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Abstract 

oringa olifera is used to improve the health and performance of chickens under heat stress 

(40:41˚C) . The purpose of this study was to examine how Moringa olifera affected the growth 
performance metrics, antioxidant status blood biochemical result and relative mRNA expression of 
two protein (HSP70,IL6) in broiler under heat stress. In this study, 80 one-day-old chicks were 
divided into four dietary groups at random, each consisting of 20 chicks. The chicks were given a 
baseline diet for 35 days. The negative control group, which was not exposed to heat stress, was 
Group 1. Group 2 was the positive control group that was exposed to heat stress. Groups 3 un exposed 
to heat stress and supplemented with Moringa olifera and Groups 4 s heat stressed group and 
supplemented with Moringa olifera. The findings demonstrated that adding Moringa olifera to groups 

3, 4, baseline diet led to improved body performance parameters (increasing final B.W, BWG, F.C 
and F.C.R), improved liver and kidney function (lowering serum AST, ALT, creatinine and uric acid 
level), improved  protein level (total protein & albumin & globulin), improved oxidant, antioxidant 
status (lowering serum MDA levels, Cortisol and raising serum CAT, SOD, TAC and GPx activities), 
raising antibody titer against IB& ND, lowering level of glucose, PH, Haptoglobin, CRP and down 
regulated of HSP70 and IL6 relative mRNA expressions  as compared to birds in group 2. 

Keywords: Heat stress, Growth performance, Antioxidant capacity, Moringa olifera. 
 

Introduction 

The poultry industry has become an important 

economic activity all over the world. The output of 

chicken meat has expanded throughout Africa in 

recent years [1]. 

The poultry industry, which is considered an 

important source of meat for humans, has grown into 

one of the world's most active and constantly 

growing sectors during the last 20 years. Higher 

ambient temperatures that might cause heat stress 

provide a significant obstacle to poultry farming in 

tropical nations [2]. Concern and understanding of 
Heat stress's negative impacts on chicken welfare 

have been worse recently. Significant financial losses 

have been documented as a result of higher mortality 

and worse productivity in reaction to HS [3]. 

One of the most significant climate issues facing 

tropical and subtropical regions of the world is heat 

stress (HS), which has a detrimental impact on 

livestock and poultry productivity. In summary, 

endocrine problems, immunosuppression, intestinal 
microbial dysbiosis, lower metabolic rate, lipid 

peroxidation, decreased feed consumption, decreased 

BW growth, and a greater feed conversion ratio 

(FCR) are the hallmarks of HS [4]. 

Birds raised on huge farms are exposed to 

stressful conditions, which can result in significant 

financial losses. Among the most significant 

environmental stressors affecting poultry production 

is heat stress. The adverse heat stress's implications 

on the health of chickens have drawn a lot of 

attention recently. Birds under heat stress spent more 
time sleeping, less time moving or walking, more 

time drinking, panting, and stretching their wings [5]. 

Moreover, heat stress increases the cortisol level [6] 

and elevated the heterophil to lymphocyte ratio [7]. 

In the production of broilers, these changes in 

behavior, welfare metrics, and health could result in 

significant financial losses. As a result, scientists are 

always trying to develop a remedy or practical tool to 

mitigate the harmful effects of heat stress. 
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By enhancing the production of free radicals, heat 

stress additionally promotes lipid peroxidation. 

Another major factor contributing to the decline in 

meat quality is lipid peroxidation, which alters the 

meat's texture, flavor, color, and nutritional value [9]. 

When exposed to high ambient temperatures, animals 

use a variety of strategies to maintain 

thermoregulation and homeostasis, such as boosting 

radiative, convective, and evaporative heat loss 

through vasodilatation and perspiration [10].  

HSP70 are among the most significant acute HS 
markers (HSPs). During periods of heat stress, these 

highly preserved proteins energize cellular defense 

and start cellular heat tolerance in various organs and 

tissues [11]. By restoring damaged or misfolded 

proteins and boosting cell survival, the HSPs also 

maintain the integrity of the organs [12]. 

Transcription factors generated by heat stress that are 

connected to the promoters of heat-shock-related 

genes enhance the expression of HSP genes and, in 

turn, the generation of HSPs [13]. The HSPs have a 

variety of molecular weights and are members of 
many protein families. With more constitutively 

produced and inducible components with varying 

roles, HSPs 70 and 90 are the most well-researched 

and preserved. 

In this situation, meal manipulation is also crucial 

for improving the composition and quality of poultry 

meat [14]. Some plants are famous to have natural 

antioxidants [15, 16]. Due to the availability of 

antioxidant flavonoids and other phenolic 

compounds that have anti-oxidative effects on 

poultry products, adding natural plant extracts to 

animal meals improved the oxidative stability, shelf 
life, and meat color. Therefore, it became imperative 

to find new, efficient herbal feed additives as plant 

secondary metabolites to combat heat stress caused 

by the environment. As a result, using antioxidants in 

food may be advantageous. 

Moringa oleifera (MO), a fast-growing tree that 

grows to a height of 5 to 10 meters in tropical and 

subtropical regions, is one of the most well-known 

medicinal herbs. Almost all plant parts have some 

sort of value [17].  

Moringa oleifera is a great addition to animal 
feed. The most nutrient-dense portion of M. oleifera 

is its leaves, which are a major source of protein, 

manganese, vitamin K, vitamin B complex, vitamin 

C, and pro-vitamin A as beta-carotene [18]. 

Moringa oleifera is said to be a fantastic source 

of vitamins and amino acids. Strengthen the immune 

systems [19]. Polyunsaturated fatty acids are 

abundant in moringa seed extracts [20]. 

In avian production, Moringa oleifera can be 

added to diets as a supplement and as a source of 

micronutrients [21]. Its anti-oxidant properties can 

stop the production of free radicals and reactive 

oxygen species (ROS) [20], protecting cellular 

biomolecules from oxidative damage caused by free 

radicals [22]. Red blood cell (RBC), packed cell 

volume (PCV), and hemoglobin (HB) levels rose in 

broilers fed Moringa leaf meal at both dietary levels. 

Lastly, the authors recommended that broiler diets 

contain no more than 10% Moringa oleifera leaf 

meal. Because Moringa oleifera contains selenium, 

carotenoids, flavonoids, and vitamins C and E, it is 

recognized to have some antioxidant qualities [23]. 

 

Material and Methods 

Dietary interventions  

Starter (0–21 day) and finisher (21–35 day) basal 

feeds were produced to satisfy the birds' nutritional 

needs as part of the broiler feeding program [24]. 

Four groups were established based on each basal 

diet, and they were prepared as follows: G1 is the 

negative control, which is a basal diet without 

supplements, G2 is the positive control, which is a 

basal diet without supplements with heat stress, G3 is 

a basal diet supplemented with Moringa olifera 
without heat stress and G4 is a basal diet 

supplemented with Moringa olifera under heat stress. 

 

Management of birds and experimental design 

Eighty healthy, one-day-old, unsexed broiler 

(Arbor Ecars) chicks were used in this experiment. 

