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ABSTRACT:

A total of 546 fertile eggs were divided randomly to 7 treatments in three replicates,
26 eggs in each, as follows: The 1 treatment served as a control (without injection), the 279,
37 and 4™ treatments were injected with 0.1 ml deionized water containing 25, 50 and 75
ug/egg zinc sulfate, respectively and treatments 5%, 6™ and 7% injected with 0.1 ml deionized
water containing 25, 50 and 75 pg/egg ZnO-NPs, respectively. Eggs injection was performed
at the 9" day of incubation.

The results could be summarized as follow:

The treatments did not cause any significant differences in the hatchability %,
embryonic mortality, chick weight, chick weigh %, the relative weight of residual yolk sac,
heart, liver,gizzard and proventriculus to body weight (BW) or yolk free body weight of
chicks at one day of age, slaughter parameters ( percent of carcass, breast, thighs, abdominal
fat, liver, heart and gizzard) at 35 days of age or hematological parameters and plasma
constituents at one and 35 days of age compared to the control.

Significant differences were found in body weight (BW) at 21 and 35 days of age, and
the highest value was recorded of the group 75 pg/egg zinc sulfate followed by 25 pg/egg
ZnO-NPs in ovo injection. It is concluded that using of 75 pg/egg zinc sulfate or 25 pg/egg
ZnO-NPs in ovo injection at 9 days of incubation, could be recommended to, enhance the
growth performance traits without harmful effects on the physiological responses

Key words: In ovo injection, zinc oxid nanoparticles, hatching traits, growth, blood
parameters

INTRODUCTION

In modern chicken strains, the stored
nutrients in the egg might not be sufficient
for embryonic development and postnatal
growth (Pineda et al, 2013), this is
attributed to having higher metabolic rate
of embryos with higher nutritional
requirements therefore, deficiency to meet
these nutritional requirements has negative

effects on some traits such as embryonic
development and hatchability (Karagecili
and Karadas 2017). Also, Yair and Uni
(2011) reported that, the consumption of
mineral is higher during the days 11-17 of
egg incubation, therefore, embryo
development in this period can be affected
by mineral deficiency.
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The method of /n ovo administration is
considered effective tool for feeding, in
which the exogenous nutrients are safely
transferred into fertilized eggs and
providing embryos with a supplementary
amount of nutrients. These nutrients are
transferred into the amniotic fluid, then
swallowed, and absorbed by the embryo at
the final steps of embryonic development
(Uni and Ferket, 2004; Uni et al, 2005).
Also, Yair and Uni (2011) found higher
consumption of zinc (Zn) between day 20
of incubation and day of hatch of trace
mineral in ovo injected group than un
injected group. And that reflected on
improving growth performance, immunity
of chicks through improving digestive
capacity, and reducing post-hatch mortality
(Ferket, 2011; Yair and Uni, 2011).

The nanotechnology considerably
increases surface area of the compounds
which allow the opportunity for biological
reactions, chemical stability and physical
activity in nanoparticles (Hartemann et
al, 2015). The nanoparticles can penetrate
deeply into the tissues, optimizing nutrient
supply across tissues, keeping nutrients
safe against damage before reaching target
cells (Joshua ef al, 2016).

Zinc is essential trace mineral that
important to all living organisms, it
involved in many digestive, physiological,
and biosynthetic processes within the body.
They act primarily as catalysts in enzyme

systems inside the cells or
as coenzyme agents. Also they are
components of hundreds of proteins
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involved in intermediary
metabolism, hormone secretion pathways,
and immune defense systems (Milanovié¢
et al., 2008 ; Sunder et al., 2008).

Zinc oxide nanoparticles (ZnO-NPs) has
strong chemical activity and participates in
oxidative stress reactions. Furthermore, the
permeability of ZnO-NPs can help prevent
harmful intestinal reactions and improve
absorption as reported by Zhao ef al
(2014). Moreover, using ZnO-NPs had
better effects in bioavailability when
compared to other sources of zinc as well
as being less toxic to broilers chicks
(Sahoo et al., 2014).

Sogunle et al. (2018) showed increasing in
hatchability % in group of Zn-injected
eggs with level 80 pg / egg compared to
the other groups, and the weight of chicks
were significantly highest at 7 days of age
but not at the final weight ( 5 weeks of age)
compared to the other groups. But, Joshua
et al. (2016) reported that, in ovo feeding
of graded levels of Zn nanoparticles (20,
40, 60 and 80 pg / egg) at 18 days of
incubation did not affect significantly the
hatchability %.

