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Characterization, Thermal Stability and Antibacterial Performance
Evaluation of p-Cyclodextrin Inclusion Complexes with Lemon
Essential Oil and Laurel Essential Qils
CAO Chuan', JIE Peng'*

(1. Anhui Vocational and Technical College Faculty of Environment and Life Health, Hefei,
Anhui 2300111, China; 2. Nanjing University of Finance and Economics
Institute of Food Economics, Nanjing, Jiangsu 210023, China)

Abstract: This study successfully prepared inclusion complexes of lemon essential oil (LEEO) and Laurel
essential oil (LAEO) with B-cyclodextrin (B-CD) using the co precipitation method, with the aim of
enhancing the stability of plant essential oils and achieving their controlled release. The prepared inclusion
complexes were comprehensively characterized using scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and thermogravimetric analysis-
differential scanning calorimetry (TGA-DSC). SEM images reveal that essential oil molecules are effectively
encapsulated within the inner cavities of B-CD molecules, which enables the essential oil molecules resist
external environmental influences and enhance their stability. The results of FTIR and XRD further
confirmed the formation of the inclusion complex, laying the foundation for studying their physicochemical
and chemical properties. In addition, TGA-DSC analysis showed that the inclusion complex exhibited better
thermal stability compared to unencapsulated essential oils, which holds great significance for applications
that require heat treatment, such as food processing or pharmaceutical manufacturing. Antibacterial
performance tests demonstrate that LEEO and LAEO exist significant antibacterial effects against both
Staphylococcus aureus and Escherichia coli. The encapsulation effect of B-CD not only enhances the stability
of essential oils, but also significantly extends their antibacterial activity. As an efficient wall material, -CD
can significantly enhance the stability and antibacterial performance of essential oils, and its microencapsulation
technology has broad application prospects in the food packaging industry.

Key words: -cyclodextrin; essential oils; encapsulation; microcapsules
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ATt ( X-ray diffraction, XRD ) FI{df B i-A%
21461 ( Fourier transform infrared spectroscopy,
FTIR ) SEHORX AT T R4 o X SOl i 3
AR AL S O SR RN DR AR IR, SRS AR R
s AR Tl B R FH AR L T S 4K
1 #MRl5HE%
1.1 #R5NEE
ARk ( Lavender essential oil, LAEO ):
IR AR A R E] ;BRI ( Lemon
essential oil, LEEO ): Z wAKAFIARAF; K
JAFFE (ATCC 8739 ), @eG##KE (ATCC
43300 ): iR ORER L HoR BT 5 25 0
FRR) 24 i 2 4R ATk 2R A BR A w44t
Scientz-10N/C 530 R THRHL: T 0B 242
YRR A E]; AT WO T bt
Ml AR A R A ) 3 HC-3018 .0 L. L8k
B ERL 2R A R A Al 5 Nicolet iS10 {8 B
LT AMETEAL . FEECH R BH (P ED AR
Hl 3 X SFRATHX TD-3500: 7% 58 iA 44 4 B
Al AR BT SEM SU8010: H A H 57
UE ATl TA-STD650 [FA2#rHr . SEE TA
NEY/NES
1.2 SEWHE
12,1 EHHHCERME
E 220K ( Embedding efficiency, EE) Il &
FHE SN O THEA [R] B AR X 55 Tk & Wy i
froE ot ARE SCRR 1204038 1 )5 B 4
YR A=, Kok S B-CD A& Wi i
TE 95% LB 24 h, SRJELL 5 000 t/min .0
15 min fR ¥ BISW, 2 HIAH BRI AU BRI Y
CBER R B o h 48 1T A 7
EE M LA F 220 TR,
B BT o
WIS YY) T 2 &
122 BROULEsF g
FRHESCHR[12]09 5 i, R TR RO AL 2, Gl
it Hitachi 3 & S 4 W W U WA o ok
FROWIE S FNS5HE . I R 1.0 kv, HORAE
0l 1000 fix o

x100% (1)

123 fREsFg e

HRAE SCHR[14) 458 8 X S A aH a2 p-
CD VU KA &9 XRD S AL S BB BT -
i Cu #ll, Ko 12, HE 35kV, HI 25 mA,
HifAE (20) Jul 2~50°, fiEHE 0.05,
1.2.4 (RS2 AN E I

it PR L AR O3S 2 T RS T . B-CD LA
LA EWRILLANGE , Kk i e R AL A A
HifE], B-CD FELE YIRS T8 A R AL B S A
(1:100, v/v) BEETEHIOE b 70 0HE
SRR F o 7E 4 000~400 em ' K50 Bl R
tigaH .
1.2.5 By p il

fd1 F TG-DSC B AR I AL 5 kA T4
43T, 7E 50 mL/min BESR T, IREZLL 10 °C/min
M 30 °CTH3 800 °C.
1.2.6  HBR TG PRI

FERERG I . A Tl B LA B 1 e R 3
) MR SR A Al T AR ke s, AR AT
G vl R A BRI TR, B AR I Bk
B HERE S MBI IE AR - (6 mm) P HUE R (EH
90 mm ) b, DURIMZR IR K B B8 4R R 18 Xt B
it FH 9% B IR S B AR 0L, SR RIESRE 1. 3.5
17d,
1.3 HiEaE

