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Abstract
The present study aimed to assess the appropriate level of replacement of fish meal (FM) with alternative plant sources 
in the feed fed to Oreochromis niloticus to evaluate the growth performance. Three isoproteinious (40% crude protein) 
diets were prepared from different ingredients viz., fish meal, corn gluten meal, wheat gluten meal, and bagasse kenna 
meal. O. niloticus showed a maximum increase in weight as 9.70, 11.09, 8.53 and 8.32 g during the 2nd, 2nd, 3rd and 2nd 
fortnight with feeding treatment A, B, C and D, respectively. The growth performance of the fish in terms of weight 
gain, specific growth rate, feed conversion ratio and protein efficiency ratio were found to be significantly (P < 0.05) 
higher in the fish fed with 20% replacement of fishmeal in diet B. The worst growth performance was observed in fish 
fed with commercial diet, designated as diet D. It was concluded that the fish meal can be replaced up to 20 percent 
with other plant protein sources without any negative impact on fish health. The replacement of fish meal with local 
plant sources (corn gluten meal, wheat gluten meal, soybean meal and bagasse kenna mix) will not only be beneficial 
to achieve better growth performance in O. niloticus, it will be a value addition as well.

Keywords: feed, plant sources, growth, length-weight, economic evaluation.

Impacto da substituição de farinha de peixe por uma mistura de diferentes 
fontes de proteínas vegetais sobre o desempenho de crescimento nas dietas de 

Tilápia do Nilo (Oreochromis niloticus L.)

Resumo
O presente estudo teve como objetivo avaliar o nível adequado de substituição de farinha de peixe (FM) com fontes 
alternativas de plantas na alimentação alimentada a Oreochromis niloticus para avaliar o desempenho do crescimento. 
Três dietas isoproteiniosas (proteína de 40% de proteína bruta) foram preparadas a partir de diferentes ingredientes, 
como farinha de peixe, farinha de glúten de milho, farinha de glúten de trigo e farinha de bagaço de bagaço. O. niloticus 
apresentou um aumento máximo de peso como 9,70, 11,09, 8,53 e 8,32 g durante a 2ª, 2ª, 3ª e 2ª quinzena com o 
tratamento de alimentação A, B, C e D, respectivamente. O desempenho de crescimento do peixe em termos de ganho de 
peso, taxa de crescimento específico, razão de conversão alimentar e relação de eficiência protéica foi significativamente 
maior (P <0,05) nos peixes alimentados com 20% de reposição de farinha de peixe na dieta B. O pior O desempenho 
do crescimento foi observado em peixes alimentados com dieta comercial, designados como dieta D. Concluiu-se que 
a farinha de peixe pode ser substituída até 20 por cento com outras fontes de proteína vegetal sem qualquer impacto 
negativo na saúde dos peixes. A substituição da farinha de peixe por fontes locais de plantas (farelo de milho, farinha 
de glúten de trigo, farelo de soja e mistura de bagaço de bagaço) não só será benéfica para obter melhor desempenho 
de crescimento em O. niloticus, também será uma adição de valor.

Palavras-chave: feed, fontes de plantas, crescimento, comprimento do peso, avaliação econômica.

1. Introduction

The intensification of tilapia in Saudi Arabia has made 
it necessary for the fish culturists to develop balanced 
and cost effective diet for use in the aquaculture industry. 
Traditionally, fish meal is the major constituents of feed 

formulations available in the Kingdom. Fish meal is the 
preferred component of fish feed due to its balanced 
amino acid composition, palatability and growth potential. 
However, an increase in the cost of fish meal has forced 
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fisheries scientists to replace it with other alternative 
sources. A limited supply of fish meal from all available 
resources is unable to meet an increasing demand of fish 
feed industry and growers (Tacon and Metian, 2009; 
Kaushik and Troell, 2010; Radhakrishnan et al., 2016). 
Therefore, protein from plant sources seems to be the most 
appropriate alternative for fish meal (FM) for preparation 
of tilapia diet. Alternatives to FM can include fishery 
by-products, terrestrial animal by-products and plant 
protein sources. Fish production is expected to increase 
further to meet the demand of an increasing population in 
the world; this will require production of more fish feed. 
The reliance on addition of the plant-protein constituents 
in fish feeds has increased because of its low cost and 
presence of balanced amino acids (Gatlin et al., 2007; 
Naylor et al., 2009; Mahboob, 2014).

