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Abstract:

The objective of our study was to elucidate the effect of in-ovo injection of
(Selenium Nano Particles (SeNPs), clove oil and nanocapsulated oil on growth efficiency
and some physiological markers of avian chicks and gene expression. A six-hundreds of
fertile eggs were obtained from Avian broiler breeder herd. All eggs were divided into ten
treatments in a (2 *5) factorial design that included the two main chicken strains (Ross 308
or Avain 48) and every main group was divided into five equal treatments of in-ovo
injections. First group (B1: without injection), 2" (B2: was injected with 0.1 ml saline,
while third group (B3), 4™ (B4) and 5" (B5) treatments were injected with 0.1 ml / egg
SeNPs, clove oil and Nanoemulsion oil, respectively. Hatched chicks from each group were
split them into five replicates and raised until 35 d of age, and expression patterns for
PPARa, PPARy and IGF-1 genes in tissue liver.

Results showed a highly significant differences between treatments in entries. of chicks’
weight at day old and growth performance. Additionally, SeNPs and clove oil had a
positive effect on fat deposition and changes in gene expression on lipids of broiler
chicks. Significantly differences of gene expression of IGF-1, PPARa and PPARy genes
were recorded between all experimental birds. IGF-1 and fatty acid oxidation affected
with SeNPs, clove oil and nanocapsulated oil, nevertheless the activity of IGF-1(insulin
growth factor) was enhanced with injection materials. While, the PPARa and PPARY gene
showed a decrease in transcriptional activity in chickens injected with SeNPs, clove oil
and nanocapsulated oil.

INTRODUCTION

Nowadays, in-ovo injection is exceedingly
used for several purposes, in-ovo injection with
immunological material (Sawosz et al., 2012), lift the
body weights at day old of avian (Salary et al., 2017),
improved immune status (El-Deep et al., 2020);
modulation of intestinal development and function
(Tako et al., 2004 and El-Said, 2015) by accelerating
enteric development in broilers for nutrient
absorptive capacity through in-ovo period (Uni and
Ferket, 2004; Bhanja et al., 2004; Bakyaraj et al.,
2012); increased body weight at marketing (Selim et
al., 2012).
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Selenium (Se) is an essential micronutrient
needed for growth (Li et al., 2019) and currently used
as feed additives in poultry (Markovi' et al., 2018) ,
vital component of antioxidative proteins and tissue
deposition by genetic growth and high metabolic rate
of chickens meat (Havenstein et al., 2003 and Tona
et al., 2004). In addition, selenium nanoparticles have
a positive impact on different organ systems
(Raspopov et al., 2011 and Joshi et al., 2011), novel
characteristics by good permeability in tissues, low
toxicity, elevate antioxidant activity, antimicrobial
and anti-carcinogenic properties by rising surface
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activity, and rising catalytic qualification and high
adsorbing ability (zZhang et al., 2001) and good
permeability in tissues and low toxicity (Raspopov et
al.,, 2011 and Joshi et al.,, 2011). For millennia,
people have utilized clove (Syzygium aromaticum), a
valuable herb with numerous medical uses, as a food
preservation acting as antioxidant additives (Mil-
Homens et al., 2012 and Gaikwad et al., 2019). The
dried flower buds of the clove tree, an evergreen that
thrives in coastal regions and tropical climates, are
known as cloves. One of the best sources of eugenol
is cloves (Mohammadi et al., 2014).

While some may view genetic research with
apprehension, it holds the potential to revolutionize
the future of the poultry industry. One particularly
useful and safe area of study involves evaluating how
nutrition affects gene expression levels in chickens.
By examining the gene expression in the muscles and
liver, we can quantify these impacts. These
investigations can concentrate on nuclear hormone
receptors, such as insulin-like growth factor-1 (IGF-
1) and Peroxisome Proliferator-Activated Receptors
(PPARs) (Wahle et al., 1995, 2003), which are
known to be dependent on nutritional status (Heck et
al., 2003; Guernec et al., 2004).

In birds, the liver is the primary site of
lipogenesis, with a capacity 20 times greater than
adipose tissue (based on equal weight) (Griminger,
1986). Pigs, ruminants, and laboratory rodents, on
the other hand, primarily synthesize lipids in their
adipose tissue (Pearce, 1980). Studies have shown

3- Materials and Methods:

Ethics Statement:

Under the direction of the Agricultural
Biotechnology Department of the Faculty of
Agriculture at Damietta University in Egypt, this
study was conducted at a private farm in kafr-Saad,
Damietta Government, Egypt. The Institutional
Animal Care and Use Committee of the Faculty of
Agriculture, Damietta University, Egypt, approved
the experiments, which were conducted in
compliance with the ethical requirements of the
Committee of Local Experimental Animal Care.
Every attempt was made to reduce the animals'
suffering.

