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Abstract: The experiment aimed to study the effect of post-hatch early held feeding times starter
supplemented with egg yolk and white on growth performance, viscera development and immune
response in broiler chickens. The working hypothesis was based on the fact that better development
of the gastrointestinal tract and immunity system in the first week of the chicks' life affects positively
the growth performance. This experiment was designed also to clear up and to compare the effect of
2 periods of post-hatching held feeding times on broiler chickens performance. A total of 160 chicks
of fast growing broilers type were allotted according to 4 dietary treatments (N = 40 birds/ treatment),
during the first 3 days of age (group C: commercial alimentation (basal diet), group Y1: 66%
commercial feed and 33% boiled egg yolk, group Y2: 33% commercial feed and 66% boiled egg yolk
and group YW: 33% commercial feed, 33% boiled egg yolk and 33% boiled egg white). Each group
was divided into 2 subgroups (f6: 6 h held feeding and f12: 12h held feeding) with free access to
water. After that, all the chicks were fed with commercial diets till slaughter. Randomly selected birds
from all groups were sacrificed at 11 and 40 days of age where the digestive tube and other visceral
organs were measured. Post-hatch delaying feeding time for 6 and 12 hours did not reduce the live
body weight of broiler chickens at 40 days of age. Starting from day 15 till the slaughter, chicks fed
diet Y1 showed a higher live body weight with a better feed conversion ratio. However, visceral
measurements did not show a clearly positive effect of egg yolk on the morphological development
of the gastrointestinal tract. The chicks immunity response against NDV, IBV, and G was significantly
affected by the diets; Y1 group presents the best response. Results concerning the delaying feeding
time confirmed the hypothesis that is based on the fact that delaying feeding time may affect the
immunity response against pathogens.   
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INTRODUCTION

The constant preoccupation of poultry industry is to improve productivity and product quality. 
Since the weight of broilers at marketing age (6 - 7 weeks of age) is in a positive and significant

correlation with their weight at the end of the first week of rearing, the first post-hatching days are then a
critical period in the life of birds (Pezeshkian, 2002; Gonzales et al., 2003).    

Indeed, young birds are anatomically complete, but digestive and immune system still need to develop.
The gastrointestinal tract continues developing and undergoes morphological and physiological changes that
improve digestion and absorption of food (Nitsan et al., 1991a; Maiorka et al., 2003; Maiorka et al., 2006). 
Nitsan et al. (1991b) reported that the morphological changes that the birds undergo include an increase in the
size of the intestine allowing acceleration in absorption by the intestinal surface while the physiological changes
are related to greater production of pancreatic and intestinal digestive enzymes resulting in better digestion of
food.

Early feed is important for the development of the digestive and the immune system. It appears to
stimulate the development of the gastrointestinal tract (crop, small and large intestine) and to increase the
growth performance of birds (Speake et al., 1998). Likewise, post-hatch nutrition in early few days helps in
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immunity development and improves the resistance of birds to pathogen agents (Bigot et al., 2001; Uni &
Ferket, 2004).

During incubation, extra-embryonic membranes encircle the yolk substance that constitute the yolk sac.
From 19 days of incubation, this yolk is internalized into the abdominal cavity and is attached to the small
intestine of the chick by yolk sac (Khan et al., 2002).

Beyond its role of nutrient reserve (Anthony et al., 1989), the residual yolk sac seems to stimulate the
maturation of the digestive system and the absorption function of the intestine and implies in the process of
initiation of the immune system and the body development of chicks (Malik et al., 2011). 

While admitting that during egg formation, blood immunoglobulin's (IgY in birds; like IgG in mammals)
are concentrated in the yolk, the early incorporation of egg yolk in the feed formulation should improve
immunity, health and body growth of chicks. Mahdavi et al. (2010) reported that the administration of yolk
immunoglobulin's (IgY) in the broiler chicken feed formulation increases the average daily weight by improving
the intestinal health, probably via direct and indirect modification of immune system functions. 

To the best of our knowledge, experimental data on the effect of early egg yolk and white incorporation
in the ration of fast growing broiler chickens (for the first 3 days of age) on performances are scarce. Recently,
Chalghoumi et al. (2009) and Mahdavi et al. (2010) stated that the incorporation of dried egg yolk in the
alimentation of broiler chickens improves significantly the growth performance. However, these authors did
not study the efficacy of early post-hatch dietary administration of egg yolk.  

Therefore, the present study was carried out to evaluate effects of post-hatch delaying feeding time and
early dietary supplementation of boiled egg yolk and albumen (for the first 3 days of life) on growth
performance, viscera development, and immunological response in broiler chickens. 

Moreover, relationship between live body weight and viscera development was also evaluated in the
present study.  

MATERIALS AND METHODS

Animals and Feeding Program:
A total of one hundred sixty unsexed chicks of fast growing standard type (Ross type bird) with 40 grams

average weight were randomly allotted into 4 equal groups according to the starter feeding diet during the first
3 days of age. Group "C":  fed with commercial feed (basal diet), group "Y1": fed with a mixture of 66%
commercial feed and 33% boiled egg yolk, group "Y2": fed with a mixture of 33% commercial feed and 66%
boiled egg yolk and group "YW" :  fed with a mixture of 33% commercial feed, 33% boiled egg yolk and
33% boiled egg white. Each group was divided into 2 subgroups with free access to water: the "f6" and the
"f12" subgroups fed, respectively, 6 and 12 hours after hatching.

