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ABSTRACT: 
1
Unsexed Hubbard broiler chicks (n= 160; seven days old) 

were used to study the effect of feeding different levels of corn gluten meal 

(CGM) with or without phytase supplementation at 500 FTU/kg on growth 

performance, feed consumption, feed conversion ratio, relative carcass and 

blood traits, protein and fat percentage of breast and thigh meat and tibia 

and manure ash, Ca and P, respectively. Economic efficiency was also 

calculated. Broilers were equally divided into 8 experimental groups each 

of 4 replicates. Dietary CGM substituted 0, 25, 50 or 75% of protein levels 

provided by soybean meal in iso-nitrogenous and iso-caloric diets. The 

experimental period lasted from 7 to 42 days of age. 

Results obtained can be summarized as follow: 

1. Body weights and gains were not significantly affected by dietary CGM 

inclusion or CGM x phytase interaction, whereas, phytase 

supplementation positively increased these parameters throughout the 

entire experimental period.  

2. Feed consumption was not affected by any of the tested materials. 

However, feed conversion ratio was insignificantly improved.  

3. Dietary CGM inclusion and CGM x phytase interaction did not 

significantly affect carcass, giblets, abdominal fat relative weights, 

intestinal length except that of shank color which was increased by 

CGM inclusion. Phytase supplementation increased tibia ash, Ca and P 

percentages, while decreased Ca% and P% in the manure.  

4. Total plasma protein, lipids and cholesterol concentration were not 

affected by either CGM x phytase interaction or dietary CGM inclusion. 

However, phytase supplementation only increased total plasma protein.  
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5. Breast, thigh meat protein, fat percentage and cholesterol content were 

not affected by CGM inclusion. Phytase addition increased protein 

percent but decreased those of fat and cholesterol.  

6. Diet containing 25% CGM with or without phytase supplementation 

had the best relative economic efficiency value of 102.27 and 105.11%, 

respectively.  

      So, it can be concluded that CGM can be included up to 75% as a 

replacement of soybean meal protein in broiler diets. Dietary 

supplementation of 500 FTU/kg phytase improved minerals utilization, thus 

playing an important role in reducing P environmental pollution. 

INTRODUCTION  

A considerable attention has been paid to the unconventional feedstuffs 

as cheap sources of protein to replace soybean meal in formulating poultry 

diets. Corn gluten meal (CGM) is one of the most valuable by-products of 

wet milling process after the germ, oil; bran and starch are extracted from 

the shelled corn. Typically, it contains 62% protein and 3720 kcal ME/ kg 

on dry basis (NRC, 1994). The increase of this product and its potential use 

as a feedstuff for poultry may be a feasible solution to minimize the problem 

of feed shortage (El-Komy, 1995). Poultry farms utilize CGM due of its 

high content of protein (El-Deek, et al., 1996), energy (Hernandez et al., 

1981 and Perez et al., 1989) as well as xanthophylls content which is the 

carotenoid pigment that imparts yellow color to poultry skin (Damron et al., 

1990). Younis (1992) showed that the minerals composition of corn gluten 

meal as mg/ 100g. were 22.32 sodium, 34.45 potassium, 238.42 phosphorus, 

8.73 iron, 3.96 zinc, 0.75 copper, 3.58 calcium, 0.05 manganese and 296.57 

magnesium. Unfortunately, A large portion of the phosphorus in cereal 

grains and oilseed meals is organically bound in the form of phytate. Phytate 

phosphorus as a percentage of total phosphorus was 45.8% for maize gluten 

meal (Kirby and Nelson, 1988) which is not digested by poultry and most is 

excreted in the manure. The excretion of excess P in the manure has posed 

an environmental concern (Ravindran et al., 2000). So, there is a renewed 

interest in using phytase to reduce the need for inorganic P supplements and 

to improve P utilization present in feedstuffs.  