Much research are still needed to
confirm the effectiveness and safety of
nanotechnology, and avoid harming birds.
Therefore, this study was carried out to
determine the effect of in ovo injection of
broilers eggs with different sources of zinc
[zinc sulfate and zinc oxide nanoparticles
(ZnO-NPs)] on hatching traits and growth
of broiler chicks.
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MATERIALS AND METHODS the Central Laboratory for Nanotechnology
The current study included two phases, and Advanced Materials, Agricultural
the 1% phase at El-Azab hatching plant, and Research Center, Egypt: The ZPQ'NPS
the 2" phase at laboratory of the Poultry were prepared by chemical precipitation
Production Department, Faculty of method using zinc sulfate heptahydrate as
Agriculture, Fayoum University, Fayoum, precursor salt according to Kumar et al
Egypt, (2013). X-Ray powder diffraction patterns
Preparation and characterization of zinc of the synthesized ZnO-NPs is shown in
oxide nanoparticles (ZnO-NPs). Figure (1). The size of ZnO-NPs ranged
All the preparation and characterization from 9.75- 15.42 nm as determined by high
processes of ZnO-NPs were carried out in resolution transmission electron
microscopic.
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Figure (1): Characterization of zinc oxide nanoparticles (ZnO-NPs) by X-Ray diffraction
patterns

Experimental design After candling the fertile eggs (546 with
A total number of 672 eggs were obtained average weight of 63.97 + 0.16 g) were
from a commercial broiler breeder flock divided randomly into 7 treatments in three
(Arbor Acres, 42 weeks of age), stored 2 replicates, 26 eggs in each. The
days at 63 °F and 70 -80 % relative distribution of treatments as follows: The
humidity. All eggs were marked, weighed I* treatment as control (without injection),
individually and initially divided into the 2", 37 and 4 treatments injected with
similar 7 groups, 96 eggs each. The eggs 0.1 ml deionized water containing 25, 50
were fumigated and incubated under and 75 pg/egg zinc sulfate, respectively on
standard conditions (99-100 °F , 60-70 % the 9% days of incubation and treatments
relative humidity and turned each one- 50 6" and 7"  injected with 0.1 ml
hour for the first 18 days of incubation in deionized water containing 25, 50 and 75
automatic electrical incubator. After that ng/ ZnO-NPs, respectively.

the eggs were transferred to the hatchery
with a temperature of 97-98 °F and 80-
90 % relative humidity for three days).
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Procedure of in ovo injection

The solution of experiments were
injected on the 9" day of incubation into
amnion, before injection the broad end of
each egg was sterilized with ethyl alcohol
and amniotic route was market and a small
pinpoint hole was made in the broad end to
injection. According to Bhanja et al
(2004), the solutions were injected in the
eggs using automatic syringe by a 24G
hypodermic needle (25 mm long) and the
pinpoint hole was sealed by sterile paraffin
wax.
Hatching traits:

The hatched chicks from all
treatments were counted after hatching and
weighed individually. Also, Number of no
hatched eggs were recorded and checked to
calculate hatching %, chicks weight % and
embryonic mortality by the following
formulas.

Hatchability %= (Number of hatched
chicks / Number of fertile eggs) * 100
Chick weight %= (chick weight / egg
weight) * 100

The embryonic mortality was calculated as
a percent of fertile eggs

Traits studied on chicks at one day post
hatch

After hatching, the chicks were weighed
individually of each treatment and
selection were made for healthy chicks to
determine some parameters at one day of
age and further rearing experiment

