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ABSTRACT

Fishmeal is recognized by nutritionists as a high-quality, very digestible feed ingredient that is favored for addition to 
the diet of most farm animals, especially fish. In this study, plant protein was replaced by fish meal (FM) to determine 
the feasibility to the diets of juveniles of Nile tilapia fish Oreochromis niloticus. The experiment was conducted for 8 
weeks in aquariums; each one was stocked with 15 fish of an average weight of 8.13 ± 1.3 g. The feeding trial was 
consisted of 4 treatments, first one without FM (control), the second, third and fourth a diet containing 4%, 8% 
and 12% FM respectively. The effect of each replacement level on the growth performance, feed utilization, and 
survival rate of the experimental fish was assessed. All the experimental diets were well accepted by the fish, and no 
mortality was observed during the experimental period. At the end of the experiment no different in survival rate, 
growth performance, across the dietary treatments (P ≥ 0.05) but the difference was significant (p ≤ 0.05) between 
control diet and the diet contain 12% FM. The percentage of the fish weight was 127.92 ± 3.57% for 12% FM diet, 
followed by 8% FM diet with 112.42 ± 3.34%, and then 4% FM diet with 103.29 ± 3.1%. The fish weight of the 
treatment without FM reached 80.44 ± 2.24%. The diet that contained 12% fishmeal is the best in terms of the rate 
of food conversion ratio (FCR) which recorded 2.60 ± 0.13, followed by 8% FM diet with 2.93 ± 0.16, and then 4% 
FM diet with 3.10 ± 0.17 and 3.78 ± 0.23for the diet without FM. The fish growth in the three treatments whose food 
contained FM was better than that of food did not contain it, despite containing the same protein content (35%). 
This indicates that fish meal improves the quality of protein, and the increase in growth was directly proportional to 
the increase in the percentage of FM in the diet.
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INTRODUCTION

Aquaculture is the fastest growing food producing sector globally. 
Aquaculture continues to grow more rapidly than all other animal 
food producing sectors, with an average annual growth rate for the 
world of 8.8% per year since 1970, compared with only 1.2% for 
capture fisheries and 2.8% for terrestrial farmed meat production 
systems over the same period [1]. World aquaculture production 
sector is playing an important role in providing products which are 
very essential to human basic needs and also providing employment 
opportunities to many people worldwide [2].

Nile tilapia (Oreochromis niloticus) is one of the most commonly 
cultured fish species in fish farms. Nile tilapia (Oreochromis niloticus) 
is the second most chief farmed fish worldwide, and its production 
has expanded over the past decade because of its suitability for 
aquaculture, marketability, and stable market prices [3].

Tilapia is the common name given to three genera of fish in the 
family Cichlidae namely Oreochromis, Sarotherodon and Tilapia 
[4]. The genus Oreochromis includes Nile tilapia (Oreochromis 
niloticus), Mozambique tilapia, (Oreochromis mossambicus) and blue 
tilapia (Oreochromis aureus). The first trials of tilapia culture were 
recorded in Kenya in the 1920s [5]. Since then, tilapia culture has 
been established in many tropical and subtropical regions, and 
even in areas beyond their native ranges. Regionally, Tilapia is the 
most preferred cultured fish in East Africa but are the second most 
important cultured fish in the world after Carps [5,6]. Fish farming 
requires the provision of feed especially in intensive and semi-
intensive systems and represents about 50-80% of the operational 
costs in an intensive system [7]. Special attention should be given 
to protein, the most expensive macro component of feed [8]. 
The dietary protein requirements of Tilapia based on the size/
age, small tilapia have a higher dietary protein requirement and 
the requirement decreases as the fish grows bigger [9,10]. Protein 
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requirement of juvenile fishes is ranged from 35% to 55% for 
their optimal growth [11]. Any complete diet must contain some 
protein, but the nutritional value of the protein relates directly 
to its amino acid composition and digestibility. Fishmeal and any 
other feedstuff that contains protein can simply be thought of as 
a ‘vehicle’ for providing amino acids to the diet. Feeds containing 
fish meal outperform the diet that did not contain it can be traced 
back to the quality of the fish meal protein, which is not balanced 
in the necessary amino acids that meet the growth needs of fish 
[12]. Fish meal is rich in many important vitamins [13]. Fish meal 
is still generally the preferred protein source within compound 
aqua feeds for Tilapia because of its high nutritional quality and 
biological value to Tilapia. Several studies examining the effects of 
many ingredients on fish reproduction performance have obtained 
different results according to type of ingredients, composition of 
the diets and fish species [14-19].

