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Optimization of Probiotic Fermentation Process for Vegetable-fruit Juice
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Abstract: Using sugarcane, tomato and carrot as raw materials, Lactobacillus acidophilus (La), Streptococcus thermophilus (St),
Lactobacillus plantarum (Lp) as fermenting strains, response surface analysis method was applied to optimize the probiotic fermentation
technology of mixed fruit and vegetable juice. After single factor experiment, the best raw material ratio of fermented fruit and vegetable juice
composite was sugar cane juice: tomato juice: carrot juice=5:1:2 (V/V/V); the optimal strains ratio was Lactobacillus acidophilus (La) :
Streptococcus thermophilus (St) : Lactobacillus plantarum (Lp) = 3:2:1 (V/VIV); the optimum initial pH was 6.4; the optimized fermentation
temperature was 39~40°C, and the inoculum was 2.5%; By response surface analysis, the optimum fermentation process was as follows:
fermentation temperature 37.91°C, initial pH 6.72, inoculum 2.88%; considering the actual operation, the parameters were slightly adjusted:
fermentation temperature was 38°C, initial pH was 6.7, inoculation amount was 3%. And the quality indicators such as sensory indicators,

physical and chemical indicators and microbial indicators of this fermented fruit and vegetable juice were in line with the T/CBFIA 08003-2017

China Bio-Fragmentation Industry Association group standard.

Key words: probiotic; fruit and vegetable juice; fermentation; response surface analysis

KHALISK, FREHE (Saccharum officinarum) 7=
BAEIARTS, A TR, Ed. el
Ak, W E s ey, BEH R T
5, FEBE g | RERFBUT TSR H
PR R e P AR R SR X LT
FUHREE. HEEE, FBNEF=. fE—eRE L5
TRERIED), AN EA S, BA TR
B, HEEVH R A= 2 . vk, A
WETE S AL LA R S REIRARL, B3 AR = Bk S
B3 HREH R OR S, A .

HREHSH Z M, ZMEIER. g
WiFsEEA: 2019-01-02
EEWE: RUSIERAESSREFRESTE (201806)

EEREN: B (1994-), &, MLHzRE, HRAE: RENIS5RE
BIEE: T (1959-), B, #d%, #ARAR: RSN

206

R KR NG R HIRY . Bz b, B
AP R FAbBER. fF4EE, DU,
B HL B AR T RMETCERYT, BEmRk
e e R s T R 2w . #1% b (Daucus
carotaL.) A& 2D, =S, BEN.
VERMM. T MR 4R AL AR B 4iER
Bow R R B5. BRCRE. ek TIHLER A Z A
FRREE TR, B, EIPELIR (Lycopersicon
esculentum Mill.), A& A+ & M4 R 70,
oKLY. BYR LD EREARMS, b =%
IR AT NAR A3 28, a0 Bh T3 O Fl
g HERANEZ . W ARYUERE ). BIARE
FEAIRTEE . fElbE s, fEtmth. RIR. R
P E I R,

A NG T EHEE R R E R AR A i



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.5

VER IS E . 28R I 55 4 b ol
SRR R UGETE T T E A I BRI T 5C SR
ol 1 FIE TR HARHE A B AR R
A B B FoAth 22 Fh ) SR 1 32 A2 2 0 A AT R 1 A
F, TTCMEREE EE SRR R Btk hasE
P B AR FLNEATRIE . e i1 RyuiE /e
B A AR ARG EA R T 28k

285k CA. BA. Springer. CNKI. ZE5&5E4d 2
SCHERREER,  AHILE T P AR R — 2 AR B R R — R
it B B R SR i A T R R R A
FIRER Z, (EXE G mAERE KRG RET Ik
ERD . ARBR RN BR HAME) 2 e
PHRE. BALAE Mo EER, BT
RFG o, ATiE—3E TR E B = g R AT
B, AT AR ER T K 250 R BIE 78 58 BRI LAl

1 MR5ERE

L1 R3O b R IR

LR AR, PR KHPO,. BERHERUL
NI BRI EDRAA IR AR &, HiE-80.
MgSO, TH,O IR — 4. SN OB, HEAkE
PRI R AR BTSRRI A
M A AR

ARG BT P T A A A S = U 0 B 8 TR
FEHE Pl

KBNS SR

TU-1901 XUEHERAM T, AbatE s AL
BHMR AT ; LDZX-30FBS UL hZ&i5 K# e, b
WG 22T 28R DHP-90 HLPVEIRIS A, FIBR
AR AT JD100-3B TR, kR E
BRI IR A 7] ; DHG-9030A HLHVE IR 57X T4,
AR R A R s SW-CI-1F #8# TE S,
TRMEA R E IR AT U410-86NBS #RIRIKAE, T

