Effect of Zinc Oxide Nanoparticles on Some Production Qualities and Biochemical parameters of Broiler chickens   

Abstract:

The goal of this study was to determine the effects of dietary zinc oxide nanoparticles (ZnO-NPs) on the metabolic, antioxidant, and productive parameters of broilers. Zinc oxide nanoparticles were prepared using from black raisins without seeds   . Zinc oxide nanoparticles (ZnO NPs) are considered an advanced poultry feed additive, surpassing traditional zinc in absorption efficiency thanks to their small size and large surface area. Their key benefits include improved growth rates and feed conversion efficiency, enhanced immunity, reduced oxidative stress, and potent antibacterial action that regulates gut microbiota, thus decreasing the need for antibiotics. Two hundred one-day-old broiler chicks were purchased from a local market and randomly distributed into four groups of 50 birds each. into four groups of 50 birds each group (a control group and three treatment groups supplemented with ZnO-NPs at 50, 75, and 100 mg/kg of feed), and were raised for 35  days. Feed intake (FI), body weight (BW), feed conversion ratio (FCR), and mortality rate (MR) were measured. At the end of the experiment, Blood was drawn to assess kidney function (uric acid, UA; creatinine, Cr), liver function (alanine aminotransferase, ALT; aspartate aminotransferase, AST), lipid profile..." (This whole section needs reordering for clarity). total plasma protein (TP), globulin (GL), total cholesterol (T-Ch), triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL)." total antioxidant capacity (TAOC), glutathione peroxidase (GPx), superoxide dismutase (SOD), and malondialdehyde (MDA), The results showed a significant increase (P < 0.05) in body weight, feed conversion efficiency, and antioxidant levels, along with higher total protein and globulin, and lower total cholesterol, triglycerides, urea, creatinine, and liver enzymes compared to the control group." (Note: "less perishables" is incorrect; "lower mortality" is meant). , total protein and globulin with low total cholesterol and fat. Triglyceride, urea, creatinine and liver enzymes were compared to the control group and There was no significant difference (P > 0.05) between the 50 and 75 mg/kg groups." (Using P<0.0001 here is contradictory).
The best results were when zinc oxide nanoparticles were given at a concentration of 100 mg/kg feed. It is concluded that  administration of 100 mg/kg of zinc oxide nanoparticles improves the health of birds by increasing weight, antioxidants, nutritional conversion efficiency, and effective liver and kidney activity.
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Introduction:

  Metabolic processes in animals rely on specific elements, which must be present in food in specific amounts. These essential elements include zinc, magnesium, selenium, copper, and iron. are essential for animal health and productivity.  
In addition to vitamins and essential elements for body building and immunity, poultry nutrition relies on the provision of basic nutrients, which are represented by carbohydrates, protein, and fats, as well as essential elements for building the body and boosting immunity (1). Additionally, animal metabolic processes rely on the presence of specific essential elements in specific amounts in food (2), These essential elements include zinc, magnesium, selenium, copper, and iron.
 which are required to maintain health and increase productive qualities in animals and meat chicken. 
Zinc is a fundamental micronutrient for broilers; it is involved in interferes with the synthesis of enzymes, influences the efficacy and secretion of certain hormones, and interferes with the immune system and metabolic processes (3). As a result, it impacts the development of muscle mass, enzymatic activity, and the rate at which food is consumed and converted (4).
Zinc deficiency impacts the health and growth of birds, thus when the diet is low in zinc, feed additives are utilized. These can be zinc oxide or zinc sulfate.", which is the most widely used type (5). Excess zinc excretion can lead to environmental heavy metal pollution. Prior studies have demonstrated that organic zinc is more bioavailable than inorganic zinc (6). The unique characteristics of zinc oxide nanoparticles (ZnO-NPs), such as their small size and high surface area, differentiate them from their bulk counterparts and influence their distribution in the body , and how they are distributed inside the body. Additionally, enhancing zinc bioavailability and absorption may lessen environmental zinc excretion (7). A new and promising technology, nanotechnology, has the potential to completely transform the worldwide cattle and agriculture industries. The idea of nanotechnology is to reduce the size of the particles to a few nanometers. The reduction of particles to the nanoscale alters their physical and chemical properties (8). Different components can be transported by these nanoparticles in a variety of environmental settings. Nowadays, nanoparticles are widely used in many different fields, including purifying procedures in the textile industry, targeted medicine manufacture, nutrition, treatment, and vaccine development. Chemicals were previously released in opposition to these nanoparticles as a result of their creation via the chemical approach. Green synthesis,' creating nanoparticles from plant sources, has gained importance as plant extracts (containing sugars, polyphenols, etc.) act as reducing and capping agents, producing more biodegradable and environmentally friendly nanoparticles.   including sugars, polyphenols, terpenoids, proteins, etc., are used in this procedure. The synthesis process uses these phytochemicals as reducing agents to keep the minerals in a reduced condition. Their byproducts are highly biodegradable, so they don't harm the environment. The primary application of nanotechnology in animal nutrition is the production of nanometals, particularly rare metals with low bioavailability. Furthermore, minerals like nanoparticles lessen mineral antagonism in the gut" or "reduced mineral interactions.  which reduces mineral excretion   and pollution in the environment. Supplementation with nanoparticles has been shown to improve performance, immunity, and digestive efficiency in poultry and livestock (9).

