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CHAPTER 1 

INTRODUCTION 

  

Fish is a common source of high quality protein and contributes about 16 % 

of animal protein consumed by the world’s population (FAO, 1997). Due to its 

high level of protein, it is susceptible to spoilage if not stored under right 

temperature conditions. Fish spoilage may occur through autolytic changes 

which involve self-digestion by enzymes; oxidation and hydrolysis reactions 

and microbial action mediated by microbes such as Morganella morganii, 

Enterobacter agglomerans, Enterobacter intermedium etc.  

 

Microbial spoilage produces histamine (C5H9N3) which is a foodborne toxin 

that is typically associated with fish species belonging to the scombridae and 

scomberesocidae families (scombroid fish). These include tuna, mackerel, 

herring, sardines, bonito etc. (Clark et al., 1999). Furthermore, Chang et al. 

(2014) reported that dolphin fishes, swordfishes, marlins, amberjacks and 

anchovies are implicated with scombroid poisoning because they can high 

amount of free histidine (Antoine et al., 1999).  

 

Scombroid poisoning (histamine poisoning) originates from consuming 

seafood fish (tuna- and mackerel species) even though from other families, 

have also been regularly reported to cause histamine poisoning. Many of 

these fish are large pelagic species that continuously swim at a high velocity 
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and have, therefore, developed a high proportion of red musculature. Many 

of these red-muscled fish, that cause histamine poisoning, contain high 

concentrations of the free amino acid histidine (Taylor, 1986). Free histidine 

when acted upon by the enzyme histidine decarboxylase (found in 

contaminating bacteria) is converted to histamine (Taylor et al., 1989). 

Histamine forming bacteria are mostly from the Enterobacteriaceae family, 

including Morganella morganii, Klebsiella pneumoniae, Hafnia alvei, 

Photobacterium spp., Pseudomonas spp. Vibrio spp. and Aeromonas spp. 

(Garmiene et al., 2014).  

 

These biogenic amines are mostly produced following poor fish handling 

processes and storage and constitutes the major component of scombrotoxin, 

although other compounds such as putrescine and cadavarine also play a 

role. The risk of histamine/scombroitoxin poisoning is greatly increased 

when spoiled fish is consumed (Clark et al., 1999). The temperature optima 

for most of these bacteria are in the range 20–30C, although some histamine-

producing bacteria have temperature optima below 10 C (Auerswald et al., 

2006).  

 

Scombroid poisoning causes variety of symptoms including rash, urticaria, 

nausea, vomiting, diarrhea, skin redness, itching (Taylor, 1986). Nonetheless, 

severity of symptoms varies noticeably from the consumption of histamine 

in the body and individual sensitivity to histamine (Hungerford, 2010). 
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Following the impact of histamine levels on consumers, the present study 

was done to quantify histamine levels in some selected processed marine 

finfishes in Ghana. Furthermore, information gained will serve as baseline for 

evaluating the related risk of exposure to seafood illnesses particularly in 

developing countries. The findings of this project seek to create awareness 

of histamine levels in some smoked fishes found on the Ghanaian market. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 MATERIAL 

2.1.1 Study site 

The study was carried out at CSIR-Food Research Institute, Ghana.  Food 

Research Institute, Ghana is largely involved in fish processing technology as 

well as fish safety. Furthermore, Food Research Institute, Ghana has 

contributed to a number fish processing technology such as the chorkor 

smoker and Ahotor oven.  

 

2.1.2 Apparatus  

Apparatus used for estimating histamine levels in the investigated fish 

species were: 

a. Blender 

b. Funnels 

c. Balance, 0.1g precision  

d. Measuring cylinder, 50ml, 100ml 

and 200ml 

e. Beakers, 50ml, 100ml and 200ml 

f. Filters, Whatman Qualitative No. 4. 

g. Petri dish 

h. pH meter 

i. Magnetic stirrer 

j. Volumetric flask 

k. Stoppered test tubes 

l. Narrow chromatography tubes 

m. Pipettes, 2ml and 5ml 
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2.1.3 Reagents  

Reagents used for estimation of histamine included: 

a. p-bromoaniline 

b. conc. Hydrochloric acid (HCL) 

c. sodium nitrite 

d. Trichloroacetic acid 

e. Sodium acetate 

f. Acetic acid 

g. Sodium carbonate anhydrous 

h. Amberlite CG-50 resin 

i. Potassium hydroxide  

 

2.2 Data collection 

Six fish species namely; Trachurus trachurus, Brachydeuterus auritus, 

Scomber japonicus, Sardinella aurita and Sardinella maderensis were 

obtained from cold stores in Madina, Grater Accra, Ghana on 13th September, 

2017. The species selected for the analysis were based on their acceptance 

by local consumers, economically and consumption. Obtained fish samples 

were washed in clean water and dry-smoked using the Improved Ahotor oven 

for 4-5 hours at a temperature of about 114.5 o C. A total of 24 smoked 

samples (4 each) were blended and prepared for histamine analysis. 
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Picture 1: Fresh herrings washed and prepared for smoking 

 

 
Picture 2: Ahotor stove for smoking the assessed fish species 
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Picture 3: Smoked herrings using Ahotor oven 

 

2.3 Procedure for histamine Analysis  

The levels of histamine were estimated using the method of Hardy and Smith 

(1976).  

