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Nutritive value of cereals in feeds for common carp
(Cyprinus carpio L.)
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ABSTRACT: Four isonitrogenous (gross protein content 32%) and isoenergetic (gross energy content 4 080 kcal/kg)
diets were prepared by extrusion to investigate the effects of different cereal grains (barley — diet A, wheat — diet
B, triticale — diet C, rye — diet D) as carbohydrate compounds of extruded feeds for carp. The physical and chemi-
cal properties of the feeds were established. A 60-day growth test was performed in experimental ponds of 40m>
area. Each diet was fed to three groups of fish (initial average weight 200 + 10 g). The following rearing effective-
ness indices were used in the final evaluation of the growth test: weight gain (WG, %), specific growth rate (SGR,
%/d), food conversion ratio (FCR), protein efficiency ratio (PER) and protein retention (PR, %). Conclusions were
based on statistical analysis using the Statistica 5.0 package. The results obtained in the growth test did not show
any differences in the evaluated feeds regarding their usefulness in the nutrition of carp (there were no statistically
significant differences in the values of fish rearing parameters, P < 0.05). The recorded growth parameters of carp
were as follows: WG: 308.48-324.0%; SGR: 2.81-2.92%/d; the feed conversion coefficients were: FCR: 1.43-1.50; PER:

1.75-1.83; PR: 29.54-31.72%.
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The effects of four experimental diets manufac-
tured in Feed Laboratory of Experimental Plant of
Feed Production Technology and Aquaculture in
Muchocin were compared as exerted on the pro-
duction performance of common carp. In the feeds
used in the nutrition of carp, the main carbohydrate
component consisted of cereal grains (their propor-
tions in the diets amounted on average to 35-45%).
Their basic component consisted of starch (60-70%)
whose digestibility in the raw state in the carp is
about 70%. When the grain is subjected to thermal
treatment (roasting, cooking, expanding), starch be-
comes gelatinous, its digestibility reaches 90%. Such
high digestibility of carbohydrates makes them the
basic source of energy in the diet and this in turn
allows better utilisation of dietary protein for fish
weight gains (Sadowski and Trzebiatowski, 1995).

Total protein content in the grains of cereals is
diversified depending on the species and it ranges
between 7 and 15%. This protein is poor in essential
amino acids for fish, on average it contains only

0.35% of methionine with cystine, 0.3% lysine, 0.1%
tryptophan and is of poor biological value. Other
characteristics decreasing the nutritive value of
cereals in animal nutrition including fish are the
antinutritional agents — chemical compounds nat-
urally occurring in grains which can disturb the
regular course of metabolic transformations in the
organism. Inhibitors of proteolytic and amylolytic
enzymes, phytates, betaglucans and pentosans were
reported in cereals in amounts dangerous for the
fish organism (Przybyt, 1999).

The value of cereals in animal nutrition is com-
monly accepted in the order: wheat-triticale-maize-
barley-rye. It results mainly from the nutritive value
of protein of these cereals (content and quantitative
ratios of amino acids) and the level of antiquality
compounds (Scholtyssek et al., 1986).

The present study aims to compare the nutritive
values of four cereal species (wheat, barley, triticale
and rye) as the main carbohydrate component of
extruded feeds for carp.
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MATERIAL AND METHODS

Formulations of experimental diets were calculat-
ed using a computer program written by the linear
Simplex Method in Turbo Pascal 5.0. Different kinds
of cereal grains as main carbohydrate components
were used in the feeds: in feed A — barley, in feed
B — wheat, in feed C — triticale and in feed D - rye
(Table 1).

Feeds were produced by the barothermal method
in a single-start worm extruder, type N-60, manu-
factured by Metalchem Gliwice, Poland. Feeds were
conditioned by adding hot water and steam to the
mixer to reach 65-70°C and 9-11% moisture level
and then they were extruded under the following
technological parameters:

— cylinder temperature in the zone

of high pressure 93°C
—head temperature 105°C
— worm revolutions 63 rev/min
— time of passage through the extruder 78 s
—-nozzle diameter 6.0 mm

The extrudate leaving the extruder was cut with
rotary knife into 8 mm pellets, they were spread
on sieves, let cool down and then dried in a stream
of heated air. After drying, the diameter of pellets
was 6.6-6.9 mm. The granules were covered with
rapeseed oil (2.0% of the granule weight) heated to
70°C by spraying in a pelletising drum.

