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Abstract -  Two rainbow trout strains differing in their growth performance were used to study possible interactions between geno
type, dietary composition and feed level on their feed utilisation efficiency and voluntary feed intake. Two diets (35 and 45 % of 
crude protein) and two feeding levels (to satiation or at a restricted level of 2 % of body weight), were used. The two diets were 
distributed, in duplicate, for each strain, during a four month growth trial. At the end of the experiment the digestibility of the two 
diets was determined in each strain, using chromic oxide, as a marker, and an automatic system for the faecal collection. The body 
composition of both strains was also analysed. The final weight of fish of the fast growing strain, fed to satiation, was significantly 
higher than that observed for fish of the slow growing strain. No significant differences were found between the strains’s body 
weights, when a dietary restriction was made. Results observed for the feed-gain ratio were also similar between the two strains. The 
apparent digestibility coefficient (ADC) of dry matter and energy were significantly different between the two diets but similar for 
both strains. Concerning protein digestibility no significant differences were observed for diets, although one of the strains appeared 
to show a higher ADC for protein. Body composition as well as nitrogen and energy retention were similar for both diets and strains. 
© Ifremer-Elsevier, Paris.
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Résumé -  Capacité d’ingestion et efficacité alimentaire de deux souches de truites arc-en-ciel à fort et faible potentiel de 
croissance. Deux souches de truites arc-en-ciel ayant des potentiels de croissance différents ont été étudées pour les interactions 
possibles entre le génotype, la composition alimentaire et les quantités d’aliments sur leur capacité d’ingestion et d’utilisation des 
nutriments. Deux aliments (35 et 45 % de protéine brute) ont été distribués à deux niveaux d’alimentation (ad libitum ou restreint à 
2 % du poids vif) sur une période expérimentale de quatre mois. La composition chimique de la carcasse des deux souches a été 
analysée en début et en fin d’expérience. En fin d’expérience, la digestibilité des deux aliments a été analysée pour les deux souches 
par la méthode indirecte de marquage de l’aliment avec l’oxyde de chrome et par la récolte en continu des feces. Les deux aliments 
utilisés induisent des croissances et des coefficients d’utilisation des nutriments différents. Le poids vif final des poissons alimentés 
ad libitum est significativement plus élevé dans la souche à forte croissance que dans la souche à faible croissance quel que soit 
l’aliment distribué. La capacité d’ingestion estimée par la quantité d’aliments distribués ad libitum est significativement plus élevée 
chez les poissons de la souche à forte croissance que chez ceux de la souche à faible croissance. Aucune différence de poids final 
n’est observée entre les deux souches nourries avec une alimentation restreinte à 2 % du poids vif. L’indice de consommation, les 
coefficients d’utilisation des nutriments et les coefficients d’utilisation digestive de la matière sèche et de l’énergie sont similaires 
pour les deux souches. La digestibilité des protéines n’est pas significativement différente entre les deux aliments testés. Une des 
souches tend à présenter un coefficient d’utilisation digestive des protéines plus élevé mais cette différence n est pas significative. La 
composition de la carcasse ainsi que le bilan azoté et énergétique sont similaires pour les deux aliments et pour les deux souches de 
poissons. © Ifremer-Elsevier, Paris.
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1. INTRODUCTION

Many factors affect the rate of growth: environmen
tal, nutritional, genetic and endogeneous [27]. Differ
ences in growth rate among strains have been reported 
for various salmonid species [2, 9, 12, 17, 18, 26, 28, 
29], but it is not known how the increased growth 
obtained through genetic selection programmes is 
achieved. One of a very large number of possibilities is 
that a better efficiency of digestion and/or a subsequent 
better utilisation of the food is being achieved. Alterna
tively, perhaps higher quantities of ingested feed are 
being selected [27].

