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Fig.1 Changes of acid production and pH values
of the tofu whey during fermentation under different

fermentation temperatures
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Fig.2 Changes of acid production and pH values
of the tofu whey during fermentation under different
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Fig.3 Changes of acid production and pH values
of the tofu whey during fermentation under different

inoculum amounts
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Fig.4 Changes of acid production and pH values
of the tofu whey during fermentation under

different preculture time
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Table 2 Results and analysis of the orthogonal experiment Lo(3*)

i A(KBarE/h)  B(AXBRE/C) CELRBHENZ/%) DFRRIHIEE/M)  F®I/- L' pHA
1 1 1 1 1 4221 3.72
2 1 2 2 2 66.01 4.20
3 1 3 3 3 43.11 3.80
4 2 1 2 3 30.09 4.45
5 2 2 3 1 41.12 4.03
6 2 3 1 2 29.33 3.99
7 3 1 3 2 51.45 4.03
8 3 2 1 3 26.18 4.04
9 3 3 2 1 47.11 3.40

Vil %3

k, 50.44 42.47 32.01 44.56
ks 33.51 43.21 47.59 48.79
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(8% 2)

5 A(K®arA/h)  B(ABRE/C) CELBRBHEFFZ/%) D(FREIEFE/M) F@E/ L' pHA
ks 41.58 40.09 4338 32.18

r 16.93 3.12 15.58 16.61
pH 14

k, 3.91 4.07 3.92 3.72

ky 4.16 4.09 4.02 4.07

ks 3.82 3.73 3.95 4.10

r 0.34 0.36 0.10 0.38
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H 18 5. K 6 A LR HPLC 43 #7 45 R vl

HCUL 1.1801-1912 4fi i % % i) iR 2% v 8 Fh A #L

Bk HCUL 1.1801-1912 & HCUL 1.1901-1912

Two major organic acids concentrations fermented

i 3 T 8 (1) 2 T ) B 19085 77 15 ) #B ¢ HCUL 1.
18011912 4l Fh J& I iR ¢ Jr s & I i [i) B 0 35% 57
Af ] R K46 %6, EHL HCUL 1.1901-1912 & ff % %
TR M B A B B PR IR N 43.11 /L, HiB AR R 2 R
T 9.7%, Ak, #4531 HCUL 1.1801-1912 4liff
K BETR I ARAR G 1 S5 A AN AT DU R 3R & e AL
ST EL AT DA AR RO R TR IR R WA 7 T
Ml A K T8 3 8 A I Tk A SR AR T AR B
AR SHE

2.2 Hhifhk B IR E LB 4 AR R XI5 B 4 A
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TR0 2 A e I R K T R A ML R A BB A B
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Fig.6 Six organic acids concentrations fermented

by HCUL 1.1801-1912 and HCUL 1.1901-1912

R ) & m R BN 3 R . FLIR 2 374.78 pg/mL,
FERE R 977.46 pg/mL BEHIR 35.21 pg/mL, 52
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19.57 pg/mL N B2 15.75 wg/mL  o—{ 1% — R
9.56 pwg/mL SRR 4.16 we/mL., & D2 0.10 we/
mL,8 P A HLER 25 % &0 3 436.61 pe/mL, H UL AT
I, BibR HCUL 1.1801-1912 % B 8 3% K 1 i 72
B FLIR A6 AR IR R [ R K
&G R SR BRI R

HCUL 1.1901-1912 4 Ff % 8% () iR 2% v 8 Fh
A LR 1Y & 2 R BN 508 - LR 2 904.16 g/
mL., FFEERR 1 106.87 pg/mL. 3EHIMR 110.67 wg/
mL ., A i 2 28.91 we/mL B2 19.64 pwg/mL 3 5
1218.58 we/mL o~ 3 2 11.24 pg/mL &

FLEAE

lactic acid bacteria
|

M2 4.90 pg/mL,8 B A HLIER & & &0 4 204.99 g/
ml, P FLER AR BRI N IR | R
R T R | S R 53 7 B35 78 Tl 1
FIBR AR T 1.22,1.13,3.14,1.84,0.01,4.47 ,
1.18,49.00 f%, kw0, W #k HCUL 1.1901-
1912 & BB 3OK 1y #t b 207 2L R, O G #7
B, e A LR & B,

222 4liFp R EERR K A ML FCEHE B e b AR
P ik 7L T A R BT, A5 A IR TP A LR
SRk, il B T LR T K I R R K A
i A

WHAK

Tofuwhey
J

32
IS Clucos

T (a)#&8 HCUL 1.1801-1912 4l & i i1 2% A7 HLIR

=l

PRBFIR Glycolysis

BIEWClucose

HAVN

:

B P — L R
. actate actate
= LB EES
RS PIRRBGRIES L-lactate dehydrogenase (2)2374.78
] =7 pyruvatecarboxylase (b)2904.16
r Oxalate g iﬁzﬁnndase %k Z.BiOxaloacetate ATPEISERATS
= [=]
(1957 malatedehydrogenase, ERMKRSE (B ATP citrate synthase
®) 19 64 malatedehydrogenase
: (quinone) .
FriBBACitrate R
FEpEE  FREN Citrate
oxalate decarboxylase $
) 1858 SR | SRR bt
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fumaratehydratase
L E3E ol (@956 “’Oﬁm—_ﬁ&
Fumarate (b) 4.90 (b) 1124 ¢ Oxoglutarate
I IRIABR-Cor
£ . succinyl---Co.
succinatedehydrogenase
4 IEHBERSuccinate
(a)35.21

