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Evaluation of Corn Gluten Meal as a Protein Source in Tilapia Diets
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Corn gluten meal was incorporated into tilapia diets containing 32 and 36% protein from corn and
soybean with and without fish meal and soy lecithin, respectively. A 75-day feeding study indicated
that the five diets containing corn gluten meal yielded higher weight gain, higher protein efficiency
ratio, and better or equal feed conversion ratio values of tilapia than a commercial fish feed containing
36% protein and fish meal. Tilapia fed 32% protein diets had the same weight gain as 36% protein
diets. No advantage was realized when fish meal (6%) was incorporated into the diet. Likewise,
diets containing soy lecithin (1%) did not result in enhanced weight gain relative to diets devoid of

lecithin.

Keywords: Corn gluten meal; tilapia; nutrition; fish feed

INTRODUCTION

Wet milling of corn separates the kernel into starch,
oil, corn gluten meal, and corn gluten feed. Most of the
starch produced from corn is converted into ethanol or
high fructose corn syrup. An increasing amount of corn
gluten meal (60% plus protein fraction) is produced as
the demands for fuel ethanol and high fructose corn
syrup increase. Traditionally, corn gluten meal has
been used for animal feed. It is desirable to find new
uses for corn gluten meal.

The undesirable flavor of corn gluten meal limits its
use in food products. Phillips (1977) obtained a bland,
protein-enriched product by extracting crude corn gluten
with a solvent containing 70—100% ethyl acetate,
0—15% of an aliphatic alcohol containing one to four
carbon atoms, and 0—30% water by weight. Neumann
et al. (1984) decolorized corn gluten meal similar to that
described by Phillips (1977) by extraction with a 2:1
(solvent/meal) ratio of ethyl acetate.

Corn gluten meal has been studied by Anderson et
al. (1992) and Fowler and Banks (1972) in salmon diet,
by Cowey and Cho (1992), Reinitz (1980), Ketola (1979),
Moyano et al. (1992), Pongmaneerat and Watanabe
(1992), and Alexis et al. (1985) in trout diet, by Alliot
et al. (1979) for sea bass, by Brown et al. (1985) and
Hilge (1984) for catfish, by Alava and Lim (1988),
Seneriches and Chiu (1988), and Chiu et al. (1986) for
milkfish, and by Pongmaneerat and Watanabe (1991)
for carp. Lorico-Querijero and Chiu (1989) found the
true digestibility of corn gluten meal was 97% for tilapia.

Tilapia (Oreochromis niloticus) is a warmwater fish
with mild flavor; it is resistant to disease, very hardy,
and tolerant to low levels of dissolved oxygen and to
overcrowding conditions and has high yield potential.
The cost of feed is an important part (around 50%) of
the total production cost in aquaculture. Commercial
fish feeds contain fish meal, which is relatively expen-
sive and frequently imported and, therefore, may not

* Author to whom correspondence should be ad-
dressed [fax (309) 681-6689].

*U.S. Department of Agriculture.

¥ Illinois State University.

§ Purdue University.

0021-8561/95/1443-1585$09.00/0

be available. This study investigates the incorporation
of corn gluten meal in tilapia diets, containing 32 and
36% protein from corn and soybean with and without
fish meal and soy lecithin.

MATERIALS AND METHODS

Corn gluten meal was supplied by Pekin Energy Co. (Pekin,
IL), and the meal was ground in an Alpine Model 160Z pin
mill (Augsburg, Germany) at 14 000 rpm. Soy flour (bakers’
Nutri Soy) was purchased from Archer Daniels Midland Corp.
(Decatur, IL). Menhaden fish meal and menhaden fish oil
were supplied by Zapata Haynie Corp. (Hammond, LA).
Catfish trace mineral premix was obtained from Triple F
Products (Des Moines, IA), and soy oil came from Archer
Daniels Midland. Vitamin premix for warmwater fish was
formulated by Hoffmann-La Roche (Paramus, NJ). L-Ascorbyl-
2-polyphosphate was used in the vitamin mix for increased
stability of vitamin C activity. Ground corn was obtained from
a local commercial source. The compositions of the tilapia diets
are listed in Tables 1 and 2.

