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ABSTRACT: This study was designed to evaluate corn gluten f@&dr)

in term of chemical composition, protein efficiency ratRER) and net
protein ratio NPR) andto investigate the partial replacemesftectof CGF

on commercial laying hens performance, as well as economical efficiency.
One hundred and forty four Hyine White layers at 32 weeks old were
randomly divided into six equal groups of 24 hens in 6 replicates. The first
group served as the control, whereas otip@ups were fed dietary CGF at

4, 8, 12, 16 and 20%, respectively. Diets werenismgenous and iso
caloric (18.5% CP and 850 kcal/kg, respectively). Main results could be
summarized as follow:

1

Corn gluten feed analysis showed a 89% dry matter, 18%dec
protein, 2% ether extract, 9% crude fiber, 7% ash and 53% nitrogen
free extract. The metabolizable energy was 1850 kcal/kg and PER
and NPR values were B4nd 2.97, respectively.

Dietary CGF can be incorporated in laying hens diets up to 20%
withoutaffecting egg production and could be safely fed without any
adverse effect on egg weight or egg mass.

Feed consumption was decreased with increasing CGF inclusion
level This reduction was significant &6 and 20%CGF inclusion
levels, respectively.

Dietary inclusion of CGF up to 16% hachprovedfeed conversion
ratio (FCR) throughout experimental period.

No adverse effecivere notedon egg shape and yolk index, Haugh
units andyolk color, and yolk, albumen and shetklative
weighs, due to increasig dietary CGF up to 20% as compared to
the control.
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6. Total cholesterol and total lipidsf yolk werealmost similar vhile,
feeding CGF up to 20% significantly increased most fatty acids
composition of egg yolk.

7. Dietary CGF nclusion in all experimentaliets had no significant
effect on Ca and P excretion in the manure.

8. Using corn gluten feed ilaying hensdietsfrom 32 to 59 weeks of
age reducedeedcost kg eggby 7.24% forthe 4% CGF fed group
and this reached 15.13% for those fdie 20% CGF diet as
compared to the contrl and other dietary treatments.

From nutritional and economical points of view, CGF could be
incorporated successively up to 20 commercial laying hens diets
without adversely affecting egg production parameters, egg qualitlyan
economical efficiency.

INTRODUCTION

Corn is one of the richest sources of dietary energy for poultry feeding.
According to the published statisticeprn forms the greatest share in
Egyptian imported feedstuffs owing to its use in producing certaidycts
for human, animal and poultry consumptidwccordingly, there is an urgent
need to search for alternative feedstuffs ephyducts which could be used
as cheap sources energy to replace yellow corn grains in the formulated
poultry diets.

The poduction of corn gluten feed (CGF) in Egypt, aproduct of the
wet milling industry has been steadily increasing during the last yEaiss.
product contains on the average 22% crude protein, 2.0% ether extract and
9.0% crude fibefCooley 1970). Also,Castanonet al.,(1990) yield values
of 20.3% crude protein, 2.3% ether extract, 0.70% lysine, 0.43%
methionine, 0.51% cystine and 0.31% tryptophan. Wu, (1996) found that
CGF contains 20% crude protein, 3% crude fat, 8% crude fiber and 7% ash.
Along the same line, Mattersoet al., (1965) determined the ME value of
CGF by clearly 1.589 kcal/g. of DM for chiekBayley et d., (1971)
reportedthis value by about 2.067 kca/g of DM for dhiand 2.311 kcal/g
for adult male turkeyrespectivelyAccording toNRC (1984), theME value
of CGFrepresented by 1.750 kcal/kdhile, rangng between 1.912 to 2.772
kcal/g as reported bysibbald (1986)and 1.944 kcal/kgas published by
Castanon (1988).

Although using CGF in poultry feeding has ndbeen encouraged
becawse of higker fiber levek which reduce digestibility and availability of
nutrients, the incorporation of CGF at 7.5% into turkey breeder diets
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improvedthe productive performance, fertility and hatchability percentage
(Hillman et al., 1973). Brake and Th#&on (1979) reported that a pullet
grower dietary regimen with CGF yielded superior performance during 20
weeks posmolt compared to that of the ground coAtso, Owingset al.,
(1988) demonstrated that CGF can be used successfully on a nutritional
basis up to 10% of the diet without negatively influencing growth
performance and feed efficiencg€astanoret al., (1990) indicated that a
proportion of 25% CGF or less can be included in a layer diet without
affecting egg production detrimentally.

