Egypt. Pouit. Sci. Vol (29) (I): (1-19)

EVALUATION OF CORN GLUTEN FEED AS A FEED

INGREDIENT FOR LAYING HENS
By

El-Deek, A. A., Mona Osman, H. M. Yakout, and Mona Mahmoud
Poultry Production Department, Faculty of Agriculture. El-Shatby 21545.

Alexandria University, Alexandria - Egypt

Received: 15/10/2008 Accepted:25/02/2009

ABSTRACT: This study was designed to evaluate corn gluten feed (CGF)
in term of chemical composition, protein efficiency ratio (PER) and net
protein ratio (NPR) and 10 investigate the partial replacement effect of CGF
on commercial laying hens performance, as well as economical efficiency.
One hundred and forty four Hy-Line 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 other groups were fed dietary CGF at
4. 8 12, 16 and 20%. respectively. Diets were iso-nitrogenous and iso-
caloric (18.5% CP and 2.850 kcal’kg. respectively). Main results could be
summarized as follow:
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Corn ghiten feed anualysis showed a 89% dry matter, 18% crude
protein, 2% ether extract, 9% crude fiber, 7% ush and 33% nitrogen

Jree extract. The metabolizable energy was 1830 keal'kg and PER

and NPR values were 2.49 and 2.97, respeciively.

Dietary CGF can be_incorporated in laving hens dicts up to 20%
without affecting ¢gg 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 at 16 and 20% CGF inclusion
levels, respectively-

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

No adverse effect were noted on egg shape and yolk index, Haugh
units andyolk color, and yolk, albumen and shell relative
weights, due to increasing dietury CGF up to 20% as compared to
the control.
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6. Total cholesterol and total lipids of yolk were almost similar while,
Jeeding CGF up to 20% significantly increased most fatty acids
composition of egg yolk.

7. Dietary CGF inclusion in all experimental diets had no significant
effect on Ca and P excretion in the mamire.

8. Using corn gluten feed in laying hens diets from 32 to 59 weeks of
uge reduced feed cost/ kg egg by 7.24% for the 4% CGF fed group,
and this reached 13.13% for those fed the 20% CGF diet as
compared to the conirl and other dietary treatments.

From nutritional and economical points of view., CGF could be
incorporated  successively up to 2006 in commercial luying hens diets
without adversely affecting ege production parameiers, ¢gg quality and’ or
economicdl efficiency. ‘ ’

INTRODUCTION

Corn is one of the richest sources of dietary energy for poultry feeding.
According to the published statistics, corn forms the greatest share in
Egyptian imported feedstuffs owing to its use in producing certain products
for human, animal and poultry consumption. Accordingly, there is an urgent
need to search for altemative feedstuffs or by-products which could be used
as cheap sources of energy to replace yellow corn grains in the formulated
poultry diets.

The production of comn gluten feed (CGF) in Egypt, a co-product of the
wet milling industry has been steadily increasing during the last years. This
product contains on the average 22% crude protein, 2.0% ether extract and
9.0% crude fiber (Cooley, 1970). Also, Castanon et af., (1990) yicld 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, Matierson et al., (1965} determined the ME value of
CGF by clearly 1.589 kcal/g. of DM for chicks. Bayley er al., (1971)
reported this value by about 2.067 kca/g of DM for chick and 2.311 kcal/g
for adult male turkey, respectively. According to NRC (1984), the ME value
of CGF represented by 1.750 kcal/kg while, ranging between 1.912 to 2.772
kcal/g as reported by Sibbald (1986), and 1.944 kcal’kg as published by
Castanon (1988).

Although, using CGF in pouliry feeding has not been encouraged
because of higher fiber levels which reduce digestibility and availability of
nutrients, the incorporation of CGF at 7.5% into turkey breeder diets

2



Corn Gluten. Laving Tens, Lanine Porformance. Protein 'ificiency Ratio

improved the productive performance. fertility and hatchability percentage
{Hillman er al, 1973). Brake and Thaxton (1979) reported that a pullet
grower dietary regimen with CGF yielded superior performance during 20
weeks post-molt compared to that of the ground corn. Also. Owings ef al.,
(1988) demonstrated that CGF c¢an be used successfully on a nutritional
basis up 10 10% of the diet without negatively influencing growth
performance and feed efficiency. Castanon ¢t /. (1990) indicated that a
proportion of 25% CGF or less can be included in a layer diet without
affecting egg production detrimentally.