At 72 hours post-hatching, all chicks were then fed ad-libidum till slaughter time (40 days of age) with
commercial ration formulated according to National Research Council (1994) recommendations.

Birds were housed in a clean well ventilated room under conventional breeding conditions. During the total
rearing period, birds received 23 hours of light (23L: 1D) and were vaccinated for the most common infectious
diseases: Newcastle (NDV), Infectious Bronchitis (IBV) and Gumboro (G).

Growth Performance, Blood Sampling and Visceral Organs Evaluation
All the chicks were weighed at the 1st and the 3rd day of age, and after that every week by a digital

balance (balance type: ELECTRONIC BALANCE ER-120A; ± 1 g) until slaughter.
At 11 days of age, 4 birds were randomly selected from each subgroup (total of 32), individually weighed,

sacrificed by a cervical dislocation and eviscerated where blood samples were collected and liver, heart,
ventricle (gizzard), intestine and Caeca of each chick were taken out. Blood samples were stored at - 18°C
until performing ELISA test for immunity and all removed organs were weighed (± 0.1 g) and intestinal length
was measured (± 0.1 cm); the gizzard and the intestine were emptied from feed residues and reweighed.  

At 40 days of age, the same steps were repeated in addition to that, the proventriculus (full and empty)
and the breast muscles were excised and weighed (± 0.1 g) and the thin area of the intestine segments
(Dueodenum, Jejunum, and Ileum) was measured (in cm2). The thin area of each intestinal segment was
deduced from the perimeter formula of the circle [perimeter = 2 x π x Radius and section area = π x
(Radius)2] and the average value of the 3 sections area was also calculated and expressed in cm2.

At the end of each week of the trial, an average Feed Conversion Ratio (FCR) was calculated for each
group by dividing the weight of weekly feed intake by weekly live body weight (LBW) gain of birds; the
cumulative FCR of each group at the end of the experimental period was also calculated by dividing the total

661



Aust. J. Basic & Appl. Sci., 5(6): 660-671, 2011

weight of feed intake by total live body weight of birds at slaughter time:

Weekly FCR = weekly FI/ weekly LBW gain;
Cumulative FCR = total weight of feed consumed/ LBW of birds at slaughter.

Protein, Fat and Energy Contents of Starter Diets Used in the 1st Three Days Post-hatching:
In the present experiment, Kjeldahl method (AOAC, 1990; #973.18) was performed to measure the protein

content of the different diets used in the first 72 hours post-hatching. One to 2g of the diet was placed in the
digestion tube with 12 to 15 ml of concentrated sulfuric acid (H2SO4; 98 %), 7g of potassium sulfate (K2SO4)
and a metallic catalyst. The digestion tube was then laced into a digestion block where it was heated to the
boiling temperature of the mixture. Digestion is usually completed after one hour at 370 to 400°C. The purpose
of this step is to break down the initial structure to simple chemical and ionic structures. After this, sodium
hydroxide (NaOH) was added to change the ammonium into ammonia by raising the pH of the solution, and
the ammonia was collected by its absorption into a solution of Boric acid (4%):

Ammonia + Boric acid 6 Ammonium Borate + H2O.

Next, the ammonia was titrated by a standard solution of 1/10 hydrochloric acid (HCl; 1 N) and the
nitrogen and the proteins contents were calculated as follows:

CP (%) = [14.01 x (ml titrate - ml blank) - (N of titrate) x 100] / sample weight x 1000;
Protein (%) = 6.25 x N (%).

The petroleum ether extraction method as described by kirk & Sawer (1991) was performed to measure
the fat content of the different diets used in the first 72 hours post-hatching of this study. Diets were placed
for 60 minutes, at a temperature of 100 - 105°C, in a drying oven (SELECTA 295057; from 0 to 250 °C).
After, 1 to 2g of each dried diets were placed on filter papers and put in the flash part of a dissicator
(KARTTEL) with petroleum ether for 12 h to extract fats. Next, filter paper where placed in the extractor flask
and left with ether over night. In the second day petroleum ether was evaporated under the pressure of heating,
the evaporating ether enter in a tube of the extractors which is cooled by a water stream, at this point ether
condenses and trickle down to the extractor flask. At this stage ether start to dissolve the fats in the diets, and
with each time it trickles back it dissolve more and more of the containing fats. During 1h ether trickles 4-5
times and within 10-12 hours the fat extraction finishes. As extraction finishes, the filter paper are remouved,
dried in a hood, then in an oven and after that weighed for the calculation of crude fat content.

Cf (%) = [(sample weight before extracting- sample weight after extracting) x 100] / sample weight on air dry
condition.

Metabolized energy (E-ME: Estimated Metabolized Energy) was calculated using the suggested formula
of Dale et al. (1993) as follows:

E-ME (kcal/ kg) = 2587 + 63.4 x (% fat). 

