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Abstract: As some consumers in Nigeria showed preference for some form of method of processing/preservation of C.
gariepinus, this study investigated the proximate and mineral composition of the fillets of a pond raised Clarias gariepinus,
using the common methods of smoking and oven drying. The biochemical assay of the moisture, ash, crude protein, fibre, lipid
and the elements, Fe, K and P of the fillets were done in the laboratory. The protein and fat contents of the oven dried
(43.7%+1.32% 22.2+0.35) and smoked (32.3+1.07; 13.5+0.17) samples were significantly higher (P>0.05) than those of the
wet samples (16.2+1.00; 8.02+0.57). The general trend observed is increase in protein, lipid, fibre and carbohydrate contents of
the fish fillets, as they were subjected to various drying methods, in the order of wet<smoked<oven-dried and the reverse
applicable to the moisture contents wet>smoked>oven-dried). The ash and the crude fibre contents of the fish fillets were low.
The fillets were rich in minerals. The values of phosphorus, iron and potassium obtained in the oven dried and smoked samples
were significantly higher (p>0.05) than those obtained for the fresh fish and the values of phosphorus and potassium obtained
in the fish samples were higher than the iron content. The catfish in this pond, irrespective of the processing method, belonged
to high protein (16.2-43.7%) and high fat (8.02-22.2%) fish group This study has shown that oven-drying and smoking
concentrated the micro and macronutrients and provide a relative nutritional stability for the catfish meat and also enable the
fish provide higher percentage of protein, fats and minerals, which are essential nutrients that could satisfactorily supplement
cereals, the staple foods of the Nigerian people.
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that fish is rich in protein with amino acid composition which
is essential for the maintenance of a healthy body, and
compares very well with egg, milk and meat in the nutritional
value of its protein. Fish quality is an important attribute,
which is affected by many factors such as food availability in
the ecosystem, fertilization [2], feed composition [3], feeding
rates, the water quality of the aquatic environment and of
course, the method of processing and preservation.

Fish, as soon as it is caught is susceptible to damage.
There is therefore need for preservation of fish which
generally slows down spoilage. A number of processing
techniques, such as, smoking, freezing, chilling, salting,
drying and fermentation are employed by fish processors in
Nigeria [4]. However, smoking is the affordable and most
widely used method for fish preservation in Nigeria, Ghana
and other West African countries [5, 6]. [7] reported that up

1. Introduction

Proximate analysis is used to estimate the relative amounts
of protein, lipid, water, ash and carbohydrate in an organism.
Protein, lipid and carbohydrate contribute to the total energy
content of an organism while water and ash only contribute
mass. Energy content is frequently used as expression of a
fish’s condition or health status. However, the relative
contribution of lipid, protein and carbohydrate to a fish’s total
energy vary in response to specific life history demands.

Fish contains an important component that is suited for
human diet and it also provides the much needed minerals
and vitamins that are not available in cereal based diets. Fish
is a good source of animal protein and it provides about 30-
80% of the protein intake of the coastal people of West
Africa, including Nigeria. Furthermore, [1] also pointed out
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to 70% of the total fish catch in several communities in the
third world are smoked. The smoking of fish has the
objectives of preservation basically due to dehydration, high
temperature of smoking (50-180°C), the preservative effects
of smoke components (phenols, aldehydes, ketones, organic
acids etc.) and for purpose of product development due to
changes in organoleptic, nutritional, chemical and physical
properties during processing [8].

The relationship between pathogens and food intake has
been elucidated by investigation into proximate
composition and fatty acid content of food items [9]. The
fatty acid content of a diet modulates the fatty acid profile
of immune cells. This may be an effective way to regulate
the functionality of normal cells through nutrition. [3]
indicated that diets, in which unsaturated fatty acids replace
the saturated ones, are associated with low incidence of
coronary diseases, in order to reduce the risk of
cardiovascular diseases. Emphasis has now been placed on
the increased consumption of fish and fish products, which
are rich in polyunsaturated fatty acids (PUFA) of the omega
(w)-3 family, and poor in polyunsaturated fatty acids of w-6
family [11].

