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ABSTRACT

The purpose of this study was to examine the effect of adding an essential fatty acid mixture
(EOM; Eucalyptus globulus Labill, thymus vulgaris, Cymbopogon nardus, and Syzygium aromaticum)
to the drinking water in the heat stress broilers on the adipokine (Apelin, BDNF) response, the
histopathologic changes in liver and intestines, and some biochemical parameters. This study
lasted for a total of 42days, including the physical exercise period (7 days) and the fattening
period (35days). A total of 400 Ross 308 male broilers (1-d-old) were randomly divided into 8
groups (50 animals per group), each of which was exposed to various conditions of temperature
(C: 22°C and SC: 36°C) and treatment dose (C, 250, 500 and 750 mL/1000L). Each group was
divided into 5 subgroups, each comprising 10 animals. In the stress-free groups, whereas the
Apelin level linearly decreased, the BDNF level linearly increased. In histopathology, the liver tis-
sue was found to be normal in all groups whereas the duodenum villi length was found to
increase in the group of 750mL/1000 L. No statistically significant difference was found between
the stressed groups and the non-stressed groups in terms of VLDL, Glucose, Total bilirubin, ALT,
and TG (p > .05). While Apelin level increased in the stressed groups, the BDNF level increased
in the group of 250 mL/1000L. In the histopathological examination, a small amount of coagula-
tion necrosis was detected in hepatocyte, a diffuse hydropic degeneration was observed in hep-
atocytes, and finally a dilatation and hyperaemia were seen in sinusoid in the groups of EOM-
500mL/1000L and EOM-750 m/1000L compared to the control group. Whereas there was no
difference between the group of EOM-250 mL/1000L and the control group in terms of duode-
num villa length, there was a significant decrease in other groups (p < .00). In conclusion, this
study showed that adding 250 mL/1000 L of EOM to the drinking water had a positive effect on
the serum levels of Apelin and p-BDNF in the groups exposed to stress (p <.05).
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HIGHLIGHTS

e Heat stress results in serious annual economic losses in the poultry industry.

e Essential oil fatty mix acids have positive effects on poultry health.

e Apelin and BDNF may be a protective factor against deleterious consequences of chronic
exposition to heat stress

Introduction and is an important stressor affecting vital organs.
Poultry animals are homoeothermic animals, keeping

body temperature within a certain interval, independ-

Stress is a physiological and psychological reaction of
the body against deterioration of homeostasis and the

stressors causing neurochemical and neurobiological
changes in the brain. Heat stress is poultry causes
endocrinological changes by influencing metabolism

ent of ambient temperature. Whenever the tempera-
ture rises above this level, the animals are stressed.
Due to the absence of sweat glands as well as their

CONTACT Dr Biilent Bayraktar @ bulentbayraktar@bayburt.edu.tr @ Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation,

Bayburt University, Bayburt 69000, Turkey

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2020.1778548&domain=pdf&date_stamp=2020-06-23
http://orcid.org/0000-0002-2335-9089
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1828051X.2020.1778548
http://www.tandfonline.com

