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ABSTRACT

To study the effect of Probiotics and lactose on the Salmonella colonization
and immunity in Inshas and Matrouh local broilers purebreds and crossbreds, ten
groups of broilers chicks were categorized and offered different treatments of
probiotics including Lactobacillus acidophilus, Bacillus subtilis and Enterococcus
faeceium alone or accompanied by 2.5% Lactose in drinking water. Different
parameters were evaluated including body weight, feed conversion, feed intake, daily
gain, livability, caecal Salmonella count, caecal pH and antibody titer against
Salmonella. Results showed that, Enterococcus faeceium had significant effects on
body weight and daily gain while none of the used treatments had significant effects
on livability of the examined chicks. Enterococcus faeceium and Bacillus subtilis had
significant effects on feed intake only at 7 days of age while Bacillus subtilis showed a
significant difference on feed conversion only at 28 days age. Inshas x Matrouh
crossbred proved to be the most effective in reducing Salmonella count at 28 days. All
treatments caused reduction of caecal pH and Lactobacillus acidophilus with lactose
2.5% had the highest effect. Matrouh x Inshas crossbred showed the strongest
immunity reaction against Salmonella if compared with the other breeds.
Enterococcus faeceium together with lactose gave also the strongest immune reaction
against Salmonella if compared with the other breeds.

INTRODUCTION

Transmission of enteric pathogens to the public contacts of farm
animals is a growing problem, particularly among children and old people
(Smith, et al., 2004). One of the most frequent causative agents of food
infections is Salmonella, which mostly can be found in animal herds
(Fehlhaber, 2003).

Salmonellae are facultative intracellular Gram-negative bacteria that
are found ubiquitously in nature and have the ability to infect wide range of
hosts including humans, domesticated and wild mammals and birds. The
principal clinical manifestations associated with Salmonella infection in
humans are enteric fever (typhoid and paratyphoid) and a self-limiting
gastroenteritis (salmonellosis) (Salez and Malo, 2004).

Some Salmonella species are less pathogenic to birds (notably
Salmonella typhimurium and Salmonella enteritidis) and can cause
colonization of the gut, which leads to carcass contamination and subsequent
human infection, without causing evident disease in the chicken (Bumstead,
2003).

As control of this health hazard, antimicrobials were used as growth
promoter and/or prophylactic agents against many pathogens that may enter
the animal body through contaminated carcass meals, edible plastics,
sewage, petrochemical residues and excrements (El Moghazy, 2002). These
antimicrobials  include:  Bacitracin,  Chlortetracycline,  Erythromycin,
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Lincomycin, Neomycin, Oxytetracycline, Penicillin, Streptomycin, Tylosin and
Verginiamycin, which were added as growth promoters in poultry feed at a
level of about 1400 g per ton of feed, which is lower than its minimum
inhibitory concentration (subtheraputic level) and consequently encourages
the selection of antibiotic resistant bacteria.

As a result of the fact that, many of these antimicrobials are identical to
or closely resemble drugs used in human treatment, antimicrobial resistance
can be transferred to human bacteria causing serious health hazard
(McEwen; and Fedorka-Cray, 2002).

As a result of the widespread of these multiresistant strains of
pathogenic bacteria, many health hazards can be occurred specially in the
field of human health. The expected consequences are: (I) The appearance
of infections that would not have otherwise occurred, (II) The increased
frequency of treatment failures and (lll) The increased severity of infection
including longer duration of illness, increased frequency of bloodstream
infections, increased hospitalization and increased mortality (Angulo et al.,
2004).

Recently, many countries, including Egypt, banned the usage of
antimicrobials as growth promoters after the alarm raised by World Health
Organization due to the increase in the incidence of antibiotic resistant strains
of Salmonella and many other pathogens as a result of using of antibiotics in
intensive breeding (El Moghazy, 2002).

Alternatives to growth-promoting and prophylactic uses of
antimicrobials in agriculture include improved management practices, wider
use of vaccines and introduction of probiotics, prebiotics and a combination of
them (synbiotic) (McEwen; and Fedorka-Cray, 2002).

Probiotics, which means “for life” in Greek, has been defined as “a live
microbial feed supplement, which beneficially affects the host animal by
improving its intestinal balance (Fuller, 1989).

The mode of action of these types of bacteria as growth promoters can
occur via inhibition of the pathogenic bacteria found in the intestinal tract of
animals and poultry .Among these bacteria is Lactobacillus acidophilus,
Enterococcus faecium and Bacillus subtilis that have strong beneficial effect
in reducing the colonization of Salmonella species in market-aged broilers
(Guo et al., 1990).

The role of Enterococcus faecalis is through its lactic acid and
bacteriocin production which create acidic pH in the intestinal tract preventing
the colonization of pathogenic bacteria specially Salmonella in the intestine
(Carina Audisio et al., 2000).

Lactobacillus strains can be considered as potential ingredients for a
chicken probiotic feed formulation intended to control salmonellosis; also,
they improve poultry sanitation due to their production of lectins, which have
a marked antimicrobial effect (Gusils et al., 1999).

In addition, Bacillus subtilis in poultry diets improve live performance of
broilers in the absence of antibiotics and may contribute to on-farm pathogen
reduction (Fritts et al., 2000).

Prebiotics are defined as “a non digestible food ingredients that
beneficially affects the host by selectively stimulating the growth and/or
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activity of one or a limited number of bacteria in the colon” (Gibson and
Roberfroid, 1995)

Lactose, as a commonly used prebiotic, markedly increases resistance
to caecal colonization, organ invasion and horizontal transmission of
Salmonella species in broilers when included in drinking water. The main role
of this prebiotic is achieved through its utilization by the intestinal beneficial
bacteria resulting in; reduced caecal pH, increased caecal lactic acid, acetic
acid, propionic acid and buteric acid concentration and increased caecal
oxidation-reduction potential which in return considerably reduces Salmonella
colonization in caeca of treated birds (El Borollosy et al., 2001).

