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ABSTRACT

Fishmeal replacement in diets for intensive aqutatcal has become a high priority area for
the global aquaculture industry. In this study, & @ay long experiment was carried out
between June and September with one-year-old Earopatfish (Silurus glanis) (72.7 + 1.3
g initial weight). The fish were fed with 6 isoaatoand isoproteic (35% CP) feeds in three
replications. Feeds differed according to the m@iiatein source as follows: fish meal (FM),
meat meal (AP), corn (SC), wheat (SW), wheat tdeadeh Axtra XB xilanase (SW-A), wheat
treated with Belfeed B 1100 MP xilanase (SW-B). di& was regarded as the control. The
mean body weight rose from 72.7 £1.3 g to 325192 g. The mean body weights of AP and
FM groups differed significantly from the SW, SVirdl SW-B groups. The SGR range was
significantly higher in the AP and FM diets. Thedeconversion ratio of AP group did not
differ from the FM group significantly. Significadifferences were found among the water
guality parameters in case of total suspended sd[ic5S). Significant differences were also
found among FM, AP and SW-A treatments in the K@il content of the sediment at the
end of the experiment. According to the resultscgseed animal protein is a suitable
alternative instead of fish meal. Enzymatic suppletations have not been as useful as
expected. Its reason needs further investigation.

(Keywords: European catfish, fish meal, animal girgtlimnocorral)

INTRODUCTION

European catfishSjlurus glani$, is the largest European freshwater fish. It adive to
Eastern Europe and West Asia, it can be found énldéinger rivers (The Danube, Volga
catchment area), and lakes. It has been introduced number of Western European
countries, France, Italy, Spain, and the UK. Dué@ddigh growth potential and its efficient
feed conversatiorHeymann 1990), it is successively produced in pondsares et al. 1996,
Ulikowski et al, 2003), cagedlipiak et al., 1997,Rzan¢anin et al, 1984) and recirculation
systems l(inhart et al, 2002). Many previous studies have dealt with gnewth of the
catfish. Jungwirth (1986) carried out feeding ekpent with zooplankton and trout feed at
different temperatures in different age of groupdanthey et al.(1988) bred three
Siluriformes speciesS{lurus glanis, Ictalurus punctatus, Clarias gairieys) from larvae for
two years with traditional trout feed, and the casipon of the fillet was investigated by
sensory and chemical measurements. The resultfaficfeeding experiment in polyculture
have been presented I8tevi (1989), who used Trouvit feed in his studies. Tar o
knowledge, no information is available on the stadlyeplacement of fish meal (FM) with
processed animal protein (PAP) in European catfisbordingly, the aim of this study was to
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assess the potential of using PAP versus soybeah (88) as FM substitute protein in
practical diets ofSilurus glanis Changing of water quality traits during the tnahs also
analyzed.

MATERIAL AND METHODS

Experimental fish

In total 144 specimens of European catfish werdieghpn 72.7 £ 5.2 g initial weight. Fish
were originated from a local fish farm, reared otifieial feeds in pond monoculture. 8-8
individuals were stocked in each enclosure (0.12vKy. Two weeks of acclimatization
period were used before the experiment.

Experimental system

The 95 day long experiment was carried out betwdaeme and September at Research
Institute for Fisheries and Aquaculture, Szarvasngary. 18 cylinder shaped limnocorrals,
with 2 m diameter and 5 frvolume, were used. These microcosms were madeomf n
transparent polyethylene and were open towardsbttemm and the sky as well. At the
bottom, wire net was burrowed into 20 cm deep toichescaping fish. The enclosures were
set up in a 700 frearthen pond. The pond was drained and treatéd@efOH) (357 kg-ha

') prior to the experiment. Water originated fromré® River, but the flow through was
ceased during the trial. Aeration was maintainegdich limnocorral.

Experimental diets
The experimental feeds were designed and formuladeet or exceed the demand of a
close relative species, the channel catfigtalurus punctatus(Robinson and Li,1999
Robinson et al.2001), as the nutrient requirements of Europeafisha&re not determined
yet. Diets were isonitrogenous and the amino aoithposition was very similar, but the
source of protein was different: animal and plamntall plant sources. Six different practical
diets (FM, AP, SC, SW, SW-A, SW-B) were fed proximaomposition of which is shown in
Table 1

FM diet was regarded as the control, as it conthiigh meal. AP diet contained some
rendered animal protein, but no fish meal. SC antivire the vegetable diets and contained
no animal ingredients. These two feeds differedbesides soybean they contained mainly
corn or wheat. SW-A and SW-B were practically tlzene as SW, but xylanase enzyme
(Belfeed B 1100 MP, Beldem S. A., Belgium) were edldo the SW-A, and beta-glucanase
(Axtra XB, Danisco Animal Nutrition, Marlborough,K) to SW-B in 100 mg- kg,

Fish were fed using automatic belt feeders. Dadiyon was 1.3% initially which was
raised to 2% by the end. All treatments were apphetriplicates.

