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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 Faculty of Veterinary Medicine
and published three times a year (January, May and Sep-
tember). 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 including
the topics related to basic and clinical veterinary sciences,
raising livestock, veterinary genetics, animal nutrition and
nutritional diseases, zooneses, veterinary medicinal prod-
ucts 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
Science- Zoological Records, Scopus, DOAJ, Embase,
Gale, AgBiotechNet, Animal Breeding Abtracts, Animal
Science Database, CAB Abstracts, Dairy Science Abstract,
Helmintological Abstracts, Index Veterinarius, Nutrition
Abstracts and Reviews Series B: Livestock Feeds, Nutrition
and Food Database, Parasitology Database, Poultry Ab-
stracts, Review of Medical and Veterinary Mycology, Tropi-

cal Diseases Bulletin, Veterinary Bulletin, VetMed Resource,
TUBITAK ULAKBIM TR Index.

All expenses of the journal are covered by the of istanbul
University Faculty of Veterinary Medicine. Processing and
publication are free of charge with the journal. 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.istanbul.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 Faculty of Vet-
erinary Medicine, editors, editorial board, and/or publish-
er; the editors, editorial board, and publisher disclaim any
responsibility or liability for such materials.

All published content is available online, free of charge at
actaveteurasia.istanbul.edu.tr Printed copies of the journal
are distributed, free of charge.

istanbul University Faculty of Veterinary Medicine holds the
international copyright of all the content published in the
journal.

OPEN ACCESS

Editor in Chief: Serhat Alkan

Address: istanbul University Faculty of Veterinary
Medicine, 34320 Availar, 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: +90212 2172292
E-mail: info@avesyayincilik.com
Web page: www.avesyayincilik.com
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Instructions to Authors

Acta Veterinaria Eurasia (Acta Vet Eurasia) is an international, scien-
tific, open access periodical published in accordance with indepen-
dent, unbiased, and double-blinded peer-review principles. The
journal is the official publication of istanbul University Faculty of
Veterinary 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 contribute to
the literature by publishing manuscripts at the highest scientif-
ic 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 eth-
ical guidelines.

The scope of the journal covers all animal species including the
topics related to basic and clinical veterinary sciences, raising
livestock, veterinary genetics, animal nutrition and nutritional dis-
eases, zooneses, veterinary medicinal products and public health,
and food hygiene and technology.

The target audience of the journal includes specialists and pro-
fessionals 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 International Council of
Medical Journal Editors (ICMJE), the World Association of Medical
Editors (WAME), the Council of Science Editors (CSE), the Com-
mittee on Publication Ethics (COPE), the European Association
of Science Editors (EASE), and National Information Standards
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 publi-
cation. The submission of previous reviewer reports will expedite
the evaluation process. 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 orga-
nization.

Manuscripts submitted to Acta Veterinaria Eurasia will go through
a double-blind peer-review process. Each submission will be re-
viewed by at least two external, independent peer reviewers who
are experts in their fields in order to ensure an unbiased evalu-
ation process. The editorial board will invite an external and in-
dependent editor to manage the evaluation processes of manu-
scripts submitted by editors or by the editorial board members
of the journal. The Editor in Chief is the final authority in the deci-
sion-making process for all submissions.

An approval of research protocols by an Animal Ethics Committee
in accordance with international principles is required for exper-
imental, 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 au-
thors. 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 ap-
proval number should also be stated in the Materials and Methods
section of the manuscript. For studies involving client-owned ani-
mals, 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 animal welfare or research protocols
that are not consistent with the international principles of animal
research. For studies conducting questionnaire methodology
should also require ethical approval and a statement should be
included that shows that written informed consent of participants
and volunteers was obtained following a detailed explanation of
the study. The scientific and ethical responsibility of the research
belongs to the authors.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrica-
tion, the Editorial Board will follow and act in accordance with
COPE guidelines.

Each individual listed as an author should fulfill the authorship
criteria recommended by the International Committee of Medical
Journal Editors (ICMJE - www.icmje.org). The ICMJE recommends
that authorship be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work; AND

2. Drafting the work or revising it critically for important intellec-
tual content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and re-
solved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition, au-
thors should have confidence in the integrity of the contributions
of their co-authors.

All those designated as authors should meet all four criteria for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criteria should be ac-
knowledged in the title page of the manuscript.

A-1V



http://www.icmje.org/
http://www.wame.org/
http://www.councilscienceeditors.org/
http://publicationethics.org/
http://www.ease.org.uk/
http://www.niso.org/home/

ACTA VETERINARIA EURASIA

Formerly Journal of The Faculty of Veterinary Medicine istanbul University

Acta Veterinaria Eurasia requires corresponding authors to submit
a signed and scanned version of the authorship contribution form
(available for download through actaveteurasia.istanbul.edu.tr
during the initial submission process in order to act appropriately
on authorship rights and to prevent ghost or honorary author-
ship. 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 author should
also send a short statement declaring that he/she accepts to un-
dertake all the responsibility for authorship during the submis-
sion 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 inter-
ests, including financial, consultant, and institutional, that might
lead to potential bias or a conflict of interest. Any financial grants
or other support received for a submitted study from individuals
or institutions should be disclosed to the Editorial Board. To dis-
close 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 reviewers are resolved by the journal’s
Editorial Board within the scope of COPE and ICMJE guidelines.

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 ombud-
sperson may be assigned to resolve cases that cannot be resolved
internally. The Editor in Chief is the final authority in the deci-
sion-making process for all appeals and complaints.

When submitting a manuscript to Acta Veterinaria Eurasia, au-
thors accept to assign the copyright of their manuscript to Istan-
bul University Faculty of Veterinary Medicine. If rejected for pub-
lication, the copyright of the manuscript will be assigned back to
the authors. Acta Veterinaria Eurasia requires each submission
to be accompanied by a Copyright Transfer Form (available for
download at actaveteurasia.istanbul.edu.tr. When using previous-
ly published content, including figures, tables, or any other mate-
rial in both print and electronic formats, authors must obtain per-
mission from the copyright holder. Legal, financial and criminal
liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published
in Acta Veterinaria Eurasia reflect the views of the author(s) and
not the opinions of the editors, the editorial board, or the publish-
er; 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.

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 2017 - 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.istanbul.edu.tr. Manuscripts submitted via any
other medium will not be evaluated.

Manuscripts submitted to the journal will first go through a tech-
nical evaluation process where the editorial office staff will ensure
that the manuscript has been prepared and submitted in accor-
dance with the journal’s guidelines. Submissions that do not con-
form to the journal’s guidelines will be returned to the submitting
author with technical correction requests.

Authors are required to submit the following:
«  Copyright Transfer Form,
+ Author Contributions Form, and

« ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors) during the initial submis-
sion. These forms are available for download at http://dergi-
park.gov.tr/iuvfd.

Preparation of the Manuscript

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),

« Grant information and detailed information on the other
sources of support,

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

+ Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.

Abstract: An English abstract should be submitted with all sub-
missions except for Letters to the Editor. Submitting a Turkish
abstract is not compulsory for international authors. The Ab-
stract section of all types of articles should be unstructured.
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Keywords: Each submission must be accompanied by a mini-
mum of three to a maximum of six keywords for subject indexing
at the end of the abstract. The keywords should be listed in full
without abbreviations.

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original 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 analysis to support conclusions is usually necessary.
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 and the statistical soft-
ware that was used during the process must be specified.

Units should be prepared in accordance with the International
System of Units (SI).

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. These authors may
even be invited by the journal. 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 be begun with an Introduction section and finalized with a
Conclusion section. The remaining parts can be named relevantly
to the essence of the research.

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 re-
vealing knowledge not included in the literature, and interesting
and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, and Discussion
subheadings.

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
journal that might attract the readers’ attention, particularly ed-
ucative cases, may also be submitted in the form of a “Letter to
the Editor”” Readers can also present their comments on the pub-
lished manuscripts in the form of a “Letter to the Editor” Abstract,

Keywords, and 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
tables 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
presented in the tables should not be a repetition of the data pre-
sented 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.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation 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 men-
tioned 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 parentheses 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.
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Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References

While citing publications, preference should be given to the latest,
most up-to-date publications. 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 parenthesis after the
name of the author. Please see below for 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
availability and genotype effects in rabbits: 2. development of

gastro-intestinal 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
sureleri ve eritme sonrasinda olusturulan soguk soklarinin sper-
matolojik 6zelliklere etkisi. Doktora Tezi, istanbul Universitesi
Saglik Bilimleri Enstitisi, Istanbul.

Manuscripts Published in Electronic Format: Thierry, F., 2006.
Contagious equine metritis: a review. Equine Reproductive In-
fections: 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
date of the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision option
may be canceled. If the submitting author(s) believe that addi-
tional time is required, they should request this extension before
the initial 30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctua-
tion, and format. Once the publication process of a manuscript is
completed, it is published online on the journal’s webpage as an
ahead-of-print publication before it is included in its scheduled
issue. A PDF proof of the accepted manuscript is sent to the cor-
responding author and their publication approval is requested
within 2 days of their receipt of the proof.

Editor in Chief: Serhat Alkan

Address: Istanbul University Faculty of Veterinary Medicine,
34320 Avcllar, istanbul, Turkey

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

Fax: +90 (212) 473 72 40

E-mail: actavet@istanbul.edu.tr

Publisher: AVES

Address: Biiyiikdere Cad. 105/9 34394 Mecidiyekdy, Sisli, istanbul,
Turkey

Phone: +90 212217 17 00

Fax: +90 212217 2292
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Abstract

Verotoxigenic Escherichia coli (VTEC) are major foodborne pat-
hogens with an increasing public health concern. The purpose
of this study was to investigate the occurrence and the phyloge-
netic groups of VTEC isolates from the feces of healthy sheep
and broiler chickens at a slaughterhouse in Urmia region, Nort-
hwestern Iran. A total of 446 E. coli isolates (97 from sheep and
349 from broiler chickens) were assessed for the occurrence of
the Vtx-encoding genes (vtx1 and vtx2) using polymerase chain
reaction. Then, all the recovered VTEC isolates were phylogene-
tically grouped based on the Clermont phylotyping method
using three genetic sequences, the so-called chuA, yjaA, and
TSPE4.C2. The vtx gene-carrying E. coli was identified in 46.4%
(45/97) of sheep-originated isolates and in 8.3% (29/349) of bro-
iler chicken-originated isolates. In general, phylotyping revea-
led that 74 VTEC isolates segregated in the phylogenetic groups

A (32.4%; designated as VTEC-A), B1 (44.6%; VTEC-B1), B2 (9.5%;
VTEC-B2), and D (13.5%; VTEC-D). The results also showed that
the dissemination of VTEC isolates of sheep and broiler chicken
origin varied noticeably in their assignment to B1 and D phy-
logenetic groups (p<0.01). In addition, the virulent phylogene-
tic groups (B2 and D) were significantly more common in broiler
chickens than in sheep (p<0.01). In conclusion, healthy sheep
and broiler chickens could be a reservoir for VTEC belonging
to virulent phylogenetic groups, thus representing a potential
risk factor for public health. This study also demonstrated signi-
ficant differences with respect to the phylogenetic group assig-
nment of the VTEC strains between sheep and broiler chickens.

Keywords: Broiler chickens, phylogenetic groups, sheep, vero-
toxigenic Escherichia coli (VTEC)

Introduction

Escherichia coli is a bacterium generally found in the gut of
warm-blooded animals (Kaper et al., 2004). Although most
strains of this micro-organism are considered to be harmless
symbionts of digestive tract, some strains cause human dis-
eases. Verotoxigenic Escherichia coli (VTEC; also called Shiga
toxin-producing E. coli or STEC) has emerged as an important
zoonotic food-borne pathogen (Gyles, 2007) which can cause
hemorrhagic colitis (HC) and haemolytic uremic syndrome
(HUS) in human (Girardeau et al., 2005). These strains are de-
fined by making of one or more cytotoxins, called verocyto-
toxin 1 (VT1) and verocytotoxin 2 (VT2), usually encoded by
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bacteriophages. However, strains of this pathotype appear to
circulate as a part of the gut flora with ruminants such as cattle,
sheep and goats serving as the major animal reservoirs (Horca-
joetal., 2010; Oporto et al., 2008). Healthy birds have also been
reported to carry VTEC (Farooq et al., 2009).

Escherichia coli strains can be categorized into four main phy-
logenetic groups A, B1, B2 and D, by assessing the presence
or absence of three genetic sequences called chuA (existing in
B2 and D phylogroups, absent from B1 and A), yjaA (existing in
B2, absent from D) and TSPE4.C2 (existing in B1, absent from
group A) (Clermont et al., 2000). These phylogenetic groups
apparently differ in their ecological niches, history of life, ten-

7 This work is licensed under a Creative
Commons Attribution-NonCommercial
BY MG 4.0 International License.
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dency to cause disease (Gordon et al., 2008) and some char-
acteristics such as their virulence genotype and genome size
(Bergthorsson and Ochman, 1998; Girardeau et al., 2005). Com-
mensal E. coli belongs generally to A and B1 phylogroups and
rarely possess virulence genes (Dixit et al., 2004), whereas B2
and D strains are typically related to disease and carry a broad
spectrum of virulence-factor genes (Nowrouzian et al., 2005).
Phylotyping analyses have also revealed that the majority of
the VTEC strains comprise phylogenetic group B1, representing
that they most probably do not cause severe diseases in human
(Girardeau et al., 2005; Ishii et al., 2007). In general, humans are
infected with VTEC strains mostly through the ingestion of
contaminated food or water or direct contact with animals,
therefore identifying the sources of infection is an effective
way towards decreasing the prevalence of this pathogen and
thus reduce the risk of humans infection. Phylotyping of E. coli
strains has previously been underscored as a valuable tool for
bacterial source tracking (BST) and for surveillance programs
in slaughterhouses (Carlos et al., 2010; Martins et al., 2013). Al-
though calves have been considered to be a reservoir of VTEC
in Urmia region, Iran (Saei and Ayremlou, 2012), there are lim-
ited information about the prevalence of VTEC in other food
producing animals. The aims of the current study were to inves-
tigate the presence of VTEC and to determine their phyloge-
netic groups in feces from healthy sheep and broiler chickens
at slaughter in Urmia, northwest of Iran.

Materials and Methods

Sample collection and E. coli isolates

A total of 446 fecal samples of apparently healthy sheep (n=97)
and broiler chickens (n=349) were obtained during slaugh-
ter in Urmia region, Northwestern, Iran. All procedures in this
study were in accordance with the ethical standards of the
Animal Ethics Committee of Faculty of Veterinary Medicine, Ur-
mia University (AECVU) and supervised by authority of Urmia
University Research Council (UURC). The swab samples were
placed directly in tubes containing Stuart transport medium
(CM0111-Oxoid, Basingstoke, United Kingdom), and submit-
ted to the laboratory for immediate processing. Each sample
was streaked onto MacConkey agar (105465-Merck, Darm-
stadt, Germany) plates and incubated overnight at 37°C. Typ-
ical lactose-positive (pink E. coli colonies) colonies were further
streaked on Eosin Methylene Blue (101347-EMB, Merck, Darm-
stadt, Germany) agar. From each plate, a single colony of typi-
cal morphology was selected and subcultured onto 5% sheep
blood agar (110886-Merck, Darmstadt, Germany) for purity and
biochemical tests. Furthermore, species-specific PCR was done
as described previously (Riffon et al., 2001) using primers Eco
2083 (GCT TGA CAC TGA ACATTG AG) and Eco 2745 (GCA CTT
ATCTCTTCC GCATT). The confirmed E. coli isolates were kept in
glycerol broth at -20°C for subsequent analysis.

Detection of vtx genes by PCR
The presence of the vtx genes in the E. coli isolates was exam-
ined by PCR using primers described earlier (Osek, 2003). The
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primer set vtx F (5-CAG TTA ATG TCG TGG CGA AGG-3') and
vix R (5'-CAC CAG ACA ATG TAA CCG CTG-3") were used for the
amplification of vix,, which yielded a PCR product of 384 bp
in size. The primer set vix,F (5'-ATC CTATTC CCG GGA GTTTAC
G-3') and vix,R (5-GCG TCA TCG TAT ACA CAG GAG C-3') were
used for amplifying vix,, which allow the amplification of a DNA
fragment at approximately 584-bp. E. coli ATCC43895 was used
as positive control. Polymerase chain reaction and electropho-
resis of products were performed as described previously (Saei
and Ayremlou, 2012).

Phylogenetic group determination by triplex PCR

Three primer pairs used for the amplification of three genet-
ic sequences called chuA, yjaA and TSPE4.C2 are presented in
Table 1. Amplifications were done in a CORBETT thermocycler
(Model CP2-003, Australia) with the following temperature
profile: 1 cycle of 5 min at 94°C; 30 cycles of 30 s at 94°C, 30 s
at 55°C, and 30 s at 72°C; and finally 1 cycle of 72°C for 7 min.
The positive control used for the determination of three phylo-
genetic group markers (chuA*, yjaA* and Tspe4C2*) was E. coli
reference strain ECOR62. Amplicons were electrophoresed on
1.5% (w/v) agarose gel containing ethidium bromide and vi-
sualized by the UV transilluminator. The sizes of PCR products
were determined by comparing with GeneRuler 100 bp DNA
ladder plus (Thermo Scientific, Germany). The main phyloge-
netic groups (A, B1, B2 and D) and subgroups (A, A,, B,, B2,,
B2, D,, and D,) of VTEC strains were determined according to
the combinations of chuA, yjaA, and Tspe4.C2 markers as de-
scribed earlier by Clermont et al. (2000) and Escobar-Paramo et
al. (2004), respectively.

