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Effects of dietary energy levels on growth performance,  

feed utilization and body composition of Rainbow trout 
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ABSTRACT: 
 
 In order to compare the growth performance  of trout  with two extruded 
foods and their impact on body composition, an experimental test was conducted 
from June 1 to October 5, 2010 at National Center of Hydrobiology and Fish Culture. 
The comparison of the two foods with different formulation and different energy is 
perfomed in isoenergetic conditions. Following this study, two diets were formulated : 
the extruded diet A with 41% crude protein, 27% fat and 20% carbohydrates and the 
extruded food B with 39.7% CP, 24% fat and 15,7 carbohydrates, with digestible 
energy  respectively of 21.32 Mj and 19.32 Mj. The initial average weight of the trouts 
was 100 g from the same batch of eggs. They were divided randomly into six fiberglass 
conical tanks at  open  circuit . The diet was assigned to six tanks for 50 fish each with 
three replicates for each diet and the experiment was conducted for 127 days. 
 The ratio DP/DE of diet influenced feed conversion ratio and specific growth 
rate (p<0.05) . The best FCR was obtained with the extruded food A with 1.18 v.s 1.26. 
The higher IV was obtained with the low DP/DE (p<0.05). Final whole-body lipid 
content was positively related to dietary lipid levels and to digestible energy. Better 
retention of protein was obtained by the diet A. 
 This study is consistent with current trends in the nutrition of fish and 
salmonids especially designed to reduce the ratio of DP/DE in order to have better 
perfomances of growth and a better quality of the fish. 
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INTRODUCTION 

 The success of the aquaculture is based on the 

provision of food containing the highest level of energy 

and nutrients for growth. Food is the major cost for 

aquaculture (Kaushik, 2000). The food depends mainly 

on fish meal which is usually the major component of 

food in aquaculture, and its nutritional quality since it is 

rich in essential amino acids (Medale, 2009) and the 

effective use of these proteins are closely related to their 

concentration in the diet and the availability of food                       

with other non-protein sources, such as lipids                              

and carbohydrates (Kaushik and Medale, 1994;.                             

Watanabe, 2002; Chaiyapechara et al., 2003.,                                

Morrow et al., 2004; Azevedo et al., 2004 ; Eliason 

2007). 

 To optimize the performance of growth and 

control releases fish in fish farming, there is involvement 

of two key factors, feed formulation and manufacturing 

method (Hardy and Barrows, 2002). During the                           

15 recent years, the aquaculture feed manufacturing has 

seen a great evolution  which allowed food to be pressed 

with a high rate of protein, low fat and high carbohydrate 

to  extrusion processing (Medale and Kaushik, 2008) 

with which we obtain extruded fish feed, wich are 

characterized by high energy and are a significant 

substitution of fish meal with fats and carbohydrates 

(starch mainly). 

 Energy and nutrient requirements are affected  by 

several factors and they may vary  in different stages of  

the life cycle of the animal. Several authors have 

described optimal dietary P/E ratios in some rearing 

species such as rainbow trout, Oncorhynchus mykiss 

(Kim and  Kaushik, 1992; Lanari et al., 1995). 

 But the success of the Fish culture is based on 

the provision of rations containing optimal levels of 

energy and nutrients for growth (Hardy and Barrows, 

2002). The optimization of the ratio protein / energy                  

(P: E) has been therefore having an important role in 

protein and energy utilization (Kaushik and Medale, 

1994) 

  So, one of the factors affecting the optimization 

of the efficiency of the food is the balance between 

digestible protein (availability of amino acids) and 

energy in non-protein food. This balance is represented 

by the ratio of digestible protein (DP) and digestible 

energy (DE) of the food (DP / DE). To get a better 

optimization of the ratio DP / DE, the rate of this ratio 

can be reduced if an additional power source (fat or 

digestible carbohydrates) is provided to save protein.                                     

(Boujard, 2004). Many studies have shown that 

increasing dietary DE by increased non-protein energy 

food resulted in better retention of protein with a 

decrease in the excretion of ammonia nitrogen, (Dias             

et al., 1999, Watanabe, 2002; Bureau, 2006, Aba et al., 

2011b). 

