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Abstract
Three diets including 13.2%, 22% or 30.5% carbohydrates as extruded wheat meal were fed to
rainbow trout, Oncorhynchus mykiss (initial weight 34.8 g), for twelve weeks to investigate their
influence on growth, protein and energy utilization and carcass composition. Daily feeding rates
were 1.76, 2.05 or 2.17 g feed per 100 g body weight for the three diets, respectively, so as to
reach a daily allowance of about 35.5 kJ digestible energy per 100 g body weight. No significant
differences (p>0.05) in final mean weight or specific growth rate were observed between the
treatments. Feed efficiency was negatively correlated to the dietary carbohydrate level. Utilized
digestible protein and energy per kg growth were 365, 348, 358 g and 15.4, 15.9, 17.0 MJ,
respectively, for the three diets. Apparent net protein and energy utilization of the groups fed a
medium or high carbohydrate level were higher than those of the low carbohydrate group.
Analysis of fish carcasses at the end of the trial revealed no significant (p>0.05) variations attrib-
utable to the carbohydrate level.

Introduction
Carbohydrate nutrition in rainbow trout has
been studied in great detail (Phillips et al.,
1948; Singh and Nose, 1967; Austreng et al.,
1977; Bergot, 1979; Rychly and Spannhof,
1979; Bromley and Smart, 1981; Refstie and

Austreng, 1981; Hilton and Atkinson, 1982;
Spannhof and Plantikow, 1983; Bergot and
Breque, 1983; Kaushik and Oliva-Teles, 1985;
Beamish et al., 1986; Hilton et al., 1987;
Kaushik et al., 1989; Takeuchi et al., 1990;
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Pfeffer et al., 1991; Henrichfreise and Pfeffer,
1992; Brauge et al., 1994; Wilson, 1994;
Pfeffer, 1995). More information is required on
the digestible protein and energy require-
ments of trout fed different levels of dietary
carbohydrate (Kim and Kaushik, 1990, 1992;
Kaushik and Medale, 1994; Yomamoto et al.,
2000, 2001).

Tekinay and Davies (2001) fed rainbow
trout different levels of extruded wheat meal
(153, 322 or 435 g/kg diet) with a similar quan-
tity of digestible protein (approximately 0.6 g
per 100 g body weight per day) to evaluate the
protein sparing effects of carbohydrate based
diets. In that study, at the end of twelve
weeks, the fish fed 322 g extruded wheat
meal per kg diet had the highest growth per-
formance and nutrient utilization. The same
group utilized 19.7% less digestible protein
and 10% less digestible energy per kg growth
than the fish fed 153 g extruded wheat meal
per kg diet. In our study, we investigate the
influence of a digestible energy intake of
approximately 35.5 kJ per 100 g body weight
per day on growth, protein and energy utiliza-
tion and carcass composition in trout, using
the same experimental diets as Tekinay and
Davies (2001). 

Materials and Methods
Experimental fish and maintenance facilities.
Rainbow trout, Onchorynchus mykiss,
obtained from Mill Leat Trout Farm
(Ermington, Devon, UK), were acclimatized to
laboratory conditions (Biological Science,
University of Plymouth) for three weeks prior
to the start of the feeding trial. Batches of 40
trout with a mean weight of 34.8 g were
placed into duplicate 400 l fiberglass tanks in
a closed, fresh water recirculating system.
Water flow through the tanks was 6.8 l per
minute, producing a weekly water exchange
of approximately 20%. Temperature was
maintained at 15±0.2°C throughout the trial
and a 12 hour light/12 hour dark photoperiod
was established. The light intensity at the
water surface was 480 lux.

Feeding and performance indicators. The
ingredients and chemical compositions of the
diets are given in Table 1. The dry powdered

ingredients of each diet were weighed and
mixed in the bowl of a Hobart A101 food
processor (Hobart Manufacturing Company
Ltd., London). Oil and, finally, distilled water
were added during continuous mixing to yield
a uniform paste sufficiently moist for extru-
sion. Using the food processor; the paste was
extruded to a size of 3.16 mm. The feed was
spread thinly onto trays and air dried at 44°C
in a fan assisted drying cabinet and stored in
black polyethylene bags. Samples of all
experimental diets were removed directly after
manufacture and stored at -20°C.