Statistical analysis

The Mann-Whitney U test was done using Statistical Package
for the Social Sciences Software V22.0 (SPSS Statistics for Win-
dows, IBM Corp.; Armonk, New York, USA) to compare the phy-
logenetic groups between the studied hosts. For each compar-
ison, a p value less than 0.01 was considered significant.

Results

A total of 446 E. coli isolates comprising 97 from sheep and 349
from broiler chickens were obtained from same number of fe-
cal samples by conventional culture as well as species-specific
PCR techniques. Confirmed E. coli isolates were tested for the
presence of vix, and vix, genes. VTEC isolates were recovered
from 46.4% (45/97) in healthy sheep, and 8.3% (29/349) in broil-
er chickens.

The PCR results for phylotyping revealed that VTEC strains seg-
regated mainly in phylogenetic group B1 (33 of 74 [44.6%]),
designated as VTEC-B1. Of the remaining strains, 24 (32.4%), 10
(13.5%) and 7 (9.5%) segregated in main phylogenetic groups
A (VTEC-A), D (VTEC-D), and B2 (VTEC-B2), respectively. The
different banding patterns obtained by Clermont triplex PCR
method for the phylogenetic groups are shown in Figure 1.
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Table 1. Sequences of oligonucleotide primers used in this study

Gene Sequence
5'-GAC GAA CCA ACG GTC AGG AT-3'
chuA 5'-TGC CGC CAGTAC CAA AGA CA-3'
. 5'-TGA AGT GTC AGG AGA CGCTG-3'
viaA 5'-ATG GAG AAT GCG TTC CTC AAC-3'
TSPEA.Co 5'-GAG TAATGT CGG GGC ATT CA-3'

5'-CGC GCC AAC AAA GTATTA CG-3'

Table 2. Phylogenetic groups and subgroups of VTEC strains
isolated from sheep and broiler chickens

Phylogenetic groups and subgroups of VTEC*

VTEC-A VTEC-B1 VTEC-B2 VTEC-D
Host n A, A, B, B2, B2, D, D,
Sheep 45 5 8 29 2 - 1 -
Broiler chickens 29 2 9 4 - 5
Total 74 7 17 33 2 5 6

*Verotoxigenic Escherichia coli

3000bp
1500 bp

1000 bp
700 bp

500 bp
400 bp

300 bp
200 bp

100 bp

Figure 1. Triplex PCR patterns of representative E. coli
phylogenetic groups. Lane M: GeneRuler™ 100 bp plus DNA
ladder; Lane 1: negative control; Lane 2: group B1; Lane 3:
group D; Lanes 4 and 5: group A; Lanes 6 and 7: group B2

Of 45 sheep VTEC isolates, 29 isolates (64.5%) were phylogenet-
ic group B1, 13 (28.9%) phylogenetic group A, 2 (4.4%) phylo-
genetic group B2, and 1 (2.2%) phylogenetic group D. Among
the isolates recovered from broiler chickens, 11 isolates (38%)
were allocated into phylogenetic group A, 9 (31%) phylogenet-
icgroup D, 5 (17.2%) phylogenetic group B2, and 4 (13.8%) phy-
logenetic group B1. The analysis of phylotyping results among
the studied hosts is detailed in Table 2. As shown, with the ex-
ception of B2 phylosubgroups (B2,, B2,), all other phylogenetic
subgroups A (A, A)), B1, D (D,, D,) were identified in VTEC iso-
lates from both sheep and broiler chickens.
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Amplicon size Reference

279 bp (Clermont et al., 2000)
211 bp (Clermont et al., 2000)
152 bp (Clermont et al., 2000)

Table 3. The vtx genes in VTEC isolates from sheep and broiler
chickens in relation to main phylogenetic groups

Phylogenetic group Sheep Broiler chickens
vix* genes A B1 B2 D A B1 B2 D
vix, 8 17 1 1 4 1 3 3
VX, 3 8 1 - 6 3 2 5
vix,, Vix, 2 4 - - 1 - - 1
Total 13 29 2 1 1 4 5 9

*Verocytotoxin

There was no significant difference in carriage of phylogenetic
groups A and B2 between sheep and broiler chickens, whereas
B1 significantly associated with sheep and D with broiler chick-
ens (p<0.01). Concerning commensal (A and B1) and virulent
(B2 and D) phylogenetic groups, statistical analysis also showed
that commensal strains and virulent strains significantly asso-
ciated with sheep and broiler chickens, respectively (p<0.01).

Out of 74 VTEC isolates, 38 isolates (51.4%) were positive for
vix,, 28 (37.8%) for vix,, and 8 (10.8%) for both vix, and vix,.
Twenty-seven of sheep VTEC isolates were positive for vtx,, 26
contained vtx,and 6 possessed both vtx7 and vtx2. The corre-
sponding counts in broiler isolates were 11, 16, and 2, respec-
tively. The vtx genes in sheep and broilers VTEC isolates in rela-
tion to main phylogenetic groups are shown in Table 3.

Discussion

According to Wasteson (2001), Verotoxigenic Escherichia coli
(VTEC) is the only E. coli pathogenicity group of major inter-
est from zoonotic standpoint. In the current study, VTEC were
isolated more frequently (45/97; 46.4%) in feces from sheep.
This is in agreement with previous studies and confirms the
importance of sheep as VTEC reservoir (Oporto et al., 2008).
The frequency detected in the present study was, however,
higher than the 29.9% and 7.9% reported in Switzerland and
Brazil, respectively (Maluta et al, 2014; Zweifel et al., 2004).
Another study on collection of E. coli isolates from healthy fat-
tailed sheep in Iran showed that 13% of isolates belonged to
VTEC pathotype (Ghanbarpour and Kiani, 2013). Differences
in farm-level factors such as feed composition and sanitation
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of drinking water may explain these discrepancies. A study of
dairy cattle farms demonstrated that herd management factors
related to cattle feeding practices were associated with fecal
shedding of VTEC (Cho et al.,, 2013). In the current study, VTEC
prevalence rate (29/349; 8.3%) in fecal samples of healthy broil-
er chickens was also higher than those reported in Kerman,
southeastern of Iran (Ghanbarpour et al., 2011; Salehi, 2014).
High incidence of VTEC observed in broilers may at least in part
be due to geographical effects, hygienic measures and higher
stocking density of birds in intensive chicken farming.

Despite the description of a new quadruplex PCR method to
assign E. coli isolates to eight phylo-groups (A, B1, B2, C, D, E,
F and clade 1), Clermont genotyping triplex PCR is a cost effec-
tive and reasonably accurate method for detecting putative E.
coliisolates from a variety of sample types (Higgins et al., 2007).
Consistent with previous study (Girardeau et al., 2005), phyloge-
netic analysis revealed that VTEC isolates, irrespective of sheep
or broilers origin, segregated mainly in phylogenetic groups A
(24/74; 32.4%) and B1 (33/74; 44.6%). Selection through anti-
biotic pressure may explain this phenomenon, as most of an-
tibiotic resistant E. coli strains have been shown to belong to
the phylogenetic groups A and B1 (Obeng et al.,, 2012). Other
speculation could be the ability of these phylogenetic groups
to survive and persist in feces, manure, and soil in the environ-
ment. It is also hypothesized that bacteriophages carrying vitx
genes probably could transduce with significant frequency to
A and B1 phylogenetic group strains (Garcia-Aljaro et al., 2009).

Seven out of 74 (9.5%) VTEC strains analyzed in the study be-
longed to phylogenetic group B2, which is predominantamong
extraintestinal strains. In contrast to this result, none of the fe-
cal isolates from domestic animals in South Korea and healthy
fat-tailed sheep in southeastern of Iran belonged to B2 group
(Ghanbarpour and Kiani, 2013; Unno et al., 2009). We supposed
that they originated from food handlers or water contaminated
with fecal material of humans. Carlos et al. (2010) stated that
isolates belonging to the B2 group, particularly subgroup B2,,
represent an indicator for pollution by human feces.

According to statistical analysis, there were significant differ-
ences with respect to the phylogenetic group assignment of
VTEC strains obtained from sheep and broilers. Carlos et al.
(2010) also described a different dissemination of phylogenetic
groups among E. coli strains isolated from humans, chickens,
cows, goats, pigs and sheep, where high percentage of strains
from the chicken samples were dominated by group A, where-
as group B1 was predominant among E. coli strains from sheep.
This non-random distribution of phylogenetic groups in the
hosts may be due to ecological differences (e.g. in their be-
haviour, diet, antibiotic usage etc.) coupled with physiological
differences (e.g. host genetic factors, gut characteristics, etc). A
well-known example of the influence food ingestion may have
is the prevalence of phylogenetic group A and B1 among om-
nivorous and herbivorous mammals, respectively (Carlos et al.,
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2010). Clermont et al. (2011) also concluded that gain (or loss)
of few genes, e.g. adhesion-encoding genes, could contribute
to the host specificity of non-B2 strains of different origin. Fur-
ther studies of virulence factors which enable a phylogenetic
group to colonize the gastrointestinal tract of different animal
species are therefore needed to be evaluated.

Escherichia coli ST69, ST393, ST405 clones belonging to phy-
logenetic group D are increasingly reported as multidrug re-
sistant strains causing extraintestinal infections (Novais et al.,
2013). We found that the 10 VTEC strains studied belonged to
the phylogenetic group D and significant differences on its as-
sociation with hosts were also detected: only one VTEC isolate
of phylogenetic groups D (2.2%) in sheep against 9 (31%) of
broiler origin. Therefore, avian species appear to be a relevant
reservoir of virulent phylogenetic group D. More expanded
studies are needed to be undertaken in order to confirm this
hypothesis.

In this study, we found that vix, was the predominant gene
over vitx, and vtx -vtx, in VTEC isolates in sheep. This distribu-
tion is in consistent with those previously described in two
studies in sheep carried out in Spain (Blanco et al., 2003; Rey et
al., 2003). However, in contrast with the results reported here,
several studies have shown that most sheep VTEC carry vix,
and vtx, (Oporto et al., 2008; Vettorato et al.,, 2009). As results,
vtx, was frequently found in broiler isolates. The same trend has
been observed in chicken products in Argentina (Alonso et al.,
2012). This is important because vtx,-producing strains is more
associated with severe disease in humans than vtx,-producing
strains (Paton and Paton, 2002).

Detection of vtx gene-carrying E. coli belonging to virulent
phylogenetic groups (B2 and D), especially in broilers, rep-
resents a public health concern through fecal contamination
of carcasses during slaughter operation at the processing fa-
cility. In Iran, studies have recently demonstrated that broil-
er and sheep carcasses could be considered as an important
source of pathogenic E. coli (Bagheri et al., 2014; Tahamtan et
al., 2010). On the other hand, high ratios of B2 and D isolates
have been obtained from human clinical samples (Navidinia et
al., 2013; Ramazanzadeh et al., 2013). However, further studies
regarding phylogenetic background using other phylogenet-
ic methods such as multilocus sequence typing (MLST), along
with detection of serovars, vtx subtypes, and virulence genes
are needed for predicting potential health hazards related to
E. coli isolates from animals. In this regard, researches have
pointed out the zoonotic potential of certain clonal groups
such as avian pathogenic E. coli (APEC) 045:K1:H7-B2-ST95
(Mora et al, 2013) and 025b:K1:H4-B2-ST131 ibeA strains
(Mora et al.,, 2010).

In conclusion, this study indicates that healthy sheep and broil-
ers in Urmia region, Iran, could be considered as a source of
VTEC strains. In addition, it demonstrates a different circulation
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of the E. coli phylogenetic groups in the analyzed host. Regard-
ing the presence of stx gene-carrying E. coli belonging to viru-
lent phylogenetic groups in fecal samples of healthy animals,
sufficient discrimination among VTEC strains to assess their
public health significance is therefore recommended.
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Abstract

Decreased antioxidant levels may be a cause of many diseases.
Pus accumulation in the uterus literally called pyometra and
generally occurs in median or late life span of bitches. The ob-
jective of the study was to evaluate the concentrations of anti-
oxidant enzymes superoxide dismutase (SOD), catalase (CAT),
oxidative stress parameter-thiobarbituric acid-reactive subs-
tances (TBARS) and inflammatory mediator, tumour necrosis
factor alpha (TNF-a) in uterine tissues of bitches with and wit-
hout pyometra. For this purpose, bitches with pyometra (n=27),
and healthy bitches in dioestrus (n=8) included in the study
and both of the groups went under ovariohysterectomy ope-

ration. SOD and CAT enzymes were found significantly higher
in uterine tissues of dioestrus group (p<0.01, p<0.05, respecti-
vely). TNF-a did not differ in uterine tissues between the groups
(p>0.05). Our data showing that decreased concentrations of
antioxidant enzymes in the uterus occurs during the disease of
pyometra in bitches. Due to antioxidants cannot deactivate free
radicals occurred during the inflammatory process probably
one of the main cause for uterine tissue damage in pyometra.

Keywords: Dioestrus, dog, oxidative stress, pyometra, TNF-q,
uterus

Introduction

Free radicals are a reactive and unstable ion species, which be-
come stable by acquiring electrons from wherever they can,
which causes some adverse reactions resulting in cellular im-
pairment. There are two types of free radicals: reactive oxygen
species (ROS) and reactive nitrogen species (NOS) (Agarwall et
al.,, 2005). Superoxide radical ('0,), hydrogen peroxide (H,0,)
and hydroxyl radical (OH’) are referred as ROS and have became
more recognizable in the last few decades. ROS are responsible
for DNA damage, and thus are a cause of underlying diseases
(Ercan et al., 2012, Todorova et al., 2005). More than 100 diseas-
es including female reproductive disorders have been associ-
ated with ROS (Agarwall et al., 2005). Overabundance of ROS is
termed “oxidative stress’, and this stress is possibly an initiator
of certain pregnancy-related disorders such as early pregnancy
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loss and embryopathies, in both humans and animals (Al-Gu-
bory et al., 2010). Oxidative stress and antioxidants during
pregnancy have been analysed in many studies on mammalian
species (Gupta et al., 2007; Santos et al., 2004). It is clear that
there is a link between oxidative stress and disorders of the fe-
male reproductive system, which is important in both human
and animal reproduction (Al-Gubory et al., 2010).

The causes of infertility in bitches are difficult to identify and
generally remain an unsolved problem in pet clinics. Infertility
in bitches is presumed mainly caused by infectious agents (Bru-
cella canis, Campylobacter spp., Escherichia coli, etc.), however,
there are other causes including uterine lesions, hormonal im-
balances, systemic diseases (Mir et al., 2013) as well as oxida-
tive stress (Agarwall et al., 2005, Burton and Jauinaux, 2011).
Diseases related to oxidative stress and inflammation has been
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reported in numerous previous studies in dogs. When oxida-
tive stress occurs, there may be no clinical signs, however, more
energy is used for scavenging free radicals rather than for re-
production (Mohebbi-Fani et al., 2016) and this may lead to
infertility in dogs.

Reactive oxygen species can be deactivated by antioxidants,
which are 1) vitamins (A, C, and E) and 2) antioxidant enzymes
(superoxide dismutase, SOD; catalase, CAT; and glutathione
peroxidase, GPX). Antioxidants protect against peroxidation
and DNA impairment (Al-Gubory et al., 2010, Todorova et al.,
2005). If the balance between antioxidants and ROS fails, ROS
is overproduced and binds to unsaturated fatty acids on cell
membranes. This reaction is called “lipid peroxidation”and can
be measured as thiobarbituric acid-reactive substances (TBARS)
to show the degree of lipid peroxidation in an organism.

Superoxide dismutase is the first part of the defence mecha-
nism during oxidative stress conditions and its main function
is catalysing detoxification of superoxide radicals ('0,) (Nakano
et al., 1996, Todorova et al., 2005). Hydrogen peroxide (H,0,) is
generated at the end of this reaction and together with GPX,
CAT degrades H,0, into water and oxygen. CAT is a more ac-
tive antioxidant enzyme under high concentrations of H,O,
(Szczubial and Dabrowski, 2009).

Pyometra is sometimes a life-threatening disease, arising as
a consequence of the systemic inflammatory response syn-
drome (SIRS). SIRS can be detected by determining the con-
centrations of cytokines in dogs, like in humans (Karlsson et al.,
2012). Cytokines are mainly protein constructed elements that
are released into the inter cellular space by leucocytes. SOD
also neutralizes superoxide radicals formed by tumour necrosis
factor alpha (TNF-a) cytokine (Agarwall et al., 2005).