Chemical analysis

Water temperature, DO level (mg*), oxygen saturation (%), conductivity§- cm') and pH
(WTW Multi 3430, WTW GmbH., Germany) were measunadltiple times per week. Water
samples were taken from the pond and each enclb&foee and during the experiment bi-
weekly. Water samples were analyzed,,N\D NOs-N, TAN, TIN, TON, PQ-P (Quickhem
8500, Hach, Loveland, USA) TP, TN (Lange GaminedeNR Chl-a (DR/4000U, Hach,
Loveland, USA) TSS and concentration of metals ®CB000, ICP-OES, Thermo Fisher
Scientific Inc.) were measured. Samples were tdk@n the sediment also before and after
the experiment. Besides of upper ones Kjeldahl-Nc(B B-324) and metal content (ICAP
6000, ICP-OES, Thermo Fisher Scientific Inc.) waegermined from these samples.
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Table 1.
Ingredients and proximate composition of experimerdl diets
Diet

FM AP SC SwW SW-A SW-B
Ingredients (g- 100d)
Soybean meal, solvent extracted 30.30 25.05 40.00 9.744  49.74 49.74
Fishmeal 19.00 0.00 0.00 0.00 0.00 0.00
Meat meal 0.00 17.00 0.00 0.00 0.00 0.00
Corn 26.50 27.14 16.48 0.00 0.00 0.00
Corn gluten 12.20 18.80 19.10 15.44 15.44 15.44
Wheat 10.00 10.00 10.00 30.00 30.00 30.00
Canola meal, solvent extracted 0.00 0.00 10.00 0.00 0.00 0.00
Mono-calcium phosphate 0.00 0.00 1.30 1.30 1.30 013
DL- Methinonine 0.00 0.10 0.00 0.07 0.07 0.07
L-lysine 0.00 0.54 0.42 0.35 0.35 0.35
Sunflower oil 1.50 0.87 2.20 2.60 2.60 2.60
Vitamin- and Mineral Premix* 0.50 0.50 0.50 0.50 50. 0.50
Actual composition (g- 1004
Dry matter 89.40 90.70 88.90 89.50 89.50 89.50
Moisture 10.60 9.30 11.10 10.50 10.50 10.50
Crude protein 34.55 35.6 34.65 35.5 35.5 35.5
Lipid 5.05 5.15 4.39 4.49 4.49 4.49
Fibre 0.44 1.52 3.62 3.19 3.19 3.19
Ash 7.10 5.90 5.60 5.70 5.70 5.70

*Vitamin A: 400 000 IU-kg, Vitamin Ds: 200 000 1U-kg, Vitamin E: 6000 mg-K§ Vitamin Kz 918 mg-kd,
Vitamin B;: 500 mg-kd, Vitamin B,: 1200 mg- kg, Vitamin Bs: 1000 mg- kg, pantothenic acid: 3000 mg-kg
folic acid: 500 mg-kg, Vitamin C: 10 000 mg-Kkf Ca: 22.8 g-100f Fe: 6000 mg-k§ Zn: 40 324 mg-Kkg
Mn: 5022 mg- kg, Cu: 1000 mg-Kg Se: 22.5 mg-Ky I: 496 mg-kd, antioxidant: 2000 mg- kg

Calculations and statistical analysis
Fish were measured individually with 0.1 g preansidVeight gain (WG), feed conversion
ratio (FCR), protein efficiency ratio (PER), spexigrowth rate (SGR) and coefficient of
variance (CV) were calculated from the data asveelo
WG (g-fish') = Wi/N+-Wg/No
FCR (feed-gaif) = I/ (W; - Wo + W)
PER (gain-consumed protéjn= WG/P
SGR (%-day) = (INW; — InWp)/t- 100
CV (%) = SQ/mean,, 100
wherel(qg) is the total amount of offered feadly(g) is the total initial body weighiM(g) is
the total final body weightWy(g) is the dead fish weighly is the number of fish at the
beginning of trial, and\; is the number of fish at the end of R(g) is the amount of
consumed proteiri(d) is the duration of the trial armlvis body weight.

