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Abstract

HIS study was carried out to assess the Cobb broiler productive traits and the expression of

energy metabolism (avANT, ATP5G1 and ATPSE) and mitochondrial biogenesis-related genes
(PPARy and avPGC-lo). Also, the expression of some growth-related genes (MyoD, MyoG and
MSTN) in breast muscle during pre-hatch and post hatch. The pre-hatching stage on days 12, 15, and
19 and the post-hatching stage on days 21 and 35. The birds were individually weighted at 0, 7, 14,
21, 28, and 35 days. The growth performance indices like the TBWG, FC, FE, and FCR, weekly feed
consumption and total feed intake were evaluated. Different expression levels of avANT and avPGC-
la genes at the different embryonic stages were observed. The expression level of ATP5G1, ATPSE,
and PPARy were not detected at pre-hatch. Meanwhile, ATP5G] was higher in small body weight
unlike ATPSE that was significantly lower in small BW birds. avPGC-Ila and PPARy on 21* day
showed significant up-regulation in small BW, while at 35" day, no significant difference in their
expression in small and large BW broilers. Little expression of growth-related genes was observed at
pre-hatch. At post-hatch, MyoD was higher in large BW compared to small BW broilers. MSTN was
up-regulated in small BW compared to large one.
We concluded that the avANT, PGC-1o, and MyoD genes have major role at pre-hatch and post
hatch-till 21th day. However, MyoG, ATPG1, and ATPSE play strong roles in skeletal muscle growth
at the marketing age which could be useful for the genetic improvement in broiler.
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that are involved in energy metabolism such as avian

Introduction adenine nucleotide trans locator (avANT), ATP5SE

Modern commercial broiler lines are chosen for
efficient productive features such as high feed
conversion, rapid development, better meat yield,
lower mortality, and cost [1]. Broilers are bred to
reach their peak productivity in 35 to 42 days [2].
However, growth is a complex process that is
governed by several neuroendocrine pathways and
governed by multiple genes [3]. Since the 1950s,
chicken breeders have been aiming for highly
muscled broilers through artificial selection. Body
weight is a polygenic characteristic, and selection
to generate modern broilers has resulted in
chickens with enhanced muscle mass and quick
growth rates [4].

Since the primary role of mitochondria is to
provide cellular energy to the living systems, the
efficient conversion of food into body mass has been
linked to changes in the expression of several genes

and ATP5G1 and mitochondrial biogenesis such as
avian PPAR-y coactivator-la  (avPGC-la) and
Peroxisome proliferator-activated receptor-y
(PPARy) [5]. avANT gene protein is found on the
mitochondrial inner membrane, plays an important
role in maintaining A TP/ADP ratio and contributes to
the energy-supplying function of mitochondria [6].
ATPSE gene encodes the mitochondrial FOF1 ATP
synthase subunit epsilon, while ATP5GI is a
mitochondrial ATP synthase subunit that catalyzes
ATP production and involved in the biological
process of oxidative phosphorylation and may be
linked to oxidative stress [7].

AvPGC-1-a is the most dominant regulatory
protein in mitochondrial biogenesis; the expression
of nuclear and mitochondrial genes that code for
mitochondrial proteins is up regulated as a result of
the expression of PGC-I-a [8]. PPARy is a
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transcription factor that modulates lipid and glucose
metabolism [9]. Few data are available about the
relationship between the expression of mitochondrial
genes among different body weight broiler classes.

Since skeletal muscle development follows a
specific pattern of periodic gene expression at
the embryonic and postnatal growth [10]. Some of
the myogenic regulatory factors (MRFs) as MyoD
and MyoG have been proposed to modulate muscle
development and carcass performance. The function
of this family is to control the myogenic cell lineage
and differentiation of myoblasts in all muscle
forming regions of chicken embryo and play a role in
adult muscle differentiation [11]. On the other hand,
myostatin (MSTN) is a member of transforming
growth factor-p (7GF-f) super family and is a
negative regulator of skeletal muscle [12].

The aim of this study was to assess the expression
of some genes which are implicated in energy
metabolism and mitochondrial biogenesis as well as
some growth-related genes in breast muscle of Cobb
broiler males during pre-hatch and post hatch till the
marketing age. Also, evaluating the relationship
between the expression of these genes and some
productive traits.

