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The Adding Ratios of Multiple Strains in the Blueberry Jiaosu and
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Abstract: Five different strains including Lactobacillus plantarum, Pediococcus acidilactici, Lactobacillus acidophilus, Lactobacillus
paracasei, and Lactobacillus rhamnosus were used to ferment blueberry jiaosu. Using superoxide dismutase (SOD) activity, total soluble solids
(TSS) content, and pH value as indicators, in the beginning, uniform design was used to determine the best inoculation ratio of five different
strains. Secondly, there were four single factor experiments including fermentation time, temperature, initial bacterial density and initial TSS
contend. Finally, the fermentation process was optimized by response surface method. The goal of this work is fermenting blueberry jiaosu
products with high SOD activity. The results showed that the optimal inoculation ratios of Lactobacillus plantarum, Pediococcus pentosaceus,
Lactobacillus acidophilus, Lactobacillus paracasei, and Lactobacillus rhamnosus are 22.45%, 42.86%, 14.29%, 16.33%, 4.10%, respectively.
The optimized fermentation conditions are: 36 h of time, 37 ‘C of temperature, 5.5%10° CFU/mL of the initial inoculation amount, 11 °Brix of
the initial TSS content. After fermentation, the SOD activity of blueberry jiaosu finally reached 87.45 U/g. In summary, this study optimized
the best inoculation ratio of multiple strains through uniform design and optimized the optimal fermentation process through response surface
methodology.
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Table 1 Uniform design factor level table

BEKFE HAWILFE X% FLBARE X% EBRILTFHE X%

g FEBIATE Xo% REEITFE X%

1 0.17 0.33
2 0.18 0.34
3 0.19 0.35
4 0.20 0.36
5 0.21 0.37
6 0.22 0.38
7 0.23 0.39
8 0.24 0.40
9 0.25 0.41
10 0.26 0.42

0.14 0.16 0

0.15 0.17 0.01
0.16 0.18 0.02
0.17 0.19 0.03
0.18 0.20 0.04
0.19 0.21 0.05
0.20 0.22 0.06
0.21 0.23 0.07
0.22 0.24 0.08
0.23 0.25 0.09

F=2 BRI AR
Table 2 Uniform design table of the experiment

BEAKF HHIFE X% FLBRARE X% ERIFE X% 8 FEBIFE X% RSHIFE X%
1 0.17 0.34 0.16 0.20 0.06
2 0.18 0.36 0.19 0.25 0.02
3 0.19 0.38 022 0.19 0.09
4 0.20 0.40 0.14 0.24 0.05
5 0.21 0.42 0.17 0.18 0.01
6 0.22 0.33 0.20 0.23 0.08
7 0.23 0.35 0.23 0.17 0.04
8 0.24 0.37 0.15 0.22 0
9 0.25 0.39 0.18 0.16 0.07
10 0.26 0.41 021 0.21 0.03
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S, R RTRERE T K E . T B e E
HE=K.
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Table 3 Factors and levels of the experiment

K-
[g]%- 7—
10 1
A R EERT ) /h 32 36 40
B R BB JE/C 30 37 44

C #144# % £/10° CFU/mL 1 55 10
D ks T B H 445 & Brix 9 11 13

1.7 Bz0=E

8,2 (R0 S MR 1 SO 5 NP A R A 24
HJETE 50 mL B O INRE 2/3 RRUA 4 R
W, B CHLLE 4000 r/min 50 20 min. 2R EL
TEFH G0N 2 RS L* a*. b*E, HTHIA
A5
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P, LREKAEE, aRERa%e, bREFLE, 4E
(ALK, REEBERIEL BN G AW ETAAK,
1.8 HIEH

{5 ] Design-Expert.V8.0.6 4T el 5. [ 434t , I FH
Origin 2019b 64Bit kA Excel 2016 AR TR
fiEH SPSS 24.0 #EAT —xZ T [HH M, HiE
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Table 4 Results of uniform design experiments

