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HE present study was to estimate the influence of nano-zinc oxide and zinc sulfate on

some hematological parameters, liver enzymes, glutathione and malondialdehyde. A total
of 108 Rose 308 chicks (1d old) were randomly divided into six groups with three replicates per
group (18 birds per group). Treatments included: group one (control with basal diet),group two
diet supplemented with nano-zinc oxide 40 mg/kg , group three diet containing zinc sulfate 110
mg/kg , group four subjected to high ambient temperature 40+ 2 up to 4 h /day , group five was
exposed to high ambient temperature 40+ 2 up to 4 h /day and were dietary supplemented with
nano-zinc oxide 40 mg/kg , group six was exposed to high ambient temperature 40+ 2 up to 4
h /day and were dietary supplemented with zinc sulfate 110 mg/kg. The results showed raise
in RBCs and WBC count, Hb concentration, HCT, lymphocytes and heterophiles percentage
and glutathione concentration accompanied with decrease in ALT, AST and malondialdehyde
concentration in nano-zinc oxide and zinc sulfate compared with control and high ambient
temperature. It concluded that nano-zinc oxide and zinc sulfate might improve negative effect
of heat stress on some hematological values and liver function in boilers.
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Introduction

The poultry industry is well-known for making
an important contribution to global nutrition
and food safety by supplying low-cost protein,
important nutrients, and energy to humans [1].
In many areas, elevated temperature is regarded
to be among the most significant aspects causing
stress in birds. As a result of global warming, high
temperatures have appeared recently as one of the
most substantial stressors influencing the poultry

farming [1,3]. When chicks have been subject to
elevated temperatures on a regular basis, it has
a negative impact on their growth and immune
system, and it can result in death, resulting in a
significant economic loss in the livestock industry
[4-6]. Zn is an essential nutrient for chickens [1]
and serves three biological functions in the body:
as a catalyst, regulator, and structural component
[7]. Moreover, Zn is necessary because it
functions as a cofactor in over 240 enzymes and
aids in the metabolization of nutrients such as
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carbohydrates and proteins, thereby increasing
growth and reproductive efficiency [8]. Zinc in
broiler diets can be organic zinc (e.g., Zn protein,
Zn amino acid, or Zn picolinate) or inorganic zinc
(e.g., ZnCl,, ZnSO,, or ZnO) [9]. The National
Research Council (NRC) [10] recommends a zinc
level of 40 mg/kg in broiler diets, which can be
supplemented with inorganic or organic forms.
Poultry industry, on the other hand, is generally
suboptimal in many countries, as evidenced by
poor growth efficiency, suppression of the immune
activity, respiratory disease severity, and a higher
mortality rate [11], owing to the high ambient
relative humidity and temperature in the areas.
Zinc supplementation in the diet of heat-stressed
broilers improved production performance while
decreasing the feed conversion ratio (FCR) [12].
This suggests that zinc supplementation for broiler
production may be more essential in order to
diminish the unfavorable impact of such extreme
temperatures. According to the previous study Zn
significantly improves broiler immunity. It acts
as a cofactor of thymulin, inducing proliferation
and modulating cytokine release [13]. Sajadifar
et al. [14] discovered that in broiler chicks, zinc
acts as a nonpharmacologic immune booster.
Zn works as an immunostimulant, boosting
both the cellular and humoral immune systems
[15]. Because many countries have imposed
restrictions on the use of antibiotics in the diet,
zinc’s role as a stimulant of broiler immunity is
required. However, the zinc doses required to
improve broiler immune response vary between
reports; some research suggests that the wanted
rate is higher than the NRC recommendation

TABLE 1. Composition of starter and finisher ration.

