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INTRODUCTION

It is worth mentioning that 2023 was the warmest year 
since global records began in 1850, and climate change 

will have a major impact on Middle Eastern countries, 
especially Iraq, with temperatures expected to increase 
by 1-2 °C by 2030-2050 (IPCC. Climate Change, 2013). 
Thermal stress is a vital issue of animal production in trop-
ical and sub-tropical regions which has numerous adverse 
effects on poultry as well as livestock. Several researchers 

showed that the adverse effects of thermal stress are prin-
cipally associated with oxidative stress and free radical pro-
duction, the disorders of hormone synthesis, cell apoptosis, 
and abnormal cell functions (Chen et al., 2021; Dalolio et 
al.,2021). Thermal stress is considered a significant prob-
lem in handling poultry industries in hot weather regions, 
causing important economic losses in the poultry trade 
and industry (Diarra and Tabuaciri, 2014) High climate 
temperature prompts oxidative impairment in the liver, 
and soft tissues of chicken, which promotes catabolism 
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and disturbs lipid metabolism (Emami et al., 2020). Sev-
eral unfavorable outcomes, such as low fertility, dehydra-
tion, low live-ability, high morbidity, altered meat quality 
characterized by augmented adiposity and reduced skeletal 
muscle mass associated with poor production were record-
ed in birds persistently kept at >30°C (Emami et al., 2020). 
The most observable stress behaviors include elevation of 
respiratory frequency, panting, reduced appetite, and ad-
verse change in metabolism pathways (Raza et al., 2021). 
It is well known that thermal stress causes a rise in reactive 
oxygen free radical production, which in turn causes ox-
idative impairment and a reduction in oxidative capacity 
(Song et al., 2018). 

Many therapeutic and physiological methods were used to 
decrease the deleterious effects of thermal stress like the use 
of medicinal plants. Mint plant has high antioxidant and 
free-radical scavenging activity related to Mentha longifolia 
species. Its extract has a potent ability to protect against 
crucial cell damage due to its markedly high free-radical 
scavenging activity (Ocak et al., 2008). The composition of 
essential oils from mint exhibits strong antibacterial and 
antioxidant activities. Several therapeutic properties are as-
sociated with the stems and leaves of mint. The leaves con-
tain essential oils that are beneficial to digestion (Mikaili 
2013). Mint is positively associated with broilers’ growth 
in an earlier study (Ocak et al., 2008). It also supports a 
healthy microbiome in poultry guts (Asadi, 2017). So, this 
experiment aimed to investigate the effects of dried mint 
leaves inclusion in feed on some physiological parameters, 
production performance and histological alterations in 
broiler chickens exposed to heat stress.

MATERIAL AND METHODS

dESign of thE ExpEriMEnt
The present work conducted to estimate the effects of mint 
leaf powder as feed additives in diets of broiler chickens 
exposed to thermal stress. The study was carried out in 
accordance with the animal ethics protocol and was done 
in an animal farm of the College of Veterinary Medi-
cine - Baghdad University –Iraq, during a period from 
1/5/2023  to 15/6/2023. A total of one hundred sixty (160) 
broiler chicken (Ross 308 strain) with an average initial 
body weight of 50 gm were used. The birds were obtained 
from local market, and randomly divided into 4 treatment 
groups (40 to each) in cages with 2 replicate/group (20/
cage). The diet was formulated each twice weeks (Table 1). 
The first group supplied with standard diet and was regard-
ed as the negative control group, the second group fed the 
similar basal diet and kept as positive control, while the 
third and fourth groups supplied with same basal diet in-
cluding with 3% and 5% shadow dried mint leaves respec-
tively. All groups provided with diet and water ad libitum. 

The chickens of the negative control group maintained at 
suitable and normal climate conditions (23 ± 2°C with a 
70% humidity). While the other groups including positive 
control and 3% and 5% mint groups were exposed to 33 ± 
3°C for 10 hours per day  (8:00–18:00 each day).

Table 1:  Composition and ingredients of diets used in the 
experiment.
Item  Starter diet  

%
Finisher diet  
%

Maize 50 53
Soya bean meal 28 25
Wheat 7.5 7.5
Animal sources Protein (50%) 10 10
Premix 3 3
Common Salt , NaCl 0.3 0.3
Limestone 1.2 1.2
Total 100 100
Nutrient  ingredients 
Crude protein % 22.50 20.00
Moisture % 6.54 6.20
Total ash % 8.15 9.20
Calcium % 0.975 1.025
Phosphate % 0.61 0.78
Methionine 0.53 0.55

(NCR, 1994 ; Olusegun et al, 2019)

Mint  powdEr prEpArAtion
The fresh mint leaves bought from local market were shad-
ow-dried for a couple of days then ground by an electric 
machine grinder, and powder was stored in plastic bags 
until directly mixed with a diet of chicken according to 
mentioned percentages. 

