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ABSTRACT 

 

Twenty one (21) specimens of Oreochromis niloticus (total weight 400g) were collected 

from a market in Enugu metropolis and used to assess the effects of different 

preservation methods on proximate composition. The fish samples were stored for 28 

days. Preservation and processing methods adopted were: refrigeration, deep-freezing, 

oven-drying, straight-smoking and salted smoking. The oven-dried, straight-smoked, and 

salted-smoked samples were stored in polythene bags at room temperature in the 

laboratory. Moisture, protein, fat, fiber and ash contents of all the sample were 

determined according to the Association of Official Analytical Chemists procedures. Free 

preservation on storage led to significant decrease (P<0.05) in the percentage ash, crude 

protein and fat contents of fish samples. The greatest reduction was observed in 

refrigerated samples while salted-smoked samples were the least affected. There was a 

significant difference (P<0.05) between the storage period and the free-fatty acid of the 

samples. The refrigerated samples showed the highest levels of rancidity while the 

salted-smoked method gave the highest level of stabilizing in the proximate composition 

on storage for 28 days. 
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INTRODUCTION 

 

In view of the increasing importance of tilapia 

(Oreochromis niloticus) as a cheap and 

affordable source of animal protein, the need to 

improve its handling, preservation and storage 

becomes necessary. Nigeria's annual demand 

for fish is rising astronomically and in order to 

meet this demand, measures must be taken to 

reduce heavy post-harvest losses through 

deliberate and conscious application of science 

and technology (Jones and Disney, 1967; Talabi 

1977; Okpanefe, 1982). 

The artisanal sector of Nigeria's fishery 

industry is faced with problems of spoilage and 

contamination of harvested fish. This is 

attributed to the fisher-folks' pattern of 

handling, processing and storage. Talabi and 

Igbinosun (1984) had estimated losses by 

weight of fish produced to be up to 45 %. The 

agents of spoilage (bacterial and autolytic 

enzymes) operate under optimum conditions. 

Bacteria require water to exist and are sensitive 

to heat, salt concentration and pH (Tobor, 

1984). In Nigeria, temperature is very ambient 

for fish to get spoilt rapidly within 24 hours. This 

confirms Jones and Disney (1967) view that fish 

is a notorious perishable commodity. Microbial 

species primarily associated with fish spoilage 

belong to the genera Pseudomonas, 

Micrococcus, Staphylococcus, Salmonella, 

Bacillus and Clostridium (Ejike and Mohammed, 

1982). Aribisalla (1978) noted that fish muscles 

are generally considered sterile when freshly 

caught, but when dead, the bacteria at the 

surface of the body, in the gills and intestines 

gradually penetrate into the sterile muscle. Ejike 

and Ezebialu (1983) investigated the effect of 

tissue water and temperature on bacteria load 

of deteriorating Sarotherodon niloticus and 

found that Pseudomonas and Micrococcus were 

the dominant organisms associated with 
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spoilage. When fish dies, a number of physical 

and chemical changes leading to spoilage take 

place in its body. Majority of quality changes 

that occur in fish result from protein 

denaturation and rancidity (Frazier and 

Westhoff, 1986). 

Frazier and Westhoff maintained that 

fish oils seem to be susceptible to quick 

oxidative deterioration than most animal fats. 

Fatty fish is known to spoil quickly due to 

oxidation of fatty acids and lipid oxidation 

leading to rancidity. Reay et al. (1943) 

described the succession of external changes, in 

fish as it spoils and finally becomes putrid. They 

maintained that the bright characteristic colour 

of fish, fades giving rise to dirty-yellow or 

brownish discoloration. The most remarkable is 

the softening of the flesh and the exudation of 

juices when squeezed. 

Owing to the prevailing temperature in 

Nigeria, fish preservation becomes a crucial 

aspect of fisheries commerce. Ikeme (1985) 

considered this problem and stipulated that only 

a negligible proportion of fish caught in the 

Nigerian rivers and lakes can be described as 

fresh since out of all flesh foods, fish is 

considered the most susceptible to autolysis. 