So. the present study aimed to shed some light on the proximate analysis
of CGF as an alternative feedstuff in laying hens diets. Also, to investigate
the effect of dietary CGF partial replacement on productive performance.
egg quality measurements and economical efficiency of Hy-line White
laying hens during 32 10 59 weeks of age.

MATERIALS AND METHODS

The following trail was conducted at the 20-Million Egg Project;
Ministry of Agriculture. and completed at the Poultry Research Center,
Faculty of Agriculture. Alexandria University.

Corn gluten feed evaluation:

Proximate analysis of CGF. obtained from National Company for Maize
* products was determined according to (AOAC. 1990). Amino acids profile
was performed by ion-exchange chromatography (Spackman er al.. 1958;
and Spitz, 1973). The metabolizable energy (ME) of the tested material was
conducted according to Vorha ef a/.. (1982) as follows:

ME = ME (kcal/g) basal diet =
ME (Kcal/g) tested diet — ME (Kcal/p) basal diet

(g. tested material’ ¢ tested diet)

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

Weight gain_of chicks fed ihe tested diet - Weinht loss of chicks fed N-free diet

Amount of the protein consumed
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Experimental Design and Diets:

One hundred and forty four, 32-week of age. Hy- Line White Laying
Hens were used in a 27- weeks experiment. Hens were randomly distributed
into six equal groups of 24 hens each (six replicates of four birds each), and
housed in 55 x 40 x 50 ¢m wire cages in LTC house under similar
management and hygienic conditions. General management was as
described in the tlock management guide. Experimental diets were
formulated including 6 CGF levels (0. 4. & 12, 16 and 20%) as one
ingredient of diets. Ingredients composition and calculated analysis of
experimental diets are shown in (Table 1). Hens were fed according to flock
management guide. while water was provided «d libinon throughout the
studied production period of 32 to 59 weeks of age.

Individual body weights were recorded at 32, 43, 51 and 59 weeks of
age. Eggs were collected daily, and were individually weighed weekly.
Mortality was also recorded daily. Egg mass was calculated by multiplying
egg production by average egg weight. Feed intake was calculated monthly.
while feed conversion ratio was calculated for each period.

Egg quality measurements were performed at 43", 51" and 59™ weeks
of age on eggs produced through three days period using three eggs/
replicate. Shape and yolk index were measured according to Romanoff and
Romanoff (1949). Egg shell thickness was measured using a micrometer to
the nearest 0.01 mm at the equator. Shell weight per unit of surface area
(SWUSA) was calcutated according to Paganelli er af . (1974). Haugh units
score was applied from a special chart using egg weight and albumen height
which measured by using a micrometer according to Kotaiah and Mohapatra
(1974). Egg yolk color score was measured by matching the yolk with one
of the 15 bands of a 1961 Roche Improved Yolk Color Fan. Also, yolk total
lipids and cholesterol were determined using commercial kits according to
(Fisher and Leveille 1957, and Allain et al.. 1974). Yolk fatty acids were
determined by gas liquid chromatography according to the procedure of
Radwan (1978).

At the end of the experiment (59 weeks of age). three pooled samples of
excreta were voided from each experimental group for Ca and P analysis
according to AOQAC. (1990). The relative economic efficiency of egg
production was calculated according to costs of experimental diets and egg
produced as follow:

Relative feeding cost/ kg egg = __Supplemented group feeding cost

Un-supplemented group feeding cost



Corn Gluten, Laving Hens Laving Pertormanee, Protwein Elficiency Ratio

Analysis of variance was performed using SAS software computer
program (SAS, 1996) and Duncan’s new multiple range test (Duncan, 1955)
to test means differences if a significant probability value was obtained.

