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Analysis of influencing factors of compound microbial fermented slurry
dried bean curd starter

YANG Chun-Hua, SUN Ya-Dong, HUO Jing-Wen, ZHANG Na'

(School of Food Engineering, Harbin University of Commerce, Harbin 150076, China)

ABSTRACT: Objective To analyze the influencing factors of the compound starter made of Lactobacillus
paracasei, Lactobacillus acidophilus, and Lactobacillus plantarum. Methods The addition of lactose, the initial pH
value of yellow syrup water, the inoculation amount of lactic acid bacteria, the culture temperature and culture time
were selected as the investigation factors, the yield of acid was used as the evaluation index to conduct the orthogonal
experiment and compared with the single starter dried soybean. Results The influence of various factors on the acid
production of the starter in descending order was culture temperature, lactic acid bacteria inoculation amount, initial
pH value of yellow syrup water and lactose addition amount. The culture temperature has a significant effect on acid
production. The optimal production process was obtained as follows: the ratio of strains was Lactobacillus
paracasei:Lactobacillus acidophilus:Lactobacillus plantarum=1:1:2, the amount of lactose added was 2%, the initial
pH of yellow syrup water was 5.5, and the amount of lactic acid bacteria inoculate was 8%, the culture temperature
was 37 °C, and the culture time was 60 h. Conclusion The yield, texture, water retention, taste and sensory
evaluation of compound fermented dried bean curd are better than those of single fermented bean curd. This study
provides a theoretical basis for the industrial production of fermented slurry dried bean curd.
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AR, TURH R AR T K SR R S AR
AR, DX 7 358 3500 () B R0, e & TR
JEHE ) 5275 77 A 0 7K (3K JR T A R A 7 s )
KRB GTHRZIRE TR, WK pH ZHEA S A,
FCBERA L T, R 1 kg EF 4R 9 kg BHOK,
Hh s fwok e &y . LGy YRS s
SR A [ K T B AR UK 2 D AR I S XA s
ST B SZERE R AR SR AR . R KL
HESRKEE, AT AN K BE & A B2 W W e i o,
HUR B2 GXELLV SR, A0 N T2 00 I8, X LS BUAL
I VRS RO SN 1/ S e ARN O NI RN PN A3
TR IR Fp o3 1 VR RFLAF I | AR LA R R B LA T
SRS TP . FET 515 i g B0 0 72 R R i R B,
FLIR 2 R Hh Y T A R A, o R I R R R Y
95.31%, T HAB TR S i ORI L o LT SRR IR & I Y
PRI b o3 1t — ARAE FLAT B, R SR BRI il A =T
HRE PRy ab L T HAE SR G . ML 2 ZL R
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MR BAEME ), MRS R FREE AT B R AE Y4
ARA R A]); ERRFLIT I (Lactobacillus acidophilus)
Bl T W% FL AT 1 (Lactobacillus  paracasei) . Hi 49) FL T
(Lactobacillus plantarum) (W [E & PG H L) o
112 MELHEE
QYL 2t 7 xCyh & T 7 T (i 3 BB HL T );
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DHP-9052 H i IR K 3240 (L — AL 22 UER A BRA H);
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THRAE (F IR BRA FD); BS224S 4347 K- (1 [ FE £ )
W= R A,
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S22k N T T AR R
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KESHEER-E 12 BT ERE
Fidh 10 min—>FRIEZE 80 °CA M Bk 20 min— [E ]
30 min— =T

Q) LM EE N

WUk PREBURLRTE, TR SR 5K g vk
2T, JCRIIRAT WA+,

B HRERLEAKP 12 h, RSk, M
FRHIF G KEF- N, TR,

BRI I A R G TR K S R O BB 3R L s
¥, 5] 45 T RKERENEK,

g B SR, Bk SIE R

FI: B i A B TR TR AR 10 min, SR
7 1k R, B R RN

S TREMFRIRE 80 °CHY, Mt HEIN A K BER,
B2 RIS GAE;

B : 5 s R I AR TR 80 °C/K IS HR YK 20 min;

FEil: A5 BT 0 A A BB EL R, F 1000 pa Y
JEJ3F M 30 min, BPA5E30 o B
1.2.2 @ H A el 6h 2