Materials and Methods

Ethical approval

All experimental procedures were carried out
according to the NIH general guidelines for the care
and use of laboratory animals and as recommended
and approved by the Ethics of Animal Use in
Research  Committee (IACUC), Faculty of
Veterinary Medicine, Alexandria University, Egypt
(Serial Number: 0304596).

Experimental design.
pre-hatch study.

A total of 30 fertile eggs from Cobb broiler
breeder were obtained from certified distributers in
Egypt for pre hatching mitochondrial gene
expression. The eggs were classified into three
groups: small, medium, and large according to their
weights. Samples from Cobb embryonated chicks
including muscle and other developing organs were
collected at 12™, 15™and 19" day of incubation (n=9
per day) and stored at -80°C for posterior use.

Post-hatch study

One hundred- and fifty-day-old male broilers
(Cobb 500) chicks were used in this study. At one
old day, the chicks were divided into 3 groups
according to their body weight: large group (fifty-
five), medium group (thirty-nine) and small group
(twenty-seven) birds. Samples from pectoral muscle
of small, medium, and large groups were collected
(n=5 per group) at 21* and 35" day post-hatching and
stored at -80°C until used.
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Bird management

The chicks were raised on floor.  The chicks
were given unlimited amounts of feed and water
and received all vaccines (Newcastle (B1)+IB,
Newcastle (Lasota), Gambaro IBD2, and Newcastle
(Lasota) at days 1, 9, 15, and 20). Birds were
individually weighed at 0, 7, 14, 21, 28 days, and at
the end of the rearing period (35 days). Also weekly
feed consumption (FC), total feed intake (TFI) to
determine performance indices such as the total body
weight gain (TBWG), feed consumption (FC), feed
efficiency (FE) and feed conversion ratio (FCR):

BWG (g) = Final BW (g) at the end period — Initial
BW (g) at start.

FC (g/bird) = (Feed offered — Feed residue)/No. of
bird.

FE (g/g) = BWG + FC.

FCR (g feed/g gain) = Total Feed consumed + Live
Body Weight.

Extraction of Total RNA and cDNA synthesis

Total RNA was isolated from embryonic breast
muscle (pectoral muscle) according to manufacture
instructions, the quality of RNA was checked on 2%
agarose. TOP scriptT™™ RT Dry MIX (dt 18/Dn6plus)
cDNA Synthesis Kit was used to make cDNA from
each group's extracted RNA (enzynomics, south
Korea) according to manufacturer instruction protocol
and the obtained cDNA stored at -20°C until further
use. The cDNA was tested using PCR for the
housekeeping gene (18S), and the product was tested
on a 2% agarose gel.

Expression of mitochondrial and growth-related
genes by gPCR

RT-PCR reaction was carried out in Stratagene
MX300P  real-time PCR  system  (Agilent
Technologies) using SensiFast SYBR Lo-Rox kit
(Bioline). In a total volume of 10 pl, consisting of 5
pl of Syber green (enzynomics, South Korea), 1 pl of
each primer, 1 plcDNA, and 3 pl of RNase free
water, with an initial heating at 95°C for 10 min,
followed by 40 cycles of 95°C for 30 sec and
annealing temperature of the primers (Table. 1). The
relative expression of the genes was calculated using
comparative threshold cycle method 27T [13] and
the results reported as fold change differences
relative to the control group. 18 S gene was used as
endogenous control for normalizer.

Data analysis

To detect the significant changes in the means
among the different treatments and the control group;
one-way ANOVA followed by Tukey’s multiple
comparisons test was performed using GraphPad
Prism version 9.00 for Windows, GraphPad
Software, Boston, Massachusetts USA,
www.graphpad.com”. Each value represents mean+
SE (P>0.05).
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Results
Productive traits during pre- and post-hatch periods

On day 12" of pre-hatch, the egg weight of high
group was significantly higher than the medium and
low groups. Day 15 and 19 showed a significant
difference between the high weight group and the
medium group, which in turn showed a substantial
difference from the low group (table 2).

Growth performance data of broilers used in this
study are presented in Tables 3 and 4. There were
significant differences among high, medium, and low
body weight groups at all weeks from the first week
to the last week (5™) as revealed in table 3.
Concerning the FE (gain/g of feed consumed) at third
and fifth weak; FE was significantly different among
high, medium, and low body weight groups; it was
significantly higher for the high body weight group
(table 4). Feed intake was changed among FE
broilers; high FE broilers gained more weight. As
predictable, feed conversion ratios (total feed
consumed/g life body weight) were also significantly
different between high and low FE groups, it was
significantly lower for high body weight group than
medium group than low body weight group (table 4).

