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Abstract: The paper presents the research for the purpose of selecting microorganisms into the production process of “chao” to 
improve the quality of “chao” products and ensure food safety. Several analytical methods such as determination of formol nitrogen, 
determination of the protease hydrolysis activity, sensory evaluation method, experimental procedure, methods of analysis and 
processing of empirical data were used in this study. The findings showed that two out of four selected microorganism strains (one 
strain of fungi and three strains of bacteria denoted NM1, VK1, VK2, VK3, respectively) were the most appropriate for the 
cooperation among them and the production of “chao”, which were coded NM1 and VK1. The suitable mixing proportion of strains 
of NM1 and VK1 was determined at 1:1.25, compatible with the 1:100 ratio of the varieties of microorganisms (in powder form) to 
tofu. 
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1. Introduction 

“Chao” is a nutrient-rich product made from tofu 

cake by fermentation. “Chao” has different names: 

stinky tofu (China), Huai (Philippines), Tao Quan 

(India). “Chao” has much higher nutritive value as 

well as digestibility than tofu, because it undergoes 

fermentation with microorganisms. The taste of “chao” 

was effected by amino acids, aromatic esters, alcohol, 

organic acids that were a result of the fermentation 

and it depended on the microorganisms. Therefore, the 

microorganisms strain for fermentation tofu must be 

pure microorganisms strains [1]. In Vietnam, “chao” is 

a traditional fermented product, used extensively in 

“pagodas”, in vegetarian meals. However, “chao” 

products are mainly handmade in a small scale, 

susceptible to toxic microorganisms leading to food 

poisoning [2]. Therefore, the selection of 

microorganisms for the production of “chao” to 

improve the quality of “chao” and ensure food safety 

is essential [3]. 

The product “chao” is of good quality with sensory 
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indicators as follows: color white to yellow, may be 

light gray; texture solid surface, inside smooth not to 

be crushed; smell characteristic aroma, no strange 

smell; taste fragrant, fatty, no bitter taste [4]; content 

of formol nitrogen is about 0.7%-0.85% [5]. 

The pure microorganism strains used in production 

“chao” must meet the following requirements: (1) 

create enzymes with high protease hydrolysis activity; 

(2) have no toxic in the product; (3) give the final 

products with specific characteristics; (4) do not cause 

unpleasant smell; (5) acquire a thick structure of the 

fungal hyphae; (6) create a strong film on the surface 

to retain the original shape after the process of 

technology [2, 6]. The microorganisms must have a 

high protease hydrolysis activity to produce formol 

nitrogen. The sensory characteristics such as color, 

texture, smell and taste of the “chao” were the quality 

indicators while the formol nitrogen content was one 

of the most important nutritional quality indicators of 

“chao” products [2]. 

The microorganisms in the “chao” are usually four 

species: Actinomucor elegans, Mucor hiemalis, M. 

silvaticus and M. subtilis. In addition, there are some 

documents that implied the involvement of protease 
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synthesized bacteria in “chao”. If used with a 

combination of bacteria and fungi will give products 

“chao” has better quality. However, there is no 

specific publication [5]. 

 In the previous study, a pure strain of fungi coded 

NM1 and three pure strains of bacteria coded VK1, 

VK2 and VK3 were successfully isolated from “chao” 

production Da Nang [7]. NM1 exhibited white color, 

thick and long, VK1 exhibited slightly brown, VK2 

exhibited gray and VK3 exhibited yellow [6]. The 

pure strains of microorganisms were well developed at 

65%-75% humidity. For three bacterial strains, the 

optimum pH was between 6 and 7 while fungi strains 

preferred a weak acid environment of 5-6.5. The 

formol nitrogen content of the product depends on 

protease activity of microorganism strains [5, 7]. So 

the key of research is the determination of protease 

hydrolysis activity of microorganism strains used in 

fermentation of “chao”. 

In this paper, passed on previous studies, the 

appropriate microorganisms were selected and the 

ratio of the microorganism strains was determined for 

the production of “chao”. 

2. Materials and Methods  

2.1 Materials 

Tofu cake was bought at the tofu factory in Quang 

Trung street, Da Nang city, Vietnam. 

Fungi and bacteria were isolated from “chao” 

market, bought at Lien Chieu market, Da Nang city, 

Vietnam. The procedure was followed as described by 

Xo & Man (2002) [7]. 

2.2 Research Methods 

2.2.1 Determination of Formol Nitrogen  

In amino acid molecules, the amino group (-NH2) is 

alkaline, the carboxyl group (-COOH) is acidic, and 

they are amphibious. When formaldehyde is added, 

the amino groups will be methylated and lose their 

alkalinity. As a result, amino acids become more acidic 

 

and can work with alkalis. The acid was titrated with 

0.05 N NaOH, mixed indicator (bromothymol blue 

0.04%, phenolphthalein 0.5%) [8].  

