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Abstract

The effect of post hatch feeding time and inclusion levels of methionine on biochemical parameters and
cytokine levels were studied in a 56-day experiment in Ross 308 broiler chickens. A total of 270-day old
broiler chickens in a completely randomized design using factorial arrangement: were randomly assigned
to 9 groups of 30 chickens each 24hrs, 0.4% methionine; 30 hours 0.4% methionine;36 hours, 0.8%
methionine; 24hrs, 0.48 methionine; 30 hours 0.8% methionine;36 hours, 0.8% methionine; 24hrs,
1.2methionine; 30 hours 1.2%methionine;36 hours, 1.2% methionine. The chickens were fed maize-
soyabean based basal diet. Feed and water were provided ad libitum. The research lasted for 56 days. The
values from serum biochemical indices showed that total cholesterol, triglyceride, high density lipoprotein,
glucose, phosphorus, creatinine, uric acid were significantly influenced by the dietary treatments. The
birds on the 0.8% methionine diet had significantly more total cholesterol and glucose. The birds on
1.2%dietary methionine had significantly higher level of phosphorus than the other treatments. the effect
of post hatch feeding time had a significant effect on plasma cholesterol, triglyceride, high density
lipoprotein, total protein, glucose, calcium, phosphorus, creatinine and uric acid were all significantly
(p<0.05) different. In the caecal tonsil, IFN-y was significantly down regulated. However, no significant
difference was observed in the IFN-y expression in the spleen. The IL2 gene expression increased with
increased methionine in the diet. In this study, it was observed that negative relationship exist between 1L2
and IFN-y and serum albumin and Total Protein. These serum components are the traditional markers of
nutritional status. This suggests that the negative effect of delayed access to feed can be reduced in broiler
production by supplementing the feed with about 0.8% dietary methionine.
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Potentiels immunomodulateurs et indices biochimiques sériques des poulets de chair Ross308
exposés a différents temps d'alimentation apreés I'éclosion et niveaux de méthionine

Résumé

L'effet du temps d'alimentation aprés I'éclosion et des niveaux d'inclusion de méthionine sur les parametres
biochimiques et les niveaux de cytokines a été étudié dans le cadre d'une expérience de 56 jours menée sur
des poulets de chair Ross 308. Au total, 270 poulets de chair &gés de 270 jours ont été répartis de maniéere
aléatoire en 9 groupes de 30 poulets chacun, selon un plan factoriel complétement randomisé : 24 heures,
0,4 % de méthionine ; 30 heures, 0,4 % de méthionine ; 36 heures, 0,8 % de méthionine ; 24 heures, 0,48
% de méthionine ; 30 heures, 0,8 % de méthionine ; 36 heures, 0,8 % de méthionine ; 24 heures, 1,2 % de
méthionine ; 30 heures, 1,2 % de méthionine ; 36 heures, 1,2 % de méthionine. Les poulets ont été nourris
avec un régime de base a base de mais et de soja. lls ont été nourris a volonté et abreuvés a volonté. La
recherche a duré 56 jours. Les valeurs des indices biochimiques sériques ont montré que le cholestérol
total, les triglycérides, les lipoprotéines de haute densité, le glucose, le phosphore, la créatinine et I'acide
urique étaient significativement influencés par les traitements alimentaires. Les oiseaux nourris avec un
régime a 0,8 % de méthionine présentaient un taux de cholestérol total et de glucose significativement plus
élevé. Les oiseaux nourris avec un régime contenant 1,2 % de méthionine présentaient un taux de phosphore
significativement plus élevé que les autres groupes. La durée d'alimentation aprés I'éclosion a eu un effet
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significatif sur le cholestérol plasmatique, les triglycérides, les lipoprotéines de haute densité, les protéines
totales, le glucose, le calcium, le phosphore, la créatinine et I'acide urique, qui présentaient tous des
différences significatives (p < 0,05). Dans I'amygdale cecale, I'lFN-y était significativement régulé a la
baisse. Cependant, aucune différence significative n'a été observée dans I'expression de I'lFN-y dans la
rate. L'expression du géne IL2 augmentait avec I'augmentation de la méthionine dans I'alimentation. Dans
cette étude, il a été observé qu'il existe une relation négative entre I'lL2 et I'lFN-y et I'albumine sérique et
les protéines totales. Ces composants sériques sont les marqueurs traditionnels de I'état nutritionnel. Cela
suggere que I'effet négatif d'un accés retardé a la nourriture peut étre réduit dans la production de poulets
de chair en ajoutant environ 0,8 % de méthionine alimentaire a la nourriture.

Mots-clés: méthionine, temps d'alimentation apreés I'éclosion, paramétres biochimiques, cytokine, Ross308

Introduction

The global broiler industry has emerged over
time as a result of the economic traits of broiler
chickens  (Castro,2023).  Global  broiler
production has increased faster than any other
livestock sector, especially in third world
countries that are key producers of broiler meat
(FAO,2010). This trend can be traced to the
inherent feed conversion efficiency and improved
management practices carried out in intensive
poultry production (Taha, 2003).

According to Schmidt et al. (2009), genetic
selection has made it possible to develop broilers
that can eat less and grow more. Present day
broilers can double their starting body weight in
the first 72 hours (Burt, 2004). However,
selection for performance traits alone has
adversely affected the immune competence of
modern-day birds (Cheema et al., 2007). Kleyn
et al. (2021) reported the benefit of chicks
receiving feed early post hatch and that chicks
benefit more from feed with a balanced nutrient
content especially the protein and amino content
of the feed. For a continuous broiler production,
attention has started to shift from diets just
supplying nutrients for production and body
maintenance to specialized areas such as immuno
nutrition (Field etal., 2000; Okamoto et al.,
2009). Protein and energy content of the feed has
immuno- modulating effect, i.e. they affect rate
of cytokine production in birds (Perween et al.,
2016). It is therefore imperative to choose
ingredients that will ensure nutrient availability

13

during broiler feed formulation. (Ravindran,
2005).