[16], and zinc has the capability to boost antibody
production. Trace minerals, such as Zn, are now
commercially available in nanoparticle form, with
the claim that they have higher bioavailability and
potency than both inorganic and organic forms
[17,18]. Because nano-zinc oxide (ZnO) is more
bioavailable and bioactive than conventional
ZnO, it can be used at lesser doses and give
more benefits for both farm animals and the
environment [ 19]. Several studies have found that
nano-zinc outperforms conventional zinc sources
in terms of broiler chicken product, antioxidant
ability, and intestinal activity and function at
the same or lesser doses [20]. Due to their tiny
size and unique physical characteristics, trace
minerals, such as Zn nanoparticles, can now be
effectively used to meet the mineral requirements
of birds [21, 22]. Nanomaterials have been shown
to efficaciously supply minerals to birds while
also increasing growth rate and feed efficiency
[23-25]. Zinc oxide nanoparticles outperform
conventional Zn sources and improve chicken
performance and antioxidant defense [26]. The
aim from this study was to investigate the effect
of nano-zinc on broiler under heat stress and the
ability of nano-zinc to overcome the undesirable
effect of heat stress on some hematological value
and liver enzymes.

Material and Methods

Birds, housing, and management

A total of 108 Rose 308 chicks (1d old) were
obtain from a commercial hatchery and utilized
in the current study. The chicks were all housed
in the same experimental room, in an open-type

Ingredients Growth ration% Production ration %
Maize 36 42
Wheat 22 22
Soy bean meal (24% protein) 35 30
Premix(40%protein) 5 4
Vegetable oil 1
Limestone 0.7 0.7
Salt 0.3 0.3
Total 100 100
Calculated Values
Metabolizable energy (Kal/kg) 2821.8 2985.1
Crude protein% 24.270 21.998
Crude fiber% 3.975 3.650

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)



INFLUENCE OF NANO-ZINC OXIDE AND ZINC SULFATE ON SOME HEMATOLOGICAL ... 493

hall and ground-based breeding was provided in
which all the environmental conditions suitable
for breeding were provided. As shown in table
(1), a standard ration was developed to utilize
the (NRC) [10] recommendations and water was
provided ad libitum during the study period (1-35
days), birds were randomly assigned to six groups
of (18 birds / group) with three replicates per
group (6 birds / repeat). Chicks were assigned to
one of the following treatments: (1) control with
basal diet, (2) ration provided with nano-zinc
oxide at 40 mg/kg [ 27] , (3) ration containing
zinc sulfate at 110 mg/kg [28] , (4) subjected to
high ambient temperature 40+2 up to 4 h /day
(8:00-12:00), (5) was exposed to high ambient
temperature 40+ 2 up to 4 h /day (8:00-12:00) and
were nutrient supplementation with nano-zinc
oxide 40 mg/kg (6) was exposed to high ambient
temperature 40+ 2 up to 4 h /day (8:00-12:00) and
were nutrient supplementation with zinc sulfate
110 mg/kg. ZnO nanoparticles (99%,10-30 nm:
US3590, CAS#:1314-13-2).

Blood collection

On day 35, fresh blood samples were collected
by cutting the jugular vein (6 birds/ group). The
blood samples were placed in heparinized tube for
the purpose of conducting blood tests including
erythrocytes  (RBCs), leukocytes (WBCs)
leukocyte differential count (DLC), stress
index (heterophils/lymphocytes), hemoglobin
concentration (Hb) hematocrit (HCT), Mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC) according to
Campbell [29]. To obtain serum using gel tubes
that were placed in a centrifuge for 15 minutes at
arate (3000 rpm) and then the serum was isolated
and preserved in Eppendorf tubes at temperature
of (-20°C) for the purpose of conducting

laboratory tests including estimation of Alanine
transaminase (ALT), Aspartate transaminase
(AST), glutathione and malondialdehyde.

Statistical analysis

The data analysis amongst groups was
carried out using one-way variance analysis, and
the substantial within groups were determined
using the Duncan test. Results were regarded as
statistically significant at P<0.05. All statistical
analyses were carried out using the SPSS 10.00
software package [30].

