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Optimization of Fermentation Process
for Streptococcus thermophilus Improved Natto

HE Ren-ke,SONG Lian-jun” ,HUANG Xian—qing, YAN Ke-run, HUANG Zheng-chao,LIU Xi

(Zhengzhou City Key Laboratory for Sobean Refined, College of Food Science
and Technology , Henan Agricultural University ,Zhengzhou 450000, China

Abstract ; Streptococcus thermophiles was used as a modified strain to improve natto by secondary fermentation.The sterilized
soybeans were inoculated with 2% natto inoculum and fermented 24 h at 37 °C.Through single factor and response surface
experiments, based on the fermentation temperature ,fermentation time and inoculum of Streptococcus thermophilus , with sensory
score and nattokinase activity as indicators, the most effective conditions for secondary fermentation of Streptococcus
thermophilus was studied.The results showed that the best improvement was obtained when the fermentation temperature was
42 °C ,the fermentation time was 18.6 h, and the inoculum volume was 1.5% . The sensory score was 8.0 score and the
nattokinase activity was 1964 U/g. The improvement effect was good, the bad odor of natto decreased, and the activity of
nattokinase increased.
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Table 1  Factors and level tables of
Box—Behnken response surface test design
Sl
K A RBERE B k[T i) C it

() (h) (%)

-1 39 10 1.0

0 42 20 1.5

45 30 2.0
124 N7 JBCE PROT AU B AR R R A

PR LR PEAT IR P, R VA bR AN 3R 2
FR o 275 3CHR[24-25 ] SESTBOIBCA AR . g Jgk
BIE AR5 LI RE FE R o

Iy rp, Iy
T r T,
21 2 23
RiJ = .
Ty Ty T3

Kt:i=1,2,3, - (FEMSS);j=1,2,3 533
AR AL A% R LR BT 45

BT PR B AN EE 2 X, SR 5 i) e 14 o 2% )5t
EREMAEE, e EER X

X=[03 04 03]

B 5 B s Re e b 6% 5 30% R 5 40% ,
R 30% o FESMECHIBCHIRVE TR E Y =R x X, 8
PEARES TP SR Y, =R, x X,

1.2.5 SN mE R IE I FUSCE TR 9N ST i
T B2 - S A S Bl RS R s IR
PR PEBUT R A KA B 52 B 10 24 BF 5T AR AR U
FESH AP VROR BRI T IRCE AT O, BCE S b
R 2 Jin. G5RH 1.2.4 dh r AR YT IO, 15
EallESs e A

1.2.6 RN EEFRMTZE L Gl e gy o
IRy CRZER ™ By RRAR I 2 3% ) DRLRE DT (SR
JH GB 5009.6-2016 4 —yklxE ) HH&E 1 (CRA GB
5009.5-2016 £5—y=E ) VAR E A& CRHW
TSV A2 9 ) AN T B TS (% A S el R 4y
SEICRETHER ) AN B S i (SR £ AN 6ot BE T
) VR A RS A S SR AR

1.3 #EFZIT5H

FITA I e H A 3 R BT YA E S 5 AR SR
SPSS 20.0 . Origin 8.0 F Design Expert 10.0 % {4 4b#§
53 Mt o

2 FHRE5OMH
21 ABRENAEHEEREMANEREITIHN
=210

PR 1 AT 0, 29 S T T T A IR RE B 4 i S
SEBEIS RGO e, fE 42 °C i ik 3 i KAH, 8
VARG 2 (1248 £91) U/g. K IREURE N 45 CHY,



@%si&@h‘«il

Z K&

K2 NEIRE IR

Table 2 Sensory evaluation standard of natto
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Fig.1 Effect of fermentation temperature
on nattokinase enzyme activity and sensory scores
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Table 3 Response variable Box—Behnken design

Y REIESY ZghT T
S A B C BE S 1 2 S I T

. (%) (U/g)
1 -1 -1 0 6.5 710
2 0 -1 -1 7.2 1041
3 0 -1 1 7.2 1302
4 -1 0 73 1246
5 -1 0 -1 7.7 1413
6 -1 0 1 7.4 1439
7 0 0 0 7.7 1839
8 0 0 0 7.9 1860
9 0 0 0 8.0 1734
10 0 0 0 8.2 2212
11 0 0 0 8.2 2347
12 1 0 -1 7.2 1205
13 1 0 1 6.9 1215
14 -1 1 0 59 546
15 0 1 -1 6.4 820
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Table 4  Analysis of variance

J7 25 KR PRl H Y7 FAE P
LAY 17.27 9 1.92 16.59 0.0006 **
A 0.61 1 0.61 5.23 0.0561
B 421 1 421 36.34 0.0005 **
C 0.080 1 0.080 0.69 0.4331
AB 1.96 1 1.96 16.94 0.0045 **
AC 3.55 x 10" 1 3.55 x 10" 3.07 x 10" 1.0000
BC 0.010 1 0.010 0.086 0.7773
A? 2.53 1 2.53 21.86 0.0023 **
B? 7.39 1 7.39 63.88 <0.0001 **
c’ 0.024 1 0.024 0.20 0.6647
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Table 5 Analysis of variance
T 22K 7RI A ¥15 F 1 P
BT 4.458 x 10° 9 4953 x 10° 8.50 0.0050 "
A 2278.12 1 2278.12 0.039 0.8489
B 3.420 x 10° 1 3.420 x 10° 5.87 0.0459
C 4005.13 1 4005.13 0.069 0.8007
AB 63756.25 1 63756.25 1.09 0.3303
AC 64.00 1 64.00 1.099 x 10 3 0.9745
BC 35910.25 1 35910.25 0.62 0.4581
A’ 8.094 x 10° 1 8.094 x 10° 13.89 0.0074 **
B 2.629 x 10° 1 2.629 x 10° 45.13 0.0003 **
c? 2.465 x 10° 1 2.465 x 10° 423 0.0787
myE| 4.078 x 10° 7 58259.49
A 1.262 x 10° 3 42066.42 0.60 0.6495
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Fig4 Effect of interaction of fermentation
parameters on sensory scores
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Table 6 Changes in nutrient composition

before and after natto improvement

LD KUR BeEYE
KT EHE(%) 5345 +0.18"  53.57 +0.21°
HLBEI (2/100 g) 6.0 0.1 5.6+0.9"
HIE I (27100 g) 18.7 +0.1° 16.0 £0.8"
HEEMAS A (g/100 mL) 0.39 +0.02° 0.23 £0.01"
YN S (U/g) 1050 =53" 1964 + 83*
SEER (me/g) 0.729 +0.202"  1.40 £0.016"
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