The growing fish body can be regarded as consisting 
of two major components: water and dry matter, with 
the latter component further divisible into the (sub-) 
components of lipid, protein, carbohydrate and ash,
i.e. mineral contents [30]. Concerning the genetic 
improvement of growth, results on the modifications of 
body composition and digestibility coefficients are 
controversial. While Austreng et al. [1] found no dif
ferences in fat, protein or moisture content between 
families of rainbow trout, others observed an influence 
of body composition by genotype [2, 17, 21, 22].

The aim of this work was to evaluate whether differ
ences in performance due to genetic origin could be 
explained by differences in voluntary feed intake and/ 
or feed efficiency or utilization of nutrients measured 
as nitrogen and energy budgets.

2. MATERIAL AND METHODS

2.1. Experimental animals

Two strains of rainbow trout (Oncorhynchus mykiss) 
were used in this study. Strain C, known to have high 
growth rates, was originally obtained from a French 
farm (Cornec 29) and had been raised in the INRA 
experimental facilities for six generations; strain M 
(Mirwart strain) obtained from a private farm in Bel
gium by the University of Louvain, had been raised in 
the INRA experimental facilities for three generations.

Eggs of the two rainbow trout strains were fertilized 
on the same day, and were transported to the experi
mental fish farm of Trás-os-Montes e Alto Douro Uni
versity, in Vila Real, Portugal, at the eyed stage. The 
eggs were then incubated at 11 °C, and they hatched on 
January 1, 1996. The feeding regime was adjusted in 
order to start the experiment with fish of both strains 
having the same body weight. The experiment was car
ried out between April and July 1996, both strains 
being raised in the same experimental conditions.

Twelve groups of 135 fish, with an individual weight 
range of 3.5-4.5 g, were randomly distributed among 
12 square fibre glass tanks (300 L), in duplicate groups 
for each treatment. The water temperature during the 
experiment ranged from 12 to 16 °C, depending on the

season; while the water flow was about 5 L-min-1, in 
an open circuit system.

2.2. Feed and feeding

Four groups of fish of each strain were fed one of 
two diets, Diet 1 (D1) or Diet 2 (D2), containing 45 
and 35 % of crude protein, respectively. The diets were 
prepared after grinding, and mixing the ingredients in a 
pelleting machine at 50 °C. Feed ingredients and diet 
composition are summarized in table I. Fish were fed 
to satiation, by hand, three times a day at about 9.30, 
14.00 and 18.30. The quantity of non-ingested food 
was negligible. The other two groups of each strain 
were fed diet D 1 at a ration level of 2 % body weight/ 
day (D1r) Data on distributed food and weight gain 
was collected every 3-4 weeks during the 4 month 
trial. Twenty fish from each tank were weighed indi
vidually, at each time, to the nearest 0.01 g.

Table I. Ingredients and chemical composition of the two experimen
tal diets.

Diet 1 Diet 2

Ingredients (%) 
Fish oil 3.00 3.00
W heat 1 19.10 36.10
Fish m e a l2 36.00 27.50
Full-fat soybean 1 23.00 23.00
M eat m e a l3 18.50 10.00
B inder4 0.20 0.20
Vitamin prem ix 5 0.10 0.10
M ineral premix 6 0.10 0.10
Chemical com position 
Dry m atter (%) 90.70 91.69
Protein (Nitrogen X 6.25) (%) 45.06 35.65
Fat (%) 10.45 9.79
Energy (kJ.g-1) 19.59 20.16

1 Infrared micronized and flaked in a roller mill.
2 Brown fish meal from Chile (Anchova).
3 Defated meat meal from Portugal.
4 Lignino sulphate.
5 Vitamins (mg . kg-1 diet): α-tocopherol, 20; menadione, 5: thiamine, 
5; Ca panthothenate, 10; nicotinic acid, 100; pyridoxine, 5; folic acid, 
2; cyanocobalamin, 0.05; biotin, 0.5; ascorbic acid, 200; paraminoben- 
zoic acid, 50; inositol, 500; choline chloride, 500; (IU . kg-1 diet) reti
nol, 10000; cholecalciferol, 2000.
Minerals (mg . kg-1 diet): cobalt sulphate, 1.91; copper sulphate, 19.6; 
iron sulphate, 200; sodium fluoride, 2.21; potassium iodide, 0.78; 
magnesium oxide, 166; manganese oxide, 13; sodium selenite, 0.22; 
zinc oxide, 12.5; (g . kg-1 diet) dicalcium phosphate, 5; sodium chlo
ride, 0.4; potassium chloride, 1.

