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Abstract
In Cambodia, there are many different types of soy sauce sold in the 

markets. Some of them are imported from different countries, and some are 
locally produced. However, the quality of soy sauces sold in the markets 
has not yet been evaluated. Therefore, this study aimed to evaluate the 
physicochemical and microbiological characteristics of different soy sauces 
sold in Cambodia. In this study, forty-two light soy sauces of different 
origins sold in local markets and supermarkets in Phnom Penh were 
selected for physicochemical and microbiological analyses. The quality 
of these 42 soy sauces was evaluated by comparing to the Cambodian 
Standard for soy sauce products (CS 066:2011) and China National Food 
Safety Standard. As a result, there were only eight soy sauce samples that 
had high quality as grade 1 of light soy sauce categorized by the Institute 
Standards of Cambodia, including one Cambodian soy sauce (C7), two 
Thai soy sauces (Th6 and Th12), one Singaporean soy sauce (S2), two 
Japanese soy sauces (J1 and J2), one Malaysian soy sauce (M) and one 
Taiwanese soy sauce (T). For microbiological quality, three soy sauces had 
the presence of halophilic yeasts, including two brands of Cambodian soy 
sauce (C2 and C7) and one brand of Thai soy sauce (Th5). A total viable 
count was detected in 50% of soy sauces, but they were under the standard 
limit and safe for consumers according to National Food Safety Standard 
of the People's Republic of China (GB 2717-2018). Affiliation:
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Introduction
Soy sauce has been a liquid condiment of Chinese origin since 2200 

years ago [1] and it is widely used in Asian and some Western foods for 
improving the taste and flavor, as it is the primary source of natural umami 
taste and kokumi [2,3]. Not only the taste and flavor, but a good quality 
soy sauce contains many beneficial compounds that benefit human health, 
such as bioactive compounds, antioxidants, anticarcinogenic effects, 
antihypertensive, antidiabetic, reduction menopausal symptom, and 
antimicrobial [4-6]. In Cambodia, almost every family has a bottle of soy 
sauce at home [7]. Soy sauce is produced from the fermentation by using the 
main ingredients such as soybean and wheat inoculated with the Aspergillus 
oryzae or Aspergillus sojae, and then koji continues to do the fermentation in 
a brine solution with the combination of halophilic bacteria and yeast [8]. Soy 
sauce is mainly divided into 2 main styles such as Chinese style and Japanese 
style, for Chinese soy sauce, the ratio of wheat is lower than soybean, and the 
Japanese soy sauce style mainly uses the ratio of wheat and soybean equally 
[9]. Besides wheat and soybean, soy sauce can be produced from other gain 
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materials too [10,11]. Soy sauce is also produced via acid 
hydrolyzation or enzyme hydrolysis [12], and then, the flavor 
and color are added to make soy sauce. Soy sauce made 
from acid hydrolysis does not benefit human consumption 
and may contain dangerous substances that negatively affect 
consumers [13,14]. According to the Institute Standards of 
Cambodia, light soy sauces are divided into grade 1 and 
grade 2. For grade 1, the pH of the soy sauces must be from 
4.2 to 4.6, the salt content must not be over 20 g/100 mL, 
the soluble salt-free solid should range between 15 and 
18g/100mL, the total nitrogen should not lower than 1g/100 
mL, and the amino acid nitrogen is at least 0.35g /100 mL. In 
contrast, for grade 2, the total nitrogen and total amino acid 
nitrogen must be at least 0.8 g/100 mL and 0.26 g/100 mL, 
respectively. And halophilic yeast must not be detected in 
both grades. Cambodian soy sauce made by fermentation has 
not yet been recognized widely in Cambodia. Nowadays, the 
need for soy sauce is increasing, that is why many soy sauces 
are imported, and the soy sauce production has increased in 
Cambodia. There are many soy sauces sold in Cambodia, 
including Cambodian soy sauces and those imported from 
other countries, such as Vietnam, Thailand, Japan, Singapore, 
etc. In addition, the quality of all soy sauces, including its 
physicochemical and microbiological quality, has not yet 
been evaluated. Therefore, the current study aims to evaluate 
the quality of different soy sauces sold in Cambodia based on 
the Institute of Standards of Cambodia, and National Food 
Safety Standards of the People's Republic of China.