In our study, oxidative stress biomarkers were chosen accord-
ing to the results of some previous studies. In those studies, Cu
SOD, Mn SOD, CAT and GPX (Sugino et al., 2000), malondialde-
hyde (MDA) and TBARS (Jozwik et al., 1999) were revealed to be
present in the female reproductive tract.

The present study compared the level of oxidative stress by us-
ing TBARS, SOD and CAT, and the inflammatory mediator TNF-a
during the dioestrus period in healthy bitches and bitches with
pyometra. The hypothesis of the study was that, when the uter-
us gets infected, oxidative stress probably occurs in the uterine
tissues, affecting the reproductive performance of bitches and
also increasing the risk of pyometra disease.

Materials and Methods

Dogs

The studies were performed on 27 dogs with pyometra, with
a mean body weight of 20.18+12.41 kg (pyometra group; PG),
and 8 clinically healthy dogs in dioestrus with a mean body
weight of 15.15+14.72 kg (dioestrus group; DG). There was
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only one young dog in each group while all others were geri-
atric in both groups. Dogs in both groups were free of com-
mon infectious diseases. Bitches were considered to be in dio-
estrus according to their vaginal cytology results (appearance
of intermediate and parabasal cells, neutrophils, and large
numbers of bacteria in vaginal smears) in DG. Five dogs in PG
had closed-cervix pyometra while twenty-two had open-cer-
vix pyometra. Physical examinations were performed on each
dog to evaluate the general condition in both groups. Results
of vaginal examination, vaginal cytology and ultrasonogra-
phy were used to differentiate pyometra from other uterine
pathologies such as mucometra and hydrometra. For this
purpose, transabdominal ultrasonography was performed to
visualise the uterus (Easote Piemedical MyLab Five Vet, Neth-
erlands) and also vaginoscopy was used to see the cervix uteri
and vagina. Visualisation of pus during vaginal examination
and/or a hypoechoic fluid-filled uterus on ultrasonography
was considered as pyometra.

Tissue collection

Both groups of bitches underwent ovariohysterectomy (OVH).
OVHs were performed under general anaesthesia, induced
with an intravenous 4-8 mg/kg propofol solution (Propofol 1%
Fresenius; Fresenius Kabi, DE) and continued with 2-4% isoflu-
orane (Forane Liquid; Aesica Queenborough, UK). Excised uter-
ine tissues were promptly rinsed and cleaned of blood and pus
with cold saline to minimize the effect of blood on free radi-
cals. Three parts of the uterus at different levels were taken for
homogenization and stored in Eppendorf tubes at —86°C until
homogenization.

Homogenization of uterine tissues and ELISA assays
Uterine tissues were first weighed and then rinsed with phos-
phate-buffered saline (PBS, pH 7.4) and homogenized (MIC-
CRA-D1, ART Prozess&Labortechnik GmbH&Co. KG., Germany)
in 5-10 ml cold PBS (proportion: 1/10). Uterine homogenates
were centrifuged at 4°C for 30 min at 3000xg and then super-
natants were analysed for TBARS, SOD, CAT and TNF-a. These
parameters were measured with commercially available canine
sandwich ELISA kits (TNF-a; canine TNF-a, CK-E90814; SOD; ca-
nine SOD ELISA, CK-E91351; CAT; canine CAT ELISA, CK-E91349;
TBARS; canine TBARS ELISA, CK-E91350; Hangzhou Eastbio-
pharm Co. Ltd.,, China) by the quantitative sandwich enzyme
immunoassay technique (uQuant, Bio-Tech Instruments, High
Point, NC, USA) according to the manufacturer’s instructions.
The detection range of TNF-a was 5-1000 ng/L, SOD was 0.5-
200 ng/mL, CAT was 1-300 ng/mL, TBARS was 0.5-100 nmol/
mL and intra- and inter-assay coefficients of variations for all
parameters were <10% and <2%, respectively.

Statistical analysis

Groups (pyometra and dioestrus) were added to the statistical
model as between-subject effects and an independent sample
t-test was applied to compare each sampling time for uterine
analyses. A value of p<0.05 was used to indicate statistical sig-
nificance.
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Table 1. Uterine concentrations of SOD, CAT, TBARS and TNF-a

Variable Dioestrus group (Mean+SE) (n=8)
SOD (ng/mL) 67.93+18.78
CAT (ng/mL) 67.69+18.52
TBARS (nmol/mL) 89.49+21.32
TNF-a (ng/L) 371.45+64.56

Pyometra group (Mean*SE) (n=27)

t-test significance

31.11+2.32 **

39.40+3.80 *

97.90+10.14 NS
342.99+32.85 NS

SOD: super oxide dismutase; CAT: catalase; TBARS: thiobarbituric acid reactive substances; TNF-a: tumour necrosis factor alpha

*p<0.05; *¥p<0.01; NS: p>0.05

Results

Uterine concentrations of SOD, CAT, TBARS and TNF-a

The mean concentrations in the groups are shown in Table 1.SOD,
CAT and TNF-a were higher in uterine tissues of DG compared
with PG. Of these variables, SOD and CAT levels were significantly
different between the two groups (p<0.01, p<0.05, respectively).
Concentrations of SOD, CAT, TBARS and TNF-a did not differ be-
tween the open- and closed-cervix pyometra bitches.

Discussion

Reactive oxygen species production is correlated with inflam-
matory processes. The consumption of oxygen by activated
macrophages and neutrophils occurs during inflammation.
An overabundance of ROS is seen if ROS production cannot be
controlled by antioxidative mechanisms and this is one of the
causes of tissue damage (Agarwal et al., 2005).

In this study, comparisons were made between SOD, CAT,
TBARS and TNF-a concentrations in uterine tissues of bitches
in the dioestrus period and bitches with pyometra. The main
aim of this study was to determine the effect of ROS occurring
during pyometra on levels of antioxidant enzymes SOD and
CAT and also on the lipid peroxidation product TBARS and their
relationships with a cytokine, TNF-a.

In our study, SOD concentrations were higher in DG, which com-
prises animals under the influence of progesterone. In a previous
study, changes in superoxide anion and SOD level were detected
during the oestrus cycle of Rattus norvegicus. Low levels of super-
oxide radical and high levels of SOD were observed during the
dioestrus period (Laloraya et al., 1990). In another study, the ex-
pression of SOD was investigated in corpora lutea collected from
women. The Cu-Zn SOD expression in the corpora lutea paral-
leled levels of progesterone and these levels rose from the early
to the mid luteal phase and decreased during regression of the
corpus luteum. Enhanced expression of Cu-Zn SOD in luteal tis-
sue from pregnant patients was found and it was correlated with
high levels of hCG (Sugino et al., 2000). In addition to this, it was
revealed that estrogen lowers mammalian uterine SOD levels
(Jain et al., 1999). Our results are in accordance with these stud-
ies. Additionally, when compared with DG, SOD levels were sig-
nificantly lower in PG (p<0.01). This is likely due to the increased
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levels of ROS during inflammation and infection occurring in the
uterus such as in the case of pyometra.

Our findings showed that pyometra disease significantly de-
creases the activity of the antioxidant enzymes, SOD and CAT
(p<0.01, p<0.05, respectively), however, unfortunately, the
level of antioxidant activity in the uterus at the beginning of
the infection in these dogs is not known. TBARS concentrations
were increased as expected in PG but the difference between
the groups was not significant (p>0.05). At the initiation of uter-
ine infection, antioxidant enzymes probably increase because
of cytokines released from the leucocytes. In another study in
bitches, SOD and CAT levels were found to be similar between
the uterine tissues of bitches with pyometra and healthy ones
(Szczubial and Dabrowski, 2009). This result might have been
obtained in that study due to the fact that those bitches were
recognized promptly at the initiation of pyometra. The dura-
tion of infection is thought to affect the activity of SOD and CAT
concentrations in uterine tissue.

In another study, in women with endometriosis, high TNF-a
concentrations were detected in the peritoneal fluid (Bedaiwy
and Falcone, 2003). Cytokines influence the redox status of the
ectopic endometrium in patients with endometriosis. Also, the
antioxidant MnSOD neutralizes superoxide anions generated
by cytokine TNF-a (Agarwal et al., 2005). In our study, TNF-a
concentrations did not differ in uterine tissues between DG and
PG (p>0.05) and no relationship was found between concentra-
tions of TNF-a and pyometra occurrence.

In conclusion, our data showed that pyometra disease nega-
tively changes the oxidative status of the uterus. Additionally,
significantly decreased concentrations of SOD and CAT found
in infected uteri compared with dioestrus uterine tissue show
the importance of these antioxidant enzymes in the uterus.
Also, it was assumed that one of the main causes of uterine
damage in pyometra is the generation of free radicals during
the inflammatory process, which cannot be deactivated by de-
creased levels of antioxidants.
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Abstract

The fruits and leaves of Tamarindus indica have been widely
used in traditional medicine for treating wounds and other
diseases in Africa. The aim of this study was to investigate
the wound-healing property of T. indica pulp (TP) and leaf
(TL) meal and the importance of antioxidant enzymes in the
wound-healing process in the African catfish, Clarias gariepi-
nus. Surgical incisions of 10 mm? were made aseptically on
the lateral part of the catfish, above the pelvic fin and toward
the caudal region. The fish were fed experimental diets com-
posed of basal diet fortified with each of TP or TL at concent-
rations of 0.5%, 1.0%, 1.5%, 2.0%, and 0.0% (untreated) and
0.2% oxytetracycline (treated) as controls in triplicate groups.
Changes occurring in the wound area (mm?) were measured
at 3-day-intervals for 15 days. The healing rates and the re-
lative percentage of healing were calculated. Sera collected
from the experimental fish were analyzed for oxidative stress
biomarkers and antioxidant enzymes. The results showed
that fish fed diets treated with TP or TL had significantly faster

(p<0.05) daily healing rates at the lateral and caudal regions
from the 6™ to the 12" day compared with those in the control
groups. Percentage wound-healing (PWH) at the lateral and
caudal regions was significantly enhanced (p<0.05) from the
6" day in the tamarind-treated groups. The PWH reached the
peak (100%) at the lateral region on the 12* day in fish fed
0.5-2.0% of TL and 1.5%-2.0% of TP diets. Dietary treatment
with TP and TL resulted in a lower production of serum ma-
londialdehyde and hydrogen peroxide levels, whereas the
reduced glutathione, superoxide dismutase, and glutathione
peroxidase levels increased. Fortifying diets of C. gariepinus
with 1.0%-2.0% of TP and TL meal enhanced wound-healing
significantly compared to that of natural healing and with
oxytetracycline-fortified diet. The faster wound-healing rate
might be a consequence of elevated levels of serum antioxi-
dants in the fish fed tamarind-fortified diets.

Keywords: African catfish, antioxidant activity, experimental
study, serum antioxidants, Tamarindus indica, wound-healing

Introduction

The skin forms the external covering of the body of fish, which
protects the fish against mechanical injury and noxious agents.
The skin consists of the epidermis and dermal layer. The epi-
dermis of teleost fish consists of fusiform cells, which remain
viable and retain the capacity for mitotic division significant for
healing processes (Genten et al., 2009; Yang et al., 2015). Skin
grows, differentiates and renews itself at all times. A wound is a
loss or breaking of cellular and anatomic or functional continu-

Address for Correspondence: Olarinke Victoria ADENIYI - E-mail: adeniyiovic@yahoo.com
Received Date: 06 November 2017 - Accepted Date: 13 March 2018 - DOI: 10.26650/actavet.2018.011
© Copyright 2018 by Official Acta Veterinaria Eurasia. Available online at actaveteurasia@istanbul.edu.tr

ity of living tissues (Ayello, 2005). The closing of an open wound
initiates healing because of the responses triggered off by the
damaged local cells. Wound-healing is a physiological response
of animal to tissue injury which results in replacement of de-
stroyed tissue and restoration of the tissue integrity.

Wound-healing is enhanced by circulation of oxygen and nu-
trients in wound sites (Abdulla et al., 2009). Although oxygen
plays vital roles such as oxidative phagocytosis, synthesis of
collagen, angiogenesis and epithelialization in wound-heal-
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ing, it is also resulted to production of highly reactive oxygen
species (ROS) such as free radicals and peroxide, which result
to oxidative stress, decelerate these processes and impaired
wound-healing. Excessive production of ROS is deleterious to
wound-healing (Dunnill et al., 2017; Kanta, 2011), hence, bal-
ance between ROS and antioxidants is essential. Antioxidant
enzymes play important roles in the detoxification of reactive
oxygen metabolites during wound-healing process (Bryan et
al., 2012; Keller et al., 2006; Kurahashi and Fujii, 2015).

Plants and their extracts are organic products with immense
potential for the management and treatment of wounds.
Wound-healing activity of herbal products has been associated
with the antimicrobial and antioxidants properties of the phy-
tobiotics (Abdulla et al., 2009, Mohammad et al., 2012; Vifayara-
ghavan et al,, 2017). Plant phytochemical constituents such as
tannins, alkaloids and flavonoids contribute to wound-healing
activity in animals (Kim et al,, 2011; Li et al,, 2011; Pawar and
Toppo, 2012). Herbal products from Rafflesia hasseltii flowers
(Abdulla et al., 2009), Tamarindus indica (Linn 1753) seed (Mo-
hammad et al., 2012), Acorus calamus root and rhizome (Shi et
al., 2014) in rat or mice, Allium cepa bulb, Tetracarpidium cono-
phorum leaf (Bello et al., 2013) and Azadirachta indica leaf and
oil (Alam et al., 2014) in fish have been used to test the efficacy
of herbal products in wound-healing with great potentials.

Tamarindus indica L, commonly called tamarind, is a large tree
belonging to the family Leguminoseae (Fabaceae) and sub-
family Ceasalpinioideae. Tamarind grows widely in most tropi-
cal and subtropical regions of the world (Bhadoriya et al., 2011;
Dhamija and Parle, 2012). The bark or leaves of tamarind in
the form of powder, decoction, and poultice are applied tradi-
tionally on cuts, wounds and abscesses as well as for cleansing
wounds caused by guinea worm (Lockett et al., 2000). The eth-
nomedical use of tamarind in wound-healing in many African
countries has been reported (Diallo et al., 2002; Fabiyi et al.,
1993; Havinga et al., 2010; Inngjerdingen et al., 2004). Studies
have demonstrated the in vitro antimicrobial (Adeniyi et al.,
2017; Gumgumjee et al, 2012) and antioxidant (Khairunnu-
ur et al., 2009; Lim et al., 2013) activities of tamarind extracts.
The role of antioxidant property of tamarind in wound-healing
has not been elucidated while scientific information on the
wound-healing and in vivo antioxidant activities of T. indica in
fish is limited. Intensive culture of Clarias gariepinus (Burchell
1822) is associated with wounds resulting from aggressive be-
haviours of fish and artificial breeding involving the cutting of
testes. This study therefore investigated wound-healing and
antioxidant activities of dietary T. indica pulp and leaf meal as
feed additives in C. gariepinus.

Materials and Methods

Plant identification and diets preparation
Fresh tamarind leaves and dried fruits were obtained and au-
thenticated as Tamarindus indica Linn with a Voucher Number:
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UIH-22550. Following the harvest of the plant materials, fresh
leaves were removed from the stalk, washed with clean water,
drained while the brittle fruit husks were carefully removed and
the pulp scraped from the fruits. The leaves were air-dried un-
der shade for 14 days and pulp for 21 days. Both the tamarind
pulp (TP) and leaves (TL) were processed into meals. The meals,
TP and TL, were included singly at 0.5. 1.0, 1.5 and 2.0% each to
fortify the basal diets while 0.0% and 0.2% oxytetracycline (OXY
200 WSP; Kepro, Deventer, Holland) were untreated and treated
controls, respectively to make 10 experimental diets.

Experimental fish samples and formation of the wounds
The experimental fish samples consisted of 150 healthy African
catfish (C. gariepinus). The fish (33.97-45.69g) were randomly
selected from each treatment of fish previously fed with the ex-
perimental diets in triplicate groups for 12 weeks. Five fish were
selected from each replicate and distributed into 50 litre ca-
pacity rectangular tanks in triplicates, according to their treat-
ment groups. Following cleaning the portion of the skin with
70% ethanol, surgical incisions wounds of 10 mm? were made
on each of the fish to the dermis on the lateral part, above the
pelvic fin and towards the caudal region (Bello et al., 2013).
The fish were returned to the holding tanks (50 litre capacity)
and fed the experimental diets at 3% body weight daily. The
culture water was changed completely every 48 hours. The wa-
ter temperature, pH and dissolved oxygen were 26.5+1.00°C,
7.23+0.02 and 5.20+0.50mg/L respectively.

Evaluation of the wound-healing rate

Progressive changes in the wound area were evaluated by mea-
suring the wound area with transparent ruler. The percentage
wound-healing (Ammar et al., 2015), daily healing rates (Bell, 2002)
and relative percentage healing (Amend, 1981) were calculated
using the initial wound area (on 0™ day) and areas determined on
n day (n=3, 6,9, 12, 15) as shown in Table 1.

