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Aims and Scope

Acta Veterinaria Eurasia (Acta Vet Eurasia) is an internation-
al, scientific, open access periodical published in accor-
dance with independent, unbiased, and double-blinded
peer-review principles. The journal is the official publica-
tion of istanbul University-Cerrahpasa Faculty of Veteri-
nary Medicine and published three times a year (January,
May and September). The publication language of the
journal is English.

Acta Veterinaria Eurasia (Acta Vet Eurasia) aims to contrib-
ute to the literature by publishing manuscripts at the high-
est scientific level on all fields of veterinary medicine. The
journal publishes original articles, reviews, case reports,
short communications, and letters to the editor that are
prepared in accordance with the ethical guidelines.

The scope of the journal covers all animal species includ-
ing the topics related to basic and clinical veterinary sci-
ences, livestock breeding and husbandry, veterinary ge-
netics, animal nutrition and nutritional diseases, zooneses,
veterinary medicinal products and public health, and food
hygiene and technology.

The target audience of the journal includes specialists and
professionals working and interested in all disciplines of
veterinary medicine.

The editorial and publication processes of the journal are
shaped in accordance with the guidelines of the Interna-
tional Committee of Medical Journal Editors (ICMJE), World
Association of Medical Editors (WAME), Council of Science
Editors (CSE), Committee on Publication Ethics (COPE), Eu-
ropean Association of Science Editors (EASE), and National
Information Standards Organization (NISO). The journal is
in conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Acta Veterinaria Eurasia is currently indexed in Web of Sci-
ence-Emerging Sources Citation Index, Web of Science-Zo-
ological Records, Scopus, DOAJ, Embase, Gale, AgBiotech-
Net, Animal Breeding Abtracts, Animal Science Database,
CAB Abstracts, Dairy Science Abstract, Helmintological
Abstracts, Index Veterinarius, Nutrition Abstracts and Re-
views Series B: Livestock Feeds, Nutrition and Food Data-
base, Parasitology Database, Poultry Abstracts, Review of

Medical and Veterinary Mycology, Tropical Diseases Bulle-
tin, Veterinary Bulletin, VetMed Resource, TUBITAK ULAK-
BIM TR Index.

All expenses of the journal are covered by the of istanbul
University-Cerrahpasa Faculty of Veterinary Medicine. Pro-
cessing and publication are free of charge with the jour-
nal. No fees are requested from the authors at any point
throughout the evaluation and publication process. All
manuscripts must be submitted via the online submission
system, which is available at actaveteurasia.istanbulc.edu.
tr. The journal guidelines, technical information, and the
required forms are available on the journal’s web page.

Statements or opinions expressed in the manuscripts pub-
lished in the journal reflect the views of the author(s) and
not the opinions of the istanbul University-Cerrahpasa
Faculty of Veterinary Medicine, editors, editorial board,
and/or publisher; the editors, editorial board, and publish-
er disclaim any responsibility or liability for such materials.

Acta Veterinaria Eurasia is an open access publication
and the journal’s publication model is based on Budapest
Open Access Initiative (BOAI) declaration. Journal’s archive
is available onling, free of charge at http://actaveteurasia.
istanbulc.edu.tr. Acta Veterinaria Eurasia’s content is li-
censed under a Creative Commons Attribution-NonCom-
mercial 4.0 International License.

OPEN ACCESS

Editor in Chief: Serhat Alkan

Address: istanbul University-Cerrahpasa Faculty of Veterinary
Medicine, 34320 Avcilar, istanbul, Turkey

Phone: +90 (212) 473 70 70/17260

Fax: +90 (212) 473 72 40

E-mail: actavet@istanbul.edu.tr

Publisher: AVES

Address: Bliyukdere Avenue, 105/9 34394 Mecidiyekdy,
Sisli, Istanbul, Turkey

Phone: +90 212217 17 00

Fax: +90 2122172292

E-mail: info@avesyayincilik.com

Web page: avesyayincilik.com
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Instructions to Authors

Aims and Scope

Acta Veterinaria Eurasia (Acta Vet Eurasia) is an international, sci-
entific, open access periodical published in accordance with inde-
pendent, unbiased, and double-blinded peer-review principles. The
journal is the official publication of Faculty of Veterinary Medicine,
istanbul University-Cerrahpasa and published three times in a year
(January, May, and September). The publication language of the
journal is English. Acta Veterinaria Eurasia (Acta Vet Eurasia) aims to
contribute to the literature by publishing manuscripts at the highest
scientific level on all fields of veterinary medicine. The journal pub-
lishes research articles, reviews, case reports, short communications,
and letters to the editor that are prepared in accordance with the
ethical guidelines.The scope of the journal covers all animal species
including the topics related to basic and clinical veterinary sciences,
livestock breeding and husbandry, veterinary genetics, animal nutri-
tion and nutritional diseases, zooneses, veterinary medical products,
public health, and food hygiene and technology.The target audi-
ence of the journal includes specialists and professionals working
and interested in all disciplines of veterinary medicine.

Editorial Policy

The submitted articles/materials must not be under consider-
ation for publication anywhere else except in a limited form (e.g.
abstract books of congresses or symposiums, part of MSc or PhD
theses). The editorial and publication processes of the journal are
shaped in accordance with the guidelines of the International
Council of Medical Journal Editors (ICMJE), the World Association
of Medical Editors (WAME), the Council of Science Editors (CSE),
the Committee on Publication Ethics (COPE), the European Asso-
ciation of Science Editors (EASE), and National Information Stan-
dards Organization (NISO). The journal conforms to the Principles
of Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice). Originality, high scientific quality, and citation
potential are the most important criteria for a manuscript to be
accepted for publication. Manuscripts that have been presented
in a meeting should be submitted with detailed information on
the organization, including the name, date, and location of the
organization. Manuscripts submitted to Acta Veterinaria Eurasia
will go through a double-blind peer-review process. Each submis-
sion will be reviewed by at least two independent peer review-
ers who are experts in their fields in order to ensure an unbiased
evaluation process. The Editor in Chief is the final authority in the
decision-making process for all submissions.

Ethics of Experimentation

An approval of research protocols by an Animal Ethics Committee
in accordance with international principles is required for experi-
mental, clinical and drug studies and for some case reports that are
carried out on animals. If required, ethics committee reports or an
equivalent official document will be requested from the authors.
For studies carried out on animals, the measures taken to prevent
pain and suffering of the animals should be stated clearly. The name
of the ethics committee, and the ethics committee approval num-
ber should be stated in the “Methods” section of the manuscript.

For studies involving client-owned animals, author’s must provide
the information on informed consent from the client or the owner
and adherence to a high standard (best practice) of veterinary care.
The editor has the right to reject manuscripts on suspicion of ani-
mal welfare or research protocols that are not consistent with the
international principles of animal research. The scientific and ethi-
cal responsibility of the research belongs to the authors.

Plagiarism Detection

Acta Veterinaria Eurasia (Acta Vet Eurasia) takes publication eth-
ics very seriously and verifies the originality of content submitted
before publication. All submissions are screened by a similarity
detection software (iThenticate by CrossCheck). In the event of
alleged or suspected research misconduct, e.g., plagiarism, cita-
tion manipulation, and data falsification/fabrication, the Editorial
Board will follow and act in accordance with COPE guidelines.

Authorship Criteria and Statement for Conflict of Interest
Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors (ICMJE - www.icmje.org). Acta Veterinaria Eurasia requires
corresponding authors to submit a signed and scanned version of
the Copyright Agreement and Acknowledgement of Authorship
Form (available for download through actaveteurasia.istanbulc.edu.
tr) during the initial submission process in order to act appropriately
on authorship rights and to prevent ghost or honorary authorship
and conflict of interest. If the editorial board suspects a case of “gift
authorship,” the submission will be rejected without further review.
As part of the submission of the manuscript, the corresponding au-
thor should also send a short statement declaring that he/she ac-
cepts to undertake all the responsibility for authorship during the
submission and review stages of the manuscript. Acta Veterinaria
Eurasia requires and encourages the authors and the individuals
involved in the evaluation process of submitted manuscripts to
disclose any existing or potential conflicts of interests, including
financial, consultant, and institutional, that might lead to potential
bias or a conflict of interest. Any financial grants or other support re-
ceived for a submitted study from individuals or institutions should
be disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases
of a potential conflict of interest of the editors, authors, or review-
ers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

Any conflict of interest must be included at the end of the man-
uscript.

Changes of Authorship

Changes to authorship (addition, deletion and rearrangement) can
only be made before the manuscript has been accepted by approv-
al of the Editorial board. In case of a request for the author change
to the Editor, corresponding author must provide the reason for a
change in author list and an aggreement letter signed by all au-
thors.
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In the case of Editorial Board’s approval on the change of au-
thorship, authors should send a new Copyright Agreement Form
signed by all authors.

Retractions

Retraction of an article is very difficult. Therefore, authors should
declare at the beginning if they have any conflict of interest or
major errors. Retraction is only possible in the presence of very
important errors. To do that, significant justification from all au-
thors is required to satisfy the editorial board. If the paper is re-
tracted, a “retraction statement” will be put on the article contain-
ing the reasons of the article retraction.

Change in authorship and retraction requests will be reviewed by
the Editorial Board, and the final decision about this kind of re-
quests rest on Editorial Decision.

Copyright and Access Policy

The Editorial Board of the journal handles all appeal and com-
plaint cases within the scope of COPE guidelines. In such cases,
authors should get in direct contact with the editorial office re-
garding their appeals and complaints. When needed, an om-
budsperson may be assigned to resolve cases that cannot be
resolved internally. The Editor in Chief is the final authority in the
decision-making process for all appeals and complaints. Acta Vet-
erinaria Eurasia requires each submission to be accompanied by
a Copyright Agreement and Acknowledgement of Authorship
Form (available for download at http://actaveteurasia.istanbulc.
edu.tr). When using previously published content, including fig-
ures, tables, or any other material in both print and electronic for-
mats, authors must obtain permission from the copyright holder.
Legal, financial and criminal liabilities in this regard belong to the
author(s). By signing this form, authors agree that the article, if
accepted for publication by the Acta Veterinaria Eurasia, will be
licensed under a Creative Commons Attribution-NonCommercial
4.0 International License (CC-BY-NC). Statements or opinions ex-
pressed in the manuscripts published in Acta Veterinaria Eurasia
reflect the views of the author(s) and not the opinions of the edi-
tors, the editorial board, or the publisher; the editors, the editorial
board, and the publisher disclaim any responsibility or liability for
such materials. The final responsibility in regard to the published
content rests with the authors.

Article Submission and Processing Charges

Acta Veterinaria Eurasia (Acta Vet Eurasia) does not require pay-
ment from authors or their institutions or funding agencies as an
Article Submission and/or Processing Charges for publication of
their work. All articles become available right after publication to
everyone from everywhere without any cost or subscription.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICM-
JE-Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2018 - http://www.icmje.org/icmje-recommendations.

pdf). Authors are required to prepare manuscripts in accordance
with the CONSORT guidelines for randomized research studies,
STROBE guidelines for observational original research studies,
STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE
guidelines for experimental animal studies, and TREND guidelines
for non-randomized public behavior. Manuscripts can only be
submitted through the journal’s on-line manuscript submission
and evaluation system, available at actaveteurasia.istanbulc.edu.
tr. Manuscripts submitted via any other medium will not be eval-
uated. Manuscripts submitted to the journal will first go through
a technical evaluation process where the editorial office staff will
ensure that the manuscript has been prepared and submitted in
accordance with the journal’s guidelines. Submissions that do not
fulfill the criteria of the journal’s guidelines will be returned to the
submitting author with technical correction requests.

Authors are required to submit the following:

- Copyright Agreement and Acknowledgement of Authorship
Form
+ ICMJE Conflict of Interest Form

Text Format

The manuscripts should be formatted in Times New Roman, 12 in
size, double space lining and lines should be numbered in every
page.

Title Page

A separate title page should be submitted with all submissions
and this page should include:

- The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

- Name(s), affiliations, highest academic degree(s), and ORCID
ID(s) of the author(s)

«Name, address, telephone (including the mobile phone num-
ber) numbers, and email address of the corresponding author.

Abstract

An English abstract should be submitted with all submissions ex-
cept for Letters to the Editor. The Abstract section of all types of ar-
ticles should be unstructured. This section should not exceed 300
words in research articles, 250 words in reviews and 200 words in
case reports and short communications. Abstract section should
not include references, citations to the figures and tables, and
there should not be any undefined abbreviations.

Keywords

Each submission must be accompanied by a minimum of three to a
maximum of six keywords for subject indexing at the end of the ab-
stract. The keywords should be listed in full without abbreviations.

Symbols and Abbreviations

With respect to symbols in the manuscript, International System
of Units (SI) should be used. Abbreviations should be defined at
first mention and used consistently thereafter.
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Manuscript Types

Original Research Articles: This is the most important type of ar-
ticle since it provides new information based on original research.
The main text of original research articles should be structured
with Introduction, Materials and Methods, Results, and Discussion
subheadings. The results and discussion may be combined into
one section, if desired.

Statistical analyses must be conducted in accordance with in-
ternational statistical reporting standards (Altman DG, Gore SM,
Gardner MJ, Pocock SJ. Statistical guidelines for contributors to
medical journals. Br Med J 1983: 7; 1489-93). Information on sta-
tistical analyses should be provided with a separate subheading
under the Materials and Methods section.

Review Articles: Reviews prepared by authors who have exten-
sive knowledge on a particular field and whose scientific back-
ground has been translated into a high volume of publications
with a high citation potential are welcomed. “Invited reviews”
are considered to be published in the journal. However, review
articles submitted by experts and experienced researchers are
also taken into evaluation. In such cases, the first author or cor-
responding author should have at least ten research articles pub-
lished in the journals covered by SCl-expended. All authors of the
review article should have PhD degree. Reviews should describe,
discuss, and evaluate the current level of knowledge of a topic in
the field and should guide future studies. The main text of review
articles should begin with an Introduction section and finalized
with a Conclusion section. The remaining parts can be named rel-
evantly to the essence of the research. Short reviews will be con-
sidered as Mini Review. Mini reviews can only be considered after
the evaluation by the editorial board according to emergency and
importance of the subject in relation to animal and public health.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challenges in
diagnosis and treatment, those offering new therapies or revealing
knowledge not included in the literature, and interesting and educa-
tive case reports are accepted for publication. The text should include
subheadings of Introduction, Case Presentation, and Discussion.

Short Communications: Short communications are the nar-
row-scoped research articles that provides new scientific infor-
mation. These types of articles should be prepared in the original
article format and contain Introduction, Materials and Methods,
Results, and Discussion subheadings.

Letters to the Editor: This type of manuscript discusses import-
ant parts, overlooked aspects, or lacking parts of a previously
published article. Articles on subjects within the scope of the jour-
nal that might attract the readers’attention, particularly educative
cases, may also be submitted in the form of a“Letter to the Editor.”
Readers can also present their comments on the published man-
uscripts in the form of a “Letter to the Editor.” Abstract, Keywords,
Tables, Figures, Images, and other media should not be included.

The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive
title must be placed above the tables. Abbreviations used in the ta-
bles should be defined below the tables by footnotes (even if they
are defined within the main text). Tables should be created using
the “insert table” command of the word processing software and
they should be arranged clearly to provide easy reading. Data pre-
sented in the tables should not be a repetition of the data present-
ed within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document
or the main document. When there are figure subunits, the sub-
units should not be merged to form a single image. Each subunit
should be submitted separately through the submission system.
Images should not be labeled (a, b, ¢, etc.) to indicate figure sub-
units. Thick and thin arrows, arrowheads, stars, asterisks, and sim-
ilar marks can be used on the images to support figure legends.
Like the rest of the submission, the figures too should be blind.
Any information within the images that may indicate an individ-
ual or institution should be blinded. The minimum resolution of
each submitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear in reso-
lution and large in size (minimum dimensions: 100 x 100 mm).
Figure legends should be listed at the end of the main document.

Allacronyms and abbreviations used in the manuscript should be de-
fined at first use, both in the abstract and in the main text. The abbre-
viation should be provided in parentheses following the definition.

