaluation of essential oil components of cinnamon barks
using GC-MS and FTIR spectroscopy [J]. Industrial Crops &
Products, 2013, 41: 269-278

FhRGES. AR I L2 7t S AR D] &5 SR
K2,2019

SUN Feng-rui. Study and optimization of extraction process
of cinnamon [D]. Qingdao: Qingdao University of Science &
Technology, 2019

WREREE, 20 R, BOIN SR, S5 B I 7 CO, AL AVEE B2 A A
] &S kBT, 2015,41(12):229-234

CHEN Tie-bi, QUAN Qin-guo, DUAN Li-ping, et al.
Extraction of Cinnamomun cassia oil from Cinnamomun
cassia by supercritical carbon dioxide [J]. Food and
Fermentation Industries, 2015, 41(12): 229-234

TR, PRI P i A AR RS o ik 72 [0 B
mhAH¥,2009,25(12):1431-1433,1441

GUO Xiao-lei, CHEN Gang. Ultrasonic-assisted extraction
of cinamon oil [J]. Modern Food Science & Technology,
2009, 25(12): 1431-1433, 1441

Rabia lkram, Kahhin, Najihah Binti, et al. Evaluation of
solvent-free microwave extraction conditions on essential oils
from Allium cepa through chemometric analysis [J]. Current
Analytical Chemistry, 2018, 14(6): 646-653

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Mohammed Chenni, Douniazadel, Samirneggaz, et al.
Solvent free microwave extraction followed by encapsulation
of O.basilicum L. essential oil for insecticide purpose [J].
Journal of Stored Products Research, 2020, 86: 2-4

e, R B s L, S5 LU AN LR PR BRI 14 5 A S
ST PERT TE[0] A R, 2013,29(6):1337-1341
WANG Yuan, HUI Ai-ling, PAN Jian, et al. Synthesis of
L-ascorbic acid cinnamic acid ester and its antioxidant
activities [J]. Modern Food Science and Technology, 2013,
29(6): 1337-1341

SRR, W S AR R e IR B AL ST T AL
VRN S5 PR [0]. H B IR, 2004,7:33-37

JI Jun-min, XIE Wen-lei. Determination and evaluation of
lipid peroxidation and antioxidative activity of antioxidant in
biological system [J]. China Oils and Fats, 2004, 7: 33-37
Hasnia Benmoussa, Asma Farhat, Mehrez Romdhane, et al.
Enhanced solvent-free microwave extraction of Foeniculum
vulgare Mill. essential oil seeds using double walled reactor
[J]. Arabian Journal of Chemistry, 2019, 12(8): 3863-3870
2, T 2 AL OB TGS IO T BRS I [9]. B 4
1.,2013,42(10):1851-1853

LI Yan, LEI Yun-zhou. Extraction of orange peel oil by
solvent extraction and microwave assisted extraction [J].
Applied Chemical Industry, 2013, 42(10): 1851-1853

LIU Zai-zhi, DENG Bao-qin, LI

Optimization of solvent-free microwave assisted extraction of

Shuai-lan, et al.
essential oil from Cinnamomum camphora leaves [J].
Industrial Crops & Products, 2018, 124: 353-362

QI Xiao-Lin, LI Ting-Ting, WEI Zuo-Fu, et al. Solvent-free
microwave extraction of essential oil from pigeon pea leaves
[Cajanus cajan (L.) Mill sp] and evaluation of its
antimicrobial activity [J]. Industrial Crops & Products, 2014,
58: 322-328
Calinescu Gavrila Adina,

loan, Ivopol Maria, et al.

Microwave assisted extraction of essential oils from
enzymatically pretreated lavender [J]. Central European
Journal of Chemistry, 2014, 12(8): 829-836

A5 BT XTS5, 5. GCIMS 454 R B AR AU T AL
FAFFI AR 2R B 23 []. A AR 2791, 2016,31(12):147-152
LI Yuan-dong, DUAN Yan-ging, LIU Xiu-ming, et al.
Analysis of aroma components in juniperberry oil by GC/MS
combined with retention index [J]. Journal of the Chinese
Cereals and Oils Association, 2016, 31(12): 147-152

(REEEE 167 TD)

265



