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Abstract
In order to identify the polymorphism in Interferon gamma (IFN-γ) and Interleukin-2 (IL-2) genes,
blood samples were collected from 380 breeder hens of Mazandaran native fowls breeding station. DNA
extraction was performed through modified salting-out method and fragments of 670 and 659 bp from
promoter region of IFN-γ and IL-2 genes were amplified by using specific primers, respectively.
Following genotyping in IFN-γ gene using Tsp509I restriction enzyme, two alleles of A and G with the
frequency of 0.55 and 0.45 and three genotypes of AA, AG and GG were observed with the frequency
of 0.32, 0.46 and 0.22, respectively. For IL-2 gene, two alleles of A and G were also detected using
MnlI restriction enzyme with the frequency of 0.58 and 0.42 and three genotypes of AA, AG and GG
with the frequency of 0.33, 0.50 and 0.17, respectively. Statistical analysis revealed significant
associations between IL-2 gene SNP and productive traits including the average egg weight at 345-375
days of age, egg number at 345-375 days of age and body weight at 8 weeks of age traits (P<0.05).
Furthermore, in the mean comparison analysis, there were also significant differences between different
genotypes of IL-2 gene in average egg weight at 28 and 30 weeks of age, in which AG genotypes
showed higher performance. Additionally, For IFN-γ gene, a significant difference was found between
genotypes in average egg weight at 28 weeks of age trait. Therefore, it can be concluded that the
above-mentioned polymorphisms could be considered as the pivotal genetic makers to improve
Mazandaran native fowls breeding programs in order to achieve the optimum performance in productive
traits more efficiently.
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Highlights
 SNPs in amplified fragments of IFN-γ and IL-2 genes were detected by RFLP method.
 IFN-γ and IL-2 marker sites showed polymorphic pattern in Mazandaran native fowls.
 In both gene loci, the frequency of AG genotypes was significantly higher.
 Significant effects of IL-2 were detected on egg number, egg weight and body weight.

 AG genotypes had better performance as the pivotal marker for improving productivity.

Introduction
Improving animal health is considered to be the basic goal of the animal breeding industry
(Soller and Andersson, 1998). The poultry industry, as one of the most important parts of the
agriculture sector for providing the invaluable supply of proteins, fats, minerals and vitamins
as well as its worthwhile economic outcomes, has expanded dramatically during the last decade
(Vetrivel and Chandrakumarmangalam, 2013). However, it is threatened by progressively
prevalent diseases such as Newcastle, Infectious Bronchitis, Avian Influenza, Marek's and
Mycoplasmas which can cause catastrophic losses (Roussan et al., 2008). To improve poultry
health, reduce disease-associated losses and keep poultry health management at a reasonable
cost, efforts need to continue to advance understanding of the genetic bases for resistance and
immunity to avian diseases. In this context, it is critically important to focus efforts on
identification and characterization of genes and their genetic variants affecting innate and
adaptive immunity (van der Poel and Parmentier, 2003). Genetic improvement of the immune
responses can also enhance vaccine efficacy and disease resistance in chickens (Lamont et al.,
2002). Indeed, reproductive system has key role in assuring the continuity of the species, while
the immune system is essential for continued health and survival through internal protection.
The chicken has been the primary species which have shed light on reproductive–immune
interactions. In the chicken, increase in Ca2+ mobilization and its effect on regulation of
granulosa cell function (Soboloff et al., 1995), presence of lymphocytes and cells specific to
B-cell (Zettergren and Cutlan, 1992) and T-cell (Withanage et al., 2003) lineages in the gonads
of birds, stimulation of T-cells in the hen ovary by estrogen (Barua and Yoshimura, 1999),
increasing progesterone receptor (PR) expression during sexual maturation (Pasanen et al.,
1998), modulation of growth and differentiation of granulosa cells by cytokines (Hales, 2000),
participating the immune cells in the ovulatory process (Hellberg et al., 1991) and the
formation and demise of the corpus luteum (Benyo and Haibel) have been noted. Cytokines
have generally been identified and characterized as the main components of the peripheral
immune system (DHAMA et al. 2015). Although far from fully comprehended, the role of
cytokines as the important immune-modulators in the peripheral immune system is evident
(Dhama et al., 2015). Interleukins are regarded as the cytokines that regulate the relationship
between lymphocytes and other leukocytes. IL-2 is known as a cytokine that plays an active
role in enhancing innate and acquisitive immunity and acquired safety (Kogut et al., 2003),
which is produced by type-I T cells and induces natural killer (NK) cells and lymphocyte-

