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Effects of medical plants on alleviating the effects of heat stress on chickens
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ABSTRACT Over the past decades, global climate
change has led to a significant increase in the average
ambient temperature causing heat stress (HS) waves.
This increase has resulted in more frequent heat waves
during the summer periods. HS can have detrimental
effects on poultry, including growth retardation, imbal-
ance in immune/antioxidant pathways, inflammation,
intestinal dysfunction, and economic losses in the poultry
industry. Therefore, it is crucial to find an effective, safe,
applicable, and economically efficient method for reducing
these negative influences. Medicinal plants (MPs) con-
tain various bioactive compounds with antioxidant, anti-
microbial, anti-inflammatory, and immunomodulatory

effects. Due to the biological activities of MPs, it could be
used as promising thermotolerance agents in poultry diets
during HS conditions. Nutritional supplementation with
MPs has been shown to improve growth performance,
antioxidant status, immunity, and intestinal health in
heat-exposed chickens. As a result, several types of herbs
have been supplemented to mitigate the harmful effects
of heat stress in chickens. Therefore, several types of herbs
have been supplemented to mitigate the harmful effects of
heat stress in chickens. This review aims to discuss the
negative consequences of HS in poultry and explore the
use of different traditional MPs to enhance the health sta-
tus of chickens.
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INTRODUCTION

Since the 18th century, when modern commercial
enterprise began, human activities have elevated the
planet temperature in a phenomena called climate
change (Biswal et al., 2022). The heat stress (HS)
evoked by global warming lead to weaken the productiv-
ity, health and wellbeing of chickens (Khan et al., 2023).
Poultry farmers in tropical and subtropical areas are fac-
ing significant issues since HS has a negative conse-
quence on the poultry industry (Khan et al., 2023). HS
phenomena occur when the amount of heat formed by
the body of an animal is superior than the amount of
heat dissipated to their direct environment (Brugaletta
et al., 2023; Kuter et al., 2023). Chickens are sensitive to
HS conditions for many reasons such as the high meta-
bolic rate and the lack of sweat glands in their skin
(Hidayat et al., 2023; Khan et al., 2023). Literatures
(Chen et al., 2023b; Khan et al., 2023; Vandana et al.,
2021) stated that HS generates high amounts of reactive
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oxygen species (ROS), resulting in oxidative stress
(OS) in the cellular system of the broiler chickens. Ele-
vation of OS is accompanying with impairment to vital
proteins, lipids, DNA, and disrupts the balance of redox
processes and immune function. This ultimately results
in the buildup of tissue damage and a decline in the qual-
ity of meat (Saeed et al., 2019; Brugaletta et al., 2023;
Hidayat et al., 2023).

Heat stress reduces the efficiency of feed, metabolism,
hormones, and the immune system (Zhao et al., 2023),
and intestinal tissue (Saracila et al., 2023). Moreover,
HS triggers inflammation, and causes microbiota dysbio-
sis (Zwirzitz et al., 2023). Moreover, HS could increase
the intestinal inflammation, oxidative stress, diminish-
ing the antioxidant and immune markers in broiler.
Reinforcing the defense system of chickens through the
administration of immune-stimulants natural com-
pounds in their diet has become a priority for ameliorat-
ing stress in the poultry sector. Amongst different
immuno-stimulants, medicinal herbs incorporate chemi-
cal component that improve immunity, antioxidant
capacity, enhance gut microbitoa and health as well as
reduce the oxidative/inflammation pathways (Yang et
al., 2021; Reith et al., 2022), making the animal more
resistant to external stressors (Al-Garadi et al., 2023;
Saracila et al., 2023). The mode of action of medicinal
plants on heat-stressed broilers can be one of the
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following: 1) stimulating health state by improving the
antioxidant system which can directly remove ROS pro-
duced as a result of stress (Abo Ghanima et al., 2023),
and 2) MPs can also activate antioxidant enzymes and
constrain pro-oxidant enzymes, supporting the health
status of broiler exposed to HS.

Dietary inclusion of medicinal plants can maintain
their efficacy in supporting health via promotion the
antioxidant and immune system (Abo Ghanima et al.,
2023; Hidayat et al., 2023; Wang et al., 2023; Zhao et
al., 2023). MPs have the ability to target the production
of ROS associated with environmental HS by inhibiting
enzymes involved in cellular damages. They can also
enhance mitochondrial function pathways (Wang et al.,
2023) reducing the synthesis of OS and providing
increased synthesis and provide more energy resources
(Chen et al., 2023a). Based on its various biological
activities, incorporation of poultry diets may be an effec-
tive, safe, applicable, and economically efficient tech-
nique for reducing these negative influences in poultry
sector. The present review aims to provide an updated
overview of the protective roles of medicinal plants in
alleviating the negative effects of heat stress on poultry.

Effects of heat stress on performance

Growth performance reflects the managerial and eco-
logical effects on an animal’s productivity. In hot and
subtropical regions, the growth characteristics of farm
animals are weakened due to significant fluctuations in
biological processes, such as variations in nutritional
compounds like protein, minerals, water, and energy
metabolism. Numerous previous trails have informed
that HS negatively impacts growth characteristics in
poultry (Song et al., 2018; Zhang et al., 2022; Abbas et
al., 2022; AAbo Ghanima et al., 2023; Al-Garadi et al.
2023; Deng et al., 2023; Kim and Lee, 2023; Zwirzitz et
al., 2023). The reduction in growth performance of
chickens during HS may be related to a reduction in feed
consumption and body weight gain, as well as an
increase in feed conversion ratio (FCR) (Du et al., 2023;
Kim and Lee, 2023; Sun et al., 2023). Based on the liter-
ature, exposure to climatic stress significantly decreased
the daily body mass and feed intake of chickens (Abo
Ghanima et al., 2023; Brugaletta et al., 2023; Zwirzitz et
al., 2023).

