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Study on microbial quantity and flavor components in stinky tofu brine
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ABSTRACT: Objective To explore the possibility of stinky tofu brine standardization production. Methods
Six different fermentation formulas were conducted. The variation microorganisms in different stages were
investigated by using mixed culture. The volatile components of brine were detected in the end of fermentation by
using solid phase micro-extraction. Results The growth rate of microorganisms in the brine changed from fast to
slow and relatively remained stable in fermentation mature stage, and the main microorganisms population such as
bacteria, lactic acid bacteria and yeast was not the same in different formula of brine, the number of yeast reached

2.4x10" CFU/mL in the soy plus old brine formula, and total bacterial number was 1.1x10'* CFU/mL, but the
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yeast number was only 2x10° CFU/mL in sauerkraut water eventually, and total bacterial number was 4x10"
CFU/mL. the main odor components in fermentation brine were indole, alcohols, acids, esters, ketones and a
handful of phenol, sulfide, 5 kinds of compounds were the same in esters of 6 different formulas, and 4 kinds were
the same in acids, 4 kinds in alcohols and 6 kinds in ketones. Conclusion There is a shift change rule of
microbial quantity in the traditional natural fermentation brine during fermentation. This may provide the basis for
controlling pure breed fermentation. The main smell of stinky tofu substances including esters, acids, alcohols,
ketones, phenols and indole, dimethyl disulfide, dimethyl 3 s and 2,3,5,6 - tetramethyl pyrazine, etc. The similarity
of flavor composition between stinky tofu brine in the experiment and the traditional brine illustrates the
possibility to reach the specifications conform and the requirements for mass production, the differences of the
experiment on the processing needs to be further explored.
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24 ZEWHE 5 °C/min 290 C, 2 min
2.5 kg, : El 200 C;
, , , 30 C 70 eV; 150 pA; 1037
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): 16.6% 0.6% 8% : Nist
10%, 0.3%, : ,
1( 1): 2.5 kg; ’
2( 2): 1 200 mL
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Table 1 Change of bacteria count in difference fermentation time : (CFU/mL)
(d 0 8 16 24 32 40 48 56
1 4x10* 1.6x10° 2.8x107 3.2x10° 2.7x10° 2.3x10" 1x10" 1.1x10"
2 2x10* 3x10* 1.3x107 2.5x10° 1.7x10° 2.6x10" 1.6x10" 3.7x10"
3 9.7x10* 1.4x10° 9.8x10° 1.7x10* 2.2x10° 2.4x10" 5.7x10" 3.5x10"
4 2x10* 2.7x10° 9.2x10° 1.1x10* 2.6x10° 1.4x10" 9x10" 4x10"
5 1.8x10* 2.9x10° 8.2x10° 1.9x10° 1.5x10° 7.5%x10" 6x10" 2x10"
6 2.4x10* 3x10* 1.7x107 8.9x107 1.3x10° 1.3x10" 5.5x10" 2.1x10"
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Table 2 Change of yeast in difference fermentation time : (CFU/mL)
(d) 0 8 16 24 32 40 48 56
10 10 1.5x10° 1.8x10° 3x107 4.1x10° 1.2x10" 2.4x10"
10 10 10 1.2x107 1.8x10° 3.4x10" 4.5x10" 7x10'°
10 2.2x10° 4x10° 9.8x10° 1.6x10° 5x10% 1x107 1.2x10°
10 10 3x10° 1.7x107 7x10% 1x10® 1x107 2x10°
10 2.8x10° 4x10° 5.3x10° 3.3x10* 1x10* 1x107 1.4x10°
10 10 1.1x10° 1.9x107 5.9x10* 1x10* 1x107 1.6x10°
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Fig. 1 GC-MS analysis result for old brine
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Fig. 2 GC-MS analysis result for formula 1
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Fig. 3 GC-MS analysis result for formula 2
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Fig. 4 GC-MS analysis result for formula 3
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Fig. 6 GC-MS analysis result for formula 5
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Table 3 GC-MS identification results of stinky tofu by SPME-GC-MS