2.3. Digestibility

A digestibility trial was performed, with 40 fish 
(weight range 55-75 g) of each strain, fed once a day 
(1 % of body weight/day), and two experimental diets 
(Dl and D2) containing 1 % of chromic oxide as an
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external marker. Faeces were collected over a 4 day 
period using a continuous automatic faeces collector 
[6]. After collection, faeces were stored at -18 °C until 
they were analyzed. This procedure was repeated four 
times for each diet, each replicate being carried out in a 
different tank to reduce any tank effect.

2.4. Calculation

The daily growth coefficient (DGC), specific growth 
rate (SGR), feed gain ratio (FGR) and voluntary feed 
intake (VFI) were calculated using the following for
mulae:

DGC = 100 (Wf1/3 -  Wj1/3)/days (%.d-1),

SGR = 100 (Ln Wf -  Ln W¡)/days (%.d-1),

FGR = feed intake (g dry matter)/weight gain (g),

VFI = feed intake/mean body weight/days (%.d-1).

The apparent digestibility coefficients (ADC) of dry 
matter and nutrients were calculated using the follow
ing formulae:

ADC of dry matter (%) = 100 -  [100 x (% chromic 
oxide in diet/chromic oxide in faeces)],

ADC of nutrients (%) = 100 -  [100 x (% chromic 
oxide in diet/% chromic oxide in faeces) x (nutrient or 
energy content in faeces/nutrient or energy content in 
diet)].

Metabolizable energy (ME) was estimated indirectly 
by carcass analysis and digestibility data, calculating 
total nonfaecal nitrogen losses, branchial and urinary, 
by the differences between digested nitrogen and 
recovered nitrogen as shown in the following expres
sions:

Metabolizable energy (ME) = Digestible energy 
(DE) -  Non faecal energetic losses (NFEL),

NFEL = Non faecal excreted Nitrogen (NFEN) x 25 
kJ.g-1 N [7],

NFEN = Digestible Nitrogen (DN) -  Retained 
Nitrogen (RN).

Total heat loss = ME -  Recovered energy (RE).

2.5. Analytical methods

Frozen whole body samples and faeces were lyo- 
philized before analysis. Feed, whole body and faeces 
samples were analyzed for dry matter (104 °C for 
24 h), ash by calcination in a muffle furnace (600 °C 
for 15 h), crude protein (Kjeldahl, total nitrogen x 
6.25) after acid digestion, fat content by petroleum 
ether 40-60 °C extraction (Soxhlet) and energy using 
an adiabatic bomb calorimeter (Parr).

2.6. Statistical analysis

Statistical analyses followed methods outlined by 
Sokal and Rohlf [23]. Data were subjected to analysis 
of variance with the Statistics 5.0 for Windows pack
age. When F  values indicated significance, individual 
means were compared by Tukey’s Honest Significant 
Difference (HSD) test. All differences were considered 
significant at P < 0.05. Covariate models were per
formed in cases where a dependence between initial 
body weight and growth performance or/and feed 
intake could be expected.

3. RESULTS

3.1. Growth performance

Data on body weight was collected every 3-A weeks 
during the trial (figure I). A general analysis of vari- 
anced showed significant differences between strains 
and feeding level: fish of strain C weighing more than 
those of strain M, and fish fed to satiation weighing 
more than those fed at a restricted level. When differ
ences between groups were tested, significant differ
ences were found, in body weight, between strains fed 
to satiation diet D1 or diet D2; after 7 weeks of treat
ment (P < 0.05) but no significant differences were 
observed between strains fed the restricted level, diet 
D 1r (P > 0.05).

