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Roquette seed meal (Eruca sativa) (RSM) was used as a plant protein source to replace soybean meal 
(SBM) in Nile (Oreochromis niloticus L) diets. . Isonitrogenous, isocaloric diets were formulated to 
contain roquette seed meal (RSM) as a partial or complete replacement of soybean meal at different 
levels (0%, 25%, 50%, 75% and 100%) forming five treatments, T1 (control), T2, T3, T4 and T5, 
respectively. Diets were fed daily at rate of 3% of live body weight in triplicate groups for each treatment 
for 60 days. Results showed that SBM substitution with RSM at 25% (T2) was the best treatment in 
weight gain (8.11g/fish) and feed conversion ratio (3.8%). While, no differences were observed between 
T1 (control, 0%) and T2 (25%) in feed utilization parameters such specific growth rate (SGR) and 
relative growth rate (RGR). Survival rate did not affected by different levels of RSM. Chemical analysis 
of body composition illustrated gradually increasing in ash content with increasing RSM level. Highest 
economic efficiency observed in T5 (100%) where complete replacing of SBM by RSM. Feed cost/kg 
reduced to 78.38% in T5 (100%) RSM, compared with control (0%) RSM. The present study suggested 
that, Roquette seed meal could be partial incorporated in Nile tilapia diets as protein source without 
influence on growth performance or feed utilization. 
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INTRODUCTION 

Fish nutrition cost represent about 65 to 70% 
depend on intensive fish culture system (Collins et 
al., 2013 and FAO, 2016). Many attempts have 
been done to reduce the nutritional costs by using 
the cheapest possible alternative sources of 
ingredients as non-traditional ingredients in 
nutrition.  Using plant protein sources in fish 
nutrition are desirable due to their low prices and 
regular availability compared with other animal 
protein sources (Mabahinzireki et al., 2001). Oil 
seed meal source is consider as a promising plant 
protein source in aquaculture which usually 
constitute a new protein source in aquaculture 
(Abdel-Hakim et al., 2008 and Abozaid et al., 
2016). Plant protein sources should be evaluated 

before using in fish diets and evaluate many 
factors which could limit incorporation in fish diets 
such as amino acid imbalance or presence of 
some anti-nutritional factors restricted (Wee, 
1991). However, Soybean meal is the most 
common plant protein source in fish diets although 
existence of some anti-nutritional factors which 
destroyed or inactivated (Taha, 2009). 
Additionally, intensive using of soybean meal in 
fish diets, poultry, animal and human feeds led to 
increase the global prices of soybean meal (El-
Sayed, 2006). Consequently, nutritionists have 
started to search for other new alternative plant 
protein sources. Roquette seed meal was 
considered suitable as a new alternative dietary 
plant protein sources for many fish species. 
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Furthermore, the information about roquette seed 
meal is still poor and required more investigation 
in the fish diets (Hassan et al., 2009). Numerous 
studies have been conducted before to replace 
soybean meal partially with roquette seed meal 
protein (Khalifeh, 1995; Abd Elmonem et al., 2002 
and Hassan et al., 2009). The objectives of the 
present study are evaluate the nutritive value of 
using roquette seed (Eruca sativa) meal as an 
alternative to soybean meal in Nile tilapia 
(Oreochromis niloticus) diets and its effect on the 
growth performance, and feed utilization, body 
composition and economical efficiency. 

 
MATERIALS AND METHODS 

Experimental system and fish: 
Experimental fish were obtained from the 

hatchery of the Central Laboratory for Aquaculture 
Research, Abbassa, Abo-Hammad, Sharquia 
Governorate. Two hundred and twenty five 
fingerlings Nile tilapia, Oreochromis niloticus, 
were randomly distributed to fifteen glass aquaria 
with dimensions of 60 x 30 x 40 cm

3
 in complete 

Close Recirculation System in Animal Production 
Department, National Research Center, Egypt.  