Formol nitrogen (NF) is calculated by using the 

formula as follows: 

NF = 
0.0007 × VNaOH × V0 × 100 

(%)    (1)
V × G 

where VNaOH is the volume of 0.05 N NaOH (mL); V0 

is the volume of volumetric (mL) (V0 = 100 mL); V is 

the volume of solution for titration (mL) (V = 20 mL); 

G is weight of the sample (g) (G = 3.0000 g); 0.0007 

is the amount of nitrogen corresponding to 1 mL of 

0.05 N NaOH (g). 

2.2.2 Determination of the Protease Hydrolysis 

Activity by Vilteste Method  

The protease hydrolysis activity is the activity 

enzymes that catalyze hydrolysis of protein to amino 

acids. It is expressed as the number of active protease 

units in 1 g of product (uaP/g). A unit of active 

protease is an amount of enzyme capable of catalyzing 

protein hydrolysis to produce 1 mg of nitrogen amine 

for 1 h at 40 °C with an appropriate pH. 

Vilteste method is based on an increase of the 

ammonia concentration in the hydrolysis of gelatine. 

Nitrogen amine is quantified by titration with standard 

0.1 N NaOH, indicating thymolphthalein 1% [9]. 

The protease activity (HdP) was calculated by using 

the formula as follows: 

HdP = 
(a – ak) × B  

× 1.4 × e (uaP/g)    (2)
 T × M 

where a is the volume of 0.05 N NaOH (mL); ak is the 

volume of 0.1 N NaOH using titration the verification 

(mL); B is the volume of reaction (mL) (B = 12 mL); 

M is the volume of enzyme solution (M = 2 mL); T is 

the hydrolysis time (h) (T = 2 h); 1.4 is the amount of 

amino acid and polypeptide (mg); e is the dilution 

factor of enzyme solution (e = 10). 

2.2.3 Sensory Evaluation Method 

The color, texture, smell and taste of “chao” were 

evaluated by sensory analysis method [10]. 
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2.2.4 Experimental Procedure 

2.2.4.1 Producing Intermediate Varieties of 

Microorganisms  

The triangular vase contained 5 g flour and 10 g pea 

residue. Water was supplied to the required humidity 

[7]. The vase was sterilized at pressure of 0.5 atm for 

45 min then cooled down to 30-32 °C for culturing 

microorganism. After that, the microorganisms were 

incubated at 30-32 °C for 72 h for NM1, 30-36 h for 

VK1, VK3 and 30 h for VK2 [7]. 

2.2.4.2 Production of the Powder of Microorganism 

Strains 

After incubation, each strain mixed well with 

roasted wheat flour in a 1:1 ratio. The mixings were 

sieved, then crushed and obtained in a powder form at 

room temperature [2]. 

2.2.4.3 Cultivate the Powder of Microorganism 

Strains into Tofu Cake 

The dimensions of the tofu cakes for cultivation 

were 2 cm  1.5 cm  0.5 cm (length  width  

height). The tofu cakes were sterilized by dipping in 

boiling water for 1 min. After that, these were dried by 

using a sterilized towel. The powder was spread out 

the tofu cake with 1:100 ratio of microorganism 

powder and to tofu cake. Then these were incubated at 

32 °C for 36 h [2]. 

After 36 h of incubation, the tofu cakes were soaked 

in salted water then removed to dry. Next, they were 

placed in a jar and filled with 12% v/v alcohol. The jar 

was kept at room temperature for fermentation in 7 d. 

The fermented product is called “chao” [1, 2]. 

2.2.5 Methods of Analysis and Processing of 

Empirical Data  

Use the various types of ANOVA in excel software 

to analyze and process empirical data. 

3. Results and Discussion 

3.1 The Effect of the NM1, VK1, VK2 and VK3 on 

Fermentation of Tofu Cake 

Sensory characteristics and content of formol 

nitrogen of “chao” products by using pure microorganisms 

for fermentation was shown in Table 1.  

As can be seen from Table 1, each microorganism 

produced different colors of the product “chao”: white, 

slightly brown, gray and yellow of “chao” was created 

by NM1, VK1, VK2 and VK3, respectively. The 

different color of microbial strains (NM1, VK1, VK2 

and VK3) was this result [7]. The highest formol 

nitrogen content came from VK1, followed by VK2, 

then NM1 where as the lowest one was VK3. This 

was due to the protease activity of the microbial 

strains (NM1, VK1, VK2 and VK3) [7]. VK2 created 

unpleasant odors for “chao” products, VK3 made 

“chao” products yellow, viscous and bitter. Therefore, 

VK2 and VK3 were not put into production “chao” 

because they adversely affect the sensory quality of 

the product “chao” [4, 5].  
 