Evaluation of antioxidant activity

After the wound-healing experiment earlier described, blood
samples were collected from the caudal vein (Ejraei et al., 2015)
of fish sampled from each replicate individually into plain tubes
and allowed to clot. The clotted blood samples were centrifuged
at 4000 rpm for 10 minutes. Clear sera were collected with micro-
pipette into plain tubes and stored in the freezer until when ana-
lysed. The in vivo antioxidant properties of dietary tamarind pulp
and leaves were evaluated by analysing some oxidative stress
biomarkers and antioxidants in the serum of the experimental
fish after fifteen days. Concentrations of total protein (Gornal et
al, 1949), hydrogen peroxide (Wolff, 1994), malondialdehyde
(Varshney and Kale, 1990) as described by Omobowale et al.,
2015) Reduced glutathione (Jollow et al. (1974) and activities
superoxide dismutase (Oyagbemi et al.,, 2014) glutathione per-
oxidase (Rotruck et al., 1973) glutathione-s-transferase (Habig et
al., 1974) and myeloperoxidase (Xia and Zweier, 1997) were ana-
lyzed spectrophotometrically (EIx800, BioTek, Winooski, USA) us-
ing the standard procedures. The whole experimental protocols
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were performed according to the International (2010/63/EU) and
University of Ibadan Institutional rules of animal experiments,
clinical studies and biodiversity rights.

Statistical analysis

One-way Analysis of Variance (ANOVA) was used to analyze the
data. Duncan multiple range test was used to compare differ-
ences among means at 5% probability level using statistical
Statistical Analysis System (SAS software, 2010; SAS Institute,
Cary, USA).

Results

Wound-healing activity

Fish on diets treated with TP and TL had significantly faster
(p<0.05) Daily Healing Rates (DHR) at the lateral and caudal re-
gions from the 6 to 12" day compared to the control groups (Ta-
ble 2). The DHR generally reduced progressively from the 3 day to
the 15" day. Similar to the pattern observed for DHR, Percentage
Wound-Healing (PWH) was significantly enhanced (p<0.05) from

the 6™ day in tamarind-treated groups (Table 3). The PWH reached
the peak (100%) at the lateral region on the 12* day for all TL and
1.5-2.0% TP groups. The healing pattern at the lateral and caudal
regions was dose-dependent. The PWH significantly increased
(p<0.05) as the levels of inclusion of TP and TL rose.

Treating the diets of C. gariepinus with OTC and tamarind
enhanced Relative Percentage Wound-Healing (RPWH) at
the lateral and caudal region compared to natural healing
in untreated control group (Figure 1, 2). On the 9*-15% day
(Figure 3-5), fish fed the tamarind-treated diets also demon-
strated significantly higher (p<0.05) RPWH than those fed
the control diets. On the 12" day healing was completed at
the lateral region in all the experimental groups except in the
control groups and 0.5-1.0% TP group. Healing seemed to be
relatively higher in the fish fed TL-treated diets than those fed
TP-treated diets.

Other biological indices
During the 15 days study, C. gariepinus fed diets fortified with

2.0% TP and 1.0% TL showed significantly lower FCR than those
fed untreated control diet. The survival was 100% in all the ex-
perimental groups (Table 4).

Table 1. Formulae used for the study

Parameters Formulae
Percentage wound Antioxidant activity
healing (%) 100 x (Healed area* / Initial wound area) All tamarind-treated groups showed lower hydrogen per-

Daily healing rates (mm?) Healed area / Healing time (™ day) oxide (H,0,) than the control groups (Figure 6). Fish fed di-
ets containing 1.5% TP and 2.0% TL had significantly lower
(p<0.05) H,O, compared to those fed untreated control diet.
Treating the diets of C. gariepinus with 1.0% TP and 1.0-1.5%
TL significantly reduced (p<0.05) the sera Malondialdehyde
(MDA) compared to the untreated control diet (Figure 7). The
concentration of reduced glutathione (GSH) rose with the in-
creasing level of inclusion of TP and TL in the diets (Figure 8).

The concentration of GSH in the sera of fish fed diets treat-

Relative percentage
healing (%)

1 - [% wound healing in treatment
(on nth day) / % wound healing in

untreated control (on nth day)] x 100
Feed Conversion Ratio (FCR) Feed intake (g) / Weight gain (g)

Survival rate (%) 100 x (Initial fish number - mortality
number / Initial fish number)

*Healed area = Initial wound area (on 0™ day) - Wound area left (on n* day)

Table 2. Daily healing rate (mm?/day) of surgically wounded Clarias gariepinus fed diet treated with tamarind pulp and at three days
interval for 15 days

3" day 6 day 9* day 12* day 15% day

Diets LA CA LA CA LA CA LA CA LA CA

0.0 0.98+0.02¢ 0.36+0.03 0.83+0.02° 0.40+0.029 0.83+0.01°  0.43+0.01°  0.69+0.01¢ 0.35+0.02¢  0.66+0.01° 0.33+0.01¢
020  1.1940.02¢ 0.53+0.03° 0.85+0.02¢ 0.49+0.01" 0.84+0.01°¢  0.44+0.01°  0.78+0.02° 0.37+0.00 0.67+0.00* 0.33+0.01¢
0.5P 1.04+0.01F  0.53+0.02¢ 0.86+0.01°¢ 0.54+0.02% 0.92+0.01¢  0.52+0.02°® 0.81+0.05®®  0.44+0.01¢  0.67+0.00° 0.37+0.01f
1.0P  1.16+0.02% 0.64+0.03¢ 0.91+£0.01«¢ 0.53+0.02¢ 0.98+0.02¢  0.54+0.02°  0.82+0.02? 0.47+0.01¢  0.67+0.00° 0.42+0.01¢
1.5P 1.19+£0.02¢ 0.77+£0.02¢ 0.95+0.02° 0.58+0.01° 1.00+0.02°® 0.61+0.02*®*  0.83+0.00°  0.54+0.01*  0.67+0.00* 0.47+0.01°¢
2.0P 1.2240.02° 0.94+0.01° 1.03£0.01* 0.64+0.02° 1.06+0.06° 0.63+0.02* 0.83+0.00* 0.56+0.012 0.67+0.00° 0.48+0.01°
0.5L 1.33£0.03¢ 0.52+0.02¢ 0.89+0.01¢ 0.56+0.01¢ 1.00+0.01¢  0.53+0.03*  0.83+0.00* 0.45+0.01¢  0.67+0.00° 0.44+0.01¢
1.0L 1.16+0.0%  0.56+0.03° 0.92+0.02° 0.63+0.02° 1.01+£0.02° 0.59+0.02*  0.83+0.00° 0.50+0.02¢  0.67+0.00* 0.48+0.01°¢
1.5L 1.18+0.02¢¢  0.62+0.04¢ 0.92+0.02¢ 0.64+0.01° 1.05+0.02*¢ 0.61+0.01%**  0.83+0.00? 0.53+0.01°  0.67+0.00*° 0.47+0.01*¢
2.0L 1.27+£0.03*  0.84+0.04° 0.95+0.01° 0.71+0.01° 1.06+0.04> 0.68+0.02*  0.83+0.00°  0.54+0.02*  0.67+0.00* 0.51+0.01°

Means with similar superscripts (a-g) on the same column are not significantly different at p<0.05
LA: lateral; CA: caudal; O: oxytetracycline; P: pulp; L: leaves
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Table 3. Percentage wound-healing of surgically wounded Clarias gariepinus fed diet treated with tamarind pulp and leaf meal at three

days interval for 15 days

3" day 6" day 9* day 12* day 15 day

Diets LA CA LA CA LA CA LA CA LA CA

0.0 29.3+0.59 10.740.7° 50.0+1.0° 24.0+1.09 74.3£0.6° 38.7+1.1¢ 83.3+1.1¢ 42.0+2.09 98.3+2.1°  49.3+1.19
020  35.7+0.7¢ 16.0£1.0° 50.2+0.7¢ 27.5+0.5° 75.5%1.8° 39.3+0.6° 93.3+2.9° 44.7+0.6 99.8+0.4°  49.2+1.49
0.5P 31.3+0. 3f 16.0+0.5¢ 51.5+0.5¢ 32.0+1.0° 82.7+1.1¢ 46.7+1.5¢ 96.7+5.8% 53.0+1.0° 100+0.0° 56.0+2.0f
1.0P 34.7+0.6% 19.3+£1.0¢  54.7+0.6¢¢ 32.7+1.1%  88.0+2.0° 47.3+1.5¢ 98.3+2.9° 56.7+1.1¢ 100£0.0° 62.7£1.5¢
1.5P 35.7+0.6¢ 23.0+0.8¢ 57.0+1.0° 34.7+0.58%c 90.0+2.0° 55.3+1.1° 100+0.0° 64.7+1.1% 100+0.0°  70.0+1.0b¢
2.0P 36.7+0.6° 28.1£0.2° 62.0+£0.5° 38.7+1.1% 95.3+5.0° 58.3%1.5° 100+0.0° 67.3x1.1° 100+0.0? 72.5+2.6°
0.5L 34.0+1.0° 15.7+0.4¢ 53.7+0.6¢ 33.7+£0.6° 90.0+1.0% 47.3+2.3¢ 100+0.0° 53.7£1.5¢ 100+£0.0°  66.0+3.5%
1.0L 34.7+0.3% 16.8+£0.7¢ 55.3+1.5¢  38.0£1.0*  91.3+2.3%¢ 52.7+1.5¢ 100+0.0° 60.0+2.0¢ 100+£0.0°  68.5+1.0*
1.5L 35.3+0.6% 18.7£0.5¢  56.0+1.0 38.7+0.6  94.5+1.8% 55.0+1.0¢ 100+0.0° 63.0+1.0° 100+£0.0°  71.0+2.6"
2.0L 38.0+1.0° 25.3+1.1° 57.3+1.5>  42.3+0.6® 96.0+3.61° 57.3+1.5% 100+0.0° 65.312.12 100+0.0°  76.00+1.0°

Means with similar superscripts (a-g) on the same column are not significantly different at p<0.05

LA: lateral; CA: Caudal; OTC: oxytetracycline; P: pulp; L: leaves
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Figure 1. Relative percentage wound healing area at the
lateral region of Clarias gariepinus fed diets treated with
tamarind pulp and leaf meal. Bars with similar letters are not
significantly different at p<0.05
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Figure 2. Relative percentage wound healing area at the
caudal region of Clarias gariepinus fed diets treated with
tamarind pulp and leaf meal. Bars with similar letters are not
significantly different at p<0.05

ed with 1.0-2.0% TL were significantly higher (p<0.05) than
the values obtained from the TP-treated and control groups.
The activity of Glutathione Peroxidase (GPx) increased sig-
nificantly (p<0.05) in the sera of the groups of fish fed diets
containing 1.5-2.0% TP compared to the untreated control
group. Groups of fish fed TP-treated diets exhibited higher
activity of Superoxide Dismutase (SOD) than those fed con-
trol and TL-treated diets (Figure 9).

Although, TP-treated groups showed higher activity of
Gluthathione-S-Transferase (GST) compared to OTC-treat-
ed group, the values did not differ significantly (p>0.05).
Contrary to the observation with GST activity in TP groups,
the activity of GST decreased with increasing level of TL in
the diet (Figure 10). Figure 11 shows that fish on control di-
ets had higher Myeloperoxidase (MPO) activity, than those
on diets containing TP and TL. The activity of MPO did not
differ significantly (p>0.05) among the tamarind-treated
groups.

Discussion

This study investigated the wound-healing and antioxidants activ-
ities of Tamarindus indica pulp and leaf meal and related possible
role of natural antioxidants in wound-healing. Faster wound-heal-
ing was observed at three-day intervals in groups of wounded C.
gariepinus fed with tamarind-treated diets compared to the group
on OTC-treated and untreated control diets.

The faster wound-healing observed in fish fed OTC-treated di-
ets, compared to the untreated control, is similar to observa-
tion on faster healing of wounds / lesions treated with OTC ear-
lier reported (Ajith et al., 2016; Chandler et al., 2010). The faster
healing obtained from the fish fed tamarind-treated diets con-
firms the efficacy of this plant in traditional wound-healing. The
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Day 3 Day 3 Day 15

Figure 3. Wound-healing phases in African catfish fed diets fortified with 0.0% (untreated control) and 0.2% oxytetracycline (OTC-
treated control)

Day 3 Day 9 Day 15

Figure 4. Wound-healing phases in African catfish fed diets fortified with 0.5% - 2.0% TP (tamarind pulp) meal

bark or leaves of tamarind have been reported to be used tra- ity of the phytochemical in these herbal products to promote
ditionally for healing wounds (Fabiyi et al., 1993; Havinga et al., formation of collagen. Collagen is the principal component of
2010; Lockett et al., 2000). The healing activity of tamarind pulp connective tissue, which plays a key role in tissue regeneration
and leaves in the diets of C. gariepinus might be due to the abil- (Abdulla et al., 2009; Cohen et al., 1992).
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Figure 5. Wound-healing phases in African catfish fed diets fortified with 0.5% - 2.0% TL (tamarind leaf) meal
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Figure 6. Sera hydrogen peroxide of Clarias gariepinus fed
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diets treated with tamarind pulp and leaf meal. Bars with
similar letters are not significantly different at p<0.05
Better wound-healing rate was similarly observed in C. gariepi-

nus fed diets containing walnut leaf and onion bulb (Bello etal,  pared to control diets. Inclusion of extracts of Rafflesia hasseltii in
2013). Alam et al. (2014) reported enhanced wound-healing in the diets of Sprague Dawley rat has also been proved to enhance
fish on kalojira seed oil, neem seed oil and leaves extract com- wound-healing (Abdulla et al., 2009). Shi et al. (2014) further re-
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Figure 7. Sera Malondialdehyde of Clarias gariepinus fed diet
treated with tamarind pulp and leaf meal. Bars with similar
letters are not significantly different at p<0.05
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Figure 8. Sera reduced glutathione of Clarias gariepinus fed
diets treated with tamarind pulp and leaf meal. Bars with
similar letters are not significantly different at p<0.05
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Figure 9. Activities of sera Glutathione Peroxidase (GPx) and
Superoxide Dismutase (SOD) of Clarias gariepinus fed diets
treated with tamarind pulp and leaf meal. Bars with similar
letters are not significantly different at p<0.05
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Figure 10. Activity of sera glutathione-S-transferase of
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and leaf meal. Bars with similar letters are not significantly
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Figure 11. Activity of sera myeloperoxidase of Clarias gariepinus
fed diets treated with tamarind pulp and leaf meal. Bars with
similar letters are not significantly different at p<0.05

ported higher wound-healing rate in mice fed with diets treated
with Acorus calamus extracts compared to the control diet.

Antioxidants in phytobiotics have been reported to promote
wound-healing activity in animals (Abdulla et al., 2009; Mo-
hammad et al.,, 2012). Reduction in the biomarkers of oxidative
stress and complementary higher activities of sera GSH, GPx
and SOD in C. gariepinus on dietary tamarind demonstrated
antioxidant ability of TP and TL. Spontaneous dismutation
of superoxide radicals to H,0,and less reactive oxygen is en-
hanced by SOD while GPx remove it in the presence of GSH
as substrate (Kohen and Nyska, 2002). The antioxidant activi-
ties demonstrated might be due to flavonoid in the tamarind
pulp and leaves (Adeniyi et al., 2017) resulting to the enhanced
wound-healing of the fish. Dietary flavonoid in animal has been
recognized for antioxidants activities (Yao et al., 2004).

The activity of GST was not seriously affected except the sig-
nificant reduction at 2.0% TL inclusion level. Cell inflammation
and oxidative stress have been associated with increased MPO
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activities, as high MPO may be released from neutrophil when
reactive oxygen species is high (Akinrinde et al., 2015). Therefore,
the reduction in MPO activity in the tamarind-treated C. gariepi-
nus demonstrated the chemoprotective effects of the tamarind
additives and this might have contributed to faster healing ob-
served in fish fed diets fortified with tamarind pulp and leaf meal.

Similar antioxidant properties of some phytobiotics have been
reported: Activity of SOD was similarly higher in common carp
and prawn fed diets containing 0.1-0.2% Rheum officinale an-
thraquinone extract than those fed control diet (Liu et al., 2010;
Xie et al., 2008). Giannenas et al. (2012) also observed decreased
MDA and increased GSH-based enzymes in the fillet of rainbow
trout fed diets containing thymol and carvacrol. Furthermore,
SOD activity was increased in pacific red snapper fed microal-
gae (Reyes-Becerril et al., 2014) and in Nile tilapia on diets sup-
plemented with Astragalus polysaccharides (Zahran et al., 2014).
The later authors however reported insignificant effect on MDA.

The possible mechanism of the enhanced wound-healing of
Clarias gariepinus fed with diets fortified with tamarind in this
study might be reduction of oxidative stress. Utilization of an-
tioxidants has been reported to enhance repair of tissues and
wound-healing (Fitzmaurice et al, 2011; Shetty, 2013; Kura-
hashi and Fujii, 2015). Elevated levels of MDA and hydrogen
peroxide accompanied with higher production of antioxidant
levels seemed to enhance wound-healing in this study. Low
levels of antioxidants and elevated levels of markers of oxida-
tive stress have been reported to delay wound-healing due to
damage to cellular membranes, proteins and lipids (Rasik and
Shukla, 2000).

