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Optimization of Fermented Milk of Black Fungus and Red Jujube Based on
Artificial Neural Network and Its Antioxidant Analysis
ZHANG Jian—lin, ZHANG Liang—liang, JIANG Lu—xi, PEI Long-ying,

WANG Han-bo, SUN Bo, LIANG Rui-wu, FANG Dan—dan”
(College of Food Science and Engineering, Xinjiang University of Technology, Aksu 843100, Xinjiang, China)
Abstract: In this study, based on artificial neural network and genetic algorithm, the fermentation process of
the fermented milk of black fungus and red jujube was optimized, and its antioxidant properties were analyzed
on this basis. On the basis of single factor, the acidity of the fermented milk of black fungus and red jujube
under different conditions was designed by Box—Behnken experiment to construct an artificial neural network
optimization model, and the model fitting degree reached 0.991 12. After 127 iterations of the black fungus
fermented milk combined with the genetic algorithm, the optimal process conditions were obtained as follows.
The ratio of the addition of black fungus and red jujube juice to the milk addition was 3 : 2.1, and the
fermentation temperature and time were 38.8 °C and 36.6 h, the inoculum amount was 6.70% , and the acidity
was optimal at 75.12 °T. Under these conditions, the predicted value of the test and the actual value had no
significant difference, proving that the results of the network model were accurate. Under these conditions,
1, 1-diphenyl-2—picrylhydrazyl (DPPH ) and hydroxyl radical scavenging rates of the fermented milk of black
fungus and red jujube were 12.04% and 13.52%, respectively, higher than those before fermentation.
Key words: fermented milk of black fungus and red jujube; Box—Behnken test design; fitting model; neural

network ; anti—oxidation

P&
ReIM, IR, FER,F. A TAIWERNEIA LRI L RL BRI AT BmAT L5 & ,2023, 44
(5):141-147.

ZHANG Jianlin, ZHANG Liangliang, JIANG Luxi, et al. Optimization of Fermented Milk of Black Fungus and Red Jujube
Based on Artificial Neural Network and Its Antioxidant Analysis[J]. Food Research and Development,2023,44(5):141-147.

AT AR E (20202207 ; FIA X ZE )T @RI H (XJEDU2020Y047 ) ; FE Z 4R 2 AR BIH A H (202113558006 ) ; 844
415 H (PT202101)

FEHE TR KSR (1996—) , 55 (D), Bh, Wi, 58 ] - (Ll T 5284

*AEVER P HH(1987—) , e (B0 PRI B+ WISy ) - B AN T 598 4



202343 H
55 44 55 511

RaftnSAR

BRARKK

— /42

KR e LASE A S B ] R URE, 42
— I ) B 8 i I i FSC R L i, U R
FrFEE, RIEFL S A IR a5 A T, BRSSO RE 1
A H A, LRI AR 15 N A F 408 A
=2l iae et O eV E REDNEN 7B R N LN NS
eI, AR B TR A AR A IR R
IMAZLE PR A TR TE ™ B IR E S PRk
Rtk A 2 R IR IRSZ S 2L A E ) AR AR
Y, & S AR ZH IR TT (cyclic adenosine mo—
nophosphate , cAMP ) 45 PE 4 1, H A7 #M Il Ag M 5
(ERIURIE Gy NSRS FA IR % EE A HE s 1 [ 5 ) 2
RES RESEEY . N TR WL e R BB h ok
DUARIE o PRI, BEACHZT A e 7L i LR T I, 4
5 W] 1 TR R RN T 28 I 28 A Ak R 6% 17 o L PR
HbARAG AR AR, L) s 2 v RS L2
R RUR A8 4 I L ORI,

N A2 M 2830 i s i A 2 a2 R 2
HA IR B AH S22 o0 BT 6 by 1Y) IS0, S A B 22 (]
AR APESCR S, T R EFL™ o S T2 %
Jotk, H AR T 22805 77 fhas R PR bR ] 1 5C &R
Z e AR L, AT AN 28 I 28 RS A 3 1 T K
L™ W R PR RO . DR, ASBIESE DR B O 4 45
IS E AN E L (S NSV NIE R R 57 N B
M, BT Mg e ksl 1.2, il
PR AT T SR R W T2 S8, DU &
P L v B T P27

1 #R5H%
L1 MRS

AR T PN TR Y = Y e S W CF PN 1k
VIR Oy RN ] 5 JRARTE M30 ZLAF R « s B T
“EBESCES 3 5K 502 SLEG A 1, - R EE 2 - =Rl
(1,1 —diphenyl -2 —picrylhydrazyl , DPPH ) it Gl
TR A YR A PR A A JoK CBE ALl T 5 B
R : R YR B & A BR A A 5 i S fb & T
Sk E R — ) AR gIR K E T AR AR
SiIE b T2
12 e 5E

