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Study on the Fermentation Process of Soy Sauce by a
Multiple Strain Culture
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Abstract: Aspergillus oryzae and Aspergillus niger were used in the production of soya source.
In the late fermentation stage,the Pediococcus halophilus and hypertonic yeast were employed
to improve the flavor of soya source. The results showed that the optimal duration of cultivation
was 36 ~ 40 hours; the optimal temperature for fermentation was 45 ~ 48°C; the ratio of
Aspergillus oryzae to Aspergillus niger were 90% * 10% . which increased 13. 2% of total ni-
trogen utilization and 6. 8% of amino acid production. The mature koji was mixed with 10% salt
solution in pH value 6. 5, where adding the Pediococcus halophilus and hypertonic yeast en-
hanced the content of alcohols and acid contents, which further improved the flavor.
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Table 1 The effect of pH value on enzyme activity of Aspergillus oryzae and Aspergillus niger
pH Enzyme activity of Aspergillus oryzae (U/g) Enzyme activity of Aspergillus niger (U/g)
pH value
1 2 3 4 5 1 2 3 4
3.5 650 617 586 673 531 822 852 740 624
4.5 520 864 913 1273 846 880 954 754 725
5.5 1030 1346 2154 3437 1469 680 764 525 507
6.5 2100 2623 3457 3536 2216 281 427 301 254
7.5 2500 2733 3839 3989 2196 <200 <200 <200 <200
8.5 2314 2060 3197 3275 2099 — — — —
9.5 2160 2025 3148 3364 1827 — — — —
10.5 2060 1790 2407 2724 1696 — — — —
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Table 2 The protease activity change of two strains in different cultivation time

3 2
Aspergillus oryzae No. 3 Aspergillus niger No. 2
Cultivation
timeCh) Enzyme activity Color Number of spore Enzyme activity Color Number of spore
(U/g) C /D (U/g) C /)
16 1220 Unchanged
20 1364 White 201 Unchanged
24 2015 Light yellow 360 Light Yellow
28 2525 Yellow 381 Golden
' 7 = (+1)
32 2760 Olivine( ) 587 Pan-Black
. (HH
36 3061 Olivine(+1) 726 Pan-Black
40 3176 Olivine(t) 928 Black 4.0x10°
. P 6 y 7
44 3274 Cinnamon 3.0X10 952 Black 7.2X10
48 3543 Ci 5.2X10% - —
innamon
52 3812 . 6.8X 10 - —
Sepia
56 3219 Sepia - 7
36~39h s , ,
b Ay b
. , 2 42h s . , (90% +
, 36h . 10% ) 13.2%,
36~40h, 6.8%, .
3 , 3 ,
30~60C ) 50°C . o
2 40 ~55C pH
. 480C ° N pH ’
45~48°C . pH 6. 0~7. 0
3 ¢ 5,
Table 3 The effects of temperature on the protease activity
, pH 6.5
Protease activity(U/g) , 7O%N80% ( 6)
o 3 2
Temperature (°C) Aspergillus oryzae Aspergillus niger 2.3
No. 3 No. 2
24 2277 652 2.3.1 LA ABNEAABRREALRETHRLR
32 3328 781 B A=A pH AR
40 3942 948 ,
48 4297 1158 10%,pH 7.0,
56 4088 <200 ,  CaCOy
64 2388 — 4 » 3
90 % «C D,
2.2
4 s
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Table 4 The protease activity and fermentation effects of Aspergillus oryzae and Aspergillus niger with different ratios

( :
) Protease activity(U/g) Fermentation effect( %)
Ratio
(Aspergillus . . R
oryzae ; pH 2.5 pH 6.5 pH 9.5 ] ) ) )
Aspergillus Amino acid Total Production of Rate of total ni-
niger) nitrogen amino acid trogen utilization
0:100% 327 3250 2126 0.71 1. 85 42.0 68.0
95% 5% 395 2109 1236 0. 86 1. 87 44.0 75.6
90% : 10% 664 1982 1104 0.75 2.15 48.1 82.2
85% + 15% 643 1376 867 0.91 1.79 43.9 70. 4
80% = 20% 853 854 584 0. 65 1.57 40.0 61.3
100% = 0 947 537 465 0. 60 1.50 38.8 58.0
5 pH 7
Table 5 The effect of water pH value on enzyme activity and Table 7 The acid production of different Pediococcus halophi-
fermentation lus in different fermentation time
pH Acid production( 0. 85mol/L. NaOH
pH Amino Total The volume titrated by 0. 85mol/L. NaOH)
value Protease  acid( %) nitrogen  Produc- Rate of Fermen-
activity (€ZD) tion of total ni- tation 1 2 3 4
(U/g) amino trogen time(d) Strain No. 1 Strain No. 2 Strain No. 3 Strain No. 4
acid( %) utilization
%0 1 0.38 0. 40 0. 37 0.41
2 1. 80 2.00 1. 95 2.00
3 567 0.201 0.47 46. 4 63.3
3 2.40 2.12 2.20 2.25
4 754 0.245 0. 50 44,3 68. 3 N N
7 2.55 2.25 2.35 2.50
g 1083 0255 0.48 16.6 69.1 10 2.55 2. 30 2.50 2.45
6 1762 0.203 0.52 46. 3 71.0
7 2054 0.321 0.54 51.6 76.0 8 pH
8 1065 0.197 0.51 46. 8 73.5 Table 8 The effects of the salt concentration and pH value on
the acid production by Pediococcus halophilus
6

Table 6 The effect of water volume on enzyme activity and fer-

mentation
Water Amino Total
volume Protease  acid(%)  nitrogen  Produc- Rate of
%) activity %) tion of total ni-
(pH amino trogen
6.5,U/2) acid( %) utilization
%0
40 1237 0. 210 0.43 48.0 60. 8
50 1687 0.202 0. 46 42.6 65.9
55 2064 0. 264 0.52 47.8 76.0
60 2158 0.262 0. 56 47. 2 79.2
70 2404 0. 264 0. 54 51.1 80. 1
8 10%
.pH 6.5 . 10%
pH 6.5 ’
I EASE 2012411 R %19 4K% 44

Acid production( 0. 85mol/L. NaOH
The volume titrated by 0. 85mol/L. NaOH)

ftem 1 2 3 4

Strain No. 1 Strain No. 2 Strain No. 3 Strain No. 4

Salt volume 5% 0- 42 0. 46 0. 44 0. 39
10% 1.23 1.21 1. 34 1.33
15% 0.32 0.50 0.41 0.43
20% 0.17 0.15 0.13 0.15
pH 6.0 1.0 1.2 0.9 1.1
6.5 2.1 2.5 2.2 2.3
7.0 1.5 1.5 1.7 1.5
2.3.2 "ELERRAFZEHFTAL LB E Y5
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, 42°C
S ) 55°C 4,
32°C, «C D,
(G C D, 3
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