¥ 3 FIFLEREELL 2%(V/v/ V)R b ) B3¢ K
S TC LU A5 43 300 Ay R T s L R R LA A A ) LA IR
=1:1:1, 1:1:2, 1:2:3, 2:1:2, 2:2:3, 2:3:1, 3:1:3, 3:2:1,
3:3:2, Wtf pH 5.5, FUBEAIIEE 4%, 7€ 37 °CTFIEFE 60 h,
W7 & e 700 (9 77 R 12t B pHL B
123 #RAZxEK

(D)FLER TR P X & B 571 77 R k52 1

A5 2% UM G I 20 BROK [ E BRI
pH AR 5.5, BUZAEZLBR W RN 43T 2% . 4% . 6%.
8% . 10%, ¥EFRIEJE 37 °CHEFRIFE 60 h, W5E & e
) R B

(Q)FEHIKPI AR pH Xof A e 7= 12 14 7 M)

A 2% ) LB I B EHOK T, PR OK PR pH 43
BHK 5.0, 55, 6.0, 6.5, 7.0, FEFLERE L 2% R iR
TR pH BEROK S, 85320 37 °C, #5301 60 h,
W R 70 ) 7 PR
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5 2% B LRSI B E K R, [ EIR K PIAR pH
5.5, FLERWEAE 2%, WEFRIRES IR 29, 33, 37,
41, 45°C, HEFRIFIA] 60 h, I A BRI =R =

(4)FURAS I 2% 2 TR 791 7 1 1 52 T

0% 2%, 4% 6% . S%RIFLIEUS MBI #E 3Kk,
EEF ARV pH {H 6.0, ALBRE L& 2%, HIFIEE
37 °C, RKEFERTIA] 60 h, W & B BR B o

(5) 5555 Bt (B % &2 123901 7™ s Ak P9 5 )

5 2% B LRSI B E K R, [ B KPR pH
Hy 5.5, FLRTAEEF & 2%, IR 37 °C, KiFEmta 45
H 48, 54, 60, 66, 72 h, ME KEEFI KR E
124 EXRFER

MR AE LR R RS g5 R, W & = KR IE
LS, HE A KRB L2, SR I R
RS 1,

®1 EXZERPERSKT

Table 1 Factors and levels of orthogonal design

xr A FLRE  BEBOKW  CEIRIE DILWER
P /% fi pH {H JE/°C /%
1 6 5.0 34 0
2 8 5.5 37 2
3 10 6.0 40 4

1.2.5 FEEaynz

PR AR GB/T 12456—2008 £ 5 2e4 E 5w
£ h R ER I e ) U
1.2.6 REAFIFN G %

P RS2 5k U S R PR R R A
B, AURE TR E 3, PPN EESR AT

(DBEPE PR A G Bk 10 S EA 5L AR
FUX G A T AR AR LA T AR Om A A, A
BT E /N, X S 56 ) B A T R R AR AT
o FEUREIEMPRIESR 2 74T 4.

Q)E T RE RN ik RS BT S B A vk
FANRIR 12 h, ERE PPN IR, KT KA &
WA 2, T TR 5 cmx5 emx3 em /MR 78
JEE T IR M A BN T R TR T,
TR ARIE LR 2, ARUURE N FEX G a5 . XUk
P SR AL AT B 2 M T 47

[ERESESCEUR e - S=ke MR CWNTIEC ) A R CRE N}
MR, HARRA MH . IR . [, S A 20 43

SRR : 3 3 it 22 A0 1 Of 4 R SR 2 75 LA AR B
MA WG, RSN TEHERIFIR . WA THEK. R
W, S AR 20 43,

Mg T GAERHI =Y, A2 ORI,
TR E PP R R b, R PR AR v DL FE A B L T
BE L AR . TETEM IS, RiZES ST Ay, Fem s
5 20 43

My RIS SEMR G EOR, A R
RAF, SR AT 20 4.

SRR AT ZEA DA BTN, RHETREMY (4 T i
TIPE5y, BEIFSE N BUAH SRR 1 5, T4 20 45,
1.2.7 & FRARE

FHTTAEAS A3 50Xk AN ) LR T il 45 R 3 o 1l
AP MR 3 SRR TR A3 AT ek T
YA 2 cmx2 emx 1 cm #AR A7 1K, R P35S BIAT T4k
W T I B R o BRI E S e iR SR A
¥4)43 7 (texture profile analysis, TPA) IK FJERY ik, E
AT, . JEEEES B 2.00. 1.00, 2.00 mm/s, HAREE
KIBAE 30%, fihk 710 5.00 g.

