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ABSTRACT

A feeding experiment was conducled for an 11-wk period in aquaria in which channe) catfish, fetalurus
punctatus, fingerlings were fed diets containing 0, 10, 20, and 40% distillers grains with solubles (DGS),
replacing some of the soybean meal and comn. After 11 wk, no signilicant differences in individual fish
weight, percentage survival, or leed conversion were found among treatments (P > 0.03). Final individual
weights were 17.3, 15.2, 13.2, and 16.5 g for fish fed diets containing 0, 10, 20, and 40% DGS, respectively
Feed conversion values averaged 3.0 for all treatments. Total length of fish fed 20% DGS were significantly
smaller (107.4 mm) than fish {ed the other diets (P < 0.05). These data indicate that distillers grains with
solubles are suitable ingredients in channe) catfish diets.

INTRODUCTION

Fish meal is the preferred protein source in
fish diets; however, high cost has encouraged
evaluation of other protein sources (1, 2, 3).
Soybean meal has been used as a major protein
source in diets of channel catfish, Ictalurus
punciatus (4); tilapia, Oreochromis aurea (5);
trout, Oncorhynchus mykiss, (6); and common
carp, Cyprinus carpio (7). However, fish meal
and soybean meal are usually the most expen-
sive diet ingredients. Fixed-feed formulations,
currently used in the preparation of channel
catfish diets, use a set list of ingredients irre-
spective of ingredient prices. “'Least-cost” feed
formulations offer economic advantages in the
preparation of a nutritious diet by changing
formulations as ingredient prices flucluate.
However, before individual feedstuffs can be
considered for inclusion, nutritional quality
must be evaluated.

Distillers by-products were evaluated in fish
diets as early as the 1940s {8). However, their
use has been extremely limited. Sinnhuber (9)
reported that a diet with 3% distillers dried
solubles was readily accepted by trout. Robin-
ette (10) stated that 7.5% distillers grains with
solubles (DGS) could be included in a 36%
protein channel catfish diet. A diet containing
15% distillers dried solubles was found to be
adequate in catfish diets (11}.

The nutritional requirements of channel cat-
fish have been Further elucidated since these
carly studies (12, 13, 14). It seems likely that

a higher percentage of DGS could be included
in a channel catfish diet. Biochemical com-
position of DGS indicates that a rate of 30%
could probably be used in catfish diets when
10% fish meal is added (15). The objective of
this study was to evaluate DGS as a partial
replacement for soybean meal and corn in a
32% protein channel catfish fingerling diet,

MATFRIALS AND METHODS

Ten full-sibling channel catfish (1.5 g) were
randomly stocked into 16 40-liter glass aquaria
provided with continuously-flowing water
(26°C). The water-flow rate through each
aquarium was maintained constant throughout
the experiment (1.6 liters/min). Water was re-
circulated through a biological filter for me-
tabolite removal and was trealed by UV illu-
mination to control pathogenic organisms

Black plastic covered the front and sides of
all aquaria to minimize disturbances (16). Dis-
solved oxygen and temperature were mea-
sured daily (Yellow Springs Instruments, Mod-
el 57). Ammonia, nitrite, and nitrate
concentrations were measured twice weekly
and alkalinity, hardness, and chloride were
measured every two wk using a DREL/5 spec-
trophotometer {Hach Company, Loveland,
Colorado) (Table 1). Determination of pH was
made twice weekly using an electronic pH me-
ter (Omega Engineering, Ine., Stamford, Con-
neclicut).

All diets were formulated isocaloric (2.4 keal/

135



136

TasLE L.  Summary of water qualily analyses throughout
the 11 week experiment

Parameter N Cencentration (mg/liter}*
Alkalinity 5 333 +31
Chloride 5 1,489.2 = 1136
Dissolved oxygen 76 74£02
Hardness 5 2720 + 58.7
Nitrate 22 11515
Nitrite 22 0.06 = 0.01
pH 22 7102
Temperature (*C} 76 27010
Total ammonia nitrogen 22 013+ 001

! Represents the number of samples analyzed thrgugheut the esperiment.
* Values ate e = SE.

g diet) and isonitrogenous (32% crude protein)
{Table 2). The control diet was similar lo a
common commercial formulation and was
composed of soybean meal, corn, fish meal,
and vitamin and mineral supplements. Three
experimental diets conlained 10, 20, and 40%
DGS, replacing equal parts of soybean meal
and corn. All formulations met established nu-
trient requirements of channel catfish (14).
In preparing diets, dry ingredients were [irst
ground to a small particle size (approximately
250 pm) in a Wiley mill. Ingredients were
thoroughly mixed and water was added to ob-
tain a 50% moisture level. Diets were extruded
inlo 1.6 mm-diameter strands and dried (32°C)
for 24 hr. Percentage protein was determined
using a nitrogen determinator (LECO FP-228,
LECO Corp.) and percentage fat was deter-

TasLe2,  Composition of four dicts fed to channel catfish
fingerlings.