Diets and feeding regime: 
Five diets were formulated contain different 

levels of RSM as T1 (control, 0%), T2 (25%), T3 
(50%), T4 (75%) and T5 (100%) of SBM. All 
ingredients and proximate chemical analysis of 
the experimental diets are shown in Table (1).  
Each diet was fed two randomly assigned 
triplicate aquaria for 60 days.  Each aquarium was 
stocked with fifteen fish (average weight 6 g).  A 
fixed feeding regime of 3% of body weight per day 
was employed and fish were fed two times daily in 
equal portions (NRC, 1993).  Fish were fed for six 
consecutive days, weighed on the seventh day 
and feeding rates for the following week adjusted 
accordingly. T1 (0%) was saved as a control diet 
containing soybean meal (T1). Soybean meal was 
replaced partially at 25%, 50%, 75% or complete 
100% rate by RSM in T2, T3, T4 and T5, 
respectively. Experimental diets were prepared by 
fine grinding of the dietary ingredients. After that, 
all ingredients of each experimental diet were 
mixed toughly and produced in pellets form (1mm, 
in diameter) using pelleting machine, thereafter 
dried and stored in a freezer (-20

◦
C) until use. 

Diets were offered two times at daily (9.00 and 
13.00 hr) at equal portions. Fish were bulk 
weighed (one aquarium at a time) biweekly and 
feed amounts were adjusted accordingly. Growth 

performances were determined according to Cho 
and Kaushik (1985) as follows: 
Weight gain (WG) = Final body weight (FW) – 
initial body weight (IW) (g/fish). 
 Feed conversion ratio (FCR) = Dry feed intake 
(g)/ weight gain (g). 
Specific growth rate (SGR) = 100 (LnW2- LnW1) / 
experimental days). 
Relative growth rate (RGR) =100*(Final body 
weight / initial body weight). 
Protein efficiency ratio (PER) =100(Weight gain 
(g)/protein intake (g)). 

Chemical and statistical analysis: 
Diets and fish samples were analyzed 

according to AOAC (1995) for dry matter (DM), 
crude protein (CP), crude fiber (CF), ether extract 
(EE) and ash. Gross energy values were 
calculated by using the factors 5.6, 9.45, 4.00 and 
4.00 (k cal/g) for protein, fat, fiber and NFE, 
respectively (Jobling, 1973). The economic 
efficiency was calculated as the cost of feed 
required for producing one kg fish weight gain. 
Data obtained from growth performance and feed 
utilization were statistically analyzed using SPSS 
program (1997) and the significant differences 
among means were evaluated by Duncan's 
multiple range test (Duncan, 1955). 
 
RESULTS AND DISCUSSION 

The proximate chemical analysis of soybean 
meal and roquette seed meal used in the 
experimental diets were presented in Table (2). 
RSM had relatively lower percentage in CP and 
CF contents (35.02% and 2.55%) compared with 
(44.07% and 7.51%) in SBM, respectively. In 
contrast, RSM had higher in EE (9.11%) 
compared with (1.09%) in SBM, respectively.  
RSM had also higher value of gross energy 
(481.56 Kcal /kg) compared with that in SBM 
which (450.77 Kcal /kg). Chemical analysis of 
RSM was nearly similar to that reported by 
Hassan et al. (2009) and Taha. (2009). Also, El-
Nattat and El-Kady (2007) pointed that RSM could 
be used as a rich protein meal source (32%) and 
contains high levels of many minerals such as Zn, 
Cu, Fe, Mg and other which increase immune 
response. Five experimental diets were 
formulated to contain about 30% crude protein 
and about 4500 kcal GE/100g diet. 
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Table (1): Feed ingredients (%) and proximate chemical analysis of experimental diets (DM%). 

Ingredients T1(0%) T2(25%) T3(50%) T4(75%) T5(100%) 

Concentrate mix. 17 19 20 22 22.5 

Soybean meal 40 30 20 10 0 

Roquette seed meal 0 10 20 30 40 

Corn 23 21 20 20 20 

Wheat bran 15 15 15 13 12.5 

Oil 3 3 3 3 3 

Vit. & min. mix.
1
 2 2 2 2 2 

Proximate chemical analysis (% on DM basis) 

OM 92.92 90.99 90.54 89.10 87.71 

CP 30.88 30.45 30.57 30.99 30.1 

CF 11.47 10.59 9.18 8.11 7.51 

EE 5.91 6.96 7.92 9.01 10.5 

Ash 7.08 9.01 9.46 10.9 12.29 

NFE
2
 44.66 42.99 42.87 40.99 39.6 

GE(kcal/kg)
3
 453.29 450.61 454.23 455.08 456.22 

1
Vit. & min. mix./kg premix : Vitamin D3, 0.8 million IU; A, 4.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; 

Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid, 8 g; Folic acid, 0.4 g 
Biotin,20 mg , Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; I, 0.4 g, Selenium, 0.4 g and Co, 4.8 mg.