Fk2 REWMNER
Table 2 Sensory evaluation list
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(20 6:}‘) (16~20 6:}‘) (11~15 6:}“) (0~10 é?}“)
- WL, AR — LRI, DSEHER— | e WRLRL, A —
(20 6:}‘) (16~20 6:}‘) (11~15 6:}“) (0~10 6?}“)
KT iy _— i
(20 ﬁ:}’) (16~20 ﬁ:}’) (11~15 ﬁ?‘) (0~11 ﬁ?‘)




555

Wte, % AT G T AR B R0 R A 1917

1.2.8 T dHaFne
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1.2.9 EFHRAKHERZE

KR ST B T bz —), FoR e
FTREAR RO 3 o MERAFRHR 2 g(FE#AF 0.0001 g) 5T,
B TR A BAEHARAY 50 mL 208 FP, 1000 r/min %558 5.0
10 min, FREIFILE LFETRMEE AWM, ), KEL
STRAET 105 CTTHREEEILFERAIM, g, BT
BRACHET B LA T(2)o

TRAKHE (%) =

1.2.10 3B
SBT3 K E R S ECEI4ME, SR Excel
2010 1 IBM SPSS Statistics13 #4754 31 5 G 14347
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2.1 EHMEBCELHIAYHE

TN 1T AT, S [ 52 e B AT 2 T 550 1) 7 I A AR TR
S, E AR IR A R S DL T, 3 0L R A A S [T
A HBIR & REFIE pH 7E 3.62~4.08 ZIF], 7E 1:1:2 Hf
1) R T 391 7 i e fie e, pHL I, T BB DR R FLIR T TE I EL
BN MG BEAE U RIVE T, L[] & = IR . Wik 1:1:2 Hu il
M AEE R

Mi-M

x 100 )

40 | +FEE§§'
- pH{H {42

36 | /\” %\ 140

2
E)
e % /)\ -3.8%
| \
£
136
28
134

1:1:11:1:21:2:32:1:32:2:32:3:13:1:33:2:13:3:2 -
SHC L f)

P SRR R 7 R i RS (n=3)
Fig.l Effect of mixed proportions on acid production of
starter (n=3)

2.2 BHEZRLW
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FUME R P LR B A R B | SR R AR KRR I

BRUEIOT, GNP 2 Bk, B FURS IR RS8N, KRR
MRS EIHE RS, pH R TR EIHEH, 4
FURA AL Ay 2% 1] & R ™ BR fik fe i hy 38.70 g/L, MLE
pH N 3.59; LRI N 4%~6%IN & BE 7 B 5 F [
EH pH 2 L THE S IR 6%~8%HT & B ™
i i A1 pH B TP B D8 AT R 4 LR R iy 2% 0} &
TR 710 P ) e ZRLTR AR 0 T LR T 2 T, A A B4R
MFLUBRRS IR N B 6%, & R N Ak AR O 20 U
BRI T, USR5 8%, & I o Ak VIR Lb
B SAEIBE IR, MR A KT, 25 gk, e
FUBRE I B 2%004 T SR S5

39.0 - 440
e P
—A—pH{E
138
385 1
= 136
1E 38.0 | %
% o
i 434
3751
132
37.0 : s ' ' ' 3.0
0 2 4 6 8
FLBET /%

P2 LR IS0 X S S 7 R A (152 ) (n=3)
Fig.2 Effect of the amount of lactose added on acid production of
starter (n=3)
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ORI pH (E 250 B0 A K S Rt
WnIE 3 FroR, BiAE S K WG pH AR T, AR 1 7 ik
BRELTHE TREES, pH ERETHRE B, Kk
FEFRIBI6 pH oA 5.5 B, KRB B2t i & i 39.62 ¢/L, pH
FEARA 3.62; RBERIBI G pH Hy 6.5 KR IR B 5 T
FEtash, LMW pH M 7 = BRI pH {E 18 T
oo JEL R T fE S 4008 pH N 5.5 B AR 8 PR BT I8 5 FLAR 1A
AR, R, M0IR pH R 6.5 B, & pH {Hi =,
ANRE R FLIR B AE KT R, PR EED ORI R
pH A 7 B, pH B2 Wik, BUR i & 7] pH B HE5 i LR
WA RS, N AT AR R R A N s L BR A AE K
g5 bR, EREEIROKIG pH (Hh 5.5 TR SE0ESR .
223 BB EN LB FRENT A