Results on weight gain, feed intake and efficiency 
are presented in table II. Concerning final weight gain, 
fish of strain C showed significantly higher values than 
fish of strain M (P < 0.05), when diets D 1 or D2 where 
fed to satiation. No significant differences were found 
for fish fed the restricted level, diet D1r. The results 
observed for daily growth coefficient are in accordance 
with those obtained for weight gain. However, when 
the specific growth rate was used to characterise 
growth performance, no significant differences were 
found between strains fed either of the diets to satia
tion. Fish fed a restricted ration level, showed an over
all SGR of 1.43 and 1.63, in the C and M strain fish, 
respectively.

The specific growth rate, for both strains, calculated 
for each of the five periods of the experiment, was 
plotted against body weight. For an 85 g fish, the esti
mated SGRs were 1.99 and 1.89 for fish of strains C 
and M fed diet D 1, and 2.01 and 1.93 for fish of strains 
C and M fed diet D2.

3.2. Feed intake and efficiency

No significant differences were found in the feed 
gain ratio (FGR), between strains or diets; however,
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Figure 1. Body weight (g) of two rainbow trout strains, C and M, fed Diet 1 (D1) and Diet 2 (D2) to satiation, or Diet 1 at a restricted level of 2 % 
of body weight (D1r) in different periods of time (101, 123, 150, 170, 186 and 214 days after hatching). * ANOVA P < 0.05.

Table II. Growth performance and feed intake of two rainbow trout strains (C and M) fed diet D1 (45 % protein), diet D1r (D1 at 2 % body weight) 
and diet D2 (35 % protein). Means of duplicate groups ± SD.

D l D 1r D2

C M C M C M

Growh performance
W eight gain (g) 103.40 ± 4.67 a 80.91 ± 0.73 b 18.60 ± 0 .0 8 C 18.26 ± 1.12 c 99.40 ± 0.78 a 82.12 ± 2.05 b
Daily growth coefficient (% . d-1)1 2.75 ± 0.05 a 2.55 ± 0.O2 b 1.06 ± 0.01 C 1.13 ± 0.04 c 2.70 ± 0.02 a 2.56 ± 0.04 b
Specific growth rate (% . d_l) 2.80 ± 0.03 a 2.84 ± 0.03 a 1.43 ± 0.01 b 1.63 + 0 .0 4  c 2.77 ± 0.02 a 2.83 ± 0.04 a
Feed gain ratio 1.18 ± 0 .0 3  a 1.22 ± 0.09 a 1.05 ± 0.01 b 0.92 ± 0 .0 0 1  b 1.30 + 0.03 “ 1.24 ± 0.O2 a

Intake
Feed (%. d-1) 2.11 ± 0.06 a 2.18 ± 0.16 a 1.37 ± 0.01 b 1.29 + 0 .02 b 2.30 ± 0.0004 a 2.21 ± 0.03 a
Crude protein (%.  d-1) 1.04 ± 0.03 a 1.08 ± 0.08 a 0.68 ± 0.01 b 0.64 ± 0.01 b 0.88 ± 0.00O2 c 0.84 ± 0.01 a

Figures with different superscripts in the same line are significantly different from each other (ANCOVA, P < 0.05).

fish fed at a restricted ration level had the lowest FGR 
(table II).

No significant differences were found in the volun
tary feed intake (VFI) between strains (table II), how
ever, and taking into account the general decrease of 
VFI with body weight, this means that the ingestion 
capacity of strain C was always higher than that 
observed in strain M. Although no effect of diet was 
observed, there was a slightly tendency for the fish fed 
diet D2 to show a higher voluntary feed intake than 
fish fed diet D1. Since diet D2 had a lower protein con
tent, daily protein intake per unit body weight was 
lower in these groups. Plotting fish intake during each 
experimental period against body weight, strain C 
shows a higher intake for fish with a body weight 
lower than 40 g.