Heat stress increases the heat load on chickens, lead-
ing to a decline in feed intake as a behavioral response to
reduce the heat production (Mashaly et al., 2004; Ros-
tagno, 2020; Vandana et al. 2021). Stressed chickens
have struggle attaining a balance between body heats
generated and body heat loss. Moreover, HS decreases
feed efficiency, nutrients digestibility and its metabolism
and absorption, thereby reducing nutrient availability
to cells and physiological aspects (Mashaly et al., 2004;
Amedy et al., 2011; Bilal et al., 2021; Ringseis and Eder,
2022). As a result, the reduction of feed intake induced
by HS may lead to a decrease in the energy provided for
tissues building and impair biological functions in the

cellular systems of the body (Cheng et al., 2019; Chen et
al. 2023a; Deng et al., 2023). Additionally, HS also
causes intestinal dysfunction via distributing the intesti-
nal structure, and decreasing the villus high, which play
critical role in nutrients absorption (Karl et al., 2017;
Raya-Sandino et al., 2021; Yang et al., 2021; Gierynska
et al., 2022).

Moreover, hormonal imbalances such as altered thy-
roid hormones have been detected in broiler chickens
after exposure to climatic stress. Thyroid hormones are
critical for the growth, metabolism and other critical
biological events of animals; however, HS can disrupt
their balance resulted in weakened in growth (Beckford
et al., 2020). Moreover, the linkage between the intesti-
nal morphology, microbiota changes and reducing
growth indices in stressed chickens were also stated in
many experiments (Karl et al., 2017; Raya-Sandino et
al., 2021; Yang et al., 2021; Gierynska et al., 2022).
Some studies reported that the decrease in growth indi-
ces in broilers could be attributed to intestinal
impairment, resulting in the translocation of intestinal
pathogens and increased intestinal permeability to endo-
toxin induced by HS (Abd El-Hack et al., 2019; He et al.,
2021; Gierynska et al., 2022). Moreover, chronic HS
increases the hepatic index (weight and liver enzymes),
abdominal fat, lipid accumulation, thereby reducing the
availability of nutrition for growth and development
(Oladeinde et al., 2023). This feature was explained by
(Liet al., 2023a), who found that HS induces up-regula-
tion of fat synthesis genes and down regulated lipolysis-
related genes in broiler.

Effects of heat stress on immunity

High temperature stress can affect hormonal stress
markers such cortisol. Additionally, the sympathetic-
adrenal—medullary (SAM) and hypothalamic-pitui-
tary-adrenal (HPA) axis are activated to maintain
redox homeostasis and immune functionality in response
to stress (Sejian et al., 2021). During acute periods of
HS, the production of cortisol hormone may serve as a
trigger for the immune system. However, in case of
chronic stress, the release of cortisol has been linked to
immune suppression (Sun et al., 2023). Suppressed
immune function makes animal more susceptible to dis-
eases and immune challenges. Of the dual immune reac-
tions, the adaptive and innate response, the adaptive
reaction is more multifaceted and involves prolonged
immunological challenge (Mashaly et al. 2004; Amedy et
al., 2011; Bilal et al., 2021; Ringseis and Eder, 2022).
Serum immunoglobulin G (IgG), and secretory immu-
noglobulin (SIgA) were significantly decreased in heat
stressed broilers (Li et al., 2023b). SIgA and IgG are 2
main kinds of immunoglobulin in chickens that show a
role in maintaining immunity. SIgA has a significant
role in protecting and regulating intestinal mucosal
health by unraveling the external environment from the
inside of the body, limiting the entry of microbes and
mucosal antigens into the delicate mucosal barriers. The
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IgG is formed by B cells, and directly part to an immune
response including neutralization of viruses and toxins
(Song et al., 2018). Numerous studies have reported the
harmful effects of HS on immunological responses
(Amedy et al., 2011; Farag and Alagawany, 2018; Sun
et al., 2023). HS is responsible for inhibiting the phago-
cytic activity of leukocytes and suppressing the biosyn-
thesis of B and T lymphocytes (Li et al., 2023b). The
heterophil to lymphocyte ratio (H/L ratio) is a popular
signal of stress in broilers (Al-Murrani et al., 2006). Tt
has been observed that the H/L ratio was augmented in
broiler exposed to HS, indicating immune dysfunction
(Mcfarlane and Curtis, 1989). Likewise, Altan et al.
(2003) and Nofal et al. (2015) discovered that high
ambient temperature significantly increased the H/L
and basophil ratios while decreasing hematocrit in birds.
Inversely, Mashaly et al. (2004) recognized that high
ambient temperature reduced the H/L ratio in table egg
laying hens in addition to decay the actions and quanti-
ties of leukocytes. Figure 1 provides a summary of the
potential effects of HS-induced immune dysfunction in
poultry.