The ingredients for tilapia diets were mixed and fed into
an InstaPro Model 600 Jr. extruder (Des Moines, IA). The
extruded pellets were air-dried overnight at room temperature
to reduce the moisture content of the pellets to around 7—9%.
The control diet was a Silver cup catfish finisher feed with
36% protein and contained soybean meal, fish meal, wheat
middlings, blood meal, feather meal, fish oil, and vitamin and
mineral mix from Nelson & Sons Inc. (Murray, UT).

Tilapia having initial average weight of 30 g were used in
the feeding experiment. Groups of 20 fish each were fed in
33 x 46 x 38 cm cages in triplicate for each diet and in two
triplicates for control diet. A solid plastic tray formed the
bottom of the cage to prevent feed loss through the bottom
into the tank. The top of each cage was covered to prevent
fish from leaving the cage. The cages were suspended into
the culture water of an 18 500 L recirculating system.

Water quality, such as temperature, dissolved oxygen, and
pH, were measured daily; total ammonia and nitrite were
monitored four times a week; and nitrate, alkalinity, hardness,
phosphate, carbon dioxide (CO,), and salinity were measured
weekly. The average (+ standard error) water quality param-
eters were as follows: temperature, 26.4 + 0.1 °C; dissolved
oxygen, 10.4 + 0.3 mg/L; pH, 7.7 + 0.1; total ammonia, 0.98
+ 0.07 mg/L; nitrite, 0.33 £+ 0.03 mg/L; nitrate, 74.5 + 20.7
mg/L; alkalinity, 214 + 32 mg/L as calcium carbonate; hard-
ness, 277 + 5 mg/L as calcium carbonate; phosphate, 17.0 £
3.5 mg/L; carbon dioxide, 9.4 + 2.2 mg/L; and salinity, 0.027 £
0.047%.
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Table 1. Percent Composition (As-Is Weight Basis) of
Tilapia Diets

Wu et al.

Table 3. Amino Acid Composition (Percent of Protein) of
Tilapia Diets and Control

diet diet

ingredient 321 321L 324 361 361L amino acid 321 321L 324 361 361L control
ground corn 42 42 44 35 35 aspartic acid 9.35 10.9 844 938 941 9.25
corn gluten meal 16 16 16 18 18 threonine 340 397 334 364 363 4.07
soy flour 35 35 27 40 40 serine 3.96 457 4.06 455 4.39 4.77

fish meal 0 0 6 0 0 glutamicacid 183 209 180 192 193 15.5
soy oil 2 1 2 2 1 proline 8.35 11.0 6.84 7.13 7.31 5.83
fish oil 2 2 2 2 2 glycine 349 394 381 364 368 5.36
soy lecithin 0 1 0 0 1 alanine 558 612 619 6.19 6.23 5.83
vitamin mix® 0.5 0.5 0.5 0.5 0.5 cystine 193 215 175 190 1.93 1.71
mineral mix? 2.5 2.5 2.5 2.5 2.5 valine 442 470 469 474 4.82 5.75
e . . . . . . . methionine 1.74 215 194 179 1.73 1.66
The vitamin and mineral premix supplied per kilogram diet: isoleucine 433 420 4.09 440 4.48 3.37
vitamin A, 9900 international units (IU), vitamin D, 2200 IU, leucine 113 121 109 113 114 865
vitamin E, 82.5 IU; vitamin B, 0.014 mg; riboflavin (Bs), 18.2 tyrosine 4'39 4'95 3.78 3.84 4.08 3'03
mg; niacin, 10.7 mg; pantothenic acid, 37 mg; choline, 715 mg; phenylalanine 5.98 6.75 5'09 5. 54 5-61 516
folic acid, 6.1 mg; biotin, 0.17 mg; ascorbic acid, 220 mg; menadione histidine 265 9297 9231 2' 50 2' 55 316
(K3), 9 mg; thiamin (B;), 16.2 mg; calcium, 4.3 g; phosphorus, 2.6 lysine 4:58 5'11 4'19 4:55 4:59 6.53
g; copper, 5.0 mg; iron, 41 mg; manganese, 120 mg; zinc, 115 mg; arginine 542 6:18 5:00 571 569 5.75
iodine, 2.5 mg; cobalt, 1.0 mg; sulfur, 153 mg. tryptophan 121 117 1.03 114 116 1.27