In addition to the benefit of timely access to feed
and water, the nutritional composition of diets is
also important for overall growth and muscle
development. Birds require access to solid, semi-
solid, or liquid nutrients grow. Also, growth rates
and breast meat yield have been reported to
climax at higher dietary lysine and methionine
concentrations when the dietary crude protein
content was more than 23% (Sklan and Noy,
2003; Vieira et al.,, 2004). Methionine is an
essential and first limiting amino acid for
livestock especially in poultry because it is
limited in plant protein-based diet (Baker, 2006)
and it is also highly required for feather growth.
(Bucnhaak, 2009). Availability of methionine in
poultry diet is of utmost importance as
methionine is of high nutritional value, its content
in poultry diet determines the nutritional value of
the feed. In poultry, methionine is needed for
growth promotion (Mirzaaghatabar et al., 2011),
detoxification (Kim et al., 2013), anti-cancer and
anti-tumor (Yen et al., 2002; Li et al., 2009),
Coccidium infection resistance (Rama Rao et al.,
2003), Methionine has been noted to have
significant effect on specific and non-specific
immune functions. (Swain and Johri, 2000;
Konnashi et al., 2000; Guerrero and Reuter 2002;
Zhang and Li 2008). Methionine plays an
important function in cellular and humoral
immunities of broilers. It is involved in the
production of antibodies as well as in cell
mediated immune responses (Liu et al., 2007).
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Avila et al. (2000) observed that the deficiency of
dietary methionine caused a pathological and
ultra-structural changes of broiler thymus,
decreased the serum Interlukin-2 (IL2) level and
the population of T- cell , stimulate less
proliferation of T cells and high percentage of
dead cells in the spleen. Additionally, GSH, a
metabolite from methionine was noted to regulate
nuclear transcription factor B pathway, the cell
function of T cell helper, antibody and interferon-
v (IFN- vy) production in broilers immune
response to infectious challenge (Li et al., 2007).
Cytokines are the small molecular proteins which
are produced by cells of the immune system to
transmit information between the cells and a
means of information between the immune
systems and the body tissues. Cytokines can be
classified on the basis of their activities into pro
inflammatory, anti-inflammatory, Thl, Th2,
Th3/Tr 1. There are over a hundred cytokines in
nature, however, only three- Interleukin 1B,
TNF- , IL6 have been extensively researched
because of their cross regulation and effect on
whole body metabolism, nutritional status and
body composition (Wigley and Kaiser, 2003;
Zheng, 2013; Duque and Descoteaux, 2014). A
negative association exists between cytokines
and nutritional status of farm animals
(Humphrey, 2010).. Immune system activation
has been reported to reduce the growth
performances of birds (Humphrey, 2010).
Though, it is beneficial for birds to be diseases
resistant, the performance of the birds is lowered
in order to compensate for this. The reduced
performance observed is the consequence of
immune system activation (Humphrey, 2010).
One way of improving the efficiency of animal
production systems and the welfare of birds is by
increasing the resistance of birds to diseases and
at the same time maintaining a high level of
growth performance (Humphrey, 2010). These
can be ensured by evaluating the nutritional and
health status of farm animals regularly. These two
important factors can easily be monitored using
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cytokines and the serum biochemistry. Hence, the
need for this study to monitor cytokines as a
measure of nutritional status in broiler chickens
and determine the relationship that exists between
cytokine and serum biochemistry.

Materials and Methods

A total of 270 1-day old Ross 308 broilers of
mixed sex was purchased from a reliable hatchery
in Ibadan. The birds were placed in the brooding
house within the first 24 hours of life. The
experiment lasted for 56 days. Completely
Randomized Design using a factorial
arrangement. Two factors each at 3 levels which
resulted in 9 treatment combinations, each
experimental unit received a treatment
combination. There are 3 replicates per treatment
combination and 10 birds per replicate. Three
diets with 0.4 % (Control), 0.8 %and 1.2%
methionine levels in the feed designated as Factor
A, 3 feeding regimes of either immediate access
to feed (FED) post arrival (24 hours post hatch),
access to feed delayed by 30 hours (DELAYED)
or access to feed delayed by 36 hours post hatch
(HELD) designated as Factor B. Birds were
allocated to treatment randomly to ensure that
there is no bias. Birds in each group received a
treatment combination of factors A and B.

Birds in the FED group were fed with water and
feed ad libitum from arrival, those in the
DELAYED were given only water on arrival and
fed 6 hours afterwards (30 hours post hatch). The
birds in the HELD group were fed after 12 hours
and took only water at arrival (36 hours post
hatch). The experiment was carried out at
Doshfem Farms, located at New Rumukwurushi,
Off Igbo Etche, road, Eleme Junction Port
Harcourt, Rivers State. Port Harcourt is a coastal
city located in the Niger Delta region of Nigeria.
Port Harcourt lies within latitude 6°58” - 7°%60°E
and longitudes 4°40’- 4°55°N. The monthly
rainfall in Port Harcourt follows a sequence of
increase from March to October before
decreasing in the dry season months of November
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Lamidi and Ogunkunle,2016)

Table 1: Composition of experimental broiler starter diets

Ingredient (%)

T1 (0.4 % Meth)

T2 (0.8 % Meth)

T3 (1.2 % Meth)

Maize

Soybean meal

Palm oil

Bone meal

Wheat offal

Fish meal

Palm kernel cake

Lysine

*Vitamin premix

Methionine

Common salt
Total

45.60
25.25
3.00
3.00
6.80
5.00
10.00
0.30
0.25
0.40
0.40
100

Calculated Nutrient composition

Crude Protein
Metabolisable
(Kcal/kg ME)
Qil

Crude Fibre
Methionine
Lysine
Calcium

Available phosphorus

20.68

Energy 2773.00

5.60
4.79
0.42
1.302
1.53
1.03

45.60
25.25
3.00
3.00
6.60
5.00
10.00
0.30
0.25
0.80
0.40
100

20.62
2768.00

5.58
4.83
0.43
1.302
1.53
1.03

45.60
25.25
3.00
3.00
6.40
5.00
10.00
0.30
0.25
1.20
0.40
100

20.55
2763.00

5.56
4.75
0.43
1.302
1.53
1.03

*Composition of vitamin premix per kg is as follows: Vitamin A,8000 IU; Vitamin D3 1600 1U; Vitamin Es
; Vitamin K 0.200 mg ; Vitamins B, Thiamine B10.5 mg; Riboflavin B, 4mg; Pyridoxine Bs 0.015 mg ;
Niacin 0.015 mg; B, 0.01mg ; Pantothenic acid 0.5 mg ; folic acid 0.5mg and Biotin 0.020mg ; Chlorine
chloride 0.02mg ; Anti-oxidant 0.125 g and Minerals ( Mn, Zn, Fe , Cu, Si, I, Co )0.0156
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Table 2: Composition of Experimental Broiler Finisher Diets

Ingredient (%) T1(0.4 % Meth)

T2 (0.8 % Meth)

T3 (1.2 % Meth)

Maize 50.55
Soya bean meal 20.90
Palm oil 4.00
Bone meal 4.00
Wheat offal 6.90
Fish meal 5.00
Palm kernel cake 7.00
Lysine 0.30
*Vitamin premix 0.25
Methionine 0.40
Common salt 0.40
Total 100
Calculated Nutrient composition
Crude Protein 18.40
Metabolisable  Energy 2289.00
Kcal/kg
QOil 7.11
Crude Fibre 4.30
Methionine 0.38
Lysine 1.30
Calcium 1.84
Available phosphorus 1.16

50.55 50.55
20.90 20.90
4.00 4.00
4.00 4.00
6.70 6.50
5.00 5.00
7.00 7.00
0.30 0.30
0.25 0.25
0.80 1.20
0.40 0.40
100 100
18.34 18.28
2885.00 2879.00
7.09 7.07
4.26 4.22
0.39 0.39
1.30 1.30
1.84 1.84
1.16 1.16

*Composition of vitamin premix per kg is as follows: Vitamin A,8000 IU; Vitamin D3 1600 1U; Vitamin Es
; Vitamin K 0.200 mg ; Vitamins B, Thiamine B10.5 mg; Riboflavin B, 4mg; Pyridoxine Bs 0.015 mg ;
Niacin 0.015 mg; B, 0.01mg ; Pantothenic acid 0.5 mg ; folic acid 0.5mg and Biotin 0.020mg ; Chlorine
chloride 0.02mg ; Anti oxidant 0.125 g and Minerals ( Mn, Zn, Fe , Cu, Si, I, Co )0.0156

Data collection

Determination  of
characteristics

At 56 days old, two birds were chosen for blood
collection from each replicate. About 5mls of llod
was collected from each bird.The procedure
involved puncturing the brachial vein with a 5ml
scalp vein needle and syringe. Blood samples
collected were centrifuged to obtain serum. Sera

serum biochemical

samples were analyzed for total protein,
cholesterol and globulin using
Spectrophotometry  methods.  Protein  and

albumin contents were determined using Randox
Test Kits .
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Tissue Collection and Total RNA Extraction
and cDNA Synthesis

