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SUMMARY

total number of 280 Bovans Brown Laying hens aged 24 weeks were

randomely distributed into 8 groups in 2x2x2 factorial arrangement of

treatments. Two dietary crude protein levels 16.55. & 18.11% with two

dietary supplemental lysine levels 0.00 & 0.1% the total dietary lysine
become (0.83 & 0.93%) and (0.96 & 1.06%) for cither dietary protein levels,
respectively. Two stocking densities, 4 & 3 birds / cage (450 & 600 cm’/bird) were
used, Feed was given in all mash form and offered with water ad — libitum under a
total of 16 hours light daily. Results indicated that dietary protein levels showed no
significant differences on egg production, egg quality, feed intake feed conversion,
final body weight, body weight gain The 16.55% dietary crude protein showed
significant (P<0.05) effect on protein intake, and protein utilization than 18.11%
CP. Dietary Lysine levels had no effect on egg number, egg mass, egg quality, feed
conversion, protein intake. The best final body weight, body weight gain and
protein wtilization showed significance (P<0.05) with high dietary lysine
supplementation level 0.1% than 0.00%. Stocking density showed significant (P
<0).05) increas in egg number, egg mass, final body weight, body weight gain when
three birds were housed in cage. Yolk weight at 39 weeks of age as-stocking density
increased (600 cm’/bird), while stoking density showed no significant difference in
shell weight and shell thickness at 43 weeks of age, similar with decreasing
stocking affect on (450 cm2/bird). Feed consumption was decreased sipnificantly,
while, feed conversion, protein intake and protein utilization were significantly
(P<0.05) improved by stocking density at 600 cmY/hen as compared with 450
cm?2/hen, while egg weight and egg quality were not significantly affected by
different stocking demsity. The interaction effect of protein, lysine & stocking
density showed no significant effect on egg number, egg mass, albumin weight, egg
shape index at 39 wks of age, shell thickness and shape index at 43 wks of age.
While, final body weight and body weight gain were significantly (P<0.05)
increased by 18.11% CP & 0.1% lysine (1.05% Lysinc in the diet) & 600 cm2/hen
stocking density interaction. However, treatments which fed diet at 18.11% CP with
(0.96% lysine in the diet) lysine and 450 cm2/hen stocking density improved feed
mtake and feed conversion significantly (P<0.05) compared with other treatments.
Ege were significantly (P<0.05) improved by protein level (16.55%), lysine
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(0.1%) stocking density (600 cm2/hen) interaction compared with other treatments.

Protein intake and protein utilization were significantiy{P < 0.05) improved for hens
received diet containing 16.55% CP with 0.1% lysine and stocking density at 600
cm2/Men The economic parameters were affected by dietary protein or lysine
supplemnentation and stocking density wherease decreasing protein level, increasing
lysine supplementation and decreasing stocking density increase economic
efficiency. It may be concluded that diets containing 16.55% CP and 0.1% Lysine
supplementation (0.93% Lysine in the diet) with 600 cm2/bird would be ideal for
the achievement of optimum revenue cost ratio for laying hens under Egyptian
conditions.

Keywords: Protein level, lysine level, cage, stocking density, laying hens.

INTRODUCTION

Nutritional requirements of laying hens especially protein requirement needs are the
most expensive ingredients in poultry diets. Investigations concerning the essential amino
acids of laying hens have placed little emphasis on the influence of dietary protein
concentration of the requirement of these nutrients. Feeding costs is the most expensive
item, especially dietary protein sources in laying diets. Poultry investigators continue to
look for methods of producing an economical poultry production through increasing
returns, over the cost of feed, especially consumption of energy and protein, (El-Sheikh,
2002). :

Poultry managers are interested in increasing the number of birds per space area and
reducing housing and labor costs per cage. However, increasing bird number per space
area causes a decline in egg production and increased hen mortality (Lowe and Heywang,
1964, Cook and Dembnicki, 1966 and Wilson et al., 1967). North (1978) found that caged
layers produced more eggs than floor ones.

Reduced floor space resulted in lower performance of laying hens (Adams at al.,
1978 and Hill and Hunt, 1978). Cunningham and Ostrander (1981), Christmas ef al.,
{1982), Lesson and Summers (1984) and Davami er al, (1987) recorded a marked
reduction in productive and reproductive traits with increasing birds densities.

Stocking density of birds can be defind by the number of the weight of birds in a
given area. Increasing the number of hens in a given space is a management technique
used to reduce cost associated with labor, housing, fuel and equipment. Crowding of
broilers (Shannawany, 1988), Laying hems (Roush, 1986) can lead to reduction in
performance.

Simsek, et al. (2006) and Pavan et al. (2005) reported that a significant effect of cage
density on egg weight and feed intake were detected. Decrease in cage space per bird
resulted in the decrease of egg production, water intake and feed intake (Ezieshi, et al.,
2003).