The Latin scientific names of a species should be written in italics.
Apart from the names of species, italicization should be avoided
as much as possible.

When a drug, product, hardware, or software program is mentioned
within the main text, product information, including the name of the
product, the producer of the product, and city and the country of the
company (including the state if in USA), should be provided in paren-
theses in the following format: “Chelex-100 (BioRad, California, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the or-
der they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.

Ethical Approval: The name and approval number of the ethics
committee should be given at the end of the manuscript, if ethics
committee approval is required for the research protocol.
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References

While citing publications, preference should be given to the lat-
est, most up-to-date publications. Both in-text citations and the
references must be prepared according to American Psycholog-
ical Association (APA) 6th edition style. In the main text of the
manuscript, references should be cited by author’s name and the
publication year in parenthesis. In the case of direct citations in
the main text, only publication year should be stated in parenthe-
sis after the name of the author. Please see below the examples:

For single authored reference: (Bell, 2005)
For double authored reference: (Nielsen and Engberg, 2006)

For direct citation in a sentence: “According to Bell (2005)......!
or“According to Nielsen and Engberg (2006)......!

Reference with multiple authors: (Doyle et al., 2007)

For multiple references, in order of year: (Bell, 2005; Bell, 2008;
Doyle et al., 2007; Nielsen and Engberg, 2006; Willis and Murray, 1997)

For references with the same author and year: (Bell, 2005a; Bell,
2005b; Bell, 2005¢)

Reference List

The list of references should only include works that are cited in
the text and that have been published or accepted for publica-
tion. The references must be listed alphabetically according to the
last name of the author. The author names and the publication
year should be written in bold. Journal titles should not be abbre-
viated. If an ahead-of-print publication is cited, the DOl number
should be provided. Authors are responsible for the accuracy of
references.

The reference styles for different types of publications are pre-
sented in the following examples:

Journal Article: Cohen, N.D., Vontur, C.A., Rakestraw, P.C.,
2000. Risk factors for enterolithiasis among horses in Texas. Jour-
nal of the American Veterinary Medical Association 216, 1787-
1794.

Book Section: Kramer, J.M., Gilbert, R.J., 1989. Bacillus cereus.
In: Doyle, M.P. (Ed.), Foodborne Bacterial Pathogens. Marcel Dek-
ker, New York, pp. 22-70.

Books with a Single Author: Combs, G.F, 1992. The Vitamins:
Fundamental Aspects in Nutrition and Health. Academic Press,
San Diego.

Conference Proceedings: Cardinali, R., Rebollar P.G., Mugnai,
C.,Dal Bosco, A., Cuadrado, M., Castellini, C., 2008. Pasture avail-
ability and genotype effects in rabbits: 2. development of gastro-in-
testinal tract and immune function of the vermiphorm appendix.
In: Proc. 9th World Rabbit Congress, Verona, Italy, 1159-1164.

Thesis: Bacinoglu, S., 2002. Boga spermasinda farkl eritme
streleri ve eritme sonrasinda olusturulan soguk soklarinin sper-
matolojik 6zelliklere etkisi. Doktora Tezi, istanbul Universitesi
Saglik Bilimleri Enstitiisi, istanbul.

Manuscripts Published in Electronic Format: Thierry, F., 2006.
Contagious equine metritis: a review. Equine Reproductive Infections:
http://www.equinereproinfections.com (Accessed on 07.07.2006].

REVISIONS

When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states point by
point how each issue raised by the reviewers has been covered
and where it can be found (each reviewer’s comment, followed
by the author’s reply and line numbers where the changes have
been made) as well as an annotated copy of the main document.
Revised manuscripts must be submitted within 30 days from the
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Abstract

The thyroid is an important endocrine gland that affects many
organs of the body. A limited number of works have been
done on the morphological and histological characteristics of
this gland in the camel and controversial debates have been
made on the presence of parafollicular cells. The aim of this
study is to investigate the histological structure of the thyroid
in the camel and determine the presence of parafollicular
cells in this gland. This study was performed on 20 camels. The
histological structure of the thyroid was studied using light
microscope after preparing sections and staining it with He-
matoxylin & Eosin, Verhoeff, and Toluidine blue. Thyroid gland

has follicles of different sizes, follicular and parafollicular cells,
and according to our results these cells are forming about
59.1% and 5% of the gland volume respectively. The large
follicles are located in the peripheral part of the gland while
the small follicles are seen in the central part of the gland. The
central parts of the gland have a more extensive vascular bed
than the peripheral parts. This study revealed that the thyroid
gland in camel has parafollicular cells, but most of them are
present in the central part of the gland.

Keywords: Camel, histology, parafollicular cell, thyroid

Introduction

Camelis a ruminant that is adapted to hot, dry, and inclement
climates. Camel has many differences from animals that live
in temperate climates. This animal can lose 25% of its body
weight and they can concentrate their urine without illness.
Camel’s body temperature changes in a wide range. Stabiliza-
tion of the internal situation of the camel’s body depends on
the endocrine system in hot weather and the thyroid gland
influences many organs (Atoji et al., 1999). Thyroid gland con-
tains both follicular cells that produce triiodothyronine (T3)
and tetraiodothyronine (T4) hormones, and parafollicular
cells, which produce calcitonin hormone. These hormones
play an important role in the metabolism of animals (Ab-
del-Magied et al., 2000; Kausar and Shahid, 2006; Mason and
Wilkinson, 1973).

Epithelial clusters that sprout from the caudal part of the fourth
pharyngeal pouch are replaced by cells of the neural crest that
are located around this pharyngeal pouch, making the ultimo-
branchial body. These cells incorporated into the thyroid gland
and form parafollicular cells (Hyttel et al., 2010).

Yagil et al. (1978) showed that the thyroid gland affects the
animal’s compatibility with inclement weather. Thyroid gland
structure has been studied by both light and electron micros-
copy in different mammals (Fujita, 1975; Kurihara et al., 1990).
Few histological and anatomical studies have been performed
previously on the thyroid gland of camels. Also, the focus of
previous histological studies of the camel thyroid gland was
on the ultrastructure of the follicular cells (Abdel-Magied et al.,
2000; Atoji et al., 1999; Kausar and Shahid, 2006). Although the
results of these studies were similar with respect to the general
structure of the camel thyroid gland, there has been a disagree-
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ment on the presence of the parafollicular cells. Moreover, the
results of preliminary studies performed in this area differ with
some results of recent studies. The present study was conduct-
ed with an emphasis on the presence or absence of parafollicu-
lar cells on the camel thyroid gland.

Materials and Methods

This study was conducted in spring on 20 (10 males and 10
females) 6-10 years old one humped camels, whose age was
determined by their teeth (Hillson, 2005). Samples were col-
lected from the Semnan industrial slaughterhouse, Semnan
Province, Iran. The slaughterhouse authorities gave permis-
sion to use the animals in this study. It was concluded that the
study is in compliance with the Principles of Scientific Research
and Publication Ethics according to the examination that was
made by Semnan University Veterinary Faculty Sub-Commit-
tee of Ethics. First, the anatomical characteristics of the thyroid
glands were examined and their dimensions were measured.
Then, for histological investigation, both lobes of the thyroid
were removed, weighed, divided into pieces with a thickness
of 5 mm, and fixed in 10% buffered formalin solution for 72 h.
After routine histological processing, thyroid samples were em-
bedded in paraffin and 6-um sections were prepared. The sec-
tions were stained with Hematoxylin & Eosin and Verhoeff for
light microscopic investigation. Hematoxylin & Eosin stained
sections were used for histological inspection and stereological
procedures, and Verhoeff stained sections were used for reveal-
ing connective tissue (Bancroft and Gamble, 2008; Culling and
Allison, 1985). For toluidine blue staining some specimens were
fixed in phosphate buffered glutaraldehyde (pH 7.4) and post
fixed in osmium tetroxide (Sigma-Aldrich Co. LLC, Germany) in
the same buffer at 4°C. Then they were dehydrated and embed-
ded in epoxy resin (Epoxy Embedding Kit, Sigma-Aldrich Co.
LLC, Germany) and semi-thin sections (1 pm thick) were pre-
pared and were stained with toluidine blue (Bancroft and Gam-
ble, 2008; Culling and Allison, 1985; Glauert and Lewis, 1998).

Toluidine blue is an acidophilic metachromatic dye that selec-
tively stains acidic tissue components such as sulfates, carbox-
ylates, and phosphate radicals. Toluidine blue can be used to
stain connective tissue mucins, especially acid mucins, mast
cell granules, endocrine cells and frozen sections (Sridharan
and Shankar, 2012). Lead-Haematoxylin is well used for staining
most endocrine cells of the pancreatic islets, thyroid, pituitary
gland and adrenal medulla. The two methods of Toluidine blue
and Lead-Hematoxylin have similar results in staining of the
thyroid endocrine cells (Solcia et al., 1969). In our study, Tolu-
idine blue staining method has been used for identifying and
showing parafollicular cells in the thyroid gland.

The volume densities of parafollicular and follicular cells were
determined by using the point- counting method of Weibel
(1979). For cell volume density calculations, sections were tak-
en from eight different parts of the thyroid glands of each ani-
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mal. In each section, 50 different areas were evaluated under
x 400 magnification. In each area follicular and parafollicular
cell numbers touching to the points of counting graticule (100
point graticule) were recorded.

Statistical analysis

For statistical analysis, Statistical Package for the Social Sci-
ences 2003 (SPSS, IBM Corp.; NY, USA) software was used and
the differences between groups were determined using a Stu-
dent’s t-test. Overall, p-values less than 0.05 were regarded as
statistically significant.

Results and Discussion

The thyroid gland of camel were consisting of two oval shaped
lobes connected together by a distinct non-glandular isthmus
across the ventral surface of the trachea at the level of the sec-
ond and third rings. The right lobe of the thyroid gland was lo-
cated on the dorsomedial aspect of the trachea at the level of
the first to fifth rings and the left lobe was located at the level
of the second to sixth rings on the medial aspect of the trachea.
Weight and dimensions of the thyroid gland were slightly high-
er in female camels compared with the male ones, though the
difference was not statistically significant (Table 1).

The thyroid glands were surrounded by a thin capsule of dense ir-
regular connective tissue, containing a large number of thin colla-
gen fibers (Figure 1). Some trabeculae were penetrating from the
capsule into the gland and producing some irregular lobules (Fig-
ure 2). Each lobule was consisting of a number of follicles with dif-
ferent sizes and shapes. There were many fibroblasts, blood cap-
illaries and thin collagen fibers between the follicles. Each follicle
was surrounded by an epithelium, varying from simple cuboidal
to low columnar, lying on a basement membrane. The secretion
were stored in the follicles as a homogeneous eosinophilic colloid.
In each follicle, the size of the cells were the same.

Table 1. Dimensions and weight of the right and left lobes of the
thyroid gland in one-humped camel (mean + standard deviation)

Camel Right lobe Left lobe
Male 5.7+0.4 4.6+0.9
Length (mm) Female 5.9+0.3 5.2+0.7
Mean 5.8+0.35 49+0.8
Male 2.4x0.7 2.1£0.8
Width (mm) Female 2.8+0.2 2.5+04
Mean 2.6+0.45 2.3+0.6
Male 0.9+0.65 0.9+0.46
Height (mm) Female 0.9+0.25 0.9+0.73
Mean 0.9+0.45 0.9+0.6
Male 52.71+£0.83 50.67+0.21
Weight (gr) Female 54.2+0.34 51.94+0.17
Mean 53.46+0.59 51.31+£0.19
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Depending on their size, follicles were divided into two
groups. Large follicles were located in the peripheral area and
the small follicles were placed in the central part of the gland
(Figure 1). Sometimes, the epithelium of the large follicles
were containing low cuboidal to squamous cells, while the
epithelium of small follicles were varying from cuboidal to low
columnar. The colloid in the large follicles was completely aci-
dophilic and thick, but in small follicles, it was less acidophilic,
thinner and uniform. The follicular cells, which constitute the
largest cell population of the gland, were cuboidal and have
a relatively basophilic cytoplasm. A large nucleus was present
at the base of the cells (Figure 3). Small follicles were forming
the active follicular population, which were having vacuoles
in their colloid.

The parafollicular cells were found in very small numbers in
the camel thyroid gland. These cells, which were often found
individually or collectively between follicles, were stained light-
er and were larger than follicular cells. Parafollicular cells were
commonly found between the small follicles in camel thyroid
gland. They were rarely present between the large follicles or
between follicular cells (Figure 3). Parafollicular and follicular
cell volume densities are given in Table 2.

Figure 1. Thyroid gland of the camel. A thin collagenous
capsule (C) surrounds the gland. The large follicles (LF) are
located in the peripheral part of the gland and the small
follicles (SF) in the central part of the gland. H&E.

Dimensions and weight of camel thyroid gland were not sig-
nificantly different in the males and females. These results
are similar to those of Kausar and Shahid (2006). The camel
thyroid gland is located in a close contact with the trachea
and on its lateral surface, as seen in other domestic mammals
(Dyce et al., 1996; Nickel et al., 1979; Pousty and Adibmorady,
2003; Sisson et al., 1975). As Allen et al. (1998) have shown
in their reports, the thyroid gland is surrounded by a capsule
of collagenous connective tissue and penetration of trabec-
ulae from the capsule into the gland divides it into various
lobules. The lobules are made from follicles, which vary in size
and shape. These features are also available in camels and are
consistent with the findings of Kausar and Shahid (2006), Atoji
etal. (1999), and Abdel-Magied et al. (2000). In contrary to the
study of Kausar and Shahid (2006) reporting that the capsule
of the camel’s thyroid gland is thick, the results of this study
show that the thyroid gland is surrounded by a thin capsule.
Unlike other domestic mammals, in camel, the large (inactive)
follicles are present in the peripheral part of the gland while
the small (active) ones are located at the center of the gland
(Abdel-Magied et al. 2000; Atoji et al. 1999; Pousty and Adib-
morady, 2003). Loose connective tissue and vascular bed are

.<'_Y:" & 'A“lr_ ?“”An")“-”éﬁ-, A ‘~ : il J
Figure 2. Thyroid gland of the camel. Penetration of

trabeculae (arrow) from the capsule (C) into the gland.
Artery: (A), Follicle: (F). Verhoeff.

Figure 3. a-c. Thyroid gland of the camel. Hematoxylin & Eosin (a, ¢) and Toluidine blue (b); Follicular cells (arrows) that constitute the
wall of the follicles. Parafollicular cells (arrowheads) with light cytoplasm are located between the follicles.
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Table 2. Mean values (mean value + standard deviation) of some
stereological parameters of the thyroid gland in one-humped camel

Variable Volume density
Follicular cell (%) 59.1+4.37
Parafollicular cell (%) 5.00+0.18
Colloid (%) 31.1+2.13
Stroma (%) 4.6+0.25

well developed in the central part of the gland, which is con-
sistent with the activity of the central small follicles (Atoji et
al., 1999; Kausar and Shahid, 2006; Pousty and Adibmorady,
2003). Camel is a ruminant, which is adapted to dry, very hot,
and adverse climates (Atoji et al., 1999). In warm and dry ar-
eas, the internal condition of the camel’s body is dependent
on the endocrine system, and the thyroid affects many or-
gans of the body (Banks, 1993). Reduction in thyroid function
during dehydration in the summer helps to maintain water
level by reducing pulmonary water loss and basal metabolism
(Yagil et al.,, 1978). It seems that this specific arrangement of
the follicles at the peripheral and central parts of the gland is
effective in preparing the animal to cope with the hot and dry
weather of the deserts. Although this condition has been ob-
served in some rodents such as rats and guinea pigs (Pousty
and Adibmorady, 2003), it has not been reported by research-
ers such as Abdel-Magied et al. (2000), Atoji et al. (1999) and
Kausar and Shahid (2006) who studied camel’s thyroid gland
previously. Like other domestic mammals (Banks, 1993; Fuji-
ta, 1975; Mason and Wilkinson, 1973; Nickel et al., 1979), in
the camel’s thyroid gland, cuboid cells form the wall of the
follicles and the inside of the follicles is full of colloid. These
results are consistent with the findings of Abdel-Magied et al.
(2000), Atoji et al. (1999) and Kausar and Shahid (2006).