RESULTS AND DISCUSSION
Corn Gluten Feed evaluation:

Chemical composition of CGF (Table 2) shows that moisture and crude
fiber were represented by 1.1 fold over those of the NRC (1994). While, dry
matter, crude protein and fat were lower by 1.1, 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 (Castanon ¢r «f., 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 nutrients composition of CGF played an important role in the
nutritional potential of formulating laying hens diets. The ME value of CGF
reported herein (1850 kcal/kg) was much higher than that of (Matterson er
al, 1965). while it was lower than those of Bayley ¢r al, (1971) of 2067
kcal/kg and that of NRC (1984) of 1944 kcal/kg. Results of Castanon et al.,
(1990) further suggested that CGF has a moderate protein and energy
contents that may be suitable as an ingredient for laying hen diets.

Amino acid content of CGF (Table 2) indicated that glycine, iso-leucine,
phenylalanine, lysine. tryptophan and valine were higher than those reported
by the NRC (1994). Whereas. methionine. arginine and histidine were
slightly lower. These variations might be due to difference in protein
content of various lots processed which contain different proportions of
germ, gluten meal and or bran.

Results of PER and NPR are shown in (Table 3). CGF should be used in
combination with other protein sources to cover amino acid limitation and
benefits from higher contents of lysine and tryptophan. These results are
well correlated with those of Castanon ef of.. (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 other protein sources that are limited in lysine and
tryptophan contents.
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Laying Hens performance:

Hens viability during the studied production period 32 1059 weeks of
age was very good. with no mortalities meaning 100% viability for all
experimental group fed the CGF diets (Data not reported).

As presented in {Table 4), body weights and weight gains measured
through experimental periods at (32 and 59 weeks of age) for hens fed
dietary CGF included up to 20% in layers diets. Obtained data of feeding
16% CGOF diets showed a statistically similar manner (” > 0.05) to those of
the control group. This trend changed and decreased significantly (P < 0.05)
by feeding the 20% CGF diet. This reduction was a reflection of reducing
nutrients avatlability in with CGF at 20% inclusion level. It may be due to
the negative influence of phytic acid on the solubility of protein (Fretzdorff
ef al. 1995).

These results are in agreement with previous findings of Owing er al.,
(1988) who reported a successful utilization of CGF that can be included on
a nutritional basis up to 10% of the diet without negatively influencing
growth performance.

Egg production. weights and mass data of hens fed diets with CGF
inclusion up to 20% from 32 to 59 weeks of age are presented in (Table 4).
It is clear that there was a steady non-significamt increase as a result of
feeding diets with CGF up to 20%. This numerical increase was 5.67% over
the control. This finding is supported by results of Hillman er al., {1973)
who found that 7.5% CGF in turkey breeder diets increased egg production
yield. Castanon ¢ «/., (1990) indicated that a proportion of 25% CGF or less
can be included in a layer diet without affecting egg production
dramatically. However, egg weights and mass values were significantly
increased (/> < 0.03) by dietary CGF. Hens fed 16% CGF diet achieved the
heaviest egp weight as compared to that of the control. followed by the 20%
CGF diet of 64.41 and 64.035, respectively for 32 to 47 weeks of age period.
Whereas. during the same period the greatest (> 0.03) egg mass value was
obtained from feeding the 20% CGF diet.

It appears that lysine content of CGF might be related to maintain
optimum performance. As our result positively agree with reports of
Scheideler (1996) and Yakout (2000} who indicated that a daily lysine
intake is required through the peak production to obtain maximum layer
performance. On the other hand. Castanon ef al.. (1990) reported that CGF
supplementation to laying hens diets had a negative effect on egg weights.
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Dietary CGF inclusion significantly decreased (P < 0.05) feed
consumption, and also improved (P < 0.05) feed conversion ratio (Table 4).
Overall mean for feed consumption for those hens fed 16 or 20% CGF diets
were significantly lower than those fed the control diet. Accordingly, birds
fed 20% CGF diet exhibited superior feed conversion ratio as compared to
those fed the control diet. This improvement might be due to the presence
of unsaturated fatty acids mixture especially linoleic acid. which have been
reported to be essential for laying hen performance (Murray ef al., 1993).