fast metabolism in poultry animals, stress is a common
problem leading to delay in growth, increasing mortal-
ity rates as well as physiological problems because of
immunosuppressive effects (Naslund et al. 2002;
Moraes et al. 2003; Bayraktar and Tekce 2018).
Adipose tissue is a metabolically active endocrine
organ that secretes hormones known as adipokines
and plays a role in energy homeostasis, maintaining
body temperature and adaptive thermogenesis
(Medina-Gémez, 2012; Demirci and Cennet, 2017;
Bayraktar and Tekce, 2018). Apelin is an adipokine
secreted from a fatty tissue that controls thermogen-
esis (Bertrand et al. 2015) and reaction to stres via
hypothalamohypophyseal-adrenal axis (Newson et al.
2009), prevention of oxidative stress (Than et al. 2014),
energy metabolism (Bertrand et al. 2015) and immune
functions and is vital in many physiological processes
(Tatemoto et al. 2001; Matsuzawa 2005). Apelin has
several isoforms such as 12, 13, 17, and 36. The bio-
logical activity of Apelin-13 is eight times stronger
than that of Apelin-17 and 60 times stronger than that
of Apelin-36 (Tatemoto et al. 1998). Apelin is a new
enteric peptide and stress increases the apelin content
in the gut (Wang et al. 2004). It has a regulatory effect
on gastrointestinal function (Wang et al. 2004) and
plays a role in intestinal contraction to control glucose
metabolism through the brain (Fournel et al. 2017).
Apelin is reported to be used as a promising thera-
peutic agent in liver diseases due to its effect on liver
regeneration (Principe et al. 2008; Fausto et al. 2012).
Stress can severely affect brain functions and neur-
onal damage due to glucocorticoid release (Huther,
1996). BDNF supports the development of noradrener-
gic and serotoninergic neurons and protects them
from stress and toxic injuries (Horch, 2004; Habib et al.
2001). BDNF is an adipokine with a neuroprotective
effect against neuron development and differentiation
as well as stress and ischaemia in the brain (Zigova
et al. 1998; Benraiss et al. 2001; Kertes et al. 2017) .
Plasma BDNF (p-BDNF) is defined as a sensitive marker
indicating the BDNF level in the brain (Lommatzsch
et al). Its role in BDNF hepatocyte metabolism leads to
the activation of catabolic pathways such as fatty acid
oxidation. In addition, while gluconeogenesis is inhib-
ited, it provides stimulation of glycogen storage
(Genzer et al. 2017). BDNF has been reported to pro-
tect the intestinal mucosal barrier function and modify
the gut microbiota (Lin et al, 2018). BDNF has a role
in regulating stress response by binding to
Tropomyosin-related kinase B (TrkB) with high affinity
(Shirayama et al. 2015; Sosanya et al. 2019).
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In the studies in recent years, various products
have been used in order to eliminate the effects of
stress on the organism. Medicinal aromatic plants are
the foremost of these products possessing no risk of
accumulation in animal tissues without causing any
drug resistance and no risks for human health dose-
dependently (Daroui-Mokaddem et al. 2010; Feizi et al.
2013). In the studies made on the effects of EOM
(Eucalyptus  globulus  Labill,  Thymus wvulgaris,
Cymbopogon nardus ve Syzgium aromaticum) mixture
on the plants, they were reported to have antioxidant
(Vollmayr et al. 2001), anti-microbial (Karpouhtsis et al.
1998; Dorman and Deans 2000; Ultee et al. 2002), anti-
inflammatory (Bishop 1995; Guimaraes et al. 2013),
anti-viral (Al-Ja'fari et al., 2011; Silva et al. 2011), anti-
tumoral (Al-Ja'fari et al., 2011), anti-fungal (Fu et al.
2007; Monzote et al. 2007), antiparasitic (Chowdhury
et al. 2018) and positive effects on growth perform-
ance by having effects on intestinal villuses via diges-
tional enzymes (Jang et al. 2007). In addition, positive
effects of Essantial oil supplementation in broiler
chickens exposed to heat stress has been confirmed
by other authors (Parvar et al,, 2013; Gopi et al,, 2014;
Akbarian et al. 2015; Petrolli et al., 2019).

In this experimental trial we conducted, dose-
dependent administration of the Essential Oil Mixture
(EOM) (Eucalyptus globulus Labill, Thymus vulgaris,
Cymbopogon nardus ve Syzygium aromaticum)added at
different amounts into the drinking water of the
broiler hens under heat stress (22 and 36 °C, respect-
ively), was studied. The animals’ some blood parame-
ters histopathological changes developed in the liver
and small intestine tissues, plasma BDNF and serum
apelin levels were investigated.

Materials and methods
Animals

Ethical approval was obtained from the Local Ethics
Committee of Bayburt University Local Ethics
Committee, Turkey (Date and number of the decision
is 02.07.2018- 2018/16). In this study, a total of 400
one-day old Ross 308 broiler male chicks were used.
The study was conducted in line with ethical princi-
ples and rules, protecting animal welfare and rights.

Experimental design

Four-hundred 1-day-old male Ross-308 broiler chicks
were used in the study. During 7-day of exercise and
35-day of fattening period of the trial, broiler chicks
were kept in 110 x 110 x 100cm cages, 10 animal
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Table 1. Basal diet: nutrient content and chemical analysis (g/kg).