Heat stress induce inflammation

HS leads to reduced growth rates and a weakened
immune system in the majority of the poultry popula-
tion. However, in stressful circumstances, both pro- and

anti-inflammatory cytokines are released from different
excrete of various immune tissues and could play crucial
roles in modulating the immune status of broiler. Gener-
ally, pro-inflammatory mediators facilitate inflamma-
tory destruction, while anti-inflammatory mediators
mitigate inflammation and stimulate the healing process
during the environmental stimuli (Bamias et al., 2014).
Interleukin-10 (IL-10) is a critical anti-inflammatory
mediator involved in the inflammatory response. Some
studies reported that IL-10 is one of the most significant
cytokines associated with numerous pathophysiological
circumstances, where it constrains the production of
pro-inflammatory mediators (Hidayat et al., 2023). On
the other hand, tumor necrosis factor alpha (TNF-a) is
a pro-inflammatory mediator, that is widely considered
in animal models (Yue et al., 2017; Abdelnour et al.,
2019). Among inflammatory cytokines, TNF-« is an
early and important mediator of hepatic damage (Hoek
and Pastorino, 2002). It is well established that HS is a
significant environmental factor responsible for liver
damage. Therefore, the elevation of TNF-« levels in the
liver or serum may contribute to liver dysfunction (Li et
al., 2023a).

Remarkably, interleukin 6 (IL-6) has both pro- and
anti-inflammatory actions; contributing to both meta-
bolic and inflammatory pathways (Su et al., 2013). Fur-
thermore, IL-6 affects the tight junctions of the
gastrointestinal tract, where TNF-« increases intestinal
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Figure 1. Heat stress (HS) can trigger immune dysfunction in poultry. The reduction in feed intakes during HS promotes the decreasing of
immune organs weights, thus reducing the immunoglobulins (IgA, IgG, and IgM) in the blood. HS can inhibit the phagocytic activity and suppress-

ing the biosynthesis of B and T lymphocytes.
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Figure 2. Heat stress caused an increase in the levels of pro-inflammatory cytokines (TNF, MyD88, IL-4, and TRL4) and reduced the anti-
inflammatory cytokines (IL-10). This imbalance could promote the cell apoptosis and increase the intestine permeability resulted in gut dysbiosis.

permeability (Su et al., 2013). Inflammatory markers
such as myeloid differentiation primary response 88
(MyD88), Nuclear factor-«B (NF-«¢B), and toll-like
receptor 4 (TLR-4) were observed to be upregulated in
intestinal tissues (Figure 2), leading to impaired gut
health (Zhang et al., 2022). Thus, immunomodulatory
mediators could potentially contribute to mitigating the
harmful impacts of HS by improving antioxidant status,
controlling cytokine responses, and adjusting gut micro-
biota and its function. Previous studies have reported
that HS has detrimental effects on the relative weight of
immune structures (thymus, liver, and spleen) and func-
tions (leukocytes and immunoglobulins) in animals (Yue
et al., 2017; Abdelnour et al., 2019; He et al., 2019).
Moreover, HS can trigger inflammation via releasing
inflammatory markers such as interleukin 2 (IL-2),
TNF-« and IL-4 (He et al., 2019). As the primary partic-
ipant recognized by the toll-like receptor (TLR) group
is the chief stress-related biosensor. TLR4 can stimulate
NF-kB, the main nuclear transcription factor of the
inflammatory /immune response, thereby influencing the
expression of a sequence of inflammatory-associated ele-
ments such as IL-6, TNF-o, and IL-18 (He et al., 2019).
Earlier studies reported that HS upregulates the expres-
sion of NF-kB and TLR4 (Cheng et al., 2019). NF-«B is
a main intracellular signaling protein that regulates the
transcription of numerous genes associated with cell
development, inflammatory reactions, and cell apoptosis
(Liu et al., 2015). NF-«B has been found to have a dis-
tinct function in association with mitogen-activated pro-
tein kinases (M APKs), ROS and heat shock protein 27
(HSP27), suggesting a protective effect against cell

apoptosis induced by HS, as indicated by in vitro stud-
ies. Consequently, the activation of the inflammatory
signaling pathway could be one of the primary reasons
for the impairment of HS-induced innate immunity and
the triggering of an inflammatory response during HS.

Heat stress induce oxidative stress

Heat stress is a well-known environmental issue that
contributes to the induction of increased oxidative stress
levels in the cellular system (Akbarian et al., 2016). This
phenomenon can lead to an discrepancy between ROS
and the body’s defense structure. This imbalance can
lead to disorders in cellular components such as lipids,
DNA, and proteins (Altan et al., 2003; Salah et al.,
2021; Reith et al., 2022; Zhao et al., 2023). Animal cells
naturally produce ROS through the electron transport
chain in the mitochondria during metabolism, particu-
larly during heat production (Sun et al., 2023; Wang et
al., 2023). The immune system also produces larger
amounts of specific ROS, like superoxide radicals and
nitric oxide, to combat harmful agents. ROS also play
important roles in cytokine transcription and ion trans-
port (Bilal et al., 2021).