Egg Quality Parameters:

Results of egg quality traits and egg components data for hens at 59
weeks of age are presented in (Tables 5 and 6). It is clear that dietary CGF
up to 20% did not signiticantly aftect egg shape. yolk index. shell thickness.
SWUSA, breaking torce and egg shell gravity. An exception was noted with
Haugh units. which was significantly decreased (P < 0.05) as compared with
the control group.

Although there was a tendency to increase wet and dry egg yolk values
as hens were fed on 20% CGF when compared to those of the control group,
dry albumen and shell percentages followed the opposite trend with no
significant differences noted among treatments.

These findings especially volk solids percent strongly agree with results
. of Shafer et al.. (1998) who explained that albumen and yolk components
respond independently 10 nutritional changes as a result of a unique protein
synthesis mechanism for each one,

Presented in (Table 3) are epg yolk cholesterol and total lipids values.
Although dietary treatments insignificantly affected these parameters at 51°
and 59" weeks of age. a\erage yolk total lipids and cholesterol values were
decreased due to feeding increasing dietary CGF levels up to 20%. This
superiority may encourage the use CGF in laying hens diet without any
deleterious effects on yolk total lipids and cholesterol at least afier peak
production until 43 weeks t"age. Afler this, according 10 our tindings there
was no significant affects on volk lipids or cholesterol up till 59™ weeks of
age. This finding supports the 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 elevated (P < 0.05)
myrestic. palmetic. stearic. linoleic and arachidic acids in the egg yolk over
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those of the control group(Table 7). The opposite was true with palmitoleic
and oleic acids which were significantly decreased ( < 0.05) as compared
to those of the control.

Manure Ca and P Compesition:

Results for manure Ca and P excretion are listed in (Table 8). It is noted
that increasing dietary CGF inclusion 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 inclusion. Corresponding
results of Allan and Wood (1994) were positively correlated with our
results, stating that Ca absorption could be inversely related te that of feed
intake. Further research is needed to clarify this area of manure P excretion
because of the existing relation with the environmental polilution
potentiality.

Economic Efficiency:

Data obtained for economic efficiency are summarized in (Table 9). Due
to the lower prices of the studied material compared to that of the yellow
corn and soybean meal. CGF containing diets were therefore cheaper than
the control one. This was reflected in turn on economic efficiency values. It
seems that CGF 20% inclusion decreased cost/kg egg by 15.13% as
compared to that of the control.

It could be stated that CGF inclusion up to 20% in laying hens diet as an
ingredient of laving hens diets would have a positive effect on productive
performance of layving hens. and also egg quality. It might play a role in
reducing the ever-increasing cost of poultry rations.
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Table (1): Composition and chemical analysis of experimental di-ts given to
Hy-Line White laying heas 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%) 3170 30.86¢ 30.02 29.18 28.34 27.50
Corn gluten feed - 400 8.00 §2.00 16.00 20.00
Vegetable oil 3.96 4.88 5.80 6.72 7.64 856
Bone meal 2.70 2,70 21 2.70 2.70 2.70
Limestone 7.48 7.48 748 7.48 7.48 7.48
DL-Methicnine ¢.16 .16 ¢.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 0.26 6.20 0.20 0.2 0.20
Total 100.00 160.00 100.06  100.00 10000 100.00
Calculated values, (%);
Crude protein 18.510 18.510 18.510 18.500 18.500 18.500
M.E. keal/kg 2,851 2,851 2,851 2,851 2,851 2,851
Ca, 3.530 3.540 3.540 3.550 3,550 3.560
Available P, 0.4% 0.496 0.496 0.496 0.496 0.49%6
Towal 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 10470 11510
Fiber 2.960 3.220 3.480 3.730 3.990 4.250

Vitamins and minerals premin prosides per kilogram of diet: 3.300 1L viamin A 180 (U vitamin E.
LI mg menadione (as menadione sodium bisulfite), 1100 KU viamin D3, 4.4 mg riboflavin.
12 mg Ca panlothenate. 44 mg nicotinic acid. 199 me choline chloride. 12,1 pg vilamin B12. 2.2
mg vitamin B6. 2.2 mg thiamin {as thinmin mononitrte). 0.55 mg folic acid. 0.11 mg d-biotin.
Trace mineral (mg per kilogram of diet). 60 mg Mn. 30 mg Zn. 30 mg Fe. 5 mg Cu. 3 mg Se.
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Table (2). Chemical composition and amino acids content’ of corn
gluten feed utilized in experimental diets compared with