%

1 2 3 4 5 6
1 135 - - - - 0.14 -
2 115 0.63 3.68 0.08 112 5.51 2.12
3 0.40 0.27 0.28 0.27 0.27 0.12 0.24
4 0.42 0.44 0.30 0.42 0.37 0.89 0.18
5 - 1.54 - - - - -
6 0.23 0.43 0.10 0.37 0.20 0.31 0.45
7 0.18 0.13 0.14 0.21 0.09 0.53 0.19
8 - - 0.22 - - - -
9 2)-7- - - 0.08 0.39 - - -
10 2- - - 0.07 - - ; -
11 - - - - 0.08 - .
12 - - - - 0.27 - -
13 (2)-5- . - - - 0.75 - -
14 . . - ; . 0.08 -
15 - - - - - 0.16 -
16 - - - - - 0.05 -
17 - - - - - 0.12 -
18 . . . ; - . 0.26
1 1.09 0.68 0.77 1.12 0.18 0.18 0.24
2 0.54 - - - - - -
3 0.19 - ; ; - ; .
4 2- 0.17 - - - - - -
5 0.42 0.07 0.24 0.25 0.16 0.23 0.18
6 - - - - - 1.40 -
7 0.24 0.64 0.75 0.64 0.33 0.68 0.56
8 - - 0.21 - - - -
9 9- . - 0.08 - - - -
10 0.42 0.35 0.24 0.50 0.06 0.19 0.25
11 (E)-5- . . - - - 0.08 -
12 2- 4 - . y ; . - 0.71
13 - - - - - - 0.23
1 6-  3- 0.54 5.09 0.22 - - - -
2 1- 0.71 0.22 0.21 0.31 0.25 0.26 0.15
3 -3- 0.45 - - - - - -
4 2- 0.40 0.35 0.30 0.33 0.20 0.4 0.16
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%
1 2 3 4 5 6
6 2- 0.33 0.15 1.44 0.18 0.17 0.38 3.26
7 - 1.82 0.18 0.10 0.24 1.13 0.14
8 1- - 0.63 0.17 - - - 0.61
9 - 0.18 53.83 - - - _
10 3- - 0.43 0.30 0.06 - - -
11 2- - 0.18 0.21 - 0.34 0.12 -
12 - 0.12 - - - - -
13 - - 0.10 - - - B
14 3- - 0.43 0.30 0.27 - 0.13 -
15 2- - - 0.86 0.80 0.27 - 1.11
16 4- -1- - - 0.12 - - - -
17 -8- 1.64 0.25 0.12 0.14 0.07 0.25 0.18
18 2- - - 0.31 0.39 - 0.71 -
19 3,3,5- - - - 0.25 - - -
20 -5- - - - 0.34 0.34 0.24 1.64
21 2- - - 0.86 0.80 0.27 0.15 1.11
22 -8- 1.64 0.25 0.12 0.14 0.07 0.25 0.18
23 - - - 0.11 - - -
24 2- - - 0.31 0.36 - 0.71 -
25 2- - 0.18 0.21 - 0.34 0.12 -
26 2- - - 0.86 0.80 0.07 0.67 1.08
27 - - - - 0.36 - 0.40
28 9- - - - - 6.91 - -
29 4-  2- - - - - - 0.17 0.46
30 2,4- -3- - - - - - - 0.23
31 1,7- -3- - - - - - - 0.12
32 2- - - - - - - 0.33
33 3- - - - - - - 0.09
34 () - - - - - - 0.10
35 - - - - - - 0.16
36 - - - - - - 0.11
37 - - - - - - 0.13
38 - - - - - - 0.14
39 - - - - - - 0.20
1 2- 0.18 - - - - - 0.24
2 3- 3.43 0.47 0.32 0.17 0.24 0.14 1.12
3 2- 1.30 0.15 0.20 232 3.26 0.15 6.14
4 2- 0.18 0.24 0.19 0.11 0.20 0.35 0.49
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%

