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SUMMARY

The ecffect of protein restriction and realimentation on broiler
performance was studied by experimenting five protein phase-feeding
programs. 150 one-day old broiler chicks were divided into five groups
of which the first was fed following the NRC (1994) system and
considered as control for comparison. The NRC levels of protein in the
three age phases (0-to 3, 3-t0 6, 6-to 8 weeks) were 23,20& 18% while
that of the other four groups were 23,18,20; 20,23,18; and 18.23.20 for
the groups II, IV&V, in group I a descending weekly step-down
system was used, starting with 23% CP and ending with 17%. The
results showed that protein restriction in the starter or grower phases to
18% did not affect the performance and the realimentation increased the
chick potential for growth and feed utilization. The fifth program
(18,23.20% CP) was the pioncer and most economical. Protein
restriction did not affect total serum protein, immunity, and the chickens
showed normal dressing value.

Key words: Broilers, protein restriction, protein realimentation.

INTRODUCTION

Animals do not always have sufficient food available at
particular times to allow a full cxpression of their genetic potential for
growth, when this occurs growth falls. It has been shown in many
experiments that when food supplics again become abundant, growth
rates accelerate and exceed those achicved by comparable animals fed
well and continuously. This phenomenon is known as ‘compensatory
growth’ (Plavnik and Hurwitz 1985.1991; Zubair and Lecson, 1994;
Doyle and Lesson, 1996; Lawrence and Fowler, 1997). This apparent
tendency of animals to regain the position lost on their growth curves by
‘storing’ their growth potential is both fascinating biologically and
important economically.

Most  of the experimenls made on various aspects of
compensatory growth were conducted on herbivores as sheep (Hogg,
1991; Kamalzadeh, 1996). cattle (Park et al.,1998), horse (Lowrence and
Pearce,1964) and pig (Kyrazakis et al. 1991). In ruminants and
especially  in cattle, compensatory growth tends to be greater when there
is change in diet typc as well as in the amount of food offered (Park ct
al.. 1998 and Rossi et al, 1999). Poland et al. (1998) found that
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nutritional regimens of beef heifers which imposed a period of growth
restriction followed by a period of growth compensation have minimal
to no delay in the onset of puberty. Of all the factors considered to have
a possible influence on compensatory liveweight gains, an increased
appetite and efficiency of feed utilization are generally thought to be the
most important in the majority of circumstances (Poland et al., 1998 and
Rossi et al.,1999). However, work with mammals and birds did not
indicate in general that compensatory growth is exhibited to the same
extent (Berge,1991).

Leeson and Zubair (1997) studied the nutrition of the broiler
chicken during period. of compensatory growth by feed restriction and
realimentation programs. They found that this program succeeded in
improving feed effeciency and allowing full body weight recovery.
Studies of Leeson and Summers (1988); Summers et al. (1990); Plavnik
and Hurwitz (1991); Zubiar and Leeson (1994) have demonstrated the
potential for early-life undernutrition followed by full-feeding to reduce
increased fat deposition and high incidence of skeletal and metabolic
diseases as ascites, sudden death syndrome and leg problems.

Poultry producers recently arc interested in low crude protein
diets as a mecans of decreasing the cost of production and slightly
inhibiting growth to decrease the incidence of disorders associated with
rapid weight gain (Emmert et al., 2000). Madrigal ¢t al. (1994) examined
different crude protein percentages of isocalorific feeding programs
designed to modify early growth rates in broilers compared with that
stated by NRC and found little difference in the performance of birds.
Leeson et al. (1996) stated that the bird must preferentially meet its
energy requirement, in many cases it CONSUMEs excess protein with the
result that a leaner carcass produced. Conversely, if a deficiency of
protein results, the bird will overconsume energy in an attempt to meet
its protein requirement leading to ‘fatter’ bird (Lipstein ct al., 1975;
Zubair and Leeson, 1994). Alleman et al. (2000) found that reducing
crude protein significantly reduced breast muscle proportion.

The current experiment was designed to study the growth
performance of broilers as a response to restricted levels of dietary
protein and realimentation in isocalorific feeding programs compared
with that stated by NRC (1994). The biological and economical effect of
the feeding programs will be considered, and the least-cost ones
suggested.
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MATERIALS AND METHODS

Birds, housing and management

One hundred and fifty onc-day-old broiler chicks, of the “Cobb™
strain, and averaging 53.5 g in body weight, were allocated, at randon,
into five groups cach of 30 chicks. The chicks were rcared
conventionally under hygienic conditions, with each group in a separate
compartment. Food and water were provided on ad libitum basis and
continuous lighting was used.