A number of forty two healthy unsexed
one-day broiler chicks (six chicks around
the mean of each treatment) were taken to
slaughter and the blood samples were
collected in two tubes the first tube
(EDETA as anticoagulant) to determine the
hematological parameters as red blood
cells (RBCs), hematocrit (Ht), and
hemoglobin (Hb) and calculate the
hematological parameters indices (mean
corpuscular  volume (MCV), mean
corpuscular hemoglobin (MCH) and mean
corpuscular hemoglobin  concentration
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(MCHC) as reported by Perkins (2009)
and the second tube contained heparin to
separate the plasma, and store it in sterile
tubes at -20 °C until the time of plasma
constituents determination. Plasma lipid
profiles concentrations (cholesterol,
triglycereid, , high density lipoprotein
(HDL),), calcium, phosphorus, aspartate
aminotransferase (AST), total protein,
albumin, total antioxidant and superoxide
dismutase  (SOD) were determined
calorimetrically using commercial kits
purchased from BioVision Company, and
low density lipoprotein (LDL) and very
low density lipoprotein (VLDL) were
calculated. The different organs (heart,
liver, gizzard, proventriculus) and the
residual yolk sac were weighed to calculate
their relative weights.
Rearing stage conditions
Healthy unsexed 399 one-day broiler
chicks around the mean of each treatment,
randomly allocated to 7 treatments in three
replicates, that were wing banded, weighed
individually and housed in raised wire
floor battery supplied with light and
heaters. The birds were fed on basal diet
throughout a three-stage feeding program:
starter (23% CP and 3050 kcal ME / kg
diet), grower (21% CP and 3160 kcal ME /
kg diet) and finisher (19 CP and 3250 kcal
ME / kg diet) to meet the nutrient
requirement of strain, pellet diet and fresh
water were provided ad /libitum. The birds
reared under similar managerial and
hygienic conditions.
Live body weight (LBW)
Live body weight (LBW) was recorded at
1, 21 and 35 days of age as indication for
the growth performance.
Slaughtering, blood analysis and carcass
measurements

At 35 days of age (end of the
experiment), 6 birds (32+3) were chosen
around the average of each treatment the
feed withdrawal was done overnight to that
birds, = weighed individually, and
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slaughtered by severing the jugular vein,
and the blood sample of each bird was
collected in two tubes as previously
mentioned. Carcass, liver, gizzard, heart,
and abdominal fat were weighed and
expressed as a percentage of live body
weight.
Statistical analysis

The data obtained in this study was
statistically analyzed general linear models
procedure (GLM) of SPSS for windows,
23 (SPSS, 2016). Significant differences
among treatment means were tested by
Duncan multiple range test (Duncan,
1955).
Results and Discussion
Hatching traits
The results in Figure (2) show that
numerical differences were found in
hatchability % among the eggs of control
group and the groups of eggs that injected
with 25, 50 or 75 pg/egg ZnSO4 or ZnO-
NPs. In this respect, Joshua et al (2016)
found that, in ovo feeding of zinc
nanoparticles (20, 40, 60 and 80 pg / egg)
did not affect significantly the
hatchability %. And, Biria et al( 2020)
found similar results by using nano-ZnO
with levels of 50, 75 and 100 ppm/ egg.
While , Jose et al. (2018) found in one of
their  experiments, that in  ovo
administration of 500 pg/egg ZnSO4 or
zinc methionine and two levels of nano
zinc ( 250 or 500 pg/egg) resulted in
complete failure of hatchability %, and
found in other experiment the groups of
nano Zn (40 or 80 pglegg) in ovo
administration had around 81%
hatchability in compared to the
administered group (92%). However, El-
Damrawy ef al. (2019) indicated that in
ovo injection by 60 pg/ egg ZnO-NPs has
no adverse effect on hatchability% while, it
decreased with increasing the levels of
ZnO-NPs to 80 or 100 ng / egg. Also,
Shahbandi ef al (2019) reported that,
injected of 50 pL deionized water
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containing 3. 64 or 5. 23 M zinc acetate
caused decreasing the hatchability %.
Similarly , Palouj et al (2021) noted that
in ovo administration with 20 pL nano-
ZnO (0.5 mg and 0.6 mg of nano-ZnO in
50 mL saline respectively), reduced
hatchability % . On the contrary, Sogunle
et al (2018) observed increasing in
hatchability % in group of Zn-injected
eggs with level 80 pg / egg compared to
the other groups.