1 2 3 4 5 6
5 4-  2- 0.16 - - - - - -
6 0.14 - 2.79 - 0.20 - -
7 2- 0.29 - 0.65 3.49 1.98 4.68 1.84
8 2- 0.45 0.14 0.17 0.16 0.18 0.10 0.56
9 0.24 - 0.74 - - - -
10 5- -3- - 0.36 - - - - -
11 - 2.41 - - 0.21 0.09 0.26
12 2- 0.19 0.17 0.19 0.16 0.13 0.14 0.15
13 -8- -2- - - 0.16 - - - -
14 3- - - - 0.08 - 0.18 0.16
15 4- - - - 0.11 - 0.12 -
16 - - - 4.03 - - -
17 2- - - - 0.16 - - -
18 - - - 1.47 - - 0.31
19 2- - - 0.19 0.16 0.13 0.14 0.15
20 4.4- -2- - - - - 0.15 - -
21 2- - - - - 0.26 - -
22 - - - - 0.06 - -
23 2- - - - - 0.11 0.89 -
24 4-  2- - - - - - 0.17 -
25 3- 0 2- - - - - - 0.14 -
26 4- - - - - - 0.13 -
27 1- -3- - - - - - - 0.14
28 - - - 1.47 - - 0.21
1 1.46 1.23 1.78 0.75 1.16 1.54 2.99
2 4- 29.68 - - 0.23 - - -
3 2,6- 0.19 - - - - - -
4 2,4- 0.61 - - - - - -
5 - 3.05 - 0.11 - 0.82 -
6 -1- - 0.59 - - - - -
7 2- - - 0.10 0.16 - - -
8 4-  2- - - 0.11 - - - -
9 2- - - 0.19 - - - -
10 2,4- - - - 0.04 - - -
11 3- - 0.63 - - 0.09 - -
12 - - - - - 0.09 -
13 4- - - - - - 0.67 -
14 - - - - - - 0.12
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HFk3
%
1 2 3 4 5 6
1 - 0.17 0.18 0.30 2.11 0.15 2.09
2 - 0.30 0.25 0.15 13.20 0.36 6.04
3 - - - - 6.91 - -
1 1,1- 0.36 - - - - - -
2 0.18 - 0.28 0.09 0.22 0.15 -
3 0.56 0.32 0.70 0.42 0.47 0.52 0.16
4 0.36 0.35 0.74 1.24 - 0.38 -
5 - 0.14 - - - - -
6 - 0.14 - 0.14 0.18 0.23 0.56
7 - - - - - - -
8 - - 0.22 - 0.12 - -
9 - 0.55 0.27 - - - 0.19
10 - - - - 0.40 - 0.62
11 2- - - - - 0.40 - -
12 1,2- - - - - - 0.12 -
13 1,1- - - - - - - 0.09
14 1,1,3- - - - - - - 0.30
1 0.40 - - - - - -
2 3.43 - - - 2.18 - 3.56
3 2,3,5,6- 0.23 0.39 0.63 0.19 1.21 0.67 4.35
4 0.19 0.24 - - - - -
5 3- 0.13 - - - - - -
6 0.39 - - - - - -
7 0.21 - - - - - -
8 0.23 45.61 53.83 12.95 22.13 19.71 19.51
9 3- 25.91 9.49 0.80 3.06 1.38 14.14 0.59
10 - 0.33 - - - - -
11 - 0.13 - - - - -
12 2,3,5- - 0.18 - - 0.11 0.15 0.26
13 2,3,5,6- 0.23 3.26 0.35 0.19 1.21 2.16 4.35
14 2- - 0.53 - - 0.18 0.12 0.28
15 N- - 0.22 0.12 - - - -
16 1- - 0.18 - - - - -
17 1- - 0.14 0.15 - - - -
18 - 0.18 - - - - -
19 - 0.53 0.23 - 0.14 0.23 0.32
20 2- - 0.32 - 0.75 0.21 - 0.93
21 - - - 0.21 - - -
22 - 0.63 1.10 0.75 3.26 0.11 7.90
23 - 0.32 2.79 0.75 6.91 2.23 1.54
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Table 4 The same aroma components in different formula
6- -3- 1- 2- 1-
2- 3- 2- 2- 2-
( )
3- 2,3,5,6- ( ) ( )
) Guo H, Liao XH, Zhou JP, et al. Separating and identifying
bacterial strains of fermented bean curd of strong odour and
research on ferment technology [J]. Food Sci, 2004, 25(4):
109-115.
4 % it 5] , .
[J1. ,2009, (4): 76-80.
’ Huang XH, Jiang LW, Yi C, et al. Identifying bacterial strains
’ and fermentation of fermented bean curd of strong odour and
> odor composition analysis [J]. Agric Prod Process, 2009, (4):
76-80.
2,3,5,6- [6] 0. ,1997,
s (4): 1-3.
1 Li YJ. Fermented bean curd is a science using soybean quality
, s food [J]. China Brew, 1997, (4): 1-3.
, [7] — M].
,2006: 12.
“ Zhang G. Lactic acid bacteria - basic, technology and application
2% Sk