Brake, and Pecebles (1992) reporied as dietary protein, lysine and TSAA increased,
hen day egg production, egg weight and feed conversion improved, feed intake and feed
per dozen eggs were not consistently affected by diet, cages density had no constant effect
on any of the production parameters, no interactions were detected between dietry
treatments and cage density (3, 2 or 1 bird per cage). Increasing the plane of nutrition can
to some extent alleviate the decreased egg production resulting from increased hen density
(Jackson, and Waldroup, 1988).
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Cantor (1980) studied the effect of dietary Lysine and cage density on performance of
turkey breeder hens. It is concluded that 0.65% lysine (0.90 g/day) was sufficient to
maintain reproductive performance, increasing the density from 1 to 2 birds/ cage had no
adverse effect on reproduction.

MATERIALS AND METHODS

The present work was carried out at poultry Breeding Farm, Faculty of Agriculture,
Zagazig University, Zagazig, Egypt. The experiment was conductied in a 2x2x2 factorial
design. Two levels of crude protein 16.55 and 18.11% with two dietary supplemented
lysine levels (0.00 and 0.1%). The total dietary lysine become (0.83&0.93%) for low and
(0.968&1.06%) for high respectively. two stoking densities (4 birds/cage and 3 birds /cage).
The experimental diets formulated according to NRC (1994) are shown in Table (1).

Table (1): The basal experimental diets.

. . Protein

Ingredients % Low Hiigh
Yellow com 66.25 64.03
Soybean meal (44%) 14.00 : 19.00
Wheat bran 4.25 1.50
Fish meal (72%) 2.00 200
Meat meal (60%) 4.00 4.00
Bone meal 1.30 1.30
Limestone 7.50 7.50
Premix 0.30 0.30
Sait 030 0.30
DL-methionine : ' 0.10 0.07
Total 100 ' 100
Calculated analysis %
Crude protein 16.55 18.11
ME (kcal Me/kg) 2751 . 2751
Lysine 0.83 0.96
Calciom 3.63 3.63
A. phosphorus 0.46 0.45

Each kg vitamin and mineral premix contains: vit. A 4000000 JU, Vit. D3 400000 mg, vit. E 4000
mg, vit. K3 400 myg, vit. B2 2000 mg, Niacin 12000 mg, pantothenic acid 4000 mg, vit. B6 600 mg,
Vit. B12 4000 mg, choline chioride 40000 mg, manganese 24000 mg, Copper 500 mg, zinc 8000,
cobalt 10 mg, iodine 120 mg, sclenivn 40 mg.

Two hundreds and eighty Bovans Brown laying hens of twenty four weeks of age are
nearly similar in initial live body weigh and egg prodction percenctage at the beginging of
the experiment. Hens were randomly distributed into eight groups of thirty Sve each hens
ten replicates. Hens were kept in cleaned and finnigated cages of wire batteries in open
system hovse. Feed and water were offered ad — Libitum ail over the experimental period
(20 wecks) from 24 to 43 weeks of age, under a total of 16 hours light daily.

Hens were weighted at the beginning (initial live body weight) and at the end of the
experimented period (final live body weight). Body weigh (BW), body weight gain
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(BWG), feed intake (FI), hen day egg production were calculated every four weeks
intervals during the experimental periods (20 weeks). Feed conversion ratio (FCR) was
calculated by deviding feed intake (g) per hen cgg weight (g). Egg mass (egg weight x egg
number) protein intake (feed intake (g) x protein% in the dief) and protein utilization (egg
weight, g/protein intake, g were calculated.

Egg quality measurement at 39 and 43 weeks of age were studied by using four
hundreds and eighty freshly collected eggs, (60 eggs for each trcatments) in treams of
some exierior and interior parameters, (egg components) and the exterior parameters
included egg shape index (Harms er al, 1990). Egg shell thickness (mmx100) was
determined using a dial pipe gauge digital. Egg components were detemined according to
the procedure described by Keshavar and Nakajima (1995). To determine the economic
efficiency of egg production, the amount of feed consumed through the entire experimental
period and the total egps preduced per treatment were comsidered. The price of
experimental diets was calculated according to the local market price of lysine as well as
the price of the ingredients at the time of the experiment

Statistical analysis:

Data were statistically analyzed by using the General Linear Model procedures
(GLM) described by SAS Imstitute (2004). Differences among laying hens performance of
treatment means were tested using Duncan’s multiple range test (Duncan, 1955) and
differences were significant at (P<0.05).