During heat stress, the demand for cellular energy
increases, leading to higher production of mitochondrial
ROS (Salah et al., 2021). To prevent oxidative damage,
the body relies on its antioxidant system to neutralize
ROS. The main antioxidant enzymes secreted by the
body are catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GPx). However,
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prolonged heat stress can denature these enzymes, caus-
ing tissue damage and cell lesions (Calik et al., 2022).
Heat stress elevates the cellular ROS levels in broiler
chickens and impairs the effectiveness of the antioxidant
system. As a result, the enzymatic antioxidant activities
decrease (Yang et al., 2021; Sun et al., 2023). In broilers,
HS leads to significant reductions in various antioxidant
elements, such as GPx, SOD, and CAT, the total antiox-
idant capacity and nuclear muscle factor erythroid 2-
related factor 2 (Nrf2), while instantaneously aggregate
muscle Kelch-like ECH-associated protein 1 (Keapl)
transcript and the levels of malondialdehyde (MDA)
(Algothmi et al., 2023; Hidayat et al., 2023).

A key factor leading to the production of ROS is the
final outcome of the respiratory chain, which occurs
within the inner mitochondrial membrane. Here, the
electron transport chain complexes within the mitochon-
dria transfer electrons to oxygen (Deng et al., 2023).
The Nrf2-mediated antioxidant response pathway main-
tains cellular redox homeostasis by inducing the tran-
scription of a variety of cytoprotective genes (Lu et al.,
2023). Additionally, Du et al. (2023) stated that HS dis-
played a less SOD level in jejunal tissues and a greater
MDA aggregations in serum, hepatic and intestinal tis-
sues in stressed broilers. When the level of ROS
increases, cellular molecules such as enzymes, phospho-
lipids, and side chains of polyunsaturated fatty acids
(PUF As), and nucleic acids will lead to modification in
the permeability and fluidity of cellular membranes, and
eventually in fluctuations in cell function and structure
(Hashem et al., 2021).

Deng et al. (2023) reported that the levels of OS indica-
tors (such as MDA and H,O;) were increased in serum
under HS condition. Recently, multiple studies indicated
that phytochemicals can alleviate OS in various syndrome
and stress situations and reduce lipid peroxidation in the
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renal-hepatic tissues of heat-exposed broilers (Ali et al.,
2023). Additionally, these phytochemicals may diminish
the damage of antioxidant enzymes activity (SOD, GPX,
and CAT) induced by HS via constraining NF-«B stimula-
tion to reduce ROS production (Abd El-Hack et al., 2020).
Moreover, they can restrict ROS via stimulating
the phosphatidylinositol 3 kinase (PI3K)/protein kinase B
(Akt) pathway (Amin et al., 2016). The PI3K/AKT/
mTOR pathway is an intracellular signaling pathway that
theaters a significant function in regulating the cell cycle.
According to some trials, (Lee et al., 2013; Shehata et al.,
2020) stated that the PI3K/Akt can mediate the HS condi-
tions via promoting the production of heat shock proteins
(HSPs), which represent protector mediator against any
environmental issues. Collectively, HS induces redox dys-
function and hemostasis imbalance by reducing the activi-
ties of SOD, GPx, CAT, and total antioxidant capacity in
serum and ileum tissues, and increasing the synthesis of oxi-
dative markers such as MDA and H,O, levels.

Heat stress induce gut dysfunction

The diverse population of microbes in the gut (gut
microbiota) plays a critical role in breaking down food,
extracting essential nutrients, and supporting the devel-
opment and function of the immune system (Rowland et
al., 2018). The gut acts as a barrier, removing toxins,
pathogenic bacteria and infectious agents as shown in
Figure 3. However, gut health is affected by exposure to
heat conditions, which leads to reduced nutrient absorp-
tion, weakened immunity, and dysfunction in the intes-
tinal system (Rostagno, 2020). Under normal
conditions, the gut has the ability to fully digest and
absorb feed, water, and electrolytes through trans and
intracellular transport.
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Figure 3. Heat stress can increase the oxidative stress related biomarkers (MDA, NO, protein carbonyl, HyO,) and decreased the antioxidative
related biomarkers (CAT, GPx, SOD, and total antioxidant capacity) in the blood serum and tissues. This imbalance in redox status may trigger

diminishing the growth and feed efficiency in poultry.
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The epithelial cells in intestinal canal are strongly
associated with the functionality of intercellular junc-
tions. The multiplexes are an important constituent of
the intestinal health and sustain the integrity of the epi-
thelial barrier (Gierynska et al., 2022). Conferring to
previous reports (Garcia et al. 2018; Raya-Sandino et
al., 2021), gut epithelia connection multiplexes contains
Desmosomes, adherent junctions (AJ), gap junctions
(GJ), and tight junction (TJ), are accompanying with
keratin filaments where AJ are positioned underneath
the TJ and are complicated by an intracellular commu-
nication. The TJ is a multifaceted protein assembly that
forms trans-membrane protein channels through the epi-
thelium, permits the transportation of various ingre-
dients via signaling pathways, and interrelates with
trans-membrane proteins. During HS situations, the TJ
barrier was damaged and luminal substances arrive into
the blood flow (Yang et al., 2021; Deng et al., 2023).
Consequently, leaky gut persuades chronic systemic
inflammation which decreases the disease-resistance
capability of broilers (Zhang et al., 2022; Saracila et al.,
2023). Recently, Xu et al. (2023) proposed that HS could
increase the intestinal inflammation via increasing the
circulating lipopolysaccharides (LPS) level and decrease
DNA methylation level in the promoter region of
TRPV4 (Transient Receptor Potential Cation Channel
Subfamily V Member 4), which constrain TRPV4
expression, thus dropping Ca’" influx, and lastly aggra-
vating inflammation via disturbing NF-«B signaling
pathway in broilers (Figure 4). Moreover, HS increased
serum levels of interferon-y (IFN-y), IL-18 and jejunal
mucosa of IL-18 level in broilers (Du et al., 2023).