SAMpling And AnAlySiS
Feed consumption and body weight were calculated and 
analyzed weekly. At 35 day age, 3 birds from each group 
were sacrificed and specimens of liver tissue (about 1 cubic 
cm) and small intestine (duodenum, about 1 inch) were 
cut and prepared for histological examination. Addition-
ally blood was collected and used to separate serum from 
the whole blood using centrifugation (12,000 rpm, 10 min 
at 4°C). For serum biochemical analyses, enzyme linkage 
immuno-sorbent assay (ELISA) kits were obtained from 
commercial source (Monobind Inc. Lake Forest, CA92630, 
USA) and used following the procedure mentioned in the 
kit to analyze the alanine transaminase (ALT), aspartate 
transaminase (AST) enzymes as well as cortisol hormone.

hiStologicAl ExAMinAtion
The tissues of liver and small intestine were fixed with 4% 
paraformaldehyde for 48 hours, dehydrated by ethanol, and 
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Table 2: Effect of 3%, and 5% mint supplementation in diet of broiler under heat stress on body weight (gram). 

Groups* 7days 14 days 21 days 28 days 35days 
C- 164.17±1.86C 473.24±3.52aC 813.07±21.76aB 1322.73±12.18aA 2341.73±32.28aA
C+ 159.23±1.20C 309.05±2.38bC 647.74±120.68cB 1058.90±63.16cA 1942.90±18.66cA
3% 163.76±1.34C 429.47±6.71aC 760.71±80.12bB 1156.12±41.26bA 2150.12±83.96bA
5% 164.16±0.99C 435.31±0.28aC 797.34±43.63aB 1158.01±31.38bA 2198.01±91.88bA
LSD 141.91

a-c: different lowercase letters in a column refer to present significant difference at (P<0.05)
A-C: different uppercase letters in a row refer to present significant difference at (P<0.05)
* C-: negative control group, without exposure to heat stress or mint treatment; C+: positive control group, heat stressed but without 
mint treatment; 3%: heat stressed, and supplemented 3% mint leaf powder in the diet; 5%: heat stressed, and supplemented 5% mint 
leaf powder in the diet.

Table 3:  Effect of 3%, and 5% mint supplementation in diet of broiler under heat stress on feed intake/bird /day (gram).
Groups* 7days 14 days 21 days 28 days 35days 
C- 125.54±5.00aD 230.51±2.00aC 308.76±0.54aB 397.15±1.25aA 510.25±1.25aA
C+ 115.20±4.44cD 215.32±4.08bC 267.59±3.76dB 345.77±6.21cA 435.17±6.21cA
3% 122.55±2.15bcD 235.54±5.97aC 289.86±4.86cB 389.77±3.97bA 475.77±3.97bA
5% 129.54±3.99abD 233.65±3.28aC 310.04±3.63aB 403.48±9.88aA 495.48±9.88aA
LSD 8.43

a-c: different lowercase letters in a column refer to present significant difference at (P<0.05)
A-C: different uppercase letters in a row refer to present significant difference at (P<0.05)
* C-: negative control group, without exposure to heat stress or mint treatment; C+: positive control group, heat stressed but without 
mint treatment; 3%: heat stressed, and supplemented 3% mint leaf powder in the diet; 5%: heat stressed, and supplemented 5% mint 
leaf powder in the diet.

finally embedded in paraffin. Then sections were cut into 5 
μm slices. Sections were seen under a microscope (Olym-
pus, Tokoyo, Japan) after staining with hematoxylin and 
eosin stain. Five to 10 fields of each section and at least two 
sections per animal.were examined using the microscope.

StAtiSticAl AnAlySiS
Data were analysed using Statistical Analysis System 
(SAS) by employing ANOVA test (SAS, 2012). The least 
significant differences (LSD) and P value were calculat-
ed and presented in tables. For significance of results (P < 
0.05) was considered.

RESULTS 

Body wEight 
The data of body weight illustrated in Table 2 revealed that  
negative control  group which kept  in normal comfort-
able climate condition without mint treatment exhibited 
significantly (P<0.05) high levels of body weight as com-
pared to other groups. The positive control group that kept 
under heat stress exhibited a lower (P<0.05) body weight 
as compared to negative control  group. Interestingly, mint 
treatment showed positive effect (P<0.05) on body weight 
and improved the weight of birds as compared with posi-
tive control group. 

fEEd intAkE  
The feed consumption results presented in Table 3 showed 
that birds in positive control group that kept under heat 
stress significantly (P<0.05) reduced the feed intake as 
compared to the birds kept in normal comfortable climate 
condition (negative control). Mint treatment (both 3 and 
5%) exhibited a raise (P<0.05) in the feed intake as com-
pared to the birds given heat stress without mint treatment 
(positive control). 

cortiSol horMonE 
The results showed that serum cortisol level of the posi-
tive control  group was significantly (P<0.05) elevated than 
both mint treated groups as well as the negative control 
group which exhibited a significantly (P<0.05) lowest val-
ue. Moreover, there were insignificant differences between 
the 3% and 5% mint received groups (Table 4).
 
livEr EnzyMES
Data of liver enzymes presented in Table 5 and 6 revealed 
that the positive control group exhibited a significantly 
(P<0.05) higher levels of both AST and ALT in compar-
ison with negative control and both mint treated groups. 
All groups exhibited a gradual increase in AST and ALT 
level started from the first test at 7 day age till to final one 
at 35 day age. 
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Table 4:  Effects of adding 3% and 5% mint powder in diet of broiler, exposed to heat stress on blood cortisol level 
(nmol/L).
Groups* Test at 28 day Test at 35 day
C- 2.09±0.03b 2.16±0.01b
C+ 2.97±0.24a 3.04±0.21a
3% 2.18±0.10b 2.30±0.09b
5% 2.38±0.11b 2.21±0.07b
Least Significant Differences 0.39

a-c: different lowercase letters in a column refer to present significant difference at (P<0.05)
* C-: negative control group, without exposure to heat stress or mint treatment; C+: positive control group, heat stressed but without 
mint treatment; 3%: heat stressed, and supplemented 3% mint leaf powder in the diet; 5%: heat stressed, and supplemented 5% mint 
leaf powder in the diet.