activated killer (LAK) cells, demonstrating strong B-cell growth factor activity and can
stimulate monocytic lineage cells (Pintarič et al., 2008) (Nagarajan et al., 2011). It also
stimulates progesterone production in granulose cells (Sharma and Gandhi, 2011), the
proliferation and differentiation of T cells and the activation of monocytes and macrophages,
thus playing a fundamental role in regulating the immune response in animals (Zhao et al.,
2011). Additionally, it affects type B lymphocytes and enhances their growth and synthesizes
a limited amount of immunoglobulins and also has an inductive role in the production of IFNγ and IL-15 (Zhou et al., 2001), as well as a direct effect on the activity of heterophils in poultry
(Kogut et al., 2002). Chicken IL-2 gene is included 4 exons and 3 introns and located on
chromosome 4 from nucleotide 54073166 to 54076514 (NC_006091.4) (Kaiser and Mariani,
1999) (Ye et al., 2006). So far, significant associations were identified between SNPs of IL-2
gene with the resistance against gastrointestinal infection by nematodes (Donadoni et al.,
2011), the differentiation and homeostasis of so-called natural Tregs which are developed in
the thymus of animals (Burchill et al., 2007), and mastitis disease in cattle (Alluwaimi et al.,
2003). Researchers reported the presence of transcription factor binding sites in the second
intron of the IL-2 gene of dairy cows and stated that the SNPs in these sites may affect the
binding of transcription factors resulting in different production patterns in genotypes (Lühken
et al., 2005). It has been discovered that in chickens, host immune responses to Eimeria
acervulina and Eimeria tenella infection is due to the high regulation of IL-2 secretion (Choi
and Lillehoj, 2000) (Miyamoto et al., 2002), and IL-2 production after re-infection with
Eimeria tenella could be considered as an important factor causing genetic differences between
SC chickens' resistance (an inbred chicken strain which is resistance to coccidiosis) or TK
chickens' (an inbred chicken strain which is susceptible to coccidiosis) vulnerability to
coccidiosis (Li et al., 2002). Chicken IL-2 has also been used as an adjuvant factor to improve
vaccine responses to infectious bursal disease virus (Park et al., 2009), avian influenza virus
(Hu et al., 2006), and Eimeria tenella (Xu et al., 2008), indicating its functional importance in
enhancing immune responses to vaccines (Zhang et al., 2011).
IFN-γ is one of the most important cytokines that controls the primary immune response and
cellular immunity (Savan et al., 2009), and is recognized as a macrophage-activating cytokine
(Reemers et al., 2012) (Vervelde et al., 2013), representing a substantial link between innate
and adaptive immune responses. This cytokine enhances the activity of NK cells, increases the
expression of class I and II of major histocompatibility complex (MHC) that modulate immune
responses (Zhou et al., 2001), and plays a key role as an adjuvant factor in accelerating the
immune response induced by vaccine antigens (Shah et al., 2010). Chicken IFN-γ gene is

located on chromosome 1 from nucleotide 35053221 to 35057368 (NC_006088.4) and
composed of 4 exons and 3 introns. Polymorphisms of the promoter region of this gene have
been identified in White Leghorn strains that were associated with resistance to E. coli in lines
61 and 72 (Kaiser et al., 1998). Like mammalian IFN-γ, production of chicken IFN-γ has been
used to regulate cell-mediated immunity (CMI) from T cells upon recall antigen stimulation
(Lambrecht et al., 2004), which plays a vital role in influenza A virus annihilation in chickens
(Singh et al., 2014). Thus, evaluation of the immune responses can be exploited as an indirect
selection for improving genetic resistance and promoting vaccine efficacy in chickens (Kaiser
et al., 2008). It was found that heterozygote genotypes of IFN-γ gene in Leghorn and Fayoumi
chicken breeds demonstrated the largest primary antibody response to SRBC (Sheep Red Blood
Cells) test (Zhou et al., 2003). Considering the importance of the disease resistance issue in
poultry industry and the role of IL-2 and IFN-γ genes in the immune system, the present study
was performed to identify allelic polymorphisms in the promoter region of these genes and
their effects on some productive and reproductive traits in breeder hens of Mazandaran native
fowls breeding station.
Material and Methods
Experimental population
The Mazandaran native fowl breeding station was inaugurated in 1988 with the purpose of
preserving the population of endangered native fowls. The research center has two major
activities comprising reproduction and genetic improvement of this native population. In the
present study, 380 native fowls were randomly selected that had been grown in the same
condition. The productive and reproductive traits included body weight (BW) at day one, 8 and
12 weeks of age and puberty, age of sexual maturity (ASM), egg number (EN) at 120-270 and
345-375 days of age, laying intensity (LI), egg weight (EW) at puberty, average egg weight
(AEW) at 28, 30 and 32 weeks of age and 345-375 days of age, percentage of fertility (PF) and
percentage of hatchability (PH) were recorded and measured accurately by researchers.
Blood sampling and DNA extraction
A total of 380 blood samples were collected from the brachial wing vein of selected native
breeder fowls and transferred into vacutainer tubes containing disodium ethylene diamine tetra
acetic acid (EDTA) and then shipped to our laboratory in an insulated cooler with cold-packs
and stored at -20°C until DNA extraction process. DNA was extracted through modified
salting-out method and then quantity and quality of the extracted DNA were evaluated by both
spectrophotometer and agarose gel electrophoresis.

