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			Abstract | This study carried out in two experiments. The first was a laboratory experiment to study the effect of nano-peptides made from methionine, tryptophan and iron on the growth of E. coli and Salmonella cultured from chicken intestines (concentrations of 50, 100 and 150 μL/plate). The results showed a positive effect of the manufactured nano-peptides (NPe) on both types of bacteria. There was significant increase in the diameter of decrease for concentrations of 100 and 150 microliters compared to concentration 50. The second experiment was conducted in the field, using 360 broiler (Ross 308), divided into six treatments (C1: Control treatment, C2: Control treatment with 0.5% H2O2, and C3, C4, C5, C6 adding 1,2,3,4 ml of synthetic peptides with 0.5% H2O2), Significant increase in live body weight and weight gain for treatments C4 and C6. All supplementation treatments improved in the feed conversion ratio compared with the control treatments. Packed cell volume (PCV) and hemoglobin (Hb) levels increased in treatment C5. Improvement in treatments C4, C5 and C6 appeared in the percentage of lymphocytes and heterophil. All supplementation treatments improved in the H/L ratio compared with the control treatment C2.
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			INTRODUCTION

			The poultry industry has garnered a lot of interest from researchers and farmers who want to develop this sector because of its high feed conversion efficiency and rapid growth (Marangoni et al., 2015; Donma and Donma, 2017). This may make birds susceptible to different types of stress that lower immunity and productivity, such as oxidative stress, which is defined as an imbalance between the body’s antioxidant and oxidative systems, which leads to DNA damage, lipid peroxidation, protein peroxidation, and dysregulation of intracellular signal transduction (Surai and Yoshikawa, 2019). One promising way to reduce protein utilization is by nano-encapsulating peptides or amino acids, which maintains the advantages of slower absorption. Lipids, lipid-like compounds, or polymers are used to encapsulate a variety of desired nutritional supplements, increasing the nutrient’s utilization efficiency (Collins, 2021). Gheisar et al. (2015) reported that supplements including organic acids and essential oils in nanocapsule form, it enhances intestinal health and growth, indicating that the capsule shields the mixture from accelerated and premature absorption. In one study, compared to a similar diet containing unencapsulated glycin, nano-encapsulated glycin was detected in higher amounts throughout the gastrointestinal tract (Dahiya et al., 2007). Antibacterial peptides also have significant advantages and broad application prospects in supporting bird immunity and combating oxidative stress. Antibacterial peptides can penetrate the cell plasma membrane through various channels to kill bacteria (Nikaido, 1989). A common mechanism of bacterial inhibition by antibacterial peptides is perforation of the bacterial cell plasma membrane to form ion channels through charge attraction, which disrupts the cell membrane structure, causing the release of large amounts of intracellular substances and bacterial death. Therefore, resistant strains against antimicrobial peptides cannot be easily generated (Bernd et al., 1988; Xuan et al., 2023). Methionine is a non-enzymatic antioxidant that directly scavenges reactive oxygen species and activates antioxidant thioredoxin proteins, preventing oxidative damage to lipids and proteins (Del Vesco et al., 2013). Methionine is essential for energy generation and improves mortality, growth performance, and feed utilization efficiency in poultry (Daryoush and Simab, 2022). Tryptophan is the third most important amino acid found in chicken feed, following methionine and lysine (Harms and Russell, 2000). It also contributes to protein synthesis in the body (Fouad, 2021). Nanomaterials, for instance, take up very little space yet have quite large surface areas. As a result, when big materials are reduced to the nanoscale, their surface chemical properties become more effective, and the material’s physical qualities change while its chemical properties remain unchanged, Iron is an important mineral that is required for the function and production of numerous enzymes and proteins involved in cell growth and differentiation, oxygen transport, and avian immunity (Hänsch and Mendel, 2009). Abdel-Rahman et al. (2022) contributes considerably to the Krebs cycle as a coenzyme, and aids in the elimination of toxic oxidative chemicals via catalase and peroxidase (Nikonov et al., 2011). Stress lowers iron levels in serum and tissues (Combs and Combs, 1984). Low iron levels affect immunological and antioxidant capabilities, which is harmful to bird health (Sahin et al., 2001). Iron is primarily linked to phytate in grains and oilseeds (Yu et al., 2000), reducing its availability in poultry feeds when phytase is not provided (Gibson et al., 2010). Therefore, the current study aims to: Study the synthesis and effects of nanopeptides of the amino acids methionine and tryptophan loaded on to nano- iron nanoparticles on the growth and productive, physiological, and immunological performance of Rose 308 broiler chickens exposed to oxidative stress.

			METERIALS AND METHODS

			First Experiment (Laboratory)

			This investigation examined the impact of synthetic peptides on laboratory-grown Salmonella and E. coli bacteria in the Animal Production Department’s labs at Al-Qasim Green University’s College of Agriculture.

			Materials Used in the Experiment

			Preparation of nano-peptides from Methionine, Tryptophan, and Iron The preparation of nano-peptides was conducted in the Nano Technologies Laboratory, Babylon Governorate, following the method of Ruhul et al. (2017) for preparing nano-peptides (Figure 1).

			[image: ]

			Figure 1: The first experiment.

			SEM Test

			 SEM analysis results showed spherical particles with nano-sized sizes ranging between (9.66, 10.25, 14.50, 17.09, 17.43) nm (Pirtarighat et al., 2018) (Figure 2).
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			Figure 2: SEM test of nano-peptids.

			FTIR Test

			The FTIR analysis used in these images shows the changes in chemical bonds before and after loading methionine and tryptophan onto iron oxide. The images show the chemical bonds between methionine, tryptophan, and iron (Figure 3).
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			Figure 3: FT-IR test of nano-peptids.

			XRD test 

			The result was around 25 nm (Wu et al., 2010; Saravanan et al., 2013).

			Bacterial Count

			Concentrations of 50, 100, and 150 µL/plate were added using an automatic pipette after bacteria culture with specific aggar, then bacteria count according to (Rai, 2016) and the diameter of inhibition according to Theivasanthi and Alagar (2011).

			Second Experiment (Farm)

			This experiment was carried out in the farms of Al-Anwar Poultry Company in Babil Governorate for 35 days, from 10/7/2024 to 11/10/2024. During this time, the effect of adding synthetic peptides to the drinking water of broiler chickens raised under oxidative stress caused by hydrogen peroxide was investigated in terms of some productive and physiological aspects, as well as oxidation indicators. The chicks, housing, nutrition, and preventive program were managed in the same way as the first experiment. Furthermore, as shown by the treatments employed in the second experiment, oxidative stress was induced by adding hydrogen peroxide (H2O2) to the drinking water at a concentration of 0.5%. Starting on the first day of the experiment according to Chen et al. (2021), Merzah and Ali (2023), hydrogen peroxide was introduced, and to make sure the hydrogen peroxide’s effect persisted, the water was changed twice a day, at 9 am and 9 pm, oxidative stress indicators were monitored through blood parameters and growth performance. Eighteen cages containing six treatments (each with sixty birds) were randomly assigned to the chicks. For the duration of the trial, there were 360 Ross-308 broiler chicks total—three replicates of each treatment, each with 15 birds. Beginning on the first day of the experiment, hydrogen peroxide (0.5%) and synthetic peptides were administered in varying amounts as follows:

			
					C1: Control treatment (no additives).

					C2: Control treatment adding 0.5% H2O2/L.

					C3: Add 1 ml NPe + 0.5% H2O2/L.

					C4: Add 2 ml NPe + 0.5% H2O2/L.

					C5: Add 3 ml NPe + 0.5% H2O2/L.

					C6: Add 4 ml NPe + 0.5% H2O2/L. 

			

			These were fed a beginning meal that contained 23% protein and 3027 kcal/kg of feed. Until the end of the fifth week, they were substituted with a growth diet that contained 20% protein and 3195.3 kcal/kg feed. They have unlimited access to food and drink (Figure 4).

			Traits Study 

			Productive traits of LBW, WG, FI, FCR, and mortality rate were studied according to (Ibrahim and Al-jebory, 2020; AL-saeedi et al., 2023; Al-Jebory et al., 2024).
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			Figure 4: Second experiment.

			Physiological traits RBC, WBC, MCV, MHCV, MCH, PCV, HB, Lymphocyte, Heterophill, H/L ratio according to (Salman et al., 2024 a,b; Al-Saeedi et al., 2024; Ajafar et al., 2024a,b).

			Data was analyzed using (CRD) Duncan’s (1955) The SAS (2012).