Table 5:  Effects of adding 3% and 5% mint powder in the diet of broiler,  exposed to heat stress on blood ALT enzyme 
level (U/L).
Groups* 7days 14 days 21 days 28 days 35 days 
C- 2.26±0.03b 2.31±0.05b 2.43±0.12b 2.23±0.20b 2.47±0.10b
C+ 3.07±0.28aC 3.85±0.45aB 4.86±0.38aA 4.25±1.28aAB 4.45±0.38aAB
3% 2.83±0.29ab 2.77±0.33b 2.61±0.20b 2.61±1.25b 2.67±0.15b
5% 2.60±0.09ab 2.38±0.28b 2.09±0.31b 2.96±1.20b 2.30±0.10b
LSD 0.73

a-c: different lowercase letters in a column refer to present significant difference at (P<0.05)
A-C: different uppercase letters in a row refer to present significant difference at (P<0.05)
* C-: negative control group, without exposure to heat stress or mint treatment; C+: positive control group, heat stressed but without 
mint treatment; 3%: heat stressed, and supplemented 3% mint leaf powder in the diet; 5%: heat stressed, and supplemented 5% mint 
leaf powder in the diet.

Table 6:  Effects of adding 3% and 5% mint powder in the diet of broiler, exposed to heat stress on blood level of AST 
enzyme (U/L).
Groups* 7days 14 days 21 days 28 days 35days 
C- 184.96±1.19b 194.97±1.32b 195.37±1.51b 188.13±1.30b 199.53±2.90b
C+ 241.68±3.78aB 257.29±8.18aB 274.22±9.29aB 274.27±13.16aA 294.57±23.06aA
3% 188.55±2.18b 194.87±1.35b 192.58±2.41b 181.66±2.14b 192.66±1.04b
5% 191.47±2.97b 196.55±1.25b 198.38±3.37b 183.44±3.26b 196.74±2.96b
LSD 19.44

a-c: different lowercase letters in a column refer to present significant difference at (P<0.05)
A-C: different uppercase letters in a row refer to present significant difference at (P<0.05)
* C-: negative control group, without exposure to heat stress or mint treatment; C+: positive control group, heat stressed but without 
mint treatment; 3%: heat stressed, and supplemented 3% mint leaf powder in the diet; 5%: heat stressed, and supplemented 5% mint 
leaf powder in the diet.

hiStologicAl AltErAtionS 
As shown in Figure 1, heat stress significantly deteriorated 
the gross and histological structures of liver and intestine. 
Liver showed swelling and paleness at multiple spots with 
marked congestion, edematous and enlarged rounded edg-
es. There was dilatation of liver sinusoids portal vein. The 
small intestine showed congestive blood vessels with pete-
chial hemorrhages. Duodenum exhibited villi hyperplasia, 
proliferation of epithelial cells with destructive intestinal 
glands.

DISCUSSION 

The current study exhibited that mint treatment have pos-
itive effects on body weight and feed intake of broilers 
reared under heat stress. These results are in close agree-
ment with (Ramiah et al., 2019) who suggested that the 
avian species are greatly predisposed to thermal stress thus 
very sensitive to current global warming (Ramiah et al., 
2020). On the same context, some researches determined 
that long exposure to heat stress has clear effects on the 
mass and quantity of breast and thigh muscle in broilers, 
and also showed  a lower protein composition  and high 



June 2024 | Volume 12 | Issue 2  | Page 132

      Journal of Animal Health and Production
amount of fat in chicken meat exposed  to thermal stress 
(Tafrahi et al., 2021; Hassan, 2023). Durrani et al. (2008) 
reported that the supplementation of peppermint leave 
powder in broiler diet improved the feed intake and weight 
gain compared to control group.
 

Figure 1: Gross and histological images of the liver and 
intestine of chickens reared under heat stress. a.  Liver 
showed swelling and multiple spots of congestive pales 
to whitish areas. b.  Liver showed marked congestion, 
edematous with enlarged rounded edge. C.  Liver tissue 
with cloudy swelling of liver cells with  dilatation of 
sinusoidal portal vein. d. Liver tissue showed dilated liver 
parenchyma, lymphocytic cuffing, and disorganization of 
the hepatic cord. e. Small intestine shows congestive blood 
vessels with petechial hemorrhages. f. Small intestine 
appeared congestive of blood vessel dilatation and empty 
lumen of the intestine. g. Small intestine (Duodenum) 
appears hyperplasia villi, proliferation of epithelial cells 
with, destructive some intestinal glands  h. Small intestine 
(duodenum) with necrosis and destructive  of the cell 
wall and proliferation of  the villi with intestinal catarrhal 
discharge.