The first threc groups were assigned altogether, in the first week
of age, to a starter diet of 23% crude protein, whenever at the beginning
of the second week the third group was transferred to the third feeding
program. and at the beginning of the fourth week the sccond group
transferred (o the second program, while the first group was continued to
be treated by the first program-the NRC one, The fourth and fifth groups
were treated {ollowing the fourth and fifth programs respectively.

The experimental period extended for 8 weeks. During the
feeding period the chicks were individually weighed, food consumption
weekly recorded, and significant clinical signs, if any, registered.

For the induction of an immune respense in the five bird groups,
they were injected subcutaneously in the neck region, by a commercially
prepared killed Newcastle disease virus (NDV) vaccine (Newcavac,
Intervet Inc., Millsboro, Ttaly. DE 19966 ) at the age of one day,
followed by another injection at the age of 4 weeks. At the age of 3.6&8
weeks, five chicks were randomly chosen from each group for
slaughter studies and blood collected for antibody titer-determination at
3&8 weeks of age.

Diets and feeding programs:

Diets  were formulated to meet NRC (1994) requirement
recommendations for all the nutrients but protein percent, during the
three agce intervals 0-to 3, 3-t0 6, and 6-to8. A typical three-feed-
program was followed in each of the four groups I, II, TV & V and
consists of diels containing 23, 23, 20 & 18% crudc protein for the
period from 0-to3 weeks respectively, 20, 18,23 & 23% from 3—to 6
weeks and 18, 20, 18 & 20% from 6-to 8 weeks at the same respective
order. While group IIT was fed on an eight-feed-program starting with a
diet ol 23% crude protein and decreasing 1% unit on a week-basis and
with a diet of 17% crude protein in the 8th week.

The feeding programs tested are illustrated in Table (1) showing
the protein pereent in the different isocalorific diets and each’s code
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number which was inspired from the ten’s place-figures of the protein
levels (3-of 23%, 0- of 20% & 8- of 18%) in the NRC three-feed-
program.

Estimations:

Carcass yield:

The five birds slaughtered were assigned for the carcass
characteristics calcnlated as percentage of the livebody weight, in
addition to the deboned carcass at the end of the experimental period.
Inmmunological assays:

A blood sample was collected from cach of the slaughtered
chicks in the five groups, at the aforementioned settled ages, allowed to
clot at ambient temperature, centrifuged for 10 minutes at 3000 rpm. and
serum extracted. The serum samples (1 ml/vial) were kept frozen at —20°
C until immunity parameters measured.

Total protein in serum was detcrmined colorimetrically using
Biurct reaction after Doumas (1975). The solid phase ELISA was used
for the estimation of the immune response of the birds against Newcastle
vaceination. The antibody formed were traced as described by Florence
(1992).

Production cost:

Feeding broilers should be established on a basis of reducing the
cost and increasing the net return rather than achieving the optimal
performance. The cost ol  producing one kg livebody weight was
calculated as the combined cost of feed and chick charges with no regard
to the cost of litter, building and equipment charges, or any other
miscellancous ones. These calculations were considered as a matter of
monetary compatison among the different feeding programs, not as real
production costs expected to be put-on in farms.

Statistical analyses:

The data were analyzed by ANOVA in a one-way classification
using the General Linear Models (GLM) procedure of PC STAT (1985).
Means were separated using the Duncan’s multiply range test option,

RESULTS and DISCUSSION
The nutrient requirements stated by NRC (1994) for market
broilers are generally minimum levels that satisfy productive activities

and (or) prevent deficiency syndromes. The levels of nutrients and the
NRC feeding program, dividing the period into three age intervals (0- to
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3, 3-t0 6 and 6- to 8), were followed and recommended as thy are the
most optimal.

In this study prolein as the most expensive nutrient-its content in
the three age-diets was tricd 1o be reorganized, taking advantage of
growth storage potential and compensatory growth as a biological
phenemenon (Doyle and Lesson, 1996; Lawrence and Fowler, 1997).
The suggested programs were tested on a weight gain, efficiency of feed
utilization, and carcass quality-bases as the criteria of adequacy, in
addition to the diet cost of broiler production.