Supplementation of broiler diets with microbial phytase increase P 

availability and enhance performance (Sohail and Roland, 1999; Waldroup 

et al., 2000, Abd- El Samee 2002, Driver et al., 2004 and El-Husseiny et al., 

2006). On the other hand, mixed results were obtained by Zhang et al., 

(1999a,b), Johnston and Southern (2000) and Mulyantini et al., (2004) who 

showed that phytase supplementation to broiler diets did not show changes 
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in performance. Regarding minerals utilization, significant increase were 

observed in tibia P and Zn content with phytase supplementation to low 

non-phytate phosphorus corn/sunflower diet as compared to those un-

supplemented (Salem et al., 2003 and El-Husseiny et al., 2006). Likewise, 

phytase supplementation increased Mg retention in spite of containing 

adequate Zn and Mg levels in the diet.  

The objective of the present study was to investigate the effects of 

feeding diet containing different levels of CGM (0, 25, 50 and 75%) as a 

potential protein source with/ without dietary phytase at 500 FTU/kg on 

performance, carcass characteristics, blood, meat, manure and tibia analysis 

and economic efficiency of broiler chicks.     

MATERIALS AND METHOD S 

This experimental work was carried out at the Poultry Research Center, 

Faculty of Agriculture, Alexandria University. Corn gluten meal was 

purchased from the National Company for Maize Products at the 10
th
 of 

Ramadan City, Egypt.  

Corn Gluten Meal Evaluation:  

Proximate analysis of corn gluten meal was carried out according to 

methods of Association of Official Analytical Chemists (A.O.A.C., 1985). 

Amino acids profile of the tested material was determined according to 

Duranti and Cerlletti (1979). Apparent metabolizable energy (AME) was 

determined as described by Vohra et al., (1982): AME (Kcal/Kg feed) = 

(GE in feed ï GE in excreta) / feed intake, (g.) x 1000 

To determine AME, 10 cockerels, 52 weeks old were divided into two 

groups, each reared in individual cages and CGM was substituted of 25% of 

the basal diet (Table 1). 

Total protein efficiency (TPE) assay of corn gluten meal was determined 

according to the procedure described by Woodham et al., (1972), where 40 

chicks 14-day old were divided into two groups with 4 replicates of 5 birds 

each with using experimental diets presented in (Table 1). Total protein 

efficiency was calculated as follows:  TPE = Body weight gain, g. / Total 

protein consumed, g.  

Experimental Design:  

Hundred and sixty-unsexed, seven-days old, Hubbard broiler chicks were 

distributed into 8 treatments of 20 chicks each, in 4 replicates (5 chicks 

each). Corn gluten meal was used as a protein source to substitute 0, 25, 50 

and 75% of the protein provided by the soybean meal. All diets were 
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formulated as iso-nitrogenous and iso-caloric, 23% CP and 3200 Kcal 

ME/kg diet (starter) as well as 21%CP and 3200 Kcal ME/kg diets (grower) 

as shown in (Table 2). Each experimental diet was fed with/ without dietary 

phytase
2
 supplementation at 500 FTU/Kg diet.  

Feed and water were offered ad Libitum.  Live body weight (BW) and 

feed intake (FI) were recorded weekly. Body weight gain (BWG) and feed 

conversion ratio (FCR) were calculated. Mortality was recorded daily and 

the economic efficiency was calculated at the end of the experiment.  

At the end of the experiment (6 weeks of age), 3 birds from each 

treatment representing average BW of the treatment were fasted for 12 

hours, weighted,  slaughtered and their feathers were removed. Empty body 

weight, abdominal fat and all internal organs were weighted and divided by 

live weight to calculate relative weight. Liver, gizzard, heart were separately 

weighed, then divided by live body weight to calculate their relative 

weights. Shank colors were measured by Roche color fan and intestinal 

length were also determined. Individual blood samples were collected into 

dry clean centrifuge heparinized tubes, were centrifuged at 3000 rpm for 20 

minutes. Plasma samples were separated and stored at -20°C for chemical 

analysis of total protein (Gormall et al., 1949), lipids (Zollner and Deloach, 

1962), cholesterol (Ratlliff  and Hall, 1973). Breast and thigh meat samples 

were taken to estimate their lipids, protein and cholesterol as described by 

Folch et al., (1957), A.O.A.C. (1985) and Ajuyah et al., (1991), 

respectively. Tibia bones were collected during slaughter, while manure 

samples were collected from each treatment of the experiment during the 4
th
 

week for Ca and P analysis.  