In conclusion, this study revealed the in vivo antioxidant ac-
tivity of Tamarindus indica pulp and leaves and its utilization
as proven wound-healing agent. These natural antioxidants
might have been responsible for enhanced wound-healing
observed in Clarias gariepinus. Utilization of 1.0-2.0% air-dried
Tamarindus indica pulp and leaf meal as feed additives signifi-
cantly enhanced wound-healing in Clarias gariepinus and it is
therefore recommended for use.
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Abstract

The aim of this study was to determine the effects of using
5%, 10%, and 20% of safflower (Carthamus tinctorius L. Dinger;
without thorns) grain, and its hay and straw, on the in vitro
fermentation parameters in the diets of horses and rumi-
nants. The addition of up to 5% of crushed safflower grain to
a horse’s diet had no negative effect on the in vitro total gas
production, true dry matter digestion (T-DMD), metabolic en-
ergy (ME), gas yield at 24 h (GY,), partial factor (PF,,), microbi-
al crude protein production (MCP) and short chain fatty acid
composition (SCFA) of digestion fluid; however, increasing the
grain content negatively affected certain parameters (p<0.05).
The hay and straw at 5%-20% ratio in a horse’s diet had a pos-
itive effect on in vitro gas production, ME, SCFA, and GY,,. We
observed that 5% safflower grain in ruminants’ diets did not

negatively affect the in vitro cumulative gas production up to
96 h, T-DMD, true organic matter digestion (T-OMD), ME, net
energy lactation (NEL), GY,,, PF_,, and MCP values and SCFA
compositions; but 10% and 20% levels negatively affected the
in vitro gas production, ME, NEL, and SCFA values (p<0.05). The
use of up to 20% hay and straw had no negative effect on the
parameters (p>0.05). Using safflower grain, hay and straw in
horse and ruminants’ diets did not affect the in vitro methane
production (p>0.05). Consequently, using up to 5% safflow-
er grain, and 20% hay and straw has the potential as a feed
source in the diets of horses and ruminants.

Keywords: Digestion, horse, in vitro gas production, ruminant,
safflower

Introduction

Safflower is Carthamus tinctorious L species in the Compositae
(or Asteraceae) family of the Campanulatae (Asterales) order. The
gene centre of safflower is known as Africa, the Middle- East and
Asian continents; it can be planted in winter or summer, or as a
crop rotation plant. This plant, which can be grown in different
environmental and soil conditions, is one of the earliest crops
used by humans. Itis an annual and is stake rooted; and there are
thorny and thorn-less species and it is an oil-seed plant which
can include 70-80% linoleic acid or 80% oleic acid in oils (Baum-
ler et al., 2006; Gilbert, 2008; Gumus and Kucukersan, 2016; Lan-
dauetal., 2004; Sahebietal,, 2011).This oil-seed plant can adapt
more easily to different soil conditions than those of other oil-
seed plants. Safflower, which has attracted attention as a food
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crop resistant to drought, is of extreme importance today due to
the effects of global warm (Altin et al., 2012).

The grain of safflower is described as a hulled seed (achene) due
to its covering with a hull layer. This seed is shaped like a sun-
flower seed, but is white-coloured and is smaller and harder than
a sunflower seed. Previous studies have found the hull ratio in
safflower grains to be 33-60% (Gumus and Kucukersan, 2016).
The safflower grain contains 13-19% crude protein (CP), 24-
28% ether extract (EE), 42% neutral detergent fibre (NDF), 32%
acid detergent fibre (ADF) (Bozan and Temelli, 2008; Dschaak
et al,, 2011). Recently, safflower varieties have been developed
with high oil levels (47% EE) and low fibre (25% NDF, 18% ADF)
(Dschaak et al,, 2011). The safflower herbage includes 9.5-13.8%
CP, 37.2-42.1% NDF, 0.4-0.7% tannin and 0.2-0.4% non-protein
nitrogen in total nitrogen (Asgharzadeh et al.,, 2013). Quality

7 This work is licensed under a Creative
Commons Attribution-NonCommercial
BY MG 4.0 International License.
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herbage can be obtained from safflower and despite its thorny
leaves can be consumed by sheep and goats. In previous study,
the preference for and rejection of safflower herbage (especially
stems) by sheep and dairy cattle was determined to be very close
to that of wheat straw (Landau et al., 2005). The herbage or hay of
safflower has been used as forage in the diets of cows in Australia
and sheep in Italy (Landau et al., 2004 and 2005).

The drought in the Mediterranean Levant has reached its the
highest level for the last 900 years, and semi-arid soils have
turned to arid; and arid soils have turned to desert (Altin et al.,
2012; Cook et al., 2016; IPCC. 2014). The importance of safflow-
er, which is an oilseed plant cultivated on moorland and arid/
semi-arid lands, has increased in arid and semi-arid countries.
In countries which experience drought safflower stands out as
an alternative culture plant in terms of oil for human nutrition
and feed (grain and forage) for herbivorous nutrition. Recently,
the plantation areas and amount of production in the harvest
of the safflower plant in areas which have arid and semi-arid
climatic conditions of Turkey, have also increased (Gumus and
Kucukersan, 2016; TSI, 2016). In 2015, the safflower plant was
cultivated on 0.43 million decares and a total of 70 thousand
tonnes (162 kg/decare) was harvested in Turkey (TSI, 2016). The
planting area of safflower in Turkey is increasing day by day. In
the study, the use of up to 5%, 10% and 20% of safflower grain,
safflower herbage and safflower straw in horse and ruminant
total mix ration (TMR) aimed to determine the effect on in vitro
digestion parameters.

Materials and Methods

The scientific procedures of the study were conducted accord-
ing to research protocol approved (Date: January 14, 2015; De-
cision number: 15/10) by the Local Ethics Committee for Ani-
mal Experiments of Erciyes University.

The samples of safflower herbage, safflower straw and
safflower grain

The safflower (Carthamus tinctorius L. Dinger) samples used in
the present study were collected from the province of Kirsehir,
Turkey. Kirsehir is located (38°49"-39°48" north latitudes, 33°25"
- 34°43" east longitudes) in Turkey’s Central Anatolia region.The
Dinger type safflower is without thorns and grows 985 m above
sea level. Steppe and dry forests are the dominant vegetation
in this location. Arid conditions and desert-like steppe vegeta-
tion are dominant in the Kirsehir province due to temperature
and rainfall (Altin et al., 2012). Samples of safflower herbage ob-
tained by cutting the green safflower plant in the pre-flowering
stage (Figure 1) using scissors. The herbage samples were cut 1
c¢m above the soil, included the aerial parts (leaf, stem, preflow-
ering bud) of the plants. Fresh-wet herbage was dried and then
used in chemical and digestion analyses of the study. Safflower
grain and straw were mature grains obtained after the safflow-
er plant was harvested (Figure 2, 3).

Chemical analysis
The samples of safflower herbage were dried in an oven (Bind-
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er, Germany) for 24 hours at 55°C and then 8 hours at 105°C. The
grain and straw samples of safflower which were ground to size
to pass through a 1 mm sieve (IKA Werke, Staufen im Breisgau,
Germany), were also dried in an oven for 24 hours at 105°C. The
safflower herbage was ground to size to pass through a 1 mm
sieve (IKA Werke, Staufen im Breisgau, Germany) and then dried
for 24 hours at 105°C. After this procedure, the dry matter (DM)
values of these samples were calculated. The ash, crude protein
(CP) and ether extract (EE) contents were detected according
to the Association of Official Analytical Chemists (AOAC 1995;
method 920.39; method 942.05; method 942.01). The neutral
detergent fibre (NDF), acid detergent fibre (ADF), and acid de-
tergent lignin (ADL) contents, were analysed using a glass cru-
cible on an FIWE3 fibre analyser (Velp, Italy) (Van-Soest et al.,
1991). The NDF was detected using sodium sulphite and ther-
mo-stable a-amylase (Megazyme, Ireland) (called as “aNDF”).
The aNDF, ADF, and ADL contents were corrected for ash resi-
due (called as “aNDFom, ADFom, and ADL, respectively). Analy-
ses were carried out in triplicate.

The metabolic energy (ME) values were calculated using the fol-
lowing formula (MAFF, 1984) by the nutrient contents determined
by analysis of the grain, herbage and straw of the safflower.

ME (kcal/kg DM): 3227 + 62.86 * EE% - 31.79 * ash% - 32.50 *
ADFom9% (MAFF, 1984).

In vitro digestion

Ruminant and horse rations used in the study and added ra-
tions, including 5%, 10% and 20% of the safflower grain, saf-
flower herbage and safflower straw are given in Table 1 and 2.

In vitro digestion technique for ruminants

As inoculum, fresh rumen fluid was used. Rumen fluid (ap-
proximately 1.0 L) was obtained from two beef cattle (Here-
ford) fed with a diet containing an 80% concentrated mix feed
and 20% forage in DM applied in intensive fattening. Rumen
fluid was obtained via a stomach tube into two hours after the
morning feeding and collected in a thermos including water
at 39°C using CO, gas, and filtered with four layers of cheese-
cloth in the laboratory. The total mix ration (TMR) for beef cat-
tle evaluated to determine in vitro digestion in ruminants is
given in Table 1. This TMR was prepared for fattening cattle
which are 12 months of age, with 400 kg of live weight and 1.4
kg of live weight gain.

The in vitro digestion technique performed in the current
study is the Hohenheim in vitro gas production technique
(Menke et al., 1988), which incubated filtered rumen fluid
(10 mL), buffer mixture (20 mL) and substrate (milled feed
sample, 200+10 mg). This buffer mixture includes 474 mL
of bi-distilled water, 237.33 mL of macro-mineral solution,
237.33 mL of buffer solution, 0.12 mL of trace-mineral solu-
tion, 1.22 mL of resazurin solution and 50 mL of reducing
solution in one litre. Dried samples were incubated in rumen
fluid and buffer mixture in 100 mL glass syringes (Model For-
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Figure 1. Safflower (Carthamus tinctorius L. Dinger) herbage

Figure 3. Safflower (Carthamus tinctorius L. Dinger) straw

tuna, Germany) (n=6) (triplicate; cumulative gas production
plus triplicate; dry matter-organic matter loss). The three
blank syringes (no template; rumen fluid plus buffer mix-
ture) were incubated to calculate the total gas production.
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The syringes were incubated in a water bath with a ther-
mostat (Special Waterbath, Yapar Stainless Steel Ltd., Kahra-
manmaras, Turkey), which has a stainless reservoir, at 39°C
for up to 96 h.
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Table 1. The supplementation of safflower to beef cattle total mix ration

Supplementation of safflower

Feed kg/day Safflower grain
Feeds (as DM) 5% 10%
Safflower - 0.50 1.00
Cornssilage 1.20 1.20 1.20
Wheat straw 1.80 1.80 1.80
Barley grain 3.15 2.65 2.15
Concentrated feed mix* 3.60 3.60 3.10
Cotton seed meal - - 0.50
Total feed kg/day (as DM) 9.75 9.75 9.75
Crude protein and energy composition (Calculated)
CP (% DM) 12.00 11.58 11.66
ME (kcal/kg DM) 2457.00 2498.00 2515.00
Nutrient composition analysed
Ash 7.25
CcpP 11.50
EE 2.64
aNDFom 36.15
ADFom 20.58
ADL 3.29

Safflower herbage Safflower straw

20% 5% 10% 20% 5% 10% 20%
2.00 0.5 1.00 2.00 0.50 1.00 2.00
1.20 0.70 0.20 - 1.20 1.20 1.00
2.25 1.80 1.80 1.00 1.30 0.80 -
0.00 3.15 3.15 3.15 3.15 3.15 3.15
2.80 3.60 3.60 3.60 3.60 3.60 3.60
1.50 - - - - - -
9.75 9.75 9.75 9.75 9.75 9.75 9.75
11.96 12.03 12.06 12.45 12.01 12.02 11.98
2488.00  2449.00 2441.00 2483.00 2465.00 2472.00 2473.00

CP: crude protein as %; aNDFom: assayed with a heat stable amylase and expressed exclusive of residual ash as %; ADFom: ADF expressed exclusive of residual ash as

%; ADL: acid detergent lignin as %; EE: diethyl ether extract as %.
*: Beef cattle concentrated feed mixture included 15%CP and 2700 kcal/kg ME.

In vitro digestion technique for horses

The in vitro digestion technique in horses was carried out
according to Sunvold et al. (1995) and Sweney (2012), which
incubated feed sample in faeces inoculum and fermentation
medium, which included solution A, solution B, trace mineral
solution, water-soluble vitamins, folate:biotin solution, ribo-
flavin solution, hemin solution, short-chain fatty acids, rezu-
rine, yeast extract, trypticase, Na,CO, and Cystein HCI*H,0
(Table 3). The faeces samples used as an inoculum in the cur-
rent study were obtained from two thoroughbred horses (6-7
years of age, 480-500 kg in body weight) that were fed with a
diet containing 70% forage and 30% concentrate feed, in DM
basis. Faeces samples were collected soon after defecation
and transferred into a thermos containing water at 39°C un-
der CO, gas and transferred to the laboratory. Faeces samples
were diluted at a 1:10 ratio with 0.9% sterile serum physio-
logic solution (Polifleks, Polifarma, Turkey) using a laboratory
type blender (Waring Products Division, Torrington C.T., USA).
Diluted faeces inoculum was filtered through four layers of
cheesecloth under constant CO, gas (anaerobically) and used
in the in vitro digestion technique.

The horse in vitro digestion technique was carried out in
glass syringes with 100 ml volume (Model Fortuna, Haberle
Labortechnik, Germany). The samples (500+10 mg as DM)
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were incubated with a medium mixture (30 mL) and faeces
inoculum (5 mL) in glass syringes (n=6). The syringes were
closed using clips and then the initial volume recorded and
incubated in a water bath with a thermostat (Special Wa-
terbath, Yapar Stainless Steel Ltd., Kahramanmaras, Turkey),
which has a stainless reservoir, at 39.0+0.2°C for up to 48h.
In addition, six blank syringes (no template; medium mixture
plus faeces inoculum) were used to calculate the total gas
production.

Determination of cumulative gas production

In in vitro incubations, the total gas volume was recorded from the
calibrated scale on the syringe at 3, 6, 12, 24, 48,72, and 96 hours for
ruminants and at 6, 12, 18, 24, 36, and 48 hours for horses.

Determination of methane production

After measuring the total gas volume at 24 h, the tubing of
the plastic syringe outlet was inserted into the inlet of the
methane analyser (Sensor, Europe GmbH, Erkrath, Germany)
and the piston was pushed to insert the accumulated gas
into the analyser.

Determination of in vitro true dry matter disappear-
ance and in vitro true organic matter disappearance
values

Three of the in vitro fermentation syringes for both ruminants
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Table 2. The supplementation of safflower to horse total mix ration

Supplementation of safflower

Feed kg/day Safflower grain
Feeds (as DM) 5% 10%
Safflower 0.50 0.90
Wheat straw 3.00 3.00 3.00
Grass hay, mature 3.00 3.00 2.70
Alfalfa hay, mid maturity 1.50 1.50 1.50
Barley grain 0.50 - -
Vegetable oil 0.10 0.10 -
Oat grain 0.50 0.50 0.50
Cotton seed meal 0.50 0.50 0.50
Total feed kg/day (as DM) 9.10 9.10 9.10
Crude protein and energy composition (Calculated)
CP (% DM) 12.31 12.30 12.48
DE (kcal/kg DM) 2043.00 2022.00  2048.00
Nutrient composition analysed
Ash 10.69
CcpP 10.62
EE 3.34
aNDFom 30.26
ADFom 23.81
ADL 4.68

Safflower herbage Safflower straw

20% 5% 10% 20% 5% 10% 20%
1.80 0.50 0.90 1.80 0.50 0.90 1.80
3.50 3.00 2.65 2.30 2.50 2.30 2.20
2.00 250 2.50 250 3.00 2.80 2.00
1.50 150 1.50 1.50 150 1.50 1.50

- 0.50 0.50 - 0.50 0.50 0.50

- 0.10 0.05 - 0.10 0.10 0.10

- 0.50 0.50 0.50 0.50 0.50 0.50
0.30 0.50 0.50 0.50 0.50 0.50 0.50
9.10 9.10 9.10 9.10 9.10 9.10 9.10
11.57 12.16 12.36 12.34 12.30 12.15 12.00

2088.00 2069.00 2069.00 2012.00 2065.00 2074.00 2078.00

CP: crude protein as %; aNDFom: assayed with a heat stable amylase and expressed exclusive of residual ash as %; ADFom: ADF expressed exclusive of residual ash as
%; ADL: acid detergent lignin as %; EE: diethyl ether extract as %; DE: digestible energy; DE=ME/0.80.

and horses were stopped after 24 h. The in vitro true dry mat-
ter disappearance (T-DMd) and the in vitro true organic matter
disappearance (T-OMd) values of substrates were calculated at
24 h of incubations.