  In aquaculture, using appropriate feeding 

management is necessary, to gain an economic 

advantage and to maximize growth and feed conversion 

efficiency And the objective of this study was to evaluate 

the effects of different levels of dietary protein,fat, 

carbohydrate and energy on growth, feed utilization and 

body composition of juvenile rainbow trout and to 

determine the optimal diet for fish. 
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Table 1. Proximate composition of experimental diets  

  

  

Extruded 

diet A 

Extruded 

diet B 

Dry matter 94.4 % 96.1 % 

Protéins 41.1% 39.7 % 

Lipids 27.4% 24.4 % 

carbohydrates 20.4% 15.7 % 

Moisture   5.6 % 3.9 % 

Gross Energy  

(GE, Mj Kg-1) 

23.73 21.70 

Digestible energy   

(DE, MJ Kg-1) 

21.32 19.32 

DP / DE (g MJ-1)

(DP:Digestible Prtoein) 

17.35 18.48 

Ratio P /L 41/27 40/24 



MATERIALS AND METHODS 

Experimental design:  

 The experiment was conducted between  June  1,  

2010  and  October  5, 2010 at National Center of 

Hydrobiology and Fish Culture (NCHP) in Azrou  

(Morocco). 

 This   test   was   conducted   in  fiberglass 

conical tanks of 0.8 m3  of volume  at  open  circuit  with  

an  initial  load  of 5  kg  fed  by  spring  water  at  a  

constant  temperature of  around  14°C ± 0.2 and  a  flow  

rate  of 1.6  m3 /h,  with  a time  of  renewal  of  water                   

2  times  per  hour  with oxygen  levels above 80% 

saturation. The average content of dissolved oxygen in 

the outlet of the ponds was 7.1 ppm, and pH around 7. 

Biological materials: 

  300 juvenile trout females triploid of average 

weight of 100g ± 3g from the same batch of eggs were 

divided randomly into six fiberglass conical tanks. 

 The test was conducted in triplicate culture, fish 

were fed manually and the daily ration was split into two 

meals distributed at 09 am and 03 pm, seven days a week 

for 127  days,  according  to  the  feeding  table  provided  

by the supplier of food (LeGouessant). Every two weeks  

8 fish of each batch have been anaesthetized after 24 h of 

fasting in order to measure the size and the weight  of 

each fish for measurements of size and weight. The 

quantities of food distributed were weighed to estimate 

the consumption by the fish between two weighings.        

Experimental foods  

 Proximate composition of experimental diets are 

shown in Table 1. 

The rate of feeding:  

 The experimental test was aimed at comparing  

two non-isoenergetic foods of different formulations on 

their growth performance of fish and their flesh quality 

in isoenergetic condition. The amount of food distributed 

is consistent with the feeding tables of  two extruded 

foods (ExA, ExB) that have different digestible energy 

21.32 Mj, 19.32 Mj, respectively. These rates of 

rationing depends on the temperature of the water close 

to the site. We have set the rates according to the 

temperature of the site which is about 14°C so that the 

quantitative ratio for the same food energy intake is: 

amount of food extruded (ExA) 1.10 = amount of 

extruded (ExB) food . 

 Gross energy was calculated using the                               

following values: crude protein = 23.7 kJ/g, crude                             

lipids = 39.5 kJ/g and carbohydrate = 17.2 kJ/g as 

proposed by Brett and Groves  (1979). The calculation of 

digestible energy  is obtained by the coefficient of 

digestibility of protein, fat and  carbohydrates gelatinized 

or raw (Guillaume and Medale, 2001). 

Body measurements: 

  Body mass, length and organ mass were recorded 

to evaluate the Condition Factor (CF) = ([total body 

weight (g)] / [total body length (cm)]3, viscerosomatic 

index (VSI) = ([viscera weight (g)] / [total body weight 

(g)] x 100) (Ricker, 1979). 

Zootechnical parameters:  

 Calculations: The following variables were 

calculated: Daily Weight gain (g/fish /day = (final body 

weight – initial body weight) / initial body weight. 

 Survival (%) = 100 x (final amount of fish / 

initial amount of fish) Average daily growth (g) = (final 

wt - initial wt) / no. Of days  

 Specific growth rate (SGR) = [In final mean 

body wt. (g)] -[In initial mean body wt. (g)]/days x100 

 Feed conversion ratio (FCR) = g feed 

consumption / g(final biomass - initial biomass). 

BioChemical analysis:    

 Crude protein, crude fat and ash, at the ventral 

muscle was determined, according to AOAC, (1990). 

 Eight fillets of final fish  were sampled  and 

stored at -25°C for proximate analyses, which were 

performed according to AOAC. Dry matter was  

determined after drying at 105°C until a constant weight  

was obtained. Ash content was measured  by incineration 

in a muffle furnace at 525°C for 12 h. Crude protein was 
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analyzed by the Kjeldahl method after acid digestion 

using the Gerhardt system. Lipid was determined by 

folch method (1957). 

Statistical studies:  

 Results are expressed as mean (± SD). Our 

results are compared statistically (R Development Core 

Team, 2011). All parameters of growth and yield were 

subjected to Analysis of Variance test (ANOVA). 

Tukey’s multiple procedure was used to compare the 

differences among mean values. Differences were 

regarded as significant when P<0.05. 

