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Abstract: Fishes are a rich source of proteins, vitamins, minerals as well as essential fatty acids but highly perishable because of 

their high water activity, neutral pH, and presence of autolytic enzymes in their muscles. Recent time in Bangladesh fish vendors 

is fined by law-enforcement authorities due to the presence of formaldehyde though they don't add additional formalin in their 

fishes. On the other hand, some fishmongers use chemicals i.e., formalin to extend the longer shelf-life without considering public 

health issues,  at the same time some extent of formaldehyde also produce naturally in fish muscle during the postharvest period. 

This study aimed to determine the natural formaldehyde level and quality attributes of six sea fish at different time interims. 

Results revealed that formaldehyde levels were initially raised significantly and then declined in fish muscles with elapsing of 

time. This study also clarified that fish muscle that produced a higher amount of natural formaldehyde possessed a longer shelf 

life while lower the microbial load and pH. So it can be concluded that without using external formalin, fish vendors can preserve 

their fishes on around six to eight hours. 
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1. INTRODUCTION 

Fish is a popular food item all over the world as it has high nutritional value and easy to digest. Most people like saltwater fish 

rather than sweet water because of its high vitamin and mineral content [1]. Moreover, sea fish contain a more prominent amount 

of brain developing nutrients such as omega-3, 6, 9 fatty acids, iodine, and selenium and these nutrients also improve health 

conditions especially decrease the cardiac-related complications [2,3]. Bangladesh is a riverine country and has about 580 km 

coastline, that's why it produces a huge amount of fish every year where about 60% of total animal protein comes from fish. 

According to the FAO report, Bangladesh is now 3rd in position for inland open water capture production and 5th in world 

aquaculture production [4]. Among the sea fish, only Hilsha has the most distinguished contribution (around 12 %) to the 

country’s entire fish production. The fish sector provides about 3.57 % to the national GDP in 2017-18, which also provides more 

than 11 % of the total population of Bangladesh those are involved in this sector in full time and part-time basis for their 

livelihoods. Additionally, this sector also has a high potential for the prospect of the economic advancement of the country [5]. 

But recent times, some fishmongers have unethically added some adulterant to the fish for longer shelf-life as well as the 

freshness of fish. Formalin which is a solution of 37- 40% formaldehyde very common preservative use in fish for toughening the 

muscles along with to preserve a long time while it supposes a carcinogen [6]. For this presence of formaldehyde, most of the 

retailers are penalized by law enforcement authority regularly though fish muscles produced some extent of formaldehyde 

naturally. The quantity of formaldehyde generated in muscles depends on the muscle types, storage temperature, catching time, 

and feed qualities [7,8]. Enzymatic degradation of trimethylamine-oxide (TMAO) plays a great role in the production of natural 

formaldehyde in sea fish muscles during postharvest storage [9,10]. The natural formaldehyde produced in muscle is small in an 
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amount that does not harm health but the higher amount may cause serious problems such as pain, vomiting, coma, and possible 

death [11]. 

Detection of formaldehyde level in fish is done by using a Formaldehyde detection machine or kit which just detects the presence 

or absence but not determine the actual level of it. Furthermore, these methods may have interfered with the presence of other 

aldehydes, ketones, or alcohol in the air. Most of the previous studies reported the level of total formaldehyde at a single time 

during post-harvest but not determined the natural formaldehyde level in fish muscles with elapsing of time. So there is no clear 

evidence of how much natural formaldehyde produced in fish muscle and how it's associated with quality of fish with time 

passing. Regarding these situations, the concentration of naturally occurring formaldehyde in common sea fish needs to be 

investigated that will give a clear message to the law-enforcement authority as well as fish vendors to preserve their fish without 

adding extra formalin. This study could rule out the confusion on the added amount of formalin used and natural formalin levels 

in fish muscles. Hence, this research aimed to determine the natural formalin level in sea fish with time changing and its 

association with shelf-life in the samples. 

