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ABSTRACT
Background: The Insufficient feed availability in the natural or artificial environment of fish has resulted in their
competition for survival. This has also brought about their poor yields and population depletion in their
environment. Thus, supplementation of fish feed with cheap locally produced diets containing the essential
nutrients needed for fish survival and growth is a necessity. In the present study, we evaluated the nutritional
compositions and haematological effect of locally produced fish feed on Heterobranchus Bidorsalis (Catfish)
fingerlings. Methods: Pearson’s square method was used to formulate three diets A, B and C using different
fractions of local ingredients. A commercial feed (Coppens) was used as a control diet. The feeds were evaluated
for proximate, minerals, and amino acid compositions. Forty fingerlings of 2 g body weight were divided into 4
groups consisting of ten fingerlings each. Groups A-C were fed the formulated diets while group D was fed with
the commercial feed. Each group was fed 5 % of their average body weight twice daily in an aquarium for 49
days. Results: The results revealed a significant increase (p<0.05) in protein (44.12±0.15 %), amino acids and
minerals contents of diet A than other formulated diets (B and C) but lower than the control diet. The results of
haematological parameters showed that fingerlings fed formulated diet A was significantly higher in values for
RBC, haemoglobin and PCV but lower in WBC contents than the groups fed formulated diets B and
C. Conclusion: Formulated diet A yielded a better result in terms of protein content, and haematological status
of the catfish. Therefore, formulated diet A is the most preferably alternative for catfish fingerlings rearing
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1.0 Introduction
Most living organisms rely on plants and
animals as a source of nutrients for necessary
substances needed by the body to play out its
daily functions properly [1]. Nutrients
including the carbohydrates, proteins, fats,
and minerals are gotten through diet intake.
These fundamental substances give energy,
forms new body components, and assist in the
metabolic activities of the body system [2].
Apart from milk and egg, no single food can
adequately provide complete necessary
nutrients for the growth, development and
maintenance of life [3]. Researches have
proven that the early stage of growth of some
organisms such as mammals and fishes
depend on milk and eggs for growth,
development and maintenance of life [4].
AROC in Food and Nutrition, 2021, 1(2), 01-09

However, on attaining a certain stage of
development, milk and egg will no longer
supply the adequate nutritional requirements
for these organisms [2]. The first stage in the
life of a fish is completed at the expense of the
reserves which it receives from the egg yolk.
The fish can only live on its yolk for a short
period after which it goes on natural or
supplementary feed completely [5].
Nigeria is the second-largest catfish producing
country in African, and catfish contribute
about 40 % of the country's economy [6].
However, fish farming in Nigeria is faced with
different
challenges
such
as
poor
management
practices,
poor
funding,
government regulations, flooding, poor
security, the problem of predators, the
incidence of diseases and poor water quality
[7]. In addition, fish farming is capital
https://doi.org/10.53858/arocfn01020109
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intensive and the high cost of commercial feed
importation has contributed to its low
production rate in Nigeria [8]. Since the use
of conventional fish feed is not cost-effective,
efforts are being directed globally towards
discovering cheaper, readily available, and
highly digestible alternative sources of feed
for fish [9]. This will help to forestall the
problem of feed nutrition. However, attempts
at searching for these unconventional sources
as supplements or total replacement is a
difficult task [10].
Fish feed consists of natural feed and rations
that are prepared artificially. Microscopic
plants (phytoplankton), microscopic animals
(zooplankton) such as insects, crustaceans,
copepods, and molluscs [11]. Fish growth can
be enhanced in their natural or artificial
environment through fertilization. This is
achieved by adding indispensable nutrients
needed for their optimum growth into the
water bodies locally. These indispensable
nutrients are animal faeces immersed in the
fish pond for about 5 days before introducing
the fish into the pond [11, 12]. They can live
on natural feeds alone if the availability of
natural feed present in their natural or
artificial environment is sufficient for their
survival. Though for large fish production, fish
are stocked at a very high density and thus
fertilizer applied to their natural or artificial
environment may not be sufficient for
optimum growth and maturity [13].
The insufficient availability of feed in the
natural or artificial environment of fish has
resulted in competition for survival. This has
brought about poor yields and depletion in
their population [14]. Thus, it is necessary to
supplement their natural feed with artificially
produced diets compounded from some locally
available raw materials (of plants and animals’
sources) which contain the essential nutrients
needed by the fish for growth and maturity
[15]. The aim of the present study is to
produce different feed formulations from
locally available ingredients and evaluate the
feeds for nutritional compositions and their
effect on haematological parameters of
African catfish
2.0 Materials and Methods
2.1 Sample Collection
The samples utilized for this study were
obtained from International Market, Minna in
Niger State between the month of March and
AROC in Food and Nutrition, 2021, 1(2), 01-09

