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Effects of Feeding Diets with Different Protein Levels on Growth and
Body Composition of Blue Catfish, Ictalurus furcatus, Grown in Cages

Carl D. Webster and Laura G. Tin
Aquaculture Research Center, kentucky State University. Frankfoct, Kentucky 40601

ABSTRACT

Juvenile Kentucky-strain blue catfish, fetaburus firvatus, with an average initial weight of 390 g, were
stocked into 3.5-m* floating cages at a mte of 250 fislvtuge and fed one of three diets. Diets contained cither
20%, 33%. or 38% protein. Fish were fed afl they wonld conssime in 30 ein for 139 days. There were three
replicutions per diet. At harvest, there were no significant differences (P > 0.05) in fima) individial weight,
percentage weight gain, survival, and specific growth nite among treatments; these parameters averaged (27
g, 227%, 97%, and 0.83% /by, respectively. There were ubo oo sigaificant differcnces in whale-body cos
position of fish fed extra diet: these paramelers averyged 49.5% protein, 36.6% fat, and 69.7% wnoisture
among the trestments. Qur sty suggests that & non-domesticate strain of blue cutfish fromn Kentueky can
he fedd a diet with 29% prutein when grown in cages. This may allow producers to reduce feed casts and to

increase profits.

INTRODUCTION

Diversification of agricultural crops will be
essential for farmers in Kentucky it they are
to maintain their farms into the next century.
Agquaculture, or fish farming, may be a means
whereby farmers could use existing resources
to supplement income or to supply a protein
source for their families. Aquaculture has
been the fastest-growing segment of agricul-
ture in the United States for the past 5 to 10
years. The channel catfish (Ictalurus puncta-
tus) industry is the largest segment of U.S.
aquaculture with sales of ca. $400 million in
1997 (USDA 1997). Most of the production
oceurs in Mississippi, Alabama, and Arkansas.
The domination of the catfish market by these
states, coupled with their longer growing sea-
son, make it difficult for producers in Ken-
tucky to compete in growing and selling chan-
nel catfish to markets. Thus, another species
may need to be examined if catfish farming is
to be a viable aquaculture enterprise in the
state.

Blue catfish, Ictalurus furcatus, possess sev-
eral attributes that could make them a desir-
able culture species. They have a higher dress-
ing percentage than white or channel catfish
{Dunham et al. 1983), are easier to seine
(Chappell 1979), appear to have similar
growth rates as channel catfish in summer
{Grant and Robinette 1992), and are resistant
to some diseases that cause mortality in chan-
nel catfish, eg., enteric septicemia (ESC)

(Wolters and Johnson 1994). The latter is of
special significance in regions of the United
States, such as Kentucky, that tend to have
cooler water temperatures (24-28°C) during
the summer growing season, which is within
the temperature range of this bacterium for
occurrence of peak disease outbreak (Mac-
Millan 1955).

Cages allows for the culture of fish in ponds
where a seine would be difficult to use. This
is especially advantageous for Kentucky fish
producers since many ponds in Kentucky are
small hilltop ponds that may not be amenable
lo seining due to deep or irregular bottoms
Cage culture also allows for easy observation
of the condition and feeding habits of the fish
and for ease of harvesting. However, growing
fish in cages reduces the availability of natural
foods to the fish and possibly alters the nutri-
tional specifications of the diet required to
grow the fish. Early research indicated that
channel catfish grown in cages had higher
growth rates when fed diets containing >35%
protein compared to a diet with 30% protein
(Lovell 1972). However, more recent data sug-
gest that diets with as low as 28% protein
could be fed to channel catfish and blue cat-
fish grown in cages if fish are fed to satiation
(Webster et al. 1994, 1995).

Most of the previous research on blue cat-
fish has been conducted on semi-domesticated
strains from commercial suppliers. Little re-
search has been conducted on local “wild”
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Table 1. Diet foramlation and proximate analysis of prepared diets fed to blue catfish grow in cages.

