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ABSTRACT 

Histidine is precursor for histamine (4-(2-aminoethyl) imidazole) formation through a process 

called decarboxylation with the aid of histidine decarboxylase enzyme possessed by 

particular bacterial species. Since storage temperature is highly influenced the formation of 

histamine, a study regarding histamine and bacterial count was conducted. Longtail tuna was 

stored at -20, 4, 15, 25 and 37 ̊C and analysis of bacteria and histamine was done for every 48 

hours till reaching 196 hours for freezing and chilling storage temperature. Histamine 

determination and bacterial count was taken for every 0, 6, 12,18 and 24 hours for 15, 25 and 

37 ̊C. At 0 day of storage for -20̊ C, gut and non gut fish samples showed histamine level of 

3.496 mg/100. Reduction of histamine levels took place after 48 hours of storage but 

increased later throughout the storage period up to 8 days, reaching a value of 4.84 and 3.78 

mg/100 g for gut and non gut tuna, respectively. Similar trend of result was seen at 4 ̊C where 

a gradual increase of histamine concentration was observed throughout the storage period. 

However, the histamine level in gut tuna exceeded the safety level at day 8. At temperature 

15 and 25 ̊C, the gut fish meat is not safe for consumption at 24 hours. Meanwhile, the safety 

limit can be seen within 12 hours and 18 hours of storage in gut and non gut fish stored at 

37 ̊C, respectively. For bacterial cell enumeration, at -20 ̊C, the initial count of bacteria is 5.4 

Log CFU/g for both fish condition. The count then slightly increased to 6.28 and 5.91 for 

gutted and non gutted respectively at 48 hours till reaching last storage time. Similar trend 

was recorded at 4, 15, 25 and 37 ̊C from time to time. However, bacterial count is largely 

seen at 37 ̊C. This may be due to the presence of spoilage bacteria that can deteriorate the 

quality of fish. 
 

INTRODUCTION 

Histamine (4-(2-aminoethyl)imidazole) is a heterocyclic amine (Ten-Brink et al., 1990) that is 

produced from the decarboxylation of free histidine catalyzed by histidine decarboxylase possessed 

by particular bacterial species. Histamine can be found in various of foods such as fish products (Chen 

et al., 2008; Tsai et al., 2005), sausages (Suzzi & Gardini, 2003), cheese (Joosten & Nunez, 1996), 

raw fish (Kim et al., 2002; Tsai et al., 2005) and fish sauce (Jiang et al., 2007; Kuda & Miyawaki, 

2010; Park et al., 2001). Highly contaminated foods with histamine are prone to cause histamine 

intolerance in sensitive human while in fish and fish products, histamine has tendency to cause food 

poisoning.  

Scombroid poisoning is a seafood related illness closely linked to the formation of histamine   on 

spoiled or bacterially contaminated Scombridae and Scomberesocidae fish family (Murray et al., 

1982). Tuna, mackerel, bonito and saury are scombroid fish that usually associated with scombroid 

poisoning due to accumulation of high levels of free histidine in their muscle (Lehane & Olley, 2000). 
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However, non scombroid fish such as mahi-mahi, bluefish, herring and sardine have no 

exception to implicate in histamine fish poisoning (Hwang et al., 2012).  

 
The onset of poisoning takes place within 10 minutes to two hours after ingesting toxic fish (Murray 

et al., 1982). The symptoms of scombroid poisoning are mild illness with variety of symptoms 

including rash, urticaria, edema, inflammation, nausea, vomiting, diarrhea, abdominal cramps, 

hypotension, headache, palpitation, flushing, tingling, burning, itching (Taylor, 1986). However, 

suffering individual will experience only a few of these symptoms. Histamine poisoning commonly 

go unnoticed due to fast recovery at which infected person usually takes three hours, but in few cases 

they can last for several days (Kim et al., 2001). Severity of the symptoms is differed in terms of 

individual’s sensitivity and amount of histamine ingested.  

 

Temperature is a fundamental in controlling quality of fish and fish products. Improper control of 

temperature during transport, storage, or manufacturing of food products can lead to histamine 

contamination which allowed multiplication of histamine forming bacteria and liberation of 

histamine.  Histamine is commonly formed after exposing fish to ambient temperature after catch and 

increase of temperature and time during storage can rise up the levels of histamine. Low storage 

temperature of fish has been guaranteed as a safe level to control histamine producing bacteria.   
 