The in vitro dry matter- and organic matter - disappear-
ance was determined by filtering the fermentation resi-
dues using a vacuum unit (Velp Dietary Fibre Analyzer, Ita-
ly) on pre-weighed glass crucibles (Velp, porosity #2, Italy)
the fermentation residues, which was dried at 105°C and
burning the residual at 550°C. In vitro T-DMd was calcu-
lated as 1 - [(DM residue - DM blank)/initial DM)] x 100. In
vitro T-OMd was calculated as 1 - [(OM residue - OM blank)/
initial OM)] x 100.

Determination of estimated digestion values and
end-products

The ME and OMD contents of the samples were calculated us-
ing the equations of Menke and Steingass (1988).

The gas yields (GY,,), partial factor (PF_,), and microbial crude
protein production levels (MCP) of the samples at 24 h were cal-
culated using the equations:
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GY,,=[(GP,, x 10% : T-DMd]
PF,=T-DMd:GP,,
MCP (mg/g DM) = mg T-DMd - (mL gas x 2.2 mg/mL)

T-DMd: in vitro dry matter disappearance (mg) for g DM at 24
h (mg/g DM)

GP_,: volume (mL) of total gas produced by g DM at 24 h (mL/g DM)

The molarities of estimated short chain fatty acid (SCFA) pro-
duced by substrate at 24 hours of in vitro fermentations were
calculated using the following formula of Getachew et al.
(2008):

SCFA (mmol/0.2 g DM) = 0.0222 GP - 0.00425
The GP is net gas production at 24 h (mL/0.2 g DM)

Statistical analysis

The experiment data were first subjected to Levene’s test to
detect the variance homogeneity. One-way variance analyses
(ANOVA) were implemented for homogeneous variances by
General Linear Model procedures to test treatment differences.
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Table 3. Composition of in vitro fermentation medium

Component mL/L Amount
Solution A® 330.0
Solution B® 330.0
Trace mineral solution® 10.0
Water-soluble vitamins¢ 20.0
Folate: biotin solution® 5.0
Riboflavin solutionf 5.0
Hemin solution? 25
Short chain fatty acids" 0.4
Resazurine' 1.0
Distilled H,O 296.0
g/L

Yeast extract 0.5
Trypticase 0.5
Na,CO, 4.0
Cystein HCI*H,0 0.5

*Composition (g/L): NaCl, 5.4; KH,PO,, 2.7; CaCI2*H,0, 0.16; MgCl,*6H,0, 0.12;
MnNCl,*4H,0, 0.06; CoCl,*6H,0, 0.06; (NH4)250,, 5.4.

*Composition: K,HPO,, 2.7 g/L.

“Composition (mg/L): ethylene diamine tetraacetic acid (disodium salt), 500;
FeSO,*7H,0, 200; ZnSO,*7H,0, 10; MnCl,*4H,0, 3;H,PO,, 30; CoCl,*6H,0, 20;
CuCl,*2H,0, 1; NiCL,*6H,0, 2; Na,M0O,*2H,0, 3.

dComposition (mg/L): thiamin-HCl, 100; d-pantothenic acid, 100; niacin, 100;
pyridoxine, 100; p- aminobenzoic acid, 5; vitamin B12, 0.25.

¢Composition (mg/L): folic acid, 10; d-biotin, 2; NH,HCO,, 100.

fComposition: riboflavin, 10 mg/L in 5 mmol/L of Hepes.

9Hemin: Hemin 500 mg/L of 10 mmol/L NaOH

"Composition: n-valerate, isovalerate, isobutyrate and DL alpha- methylbutyrate,
250 mL/L

iComposition: 1 g resazurine/L distilled water

Data was analyzed based on the statistical model: Yij = pij +Si +
ei. Where, Yij = the general mean common for each parameter
under investigation. S, = the ith effect of the safflower grain, saf-
flower herbage or safflower straw on the observed parameters,
and ei = the standard error term. The means were separated
by Tukey’s multiple range test at p<0.05. Analyses were per-
formed using Statistical Package for the Social Sciences (SPSS)
17.0 software (IBM Corp.; Armonk, NY, USA).

Results

The nutrient compositions of safflower grain, safflower herb-
age and safflower straw are given in Table 4.

In vitro digestion parameters in horse

Supplementation of up to 20% crushed safflower grain in
horse ration did not have a linear effect on cumulative total
gas production for the first 12 hours (p>0.05). In vitro total gas
production during the 12" and 18™ hours of incubation was
higher than that of 0% safflower grain (p<0.05; quadratic); but
the increasing dose of safflower grain was negatively affected
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Table 4. The nutrient matter and energy composition of safflower
grain, safflower herbage and safflower straw used in study

Safflower Safflower Safflower

grain herbage straw
CcP 12.30 8.10 3.74
Ash 2.02 8.82 7.71
EE 27.42 2.13 1.37
aNDFom 49.33 39.05 49.98
ADFom 40.53 31.99 44.29
ADL 13.24 4.75 6.67
ME 3569.18 2040.83 1628.59

CP: crude protein as % in dry matter; aNDFom: assayed with a heat stable amylase
and expressed exclusive of residual ash as % in dry matter; ADFom: ADF expressed
exclusive of residual ash as % in dry matter; ADL: acid detergent lignin as % in dry
matter; EE: diethyl ether extract as % in dry matter; ME: metabolisable energy as
kcal/kg in dry matter

(p<0.05; linear). Although in vitro total gas produced by 5% saf-
flower grain supplementation to horse TMR was similar to the
control ration (0% safflower grain) at 24 - 48 hours of incuba-
tion, those produced by 10% and 20% safflower grain were low
linearly than that of control ration (p<0.05) (Table 5).

Safflower herbage supplementation to horse TMR positively
affected in vitro cumulative total gas production during the all
incubation (6, 12, 18, 24, 36 and 48 hours) (p<0.05).

In horses, at 24 hours of incubation, in vitro total gas production
of TMR with safflower herbage reached 183-195 mL/g DM, and
this production level reached 229-253 mL/g DM at 48 hours
(Table 5).

Up to 20% safflower straw was used in horse TMR and increased
linearly the in vitro cumulative gas production at 6, 12, 18 and
24 hours of incubation (p<0.05). At the 36" and 48" hours of in-
cubation, the horse TMR with up to 20% safflower straw did not
negatively affect in vitro cumulative gas production (p>0.05)
(Table 5).

Supplementation of up to 20% of crushed safflower grain, saf-
flower herbage and safflower straw to horse TMR did not have
a significant effect on methane production at 24 hours of in vi-
tro gas production (p>0.05). The in vitro methane production
ranged from 0.22 to 0.42 mL/g DM (Table 5).

Up to 20% safflower in horse TMR decreased linearly the in vi-
tro T-DMd, T-OMd, ME and SCFA values (p<0.05). On the other
hand, the in vitro GY,,, PF,,, and MCP values of horse TMR did
not change with the use of up to 20% safflower grain (p>0.05).
It was determined that the use of 5%, 10% and 20% of safflower
herbage in horse TMR decreased in vitro T-DMd, PF,, and MCP
values (p<0.05). The in vitro T-OMd value of TMR were not af-
fected by the use of safflower herbage in horses (p>0.05) (Table
6). The in vitro GY_,, ME and SCFA values of horse TMR showed

24
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Table 5. Effect of safflower in horse TMR on in vitro cumulative gas production and methane production

In vitro cumulative gas production (mL/g DM)

Supplementation to TMR Methane 6h 12h
0% Safflower grain 0.29 3.94 43.37
5% Safflower grain 0.36 6.58 53.25
10% Safflower grain 0.27 5.27 43.49
20% Safflower grain 0.22 5.26 41.08
SEM 0.06 0.51 1.70
p value L 0.640 0.380 0.136
Q 0.709 0.210 0.026
0% Safflower herbage 0.29 3.94 4337
5% Safflower herbage 0.38 5.94 58.17
10% Safflower herbage 0.39 6.60 56.81
20% Safflower herbage 0.37 7.30 53.13
SEM 0.07 0.54 1.91
p value L 0.771 0.033 0.010
Q 0.799 0.507 0.001
0% Safflower straw 0.29 3.94 43.37
5% Safflower straw 0.33 4.64 59.18
10% Safflower straw 0.40 593 61.94
20% Safflower straw 0.42 7.84 66.71
SEM 0.08 0.52 274
p value L 0.604 0.002 <0.001
Q 0.976 0.379 0.014

18h 24h 36h 48 h
73.94 183.11 221.39 229.29
87.78 184.08 222.09 231.92
72.16 161.45 198.10 200.08
66.52 158.37 172.18 174.13
271 3.86 6.17 7.12
0.029 0.002 <0.001 <0.001
0.015 0.445 <0.001 <0.001
73.94 183.11 220.92 229.43
92.22 194.35 243.96 247.94
91.17 195.57 251.18 253.50
90.65 189.94 243.50 251.16
245 217 3.80 4.47
0.001 0.038 0.003 <0.001
0.002 0.007 0.004 0.004
73.94 183.11 220.92 229.43
93.74 195.51 233.34 232.03
99.85 204.32 237.78 241.46
108.89 214.52 240.37 245.98
3.96 4.02 4.21 4.04
<0.001 <0.001 0.132 0.145
0.030 0.427 0.572 0.909

L: linear; Q: quadratic; Methane: In vitro methane production as mL/g DM at 24; SEM: standard error of means

an increase in all levels of safflower herbage (p<0.05). It was ob-
served that this increase slightly decreased with the use of 20%
(Table 6). It was determined that the use of safflower straw in
horse TMR decreased linearly the in vitro T-DMd, PF_, and MCP
values (p<0.05). The in vitro GY,,, ME and SCFA values of horse
TMR were increased in linear contrast (p<0.001) depending on
the increase in the level of safflower straw. In contrast, in vitro
T-OMd were not affected by up to 20% safflower straw (p>0.05)
(Table 6).

In vitro digestion parameters in ruminant

Safflower grain supplementation of up to 20% to beef cattle
TMR decreased linearly in vitro cumulative gas production at
3,6,12, 24,48, 72, and 96 hours (p<0.05). The in vitro meth-
ane production (mL/0.2 g DM) of beef cattle TMR reduced
linearly by safflower grain supplementation level (p<0.05)
(Table 7).

The safflower herbage and safflower straw (5-20% in DM) used
in beef cattle TMR did not change in vitro cumulative total gas
production up to 96 hours and methane production at 24
hours of incubation (p<0.05). In the beef cattle TMR, the use of
crushed safflower grain did not change in vitro T-DMd, T-OMd,
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GY,,and PF,, values (p>0.05). In relation to the increase of saf-
flower grain in beef cattle TMR, the ME and NEL values of TMR
and the SCFA concentration of digestion fluid decreased lin-
early (p<0.001) (Table 8). The in vitro estimated T-DMd, T-OMd,
GY24, PF24, ME, NEL and SCFA values of beef cattle TMR were
not affected by up to 20% safflower herbage and safflower
straw (p<0.05) (Table 8).

Discussion

Nutrient composition in the grain, herbage and straw of
safflower

Similar to our present study findings, Oguz et al. (2014) report-
ed that safflower grain grown in Turkey contained about 12% CP,
33% EE, 33% ADF and 44% NDF in DM. In another study, Ingale
and Shrivastava (2011) stated that safflower grain (C. tinctorius
PBNS-12 and PBNS-40) grown in India contained approximately
16% CP, 25-29% EE and 3.5% ash. Paya et al. (2014) (arid climate,
Iran) found CP values (16%) of safflower grain was high than that
of our findings, in line with the findings of Ingale and Shrivastava
(2011). Stanford et al. (2001) reported that safflower straw, which
containing seed-bound plant heads, contained about 13% CP,
13% EE, 40% ADF and 50% NDF in DM. The aNDFom and ADFom
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Table 6. Effect of safflower in horse TMR on in vitro fermentation parameters

Supplementation to TMR T-DMd T-OMd GY,,
0% Safflower grain 494.46 560.36 371.18
5% Safflower grain 480.26 527.98 383.64
10% Safflower grain 439.79 44937 367.15
20% Safflower grain 438.12 503.83 361.56
SEM 7.79 15.46 5.12
p value L <0.001 0.037 0.365
Q 0.274 0.086 0418
0% Safflower herbage 494.46 560.36 371.18
5% Safflower herbage 457.47 512.99 425.25
10% Safflower herbage 462.41 517.88 42291
20% Safflower herbage 465.46 529.51 408.81
SEM 5.58 12.65 7.59
p value L 0.056 0.483 0.026
Q 0.041 0.301 0.006
0% Safflower straw 494.46 560.36 371.18
5% Safflower straw 504.25 542.39 387.66
10% Safflower straw 480.15 521.02 425.54
20% Safflower straw 478.33 510.60 448.50
SEM 3.90 9.56 9.25
pvalue L 0.014 0.065 <0.001
Q 0.296 0.838 0.242

PF,, MCP ME SCFA
2.69 90.70 8.12 0.81
2,60 75.27 8.13 0.81
2.72 84.60 7.52 0.71
2.78 89.70 7.43 0.69
0.03 496 0.10 0.01
0.330 0.899 0.001 0.001
0418 0.370 0.661 0.661
2.69 90.70 8.12 0.81
235 29.89 8.41 0.85
2.36 32.15 8.44 0.86
245 47.59 8.29 0.83
0.04 8.47 0.04 0.01
0.016 0.020 0.057 0.057
0.003 0.005 0.004 0.004
2.69 90.70 8.12 0.81
2.58 74.12 8.44 0.86
2.35 30.65 8.68 0.90
2.23 6.38 8.96 0.94
0.05 1019 0.09 0.01
<0.001 <0.001 <0.001 <0.001
0.821 0.189 0.731 0.731

GY,,: gas yield is total gas volume (mL) produced for g T-DMd at 24 h; MCP: microbial crude protein is produced at 24 h (mg/g DM); ME: metabolic energy as MJ/kg DM;
PF,,: partial factor is ratio T-DMd to GP24 at 24 h; SFCA: molarities of short chain fatty acid in fermentation fluid at 24 h; T-DMd: in vitro true-dry matter disappearance
(mg) for g DM at 24 h (mg/g DM); T-OMd: in vitro true-organic matter disappearance; SEM: standard error of means; L: linear; Q: quadratic

contents of the safflower grain and safflower straw in the pres-
ent study were similar to the findings of previous researchers
(Asgharzadeh et al., 2013; Sahebi et al., 2011; Stanford et al., 2001).
In another study, although aNDFom and ADFom values of saf-
flower herbage grown in arid climatic conditions (in Jordan), were
found to be similar to the results of the present study, CP (13.4%),
ash (10.8%) values of it were high than those of the present study
(Landau et al., 2004). In addition, the calculated ME value of saf-
flower herbage was parallel to that of Asgharzadeh et al. (2013).

Generally, the CP content of safflower herbage, harvested at
the pre-flowering stage in the current study, was similar to
some meadow-pasture grass (Dactylis Glomerata, Lolium mul-
tiflorum at the end of vegetative). The safflower straw contains
the lowest plant cell wall substances than those (70-78% aND-
Fom and 50-55% ADFom) of wheat straw and similar CP and EE
to wheat straw (NRC, 1989).

The differences among the findings of the present study and
previous studies can be attributed to variables in the safflower
species used and the soil and climatic conditions grown. When
evaluated in terms of nutrient content, it can be seen that saf-
flower herbage and safflower straw have potential as alterna-
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tive forages sources. In addition, the safflower grain may be a
good source energy and moderate protein source due to its
EE and CP content. The effect of the safflower grain, straw and
herbage on the digestibility must be determined.

The in vitro fermentation values in horse TMR

In the present study, in vitro methane volume produced by
aspiration grain, herbage and straw at different levels in horse
TMR was 0.22-0.42 mL/g DM at 24 hours of in vitro incubation.
The in vitro methane production of horse TMR was diverse in
range from 0.43 to 0.59 mL/g DM by Kara and Baytok (2017).
As it is understood from these values, methane is not produced
(Ellis et al., 2007) in the digestive tract of horses as much as in
ruminants, and it is observed that the contribution of horses to
global warming is not as high as ruminants.

