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Tk AT i L3R et B ROR BT

K. b Bk F A TR R R B35 (BP) AT AY 2 W 4 145 5 (GA)

Study on the Preparation and Properties of Schisandra chinensis Seed Qil Microcapsules Based on
GA-BP Neural Network
WANG Shenshen, ZHANG Chao, WANG Yanmei”
(Department of resource engineering, Heilongjiang University of Technology, Jixi 158100, Helongjiang,
China)
Abstract: In this research, the encapsulation efficiency of Schisandra chinensis seed oil microcapsules was
chosen as the focal parameter. A Box-Behnken response surface experiment was designed based on single-fac-
tor experiments. With the data obtained in the response surface experiment, a back propagation (BP) artificial
neural network model was developed, and the process conditions to prepare the microcapsules by spray drying
were optimized using a genetic algorithm (GA). The findings indicated that in the case of using Tween-80,
decaglycerol monostearate, and a small quantity of 95% ethanol as emulsifiers to prepare Schisandra chinensis
seed oil, the optimal conditions for preparing the microcapsules were predicted as follows after BP training and
52 iterations of optimization through the genetic algorithm: mass ratio of soybean protein isolate to maltodex-
trin: 1.441 0:1; mass ratio of wall material to seed oil: 2.168 2: 1; inlet air temperature: 161.786 7 ‘C; feed
pump rate: 18.448 8 mL/min, with a maximum encapsulation efficiency of 97.57% achieved. Under the ap-
proximate optimized conditions (mass ratio of soybean protein isolate to maltodextrin to be 1.44: 1, mass ratio
of wall material to seed oil to be 2.17:1, inlet air temperature of 162 “C, and feed pump rate of 18.4 mL/min),
the actual encapsulation efficiency recorded was 94.87% with moisture content of 2.12%, solubility of 93.6%,
and a bulk density of 0.296 g/cm®. In addition, the encapsulation efficiency was maintained above 75% after
six months of storage under sealed and light-protected conditions. The peroxide value of the microcapsules was
considerably lower than that of the untreated Schisandra chinensis seed oil. It is concluded that the BP model

developed in this study displayed small errors and reliable predictive capability. The produced microcapsules

FEB I - RIeITA 2023 AR A B AL I 253Kl 10T H (2023114450188 )
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SEEVER  THAM(1976—) 2, PE R AL  IF5E 1l & AE AR
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were stable and offered effective encapsulation and protection for Schisandra chinensis seed oil.

Key words: Schisandra chinensis seed oil; spray drying; microencapsulated ; back propagation (BP) artificial

neural network ; genetic algorithm
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WANG Shenshen, ZHANG Chao, WANG Yanmei. Study on the Preparation and Properties of Schisandra chinensis Seed Oil
Microcapsules Based on GA-BP Neural Network[J]. Food Research and Development,2024,45(23) : 117-125.
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ik & #& (Schisandra chinensis seed oil microcapsules,
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Table 1 Factors and levels of response surface experiment
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Fig.1 Schematic diagram of BP neural network model of
encapsulation efficiency of Schisandra chinensis seed oil

microcapsules
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Fig.2 Effect of the inlet air temperature on encapsulation

efficiency of Schisandra chinensis seed oil microcapsules
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Fig.3 Effect of the feed pump rate on encapsulation efficiency of

Schisandra chinensis seed oil microcapsules
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Fig.4 Effect of the mass ratio of wall material to Schisandra
chinensis seed oil on encapsulation efficiency of Schisandra

chinensis seed oil microcapsules
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Fig.5 Effect of the mass ratio of soybean protein isolate to

maltodextrin on encapsulation efficiency of Schisandra chinensis

seed oil microcapsules



BRAKAR

RRtASHR

2024 4 12 A
F4a45E B 23 MW

12] —

oS AT, R R 0 B B 5 27 SRR T L
2:2 W, G AL R A by, IR R G B A
MRS R LG 1:2.2: 2,312 BEAT T 22 0 W T A
ik .