			RESULTS AND DISCUSSIONS

			Effect of Nano-Peptides in Bacteria 

			Table 1 shows the effect of the synthesized peptides as antibacterial peptides and their ability to affect E. coli and Salmonella bacteria. A positive effect was observed for all concentrations studied (50, 100, and 150 microliters). 

			Table 1: Effect of nanopeptides of methionine, tryptophan, and iron on E. coli and Salmonella bacteria in vitro.

			
				
					
					
					
				
				
					
							
							Concentration

						
							
							E. coli

						
							
							Salmonella

						
					

					
							
							50 µm

						
							
							+

						
							
							+

						
					

					
							
							100 µm

						
							
							+

						
							
							+

						
					

					
							
							150 µm

						
							
							+

						
							
							+

						
					

				
			

			Note: +: positive impact.

			Table 2: Effect of synthesized nano-peptides on bacterial inhibition zones in E. coli and Salmonella cultures (mm for inhibition zone).

			
				
					
					
					
				
				
					
							
							Concentration

						
							
							E. coli

						
							
							Salmonella

						
					

					
							
							50 µm

						
							
							2.33± 1.20 b

						
							
							3.00± 0.57 b

						
					

					
							
							100 µm

						
							
							4.73± 0.37 a

						
							
							533±1.76 a

						
					

					
							
							150 µm

						
							
							4.67± 0.88 a

						
							
							8.00±2.08 a

						
					

					
							
							Significant

						
							
							*

						
							
							*

						
					

				
			

			Note: *(P<0.05).

			Regarding the diameter of bacterial growth inhibition in cultured dishes (Table 2), a significant (P≤0.05) superiority was observed for the 100 and 150 microliter concentrations compared to the 50 microliter concentration for E. coli and Salmonella bacteria.

			The significant effect of the peptides synthesized in E. coli and Salmonella bacteria in the laboratory may be due to the antibacterial properties of iron nanoparticles. Studies have shown that the antioxidant properties of iron nanoparticles are the same as those that give them antibacterial properties against gram-negative bacteria, nanocapsules are nano-carrier materials with molecular dimensions ranging from 1-100 nm and are considered as encapsulating and attracting materials for encapsulating hydrophobic drugs. The active drug molecule is encapsulated inside the carrier or nano-spheres where the drug molecules are absorbed and activated. These are in the form of polymeric nanocapsules (polymers) that allow the materials loaded inside them to be slowly decomposed, thus allowing active and effective compounds to remain for a longer period (Mishraet al., 2010). Iron nanoparticles attract free radicals and enter the gram-negative bacteria. The free radicals then destroy the bacteria (Aisida et al., 2020). This is due to the type of bacterial membrane of gram-negative bacteria, which contains a layer of phospholipids, thus allowing these compounds to enter the bacterial cell (Touati, 2000; Taylor and Webster, 2009). The small size of iron nanoparticles also allows them to penetrate the bacterial cell membrane, thus halting the functions cell membrane (Ezealigoa et al., 2021). Lee et al. (2008) indicated that iron nanoparticles enter E. coli bacteria by diffusion. Iron ions are released, which damage E. coli bacteria by destroying the cell membrane. Furthermore, the method of manufacturing nano-iron by linking it to proteins (amino acids) or encapsulating it with polymers reduces its toxicity to living cells and increases its antibacterial properties (Aisida et al., 2019). Linking nano-iron with methionine enhances its antibacterial and antioxidant peptide properties, as amino acids act as a mediator for green synthesis nano-iron to produce peptides that are antibacterial and less toxic to living cells (Yeganeh et al., 2020). The way nanopeptides interact with microbial membranes is either by destroying the functions of the bacterial cell membrane, directly killing the bacteria, or supporting the body’s immunity against pathogens due to the amino acids they contain that support the immune system, or by shrinking or exploding the bacterial cell, or damaging the nuclear material and stopping bacterial reproduction (Raheem and Straus, 2019; Seyfi et al., 2020). Moreover, the antioxidant capacity of nanopeptides also depends on their amino acid components and their ability to stimulate the antioxidant system (Fadaka et al., 2021).

			Productive Traits 

			Live body weight: Table 3 compares the impact of nano-peptide levels on the average live body weight of broiler chickens. Treatment C6 outperformed treatment C3 in the third week (P≤0.05), while treatments C1, C2, C4, C5, and C6 did not differ significantly in the initial weight or first and second weeks. In the fourth week, treatments C1 and C4 increased significantly (P≤0.05) compared with treatment C3, and no significant difference was found between treatments C1, C2, C4, C5, and C6. In the fifth week, a highly significant superiority (P≤0.01) was shown for treatment C6 compared with treatments C1, C2, C3, and C5. Treatments C4 and C5 also outperformed treatments C1, C2, and C3. Treatments C1 and C3 also increased significantly over treatment C2 (Figure 5).

			Table 3: Growth performance trends in broiler chickens under different dietary treatments.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							0

						
							
							1

						
							
							2

						
							
							3

						
							
							4

						
							
							5

						
					

					
							
							C1

						
							
							42.41 ±1.08

						
							
							184.41

							±7.29

						
							
							464.75 ±27.02

						
							
							999.75 ±8.46ab

						
							
							1743.33 ±12.02 a

						
							
							2154.67 ±4.48C

						
					

					
							
							C2

						
							
							43.17

							±0.33

						
							
							185.67 ±7.89

						
							
							452.83 ±12.91

						
							
							987.64±

							16.91ab

						
							
							1681.67 ±10.13ab

						
							
							2102.33 ±7.33d

						
					

					
							
							C3

						
							
							42.75

							±0.63

						
							
							184.91 ±9.39

						
							
							425.50

							±7.76

						
							
							908.83±

							14.93 b

						
							
							1602.67 ±19.32b

						
							
							2158.67 ±14.89c

						
					

					
							
							C4

						
							
							42.75 ±0.52

						
							
							182.25 ±3.39

						
							
							468.33 ±25.54

						
							
							1005.41 ±10.01ab

						
							
							1747.33 ±18.97a

						
							
							2278.00 ±14.01ab

						
					

					
							
							C5

						
							
							41.33 ±0.68

						
							
							187.17

							±2.62

						
							
							442.83 ±22.61

						
							
							981.58±

							42.20ab

						
							
							1690.66 ±15.01ab

						
							
							2216.67 ±13.33b

						
					

					
							
							C6

						
							
							42.08 ±1.10

						
							
							177.67 ±4.84

						
							
							427.25 ±27.79

						
							
							1066.50

							±14.59a

						
							
							1732.33 ±13.99ab

						
							
							2281.67 ±14.19a

						
					

					
							
							Significant

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
							
							*

						
							
							*

						
							
							**

						
					

				
			

			Note: *(P<0.05), ** (P<0.01), N.S: not significant.
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			Figure 5: Weekly live body weight variations in broiler chickens.

			Weight gain: Table 4 depicts the influence of nanopeptides on the weekly weight increase rate. There were no significant differences between the experimental treatments in the first, second, third, and fourth weeks. In the fifth week, treatments C3, C4, C5, and C6 showed a significant increase (P≤0.05) compared to C1 and C2. C4 and C6 had considerably greater overall rates (P≤0.01) than the other treatments. Treatment C5 also outperformed treatment C2, with no significant difference between treatments C1, C2, and C3 (Figure 6).

			Feed intake: The impact of the investigated treatments on the average weekly feed weight consumed is displayed in Table 5. It is observed that, in comparison to treatments C4 and C6, there was a significant increase (P≤0.05) for treatment C2 during the first week. Additionally, treatment C5 performed better than treatment C6. In the second, third, and fifth weeks, there was no significant difference between the treatments under study and the average amount of feed consumed overall. However, when comparing treatment C1 to treatment C3, there was a significant increase (P≤0.05) in the fourth week. Treatment C1 did not differ significantly from treatments C2, C4, C5, and C6.