Table 2. Proximate Composition and Trypsin Inhibitor
Activity of Tilapia Diets and Control®

crude trypsin

moisture, protein, fat, ash, fiber, inhibitor,

diet % %N x 625 % % % mg/g
321 8.8 32.1 5.3 5.0 34 3.0
321L 10.0 31.7 49 5.1 3.4 3.3
324 11.1 32.0 5.7 55 2.8 2.7
361 9.2 35.2 50 52 3.9 3.5
361L 9.2 35.3 4.9 5.2 5.3 3.0
control 7.9 38.6 6.4 83 4.3 0.7

@ All figures on as-is basis.

The fish were fed twice daily. The amount of feed offered
per day was 3.8% of the body weight at the beginning of the
experiment and gradually decreased to 3.1% of the body weight
at the end of the experiment. The fish in each cage were
weighed as a group biweekly, and the feed weight was adjusted
after each fish weighing. The increase in fish weight was
estimated between weighings, and the feed weight was in-
creased daily. The total feeding period was 75 days. Weight
gain (WG) was calculated as (final weight — initial weight)/
initial weight and expressed as percent increase for 75 days.
Feed conversion ratio (FCR) was calculated from dry feed
offered/wet weight gain. Protein efficiency ratio (PER) was
weight gain/protein fed.

Nitrogen, fat, ash, crude fiber, moisture contents, and
trypsin inhibitor activity were determined by AACC Approved
Methods 46-13, 30-26, 08-03, 32-10, 44-19, and 71~10, respec-
tively (AACC, 1983). Nitrogen was determined by micro-
Kjeldahl, and protein was estimated by using the conversion
factor N x 6.25. Fat was obtained from petroleum ether
extraction, ash was from the weight remaining after the
sample was heated to 600 °C for 2 h, and moisture was from
the weight loss after oven-drying at 135 °C for 2 h. Samples
for amino acid analyses were hydrolyzed with 6 N HCl for 4 h
at 145 °C (Gehrke et al., 1987). Cystine and methionine were
oxidized with performic acid before hydrolysis (Moore, 1963).
Amino acids were determined by cation exchange chromatog-
raphy using a Beckman 6300 amino acid analyzer (Beckman
Instruments, Inc., San Ramon, CA). Tryptophan was mea-
sured by colorimetric method after enzymatic hydrolysis by
Pronase (Spies and Chambers, 1949; Holz, 1972). The dietary
digestible energy for tilapia was calculated by using values of
4.5, 4.0, and 9.0 kcal/g for protein, carbohydrate, and lipid,
respectively (Wang et al., 1985).

The data were analyzed by analysis of variance. Means
were compared by ¢-tests of pairs of least-square means (SAS
Institute Inc., 1987).