ELISA test for immunity:
Test for Chicks immunity was measured by ELISA as described by Engvall & Perlman, (1971). The frozen

blood sample (stored at 18 °C) was thawed (at 4°C) and then centrifuged (10000 Rpm) for 8 minutes. The
resulting supernatant, which is the blood serum was removed, distributed in 5 ml tubes and restored at -18°C
until ELISA test for immunity. Samples are placed on antigen coated plates (100µL of diluted sample) and
their position is recorded on a worksheet along with the position of wells containing 100µL of UNDILUTED
negative control (marked as well A1 and A2) and with the position of wells containing 100µL of
UNDILUTED positive control (marked as well A3 and A4). The overall wells are left for 30 minutes at room
temperature, and then all liquids content of all wells are removed into special waste reservoirs, the wells are
washed with approximately 300 µL of distilled water 3 to 5 times. After that, 100µL of (goat) anti-chicken
diluents is added into each well, incubated for 30 minutes at room temperature, and wells are washed with
approximately 300 µL of distilled water 3-5 times. After, 100µL of substrate solution is dispensed into each
well, left for 15 min at room temperature and then 100µL of stop solution is added to stop all reactions. At
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the end each well is measured with an optical density reader that read the absorbance values at 650nm of the
containing solutions in the wells.

Statistical Analysis:
ANOVA was carried out using the GLM procedure of SAS (SAS Institute, 1989). The model included

the effects 1- of early post-hatch feeding times, 2- of diets (Y1, Y2 and YW) and 3- their interaction. When
significant effects were recorded, means were compared using Duncan’s multiple range tests. In addition,
correlations were generated using the Pearson’s correlation coefficients. Significant levels were reported at P
< 0.05 *, P < 0.01 ** and P < 0.001 ***.

RESULTS AND DISCUSSION

Protein, Fat and Energy Contents of Starter Diets Used in the 1st Three Days Post-hatching:
Analyses of the four diets, fed in the first 3 days of this experiment, differed in crude protein, fat and

energy contents (Table 1). Diet C contained 26.6 % crude proteins, 6.4 % fats and 2819 kcal of E-ME/ kg
while diet Y1 contained 25.4 % proteins, 20.1 % fats and 3318 kcal of E-ME/ kg, diet Y2 contained 24.3 %
proteins, 47.6 % fats and 5604 kcal of E-ME/ kg and diet YW contained 43 % proteins, 28.1 % fats and 4368
kcal of E-ME / kg.

Growth Performance:
Evolution of body weight of subgroups f6 (fed 6 hours post-hatching) and f12 (fed 12 hours post-hatching)

from day 1 to slaughter day is illustrated in Figure 1. Moreover, Table 2 shows the weekly average of live
body weight, feed intake (FI) and feed conversion ratio (FCR) of broiler chicks in the 2 subgroups. As shown
in Figure 1 and Table 2, at 5 and 8 days of age, chicks fed after 6 hours post-hatching showed better values
(P < 0.05) for live body weight, and weight gain than birds delayed 12 hours for feeding. Likewise the live
body weight, these differences became not significant from age 15 days until the end of the experiment (40
days of age).

Concerning the effect of starter diets (C, Y1, Y2 and YW, given to the chicks in the first 3 days of age)
on weekly average live body weight, feed intake (FI) and average feed conversion ratio (FCR) of chicks from
day 1 to the commercial age (day 40), Table 2 shows also the result. At 5 days of age, there were a significant
differences (P < 0.05) for average live body weight where mean value was larger in the chicks fed diets C,
Y1 and YW than diet Y2 (see Table 2). Whereas differences obtained at 8 days of age for C, YW and Y2
groups were statistcally insignificant (P > 0.05). Starting from day 15, chicks fed diet Y1 began to show a
higher performance (P < 0.05). At slaughter (40 days of age), live body weight of Y1 broiler chickens was
significantly (P < 0.05) higher than all groups. Moreover, chicks fed diet Y1 showed a better cumulative FCR
value in comparison with other groups (1.6 Vs 1.9 for C and Y2 and 1.8 for YW groups).

Since delaying feeding time for 6 and 12 hours after hatching did not affect the growth performance of
birds at slaughter day (40 days), results for the effect of the interaction between groups of diets (C, Y1, Y2
and YW) and subgroups (f6 and f12) are not shown in the present experiment.

Visceral Development:
There was a significant effect (P < 0.01) of held feeding for 12 hours (f12 subgroup) on most of the

visceral organs development measured under this study at 11 days of chick’s age (Figure 2, A). The weight
of the gizzard, the intestine and the liver were significantly lower in the group of chicks fasted for 12 hours
post-hatching (f12) than those treated for 6 hours (f6). However, the weight of the Caeca was not affected (P
> 0.05) by the time of post-hatching first feeding. In addition, there was a trend toward a significant difference
(P = 0.07) between the mean weight of the hearts of the subgroups f6 and f12. The length of the intestine
was significantly higher in the chicks of the f12 subgroup. Whereas, we did not record a significant difference
between the Caeca lengths in the birds of the 2 subgroups of post-hatching delaying feeding. No significant
differences (P > 0.05) were recorded due to post-hatching delaying feeding time in most of the traits measured
at 40 days of birds' age. Only, the section area of the duodenum differed significantly (P < 0.01) between the
2 subgroups and there was a trend toward a significant difference (P = 0.07) between the mean section area
of the ileum of birds subjected to 6 and 12 hours post-hatching delaying feeding time (Figure 2, B).

