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Table 1 Factors and levels table of response

surface experiment

ES
K A B C D
VR pH  OREELL  BEMEL BEMBRIEIREE /(gmL™)
-1 2.5 12 21 0.01
0 3.0 B 3:1 0.03
1 3.5 21 41 0.05
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5 F 37 SR Rl L 7 S0 OB RO 2 S U UL 4R
TR FERTEAN 5 AT PR EE 23 b A 2 TR b A2
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OIS B )7 FE SRV 28 TR 5% 7™ it O o P B 246 %
ST e B ) A5 e B rp = SR R R R Y
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n=1-"2, (2)
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W af S PR RAS AL my A N TR AL B —E
A e e o = SRR
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Fig.1 Relationship between microcapsule yield and
reagglutination pH
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Fig.2 Relationship between microcapsule yield and
core wall ratio
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Fig.3 Relationship between microcapsule yield and
wall material ratio
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Fig. 4 Relationship between microcapsule yield and

wall mass concentration
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recondensation time

3.1.6 B4 pH 3k & =28 Hon
A AR 2 M ( PR TG 1§ ) AlfiEfbiE i 2

- 67 -



[” €1 %= = f PACKAGING JOURNAL
2024 £ £ 16 & F 1 B Vol. 16 No. 1 Jan. 2024

i1.92a = e R R 1 S R ST B el QRN TR 5 W & 2
LA 25 CHTRE P s, ZEMARME R 241 ML pH
43500 5.5, 6.0, 6.5, 7.0 B E 5, 5 RANE 6 fiF
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Fig. 6 Relationship between microcapsule yield
and curing pH
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e
Y=75.2500+0.09504+0.3625B+0.1915C+
0.2783D-1.16754B+0.94254C~0.16004D~
2.0925BC-0.1675BD+0.5625CD~6.19634°~
5.3525B°-4.9575C°-5.0563D", (3)
A — Y (1] ] 2R s S G /N mT LA 3
A5 T DR 28 X6 = SR PR F e T 7 38 1) S T R P
KEVIMEK N . WSEEH (B) | BEMRHIE (D) |
BEMFLL (C) . HEER pH (A) o
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Table 2 Design scheme and results of response surface

experiment
o ki e
e A PR = 5 L
SEHER pH  GEEELL  REM L BEM TR
1 -1 -1 0 0 61.88
2 1 -1 0 0 64.68
3 -1 1 0 0 65.15
4 1 1 0 0 63.28
5 0 0 -1 -1 65.81
6 0 0 1 -1 64.49
7 0 0 -1 1 64.95
8 0 0 1 1 66.17
9 -1 0 0 -1 63.52
10 1 0 0 -1 64.77
11 -1 0 0 1 64.59
12 1 0 0 1 63.95
13 0 -1 -1 0 62.06
14 0 1 -1 0 66.97
15 0 -1 1 0 66.89
16 0 1 1 0 63.43
17 -1 0 -1 0 64.67
18 1 0 -1 0 63.21
19 -1 0 1 0 63.31
20 1 0 1 0 65.52
21 0 -1 0 -1 64.29
22 0 1 0 -1 65.14
23 0 -1 0 1 64.99
24 0 1 0 1 65.17
25 0 0 0 0 75.31
26 0 0 0 0 74.80
27 0 0 0 0 75.57
28 0 0 0 0 75.40
29 0 0 0 0 75.17

FEA TS Hr, BRI 2 PR 55 P<0.0001, R
AR A G R P R — R I EE L (B )
MM S 2% SCHI AB, AC. AD. BC. CD 5k
WA, B, C. DX = GRG0 28 7 3 1 52 i 1
R s ACHIR BD WSS 2 . 2 RIS
¥, P14 0.8353 > 0.05, FIHKLITA R E, [
H 7 2 558 5 AR 45 AL R® O 0.9985, R,
k1 0.9971, FEHH FUMAE AL Bl HAT B A OGP
PR, IR (3) o] kX = SRER R 2 T2
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Table 3 Variance analysis of response surface

experiment results

TiZERW IR 7 F{H P {H BHEME

LS| 513.51 36.68 683.55  <0.0001 ok

A 0.44 0.44 8.14 0.0128 *
B 1.58 1.58 29.39  <0.0001 *K
C 0.38 0.38 7.11 0.0184 *
D 0.27 0.27 5.03 0.0416 *
AB 5.45 5.45 101.61  <0.0001 *k
AC 3.37 3.37 62.75 <0.0001 *k
AD 0.89 0.89 16.64 0.0011 *k
BC 17.51 17.51 326.39  <0.0001 ok
BD 0.11 0.11 2.09 0.1701
CD 1.61 1.61 30.06  <0.0001 K
A 241.03 241.03  4491.84 <0.0001 ok
B 190.61 190.61 3552.14  <0.0001 K
c 160.68 160.68  2994.39  <0.0001 K
D’ 157.79 157.79  2940.48 <0.0001 o

hk2= 0.75 0.054
AU 0.41 0.041 0.49 0.8353  AR¥F
Al 0.34 0.084

W * RREREE (P<0.05) ; ** TREFNEE
(P<0.01) .
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FiR o
MR 7~12 Al 5, S5 SRR 2IEDE, U4
DR 2 A8 BAE R = SRR U 3 7 S 5 i 2. DA
SR R R, Y EER pH —E R, A CEELL