 

MATERIALS AND METHODS 

 

Samples collection and preparation 

 

Longtail tuna was purchased from Setiu areas, Terengganu, Malaysia. After purchasing, the fish 

samples were stored in cool box with ice and transported to laboratory for analysis. Upon arrival at 

the laboratory, half fish samples was remained non-gutted and another half was gutted and placed in 

individual polyethylene bags according to different storage temperature and different day of storage.  

The samples were used for every 48 hours for -20 ̊C and 4 ̊C for 8 days and every 6 hours for 15 ̊C, 

25 ̊C and 37 ̊C for a day respectively.   

 

Histamine analysis 

 

Histamine analysis was followed the protocol described by Patange et al. (2005). Firstly, fish muscle 

(5g) was taken from the dorsal part of fillet without skin and transferred to 75 ml centrifuge tube. The 

sample was homogenized with 20 ml of 0.85% NaCl solution (saline) for 2 min using a high speed 

blender and centrifuged at 12000 x g for 10 min at 4 C̊. The supernatant was made up to 25 ml with 

saline. The muscle extract was used immediately for further analysis. In a glass-stoppered test tube, 1 

ml of the extract was diluted to 2 ml with saline and 0.5 g of salt mixture containing 6.25 g of 

anhydrous sodium sulfate to 1 g trisodium phosphate monohydrate was added. The tubes were 

stoppered and shaken thoroughly. 2 ml of n-butanol was then added and the tubes shaken vigorously 

for 1 min and allowed to stand for 2 min and then shaken briefly to break the protein gel. The tubes 

were further shaken vigorously for few seconds and then centrifuged at 3100 x g for 10 min. The 

upper butanol layer (only 1 ml) was transferred into a clean and dry test tube and evaporated to 

dryness in a stream of nitrogen. The residue was dissolved in 1 ml of distilled water and then reacted 

with p-phenyldiazonium sulfanate reagent. The absorbance of the color produced was measured 

immediately after 5 min at 496 nm using distilled water as a reference and the concentration of 

histamine was obtained from the standard curve. 

 

Microbiological analysis 

 

A 25-g portion of the longtail tuna sample was homogenized at high speed for 2 min in a sterile 

blender with 225 ml sterile potassium phosphate buffer (0.05 M, pH 7.0). The blender was sterilized 

by autoclaving for 15 min at 121 ̊C. The homogenates were serially diluted with a sterile phosphate 
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buffer, and 1.0 ml aliquots of the dilute were poured into aerobic plate count (APC) agar containing 

0.5% NaCl. Bacterial colonies were counted after the plates were incubated at 35 ̊C for 48 h. 

Triplicates were taken for bacterial analysis. Bacterial numbers in the samples were expresses as log10 

colony forming units (CFU)/g.  

 

RESULTS AND DISCUSSION 

 

The histamine concentrations of longtail tuna at -20, 4, 15, 25 and 37 ̊C are shown in Fig. 1. 

Histamine in gutted and non-gutted longtail tuna stored at -20̊ C at day 0 with a level of 3.496 

mg/100. The histamine levels showed decreasing value at 48 hours and turned to increase throughout 

the storage period, reaching a value of 4.84 and 3.78 mg/100 g for non-gutted and gutted tuna 

respectively at 192 hours which was considered as a safe level by FDA standard. The formation of 

histamine at cold storage temperature (4 ̊C) showed similar trend with the previous temperature at 

which gradual increase was observed throughout the storage period. However, the histamine level in 

non-gutted tuna exceeded the safety level at 192 hours. At temperature 15 and 25 ̊C, the non-gutted 

fish meat is not safe for consumption at 24 hours. Meanwhile, the safety limit can be seen within 12 

hours and 18 hours of storage in non-gutted and gutted fish stored at 37 ̊C, respectively. 