At 56 days old, 2 birds per treatment were
selected randomly. Cecal tonsils and spleen
samples were excised aseptically and stored
inside RNA later, this was then stored at —4 °C
till  further analyses were carried out.
Subsequently, spleen and cecal tonsils per broiler
were homogenized (Separately) using mortar and
pestle. Total RNA was extracted from the spleen
and cecal tonsils using Jena Bioscience RNA
Extraction Kit according to the manufacturer’s
protocol. The cDNA was synthesized using Jena
Bioscience cDNA synthesis kit. The reaction
consisted of 0.5 pg of total RNA, 1 pL of 50 uM
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Oligo d(T)20 and nuclease-free water up to 13.5
uL, which was incubated at 80°C for 5 min and
then cooled on ice. After cooling, 11.5 puL of the
reaction mixture 5 uLL of M-MLV RT 5x buffer
(Promega), 1 pL of 10 mM deoxynucleoside
triphosphate mix, 0.25 pL of RNasin (40 U/uL),
1 uL(200 U/ pL), and 4.25 pL of nuclease-free
water was added. The total 25 pL reaction
mixture was incubated at 55°C for 60 min and
then heated at 90°C for 10 min to stop the
reaction. After the cDNA synthesis, 25 pL of
nuclease-free water was added to the cDNA. The
cDNA was stored at -20°C for ten days.
Real-time Quantitative PCR

Real-time PCR was done in 96 well microplates
with an Applied Biosystems 7500 Real-Time
PCR System (Applied Biosystems, Foster City,
CA) and Jena Bioscience SYBR GREEN gPCR
Kit. Each PCR reaction consisted of 10 uL of 2x
master mix, 1 pL of 10 uM primer mixture
(forward and reverse) of the target genes (Table
1), 2 uL of cDNA, and 7.0 puL of nuclease-free
water for a 20-uL reaction volume. The reactions
were incubated at 95 °C for 3 min, followed by
40 cycles of 95 °C for 5s 60 or 62 °C for 20 s, 72
°C for 33s. After which a melt curve analysis
was performed to determine the reaction
specificity. Each sample was measured in
duplicates. The relative level of gene expression
was estimated using the standard curve for each
target gene as previously reported by Liu et al.
(2006). Standard curves were constructed using
serial dilutions of the purified PCR products of
each gene in Table 3.2. The amount of sample
cDNA for each gene was interpolated from the
corresponding standard curve. All of the sample
concentrations fell within the values of the
standard curves. Glyceraldehyde-3-phosphate
dehydrogenase was used as a normalizing gene at
each sampling time because GAPDH expression
was not affected by treatment. Each primer pair
produced a unique dissociation curve, and
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randomly selected samples from all real-time
gPCR reactions were resolved by agarose gel
electrophoresis to ensure gene amplification
specificity. A negative control, a well with no
template, was included in each PCR reaction to
detect possible contamination.  Interferon
gamma (IFN-y), interlukin2, IL-2

and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) primers were designed
with the PerlPrimer program v.1.1.19 (Marshall,
2004) using the GenBank sequences deposited on
the National ~ Center  for  Biotechnology
Information and ~ US National  Library  of
Medicine (NCBI) shown in Table 3. The primers
were selected so as to hybridize within the coding
region of the transcripts. Furthermore 1 of the 2
primers was selected to hybridize at an
intron/exon junction o) as to
exclude hybridization to even tiny residuals
of genomic DNA. Afterwards primers were
checked using the PRIMER BLAST algorithm
against Gallus gallus genomic and mMRNA
databases to ensure that there was no genomic
amplification and that there was a
unique amplicon. Primers were checked for
amplification efficiency which was found to
range between 1.9 and 2.0 for all primers and the
respective R squared (RSQ) values were
presented in the Results section.
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Table 3. Primer Sequence

Target  Primer sequence (5 to 3")! Annealing temp, PCR GenBank
°C product accession No.
size, bp

GAPDH F: GCTGAATGGGAAGCTTACTG 60 216 NM_204305.1
R: AAGGTGGAGGAATGGCTG

IFN-y F:AGCTCCCGATGAACGAC 62 151 NM_205149.1
R: CAGGAGGTCATAAGATGCCA

IL-2 F:AGTCTTACGGGTCTAAATCACAC 62 219 AF000631.1

R: GGACAGCAGATTAGTTAGCCA

GAPDH = glyceraldehyde 3-phosphate dehydrogenase; IFN-y = interferon-y; IL = Interleukin;

F: Forward, R: Reverse.

Source: Parakeaus et al. (2017)

Statistical Analysis

The experimental data per treatment group were
analyzed using the General Linear Model (GLM)
— ANOVA procedure using the SPSS for
Windows statistical package program, version
8.0.0 (SPSS Inc., Chicago, IL). Statistically
significant effects were further analyzed and
means were compared using Duncan’s New
Multiple Range Tests (Duncan1955). Statistical
significance was determined at P < 0.05.
Statistical design

Data collected was subjected to analysis of
variance in a Completely Randomized Design
using a factorial arrangement with methionine
levels and duration of access to feed post hatch as
the sources of variation.

Statistical Model

Xig=l + Mi+Fj +(MF) j + € ijk

Where p= unknown constant

Mi= effect of varying levels of methionine (i=0.4
%, 0.8 %, 1.2 %)

Fj= Feeding regime (j= 24 hours, 30 hours, 36
hours post hatch)

(MF);j _= Interaction effect of Methionine and
Feeding regime Post Hatch

e ijk= Experimental error
Results and Discussion

Effect of Methionine on
Parameters of Broiler Chickens

Biochemical
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Table 4 shows the effect of methionine on
biochemical parameters. The values from serum
biochemical indices showed that Total
cholesterol,  Triglyceride, High  Density
Lipoprotein, Glucose, Phosphorus, Creatinine,
Uric Acid were significantly influenced by the
dietary treatments while Low  density
Lipoprotein, Total Protein, Albumin and Calcium
were not significantly influenced by the diet.
Blood biochemical constituent shows the health
and the nutritional status of the animal as well as
the climatic and management conditions that the
animals are subjected to (Minafra et al., 2010).
Therefore, the percentage of blood biochemical
parameters can serve as a bio indicator of

metabolic  disease and the  productive
performance of the animal. (Rotava et al., 2008).
The Total Cholesterol was significantly