			Table 4: Effect of nanopeptides of methionine, tryptophan, and iron on the weekly WG of broiler chickens exposed to oxidative stress.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							1

						
							
							2

						
							
							3

						
							
							4

						
							
							5

						
							
							Total

						
					

					
							
							C1

						
							
							142.00

							±8.31

						
							
							280.34

							±22.41

						
							
							535.00 ±34.46

						
							
							743.58 ±3.79

						
							
							411.34± 12.91 b

						
							
							2112.26 ±3.45bc

						
					

					
							
							C2

						
							
							142.50

							±8.21

						
							
							267.16 ±20.78

						
							
							534.81 ±27.20

						
							
							694.03 ±14.65

						
							
							420.66± 4.70 b

						
							
							2059.10 ±10.66 c

						
					

					
							
							C3

						
							
							142.16 ±8.95

						
							
							240.59 ±15.66

						
							
							483.33 ±21.01

						
							
							693.84 ±11.63

						
							
							556.00± 58.02 a

						
							
							2115.92 ±14.31bc

						
					

					
							
							C4

						
							
							139.50

							±3.04

						
							
							286.08

							±27.82

						
							
							537.08 ±13.47

						
							
							741.92

							±9.82

						
							
							530.67± 17.88 a

						
							
							2235.26 ± 24.30a

						
					

					
							
							C5

						
							
							145.84 ±2.02

						
							
							255.66 ±22.68

						
							
							538.75 ±64.78

						
							
							709.08 ±4.35

						
							
							526.01± 11.08 a

						
							
							2175.34 ±12.72 b

						
					

					
							
							C6

						
							
							135.59 ±4.33

						
							
							249.58 ±27.84

						
							
							589.25

							±19.10

						
							
							715.83 ±9.83

						
							
							549.34± 17.02 a

						
							
							2239.59 ±14.54a

						
					

					
							
							Significant

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
							
							*

						
							
							**

						
					

				
			

			Note: *(P<0.05), ** (P<0.01), N.S: not significant.
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			Figure 6: Cumulative weight gain across dietary treatments.

			Feed conversion ratio: The impact of adding varying concentrations of nano-peptides to the investigated therapies is displayed in Table 6. Treatments C1, C3, C4, C5, and C6 showed a substantial improvement (P≤0.05) over treatment C2 during the first week. There was no significant difference between treatments C1, C3, C4, C5, and C6. However, there was no significant difference between the examined treatments in the second, third, or fourth weeks. When compared to treatments C1 and C2, treatments C3, C4, C5, and C6 showed a substantial improvement (P≤0.05) in the fifth week. Compared to treatments C1, C2, and C3, treatments C4 and C6 showed a substantial improvement (P≤0.05) in the overall rate of the feed conversion factor. In comparison to treatment C2, treatment C5 also showed improvement. 

			Table 5: Feed intake comparison among treatment groups across the study period.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							1

						
							
							2

						
							
							3

						
							
							4

						
							
							5

						
							
							Total

						
					

					
							
							C1

						
							
							147.08

							±4.69abc

						
							
							386.50 ± 5.39

						
							
							718.00 ± 15.64

						
							
							1009.75 ± 5.87 a

						
							
							1210.90 ± 26.43

						
							
							3472.23 ± 74.62

						
					

					
							
							C2

						
							
							157.75

							±3.90 a

						
							
							385.67 ± 8.10

						
							
							718.33 ± 11.57

						
							
							978.00± 9.95 ab

						
							
							1203.82 ± 37.32

						
							
							3443.57 ± 64.57

						
					

					
							
							C3

						
							
							150.58±

							4.20 abc

						
							
							378.50 ± 4.12

						
							
							695.75 ± 14.99

						
							
							948.09± 6.48 b

						
							
							1243.14 ± 42.31

						
							
							3416.07 ± 41.22

						
					

					
							
							C4

						
							
							144.25±

							1.89 bc

						
							
							380.91 ± 11.96

						
							
							710.09 ± 2.85

						
							
							995.44± 12.51ab

						
							
							1164.44 ± 29.39

						
							
							3395.14 ± 41.21

						
					

					
							
							C5

						
							
							154.25±

							4.99 ab

						
							
							385.16 ± 6.92

						
							
							696.83 ± 8.06

						
							
							985.15± 15.64ab

						
							
							1203.73 ± 29.41

						
							
							3445.13 ± 18.75

						
					

					
							
							C6

						
							
							140.41±

							1.08 c

						
							
							384.02 ± 2.76

						
							
							696.92 ± 19.35

						
							
							993.18 ±1.08ab

						
							
							1193.61 ± 36.69

						
							
							3408.16 ± 45.01

						
					

					
							
							Significant

						
							
							*

						
							
							N.S

						
							
							N.S

						
							
							*

						
							
							N.S

						
							
							N.S

						
					

				
			

			Note: *(P<0.05), N.S: not significant.

			Table 6: Changes in feed conversion ratio (FCR) across experimental treatments.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							1

						
							
							2

						
							
							3

						
							
							4

						
							
							5

						
							
							Total

						
					

					
							
							C1

						
							
							1.035

							±0.12b

						
							
							1.378±

							0.01

						
							
							1.342±

							0.07

						
							
							1.357

							±0.11

						
							
							2.943±

							0.04a

						
							
							1.643±

							0.03ab

						
					

					
							
							C2

						
							
							1.107±

							0.11a

						
							
							1.443±

							0.10

						
							
							1.343±

							0.03

						
							
							1.409±

							0.14

						
							
							2.861±

							0.03b

						
							
							1.672±

							0.04a

						
					

					
							
							C3

						
							
							1.059±

							0.29b

						
							
							1.573±

							0.10

						
							
							1.439±

							0.07

						
							
							1.366±

							0.08

						
							
							2.235

							±0.03c

						
							
							1.614

							±0.05b

						
					

					
							
							C4

						
							
							1.036±

							0.189b

						
							
							1.331±

							0.02

						
							
							1.322±

							0.03

						
							
							1.341

							±0.13

						
							
							2.194±

							0.01c

						
							
							1.518

							±0.02c

						
					

					
							
							C5

						
							
							1.057±

							0.15b

						
							
							1.506±

							0.13

						
							
							1.293±

							0.19

						
							
							1.389±

							0.13

						
							
							2.288±

							0.03c

						
							
							1.583±

							0.02bc

						
					

					
							
							C6

						
							
							1.035±

							0.15b

						
							
							1.538±

							0.09

						
							
							1.182±

							0.03

						
							
							1.387±

							0.19

						
							
							2.172±

							0.04c

						
							
							1.521

							±0.01c

						
					

					
							
							Significant

						
							
							*

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
							
							*

						
							
							*

						
					

				
			

			Note: *(P<0.05), N.S: not significant.

			Mortality: Table 7 shows that the overall mortality rate for each therapy did not significantly differ during the course of the investigation.

			Polymeric nanocapsules (polymers) are chemically linked fragments of hydrophobic and hydrophilic polymer units to generate amphoteric molecules (Warriner et al., 1996). Vesicles formed from polymers are commonly referred to as polymersomes and are among the best characterized polymeric vesicles. By controlling the formula weight of the blocks, polymers with different properties are created, including those that vary in elasticity, permeability, and mechanical stability. By their nature, polymeric building blocks allow for greater lipid uptake (Meng et al., 2009). Due to their higher molecular weights, polymers are thicker, stiffer, and more stable than other nanocapsules. Polymeric membranes have been shown to withstand an expansion upon digestion in the gastrointestinal tract of up to 40–50% compared to 5% or less for lipid membranes (Needham and Zhelev, 2000). In addition, polymers can be designed So that it responds to environmental factors during digestion such as pH, temperature, redox potential, magnetic field, light and ultrasound (Meng et al., 2009). The addition of nanopeptides (containing methionine, tryptophan, and iron) to broiler chickens’ drinking water may have contributed to the improvement in production performance of the treatments with nanopeptides, particularly treatments C4 and C6. This is because methionine plays a crucial role in improving the effectiveness of nutrient utilization in addition to its primary function of balancing amino acids in the feed (Bunchasak, 2009). In addition to methionine’s role in the production of hormones and enzymes, this amino acid balance is demonstrated by improved muscle mass and body growth (Lee et al., 2023). 

			Table 7: Effect of nanopeptides of methionine, tryptophan, and iron on the total mortality rate of broiler chickens exposed to oxidative stress.

			
				
					
					
				
				
					
							
							Treatments

						
							
							Mortality ratio %

						
					

					
							
							C1

						
							
							0.133±0.03

						
					

					
							
							C2

						
							
							0.117±0.02

						
					

					
							
							C3

						
							
							0.100±0.05

						
					

					
							
							C4

						
							
							0.117±0.06

						
					

					
							
							C5

						
							
							0.067±0.03

						
					

					
							
							C6

						
							
							0.050±0.00

						
					

					
							
							Significant

						
							
							N.S

						
					

				
			

			Note: N.S: not significant.