So, the preent studyaimedto shedsome light on the proximate analysis
of CGF as an alternative feedstuff inily hensdiets Also, to investigate
the effect of dietaryCGF partial replacement on productive performance,
egg quality measurements and economicaicieficy of Hyline White
laying hengduring32to 59 weeks of age.

MATERIALS AND METHODS

The following trail was conducted at the -Rbllion Egg Project
Ministry of Agriculture and completecht the Poultry Research Center,
Faculty of Agriculture, Alexadria University.

Corn gluten feed evaluation

Proximate analysis dZGF, obtainedfrom National Company fokaize
products was determined according to (AOAC9Q9 Amino acids profile
was performed by icexchange chromatography (Spacknetnal., 1958
and Spitz, 1973). The metabolizable eneld{ ] of the tested material was
conductedhccording tov/orhaet al.,(1982) as follows:

ME = ME (kcal/g) basal diet
ME (Kcal/g) tested dieét ME (Kcal/g) basal diet
(g. tested material/ g tested diet)

Proten efficiency ratio PER) and net protein ratio NPR) were
estimated according to the procedure described by Willis and Baker (1980).
Calculations ofPER was reportecas grams of gain per grams of protein
intake, while NPR was computed as follows:

(Weightgain of chicks fed the tested die¥Weight loss of chicks fed {ftee diet)
Amountof the protein consumed
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Experimental Design andDiets:

One hundred and forty four, 3%eek of age, HyLine White Laying
Hens were used ia27- weels experimentHenswere randomly distributed
into six equal groups of 24 hens each (six replicates of four birds, each)
housed in 55x 40 x 50 cm wire cagein LTC house under similar
management and hygienic conditions. General managemest as
described inthe flock management guideExperimental diets were
formulated includingé CGF levels Q, 4, 8, 12, 16 and 20%as one
ingredient of diets. Ingredients composition and calculated analysis of
experimental diets are shown(ihable 1).Hens were fe@dccording to flok
management guidewhile waterwas providedad libitum throughout the
studied production perioaf 32to 59 weekf age

Individual body weiglg were recorded at 32, 43, 51 and 59 weeks
age Eggs werecollected daily, and were individually weighed weldy.
Mortality was also recorded dailffgg mass was calculated by multiplying
egg production by average egg weight. Feed intakecalaslatedmonthly,
while feed conversiomatio was calculated for eageriod

Egg quality measurements were performed3ft 51 and 59" weels
of age on egg produced through three dayseriod using hree eggs
replicate Shape and yolk index wereeasurediccording to Romanoff and
Romanoff (1949). Egg shell thickness was measured using a micrometer to
the nearest 0.0ilnm at the equatoiShell weight per unit of surface area
(SWUSA) was calculated according to Paganetlal, (1974) Haugh unis
score was applied from a special chart using egg weight and albumen height
which measured by using a micrometer accordingaimiah and Mohapatra
(1974).Egg yolk color score wameasuredy matching the yolk with one
of the 15 bands ad 1961Roche Improved Yolk Color Fan. Also, yolk total
lipids and cholesterol were determined using commercial kits according to
(Fisher and kveille 1957 and Allain et al., 1974).Yolk fatty acids were
determinedby gas liquid chromatography according to the procedure of
Radwan (1978).

At the end of the experiment (59 weeks of age), three pooled samples of
excretawere voided from each expeniental group forCa and P analysis
according toAOAC, (190). The relative economic efficiencyof egg
production was calculated accordingcmstsof experimental diets and egg
produced as follow:

Relative feeding coskg egg=_ Supplemented group féieg cost

Un-supplemented group feeding cost
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Analysis of variance was performed using SAS software computer
program (SAS,19%9) and Duncands nebancan9b3) i pl e rang
to test means differences if a significant probability value atdigined

RESULTS AND DISCUSSION
Corn Gluten Feed evaluation:

Chemical composition of CGFTable 2) showshat moisture and crude
fiber wererepresented by 1.1 fold over thoselod NRC (1994). While, dry
matter, crude protein and fat were lower by 14.3 and 20% than those of
NRC (1994) respectively. These differences in the chemical composition
may be related to the proportion of germ, if any, added back to the bran
during the wet milling process (Castanenal., 1990). It is worth noting
that the protein content (18%) in CGF was associated with higher
concentration of nitrogen free extract (53%).

