International Journal of Life Science and Agriculture Research
ISSN (Print): 2833-2091, ISSN (Online): 2833-2105

Volume 04 Issue 05 May 2025

DOI: https://doi.org/10.55677/ijlsar/V04105Y2025-01

Impact Factor: 7.88 , Page No : 285-291

Effect of Nano-Encapsulated Peptide on Some Blood Parameters of Broiler
Exposed to Oxidative Stress

Nareman Badri Arkan?, Fadhil Rasool Abbas Al-Khafaji?, Hashim Hadi Al-Jebory?
123 Department of Animal Production- college of agriculture-Al-Qasim Green University- Babylon province, Iraq

ABSTRACT

The study was conducted on the Al-Anwar poultry farm, 360 broiler chicks (Ross 308) divided Published Online:
into six treatments (T1, T2, T3, T4, T5, T6). The treatments were as follows: T1 was the control May 05, 2025
treatment, T2 was the control treatment with 0.5% H202, and T3, T4, T5, T6 were the treatments

that were supplemented with 1, 2, 3, and 4 ml of synthetic peptides with 0.5% H202. The results

shown: significant increase for T2 in cholesterol, triglyceride, LDL, VLDL, glucose, uric acid,

AST, ALT, significant increase for T2 and T3 in MDA level, significant increase for T4, T5, T6

in total protein, while significant increase for T4 in albumin, significant increase for T6 in

globulin, as significant increase for T5 and T6 in SOD, while glutathione peroxidase increase in

T1, T3, T4, T5, T6, compared to T2.
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INTRODUCTION

Oxidative stress can be defined as an imbalance between the oxidation and antioxidant systems in the body, which in turn causes
lipid peroxidation, protein peroxidation and dysregulation of neurotransmitter signaling, and DNA damage within cells (Surai et al.,
2019: Al-Jebory et al., 2024). Therefore, oxidative stress is one of the main factors that negatively affect productive performance
(Vandana and Sejan, 2018: Ajafar et al., 2024 a,b). Oxidative damage to poultry disrupts the normal metabolism of birds due to
damage occurring within cells (Carvalho et al., 2016: Al-Saeedi et al., 2021: Al-Saeedi et al., 2023). Nano-encapsulation of peptides
or amino acids is a promising method to reduce protein utilization while maintaining the benefits of slower absorption. Various
desired complementary nutrients are encapsulated in lipids, lipid-like substances, or polymers, resulting in more efficient utilization
of the encapsulated nutrient (Collins, 2021). Nano-peptides of natural and synthetic origin have gained interest in recent years due
to their biological activities as potential alternatives to conventional antimicrobial agents that can combat pathogenic and drug-
resistant microorganisms as well as their antioxidant properties (Davies and Davies, 2010). Iron is an essential mineral that is
routinely added to broiler diets and is an essential component of many enzymes and proteins that play a role in oxygen transport,
maintaining health, and regulating cell growth and differentiation, especially red blood cells (Mendel and Hansch, 2009). Iron
deficiency leads to a breakdown of the immune system and antioxidants, with severe effects on the health of poultry (Sahin et al.,
2001). Methionine is an essential amino acid in poultry because it cannot be synthesized in the body. It is a sulfur-containing amino
acid (Burley et al. 2016). Methionine is required for building the immune system, improving production performance, feed
utilization efficiency, and muscle growth (Hicklig et al. 1990). Methionine is an important methyl group donor during protein
metabolism. It is essential for feather growth and immune system function and is the first specific amino acid in poultry (Lai et al.
2018). Tryptophan helps increase levels of growth hormone and serotonin and is a component of melatonin, so it plays a major role
in stimulating growth and immunity. Tryptophan also contributes to the production of niacin, which plays a major role in regulating
cholesterol metabolism in the body; tryptophan is the third most important specific amino acid in chicken feed after methionine and
lysine (Yao et al., 2011), the importance of tryptophan is directly related to its role in protein synthesis and indirectly related to its
receptors such as serotonin and melatonin, tryptophan also affects hormone secretion, immune system development, and meat
production, tryptophan is also an essential amino acid for chickens and has many metabolic roles (Fouad, 2021). Therefore, the
current study aims to study the effect of nano-encapsulated peptides composed of iron, methionine and tryptophan on some
biochemical indicators of broiler exposed to oxidative stress.