Sourse of SeNPs, and Nanoemulsion oil:

SeNPs were purchased from Sigma-Aldrich, USA,
catalogue (No: 919519). Solid lipid nanoparticles
were prepared using ultrasonic-solvent
emulsification technique according to Sjostrom
Bergenstahl (1992); Siekmann (1996) and Ashawi et
al. (2008). Two phases were prepared; oil phase and
Nano phase Adel et al. (2015).
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that chicken adipose tissue exhibits negligible
lipogenesis (Nir and Lin, 1982). Most of the effects
of fatty acid consumption on metabolism are caused
by changes in gene expression, which can occur
directly or indirectly through nuclear hormone
receptors like PPARs (Wahle et al., 2003). PPARs
are activated by various fatty acids , fatty acid
derivatives, and additional peroxisome proliferators
(Dreyer et al., 1992 & Eubank et al., 2001).

PPARs play a critical role in chicken fat cell
(adipogenesis) and tissue formation, with PPARy
specifically influencing these processes (Navidshad
& Royan, 2015). furthermore, Peroxisome
Proliferator-Activated Receptor a (PPAR«) promotes
fatty acid oxidation by upregulating the expression of
relevant enzymes (Bell et al., 1998; Pineda et al.,
1999).

Analyzing the mRNA content of PPARs (PPARa
and PPARY) and IGF-1 in tissues provides valuable
insights for formulating optimal fodder for broiler
chickens, this is immensely important for the health
and nutritional amount of their products (Abou El-
Maaty et al., 2021).

Therefore, this study was designed to assess
the effects of In-Ovo injection techniques (during
embryogenesis) with essential oil, Nano-selenium
particles, or Nanoencapsulated oil on live body
weight, growth performance, fat deposition, and
changes in expression of genes related to lipids and
growth in broiler chicks.

3.1. Experimental and
Incubation:

A total of 600 eggs (.69.91+0.179) produced

by two local chicken strains (Ross 308 and Avain)
were collected from commercial broiler breeder flock
and were distributed into ten groups of 60 eggs/
group. After wiping the eggs with a clean, dry cloth,
each one had its surface washed with a disinfection
solution and its shell dried.
On the tenth day after hatch, Yolk Sac was injected
in ovo (Bhanja et al. 2004). In a factorial study with
two main chicken strains {Avain (S1) and Ross
308(S2)} and five equal treatments of in-ovo
injections for each main group, the eggs were
randomly split into 10 groups. As a negative control,
the first group (11) was left un injected, the second
group (12) received an injection of 0.1 ml saline, and
the third, fourth, and fifth groups (I3; 14 and 15)
received injections of 0.1 ml / egg SeNPs, clove oil,
and Se Nanoemulsion oil, respectively. Following
injection, the eggs were placed in the hatcher until
they hatched.

Design Egg
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3.2. Hatchability and Growth Performance:

On the day of hatch, the hatchability
expressed as a percentage of fertile eggs and
mortality was recorded. Body weight of chicks were
recorded, then the hatched chicks were reared under
similar recommended managerial conditions. The
broiler chickens was individually weighed at day old
and at the end of the experiment body weight gain
(BWG) and the amount of feed consumed was
recorded (Table 2) and (FCR) feed conversion ratio
was calculated.

3.3. Slaughter traits

At 35 d of age, five chicks from each
replicate were randomly chosen, weighted, and
slaughtered for carcass traits measurements Internal
organs (Abdominal fat and liver) were assessed as
relative weight.

3.4. Serum Biochemical Indicators

After each group was slaughtered, five blood
samples were randomly taken, spun for 15 minutes at
3500 rpm at room temperature to separate the serum,
and then stored in 1.5 mL Eppendorf tubes at -20 °C
until analysis. Using commercial diagnostic kits from
Biodiagnostic Company, Giza, Egypt, the serum
concentrations of total protein, globulin, albumin,
albumin to globulin ratio, (TG) triglycerides, (Chol.)
total cholesterol, (LDL) low density lipoprotein, and
(HDL) high density lipoprotein were measured
spectrophotometrically in accordance with the
methods of Akiba et al. (1982) and Taha et al.
(2019).

Table (1): Composition and chemical analyses of the tested diets fed to broiler chicks from five weeks of age

Starter Growing Calculated analysis (As Fed Basis:
. diets diets NRC, 1994)
Ingredients (%) Control Control Metabolizable energy 3149 3143
(ME), kcal/kg
Ground yellow corn 61.50 67.20 Crude protein (CP), % | 23.06 20.13
Soybean meal (44%CP) 16.00 15.00 Ether extract (EE), % 3.88 3.97
Corn gluten meal (60% CP) 16.50 12.00 Crude fiber (CF), % 2.69 2.68
Sunflower oil 1.00 1.00 Calcium, % 1.20 1.20
Ground limestone 2.00 2.00 Nonphytate P, % 0.45 0.45
Dicalcium phosphate 1.80 1.80 Lysine, % 1.22 1.10
Vitamin and mineral Premix® 0.30 0.30 Methionine, % 0.46 0.39
Common salt (NaCl) 0.30 0.30 Methionine + Cystine, % 0.85 0.74
L-Lysine-HCI 0.60 0.40
Total 100 100

Premix at 0.30%of the diet supplies the following /kg diet:

Vit.A,10001U;Vit.D3,20001U;Vit.E,10mg; Vit.K,1mg;Vit.B1,5mg; Vit.B2,5mg; Vit.Bs,1.5mg; Vit.B12,0.01mg;Folic acid,0.35mg;Biotin,0.05mg;Pantothenic
acid,10mg;Niacin,30mg;Choline chloride, 250mg;Fe,30mg;Zn, 50mg;Cu, 4mg and Se,0.1mg.