The chicks were divided into four groups at random. 

A well-balanced ration was supplied to the broiler 

chicks.  The starter diet was administered until day 

20 of the trial and finisher diet was administered 

from day 21 to the end of the trial. Adlibitum food 

and drink were provided. The chicks were kept in 
separate experimental rooms that were clean, well-

ventilated, and had previously been fumigated with 

formalin and potassium permanganate. Fresh, cleanly 

chopped wheat straw was used to bed the floor, 

creating a 3.5-cm-deep litter. There were enough 

feeders and water utensils in each chamber. Broilers 

are vaccinated against most viral infections to which 

they are susceptible. 

 

Ethical statement  

Every chicken used in this study was cared for in 
accordance with the rules set forth by the Agriculture 

Research Center's Institutional Animal Care 

Committee's Animal Ethics Committee (ARC-

IACUC) (Approval Number: ARC-AH-22-14), and 

good animal practices were carried out in accordance 

with the guidelines of the research code of ethics 

(ARC-IACUC). Every attempt was made to reduce 

the birds' suffering and discomfort. 

 

Moringa olifera 

Moringa oleifera Lam is a slender softwood tree 

that belongs to the family Moringaceae was obtained 
from Agriculture researcher center (ARC), Dokki, 

Giza, Egypt. The MO leaves were dried in the air 

during the day without direct exposure to sunlight, 
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with continuous turning over to avoid growth of 

fungi. Then after 5 days of drying, the leaves were 

powdered through grinding to a fine powder to pass 

via a 0.15-mm sieve. Finally, the powdered leaves 

meal was packaged in plastic bags made of 

polythene, tightly closed and stored at room 

temperature until used. 

Dose: 1gm/kg b.wt [25].  

Route: on ration. 

 

Blood sample (serum): 
Serum was extracted from five birds at 15 and 35 

days of age and placed in a simple, clean, well-dried 

centrifuge tube for use in serological research and 

biochemical parameter evaluation. 

 

Statistical Analysis:  

Data statistical analysed & each reading 

represents means ± standard deviation. The statistical 

evaluation of all data done using one-way analysis of 

variance (ANOVA) followed by dunnett's lest using 

a computer program (Statistical Package for Social 
science, version 16) P value < 0.05 & P value < 

0.001 regarded as statistically significant SPSS 

program (2008). 

 

Extraction, quantification and quality of total RNA  

A. RNA extraction  

The QIA ampRNeasy Mini kit (Qiagen, 

Germany, GmbH) was used to extract RNA from 

breast muscle tissue samples. 30 mg of the tissue 

sample was added to 600 μl RLT buffer that 

contained 10 μl β-mercaptoethanol per 1 ml. The 

adapter sets, which are fastened to the clamps of the 
Qiagen tissue lyser, were filled with tubes. for 

sample homogenization. High-speed (30 Hz) shaking 

step disruption was completed in two minutes. One 

volume of 70% ethanol was added to the cleared 

lysate, and the procedures were carried out in 

accordance with the QIAampRNeasy Mini kit's 

protocol for total RNA purification from animal 

tissues (Qiagen, Germany, GmbH). 

 Note: The column was subjected to DNase digestion 

in order to remove any leftover DNA. 

B. Oligonucleotide Primers  
The primers described in table (1) were provided by 

Metabion (Germany). 

C. RT-PCR with SYBR green 

1.25 μl of the 2x QuantiTect SYBR Green PCR 

Master Mix (Qiagen, Germany, GmbH), 0.25 μl of 

Revert Aid Reverse Transcriptase (200 U/μL) 

(Thermo Fisher), 0.5 μl of each primer at a 

concentration of 20 pmol, 8.25 μl of water, and 3 μl 

of RNA template were used in the 25 μl reaction. A 

Stratagene MX3005P real-time PCR equipment was 

used to conduct the reaction. 

D. PCR result analysis 
CT values and amplification curves were 

calculated using the stratagene MX3005P program. 

Using the "ΔΔCt" method described by Yuan et al. 

[27], the CT of each sample was compared with that 

of the positive control group in order to estimate the 

variation of gene expression on the RNA of the 

various samples using the following ratio.  

Whereas ΔCt reference – ΔCt target = ΔΔCt 

Ct control – Ct treatment = ΔCt target and Ct 

control- Ct treatment= ΔCt reference 

Results 

 Saccharomyces's impact on growth performance 

a) Body weight (B.W) 

The effect of supplementation of moringaon the 

B.W in broiler chicken is presented in Table (2). 

Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced a significant (P < 0.05) 

increase in body weight compared with control group 

all over the experimental period. Chicks 

experimentally exposed to heat stressed and fed on 

basal diet evoked a significant (P < 0.05) decrease in 

body weight all over the experimental period. 

Feeding of heat stressed chicken on diet 

supplemented with Moringa (1gm/kg) displayed a 
significant (P < 0.05) increase in Body weight 

compared with heat stressed group all over the 

experimental period. 

b) B.W.G 

The effect of supplementation of Moringa on the 

B.W.G in broiler chicken is presented in Table (2). 

Feeding of chicken on diet supplemented with moringa 

(1gm/kg) induced a significant (P < 0.05) increase in 

body weight gain compared with control group all over 

the experimental period. Chicks experimentally exposed 

to heat stressed and fed on basal diet evoked a 

significant (P < 0.05) decrease in body weight gain all 
over the experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa (1gm/kg) 

displayed a significant (P < 0.05) increase in body 

weight gain compared with heat stressed group all over 

the experimental period. 

c) Food consumption (F.C): 

The effect of supplementation of Moringa on the 

F.C in broiler chicken is presented in Table (3).  

Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced a significant (P < 0.05) 

increase in food consumption compared with control 
group on 15th days of age and significant (P < 0.05) 

decrease on 35st days of age.  Chicks experimentally 

exposed to heat stressed and fed on basal diet evoked 

a significant (P < 0.05) decrease in food consumption 

all over the experimental period. Feeding of heat 

stressed chicken on diet supplemented with Moringa 

(1gm/kg) displayed a significant (P < 0.05) increase 

in food consumption compared with heat stressed 

group all over the experimental period. 

D) Feed conversion ratio (F.C.R): 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6200561/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6200561/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6200561/table/T1/
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 The effect of supplementation of Moringaon F.C.R of 

heat stress exposed chicken was illustrated in table 

(3).Feeding of chicken on diet supplemented with 

moringa (1gm/kg) induced non-significant (P < 0.05) 

change in food conversion ratio compared with control 

group on 15
th
 days of age and significant (P < 0.05) 

decrease on 35st days of age. Chicks experimentally 

exposed to heat stressed and fed on basal diet evoked a 

significant (P < 0.05) increase in food conversion ratio 

on 15th days of age and significant (P < 0.05) decrease 

on 35st days of age. Feeding of heat stressed chicken on 
diet supplemented with Moringa (1gm/kg) displayed a 

significant (P < 0.05) decrease in food conversion ratio 

compared with heat stressed group all over the 

experimental period. 