Statistical Analysis:  

Data were subjected to analysis of variance using general mixed model 

procedure (SAS, 1996). Mean differences among treatments were 

determined using the least significant difference (LSD) test.  

RESULTS AND DISCUSSION 

Corn Gluten Meal Evaluation:  

The chemical composition of CGM; (Table 3) indicates that crude protein 

and ether extract were about 1.36 and 5.00 fold as those of soybean meal, 

respectively. Meanwhile, crude fiber of CGM was about 28.5% of soybean 

meal 44% (NRC, 1994). These results agree with findings of Mohamed (1992) 

who suggested that CGM protein ranged from 38 to 64% with an average of 

                                                 
2
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50%. Similar values were also reported by Younis (1992), El-Komy, (1995) 

and El-Deek et al., (1996). The AME of CGM was 3703 Kcal/Kg, which was 

in agreement with those of Albino et al., (1986); El-Komy (1995) and El-

Deek et al., (1996). 

Amino acids content of CGM is shown in (Table 3), Lysine and 

tryptophan content were about 37.2% and 37.8% of those reported by NRC 

(1994) for soybean meal, respectively. Meanwhile, CGM methionine 

content was about 2.9 fold of that of soybean meal content. These findings 

were in good agreement with results of El-Deek, et al., (1996). 

Total protein efficiency of the tested material (CGM) was lower than that 

of soybean meal by about 49.8% (Table 4). Poor protein quality for CGM 

tested biologically by chicks' assay of TPE was probably due to the badly 

un-balanced amino acid pattern and /or its poor availability of some amino 

acids especially lysine compared with that of soybean meal. The present 

result is consistent with that of Mohamed (1992), who reported that the TPE 

value of chicks fed a soybean meal diet was significantly higher than those 

fed CGM diets. Also, El-Komy (1995) and El-Deek et al., (1996) found that 

TPE value of CGM was significantly lower than that of soybean meal in 

Muscovy ducks.  

Live Body Weights and Gains:  

Data concerning the effects of CGM inclusion with or without phytase 

supplementation on body weights and weight gains are presented in (Table 

5). Inclusion of 25 or 50% CGM in the broiler diets increased body weights 

and weight gains, respectively. On the other hand, dietary phytase 

significantly increased (P Ò 0.01) both body weight and body weight gain 

throughout all experimental period except for the 1
st
 week (data not shown). 

This increase presented 5.6 and 6.1 % over the control in body weights and 

weight gains at 42 days, respectively. Overall, not significant effects were 

noted due to CGM x phytase interaction on body weights and weight gains. 

Feed Consumption:  

Inclusion of different levels of CGM in broiler diets did not affect feed 

consumption during all experimental periods (Table 5). Dietary phytase 

increased (P Ò 0.001) feed consumption during the whole experimental 

period. Overall, no effects were observed in regard to feed consumption. It 

is worth to note that during the 3
rd

 week of age, dietary phytase 

supplementation to diets contain 50 and 75% CGM increased (P Ò 0.001) 

feed consumption compared to those fed diets of the same CGM level 

without phytase supplementation by 0.58 and 1.40%, respectively.  
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Feed Conversion Ratio:  

Corn gluten meal 25 and 50% inclusions have significantly (P Ò 0.01) 

improved feed conversion ratio throughout the experimental period. Overall 

(1 to 6 weeks), the improvement in feed conversion ratio was to the extent 

of 2.2 and 1.1% when compared to control group (Table 5). Similar results 

were noted with phytase supplementation (P Ò 0.01. Feed conversion ratio 

improvement was about 5.3% when compared to the control. Overall (1 to 6 

weeks), CGM x phytase interaction had a significantly better (P Ò 0.05) feed 

conversion ratio values of chicks fed CGM with phytase in comparison to 

those fed CGM without phytase groups, respectively.  

