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ABSTRACT: The work aims to reduce the volatilization of Torreya grandis essential oil, and prepare inclusion complex
with Torreya grandis essential oil as the core material and B-cycldextrin as the wall material. The best preparing condi-
tions were analyzed by single factor and orthogonal tests, and the structure of the inclusion complex and the release and
the antibacterial property of Torreya grandis essential oil were studied. The gas chromatography-mass spectrometry
(GC-MS) result showed that the Torreya grandis essential oil contained 43 ingredients, and the main components were
limonene (27.82 wt.%) and a-pinene (27.77 wt.%). Then, the optimal preparation conditions of the inclusion complex
were as follows: the wall-to-core ratio was 12, the embedding temperature was 40 °C, and the embedding time was 2 h.

Under these conditions, the entrapment rate of the Torreya grandis essential oil was 58.76% and the particle size of the
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microcapsule was 0.4-1.0 um. The inclusion complex showed antibacterial activity against Escherichia coli and Saphy-

lococcus aureus. At the temperature of 20 °C, the Torreya grandis essential oil volatilized completely in 4 days, but the

retention rate of the Torreya grandis essential oil in the complex was 73.66% after 20 days. Scanning electron microscopy

(SEM), Fourier transform infrared spectroscopy (FTIR) and thermogravimetric (TG) result show that the inclusion com-

plex of Torreya grandis essential oil/B-cyclodextrin was successfully prepared by molecular embedding method, achieving

the effect of slow release of Torreya grandis essential oil.

KEY WORDS: Torreya grandis essential oil; B-cyclodextrin; inclusion complex; slow-release; antimicrobial activity
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Tab.1 Factors and levels of orthogonal tests

#
K
A B/°C C/h
1 6 40 2
2 9 50 3
3 12 60 4

1.3 FHEFHHRS D

PEREER (1.0 puL) LL 1.0 mL/min Ji#E &,
i 100 °CA£4% 4 min, FELL 5 °C/min FHEZ 230 °C,
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1.4.4 TG RIE

i Q50 #EE A BT, 7E ML N 60 mL/min
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Fig.1 Ultraviolet spectra of
Torreya grandis essential oil
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231 EEKILIEX QBRI

BTN AT AL HE R (W 2 i ] 2 B o AR 2 vh
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BN RS, YEESILER 12 B, A3 58K B i K
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Tt Z W ARER I, X B-IRRIRE )45 4 o0
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B, FIAHREAR, YRS R T 12 B, B-
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A J R B 3 R s AN ] 3 T o L 3 v
AT DLFE Y, A0 R A 3 3 P A8 0 2 B TR KR
FE R B R HA, MU g 40 °C 40 38 A ik B i KA
MR /NT 40 °Cif, PHREEAR, 2 FIRER p-3F
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Tab.2 Chemical constituents of Torreya grandis essential oil