Effect of Moringa on liver function test (ALT & AST) 

The effect of Moringa on ALT & AST of heat 

stress exposed chicken was illustrated in table (4). 

Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced significant (P < 0.05) 

decrease in ALT, AST compared with control group 

all over the experimental period. Chicks 
experimentally exposed to heat stressed and fed on 

basal diet evoked a significant (P < 0.05) increase in 

ALT & AST all over the experimental period. 

Feeding of heat stressed chicken on diet 

supplemented with Moringa (1gm/kg) displayed a 

significant (P < 0.05) decrease in ALT, AST 

compared with heat stressed group all over the 

experimental period. 

Effect of Moringa on kidney function test 

(creatinine & uric acid) 

The effect of Moringa on creatinine & uric acid 

of heat stress exposed chicken was illustrated in table 
(5). Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced significant (P < 0.05) 

decrease in creatinine, uric acid compared with 

control group all over the experimental period. 

Chicks experimentally exposed to heat stressed and 

fed on basal diet evoked a significant (P < 0.05) 

increase in creatinine & uric acid all over the 

experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa 

(1gm/kg) displayed a significant (P < 0.05) decrease 

in creatinine, uric acid compared with heat stressed 
group all over the experimental period. 

Effect of Moringa on protein level (total protein & 

albumin & globulin) 

The effect of Moringa on total protein & albumin 

& globulin of heat stress exposed chicken was 

illustrated in table (6). Feeding of chicken on diet 

supplemented with Moringa (1gm/kg) induced 

significant (P < 0.05) increase in total protein, 

albumin and globulin compared with control group 

all over the experimental period. Chicks 

experimentally exposed to heat stressed and fed on 

basal diet evoked a significant (P < 0.05) decrease in 

total protein, albumin and globulin all over the 

experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa 

(1gm/kg) displayed a significant (P < 0.05) increase 

in total protein, albumin and globulin compared with 

heat stressed group all over the experimental period. 

Effect of Moringa on glucose & pH 

The effect of Moringa on glucose& pH of heat 

stress exposed chicken was illustrated in table (7). 

Feeding of chicken on diet supplemented with Moringa 

(1gm/kg) induced significant (P < 0.05) decrease in 
glucose & pH compared with control group all over the 

experimental period. Chicks experimentally exposed to 

heat stressed and fed on basal diet evoked a significant 

(P < 0.05) increase in glucose & pH all over the 

experimental period. Feeding of heat stressed chicken 

on diet supplemented with Moringa (1gm/kg) displayed 

a significant (P < 0.05) decrease in glucose & PH 

compared with heat stressed group all over the 

experimental period. 

Effect of Moringa on Haptoglobin & CRP  

The effect of Moringa on Haptoglobin & CRP 
of heat stress exposed chicken was illustrated in 

table (8). Feeding of chicken on diet supplemented 

with Moringa (1gm/kg) induced significant (P < 

0.05) decrease on heptoglobin & CRP compared 

with control group all over the experimental period. 

Chicks experimentally exposed to heat stressed and 

fed on basal diet evoked a significant (P < 0.05) 

increase in haptoglobin & CRP all over the 

experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa 

(1gm/kg) displayed a significant (P < 0.05) 

decrease in heptoglobin & CRP compared with heat 
stressed group all over the experimental period. 

Effect of Moringa on oxidant & anti-oxidant stress 

(MDA & SOD & GPX & catalase & Total 

antioxidant capacity & Cortisol) 

The effect of Moringa on oxidant & anti-

oxidant stress of heat stress exposed chicken was 

illustrated in tables (9,10,11) 

-MDA 

Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced significant (P < 0.05) 

decrease on MDA compared with control group all 
over the experimental period. Chicks experimentally 

exposed to heat stressed and fed on basal diet evoked 

a significant (P < 0.05) increase in MDA all over the 

experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa 

(1gm/kg) displayed a significant (P < 0.05) decrease 

in MDA compared with heat stressed group all over 

the experimental period.  

-SOD & GPX & catalase & Total antioxidant capacity 

(TAC)  
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Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced significant (P < 0.05) 

increase on SOD & catalase & GPX &TAC 

compared with control group all over the 

experimental period. Chicks experimentally exposed 

to heat stressed and fed on basal diet evoked a 

significant (P < 0.05) decrease in SOD & catalase & 

GPX &TAC all over the experimental period. 

Feeding of heat stressed chicken on diet 

supplemented with Moringa (1gm/kg) displayed a 

significant (P < 0.05) decrease in SOD & catalase & 
GPX &TAC compared with heat stressed all over the 

experimental period. 

- Cortisol 

Feeding of chicken on diet supplemented with 

Moringa (1gm/kg) induced significant (P < 0.05) 

decrease on cortisol compared with control group all 

over the experimental period. Chicks experimentally 

exposed to heat stressed and fed on basal diet evoked 

a significant (P < 0.05) increase in cortisol all over 

the experimental period. Feeding of heat stressed 

chicken on diet supplemented with Moringa 
(1gm/kg) displayed a significant (P < 0.05) decrease 

in cortisol compared with heat stressed group all over 

the experimental period. 

Effect of Moringa on Antibody titer by ELISA against 

ND &IB 

The effect of Moringaon Antibody titer against 

ND &IB of heat stress exposed chicken was 

illustrated in table (12).Feeding of chicken on diet 

supplemented with Moringa(1gm/kg) induced 

significant (P < 0.05) increase on antibody 

titeraganist ND & IB compared with control group. 

Chicks experimentally exposed to heat stressed and 
fed on basal diet evoked a significant (P < 0.05) 

decrease on antibody titer against ND & IB 

compared with control group. Feeding of heat 

stressed chicken on diet supplemented with 

Moringa (1gm/kg) displayed a significant (P < 

0.05) increase on antibody titer of ND & IB 

compared with heat stressed group.  

 Histopathological investigation: 

The effect of moringaon tissue histology (Liver- 

Heart- Lung- Intestine) of heat stress exposed 

chicken was illustrated in table (13)  

Gene expression 

HSP70 & IL6 

The effect of Moringa on the transcription levels 

of HSP70 & IL6 of heat stress exposed chicken was 

illustrated in table (14). Feeding of chicken on diet 

supplemented with Moringa (1gm/kg) revealed down 

regulated on the transcription levels of HSP70 & IL6 

compared with control group. Chicks experimentally 

exposed to heat stressed and fed on basal diet led to a 

notable increase in the transcription level of HSP70& 

IL6 compared with control group. Feeding of heat 

stressed chicken on diet supplemented with Moringa 

(1gm/kg) revealed reduction in gene expression of 

HSP70 & IL6 compared with heat stressed group. 

Discussion 

The impact on  growth performance  

Decreased body weight, body weight gain, feed 

intake, and enhanced feed conversion rate in the 

broiler chickens reared under HS conditions showed 

in the current study. 