These results suggests that phytase addition has increased body weight, 

body weight gain and improved feed conversion without affecting feed 

consumption of broiler chicks at 6 weeks of age. These finding are in 

agreement with results of Waldroup et al., (2000), Zyla et al., (2000), Abd-

El Samee (2002) and El-Husseiny et al., (2006) who suggested that body 

weight and feed conversion of broiler chicks were significantly improved by 

phytase supplementation. The improvements in growth performance 

observed in broiler chicks fed diet plus phytase may be due to: 1) the release 

of minerals from the phytate-mineral complex, 2) the utilization of inositol 

by chicks, 3) increased starch digestibility and/ or 4) increased availability 

of protein as suggested by Simons et al., (1990).  

Carcass Characteristics:  

Inclusion of CGM in broiler diets did not affect relative weights of 

carcass, heart, liver, gizzard and abdominal as well as intestinal length, but 

significantly increased (P Ò 0.02) shank color (Table 6). Phytase 

supplementation did not affect heart, liver and abdominal fat percentages, 

but it has adversely affected the dressing percentage, as the carcass relative 

weight reduction reached 2.4% of that of the control. Opposite results were 

found by Abd El-Hakim and Abd El-Samee (2004) and Ravindran et al., 

(2006) who reported that phytase supplementation significantly increased 

dressing percentage.  

On the other hand, phytase supplementation significantly increased (P Ò 

0.05) gizzard relative weight, intestinal length and shank color. No 

significant effects were detected in regard to the interaction effect of CGM x 

phytase on carcass, giblets, abdominal fat percentage of live weight, 

intestinal length and shank color of broilers.  
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Tibia and Manure Composition:  

Dietary CGM inclusion at different levels in broiler diets did not 

significantly affect tibia and/ or manure ash, Ca and P percents (Table 7). 

Phytase supplementation significantly increased (P Ò 0.01) tibia ash, Ca and 

P percents, while significantly reduced (P Ò 0.01) manure ash, Ca and P 

percents. The increase in tibia ash was 3.2%, whereas, the reduction in 

manure ash reached 9.1% as compared to the control. Generally, there were 

no significant CGM x phytase interaction effects on ash, Ca and P percents 

of tibia and/ or manure of broiler chicks. These results are in accordance 

with those findings of Waldroup et al., (2000) Salem et al., (2003) and El-

Husseiny et al., (2006) who reported that addition of phytase to broiler diets 

increased tibia ash, Ca and P. This might be due to inorganic P release from 

the phytate molecule due to phytase supplementation and subsequently an 

increase in P availability and utilization by bones.  

Therefore, the beneficial effect of phytase supplementation on tibia can 

be explained by understanding the negative role of phytic acids forming 

complexes with different cations; i.e. Ca, Mg, K, Mn, Fe and Zn and 

reduces their availability. Results of Ravindran et al., (2000); Ahmed et al., 

(2000), Viveros et al., (2002) and El-Husseiny et al., (2006) explains more 

by indicating that phytase supplementation to lower phosphorus diets had 

increased relative Ca and P retention by broiler chickens when compared to 

the control diet.  

This reduction of P excretion is particularly important in P pollution 

reduction by poultry manure. Simons et al., (1990) reported that 

supplemental phytase could lower P excretion by more than 40%, thus 

increasing P availability to the bird.  

Blood Constituents and Meat Composition:  

Dietary inclusion of CGM in tested diets did not significantly affect total 

plasma protein, lipids and cholesterol as well as breast or thigh meat protein, 

fat percentage and cholesterol content Tables (8 and 9). On the other hand, 

phytase supplementation positively increased (P Ò 0.05) total plasma protein 

without showing any significant effect on plasma total lipids or cholesterol.  

Significant increases (P Ò 0.01) were noted in breast and thigh meat 

protein percent by about 7.5 and 6.9%, respectively while, significant 

reductions (P Ò 0.01) were obtained in regard to fat percent and cholesterol 

content of both breast and thigh meat. No interaction effects of CGM x 

phytase were noted on these parameters (P Ó 0.01).  
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These results could be explained by the findings of Namkung and 

Leeson, (1999) and Ravindran et al., (2000) who reported that supplemental 

phytase increased ileal digestibility of N. and amino acids and the N 

retention of broilers.   

