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Abstract

This experiment was conducted on the farm of Al-Anwar Poultry Company in Babylon
Governorate for 35 days from 28/11/2022 until 2/1/ 2023, 360 unsexed Ross-308 broiler

chickens were used. The experimental groups included (0, 8, and 16 mg/kg feed of

copper NPs (Nanoparticles), 8 and 16 mg/kg feed of copper NPs loaded on papaya
plants, and 10 mg/kg feed of Papaya fed for groups (G1, G2, G3, G4, G5, and G6),
respectively. All groups of the chicks were subjected to a consistent temperature of 34+1
c? for the whole duration of the trial. The study yielded the following results: There was
a significant improvement in the live body weight, packed cell volume (PCV),
heterophile count, and heterophil-to-lymphocyte (H/L) ratio for groups G2, G3, G4, G5,
and G6 compared to group G1. Group G5 showed a significant increase in weight gain
and hemoglobin levels. Additionally, groups G3 and G5 exhibited a significant increase
in feed intake compared to group G1. Group G6 showed a significant improvement in
feed conversion ratio compared to group G1 in the fifth week. Furthermore, groups G3,
G4, and G5 showed a significant increase in red blood cell count compared to the other
groups. Similarly, groups G2, G4, G5, and G6 showed a significant improvement in
lymphocyte ratio. Nano-copper green synthesis can be regarded as a safe and promising
nano-growth promoter in broilers when introduced to the diet at a dosage level of 8 and
16 mg/kg.
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Introduction

Recently, a method for manufacturing
nano-metals in a green way has
emerged, as they are used. Plant
extracts synthesizing metal
nanoparticles are considered an up-
and-coming technology. The synthesis
of nanoparticles using a plant extract
has benefits over other methods of
manufacturing nanomaterials, such as
physical, chemical, and even
biological processes using
microorganisms, because the amount
produced from synthesizing metal
nanoparticles using a plant extract is
more tremendous. Compared to other
methods (1) and significantly faster
(2,3) Therefore, plant extracts are a
good source for the synthesis of
nanoparticles and metal oxides(4,5).
Nano copper has an important role in
oxygen utilization, energy
metabolism, growth, and defense
against oxidative stress (6), in addition
to being an essential element. Some
research (7) has shown that copper
acts as an antioxidant by removing
free radicals and preventing lipid
peroxidation, which is an essential
part. Integrated copper (8) and nano-

copper in the diet have been shown to

increase antioxidant activities. It was
also shown (9) that copper
nanoparticles are better than copper
sulphate in enhancing the growth,
productive and physiological
performance of birds (10). The papaya
plant gave positive results when using
its leaves as additives or components
in the diet of broilers (11). Ground
papaya leaves can be an alternative to
rare  and high-cost commercial
synthetic vitamin sources used in
broiler production, which is a good
option when we want to reduce
production costs. The current study
aims to synthesis nano-copper by
green synthesis method and add it to
the diet comparative with chemical
nano-copper and papaya plant to
improving growth performance of
broiler exposed to heat stress.
Materials and methods

For 35 days, the study carried out on
the farm of the Company of Al-Anwar
Poultry in the Babylon Province from
28/11/2022 until 2/1/2023,

Three hundred sixty unsexed broiler
chickens (Ross-308) were used. The
chickens were raised on the ground in
cages (pens) of 18 cages. The floor

was draped with 4-5 cm thick cm in
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addition to the paper brush. In the
groups experiment, there was: (0, 8,
and 16 mg/kg feed of copper
nanoparticles, 8 and 16 mg/kg feed of
copper nanoparticles loaded on
papaya plants, and 10 papaya plants
mg/kg feed) for groups G1, G2, G3,
G4, G5, and G6, respectively.
Green synthesis method The copper
nanoparticles were obtained from
NanoSunny Cooperation Company
The leaves of the papaya plant were
brought from a farm in Babil
Governorate (Al-Siyahi area), where
they were picked from the tree, after
which the PapayaPapaya (Carica
papaya) (C. papaya) leaves were
systematically washed with deionized
water and dried in the shade for 14
days, after which the dried leaves
were ground on a Form a powder
using a grinder according to the
method mentioned by (12) and
according to the following steps:
1 -Take 10 grams of ground papaya
powder, then mix it with 100 ml of
deionized water in a conical flask.
2 -Heat at 60°C for 10 minutes, then
cool to room temperature
3 -The extract is filtered using
Whatman filter paper (1 size), then the
screened material is stored at 4

degrees Celsius until use.