Table 3 shows the effects of starter diets (C, Y1, Y2, and YW) on viscera developments of chicks at 11
days of age and the Pearson's correlation between live body weight, the length and the weight of all the
internal organs measured in the present experiment at the same age. There was a significant effect of starter
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diets C, Y1, Y2 and YW on some of the traits measured at 11 days of age of chicks under this study.
Differences were insignificant among all starter diets groups for live body weight, heart, liver, gizzard weights
and intestine length. However, intestine weight was higher in the chicks fed YW diet than diet C (13.58±2.55g
Vs 10.61±2.18g respectively). The weight and the length of the Caeca differed significantly (P < 0.01) among
all  groups of birds fed different diets. Chicks fed with diets C and Y1 presented a higher weights of Caeca
than of those fed with diets Y2 and YW. The mean value of the lengths of the Caeca was lower in group YW
than in groups C and Y1. Whereas, no difference was recorded between C, Y1 and Y2. Live body weight was
highly correlated to the weights of the heart, the liver, the gizzard, the intestine and the Caeca and the length
of intestine (r = 0.71, r = 0.88, r = 0.83, r = 0.65, r = 0.47 and r = 0.51 respectively; P < 0.01) but no
correlation was found between live body weight and length of the Caeca (P > 0.05), (see Table 3).

Table 1: Protein (%), fat (%) and metabolized energy (E-ME; in kcal/ kg) contents of the starter diets used in the first 3 days of chicks
age

Diet C Diet Y1 Diet Y2 Diet YW
Crude proteins (%) 26.6 25.4 24.3 43
Fats (%) 6.4 20.1 47.6 28.1
E-ME1 (kcal / kg) 2819 3318 5604 4368
1, calculated by the suggested formula of Dale et al. (1993) 

Table 2: Weekly average of live body weight, feed intake (FI) and feed conversion ratio (FCR) of chicks within the 2 subgroups (f6 and f12) and the starter diets groups (C, Y1,
Y2, YW) during the experimental period

Age Birds Live body weight1 (g) Feed intake (FI; in g) FCR
(days) (N) ------------------------------------------------------------------------------------ ---------------------------------------------------------------- ------------------------------------------------------

f6 f12 C Y1 Y2 YW f6 f12 C Y1 Y2 YW f6 f12 C Y1 Y2 YW
1 160 40.15 39.7 40.33 40.65 39.65 39.33

±4.38 ±3.62 ±4.35 ±4.60 ±3.74 ±3.53 - -
5 160 86.04 78.55 82.42 83.68 76.00 86.97 50.53 46.82 50.58 43.03 43.62 52.40 1.1 1.2 1.2 1.0 1.2 1.1

± 11.35a ± 10.78b ±12.84 a ±8.66 a ±11.56 b ±10.91a
8 160 144.70 132.44 138.29 145.64 132.89 137.31 76.35 75.45 83.81 74.35 79.65 70.48 1.3 1.4 1.5 1.2 1.4 1.4

± 18.45a ± 20.95b ±23.47 ab ±17.19 a ±19.46 b ±20.62 ab
15 128 362.56 350.70 346.76 384.83 349.00 345.40 239.32 237.84 250.16 215.27 237.72 249.71 1.1 1.1 1.2 0.9 1.1 1.2

± 44.55 ± 44.82 ±38.28a ±36.25b ±42.17a ±50.81a
22 128 768.24 766.30 755.93 811.90 751.80 749.03 649.10 664.96 695.59 640.61 684.76 645.81 1.6 1.6 1.7 1.5 1.7 1.6

± 96.64 ± 95.29 ±80.40a ±77.15b ±70.78a ±131.05a
29 128 1181.93 1183.62 1214.76 1243.27 1124.74 1143.60 826.97 830.00 917.66 776.46 783.17 828.60 2.0 2.0 2.0 1.8 2.1 2.1

± 129.34 ± 174.89 ±133.87ab ±128.26b ±108.80c ±197.80ac
36 128 1666.52 1687.74 1669.30 1765.85 1642.64 1621.09 952.48 1019.44 954.53 940.64 1087.59 954.98 2.0 2.0 2.1 1.8 2.1 2.0

±206.58 ±196.04 ±178.42ab ±191.89b ±167.90a ±244.53a
36-40 128 1945.33 1921.88 1874.48 2097.00 1858.04 1896.71 583.37 511.07 451.40 562.96 473.88 578.80 2.1 2.1 2.2 1.7 2.2 2.1

 ±243.28 ±235.29 ±225.48a ±234.64b ±189.39a ±228.92a
402 128 1945.33 1921.88 1874.48 2097.00 1858.04 1896.71 3378.10 3385.58 3403.67 3253.32 3390.39 3380.78 1.7 1.8 1.9 1.6 1.9 1.8

