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Abstract : Blueberry juice was fermented by Lactobacillus plantarum 1.J26 ,and the fermentation process was optimized by Box—

Benhnken design response test. The optimized fermentation conditions were as follows: initial inoculum size was 3%,

fermentation temperature was 37 °C and fermentation time 24 h.Under the optimum conditions, the viable counts of fermented

blueberry juice were 1 x 10° cfu/mL.In addition , the functional substances in the blueberry juice were compared before and after

the fermentation. The results showed that phenolic content and the anthocyanin content were increased by 43.42% and 5.88% ,

respectively. The antioxidant capacities of blueberry juice before and after fermentation were detected by in vitro free radical

scavenging test and Caco—2 cell oxidative damage amelioration test.lt was found that the free radical scavenging rate of DPPH

and the superoxide anion of blueberry juice increased significantly and the alleviation ability of Caco—2 cell oxidative damage

was also significantly elevated after fermentation. These results proved that L.plantarum 1J26 could enhance the quality of

blueberry juice,and provided a theoretical basis for the deep processing technology of blueberry.
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Table 1  Factors and levels of Box—Benhnken design
BES
KV A R B R I [H) C AT A
(C) (h) EAE (%)
-1 34 12 2
0 37 24 3
40 36 4
1.2.4  Zjgedy s s
1.2.4.1 B2y & s R A AR L 7k X

SR UEA TR I, 2% K P s A A DT A e sh
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67K 10 min J5 , F K 765 nm LMK W SGREE . LA
WETFRR(1~6 wg/mL) Jy X & 5 AE AR i ith 26, &
R EFIRYERRN.
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700 nmAb FHATRSCEERG I, SAIETH R U A
BTi R <

— A x MW x DF x 10°
HERTE(mg/L) =

exl

ZTZEEF' (A= ( Ay = Ay ) pHI — ( Ay = Agge ) pHd.5 3 MW =
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936 umol/L NADH J7 120 pwmol/L PMS, H iR iA54%
50 L JILA 96 FLAR , FFIIA 50 L SRyt R meERTT. 1R
AYJE IR S min T 560 nm MGG
As—Ac

I BT FT b A N R O (%) = SR
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Table 2 Sensory evaluation criteria of fermented

blueberry juice sensory evaluation criteria
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Fig.1  Selection of the initial inoculum size
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Table 3 Design and results of response surface experiments

R e A B C Y BE K
1 -1 -1 0 71.60 £0.55
2 0 0 0 89.60 +1.14
3 0 0 0 92.00 +1.58
4 0 0 0 91.00 +1.58
5 0 0 0 92.30 +1.57
6 0 0 0 92.60 +0.89
7 -1 0 -1 7530 £1.20
8 -1 1 0 70.60 +2.07
9 0 -1 1 7730 +1.99
10 1 0 1 83.00 +2.65
11 0 -1 -1 72.00 £2.55
12 1 1 0 72.60 +1.52
13 1 -1 0 70.60 +2.07
14 0 1 -1 74.60 +1.52
15 0 1 1 67.60 +0.89
16 -1 0 1 82.60 +1.14
17 1 0 -1 86.10 +1.75

MRS BT AL IR T 22 53 B, A5 08 E PR 235O0
ARt R R E (A) (R WERT ] (B) K 8 50 A 4 &
(C) B R Z IR e A T7 2N -

TEHM

Y =91.50 + 1.53A - 0.76B + 0.31C + 0.75AB —
2.60AC-3.07BC-5.64A> —14.51B* —4.11C’

F R 4 AT, AS B 9% 2 ST, B4 i) 07 T AR 7 AR Ik 5
(P <0.0001) ,BERIALIG G F AEFN p (B 55k 5.72
F10.0627 , 3 AN B3 (P > 0.05) , JiF BH it [B] U9 77 F2 %
IS A TER . g RER =0.9757 AL IE e 52
B R, =0.9445 U H A5 R BE R B 94.45 % Wi N B 1Y
ARfl, BLAULTT R T R I AC (BC %) 45 S A7 AE W 3E
SR, A B K CF P A IRATAE b i 25 R, U A &
TRk BEERS [B] AN 40) 4f 12 Bl B ) & I e A R T ERCE
P I A2 52 0 ] GG e Fp b D AIK L & B2 A A] 5 48
B R BRSNS H RS S BUR B, il = XU
WU A L e 5 A I AL S S R R A
B R R, AnE 4 TR, RS A R T VB T
M 32497 G PP e 5 W B8 T, AH S i N7 T il T M AR BE
1 PR 240 4 2 Al — g B, R BRI R D R R ) TE]
PRI RIS BB T A 43 B8 E) 3 i) 58 /)N, Wi 5 T P
A28, T 29 & BEE A — 2, BB )E 594G
e 0 U R AR FH XTHECE PR 40 BUE B s,
Mg )7 TRT I TAT 4B, 5 7 22 TS R — B, R IR E
— B, WIUG B B N R R RS TR) A9 1 R AR FH & S 20X
BRAN R s ZL IR B SR i 22, MU 8 2 B 1Y) 5 i) J8 B
PR, Hom N T B A SR S O 22 T A SR — 2 R
BT AT LA 8 Y i m R E s 91.61,
IR A & B R R 37.40 °C, R R[] 2R 23.72 h, %]
UWREEFPE 3.01% , 25 & L FR1E L5 18, K B s AR 2R
T A LA A BRIREE 37 °C L & AT [A]
24 h KEEFIRIGE 3% , E LA T JEAT 560 E SL 56,
KB SAE T Al i A S v sk i, R A R, XL
WREH b 5 SR A R T A AU T T b A — | B DT UE,
TJoahbe; PER a0, RKIRE TSN 90.76 , S
FUFIN FEA—F
22 INREMYRHESE