Different plant sources such as oil seed meals, maize, 
bagasse mix are available in the country, which are produced 
as byproducts from various industries. These sources 
are easily available at low or no cost. Various scientists 
have evaluated an efficiency and use of these sources 
as a partial or complete replacement of FM in fish diets 
(El-Saidy and Gaber, 2002; Soltan et al., 2008; Ibrahem 
and Ibrahim, 2014; Mahboob, 2014). Individually, these 
plant meals are observed to have essential amino acids, but 
missing one or more essential amino acids (NRC, 1993). 
In intensive fish culture, nothing is more important than 
sound nutrition and balanced feed. Nile tilapia is naturally 
adapted to eating plant ingredients (Keenleyside, 1991). 
Different scientists have reported the replacement of FM in 
tilapia diets such as cassava leaf meal (Ng and Wee, 1989), 
rapeseed (Davies et al., 1990), barley and alfalfa (Belal, 
1999), soybeans (Nyirenda et al., 2000; Koumi et al., 2009), 
ipil ipil leaf (Zamal et al., 2008). Keeping in mind the 
aforementioned facts, the present study was conducted 
to assess the appropriate level of the replacement of fish 
meal with other alternative plant sources in diets fed to 
Oreochromis niloticus to evaluate growth performance in 
local laboratory conditions.

2. Material and Methods

2.1. Culture facility, experimental fish and growth trial
The experiment was performed in controlled conditions 

where 10 glass aquaria (100 L capacity) containing 
70 L water were used. Tilapia fingerlings were obtained 
from a fish farm managed by the King Abdul Aziz City 
of Science and Technology (KACST), Riyadh, Saudi 
Arabia. A total of 20 live male specimens of Oreochromis 
niloticus (mean Weight ± SE = 45.00±1.25 g, mean 
total length ±SE 13.28±1.42 cm) were stocked in each 
aquaria in three replicates. Feeding trials were performed 
for 16 weeks. Water was renewed four times a week. 
Water temperature and dissolved oxygen were maintained 
at 22 °C and 7.5 mg L−1, respectively. Temperature and 
dissolved oxygen were monitored daily, while pH, total 
alkalinity, total hardness and total nitrogen and ammonia 
were measured on weekly basis following Boyd (1981).

2.2. Feed
Three iso-protein (40% crude protein) feeds were 

prepared from different ingredients viz., fish meal, corn 
gluten meal, wheat gluten meal and bagasse kenna meal 
(Table 1). The same feeds were already reported in another 
part of this experiment (Al-Ghanim et al., 2016). The control 
fish were fed with a commercial tilapia feed (40% crude 
protein) which was purchased from Arasco, Saudi Arabia. 
Fingerlings were pooled in a big tank and starved for 
24 h before the beginning of the feeding trials. Fish were 
fed at 3% body weight daily to apparent satiation twice a 
day at 8:00 and 15:00 for four months. Uneaten diets were 
removed / siphoned out of the tanks at approximately 1 h 
after feeding and then dried and re-weighted.

2.3. Growth studies
Ten fish individuals were randomly sampled fortnightly 

(i.e. on every 15th day) from each aquarium using a hand-
net. The morphometric characteristics of sampled fish 
individuals, viz., wet body weight; standard length and 
total length were measured to the nearest 0.01gram and 
0.01 mm, respectively, and used to monitor the growth 
performance and thereafter released back into their 

Table 1. Composition of experimental feed (Crude Protein 40%).
Feed ingredients/1000gm Feed-A Feed-B Feed-C

Fish meal 189.7 151.76 113.82
Soybean meal 170.0 170.0 207.94

corn gluten meal 175.5 213.44 213.44
wheat gluten meal 203.0 203.0 203.0
Bagasse kenna mix 211.8 211.8 211.8

Lysine 30.0 30.0 30.0
Glycine 10.0 10.0 10.0

Methionine 5.0 5.0 5.0
Vitamin premix 5.0 5.0 5.0
Total weight (g) 1000 1000 1000

Source: Al-Ghanim et al. (2016).
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respective aquaria. The growth parameters worked out 
by various standard equations.