The aim of this work is to find safe growth promoters for chickens to be
used as alternatives to antimicrobial growth promoters through estimation of
the effect of three different probiotic strains (Lactobacillus acidophilus,
Enterococcus faecium and Bacillus subtilis), Lactose and a mixture of all on:
1- Antibody titer against Salmonella in the serum of artificially inoculated

broiler chicks.
2- Count of Salmonella living cells in their caeca.
3- Different performance parameters.

MATERIALS AND METHODS

A- Materials
Chicks:

Four hundred eighty one day old chicks were obtained from Anshas
Research Station, Animal Production Research Institute, Agricultural
Research Center, Giza, Egypt.

The experimental chicks belonged to 4 genetic groups:
a. $Matrouh X Matrouh & (120 chicks).
b. QAnshas X Anshas & (120chicks).
c. $Matrouh X Anshas & (120 chicks).
d. QAnshas X Matrouh & (120 chicks).
Water samples:

Ten Samples from the source of water offered to the chicks were
collected to be examined for the presence of Salmonella.
Feed samples:

Ten Samples from feed offered to the chicks were collected to be
examined for the presence of Salmonella.
Litter samples:

Samples from the litter present in the floor in which the chicks were
delivered were examined for the presence of Salmonella.
Cloacal swab samples:

Two hundred chicks (five chicks from every treatment per genetic
group) were examined for the presence of Salmonella by cloacal swab.
Bacterial strains:

Salmonella:

Salmonella typhimurium was kindly obtained from Animal Health

Research Institute, A.R.C., Giza, Egypt.
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Probiotic strains:

The used strains of Lactobacillus acidophilus, Enterococcus faecalis,
Bacillus subtilis were isolated, purified, identified and stored from routine work
in the Food Safety Laboratory, Regional Center for Food and Feed, A.R.C.,
Giza, Egypt.

Experimental diets:
Starter, grower and finisher diets were adequately supplied to cover
the requirements according to NRC (1994).
The experimental diets (in mash form), the clean as well as residual
feed were weighed. Mortality was recorded daily during the experimental
period.

B- Methods:

The preparation of infective dose of Salmonella:

Salmonella typhimurium was propagated onto S.S agar medium and
incubated at 37°C for 24hours, and the growth was harvested, then washed
three times and resuspended in phosphate buffer saline. The suspension was
matched with Brown’s Opacity tube number (1) in order to have a final
concentration of 10® microorganisms per ml.

Layout of experiment:

The chicks were housed in the floor with wire border under
continuous fluorescent lighting, and were provided unmedicated corn
soybean-based meal ration (containing no added antibiotics, coccidiostats, or
growth promoters) and water ad libitum. The chicks were randomly assigned
to four genetic groups in each group ten treatments, 12 chicks per treatment.
Group A (@Matrouh X Matrouh &), group B (RAnshas X Matrouh &), group
C (RAnshas X Anshas J), and (YMatrouh X Anshas J&). The treatments in
each genetic group were as follows:
1-Treated with lactose 2.5% in drinking water at the day of hatch.

2- Treated with lactose 2.5% in drinking water at the day of hatch and
Lactobacillus acidophilus at the 15t day of age.

3- Treated with lactose 2.5% in drinking water at the day of hatch and
Enterococcus faecalis at the 1st day of age.

4- Treated with lactose 2.5% in drinking water at the day of hatch and
Bacillus subtilis at the 1t day of age.

5- Treated with lactose 2.5% in drinking water at the day of hatch and
Lactobacillus acidophilus, Enterococcus faecalis, and Bacillus subtilis at
the 1st day of age.

6-Control negative group without any treatment.

7-Control positive group treated with Salmonella typhimurium only.

8- Treated with Lactobacillus acidophilus at the 15t day of age.

9- Treated with Enterococcus faecalis at the 15t day of age.

10- Treated with Bacillus subtilis at the 15t day of age.

Chicks were challenged with 10%(Lactobacillus acidophilus,
Enterococcus faecalis, and Bacillus subtilis) by crop inoculation at one day of
age.
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All chicks were challenged with 10% Salmonella typhimurium by crop
inoculation at 3days of age except control negative. 2.5% lactose in drinking
water till the end of experiment was offered.
Detection of Salmonella was carried out according to NMKL (1994)
Biochemical and serological identification of Salmonella:

Initial identification attempts were made using the criteria described by
NMKL (1994) and API 20E (bioMerieux).

The strips were used according to the detailed procedure steps
illustrated in the kit's manual. Serological identification of the suspected
Salmonella strain was also carried out according to NMKL (1994).
Determination of caecal colonization by Salmonella typhimurium:

Caecal material was serially diluted in sterile saline solution and
plated on brilliant green agar. The plates incubated for 18-24 hours at 37°C,
and cfu were counted. Typical Salmonella colonies were confirmed by
biochemical tests as mentioned before.

Determination of pH in the caecal contents:

At thirty days of age and at the end of experiment, 5 chicks from
each treatment/genetic group were slaughtered by cervical dislocation.
Caecal contents were aseptically removed, and 0.2 g was suspended in 0.8
ml of sterile glass distilled water. One ml of distilled water was added to the
suspension.

Estimation of Salmonella antibody titer in the serum of experimental
chicks:

Collection of serum, procedure and interpretation of the results were
performed according (Alton et al., 1988).

Experimental Methodology:

The criteria of response (Performance parameters) are recorded &
calculated in the present study according to Abdel-Azeem, (1997) which
included: live body weight, live body weight gain, feed intake and feed
conversion.