The tilapia diets (Table 1) were formulated to contain 32
and 36% proteins that meet the amino acid requirement of
tilapia (Lovell, 1991). Vitamin and mineral mixes were added

Table 4. Weight Gains, Feed Conversion Ratio, Protein
Efficiency Ratio, and Protein/Energy of Tilapia Diets®

diet WGh FCRC® PER¢ P/Ee
321 306A 1.86C 1.53A 85.9
321L 297A 1.90BC 1.50A 86.5
324 321A 1.85C 1.51A 87.2
361 291A 2.08AB 1.25B 95.3
361L 296A 2.00ABC 1.29B 97.2
control 244B 2.14A 1.12C 104.3

@ Means of three replicate cages for diets 321, 321L, 324, 361,
and 361L. Means of six replicate cages for control. Mortality was
3.3% for diet 321, zero for the remaining diets and control.
Numbers followed by different letters are significantly different
(P < 0.05). ® Weight gain = the percentage increase at the end of
75 days. ¢ Feed conversion ratio = dry feed offered/wet weight gain.
d Protein efficiency ratio = weight gain/protein fed. ¢ Protein/
energy expressed as mg of protein/keal.

on the basis of recommendations for warmwater fish. Diets
321 and 321L differed only in soy oil and soy lecithin contents.
Diets 321 and 324 are similar except diet 324 contained fish
meal. Diets 361 and 361L likewise differed only in soy oil and
soy lecithin contents. The control diet (Table 2) had the
highest protein content (38.6%). All diets had low trypsin
inhibitor activities and should cause no complications in tilapia
feeding. The amino acid compositions of the five experimental
and control diets are listed in Table 3, and all six diets met
the amino acid requirements of tilapia (Lovell, 1991).

RESULTS AND DISCUSSION

Table 4 shows weight gain of tilapia. Figure 1 gives
the weight of fish at each weighing period plotted
against the number of days fed. All experimental diets
showed significantly (P < 0.05) higher weight gain than
the control in Table 4. Weight gains for 321 vs 321L as
well as 361 vs 361L were not significantly different (P
> 0.05) and indicated soy lecithin had no advantage over
soy oil. Weights gains for 321 vs 324 were not signifi-
cantly different (P > 0.05) and showed that 6% fish meal
in diet 324 had no advantage over diet 321 without fish
meal. The difference in weight gain between diets 321
and 361 was not significant (P > 0.05) and indicated
that 36% protein diet had no advantage over 32%
protein diet. Table 4 also shows that diets 321, 321L,
and 324 had better FCR (P < 0.05) than control (less
feed needed per unit of weight gain). No significant
difference in FCR was observed between diets 321 and
321L (P > 0.05) or between diets 361 and 361L (P >
0.05), indicating that soy lecithin had no advantage over
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Figure 1. Growth of tilapia for 75 days when fed diet 361
(+), 361L (2), 321 (a), 321L (®), 324 (O), or control (M).

Table 5. Correlation Coefficients of Protein/Energy
Ratio, Protein, Fat, and Nitrogen-Free Extract (NFE)
Contents of Diets with Weight Gain, Feed Conversion
Ratio, and Protein Efficiency Ratio

energy

WGe FCRe PERs¢ calculated from

P/E1 —0.679*%**  0.761*** —0.934*** Wang et al. (1985)

P/E2 —0.666***  0.765*** —0.937*** Wilson (1977)

P/E3  —0.678*** 0.761*** —0.935*** Jauncey and Ross (1982)
protein —0.695%**  (,765*** —(,932%**

fat —-0.550%* 0.423 —0.544*

NFE? 0.680%** —(,712%**  (,889***

a*pP < 0,05, **P < 0.01. ***P < 0.001. * NFE = 100 — protein
— fat — fiber — ash — moisture, all in percent.

soy oil. Fish meal in diet 324 had no advantage in FCR
over diet 321 without fish meal (P > 0.05). Diet 321
with 32% protein had better FCR than diet 361 with
36% protein (P < 0.05). For comparison, Hargreaves
et al. (1991) reported FCR of 1.65—1.9 for Florida red
tilapia of initial 30 g weight in cages. Clark et al. (1990)
found FCR of 1.57—2.26 for Florida red tilapia of initial
9.1-12.7 g weight in cages in seawater.