April 2019. They are as follows: Fish waste,
bone meal, Groundnut cake, Guinea corn,
Cassava starch (Binders) and Vitamin premix.
Bone meal used in this study was obtained
from Sammy ventures Sabon Kasuwa Minna,
Niger State. A total of 40 fingerlings catfish
were bought from the Department of
Fisheries, Ahmadu Bello University, Zaria.
2.2 Specimen Identification
Both the (red) guinea corn (Sorghum
bicolor) and the groundnut cake samples were
identified and authenticated by Dr. A. Saidu in
the Department of Plant Biology, Ahmadu
Bello University, Zaria. The fish waste and
bone meal samples were also identified and
authenticated by Prof. S. O. Abubakar in the
Department of Zoology, ABU, Zaria.
2.3 Samples Preparation
The Fish waste, groundnut cake and guinea
corn collected were grinded separately into
powder and preserved in plastic bottles for
further analysis
2.4 Diet Formulation
Three diets (A, B and C) were formulated by
Pearson’s square method as described by
Wagner & Stanton [16]. Fish waste, guinea
corn, groundnut cake, bone meal, binders
(cassava starch), water and vitamin premix
were used for the formulation. The diets were
formulated to have the same crude protein of
45 % as the commercial feed (coppens). In
the formulation, bone meal and vitamin
premix were added as sources of minerals and
vitamins. Cassava starch was added to
enhance the proper agglutination of the feed.
The diets were pelleted using the pelleting
machine with a blade size of 1 mm [17].
2.5 Analysis of minerals composition
The concentration of sodium, potassium,
calcium, magnesium, copper, manganese,
iron zinc and phosphorus in commercial feed
and the formulated diets (A, B, and C) were
analysed according to the standard protocol of
AOAC [18]. Ten (10g) grams of each of the
samples was heated over a flame and ashed
in a muffle furnace at 450°C for 8 hr. Ten (10
cm3) of diluted HCl was added to the ash and
boiled for 5 minutes. The boiled ash was made
up to 100 cm3 with distilled water. Analysis
was performed in triplicate using atomic
absorption spectrophotometer according to
the standard methods of AOAC [18].
https://doi.org/10.53858/arocfn01020109
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2.6 Analysis of Proximate composition
The proximate compositions including; crude
proteins, crude fibre, moisture content, ash
content, crude fat and carbohydrate contents
of commercial feed and the formulated diets
(A, B, and C) were determined using standard
procedures [18].
2.7 Analysis of the amino acids (AA)
compositions
The amino acid compositions of commercial
feed and the formulated diets (A, B, and C)
were analyzed according to the protocol
described in a previous study [19]. Briefly, ten
(10 μL) of defatted samples were analyzed for
the amino acid profile using Amino Acid
Analyser (TSM), (Technicon Instruments
Corporation, New York). The analysis period
was 76 min with a column flow rate of 0.50
and reproducibility consistent within ±3%.
The net height of each peak produced by the
chart record of TSM was measured and
calculated for the amino acid it represented.
2.8 Feeding Trial
A total of 40 fingerlings catfish (2-3 g) were
bought from the Department of Fisheries,
ABU, Zaria. The fingerlings were kept under
experimental standard laboratory conditions
of 23.2 - 34.0 °C [20]. The animals were
divided into 4 groups consisting of 10
fingerlings each. The first group was fed
commercial feed (coppens), while the
remaining groups were fed with the respective
experimental diets; A, B, and C. Each group
was fed 5 % of their average body weight
twice daily in an aquarium for 49 days.
2.9 Haematological analysis
At the end of the experiment, the blood
sample was collected according to the method
of MUAWC, [21]. The blood sample was
collected in an EDTA sample bottle. The
haematological components including packed
cell volume (PCV), haemoglobin (HGB), red