Although there has been studies reporting that parafollicular
cells are absent in camel’s thyroid (Abdel-Magied et al., 2000;
Atoji et al., 1999; Kausar and Shahid, 2006), this study showed
that these cells are present in the camel’s thyroid gland. The
staining of these cells is paler than follicular cells. Also, they
are brighter and larger than follicular cells and they are lo-
cated between the follicles. These cells are significantly fewer
than follicular cells and are more commonly seen between the
small and active follicles of the central part of the gland, due
to massive vascular bedding in this area. These cells are rarely
present in the peripheral parts of the gland. The presence of
ultimobranchial structure in the camel’s thyroid gland has also
been reported by Mubarak and Sayed (2005). In mammals such
as horses, dogs, and cats, these cells are present as light and
pale cells between the follicles and follicular cells and occupy
a small number of thyroid cells (Banks, 1993; Manohar et al.,
1995). In this study the presence of parafollicular cells in the
thyroid gland of camel has been shown by routine histological
methods, besides, further research is needed. They are located
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in the central part of the gland, between the small follicles. Like
other domestic mammals, these cells form a small amount of
the thyroid cells.
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Abstract

This study was designed to investigate the presence and the
prevalence of Arcobacter butzleri, Arcobacter cryaerophilus,
and Arcobacter skirrowii in sheep carcass swabs and feces from
sheep with and without diarrhea raised in Istanbul. Also it was
aimed to determine their resistance profiles against some an-
timicrobials. For this purpose, 50 fecal samples from sheep
without diarrhea, 50 fecal samples from sheep with diarrhea,
and 50 carcass swab samples from sheep were the material of
this study. Arcobacter spp. were isolated from 49 (32.6%) of
total 150 samples. 34 samples (68%) of 50 fecal samples from
sheep with diarrhea, 5 samples (10%) from 50 fecal samples

of sheep without diarrhea and 10 samples (20%) of 50 sheep
carcass swabs were found to be positive according to isolati-
on results. According to multiplex Polymerase Chain Reaction
(MPCR) results, 31 of 49 were identified as A. skirrowii (63.3%),
9 of 49 were A. butzleri (18.3%), while 9 of 49 were A. crya-
erophilus (18.3%). As a conclusion, Arcobacter species should
be taken into consideration especially in sheep with diarrhea.
Additionally, it should be considered that arcobacters have
started to gain resistance against fluoroquinolones.

Keywords: Arcobacter butzleri, Arcobacter cryaerophilus, Arco-
bacter skirrowii, antibiotic sensitivity test, mPCR, sheep

Introduction

The importance of arcobacters that are described as foodborne
and zoonotic entero-pathogens has increased in recent years.
Arcobacter species (spp.) are considered emerging food-borne
entero-pathogens (Abay et al., 2012; Atabay and Corry, 1998).
Although it varies among species, these bacteria can be found in
animals showing signs of gastroenteritis, abortion and mastitis
whereas it can also be seen in healthy animals which do not have
these symptoms (On et al.,, 2002, Vandamme et al., 1992b). Espe-
cially Arcobacter butzleri (A. butzleri) is the most known species
that they can cause food-borne gastroenteritis and septicemia in
human beings (Lau et al., 2002; Vandamme et al., 1992b).

Lately, Arcobacter spp. has been frequently isolated from ani-
mal source foods (Fernandez et al., 2015; Sekhar et al., 2017). Al-
though they have shown significant phenotypic heterogeneity
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in terms of their biochemical and physiological characteristics,
the genus Arcobacter is classified together with Campylobacter
genus under the Campylobacteriaceae family (Vandamme and
De Ley, 1991). Their ability to grow at temperatures below 30°C
and aerotolerance characters are the features that seperate
Arcobacter species from Campylobacter species. Therefore, they
have been defined as“aerotolerant campylobacters” (Neill et al.,
1978).

Arcobacters have been identified as a potential zoonotic agent
of food and water origin. The discovery of new species has en-
larged the genus. Recently, the whole Arcobacter genus has
been defined to contain 25 species (Ramees et al., 2017). In
the genus, A. butzleri, A. cryaerophilus and A. skirrowii can more
probably cause human diseases (Assanta et al., 2002). Among
several Arcobacter species, A. butzleri, A. cryaerophilus, and A.
skirrowii are reported to have veterinary and public health sig-
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nificance. Arcobacter spp. have been included among microor-
ganisms that pose a high risk for human health and A. butzleri
can be isolated from many human cases, it has been accepted
as the most significant species in this genus by Internation-
al Food Microbiology Specification Committee (Collado and
Figueras, 2011).

Although there are many medium and different procedures
for the identification of Arcobacter spp., no standard refer-
ence methods have been suggested. Atabay and Corry (1998)
used an arcobacter broth with the addition of cefoperazone,
amphotericin, and teicoplanin (CAT) supplements in their re-
search, and more recently, Houf et al. (2001) developed an Arco-
bacter-specific isolation method with the use of an arcobacter
medium. This medium consisted of five antibiotics, including
cefoperazone, trimethoprim, amphotericin, novobiocin, and
5-fluorouracil.

Modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA)
with the addition of a CAT supplement was used by Kemp et al.
(2005). Columbia agar containing 5% (vol/vol) of defibrinated
horse blood was also used by Merga et al. (2011).

The biochemical properties of Arcobacter spp. reported by Van-
damme et al. (1992a) are that A. butzleri, A. cryaerophilus, and A.
skirrowii strains have oxidase and catalase activities and can not
produce hydrogen sulfide on Triple Sugar Iron agar.

Methods used for direct detection and/or typing of the species
in the genus include PCR, multiplex PCR (mPCR), real time PCR
(RT-PCR), fluorescence in situ hybridisation (FISH), denaturing
gradient gel electrophoresis PCR (DGGE-PCR), restriction frag-
ment length polymorphism (RFLP) and matrix assisted laser
desorption ionization mass spectrometry (MALDITOF MS) En-
terobacterial repetitive intergenic consensus (ERIC) PCR was
set up and optimized for the characterization of A. butzleri, A.
cryaerophilus, and A. skirrowii strains (Houf et al., 2002).

Recently, mPCR has been developed as a very useful method
for quick identification of Arcobacter species. It has been re-
ported that there is no risk of false positive results based on the
contamination with other bacteria from Campylobacteriaceae
family. It can reduce the time required for the identification of
Arcobacter spp. and eliminate the likelihood of false-positive
results because of other Campylobacteriaceae family members
(Neubauer and Hess, 2006; Snelling et al., 2006).

Fluroquinolones and tetracycline have been suggested for the
treatment of infections caused by A. butzleri in humans and
animals (Son et al.,, 2007; Vandenberg et al., 2006). It is stated
that the resistance to erythromycin and the susceptibility to
ciprofloxacin may have human health effects, as the two an-
timicrobials are generally used as first-line drugs to treat the
bacterial infections due to bacteria in the Campylobacteriaceae
family (Rahimi, 2014).
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Abay et al. (2012) argued as a conclusion of their study that
gentamycin, streptomycin, and tetracycline would be suitable
antibiotics for the treatment or control of the disease caused
by Arcobacter spp. in veterinary and human medicine. Aski et
al. (2016) reported that all Arcobacter isolates were resistant to
rifampicin, vancomycin, ceftriaxone, trimethoprim, and cepha-
lothin, and furthermore, the isolates showed high susceptibility
to tetracycline, oxytetracycline, erythromycin, ciprofloxacin, ka-
namycin, amikacin, gentamicin, and enrofloxacin.

This study aimed to investigate the presence and the prev-
alence of A. butzleri, A. cryaerophilus, and A. skirrowii in sheep
carcass swabs and feces of sheep with and without diarrhea. It
also aimed to determine their resistance profiles against some
antimicrobials. In addition, the possible effects of season, gen-
der, sample type, and age on the prevalence of arcobacters
were examined.

Materials and Methods

This study was approved by Ethic Committee of the istanbul
University Faculty of Veterinary Medicine (Approval number:
2013/74).

Samples

Fifty fecal samples from healthy sheep, 50 fecal samples from
sheep with diarrhea, and 50 swab samples from sheep carcass-
es were taken from different farms and slaughterhouses located
in istanbul, Turkey. All the samples were gathered in the same
year and only one sample was received from each sheep. 150
samples were taken from 73 male and 77 female animals. The
details of the samples and their collections were given in Table
1. The fecal samples were collected from rectum and stored in
sterile plastic containers and the carcass swab samples were
taken by using sterile cotton swabs. The swab samples were
taken from the area from neck to the hips (50 cm?) according to
the EU Regulation 2073/2005. All the samples were analyzed in
the microbiology laboratory in 3 hours after they were collect-
ed from the sheep.

Reference strains

The positive control strains belong to A. butzleri, A. cryaerophi-
lus and A. skirrowii were taken from Victor Segalen Bordeaux Il
University Hospital's Bacteriological Laboratory.

Culture

Two grams of fecal materials were transferred into the test tubes
including 9 ml of arcobacter broth (Oxoid, Basingstoke, UK), and
each swab sample was transferred into the test tubes including
2 ml of arcobacter broth with the addition of 5-fluorouracil (100
mg/1000 mL) (Merck, Darmstadt, Germany), amphotericin B
(10 mg/1000 mL) (Bioshop, Ontario, Canada), cefoperazone (16
mg/1000 mL) (Sigma-Aldrich, Saint Louis, USA), novobiocin (32
mg/1000 mL) (Sigma-Aldrich, Saint Louis, USA), and trimetho-
prim (64 mg/1000 mL) (Sigma-Aldrich, Saint Louis, USA) (Houf et
al, 2001) as an enrichment broth, and were incubated aerobically
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Table 1. The information regarding the samples collected in one year

Farm code
FARM A
FARM B
FARM C
FARM A
FARM D
FARM E
FARM F
FARM G
FARM H

Sample type (n:number)

Fecal samples from sheep without diarrhea (n=50)

Fecal samples from sheep with diarrhea (n=50)

Sample number The month of sample collection

SLAUGHTERHAUSE A
SLAUGHTERHAUSE B
SLAUGHTERHAUSE C
SLAUGHTERHAUSE D

Carcass swab samples (n=50)

20 MAY

20 JUNE, JULY
10 AUGUST
3 MAY

6 SEPTEMBER
10 OCTOBER
4 NOVEMBER
14 NOVEMBER
13 DECEMBER
10 JULY

15 JuLy

15 AUGUST
10 OCTOBER

Table 2. Primer sequences used in this study (Houf et al., 2000)

Primers Sequence (5'to 3’)
A.butzleri BUTZ CCT GGA CTT GAC ATA GTA AGA ATGA
16Ss r DNA ARCO CGT ATT CAC CGT AGC ATA GC
A.skirrowii SKIR GGC GATTTA CTG GAA CACA
A.cryaerophilus CRY1 TGCTGG AGC GGATAG AAGTA
23S rDNA CRY2 AAC AAC CTA CGT CCTTCG AC

at 30°C for 24 h. At the same time, motility tests were performed
with each sample taken from arcobacter broth after 24 h as soon
as the pre-enrichment stage was completed. Spiral or corkscrew
motility types were observed. After the pre-enrichment phase,
15 ul was collected from broth culture and was inoculated onto
modified charcoal-cefoperazone-deoxycholate agar (Scharlab,
Barcelona, Spain) as a selective medium which consisted of CAT
supplement (Oxoid, Basingstoke, UK).

It was incubated for 48 h at 30°C under aerobic conditions.
At the end of incubation, Gram staining was performed on
gray-white, small, round, and S-type colonies. Gram negative
colonies were transferred to Columbia agar (Biolife, Milan, It-
aly). The Gram staining properties of gray-white, small, round,
and S-type colonies were reexamined after 24-48 h (Merga et
al., 2011). The biochemical features of gram negative bacteria
showed catalase and oxidase activities, but no production of
hydrogen sulfide was detected from any of the strains. Addi-
tionally all reference strains were isolated with the same meth-
od.

Multiplex polymerase chain reaction (mPCR)

The isolates were then identified to species level by multiplex
PCR (Houf et al., 2000). A boiling method was used to extract
DNA from the Arcobacter isolates.
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Selected primer sequences shown in Table 2 were amplified ac-
cording to the method by Houf et al. (2000) through PCR, using
a reaction mixture containing 4 pl 10X PCR buffer+MgCl,, 0.8
pl 10mM dNTPs, 2 pl (20 pmol/mL) of each of the four primers
(BUTZ, ARCO, CRY1, CRY2) and 1 pl (20 pmol/mL) of SKIR prim-
er, 0.3 yl of Taqg DNA polymerase, 15.9 ul DNase-free water,
and 10 pl bacterial DNA for each sample. PCR amplification kit
(Qiagen, Germantown, USA) was used in the study. The reac-
tions were performed in a thermal cycler (Biometra UNO-Ther-
moblock, Dublin, Ireland) with the following amplification con-
ditions: a denaturation step for 3 min at 94°C; 37 amplification
cycles: denaturation for 2 min at 94°C, annealing for 45 sec at
61°C, and for 30 sec. extension at 72°C; the final extension step
was 7 min at 72°C.

The electrophoresis (Biometra, Dublin, Ireland) was performed
approximately at 125V for 45 min. The bands were visualized
on an UV illuminator. The resulting products sizes were 257 bp
for A. cryaerophilus, 401 bp for A. butzleri, and 641 bp for A. skir-
rowii. Furthermore, all reference strains were identified with the
same technique.

Antibiotic sensitivity test

The antibiotic resistance profiles of Arcobacter strains were
determined by using disc diffusion technique. Blood agar that
comprised 5% (v/v) of defibrinated horse blood in blood agar
base no. 2 was used for this purpose. Sterile cotton-tipped
swab was used for spreading on the plate. Later on, each anti-
biotic disc was placed onto the agar and the plates were kept
at 4°C for about 15 min. The plates incubated in a micro-aerobic
atmosphere at 30°C for 48 h and the diameters of the inhibi-
tion zones were measured with calipers. The diameters of the
zones occurred around the discs were evaluated according to
the criteria defined for materials for Campylobacter spp. by the
National Committee for Clinical Laboratory Standards and also
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according to the criteria specified for Enterobacteriaceae by the
European Committee on Antimicrobial Susceptibility Testing
(2015), since no standardized source was described yet to make
comparison.

Statistical analysis

In order to determine the statistical significance of the findings,
the results were evaluated with “Chi-square (x?) test” by SPSS
13.0 programme (SPSS Inc.; IL, Chicago, USA) by comparing the
positive rates of A. butzleri, A. cryaerophilus, and A. skirrowii un-
der sex, age, season, and sample subgroups.

Results

Culture and isolation studies

A total of 150 samples were collected from 50 sheep with di-
arrhea, 50 healthy sheep, and 50 sheep carcasses from the
slaughterhouses and farms in and around Istanbul province.
Fourty-nine (32.6%) of 150 samples were detected as Arco-
bacter spp.

HH-HH_"_H-

LB "

Thirty-four (68%) of 50 fecal samples from sheep with diarrhea,
5 (10%) of 50 fecal samples from sheep without diarrhea and
10 (20%) of 50 sheep carcass swab samples were found to be
positive according to isolation results.

Multiplex Polymerase Chain Reaction (mPCR)

Presumptive colonies were chosen according to their macro-
scobic and microscobic features. Only one suspicious colony
from each culture were applied for PCR identification. A total
of 49 culture positive samples were tested by mPCR and all 49
(100%) samples were positive in terms of Arcobacter species. As
a result of the agarose gel electrophoresis of the mPCR prod-
ucts, 257 bp for A. cryaerophilus, 401 bp for A. butzleri, and 641
bp bands for A. skirrowii were detected. According to mPCR, 31
of 49 samples were identified as A. skirrowii (63.2%), 9 of 49 as
A. butzleri (18.3%), while 9 of 49 as A. cryaerophilus (18.3%) (Fig-
ures 1, 2).