FII 1 Origin8.0 F A4 X5 43 B il A5 A4 B 48 320 47 Ak
P, Redney VST SPSS 21.0 # AT, LISE
BIE = i IE TR g5 R,
2 EHEREHGH
21 HIEE

PR FORS Tt 2 AN [R] R K L 1 4 2 2R A
B 1 AR, B-FRRIRE 3 B IR0 T 75 B 1 2%
PRt AR, g A K R O H AR RS A B-
WIRG 0 28 G B T4 AR B PFIR I S )
FIELHERAE 45.4%~78.8%. itk ZE B-CD Sk
MAEER I, ORIl G TE B- PRS2
Hr, YA 1 3 HONE] 1 : 5 B A R
4,4 LAEO/B-CD Ml LEEO/B-CD Y HLfE A 1 : 5,
FHRRIR BN R, EEWHhrkiim S &5 52
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Fig.1 Encapsulation efficiency of different molar ratios of
lemon essential oil and Laurel essential oil with B -CD

H 78.8%FN 77.4%. SR, MELBIMN 1 : 5% 1:7
B, RSB MRS T (% . 13X AT RESE HH RS Tl
1 B-CD ZMIMAHEAEH . BIRS T rfb2ra5i
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4 B~ I R E 11
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TEFE 2, BATATLAE B S B-2R Rk
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Fhpy e, B2 T B-CD MIESZL, X
LeBE TR B, LAY BRI IR S B-CD
FAEZE S, XRATEZ DMLY, BREE
Wy 5 R RIE AN 1 2 B EHSR TR 30 30
Wi i SR AR LS H . XAl REE T B-CD HY2KEIK
PR RS e 2k, X e ke 4% B-CD g
AN T, ORI TR T —4
PRAP I B4 B Bt

Fig.2 Particle morphology of B-CD and inclusion complexes (magnification 1 000)

2.3 FTIR %7
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PRl X SO RRIE R e 5 Sk b SE RTESE 1Y B-CD
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Fig.3 FTIR spectra of p-CD, essential oils and inclusion complexes
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Wi ST T A 0 R A T A s o R
Rl o, (RURAES 0B A ARl , 45 SRR
Mo TR A AE B-CD =S, R T
FEMAAY . MRS SCHGE , &R TF iR A
S/ HGE S A M, I RRAR LGS T Y
ERer Y AR -2 N S S AT 3SR VA
WESRBERREAR . WHREONYE, 5 B-CD HEHE

o FIIREZBRA G, X — L UuEsE T AW
O
2.4 XRD 534

ki s CD B & WA AR 4 k2,
AGEFER A FRIE TR X BFERATEE (I 4),
B-CD LA W s th i 2 H AR 80 A7 5 0, 3xX
FEILH LA ) SR REME . B-CD 7E 20=12.85° 1
22.85°4b AT SR I B A A R B 5 B R R A A
FHOC I i SRR , 7E R iR S5 i b & 1E
W Rl CD 4 i S HE ke i e 1, AE
X FRHEF B AR 53 T AR BR A 38 IR B HES A
HEZ , W LAE B B-CD 7E 20=15~25°4bF 24 % 4:
MIRT T, T8 RGP J5 1 S ek /b, 3 28 R iR
S5H RIS IS O, JPIE I — R AT Y
A S

12.15 17.85)18.85

1575 2415
7449291480
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485 g5
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Fig.4 XRD patterns of p - CD, physical mixtures, and inclusion complexes
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A SrHr ( Thermal gravimetric analysis,
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e s fos, WeES kT oy FAE 50~260 °CHi
PRIK 95%LA I, KHERE LAEO<LEEO, #H
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RAEAEBARAIRE (250 °C), KAy #ka & ME#R
B 2%, WEIA LA LAY 32 AH AR 5
B, #F—1T"HWBEEEBRMKMWEET, k&
12.3%~17.6%, EZRS5KFMEARL; HZAH
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Fig.5 TGA spectra of p-CD, essential oils,
and inclusion complexes
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Fig.6 DSC images of p - CD, essential oils, and inclusion complexes
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