[92] =
g Hﬂ‘g/fnin fes ZEES éz@i%
1 2.215 2-THE C4H,,0  0.15
2 7.104 = CioHig 1.05
3 7.443 o—IR IR CioH,e 2777
4 7.573 b3 CioH;,s  3.28
5 7.895 B-7K Fr i CioHy;g  0.26
6 7.964 BTk i CioHys 1224
7 8.325 oa—IK R CioHis 0.18
8 8.437 R CioH,s  7.84
9 8.82 Pt I CioHy,s  27.82
10 8.894 B2 ¥y e CioHje  1.08
11 9.062 Ve A liEH CioHis  0.64
12 9363 6+ =k CisHys  0.15
13 9.443 4 CioHis  3.06
14 9975 ﬁﬁ;ﬁﬁi;’g_ CioHisO0  0.13
15 10107  3-HH-1-FEE  CH,O 033
16 10.394 VKR CioH;s0  0.18
17 10.51 41 it P CioH;s0  1.11
18 10.656 o2 Y P CioH;30  1.69
19 10.751 L4 I CioH;sO  0.17
20 10.881 R ] CioHi O 0.1
21 10.966 gl CioH0O 0.4
22 11.358 ik CioH;sO  0.09
23 11.422 1E B CioH»nO  0.12
24 11.681 2T e ki s CioH0,  0.13
25 11.973 7 i g CiHig0,  0.07
26 12.234 ViR CisHy  0.13
27 12.296 TR TR Ci2H20,  0.07
28 12.36 o—PEVE i CisHyy  0.46
29 12617 & CisHysO  0.08
30 12.659 o7 BV CisHy  0.12
31 12.781 Wi W CisHoy 0.2
32 13.128 B—A T Hs CisHoy 0.5
33 13.205 B—ZEVE Sk CisHyy 042
34 13.286 B4z AW M CisHyy 132
35 13.449 SRR CisHy  0.24
36 13.602 YA 2% T CisHy  1.03
37 13.695 B CisH,y  0.66
38 13.81 oK 22 I M CisHa 131
39 13.961 y—HEAR CisHy, 0.2
40 14.018 St WM CisHy  2.03
41 14.567 gleenol C,5H,60 0.42
42 14.967 BE VNI M T CisHysO  0.34
43 15.097 B—BE VB il B CisHpO 043
Bt 100
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Fig.2 Effects of wall-core ratio on
encapsulation efficiency of
Torreya grandis essential
oil/B-cyclodextrin inclusion complex
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Fig.3 Effects of encapsulation temperature
on encapsulation efficiency of Torreya grandis
essential oil/B—cyclodextrin inclusion complex
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7 I () 4, ARG TN RE TR A E A B-ER MG 1 TN
s, BT RN, AR KT 2 h B, T
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Fig.4 Effects of encapsulation time on
encapsulation efficiency of Torreya grandis
essential oil/B-cyclodextrin inclusion complex
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Tab.3 Orthogonal tests results of Torreya grandis essential
oil/B-cyclodextrin inclusion complex

JF5 A B C g%
1 1 1 1 43.90
2 1 2 2 22.89
3 1 3 3 10.28
4 2 1 2 48.15
5 2 2 3 21.73
6 2 3 1 12.62
7 3 1 3 41.19
8 3 1 38.76
9 3 3 2 5.45
K 25.70 44.41 31.76
ks 27.50 27.79 25.50
ks 28.47 9.45 24.40
R 2.78 34.96 7.36
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Tab.4 ANOVA of encapsulation efficiency

me MET w2 Em P
I
A 11.92 2 5.96 0.10 >0.25
B 1 835.17 2 917.59 14.58 <0.1
C 94.60 2 47.30 0.75 >0.25

b o Fo1022=9, Fos502=3

F 1E 28 10 25 S 1) 7 25 40 BT vl AL, B MRS T &
YA g i AR BN R R KK BL CL AL 2
SR8 X R 1) S M A, BSOS B (R 3L s ]
X ARG B /N . B SR 25 R T A, &
B HERT /B IRS 1 A W i B &0 ABICy, JI
AL S B O 12, ALHRIRE 40 °C, 3
B 2 he 40t 3 WREE BUFRES, FfEa &0k
T, MBI A Y AR T R R R 58.76%