 

A                                                                                  B 

 

C                                                                                 D 
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Fig 1. Histamine accumulation in  gutted and non-gutted tuna meat at -20 ̊C (A), 4  ̊C (B), 15 ̊C(C), 

25 ̊C(D) and 37 ̊C (E) 

 

Temperature is the major determinant for histamine formation. Combination of time and temperature 

affect concentration of biogenic amine at which longer times and higher temperatures will lead to 

greater microbial growth and biogenic amine formation (FAO & WHO, 2012). ). Low storage 

temperature of fish has been guaranteed as a safe level to control histamine producing 

bacteria. A storage temperature of -20 ̊C may inactivate some of the decarboxylase enzyme bacteria 

(FDA, 2001). Kim et al. (2010) found no change of histamine concentrations in mackerel, saury, 

Spanish mackerel and amberjack samples when stored at -20 ̊ C. The finding from the previous study 

agreed with that of Afsharmanesh et al., (2013) who found no histamine level in Thunnus albacares 

which stored in frozen method. In the present study, histamine concentration increased both in gut and 

non gut tuna. This may be due to initial contamination during and after catching. Prolong exposure to 

room temperature during defrost might increase histamine concentration in tuna.  Silva et al. (1998) 

reported rise of histamine content at 10 and 4 ̊C, but notable amounts were detected after 3 days at 10 

̊C and 6 days at 4 ̊C. A study conducted by Rossano et al., (2006), are in agreement that histamine 

level increase with time of storage when stored at 4 ̊C.  

Storage at 15, 25 and 37 ̊C encouraged unsafe level of histamine mainly in non-gutted samples. Tsaiet 

al. (2005) reported that in milkfish, the highest histamine content was detected at 399 mg/100 g after 

24 h at 25 ̊C and 419 mg/100 g after 12 h at 37  ̊C. When stored at 15 ̊C, the fish samples continued to 

accumulate histamine up to 96 h, reaching 199 mg/100 g in sailfish. The primary contributor of 

histamine at high temperature is Morganella morganii (Klausen & Huss, 1987) which can provide 

large amount of histamine in fish. In the present study, all gut tuna exhibited high concentration of 

histamine in all temperatures compared to non-gut sample. This probably due to large amount of 

bacteria dominated in viscera area rather than other fish parts. In fact, not much difference (p<0.05) 

can be seen between gut and non gut fish maybe because of short time interval.  
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Table 1 indicated bacterial count in gutted and non-gutted longtail tuna at -20, 4, 15, 25 and 37 ̊C. At -

20 ̊C, the initial count of bacteria is 5.4 Log CFU/g for both fish condition. The count then slightly 

increased to 6.28 and 5.91 for gutted and non-gutted respectively at 48 hours till reaching last storage 

time. Similar trend was recorded at 4, 15, 25 and 37 ̊C from time to time. 

 

Table 1. Bacterial count in gutted and non gutted tuna meat at -20 ̊C (A), 4  ̊C (B), 15 ̊C(C), 25 ̊C(D) 

and 37 ̊C (E).  

 A 

Storage time 

(hours) 

Bacterial count  (Log CFU/g) 

Gutted Non gutted 

0 5.4 5.4 

48 6.28 5.91 

96 6.4 6.1 

144 6.59 6.43 

192 6.64 6.46 

 

     B 

Storage time 

(hours) 

Bacterial count  (Log CFU/g) 

Gutted Non gutted 

0 5.4 5.4 

48 6.4 6.26 

96 6.53 6.35 

144 6.61 6.37 

192 7.45 7.3 

     C 

Storage time 

(hours) 

Bacterial count  (Log CFU/g) 

Gutted Non gutted 

0 5.26 5.26 

6 5.35 5.3 

12 5.71 5.68 

18 6.69 6.6 

24 6.76 6.71 
 

     D 

Storage time 

(hours) 

Bacterial count  (Log CFU/g) 

Gutted Non gutted 

0 5.68 5.68 

6 5.16 4.8 

12 5.39 5.35 

18 6.59 6.49 

24 7.23 7 
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 E 

Storage time 

(hours) 

Bacterial count  (Log CFU/g) 

Gutted Non gutted 

0 3.43 3.43 

6 6.53 6.01 

12 7.62 7.5 

18 7.71 7.61 

24 9.75 9.7 
 

Bacterial count is largely seen at 37 ̊C. This may be due to the presence of spoilage bacteria that can 

deteriorate the quality of fish. In fact, the fish stored at 37 ̊C undergo earlier deterioration rather than 

other temperature by having foul smell at 12 days and protruding belly and eyes at 24 days.  

 

ACKNOWLEDGEMENT 

This research was funded by the Ministry of Higher Education Malaysia through grant 

NRGS/2015/53131/21. 

 

REFERENCES 

Afsharmanesh, S., Peighambari, Y., Shabanpure, B., Hosseini, A.Z. (2013).Survey of quality control 

in whole yellowfin tuna (Thunnus albacares) using relation of biogenic amines with 

psychrophilic bacteria load during frozen storage. World Journal of Fish and Marine Sciences 

5 (5): 527-532  

Chen, H.C., Kung, H.F., Chen, W.C., Lin, W.F., Hwang, D.F., Lee, Y.C., Tsai, Y.H. (2008). 