Materials and Methods
Sample preparation

The 42 soy sauce samples were randomly purchased 
from the local markets and supermarkets in Phnom Penh, 
Cambodia. Nine samples were Cambodian soy sauces coded 
C1–C9, 13 samples were Thai soy sauces coded TH1–TH13, 
seven samples were Chinese soy sauces coded CH1–CH7, 
four samples were Vietnamese soy sauces coded V1–V4, 
two samples are Singaporean soy sauces coded S1–S2, two 
samples are Japanese soy sauces coded J1–J2, one sample is 
Malaysian soy sauce coded as M, one sample is Hong Kong 
soy sauce coded as H, a sample is Korean soy sauce coded 
as K, a sample is Taiwanese soy sauce coded as T, and the 
last one is French soy sauce coded as F. All the samples were 
stored in the dark at room temperature and closed before 
analysis.

pH of soy sauces
The pH meter (HANA instrument, Woonsocket) was 

used to measure the pH of soy sauces. The pH meter was first 
calibrated with pH buffers before measuring the pH of soy 
sauces. In each experiment, the electrode was washed well 
with distilled water, and soft tissue was used to dry it before 
calibrating or measuring the pH of soy sauces. 

Salt content of soy sauces
The salt meter with model ES-421 (Atago, 2017), ranging 

from 0-10%, was used in this experiment to measure the soy 
content in the soy sauces. Before using the salt meter, the salt 
meter was calibrated with the salt standard, as the salt meter 
can only be used to analyze the salt content within the range 
between 0 and 10%. Still, the soy sauce could have a salt 
content of more than 10%; thus, the soy sauce was diluted 
to a range between 0 to 10%, recorded the result shown 
on the screen, and calculated with the dilution factor after 
calculating the unit of salt was considered as g/100 mL.

Soluble salt-free solid content of soy sauces
An oven (Beschickung/Loading-Modell 100-800) was 

used in this experiment to analyze the soluble salt-free solid 
content. An aluminum cup was transferred to the oven at a 
temperature of 105 °C for about an hour then the cup was 
transferred to the desiccator for about 15 min, the cup was 
weighed and recorded, and 2mL of soy sauce sample was 
pipetted into the aluminum cup. After that, the cup with the 
sample was transferred to the oven, heated at 105 °C for 24 
hours, then transferred to the desiccator for 15 min, then 
weighed [15]. The soluble salt-free solid content of soy sauce 
was then calculated as follows:

SSFSC (g /100 mL)  =  
( C − A ) × 100

B

 Where A is the cup's weight, B is the cup's weight and the 
sample before drying, C is the cup's weight and the sample 
after drying, and SC is the salt content in grams per 100 mL.

Total amino nitrogen of soy sauces
Amino acid nitrogen was analyzed using the Chinese 

National Standard (GB/T 5009.39-2003) method. For the 
analysis, 5 mL of soy sauce was pipetted into 100 mL of the 
volumetric flask and then filled with water until the sample 
reached the mark, then mixed well. In the next step, 20 mL of 
diluted sample were placed in a 200 mL beaker and then filled 
with 60 mL. After that, the mixture was titrated with 0.05 
mol/L sodium hydroxide standard solution until pH 8.2. Later 
on, 10 mL of formaldehyde solution was added and mixed 
well. Then, 0.05 mol/L sodium hydroxide standard titration 
solution was used and continued titration to pH 9.2, and 
the volume of sodium hydroxide was recorded. After that, 
the blank sample was analyzed by taking 80 mL of distilled 
water and adjusting the pH to 8.2 with 0.05 mol/L sodium 
hydroxide solution; then added 10 mL of formaldehyde 
solution and titrated with 0.05 mol/L sodium hydroxide 
solution until the pH reached to 9.2. The volume titrated was 
recorded. The content of amino acid nitrogen in the sample 
was then calculated as follows:

Amino acid nitrogen(g/100 mL) = × 100
(V1 − V2) × C × 0.014

5 × V3/100
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Where V1 is the volume of NaOH standard titration 
solution after adding formaldehyde in the sample, V2 is the 
volume of NaOH standard titration solution after adding 
formaldehyde in the blank test, C is the concentration of 
NaOH standard titration solution, and V3 is the volume of 
diluted sample.   