INT. T2 EEE A pH AR R & S BUEY)
PEPE M DI RE WG PE W B4 U<, DL AR i o2 e 5 W A P
B E ISR RS BE Y I & o s s

Table 4  Variance analysis of regression model

x4 AR 220 Hr

5K FIT A HHE Y7 FAE P P
LY 1266.89 9 140.77 39.42 <0.0001 -
A 18.61 1 18.61 0.90 0.0816
B 4.65 1 4.65 60.34 0.3433
C 0.78 1 0.78 1.86 0.6895
AB 225 1 225 0.35 0.5025
AC 27.04 1 27.04 0.046 0.0441 *
BC 37.82 1 37.82 1.94 0.0230 *
A? 133.82 1 133.82 100.89 0.0010 e
B2 886.79 1 886.79 119.34 <0.0001 s
c? 71.21 1 71.21 40.46 0.0053 <
H P50 25.56 3 8.52 572 0.0627
gl 5.96 4 1.49
syl 1298.40 16

TE o "R A RA R (P <0.01) 5% =7
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Fig4 Interaction results of surface response
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Fig.5 Gallic acid standard curve

PEAT KW Ie P S 2l (R e i A R ) S xR
ZH CORWEARRTT) ST I 28 o & B A o g6 45 2R
mzRs5,

BRI LR A B, AR ZUAT B LI26 K7 i 4
AV, WEREIR VT A A I I HL W 2 ) Jo e I 35 B
(P <0.05) . FIFHALPIFLAT IR | W8 BRFLAT I8 A T B% L
RS SREE R E DA T K i, HOa 6 45 R A {35 5

Vol.40,No.17,2019

RS KBRS DREM IR LU EL
Table 5 Comparison of functional substances

before and after fermentation

LisallEs=g R R KA
WY o (pg-ml ™) 12279 +2.11* 176,11 +1.58"
WEEHE(mg L) 56.55 +0.94*  61.99 +1.32"

AT R R A SRR A o 22 = (P <0.05)

At o g 2 IR e AS — B W 2 BT B i i s BRL AT
REJE R e ZLIR B & T ad A2 v, HAR T O 2 7T LK
LA 0 W5 2 Y ot 2 M8 AL, DT RS H /N 43 T
2™ . Filannino %551 FHAE 4 FLAT B4 A 05 K5 A0k
R EULZE IR AR 2 — " . S — iR &
BAA B 2L AT TR AT K B R B Ak D AH R B OB 3t TG
PR If HFLRR & B S B0 pH 28 1kt 23 5| A 19
KW BG4 L {HAE Y A —BEBF S TR ) & T
FIFHZLER A & B T 0 B v B 23 B & B e T 4
P wh AT RS WIFSE AT SR B, IS R
R T NOR T AR IR — 2 25 57, R, BRRR
R RSO A DR 1) T 25 4 T 5 ) DR BRATS R A . AR
2R —F RSP E AT Z N T E YT AR
i B B IR I AR S5 AT (B RS S R 22, B
Sy 3 W BE L pH H: 3 S IR AE A AL ER B 5 i T S 2R
™ ERERI R R BN, RIS £
RS A — R R B R TR ARG T, &
W AR IR S R R AAERFEEN K., E
Kwaw 25" Fi] i = Fh LR B X0 S 5 B0 VR4 T & %, HC
RIS R A M ARG Rt e s R aa B
P, BHArmIGIAW e S 8UEE RS E Y &
AR A, (H LR B & X T R LR 1E
FHARAEEE SE 09, ZLIR TR & 18 AT DL 4E 5 IS 9 358 5T
FATIR P ER 1R , 3 T T W 25 ot DA R HE75 AR A 5 R
MR