Mgy HBIUTE ABAKE CRIURE  SITRIUEE ARG SODEN . TSSEE
X1/% Xo/% X5/% X4/% Xs/% /(Ulg) /°Brix
1 0.17 0.34 0.16 0.20 0.06 79.24 1.88 11.7
2 0.18 0.36 0.19 0.25 0.02 63.13 1.92 11.2
3 0.19 0.38 0.22 0.19 0.09 77.63 1.95 103
4 0.20 0.40 0.14 0.24 0.05 79.88 1.93 11.2
5 0.21 0.42 0.17 0.18 0.01 78.27 1.93 114
6 0.22 0.33 0.20 0.23 0.08 4542 1.95 113
7 0.23 0.35 0.23 0.17 0.04 74.73 1.94 11.5
8 0.24 0.37 0.15 0.22 0 68.93 1.96 11.6
9 0.25 0.39 0.18 0.16 0.07 78.60 1.98 11.7
10 0.26 041 0.21 0.21 0.03 78.92 1.98 11.8
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Fig.1 The influence of fermentation time, temperature, initial
bacterial density and initial soluble solid content on the SOD
activity, pH value and TSS content of blueberry juice
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[ERIE 36 h iF, BRI H %) TR iR FH e K
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M 37 CHESRMERHER, X5REKEA
(R FL s R CRIERE IR LA 35~40 C) FEA—FL,
HE 1c ATLVEH, HMRERPEZEN 5%10°
CFU/mL i}, SOD JEPE ik F] 81.64 U/g. ¥4
R AR T 5%10° CFU/mML I, BRASEE 820 &
P R IR 5575 TR A 15 SOD i /1 AR IA B e
8o 4T 5%10° CFU/mL I, [ %5 5 PR3 Mo F sk
R, PERERMAYIRES SOD i /1 R, i
A DL R T B A B T R BN O 5x10°
CFU/mL. HE 1d nfLUEH, YRR IIRT4E T
PEFE SN 11 °Brix I, SOD 5 ik 51 8 5 A
85.49 U/g, 4TSS & &AKT 11 °Brix I, BT
BRI MRS, KRR B 1S SOD &
FIBEAK, 27T 11 °Brix B, AR APoHE i )
TP, {4453 SOD & /1B K. BRI
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Table 5 The experiments and results of response surface optimization of blueberry jiaosu fermentation process

F5  KREERE A ABERE B/C AkSH %A C/10°CFUMML)  #nks<T s Bl H 4 4% D/(°Brix)  SOD & #/(U/g)
1 32 30 5.5 11 64.4
2 40 30 5.5 11 67.72
3 32 44 55 11 66.56
4 40 44 5.5 11 69.04
5 36 37 1 9 71.84
6 36 37 10 9 73.52
7 36 37 1 13 66.2
8 36 37 10 13 74.88
9 32 37 55 9 63.28
10 40 37 55 9 65.76
11 32 37 5.5 13 64.32
12 40 37 5.5 13 67.6
13 36 30 1 11 67.36
14 36 44 1 11 71.32
15 36 30 10 11 70.08
16 36 44 10 11 72.64
17 32 37 1 11 61.16
18 40 37 1 11 68.96
19 32 37 10 11 65.88

20 40 37 10 11 66.48
21 36 30 5.5 9 72.2
22 36 44 55 9 70.36
23 36 30 55 13 67.36
24 36 44 5.5 13 74.32
25 36 37 o). 11 89.28
26 36 37 5.5 11 88.44
27 36 37 55 11 88.4
28 36 37 55 11 89.04
29 36 37 55 11 85.6
% 6 IEEEER SOD FAMBIMARENSFE S
Table 6 Analysis of variance to blueberry jiaosu of SOD activity
7 2 RR A HE 7 Aa H)F F1& P1E BEM
AR 14 1879.60 134.26 53.06 <0.0001 wox
A K BERTIE) 1 33.20 33.20 13.12 0.0028 wox
B X B85 1 19.05 19.05 7.53 0.0158 *
C#At= 1 23.07 23.07 9.12 0.0092 wox
D #EiiAng 1 0.43 0.43 0.17 0.6853
AB 1 0.18 0.18 0.070 0.7956
AC 1 12.96 12.96 5.12 0.0401 *
AD 1 0.16 0.16 0.06 0.8051
BC 1 0.49 0.49 0.19 0.6666
TR
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BER
BD 1 19.36 19.36 7.65 0.0152 *
CD 1 12.25 12.25 4.84 0.0451 *
A? 1 1208.46 1208.46 477.56 <0.0001 o
B’ 1 454.89 454.89 179.77 <0.0001 o
C? 1 497.11 497.11 196.45 <0.0001 i
D’ 1 478.55 478.55 189.11 <0.0001 o
KRE 14 35.43 2.53
KR 10 26.71 2.67 1.23 0.4568 Not significant
A £ 28 1915.03