Page 2851291 Available at: www.ijlsar.org



https://doi.org/10.55677/ijlsar/V04I05Y2025-01
http://www.ijlsar.org/

Nareman B.A. et al, Effect of Nano-Encapsulated Peptide on Some Blood Parameters of Broiler Exposed to
Oxidative Stress

MATERIALS

The preparation of nanopeptides was carried out in the Nano Technology Laboratory, Babylon Governorate, and the method of
Ruhul et al. (2017) was followed to prepare nanopeptides and nano-encapsulate them from iron, methionine, and tryptophan.

This experiment was conducted in the fields of Al-Anwar Poultry Company in Babil Governorate for a period of 35 days from
10/7/2024 to 11/10/2024. During this period, the effect of adding synthetic peptides to the drinking water of broiler chickens raised
under conditions of oxidative stress induced by hydrogen peroxide on some productive and physiological traits and oxidation
indicators was studied. The chicks, housing, nutrition and preventive program were managed under the same conditions as the first
experiment. In addition, hydrogen peroxide (H202) was added to the drinking water at a concentration of (0.5%) to induce oxidative
stress as shown in the treatments used in the second experiment. Hydrogen peroxide was added from the first day of the experiment
and the water was replaced twice a day, at 9 am and 9 pm, to ensure that the effect of hydrogen peroxide continued effectively.
The chicks were randomly distributed into 18 cages, with 6 treatments (60 birds per treatment). Each treatment contained 3
replicates, each containing 20 birds, totaling 360 Ross-308 broiler chicks for the entire experiment. Synthetic peptides were added
at different concentrations, along with hydrogen peroxide (0.5%), from the first day of the experiment, as follows:

T1: Control treatment without any additions.

T2: Control treatment exposed to oxidative stress induced by adding 0.5% hydrogen peroxide to the drinking water.

T3: Add 1 ml of the synthetic peptides / liter / exposed to oxidative stress induced by adding 0.5% hydrogen peroxide to the drinking
water.

T4: Add 2 ml of the synthetic peptides / liter / exposed to oxidative stress induced by adding 0.5% hydrogen peroxide to the drinking
water. T5: Add 3 ml of synthetic peptides / liter /exposed to oxidative stress induced by adding 0.5 L of hydrogen peroxide to
drinking water.

T6: Add 4 ml of synthetic peptides / liter /exposed to oxidative stress induced by adding 0.5 L of hydrogen peroxide to drinking
water.

Lipid profile, liver enzymes and antioxidant status were studied and statistical analysis was performed using SAS (2012) and
Duncan's multiple range tests (1955).

RESULTS AND DISCUSSION

Lipid Profile

Table (1) shows the effect of the studied treatments on the lipid profile of broiler chickens exposed to oxidative stress. A significant
increase (P<0.01) in cholesterol concentration was observed compared to the remaining treatments. Cholesterol concentration also
increased in treatments T3, T4, and T6 compared to treatment T5, which did not significantly differ from treatment T1. Triglyceride
concentration increased significantly (P<0.05) in treatment T2 compared to treatments T3, T4, T5, and T6. No significant difference
was observed between treatments T1 and T2. There was no significant difference between the study treatments in the concentration
of high-density lipoproteins (HDL), and in the concentration of low-density lipoproteins (LDL), a significant increase (P<0.05) was
found in the blood of birds in treatment T2 compared to treatment T4. There was no significant difference between treatments T1,
T3, T4, T5, T6. The concentration of very low-density lipoproteins (VLDL) increased significantly (P<0.05) in treatment T2
compared to treatment T3. No significant difference was found between treatments T1, T3, T4, T5, T6. As for the concentration of
malondialdehyde, it increased significantly (P<0.01) in treatments T1, T2, T3 compared to treatments T5 and T6. Treatment T4 also
increased compared to treatment T5, and no significant difference was found between treatments T1, T2, T3, T4.