Expression levels of selected genes

Mitochondrial protein gene expression at different
stages (pre-hatch, post-hatch)

The av-ANT gene was expressed significantly
with variable levels during embryogenesis. The
highest expression was recorded at E-15
(13.634£0.45) compared with its expression at E-12
(2.58+0.53) and E-19 (5.6+2.3) (Fig (1A). The post
hatching expression of av-ANT was higher in small
BW (6.2+£5.7) than large BW (4.4+6) on day 21°.
Meanwhile, its expression was very low at day 35"
in both small (0.21£0.17) and large body weight
birds (0.024+0.019) (Fig 1B). The expression level of
ATPG1 at embryonic stages was very weak or almost
undetected at different stages (Fig 2A). At post-
hatch, its expression was not detected in both large
and small BW at day 21" (0.012+0.012 and
0.003+0.003) and at day 35™ it was slightly higher in
small body weight (2.3+£2.5) compared with the large
body weight (0.7+0.9) (Fig 2B).

ATPSE has no significant values at different
embryonic periods (Fig 3A). As well as there was no
significant difference between small and large BW at
day 21* post hatching (0.13+0.09 and 0.013+0.009).
On day 35™ it was significantly lower in small BW
(1.25+1.6) than large BW (2.33£1.33) as shown in
Fig (3B).

avPGC-1o. was expressed significantly during
embryogenesis (Fig 4A). The highest expression of
avPGC-1o expression was observed at E-12 (16.23
+13.47) and E-15 (24.53+ 8.2) with no significant
difference between them. At E-19, it significantly

decreased to 5.46+1.6. At post-hatch, avPGC-la
revealed significant up regulation in small BW
(14.53%£12.9) compared to the large BW (1.3340.6) at
day 21%, while at day 35" the expression of the gene
is almost undetected in both small and large BW
birds (0.66+0.63 and 0.33+0.3) (Fig (4B).

No expression was detected in PPAR gene at
different embryonic stages as shown in Fig (5A). At
day 21 post-hatch, the expression was significantly
higher in small BW (45.7£30.4) than large BW
(2.5£2.4). There was no variation in PPAR gene
expression between small and large BW at day 35"
post hatching (Fig (5B).

The expression level of MyoD was very little
(1.25+1.1 at E-12, it decreased to 0.73+0.27 at E-15
and to 0.09+0.9 at E-19) (Fig (6A). MyoD was
significantly higher in large BW (8.8+0.6) compared
to the small BW (4.4+3.5) on day 21%'. On day 35" it
was slightly higher in large BW (1.0+0.4) than small
BW (0.22+0.22) (Fig (6B).

Expression of growth related at different stages (pre-
hatch, post-hatch)

The expression of MyoG gene was observed E-
12" only pre-hatch (Fig 7A). However, at post-hatch,
the expression of the gene was not detected at 21"
day in both small and large body weight. On day
35‘h, little difference was observed between small
and large BW (Fig 7B).

No expression was detected in MSTN gene at E-12,
15, and 19 (Fig 8 A). The expression level of MSTN
at day 21* post-hatch was significantly higher in
small BW (10.6+16.7) compared to the large BW
(0.42+0.42). On day 35" little expression was
observed in small BW (1.2+0.4) and no expression in
the large BW (0.5+0.5) (Fig (8B).

Discussion

A significant difference in egg weight was
detected among the three size groups of eggs at the
12" 15™and 19™ day of incubation. Mortola and Al
Awam [14] proposed that different-sized eggs result
in hatchlings of various sizes. They claim that this
change is caused by incorporating different egg yolk
remnants, which could reflect a genetic relationship
between the size of the egg and the rate of embryonic
growth.

