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  Mahyaveh is a traditional fish sauce that is produced in the southern part of Iran and main problem 

related to this product is the very high histamine content. This study investigated the chemical 

properties of mahyaveh, in the presence of wheat bran. The effects of Mahdavi wheat bran investigated 

on the reduction of histamine in mahyaveh, as “Southern Iran Fermented FishSauce”. Fish sauce 

samples used in this study consisted of control samples and the treated samples containing 10% and 

20% of wheat bran. The histamine and heavy metals concentrations in the mahyaveh samples were 

determined by an enzymatic assay kit and graphite furnace atomic absorption, respectively. The pH 

and water activity of fish sauce samples decreased during the 45-day fermentation period (2.07% and 

8.13%). While the amount of TVB-N experienced a meaningful increase in the presence of wheat bran 

(4.95%), the protein content significantly decreased (p<0.05) (3.83%). The iron and mercury 

concentration range of samples (1.3-6.2 mg/kg and 0.2-0.5 mg/kg) were below maximum permissible 

limits of WHO/FAO (43 mg/kg and 0.6 mg/kg) but cadmium concentration range of samples (0.6-2 

mg/kg) and histamine concentration range of samples (832.21-950.40) were above maximum 

permissible limits of WHO/FAO (0.2 mg/kg) and FDA maximum permissible limits of (50 mg/kg), 

respectively. The high levels of histamine in mahyaveh samples decreased significantly (p<0.05) by 

adding wheat bran (13.3%). Moreover, wheat bran had a considerable reductive effect on the 

concentrations of heavy metals naming iron (Fe), cadmium (Cd), and mercury (Hg) (77.96%- 66.66% 

and 50%, respectively). Consequently, the major safety problem related to mahyaveh consumption is 

the very high histamine content and heavy metals contamination. 
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1. Introduction 

 

Fermented fish sauce is a clear brown liquid with a salty 

taste and a mild fish flavor, and is mainly used as a seasoning 

(1,2). Different types of fish sauce are produced and consumed 

all around the world, namely, garum in Rome, botargue and 

ootarides in Italy and southern Greece, garos and aimeteon in 

Greece, (3), nample in Thailand, koami and ounago in Japan, 

patis in Philippines (4) and mahyaveh in Iran (5, 4). Mahyaweh 

is a fermented fish sauce that is prepared on the southern coast 

of Iran using Sardines (Sardinella sp.) or Anchovies 

(Stelophorus sp.), salt, Eruca sativa,  and water . It is usually 

prepared by mixing dried fish with salt and warm water. The 

mixture is then fermented in clay pots exposed to sunlight at 

room temperature for 30 days. Then various spices are added 

to the mixture and the fermentation process continues for 15 

days to create the proper taste and aroma in the product (5). 

Although fish sauces are rich sources of nutrients, they may 

also contain anti-nutritional compounds such as biogenic 

amines and heavy metals (1, 6, 7). From a toxicological and 

immunological point of view, histamine is the most important 

biogenic amine and the cause of scombroid fish poisoning and 

seafood intolerance  (8, 9, 10, 11). Releasing excessive 

amounts of histamine was reported in mahyaveh samples 

collected from the southern coastal regions of Iran (5). In 

addition to histamine, fish and seafood are exposed to heavy 

metal contamination (12). Fish is the main ingredient of fish 

sauce so mahyaveh can be contaminated with heavy metals 

(13, 14). In prior studies, some treatments have been applied 

for histamine and heavy metals reduction in fermented fish 



18 Mooraki and Sedaghati / Food & Health 2021, 4(1): 17-23 

 sauce (1, 6, 15). To the best of our knowledge, no study has 

been carried out to reduce histamine and heavy metals by 

adding wheat bran to fermented fish sauce. Wheat bran is a low 

cost and valuable source of dietary fiber, minerals, vitamins, 

and bioactive compounds such as phenolic acids, 

arabinoxylans, alkylresorcinol, and phytosterols which has 

been suggested to prevention cardiovascular diseases and 

colon cancer . Wheat Bran can be used as a functional 

ingredient for production of baked cereal products, beverages 

and condiments (16). This study is aimed at exploring the 

effects of wheat bran on chemical properties of mahyaveh and 

screening the potential of histamine and heavy metals-

reduction to improve the safety and quality of fermented fish 

sauce. 