Adding hydrogen peroxide to birds' drinking water negatively affects them because it causes oxidative stress and the formation of
free radicals, which disrupts lipid metabolism pathways in liver cells. Furthermore, oxidative stress damages cell membranes,
disrupting fat digestion in the intestines, causing problems with the excretion of harmful steroid compounds and a decrease in bile
salts (Lee et al., 2006). Low-density lipoprotein (LDL) is the main carrier of cholesterol, triglycerides, and phospholipids. Therefore,
damage to the LDL molecule by free radicals resulting from oxidative stress causes it to lose its effectiveness in transporting lipids,
change its shape, and decrease its metabolism in the liver due to the receptors not recognizing it, which causes an accumulation of
cholesterol, triglycerides, LDL, and VLDL in the blood serum (Lewingtin et al., 2007). This explains the high values of the lipid
profile in the control treatment T2, while the improvement of the lipid profile, especially in the treatment T5, may be due to the role
of methionine, which has a major role in the antioxidant system. In the body (Mishra and Jha, 2019), it protects lipids,
polyunsaturated fatty acids, proteins, and DNA by activating several antioxidant enzymes and activating iron and copper to bind to
proteins to reduce the activity of enzymes involved in reactions that produce free radicals, such as NADPH oxidase and xanthine
oxidase, or by reducing free radicals and forming methionine sulfoxide, or by activating thioredoxin, which reduces the severity of
oxidative stress within the body and thus reduces lipid oxidation and its levels in blood serum (Lugata et al., 2022). The improvement
may also be due to the role of tryptophan, which reduces the secretion of hormones that cause stress in chickens, such as
corticosterone. Tryptophan also maintains the integrity of cell membranes from oxidation and reduces the oxidation of lipids present
in the cell membrane (Fouad et al., 2021).
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Impact of nano-encapsulated peptide on lipid profile of broiler exposed to oxidative stress
Cholestero | Triglyceride HDL (mg/ | LDL (mg/ 100 | VLDL (mg/ MDA
I (mg/ 100 | (mg/ 100 ml) | 100 ml) ml) 100 ml) pmol/mol
ml)

T1 127.16+ 122.62 70.88+ 31.75 24.52 17.12+
6.90bc +9.58ab 1.43 +6.41ab +1.92ab 0.23a

T2 152.86+ 139.75 72.30+ 52.75+ 27.94 20.15+
3.55a +1.56a 3.85 6.41a +0.32a 1.17a

T3 134.98+ 108.10+ 74.85 38.51 21.62+ 17.66+
4.57b 9.34b +1.44 +4.15ab 1.87b 0.45a

T4 139.24 117.91 79.88+ 35.78+ 23.58+ 16.77
+1.83b +2.44ab 0.25 1.09ab 0.49ab +0.24ab

T5 119.82 118.12+ 78.67+ 17.52+ 23.62+ 10.09+
+1.53¢c 12.76ab 4.26 0.18b 2.55ab 0.27c

T6 133.51 118.36+ 78.16 31.67 23.67+ 13.49+
+1.85b 6.00ab +8.58 +11.63ab 1.20ab 2.10bc
** * NS * * **