3.5. Gene Expression Examination:

Samples of liver tissue (three birds per
treatment) were taken as soon as the birds were
killed, frozen in liquid nitrogen, and kept at -80°C for
about two days until needed.

In accordance with the manufacturer's
recommendations, total RNA was isolated from each
sample using the Gene JET RNA Purification Kit
(Thermo Scientific, cat. no. K0731) in order to
quantify the expression levels of the designated
genes.

The concentration and purity of the
separated RNA were evaluated with a Thermo Fisher
Scientific Inc. NanoDrop spectrophotometer. 18S
and 28S rRNA were detected by ethidium bromide
staining electrophoresis, where they should show up
as distinct, crisp bands. The genomic DNA in the
RNA preparations was then extracted using DNase |
(RNase-Free).
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Step One Applied Biosystems' RevertAidTM First
Strand cDNA Synthesis Kit (Thermo Scientific)
included a methodology that was followed for cDNA
synthesis. The addition of the Ribolock RNase
inhibitor came next, and the reaction was then
stopped by heating it for five minutes at 70°C. Then,
until it was needed, the cDNA was kept at -80°C.
3.5.1. Primer Design:
According to Abou El-Maaty et al. (2021) and based
on prior findings, specific primer pairs (forward and
reverse) for target genes (PPARa, PPARy, and IGF-
1) and reference genes (B-actin and GAPDH) were
generated using Primer-BLAST. These primers were
purchased from Invitrogen (Thermo  Fisher
Scientific) and verified by PCR and gel
electrophoresis on cDNA samples.
3.5.2. Quantitative RT-PCR:

Using an Applied Biosystems® Veriti® 96-
Well Thermal Cycler and a Master Mix Maxima
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SYBR Green gPCR 2x ROX solution, a quantitative
2-step RT-PCR was performed in accordance with
the given procedure. The following was the real-time
PCR program:

First denaturation: 10 minutes at 95 °C

40 iterations of:

- Denaturation: 15 seconds at 95 °C

- Annealing/extension: 60 °C for 60 seconds
(this phase involves data collecting).

The target and reference gene primer
specificity was assessed by analyzing the RT-PCR
products' melting curves. These curves were run
between 55 and 95 degrees Celsius to verify that a
single amplicon was amplified. For each gene under
test, every sample showed about the same Tm for the
target sequence and a single peak in the melting
curve (Fig. 1).

Using the 2-AACT technique, target gene
expression patterns were found in liver tissue for
both treatment and control samples (Livak and
Schmittgen, 2001). Using housekeeping or reference
genes as endogenous controls, the expression was
standardized. Fold change (FC) values were obtained
for the output data in relation to the control (fold
relative expression). The prorated expression values
were produced through the entry of CT data from
target and housekeeping genes into an Excel
spreadsheet in Microsoft Office, which contained the
equations for the 2-AACT technique. Using SAS 9

software, the expression of gene data was compared.
Duncan's Multiple Range Test was used to set the
significance of differences at P < 0.05. The statistical
program Minitabl7 was used to compute a
correlation coefficient and a linear regression. The
following ranges were analyzed:

*Normalized expression levels in relation to
GAPDH and B-actin

* Relative expression of study and performance
characteristic genes
3.6. Statistical analysis:

The data were subjected to ANOVA with
the generalized linear model (GLM) procedure of
SAS software (2004) according to the following
model:

Xijk = | + Li + Pj+ (LP)ij+ eijk

Where:

xijk = An observation,p = Overall mean,

Li = Type of strain (i= 1 and 2),

Pj = Effect of injection (j = 1, 2, 3, 4 and 5),

(LP)ij = effect of interaction between LP (ij = 1,2,3,
.....and 10)

eijk = Random error.

Significance between means were set a
statistically at P<0.05.

Significance between means of FC values
were set a statistically at P<0.05 using Duncan’s
multiple range test (Duncan, 1955).
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Fig. 1. Melting curves of single amplicon for target and reference genes of interest in this study
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4-Results and Discussion
Embryonic Mortality and Hatchability

Results in Fig. 2 illustrated the effect of in
ovo injection with SeNPs , Clove oil and Nano-
emulsion oil on hatchability percentage and across
treatments, overall mean percentage hatchability
was 85.1,%. The results of the hatchability
percentage reflect considerable variations among
treatments either strain variation or in ovo injection
treatments. Results showed that in ovo injection
with SeNPs treatment and control group recorded
the lowest hatchability percent (83.5%) compared
to other groups. It has been demonstrated that
injecting antioxidants such as selenium (Se)
provides oxidative protection against excessive free
radicals, which may have a negative impact on
hatching in developing embryos (Oke et al., 2021).
However, Clove oil and Nanoemulsion oil groups
recorded the highest value (86.5 and 87.5%),
respectively. As a result, the effects of
Nanoemulsion oil in ovo injection treatments
showed enhanced values of hatchability percentage
compared to other in ovo injection treatments. The
improved hatchability observed in clove oil and
Nanoemulsion oil groups is in conformity with the
observation of Akosile, et al. (2023), who reported
that clove oil was active in combating heat stress in
the later phase of incubation, enhancing
hatchability ,decreasing mortality and suggest that
the bioactive ingredient of clove (eugenol) was
useful in combating the impact of oxidative stress
in clove oil treated eggs, and increasing
hatchability.