2.2 WA R A P 6 4 R K B
2.2.1 W A AL A Ny R AR B 4 R

M) 7 T S0 i T B 45 SR A 3% 2 PR

®2 WEERRETRIABER

Table 2 Design and results of response surface experiment

ARKESE BEM S

AL/ %
P EEASELE HKEFIT

C HER D kL

L i
1 0 -1 -1 0 62.12 63.78
2 -1 0 0 1 84.16 84.27
3 0 0 0 0 89.54 90.82
4 1 1 0 0 91.12 90.85
5 -1 1 0 0 79.81 77.89
6 1 0 0 -1 87.35 87.48
7 1 0 0 1 90.80 90.51
8 -1 0 1 0 84.69  85.52
9 1 0 -1 0 85.12  85.11
10 -1 -1 0 0 7395  73.16
11 0 1 -1 0 81.80  81.47
12 0 0 0 0 91.13  90.82
13 0 0 -1 1 7175 7755
14 0 0 1 -1 82.04 81.17
15 0 -1 1 0 80.86  81.43
16 -1 0 -1 0 73.04  74.28
17 0 0 0 0 89.64  90.82
18 -1 0 0 -1 7597  76.50
19 0 1 1 0 83.29  81.87
20 0 0 1 1 90.52  91.83
21 1 -1 0 0 76.59 77.44
22 0 0 0 0 92.54 90.82
23 0 -1 0 1 70.64 68.61
24 0 0 0 0 91.23 90.82
25 1 0 1 0 92.34 91.92
26 0 1 0 1 90.93 92.02
27 0 1 0 -1 69.43 72.28
28 0 0 -1 -1 79.78 77.41
29 0 -1 0 -1 77.82 77.55

*H Design Expert 12 Bt 3 2 iR 2 R kAT
TR ZIWURHAE AR I AR
Y=90.82+4.314+4.53B+4.51C+2.7D+2.17AB-1.11AC-
1.184D-4.13BC+7.17BD-1.95A%+9.03B*-4.65C?>-4.17D?
222 [AIJARERY A PEAGG

Xof [l AR AT J7 22 3 A, 6 BB 3 Bk AT
PRI, 25 R L3R 3,

R3 EPEFERFESN

Table 3 Variance analysis of regression equation

FEFRWE CFHM HEE ¥y FE PHE REMK
Fi 175408 14 12529 42.81 <0.0001  #**
ARG EE 22274 1 22274 761 <0.0001  #*
F 522 2P
FaiE bl
BEERHILH  246.61 1 246.61 8426 <0.0001  **
USSR gl
B
C R 24417 1 24417 8342 <0.0001  **
D #EREH 87.53 1 87.53 29.91 <0.0001  **
AB 18.79 1 1879 642 00239 =
AC 491 1 491 168 02164
AD 5.62 1 562 192 0.1876
BC 74.39 1 7439 2542 00002 @ **
BD 205.64 1 205.64 7026 <0.0001  **
cD 27.62 1 27.62 943  0.0083  ®*
A2 24.76 1 2476 846 00114 =
B 528.48 1 52848 180.56 <0.0001  **
c? 140.41 1 14041 47.97 <0.0001
D’ 112.93 1 11293 3858 <0.0001  **
B 2% 40.98 14 293
ESP 34.72 10 347 222 02297
ali{R 7 6.25 4 1.56
MR 1795.06 28

T BRI 3, P<0.05 ;R M .35, P<0.01.

M 3 ATAL Z A 7 FEAL A P<0.01, 5% M i
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Fig.6 Response surface and contour plots of interaction of experimental factors
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Fig.7 Regression analysis of BP artificial neural network model training
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Fig.8 Validation of the BP artificial neural network model of
encapsulation efficiency of Schisandra chinensis seed oil

microcapsules
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Fig.9 Iteration curve of population fitness of encapsulation

efficiency of microcapsules
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Table 4 Properties and particle size of Schisandra chinensis seed oil microcapsules
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