2. METHODOLOGY 

2.1. Fish samples collection 

Locally available fresh fish samples were collected directly from the fisherman before they were stored to supply to the local 

market from the southeast coastal area Cox’s Bazar, Bangladesh. Among the most abundant fish species found in the southeast 

coastal area of Bangladesh namely Bombay duck (Harpadonnehereus), Seabass (Latescalcarifur), Silver pomfret 

(Pampuschinensis), Hilsha (Tenualosailisha), Silver jewfish (Pamapama) and Tuna (Euthynnusaffinis) were selected for this 

study. The fishes were frozen immediately in an icebox and transported to the laboratory in an insulated box. The natural 

formaldehyde level, pH, microbial qualities, and shelf-life of fish were analyzed in the laboratory of Applied Food Science and 

Nutrition and Poultry Research and Training Center (PRTC), Chattogram Veterinary and Animal Sciences University, 

Chattogram, Bangladesh. 

2.2. Formaldehyde Determination 

2.2.1. Sample preparation 

Frozen fishes were thawed at ambient temperature and then filleted, minced, and homogenized. From that minced fish sample, 

precisely 10g was blended with 200ml of deionized water and 10 ml of 10% phosphoric acid for digestion of fish muscles. After  

that, 4 ml of supernatant was taken and mixed with 1 ml of 0.4% 2, 4 DNPH, and 50ml perchloric acid solution. It was then 

vigorously stirred with dichloromethane followed by heating to volatilize dichloromethane, and then 1 ml methanol added to the 

mixer. The mixer was then mingled and filtered with .045µm filter before injection in sample injector [12]. 

2.2.2.  Standard curve establishment 

The standard formaldehyde solution was prepared as per 0.005, 0.01, 0.015, 0.02, 0.05 mg/L concentration. Then the standard 

solutions were run by UHPLC to get the corresponding peak area. Finally, the calibration curve was established by plotting the 

peak area against concentration in the Microsoft Excel sheet (Fig.1).  

 

Figure 1: Standard curve for formaldehyde concentration 
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Agilent 1100 (Agilent Technologies, USA) series machine was used to determine the formaldehyde in the fish sample. The C18 

column, D2 lamp, UV-detector, auto-sampler temperature at 20°C, oven temperature at 30°C, sample volume at 15µl, and 

detector at 365nm were set respectively before running the samples. The Mobile phase was the mixture of Acetonitrile 70% and 

deionized water 30% with a flow rate of 0.5 [12].  

2.3. pH determination 

The glass electrode pH meter's sensor was washed thoroughly with deionized water and standardized by the standard buffer 

solution at 7.00 and 3.00. A 5 gram of fish flesh was weighed and blended with 50 ml deionized water for 5 minutes. After that , 

the supernatant was separated and the pH was recorded by pH meter. 

2.4. Determination of shelf-life 

The shelf-life of fish samples were determined by a sensory panel who were experts on the freshness of fish. Overall quality was 

recorded on a hedonic scale of 0-10. The mean panel score for the sample was evaluated from the scores of different attributes. A 

score of 5 is taken as a borderline of acceptability and below was taken as rejection [13].  

2.5. Microbiological quality assessment  

The pour plate method was used to determine the microbial load of fish muscles. The total plate count was delimited by standard 

plate count methods. About 5 g of fish flesh was blended with 20 ml of 0.2% peptone water for 15 minutes and then 0.1 ml 

aliquot was spread onto plate count agar. After that, it is incubated at 37 °C for 48 hours and then the colony was counts 

expressed as colony-forming units per gram of muscle (CFU/g) [14].  

2.6. Statistical Analysis 

A descriptive analysis of samples was computed first. One -way ANOVA was performed to understand the significant difference 

between fish samples. All analysis was done by using the software SPSS version 17.0 (SPSS Inc., USA). The level of 

significance was set at ≤ 0.05. 

3. RESULTS AND DISCUSSION 

3.1. Natural formaldehyde level in sea fish 

The significant amount of natural formaldehyde was quantified in selected fresh sea fish samples. Figure 2 shows that initially, 

the level of naturally producing formaldehyde rose gradually in all fish samples concerning the time at a certain period and then 

declined with time passing. The results revealed that initial formaldehyde was lowest in Tuna and highest in Bombay duck of 

about 1.5 and 8.5 mg/kg sequentially besides Hilsha possessed second highest of concentration (7.5 mg/kg) and rest of the species 

were below 5 mg/kg. A study conducted by Uddin et al. reported that the concentration of naturally occurring formaldehyde 

increases slowly in the fresh fish sample to time which is similar to this study [15]. The amount of formaldehyde produced in 

muscles indicates the freshness and quality of fish which depends on some factors such as species, time and temperature of 

storage, seasons of catching, etc [16].  

