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Summary

A study is reported which investigated the additive nature of digestible energy (DE) from dietary 
nutrients and to estimate the relative energy values of different energy-yielding nutrients in practical 
trout diets. A growth study was conducted over 12 weeks with 6 diets. Rainbow trout (Oncorhynchus 
mykiss) were fed diets once a day ad libitum. Digestible energy values determined and calculated had 
direct relationship indicating additive nature of such values for feed ingredients. Overall growth per
formance was best in a diet containing 33% digestible protein (DP) with a DP/DE ratio of 18.6. A 
reduction in digestible protein level with the same DP/DE ratio led to a significant decrease in growth 
and feed efficiency. The increase of 7% of lipid with concomitant decrease in protein resulted in the 
relative gain of 130% in growth and nutrient retention, suggesting that 1 g of lipid is equal to about 
1.3 g of proteins in terms of net energetic value. Replacement of 10% of dietary lipid by carbohydrates 
led to a slight decrease in energy retention efficiency but to a great increase in lipid retention efficiency 
(130%) showing that dietary carbohydrates led to increased lipogenesis.
(Key Words: Digestible Energy, Relative Energy Value, Rainbow Trout, DP/DE Ratio)

Introd 니 ction

Digestibility coefficients are little affected by 
biotic and abiotic factors and thus once these 
coefficients values of individual ingredients deter
mined, digestible protein and energy contents in 
the diet could be predicted by addition (Cho and 
Kaushik, 1985). For such an addition, however, 
the level of raw starch, which is completely 
indigested by rainbow trout, should not be in
cluded (Cho, 1982).

Even though trout has a limited capacity for 
utilization of raw starch (Singh and Nose, 1967; 
Bergot, 1979ab; Spannhof and Plantikow, 1983), 
its well known digestibility value of about 30% is 
a significant level.

These facts bring about the question whether 
or not a prediction by addition without the level 
of raw starch of digestible energy value in a 
formulated diet is correct, because practical trout 

diets contain a substantial level of raw starch from 
economical point of view.

Many investigators have reported the beneficial 
effects of increased incorporation of fats and 
carbohydrates as protein-sparing nutrients (Garling 
and Wilson, 1976; Austreng et al., 1977;Takeuchi 
et al., 1978b; Pieper and Pfeffer, 1980ab) in 
improving the productive efficiency of fish cul
ture. Now, under practical conditions, the use of a 
low-protein and high-energy feed is becoming a 
common practice which, in turn, improves the 
environmental conditions by decreasing the fecal 
as well as the nitrogenous waste products (Kaushik 
and Oliva-T61es, 1985; Watanabe et al., 1987ab).

Once the quantitative requirements of the 
essential fatty acids are met in the diets, dietary 
lipid can be efficiently utilized for energetic pur
pose (Watanabe, 1982). But, high lipid diets usual
ly lead to elevated lipid levels in the carcass, and 
to a fatty acid composition which resembles 
that of the diet (Takeuchi et al., 1978a; Reinitz 
et al., 1978).

There is still some controversy regarding the 
optimum level of inclusion of digestible carbohy
drates and their energy values (Jobling, 1983) in 
a salmonid diet. While Hilton and Atkinson (1982) 
found a detrimental effect of the inclusion of high 
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levels of simple carbohydrates in trout diets, 
recent works appear to show that use of treated 
starch improves protein and energy utilization 
(Kaushik and Oliva-T邑es, 1985; Kaushik et al., 
1989).

Based on the energetic values of dietary 
nutrients, combustible energy produced from 1 g 
of lipid (39.8 kJ/g) is equal to those produced 
from 1.7 g of protein (23.4 kJ/g) and 2 g of car
bohydrates (17.2 kJ/g), respectively.

However, whether or not this estimation can 
be equally established on fish performance is 
questionable.

Although many workers above-mentioned have 
studied the energy-protein interrelationship in fish 
by varying the proportion of the different sources 
of energy and protein using isonitrogenous or 
isoenergetic compound feeds, there has been no 
attempt, hitherto, to investigate the relative 
energy values of different dietary energy-yielding 
nutrients in practical fish diets.

Our experiment was conducted to compare 

dietary digestible energy determined with that 
calculated by addition of known values for feed 
ingredients, as an attempt to estimate the relative 
energy values of different dietary energy-yielding 
nutrients and to establish an optimal digestible 
protein (DP) to digestible energy (DE) ratio in 
practical trout diet.