Water stability of experimental feeds was deter-
mined by Hastings-Hepher method (Hepher, 1968)
modified by Szumiec and Stanny (1975). It was done

— moisture of feed 10%  in a water bath, on the basis of feed weight loss after
— cylinder temperature in the zone the bath treatment and subsequent drying to a con-

of increasing pressure 81°C  stant temperature 105°C. Another criterion of water
Table 1. Composition (%) of tested feeds

Feed
Component
A B C D

Fish meal 14.5 14.0 14.5 17.0
Blood meal 8.0 8.0 8.5 8.0
Yeast 4.0 4.0 4.0 4.0
Soybean meal 13.5 13.5 13.5 13.5
Rapeseed meal 8.0 8.5 7.5 5.5
Barley cv. German 43.0 - - -
Wheat cv. Zyta - 43.0 - -
Triticale cv. Tornado - - 43.0 -
Rye cv. Daftkowskie Ztote - - - 43.0
Rapeseed oil 5.0 5.0 55 5.5
Soybean lecithin 0.5 0.5 0.5 0.5
Premix* 1.0 1.0 1.0 1.0
Mineral-vitamin mix** 0.1 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2 0.2
Calcium monophosphate 0.7 0.7 0.7 0.7
Chalk 1.5 1.5 1.5 1.5
Total 100.0 100.0 100.0 100.0

*Polfamix W, BASF Polska Ltd. Kutno, Poland - contains in 1 kg: vitamin A -1 000 000 i.u., vitamin D, - 200 000 i.u.,
vitamin E - 1.5 g, vitamin K - 0.2 g, vitamin B, - 0.05 g, vitamin B, — 0.4 g, vitamin B, — 0.001 g, nicotinic acid — 2.5

g, D-calcium pantothenate — 1.0 g, choline chloride — 7.5 g, folic acid - 0.1 g, methionine — 150.0 g, lysine — 150.0 g,
Fe-25g, Mn-65g,Cu-0.8g, Co-0.04g, Zn—-4.0g,J-0.008 g, carrier>1000.0 g
**Vitazol AD,EC BIOWET Drwalew, Poland - contains in 1 kg: vitamin A —50 000 i.u., vitamin D, -5 000 i.u., vitamin

E -30.0 mg, vitamin C - 100.0 mg
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stability assessment was the oxygen consumption
(BOD) by the water used for testing in an alkaline
environment described by Gomoétka and Szypowski
(1973).

Nutrient composition of the experimental diets
(Table 2) was determined according to Skulmowski
(1974). The feeds were examined for the content
of: dry weight (at 105°C for 12 hours), crude pro-
tein (Kjel-Foss Automatic 16210), crude fat (Soxhlet
method; drying at 60°C, 12 hours of extraction with
paraffin ether), crude fibre (Tecator Fibertec System
M 1020 Hot Extractor) and ash (combustion at 550°C
for 12 hours, Linn Electro-Therm). The content of N-
free extract was estimated as the difference between
dry weight and the sum of the remaining compo-
nents. Total calcium in the feed was determined
in an atomic absorption spectrophotometer, model
ASS3 (Carl Zeiss, Jena) according to the method
described by Gawecki (1988). Total phosphorus
was determined by the flame ionisation technique.
Amino acids of the feed protein were assayed in a
Microtechna AAT 339 analyser after hydrolysis of
a sample (0.1 ml) in 6n HCI at 106°C for 24 hours.
Methionine and cystine were determined after pre-
vious oxidation in formic acid. Tryptophan was
determined by the colorimetric method (Votisky
and Gunkel, 1989). On the basis of the results of
amino acid analyses of protein, the chemical value
of experimental diets was defined by calculating the
chemical score (CS) and the indispensable amino
acid index (IAAI) (Hardy and Barrows, 2002).

Gross energy of the model diets was calculated
from the chemical composition using the conver-
sion factors of gross energy for fish: carbohydrates
- 4.1; protein — 5.6 and fat — 9.4 kcal/g (Bureau et
al., 2002).