Additionally, Vleck and Vleck [15]; Prinzinger
and Dietz [16] proposed that the oxygen intake of
precocial ~ birds grows dramatically  during
development until it stabilizes just before hatching,
as embryos reach their hatching mass. The rise in
oxidative metabolic capability throughout
embryogenesis is aided by increased mitochondrial
density and the enzymatic activities in an oxidative
manner [17]. As a result, one of our aims was to
investigate the expression level of some of
mitochondrial genes including (avANT, ATPSE,
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ATP5GI, avPGC-la and PPARy) pre and post
hatching. We found that the most prominent
mitochondrial genes to be expressed significantly at
different embryonic stages were avANT and avPGC-
lo. In ducklings, Speake et al. [18] suggested that,
during  embryonic  development, there are
great variations in fatty acid profile, with an increase
in polyunsaturated fatty acid in various tissues
making embryonic tissues, particularly vulnerable to
free radicals. As a result, avANT may contribute to
the stress of reestablishing effective oxygen supply
via air breathing at the time of hatching after relative
oxygen restriction at the end of the incubation period
and serve antioxidant activities by helping to the
adaptive responses of birds exposed to substantial
fluctuations in oxygen availability in the
environment [19].

Av-PGCla is significantly raised in pectoral
muscle and liver during embryonic development of
chickens contrasted with growing chicken [20]. As a
result, avPGCla upregulation in muscle during
prenatal development may be associated with
regulating mitochondrial biogenesis and fiber-type
determination [21-23]. As well as avPGCla
governs organisms' energetic responses to changes in
the environment by promoting mitochondrial
biogenesis, boosting cellular respiration rates, and
enabling energy substrate absorption and use [24,
25].  So, the hypothesis that the development of
metabolism during embryogenesis in birds is
controlled mainly by avPGCla gene that is
upregulated in liver and breast muscle at E-18 and E-
20 can be proved [20,26]. PPARy gene is a
transcription factor that is recognized to be
implicated in many metabolic regulatory pathways,
mainly in lipid and glucose metabolism [27]. As a
result, in a study to measure PPARy gene expression
during myogenesis in liver and breast muscle of birds
by Walter and Seebacher [20], they found that
PPARy gene expression in muscle is consistently
raised during embryogenesis, this contrasts with our
finding that PPARy expression was not prominent at
prehatch. That might be because various transcription
factors as well as coactivators are transcribed at
various times, and protein concentrations can be
varied by translational control, processing, and
posttranslational modifications or activation [28].
mRNA levels of the catalytic al subunit associated
with the activity of the enzyme, so that Na+/K+-
ATPase activity is transcriptionally well-ordered by
the catalytic al subunit excluding the glycosylated
B1 subunit [26]. This agrees with our finding that
ATPSE and ATPGI that are nuclear encoded were
not expressed pre-embryonic.

On the other hand, the pattern of expression of
mitochondrial genes post-hatching was different than
prehatching gene expression. Vives-Bauza et al. [29]
reported that ATPG1 was a subunit of mitochondrial
ATP synthase that catalyzes ATP production, is a
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crucial component of complex V of the oxidative
phosphorylation cycle. Huang et al. [30]
demonstrated that ATP synthase epsilon subunit
(ATP5E) gene was realized to encode the
mitochondrial FOF1 ATP synthase subunit epsilon.
The expression level of ATPGland ATP5E were not
detected in large and small body weight at day 21,
while ATPGI upregulated in small body weight at
day 35 in contrast to ATP5E that upregulated in large
body weight at day 35. Bottje et al. [31] reported that
as broilers with low FE display increased ROS when
compared with age-matched high FE broilers from
the same genetic line, the mechanism(s) involved in
low FE may be like that of aging and certain
diseases. We found that ATPGI was higher in low
body weight with low FE that usually have higher
oxidative stress if compared to high body weight
with high FE which agrees with Hu et al. [32] also
demonstrated that ATP5G1 relates to oxidative stress
and is implicated in the biological process of
oxidative phosphorylation.

Massari et al. [10] reported that avANTI had been
shown to exert a fundamental metabolic control on
mitochondrial ~ energy  production, increased
expression of avANT! in tissue would be expected to
indicate increased energy needs or output by the
animal. In this study a significant upregulation of
avANT gene expression in low body weight as
compared with high body weight at day 21 and 35
was observed. This is agreed with Igbal et al. [33]
who reported that the expression level of avANT
gene was higher in the breast muscle of broilers with
low FE analogized with high FE, the increased levels
of ANTI expression in low FE birds compared to
high FE birds seem to be part of a comprehensive
attempt to retain cellular homeostasis and optimum
energy production under a comparatively greater
oxidative environmental stress. Ojano-Dirain et al.
[34] found that LFE broilers had lower amounts of
avANT mRNA in the breast muscle. This contradicts
prior findings of higher avANTI expression in LFE
breast muscle [33].