Table III. Apparent digestibility coefficients (%) of the experimental 
diets, D1 and D2, containing two protein levels 45 and 35 % respecti
vely, in two rainbow trout strains C and M. Mean ± SD; n = 4.

Strain Diet Dry matter Energy Protein

C D l 72.7 ± 1.3 a 82.0 ± 1.7 a 86.2 ± 0.6 ab
C D2 69.3 + 1.1 b 78.4 ± 0.6 b 84.8 ±  1.1 a
M D l 71.6 ± 3.1 a 81.5 ± 3.1 a 86.8 ± 1.6 a b
M D2 68.4 ± 1.6 b 76.8 ± 0.8 b 8 7 .0 +  1.2 b

Figures with different superscripts in the same solution are signifi
cantly different from each other (ANOVA, P < 0.05).

3.3. Digestibility

The digestibility of the two diets (Dl and D2) was 
evaluated for each strain (table III). The apparent 
digestibility coefficients of dry matter and energy were
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significantly different between the two diets and simi
lar for both strains. Concerning protein digestibi-lity, 
fish of strain M presented slightly higher values than 
fish of strain C, and no significant differences were 
observed between diets.

3.4. Body composition

The body compositions of the fish at the beginning 
and end of the experiment is presented in table IV. Fish 
fed to satiation contained more dry matter, ashes, 
energy and lipids than the initial sample. Concerning 
the feeding level, the amounts of dry matter, energy 
and lipids were significantly higher in fish fed to satia
tion, while the amount of ash was highest in the scant
iest fed fish. No effect of diet or strain was however 
observed for any of the parameters analysed. The pro
tein content of the whole fish was not significantly 
influenced by the ration level or type of diet.

3.5. Retention

No significant differences were observed between 
strains for nitrogen and energy retention (table V). 
Nitrogen regention efficiency was highest in fish fed 
diets D 1r and D2. Only fish of strain C presented a 
significantly lower recovered energy than fish fed to 
satiation. The calculated heat increment was signifi
cantly lower for fish fed diet D1r compared with those 
fed diet D2.

4. DISCUSSION

The results obtained in this experiment demon
strated the higher growth potential of fish of strain C in 
comparison with fish of strain M and confirmed the 
previous data obtained by Valente et al. [24]. The 
methods used to characterise growth performance of 
the strains have a strong influence on the conclusion. 
In fact, results based on the specific growth rate (SGR) 
or on the daily growth coefficient (DGC) of strains 
were not equivalent. The decrease of SGR with 
increasing body weight does not allow the direct com

parison of fish growth when one source of variation is 
the growth potential of the strains. The present results 
suggested that the DGC might be the best index to be 
used when fish growth capacities is being studied. Cho 
[5] has already suggested that the use of SGR presents 
a serious deficiency and that the DGC can be a more 
accurate and useful coefficient for growh prediction.

Food supply is probably the most important factor 
affecting the growth in fish, while other factors, either 
abiotic or biotic, only indirectly affect growth because 
they affect feeding and metabolism, and consequently 
the conversion of food into body materials and useful 
energy [13]. In this report the feed consumption of fish 
from strain C was higher than the feed consumption of 
fish from strain M throughout the experiment. Fish 
from either strain digested and retained similar 
amounts of nutrients, still the strains grew at different 
rates when fed ab libitum. On restricted feeding, fish 
from both strains grew at similar rates. This situation 
would effectively stop the fast growing fish to use it’s 
advantage in a larger capacity to ingest feed. When fed 
diet D 1 ad libitum, fish from strain C gained 22 % 
more weight and consumed 19 % more feed (weight 
gain ¥ feed gain ratio) than fish from strain M. The 
corresponding numbers when fed diet D2 ad libitum 
were 17 % and 21 %. Thus, the growth differents 
appear to be well rationalised by the differences in the 
feed consumption. When calculated for the whole 
experimental period, the voluntary feed intake (VFI) 
was similar for fish of both strains when fed the diets 
ad libitum. As SGR, the feed intake will however 
decrease when the fish size increases. Considering the 
lower weight and the slower growth of fish from strain 
M, this fish may very well have consumed less feed 
than fish from strain C when related to fish size. Thus, 
although similar VFI, the feeding capacity of fish from 
population C appears to have been higher than the 
capacity of fish from population M throughout the 
experiment. Kinghom [12] has already observed a 
genetic variation in feed consumption in rainbow trout; 
fish, which consume more feed, grow faster.