BPH-9402 % % 1H L 15 72 4 « L —TH R} 22U
AR FE ;UVTS9 AT WA e BT B RM
INFRA BR /A ) ; LDZM-80L 7 2 5 R 28 VA K i vg « it
HH 22 PRI AR 5 IMS=50 B A < JER 37 17 ek 3 ML AT
RN F]
1.3 5k
1.3.1 T Z7nkE

AR BV NIE R S R TS NEE R e 2
JUE R s b B — L [N R — 32 R T — B H 2L &
=2

132 PARHEL A &

TERE T OB S U | (8PS ) S AR
FIRA W LT IR K N — 2 2 RERE UG 2 R K
A FEHIKIEDE 1, Wi 5 29, VIR /IMgEEe, i35 Jim
3 /KA 30 min J5 i U8 KR L 80 H i (1) 2
ARERIN 4 A5 A T 3 U8 e i B —ACH LT A T
133 KF#

K5 M30 FUFT B [ A 27 36 KA B 76 MRS
VG AR SR V%, 37 CIE 3R 48 h, &l &
YR A SO A 2.7x107 CFU/mL, B VERER W %
o SR ARZLURE G, A M30 ZUFFE, B A A
R TR I TR 8 IR A0 v 5 3% — g IR, D A 2 T TR
JE K ARR A8
1.3.4 FRRERZERE

DARRFE 1% B R (U & AR e 4R b, 20
LR (2.5% 4.5% .6.5% .8.5% 10.5% ) . % FE It
[6](24.30.36.42 .48 h) KB (30.33.36.39.42 C)
ARH AR 542U AR (3:1.2:1.3:2.1: 1,
12 2) X AR LT R L A RE I
135 BAHOAKEI T 2S5

SLARE| YR (BT ey NIERA R [ N 2 =] T s
PRIEFp R TR R] R BRI R L A S A
RN BA AR LR T 2w E R TT
HALIRES , % B BUK N 1 R,

*1 BAHAFABIRZES5KE

Table 1 Coding table of factors and levels of the fermented milk

of black fungus and red jujube
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Fig.1 Schematic diagram of neural network model of the

fermented milk of black fungus and red jujube
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Fig.2 Effect of inoculation amount on the fermented milk of

black fungus and red jujube
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Fig.3 Effect of fermentation time on the fermented milk of

black fungus and red jujube
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Fig4 Effect of fermentation temperature on the fermented milk

of black fungus and red jujube
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Fig.5 Effect of the ratio of black fungus and red jujube juice to

fresh milk on the fermented milk of black fungus and red jujube

T 29 Ak, M3 AT T N T R 25 5
RURFEE
%2 TESUTBEAEATRBHIMOKRE
Table 2 Acidity of the fermented milk of black fungus and red

jujube under different parameters
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RIS mm wi P Cgersikm e ez
1 -1 -1 0 0 62.98 0.15
2 1 -1 0 0 74.33 0.21
3 -1 1 0 0 73.93 0.18
4 1 1 0 0 7424  0.26
5 0 0 -1 1 67.75 0.11
6 0 0 1 1 72.31 0.32
7 0 0 -1 -1 68.04 0.29
8 0 0 1 -1 68.21 0.21
9 -1 0 0 1 69.50 0.26
10 1 0 0 1 7294  0.18
11 -1 0 0 -1 71.59 0.34
12 1 0 0 -1 74.27 0.16
13 0 -1 -1 0 63.67 0.12
14 0 1 -1 0 68.45 0.10
15 0 -1 1 0 70.15 0.17
16 0 1 1 0 74.13 0.22
17 -1 0 -1 0 65.74  0.18
18 1 0 -1 0 70.28 0.16
19 -1 0 1 0 71.08 0.23
20 1 0 1 0 7254 024
21 0 -1 0 1 66.62 0.23
22 0 1 0 1 73.22 0.31
23 0 -1 0 -1 71.65 0.35
24 0 1 0 -1 73.83 0.25
25 0 0 0 0 7199 0.28
26 0 0 0 0 73.93 0.33
27 0 0 0 0 73.80 0.21
28 0 0 0 0 75.56  0.29
29 0 0 0 0 73.13 0.24
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Fig.6 MSE value of the fermented milk of black fungus and red

jujube with neural network model
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