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Abstract. Formaldehyde is dangerous to health because it is a carcinogen 
that can cause cancer. Jakarta Province has an integrated food control 
program, namely fish supervision, free from formaldehyde. The test results 
during the management there were several fish containing formaldehyde, 
namely moonfish (Lampris guttatus), hardtail scad (Megalaspis cordyla), 
rank goby (Saurida tumbill), and mackerel scad (Decapterus spp). There is 
no information regarding the detected formaldehyde in these fish, so this 
study aims to analyze the natural formaldehyde formation process of the four 
types of marine fish to ensure that the detected formaldehyde results from 
addition or naturally occurring. This study also describes how fishers in 
Jakarta consider environmental factors in the fish handling process. This 
study used a completely randomized design and ANOVA in determining 
levels of formaldehyde. The qualitative approach carried out using 
interviews and observations. The parameters studied were formaldehyde 
levels, Total Volatile Base (TVB), and Trimethyl Amin (TMA). The results 
showed that moonfish, hardtail scad, rank goby, and mackerel scad increased 
natural formaldehyde content during storage, namely 0 mg/kg on day 0 to 
6.51 mg/kg on day 18. The formation of natural formaldehyde in the four 
types of samples during storage in freezing temperature correlates with the 
degradation process based on the TVB and TMA parameters. Although the 
fishermen understand that environmental factors determine natural 
formaldehyde formation in fish, they are not worried because it does not 
directly impact consumers' health. Therefore, it is necessary to increase 
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environmental awareness for anglers to maintain consumer health.   

1 Introduction 

To achieve improvements in the Sustainable Development Goals (SDGs), the existence of 
a healthy national food control system plays an essential role in protecting consumer health, 
ensuring food security, and facilitating fair trade [1]. At present, there are many reports 
about the formaldehyde content in fresh fish [2], which is one of the social problems related 
to food safety in developing countries such as Malaysia, Indonesia, Thailand, and 
Bangladesh [3]. In 2002, WHO reported that high formaldehyde concentrations were found 
in marine fish when exposed to the environment longer without proper preservation [4]. 
Although a ban on formaldehyde has been enforced, there are still reports of illegal addition 
of this compound by fish sellers without regard for consumer safety [5]. 

Seafood is an essential part of a healthy diet, but seafood contamination can make it a 
source of foodborne diseases [6]. To ensure safe food for humans, a significant problem 
commonly faced in developed countries is quality compared to product prices [7]. Recent 
trends in food chain production, processing, distribution, and preparation enhance research 
to ensure global food supplies' security as consumers worldwide recognize the importance 
of health, balanced nutrition, and safe consumption [8, 9]. Among the many contaminants, 
attention has been paid to toxic volatile aldehydes such as formaldehyde, which is classified 
by the International Agency for Research on Cancer, in Group 1 as a human carcinogen that 
can cause cancer, asthma, lung damage, and leukemia in humans [10]–[12]. Besides, the 
consumption of foods containing formaldehyde can damage the nervous system, kidneys, 
liver [13]–[15]. Therefore, it is crucial to investigate the formaldehyde content in fish, which 
is claimed to be the primary contaminant of seafood, to understand the risks of consumption 
and provide food safety information [5]. 

The World Health Organization (WHO) estimates that formaldehyde levels are in the 
range of 1.5-14 mg/day (average 7.75 mg/day) for the average adult [4]. Meanwhile, 
according to the European Food Safety Agency (EFSA), daily formaldehyde exposure from 
the total diet should not exceed 100 mg formaldehyde per day [11], [16]. In Indonesia, the 
threshold value for formalin in the air, according to the National Standardization Agency 
for Indonesia [17], is 0.37 mg/m3 for the highest permissible level. 

Fish can produce formaldehyde from their bodies that naturally occur during the 
decomposition process; in dead fish, quality changes arise due to enzyme, biochemical, 
microbiological, and physical activity [18]. Formaldehyde is an enzymatic decomposition 
product of Trimethylamine oxide (TMAO) in fish during post-mortem storage and, as a by-
product, is Dimethylamine (DMA) [19]. Trimethylamine oxide demethylase (TMAOase) is 
an endogenous enzyme that plays a role in the breakdown of TMAO into formaldehyde and 
DMA [20]. The TMAOase enzyme has been detected in many Gadoid fish species and plays 
an essential role during frozen fish's deterioration process [21]. Fish must remain fresh until 
it reaches the final consumer, and this can only do by keeping it in freezing temperatures 
[22]. In practice, fish can go through many stages before entering the processing plant, thus 
increasing the handling time, which leads to decreased quality [23]. The decline in fish 
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quality can be caused by two factors, namely internal factors such as types of species and 
characteristics of fish meat, and external factors such as environment, cleanliness, storage 
temperature, handling, and transportation methods [19, 24, 25]. 