KJAS is licensed under a Creative Commons Attribution 4.0 International License

4 -To synthesize copper oxide
nanoparticles, 90 ml of a five mM
copper sulfate (CuSO4) solution is
taken with 10 ml of leaf extract and
allowed to reach room temperature
until further color change occurs. An
indicator of nanoparticle synthesis
The color change was compared to the
control solution (leaf extract and five
mM copper sulfate).

5- The sample was converted from
liquid to powder. A rotary evaporator
device was used to maintain the
chemical concentration of the model.
Feed group

The starter diet, which had a protein
content of 23.04 percent and an
energy content of 3021.45 kilocalories
per kg of feed, was given to the chicks
from the day they were born until the
third week of their lives, at which
point the growth diet, which had a
protein content of 20.06 percent and
an energy content of 3194.92
kilocalories per kg of feed, was
introduced.

Studied traits

Productive traits

According to (13), weekly live body
weight, weekly weight gain,

and feed consumption, and feed
conversion ratio

Physiological traits

Oty
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Cellular characteristics of Blood between means were compared with
At 35 days old, two birds from each (20) multinomial test.

group had blood drawn from the wing Mathematical model of design:

vein using tubes that contained an Yij =+ Ti + eij.

anticoagulant. In the Department of

Animal Production's physiology lab

(College of Agriculture, Al-Qasim Results and Discussion

Green University), tests were carried 1- Live body weight

out and the following characteristics o
The results of Table 1 indicate the
were calculated:
) effect of the groups on the average
Numbers of red blood cells according ) )
o live body weight (g), as we note that
to the method indicated by (14), ) o ]
_ there is no significant difference
numbers of white blood cells ) o
. between the study groups in the initial
according to the procedure stated by ) i )
weight and the first and third weeks.
(15) percentage packed volume of red

blood cells (PCV) according to the
method indicated by (16) blood
hemoglobin (Hb) according to the

However, a significant superiority
(P<0.05) appeared in the second week
for the G2 and G5 groups. Groups G3

_ and G4 were superior to groups G1

procedure stated by (15) heterophil
_ and G6. In the fourth week, there was

cells (heterophils) and lymphocytes o o

) a significant superiority (P<0.05) for

and the ratio between them,
_ ) groups G2 and G5 compared to the

Heterophil / Lymphocyte ratio (H/L)
_ o rest. treatments G3 and G4 also

according to the staining method
o _ outperformed groups G1 and G6.
indicated by (17) and counting was )
) Group G6 also exceeded G1, and it

performed, according to the process of

(18).
Data analysis

appeared in the week In the fifth of
the experiment, groups G2, G3, G4,
- o G5, and G6 were significantly
The statistical program Statistical ,

) ) superior (P<0.05) to group Gl, and

Analysis System (19) was used in the o )
no significant differences occurred
between groups G2, G3, G4, G5, and

G6.

analysis. Data to study different
groups' effects on the traits according
to a completely randomized design
(CRD). Significant differences

Oty
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2- Average weekly weight gain
(9/bird)

The results of Table 2 indicate the

groups' effect on the weekly weight

gain rate (g). The Table shows no

significant difference between the

second, and third weeks. However, in

the fourth week, there was a
significant increase (P<0.05) for the
groups G4 and G5 compared to the
of the

outperformed groups G1, G3, and G6.

rest groups; group G2

experimental groups during the first,

Table 1. Physiological and productive response to adding copper
nanoparticles and copper nanoparticles loaded on papaya plants to the diet
of broiler chickens at average live body weight (gm/bird) under conditions
of environmental stress (heat stress)