2.3 mMELKEENLLE

23.1 iRANpLEALRE ST BB DPPH g k4l
Yy R IREE A, B i A5, B L B R 4
A A T R O A BRI, A A 3 — T T HL I
B EATAEI . T AT B A L RS NBT 16
JEUCA 8 Y FE B AR 560 nm &b HLAT i 5 0 ik
I, BRI 0E , 7 B Ak R vpoin A SR v B A P SR v T LA
AR BRI A B, T 3R A R v 22 kB S i R 2
T A LR K S s, S2 5 4H 60T RR A
PR IETE BR R AL & T XTRE 4, HI e & k25, %
A9 DPPH [t 3L FIE A B B+ A A L& BRR
72.21% F132.57% , Bz )G s~ 87.32% F1143.73%
SR T ZUT B A X AR SR v PrE AL BE I
W55 . Mousavi 25 ] AR 40 FLAT B AN 08 iR FLAT B4
KA RS T A B0, A P ZLAT B8 e 15 8 &0 2 & A
ST 09 DPPH [ b 2L KR BE 1 5 Park 257 to % 81
SRR & BE S IR A KR b A AL BE ) i Y
B SPHTIECALEE, B SR T LR PR X SR B L T
FRARTRENG ) [ 1 T Ak, (8 R 43T 9 I % Ak Ay /)N
Sy R T PUAEAR IS P H T R P oy — SR
B H SR A A 2, X — R 2 HEREg I B
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T M A B Z M BRI A e L Y HL 0, I 22
TR BE , S B M OB AR T, D I — B R 4
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Fig.7 Oxidative damage model H, 0O, concentration
. * F/Rn5 0 pmol/L H,0, 4HFF7E B EMER (P <0.05),

AR B 4 S R4 T R R RS Ak B e
SR JT i B, g5 R NSk 6 FrR . A L A
S, W40 SOD 15 PEFT GSH & i i 3 PR (P <
0.05) , F— WU UE T £ Ak BB B iy DA 2 . 5488
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BRI SOD JEPEIAG W2 A w (P <0.05) L iE
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H B AETE W M 22 57, BB B A SR v 401 SOD
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ACFR AT 1 T A R0 04 25 i VR R, TR) B e B T A 9 FL
FFPE LI26 & IR Xt i 45 3 v 48 Ak 461 407 2% fi 5 1 o) 1
o D3AME GSH & S AR vh , BT 2H 5 (5] BRAEAE
WEMEZER (P <005), MHERTEHH, BRHBHGAH
GSH & i g #FH KRS (P <0.05) , HoAx2H 51| GSH &
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FHREL (P < 0.05) Th 5. FLA A K I A R 74
e 1% 0 R T L, 0 S I T SR A B i A
GSH At 4 75 ik 87.16% , o % 92 i 4 4L v 00 42 75
45.52% X — L5 SHEN] TRV FLRFE LI26 % ek 4%
ST RESS A A 4R 5 LB AL B 1, 18 AL S IL LK
MRS
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Table 6  Antioxidant enzyme activities of different group

1 SOD yfi 1 GSH & &
(% FAXT T2 HA) (% X TZEHA)

EHH 100" 100"
EEAIEE] 64.15 +2.31" 72.24 £1.33°
IFH P % R 2 81.79 +1.56° 113.18 £1.61°
REWE W RRITA 89.21 +4.68" 145.52 £2.83"
AT 103.43 +6.12° 187.16 £1.14*
& RIFIAS [F PR U B A AE 25 7 (P <0.05)

3 ZEig

ARBFFEEFFAA W FLAT B 1J26 X s F R AT %
%, ) FH Box—Benhnken 4605 11 2 S AL A T 125
RWFIREE 37 °C & IEAtTa] 24 h 14 BRI AL 4f e 3% o
TEMCEAE T 047 & B, 1S B AT 35 1 x 107 cfu/mL L)
o BUAN FEXT#E R R VT R BEAT S 0 T RE NG 4 ) 5
TR EFN, RS S R MET XS &
PR ERIN . PiEALEE 1 a5 IR, KRS W AR
T IPUEAILRE J BT, DPPH [ 275 BRI
ABTE T A M AT BRI Ik 87.32% F143.73% . 4
M58, &l RS VT SOD I% M A1 GSH & B
WAL, BB AL M H,0, ¥ B A Ak 45, IEB T
TYZLFF B LI26 Reff W 25 42 7 i 5 R v i S fh Rk
71 ABXFTTRE W) T & s AR A ATy AT Ak 2 BR A, BT A
RSO AR 3% | 2140 6% AN 2 o i 48 i R 3E
— ST P AR AL T AR AL LB . £F LTIk, AR
FEAE P ZUAT PR R e ) W 2 R S i 2l R AL T
B 2], X R AR T HR R AL T i B
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