Jakarta Province has an integrated food control program to supervise fish in 125 markets 
in Jakarta free from dangerous substances such as formalin. This integrated food control 
program is carried out by taking fresh fish samples from markets and fisheries centers in 
Jakarta and then conducting on the spot formaldehyde testing by the Fisheries Product 
Inspection and Certification Production Center laboratory using a mobile laboratory car. 
According to the test results, there were several fish that contained formaldehyde, including 
moonfish (Lampris guttatus), hardtail scad (Megalaspis cordyla), rank goby (Saurida 

tumbill), and mackerel scad (Decapterus spp). Therefore, it is essential to investigate these 
fish's formaldehyde content to understand the risk of consumption and provide food safety 
information. 

There is no clear information regarding the formaldehyde detected in moonfish 
(Lampris guttatus), hardtail scad (Megalaspis cordyla), rank goby (Saurida tumbill), and 
mackerel scad (Decapterus spp), so research to analyze the possibility of formaldehyde 
formation. This research was conducted to ascertain the origin of the formaldehyde detected 
in these fish is the result of addition or naturally formed. Besides, it is also necessary to 
explain how the Jakarta fishing community considers environmental factors in the fish 
handling process. Therefore, this study aims to analyze the formaldehyde from these fish 
and the ecological factors in fish handling to ensure food safety for fishery products 
circulating in Jakarta. 

2 Method 

The research materials used were four types of fresh fish, namely moonfish (Lampris 

guttatus), hardtail scad (Megalaspis cordyla), rank goby (Saurida tumbill), and mackerel 
scad (Decapterus spp). These four commercial fish types are selected as target samples based 
on integrated food safety monitoring in Jakarta Province, where four types of fish are 
indicated to contain formaldehyde. The weight of the fish used for moonfish is 15 700 ± 2500 
g, hardtail scad 350 ± 15 g, rank goby 250 ± 25 g, and mackerel scad 250 ± 20 g. Samples of 
hardtail scad, rank goby, and mackerel scad in the form of whole fish obtained from fishing 
boats landed by the Muara Angke fish landing center, while moonfish fish purchased at the 
Muara Baru modern fish market in the form of fillet fish. Fish samples brought to the 
laboratory in Jakarta packed in insulated crates containing crushed ice in layers with a 1: 3 
between fish and ice. Furthermore, each fish's meat divides into seven groups, stored at 
freezing temperature, and observed every three days for 18 days to see the amount of 
formaldehyde content formed. 

According to the National Standardization Agency, the determination of formaldehyde 
formation in the four types of fish first analyzed the proximate composition on the first day, 
namely moisture content, ash content, protein content, and fat content. Furthermore, analysis 
of Total Volatile Base (TVB) and Trimetil Amin (TMA) levels carried out using the Conway 
method. The concentration of formaldehyde is determined in two stages. The first stage is 
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the extraction of fish samples using Nash's extraction method (1953). The next step is to 
measure formaldehyde concentration in the appropriate sample using the Perkin Elmer 
Lambda 25 UV/VIS Spectrophotometer [19, 26]. This study used a completely randomized 
design (CRD), and the data were analyzed statistically by analysis of variance (ANOVA).  

This study also describes how the Jakarta fishing community considers environmental 
factors in the fish handling process using a qualitative approach through interviews. The 
qualitative approach in this study refers to previous research, where the researcher is a critical 
instrument that collects data through documentation, observes the behavior of respondents or 
participants, and interviews [27]. Using accidental snowball techniques, nine respondents 
selected for the interview; three respondents are fishermen, three workers on fishing boats, 
and three moonfish sellers in Muara Baru. The selected fishermen and boat workers come 
from fishing boats that catch hardtail scad, rank goby, and mackerel scad. All data in the form 
of interview transcripts were analyzed using qualitative descriptive methods and presented 
in narrative form. 

3 Results and discussion 

3.1 Proximate composition analysis 

The chemical composition of fish meat plays a role in making formaldehyde in a fish's body 
after death [28]. Proximate analysis is needed to see the rate of spoilage in fish; chemical 
damage can be caused by protein denaturation and fat oxidation [18]. The higher the protein 
and fat content in fish, the faster it causes changes in fish. The proximate analysis of the four 
types of fish in this study is present in Table 1. 