Results

The results presented in Table (2) showed a
significant decline (P<0.05) in red and white blood
cells, hemoglobin concentration, and hematocrit
for the heat stress group in comparison with the
control. The treatment of zinc nanoparticles
and zinc sulfate alone resulted in a significant
raise in the red and white cells, hemoglobin
concentration, and hematocrit compared with
the control, with the superiority of the nano-zinc
oxide group over the zinc sulfate group in blood
parameters. The treatment of nano-zinc oxide and
zinc sulfate with heat stress caused an elevate in
most blood parameters compared to the heat stress
group, and the treatment of nano-zinc oxide with
heat stress showed a significant superiority in the
numbers of white blood cells, the concentration
of hemoglobin and hematocrit, compared with the
treatment of zinc sulfate with heat stress with the
possibility of this group in restoring the values
of white blood cell numbers to their normal level
close to the control.

The results shown in Table (3) led to a
significant elevate (P < 0.05) in the MCV and
MCH with a significant decline in the MCHC
of the heat stress group in compression with the

TABLE 2. Impact of nano-zinc oxide and zinc sulfate on blood picture in broiler under high temperature

Parameters

Groups RBCs 1x10%/mm’ ’ X%gﬁw mg/}lI;’Oml HCT%

Control 2.98+1.74¢ 3.16£2.11°¢ 7.56+3.01¢ 30.82+6.58¢
Heat stress 1.42+1.08¢ 2.14+1.17° 5.67+2.31¢ 26.54+4.62f
Nano-zinc oxide 40mg/kg 3.24+2.09* 3.98+2.52° 8.74+3.85° 33.72+7.38*
Zinc sulfate 110mg/kg 3.11+1.95° 3.52+2.390 8.39+3.67° 31.67+7.11°
Nano-zinc oxide +heat stress 2.90+1.86¢ 3.07+1.47¢ 6.81+2.89¢ 29.4945.71¢
Zinc sulfate + heat stress 2.64+1.57¢ 2.87+1.85¢ 5.98+2.75¢ 28.85+28.85¢

Vertically varying letters represent significant differences among groups at the probability level (P < 0.05).

The above values presented as the mean (+) SE.
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control group. Nano-zinc oxide and zinc sulfate
alone showed a significant raise in the MCV and
MCH in comparison with the control, in addition
to a significant decrease for the treatment of
nanoparticles of zinc oxide with a significant
increase for the treatment of zinc sulphate in
the MCHC compared with the control with the
superiority of the zinc sulphate on the group of zinc
oxide nanoparticles in the MCHC. Nanoparticles
of zinc oxide and zinc sulfate with heat stress
showed a significant decline in MCV and MCH
compared with the heated stressor group. The
group of zinc nanoparticles with heat stress
showed a significant increase in MCHC compared
with the heat stress, while the zinc sulphate group
with heat stress indicates a significant decline
in the MCH in compression with the heat stress
group. The treatment of zinc oxide nanoparticles
with heat stress resulted in the return of the MCV
values to their normal level when compared with
the control.

Our results indicate in Table (4) that there was
a substantial decline (P< 0.05) in the lymphocytes
with a significant raise in the heterophiles
and the stress index of the heat stress group
compared with the control. The treatment with
zinc nanoparticles showed a significant elevate
in the lymphocytes, heterophiles and stress index,
with a significant decrease in the basophiles in
compression with the control. While the zinc
sulfate treatment caused a significant decline in
the lymphocytes with a significant increase in the
heterophiles and monocytes, basophiles and the
stress index compared with the control group, the
zinc sulfate group was superior to the treatment
of zinc nanoparticles in the heterophiles, monocyte
and the stress index, while nano-zinc oxide showed

a significant superiority in the lymphocytes
compared with zinc sulfate alone. Groups of zinc
nanoparticles and zinc sulfate with heat stress
indicate a significant raise in the lymphocytes
and monocyte with a significant decrease in
the heterophiles compared with the heat stress
group, and the zinc sulfate group with heat stress
showed a significant decline in the stress index
when compared with the heat stress treatment.
Treatment with zinc nanoparticles with heat stress
caused a significant increase in the lymphocytes,
heterophiles and stress index, accompanied by
a significant decrease in the monocyte when
compared with zinc sulfate treatment with heat
stress. The two groups of zinc nanoparticles and
zinc sulfate with stress returned the values of the
heterophiles, monocyte and the stress index to their
normal value and their superiority over the control.