Shapiro-Wilk test and Kolmogorov-Smirnov probe warsed to test normality, and
Levene’s test was applied to test the homogendityadances. Means were compared by
one-way analysis of variance (ANOVA) followed by D$ost hoc test in cases of normal
kurtosis. Where distribution was not normal, nomapaetric Kruskal-Wallis test was used for
comparing means. Significance was acceptétkat05.

RESULTS

At the beginning of the trial, there were no sigrht differences between mean body
weights of the different group$igure 1). During the 95 days the mean body weight rose
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from 72.7 + 1.3 g to 325.9 + 14.2 g (megax S. E.). By the end of the trial mean body
weights of AP and FM groups differed significanttgm the SW, SW-A and SW-B groups.
However, the final mean weight of SC group did differ significantly from any of the other
treatments.
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3000
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200.0 1 |final

meanweight (9)

150.0
100.0
50.0 A

0.0
AP SC FM SW SW-A  SW-B
Figure 1.

Initial and final mean body weights of European cdish
(Different superscripts indicate significant dieces)

Results of the experiment including data of groemll feed efficiency are shown Trable 2.
Weight gain for the whole experimental period waes highest in FM and AP groups, while it
was the lowest in the case of the two enzyme tlediets. Weight gain of SW and SC
differed significantly from FM, but not from AP gup. For the total experimental period,
SGR ranged from 1.43 (SW-B) to 1.73 (FM). Consiagrhis parameter the enzyme-treated
diets showed significantly poorer achievements tharAP and FM diets. The animal protein
containing feeds did not differ significantly frosach other.

Table 2.
The performance traits of fish (mean £ S.E.)

Treatments Weight gain (%) SGR FCR PER
FM 418.28 + 20.95 1.73+ 0.04 1.13+0.06 2.57+0.08
AP 391.68" + 34.80 1.67+0.07 1.28 +0.02 2.1%+0.02
SC 348.88 + 22.54 1.58 +0.05 1.48 +0.06 1.98+0.06
SW 330.08° + 18.88 1.5% +0.04 1.583+0.11 1.88+0.07
SW-A 303.08 + 25.62 1.47+0.06 1.58+0.12 1.84+0.10
SW-B 290.55 + 25.84 1.43+0.06 1.61+0.11 1.78+0.13

Mean values bearing different superscripts in amol are significantly (p<0.05) different

FCR varied between 1.13 and 1.61. Fish of the S\Wfdip presented the highest and the
lowest was observed in the FM group respectivehe feed conversion of AP group did not
differ from the FM group significantly. Protein lization was found the best in the FM group
with the value of 2.57 and lowest in the SW-B grddp/9). Regarding PER, there were
significant differences found between FM group atidhe animal protein free groups, but
the AP group differed neither from FM nor from {hlant protein based diets.

Water quality

Dissolved oxygen (DO) levels ranged between 6.2 &fdmg 1* in the treatments. The
highest value was in treatment SW-B, and lowest waseatment SW. The changes were
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similar among the treatments. In the first and ltks period of the experiment DO lev:
increased andecreased in the middle period of the eriment. DO ranging from 2.73
12.33 mg 1. The lowest value were measured (2.16 — 3.13 iy in all tanks " September.
pH was relatively stable during the experiment,gesth between 6.5 and 8.8. The aver
water temperature (WTWas 23.23+3.2°°C during the experiment. ThHeghest temperatu
was measureth the first decade in AugusWT was decreased from August to the end of
experiment. The temperature ranged from 15.3 3 °C.

Samplesvere taken from the refill water, so the first \&s were agreed in the treatmet
The concentration of total nitrogen (TN) changedilsirly in all treatments during the cultu

period Fig. 2a).

Total nitrogen
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Figure 2a.
The concentration of total nitrogen in all treatmerts during the trial

Treatment SC and FM hatie highest TN level (2.03 and 1.82 n'}) at the end of th
experiment. The values of total ammonia nitrogeANJ changed periodically during tt
experiment ig. 2b).
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Figure 2b.
The concentration of total ammonia nitrogen in alltreatments during the trial

At the end of the experiment, the ves were higher in all treatmetitar at the start of the
experiment. The highest value was in treatment EM67Q mg ™) at the end of th
experiment. We did not findignificant difference in this parameter. The valuesnitrite-
nitrogen (NQ-N) are shownn Figure 2c
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Figure 2c.
The concentration ofnitrate-nitrogen in all treatments during the trial