Tabel 1. Proximate composition of moonfish, hardtail scad, rank goby, and mackerel scad 

Kind of Fish 

Moisture 

Content 

(%) 

Ash Content 

(%) 

Protein 

Levels (%) 

Fat Levels 

(%) 

Moonfish (Lampris guttatus) 70,98 2,05 34, 14 12,63 
Hardtail scad (Megalaspis 

cordyla) 74,3 2,51 30,32 6,11 
Rank goby (Saurida tumbill) 74,95 2,19 29,06 3,74 
Mackerel scad (Decapterus spp) 73,54 3,62 31,47 1,9 

 
In Table 1, it can see that the fish meat with the lowest water content parameter (70.98%) 

was moonfish, while the highest (74.95%) was ranked goby. In the ash content parameter, 
fish with the lowest range (2.05%) was moonfish, and mackerel scad had the highest ash 
content (3.62%). The fish with the highest protein content (34.14%) was moonfish, while the 
lowest (29.06%) was owned by rank. Moonfish fat content (12.63%) is the highest among 
the four types of fish, saying that moonfish is a high-fat fish. The chemical composition of 
fish depends on species, age, sex, fishing season, habitat, and environmental conditions. The 
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protein and mineral content of fish meat is relatively constant, but water content and fat 
content fluctuate widely. If the fat content in beef is bigger, the water content will be smaller 
and vice versa [29]. The fat content of meat directly correlates with the total microbial growth 
in fish meat [18]. Probably a pathway for formaldehyde formation, which is why the natural 
formaldehyde content in fish with high-fat content tends to be higher than fish with low-fat 
content [30].  

3.2 TVB, TMA, and Formaldehyde content 

In fish after death, there is a change in quality, which leads to spoilage caused by enzyme, 
biochemical, physical, and microbiological activity [18]. Natural formaldehyde formation 
can occur during the decomposition process; the more rotten the fish, the higher the natural 
formaldehyde [24]. During both cold and frozen storage, the decomposition of TMAO in fish 
and other marine products will produce TMA, TVB, and formaldehyde [30]. TVB, TMA, 
and formaldehyde analysis results for four types of fish study are present in Figures 1, 2, and 
3. 
 

 
Fig. 1. TVB Content (mgN/100g) of Fish During Frozen Storage 

Figure 1 shows the results of TVB testing on four types of fish during freezing 
temperature storage. The TVB content of four types of fish increased during freezing 
temperatures, especially in rank goby fish after nine days of storage increased sharply on the 
12th day with TVB content already above 20 mgN/100g, which was low quality. The content 
of TVB is an indicator of fish spoilage, the limit for fish to be declared rotten, according to 
SNI 2354.8:2009, is the level of TVB 20 mgN/100g [31]. Meanwhile, moonfish fish showed 
rot on the 18th day of storage with a TVB content of 20.05 mgN/100g, and an increase of 
3.37 mgN/100g from day 0.TVB content continued to increase during storage. Due to the 
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occurrence of deterioration of quality or spoilage of fish meat. On the 18th day, the TVB 
content for moonfish, hardtail scad, rank goby, and mackerel scad were 20.05; 17.89; 27.26, 
and 18.49 mgN/100g. It means that each type of fish's durability or durability varies based 
on the formed TVB content. 

 

 
Fig. 2. TMA Content (mgN/100g) of Fish During Frozen Storage 

TMA measurement data for four types of fish during storage at freezing temperature is 
present in Figure 2 that shows that the TMA content of fish stored at freezing on day 18 for 
moonfish, hardtail scad, rank goby, and mackerel scads is 7.45; 1.06; 14.37; and 1.65 
mgN/100g. From the test results, it can see that the TMA content increases during cold 
storage; this is in line with the increase in TVB content because TMA is part of TVB so that 
its value is always lower than TVB [18]. TMA is a compound that provides a characteristic 
fishy odor from fish [32, 33]. TMA formation occurs in several stages, namely the first 
occurrence of choline oxidation by bacteria, which cuts the trimethylammonium group from 
choline to form trimethylamine-oxide (TMAO), then TMAO undergoes a reduction reaction 
to form TMA by enzymes [34]. The time and temperature of fish storage play an essential 
role in various formaldehyde content levels in fish species [35]. TMAO is more available in 
marine fish than in freshwater fish because of its function in the osmoregulation system. The 
formaldehyde produced naturally in marine fish muscles by bacteria or enzyme reactions 
becomes covalently bound in cross-links between peptide chains [10]. 
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Fig. 3. Formaldehyde Content (mgN/100g) of Fish During Frozen Storage 