Statistical analysis was performed using Proc mixed model in analysis

RESULTS AND DISCUSSION

Economical traits

Effects of different treatments on body weight were illustrated in (Table
1). Body weight of chicks treated with Enterococcus faecalis was the
heaviest at 21, 28, 35, 42, 49, 56, 63 and 70 days of age when compared
with control group (without any treatment) at the same ages which were
162.46, 224.08, 319.50, 402.71, 490.47, 581.72, 704.45 and 847.53 grams,
respectively, while means of body weight for control group were 150.49,
211.68, 244.81, 312.10, 383.31, 453.07, 58291 and 699.82 grams
respectively. These results are in agreement with those reported by other
investigators (Shivani-Katoch et al., 1996 and Kahraman et al., 1997). The
body weight of chicks treated with Bacillus subtilis at 35, 42, 49, 56, 63 and
70 days appeared to follow the above mentioned treatment in its effect with
values of 292.70, 367.43, 441.55, 520.28, 649.95 and 789.49 grams,
respectively.

6277



El Moghazy, Gihan M. and M. H. Abdel Aal

6278



J. Agric. Sci. Mansoura Univ., 34 (6), June, 2009

These results are in agreement with those reported by other
investigators (Jin et al., 1996 and Samanya and Yamauchi 2002). The results
showed that, addition of lactose in drinking water to chicks has negative
effects on body weight when compared with control group. On contrary,
(Maiorka et al., 2001 and Douglas et al., 2003) found that the addition of 2 or
4% lactose increased weight gain (P< 0.08) from zero to 21 days that may
increase growth of commercial broiler chicks which may be due to breed
variation

Effects of different treatments on daily gain were illustrated in (Table
2). Daily gain of chicks treated with Enterococcus faecalis was higher than
others during the intervals 28-56 and 7-70 days of age when compared with
all treatments at the same ages. Means of daily gain for Enterococcus
faecalis group were 12.33 and 12.28 grams, respectively. These results are
in agreement with those reported by other investigators (Cho et al., 1992 and
Pisarski et al., 1995), then daily gain of chicks treated with Bacillus subtilis
during the intervals 7-28 and 56-70 days of age. Means of daily gain for
Bacillus subtilis group were 7.63 and 17.70 grams, respectively. Daily gain of
chicks treated with Lactobacillus acidophilus has no significant differences
when compared with control group (without any treatment) during all intervals
of the experiment. The results showed that, addition of lactose in drinking
water to chicks has negative effects on daily gain when compared with
control group. On contrary, (Maiorka et al., 2001 and Douglas et al., 2003)
found that the addition of 2 or 4% lactose increased weight gain (P< 0.05)
from zero to 21 days that may increase growth of commercial broiler chicks.

Table (2): Least-squares means and standard error of daily gain (gm)
traits* as affected by treatments in a crossbreeding experiment.

Treatment* DG 7d:28d DG 28d:56d DG 56d:70d | DG 7d: 70d
1 5.74¢ 9.32bc 17.712 10.31°¢
+0.22 +0.70 +1.77 +0.66
2 5.02¢ 7.884 17.272 9.264
+0.22 +0.58 +1.56 +0.58
3 5.430% 9.15P¢ 16.722 9.73cd
+0.22 +0.70 +1.77 +0.66
4 5.17de 8.81Pc 16.132 9.40¢d
+0.22 +0.69 +1.75 +0.65
5 5.06® 8.64°¢ 15.802 9.33cd
+0.22 +0.69 +1.76 +0.66
6 6.59P 8.870¢ 16.142 9.93¢
+0.21 +0.67 +1.72 +0.64
7 6.19Pc 9.09¢ 16.162 10.00¢%d
+0.21 +0.67 +1.73 +0.64
8 6.47° 9.56P¢ 15.592 10.06%
+0.21 +0.67 +1.73 +0.64
9 7.332 12.332 17.492 12.282
+0.22 +0.69 +1.75 +0.65
10 7.632 10.41° 17.702 11.41°
+0.21 +0.68 +1.74 +0.65

* DG=daily gain at 7:28, 28:56, 56:70 and 7:70 days of age.

" Treatments as described in Table 1.

¢ means with the same letters within each column of trait are non-significantly different
(P<0.05).
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There were no significant differences among different treatments on
livability (Table 3). These results are in agreement with those reported by
other investigators (Senani et al., 1997 and Shivani-Katoch et al., 2000), who
found that probiotic and prebiotic effect did not significantly affect the livability
at different ages. However, Kahraman et al., 1997 and Jin et al.,, 2000
reported that probiotic and prebiotic have significant effects on livability trait.

Table (3): Least-squares means and standard error of livability traits * as
affected by treatments in a crosshreeding experiment.

Treatment* L1 L2 L3 L4 L10
1 0.9392 0.9112 0.9122 0.9112 0.9982
+0.04 +0.05 +0.05 +0.05 +0.015
2 0.9762 0.9502 0.9502 0.9502 0.9992
+0.04 +0.04 +0.04 +0.05 +0.014
3 0.9752 0.9502 0.9502 0.9132 0.9992
+0.04 +0.04 +0.04 +0.05 +0.015
4 0.9362 0.9222 0.9232 0.9222 1.0002
+0.04 +0.04 +0.05 +0.05 +0.015
5 0.9612 0.9352 0.9362 0.9352 1.0012
+0.04 +0.04 +0.05 +0.05 +0.015
6 0.9832 0.9812 0.9652 0.9642 0.9992
+0.04 +0.05 +0.05 +0.05 +0.015
7 0.9722 0.9442 0.9442 0.9442 1.0002
+0.04 +0.04 +0.04 +0.04 +0.013
8 0.9712 0.9712 0.9712 0.9712 0.9552
+0.04 +0.04 +0.04 +0.04 +0.013
9 0.9462 0.9462 0.9462 0.9322 1.0002
+0.04 +0.04 +0.05 +0.05 +0.015
10 0.9612 0.9602 0.9602 0.9462 1.0002
+0.04 +0.04 +0.04 +0.04 +0.014

* L =Livability at 15, 2"9, 3", 4™ and 10" week of age, respectively.