Determination of histamine and histamine-forming bacteria in tuna dumpling implicated in a 

food-borne poisoning. Food Chemistry 106: 612–618 

FAO/WHO [Food and Agriculture Organization of the United Nations/World Health 

Organization].(2012). Public health risks of histamine and other biogenic amines from fish 

and fishery products. Meeting report 

Food and Drug Administration (FDA). (2001). Scombrotoxin (histamine) formation. InFish and 

fisheries products hazards and controls guidance (3rd ed., pp. 83–102). Office of Seafood, 

Washington, DC 

Jiang, J.J., Zeng, Q.X., Zhu, Z.W., Zhang, L.Y. (2007). Chemical and sensory changes associated Yu-

lu fermentation process: A traditional Chinese fish sauce. Food Chemistry 104: 1629–1634  

Joosten, H.M.L.J., Nunez, M. (1996). Prevention of histamine formation in cheese by bacteriocin-

producing lactic acid bacteria. Applied and Environmental Microbiology 62(4): 1178-1181 

Kim, S.H., Field, K.G., Chang, D.S., Wei, C.I., An, H. (2001). Identification of bacteria crucial to 

histamine accumulation in pacific mackerel during storage. Journal Food Protection 64(10): 

1556-1564 

Kim, M.K., Mah, J.H., Hwang, H.J. (2009). Biogenic amine formation and bacterial contribution in 

fish, squid and shellfish. Food Chemistry 116: 87–95  

Klausen, N.K., Huss, H.H. (1987). Growth  and  histamine  production  by  Morganella  

             morganii under  various  temperature  conditions. International Journal of Food Microbiology  

5: 147-156 

Kuda, T., Miyawaki, M. (2010). Reduction of histamine in fish sauces by rice bran nuka. Food 

Control 2: 1322–1326 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2360v1 | CC BY 4.0 Open Access | rec: 15 Aug 2016, publ: 15 Aug 2016



Lehane, L.,Olley, J. (2000). Histamine fish poisoning revisited. International Journal of Food 

Microbiology 58:1-37 

Murray, C.K., Hobbs, G., Gilbert, R.J.  (1982). Scombrotoxin and scombrotoxin-like poisoning from 

canned fish. Journal of Hygiene Cambridge 

Park, J.N., Fukumoto, Y., Fujita, E., Tanaka, T., Washio, T., Otsuka, S., Shimizu, T., Watanabe, K., 

Abe, H. (2001). Chemical composition of fish sauces produced in Southeast and East Asian 

Countries. Journal of Food Composition and Analysis: 14: 113-125 

Patange, S.B., Mukundan, M.K.,Kumar, K.A. (2005). A simple and rapid method for calorimetric 

determination of histamine in fish flesh. Food Control 16:465-472 

Rossano, R., Mastrangelo, L., Ungaro, N., Riccio, P. (2006). Influence of storage temperature and 

freezing time on histamine level in the European anchovy Engraulis encrasicholus (L., 1758): 

A study by capillary electrophoresis. Journal of Chromatography B, 830: 161–164 

Silva, C.C.G., Ponte, D.J.B.D., Dapkevicius, L.N.E. (1998). Storage temperature effect on histamine 

formation in big eye tuna and skipjack. Journal of Food Science 63:4  

Suzzi, G., Gardini, F. (2003). Biogenic amines in dry fermented sausages: a review. International 

Journal of Food Microbiology 88: 41-54 

Taylor, S.L. (1986). Histamine food poisoning:toxicology and clinical aspects. Critical Reviews in 

Toxicology 17(2): 91-128  

Ten-Brink, B., Damink, C., Joosten, H.M.L.J., Huis in’t Veld, J.H.J. (1990). Occurrence and 

formation of biologically active amines in foods.  International Journal of Food Microbiology  

11: 73-84 

Tsai, Y.H., Lin, C.Y., Chang, S.C., Chen, H.C., Kung, H.F., Wei, C.I. (2005).Occurrence of histamine 

and histamine-forming bacteria in salted mackerel in Taiwan. Food Microbiology 22: 461–

467 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2360v1 | CC BY 4.0 Open Access | rec: 15 Aug 2016, publ: 15 Aug 2016