2.4. Estimation of growth and production parameters
Growth and nutrient efficiency were calculated following 

Guo et al. (2012) by the Equations 1-4 as mentioned below:

( ) BWf BWiPercent Weight gain WG 100
B

(
Wi

)−
= ×  (1)

where: BWi = Initial body weight and BWf = Final body 
weight.

( ) ( )
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2.5. Specific growth rate (SGR)
Specific growth rate (SGR) was estimated according 

to Dhawan and Kaur (2002); that is:

( ) ( )
( )

In Final wet body weight – In Initial wet body weight 100
 

Time duration days
SGR

×
=  (5)

2.6. Condition factor and length-weight relationship

2.6.1. Condition factor
The value of the condition factor (K) was determined 

by the formula:

( )
5

3

W 10Condition factor K
L
×

=  (6)

where: W = Wet fish body weight (g); L = Fish total 
length (mm).

Number 105 is the factor bringing the ponderal index 
or condition factor (K) to near unity (Carlander, 1970).

2.7. Length-weight relationship
Length-Weight relationship was calculated from 

length-weight data for comparison of the condition of fish 
to assess the effect of different diets on the fish. It was 
calculated as per cube law of Le Cren (1951) as follows:

W= CL3; W= Weight of fish; C = Condition factor; 
L = Length of fish.

This formula was also expressed in logarithmic form as:

Log W  log a  n log L= +  (7)

2.8. Data analysis
The results were expressed as Mean ± SD by using a 

Microsoft Excel sheet on Windows 2010. The differences 
among treatments were analyzed using a One-way Analysis 
of Variance (ANOVA) followed by a Duncan Multiple 
Range Test for multiple comparisons of the means. 
The statistical significance was set at P < 0.05, as compared 
to the control group by using SPSS for Windows version 
16.0 (SPSS, Michigan Avenue, Chicago, IL, USA).

3. Results

In this study water temperature values and dissolved oxygen 
concentrations ranged from 21.04±0.76 to 22.25±1.12 °C 
and 5.38±0.19 to 5.52±0.23 mg L−1, respectively. The pH 
values and ammonia concentration ranged from 7.22±0.47 to 
7.75±0.22 and 0.35±0.17 to 0.58±0.14 mg L−1, respectively. 
Total alkalinity, total hardness and total nitrogen ranged 
from 350.88±18.29 to 359.75±18.69; 42.70 to 42.80 and 
21.10± 2.12 to 22.45±1.59 mg L−1, respectively.

An initial average body weight of Oreochromis 
niloticus was recorded as 41.05±2.45g at the beginning 
of the experiment (Table 1). The final average body 
weights of O. niloticus fed on feeds A, B, C and D were 
104.84±3.22, 114.95±3.94, 101.34±2.77, and 97.70±2.75 g, 
respectively (Table 2). The increase in weight of fish was 
worked out by the (Equation 1) and was noticed from the 
start of the experiment till the end of the 8th fortnight under 
the influence of four feeding treatments. The maximum 
increase in weight for O. niloticus were recorded as 

Table 2. Fortnightly increase in body weight (g) of Oreochromis niloticus as influenced by different feeding regimens.