Heat stress results from a negative balance 

between the net amounts of energy flowing from the 
animal’s body to its surrounding environment and the 

amount of heat energy produced by the animal. This 

imbalance may be caused by variations of a 

combination of environmental factors (e.g: sunlight, 

thermal irradiation, and air temperature, humidity 

and movement) and characteristics of the animal 

(e.g: species, metabolism rate and thermoregulatory 

mechanisms). Environmental stressors, such as heat 

stress, are particularly detrimental to animal 

agriculture [29, 30].  

Due to its negative impact on productivity and 
health, heat stress is a major issue in the chicken 

business that causes large financial losses [31]. 

According to Salleset al. [32], animals exposed to 

HS have reduced nutrient uptake because their 

intestines are less able to absorb nutrients and have 

reduced digestibility. This is probably due to an 

excess of reactive oxygen species (ROS), which 

oxidizes and destroys biological molecules in cells, 

resulting in varying degrees of intestinal damage 

[32].Additionally, a change in blood flow from the 

colon to the periphery [34] may result in higher 

energy expenditure because of heat dissipation, 
which further lowers the feed conversion rate (FCR) 

in broiler chickens [35].  

Akhavan-Salamat and Ghasemi [36] have 

documented that the negative impact of HS on 

broiler growth performance. Numerous factors have 

contributed to the decline in performance of poultry 

exposed to HS, including decreased appetite and feed 

intake as a means of reducing heat increase [4], poor 

digestion due to intestinal morphology damage and 

decreased digestive enzyme activity [37], impaired 

metabolism due to decreased thyroid hormone 
activity [38], and altered endocrine status due to 

elevated corticosterone hormone levels [4].  

Heat Stress significantly decreased body weight, 

body weight gain, food consumption and markedly 

elevated mortality and FCR in broiler chickens. 

According to reports, HS causes stress hormones to 

be secreted. which alter the chickens' neuroendocrine 

system by activating the hypothalamic-pituitaty-

adrenal axis and thereby increasing the 

plasma corticosterone levels [39]. Corticosterone is 

associated with a higher degree of body protein 

breakdown [40], which affects the digestive system, 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/neuroendocrine-system
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/neuroendocrine-system
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/corticosterone
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nutrient utilization, and digestibility [41]. Moreover, 

HS has been shown to impair performance, trigger 

inflammatory reactions, and disrupt intestinal barrier 

function. According to a research by Alhenaky et al. 

[42], HS, whether acute or chronic, increased 

intestinal permeability to endotoxins and Salmonella 

spp. and compromised intestinal integrity. 

Due to leaves of MOL have been shown to 

contain a number of necessary amino acids and are 

thought to be a rich source of alpha linoleic acid [44], 

the beneficial effects of MOL may be attributed to its 
high nutritional properties [43]. Overall, the study's 

findings supported previous findings that suggested 

adding MOL to poultry diets had beneficial effects 

on the growth and productivity of the birds, possibly 

as a result of the plant's minerals and phytochemicals 

[45].The high vitamin C content of MO, which can 

counteract the negative effects of HS and promote 

the productive responses, may be the cause of the 

performance improvement in heat-stressed MOL 

treated groups. El-Moniary et al.[46] found that 

adding vitamin C to chicken broiler feeds raised 
under heat stress circumstances enhanced the 

animals' growth performance. The addition of MOL 

helped the chicks use more feed and, as a result, 

improve more weight by lessening the negative 

effects of HS. The improvement in crude protein 

digestibility and the use of nutrients due to the 

presence of flavonoids, which have antibacterial and 

antioxidant properties, may be the cause of the 

increase in BWG and FCR. Additionally, this 

improvement could be ascribed to MOL's positive 

impact on gut microorganisms, which may enhance 

nutrient absorption, use, and digestion [47]. 

The effect on Liver function (ALT & AST) 

Measurement of serum transaminase ALT, AST 

activities are standard test for hepatocellular damage. 

It's well known that the enzyme are intracellular 

substances being located in the mitochondria and the 

cytoplasm, consequently, circulating levels increase 

following liver cell damage [48].  

In terms of the biochemical results, HS 

considerably increased the levels of serum AST and 

ALT activities in comparison to the NHS bird group. 

A change in the hepatocellular membrane due to 
blood hypoxia, exposure to toxins and toxemia, 

inflammation from metabolic diseases, or 

proliferation of hepatic cells can result in elevated 

serum AST and ALT values. Additionally, elevated 

AST and ALT levels were noted in conjunction with 

intestinal and liver injury [49].  

These results appeared to be consistent with those 

of Tang et al. [50], who noted that broiler chicks 

exposed to heat stress for one or two weeks had 

necrotic spots on their liver surface. Furthermore, 

inflammatory cell infiltration was triggered by 

hepatic histological testing. These findings suggested 
that hepatic tissue damage was caused by heat stress. 

The combination of antioxidant components and 

phytochemicals present in plants may work more 

effectively to reduce ROS levels. Better liver 

function and an improved picture of hepatic enzymes 

in birds fed diets supplemented with MOL may be 

the cause of this effect [51].This is supported by 

Divya et al. [52], who reported that adding up to 

1.5% MOL to the broiler feed significantly decreased 

serum ALT and AST activity. These results implied 

that MOL might improve liver function. 

Melesse et al. [53], who reported that MOL had a 
positive effect on improving intestinal health in 

broilers and boosting immunological responses. 

Additionally, this may provide insight into the 

protective impact of MOL addition on hepatic 

tissues. As compared to the NHS group, heat stress in 

the current study significantly raised serum 

creatinine and uric acid levels. 

Regarding the kidney function, several changes 

were recorded uric acid is the primary catabolic 

product of protein catabolism in birds [54].The avian 

kidney excretes uric acid primarily by tubular 
excretion, unlike the mammalian system that excretes 

urea entirely by filtration therefore the elevation of 

serum uric acid level indicate impaired renal function 

[55]. 

As compared to the NHS group, heat stress in the 

current study significantly raised serum creatinine 

and uric acid levels. Measurements of serum uric 

acid and creatinine levels are the most sensitive ways 

to assess renal functions, and they are frequently 

regarded as crucial measures for assessing kidney 

health. The results of the current investigation 

appeared to be consistent with those of Tang et al. 
[56], who reported that birds exposed to HS showed 

elevated plasma levels of urea and uric acid, 

indicating renal impairment. 

Huang et al. [57] who reported that acute HS 

led to elevated levels of some hemato biochemical 

markers, including creatinine, blood urea nitrogen, 

ALT, and creatine kinase, which could indicate 

damage to vital organs including the liver and 

kidney. 

However, when compared to the HS nontreated 

group, the dietary usage of MOL in the hens' ration 
raised under HS considerably decreased the levels of 

uric acid and creatinine in their serum. This finding 

is supported by Divya et al.  [52], who found that 

adding MOL to broiler diets significantly decreased 

creatinine and uric acid. 

Effect on protein level 

Serum protein, of which albumin is the most 

prevalent, is the total amount of protein in the blood. 

In addition to carrying certain medications and other 

substances through the blood that are essential for 

tissue growth and repair, albumin also helps prevent 

blood from leaking out of blood vessels. Low 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/digestibility
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amounts of total protein may indicate a problem with 

the kidneys, liver, or with the appropriate digestion 

or absorption of protein. 

