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ABSTRACT 

The effect of  processing methods (cooking,frying and smoking) on the amino 
acid composition of Sardinella sp., Dentex sp. and Tilapia sp. was studied. 
Protein quality, as expressed by AD, TD, NPU and Bal% was also 
investigated. 

All the processed fish had good quality protein; as expressed by their high 
AD, TD and NPU. The good quality of the processed fish was further 
supported by the amino acid composition. Cooked fish was better absorbed 
than fried and smoked. 

INTRODUCTION 

Fish is particularly widely used in diets in many parts of the world. Along 
coastal regions and lakes, fish is a regular constituent of the diet. 

Fish smoking and frying are popular in many parts of West Africa. There 
are various grades of quality depending on the degree of smoking or frying. 
Long periods and high temperatures are used. Few data are, however, 
available on the amino acid and protein quality of these products. This 
paper presents the effect of processing (cooking, frying and smoking) on the 
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amino acid profile and protein quality of three commonly consumed fish 
species--Sardinella sp., Dentex sp. and Tilapia sp.--from Ghana (West 
Africa). 

MATERIALS AND METHODS 

The collection of samples and their preparation prior to analysis have been 
described (Steiner-Asiedu et al., 1990). 

After hydrolysing the sample with 6r~ HC1, the amino acids were 
separated and analysed with a Waters HPLC system (a modification of the 
Pico-tag method, 1987). Norleucine was used as an internal standard. 
Methionine was determined after alkaline hydrolysis both directly and after 
reduction by titanium chloride. Small quantities of cadmium acetate were 
added to the sample before hydrolysis to eliminate cysteine-cystine 
interference. The direct method gives the methionine content while the 
reduction method indicates the sum of methionine and methionine 
sulphoxide. Methionine was determined spectrophotometrically as de- 
scribed by Njaa (1980). Tryptophan was determined after Sachse (1981). 

The quality of the fish proteins was tested in balance experiments using 
Young Wistar-Moll male rats imported from MollegS.rd, Denmark. The 
metabolic cages employed comprise an upper living area with feeding system 
and below a device for the collection of urine and faeces (Eggum, 1973). The 
rats were assigned randomly to nine experimental groups of five. They 
weighed between 61.1 and 69.0 g at the start of the experiment. A preliminary 
period of 4 days and a balance period of 5 days were employed. Each rat 
received 10g feed containing 8% protein from the fish samples daily. The 
composition of the basal diet is shown in Table 1. The fat contents of the fish 
meals were taken into account so that the fat content for each group was 5 %. 
Soya bean oil was used to level the fat contents of the diets. 

TABLE 1 
Composition of the Basal Diet 

Item Amount (%) 

Fat 5 
Vitamins 1 
Minerals 4 
Sugar 20 
Cellulose l 
Protein 8 
Partially dextrinized potato starch made to 100 
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The rats were weighed at the beginning of the experiment and at the end of 
the preliminary and balance periods. Access to feed and water were closed 
3 h before weighing. 

AD, TD, NPU, and Balance were calculated.t Endogenous faecal 
nitrogen was calculated as 2.02mg faecal nitrogen per g feed and 
endogenous urinary nitrogen was calculated as W °75 x K; where W is the 
average body weight (g) of the animal during the 5 days experimental period 
and K is 0.645, after Njaa (1963). 

Analysis of results 

Analyses of variance were used to assess any differences in the processing 
methods and between fishes as judged by the balance experiments. 
Differences were considered to be significant at P < 0.05. 

RESULTS AND DISCUSSION 

The amino acid profiles of the fishes are given in Table 2. The amino acid 
content of the marine fishes, sea bream and flat sardine, is similar to the 
findings of Naja and Utne (1982) and Haaland et  al. (1988). Within the 
marine species there are no variations in the amino acid content except 
histidine. Flat sardine contained higher amounts of histidine (34.5 +__ 1.3mg/g 
protein). This value is higher than what was observed in mackerel by Njaa 
and Utne (1982). Mackerel has high histidine levels (Brrekkan & Boge, 1962; 
Sakaguchi & Shimizu, 1965; Kjosbakken & Larsen, 1981). High contents of 
histidine in herring meals have been reported by Power et al. (1969); and fiat 
sardine belongs to this species. Species with high levels of free histidine 
should be stored with care as adverse storing conditions may result in the 
formation of histamine (Takagi et  al., 1969). Histamine is toxic (Arnold & 
Brown, 1978). 

Tilapia contains more hydroxyproline, glycine, and proline than the 
marine fishes. This indicates a greater proportion of connective tissue in 
these species. The levels of the essential amino acids and the E/T ratio 
(Table 2) were similar between tilapia and the other fishes. It is not likely, 
therefore, that the higher content of connective tissue in tilapia would have 
any significant effect on NPU. 