RESULTS AND DISCUSSION

Laying hen performance:

Egg number and production:

Egg number and production as hen — day (H. D, %) are summarized in Table (2). The
differences in egg number or egg production were not significant (P<0.05) due to cither
crude protein or lysine levels. The increascd hen density per cape (600 cm2/bird)
significantly increased {(P<0.05) egg number and egg production when compared to the
decreased hen density per cage (450 cm2/bird). Moreover, the effect of interaction among
protein x lysine x stocking density on egg number or egg production were not significant
(P<0.05). The highest egg number or egg production (126.29 or 90.21%, respectively,)
were recorded by T4, while T1 were the least egg number and percentage (119.17 g and
85.12%). These results may be attributed to the supplementation of lysine to low protein
diet (16.55%) and decreased stocking density (600 cm2/bird) that improved cgg number
and egg production%. These results agreed with the findings of Silva ez al. (2006) who
reported that decreasing the dietary crude protein from 16.5 to 15.25 or 14% did not affect
the Lohmann LSL strain laying hens performance, where as the lysine supplementation of
the lower protein diet to these levels of lysine and methioninet systhine similar to control
(0.80 and 0.70%, respectively) decreased the cgg production in relation to control. Balnave
et al. (2000) found that egg production were similar for Isa Brown laying hens fed both
dietary protein levels (160 or 180 g crude protein /kg diet) during lay. The daily lysine
requirement for maximum egg production approximated 940 mg for hens in single cages
and 975 mg for hens in multiple bird cages. Pour-Reza (1998) indicated that no significant
diffcrences n egg production values were observed due to the different levels of protein
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(13 or 14% CP) in laying hens diets. Hens consuming lysine 520 mg daily at both protein
level had better egg production. Peterson (1995) reported that there was no significant
difference in egg production due to dietary lysine levels from 6.7 to 7.5 or 8.1 g/kig diet)
Kout El-Kloub et al. (2005) suggested that egg production was not affected by dietary
protein levels (14 and 15% CP) of Mamoura local strain chickens. It was concluded that
maximum requirements of laying hens for lysine do not exceed 6.7g/kg feed. Bustany and
ElWinger (1987) found that egg out put was estimated to determine the lysine requirement,
being 820-1023 mg per females (Hisex or LSL or Shaver). While, results obtained herein
disagreed with those obtained by Vogt and Krieg {(1986) who reported a significant
increase in egg production with increasing dietary protein levels from 15.53 to 17.40% in
the laying hens diet. Zanaty (2006) showed that increasing dietary protein levels from14.16
to 18% significantly (P<0.05) improved egg number and egg production or Norfa hens. On
the other hand, Nahashon er al. (2006) reported that means hen-day egg production
decreased significantly (P<0.05) with increase in cage demsity. Such that 1.3%4> 697
cm2/bird. Simsek et al. (2006) Ezieshi et al {2003) and Hashemi and Pourreza (1998)
observed that hens at higher cage density level had lower percentage hen- day egg
production than hens at lower density level (P<0.05). Altan er al. (2002) reported that
housing at 3 or 4 hens/cage (640 and 480 cm2/ben, respectively) did not affect egg
production, while increasing the cage density to 5 hens /cage (384 cm2) in white layers
decreased egg production. Carey (1987) found that hen-day egg production at 62-75 wk of
age was significantly higher in birds housed at 239 cm superscript 2 per bird than in other
birds (311 or 259 c¢m superscript 2 per bird) in the 1™ experiment. In the 2™ experiment
birds housed at 222 cm superscript 2 per bird, hen - day egg production at 20-23 wk at age
was significantly lower than in other birds (311 or 259 cm superscript 2 per bird). While,
results obtained disagreed with those of Brake and Peebles (1992) who reported that
caging density had no consistent effects on any of the production parameters. Gharib
(2006) indicated that housing hens at low cage density and concomitant increased floor
arez per hen resulted in significant increase in hen- day egg production of Lohman -
Selected Leghorn hens.

These results indicated that under heat stress conditions, housing hens at low cage
densities is a good management practice. This leads to less competition for feed and water,
and consequently reduces the depression in egg production.

Egg weight and egg mass:

Egg weight and egg mass data are shown in Tabie {2). The differences in egg weights
were not significant due to either protein, lysine levels, stocking density or protein x lysine
x stocking density interactions. Moreover, the effect of protein and lysine levels on egg
mass were not significant (P <0.05). While, a significant effect on egg mass due to
stocking density was significant. Moreover, the effect of interactions among protein lysine
x stocking density on egg mass were significant. The highest value of egg mass (7.43 Kg.)
was obtained by T4, while T1 gave the least value (6.91kg). Generally, increasing protein
levels from 16.55 to 18.11% or decreasing stocking density from 450 cm2 to 600 cm2/bird
increased egg weight and egg mass.
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Table (2): Effect of experimental treatments on egg number, production, weight, mass, feed intake and conversion during the
period from 24 to 43 weeks of age.