Material and Methods

Experimental diets
Before formulating the experimental diets, 

fish meal and wheat middlings selected as dietary 
protein sources were analyzed for their proximate 
and amino acid composition by methods described 
later. Based on these analytical data, formulations 
were made to achieve the desired energy, protein 
and lipid levels. Six experimental diets were 
constituted: two diets with low protein-high lipid 
(KI) and high protein-low lipid (K2) contents 
were formulated to be isoenergetic (15 kJ DE/g). 
Four other diets were formulated to contain two

TABLE 1. COMPOSITION AND APPARENT DIGESTIBILITY COEFFICIENTS (ADC) OF THE EXPERI
MENTAL DIETS

Ingredient (%) _
(air-dry basis)

Diet

KI K2 K3 K4 K5 K6

Fish meal 36.30 55.00 45.00 46.40 54.80 36.70
Wheat middlings 27.00 33.00 33.00 26.50 34.68 24.50
Raw starch (corn) 20.17 5.50 5.50 20.74 — 26.47
Fish oil 11.53 1.50 11.50 1.36 5.52 7.33
Vit. premix1 2.00 2.00 2.00 2.00 2.00 2.00
Min. premix1 2.00 2.00 2.00 2.00 2.00 2.00
Binder (Na-aiginate) 1.00 1.00 1.00 1.00 1.00 1.00

Chemical composition (g or kJ/100 g, dry matter basis)
C. Protein (N x 6.25) 31.9 44.5 37.4 38.3 44.0 31.2
C. Fat 15.5 9.S 20.6 9.2 13.9 14.3
Starch 31.3 23.5 20.2 30.0 20.2 39.3
C. ash 8.8 11.4 9.5 9.9 10.9 8.3
Gross energy 2162.0 2026.0 2268.0 1971.0 2134.0 2061.0

Apparent digestibility coefficients (%)
Dry matter 58.3 70.1 68.2 60.6 71.0 49.1
C. Protein 86.7 89.3 87.4 88.6 89.5 83.3
Starch 38.1 70.4 59.0 43.0 70.5 46.2
Energy 68.3 78.6 77.3 68.8 79.2 59.9

‘KIM (1989).

232



RELATIVE ENERGY VALUES OF DIETARY NUTRIENTS IN TROUT DIETS

TABLE 2. AMINO ACID COMPOSITION OF THE EXPERIMENTAL DIETS (G/16 G N)1

Amino acid
Diet

Kl K2 K3 K4 K5 K6

Asp 6.92+0.34 7.17±0.29 7.76±0.44 8.61±0.41 8.28±0.51 6.85±0.21
Glu 13.39±0.53 14.02+0.61 15.45±0.58 13.64+0.29 15.36±0.44 13.47±0.37
Ser 3.52+0.12 3.95+0.09 4.20±0.11 3.67±0.04 4,.19±0.U 3.82±0.08
Gly 4.86+0.09 5.11±0.16 5.46±0.13 5.07±0.02' 5.58±0.07 4.90+0.04
Thr 3.36±0.U 3.91+0.13 4.16+0.09 4.30+0.17 4.18±0.11 3.77±0.21
Ala 5.50±0.18 6.07±0.24 6.30±0.11 6.18±0.09 6.46±0.06 5.96±0.04
His 1.31±O.O3 1.87 如.02 1.77±0.02 1.74±0.11 2.09±0.01 1.62±0.06
Pro 3.71+0.21 4.54+0.11 4.38+0.14 4.42±0.24 4.38±0.16 4.19±0.12
Arg 5.54±0.34 5.50±0.29 5.74±0.31 6.80±0.33 6.23±0.19 5.22±0.08
Tyr 2.43 如.03 2.93 功.05 3.29+0.01 2.81±0.11 2.80±0.02 3.18±0.09
Vai 5.19+0.29 5.66 女).22 5.76+0.22 5.58±0.16 5.34+0.11 5.45+0.23
Met 1.75+0.02 2.13+0.02 2.27+0.06 2.16±0.09 2.01±0.01 2.09±0.08
lieu 4.47+0.25 4.76±0.21 4.78 约.19 4.58±0.14 4.23±0.11 4.71±0.23
Leu 7.87+0.22 8.39±0.13 8.41+0.14 8.58±0.09 7.73+0.05 8.38±0.U
Phe 4.39±0.14 4.72 女).11 4.55+0.09 4.17±0.04 4.05±0.12 3.94+0.09
Lys 5.25 ±0.25 6.31+0.20 6.12±0.17 5.50±0.11 5.06±0.19 6.36±0.21

1 Means of 2 determinations; Trp and Cys were not determined.

different levels of dietary lipid (18% and 8%) at 
a constant protein level of 38% (diets K3 and K4) 
or of protein (45% and 30%) at a constant lipid 
level of 14% (diets K5 and K6) respectively.