Antibiotic sensitivity testing
All strains identified as A. butzleri were susceptible to methicil-
lin (30 ug) (Bioanalyse, Ankara, Turkey) and gentamycin (10 pg)

- - . -
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Figure 1. M: Marker, N: Negative Control, B: A.butzleri Positive Control, C: A.cryaerophilus Positive Control, S: A.skirrowii Positive

Control, 1-32: Samples

Figure 2. M: Marker, N: Negative Control, B: A.butzleri Positive Control, C: A.cryaerophilus Positive Control, S: A.skirrowii Positive
Control, 33-49: Samples
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Table 3. Antibiotic sensitivity test results of Arcobacter strains

A.butzleri (n)

Antimicrobial Agent R
Penicillin Penicillin G 10 unit/disk 9
Ampiciline + Sulbactam 1:120 mg 3
Amoxicillin 25 pg 2
Methicillin 30 pg 0
Amoxicillin + Clavulanic acid 2:1 30 ug 3
Tetracyclines Tetracycline 30 pg 2
Oxytetracycline 30 ug 4
Doxycycline 30 pg 1
Quinolones Ofloxacin 5 pg 8
Ciprofloxacin 5 pg 4
Enrofloxacin 5 pug 2
Nalidixic Acid 30 pg 9
Aminoglycosid Amikacin 30 ug 0
Gentamisin 10 ug 0
Macrolides Erythromycin 15 pg 0
Rifamycin Rifampicin 30 ug 9
Cephalosporins Cephalothin 30 ug 8
Nitrofurantoin Nitrofurantoin 300 pg 8
Vancomycin Vancomycin 30 pg 9

R: resistant; S: sensitive; I: intermediate

(Oxoid, Basingstoke, UK), and all A. cryaerophilus strains were
susceptible to tetracycline (30 pg) (Oxoid, Basingstoke, UK),
doxycycline (30 pg) (Oxoid, Basingstoke, UK), and Amikacin (30
ug) (Oxoid, Basingstoke, UK), while all A. skirrowii strains were
found to be susceptible to tetracycline.

All of A. butzleri strains had intermediate sensitivity to eryth-
romycin (15 pg) (Oxoid, Basingstoke, UK), whereas all A. but-
zleri strains had resistance to penicillin G (10 Unit/disk) (Oxoid,
Basingstoke, UK), rifampicin (30 pg) (Oxoid, Basingstoke, UK),
vancomycin (30 pg) (Oxoid, Basingstoke, UK), and nalidixic acid
(30 ng) (Oxoid, Basingstoke, UK). And all A. cryaerophilus strains
showed resistance to ofloxacin (5 pg) (Oxoid, Basingstoke, UK),
vancomycin, and rifampicin. Other strains showed variable re-
sults as shown in Table 3.

Statistical findings

The effects of season, age, gender, and sample type on isola-
tion rate were examined. The effect of season was found statis-
tically significant (p<0.05) for A. cryaerophilus and A. skirrowii"s
isolation rates. The effect of age was statistically significant
(p<0.05) on A. butzleri and A. skirrowii’s isolation rates. The ef-
fect of gender was not statistically significant for none of these
three Arcobacter species’ isolation ratios. The sample type was
found 99% statistically significant (p<0.05) related to A. butzleri,
A. cryaerophilus, and A. skirrowii's isolation rates.
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A.cryaerophilus (n) A.skirrowii (n)

1 R s I R 3 1
0 9 0 0 29 0 2
3 5 3 1 5 14 12
2 5 3 1 11 12
0 8 0 1 17 4 10
1 4 4 1 10 21 0
1 0 9 0 0 31 0
0 0 7 2 0 25 6
2 0 9 0 1 30 0
0 9 0 0 9 5 17
5 4 1 4 7 6 18
5 3 3 3 2 22 7
0 6 1 2 8 8 15
2 0 9 0 1 29 1
0 0 8 1 2 28 1
9 0 1 8 1 0 30
0 9 0 0 30 1 0
0 8 0 1 28 1 2
0 4 4 1 1 30 0
0 9 0 0 29 1 1

Discussion

Arcobacters have been accepted as“important zoonotic patho-
genic” bacterial strains (Cardoen et al., 2009). The non-human
sources of arcobacters have also been reported to be healthy
or have affected animals of various species, various foods, and
water (Kabeya et al., 2003).

In a study carried out in Turkey (Slirmeli, 2006), 104 sheep
stool samples were taken under microaerobic conditions using
membrane filtration technique and only one A. cryeraophilus
was identified by mPCR method as reported. In Belgium, Van
Driessche et al. (2003) collected 62 healthy sheep feces from
slaughterhouses and performed a direct isolation from the fe-
ces samples. According to their report, they identified A. but-
Zzleri only in 3 (4.8%) samples, whereas 10 Arcobacter species
(16%) were isolated after pre-enrichment.

In our study, 31 of 49 were identified as A. skirrowii (63.3%),
9 of 49 as A. butzleri (18.3%), while 9 of 49 as A. cryaerophilus
(18.3%). Using the arcobacter broth medium-mCCDA-Colum-
bia agar (defibrinated horse blood supplement) as an isolation
technique may account for the increase in the isolation rate.
Another explanation for the differences found in the rates may
be the use of stool sample instead of swab. In this study, 8 A.
butzleri (16%), 1 A. cryaerophilus (2%), and 1 A. skirrowii (2%)
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were identified from 50 sheep carcass swab samples. Any in-
formation with regard to whether the animals having enteritis
could not be obtained.

In a study carried out in Turkey (Ertas and Dogruer, 2009), Arco-
bacter spp. were isolated from 85 (42.5%) of 200 minced meat
samples. A. butzleri was detected from 39% and A. skirrowii was
detected from 4% of minced sheep meat samples, while A. but-
zleri was detected from 40% and A. skirrowii was detected from
2% of minced cattle meat. The prevalence rate of arcobacters
in minced meat obtained from sheep in their study was high-
er than the prevalence rate we had from swab sample in our
thesis study. The difference in prevalence suggested a possible
increase in Arcobacter contamination as the meat samples were
processed by equipment like mincer. Further, the microorgan-
isms on the surface of the meat might have spread all over it
during the course of grinding and mixing the mincemeat lead-
ing to food spoilage.

In Japan, Kabeya et al. (2003) found 12 (3.6%) Arcobacter species
from 332 healthy cattle feces samples, whereas Van Driessche
et al. (2003) identified 39.2% Arcobacter species from healthy
bovine feces samples and 16.1% Arcobacter species from
healthy ovine feces samples. Nachamkin et al. (2008) reported
that they identified A. butzleri from feces samples of pig, cattle,
horse, ostrich, turtle, and A. skirrowii from sheep and cattle with
diarrhea and hemorrhagic colitis. A. skirrowii was detected from
sheep having enteritis and most A. butzleri strains were isolated
from diarrheic feces of humans and animals (Vandamme et al.,
1992a). In our study, 34 (68%) Arcobacter species were detected
from 50 feces samples belonged to sheep with enteritis and we
found 25 (50%) A. skirrowii, 8 (16%) A. cryaerophilus, and 1 (2%)
A. butzleri.

It was reported that season, climate, geographical location,
sampling type, and isolation method had an effect on the prev-
alence values to be obtained (Merga et al., 2011). Golla et al.
(2002) stated that there was a direct correlation between in-
creased age and increased prevalence of arcobacters in their
studies. In our study, the incidence of A. cryaerophilus increased
in proportion to the increase in age from 1 month to 3 years,
but the graph showed a reverse slope for A. butzleri. The inci-
dence of A. skirrowii reached the highest rate between 1 and
3 years.

Researchers reported that there was no significant difference
in the rates of arcobacters between goats and sheep (p>0.05)
(Van Driessche et al., 2003; Van Driessche et al., 2005). In our
study, the effect of gender difference on the incidence of Arco-
bacter species was statistically insignificant (p>0.05). The effect
of seasons on the incidence of A. cryaerophilus (p<0.05) and A.
skirrowii (p<0.001) in this study was also statistically significant.

It was also reported in other research (Van Driessche et al.,
2003; 2005), as reported in this study, that the difference in sea-
son and farm management could have an effect on the rates
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found. The heavy conditions of the winter season in Turkey and
keeping the animals in narrow and unhygienic shelters may be
another cause of the seasonal effect. The effect of the presence
of diarrhea was found to be statistically significant on the isola-
tion rates (p<0.001) of A. cryaerophilus (p<0.01) and A. skirrowii.

The most commonly prescribed drugs as antibiotics are eryth-
romycin or a fluoroquinolone such as ciprofloxacin (Luber et
al., 2003). Tetracycline, doxycycline, and gentamicin are some-
times listed as alternative drugs for treatment (Houf et al.,
2004). Pérez-Catalufia et al. (2017) stated that the resistance
to ciprofloxacin, one of the antibiotics recommended for the
treatment of intestinal infections of Arcobacter, detected 10.7%
of the strains, and indicated the importance of selecting the
most effective treatment. In our study as well, most of the Ar-
cobacter strains showed a resistance or an intermediate profile
against some of the fluoroquinolones antibiotics, such as enro-
floxacin, ofloxacin, and ciprofloxacin. The resistance to eryth-
romycin and quinolone antibiotics found in this study can be
considered as a worrisome condition, because these antimicro-
bial agents have been reported to be the first-line antibiotics
used in the treatment of infections caused by members of the
Campylobacteracea family (Houf et al., 2004).

In Milesi’s research (2011), it was reported that all Arcobacter
spp. isolates from animal originated food were detected as re-
sistant to cephalothin, sulfamethoxazole / trimethoprim, and
nalidixic acid. The majority of A. cryaerophilus and A. skirrowii
strains were found as sensitive to tetracyline and amikacin,
which is compatible with some other research results (Abay et
al,, 2012; Collado and Figueras, 2011; Son et al., 2007; Unver et
al, 2013). However, A. butzleri's strains were detected to have
started to gain some resistance against to these 2 antimicrobial
agents.

The results have exhibited that A. skirrowii may also show a sig-
nificant diarrhea effect in sheep, such as in human and other
animals. Considering the increase in the prevalence of Arco-
bacter spp. isolates from sheep in autumn (Grove-White et al.,
2014), another reason for the high incidence of A. skirrowii iso-
lates in our research may be the gathering of diarrhea cases in
November and December.

Although the results of the studies on fluoroquinolones indi-
cate that it is the most effective antibiotic group in the treat-
ment of Arcobacter infections, most of the Arcobacter strains
detected in this research show resistance or half sensitivity to
enrofloxacin, ofloxacin, and ciprofloxacin, which are the antibi-
otics of this group. In this study arcobacters cause diarrhea in
sheep and these animals may play a very important reservoir
role for humans. Hence, as with human beings, of the analyses
of diarrhea cases should take into consideration the existence
of Arcobacter species in sheep. As a result, the study suggests,
in line with many other researches, that these varying sensitiv-
ity and resistance profiles to the antibiotics may be due to the
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lack of a standard antimicrobial susceptibility test developed
for Arcobacter species (Vandenberg et al., 2006).

In conclusion, A. skirrowii A. butzleri and A. cryaerophilus were
identified with the rate of (63.3%), (18.3%) and (18.3%) respec-
tively. A. skirrowii was found more than other Arcobacter species
in fecal samples with diarrhea. Regarding the effect of season,
age, sample type and gender, only the effect of gender was not
found statistically significant for none of these three Arcobacter
species’ isolation ratios whereas the effect of season was found
statistically significant for A. cryaerophilus and A. skirrowii's iso-
lation rates and the effect of age was statistically significant
on A. butzleri and A. skirrowii’s isolation rates. The sample type
was found also statistically important regarding A. butzleri, A.
cryaerophilus, and A. skirrowii's isolation rates. In terms of the
medication of Arcobacter infections, it was observed that they
started to gain resistance against to fluoroquinolones which
was known as the best antibiotic groups for arcobacters.
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Abstract

The purpose of this study was to find the disease and morta-
lity incidences of calves born from pregnant Brown Swiss and
Simmental heifers imported from Austria in newly established
dairy cattle farm in Manisa province and determine the effect
of breed, sex, calving type and calving position on calf health.
The study material consisted of the 180-days health records
of 62 Brown Swiss and 266 Simmental calves born alive from
the pregnant Brown Swiss and Simmental heifers imported
from Innsbruck Austria. The first calving of heifers was betwe-
en June and December. Calves’ mortality rates in 180-days

period were 3.23% for Brown Swiss and 4.89% for Simmen-
tals; 5.39% for males and 3.73% for females; 3.14% for assisted
born, 9.38% for difficult born and 3.81% for spontaneous born
calves. Calves’most common health problems were digestion,
respiratory and foot diseases. It was found that calving positi-
on had a significant effect on digestion problems and dystocia
complications. Treatment was more successful in Brown Swiss,
female, twin and spontaneous born calves.

Keywords: Brown swiss, calf, disease, mortality rate, simmental

Introduction

The sustainability of a cattle enterprise is related to health and
high production capacity that is only possible with a healthy
and regular birth of calves. The first condition of a healthy calf
has a genetically high production capacity and is resilient to
changing environmental conditions. Proper care and feeding
methods should be implemented under the responsibility of
enterprise owners and technical personnel. Taking necessary
measures before the herd gets sick, conducting regular health
screening when there is a disease and implementing eradica-
tion programs ensure the protection of herd health and conti-
nuity of income.

Calves might have many diseases in their early periods. Septi-
cemia, pneumonia and chronic diarrhea in those periods are
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among the most important reasons for losing calves. Some
diseases in the neonatal period might increase calf mortality
rate and development disorders in the recovering calves, and
even tough recovery happens calves is affected negatively in
the years ahead and breeding value decreases (Donovan et al.,
1998).

Calves are quite sensitive against various disease factors in their
first months. Proper care, feeding and hygiene practices can
prevent early period calf losses. Calf mortality rate below 5%
until weaning has been considered normal for cattle enterpris-
es (Ogan et al., 2011).

Factors effecting the calf mortality and morbidity rates in cattle
enterprises include calf’s breed, sex, birth season, calving po-
sition, location, herd size and different care and feeding con-
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ditions practiced (Azizzadeh et al., 2012; Lombard, et al., 2007;
Lundborg et al., 2005; Parker, 1980).

A study made in 73 enterprises producing beef cattle reported
that calf mortality rate until weaning was 4.5%, and the death
of a cow cost 215 dollars to the enterprise. Reported death
causes included dystocia (17.5%), stillbirth (12.4%), hypother-
mia (12.2%), diarrhea (11.5%) and respiratory diseases (7.6%)
(Wittum et al., 1993).

A field study covering 100 cattle enterprises in Switzerland re-
ported that the calf mortality rate before weaning was 5%. Of
those deaths, 52.3% was due to the respiratory system, 15.9%
was due to the digestive system, 11.4% was due to the circula-
tory system, 11.4% was due to the nervous system, 4.6% was
due to the musculoskeletal system, and 2.3% was due to the
urogenital system diseases. In that study, 33% of calves were
treated for diarrhea, 27% were treated for pneumonia, 16%
were treated for omphalitis, 1% was treated for septicemia, and
22% were treated for other diseases. It was found that diseases
were more common during November, December and January
in the enterprises (Busato et al., 1997).

Calving season and the hygiene and ventilation conditions of
calves'location effect the incidences of digestion and respiratory
system diseases, which are most common in their early periods.
Being born during extremely cold weather, in dirty locations or
having insufficient or extreme airflow were reported as the main
factors increasing the disease incidence (Donovan et al., 1998;
Lombard et al., 2007; Lundborg et al.,, 2005; Meganck et al., 2015).

The purpose of this study was to identify the disease incidences
of the calves born from pregnant Simmental and Brown Swiss
heifers imported from Austria in their first 180-day period,
their treatment success rates, and mortality rates due to those
diseases according to breed, sex, calving type and calving po-
sition, and determine the adaptation capacity of the calves,
which were born from the cows under transport effect, to the
location.

Materials and Methods

The research protocol of the current study was approved by the
Ethic Committee of the istanbul University (Approval number:
2012/31).

Material description

The study was conducted in a private dairy cattle enterprise,
which was located in Manisa and which has recently started
livestock operations. Manisa is located in Western Anatolia Re-
gion that has Mediterranean/Continental climate. Precipitation
generally occurs in winter, and summer is dry (Municipality of
Manisa, 2017).

