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ABSTRACT
Quantitative determination of formaldehyde in three species of fresh and ice-packed fishes namely 
Labeo rohita (Hamilton, 1822), Pangasius pangasius (Hamilton, 1822) and Piaractus brachypomus 
(Cuvier, 1818) were conducted. The study observed different concentrations of formaldehyde in 
different body regions of all the studied ice-packed fishes. Among fresh fishes, formaldehyde was 
detected only in P. brachypomus. In the ice-packed fishes, formaldehyde concentrations were 
found in the range of 0.80-1.19 µg/g in L. rohita, 1.23-1.39 µg/g in P. pangasius and 0.86-1.15 
µg/g in P. brachypomus. The results indicated that there was additional formaldehyde in those ice-
packed fishes. Since, formaldehyde is carcinogenic, it will likely cause human health hazards. So, 
it must be avoided for use in preservation and storage of foods including fishes. The study showed 
that fresh fishes were better and safer than ice-packed fishes for human health.
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INTRODUCTION
According to the State Fisheries Department report 
(2021-22), the targeted fish production rate of  Manipur 
is around 57,000 metric tonnes however Manipur 
produced only around 33,000 metric tonnes in a year. In 
order to meet the demands of  the people, the remaining 
24,000 metric tonnes of  fish need to be brought in 
and imported from other states and neighbouring 
countries like Myanmar and Bangladesh. Fishes being 
highly perishable, their self-life is only around 8-12 hr 
depending on the species. Transportation to Manipur 
from the states like Andhra Pradesh, West-Bengal and 
Odisha took around 4-5 days so fish preservation and 
processing techniques should be used in proper way to 
reduce spoilage and in due consideration for human 
health. Preservation of  fish in ice is one of  the most 

effective ways used for retarding spoilage.[1] Icing is the 
main technique for fish preservation in India. Being a 
perishable commodity, fish can only be kept fresh in 
ice for 8 to 14 days depending on the species. Formalin 
treated Rohu fish can extend shelf  life by 6 days 
comparing to fresh one stored in ice so, many traders 
used formalin as preservatives considering only for the 
small profit in business.[2]

Formaldehyde (CH2O) is classified in the Group-I as 
carcinogenic to humans by the International Agency 
for Research on Cancer based on the evidence of  
nasopharyngeal cancer in humans.[3] Formaldehyde 
occurs in the gaseous form whereas 37% formaldehyde 
by weight in the liquid form is known as formalin. It 
has been reported as one of  the chemical mediators to 
cause programmed cell death called apoptosis and it is 
also highly reactive, flammable and colourless gas with 
pungent and irritating odour.[4] It can be decomposed 
at a temperature above 150ºC. It is used as a fixative in 
the hospital and anatomical laboratories for biological 
specimens. Most of  the food items including fishes 
naturally produced formaldehyde endogenously. 
However, there were many reports on the addition of  
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formaldehyde in the marketed fishes. Since fishes are 
highly perishable, traders used this harmful chemical 
intentionally to increase the shelf-life of  fishes. The 
main reason behind such malpractices include lack 
of  strict regulatory controls, inadequate cold storage 
facility, refrigeration, transport and increased demand 
from consumers.[4] Poor preservation facilities and 
distant transport reduces the quality of  fishes when it 
reached to consumers.[5] The World Health Organisation 
(WHO) and Food and Agricultural Organisation (FAO) 
worked together on risk analysis to tackle the food 
safety issues.[6] Since formaldehyde is carcinogenic 
and detrimental to human health, it is very necessary 
to check the ice-packed fishes marketed everywhere in 
Manipur specially the Imphal Market as it is the main 
trading centre. There was an issue of  banning those 
ice-packed fishes for 10 days in Manipur in 2018 in 
relation to formaldehyde contamination. There were no 
scientific reports regarding formaldehyde contamination 
of  fishes in the State. The present study was aimed to 
assess the presence of  formaldehyde in some selected 
freshly harvested and ice-packed fishes sold in the 
Imphal Market following the modified method of  CS 
Ng using UV-Vis Spectrophotometer.[7]