Each ingredient of the diets was weighed, fully 
mixed in a blendor and then drawn into pellets of
2.5 mm diameter using a laboratory pellet mill 
without steam processing (SIMON-HEESE, 
OSLO). Diets KI and K3 with high lipid content 
were drawn as spaghetti-like strands using the 
mincing attachment of a meat-grinder after mixing 
with 25% distilled water, and then the spaghetti 
was separated, dried in an oven at 40°C for 24 h. 
Aliquots of each pelleted diet of 30 kg were ran
domly sampled for their proximate and amino 
acid analyses (tables 1, 2).

Feeding trial
The feeding trial was conducted in INRA Ex

perimental Fish Farm (Donzacq, Landes) for a 
period of 12 weeks. The temperature of the water 
drawn from a natural spring remains constant at 
17.5°C throughout the year. Twelve groups of 
100 rainbow trout {Oncorhynchus my kiss') each 
were maintained in individual concrete compart
ments with a sand bottom, each compartment 

having a holding capacity of 800 L and a flow rate 
of 160 L/mn under natural photo-period (January- 
March, Landes, France).

Twelve compartments were alloted at random 
to duplicate groups of six different experimental 
treatments. The fish (mean initial weight: 46.1 士 

0.82 g) were collectively weighed and counted 
every 4 weeks throughout the experiment in order 
to follow the overall growth. On the day of weigh
ings, total feed consumption of each group was 
recorded and aliquots of feed of each group were 
sampled to determine the moisture content. 
Mortality was checked daily and then the number 
and the weight of fish dead were recorded for 
further calculation of total weight gains and feed 
consumption based on total fish-days.

Fish were fed ad libitum once daily at 9 am 
except on the day before weighing when they were 
fasted. Total feed intake was calculated in the 
following manner to compensate for the amount 
of feed consumed by fish that later die during the 
experimental period (Cho et al., 1985).

Feed intake =
Total feed intake / Total fish-days x n of 
days x n° of initial fish

233



KIM AND KAUSHIK

Daily growth index (DGI) was calculated using 
the following formula derived from the work of 
Iwama and Tautz (1981):

DGI = (FBW"3 一 ibw"3) / number of days x 
100

where FBW and IBW represent final and initial 
weights respectively.

Measurement of nutrient digestibility
At the end of feeding trial, two hundred fish 

(mean wt., 180 g/fish) were transported to a 
recirculated system of Research Station at St P^e 
sur Nivelle for digestibility measurement of each 
diet.

After a preliminary adaptation in a circular 
plastic tank for 2 weeks, six homogeneous groups 
of 15 trouts each were alloted to 6 cylindroconical 
tanks (holding capacity: 60 L, flow rate: 4 L/mn). 
The photoperiod was regulated to 12h light and 
12h dark. Fish were adapted to the tanks for 2 
weeks during which they were fed each experi
mental diet containing 1% of chromic oxide as an 
inert tracer.

Following a two week adaptation, fish were fed 
ad libitum once daily at 9 am and feces were 
collected by the continuous automatic collector 
described by Choubert et al. (1982).

In this system, leaching loss is negligible since 
feces are in contact with water for less than 15 
seconds. Feces collected on refrigerated plates 
were immediately frozen. The plates were removed 
daily and fecal samples kept at a temperature of 
-20°C until required for analyses. Feces collection 
was made over a 5 day period. The water tempera- 
ture remained constant at 17 ± 1°C for this trial.

The apparent digestibility coefficient (ADC) 
was calculated as follows (Maynard and Loosli, 
1969):

ADC= 】00x (1 -
% (、2。3 in feed
% Cr^Og in feces

% nutrient in feces
% nutrient in feed )

The determined DE values were compared with 
those theorically calculated as follows (Cho et al., 
1982); 23.4 kJ x % digestible protein + 39.8 kJ x 
% digestible lipid (calculated: crude lipid x 0.95) + 
17.2 x % digestible starch. And also, in order to 
verify the additive nature of digestible energy 

vlaues of feed ingredients, two approaches, DE 
values additioned with (DEAR) and without 
(DEA) the inclusion of raw starch level, were 
carried out based on the data presented by Cho et 
al. (1982). In the case of the former, the value for 
g of raw starch, DM of 5.2 kJ (17.2 kJ x 0.3) was 
utilized based on its digestibility (30%).