On the other hand, Ross strain showed
higher hatchability percentage (86.6%) compared
to Avian 48 strain (83.6%). In general, the
hatchability percentage results transacting with the
effects of strain variation and injection treatments
during embryogenesis had different trends.
(Bakyaraj et al., 2012) found that in ovo injection
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with trace elements had no effect on hatchability
percent or may reduce it, which is in close
agreement with our results.

Productive Performance:

Data in Table. 2. showed insignificant
results of egg weight in comparison between all
treatments. The effects of in ovo injection of
SeNPs, clove oil and Nanoemulsion oil on chicks
weigh at day old are presented in Table 2. All
treated groups had elevated (p < 0.05) weight at
day old (WO0) compared to control groups, and
Nanoemulsion oil group recorded the heaviest
weight compared to other groups. On the other
hand, Avian 48 strain broilers delivered from eggs
were significantly heavier than Ross strain broiler
weight at day old. It is clearly noted from the
present results that injection treatments during
embryogenesis in two different strains especially,
coating SeNPs with clove oil increased chicks'
weight at day old of broiler chicks.

Data in Table. 2. shows insignificant
results of egg weight in comparison between all
treatments. The effects of in ovo injection of SeNPs,
clove oil and Nanoemulsion oil on chicks weigh at
day old are presented in Table 2. All treated groups
had elevated (p < 0.05) weight at day old (WO0)
compared to control groups, and Nanoemulsion oil
group recorded the heaviest weight compared to
other groups. These suggests that the bioactive
constituents of the additives were beneficial to the
chicks during embryogenesis. The current results
agree with those of (Akosile, et al. (2023), who
confirmed that in ovo injection with clove oil had
higher hatchling weight than un injected group.
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Fig.2. Effect of in ovo injection with SeNPs or Clove oil and Nanoemulsion oil on Hatchability
percentage

Table. 2. Effect of in ovo injection with SeNPs and/or Clove oil and Nanoemulsion oil on productive
performance on two types of broiler chicks.

Treat Egg WO (g) LBW (g) BWG (g) FI (9) FCR
weight(g)
Strain (S)
Ross St. 69.64 46.60° 2390P 23430 4238 1.813
Avian St. 70.18 47,67 24867 2438 4320 1.784
SEM 0.24 0.38 27.66 30.11 80.34 0.02
P- Value 0.112 0.050 0.016 0.035 0.447 0.342
Treats (1)
N. Control 70.20 44.97° 2102.5¢ 205750 3800° 1.8472
p. Control 69.77 45.00° 2240.0° 2194.7¢ 4225.0° 1.925
SeNPs 69.96 47.05 2420.0P 2372.95° 43615 1.813°
Clove oil 69.88 48.64% 2700.0° 2651372 4657.5° 1.837°
SirI““'S'O” 69.74 49,722 27275 2677.792 4350.0% 1.627¢
SEM 0.38 0.82 45.23 43.04 130.20 0.017
P- Value 0.825 <0.0001 <0.0001 <0.0001 0.004 0.003
Interaction (S*1)

Si*Iy 69.90 44.8 2085 2040.2 3700 1.814
Si*1, 69.43 44.8 2190 21452 4150 1.935
Si*ls 69.65 46.3 2470 2423.7 4523 1.866
S*14 69.68 47.97 2600 2552.03 4515 1.769
S*ls 69.52 49.13 2605 2555.87 4300 1.682
Sl 70.50 4513 2120 2074.87 3900 1.880
S*1s 70.10 458 2290 22442 4300 1.916
S*ls 70.67 47.8 2370 2322.2 4200 1.809
S*la 70.07 493 2800 2750.7 4800 1.745
S*ls 69.97 50.3 2850 2799.7 4400 1572
SEM 0.54 0.86 61.85 67.32 179.64 0.041
P- Value 0.999 0.968 0.062 0.128 0532 0.632

a-c. Meanszt standard error of means, values followed by the same letters are not significantly different at 0.05 level,
WO: chicks weight at day old, LBW, live body weight, BWG: Body weight gain, FI: Feed intake and FCR: feed

conversion ratio.
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On the other hand, Avian 48 strain broilers
delivered from eggs showed significantly heavier
than Ross strain broiler weight at day old. It is clearly
noted from the present results that injection
treatments during embryogenesis in two different
strains especially, Nanoemulsion oil group increased
chicks' weight at day old of broiler chicks. This may
be due to in ovo feeding of energy sources is
probably to improve hatch weight of broiler as they
would supplement the critical needs of these
nutrients in the time of piovital period of hatching.
Additionally, response to in ovo feeding depend on
genetics, incubation conditions, age of breeder hen
and egg size (Uni and Ferket, 2004).