A 60-day experiment was carried out in twelve con-
crete ponds (each of 40m? area and 1.2m depth, with
the bottom and sides lined with 10cm layer of gravel)
in triplicates. The 12 experimental groups comprised
12 individuals in each group; initial average weight

Table 2. Water stability of tested feeds

was 200.33 £ 10.5 g (mean * SD). During the experi-
ment (every day at 8.00 a.m.) temperature (°C) and
dissolved oxygen (mg O,/dm?) were controlled using
an electronic oxymeter Elmetron CO-315.

The daily feed rations were calculated according
to the feeding curves given by Schreckenbach et al.
(1987) with the consideration of the actual water
temperature and fish biomass. Feeding was done
by hand at 2-h intervals, 5 times per day and with
equally divided portions. Samples of three fishes
per treatment at the start and at the end of the exper-
iment were analysed for dry weight, total protein,
crude fat and crude ash. Fish weights were taken at
the beginning and at the end of the experiment.

From the data, the following parameters were
calculated: specific growth rate (SGR, %/d), pro-
tein retention (PR, %), food conversion ratio (FCR),
protein efficiency ratio (PER), survival rate (SR, %).
In order to find statistically significant differences
between the treatments, data were analysed using
the Statistica 5 PL Program. Significance between
the means of treatments at the 0.05 level was deter-
mined by Duncan’s multiple range test.

RESULTS

Characteristics of the feeds

Water stability of the experimental feeds was ex-
pressed as the percentage of weight loss and the
oxidability index (Table 2). Weight losses ranged
from 23.0 (feed D) to 29.1% (feed B). According to
this criterion all feeds were characterized by their
good water stability. As regards the oxidability,
feeds A and B proved to be good and feeds C and
D proved to be very good; the value of this index
ranged from 38.4 to 43.4 mg O,/dm>.

Total protein level in the diets ranged from 31.93 to
32.03%, and the level of crude fat from 7.08 to 7.21%.
The highest levels of crude fibre (3.49%) and crude

Feed
Parameter
A B C D
Weight loss (after 40 min) (% ) 27.3 29.1 25.3 23.0
Score good good good good
Oxygen demand mg O,/dm? 40.1 43.4 38.4 39.8
Score good good very good very good
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Table 3. Chemical composition (%), gross energy (GE) level (kcal/kg) and energy/protein (E/P) ratio (kcal/g protein)

of the experimental feeds

Feed
Component
B C D

Crude protein 31.93 32.03 31.96 32.01
Crude fat 7.08 7.11 7.17 7.21
Nitrogen-free extractable compounds 38.69 39.52 39.73 39.33
Crude fibre 3.49 2.83 2.72 2.89
Ash 6.37 6.19 6.15 6.24
Phosphorus 0.75 0.73 0.74 0.76
Calcium 1.55 1.51 1.52 1.62
GE 4039.9 4082.3 4092.7 4082.8
E/P 12.65 12.74 12.8 12.75

ash (6.37%) were found in feed A. The level of gross
energy was similar for all feeds, from 4 039.9 (feed
A) to 4 092.7 kcal/kg (feed C), at a constant energy/
protein relationship from 12.65 to 12.8 kcal/g protein
(Table 3). The essential amino acid composition of
the feeds was similar in all cases. Methionine with
cystine was the first limiting amino acid in all feeds,
from 45.86 to 49.85%, followed by isoleucine and ty-
rosine. The biological value of protein (IAAI) ranged
from 76.78 (feed C) to 77.94 (feed A) — Table 4.

Environmental conditions during
the growth test

Average daily water temperature ranged from
17.5 to 24.2°C during the experiment. The content

of dissolved oxygen was very variable: from 2.30 to
7.10 mg O,/dm? (Figure 1).