Results presented in Figure (3) show that
numerical differences were existed in
embryonic mortality % among the groups
of eggs that injected with 25, 50 or 75
pg/egg zinc sulfate or Zn-ONPs and the
eggs of control group Also, Shahbandi et
al. (2019) noted no effect on middle and
late mortality by feeding the fertile eggs
with 50 pl deionize water containing 3.64
or 5.23 M zinc acetate compared to the
control. Also, Biria et al( 2020) found no
significant  differences in embryonic
mortality at days 18-21 of the incubation
period when injected the eggs by 50, 75 or
100 ppm nano-Zno at 18 days of
incubation. However, Palouj ef al (2021)
observed that in ovo administration with
20 pL nano-ZnO (0.5 mg and 0.6 mg of
nano- ZnO in 50 mL saline respectively),
caused higher early and late embryonic
mortality compared to the negative control.
Results presented in Table (1) indicated
that there were insignificant effects for in
ovo ZnSO4 or ZnO-NPs injection with
three levels (25, 50 or 75 pg/egg) on each
of chick weight and chick weight%
compared to the control. In agreement with
our results. Joshua et al (2016) reported
that no significant differences in the chick
weight or chick weigh% when the fertile
eggs injected with graded levels of nano
zinc (20, 40, 60 and 80 pg/egg) compared
with the control. Similarly, Jose et al
(2018) reported doses of nano zinc (40 and
80 pg / egg) in ovo administration did not
show any significant effect on chick
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weight. Also, El-Damrawy et al (2019)
found that /n ovo injection with ZnO-NPs
at different levels (60, 80, and 100 pg /egg)
has no significant effect on the chick
weight compared with the control. As well
as Shahbandi et al. (2019) observed no
significant effect on body weight at one
day of hatch by injecting the eggs by of 50
pL deionized water containing 3. 64 or 5.
23 M zinc acetate at 3 days of incubation

Hatchability%
3 & 8

Treatments (ug/egg)

Figure 2: Effects of in ovo injection by different zinc sources on hatchability%
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Figure 3: Effects of in ovo injection by different zinc sources on embryonic mortality %
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Table 1: Effects of in ovo injection by different zinc sources on broiler chick weight and

Treatments Egg weight (g) Chicks weight (g) Chicks Weight %
control 63.99 41.49 64.84
25 nglegg o 2 64.24 42.72 66.51
50 pglegg S L; 63.86 41.60 65.14
75 nglegg z 63.86 41.77 65.40
25 nglegg - 64.04 41.31 64.50
50 pglegg 2 % 63.91 42.30 66.19
75 uglegg 64.13 42.23 65.85
SEM 0.43 0.44 0.69
Sig NS NS NS

chick weight %

NS: Not significant
One day post hatch traits
The relative weight of yolk sac and

organs (heart, liver, gizzard and
proventriculs ) of broiler chicks at one
day of age

No significant differences were found in
the relative weight of yolk sac and
organs % (heart, liver,gizzard and
proventriculus) of chicks at one day of age
by injecting the eggs with different levels
of ZnSO4 or ZnO-NPs at 9 days of
incubation period as shown in Table (2).
Also, Sogunle et al (2018) found no
significant differences in percentage of
liver, gizzard, proventriculus of broiler

chicks resulted from administrating the
eggs by 80 pg inorganic zinc but found
increasing in heart % compared with the
control group at 7 days of age. However,
Shahbandi ef al (2019) observed
increasing in liver % at 7 days of age by
administering the eggs with 50 pL
deionized water containing 3. 64 or 5. 23
M zinc acetate. But Lukasiewicz et al
(2020) observed increasing the heart
weight and decreasing the liver weight of
embryos at 19 days of incubation by the
effect of in ovo injection of nano-ZnO (50,
100, 500 mg/L).

Table 2: Effects of in ovo injection by different zinc sources on the relative weight of

Treatments Yolk Heart Heart* Liver Liver Gizzar Gizzard* Proventric Proventriculus
sac% % % % *% d% %  ulus% * %
Control . 410 091 095 414 431 580 6.06 1.21 1.25
25 nglegg = 519 081 0.85 432 457 582 6.14 1.05 1.10
50 pglegg E 3.64 081 0.84 407 423 622 6.46 1.13 1.18
75 nglegg E 571 082 0.87 3.64 387 732 7.75 1.02 1.10
25 pg/egg 4 6.86 069 0.74 383 412 590 6.32 1.14 1.22
50 pglegg g 546 074 0.78 3.68 390 6.13 6.48 1.15 1.23
75 nglegg § 384 073 0.76 3.68 3.83 599 6.23 1.17 1.21
SEM 1.27 054 0.06 020 022 0.50 0.50 0.10 0.11
Sig NS NS NS NS NS NS NS NS NS

yolk sac and organs (heart, liver, gizzard and Proventriculs) of broiler chicks
at one day of age

