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Background. Development of modern aquaculture and the increasing consumer demand provoke improvements
in the complex breeding technologies of economically valuable fish species. Wels catfish, Silurus glanis L.
(known also as the European catfish), because of its breeding and consumption values, becomes an increasingly
common object of breeding. The objective of the presented work was the evaluation of selected feeds differing
in dietary lipids levels applied in rearing the wels catfish fry under controlled conditions.

Materials and Methods. The feeding trial (60 days) was carried out with the wels catfish fry, weighing on aver-
age 55 g. The experiment was conducted under controlled conditions in an aquarium hall in 60-L flow-through
tanks. During the growth test, the fish were given four commercial feeds of the same protein amount (45%) and
graded fat levels (15%, 20%, 25%, and 30%). In the final evaluation of the feeding tests, the following rearing
effectiveness indices were used: food conversion ratio (FCR), specific growth rate (SGR), protein efficiency ratio
(PER), protein retention (PR), lipid retention (LR), and survival rate (SR). Conclusions were drawn on the basis
of statistical analysis using Statistica computer software.

Results. The wels catfish fed 20%-fat-content feed attained the highest individual weights. The other treatments
yielded statistically significantly lower (P < 0.05) body weights. No statistically significant differences were
found between the mean values of the specific growth rate (SGR). The values of feed conversion ratio (FCR) and
protein efficiency ratio (PER) were approximately equal in the individual groups. The protein retention attained
values from 28.2% to 33.0%, while fat retention ranged from 11.8% to 24.2%. No mortalities were recorded. The
amount of fat in all groups increased significantly after the termination of the growth. The increase of fat amount
in the feed was not correlated with the growth of fat amount in the fish body. The levels of the other body com-
ponents increased, but no differences between the groups were found.

Conclusions. Differentiated amounts of dietary lipids in the diet did not exert any effect on the rate of fish growth
or on the proper utilization of the nutritive components in feeds. The present results emphasize the complexity
of the wels catfish nutrition study and the need for further investigation in this field. From a practical point of
view, a good understanding of the species requirement for dietary lipids would be of prime interest for fish farm-
ers to use balanced feed optimized for particular fish stages.
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INTRODUCTION

Development of modern aquaculture and the increas-
ing consumer demand provoke improvements in the com-
plex breeding technologies of economically valuable fish
species. Wels catfish, Silurus glanis L. (known also as the
European catfish), because of its breeding and consump-
tion values, becomes an increasingly common object of
breeding. The pond breeding technology of the catfish
was developed in the early 20th century in Hungary and it
was later adopted in Germany, Russia, Czech Republic,

Slovakia, and Poland, reaching France relatively recently
(Vallod 1987, Proteau et al. 1996). Now the wels catfish
is cultured in the circulation systems, substantially short-
ening the production cycle (from hatch to a market-size
fish of about 1.5 kg) to the period of 7-8 months
(Ulikowski et al. 1998, Linhart et al. 2002, Ulikowski
2003, 2005). The improvement of fish feeding was anoth-
er direction of the catfish breeding technology improve-
ment, focusing on optimization of the content of proteins,
fats, carbohydrates, vitamins, amino acids (essential ones
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in particular), and micro- and macro-elements. The fats
contained in the feed are equally important as proteins in
nutrition of many fish species, including wels catfish.
They are not only the source of metabolic energy, essen-
tial (for fish) fatty acids, hormone precursors, and phos-
pholipids. The latter are important components of cyto-
plasmic membranes (Has-Schon et al. 2004). Fats are also
needed as solvents for vitamins (A, D, E and K), neces-
sary for the correct functioning of organisms. A shortage
of lipids in the feed, particularly the essential fatty acids,
may lead to a retardation of fish growth, or cause a dys-
function of pigmentation, anaemia, necrosis of fins,
degenerative changes in liver and spleen, and in extreme
cases, it may lead to an increased mortality of fishes.
The objective of the presented work was the evaluation
of selected feeds differing in dietary lipids levels, used for
rearing wels catfish fry under controlled conditions.