On the other hand, as an attempt to estimate 
the extent of dietary protein utilization by trout, 
non-fecal energy loss (NFE: ammonia and urea) 
was calculated after analysing whole body compo
sition (25 kJ/g nitrogen: Elliott and Davidson, 
1975).

Analytical methods
A random sample of 20 fish for initial group 

and 15 fish from each group was taken at the end 
of the 12 weeks feeding trial, anaesthetized by 
immersion in a bath of (1:2500) ethylene glycol 
mono-phenylether (MERCK) and individually 
weighed. Livers removed from 10 fish of initial 
and each final group were rinsed with physiologi
cal saline solution, individually weighed and 
immediately frozen in liquid nitrogen.

A sample of whole fish (10 fish for initial 
group and 5 fish for each final group) was fully 
homogenized using a domestic grinder and freeze- 
dried. All samples were stored at a temperature of 
-20°C until required for analysis.

Proximate compositions of feed ingredients, 
experimental diets, whole body, liver and feces 
were determined following the usual procedures: 
dry matter (DM) after drying in an oven at 105°C 
for 24 h; protein (Nx6.25) by kjeldahl method 
after acid digestion; fat by homogenizing with 
chloroform-methanol (2:1, V/V) as described by 
Folch et al. (1957); gross energy in an adiabatic 
bomb calorimeter (Gallenkamp); and ash by 
incineration in an oven at 550°C for 12 h. 
Chromic oxide in the diets and feces was deter
mined using a semiautomatic procedure involving 
perchloric acid digestion (Bolin et al., 1952) in a 
block digestor (Technicon Inc., BD-40) followed 
by the automatic determination of bichromate 
using diphenylcarbazide (Mathieson, 1970). Starch 
in the diets and feces was measured by the enzy
matic method of Thivend et al, (1972) using the 
glucoamylase and glucose oxidase. The livers were 
assayed for glycogen content by the method of 
Murat and Serfaty (1974) using a Beckman glucose 
analyzer. Amino acid analysis in the experimental 
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diets was carried out using an automatic amino 
acid analyzer (LKB, Bromma, Sweden) following 
the procedures described by NG et al. (1987). 
Aliquots (100 mg) of each diet were hydrolyzed 
with 2 ml of 6 N HC1 containing 0.4% 6-Mercap- 
toethanol in an oven at 110°C for 24 h.

Statistical analysis
Statistical analysis was carried out after analysis 

of variance and the means compared using the 
multiple range method of Duncan (1955) using the 
SAS statistics package (SAS Circule Box 8000, 
NC 27512-8000).

Results

Digestibility
Table 2 shows the determined digestibility of 

dry matter, crude protein, starch and gross energy 
of the experimental diets. While the digestibility 
values of protein in the experimental diets 
remained constant, there was a great difference in 
those of starch, energy or dry matter. Digestibility 
of starch showed a negative trend in relation to 
its dietary level. From these results, the digestible 
starch contents in wheat middlings and raw corn 

starch were estimated to be 38% and 30%, respec
tively. On the other hand, dry matter digestibility 
was directly related to that of gross energy for 
which dietary starch level was found to be a 
limiting factor. When the starch level increased 
from 20% to 39%, the digestibility of gross energy 
decreased from 79% to 60% (figure 1). This was 
mainly due to a decrease in non-protein energy 
with an increase in dietary starch level as the 
digestibility of the protein energy was little 
affected.

Digestible energy values determined and theori- 
cally calculated (DET) of the experimental diets 
are shown with DE values obtained by addition 
(DEA and DEAR) in table 3. The proportions of 
the DEA to those determined are in the range 
from 92% to 103% while those of the DEAR have 
somewhat overestimated values.

Based on nutrient digestibility data, dietary 
DP/DE ratios of the experimental diets and intake 
of digestible protein (DP), digestible protein 
energy (DPE) and digestible non-protein energy 
(DNPE) were calculated in terms of g or kJ • kg 
Bw-1 • d-1 (table 4).