			Additionally, El-Shobokshy et al. (2022) found that nano-methionine increased the gene expression of related to the hormone tryptophan, which plays a major role in protein synthesis, enhances the antioxidant system by entering into the production of melatonin, and enhances feed intake by entering into the production of serotonin. These findings suggest that nanomethionine may have a higher ability to stimulate insulin-like growth factor-1 (IGF-1) and growth hormone, which work to stimulate growth and may improve the growth performance of birds. Tryptophan also plays a role in the production of niacin in the body, which supports growth and metabolism and enhances digestive health (Le Floc’h et al., 2011). Tryptophan is considered an essential amino acid in regulating metabolic processes and transmitting nerve signals (Michael et al., 2009). Moreover, tryptophan is involved in regulating humoral immunity in birds and increasing the level of immunoglobulins, which is positively reflected in the growth of treated birds (Wei et al., 2011). Tryptophan may improve body growth and feed conversion ratio because it is closely linked to maintaining insulin secretion from pancreatic beta cells in animals (Kim et al., 2014; Mund et al., 2020). Thus, insulin is a growth hormone that increases the body’s growth rate by increasing metabolism. Stress is closely related to the production performance of broiler chickens. Tryptophan is a major precursor to serotonin, which has an important role in modifying biological functions in the body to reduce stress (Bai et al., 2017). Tryptophan has the ability to reduce oxidative stress and enhance antioxidants in broiler chickens (Mund et al., 2020). Liu et al. (2015) reported that tryptophan increased the levels of glutathione peroxidase and catalase in serum, liver, and breast muscles. Patil et al. (2013) showed that tryptophan is a precursor to serotonin and melatonin, which prevent oxidative damage in broiler chickens and improve the enzymatic activity of catalase and SOD. Studies have indicated that a 1.5% increase in tryptophan levels over the recommended level can reduce oxidative stress and improve the efficiency of utilization of Feeds in broiler chickens under stress conditions (Wang et al., 2014). Tryptophan also increases the activity of the paraoxonase-1 (PON1) gene, which has a major role in protecting lipoproteins from oxidation in the blood and tissues (De la Iglesia et al., 2014). The improvement is also attributed to the role of nanoiron, which increases the metabolism of amino acids and increases the level of arginine in the liver (Miroshnikov et al., 2017). This may be reflected in the growth of birds. Iron is also important in the oxidation and reduction processes in many enzymes (Andreini et al., 2008). It also participates in several different physiological reactions. It is necessary in the synthesis of hemoglobin, myoglobin, and red blood cells (Andrews et al., 2003). It has multiple roles in the Krebs cycle and facilitates the removal of harmful free radicals by assisting enzymes such as catalase (Nikonov et al., 2011). The green preparation of nanoiron using amino acids makes it less toxic and more available to the bird, as it is absorbed in its organic form through the intestine more than free iron in the intestinal lumen (Saif et al., 2016). Moreover, the nano-encapsulation of peptides or acids Amino acids are considered an optimal method due to the slower absorption of amino acids (Collins, 2021). The improvement in feed conversion factor may be due to the role of nano-encapsulation, which allows the nano-encapsulated active compounds (methionine, tryptophan, and iron) to remain for a longer period and improve their absorption (Needham and Zhelev, 2000). This may make nano-encapsulation more beneficial than synthetic peptides, thus reflecting on the growth performance of birds. Alternatively, the improvement in the productive performance of birds in supplementation treatments may be due to the antibacterial role of synthetic peptides, which may improve the health of birds (first experiment, Tables 1 and 2), which is reflected in growth performance. The decreased productive performance of the control treatment C2 may be due to exposure to oxidative stress, which in turn causes lipid oxidation, oxidation, and disruption of the regulation of neuronal signal transmission, protein, and DNA molecule degradation within cells (Surai et al., 2019). Therefore, oxidative stress is one of the main factors that negatively affect productive performance (Oke et al., 2014; Vandana and Sejan, 2018). Although there are no statistically significant differences in the mortality rate, the resulting rate may be due to oxidative stress and its harmful effects (Hamzah Merzah and Abdul-Lateef, 2022).

			Table 8: Hematological parameters response to nano-peptide supplementation.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							RBC

						
							
							PCV

						
							
							Hb

						
							
							MCH

						
							
							MCV

						
							
							MCHC

						
							
							WBC

						
					

					
							
							C1

						
							
							3.95

							±0.45

						
							
							27.50±

							1.50ab

						
							
							9.16

							±0.50b

						
							
							70.97

							±11.88

						
							
							23.64

							±3.96

						
							
							33.30±

							0.01

						
							
							32.50

							±0.50

						
					

					
							
							C2

						
							
							4.07±

							0.63

						
							
							00.26±

							4.00b

						
							
							8.66±

							1.33b

						
							
							63.88±

							0.06

						
							
							21.28

							±0.02

						
							
							33.32±

							0.01

						
							
							29.50±

							0.50

						
					

					
							
							C3

						
							
							4.57

							±0.37

						
							
							30.50±

							0.50ab

						
							
							10.16±

							0.17ab

						
							
							67.02

							±4.40

						
							
							22.33

							±1.47

						
							
							33.32±

							0.01

						
							
							31.50±

							0.50

						
					

					
							
							C4

						
							
							4.05±

							0.53

						
							
							31.00±

							2.00ab

						
							
							10.67

							±0.67ab

						
							
							81.07±

							12.47

						
							
							27.01 ±4.15

						
							
							33.32±

							0.01

						
							
							32.00±

							1.00

						
					

					
							
							C5

						
							
							3.95

							±0.86

						
							
							34.00±

							2.00a

						
							
							11.33±

							0.67a

						
							
							86.06±

							16.20

						
							
							28.68 ±5.41

						
							
							33.32

							±0.01

						
							
							32.00±

							0.04

						
					

					
							
							C6

						
							
							4.39±

							0.45

						
							
							33.50±

							1.50ab

						
							
							11.16±

							0.50ab

						
							
							76.68

							±4.52

						
							
							25.54 ±1.51

						
							
							33.31±

							0.07

						
							
							32.50±

							3.50

						
					

					
							
							Significant

						
							
							N.S

						
							
							*

						
							
							*

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
							
							N.S

						
					

				
			

			Note: *(P<0.05), N.S: not significant.

			Blood parameters: The impact of the investigated therapies on a few physical traits of broiler chickens subjected to oxidative stress is displayed in Table 8. It was discovered that the research treatments did not significantly differ in RBC, MCH, MCV, MCHC, or WBC. Regarding the PCV, there was no significant difference between treatments C1, C3, C4, and C6, and treatment C5 was much better than treatment C2 (P≤0.05). There was no significant difference in hemoglobin concentration between treatments C1, C2, C3, C5, and C6, however treatment C5 showed a substantial increase (P≤0.05) in comparison to treatments C1 and C2.

			There was no significant difference between treatments C1, C3, C4, C5, and C6, and the percentage of heterophil (Table 9) increased significantly (P≤0.05) in treatment C2 compared with treatments C4, C5, and C6, while the percentage of lymphocytes increased significantly (P≤0.05) for treatments C4 and C6 compared with treatment C2, and no significant difference was observed between treatments C1, C3, C4, C5, and C6. There was no significant difference between treatments C1, C3, C5, and C6, or between treatments C4, C5, and C6, but the percentage of H/L in the blood of birds in treatment C2 increased significantly (P≤0.01) when compared to the other treatments, and this percentage also increased in treatments C1 and C2 when compared with treatment C4.

			Table 9: Immunological markers in broilers fed different experimental diets.

			
				
					
					
					
					
				
				
					
							
							
							Lymphocytes %

						
							
							Heterophil %

						
							
							H/L %

						
					

					
							
							C1

						
							
							60.50±0.50ab

						
							
							25.00±1.00ab

						
							
							0.410±0.01b

						
					

					
							
							C2

						
							
							56.50±1.50b

						
							
							29.50±0.50a

						
							
							0.515±0.01a

						
					

					
							
							C3

						
							
							61.50±1.50ab

						
							
							24.50±2.50ab

						
							
							0.390±0.03b

						
					

					
							
							C4

						
							
							65.50±0.50a

						
							
							20.00±2.00b

						
							
							0.300±0.03c

						
					

					
							
							C5

						
							
							62.00±2.00ab

						
							
							23.50±0.50b

						
							
							0.375±0.01bc

						
					

					
							
							C6

						
							
							63.00±3.00a

						
							
							22.50±1.50b

						
							
							0.355±0.04bc

						
					

					
							
							Significant 

						
							
							*

						
							
							*

						
							
							**

						
					

				
			

			Note: *(P<0.05), ** (P<0.01).