Our results shown in Table (5) represent a
significant raise (P< 0.05) in the levels of alanine
aminotransferase and aspartate aminotransferase,
accompanied by a significant decrease in
the total protein of the heat stress group in
compression with the control. The two groups
of zinc nanoparticles and zinc sulfate alone
showed a significant decline in the level of liver
enzymes with a raise in the level of total protein
in compression with the control group, and the
group of nanoparticles of zinc oxide excelled in
reducing the level of enzymes compared with the
group of zinc sulfate. The two groups of zinc
nanoparticles and zinc sulfate subjected to heat
stress showed a significant decrease in the level
of liver enzymes accompanied by an elevate in
the level of total protein compared with the group
of heat stress, while the group of nanoparticles of
zinc oxide subjected to heat stress was superior in

TABLE 3. Impact of nano-zinc oxide and zinc sulfate on blood indices in broiler under high temperature

Parameters
Groups MCYV (fl) MCH (pg) MCHC(g/100ml)
Control 102.43+ 2.10° 26.34+3.11° 25.39+ 3.08"
Heat stress 187.93+ 3,91 38.97+ 4210 22,49+ 1.89¢
Nano-zinc oxide 40mg/kg 104.79+ 2.32¢ 27.69+ 3.87" 24.98 +2.42¢
Zinc sulfate 110mg/kg 103.82+ 2.28% 27.09+ 3.76° 27.42+3.73°
Nano-zinc oxide +heat stress 10272+ 2.14¢ 245942 784 23.954201¢
Zinc sulfate + heat stress 11031+ 3,74 23 67+ 2.59¢ 217741 65"

Vertically varying letters represent significant differences among groups at the probability level (P< 0.05).

The above values presented as the mean (+) SE.
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TABLE 4. Impact of nano-zinc oxide and zinc sulfate on differential leukocyte count in broiler under high temperature

Parameters

Groups Lymphocytes% Heterophils% Monocytes% Basophils% Eosinophils% H/L
Control 73.79+3.10° 19.17+1.12¢ 2.19£1.62¢ 2.91 +1.87¢ 1.96 +1.52¢ 0.24 +0.98¢
Heat stress 70.23+1.81¢ 22.79+£2.812 2.15+1.41¢ 2.79+£1.63% 1.89+1.50° 0.32+1.212
Nano-zinc oxide 40mg/kg 74.81+£3.18° 21.51+£2.14¢ 2.19+1.76¢ 2.11+1.31° 1.75+1.42° 0.29 £1.00¢
Zinc sulfate 110mg/kg 72.59 £2.71¢ 21.89+2.63° 2.49+1.85° 2.19+1.42° 1.82+1.47¢ 0.31+1.11°
zs:;:zmc oxide theat o, ceir 74 21932710 25142090 27241600 119138 0321200
Zinc sulfate + heat stress 71.9242.424 20.86+1.79¢ 2.93+2.11° 2.87+1.82¢ 1.49+1.40° 0.30+1.01°

Vertically varying letters represent significant differences among groups at the probability level (P < 0.05).

The above values presented as the mean (+) SE.

reducing the level of liver enzymes and improving
the level of total protein compared with sulfate
Zinc subjected to heat stress. From the above
results, it is noted the importance of zinc oxide
nanoparticles, either alone or with heat stress, in
improving the level of liver enzymes and total
protein by restoring their values to the normal
position close to the control.

