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ABSTRACT 

Many conventional methods available that are used for determination of formaldehyde 

in fish samples, are complicated, time-consuming and costly. In this study, we develop 

an electrochemical nanosensor based on the modification of a glassy carbon electrode 

with chitosan, calcium oxide nanoparticles, ionic liquid, formaldehyde dehydrogenase 

enzyme and cofactor NAD+ for detection of formaldehyde in Scomberomorus 

commerson fish sample. Analysis was done using the cyclic voltammetry under 

optimized condition (0.1 V/S scan rate, pH 7.0 and 5 seconds). Methylene blue that 

was used as a redox indicator, was found to have significantly higher cathodic peak (I 

= -1.08 x 10-6 A) than without methylene blue (I = -0.89 x 10-6 A). Reproducibility, 

repeatability, storage stability and recovery assay in the fish sample were studied. 

Reproducibility of the electrode is good with RSD from 1.73 to 2.58 % while 

repeatability of the electrode is high with RSD from 5.04 to 6.30 %. Storage in the 

freezer did not significantly reduce (F=1.596, p=0.172) the concentration of 

formaldehyde in fish. Recovery of formaldehyde from Scomberomorus commerson fish 

sample spiked with 8 ppm formaldehyde was 8.79 %. Data was analysed using one

way ANOVA. The formaldehyde nanosensor developed is a very simple and fast assay 

for analysing formaldehyde levels in fish samples. The findings of this study allows 

further optimization of formaldehyde nanosensor and also to analyse samples obtained 

from fish samples in the wet market. 
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ABSTRAK 

Pelbagai kaedah konvensional yang terdapat di pasaran untuk kegunaan pengesanan 

formaldehid melibatkan prosedur rumit, mengambil masa yang panjang dan berkos 

tinggi. Dalam kajian ini, suatu nanosensor elektrokimia telah dihasilkan menggunakan 

elektrod karbon berkaca, diubahsuai dengan kitosan, nanopartikel kalsium oksida, 

cecair ionik, enzim formaldehid dehidrogenase dan kofaktor NAD+ untuk mengesan 

formaldehid dalam Ikan Tenggiri (Scomberomorus commerson). Aspek-aspek yang 

disebutkan telah dianalisis dengan voltammetri berkitar dalam keadaan optimum 

(kadar imbasan 0.1 VIs, pH 7.0 dan 5 saat). Metilena biru yang digunakan sebagai 

penunjuk redoks didapati mempunyai puncak katod yang lebih tinggi (1=-1.08 x 10-6 

A) daripada tanpa metilena biru (1=-0.89 x 10-6 A). Ciri-ciri elektrokimia seperti 

kebolehasilan, keterulangan, kestabilan dan ujian pemulihan bagi elektrod tersebut 

juga telah dikaji. Kebolehasilan elektrod adalah tinggi dengan sisihan piawai relatif dari 

1.73 ke 2.58 %. Keterulangan elektrod adalah tinggi dengan sisihan piawai relatif dari 

5.04 ke 6.30 %. Kestabilan formaldehid adalah tinggi dengan perubahan tidak ketara 

(p=0.172). Pemulihan formaldehid dalam sam pel Ikan Scomberomorus commerson 

yang telah ditambah dengan 8 ppm formaldehid adalah 8.79 %. Data yang direkodkan 

dianalisis menggunakkan ANOVA sehala. Biosensor formaldehid yang dihasilkan 

merupakan kaedah yang mudah dan cepat untuk menganalisis tahap formaldehid 

dalam sampel ikan. Keputusan dalam kajian ini dapat digunakan untuk 

mengubahsuaikan nanosensor formaldehid dengan lebih lanjut dan menganalisis 

sampel ikan yang lain. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Fish is consumed by humans as main source of protein, especially for coastal 

communities. Protein is an important building block of many important tissues and 

organs in our body. There are also some other essential nutrients that can be found in 

fish, such as docosahexaenoic acid (DHA) or omega-3 fatty acid found naturally in fish 

oil where these nutrients are important for the prevention of many diseases (Mazza et 

aI., 2007; Rubio-Rodriguez et al., 2010). The relationships and effects of omega-3 fatty 

acids with various diseases including Alzheimer, depression and effect to heart and 

brain were discussed by Mazza et al. (2007). 