Figure 2 shows the relationship between DPE 
intake and non-fecal energy loss calculated after

Dietary starch levels (%)

Figure 1. Relationship between dietary starch levels and apparent digestibility coefficient 
(ADC).
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TABLE 3. DIGESTIBLE ENERGY OF THE EXPERIMENTAL DIETS (KJ/100G, DM)1

Diet DE1 DET2 DEA3 DEAR4

KI 1476 1438 ( 97) 1454( 99) 1575 (107)
K2 1593 1571 ( 99) 1493 ( 94) 1526 ( 96)
K3 1754 1750(100) 1686 ( 96) 1719( 98)
K4 1356 1361 (100) 1252 ( 92) 1376(102)
K5 1690 1692 (100) 1665 ( 99) 1665 ( 99)
K6 1234 1463 (119) 1272 (103) 1430(116)

1 Digestible energy determined; values in parenthesis are % to determined DE.
2Theorical DE (refer to text).
3DE additioned without raw starch level; (18.8 kJ x g fish meal/100 g DM) + (37.8 kJ x g fish oil/100 g DM) 

+ (L6 kJ x g wheat middIings/100 g DM).
4DE additioned with raw starch level; formula above-mentioned + (5.2 kJ x g raw starch/100 g DM).

TABLE 4. INTAKE, GROWTH AND FEED EFFICIENCY OF TROUT FED THE EXPERIMENTAL DIETS 
FOR 12 WEEKS1

Diet KI K2 K3 K4 K5 K6

DP/DE ratio 
(g/MJ) 18.7 24.9 18.6 25.0 23.3 21.1

Intake (g ou kj/kg Bw/d)
Feed 14.48±0.13 14.68±0.54 14.00±0.40 13.62+0.96 15.18±0.22 16.08±0.95NS

DP 4.01±0.04c 5.83±0.21a 4.58+0.13b 4.62±0.33b 5.98±0.08a 4.18±0.25c
DPE2 93.76±0.81c 136.34±5.05a 107.16±3.08b 108.03±7.63b 139.88±2.03a 97.71±5.76bc

DNPE 120.15±1.04b 97.32±3.60c 138.69±3.97a 76.41±5.40d 116.76±1.69b 100.69±5.24c
DPE/DNPE 0.8 1.4 0.8 1.4 1.2 1.0

Initial wt. (g/f) 46.10±1.56 45.98±1.03 47.05±0.64 45.53±0.83 47.03±0.81 44.98±0.53NS

Final wt. (g/f) 137.84±1.57cd 150.25±1.09b 163.40+0.73a 148.19±1.09b 141.33±0.12c 135.57±3.64d
FCR3 1.26±0.01b 1.19±0.01c 1.10±0.03d 1.12±0.06cd 1.31±0.05b 1.40±0.05a
DGI4 1.88+0.08c 2.07+0.05b 2.21±0.03a 2.05±0.04b 1.91±0.02c 1.88+0.07c
PER5 2.50±0.04a 1.90±0.01d 2.43±0.06ab 2.34±0.12bc 1.74±0.06e 2.30±0.08c

‘Values that do not share a common superscript letter in each same line are significantly different (p <0.05); 
NS = non significant.

2Digestible protein energy = 23.4 kJ/g ingested DP.
3Feed conversion ratio - feed intake, DM/wet wt, gain.
‘Daily growth index (refer to text).
5 Protein efficiency ratio = wet wt. gain/crude protein intake.

the whole body analysis. As DPE intake increased, 
non-fecal energy loss also linearly increased.

Growth and feed efficiency
As shown in table 4, final weights of rainbow 

trout fed the different experimental diets for 12 
weeks were significantly different. Rainbow 
trout fed the diet K3 containing 33% DP with
17.5 kJ DE/g showed the best performance not 

only in terms of weight gain but also in terms of 
feed conversion ratio (FCR) and daily growth 
index (DGI) after 12 weeks. Fish fed diets K2 
(DP: 40%, DE: 15.9 kJ/g) and K4 (DP; 34%, DE:
13.6 kJ/g) showed intermediate performance. 
While the growth performance was the lowest in 
fish fed diets KI or K6 containing the lowest 
protein levels, the protein efficiency ratios (PER) 
were higher than in the other groups.
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DPE intake (KJ/kg BW/d)

Figure 2. Relationship between digestible protein energy (DPE) and non-fecal energy (NFE)* 
Loss. *non-fecal energy = 25 kJ/g natrogen loss

Body composition
After 12 weeks on the experimental diets, fish 

showed an increase in dry matter, fat, energy and 
protein, and a decrease in ash content in all the 
groups when compared with the initial body 
composition (table 5). Whole body fat and energy 
of fish were found to be directly related to the 
dietary energy level. Trout fed diet K3 had high 
levels of body fat and energy whereas the lowest 
values were detected in fish fed diets K2, K4 and 
K5. There was no significant difference in ash 

content of the carcass. An increase in liver size 
and in dry matter content of the liver was found 
after 12 weeks while protein content did not show 
any detectable trend (table 6). Liver glycogen 
content was very variable from 5.4 g to 12.8 g/100 
g liver and was directly related to the hepatosoma- 
tic index (HSI). These results also showed a linear 
relationship to dietary starch levels.