It is noted through the results obtained in Table
(6) that a significant decline (P < 0.05) in the level
of glutathione, accompanied by a significant raise
in the level of malondialdehyde for the heat stress
group compared with the control group. Treatment
with zinc nanoparticles and zinc sulfate alone led
to a significant raise in glutathione accompanied
by a decline in malondialdehyde compared with
the control, and the zinc sulfate group showed
a significant decrease in malondialdehyde in
compression with the control, and the group of
nano-zinc oxide excelled in the level of glutathione
and reduced malondialdehyde compared with
zinc sulfate. The two groups of zinc nanoparticles
and zinc sulfate exposed to heat stress led to a
significant elevate in the level of glutathione with
a decrease in malondialdehyde compared to heat
stress, and the group of zinc oxide nanoparticles
with heat stress was superior in increasing the
level of glutathione and a decrease in the level
of malondialdehyde compared with zinc sulfate
subjected to heat stress. It is noted that the nano-
zinc oxide group showed a positive effect in
improving the level of glutathione and reducing
malondialdehyde when broiler exposure to heat
stress by restoring its values to their normal
position close to the control.

Discussion

Elevated environmental temperature induces
a variety of physiological alteration, such as
oxidative stress and immune activity depression,
resulting in an elevate mortality as well as
decline feed efficiency, body weight, and feed
intake [31,32]. In the current study, heat stress
decline most hematological value, total protein,
glutathione with raise in the ALT, AST and
malondialdehyde. Increased temperature affect
poultry, and they have a difficult time balancing
their body temperature due to a lack of sweat
glands and the presence of feathers. If high
temperatures have an impact on the performance
and health of poultry, it can result in economic
losses in poultry flocks [33]. Thermal stress has
been linked to immune function abnormalities.
Furthermore, a growing body of evidence suggests
that humoral antibody response to a variety viral
antigen does not enhance as expected following
vaccine immunization in birds grown under hot
conditions [34]. Furthermore, numerous studies
have shown that poultry subjected to heat stress
had lower levels of IgA, IgM, and IgG [35].
High ambient temperature causes superoxide
anions to accumulate within mitochondria,
causing oxidative stress and, as a result, rising
MDA levels, a marker of lipid peroxidation [36].
Moreover, heat enhances the permeability of the
intestinal wall, permitting for a substantial leak
of endotoxins into the circulation even in healthy
animals [37]. In the case of raise temperature,
reduced portal blood flow combined with a
slowdown in hepatic function significantly
reduces the liver’s detoxifying capacity, leading
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TABLE S. Impact of nano-zinc oxide and zinc sulfate on liver enzyme and total protein in broiler under high

temperature
Parameters
Groups ALT (IU/ml) AST (IU/ml) Total protein (mg/dl)
Control 118.53+2.11¢ 14.69+1.56¢ 2.25+1.17°
Heat stress 213.47£3.21° 26.87+2.29° 1.78+0.92¢
Nano-zinc oxide 40mg/kg 103.62+1.33 11.79+1.14¢ 3.23+1.89¢
Zinc sulfate 110mg/kg 110.39+1.78¢ 12.83+1.28¢ 3.12+1.77°
Nano-zinc oxide +heat stress 121.47+2.89° 19.37+1.78¢ 2.01£1.01°
Zinc sulfate + heat stress 125.19£3.07° 21.14+1.88° 1.89+1.01¢

Vertically varying letters represent significant differences among groups at the probability level (P < 0.05).

The above values presented as the mean (+) SE.

TABLE 6. Impact of nano-zinc oxide and zinc sulfate on glutathione and malondialdehyde in broiler under high

temperature
Parameters
Groups Glutathione (ng/ml) Malondialdehyde (ng/ml)
Control 3.87+2.40% 2.73+2.11°
Heat stress 1.54+1.18f 3.1142.42¢
Nano-zinc oxide 40mg/kg 4.29+2.922 1.62+1.37F
Zinc sulfate 110mg/kg 3.94+42 520 1.8741.19¢
Nano-zinc oxide +heat stress 3.1842.01¢ 2.06+1.514
Zinc sulfate + heat stress 2.85+1.79¢ 2.23+1.87¢

Vertically varying letters represent significant differences among groups at the probability level (P < 0.05).