influenced by the diets with birds on the 0.8%
methionine level having significantly highest
Cholesterol while the birds on the 0.4%
methionine level had significantly low
cholesterol values. The values are lower than the
values reported by Duwa et al. (2012) but within
the range of report of Akinola and Etuk (2015).
Hernawan et al. (2002) reported that Triglyceride
level in the blood is an indication of the rate of
absorption of the hydrolysis of triglyceride fat
from the digestive tract into the bloodstream and
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the rate of its utilization by cells. Triglyceride
level is highly regulated by the percentage of
dietary carbohydrate and the response of the birds
to lypolysis. According to Yang et al. (2009)
triglyceride is the most important source of fatty
acid for the accumulation of fat. The results of
the analysis of variance shows that the level of
Triglyceride in this study is significantly (p<0.05)
influenced by the diet. The level of triglyceride
reduces as the level of methionine increases, this
is perhaps as a result of lipogenesis that occurs at
high inclusion level of methionine in the diet of
broilers. This result is consistent with the result
of Ghasemi et al. (2014) who reported that
increased inclusion of supplemental methionine
can stimulate lipogenesis. Blood protein was not
significantly influenced by dietary treatments.
The values obtained in this study were within the
range of serum protein reported by Udoyong et
al. (2010) in their study. The blood protein value
obtained in this study is lower than the values
obtained in the experiment by Njidda et al.
(2006). They explained that the blood pool is the
major source of amino acids that is needed for
protein synthesis; these values imply that the
protein level in the diet was sufficient to sustain
the normal protein levels in the blood. Njidda et
al., (2006) suggest that higher value of blood
protein shows that there is enzymatic hydrolysis
of dietary proteins. Blood calcium is the major
factor in the formation and maintenance of the
bones (Duwa et al., 2012). The blood calcium
was not significantly influenced by the dietary
treatments. Minerals have been identified to be
part of hormones and as enzymes activators of
(NRC, 1977). The level of blood phosphorus was
significantly influenced. The level of phosphorus
increases with the level of dietary methionine.
The birds on 1.2%dietary methionine had
significantly higher level of phosphorus than the
other treatments. This implies there is better
absorption of nutrients at 1.2% methionine level
as the pH of the Gastro Intestinal Tract is
lowered. Blood Glucose was significantly
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influenced by the level of methionine in the diet.
The highest was obtained for diet with 0.80%
methionine while the lowest was recorded for
those on 0.40% methionine. The values obtained
in this study where not in agreement with the
normal range stated by Banerjee, (2009) and the
values reported by Akinola and Etuk, (2015).
According to Oni et al. (2015), higher serum
glucose level may reflect enhanced energy
metabolism due to stimulation of endogenous
digestive enzymes by methionine and due to the
release of adequate substrate (glucose) needed for
mechanical work and body maintenance. The
HDL percentage was significantly influenced by
the methionine. The HDL level increased
significantly with increased level of methionine.
In their study, Mohammadzad et al. (2011)
observed that increased Methionine levels leads
to high level of serum HDL and reduced level of
VLDL and LDL. According to Mohammadzad et
al. (2011) and Shin et al. (2009), HDL influences
the elimination of free cholesterol in the blood
circulation due to the influence of HDL on liver
metabolism. The level of Uric Acid was
significantly influenced. The birds on 0.8%
methionine had the significantly highest Uric
Acid followed by the birds on 1.2% dietary
methionine. Uric acid is the product of the
degradation of amino acids. In the liver, nitrogen
is converted to urea in mammals and uric acid in
birds. Kohn et al. (2005) and Donsbough et al.
(2010) reported that serum wuric acid level
indicates amino acid utilization. Uric acid
elimination leads to a lower rate of muscle protein
deposition. From the result, creatinine level
increases significantly with increased level of
methionine.
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Table 4. Effect of Methioninelevels on Biochemical Parameters of Broiler Chickens

Parameters (T1) 0.4% (T2) 0.8% (T3) 1.2% SEM
TC (mg/dL) 2.63° 3.1° 2.86° 0.6
TCG (mg/dL) 0.85° 0.99% 0.89° 0.2
HDL (g/dL) 0.60°¢ 0.83" 0.92¢ 0.13
LDL(g/dL) 1.72 1.82 1.65 0.70
TP(g/dL) 60.16 58.33 60 0.75
Albumin(g/dL) 26.83 26.83 28.33 0.54
Glu(mg/dL) 45° 4972 4.65° 0.01
Cal(mg/dL) 2.33 2.34 2.34 0.01
Phos (g/dL) 6.533" 6.6° 8.452 0.01
Cr(mg/dL) 1.22¢ 1.26" 1.312 0.12
Uric Acid (mg/dL) 441.17b 483.832 459.83% 7.95

abe Means within the same column with different superscript are significantly different

HDL- High Density Lipoprotein, LDL- Low Density Lipoprotein, GLU-Glucose, Cal-Calcium,Phos-
Phosphorus,Cr-Creatinine. TC-Total Cholesterol, TCG- Triglyceride, TP- Total Protein

T1- 0.4g/kg Methioine, T2- 0.8g/kg Methioine, T3- 1.2 g/kg Methioinine
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Effect of PHFT on the Biochemical
Parameters of Broilers.

The effect of Post Hatch feeding time is shown in
table 5. Plasma Cholesterol, triglyceride, High
Density Lipoprotein, Total Protein, Glucose,
Calcium, phosphorus, creatinine and uric acid
were all significantly (p<0.05) different in the
study while Low density Lipoprotein and
Albumin were not significantly influenced by
Post hatch feeding. The values observed for
plasma cholesterol, triglycerides and High-
Density Lipoprotein shows significant effect
(p<0.05) of Post Hatch Feeding Time on these
parameters.TC, TG and HDL values were higher
in birds that were subjected to 24 hours and was
lower in birds submitted to 30 hours and 36 hours
Post Hatch Feeding Time. The values obtained in
this study supports the previous work of Balog et
al. (2004), they observed a lower level of Total
cholesterol in Fasted chickens.

Demir et al. (2004) observed that delayed feeding
leads to an increase in plasma total cholesterol
content compared with broilers fed ad libtum
while others have found no effects (Mohebodini
et al., 2009; Onbasilar et al., 2009). The
discrepancies in the results reported by different
authors may be as a result of variations in
lipoprotein lipase activity (Zhan et al., 2007).
Plasma Protein values in this study show that Post
Hatch Feeding Time significantly influence the
Total Protein. Birds that are fed 36 hours Post
Hatch have significant higher Total Protein than
those fed 24 hours and 30 hours. This result
corroborates the findings of Pires et al. (2017)
that chicks that are fed 48hrs post hatch had
higher Total Protein than birds that were given
feed and water immediately they arrived. High
level of TP may be as a result of increased protein
catabolism by the body in order to maintain the
physiological  functions  during  fasting.
According to Pires et al. (2017), high values of
TP in fasted chickens reveals that fasted chickens
can use depletion of protein to obtain energy and
metabolic water.
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Post hatch Feeding Time had a significant
influence on Plasma Glucose. Birds that were fed
immediately had significantly higher plasma
glucose than birds that were fed later. This shows
that Post Hatch fasting do influence Plasma
Glucose depletion. The high values of glucose in
the 24 hours fed chicken is probably related to the
utilization of liver glycogen as glucose is the
major end product of energy in chickens.
Whereas, the low values of Glucose indicate the
depletion of liver glycogen. This study is
consistent with the findings of Pires et al. (2017),
they reported an increase in Total Protein and a
low level of Plasma Glucose in birds that were
fasted Post Hatch. Corduk et al. (2013) reported
that delayed access to feed and water for 24 or 48
h post hatch resulted in a significantly low serum
glucose levels at 21days compared with birds that
have immediate access. They explained that
newly hatched chicks have low liver and muscle
glycogen and need to be fed as soon as possible.
On the other hand, chicks that subjected to delay
in access to carbohydrates feed in the initial 48
hours to 72 hours after hatching lose BW. The
BW losses consequently reduce the energy
requirement of chickens. As a result, the liver and
muscle glycogen resources are initially reduced
followed by blood glucose level (Polji¢ak-Milas
et al.,, 2003). Calcium and Phosphorus levels
show significant effect of Delayed Post Hatch
Feeding Time. The birds fed 36hours Post Hatch
had significant higher serum calcium than birds
fed 24 hours and 30hours Post hatch while the
birds fed 24 hours Post Hatch had significant
higher Serum phosphorus than birds fed 30 hours
and 36hours. Serum creatinine values were
significantly different between treatments as the
values increase as the access to feed was delayed.
According to Umit et al. (2011) creatinine is a
chemical waste molecule produced as a result of
muscle metabolism and the kidney is reported to
help in regulating its normalcy. The values of uric
acid increased significantly as the length of
feeding increases. According to Adeleye et al.
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(2017) the significant higher value of serum uric
acid as time of feeding was delayed indicated
protein wastage. Fafiolu (2007) reported that

plasma uric acid is a function of the quality of
protein quality offered to the animal and that high
levels indicate low protein efficiency utilization.