Table 1  Sensory characteristics and content of formol nitrogen of “chao” fermentation from pure microbial strains. 

Microbial strains 
Sensory evaluation Content of formol nitrogen

NF (%) Texture Color Smell Taste 

NM1 Solid surface, hard inside White Characteristic odor Fatty 0.62 

VK1 
The surface is slightly soft, 
inside smooth  

Slightly brown Characteristic odor Fatty 0.91 

VK2 
The surface is slightly soft, 
the interior is slightly fine 

Gray Unpleasant odor Strange taste 0.72 

VK3 
The surface is viscous, not 
good inside 

Yellow Strange smell Bitter 0.4 

“Chao” market 
(control) 

The surface is slightly soft, 
inside smooth 

Milk white A little annoying Fatty 0.76 

ANOVA, with F = 235.261 > F0.05 = 4.066. The content of formol nitrogen (NF) was significantly different among microorganism 
strains. 
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NM1, VK1 produced the characteristic odor and 

fatty taste of the product. Besides, NM1 retained the 

solid surface for the product, but produced “chao” 

with lower formol nitrogen content (NF = 0.62%). So, 

the time of culturing fungi on tofu would be long if 

only used NM1. The VK1 had high protease activity 

(formol nitrogen content in “chao” NF = 0.91%), it 

produced “chao” products with smooth internal 

structure, but made the product of “chao” slightly 

brown color and slightly soft surface.  

Thus, NM1 and VK1 were used in combination to 

ferment “chao” in subsequent studies to produced 

“chao” products with better sensory properties and 

higher levels of nitrogen. 

3.2 Study on Fermentation of Tofu Using the 

Combination of the NM1 and VK1 Strains  

The research was conducted by experimental 

method (section 2.1.4) with two strains NM1 and VK1. 

In which, mix powder varieties of microorganisms in 

proportion NM1:VK1 = 1:1 [7], obtained product 

“chao” from the combination of two strains NM1 and 

VK1. Taking this “chao” product evaluates the 

sensory characteristics (section 2.2.3) and determines 

the formol nitrogen content (NF) by the formol 

titration method (section 2.2.1). 

Sensory evaluation of “chao” product was presented 

in Table 2. The result indicated that the percentage of 

formol nitrogen (NF = 0.83%) in the “chao” product 

when using the combination NM1 and VK1 strains for 

fermentation was greater than that when using NM1 

only (NF = 0.62%, Table 1). Furthermore, the texture 

of “chao” proceeded by combination of NM1 and 

VK1 was solid due to the surrounding fungi (Fig. 1), 

not as bad as that made by VK1 only. Compared to 

NM1, the use of the combination strains was produced 

“chao” with a better internal texture. 

Another conclusion from the experiments was that 

the sensory properties of the “chao” produced from 

combination of NM1 and VK1 were equivalent to 

those bought from the market (Table 1) while the 

formol nitrogen content was higher which were 0.83% 

and 0.76%, respectively. 

The formol nitrogen content of the product depends 

on protease hydrolysis activity of microorganism 

strains [4, 6]. So, the following step is the 

determination protease hydrolysis activity of 

microorganism strains using for fermented tofu cakes. 
 

 
Fig. 1  Tofu pieces were seeded with NM1 and VK1 after 36 h of culture.  
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Table 2  Sensory characteristics and content of formol nitrogen of “chao” fermentation from combination of NM1 and VK1.  

Sensory evaluation Content of formol nitrogen 
NF (%) Texture Color Smell Taste 

Solid surface, inside smooth Milk white Characteristic aroma Fatty 0.83 
 

Table 3  Effect of rate of NM1 and VK1 on the protease hydrolysis activity and the texture of fermented tofu cake.  

Rate of NM1:VK1 
Protease hydrolysis activity (uaP/g) Texture  

(after 36 h) 24 h 30 h 36 h 42 h  48 h  

1:0.25 1.53 2.31 2.85 3.34 3.13 Hard 

1:0.5 1.61 2.47 2.96 3.50 3.38 Hard 

1:0.75 1.72 2.65 3.14 3.62 3.51 Hard 

1:1 1.97 2.83 3.42 3.87 3.67 Hard 

1:1.25 2.08 2.96 3.53 4.04 3.98 Solid  

1:1.5 2.16 3.12 3.75 4.72 4.65 Soft 

ANOVA, with Fr = 493.8783897 > F0.05 = 2.368270236 (reject hypothesis H0 is the rate of NM1:VK1); Fc = 2671.488392 > F0.05 = 
2.525215102 (reject hypothesis H0 is the fermentation time); F0.05 = 1.747984133.  
 