±243.28 ±235.29 ±225.48a ±234.64b ±189.39a ±228.92a
1, values forlive body weight are mean ± Sd; means in a row with different letters are significantly different (P < 0.05); 2, cumulative feed intake and cumulative FCR (cumulative
FCR = total weight of feed consumed/ LBW of birds at slaughter

Fig. 1: Evolution of live body weight of subgroups f6 (fed 6 hours post-hatching) and f12 (fed 12 hours post-
hatching) from day 1 to day of slaughter
a, b, different letters indicate significant differences at P < 0.05; vertical bars show Sd
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(A)

(B)

Fig. 2: Effect of post-hatching held feeding time on the weight of gizzard, intestine, liver, Caeca and heart,
on the length of intestine and Caeca and on the mean section area of the Duodenum and Ileum of
birds at 11 and 40 days of age. A: at 11 days of age; B: at 40 days of age

a,b, different letters indicate significant differences; **, P < 0.01; NS, not significant; vertical bars show Sd
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Table 3: Effects of starter diets groups (C, Y1, Y2 and YW) on heart, liver, gizzard, intestine and Caeca weight (in g) and intestine and Caeca length (in cm) in chicks at 11 days
of age. This table shows also the Pearson's correlation between live body weight, the lengths and the weights of all internal organs measured in the present experiment at
the same age1

Weight (g)2 Length (cm)
Pearson's correlation (N=33) Pearson's correlation(N=33)

------------------------------------------------------------------- --------------------------------------
Diets N LBW3 Heart Liver Gizzard Intestine Caeca LBW LBW LBW LBW LBW Intestine Caeca LB LB

xHeart xLiver xGizzard xIntestine xCaeca xIntestine xCaeca
C 8 202.88 1.79 7.30 7.49 10.61 3.54 106.13 18.38

±40.90 ±0.36 ±1.21 ±1.49 ±2.18a ±1.74a ±9.11 ±1.53a
Y1 9 206.56 1.88 7.21 7.99 12.51 2.64 0.71** 0.88** 0.83** 0.65** 0.47** 106.67 18.44 0.51** 0.16

±23.22 ±0.16 ±0.73 ±1.53 ±1.77ab ±0.41a ±6.60 ±1.99a
Y2 8 195.25 1.54 7.43 7.93 12.29 1.99 106.75 16.94

±33.43 ±0.26 ±1.10 ±1.13 ±1.75ab ±0.64b ±8.53 ±1.43ab
YW 8 206.50 1.96 7.59 8.10 13.58 1.95 106.00 16.91

±46.02 ±0.22 ±1.47 ±1.84 ±2.55b ±0.63b ±7.62 ±1.11b
1, for a clearer presentation, results for full gizzard and full intestine are not shown in this table; 2, values are mean ± Sd; 3, live body weight; means in a column with different letters
are significantly different (P < 0.05); **, significant correlation at P < 0.01

The effects of starter diets (C, Y1, Y2 and YW)  on viscera developments of chicks at 40 days of age
and the Pearson's correlation between live body weight, the length and the weight of all the internal organs
measured in the present experiment at the same age are presented in Table 4. At 40 days of age, no
differences between the starter diets groups (C, Y1, Y2 and YW) were found for weights of heart, intestine,
Caeca length, section areas of duodenum, jejunum and ileum and intestine section area average. The Pectoralis
muscle mean value weight was higher in birds fed with diet Y1 than in those fed with diets C, Y2 and YW
(401.55±38.66g for Y1 Vs 367.52±51.11, 363.54±42.75 and 357.73±67.58g for C, Y2 and YW respectively
with P < 0.05). The weight of liver was lower in the group of birds fed with diet C than the group Y1 (P
< 0.05). However, no significant differences were recorded for the weight of the liver between group Y1, Y2
and YW and group C. Concerning the weight of gizzard, the birds fed with diet Y2 showed the lowest mean
value with a significant difference in comparison with the group Y1 (38.65±5.09 for Y2 Vs 43.37±6.14g for
Y1; P < 0.05) and no significant differences with C and YW. Moreover, the weight of the gizzard of chicken
fed with diet Y2 did not show a significant difference with C and YW. For the proventriculus, birds fed with
diets Y2 and YW presented lower weights (P < 0.05) than chickens of groups C and Y1. Finally, the present
study showed that the length of the intestine at 40 days of age is significantly affected (P < 0.05) by the
administration of egg yolk and white in the alimentation of neonatal chicks (until 3 days post- hatching).
Indeed, birds of group Y1 had a longer intestine than birds of group Y2 (209.38±28.08 for Y1 Vs
193.31±29.48cm for Y2; P < 0.05) with no significant differences with C and YW. Likewise, intestine length
of chicken did not differ significantly between Y2, C and YW groups. Live body weight was highly correlated
(P < 0.05, P < 0.01 and P < 0.001) to the weights of the Pectoralis muscle, the heart, the liver, the gizzard,
the proventriculus, the intestine and the Caeca, the length of intestine and Caeca, the section area of the ileum
and the section area average of the intestine but no correlations were registered between live body weight and
section areas of duodenum and jejunum (P > 0.05), (see Table 4).

