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Abstract — Apparent digestibility coefficients (ADCs) of macro- and micronutrients and energy of two diets were measured with
common carp Cyprinus carpio reared at two water temperatures (18 and 25 °C ). Two diets containing either soy protein concentrate
(SPC) or Norwegian herring meal (FM) as a major protein source were formulated. Dicalcium phosphate was incorporated at a level
of 4 % of the former diet. Duplicate groups of 20 fish (body weight: 55 g) were fed by hand twice a day to apparent satiety. After a
7-day conditioning period, faecal collection was made over 10 days using an automatic faeces collector. ADC of dry matter was not
different (P > 0.05) between fish fed the two diets at 18 °C, but at 25 °C, we observed a higher ADC value in fish fed the FM diet
than in those fed the SPC diet. ADC of protein was higher in fish fed the SPC diet than in the FM groups at either temperature. ADC
of lipids was not different between the two groups at 25 °C but was found to be higher in fish fed the SPC diet than in the FM group
at 18 °C. ADCs of energy and ash of the two fish groups remained constant at both water temperatures. Availability of phosphorus
was significantly higher (P < 0.05) from fish meal based diets than from SPC based diets at both temperatures. A more striking
effect of dietary protein source was found in the availability of calcium, which was lower in carp fed SCP based diets. © Ifremer/
Elsevier, Paris
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1. INTRODUCTION amino acids are generally well absorbed by carp [14],
the reduced growth with plant protein based diets

Fish are poikilothermic animals for which maximum might be due to a lack of available phosphorus level in

growth and feed utilisation could be achieved only
under optimal rearing temperature. For warmwater
fish, such as the common carp, Cyprinus carpio, the
water temperature ranges from 20 to 30 °C for optimal
growth. Although it is generally accepted that temper-
ature has little effect on nutrient digestibility of fish
[10], a decrease below optimal temperature would
result in a reduction in feed intake and possibly affect
digestibility. Total replacement of dietary fish meal by
plant protein source such as soybean meal causes
depressed growth, even when duly supplemented with
essential amino acids [1, 16]. Since supplemented
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such diets [10], because carp do not use well phospho-
rus from animal and plant origin [11]. To date, a num-
ber of digestibility trials using carp were devoted to
investigating the availability of macronutrients and
energy [7, 11, 15]. However, a comparison of macro-
and microelements and energy digestibilities has not
been made using practical diets with carp held in dif-
ferent water temperatures. This experiment was con-
ducted to compare digestibility coefficients of such
components and energy of fish fed diets based on fish
meal and soy protein concentrate as the major protein
source at two rearing water temperatures.
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2. MATERIALS AND METHODS

2.1. Experimental diets

Two diets containing either 32 % soy protein con-
centrate (SPC) or 30 % Norwegian herring meal (FM)
as a major protein source were formulated (table I).
Reagent grade dicalcium phosphate of 4 % was incor-
porated into the former diet. Diets were granulated into
2.5 mm diameter using an experimental compression
pellet machine. Ingredient composition of the diets is
reported in table L

Table I. Feed ingredients and chemical composition of the experimen-
tal diets. SPC, soy protein concentrate; FM. Norwegian herring meal.

Ingredient SPC FM
CaHPO, . 2H,0 4.0
Norwegian herring meal - 30.0
Soy protein concentrate (SPC) 320 -
Corn gluten 10.0 10.0
Fish oil 12.0 10.0
Extruded peas 25.0 33.0
Soybean meal 15.0 15.0
Vit. Min. mix' 2.0 2.0
Cr,0, 1.0 1.0
Chemical composition (g or kJ/100 g DM)
C. protein 40.6 41.4
C. lipid 12.6 13.4
C. ash 9.3 9.1
Ca 2.3 2.8
P 1.6 1.3
Energy 21020 2144.0
Cr,04 1.0 1.1

'Kaushik et al. [9].

2.2. Digestibility measurements

Common carps with an average body weight of 55 g
were randomly allotted to conical-bottomed tanks (vol.
60 L) supplied with recirculated water of 18 °C. Dupli-
cate groups of 20 fish were fed twice a day by hand to
apparent satiation. After a 7-day conditioning period,
faeces collection was made every morning, before the
first meal, for 10 days using an automatic faeces col-
lector [6]. After final collection of faeces, the water
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temperature was increased to 25 °C by one degree per
day. Under this temperature condition, fish were
adapted for 7 days and diets were fed twice a day, and
then faeces were collected for 10 days.

2.3. Analytical methods

The chemical composition of the experimental diets
and faeces was determined using the following proce-
dures [2]: dry matter by drying in an oven at 110 °C for
24 h; crude protein (N x 6.25) by the Kjeldahl method
after acid digestion; lipid fat after ether extraction by
the Soxhlet method; ash by incineration in a muffle
furnace at 550 °C for 24 h, Ca by a wet ash method and
titration with KMnO, and P by the vanado-molybdate
method. Chromic oxide in the diet and faeces was
analysed using a spectrophotometer (Beckman Model-
25) at a wave length of 440 nm after perchloric acid
digestion [3]. Gross energy was determined using an
adiabatic bomb calorimeter. Statistical analyses were
performed by using analysis of variance and the multi-
ple range test of Duncan [8] at the 5 % probability
level.