Raw Material Starter (0-14 d) Grower (14-28 d) Finisher (28-42 d)
Maize 52.70 54.60 58.12
Maize gluten feed 15.21 21.20 26.14
Soybean residue 2635 18.90 10.65
Di-calcium phosphate 1.95 1.70 1.60
Calcium carbonate 1.18 1.10 1.04
Sodium chloride 0.31 0.31 0.31
Sodium bicarbonate 0.20 0.20 0.20
Salt 0.20 0.2 0.2
Methionine 0.50 0.50 0.44
Lysine 1.20 1.10 1.10
Vitamin-mineral premix* 0.20 0.20 0.20
ME (kcal/ kg) 3100 3150 3225
Crude protein (%) 24 22 20
Crude oil (%) 261 230 2.50
Ash (%) 5.19 4.63 3.85
Moisture (%) 13.20 13.20 13.20

*The vitamin-mineral premix provided the following (per kg of diet): vitamin A, 12 000 IU; vitamin D3, 1500 IU; vita-
min E, 35mg; vitamin K3, 5mg; vitamin B1, 3mg; vitamin B2, 4mg; vitamin B6, 4mg; vitamin B12, 0.03 mg;
calcium-D-pantothenate, 15 mg; folic acid, 1 mg; niacin, 25 mg; D-biotin, 0.115 mg; Mg 80 mg; |, 0.15 mg; Co, 0.2 mg;

Cu, 5mg; Fe, 60 mg; Se, 1 mg; Zn, 60 mg.
ME: Metabolisable Energy.

each, at Bayburt University Food, Agriculture and
Livestock Application and Research Centre Unit (AOAC
2005). On d 7 of the experiment, the animals were
randomly assigned to 8 groups, each composed of 50
animals of equal body weight and groups each con-
taining five subgroups. The research groups were
designed according to the two temperature measure-
ments, 22°C (C) and 36°C (SC) and four treatments
levels in drinking water as control, 250, 500 and
750 mL/1000 L. Therefore, the control, EOM-250, EOM-
500, EOM-750, SEOM-250, SEOM-500 and SEOM-750
groups were used during the research period.

Feed

The chicks feeds used in the experiment (starter,
grower and finisher feed) were prepared by a private
company operating in Turkey (Erzurum). Basal diet
feed, with the ration content shown in (Table 1) was
given at the same time every day (Around 08:00 h).
After the feed remaining from the previous day was
taken back and weighed. Nutrient analyses of the
feeds used throughout the research were performed
in accordance with the methods described by A.O.A.C.
(AOAC, 2005). Broiler chicks were given fresh drinking
water ad libitum. The remaining drinking water was
also taken back and freshwater supplemented with
EOM was given at the same time every day (Around
08:00h). EOM was included in the water at rates of
250, 500, 750 mL/1000L (Bayraktar and Tekce 2019;
Tekce et al. 2020) and was given to all groups at the
same time every day (Around 08:00 h) except for con-
trol groups.

Poultry house heat moisture and illumination

The general temperature in the pen was kept constant
at 32-28°C for the first 2days and at 27-28 °C for the
next 5days of the experiment. Trial groups are divided
into stress and stress-free starting from 7 days. Heating
of the cluster was provided by means of 36 +1°C sen-
sitive thermostat appliances (TURKEY) connected to
the central heating system for 7-42 days. Temperature
and humidity values were measured with daily digital
temperature-humidity metre (TFA Dostmann,
GERMANY) thermometers placed at 4 different points
of the coop to control the temperature in the coop.
The room temperature of stress-free groups is
designed to be 22°C.

Contents of the EOM mixture

The contents of the EOM mixture were analysed using
GC (gas chromatography) (Agilent 5977B, GC/MSD,
GERMANY) in the Central Research Laboratories of
Bayburt University (ézek et al. 2010). The EOM mixture
added to the drinking water was provided from a
commercial company (Ankara, Turkey). In the content,
26.70% Durenol, 23.89% Eugenol, 16.49% Gamma ter-
pinene, 8.35%  Heptaethylene glycol, 6.42%
Hexaethylene glycol,3.31% Cymene, 3.08%
Pentaethylene glycol, 2.87% Caryophyllene, 2.30% D-
Limonene, 2.18% Beta Pinene and 0.95% Eucalyptol
were determined.

Collection of plasma and serum samples

At the end of the trial, cervical dislocation was per-
formed to 80 animals in total, with 10 animals
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Table 2. Effect of essential oil mixture (EOM) on Apelin, BDNF, VLDL, glucose, total bilirubin and TG values added to drinking

water of groups fed in stress conditions.