Table 4: Effects of starter diets groups (C, Y1, Y2 and YW) on Pectoralis muscle, heart, liver, proventriculus, gizzard, intestine and Caeca weight (in g), intestine and Caeca length
(in cm) and section areas of the parts of the intestine (duodenum, jejunum and ileum) in birds at 40 days of age. This table shows also the Pearson's correlation between
live body weight, the lengths, the weights and the section areas of all internal organs measured in the present experiment at the same age1

Weight (g)2 Length (cm) Section area (cm2)
Diets N LBW3 Pectoralis Heart Liver Gizzard Pro-ventriculus Intestine Caeca Intestine Caeca Duo-denum Je-junum Ileum Intestine

muscle average
C 30 1874.48 367.52 8.23 38.37 40.51 8.00 67.47 13.75 198.58 38.50 0.30 0.36 0.31 0.32

±225.48a ±51.11a ±1.38 ±6.27a ±5.46ab ±1.03a ±11.32 ±5.02 ±20.40ab ±3.89 ±0.12 ±0.12 ±0.19 ±0.12
Y1 31 2097 401.55 9.18 42.50 43.37 8.38 70.48 13.03 209.38 37.55 0.28 0.45 0.34 0.36

±234.64b ±38.66b ±1.57 ±8.47b ±6.14a ±1.10a ±12.19 ±3.87 ±28.08a ±3.32 ±0.09 ±0.15 ±0.18 ±0.08
Y2 30 1858.04 363.54 8.4 39.51 38.65 7.44 66.26 13.18 193.31 36.36 0.32 0.42 0.32 0.35

±189.39a ±42.75a ±1.73 ±4.00ab ±5.09b ±0.89b ±10.16 ±5.99 ±29.48b ±4.36 ±0.17 ±0.23 ±0.17 ±0.15
YW 31 1896.7 357.73 8.82 41.68 42.00 8.06 65.83 13.83 195.96 37.50 0.32 0.46 0.34 0.37

±228.92a ±67.58a ±1.35 ±6.83ab ±7.98ab ±1.01b ±6.97 ±4.32 ±19.55ab ±4.71 ±0.12 ±0.19 ±0.21 ±0.13
Pearson's correlation(N = 122)

LBWxPM4 LBWxHeart LBWxLiver LBWxGizzard LBWxPro-ventriculus LBWxIntestine LBWxIntestine LBWxCaeca LBWxJejunum LBWxIleum LBWxIntestine average
0.81*** 0.65*** 0.64*** 0.62*** 0.56*** 0.60*** 0.37*** 0.32** 0.14 0.32** 0.25*
1, for a clearer presentation, results for full gizzard, full proventriculus and full intestine are not shown in this table; 2, values are mean ± Sd; 3, live body weight; 4, pectoral muscle;
means in a column with different letters are significantly different (P < 0.05); *, **, ***, significant correlation at P < 0.05, P < 0.01 and P < 0.001 respectively

Immunity Response:
All results for the immunity are defined as the reciprocal of the dilution giving half maximum

absorbance read at 650 nm. As it is shown in Table 5, the birds fed 12 hours after hatching (group f12) had
a lower immunity (P < 0.05) against Newcastle Disease Virus (NDV) and Infectious Bronchitis Virus (IBV)
than those fed 6 hours post natal (group f6). However, no significant difference (P > 0.05) was recorded
between the 2 subgroups for the immunity response against Gumboro virus (G). Figure 3 illustrates the effect
of early feeding administration of boiled egg yolk and white on immunity response in chicks at 11 days of
age. The birds of C and Y1 groups showed the highest defense against NDV, the Y2 group the lowest and
the YW showed the intermediate value. Against IBV, group C showed the better immunity followed by the
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Y1 group and after the Y2 and YW with no significant difference between the last 2 groups. Finally, chicks
fed with starter diet Y1 had a better immunity (P < 0.05) against G than those fed with diets C, Y2 and YW.

Table 5: Effect of post-hatching delaying feeding time (f6 and f12 groups) on immunity response of chicks at 11 days of age
Immunity
Delaying feeding time

Diseases f6 (n=17) f12 (n=16)
NDV1 3449.75±277.16a 4605±202.06b
IBV2 536.25±96.53a 1390.75±281.06b
G3 4115±194.33 4164.5±300.31
1,2,3, Newcastle Disease Virus, Infectious Bronchitis Virus and Gumboro Virus; values are mean ± SEM (Standard Error of the Mean);
a,b, means in a row with different letters are significantly different (P < 0.05)

Fig. 3: Immunity response of chicks fed with different starter diets groups (Y1, Y2 and YW) relative to the
C group 
a,b,c, different letters indicate significant differences at P < 0.05 

Discussion:
Growth Performance:

