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Abstract
Suntinanalert, P., Chalad, C., Phumathon, S., Sangkaew, S. and Sukhoom, A.
Microbiology of traditional fermented soybean curd (Sufu)
Songklanakarin J. Sci. Technol., 2005, 27(2) : 363-375

Microorganisms in traditional fermenting soybean curd (Sufu) were quantitated. Total microbial
populations of bacteria, molds and yeasts were 1.6x10! to 4.0x10%, 2.4x10' to 3.9x10° and 4.4x10° to 8.0x10°
CFU/g, respectively. Aspergillus, Penicillium, Rhizopus and Bacillus were dominantly found in koji inoculum.
Bacillus, Pediococcus and Saccharomyces were mainly detected throughout the fermentation process. The
other microorganisms were Staphylococcus, Pichia and Debaryomyces. All isolated microorganisms were
halotolerant at salt concentrations between 5 to 20%. Aspergillus, Penicillium and Bacillus could produce
potential proteolytic and amylolytic enzymes, implying that these microorganisms may play significant roles
in the fermentation of tofu substrate.

The nutritional evaluation of fermenting Sufu had protein content between 16.09-21.91%, sugar 4.23-
9.14%, lipid 7.20-12.76 %, salt 10.06-11.26 %, humidity 47.55-57.97%, ash 9.24-15.63%, fibre 0.10-0.16 %,
pH 4.99-5.75 and fermenting temperature at 29-31°C. Additionally, aflatoxin B1 at the concentration of 10.8-
22.8 ppb could be detected in the fermenting Sufu by ELISA methods whereas the final product of Sufu
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remained 18.4 ppb. Additionally, the commercial Sufu in the markets had aflatoxin in the range of 1.5-15.2
ppb which is in the control of FDA (U.S.A.) standard that aflatoxin in food and peanut products should be
less than 20 ppb.

Key words : soybean curd, soybean, sufu, microbiology, fermented food
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Figure 1. Growth of bacteria isolated from fer-
menting Sufu on TSA added with 0%,
5% and 10% salt at 35°C for 24 h. (P =
final product)
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Figure 3. Growth of facultative anaerobic bac-
teria isolated from fermenting Sufu on
THIO added with 0%, 5% and 10%
salt at 35°C for 24 h. (P = final product)
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Figure 4. Growth of molds isolated from fer-
menting Sufu on PDA added with 0%,
5% and 10% salt at 30°C for 1 week.
(P = final product)
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Figure 5. Growth of yeasts isolated from fermenting Sufu on PDA added with 0%, 5% and
10% saltl at 30°C for 48 h. (P = final product)
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Table 1. Microorganisms isolated from fermenting Sufu.

Fermentation time (months) *

Strains

0 1 2 3 4 5 6 7 8 9 P
Bacillus + + + + + + + + + + +
Staphylococcus + + + - - - - - - - -
Pediococcus + + + + + + + + + + -
Anaerobic bacteria - - - - - - - - - - _
Halophilic bacteria - - - - - - - - - - -
Aspergillus + + + - - - - - - - -
Penicillium + + - - - - - - - - _
Rhizopus + + + - - - - - - - -
Saccharomyces + + + + + + + + + + +
Pichia + + - - - - - - - - _
Debaryomyces - + + + + + - - - - _
* + = detected, - = not detected, P = final product

Table 2. Growth of microorganisms strains isolated from fermenting
Sufu on selective media added with different salt concentra-

tions.
. Growth on selective media added with salt*
Strains
0% 5% 10% 15% 20%
Bacillus PS901 +++ ++ - . _
Bacillus PS902 +++ +++ ++ + -
Bacillus PS903 +++ +++ ++ + -
Bacillus PS904 +++ +++ + - -
Bacillus PS905 +++ ++ + - -
Bacillus PS906 ++ ++ - . _
Bacillus PS907 +++ ++ + - -
Bacillus PS908 +++ +++ ++ - -
Bacillus PS909 +++ +++ + - -
Bacillus PS910 +++ ++ + - -
Bacillus PS911 ++ +++ + - -
Bacillus PS912 +++ ++ - . _
Staphylococcus PS913 +++ +++ ++ + -
Pediococcus PS914 +++ ++ ++ - i,
Aspergillus PS915 +++ ++ + - -
Penicillium PS916 +++ ++ + + -
Rhizopus PS917 +++ ++ + + -
Saccharomyces PS918 +++ +++ +++ ++ +
Pichia PS919 +++ +++ ++ + -
Debaryomyces PS920 +++ +++ +++ ++ +

* +,++ and +++ = Degree of growth, - = No growth
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Table 3. Hydrolysis of protein, starch and lipid by microorganisms
isolated from fermenting Sufu.