" Treatments as described in Table 1.

¢ means with the same letters within each column of trait are non-significantly different
(P<0.05).

There were not significant differences among different treatments on
feed intake except at 7 days of age, the highest feed intake for group which
was treated with Enterococcus faecalis and Bacillus subtilis group then
Lactobacillus acidophilus (Table 4).

There were no significant differences among different treatments on
feed conversion except at 28 days of age the highest feed conversion for
group which treated with Bacillus subtilis and 2.5% lactose group then
Enterococcus faecalis and 2.5% lactose group then Lactobacillus acidophilus
and 2.5% lactose group (Table 5). At 42 days of age the highest feed
conversion for group which treated with Lactobacillus acidophilus and 2.5%
lactose then Enterococcus faecalis and 2.5% lactose group and Bacillus
subtilis and 2.5% lactose group.
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Microbiological and Immunological traits
Salmonella colonization and caecal pH:

Tables (6 & 7) revealed that, breed group was found to have highly
significant effects (P<0.001) on Salmonella colonization at 28 days of age,
while no significant effect of breed on caecal pH was noticed. These results
are in agreement with (Girard santosuosso et al., 1998 and Kaiser and
Lamont, 2001) who reported significant effect of genetic line (P < 0.05) on
Salmonella in caecal content. No significant differences between Matrouh
purebred and Inshas purebred on salmonella count at 28 days of age.
(Inshas x Matrouh) crossbred significantly decreased Salmonella colonization
at 28 days of age than (Matrouh x Inshas) crossbred, while no significant
differences between (Matrouh x Inshas) crossbred and Matrouh and Inshas
purebred on Salmonella colonization at 28 days of age was noticed.
However, (Inshas x Matrouh) crossbred significantly decreased Salmonella
colonization at 28 days of age than Matrouh and Inshas purebred.

Table (6): Salmonella count as affected by breed, and Treatment at 28

days of age.

Group\ Matrouh x Inshas x Matrouh x Inshas x
Treatment” Matrouh Inshas Inshas Matrouh
1 108 108 1038 negative
2 negative negative negative negative
3 negative negative negative negative
4 negative negative negative negative
5 negative negative negative negative
6 negative negative negative negative

7 104 104 104 104
8 negative negative negative negative
9 negative negative negative negative
10 negative negative negative negative

“Treatments as described in Table 1.

Also, all the used treatments significantly decreased caecal pH
(P<0.001) at 28 days of age, except 2.5% lactose alone in drinking water,
while 2.5% lactose and Lactobacillus acidophilus recorded the best effect
for caecal pH reduction. This result could be attributed to the effect of both
Lactobacillus acidophilus and lactose which caused the increase of the lactic
acid concentrations of their caecal contents, which were directly correlated to
decrease caecal pH values Hinton et al., (1990). These results are in
agreement with (Hinton et al., 1990; and Vandevoorde et al., 1991) who
stated that the addition of probiotic and prebiotic had significant effect on
caecal pH, while Kahraman et al., (1997) showed that caecal pH did not
differ in group which treated with probiotic from the control group.
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Table (7): Caecal pH as affected by breed, and Treatment at 28 days of

age.

Group\ Matrouh x Inshas x | Matrouh x Inshas x
Treatment’ Matrouh Inshas Inshas Matrouh

1 7.16 7.17 7.07 6.89

2 6.03 6.07 6.07 5.99

3 6.41 6.73 6.54 6.68

4 6.80 6.70 6.55 6.70

5 6.52 6.73 6.72 6.73

6 7.51 7.60 7.41 7.56

7 7.24 7.49 7.67 7.34

8 6.85 6.58 6.23 6.59

9 6.31 6.67 6.95 6.81

10 6.48 6.67 6.74 7.03

*Treatments as described in Table 1.

Antibody titer:

Data from Tables (8, 9 &10) concluded that, breed was found to have
highly significant effects (P<0.01) on antibody titer at 28 days of age. These
results are in agreement with (Girard Santosuosso et al., 1998 and Kaiser
and Lamont, 2001) who reported significant effect of genetic line (P < 0.05)
on immunity against Salmonella in caecal content.

Table (8): Antibody titer as affected by breed, and Treatment.

Group\ Matrouh x Inshas x Matrouh x Inshas x
Treatment” Matrouh Inshas Inshas Matrouh

1 1\640 1\640 1\640 1\2560

2 1\640 1\640 1\640 1\640

3 1\640 1\640 1\640 1\640

4 1\640 1\640 1\640 1\640

5 1\640 1\640 1\1280 1\640

6 0 0 0 0

7 1\640 1\640 1\640 1\640

8 1\640 1\640 1\640 1\640

9 1\640 1\1280 1\2560 1\640

10 1\1280 1\1280 1\1280 1\640

“ Treatments as described in Table 1.

Table (9): Least -squares means and standard error for antibody titer
traits as affected by genetic group in purebreds and
crossbreds chicks.

Group Antibody titer

Matrouh x Matrouh 657.99P + 49.65
Inshas x Inshas 641.13P + 46.63
Matrouh x Inshas 862.542 + 47.91
Inshas x Matrouh 763.572° + 50.10

¢ Means with the same letters within each column of trait are not-significantly different
(P<0.05).
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Table (10): Least-squares means and standard error for Salmonella
count and caecal pH traits as affected by treatment in
purebreds and crossbreds chicks.