Total protein, albumin, globulin, uric acid, and glucose

Table (2) indicates the effect of the studied treatments on some biochemical characteristics. It is noted that the total protein
concentration increased significantly (P<0.05) in treatments T4, TS5, and T6 compared to treatments T1 and T2. Albumin
concentration increased significantly (P<0.05) in treatment T4 compared to treatments T1, T2, T3, and T6. Treatment T5 also
increased significantly compared to treatment T2. Treatment T6 had the highest significant (P<0.05) globulin concentration
compared to treatments T1 and T2. No significant difference was observed between treatments T3, T4, T5, and T6. In terms of uric
acid concentration, treatment T2 increased significantly (P<0.05) compared to treatments TS5 and T6, and no significant difference
was found between treatments T1, T2, T3, and T4. As for glucose concentration, a highly significant increase (P<0.01) was found
in treatment T2 compared to the rest of the treatments. Treatments T1 and T3 also increased compared to treatment T6, and no
significant difference was found between treatments T4, T5, and T6. The increased total protein levels in treatments T4, T5, and T6
may be due to the role of peptides added to the drinking water and the role of methionine and tryptophan in increasing protein levels
for the formation of body tissues and cells. Tryptophan contributes to protein synthesis as an essential amino acid (Ghazaghi et al.,
2024). Methionine also plays a fundamental role in protein synthesis, as it replaces the amino acid cysteine. Methionine is involved
in the transsulfuration pathway and is a sulfur donor (Partlin, 2005). Methionine also stimulates insulin secretion from the pancreas
by accumulating it in the plasma, which in turn releases amino acids and fatty acids from stored body sources, leading to increased
protein synthesis in the body (Vieira et al., 2004). At the same time, these important roles of methionine and tryptophan explain the
increased concentrations of albumin and globulin in the blood serum of birds treated T4 and T6, respectively. The reason for the
decrease in blood uric acid levels in our current study in treatments T5 and T6 may be due to the effectiveness of tryptophan and
methionine, which improves the body’s use of the nitrogen source (uric acid) and reduces its waste, which reduces the percentage
of uric acid in the blood serum. It is noted in Table (1) that the level of triglycerides decreased in the addition treatments, indicating
that the blood energy properties coincided with the use of reused amino groups in protein synthesis (Abou-Elkhair et al., 2020). The
addition of methionine and tryptophan acids to broiler chickens also enhances the release of insulin-like growth factor 1 (IGF-I),
which enhances the use of amino acids and glucose. This process enhances protein synthesis, reduces protein breakdown, and
maintains glucose levels (Fouad et al., 2021). Tryptophan regulates the process of gluconeogenesis during stress by balancing amino
acids and reducing their breakdown, as stress leads to the breakdown of amino acids and proteins, which is accompanied by an
increase in Blood glucose levels (EI-Kholy et al., 2025) may explain the lower glucose concentration in the T6 treatment. Stress
deteriorates the bird's physiological state, causing increased secretion of catecholamines from the adrenal medulla to increase blood
glucose secretion (Naga and Narendra, 2018). Stress also activates the hypothalamic-pituitary-adrenal (HPA) axis in response to
stress. Corticotrophin-releasing hormone (CRH) is secreted from the hypothalamus, leading to the release of adrenocorticotrophic
hormone (ACTH) from the pituitary gland. ACTH increases the production and secretion of corticosterone by the adrenal glands
(Smith and Vale, 2006). Corticosterone stimulates gluconeogenesis to increase plasma glucose levels (Naga and Narendra, 2018).
This explains the significant increase in glucose levels in the control treatment. T2, Methionine stimulates the secretion of insulin
from the pancreas, which works to introduce glucose into the cells, thus reducing its concentration in the blood serum (Vieira et al.,
2004).
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Impact of nano-encapsulated peptide on biochemical traits of broiler exposed to oxidative stress
Total protein (g/ | Albumin  (g/ | Globulin  (g/ | Uric acid (mg/ | Glucose (mg/ 100
100 ml) 100 ml) 100 ml) 100 ml) ml)