			The significant improvement in hemoglobin and hemoglobin concentration in the blood of birds treated with C5 compared to C2 may be due to the role of iron, which is involved in the formation of Hb and stimulates the formation of red blood cells (erythropoiesis) (Adamson, 1996). Blood cells are also susceptible to oxidative stress caused by free radicals, especially red blood cells, due to the thin cell membrane that transports oxygen inside the body (Oke et al., 2024). This explains the decrease in hemoglobin and hemoglobin in treatment C2, which is a result of the exposure of birds in that treatment to oxidative stress. The reason for the improvement in the addition treatments of nanopeptides, especially treatments C5 and C6, in the percentage of lymphocytes and heterophil cells and their ratio may be due to the role of tryptophan in reducing the effect of oxidative stress through its role in regulating the secretion of corticosterone, cortisol, heat shock protein HSP 70, and serotonin (Bello et al., 2018; Wen et al., 2019) which has a fundamental role in the occurrence of stress in poultry, as the increase in the hormone corticosterone during stress reduces the percentage of lymphocytes due to its receptor on the surface of lymphocytes, causing their decomposition (Kazim et al., 2002), which increases the H/L ratio, which is considered a physiological indicator of the occurrence of stress (Kassab et al., 1992). The improvement in blood cellular characteristics may also be due to the addition of methionine’s antioxidant role, as methionine protects cells from the harmful effects of free radicals through two pathways: the first is by indirectly producing antioxidants (cysteine and glutathione precursors), and the second is by entering into protein formation and protecting proteins from damage by free radicals (Santana et al., 2021). Methionine enters into the formation of methyl sulfoxide reductases, which are enzymes that work to reduce reactive oxygen species and protect cells. From the harmful action of oxidation, thioredoxin plays a major role in these antioxidant pathways (Luo and Levine, 2009; Del Vesco et al., 2015; Al-Saeedi et al., 2021).

			CONCLUSIONS AND RECOMMENDATIONS

			It is concluded from the results of the two experiments that the peptides manufactured from methionine, tryptophan and iron and nano-encapsulated have proven their effectiveness against bacteria in the laboratory and in improving the productive performance of broiler chickens under conditions of oxidative stress. We recommend, based on the study results, the possibility of applying the use of nano-peptides or oxidative stress supplements to other types of poultry.

			ACKNOWLEDGEMENTS

			The authors would like to thank Al-Anwar Poultry Company and Department of Animal Production, College of Agriculture, Al-Qasim Green University.

			NOVELTY STATEMENT

			The novelty in this study is the manufactured nano peptide from methionine, tryptophan, and iron and nano-encapsulated, and used in broiler.

			AUTHOR’S CONTRIBUTIONS

			Nareman Badri Arkan: Contributed to the data collection, data analysis and manuscript preparation.

			Hashim Hadi Al-Jebory: Had the role of designing and generating the concept, supervising, monitoring and controlling the research, data analysis and interpretation, and manuscript preparation.

			Fadhil Rasool Abbas Al-Khafaji: Contributed to supervise the research.

			Conflict of Interest

			The authors declare there is no conflict of interest.

			REFERENCES

			Abdel-Rahman HG, Alian HA, Mahmoud MMA (2022). Impacts of dietary supplementation with nano-iron and methionine on growth, blood chemistry, liver biomarkers, and tissue histology of heat-stressed broiler chickens. Trop. Anim. Health Prod., 54: 126. https://doi.org/10.1007/s11250-022-03130-w

			Adamson J (1996). Erythropoietiniron metabolism, and red blood cell production. Semin Hematol. Apr., 33: 5-7.

			Aisida SOA, Batool FM, Khan L, Rahman A, Mahmood I, Ahmad TK, Zhao M, Maaza FI Ezema (2020). Calcination induced PEG-Ni-ZnO nanorod composite and its biomedical applications. Mater. Chem. Phys., 255: 123603. https://doi.org/10.1016/j.matchemphys.2020.123603

			Andreini, C., I. Betini, G. Cavallaro, G. L. Holliday, and J. M. Thornton. 2008. Metal ions in biological catalysis: from enzyme databases to general principles. J. Biol. Inorg. Chem. 13:1205-1218.

			Andrews, S. C., A. K. Robinson, and F. Rodriguez-Quinones. 2003. Bacterial iron homeostasis. FEMS Micro-biol. Rev. 27:215-237.

			Aisida, SOP, Akpa I, Ahmad T, Zhao M, Maaza Ezema FI (2019). Bio-inspired encapsulation and functionalization of iron oxide nanoparticles for biomedical applications. Eur. Polym. J., 122: 109371. https://doi.org/10.1016/j.eurpolymj.2019.109371

			Ajafar M,Al-Jebory HH, Al-Saeedi MKI (2024a). Effect of in Ova injection of lysophospholipid in hatching traits, chick’s quality, and chicks physical traits of broiler (Ross 308). Adv. Anim. Vet. Sci., 12(7): 1206-1213. https://doi.org/10.17582/journal.aavs/2024/12.7.1206.1213

			Ajafar M, Al-Jebory HH, Al-Saeedi MKI (2024b). Effect of Feed Restriction and Manganese Supplementation on the Immunological and Physiological Traits and Glycogen Level of Broiler Ross 308. Kufa J. Agric. Sci., 16(4): 141-150. https://doi.org/10.36077/kjas/2024/v16i4.11994

			Ajafar M,Al-Jebory HH, Al-Saeedi MKI (2024a). Effect of in Ova injection of lysophospholipid in hatching traits, chick’s quality, and chicks physical traits of broiler (Ross 308). Adv. Anim. Vet. Sci., 12(7): 1206-1213. https://doi. org/10.17582/journal.aavs/2024/12.7.1206.1213

			Al-Jebory HH, Al-Saeedi MKI, Ajafar M, Ali NAL (2024). Impact of melatonin on improving productive traits of broiler exposed to environmental stress. Adv. Anim. Vet. Sci., 12(4): 775-781. https://doi.org/10.17582/journal.aavs/2024/12.4.775.781

			Al-Saeedi MKI, Ajafar M, Al-Jeobry HH (2024). Immunity and glycogen metabolism of laying hens fed diets supplemented with manganese sulfate during the force molting. J. Anim. Health Prod., 12(3): 413-419. https://doi.org/10.17582/journal.jahp/2024/12.3.413.419

			Al-Saeedi MKI, Al-Jeobry HH, Ajafar M (2023). Effect of in Ova Injection with Nano-copper in Productive Performance of Japanese Quail Exposed to Pathological and Environmental Challenges. Annals Agri-Bio. Res., 28(2): 361-366.

			Al-Saeedi MKI, Dakhil HH, Al-Khafaji FRA (2021). Effect of adding Silver Nanoparticles with drinking Water on some Lymphatic Organs and Microflora in the intestinal for broiler Chickens (ROSS 308). 1st International Virtual Conference of Environmental Sciences. IOP Conf. Series Earth Environ. Sci., 722: 012004. https://doi.org/10.1088/1755-1315/722/1/012004

			Al-shammari KIA (2017). The use of chosen plant extract in various aspects of Japanese quail production. Doctoral dissertation, University of Life Sciences in Lublin. Pout. Sci., 11(1): 44-58.

			Bai M, Liu H, Xu K, Oso AO, Wu X, Liu G, Yin Y (2017). A review of the immunomodulatory role of dietary tryptophan in livestock and poultry. Amino-Acids, 49: 67–74. https://doi.org/10.1007/s00726-016-2351-8

			Banach M, Tymczyna L, Chmielowiec-Korzeniowska A, Pulit-Procia J (2016). Nanosilver Biocidal Properties and Their Application in Disinfection of Hatchers Poultry Processing Plants. Bioinorganic Chem. Appl., https://doi.org/10.1155/2016/5214783

			Bello AU, Idrus Z, Meng GY, Narayan EJ, Farjam AS (2018). Dose-response relationship of tryptophan with large neutral amino acids, and its impact on physiological responses in the chick model. Gen. Comp. Endocrinol., 260: 146–150. https://doi.org/10.1016/j.ygcen.2018.01.012

			Bernd CF, Juergen MRB, David M (1988). Channel-forming properties of cecropins and related model compounds incorporated into planar lipid membranes. PNAS, 85: 5072-5076. https://doi.org/10.1073/pnas.85.14.5072

			Bunchasak C (2009). Role of Dietary Met in Poultry Production. J. Poult. Sci., 46: 169-179. https://doi.org/10.2141/jpsa.46.169