NRC analysis
Composition, % CGF’ NRC’
Dry matter 89 90
Moisture 1 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 _ .8 1.01
Glutamic acid 4.3 ——
Glycine 1.0 079
Histidine 0.6 0.7
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 G.10
Valine 1.3 0.05
'2/100 g true protein 2CGF: Comn ghuten feed NRC (1993)

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

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

N-free diet - 6,440.9 72.5+3.8 -0.09310.01 - -

CGF 28.111.3 123.915.1 0.227+0.08 2.4910.09  2,97+0.17
'PER: Protein ciliciencs ratio ~ *NPR: Nt protein ratio.
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Table (4): Performance of White Hy-Line laying hens feu diets with

graded levels of corn gluten feed.

Period CGF' (%)
(Wks) 0 4 8 12 16 20
Body weights (g.)
32 1140.2140.8  1139.7620.8  1140.5020.9  1140.13+0.8  1139.4620.7 ~ 1139.0440.96
59 §303.3° +12.5 1304.69° +13.8 3318.9°+11.9 1308.58"+9.7 1312.64° +11.1 1295.4" +10.0
Weight gains (g.)
32-59  3163.10" 162 165.00" 172 17847 169  168.51°+13.7  173.18° #13.3  156.01°+12.7
Feed consumption {g.)
32-47 101.7° £2.0 100.4° 2.1 990" £2.1 98.4™" £1.9 97.9" +1.9 97.4° £1.7
48-59 105,3° 3.0 103.1° 2.9 99.9" +2 8 100, 1* £2.9 99.58° 3.0 98.8" 2.5
Feed conversion ratio
32-47 2.10° +0.2 2.00" £0.2 1.89" +0.2 " 1.95" 0.1 1.89" +0.1 1.86" +0.1
48-59 2.40° +0.5 2.40° 10.5 2.05° +0.4 2.18" +0.4 2.13" +0.3 1.98° 10.2
Egg production (%)
32.47 80.10+1.3 80.691.2 81.18+0.9 $1.3540.39 80.561.8 81.91+1.6
48-59 73.56"" 2.4 73.28" 442 80.32°013 7310423 7597 +16 81.39° 1240
Egg weights {(g.}
32-47 6122112 63.61™ 104 6453108  62.18" 1.0 64.41" £0.7 64.05" 10.7
48-59 59.49" +0.7  61.48" 1.2 60.69" 0.5  62.81" 0.7 61.67*" +0.3  61.23"" 10.5
Egg mass (g./ hen/ day)
32-47 49.02+1.1 §1.3240.9 52.3610.6 50.59+1.0 51.87+1.1 £2.45+1.9
48-59 43,7211.8 43.2942.9 48.7310.9 45.93%1.4 46.8211.) 49.89+1.5

*behteans within a row with no common superscripts difter significanthy (P < 0.05).

" 'CGF: Com ghuten feed

1]
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Table (5): Egg quality traits of White Hy-Line laying hens fed diets with praded levels of corn pluten feed.

, Period CGF', (%)
Traits (Wks) D 1 A 12 16 20
43 26502 TSASELT  TTA9H09  TSAYELS  TRANHLG  TS.06:0.8
Egg shape index 51 490212 TS2IELS™ 77.39:0.8"  73.99:1.2"  7412:0.6"  76.41:01.3%

59 7256115  TSESEL7 7709409 7S4Y9:)5 7548406 75.6610.8

4 61.50£0.9 6250113  6L.70+0.8  63.3542.1  62.65:1.7  6L2010.5
Fgg w.ig) 51 6ITEL6"™ 5997TH1.9% 6078111 65.02t18"  SH27+2.2%  61.55:0.9"
59 62.95£1.3°  6220+1.1"  63.85+0.9" 62.95+2.36"™ 63.55+1.7" 62.98:+0.9""