Table 5 Effect of PHFT on biochemical parameters of broiler chickens

Parameters 24 hours 30 hours 36 hours SEM
TC(mg/dL) 3.228 2.63° 2.75° 0.06
TCG (mg/dL) 1.082 0.80° 0.85° 0.02
HDL (g/dL) 0.94% 0.75° 0.66¢ 0.01
LDL(g/dL) 1.71 1.66 1.81 0.07
TP(g/dL) 60.17° 55.67¢ 62.672 0.75
Albumin(g/dL) 27.50 26.80 27.67 0.54
Glu(mg/dL) 4,922 4.57° 4.62° 0.09
Cal(mg/dL) 2.31° 2.30° 2.41° 0.01
Phos(g/dL) 8.20% 6.85° 6.55° 0.09
Cr(mg/dL) 1.382 1.22° 1.19° 0.01
Uric acid (mg/dL) 528.00? 408.50°¢ 448.33P 7.95

ac Means within the same column with different superscript are significantly different
HDL-High Density Lipoprotein, LDL- Low Density Lipoprotein, GLU-Glucose, Cal-Calcium,Phos-
Phosphorus,Cr-Creatinine. TC-Total Cholesterol, TCG- Triglyceride, TP- Total Protein, PHFT- Post

Hatch Feeding Time.

Effect of Methionine on Cytokine Expression.
Figure 1 and 2 show the effect of methionine in
cytokine expression in broilers. In the spleen, the
production of IL-2 was not sufficient enough to
be detected by RT-PCR. In cecal tonsils, dietary
methionine had a significant effect on IL-2
expression, the expression of IL-2 was
significantly down-regulated in birds that are on
the 0.4 % methionine and significantly up
regulated in birds on 0.8% and 1.2% treatment.
IL-2 is a pro inflammatory cytokine, which
stimulate the growth, proliferation and
differentiation of T cells (Yang et al., 2017).
Interleukins are a part of a class of cytokines that
influence the immune system through their
important physiological and pathological role in
the inflammatory response process. An
imbalance in cytokine secretion or cytokine
process disorders may result in a variety of
pathological disorders (Tayal & Kalra, 2008), this
shows that the broilers in the 0.4% methionine
group had less of an inflammatory reaction
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during growth. Significant difference was also
observed in the expression of IFN-y in the ceacal
tonsil. In the caecal tonsil, IFN-y was
significantly down regulated. However, no
significant difference was observed in the IFN-y
expression in the spleen. Splenic T lymphocyte
concentration is an essential factor in
maintaining immune homeostasis of the spleen
and the fluctuations can indicate cellular
immunologic status. Interleukin-2 and IFN-y are
examples of cytokines with multiple functions in
the regulation of immune reaction and
inflammation. IFN-y is a proinflammatory
cytokine and is also secreted by activated T
lymphocytes. IFN-y functions in both innate and
acquired immunity. It is also an important
cytokine that is involved in maximizing the
potential and proliferation of Cytotoxic T Cells
(Schoder et al., 2004). Our experiment
indicated that Methionine supplementation
decreased IFN-y level as the quantity of
methionine included increased. Lai (2018),


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/uric-acid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/uric-acid

Oshifade, Ajayi and George

however, showed that Methionine has a
stimulative effect on the production of IFN-y in
birds vaccinated against Eimeria spp. This
contradiction may be due to the immune
response of IFN-y in models of inflammation, as
opposed to this study where inflammation was
not a pathological condition. It has been reported
that IFN-y have the ability to \modulate
chemokine secretion in response to the other
cytokines and affect cellular adhesion and
transmigration. Thus, our result suggests that the
reduced level of IFN-y after methionine
supplementation can reduce the risk of
inflammation. Also, IFN-y is able to down
regulate the expression of surface adhesion
factors in lymphocytes. This present study is in
line with the report of Bhanja et al. (2014), they

Relative gene expression of IFN-y in the tonsil
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CMeans within the column with different superscript are significantly different.

Figure 1: The Effect of Methionine Levels on the Relative Gene Expression of IFN-y inthe tonsil of broiler Chickens
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reported increased IL2 gene expression with
increased methionine in the diet.
Sirimongkolkasem (2007) also suggested that
Methionine plays an important role in growth and
humoral immunity (antibody production), and
Cysteine is in greater demand than lysine for
humoral immunity. Cysteine a product from
methionine also added to the glutathione and
accessory protein produced by liver during the
acute phase response (Grimble, 2006). In another
study, Wang (2017) also reported severity of
Newcastle Disease infections in chicks fed
methionine deficient diet. He also reported a
lower serum IL2 in birds fed methionine deficient
diet.
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Figure 2: The Effect of Methionine Levels on the Relative Gene Expression of IFN-y in the Spleen of Brailer Chickens
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Effect of Post Hatch Feeding Time on
Cytokine Expression

Figure 4-6 presents the result of the effect of post
hatch feeding time on the relative expression of
IL-2 and IFN-y in the spleen and in the tonsil of
broilers. The expression of IL-2 in the spleen was
not enough to be detected by QT-PCR. In the
spleen, PHFT caused a significant effect on the
expression of IFN-y. The expression of IFN-y in
the spleen was up regulated in the birds fed 30
hours and 36 hours respectively, while it was

Correlation Between Cytokine Expression and
Some Biochemical Parameters

The correlations between cytokine expressions in
the spleen and tonsils and biochemical
parameters of broilers are presented in table 4:14.
Of the biochemical parameters tested, there exist
a negative significant relationship between I1L-2
and Albumin, IL2 and Total Protein, IL-2 and
HDL.Uric Acid had a significant correlation with
IFN-y both in the spleen and in the tonsil. A low
significant negative correlation exists between
Spleenic IFN-y and HDL. Inflammation initiates
an acute-phase response, resulting in the
activation of monocytes and/or macrophages,
which in turn release more pro inflammatory
cytokines.

These cytokines stimulate acute-phase response
by stimulating the release of IL-6, which
amplifies this acute-phase response, this leads to
the inhibition of various protein synthesis in the
liver, such as visceral proteins, albumin, pre-
albumin, and transferrin. These proteins are
traditionally considered markers of the nutritional
status.

