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Abstract
This study evaluates the nutrient utilization and growth performance of African catfish (Clarias gariepinus) fed alternative animal protein composite meal for 42 days.
The composite meal is composed of feather meal, blood meal, tilapia meal, and maggot meal each in a 25% proportion. Five isonitrogenous diets (T1, T2, T3, T4, and T5)
containing 40% crude protein were formulated with the composite meal replacing fish meal at 0% control (T1), 25% (T2), 50% (T3), 75% (T4) and 100%(T5) respectively. The
weight gain, protein intake, protein eﬃciency ratio, and specific growth rate in the 75% and 100% inclusion levels were not significantly different from the control diet. Fish
survival ranged between 90-95% with the highest weight gain of 10.57g observed in the 100% inclusion level. The Feed conversion ratio varied between (1.17 and 1.37).
The results from growth, feed utilization, and survival levels showed an overall good growth of the fish in the experimental diets, and this indicates that the composite meal
is a potential replacement for fish meal in the diets of Clarias gariepinus fingerlings.

Introduction
With the annual increase in global population, there has
been an increase in fish demand causing rapid growth in the
aquaculture industry compared to other animal food production
[1]. Sustainable aquaculture production however depends
largely on the ability of farmers to formulate cost-effective
feed to reduce the cost incurred on feeding which accounts for
about 60% of the total aquaculture production cost [2]. For
decades, fishmeal which is an important protein ingredient
source has constituted a major part of fish feed formulation.
In recent years, due to high demand and an increase in prices,
the availability of fish meals has decreased significantly [3].
To meet up with rising fish demands, there is a need to find
alternative and cheaper protein ingredient sources of plant

availability of cheap feed that meets the protein requirement
of African catfish (Clarias gariepinus) would go a long way in
increasing its production and profitability [4].
Since fishmeal is an expensive feed ingredient, the use of
non-conventional feedstuffs in the diets of catfish has been
reported. Many Alternative Protein Sources (APS) have been
used in the replacement of fishmeal in fish diets through
feeding trials [5]. Animal and plant-based feed ingredients
such as feather-meal [6], maggot meal [7], poultry offal [8],
duckweed [9], brewer wastes [10], and wastes from other
animal and plant sources for fish feed formulation have been
credited for being cheap and not compatible with human
consumption.

or animal origin that can replace fish meal which will not

Feather meal is a poultry by-product with high protein
content (80%-85%) and is commercially available. With some

affect the nutritional and growth performance of fish. . The

chemical treatment, feather meal can be a good source of sulfur054
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containing amino acids [11]. A dietary feather meal inclusion of

Table 1: Composition of experimental diets.
Feed materials

not more than 25% in the diet of catfish fingerlings has been

T1

T2

reported by Serwata and Davies [12]. When feather meal is

T3

T4

T5

Values (kg)

hydrolyzed and mixed with chicken offal and maggot meal, the
mixture was able to replace 50% of fish meal used in African

Maize

15

15

15

15

15

GNC

30

30

30

30

30

SBM

25

25

25

25

25

contains ten essential amino acids [14] that are comparable to

Fish meal

23

17

11

6

-

fish meal [15] and high in nutritive value. The biological value

Composite meal

-

6

11

17

23

of maggot meal is equivalent to that of fish meal and maggot

Bone meal and other minerals

4.5

4.5

4.5

4.5

4.5

larvae contained no anti-nutritional or toxic substances found

Methionine

2

2

2

2

2

catfish fingerlings’ diets without causing any adverse effects
on fish growth [13]. Maggot meal is high in biological value and

in alternative protein sources of vegetable origin [16].
In a preliminary survey conducted before this research, we
observed that feathers generated from processing poultry birds

Lysine

1

1

1

1

1

Total

100

100

100

100

100

GNC = Groundnut cake; SBM = Soy Bean Meal

and poultry droppings from which we produced maggot meal
are available in large quantities across Nigeria mostly as farm
waste and with a potential of being utilized as constituents of