The daily feeding rates were adjusted to
obtain a daily allowance of about 35.5 kJ
digestible energy per 100 g body weight. Fish
were hand fed daily at 09:00, 13:00 and 17:00
and the quantity of feed provided was record-
ed throughout the 12-week trial. Every two
weeks, the trout were starved for 24 hours,
then weighed individually, without being anes-
thetized. Parameters relevant to growth and
feed utilization efficiency were calculated as
explained by Tekinay and Davies (2001).

Sampling and analytical procedures. At
the end of the feeding trial, ten fish from each
treatment were withdrawn for carcass analy-
sis. Proximate analysis of the diets and the
fish carcass were performed according to the
methods of the AOAC (1990). Dry matter was
determined after drying at 105°C until a con-
stant weight was obtained. Ash content was
measured by incineration in a muffle furnace
at 550°C for 12 hours. Crude protein was ana-
lyzed by the automated Kjeldahl method after
acid digestion, using the Gerhardt system.
Lipid extractions were undertaken by a refine-
ment of the original version of Folch et al.
(1959). Carbohydrate in the feed was deter-
mined according to a modified method
described by Morris (1994). Four ml HCl (2
mol/l) was added to 50 mg dry material.
Following vortex mixing, samples were heated
in a boiling water bath for two hours, then 2 ml
of hydrolysate was sampled and neutralized
with NaOH (0.5 mol/l) using phenol red as the
indicator. The solution was then made up to a
final volume of 10 cm3 and 25 µl was with-
drawn for glucose determination by the glu-
cose oxidaze method. The glucose based car-
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bohydrate content of the feed or feces (g/g
wet weight) was then calculated as: carbohy-
drate in % = [(mg glucose in ml hydrolysate x
20 x 0.9)/weight of sample] x 100, where 20 is
the dilution factor and 0.9 is the factor allow-
ing the estimation of glycogen from the mea-
sured glucose content of the tissue. The ener-

gy content of freeze-dried samples of diets
was determined by calorimetry (adiabatic
bomb calorimeter, Gallenkamp) according to
AOAC (1990).

Statistical analysis. The data were subject-
ed to analysis of variance (ANOVA) and the
multiple range test (p< 0.05) of Duncan (Steel
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Ingredient Diet

Low Medium High 
carbohydrate carbohydrate carbohydrate

Fishmeal1 52.6 42.8 35.0

Poultry meat meal2 12.0 9.6 8.0

Blood meal3 3.0 2.4 2.0

Extruded wheat meal4 15.3 32.2 43.4

Fish oil5 10.81 8.6 7.2

Vitamin/mineral premix6 2.0 2.0 2.0

∝ -cellulose7 1.89 - -

Cr2 O37 0.4 0.4 0.4

Binder7 2.0 2.0 2.0
(carboxy methyl cellulose)

Nutrient analysis

Protein 48.7 41.7 37.3

Lipid 20.5 17.5 15.2

Ash 10.4 8.9 7.7

Carbohydrate 13.2 22.0 30.5

Digestible protein (%) 43.6 34.0 30.7

Digestible energy (MJ/kg) 20.2 17.3 16.4

Digestible protein/digestible energy (g/MJ) 21.6 19.7 18.7

Table 1. Ingredients (%) and chemical composition (% dry matter) of experimental diets.

1 Low Temperature Fish Meal, Norsea Mink, LT 94. Donated by Trouw Aquaculture, Wincham,
Cheshire, UK

2 Int. Feed Number, 5-03-798, Trouw Aquaculture, Wincham, Cheshire, UK
3 Int. Feed Number, 5-00-381, Trouw Aquaculture, Wincham, Cheshire, UK
4 Int. Feed Number, 4-05-205, Trouw Aquaculture, Wincham, Cheshire, UK 
5 Atlantic Herring Oil (7-08-048), Seven Seas, Marfleet, Hull, UK
6 Closed Formulation, Trouw Aquaculture, Wincham, Cheshire, UK
7 Sigma Chemical Company, Poole, Dorset, UK
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and Torrie, 1960) using the statistical software
package, Statgraphics 7 (Manugistics Incor-
porated, Rockville, MD, USA). Allometric
analyses of the carcass of experimental fish
were performed as outlined by Shearer
(1994). The absolute weight of each parame-
ter (protein, lipid and ash) in the body and the
weight of the whole carcass or muscle were
log transformed and plotted. Then, all slopes
and intercepts were compared using multiple
regression analysis in Statgraphics 7.