Amplification of gene fragments and PCR reaction conditions
In order to amplify the targeted loci, PCR reactions were prepared with the volume of 25 μl as
follows: 2.5 μl of PCR buffer, 1 μl of each primer, 1.5 μl of genomic DNA, 0.5 μl of dNTP,
0.65 μl of MgCl2, 0.2 μl (500U) of Taq Polymerase (Cat.n: TA8109C; sinaclon) and 17.65 μl
of distilled water. Initial denaturation and final extension were performed at 95°C for 240
seconds and 72°C for 300 seconds, respectively.
Table 1. Primer sequences and other specific information for each genetic locus

Genotyping
In order to perform PCR-RFLP, 5 μl of the PCR product of IL-2 gene was digested with 0.3 μl
of restriction enzymes at 37°C for 12 hours, respectively. Digested products were segregated
by agarose gel electrophoresis (2.5%). Then, the gel was stained with Ethidium bromide and
the fragments were observed using UV transilluminator and Gel-doc machine. For IFN-γ gene,
after digestion of PCR products by Tsp509I, digested products were segregated using
acrylamide gel 13% for 3 h and 250 V, in order to observe the digested fragments and detecting
the alleles.
Statistical analysis
Chi-square test (X2) was used to verify the equilibrium of the genotypic frequencies with the
Hardy-Weinberg Equilibrium (HWE). Gene frequencies were also calculated using Popgene
software. Statistical analyzes were performed using SAS 9.1 software and the effects of IL-2
and IFN-γ SNPs on the studied traits were evaluated with GLM procedure.

Results
Amplification of the gene fragments
After DNA extraction, the fragments of promoter region of the IL-2 (659 bp) and the IFN-γ
(670 bp) genes were amplified using specific primers. All amplified fragments had strong and
clear single band, with no extra band or dimer.
Allelic and genotypic frequencies
In this research, RFLP technique was used to determine the genotypes of specific regions of
IL-2 and IFN-γ genes (Table 2). The polymorphism of IL-2 gene was detected by digestion of
PCR products using MnlI restriction enzyme (Zhou et al., 2001), and two alleles of A and G
and three genotypes of AA (19, 115, 165 and 251 bp), GG (19, 112, 115, 139 and 165 bp) and
AG (heterozygote of AG and GG) were observed (Figure 1). The polymorphism of IFN-γ gene
was also obtained by digestion of PCR products using Tsp509I restriction enzyme (Zhou et al.,
2001), and then, two alleles of A and G and three genotypes of AA (28, 53, 55, 56, 64, 88, 99,

104 and 123 bp), GG (28, 53, 55, 56, 88, 99, 123 and 168 bp) and AG (heterozygote of AG and
GG) were detected (Figure 1). Chi-square test was used to determine whether the subjects met
the Hardy-Weinberg equilibrium, for in IL-2 and IFN-γ loci, the χ2 value was 0.86 and 0.15
respectively, both p > 0.05 (Table 3). Also, Observed and effective number of alleles of IL-2 and
IFN-γ loci are shown in Table 4.
Table 2. SNP variants position found in IL-2 and IFN-γ loci
Table 3. Allelic and genotypic frequencies of IL-2 and IFN-γ loci and X2 test for HWE
Table 4. Observed and effective number of alleles of IL-2 and IFN-γ loci
Figure 1. Obtained genotypes of IL-2 gene (right) and IFN-γ gene (left).