 

2
Nitrogen free extract (NFE) =100-(CP+EE+CF+ash) 

3
GE (Gross energy value) was calculated from their chemical composition, using the factors 5.6, 9.45, 

4.00 and 4.00 (k cal/g) for protein, fat, fiber and NFE, respectively. (Jobling, 1973)

Growth performance: 
Growth performance of Nile tilapia fingerlings 

fed the experimental diets were illustrated in Table 
(3).  Initial weights of all fish in different treatment 
were not significantly different that indicating that 
all experimental groups were homogenous. While 
at the end of the feeding trial (60 days), highest 
feed intake (FI) (0.51 g/fish) exhibited significant 
differences (P<0.05) in T2 (25%) compared with 
control (0%) and rest treatments (50%, 75% and 
100%) in T3, T4 and T5, respectively. The best 
feed conversion ratio (FCR %) was in T2 and FCR 
take the same trend of feed intake. FCR was 
3.8% in T2 (25%) compared to 4.06%, 4.68%, 
4.86% and 4.27% in T1 (control, 0%), T3 (75%), 
T4 (75%) and T5 (100%), respectively Table (3). 
These results are similar to the findings of Abd 
Elmonem et al., (2002) who indicated that red 
tilapia fed roqutte seed meal exhibited better 
growth performance and feed conversion than 
control groups. Survival rates (SR) were 100% in 
control and at the different RSM levels in diets. 
Survival rates showing clearly that the toxic 
substances in RSM are not lethal for experimental 
fish (Abd Elmonem et al., (2002), Al Kenawy et al. 
(2008), and Atwa. (1997). Results obtained from 

growth performance revealed the values of all the 
growth parameters were improve by increase the 
RSM level at 25% in T2 and get the best 
treatment compared with the rest treatments or 
control, this could be due to increasing the level of 
RSM than 25% could led to increase of some anti-
nutritional factors and deficiencies of some 
essential amino acid which negatively reflect on 
growth performance (Wee, 1991).  Results of 
growth performance are in complete agreement 
with the findings by Taha. (2009) who reported 
that partial substituted of soybean meal By RSM 
had no significant effects on growth performance.  

Feed utilization: 
Feed utilization results illustrated that, no 

differences were observed between the T1 
(control, 0%) and T2 (25%) in specific growth rate 
(SGR%) and relative growth rate (RGR%) values. 
While T2 (25%) exhibited the best apparent 
protein efficiency ratio (PPV%) (2.05%) compared 
with 1.59%, 1.68%, 1.56% and 1.82% in T1 (0%), 
T3 (50%), T4 (75%) and T5 (100%), respectively 
Table (4).  However, in most cases, the inclusion 
of high level of plant proteins diets reduced growth 
performance and feed utilization compared to 
control.  
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Table (2): Proximate chemical analysis of soybean meal and roquette seed meal (% on DM basis) 
used in the formulation of the experimental diets. 

GE (kcal/kg)
2
 NFE

1
 Ash CF EE CP Moisture Items 

450.77 41.91 5.42 7.51 1.09 44.07 11.75 Soybean meal (SBM) 

481.56 47.28 6.04 2.55 9.11 35.02 9.22 Roquette seed meal (RSM) 
1
Nitrogen free extract (NFE) =100-(CP+EE+CF+ash). 

2
GE (Gross energy value) was calculated from their chemical composition, using the factors 5.6, 9.45, 4.00 and 4.00 (k cal/g)    for 

protein, fat, fiber and NFE, respectively (Jobling, 1973). 

  
Table (3): Growth performance parameters of Nile tilapia fed the experimental diets. 