Item Egg number Egg production% Egg weight (g) Egg mass (kg) Feed intake (g) confr::‘:ion
Protein levels %:

16.55 (P1) 122.46 £1.10 87.47£0.78 58.4510.37 7.16£0.07 125.44£0.52 2.1540.01
18.11 P2) 122.41%1.11 £7.3440,79 59.17+0.30 7.24+0.08 126,5140.63 2.,1410.01
supplementation

Lysine %: 122374242 87.3240.86 58.9140.37 7.21+0.08 125.2410.55" 2.13+0.02
g-(llg g:g 122.50£1.00 87.5040.71 58.7140.32 7.1940.07 126.7140.59° 2.1610.01
Stocking density: 120.56£1.01° 86.0210.71b 58.62+0.36 7.-07£0.07° 124.4520.44° 2.13+0.01°
4 birds/cage (d1) 124.3121.12° 88.8020.80z 59.0040.32 7.33+0.08° 127.504:0.60° 2.1610.01*
3 birds/cage (d2)

‘T“‘;"f";" effect: 119.17£2.75 85.12+1.96 57.96+0.98 6.91£0.17° 124.08::0.59° 2.15+0.03°
Tl P‘ L‘ d‘ 123.92+1.71 88.52+1.22 58.7410.62 7.28+0.13° 126.54+1.32° 2.16+0.03%®
Ti P: L; df 120.48+2.25 86.05£1.60 58.27+0.60 7.0240.11° 124.07+0.82° 2.1310.02°
T, P, Ly ¢, 126.29+1.45 90.21£1.03 58.8410.78 7.4310.12° 127.06:0.32 2.1610.03a"
Ty Py L, d 122.30£1.73 86.99+1.14 §9.7540.55 7.31£0.13% 123.1410.90° 2.07+0.03°
T, P, L, d; 124.10+3.18 88.65£2.27 59.20+0.68 7.35+0.19% 127.18+1,06° 2.1540,02°
T, P, L, &, 120.2941.16 85.920.83 58.5240.66 7.0410.13° 126.5110.93" 2.1610.03a"
Ty Py Lod; 122.9412.47 87.81+1.76 59.2240.56 7.2810.19° 129.2111.38° 2.180.02°

a b and ¢ Means in same column, within each factor with different superscripts are significantly (P < 0.05) different.
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These results were confirmed by Pour — Reza (1998) who repoted that egg weight
and egg out put were not affected by dietary lysine levels up to 0.75%, while hens
consuming lysine 520 mg daily at both protein levels (13 or 14% cp) had better egg
weight. Peterson (1993) reported that the levels of dietary lysine (6.7, 7.5 or 8.1 g/kg diet)
with 15.4 % crude protein did not affect the egg weight of Lohmann LsL laying hens. Vogt
and Krieg (1986) observed that dialy egg mass per hen (51.3 and 52.7g) increase with
increasing dietary protein (15.35 and 17.4%) and Lysine (0.65-0.81 and 0.75-0.91%)
levels, respectively. Results obtained disagreed with those obtained by Silva et al. (2006)
who reported that decreasing the dietary crude protein from 16.5 to 14% did not affect the
Lohmann LSL strain laying hens performance, whereas the lysine supplementation of the
lower protein diet decreased the egg mass compared to the control. Diets were
supplemented with amino acids at 15.25 and 14% of crude protein to show levels of lysine
or methionine + cystine similar to control (0.80% lysine or 0.70 methionine cystine).
Balnave et al. (2000) found that egg mass out put was greater for Isa Brown Laying hens
fed the diet containing 180 g CP/Kg diet compared with the diet containing 160 g CP/Kg.
Zanaty {2006} reported that egg weight and egg mass mncreased with increasing dietary
protein levels (18 or 14%) of Norfa hens. Nahashon ef al. (2006) found that egg mass was
higher (P<0.05) for guinea fowls reared in cages at 1.394 cm2/bird than those reared in
cages at 697 and 465 cm2/bird (24.8, 17.4 and 14 g/hen per day, respectively). Pavan et al.
(2005) indicated that significant effect of cage density (562.15, 450.0 and 375.0 cm2 per
hen) on egg weight were detected for 1sa Brown laying hens. Hashemi and Purreza {1998)
reported that egg weight decreased significantly (P<0.05) with increasing cage density {3,
4 and 5 birds/cage} for white Leghorn hens from 25-37 weeks of age. Gharib (2006)
showed that the significantly lowest egg weight and egg mass were produced by hens
caged at high density compared with low density.