NS: Not significant

* relative to yolk-free body weight
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Body weight (BW) of broiler chicks

Results presented in Table (3) with 60 pg/egg inorganic zinc compared to
indicated that there were significant the control. The improvement in BW may
differences in BW at 21 and 35 days of be because zinc supplementation improved
age and the highest value in BW was of morphological structures of the intestinal
the group 75 pglegg ZnSOs4 in ovo as reported by Tako ef al (2005); Shah et
injection followed by group of 25 pg/egg al. (2019).While, Lukasiewicz et al. (2020)
ZnO-NPs. Also, Sogunle ef al (2018) reported that the injection of eggs by
showed the weight of chicks hatched from different levels of nano-ZnO (50, 100, 500
80 ng Zn-injected eggs were significantly mg/L) at one day of incubation did not
highest at 7 days of age compared to the effect on BW of chicks.
other groups. Similarly, Shahbandi et al And  Palouj et al. (2021) noted
(2019) reported injecting the eggs with insignificant differences were found in BW
zinc acetate improved significantly the BW of chicks at 42 days of age by injecting the
during the first week of age. And kim and eggs with 20 uL of nano-ZnO (0.5 mg of
kang (2022) found significant increase in nano-ZnO in 50 mL saline), and 20 pL of
BWG (from 1-35 days of age) of broiler nano-ZnO (0.6 mg of nano-ZnO in 50 mL
chicks that resulted from injected eggs saline) compared to the control.

Treatments Body weight (g)

1 Day 21 days 35 days
Control 41.71 760.18° 1732.93°
25 pglegg o 43.06 816.03% 1857.57%
50 nglegg g= 41.71 762.06¢ 1863.62:
75 nglegg e 42.19 858.86° 1958.81°
25 pglegg . 41.05 843.33 1894.222
50 pglegg g & 42.41 789.10% 1827.59%
75 nglegg N 4251 771.58¢ 1811.23%
SEM 0.52 19.18 48.51
Table 3: Effects of in ovo injection by different zinc sources on body weight of broiler

chicks

Means having different superscripts within each effect in the same column are significantly
different at accompanied probability. NS: Not significant
*; significant at P< 0.05 , ***: significant at P<0.001

Carcass characteristics of broiler chicks: NPs (25, 50 and 75 pg/egg) related to

No significant differences were control group as shown in Table (4). Also,
existed in slaughter parameters (carcass, Sogunle et al (2018) found no significant
breast, thighs, abdominal fat, liver, heart differences in percentage of heart, liver and
and gizzard ) of broiler chicks resulted from gizzard of broiler chicks at 35 days of age
broiler fertile eggs administered with resulted from injecting eggs by 80 pg/egg
ZnS04 (25, 50 and 75 pg/egg) or ZnO- inorganic zinc compared to the control
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group. And El-Damrawy et al (2019)
found similar result of heart % and liver%
by injecting the eggs with 60, 80 and 100
pg/egg ZnO-NPs. In addition to, Palouj et
al. (2021) detected no differences in the
percentages of carcass characteristics
(breast, thigh, abdominal fat, liver, heart

and gizzard) of broiler treated groups
resulted from injecting egg with 20 uL of
nano-ZnO (0.5 mg of nano-ZnO in 50 mL
saline), and 20 pL of nano-ZnO (0.6 mg of
nano-ZnO in 50 mL saline) compared to the
control.

Table 4: Effects of in ovo injection by different zinc sources on carcass characteristics of

broiler chicks at 5 weeks of age

Items Control Zinc sulfate (png/egg) Zno-NPs (ng/egg) SEM  Sig.
% 25 50 75 25 50 75

Carcass 68.66 67.93 7143 7090 71.50 68.48 72.43 2.06 NS
Breast 39.41 39.04 41.06 39.72 40.64 38.59 4274 2.65 NS
Thighs 29.85 28.89 30.37 31.19 30.86 29.89 29.69 0.77 NS
Abdominal fat 1.22 1.60 1.47 147 148 238 097 027 NS
Liver 2.63 3.14 237 231 248 3.22 2.1 028 NS
Heart 0.62 0.77  0.56 0.76 0.60 0.58 1.17 030 NS
Gizzard 1.19 1.16  0.87 121 074 093 1.07 0.13 NS