MATERIALS AND METHODS
Ice-packed fishes namely Pangasius pangasius weighing 
1025-1045 g with standard length 41.6-41.8 cm, Piaractus 
brachypomus weighing 1080-1185 g with standard length 
30.8-31.1 cm and Labeo rohita weighing 655-780 g with 
standard length 29.5-31.1 cm were collected from 
different fish vendors of  Imphal Market and packed in 
insulated ice box and brought to the Fishery laboratory 
at the Department of  Zoology, Manipur University. 
The freshly harvested fishes of  the above three species 
of  similar sizes and weight were collected from local 
fish farms. P. pangasius and P. brachypomus were collected 
from a farm at Wangoi Makha Leikai, Imphal-West 
district; Manipur and L. rohita were collected from a 
farm at Nongpok Lourembam Awang Leikai, Thoubal 
district, Manipur, India. The scales, viscera and fins were 
removed and the head, dorsal and ventral parts were 
taken from 6 fishes each of  freshly harvested and ice-
packed fishes for formaldehyde analysis following the 
modified method of  CS Ng.[7] The different parts were 
minced separately.
The minced fish samples of  5g each was weighed 
and added to 20 mL of  5% w/w TCA solution and 
homogenize properly with homogenizer and make it 
stand in ambient temperature for 30 min. The mixture 
was filtered through a Whatman No. 1 filter paper. 

Again, 10 mL of  5% TCA solution was added to the 
residue and kept it for another 30 min. and filtered. The 
combined filtrate was collected and adjusted the pH to 
6.0-6.5 with 0.1 N KOH or 0.1N HCl and made upto 
50 mL with distilled water. 3 mL of  the neutralized 
filtrate was taken and kept in a deep freezer (-20ºC) for 
1 hr. Finally, 3 mL of  Nash’s reagent was added to the 
neutralized filtrate and heated the solution in a water 
bath at 60ºC for 15 min. The absorbance at 412 nm 
was measured against the blank solution by UV-Vis 
spectrophotometer (AN-UV-6500N).
The chemicals used were Trichloroacetic Acid (TCA), 
acetic acid, formaldehyde, acetylacetone of  standard 
quality from Merck, HiMedia and SD’s Lab-Chem 
industry respectively. Nash’s reagent was prepared by 
mixing ammonium acetate (15 g), acetyl acetone (0.3 mL)  
and acetic acid (0.2 mL) in 100 mL distilled water. It 
is light sensitive and was kept in a dark-glass bottle. 
Standard formaldehyde stock solution of  1000 ppm was 
prepared by dissolving 0.3 mL of  37% formaldehyde 
in 100 mL distilled water and then diluted the stock 
solution 100 times to get 10 ppm standard working 
solution. 
Calibration curve was made by using a standard solution 
of  0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 ppm 
concentration of  formaldehyde prepared from 10 ppm 
working solution. 3 mL of  Nash’s reagent was added 
to each of  the concentration and heated in water 
bath at 60ºC for 15 min. The absorbance of  standard 
concentration of  formaldehyde was determined by 
measuring the absorbance at 412 nm using the UV-Vis 
spectrophotometer. A calibration curve was then 
plotted from the results obtained. Statistical analysis 
was performed by one way ANOVA using SPSS 21.0 
for windows. The formaldehyde content (µg/g) was 
calculated using the following formula:    

Where, A = Absorbance, f  = Factor of  formaldehyde.