blood cells (RBC) and white blood cells (WBC)
were
analysed
using
automated
haematological analyzer SYSMEX KX-21 as
described by Dacie and Lewis [22].
2.10 Statistical Analysis
Data were analyzed using Statistical Analysis
System (SAS) and presented as means ±
SEM. Comparisons between different groups
were carried out by one-way analysis of
variance (ANOVA) followed by Duncan’s
Multiple Range Test (DMRT). The level of
significance was set at P < 0.05
3.0 Results
3.1 Proximate composition of commercial
feed (coppens) and formulated diets.
There was a significant difference (p<0.05)
between the moisture content of the feed.
Among all the formulated diets, diet A
(2.97±0.27 %) had the lowest moisture
content but higher than the commercial feed.
The lipid content of diet A (11.67±0.17 %)
was significantly higher than in diets B and C
but lower than the commercial feed. Protein
content was found to be significantly higher in
formulated diet A (44.12±0.15 %) than other
formulated diets (B and C) but lower than the
commercial feed (44.83±0.17 %). The crude
fibre in all the formulated diets was found to
be significantly higher in formulated diet A
(13.02±0.07 %) than other formulated diets
(B and C) and there was no significant
difference (p>0.05) with the commercial feed
(13.07±1.07 %). The same trend was
observed for ash content. Among all the
formulated
diets,
the
carbohydrate
composition of the formulated diet C
(26.33±0.17 %) was found to be significantly
higher (p<0.05) than other formulated diets
(A and B). However, commercial feed
(20.20±0.21 %) had the lowest carbohydrate
content (Table 1).

Table 1: Proximate composition of commercial feed (coppens) and formulated diets.

composition (%)

Feed Coppens

Diet A

Diet B

Diet C

Moisture
Lipids
Protein
Crude fibre
Ash
Carbohydrate

2.17±0.07a
12.17±0.07d
44.83±0.17c
13.07±1.07c
4.47±0.94b
22.20±0.21a

2.97±0.27b
11.67±0.17c
44.12±0.15b
13.02±0.07c
4.43±1.45b
23.57±0.17b

4.97±0.19c
11.10±0.06b
42.47±1.63a
12.60±0.20b
4.03±1.07a
24.83±0.29c

6.07±0.26d
10.03±0.12a
41.17±0.17a
12.07±0.37a
4.04±0.47a
26.33±0.17d

Values are means (± Standard error of mean) of triplicate determinations. Values with different superscript in a row are
significantly different from each other (p<0.05). Key: Diet A: Fish Wastes + guinea corn + Additives, Diet B: Groundnut cake
+ Guinea corn + Additives Diet C: Fish wastes + Groundnut cake + Guinea corn + Additives
AROC in Food and Nutrition, 2021, 1(2), 01-09
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3.2
Total
essential
amino
acid
composition of the commercial feed and
formulated diets

3.3
Non-essential
amino
acid
composition of the commercial feed and
formulated diets

The total essential amino acid in the
commercial feed and the formulated diets is
presented in table 2.
Among all the
formulated diets, diet A (32.12±0.31 g/100 g
diet) was significantly higher (p <0.05) in
total essential amino acid composition than
other formulated diets (B and C) but lower
than the commercial feed (35.67±0.37 g/100
g diet). However, in some amino acids such as
arginine, histidine, leucine and phenylalanine
there was no significant difference (p >0.05)
in their levels between the formulated diet A
and the commercial feed.

The non-essential amino acid composition in
the commercial feed and formulated diets are
shown in table 3. The formulated diet A
(37.67±0.54 g/100 g diet) was significantly
higher (p<0.05) in total non-essential amino
acid composition than other formulated diets
(B and C) but lower than the commercial feed
(38.58±0.24 g/100 g diet). The values of
some amino acids such as proline, alanine,
glutamic acid, aspartic acid, serine, glycine
and tyrosine revealed no significant difference
(p>0.05) in their levels between the
formulated diet A and the commercial feed.