Interaction effects Apelin (ng/mL) VLDL ( mg/dL) Glucose (mg/dL) Total Bilurubin (mg/dL) TG (mg/dL) BNDF (ng/mL)
Treatment 22°C 36°C 22°C 36°C 22°C 36°C 22°C 36°C 22°C 36°C 22°C 36°C
Control 0.386*  0.351% 5.72 5.86 2344 231.8 0.28 0.28 286 280 2.20%  4.13*
EOM 250 mL/1000L 0.373*  0.347* 7.40 6.16 250.8 226.2 0.32 0.31 37.0 30.8 2.25% 6.38*
EOM 500 mL/1000L 0.363*  0.358* 6.64 5.40 224.0 218.6 0.30 0.24 332 270 3.72% 1.73*
EOM 750 mL/1000L 0.354*  0.356* 4.72 5.88 239.2 239.2 0.31 0.31 23.6 29.4 6.43* 1.75%
SEM 0.00 0.68 8.88 0.02 3.40 0.28
Source of variation (p-values)
Treatment 0.00%** 0.45 0.18 0.05 0.18 0.00%**
Temperature 0.00%** 0.00%** 0.20 0.31 0.46 0.45
Temperature x Treatment ~ 0.00%** 0.24 0.51 0.32 0.26 0.00%**
Main effects means treatment
Control 0.37* 431 233.1 0.28 283 3.17%
EOM 250 mL/1000L 0.36* 2.73 238.5 0.31 339 4.31*
EOM 500 mL/1000L 0.36* 4.09 2213 0.27 30.1 2.73%
EOM 750 mL/1000L 0.35* 0.20 239.2 0.31 26.5 4.09*
SEM 0.00 0.68 6.28 0.01 2.41 0.20
Temperature
22°C 0.36 6.12 237.1 0.30 30.6 3.65
36°C 0.35 5.82 2289 0.29 28.8 3.50
SEM 0.00 0.34 4.44 0.01 1.70 0.14
Trends
Linear 0.00%** 0.30 0.96 0.48 0.39 0.20
Quadratik 0.13 0.08 0.32 0.79 0.06 0.59
Cubic 0.00%** 0.41 0.05 0.01 0.37 0.00%**

VLDL: Very low high density lipoprotein; BDNF: Birds brain derived neurotrophic factor; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG:

Triglycerides.

*Means within the same column not sharing a common superscript differ significantly (p < 0.05). **Significant at 0.05 level, *** Significant at 0.01 level,

SEM = standard error of the mean.

randomly selected from each group. Blood samples
were collected into 10mL biochemistry tubes
(VACUETTE® TUBE 9mL Z Serum Clot Activator) and
5mL EDTA hemogram tubes (Becton Dickinson Co.
Brea, CA, USA). Serum samples were then centrifuged
at 4,100xg for 12min at 4° C (NF 1200R, Nive,
Ankara, Turkey), and the serum was transferred to
eppendorf tubes (Tekce and Gul 2015).

Biochemical analysis

Serum levels of glucose, alanine aminotransaminase
(ALT), triglycerides (TG), very low density lipoprotein
cholesterol (VLDL) were assayed at the Erzurum
Technical Chemistry and Medical Laboratories using a
Cobas-8000 auto-analyzer, which is a closed spectro-
photometric system, with Roche kits
(Mannheim, Germany).

Measurement of serum Apelin-13 levels and
plasma BDNF levels

Serum Apelin and Plasma Brain-derived neurotrophic
factor (BDNF) were measured using ELISA (R&D
Systems, Minneapolis, MN, USA) and parameters were
read with ELISA reader (Mindray MR- 96 A, CHINA). The
minimum detectable concentration used to measure
the apelin level in blood serum obtained from the
research was < 18.75 pg/mL. An ELISA kit type-specific

for chicken apelin (FineTest, Product code: ECH0078,
China) from 31.25-2000.00 pg/mL, an intra-assay coef-
ficient 8.0%, and an inter-assay coefficient of 10.0%
was utilised in accordance with the manufacturer’s
protocol. The results were evaluated by reading
absorption values at 450nm in accordance with the
procedure reported in the kit (Apelin 2018).

The minimum detectable concentration used to
measure the BDNF level in blood plasma obtained
from the research was 8 pg/mL. An ELISA kit type-spe-
cific for chicken Birds Brain Derived Neurotrophic
Factor (BDNF) (SinoGeneClon, ELISA Kit Product code:
SG-82023, China) from 35-2000 pg/mL, an intra-assay
coefficient 8.0%, and an inter-assay coefficient of
10.0% was utilised in accordance with the manufac-
turer’s protocol. The results were evaluated by reading
absorption values at 450nm in accordance with the
procedure reported in the kit (BDNF. 2018).