			Bunchasak C (2009). Role of Dietary Met in Poultry Production. J. Poult. Sci., 46: 169-179. https://doi.org/10.2141/ jpsa.46.169

			Chen Z, Xing T, Li, J, Zhang L, Jiang Y, Gao F (2021). Hydrogen peroxide–induced oxidative stress impairs redox status and damages aerobic metabolism of breast muscle in broilers. Poult. Sci., 100: 2. https://doi.org/10.1016/j.psj.2020.11.029

			Collins EA (2021). Influence of Encapsulation of Supplemental Amino Acids on their Utilization in Broilers. Poult. Sci., Undergraduate Honors Theses Retrieved from https://scholarworks.uark.edu/poscuht/9 

			Combs G, Combs S (1984). The nutritional biochemistry of selenium. Annu. Rev. Nutr., 4: 257–280. https://doi.org/10.1146/annurev.nu.04.070184.001353

			Dahiya JP, Hoehler D, Van Kessel AG, Drew MD (2007). Dietary Encapsulated Glycine Influences Clostridium perfringens and Lactobacilli Growth in the Gastrointestinal Tract of Broiler Chickens. J. Nutr., 137(6): 1408-1414. https://doi.org/10.1093/jn/137.6.1408

			Daryoush B, Simab PA (2022). Methionine in Poultry Nutrion :Areview. J. Worlds Poult. Sci., 1(1): 1-11. https://doi.org/10.58803/jwps.v1i1.1

			De la Iglesia R, Mansego ML, Sanchez-Muniz FJ, Zulet MA, Martinez JA (2014). Arylesterase activity is associated with antioxidant intake and paraoxonase-1 (pon1) gene methylation in metabolic syndrome pa tients following an energy restricted diet. EXCLI J., 13: 416.

			Del Vesco AP, Gasparino E, Neto ARO, Rossi RM, Soares MAM, da Silva SCC (2013). Effect of Methionine supplementation on mitochondrial genes expression in the breast muscle and liver of broilers. Livest. Sci., 151: 284-291. https://doi.org/10.1016/j.livsci.2012.11.005

			Del Vesco AP, Gasparino E, Neto ARO, Rossi RM, Soares MAM, da Silva SCC (2015). Effects of Methionine Supplementation on the Expression of Oxidative Stress-Related Genes in Acute Heat Stress-Exposed Broilers. Br. J. Nutr., 113: 549-559. https://doi.org/10.1017/S0007114514003535

			Donma MM, Donma O (2017). Beneficial Effects of Poultry Meat Consumption on Cardiovascular Health and the Prevention of Childhood Obesity. Medic. One., 2(4): 1-7.

			Duncan DB (1955). Multiple Rang and Multiple F-test. Biometrics, 11: 4-42. https://doi.org/10.2307/3001478

			El-Shobokshy SA, Abo-Samaha MI, Abd El-Maksoud EM, Khatab SA, Khafaga AF, Wirtu G (2022). Influence of Nano-Methionine supplementation in drinking water on growth performance, lipid metabolism, and related gene expression in broiler chicken. J. Adv. Vet. Anim. Res., 9(4): 743–753. https://doi.org/10.5455/javar.2022.i644

			Ezealigoa US, Ezealigob BN, Aisidab SO, Ezema FI (2021). Iron oxide nanoparticles in biological systems: Antibacterial and toxicology perspective. JCIS Open, 4: 100027. https://doi.org/10.1016/j.jciso.2021.100027

			Fadaka AO, Sibuyi NRS, Madiehe AM, Meyer M (2021). Nanotechnology-Based Delivery Systems for Antimicrobial Peptides. Pharmaceutics, 13: 1795. https://doi.org/10.3390/pharmaceutics13111795

			Farzinpour A, Karashi N (2012). The Effects of Nano-silver on Egg Quality Traits in Laying Japanese Quail. Appl. Nanosci., (2): 1-5. https://doi.org/10.1007/s13204-012-0097-5

			Fatima F, Bajpai P, Pathak N, Singh S, Priya S, Verma S (2015). Antimicrobial and lmmunomodulatory Efficacy of Extracellularly Synthesized silver and Gold Nanopartic by a Novel Phosphate Solubilizing Fungus Bipolaris Tetramera. BMC Microbiol., 15(1): 52. https://doi.org/10.1186/s12866-015-0391-y

			Fouad AM (2021). Tryptophan in poultry nutrion: lmpacts and mechanisms of action. J. Anim. Physiol. Anim. Nutr., 105(6): 1146-1153. https://doi.org/10.1111/jpn.13515

			Fukuwatari T, Shibata K (2013). Nutritional aspect of tryptophan metabolism. Int. J. Tryptophan Res., 6(Suppl 1): 3-8. https://doi.org/10.4137/IJTR.S11588

			Gheisar MM, Hosseindoust A, Kim IH (2015). Evaluating the effect of microencapsulated blends of organic acids and essential oils in broiler chickens diet. J. Appl. Poult. Res., 24(4): 511–519. https://doi.org/10.3382/japr/pfv063

			Gibson RS, Bailey KB, Gibbs M, Ferguson EL (2010). A review of phytate, iron, zinc, and calcium concentrations in plant-based complementary foods used in low-income countries and implications for bioavailability. Food Nutr. Bull., 3: 34-46.

			Hamzah Merzah, L1, Abdul-Lateef Ali N (2022). Effect of Adding Different Levels of Maca Root (Lepidium Meyenii) to the Diet on the Productive Performance of Broilers Exposed to Oxidative Stress. Archives of Razi Institute, 77(4): 1357-1364. https://doi.org/10.14704/nq.2022.20.1.NQ22260

			Hänsch R, Mendel RR (2009). Physiological functions of mineral micronutrients (cu, Zn, Mn, Fe, Ni, Mo, B, cl). Curr. Opin. Plant. Biol., 12: 259-66. https://doi.org/10.1016/j.pbi.2009.05.006

			Harms, R. H., & Russell, G. B. (2000). Evaluation of tryptophan requirement of the commercial layer by using a corn-soybean meal basal diet. Poultry Science, 79(5)

			Ibrahim MK, Al-jebory HHD (2020). Study of the effect of Bee Propolis on some biochemical, immunological traits and intestinal microflora of broiler chickens (Ross 308). 1st Scintific International Virtual Agricultural Conference. IOP Conf. Series Earth Environ. Sci., 553: 012022. https://doi.org/10.1088/1755-1315/553/1/012022

			Ibrahim K, Al-Saeedi M, Al-Jebory HH, Abood MH (2022). Progress Phenotypic Traits of Hatched Chicks and Growth Indicators of Broiler Chicks Fed Embryonically with Zinc Methionine. Arch. Razi Inst., 77(6): 2139-2145. 

			Ibrahim MK, Al-jebory HHD (2020). Study of the effect of Bee Propolis on some biochemical, immunological traits and intestinal microflora of broiler chickens (Ross 308). 1st Scintific International Virtual Agricultural Conference. IOPConf. Series Earth Environ. Sci., 553: 012022. https://doi.org/10.1088/1755-1315/553/1/012022

			Kassab A, Al-Senied A, Injidi MH (1992). Effect of dietary ascorbic acid on physiology and performance of heat-stressed broilers. Proceedings of the 2nd Symposium, Ascorbic acid in domestic animals. Europ.Poult.Sci., 85.270-285.