Furthermore, stress due to heat exposure might be led to 
endocrine hormones alterations and stimulate lipid accu-
mulation by increasing lipogenesis and reducing lipolysis 

as well as increase amino acid degradation (Abdulabbas 
and  Al- Saadi, 2022). Current work is consistent with  As-
adi et al. (2017) whom  found that  usage of peppermint in 
the feed of broiler showed an  improvement in the ratio of 
beneficial to hazardous bacteria in cecum which reflected 
the  satisfactory microbiological balance in the microbiota 
of  gastrointestinal tract that probably  led to  improved 
health  status and nutrient digestibility of birds. On the 
other side, these results disagreed with finding of Ocak et 
al. (2008) who reported that the feed supplemented with  
mint leaves powder doesn’t have a considerable effect on 
body weight, feed intake and feed conversion ratio. It has 
been reported that the antioxidants found in mint leaves 
have ability modulate intestinal architecture by improving 
villi size that results the improve feed intake and weight 
gain of birds (Aguiar et al., 2023).

The current study exhibited an increase in cortisol hormone 
level of birds reared under heat stress and that’s in agree-
ment with (Ríus, 2019) who suggested that the increase 
may be caused due to increase in corticosteroid stimulation 
via the hypothalamic-pituitary-axis. This finding is also 
consistent with some investigators who reported that the 
elevated air temperature prompts the synthesis and secre-
tion of corticosteroids, causing catabolic impacts (protein 
and lipid mobilization) via decreased growth rate and caus-
ing muscle atrophy (Safa et al., 2019). Interestingly, mint 
treatment reduced the cortisol level and kept it within the 
normal limit. Our results also exhibited that mint treat-
ment regulated the AST and ALT levels in birds reared 
in heat stress. Furthermore, histological observations also 
indicated the profound effect of mint leaves on intestine 
and liver. This might be attributed to positive effects of fla-
vonoid compounds present in mint powder which amelio-
rate the deleterious effects of free radicals resulted from the 
negative effects of  heat stress (Wasserman, 2013).

It is well known that active compounds found in medici-
nal plants, like peppermint, enhance feed efficiency, which 
causes improvement in digestion and absorption of nu-
trients, and stimulates appetite in broilers (Mehranpoor,, 
1995). Many studies have indicated that the antibacterial 
effects of such medicinal plants prevented harmful bacteria 
growth in the intestine leading to reduced mortality rate 
in flocks which might be attributed to the vital function 
of antioxidant substances (Zeinab et al., 2024). Based on 
the obtained results it might be assured that the biologi-
cal activity of mint leaves which can fight oxidative stress 
and free radicals and act as an immune-stimulating fac-
tor against numerous diseases consequently improve the 
chicken health and production (Fabris et al., 2017).
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CONCLUSION

There were significant improvements in some productive 
and physiological parameters of broilers supplied with 3% 
and 5% dried mint leaves powder and kept under heat 
stress. Therefore, powder of dried mint leaves in the diet 
as feed additives, especially at ratio of 5% may be used to 
avoid the adverse effects of thermal stress in broiler chick-
en.  

ACKNOWLEDGEMENTS

The authors express great thanks  to the staff of the  Public 
Health Department, college of veterinary medicine –uni-
versity of Baghdad  for their cooperation and  implement-
ing this work.

NOVELTY STATEMENT

The current work assures the positive role of adding the 
medicinal plant, mint leaf powder in feed to reduce the 
harmful effects of heat stress in broilers. It is one of the 
few important studies in Iraq which addressed an impor-
tant economic and production issue of poultry sector in 
Iraq due to  long summer with high temperatures that may 
reach 55 C°.

CONFLICT OF INTEREST
 
Authors declared that have no conflict of interest.

AUTHOR CONTRIBUTION
 
M.J.Al-Saadi designed  idea and Jassim E.Q.Al-Musawi 
carried out  the laboratory analysis. Both authors collec-
tively write, and approved the final draft.

REFERENCES

Abdulabbas M,  Al- Saadi MJ (2022). Effects of dietary betaine 
supplementation subjected to low level crude protein diet 
on growth performance, carcass characteristics, biochemi-
cal, antioxidants status and immune of broiler. Ann. Forest 
Res., 65(1): 10578-10589.

Al-saadi MJ (2023).  Effects of Sumac (Rhus coriaria) Seeds and 
Exogenous Fibrolytic Enzymes on Wool Growth of Awwa-
si Male Lambs. Worlds Vet. J., 13 (2): 293-299 . https://doi.
org/ 10.54203/scil.2023.wvj31

Alnaemi H, Dawood T, Algwari Q (2023).  The Investigation of 
Aflatoxin B1, Ochratoxin A, and Fumonisin B1 in Poultry 
Feeds in Nineveh Province, Iraqi J. Vet. Med., 47(2):37-43. 
https://doi.org/10.30539/ijvm.v47i2.1532

Aguiar GA, Carneiro  CL, Campelo D, Rusth, R.C.T.; Maciel 
J, et al (2023). Effects of Dietary Peppermint (Mentha pip-
erita) Essential Oil on Growth Performance, Plasma Bio-
chemistry, Digestive Enzyme Activity, and Oxidative Stress 

Responses in Juvenile Nile Tilapia (Oreochromis niloticus). 
Fishes., 8(7): 374. https://doi.org/10.3390/fishes8070374

Arab HA, Jamshidi R, Rassouli A, Shams G, Hassanzadeh MH 
(2006). Generation of hydroxyl radicals during ascites ex-
perimentally. Ann. Forset Res., 8(4):6-17. https://www.un-
boundmedicine.com

Asadi N, Husseini SD, Tohidian MT, Abdali N, Mimandipoure 
A,Rafieian-Kopaei M, Bahmani M (2017). Performance 
of broilers supplemented with peppermint (Mentha piper-
ita L.) powder. Evid Based Complement Alt. Med., 22(4): 
703-706 https://doi.org/10.1177/2156587217700771.