MATERIAL AND METHODS

Fish and rearing facilities. The growth test was car-
ried out between 20 January and 20 March 2006
(60 days). The wels catfish fry, weighing 55 g on the aver-
age, were acquired from the Kuzniczka Fish Farm at
Wielen. The experiment was performed under controlled
conditions (Aquarium Compound, Division of Inland
Fisheries and Aquaculture, University of Life Sciences in
Poznan) in an open system of water supply. Tap water,
used in the system, was de-chlorinated using active car-
bon filter. The main element of the water system installa-
tion was the equalizing tank (2.4 m?®) with a heater, ther-
mostat, and the HIBLOW HP-60 aerator. During the
experiment, the physico-chemical parameters of water
were maintained on relatively constant optimal levels for
catfish fry (temperature: 22-23°C; oxygen saturation
above 70%) and constantly monitored by a microcomput-
er oxymeter ELMETRON CO-315.

Catfish juveniles were placed in 60-L, constant-flow
tanks (0.3 L - min~!, 5 total water exchanges within 24 h).
Every day (at 09.00 h), the tanks were cleaned by remov-
ing excrements and left-over feed using a water siphon.
Experimental feeds were dosed around the clock (24 h)
using automatic belt feeders. In first and second growth
test decades the daily feed ration was 2.5% of the fish bio-
mass. It was 2.0% in third and fourth decades and 1.5% in
last two growth test decades.

The experiment was carried out in four treatments, each
in three replications. Each tank was stocked with 10 fish.

Data collection and calculations. Every 10 days all
fish in each tank were weighed (to the nearest 0.1 g) using
WPE 2000 electronic scale (RADWAG Radom, Poland).
The mean individual fish body mass was calculated by
dividing the fish biomass by fish number. The weight
control served also for the determination of the values of
rearing indices.

The following parameters were calculated: specific
growth rate (SGR = 100 - (In w, — In w,) - ¢1), food con-
version ratio (FCR = F - (w, — w,) 1), protein efficiency
ratio (PER = (w; — w,) - (F - PD)) (where; w, and w;: the

initial and the final average weight; #: number of days of
feeding trial; F: the total amount of feed per fish consumed
during growth test; PD: the protein content of the diets);
the survival rate (SR = (final number of fish - 100) - initial
number of fish™!); protein retention (PR = (final protein
contain in fish body — initial protein contain in fish bo-
dy) - 100 - protein intake™'); and lipid retention (LR =
(final lipid contain in fish body — initial lipid content in
fish body) - 100 - lipid intake ™).

Before the commencement and after the termination
of the growth test, fish samples were randomly taken in
order to determine the basic chemical composition of fish
bodies. The sampled catfish were enthanised, using
Propiscin (Siwicki 1984) overdose and decapitated.
Subsequently, fish bodies were ground and homogenized,
and in the obtained material, the following determination
were made: dry mass (in an oven at 105°C for 12 h), pro-
tein (Kjel-Foss Automatic 16210 analyzer), crude fat
(Soxhlet method; drying at 60°C, 12 h of extraction with
paraffin ether), ash (combustion at 550°C for 12 h, Linn
Electro-Therm stove).

The results were statistically analyzed using the
Statistica 5 PL software. Mean results per tank were sub-
jected to one-way analysis of variance (ANOVA).
Homogenous groups were determined with the Duncan
multiple range test. The level of significance was
P <0.05, and the results are presented as mean + standard
deviation of the mean.

Feeds. During the growth test, the fish were given four
commercial feeds of Aller Aqua Polska Co. Ltd., Golub-
-Dobrzyn:

Aller 45/15 (protein 45%, fat 15%), treatment 15,

Aller Safir (protein 45%, fat 20%), treatment 20,

Aller Avant (protein 46%, fat 25%), treatment 25,

Aller Elips (protein 45%, fat 30%), treatment 30.