Treatment” Antibody titer

1091.702°+ 79.49

624.01¢ + 79.55

639.58¢ + 79.49

647.43°+ 77.60

768.29¢+ 77.66

0.009 + 71.38

641.40°+ 75.89

638.71¢+ 72.78

1288.202 + 77.66

10 975.32P + 75.89

" Treatments as described in Table 1.

& means with the same letters within each column of trait are non-significantly different
(P<0.05).

OO (N|O|OD|W[IN|F-

No significant differences between Matrouh purebred and Inshas
purebred on immunity against Salmonella at 28 days of age was noticed. No
significant differences between (Matrouh x Inshas) crossbred and (Inshas x
Matrouh) crossbred on immunity against Salmonella at 28 days of age, while
(Matrouh x Inshas) crossbred had significant differences with Matrouh and
Inshas purebreds on immunity against Salmonella at 28 days of age.

Little information has been reported for effects of Probiotic and
Prebiotic on chicks’ immunity. Treatments were found to have highly
significant effects (P<0.001) on immunity against Salmonella at 28 days of
age There were significant differences among different treatments on
immunity against Salmonella at 28 days of age, the highest antibody titer for
group which treated with Enterococcus faecalis. 2.5% lactose group
appeared to follow the above mentioned treatment in its effect on immunity
against Salmonella at 28 days of age.

Bacillus subtilis appeared to follow the above mentioned treatment in
its effect on immunity against Salmonella at 28 days of age. However,
Lactobacillus acidophilus group which treated with or without lactose had no
significant effect on antibody titer at 28 days of age when compared with
control positive group (treated with Salmonella). Enterococcus faecalis group
and Bacillus subtilis group which were treated with lactose had no significant
effect on antibody titer at 28 days of age. Also, the group treated with
Enterococcus faecalis, Bacillus subtilis, Lactobacillus acidophilus and 2.5%
lactose had no significant effect on antibody titer at 28 days of age when
compared with control positive group (treated with Salmonella).

6285



El Moghazy, Gihan M. and M. H. Abdel Aal

REFERENCES

Abdel-Azeem (1997). Evaluation of some new energy sources in formulation
of growing rabbits ration, Ph.D. Thesis, Faculty of agriculture, Ain-
Shams University.

Alton, G. G.; L. M., Jones; R. D., Angus and J. M., Verger (1988). Techniques
for the Brucellosis laboratory. INRA, Paris. ISEN, 1988.

Angulo, F.J.; V.N., Nargund and T.C. Chiller (2004). Evidence of an
association between use of anti-microbial agents in food animals and
Anti-microbial Resistance Among Bacteria Isolated from Humans and
the human health consequences of such resistance. J. Vet Med B
Infect Dis Vet Public Health. 2004 Oct-Nov; 51 (8-9):374-9.

Bumstead, N. (2003). Genetic resistance and transmission of avian bacteria
and viruses. CAB International 2003. Poultry genetics, breeding and
biotechnology. 311-328.

Carina Audisio, M.; G., Oliver and M. C., Apella (2000). Protective effect of
Enterococcus faecium J96, a potential probiotic strain, on chicks
infected with Salmonella Pullorum. J Food Prot. 2000 Oct; 63(10):1333-
7.

Cho, K. H.; U. T., Lee; C. K,, Yang; D. Y., Ryu; Y. S., Kim and Y. D., Yoon
(1992). The effect of Lactobacillus casei (TSC-66) for the growing
promotion in broiler chicken. Korean-Journal-of-Veterinary-Public-
Health. 16(1): 55-59.

Douglas, M. W.; M., Persia and C. M., Parsons (2003). Impact of galactose,
lactose, and Grobiotic-B70 on growth performance and energy
utilization when fed to broiler chicks. Poultry-Science. 82(10): 1596-
1601.

El-Borollosy, M. M.; A. A. A., Refaat; F., Abdel-Azeem; Gihan, M. EI-Moghazy
and A., Farid (2001). Effect of antibiotic caecal microflora and dietary
lactose administration on Salmonella typhimurium colonization in young
chickens. J. Environ. Sci. 3(1).

El Moghazy Gihan M., (2002). Incidence of multi-drug resistant Salmonella
and E.coli in imported feedstuffs in Egypt. Proc. 2" Conf. Food-borne
contamination and Egyptians’ health, 23-24 April 2002, El-Mansoura,
Egypt.

Fehlhaber (2003) Microbial risks--from animal farming to the food. Dtsch
Tierarztl Wochenschr. 2003 Aug; 110(8):312-5.

Freter, R. (1980). Agglutinin titration (Widal) for the diagnosis of enteric fever
and other enterobacterial infections. Manual of Clinical Immunology,

Fritts, C. A.; J. H., Hersey; M. A., Moti; E. C., Kroger; F., Yan; J., Si; Q.,
Jiang; M. M., Campos; A. L., Waldroup and P. W., Waldroup (2000).
Bacillus subtilis C-3102 (Calsporin) improves live performance and
microbiological status of broiler chickens. Journal of Applied Poultry
Research 9: 149-155.

6286


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Angulo%20FJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nargund%20VN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chiller%20TC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Vet%20Med%20B%20Infect%20Dis%20Vet%20Public%20Health.');
javascript:AL_get(this,%20'jour',%20'J%20Vet%20Med%20B%20Infect%20Dis%20Vet%20Public%20Health.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carina%20Audisio%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oliver%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Apella%20MC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Food%20Prot.');
javascript:AL_get(this,%20'jour',%20'Dtsch%20Tierarztl%20Wochenschr.');
javascript:AL_get(this,%20'jour',%20'Dtsch%20Tierarztl%20Wochenschr.');

J. Agric. Sci. Mansoura Univ., 34 (6), June, 2009

Fuller, R. (1989). Probiotics in man and animals. Journal of Applied
Bacteriology, 66:365-378.