1. Briefly, the sample extract was prepared by blending 10 g of the sample 

with 225 ml of trichloroacetic acid (2.5%) for 2 minutes in a 

homogenizer at high speed.  

2. Obtained TCA sample was filtrated through Whatman filter paper and 

neutralized by adjusting the pH to 7 using 1N KOH.  

3. Seventy-five milliliters of the neutralized TCA extract were packed into 

an Amberlite CG50 resin column and the bound histamine washed with 

0.2N acetate buffer.  
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4. This was then with by elution with 25 ml 0.2N HCl in a 50ml beaker. 

The histamine was diazotized with parabromoaniline and quantified 

colorimetrically at 495 nm using a spectrophotometer.  

 

2.4 Data analysis  

The data obtained were analyzed with Microsoft Office Excel 2016 Statistical 

Tool Pac.  
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CHAPTER 3 

RESULTS AND DISCUSSION 

 

Histamine level assessed from the investigated finfish species are present in 

Table 1. The highest histamine levels were found in Scomber japonicus, 

Sardinella maderensis and Trachurus trachurus, respectively 63 ppm, 48.5 

ppm and 21.1 ppm, while smaller quantities were found in Sardinella aurita, 

Brachydeuterus auritus and Galeoides decadactylus, respectively 13.3 ppm, 

12.9 ppm and 11.0 ppm.  

 

Table 1: Histamine concentrations in smoked marine caught finfishes in 
Ghana 
Species Local name Samples Histamine levels 

(ppm) 
Sardinella maderensis Flat sardine 4 48.5 

Scomber japonicus Chub mackerel 4 63.0 

Sardinella aurita Round sardine 4 13.3 

Trachurus trachurus Horse mackerel 4 21.1 

Brachydeuterus auritus  Bigeye grunt 4 12.9 

Galeoides decadactylus Shinose 4 11.0 

 

Fish species with relatively low amount of histamine including Sardinella 

aurita, Brachydeuterus auritus and Galeoides decadactylus shows the 

presence of less amount of free histidine.  Contra wise, high amount of free 
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histidine resulted in relatively huge amount of histamine in Scomber 

japonicus, Sardinella maderensis and Trachurus trachurus. Variation in 

histamine accumulation could be due to the chemical composition of raw 

materials, bacterial contamination and species of the fish. Histamine once 

formed cannot be destroyed by heat, hence abuse of temperature at fish 

harvesting and handling of dead fish. Therefore, practicing proper fish 

harvesting techniques on-board and handling activities of harvested fish at 

the various landing sites in Ghana are measures in reducing histamine levels.  

 

Good quality fish as far as human health is concern contains less than 10 ppm 

histamine (USFDA, 1998). From the study, the estimated levels of histamine 

were greater than 10, indicating the assessed smoked fish were of poor 

quality. The defect FDA hazard level of histamine in fish is set at 50 ppm (Ray 

and Bhunia, 2014). From the study, estimated level of histamine in Scomber 

japonicus was more than 50 ppm of histamine. Therefore, consumption of 

Scomber japonicus could present health risks relating to histamine poisoning 

among consumers, though not fatal. Furthermore, exposure of Scomber 

japonicus to any further temperature abuse could increase the level of 

histamine with the potential of causing sever toxicity to consumers. 

Additionally, considering the existing poor handling practices at various 

Ghanaian landing beaches, the level of histamine in Scomber japonicus could 

increase 10-fold, especially during the peak season.  
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CHAPTER 4 

CONCLUSION AND RECOMMENDATIONS 

 

4. 1 Conclusion 

Histamine levels in the investigated smoked fish species were not very high 

to severely implicate the health of consumers.  

 

Nonetheless, fish species especially Scomber japonicus, prior to processing 

should be handled properly after capture, possibly kept in ice layers to 

reduce histamine formation.  

 

4.2 Recommendations 

Further research is needed to ascertain the levels of histamine in other 

commercially important Ghanaian pelagic fish species including tuna, 

sailfishes, bonitos and swordfishes.   

 

Impact of other fish processing practices (salting, fermentation, freezing and 

drying) on histamine levels in commercial fish species in Ghana should be 

assessed to identify the level of its safety.   

 

Ghanaian fishers including fishermen and fishmongers should be educated 

on histamine poisoning by appropriate authorities to protect the health of 

consumers.  
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