Experimental setup

animal feed. In this study, we formulated a composite meal

A total of 150 African catfish (Clarias gariepinus) fingerlings

(comprising feather meal, blood meal, maggot meal, and

with a mean initial body weight of 4g were purchased from

tilapia meal) that can be used for partial or total replacement

a reputable fish farm hatchery in Ibadan, Oyo state. Before

of fishmeal in the diets of Clarias gariepinus.

feeding trials, the fingerlings were acclimatized in fish harpers

Materials and methods
Feed ingredients sourcing and processing

in a tank for two weeks. For the experiment, two rectangular
tanks each with a dimension of 15ft (length) by 6 ft (width)
by 4 ft (depth) were used. Each of the two concrete tanks was
filled with water and the water level was maintained at 2/3

Composite Meal (CM) was produced from locally sourced

capacity in all the tanks throughout the experiment. 15 harpers

non-conventional animal feed ingredients. Feather meal, blood

anchored above the pond with dimensions 1ft by 1 ft and 1.5ft.

meal, maggot meal, and tilapia meal each at a 25% proportion

were submerged into the water. After two weeks, the fingerlings

and were blended to form a composite diet. Feathers and cow

were divided randomly and distributed into 15 harpers with ten

blood were collected from poultry bird processors and abattoir

fishes per harper. The fishes were fed twice daily (9 am and 4

at Bodija market, Ibadan. Feathers were processed according

pm) to satiation for 42 days with each of the diets in triplicate

to the method described by Omitoyin, et al. [17]. Blood was

harper. The fish were weighed weekly and inspected daily for

processed as described by Eyongetta [18]. Maggot meal was

abnormal behaviour and mortalities. The amount of feed fed

produced following the method described by Fasakin, et al.

to the fish was adjusted every two weeks according to the last

[19] using poultry droppings collected from the University of

total body weight determined by weighing. Water temperature,

Ibadan poultry farm and processed according to Calvert, et al.

pH, and ammonia were measured weekly using mercury in a

[20], and Balogun, et al. [20,21]. Other feed ingredients were

glass thermometer and API freshwater test kits.

purchased from a reputable feed mill in Agbowo Ibadan.

Feed formulation

Analytical techniques and growth determination
The proximate analysis of the composite meal, experimental

All feed ingredients that will be used were milled and mixed
into very fine homogenous particles. The feed ingredients
were weighed using commercially available Camry scales and
Camry EK4510 digital scales. Pearson square method was used
to formulate five isonitrogenous diets with 40% crude protein
using commercially available Danish fish meal. The fish meal
was then replaced at 0%, 25%, 50%, 75%, and 100% with the
composite meal. The diets were labeled T1 (100%FM, 0% CM),
T2 (75%FM, 25% CM), T3 (50%FM, 50% CM), T4 (25%FM,
75% CM) and T5 (0%FM, 100% CM) respectively with T1
being the control while T2, T3, T4 and T5 are treatments.
The ingredients were mixed, and diets were made into 2mm
pellets using a pellet machine at the University of Ibadan fish
farm, sun-dried for 48 h, and stored at room temperature. The
feed ingredients, formulation, and proximate composition are
presented in Table 1.

diets, and experimental fish was done using the method
described by [22] methods and carried out in triplicates. The
experimental fish growth performance and nutrient utilization
were based on the following biological parameters.
Weight Gain (WG) = (Final weight – Initial weight)g
Percentage Weight Gain (PWG) = (Mean weight gain / Initial
weight) X 100
Specific Growth Rate (SGR) = (ln final weight – ln initial
weight)/days X 100
Protein Intake (PI) = Feed intake X percentage protein
Protein Efficiency Ratio (PER) = Weight gain (g)/ Protein
intake
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Feed Conversion Ratio (FCR) = (Feed intake / Fish weight
gain) g

Statistical analysis
Data collected from the feeding experiment were subjected
to Analysis of Variance (ANOVA) for significant differences
using (SPSS version 28). Variation in means was tested using
Duncan Multiple range test [23] at p < 0.05