Table 2: Total essential amino acid composition of commercial feed and formulated diets

Amino acids (g/100 g diet)
Methionine
Arginine
Threonine
Tryptophan
Histidine
Isoleucine
Lysine
Leucine
Valine
Phenylalanine
Σ-Total essential amino acid

Feed Coppens
1.32±0.04d
5.15±0.01c
2.29±0.01d
0.95±0.08d
2.18±0.03b
3.61±0.06d
4.44±0.03d
7.20±0.04c
4.28±0.05d
4.25±0.03b
35.67±0.37d

Diet A
0.50±0.01c
5.14±0.04c
2.15±0.02c
0.91±0.01c
2.14±0.01b
3.86±0.02c
3.10±0.08c
7.10±0.05c
3.00±0.03c
4.22±0.04b
32.12±0.31c

Diet B
0.23±0.03b
5.06±0.02b
2.56±0.06b
0.85±0.06b
2.07±0.03b
3.44±0.04b
1.01±0.03b
6.91±0.03b
2.96±0.01b
3.87±0.02a
28.96±0.33b

Diet C
0.20±0.05a
4.67±0.03a
2.22±0.02a
0.62±0.02a
1.77±0.12a
3.33±0.01a
2.03±0.02a
5.25±0.08a
2.07±0.03a
3.79±0.02a
25.95±0.35a

Values differing in a row of different subscripts are substantially different (p<0.05). Values of the formulated diets were obtained
in g/100 g proteins and converted to g/100 g. Key: Diet A: Fish Wastes + guinea corn + Additives, Diet B: Groundnut cake +
Guinea corn + Additives Diet C: Fish wastes + Groundnut cake + Guinea corn + Additives
Table 3: Total non-essential amino acid composition of the commercial feed and formulated diets

Amino acids (g/100 g diet)
Proline
Cysteine
Alanine
Glutamic acid
Aspartic acid
Serine
Glycine
Tyrosine
Σ-Total non-essential AA

Feed Coppens
3.25±0.01c
1.16±0.04d
4.30±0.02c
11.33±0.04c
8.86±0.03c
3.39±0.04c
3.03±0.01c
3.26±0.05c
38.58±0.24d

Diet A
3.23±0.03c
0.29±0.02c
4.28±0.01c
11.28±0.07c
8.83±0.04c
3.48±0.11c
3.05±0.05c
3.23±0.21c
37.67±0.54c

Diet B
3.12±0.07b
0.21±0.02b
4.07±0.04b
10.65±0.11b
7.46±0.01b
3.13±0.07b
2.92±0.04b
2.95±0.03b
34.51±0.36b

Diet C
2.41±0.05a
0.19±0.04a
3.85±0.03a
8.83±0.07a
6.47±0.03a
2.78±0.02a
2.52±0.12a
2.39±0.01a
32.22±0.39a

Values differing in a row of different subscripts are substantially different (p<0.05). Values of the formulated diets were obtained
in g/100 g proteins and converted to g/100 g diet. Key: Diet A: Fish Wastes + guinea corn + Additives, Diet B: Groundnut cake
+ Guinea corn + Additives Diet C: Fish wastes + Groundnut cake + Guinea corn + Additives

3.4 Mineral composition of commercial
feed and formulated diets
The mineral composition of the commercial
feed and formulated diets are shown in table
4. The mineral analysis results revealed a
significant higher (p<0.05) values of calcium
AROC in Food and Nutrition, 2021, 1(2), 01-09

(138.85±0.17 mg/kg), copper (0.28±0.01
mg/kg), phosphorus (42.28±0.02 mg/kg),
potassium
(230.33±0.33
mg/kg),
iron
(9.84±0.24
mg/kg)
and
magnesium
(80.49±0.04 mg/kg) in formulated diet A than
other formulated diets (B and C) but lower
than the commercial feed.
https://doi.org/10.53858/arocfn01020109
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3.5 Effects of formulated diets
hematological parameters of catfish.

on

The effect of commercial feed and formulated
diets on some haematological parameters are
shown in table 5. The red blood cell,
haemoglobin and packed cell volume for the
group of fingerlings fed formulated diet A was
higher in values compared to the groups of

fingerlings fed formulated diets (B and C) but
lower in values than the groups of fingerlings
fed the commercial feed. The values of white
blood obtained in fingerlings fed formulated
diet A (1.28±0.25 x 109/L) was lower in values
than the groups of fingerlings fed formulated
diets (B and C) but higher than the group of
fingerlings
fed
the
commercial
feed
(0.73±0.33 x 109/L).