Histopathological analysis

At the end of the trial, servical dislocation was per-
formed in totally 80 animals, randomly selected as 10
out of each group, for histopathological assessment
and necropsy. Intestinal and liver tissue samples taken
for histopathological assessment were then fixed for
48 hours in 10% formalin solution. They were
embedded in paraffin blocks according to the routine
histological follow-up procedures. Cross sections were
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Table 3. Intestinal villus lenght of the experimental
groups (7-42 days).
Duodenum Villus Length
22°C 36°C

Control 1898.19* 1829.12*
EOM 250 mL/L 1984.87* 1793.82*
EOM 500 mL/L 2129.50* 1542.80*
EOM 750 mL/L 2590.56* 1358.35*
SEM 13.167
Source of variation (p-values)

Treatment 0.00%*

Temperature 0.00**

Temperature x Treatment 0.00%*
Main effects means treatment

Control 1863.66*

EOM 250 mL/L 1889.34*

EOM 500 mL/L 1836.15*

EOM 750 mL/L 1974.45%*

SEM 9.31
Temperature

22°C 2150.78

36°C 1631.02

SEM 6.58
Trends

Linear <0.000

Quadratik <0.000

Cubic <0.000

*Means within the same column not sharing a common superscript differ
significantly (p <0.05). ** Significant at 0.01 level, SEM: standard error of
the mean; EOM: Essential Oil Mixture.

taken from each block at 4 um thickness (Leica 2018).
All sections were microscopically examined (Bancroft
et al. 2012).

Statistical analysis

The parameters were all normally distributed, and the
data expressed by means and standard errors. The
effect of temperature and processed essential oil mix-
ture (EOM) in treatment on apelin, VLDL, glucose, total
bilirubin, Alt and TG values were analysed using fac-
torial ANOVA with GLM procedures of JMP 7.0 statis-
tical software (SAS. 1999). The used statistical model
was: Yijx = i + Dy + T+ (D x T)yj + ey, where: Yiy =
an observation, © = overall mean, D; = Treatment
effect, T, = Temperature effect, (D x T)j=the inter-
action effect and e; = experimental error. The least
significance differences among treatments and interac-
tions were detected using Tukey post hoc test (p <
.05). The polynomial contrast option was also com-
puted to determine nature of response to increasing
levels of essential oil mixture.

Results
Apelin, BDNF, and some blood parameters

The effects of adding various EOM concentrations
(250, 500, and 750 mL/1000L) to the drinking water of
the broilers which were fed under different

temperature stress conditions (22°C and 36°C) on
Apelin, BDNF, and some blood parameters were ana-
lysed in the Table 2. No statistically significant differ-
ence was found between the stressed groups and the
non-stressed groups in terms of VLDL, Glucose, Total
bilirubin, ALT, and TG (p > .05). In the non-stressed
groups, whereas the Apelin level linearly decreased,
the BDNF level linearly increased. On the other hand,
in the stressed groups, while the Apelin level
increased in all groups; the BDNF level decreased in
the groups of 500 and 750 mL/1000L, but increased in
the group of 250 mL/1000 L.

Intestinal and liver histopathology

Histopathological findings analysing the effects of
stress and EOM on liver tissues and intestinal villuses
(Table 3) are displayed in figures 2 and 3. In the histo-
pathological analysis of the liver tissues of the 22°C
no-stress control group and EOM-250 mL/1000L, EOM-
500 mL/1000L groups, parenchyma tissue and its ser-
osa was in normal appearance, histological appear-
ance of the liver tissues of EOM-750 mL/1000L group
displayed mild dilatation and hyperaemia in the sinus-
oids (Figure 2). Analysing the intestinal tissues histo-
pathologically, villus lengths were determined to have
a considerable and dose-dependant increase in con-
trol, EOM-250 mL/1000L, EOM-500 mL/1000L, EOM-
750mL/1000L groups (Figure 1). Histopathological
examination in 36°C groups revealed dilatation and
hyperaemia in EOM-500 mL/1000L and EOM-750 mL/
1000L sinusoids, diffuse hydropic degeneration in
hepatocytes and coagulation necrosis in a small num-
ber of hepatocytes compared to the control group
(Figure 2). There was no difference in EOM-250 mL/
1000L dose on duodenum villa length compared to
the control group, whereas there was a significant
decrease in other groups (Figure 1).