Results and discussion
The result of the proximate composition of the feed
ingredients is presented in Table 2. The proximate composition

Table 3: Proximate composition of the experimental diets.
Proximate composition

T1

T2

T3

T4

T5

Crude Protein

40.29

40.3

40.33

40.35

40.36

Ash

6.45

6.7

6.85

9

11

Ether Extract

2.35

4.13

3.02

4

3.5

Crude Fat

3.07

3.33

4.03

4.08

4.1

Dry Matter

90.14

90.54

89.19

89.72

91.28

Moisture Content

9.86

9.46

10.81

10.28

8.72

NFE

37.98

36.08

34.96

32.29

32.32

ME (Kcal/Kg)

3000.4

2956.35

2977.7

2889.2

2892.3

ME = Metabolized Energy; NFE = Nitrogen Free Extract.

of the composite meal compares favorably with the fish meal
used in this experiment. The crude protein of the composite

In this study, there were no significant differences in the

meal was 67.83% compared with 72% of the fish meal. The

weight gain and feed intake of the experimental fishes in the

growth performance, feed utilization, and survival of African

75%, 100%, and control groups (T1). In addition, increasing the

catfish (Clarias gariepinus) fed varying levels of composite meal

composite meal inclusion rate did not affect the fish survival

inclusion are shown in Table 3. The mean weight gain ranged

rate as well as the water quality. This showed that it is safe

from 6.53 ± 0.11 in T3 to 10.57 ± 0.84 in T5. The feed intake

to use the composite meal at the various inclusion levels. In

and weight gain were significantly higher at 75% and 100%

a similar study by Adewolu, et al. [13], the author replaced

inclusion of composite meal. The observed growth could be

fishmeal with 50% of animal meal mixture comprising feather

due to a combination of high protein animal feed ingredient
sources used in the composition of the composite meal [24].
Protein intake, PER, and SGR were lower in (T2) 25% and (T3)
50% composite meal inclusion levels compared with the higher
values observed in the (T5) 100% and (T4) 75% composite
meal inclusion levels. However, experimental fishes in T3 were
observed to respond slowly when fed the experimental diets and
this could have resulted in their low weight gain as observed
in the result. The Feed Conversion Ratio (FCR) ranged from
1.17 ± 0.07 to 1.37 ± 0.03 but was significantly lower in diet T5.
This indicates that the protein sources in the diets compared
favorably in diets to flesh conversion. The higher SGR and PER
found at higher inclusion levels suggest that the amino acid of

meal, chicken offal meal, and maggot meal and concluded that
animal protein mixtures are well utilized for optimal growth
and that essential amino acids were available to support
growth. Bureau, et al. [26] suggested the use of two or three
protein sources in fish feed formulation to reduce the negative
effects of nutrient imbalance, lower digestibility of nutrient
contents, excessive levels of anti-nutritional factors, or lower
palatability which are usually nutritional factors that cause
depression in performance of fish fed lower levels of fish meal.
The result of the carcass composition of the experimental
fish fed the experimental diets is presented in Table 5. The
highest crude protein was obtained in T5 (16.12 ± 0.11) while
the T3 had the lowest crude protein content. Lipid content was

maggot meal, tilapia meal, blood meal, and feather meal in the

highest in the fish fed the control diet and lowest in T3. The ash

composite diet is similar to that of fish meal [15,25]. African

content of the fish was not significantly different in the control

catfish showed positive potential for growth with the use of the

and among all treatments. In general, the carcass composition

composite diet in replacement of fish meal with no observed

of the catfish fed the experimental diets was not affected by

health effects of the diets on the fish and water quality (Table

the substitution of the fishmeal with the composite meal. This

4).

is similar to what was reported by Abdel-Warith, et al. [27]
and Fasakin, et al. [19]. The similarity observed in the carcass
composition of the experimental fish could be a result of the
use of different protein source ingredients in the composite

Table 2: Proximate composition of the feed ingredients.
Feed
%Crude
%Ether %Crude %Dry %Moisture
%Ash
NFE
Ingredient Protein
Extract Fiber Matter Content

meal and feed formulation. The cost of producing a kilogram
ME

of the composite meal locally ranged from N300 to N400 which
is low compared with the cost of imported 72% Danish fish

Feather
meal

73.44

1.78

9.32

7.29

94.8

5.2

2.97 3466.55

Blood meal

69.73

3.78

2.29

2.58

90.81

9.19

12.43 3070.25

replacement of fish meal can help reduce the cost of production.