Results 
No significant (p>0.05) differences were
observed in growth performance of fish in
terms of final mean weight or specific growth

rate (Table 2). The feed efficiency of the trout
fed the low carbohydrate diet was 14.15%
and 31.1% better than that of the trout fed
the medium or high carbohydrate diets,
respectively. The apparent net energy utiliza-
tion of the medium carbohydrate group was
approximately 25% higher than that of fish
fed the low carbohydrate diet but it was sim-
ilar to that of the high carbohydrate group.
Apparent net protein utilization followed a
similar pattern; it was approximately 22%
higher in the medium carbohydrate group
than in the low. This can be attributed par-
tially to the higher digestible protein content
of the low carbohydrate diet. 

The proximate compositions of the fish

Tekinay et al.

Parameter Diet

Low Medium High 
carbohydrate carbohydrate carbohydrate

Initial mean weight (g) 34.7 34.8 34.8

Final mean weight (g) 149.2 145.2 139.8

Feed intake (g/100 g fish/day) 1.76a 2.05b 2.17b

Digestible protein intake (g/100 g fish/day) 0.77 0.70 0.67

Digestible energy intake (kJ/100 g fish/day) 35.6 35.5 35.6

Specific growth rate (%) 1.7 1.7 1.6

Feed efficiency (%) 112.1 98.2 85.5

Digestible energy utilized per kg growth (MJ) 15.4 15.9 17.0

Digestible protein utilized per kg growth (g) 365 348 358

Apparent net energy utilization (%) 40.4 50.5 48.8

Apparent net protein utilization (%) 42.3 51.7 50.3

Table 2. Growth of rainbow trout fed diets with different levels of carbohydrate for 84 days.

Values in a row with a common superscript or no superscript are not significantly different from
each other (p>0.05).



carcasses at the end of the trial are given in
Table 3. There were no significant differences
(p>0.05) between treatments in moisture con-
tent or protein, lipid and ash concentrations.

Discussion
Following the 12-week feeding trial, similar
growth (p>0.05) was observed in all groups.
Although not significantly different, the mean
weight of the fish fed the low carbohydrate
diet was higher than that of the other groups
at the end of the trial. The SGRs were in
accordance with the final mean weights. They
also agreed with SGR data obtained by
Tekinay and Davies (2001) in fish that
received a daily digestible energy concentra-
tion of 30.3-34.4 kJ per 100 g body weight.
Significant differences in final mean weight or
SGR would probably have been recorded if
the experiment had lasted longer. The SGRs
of the groups fed 32.2% or 43.5% extruded
wheat meal were better than that of Kaushik
et al. (1989) who fed diets with 38% extruded
wheat to rainbow trout at 18°C for 18 weeks
and obtained an SGR of 1.3% per day. On the
other hand, a much higher SGR of 2.6% was
reported by Kim and Kaushik (1992) for fish
that consumed a similar amount of digestible
energy and protein but a higher carbohydrate
level (38.2%). Growth performance reported
by different workers may not be comparable

since the experimental designs and dietary
conditions of the studies differed.

The feed efficiency negatively correlated
with the dietary carbohydrate level as previ-
ously demonstrated (Steffens, 1989; NRC,
1993; Tekinay and Davies, 2001). The feed
efficiency values determined for the medium
and high carbohydrate groups in this feeding
trial were lower than those measured by
Tekinay and Davies (2001). This is probably
due to the higher daily food consumption in
the present study. Takeuchi et al. (1990) fed a
diet with a comparable level of extruded
wheat meal (35%), digestible protein (399 g)
and digestible energy (18.7 MJ per kg feed) to
trout fry with an initial mean weight of 4.6 g for
a six-week feeding trial. They obtained a feed
efficiency of 109% and an SGR of 3.0%. The
intake of digestible energy and protein of the
experimental fish in that study were 50.5 kJ
and 1.07 g per 100 g body weight. Yomatomo
et al. (2001) fed trout (initial mean weight 28
g) diets with different levels of carbohydrates
(9%, 18%, 27% or 36% potato starch or 34%
dextrin) for eight weeks. Their SGR and
apparent net protein utilization did not differ
significantly (p<0.05) whilst their feed efficien-
cy and protein efficiency ratio were higher in
the trout fed the diets with 18% or 27% starch. 