Serum albumin is produced by the liver. Pro-
inflammatory cytokines stimulate acute-phase
response in the liver, thereby increasing serum
concentration of C Reactive Protein, fibrinogen
and amyloid A protein. Acute phase response
leads to a reduction in the synthesis of serum
albumin and an increase in degradation of
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down regulated in the birds fed 24 hours post
hatch. In the tonsil, IL2 expression was down
regulated in birds fed at 36 hours post hatch and
was upregulated in birds fed at 24 hours and 30
hours post hatch. A significant effect of IFN-y
was also observed, however, IFN-y was
upregulated in the birds fed 24 hours and 36 hours
while it was downregulated in the birds fed 30
hours post hatch.

albumin that result in hypoalbuminaemia. Even
though serum albumin is an acute-phase protein,
it has been reported that its concentration may be
independently reduced by inflammation caused
by pro inflammatory cytokines. Tang et al.
(2009) and Cockerill et al. (2001) has described
situations where HDL acts as an anti-
inflammatory particle in human subjects. The
negative significant relationship that exists
between the HDL and the cytokines under
research may be due to the anti-inflammatory
properties exhibited by HDL. Correlation
analysis between IFN-y and Uric acid show a
strong positive correlation, this is probably due to
the antioxidant effect of Uric acid in Broilers.
Several authors have reported that UA is a potent
antioxidant and major antioxidant defense
mechanism used by birds (Klandorf et al., 2001;
Simoyi et al., 2002; Machin et al., 2004; Seaman
et al., 2008). Settle et al., (2015) reported that a
reduced level of Uric Acid in the liver will result
in inflammation, oxidative damage and a decline
in the health of birds.
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Table 6. Correlation Between Cytokine Expression and Some Biochemical Parameters

Parameters IL-2 IFN-y Tonsil IFN-y SPLEEN
Glucose(mg/dL) 0.257 0.205 -0.368
Albumin(mg/dL) -0.511* 0.241 -0.449
HDL(mg/dL) 0.536 0.069 -0.062*

Total Protein(mg/dL) -0.672** 0.536 -0.363
Creatinine(mg/dL) 0.210 0.175 0.489

Uric Acid(mg/dL) 0.489 0.0501 0.750**
Triglyceride(mg/dL) 0.269 0.414 0.459

*-p<0.05 **-p<0.01

HDL- High Density Lipoprotein, IL-2- Interlukin 2, IFN-y - Interferon gamma

Conclusion

This research shows that methionine and Post
Hatch Feeding Time influences the immune
system. It was also discovered that the percentage
of dietary methionine needed by broilers to
maintain optimum nutritional and health status
may be higher than the requirement for growth,
Furthermore, it can be concluded that the
expression of IL-2 and IFN-y in broilers can be
used to monitor the nutritional status of the birds.
In this study, it was observed that negative
relationship exists between IL-2 and IFN-y and
serum albumin and Total Protein. These serum
components are the traditional markers of
nutritional status

References
Adeleye, A. O., Otakoya, 1.0., Fafiolu, A. O.
Joel , A. Egbeyale L. T. and
Olusegun. I. 2017. Serum Chemistry
and Gut morphology of Two Strains of
Broiler Chickens to Varying Interval of
Post Hatch Feeding. Journal of
Veterinary and Animal Science.5.
10.1016
Akinola, L. A. F and Etuk, M. O., 2015.
Hematological and Serum Biochemical
Responses of Broilers Fed Varying
Levels of Indomie Waste-Based Diets.

26

Journal of Agriculture and Veterinary
Science. 8(1): 66-70

Avila, M. A. Berasain, C. Torres, L. 2000.

“Reduced mRNA Abundance of the

Main Enzymes Involved in Methionine

Metabolism in Human Liver Cirrhosis

and Hepatocellular Carcinoma,” Journal

of Hepatology, 33(6) :907-914.

D. H. 2006. Comparative Species
Utilization and Toxicity of Sulfur Amino
Acids. The Journal of Nutrition, 136,
1670S-1675S.

Balog, J. M. 2003. Ascites syndrome (pulmonary
hypertension syndrome) in broiler
chickens: Are we seeing the light at the
end of the tunnel? Avian Poult. Biol. Rev.
14:99- 126.
d0i:10.3184/147020603783637490

Banerjee, G. C. A., 2009. Textbook of Animal

Husbandry, 8th ed., Oxford and IBH
Publishing Co. PVT. Ltd., New Delhi,
India. Pp.118-139.

Baker,

Bhanja, S. K., Devi, C. A., Panda, A. K. and
Sunder, G. S. 2009. Effect of post hatch
heed deprivation on yolk-sac utilization
and performance of young broiler



Oshifade, Ajayi and George

chickens. Asian-Australasian Journal of
Animal Sciences ;22(8):1174-9.
Bunchasak, Chaiyapoom. 2009. Role of Dietary
Methionine in Poultry Production.
Journal of Poultry Science 46. 169-179.
10.2141/jpsa.46.169.
Burt, D. W. 2004. The chicken genome and the
developmental biologist. Mechanisms of
Development, 121 (9), 1129-1135.
Cheema, M. A., Qureshi, M. A., Havenstein, G.
B., Ferket, P. R. and Nestor, K. E. 2007.
A comparison of the immune response of
2003 commercial turkeys and a 1966
randombred strain when fed representative
2003 and 1966 turkey diets. Poultry
Science, 86 (2), 241-248.
Cockerill G. W., Huehns T. Y., Weerasinghe
A, Stocker C, Lerch P. G.,and Miller
N. E. 2001. Elevation of plasma high-
density lipoprotein concentration reduces
interleukin-1-induced expression of E-
selectin in an in vivo model of acute
inflammation. Circulation 103:108-112.
8

Corduk, M., S. Sarica, G. F. and Yarim 2013.
Effects of oregano or red pepper essential
oil supplementation to diets for broiler
chicks with delayed feeding after
hatching. 1. Performance and microbial
population, The Journal of Applied
Poultry Research. 22 (4): 738-
749, https://doi.org/10.3382/japr.2012-
00672

Demir, E., Sarica, S., Sekeroglu, A., Ozcan,
M.A. and Y. Seker, 2004. Effects of
early and late feed restriction or feed
withdrawal on growth performance,
ascites and blood constituents of broiler
chickens. Acta Agr. Scand. A-An.
54:152-158

DonsboughA. L., Powell S , Waguespack
A., Bidner T. D. and L.L. Southern
2010. Uric acid, urea, and ammonia
concentrations in serum and uric acid

concentration in excreta as indicators of
amino acid utilization in diets for
broilers, Poult. Sci.89:28-294
Duncan, D. B., 1955. Multiple range and
multiple F tests. Biometrics., 11: 1-42
Duque A. G and Descoteaux, A. 2014.
Macrophage Cytokines: Involvement in

Immunity and Infectious
Diseases. Frontiers in  Immunology,
Vol 5, pp 491.

Duwa, H., Oyawoye, E. O. and Njidda, A. A.
2012. “Haematological responses and
serum biochemical indices of broilers fed
differently  processed sorrel seed
(Hibiscus sabdariffa) meal in semi-arid
region of Nigeria”, British Journal of
Poultry Sciences, 1(1):05-10.

Fafiolu, A. O. 2007. Utilisation of enzyme
(ROVABIO) supplemented
undercotilitation sunflower seedmeal
based diets by domestic chickens( Phd.
Thesis) .Abeokuta. Federal University of
Agriculture.

FAO 2010. Agribusiness Handbook: Poultry
Meat and Eggs. Investment Centre
Division. FAO, Rome, ltaly

Field, C. J., Johnson I, and Pratt, V.C. 2000.
Glutamine and arginine: immunonutrients
for improved health. Med Sci Sports Exerc
;32:5377e88.

Ghasemi, H. A., Ghasemi, R., and Torki, M.
2014. Periodic usage of low-protein
methionine-fortified diets in  broiler
chickens under high ambient temperature
conditions: effects on performance,
slaughter traits, leukocyte profiles and
antibody response. International journal
of biometeorology, 58(7), 1405-1414.
https://doi.org/10.1007/s00484-013-0741-
0

Grimble, R. F. 2006. The Effects of Sulfur
Amino Acid Intake on Immune Function
in Humans. British Journal of Nutrition,
136, 1660S-1665S.



https://doi.org/10.3382/japr.2012-00672
https://doi.org/10.3382/japr.2012-00672
https://doi.org/10.1007/s00484-013-0741-0
https://doi.org/10.1007/s00484-013-0741-0

Immunomodulatory potentials and serum biochemical indices of Ross 308 broiler chickens exposed to different post hatch
feeding time and methionine levels

Guerrero, J. M., and Reiter, R. J. 2002.