Discussion
Apelin, BDNF, and some blood parameters

Apelin is an important neuropeptide that has a
physiological role in the neuroendocrine response to
stress. Under stress, an increase is observed in the
apelin secretion from the adipocyte. (Newson et al.
2013). As a result of our study, when the serum levels
of apelin were examined depending on the increase
in the dose of EOM applied to the experimental
groups, it was found that the serum level of apelin lin-
early decreased in the groups exposed to 22°C
whereas a linear increase was observed in the
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G 36 °C 750 mL/1000L

T

s 1

36 °C Control I 36 °C 250 mL/1000L ][ 36 °C 500 mL/1000L I 36 °C 750 mL/1000L ]

Figure 2. Histopathology of the liver tissue belongs to stressful and stress-free groups.

experimental groups exposed to a heat stress at 36°C ~ 2016; Izgut-Uysal et al. 2018). The fact that the serum
(p < .01). In this regards, the findings of our study levels of apelin were found to increase in the experi-
were in line with the studies which reported an mental groups exposed to a heat stress at 36°C con-
increase in the apelin levels caused by stress (Li et al.  firmed the literature information indicating that apelin
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has an antidepressant-like effect on the regulation of
neuroendocrine response to stress.

The basic endocrine reaction seen as the response
to stress is the activation of the HPA (Hypothalamic -
pituitary — adrenal) axis. Thus, stress causes the brain
to stimulate the endocrine system. BDNF not only reg-
ulates an endocrine response to stress, but it is also
an adipokine hormone that promotes the neuron
development and differentiation and has a neuropro-
tective effect against ischaemia (Zigova et al. 1998;
Kertes et al. 2017). Plasma BDNF (p-BDNF) is a sensi-
tive marker indicating the level of brain BDNF
(Lommatzsch et al). Whereas the BDNF level was
found to increase linearly in the non-stressed groups;
in the stressed groups, it decreased in the groups
exposed to 500 and 750mL/1000L doses, but
increased in the group exposed to 250 mL/1000L dose
(p < .05). To the best of our knowledge, in the litera-
ture, there is no other similar study conducted using
the substances similar to what we used in this study
as a supplement to the drinking water of broilers. It is
thought that the increase in the p-BDNF level of the
group exposed to 250 mL/1000L dose was due to the
response to cellular stress and the neuroprotective
effect of BDNF (Lommatzsch et al).

Furthermore, the findings of this study show that
p-BNDF can be used as a biomarker in evaluating the
endocrine response to stress in the brain. In the litera-
ture review, it was found that there have been limited
number of studies examining the effect of the EOM
application in various doses to the drinking water of
the broilers exposed to heat stress on the serum levels
of VLDL, Glucose, Total bilirubin, and TG. In our study,
the EOM application was found to have no effect on
the serum levels of VLDL, Glucose, Total bilirubin, and
TG (Table 2) in both experimental groups (stressed
and non-stresses groups) (p > .05). According to the
trend analysis, the cubic effect was found to be signifi-
cant for glucose and total bilirubin. The findings of
our study were in line with some studies conducted
on some medicinal aromatic plants in mice (Hou et al.
2010; Wang et al. 2010; Zotti et al. 2013; Younesi
2014; Motaghinejad et al. 2017), but different from
some others (Silva et al. 2009; Mathé and de Sales
Silva 2018). This discrepancy may be attributed to
using different plants containing different flavonoids,
administration routes, and experimental materials.

Intestinal and hepatic histopathology

The villus length and crypt depth are directly related
to the digestive system health in birds and the