Table 4: Mineral composition of commercial feed and formulated diets

Minerals (mg/kg)
Calcium (Ca)
Copper (Cu)
Phosphorus (P)
Potassium (K)
Iron (Fe)
Magnesium (Mg)

Feed Coppens
150.03±0.01d
1.28±0.02d
60.23±0.02d
250.04±0.03d
12.83±0.07d
91.27±0.06d

Diet A
138.85±0.17c
0.28±0.01c
42.28±0.02c
230.33±0.33c
9.84±0.24c
80.49±0.04c

Diet B
130.49±0.03b
0.07±0.02b
39.35±0.03b
211.23±0.07b
5.85±0.08b
78.39±0.03b

Diet C
120.62±0.01a
0.02±0.03a
30.21±0.01a
121.29±0.20a
3.61±0.02a
60.58±0.02a

Values were obtained as a result of triplicate determination (means ± Standard error of mean). Values differing in a row of
different subscripts are substantially different (p<0.05). Key: Diet A: Fish Wastes + guinea corn + Additives, Diet B: Groundnut
cake + Guinea corn + Additives Diet C: Fish wastes + Groundnut cake + Guinea corn + Additives

Table 5: Effects of commercial feed and formulated diets on some hematological parameters of catfish.

RBC (x 109/L)
HGB( g/dl)
WBC ( x 109/L)
PCV (%)

Feed Coppens
3.89±0.37d
8.50±0.25d
0.73±0.33a
25.67±0.24d

Diet A
3.40±0.23c
8.00±0.19c
1.28±0.25b
24.45±0.26c

Diet B
2.17±0.43b
7.23±0.23b
2.38±0.18c
21.65±0.14b

Diet C
1.29±0.45a
5.26±0.27a
3.37±0.21d
15.67±0.25a

Values were obtained as a result of triplicate determination (means ± Standard error of mean). Values differing in a row of
different subscripts are substantially different (p<0.05). Key: Diet A: Fish Wastes + guinea corn + Additives, Diet B: Groundnut
cake + Guinea corn + Additives Diet C: Fish wastes+ Groundnut cake + Guinea corn + Additives

4.0 Discussion
The carbohydrate content of the commercial
feed and the formulated diets (table 1)
suggests that the formulated diets are rich in
energy and they are able to meet the 20 %
minimum
amount
of
carbohydrate
requirement for catfish feed supplementation
as reported by Menghe et al. [23]. The higher
carbohydrate content of formulated diet C
may be attributed to the ingredients used for
the formulation.
The protein content of the formulated diets
obtained in this work is not in agreement with
what was obtained by Musiba, et al. [24]. The
significant higher protein content of the
formulated diet A than other formulated diets
(B and C) is most likely attributed to the high
crude protein of fish waste used for the
formulation. The lower protein content of
formulated diets B and C may be due to the
plant-based sources of protein used in the
formulation of the diet. This is in line with the
report by Robinson et al. [25] that the use of
plants as a source of protein supplements in
AROC in Food and Nutrition, 2021, 1(2), 01-09

fish feed formulation may be deficient and low
in some amino acids like lysine and
methionine which are the major growth
promoter in fish feed and may as well contain
anti-nutritional factors that may not be
destroyed in the processing of feed.
The significantly lower (p<0.05) moisture
content of the formulated diet A than other
formulated diets (B and C) is most likely
attributed to drying and the sources of the
ingredients used for the formulation. The
moisture content of the formulated diet A and
B are similar to the findings of Aisha and ElTinay [26] who reported the moisture value in
the range of 4.3-5.1 %.
The significant higher value in the lipid content
of formulated diet A may be due to the fish
waste and bone meal used in the formulation.
Fish is not only a source of protein but also
serve as a unique source of essential nutrients
such as omega 3 and 6 fatty acids. Bone meals
also contain a lot of fats and the two of them
used for the formulation of diet A may account

https://doi.org/10.53858/arocfn01020109
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for the rise in the lipid level of formulated diet
A compared to formulated diets (B and C).

findings are not in agreement with the report
of Modupe et al. [29]

The ash content of formulated diet B and C in
figure 4.2 is low and the non-significant
difference (p>0.05) between the ash content
of the formulated diet B and C is probably due
to the low composition of minerals in the
formulated diets. The high ash content of
formulated diet A may be due to the
ingredients used for the formulation. The fish
waste and bone meal used for the formulation
are good sources of mineral elements and this
could contribute to the high mineral content of
formulated diet A. The non-significant
difference between the ash content of
formulated diet A and the commercial feed is
most likely attributed to similarity in their
mineral compositions. The ash content of
formulated diet A is within the range reported
by Otunola et al. [27]. This observation was
the same for crude fiber.