Melatonin-immune system
relationships. Current topics in
medicinal  chemistry, 2(2), 167-179.

https://doi.org/10.2174/1568026023394
335

Hernawan, E., Wahyuni, S., and Suprapti, H.
2002. The levels of blood glucose,
triglyceride, final body weight and
abdominal fat percentage of broiler under
sex-separated and straight run rearing
system, Medicine lasi, 57, 28-33.

Humphrey, B. D. 2010. Immunity lessons and
actions: Practical implicationsl, Journal
of Applied Poultry Research,19,
(2),Pages 174-181,

Kim 2013 .The methionine sulfoxide reduction
system:  selenium utilization and
methionine sulfoxide reductase enzymes
and their functions INCOMPLETE
REFERENCING???

Klandorf, H., D. S. Rathore, M. Igbal, X. Shi,
and VanDyke, K. 2001. Accelerated
tissue aging and increased oxidative
stress in broiler chickens fed allopurinol.
Comp. Biochem. Physiol. C 129: 93-104.

Kleyn, F. J., Chrystal, P. V., and Ciacciariello,
M. 2021.The impact of genotype and age
on energy and protein utilization in
individually housed brown laying
hens. Animals, 11(12), 3508.

Kohn R. A.Dinneen M. M., and Russek-
Cohen, E. 2005.Using blood urea
nitrogen to predict nitrogen excretion and
efficiency of nitrogen utilization in cattle,
sheep, goats, horses, pigs, and rats, J
Anim. Sci.83: 879-889

Konashi, S., Takahashi, K., and Akiba, Y.
2000. Effects of dietary essential amino
acid deficiencies on immunological
variables in broiler chickens. The British
Journal of Nutrition, 83(4), 449-456.

Lai, A, Dong, G., Song D., Yang,T. and
Zhang, X.2018. Responses to dietary
levels of methionine in Dbroilers
medicated or vaccinated against coccidia
under Eimeria tenella-challenged

condition. BMC Vet Res 14, 140
https://doi.org/10.1186/512917-018-
1470-

_Lamidi, A. A and Ogunkunle, T. 2016.
Nutritional potential of poultry dropping
meal as food resources for ruminant
production in Niger Delta, Nigeria.
Global Agric Science and Technology 1:
1-11

Li P.,, YinY. L., Li D., Kim, S.W and Amino,
W. G. 2007.Acids and immune function.
Br J Nutr. ;98:237-252. doi:
10.1017/S000711450769936X.

Li, C., Li, Z., Sletten, E., Arnesano, F.,
Losacco, M., Natile, G., and Y. Liu, Y.
2009. Methionine can favor DNA
Platination by transCoordinated
Platinum Antitumor Drugs. Angewandte
Chemie, 121: 8497-8500.

Liu Y. J, Soumelis V, Watanabe N, Ito T,
Wang, Y. H, Malefyt Rde W, Omori
M, Zhou B. and Ziegler, X. 2007.
TSLP: an epithelial cell cytokine that
regulates T cell differentiation by
conditioning dendritic cell maturation.
Annu Rev Immunol. 25:193-219. doi:
10.1146/annurev.immunol.25.022106.14
1718. PMID: 17129180.

Machin, M., M. Simoyi, K. Blemings, and
Klandorf, H. 2004. Increased dietary
protein elevates plasma uric acid and is
associated with decreased oxidative

stress in rapidly-growing broilers. Comp.
Biochem. Physiol. B 137:383-390.

Minafra et al.,2010.
Perfil bioguimico do som de franges de
corte alimentados com dieta

supplemntada com alfa amylase de
Cryptococcus flacus e Aspergillus niger
HN2003 Revista Brasileira de zootecnia
39: 2691- 2696

Mirzaaghatabar, F., Saki, A. A., Zamani, P.,
Aliarabi, H., and Hemati Matin, H. R.
2011. Effect of different levels of diet
methionine and metabolizable energy on
broiler performance and immune system.

28


https://doi.org/10.2174/1568026023394335
https://doi.org/10.2174/1568026023394335
https://doi.org/10.1186/s12917-018-1470-
https://doi.org/10.1186/s12917-018-1470-
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB
https://www.google.com/search?sca_esv=5591df9058345763&sxsrf=AE3TifNCCDohHzvPE9Jh9D88RSMyLpksYg:1750326638899&q=(Minafra+et+al.,2010).+Perfil+bioqu%C3%ADmico+do+som+de+franges+de+corte+alimentados+com+dieta+supplemntada+com+alfa+amylase+de+Cryptococcus+flacus+e+Aspergillus+niger+HN2003+Revista+Brasileira+de+zootecnia&spell=1&sa=X&ved=2ahUKEwjVxrXsmv2NAxUtT0EAHfpfAKkQBSgAegQIDxAB

Oshifade, Ajayi and George

Food and Agricultural Immunology, 22:
93-103.

Mohammadzadeh, J., Brumandia, Z. and
Khalidan, M. 2014. Investigations of the
effects of artichoke (Cynara
Cardunculusvar Scolymus) extract 05-42
days blood lipid parameters of broiler
chickens.Animal Research International
11(3): 2091-2096

Mohebodini, H., Dastar, B., Shams Sharg, M.
and Zerehdaran, S. 2009. The
comparison of early feed restriction and
meal feeding on performance, carcass
characteristics and blood constituents of
broiler chickens. J. Anim. Vet. Adv.
8:2069-2074

Njidda, A. A., Igwebike, J. U., Ngoshe, A. A

and Tijani, A.O. 2006. Effect of

substituting maize with graded levels of
cane molasses on the performance of
broiler finisher birds in the semi- arid
region of Nigeria. J. Sustainable Agric.

Environ, 8(1):1-13.

1977. National Research Council,

Nutrient Requirements of Poultry

Science, Washington, D. C. National

Academy of Sci., 5(1): 9-12. ., 1:2-10

Okamoto Y, Okano K, lzuishi K, Usuki H,
Wakabayashi H. and Suzuki, Y. 2009.
Attenuation of the systemic
inflammatory response and infectious
complications after gastrectomy with
preoperative oral arginine and u-3 fatty
acids supplemented immunonutrition.
World J Surg ;33:1815e21.

Oni Oluwakemi, Idowu, O., Olanite, J. and
Bamgbose, A. 2016. Nutrient intake,
growth performance and carcass yield of
weaner rabbits fed graded levels of dried
citrus (c. Sinensis) pulp. Journal of
Agricultural Science and Environment.
15. 60-68.

Onbasilar, E. E., Yal¢in, S., Torlak, E. and
Ozdemir, P. 2009. Effects of early feed

NRC,,

29

restriction on live performance, carcass
characteristics, meat and liver
composition, some blood parameters,
heterophil-lymphocyte ratio, antibody
production and tonic immobility duration.
Trop. Anim. Health Pro. 41:1513- 1519

Perween, S., Kumar, K., Kumar, S., Singh, P.
K., Kumar, M. and Dey, A. 2016. Effect
of feeding different dietary levels of
energy and protein on growth perforance
and immune status of Vanaraja chicken in
the tropic. Veterinary world, 9(8), 893-901

Pires, D. L, Malheiros, E. B,and Boleli, 1.