Table 4 indicates all experimental diets gave better
(higher) PER than the control. No significant difference
in PER was observed between diets 321 and 321L (P >
0.05) or between diets 361 and 361L (P > 0.05),
indicating that soy lecithin had no advantage over soy
oil. Fish meal in diet 324 had no advantage over diet
321 without fish meal (P > 0.05) in PER. Diet 321 with
32% protein had better PER than diet 361 with 36%
protein (P < 0.05).

Table 4 also shows the protein/energy ratios of the
experimental and control diets. The dietary digestible
energies for tilapia based on 4.5, 4.0, and 9.0 kcal/g for
protein, carbohydrate, and lipid, respectively, was found
to be almost the same as those determined by the direct
method (Wang et al., 1985). The values of P/E increases
as the protein content of diets increases. All of the
experimental diets and the control diets had essentially
the same energy of 3.63—3.74 kcal/g based on the values
of Wang et al. (1985); crude fiber is not counted as
carbohydrate since cellulose is not digested by tilapia
(Jauncey and Ross, 1982).

Table 5 gives the correlation coefficients of the
protein/energy ratio vs weight gain, feed conversion
ratio, and protein efficiency ratio. Weight gain and
protein efficiency ratio are both negatively correlated
with the protein/energy ratio (P < 0.001), but the feed
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conversion ratio is positively correlated with the protein/
energy ratio (P < 0.001). When dietary energy for fish
was calculated from protein = 5.5, lipid = 9.1, and
carbohydrate = 4.1 kcal/g (Jauncey and Ross, 1982) or
when dietary energy for catfish (another warmwater
fish) with protein = 3.5, fat = 8.1, and nitrogen-free
extract = 2.5 kcal/g, practically the same correlation
coefficients were obtained, although the values of the
protein/energy ratios were somewhat different compared
with those of Wang et al. (1985).

Table 5 also shows the correlation coefficients of
protein, fat, and nitrogen-free extract contents of diets
vs weight gain, feed conversion ratio, and protein
efficiency ratio. The protein content of the diet was
negatively correlated with weight gain and protein
efficiency ratio (both P < 0.001) but positively correlated
with feed conversion ratio (P < 0.001). The fat content
of the diet was negatively correlated with weight gain
(P < 0.01) and with protein efficiency ratio (P < 0.05).
Nitrogen-free extract of diet was positively correlated
with weight gain and protein efficiency ratio (both P <
0.001) but negatively correlated with feed conversion
ratio (P < 0.001).

One possible reason that tilapia fed diets containing
corn gluten meal had higher weight gain and protein
efficiency ratio as well as better feed conversion ratio
than did tilapia fed commercial diet without corn gluten
meal is that true digestibility of corn gluten meal was
97% for tilapia (Lorico-Querijero and Chiu, 1989),
compared with apparent protein digestibility of 84% for
soybean meal for channel catfish (Cruz, 1975) and
average digestibility of 60% for “digestible” carbohydrate
(cellulose not digested) for fish (Jauncey and Ross,
1982). Winfree and Stickney (1981) found the optimum
dietary protein to energy ratio for rapid and efficient
gain of juvenile Tilapia aurea fell with increasing size
of fish and that apparent feed conversion (grams of feed
offered/grams of fish weight gain) was superior for diets
having lower protein to energy ratios. Since all of our
experimental diets with corn gluten meal had lower
protein to energy ratios than the control, these lower
ratios may account for the better feed conversion (and
weight gain as well as protein efficiency ratio) of tilapia
fed diets containing corn gluten meal compared with
control.

CONCLUSION

Corn gluten meal can be well utilized in a fish meal-
free balanced amino acid diet for tilapia. Weight gains
for tilapia were higher for experimental diets containing
corn gluten meal than for a commercial control diet
without corn gluten meal. Soy lecithin had no advan-
tage over soy oil, and 32% protein diets gave the same
weight gains as 36% protein diets for tilapia.
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