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Abstract: In this study, the preparation process of microcapsules using bergamot essential oil as the raw material was optimized, including
wall material combination, emulsification process (emulsifier composition and dosage, core-to-wall material ratio ) and spray drying conditions
(inlet air temperature, atomizer frequency, feed flow rate). The optimal process parameters for microencapsulation of bergamot essential oil were
first determined, and then the quality and microstructure of the resulting essential oil microcapsule products were analyzed. The results showed
that the optimal conditions for preparing the bergamot essential oil microcapsules were: (1) The optimum ratio of wall material (arabic gum :
[-cyclodextrin : maltodextrin) was 9:7:4 (g:g:g); (2) The optimum conditions for emulsification included the ratio of composite emulsifier
(monoglyceride : sucrose ester) as 3:7 (g:2), a dosage of 0.8% for this composite emulsifier ,and the core-to-wall material ratio as 3:7 (g/g); (3)
The optimized spray drying process was at an inlet air temperature of 180 °C, atomizer frequency of 30 Hz, and feed flow rate of 55 mL/min.
Under such optimal microcapsulation conditions, the obtained bergamot essential oil microcapsules possessed good sensory, physico-chemical
and sustained release properties. The encapsulation rate and solubility of the products were as high as 85.32% and 93.25%, respectively, with the
water content only at 2.65%. After being heated for 15 h, the products had only a volatilization rate of 12.24%, which was 79.47% lower than
the unencapsulated products. The results of scanning electron microscopy showed that the obtained bergamot essential oil microcapsules were
spherical in shape with smooth and continuous surfaces. Therefore, high-quality bergamot essential oil microcapsules could be produced under
the optimized conditions.
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Table 1 Three factor single shape barycenter design

T B A JRENHIY% JR&H/(g/g/g)

5 X, o, X; FTiAaR pERMME R (PTG (B-FRAAE ) :m(F 3 )
1 1 0 0 55 30 15 11:6:3

2 0 1 0 40 45 15 8:9:3

3 0 1 40 30 30 8:6:6

4 12 12 0 475 375 15 9.5:7.5:3

5 0 12 12 40 375 225 8:7.5:4.5

6 12 0 12 475 30 225 9.5:6:4.5

7 13 13 173 45 35 20 9:7:4

8 213 1/6 1/6 50 325 17.5 10:6.5:3.5

9 16 213 1/6 425 40 17.5 8.5:8:3.5

10 1/6 16 273 425 325 25 8.5:6.5:5
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Table 3 Analysis of orthogonal test results of spray drying

A%

i AGRA/C B BRENEM,  C A%/ (mLmin) D %71 A,
1 1 1 1 1 78.52+0.12
2 1 2 2 2 72.21+0.14
3 1 3 3 3 70.45+0.09
4 2 1 2 3 81.70+0.15
5 2 2 3 1 83.43+0.08
6 2 3 1 2 79.68+0.13
7 3 1 3 2 69.50+0.07
8 3 2 1 3 75.35+0.16
9 3 3 2 1 72.80+0.15

K, 221.18 229.72 233.55
K, 244 .81 230.99 226.71
K; 217.65 222.93 223.38
ky 73.73 76.57 77.85
k, 81.60 77.00 75.57
k3 72.55 74.31 74.46
R 9.05 2.69 3.39
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Table 4 Analysis of variance of orthogonal experimental results of spray drying

A& FF5A (SS) A E (df) ¥z (MS) F1& P &S
A GERGR ) 145.39 2 72.70 4.88 0.17 0.83
B (FALEIF) 12.52 2 6.26 0.42 0.70 0.07
C (#AHAE) 17.92 2 8.96 0.60 0.63 0.10

#E 29.82 2 14.91

& Am 205.65 8

=5 [P HHEEN SRR E R M RNESR
Table 5 Sensory and physicochemical properties of bergamot essential oil microencapsulated products

Aok e

MRS

EHKE % RSN @EE%

B hFEE, RREFAk &6 Hkml. 5349, BA ik

2.65+0.37 93.25+0.52 85.32+0.72

24 THFREBURE B ETF KA

R i

24.1 T TR E ST

P RR B AL 7 A0 L 25 N i & R ) TG
B EEAL = S AR I 5 B, HBCE s DA K
R AR E AL R ST AR S R AR 5 s
M5 FIZE 5 ATER, T RS R B AL AP R
W, RARIMIFEESMW, BRkign/hg—,
BA RIFHmEE. T PR iR B 8
EELEER, A 85.32%, I BG4 1 T Bk
HIREE (84.70%); HJ T AR o B
B RUFIEMRRE, HISMRIE L 93.25%, 5EH H%
(ST 442 ARSI IR BE (97.56%) ZERIANK, TivAfE
FERIR/NEEZ SR ARG O S—T5TH, T i#F
FEHUR ZEAL = i S K ERAR, A 2.65%, 5K
S 2 AR T R E (2.56%) AR, Sk
AR 5%, TR A 5 kA
%@%ﬁdgﬁﬂ?f%$%Mﬁﬁ%%F%%%ﬁo

5 I HFREmBMREN~R
Fig.5 Bergamot essential oil microencapsulated product
242 JRF MR 7 S A 4 BAEAILR
HE 6 ATLAE Y, Pl & i) O FA i R g
A ANBONIREE,  BRAFAE SRR, Ky

BRI sese, BUERGY, REDCHEIESNEL, K
FUR, FEAREHE S M. AL, ERRRE T ARE R
WERIREE, RYIMATEER S T A R
G AR o MR M 25 T i i ELAT HORFALE
ST FEAL R AR, e A 5 %
AR % (R ORI U S AEAE MRS o TR
flohr A A= MR ) AT T PR T A e Hh B /K 73
PR GRS JLCRT e T LR A
AAEERIA R AR o TR R 1)
FERERR, AT EAEA SR THA L, AR A
FEs HH TR AR /N AhE U, AT A
USLiEE

a £

6 REFHEEE RN R HFEMTSEN
Fig.6 Electron microscopic observation of bergamot essential
oil microcapsule morphology and structure
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