Body weight gains:

In the first age period 0-3 weeks, Leeson and Summers (1988)
and NRC (1994) suggested 23% protein, as a relatively high
concentration is needed to support the rapid growth. In the present
experiment this fact was not absolutely confirmed. Out of the five chick
groups, the first two consuming 23% CP surpassed in the first two weeks
but in the third week the high level of protein lost its privilege (Table3
and Figurcel). Group V consuming 18% CP allover the three weeks
attained the same rate of growth, and group IV consuming 20% was
faster, The third group consuming three weekly step-down CP levels
(23, 22, 21%) was the lowest in rate but the difference was not so
significant. It can be concluded that in this stage of growth feeding 20 or
even 18% is adequate to supply the chicks by its needs for nitrogen and
essential amino acids, although the 23% protein was dirceted to be more
supporting in the first two weeks as recommended by Leeson and
Summers (1988); NRC (1994), and stressed by Plavnik and Hurwitz
(1989) for the higher requirements of the essential amino acids.

In the second feeding period (3-6 wk) the fourth group fed the
20% and the fifth one fed the 18%- starters stored a growth potential
high cnough to attain the highest weights 1279 & 1328g respectively
compared with the [irst three groups (1221,1159.8&1200.82). The more
severe restriction in the fifth group (18%) in the starter period compared
with that of the fourth (20%) resulted in greater rate of growth after
protein realimentation (to 23%), a [inding which coincides with that
cited by Lawrence and Fowler (1997). The results add a fact that protein
restriction increases the ability of the chicken to absorb some amino
acids (Gous, 1977) when the limiting nutrient is supplied in the recovery
period, and it is not a matter of growth compensation but a matter of
potential increasing.

The supply of high protein-dict during the recovery period after
a period of diet restriction was stressed by Fontana gt al, (1992) who
found that protein might be a limiting nutrient during the recovery aftcr a
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period of restriction. Even if the restriction of the protein was to a level
that limits and decreases the growth, the bird can compensate in the
recovery period (Leeson and Summers, 1988).

In the third period (6-8wk) the second stage-high level of protein in
the fourth and fifth groups (23%) changed to 18% in the 4™ and 20% in
the 5", in spitc of that, the chicks of both groups maintained its
surpassing growth rate and attained 1857.5&1932.3g compared with the
first 3 groups which attained 1735.0, 1772.5 & 1752.5g ina respective
order. A result which was explained by some researchers as Wilson and
Osbourn (1960) who stated that the more severe the restriction, the
greater the initial rate of gain immediately alter realimentation.
Concerning the age during the different stages, Plavnik and Hurwitz
(1991) suggested that the response (0 any nutrient is most likely to be
maximized immediately following the period of restriction, and it scems
10 be reasonable to assume that such responses will diminish with age.

‘The chicks fed on the NRC program (1% group) gained in the 8
weeks 1681.6 which when considered as 100% the other groups will
score 102.2,101.0,107.3 & 111.7% respectively, pointing to the fourth
and fifth systems of feeding as the best from the growth performance
point of view. Many authors have described how animals and birds that
had been restricted in growth exhibited greater rates of gain once the
restriction was removed (Mersmann et al., 1987; Kyriazakis et al., 1991
for animals and Plavnik and Hurwiz 1985, 1991; Zubair and Leeson,
1994 for poultry).

Feed intake and conversion efficiency:

In the first threc weeks of age the low-crude protein starter-
groups (IV & V) recorded increased feed consumption when compared
with the other three groups in which it was nearly equal (Table 4 and
Figure 2). Lipstein etal. (1975) stated that broilers would try to eat and
meet their particular requirement for protein and/or cssential amino
acids. This explanation seems not to fit with our findings as the
consumption did not relate to the protein concentration and in the 20% -
starter consumption was greater than the 18% -one. The difference in
consumption is more related to the final chick weight and the statement
of Lipstein ct al. might be correct in levels of protein % lower than that
uscd in this experiment. In the other two feeding periods intakes were
nearly equal in spite of the difference in protein concentration, with the
highest values scored by group IV (23%CP) and the lowest by group III
(20%CP). Tn the whole experimental period the five groups consumed an
average of 30.0 to 33.6 g dict / bird daily.
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By reviewing the feed consumption in the three feeding periods
no correlation could be extracted either with the level of dictary protein
or the rate of growth. In spite of the increase in feed intake due to the
decreasc in profein concentration in starters of groups [V & V, in the
second stage there is equality between the groups consuming the 20%
(groupl) or the 23-% growers (groups TV&V) and which followed a
restricted percentages (20&18% respectively). The same inconsistency is
clear in the third period (6-8 wk) and the 20%-groups cither preceded by
18% (group 11) or23% (group V) were nearly equal while the 17-18%-
finishers varicd from 1.465 to 1.655g (groups 1, 1L IV).