PRt LR R, IR R ks 0,
Bl 4 Fi7R, WG ZLRA R R AR, KRR 2 5T
FIHE TR, pH S8 TR TS HFLRRERER Ry
2%~8%M}, KRR AT BT, pH AW R, 24FLRRER
HEFhoh 8%}, PREREEIACN 40.14 ¢/L, pH 5fICh 3.67. 5
(A AT RS YRR TR R 2%~6% I, & TR HR R R & 1
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R 10%I, RGN ERECR 2, BREIIGEREHAERK
i do LE LRTIA, WeHEREN 8%t TR ST
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Al
a giﬁ&'* 144
40
142
1g 35 140 E
% o
R
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30 b
136
25 1 1 1 1
5.0 55 6.0 6.5 7.0
B KW pH

B3 BSROKBIIR pH X R BER )™ R ek 1 30 (n=3)
Fig.3 Effect of the initial pH value of yellow syrup water on acid
production of starter (n=3)
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Fig.4 Effect of inoculation amount of Lactobacillus inoculum on
acid production of starter (n=3)
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PR FIHE RS, pH RS TR TR
MBEFEIRE M 29 °CTHZE 37 °ChF, & EERIAY 7 BR A BT T+
15, pHAAEARWT R, YIRFRIE Dy 37 °CRY, KRB IR
iR N 40.03 g/L, pH EAEIASE N 3.65, ULHIZLERE
TEUCIREE T BEMS AR AT 0 AR BT, M gRIR M 37°CH &
45°CHY, KIBEFIR IR & TR, pHAEAKTTH R . ATREZ N
FIBELEHABETARENAER. MFFREEN 29 F

37, 41 °Cryj R, UEWIHRIL AR — VS N RERS L f
FURE LR, HH X —JEEN R 28 BT
W, PRI 37 °CHkAT S SEE ST
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46F e i
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Fig.5 Effect of culture temperature on acid production of
starter (n=3)
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P PR e B TR, pH B Rk, UiWASLRR R AL &
FEF=IR, AT pH (EATA 5 E AR (0 K gt e
A, ANFIT AL A, EROK RN 5 IR, Y
FEFRAF R N2 60 h I, FERE AR S 39.38 ¢/L, pH 35
Bl 3.63; MBFFEM RGN H] 66~72 hit, KM =R &
M pH LA K, FIREREE B K H s S BTN B 2
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Fig.6 Effect of culture time on acid production of starter (n=3)
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23 EXIWER

TE BRI R S I R b, DAFLRRPEHERN R . SR )
G pH {H . HE3RIRE . FUBR I A LI N &R, Wil uE &R
SR IE AR SR, BE R A A Y K R St 8 SR Ak
o IEACTIEERIF 3, FEMHILE 4.

®3 EXERRITRER
Table 3 Orthogonal experimental design and results

R4 EABHERENHESW

Table 4 Analysis of variance of fermentation

ZRKI EEVIM AW FE Foos WM
A 0.945 2 4127 19.000
B 0.541 2 2362 19.000
c 5.350 2 23362 19.000 *
D 0.229 2 1.000  19.000
R 0.23 2

haes A B c D FEER R/ (g/L)
1 1 1 1 1 36.78
2 1 2 2 2 39.41
3 1 3 3 3 38.66
4 2 1 2 3 38.57
5 2 2 3 1 39.05
6 2 3 1 2 37.54
7 3 1 3 2 38.05
8 3 2 1 3 36.74
9 3 3 2 1 38.17

k38283  37.800 37.020  38.000

k, 38387 38400 38717  38.333

ks 37.653  38.123  38.587  37.990

R 0.734 0.600 1.679  0.343
H % FEik: C>4>B>D

ﬁ%ﬁﬂﬁ% A,B,C,D,

23RN 2ZER B, P<0.05,

F1 e 3 ATHI, 45 PR 200 A T 7 R k5 i R/ VR Uk
o C(HE 7R B )>A(FL IR B 32 & )>B(F K K Wl I pH
{E)>DEUE ), R4 & (0T 88 AL &2 42B,CoD,,
RPAREFRIE 37 °C. FLBRHEFI i 8% . BIK/KWILG pH
5.5 FLBHAS IR 2% th 36 4 01, 7£ 0=0.05 54 F, 1%
TR FAE R 23.362, KT Fy05(19.000), Ui IR ST &
PRI =R A B E . Z5 LTk, AT S K
AN 4,B,CoDy
24 RREEMN