The effects of cooking, frying and smoking on the amino acid composition 

t A D  = Apparent  Digestibility = (1 -  F)/I x 100%, T D  = True Digestibility = [ I -  ( F -  F')]/ 
I x 100%, Bal = Nitrogen Balance = ( 1 - F -  U)/I x 100%, N P U  = Net Protein Util ization = 
Bal% + 100% (F'/I+ U'/I) where: / = N i t r o g e n  intake, F =  faecal nitrogen, U = U r i n a r y  
nitrogen, and U'  and F'  = Obligatory loss of  nitrogen in urine and faeces, respectively. 
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of the three fishes were studied. The results indicate that there is no effect of  
these processing methods on the amino acid content as compared with the 
fresh fish. Studies on the amino acid content of raw, precooked and 
processed meat and fish products have been carried out by Dunn et  al. 

(1949) and Neilands et  al. (1949). The amino acids were determined by 
microbiological methods. No differences were found in any of the individual 
amino acids as a result of precooking or processing. 

Earlier workers like Proctor and Lahiry (1956) tested the effect of 
dehydration on the amino acid content of shad and haddock. There were no 
significant differences in the amino acid content between raw and 
dehydrated fish, but valine, phenylalanine and tryptophan tended to be 
lower in the dehydrated relative to the raw fish. Hoffman et  al. (1977) also 
found no consistent effect of smoking on the amino acid content of tilapia 
species from Africa. 

In this study, the fish samples were cooked for 30 min. No effects on the 
amino acid content were observed. Seet and Brown (1983), however, 
reported that cooking of frozen stored tuna at 100°C for 3 h reduced the 
amount  of lysine, histidine and cystine but had no effects on other amino 
acids. Opstvedt e t  al. (1984) cooked minced pollock and mackerel for 20 rain 
after the internal temperature was 95°C. They found that cooking had no 
effect on the amino acid contents but there was a reduction of the amino 
acids digestibility in pollock but no effect in mackerel. It can therefore be 
inferred that cooking or processing p e r  se does not affect the amino acid 
content but the contributing factor might be the type of species in question. 

The extent of  methionine oxidation in the fish samples was determined in 
alkaline hydrolysates. Table 3 shows the total methionine and the ratio of 
unoxidized (U) to total methionine. The analyses were run in duplicates and 
5 % deviation between the parallels was accepted. The results indicate that 
fish, whether it is fresh or processed, has 10 to 15% of its methionine in the 
form of methionine sulphoxide. The range ofmethionine compares well with 
the findings (2"7-3.2 g/16 N) of  Olley et  al., (1968) on fish meal. 

The results of the balance experiment with the nine samples offish protein 
sources are given in Table 4. The statistical comparisons were based on AD 
and Bal% as the other items (TD and NPU) contain estimated quantities 
besides the measured quantities. Thus AD is taken to show the variability in 
TD and Bal% is taken to show the variability in NPU. As expected there 
were high degrees of correlation between AD and TD (r -- 0"99) and between 
Bal% and NPU  (r = 0-99). Furthermore, NPU which is an index inclusive of 
digestibility correlates well with TD (r--0-86). 

The differences observed in relation to the various species could be due to 
individual species variation. The rats given flied tilapia grew slightly better 
and had lower urinary nitrogen excretions than rats given other tilapia 
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TABLE 3 
Total Methionine (T) and the Ratio of  Unoxidized Methionine (U) to 

Total Methionine (U/T) 

Fish Total methionine (mg/g protein) U/T % 

Flat sardine 
Fresh 29"8 88-2 

Cooked 30.9 89"2 
Fried 34.4 88.8 

Smoked 32-1 85.7 

Sea bream 
Fresh 30"3 83-7 
Cooked 31'4 82.4 
Fried 32"7 94.3 
Smoked 32'3 90-4 

Tilapia 
Fresh 29"0 87.1 
Cooked 29'8 91"0 

Fried 30"8 90'4 
Smoked 31'8 88'9 

TABLE 4 
AD, TD, N P U  and Bal. % of  Fish Protein a 

(five rats/sol group) 

Sample A D TD N P U Bal % 

Flat  sardine 

Cooked 82"1 ___ 2"9 88-4 ___ 2"9 89"8 + 3'5 70'2 ___ 4-0 
Fried 76'2 + 1'3 82'5 + 1"2 82"8 + 3'4 62"7 + 3"8 

Smoked 79'4 + 3"0 85"7 ___ 3'0 90-1 + 2"1 70'4 ___ 2.4 

Sea bream 
Cooked 84"6 ___ 4-0 91"0 ___ 4-0 91-2 ___ 6"6 71.8 + 7"3 
Fried 81"8 + 2.5 88.1 + 2.5 90.4 + 3-4 70.8 + 3.8 
Smoked 81'1 ___ 1.5 87"4 ___ 1.5 92.8 + 2"0 73'3 ___ 2'0 