Materials and methods
[bookmark: _GoBack]One-day-old broiler chicks (Ross strain) were purchased from a local market.  and were raised for 35 days in the animal house at the Research Laboratory, AL-Qadisiyah Polytechnic College,.  The lighting hours were the first 5 days 24 hours and the remaining 30 days the number of lighting hours is 23 hours with one hour of darkness and water and feed were provided ad libitum.  and The temperature was maintained at 34°C for the first day and gradually reduced to 24°C by the end of the experiment.and continues until the end of the experiment. The chicks were divided into 4 groups (each group 50 birds) the first group control group ,and the  treatment groups with nanoparticles of zinc oxide at a concentration of (50, 75and 100  mg/kg feed ), and the diet provided to the chicks according to what is mentioned in Table No. (1) and A preventive health program, following the General Authority for Veterinary Services vaccine guide, was implemented. to vaccinate birds against diseases, and the weekly weight of the chicks was determined to determine the nutritional conversion, as well as the amount of feed that was consumed. and to record any deaths and examine the productive qualities; At the end of the experiment, blood samples were collected from the wing vein into heparin-free tubes. . The tubes were then centrifuged at 3500 rpm for 10 minutes to isolate the plasma, which was then stored at -20 degrees Celsius until the tests were performed. All samples were analyzed with an auto-blood biochemical analyzer(The enzymatic method) and using commercial kit (manufactured by the French company SA Biolabo, a manufacturer of laboratory reagents).
Antioxidant tests:
 Using a kit that is already available locally in a certain way. 
T-AOC.Using the previously described approach, the total antioxidants in plasma malondehyde (10).(GPx)peroxidase levels (11) and clotathione M DA levels (12). 

Table 1. Setup of the initiator and final feeds 
	Feed material
	Starter's diet%
	Growth Diet%

	Yellow corn
	47 
	51 

	wheat
	22 
	20 

	soybeans
	20 
	18 

	Protein concentrate
	10 
	10 

	calcify
	0.7 
	0.7

	salt
	0.3
	0.3


Green Synthesis Procedure:
To prepare the zinc oxide nanoparticles (green synthesis) from black raisins without seeds, the black raisins were bought from the local markets. 50 grams of black raisins without seeds were then washed multiple times with distilled water, dried at 40°C, and ground in a blender. The black raisin powder was then dissolved in 100ml of distilled water, stirred for 10–20 minutes at 40–50°C, and left overnight at room temperature. The solution is centrifuged at 1000 rpm for 15 minutes.Centrifugation and filtration have been performed twice, and Whatman filter paper No. 4 is used to separate and filter the floating material (13).
Zinc oxide nanoparticles were prepared by dissolving 0.25 g of zinc acetate dihydrate (0.2 m) in 50 ml of deionized water, then gradually adding 4 ml of the previously filtered solution over the course of 10 minutes. Two moles of sodium hydroxide were then added while stirring to bring the pH of the solution up to 12.After 15 minutes of separation using a centrifuge running at 4000 cycles per minute, the filter is collected. To obtain zinc oxide nanoparticles, wash them twice with a 70% ethyl alcohol concentration and water. The pellets are then dried at 60 °C (14) to produce the granules seen in the photo below.
[image: ]
Figure 1: ZnO nano powder
Statistical analysis
After collecting and classifying the data for this study, statistical analysis was performed using the SPSS 25v statistical software. 
The data were analyzed according to the One-Way Analysis of Variance (ANOVA) test to analyze the variances between the completely randomized groups. The means of the study groups were compared, and significant differences were determined at the probability level(P >0.05). (15).