The concentration of N&N in treatment SW and S-B was very high (0.17and 0.105 mg
1Y) at the second sampling date. The values changeodjcally and more or less contrar
to TAN in the middle of thexperimer. The concentration increased in all treatmentéx
end of the experiment. Treatment -A and SW-B had the highest N® level (0.1 and 0.1

mg ), treatment SC had the lowest 5-N level (0.04 mg1) at the end of the study. We ¢
not find significant differece between the treatments. The values of orthophosP&,-P)

increased the first time of theperiment in all treatment§ig. 2d).
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Figure 2d.
The concentration of orthophosphate in all treatmets during the trial

From early July the values decreased in all treatsnuntil September. The end of t
experiment the concentrations increasslightly. We did not findsignifican  difference
between the treatments. The concentration of pdtasphorus (TP) was changsimilarly in
the treatments in the first half period of the expent (Fig. 26.
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Figure 2e.
The concentration of totalphosphorus in all treatments during the trial

The changing of values of TP wsimilar than the values of R®. The concentratis were
higher in treatment SV (0.303 mg ™) at the & sampling datand in treatment SC (0.3:
mg ) and FM (0.235 mg?) at the last sampling date. The values of totapsnded solid
(TSS) were changeful during the experimeFig. 2f).
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Figure 2f.
The concentration of total suspended solids in alteatments during the trial

Double concentrationsere observe during the study, in treatment FM (47.2 n'Y), SC
(34.87 mg 1), AP (28.93 mg™) and SW-B (35.87 mg?) at the 4 sampling date; S-A
(27.07 mg 1), SWB (20.52 mg™) and AP (22.62 mg?) at the & sampling date. We four
significant differene (p<0.05) between the treatments in the last sagdhte

The water quality parameters (meantSD, maximum,imum) are shown irTable 3.
Total ammonia nitrogen was similar in treatment SAR, FM, and SC, S-A, SW-B too,
but the differences wereot statisticall different The highest valis of NG-N were
measured at the end of June. The means -N were similar in treatment SC, AP, and F
The minimum values of N&N and TN harmonized with each othehellowest value were
found in the refi water. The highest average value of TN was @atiment FM and SC. T}
average total suspended solid was the higher atnient FM. The biggest difference \
found between the treatment FM and SC, lit was not statisticall significant. The
concentration of Chlorophylh was the highest in treatment FM and SC. The curateon
was below the measuring range in treatment SW &-B at the last sampling da
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Table 3.
Water quality parameters (mean£SD, maximum, minimun)
sC SW SW-A SW-B AP FM
TAN (mg L")  0.17+0.06 0.22+01  0.15#0.09 0.17#0.14  0.21+0.11  0.23%0.17
max 0.29 0.47 0.38 0.66 0.57 0.76
min 0.09 0.11 0.03 0.02 0.05 0.1
NOs-N (mg L")  0.04+0.04 0.06+0.06  0.05+0.04 0.07+0.12  0.04+0.03  0.04+0.03
max 0.15 0.26 0.15 0.5 0.11 0.12
min 0.01 0.01 0.01 0.004 0.002 0.001
NO»N (mg L")  0.03+0.02 0.05+0.04 0.02+0.01  0.03+0.02  0.03+0.02  0.02+0.02
max 0.07 0.15 0.06 0.085 0.09 0.07
min 0.01 0.01 0.01 0.01 0.01 0.01
TN (mg L™ 0.98+0.7 0.88+0.63 0.82+0.51  0.81+0.47  0.85+0.52  1.02+0.74
max 2.51 2.79 1.76 1.7 2.07 3.16
min 0.16 0.16 0.16 0.16 0.16 0.16
PO-P (mg L) 0.07+0.03 0.08+0.05 0.08+0.04 0.06x0.03  0.07+0.04  0.06+0.03
max 0.13 0.17 0.15 0.12 0.14 0.12
min 0.02 0.02 0.03 0.02 0.03 0.02
TP (mgL")  0.18+0.08 0.17+0.08 0.18+0.08 0.14+0.06  0.16+0.06  0.17+0.07
max 0.37 0.33 0.4 0.26 0.26 0.39
min 0.06 0.06 0.06 0.05 0.05 0.04
TSS(mgL) 14.62+10.99  6.92+7.97  10.1+9.55 12.76+15.423.12+11.48 18.79+16.14
max 47.2 35.4 33.6 52 36.8 65
min 0.1 0.2 0.1 0.2 0.2 3.1
Chl-a (mg L") 41.18457.86  13.14+17.7826.22+51.62 18.84+23.89 15.26+23.02 42.82+50.61
max 189 78.7 210 84.6 81.8 195
min 5.92 <1 1.06 <1 2.54 2.54
Sediment