The first animal material of the enterprise comprised of 70
Brown Swiss and 282 Simmental (Fleckvieh) pregnant heifers
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imported from Innsbruck/Austria by the highway. Imported
pregnant heifers had births between June and December in
2011 and had 328 (62 Brown Swiss, 266 Simmental) live calves.

The study material consisted of the first 180-days health re-
cords of 62 Brown Swiss and 266 Simmental calves that were
born alive in the enterprise.

Material care and feeding

The imported pregnant heifers calved between the months of
June and December. Umbilical cord disinfection and septicemia
serum were applied to the calves. Calves were separated from
their mothers right after birth and put into individual standard
calf boxes where they were fed with colostrum via feeding bot-
tles. Colostrum quality was measured by colostrometer, and
only the colostrum with high specific weight (1035> mg/mL)
was given.

Calves consumed 10 liters of colostrum in the first 24 hours,
and they were fed with milk two times a day in the following
days. Calves were fed 4 liters of milk per day at the first week,
consumed by the milk is gradually reduced by 60 days of age.
They were given calf feed and water when milk feeding started.
Calves’ appetites, body temperatures and stools were checked
every day.

Healthy calves after 60 days of age were taken into wider indi-
vidual calf cabins in the open, and fed with pelleted calf grower
feed. Calf grower feed was composed of a premix, which in-
cluded 2600 kcal/kg metabolic energy and enriched with A, D,
E vitamins and various minerals. They were weaned around 60-
days of age. Dry alfalfa was started one week before weaning.
After weaning, calves were grouped according to sex, age and
weight. They were taken into a semi-open young animal barn
and raised in groups of 15. Young animal shelters were open,
airy, dry base floor.

Calves passed to coarse fodder after 60 days, and they were
given TMR (Total Mix Ration) in addition. TMR included: 8%
hay, 12% clover, 30% corn silage, 26% vetch, 6% seasonal pulp
and 18% young animal feed. After 60 days, calves were intro-
duced to silage and also given young animal ration which had:
net energy maintenance-NEm: 1.57 Mcal/kg, net energy gain-
NEg: 0.96 Mcal/kg, crude protein-CP: 21%DM (dry matter), acid
detergent fiber-ADF: 24%DM, neutral detergent fiber-NDF:
36%DM, starch 24%DM.

Disease incidences

Calves’ health status was followed daily since their birth, and
the diagnosis and treatment processes were recorded in the
herd management program. Diseases were diagnosed by the
veterinarian of the enterprise based on calves’ body tempera-
ture, auscultation, palpation, urine and stool examination, ob-
servation and ultrasound data.
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It was grouped the diagnosed disease cases as: (a) digestive
diseases (diarrhea, timpani and constipation); (b) respiratory dis-
eases (pneumonia presenting with mucous or seromucous nasal
flow and frequent abdominal respiration); (c) foot diseases (lame-
ness in or not standing on one or more foot; swelling bleeding in
joints; fractures or cracks in extremities); (d) premature birth
complications; (e) dystocia complications; and (f) anomalies. It
was expressed the disease incidences, treatment success and
disease-based deaths in tables.

It was evaluated the calf diseases according to breed (Simmen-
tal, Brown Swiss), sex (male, female), calving type (single, twin),
and calving style (spontaneous, assisted, difficult). Calving po-
sition definitions were: (a) spontaneous calving: heifer gives
birth by itself, without requiring any intervention, (b) assisted
calving: calving occurs with the assistance of one or two peo-
ple, (c) difficult calving: calving occurs with the help of three or
more people, by using a jack or requires surgical intervention
(C-section).

Statistical analysis

It was used “Pearson Chi-Square Test” and “Fisher’s Exact Test”
for intergroup comparisons. SPSS, 1999 (Statistical Package for
the Social Sciences) program package for all statistical analysis
were used.

Results

It was grouped the disease incidence, treatment success and
disease-based deaths of calves in their first 6-months according
to breed, sex, calving type and calving position. It was indicated
the numerical and proportional values in Table 1, Table 2, and
Table 3.

The disease incidences for Brown Swiss and Simmental calves
were 25.81% and 25.56%, treatment success rates were 87.50%
and 80.88% respectively. Both Brown Swiss and Simmental
calves had digestive, respiratory and foot diseases intensive-
ly. While the treatment success rates for respiratory and foot
problems were over 94.74%, the treatment success rates for di-
gestive problems were 83.78% and 88.89% (Table 1). The high-
est mortality rate was in Brown Swiss calves due to digestive
system diseases and difficult labor complications. Simmental
calves died due to all system diseases except for foot diseases.
The highest mortality rate in Simmental calves was due to di-
gestive system diseases (Table 3).

It was found that disease incidence and treatment success
rates were 28.74% and 81.25% in male calves and 22.36% and
83.33% in female calves. Twins were born only in Simmental
calves in the first production year in the enterprise. It was de-
termined that disease incidence and treatment success rates
were 26.52% and 81.93% in single born calves and 6.67% and
100.00% in twin born calves (Table 2). When It was evaluated
calves’system diseases according to sex and calving type, there
was no statistically significant difference between male and
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Table 1. Proportional values and significance controls of diseases in 0-180 days according to breed and sex (%)*

Overall

Sex

Breed

Treatment

Incidence

Incidence Treatment Success

Male

Treatment Success

Incidence

Success

Female

Simmental

Brown Swiss

(N:328)

Male Female

Brown Swiss Simmental (N:167) (N:161)

(N:266)

(N:62)

%
84.78

%
75.00
100
100

%
13.66
497

%
83.78

%
88.89

%
13.91
7.14
2.26
0.75
0.75
0.75
25.56

%
14.52
8.06
1.61

Diseases

39
23

14.02
7.32
2.13
0.61
0.91
0.61

25.61

9545 46

21

22 18
16

14.37
9.58
299
0.60
1.20

31 24
16

8

37

9

Digestive diseases

95.83
100

87.50 24
100

7

94.74

18

100

19

Respiratory diseases

1.24
0.62
0.62

100

100

Foot diseases

0

Premature birth complication

1.61

Dystocia complication

1.24
22.36

Anomaly birth

82.14

69

81.25 30 8333 84

39

87.50 55 80.88 48 28.74 36

14

16 2581 68

*Difference between breed and sex groups is not significant (p>0.05)

Overall
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female, or single and twin calves (p>0.05). It was found that
the mortality rates of male and female calves were similar. Calf
deaths occurred only in single born calves. Twin calves’number
was 15 because one of the twins was stillborn.

According to calving style, It was found that calves with difficult
and spontaneous labor had a higher disease rate compared to
ones with assisted labor, while the difference between groups
was not statistically significant (p>0.05). Calves with assisted labor
had lower rates in all diseases except for anomaly complications.
There was no statistically significant difference between calving
position groups in terms of disease treatment success (p>0.05).

Differences between groups’ mortality rates based on breed,
sex and calving type were not statistically significant both in
general and in specific system diseases (p>0.05). Although the
mortality rate of calves with difficult labor was more than the
ones with assisted and spontaneous labor, this difference was
not statistically significant. The calf mortality rate due to diffi-
cult labor complication was 4.69%, and there was no calf death
due to other calving positions (p<0.05).

Discussion

Calves’ overall mortality rate for the first 180-days was 4.57%; it
was 4.89% and 3.23% for Simmental and Brown Swiss respec-
tively. Considering that the generally-targeted calf mortality
rate for dairy cattle enterprises is below 5% (Ogan et al., 2011),
the values found for the first lactation calves were within nor-
mal acceptable limits for both breeds.

Mortality rates until weaning for Simmental and Brown Swiss
calves were lower than the rates reported by Klein-J6bstl et al.
(2015) for calves in Austria, by Silva Del Rio et al. (2007) for Hol-
stein, Fuerst-Waltl et al. (2012) for Brown Swiss, and by Stan-
ton et al. (2011) for Holstein; and similar to the rates reported
by Giircan et al. (2014) for Simmental hybrid, by Torsein et al.
(2011) for various cows and by Fuerst-Walt et al. (2010) for Sim-
mental. Calf mortality rates were at reasonable levels because
the studied enterprise was new, and the technical personnel
practiced good care, feeding and veterinarian services for the
cows and calves during and after labor.

The effect of breed, sex, calving type and calving position were
generally insignificant for the first term calf deaths. This can
be explained with the fact that calves were born in the same
months and subjected to an attentive care and feeding pro-
gram. In this period, all of the calf deaths were among single
born calves. Twin born calves did not have any deaths in the
first period which were probably due to the fact that their num-
bers were few (4.5% of all calves were twin born).

Deaths were more in calves with difficulty labor than those
with spontaneous and assisted labor. This might be because la-
bor complications adversely affected calves’ survival and resil-
ience and increased in mortality rates particularly in first weeks.
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It was found that Brown Swiss and Simmental calves mainly had
digestive (14.02%), respiratory (7.32%) and foot disease (2.13%)
problems in similar rates in their first 180-days. Calves’ the di-
gestive and respiratory system diseases were higher than other
disease rates, which was consistent with literature (Busato et al.,
1997; Gulliksen et al., 2009; Klein-J6bstl et al., 2015; Svensson
et al,, 2003; Unal et al., 2001). Calves' respiratory and digestive
problems were at reasonable levels (14.02% and 7.32%), and
this was because births occurred collectively in summer and
autumn, and shelters had good hygiene and ventilation con-
ditions.

While breed, sex and calving type did not affect disease inci-
dence, calving position (assisted, difficult, spontaneous) had
a statistically significant effect on digestive and difficult labor
complications. Disease incidence was higher in calves with
spontaneous and difficult labor. After the medical intervention
for the calves’ diseases, treatment success was above 80% for
all sub-groups. In general, whole foot disease cases succeeded
treatment. The treatment success rate was 95.83% for the re-
spiratory system diseases and 84.78% for the digestive system
diseases. None of the labor complication or anomaly cases had
treatment success. Labor difficulty and twin births have been
reported as significant risk factors for both cow and calf health
in the cases of heifers giving birth for the first time (Busato et
al.,, 1997; Lombard et al., 2007; Meganc et al., 2015). The findings
of our study were consistent with the reports that the disease
incidence of such calves were higher different breeds.

In our study, It was found very lower values than the ones (diar-
rhea 29%, naval infections 29%, pneumonia 25%) reported for
the most common diseases for dairy cattle enterprises by Ogan
et al. (2011) and calculated in literature. Simmental and Brown
Swiss calves had no problem in adapting to the location, which
indicated that reasonable levels are attainable in calf disease
control with the help of rational calf care and veterinarian prac-
tices in the enterprise.

The mortality rates of the calves born from pregnant Brown
Swiss and Simmental heifers were at normal and acceptable
levels in the first 180-days. Calves mostly had digestive, respira-
tory and foot diseases. It was found that disease incidence was
not affected by breed, sex and calving type, while calving po-
sition had a significant impact on digestive problems and diffi-
cult labor complications. Calves with spontaneous and difficult
labor had a higher disease incidence. The treatment success
rate of the medical interventions for calves’ diseases was high.
Treatment success rate was higher in Brown Swiss, female, twin
and spontaneous born calves.

Both breeds had no serious problems in adapting to local con-
ditions; the calves of both breeds responded positively to treat-
ments in emerging diseases with the help of rational herd man-
agement and health practices except for the cases of difficult
labor complications and anomalies; and much attentive care
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was needed for the cows and calves involved in such labors in
order to minimize difficult labor complications. In order to re-
duce the calf losses in the dairy cattle farms in the western Ana-
tolian region, it is recommended primarily taking preventive
health precautions for the importance of highlighted diseases
in this study. This type of studies with more animals, breeds and
regional scales will support these research findings.
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Abstract

A total of 120 laying hens (57 weeks old) were randomly as-
signed to 5 groups and lemon juice (LJ) was daily added to
drinking water (0%, 0.5%, 1%, 2.5%,5%) during 4 weeks. Egg
production increased (p<0.05) in 1% and 2.5% LJ groups. The
LJ had no effect on feed and water intake, live weight, feed
conversion ratio, egg mass and weight. Haugh unit increased
in 1% LJ group and egg yolk color was lighter in 5% LJ group
(p<0.05). The LJ had no effect on eggshell thickness, aloumin
and yolk index. Serum HDL levels increased and Total Antioxi-
dant Status decreased in 0.5% LJ group (p<0.05). The LJ juice

had no effect on serum AST, ALT, LDL, Cholesterol, Glucose,
Total Protein, IgG levels and Oxidant Status. Blood lympho-
cyte decreased (p<0.05) in 2.5% LJ over control, however, red
blood cell numbers (p<0.01) increased in 1% LJ group. The LJ
had no effect on other hematology parameters. In conclusi-
on, the water supplementation of LJ showed positive effects
on production without adverse effects on egg quality traits
and health of late-phase laying hens. However, the positive
responses may be more relevant to acidity of water.

Keywords: Aged laying hens, Citrus lemon, water supplement

Introduction

The production of good quality eggs with maintaining health of
laying hens is one of the most critical goals of the industry. Low
egg quality, shorter egg production period and metabolic dis-
eases relevant to age are big challenges in late-phase aged lay-
ing hens. Although earlier stage of growth and peak period have
great importance for sustainable production, late-phase should
also be well-managed before molting or culling period of layers.
Gradual decrease of egg production and low egg quality with an
increase of feed intake in late-phase of the production cycle of
aged laying hens has given rise to high expenses and low prof-
itability in the industry until culling the birds (Roberts, 2004). Al-
though egg size increases with age, Elaroussi et al. (1994) report-
ed that ratio of shell weight to egg weight gradually decreases.
Due to the decreasing eggshell quality with age, egg loss may

increase in late phase of laying cycle (Roberts, 2004). In last de-
cade, some researchers have focused to improve production and
quality of eggs from aged laying hens via dietary manipulations
and supplements (Catli et al., 2012; Mabe et al., 2003; Min et al.,
2018; Molnar et al., 2018; Zhang et al., 2017).

The different supply route of same supplement or nutrient may
cause different responses in poultry. For instance, Noy and Sklan
(1999) concluded that providing nutrients via drinking water to
earlier stage of life improved weight gain in poultry rather than
supply of same nutrients via diet. Some evidence suggests that
supplementation of probiotics via drinking water may have more
beneficial rather than in-feed route on broilers (Karimi Torshizi et
al,, 2010; Ritzi et al., 2014). Although Virden et al. (2009) concluded
that feeding supplemental water-sucrose to stressed broilers re-
sulted no beneficial response under stress condition, but it had a
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good response on feed conversion ratio (FCR) during post-stress
recovery period. Recently, Karadagoglu et al. (2018) concluded
that supplementing drinking water with different concentrations
of an essential oil blend (peppermint, oregano, anise) improved
egg production and weight, Haugh Unit, eggshell thickness, and
yolk height of laying hens from week 20 to week 36 of age. Even
though some evidence has been reported on broilers and laying
hens, research data on effects of nutrient supplementation via
drinking water on late-phase laying hens is still limited.

Lemon (Citrus limon L.) is an evergreen native plant of Asia and
belongs to family Rutaceae. The juice of lemons are commonly
used for cleaning and culinary purposes throughout the world.
The lemon juice (LJ) is sour in taste and contains 5% to 6% citric
acid (Yapo, 2009). Lemon fruits are rich in Vitamin C and con-
tain different phytochemicals such as tannins, polyphenols,
terpenes and flavonoids. The concentration of citric acid in LJ
is twice than grapefruit juice and about five times higher than
orange juice (Penniston et al., 2008). Although citrus fruits have
different flavonoids such as narirutin, hesperidin, naringin and
neohesperidin, only hesperidin transmission could be detected
from fruit to juice (Xu et al., 2008). Hesperidin had significant
benefits on poultry, such as anti-inflammatory, anti-stress, an-
tioxidant, growth promoting, anticancer and immunological
properties (Yatao et al., 2018). LJ in drinking water increased
the immunity of broiler chickens (Behboudi et al., 2016; Kadam
etal., 2009) and eggshell quality of layers (Tavakkoli et al., 2014)
under heat stress. Furthermore, Farghly et al. (2018) concluded
that supplying with water containing 10% LJ during the grow-
ing period of turkey chicks improved growth performance, im-
mune response, antioxidant status and economic efficiency.