Nutrient retention efficiency (NRE)
Based on the analytical data on the initial and

TABLE 5. WHOLE BODY COMPOSITION OF THE INITIAL AND FINAL TROUT FED THE EXPERIMEN- 
TAL DIETS (G OR KJ/100 G, WET WT. BASIS卩

Diet Moisture C. protein C. lipid C. ash Energy

Initial 79.7±0.83a 14.6±0.09c 1.6±0.04e 4.1±0.03a 390.4± 5.3 d

KI 69.8+1.13c 1S.O±O.97C 13.1±O.55ab 2.5+O.O8b 797.6+36.4d
K2 71.5±0.00b 16.3±0.11ab 10.3±0.03d 2.7±0.15b 726.2± 8.90
K3 67.6±0.14d 15.5±0.37bc 14.5±1.08a 2.3±0.18b 884.9± 0.1a
K4 71.8±0.78b 16.6±0.05a 9.3±0.36d 2.5±0.18b 715.8±23.3C
K5 70.7±0.07bc 16.4±0.08ab 10.5±0.11cd 2.6±0.28b 744.7± 7.7bc

K6 69.8+0.42c 15.5±O.15bc 12.0±0.82bc 2.5±0.08b 783.7±30.1b

「Values are the means of two groups with 2 or 3 determinations from 5 fish of each group and 10 initial 
fish; values that do not share a common superscript letter in each same column are significantly different 
(p<0.05).
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TABLE 6. LIVER COMPOSITION AND LJVER SIZE OF TROUT FED THE EXPERIMENTAL DIETS 
(G/100 Gz WETWT. BASIS)1

Diet Moisture C. Protein Glycogen HSI2

Initial 78.2±0J4a 13.5+0.04b ND3 1.2+0.17b
KI 73.7±0.00bc 12.3±0.49bc 11.0±1.57ab 2.2±0.19a
K2 74.9±0.14b 15.6+0.863 5.4±0.84b 1.6±0.01b
K3 75.0±0.00b 14.5±0.40ab 5.4+1.41b 1.4±0.25b
K4 72.7±0.I4c 12.1±O.2Obc 11.6±0.36a 2.4±0.08a
K5 73.2±1.41bc 14.2±0.99ab 7.7+0.63ab 1.5±0.06b
K6 72.6±1.41c 11.3±2.05c 12.8±4.79a 2.6±0.54a

「Values are the means of two groups with 2 or 3 determinations from 5 fish of each group and 10 initial 
fish; values that do not share a common superscript letter in each same column are significantly different 
(P<0.05).

:Hepatosomatic index = wet liver weight/wet body weight x 100.
‘Not determined.

final body composition, overall nutrient retention 
efficiency of rainbow trout fed the different 
experimental diets was calculated. These values are 
also reported for protein and energy as percent of 
digestible nutrient intakes (table 7). A decrease of 
dietary crude protein (CP) level improved signifi
cantly the protein retention efficiency (PRE). 
Based on the diets K2 (CP： 44%) and K4 (CP: 
38%), a decrease of 6% in CP level resulted in an 
increase in PRE from 33% to 43%. Similarly, this 
phenomenon was also detected between diets K5 
and K6 in which the CP level was reduced from 
44% to 31% while PRE increased from 31% to 
38%. A decrease in lipid and energy content had 
an increasing effect on the lipid retention effici
ency (LRE). Thus fish fed 아le diets K2 and K4 

showed the highest LRE. From the overall 
nutrient retention efficiency, however, rainbow 
trout fed the diet K3 containing 37% CP (DP: 
33%) with 22.7 kJ/g of gross energy (DE: 17.5 
kJ/g) were found to retain the highest proportion 
of protein and energy into their whole bodies.