(b) 110.67

it (b)#E7R HCUL 1.1901-1912 &l fl & B 2 3 A HLIR & 2

B 7 IFLEEAEE KKK EREE (ug/mL)
Fig.7 Organic acid metabolic pathway of fermented tofu whey cultured by lactic acid bacteria (pg/mL)
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IO, PRI A JH A 4 5 AR AR, A T IR AR I E
B £ TR AE SR I S AR T SR R A A
A SN ) F 3 SR R 7 S R R R S (R ) 1 AR
PN AR BE R, A 3P SRR 5 B A R A
HHRIE CR A, R R TR R R e
SRR, T /a9 I A A Ok e IE TR, 1 BH SR
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T J8 S0 (TR ) S Ve PR . SRR E & DK &
MVE R 5 6 SR A A= mlasf SO NE, AG ) H 17 3 2R
o EATE DS, & DRI 6
VET 5 B 30 A& A vl SRy, R0 HY A 35 3 R
SHUZATESRE R, BHCmRE AL
it FH T A B R, R A IR D R T A R R
BLE DRI RS R TR DR,
Az e 2 R TR SRR W TR I N AT R R R
I, A R R AT B S R AR
A R R RS AR, 2 = R BR IR A T ) —
AT, BRI S IR HIME-CoA , 3R FIHE-CoA
P N o= 1 R oo R R R AR AR RS &
2 DUIRIAR MR NAE R KA E R AER A
AR D-BE R, T R A AP R
SRR R A B SRR | 5 S IR A AT B R, 3X
AL R PR R R O KRR T, B LA AR
{1 il 4 LB TR R AP R R E. ATP A 2 & 1l 1) A
R XA B BE 2R, 5230 = R IR PRS2 7= iR
T I 25 SO R I R A KU | R A R RO A
By oy g e

3 it

AHIE TR R IR e W A A iR A T DA, o I
BF ] e il | LR T ek B Tk % of i) () B
2SIl SR, DA v 30k 43 X 4l o 7L i 1 % 5 T
R 4 ZE 3 KT 3EAT IE 2810 520 3 i 1F 38
TG D A A 3 B K Al A I IR e A Y K I
SAF R KL 37 °C, ZEERTR] 16 h, TiUds 5% 0f
] 12 h, B it 5%, 7= R i ik 6.57 ¢/L. F HCUL
1.1901 -1912 4fi b & [ B 3% 7K 45 3 1Y BR 2% AN
HCUL 1.1801-1912 4l Fh % [ ¥ 3% /K 45 21 1) 1R J¢
HEAT A BLER X L2 A, T 0955 A8 TS 0 e I B
HCUL 1.1901-1912 A HLER FP A4S | H 444 1L
PR & e SRR, RE R LR Y i AR
P, P ELR R SRR N ER RLRR S
MR T R & S R 43 0 8815 720 i 1) 7L R T
HCUL 1.1801-1912 4 Ff & [ py BRI 3 v T 1.22,
1.13,3.14,1.84,0.01,4.47,1.18,49.00 15 , A [a] il
KEANLIR G RIMKATE—ERE L FEEREK U
i 7= i 1 AU B R 1 BE SRR (Rt AR 5 A5 )
() FL IR P 2D R BRI LA A5 14, AT LA LB

TR S S e e JOOOT 14 e O (7 71 2 AL L2 44K 3l A
PR Hr
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Optimization and Characteristic Analysis of Acid Production for

a Lactobacillus rhamnosus Strain Induced by High Temperature

Gao Ruoshan, Yang Chunhua,

Wang Bing,

Shi Yanguo, Lii Mingshou

(College of Food Engineering of Harbin University of Commerce; Key Laboratory of Food Science and Engineering of

Heilongjiang Province; Key Laboratory of Grain Food and Grain Resources Comprehensive Processing of Heilongjiang
Province, Harbin 150028)

Abstract The effect of different fermentation temperature, fermentation time, inoculum amount and pre—culture time on

acid fermentation of fermented tofu whey was studied by using a strain of Lactobacillus rhamnosus, which was bred by

mutagenesis in the early stage of the research group, using the fermented tofu whey as the medium, acid production and

pH value as the index. On the basis of single factor experiment results, orthogonal experiment was used to optimize fer-

mentation conditions, analyze acid production characteristics of the strain, and discuss its metabolic pathway. The results

showed that the acid yield of Lactobacillus rhamnosus was 43.11 g/l. under the conditions of fermentation temperature 37

°C, fermentation time 16 h and inoculation amount 5%, which was 9.7% higher than that of the strain before mutagene-

sis. The contents of lactic acid, citric acid, succinic acid, pyruvate, malic acid, a-ketoglutaric acid and fumaric acid

in pure strain fermentation were 1.22, 1.13, 3.14, 1.84, 4.47, 1.18, 49.00 times higher than those in pure strain fer-

mentation without mutagenesis, respectively.

Keywords Lactobacillus rhamnosus; acid production; tofu whey; fermented tofu whey; composition of acid production