Tilapia 
Cooked 77.1 ___ 3.5 83.4 ___ 3.5 82.5 _ 6-4 62.7 _ 7.0 
Fried 80.9 + 3.5 87.2 ___ 3-5 91-5 + 2.5 71.6 ___ 2.6 
Smoked 74.4 _ 0-6 80"7 ___ 0"6 83"3 ___ 2.3 63-8 ___ 2.6 

a Means  + s tandard  deviation. 
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samples. This resulted in a higher NPU in the fornmer, but it is difficult to 
explain this from the amino acid analyses. 

The digestibility values are in good agreement with the findings of De 
Groot (1963); Yanes et al. (1970) and Herborg et aL (1974) on fish samples 
treated in different ways. AD in the range of 71-84 for herring meal and 
other protein concentrates of marine origin have been reported (Njaa et al., 
1966). Rats fed unsalted, air dried coal fish had AD of 85.2 (Njaa et al., 1968). 
These values compare favourably with the results of this work. 

Statistical analysis of the AD values obtained showed significant 
differences between fishes ( P <  0.001) and between treatments ( P <  0.05). 
Treatment and fishes' sum of squares were partitioned into single degrees of 
freedom for further analysis. Between fishes, there was significant difference 
(P < 0.01) between the mean of sea bream taken over treatments and that of 
sarciine and tilapia taken together. This implies that sea bream protein was 
better absorbed than the other two fish proteins. Further analyses with 
respect to treatments indicated significant differences between the mean of 
cooked taken over fishes and that of fried and smoked (P < 0.001) taken 
together and the means of fried taken over fishes and smoked (P < 0"05). 

Cooking of fish causes solubilization of proteins and hence lead to loss of 
protein from the final product (March, 1984). The results of this study 
showed that cooked fish had as high protein content as the raw fish and was 
better absorbed than fried and smoked. It therefore implies that there is 
leaching of the less utilizable protein on cooking. In most developing 
countries fish is cooked directly in soups and stews. So that even if these 
proteins leach, they are taken together in the diet. The in vitro digestibilities 
of different species have been reported by Krauze et al., (1970). Digestibility 
decreased in the following order: fish fried in oil, boiled fish and raw fish. 

NPU was high for both species and treatments. These values are in good 
agreement with the results from De Groot (1963), Njaa et al. (1968) and Olley 
et al. (1968) on marine fish samples. Freshwater fish, fresh and salted dried, 
both dried at 105°C had NPU values of 73.2 and 69.5, respectively (E1- 
Wakeil et al., 1975). These values are slightly lower than what was observed 
in this study for both species and treatments. The balance % for both fishes 
and treatments were high. The values are higher than literature data on fish 
meals. Njaa et al. (1966) and Gjoen and Njaa (1977) have reported balance % 
in the range of 30-40% and 59-60%, respectively. The higher balance values 
may indicate that the proteins (N) were used by the rats for synthetic 
purposes not associated with maintenance. It would have been important to 
carry out a growth experiment to justify the above statement but due to 
shortage of fish samples this was not possible. 

Nevertheless, statistical analysis of Bal % showed statistically significant 
differences between fishes ( P <  0.01). To find out where the differences lie 
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segregation of  the sum of  squares into single degrees of  freedom was carried 
out. This showed that the mean of  sea bream was greater than that oftilapia 
and sardine; in other words, there were differences between sea bream and 
tilapia and sardine taken together. There were no significant differences 
between treatments. 

Orraca-Tetteh (1961) found that sun-dried carp from Ghana had a lower 
protein value (NPU of  57 %) than dried stock fish from Norway. In the same 
report it was mentioned that smoked fish from Ghana had a relatively low 
protein value. The present work contradicts this as the smoked fish had 
comparably high protein values as cooked and fried fish. The findings of 
Munro  and Morrison (1965) further suggests that smoked fish has good 
quality protein as judged by rat feeding experiments. 

The protein contents of the fried fish were lower than that of the cooked 
and smoked fish. The fried fish had values above 70% for AD and NPU. On 
a weight basis much more of  the fried fish would be required to meet the 
protein requirement, The smoked fish were smoked once. It would be of 
interest to know what happens to the composition of  fish due to resmoking 
normally carried out to maintain edibility and prolong storage. 

There is a need to make comparisons with the raw sample of  the same 
species and batch. In the biological procedures, it was not considered 
necessary to include the raw fish. This is because fish (with particular 
reference to Ghana) are not eaten raw. If  the raw fish had been included, 
however, it might have given an indication of  any damage as well as 
improvement in protein digestibility and utilization. 
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