Diet 15 prodein;
Lugn dicnt et ) (29) Dict 233 Dier 338
Herring meal (67%) 2K 34 4.0
Sovbean meal {499%) 25,0 360 470
Wheat mids 10.0 10.0 100
Corn 529 41.3 20.7
Meat & bone meal 3.0 34 50
Vitatnin & minend enix 20 2.0 20
Stay-C 003 Q.05 0.05
Monocalcium phosphate 1.0 10 1.0
Menhaden ol 1.25 1.25 125
Moisture (%) 10,3 1.7 98
Protein {%) 292 323 arn
Fat (%) 6.7 72 69
Drvancter lusis,

strains, The purpose of our study was to de-
termine the effects of feeding diets with dif-
ferent protein levels on growth and body com-
position of a cage-grown, non-domesticated
strain of blue catfish found in Kentucky.

MATERIALS AND METHODS
Experimental Conditions and Animals

Blue catfish juveniles {average individual
weight =SE of 39.0 + 2.0 g), obtained from
the Kentucky Department of Fish and Wild-
life, were stocked on 21 May 1997 into twelve
3.5-m? floating cages moored over the deepest
area {4 m) oFa 1.0-ha pond (average depth,
2.0 m) located at the Agricultural Research
Farm, Kentucky State University, Frankfort,
Kentucky. Two hundred and fifty juveniles
were hand-counted and randomly stocked into
each cage. Fish were fed one of three extrud-
ed diets for 139 days. Diets were formulated
to contain 22%, 27%, or 32% protein; how-
ever, a problem at the mill resulted in diets
actually containing 29%, 33%, and 38% pro-
tein (Table 1). Diets were extruded into ﬂl:)at-
ing pellets by a commercial feed mill (Integral
Fish Foods, Inc., Grand Junction, Colorado).
Fish were fed once daily (0900) all they would
consume in 40 min. There were three repli-
cations per treatment.

Diets were unalyzed for protein, fat, and
moisture. Crude protein was determined by
the macro-Kjeldahl method; erude fat, by the
acid-hydrolysis method; and moisture, by dry-
ing samples to constant weight (AOAC 1990).
Digestible energy (DE) values were caleulated
from the diet ingredients for channel catfish

{NRC 1983). Diets were stored in plastic-lined
bags in a freezer (-10°C) until fedl.)

Each cage had a frame made of polyvinyl
chloride (PVC) tubing with a removable lid
and was constructed of 10-mm polyethylene
mesh. A panel of polyethylene mesh (0.2-mm
mesh, 20 em high) was installed around the
t(}p of the inside of euch cage to prevent loss
of floating diet. Cages were anchored to a
floating dock; the distance between cages was
2m

Temperature and dissolved oxygen (DO)
were monilored twice daily (0830 and 1530)
outside the cages, at a depth of 0.75 m, with
a YSI model 57 oxygen meter (Yellow Springs
Instruments, Yellow Springs, Ohio). If DO was
ﬁmphically predicted to decline below 4.0 mg/
iter, aeration was provided with an electric
paddlewheel (5 HP, S&N Spruyer Co., Inc.,
Greenwood, Mississippi). No other water
Tlmlity requirements were measured due to
the constant nature of the pond water quality
in previous years (Webster et al. 1094, 1995).

Data Collection

Fish were harvested on 8 October 1997; to-
tal number and weight of fish in each cage
were determined. Three whole fish from each
cage were homogenized in a blender and an-
alyzed for protein, lipid, moisture, and ash.
Protein was determined by the Kjeldahl meth-
od; lipid, by ether extraction; ash, by a muffle
furnace; and moisture, by drying in an oven at
100°C to constant weight (AOAC 1990). Feed
conversion ratio (FCR) and specific growth
rate (SGR) were calculated as follows: FCR =
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Table 2. Mean (£SE} of final weight, percentage weight min, percentage sunival, feed conversion mtion (FCH;,
specific growth rate {(SGR), and body compasition of blue catfish rearvd In cages wnd fed diets eontiining various
percentages of protein. Means in the some row with diffcrent supenseript lotters are significantly different (P < 0.05),

et 1% praten]
' n "