Compared to the NHS group, heat stress 

dramatically reduced serum levels of albumin, 

globulin, and total protein. The current study's 

findings appeared to be consistent with those of 

Sahin et al.  [58], who also noted that heat stress 

reduced protein and albumin levels and that adding 

MOL to the diet improved its effects. 

According to the current study, chicks under heat 
stress reveal a considerable rise in their serum 

glucose levels. A rise in glucocorticoid levels, which 

can be caused by a number of stressors, including 

heat stress, is directly correlated with an increase in 

glucose concentration [59]. The main way that 

glucocorticoids affect metabolism is by promoting 

the production of gluconeogenesis from proteins 

found in muscle tissue.  

 Habibian et al. [60] found that elevated ambient 

temperatures raised cholesterol and plasma glucose 

levels. When compared to the heat-stressed group, 
heat-stressed birds fed a basal diet supplemented 

with MOL had lower glucose levels, according to 

Owens et al. [61]. 

Lactic acid production was greatly increased by 

HS, which accelerated the rate of pH decrease and, in 

turn, reduced the quality of the breast muscle. This, 

in turn, causes chicken to produce pale, mushy, and 

exudative meat, or PSE-like meat [62]. HS may 

cause birds' metabolisms to rapidly slow down, 

leading to potentially harmful side effects as color 

changes, a drop in muscle pH, and a reduction in the 

meat's water-holding capacity (WHC). [63]. Rehman 
et al. [64] observed that when compared to the non-

supplemented group, the breast muscles of the birds 

fed a basal diet supplemented with MOL had higher 

pH levels. 

In chicks, haptoglobin, an alpha-2 globulin, is 

referred to as PIT 54. The primary function of 

haptoglobin is to bind free hemoglobin generated by 

erythrocytes and reduce its oxidative activity [65]. It 

also binds hemoglobin to minimize iron losses via 

urine after hemolysis, therefore protecting tissues 

from injury caused by free haemoglobin [66]. It has 
been determined that haptoglobin is a strong 

angiogenic agent that is necessary for the 

differentiation and proliferation of endothelial cells 

during the formation of new blood vessels. 

One of the main APP in both humans and 

chicken, CRP was the first APP to be described 

[67]. CRP can attach itself directly to degenerating 

cells, residues, and polysaccharides on bacteria, 

fungi, and parasites. When attached to one of its 

ligands, it can activate the complement system. It can 

also attach to phagocytic cells, engaging with the 

humoral and cellular systems of inflammation [68].  

In terms of the biochemical results, HS 

considerably increased the levels of serum 

heptoglobin and c-reactive protein activity in 

comparison to the NHS bird group. Heptoglobin and 

CRP rise during HS as a result of non-clinical 

illnesses and infections. CRP is thought to be a 

possible biomarker for birds since the non-clinical 

chronic respiratory disease causes a considerable rise 

in both CRP and heptoglobin concentrations in these 

birds. [69]. Conversely, when compared to the HS 

non treated group, the addition of MOl powdered 
leaves to the bird feed raised under HS significantly 

decreased the blood heptoglobin and c-reactive 

protein activity. 

As a result, the current study's findings of a 

decrease in serum heptoglobin and c-reactive protein 

levels across MOL-supplemented groups may 

collectively point to the livers of hens fed MOL-

containing feeds functioning normally under HS 

conditions. The findings of  Olugbemi et al. [19] 

and  Melesse et al.[53], who claimed that MOL has a 

positive effect on boosting immune responses and 
reducing inflammation in broilers, further support 

this conclusion. 

In terms of antioxidant status, broilers raised 

under HS conditions and fed basal diets in the current 

study show a significant decrease in the activities of 

glutathione peroxidase (Gpx), catalase (CAT), 

superoxide dismutase (SOD), and total antioxidant 

capacity (TAC) in addition to elevated MDA and 

cortisol levels.  

One of the most crucial elements that can 

increase the generation of ROS is HS [70]. By 

altering ROS levels and influencing mitochondrial 
activity, these processes led to oxidative stress, 

which in turn caused lipid and protein oxidative 

damage as well as changes in oxidative stress 

markers as MDA, GPx, catalase, and SOD [71]. 

An imbalance between the body's natural 

antioxidant defenses and the generation of free 

radicals causes oxidative stress in cells and tissues, 

which leads to lipid peroxidation, protein nitration, 

DNA damage, and apoptosis. Free radicals produced 

during physiological oxygen metabolism are 

constantly present in cells [72].  

Conversely, the current study found that broiler 

chickens raised in heat stress and fed a basal diet 

supplemented with MOL had improved antioxidant 

capacity, as evidenced by a significant decrease in 

the lipid peroxidation estimated parameter (MDA) 

and a significant increase in the activities of the 

enzymes SOD, CAT, and GPx. In fact, the 

antioxidant qualities of MOL supplementation are 

responsible for his increase in antioxidant 

effectiveness. Glycosides, tannins, polyphenols, 

anthocyanin, beta-carotene, vitamins C and E, 

thiocarbamates, and high concentrations of zinc, 
manganese, copper, and selenium are just a few of 
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the many active ingredients that give MOL its 

antioxidant efficacy. These ingredients can combat 

free radicals, activate antioxidant enzymes, and 

inhibit oxidases [64, 73]. 

Poultry are susceptible to Newcastle disease 

(ND), a highly contagious viral illness. Chickens, 

turkeys, pigeons, and other birds are susceptible to 

Newcastle disease (ND). It is brought on by the 

filterable Newcastle disease virus (NDV). In 

susceptible birds that are not vaccinated, the disease's 

extreme stages can cause 90–100% morbidity and 
mortality. The illness manifested as neurological, 

gastric, and respiratory symptoms. According to 

current estimates, the overall average losses in 

poultry due to ND are between 40 and 60 percent, 

even with vaccination and treatment programs [74]. 

However, there are some disadvantages to 

vaccination, such as the lengthy time it takes to 

develop protective immunity and the high expense of 

vaccines. For these reasons, it was discovered that 

employing medicinal plant extracts as antiviral 

medications is an effective method of protecting 
flocks against NDV [70, 75]. 

One way to protect flocks from NDV is to use 

extracts from medicinal plants as antiviral 

medications. In this work, we examine the impact of 

Moringa oleifera, a medicinal plant with antiviral 

qualities that is essential to the body's immune 

system's defense against the Newcastle disease virus 

[76]. Other advantages include its simplicity of 

handling, affordability for bird breeders, and ability 

to compare the effectiveness of Moringa oleifera 

extract in preventing Newcastle disease virus in hens 

with and without NDV vaccination. Clinical 
indications were noted in infected groups, including 

greenish diarrhea, huddle together, respiratory signs, 

anxious signs, and drop in appetite. The identical 

symptoms that of Nnabuike & Olu [77] 

Elevated heart rate and increased blood flow to 

the heart, brain, and muscles were prime indicators 

of heat stress [78]. This may result in lung, liver, and 

kidney congestion. Severe and widespread 

hyperemia, which was particularly severe in the 

respiratory tract, particularly in the lung, tracheal, 

and bronchial mucosae, dominated the effects of heat 
stroke on the gross lesions. Additionally, the lungs 

may be edematous and occasionally have focal 

bronchopneumonia consolidations. Severe 

congestion may also affect other organs like the 

kidney and heart. Both the microscopic and gross 

lesions are consistent. There is edema in the alveoli 

and significant engorgement of the lung's 

vasculatures. The liver frequently exhibits 

congestion, hepatocyte dissociation, and centriolar 

necrosis. There are subendocardial and in the 

subepicardial hemorrhages are found in the heart. 