Post-hatching delaying feeding has been shown to decrease body and muscle growth in chicks and turkey
poults as suggested by Waldroup et al. (1974) and Twining et al. (1978). Noy and Sklan (1999a) reported that
broiler chicks held for 38 hours without access to feed had a lower body weight at 4, 8 and 21 days of age.
Halevy et al. (2000) recorded that birds body weight was significantly lower at day 2 and day 41 of age in
chicks held for 48 hours without feed than those fed directly after hatching. Moreover, Gonzales et al. (2003),
Uni and Ferket (2004) and Henderson et al. (2008) published the same results. In the present experiment, body
weight was higher at 5 and 8 days post-hatching in the f6 than f12 subgroup. After this, these differences
decrease and became no significant at 15 days of age. Our observations are in accordance with the results
obtained by Saki (2005) who claimed that, immediately after hatching and until 7 days of age only, the body
weight of chicks differed significantly between starved and non-starved birds (starved for 0, 12 and 24 hours).
In contrast, Sinclair et al. (1990) demonstrated that the increase in body weight due to early access to feed
becomes more pronounced after 7 to 10 days and is maintained in chicks to marketing age. These
contradictions found between the results of our study and all the others mentioned before can be explained by
the differences among the experimental protocols such as total fasting time post-hatching. The fasting periods
were shorter in our study than in the other experiments. While studying new hatched goslings, Yang et al.
(2009) found significant differences (P < 0.05) in the body weight of chicks only when birds were fasted for
more than 24 hours post-hatching. By comparing ours, Saki's and Yang's findings with the other results, it can
be concluded that the negative effect of delaying feeding on the final performance occurred only when the
fasting period is longer than 24 hours after hatching. Finally, the maximum period that broiler chicks can be
fasted after hatching, in order to preserve productivity at a market age (40 to 42 days), is 24 hours.

In the present study, birds fed Diet C, Y1 and YW had a higher live body weight at 5 days of age than
those fed diet Y2. While studying the effect of yolk as a feed source in newly hatched chicks with and without
vitellin, Baker (1997) reported a similar result; this author found that birds fed dried egg yolk for 6 days post-
hatching had a lower live body weight between 3 and 5 days of age than chicks fed a starter diet in mash
form. Under the conditions of our experiment, it may be concluded that the less live body weight mean
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obtained in the chicks of group Y2 (47.6% fats) could be due to the fact that birds of this group did not eat
(between 1 and 3 days of age) as much as the groups C (6.4% fats) and YW (28.1% fats), (see FI in Table
2), and that digestion and assimilation were not efficient due to the high concentration of fats in the starter
diet Y2. From day 15 until slaughter age, birds fed with diet Y1 (from 1 to 3 days of age) showed a higher
growth performance. This observation is in agreement with the result published earlier by Menge and Denton
(1961) who stated that broilers supplemented with 12% dried egg yolk had a higher body weight at 28 days
of age than control group. These authors suggested that this increase in chicks' growth rate could be related
to the existence of growth factors in the egg yolk and that these factors are fat soluble. Chalghoumi et al.
(2009) and Mahdavi et al. (2010) reported that the incorporation of dried egg yolk in the alimentation improves
significantly the growth performance of broiler chickens. They claimed that the reasons for this improvement
could be the presence of yolk immunoglobulin's (IgY) in the egg yolk that keeps the gastro-intestinal tract
healthy and eventually helps intestinal absorption and body growth. Finally, the presence of an adequate
quantity of egg yolk in the alimentation of broiler chickens for the first 3 days of age could be a very good
reagent for the underdeveloping activity of the digestive enzymes (amylase, trypsin and lipase) and
gastrointestinal function. At 40 days of age, the cumulative feed conversion ratio was the best in chicks fed
diet Y1. This is logical since body weight was improved and no statistical differences were recorded for
cumulative feed intake between Y1 and all the other groups. Concerning the egg white, the present study did
not show a significant effect of YW starter diet on broilers growth performance. This could be due to the fact
that proteins of egg white are badly digested and assimilated in the first 72 hours post-hatching. In agreement
with this statement, Uni et al. (1995) reported that small intestinal digestibility of proteins reaches 78% at 4
days post-hatching while it borders 90% in chicks at 14 days.  

Viscera Development:
Development of the gastrointestinal tract and maturation of the secretion of digestive enzymes are impaired

when feed is restricted post-hatching (Noy & Sklan, 1999 a; Gonzales et al., 2003). Maiorka et al. (2003)
reported that feed supply, directly after hatching, promoted greater gastrointestinal tract organs measured at 24,
48 and 72 hours post-hatching. In the present experiment, post-hatching delaying feeding for 12 hours (f12
subgroup) affected negatively most of the gastrointestinal tract organs development measured at 11 days of
birds' age. Noy & Sklan (1999b) asserted that, at hatching, most of the energy and part of the protein are
directed at the development of the intestine. This process may explain then the reduction in gastrointestinal
organs development observed in the studies cited before and in our experiment between the 2 subgroups f12
and f6. Moreover, in our study, chicks liver weight was also affected by 12 hours of post-hatching fasting. This
can demonstrate that the metabolism and the development of this organ (directly after hatching) are probably
associated with substrates derived from gastrointestinal tract absorption.

At slaughter time (40 days), our trial did not show significant differences between most of the traits
measured on gastrointestinal tract organs. These findings are in contradiction with the results published by
Gonzales et al. (2003) who found a significant effect of post-hatching delaying feeding time on the
gastrointestinal tract organs development in broiler chickens at 42 days of age. The only explanation we have
for these conflicting results is the differences among the experimental protocols such as time of fasting [6 and
12 hours in our study VS more than 24 hours in the experiment of Gonzalez et al. (2003)]. Finally, it can be
concluded that the negative effect of direct post-hatching fasting on the gastrointestinal tract organs weight and
length of broiler chickens at market age (~ 40 to 42 days) occurred only when the fasting period is longer than
24 hours. 