 

2. Material and methods 

  

2.1. Material 

 

Raw materials used in this study were Sardin fish 

(Sardinella sindensis), coriander, fennel, cumin, barley as well 

as Mahdavi wheat bran (86.3% of the sample remained in the 

opening sieves 250 mm), and coarse sea salt obtained from 

Hormozgan, histamine assay kit ‘Check color Histamine’, L-

histidine hydrochloride monohydrate and histamine dihydro-

chloride were purchased from Wako Pure Chemical Ind., Ltd. 

(Osaka, Japan). Sulfuric acid, sodium hydroxide, hydrochloric 

acid, boric acid, and nitric acid were supplied by Merck 

(Darmstadt, Germany). 

 

2.2. Methods 

 

2.2.1.Mahyaveh production 

 

The following diagram shows the production steps of 

Mahyaveh (Fig. 1). According to the local recipes, dried 

sardines are washed and ground  (500g) and heated at 80°C for 

15 minutes. After placing heated fish in a clay pot, 1.5 liters of 

water and 500 grams of salt are added. The container is then 

placed at room temperature for 30 days to ferment, then is 

filtered and the spices including coriander (100g), mustard 

(100g), barley (150g), fennel (100g), and cumin (100g) are 

added. Then the clay pot is put in the ambient temperature for 

15 days to complete the fermentation process. Similarly, 

treated samples are provided with 10 and 20 percent of wheat 

bran. 

 

2.2.2.Determination of pH, moisture percentage, aw, and salt 

content 

 

The pH of Mahyaveh samples was measured using a 

standard pH meter (Mettler, Switzerland) by placing the probe 

into each of the sample preparation. For moisture analysis fish 

sauce (approximately 3g) was dried using a hot-air oven 

(Memmert, Germany) at 105 °C until a constant weight was 

achieved (17). Water activity (aw) values of fish sauce were 

measured by using a Novasina aw meter. The tests were 

performed on the samples with three replications. The salt 

content in the samples was measured by titration according to 

the modified Volhard method and AOAC 935.47 (18). 

 
Fig 1. Flowchart of Mahyaveh sauce production 

 

2.2.3.Determination of total volatile basic nitrogen and Crude 

protein 

 

Crude protein was determined by the Kjeldahl method using 

a 6.25 Kjeldahl conversion factor (19). The total volatile basic 

nitrogen (TVB-N) was determined through direct distillation 

into boric acid using a Kjeldahl-type distillatory. The 

ammonium borate was titrated with 0.1 N of H2SO4  solution 

(20).  

 

2.2.4.Histamine determination 

 

The histamine concentration in the mahyaveh was 

determined using an enzymatic assay kit (Check Color 

Histamine, Kikkoman Co., Noda, Japan), through histamine 

dehydrogenase. 1.5–5 µl from each sample was put into 96 

well microplates, and then up to 0.15 ml with distilled water 

(DW). Additionally, 0.025 ml of buffer solution and 0.025 ml 

of coloring reagent containing a tetrazolium salt (WST-8) and 

an electron donor (1-methoxy PMS) was added, then 0.025 ml 

of the histamine-dehydrogenase solution was added and 

incubated at 37 °C for 15 min. Finally, absorbance was 

measured at 490 nm before and after the enzymatic reaction  

(21). 

 

2.2.5.Heavy metals determination 

 

To determine the heavy metals, each sample was 

homogenized  using  a  food blender . Centrifuging  of mixtures 

was performed at 8000 X g for 10 min to get treated fish 

sauces. The supernatant of each sample was mixed with conc 
HNO3 (10 ml) in a 200 ml beaker. The beaker was covered 

with  a  watch  glass  and  remained  overnight  to  dissolve its.
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 HNO3 (10 ml) in a 200 ml beaker. The beaker was covered 

with a watch glass and remained overnight to dissolve its 

contents. Then the beaker was heated on a hot plate at boiling 

temperature to obtain a clear solution. The solution was then 

cooled and transferred to a 50 ml volumetric balloon and 

diluted with distilled water. Heavy metals were determined 

using graphite furnace Atomic Absorption, (model-analyst 

AA400, PerkinElmer) (6, 12).  

 

2.2.6.Statistical analysis 

 

Experiments were performed in triplicates, and the 

significant differences among the means were analyzed using 

One way- ANOVA and LSD post hoc test at p<0.05 (SPSS, 

version 22, 2016).  