3. RESULTS AND DISCUSSION

Chemical composition of faeces is shown in rable II.
Protein in 100 g dry faeces was 13.8 and 23.9 g at
18 °C which decreased to 10.7 and 19.2 g at 25 °C for
SPC and FM groups, respectively. Lipid was also
higher in the faeces of fish fed diet FM than in those
fed diet SPC at 18 °C, and was reduced to 1.96 g in the
former groups and 2.40 g in the latter groups at 25 °C.
Ash content was not different at 18 °C, while at the
higher temperature, ash content in fish fed diet FM was
significantly higher. The same trend was found for Ca
content; however, faecal P content was lowest in fish
fed diet FM at 18 °C. Energy in faeces was highest
(16.18 kJ-g”'y in fish fed diet FM in 18 °C.

Apparent digestibility coefficients (ADCs) of feed
components are presented in table I1l. At 18 °C, ADC
of dry matter did not vary between diets, while fish fed
diet FM showed an increase (P < 0.05) in the ADC of

Table II. Chemical composition of facces collected under two different temperatures'. SPC, soy protein concentrate; FM, Norwegian herring meal.

Composition Diet/ 18 °C Diet /25 °C
(g or kJ/100 g DM)

SPC FM SPC FM
Protein 13.8° 2392 10.7¢ 19.2°
Lipid 2.7° 5.6° 2.0° 2.4°
Ash 27.1% 26.5° 28.0° 31.7*
Ca 7.5% 8.1° 7.1° 9.0
P 43* 3.4° 45" 42°
Energy 1407° 1618 1 393° 1412°
Cr,0, 3.9 44 39 54

''Values (means of duplicate groups) in the same row not sharing a common superscript letter are significantly different (P < 0.05).
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Table II1. Apparent digestibility coefficients (ADCs) of feed components by carp held at two different temperatures of 18 and 25 °C'. SPC, soy pro-

tein concentrate; FM, Norwegian herring meal.

ADCs Diet / 18 °C Diet / 25 °C
(%)
SPC SPC FM

Dry matter 74.4 +0.30° 75.6 + 0.55° 74.6 + 0.90° 80.0 + 0.37°
Protein 91.3 +0.04° 85.9 + 0.63¢ 93.3 + 0.55* 90.8 +0.15"
Lipid 94.5 +0.13° 89.8 + 0.15° 96.0 + 1.45% 96.4 + 0.56"
Ash 25.6 = 1.31 28.7 + 0.06 23.9+0.43 30.1 % 2.85™
Ca 15.6 = 0.13° 30.2 + 0.26° 20.4 = 2.02° 36.7 + 2.76°
P 29.0 + 1.69° 34.3 £ 0.52° 25.9 x 1.37° 34.6 + 1.13°
Energy 82.9 = 0.30° 81.6 £ 0.36° 83.2 + 1.02° 86.9 + 0.03*

!'Values (means + SE of duplicate groups) in the same row not sharing a common superscript letter are significantly different (P < 0.05); ns = non

significant.

dry matter and of energy at 25 °C. At both tempera-
tures, ADC of protein was higher in fish fed diet SPC
than in those fed the other diet. Fish fed diet SPC had a
higher ADC of lipid than the other groups at 18 °C;
however, the value remained constant between the two
groups at the higher temperature. Although the ADC
for ash was not different between both groups under
two temperatures, the availability of Ca and P was
higher in fish fed diet FM than those fed diet SCP.

It is well-known that protein and energy digestibility
coefficients are barely affected by water temperatures
ranging from 7 to 18 °C for rainbow trout [4, 5, 18].
However, the present results showed increased protein
digestibility for both fish groups reared at a higher
water temperature. Recently, Watanabe et al. [17]
reported that an increase in temperature from 5 to
15 °C resulted in improved protein digestibility of ani-
mal and plant feedstuffs for rainbow trout. Such an
effect was, however, not found in carp held at 15, 20
and 25 °C except for corn gluten meal and defatted rice

bran whose ADC of protein increased from 82.4 to
93 % and from 60.1 to 87.8 %, respectively. On the
other hand, fish fed diet SPC composed of plant pro-
tein sources showed a significantly higher ADC than
those fed the other diet at both temperatures. This sug-
gests that soy protein concentrate could be use as a
comparable substitute for fish meal in carp diets.
Between the two groups held at 18 °C, ADC of lipid
was higher in fish fed diet SPC, but such a difference
was not found at 25 °C. Because dietary lipid source
was the same in both diets, the difference (94.5 vs.
89.8 %) at lower temperature remains to be explained.
Despite the fact that diet SPC contained 4 % dicalcium
phosphate which was more utilisable than tribasic
phosphate originating from body skeleton [13], ADCs
of Ca and P for fish fed the SPC diet were inferior to
those for the other groups at both temperatures. The
variability in micronutrient availability induced by
incorporation of plant protein sources has already been
reported [12] and requires more attention.
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