Scomberomorus commerson, the narrow-barred Spanish mackerel (Ikan 

Tenggiri) is classified under family Scomberidae where research has shown that this 

family has highest percentage of DHA and eicosapentaenoic acid (EPA) content (Rubio

Rodriguez et al., 2010). It is among the fish favoured by residents in Arabian Gulf and 

Australia (Grandcourt et al., 2005). It contributes to 1 % of the total landed fish in 

Malaysia, which is especially high in Sarawak (Department of Fisheries Malaysia, 2014). 

However, there is lack of study of this fish. This high nutritional value content creates 

the need to study the safety of consuming this fish. 

Despite the high nutritional value of fish, the handling of fish must be taken 

care of to retain the nutrients. Microbial and enzymatic activities in fresh fish can 

deteriorate the fish and alter the biological compounds under normal freezing storage 

(Ashie et al., 1996). In the past, fishermen used Ice cube to preserve fish which can 
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only last for 8 to 14 days (Noordiana et al., 2011) to retain their freshness, lower the 

microbial activity and slow down the putrefaction before selling them in the market. In 

recent years, they have learned to use formaldehyde or better known as formalin (40 % 

formaldehyde) to preserve this fish as the chemical is a renowned food preservative 

(Marzuki et al., 2012b). This was proven by recent news and research, claiming the 

use of formalin in fish preservation is very popular, particularly in Asian countries 

(Tribun Network, 2012; Food Safety News, 2013). However, the doses of formalin used 

in the fish preservation activity has yet to be disclosed. Lack of knowledge on the lethal 

effect of formaldehyde has led to the misuse of this chemical. 

Formaldehyde is a very reactive gas state of chemical that is colourless (Latorre 

et al., 2011) but strong-smelling, irritating and highly flammable whereas formalin is 

the liquid state of the chemical (Noordiana et al., 2011). Formalin is commonly used 

as bath treatment in aquaculture and the preservation of any biological samples. This 

chemical is proven to be dangerous to threaten human health in many ways such as 

cancer, diseases and irritations (Duong et al., 2011; Noordiana et al., 2011; Latorre et 

al., 2011). The oral dosage limit in Malaysia should not exceeding 5 mg/kg (Food Safety 

and Quality Department, 2014) but the limit suggested by the United States 

Environmental Protection Agency is 0.2 mg/kg (Yeh et al., 2013). Monitoring of the 

use of formaldehyde in food need to be further studied. 

Many conventional methods are applied to quantify the concentration of 

formaldehyde in lab such as gas chromatography-mass spectrometry (GC-MS), high 

performance liquid chromatography (HPLC), Nash test and other chemical-based 

biosensor (Bechmann, 1996; Ngamchana and Surareungchai, 2004; Noordiana et al., 

2011; Yeh et al., 2013). Researchers suggested that the conventional methods have 

flaws and development of the methods are still in progress (Bechmann, 1996; 

Bechmann and Jorgensen, 1998; Ngamchana and Surareungchai, 2004; Yeh et al., 

2013). For examples, gas chromatography-mass spectrometry (GC-MS) and high 

performance liquid chromatography (HPLC) usually involve complicated laboratory 

procedures and dangerous chemicals which cannot be applied at field. Biosensor is 

developed to quantify formaldehyde and the results are comparable with that of the 

conventional methods (Ngamchana and Surareungchai, 2004). 
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Earlier amperometric biosensors were developed with enzyme entrapped in 

membranes (Dzyadevych et al., 2008). Electrochemical deposition (ECD) (Ammam, 

2014) of enzyme or immobilized enzyme (Krajewska, 2004; Marzuki et al., 2012b) is 

more stable and can be used repeatedly. Previous research was carried out on 

formaldehyde detection in fresh fish where various optimizations were done. Lowest 

formaldehyde level detected is recorded as 0.016 ppm (Marzuki et a/., 2012b) and 

shortest response time is less than 5 seconds (Borneo Post Online, 2013). However, 

the fresh fish sample examined is not done. 

Several modifications of the glassy carbon electrode (GCE) were done and the 

results are promising. The use of chitosan (CHm film for enzyme immobilization is low 

cost, zero toxiCity (Kumar, 2000; Krajewska, 2004) and easily controlled by pH 

manipulation (Rinaudo, 2006). Calcium oxide (CaO) nanoparticles are immobilized onto 

membrane along with formaldehyde dehydrogenase (FDH) enzyme to provide large 

surface areas for higher electrochemical reaction rate (Siddiquee et al., 2011). Ionic 

liquid was included in electrochemical electrode fabrication to produce high sensitivity 

and homogenous deposition (Wang et al., 2007). FDH is found to be specifically 

reacting with free formaldehyde (Masuda et al., 2013) where the presence of a cofactor 

NAD+ will provide higher stability of the formaldehyde detection (Ngamchana and 

Surareungchai, 2004). The use of redox indicator can also affect the performance of 

the GCE (Siddiquee et al., 2011). 