(1] [P].
CN102018215A, 2011-04-20.

Gu WZ. The method of making a type of frid fermented bean
[P]. China:

curd of strong odour medicine marinades

CN102018215A, 2011-04-20.
[2] 1. , 1996, 15(5):
35-36.
Ma Y. The green party fermented bean curd brewing technology
research [J]. China Brew, 1996, 15(5): 35-36.
B3] ; , ,
, 2005, 31(7): 97-103.
Wu CM, Wang J, Cao WQ, et al.Gray tofu safety problem and its
control [J]. Food Ferment Ind, 2005, 31(7): 97-103.
[4] , , ,
,2004, 25(4): 109-115.

.

[8]

9]

[11]

[M]. Beijing: Chemical Industry Press, 2006: 12.
, s ) [J].
,2007, 28(6): 246-249.
Lu YB, Pan C, Zhu YL, et al. Bacterium screening and
identifying from fermented bean curd of strong odour [J]. Food
Sci, 2007, 28(6): 246—249.
> . [J].
,2007, 28(12): 400-403.
Yuan SP, Weng XC. Study on volatile flavor compounds of
unfermented smelly tofu [J]. Food Sci, 2007, 28(12): 400—-403.

> >

[J]. ,2013, (10): 122-125.

Zheng XF, Su W, Jiang LW. Comparison of volatile components
in two kinds of stinky tofu brine [J]. China Brew, 2013, (10):
122-125.

. GB2760-2011 [M].
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[13]

[14]

[15]

[16]

[17]

,2011, 10.
Ji HL. GB2760-2011 Standard guidelines for of using food
additives [M]. Beijing: China Metrology Press, 2011, 10.
[D].
,2012.

Wang LX. Fried stinky tofu analysis and research for safety [D].
Changsha: Central South University of Forestry and Technology,
2012.
, . GC-MS

[J]. , 2009, 30(12):
403-405.
Liu YP, Chen HT, Sun BG, et al. Solid phase microextraction and
GC-MS analysis of volatile components in fermented tofu [J].
Sci Technol Food Ind, 2009, 30(12): 403—405.
GB1597.9-2002 [S].
GB1597.9-2002 Disposable hygiene products health standard
[S].
GB 4789.2-2010, [S].
GB 4789.2-2010 Food microbiology test Determination of the
total number of colonies [S].

[J]. ,2012, 28(6): 55-58.

Ou YJ, Su W, Tao XL, et al. Analysis of volatile component in
fermented chili [J]. Food Mach, 2012, 28(6): 55-58.

[D].

,2012.

[18]
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Zhong YQ. The natural separation of lactic acid bacteria in
fermented pepper aroma composition analysis and filtering [D].
Changsha: Hunan Agricultural University, 2012.
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Liu YP, Miao ZW, Huang MQ, et al. Extraction and analysis of
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32(24): 228-231.

) , s 1.
,2011, (5): 131-133.
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