The results of analysis of sediment are showhahle 4.Dry matter content in the sediment
increased in all treatments at the end of the exyat. This increase was the lowest in
treatment SW-A (1.57 m/m %) and AP (1.64 m/m %) #mal highest in treatment SC (10
m/m %) and SW (12.53 m/m %). In the treatment S\&kB FM, the increase was 5.4 m/m %
and 6.24 m/m %. There were no significant diffeemnamong the treatments at the end of the
experiment, although we found at the start of tkeeeiment. The content of Kjeldahl-N (KN)
increased in the sediment in treatment SC (46.67)ngnd SW (155 mg?). The content of
KN decreased in another four treatment (SW-A: 95rd. '; SW-B: 220.33 mgt, AP:
107.66 mgT; FM: 33.33 mg ). The highest value of KN was in treatment FM @45 mg

1Y, it was significantly higher (p<0.5) than the walof treatment AP and SW-A. The value
of KN in treatment SC (1346.67 mg)lwas significantly higher (p<0.5) than the valde o
treatment AP and SW-A too. The difference betwesratinent SW and SW-A was
significant (p<0.5) too. The content of P decreasedry matter in all treatment. We found
significant difference (p<0.5) in the content obPsediment between the treatment at the start
of the experiment. We did not find significant éifénce between the treatments at the end of
the experiment. The decrease was the lowest itniezd SW, 62.7 %. The highest decreases
were in treatments SC and FM, 78.1 %. The valuesnafganese increased during the
experiment. The lowest values were in treatmena8& AP. These were significantly lower
(p<0.5) than the values of another treatment. Tighdst increase was in treatment SC and
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AP. The values of the end of the experiment wexersdimes higher than the start of the
experiment. These values were four times highemiother treatment. In content of Mn was
significantly different (p<0.5) between the treatrtse

Table 4.
MeanSD of dry matter, Kjeldahl-N and phosphorus atthe start (S) and end (E) of the
experiment
Dry matter Kjeldahl N =) Mn
m/m% mg/L mg/kg d.m. mg/kg d.m.
< S 47.57+1.62 1300+34.64 2643.33+102.14  903.33%11.55
E 57.57+2.97 1346.67+281.48 579.67+41.06  6723.33%551.94
S 54.8+3.57 1138.33+211.68 2006.67+222.79  1246.67+58.59
W E 67.33+2.32 1293.33+135.03 748+135.5 5766.67+524.33
S 63.036.03 920.33+324.71 1880+196.98  1413.33£271.35
SWA E 64.6+4.61 825+222.79 499.33+125.62 6550+1135.83
S 51.07+3.46 1320+255.34 2303.33+250.07  1513.33%110.6
SW-B E 56.47+7.35 1099.67+416.25 539+58.62 6850+858.1
S 55.03+1.16 1021.33+84.29 2060+87.18 933.33£11.55
AP E 56.67+3.3 913.67+83.44 517+72.67 6750+502.1
S 46.43+2.37 1490+230.65 2776.67+263.88  1413.33+56.86
M E 52.67+4.36 1456.67+225.02 608.67+81 5943.33+397.03