Besides, capillary congestion is evident in kidney 
and other structures [79].  

All living things react to environmental stressors, 

such as hyperthermia, by producing a class of 

proteins called heat shock proteins (HSPs)[80]. One 

distinct feature of heat stress is the upregulation of 

HSP70 [81]. As HS considerably increased HSP70 

mRNA expressions in the breast muscle of the heat-

stressed group compared to the control bird group, 

this does, in fact, validate the results we got in this 

investigation. These findings also appeared to be 

consistent with those of earlier research by 

Estevez [73], Song  et al. [82], Wang  et al. [83]. 

In contrast to the heat-stressed group, the 

administration of MOL to heat-stressed broilers 

dramatically reduced these up-regulations in a dose-

dependent manner, bringing them down to levels that 

were comparable to the control. According to earlier 

reports, HS causes oxidative damage to the various 

tissues of broilers [64, 84]. The generation of ROS is 

thought to be one of the elements that influences how 

HSPs react and, in turn, leads to the development of 

various HSP types. Therefore, it has been proposed 

that oxidative stress is a primary mechanism 
responsible for the induction and production of HSPs 

[85].  

Tiloke et al. [86], who reported that in lung 

carcinoma cells, MOL gold nanoparticles reduced the 

expression of HSP70 at the mRNA and protein 

levels. The expression of HSP70 in the liver of heat-

stressed broiler chicks fed a baseline diet 

supplemented with vitamin C was reduced [87].  

One of the primary pyrogenic and inflammatory 

cytokines, IL-6 is controlled by a number of 

transcription factors, such as the repressor ATF3 [91] 

and activators NF-κB and NF-IL6 [90]. HSF1 is 
unique in that it regulates the expression of IL-6 in 

mammals in at least two ways. In order to assist the 

binding of the other transcription factors to these 

promoters [93], HSF1 first constitutively binds to a 

large number of its target genes [92], including IL-6. 

Consequently, depending on the type of cell, HSF1 

deletion or knockdown may cause either increased or 

decreased IL-6 expression [93,94]. Second, activated 

HSF1 directly triggers the production of ATF3, a 

repressor of genes that produce inflammatory 

cytokines, such as IL-6, when cells are exposed to 
high temperatures [95]. This HSF1–ATF3 pathway is 

a feedback mechanism of the febrile response in 

mammals since IL-6 itself causes fever or elevated 

temperature [95]. On the other hand, we first show 

that when cells are exposed to high temperatures, the 

avian master regulator HSF3 directly binds to and 

strongly activates the avian pyrogenic cytokine gene 

[96], IL genes for inflammatory cytokines, like IL-6 

[95]. When broilers were exposed to heat stress, 

MOL treatment significantly (p < 0.001) reduced 

these upregulations in a dose-dependent manner 

compared to the heat-stressed group and brought 
them back to levels that were comparable to the 

control [64]. 
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Conclusion 

It could be concluded that supplementation of 

chickens with Moringa had a significant effect on 

growth performance & some biochemical parameters 

(ALT, AST, Creatinine, Uric acid, total protein, 

albumin, globulin, glucose, Ph, Haptoglobin, CRP) & 

oxidant and antioxidant parameter (GSH, SOD, 

Catalase, Total antioxidant capacity, cortisol) & 

histopathological condition and gene expression ( 

HSP70 & IL6) Based on the result of present study. 
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TABLE 1.Primer sequence 

Reference Primer sequence(5'-3') Gene 

 
Suzuki et al. [26]  

GCTCGCCGGCTTCGA IL6 
GGTAGGTCTGAAAGGCGAACAG 
 (FAM) AGGAGAAATGCCTGACGAAGCTCTCCA (TAMRA) 

GGCGAAGCCAGAGGAAACT 28S rRNA 
GACGACCGATTTGCACGTC 
(FAM) AGGACCGCTACGGACCTCCACCA (TAMRA) 

Yuan et al. [27] CCACCGCAAATGCTTCTAAAC B. actin 
AAGACTGCTGCTGACACCTTC 

Ebrahimi et al. [28] AACCGCACCACACCCAGCTATG Hsp70 
CTGGGAGTCGTTGAAGTAAGCG 

TABLE 2. The effect of Moringa on body weight and body weight gain in broiler chicken exposed to heat stress on 

the15
th 

and 35
st
 days of age. 

Days 

 

Groups 

15
th

 35
st
 

Initial  B.W B.W. (gm) B.W.G (gm) B.W. (gm) B.W.G (gm) 

Group 1 70.86±1.79 386.00±4.30de
 315.4±4.65ed

 1823.6±66.97e
 1437.6±66.43d

 

Group 2 72.88±1.62 244.4±4.69f
 171.52±3.53f

 1493.4±34.61f
 1249.0±30.88e

 

Group 3 72.9±1.72 428.4±4.77a
 355.5±5.86a

 2145.8±14.02b
 1717.4±13.60b

 

Group 4 75.28±1.69 377.2±7.93e
 301.92±8.62e

 1976.00±25.01cd
 1598.8±17.25c

 

 
TABLE 3.The effect of Moringa on food consumption and food conversion ratio in broiler chicken exposed to heat 

stress on the 15
th 

and 35
st
 days of age.  

Days 

 

Groups 

15
th

 35
st
 

FC FCR FC FCR 

Group 1 1237.8±19.22
c
 3.53±0.42

c
 1816±10.29

a
 1.272±0.05

a
 

Group 2 1086.8±12.40
d
 6.332±0.16

a
 1438±20.34

e
 1.1536±0.03

ab
 

Group 3 1318.0±6.38
ab

 3.708±0.06
c
 1751±3.31

bc
 1.018±0.01

bc
 

Group 4 1305.8±14.05
ab

 4.332±0.11
b
 1697±38.13

bc
 1.061±0.02

abc
 

Letter differ at p < 0.05.  
 

TABLE 4. The effect of Moringa on liver function test in broiler chicken exposed to heat stress on the15
th

 and 35
st
 

days of age. 