 

3. Results and discussion 

 

3.1. Changes in pH of mahyaveh 

 

The pH value of mahyaveh is a very critical factor in the 

quality determination. The pH of mahyaveh samples was in the 

range of 6.05-6.26 and there was a significant difference in the 

pH value of different mahyaveh samples (p<0.05) (Fig. 2). The 

same as this trend, Kilinc et al. (22) reported the range of 4.98-

6.38 for pH values of salt-fermented fish sauces.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. pH value changes in mahyaveh samples (TD 20% Day 45: 

treatment samples contain 20% wheat bran on 45th day of 

fermentation, TD 10% Day 45: treatment samples contain 10% wheat 

bran on 45th day of fermentation, CD Day 45: control samples on 

45th day of fermentation and CD Day 0: control samples on1st day of 

fermentation), Superscripts in each column with different letters are 

significantly different (p<0.05).      

 

Fig. 2 shows after 45 days of fermentation the pH values of 

control samples decreased compared with the control on the 

first day. Also, a downward trend was observed in the treated 

samples on the 45th day in the presence of wheat bran as 

compared with the control on the 45th day. This pH reduction 

in treated samples (from 6.13  and 6.05 to 6.04) depends on the 

wheat bran percentage, higher percentage renders a higher 

decrease in pH (1.30%-1.46%). The presence of higher 

carbohydrate compounds in treated samples that contain wheat 

bran may increase lactic acid production during fermentation 

by microorganisms and reduce the pH values of these products 

(22). Contrary to our results, Mueda (23) reported an increase 

in pH value during fermentation. It seems that the 

decomposition of raw fish during storage increased the pH 

value from neutral to basic pH in their study. 

 

3.2. Evaluate aw and salt content 

 

The moisture content of fermented fish sauce is a key factor 

for prime quality and strongly affects the durability of food 

products (24). The changes of water activity (aw) of the 

mahyaveh samples during fermentation can be seen in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. AW value changes in mahyaveh samples (TD 20% Day 45: 

treatment samples contain 20% wheat bran on 45th day of 

fermentation, TD 10% Day 45: treatment samples contain 10% wheat 

bran on 45th day of fermentation, CD Day 45: control samples on 

45th day of fermentation and CD Day 0: control samples on1st day of 

fermentation), Superscripts in each column with different letters are 

significantly different (p<0.05).      

 

Mahyaveh samples water activity (aw) was in the range of 

0.71-0.86. Fig. 3 shows a significant (p<0.05)  decrease of aw 

in all samples during fermentation (8.13%), especially the 

treated samples (2.53%-10.12%). This reduction may be 

related to the water interaction in degradation and the 

hydrolysis of protein and carbohydrate during ripening and 

lactic acid bacteria’s fermentation (25). The reduction 

observed in aw of treated samples depends on the amount of 

wheat bran. Higher percentages of wheat bran render a higher 

decrease in aw. Wheat bran is a concentrated source of 

insoluble fiber that binds with water molecules and decreases 

the accessibility of water and aw (26).  Inconsistent with the 

present study, Kilinc et al. (22) claimed that aw of Sardine fish 

sauce had a slight decrease in the values during fermentation. 

However, these observations disagree with the findings of 

Dagadkhair et al. (24) who reported that the moisture content 

of Indian spiced fish sauces gradually increased during 60 days 

of fermentation.  Salt is an important ingredient in the fish 

sauce because it helps fermentation to progress and prevents 

the growth of bacteria that cause spoilage (27). The mean NaCl 

concentrations in tested samples were in the range of 7.12% to 

7.18% (Fig. 4). In line with our results, Zarei et al. (5) reported 

that mahyaveh samples originated from five different locations 

in the Southern part of Iran have 7.48-17.1% NaCl. Our results 
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 revealed no significant difference in the salt content between 

different mahyaveh samples (p>0.05). Similar to our study, 

Mueda (23) revealed no significant change in the salt content 

of fish sauce during fermentation (p>0.05) but the values were 

higher than our results within the range of 18.51-19.74%. 

Contrary to our results, Puat et al. (27) pointed out that 

Indonesian fish sauces contain 26.66% to 27% NaCl.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. NaCl concentrations in mahyaveh samples (TD 20% Day 45: 

treatment samples contain 20% wheat bran on 45th day of 

fermentation, TD 10% Day 45: treatment samples contain 10% wheat 

bran on 45th day of fermentation, CD Day 45: control samples on 

45th day of fermentation and CD Day 0: control samples on1st day of 

fermentation), Superscripts in each column with same letters are not 

significantly different (p>0.05). 