Gibson, G. R. and M. B., Roberfroid (1995). Dietary modulation of the human
colonic microbiota: introducing the concept of probiotics.J.Nutr. 125-
140.

Girard-Santosuosso, O.; P., Menanteau; M., Duchet-Suchaux; F., Berthelot;
F., Mompart; J., Protais; P., Colin; J. F., Guillot; C., Beaumont and F.,
Lantier (1998). Variability in the resistance of four chicken lines to
experimental intravenous infection with Salmonella enteritidis phage
type 4. Avian Dis.42:462-496.

Guo, X.; Y., Li; F. Y, Kan; T., Yu and Y. S., Zhang (1990). Kanglibao -
Lactobacillus preparation for livestock and fowls. Chinese-Journal-of-
Veterinary-Science-and-Technology. 11: 9-13.

Gusils, C.; S. N., Gonzélez; G., Oliver and J., Can (1999). Some probiotic
properties of chicken lactobacilli. Can. J. Microbiol. 45(12): 981-987.

Hinton, A. Jr.; D. E., Corrier; G. E., Spates; J. O., Norman; R. L., Ziprin; R. C.,
Beier and J. R., DeLoach (1990). Biological control of Salmonella
typhimurium in young chickens. Avian-Diseases. 1990, 34: 3, 626-633.

Jin, L. Z.; Y. W., HO; N. Abdullah and S., Jalaudin (2000). Digestive and
bacterial enzyme activities in broiler fed diets supplemented with
Lactobacillus cultures. Poultry Science, 79:886-891.

Jin, L. Z.; Y. W., Ho; N., Abdullah and S., Jalaludin (1996). Influence of dried
Bacillus subtilis and lactobacilli cultures on intestinal microflora and
performance in  broilers.  Asian-Australasian-Journal-of-Animal-
Sciences. 1996, 9: 4, 397-403.

Kahraman, R.; M., Alp; N., Kocabagli; I., Abas; H., Aksu and A., Tanor
(1997). Effect of probiotic supplementation to the oxidized diets on
performance, ileal pH and Enterobacteriaceae population ascites
incidence and mortality rate of broilers. Pendik Veteriner Mikrobiyoloji
Dergisi, 28:181-190.

Kaiser, M. G.; and S. J., Lamont (2001). Genetic line differences in survival
and pathogen load in young layer chicks after Salmonella enterica
serovar enteritidis exposure. Poult Sci. 80(8):1105-1108.

Maiorka, A.; E., Santin; S. M., Sugeta; J. G., Almeida and M., Macari (2001).
Utilization of prebiotics, probiotics or symbiotics in broiler chicken.
Revista-Brasileira-de-Ciencia-Avicola. 3(1): 75-82.

McEwen, S. A. and P. J. Fedorka-Cray. (2002). Antimicrobial use and
resistance in animals. Clin. Infect. Dis. 34 (Suppl. 3):S93-S106.

National Research Council (NRC). 1994. Proceedings of the Symposium on
Coastal Oceanography and Littoral Warfare. National Academy Press,
Washington, D.C.

Nordic Committee on Food Analysis (NMKL) .1994. Quality Assurance
Guidelines for Microbiological Laboratories. Report No. 5, 2" ed.
Pisarski, R. K.; S., Wojcik and L., Kondzielska (1995). Effectiveness of
probiotics in relation to the composition of feed mixtures for broiler

chickens. Biuletyn-Naukowy-Przemyslu-Paszowego. 34(3-4): 29-37.

6287


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gusils%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gonz%C3%A1lez%20SN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oliver%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Can%20J%20Microbiol.');

El Moghazy, Gihan M. and M. H. Abdel Aal

Salez, L.; and D., Malo (2004). Protagonists of innate immunity during in
Salmonella infections. Med Sci (Paris). 20(12):1119-1124.

Samanya, M.; and K., Yamauchi (2002). Histological alterations of intestinal
villi in chickens fed dried Bacillus subtilis var. natto. Comparative-
Biochemistry-and-Physiology.-A,-Molecular-and-Integrative-Physiology.
133(1): 95-104.

Senani, S.; R. B, Rai; M. K., Padhi and S. K., Saha (1997). Effects of feeding
different levels of lactobacilli on the performance of broilers. Indian-
Veterinary-Journal. 74(9): 808-810.

Shivani-Katoch; M., Kaistha; K. S., Sharma; Meena-Kumari; B. S., Katoch; S.,
Katoch and M., Kumari (2000). Effect of different strains of microbes
isolated from the leopard (Panthra leo) excreta on the performance of
chicks of different strains. Indian-Journal-of-Poultry-Science. 35(1): 57-
61.

Shivani-Katoch; M., Kaistha; K. S., Sharma; Meena-Kumari; C. R., Sharma;
B. S., Katoch; S., Katoch; M., Kaistha and M., Kumari (1996). Effect of
dietary supplementation of microbes isolated from faecal material of
leopard (Panthera leo) on the performance of broilers. Indian-Journal-
of-Animal-Nutrition. 1996, 13: 4, 197-203.

Smith, K. E.; S. A., Stenzel; J. B., Bender; E., Wagstrom; D., Soderlund; F.
T., Leano; C. M., Taylor; P. A., Belle-Isle and R., Danila (2004).
Outbreaks of enteric infections caused by multiple pathogens
associated with calves at a farm day camp Pediatr Infect Dis J. 2004
Dec; 23(12):1098-104.