Treatments 
 

IW(g/fish) FW(g/fish) WG(g/fish) FI(g/fish) FCR(g) SR% 

T1 (0%) 
Mean 6 13.17

b
 7.17

b
 0..48

a
 4.06

c
 100 

SE ±0.11 ±1.13 ±1.29 ±0.02 ±0.26 0.00 

T2 (25%) 
Mean 6 14.11

a
 8.11

a
 0.51

a
 3.80

c
 100 

SE ±0.25 ±0.16 ±0.27 ±0.11 ±0.03 00 

T3 (50%) 
Mean 6 11.62

c
 5.62

b
 0.44

b
 4.68

a
 100 

SE ±0.13 ±0.39 ±0.19 ±0.25 ±0.13 00 

T4 (75%) 
Mean 6 11.29 

c
 5.29

d
 0.42

b
 4.86

a
 100 

SE ±0.19 ±0.31 ±0.18 ±0.28 ±0.12 00 

T5 (100%) 
Mean 6 12.56

c
 6.56

c
 0.46

b
 4.27

b
 100 

SE ±0.22 ±0.54 ±0.54 ±0.01 ±0.13 00 
Values in the same column with different superscripts are significantly different at P<0.05. 
IW: Initial weight, FW: Final weight, WG: Weight gain, FI: Feed intake, FCR: Feed conversion ratio, SR: Survival rate  

 
Table (4): Feed utilization parameters of Nile tilapia fed tested diets. 

Treatment 
 

SGR (%) RGR (%) PER (g) 

T1 (0%) 
Mean 4.28

a
 2.20

a
 1.59

b
 

SE ±0.15 ±0.75 ±1.65 

T2 (25%) 
Mean 4.16

a
 2.35

a
 2.05

a
 

SE ±0.18 ±1.27 ±0.22 

T3 (50%) 
Mean 4.20

a
 1.94

b
 1.68

b
 

SE ±0.05 ±1.35 ±0.51 

T4 (75%) 
Mean 3.85

b
 1.88

c
 1.56

b
 

SE ±0.13 ±1.23 ±0.38 

T5 (100%) 
Mean 3.78

b
 2.09

b
 1.82

b
 

SE ±0.22 ±1.13 ±0.71 
Values in the same column with different superscripts are significantly different at P<0.05. 
SGR: Specific growth rate, RGR: Relative growth rate, PER: Protein efficiency ratio. 

Table (5): Body composition on dry matter basis of Nile tilapia fed the tested diets. 

Treatment 
 

DM% CP% EE% Ash% 

T1 (0%) 
Mean 21.10 52.50

b
 31.50

b
 15.5

d
 

SE ±0.23 ±0.16 ±0.19 ±0.57 

T2 (25%) 
Mean 21.50 54.56

a
 29.44

c
 16.06

c
 

SE ±0.06 ±0.13 ±0.18 ±0.16 

T3 (50%) 
Mean 21.10 51.08

c
 32.22

a
 16.11

c
 

SE ±0.06 ±0.21 ±0.09 ±0.12 

T4 (75%) 
Mean 21.17 50.34

d
 28.73

d
 17.34

b
 

SE ±0.23 ±0.18 ±0.09 ±0.27 

T5 (100%) 
Mean 21.80 47.53

f
 29.26

c
 18.08

a
 

SE ±0.06 ±0.17 ±0.13 ±0.24 

Values in the same column with different superscripts are significantly different at P<0.05. 
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    Table (6): Feed costs (L.E.) for producing one kg WG by fish fed the experimental diets. 

Treatment 
Cost( L.E.*)

1
 

/ton 
Relative to 
control % 

Decrease in 
feed costs (%) 

FCR
2
 

Feed cost (L.E.) 
/kg weight gain

3
 

Relative to 
control(%)