 

3.3. Total volatile basic nitrogen and Crude protein  

 

The total protein content of mahyaveh samples during 

fermentation can be seen in Fig. 5. The protein contents of 

mahyaveh samples were in the range of 10.53±0.31% to 

11.24±0.24% which significantly decreased during 

fermentation (p<0.05) (2.58%).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Protein percentage in mahyaveh samples (TD 20% Day 45: 

treatment samples contain 20% wheat bran on 45th day of 

fermentation, TD 10% Day 45: treatment samples contain 10% wheat 

bran on 45th day of fermentation, CD Day 45: control samples on 

45th day of fermentation and CD Day 0: control samples on1st day of 

fermentation). Superscripts in each column with different letters are 

significantly different (p < 0.05). 

 
This reduction in protein content could be explained by the 

remarkable increase in the growth of Lactic acid bacteria, 

especially in the presence of wheat bran during fermentation. 

The proteolytic system of Lactic acid bacteria comprises cell-

wall bound proteinase and various intracellular peptidases that 

degrade the protein into shorter peptides and amino acids (28). 

The protein content obtained in this study is in agreement with 

the result of salt fermented fish sauce from anchovy in the 

range of 12.65-13.58% (23). This finding is also similar to the 

observation of Kilinc et al. (22) who observed the protein 

percentage of Turkey sardine fermented sauces was within the 

range of 11.72-13.5%.  The TVB-N index in fish Sauce shows 

the intensity of sauce proteolysis by bacterial spoilage, 

autolytic enzymes, amino acid deamination, and nucleotide 

destructive reactions (23). The TVB-N content of mahyaveh 

samples was in the range of 235.72- 248.16 mg/100g and 

TVB-N index significantly increased during fermentation 

(p<0.05) (Fig. 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. TVB-N content in mahyaveh samples (TD 20% Day 45: 

treatment samples contain 20% wheat bran on 45th day of 

fermentation, TD 10% Day 45: treatment samples contain 10% wheat 

bran on 45th  day of fermentation, CD Day 45: control samples on 

45th day of fermentation and CD Day 0: control samples on1st day of 

fermentation). Superscripts in each column with different letters are 

significantly different (p<0.05). 

 
This finding is in agreement with Faisal et al. (29) who 

reported breakdown of protein and increase of total volatile 

nitrogen value in fish sauces. Zarei et al. (5) also reported a 

high amount of TVB-N in mahyaveh samples but they found a 

higher level of TVB-N in their samples (mean 309.8 mg/100g). 

Contrary to our studies,  Kuda et al. (30) reported less amount 

of TVB-N in mackerel-nukasuke (41-76 mg/100 g). Our 

results cleared that the TVB-N levels increased significantly in 

the treated samples compared to the control (p<0.05) (1.98%-

4.95%). It seems that the presence of wheat bran may enhance 

the growth of bacteria producing endogenous catalytic 

enzymes. 

 

3.4.  Histamine content assay 

  
Histamine as a biogenic amine is formed in sea foods by 

microbial decarboxylation of the  histidine  or by  transamination 

 

of aldehydes and ketones by amino acid transaminases (11). 

To produce histamine, the presence of amino acids, 

microorganisms with amino acid decarboxylases, and a proper 

condition for the growth and activity of a specific 
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 microorganism are necessary (7, 31). Histamine is the most 

important biogenic amine in fermented fish sauces. As shown 

in Table 1, the amount of histamine in the control sample after 

45 days of fermentation was 960.61 mg/kg while food and 

drug administration (FDA) declared 50 mg/kg as a permitted 

level of histamine in seafood products (5). The mean 

concentration of histamine found in the mahyaveh samples in 

this study was higher than FDA maximum permissible limits. 

Also, Zarei et al. (5) found that histamine was the main 

biogenic amine in the Iranian fish sauce. However, they 

reported higher concentrations of histamine (with an overall 

mean of 2662 mg/kg) in mahyaveh.  In this study, a significant 

reduction in histamine content of treated samples contained 

wheat bran was observed compared to the control (p<0.05) 

(13%-13.36%). Wheat bran is one of the  richest  sources  of  

fiber and contains high numbers of non-starch polysaccharides 

(NSPs). Arabinoxylan, cellulose,  and beta-glucan  are the main  

NSPs  that are present in wheat bran (12, 32). It seems that 

interaction between fiber content in wheat bran and histamine 

could decrease histamine content in mahyaveh. Consequently, 

this complex cannot be absorbed or easily hydrolyzed by the 

human intestinal tract and it will be excreted from the body 

with no serious changes (26). This observation is in agreement 

with the finding of Kuda and Miyawaki (33) who reported that 

the addition of the nuka-paste (20%, w/v) to sardine fish sauce 

reduced the histamine content to about 600-700 mg/L from 

1200 mg/L. 

