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Optimization of natto with double-bacteria mixed fermentation
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Abstract ; In order to optimize the processing technology of natto,

my, )4

improve the flavor of the product, and to explore the effect of
double-bacteria mixed fermentation on the quality of natto, two
better strains were screened through the ratio of the diameter of
the hydrolytic colonies (C/H), growth curve of the strains, nat-
tokinase activity and volatile base nitrogen content. The single-
factor and orthogonal experiments were used to optimize the
process conditions of the two-bacteria fermentation of natto, with
nattokinase activity and volatile base nitrogen content as the indi-
cator. The optimal fermentation process of natto with two strains
is the ratio of strains (my; : my,) 4 ¢ 1, inoculation volume
9% ., fermented for 25 h at 35 “C. Natto prepared under this fer-
mentation condition has a nattokinase activity of 481.84 U/g.,
which increased by 36.8% compared with single-bacteria fermen-
tation; the volatile base nitrogen content was 205.21 mg/100 g,
which was reduced by 42.3% , compared with the highest value of
single fermentation. The results showed that using two strains of
Bacillus natto to optimize the fermentation process could provide

a way to enhance enzyme activity and improve the flavor.
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Table 1 Screening results of enzyme production capacity
C/H &
T il 2 5
TE M B R AR i 25 1 3 77 4k
Ny 1.35+0.14 2.8140.07
N, 1.52+0.07 4.2540.09
N; 1.63£0.08 4.9640.13
Ny 1.4040.12 3.8340.11
Ns 1.75+0.09 5.6440.10
N 1.384+0.09 3.26+0.10
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Figure 1  Growth curve of 6 strains within 24 hours
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Figure 2 Effect of different strains on nattokinase activity
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Figure 3 Effects of different strains on the content of

volatile base nitrogen
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Figure 4 Effects of different strain ratios on
nattokinase activity
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Figure 5 Effect of inoculation volume on nattokinase

activity
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Figure 6 Effect of fermentation time on nattokinase

activity
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p 2 4 LA BRRR TR BT 490 TSR T ) A S
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0.01) , Hi kR B Fe Xt TVB-N (B [ 5% 0 2. 38 (P<<0.05) ,

LR TR HE IR S A5 B R 2 e 3 L RS
BAEBMIRERNZHAAEN AB C Dy, B E % FE & L
(my, 2 ma, 04 s 1 BRI R 9%, K BERTIE] 25 h, R EEIR
35 °C. FEMAMET 0847 3 WG IE SC 1, BF A5 7™ i 40 53K
fiff fiF 35 A (481.84+19.65) U/g. TVB-N{H }y(205.21+

R2 EXWKEEERMAF

Table 2 Factors and levels of orthogonal experiment

KWV Amxg #omyy, BEEFE/ % C K EERE]/h D & BRI/ C

1 41 7 23 35
2 3:1 8 24 37
2:1 9 25 39

Table 3  Orthogonal test results and analysis
R A B c b YN T T / TYB-N fE/
(UsgH (10 ?mge-g 1)

1 1 1 1 1 462.69 227.34

1 2 2 2 445.10 266.60

3 1 3 3 3 457.71 290.71

4 2 1 2 3 424.55 328.44

5 2 2 3 1 473.48 203.86

6 2 3 1 2 446.39 204.06

7 3 1 3 2 449.36 265.85

8 3 2 1 3 389.14 287.15

9 3 3 2 1 415.82 242.11

"""""""""" ki 455.16  445.53 43274 45066
g ks 44814 43590 428.49  446.95
Tt i ks 418.11  439.97  460.18  423.80
R 37.06 9.63 31.69 26.86
ki 261.55 273.88 239.52 224.44
2 245.45 252.54 279.05 245.50
TVEB-N {i

ks 265.04 245.63 253.47 302.10
R 19.59 28.25 39.54 77.66

x4 EREMNVERRBSNGRHATEZSH

Table 4 Variance analysis of the effects of various factors on the activity of nattokinase produced by two strains
A 7 ¥y F {1 P
E 3 9 H B
it 1 TVB-N {8 it i TVB-N {8 it % TVB-N {& it 15 TVB-N {

o 11 022.20 28 094.00 1377.77  3511.75 6.293 15  28.821 90 0.006 0.000

A 4 649.22 1 309.80 2 2 324.61 654.90 10.618 00 5.374 95 0.004 0.029

B 280.24 2 602.34 2 140.12 1301.17 0.640 01 10.679 10 0.550 0.004

C 3 550.78 4 824.13 2 1775.39 2 412.07 8.109 34 19.796 50 0.010 0.001

D 2 541.91 19 357.70 2 1 270.96 9 678.86 5.805 27 79.437 20 0.024 0.000
CmE 1970.38 109659 9 218.93 218e
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