4
 

T1 (0%) 6898.4 100.0 0.0 4.06 28.01 100.00 

T2 (25%) 6689.8 96.9 3.1 3.80 25.42 90.76 

T3 (50%) 6028.0 87.4 12.6 4.68 28.21 100.73 

T4 (75%) 5627.4 81.6 18.4 4.86 27.35 97.65 

T5 (100%) 5141.0 74.5 25.5 4.27 21.95 78.38 

*L.E: Egyptian pound. 
1: Calculated according to the local price at 2016(9000, 7150, 3680, 3280, 19000, 30000 and 4000 L.E. for concentrate, soybean 
meal, corn, wheat bran, oil, vit. & min. mix. and roquette seed meal, respectively. 
2: FCR: Feed conversion ratio. 
3: Feed cost (L.E.)/kg= FCR X FI. cost/Kg. 
4: Feed cost (L.E.)/kg weight gain for treatment/ feed costs (L.E.)/kg weight gain for control, as assuming that relative feed cost 
(L.E.)/kg weight gain of the control group equal 100

 
 
This might be due to the presence of some 

toxic substances or anti-nutritional factors affected 
on either growth performance or feed utilization 
(Lim and Dominy., 1989, Keembiyehelly and De 
Silva 1993., Francis et al., 2001., Siddhuraju et 
al., 2000). In contrast inclusion RSN at 25% of 
SBM led to improve the feed utilization parameter 
compared to control or other treatments.  

Body composition: 
Final body composition of fish fed the 

experimental diets are presented in Table (5) 
which indicates that the composition of fish diets 
has a great influence by inclusion RSM on their 
chemical composition of fish. Highest CP was 
observed in T2 (25%) (54.56 %) compared with 
52.5 %, 51.08 %, 50.34 % and 47.53 % in T1 
(0%), T3 (50%), T4 (75%) and T5 (100%), 
respectively. Ash content showed significant 
differences among the treatments and ash was 
increased gradually by increase RSM percentage 
in diets and the highest ash content was noted in 
T5(100%). The results of chemical composition 
take the same trend of Tibaldi et al. (2006) and 
Hassan et al. (2009). In contrast, the results 
obtained by Abd Elmonem et al., (2002), whose 
found that, the body composition was not affected 
by RSM inclusion levels in the diet of red tilapia. 
RSM can be used in Nile tilapia diets as a partial 
replacement at 25% without advance high effect 
on growth performance and nutrients utilization of 
Nile tilapia fingerling. This may be due to its 
digestive and stimulant effects between the RSM 
and SBM (Khalifeh, 1995 and Hassan et al., 
2009). 

Economical efficiency: 
The current study focus of using RSM for 

replacement of SBM in Nile tilapia diets in Egypt. 
Generally, results of the present study showed the 
possibility of replacing of SBM by RSM up to 25% 
without great adverse effect on growth 
performance or feed utilization. However, 
nutritional costs are considered to be the highest 
recurrent cost in aquaculture, ranging about 30 to 
70%, depending on the intensity of the operation. 
Reduction in nutritional costs either through 
rations development (using untraditional feed 
ingredients such as RSM), improved husbandry or 
other direct or indirect means is therefore reduce 
the production investment and increased the net 
return gain (De Silva and Anderson, 1995 and 
Collins et al., 2013). The rest costs usually 
constant, therefore, nutritional costs required to 
produce one kg gain in weight could be used to 
compare the economical efficiency of different 
treatments.  As shown in Table (6), prices of 
experimental diets based on feed ingredients in 
the local market during 2016, were 6898, 6489, 
6028, 5627 and 5141 LE/ton diet for the T1(0%), 
T2(25%), T3(50%), T4(75%) and T5(100%) RSM 
diets, respectively that indicated that incorporation 
of RSM at 25%, 50%, 75% and 100% reduced the 
diets cost 96.9%, 87.4%, 81.6% and 74.5% 
compared to control, respectively.  

Total feed costs during the whole feeding 
experiment to produce one Kg body weight gain 
decreased with increase RSM in Nile tilapia 
rations. The maximum economic efficiency rates 
were obtained by fish received 100% RSM where 
the feed cost/kg was 66.9 % of control (0% RSM). 
These results showed that, roquette seed meal 
incorporated in Nile tilapia fingerlings diet to 
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replace in T5(100% RSM) was the best 
economical efficiency (78.38) comparing with the 
control (0% SBM) while the best growth 
performance and nutrients utilization were at T2 
(25% RSM). 

CONCLUSION 
Roquette seed meal could be partial 

incorporated in Nile tilapia diets as protein source 
without influence on growth performance or feed 
utilization 
. 
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