 

3.5. Heavy metal concentration assay  

 

Some heavy metals don’t have any toxic effects (such as 

manganese, zinc, iron, cobalt, molybdenum) and are even 

essential in small amounts,  but are dangerous for the health in 

large amounts.  On the other hand, our living cells do not need 

some heavy metals such as lead, cadmium, and mercury, even 

in small amounts. The accumulation of these toxic metals in 

the human body over time causes various diseases (15, 34). 

Since fish and seafood are exposed to heavy metal 

contamination and are consumed by humans as food, they may 

transmit toxic heavy metals to the human body (12, 35). Fish 

is the main ingredient of fish sauce so mahyaveh can be 

contaminated with heavy metals (13, 14).

 
Table 1. Histamine and heavy metal concentrations in mahyaveh samples. 

Groups 
Histamine and 

heavy metal concentration (mg/kg) 
Control 

Day 0 

Control 

Day 45 

Treatment 10% Day 

45 

Treatment 20% 

Day 45 

950.40 ±  2.25b 960.61 ± 0.92a 835.65 ±4.43c 832.21 ± 1.29d* Histamine (mean± SD) 

6.2 ±  0.25a 5.9 ±  0.15ab 1.900000 ±0.40c 1.3  ± 0.2d Fe (mean± SD) 

0.5  ± 0.03a 0.4 ± 0.05ab 0.3 ± 0.01bc 0.2  ± 0.03c Hg (mean± SD) 

2 ±  0.01a 1.8  ± 0.08ab 0.9 ± 0. 1c 0.6  ± 0. 05d Cd (mean± SD) 

*(TD 20% Day 45: treatment samples contain 20% wheat bran on 45th day of fermentation, TD 10% Day 45: treatment samples contain 

10% wheat bran on 45th day of fermentation, CD Day 45: control samples on 45th day of fermentation and CD Day 0: control samples on1st 

day of fermentation). Superscripts in each column with different letters are significantly different (p<0.05). 

 

Iron (Fe) is an essential mineral for living cells, but 

excessive iron absorption might cause some chronic diseases, 

including diabetes, cancer, and cardiovascular disease (36). 

Table 1 shows that the Fe concentration of mahyaveh samples 

was in the range of 1.3- 6.2 mg/kg. The results cleared that 

adding wheat bran had a significant effect on the Fe 

concentration of treated mahyaveh samples (p<0.05). In the 

presence of 20% wheat bran, Fe concentration reduced from 

5.9 mg/kg in control samples to 1.3 mg/ kg in treated samples 

(77.96% reduction). The mean concentration of iron found in 

all mahyaveh samples in this study was below the WHO/FAO 

maximum permissible limits (43 mg/kg) (37). Tiimub et al. 

(38) reported that the iron levels ranged from 44 mg/kg in 

Catfish to 53 mg/kg in Tilapia (38). Dissimilar to the present 

study, Alturiqi and Albedair (39) reported higher 

concentrations of iron in Saudi Arabia sardine ranging from 

141.38 to 250.23μg/g. Cadmium (Cd) is found as an endocrine 

disturbing element that causes breast and prostate cancer in the 

human. Cadmium also causes damage in the kidney, 

hypertension, tumors, poor reproductive performance, and 

hepatic dysfunction. Table 1 shows the significant changes in 

Cd concentrations during the 45 days of the fermentation 

period (p<0.05). In the presence of 20% wheat bran, Cd 

concentrations reduced from 1.8 mg/kg in control samples to 

0.6 mg/kg in treated samples (66.66%). The mean 

concentration of cadmium detected in the present samples was 

above the WHO/FAO maximum permissible limit of 0.2 

mg/kg as stated in Table 1 (36). This is inconsistent with the 

study of Yi and Zhang (40), who reported the highest 

concentrations of Cd (0.115 mg/kg) in yellow-head catfish. 