E: g g R M (p<0.01) ; *EF2EH (p<0.05) ;

RISOD{E 77

RISOD{E 77

RISODJE 77

3
D3 10 34
@iéTSsg\ 930 32

2 FRBEIERAXIEEEEER S0D JE RIS
Fig.2 The influence of the interaction of factors on the SOD
activity of blueberry juice
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AT SETCTHIS, K SOD ¥ J3de 48 g i S A 12547 1]

(*) 2 2F (0.059<0.1) ; R™=0.9815, Ryq=0.9630.
ITHSRIG . ABFFE BT T PR =Pt 29 WK
UG I ST 4347, K] Box-Behnken JEEEGHR K4
RREAT M, 1SR(IERREER SOD 3% /11 kB
TN

Y=88.15+1.66A+1.26B+1.39C-0.19D-0.21AB-1.8
0AC+0.20AD+0.35BC+2.2BD+1.75CD-13.65A%-8.37B
2.8.75C*-8.59D"

B 7 22 i IR SHFT LA H, B8 1) p<0.0001,
BAEERENE, USSR REIR AT T S AR &
B 20, I PEA 0.4568 (p>0.05) , iEBH
AEAHAIR I A LF . WRPIETT LR, KRR
[ AR X A 2 SOD % /1 HIREm BAT =i fE
EME (p<0.01) , KFFRFEXT SOD & /g BA
EE (p<0.05) , THEARIMEX EREFR SOD M5
MR EA BEE (P=0.6853) » WE 5 KK 2 LA
HEY AR Z AR REAARS, 3 AN AN R ZAH EAEH
XTSRRI 22 SOD W& J1isem . W LAEH, A &
5 CH#E. BRES DRE, CHES D FEZIHE
AR ELAE P B 2838 (b Fa 34 EL RS I S, IR VIR T LANEA
FHH EAERX AR 2 SOD & /1t B B
PE (p<0.05) o AP M LTI 45 SR TR0 HH 0 85 P 2 1)
HEREET 2 N RIEN A 36.22 h, KEFIRFE 37.52 °C,
WITE P R 54y 5.82x10° CFU/mL, #J44v] i PEE
& BN 11.01 °Brix, fEWTE4MT, WA
2110 SOD 75 15 4T LIS F 88.29 U/g. AT BRIIE
Wi S TR A 45 SR AR I, AT S8 AR AR HE B T
SHEMAT T 5 . IR FE AN T T (A,
VW REIRE 2R I R T 1 2R RN ] 36 h, B
37 °C, ¥WIEIEAESA 5.5x10° CFU/mL, HIUAT] %
PEEFEY & 88 11 °Brix, KGR 1 SOD %
J1PPIIA 87.45 Ulg, STIMMAIREE, IR, %
AL TT AR A O TR 5 A R (e 12 il
NN AR B BRI IE A 2, KT H T
# SOD % /714 3 81.27 U/g<87.45 Ulg, HikiiiHy,
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Z PRI AT DR = IS AR K SOD & ). FRibz
b, SEBGAS H A SRS SOD 3% 7104 59.05 U/g<87.45
Ulg, SEINT 48%, X i BHRKIEA RO 1 AR s
) SOD 754

23 BEHMREZNN

xR 7 EEMRELBEAEMNE G
Table 7 Changes in the color characteristics of blueberry jiaosu
before and after fermentation

HEAR L* a* b*  H* C* AE
#FELET -6632 082 -063 056 368 -
BESE  -65.10 0.67 -038 028 3291 125

T RN T R AL R IR 5 BRI (128
b, S L* (GRREE) | a* (U440 | b* GHED) .
H* GEWE) . C* (M) . AE (fa%) . %
e R AR ST R A BAR R, T bl
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