Days/ 

Groups 
15

th
 35

st
 

ALT (µl/ml) AST (µl/ml) ALT (µl/ml) AST (µl/ml) 

Group 1 74.6±0.92c 99.8±2.15c 78.6±1.20b 109.4  ±0.87b 

Group 2 93.6±2.01a 231±9.92a 95.2±1.85a 238.6 ±0.92a 

Group 3 70.8±0.73cd 93.8±1.24cd 60.4±0.50e 88.8  ±2.08cd 

Group 4 78.4±1.20b 127.2±2.42b 73.4±1.20c  109.4 ±1.03b 

Letter differ at p < 0.05. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6200561/table/T1/
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TABLE 5. The effect of Moringa on Kidney function test in broiler chicken exposed to heat stress on the15
th

 and 35
st
 

days of age. 

Days/ 

Groups 
15

th
 35

st
 

Creatinine (µl/ml) Uric acid (µl/ml) Creatinine (µl/ml) Uric acid (µl/ml) 

Group 1 0.604±0.03bc 2.86±0.06bcd 0.772±0.02bc 3.52±0.15d 

Group 2 1.08±0.04a 5.52±0.48a 1.244±0.03a 7.32±0.27a 

Group 3 0.532±0.02cd 2.2±0.07ef 0.552±0.03e 2.9±0.07ef 

Group 4 0.606±0.02bc 3.44±0.15b 0.706±0.01cd 4.12±0.08b 

Letter differ atp< 0.05.  

 

TABLE 6. The effect of Moringa on protein level (total protein, albumin and globulin) in broiler chicken exposed to 

heat stress on the15
th

 and 35
st
 days of age. 

      Days/ 

Groups 
15

th
 35

st
 

Total protein Albumin Globulin Total protein Albumin Globulin 

Group 1 4.28±0.05b 2.32±0.03bc 1.96±0.04ab 4.58±0.07c 2.44±0.05bc 2.14±0.08cd 

Group 2 3.17±0.05c 2.22±0.03cd 0.95±0.06d 3.38±0.03d 2.22±0.03d 1.16±0.04e 

Group 3 4.74±0.05a 2.5±0.04a 2.24±0.08a 4.76±0.07b 2.7±0.02a 2.4±0.07b 

Group 4 4.01±0.06b 2.12±0.03d 1.89±0.06ab 4.42±0.03c 2.5±0.04cd 2.08±0.03d 

Letter differ at p < 0.05.  

 

TABLE 7. The effect of Moringa on glucose & pH in broiler chicken exposed to heat stress on the15
th 

and 35
st
 days of age. 

Days/ 

Groups 
15

th
 35

st
 

Glucose pH Glucose pH 

Group 1 141.4±2.15cd 7.18±0.05d 135.4±2.35d 7.36±0.05d 

Group 2 198.6±5.22a 8.392±0.03a 208.8±3.13a 8.38±0.07a 

Group 3 137.8±1.68de 6.9±0.06e 129.8±1.93c 7.10±0.04e 

Group 4 151.2±3.81b 8.16±0.03b 166.6±2.03b 8.02±0.04b 

Letter differ at p < 0.05. 

TABLE 8. The effect of Moringa on Haptoglobin & CRP in broiler chicken exposed to heat stress on the15
th

 and 35
st
 

days of age. 

Days 

Groups 
15

th
 35

st
 

Heptoglobin CRP Heptoglobin CRP 

Group 1 40.4±0.50bc 4.86±0.47c 135.4±2.35bc 5.86±0.25c 

Group 2 53.8±1.42a 13.38±0.66a 208.8±3.13a 17.66±1.29a 

Group 3 39.2±0.58cd 2.88±0.12d 132.8±1.93d 2.26±0.10d 

Group 4 40.8±0.86bc 6.24±0.05b 166.6±2.03b 7.7±0.50b 

Letter differ at p < 0.05. 

 

TABLE 9. The effect of Moringa on MDA & SOD in broiler chicken exposed to heat stress on the 15
th

 and 35
st 

days of age. 

Days 

Groups 
15

th
 35

st
 

MDA SOD MDA SOD 

Group 1 14.2±1.24cd 2.94±0.18f 19.6±0.67bc 3.62±0.14e 

Group 2 24.4±1.68a 2.5±0.20d 27.00±2.23a 1.16±0.05f 

Group 3 11.2±1.74d 6.88±0.13b 11.6±0.50e 6.98±0.06b 

Group 4 15.2±0.58c 4.94±0.14de 21.00±0.83b 3.26±0.11e 

Letter differ at p < 0.05.  

 

TABLE 10. The effect of Moringa on catalase & GPX in broiler chicken exposed to heat stress on the 15
th

 and 35
st
days 

of age. 

Days 

Groups 
15

th
 35

st
 

CAT GPX CAT GPX 

Group 1 3.56±0.16e 21.00±0.83cd 3.9±0.12d 20.80±0.73ef 

Group 2 2.6±0.17f 6.40±0.67f 2.04±0.05f 4.60±0.60g 

Group 3 6.8±0.18a 28.6±1.43b 7.84±0.17a 36.60±0.51b 

Group 4 4.22±0.10d 19.20±0.86d 4.02±0.08d 23.40±0.50e 

Letter differs at p < 0.05.  
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TABLE 11. The effect of Moringa on total antioxidant capacity& cortisol in broiler chicken exposed to heat stress on 

the 15
th

 and 35
st
 days of age. 

Days 

Groups 
15

th
 35

st
 

TAC Cortisol TAC Cortisol 

Group 1 250.8±19.40cd 11.6±0.50cd 255.8±7.15d 12.00±0.70b 

Group 2 191.4±5.30e 17.6±0.50a 168.4±3.90f 20.4±0.67a 

Group 3 447.2±17.77a 9.4±0.74e 476.8±3.27b 10.00±0.70cd 

Group 4 248.8±8.18cd 12.6±0.40bc 247.6±2.65ed 11.6±0.50bc 

Letter differ at p < 0.05.  

 

TABLE 12. The effect of Moringaon antibody titer estimated by ELISA against ND & IB in broiler chicken exposed to 

heat stress. 

Groups ELISA ND ELISA IB 

Group 1 4.14±0.05d 3.6±0.11d 

Group 2 2.2±0.07f 2.44±0.05g 

Group 3 5.14±0.09c 4.76±0.09b 

Group 6 3.62±0.03e 3.17±0.06e 

Letter differ at p < 0.05. 

 

TABLE 13. Histopathological condition 

Intestine Lung Heart Liver Groups 

Normal tissue 
histology 

Normal tissue histology Normal tissue histology Normal tissue histology Group (1) 

1) Severe degree of 
degeneration 
 2) Desquamation of 
lining epithelium.  
3) Congestion and 
thickening of blood 
vessels wall in 
lamina propria 

1) Severe degree of 
congestion of blood vessels 
with perivascular edema 
2)Diffuse interstitial 
hemorrhages 
3)Pneumonia and 
bronchiolitis 

1) Severe degree of 
congestion  
2) Thickening of blood 
vessels wall  
3) Perivascular edema.  
4) Degeneration of 
cardiac myofibril besides 
myocarditis and 
leukocytes' infiltration 

1) Severe degree of 
congestion of blood 
vessels 
2) perivascular edema 
3) Degeneration of 
hepatic cells 
4) multiple necrotic foci 
replaced with leukocytes' 
aggregation  

Group (2) 
 

Normal tissue 
histology 

Normal tissue histology normal tissue histology Normal tissue histology Group (3) 

Slight elongation of 
length of villi.  