 

RESULTS 

 During the experiment no mortality and no 

disease were recorded. The two experimental diets were 

well accepted by fish throughout the trial, the water 

temperature  varied during the test between 13.8°C and 

14.2°C. 

 During the experimental period, temperatures 

ranges were 13.8°C and 14.2°C, pH was 6.9 –7.2, and 

dissolved oxygen was not less than 6,9.0 mg/l. To 

compare growth performance, all results have been 

reported in the average weight of individual fish and the 

parameters are studied from the average of the three 

tanks assigned to each diet. 

 In this experimental test, it is seen that the 

performance of zootechnical parameters vary 

significantly (p<0.05) between the two dietary treatments 

(Table 3). The highest values in terms of weight gain 

were obtained with the extruded diet A and Duncan's test 

shows a significant difference between the final weights 

(p<0.05).  

 The best feed conversion ratio (FCR) was 

obtained with  extruded diet A (1.18). The extruted diet 

B has the highest FCR, there is a significant difference 

between the two values of the two dies (p<0.05). The 

SGR was calculated by 3,35% for fish fed with the diet 

A and 3,82 for the extruded diet B,and there was a 

significant difference (p<0.05). 

 The Viscerosomatic index was 09,11 for the diet 

A and 10.28 for the extruded food B; The condition 

factor was 1.18 and 1.26 respectively for the the extruded 

food A and B. The survival rate was 100% for the two 

diets, the difference between the two groups was not 

significant. Dietary energy variation affects  significantly 

the chemical flesh composition of rainbow trout. The 

rainbow trout fed with extruded feeds B had high levels 

of lipid and low levels of moisture compared with 

rainbow trout fed with extruted  feeds B (p<0.05), 

probably due to high fat level in the extruded feed B and 

with high energy. The crude protein levels of the fish 

fillet differ (p<0.05) among fish fed with extruded and 

pelleted feeds.The highest valuesof moisture was 

obtained with the extruded diet A with a significant 

difference beween the two diets (p<0.05). 

 

DISCUSSION 

 Growth and feeding performance are shown in 

table 2. 

 Fish meal and fish oil are still considered key 

ingredients in the formulation of feeds for aquaculture 

species. Fish meal and fish oil, combined, together 

currently account for 30 to 80 percent of the weight of 
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Values are means of three replications. Data are 

expressed as mean ± SD. Values in a row with 

different superscripts are significantly different from 

each other (P<0.05). 

Table 2 : Results of Rainbow trout performances 

obtained during this experimental test. 

Parameters 
Extruded 

diet 1 

Extruded 

diet B 

Initial mean weight (g) 100 ± 3 100 ± 3 

Final mean weight (g) 526.66a ± 47 586b ± 34 

Mean weight gain (g) 426.66a ± 47 486b ± 34 

Daily Weight gain (%) 3.35a ± 0.09 3.82b ± 0.11 

Specific growth rate 

(%/day) 
1.30a ±0.01 1.40b ± 0.03 

FCR 1.26b ± 0.014 1.18a ± 0.017 

Condition factor K 1.14a ± 0.02 1.22b ± 0.03 

Viscerosomatic    index 09.11 ± 0.14 10.28 ± 0.12 

Survival rate (%) 100 100 



most of the salmon, trout, marine fish, and shrimp feeds 

sold worldwide (Bureau, 2006). 

 The protein requirement is dependent upon the 

levels of other non protein energy sources lipids and 

carbohydrates (Ruohonen and Kettunen, 2004). A recent 

approach to assessing fish nutrition recognize the 

importance of a mixture design (Ruohonen and 

Kettunen, 2004). 

 The present study has shown that, the growth 

performance of rainbow trout can be significantly 

influenced by feeding regimes that strongly affect the 

feed ingestion and assimilation. Our results revealed that 

the ration levels had significant effects on growth and 

conversion efficiencies in fingerling of rainbow trout 

 Numerous studies have demonstrated the 

beneficial effect of high energy diets on growth and on 

feed efficiency and fish protein (Kaushik and                   

Oliva-Teles, 1985; Dias et al., 1999; Medale and 

Kaushik 2008; Aba et al., 2011a). 

 However, a supplementation of lipid rather than 

carbohydrate as a non-protein energy source, is generally 

more effective for increasing energy level because lipid 

is readily metabolized by fish especially by the 

carnivorous one (NRC, 1993). The addition of lipids to a 

diet also contributes to effective utilization of dietary 

protein through the sparing effect in fish (Watanabe, 

1982; De Silva et al., 1991; Skalli et al., 2004). 

 Our results for the FCR are higher than those 

obtained by Gelineau et al., (2001) and can be explained 

by the richness of our food carbohydrates and trout have 

a preference for protein and fat instead of carbohydrates. 