1.2

A S ERAE; HESHRES (200, 1000, 5000
ul)o

1.3 RIF =
1.3.1 B

WHREGE. W, M R b, &
8, k. T Uiy AR .
132 IEREBIBREZE
1321 LZHE

HH R, &b, AT N HE—A I 500 mL IR
¥ iffe pH- M ILERE . EBRITE . SRS H—
E A A 18R K B R L SR E
1322 FEE

(D NLEBepT i H R e, SMeRaT
RS E

(2) BT Rl A FH YT B A (A3 R KT
tiE R AR A Riggr#T 2. 3 e i, MEfia
AR
133 ABIESRATABELLIMALR X E
Loy
133.1 REEEARGETRBERE T LB €

ARG LAH I A R NOAERL, =R
BHE G T IRRE KRS . HERHR IR A 1E IR
R BRI B, IR I 2= AR AR O, BRIk
Bff e VRV LU C D B 2 o A2 R TR R o L XU
P, PRI G LU AT R AR .

FURR A K EHHARR 2 HERBT, B A R 3=
Bl FAIRIA AL, WRIER, WSInE I R XU SR
IRR, AH PRI A ATV E A R FUAT B IR A KR8
BEHATED; HE N EIEEE, SEFEmaER
. L, AR H R Faivt. b
HHEARER S CH R F it % M=3:1:1.
3:2:1, 3:1:24 3:2:22. 4:1:20 4:2:2. 5:1:2, 5:1:1), LA
IREVFE O RS SRS, P& 7T
FLE P IAR A Bl . 853 100 47, IERETFER LK 1.

F1 BREER
Table 1 Sensory assessment table

AR #*, B W %
&% —fg, GiEE, ZHRAE,

&% 30 ERIdE, ThEE EEEN, TREE - ,<

i " = TR = 2REE, HRMBE AABE

KA 15 Y, ERATR wEAA, 4 "

A R AR RIS RIS
bk 48 AARRGHEE DS BAEROEESAR  BARAROHEEL  RAAHESS AR
R ok, Tk ok, Tk Foitioh, TRvk ok, A A Fok

&% 10 F T IR I VX e aBEIE A BT RSNk IR A RKEINRL TR

207



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.5

1332 RKEEREPHEC A

SAIGHE T, KINAES B 10 BRE A4, 1E
FRANT B PEABERRTE . AT =38 2 [AfF/ESE
A B EIRIER, B DAAR SEE0H @ {3 X =Ptk
R, BT E = 2 mrtedl. F T 1
=P EEANASE E 1, HE IR LA TR (La): Mg RAVEERR TR (St
AN E (Lp) =1:1:1. 1:2:1. 1:2:2. 1:1:2. 2:1:1.
2:1:24 2:2:1. 1:2:3. 2:3:1. 3:2:1. 2:2:3, 2:3:2, 3:2:2.
1:3:1. 1:1:3+ 3:1:1. 3:1:3. 2:3:2. 3:2:3. 3:3:2 (VIVIV)
RERTR, KEFAN: KEERE 37 °C, KIER (]
24h, $ME 3%, LAEREEL OD fE9ikiE (B2
3IAPAT), e e
1333 HES A KB pH 1T

RERRFLAT o AE K pH 5.5~6.01 FEPBEER 4 i
EAK pH 6.0~7.0 AN B & A=K pH 6.5 /i,
EA] LG 55 B pH R 50 pHo 2 A 7E] UG pH 5.6+
58. 6.0. 62 6.4, 6.6, 6.8 FMT, HEFh 3% R
[MEIRFLA I (La) FERVEERRE (SO AEFLA I (Lp)
=1:1:1], KE£24h )5, BUEEZRINETars, e s
pHo.
1334 HIES GV RKBHRE I E

WETR FLAT P Bl KR R 35 °C~38 °C . FEHE
BRI BIE KA 38 'C~43 °C . FEFUFT B ol RN
37 Chitio ¥ RKIBEREE /7RI E N 35, 36, 37, 38.
39, 40, 41 °C, KE#24h )5, BURBERIESEAR, i
TE B RIS .
1335 HES & RKEHEMENTE

R UL e s EEIREE . Bdd pH, 2l
0.5%-~ 1.0%-+ 1.5%-+ 2.0%-+ 2.5%-+ 3.0%- 3.5%["JE
AWM, KEE24h 5, BUKRRINESRbR, e et
Berhi
134 @k L BE SRR I LY

2 HEEAEREMAMN IR THRGRRD
Table 2 Optimal design level and coding of probiotic compound

juice process

KP
A -1 0 1
A ZBERE/C 36 38 40
B #7144 pH 6.60 6.70 6.80
C B E/% 3 1 5

FERRFRIRI R b, 25 RE . ARE
WREZ. SOD BETI T, PAat A B AR ACC).
F146 pH B, A& C(%) NHEEFR, LL SOD i /9
JSITE, HR4% Box-Behnken &SR THEEE, it
3 RIER 3 PRI ALK, SEIRPR R AT AR 2.