Chen S, Yanhong Y, Xianghong N (2021). Effect of heat stress 
on growth and production performance of livestock and 
poultry: Mechanism to prevention. J. Thermal Biol., 99: 
103019. https://doi.org/10.1016/j.jtherbio.2021.103019.

Cheng K, Zhang M, Huang X , Zheng X, Song Z, Zhang L, 
Wang T (2017). An evaluation of natural and synthetic vi-
tamin E supplementation on growth performance and an-
tioxidant capacity of broilers in early ageCan. J. Anim. Sci., 
98: 187-193. https://doi.org/10.1139/CJAS-2017-0040.

Coutinho A.E., Chapman K.E (2011).The anti-inflammato-
ry and immunosuppressive effects of glucocorticoids, re-
cent developments and mechanistic insights. Mol. Cell. 
Endocrinol., 335, pp. 2-13. https://doi.org/10.1016/j.
mce.2010.04.005

Cross DE, McDevitt RM, Hillman K, Acamovic T (2007). The 
effect of herbs and their associated essential oils on perfor-
mance, dietary digestibility and gut microflora in chick-
ens from 7 to 28 days of age. Brit. Poult. Sci., 48: 496–506 
https://doi.org/10.1080/00071660701463221.

Dalolio FS, Albiono LF, Silva JN, Fireman AK, Junior AM, Bu-
sanello M, Junior VR (2021). Dietary chromium-methio-
nine supplementation and broiler (22–43days) responses 
during heat stress Growth performance and carcass yield, 
metabolisable energy and serum biochemistry. Anim. Prod. 
Sci., 61: 586-595. https://doi.org/10.2527/jas.2014-8807.

Désert C, Baéza E, Aite M, Boutin M, Le Cam A, Montfort 
J, Houee-Bigot M, Blum Y, Roux PF, Hennequet-Antier 
C, Berri C (2018). Multi-tissue transcriptomic study reveals 
the main role of liver in the chicken adaptive response to 
a switch indietary energy source through the transcrip-
tional regulation of lipogenesis. BMC Genom., 19:1-8. 
doi.10.1186/s12864-018-4520-5. https://doi.org/10.1186/
s12864-018-4520-5

Diarra SS, Tabuaciri P (2014). Feeding management of poultry 
in high environmental temperatures. Int. J. Poult. Sci., 13: 
657–661. https://doi.org/10.3923/ijps.2014.657.661

Durrani FR, Abiddullah N, Chand Z, Durrani, Akhtar S (2008). 
Hematological ,Biochemical, Immunomodulatory and 
growth promoting effect of feed added wild mint  (Mentha 
longifolia) in broilers chicks. Sarhad J. Agric., 24(4):260 264. 
https://www.aup.edu.pk..

Fabris T.F.,  J.  Laporta,  F.N.  Corra,  Y.M.  Tor-
res,  D.J.  Kirk,  D.J.  McLean,  J.D.  Chapman,  G.E.  Dahl 
(2017). Effect of nutritional immunomodulation and heat 
stress during the dry period on subsequent performance of 
cows. J. Dairy Sci., 100 (2017), pp. 6733-6742. https://doi.
org/10.3168/jds.2016-12313

Emami NK, Jung U, Voy B, Dridi S (2020).  effects of heat 
stress-induced oxidative stress on lipid metabolism in the 
avian liver. Antioxidants., 10:35. https://doi.org/10.3390/
antiox10010035.