These results were in agreement with the finding of Wu, (1996) who
showed that nutrieatcomposition of C& played an important role in the
nutritional ptential of formulating laying hens diets. The ME value of CGF
reported herein (1850 kcal/kg) was much higher tinanof (Mattersonet
al., 1965) while it was lower than those of Bayley al., (1971) of 2067
kcal/kg and that of NRC (1984¥ 1944 kcalkg. Results of Castanoet al.,
(1990) further suggested that EGias a moderate protein and energy
contents thamay be suitable as an ingredient for laying hen diets.

Amino acid content of CE(Table2) indicated that glycine, iskeucine,
phenylalaninglysine, tryptophan and valireerehigher than those reported
by the NRC (1994). Whereasnethionine, arginine and histidine were
slightly lower. These variations mht be due to difference in protein
content of various lots processed which contain whffe proportios of
germ, gluten meal and/or bran.

Results of PER and NP&eshown in(Table3), CGFshould be used in
combination with other protein sources to coaerino acidlimitation and
benefits from highr contens of lysine and tryptophan. Thesesults are
well correlated with tbseof Castanoret al., (1990) who indicated that the
superior protein quality of CGF may be attributed to its relatively high
concentration of tryptophan and lysine. Therefore, CGF should be used in
combination with otbr protein sourceshat arelimited in lysine and
tryptophan contest
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Laying Hens performance

Hensviability during the studied production period 859 weeksof
age was very goodwith no mortalitiesmeaning 100% viability for all
experimental groufed the CGF dietéData notreported.

As presented in(Table 4), body weigh$ and weight gairs measured
through experimental periodst (32 and 59 week of age for hensfed
dietary CGF included up to 20% in layers diets. Obtained datd feeding
16% CG diets showed atatisticallysimilar mannerp O 0 toGh®se of
the controlgroup This trendchanged andecreasedignificantly(PO 0. 0 5)
by feedingthe 20% CGFdiet This reduction was a reflection of reducing
nutrients availability inwith CGF at 20% inclusionlevel. It may be due to
the negatie influence of phiyc acid on the solubility of protein (Fretzdorff
et al, 1995).

These results are in agreement with previous firglofgOwing et al.,
(1988) whoreported a successful utilization GGF thatcan beincludedon
a nutritional basisup to 10% of the diet without negatively influencing
growth performance.

Egg production weights and massdata of hensfed diets with CGF
inclusion up to 20% from 32 to 59 weeks of age are preseni@aiobe 4).
It is clear that there was steadynon-significant increaseas a result of
feeding dietawith CGF up to 20%. Thisumericalincreasewas 5.67% over
the control. This findings supportedby resuls of Hillman et al., (1973)
who found that 7.5% CGF in turkey breed@tsincreased egg production
yield. Castanoret al.,(1990) indicated that a proportion of 25% CGF or less
can be included in a layer diet without affecting egg production
dramatically However, gg weights and massvalues were significantly
increasedP O 0 . Od®tary ®GF. Hens fed 16% CGltet achieved the
heaviesiegg weightascomparedo that of the contrglfollowed by the20%
CGF diet of64.41and64.05 respectively for 32 to 47 weeks of age period
Whereasduring the same peridtiegreates(P O 0 edd fysvaluewas
obtained fronfeeding the20% CGHdiet

It appears that lysine content of CGhight be related tamaintain
optimum performanceAs our result positively agree withreports of
Scheideler(1996) and Yakout (2000) who indicatedat a daily lysine
intake is required through the gkeproduction to obtain maximum layer
performance. On the other hand, Castaebal., (1990) reported that CGF
supplementation to laying hediets had a negative effect on egg wegght
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Dietary CGF imlusion significantly decreaseqP O 0 . f6efl )
consumptionandalso improved®R O 0 fe@dscdnversiomatio (Table4).
Overallmean or feedconsumptiorfor thosehens fed 16 or 20% CGdiets
were significantly lower than thoded the control diet. Accordingly, birds
fed 20% CGF dieexhibited superior feed conversioatio ascompared to
those fed theontrol diet. Ths improvementmight be due to the presence
of unsaturated fatty acideixture especially linoleic acidwhich have been
reportedto beessential for laying hen performeze (Murrayet al.,1993).