			Kazim S, Sahin N, Yaralioglu S (2002). Effect of Vitamin C and Vitamin E on lipid Peroxidation, blood serum metabolites, and mineral concentration of laying hens reared at high ambient temperature. Biol. Trace Elem. Res., 85: 35-45. https://doi.org/10.1385/BTER:85:1:35

			Kim K, Oh CM, Ohara-Imaizumi M, Park S, Namkung J, Yadav VK, Kim H (2014). Functional role of serotonin in insulin secretion in a diet-induced insulin-resistant state. Endocrinology, 156: 444-452. https://doi.org/10.1210/en.2014-1687

			Le Floc’h N, Otten W, Merlot E (2011). Tryptophan metabolism, from nutrition to potential therapeutic applications. Amino-Acids, 41: 1195-1205. https://doi.org/10.1007/s00726-010-0752-7

			Lee C, Kim JY, Lee WI, Nelson KL, Yoon J, Sedlak DL (2008). Bactericidal effect of zero-valent iron nanoparticles on Escherichia coli. Environ. Sci. Technol., 42: 4927-4933. https://doi.org/10.1021/es800408u

			Lee DH, Lim BS, Lee YK, Yang HC (2006). Effects of hydrogen peroxide (H2O2) on alkaline phosphatase activity and matrix mineralization of odontoblast cell lines. Cell Biol. Toxicol., 22(1): 39-46. https://doi.org/10.1007/s10565-006-0018-z

			Lee JT, Rochell JS, Kriseldi R, Kim WK, Mitchell RD (2023). Functional properties of amino acids: improve health status and sustainability. Poult. Sci., 102(1): 102288. https://doi.org/10.1007/s00726-023-03290-5

			Levine RL, Moskovitz J, Stadtman ER (2000). Oxidation of methionine in proteins: roles in antioxidant defense and cellular regulation. Int. Union Biochem. Mol. Biol. Life, 50: 301–307. https://doi.org/10.1080/15216540051081056

			Lewingtin S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey J, Qizilbash N, Peto R, Collins R (2007). Blood cholesterol and vascular mortality by age, sex and blood pressure: a meat – analysis of individual data from 61 prospective studies with 55, 000 vascular deaths. Lancet, 370(9602): 1829-1839. https://doi.org/10.1016/S0140-6736(07)61778-4

			Li S, Tan H, Wang N, Zhang Z, Lao L, Wong C, Feng Y (2015). The Role of Oxidative Stress and Antioxidants in Liver Diseases. Int. J. Mol. Sci., 16: 26087-26124. https://doi.org/10.1201/b19420-4

			Liu Y, Yuan J, Zhang L, Zhang Y, Cai S, Yu J, Xia Z (2015). Effects of tryptophan supplementation on growth performance, antioxida tive activity, and meat quality of ducks under high stocking density. Poult. Sci., 94: 1894-1901. https://doi.org/10.3382/ps/pev155

			Luo S, Levine RL (2009). Methionine in Proteins Defends against Oxidative Stress. FASEB J., 23: 464-472. https://doi.org/10.1096/fj.08-118414

			Marangoni G, Corsello G, Cricelli C, Ferrara N, Ghiselli A, Lucchin L, Poli A (2015). Role of poultry meat in a balanced diet aimed at maintaining health and wellbeing: an Italian consensus document. Food Nutr. Res., 59: 27606. https://doi.org/10.3402/fnr.v59.27606

			Meng F, Zhong Z, Feijen J (2009). Stimuli-responsive polymersomes for programmed drug delivery. Biomacromolecules, 10(10): 197-209. https://doi.org/10.1021/bm801127d

			Merzah LH, Ali NAL (2023). Different Diets of Maca Roots (Lepidium meyenii) Affect Several Physiological Blood Characteristics of Broiler Chickens under Oxidative Stress. IOP Conf. Series Earth Environ. Sci., 1259: 012071. https://doi.org/10.1088/1755-1315/1259/1/012071

			Michael S, Closkey MC, Ben-Zeev D, Lee R, Berman ME, Coccaro FE (2009). Acute tryptophan depletion and self-injurious behavior in aggressive patients and healthy volunteers. Psychopharmacology, 203(1): 53-61. https://doi.org/10.1007/s00213-008-1374-6

			Miroshnikov SA, Yausheva EV, Sizova EA, Kosyan BD, Donnik IM (2017). Research of Opportunities for Using Iron Nanoparticles and Amino Acids in Poultry Nutrition. Int. J. Geomater., 13(40): 124-131. https://doi.org/10.21660/2017.40.99216

			Mishra B, Patel BB, Tiwari S (2010). Colloidal nanocarriers a review on formulation technology, types and applications toward targeted drug delivevry. Nanomedicine, 6: 9-24. https://doi.org/10.1016/j.nano.2009.04.008

			Mishra, S., Tiwari, A. K. M.,  Mahdi, A. A. (2019). Chapter 13. Impact of Heavy Metal Carcinogens on Human Health. In M. Rai (Ed.), Biomedical Applications of Metals (pp. 277-295). Springer International Publications AG. https://doi.org/10.1007/978-3-319-74814-6_13

			Mund MD, Riaz M, Mirza MA, Rahman Z, Mahmood T, Ahmad F, Ammar A (2020). Effect of dietary tryptophan supplementation on growth performance, immune response and anti‐oxidant status of broiler chickens from 7 to 21 days. Vet. Med. Sci., 6: 48–53. https://doi.org/10.1002/vms3.195

			Needham D, Zhelev DV (2000). The Mechanochemistry of Lipid Vesicles Examined by Micropipette Manipulation Techniques in Vesicles. Rosoff, M. editor. Vol. Ch9. Marcel Dekker; New York. 9: 1524–1538.

			Nikaido H (1989). Outer membrane barrier as a mechanism of antimicrobial resistance. Antimicrob. Agents Chemother., 33: 183. https://doi.org/10.1128/AAC.33.11.1831

			Nikonov IN, Folmanis YG, Folmanis GE, Kovalenko LV, Laptev GY, Egorov IA (2011). Iron nanoparticles as a food additive for poultry. Dokl. Biol. Sci., 440: 328–31. https://doi.org/10.1134/S0012496611050188

			NRC (1994). Nutrient requirements of poultry. 9th revised ed. Washington, DC: Nat. Acad. Press,1-145.

			Oke OE, Akosile OA, Oni AI, Opowoye IO, Ishola CA, Adebiyi JO, Odeyemi AJ, Adjei-Mensah B, Uyanga VA, Abioja MO (2024). Oxidative stress in poultry production. Poult. Sci., 103: 104003. https://doi.org/10.1016/j.psj.2024.104003

			Patil R, Tyagi J, Sirajudeen J, Singh M, Moudgal R, Mohan J (2013). Effect of dietary melatonin and L-tryptophan on growth performance and immune responses of broiler chicken under ex perimental aflatoxicosis. Iran. J. Appl. Anim. Sci., 3: 139–144.

			Pirtarighat S, Maryam G, Saeid B (2018). Green synthesis of silver nanoparticles using the plant extract of Salvia spinosa grown in vitro and their antibacterial activity assessment. J. Nanostr. Chem., 9: 1–9. https://doi.org/10.1007/s40097-018-0291-4

			Raheem N, Straus SK (2019). Mechanisms of action for antimicrobial peptides with antibacterial and antibiofilm functions. Front. Microbiol., 10: 2866.

			Rai BK (2016). Basic Practical Manual on Industrial Microbiology. Lulu. Com, Book, pp. 1-156.

			Ruhul AB, Birinchi PB, Das K (2017). Controlled synthesis of a- and c-Fe2O3 nanoparticles via thermolysis of PVA gels and studies on a-Fe2O3 catalyzed styrene epoxidation, J. Saudi Chem. Soc., 21(1): 170-S178. https://doi.org/10.1016/j.jscs.2013.12.010

			Ryan JN, Harvey RW, Metge D, Elimelech M, Navigato T, Pieper AP (2002). Field and laboratory investigations of inactivation of viruses (PRD1 and MS2) attached to iron oxide-coated quartz sand. Environ. Sci. Technol., 36: 2403–2413. https://doi.org/10.1021/es011285y

			Sahin K, Sahin N, Onderci M, Yaralioglu S, Kucuk O (2001). Protective role of supplemental vitamin E on lipid peroxidation, vitamins E, A and some mineral concentrations of broilers reared under heat stress. Vet. medicína-Praha., 46:140-4. https://doi.org/10.17221/7870-VETMED

			Saif S, Tahir A, Chen Y (2016). Green Synthesis of Iron Nanoparticles and Their Environmental Applications and Implications. Nanomaterials, 6(209): 1-26. https://doi.org/10.3390/nano6110209

			Salman KAA, Al-Saeedi MKI, Al-Jebory HH (2024a). Impact of ova injection with zinc methionine on some blood parameters and glycogen level of broiler chickens exposed to feed fasting. Adv. Anim. Vet. Sci., 12(8): 1532-1538. https://doi.org/10.17582/journal.aavs/2024/12.8.1532.1538

			Salman KAA, Al-Saeedi MKI, Al-Jebory HH, Al-Jebory RF (2024b). Effect of neem (Azadirachta indica) leaf powder supplementation on some blood parameters in broiler chickens exposed to heat stress. Punjab Univ. J. Zool., 39(2): 177-183. https://doi.org/10.17582/journal.pujz/2024/39.2.177.183

			Santana TP, Gasparino E, de Sousa ACB, Khatlab AS, Zancanela V, Brito CO, Barbosa LT, Fernandes RPM, Del Vesco AP (2021). Effects of Free and Dipeptide Forms of Methionine Supplementation on Oxidative Metabolism of Broilers under High Temperature. Animal, 15: 100173. https://doi.org/10.1016/j.animal.2021.100173