Feed again ratio, a trait of major importance in any 
animal production system, did not show significant

Table IV. Whole body composition of fish at the beginning and end of the experiment. Mean values (% wet weight) of duplicate groups of 5 pooled 
fish ± SD.

Dry m atter Ash Energy Protein Lipids

c Initial 24.5 2.3 6.2 14.7 5.7

M Initial 24.6 2.4 5.7 15.5 5.4
C D 1 26.9 ± 0.9 a 2.6 ± 0.06 a 7.2 ± 0.02 a 15.1 ± 0.01 a 8.3 ± 1.1 a,c

M D 1 25.7 ± 1.3 a 2.5 ± 0.03 a 7.1 ± 0.6 a 13.7 ±0 .001  a 7.5 ± 0.8 a,c

C D 1r 29.9 ± 1.7 b 2.9 ± 0 .1  a 4.5 ± 0.6 b 13.4 ± 0.6 a 3.1 ± 1.0 b

M D 1r 24.2 ± 3.2 a, b 2.9 ± 0.4 a 6.0 ± 0.6 a, b 15.6 ± 1.9 a 5.5 ± 0 .1  a, b

C D2 27.2 ± 0.2 a 2.5 ± 0 .1  a 7.3 ± 0 .1  a 14.8 ± 0.2 a 8.6 ± 0 .1  c

M D2 26.5 ± 0 .1  a 2.6 ± 0 .1  a 6.7 ± 0.5 a 14.8 ± 1.0 a 7.8 ± 0 .1  a, c

Figures with different superscripts in the same column are significantly different from each other (ANOVA, P < 0.05).
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Table V. Retention of nitrogen (g N.kg-1) and energy (kj.g-1) in two rainbow trout strains, C and M, fed diet D1, diet 1r or diet D2. Mean values of 
duplicate groups ± SD.

D 1 D 1r D2

C M C M C M

C rude Nitrogen intake 116.4 ± 0.6 a 109.01 ± 9.9 a 90.7 ±  6.0 b 90.5 ± 1.8 b 98.2 ± 2.9 b 90.2 ± 1.2 b
Digestible Nitrogen intake 100.3 ± 0 .5  a 94.6 ±  8.5 a 78.2 ± 5.1 b 78.5 ± 1.6 b 83.3 ± 2.4 b 78.4 ± 1.1 b
Recovered Nitrogen 24.3 ± 0.01 a 21.9 ± 0 .0 0 3  a 20.9 ± 1.2 a 25.0 ±  3.7 a 23.7 ±  0.4 a 23.6 ± 1.7 a
Non faecal excreted Nitrogen 76.0 ± 0.5 a 72.7 ± 8.5 a 57.3 ± 6.4 b 53.5 ±  2.2 b 59.6 ±  2.0 b 54.8 ± 2.7 b
Nitrogen retention efficiency 
(% digestible nitrogen intake)

24.2 ± 0 .1  a 23.2 ± 2.09 a 26.8 ± 3.3 b 31.8 ± 4 .1  b 28.5 ± 0 .4  b 30.2 ± 2.5 b