The 5% safflower seeds in horse TMR did not affect the in vitro
total gas production, ME, SCFA, T-DMd and T-OMd during the 48-
hour of in vitro incubation period. This demonstrates that up to
5% crushed safflower grain can be used in the horse TMR without
affecting digestion parameters. However, the use of 10% and 20%
crushed safflower grain in horse TMR cannot be recommended
due to adverse effects on the in vitro total gas production. Neg-
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Table 7. Effect of safflower in ruminant TMR on in vitro cumulative gas production and methane production

In vitro cumulative gas production (mL/0.2 g DM)

Supplementation to TMR Methane 3h 6h
0% Safflower grain 9.35 16.45 32.73
5% Safflower grain 9.48 12.09 25.44
10% Safflower grain 9.10 12.03 25.31
20% Safflower grain 8.29 10.54 23.72
SEM 0.51 2.32 3.65
pvalue L <0.001 <0.001 <0.001
Q 0.004 <0.001 <0.001
0% Safflower herbage 9.35 16.45 32.73
5% Safflower herbage 9.83 15.32 30.11
10% Safflower herbage 9.30 15.08 28.92
20% Safflower herbage 9.30 15.83 33.24
SEM 0.14 0.22 0.55
p value L 0.634 0.252 0.819
Q 0.454 0.390 0.201
0% Safflower straw 9.35 16.45 32.73
5% Safflower straw 9.00 17.30 31.96
10% Safflower straw 9.14 16.85 31.77
20% Safflower straw 9.71 16.47 32.06
SEM 0.15 0.15 0.24
p value L 0.391 0.774 0.377
Q 0.163 0.060 0.338

12h 24h 48 h 72h 96 h
47.39 59.72 70.99 7241 73.83
43.59 57.83 69.94 71.72 7243
40.90 53.65 63.21 65.68 67.46
38.47 50.77 61.31 63.41 64.83

3.64 3.71 4.51 4.60 4.75

<0.001 <0.001 <0.001 0.001 0.006
0.400 0.306 0.610 0.613 0.756
47.39 59.72 70.99 7241 73.83
46.87 60.06 71.82 72.89 73.61
45.39 58.01 69.58 71.32 7239
49.41 61.39 72.64 74.74 75.79

0.54 0.56 0.71 0.72 0.89
0.213 0.528 0.694 0.429 0.603
0.017 0.167 0.476 0.344 0.373
47.39 59.72 70.99 7241 73.83
46.44 57.74 69.74 71.15 72.21
47.57 61.26 7250 73.55 7391
47.83 60.80 71.67 73.07 73.78

0.60 0.62 0.54 0.57 0.73
0.699 0.208 0.343 0.430 0.840
0.668 0.511 0.851 0.752 0.663

L: linear; Q: quadratic; Methane: In vitro methane production as ml/g DM at 24; SEM: standard error of means

ative effects of high safflower grain (10% and 20%) on digestion
parameters (in vitro total gas, ME, SCFA, T-DMd and T-OMd) can
be attributed to the husk content and high ADL levels (Blimmel
and Orskov, 1993; Getachew et al., 2008; Menke and Steinbgass,
1988). Previous studies have also shown that in vitro digestion
parameters are negatively correlated with the structural carbohy-
drate content of the plant (Kara et al., 2016; Kara, 2016).

The in vitro digestion parameters (in vitro total gas, T-DMd, T-OMd,
GY,, ME, SCFA and ruminal pH) show that the safflower herbage
can be used up to 20% in instead of some forage (meadow hay
and wheat straw) and concentrate (barley and vegetable oil)
feeds of DM in horse TMR. Similarly, in vitro digestion parameter
applies to safflower straw and up to 20% can be used as forage
in DM in horse TMR. These effects of safflower herbage and straw
could be caused by the lower levels of aNDFom, ADF and ADL
that can be included in grass herbage or hay (forages) which is
harvested after the seed-binding stage (Kara, 2016; NRC, 1989
and 2001). These results indicate that the herbage and straw of
safflower without thorns are the preferred forage for horse TMR.

The in vitro fermentation values in beef cattle TMR
Research on the in vitro digestion of safflower plant in rumi-
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nants is still very limited. In the present study, the in vitro cu-
mulative gas production of safflower in ruminants was lower
than those of safflower herbage and straw, which is compatible
with the findings of Sahebi et al (2011). The present study indi-
cated that the addition of 5% safflower grain to beef TMR does
not have a negative effect on the in vitro gas production, ME,
NE,, SCFA, in vitro T-DMd, T-OMd, GY,, and PF,, values and the
safflower grain at this level can be used in ruminant TMR sug-
gesting that studies on safflower grain should be carried out.
However, the use of safflower grain at 10% and 20% levels in
ruminant TMR does not affect the in vitro T-DMd, T-OMd, GY,,
and PF,, values, despite the linear reduction of in vitro gas pro-
duction, ME, NE, and SCFA values. These fermentation results
will not reveal a problem on ruminal digestion of beef TMR.

The in vitro methane (mL/0.2 g DM) produced by unit DM of
beef TMR decreased linearly with increasing rates of safflower
grain in beef TMR and is an expected result due to the reduce in
vitro gas production (Ellis et al., 2007; Kara et al., 2015).

The use of up to 20% safflower herbage in beef TMR did not
adversely affect in vitro cumulative total gas and methane
production levels and in vitro T-DMd, T-OMd, GY_,, PF_, ME,

24" o4
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Table 8. Effect of safflower in ruminant TMR on in vitro fermentation parameters

T-DMd T-oMd GY,,

0% Safflower grain 516.78 549.27 588.06
5% Safflower grain 654.20 745.24 446.17
10% Safflower grain 468.84 550.85 572.49
20% Safflower grain 526.68 577.44 488.84
SEM 27.11 28.81 23.62

p value L 0.422 0.508 0.328
Q 0.362 0.044 0.451
0% Safflower herbage 516.78 549.27 588.06
5% Safflower herbage 572.18 569.79 554.71
10% Safflower herbage 613.95 685.37 496.27
20% Safflower herbage 651.90 653.31 477.55
SEM 34.55 36.58 33.91

p value L 0.207 0.243 0.267
Q 0.908 0.738 0.923
0% Safflower straw 516.78 549.27 588.06
5% Safflower straw 562.59 518.35 517.00
10% Safflower straw 561.83 596.87 546.13
20% Safflower straw 590.31 633.22 530.08
SEM 21.21 31.64 21.72

p value L 0318 0.305 0.513
Q 0.856 0.631 0.577

PF,, ME NEL SCFA
173 11.19 6.95 132
2.26 10.94 6.73 127
1.74 1037 6.25 118
2.07 9.98 5.92 1.12
0.08 0.14 0.12 0.02
0.428 <0.001 <0.001 <0.001
0.459 0.306 <0.001 0.306
173 11.19 6.95 132
192 11.24 6.99 132
211 10.96 6.75 1.28
211 11.42 7.14 135
0.1 0.07 0.06 0.01
0.261 0.530 0.530 0.530
0.715 0.168 0.168 0.168
173 11.19 6.95 132
1.94 10.92 6.72 1.28
1.83 11.40 7.13 135
195 11.34 7.07 135
0.07 0.08 0.07 0.01
0.445 0.209 0.209 0.209
0.760 0.512 0512 0512

GY,,: gas yield is total gas volume (mL) produced for g T-DMd at 24 h; MCP: microbial crude protein is produced at 24 h (mg/g DM); ME: metabolic energy as MJ/kg DM;
NEL: net energy lactation as MJ/kg DM; SFCA: molarities of short chain fatty acid in fermentation fluid at 24 h; T-DMd: in vitro true-dry matter disappearance (mg) for g
DM at 24 h (mg/g DM); T-OMd: in vitro true-organic matter disappearance; SEM: standard error of means; L: linear; Q: quadratic

NE, and SCFA values. This result shows that it could be advis-
able to use safflower herbage advisable instead of corn silage
and wheat straw in the beef cattle TMR. The safflower herbage
can be characterized as quality forage due to the values of CP,
fibre and ME.

The 5%, 10% and 20% of safflower straw in beef cattle did
not change the in vitro cumulative total gas and methane
production and in vitro T-DMd, T-OMd, GY,,, PF,,, ME, NE.
and SCFA values, indicating it could be preferred instead of
wheat straw. However, the safflower plant used in the study
was the Dinger type and did not have thorns. This plant may
not cause adverse effects in the in vivo feeding experiments
in ruminants. It may be advisable to use thorny forms of the
plantin goats.

As aresult;

- Before flowering, the safflower herbage has ME, CP, aND-
Fom, ADFom and ADL values, which may contain a mod-
erate/good quality forage,

+ Although safflower straw has the equivalent CP content
to reference wheat straw, the values of aNDFom, ADFom
and ADL are lower than those of wheat straw,
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+ The husked safflower grain has a high content oil, moder-
ate CP content and high fibre contents,

+ The use of safflower grain may be recommended up to
5% in horse TMR and up to 20% in ruminant TMR,

« Up to 20% safflower herbage can be used in high quality
forage in horse and beef TMR,

« Moreover, it may be argued that further investigation
into the in vivo digestibility of these feed sources and the
effects on performance and product quality need to be
investigated.
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Abstract

This study was performed to examine the effect of different
concentrations of an essential oil mixture (EOM) added to drin-
king water on growth performance, internal and external egg
quality, and egg yolk fatty acid composition in laying hens. A
total of 240 Brown Nick laying hens aged 20 weeks were used
in this study. These hens were divided into one control and th-
ree treatment groups whose drinking water was supplemented
with 0, 0.1, 0.2, and 0.3 ml/L of Oregofarm EOM. Oregofarm is
a commercially available product containing peppermint, ore-
gano, and anise oil. Each treatment group was further catego-
rized into 10 subgroups, each consisting of 6 laying hens. The
hens were fed basal rations for 16 weeks. For data collection
and analysis, a 16-week period was divided into three time pe-
riods of 5 weeks. The weights of 25- to 30- and 35-week eggs
were recorded weekly. In the groups whose drinking water was
supplemented with the EOM, there was a significant improve-
ment in egg production (EP) (p<0.001), weekly egg weights

during the entire study period (p<0.001), and feed conversion
ratio (p<0.05). Furthermore, egg shell thickness and yolk height
were significantly increased (p<0.05) at week 35. The Haugh
unit was also significantly improved (p<0.05) at weeks 25 and
30. However, feed intake and body weight were not affected by
the treatment (p>0.05). The levels of saturated fatty acids were
decreased, whereas the levels of polyunsaturated fatty acids
increased with EOM supplementation, although the differen-
ces were not statistically significant (p>0.05). Therefore, based
on the beneficial effects of supplementing drinking water with
different concentrations of EOM on egg weight, egg producti-
on, feed conversion ratio, and egg yolk fatty acid compositions,
it is suggested that EOM can be safely added at concentrations
of up to 0.3 ml/L (i.e. the levels used in this study) to drinking
water for laying hens.

Keywords: Egg quality, essential oils, laying hens, performan-
ce, yolk fatty acids

Introduction

Due to cross and multiple resistance issues, many antibiotic
growth promoters in poultry nutrition are restricted by the EU.
Consequently, researchers have been exploring the use of phyto-
genic feed additives (PFA) such as plants, plant extracts, essential
oils (EOs) and individual or combined active EOs ingredients (Boz-
kurt et al., 2014). Essential oils are a mixture of fragile and volatile
compounds - often referred to as aromatic - by plant origin and
plant rooting. Hence, the chemical composition and concentra-
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tion of active plant compounds vary greatly dependent on their
source (Hippenstiel et al., 2011). Mint (Mentha piperita) is a mem-
ber of the Labiatae family and is probably of East Asian origin.
Such herbal medicines are widely used and are believed to be
particularly useful in combating the immune system and second-
ary infections (Akbari et al.,, 2015). As an aromatic plant growing
mostly in the Mediterranean region, Oregano (Origanum vulgare
L.) EO can be used as a phytogenic additive. The medicinal plant
has been used as an anion for digestive, antiparasitic, antibacteri-
al and antifungal stimulant effects (Ertas et al., 2005).
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In some studies, the successful use of EOs as alternative growth
promoters has already been proven and has started to play an
important role in poultry nutrition. Phytogenic additives found in
a wide variety of plants, spices and derivatives have a beneficial
effect on the quality of animal products and animal health and
are safe for use in the food industry (Ertas et al., 2005). It has been
reported that thyme EOs have various biological activities in vitro
and in vivo, together with antimicrobial, antioxidant and antifun-
gal effects (Espina et al,, 2015; Mooyottu et al., 2014). Essential oils
using herbs and spices might increase the acceptability of feed
because of their flavorful characteristics and therefore, could
advance feed intake by being added to poultry diets (Williams
and Losa, 2001). Similarly, some studies showed positive effects
on performance traits such as egg production rate, egg weight
and egg mass output (Aydin et al., 2008; Bozkurt et al.,, 2012b),
however some experiments showed that varying levels of dietary
EOM did not significantly affect the performance, damaged eggs
and eggshell weight (Olgun and Yildiz, 2014; Ozek et al., 2011).
There are limited studies reporting the effects of herbs and EOs
on egg quality parameters of laying hens with contradictory re-
sults (Bollikbasi et al., 2008 and 2010).

Due to increased dietary fat and increased coronary heart
disease, egg yolk fatty acid composition is very important for
consumers (Simopoulos and Salem, 1992). Methods of feed-
ing animals can change the fatty acid composition of the eggs
(Yi et al., 2014). Essential oils or mixtures added to diets have
a positive effect on lipid metabolism (Acamovic and Brooker,
2005). Contrary to this statement, Ding et al. (2017) reported
that there was no significant effect on the fatty acid composi-
tion of egg yolk in the experimental groups where Enviva EO
additions were made and not made. Up to now, although the
effects on the performance parameters of essential oil addition
to poultry diets have been studied, there have very few reports
on the effects of essential oils on egg yolk fatty acid composi-
tion. The study was designed to define the effects of essential
oil mixture (EOM) (peppermint, oregano, and anise EOs) added
to drinking water on growth performance, egg quality and egg
yolk fatty acid compositions in laying hens.

Materials and Methods

Animals and experimental design

This study has been reviewed and approved by an ethical or
advisory board of Animal Ethics Committee at Kafkas Uni-
versity (KAU-HADYEK/2016-032) (Kars, Turkey). A total of 240
Brown-Nick laying hens aged 20 weeks were used in the study.
Drinking water was supplemented with EOs (Oregofarm EO,
Farmavet International, Feed and Water Additives Specialist,
Manisa, Turkey) at concentrations of 0.1, 0.2, and 0.3 mL/L re-
spectively and were provided for 16 weeks (20 to 35 weeks).
The EOM components are presented in Table 1. In the experi-
ment, 4 groups of chickens were divided into 1 control group
and 3 experimental groups. Ten sub-groups were created for
each trial group and each sub group contained 6 laying chick-
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ens. In the study, the hens were fed with laying hen rations
containing 16% HP and 2750 kcal / kg ME. The basal ration was
prepared using maize and soybean meal. The ingredient and
nutrient levels of the basal diet as presented in Table 2 met the
NRC recommendations (1994).

The rations were applied to all groups as isocaloric and isonitro-

genic mixes. Hens were sheltered in a hen house where light-

Table 1. The active componenets of the essential oil mixture

Components (mg/kg)

Thymol (thyme oil) 2000
B-phellanderene (thymeoil) 1300
Limonene (thyme oil+pepermint oil) 3525
B-pinene (thyme oil+pepermit oil) 1977
Linalool (oreganum oil) 3645
Carcacrol (oreganum oil) 8910
Anethole (anise oil) 10712
Menthole (pepermint oil) 6375

Table 2. Composition and nutrient level of basal diet

Ingredient composition Basal Diet, g/kg™’

Corn 620
Soybean meal 205
Wheat bran 61.8
Oil 10
Limestone 85
Dicalcium phosphate 129
Salt 25
Vitamin mineral premix? 25
DL-Methionine 0.3
Calculated nutrient levels

Metabolisable energy® (kcal kg™) 2751
Crude protein 160
Dry matter 904
Ether extract 29.3
Crude ash 125
Crude fibre 28.4
Calcium 35.07
Total phosphorus 5.91
Available phosphorus 6.7
Starch 422.7
Sugar 334

2Supplied per kilogram of diet: 15372000 IU vitamin A, 6.28 mg vitamin E,0.64
mg vitamin K3, 37.36 mg Mn, 89 mg Fe, 25 mg Zn, 8.76 mg Cu, 0.03 mg Co, 0.05
mg Mgl, 0.91 mg Se, 2400.000 IU D,

®Metabolisable energy content of diets was estimated according to the equation
of Carpenter and Clegg.
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ing, temperature and ventilation were controlled. The tempera-
ture was maintained at approximately 22-24°C. The house had
controlled lighting (16L: 8D). The experiment was completed in
16 weeks in the layer chicken unit of the Research and Appli-
cation Farm at Kafkas University. All hens were supplied with
diet and water ad-libitum. 15 liter water tanks were prepared
for each trial group and connected via nipples. The daily water
consumption of the animals was estimated. Fresh drinking wa-
ter and EOM were added to the water tanks daily. The animals
were constantly monitored and kept well hydrated throughout
the experiment. The nutrient composition of the basal diet was
determined according to the AOAC (1995).