Also, Dobaradaran et al. (41) reported that Cd mean values of 

two fish species of the Persian Gulf range from 0.17 to 0.26 

mg/kg. This reduction is consistent with the study of Sasakia 

et al. (6) who, observed a decrease in Cd concentrations of fish 

sauce in the presence of tannin (0.39 mg/100 ml to 0.03 

mg/100 ml). Mercury (Hg) is considered as a carcinogenic 

element and causes fetus defects in humans (42). Table 1 

reveals that Hg concentration of mahyaveh samples was in the 

range of 0.2- 0.5 mg/kg. The results cleared that adding wheat 

bran had a significant effect on Hg concentration of treated 

mahyaveh samples (p<0.05). In the presence of 20% wheat 

bran, Hg concentration reduced from 0.4 mg/kg in control 

samples to 0.2 mg/kg in treated samples (50%). The mean 

concentration of mercury detected in all samples was below 

the WHO/FAO maximum permissible limit of 0.6 mg/kg (37). 

This finding is in  agreement with the range of Hg 

concentration in Iranian tuna fish reported by Shabani et al. 
(43) (1.29-0.3 mg/kg) . Dissimilar to the present study, Alturiqi 
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 and Albedair (39) reported less concentration of mercury in 

Saudi Arabia sardine ranging from 0.014 to 0.055μg/g. Table 

1 cleared that adding wheat bran had a significant effect on 

heavy metal (Fe, Cd, and Hg) concentration of treated 

mahyaveh samples in comparison with the control sample 

(p<0.05).  A scientific reason for these decreases is the 

chelating ability of phytic acid in wheat bran. Around 90% of 

phytic acid in the form of myoinositol Hexa phosphate is 

concentrated in the external covers in the aleurone layer of 

grain that is known as bran (44). Most of the minerals in wheat 

bran form complexes with phytic acid and produce phytate 

compounds. It seems that adding wheat bran to mahyaveh 

sauces produces phytate complex with fish heavy metal. In 

human body phytate complex won’t be absorbed and will 

excrete from the body (44).  

 

4. Conclusions 

 

The present research has studied the effects of wheat bran 

on the reduction of histamine and heavy metals in mahyaveh. 

The concentrations of iron and mercury detected in mahyaveh 

samples were below the maximum permissible limits as per 

the WHO/FAO guideline standards comparison but cadmium 

mean concentration of mahyaveh samples was above the 

permissible limit. Adding wheat bran to mahyaveh can reduce 

the Fe, Cd and Hg contents to lower levels. Another safety 

problem related to mahyaveh is the high levels of histamine. 

The mean concentration of histamine was higher than the FDA 

maximum permissible limit for seafood products. The addition 

of wheat bran to this product reduced the histamine content 

significantly. These results cleared that wheat bran, a 

byproduct of the wheat milling process, could be utilized for 

the histamine and heavy metal reduction in mahyaveh.  

 

Author contributions 

 

NM conceptualized the study, conducted the experiments, 

designed the methodology, statistical analyses of the data, 

reviewed and edited the article to be published. MS 

conceptualized the study, conducted the experiments, curated 

data, supervised the experiments, provided visualization and 

resources, carried out formal analysis, and wrote the original 

draft.  
 

References 
 
1. Zaman MZ, Bakar FA, Jinap S, Bakar J. Novel starter cultures  to inhibit 

biogenic amines accumulation during fish sauce  fermentation. 

International Journal of Food Microbiology. 2011;145(1), 84 -91. 

2. Taoka Y, Nakamura M, Nagai S, Nagasaka N, Tanaka R, Uchida K. 
Production of anserine-rich fish sauce from giant masu salmon, 

Oncorhynchus masou masou and γ-aminobutyric acid (GABA)-

enrichment by Lactobacillus plantarum strain N10. Fermentation. 
2019;5,1-17.  

3. Lopetcharat K, Choi YJ, Park JW, Daeschel MA. Fish sauce products and 

manufacturing. Food Reviews International. 2001;17(1),65-88. 
4. Crisav E, Sands A. Microflora of four fermented fish sauces. Journal of 

Applied Microbiology.1975;29,106-08. 

5. Zarei M,  najafzadeh H,  Eskandari MH,  Pashmforoush M,  Enayati A, 
haribi D, fazlara A. Chemical and microbial properties of mahyaveh, a 

traditional Iranian fish sauce. Food  Control. 2012;23(2),511-14. 

6. Sasakia T, Michihataa T, Nakamuraa S, Enomotob T, Koyanagib T, 

Taniguchib H, Aburatanic M, Koudouab M, Tokudac K. Effective 

removal of heavy metal in some fish sauce products by tannin treatment. 