Keeping in view the above points, L) may be used as potent wa-
ter supplement to improve health and extend performance of
late-phase layer hens. Therefore, the present study was aimed to
explore the effects of different level of LJ on performance, egg
quality and serological parameters in late-phase laying hens.

Materials and Methods

Experimental design and management

A total of 120 Babcock white laying hens (57 weeks old) were di-
vided into 5 groups (n=24) with 4 replication groups containing
6 hens in each subgroup. LJ was added to the drinking water of
the experimental groups with 0%, 0.5%, 1%, 2.5%, and 5% respec-
tively during 4 weeks. The LJ levels were determined according to
reported positive effects of LJ in literature (Kadam et al., 2009). Six-
teen hours light and eight hours dark were applied and also feed
and water were supplied ad libitum. In this study, all treatment
groups were fed a basal diet, which was prepared according to re-
quirement of the birds (Table 1) (NRC, 1994). In 0.5% LJ group, one
bird has been moved out of the study due to sudden death. No
mortality was recorded during the study except for the mentioned
animal. LJ was poured on daily bases in fresh drinking water. Lem-
on fruits were provided from a commercial local trader.
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Automatic nipple drinking system was used and each group
have separated water tank where different concentration of LJ
was added in their water tank. Graduated cylinder glass was
used for scaling of LJ. Then, the LJ was mixed with water at the
mentioned ratio in 20 liter water box between 1 p.m. to 2 p.m.

Table 1. Ingredient composition and chemical composition of
basal diet

Ingredients %, as fed basis

Corn 54.90

Vegetable oil 0.34

Sunflower meal (32% CP) 16.92

Full fat soya 10.00

Soybean meal (44% CP) 7.39

Limestone 7.87

Dicalcium phosphate 1.73

Common salt 0.40

Vitamin-mineral premix’ 0.25

L-Lysine HCI 0.10

DL-Methionine 0.10

Calculated values?

CP, % 17.00

ME, kcal/kg 2750

Ca 3.71

Av.P 0.38

Na, % 0.20

Met+Sis 0.71

Lysine, % 0.83

Treonin, % 0.61

Triptophane, % 0.20

Linoleic acid, % 2.36

pH levels of drinking water X SEM
0% Lemon 7.07° 0.23
0.5% Lemon 3.22° 0.07
1% Lemon 3.13bc 0.10
2.5% Lemon 3.02¢ 0.01
5% Lemon 2.89¢ 0.03
p 0.0001

"Provided per kg of diet: Vitamin A:12.000.000 IU, Vitamin D3:3.000.000IU,
Vitamin E:35.000 IU, Vitamin K3:3.500 IU,Vitamin B1:2.750IU, Vitamin B2:5.500IU,
Nicotinamid: 30.0001U,Ca-D-Panthotenate:10.0001U,Vitamin B6: 4.0001U, Vitamin
B12: 151U, Folic acid:1.0001U, D-Biotin: 501U,Cholin clorid:150.0001U, Manganese:
80.000mg, Iron: 60.000 mg, Zinc:60.000 mg, Copper:5.000 mg, lodine:2.000 mg,
Cobalt: 500 mg, Selenium: 150 mg, Antioxidant:15.000 mg.

2NRC (1994)

Values with different superscripts differ significantly (p<0.05)

HCI: Hydrochloride; DL: Dextrorotation & Levorotation; CP: Crude protein; ME:
Metabolisable energy; Ca: Calcium; Av.P: Available phosphorus; Na: Sodium; Met:
Methionine; Sis: Sistein; The different superscripts (a, b, ¢, d) represent significant
differences between the values (p<0.05).
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every day. The LJ could be solved easily in the water and ho-
mogenity was confirmed visually. During the study, water con-
sumption (L) was measured by total water consumption per
each groups after 24 hours interval.

Data collection and analyses

Hens were weighted at the beginning and at the end of the study
to determine their live weights. Egg production was recorded
daily and was expressed percent of hen-day egg production
(HDEP). Feed intake and egg weight of hens was recorded week-
ly. Mortality was recorded daily while eggs were weighed once a
week. Egg mass was calculated as follows: Egg Mass = Percent of
HDEP x average egg weight in grams. FCR values were calculated
as follows: FCR = feed intake (g) / egg mass (g).

Eggs were delivered to the laboratory at the end of the 4%
week as three egg samples from each subgroup to determine
egg quality parameters. Eggs were kept for 24 hours at room
temperature before the egg trait analyses. Egg weight, break-
ing strength, and eggshell thickness were determined in these
eggs. Egg breaking strength was measured by using ORKA Egg
Force Reader (EF 0468-2011; Orka Food Tech. Ltd., Hong Kong,
China) and Haugh Unit were calculated by measuring albumen
height (Digital micrometer). Egg yolk color was determined by
using Yolk Color Fan (DSM; Basel, Switzerland) and comparing
the color of yolks with 15 bands of the color fan.

At the end of the trial, 3 hens were randomly selected from
each replication group and blood was collected from the heart,
then, the samples were transferred into two separate tubes
(vacutainer tubes without anticoagulant and with ethylenedi-
aminetetraacetic acid-EDTA, Becton Dickinson; Franklin Lakes,
NJ, USA). Blood samples were immediately arrived in the labo-
ratory under a cold chain. For serum biochemical analyses, the
samples in vacutainer tubes were centrifuged at 5000 rpm for
10 minutes. Supernatants were transferred to Eppendorf tubes

and stored at -20°C till biochemical analyses. Serum glucose, to-
tal cholesterol (CHO), high density lipoprotein (HDL), low den-
sity lipoprotein (LDL), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), Gamma-Glutamyl Transpeptidase (GGT),
total protein (TPRO), phosphorus, calcium and Immunoglobulin
G (IgG) concentrations were determined by automated ELISA
analyzer (Elisys Uno; Human mbH, Wiesbaden, Germany). The
effect of LJ on pH levels of drinking water was determined with a
portable bench-top digital pH meter at 0 h and 23" h.

Statistical analysis

The model assumptions of normality and homogeneity of
variance were examined by Shapiro-Wilk and Levene tests,
respectively. The statistical analysis was performed with Med-
Calc (MedCalc Software bvba, Oostend, Belgium, v.18). Gener-
al Linear Model was used for group comparison followed by
Tukey-Kramer for post-hoc (Neter et al.,, 1996). The statistical
model used to test the effects of treatment on variables was:

Yij = p + ai + eij

where Yij = the response variable, p = the general mean, ai =
the effect of dietary treatments and eij = the random error. The
significance level was considered as p<0.05 and all data were
expressed as X =+ SEM.

Results

In this study, pH levels of drinking water in treatment groups
were significantly decreased according to control group
(p<0.05). Low pH was observed in 2.5% and 5% LJ supple-
mented groups. However, the control group had a neutral pH
(7.07+0.23, Table 1).

The result of recent study indicates that HDEP significantly (p<0.05)
increased in 1% and 2.5% LJ supplemented groups; however, re-

Table 2. Effect of lemon juice given in drinking water on performance parameters of laying hens from week 57 to week 61 of age

(Mean + SEM; n=24)

0% Lemon 0.5% Lemon 1% Lemon 2.5% Lemon 5% Lemon

Item X SEM X SEM X SEM X SEM X SEM P

Feed intake, g/b/d 115.0 1.58 113.8 2.72 117.5 25 117.5 348 115.0 2.89 0.819
Water intake, L/b/d 0.40 0.008 0.39 0.007 0.41 0.007 0.38 0.008 0.40 0.008 0.072
HDEP', % 83.17° 1.61 86.07% 1.77 88.54° 1.51 89.88° 1.25 86.45% 1.67 0.032
Egg weight, g 64.81 0.56 65.36 0.77 66.02 0.68 66.82 0.50 66.13 0.67 0.240
Egg mass, g 54.31 1.91 56.26 1.52 58.36 1.31 60.08 1.29 57.19 1.45 0.096
FCR? 2.15 0.08 2.03 0.05 2.02 0.05 1.97 0.08 2.04 0.07 0.504
Initial BW, g 1587.5 193 1602.0 333 1624.3 35.1 1630.8 334 1623.1 35.2 0.861
Final BW, g 15355 26.6 1448.2 97.1 1626.1 31.0 1616.5 28.9 1571.2 35.6 0.104

'Hen day egg production

2Feed conversion ratio, feed intake/egg mass
Values with different superscripts (a, b) in same row differ significantly (p<0.05)

HDEP: hen day egg production; FCR: feed conversion ratio; BW: body weight; SEM: standart error of mean
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sults from feed intake, water intake, egg mass, FCR and egg weight
were not significantly different (p>0.05) among all LJ supplement-
ed groups as compared with control group. Similarly, hens live
weight of all LJ supplemented groups were not significantly differ-
ent (p>0.05) during the whole period of the trial (Table 2).

Regarding egg quality parameters, Haugh unit significantly
(p<0.05) increased in 1% LJ supplemented group. In contrast
egg yolk color significantly (p<0.05) decreased in 5% LJ sup-
plemented group. Moreover, differences in eggshell thickness,
albumin index, and yolk index were not significant (p>0.05) in
all treatment groups as compared with control group (Table 3).

For serological parameters, HDL level significantly increased (p<0.05)
however, TAS level significantly decreased (p<0.05) in 0.5% group as
compared with other treatment and control group. Moreover, glu-
cose, AST, LDL, CHO, ALT, TPRO, TOS, and IgG level remained unaf-
fected (p>0.05) in all LJ supplemented group over control (Table 4).

Regarding blood parameters, lymphocyte count decreased
significantly (p<0.05) in 2.5% LJ treatment group over control
and red blood cell (RBC) significantly (p<0.01) increased in 1%
supplemented group compared to 5% LJ group. Moreover, to-
tal leukocyte, hemoglobin, mean corpuscular volume, mean
corpuscular hemoglobin concentration, platelet, lymphocyte,
neutrophil and monocyte counts were unaffected by LJ sup-
plemention (p>0.05) (Table 5).

Discussion

In our knowledge, this is the first report on effects of drinking
water mixed with LJ on late-phase aged layer hens. Phenolic
compounds of citrus species are flavonoids and phenolic acids.
Dominant flavonoids of citrus fruits are flavanone glycosides
such as narirutin, hesperidin, naringin, and neohesperidin.
Although Xu et al. (2008) reported no presence of naruritin,
naringin, and neohesperidin in LJ, they just determined trans-

Table 3. Effect of lemon juice given in drinking water on egg trait parameters of laying hens from week 57 to week 61 of age (Mean +

SEM; n=24)
0% Lemon 0.5% Lemon 1% Lemon 2.5% Lemon 5% Lemon

Item X SEM X SEM X SEM X SEM X SEM P
Eggshell thickness, mm  40.01 0.01 38.89 0.02 40.04 0.06 37.43 0.03 38.88 0.01 0.513
Haugh unit 9249 137 94.77% 1.06 97.30° 1.40 92.64° 1.27 95.46* 1.00 0.036
Yolk color score 11.32 0.15 10.9% 0.10 11.32 0.12 11.2 0.13 10.7° 0.15 0.018
Albumen index, % 10.99 0.41 11.10 0.30 12.06 0.49 10.77 0.38 11.69 0.31 0.142
Yolk index, % 54.31 1.91 56.26 1.52 58.36 1.31 60.08 1.29 57.19 1.45 0.195

Values with different superscripts (a, b) in same row differ significantly (p<0.05)

SEM: standart error of mean

Table 4. Effect of lemon juice given in drinking water on serum biochemical parameters of laying hens from week 57 to week 61 of age

(Mean = SEM; n=24)

0% Lemon 0.5% Lemon 1% Lemon 2.5% Lemon 5% Lemon

Item X SEM X SEM X SEM X SEM X SEM p

Glucose, mg/dL 163.31 9.23 175.08 6.17 169.93 8.04 172.25 8.28 179.47 8.64 0.753
CHO', mg/dL 88.94 10.36 12891 14.56 98.27 10.77 109.18 9.35 92.60 7.80 0.116
HDL?, mg/dL 15.38° 0.51 17.36° 0.51 16.83% 0.53 15.31° 0.38 16.93% 0.41 0.004
LDL3, mg/dL 27.69 4.52 39.50 6.37 30.20 3.68 3444 3.38 30.73 3.10 0.782
AST*, U/L 155.53 11.05 161.50 24.79 183.47 8.77 191.31 13.84 193.21 15.43 0.113
ALT>, U/L 2.39 0.30 3.31 0.66 3.04 0.45 3.64 0.47 343 0.43 0.410
TPROS, g/dL 5.28 0.30 6.78 0.63 6.49 0.39 6.39 0.38 5.82 0.47 0.157
TOS?, umol/dL 58.60 10.89 101.90 10.39 94.56 18.99 76.24 12.83 66.06 12.03 0.146
TASE, mmol/L 1.20° 0.05 0.87° 0.02 1.28° 0.1 1.00% 0.10 1.28° 0.05 0.002
1gG, mg/dL 166.80 6.23 145.54 12.38 143.14 6.42 150.76 6.37 149.60 9.23 0.296

' CHO: total cholesterol; 2 HDL: high-density lipoprotein; * LDL: low-density lipoprotein;* AST: aspartate aminotransferase; > ALT: alanine aminotransferase; °TPRO: total
protein; ” TOS: total oxidant status; ® TAS: total antioxidant status

Values with different superscripts (a, b) in same row differ significantly (p<0.05)

SEM: standart error of mean
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Table 5. Effect of lemon juice given in drinking water on hematological parameters of laying hens from week 57 to week 61 of age

(Mean = SEM; n=24)

0% Lemon 0.5% Lemon 1% Lemon 2.5% Lemon 5% Lemon

Item X SEM X SEM X SEM X SEM X SEM p

TLC', 109/L 273 0.19 2.41 0.20 247 0.25 2.55 0.26 2.18 0.18 0.510
LC2, 109/L 1.742 0.03 1.75° 0.04 1.77° 0.03 1.62° 0.04 1.77° 0.04 0.031
NC, 109/L 0.70 0.04 0.76 0.05 0.77 0.03 0.77 0.04 0.72 0.04 0.690
MC* 109/L 0.043 0.001 0.045 0.001 0.044 0.002 0.044 0.001 0.044 0.003 0.100
RBC®, 1012/L 2.70% 0.03 2.66®° 0.04 2.74° 0.03 2.61% 0.04 2.58° 0.04 0.009
Hemoglobin. g/L 10.75 0.23 10.42 0.22 10.44 0.17 10.20 0.18 10.81 0.20 0.212
Hematocrit. % 34.54 0.27 34.78 0.26 34.71 0.31 34.37 0.33 3545 0.37 0.162
MCVe, fL 107.87 0.58 109.39 0.41 109.26 0.48 107.96 0.49 107.95 0.48 0.053
MCH’. pg 30.99 0.44 31.27 0.23 30.94 0.50 31.34 0.46 31.04 0.46 0.934
MCHC®. g/L 30.84 0.45 30.81 0.49 30.65 0.46 3043 0.49 31.66 0.35 0.353
Platelet. 10°/L 27.09 0.43 27.03 0.39 27.65 0.37 26.84 0.34 27.81 0.40 0.337
MPVZ. pg 6.48 0.08 6.47 0.06 6.52 0.08 6.56 0.07 6.52 0.07 0.908

'TLC: Total leukocyte count; 2 LC: Lymphocyte count; 3 NC: Neutrophil count; *MC: Monocyte count; ® RBC: Red Blood Cell count; ¢ MCV: Mean Corpuscular Volume; ” MCH:
Mean Corpuscular Haemoglobin; ® MCHC: Mean Corpuscular hemoglobin concentration; * MPV: Mean platelet

Values with different superscripts (a, b) in same row differ significantly (p<0.05)
SEM: Standart error of mean

mission of hesperidin from lemon fruit to juice (237.96+0.12
mg/L). Hesperidin supplementation improved immun re-
sponse, antioxidant capacity, HDL percentage of total blood
cholesterol pool and growth parameter in human and animal
models (Yatao et al., 2018). Castillo et al. (2000) reported that
freshly squeezed LJ had bactericidal activity in vitro against
Vibrio cholerae (V. cholerae). Also, supplementation of LJ has
shown significantly better giardiacidal activity in vitro than
unsupplemented group (Sadjjadi et al., 2006). The mentioned
effects may relevant with hesperidin. Despite in vitro potential
effects on pathogens, LJ had no constant effect on the immune
response of bird’s, except for a significant decrease of blood
lymphocyte in this study. In vivo conditions such as a gut envi-
ronment with a huge diversity of microorganism and nutrients
in diet may have inhibited expected effects of LJ. On the other
hands, the supplementation through drinking water may have
led to inadequate intake of active ingredients with well-known
positive effects on the immune response due to dilution effect
(Del Toro-Arreola et al., 2005). Furthermore, the lack of expect-
ed antioxidant effect may also be due to the same reason.