Association analysis
The association analysis between genotypes of two genes with the studied traits in Mazandaran
native fowls population showed significant correlations between IL-2 gene polymorphism and
some of the studied traits. In IL-2 locus, significant associations were found between SNP and
AEW at 375-345 days of age (P<0.05), EN at 345-375 days of age and BW at 8 weeks of age
traits (almost achieved significance, P≤0.058) (Table 5). Furthermore, mean comparisons
analysis indicated significant differences between different genotypes of IL-2 gene in AEW at
28 and 30 weeks of age and also genotypes of IFN-γ gene only in AEW at 28 weeks of age
traits (P<0.05). It was also determined that the AG genotypes, despite their lower BW at 8
weeks of age, had better performances in EN and AEW traits than other two genotypes.
Therefore, these genotypes could be used as a useful marker for the next generations in order
to improve performance in egg production traits.
Table 5. Least Mean Squares test of observed genotypes in Mazandaran native breeder hens

Discussion
Genetic selection in poultry industry was hitherto based on producing broilers with high grow rate and
less feed conversion ratio (FCR). However, positive selection towards these traits can adversely impact
on immune competence and lead to increase the susceptibility of birds to various disease (Cheema et
al., 2003; Janss and Bolder, 2000). Nowadays, in the poultry industry there is genetic selection for egg
layers as well as broilers. Selection poultry with an early innate immune response efﬁciently is an
important task in poultry industry because innate immune response directs the acquired response (Parish
and O'neill, 1997). Moreover, in broiler selection there is multi environment selection to allow balanced
breeding of production and health traits. Therefore, balanced genetic selection for both production and
immune competence in contradictory environments is an efficient strategy to improve performance in
productive traits. Numerous reports have already revealed a remarkable association between strong proinﬂammatory cytokine and chemokine profile and increased resistance against diverse pathogens as
well as various diseases (Coussens et al., 2004; Heinrich et al., 2001; Sebastiani et al., 2002; Swaggerty
et al., 2004; Withanage et al., 2004). Swaggerty et al (2008) indicated the mRNA levels of proinﬂammatory cytokines and chemokines observed in the sires are inﬂuenced on the innate immune.

Cytokines are identiﬁed as important players in different tissues and mostly have variety of
functions (Goldsby et al., 2003). Moreover, former studies have indicated that cytokines act as
intermediators for the two-way relationship between the neuro-endocrine and immune systems
(Felten et al., 1997). In mammals, it has proven that cytokines has key role in regression of
different tissues such as the corpus luteum (Neuvians et al., 2004; Nishimura et al., 2004),
follicles (Knight and Glister, 2003), endometrium (Rahman et al., 2004) and mammary gland
(Clarkson et al., 2003). Additionally, cytokines including TGF-β, IFN-y and TNF-α, IL-1α, IL1β, IL-6, IL-8, IL-10 are constitutively expressed in oviduct and ovary in mammalian
(Dimitriadis et al., 2005; Kayisli et al., 2002). Also, increased cytokine mRNA expression was
associated with follicular atresia and oviduct regression in chicken (Sundaresan et al., 2007).
Although a number of former reports indicate that cytokines can have influence on autocrine
and paracrine pathways in the ovary and oviduct, the exact mechanism of cytokine function
and normal cytokine proﬁle in the reproductive system of chicken are not known (Sundaresan
et al., 2007). Detection of the remarkable effect of the polymorphisms on interest traits in
chickens illustrates its potential value for use in marker-assisted selection to improve their
performance of birds such as immune function as well as reproduction and production
efficiency. Considering the importance of these major genes and the role of cytokines in the
immune system, reproduction system and even production, the present study was performed to