Chicks fed, for 11 days post-hatching, with diets C and Y1 had a higher weight of the intestine and a
greater weight and length of the Caeca with no significant differences between live body weight of all starter
diet groups under study. In contradiction with our findings, Baker (1997) found that birds fed, for the 5 first
days of age, with powder egg yolk had a larger small intestine (measured at 21 days of age; P < 0.05)
compared to those fed with a starter diet in mash form. The author claimed that egg yolk is more difficult to
digest causing the food to remain longer in the small intestine; process that hence the increase of the length
and the weight of the small intestine. In our experiment, Pearson's correlations between live body weight and
all parts of the digestive tube, measured at 11 days of birds age, were very high and significant (P < 0.01).
In agreement with this assertion, the 4 groups of birds (C, Y1, Y2 and YW) did not show significant
differences between live body weight mean values. At 40 days post-hatching, live body and Pectoralis muscle
weights mean values were higher in birds fed with diet Y1 than in those fed with diets C, Y2 and YW.
Moreover, Perason's correlations, generated at 40 days of birds age, between live body weight and all traits
measured under this study on interior organs were mostly high and significant (P < 0.05, P < 0.01, and P <
0.001). Although these findings (high live body weight at slaughter time for chicks fed with starter diet Y1
and high and significant correlations between live body weight and visceral traits measured under the present
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study), the present study did not show clearly results concerning the effect of Y1 group on visceral
development. For example, the weight of the gizzard and the length of the intestine were significantly higher
in birds fed with diet Y1 than those of Y2, with no differences detected with the other groups. Moreover, the
group Y1 had a greater weight of liver than that group of birds fed with diet C with insignificant differences
(P > 0.05) with the other groups. Mahdavi et al. (2010) reported that the administration of egg yolk antibody
in the broiler chicken ration improves the average daily weight by increasing the morphological intestine
development, the intestinal absorption and the gastrointestinal health. If admitting that egg yolk contains
antibodies (specially the IgY) it would be seem logical that diets containing egg yolk promote greater
morphological development of the digestive tube. Yet, this hypothesis was not comfirmed in our experience.
Our results could be explained by the fact that the moderate quantity of egg yolk (33% of egg yolk) presented
in the diet Y1 provoked the underdeveloping activity of the digestive enzymes (quantity and quality) leading
to a better functioning of the gastrointestinal tract.

Immunity Response:
The present study shows that the starvation period affects negatively and significantly (P < 0.05) the

immunity response of chicks. In agreement with our results, Dibner et al. (1998) asserted that post-hatching
fasting affects negatively the development of the avian immune system especially the growth of lymphoid
tissue. They added that an early food intake induces an increase in the weight of the Fabricius Bursa and in
the proliferation of the lymphocytes. Bigot et al. (2001) reported that fasting induces stress leading to
corticosterone hormones secretion (stress hormones) which inhibit the proliferation of lymphocytes and affect
negatively the immune system of birds. Moreover, these authors claimed that post-hatching chicks fasted for
more than 24 hours, degrade the maternal immunoglobulins present in the residual yolk sac to produce proteins
necessary for their survival.

While admitting that during egg formation, blood immunoglobulins (IgY) are concentrated in the yolk, the
early incorporation of the egg yolk in the ration should improve immunity and health of chicks (Bigot et al.,
2001). Mahdavi et al. (2010) reported that the administration of egg yolk in the broiler chicken ration helped
in the bacterial prevention and intestinal absorption leading to better gastro-intestinal health, body immunity
and overall body health. In the present study, diets distributed in the first 3 days affected significantly the
immune response of chicks at 11 days post-hatching. Globally, birds fed with starter diet Y1 manifested the
best defense against NDV, IBV and G viruses followed by chicks fed with diet C and than diets Y2 and YW.
Our results are in accordance with the statements of Bigot et al. (2001), Chalghoumi et al. (2009) and Mahdavi
et al. (2010). The possible explanation that chicks of groups Y2 and YW did not manifest a better immunity
than group C is that post-hatching birds did not eat and digest well the 2 starter diets highly rich in fats (Y2)
and proteins (YW).

Abbreviations
AOAC Association of Official Analytical Chemists
C Group: 100% commercial alimentation
CP, Cf Crude Proteins, Crude fat
E-ME Estimated Metabolized Energy
f12 Post-hatch held feeding for 12 hours
f6 Post-hatch held feeding for 6 hours
FCR Feed Conversion Ratio
FI Feed intake
G Gumboro virus
IBV Infectious Bronchitis Virus
IgY Yolk immunoglobulin's
LBW Live Body Weight
NDV Newcastle Disease Virus
NS Not Significant (P > 0.05)
PM Pectoral Muscle
Rpm Round per minutes
Y1 Group: 33% boiled egg yolk/ 66% commercial alimentation
Y2 Group: 66% boiled egg yolk/ 33% commercial alimentation
YW Group: 33% boiled egg yolk/ 33% boiled egg white/ 33% commercial

alimentation
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