Balancing nutrients in diets by using the minimum amount of 
fishmeal to meet specific amino acid requirements for fast growth 
and reproduction and reducing feed costs constitute one of the 
principal objectives in formulation of fish feeds. The objectives of 
this study to determining the optimum percentage of fish meal in 
diets of juveniles of Tilapia, and to filling the lack information of 
feeding at this stage of fish under local conditions in Sudan.

MATERIALS AND METHODS

Experimental fish and culture conditions

The study was conducted in the Wet Lab of the Faculty of 
Agricultural Technology and Fish Science, El-Neelain University for 
8 weeks. The experiment consisted of four treatments conducted 
in four aquariums of equal size, each containing 72 liters of "tap 
water" water. Juveniles’ fish were obtained from the college farm, 
and were adapted to the aquarium conditions and to the industrial 
food for a week. Then the fish were weighed and distributed to 
the experiment aquariums by 15 juveniles (mean weight 8.13 ± 
1.3 g) per aquarium. The daily water temperature was recorded in 
all treatments in the morning. The aquariums were cleaned daily 
throughout the experiment period by removing the dirt and debris 
accumulated on the bottom, and replacing a third of the aquarium 
water with new water to reduce the concentration of excretory 
nitrogenous wastes of fish (ammonia). All experiment aquariums 
are ventilated with Aquarium Air Pumps and Air Stones.

Feed and Feeding

Fish were fed in 4 treatments with diets each containing 35% 
protein and differed in the percentage of Fish meal (Table 1), where 
one of them was left without fish meal (control) and the other three 
contained fish meal with ratio of 4%, 8%, 12% respectively. The 
Peanut seed, sesame seed, cotton seed, wheat bran, and Sorghum 
were used as plant protein feed. The feeds are manufactured on 
the fish farm, where the components of the various diets were 
individually ground, and then the calculated quantities and weighed 
using the "QE-400" scale (accuracy of a gram weight). The pellets 
were crushed into small particles (Crumbles) by an electric grill to 
match the grain size with the size of the fish used in the experiment. 
Fish were fed in all treatments in the beginning of the experiment 
at 4% of their body weight per day, but later the rate was increased 
to 6%, depending on the fluctuation in water temperature. The 
daily food ration was given in three doses. Analyzes of the different 

feeds used in the experiment were performed, where the moisture, 
ash, protein, fat, and carbohydrate ratios were identified (Table 2). 
All fish were weighed at the beginning of the experiment and then 
weekly to tracking the growth of fish and re-estimate the amount 
of food needed, according to the new weights of fish. At the end 
of the experiment, all fish were weighed, and then the percentage 
increase in fish weight, the daily growth rate, the food conversion 
ratio and the survival rate in the various treatments were calculated.

RESULTS

The results showed that the average weight of the fish in the control 
treatment, increased from 8.13 ± 1.3 g to 14.67 ± 1.3 g with an 
average weight 6.54 g at the end of the experiment. The average 
weight of fish for the diet 4% FM increased from 8.20 ± 1.3 g to 
16.67 ± 1.6 g at an average 8.47 g. The average weight of fish for 
the diet 8% FM increased from 8.13 ± 1.3 g to 17.27 ± 1.4 g with 
an average 9.14 g. Whereas the weight of fish for the diet 12% FM 
increased from 8.13 ± 1.3 g to 18.53 ± 1.0 g with an average 10.40 g 
at the end of the experiment (Table 3).