Egg Quality Parameters

Results of egg qualityraits and egg components data for hens at 59
weeks of agare presented i(Tables 5 and 6)It is clear that dietary CGF
up to 20% did not significantly affect egg shapalk index, shell thickness,
SWUSA breaking force and egg shell gravin exception was atedwith
Haugh unitswhich was significantly decreasé@d O 0 . @d@nparea with
the controlgroup

Although therewas a tendency to increase wet and dry egg yalkes
ashens werded on 20% CGFwhencomparedo those of the contrajroup
dry albumen and shelpercentagedollowed the oppositetrend with no
significant difference notedamong treatments.

These findingsspecially yolk solids percent strongly agreghwesults
of Shaferet al., (1998) who explained that alobumen and yolk components
respond independently to nutritional changes as a result of a unique protein
synthesis mechanism for eashe

Presented irfTable 5) areegg yolkcholesterol and totaldids values
Although dietary treatment®significanty affectedthese parameteet 51
and 59" weeks of ageaverage yolk total lipids and cholestevalueswere
decreasedlue tofeedingincreasingdietary CGF levels up to 20% This
superiority mayencourage the us€GF in laying hens diet without reyy
deleterious effeston yolk total lipids and cholesterat least after peak
production until 43 weeks f age. After this, according to our findings there
was no significant affects on yolk lipids or ¢ésterol up till 58' weeks of
age This finding supportsthe result of Sim and Qui, (1995) who reported
that yolk lipids synthesis depends on a combination of the liver lipid
synthesis, hepatic uptake and the incorporation of lipid components from the
diet. These process might be affecting lipid synthesis more at younger than
older age.

Increasing CGF inclusion up to 20% significantly elevaedd 0. 05)
myrestic, palmetic, stearic, linoleic and arachidic acdhe egg yolk over
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those of the contrajrou(Table 7) The opposite was true with patoleic
and oleic acids which were significantly decreaged®® 0 . Océmparea s
to those of the aatrol.

Manure Ca and P Composition:

Results for manur€aandP excretion are listed i(Tfable8). It is noted
thatincreasing dietarfCGFinclusion up to 20% did not significantly affect
Ca and P of the manure. This might be related to the reduced feed
consumption while increasing the CGF dietary inclusi@orresponding
results of Allan and Wood1994) were positively correlated with our
results stating thatCa absorption could be inversely related to that of feed
intake. Further research is neededlsoify this area ofmanure Rexcretion
because ofthe existing relation with the environmental pollution
potentiaity.

EconomicEfficiency:

Data obtained for economic efficiency are summarizgd atle9). Due
to the lower prices of the studied matér@@mpared tahat of the yellow
corn and soybean med& ,GF contaimg diets were therefore cheaper than
the control oneThis was reflectedh turnon economic efficiency values. It
seems hat CGF 20% inclusion decreasedstkg egg by 15.13%as
comparedo that ofthe control

It could be stated th&GFinclusion up to 20% in laying hens dietas
ingredientof laying hens dietsvould have a positive effect on productive
performanceof laying hens,and also egg quality It might play a role in
reducngthe evefincreasing cost of poultmations
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Table (1): Composition and chemical analysis of experimental diets given to
Hy-Line White laying hens throughout studied production period

(32-59 weeks)

Ingredients Corn gluten feed (%)
0 4 8 12 16 20

Corn yellow 53.00 48.92 44.84 40.76 36.68  32.60
Soybean meal (44%) 31.70 30.86 30.02 29.18 28.34 27.50
Corn gluten feed 4.00 8.00 12.00 16.00 20.00
Vegetable oll 3.96 4.88 5.80 6.72 7.64 8.56
Bone meal 2.70 2.70 2.70 2.70 2.70 2.70
Limestone 7.48 7.48 7.48 7.48 7.48 7.48
DL -Methionine 0.16 0.16 0.16 0.16 0.16 0.16
Premix* 0.30 0.30 0.30 0.30 0.30 0.30
NaCl 0.30 0.30 0.30 0.30 0.30 0.30
Sand 0.20 0.20 0.20 0.20 0.20 0.20
Total 100.00 100.00 100.00 100.00 100.00 100.00
Calculated values, (%):
Crude protein 18.510 18.510 18.510 18.500 18.500 18.500
M.E. kcal/kg 2,851 2,851 2,851 2851 2,851 2,851
Ca, 3.530 3.540 3.540 3,550 3,550 3.560
Available P. 0.496 0.496 0.496 0.496 0.496 0.496
Total P. 0.722 0.733 0.743 0.753 0.763 0.773
Methionine 0.460 0.460 0.460 0.460 0.460 0.460
Lysine 1.030 1.030 1.020 1.020 1.020 1.020
Fat 6.312 7.352 8.390 9.430 10.470 11.510
Fiber 2.960 3.220 3480 3.730 3.990 4.250