These results indicated that the positive effect on egg weight and egg mass may
be alleviated by decreasing the number of birds per cage and increasing floor space per
bird. This may be due to increasing amount of feeder space per bird and reducing the
competition for feed and water. Roland er al. (1991) stated that increasing the consumed
feed and calcium resulted in a significant increase in egg weight Altan et al. {2002)
observed that egg weight were not significantly affected by higher cage density (640, 480
and 384 cm2/hen) for White and Brown Hybrid layers,

-

Feed consumption and conversion:

Feed consumption and conversion {calculated as 2 mount of feed (g) required to
produce 1g of egg) are presented in Table (3). No significant differences in feed intake or
feed conversion due to increasing dietary protein. There was a significant effect (P <0.05)
on the amount of feed cosumed (g/hen/day) due to lysine levels while, no significant
differences in feed conversion. There were significant differences (P <0.05) among
stocking density where (600 cm2/bird) recorded the highest feed intake and the poorest
feed conversion ratio. Intractions effects were significant (P <0.05) . The best feed intake
or feed conversion ratio {123.14 or 2.07) were recorded by Ts, while the worst feed intake
or feed conversion ratio werc obtained by T;. these results may be attributed to the
different egg production and egg weights. These results agreed with those supported by
Silva et al. (2006) who observed that lysine supplementaiton of the lower protein (15.25 or
14%% cp) diet decreased the feed: egg mass ratio and feed: egg dozen ratio in relation to
control (16.5% CP and 0.80% lysine) of Lohmann LsL strain. Balnave et al. (2000) found
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that feed intake was similar for Isa Brown Laying hens fed both dietary protein levels (160
or/180g/kg diet) during lay Xout El-Kloub er al. (2005) reported that no significant
differences in feed intake or feed conversion due to protein levels (14 ar 15%) of Mamoura
local strain chickers. Pour — Reza (1998) reported that feed intake was not influenced by
dietary protein (13 or 14%CP). Feed conversion ratic (FCR) improved (P<0.05) with
increasing dietary protein. Hens consuming Lysine 520mg daily at both protein levels had
better FCR. While, results obtained disagreed with those obtained by Vogt and Krieg
(1986) who indicated that increasing the dietary protein levels (1535 and 17.4%)
decreased feed intake per g egg (2.31 and 2.22 g diet). Zanaty (2006) showed that
increasing dietary protein form 14.16 to18% levels improved feed conversion and
decreased feed intake of Notfa hens during laying period (22-42 weeks of age). Nahashon
et al., (2006) observed that mean feed conversion ratio of the laying guinea fowl (Numida
meleagris) was lower in birds reared in cages at 1.394 cm2/bird than in other treatment
groups (697 and 465 cm2/bird). Pavan ef al. (2005) reported that significant effects of cage
density (562.15, 450.0 and 375.0 cm2 per hen) on feed intake was detected during the
laying period. Ezieshi ef al. (2003) indicated that decrease in cage space per bird of laying
hens resulted in the decrease of feed intake. Hashemi and Pourreza (1998) observed that
feed conversion ratio reduced (P<0.05) due to increased cage density (3, 4 and 5 birds) for
White Leghorn hens, from 25 to 47 weeks of age. Carey (1987) noticed that laying hens
housed in 222 cm superscript 2 per bird, feed consumption at 20-33 wks of age were
significantly lower than in other birds (311 or 259 cm superscript 2 per bird). \

Gharib (2006) found that decreasing birds density and consequently increased floor
space per bird resulted in a sipnificant increase in feed consumption. These results
indicated that hens housed at low cage densities reacted less adversely to heat stress. This
may be due to their ability to dissipate more heat, thus providing an opportunity for
increased feed intake and greater layer performance.

Protein intake and utilization:

Protein intake and utilization are presented in Table (3). There were significant

difference in average protein intake and utilization among hens fed the two different crude
protein levels, while hens receiving the low protein diet gained the best. Lysine levels did
not affect protein intake, while there was a significant effect on the protein utilization duc
to lysine Jevels. Significant differences were observed in the protein intake apd protein
utilization due to stocking density. '
Interactions were significant among protein x lysine x stocking density on protein intake or
protein utilization. The best protein intake and protein utilization was recorded by T3,
while T8 was the worst protein intake and protein utilization Generally, the best protein
intake or protein utilization were noticed with all diets contaming 16.55% CP with
stocking density 3 birds/cage compared with other treatments. These results supported the
findings of Ry ef al. (1983) who reported that intake of feed/kg eggs increased with
decreasing CP from 17.2 to 14 or 11% and intake of protcin decreased of Leghorn laying
hens.