Average + standard error

Group s Initial fi second third fourth fifth
. irst week
weight week week week week
Gl 3251 192.93 485,56  956.31 1.57 2033.50
+3.18 +3.73 +1.02¢ £13.63 +0.01c +30.23b
G2 43.12 191.25 500.00 1001.13 1634.00 2137.00
+0.87 +3.75 +0.25a  5.62 +3.0la *5.00a
G3 43.43 196.33 492.83  983.33 1605.67  2145.67
+0.40 +3.75 +3.07b £19.80 +234b £1.02a
G4 42.91 187.41 49491  938.67 1608.33  2130.00
+0.66 +0.65 +1.76 b £27.68 +5.69b +1.25a
G5 42.25 192.75 501.58 972.33 1645.67  2165.67
+0.80 +0.38 +12la  +4.59 +3.39a #3.1la
42.17 188.41 486.25 930.75 1508.00 2146.67
G6 +1.44 +1.88  +217c #5699 +581d +203a
Significant * NS * *
level NS NS

Means with different letters within one column differ significantly from each other. *
(P<0.05), NS: not significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses,
10 mg/kg papaya plant for groups G1, G2, G3, G4, G5, and G6 respectively.

Table 2. Physiological and productive response to adding copper
nanoparticles and copper nanoparticles loaded on papaya plants to the diet
of broiler chickens in the rate of weekly weight gain (g/bird) under
conditions of environmental stress (heat stress)

Average + standard error

Group s fi second third fourth fifth total
irst week
week week week week
Gl 150.23 286.58 485.75 606.08 484.33  2012.98 £1.19
+5.72 +7.36 +7.85 +2.83d  +43.13c C
G2 149.90 309.25 462.67 649.75 466.67  2038.23 +4.78
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+3.20 1+2.36 +23.74 +2.66b  +38.30cC C
G3 152.90 296.50 490.50 622.33 540.00 2102.23 +1.74
+3.39 +13.70 +10.91 +3.59¢ +2954 b ab
G4 144.50 307.50 443.75 669.67 521.67 2087.08 +1.83
+128 15.14 +23.82 +2.16a +10.89b b
G5 150.50 308.83 470.75 673.33 520.00 2123.42 +3.70
+1.08 +4.91 17.42 +3.96a +3547b a
G6 145.91 297.83 444.50 577.25 638.67  2104.17 +2.46
+0.44 +10.83 +53.33 +3.25e  163.74a ab
Significant NS NS NS * * *
level

Means with different letters within one column differ significantly from each other. *
(P<0.05), NS: not significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses,
10 mg/kg papaya plant for groups G1, G2, G3, G4, G5, and G6 respectively.

Group G3 also groups G1 and G6,
while group G1 outperformed G6. In
the fifth week of the experiment, a
significant increase (P<0.05) appeared
for group G6 compared to the rest.
G3, G4, and G4 also
outperformed. G5 over groups G1 and
G2, and

Groups

in total weight gain, a
significant increase (P<0.05) was
obtained for group G5 compared to
groups G1, G2, and G4. Groups G3,
G4, and G6 also outperformed groups
G1and G2.

3- Feed intake (g/bird)

The results of Table 3 indicate the
effect of the groups on the rate of
weekly feed consumption (gm), as we
note that there is no significant
difference between the experimental
groups during the first, third, and fifth
weeks. However, in the second week,

there was a significant increase

(P<0.05) for the groups G2, G3, G3,
G4, and G5 compared to group GL1.
Group G5 was significantly higher in
feed consumption in the fourth week
compared to the rest of the groups,
and no significant difference appeared
between groups G1, G2, G3, G4, and
G6. As for the cumulative rate of feed
consumption, it increased significantly
(P< 0.05) in Transactions G3 and G5
compared to the rest of the
transactions. Group G2 also increased
significantly compared to transactions
G1, G4 and G6.

4- Feed

feed/gm weight gain)
The results of Table 4 indicate the

conversion ratio

(gm

effect of the groups on the weekly
feed conversion factor (g feed/g
weight gain). During the first week, a
(P<0.01)

appeared for groups Gl and G2

significant improvement

compared to groups G4, G5, and G6,

KJAS is licensed under a Creative Commons Attribution 4.0 International License m
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and they also improved significantly
(P<0.01). ) Group G3 compared to
groups G4 and G6, and there was no
significant difference between the
groups studied during the second and
third weeks and the cumulative
average. In the fourth week, group G4
(P<0.05)

compared to the rest of the groups,

improved  significantly
and groups G2 and G5 improved
compared to group G6. In the fifth

week,

Table 3. Physiological

a significant

improvement

(P<0.05) appeared for group G6
compared to groups G1 and G2.
Mortality %

Table 5 shows the effect of the study
on mortality, noting no significant
difference among groups.