The most common application of the measurement of food
composition, in industry, is in quality controls. It is seldom
necessary to analyze a product completely; often the
measurement of only a single component is required.
Nutritionist and dieticians also need to know the proximate
composition of all foods in order to estimate the intake of the
principal nutrients in the human diets and to calculate energy
values of different foods. Extensive compilations of the
composition of foods are available at Torry Research Station
[12]. This information was derived from proximate analysis
made over a long period. These tables also include details of
individual substances such as minerals and vitamins.

Regular updating of the tables is required because of the
changes in the nature and source of raw materials and in
manufacturing processes.

There is, however, dearth of accurate basic chemical
composition data for fish species particularly from African
and Asian countries [6].

The present knowledge of the biochemical composition of
fish species from Nigerian waters is very limited. The Clarid,
C. gariepinus is generally considered to be one of the most
important tropical catfish species for agriculture. It is easily
cultured in Nigeria and is of great economic interest. This
study is, therefore, designed to investigate a proximate assay
of the fillets of C. gariepinus raised in Isinla pond, compared
to the wild species harvested from Ado Ekiti and Ero
reservoirs, in Ekiti state, Nigeria.

2. Main Text

Materials and Methods

Collection of Samples

The C. gariepinus was bought from Isinla fish pond, Ado-
Ekiti, Ekiti State, Nigeria. The samples collected were
virtually of the same size (av. Wt 340g+15) as variability in

size stands to affect the proximate composition. All the
samples were collected fresh and refrigerated at a
temperature of 20°C prior to use. Three samples were oven
dried in an electric oven, at between 60-70°C until the
sample had constant weight and another set of three samples
were smoke-dried using the local kiln method. Three wet
samples were analyzed.

Biochemical Analysis

The samples were taken to Afe Babalola University, Ado
Ekiti (ABUAD) Cenral Laboratory, for analysis. The fillet of
each dry sample was ground with mortar and pestle. From
each composite sample; 2g was taken as analytical sample
for protein, fat, ash, fibre, carbohydrate and moisture content,
according to the method of analysis described by the
Association of Official Analytical Chemist [14]. Moisture
content of the fish was determined by drying samples to a
constant weight at 100-102°C for 16 hours in a draft air oven.
The loss in weight was recorded as moisture. Crude ash was
determined by incineration of the fish samples in a muffle
furnace at 500-600°C. The water and other volatile
constituents evolved as vapours. The organic constituents in
the fish were also burnt to carbon dioxide and water. The
inorganic residue constitutes the ash in the food products.

The crude protein of the fish sample was determined by
the Kjeldahl nitrogen method. This gives the amount of all
the reduced nitrogen in the food in the form of amines,
ammonium compounds, urea and amino acid. The protein
value was obtained by multiplying the total nitrogen by a
factor, 6.25 for fish products. The crude fat was determined
by the Soxlet method and was based on the sparingly
solubility of lipids in water and their considerable solubility
in non-polar organic solvents. Crude fibre, which is
indicative of the indigestible matter or roughage in the fish,
was determined by the trichloroacetic acid method.

The raw fish was defatted and the protein and carbohydrate
content hydrolyzed using a mixture of trioxonitrate (v) acid,
glacial acetic acid and trichloroacetic acid.

3. Results and Discussion

Table 1 indicates the concentration and percentage of
proximate (protein, ash, carbohydrate, moisture, fibre and
fat) composition of fresh, smoked and oven dry C.
gariepinus. The result shows that the highest moisture
content (70.6+0.93) was recorded in fresh C. gariepinus
obtained from Isinla fish pond while the lowest (10.9+£0.61)
was found in the oven-dried C. gariepinus. There was
significant (P>0.05) reduction in moisture content when the
fish was oven dried and smoked. The moisture content was
therefore in the order; fresh >smoked>oven dried.