The formaldehyde concentration in all specimens has risen until 10 hours except the Sea bass which value was increased to about 

5 hours and then decreased with elapsing of time. The highest concentration was found in Hilsha muscle (20.1 mg/kg) after 10 

hours, similarly, Bombay duck and Silver pomfret contained a higher amount of formaldehyde of about 18.9 and 18.1 mg/kg 

respectively. On contrast, Sea bass, Tuna, and Silver jewfish carried about 10.1, 12.8, and 11.2 mg/kg apiece. This may be due to 

the presence of trimethylamine oxide (TMAO) amount in the muscle of fish which breaks down and produced equal molar of 

formaldehyde. The amount increases in marine fishes during frozen storage and extends the amount in crustaceans during post-

harvest storage. Its levels were reported to be up to 400 mg/kg in Bombay-duck after cold storage [17, 18]. The formation of 

formaldehyde was more in Hilsha, Bombay duck, and Silver pomfret because of these are under the fatty fish group and also the 

higher microorganism’s activity. More lipids present in muscles oxidize and produce more formaldehyde.  [19]. Another 

explanation may be the fish that consume more zooplankton may have higher TMO in their muscle that produces higher 

formaldehyde [20,21].  

Finally, after 20 hours the formaldehyde level was significantly decreased in all species where the Bombay-duck (12.1 mg/kg) 

and Sea bass (5.2 mg/kg) contained the highest and lowest amount of formaldehyde sequentially. Formaldehyde residue was 

influenced by the surface area of fish, storage temperature, post-harvest time, as well as the amount of dark muscle present in 

muscles. The fish which contains higher dark muscles comprise a higher amount of natural formaldehyde during post-harvest 

storage than the white one [22]. The opposite result was observed in some sea fishes because of microbial activity which 

influences the formation of formaldehyde [23].  
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Figure 2: Changes in naturally occurring formaldehyde content with time of selected sea fish 

3.2. Changes in pH of the selected sea fish samples 

The pH values show an increasing trend in samples except for the Tuna muscle (0.03 units) and the highest increase in Silver 

Jewfish muscle by 0.82 units after 20 hours of room storage (Table 1).  From the results, it is seen that there is a back-pedal 

relationship of pH with formaldehyde production in fish muscles. The fish which produce the lowest amount of formaldehyde 

during storage in ambient temperature have the highest value of pH and vice versa. The initial pH of muscles was lower (around 

7.0), it may be due to the presence of glycogen in muscles which metabolized into lactic acid [24]. The pH value increases with 

time is attributed to the production of volatile basic compounds such as ammonia by fish spoilage bacteria and also due to the 

accumulation of alkaline compounds through autolytic activities and microbial metabolism has been described in earlier studies 

[25-27]. Conversely, many researchers agreed that the pH of the fish muscles showed a decreasing trend when stored in ice-

storage [28, 29].  

Table 1: Changes in pH of the selected sea fish samples 

 

Time 

(hr) 

Bomby duck Seabass Silver Jewfish Hilsha Tuna SilverPomfret 

0 6.73±0.01
a 

6.80±0.02
a 

7.02±0.01
a 

6.82±0.02
a 

7.30±0.44
a 

6.77±0.02
a 

2 6.80±0.01
b 

6.82±0.01
a 

7.03±0.02
a 

6.92±0.02
b 

7.00±0.05
a 

6.82±0.02
a 

5 6.96±0.02
c 

6.96±0.04
ab 

7.14±0.02
b 

7.01±0.04
c 

7.09±0.01
a 

6.97±0.01
b 

10 7.13±0.02
d 

7.14±0.04
b 

7.43±0.03
c 

7.12±0.02
d 

7.22±0.02
a 

7.05±0.04
c 

20 7.23±0.01
e 

7.39±0.19
c 

7.84±0.08
d 

7.50±0.05
e 

7.33±0.02
a 

7.27±0.02
d 

 

Values carrying different superscripts are significantly (P<0.05) different from each other when compare all 

pairs of columns. The results presented arethe means of three values followed by their standard deviation. n=3 