RESULTS
The fresh P. pangasius did not detect any amount of  
formaldehyde in all the body regions. However, the 
ice-packed P. pangasius had certain significant values 
in different body regions. The dorsal region had 
significantly higher values (1.39±0.045 µg/g) followed 
by ventral (1.31±0.040 µg/g) and head (1.23±0.080 
µg/g) regions.
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In P. brachypomus, formaldehyde was detected highest 
in the ventral region followed by dorsal and head in all 
the body regions of  both fresh and ice-packed fish. The 
ventral (1.15±0.000 µg/g), dorsal (1.08±0.040 µg/g) 
and the head (0.86±0.035 µg/g) regions of  ice-packed 
P. brachypomus detected significantly (p<0.05) higher 
contents of  formaldehyde than the respective ventral 
(1.0±0.035 µg/g), dorsal (0.9±0.000 µg/g) and head 
(0.73±0.030 µg/g) regions of  fresh P. brachypomus. 
Different body regions of  fresh L. rohita did not detect 
any amount of  formaldehyde; however ice-packed L. 
rohita detected formaldehyde in all the body regions. 
The highest value (1.19±0.045 µg/g) was detected in 
the head followed by the ventral (1.11±0.090 µg/g) 
and the dorsal (0.80±0.045 µg/g) regions. Different 
body regions of  Ice-packed fishes detected different 
concentrations of  formaldehyde significantly (p<0.05). 
The mean formaldehyde content was found highest in 
the P. pangasius followed by L. rohita and P. brachypomus.

Table 1: Formaldehyde content in different  
body regions of some selected Fresh and  

ice-packed fishes.
Fish Body 

region
Absorbance 

(ppm)
Formaldehyde 
content (µg/g)

L. rohita  
(Ice-packed)

Head 0.027±0.001 1.19±0.045b

Dorsal 0.018±0.001 0.80±0.045a

Ventral 0.025±0.002 1.11±0.090b

L. rohita 
(Fresh)

Head ND ND

Dorsal ND ND

Ventral ND ND

P. pangasius 
(Ice-packed)

Head 0.030±0.002 1.23±0.080a

Dorsal 0.034±0.001 1.39±0.045b

Ventral 0.032±0.001 1.31±0.040ab

P. pangasius 
(Fresh)

Head ND ND

Dorsal ND ND

Ventral ND ND

P. 
brachypomus 
(Ice-packed)

Head 0.024±0.001 0.86±0.035b

Dorsal 0.030±0.001 1.08±0.040d

Ventral 0.032±0.000 1.15±0.000d

P. 
brachypomus 

(Fresh)

Head 0.022±0.001 0.73±0.030a

Dorsal 0.027±0.000 0.9±0.000b

Ventral 0.030±0.001 1.0±0.035c

The values in the same column having similar superscripts did not differ significantly 
(p<0.05). Significant difference compared for the same species of fresh and ice-
packed fish. ND = Not detected.

DISCUSSION
Different body regions of  fresh P. pangasius and L. 
rohita were not detected any amount of  formaldehyde 
however fresh P. brachypomus detected certain amount 

of  formaldehyde ranging from 0.73 µg/g in the head 
region and 1.0 µg/g in the ventral region. Detection 
of  formaldehyde in fresh P. brachypomus revealed that 
whether the formaldehyde obtained may be from the 
endogenous production from the fish itself  or from 
the artificial feeds or may be from water treated with 
formaldehyde meant for treatment of  fungal and 
parasitic actions. Study conducted by Jaman et al.[8] 
reported that formaldehyde was detected in the fresh 
Rohu (1.45 µg/g), Tilapia (1.85 µg/g) and Thai koi  
(2.60 µg/g) and concluded that fresh water fishes 
contained naturally occurring formaldehyde in their 
muscles. Hossain et al.[9] reported that fresh Rohu fish 
from the pond detected natural formaldehyde to some 
extent and also found that the imported Rohu had 
significantly higher concentration of  formaldehyde 
(~3.4 folds) than that of  fresh one. Whereas all the three 
species of  ice-packed fishes in the present study detected 
certain concentrations of  formaldehyde in different 
body regions. The values were found ranging from  
0.80 µg/g in the dorsal region of  L. rohita and 1.39 µg/g 