Total nitrogen of soy sauces
Total amino nitrogen was analyzed following the method 

described in AOAC’s official method 991.20. 15.00 g of 
K2SO4, 1mL of 0.05g/mL CuSO4.5H2SO4 catalyst, and 8-10 
boiling chips were added to the digestion flask. Soy sauce 
samples were warmed to 38 °C, and 5 mL were immediately 
placed into the digestion flask. 25 mL H2SO4 was added and 
then rinsed soy sauce on the neck of the flask into the bulb. 
Digest and distill a blank. The flask was placed with a fume 
ejection system. After that, digest for 90 min. At the end of 
digestion, the digest should be clear and free of undigested 
material. Keep acid digestion at room temperature for about 
25 min. After the digest has cooled to room temperature, 
add 300 mL of water to the flask and swirl to mix. 50 mL of 
4% H3BO3 solution with indicator was transferred to a 500 
mL graduated Erlenmeyer titration flask and then placed 
the flask that digested by adding 75 mL of 50% NaOH to 
the flask. All NH3 was distilled (≥200 mL of total volume), 
then H3BO3 receiving solution was titrated with standard 
0.1000M HCl solution to the first trace of pink. For nitrogen 
loss, 0.12 g ammonium sulfate and 0.85 g sucrose were used 
per flask, then do the same experiment as above. Recoveries 
shall be at least 99%. For digestion efficiency, 0.16 g lysine 
hydrochloride or 0.18 g tryptophan with 0.67 g sucrose was 
used, then digested and distilled under the same conditions as 
above. Recoveries shall be at least 98%.

Nitrogen (%) =
1.4007 × (Vs − Vb) × M

W

Where Vs and Vb are the volume of HCl titrant used for 
the test portion and the blank, respectively; M is the molarity 
of HCl solution, and W is the test portion weight in grams.

Reducing sugars of soy sauces
Preparation of DNS Reactive (solution A) was prepared by 

dissolving 1.00g of DNS in 20 mL of NaOH 2M, the solution 
B was prepared by dissolving 30 g of sodium and potassium 
tartrate tetrahydrate in 50 mL of distilled water and stirring 
until complete dissolution, then mix solution A onto B, heat 
and swirl to homogenize them complete the volume to 100 
mL with distilled water with amber bottle at 4 °C to use. After 
creating the DNS Reactive, 0.5 mL of soy sauce sample was 
withdrawn and mixed with 0.5 mL of distilled water, pipette 
2 mL of DNS reagent, mixed well, and then boiled for 5 
minutes; after that cooling down and combined with 7 mL of 
water, vortexed until becomes homogenous, then transferred 
to the spectrophotometer (BK-D580 Spectrophotometer) 

within the wavelength of 540nm. DNS reagent was used as 
the blank solution, and D-glucose was applied as the standard 
solution [16]. The results were determined as g/L by a linear 
glucose calibration curve (R2>0.9993).

Halophile yeasts
Halophile yeasts were cultured by using Potato Dextrose 

Salt agar as described in Cambodian Standard (CS 066:2011). 
The medium was made by weighting 24 g of potato dextrose 
broth powder and 15 g of agar powder together in a 1000 
mL bottle with 100g of sodium chloride, then stirred and 
autoclaved at 121 ℃ for 15 min, kept it until reaching 45 
℃ in the water bath and added 10 mL of 10% tartaric acid 
solution to inhibit the bacterial growth, then the medium was 
poured into the plate for about 25 to 30 mL and kept until 
cool, 0.1 mL of the soy sauce sample was pipetted to the hard 
agar media, then a spreader was used to spread over the agar 
until dry. The number of yeast colonies was calculated as 
shown below:

∑
Halophile yeasts (CFU/mL) =

n×d×V

Where ∑c is the sum of counted colonies, n is the number 
of plates, d is the dilution factor, and V is the amount of 
inoculating volume.