The characteristics of the particular feeds based on the
producer’s data are shown in Table 1. All feeds contained:
fish products, oils and fats, cereal grains, oil seed by-prod-
ucts, cereals, and minerals. The Aller 45/15 feed included
additionally blood meal, while the Aller Elips feed had an
addition of blood meal and fishmeal LT.

RESULTS

The feeding with feeds containing variable content of
fat had an effect on the mass increments of fish body.
Starting from the 20th day of the growth test, the highest
mean individual weights were reached by catfish fed feed
20, while in the remaining treatments, statistically signifi-
cantly lower (P < 0.05) body weights of fish were record-
ed. In treatment 15, the fish showed a high growth differen-
tiation within the group confirmed by high standard devia-
tions for body weight (Table 2). No statistically significant
differences were found between the mean values of the spe-
cific growth rate (SGR). The values of feed conversion
ratio (FCR) and protein efficiency ratio (PER) were
approximately equal in the individual groups (no statistical-
ly significant differences) (Table 3). The index of protein
retention in fish body ranged from 28.2% (treatment 30) to
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33.0% (treatment 15), on the other hand, fat retention was
significantly more variable, attaining values from 11.8% in
treatment 25 to 24.2% in treatment 15. There were no fish
mortalities recorded during the growth test.

Results of chemical analyses of the catfish bodies
indicated a significant increase of the amount of fat in all
groups after the termination of the growth test and an

absence of a correlation between the increase of fat
amount in the feed and the growth of fat amount in the
fish body. The levels of the remaining body components
increased, as compared with the size on the day of the
growth test start, on the other hand, no differences
between the groups were found after the termination of
the experiment (Table 4).

Table 1
Feed characteristics
Parameter Feed -
Aller 45/15 Aller Safir Aller Avant Aller Elips
Protein [%] 45 45 46 46
Fat [%] 15 20 25 30
Carbohydrates [%] 21 16 15 11
Ash [%] 8 8 7 8
Fibre [%] 25 2 1 1
Gross energy [MJ kg™'] 20.5 21.6 23.1 24.7
Digestible energy [MJ kg™'] 16.2 17.3 18.8 20.5
Nitrogen [% of dry mass] 7.8 8.42 791 741
Phosphorus [% of dry mass] 1.1 1.16 0.97 0.95
Vitamin A [IU] (in 1 kg of feed) 2500 2500 2500 2500
Vitamin D, [IU] (in 1 kg of feed) 500 500 500 500
Vitamin E [mg] (in 1 kg of feed) 100 100 150 300
Table 2
Changes of mean individual fish weight [g] during the growth test!

Days of growth Treatment
test 15 20 25 30

0 529 +2.4° 575+1.6° 549 +22° 541+05°
10 752 +6.8" 87.0+3.9" 852 +4.1* 82.5+2.1*
20 111.1+£12.3¢ 1289 +£7.0° 1169 £2.1* 114.6 +4.9°
30 1593 +17.0° 1752 £59° 156.2 + 8.3 158.0 +4.8*
40 181.6 +23.0° 209.1 + 13.4° 193.0 +5.2¢ 186.3 + 3.7
50 2157 +17.3 238.8 +8.9° 216.6 +£5.8 2170 £ 14.7*
60 250.1 £23.3 2710 £42° 2470+ 8.7 2455 +94°

Values are means + standard deviation from triplicate groups of fish, and the means in each row with the same superscript are
not significantly different (P < 0.05).
Table 3
Specific growth rate (SGR), food conversion ratio (FCR), protein efficiency ratio (PER),
protein retention (PR), lipid retention (LR), and survival rate (SR) in catfish fry during 60 days growth test!