Economical Evaluation:  

The 75% CGM inclusion in broilers diets slightly increased feed cost 

when compared to all other tested groups (Table 10). Furthermore, phytase 

supplementation raised feed cost as compared to un-supplemented diets. Net 

revenue (L.E.) of phytase supplemented diets showed an improvement when 

compared to non-supplemented diets at all CGM dietary inclusion levels.  

Broiler diet that contained 25% CGM without phytase supplementation 

had the best relative economic efficiency value (105.11%). Additionally, the 

same CGM dietary inclusion with phytase supplementation had the best 

relative economic efficiency of (102.27%). Inclusion of 75% CGM with or 

without phytase supplementation reduced relative economic efficiency as 

compared to that of the control diets of 92.61 and 87.50%, respectively.  

Finally, it could be concluded that CGM protein could be used as a 

replacement for soybean meal protein up to 75% in plant broiler diets while 

using a 500 FTU/ kg diet phytase supplementation to improve broilers' 

performance, minerals and amino acids utilization. Moreover, unavailable 

phytate P will  be excreted in manure, and may cause a P elevation in 

manure to reach an extent that it could be over plants P requirements. 

Excesses of manure P can be washed into under ground water, where it will 

cause rapid algae growth and reduces the oxygen amount in water. 

Therefore usage of phytase in poultry diets will help as a tool to reduce 

environmental P pollution.   
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Table (1). Composition of the basal diet used in the Apparent 

Metabolizable Energy TPE experiments, for corn gluten 

meal protein and energy evaluation 

Ingredients, % AME Diet  
TPE Diets  

Control  Tested 

    

Yellow corn 66.50 --- --- 

Wheat   48.00 48.00 

Soybean meal (44% 

CP) 
15.00 27.30 --- 

Wheat bran 3.05 --- --- 

Corn gluten meal 

(60% CP) 
 --- 20.00 

Fish meal 5.00 --- --- 

Corn oil   6.78 5.34 

Starch   5.50 5.50 

Bone meal 1.30 2.85 3.02 

Limestone 8.55 0.34 0.44 

Min. & Vit. Premix*  0.25 0.30 0.30 

Yeast   1.15 1.15 

Salt (NaCl) 0.30 0.35 0.35 

DL-Methionine 0.05 --- --- 

Sand   7.43 15.90 

Total 100.00 100.00 100.00 

    

Calculated values, (%)    

ME Kcal/Kg  2,758.20 3,000.00 3,000.00 

Crude protein 16.09 18.44 18.43 

Crude fiber 2.58 3.11 1.87 

Ether extract 3.04 8.05 7.15 

Methionine 0.36 0.26 0.44 

TSAA 0.64 0.56 0.74 

Lysine 0.84 1.01 0.42 

Calcium 3.69 1.00 1.00 

Avail. Phosphorus 0.42 0.51 0.50 

Linoleic acid  1.37 3.92 3.36 
*  Minerals & vitamins p remix: Added as 2.5 Kg/ton of diet and supplied the following (as mg or 

I.U./kg of diet): Vit. A 10,000 I.U., Vit. D3 1,000 I.U., Vit. E 10 mg, Vit. K3 1 mg, Vit B1 1 mg, Vit. 

B2  4 mg, Vit. B6 1.5 mg, Pantothenic acid 10 mg, Vit. B12 0.01 mg, Folic acid 1 mg, Niacin 20 mg, 

Biotin 0.05 mg, Choline Chloride 500 mg, Zn 45 mg, Cu 3 mg, Fe 30 mg, I 0.3 mg, Se 0.1 mg, Mn 

40 mg, Ethoxyquin 3000 mg.  
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Table (3). Chemical analysis, apparent metabolizable energy value 

and amino acid composition of corn gluten meal used in experiments 

compared to soybean meal 

Nutrients, % CGM
1 

SBM
2*

 