Total viable count
The total viable count was obtained according to the 

National Standard of the People's Republic of China (GB 
4789.2-2016). One mL of soy sauce was serial diluted with 
buffered sodium chloride (100 to 10-2). After pouring 15-20 
ml of PCA agar into Petri dishes at 45±1 C, diluted samples 
were poured into Petri dishes, then doing a gentle swirl it 
until it was well distributed in the media, then waiting until 
hardened. Then, the petri dishes were placed upside down 
into the incubator at 36°C±1 °C for two days. The agar plates 
selected for counting must have colonies between 30 and 300 
per dish to make the result more accurate.

∑
Total viable count (CFU/mL) =

n×d×V
Where ∑c is the sum of counted colonies, n is the number 

of plates, d is the dilution factor, and V is the amount of 
inoculating volume.

Statistical analysis
The experimental results were analyzed by using 

SPSS version 23 (SPSS Inc., Chicago, Illinois), triplicate 
experiments were conducted on each sample and the data 
was represented in the form of mean ± standard deviation 
(SD). The analysis of variance (ANOVA) with Tukey's 
test was performed to evaluate the significant differences in 
physicochemical parameters of different soy sauce samples, 
and a significant difference was defined as p<0.05.
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Results and Discussion
pH values of soy sauces sold in the markets

The pH is an essential part of determining the quality of 
soy sauce. According to the Institute of Standard of Cambodia, 
the pH in soy sauce should be around 4.2 to 4.6 (CS066:2011, 
2012). During fermentation, lactic acid bacteria grow and 
decrease the pH of the soy sauce between 4 to 5 [17]. Low 
pH has the benefit of preserving the soy sauce, and high acid 
food, which has a pH below 4.6, could inhibit the growth of 
most bacteria spores; that is why pasteurization is enough 

to kill the spoilage microorganism and preserve soy sauce 
[18]. As shown in figure 1, the pH values of the soy sauce 
samples were between 3.79 and 4.60. The pH values of soy 
sauces C4, C5, C6, C8, TH3, Ch6, V1, and V4 were lower 
than the standard of Institute of Standard of Cambodia. Some 
soy sauces had a low pH because of the food additives or the 
soy sauces are produced from acid hydrolysis without a pH 
adjustment to an appropriate pH of soy sauce [14]. Among 
all 42 samples tested, all data were significantly different 
(p<0.05).
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Figure 1: pH of soy sauces sold in Cambodian markets. The alphabet codes (C, Th, Ch, V, S, J, M, H, K, T, and F) represent: (Cambodia, 
Thailand, Vietnam, Singapore, Japan, Malaysia, Hong Kong, Korea, Taiwan, and French), respectively. The code number is used to differentiate 
soy sauces. Based on Cambodia’s soy sauce standards (CS 066:2011), soy sauce has pH between 4.2 and pH 4.8. All pH values of soy sauce 
samples data were significantly different (p<0.05).
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Figure 2: Salt content of soy sauces sold in Cambodian markets. The alphabet codes (C, Th, Ch, V, S, J, M, H, K, T, and F) represent: 
(Cambodia, Thailand, Vietnam, Singapore, Japan, Malaysia, Hong Kong, Korea, Taiwan and French), respectively. The code number is used 
to differentiate soy sauces. Based on Cambodia’s soy sauce standard, soy sauce has salt content equal to or less than 20 [g/100mL]. The results 
of salt content of all of 42 samples were significantly different (p<0.05).
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Salt content of soy sauces sold in the markets
The salt is an essential ingredient used in soy sauce 

fermentation. A good fermented soy sauce should contain 
18% to 20% salt [14]. As shown in figure 2, out of 42 soy 
sauce samples, "M" soy sauce had a salt content of only 4.7 
g/100 mL. With an amount meager, this product must add a 
food preservative to ensure safety and a longer shelf life. Salt-
reduced soy sauce is produced by dilution or electrodialysis 
to provide a good quality product. Making soy sauce like this 
will cost a lot of money [19]. While Ch6 has a salt content 
of 23.27 g/100mL, this amount is very high and over the 
Cambodian soy sauce standard (CS:066, 2012). Consumption 
of too much sodium is not suitable for health, especially 
for someone who suffers from heart disease, hypertension, 
and kidney disease [8]. Based on the National Institute of 
Standards of Cambodia, the maximum salt in soy sauce is not 
over 20%. Among 42 soy sauce samples, only seven samples 
that had a high amount of salt, over 20%. And all 42 samples' 
results differed significantly (p<0.05).