The daily growth rate was 0.12 ± 0.01 g/day for the control diet, 
while it reached 0.15 ± 0.03 g/day for the diet 2, 0.16 ± 0.03 g/
day for the diet 3 and 0.19 ± 0.06 g/day for the diet 4 (Figure 1). 
Accordingly, the percentage weight was 80.44 ± 2.24% for the 
control diet, 103.29 ± 3.1% for the diet 2, 112.42 ± 3.34% for 
the diet 3 and 127.95 ± 3.57% for the diet 4 (Figure 2). The food 
conversion ratio was 3.78 ± 0.23 for the control diet, 3.10 ± 0.17, 
2.93 ± 0.16 and 2.60 ± 0.13 for the diets 2, 3, 4 respectively. The 
survival rate (%) for the four treatments it was 100% until the end 
of the experiment (Table 3).

The temperatures recorded daily in all aquariums were almost 

Table 1: Components of the experimental diets (%).

Feed Ingredients
Treatments

I II III IV

Peanut meal (42% 
protein)

34.56 32.24 29.92 27.60

Sesame meal (41.3% 
protein)

34.56 32.24 29.92 27.60

Cottonseed meal 
(26.90% protein)

17.18 16.12 14.96 13.80

Wheat bran (11.8% 
protein)

10.20 11.55 12.90 14.25

Sorghum 
(10.7% protein)

3.40 3.85 4.30 4.75

Fish meal (51.0% 
protein)

- 4.00 8.00 12.00

Total 100 100 100 100

Table 2: Proximate analysis of the ingredient feeds (%).

Feed stuff Moisture
Crude 
protein

Crude fat Ash Carbohydrate

Peanut seed 5.7 41.95 7.95 6.20 38.20

Sesame seed 4.8 41.5 11.90 17.60 24.45

Cotton seed 7.0 26.90 7.80 4.65 53.65

Wheat bran 7.7 11.75 2.45 3.90 74.20

Sorghum 8.3 10.70 3.35 2.80 74.85

Fish meal 9.9 51.0 8.10 27.60 3.40
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Table 3: Fish performance in 8-weeks.

Parameters
Diet 1 

Control
Diet 2
4% FM

Diet 3
8% FM

Diet 4
12% FM

 Initial weight(g) 8.13 ± 1.3 8.13 ± 1.3 8.13 ± 1.3 8.13 ± 1.3

 Final weight (g) 14.67 ± 1.3 16.67 ± 1.6 17.27 ± 1.4 18.53 ± 1.0

Gain (g) 6.54 ± 0.2 8.47 ± 0.4 9.14 ± 0.3 10.40 ± 0.6

Gain (%) 80.44 ± 2.24 103.29 ± 3.1
112.42 ± 

3.34
127.92 ± 

3.57

Daily gain (g) 0.12 ± 0.01 0.15 ± 0.03 0.16 ± 0.03 0.19 ± 0.06

FCR 3.78 ± 0.23 3.10 ± 0.17 2.93 ± 0.16 2.60 ± 0.13

Survival (%) 100 100 100 100

Values are the mean  ±  S.D. of triplicate groups of each treatment

equal in one day, but they varied between successive days, with 
weekly average ranging between 22.3°C and 28.3°C (Figure 3).