Hadi LI ,  Al-saadi  MJ (2022). Effect of Dietary Supplementa-

 https://doi.org/ 10.54203/scil.2023.wvj31 
 https://doi.org/ 10.54203/scil.2023.wvj31 
https://doi.org/10.30539/ijvm.v47i2.1532 
https://doi.org/10.3390/fishes8070374
https://www.unboundmedicine.com
https://www.unboundmedicine.com
https://doi.org/10.1177/2156587217700771
https://doi.org/10.1016/j.jtherbio.2021.103019
https://doi.org/10.1139/CJAS-2017-0040
https://doi.org/10.1016/j.mce.2010.04.005
https://doi.org/10.1016/j.mce.2010.04.005
https://doi.org/10.1080/00071660701463221
https://doi.org/10.2527/jas.2014-8807
https://doi.org/10.1186/s12864-018-4520-5 
https://doi.org/10.1186/s12864-018-4520-5 
http://dx.doi.org/10.3923/ijps.2014.657.661
https://www.aup.edu.pk
https://doi.org/10.3168/jds.2016-12313
https://doi.org/10.3168/jds.2016-12313
https://doi.org/10.3390/antiox10010035
https://doi.org/10.3390/antiox10010035
https://www.researchgate.net/scientific-contributions/Lateef-I-Hadi-2262551069?_sg%5B0%5D=D1XBE884L7C928VIfoAlYdgfsHKqaX8SKTRS4TAxbHW2lMki2EAfvbf51J9LthvbhPWLOGk.XBM7S0QJEWCZS9PvrzohGR-ZZ1ylYz7xYPO6KP8oTtQQV4mK-_ksfJ3CM4oGgU83igBNVRkL-2NE0lk0qWdQZw&_sg%5B1%5D=3r9cttEqU6mpzQ107krq0AM6JHckfLOPX9CmMJx6pvECzGfq0DBMW9UV0yJPFNfaixt5i-g.5--F0EHwUyAAga5MQ6zYPGf5c1QuI_eGBSLAuIwqBjmKiRONk5KYxLiYGiC2rn_hxAZI7eiwOxwtGk8eLUYmZQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOFILENAME
https://www.researchgate.net/profile/Majid-Al-Saadi-3?_sg%5B0%5D=D1XBE884L7C928VIfoAlYdgfsHKqaX8SKTRS4TAxbHW2lMki2EAfvbf51J9LthvbhPWLOGk.XBM7S0QJEWCZS9PvrzohGR-ZZ1ylYz7xYPO6KP8oTtQQV4mK-_ksfJ3CM4oGgU83igBNVRkL-2NE0lk0qWdQZw&_sg%5B1%5D=3r9cttEqU6mpzQ107krq0AM6JHckfLOPX9CmMJx6pvECzGfq0DBMW9UV0yJPFNfaixt5i-g.5--F0EHwUyAAga5MQ6zYPGf5c1QuI_eGBSLAuIwqBjmKiRONk5KYxLiYGiC2rn_hxAZI7eiwOxwtGk8eLUYmZQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIiwicG9zaXRpb2FILENAME


June 2024 | Volume 12 | Issue 2  | Page 134

      Journal of Animal Health and Production
tion of Rhus coriaria Grind Seeds and Exogenous Fibrolyt-
ic Enzymes on Some Blood Lipids and Ruminal Fermen-
tation Parameters of Awassi Male Lambs . The Iraqi Journal 
of Veterinary Medicine, 46(1):30-38 Publisher: University 
of Baghdad. https://doi.org/10.30539/ijvm.v46i1.1553 Li-
cense CC BY 4.0

Hassan GA (2023). Effects of Dried Peppermint & Fenugreek 
Leaves Under Heat Stress of Broilers. A thesis in Public 
Health of Faculty of Veterinary Medicine, University of 
Kerbala, 55-67. https://uokerbala.edu.iq › uploads › 

Hernandez A.I, Madrid J, Garcia V, Orengo J, Meglas MD 
(2004). Influence of two plant extracts on broiler perfor-
mances, digestibility and digestive organs size. Poult. Sci , 
4(2):5-8. https://doi.org/10.1093/ps/83.2.169

IPCC. Climate Change (2013). The Physical Science Basis. 
Contribution of Working Group I to the Fifth Assess-
ment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, https://www.ipcc.ch

Lan R, Li Y, Chang Q, Zhao Z (2020). Dietary chitosan oligo-
saccharides alleviate heat stress-induced intestinal oxidative 
stress and inflammatory response in yellow feather broil-
ers. Poult. Sci., 99 : 6745-6752. https://doi.org/10.1016/j.
psj.2020.09.050

Marai IF , Habeeb AA,  Gad AE  (2002). Rabbits’ productive, 
reproductive and physiological performance traits as affect-
ed by heat stress: a review Livestock Production  Sciences. 
Anc. Sci. Life, 6(1):5-10. https://doi.org/10.1016/S0301-
6226(02)00091-X

Mehranpoor F (1995). Antimicrobial effects of three species of 
saliva on three strains of intestinal pathogenic bacteria. Pa-
per presented at: Proceedings of the 1st Medicinal Plants 
and Industrial Congress, 34-78.https://www.ncbi.nlm.nih.
gov 

Mikaili P, Mojaverrostami S, Moloudizargari M (2013). Phar-
macological and therapeutic effects of Mentha Longifolia L. 
and its main constituent, menthol. Anc. Sci. Life,33(2):131-
8. https://doi.org/10.4103/0257-7941.139059

Nanto FH, Shyuichi O (2021). Heat Stress Directly Af-
fects Intestinal Integrity in Broiler Chickens .  Journal of 
Poultry Science,  57(4): 56-66. https://doi.org/10.2141/
jpsa.0190004 LicenseCC BY-NC-SA 4.0

National Research Council. Nutrient Requirements of Poultry. 
9th ed Washington, DC: National Academy Press;1994. 
https://www.nationalacademies.org/legal/privacy

NOA A (1994). National Centers for Environmental Informa-
tion (2024).  Annual 2023 Global Climate Report.   Ac-
cessed January, 17(8):5-9. https://www.ncei.noaa.gov/ac-
cess/monitoring/monthly-report/global/202313.