Result:  
 
Table 2: The effect of ZONPS on body weight , food intake , feed conversion ratio ,mortality rate and utilization (main ± SD)
	treatments
	BW (g) at
1day
	BW (g) at
35day
	BWG (g)
during 1-35day
	Feed intake
FI during 1-35day
	FCR
during 1-35day
	MR. %
during 1-35day

	Control
	43.4± 0. 05a
	1995.1± 0.04a
	1951.7±10.1a
	3194.8±12.3a
	1.3±0.04a
	3.10±0.41 a
 

	50 mg/kg diet
	44.2± 0.02b
	2010.4± 0.03b
	1966.2±15.4b
	3182.6±13.1
	1.6±0.03b
	3.00±0.45b

	75 mg/kg diet
	44.1± 0.01b
	2054.5 ±0.06b
	2010.21±14.2c
	3176.3±10.4
	1.7±0.01b
	2.85±0.33b

	100 mg/kg diet
	43.3± 0. 03a
	2100.3± 0.04c
	2057 ±11.5  d
	3165.7±10.3 b
	1.8±0.05b
	2.15±0.38c


The effects of the three concentrations of zinc oxide nanoparticles on feed consumption, body weight, final body weight, nutritional conversion rate, and mortality percentage over the course of the experiment (5 weeks) are shown in Table (2). The groups treated with zinc nanooxide (50, 75, and 100 mg/kg) showed a significant increase in body weight compared to the control group; the group treated with 100 mg/kg showed the most significant increase, while the groups treated with 50 and 75 mg/kg did not significantly differ from one another. 
" When compared to totals of 50 and 75 mg/kg at the level of P >0.05, it was discovered that the addition of 100 mg/kg increased body weight, decreased feed consumption, and decreased the percentage of mortality rats based on the various levels of zinc oxide nano. It also provided the best nutritional conversion rate. The feed conversion ratio for groups treated with zinc oxide nanoparticles at all concentrations was the highest. The mortality rate was lowest in the groups given nano-zinc oxide.

Table 3: The effect of ZONPS on Plasm indicators (main ± SD)
 
 
	treatments
	T.P
g/100ml
	GL
	T.Ch
mg/100ml
	T.G
	HDL
Mg/dl
	LDL
Mg/dl
	AST
 
	ALT
	Cr
	U.A.

	Control
	6.94 ±0.09
 
	2.61
±0.04a  
 
	162.6
±3.18a
 
	107.30
±2.14
 
	90.8 ±2.1 a
	45.7 ±2.4a
	28.26
±0.30 a
 
	18.85
±0.16a
 
 
	0.78 ±0.01a
 
 
	18.12 ± 0.32a
 
 