Weight gains and feed utilisation

After 60 days of experiment, no statistically signifi-
cant differences were found (P <0.05) in fish weight
growth (WG) and in growth rate (SGR), whereby the
highest values of both these indices were obtained in
feed with wheat portion. The food conversion ratio
(FCR) in all experimental groups had a value close to
1.45, however, the differences between groups were
not statistically significant. The protein efficiency ra-
tio (PER) and protein retention (PR) were also very
similar and did not differ significantly between the
particular variants (Table 5).
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Table 4. Essential amino acid composition (g/100 g protein), Chemical Score (CS) and Indispensable Amino Acid

Index (IAAI) in tested feeds

Amino acid Feed
A B C D
Arg 5.40 5.33 5.31 5.39
His 3.86 3.85 4.01 3.97
Lys 7.43 7.29 7.51 7.71
Tryp 2.97 2.89 2.93 3.20
Phen + Tyr 7.14 7.09 6.85 6.93
Met + Cys 2.79 2.87 2.78 2.66
Treo 3.99 3.92 3.90 3.97
Leu 8.60 8.59 8.62 8.56
Isoleu 3.66 3.66 3.52 3.67
Val 5.60 5.58 5.59 5.60
CSs I. Met + Cys 48.10 I. Met + Cys 49.85 I. Met + Cys 47.93 I. Met + Cys 45.86
II. Isoleu 53.04 II. Isoleu 53.04 II. Isoleu 51.01 II. Isoleu II. 53.19
III. Tyr 70.18 III. Tyr 70.20 III. Tyr 67.54 III. Tyr 68.95
IAAI 77.94 77.78 76.78 77.10

Table 5. Percent weight gains (WG), specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio

(PER), protein retention (PR) and survival rate (SR) in common carp fry fed the experimental diets*

Variants

Parameter N 5 C 5

WG (%) 308.48 + 5.54 324.00 +26.72 313.43 +18.07 319.42 +13.16
SGR (%) 2.81+0.03 2.89£0.13 2.90 +0.01 2.92 £0.04
FCR 1.50 +0.02 1.44£0.12 1.46 +0.01 1.43 £0.03
PER 1.75+0.03 1.83+0.15 1.78 £0.10 1.81 +£0.07
PR (%) 30.38 +2.03 31.10 £1.95 29.54 +2.31 31.72 +1.25
SR (%) 100.0+0 100.0+0 97.0 +4.81 97.0 +4.81

*values are means + SD from triplicates

WG = (final wt. — initial wt.) x 100/initial wt.; SGR = [In (final wt.) — In (initial wt.)]/days; FCR = dry feed intake
(g)/wet weight gain (g); PER = wet weight gain/protein intake; PR = [protein content of fish (g) at the end of the

experiment — protein content of fish (g) at start of the experiment] x 100/dry protein fed (g)

The survival rate (SR) of fish in all experimental
variants during the experiment was between 97 to
100% without significant differences.

Fish body composition
In all experimental variants the final dry weight,

crude protein, crude fat and ash content of the body
did not differ significantly. In comparison with ini-

tial values, only the dry weight and crude protein
content increased significantly from 24.16 to more
than 28% and from 10.69 to more than 14%, respec-
tively (Table 6).

DISCUSSION

In conditions of pond rearing, water temperature
and oxygen content in water are abiotic elements that
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Table 6. Chemical composition of fish body before and after the experiment (%)*

Dry weight Ash Crude protein Crude fat

Before the experiment 24.16* = 0.61 3.08 +0.08 10.69% £ 0.21 2.93+0.85
After the experiment A 28.22° +2.46 1.91+0.20 14.60° + 0.12 3.35+0.30
B 28.35 +1.97 2.26+0.23 14.37° £ 0.27 3.36+0.19

C 29.03% +0.77 2.11+0.27 14.14° +0.30 3.51+0.12

D 28.22+2.17 2.09 +£0.41 14.74° + 0.24 3.43 +0.30

*values are means + SD from triplicate sample of fish and means in each column denoted by the same letters are not

significantly different (P < 0.05)

have a significant impact on fish growth (Steffens,
1986). Mean water temperature during the growth
test was 20.66°C (min 17.5°C, max 24.2°C) and it
was insignificantly lower than the values required
to insure the optimal growth of carp. In turn, the
amount of oxygen dissolved in water oscillated
between 2.30 and 7.10 mg/dm3, which should be
regarded as the values having no negative effect
on carp growth.

The use of experimental feeds enabled to achieve
high weight gains of fish in a short time and good
utilisation of the nutritive components of feeds. It re-
sulted from an optimal balancing of the diets regard-
ing the content of total protein and fat (Ogino, 1980a;
Jauncey, 1982; Watanabe, 1982, 1988), mineral com-
ponents (Satoh, 1991; NRC, 1993; Kim et al., 1998),
essential amino acids (Nose, 1979; Ogino, 1980b) as
well as the energy level in the diet and its relation to
the protein amount (Ohta and Watanabe, 1996).