Parameter Treatment
15 20 25 30

SGR [% d'] 2.65+0.08* 2.58+0.07* 2.51+0.09* 2.52+0.08*
FCR 0.94 +£0.03* 1.03 +£0.08* 1.04 +£0.02* 1.05 +0.06*
PER 2.78 £0.08* 2.55+0.19* 2.51+0.05* 250 +0.15*
PR [%] 33.0+1.22* 31.2+2.03* 293 +1.98* 282 +1.55°
LR [%] 24.2 +0.98¢ 19.8 £1.10¢ 11.8 £0.75* 155+0.81°
SR [%] 100.0 100.0 100.0 100.0

"Values are means + standard deviation from triplicate groups of fish, and the means in each row with the same superscript are
not significantly different (P < 0.05).
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Table 4
Proximate composition of fish carcass [% wet weight] before and after the growth test!
After the growth test

Before the
Parameter Treatment

growth test

15 20 25 30

Dry mass 176 £0.51* 30.8 +1.22¢ 26.2 +£0.88° 28.6 +1.09° 273 +1.05°
Ash 1.9+0.18° 2.1 +£0.20° 23+0.18 24+021° 2.7+0.19*
Crude protein 11.6 +£0.25° 13.6 £0.35 13.6 £0.23° 132 +0.19° 13.1 £0.10°
Crude fat 27+0.19° 13.2 +0.88¢ 84 +0.79° 11.2+1.10¢ 9.9 +0.96

"Values are means + standard deviation from triplicate groups of fish, and the means in each row with the same superscript are

not significantly different (P < 0.05).

DISCUSSION

The rearing success of juvenile fish stages depends on
many factors, which are generally defined as welfare. The
possibility of modifying the basic environmental parame-
ters, such as temperature and oxygen content and main-
taining them on an optimal level is very crucial for a cul-
ture setup. Temperature of water during the experiment
was maintained on a relatively constant level (22-23°C),
and the water oxygen saturation dropped below 70%. Wels
catfish, being a warm-water predator, grows best at high
water temperatures. The catfish breeding specialists pro-
vide different ranges of the optimum temperature in which
this species reaches the highest increments. Wolnicki and
Myszkowski (1998) argued that the lower limit of the tem-
peratures recommended for use in the rearing of catfish fry
is 25°C. Below this temperature, the growth of the fry can
be by about 30-50 percentage points worse than at the
temperature of 28-30°C. The same authors believe also
that for the older developmental stages of catfish, a slight-
ly lower water temperature can be used than in the fry rear-
ing, ranging from 22 to 26°C. On the other hand,
Ulikowski (2003) stated that catfish shows the best incre-
ments at water temperatures of 23-30°C.

According to Ulikowski (2005), the best effects in cat-
fish breeding are obtained using a day-and-night feeding
with the application of automatic feeders, which had been
confirmed by the results obtained by Bolliet et al. (2001).
During the presently described experiment, wels catfish
were fed for 24 h (automatic feeders with a clock drive).
The feed consumption was not affected by the day light,
because the walls of tank were painted with a grey paint
and the aquarium compound was sparsely illuminated.
The characteristic ’lazy’ behaviour of the catfish may be
beneficial for the culture results, because when they are
satiated, they stay almost motionless at the bottom of the
reservoir and thereby they do not loose unnecessarily their
energy (Boujard 1995). Without any doubts, it exerts an
influence on the use of the nutritive components of the
feed, expressed by low FCR value (during the whole
experiments, the mean FCR value was one).

The optimal level of total protein, in the feed used for
catfish fry rearing, has been determined as 40-45%
(Mares et al. 2003, Has-Schon et al. 2004). Analyzing the
results of experiments referring to the feeding of catfish

(Wolnicki et al. 1998), the aim to determine the optimal
crude fat content in the feed is justified. Feeding experi-
ment carried out by Filipiak et al. (1993) confirmed that
catfish are able to utilize fat in a significantly better way
than carbohydrates. Different results were obtained in
carp feeding, proving that carp utilize feed carbohydrates
significantly better, transforming them into tissue fat.
Studies of Cowey and Sargent (1979) indicated a general
tendency of a poorer utilization of carbohydrates by poik-
ilotherms in comparison with homeothermic animals. The
reason for the above is the low activity of the hexoki-
nase—the enzyme involved in the metabolism of sugars.
Furthermore, a side effect of the production of high-car-
bohydrate level feed mixes may be the Mallard’s reaction
(Plakas et al. 1985), responsible for creation of bonds
between amino acids and carbohydrates limiting their
digestibility and assimilability.