Copper also works to increase the
production of growth hormone (21)
and thus increases the metabolism of
amino acids and proteins. Copper also

acts as an antioxidant as it can bind to

and productive response to adding copper
nanoparticles and copper nanoparticles loaded on papaya plants to the diet
of broiler chickens in terms of feed consumption rate (g/bird) under
conditions of environmental stress (heat stress)

Average + standard error

Groups fi second third fourth fifth week ~ Cumulative
irst week
week week week
Gl 132.75 297.67 563.75 868.08 1205.58 3067.83 +3.59 ¢
+4.48 +8.23 b +8.76 +1.97b +21.20
G2 128.08 325.41 568.50 885.08 1219.92 3127.00 +3.06 b
+2.31 +6.32 a +16.23 +2.07b +31.84
a3 136.50 339.33 570.00 902.25 1268.75 3216.83 £+5.98 a
+8.63 +9.17 a +14.01 +1.87b +14.53
G4 140.17 326.08 543.83 860.41 1207.25 3077.75+5.51
+3.16 +5.74 a +12.26 +2.32b +34.72 c
G5 143.25 335.50 575.25 1240.75 1240.75 3194.83 +2.80 a
+0.76 +4.53 a +5.42 +2.30 a +24.30
G6 141.83 316.91 561.91 871.91 1189.17 3080.83 +2.59 ¢
+1.30 +7.46 ab +13.81 +3.57b +8.41
Significant NS * NS * NS *
level

Means with different letters within one column differ significantly from each other. * (P<0.05), NS:
not significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses, 10 mg/kg papaya plant
for groups G1, G2, G3, G4, G5, and G6 respectively.

Table 4. Physiological and productive response to adding copper nanoparticles
and copper nanoparticles loaded on papaya plants to the diet of broiler chickens
according to the feed conversion factor (g/bird) under conditions of
environmental stress (heat stress)

KJAS is licensed under a Creative Commons Attribution 4.0 International License
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Average + standard error

Group s . second third fourth fifth week  Overall rate
first week
week week week
0.883 1.038 1.160 1.435 2.540 1.411
G1 +0.008
+0.009 ¢ +0.009 +0.04 ab +0.29 a +0.06
0.854 1.052 1.231 1.363 2.639 1.428
G2 +0.03
+0.007 ¢ +0.03 +0.04 b +0.16 a +0.03
0.890 1.151 1.163 1.460 2.361 1.405
G3 +0.04
+0.04 bc +0.08 +0.08 ab +0.11 ab +0.03
0.970 1.060 1.229 1.291 2.314 1.373
G4 +0.04
+0.02 a +0.01 +0.08 c +0.06 ab +0.02
0.951 1.086 1.223 1.365 2.403 1.406
G5 +0.03
+0.01 ab +0.02 +0.14 b +0.13 ab +0.01
0.971 1.065 1.323 1.520 1.903 1.356
G6 +0.17
+0.01 a +0.03 +0.08 a +0.21b +0.02
Significant sk NS NS * * NS
level

Means with different letters within one column differ significantly from each other. * (P<0.01),
(P<0.05) NS: not significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses, 10
mg/kg papaya plant for groups G1, G2, G3, G4, G5, and G6 respectively.
Table 5. Effect of adding Copper and copper nanoparticles green synthesis to the
diet in the mortality % of broiler (Ross 308)
Meanz standard error

Group s Mortality
Gl 6.33+1.70
G2 3.67 +£1.00
G3 0.00 +0.00
G4 3.67 +£1.00
G5 0.00 +0.00
G6 3.67 £ 1.00
Significant N.S.