absorption capacity of the intestinal mucosa (Awad
et al. 2008). An increase in villus length helps to
effectively digest the consumed foods (Awad et al.
2008). However, the decrease in villi length in the
intestine due to stress not only impairs the metabol-
ism and digestive function but also decreases the
growth rate, body weight, and feed consumption
(Salehifar et al. 2017). In the previous studies, it was
reported that the addition of the essential oils of
medicinal aromatic plants to the broiler rations in
stress-free environments increased the villus height
and decreased the epithelial thickness, thus enhancing
the performance of the intestinal morphology by
improving the use of feed. In our study, it was found
that there was a linear increase in duodenum villus
length in the non-stressed groups due to the increase
in the dose of EOM, compared to the control group
(22°Q). In this regard, our study was consistent with
some of the information in the literature (Garcia et al.
2007; Hong et al. 2012; Akbarian et al. 2013; Du et al.
2016; Yang et al. 2018), but not at all with some
others (Hong et al. 2012; Akbarian et al. 2013). It was
reported that the heat stress negatively affected the
intestinal epithelium in the birds and caused a
decrease in villous length (Yamauchi et al. 2006;
Burkholder et al. 2008). In addition, in the chronic
heat-exposed broilers, the development of digestive
organs and intestinal digestive enzymes was adversely
affected by the activities; as a result, the cell apoptosis
increased and the intestinal epithelial cells were found
to be damaged (Tekce and Gul 2016; He et al. 2018).
In the previous studies, it was stated that EOM had a
positive effect on the intestinal villi length in the
broilers fed under heat stress (Hajati et al. 2015;
Hosseini et al. 2016). On the other hand, some studies
stated that EOM did not have an effect on villi length
(Shen et al. 2007; Du et al. 2016). In our study,
although the villus lengths of the group of 250 mL/
1000 L were similar to the control group, it was deter-
mined that the addition of essential oil mixture to the
drinking water did not have an effect on the villi
length in all groups. As a matter of fact, the data
obtained were found to be in parallel with the data of
live weight and feed use. According to the obtained
data, it was found that the addition of different oil
mixtures to the drinking water had no effect on the
heat stress. Our study was in line with some of the
information in the literature (Shen et al. 2007; Yang
et al. 2018), but not at all in line with some others
(Hajati et al. 2015; Hosseini et al. 2016). The reason for
this difference is thought to be the differences in the
essential oils or mixtures used and their composition.



The liver damage caused by stress leads to a damage
to the liver cell (parenchymal and sinusoidal cells).
After perfusion, the Kupffer cell releases free radicals
and proinflammatory cytokines. These cytokines, along
with increased expression of adhesion molecules by
sinusoidal endothelial cells, cause neutrophil infiltra-
tion of the liver and damage to tissues (Rauen et al.
1994; Ozcelik et al. 2014). It is stated that Medicinal
Aromatic Plants increase the antioxidant enzyme acti-
vation and protect the liver tissue by reducing the
neutrophil infiltration (Rauen et al. 1994; Kapakin et al.
2012; Li et al. 2014; Khodadadi et al. 2016).

In this study, the addition of EOM mixture to the
drinking water of broilers fed under heat stress did
not have a pathological effect on the group exposed
to 22°C compared to the control group; however,
mild dilatation and hyperaemia were detected in
sinusoids in the group of 750 mL/1000L. In the groups
exposed to a heat stress at 36 °C, there was no differ-
ence between the group of 250mL/1000L and the
control group; however, a small amount of coagula-
tion necrosis was detected in hepatocyte, a diffuse
hydropic degeneration was observed in hepatocytes,
and finally a dilatation and hyperaemia were seen in
sinusoid in the groups of EOM-500mL/1000L and
EOM-750 m/1000L compared to the control group.
The results of our study were consistent with some lit-
erature information (Fatemi et al. 2010; Kapakin et al.
2012), but not with some other literature information
(SAS. 1999; Li et al. 2014; Igbal et al. 2015). This differ-
ence is thought to be caused by the use of different
doses of herbal extracts and the different methods or
combinations used in administering  these
herbal extracts.

Conclusions

In this study, the EOM application was found to have
no effect on the serum levels of VLDL, Glucose, Total
bilirubin, TG (Table 2) in both experimental groups
(stressed and non-stresses groups) (p > .05). As a
result, this study showed that the EOM addition in the
dose of 250mL/1000L to the drinking water had a
positive effect on Apelin and BDNF in the stressed
and non-stressed groups (p < .05). Whereas the EOM
addition in the dose of 750 mL/1000L to the drinking
water had a positive effect on the villus length in the
non-stressed groups, the EOM addition to the drinking
water had no effect on the villus length in the
stressed groups compared to the control group. We
are of the opinion that the apelin and BDNF hormones
will make an important contribution to the literature
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as they provide data to the future studies in terms of
the elucidation of adipokine hormone physiology and
the biomarkers used for evaluating the stress response
and certain diseases. To the best of our knowledge,
this is the first study in this field in terms of the sub-
stances used as a supplement to the drinking water.
This study does, however, have some limitations due
to not involving a clinical study. In order to overcome
the limitations, there is a need for increasing the
experimental and prospective studies to determine
the clinical significance of our findings.
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