	50
mg/kg diet
	7.65
±0.06
 
	2.78
±0.05 A
 
	156.3
±3.09 A
 
	102.50
±2.44
 
	78.6 ±1.9 b
 
 
	39.4 ±1.6a
	26.42
±0.31 a
 
	16.72
±0.15 a
 
 
	0.74
±0.05a
 
 
	17.19±0.32a

	75
mg/kg diet
	7.56
±0.05
 
	3.0
±0.07 b
 
	144.6
±2.98 b
 
	96.33
±1.22
 
	81.9 ±2.0 c
	37.6 ±1.8b
	23.54
±0.23 b
 
	17.80
±0.13b
 
 
	0.73
±0.036a
 
 
	17.13±0.32a

	100 mg/kg diet
	7.24
±0.08
 
	3.11
±0.08 b
 
	135.4
±3.11 b
 
	90.40
±2.34
 
	80.7 ±1.0 c
 
 
	34.2 ±1.4b
 
	22.83
±0.33 b
 
	13.73
±0.11 b
 
 
	0.68
±0.03b
 
 
	16.22±0.32b


Table 3 show how varying concentrations of zinc oxide nanoparticles affect the plasma concentrations of Blood samples were analyzed for: kidney function (uric acid, UA; creatinine, Cr); liver function (alanine aminotransferase, ALT; aspartate aminotransferase, AST); lipid profile (total cholesterol, T-Ch; triglycerides, TG; high- and low-density lipoprotein, HDL, LDL); protein profile (total protein, TP; globulin, GL); and antioxidant status (total antioxidant capacity, TAOC; glutathione peroxidase, GPx; superoxide dismutase, SOD; malondialdehyde, MDA)."
In broiler chicks fed a diet containing T.P., AL, GL, T.Ch., TG, LDL, AST, ALT, CR, and U.A., 100 mg/kg, the effect of zinc oxide nanoparticles (P > 0.05) on plasma levels of total protein, globulin, total cholesterol, triglycerides, low-density and high-density fats, creatinine, and uric acid was compared to the control group. Significant variations in plasma (P >0.05) 
Compared to the control group, there were significant differences in biochemical blood markers in all reactions, including increased levels of total protein, albumin, and globulin, decreased levels of total plasma cholesterol, triglycerides, high- and low-density lipids, liver enzymes, creatinine, and uric acid, and other concentration groups (50 and 75 mg/kg) were specialized. 

Table 4 : The effect of ZONPS on Plasma Total antioxidants , glutathione peroxidase , super oxidases dismutase and malondialdehyde (main ± SD)
	treatments
	TAOC
(mm/L)
	GPX
(U/ml)
	SOD
(U/ml)
	MA
(nmol/mL)

	Control
	0.79±0.04ab
	289.9±5.2 b
 
	4.08±0.16b
	4.76±0.13b
 

	50 mg/kg diet
	0.76±0.04a
	281.3±5.2b
 
	4.01±0.14b
	4.16±0.14b
 

	75 mg/kg diet
	0.88±0.06b
	298.3±5.2a
 
	4.03±0.12b
	3.88±0.18b
 

	100 mg/kg diet
	0.92±0.04 b
 
	301.2±5.2a
 
	5.08±0.17a
 
	3.44±0.15b
 


In comparison to the control group, the addition of zinc oxide nanooxide resulted in a decrease in MAD in plasma and an increase in the activity of GPX, SOD, and total antioxidants (Table 4). The 100 mg zinc oxide nanoparticulars/kg diet resulted in a statistically significant increase (P >0.05) in plasma GPX and SOD, overall antioxidant activity, and MAD RF when compared to the whole control and other groups. Antioxidant status increased linearly with zinc concentrations and application amounts, according to statistical research. In contrast to previous reactions found in this investigation, the data demonstrated the interaction between zinc oxide nano, with a level of 100 mg/kg recorded significantly (P>0.05), total antioxidant activity, GPX and SOD, higher plasma values, and lower MDA values.