 

3.3. Microbial properties of selected sea fish samples 

The initial amount of total microbial load in sea fish samples of about 4.52-6.12 log10 CFU/g (Table 2) indicates that the quality 

of sea fish had been good as it ranged from 2 to 6 log10 CFU/g [30]. This load varies from species to species depending on the 

place of catching, condition, and temperature of post-harvest operations of fishes [31]. In this study, the total bacterial load of 

fresh fish was found to be similar to those reported in the literature for fish stored aerobically and the count was lower than the 

value recommended by the International Commission of Microbiological Specification for Foods [32]. From the results, it was 

observed that amount of microbial load significantly increased in all samples with time crawling and was very high of about 15.76 

and 14.41 log10 CFU/g in Silver jewfish and Sea bass respectively after 20 hours (Table 2). 

The fish which produced a lower amount of formaldehyde in their muscle during storage had a higher microbial load with lapsing 

of time. This finding is alike to a study report where the initial total plate count of M. rosenbergii was 1.6 ×102 which was 

increased to 8.6 ×107 after exposed to ambient temperature for 8 hours [33]. Furthermore, another study also found volatile amine 

producing bacteria in sardine stored at an ambient temperature of 25 - 28°C. This may be due to the fixative properties of 
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formaldehyde by which it forms cross-bridges in protein and DNA molecules and toughening the muscles. Microorganisms are 

present on the external surface (including slime) and in the gut of fish. After death, they gradually invade the flesh while 

producing an ideal media for their growth and multiplication. As formaldehyde acts as a preservative, this why microbes invading 

into the fleshes was lower which produced higher formaldehyde during storage [34].  

Table 2: Total microbial load (log10 CFU/g) of the selected sea fish samples 

 

Time 

(hr) 

Bomby duck Seabass Silver jewfish Hilsha Tuna Silver pomfret 

0 4.74±0.03
a 

5.48±0.02
a 

6.12±0.03
a 

4.83±0.08
a 

5.11±0.05
a 

4.52±0.07
a 

2 4.81±0.03
a 

5.87±0.03
b 

6.18±0.08
a 

5.24±0.05
b 

5.79±0.05
b 

4.86±0.04
a 

5 5.87±0.03
b 

6.26±0.06
c 

7.22±0.03
b 

6.33±0.04
c 

6.33±0.08
c 

5.54±0.09
b 

10 6.79±0.04
c 

8.12±0.12
d 

8.85±0.05
c 

7.69±0.05
d 

6.93±0.05
d 

7.73±0.25
c 

20 7.94±0.05
d 

14.41±0.04
e 

15.76±0.03
d 

11.90±0.05
e 

10.86±0.06
e 

10.91±0.11
d 

 

Values carrying different superscripts are significantly (P<0.05) different from each other when compare all 

pairs of columns. The results presented are the means of three values followed by their standard deviation. n=3 

3.4. Shelf life of selected sea fish samples 

As the shelf-life of fish is more pointed than other foodstuffs that's why fishmongers have used adulterant to extend the mean life 

of fish. The shelf life of six marine fish species is given in Figure 3. The data obtained in this study indicate that the fish which 

produced a higher amount of formaldehyde in their muscles has a long time of edibility and vice versa. From Figure 3 it is seen 

that Silver pomfret and Bombay duck possessed a higher (about 8.5 hours) shelf-life while Sea bass and Silver jewfish were of 

near about 7.5 and 6.5 hours sequentially. The reason behind this, fish species which contains high pH, water activity, and TMAO 

accelerate the growth of microorganism the most determinants to settle the shelf-life of samples [35, 36]. Autolytic enzymatic 

breakdown may be another possible reason as it softens the fish muscles during post-harvest storage [37, 38]. Likewise, lipid 

oxidation could affect the edibility of fish by producing rancid odor as well as decrease the admissibility by customers [39, 40].  

 

Figure 3: Shelf life of selected sea fish based on overall acceptability score 

4. CONCLUSION 

This study showed that a remarkable amount of natural formaldehyde produces in sea fish with time flies. However, the natural 

formaldehyde produced in fish samples influences longer shelf life while lower microbial load in muscle.   
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