in the dorsal region of  P. pangasius. The results of  the 
present study showed that the ice-packed fishes contain 
some amounts of  added formaldehyde. Different 
concentrations of  formaldehyde in different body 
regions of  ice-packed fishes might be due to differences 
in the application techniques either by dipping or 
spraying by the formalin. The mean formaldehyde 
content in ice-packed fishes were found highest in 
P. pangasius compared to L. rohita and P. brachypomus. 
Though the mean values of  formaldehyde content in all 
the three species of  ice-packed and fresh P. brachypomus 
were relatively low, the values were higher than  
0.2 µg/g which is the maximum daily dose reference for 
formaldehyde given by the United States Environmental 
Protection Agency (US EPA).[10] Malaysian Food 
Regulation, 1985 established maximum limit of  5 µg/g  
of  formaldehyde in fish and fish products. Oral 
exposure to formaldehyde recommended by European 
Food Safety Authority or EFSA were 1.7 and 1.4 µg/g 
body weight per day for 60 kg and 70 kg respectively 
in humans.[11] Formaldehyde value ranging from  
10-20 mg/kg in fishes were not considered acceptable 
for humans.[12] Joshi et al.[13] have observed formaldehyde 
contents of  0.39-2.32 µg/g in some selected fishes  
from the wet markets of  Kathmandu valley, Nepal. 
Jaman et al.[8] have obtained formaldehyde concentration 
between 1.4-7.35 µg/g in fishes from three different 
wet markets of  MymenSingh mechhua bazaar.  
Finfish and shellfish samples of  different fish markets 
have formaldehyde values in the range of  0.33 to  
16 mg/kg.[8,9,13-17]
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Presence of  naturally occurring formaldehyde in marine 
fishes is an established fact due to the presence of  
Trimethylamine Oxide (TMAO). During enzymatic 
reaction, TMAOase catalyses the breakdown of  TMAO 
to equimolar amounts of  formaldehyde and Dimethyl 
Amine oxide (DMA).[18-20] Formalin was used in cultured 
fish to control external parasites. It was approved by the 
United States Food and Drug Administration (USFDA) for 
the control of  parasites and fungi in marine fish farming. 
Used of  formalin in aquaculture was not permitted in 
Australia, Europe and Japan due to its carcinogenic 
effect.[5] Ingestion of  30 mL of  formalin can cause death 
of  an adult human being.[21] According to Zhang et al.[22] 
chronic inhalation of  formaldehyde can cause respiratory 
symptoms and irritation of  eyes, nose and throat. People 
who are engaged in spraying or injecting formalin for 
long period of  time may have blindness, asthma and 
lung cancer.[23] Moreover, formaldehyde reacts with 
protein and subsequently causes protein denaturation 
and muscle toughness during improper storage of  fish.
[24] Not only protein denaturation and muscle toughness, 
it also reduces water holding capacity[25] leading to lower 
acceptability as well as functionality.[26] Thus, affecting the 
nutritional quality of  fishes as well. Sanyal et al.[27] reported 
that the added formaldehyde content can reduce to some 
extent during ice storage of  fish due to loss along with ice 
melt water. It was also reported that roasting and boiling 
helped in decreasing the concentration of  formaldehyde 
by evaporation.[28] 

CONCLUSION
The present study observed different concentrations 
of  formaldehyde in different body regions of  all the 

studied ice-packed fishes. The results indicated that 
there was additional formaldehyde in those ice-packed 
fishes. The study showed that fresh fishes were better 
and safer than ice-packed fishes for human health. 
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SUMMARY
Since formaldehyde is carcinogenic, consumption 
of  fishes treated with formaldehyde in lower doses 
or concentration will also give several health issues 
accordingly. Therefore, use of  formaldehyde in every 
food item as food preservatives may likely cause human 
health hazards. Proper handling, storage, packaging of  
food items must be maintained. Therefore a proper 
surveillance and implementation of  food safety 
measures should be followed for better human health.
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