Maggot
meal

61.8

15.31

5.23

6.21

93.87

2.13

9.32 2933.75

Conclusion

Tilapia meal

54.26

27.8

8.29

0.4

94.9

5.1

4.15

Composite
meal

67.83

11.59

5

5.01

93.07

4.93

5.64 2996.45

Maize

8.39

1.59

3.69

1.8

90.01

9.99

74.54 3216.2

Soybean
meal

44.26

7.2

1.99

5.79

89.99

10.01

30.75 2794.5

GNC

42.54

5.62

8.8

22.8

94.27

5.73

14.51 2744.75

2749

meal of N950. This indicates that the use of composite meal in

In conclusion, the protein content of the composite meal
and the result from this study shows that the Composite Meal
(CM) can serve as a replacement for fish meal in the diet of
African catfish (Clarias gariepinus) without affecting growth
and survival while also reducing cost in a developing country
like Nigeria.
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Table 4: Growth performance and nutrient utilization of African catfish fingerlings fed experimental diets.
T1

T2

T3

T4

T5

IW

3.98 ± 0.01

3.99 ± 0.02

3.94 ± 0.06

3.90 ± 0.07

3.95 ± 0.06

FW

13.36 ± 0.76c

12.05 ± 0.85b

10.57 ± 0.18a

13.51 ± 0.63c

14.52 ± 0.77c

WG

9.38 ± 0.76c

8.07 ± 0.86b

6.53 ± 0.11a

9.60 ± 0.70c

10.57 ± 0.84c

PWG

235.87 ± 18.92bc

202.36 ± 21.72ab

165.65 ± 5.37a

246.26 ± 22.17c

268.03 ± 26.93c

SGR

2.88 ± 0.13b

2.63 ± 0.17

2.35 ± 0.05

2.95 ± 0.16

3.10 ± 0.17c

FI

11.43 ± 0.48bc

10.77 ± 0.22b

8.98 ± 0.16a

11.44 ± 0.13bc

12.40 ± 1.69c

PI

0.65 ± 0.03

0.61 ± 0.01

0.51 ± 0.01

bc

0.65 ± 0.01

0.71 ± 0.10c

FCR

1.22 ± 0.11ab

1.35 ± 0.15ab

1.37 ± 0.03b

1.20 ± 0.10ab

1.17 ± 0.07a

PER

2.06 ± 0.18

1.88 ± 0.21

1.82 ± 0.04

2.10 ± 0.17

2.14 ± 0.14b

c

b

bc

b

ab

% Survival

a

a

ab

90

a

90

95

c

ab

90

95

IW = Initial weight, FW = Final weight, WG = Weight gain, PWG = Percentage weight gain, SGR = Specific Growth Rate, FI = Feed Intake, PI = Protein intake, FCR = Feed
conversion ratio, PER = Protein eﬃciency ratio

Table 5: Carcass analysis of fish fed experimental diets.
T1

T2

T3

T4

T5

MC

75.33 ± 0.49

76.24 ± 0.14

78.16 ± 0.11

74.54 ± 0.11

76.16 ± 0.11

CP

15.83 ± 0.07

14.45 ± 0.17

14.07 ± 0.09

15.19 ± 0.09

16.12 ± 0.11

Ash

4.33 ± 0.03

4.59 ± 0.04

4.51 ± 0.16

4.77 ± 0.05

4.39 ± 0.06

Lipid

3.62 ± 0.04

3.32 ± 0.11

3.12 ± 0.04

3.50 ± 0.02

3.33 ± 0.06

MC = Moisture content; CP = Crude protein
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