DISCUSSION

Selection of feed ingredients is one of the most important factors 
for the formulation and commercial production of supplemental 
quality feed for any aquatic species [20]. Fish feed is among the 
most critically important factors influencing the ability of cultured 
fish to grow profitably in a fish farm [21]. From the study the fish 
were feed on the different type of the diets during the experiment 
period, were grew. The weight of the fish increased in all treatments 
that received food in varying proportions, this indicates that the 
fish accepted the food provided to them. The results of the study 
indicated that fish growth in the three treatments containing 
fish meal (4%, 8%, and 12%) was better than fish growth in the 
treatment without fish meal and was restricted to plant feed only 
(Figure 1). Wu GS, et al. [22] found that growth of hybrid tilapia 
(O. niloticus × O. aureus) offered diets devoid of FM was significantly 
lower (P ≤ 0.05) than those fed diets containing FM because of poor 
palatability and lysine deficiency. This indicates the importance of 
fish food containing fish meal at this life stage, which does not find 
a way for natural food, and this is consistent with the findings of 
Nahla AA [23] who said that the growth of fingerlings of Nile tilapia 
increases if the fish meal is used within the diet. In the current 
study, the rate of growth is directly proportional to the increase in 
the percentage of fishmeal in the diet, the growth increased and 
reached 103.29 ± 3.1%, 112.42 ± 3.34%, and 127.92 ± 3.57% for 
the diets that contained fish meal 4%, 8%, and 12%, respectively, 
(Table 3). This means the juveniles and young fish still require 
fishmeal to grow at an optimal rate. The rate of fish growth in the 
various treatments that received food during the following weeks 
of the experiment remained consistent with the general trend that 
represented in the superiority of the diet containing fish meal 12%, 
followed by 8%, then 4%, and then the diet without fish meal 
(Figure 2). This is in agreement with the results of Soltan M, et al. 
[24], who found that growth and feed utilization were significantly 
affected when fishmeal replacement with plant protein mixture 
and with the results of Abdel-Tawwab M [25] who indicated that 
growth of Nile tilapia was improved significantly by increasing the 
dietary protein level from 35 to 45%.

From biological point of view, in this study the best diet contains 
12% FM, followed by the diet that contains 8%, then the diet that 
contains 4%, and then the diet that was confined to vegetable feed 
only. In case of protein source (quality), growth is usually high when 
high quality source like fishmeal is used but on the other hand 

when low quality source such as plant protein is used, the reverse 
occurs [26]. This ranking is preference not only for growth rates but 
also in terms food conversion ratio (FCR) where the rate is graded 
from 2.6 ± 0.13 (as the best rate) to 2.93 ± 0.16, and 3.10 ± 0.17 for 
the fish feed on the diet contain 12%, 8%, 4% FM, respectively 
whereas the diet without fish meal recorded 3.78 ± 0.23 (Table 
3). A low value of FCR is a good indicator of a high quality feed. 
FCR is related to dietary protein intake and its conversion into 
fish weight gain [20]. This result suggests that 12% replacement by 
fish meal could be used to feed Nile Tilapia fingerlings in order to 
obtain good feed utilization.

The survival rate is normally calculated at the end of the feeding 
trials to detect the impact of the formulated diets on the fish 
survivability. At the end of this experiment, all fishes in all 
treatments showed good survival. This indicates that the pelleted 
diet was highly palatable and well accepted by the fish. These rates 
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also remained in line with the significant fluctuation in water 
temperatures range between 22.3°C and 28.3°C (Figure 3), which 
necessitated a change in the daily feeding percentage of fish during 
the trial period.

CONCLUSION

The current study confirms the importance of protein quality 
for fish growth, because despite the containment of different 
treatments which it received the diets on one protein (35%), but 
they differed in their nutritional value of the fish, as evidenced 
by the different growth rates and rates of food conversion ratio. 
The study showed that the growth performance of Juveniles of Nile 
tilapia Oreochromis niloticus can be increased with higher content 
of fish meal in the diets. All The diets were highly palatable and 
well accepted by the fish and the diet contained 12% FM represent 
the best one. The growth of the Juveniles fish feed on the diet 
contained 12% FM increased significantly (p <0.05) compared to 
the fish feed on the diet containing plant feed only.
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