Final wt. (g‘ 1201 = 5.5 1266 + B4 1326 = 3.1
Weight giin {%] 08 + 22~ 23| £ 24 241 = 8
Survival {%} 4.8 = 0.2 9“ 4 x902 975 = 15
FCR 219 = 021+ 372 £ Otk 206 * .04
SGR &l = 005 Uhﬁ * .05 0.58 + 4,02+
Body cotnpesition

Protein (%) 400 = 0.6 404 = 0.3 500 x 07

Fat (%) 34 =2 13 T AU N el 363 * 07

Muoisture {5} 695 = 0.2 6919 + 0.4 705+ 02

e une pweans of thre repleations

*rv-matter Dasis

total weight of diet fed/total fish weight gain;
SGR (%/day) = [(In W,-In WYT] X 100,
where W, is the average individual weight of
fish at time t, W, is the average individual
weight of fish at time 0, and T is the culture
period in days.

Statistical Analysis

Data were unalyzed by GLM using SAS
(SAS 1988); Duncan’s multiple range test was
used to determine differences among means.
All percentage and ratio data were trans-

formed to arc sin values prior to analysis (Zar
1984).

RESULTS AND DISCUSSION

Water Quality

Average monthly morning water tempera-
tures (*SE) ranged from 18.9°C for October
to 28.2°C for July, they averaged 23.3°C for
the duration of the sluJ Average monthly af-
ternoon water tem eratures ranged from
205°C for May and October to 29.3°C for
July; they averaged 24.0°C for the entire study.
Morning DO levels averaged 6.1, 5.5, 7.3, and
8.2 mg/liter for June, July, August, and S:,p
tember, respectively; afternoon values were
7.6, 7.6, 94, and 108 mgliter for those
months. These values were within acceplable
values for growth of channel catfish (Boyd
1979).

Growth, Survival, and Feed Conversion

No significant differences (P > 0.05) in final
individual weight, percentage weight gain, sur.
vival, and specific growth rate (SGR) were

found among dictary treatments; these param-
eters averaged 127 g, 227%, 97%, and 0.85%/
day, respectively (Table 2) Blue cathish fed a
diet containing 38% protein had significantly
(P < 0.05) lower FCR (2.06) than fish fed a
diet containing 33% protein (2.72), but FCR
was not different (P > 0.05) {rom fish fed a
diet with 29% protein (2.18). This difference
might be an artifact from feeding methods
rather than a difference in diet utilization. All
fish fed rather non-aggressively, and it took
great care not to overfeed them. It may be
that fish were overfed and this resulted in
higher FCRs than would have been calculated
for fish that feed aggressively.

The fish we use&&vere a non-domesticated
strain from Kentucky., Channel catfish have
been selected for rapid growth, aggressive
feeding behavior, and tolerance of culture con-
ditions. Blue catfish, which have not had much
genetic selection for aquaculture purposes,
tend to feed non-aggressively and, compared
to channel catfish, do not grow as rapidly
when grown in cages. The non-aggressive
feeding of blue catfish in cages is especially
evident when a “wild” strain is used, as in our
study. Careful feeding methods must be used
to ensure that fish are consuming the diet;
however, overfeeding is better than under-
feeding since optimal growth cannot occur un-
less the fish are being offered all they will con-
sume.

Protein, the most expensive component in
catfish diets, is a primary concem in diet for-
mulation. Feed producers desire to provide
the minimum level of protein that will supply
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essential amino acids to give acceptable
rowth in fish. Data from previous stucﬁes in-
icate that optimal levels of protein for chan-
nel catfish were between 25% and 45%
(Brown and Robinson 1984; Gatlin et al. 1956;
Hastings and Dupree 196%; Reis et al. 1989).
Li and Lovell (1992a, 1992b) reported that a
diet with a lower protein level (26%) could he
fed to pond-grown channel catfish if fed to
satiation. Webster et al. (1994) stated that a
diet with 27% protein could be fed to cage-
grown channel catfish reared without adverse-
ly affecting growth and body composition.