Digestible energy utilized per kg growth
varied between treatments despite the fact
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Carcass Diet

Low Medium High 

Initial carbohydrate carbohydrate carbohydrate

Moisture 72.0 70.8 71.1 71.2

Protein 16.2 17.1 16.7 16.5

Lipid 9.1 11.6 11.3 11.4

Ash 2.6 2.3 2.4 2.5

Table 3. Proximate composition (%) of the pooled carcass of experimental animals.

Values except initial composition are not significantly different from each other (p>0.05).
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that all the experimental fish received the
same amount of digestible energy per day
(35.5 kJ per 100 g body weight). This was
probably due to the fact that the trout utilized
the feed with varying efficiency throughout the
12-week trial. Fish that received only 30.3,
31.14 or 34.44 kJ digestible energy per 100 g
body weight per day (Tekinay and Davies,
2001) utilized 17.4, 15.9 and 17.9 MJ
digestible energy per kg growth, respectively.
Results of the high carbohydrate groups in
both this study and Tekinay and Davies
(2001) confirm the finding of Kim and Kaushik
(1992) that 17.4 MJ of digestible energy was
utilized per kg growth in trout grown at 18°C
with a test diet including 38% gelatinized corn
starch. 

Digestible protein utilized per kg growth
ranged 348-365 g but was as low as 312 g in
the medium carbohydrate group (1.8 g daily
feed, 0.61 g digestible protein intake per 100
g fish) in the study of Tekinay and Davies
(2001). Kim and Kaushik (1992) calculated
390 and 460 g digestible protein per kg of
trout produced. Adjustment of the daily feed
intake is particularly important in order to
obtain the most efficient protein sparing effect
of diets containing high levels of digestible
complex carbohydrates. 

The apparent net energy and protein uti-
lization of the medium and high carbohydrate
treatments were more efficient than those of
the low carbohydrate treatment. The apparent
net protein retention negatively correlated with
the digestible protein content of the diet. Both
utilization rates were superior to those of Kim
and Kaushik (1992) who fed rainbow trout
with diets containing 38% digestible carbohy-
drates of different sources. This can be
explained by the higher levels of carcass lipid
in the present study due to the higher levels of
dietary lipid. 

The carcass composition indicates that
the body protein, lipid and ash contents were
not influenced when trout consumed varying
carbohydrate concentrations as long as the
diet contained a similar level of digestible
energy. This is supported by the allometric
analysis of carcass data explained by Shearer
(1994) and applied by Tekinay et al. (2000)

and Tekinay and Davies (2001). Thus, it can
be suggested that diets containing digestible
carbohydrate and energy concentrations
between 16.4 and 20.2 MJ per kg do not sig-
nificantly (p>0.05) alter the proximate compo-
sition of the trout carcass. 

From a practical point, a diet with 40% pro-
tein including approximately 30% extruded
wheat meal and a daily intake of 0.6-0.7 g
digestible protein and 35 kJ digestible energy
per 100 g body weight produces acceptable
growth and nutrient and energy utilization in
rainbow trout. This is supported by Yomamoto
et al. (2001) who recommended a 40% pro-
tein diet with either 18% fat and 18% starch or
11% fat and 27% starch for juvenile trout
under voluntary feeding conditions. 

It could be suggested from the results that
optimum growth and nutrient utilization can be
achieved by adjusting the dietary lipid and
carbohydrate levels to the digestible energy
requirement of the fish under examination.
However, the present and previous studies
demonstrated that fish size, water tempera-
ture and dietary factors such as feeding rate,
duration of feeding trial, and digestible protein
and energy concentrations of the test diets
affect the growth, feed intake and utilization
significantly (Kaushik and Medale, 1994).  
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