NS: Not significant

Hematological parameters of broiler
chicks at one and 35 days of age

In significant alteration were observed
in the heamatological parameters (Ht, Hb,
RBCs, MCV, MCH and MCHC) of broiler
chicks at one and 35 days of age by
treating the eggs with 25, 50 and 75
ug/egg zinc sulfate or ZnO- NPs as
illustrated in Tables (5 and 6). In
agreement with the our result Biria ef
al(2020) found no differences in
hematocrit % of broiler chicks at 35 days of

age by the effect of in ovo injection with
levels 50, 75 and 100 ppm/egg nano-ZnO.
Also, William, et al (2020) found similar
results of Ht, Hb, RBCs, MCV, MCH and
MCHC at 7 and 42 days of age by the effect
of injecting 80 pg/egg inorganic zinc. In
addition to, kim and kang (2022) found in
significant variation in RBCs, Hb, HT and
MCHC of broiler chicks at 35 days of age
that resulted from injected eggs with 60
pg/egg inorganic zinc.

Treatments RBC HT Hb MCV MCH MCHC
(10°/mm?*) (%) (%) (um) (pg) (%)
Control 2.37 31.02 9.97 130.87 42.10 32.18
25 pglegg @ 2.35 32.28 10.70 137.44 45.54 33.34
50 pglegg E % 2.12 27.98 9.25 131.72 43.58 33.10
75 nglegg @ 2.15 26.97 8.60 125.77 40.07 31.87
25 pglegg nzf 2.20 28.30 8.93 129.27 40.97 31.68
50 pglegg S 243 30.64 9.60 126.09 39.51 31.33
75 nglegg S 2.01 25.22 8.53 125.79 42.51 33.90
SEM 0.18 2.29 0.63 441 0.92 1.05
Sig NS NS NS NS NS NS

Table 5: Effects of in ovo injection by different zinc sources on hematological parameters of

broiler chicks at one day of age
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NS: Not significant

RBC HT Hb MCV MCH CHC (%)
Treatments (10°mm?) (%) (%) (um) (pg)

Control 2.84 36.58 18.75 129.13 66.58 51.57
25 nglegg o 2.97 36.16 18.03 122.20 61.10 4991
50 pglegg ‘E‘ § 2.74 35.06 18.30 128.21 66.86 52.16
75 nglegg M 3.04 38.21 19.68 126.02 65.02 51.60
25 nglegg . 2.64 32.69 17.04 124.30 64.86 52.18
50 pglegg % & 2.78 34.65 18.22 124.61 65.57 52.61
75 nglegg N~ 2.68 33.44 17.33 125.07 64.82 51.85
SEM 0.16 1.75 0.79 2.45 1.63 0.77
Sig NS NS NS NS NS NS

Table 6: Effects of im ovo injection by different zinc sources on hematological
parameters of broiler chicks at 5 weeks of age

NS: Not significant

Plasma constituents of broiler chicks

No differences were observed in plasma lipid
profiles concentrations (cholesterol,
triglycereid, HDL LDL and VLDL), calcium,
phosphorus,  aspartate  aminotransferase
(AST), total protein , Albumin, globulin
A/G ratio , total antioxidant and superoxide
dismutase (SOD) at one day or 35 days of
broiler chicks by feeding the eggs with 25,
50 and 75 pglegg ZnSO4 or ZnO- NPs as
found in Tables (7, 8, 9 and 10). Similarly,
El-Damrawy ef al(2019) reported that,
ZnO-NPs in ovo supplementations had no
significant effect on serum biochemical
parameters. Also, kim and kang (2022)
noted that in ovo Zn injection did not
significantly affect cholesterol, triglyceride,
Table 7: Effects of im ovo injection

AST and total protein at 35 days of age. On
the contrary, Biria ef al ( 2020) observed
that the groups of nano zinc oxide in ovo
injection (50, 75 and 100 ppm/egg) had
lower serum triglyceride compared to the
control, however, the groups of 75 and 100
ppm/egg had higher concentrations of serum
cholesterol, LDL and HDL compared to
groups of 50 ppm/egg and control. Also,
Lukasiewicz er aL(2020) found decrease in
level of serum triglyceride of chicks that
resulted from eggs injecting by 100 and 500
mg/L nano-ZnO groups.While, Shokraneh
et al. (2020) found that the group of nano
zinc in ovo injection had higher
concentration of triglyceride  and total
protein than the control group.