Table 2 shows the effect of different types
of strains and injection treatments during
embryogenesis  on  productive  performance
(including LBW, BWG, FI and FCR) of broiler
chicks during day old to 35 days of age. The results
suggest that Avian 48 strain had increased
significant effect on productive performance, except
for FI and FCR compared to Ross strain. However,
injection treatments during embryogenesis had a
positive effect on productive performance of broiler
chicks compared to control groups, especially,
Nanoemulsion oil group. Overall, LBW and BWG
of broiler 6+chickens were affected (P <0.05) by
both factors (Type strain variation and injection
treatments). Also, there was a tendency to improve
LBW and BWG in Avian 48 strain treatment, which
was injected with SeNPs, clove oil and
Nanoemulsion oil compared to control groups. On
the same trend, there was a positive effect of
injected treatments on FCR exceptionally in
Nanoemulsion oil group. Meanwhile, there were no
effects between two strains variation on Fl and FCR
of broiler chicks. The highest FCR was found for
control groups, but the lowest for SeNPs+ clove oil.
The lowest FCR was in control treatment (P < 0.05).

Se  nanoparticles  enhanced  growth
performance and decreased FCR, most likely as a
result of Se's function in controlling enzymatic
systems and metabolism. Se particles are well-known
for their antioxidative properties, which aid in
preventing intestinal breakouts and improve
absorption and digesting processes (Dawood et al.,
2020; Saleh and Ebeid, 2019). Because selenium is
one of the essential elements that can help microbiota
complete its activity within the intestine, it can help
improve the activity of intestinal microbiota to
absorb and digest nutrients, which explains the
improved feed utilization (reduced FCR) (Yoon et
al., 2007).
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It is clearly noted from the present results
that in ovo injection treatments during incubation
with SeNPs increased LBW and BW gain of broiler
chicks. The beneficial effects of SeNPs may be
attributed to its role as antioxidant and biological
additives to eggs before incubation. These effects of
SeNPs injection may be related, in part, to thymus
gland activity and to the positive effects of SeNPs in
improving nutrients utilization. The valuable effects
of pre incubation injection of SeNPs may be
interpreted through its recent definition as an
antioxidant. SeNPs, given in ovo, increased number
of muscle nuclei of 16 day old chicken embryo,
indicating the role of SeNPs in fast growing
organism of fast growing chickens. This result is
consistent with that of Brown et al. (1981), who
found that supplementing rats with selenium
enhanced the inactivity of their muscles, resulting in
larger body weights..Nano particles can affect
muscle development of chicken embryos . though, if
they can be used for in ovo nutrition as carriers of
nutrients e.g. glutamine into muscle cells (Pirsljin et
al.,2008).

Previous studies on chickens found that
selenium has a variety of beneficial effects on feed
consumption, including elevated levels of the mineral
that increase broiler weight, promote rapid growth,
increase yielding, and lower feed efficiency ratios;
body weight, weight gain, and the prevention of
symptoms and mortality associated with selenium
deficiency in poultry when compared to the untreated
group (Cantor et al., 1975; Jianhua et al., 2000 and
Singh et al., 2006). According to Upton et al. (2008),
selenium was adequate to keep the broilers
performing well, although more selenium may be
needed to maximize growth.

However, the active ingredient in cloves,
Eugenia caryophyllus, which is thought to stimulate
digestion and have antibacterial properties against
bacteria in the digestive tract, seems to have
improved the productive performance of broiler
chickens. The substance mentioned improved
growth performance and increased feed usage
efficiency (Azadegan et al., 2013). Furthermore,
numerous investigations have found that clove
(Eugenia caryophyllus) is a rich source of trace
minerals, which are critical for the metabolism of
proteins and carbohydrates and may enhance broiler
chicken performance (AL-Tabari et al., 2018).

Table 2 shows the effect of different types of strain
and injection treatments during embryogenesis on
productive performance (including LBW, BWG, FI
and FCR) of broiler chicks during day old to 35 days
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of age. The results suggest that Avian 48 strain had
increased  significant effect on  productive
performance, except for FI and FCR compared to
Ross strain. However, injection treatments during
embryogenesis had a positive effect on productive
performance of broiler chicks compared to control
groups, especially, Nanoemulsion oil group. Overall,
LBW and BWG of broiler chickens were affected (P
<0.05) by both factors (Type strain variation and
injection treatments). Also, there was a tendency to
improve LBW and BWG in Avian 48 strain
treatment, which was injected with SeNPs, clove oil
and Nanoemulsion oil compared to control groups.
On the same trend, there were a positive effect of
injected treatments on FCR exceptionally in coating
SeNPs with clove oil group. Meanwhile, there were
no effects between two strain variation on FI and
FCR of broiler chicks.The highest FCR was found
for control groups, but the lowest for SeNPs+ clove
oil. The lowest FCR was in control treatment (P <
0.05).

Carcass weight:

Data in Table 3. illustrated that the relative
weight of carcass, abdominal fat and liver
insignificantly affected by Ross and Avian 48 strains
treatments, but in ovo injection with SeNPs, clove oil
and Nanoemulsion oil treatments reflected opposite
effects. In ovo injection treatments had a positive
significant effect on improving carcass, abdominal

fat and liver relative weight, especially,
Nanoemulsion oil group compared to other groups.
One of the methods that can improve the relative
weights of the liver and at hatch is using clove
extracts through in ovo injection (Akosile, et al.,
2023). According to Akosile et al. (2023), this
indicates that the in ovo injection of clove extracts
stimulated the chicks' digestive systems, improving
liver function and raising the pancreatic digestive
enzymes.