Degree of hydrolysis *

Strains
Protease Amylase Lipase

Bacillus PS901 1.94 - 2.48
Bacillus PS902 2.40 - 1.34
Bacillus PS903 - 2.63 2.23
Bacillus PS904 1.09 1.10 1.91
Bacillus PS905 2.67 - 1.59
Bacillus PS906 2.76 1.35 3.38
Bacillus PS907 1.62 1.21 1.78
Bacillus PS908 2.01 1.29 2.14
Bacillus PS909 1.86 1.27 1.91
Bacillus PS910 2.17 1.24 2.92
Bacillus PS911 1.15 1.43 3.20
Bacillus PS912 2.87 - 1.38
Staphylococcus PS913 - - 1.80
Pediococcus PS914 - 1.49 -

Aspergillus PS915 1.82 1.66 -

Penicillium PS916 1.29 1.90 -

Rhizopus PS917 - - 1.16
Saccharomyces PS918 - - 2.87
Pichia PS919 - - 2.52
Debaryomyces PS920 - - 1.43

* Degree of hydrolysis = diameter of clear zone (mm) / diameter of colony (mm)

anadndu 10% 91uam 9 1eWud (Bacillus PS904,
PS905, PS907, PS908, PS909, PS910, PSI9l11,
Pediococcus, Aspergillus) dalu 45% qun3dnu
indeanNdndy 15% uam 6 1eWug (Bacillus
PS902 waz PS903, Staphylococcus, Penicillium,
Rhizopus waz Pichia) @eilu 30%  'uqdunsd
nuindeanadndn  20%  F4wmaw 2 1eWug
(Saccharomyces Laz Debaryomyces) dondlu 10%

msnanteulaideslisau wile wazlviiu  wes
a acd % v v
YaunIdnuenlanniingg

mandaenladdealysin wils uazladu lag

a o A e oy &

@RUN3d Nareg ﬁLLﬁﬂvlm'mnmamammﬂ (Table 3)

WURRUNIEN wnIonaaewboddaalisdin wil uaz

L 16un Bacillus 1aWug PS904, PS906, PS907,

PS908, PS909, PS910 iaz PS911 9dun3dn w1sn

waaaw loddaslusfuaziile 16un Aspergilius wag
Penicillium 98uwn3aa ansondaowlmidoslysdiu
wazlusdu léun Bacillus  1evuf PS901, PS902,
PS905 uaz PS912 9aunidi ransnndaaiawlad
doouil uaglusiu 1un Bacillus PS903  9dun3sd
wnsandatauloldaandsldadradas  ldud
Pediococcus  wazaaun3dn nansnwdatoulmidon
lasulsiaedradan leun Staphylococcus, Rhizopus,
Saccharomyces, Pichia wae Debaryomyces ﬁ;au“n%g
i nansowdoeulmideslusiuldan ol Bacillus
PS912 9aun3sf nansawdaawladdasuilddi a
I6un Bacillus PS903 3aun3sfi wnanndaawled
soslauléaf o léun Bacillus PS906 wazqaun3s
fi ransondmewlmddeslusdiu uis uagluduléda o
l6un Bacillus 189iug PS906
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Table 4. Properties of fermenting Sufu and the final product (P).

Fermentation time (months)

Properties

0 1 2 3 4 5 6 7 8 9 P
Protein (%) 20.01 21.07 21.72 21.61 21.57 21.78 21.71 2040 2191 21.12 16.09
Carbohydrate (%) 5.22 7.16 6.12 5.12 628 429 423 520 532 622 09.14
Lipid (%) 1276 9.57 10.55 986 995 10.88 11.71 11.62 12.35 11.78 7.20
Salt (%) 10.13 10.89 10.92 11.18 11.02 11.13 11.03 11.17 11.24 11.26 10.06
Humidity (%) 47.68 49.47 47.55 50.44 5047 50.57 50.11 51.35 47.88 48.35 57.97
Ash (%) 15.63 13.23 15.06 1397 13.15 13.48 13.24 1243 13.54 13.53 9.24
Fibre (%) 0.13 0.15 0.14 0.12 0.10 0.13 0.16 0.15 0.15 0.11 0.12
pH 521 511 510 548 533 540 541 575 554 511 499
Temperature (°C) 29 30 30 32 30 30 31 30 30 31 30

AMANINIBMIVaTIeE LD

INNIIATIT BUABNINNIIBTNITVBIAIDEN
wd  TasamamuSinmlusdu dhana lasiu inde
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Figure 6. Aflatoxin B1 in (A) fermenting Sufu (P = final product) and (B) commercial Sufu
of 11 samples collected from supermarkets in Hat Yai.
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