The results of the present study clearly indicate that the 

growth rate of trout was affected by the dietary levels of 

non-protein energy (P<0.05). 

 Several studies (Kaushik and Medale, 1994; 

Lupatsch et al., 1998) Lupatsch et al., (2001) have 

shown that the optimal DP/DE ratio for rainbow trout 

may be lowered from the  value of 22 to 25 g MJ-1 kg 

DM to 17 to 20 g MJ-1  kg DM. 

 Traditionally, the effect of diet quality on fish 

growth is assessed using either DP:DE or the dietary 

protein-to-lipid ratio. However, the sparing effect of lipid 

and carbohydrate on dietary protein, using the 

manufacturing technology and high energy have a  

significant improvement in growth performance of 

rainbow trout 

 This study confirms the existence of a positive 

effect of high dietary energy contents on feed efficiency 

and protein efficiency ratio as already described in the 

rainbow trout. The FCR obtained in our test is slightly 

higher than that obtained in the tests of De Francesco        

et al., (2004 ) because the test foods are higher in fat and 

carbohydrates (Gelineau et al., 2001). 

 The specific growth rate (SGR, 1.30-1.40) values 

obtained in this study are indicative of good growth in 

rainbow trout  and our results are similar to those 

reported by Chaiyapechara et al., (2003) who found that 

rainbow trout fed diets  containing a low ratio DP/DE 

had a significantly greater SGR compared to fish fed 

diets containing high ratio. The same results are obtained 

by Morrow et al., (2004), yildiz (2004), Eliason (2007). 

 Our results for the condition factor K indicates 

that the trout have a good growth in weight rather than 

size especially when fed with diet A and these results are 

similar with those of Yildiz (2004). 

 The extruded diet can be to have a greater 

incorporation of lipids,(Kaushik, 2000; Aba et al., 2012) 

which is probably increased by the IVS and increased 

visceral fat is seen in the viscera that there are more 

deposition of fat in the rainbow trout (Richard et al., 

2006; Medale, 2009) and IV obtained in this study is 

almost similar with the results of Dias et al.,(1999) and  
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Table 3: Fillet composition (g/100 g DM) 

Means (±SE) with different superscript letters were 

significantly different (P<0.05). 

Parameters Diet A Diet B 

Protein 19.56b  ± 0.27 18.11a ± 0.17 

Fat 8.47b ± 0.32 7.03a ± 0.26 

Moisture 68.21a ± 0.24 70.01a ± 0.15 



 

 

Gelineau et al., (2001). 

 For body composition generally, lipid 

accumulation in fish increases with higher levels of 

dietary lipid;(Jobling et al., 1998; Rasmussen et al., 

2000; Chaiyapechara  et al., 2003). As reported for 

several fish species such as rainbow trout 

(Chaiyapechara et al., 2003), sea bass; Pirini                      

et al.,2000) and Atlantic salmon (Hamre  et al., 1998), . 

 Lipid  concentration  in  fish  body  (fillets),  

reflected dietary  lipid concentration (Chaiyapechara             

et al., 2003; Medale, 2009; Aba et al., 2012). Increasing 

the lipid concentration in the feed from 24-27% 

increased the fillet lipid concentration from 7,03-8.47%. 

The trout composition at the end of the test shows an 

increased content of lipids independently of protein 

levels (Dias et al., 1999). 

 Increasing dietary energy intake leads, in almost 

all species, to an increase in body. In addition, deposition 

of lipids is associated with a lower deposition of water  

(Jobling, et al., 1998; Medale, 2010). Moisture content,is 

i n v e r s e l y  c o r r e la t e d  t o  l i p id  c o n t e nt                                  

(Quillet et al., 2007). According to studies by De 

Francesco et al., (2004), Quillet  et al., (2007),Eliason 

(2007), Aba et al., (2012) ,the moisture content increases 

as the fat content of fillet  is low, Similar results were 

obtained for Sea bass by Yildiz (2004) and these results 

are consistent with results obtained in this trial. 

 

CONCLUSION 

 The present study demonstrated that diets 

containing high energy and low ratio DP/DE affect the 

growth performance and body composition. The high 

energy in diet  may be an indicator of the good flesh 

quality. These results suggest that feeding the fish with 

diets containing more of fat and carbohydrate are the 

most effective. 

 The protein sparing effect of lipid and to a lesser 

extent carbohydrates have been studied by numerous 

researchers. In salmonids, up to 30% lipid diets have 

been shown to improve feed and protein utilization 

efficiencies and to reduce N excretion. 

 This study is consistent with current trends in the 

nutrition of  fish and salmonids and especially  designed 

to reduce the ratio DP / ED in order to have better 

perfomances of growth and a better quality of flesh fish. 
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