identify different allelic forms in the flanking regions of IL-2 and IFN-γ genes and their
associations with some productive and reproductive traits in breeder hens of Mazandaran native
fowls breeding station. In the present study, in promoter region of IL-2 and IFN-γ genes, two
alleles of A and G and three genotypes of AA, AG and GG were identified. The results obtained
from the association analysis of significant effects of each gene on different traits and the mean
comparisons analysis between genotypes with studied traits are comparable with recent studies
in this field.
IL-2
Regarding our findings, two alleles of A and G and three genotypes of AA, AG and GG were
detected with different frequencies in promoter region of IL-2 gene in Mazandaran native hens
population, demonstrating polymorphic pattern of this gene site in this native population. Also,
significant correlations were discovered between IL-2 gene polymorphism at promoter region
with EN (P<0.015) and AEW at 345-375 days of age traits (almost achieved significance,
P≤0.058), while the AG and GG genotypes had higher performance in both traits compared
with AA genotypes, which could indicate the positive and additive effect of the G allele in this
population. In addition, mean comparisons analysis identified significant differences between
genotypes for AEW at 28 and 30 weeks of age (P≤0.05), except that the overall effects of SNP
on these traits were found not to be significant. In recent studies, significant correlations were
found between SNPs of IL-2 gene with body weight at 7 days of age (P<0.01), body weight at
40 days of age and food conversion ratio (P<0.05). In addition, investigation of the
polymorphism in intron 2 of IL-2 gene in chickens has revealed 15 new haplotypes in 66 breeds
of native chickens and commercial lines (Zhang et al., 2011). In a study, genetic polymorphism
of IL-2 gene with egg production traits in a native turkey population was detected using PCRSSCP method. Two alleles of A (52.65) and B (47.35) and three genotypes of AA, AB and BB
were observed with the frequency of 13.83, 77.66 and 8.51, respectively. The allelic and
genotypic frequencies had a similar pattern as the obtained results from the polymorphism of
IL-2 gene promoter in Mazandaran native fowls population. These researchers found
significant differences between genotypes in terms of egg number and weight of egg mass
production, while the AA genotypes showed better performances than other genotypes
(P≤0.01). However, no significant association was revealed between this polymorphism and
the average egg weight trait (Erfaniasl et al., 2015).
IFN-γ

Herein we found two alleles of A and G and three genotypes of AA, AG and GG with different
frequencies in promoter region of IFN-γ gene in Mazandaran native hens population and
significant difference was observed between the genotypes of IFN-γ gene in AEW at 28 weeks
of age trait and the effect of IL-2 gene on BW at 8 weeks of age trait was shown to be significant
(P≤0.05). The findings of recent researches have indicated significant relationships between
polymorphism in promoter region of IFN-γ gene even among other species such as total milk
yield, lactation length and daily milk yield in Indian crossbreed cattle (P<0.05) (Prakash et al.,
2010), and rectal temperature as well as resistance to heat stress in Nigerian goat breeds
(P<0.05) (Yakubu et al., 2016). But, in chickens, significant associations of the polymorphism
in promoter region of IFN-γ gene were observed with food conversion ratio (P<0.01) in broiler
chicken lines (Ye et al., 2006), egg number and weight of egg mass production in Iranian
indigenous turkey breed (P≤0.01) (Erfaniasl et al., 2015), Salmonella enteritidis burden in the
cecum and spleen of Malaysian indigenous chickens (P<0.05) (Tohidi et al., 2012). Also, in
previous researches, the polymorphism analysis of the IFN-γ gene has shown to be significantly
associated with the initial antibody response to SRBC, BA (Brucella abortus) and body weight
at 12 weeks of age in two layer lines (P<0.05) (Ahmed, 2010), the log transformed number of
Ascaridia galli in the brown layer line (P<0.05) (Lühken et al., 2011), IFN-γ protein expression
after both primary and secondary immunizations in chickens (P<0.05) (Zhou et al., 2002), and
the secondary humoral immune response to the HPAI vaccine in a red jungle fowl population
(P<0.01) (Ji et al., 2015). By studying the SNP and expression of IFN-γ gene and its role
against Haemonchus Contortus in two Indian indigenous sheep breeds, in addition to one SNP
detected at exon 3 of IFN-γ gene in all resistant sheep groups, researchers also reported that
the level of mRNA in susceptible groups was significantly higher (P≤0.05) in comparison with
resistant groups (Patra et al., 2016). In a previous survey, researchers analyzed the
polymorphism of the promoter regions of IFN-γ and IL-2 candidate genes with the primary and
secondary antibody response to BA and SRBC antigens in Leghorn (G-B1) and Fayoumi
(M15.2 and M5) chicken lines (ZHOU et al. 2001). The fragments obtained through enzyme
digestion, alleles and genotypes discovered for these two genes were identical with the alleles
and genotypes observed in Mazandaran native fowls population, namely two alleles of A and
G and three genotypes of AA, AG and GG were demonstrated. The results of this researcher's
study showed that there was a significant relationship between IFN-γ gene promoter region
polymorphism with primary and secondary antibody responses to both BA and SRBC antigens
(Zhou et al., 2001). In another study, besides the confirmation of the results mentioned above