Means with different letters within one column differ significantly from each other. NS: not
significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses, 10 mg/kg papaya plant
for groups G1, G2, G3, G4, G5, and G6 respectively.
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free radicals and get rid of them by giving
them two electrons. Copper is also
involved in  the  formation  of
ceruloplasmin, superoxide, and catalase, as
these compounds are characterized by their
antioxidant activity (22) the addition of
copper nanoparticles as an alternative to
antibiotics can have similar benefits on the
growth performance of broilers (23).
Copper nanoparticles manufactured in
green are considered to enhance the
performance of chickens (23). The growth
of broilers increases because their doses
are lower and because of their small size,
which can improve absorption in the
digestive system (24). Copper
nanoparticles also preserve other mineral
elements, such as iron and zinc, by binding
to them to prevent them from
disintegrating or forming.  Organic
compounds, such as enzymes and immune
proteins, raise the resistance level and,
thus, the productivity of birds (25) (26).
All of these properties can reduce the
burden of heat stress to which birds are
exposed, and this is clear from the high
amount of feed consumed. In groups G3
and G5 (2), there was also an improvement
in physiological characteristics and a

decrease in the H/L ratio in the groups

adding copper and papaya sources

compared to the control group .

The reason for the deterioration of most of
the productive characteristics of the birds
in the G1 control group may be due to
exposure to heat stress, which leads to a
defect in the digestive processes and an
increase in the speed of the passage of
nutrients into the digestive canal and a lack
of benefit from the nutrients (27),it also
leads to a significant decrease in the
activity of the critical amylase enzyme. In
the digestion of carbohydrates and the
enzymes trypsin and chymotrypsin, which
are essential in the digestion of proteins,
this reduces the availability of amino acids
that the body needs to build muscles when
birds are exposed to heat stress (27), as
research has indicated that heat stress
hinders the absorption of nutrients from
the small intestine (28).heat stress also
leads to an imbalance in metabolic
processes as a result of decreased secretion
of thyroid hormones (Triiodothyronine
(G3) and Thyroxine (G4) (29, 30), and
when exposed to heat stress there is a
deficiency in processing Blood goes to the
digestive system, and the blood supply
goes to the respiratory system, brain, and
skin to get rid of heat, and thus there is a

deficiency in digesting and utilizing

KJAS is licensed under a Creative Commons Attribution 4.0 International License m
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nutrients (31, 32) with an increase in the
need for cellular energy, which leads to an
increase in the formation of free radicals in
the  mitochondria  through  cellular
respiration and thus the occurrence of
oxidative stress (33), as free radicals affect
the structure of the body’s protein, as free
radicals work to oxidize the peptide bond.
Which binds amino acids and also causes

oxidation of amino acids.
Cellular characteristics of Blood

Preparation of red blood cells, white
blood cells, hemoglobin percentage
(pcv), and hemoglobin value at 35 days
old.

The results of Table (6) indicate the effect
of the groups on the number of red blood

cells, white blood cells, blood hemoglobin

percentage (pcv), and hemoglobin value,
as we notice that in red blood cells, there
was a significant superiority (P<0.05) of
the groups G3, G4, and G5 compared to
the groups G1, G2, and G6, there was no
significant increase in white blood cells
and blood counts. There was a significant
increase (P<0.05) for groups G2, G3, G4,
G5 and G6 compared to group G1. As for
hemoglobin concentration, there was a
significant increase (P<0.05) for the group
. G5 compared to groups G1 and G6.

The percentage of heterophil cells, the
rate of lymphocytes, and the H/L ratio
at 35 days of age.

The results of Table (7) indicate the effect
of the groups on the percentage of
heterophil cells, the rate of lymphocyte
cells, and the H/L ratio at the age of 35

Table 6. Physiological and production response to adding copper
nanoparticles and copper nanoparticles loaded on papaya plants to the diet
of broiler chickens on cellular blood characteristics at 35 days of age under
conditions of environmental stress (heat stress)

Average + standard error

Red White Blood Hemoglobin

Group s blood cells x blood cells heap gm/100ml

106 (mm 3 x 10 3 (mm PCV%

blood) 3 blood)
Gl 2.51 30.50 25.50 +0.50 8.50

+0.45b +0.50 b +0.16 b
G2 2.73 31.50 29.00 £1.00 9.67

+0.65b +0.50 a +0.33 ab
G3 3.94 31.50 29.50 +0.50 9.83

+0.05a +1.50 a +0.17 ab
G4 3.09 32.50 28.50 +1.50 9.50

+0.05a +0.50 a +0.50 ab
G5 3.99 31.50 30.50 +0.50 10.16

KJAS is licensed under a Creative Commons Attribution 4.0 International License m
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+0.10 a +0.50 a +0.16 a
G6 2.82 31.00 24.50 +0.04 8.16