The above values presented as the mean (+) SE.

to reduced biotransformation of endotoxins
and xenobiotics [38]. The high concentration of
polyunsaturated fatty acids (PUFA) in the liver,
especially in relation to the proportion of potential
antioxidants, may also be linked to a higher
hepatic sensitivity to heat stress [39]. These PUFA
particles are especially prone to oxidation and
thus susceptible to oxidative damage triggered
by heat stress, exposing the organ to the harmful
effects of raised environmental temperature [40].
Heat stress (HS) has also been linked to oxidative
stress in broilers, with lower antioxidant property
and blood concentrations of antioxidant vitamins
and minerals (e.g., Zn) [41]. The adding of zinc
oxide nanoscale and zinc sulfate to the ration of
broiler result in reverse the negative effect of
heat stress and this congruent with Sharideh et al.
[42] who indicate that the administration of zinc

Egypt. J. Vet. Sci. Vol. 54, No. 3 (2023)

oxide to broiler chickens enhanced the number
of red and white blood cells while reducing the
proportion of heterophile and the stress index.
This result contradicts the findings of Salman et
al. [43], who noticed that nano-ZnO (25-200 mg)
substantially increased ALT and AST enzyme
activities, one explanation for these differences
could be the doses and length of time the animal
was subjected to nano-ZnO. It has been revealed
that nano-ZnO levels greater than 50 mg/kg
induce oxidative stress and raise plasma ALT and
AST levels [44]. In birds exposed to heat stress,
nano zinc oxide reduces malondialdehyde and
corticosterone while increasing glutathione [12].
Zinc is a trace element that is required for broiler
production as well as the regulation of immune and
antioxidant defenses [45]. The importance of zinc
micronutrients in animal health is well established



INFLUENCE OF NANO-ZINC OXIDE AND ZINC SULFATE ON SOME HEMATOLOGICAL ... 497

[46]. This nutrient is not storable in the body. As
a result, regular dietary zinc intake is required to
meet function requirements [47]. Zn is a cofactor
that is found in over 240 enzymes and has the
power to influence oxidative processes. In general,
chronic antioxidation creates greater sensitivity to
certain oxidative stresses [48]. Zinc is an essential
mineral for animals, as it aids in the stabilization
of cell membranes and proteins by adjusting ROS
production and scavenging due to its presence in
antioxidant enzymes such as superoxide dismutase
(SOD), furthermore, it has been demonstrated
that Zn acts as an antioxidant to protect cell
membranes from free radical damage [48]. In
heat stressed broilers, Zn was linked to a rise in
humoral immune responses [49]. A further crucial
function proposed for Zn is its immunomodulatory
function, which includes raising the number
of peripheral T-cells and thymocytes as well
as stimulating interferon production [50]. Zn
enzymes are involved in the creation and/or
breakdown of carbohydrates, lipids, proteins, and
nucleic acids, and they comprise all known enzyme
classes, they also make up hundreds of proteins
that are involved in intermediary metabolism,
hormone secretion pathways, and immune defense
systems [51]. There is great deal of interest in
using nanotechnology to enhance trace element
utilization efficiency in farming practices, the use
of ZnONPs in livestock feed as an alternative to
conventional zinc sources could be beneficial
[52]. The nanocomposite enhances the surface
area obtainable for interaction with biological
support, rises compound residence time in the
GIT, and reduces the impact of intestinal clearance
mechanisms, they reach deep into tissues via
fine capillaries. These particles pass through the
epithelial lining fenestration (e.g., liver), it allows
for efficient cell uptake. Active compounds will
be delivered to target sites in the body efficiently
[53]. We were concluded from this research that
zinc oxide nano-particles has positive effect to
overcome the undesirable effect of heat stress in
broiler by retain most of parameters to their normal
value as in control.

Conclusion

It was concluded from this study that zin as
nano-particles or sulfate have positive effect to
overcome the undesirable effect of heat stress
in broiler by retain most of parameters to their
normal value as in control.
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