Haematological parameters are strong clinical
markers of the animal’s physiological, dietary
and pathological status [30]. They are also
important in checking feed toxicity. Changes
in the haematological parameters depend on
age, fish species, diseases and the cycle of
sexual maturity [31, 32].

The observed consistent higher trend in amino
acid values in the formulated diet A over the
formulated diet B and C may be due to the
high crude protein content of the fish waste
used for the formulation in Table 2. This
agrees with the findings of Lacy & Rutqvist
[28] that animal sources of protein used in fish
feed formulation are better in enhancing the
protein contents of feed than plant sources of
protein. The formulated diet A with the
highest total essential and non-essential
amino acids than the other formulated diets
(B and C) may be the most suitable diet to
supply the necessary amino acids required for
catfish growth and maturity.
The significantly higher values of mineral
composition of formulated diet A (table 4)
may be due to higher mineral compositions of
the selected ingredients used for the
formulation of the diet. Fish waste is rich in
calcium, phosphorus, iron, zinc, iodine and
potassium. Bone meal is rich in calcium,
phosphorus, iron, magnesium and zinc. All
these minerals present in this selected
ingredient may be responsible for the high
mineral content of formulated diet A. The
significantly lower values for the mineral
compositions of formulated diets B and C may
be attributed to the low mineral composition
of the selected ingredient used for the
formulation of the diet. The non-significant
difference (p>0.05) between the formulated
diet B and C may be that they have similar
mineral
compositions.
However,
these
AROC in Food and Nutrition, 2021, 1(2), 01-09

The higher values of the red blood cell (RBC),
haemoglobin (Hb), and packed cell volume
(PCV) of the groups of fingerlings fed
formulated diet A compare to the groups of
fingerlings fed the formulated diets (B and C)
is an indication that formulated diet A did not
have any cytotoxic effect on the fingerlings.
The higher values of RBC, Hb and PCV may be
due to the high presence of mineral elements
such as iron and copper in the formulated diet
A. The presence of iron could stimulate the
production of red blood cells which will
increase the level of RBC, Hb and PCV. Ekpo
[13] reported a similar finding that diets
formulated with animal sources of protein and
minerals has no major adverse impact on the
haematological indices of fish. The lower value
of white blood cell (WBC) of the groups of
fingerlings fed formulated diet A compare to
the groups of fingerlings fed formulated diets
(B and C) may be that formulated diet A did
not contain toxic substances which may
trigger the production of WBC. WBC is known
to be produced whenever foreign invaders or
toxic substances enter the system of an
organism [33].
The lower count for RBC, Hb and PCV
observed in the groups of fingerlings fed
formulated diet B and C (table 5) could be
attributed to the decreased level of protein in
the formulated diet B and may lead to
inadequate nutrient requirements as protein
are contributing factors of haemoglobin
synthesis. This might have reduced the
production rate of red blood cells or rise its
damage. The result of red blood cell count is
not in agreement with the findings of Ayoola
[34].
The lower haemoglobin concentration of the
groups of fingerlings fed formulated diets (B
and C) may be attributed to the deficiency of
some minerals in the formulated diets. This
outcome is similar to the results of Adewolu
and Aro [35]. White blood cells are the
defence cells of the fish body. The rise in white
https://doi.org/10.53858/arocfn01020109
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blood cells of the groups of fingerlings fed
formulated diets (B and C) could be attributed
to the presence of toxic substrate in the
formulated diet that may trigger the
production of white blood cells in the
haematopoietic tissue of the kidney in order
to destroy foreign substances. This result is in
agreement with the findings of Abalaka [36].
The lower packed cell volume of the groups of
fingerlings fed formulated diets (B and C) may
be ascribed to the presence of anti-nutritional
factors, for example, haemagglutinin in the
formulated diets which affect blood formation
and growth. Packed cell volume of the groups
of fingerlings fed formulated diets (B and C)
were lower than recommended range (22-38)
% for fish as reported by Erondu et al. [37]
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5.0 Conclusion
Conclusively, the formulated diet A showed a
better result in terms of proximate
composition, mineral contents, protein value
and haematological parameters compared to
other formulated diets (B and C) studied.
Therefore, formulated diet A is a preferable
alternative feed for catfish fingerlings rearing.
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