Gross energy intake 28.7 ± 0.2 a 26.9 ±  2.4 a 22.4 ± 1.5 b 22.3 ±  0.4 b 31.8 ± 0.9 c 29.2 ± 0.4 c
Digestible energy intake 23.5 ± 0 .1  a 21.9 ± 2.0 a 18.3 ± 1.2 b 18.2 ± 0.4 b 25.0 ± 0.7 a 22.5 ± 0.3 a
Recovered energy 7.2 ± 0.O2 a 7.1 ±  0.6 a 4.0 ± 0.8 b 6.1 ± 0.7 a, b 7.3 ± 0 .1  a 6.8 ± 0.5 a
Non faecal excreted energy 1.9 ± 0.01 a 1.8 ± 0.2 a 1.4 ± 0.2 b 1.3 ± 0.1 b 1.5 ± 0 .1  b 1.4 ± 0.07 b
M etabolizable energy 21.6 ± 0.1 a 20.1 ± 1.8 a 16.9 ± 1.0 b 16.9 ± 0.4 b 23.5 ± 0.7 a 21.1 ±  0.2 a
Total heat loss 14.4 ± 0 .1  a, b 13.0 ± 2.4 a,b 13.0 ± 1.8 b 10.7 ± 0.3 b 16.1 ± 0.6 a 14.3 ± 0.7 a
Energetic retention efficiency 
(% digestible intake)

30.7 ± 0 .1  a 32.8 ± 5.7 a 21.8 ± 5.7 a 33.6 ± 3 .1  a 29.4 ± 0.4 a 30.3 ± 2.6 a

Figures with different superscripts in the same line are significantly different from each other (ANOVA, P < 0.05),

genetic variation, in the present study. This is consis
tent with earlier results [12, 17]. An effect of feeding 
level was, however, observed in the present study fish 
fed to satiation showing a higher FGR than fish fed a 
restricted ration. Similar results have been reported 
previously by Markert et al. [15], in coho salmon.

Although protein digestibility was equivalent in both 
diets, dry matter and energy ADC were lower in fish 
fed diet D2 (35 % protein). This can be explained by a 
greater inclusion of micronized wheat meal with a 
relatively higher level of fibre and consequently a poor 
digestion of the carbohydrate portion of this dietary 
component and/or by the relative larger inclusion 
of starch with a low digestibility [4]. Médale [17] 
observed a higher protein digestibility in a fast grow
ing strain. However these results were not confirmed 
by the present work.

Body composition did not seem to be influenced by 
the genetic origin of the fishes. This is consistent with 
the findings of Austreng et al. [1] who found no differ
ences in fat, protein or moisture content, between fam
ilies of rainbow trout. Some studies have however 
shown a correlation between lipid content of carcass 
and growth rate [3,9, 12], whereas other authors found 
a higher body fat and lower protein content in slow 
growing rainbow trout strains than in fast growing fish 
[17,22].

The proportion of dietary protein did not appear to 
affect body composition significantly, which is in gen
eral accord with earlier observations by Reinitz and 
Hitzel [20]. The results concerning the feeding level 
correspond with previous findings [10, 19, 24] that 
reported an increase in the percentage fat and dry mat
ter and a decrease in the percentage of ash with 
increasing rations. Protein appeared to be the only 
body component that was not affected by ration level 
or diets. This has already been observed in trout [10, 
20, 25],

Concerning protein or energy retention, our results 
are in general accord with earlier observations by 
Médale [17], who also found no significant differ
ences between rainbow trout strains for these two 
parameters.

In conclusion, our results suggest that the two rain
bow trout strains demonstrated different capacity for 
feed consumption. This was the main cause of the 
higher weight gain of the strain with the highest feed
ing capacity, as the fast growing strain did not demon
strate more efficient nitrogen or energy retention than 
the slow growing one. Whether the difference in feed
ing capacity was due to faster absorption and metabo
lism of nutrients or a more aggressive feeding 
behaviour remains an open issue.
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