Fortnight
Feed A Feed B Feed C Feed D

Initial Body 
weight Body weight Body weight Body weight Body weight

1

41.05±2.45

46.15±1.92a 47.62±1.72a 45.60±1.54b 45.12±1.68b
2 55.85±2.20b 58.71±2.04a 53.10±1.83c 53.44±1.74c
3 63.56±2.34b 67.34±2.18a 61.63±1.90c 60.60±1.81d
4 71.91±3.05b 77.99±2.55a 69.71±2.05c 67.85±1.98d
5 78.96±2.80b 88.10±2.92a 77.61±2.28b 74.75±2.60c
6 87.69±2.66b 97.80±3.26a 85.71±2.42b 82.45±2.90d
7 95.79±2.72b 105.86±3.55a 93.16±2.58b 89.65±2.97c
8 104.84±3.22a 114.95±3.44a 101.34±2.77c 97.70±2.75d2

Means with different letters for each fish in a row are highly significantly different (P<0.05). S.E.= standard error.
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9.70, 11.09, 8.53 and 8.32 g in the second fortnight for 
feeding treatment A, B, C and D, respectively (Figure 1). 
A minimum increase in weight of fish was observed in the first 
fortnight with all the feeding treatments (Table 2, Figure 1). 
There were significant differences in growth among fish 
fed with the different feeds (ANOVA, F(df) = 3, p = 0.00); 
with Oreochromis niloticus performing best with feed 
B, followed by feed A, C and D (Figure 1). However, 
the performance of the fish was significantly highest/
best with feed B in which 20% replacement of FM was 
made compared to feed A, C and D (control) (P < 0.05). 
The comparison of means indicates that the fish supplied with 
feed C (replacement of 40% FM) showed non-significant 
difference with commercial feed (D) (P < 0.05). The best 

growth was achieved with Feed B, followed by feed A, 
Feed C and Feed D (Table 2). A One-Way Analysis of 
Variance (ANOVA) indicated that there were significant 
differences in weight increment in the fish among the four 
feeding treatments (Table 2).

The final average standard lengths of O. niloticus 
as influenced by feed A, B, C and D were recorded as 
21.39 ± 1.44, 22.48 ± 1.81, 21.25 ± 1.80, 20.72 ± 1.35 cm, 
respectively (Table 3). The increase in length of the fish 
was noticed from the start of experiment till the end of 
8th fortnight. O. niloticus showed a maximum increase in 
standard length as 2.32, 2.44, 1.82 and 1.64 cm in 2nd, 2nd, 
3rd and 2nd fortnight with feeding treatment A, B, C and D, 
respectively (Figure 2). A minimum increase in standard 

Figure 1. Fortnightly increase in weight (g) of O. niloticus as influenced four different feed formulations.

Table 3. Fortnightly increase in standard and total length (cm) of Oreochromis niloticus as influenced by different feeding 
regimens.

Fortnight Feed A Feed B Feed C Feed D

Standard length Initial
length

Fortnightly
length

Fortnightly
Length

Fortnightly
length

Fortnightly
length

1 9.74±0.48 11.48±0.95a 11.60±0.88a 11.40±0.90a 11.20±0.82a
2 13.80±1.02b 14.04±1.10b 13.11±1.21c 12.84±0.98c
3 15.37±1.08a 15.91±1.26a 14.93±1.17b 14.44±1.14b
4 16.98±1.10a 17.51±1.41a 16.43±1.35b 15.85±1.44b
5 18.05±1.21a 18.71±1.60a 17.53±1.41bb 17.05±1.52
6 19.24±1.33a 19.96±1.70a 18.73±1.51b 18.35±1.60b
7 20.29±1.18b 21.12±1.76a 19.98±1.60b 19.67±1.70c
8 21.39±1.44b 22.48±1.81a 21.25±1.80b 20.72±1.82c

Total length
1 12.53±1.15 14.33±1.55a 14.42±1.41a 14.23±1.52a 14.05±1.60a
2 16.03±1.62a 16.82±1.35a 15.94±1.60b 15.75±1.70b
3 18.04±1.71a 18.95±1.58a 17.82±1.70b 17.33±1.82b
4 19.70±1.80a 20.04±1.69a 19.28±1.74b 18.98±1.86b
5 21.29±1.69a 21.98±1.72a 21.08±1.56b 20.53±1.42b
6 23.49±1.90a 24.14±1.89a 22.86±1.88b 22.16±1.90b
7 25.04±195a 25.94±1.97a 21.49±1.90b 21.03±1.95b
8 26.87±2.01b 27.89±1.85a 23.19±1.92c 22.68±1.97d

Means with different letters for each fish in row are highly significantly different (P<0.05). S.E.= standard error.
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length of fish was recoded as 1.05, 1.16, 1.10 and 1.20 cm 
with feeding treatment A, B, C and D during the 7th, 7th, 
5th and 5th fortnight, respectively (Table 3, Figure 2). 
Figure 2 indicates that the O. niloticus performed better 
with feed B, closely followed by feed A, C and D 
(ANOVA, F(df) = 3, p = 0.05). The best growth in terms 
of an increase in standard length was observed with Feed 
B, followed by Feed A, Feed C and Feed D (Table 3).