Diet
tngredient Contrel | 2 3
Soybean meal 495 445 395 295
Corn 38.0 33.0 28.0 18.0
Fish meal 8.0 8.0 8.0 80
Rice bran 4.0 4.0 40 40
DGS! 0.0 100 200 40.0
Premix? 05 05 05 05
Protein (%) 32.2 82.7 32.6 33.0
Crude fat (%) 4.9 6.9 6.1 68
DE (keal/g diet}* 2.33 2.38 243 252

' IXGS, distillers grains with solobles.

¥ Premia provided \be following vitaming and minerali (1U or mp/ky diet).
A (4532 1U), D (2266 1U), E {55 [U). K (1] mg), BL2 {0 0088 mg), ascorbic
acid {777 T mg), lolic acid {22 mg), rbollavin (13.2 mg). pantothenic aeid
(35 2 mg), niacin, (8% mg), chokine (4477 mg), choline chlorie (515 8 mg)
thiamine {41 mg}, pyridosine {11 mg). zinc (173 mg), iron (60 mg), copper
(75 mg). iodine {3 75 mg), cobalt (1.6 mgl, and manganese (160 mgh

* Digestible enerpy was caleulated from tibular values ol the feed tngre
dienis {National Research Council (1)}
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Fic. 1. Weight of channel catfish fingerlings fed four

diets containing 0, 10, 20, and 40% distillers grains with
solubles Values are means of 4 replications + SE. Means
were not significantly different among treatments (P >
0.05)

mined by ether extraction (17). Digestible en-
ergy (DE) values were estimated from DE val-
ues of the diel ingredients {14).

Fish were fed 8% of body weight per day
in 2 equal feedings at 0800 and 1600 hr for 11
weeks, The total number and weight of fish
were determined and feed amounts were ad-
justed weekly. Total length of all fish was mea-
sured to the nearest 1.0 mm at the conclusion
of the experiment, Feed conversian values were
calculated as weight of food fed per wet weight
gain. Protein efficiency ratio (PER) was de-
fined as wet weight gain per gram of protein
intake. All dala were analyzed by analysis of
variance using the SAS ANOVA procedure {(18)
Duncan’s multiple-range test was used 1o de-
termine where differences existed among
treatments (19).

RESULTS AND Discussion

Results indicate that distillers grains with
solubles (DGS) can be used as partial replace-
ments for soybean meal in channel catfish diets.
After 11 weeks, no significant difference in
individual body weight was observed in fish
fed any of the diets (P > 0.05) (Fig. 1). Fish
fed the control diet had a final body weight of
17.3 g while fish fed diets with 10, 20, and 40%
DGS weighed 15.2, 18.2, and 16.5 g, respec-
tively. Using published amino acid levels from
the National Research Council (14} when com-
bined with 10% fish meal (rich in lysine), up
to 30% DGS should be suitable in catfish diets
(15). This study indicates that channel catfish
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Taste3 Length, survival, feed conversion ratio (FCR), and protein efficiency ratio (PER) in channel catfish fingerlings

fed four diets containing distillers grains with solubles.!

Length

Survivsl

Diat {mm) FCR PER
Control 1152 + 15 4+ 675 + 12.6 2.85 = 0.4(¢ 099
10% DGS 1141 + 17 3 700+ 258° 323 + 0.66° 0.87°
20% DGS 1074 4 16.7° 80.0 + 21 6 320+ 091 0.88
40% DCS 11782134 Q0+ 14]1 2602 004 1.05

! Values are means + sid. dev of 4 replications. heans with the same superscript are not signibeantly diferent (P > 0.05)

fed a dict containing 40% DGS had growth
rates similar to fish fed the control diet.

Diels containing DGS appeared to be pal-
atable to channel catfish. Although percentage
survival and feed conversion values were not
significantly different (P > 0.03), fish fed a
diet with 40% DGS had the highest survival
(90.0%) and the lowest feed conversion (2.6)
(Table 3). Fermentation and brewery by-prod-
ucts usually are highly palatable and may be
beneficial as flavor enhancers (15). Mortalities
were probably the result of stocking extremely
small (1.5 g) fish. Some fish could not be trained
to accept prepared diets. No mortalities were
found after the fourth week of feeding,

Feed conversion values in this study were
higher than usually reported for aquarium
studies. This was probably due to feeding at a
high percentage of body weight (8%) per day.
This is higher than recommended (20); how-
ever, feed supply must not be limiting in nu-
trition experiments and overfeeding is more
desirable than underfeeding {21).

The protein efficiency ratio (PER) value av-
eraged 0.95 for all treatments and did not dif-
fer significantly among treatments (P > 0.05).
Higher PER values indicate more efficient use
of the diet. Overfeeding of fish probably re-
sulted in lower PER values than reported by
Lovell (22) and Robinson et al. {2), 1.70 and
2.04, respectively, However, PER values are
influenced by dietary protein percentage (23).
Robinson et al. (2) fed low protein diets which
may have resulted in the higher PER value,

These data indicate that approximately 20%
of the soybean meal can be replaced by DGS
in conjunction with a 20% reduction in corn.
Dislillers grains with solubles are currently
cheaper ($140/ton) and appear to be nutri-
tionally adequate as a partial replacement for
soybean meal ($200,ton}. This should allow for
greater fexibility in formulation of channel
catfish diets.
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