Oxidation and hydrolysis of fats as well as 

microbial spoilage, it becomes imperative that 

its preservation strategies must be prompt. 

Sorinmade et al. (1982) reported that 

refrigerated sea water at 4oC extended the 

storage life of O. niloticus for 18 – 28 days and 

maintained that all chemical parameters 

increased: thus minimizing the probability of 

nutrient losses during storage. Improvement of 

refrigeration facilities in both developed and 

developing countries has made refrigeration 

systems become more reliable and easier to 

use. Although some of the contaminating micro-

organisms are killed in the process of freezing of 

fish (Cutting and Spencer 1968). Most of the 

psychrophilic micro-organisms associated with 

fish grow below 0°C. 

Graham (1982) noted that when fish 

are correctly frozen after catch and stored in 

proper manner at the recommended 

temperature of 30°C, they do not keep 

indefinitely. Moisture control, primarily by drying 

provides an opportunity to prevent losses, which 

occur during harvesting, 'handling and storage. 

During smoking of fish, two distinct processes 

occur: i.e. drying which result in the 

characteristic texture and addition of smoke 

constitutes which results in the appropriate 

flavour in the product apart from its 

preservative effects (Foster and Simpson, 

1961). The important aspects in the quality of 

smoked O. niloticus are concerned with 

freshness and manner of preparation of the raw 

material, the smoking process, the post-

processing storage, transportation and retailing. 

Against this background, this study was aimed 

at evaluating the nutritional characteristics of O. 

niloticus preserved and stored under various 

conditions for a period of 28 days. The main 

focus was on the loss of nutrients arising from 

poor preservation and handling. Hence 

proximate composition of fish samples under 

various preservation methods were determined 

and compared. Assessments were made of the 

physico-chemical and fatty acid values of the 

fish samples.  

 

MATERIALS AND METHODS  

 

Fish: A total of twenty-one live specimens of O. 

niloticus (total weight 400g) used for this 

experiment were collected from the Artisan 

market, Ogui Road, Enugu, Nigeria. The fishes 

were descaled, degutted and thoroughly 

washed in clean water. Immediately after 

degutting, parts of the muscles of the fish 

samples were removed and divided into six sub-

groups (15 g each). One group which served as 

the control was immediately taken for proximate 

chemical analysis, while the remaining five 

groups were subjected to five modes of 

processing and preservation viz: refrigeration, 

deep freezing, oven drying, straight smoking 

and salted smoking. 

 

Processing and Preservation Techniques: 

Fish samples for the first group subjected to 

refrigeration were put in polythene bag, labeled 

and stored in a refrigerator at 0°C for 28 days, 

while the second group was wrapped in 

polythene bag, labelled and stored in a deep 

freezer at -10°C for 28 days. The third group 

was as well placed in a clean aluminum tray and 



Proximate composition of Oreochromis niloticus subjected to different preservation 

methods 

 

Animal Research International (2012) 9(3): 1619 – 1624 

1621 

introduced into an isothermal oven pre-set at 

105°C ± 5oC and dried for 4 hours. This was 

allowed to cool and transferred into a labeled 

polythene bag and stored at room temperature 

(25oC±4°C) in the laboratory for 28 days. A 

smoking Kiln (temperature 80°C – 85°C) was 

used to smoked another sample for 8 hours, 

after this the sample was allowed to cool at 

room temperature and packed in a labelled 

polythene bag and stored in the laboratory at 

room temperature (25°C ± 4°C) for 28 days. 

The last group of fish sample was soaked in 5 

percent sodium chloride solution for an hour. 

The sample was smoked for 48 hours at 95°C ± 

5oC, cooled at room temperature and stored at 

25oC ± 4oC in a labelled polythene bag for 28 

days. 

 

Chemical Analysis: Proximate composition of 

each experimental fish sample was carried out 

to analyse protein, crude fibre, ash, moisture 

and fat composition using AOAC (1990). 