Discussion

The DE values calculated theorically showed 
comparable values with those determined and 
were in the range 97% to 100%. However, that of 
the diet K6 containing the highest raw starch level 
had an overestimated value of 119%. This observa
tion indicates that for a high carbohydrate diet, 
the theorical value for digestible carbohydrate of 

TABLE 7. OVERALL NUTRIENT AND ENERGY RETENTION EFFICIENCIES IN TROUT FED THE 
EXPERIMENTAL DIETS FOR 12 WEEKS1

Diet KI K2 K3 K4 K5 K6

39.1±4.7a 33.1±0.3bc 39.7+2.0a 42.5±2.2a 30.9±1.0c 38J±0.7ab

(45.10) (37.11) (45.45) (48.00) (34.56) (45.78)

LRE 99.7±4.8b 128.7+4 J a 89.8±9.1負 129.0±2.9a 84.0±0.1c 88.8±2.2沃

ERE
38.0±2.5bc 37.3±1.5bc 44.9±1.0a 40.5±2.8b 33.9±0.7d 35.3±O.2cd

(55.65) (53.19) (58.10) (58.89) (42.81) (58.95)

“Values that do not a common superscript letter in each same line are significantly different (p < 0.05); 
values between parenthesis are those for PRE and ERE obtained based on DP and DE intake, respectively; PRE, 
LRE, % = ((final wt. x g CP or CL/g of final whole body) - (initial wt. x g CP or CL/g of initial whole body))/ 
CP or CL intake, DM x 100; ERE, % = ((final wt. x kJ/g of final whole body) - (initial wt. x kJ/g of initial whole 
body))/GE intake, DM x 100.

238



RELATIVE ENERGY VALUES OF DIETARY NUTRIENTS IN TROUT DIETS

17.2 kJ is overestimated. One possible explanation 
can be obtained from the fact that as carbohydrate 
level increases, dry matter digestibility decrease 
which is in turn directly related to decreasing that 
of gross energy. A similar findings are detected in 
DE values by addition with (DEAR) or without 
(DEA) raw starch level.

Although the DEA for the diet K4 (92%) was 
found somewhat underestimated, the others 
showed a consistant levels from 94 to 103%, 
compared with determined DE values. On the 
other hand, the DEAR for the diets K1, K4 and 
K6 containing substantial levels of raw starch were 
found much more overestimated (table 3). With 
these results, it is concluded that under practical 
conditions, the prediction of DE contents for a 
formulated diet by addition of digestible energy 
values determined for individual ingredients seems 
to be advisable without containing raw starch 
level. In addition, our results confirms the sugges
tion that digestible energy values for feed ingredi
ents could be assumed additive (Cho and Kaushik, 
1985).

In 나］is trial, fish were fed ad libitum but only 
once a day, and total feed intake could have been 
below satiation levels. However, the highest DE 
intake was observed in fish fed the diet K5 con
taining 39% DP with 16.9 kJ DE/g (K5) while 
those fed a diet with 34% DP with 13.6 kJ DE/g 

(K4) had the lowest intakes. Fish performance in 
terms of growth and feed utilization, however, 
varied regardless of such energy intake levels. 
A decrease in dietary protein level with a con
comitant increase in dietary level of non-protein 
energy sources maximized dietary protein utiliza
tion for growth. Fish fed the diet (K3) containing 
33% DP, in which the DP/DE ratio was 18.6, 
showed the best performance among the experi
mental treatments ingesting 4.6 g"kg B'aT1 • d-1 
of DP and 140 kJ-kg Bw-1 , d-1 of DNPE (table 
4). Digestible protein intake above such a level 
resulted in a significant reduction in PRE (figure 
3). The protein sparing effect of dietary lipid has 
already been observed with rainbow trout 
(Takeuchi et al., 1978b; Reinitz et al., 1978; 
Watanabe, 1977; Reinitz and Hitzel, 1980; Cho, 
1982). Although our results indicated that dietary 
DP/DE ratio for optimal growth was 18.6, under 
the same dietary DP/DE ratio level, a reduction in 
digestible energy from 17.5 to 15 kJ/g resulted 
in a significant decrease in growth and feed 
efficiency.

A reduction in dietary lipid with an equivalent 
increase in dietary carbohydrates led to a two-fold 
decrease in total DNPE intake (diets K3 and K4), 
but such a decrease in energy intake levels showed 
no great difference in protein and energy retention 
efficiencies. Fish fed the diet K4 presented a slight 

Figure 3. Relationship between digestible protein (DP) Intake and protein retention efficiency 
(PRE).
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decrease in ERE of only about 10% but to a great 
increase in lipid retention efficiency (130%) show
ing that dietary carbohydrates led to increased 
lipogenesis. A difference of 13% in dietary protein 
level (diets K5 and K6) led to a significant de
crease in both PER and PRE with a concomitant 
increase of 40% in DPE intake (table 4, table 7). 
Simialr effect was also observed in treatments Kl 
and K2. An attempt at a direct comparison of 
relative energetic values of protein and lipid, based 
on the differences in intake of DPE and DNPE 
between treatments K3 and K5 in which dietary 
protein and lipid levels were concomitantly 
inversed with a same starch level, showed that the 
relative energetic value for lipid to protein was 
about 130% in terms of all criteria taken as weight 
gain, FCR, DGI, PER, PRE and ERE (table 4, 
table 7).