Some of the wvariables implicated in the
mitochondrial biogenesis include PPAR- y and av-
PGC-10.[6,[33]). PPAR- vy 1is essential for fat
deposition in chicken [9]. Wu et al. [8] reported that
the PGC-1a is the most dominant regulatory protein
in mitochondrial biogenesis. Our finding revealed
that the expression level of PPAR- y and avPGC-1oat
day 21 were significantly upregulated in small BW if
compared with large BW, while their expression at
day 35 exhibited no difference between small BW
and large BW broiler breast muscle, this agreed with
a study made by Ojano-Dirain et al. [5], who
revealed that PPAR-yand avPGC-loa mRNA
expression exhibited no differences in PPAR-
y mRNA expression in breast muscle of high and low
FE male broiler at 6 to 7- wk.
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In addition to the study of mitochondrial gene
expression, we investigate some of growth-related
genes including MyoD, MyoG and MSTN that
exhibited a different way than mitochondrial genes,
in their expression, MSTN gene expression was not
detected pre-hatching, on the other hand, it was
upregulated in low FE birds relative to high FE at
day 21 and 35 post hatching. Dushyanth et al. [36]
studied the expression level of MSTN in three lines of
chicken at different pre- and post-hatching stages and
found that MSTN gene expression was higher at early
embryonic stages than late stages, while post
hatching the degree of expression was initially
minimal, but it steadily rose until the age of 28 days
and after then, the expression was again lower than
in the earlier chick stage. The gene's fluctuating
expression might be implicated in the maturation of
many organs during the growing period.

Gu et al. [37] investigated the expression of
MSTN in pekin duck pectoral muscle embryos at
Ell1, E14, E17, E20, E23, and E26. They found that
MSTN decreased gradually until it reached its lowest
level at E19, after which it slowly increased,
implying that E19 and E20 are the fastest points of
pectoral muscle development and a vital transition
for pekin duck pectoral muscle building during
embryonic stages. Additionally, Fergany et al. [38]
reported that the expression level of MSTN gene was
significantly high at E7 relative to E16, while the
level of MSTN at day 35 (marketing age) was higher
in low BW relative to high BW broiler.

Considering MyoD and MyoG gene expression
prehatching, it was found that the expression level of
MyoD gene was higher at E-12 than E-15 relative to
E-19 while MyoG mostly prominent at E-12 if
compered to E-15 and E-19. Fergany et al., [38] who
studied MyoD and MyoG at E-7, E-13 and E-17
found that MyoD gene expression was considerably
higher at E7 and peaked at E16, whereas MyoG gene
expression was significantly higher at E7 and peaked
at E16 relative to E13. Also, in a previous study to
compare between layers and broilers. On the other
hand, the expression level of MyoD in breast muscle
was significantly higher in large BW relative to small
BW broilers at day 21 and 35 posthatching, unlike
the expression level of MyoG gene that has no
significant differences between high and low BW
broilers either at day 21, but higher in large BW at
day 35. Yin et al. [39] stated that, the relative
expression level of MyoG and MyoD in pectorals
muscle were superior in high weight selection than
low weight selection at 28 day and 56d of mature
broiler, Bentzinger et al. [9] explained the reason for

that due to /GF-I, it is an endocrine hormone that is
released by the liver and acts as an autocrine and
paracrine hormone; on day 28 high, BW had greater
IGF-I mRNA expression in the liver than low BW,
MyoD as well as MyoG expression are positively
correlate with /GF-1.

Kang et al [40] used the genome-wide association
studies and gene expression analyses to identify
candidate genes for broiler breast muscle weight and
intramuscular fat in genetic improvement programs.
They demonstrated 43 candidate genes that play roles
in the development and metabolism of skeletal
muscle or adipocyte. Additionally, they found that a
large number of potential genes were hosted by gene
co-expression modules, which also showed a strong
correlation with the desired traits of interest.