The characterization of modified electrodes includes the effect of redox reaction, 

pH, reproducibility, repeatability and spike recovery test (Marzuki et a/., 2012a). 

Methylene blue (MS) used in DNA biosensors produces higher redox signal (Garda

Gonzalez et al., 2014). High reproducibility implies the modified electrodes can be 

replicated by other observers using the same procedures and test materials while high 

repeatability represents the continuous measurement using the same subject (i.e. 

modified electrode) will yield similar results (Slezak and Waczulfkova, 2010). Other 

electrochemical behaviour of the electrodes studied was the effect of scan rate, waiting 

time and storage stability (Hakim, 2013). 

The present research continues the research of Marzuki et al. (20l2a) and 

Hakim (2013) to optimize the modified GCE with calcium oxide (CaO) nanoparticles, 
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ionic liquid l-Ethyl-3-methylimidazolium trifluoromethanesulfonate ([EMIM][Otf]) and 

chitosan (CHIl) nanocomposite membrane. Reproducibility and repeatability of the 

modified electrode (FDHjCaOj[EMIM][Otf]jCHITjGCE), and recovery assay and 

storage stability of FA in fresh fish sample were also studied. 

1.2 Justification of study 

Research on using a nanosensor for formaldehyde detection is limited to few species 

(Noordiana et al., 2011; Marzuki et al., 2012b). There is lack of research on the 

nanosensor based detection of formaldehyde in narrow-barred Spanish mackerel 

(Scomberomorus commerson) although this fish has high docosahexaenoic acid (DHA) 

and eicosapentaenoic acid (EPA), which are essential to human health. This study helps 

to determine the quality of Ikan Tenggiri that are favoured by Sabahan and also act 

as a stepping stone for the research on formaldehyde determination using nanosensor 

in a wide range of fish. 

1.3 Significance of study 

This research will enhance the modified electrode (FDHjCaOj[EMIM][Otf]jCHITjGCE) 

to effectively determine the level of formaldehyde in fresh fish samples in very short 

time. Furthermore, the enhanced electrodes can lead to development of portable 

formaldehyde detection device that can be used by public. A very low concentration of 

formaldehyde can be quantified and shown on the device that can benefit consumers. 

This study can also help government such as Ministry of Health to monitor the safety 

and quality of food and Fishery Department to monitor the use of formaldehyde in fish 

preservation. Researchers can use the result from this study for further development 

of biosensor in the future. 
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1.4 Objectives 

1.4.1 To optimize the modified glassy carbon electrode (GCE) based on calcium oxide 

(CaO) nanoparticles, ionic liquid and chitosan (CHIT) nanocomposite 

membrane. 

1.4.2 To determine the reproducibility, repeatability, recovery assay and storage 

stability in fresh fish sample. 

1.S Hypotheses 

1.5.1 The modified electrode (FDH/CaO/[EMIM][Otf]/CHIT/GCE) including with 

methylene blue (MB) will give higher peak current compared to without using 

MB. 

1.5.2 The modified electrode (FDH/CaO/[EMIM][Otf]/CHIT/GCE) will give higher 

reproducibility, repeatability, recovery rate and storage stability in fresh fish 

samples compared to other studies with similar modifications. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Formaldehyde (FA) 

Formaldehyde (FA) is used commonly in industrial processes to produce wood fixatives, 

dry cleaning solutions, cosmetics, textiles, detergents, soaps and shampoos. It is 

naturally found in foods such as coffee, caviar and cod (Latorre et al., 2011). Sources 

of FA might be combustion of wood, tobacco, natural gas and kerosene (Latorre et al., 

2011). Other than that, FA may also be formed from oxidation of polysorbate 80, 

ethoxylated alcohols and polyethylene glycol (Latorre et al., 2011). Formalin, another 

form of FA that contains methanol and water, is also been used in aquaculture for 

health management and hospital as disinfectant. Preservation of biological samples 

can be done using formalin (Ngamchana and Surareungchai, 2004). 