Table (3): Effect of experimental treatments on Initial body weight, final body weight , body weight gain, protein intake and
protein untilization during the period from 24 to 43 weeks of age. ‘
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Initial body weight  Final body wel y Protein
ltem (@ 24 wicof g:eh Qwk og::t ©  Body weight gain (9 Proteln ntake @ utilization
Protein levels %o:

16.55 (P1) 1623.25¢+4.46 1819.25+14.09 196.13+14,05 20,7620.09b 2.81+0.02a
18.11 (P2) ‘ 1629.004.19 1851.37+17.78 226.38+15.87 122,910,112 2.5810.02b
Lysine levels %:

0.96 (L1) 1622,135,41 1814.00+10,95b 192.00%11.05b 21.684£0.18 2.72+0.03a
1.06 (L2) 1630.25+2.79 1856.50+19.62a 230.50+£17.89a 21.9510.22 2.68+0.03b
Stocking density:

4 birds/cage d1 1629382391 1807.75£13.47b 179.88£13.38b 21.5810.19% 2.72+0,03a
3 birds/cage d2 1623.0044.70 1862.88+17.558 - 242.6315.228 22.08£0.21a 2.67£0.03b
‘T"I‘e";';‘t’]“ d‘f‘“‘ 1620.0049.46 1801.00426.73b 181.00+31.41d 20.54+0.10¢ 2,83+0.05a
o PILI& 1611.00+12.95 1787.00£24.51b 176.00£21.29d 20.9440.22d 2.81£0.04ab
T3 P1L2dl 1630.0046.01 1886.00423.68b 157.00+24.71d 20.5310, 14 2.84+0.02a

T4 P1L2d2 1632.50+4.43 1903.00+22.73a 270.50£22.71b 21.0240.17d 2,78+0,05b
TS P2L1dl 1641.50167.60 1828.50+13.46ab 187.00+12.68d 22.3010.16¢ 2.68+0.04c

T6 P2L1d2 1616.00+11.47 1840.00+19.56ab 224.0+18.9ac 23.0310.14a 2.57+0.03d

T7 P2L2d1 1626.00£7.33 1815.50+39.75b 194.50+35.47cd 229140.17b 2.55+003d

T8 P2L2d2 1632.504,73 1921.50+50.82a 300.00+41.26a 23.4010.258 2.53+0.03d

a,b and c Means in same column, within each factor with different superscripts are significantly (P < 0.05) different.
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- Live body weight and live body weight gain:

The effect of treatment on live body weight and body weight gain are presented in
Table (3). The average initial live body weight values at the beginning of the experiment
(23 weeks of age) were not significant. There was no significant difference between the
average values of live body weigh or body weight gain due to protein level. There was a
significant difference in average live body weight or body weight gain among hens fed the
two different lysine levels or stocking density, while hens receiving the high Iysine diets or
decreasing hen density per cage (600 cm2/bird) gained the best, however those receiving
the low lysine diets or increasing hen density per cage (450 cm2/bird) gained the least
weight, Interaction effects showed a significant difference in the average live body weight
or body weight gain due to protein x lysine x stocking density interactions. The best live
body weight or body weight gain (1921.50 or 300 g, respectively) was recorded by T8,
while T2 showed the Jowest live body weight or body weight gain. (1777 or 1760 g,
respectively). Generally, the average live body weight or body weight gain increased
gradually with increasing the protein level from 16.55 to 18.11 CP%, lysine
supplementation from 0.00 1o 0.1% or decreased stocking density from 600 to 450
cm2/bird. These results supported by Harms and Ivey findings (1992) (who reported that
body weight increased as the dialy intake of protein and lysine increased of Arbor Acres
broiler breeder hens). Kout El-Kloub et al. (2005) found that body weight did pot differ
among treatments which containing 14 or 15% rude protein for Mamoura local strain
chickens.

Carey (1987) indicated that laying hens at 222 cm superscript 2 per bird, body weight
at 147 and 499 days of age (1297 g and 1779g) were significantly lower than in other birds
(311 or 259 cm superscript 2 per bird). These results indicated that increased live body
weight and weight gain may be due to increasing intake of feed, protein and lysine.

Egg Quality:
Albumin weight:

Albumin weight is tabulated in Table (4). The protein, lysine levels, stocking density
and protein x lysine stocking density interactions did not affect albumin weight values at
39 weeks of age. Moreover, the differences between either two protein or lysine levels or
stocking density were not significant at 42 weeks of age. The interaction effect of protein x
lysire x stocking density was significant (p<0.05) at 42 weeks of age. These resulis agreed
with the findings of Simsek et al. (2006) who reported that effect of cage density on
characteristics of egg quality were non-significant for Isa Brown hens when placed in 40 x
50 x 40 cm cages at the rate of four or five hens per cage. Kout El-Kloub (2005} showed
no significant difference in albumin weight % due to protein levels (14 or 15%) of
Mamoura local strain chickens. However, the present results disagreed with those reported
by Zanaty (2006) who showed that increasing dietary protein levels (14, 16 or 18%) were
significantly increased albumen percentage of Norfa hens.