—

Heat stress

Moreover, it was found that HS elevated the transcripts
of IFN-y and IL-18 and downregulated levels of zonula
occluden-1 (ZO-1) and occluding in jejunal mucosa of
broilers (Figure 4) (Du et al., 2023). Collectively, HS
induces intestinal dysfunction by altering the tight junc-
tion proteins, resulting in a reduction of the nutrients
absorption and, consequently, causing growth retarda-
tion in broiler.

Effects of medical plants on alleviating the
effects of heat stress on chickens

A number of studies have highlighted on the signifi-
cant role of MPs as ordinary feed additives in poultry
diets, aiming to increase the quantity and quality of
meat and eggs (Vandana et al., 2021; Abbas et al., 2022;
Kim and Lee, 2023). There has been considerable atten-
tion focused on how MPs can be applied to mitigate the
adversative effects of HS, as shown in Table 1. This
approach can help improve the production and perfor-
mance of broiler chickens. Certain herbal plants have
been employed the alleviate the adverse impacts of HS,
including Artemisia spp., Olea europaea L., Silybum
marianum, Foeniculum wvulgare Mill, Thymus vulgari,
Salvia rosmarinus.

Artemisia spp

Artemisia spp. belongs to the Asteraceae family and it
contains high levels of bioactive constituents, including
b-camphene, essential oils, phenolics, flavonoids,
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Figure 4. Heat stress induced intestinal dysfunction via promoting the inflammation pathways. HS induces intestinal dysfunction by altering
the tight junction proteins, resulting in a reduction of the nutrients absorption and, consequently, causing growth retardation in broiler chickens.
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Table 1. Potential roles of some medicinal herbs used in this review to mitigate the negative effects of HS in broiler.

Medical plants Heat stress condition Level

Main findings

References

Artemisia annua L. 34 + 1°C for 8 h from d
22 to d 42 of age

0.75 g-1.25 g/kg diet

34 + 1°C for 8 h from d
22 to d 41 of age

1 g/kg diet

34 £+ 1°C for 8 h from d 1
22 to d 41 of age g/kg

33 £ 1°C for 5 h from 28
to42d

O. europaea L. olive leaf extract (200 or

400) mg/kg

34 +£1°Cfrom 28 to 42d  Olive leaf extract (0, 5,
10 or 15 mL /L dirking
water)

34°Cfor 12 h, 21 dof age 6.7% olive oil

S. marianum Natural summer 5,10 15 g/kg diet

Growth performance (body weight, and feed efficiency) was
significantly improved by the dietary Artemisia annua L.
supplementation during HS.

The serum oxidative related biomarkers (MDA, corticoste-
rone) were decreased significantly in the groups fed diets
having Artemisia annua L.

Dietary Artemisia annua L. enhanced the liver function
and antioxidant status of broiler during HS conditions.

Artemisia annua significantly decreased the inflammatory
indices of broiler under HS.

Dietary incorporated with Artemisia annua meaningfully
lowered plasma diamine oxidase activity in broiler.

The transcriptomics analysis indicates significant down-
regulation of HSP70, TLR4, IL-6, IL-18, and INF-y in
intestine of broilers exposed to HS.

Transcriptional levels of ileal occluding, jejunal zonula
occludens-1 and occluding, as well as the interleukin-10 in

jejunum and ileum were upregulated in broiler fed diets

counting Artemisia annua L.

Addition of Artemisia annua L. into the diets of stressed
broiler significantly improved body weight gain and intesti-
nal health.

Digestive enzymes (lipase and trypsin), SIgA, GPx and
total antioxidant levels were significantly improved by
Artemisia annua L. dietary incorporation.

The antioxidant genes Nrf2, heme oxygenase 1, gamma-
glutamyl cysteine ligase, and GPx, were improved in
response to dietary Artemisia annua L.

MDA in the serum was decreased in response to dietary
Artemisia annua L.

All growth indices such as feed intake, body gain, and feed
conversion ration did not affected by the dietary olive leaf
extract.

Olive leaf extract enhanced significantly the digestibility of
energy (ash, protein, and P) in broiler exposed to HS
conditions.

Significantly decreased in the levels of lipid profile (triglyc-
eride, and cholesterol), and liver related functions (AST,
ALT) as response to olive leaf extract under HS.

Better results for daily feed intake growth rate, final body
weight, and feed conversion ratio of broiler given 15 mL of
olive leaf extract in the drinking water.

Thyroid hormone (T3) was significantly improved after
olive leaf extract at all levels (5—15 mL/L).

The SOD was greater (8.13%), while the MDA (40.18) val-
ues were inferior in broiler given olive leaf extract in drink-
ing water.

A significant increase in the expression of avUCP after
broiler fed with olive oil in their diets under HS.

The oxidative stress (ROS marker) was decreased by die-
tary olive oil supplementation.

Mitochondria function in muscle was enhanced by olive oil
added into the diets of stressed broiler.

Generally, olive oil improved the mitochondria function via
improving the antioxidants, avUCP expression and
reduced the oxidative stress produced by mitochondria in
broiler muscles.