The available relevant publications emphasize the
necessity of a careful dosing of fat in the feed given to cat-
fish. Sadowski (2005) argued that fat beside protein, con-
stitutes the main source of energy in wels catfish. The
above author states that in spite of that, the requirement for
fat in the feed is not high. Breeding experiments of catfish
in water previously used for cooling purposes indicate that
the requirement of catfish for lipids is about 13% at the
temperature of 20-23°C and 17% at 24-30°C. It is com-
monly known that catfish can be fed with a feed containing
20% and even 25% of fat obtaining FCR values below 1. It
seems to be economically justified to use feeds with a
lower content of fat, because it has no negative effect on
the composition of the body (meat) of catfish.

Correctly balanced feeds for a fish species should not
only cover the quantitative requirements for lipids but
should also include the necessary composition of fat frac-
tions. The demand of warm-water fish for two essential
fatty acids (EFA): the linoleic and linolenic amounts to
0.5%—1.0% in the dry diet (Takeuchi and Watanabe 1977,
Stickney and Hardy 1989, Kaushik 1995). The relation
between omega-3 and omega-6 fatty acids is also of great
importance for some fish species, i.e., common carp
(Randuz-Neto et al. 1993). Different types of fat raw
materials used in fish feeds contain an amount of EFA
specific for them. A comparatively high content of linole-
ic and arachidonic acids are found in vegetable oils, while
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marine animal fats, as well as linseed, rapeseed, and soy-
bean oils constitute a valuable source of linolenic acid.
The proper selection of fat raw materials has a deciding
effect on the qualitative composition of dietary lipids.
According to the manufacturer’s data, the fat sources in
the feeds tested in the present experiment included both
the fish oil as well as vegetable oils. A joint application in
the diets of fats both of animal and plant origin insures the
meeting of fish requirements for fatty acids.

Studies of Jankowska et al. (2004) indicate that the
application of artificial feeds in intensive breeding can
positively change the chemical composition of the meat
of predatory fish species, including wels catfish.
Chemical composition of the meat of wels catfish from
intensive breeding (fish fed commercial rainbow trout
feed) and obtained from natural environment (fish fed
natural food in natural ponds) did not differ in the total
content of saturated and not saturated acids. In wels cat-
fish from both mentioned above environments, the share
of saturated fatty acids amounted to about 25% of all
fatty acids, while the share of mono-unsaturated and
poly-unsaturated acids amounted to 38% and 35%,
respectively. On the other hand, differences referred to
the content of fatty acids in all earlier mentioned groups.
The level of fatty acids important for the human health
was definitely higher in wels catfish from intensive
breeding (EPA higher by 3 percentage points, DHA high-
er by 4 percentage points). Thereby, the promotion of
cultured fish species (including the wels catfish) is justi-
fied, because their meat composition can be more
favourable for humans than the meat of wild fishes
obtained from natural bodies of water. This assumption
was confirmed by Bogut et al. (2002).

The catfish fed 20%-fat-content feed attained the
highest individual weights. Differentiated amounts of
dietary lipids in the diet did not exert any effect on the rate
of fish growth or on the proper utilization of the nutritive
components in feeds. The present results emphasize the
complexity of the wels catfish nutrition study and the
need for further investigation in this field. From a practi-
cal point of view, a good understanding of the species
requirement for dietary lipids would be of prime interest
for fish farmers to use balanced feed optimized for partic-
ular fish stages.
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