Journal of Agricultural and Food Chemistry. 2013;61(6),1184–88. 

7. Lee YC, Kung HF, Huang CY, Huang TC, Tsai YH. Reduction of 
histamine and biogenic amines during salted fish fermentation by Bacillus 

polymyxa as a starter culture. Journal of Food and Drug Analysis. 

2016;24,157-63. 
8. Russell FE, Maretic Z. Scombroid poisoning: mini review with case 

histories. Toxicon. 1986;24,967–73. 

9. Morrow JD, Margolies GR, Rowland J, Roberts LJ. Evidence that 
histamine is the causative toxin of scombroid-fish poisoning. The New 

England Journal of Medicine. 1991;324(11),716–20. 

10. Hungerford JH. Scombroid poisoning: a review. Toxicon. 2010; 56, 231–
43. 

11. Biji KB, Ravishankar CN, Venkateswarlu R, Mohan CO, Srinivasa Gopal 

TK. Biogenic amines in seafood: A review. Journal of Food Science and 
Technology. 2016;5(5),2210-18. 

12. Boadi NO, Twumasi SK, Badu M, Osei I. Heavy metal contamination in 

canned fish marketed in Ghana. American Journal of Scientific and 
Industrial Research. 2011;2(6), 877-82. 

13. Kumar B, Sajwan KS, Mukherjee DP. Distribution of heavy metals in 

valuable coastal fishes from north east coast of India. Turkish Journal of 
Fisheries and Aquatic Science. 2012;12, 81-88. 

14. Ababneh FA, Al-Momani IF. Levels of mercury, cadmium, lead and other 
selected elements in canned tuna fish commercialised in Jordan. 

International Journal of Environmental Analytical Chemistry. 

2013;93(7),755-66. 
15. Asksonthong R, Siripongvutikorn S, Usawakesmanee W. Evaluation of 

harmful heavy metal (Hg, Pb and Cd) reduction using Halomonas 

elongata and Tetragenococcus halophilusfor protein hydrolysate product. 
Functional Foods in Health and Disease. 2016;6(4),195-205. 

16. Majzoobi M, Farahnaky A, Nematolahi Z, Mohammadi Hashemi M, 

Taghipour Ardakani MJ. Effect of different levels and particle sizes of 
wheat bran on the quality of flat bread. Journal of Agricultural Science 

and Technology. 2013;15, 115-123. 

17. AOAC. Official Methods of Analysis, 16th edition. 1995. Arlington, VA: 
Association of official analytical chemists, International. 

18. AOAC. Official method of analysis, 18th ed, Association of official 

analytical chemists. 2005. Washington, DC, USA.  
19. AOAC. Official methods of analysis, 14th ed. Association of official 

analytical chemists.1984; Washington, DC, USA. 

20. Malle P, Poumeyrol M. A new chemical criterion for the quality control 
of fish: tri-metyl amine/total volatile basic nitrogen. Journal of Food 

Protection. 1989;52,419-23.  

21. Kuda T, Mihara T, Yano T. Detection of histamine and histamine-related 
bacteria in fish-nukazuke, a salted and fermented fish with rice-bran, by 

simple colorimetric microplate assay. Food Control. 2007; 18,677-81. 

22. Kilinc B, Cakli S, Tolasa S, Dincer T. Chemical, microbiological and 
sensory changes associated with fish sauce processing. European Food 

Research and Technology. 2006; 222(5-6),604-13. 

23. Mueda RT. Physico-chemical and color characteristics of salt fermented 
fish sauce from anchovy Stolephorus commersonii Aquaculture, 

Aquarium, Conservation & Legislation. International Journal of the 

Bioflux Society. 2015;8,565-72. 
24. Dagadkhair AC, Pakhare KN, Andhale RR, Syed HM. Study of 

physicochemical and microbial quality of spiced fish sauce made from 

catla fish during storage. International Journal of Food and Fermentation 
Technology. 2016;6(2),233-239.  

25. Cavalheiro CP, Ruiz-Capillas C, Herrero MA, Jimenez-Colmenero F, 

Pintado T, Menezes CRD, Fries LLM. Effect of different strategies of 
Lactobacillus plantarum incorporation in chorizo sausages. The Journal 

of the Science of Food and Agriculture. 2019;99(15), 6706-12.  

26. Stevenson L, Phillips F, O’sullivan K, Walton J. Wheat bran: its 
composition and benefits to health, a European perspective. International 

Journal of Food Sciences and Nutrition. 2012;63(8), 1001–13. 