43 R83:0.3"  TR3H0.3°  RA7H0.4™  783:0.2°  8.83:+0.2°"  9.50+0.°
Yolk color 51 7.5010.8 717406 1.4340.5 7.670.2 767806 81709
59 £33:+0.7"° 7.8340.3°  8.1740.4"°  T.83+0.2° 8.83+02° 950402

43 41.9580.9°  42.58+1.4°  4392+10% 4429419 443121.0°  46.171.4°
Yolk index 51 41.6310.8  42.4641.2  44.1910.9  45.6512.2 43.09+1.3  46.14t16
59 42.8040.8 4258414 439211 4429119 4431210 46.17+1.4

43 2463101 25.93+0.7  26.63+0.4 24.87H0.8  2398+0.7  28.6340.3
Yolk w. wet(%) 51 25.76+0.7 2734 tl0  26.64x0.4 2521409  27.53:1.6  25.8410.7
59 24.28+0.6™  26.0430.7"  25.72+04" 25.15+1.3"°  23.63+0.6°  24.94+0.6"

43 0.72402%  1L7540.4"  11.99+0.3%  11L.2930.5'  10.57H0.4°  11.2540,2%
Yolk w.solids (%)  $1 1237513 10192404 1162403 1275106 1190103 11.7210.4
59 1079102 1LT2:0.4"  11.9630.2°  11.26+0.5"  10.54:0.4°  11.22+0.2°

43 1781501 17462057 16.9210.1" 1749404 170300  169410.1°

m;;*\:“':;""“' 51 1947504 189710.1  19.10£0.0 1995302  1938+14  §7.56£05
§ 8 1744406 16,4304 16.9810.8 17.154).1 17.4410.5 15.7840.7
Total lipids 43 37%200" 0 299:0.0°  LITHLOT 329400 004 31300
(mg/g yolk) 5 366201 3.00£0.0 3.1940.3 3.2040.1 2.9240.6 2.7330.3
: 59 340401 2.69+0.0 287101 2.98+0.1 2.7140.8 2.6240.2

mMc-.uh willsin a row with oo common superseripts dailer signilicandy 17 £ Q.03).
' CGF: Com gluten lwcd
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Table (9): Fgg quality rraits, Haugh units, SWEHSA, breaking force. and specific gravin of White
Hy-Line taving hens fed diets with graded levels of corn gluten feed,

Traits Period CGF', (%)
(Wks) 0 4 8 12 16 20
43 105.0245.5" 96.83+2.6™ 9588125 $9.99+0.7° 95.46+1.8" §9.76+0.9"
Haugh units 51 103.4326.2" 93,76:1.6°% 951721 9492529 91.24:2.1° 8§9.59+09"

59 10297169 9685126 9538425 9014207 952R+1.8"" 89.33414"
43 640802 6333109  620810.8 6463209 6496210 6322408
51 £9.79+2 8 600113 5854120 595314 £8.20129 61.1211.9
59 64.72H.9 6315411 6338405 64.25+1.7 65.46HL9  64.2340Y
13 2310404 2330412 2202409 24.70x18  24.45:16 2240107
51 10252020 15.8040.6° 18.0540.9™  23.1240.9" 19.20:1.9% 22.15:09*"
59 2448413 2298210 2405H.7 429824 2504316 2417410
43 0332001 0322001 035:0.00"  0.35:0.01°  0.34+0.01"" (.34:0.01*"
S 034:0.01"" 0.3240.01° 0.35:0.01" 6351001 0.32+0.01°° 0331001
59 035001 0.32:0.01°  035:001" 0363001 0.34+0.01°° 0.34:0.01"
a3 9541324 9123130 9555i)4 8942125 9352449 94.1046.3
SWLSA® 51 96.7142.2  S9ETEL6 9563130 91.07L2.0  92.23:d6  92.03i3S8
59 93.59:3.5 9159435 93.16+2.7  90.01:33  91.89+4.87 9217458
43 26.33:0.6™ 23.00:1.0° 2400+087 28.33+1.6°% 3233438 30.00:1.0"
Breaking force 51 26002057 12.00:1.0° 23394107 27.9042.0™ 321035 3L1541.0"
59 25.83109™ 23.00+1.0°  24.00+0.8° 29.00:1.5" 32.33+40° 30.00+1.0"
3 1.078:0.0% 1.07840.0° 1.078:0.0° 1.078:0.0" 1.08240.0° 1.078x0.0°
Specific gravity 51 1.078+0.0  1.078+0.0 1.078+0.0 1.078+0.0  1.078+0.0 L07810.0
59 1.67820.0"  1.078:0.0"  1.078+0.0" 1.078:0.0°  1.082+0.0" 1.078+0.0°
3 1129402 10.7440.3 1129404 1050303 1106306 1115208
Shell w. wet, (%)  §I 11,5240,  10.73303 1136404 1061403  11.10+0.6  10.89+0.4
59 004 1031404 1089403 10.6020.5  10.900.6  10.53+0.7
13 S.65:0.3 543203 572402 S37:02 543403 538404
Shell w. dry, (%) 1 204402 453302 301302 499402 15603 481403
59 SR70.0 562301 583400 562302 573400 5.59+02