The formaldehyde test results in Figure 3 were carried out based on SNI 2354-18: 2018 
using the spectrophotometric [36]. Figure 3 shows that fish's formaldehyde content stored at 
a cold temperature on day 18 for hardtail scad and mackerel scad was 1.59 and 0.67 mg/kg. 
The condition of the fish was still relatively fresh at that time, seen from the TVB value of 
fish meat, which was still below 20 mgN/100g except for moonfish and rank goby whose 
TVB values exceeded the standard of fresh fish and contained formaldehyde of 4.62 and 6.51 
mg/kg. The effectiveness of using freezing temperatures in inhibiting fish quality degradation 
can see from the low level of formaldehyde content until the 18th day of storage. The enzyme 
activity that breaks down TMAO is inhibited due to the use of freezing temperatures.  

This finding is in line with a research, which stated that the concentration of natural 
formaldehyde in fresh Opah fish ranged from 4.62 ± 0.00 mg/kg to 58.10 ± 0.46 mg/kg [28]. 
It is also in line with the natural formaldehyde research of beloso fish stated that the results 
on the observation day 0 were 0.22 mg/kg and continued to increase up to 7.45 mg/kg on the 
16th day of observation [2]. Natural formaldehyde for hardtail scad fish and mackerel scad 
was also presented in the study in previous study, which stated that the concentration of 
formaldehyde hardtail scad was 1.37 and 0.87 mg/kg [30].  

The World Health Organization (WHO) informs that in fishery products, natural 
formaldehyde content can be detected from a concentration of 1-98 mg/kg. This 
formaldehyde content varies depending on the type of food product [4]. Based on the test 
data for the four types of fish, it can conclude that the formaldehyde content formed during 
18 days of storage at freezing temperature does not exceed the threshold set by WHO 1.5-14 
mg/day and EFSA 100 mg per day. Although formaldehyde in fish occurs naturally, the 
dangerous risks of formaldehyde for health are the same as formaldehyde added illegally to 
food [28]. 
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3.3 Formaldehyde in the perception of fishers and fish traders 

Based on the interview results, respondents understood that formaldehyde, as a preservative, 
has prohibited the government and is harmful to consumers' health. However, anglers do not 
fully understand that poor handling onboard during harvest and inadequate storage conditions 
can naturally form formaldehyde in fish. In general, fishing boats have used refrigerators to 
store and freeze fish, but they still carry out handling by throwing fish, which causes the fish 
to be injured. The quality of fish raw materials plays an essential role in the quality of the 
final product; if conditions such as temperature, cleanliness or handling methods, and 
transportation are neglected, it will accelerate the spoilage process and reduce the fish [23]. 
Anglers understand that environmental factors determine the formation of natural 
formaldehyde in fish, but they are not worried because they do not show a direct health impact 
on consumers. 

Based on previous research, fish traders in the estuary have just learned that moonfish 
contain natural formaldehyde [37]. Moonfish was prohibited from landing at the port of 
Jakarta; however, these fish were supplied from Benoa Harbor, Bali using refrigerated cars. 
Moonfish is still found for sale by fish traders in the modern fish market of Muara Baru 
because it is still often sought after by buyers and its low price. Based on interviews, buyers 
who can use this fish are food stalls and catering entrepreneurs. This fish is preferred because 
it tastes delicious and is white so that consumers are interested in eating it.  

4 Conclusion 

Formaldehyde in fish stored at frozen temperatures is still formed during the storage 
process, as seen from increasing the amount of formaldehyde measured in fish meat. Based 
on these studies' results, formaldehyde found in four types of fish is naturally occurring 
formaldehyde. As seen in the test results of hardtail scad and mackerel scad on the 0th day 
of testing, the detected formaldehyde was 0 mg/kg, and on the 18th day, it was 1.06 and 
1.65 mg/kg with new conditions, TVB levels. below 20 mgN/100g. Meanwhile, moonfish 
and rank goby fish since the beginning of the test contained formaldehyde, which increased 
until the 18th day, namely 7.45 and 14.37 mg/kg, where freshness decreased quality with 
TVB levels above 20 mgN/100g. Based on previous research results, as long as the fish did 
not reach a maximum formaldehyde concentration exceeding 15 mg/kg, the fish was 
relatively safe for consumption. 

Lack of supervision and counseling from the government regarding the dangers of 
natural formaldehyde content in fish causes a lack of fishers' awareness in maintaining fish 
quality. Therefore, stakeholders, including government and policymakers, must take several 
priorities to formulate appropriate risk management strategies regarding the natural 
formaldehyde content in fish because the risk of natural formaldehyde hazards to health is 
the same as formaldehyde added illegally to food. 
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