C. 2017. Influence of sex, age, and
fasting on blood parameters and body,
bursa, spleen and yolk sac weights of
broiler chicks. Braz J Poult Sci. 9:221—
228.

Rama, Rao, S.V., Prahara, J. N. K., Panda, A.
K. and Reddy, M. R. 2003. Interaction
between genotype and dietary
concentrations of methionine for immune
function in commercial broilers. British
Poultry Science, 44: 104-112.

Ravindran, R. 2005. Perspectives on early
nutrition—development  of  digestive
function and possible physiological
limitations in neonatal poultry. Poultry
beyond 2010.

Rotava R., Zanell I, Silva, L. P., Manfou, M.
P., Cerin, C. S. and Alves, S. H. 2008.
Bioguinca Sanguinea de frangos de Corte
alimtados com subprodutos de uva.
Agarian:1(1):91-104

Schmidt, C. J., Persia, M. E., Feierstein, E.,
Kingham, B. and Saylor, W. W. 2009.
Comparison of a modern broiler line and a

heritage line unselected since the
1950s. Poultry  science, 88(12), 2610-

2619.
Schroder, K., Hertzog, P. Ravasi, T. and
Hume, D. 2004. Interferon-y: An

overview of signals, mechanisms and
functions. J. Leukoc. Biol. 75:163-1809.



Immunomodulatory potentials and serum biochemical indices of Ross 308 broiler chickens exposed to different post hatch
feeding time and methionine levels

Seaman, C., Moritz, J. Falkenstein, E.
VanDyke, K. Casotti, G. and
Klandorf, H. 2008. Inosine ameliorates
the effects of hemininduced oxidative
stress in broilers. Comp. Biochem.
Physiol. A 151:670-675.

Settle, T., Falkenstein, E. and Klandorf, H.
2015. Effect of allopurinol and inosine
administration on xanthine
oxidoreductase gene expression in
selected tissues of broiler chickens. Int. J.
Poult. Sci. 14:37-43

Simoyi, M., VanDyke, K. and Klandorf, H.
2002. Manipulation of plasma uric acid
in broiler chicks and its effect on
leukocyte oxidative activity. Am. J.
Physiol. Regul. Integr. Comp. Physiol.
282:791-796.

Stinefelt, B., Leonard, S. S. Blemings, K. P.
Shi, X. and Klandorf, H. 2005. Free
Radical Scavenging, DNA protection,
and inhibition of lipid peroxidation
mediated by uric acid. Ann. Clin. Lab.
Sci. 35:37-45.

Sirimongkolkasem P. 2007: Amino acid
partitioning during the acute phase
response. PhD Diss. Davis, CA: Univ. of
California

Sklan, D. and Noy, Y. 2003. Crude protein and
essential amino acid requirements in
chicks during the  first week
posthatch. British Poultry
Science, 44(2), 266-274.

Swain, B. K. and Johri, T. S. 2000. Effect of
Supplemental Methionine, Choline and
Their Combinations on the Performance
and Immune Response of Broilers.
British Poultry Science.41:83-88.

Taha, F. A. 2003. “The Poultry Sector in Middle-
income Countries and its Feed
Requirements: The Case of Egypt”.
Outlook Report No. WRS03-02.
Economic Research Service, USDA.

Http://www.ers.usda.gov/
publications/WRS03/dec03/ wrs0302

Tang C, Liu Y, Kessler PS, Vaughan A. M and
Oram, J. F. 2009. The macrophage
cholesterol exporter ABCA1 functions as
an anti-inflammatory receptor. J Biol
Chem;284: 32336-32343. 7.

Tayal V and B.S. Kalra 2008. Cytokines and
anti-cytokines as therapeutics-an
update. Eur. J. Pharmacol. ;579:1-12.

Udoyong, A. O., Kibon, A., Yakubu, S. M,
Yakubu, B., Augustine, C and Isaac,
L. 2010. Haematological responses and
Serum biochemistry of broiler chicken
fed graded levels of enzyme (Maxigrain)
supplemented cassava a peel meal
(CPM) based diets. Global J. Biotech.
Biochem., 5 (2): 116-119.

Umit, P., Derya Y. and Mustafa, E. 2011.
Serum Biochemical profile of broiler
chickens fed diets containing rosemary
and rosemary volatile oil. J.Bio.Environs
Sci.5(13),23-30.

Vieira, S. L., Lemme, A., Goldenberg, D. B
and Brugalli, 1. 2004. Responses of
growing broilers to diets with increased
sulfur amino acids to lysine ratios at two
dietary protein levels. Poultry
Science, 83(8), 1307-1313.

Wang, Q., Hu, B., Hu, X., Kim, H., Squatrito,

M., Scarpace, L., deCarvalho, A. C.,
Lyu, S., Li, P., Li, Y., Barthel, F., Cho,
H. J., Lin, Y. H., Satani, N., Martinez-
Ledesma, E., Zheng, S., Chang, E.,
Sauvé, C. G., Olar, A, Lan, Z. D
andVerhaak, R. G. W. 2017. Tumor
Evolution of Glioma-Intrinsic  Gene
Expression Subtypes Associates with
Immunological Changes in  the
Microenvironment. Cancer cell, 32(1),
42-56.

Wigley, P and Kaiser, P. 2003. Avian cytokines
in health and disease. Revista Brasileira
de Ciéncia Avicola, 5(1), 1-



Oshifade, Ajayi and George

14, https://dx.doi.org/10.1590/S1516-
635X2003000100001

Yang H. M, Wang Z. Y, Shi S. R, Lu J. Aand
Li, W.Z. 2009. Effects of starter feeding
time on body growth and viscera
development of newly hatched chicks.
Italian Journal of Animal Science.
8(4):585-93.

Yang, K.; Blanco, D. B.; Neale, G.; Vogel, P.;
Avila, J.; Clish, C.B.; Wu, C,;
Shrestha, S.; Rankin, S. and Long, L.
2017. Homeostatic control of metabolic
and functional fitness of treg cells by
Ikb1 signalling. Nature, 548, 602—606.

Yen, C. L., Mar, M. H., Craciunescu, C. N.,
Edwards, L. J. and Zeisel 2002.
Deficiency in methionine, tryptophan,
isoleucine, or choline induces apoptosis
in cultured cells. The Journal of
Nutrition, 132: 1840-1847.

Zhan, X. A., Wang, M., Ren, H., Zhao, R. Q.,
Li, J. X. and Tan, Z. L. 2007. Effect of
early feed restriction on metabolic
programming and compensatory growth
in broiler chickens. Poultry Sci. 86:654-
660

Zhang, Y. C. and Li, F.C. 2008. Effect of
Dietary Methionine Supplement Levels
on Growth Performance, Immunity
Performance and Blood Metabolites of 2-
3 Month-Old Rabbits. Southwest China
Journal of Agricultural Sciences, 1, 472-
475

Zheng,L.Y.E.Ma,L.Y.Gu,D. Yuan, M.
L. Shi, X. Y. Guo, and Zhan, X. A.
2013. Poultry Science Association, Inc.
Growth performance, antioxidant status,
and nonspecific immunity in broilers
under different lighting regimens J. Appl.
Poult. Res. 22:798-807

Date received: 171 July, 2025

Date accepted; 4" December, 2025

31


https://dx.doi.org/10.1590/S1516-635X2003000100001
https://dx.doi.org/10.1590/S1516-635X2003000100001