Metabolisable energy was determined using the 

bomb calorimetric method and carbohydrate by 

difference (AOAC, 1990). Free fatty acids were 

estimated using the lipid chromatographic 

method of Marrinetti (1967). Chemical analyses 

were done at day 0, 14 and 28. 

 

Statistical Analysis: Data collected were 

analysed using analysis of variance (ANOVA) 

(Steel and Torrie, 1980) at 5% level of 

significance. 

 

RESULTS AND DISCUSSION 

 

The oven-dried, straight-smoked and salted-

smoked samples showed significant differences 

(P > 0.05) from the refrigerated and deep-froze 

samples. The values for the various parameters 

also showed that the wet samples (control) had 

high moisture content and corresponding low 

fat values. The dried samples did not show very 

significant variations except the ash of salted-

smoked treatment. 

The pattern of distribution of values 

indicated that the percentage crude protein 

level of the treated samples and storage periods 

were significantly lower than those immediately 

after treatment at day 0. In all methods of 

preservation, the salted-smoked sample gave 

the highest crude protein on day 28 although 

straight-smoked sample had higher values on 

day 14 (Table 1). 

 The percentage fat content of fish 

muscles for the various storage methods 

showed that the refrigerated sample had the 

highest level of fat during storage, while the 

oven-dried and salted-smoked samples had the 

lowest level of fat, respectively (Table 1). 

The changes in mineral composition as 

indicated by the ash values at day 0 were 

significantly higher (P>0.05) than values 

obtained at day 28. The salted-smoked sample 

had the lowest percentage of degradation in 

nutrients while the refrigerated sample had the 

highest nutrient loss. 

The free fatty acid content of fish oil 

obtained during the various preservation 

methods showed progressive increase in free 

fatty values of each treatment up to day 14 

followed by a decline in day 28, though at 

varying degrees (Table 1). 

Fish undergoes appreciable 

deterioration in time not only at ambient 

temperature but even at cold storage 

temperatures of down to -30 °C. The quality of 

fish during storage is affected by the method of 

preservation. The observations of this research 

are in agreement with this view. 

Results obtained from this study 

indicated that the different methods of 

preservation caused significant changes 

(P<0.05) in the proximate composition of the 

muscle tissues of O. niloticus. 

All the fish wet preserved had high 

moisture content, while the dried samples had 

lower moisture values. This loss of moisture led 

to the different concentrations of the various 

nutrients in the resultant dried fish. 

Estimation of ash indicated loss of 

nutrients during storage as shown by the 

decline in the percentage ash with highest 

losses obtained for samples under refrigeration. 

The salted-smoked and oven-dried fish samples 

produced the least variation in loss of minerals 

(ash) as compared to smoked, frozen and 

refrigerated samples.  
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Table 1: Some nutrient composition of Oreochromis niloticus subjected to various 

methods of preservation after 0, 14 and 28 days post preservation 

Parameters Proximate composition (%) 