+0.03 b +1.00 a +0.02 b
Significant level * N.S. * *

Means with different letters within one column differ significantly from each other. *
(P<0.05) NS: not significant. And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green
syntheses, 10 mg/kg papaya plant for groups G1, G2, G3, G4, G5, and G6
respectively.

Table 7. Physiological and productive response to adding copper
nanoparticles and copper nanoparticles loaded on papaya plants to
the diet of broilers in heterophil and lymphocytes and the H/L ratio
at 35 days of age under environmental stress (heat stress)

Average + standard error

Group s Heterophil Lymphocyte H/L ratio
(%) (%))

Gl 26.00+1.00 a 62.50+1.50 b 0.41+0.01a

G2 18.50+1.50 b 69.00+2.00 a 0.26 £0.03 b

G3 18.00+1.00 b 61.00+1.00 b 0.29+0.02 b

G4 19.0+1.00 b 67.50+2.50 a 0.28 £0.01 b

G5 22.00+1.00 b 69.50+1.50 a 0.31+0.02b

G6 18.00+1.00 b 68.50+1.50 a 0.26 £0.01 b

Significant o * *

level

Means with different letters within one column differ significantly from each other. *
(P<0.01), (P<0.05). And groups 0, 8 & 16 (CNPs), 8 & 16 (CNPs green syntheses, 10
mg/kg papaya plant for groups G1, G2, G3, G4, G5, and G6 respectively.

days, where we notice a significant
increase in the percentage of heterophil
cells and the ratio of heterophil cells to
H/L lymphocytes in favor of the G1 group
compared to the rest of the groups. There

was no significant difference between

KJAS is licensed under a Creative Commons Attribution 4.0 International License

groups G2, G3, G4, G5, and G6. As for the
percentage of lymphocytes, groups G2,
G4, G5,
significantly (P<0.05) compared to groups
Gl and G3.

and G6 were increased
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The increase in the number of red blood
cells in groups G3, G4, and G5 may be due
to the addition of various copper sources in
the fourth and fifth groups, as copper has
an essential role in stimulating the process
of forming red blood cells in the bone
marrow  (Erythropoiesis)  (34). The
increase in the number of red blood cells,
in turn, increases the percentage of PCV
and hemoglobin concentration, as (35)
indicated an increase in the number of red
blood cells when adding nano-copper to
the diet of broilers exposed to heat stress,
as Copper plays a role. It is vital for
hemoglobin ~ synthesis  (36).  The
significantly higher hemoglobin in group
G5, fed green nano-copper, may be
attributed to the greater availability of
nano-copper for hemoglobin synthesis
(35). Our results are consistent with (37),
who found an increase in red blood cells,
hemoglobin, and erythrocytes after adding
nano-copper to the diet of broilers.

The increase in the percentage of
heterophil cells and the H/L ratio and the
decrease in the rate of lymphocytes in the
control group may be due to exposure to
heat stress, as the hormone corticosterone,
whose concentration increases during heat
stress, stimulates the release of heterophil
cells from the bone marrow and
decomposes the lymphocytes, so the H/L
ratio is disturbed and rises. In birds
exposed to heat stress (38) Lymphocytes
(39). As for the improvement in the
proportions  of  lymphocytes  and
heterophils and the H/L ratio in the groups
of adding Copper from its various sources,
this may be due to its antioxidant role and
the activation of oxidative enzymes such
as the SOD enzyme (40). This is also
evident in the improvement in the
condition of Copper. Antioxidants
(glutathione enzyme and SOD as well as

heat shock protein) in groups G4 and G5
in the results of our experiment (Table).

Conclusion

It is concluded from the results of the
current study that nano-copper
manufactured in a green synthesis, nano-
copper, and papaya plants improved the
productive and physiological
characteristics of broilers exposed to heat
stress.
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