Lemon juice had no significant effect on immune response in our
study inconsistent with other studies which were determined an
improved immune response with LJ supplementation via drink-
ing water (Behboudi et al., 2016; Farghly et al,, 2018; Kadam et al.,
2009; Tavakkoli et al.,, 2014). Since Kadam et al. (2009), Behbou-
di et al. (2016) and Tavakkoli et al. (2014) studied under exper-
imental heat stress conditions, their results may be differ from
our results. Also, Farghly et al. (2018) used turkey chicks in earlier
stage of their life as an experimental model. In our study, we had
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late-phase laying hens (57 week aged) as an experimental model
and it is a first study on effects of LJ on late-phase laying hens in
our knowledge. Due to different experimental animal model, the
results may differ from the previous studies.

The pH of pure LJ was classified as strong acid (pH 2.39+0.05)
characteristic. Citric acid is the predominant acid type (6% of
the total juice weight) and providing approximately 95% of the
overall acidity (Yapo, 2009). Due to the strong acidic capacity
of LJ, the pH levels of drinking water significantly decreased
as expected in our study. Recently, Shihab et al. (2019) have
focused effects of using ionized water on performance of Jap-
anese quails from week 6 to week 18 of age. They concluded
that acidic drinking water (pH 5) has led to greater HDEP than
water with neutral pH. Although there is no significant effect of
treatment on immune response with insufficient active ingre-
dients as a potential dilution effect, higher HDEP in treatment
groups may be the result of acidic water caused by strong acid-
ity effect of LJ in our study. Recently, Palamidi and Mountzouris
(2018) concluded that dietary supplementation of an organic
acids-based blend was increased expression of genes associat-
ed with gut barrier and health of broilers. Samanta et al. (2010)
concluded that organic acids have led to a decreasing in pH
of gizzard and selective promotion of beneficial bacteria spe-
cies in the gut. Since dietary hesperidin has no effect on HDEP
in laying hens (Goliomytis et al., 2014), improvement with LJ
treatments in our study may be arise from acidity rather than
direct effect of active ingredients of juice. Moreover, Ezzat et al.
(2017) concluded that acidic water (pH 5) did not change egg
traits (yolk diameter, yolk height, yolk index, albumen height)
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of Japanese quails compared to control group and these results
are inconsistent with our results. However, the researchers re-
ported no effect of acidic water on Haugh Unit while we deter-
mined significant effects of 1% LJ supplementation on Haugh
Unit compared to the control and other supplemented groups.
Disagreement between studies probably due to a result of dif-
ferent water pH levels in both studies.

Goliomytis et al. (2014) concluded that dietary hesperidin sup-
plementation improved egg yolk oxidative stability, however,
the supplementation has shown no effect on egg quality pa-
rameters which is consisted with our results on egg quality
parameters. In a recent study, the same researchers focused
effects of dietary orange pulp on egg yolk traits (Goliomytis
et al.,, 2018) and hesperidin was the most abundant in the or-
ange pulp at a concentration of 8.52+0.78 mg/g among the
flavonoids. Although dietary supplementation of a synthetic
hesperidin+naringenin combination did not change egg yolk
color properties (DSM Yolk Fan score, lightness — L, redness —
a, yellowness - b), supplementation of orange pulp included
abundant levels of Hesperidin significantly decreased all egg
yolk color properties compared to control group. The observed
results suggested that hesperidin led to lighter egg yolks even
though synergetic effects with a combination with naringenin.
In our study, lighter egg yolks in treatment groups than con-
trol group may be result of LJ supplementation which has just
hesperidin among the other citrus flavonoids (Xu et al., 2008).

The inhibition of 3-hydroxy-3-methylglutaryl (HMG)-CoA reduc-
tase improves LDL receptors and increases plasma HDL concen-
tration (Liang et al., 2005). Also, some evidence suggested that
hesperetin acts as a cholesterol-lowering agent through decreas-
ing activity of hepatic HMG-CoA reductase (Choi et al., 2004; Kim
et al,, 2003). In our study, we observed increase of serum HDL
levels in 0.5% LJ supplemented group which can be explained
by a potential HMIG-CoA reductase inhibition of LJ via hesperi-
din. In contrast with the results of Kim et al. (2003) and Choi et
al. (2004), we observed no effect of hesperetin on serum CHO
and LDL levels. Differences may be caused by using hesperetin,
which is an aglycone form of hesperidin, in mentioned studies.
Goliomytis et al. (2014) concluded that dietary hesperidin did
not affect plasma CHO levels in laying hens and this finding is
consistent with our result. Moreover, hesperidin had a beneficial
effect on human red blood cells (Allegra et al., 1995). Although
there is no constant dose-dependent effect of treatment, signif-
icant changes in RBC levels in some treatment groups might be
explained by mentioned effects of hesperidin. However, further
evidence need to fully explain its potential mechanism.

In conclusion, LJ showed positive effects on HDEP without any
adverse effects on the egg quality traits and health status of
late-phase laying hens. However, the positive responses of LJ
may be more relevant to acidity of water rather than active in-
gredients of juice, due to the dilution effect. Further side-by-
side researches need the dose-controlled hesperidin and acidic
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water as well as higher concentration of LJs to explore accurate
mechanism of their action and its positive effects on late-phase
of laying hens.
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Abstract

The testicular thermoregulation is maintained by a complex
anatomical structures and physiological phenomena inclu-
ding convection, conduction, radiation and evaporation. The
testicular temperature variation has a deleterious outcome on
the reproductive performance of male reproductive system,
though, duration and intensity of the insult is the pivot point.
By regulating the altered thermal offense, the reproductive

performance can be improved, however, with a consistent
increase in the global temperature, there is a need of extensi-
ve investigations to undermine the thermoregulatory mecha-
nism, its performance, anatomical and physiological adaptati-
ons, in the upcoming hot and humid environment.

Keywords: Heat stress, scrotum, testes, testicular cone, ther-
mal balance

Introduction

The maintenance of internal milieu is a basic phenomenon ob-
served in human and other warm blooded mammals to cope
with the temperature fluctuations in the external environment
(Nakamura and Morrison, 2007). The central nervous system
orchestrates a repertory neuronal machinery to constant-
ly tackle the environmental thermal challenges. A variety of
mechanisms are exercised including the blood circulation to
the skin, metabolism of the brown adipocytes, thermogenesis
by striated muscles, and some species-specific apparatuses like
panting and sweating to shield the thermal offence (Morrison
and Nakamura, 2011). Afferent and efferent neuronal pathways
are converged in the brain thermal clock to collect and convey
thermal information and to potentiate appropriate regulatory
strategy in the response tissue (Morrison and Nakamura, 2011).
For instance, the sympathetic branch of the autonomic nervous
system (ANS) activates along with a tachycardia when the cuta-
neous temperature falls. The mechanism is fast enough to gen-
erate the required amount of heat that the core and brain tem-
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perature remains unaltered (Nakamura and Morrison, 2007).
So, there is only a slight or no change in the core temperature
of the body (Figure 1) (Guyton et al., 2006) as well as the brain
tissues with the exposure of an individual to the cold environ-
mental conditions (Bratincsak and Palkovits, 2005). This is be-
cause of rapid elicit response mechanism. On the skin, a family
of transient receptor potential (cation channels) is supposed to
sense the temperature over a wide range of temperature, how-
ever, none of these channels are convincingly proven to be the
thermoreceptor that may be involved in initiating a molecular
thermoregulatory response (McKemy et al., 2002).

The cutaneous temperature data is transmitted to the spi-
nal dorsal horn via somatosensory nerve strands, which have
some of the best known ascending thermosensory pathways
that synapse with the thalamic neurons, for the judgment of
the skin temperature (Craig, 2002). However, there are at least
three classes of such afferent neurons involved in the sensation
of heat, cold and mechanical changes to the skin.
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Apart from the skin, many other core body temperature infor-
mation centers exist including the abdomen, spinal cord and
the brain. Among them, the abdominal thermal information is
quite complex to study as its nerves fibers also contain the infor-
mation of appetite, taste, thirst and other gastric influxes along
with the thermal information. It is suggested that the thermal
informations, before reaching the preoptic area, are amended
in the lateral parabrachial nucleus (Geerling and Loewy, 2008;
Gupta et al., 1979). The studies have shown that the spinal cord
thermal activation affects the neurons in the preoptic region
suggesting that the spinal cord might have some thermal re-
ceptors similar to the cutaneous thermal receptors that are,
somehow, involved in evoking the thermogenic response. It
is still not clear that how these fibers may be interacting with
those of the preoptic region, however, it is supposed that they
may be co-involved in the cutaneous thermal input as the deep
body temperature is not directly affected by the change in the
environmental temperature (Bratincsak and Palkovits, 2005;
Guieu and Hardy, 1970; Lomax et al., 1964).

With the change in the environmental temperature, a number
of neurons in the central nervous system (CNS) show altered
activity indicating their thermal response but the most concen-
trated area for thermoregulatory neurons is the preoptic area.
After their discovery, they became the area of interest for the
thermoregulatory studies especially after the findings that the
loss of the neurons in this area leads to disturbed regulatory
responses. Their dischargeability is markedly increased with
the increase in local and skin temperatures (Boulant and Hardy,
1974; Nakayama et al., 1961; Nakayama et al., 1963).
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Figure 1. Effect of high and low atmospheric temperatures
of several hours’ duration on the internal body “core”
temperature. Note that the internal body temperature
remains stable despite wide changes in atmospheric
temperature
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There is a need to keep the core temperature of the body in
a narrow range of temperature for which the hypothalamus
has temperature sensitive neurons. A recent study reveals that
there are the two types of nuclei in the hypothalamus; preoptic
and dorsomedial, which have body temperature modulating
activity and alterations in these areas lead to alterations in the
core temperature (Zhang et al., 2017). Both the areas have an
effective regulatory molecular connections for thermogenesis
(Liedtke, 2017). Even now, there is a major study required to
pin point the receptors for the thermosensitivity in the preoptic
area on the neurons as well as specific markers for such neu-
rons need further investigation.

Since skin is the first organ to sense the threats in the environ-
mental temperature, it has the key role in triggering a thermo-
regulatory response although some animals, including human,
have thermoregulatory responses even on the non-thermal
signs like lightening, thunder or even news. It is a matter of
great interest that some of the thermoregulatory responses are
not processed by the preoptic area (Nakamura and Morrison,
2008). The cutaneous blood flow is routed to control the heat
loss to the environment especially in the area of skin devoid of
hair. During thermic intimidations, the decreased and increased
blood flow is observed via sympathetic vasoconstriction and
vasodilation (Wallin and Charkoudian, 2007). The contraction
of the smooth muscle related to the vasomotor action of the
cutaneous blood vessels is largely considered to be influenced
by acetylcholine, a neurochemical mediator. Fewer studies sup-
port the role of nitric oxide via nor-epinephrine, another neuro-
chemical mediator. These difference of findings may be due to
the local and general thermal status of an individual (Hodges et
al., 2008; Holowatz et al.,, 2005; Kellogg et al., 2007). However,
during the process of cutaneous vasodilation, the visceral vaso-
constriction of unknown mediation is observed.

The thermogenic response of heart through the activation of
sympathetic mediation along with tachycardia is reported re-
sponses to the cold challenges to the body. The cardiac output
is also maintained through the process of tachycardia. These
processes are in accord with the shivering and production of
heat from brown fat tissues (Nakamura and Morrison, 2007).
The shivering of the skeletal muscle has long been recognized
essential response to cope up with the cold environment,
however, the mechanism and the neuromediators are hardly
explored except the rhythmic gust of the alpha neurons are in-
volved in the activation of the associated skeletal muscles and
the intensity of shivering response (Schafer and Schéfer, 1973).

Another predominant response to hyperthermia is sweating
that helps to keep the core body temperature with in an am-
bient temperature range. The evaporative cooling is efficiently
mediated by the skin, especially bare one. It provides a huge
surface area in all the mammals with the exception of a few spe-
cies which rely on the respiratory system through panting and
salivation. The mechanism that evokes the release of sweat from
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Figure 2. Schematic diagram to show the mechanism of thermal offense on the semen quality. ROS: Reactive Oxygen Species

the glands is still not known but it is supposed that the heat
sensitive receptors of the skin are possible pathway to the spinal
neurons (Morrison and Nakamura, 2011). The saliva, on the other
hand, has inconstant nature as it is devoid of the proteins and is
secreted and dispersed on the body. A similar mechanism may
be present for the salivation as that of the sweat glands as very
little is published in this connection. As a large volume of blood
is diluted through evaporative cooling, there must exist a very
efficient and quick mechanism between the cutaneous and cir-
culatory systems (Whyte and Johnson, 2005).

Testicular thermoregulation

Although all the body organs are susceptible to heat damage
but the testicles are unique in a sense that they are damaged
even at a temperature optimal for the other organs. The rea-
son, why the testicular temperature is kept lower than the
body temperature is a mystery. The idea of scrotal thermoreg-
ulation was first floated by Moore and Quick (1924). There are
few theories like; lower temperature may have role in lower
mutation rate of the spermatozoa (Eheenberg et al., 1957),
minimize physical damage to the testicles (Chance, 1996),
decorative purpose (Portmann, 1952), to limit the blood sup-
ply to growing sperm cells and to enhance the mitochondrial
oxidative enzymatic activity (Freeman, 1990) and optimum
sperm production with minimum damage to DNA, mutation
and better storage (Bedford, 2004; Werdelin and Nilsonne,
1999). Externalization of the testes does not seem necessary
but the lower testicular temperature, however, is required as
some species have internal testes with lower testicular tem-
perature than core temperature (Hansen, 2009) and some
others show seasonal externalization behaviour (Atkinson,
1997). The theories of the evolution of the scrotum revolve
around the requirement of an ideal temperature, lower than
the body temperature, for optimum spermatogenesis (Stan-
field and Germann, 2008; Wallage et al., 2017).

The scrotum is a key organ in thermoregulation that has been
extensively studied for its attachment with the ventral body
wall, the amount of subcutaneous fat, number of hair follicles,
extent of blood and lymph vasculature, the composition of the
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tunics, structural and functional details of the sweat glands (Ar-
tyukhin, 2007b; Cividini, 2017; Kastelic, 2014a; Setchell, 1978;
Setchel, 2006; Souto et al., 2017). Thermoregulation of the scro-
tum is maintained by a complex combination of anatomical,
physiological and behavioural adaptations and mechanisms.
The scrotum is a skin extension that is attached to ventral body
wall through the pendulous neck. The skin is thin in most of the
mammals, devoid of sebaceous glands and richly supplied with
blood vessels (Kastelic et al., 1997a).

A study has shown that the anatomical structure of the scro-
tum, testicular vascular cone and testicular morphology has a
significant influence on the testicular thermoregulatory capa-
bilities and hence affects the sperm quality. In their compre-
hensive study, they established that semen quality is positively
correlated with the testicular volume and subcutaneous tem-
perature of the scrotum and negatively correlated with the
scrotal surface and testicular temperature. The temperature
gradient, volume of the testes and testicular artery are posi-
tively associated with the increased sperm production, scrotal
surface and testicular circumference and negatively associated
with wall thickness of the vessels (Brito et al., 2004).