vitamins and minerals premix provides per kilogram of diet: 5J8DGitamin A, 11.0 IU vitamin E,
1.1 mg menadione (as menadione sodium bisulfite), 1,100 ICU vitamin D3, 4.4 mg riboflavin,
12 mg Ca pantothenate, 44 mg nicotinic acid, 191 mg choline chloridengd ®ifamin B12, 2.2
mg vitamin B6, 2.2 mg thiamin (as #&min mononitrate), 0.55 mg folic acid, 0.11 mdpidtin.
Trace mineral (mg per kilogram of diet). 60 mg Mn, 50 mg Zn, 30 mg Fe, 5 mg Cu, 3 mg Se.
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Table (2). Chemical composition and amino acids contehtof corn
gluten feed utilized in experimental diets ompared with

NRC analysis
Composition, % CGF? NRC®
Dry matter 89 90
Moisture 11 10
Crude protein 18 21
Crude fiber 9 8
Crude fat 2 2.5
Ash 7
Nitrogen free extract 53
ME (Kcal/Kg) 1,850 1,750
Amino Acids:
Arginine 0.8 1.01
Glutamic acid 4.3
Glycine 1.0 079
Histidine 0.6 0.71
Isoleucine 1.3 0.65
Leucine 2.7 1.89
Lysine 0.8 0.63
Methionine 0.3 0.45
Phenylalaninie 1.0 0.58
Threonine 0.8 0.89
Tryptophan 0.2 0.10
Valine 1.3 0.05
19/100 g true protein ’CGF: Cornglutenéed  °NRC (1994)

Table (3). Evaluation of protein quality of corn gluten feed

Treatment Weight gain Feed intake  Gain per feed PER' NPR?

N-free diet -6.4°0.9 72.53.5 -0.0930.01 --- ---

CGF® 28.1°1.3 123.95.1 0.2270.05 2490.09 2.970.17
IPER: Proteinefficiency ratio >NPR: Net protein ratio.
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Table (4): Performance of White HyLine laying hens fed diets with
graded levels of corn gluten feed.

Period CGF (%)
(Wks) 0 4 8 12 16 20
Body weights (g.)

32 1140.220.8 1139.700.8 1140.500.9 114013°0.8 1139.480.7 1139.040.96
59 1303.3°12.5 1304.69°13.8 1318.9°11.9 1308.58°9.7 1312.64°11.1 1295.4£°10.0

Weight gains (g.)
3259 163.10°16.2 165.10°17.2 178.4°16.9 168.5°13.7 173.18°13.3 156.0f°12.7

Feed consumption @.)
3247  101.7°2.0 100.4°2.1 99.0°°2.1 98.4%°1.9 97.9°1.9 97.4°1.7
4859  105.3°3.0 103.£°29 99.9°2.8  100.1*°°2.9 99.8°3.0 98.8°25

Feed conversion ratio
3247  2.10'°0.2 2.00:°0.2 1.89°0.2 1.95°°0.1 1.89°0.1 1.86°°0.1
4859  2.40°°0.5 2.40°0.5 2.05%°0.4 2.18°0.4 2.12°0.3 1.98°0.2

Egg production (%)
32-47 80.101.3 80.691.2 81.180.9 81.350.39 80.561.8 81.97r1.6
4859 7356°°2.4 73.28°42 80.3%°1.3 73.10°°2.3 7597°°16 81.39°2.0

Egg weights (g.)
3247  61.22°12 63.6F°°0.4 6453°0.8 62.18°°1.0 64.4F°0.7 64.05°0.7
4859 5949°0.7 61.48°°1.2 60.69°°0.5 62.8Ff°0.7 61.67°°0.3 61.23°°05

Egg mass (g./ hen/ day)
32-47 49.021.1 51.320.9 52.360.6 50.591.0 51.871.1 52.451.0
48-59 43.721.8 43.292.9 48.73 0.9 459314 46.821.1 49.891.5

a\1eans within a row with no common superscripts differ significarlg 0.05).
L CGF: Corn gluten feed
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