=4 dcam wethin it row with o comman superscripts diller senificamly (7 £ 0,08
'CGF Cam phaen feed TSWLSA: Sl weaght por unit of suriaee arcs

Albumin w. wet,
(%)

Albumin w.
solids, ()

Shell thickness
{mm)

13
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Table (7): Effect of feeding different levels of corn gluten feed for Hy-Line White laying hens at 59

weeks on yolk fatty acids component (%).

Fatty CGF’, (%)

acids’ 0 4 8 12 t6 20
14:0 0.278+0.0'  0.39140.0°  0.473£0.0° 0.365+0.0°  0.305£0.0°  0.34210.0"
16:0  30.51310.0°  25.672H0.0°  28.50310.0' 2531610.0" 30.92240.0° 30.971+0.0°
16:1 2.71410.0*  2.49510.0°  1.828+0.0° 1.7531+0.0"  1.804+0.0°  1.543%0.0'
18:0 8.668+0.5¢  8.60610.0'  11.49240.0" 9.642+0.0° 10.515:0.0° 9.866+0.0™
18:1 46.84740.0"  36.9125+0.0° 36.57240.0° 36.824+0.0° 37.20610.0° 36.42610.0"
18:2 9.865+0.0'  24.94310.0* 19.94740.0° 24.84+0.0° 17.858+0.0° 20.169+0.0°
20:0 0.616+0.0°  0.9825+0.0°  1.18740.0° 1.262+0.0°  1.39310.0°  0.68610.0°

*bedel Means within a row with no common superscripts differ significantly (P < 0.05).

'Fatty acids: 14:0 Myrestic acid.  16:0 Palmetic acid, 16:1  Palmitoleic acid, 18:0 Stearic acid. 18:1 Oleic acid. 18:2

Linoleic acid, 20:0 Arachidic acid
! CGF: Corn gluten feed

14
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Table (8): Effect of feeding different levels of corn gluten feed on Ca and P (%) in
manure for Hy-Line White laying hens at 51 wecek of age

, CGF', (%)
Traits 0 4 3 12 T 20
Ca 617500 612201 614500  6.16:03  6.17¢09  6.1620.1
P 219404 209402 21080 2.06+03  2.17+02  2.20£0.0

"CGF: Com gluten feed

Table (9): Economic cvaluatien as affected dietary levels of corn gluten feed for
Hy-Line White hens during (32 to 59) weeks of age

. CGF', (%)
Traits 0 3 3 12 16 20
Egg mass, kg/ hen/ period 9.16 9.36 2.96 9.52 9.74 10.06
Fecd/egg (period) 20.25 19.89 19.48 19.42 19.33 19.21
Total leeding cost (LE.) 13.96 13.23 13.31 13.20 13.09 12.96
Feeding cost/egg 1.52 1.41 1.34 1.39 1.34 £.29
Cost/egg 100.00 92.76 58.16 91.45 88.16 84.87

"CGF: Corn gluten feed
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