Yolk weight:

Egg yolk weight % is presented in Table (4). Protein or lysine levels did not affect
average yolk weight% values, while the differences between two stocking density or
protein x lysine x stocking density intractions were significant (P<0.05) at 39 weeks of
age. Protein, lysine levels or stocking density did not affect average yolk weight % values,
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while the interaction effect of protein x lysine levels x stocking density was significant
(p<0.05) at 42 weeks of age. Yolk weight % at 39 and 42 weeks of age ranged from 27.21
to 29.62% for T, and T, and 26.55 to 28.95% for T, and T,, respectively. These results
agreed with those suppoted by Kout El-kloub (2005) who indicated that no significant
differences in yolk weight % values were observed due to the different levels of protein
(14 or 15%) in Mamoura local strain chickens. While, results obtained herein disagreed
with those obtained by Zanaty (2006} who reported that yolk percentage decreased with
increasing protein levels (14, 16 or 18%) of Norfa hens.

Shell weight:

Eggp shell weight were calculated as a percentage of the egg weight and listed in
Table (4). No significant differences were observed in shell weight% due to protein, lysine
levels or stocking density, while the effect of interaction among protein x lysine x stocking
density were significant at (P<0.05) at 39 weeks of age. The values ranged between 11.8
and 12.43% for T, and T respectively. Protein and lysine levels did not affect egg weight
of on, while the interaction effect of protein x lysine x stocking density was significant
(P<0.05) at 42 weeks of age. The highest value (12.68%) was for T4, while the least
(11.69%) was for Ts. These results were confirmed by Kout E-Kloub (2005) who reported
that shell weight % was not affected by dietary protein levels (14 or 15%) for Mamoura
local strain chickens. The results disagreed with those of Hashemi and Pourreza (1998)
whe indicated that no significant differences in shell weight values were observed due to
the different stocking density (3, 4 and 5 bird/cage) of laying hens.

Shell thickness:

The averages shell thickness (100 xmm) were not influenced significantly by
protein, lysine levels or stocking density, and influenced by the interaction among protein
x lysine x stocking density at 39 weeks of age, the values varied from 31.90 and 33.00 for
T5 to T1, respectively, at 39 weeks of age. Protein or lysine Jevels did not affect average
shell thickness values, while the difference between two stocking density was significant
(P<0.05). No significant differences were observed due to protein x lysine x stocking
density interaction and the values of shell thickness ranged from 31.10 to 32.70 (mmx100)
for T3 and T6, respectively. Generally, all diets which formulated to contain 18.11% CP or
decreased stocking density (600 cm2/bird) improved egg shell thickness compared to
16.55 CP or 450 cm2/bird at 42 weeks of age. These results were confirmed by Kout E}
kloub (2005) who reported that egg shell thickness did not significantly influenced by
dietary protein levels. Altan et ai. (2002) observed that shell quality was not significantly
affected by higher cage density (640, 480 or 384 cm2/hen) of White Hybrid layers or (640
and 480 cm2/hen) of Brown Hybrid layers. Hashemi and Pourreza (1998) reported that
cage density (3, 4 and 5 laying hen/ cage) had no effect on shell thickness. Gharib (2006)
found that the differences between all the cage density groups (750, 600, 500, 428, 375 and
333 cm2/bird), in egg shell thickness, were not significant.
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Table (4): Effect of experimental treatments on some interior and exterior egg quality during the period from 24 to 43 weeks of
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age. ,
39 wha of age 42 wias of age

Lo Albumin Shell Saell

iy Yolk wt,% Shel wi.% thickasatam). Shap lndex Albumin wi.% Yolk wt.% Shall wi.% hicknesamm). Shap index
Protein leveh %
(16.55) (P1) §9.6640.42 28314034 12.0240.13 "32.5640.25 75.8620.45 55474037 28,17:0.31 12.3640.12 31.6840,20 75.841037
(18.11) P2) 59.55£0.33 28.3740.29 12.0840.11 32581020 766710 44 60231036 27.70+034 12072015 32104022 76554053
Lysing bovels %
(0.96) {L1) 35.89+0.41 28.1340.36 11.9820.11 32.4020.16 76.1320.47 60.06:£0.40 27.782036 12.1620.14 32,10£0.19 76,3920 49
(1.06)L2) 59.3220.34 28.56:0.27 12,1240.12 32.55£020 764010 43 59.6410.34 28.08+0.29 12282014 31 68:0.29 75,9540 42
Stockiug densiy
4 hinds/cage d1 60,0420 42 278540.33b 12.1240.12 32431055 76064048 60.0110.34 27.9640.30 12.03£0.14b 31.58:0 23 75.71£041
3 birdvcage d2 £9.17+0.31 28.85+0,28a 11.98+0.11 32.5310,19 764720.43 59,6940.38 21901036 124140, 318 32.2040 18 6.6240.49
Interaction effect
T1 PILIQ 61.0120.96 27.20:0.77d 11.80:0.24*b 33.00£0.398 74.53£1.25 60.40£075%b  27.1930.65°h  12.41:0.28%b 31.4010.40 75471082
12 PILId2 $9.5340.74 28.3040.65¢ 12.1740.2250 32.0040.45¢ 76.53£0.76 $8.9130.520 289520818 12,1420, 1 Sabs 32.20£0.25 76.6310.77
T3 PlL2dl 50.61£0.84 28,1410 58 12.234031ab 32.30£0.60bc 160610 65 59.95+0.63b 27.8240.50b 12.2340.21ab 31.10£0.48 75.7240.74
T4 PIL242 58.48:0.71 2962406la 11.50£0.25b 33.00+0.30a 76,3340.86 58.60+0.55¢ 28.72+0.37a 12.6840.278 132.0040.37 75.5340.71
Ts FP2L1dl 59.88+0.52 28.10+0.83¢ 12.0220.19b 31.90+0.59¢ 71.15:087 55.88:0.6Th 28.4310.62ab 11.69+0.30b 32.10+0.43 76.2810.86
T6 PzLId2 59.14:0.59 285140576 11.9520.22h 32.70+0.408b 76.3240.76 61.06:0.77a 26.55x0.62¢ 12.39+0.308b 3270030 771421 42
T7 P2l2dl 59.6450.67 27.9310.45% 12,4310 208 32,5040 378b 76.5040.89 59821016 28.394+0.59ab 11.7940.32ab 31,7040.52 75.3610.98
T8 P2l2d2 $9.52:0.44 28.5740.32be 11.9140.22b 32.40+0.22bo 76.7041.12 60.19+0.79b 27 40:0776 12.4130.28ab 1.90+0-46 77188099
a, b, ¢ and d Means in same column, within each factor with different supersoripts are significantly (P < 0.05) different.
Table (5): Effects of dietary protein, Lysine, levels and stocking density on economic efficiency during the period from 24-43