DISCUSSION

European catfish groups fed FM and AP diets shoyoedi growth and feed utilization in the
current study. The performance of catfish fed aanpprotein source with fish meal or meat
meal was significantly better than that on fish tedonly plant protein source. This study
demonstrated that soybean meal with corn and meat i an acceptable alternative feed
component in a European catfish diet. This is ireagent with the results obtained with
several fish specieKaushik et al.(2004) demonstrated that the fish meal and oil lsan
replaced with soybean meal, corn, and wheat glméid % in the diet for European seabass
(Discentrarchus labrax The growth of African catfish reduced signifitlgnon the diet
which included more than 50 % extruded or extractey and less than 15 % fish meal
(Hoffman et al1997). Mean weight and SGR of African catfig€¥igrias gariepinu} fed on
diet including 60 % soybean meal, was negativelpaoted morou Toko et aj. 2008).
Davies and Gouvei§2008) observed that more than 20 % soybean noedéct decreased
the growth of African catfish. In their experimerdlues of FCR and SGR were better than
our results at 28 % fishmeal and 31 % pea proteimcentrate.Cho and Lowell(2002)
showed that at constant digestible energy (3.08 §ca in the diets for channel catfish
(Ictalurus punctatusthe FCR slightly improved as the dietary prot@n soybean meal level
increased. Animal protein total replacement witlybgan meal (36 or 45 % protein) in
channel catfish fry diet did not limited the growdth fish (Sink et al. 2010).Collins et al.
(2012) reported that the increasing SBM contenéci#id negatively the performance of
rainbow trout Oncorhynchus mykiss Hernandez et al.(2007) reported that fishmeal
replacement with soybean meal at a rate of 40%aremegatively impacted the growth of
small size sharpsnout sea bredhp(odus puntazzo In the diet of juvenile tin foil barb
soybean meal may be included up to 37 % as a tutlestor fish meal Elangovan and Shim
2000).
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Substitution of fish meal with soybean meal plusrermacids or other protein sources in
the diet of fishes has also been well documerftagbenro(1999) reported that the growth of
African catfish was reduced at 80 % replacemerfisbf meal with winged bean meal, but
when the winged bean meal was supplemented witlhiomé#e there was no significant
difference between the treatmerEssa et al(2011) used three different dry yeast levels in
African catfish Clarias gariepinu} feeds and reported that the diet supplemented 2 %
brewery yeast could improve significantly the FGRs value was identical with our result
obtained in AP treatment. Similar results reportedthe experiment with Nile tilapia
(Oreochromis niloticus(M. Abdel-Tawwab et g12008). Fish meal could totally be replaced
with a methionine supplemented soybean meal aéijorétvel settled to 35 % in diet for blue
catfish fed until satiationWebster et al.1995).Kikuchi (1999) reported that 35 % of fish
meal can be replaced with soybean meal in combimatith blood meal, corn gluten meal
and blue mussel meat in the diet of Japanese feyuRdralichthys olivaceys

It was revealed in our study that high level oflsegn meal (50 % in diet SW, SW-A, SW-
B) in the diet reduced the growth significantly.i§ heduction could have been due to higher
FCR and lower PER (Table II). Similar results hal@ been reported in earlier studies with
yellowtail (Seriola quinqueradiafa (Vivyakarn et al. 1992), sea breamSparus auratp
(Kokou et al. 2012), rainbow troutHongmaneerat and Watangb#&992), coho salmon
(Oncorhynchus kisutgh(Arndt et al, 1999), cobia Rachycentron canadyn{Chou et al.
2004) and saddled brea@lflada melanurp(Antolovi et al, 2012).

Filipiak et al,, (1997) used a commercial trout feed (Aller M@®B00-903; 48.5 % crude
protein, 14.4 % lipids) to feed European catfishtHeir experiment, the values of SGR (3.35
—1.9) and FCR (0.9 — 1.42) were better than osulte at 2 % of feed ratidllikowski et al.,
(2003) obtained similar results in a 62 days expent with trout feed (46 % protein, 14 %
fat) at 1-1.7 % feed raticaikov et al.(2008) reported mean SGR values of 0.99 and 1.12 %
day* for Wels fed on one-year-old common carp.

Water quality management is of great importanceaguaculture in these days. It is
strongly influenced by stocking density, fish spscifeeding methods (quality and quantity of
nutrients) and the systems to be used. The watgreimature (23.23+3.2°C) was within the
suitable range for European catfish. In the 80srothuthors reported aboz this species’
thermal optimumNluller and Varadj 1980,Hilge, 1985,Jungwirth 1986).

Concentrations of nitrogen forms and chlorophyilhereased and the concentration of DO
decreased in all treatments. Similar results foumdhannel catfish pond€ole and Boyd
(1986),Tucker et al.(1979) andHollerman and Boy@1980).Farrelly et al.,(2015) observed
similar results in intensively aerated pond systélitrite-nitrogen concentrations averaged
below 0.03 mg [* until the end of August. The accumulation of métrpparently resulted in
denitrification in the sedimentLovell (1979) has been reported methemoglobinemia in
channel catfish by elevated nitrite concentratioims.this study, the condition was not
observed. The increasing concentration of TAN pbbpaesulted from greater feeding rates
and from disturbance of sediments by mixing near éhd of the experimenkcGee and
Boyd(1983) observed similar result in the case of TiAlkheir experiment.

According to the results processed animal proteia suitable alternative instead of fish
meal. Enzymatic supplementations have not beensefiluas expected. Its reason needs
further investigation. Meat meal has not changedvtiater quality parameters compared to
other treatments.
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