relating to the immune response to antibodies, there were also significant differences between
genotypes in M5.1 line for body weight at 6 and 12 weeks of age traits, and in M15.2 line for
body weight at 2 and 6 weeks of age traits, respectively (P<0.05) (Ahmed, 2010).
Conclusion
The association between single nucleotide polymorphisms in IL-2 and IFN-γ genes with some
productive and reproductive traits in Mazandaran native fowls population was investigated.
Significant effects were detected from the IL-2 gene polymorphisms at promoter region on BW
at 8 weeks of age, EN at 345-375 days of age (almost achieved significance, P≤0.058), and
AEW at 345-375 days of age (P<0.01). Also, in the mean comparisons analysis, in addition to
above-mentioned traits, there were significant differences between the genotypes of IL-2 gene
in AEW at 28 and 30 weeks of age traits, and for IFN-γ gene only in AEW at 28 weeks of age
trait. At the IL-2 gene locus, besides their higher frequency, the AG genotypes had better
productive performance than AA and GG genotypes, representing the fact that the AG
genotypes could be considered as the competent parents for the next generation due to their
higher indexes in EN and AEW traits. In fact, this higher performance of AG genotypes could
be related to the association between their lower BW at 8 weeks of age and higher records in
EN and AEW traits. Therefore, it can be concluded that the immune system genes were
positively affective on some economically important productive traits in this native population.
Consequently, the polymorphisms and associations found at these gene loci can be exploited
as the pivotal genetic makers to improve Mazandaran native fowls breeding programs in order
to achieve increased livability by increased resistance against pathogens as well as the optimum
performance in reproductive and productive traits more efficiently.
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Table 1. Primer sequences and other specific information for each genetic locus
Gene
IL-2
IFN-γ

Primer sequence

Enzyme

Annealing

Accession

F: 5'- TGCTTTTAACCGTCTTTG -3'
R: 5'- GATGCTCCATAAGCTGTAGT -3'
F: 5'- GTAAGGAACTTCAGCCATTG -3'
R: 5'- GACGAATGAACTTCATCTGCC -3'

MnlI

53⁰C

AJ22451

Tsp509I

64⁰C

Y079221

Reference
Zhou et al., 2001

Table 2. SNP variants position found in IL-2 and IFN-γ loci
Gene
IL-2

Restriction enzyme
MnlI

IFN-γ

Tsp509I

SNP
A/G
A/G
C/T
A/G

Position
-425
-277
-317
-318

Accession
AJ224516
Y07922

Table 3. Allelic and genotypic frequencies of IL-2 and IFN-γ loci and X2 test for HWE
Gene
IL-2
IFN-γ

Allelic frequency

A
0.58
A
0.55

G
0.42
G
0.45

Number of genotypes

AA
127
AA
120

AG
187
AG
175

GG
66
GG
85

Genotypic frequency

AA
0.33
AA
0.32

AG
0.50
AG
0.46

GG
0.17
GG
0.22

X2 test

0.861
0.158

Table 4. Observed and effective number of alleles of IL-2 and IFN-γ loci
Gene
Sample size
na
ne
760
2
1.949
IL-2
760
2
1.983
IFN-γ
na: observed number of alleles
ne: effective number of alleles

Table 5. Least Mean Squares test of observed genotypes in Mazandaran native breeder hens
Gene

IL-2

IFN-γ

Trait
AEW1
AEW2
AEW3
ENH
BW8
AEW2

Genotypes and Means
AA
AG
GG
57.36±0.44 b
58.83±0.37 a
58.81±0.59 a
51.26±0.45 b
52.25±0.36 a
51.55±0.61 ab
b
a
51.22±0.43
52.27±0.35
52.09±0.58 ab
b
a
12±0.64
14±0.51
13±0.86 ab
a
b
832.27±10.22
801.84±8.23
813.45±13.77 ab
ab
b
51.42±0.47
51.03±0.39
52.50±0.53 a

p-Value
0.0155*
0.1477 ns
0.1519 ns
0.0560
0.0584
0.0737 ns

ns: non-significant, *P<0.05, P≤0.05(almost achieved significance), AEW1: AEW at 345-375 days of age, AEW2: AEW at
28 weeks of age,
AEW3: AEW at 30 weeks of age, ENH: EN at 345-375 days of age, BW8: BW at 8 weeks of age