NRC.(1994): National Research Council. Nutrient requirements 
of poultry. 9th rev. ed.National academy Press, Washington, 
USA. Journal of Kerbala University ,  12 (2): 94-72.  https://
www.nationalacademies.org/legal/privacy

Ocak NG, Erener F, Burak AM, Sungu A A, Ozmen A (2008).
Performance of broilers fed diets supplemented with dry 
peppermint (Menthapiperita L.) or thyme (Thymus vulgaris 
L.)leaves as growth promoter source. Czech J. Anim. Sci., 
53(4): 169-75  https://doi.org/10.17221/373-CJAS

Olusegun  J , Erico T,  Luciano R , Humberto O, Della S (2019) 
Effect of drying process and calcination on the structural 
and magnetic properties of cobalt. Ferri Ceramics Inter-
national, Vo 45(7): 8734-8743.  https://doi.org/10.1016/j.
ceramint.2019.01.197

Ramiah SK, Atta Awad E, Hemly NIM, Ebrahimi M, Joshua O, 

Jamshed M, Saminathan M, Soleimani AF, Idrus Z (2020). 
Effects of zinc oxide nanoparticles on regulatory appetite 
and heat stress protein genes in broiler chickens subjected 
to heat stress. J. Anim. Sci., 98(10). https://doi.org/10.1093/
jas/skaa300

Ramiah SK, Awad EA, Mookiah S, Idrus Z (2019). Effects of 
zinc oxide nanoparticles on growth performance and con-
centrations of malondialdehyde, zinc in tissues, and corti-
costerone in broiler chickens under heat stress conditions. 
Poult. Sci., 98(9): 3828–3838.  https://doi.org/10.1093/jas/
skaa300

Raza S, Abdelnour S, Dhshan A, Hassanin A, Norel-
din A, Albadrani G, AbdelDaim M, Cheng G, Zan 
L (2021). Potential role of specific microRNAs in the 
regulation of thermal stress response inlivestock. J. Ther-
mal Biol., 96: 102859.  https://doi.org/10.1016/j.jther-
bio.2021.102859

Ríus A.G (2019). Adaptations of protein and amino acid metab-
olism to heat stress in dairy cows and other livestock species 
Invited Review: Appl. Anim. Sci.,  35: 39-48. https://doi.
org/10.15232/aas.2018-01805

Santos RR, Awati PJ, Roubos-van den, H,Tersteeg Z, Koolmees 
J (2015). Fink-Gremmels, Quantitative histo-morphomet-
ric analysis of heat-stress-related damage in the small intes-
tines of broiler chickens Avian Pathol., 44 : 19-22. https://
doi.org/10.1080/03079457.2014.988122

Safa S.,  S,.  Kargar,  G.A,.  Moghaddam,  M.G,.  Ciliber-
ti, M. Caroprese, (2019). Heat stress abatement during the 
postpartum period: Effects on whole lactation milk yield, 
indicators of metabolic status, inflammatory cytokines, and 
biomarkers of the oxidative stress. J. Anim. Sci., 97 (2019), 
pp. 122-132. https://doi.org/10.1093/jas/sky408

SAS (2012). 229 .SAS/STAT Users Guide for Personal Com-
puter. Release 9.13.SAS Institute, Inc., Cary, N.C., USA.
https://support.sas.com

Savithri B, Maheshwari P, Kumar S, Kumar A (2002). Mentha 
species: in vitro regeneration and genetic transformation. 
Mol. Biol. Today., 3(1):11–23.  https://www.semanticschol-
ar.org

Scanes CG, Christensen K (2020). Poultry science (5th edi-
tion), Waveland Press Inc, Long Grove, IL, USA , 345-355. 
https://www.waveland.com

Song ZH, Cheng K, Zheng XC, Ahmad H, Zhang LL, Wang T 
(2018). Effects of dietary supplementation with enzymat-
ically treated Artemisia annua on growth performance, in-
testinal morphology, digestive enzyme activities, immunity, 
and antioxidant capacity of heat-stressed broilers. Poult. Sci. 
97:430–437. https://www.semanticscholar.org

Tafrihi M, Imran M, Tufail T, et al (2021). The wonderful activ-
ities of the genus Mentha: not only antioxidant properties. 
Molecules., 26 (4): 1118. https://doi.org/10.3390/mole-
cules26041118

Wasserman R (2013). Low levels of Alanine Aminotransferase 
. Molecules, 28 (9): 234. http://www.livestrong.com/arti-
cle/303552-low-levels-of-alanineaminotransferase/

Yang C, Luo P, Chen SJ, Deng ZC, Fu XL, Xu DN, Tian YB, 
Huang YM, Liu J (2021). Resveratrol sustains intestinal 
barrier integrity, improves antioxidant capacity, and allevi-
ates inflammation in the jejunum of ducks exposed to acute 
heat stress. Poult. Sci , 20: 100  https://doi.org/10.3390/
ani11020302