Conclusion

We concluded that the avANT, PGC-la, and
MyoD genes major role at pre-hatch and post hatch-
till 21th day. However, MyoG, ATPGI, and ATPSE
genes play strong roles in skeletal muscle growth at
the marketing age which could be useful for the
genetic improvement in broiler chickens. Also, we
suggested that gene ATPGI, and ATPSE co-
expression showed a strong correlation with the
desired trait.
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TABLE 1. Primers sequences used in qRT-PCR.

Gene Sense primer (5'-3") Antisense primer (5'-3') Annealing
°C)
AvANT TGTGGCTGGTGTGGTTTCCTA GCGTCCTGACTGCATCATCA 60
PPARy TGGAATGTCACATAATGCCATCA TCTGCCAAGAGCTTCTCCTTCT 60
avPGC-1a CCAAAGGACACGCTCTAGATCA TCTCGATCGGGAATATGGAGAA 60
TP5E TTGTTGGGAGTGGAGTGT TCACCATTCACAGAGCAGT 60
ATPG1 GGACACGGCAAGTAATAGG CATCAAACAGAAGAGACCCA 58
MSTN GCAAAAGCTAGCAGTCTATG TCCGTCTTTTTCAGCGTTCT 59
MYOD GATTTCCACAGACAACTCCACAT GAATCTGGGCTCCACTGTCACT 60
MYOG GTGGGATGGTGATGCTGGAA TTGGAGAGGAGTGGGAAAGGA 60
18s CGAAAGCATTTGCCAAGAAT GGCATCGTTTATGGTCGG 60

TABLE 2. Egg weights at different embryonic days (E-12, 15 and 19).

Group E-12 E-15 E-19
large 11.333+0.882° 19.000+0.000° 43.333+0.333°
Medium 8.667+0.0.333" 17.667+0.000° 42.000+0.000°
Low 7.000+0.000° 16.000+0.567° 40.000+0.000°
P Value 0.0039 <0.0001 <0.0001

Each value represents mean+ SE
Values with different letters within the same column are statistically significant.

TABLE 3. Body weight at different weeks post hatch.

Group DO 1w 2w 34w 4" w 5w
High 50.868+0.692 148.208+3.821" 322.264+8.408"  617.547+10.931°  1054.340+20.494"  1843.208+24.936°
Medium  48.205+0.807 122.179+4.455° 218.718+9.802°  419.231+12.743°  816.410+23.890" 1318.205+29.069°
Low 48.741+0.970 103.704+5.353° 160.370+11.781°  296.667+15.316°  626.666+28.714° 1028.148+34.936°
P Value  0.0320 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

DO: day zero (hatching day). Each value represents mean+ SE
Values with different letters within the same column are statistically significant.
TABLE 4. Growth traits (FC, BG, FE and FCR) at third and fifth weeks.
Group
Measurement High Medium Low P-Value

FC3 490.000 455.000 375.000

FC5 1300.000 1100.000 1000.000

BG3 295.283+49.562° 200.513+11.147° 136.296+13.397¢ <0.0001

BG5S 788.868+22.909* 501.794+26.706° 401.481+32.097¢ <0.0001

FE3 0.587+0.022° 0.427+0.026° 0.354+0.031° <0.001

FES 0.607+0.019* 0.456+0.022° 0.401+0.026° <0.001

FCR3 0.816+0.019° 1.097+0.022° 1.284+0.026° <0.001

FCRS 0.714+0.015°¢ 0.848+0.017° 0.992+0.021* <0.001

FC: feed consumption. 3 and 5: 3™ and 5™ week. BG: body gain. FE: feed efficiency.
FCR: feed conversion ratio. Each value represents mean+ SE.
Values with different letters within the same column are statistically significant.
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Fig. 1. Fold change of av-ANT at (A) prehatch at E-12, 15, and 19, (B) post-hatch at 21* and 35" in small and large
size cobb broiler.
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Fig. 2. Fold change of ATPGI gene at (A) prehatch at E-12, 15, and 19, (B) post-hatch at 21°' and 35™ in small and
large size cobb broiler.
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small and large size cobb broiler.
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Fig. 6. Fold change of MyoD gene at (A) prehatch at E-12, 15, and 19, (B) post-hatch at 21*' and 35™ in small and

large size cobb broiler.
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Fig 7. Fold change of MyoG gene at (A) prehatch at E-12, 15, and 19, (B) post-hatch at 21% and 35" in

small and large size cobb broiler.
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