255 erall B B pallad) Jua gad o @l g yall g g gl il dad )
Cpacidl) zlaal ada gliall g dudacal) Y Gary B Asliall o g

Judl e Cpua daaa 9 (5 kel aae (g

83l due 530 Ggadl 38 pa-cide ¥ 5 40 a8y S al)

G Aeliall ey 5o ad) G Skisalldl Jeasad e ol sl s il il Al e s
) s glad) 5 4@l ddaall 5 yhaa 5 Gabial Y

Gl Galinlll s Ol sad Galisly S LS ey Glesane Ve ) SUSH Caad
L) Gany a5, % Y0 Ay ol slae ) Ciliadl 5 S e 5l B3 o sad (S 5S5,8Y
Jomgati Aa s (sl Jana s dne gl 3WEY) Jana g o13800 i) Jana s 380 Jgaill Janas KU (5550 Jia
el sl a1 (6 gise XS5 m g puel ) A s 5o V) (oaall (3 DU sallud)

B Janas U G50 o o spmnd (S 585 ,Y) LS (o e il dllia S 4l i) gl
- Gl Jane e By sine 8 Gl 3 sm s 030 e Bpesd

sl DAGY) Jama o o GAS S Y1 LI syl 0 Gl (S 4l i) sl LS
Lasa YA die 130 g sail) Jana e s sina il Quliins Gl L3S0 S LS 1 Y i Lo

Lo Aals imgouell Ga¥1 8 D Laledd) e cdldadll gaen of gl o kil
A (6 8 el A %Y, 0 Ay oyl olae N Ciliaall 5N S e Aaaine (alih gl Gulanly 5SSOI

OS5 5 LS o) il il XS5 delial) (8 Jad o) ST (el X 7 soke A Cilas
Baliaal) alua) (5 ginal dad el Cumlin %Y,0 dawiy ol ohie ) iliadll 5 SO S ae dadine o sai
.l Sl salll

il o o S 5N S N5 i 5 5 5 S0l LS gl il laiad iy 18 e
335 sall 4800 daal) e slaie Y1 ¢Sy SIS 5 Cpansill zlad (8 paill illadie Lealadiind ¢Say S A1 il
Cnanl oy A 53 L1 D pallid) LIS (g 2all Gl X 7 5 sl AL 3

6288


javascript:AL_get(this,%20'jour',%20'Med%20Sci%20(Paris).');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smith%20KE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stenzel%20SA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bender%20JB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wagstrom%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Soderlund%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leano%20FT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Taylor%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Belle-Isle%20PA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Danila%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Pediatr%20Infect%20Dis%20J.');

J. Agric. Sci. Mansoura Univ., 34 (6): 6273 - 6288, 2009

Table (1): Least - squares means and standard error of body weight (gm) traits* as affected by treatments in
a crosshreeding experiment.

Treatment BW7 BwW14 BW21 BW28 BW35 BW42 BW49 BW56 BW63 BW70
1 66.25b¢ 98.64b¢ 147.52°cd | 187.38% | 239.10%% | 301.38%% | 368.10°¢ | 448.37%% | 587.63%¢ | 717.41°
+1.50 +2.54 +4.03 +5.40 +11.27 +18.14 +21.56 +25.86 +37.2 +42.92
2 67.88b¢ 98.26"¢ 145.26°d | 173.44f 208.14f 255.69f 317.62¢ 388.38f 524.36¢° 651.13¢
+1.45 +2.45 +3.88 +5.20 +9.70 +14.93 +17.74 +21.28 +32.89 +37.85
3 65.19¢ 100.12°¢ | 145.42bd | 179.43¢ | 225.45%f | 288.40% | 330.19° | 425.209%f | 553.99% | 680.66
+1.44 +2.44 +3.88 +5.38 +11.20 +18.06 +21.46 +25.75 +37.22 +42.83
4 60.56¢ 92.99¢ 140.33« 169.33f 215.12¢" | 272.42¢" | 321.04¢ | 407.19%" | 538.03%€ | 654.08%
+1.50 +2.50 +3.97 +5.32 +11.05 +17.89 +21.26 +25.50 +36.97 +42.55
5 63.92¢ 98.01b¢ 147.78d | 170.857 | 221.95% | 287.45¢de | 333.489¢ | 412.32¢" | 537.19% | 654.67%
+1.47 +2.47 +3.93 +5.26 +11.12 +17.96 +21.35 +25.61 +37.07 +42.66
6 73.452 111.092 150.49°¢ | 211.68% | 244.81°¢ 312.10% | 383.31¢ | 453.07¢ 582.9b¢ 699.82°¢
+1.44 +2.38 +3.82 +5.11 +10.55 +17.32 +20.59 +24.70 +36.22 +41.69
7 68.22° | 100.996°° | 138.61¢ | 198.79% | 250.26% | 323.52°¢ | 384.03°¢ | 455.98%% | 581.2¢% 703.75¢%
+1.44 +2.42 +3.85 +5.16 +10.68 +17.47 +20.76 +24.91 +36.48 +41.98
8 72.362 102.21° | 150.08¢d | 208.13b¢ | 248.14% 323.82°¢ 388.90¢ 472.53¢ | 601.734 | 707.68°
+1.44 +2.38 +3.77 +5.05 +9.98 +17.37 +20.64 +24.76 +36.34 +42.00
9 70.5430 102.48° 162.468 224.082 319.502 402.712 490.472 581.722 704.452 847.532
+1.48 +2.45 +3.90 +5.28 +11.00 +17.83 +21.19 +25.42 +36.88 +42.45
10 67.54° | 100.12¢ | 157.79% | 227.732 292.70P 367.43° 441.55° 520.28° 649.95° 789.49°
+1.45 +2.41 +3.82 +5.17 +10.13 +17.65 +20.97 +25.16 +36.70 +42.23

*BW= Body weight at 7 days and up to 70 days, respectively.
“Treatments as described in materials and methods.
*'means with the same letters within each column of trait are non-significantly different (P<0.05).
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Table (4): Least—squares means and standard error of feed intake traits* as affected by treatments in
a crosshreeding experiment.