Broiler fed diets with S. marianum had better growth indi-
ces, carcass traits, and feed efficiency.

The oxidative marker (MDA) was decreased significantly
in broiler fed diets with 15 g/kg diet, while the paraoxonase
activity did not affect during natural summer condition.
Broiler were given 15 g had higher antibody titer than
other groups.

The antioxidative related indices and immune signs were
improved by S. marianum addition, while the oxidative
paths were diminished.

Wan et al. (2017)

Song et al. (2017)

Song et al. (2018)

Agah et al. (2019)

Oke et al. (2017)

Mujahid et al. (2009)

Ahmad et al. (2020)

(continued)
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Table 1 (Continued)

Medical plants Heat stress condition Level

Main findings References

F. vulgare Mill Cyclic heat stress cycle 15, 20, 25 g/kg diet

30°C 50, 100 or 200 mg/kg
diet
S. rosmarinus 42+ 1°Cfor 1, 3,5,and 40 mgperd

10h

T. vulgaris 38 £ 1°Cfromd 22—42 100, 150 or 200 mg/kg

35°C for 8 h from d 26
—42

Mixture of thymol and
carvacrol (60, 100,
and 200 mg/kg)

Feed intakes and body gain were significantly increased in ~ Fatima et al. (2022)
broiler fed 25 g/kg, but the diet had significant decrease on

feed conversion ratio.

The serum oxidative biomarkers (MDA, and paraoxonase

activity) and the antibody titre were noticeably greater in

broiler fed 20 or 25 g/kg diet under HS.

Greater antioxidant capacity was detected in broiler fed Mirzaei et al. (2023)
with F. vulgare Mill in their diets during HS condition.

Lipid profile (total cholesterol and low-density lipoprotein)

was decreased in response to F. vulgare Mill addition.

Pathogenic bacteria (coliform and Escherichia coli) in

cecal was decreased, while Lactobacillus was improved by

dietary F. vulgare Mill inclusion.

Significantly reduced of cardiac stress makers (lactate Tang et al. (2018)
dehydrogenase [LDH], creatine kinase [CK], and myocar-

dial CK [CKMBY) and MDA levels after feeding diets with

S. rosmarinus.

The expression of crystallin alpha B (CRYAB) and

HSP70 were up-regulated by S. rosmarinus.

Significant improvement in growth performance was Rafat Khafar et al. (2[)1())
detected after broiler fed with thyme essential oil.

The immune markers such as lymphoid organs weigh,

SRBC, and lymphocyte count were improved by the die-

tary thymus addition under HS.

Stress biomarkers were

and MDA)
decreased by thymus addition under HS.

(corticosterone

Phytogenic improved significantly the growth performance Saadat Shad et al. (2016)
in broiler exposed to HS.

The addition of this mixture improved the antioxidant

enzymes (Gpx and SOD), pancreatic enzymes (trypsin,

lipase, and protease) and immune markers.

steroids, and coumarins, as well as vitamins, amino
acids, and minerals. Artemisia spp. has antibacterial,
antioxidant, antihypertensive, anti-inflammatory and
nutritional benefits (Sharifi-Rad et al., 2022). Studies
have reported the antimicrobial effects of Artemisia spp.
against some pathogenic bacteria such as Fimeria
tenella and E. acervulina has been reported in broilers
(Arab et al., 2006).

Supplementation of Artemisia annua L. (0.75
—1.25 g/kg diet) to the diets of stressed broiler signifi-
cantly enhanced the body weight, reduced the oxidative
stress biomarkers (MDA, corticosterone), improved the
hepatic function (aspartate transaminase [AST]| and
alanine aminotransferase [ALT]), and antioxidant
capacity (Wan et al., 2017). Another study, Song et al.
(2017) clarified that stressed broilers (34 £+ 1°C for 8 h:
21-day-old male) fed with 1 gram of Artemisia annua L.
decreased plasma diamine oxidase (DAO) activity, the
mRNA expression of heat shock protein 70 (HSP70),
TLR-4, 1L-6, IL-18, and IFN—y in intestinal tissues.
In the intestinal mucosa, the mature upper villus cells
exhibit high enzymatic activity for oxidation, facilitated
by an enzyme called DAO.

Monitoring plasma DAO activities can be valuable for
assessing intestinal tract impairments by environmental
stressors. Furthermore, Song et al. (2018) reported that
dietary inclusion of Artemisia annua had favorable

impacts on growth indices, intestinal architecture, diges-
tive enzymes, immune status, and redox status in
broilers exposed to high temperature. Enhancing the
intestinal integrity and function may be an effective atti-
tude to partly reduce the unfavorable effects of HS on
immunity, growth and health in chickens (Song et al.,
2018). Taken together, these verdicts propose that Arte-
misia annua has promising properties to overcome the
undesirable impacts of HS in broiler chickens.

Olea europaea L.