FA is also formed during the degradation of trimethylamine oxide In 

deteriorated fish (Bechmann, 1996). This chemical reacts with different proteins 

present in the fish tissue, leaving FA in two forms: free FA and bound FA. FA is possibly 

reacting with amino acid, proteins, nucleic acid and other organic materials in fish and 

causing protein denaturation (Yeh et al., 2013). Bound FA can be reversibly bound or 

irreversibly bound. To be able to differentiate the condition of FA in fish tissue is crudal 

as it will affect the yields of different analysiS methods. For instance, using steam 

distillation and sulphuric acid methods, reversibly bound FA will be converted and 

released as free FA (Bechmann, 1996). The difference between free FA and bound FA 

is highlighted and only the free FA that is toxic should be measured by any methods 

used (Bechmann, 1996). 
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FA concentrations in fish and seafood were analysed and the results varied 

greatly. Bombay duck or lizardfish has highest amount of FA (15.75 ~g/g) (Noordiana 

et al., 2011) which is compatible with the finding of higher increase in FA (55 ~g/g) in 

Iizardfish muscle in cold storage (Benjakul et al., 2003). The high FA level is related 

with the degree of denaturation of the fish. Other fishes such as mackerel, yellowtail 

scads and jewfish, however, show not distinctly different concentrations of FA (Mean 

value = 0.72-1.37 ~g/g) while threadfin bream has lowest amount (0.38 ~g/g) 

(Noordiana et al., 2011). 

Despite the naturally occurring FA, fishermen has misused FA to preserve fish 

for prolonged period (Noordiana et al., 2011). 26 Spanish mackerel from an Indonesian 

market were found formalin-positive (no disclosed value) after some lab tests (Tribun 

Network, 2012). Imported fish into United States' supermarket was also found contain 

unnatural FA concentrations, especially from the countries of China and Vietnam 

(Andrews, 2013). Recent news in Keningau, Sabah also proves that fishmongers are 

injecting formalin into the fish to keep them look fresh and long-lasting (Daily Express, 

2015). 

FA can cause allergy to some patients. Research claims that low concentration 

of FA might not be able to trigger the allergy reaction but capable of worsen the 

allergies and inflammation when in contact with the skin (Latorre et al., 2011). Besides, 

FA is found to be associated with reproductive and developmental toxicity in human 

body. A number of research has concluded that maternal exposure to FA will cause 

negative outcomes such as spontaneous abortion, abnormal menstruation, low birth 

weight and premature birth (Duong et al., 2011). Although the direct cause-effect 

relationship cannot be determined easily on human body, experiments on mice and 

other animals have also shown the negative effect of FA (Galli et al., 1983; Duong et 

al., 2011). 

As FA is known to be dangerous to human health, in 2004, International Agency 

for Research on Cancer (IARC) has listed FA as Group 1 carCinogenic to both human 

and animals (Noordiana et al., 2011). Different countries might have different 

limitations on FA concentration used as preservatives. For example in European Union, 
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permitted level for free FA is 0.1-0.2 % while there is no limit stated in any legislation 

in United States (Latorre et al., 2011). 

In 2012, the Committee for Risk Assessment (RAC) of the European Chemicals 

Agency has also labelled the lowest observed adverse effect concentration (LOAEC) of 

FA to be 2 ppm, where the development of polypoid adenomas, histopathological 

alterations and cell proliferation are claimed to be favourable (Gelbke et al., 2014). 

World Health Organization (WHO) has also limited FA exposure to maximum 0.08 ppm 

in 30 minutes while Occupational Safety and Health Administration (OSHA) limit the FA 

exposure to 0.75 ppm for 8 hours of a worker (Bunkoed et al., 2010). 

The United States Environmental Protection Agency (1999) proposes maximum 

oral reference dose (RfD) to be 0.2 mg/kg (Yeh et al., 2013). Under Malaysia Food Act 

1983, in Food Regulations 1985, Part V Regulation 20A states the permitted 

antimicrobial agents used for post-handling fish are Chlorine dioxide and Hydrogen 

peroxide (Food Safety and Quality Department, 2014), but there Is no FA stated in any 

of these regulations. Under the same Act, Part VIII Regulation 148 has stated the FA 

level of not exceeding 5 mg/kg for smoked meat (Food Safety and Quality Department, 

2014). Overall, there is no legislation control on the level of FA as food preservatives 

in Malaysia. 