T1 3.23+0.02b 1.19+0.01hc 2.04+0.03b 3.48+0.07ab 193.93+3.30b

T2 3.26+0.02b 1.13+0.01c 2.13+0.01b 3.95+0.06a 239.41+0.72a

T3 3.51+0.12ab 1.21+0.01bc 2.30+0.12ab 3.60+0.09ab 192.40+5.90b

T4 3.76+0.24a 1.39+0.02a 2.37+0.23ab 3.48+0.27ab 185.25+1.05bc

T5 3.71+0.06a 1.27+0.08ab 2.44+0.15ab 3.28+0.17b 186.80+10.40bc

T6 3.95+0.14a 1.21+0.04bc 2.74+0.11a 3.42+0.06b 172.57+3.32¢

Liver Enzymes and Antioxidant Enzymes

Table (3) shows the effect of experimental treatments on some liver enzymes. AST enzyme concentrations showed a significant
increase (P<0.01) in the serum of birds in treatment T2 compared to the rest of the treatments. Treatment T4 also increased compared
to treatments T1, T5, and T6, while treatment T3 increased compared to treatment T5. ALT concentrations showed a significant
increase (P<0.05) in treatment T2 compared to the rest of the experimental treatments. SOD enzyme concentrations showed a
significant increase (P<0.01) in treatments TS5 and T6 compared to treatments T1 and T2. Treatments T1, T3, and T4 also
significantly increased compared to treatment T2. Glutathione peroxidase concentrations significantly increased (P<0.05) in
treatments T1, T3, T4, T5, and T6 compared to treatment T2. Changes in blood AST and ALT values are used as indicators to assess
the health status of the organism. Evaluation of ALT and AST levels in chickens is considered an indicator of poor liver function in
the body (EI-Kholy et al., 2022: El-Kholy et al., 2024). Oxidative stress causes damage to the membranes of liver cells by free
radicals, as they attack unsaturated fatty acids present in the membranes of liver cells, which leads to the accumulation of lipid
peroxide in the liver tissue and an increase in free fatty acids. These changes subsequently lead to a change in the permeability of
cell membranes, which allows the liver enzymes AST and ALT to exit and accumulate in the blood, in addition to their participation
in protein decomposition when exposed to stress (Li et al., 2015). By reviewing Table (2), we see an increase in the level of glucose
in the T2 treatment and a decrease in the protein level in it, leading to an increase in the levels of AST and ALT enzymes in the
blood. This is because these enzymes work to encourage the process of manufacturing glucose from non-carbohydrate sources,
especially proteins, as they work to increase the process of protein decomposition. To provide amino acids and convert them into
ketone acids to enter the reaction chain to form glucose (Nelson and Cox, 2004). The improvement in the levels of AST and ALT
enzymes in the nanopeptide treatments may be due to the improvement of the antioxidant status of birds in the same treatments,
through the increased concentration of SOD and glutathione peroxidase enzymes in the blood serum of birds treated with
nanopeptides (Table 3). It may also be due to the antioxidant role of methionine (Lu, 2013), in addition to its essential role in
balancing amino acids in the feed (Bunchasak et al., 2009). Tryptophan also plays a pivotal role in reducing oxidative damage in
broiler chickens, as it is a precursor to melatonin and serotonin (Patil et al., 2013), and iron in activating the catalase enzyme, thus
protecting body tissues from oxidative stress (Aljebory et al., 2021). Total antioxidant status reflects the activity of enzymatic
reactions and non-enzymatic processes. Glutathione peroxidase and SOD enzyme measures are commonly used to assess oxidative
stress and antioxidant defense mechanisms (Shuai et al., 2023). The improvement in SOD levels in treatments T5 and T6 and in
glutathione peroxidase levels in treatments T3, T4, T5, and T6 may be due to tryptophan, as a precursor to melatonin and serotonin,
playing a pivotal role in reducing oxidative damage in broiler chickens (Patil et al., 2013). It may also be due to methionine, a non-
enzymatic antioxidant, directly scavenging reactive oxygen species, thus preventing oxidative damage to lipids, proteins, and nucleic
acids (Luo and Levine, 2009). Methionine can also act as a precursor to glutathione (Lu, 2013). The decrease in GSH activity is due
to the fact that tryptophan, as a precursor to melatonin and serotonin, plays a pivotal role in reducing oxidative damage in broiler
chickens (Patil et al., 2013). SOD and glutathione are evidence of oxidative stress in T2 treatment birds due to the addition of
hydrogen peroxide to drinking water, which stimulates the initiation of a series of chemical reactions that lead to oxidative stress by
increasing the production of active oxygen compounds and their entry into the blood, thus increasing the oxygen pressure in the
cells, in addition to causing an excessive increase in these compounds. In contrast, an imbalance occurs between the oxidation
process and the antioxidant system due to the decreased efficiency of this system due to the free radicals formed as a result of
hydrogen peroxide, which has a direct inhibitory effect on the activity of antioxidant systems, including SOD and glutathione, which
are responsible for capturing and removing free radicals (Shehata and Yousef, 2010: Zaki and Al-Jebory, 2021: Khalil et al., 2022).
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Effect of nanopeptides of methionine, tryptophan and iron on liver enzymes and antioxidants of broiler
chickens exposed to oxidative stress
Treatments | AST (U/L) ALT (U/L) SOD (umol/mol) Glutathione
peroxidase
(umol/mol)
T1 144.114+1.98cd 19.7442.38b 136.42+7.83b 285.21+25.37a
T2 183.93+5.28a 28.36+1.80a 112.544+2.70c 222.91+17.45h
T3 151.23+4.45hc 16.84+2.52b 142.07+5.82ab 305.60+5.04a
T4 157.314+4.10b 19.53+1.17b 152.25+1.01ab 334.03+6.64a
T5 133.08+2.39d 17.1240.23b 154.59+1.18a 321.94+5.69a
T6 141.10+0.86¢cd 14.98+3.34b 154.5945.62a 338.72+23.44a
Significant | ** * ** *
CONCLUSION

It is concluded from the results of our study that nano-peptides of iron, methionine and tryptophan improved the lipid profile and
antioxidant status and improved some indicators that suggest a reduction in the severity of oxidative stress in reared broilers.
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