Soluble salt-free solid content of soy sauces sold in 
the markets

As shown in figure 3, the lowest amount of soluble 
salt-free solid content was found in sample C8 (1.21±0.09 
g/100mL), while the highest was found in sample M (38.65 
± 0.14 g/100ml). There were 18 samples with the amount 
of soluble salt-free solid content bigger than 15. According 

to the Institute of Standards of Cambodia, soy sauces are 
divided into dark and light. Light soy sauce has a soluble salt-
free solid content of about 15 to 18 g/100 mL, and dark soy 
sauce has a soluble salt-free solid content of about 22 to 44 
g/100 mL. The high amount of soluble salt-free solid content 
is also an indicator of the quality of fermented soy sauce, and 
it is an important parameter reflecting the quality, significant 
nutrition matters, and favor for commercial soy sauce [20]. 
According to the National Food Safety Standards of China, 
for fermented soy sauce (GB 18186-2000), the premium 
high salt soy sauce must have soluble salt-free solid content 
higher or equal to 15 g/100 mL, and the premium low salt 
must have the soluble salt free solid content higher or equal 
to 20 g/100 mL. Thus, the soy sauce with a soluble salt-free 
solid content equal to or above 15 g/100 mL could indicate 
good fermentation. And all 42 samples’ results differed 
significantly different (p<0.05).

Reducing sugars of soy sauces sold in the markets

Reducing sugars are very important for making a good 
taste and quality soy sauce, and they have about 2 to 5% in 
a good quality soy sauce[14]. As shown in Figure 4, among 
42 soy sauce samples, sample C8 had the lowest reducing 
sugars with a total amount of 0.21 ± 0.01%, while the highest 
reducing sugars were found in sample S2 with 9.57 ± 0.06 %. 
By the way, there were only 12 samples found in the range of 
2 to 5%. According to previous research, soy sauce has around 
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50 kinds of sugars contributing to the sweet taste of soy sauce 
[21]. Reducing sugars is crucial for making a pleasant smell 
while acting with amino acids when cooking. Soy sauce also 
has reducing sugars and is a carbohydrate source for yeast 
and other bacteria. The Maillard reaction occurred within the 
reaction between reducing sugars and amino acids. Not all 
of the compounds produced from the Maillard reaction are 
always good for human health; fortunately, soy sauce has been 
found to inhibit the formation of some dangerous substant 
produced from the Maillard reaction, such as acrylamide, 
which is possibly the carcinogen during the Maillard reaction 
[22-24]. The reducing sugars of all 42 samples differed 
significantly (p<0.05).

Total nitrogen of soy sauces sold in the markets

Total nitrogen is one of the parameters reflecting the 
quality of soy sauce, and it allows us to estimate the nutrition, 
such as amino acids and protein [14,25]. According to the 
Institute of Standards of Cambodia, soy sauce must have 
at least a total nitrogen of 0.8%, as shown in figure 6. It 
showed that 22 soy sauce samples had a nitrogen greater 
than 0.8 g/100 mL. The total nitrogen and amino nitrogen 
were used as indicators to show the effect of fermentation. 
By the way, sample C8 has a very low total nitrogen (0.08 
±0.02 g/100mL); it may be the fermentation that was not 
good, a short period of fermentation time, or the digestibility 
of soybeans was not done well, most of this soy sauce could 
be made from excessive dilution. Furthermore, the results of 
total nitrogen of all 42 samples were significantly different 
(p<0.05).

Amino acid nitrogen content of soy sauces sold in the 
markets

Amino nitrogen is While Koji incubation and moromi 
fermentation, Aspergillus oryzae and lactic acid bacteria 
produced some protease to break down the protein into amino 
acids [26-28]. Amino acid is very important for improving 
taste [29]. As shown in figure 5, among 42 soy sauce samples, 
23 soy sauces had amino nitrogen greater than 0.26 g/100 
mL, and sample Th13 had an amino nitrogen of 1.18 ± 0.17 
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Figure 6: Total nitrogen of soy sauces sold in Cambodian markets. Total nitrogen in soy sauce samples. The alphabet codes (C, Th, Ch, V, 
S, J, M, H, K, T, and F) represent: (Cambodia, Thailand, Vietnam, Singapore, Japan, Malaysia, Hong Kong, Korea, Taiwan, and French), 
respectively. The code number is used to differentiate soy sauces. Based on Cambodia’s soy sauce standards (CS 066:2011), light soy sauce 
grades two and one have total nitrogen 0.8 and 1 [g/100 mL], respectively. The results of all 42 samples were significantly different (p<0.05).