Processing, by heating method, reduces moisture
drastically. [15] reported that high moisture content is a
disadvantage in that it increases the fishes susceptibility to
microbial spoilage, oxidative degradation of polyunsaturated
fatty acids and consequently decreases in the quality of the
fishes for longer preservation time. [16] (9) also reported that
about three quarter of the body weight of catfish consists of
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water. According to [17], the water content in fish affects the
microbiological and chemical stability, physical properties,
processing, storage and distribution of fish. A safe moisture
level of 6 to 8% in dried fish has been recommended in order
to prevent spoilage due to microbe and pest proliferation
[18]. In this study, more water contents were rapidly removed
in the fish exposed to oven-drying than smoked-drying.

The oven-dried sample has the highest protein value of
43.7+£1.32, which was significantly different (P>0.05) from
the value for the smoked sample (32.3+1.07) and fresh
sample (16.2+1.00) respectively. The significant increase in
protein levels in oven-dried and smoked-dried catfish when
compared with the wet fish samples suggests that protein
nitrogen was not lost during drying. This is in agreement
with the findings of [19] and [20]. The authors noted that
increase in protein contents maybe due to product
dehydration which concentrated the proteins during the heat
treatment, thus increasing the nutritional value of the catfish.
Similar results for chemical composition of oven dry fish
have also been reported by [21]. These workers opined that
oven drying resulted in concentration of nutrients like crude
protein. Also, the relatively high to moderate percentage
crude protein may be attributed to the fact that fishes are
good source of pure protein. [22] reported that oven-dried
fish had higher protein than the fresh fish because increase of
protein may be due to the dehydration of water molecule
present between the proteins thereby causing aggregation of
protein and thus resulting in the increase in protein content of
oven-dried fishes. The samples studied here, irrespective of
the processing method, belonged to high protein (15 to 20%)
fish group, according to the classification of [16].

The ash content of the fillets of the three samples were
significantly different (P>0.05) from one another. The ash
content of the smoked sample (3.22+0.42) and oven dried
sample (4.65+0.14) were higher than that of the wet sample
(1.1940.16). The observation in this work is in agreement
with [23] who reported that the increase in ash content when
fish are smoked and oven dried is due to loss of humidity.
[24] also reported that the inorganic content remains as ash,
after the organic matter is removed by incineration. [25]
reported that the total ash value is an indicator of the total
mineral element contents in fish.

There was an increase in the fat contents of the two
processed samples. The fat contents of the oven dried
(22.240.35) and smoked (13.5£0.17) samples were
significantly higher (P>0.05) than that of the wet sample
(8.02+0.57). It was apparent that C. gariepinus could be
regarded as a fatty fish species. [26] reported that fish with
moderate fat contain low cholesterol and are good sources of
omega-3 fatty acids which protect against heart rhythm
disorders and has benefits for blood clothing and blood
vessel function. Based on the 5% fat composition criteria for
discriminating lean fish from fatty species, it was apparent
that C. gariepinus could be regarded as a fatty fish species.
[27] however revealed that lipid contents of fish fluctuate
considerably with age, feed and sexual cycle of fish.

The highest amounts of carbohydrate contents (3.74+0.85;

3.02+0.13) were present in the oven-dried and smoked-dried
samples respectively, while the lowest amount (2.92+0.71)
was found in the wet sample. The carbohydrate contents of
the differently processed fish fillets were not significantly
different (P<0.05) from each other. The carbohydrate content
in fish is generally very low compared with protein or fat
content [28]. The main function of carbohydrates is to
provide energy to the body so as to perform muscular
contractions and numerous physiological functions. Low
carbohydrate diets have been reported to lower blood
pressure by causing weight loss and improving the insulin
sensitivity in diabetics [29].

Table 1. Proximate composition (%) of the fish samples C. gariepinus from
Isinla fish pond.