25 HEWAERNNE

B HEAG T/ B3P WIAG G 5 R AR S A an &l 5 i
7N oM 5 HAT LU I A W RAE S 0.4 ~ 1.0 pm,
H 70%89 &3 G 1E 0.6 ~0.7 pm Y, PEEEY

2.6 WMUFEHES T

PP RIHE A1 ARG TH /B PRI A1 5 W FE 40 R
TR T RROIUESRINE 6 B, MK 6 HrT L
B, B-EAMDKE SRR . AN, AR
R /BN 6 & W R DL . L2 B BALIR
FHERTIH/B-MIRS LE WS pIPMIRIMILL, FUE
BRAET BFRUCE, WAl LA A HIENS ih g8 2 £
B, BT EEY.
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BEBEIE%
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o
T
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Fig.5 Particle size distribution of
Torreya grandis essential
oil/B-cyclodextrin inclusion complex
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T MRG0 . B-FRRIKE A MRS W/ B-ER MRS &
VI L AN G E A 7 fis . AW 7 Rl LA
FEHERE I AE 2 9201 437 em™" &b A5 i 45 B 3 W g e
B-IRMIKGTE 3 384 em ' Kb R AY S O—H Y {4 Pk
B, FE 2 923 em ' ABXT R IR C—H B4
PRI, 751 650 cm ' AbXT I 9 O—H A9 25 h
PRS0 , 78 1030 em ™' &b X B (192 C—C 145
I 2l W WS U o A ARG i/ B—IR WIDRG 45 ) AR |
F DR B-IOMIRE 2T AN B A ARAE WS04 )
SRR EEARS B-IMIRE—%. FHi, 5 B-
PR M L, B HERS /B FRRPRS (LA 7E 1 030 cm ™!
Qb Y R ML Ve e R SR R 2 B A MRS T R IR BIRG &
AT RREPR MTIE B T A MRS /BRI L A
P FEFE

b FHEMH/B I LAY

L6 B-BRRIHG A AR HEAS i/ B— PR A 425 1 i ODLIE 35
Fig.6 Micromorphology of —cycldextrin and Torreya grandis essential
oil/B—cyclodextrin inclusion complex
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Fig.7 FTIR spectra of Torreya grandis
essential oil, B-cycldextrin and Torreya
grandis essential oil/B-cyclodextrin
inclusion complex

2.8 RKESH

FEAEAG I . B—FRASIAG A 75 MRS I/ B— PR MRS €0 &
YRR E ML E 8 Fran. MW 8 T LIF H, M
FIRF] 180 °C, FMERG I T P /o B, 151X
By BER TR RN 97% . B—FRRIDHRG 17 MRS i /B—
IR A DS RT3 0 3 B B . B—FRMIHS
501 BB NE IR 330 °C, gk N 14%, +
BURFE SR E /NS TK L RS K RN T )
AMFRRY S 2 BBk 330 ~ 400 °C, TR 2L N 77%,
FERE BRGS0 A A SCBEEA W E; 2E 3 BB
400 ~ 600 °C, JTitii R %H 6%, FERTRAH M
Ffift . ARG TH/B-ABIE LAY : 5 1 BB NE
HEE] 330 °C, FiEHERN 1%, ZHES p-FRH
B DX 1) B BEAE T 5% B A AL W 3% 1 A HEA Tl
fitts 552 BrBely 330 ~ 400 °C, LR 81%,
ZWBE A R mEBUR S T B-AHIER, RUZH
BERR T B-PRMRG 5 B R A I 1) W 24 5 S5O AR i
PRI, 185 BT BRI R 5 5 3 B 400 ~
600 °C, IR 2%, FEILIRAIRA M.
AN, 7E 600 °CHE, FFHEXGIMAN p—AHINEIE G
YRI5y & KT B-IRMIRS I K o & it
2.9 ZEFEMESW

B MG T/ B— R MRS A0 5 0 LA AR A I RS 12
O 0 A= 0 R R AT L T ARG il 0 7 A S/ B34
WIS 04 W B B TE 20 CCIY IR T, Higerth
ME 9 fin. MWE 9 AN, 5 0~4 RELAY
H ARG T 4 R R AR, ITRE R R TR A YR
FETESR R ARG W, 677 20 d J5, AW HhHIE
B PR R R A 73.66%, 1 Bl () FHERG I 7E 2 4
KU TR, FIFMERS A5 & BRI K FaA

Yy rb B ARSI AP KR . T L, SEYh p-
PRI X 7 AT 1 7% 60 BT BELAS: 1 75 MRS dih A PR i 442
K, IREN T RSB RCR .
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Fig.8 Thermogravimetric curves of Torreya
grandis essential oil, B-cycldextrin and
Torreya grandis essential oil/
B-cyclodextrin inclusion complex
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Fig.9 Slow-release feature of Torreya
grandis essential oil and Torreya grandis
essential oil/B-cyclodextrin inclusion complex
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Fig.10 Antibacterial activity of inclusion
complex of Torreya grandis essential
oil/B-cyclodextrin on Escherichia coli
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Fig.11 Antibacterial activity of Torreya
grandis essential oil/B-cyclodextrin
inclusion complex on Saphylococcus aureus
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