208

1.3.5 EZIEAFMT T %k
13.5.1  FLERBEIRE RN %

%7 GB/T 478.35-2008 )7 i25E
1.3.52 pH [fillE

%7 GB/T 10468 [F)J72:05E .
1353 HEMYEAEE (SOD) {EFE

%2 GB/T 5009.171 HI7ENE .
13.6 ABIARFTRERT

K IRAERM I 12 1 TCBFIA08003-2017 £ 4
YT R AN B AR R AR 792
137 Bttt

KH Excel 2007 XfSCIGHm gt T8 5, KA
SPSS 17.0 A%t B Al s B Hdimadt 47 2220 T DA K.
ERBEMESN, p<005 XRnEREZE. XM
Expert-Design 8.0.6 St it 2E A7 RE AR AL 5B o

2 H#ERE9H

21 RBMAGRENTABERRLR

211 REEG ARG R B RATT 69 7 5E
HE 1 AT DA, B R IR H T
BT N iT=5:1:2 BNERARIRSS . EIH—RKE
WRIRAR . PRl 2 48 EABLT . TIEH AT WA
MR RY T Forb H RS BB IRES, AR
RIS B e RN LR T A 75 B 7R A2 1
BTV RIS, R A E A S B
100
95
90 R
85 .\:\;
80k N

B PRAT 4 L

75 F N
70

N

2

v W
A:B:C= HEr - vt S8 M
B 1 R SR R E TR

Fig.1 Effect of raw material ratio on sensory evaluation of juice
2.12  REFEATELIL GG A

HHIE 2 ATRAE SR S M RIAS [E] B A1l 2H
BRI REEAE, WA EOAERAME (La) -
WEHREERRTE (SO MEMFATE (Lp) =3:2:1 M ALERE
WP, R E LB AR BRI . AR B
Pkt SOD AL KRZHURARMC, WRERBIAA
[ P A [A) AT RE [FIE DR B A O, (0 PLRR R
JERE K.



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.5

260 -
_~ =
~ 252
B
=
= 244F 7
== H
P H
= 4
236 B Ha
8 A4 11
228 A A 4 HH
HiH HH
AN ‘N
M 0 H
220@111111 I 1 Iz WA H L HEGE
Sip Rttt ol ey el elumreen ol oniey
i L R R bl L B Bl e K Dol B B R e ot L By
kel e Fa B Kl o o Rasla Nat s B Ko Ko s Bas ot Naslas

WEMCFLAT B (La): MEFABERRE (St): BIYILIT & (Lp)
& 2 TEIET&B2i& SOD {ERIFZE
Fig.2 Effect of different strains on SOD value of fermentation
broth

213 HEE AT AEEANE pH 695 %

HE 3 ATRVEH, KRS RETIECE pH /£
6.4, BUINRKEAR ) FLIRTE IR & SOD B I4L T8
KAE, HORFHXEEE, Y146 pH KT 85T 6.4 1,
DA BRI AR S B R s . B, KR
BRI KB BIWIAG pH 7E 6.4 NEEIER] .

260 710
i _
oo 9 =
252 18 E
5 244 6 =
= 4 %
g 15 L
= 236 4
a 13 v
2 —a—SOD {f =
228F s o e 1 12 I
—e FLERHHC L =
41 =
B
220 1 1 1 1 1
5.6 5.8 6.0 6.2 6.4 6.6 6.3
Wl pH

& 3 #144 pH 3t &% SOD 1B K ZLBATEIR EE RS20
Fig.3 Effect of initial pH on SOD value of fermentation broth
and concentration of lactic acid bacteria

2.14 HEZATRBEREHT

262 110
260 9 =
258 8 E

S 256 7 &

g 254 6

< 22 5 %

#*f 2504 4 m

g 2 —aSOD ffi 7 E
2461 —e FLRRBEHIE 1 ®
244 41 ﬁ
e 37 38 39 20

KEERE/C

& 4 VAR & B SOD (R FLERELKE RIS/
Fig.4 Effect of initial temperature on SOD value of
fermentation broth and concentration of lactic acid bacteria