by different zinc sources on plasma lipid

Treatments

Lipid profiles

Calcium Phosphorus

Cholesterol Triglycerid HDL  LDL VLDL (mgd)  (mgfdb (‘?sg)
(mg/dl) e (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control 30829  195.13 3422 23504 39.03 1052  4.18  29.64
25pglegg o £ 25820 22871  3L19 18127 4574 1008 394 3185
50 pglegg S5 22434 30730 2824 13464 6146 959 410  26.84
T5pglegg  ° 25503 23723 3122 17637 4745 1127 400  42.90
Bpglegs & » 23633 28467 2652 15288 5693 1388 439 2625
50 pglegg 57 173.02 22482 3420 9386 4496 981 486 2276
75 nglegg 269.84 23796 2930 19295 47.59 934 408  32.36
SEM 46.52 37.69 248 4519 754 168 037  6.17
Sig NS NS NS NS NS NS NS NS

profiles ,calcium, phosphorus and aspartate aminotransferase of newly

hatched broiler chicks
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NS: Not significant

Treatments  Total protein Albumin Globulin Alb/Glo

SOD

Total antioxidant

(g/d) (g/dl) (g/dl) ratio U/g protein (mM/L
Control ) 545 1.93 3.52 0.58 0.050 0.21
25 pg/egg § 5.52 2.57 2.95 0.90 0.047 0.13
50 uglegg 2 5.03 2.08 2.95 0.71 0.020 0.14
75 nglegg E 5.27 2.51 2.76 0.91 0.070 0.16
25 pglegg § 5.16 2.48 2.68 1.02 0.020 0.14
50 pglegg 3 5.13 2.32 2.81 0.94 0.010 0.09
75 nglegg S 4.65 2.47 2.18 1.16 0.025 0.18
SEM 0.52 0.20 0.51 0.18 0.01 0.06
Sig NS NS NS NS NS NS

Table 8: Effects of in ovo injection by different zinc sources on plasma proteins,
superoxide dismutase (SOD) and total antioxidant of newly hatched broiler chicks

NS: Not significant

Table 9: Effects of in ovo injection

by different zinc sources on plasma lipid

Treatments Lipid profiles CalciumPhesphorus

Cholesterol Triglyceri HDL, LDL VLDL (mg/dl) (mg/dD %?E
(mg/dl) de (mg/dl) (mg/dl) (mg/dl) (mg/dl) (U/L)

Control 134.92 136.01 36.11 71.61 27.20 9.18 4.25 38.31
25 nglegg - 157.41 181.39  38.26 82.87 36.28  7.40 4.09  27.77
50 pgl/egg E % 133.07 215.33 35.76 5424 43.07 10.08 3.72 32.19
75 nglegg @ 144.18 156.57 38.78 74.09 31.31 7.19 4.20 14.52
25 pglegg & 17037 17226 3735 9857 3445 855 338  37.46
50 pgl/egg S 173.54 178.83 38.93 98.85 35.77 6.72 4.21 20.72
75 nglegg 5 154.23 170.80  35.13 84.95 34.16 7.40 429 26.71
SEM 14.40 18.69 3.62 1433 3.74 0.94 0.28 9.29
Sig NS NS NS NS NS NS NS NS

profiles ,calcium, phosphorus and aspartate aminotransferase (AST) of broiler
chicks at 5 weeks of age

NS: Not significant
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Treatments Total protein Albumin Globulin Alb/Glo SOD Total antioxidant
(g/dD) (g/dl) (g/dD) ratio U/g protein (mM/L
Control 4.23 2.15 2.08 1.62 0.07 0.29
25 nglegg o § 2.88 1.89 0.98 2.58 0.02 0.22
50 pglegg E “—; 3.58 2.14 1.44 1.68 0.07 0.23
75 nglegg s 3.13 2.04 1.09 1.94 0.07 0.18
25 pglegg & & 4.03 2.21 1.82 1.29 0.04 0.23
50 pg/egg S Z 4.38 2.70 1.67 1.67 0.07 0.24
75 nglegg 3.34 2.19 1.15 2.59 0.06 0.25
SEM 0.51 0.26 0.40 0.61 0.03 0.03
Sig NS NS NS NS NS NS

Table 10: Effects of in ovo injection by different zinc sources on proteins, superoxide
dismutase (SOD) and total antioxidant of broiler chicks at 5 weeks of age

NS: Not significant
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