Discussion: 
The findings demonstrated that growth performance was improved by including zinc oxide nanoparticles in the diet. Chicks administered zinc oxide nanoparticles showed improvements in body weight, feed consumption, nutritional conversion rate, and mortality rate, particularly at 100 mg/kg. The proper level varied, though, and because each experimental animal has unique characteristics. Zinc oxide, for example, might increase the activity of some growth factors more efficiently than other forms of zinc, which could improve growth performance.(16). But there were differences in the right level. Because of their unique characteristics, the various experimental animals may have varying optimal zinc levels. Compared to other forms of zinc, zinc oxide may more efficiently increase the activity of specific growth factors, which could improve growth performance. Furthermore, zinc plays a favorable role in the digestion of proteins, lipids, and carbohydrates as well as in the metabolism of carbohydrates, fats, and proteins (18).
Additionally, by strengthening CRPT cell function and protein synthesis and promoting gut integrity, zinc benefits broiler intestines (19).
The essential role of zinc in promoting the production of thyroid hormones (T3, T4), which alter the level of cholesterol and triglycerides in the blood serum (20), as well as the preventive cycle as an antioxidant that lowers lipid peroxidation (21) may be the cause of the decrease in concentrations of total cholesterol, triglycerides, and lipoproteins in blood serum and the improvement in the lipid profile of birds treated with zinc oxide nanoparticles.
According to other studies (22 and 23), there is an increase in serum proteins for the control group. This increase can be linked to zinc's fundamental role in the synthesis of enzymes, which are involved in the production of proteins and nucleic acids. Additionally, the increase in blood serum protein concentration can be attributed to the response to the use of zinc for hormonal regulation of the metabolism of proteins, such as growth hormone, which leads to an increase in cellular protein production.
As demonstrated by the unaltered levels of ALT, AST,, caratnine, and uric acid in treated bird serum when compared to control, Alian et al.'s comprehensive study demonstrated that 40 mg zinc/kg feed was safe for liver and kidney function (24). The AST blood levels were unaffected by the addition of 50 mg/kg of zinc oxide nanoparticles to the broiler's feed (25).
As a result, adding 50 mg/kg to the food has no discernible effect on the concentration of ALT and AST. 
The current results showed that the addition of zinc oxide nanoparticles depends largely on the dose given in the decrease in uric acid in serum and creatinine concentration (Table 3), and does not reflect any stress or toxicity to the kidneys, which is consistent with the results of (22 and 23). This makes measuring the concentration of uric acid and creatinine in blood serum one of the most sensitive indicators for estimating kidney function.When zinc nanoparticles are administered at doses of 20, 40, and 80 mg/kg feed, the blood's levels of uric acid and creatinine drop considerably, according to Abdel-Wareth et al. (26). 
These results are consistent with the findings of Hassan et al. (27) They found that nano-zinc, manufactured using different methods from plant extracts, improved the antioxidant capacity of chickens. The antioxidant efficacy of zinc oxide nanotechnology in this study was a significant increase in total antioxidants, GPX, and SOD with a significant decrease in the level of MDA in broiler serum. The highest and lowest values appeared in the 100 mg/kg group compared to other treatment groups. Several researchers have reported the findings of our study, which showed that when poultry diets were supplemented with 40–80 mg/kg, their antioxidant status dramatically improved as seen by elevated blood serum levels of SOD, GPX, and total antioxidants (28 and 29).
Zinc is a crucial and significant component of SOD, the primary antioxidant enzyme in cellular free radical scanning, which accounts for around 90% of the  Numerous hypotheses have been put up to explain how zinc works as an antioxidant, which has been demonstrated. When zinc is present in the body, a protein called metallothionein   is produced. This protein is rich in cysteine and protects cells from free radicals and lipid peroxidation (30). By removing reactive oxygen species, the SOD enzyme plays a crucial role in preserving the redox balance of the bird's immune system (31). 
 
Figure 2: Effects of ZONPS on kidney function and lipid profile


 Figure 3: Effects of ZONPS on liver function and plasma antioxidants
Conclusion:
Dietary supplementation with 100 mg/kg ZnO-NPs enhances broiler health and performance by improving growth, antioxidant status, feed efficiency, and liver and kidney function.
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kidney function

Cr	Control	50mg/kg	75mg/kg	100mg/kg	0.78	0.74	0.73	0.68	U.A.	Control	50mg/kg	75mg/kg	100mg/kg	18.12	17.190000000000001	17.13	19.22	



 lipid profile  

T.Ch	control	50mg/kg	75mg/kg	100mg/kg	162.6	156.30000000000001	144.6	135.4	T.G	control	50mg/kg	75mg/kg	100mg/kg	107.3	102.5	96.3	90.4	HDL	control	50mg/kg	75mg/kg	100mg/kg	90.8	78.599999999999994	81.900000000000006	80.7	LDL	control	50mg/kg	75mg/kg	100mg/kg	45.7	39.6	37.6	35.200000000000003	Treatment


Mg/dl




liver function

AST	control	50mg/kg	75mg/kg	100mg/kg	28.26	26.42	23.54	4.5	ALT	control	50mg/kg	75mg/kg	100mg/kg	18.899999999999999	16.72	17.8	13.7	



plasma antioxidants

GPX	control	50mg/kg	75mg/kg	100mg/kg	289.89999999999998	281.3	298.3	301.2	SOD	control	50mg/kg	75mg/kg	100mg/kg	4.08	4.01	4.03	5.08	MDA	control	50mg/kg	75mg/kg	100mg/kg	4.76	4.16	3.88	5	
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