The tested feeds were isonitrogenous and isocalor-
ic on the basis of the grain of barley, wheat, triticale
and rye. The absence of any significant differences
between the particular variants indicates that all
cereals represent equally valuable components of
carp feeds. The value of the cereal species in the
nutrition of carp juveniles (fry) was also found in
an earlier study (Mazurkiewicz and Przybyt, 2003).
In the case of younger fish being potentially more
susceptible to the composition and quality of feed,
the absence of any significant intergroup differences
indicates that the applied cereal species are valuable
nutritional components.

Triticale is a very valuable carbohydrate com-
ponent of extruded feeds for carp (Przybyt et al.,
1994). In the nutritional experiment, feeds contain-
ing alternatively triticale or wheat were applied at
levels: 0, 15, 23, 34, 45 and 57%; no significant differ-
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ences were found between the values of the basic
parameters in the rearing of 2 years old carp (SGR:
2.24-2.39%/d; FCR: 1.43-1.72 and PER: 1.91-2.24).
It confirms possible substitution of the grain of
triticale for wheat in carp feeds, which will bring a
decrease in the feed cost.

An evaluation of cereals as the main components of
full-value feeds in the intensive rearing of carp and
tilapia was carried out by Viola and Arieli (1983). The
best production results were obtained in the carp
receiving a feed with wheat component, but this was
the most expensive. Lower values of indices in carp
rearing were obtained using maize; it increases the
fat content in fish bodies to 15% at the same time.
The application of barley decreased the growth rate
of fish indicating that the grain of this cereal has a
lower usability in carp nutrition. The present data
suggest that these differences may be overcome by
the expansion of feeds in some cases.

CONCLUSIONS

The results of the presented studies confirmed
a high effectiveness of feeds containing expanded
grain of wheat, barley, triticale or rye in the inten-
sive production of carps in ponds.

The absence of significant differences between the
experimental variants with expanded grains indi-
cates that the tested cereals used in feeds have an
equal usefulness for carp.

In the case of application of nutritionally balanced
feeds in carp rearing, the type of used cereal may
have no essential effect on the obtained produc-
tion results because the deficiency of nutritive sub-
stances in one component is supplemented by their
higher amount in others.
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Nutri¢éni hodnota obilnin v krmivu pro kapry (Cyprinus carpio L.)

Ke sledovani vlivu raznych druhit obilnin (jeémene — smés A, pSenice — smés B, triticale — smés C, zZita — smés D)
jako uhlohydratovych sloucenin v extrudovanych krmivech pro kapry byly pfipraveny ¢tyfi krmné smési se shod-
nym obsahem dusiku (32 % bilkovin) a energie (4 080 kcal/kg) a stanoveny fyzikalni a chemické vlastnosti téchto
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krmiv. Rstovy test trvajici 60 dni se uskute¢nil v pokusnych rybnicich o velikosti 40 m?. Kazd4 krmnd smés byla
podéavana tfem skupinam kaprt (pocatecni primérna hmotnost ryb ¢inila 200 + 10 g). Pro zavére¢né hodnoceni
ristového testu jsme pouzili tyto ukazatele efektivnosti odchovu: hmotnostni pfiristek (WG v %), specifickou
rychlost ristu (SGR v %), koeficient konverze krmiva (FCR), bilkovinny produkéni index (PER) a retenci bilko-
vin (PR v %). Zavéry vychazeji se statistické analyzy pomoci programt Statistica 5.0. Vysledky rtistového testu
nenaznacily zadné rozdily mezi hodnocenymi krmivy. Pokud se jedna o jejich prospésnost ve vyzivé kaprt (mezi
hodnotami ukazatelt odchovu kaprti nebyly shledany statisticky vyznamné rozdily, P < 0,05), byly zjistény tyto
ukazatele riistu kaprii: WG: 308,48-324,0 %; SGR: 2,81-2,92 %/d a koeficientti konverze krmiva: FCR: 1,43-1,50;
PER: 1,75-1,83; PR: 29,54-31,72 %.

Klicova slova: kapr; vyziva; krmiva; extruze; uhlohydratové slozky
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