[t is a matter of efficiency of utilization more than the rate of
consumnption. Table 4 and figure 3 showed that restriction of dietary
protein in starters by feeding 20%in the 4" group and 18% in the 5™ one
instead of 23% in the first two groups did not have a negative effect but
conversely a positive one noted in the sccond period in which an
abundant supply of protein is resupplied. The third group followed the
same trend.

In the third feeding period realimentation of protein in group 11
{(Trom 18% to 20%) improved the efficiency and the conversion index
decreased from 2.85 to 2.55. On the other hand, decreasing the level of
the protein from 23% to 18% in the fourth group resulted in no effect
while decreasing 10 20% improved the efficiency or allowed the grower
realimentation improvement to continue, The third group showed the
lowest cfficiency and highest index (2.94). These results agreed with the
fact mentioned by Leeson and Summers (1988); Ryan etal, (1993);
Zubair and Leeson (1994) and Bikker ¢t al. (1994) that there is littic
doubt that the broiler chickens can perform quite well on diets of low
protein content, when body weight and gross feed cfficiency are the
main parameters of concern, and the broiler chicken appears to be able to
benefit a period of carly “undernutrition” in that subsequent
compensatory growth results in no overall loss weight, and will likely
improve feed utilization,

Any way, it is the feed cost of weight gain in the whole [aitening
period that Lo be considered. The fifth system is the pioncer and the other
four systems were nearly equal and cost more feed for cvery kg gain by
about 9.6% on the average, It was also suggested by Zubair and Leeson
(1994) that increased growth after undergoing nutritional stress by
consuming a diluted diet was due, in the same way, Lo better nutrient
utilization resulted in improved compensatory gain and [eed efficiency
during the realimentation period.

Protein iniake and protein efficiency ratio:
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Protein is the most expensive nutrient and it is wise to calculate
how many grams the chick gains in weight for every gram protein
consumed (McDonald et al., 1982).

As the weight gain in the first stage of feeding cither increased
{as in group IV) or did not get affected by the low dictary level of
protein_(as in group V) and the rate of feed intake was not greatly
changed, the protein efficiency indexes (Table 4 and Figure 4) were
especially high (2.98&2.73) in group V (18% CP)and group [V (20%
CP) respectively and following frankly the low level of protein intake.
Parr and Summers (1991) were concerned with the protein intake, they
reported that with diets similar in essential amino acids balance, young
broilers will eat to satisfy their protein not their encrgy requirements.

In the second feeding stage the efficiency index also increased as
dietary protein intake decreased (groups 11 & III) and conversely
decreased as dictary protein intake increased (groups IV & V). This
means that the improvement due to realimentation was not to the same
extent in protein cfficiency as that in body weight gain. It followed the
amount of protein taken more than a restriction-recovery concept.
However, NRC (1994) and Emmert et al. (2000) indicated that it is
preferable to maintain a correct balance of amino acids as dictary crude
protein concentrations arc reduced, which allows supcrior growth
performance to be obtained at substantially lower crude protein levels
than are requircd.

The last stage of feeding (6-8wk) showed an equality among all
the levels used 17-18%, 18% and 20% . Collectively while the first four
systems  showed cfficiency ranging from 2.23-2.38, the fifth was the
highest (2.43) to be nominated. These results agreed with Yang and
Chung (1999) who concluded that the compensatory nutrition regimen
after a period of nutrient or feed restriction improved performance and
persistency of modulation of cell metabolism, differentiation and
proliferation.