TR — Rl & 32 0 S B A B, R
HEJUEE TR, gk 5 iR, B KB
VR B S XU . A EOR AR AT 2 T AL T
Hofth 3 Fhep s R BER, 28 BRTIR, &4 KBEFIHIVEH S
TR T ) S A A B R R BRI T
25 ETHREMNELER

TR SRR AR EEA RS RR, R
i, DERA R R S B Y gk 6 R, A KRR
AR T R T LA A R R BRI E R 2T 25 1
JRik, A KBRS T S,

*5 TTFREENE
Table 5 Sensory assessment form of fermented tofu

KBRS (RS PALTS (RP 4l BSY NGRS Ty
W PR LA T R TR 17.33+0.43 17.2140.51 17.66+0.87 13.51+0.39 17.68+0.16 82.18+1.44
FE )L B R 1) 16.35+0.71 16.38+0.26 16.28+0.97 11.37+0.33 12.51+0.19 71.24+0.87
I T 1 LA T R I 18.27+0.21 15.57+0.38 15.39+0.58 10.29+0.16 10.66+0.25 68.26+0.94
A KR 18.55+0.37 19.39+0.46 19.17+0.78 18.47+0.37 19.24+0.31 93.63+0.88

Fo6 HTFHMELR

Table 6 Comparison of yield rate of fermented tofu

R BRI RIS TSR %
& R LT BT K IR 148.75+3.77
T FLAT B AR 152.64+2.58
B I LA T R 1R 145.85+4.91
S5 IR 176.47+5.33

2.6 EFEMMELER

o) S A L R A B A AR AR D), A oYk HR
TRERE  DHOEE . R RS ECRAIRIE S E RS
R—BEE R Z B E . k 7 Bis, 56 5550 il
FIELIE P B 3K oAt 3 Rl s ik ZLER B R BRIl E R I =
Fo A A R TR HINE BT AR B HE B 108 25125 P X0 B e [ 571
WVE T ARE R o 7RSI T A A R R IR BT
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B dn 2 4 R R I A 4R

12

AR 3 M RRFLIR B R R VE 0 BT 2 BIAK,
B FFANSE MR S 5 B [ ) e A 1 e, A LR/ | ELIRRE
28, wbEZE, M PECETHZER ME2E, T TR
G A RAE, WORE o R . AR IR
SAAWAEY R TR, AMUBIIE T &1 H S8, AR
IR T SRR IR A, TN S R, R
FpraTocstk, 5 il g2 bk, E6 KRR
AR B0 A SRR T TR T R g e R R A

®7 TTHRBER

Table 7 Textural characteristics of fermented tofu

K i B /g f MR /g f o

e R FLBRAT T &

”ZAH@ 726.67+£37.59  828.76£97.35  0.93+0.02
i

WL BT &

%%ZA e 1816.00£78.93 2175.43+103.67 0.95+0.01
i)

Bl T B AT &

Al @%? i 683.33£35.87  736.80+£85.14  0.89+0.03
=3

B4 K 2803.33497.13  3151.89+99.57  0.96+0.02

3 Fig5itie

A FE LA AL AR e i D T IR,k T 1 7L
FEGE . FERRILFT I . REIZURT IR 3 Fh Rl i S BO A A e
FRFA B D SR A A IR A SR A TR R [ K A, Herp
Il BEX 7 R AT R . AR B A eE LZEAR AR T
P FLAF I . PR RRFLIRAT T AR FLRRAT 87 64 L 91 1:1:2, 3%
FRE 37 °C. FLERE I 8% . ¥IIKWI 4R pH {H 5.5,
FUBRA NG 2% . FEFRATE] 60 ho ZEULARMET, BRI E T
AR B BRI R E PR ik Bl R AL, BAHET B
Br(E, AWFFE R FLIR BRI ST AT AL A A 7 42 it
THES%E

EE P
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