Diet has often been shown to have a profound 
influence on body composition (Phillips et al., 
1965; Lee and Putnam, 1973; Reinitz, 1983) and 
also it is a well-known phenomenon that fish 
body decreases in water content and increases in 
fat and energy content with age (Brown, 1957; 
Papoutsoglou and Papaparaskeva-Papoutsoglou, 
1978; Reinitz, 1983). Our results indicate that 
body protein and dry matter content were directly 
related to protein intake while fat and energy 
content directly related to DNPE intake. In view 
of the ingested protein, however, the treatment 
K4 showed the highest protein deposition in body 
which could be explained by best protein utiliza
tion for body protein synthesis owing to relatively 
decreased DNPE intake (table 4). On the other 
hand, the increases in body fat and energy content 
can be related to an increase in lipogenesis as a 
result of an increase of the DNPE intake (table 4, 
table 5). Likely, these observations were also 
found in treatments K2 and K5.

The increase in HSI and in glycogen concentra
tion in the liver with high levels of dietary starch 
are in accordance with earlier findings (Phillips 
et al., J 948; Phillips et al., 1966; Austreng et al., 
1977; Pieper and Pfeffer, 1978; Atkinson and 
Hilton, 1981). Hilton (1982) reported that trout 
fed diets with increased levels (0 to 21%) of 
digestible carbohydrates had significantly higher 
liver-body weight ratios and liver glycogen than 
trout reared on low digestible carbohydrate diets. 
Our results show that more than digestible carbo
hydrate levels, crude starch levels have a direct 

effect on liver size and liver glycogen content.
Nutrient digestibilities were also directly 

related to dietary starch levels (table 1). It is now 
established that raw starch is little digested, and 
that the digestibility of starch decreases with an 
increase in starch level in the diets (Phillips et al., 
1948; Singh and Nose, 1967; Smith, 1971; Spann- 
hof and Kuhne, 1977; Bergot and Braque, 1983). 
Considering the digestibility of gross energy to 
those of the protein energy and non-protein 
energy, the latter was more sharply decreased than 
the former with an increase of dietary starch level 
from 20% to 39% (figure 1). Several investigators 
(Nose, 1960; Inaba et al., 1963; Kitamikado et al., 
1964; Page and Andrews, 1973; Rychly and 
Spannhof, 1979) reported that digestibility of the 
whole diet and of protein decreased significantly 
with increasing carbohydrate levels in the diet. 
Austreng et al. (1977) found that utilization of 
energy and protein was poor in fish fed high levels 
of carbohydrate. Our results showed only a slight 
effect of carbohydrate levels on apparent protein 
digestibility.

Both non-fecal loss and heat increament of 
feeding are mainly influenced by the protein in
take of the fish (Cho and Kaushik, 1985). Cho 
(1982) reported that the amount of protein 
oxidized decreased with an increased amount of 
fat in. a low protein diet (36%). Our results show 
that increased DPE intake resulted in increased 
non-fecal energy loss (figure z; aiso confirm 
the assumption (Cho and Kaushik, 1985) that in
creased. DNPE intake by optimal diet formulation 
can highly reduce non-fecal energy loss.

Our results indicate that at the level of 33% 
DP, DP/DE ratio of about 19 showed the best 
performance in terms of growth, PER and NRE 
(table 4, table 7). This value for optimal growth in 
trout diet is in the range of those reported by 
Kaushik and Luquet (1984) and Takeuchi et al 
(1978c). Available data on P/E ratios for optimal 
growth vary between 13 and 35 in several teleosts. 
Such large discrepancies are mainly due to metho
dological shortcomings (Jobling, 1983; Cho and 
Kaushik, 1985; Tacon and Cowey, 1985) especial
ly on the choice of GE, DE, ME, CP or DP. Ulti
mately, it is noted that dietary protein to digesti
ble energy ratio for optimal growth is useful 
when expressed as digestible protein to energy, 
accompanied by measurement of digestibility of 
the diets employed (Cho and Kaushik, 1985).
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