An initial average total length of Oreochromis niloticus 
was recorded as 12.53±1.15 cm at the time of the start of 
the experiment (Table 3). The final average total length 
of O. niloticus was recorded as 26.87±2.01, 27.89±1.85, 
23.19±1.92, 22.68±1.97 cm, respectively against the feed 
A, B, C and D (Table 3). O. niloticus showed a maximum 
increase in total length as 2.40, 2.50, 1.91 and 1.70 cm 
in 2nd fortnight with feeding treatment A, B, C and D, 
respectively (Figure 3). The minimum increase in total length 
was recorded as 1.55, 1.80, 1.60 and 1.55 cm with feeding 
treatment A, B, C and D during 7th, 7th, 7th and 1st fortnight, 
respectively (Table 2, Figure 3). The best growth in terms 
of final total length was observed with Feed B, followed by 
Feed A, Feed C and Feed D (ANOVA, F(df) = 3, p = 0.00).

Nutritional indices such as food conversion ratio (FCR), 
food conversion efficiency (FCE), protein efficiency ratio 
(PER) and specific growth rate (SGR) were also worked 
(Equations 2-5) out after the treatment of experimental 
diets (Tables 4-8). Fish fed on diet C and D showed 
similar growth pattern than those fed on the other diets, 
especially for the FCR which ranged from 2.22 to 3.68. 
The FCR values ranged from 2.06-3.35 in fish fed with 
diet A, 1.95-2.98, 2.16-3.60 for O. niloticus fed with diets 
B and C respectively (Table 3). FCE ranged from 2.43-2.70, 
2.41-2.74, 2.33-2.58 and 2.40-2.63 in fish fed with diets 
A, B, C and D, respectively (Table 4). PER was found to range 
from 0.95-2.45 for fish fed on diet A, while it ranged from 
1.01-2.60 for diet B, and 0.65-1.98 and 0.80-1.80 for diets 

C and D, respectively (Table 5). However, the differences 
in FCE among fish fed on the diets A and B and C and 
D were non-significant (P ≥ 0.05, Table 4). The best feed 
conversion ratio, feed efficiency ratio and protein efficiency 
ratio were observed during the 2nd fortnight in fish fed with 
diet B closely followed by diets A, C and D (Table 3-5). 
In terms of the feed conversion ratio (FCR) and protein 
efficiency ratio (PER), fish fed with diet B gave the best 
performance followed by fish fed with diet A, B and D. 
Specific growth rate (SGR) followed the similar trend in this 
experiment (Table 6). SGR was manifested as 0.50-1.03, 
0.55-1.20, 0.53-0.97 and 0.57-0.89 in O. niloticus fed with 
diet A, B, C and D, respectively (Table 6). The highest 
SGR for diets A, B, C and D, respectively, were found to be 
1.03, 1.20, 0.97 and 0.89, recorded during the 1st fortnight. 
On the other hand, the lowest SGR value was recorded 
during the 8th fortnight (Table 6). Diet C and D were not 
significantly different from each other (P >0.05, Table 6). 
Fish fed with diet B (i.e., 20% replacement of FM) had 
lower FCR than fish fed with other diets. The fish fed with 
diet B had significantly P higher final weights, SGR and 
PER compared to other diets (P ≥ 0.05).