The following table,illustrates the performance in the whole
experimental period,and shows that the fifth system in which the dietary
protein was 18% as starter, 23% as grower and 20% as finisher proved to

Tteni Groups No./ diet code
3 17308 [ 117380 | I1/8-levels | IV/038 | V/830 _‘
| Weight gain “g” 1681.6 | 1719.1 | 1699.] '[ 1804.1 | 1878.8
Feed intake “kg” 3.87 3.83 3.84 4.14 3.93
Protein intake “g” " 764 752 9 848 824.3
Feed conversion index 2.30 223 2.26 2.29 2.09
Protein efficiency index | 2.25 232 2.38 2.25 243
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be the best from the performance point of view with an increase of
weight reaching lo 12%. and an increase in protein intake by 7.9%.
costing 9% less food and also 9% less protein for Lkg livebody weight
production.

Total serum protein, antibody titers and carcass dressing value:

The total protein values shown in table 5 revealed no significant
difference among groups, however at the end of the growing period (6"
week) the 5" group recorded a significantly high valucs. There is no
explanation for the increascd level, however the serum proteins followed
the dictary onc as explained by Leveille and Sauberlich (1961) who
statcd that serum proteins arc affected by the level of protein
nutrition. They added that most scrum proteins arc synthesized in the
liver from amino acids derived from the food or the catabolism of
tissues. In our experiment the level of ration protein was not low enough
to exert a significant effect and as far as our results indicatc a level as
low as 18% protein in any age period from 0-8 wk is sufficient to supply
the essential amino acids for synthesis of serum proteins.

Immunity was determined by detection of the antibody titers
against Newecastle discase virus, the results showed no significant
difference between groups cither at the 3™ or the 8™ week of age. In spitc
ol the statement of Bhargava ct al. (1971) that the level of antibody
production is influenced by such nutritional factors as protein and amino
acids, and optimal antibody production may not be obtained at the same
nutricnt level as optimum growth. the levels tested in the five chick
groups were not low enough to confirm this fact,

Slaughter studies revealed no difference among groups in the
carcass dressing value, which coincide with the findings of Leeson et al.
(1996). and the lean meat production was nearly the same in all groups.
The economical study

The feed cost in the different groups depends on the cost of the
different ingredients and the amount of the dict consumed.

Table 6 illustrated that the first 3 groups are about to be cqual
where one kg of diet costed from 2.9-3.0 pounds, while the last two
groups showed the highest cost (3.25 & 3.13). The reason for the last
tow groups is the feeding of the richest dict in protein (23%) as a grower
where the feed intake during 3-week period was about more than 2.5
times the feed intake from the starter (with 20 or 18% CP). The cost of
feed intake still is not the final criterion but the cost of each kg of
livebody produced. in which group II showed the better bargain and
have the low feed and low live weight costs, while group V in spite of
the high cost of feed it scored the cheapest live weight production. Such
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findings agreed with Leeson et al. (1996) who explained that relatively
low protein levels had litle effect on carly growth rate in broilers, as
body weight of birds is initially reduced with lower-protein starter dicts,
although again by age there is considerable compensation. Taking into
account the reduced cost of lower-protein content, economic analysis for
his trial showed the lowest protein diets to yield the least feed cost per
unit gain,

Other numerous studics (Plavnik et al., 1986; McMurtry ct al..
1988; Jones and Farrcll, 1992) have shown that [ull growth performance
can be achicved within shorter times by restriction and realimentation
enabling broilers to reach market weight at eatlier ages. This 1s
important from a commercial point of view since broilers are marketed
at 2 wide range of ages and body weights depending on the market need.
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‘Table (1): Feeding programs, codes, and protein levels (%) in the three feeding phases

Program Starter Grower Finishcrgl
No. Code 0-to 3wk 310 6wk 6-to Bwk |
I 308* 23 20 18

1l 380 23 18 20

Ht 8-levels 232221 20,1918 18.17

IV 238 20 23 18
Vo830 18 23 20 |

*Thie NRC (1994) program recommended thiee descending protein levels for the three aye
periods. The starter highest level 23% which designated by the figure “3”, the second level 20% by
“07, and the third level 18% by “87. The sequence of the figures translates 1he feeding program
The “8-levels” program has a weekly step-down (one unit-percent) program with the exception of
the 6" and 7 weeks 37
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Table (3 ) : Body weight development of broilers during the experiment

. Period or agein | 2 Group No./ diet code . |
! weeks 1308 117380 18- Levels vio3s | Vi§30 i
| Body weght g’ ~=
i 0 53452201
| 1 125.3322.21 115402227 | t0sg3=254
]
i 3 9083342 24" | 20617522 197.3325.94 185672647
I 3 Q030011 941" } 39083734 427.67% 12,08 40500= 4,20
i 4 S280217.570 | ShSR0=2276 | s72R0s 170 67800=1967" | 45140=190°
: 5 BT 1653 " 861201882 * [ 861602 1729 880.20219.80 2120=1710"