This result is agreement with Yuan et al.
(2011) who showed that breast muscle was
significantly increased as the treated Se level
increased in each form of Se. One of the methods to
ensure enough nutrient content in the egg is in ovo
administration of nutrients, which raised relative
carcass weight and liver and lymphoid organs
compared to control groups. It is of interest to
observe the high relative weights of the whole
breast and pectoralis muscles of broiler chicks
(Pirsljin et al., 2008).

This result agrees with Upton et al. (2008),
who reported that the percentage of carcass weight
was high in Selenium Particle (SeP)- treated birds.
Compared to the birds in the untreated group, the
SeP-treated birds had a greater thigh yield.

Table. 3. Effect of in ovo injection with SeNPs and/or Clove oil and Nanoemulsion oil on Carcass

Characteristics on two types of broiler chicks.

Treat | Carcass % Liver % | Abdominal Fat bad%
Strain (S)
Ross St. 68.43 2.09 111
Avian 48 St. 68.86 2.23 1.04
SEM 0.493 0.055 0.048
P- Value 0.547 0.066 0.297
Treats (
N. Control 67.932 1.98¢ 1.662
p. Control 66.48° 2.01bc 1.28°
SeNPs 69.032 2.25ab 1.02¢
Clove oil 69.592 2.292 0.75d
Emulsion oil 70.182 2.27%® 0.66¢
SEM 0.970 0.067 0.056
P- Value 0.009 0.020 0.002

a-c. Meansz standard error of means, values followed by the same letters are not significantly different at 0.05 level
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Fig. 5. Effect of in ovo injection with SeNPs and/or Clove oil and Nanoemulsion oil on relative
weight of abdominal fat pad on two types of broiler chicks.

It seems that the SeP-treated broilers'
enhanced growth is reflected in the rise in thigh
weight yields. According to research by Farhat and
Chavez (2001) and Simon and Leclercq (1982),
selection for broilers based on low or high ratios of
belly fat to body weight was evident in two lines of
chickens that had significantly different carcass lipid
contents but identical body weights.

The effects of different types of strain,
injection treatments and their interaction during
embryogenesis on blood serum protein and lipids
profile of broiler are presented in Table 4. Serum
total protein was not affected in different strain
treatments, although significant increase in albumin
and A/G ratio levels with Avian 48 strain. However,
serum globulin level was significantly higher for
Ross strain compared by the other strain.

On the other hand, in ovo injection
treatments during embryogenesis had highly
significant effects on albumin, globulin and total
protein, and A/G ratio of broiler chicks. Results
showed that in ovo injection with clove oil and

86

Nanoemulsion oil groups significantly increased
serum total protein and globulin as compared to other
treatments. Although, clove oil and Nanoemulsion
oil groups had significantly decreased serum albumin
and A/G ratio. Additionally, serum albumin and A/G
ratio of chicks was significantly affected by
interaction between various strain and in ovo
injection treatments. Although, interaction between
various strain and in ovo injection had no significant
effect on serum globulin and total protein .

Of interest, the higher A/G ratio of Avian 48
strain, which reported lower immune response
compared by Ross strain. It is known that A/G ratio
is a good directrix for immunity in different Avian 48
species, may support the positive impact of clove oil
in enhancing immune responses of broiler chicks.

Results in Table 4 clearly show that
significant differences exist between strains in serum
TG, Chol., HDL and LDL concentration. The results
demonstrated that Ross strain significantly decreased
serum levels of TG, Chol. and LDL compared to
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other strain. However, HDL concentration was
significantly elevated in chicks from Ross strain.

On the other hand, results indicated that in
ovo injection with SeNPs, Clove oil and
Nanoemulsion oil showed significant depression in
serum levels of TG, Chol. and LDL, however, HDL
concentration was significantly elevated in chicks
from Nanoemulsion oil followed by clove oil and
SeNPs compared to other groups.

Of interest, SeNPs group had a negative
effect on lipids profile, which showed significant
depression in serum HDL. So, this may explain
inconsistent trends in body weight and serum lipids
concentration which obtained in the present study.

The results demonstrated that herein no
significant differences exist in TG, Chol., HDL and
LDL concentration of broilers by interaction between
various strain and in ovo injection treatments. It is
possible that egg treatments can make metabolizable

energy to be diverted from embryo chick
development to effects associated with nutritious
absorption, assimilation and utilization.

Evaluation of Gene expression activity:-

gRT-PCR was used to examine the expression
patterns of three genes (PPARa, PPARy, and IGF-1)
in the liver tissue of several experimental groups. To
standardize the gene expression levels derived from
target genes, two reference genes—f-actin and
GAPDH—were utilized. Pearson correlation and
regression analysis were performed using Minitab
software on the Cr-values of these two reference
genes. The relation between Cr-values of B-actin and
GAPDH was linear (Fig. 14) by a significant positive
correlation (r = 0.67**).

Table. 4. Effect of in ovo injection with SeNPs and/ or Clove oil and Nanoemulsion oil on blood
serum protein and lipids profile on two types of broiler chicks.