Length-weight relationship is of great importance in 
fisheries. This relationship has often been studied biologically. 
Length is considered as an independent variable while 
weight as a dependent one. Length-weight relationship and 
condition factor were worked out by using Equations 6 and 
7. The regression equations for length-weight relationships 
of O. niloticus are presented in Table 8. The high values 
of “r” for regression equations for feed A, B, C and D 
indicated reasonable precision of these equations for this 
fish. The differences remained statistically significant 
(p≤0.05) at fortnight levels, indicating that fish deviated 
from the general trend of its length-weight relationship 
with age and season (Table 8).

Figure 2. Fortnightly increase in standard length (cm) of O. niloticus as influenced four different feed formulations.
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Figure 3. Fortnightly increase in total length (cm) of O. niloticus as influenced four different feed formulations.

Table 4. Fortnightly Food conversion ratio (FCR) and food conversion efficiency (FCE) in O. niloticus as influenced by 
four experimental diets.

Fortnight Feed A Feed B Feed C Feed D
Feed Conversion ratio (FCR)

1 2.06±0.22c 1.96±0.18d 2.16±0.33b 2.22±0.20a
2 2.28±0.28c 2.03±0.23d 2.36±0.36b 2.56±0.24a
3 2.49±0.24b 2.14±0.31d 2.44±0.26c 2.69±0.30a
4 2.60±0.30b 2.21±0.36d 2.55±0.19c 2.89±0.34a
5 2.72±0.33b 2.32±0.37d 2.64±0.28c 3.12±0.42a
6 2.85±0.34b 2.40±0.42d 2.77±0.39c 3.32±0.42a
7 3.08±0.37c 2.60±0.28d 3.16±0.42b 3.54±0.41a
8 3.35±0.42c 2.98±0.42d 3.60±0.37b 3.68±0.47a

Average 2.68 2.33 2.71 3.002
Feed conversion efficiency (FCE)

1 2.50±0.32ca 2.60±0.33a 2.48±0.33c 2.55±0.28b
2 2.70±0.35a 2.74±0.34a 2.58±0.35b 2.63±0.35c
3 2.60±00.7a 2.66±0.29a 2.55±0.42b 2.54±0.37b
4 2.50±0.28b 2.58±0.40a 2.51±0.37b 2.49±0.38b
5 2.48±0.26b 2.50±0.42a 2.47±0.38b 2.46±0.37b
6 2.47±0.28a 2.45±0.37a 2.40±0.35b 2.44±0.40a
7 2.44±0.40a 2.42±0.36a 2.36±0.39b 2.42±0.39a
8 2.430.44a 2.41±0.40a 2.33±0.37c 2.40±0.38b

Means with different letters for each fish in a column are highly significantly different (P<0.05).

Table 5. Fortnightly Protein efficiency ratio (PER) in O. niloticus as influenced by four experimental diets.
Fortnight Feed A Feed B Feed C Feed D

1 0.95±0.01b 1.01±0.04a 0.65±0.02d 0.80±0.04c
2 0.99±0.02b 1.10±0.03a 0.74±0.04c 0.96±0.06b
3 1.31±0.04a 1.25±0.06b 0.82±0.03d 1.02±0.08c
4 1.48±0.08b 1.60±0.08a 0.91±0.05d 1.10±0.05c
5 1.56±0.07b 1.73±0.10a 1.10±0.07c 1.16±0.07c
6 1.62±0.11b 1.88±0.11a 1.33±0.10c 1.27±0.09c
7 1.99±0.09b 2.15±0.12a 1.60±0.13c 1.52±0.14d
8 2.45±0.12b 2.60±0.15a 1.98±0.15c 1.80±0.17d

Means with different letters for each fish in a row are highly significantly different (P<0.05).
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Table 6. Fortnightly Specific growth rate (SGR) in O. niloticus as influenced by four experimental diets.
Fortnight Feed A Feed B Feed C Feed D

1 0.98±0.01b 1.05±0.05a 0.80±0.06c 0.82±0.04c
2 1.03±0.03b 1.20±0.07a 0.97±0.04c 0.89±0.02d
3 0.89±0.02b 1.09±0.09a 0.92±0.07b 0.84±0.02c
4 0.83±0.04c 0.93±0.06a 0.87±0.05b 0.80±0.04c
5 0.74±0.01b 0.86±.0.07a 0.78±0.03b 0.71±0.05c
6 0.67±0.03c 0.77±0.04a 0.70±0.02b 0.63±0.06d
7 0.54±0.01d 0.64±0.02b 0.61±0.04b 0.60±0.02c
8 0.50±0.01b 0.55±0.01a 0.53±0.02a 0.57±0.03a

Means with different letters for each fish in a row are highly significantly different (P<0.05).