Preservation 

methods 

Fresh sample Refrigeration Deep Freezing 

Days  0 14 28 0 14 28 0 14 28 

Carbohydrate 0.40 0.39 0.39 0.40 0.43 0.44 0.42 0.41 0.42 

Moisture 70.59 70.60 77.61 76.82 76.84 76.80 77.10 77.21 77.18 

Fibre 0.46 0.45 0.49 0.45 0.46 0.48 0.45 0.44 0.60 

Protein 17.74 17.72 17.71 17.73 16.43 14.90 17.83 16.83 15.89 

Fat 1.60 1.61 1.60 1.59 1.42 1.13 1.52 1.40 1.18 

Ash 3.80 3.79 3.81 3.78 2.98 2.23 4.06 3.63 2.88 

Fatty acids  3.70 3.71 3.66 3.65 5.34 4.56 3.58 4.81 4.39 

 Straight Smoking Salted Smoking Oven Drying 

Carbohydrate 0.44 0.41 0.39 0.41 0.42 0.43 0.41 0.42 0.43 

Moisture 18.60 18.62 18.62 21.60 21.59 21.60 17.58 17.60 17.62 

Fibre 0.95 0.92 0.94 0.71 0.72 0.72 0.65 0.65 0.66 

Protein 19.41 19.02 18.37 19.65 18.60 19.48 19.48 18.46 17.96 

Fat 3.12 2.83 2.56 3.86 3.55 3.42 3.36 3.15 2.97 

Ash 7.73 6.94 5.84 10.73 9.65 8.96 6.07 5.44 4.93 

Fatty acids  4.23 5.85 5.42 4.57 5.76 5.42 4.46 5.24 4.50 

 

This could be attributed to earlier observation 

made by Burges and Bannerman (1963) that 

drying and salting reduce the amount of water 

in the tissues available to spoilage by micro-

organisms. This can further be explained by the 

findings of Igene (1983) that fish during 

smoking becomes impregnated with wood 

smoke and is thus given a distinctive flavour 

and becomes less liable to spoilage, since many 

components of the wood smoke act as 

antiseptic. 

From the nutritional point of view, the 

most important quality parameter for fish is its 

protein content. Results obtained from this 

experiment indicated that the different methods 

of preservation led to significant decrease 

(P<0.05) in the percentage protein content of 

the muscle tissues of O. niloticus. Similarly 

decrease in crude protein was observed by 

Ufodike and Obureke (1989) when the effect of 

preservation techniques on quality of O. 

niloticus muscle was investigated. The workers 

reported that the gradual decrease in 

percentage protein level with storage time was 

probably due to hydrolysis of protein during 

autolysis in the fish tissue. 

 

 

Ojobe et al. (1992) had made similar 

observations while working on crude protein 

levels of Clarias gariepinus. Reduction in crude 

protein level could be due to trimeihylamine and  

formaldehyde present in varying amounts in fish 

flesh (Dingle and Hynes, 1975). They stated 

that the amounts of these compounds some-

times increase during storage while protein 

content decreases. 

It was evident from the results obtained 

that crude protein deterioration was most 

pronounced in fish preserved by refrigeration 

(17.73 – 14.90). This was followed by deep-

freezing (17.80 – 15.89) and oven-dried sample. 

Least reduction in crude protein were observed 

in straight-smoked (19.41 – 18.37) and salted-

smoked sample (19.65 – 18.60). This suggested 

that salt-smoking is the best method for 

preserving O. niloticus. 

Results obtained showec1 variations in 

the fat content of the various methods of 

preservation. There were higher fat values in 

the dried samples, due to the loss of moisture in 

processing the fish muscle by drying. This trend 

was observed by Talabi and Igbinosun (1984) 

who contended that fish has inverse high or low 

water content depending on the fat content. It 
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is evident from this study that the refrigerated 

sample had the highest variation in value 

followed by deep-freezing samples.  

Oven dried, straight and salted smoked samples 

had the least decline in percentage fat on 

storage. Similarly, the values for free fatty acids 

showed marked variations; with all the samples 

increasing in free fatty acids in the first two 

weeks and showing varying degrees of decline 

after four weeks. This may be explained by the 

observation made by Cutting and Spencer 

(1968) that the development of rancidity in fish 

during storage is due chiefly to the atmospheric 

oxidation assisted by certain tissue enzymes 

activated by the large proportion of highly 

unsaturated fat in fish 

 

Conclusion: The authors wish to mention that 

results obtained from this research showed that 

salted-smoked fish gave least variation in 

proximate composition. It should therefore be 

employed as the best method for preserving fish 

among others. This becomes more appropriate 

because apart from the preservative effect of 

the method on the product, it adds flavour to 

fish tissue. Further research is recommended on 

the refrigeration of salted-smoked fish in order 

to compare its effectiveness in sustaining the 

nutritional quality of fish during storage. 
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