PRI
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Fig. 7 Response surface graph and contour map effects
of the interaction between reagglutination pH and

core-wall ratio on yield
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Fig. 8 Response surface graph and contour map effects
of the interaction between reagglutination pH and
wall-material ratio on yield
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Fig. 9 Response surface graph and contour map effects of the interaction between reagglutination pH and

wall mass concentration on yield
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Fig. 10 Response surface graph and contour map effects of the interaction between core-wall ratio and

wall-material ratio on yield
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Fig. 11 Response surface graph and contour map effects of the interaction between core-wall ratio and

wall mass concentration on yield
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Fig. 13 OM images of sucralose microcapsules
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Fig. 14 SEM images of sucralose microcapsules
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R 4, BERCRIIG LI 15, = SRR R
AT & — PRI e, Bsh i # i ih .
n=46.452 01(1-e*"°**), HIAEE R T 0.9959, FEWILG
2 min, BEHCREAL, HA 12.02%; FEE R RILEL,
FEHCR A HHE N

*4 ZSEEBHRREATIERLERHBRRE
Table 4 Release rates of sucralose microcapsules treated
with artificial saliva

[5F[a] /min 1 2 3 4 5
B /% 6.12 12.02 16.85 21.24 26.68
HF ] /min 6 7 8 9 10

PR 1% 28.64 30.46 33.46 35.04 36.24

40

351

55 4 5 6 7 8 9 10
[ [8)/min

E15 =[RERNRERHELNSHE

Fig. 15 Fitting curve of the release rate of sucralose

microcapsules

ARERE R S AR PR AN 5 TR o (R AT
AR R E KRR 3.6%, AFE B Tk X
PR A S KR AR 4% Bk

x5 ZSAEBHBRRELER

Table 5 Physical and chemical indexes of

sucralose microcapsules

ioalllBIgE| AR
TEHEA T 1% 75.19
SERIAE /um 34.5
AR /g 3.32
FIKAE % 3.6
4 g

ZE LR, nIRLIT 45

1)t R I o b 2 565 pHL Lt RE (3T
i) I BER (KGR A SRR AN BT 1L )
REM BEREE . BfRASE . Bk pH % 6 AN acE, Xt

A BER LT 4 = SN R ZE R sE A, IESE T =R
TEVE IS B P R 7 ST e R pH . INBELL . BERS L AIEE
A B R JE PR S AR

2) ¥ M Box-Behnken it %, DL =S Wi ke 4%
PR NAR, LA EER pH. EELL . BEAT L AIEE
MR 4 AR Ry i R, ST R R
BRIz A AT, P — S RE R R
b %,

3) ks R B RL, B T — SRR
TRR A T 2454 SR EER pH o 3.01, N EEFL  1.27,
BERT o 3.01, BEA BT fE ¥ 2y 0.0304 g/mL. 7Ei%
FAFT =R 3 R 75.19%.
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Preparation and Process Optimization of Sucralose Microcapsules

CHEN Chuxiong', RUAN Wei', CHEN Wei', YANG Ming’, LI Manman’

( 1. Xiangyang Hong Yan Industrial Co., Ltd., Xiangyang Hubei 441000, China;
2. Hubei China Tobacco Industry Co., Ltd., Xiangyang Cigarette Factory, Xiangyang Hubei 441099, China )

Abstract: In order to retard the sweetness characteristics of sucralose, microencapsulation technology was used to
encapsulate sucralose. Soybean isolate protein and sodium alginate were selected as wall materials and sucralose as the
core material, and the composite coalescence method was used to prepare sucralose microcapsules. Microencapsulation
yield was used as the evaluation index. The optimum preparation conditions were determined using one-factor test and
response surface methodology, while the morphology and other characteristics were characterized.The results of the
study showed that the optimal preparation process of microcapsules was as follows: the compound coagulation pH value
was 3.01, the mass ratio of core to wall was 1.27, the mass ratio of soybean isolate protein and sodium alginate was
3.01, and the wall mass concentration was 0.0304 g/mL. The sucralose microcapsules prepared according to this process
condition were in complete spherical shape with smooth and flat surface, and the particle size was about 50 um, with the
yield up to 75.19%.

Keywords: sucralose; microcapsule; compound condensation method; response surface methodology
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