Dry matter  89.0 89.0 

Crude Protein 60.0 44.0 

Ether Extract  4.0 0.8 

Crude Fiber 2.0 7.0 

Ash 2.5 --- 

NFE 20.5 --- 

AME
3
 (Kcal/Kg)  3,703.00 2,230.00 

Amino acid, %   

Arginine  2.20 3.14 

Cystine 0.90 0.66 

Glycine 2.60 1.90 

Histidine 1.40 1.17 

Isoleucine 2.70 1.96 

Leucine 9.10 3.39 

Lysine 1.00 2.69 

Methionine 1.80 0.62 

Phenylalanine 3.90 2.16 

Threonine 2.70 1.72 

Tryptophan  0.28 0.74 

Tyrosine 2.60 1.91 

Valine 3.90 2.07 
1CGM : corn gluten meal 2SBM: Soybean meal * (NRC, 1994)  
3AME : apparent metabolizable energy  
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Table (4). Total protein efficiency assay comparing corn gluten meal (CGM
1
) 

protein and soybean meal (SBM
2
) protein in broiler diet s throughout 

14 to 28 days of age.  

Table (7): Comparing quality of corn gluten meal (CGM) protein with soybean 
 meal (SBM) protein in broiler chicks diet by total protein efficiency 

assay throughout 14-28 days of age. (mean°SE). 

 

 Parameters SBM CGM P value 

  

Initial body weight (g) 241.25°   6.02 242.00°  4.68 0.9253 

Final body weight (g) 701.50°21.21
A
 397.00°17.00

B
 0.0001 

Body weight gain (g) 460.25°15.90
A
 155.00°14.02

B
 0.0001 

Feed consumed (g) 1109.00°  3.41
A
 743.75°  2.39

B
 0.0001 

Protein consumed (g) 204.05°  0.63
A
 137.07°  0.44

B
 0.0001 

Total protein efficiency 2.25°  0.01
A
 1.13°0.  01

B
 0.0001  

 

a,b,c 
Means within a row with no common superscripts differ significantly (p¢0.05) based on least  

       significant difference (LSD). 

 

 
a,b,c Means within a row with no common superscripts differ significantly (P ¢ 0.05) based on least 

significant difference (LSD).   1CGM : corn gluten meal 2SBM: Soybean meal 

Table (5). Body weights, gains, feed consumption and feed conversion ratio as affected 

by feeding corn gluten meal (CGM
1
) as a protein source substituting 

soybean meal protein (SBM
2
) to broiler chicks during growth period from 0 

to 6 weeks of age 

CGM 

protein 
Phytase 

Body weights 
Body weight 

gains 

Feed 

consumption 

Feed conversion 

ratio 

6 weeks 0 to 6 weeks 

0 - 1563.50±29.08 1422.05±27.38 2650.75±16.46 1.86±0.012 

 + 1627.50±18.03 1486.30±15.53 2671.75±4.62 1.79±0.003 

25 - 1582.50±38.73 1441.25±37.23 2675.50±18.69 1.85±0.015 

 + 1687.00±23.93 1545.90±21.56 2666.00±17.13 1.72±0.011 

50 - 1583.89±32.65 1443.11±31.63 2662.25±14.04 1.85±0.013 

 + 1666.94±26.64 1524.00±24.37 2677.75±16.91 1.76±0.013 

75 - 1536.58±24.31 1394.74±23.09 2646.75±13.07 1.90±0.005 

 + 1633.61±28.86 1490.11±26.71 2683.25±19.74 1.80±0.014 

P value  0.80 0.10 0.47 0.05 

0  1595.50±17.65 1454.18±16.36 2660.25±8.85 1.83
ab

±0.014 

25  1634.75±23.98 1493.58±22.82 2670.75±11.87 1.79
b
±0.026 

50  1625.42±20.92 1483.56±20.83 2670.00±10.59 1.81
b
±0.019 

75  1583.78±20.21 1416.08±4.82 2665.00±12.95 1.85
a
±0.019 

P value  0.26 0.19 0.90 0.0001 

 - 1566.56
b
±15.73 1425.22

b
±15.07 2658.81±7.60 1.87

b
±0.007 

 + 1653.95
a
±12.28 1511.82

a
±11.20 2674.69±7.23 1.77

a
±0.009 

P value  0.0001 0.0001 0.13 0.01 
a,b,c Means within a column with no common superscripts differ significantly (p¢0.05) based on 

least significant difference (LSD).  1CGM : corn gluten meal  2SBM: Soybean meal 
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