 Zeinab MH, Mahasneh M, Mohamed AA, Mohmmad A, Ab-
delqader A, Abdur-Rahman A (2024).Effects of medicinal 

https://www.researchgate.net/journal/The-Iraqi-Journal-of-Veterinary-Medicine-2410-7409?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/The-Iraqi-Journal-of-Veterinary-Medicine-2410-7409?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.30539/ijvm.v46i1.1553
https://www.researchgate.net/deref/https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby%2F4.0%2F?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6ImhvbWUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://uokerbala.edu.iq � uploads �
https://doi.org/10.1093/ps/83.2.169
 https://www.ipcc.ch
https://doi.org/10.1016%2Fj.psj.2020.09.050
https://doi.org/10.1016%2Fj.psj.2020.09.050
https://www.sciencedirect.com/science/article/pii/S030162260200091X
https://www.sciencedirect.com/science/article/pii/S030162260200091X
https://www.sciencedirect.com/science/article/pii/S030162260200091X
https://doi.org/10.1016/S0301-6226(02)00091-X
https://doi.org/10.1016/S0301-6226(02)00091-X
https://www.ncbi.nlm.nih.gov  
https://www.ncbi.nlm.nih.gov  
https://doi.org/10.4103/0257-7941.139059
https://www.researchgate.net/scientific-contributions/Fumika-Nanto-Hara-2269159263?_sg%5B0%5D=3SPb4ow-bFld7uQMMI2-ipVDwMZejgjk1PeSV8R-dSnqElWVcGP26aPW3z5aswRrLRz9_6Y.l-QurcXbRgU2NSIlBwls86dGJ48vXYNE32dK95H9InG7vJYr6ywFw2n0ttEK8ZpLs5OcxnMjF2ee6qrnw-aeIg&_sg%5B1%5D=B4_sSDEcGGTsSXJ12nf9oCtpmnr0MSMP-NOeD39VOFSDKXO3Ruyu0ISG6MpRQzcSTcNu5tQ.xFLi7JeZa4N9L83ltmuKIEnwPlwPdd9BgvMDxCcitU_Q3x1_mafSMHNlVGdkFycleT17mu7fWPlnbXTVg_jZhw
https://www.researchgate.net/scientific-contributions/Shyuichi-Ohwada-2168359317?_sg%5B0%5D=3SPb4ow-bFld7uQMMI2-ipVDwMZejgjk1PeSV8R-dSnqElWVcGP26aPW3z5aswRrLRz9_6Y.l-QurcXbRgU2NSIlBwls86dGJ48vXYNE32dK95H9InG7vJYr6ywFw2n0ttEK8ZpLs5OcxnMjF2ee6qrnw-aeIg&_sg%5B1%5D=B4_sSDEcGGTsSXJ12nf9oCtpmnr0MSMP-NOeD39VOFSDKXO3Ruyu0ISG6MpRQzcSTcNu5tQ.xFLi7JeZa4N9L83ltmuKIEnwPlwPdd9BgvMDxCcitU_Q3x1_mafSMHNlVGdkFycleT17mu7fWPlnbXTVg_jZhw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRFILENAME
https://www.researchgate.net/journal/The-Journal-of-Poultry-Science-1349-0486?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/The-Journal-of-Poultry-Science-1349-0486?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.2141/jpsa.0190004
http://dx.doi.org/10.2141/jpsa.0190004
https://www.researchgate.net/deref/https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-nc-sa%2F4.0%2F
https://www.nationalacademies.org/legal/privacy 
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202313
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202313
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202313
https://www.nationalacademies.org/legal/privacy
https://www.nationalacademies.org/legal/privacy
https://doi.org/10.17221/373-CJAS 
https://www.sciencedirect.com/journal/ceramics-international
https://www.sciencedirect.com/journal/ceramics-international
https://doi.org/10.1016/j.ceramint.2019.01.197
https://doi.org/10.1016/j.ceramint.2019.01.197
https://doi.org/10.1093/jas/skaa300
https://doi.org/10.1093/jas/skaa300
 https://doi.org/10.1093/jas/skaa300 
 https://doi.org/10.1093/jas/skaa300 
https://doi.org/10.1016/j.jtherbio.2021.102859 
https://doi.org/10.1016/j.jtherbio.2021.102859 
https://doi.org/10.15232/aas.2018-01805
https://doi.org/10.15232/aas.2018-01805
https://doi.org/10.1080/03079457.2014.988122
https://doi.org/10.1093/jas/sky408
https://support.sas.com 
https://www.semanticscholar.org
https://www.semanticscholar.org
https://www.waveland.com
https://www.semanticscholar.org
https://doi.org/10.3390/molecules26041118 
https://doi.org/10.3390/molecules26041118 
http://www.livestrong.com/article/303552-low-levels-of-alanineaminotransferase/
http://www.livestrong.com/article/303552-low-levels-of-alanineaminotransferase/
https://doi.org/10.3390/ani11020302 
https://doi.org/10.3390/ani11020302 


June 2024 | Volume 12 | Issue 2  | Page 135

      Journal of Animal Health and Production
plants on alleviating the effects of heat stress on chickens., 
Poult. Sci.,103  (3): 0032-5791. https://doi.org/10.1016/j.
psj.2023.103391.

Zhao YY, Zhuang Y, Shi Z, Xu C, Zhou L, Guo P, Liu C, Wu R, Hu G, 

Hu X, Guo L (2021). Effects of N-acetyl-l-cysteine on heat 
stress-induced oxidative stress and inflammation in the 
hypothalamus of hens J. Thermal Biol, 98: 27. https://doi.
org/10.1016/j.jtherbio.2021.102927

https://doi.org/10.1016/j.psj.2023.103391
https://doi.org/10.1016/j.psj.2023.103391
https://doi.org/10.1016/j.jtherbio.2021.102927 
https://doi.org/10.1016/j.jtherbio.2021.102927 