Soy sauce 
sample

Total viable count 
(CFU/mL)

Total halophile yeast 
(CFU/mL)

C1 4 ND

C2 1.6 ×101 1.1×102

C3 2.4×101 ND

C4 ND ND

C5 6 ND

C6 ND 2×101

C7 4.0×101 ND

C8 ND ND

C9 ND ND

Th1 2.7×102 ND

Th2 9 ND

Th3 1.4×102 ND

Th4 ND ND

Th5 ND 3.5×102

Th6 1.4×101 ND

Th7 3×101 ND

Th8 ND ND

Th9 ND ND

Th10 4.9×101 ND

Th11 4.9×101 ND

Th12 2.4×102 ND

Th13 4.8×101 ND

Ch1 ND ND

Ch2 4.4×101 ND

Ch3 9×101 ND

Ch4 2×101 ND

Ch5 5 ND

Ch6 ND ND

Ch7 ND ND

V1 ND ND

V2 ND ND
V3 ND ND

Table 1: Total viable count and total halophile yeast of soy sauces 
sold in Cambodian markets.
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g/100 mL higher than other samples. However, sample C8 
had only amino nitrogen of 0.01 g/100 mL which was lower 
than the other samples. According to the Institute of Standards 
of Cambodia, the amino nitrogen in soy sauces must be equal 
to or greater than 0.26 g/100 mL (CS 066:2011). In addition, 
the results of amino acid nitrogen of all 42 samples were 
significantly different (p<0.05).

Microbiological quality of soy sauces sold in the 
markets

The total viable count and total halophile yeast were 
also indicators of the microbiological quality of soy sauce. 
Halophilic yeasts tolerate high salt concentrations and low 
pH [30,31]. As shown in table 1, three samples were found 
to have the presence of halophilic yeast. The sample TH5 
had more halophilic yeast than other samples, followed by 
samples C6 and C2. The presence of halophilic yeasts in the 
samples could be from the lack of hygienic practice in the 
production, pasteurizing, or sterilization. The halophile yeasts 
could deteriorate soy sauce quality, giving off an offensive 
odor and forming a thin pellicle during long-term storage 
[15]. To inhibit the growth of the yeasts, sodium benzoate has 
been applied in soy sauce to prevent the development of yeast 
regardless of their effects on human health [1]. According 
to the Institute of Standards of Cambodia, halophilic yeasts 
must not be in soy sauce products.

The total viable count using pour plate method was used 
to enumerate aerobic and facultative anaerobic bacteria in 
food [29]. According to the National Standard of the People's 
Republic of China, the total bacterial colonies should be 
less than 5,000 CFU/mL (GB 2717-2018). As shown in  
table 1, the highest bacteria grown on sample S1 was 1.6 ×
〖"10" 〗^"3" CFU/mL. However, all of the samples had total 
plate counts lower than 5×103 CFU/mL, and total viable 
count was not detected in some samples.  

Conclusion
In conclusion, 8 samples among 42 soy sauce samples 

were found to be high-quality soy sauces (grade 1) as 

indicated in the Institute of Standards of Cambodia. Among 9 
Cambodian soy sauces sold in the markets, only one brand that 
was classified as grade I. Amino acid nitrogen is an essential 
indicator of the quality of fermented soy sauce and only 64% 
of soy sauces sold in the Phnom Penh markets had amino acid 
nitrogen as indicated in Institute of Standards of Cambodia. 
On the other hand, there were only 22.22% of Cambodian 
soy sauces which had amino acid nitrogen as indicated in soy 
sauce standard. Thus, the quality of Cambodia soy sauces 
should be improved. Moreover, there were three soy sauces 
with the presence of halophilic yeasts, including samples C2, 
C7, and Th5. For further research, the volatile compounds, 
3-monochloropropane diol (3-MCPD), and the development 
of high-quality Cambodian soy sauce with benefits for human 
health and competitive prices should be investigated.
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