Components ‘Wet Oven dried Oven dried
Moisture 70.6+0.93° 26.4+1.15° 10.9+0.61°
Crude protein 16.2+1.00° 32.3+1.07° 43.7+1.32°
Crude fibre 0.62+0.76° 1.65+0.71%° 2.14+0.13°
Fat 8.02+0.57¢ 13.5+0.17° 22.2+0.35°
Ash 1.19+0.16° 3.2240.42° 4.65+0.14%
Carbohydrate 2.92+0.71° 3.02+0.13° 3.74+0.85°

Means with the same superscripts in the same row are not significantly
different (p<0.05)

The crude fibre values recorded for the wet sample,
smoked and oven dried samples (0.62+0.76; 1.65+0.71 and
2.14+0.13), respectively, were low in all the fish samples and
significantly different (P>0.05) from one another. [30] and
[31] reported that crude fibre content in fish fillets is meager
or absent.

The general trend observed in this work is increase in
protein, lipid, fibre and carbohydrate content of fish fillets as
they were subjected to various drying method, in the order of
wet<smoked<oven-dried and the reverse was applicable to
the moisture content (i.e oven-dried<smoked<fresh). The ash
and the crude fibre in the fish fillets were significantly low.
This trend has also been reported for Parachanna obscrura
(30), Heterobranchus bidorsalis (32), croaker fish,
Pseudotolithus elongates, (33) C. gariepinus [34, 35] and
salmonid trout, Salmo truta [23], when oven or smoke dried.

However, according to the report of [36], some studies
have observed reductions in the quality of protein as a result
of smoking and probably oven-drying. The loss in available
lysine may vary from 6-33% at 25°C to 53-56% at 40°C
during heating and a 25% loss of available lysine on the
surface and a loss of 12% at the center of hot smoked fish
(37. (38 observed that lysine reduction was directly
proportional to the temperature and duration of smoking. The
positive effect of heat intensity on the shelf life of smoked
products has been reported by several researchers. CO2 is
reported to have an important effect on microbial growth,
exerting a selective inhibitory action [39]. [40] and [41] that
the components in the wood/charcoal via pyrolysis are
broken down in the process of burning to form smoke, thus it
gives the fish a unique aroma and improves its taste and
colour. This is due to the presence of a range of phenolic
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compounds, nitrites and formaldehyde present in the smoke.

The results of the mineral component of the fillets are
represented in Table 2. The values of phosphorus, iron and
potassium obtained in the oven dried and smoked samples
were significantly higher (p>0.05) than those obtained for the
wet fish. The values of phosphorus and potassium obtained in
the fish samples were higher than the iron content. This is in
agreement with some previous workers [42, 36] who
observed high values of phosphorous and low iron contents
in the some tropical smoked freshwater studied. Freshwater
fish meat is a particularly valuable source of calcium and
phosphorus as well as iron, copper and selenium [46, 44]
reported similar findings and observed that the dominance of
mineral elements in a fish depends on the water body where
the fish lives.

Table 2. Trace mineral composition (ug/ml) of the fillets of the C. gariepius.

Processing Method

Wet Smoked Oven dried
Phosphorus 1.6440.01° 5.78+0.03" 6.01+0.12°
Iron 0.15+0.11° 0.61+0.02" 1.0340.01°
Potassium 0.89+0.04° 1.31£0.01° 2.01+0.12°

Means with the same superscripts in the same row are not significantly
different (p<0.05)

This study shows that C. gariepinus from ponds is a
valuable source of essential nutrients for human
consumption. It contains huge amount of proteins, fats and
minerals that are essential for both infants and adults in the
appropriate quantity.

4. Conclusion

The results in this study showed that there were significant
influences of the processing method on the catfish fillet
samples in relation to the moisture, ash, crude fibre, protein,
fat and carbohydrate contents. Oven-dried and smoked could
provide a relative nutritional stability for the catfish meat and
also enable the fish provide higher percentage of protein, fats
and minerals, which are essential nutrients that could
satisfactorily supplement cereals, which are the staple foods
of the Nigerian people. More intake of fish should be
encouraged due to its high nutritional efficiency.
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