2.2 Formaldehyde dehydrogenase (FDH) 

Formaldehyde dehydrogenase (FDH) enzyme is known to be speCific to react with FA 

(Masuda et al., 2013). With this feature, it was previously used for FA bioassay in fresh 

fish samples where recombinant yeast NAD+ and glutathione are used as coenzyme 

and co-substrate, respectively (Sibirny et al., 2011). FDH from Pseudomonas putida or 

PFDH is NAD+-dependent but does not require glutathione for the reaction (Tanaka et 

al., 2002), unlike other FDH. This PFDH is categorized into zinc-containing medium 

chain aldehyde family (Tanaka et al., 2002). 

Previously, FDH is used in colorimetric method for FA detection. When oxidation 

of FA occur, NADH is reduced at the same time. NADH generated will then reduce 
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tetrazolium salt present in the fish to formazane. The enzymatic reaction is based on 

photometric method of coloured formazane (Sibimy et al., 2011). 

On the other hand, the unique feature of PFDH is that the bound cofactor NAD+ 

in the enzyme itself is not released during the reaction (Tanaka et al., 2002). The 

reaction of PFDH is clearly explained by Tanaka et al. (2002) where two phases of 

reactions are involved. First, the aldehyde molecule is oxidized irreversibly by PFDH 

enzyme and form enzyme-NADH complex. Then, the complex can either dissociated 

into free NADH and enzyme or form with another aldehyde molecule to form enzyme

NADH-aldehyde complex. At pH ;;::: 9.5, the rate of aldehyde reduction will decrease 

however, the rate of NADH dissociation remains unchanged (Tanaka et al., 2002). 

FDH was found to be more stable in alkaline pH domain, but biosensor 

experiment by Nikitina et al. (2007) yields maximum response at pH 7.5. However, 

Masuda et al. (2013) have used pH 7.0 in FDH enzymatic reaction. NAD+ is used as it 

creates higher stability in the dehydrogenase reaction where the molecular oxygen will 

not be involved (Nikitina et al., 2007). NADH is also claimed to be a factor controlling 

FDH activity where the thermal stability is increased with the presence of NADH 

molecules (Yoshimoto et al., 2011). NADH molecules will tend to form thermostable 

complex or altered FDH. Due to the enzymatic properties of FDH, the temperature of 

treatment must not exceed 40°C to avoid denaturation of the protein (Masuda et al., 

2013). Highest activity of FDH liposome membrane is observed at 60°C but followed 

by immediate rupture (Yoshimoto et al., 2011). 

2.3 Narrow-barred Spanish mackerel (Scomberomorus commerson) 

Narrow-barred Spanish mackerel has an elongated body covered with small scales and 

appeared to be dark bluish-grey to bluish-green colour at the dorsal, silvery grey at its 

side and white colour belly (Bray and Schultz, 2014). It is easy to recognise as the 

body of adults contains 40-50 dark grey vertical lines whereas the juveniles have large 

oval spots on body and have fewer than 20 vertical lines. Mature females are found to 

have fork length of 70 cm while the males of 65 cm (Bray and Schultz, 2014). Maturity 
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of S. commerson is achieved in 1.9-2.1 years depending on the sex and they can live 

up to 14-16 years old (Grandcourt et al., 2005). Figure 2.1 illustrates the S. commerson. 

o 17 em 

FAD 

Figure 2.1 Narrow-barred Spanish mackerel, S. commerson (adapted from Bauchot, 

1987). 

S. commerson is widely distributed in the Indo-Pacific Ocean where they are 

usually found at shallow coastal waters at around 10-70 m depth (Grandcourt et al., 

2005) although some might be spotted in the water of 200m (Collete et al., 2011; Bray 

and Schultz, 2014). Adults appear to be solitary while the juveniles live in pack near 

creeks and estuaries with shelter (Grandcourt et al., 2005; Bray and Schultz, 2014). 

They feed on squids, shrimps and small fishes such as anchovies, clupeids and 

carangids (Grandcourt et al., 2005; Bray and Schultz, 2014). 

S. commerson are highly migratory fish where they travel along the entire east 

coast of Queensland, Australia although not all display the same behaviour. The 

migration might be due to low water temperature and the abundance of food. This fish 

is of main interest in Arabian Gulf (Hoolihan, 2004) and Australia. However, there is a 

minimum information on stock assessments in Southeast Asia fisheries. Over

exploitation and low rate of recruitment (Grandcourt et al., 2005) might have caused 

the near-threatened status of S. commerson (Collete et al., 2011) in International 

Union for Conservation of Nature and Natural Resources (IUCN) Red Ust. This fish Is 
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