HE 4 FTRLE W, REFE S RRITE 36~39 T2
) AR T B2 Je SOD fE414b T BT+, Hrp

38~39 Cx A2 2% %, 1M 39~40 CI 2 T
. I, 38~39 CZI KIS ARkt AR
(R RS L
2.1.5 HEILASTABRANHE

HE S ATUUE W, REEE G R AR
FHETE 0.5%~2.5% 2[RI FLER A FE J. SOD 1B Rl
PR R R, FAh R TR 2.5% 0 LR K
J& J SOD A A it KA B EEAE 2.5%~3.5% 2 8] K %
ARG IR R K SOD [ X i 2 T P
ARG UNTEE TR — BT, Rl sk,
FLURR T 2 ) U A K FEE TR R R ik, i
FCE TRV R = R LR B S R T

265 110
260 - e ~
255} Th— 7
P |
3 250( 16 &
5 245 =
= 240 14 <
:f 235 , ®
S 230p —=—SOD {f £
225 e FUBEIKIE o &
220t .

1 1 1 1 L '2

%5 10 15 20 25 30 33

R/ %

&5 ¥ieiEmE X & ER SOD E R EEIRERIE M

Fig.5 Effect of initial inoculation on SOD value of
fermentation broth and concentration of lactic acid bacteria
2.1.6 HELSTRBREHT

HIE 5 ATRVE, A AR & R h iR
WRIRE N2 SOD BB A IR TR PR AE AT AN TS K,
2RI (] 7E 32~40 h 2 [A) AR TR & SOD 5 %
KIH - KEFITAIZE 40 h 2 5 R R & R AR TR
WRIE R SOD i %M 2218 T . wReRFIALE
40 h Z Jrad ERAE T HIEILR

230
225

——SOD {f

265 114
ol | \2 3
255+ E

3 2s0p 10 &
“é 245+ =]
< 240f X
E st i
8 %
b &=
=

—

B

= s 3 S0

220. —— FLER L
2]51 1 1 1 1 L L i i I
4 8 12 16 20 24 28 32 36 40 44
i [&] / h

B 6 &EEEHEINT & E5R SOD {E N FLESE R EAISZIR
Fig.6 Effect of fermentation time on SOD value of fermentation
broth and concentration of lactic acid bacteria

22 wmuERCABESRETMIIY

209



R EmiB Modern Food Science and Technology 2019, Vol.35, No.5

7 3 M RER
Table 3 Response surface design and response value

KT BEC 144 pH BAFE% SOD/(U/mL)
1 -1.000 -1.000 0.000 23832
2 1.000 -1.000 0.000 238.75
3 -1.000 1.000 0.000 233.57
4 1.000 1.000 0.000 240.75
5 -1.000 0.000 -1.000 264.98
6 1.000 0.000 -1.000 238.56
7 0.000 0.000 1.000 241.88
8 0.000 0.000 1.000 240.90
9 0.000 1.000 -1.000 250.30
10 0.000 -1.000 -1.000 254.80
11 0.000 1.000 1.000 25478
12 0.000 1.000 1.000 257.53
13 0.000 0.000 0.000 254.98
14 0.000 0.000 0.000 261.88
15 0.000 0.000 0.000 261.02

R 4 SOD @YIMRBY IR MR
Table 4 Analysis of SOD regression model

75 2RI 7 Am B E ¥z F1& P&
AR 9684 9 1.14 73.16 0.0010%*
A 2.38 1 0.13 124.13 0.0021%*
B 625 1 025 528 0.0239*
C 4.8 1 6.30 743 0.0211*
AB 56.86 1 0.06 45 0.0133*
AC 350 1 0.50 1131 0.0372%*
BC 256 1 0.78 1.78 0.0284%*
A’ 516 1 4.90 111.22 0.003%*
B’ 267 1 0.60 10.38 0.001%*
C? 134 1 0.72 11.66 0.0012%*
Residual 5% % 02 5 0.013
Lack of Fit % 43R 0.071 3 0.015 0.75 0.7376
Pure Error 46i% £ 0.027 3 0.014
Cor Total & & & 7.46 14

E: p<0.05 AHRF, AETR; p<0.0l ARMEE, A RTR.
FR B o7 [ R EG WA B R s 45 R, PAREAE 0.31B% 0.18C%-0.28D?
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FRSLERE 5 IR FRR s ib i A R, Bl EH E R . R
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Table 5 Physicochemical index of sugarcane compound fruit
and vegetable enzymes
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Table 6 Microbial index of sugarcane compound fruit and

vegetable enzymes
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