Table 4  Influence of proportion of NM1-VK1 on the protease hydrolysis activity and the texture of fermented tofu cake.  

Proportion of  
NM1-VK1 (%, w/w) 

Protease hydrolysis activity (uaP/g) Texture  
(after 36 h) 24 h 30 h 36 h  42 h  48 h  

0.25 1.62 2.64 2.95 3.46 3.35 Solid  

0.5 1.78 2.75 3.22 3.65 3.53 Solid  

0.75 1.97 2.82 3.45 3.84 3.79 Solid  

1 2.08 2.96 3.53 4.04 3.98 Solid  

1.25 2.12 3.02 3.65 4.18 4.02 Slightly soft 

1.5 2.21 3.12 3.79 4.27 4.13 Soft 

ANOVA, with Fr = 728.656854 > F0.05 = 2.368270236 (hypothesis H0 is the portion of NM1-VK1); Fc = 8007.20327 > F0.05 = 
2.525215102 (hypothesis H0 is the fermentation time); F0.05 = 1.747984133. 
 

3.3 The Effect of Rate of NM1:VK1 on the Protease 

Hydrolysis Activity and the Texture of Fermented Tofu 

Cake 

The powder of NM1 and VK1 (section 2.2.4) were 

alternatively mixed in the ratios of 1:0.25, 1:0.5, 

1:0.75, 1:1, 1:1.25 and 1:1.5. Then the tofu cakes were 

covered with these power mixture at 1% proportion, 

next inoculated at 30-32 °C for 6 h [7]. After that, 

these tofu cakes were taken for determination the 

protease hydrolysis activity and evaluation on the 

texture of product.  

The result indicated that the protease hydrolysis 

activity increased as increasing the proportion of VK1 

strain (the microorganism mixture). When the 

NM1:VK1 ratio increased up to 1:1.5, the texture of 

the tofu cake turned in soft (Table 3). 

Thus, from the study results, the NM1:VK1 ratio of 

1:1.25 (NM1-VK1) showed was the best in ensuring 

protease hydrolysis activity, keeping the fermented 

tofu cake softer inside when compared with the 

surrounding 

3.4 The Effect of Portion of NM1-VK1 on the Protease 

Hydrolysis Activity and the Texture of Fermented Tofu 

Cake 

The powder of NM1-VK1 was prepared by taking 

0.25, 0.5, 0.75, 1, 1.25 and 1.5 g for each of 100 g tofu 

cake. The tofu cakes were covered with the powder at 

1% portion, then inoculated at 30-32 °C for 6 h [6]. 

After that these tofu cakes were taken for 

determination the protease hydrolysis activity and 

evaluation the texture of the product. The protease 

hydrolysis activity and the texture of fermented tofu 

cake were presented in Table 4.  
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When proportion of NM1-VK1 increased, the 

ability of accumulation of protease increased (Table 4). 

In contrast, the texture of tofu cake changed to slightly 

soft and soft at NM1-VK1 proportion of 1.25% and 

1.5%, respectively. The phenomena of softened tofu 

cake after fermentation led to the fact that tofu cake 

would not be retained when moving to the next stage 

and broken down to a later fermentation stage. The 

results revealed that the protease hydrolysis activity 

significantly depended not only on the proportion of 

NM1-VK1 but also on the fermentation time. 

In terms of high protease activity and fine 

fermented tofu cake, the microorganism mixture to 

tofu cake of 1 to 100 and the fermentation time of 42 h 

were chosen for the production of “chao”. 

4. Conclusions 

Fungi NM1 and bacteria VK1 were the best 

microorganism strains for the production of “chao”. 

The internal of fermented tofu cake was hard when 

using only fungi NM1 for fermentation. “Chao” was 

too soft to be crushed in term of the use of bacteria 

VK1 only. The quality of “chao” was improved by 

using the combination of fungi NM1 and VK1 for 

fermentation. The suitable ratio of NM1 to VK1 for 

production “chao” was 1 to 1.25. At this ratio, the 

content of formol nitrogen in “chao” production was 

0.83% and the sensory characteristics of “chao” were 

acceptable. The protease hydrolysis activity of 

microorganisms was significantly affected by the 

proportion of variety of microorganisms and 

fermented time. The protease hydrolysis activity of the 

combination NM1-VK1 showed the best at 1% 

proportion of NM1-VK1 and 42 h fermentation time. 

These conditions made the quality of the “chao” 

product better. 
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