			Saravanan PJ, Hsu H, Sivaprahasam D, Kamat SVJ (2013). Magn. Mater., 346: 175. https://doi.org/10.1016/j.jmmm.2013.07.023

			SAS (2012). Statistical Analysis System, User’s Guide. Statistical. Version 9.1th ed. SAS. Inst. Inc. Cary. N.C. USA, programe Statistical Analysis System, User’s Guide 9.1

			Seyfi R, Kahaki FA, Ebrahimi T, Montazersaheb S, Eyvazi S, Babaeipour V, Tarhriz V (2020). Antimicrobial peptides (AMPs): Roles, functions and mechanism of action. Int. J. Peptide Res. Ther., 26: 1451-1463. https://doi.org/10.1007/s10989-019-09946-9

			Sjöberg B, Foley S, Cardey B, Fromm MI, Enescu M (2018). Methionine oxidation by hydrogen peroxide in peptides and proteins: A theoretical and Raman spectroscopy study. J. Photochem. Photobiol. Biol., 188: 95-99. https://doi.org/10.1016/j.jphotobiol.2018.09.009

			Surai, PF and Kochish, II (2019). Nutritional modulation of the antioxidant capacities in poultry: the case of selenium. Poultry Science 98, 4231–4239.

			Surai, P. F., I.I. Kochish, V. I. Fisinin, and M. T. Kidd. 2019. Antiox-idant defence systems and oxidative stress in poultry biology:an update. Antioxidants (Basel)8:235.

			Taylor EN, Webster TJ (2009). The use of superparamagnetic nanoparticles for prosthetic biofilm. Int. J. Nanomed., 4: 145-152. https://doi.org/10.2147/IJN.S5976

			Theivasanthi T, Alagar M (2011). Studies of Copper Nanoparticles Effects on Micro-organisms. Annals Biol. Res., 2(3): 368-373. 

			Touati D (2000). Iron and oxidative stress in bacteria. Arch. Biochem. Biophys., 373: 1-6. https://doi.org/10.1006/abbi.1999.1518

			Vandana, G.D., and V.Sejian. 2018. Towards identifying climate-resilient poultry birds.J.DairybVet.Anim.Res.73:84-85.

			Wang B, Min Z, Yuan J, Zhang B, Guo Y (2014). Effects of di etary tryptophan and stocking density on the performance, meat quality, and metabolic status of broilers. J. Anim. Sci. Biotechnol., 5: 44. https://doi.org/10.1186/2049-1891-5-44

			Warriner HE, Idziak SH, Slack NL, Davidson P, Safinya P, Lamellar CR (1996). Fluid-membrane-based hydrogels containing polymer lipids. Science, 271(5251): 967-973. https://doi.org/10.1126/science.271.5251.969

			Wei ZY, Wang L, Ji Y, Yu LH, Pan XH, Wang MZ, Wang HR (2011). Effects of dietary tryptophan supplementation and feed restric tion on growth performance and carcass characteristics of gos lings. J. Anim. Vet. Adv., 10(16): 2079-2083. https://doi.org/10.3923/javaa.2011.2079.2083

			Wen J, Helmbrecht A, Elliot MA, Thomson J, Persia ME (2019). Evaluation of the tryptophan requirement of small-framed first cycle laying hens. Poult. Sci., 98(3): 1263-1271. https://doi.org/10.3382/ps/pey447

			Wu W, Xiao X, Zhang S, Zhou J, Fan L, Ren F, Jiang C, Phys CJ, Chem CV (2010).Large-Scale and Controlled Synthesis of Iron Oxide Magnetic Short Nanotubes: Shape Evolution, Growth Mechanism, and Magnetic Properties. The Journal of Physical Chemistry 114: 16092. https://doi.org/10.1021/jp1010154

			Xuan J,  Feng W,  Wang J,  Wang J,  Zhang B, Letao Bo,  Chen ZH,  Yang H,  Sun L, Antimicrobial peptides for combating drug-resistant bacterial infections, Drug Resistance Updates,Volume 68, 2023, 100954, ISSN 1368-7646, https://doi.org/10.1016/j.drup.2023.100954

			Yeganeh FE, Yeganeh AE, Far BF, Mansouri A, Sibuh BZ, Krishnan S, Pandit S, Alsanie WF, Thakur VK, Gupta PK (2022). Synthesis and Characterization of Tetracycline Loaded Methionine-Coated NiFe2O4 Nanoparticles for Anticancer and Antibacterial Applications. Nanomaterials, 12(13): 2286. https://doi.org/10.3390/nano12132286

			Yu B, Huang WJ, Chiou PWS (2000). Bioavailability of iron from amino acid complex in weanling pigs. Anim. Feed Sci. Technol., 86: 39-52. https://doi.org/10.1016/S0377-8401(00)00154-1

			Zaki, AN, Al-jebory HHD (2021). Effect of early feeding with zinc-methionine on improving growth performance and some biochemical characteristics of broilers. 1st International Virtual Conference of Environmental Sciences. IOP Conf. Ser. Earth Environ. Sci., 722: 012035. https://doi.org/10.1088/1755-1315/722/1/012035

		

	OEBPS/image/Image20022779.png





OEBPS/image/Image20022781.png
360 broiler chicks (Ross-308) divided it

cr:conl | [ 2 contel cs:aa | [ oo pa

ol | S

adities). adding 0% HOML i
HOIL.

Productive traii: LEW, WG, F FCE, MR
Physiokogial traits: KEC, WEC, HCY, MHCV, MCE, FCV, HB, Lyphocy?%, Hetwophill% HIL o






OEBPS/image/Image20022774.png
[ ‘Nano-pep tides from Methionine, Tryp tophan, and Iron ]

| (T | (o

)

Messuring the fect of peptides on et

inhibiion dizmster






OEBPS/image/Image200227811.png
2000

1500

1000

one day

Lweek

2week

3week

aweek

5 week






OEBPS/image/1.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Chock for
Updates

Impact of Nano-Encapsulated of Anti-Bacterial Peptide on Broiler
Growth Performance under Oxidative Stress Condition
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Department of Animal Production, College of Agriculture, Al-Qasim Green Uniwversity-Babylon province, Irag.

Abstract | This study carried out in two experiments. The first was a laboratory experiment to study the effect of na-
no-peptides made from methionine, tryptophan and iron on the growth of E. coli and Salmonella cultured from chick-
en intestines (concentrations of 50, 100 and 150 pL/plate). The results showed a positive effect of the manufactured
nano-peptides (NPe) on both types of bacteria. There was significant increase in the diameter of decrease for concen-
trations of 100 and 150 microliters compared to concentration 50. The second experiment was conducted in the field,
using 360 broiler (Ross 308), divided into six treatments (C1: Control treatment, C2: Control treatment with 0.5%
H,0,,and C3, C4, C5, C6 adding 1,2,3,4 ml of synthetic peptides with 0.5% H,0,), Significant increase in live body
weight and weight gain for treatments C4 and C6. All supplementation treatments improved in the feed conversion
ratio compared with the control treatments. Packed cell volume (PCV') and hemoglobin (Hb) levels increased in treat-
ment C5. Improvement in treatments C4, C5 and C6 appeared in the percentage of lymphocytes and heterophil. All
supplementation treatments improved in the H/L ratio compared with the control treatment C2.
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(Surai and Yoshikawa, 2019). One promising way to re-
duce protein utilization is by nano-encapsulating peptides
or amino acids, which maintains the advantages of slower

INTRODUCTION

he poultry industry has garnered a lot of interest from

researchers and farmers who want to develop this sec-
tor because of its high feed conversion efficiency and rap-
id growth (Marangoni ez /., 2015; Donma and Donma,
2017). This may make birds susceptible to different types
of stress that lower immunity and productivity, such as ox-
idative stress, which is defined as an imbalance between
the body’s antioxidant and oxidative systems, which leads
to DNA damage, lipid peroxidation, protein peroxida-
tion, and dysregulation of intracellular signal transduction

absorption. Lipids, lipid-like compounds, or polymers are
used to encapsulate a variety of desired nutritional supple-
ments, increasing the nutrient’s utilization efficiency (Col-
lins, 2021). Gheisar ¢z al. (2015) reported that supplements
including organic acids and essential oils in nanocapsule
form, it enhances intestinal health and growth, indicating
that the capsule shields the mixture from accelerated and
premature absorption. In one study, compared to a similar
diet containing unencapsulated glycin, nano-encapsulated
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