Thermal stress: Mechanism and effects

Failure to maintain the optimum testicular temperature in-
creases the metabolic rate of the organ, which in consequence
demand more oxygen. But as far as testes are concerned, their
blood supply is limited and unaltered, therefore, an increase in
the metabolic rate leads to hypoxia and production of reactive
oxygen species, which reduce the quality of semen (Setchell,
1998) as shown in Figure 2. The amount of blood supply in-
creases only when the testicular temperature is well above the
body temperature (Setchell et al., 1995), but does not increase
anymore on further increase on body temperature (Mieusset et
al., 1992). At the same time as the testicular weight decreases
with the heat exposure, so the overall blood supply to the or-
gan stays the same (Setchell et al., 1991).

The major cause of the thermal damage is oxidative stress (Paul
etal., 2008; Paul et al., 2009; Pérez-Crespo et al., 2008). The ther-
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mal stress alone has adverse effects only on the semen volume
and mass motility of the sperms and the thermal stress in com-
bination with nutritional stress decreases the volume along
with scrotal width and length as well as testosterone level
(Maurya et al., 2016).

It has been shown that local heating of the scrotum has gen-
eral effects on the body like panting and sweating behaviour
without altering the core body temperature (Robertshaw and
Vercoe, 1980a). An interesting phenomenon is a rise in rectal
temperature on cooling the scrotum to a certain extent (Vash
etal, 2002). The scrotum has heat and cold detecting receptors
that activate the ventromedial hypothalamic nucleus ( Li and
Thornhill, 1996; Li and Thornhill, 1998). The cold receptors are
not activated until the local temperature is between 10-20°C,
however, cooling the scrotum does not cause shivering or ther-
mogenesis by the metabolism of brown fat which suggests that
there is a different mechanism of activating the center which
causes shivering and fat metabolism (Li and Thornhill, 1993; Li
and Thornhill, 1998). The physiological basis of this singularity
still needs further clarifications but the scrotal heating cause
panting and rise in respiratory frequency and lower the body
temperature that indicates some activation of preoptic neuron
(Maloney et al., 2003).

The blood flow pattern in the testicles does not depend on
the heart and respiration rate but their frequency increases
and the amplitude decreases with the increase in the testicular
temperature and returns to normal after removing the stress
(Setchell et al.,, 1995). There is no effect on the fluid flow in the
rete testes or on the blood-testes barrier with the temperature
(Setchell et al., 1996) except slight disintegration after seven
days of stress (Turner et al., 1982). There is an increase in flow of
anions and lysine following the stress (Main and Waites, 1977).

The testicular insulation has been studied in detail with a wide
variety of experimentation on both, the testes and epididymis,
collectively as well as independently. The experimental models
are of quite diverse in nature but the results concluded that
there are fewer pathological changes in the sperm count, how-
ever, pronounced morphological deformities and mobility inca-
pacities of varying nature depending upon the time and nature
of insulation are observed when there is improper heat dissi-
pation and the raised testicular temperature. Most common of
them are the testicular weight loss on heating and recovery on
removing the heat stress (Bartlett and Sharpe, 1987; Galil and
Setchell, 1988; Jannes et al., 1998; McLaren et al., 1994; Sailer et
al., 1997;Van Zelst et al.,, 1995), increased apoptosis in spermato-
cytes (Lue et al.,, 1999), the pyriform heads (Barth and Bowman,
1994; Lagerlof, 1938), decreased motility (Austin et al., 1961;
Vogler et al., 1993), longer meiotic phases, elongated sperma-
tids which are easily injured (Austin et al., 1961), abnormal ac-
rosomes, abnormal tails and presence of protoplasmic droplets
(Wildeus and Entwistle, 1983), decapitated sperm, droplets and
sperm tail abnormalities (Wildeus and Entwistle, 1986), absence
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of tail, knobbed acrosome, Dag defect and nuclear vacuolation
(Barth and Bowman, 1994; Vogler et al., 1993), distal mid-piece
reflex, detached head, mitochondrial sheet defect, microce-
phalic head, teratoid, coiled principal piece and abnormal DNA
(Barth and Bowman, 1994), mid piece and head defects (Kastelic
et al.,, 1996a), poor development of the embryo obtained from
heat stress sperm (Paul et al., 2008) and underweight fetus and
placenta (Jannes et al., 1998; Paul et al., 2009).

The heat stressed individuals, on recovery, show better semen
motility characteristics, however, the sperm abnormalities of
acrosome and the mid piece persist even after removing the
stress for some time (Saab et al., 2011). Some infertile individ-
uals are reported to improve the sperm quality on long term
cooling of the testes, even, (Jung et al., 2001) and on ligation of
the dilated veins (Pasqualotto et al., 2003).

Factors affecting scrotal thermoregulation

The testicular temperature always remains lower than the core
body temperature by a difference of 2-7°C irrespective of the
ambient temperature, still, the temperature gradient depends
upon the regions of the scrotum; proximal, middle or distal. So
the testicular surface vary in the temperature dynamics, the
bottom is the coolest and top, being close to the body is the
hottest area while the middle area stands between the two
extremes (Kastelic et al., 1995). The more the distance from
the body, the higher is the temperature gradient (Gabor et al.,
1998; Kastelic, 2014b; Lunstra and Coulter, 1997; Silva et al.,
2017; Skinner and Louw, 1966). A varying degree of tempera-
ture suggests that every part of the testicles require a unique
temperature to operate. The temperature is particularly low
in the region of the epididymis signifying a cool storage tem-
perature in the tail because an increased storage temperature
of the spermatozoa causes a significant rise in the embryonic
mortality (Blazquez et al., 1988). The tail is cooler than the rest
of the epididymis may be owing to its closer association with
the vascular cone (will be discussed later in this article) as well
as its physiological role in sperm storage (Kastelic et al., 1995).

Testicular vascular cone

Traditionally, the testicular vascular cone containing the
pampiniform plexus is the site for effective exchange of heat
across the vessels during the process of counter-current flow
of blood resulting in lowering the testicular arterial blood
temperature and raised venous blood temperature. The av-
erage efficacy of the cone is 91% for the transfer of heat un-
der in vivo and 100% in vitro (Figure 3) (Glad Serensen et al.,
1991) indicating no loss of heat during transfer via passive
transfer termed as counter-current transfer process (Figure
4). The cone is also the area of highest temperature close to
the scrotum with a network of blood capillaries and the heat
is lost through convection and radiation (Coulter and Kastel-
ic, 1994). The morphological study of the angioarchitecture
of the testicular artery especially its length, convolution and
association with the vein have a significant role in the elu-
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Figure 3.Temperature changes (AT °C) in the blood vessels
of the spermatic cord in an in-vitro experiment with a bull
testis. The pampiniform plexus was perfused with citrate
plasma at 32°C, and the testicular artery with citrate plasma
at 37°C (Glad Serensen et al., 1991- Figure courtesy of Glad
Serensen — used with permission)
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Figure 4. Model of counter-current transfer of heat or a
substance between two tubes
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Figure 5. Model of counter-current transfer of heat or a
substance from the venous blood in the pampiniform plexus
to the blood in the testicular artery. The testicular artery also
supplies the caput and part of the corpus of the epididymis

cidation of thermoregulation (Khalifa and Noor, 2017). The
testicular artery occurs singly in most of the cases with a few
exceptions in man (Asala et al., 2001; Mostafa et al., 2008; Ra-
man and Goldstein, 2004), bull (Amselgruber and Sinowatz,
1987) and buffalo (El-Gaafary et al., 1980). The artery may be
as long as 240 cm convoluted in 20 cm (Osman et al., 1979).
Its wall thickness also depletes (Hees et al.,, 1984) along the
length, starting from the abdominal aorta to the testes. It is
highly coiled around the testicular vein in the entire testicu-
lar vascular cone (Figure 5) (Einer-Jensen and Hunter, 2005)
in most of the species, however, the degree of convolutions
varies; highly coiled in camel (Osman et al., 1979), with mod-
erate convolutions in goat and buffalo (Abu-zaid and Gad,
1999; Borthakur and Dhingra, 1979; Dhingra, 1979) and least
in donkey (Fehlings and Pohlmeyer, 1978). The testicular
vessels arrangement is classified into four types of pattern;
pattern | in ram and buffalo, pattern Il in camelids, pattern Ill
in donkey and pattern IV in rabbit (Elayat et al., 2014; Khalil,
2013). Briefly, in addition to other differences, tunica vasculo-
sa and arteriosa of marginal artery in addition to the fashion
of its termination determines the type of pattern. The density
of the tunica vasculosa in type | pattern is prominent in the
distal one-third of the testis while, proximally, it appears flim-
sy, while in type Il pattern, the tunica arteriosa testis is poorly
dense. In type lll pattern the density of the tunica arteriosa
testis is quite opposite to that of type | as it more pronounced
in the distal two third of the testis. The density is poor and less
distinct in type IV pattern.

The diameter of the testicular artery shows some drastic chang-
es over the phase from prepubertal to post-puberty. As the
individual reaches towards it puberty, the association of the
testicular artery with that of vein becomes stronger, their walls
become thinner and the diameter increase dramatically to fa-
cilitate an effective exchange of material and heat with fewer
defects in sperms (Brito et al., 2012; Cook et al., 1994).

The testicular vascular cone is not only responsible for heat
exchange but also for transportation of other macro and mi-
cro-molecules including testosterone. Testosterone recircu-
lates from testicular vein back into the testicular artery result-
ing in ten times higher concentration of the hormone in the
gland, responsible for the maturation of the spermatocytes
(Einer-Jensen and Hunter, 2005).

A unique feature of the intratesticular thermoregulation is the
opposing temperature gradients of the scrotal surface and the
testicular parenchyma. The testes are vascularized from bottom
to top and scrotum from top to bottom. As a consequence, the
testicles are cooler at the top while scrotum at the bottom and
vice versa for converse situation (Gunn and Gould, 1975; Kastel-
ic et al., 1997b). However, the temperature of the blood in the
testicular artery post-testicular cone is similar at the bottom of
the testis but significantly cools down just before entering the
parenchyma (Kastelic et al., 1996b).
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Environmental temperature

The increased ambient temperature has an indirect effect on the
scrotal temperature as individuals having covered scrotum, with
dense hair or fleece, show a significant rise in the scrotal surface
temperature as well as the scrotal subcutaneous temperature,
however, a non-significant rise in the intratesticular temperature
(Kastelic et al.,, 1999). A morphometric study of the testis con-
cluded that variations in seasonal temperature markedly influ-
ences morphology of the testicular tissue and activity of Leydig
cells (Pasha et al., 2011). In another comprehensive study, a total
29 parameters of male reproductive system were studied out
of which 16 were markedly influenced by natural environment
(Qureshi et al., 2015). Nevertheless, there is a positive linear rela-
tionship between the scrotal surface temperature and the inter-
nal testicular temperature (Kastelic et al., 2001). As the ambient
temperature rises, the temperature difference between the scro-
tum and the environment decreases which leads to decreased
ability of the scrotum to dissipate heat into the environment
which, in return, raises the temperature of blood in the testicular
vein. It results in poor exchange of heat between the testicular
artery and vein and finally there is the supply of warmer blood to
the scrotum and raised testicular temperature (Garcia, 2013; Ma-
rai et al,, 2008; Sealfon and Zorgniotti, 1991). So, it seems quite
appropriate to monitor the ambient temperature of the animal’s
environment otherwise it is a thermal stress on the testes.

Scrotal circumference

The individuals with larger scrotal circumference tend to have low-
er scrotal temperature on account of having a larger surface area
but there may also be involvement of amount of blood supply
variations. Moreover, the scrotal temperature is like wisely influ-
enced by the behavioral and postural variations that depend on
the housing practices (Wallage et al., 2017). The bipartite scrotum
has a better reproductive performance on account of the greater
surface area and thinner medial epidermis compared to partially
bipartited or without bipartition at all; in spite of the fact that they
have more number of apocrine sweat glands (Nunes et al., 2010).

Sweat glands and hair follicles

A neural reflex is responsible for sweating with at least two
components; scrotal skin heat receptors and sympathetic
nerves of adrenergic nature (Setchell, 1978). The sweat glands
of the body and the scrotum are under the collective adrener-
gic neural control, however, the amount of sweat produced is
as much as five times the thorax because of larger sized glands
that lead to huge amount of moisture loss and cooling of the
scrotum (Robertshaw and Vercoe, 1980a).

The sweat gland size, number and density on the cutaneous
surface of the skin serve as a good determinant for the estima-
tion amount of heat loss through evaporative cooling that was
first measured by the amount of sweat evaporated per unit area
during summer and other seasons (Robertshaw and Vercoe,
1980b). The number of secretory units of the scrotum is higher
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than that of the neck or abdomen of the same individual. The
concentration of the glands gradually increases distally on the
scrotum that supports the fact to cooler distal area of the scrotum
(Blazquez et al., 1988). Irrespective of the size and number of the
sweat glands, the evaporation rate is also higher in the scrotal re-
gion compared to the lumbosacral region (Blazquez et al., 1994).
A significantly huge volume of vapours is evaporated compared
to the rest of the body for which the considerably larger size of
the scrotal sweat glands is responsible (Amakiri, 1974; Lyne and
Hollis, 1968; Waites and Voglmayr, 1962; Weiner and Hellmann,
1960). The amount of the sweat is not only affected by the size
and the number of the glandular units (Blazquez et al., 1988) but
also by the capacity which may be as high as ten discharges per
hour from them (Waites and Voglmayr, 1963).

Ultra-structural and immunohistochemical studies on the se-
cretory cells of the sweat glands display the presence of abun-
dant rough endoplasmic reticulum, network of golgi appara-
tus along with secretory vesicles involved in the secretion of
beta-defensin. Thus, these glands not only regulate the tem-
perature of the testicles with a narrow range but also provide
non-specific immunity against the microbes (Yasui et al., 2007).
The physical appearance of the scrotum also changes with
breeding behavior i.e. smooth and fine at high breeding inter-
ims and rugose and thick at the low (Abdullahi et al., 2012).

The hair traps the air and creates a local mechanism to entrap-
ping the convected heat and keeping the body warm, howev-
er, their absence on the scrotum facilitates an easy heat loss
(Blazquez et al., 1988). The number of hair follicles also decreas-
es from the young to an adult individual.

Vascularization, innervation and musculature

The male reproductive system is commonly attributed to be
highly influenced by anatomical features, physiological con-
ditions and nutritional status of an individual as well as tem-
perature and humidity changes in the environment. A number
of individual studies have emphasized the importance of each
parameter. The themoregulatory center is supplied with sympa-
thetic fibers of postganglionic part of lumber region, stimulation
of which has vasoconstrictive response in the smooth muscles
of cutaneous arterioles in the scrotum (Langley and Anderson,
1895). The vasoconstriction tone is lost during the direct local
heating of the scrotal skin via sensing of the cutaneous scrotal
receptors mediated by sympathetic pathway causing the dilata-
tion of the arterioles. Contrarily, the total loss of tone is observed
with the raise of core body temperature accompanied with the
heat loss by radiation and sweat (Setchell, 1978).

However, recent findings suggest that it is the blood micro-
vasculature of the scrotal integument which is involved in the
testicular thermoregulation, and not the secretions of apocrine
glands. The epidermis shows a dense network of vessels that is
comparable to the skin vascular system. The underlying tunica
dartos has a specific vascular system. It is attached to the blood
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vessels (arterioles and venlues) from one end and to the rete
dermis on the other end, so, it ensures a uniform nutrient sup-
ply to the whole layer (Artyukhin, 2007a; Godynicki et al., 2013).

Two types of muscles, smooth and skeletal muscles namely tu-
nica dartos and cremaster, respectively, are responsible for con-
traction under the sympathetic innervations of lumber origin in
response to the alterations in the optimum temperature so that
an optimum distance from the body may be maintained. The
former being a smooth muscle is capable for sustained contrac-
tion and keeping the testicles closer to body for longer periods
of time but the later exhausts sooner on account of its skeletal
nature (Gibson et al., 2002; Schwarz and Hirtler, 2017).
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