Treat TP Glob. Alb. A/G ratio | TG Chol. HDL LDL
g/di g/di g/dl mg/dl mg/dl mg/dl mg/dl
Strain (S)
Ross St. 4.78 2.892 1.90° 0.662° 156.552 214.12% | 58.82° | 123.98%
Avian 48 St. | 4.69 2.67° 2.028 0.7672 143.33° 195.03" | 66.54% | 99.82°
SEM 0.037 0.036 0.0293 0.019 2.1289 2.011 1.037 2.166
P- Value 0.0787 | <.0001 0.0047 <.0001 <.0001 <.0001 | <.0001 | <.0001
Treats (I)
N. Control 4,62 2.55°¢ 2.078 0.8142 153.30? 211.33* | 59.97¢ | 120.70°
p. Control 4.55°¢ 2.64°¢ 1.92° 0.729° 155.08? 210.44* | 58.66° | 120.77°
SeNPs 4.52¢ 2.63° 1.89° 0.732° 151.60% 208.53° | 60.88° | 117.32®
Clove ail 5.252 3.262 2.01% 0.613° 147.22® 200.09° | 64.17° | 106.48%
Emulsion oil | 7.74° 2.82° 1.92° 0.682° 142.51° 192.47° | 69.722 | 94.25°
SEM 0.048 0.045 0.042 0.026 2.966 4.960 1.340 6.150
P- Value 0.003 <.0001 0.038 <.0001 0.043 0.0213 | 0.0001 | 0.0013

a-c. Meansz standard error of means, values followed by the same letters are not significantly different at 0.05 level.
TP: total protein, Glob:globulin , ALb:albumin, A/g ratioalbumin to globulin ratio, Triglycerides (TG), total
Cholesterol (Chol.), high density lipoprotein (HDL) and low density lipoprotein (LDL)
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oil and Nanoemulsion oil on total protein on two types of
broiler chicks

and Nanoemulsion oil on globulin on two types of broiler
chicks.

ALB (g/dl)
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Fig. 8. Effect of in ovo injection with SeNPs and/ or Clove
oil and Nanoemulsion oil on albumin on two types of
broiler chicks.
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Fig.9. Effect of in ovo injection with SeNPs and/ or Clove oil
and Nanoemulsion oil on A/G ratio on two types of broiler
chicks.
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Fig. 10. Effect of in ovo injection with SeNPs and/ or
Clove oil and Nanoemulsion oil on Triglycerides on
two types of broiler chicks.
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Fig. 11. Effect of in ovo injection with SeNPs and/ or Clove
oil and Nanoemulsion oil on total Cholesterol on two
types of broiler chicks.
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Fig. 12. Effect of in ovo injection with SeNPs and/ or
Clove oil and Nanoemulsion oil on high density
lipoprotein on two types of broiler chicks.

Fig. 13. Effect of in ovo injection with SeNPs and/ or Clove
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oil and Nanoemulsion oil on low density lipoprotein on
two types of broiler chicks.

Based on that, to achieve high measurement
accuracy and improve relative expression results
reliability, according to Ismail et al. (2022), the Cr-values
of a single reference gene in calculation of ACt was
change with the average Cr-value from the two reference
genes. Where the expression of target genes was
normalized with the average Cr-values of the two reference
genes

Relative expression patterns of, PPARa, PPARy and IGF-1
genes in liver tissue, immediately taked after slaughter from
Ross 308 and Avian 48 broiler chicken strains injected with
treatments of SeNPs, clove oil, nanocapsulated oil, and a
non-injected control group, were illustrated in Figure 15.

Significant differences were recorded in the
gene expression levels of IGF-1, PPARa, and PPARy
among the experimental birds. This suggests that the
activity of growth factor IGF-1 and fatty acid
oxidation were influenced by SeNPs, clove oil, and
nanocapsulated oil. Interestingly, the efficiency of
growth factor IGF-1 was increase by the injection
materials, while the PPARa and PPARy genes
showed a decrease in transcriptional action in
chickens injected with SeNPs, clove oil, and
nanocapsulated oil.

Regression Plot
CT-B-ACT = 11.36 + 0.5293 CT-GAPDH

28

27

26

25

24
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20

20 21 22 23

24 25 26 27 28 29

CT-GAPDH

Fig .14. Relationship between Cr values of two reference genes (B-act and GAPDH) used in this study.
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Fig.15:Effect of different experimental treatment on expression on, PPARa ,PPARy and IGF-1 genes normalized to
the expression of GAPDH and B-act reference genes in liver tissue.

Previous studies have shown that (IGF) play a
role in cell growth and differentiation, which can be
linked to fat storage (Rechler, 1993). Additionally,
Beccavin et al. (2001) demonstrated an association
between growth rates and IGF-1 activity.

On the other hand, research suggests that
dietary fatty acids influence cellular metabolism
through changes in gene expression (Navidshad &
Royan, 2016). They can act as agonists or
antagonists  for nuclear hormone  receptors,
upregulating or downregulating specific genes.
(PPARS) belong to this receptor family and regulate
genes involved in fat metabolism, particularly those
related to peroxisomal [B-oxidation. PPARs
(especially a and y) control several genes in this
process.