Treatment BW7 BW14 BW21 BW28 BW35 BW42 BW49 BW56 BW63 BW70
1 66.25° 98.64" 147.52°4 187.38% 239.10°%® 301.38* 368.10%1 448.37°% 587.63% 717.41°
+1.50 +2.54 +4.03 +5.40 +11.27 +18.14 +21.56 +25.86 +37.2 +42.92
2 67.88 98.26™ 145.26°9 173.44° 208.147 255.69" 317.62°¢ 388.38 524.36° 651.137
+1.45 +2.45 +3.88 +5.20 +9.70 +14.93 +17.74 +21.28 +32.89 +37.85
3 65.19% 100.12™ 145.42P4 179.43% 225.45% 288.40% 330.19°¢ 425.20% 553.99% 680.66°7
+1.44 +2.44 +3.88 +5.38 +11.20 +18.06 +21.46 +25.75 +37.22 +42.83
4 60.567 92.99° 140.33% 169.33 215.12° 272.42% 321.04° 407.19% 538.03°® 654.087
+1.50 +2.50 +3.97 +5.32 +11.05 +17.89 +21.26 +25.50 +36.97 +42.55
5 63.92°¢ 98.01™ 147.78@ 170.85" 221.95% 287.45%° 333.48% 41232 537.19% 654.67°7
+1.47 +2.47 +3.93 +5.26 +11.12 +17.96 +21.35 +25.61 +37.07 +42.66
6 73.452 111.09% 150.49" 211.68%® 244 .81° 312.10% 383.31° 453,07 582.9™ 699.82¢
+1.44 +2.38 +3.82 +5.11 +10.55 +17.32 +20.59 +24.70 +36.22 +41.69
7 68.22™ 100.996™ 138.61° 198.79% 250.26% 323.52 384.03° 455,98 581.2% 703.75%
+1.44 +2.42 +3.85 +5.16 +10.68 +17.47 +20.76 +24.91 +36.48 +41.98
8 72.36% 102.21° 150.08" 208.13% 248.14% 323.82° 388.90° 472.53° 601.73 707.68°
+1.44 +2.38 +3.77 +5.05 +9.98 +17.37 +20.64 +24.76 +36.34 +42.00
9 70.54%® 102.48° 162.46% 224.08% 319.50% 402.71% 490.472 581.722 704.452 847.53%
+1.48 +2.45 +3.90 +5.28 +11.00 +17.83 +21.19 +25.42 +36.88 +42.45
10 67.54™ 100.12™ 157.79%® 227.73% 292.70° 367.43° 441.55° 520.28° 649.95° 789.49°
+1.45 +2.41 +3.82 +5.17 +10.13 +17.65 +20.97 +25.16 +36.70 +42.23

* Fl =feed intake at 15! to 10" week of age..
" Treatments as described in Table 1.
#¢means with the same letters within each column of trait are non-significantly different (P<0.05).
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Table (5): Least-squares means and standard error of feed conversion traits * as affected by treatments in a
crossbhreeding experiment.

Treatment* FC1 FC2 FC3 FC4 FC5 FC6 FC7 FC8 FC9 FC10
1 0.11%® 0.29° 0.46° 0.617 1.28" 0.56¢ 0.56 0.542 0.332 0.50%
+0.11 +0.05 +0.16 +0.45 +1.76 +0.12 +0.19 +0.21 +0.13 +0.08

2 0.12% 0.36% 0.382 0.99% 4172 0.742 0.81% 0.682 0.52% 0.632
+0.06 +0.03 +0.09 +0.26 +0.98 +0.07 +0.11 +0.11 +0.07 +0.04

3 0.14® 0.36® 0.432 1.49%® 1.93%® 0.64® 1.31¢ 0.462 0.49® 0.54®
+0.05 +0.03 +0.08 +0.24 +0.88 +0.06 +0.10 +0.11 +0.07 +0.04

4 0.15% 0.39% 0.35% 1.86° 1.11° 0.61® 0.84% 0.512 0.43° 0.572
+0.06 +0.03 +0.09 +0.26 +0.98 +0.07 +0.12 +0.13 +0.08 +0.05

5 0.00° 0.31° 0.312 1.23 0.87° 0.50* 0.88° 0.60? 0.46% 0.52%
+0.06 +0.03 +0.09 +0.23 +0.88 +0.06 +0.10 +0.11 +0.07 +0.04

6 0.08% 0.26° 0.482 0.537 1.70%® 0.49" 0.55 0.562 0.41° 0.56
+0.06 +0.03 +0.09 +0.25 +0.98 +0.07 +0.11 +0.12 +0.07 +0.05

7 0.08® 0.36® 0.452 0.64 1.50° 0.53#c 0.76 0.842 0.64® 0.56®
+0.06 +0.03 +0.09 +0.25 +0.95 +0.07 +0.11 +0.12 +0.07 +0.05

8 0.10® 0.34® 0.492 052 2.22® 0.51 0.62 0.542 0.43° 0.57®
+0.06 +0.03 +0.09 +0.24 +0.92 +0.06 +0.11 +0.12 +0.07 +0.04

9 0.14% 0.33% 0.352 0.45¢ 0.67° 0.39¢ 0.52¢ 0.592 0.49% 0.45°
+0.06 +0.03 +0.09 +0.25 +0.94 +0.07 +0.11 +0.12 +0.07 +0.05

10 0.14% 0.32° 0.342 0.50¢ 2.09° 0.512¢ 0.58 0.642 0.49% 0.54%
+0.06 +0.03 +0.09 +0.24 +1.00 +0.07 +0.11 +0.12 +0.07 +0.05

* FC =feed conversion at 1% to 10" week of age.
" Treatments as described in Table 1.
& means with the same letters within each column of trait are non-significantly different (P<0.05).
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