Table 7. Length-weight relationship for O. niloticus as influenced by four experimental diets.
Feeding Group Regression equation r

Feed A log W= -3.92+2.628 log T.L
(0.242) 0.964

Feed B log W= -4.28+3.123 log T. L
(0.168) 0.984

Feed C log W= -4.02+2.564 log T. L
(0.212) 0.945

Feed D log W= -3.82+2.590 log T. L
(2.78) 0.942

Values within brackets are standard errors.

Table 8. Fortnightly comparison of means for Condition Factor (Kn) in O. niloticus as influenced by four experimental 
diets.

Fortnight Feed A Feed B Feed C Feed D
1 0.84b 0.88a 0.82b 0.81b
2 0.88a 0.90a 0.85b 0.84b
3 0.91a 0.92 0.88b 0.87b
4 0.93a 0.95a 0.91b 0.90b
5 0.95b 0.99a 0.94b 0.92b
6 0.99b 1.02a 0.97c 0.98c
7 1.01b 1.05a 1.02b 1.01b
8 1.04b 1.10a 1.05b 1.02c

Means with different letters for each fish in a row are highly significantly different (P<0.05).

4. Discussion

Fishes are poikilothermic organisms. The food 
requirement of fish is related to their activity and good 
environmental conditions, particularly water temperature, 
pH, alkalinity, hardness, total nitrogen, and ammonia 
(Mahboob, 2014). In tilapia culture reliance is gradually 
increasing on the use of different alternative sources of 
protein in the feed formulation in order to reduce feed 
production costs. Various scientist recommended different 
cost effective protein sources for the prepration of feed to 
achieve optimum growth of fish (Tacon and Metian, 2009; 
Kaushik and Troell, 2010; Radhakrishnan et al., 2016). 
In this study, O. niloticus was fed with a custom-made feed 
with a replacement of 10%, 20% and 40% of fish meal 
with alternative plant sources of protein. Commercial fish 
farming depends upon a balanced feed prepared from quality 
feed ingredients (Zamal et al., 2008; Koumi et al., 2009; 

Vechklang et al., 2011). This study used feed constituents, 
from indigenous sources, which were selected based on 
their nutritional quality and cost effectiveness. Fish meal 
was replaced with corn gluten meal, wheat gluten meal 
and bagasse kenna meal maize gluten in order to produce 
fish at low cost. Various studies suggest that herbivores 
require comparatively less amounts of proteins compared 
to carnivores (e.g. Vechklang et al., 2011). O. niloticus 
performed better when fed with diet B in which 20% of 
the FM was replaced with protein from corn gluten meal, 
wheat gluten meal, bagasse kenna meal and maize gluten. 
O. niloticus, like many other fish species, have their 
own dietary protein requirements for optimal growth 
(Twibell and Brown, 1998; Bahnasawy, 2009). The quality 
of the feed may also have an impact on the growth of this 
fish (Jatta, 2013). Fish growth is normally high when good 
quality feed ingredients such as fish meal is used, but the 
reverse situation may arise when low quality ingredients, 
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such as plant protein, are used (Furuya et al., 2004). 
Our results show that fishmeal substitution with plant 
protein sources of up to 20% significantly improved the 
growth of the fish. Our findings were in line with the 
results of Zhou and Yue (2010) and Mahboob (2014) who 
reported that fish meal could be successfully substituted 
with other ingredients in feeds prepared for O. niloticus. 
Contrary to our results, Furuya et al. (2004) found that 
fishmeal could be totally replaced with plant protein 
sources without any adverse effect on the growth of tilapia. 
However, a 50 to 100% replacement of FM with plant protein 
(soya protein) can decrease the growth rate of O. niloticus 
(Koumi et al., 2009). Davies et al. (1990), reported up to 
15% replacement of fish meal with rapeseed meal. A best 
SGR was recorded in tilapia fed with custom-made diet 
B. Different workers have indicated that low FCR value 
means better feed utilization efficiency of artificial feeds 
(Zamal et al., 2008). Few workers argued that probably 
high energy feeds produce the lowest FCR and highest 
nutrient retention (Coyle et al., 2004; Zamal et al., 2008). 
Likewise, PER may be used as an indicator of protein 
retention of the conversion ratio. FCR and PER both are 
related to dietary protein intake and its conversion into 
fish weight gain (Koumi et al., 2009). In this experiment, 
there were noticed significant effects on FCR, FEC, PER 
and SGR among the three experimental diets and the 
commercial diet which were fed to O. niloticus. Baggase 
kenna mix, wheat gluten meal and corn gluten are very 
cheap in the local markets of Saudi Arabia. A similar 
finding was also reported in the total replacement of 
FM by Chlorella vulgaris which significantly improved 
the growth and energy utilization of M. rosenbergii 
(Radhakrishnan et al., 2016). FCR increased with an increase 
in fish weight (also see Al-Hafedh, 1999; Siddiqui et al., 1988).