weeks of age.
Jam Proteia levels % Lyning levalsds Stuking density Interuction Effect
(1655ml 18 11p2 T (062 dbindadl 3bindsd? __ FiL] Pilidz_ Pllzdi_ PlLidz  P2Lid1_ PzLidz  P2L231  P2igde

Total foed intake/hen 1756 1771 1753 1774 1742 1788 1737 1772 1737 1799 1724 1781 17N 18.09
Pricesky/foed (LEX1) 9.02 9282 914 91.43 9142 91.42 90.01 90.01 90.03 90.03 92 81 9281 9283 9283
Total feed cosvhen (L. E) 15.81 1644 16.02 1622 15.93 1632 15.63 1595 1564 16.02 16.00 1653 1644 16.79
Total number of eggs/hen 122.46 12241 122.37 1225 12056 12431 11917 123.92 120.48 12629 12230 12410 12019 12294
Price of total eggs produced /hen (L. E) 24.49 24,48 24.47 24.50 24.11 24,86 23.83 24.78 24.10 25.26 2446 2482 24.06 24.59
Net Revenuc / hen (L.EX2) 8.68 B.04 8.45 828 818 854 820 8.83 346 924 8.46 847 162 780
Eanomic Efficiency {E-E (3) 046 0.49 053 051 0.51 052 052 058 054 058 0.53 05 0.46 046
Retative Economic Bfficiency (4) 100 107 100 0.96 100 102 100 107 104 112 102 98 88 88

(1) L.E = 1 pound Egyptian currency = 100 piasters,

Price of total egg production /ken (L.E.) = Total number of eggs / hen price of one egg (0.20 LE).
(2) Net revenue / hien (L.E) = price of totai egg productionhen (L E) - total feed cost / hen (LE),
(3) Economic Efficiency = Net revenue / price of total feed intake.

(4) Assuming that the group number 1 from each graup represent the control 100,
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Shape index:

Values of shape index are listed in Table (4). Both ages (39 or 42 weeks of age)
had no significant differences in shape index due to protein, lysine levels, stocking density
or the interaction effect among protein x lysine x stocking density. At 39 weeks of age TS
recorded the highest value of shape index (77.15), while T1 gave the least value {(74.53).
however, the values of the different experimental treatments at 42 weeks of age ranged
between 75.36 to 77.18 for T7 and T8, respectively. Generally, the shape index
insignificantly increased with increasing the protein or lysine levels with decreased
stocking density. Similarly Kout EI — Kloub (2005) reporied by that, crude protein levels
had no effect on shape index.

Econmic efficiency:

The economic efficiency and money retumn per hen fed the different formulated
diets are summarized in Table (5). The net revenue and economic efficiency values ranged
between 7.62-9.24 and 0.46 — 0.58, respectively. The lowest values were recorded for T7
or T8, while the highest values were listed for T4, this may due to the better egg mass
obtained for those birds fed this experimental diet compared with other diets.

It may be concluded that diets containing 16.55% CP and 0.1% Lysine
supplementation (0.93% Lysine in the diet) with housing arca 600 cm2/bird would be
suitable to some extent for the achievement of optimuny revenue cost ratio for laying hens
under Egyptian conditions.
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