 

Moderate degree of   
congestion, edema and 
inflammation. 

Moderate degree of   
congestion, edema 

 

Revealed milder degree 
of the mentioned lesions. 

Group (4)  

 

TABLE 14. Effect of Moringa supplementation on the transcription levels of HSP70 & IL6 of heat stress exposed 

chicken. 

Groups ß. actin HSP70 28S rRNA IL6 

 CT CT Fold changes CT CT Fold changes 

G1 19.55 22.12 - 18.69 20.73 - 
G2 20.83 20.21 9.12 20.22 19.71 5.85 
G3 19.46 23.38 0.392 19.10 22.12 o.507 

G4 20.75 21.61 3.27 20.15 21.15 2.056 

 

TABLE 15. Effect of Moringa supplementation on the transcription levels of HSP70 & IL6 of heat stress exposed 

chicken. 

Groups HSP70 IL6 

Group 1 1.00±0.00d 1.00±0.00d 

Group 2 9.12±0.12a 5.85±0.15a 

Group 3 0.39±0.05e 0.50±0.02e 

Group 4 3.27±0.16b 2.05±0.13b 

p-value <.0001 <.0001 
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Fig. 2. Liver of heat stressed group showing congested 

blood vessels and sinusoids with few perivascular 

leukocytic infiltration, HE, X100. 

 

Fig. 1. Liver of control negative group showing 

apparently normal hepatic cell HE, X100. 

  

Fig. 4. Lung of control negative group showing 

apparently normal alveoli HE  X100. 

Fig. 3. Liver of supplemented heat stressed group by 

moringa showing mild congested blood vessels 

and sinusoids .HE,X100. 

 

 
 

Fig. 6. Lung of supplemented heat stressed group by 

moringa, showing low degree of bronchiolitis 

and low leukocytes' aggregation HE, X100. 

Fig. 5. Lung of heat stressed group, showing 

thickening of interalveolar septa, 

accumulation of esinophilic material inside 

the alveoli, hemorrhages and 

leukocyticagrrgation. HE, X100. 
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Fig. 8. Heart of heat stressed group showing 

hemorrhage and leukocytes' infiltration HE, 

X100. 

Fig. 7. Heart of control negative group showing 

apparently normal tissue HE, X100. 

 

 
 

Fig. 10. intestine of control negative group showing 

nearly normal histology HE, X50. 

 

Fig. 9. Heart of supplemented heat stressed group by 

moringa showing mild perivascular edema and 

few leukocytes' infiltration HE, X100. 

  

Fig. 12. Intestine of supplemented heat stressed 

group by moringa, showing longvilli with 

few degenerated and sloughed epithelial 

lining.HE, X50. 

Fig.11. Intestine of heat stressed group showing 

degenerated and sloughed epithelial lining HE, 

X50. 
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 الملخص

انحزارٖ فٗ ثذارٖ انزسًٍٛ ْٔذا ٚشكم غهجبً اسزكشفذ ْذح انذراسخ اٌ اسزخذاو انًٕرُٚدب نٓب اثز فٗ انزصذٖ نلاخٓبد 

ب فٙ إَزبج انذٔاخٍ خبصخ فٙ ظم ظزٔف الإخٓبدانحزار٘. رٓذف ْذِ انذراسخ إنٗ دراسّ رأثٛز انًٕرُٚدب  ًً يٓ

ٔثعط انُزبئح انكًٛٛبئٛخ انحٕٛٚخ نهذو ٔحبنخ يعبداد الأكسذح ٔانزعجٛز اندُٛٗ نجزٔرُٛبد  أٔنٛفٛزاعهٗ يعبٚٛزأداءانًُٕ

فٙ دخبج انزسًٍٛ انُبيٙ انًعزض نلإخٓبدانحزار٘. نٓذاانغزض،رى اخزاء انزدزثخ  HSP70, IL6 انصذيخ انحزارٚخ

 ٤كزكٕد ٚجهغ يٍ انعًزٕٚيًب ٔاحذاً ثشكم عشٕائٙ ٔرى رقسًٛٓى عهٗ   ٠٨فٗ يعٓذ ثحٕس انصحخ انحٕٛاَٛخ  عهٗ عذد 
ٕٚيًب ثُظبو غذائٙ أسبسٙ. ثى قسًذ  35ٚزٓى نًذح كزكٕربً،ٔانزٙ رى رغذ 22يدًٕعبد غذائٛخ رعى كم يدًٕعخ 

درخخ يئٕٚخ(. انًدًٕعخ انثبَٛخ رعزظذ  22-21انًدًٕعبد انٗ انًدًٕعخ الأنٗ غٛزيعزظخ نلإخٓبد انحزار٘ )

درخخ يئٕٚخ(. انًدًٕعخ انثبنثخ غٛزيعزظخ نلإخٓبد انحزار٘ ٔيعبف إنٛٓب انًٕرُٚدب  35-33نلإخٓبد انحزار٘ )

درخخ يئٕٚخ( ٔيعبف إنٛٓب انًٕرُٚدب أٔنٛفٛزا.  35-33نًدًٕعخ انزاثعخ رعزظذ نلإخٓبد انحزار٘ )أٔنٛفٛزا، ٔا

ٔأظٓزد انُزبئح انزٙ رى انحصٕل عهٛٓب أٌ إظبفخ انًٕرُٚدب أٔنٛفٛزا إنٗ انُظبو انغذائٙ الأسبسٙ فٙ انًدًٕعبد انثبنثخ 

ى انُٓبئٙ   ٔانزًثٛم انغذائٙ( ،ٔرحسٍٛ ٔظبئف انكجذ ٔانكهٗ ٔانزاثعخ أدٖ إنٗ رحسٍٛ يعبٚٛزأداء انًُٕ )سٚبدح ٔسٌ اندس

ٔرحسٍٛ يسزٕٖ انجزٔرٍٛ ٔرحسٍٛ حبنخ يعبداد الأكسذح ٔسٚبدح الأخسبو انًعبدح ض دفٛزٔسٗ انُٕٛكبسم ٔالانزٓبة 

 انشعجٗ، ٔاَخفبض يسزٕٖ اندهٕكٕسٔيعبيم انحًٕظخ ٔيٕشزاد الانزٓبة ٔانزحكى فٙ انزعجٛزاندُٛٗ نهجزٔرُٛبد

 يقبرَخ ثبنطٕٛرفٙ انًدًٕعخ انثبَٛخ انًعزظخ نلاخٓبد انحزارٖ.

 نذنك فبٌ اسزخذاو انًٕرُٚدب نٓب اثز كجٛز فٗ انزصذٖ نلاخٓبد انحزارٖ.

 .أٔنٛفٛزا ، انًٕرُٚدب ، أداءانًُٕ، قذرح يعبداد الأكسذح انحزار٘ الإخٓبد : الكلماث الذاله