Activation of PPARa can indirectly decrease
fat deposits by increasing hepatic fatty acid (-
oxidation. This is supported by findings that show
higher PPARa expression is associated with reduced
fat storage in liver cells (Yoon, 2009). In contrast,
PPARy plays a key role in fat storage (adipogenesis).
It acts as a central gene regulator in adipose tissue,
stimulating the expression of genes involved in fat
cell formation (Royan & Bahman, 2016).

90

On the other hand, data from Table 5
revealed highly significant positive correlations
between Insulin-like growth factor-1 (IGF-1)
gene expression levels and mean performance of
body weight traits (BWG and LBW) in Ross and
Avian 48 strains. Through the post-hatching
growth of chickens, this supports the idea of an
IGFs-1 stimulatory role and implies a close
relationship between IGF-1 and traits indicative
of growth efficiency, which may be impacted by
nutritional status (Heck et al., 2003; Guernec et
al., 2004). These results also demonstrate that the
IGF-1 mRNA content in tissues may include
valuable information for developing improved
broiler chicken feed (Beccavin et al., 2001).

In contrast, the expression level of the IGF-1 gene
obtained a highly significant negative correlation
with the mean performance of the feed conversion
ratio (FCR) trait in Ross and Avian 48 strains.
Conversely, a positive correlation was showed
between FCR and the expression levels of PPAR-y
and PPARa genes. These findings support the
hypothesis proposed by Yoon et al. (2007) regarding
the role of selenium (Se) in improving intestinal
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microbiota activity for nutrient digestion and absorption.

Table 5: Correlation coefficients between performance treatment and mean expression levels of IGF-1,

PPAR-a, and PPAR-y genes in ross and Avian 48 broiler chicken strains.

Ross Strain
Traits FCR FI BWG LBW TG Chol HDL LDL
IGF-1 -0.912* 0.715 0.963** | 0.964** | -0.919* | -0.885* | 0.859** -0.88*
PPARy 0.849 -0.481 -0.762 -0.763 0.745 0.65 -0.636 0.643
PPAR« 0.741 -0.641 -0.815 -0.815 0.699 0.582 -0.611 0.588
Avian 48 strain

FCR FI BWG LBW TG Chol HDL LDL

IGF-1 -0.93* 0.73 0.984** | 0.984** -0.489 -0.39 0.387 -0.38
PPARy | 0.945* -0.298 -0.743 -0.744 0.209 0.009 -0.101 0.026
PPARa 0.93* -0.206 -0.684 -0.685 0.14 -0.069 -0.031 -0.05

*and ** significant correlation values at 0.05 and 0.01 probability levels, respectively.

FCR: feed conversion ratio, FI: Feed intake, BWG: Body weight gain, LBW: live body weight, TG: Triglycerides,

Chol: total Cholesterol, HDL: high density lipoprotein, LDL: low density lipoprotein.
IGF-1, PPARa and PPARYy: expression levels for IGF-1, PPAR-o. and PPAR -y genes

The
significant

Ross
negative

strain
correlation

uniquely exhibited a
between

the

the Ross strain between Chol, LDL and TG with
PPAR-y and PPAR-a gene expression. Conversely,

expression level of the IGF-1 gene and mean
performance of total cholesterol (Chol), low-density
lipoprotein (LDL), and Triglycerides (TG) traits.
Conversely, it showed a significant positive
correlation between the expression level of the IGF-1
gene and the mean performance of the HDL trait. In
contrast, the Avian 48 strain exhibited similar trends,
but with insignificant correlations. Indicating that the
IGF1 gene also plays critical roles in stimulating
lipogenesis (Accili et al., 1996).

However, additional research has shown that
PPAR genes are crucial for the metabolic syndrome
and overall health of living things, including tissue
regeneration, differentiation, lipid metabolism, and
immunological response (Kadivar et al., 2016).
Where PPAR-y gene is known play a critical role in
initiating  adipocyte differentiation, leading to
increased fat deposits (Royan et al., 2011). While,
PPAR-a gene is play a critical role in regulating
lipids homeostasis (Yessoufou et al., 2009). Where
higher PPAR-a gene expression is associated with
reduced lipid deposition in hepatocytes (Yoon,
2009). Royan et al. (2011) also reported PPAR-y
gene upregulation in the adipose tissue of broilers fed
oil compared to birds fed a base diet. Similarly,
selenium supplementation upregulates PPAR-y gene
expression (Modarres et al., 2018).

However, our results in Table 5 showed a
positive but statistically insignificant correlation in
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an insignificant negative correlation was observed
with high-density lipoprotein (HDL). While, in the
Avian 48 strain, these traits exhibited a poor
correlation with PPAR-y and PPAR-o gene
expression. These findings suggest unclear
relationships between PPARs genes activation and
the studied performance traits, despite many studies
confirming the crucial roles of PPARs genes in
chicken fat cell (adipocyte) development and tissue
formation. Therefore, further research is need to
clarify the specific mechanisms underlying these
relationships.

CONCLUSION

This study suggests that in-ovo injection of
broiler chick with selenium nanoparticles (SeNPs)
and essential oil can affect their growth performance
and some physiological responses. We observed
significant increases in body weight and insulin
growth factor-1 (IGF-1) expression. Additionally,
there was an indication of improved intestinal
microbiota activity, which likely led to enhanced
nutrient digestion and absorption. These findings
have potential economic importance.
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