Reis et al. (1989) reported that channel cat-
fish reared in ponds had higher weight gains
when fed diets containing 35% and 39% pro-
tein than fish fed a diet containing 26% pro-
tein. Further, fish fed the 26% protein diet
had higher fat levels in the dressed carcass
than fish fed diets containing 35% and 39%
protein. However, Li and Lovell (1992a) found
that weight gains of channel catfish fed to sa-
tiation on a diet with 26% protein were similar
to fish fed a diet containing 35% protein. Ac-
cording ta Garling and Wilson (1976), a diet
with 28% protein gave similar weight gains to
catfish as a diet with 36% protein. These con-
flicting results may be due to previous studies
not feeding diets in sufficient quantity for fish
to achieve optimum growth. When fish are fed
a restricted ration, a diet with higher protein
levels may be required (Li and Lovell 1992a;
Lovell 1972: Prather and Lovell 1971). Li and
Lovell (1992b) suggested that a possible rea-
son for high-protein diets (36% und 40% pro-
tein) not producing higher weight gains in
channel catfish than fish fed a low-protein
{26%) diet might be higher concentrations of
ammonia and nitrite in the ponds fed the
hiih-protein diets. However, in our study, all
fish were reared in the same body ol water
and water quality parameters remained within
acceptable limits (Boyd 1979).

Although fish eat to satisfy an energy re-
quirement (Lovell 1989), environmentaﬁem—
perature and stomach volume are also impor-
tant fuctors. Maximum weight gain for channel
catfish has been reported to occur between 27
and 30°C (Andrews and Stickney 1972; Hel-
frich et al. 1981}, In our study, water temper-
ature averaged between 23 and 24°C, and fish
may not have had as aggressive a feeding re-
sponse as they might have had if water tem-

perature had been higher. Dietary protein had
no effect on food consumption ans feed con-
version. Feed conversion values in our study
were somewhat higher than for channel catfish
reared in cages (Newton and Robinson 1981;
Webster et al. 1992a, 1993) and may be due
to the non-aggressive feeding nature of this
strain of blue catfish.

Body Composition

No significant differences (P > 0.05) were
found in body composition of fish fed diets
containing 29%, 33%, or 38% protein (Table
2). Percentage of whole-body protein aver-
aged 49.5%; percentage body fat, 36.6%:; and
percentage moisture, 69.7% among treat-
ments. Our data suggest that body composi-
tion of blue catfish was not affected when fish
were fed diets containing different protein lev-
els. This is in agreement with the findings in
channel catfish by Webster et al. (1992b), who
reported protein and [at percentages of 41.5%
and 41.4%, respectively.

The level of digestible energy in a diet af-
fects the amount of food consumed by fish,
and the ratio of energy to protein in the diet
will influence conversion el‘?‘wiency. An exces-
sively high ratio may increase fat deposition,
whereas when the ratio is too low, protein will
he used as an energy source. WeEster et al.
(19493) reported that channel catfish fed diets
containing 127 mg to 130 mg of protein/keal
of digestible energy had increased carcass fat
levels when grown in cages; however, subse-
quent data indicate that a diet with between
120 mg and 135 mg of protein/keal of digest-
ible energy daes not significantly affect body
comnposition of cage-grown channe) catﬁsfl
(Webster et al. 1994).

Our study suggests that increasing protein
level to 38% in a blue catfish diet does not
significantly reduce body fat and does not in-
crease weight gains compared to fish fed a diet
containing 20% protein. This is of importance
to producers who can feed a diet with a lower
percentage of protein. Since protein is the
most expensive component in a diet, lowering
protein levels may reduce costs and increase
profits for producers of blue catfish in Ken-
tucky.
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