6 1221.004 31.550° 1159.86=26.30° | 120080+ 2794 % 1279.20= 3308 ** 1328.002 2480 °

!
7 1320002 3530 1478 50 4995 % 1507 50 3358 ¢ 15785024204 | 164500+ 3304
§ 1735006 3268 ¢ 1792502 39954 | 1T815084226> | 1857508 5049 | 193225533222
Weight gain “g"

! 0-3 342.55 ’ 3373 322 | 35158
i 34 81500 75680 | $9 97 §51.53 [ 823100
i Py 1 s1400 61270 | 5170 57830 i 60425
|5 Fiaal it ©-8) | 168155 171903 | 1699.05 | 1304.05 1878 80

-Values are means = SE.
-Means within a row with no common superseripts differ significantly (P< 0.05),

Table (4 ) : Feed and prsotein intake and the utilization efficiency

l o GroupNo./ diet code
i Period in weeks U308 | (/380 | UlSdevels | 1Vi038 Vig3a
Feed mtake (Kg) l ( |
03 0.616 0.613 0.683 0656
3-6 1.790 1.656 1609 1.797 1.940
68 | 1465 1561 1620 | 1655 } 1.530
Total 0-8 3871 3333 s | a1 3.926
Freed conversion index (kg dietks gain)
-3 I : 182 | i 187
3-6 i 219 I} 1.99 | 2.1 L8y 1
68 285 | 294 I 2.86 253 f
Totzl 0.8 230 | 226 229 2.09
Protein intake (Kz) ‘ | |
0-3 | 1417 133.0 \ 136.6 1ED
34 I 3580 ’ 2981 3022 4133 4002
68 [o2932 3122 2428 | 2979 306.0
Total 0-8 | 7834 | 7320 90 | 8478 $243
Protein efficicncy mdex (kg gainka protein intake)
03 246 234 ’ 293 2,08
36 229 | 234 268 | 206 231
f 68 [o19s i 196 194 | 194 1.98
{ Towal 0-8 i 223 | 232 236 225 243 7|
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Table ( §) : Serum total protein , antibody titers and dressing value

Group No. / diet code i
Age in weeks
1308 | U380 | TMUS-levels | IV/038 | V830
I Total protein (g/dl)
| 3 3.8Y=0.10 | 389x024 | 3802022 | 3562018
6 4.182052" 3.89£0.27" a19:04a” | a24z032* | 53320317
i 8 3.2120.23 5472023 | 5402021 | 5212059 5462024
Antibody titers
3 0.78640.10 0.908+0.16 I 0.82040.04 08122007
8 1124008 | 2122006 1132030 | 15702 1.20:0.10
Dressed carcass %
68.60:0.80 | 67672173 §7.99:1.11 | 6737£1 15 67.53+1.36
Lean meat % | | i
8 6LO0xE13 | 81672073 | 61233039 | 62032024 | 62402031

-Values are means =SE
-Means within & row with no common superseripts differ sigmficantly {P <0.05).

-Dressing value = carcass weight  x 100

Livebody weight

Table ( 6 ) : Cost of meat production (L.E./Kg ) in the different broiler groups

Period in weeks [ Group No./ diet code

L /308 | 1380 | MpSwk | IV/i038 | Vi830 |
Cast of feed intake 1
03 0.586 l 0533 | 0381 6547 |

3-6 1391 | 1264 1222 | 14m 1427
6-8 1ess | nIs2 | L182 ‘ 1.161 1.158 ‘
Total 0-§ 2995 | 2972 | 2917 325 3132 |
Costof | Kg LBW* |
0-3 1561 ; 1377 | 1557 | 1sss |
6 17202 | yeas | 1527 ‘ 1.730 I 1.550 l

6-8 2058 | 1930 | 2108 2.065 ! 1.915

Total (-8 Vs | otmnc | e i 1674

* LBW: livebody weight.
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Fig.{ 1) Body weight development in the five groups

Age ,weeks

Feed intake , Kg

0-3 wk

Fig. (2 ) : Feed intake in the five groups
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Fig. [ 3 ) Fead conversion index
in the five groups
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