27. Puat  SNA,   Huda  N,   Abdullah   WNA,  Al-Karkhi  AFM,  Ardiansyah. 
Chemical composition and protein quality of fish sauces (Kecap Ikan and 

Nampla). APJSAFE. 2015;3, 2-9. 

28. Liu M, Bayjanov JR, Renckens B, Nauta A, Siezen RJ. The proteolytic 
system of lactic acid bacteria revisited: a genomic comparison. BMC 

Genomics. 2010; 11, 36. 



23 

 

Mooraki and Sedaghati / Food & Health 2021, 4(1): 17-23 

 29. Faisal M, Islam MN, Kamal M, Khan MNA. Production of fish sauce 

from low cost small fresh water fish and their qualitative evaluation. 

Progressive Agriculture. 2013; 24(1 -2), 171–80. 

30. Kuda T, Mihara T, Yano T. Detection of histamine and histamine-related 

bacteria in fish-nukazuke, a salted and fermented fish with rice-bran, by 
simple colorimetric microplate assay. Food Control. 2007;18, 677-81. 

31. Visciano P, Schirone M, Tofalo R, Suzzi G. Biogenic amines in raw and 

processed seafood. Frontiers in Microbiology. 2012;3(188),1-10. 
32. Bader UI, Ain H, Saeed F, Ahmad N, Imran A, Niaz B, Afzaal M, Imran 

M, Tufail T, Javed A. Functional and health-endorsing properties of wheat 

and barley cell wall’s non-starch polysaccharides. International Journal 
of Food Properties. 2018; 21,1463–80. 

33. Kuda T, Miyawaki M. Reduction of histamine in fish sauces by rice bran 

nuka. Food Control. 2010; 21,1322–26. 
34. Pappalardo AM, Copat C, Ferrito V, Grasso A, Ferrante M. Heavy metal 

content and molecular species identification in canned tuna: Insights into 

human food safety. Molecular Medicine Reports. 2017;15, 3430-37. 
35. Zuluaga Rodriguez ., Gallego Rios SE, Ramirez Botero CM. Content OF 

Hg,  Cd, Pb and as in fish species: A review. Vitae. 2015;22, 148-59. 

36. Staniek H, Wojciak RW. the combined effects of iron excess in the diet 
and chromium (iii)  supplementation  on  the iron  and chromium status in 

 emale rats. Biological Trace Element Research. 2018;184 (2), 398-08. 

37. FAO/WHO 2011. Joint FAO/WHO food standards programme codex 
committee on contaminants in foods, fifth. Session, 64-89. 

38. Tiimub BM, Mercy A, Dzifa A. Determination of Selected Heavy Metals 

and Iron Concentration in Two common Fish Species in Densu River at 

Weija District in Grater Accra Region of Ghana. American International 

Journal of Biology. 2013;1(1), 45-55. 

39. Alturiqi AS, Albedair LA. Evaluation of some heavy metals in certain 
fish, meatand meat products in Saudi Arabian markets. The Egyptian 

Journal of Aquatic Research. 2012;38, 45-49. 

40. Yi YG, Zhang S. The relationships between fish heavy metal 
concentrations and fish size in the upper and middle reach of Yangtze 

River. Procedia Environmental Sciences. 2012;13,1699-07. 

41. Dobaradaran S, Naddafi K, Nazmara S, Ghaedi H. Heavy metals (Cd, Cu, 
Ni and Pb) content in two fish species of Persian Gulf in Bushehr port. 

African Journal of Biotechnology. 2010;9,6191-93. 

42. Azaman F, Juahir H, Yunus K, Azid A, Khairul M, Kamarudin A, 
Toriman ME, Mustafa AD, Amran MA, Hasnama CNC, Saudi ASM. 

Heavy metal in fish: Analysis and human health-a review. Journal 

Teknologi. 2015;77(1),61-69. 
43. Shabani S, Ezzatpanah H, Boojar MMA, Givianrad MH. Total mercury 

and arsenic concentrations in edible and non-edible tissues of Iranian tuna 

fish. Quality Assurance and Safety of Crops & Foods. 2015;1(1),1-7. 
44. Nissar J, Ahad T, Naik HR, Hussain SZ. A review phytic acid: As 

antinutrient or nutraceutical. International Journal of Pharmacognosy 

and Phytochemical Research. 2017;6,1554-1560. 

 
 