Olive trees are a characteristic plant found in the
Mediterranean region. The olive oil market serves as a
significant economic sector within the agricultural, phar-
maceutical, and related industries (Solomou and Sfouga-
ris, 2021). Olive (O. europaea) is a medicinal plant rich
in polyphenols such as tyrosol, hydroxytyrosol, oleuro-
pein, and pinoresinol (de Bock et al., 2013), which have
strong antioxidant, antimicrobial, and anti-inflamma-
tory properties. In earlier study, Oke et al. (2017)
assessed the impacts of various gradual of olive leaf
extract (5—15 mL/L) supplemented to the drinking
water of broiler chickens on the growth, hematology pro-
file, thyroid activity, and oxidative related indicators
under hot climates. A significant enhancement in feed
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efficiency (higher feed intake, lower feed conversation
ratio) and final body weight of broilers given high levels
of the extract (10 or 15 mL/L) than those of the other
experimental treatments (Oke et al., 2017). The
improvement of growth in broiler might be accompa-
nying with the capacity of olive leaves extract to boost
the production of digestive enzymes, thus improving the
digestibility of nutrients as reported by (Agah et al.,
2019). Improving nutrients digestibility can compensate
for the reduction in feed intakes triggered by HS. It is
known that HS significantly reduces feed intake in
broilers and other animal species. This reduction may be
linked to the ability of O. europaea L. to stimulate diges-
tive enzymes and improve nutrient digestibility, as
stated by (Elbaz et al., 2022).

The dietary incorporation of olive oil was also found
to improve the meat quality of broilers via boosting the
antioxidant biomarkers and reducing OS (Tufarelli et
al., 2016). The previous work suggested that antioxidant
action of olive oil can protect the hepatic tissues of
broilers from HS, which is responsible for the homeosta-
sis of the entire organism and exposed to OS (Tufarelli
et al., 2016). Another trial, Agah et al. (2019) found no
significant effects of olive leaves extracts on body weight
gains, and feed efficiency of heat stressed broilers (5 h,
33°C; day old). In contrast, olive leaves extracts were
found to decrease lipid markers (cholesterol and triglyc-
eride), and liver related functions (AST and ALT),
MDA values and increase GPx (Agah et al., 2019; Sier-
zant et al., 2019). Moreover, it was reported that the
addition of olive extracts (15 mL/L in dirking water)
deceased the MDA values in broilers by 40.18% and
increased SOD (18.13%) and T3 relative to the control
group (Oke et al., 2017). Additionally, Agah et al.
(2019) demonstrated that saturated fats, especially
long-chain ones in olive oil, may reduce heat production
in broilers (Oke et al., 2017). SOD is a main antioxidant
enzyme that defends cells and organisms from the
destructive impacts of superoxide anion. The antioxi-
dant result of olive oil or its leaf extracts has been stated
previously (Lee and Lee, 2010), by increasing plasma
SOD levels and diminishing MDA integrity, thus
enhancing the health and redox status balance of the
chickens. This might be explained by the capability of
OLE to confer suitable antioxidant shield alongside lipid
peroxidation on the broiler during HS conditions (Oke
et al, 2017; Agah et al., 2019). Many studies have
reported that avian uncoupling protein (avUCP) was
considerably downregulated (by |70%) when broilers
were exposed to HS (34°C, 12 h; 35 d), thought provok-
ing ROS production and oxidative damage (Oke et al.,
2017; Agah et al., 2019). Thus, targeting avUCP by
feeding broiler with olive oil (6.7%) in their diets can
attenuate the ROS, and improve mitochondrial dysfunc-
tion induced by HS (Mujahid et al., 2009). The presence
of oleic acid in olive oil may activate UCP3 mRNA
expression, contributing to its unique properties
(Jaburek et al., 2004) or be regulation by respiratory
chain activity (Hosseindoust et al., 2022). Furthermore,
this augmentation of the avUCP protein in

mitochondria could participate in decreasing mitochon-
drial ROS creation in broilers exposed to HS, probably
via an augmented inducible proton leakage that would
accompany the decreased mitochondria function.

Silybum marianum

Milk thistle (.S. marianum) contains high levels of bio-
active constituents including silymarin, silychristine and
silydianin (Aziz et al., 2021). Milk thistle extract is rich
in silymarin (60%), a natural compound with health
benefits. Administering an injection of S. marianum
extract mixture (60 uL) at the time of hatching, moni-
tored by the addition of 0.25 mL/L via drinking water
throughout the raising stage could be a beneficial
approach to improve the performance, blood markers
and health status of broiler kept under hot climates
(Parandoosh et al., 2023). Moreover, Ahmad et al.
(2020) demonstrated that the growth rate, feed efficacy,
and carcass traits were enhanced in stressed broilers fed
a diet supplemented with milk thistle (15 g/kg). They
suggested that milk thistle could considerably diminish
the destructive effects of natural summer stress in
broilers via boosting antioxidative and immune markers
and reduce the oxidative pathways. More recent, Bara-
daran et al. (2019) described that silymarin may relieve
the opposing effects of oxidative stress in poultry farms.
Other studies have reported that milk thistle seeds pos-
sess antioxidant, anti-inflammatory, neutralize ROS
and inhibiting lipid peroxidation (Yousefdoost et al.,
2019; Aziz et al., 2021; Feshanghchi et al., 2022).

Foeniculum vulgare Mill

F. vulgare, ordinarily identified as Fennel, belongs to
the Apiaceae family. Fennel has been found to possess
antioxidant, antimicrobial, and strong hepatoprotective
properties (Ozbek et al., 2003).