The feed conversion ratio and condition factor showed 
a reverse trend, which indicates that the given feed was well 
utilized by O. niloticus. Analysis of variance was performed 
on condition factor of fish and means were compared which 
exhibited non-significant differences among the four diets. 
The high values of “r” for regression equations for feed 
A, B, C and D indicated reasonable precision of these 
equations for this fish. In this experiment, O. niloticus 
exhibited positive allometric growth under the influence 
of feeding regimens. These findings are comparable with 
the previous studies reported by different researchers 
(Ibrahim et al., 2008; Imam et al., 2010; Mahboob, 2014). 
The condition factors for O. niloticus was worked out less 
than 1 except 7th and the 8th fortnight. The Kn values ranged 
between 0.81-1.10 as influenced by the feed A, B, C and 
D. The K values reported in brackish water for T. zillii 
by Ibrahim et al. (2008) were 1.94 while Mossad (1990) 
records ranged from 2.63 to 3.4. The high K values reported 
by these workers were not in line with the results of this 
study and may be attributed to a difference in ecological 
conditions. The Kn value obtained for O. niloticus in this 
study was greater than one or around one which suggests 
that the fish was in good condition.

4.1. Economical evaluation
Table 2 and 3 exhibited that the replacement 

effect of FM with bagasse kenna mix, corn and wheat 
gluten meal of up to 40% in tilapia diets did not have a 
significant effect on the growth performance and feed 
utilization and reduced the feed costs/kg diet. The costs 
of feed / kg for custom-made feed A, B, C were worked 
out as 3.56, 3.30 and 3.08 Saudi Riyals and commercial 
diet D marketed by Arasco was 6.93 Saudi Riyals (SR) 
(see Table 8). The cost of production to gain in weight of 
one kg of tilapia was determined to be 9.54, 7.69, 8.35 and 
11.80 SR/kg (US $ 2.53, 2.03, 2.21 and 3.13, respectively). 
An economic evaluation exhibited that diet B gave the 
lowest production cost at SR 7.69/kg (US $ 2.03) followed 
by diet C, A and diet D (see Table 9).

5. Conclusion

In this study, the best growth and feed utilization 
performances were achieved by O. niloticus fed on a feed 
prepared by replacing 20% of fish meal diet with plant 
sources (maize gluten meal, wheat gluen mean and bagasse 
kenna meal), while the lowest performances were recorded 
with a group of fish fed with commercial feed (i.e. diet D). 
It has been concluded that a fish meal can be replaced up 
to 20% without any negative impact on fish growth rate. 
The replacement of fish meal with local plant sources 
(low protein fish meal plus corn gluten meal, wheat gluten 
meal, soybean meal and bagasse kenna mix) will not be 
only beneficial to achieve better growth performance in 
O. niloticus but also cut down production costs, thereby 
increasing the net profit.
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