Study of Ragab et al. (2013) reported that supple-
menting broilers raised under hot conditions and fed
diets with 1 or 2% Fennel had greater feed utilization,
meat breast yield, and leukocyte count than un-treated
group. Similarly, Gharaghani et al. (2015) described
that adding fennel fruits (10 or 20 g/kg) in the diet of
laying hens reared under HS upgraded the quality of
eggs, decreased MDA, protein carboxyl levels in eggs,
and decreased the contents of triglyceride and choles-
terol.

In a recent study, Fatima et al. (2022) explored the
protective effects of fennel seed in improving the growth
rate, carcass features, and blood components of stressed
broiler. The study revealed that fennel seeds (20—25 g/
kg) improved broiler growth, antioxidant status, carcass
features, and immunological responses under HS condi-
tions. Mirzaei et al. (2023) investigated the effects of fen-
nel essential oil nanoemulsion (50, 100 or 200 mg/kg
diet) under HS conditions in broilers. They found that
nanoemulsion of fennel significantly improved antioxi-
dant capacity, immunity, and promoted hepatic
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function in stressed broilers. Furthermore, it led to a
reduction in Escherichia coli levels and an increase in
beneficial bacteria such as lactobacillus and coliform. In
another study, Al-Sagan et al. (2020) found that 3.2%
fennel seeds powder into the diet of broilers had superior
effects on growth indices and meat characteristics under
chronic HS.

Thymus vulgaris

Thyme (7. vulgaris L.) is an indigenous herb that is
mainly cultivated in the Mediterranean regions. It con-
tains high levels of active constituents such as thymol,
carvacrol, resin, tannins, steroids, saponins, flavonoids,
alkaloids, PUFAs, vitamins, and glutamic acid (Khalil
et al., 2020).

The favorable functions of thyme and its extracts
have been itemized in variou in vitro and in vivo animal
models (Puvaca et al., 2022), including antioxidant,
antimicrobial, and anti-inflammatory characteristics. In
poultry, thyme has been found to have immunomodulat-
ing properties when used as a feed supplement or to miti-
gate the toxic effects of aflatoxins (Ahmadzadeh et al.,
2022). Further, Rafat Khafar et al. (2019) found that
thyme essential oil (150 or 200 mg/kg) in broiler diets
improved growth indices, immunity and blood metabo-
lites as well as decreased stress-related biomarkers (cor-
ticosterone and MDA) under HS condition. Moreover,
Saadat Shad et al. (2016) reported that dietary inclusion
of thyme (250 mg/kg) might positively attenuate the
undesirable effects of heat exposed broilers, through
enhancing feed and water intake, and antioxidative
potential of blood in stressed broilers. Additionally,
Nazar et al. (2019), found that the addition of thymol
(~80 mg/quail/d) increased blood protein levels and
reduced inflammatory responses. In a recent study car-
ried out by Senas-Cuesta et al. (2023), it was shown that
a diet containing essential oils with a thymol chemotype
could enhance the growth of broiler chickens during
cyclic heat stress.

Salvia rosmarinus

S. rosmarinus commonly known as rosemary, belongs
to the Labiatae family. The flowers of rosemary can
come in various colors, including purple, pink, blue or
white. Rosemary contains high levels of active constitu-
ents as caffeic acid, rosmarinic acid, ursolic acid, betu-
linic acid, and camphor. Among these, carnosol and
carnosic acid are the most powerful antioxidants (Ros-
tami et al., 2018; Liu et al., 2022).

According to Tang et al. (2018), rosemary extract has
been shown to reduce cardiac stress markers (lactate
dehydrogenase [LDH], creatine kinase [CK], and myo-
cardial CK [CKMBJ|) and MDA. Additionally, it
improves protective markers such as crystallin alpha B
(CRYAB) and HSP70 in stressed broilers. In a study
by Karami and Rahimian (2022), found that it was
found that including rosemary (0.5%) in the diet

improved the growth matrices, boosted antioxidant
capacity, increased thyroid hormones in stressed broiler
chicks. The positive effects of rosemary on productivity
and broiler health under stressful conditions may be
attributed to its ability to enhance antioxidant activity
(Hosseinzadeh et al., 2023), modulate intestinal micro-
biota population (Liu et al., 2022), improve intestinal
morphology, enhance immune activity (Rostami et al.,
2018), and optimize plasma biochemistry parameters in
broiler chickens (Torki et al., 2018). According to the
current review, herbs or medicinal plants has been signif-
icantly investigated and utilized as an alternative to
antibiotic growth promoters, while its potential roles in
mitigating the negative effects of heat stress are still
need further explorations. Moreover, the use of byprod-
ucts of these medicinal plants could offer effective and
applicable methods for contributing to a more sustain-
able and efficient poultry industry.

CONCLUSION

Overall, heat stress can limit broiler productivity by
causing growth retardation, impairing immune function,
promoting intestinal inflammation and health issues,
and increasing oxidative and inflammation pathways.
Medicinal plants show promise approach to mitigate
these unfavorable effects in chickens raised under heat
stress conditions. They can stimulate gut health, sustain
the microbiota community, reduce the inflammation/
oxidative stress pathways, boost the immunity and anti-
oxidative status and improve productivity in chickens
under heat stress conditions. However, further investiga-
tion is needed to explore the molecular fluctuations
caused by medicinal plants, as well as the interactions
between active ingredients, intestinal microbiota, and
intestinal barriers. These approaches can promote the
welfare of broiler chickens and contribute to a more sus-
tainable and efficient poultry industry.
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