Performance and egg quality parameters

In order to determine the changes in body weight, the body
weights of the chickens were recorded at the beginning and
end of the study. Egg production and weight and Fl were regis-
tered weekly during the experiment. Egg production and FCR
were calculated for each period. The magnitude of production
was adjusted according to mortality rates, which were record-
ed daily. To determine egg quality parameters, in every 5 week
period, 20 eggs were randomly selected per treatment (2 eggs
per replicate). These were then evaluated in terms of eggshell
weight, albumen and yolk weight, yolk height, eggshell thick-
ness and HU. The eggs were weighed with a special instrument
(TP-2000A-0.01 g, Istanbul, Turkey). The eggs were broken on a
glass table. The eggshell thickness was measured at three dif-
ferent sections (upper-middle and ends) using a micrometer
(Standardgage-200mm-8IN, Asia). The height of the yolk was
measured with a tripod micrometer (Mitutoya-20mm, Kawasa-
ki, Japan). Albumen quality was measured in terms of the HU
calculated from the weight of the egg and the height of the al-
bumen. While calculating HU values for each egg, the following
formula was used:

HU= 100log (H-1.7W°37+7.6)

(H is the observed height of the aloumen (mm) and W is the
weight of the egg (g)).

Fatty acid profile of egg yolk

During the final week of fatty acids analysis, the oil extraction
was carried out on 10 egg samples from each group, according
to the method laid out by the AOAC (1995), and then processed
with methyl esters with Boron Trifluoride. The fatty acid methyl
esters were condensed under nitrogen gas and then analyzed
in GC-MS (HP 6890/5972). An Agilent HP88 100X250 micro-
Mx250 mm column was used in the analysis. The initial tem-
perature of the column was 120°C, while the final temperature
was 230°C. The injector and detector temperature was set at
250°C. The injection speed was set at 50:1 and helium was used
as a carrier gas.

Statistical analysis
The statistical analysis and the significance of the mean values
between the groups were determined by the analysis of vari-
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ance. The multiple range test was used to determine differ-
ences between the trial groups. The statistical analyses were
performed with Statistical Package for the Social Sciences 16.0
(SPSS Inc,; Chicago, IL, USA) (Dawson and Trap, 2001).

Results and Discussion

Laying hen performance and egg production

Initial and final BW, FI, FCR and egg production data for the layer
hens fed drinking water containing EOM is presented in Table
3. Performance analysis showed that there were no effects on
body weight and feed intake in the experimental group. During
the experimental period, egg production and FCR improved
significantly (p<0.05) with the supplementation of 0.2 and 0.3
mL/L EOM. Studies reported beneficial effects on laying perfor-
mance with EOM supplementation in layer’s diet (Bozkurt et al.,
2012b; Ozek et al., 2011). Radwan et al. (2008) reported that Fl
and BW were not significantly affected by dietary herbs. No dif-
ferences in Fl were reported in hens when the EO was supple-
mented to basal diets (Bozkurt et al., 2012a and 2012¢; Cabuk
et al, 2014). In contrast, Abdo et al. (2010) found that adding
green tea EQ in the ratio significantly reduced feed intake. Sim-
ilarly, Boliikbasi et al. (2008) found that EO supplementation in
layer diets lowered Fl and FCR was improved when the birds
were fed EOM in their diet. Certain feeding experiments with
layer hens didn’t find any differences in FCR when the orega-
no EO was added to diets (Florou-Paneri et al., 2005). Similarly,
Bozkurt et al. (2012a; 2012c) revealed that dietary inclusion of
EO did not improve FCR in white layer hens. However, some
beneficial effects on FCR using EO of inclusion level 24 mg/kg
feed have been reported for the brown layer strain under hot
environmental conditions (Cabuk et al., 2006). Some studies
confirmed the positive effects of herbs and their respective EO
on the BW of hens. Cabuk et al. (2006) reported that the BW of
layer hens fed diets of an EO mixture increased compared to
that of the control group over a 20-week period. Similarly, in
another study, significant improvements were determined in
the BW of hens when they were fed different levels of garlic
(Khan et al., 2007). However, no effect was reported on BWG in
response to dietary supplementation with tea leaves or green
tea EO (Abdo et al., 2010), or dietary oregano EO (Florou-Paneri
et al., 2005). Bozkurt et al. (2009) observed that adding an EO
mixture to diet had no effect on egg production and weight.
Similarly, Boliikbasi et al. (2010) observed no effect on egg pro-
duction but there was an increase in egg weight when diets
were supplemented with thyme, sage or rosemary over a peri-
od of 12 weeks. However, Xianjiing He et al. (2017) found that
added oregano EOs in layer diets significantly influenced egg
production and average egg weight.

Egg quality parameters

The effects of Oregofarm EO on egg weight and internal and ex-
ternal egg quality are listed in Table 4 and 5. Supplementation of
Oregofarm EO significantly increased the egg weight (p<0.05)
weekly. In all periods, the egg weight was effected significantly
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Table 3. The effects of adding EOM on the performance (mean=standard error) to layer hens’ drinking water

Essential oil mixed supplementation (ml/L)

0 0.1 0.2 0.3 p
Initial body weight, g 1734£17.63 1734+14.44 1771£16.55 1782+15.1 0.62
Final body weight, g 1736+62.91 1661+£22.52 1742+21.99 1771+20.44 0.14
Feed intake, g day™' per bird 102.24+1.52 99.94+1.26 103.83+1.61 104.13£1.59 0.191
Egg production, % 90.88+0.44° 89.74+0.48° 92.41+£0.41° 92.90+0.40° <0.001
Feed conversion ratio, kg feed per kg egg 2.01+0.04° 1.97+0.03® 1.91+0.03° 1.90+0.02° 0.038
>bindicated the difference within a row was significant (p<0.05)
Table 4. The effects on the weekly egg weights of adding EOMs to layer hens' drinking water (g)

Essential oil mixed supplementation (mL/L)

Weeks 0 0.1 0.2 0.3 P
1-wk 55.00+0.59 (n:55) 56.1+0.55 (n:53) 56.36+0.64 (n:58) 56.39+0.71 (n:59) 0.36
2-wk 55.66+0.55° (n:56) 55.81+0.45° (n:56) 57.48+0.55 (n:52) 57.81+0.63° (n:55) 0.007
3-wk 56.8+0.64 (n:52) 57.86+0.49 (n:54) 58.47+0.64 (n:57) 58.38+0.46 (n:55) 0.15
4-wk 56.7+.05 (n:59) 57.07+0.45 (n:57) 58.12+0.57 (n:55) 58.25+0.59 (n:57) 0.103
5-wk 57.16+0.59 (n:58) 56.89+0.43° (n:56) 58.98+0.60° (n:59) 58.40+0.52% (n:57) 0.019
6-wk 57.17+0.52° (n:58) 57.51£0.50° (n:59) 58.17+0.61 (n:57) 59.18+0.52% (n:57) 0.047
7-wk 56.90+0.59¢ (n:48) 57.56+0.47 (n:52) 59.62+0.65° (n:51) 58.98+0.52% (n:54) 0.002
8-wk 56.68+0.66" (n:55) 56.93+0.56° (n:58) 59.60+0.66° (n:58) 59.33+0.58% (n:56) 0.001
9-wk 56.38+0.59° (n:48) 56.35+0.57° (n:49) 57.65+0.58° (n:50) 58.53+0.58% (n:53) 0.019
10-wk 57.44+0.70° (n:51) 56.81+0.64%° (n:46) 58.74+0.572 (n:55) 59.13+0.612 (n:55) 0.037
11-wk 57.50+0.52° (n:47) 58.92+0.61% (n:49) 59.77+0.63° (n:51) 60.30+0.54° (n:57) 0.005
12-wk 57.75%0.67¢ (n:44) 58.68+0.575 (n:51) 60.98+0.64° (n:53) 60.394+0.59* (n:53) 0.001
13-wk 57.61+0.72° (n:47) 57.06+0.57° (n:47) 60.25+0.52° (n:55) 60.18+0.54° (n:56) 0.000
14-wk 57.87+0.73 (n:57) 58.77+0.69% (n:50) 60.42+0.59° (n:55) 59.80+0.50? (n:56) 0.024
15-wk 58.24+0.75° (n:51) 57.58+0.54° (n:54) 59.27+0.57% (n:56) 60.57+0.60° (n:56) 0.003
16-wk 57.55+0.69° (n:54) 57.81+0.63° (n:55) 60.37+0.69° (n:56) 60.27+0.59° (n:56) 0.001
All Periods 56.67+0.16° (n:840) 57.34+0.14° (n:846) 59.17+0.16° (n:878) 59.11+0.15% (n:892) <0.001

>bindicated the difference within a row was significant (p<0.05)

by essential oil mixes (p<0.05). Bozkurt et al. (2012b) declared
that EOM added to layer hen diet significantly enhanced egg
production rate and egg weight. Other studies showed no sig-
nificant change in egg production and egg weight when hens
were fed a diet supplemented with EOM (Bozkurt et al., 2012b;
Florou-Paneri et al., 2005; Ozek et al., 2011). Similarly, Bozkurt et
al. (2009) discovered that the addition of EOM at 24 to 48 mg/
kg to diet had no effect on the production and weight of eggs
for broiler breeders in chickens between the ages of 26 and 46
weeks. This variability in results may be related to the dose of
EOs, different application methods, components of EOs or their
utilization in different types of poultry.

Eggshell weight increased at week 25 week (p<0.05). At the
30" and 35" weeks of the trial, eggshell weight gradually in-

creased with EOM supplementation, but the difference was
not significant (p>0.05). Supplements in drinking water had
no effect on albumen and yolk weight (p>0.05) in early pe-
riod hens at 25 weeks. Eggshell thickness was significantly
improved at all periods measured (p<0.05). Adding EOM (0.1,
0.2 or 0.3 mL/L) to drinking water influenced HU at the age
of 25 and 30 weeks (p<0.05) The highest HU was obtained
in the eggs of layer hens fed drinking water containing 0.3
mL/L EOM. In some studies, it has been observed that the use
of different forms of EOs or EOM leads to significant improve-
ments in egg shell weight (Bozkurt et al., 2012b and 2012c).
In contrast, Akbari et al. (2015) reported that feeding pep-
permint and thyme EO had no effect on shell weight in layer
hens. In our study, the supplementation of EO significantly
increased the eggshell thickness in all weeks (p<0.05). Sim-
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Table 5. The effects on the internal and external egg quality (mean+ standard error)' of adding EOMs to layer hens' drinking water

Essential oil mixed supplementation (mL/L)

Item 0 0.1
Unit of egg weight

25 wk 57.18+1.17° 58.13+£0.91%®
30 wk 57.46%0.74 57.59+0.68
35wk 59.66+0.95 59.39+0.90
Eggshell weight (g)

25 wk 5.95+0.12° 5.97+0.12°
30 wk 6.03+0.12 6.04+0.12
35 wk 5.89+0.09 6.09+0.08
Albumen weight (g)

25 wk 37.09+0.97 38.48+0.79
30 wk 37.91+0.77 36.89+0.84
35 wk 38.68+0.93° 38.43+0.89°
Yolk weight (g)

25 wk 14.14+0.29 13.68+0.17
30 wk 14.48+0.27° 14.66+0.25°
35wk 15.09+0.22° 14.86+0.23°
Yolk height (mm)

25 wk 28.94+0.70° 28.96+1.16°
30 wk 26.96+0.27 26.65%0.26
35wk 27.87+0.33° 29.03+0.27°
Eggshell thickness (mm)

25 wk 0.32+0.04* 0.28+0.05°
30 wk 0.33+0.05° 0.33+0.04°
35 wk 0.31+0.03° 0.33+0.032
Haugh unit

25 wk 78.35+1.22% 75.99+0.89°
30 wk 79.26+0.28° 79.15+£0.37°
35 wk 79.69+0.33 80.31+£0.32

>bindicated the difference within a row was significant (p<0.05)
'Means of 20 eggs per treatment

ilarly, Bozkurt et al. (2012b) reported that supplementation
of EOM increased egg shell weight, egg shell thickness and
shell breaking strength.

Adding oregano EO (50 or 100 mg kg™) to the diet had no effect
on HU at the age of 32 weeks (Florou-Paneri et al., 2005). Similar-
ly, Cabuk et al. (2006) observed that adding EOMs or antibiotics
to the diet did not significantly affect the egg quality character-
istics HU, shell weight or yolk weight in laying quails. Ding et al.
(2017) reported that Enviva EO supplementation in layer hens
diet had no significant effect on albumen height and HU. How-
ever, Xianjing et al. (2017) observed that the use of oregano EO
supplementation had no effect on eggshell ratio but found that
it did significantly affect yolk ratio, egg shape index and HU.

89

0.2 0.3 p
58.32+0.99% 60.32+0.83° 0.15
57.85+0.75 58.08+1.03 0.94
61.64+0.65 61.02+0.79 0.10
6.03+0.096° 6.37+0.13° 0.04
6.35+0.09 6.2140.11 0.12
6.10+0.12 5.95+012 036
37.97+0.69 39.49+0.62 0.19
36.08+0.84 36.14+0.97 0.82
40.36+0.78° 40.36+0.75° 0.05
1431+0.31 14.46+0.26 0.19
15.4220.22° 15.7220.30° 0.003
15.18+0.19° 14.7120.19° 0.05
26.1240.35 26.20+£0.41° 0.004
27.08+0.24 26.74+0.29 0.65
29.11+0.28° 28.57+0.25% 0.01
0.29+0.04° 0.31+0.05° 0.035
0.31+0.05° 0.32+0.05% 0.001
0.33+0.08° 0.34+0.06° 0.008
78.72+1.04% 80.95+1.25° 0.024
79.86+031% 80.62+0.52° 0.03
80.51+0.58 80.80+0.64 043

Fatty acid compositions

The mean value of the yolk fatty acids percentage in different
treatment groups is shown in Table 6. When compared to the
control diet, the proportion of DHA (C22:6 n-3) in the egg yolk
was significantly decreased in the treatment groups (p<0.05).
Palmitoleik acid (16:1) increased in drinking water containing
EOM when compared to the control group (p<0.05). There was
no significant effect on total saturated fatty acids and omega 3
and 6 fatty acid in the experimental groups. To our knowledge,
there have been few reports about the effects of EO on the fatty
acid composition of egg yolk. In the present study, there were
significant differences in the treatment groups in a linolenic acid,
linolenic acid, palmitoleic acid, arachidonic acid, lignoceric acid
and DHA (p<0.05). However, Ding et al. (2017) found that EO in
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Table 6. The effects on egg yolk fatty acid composition (meanz standard error) of adding EOMs to layer hens’ drinking water

Essential oil mixed supplementation (mL/L)

Fatty acid (%) 0 0.1
C14:0 0.28+0.016° 0.29+0.015%
C14:1 0.005+0.003° 0.008+0.004°
C15:0 0.009+0.005° 0.020+0.006°
C16:0 24.40+0.20° 23.52+0.42°
C16:1 2.67+0.09¢ 2.86+0.16°
C17:0 0.21+£0.011° 0.21£0.013°
c17:1 0.21+0.05 0.18+0.03
C18:0 9.57+0.20* 9.42+0.352
c18:1 41.15+0.71 41.35+£0.49
C18:2n6 16.96+0.78 17.64+0.41
C18:3n6 0.50+0.035 0.49+0.052
C18:3n3 0.74+0.058° 0.94+0.059°
C20:0 0.17+0.029 0.16+0.043
C20:1 0.25+0.029 0.30+0.034
C20:2n6 0.22+0.029 0.26+0.040
C20:3n3 0.20+0.033 0.18+0.029
C20:4 n6 1.68+0.058* 1.45+0.11%
C22:6 n3 0.61+0.03° 0.51+0.05%°
C24:0 0.16+0.018* 0.21+0.03°
>SFA 34.81+0.33 33.84+0.32
>MUFA 44.27+0.75 44.69+0.48
YPUFA 20.91+0.86 21.47+0.51
SUFA 65.19+0.33 66.16+0.32
YPUFA/ZSFA 0.60+0.028 0.64+0.018
SUFA/3SFA 1.88+0.028 1.96+0.027
n6 19.37+0.81 19.84+0.46
n3 1.54+0.062 1.63£0.083
n6/n3 12.60+0.34 12.36+0.49
NUTRVALUE 2.08+0.036° 2.17+0.055°
ATHERNGINX 0.17+0.003° 0.16+0.005°
THRINDEX 0.60+0.008 0.58+0.007
n=10

b indicated the difference within a row was significant (p<0.05)

0.2 0.3 P
0.34+0.015° 0.34+0.024° 0.022
0.016+0.005° 0.0330.009° 0.004
0.02+0.006° 0.036:+0.002° 0.009
24724021 24.90+0.34° 0.014
3.23+0.14% 3.48+0.21° 0.033
0.21+0.012° 0.28+0.019° 0.005
0.29+0.04 0.28+0.053 0.272
8.50+0.38° 7.82+0.30° 0.001
41324038 41.16+0.70 0.991
17.4220.44 17.9320.62 0.696
0.48+0.030 0.48+0.031 0.973
0.90+0.041° 0.96+0.044° 0.021
0.13+0.025 0.100.017 0.393
0.24+0.018 0.27+0.017 0420
0.18+0.022 0.19+0.015 0.209
0.19+0.018 0.17+0.018 0.869
1.23+0.14% 1.07£0.13¢ 0.004
0.44+0.06° 0.38+0.05 0.014
0.11+0.014° 0.12+0.014° 0.015
34.06+0.43 33.60+0.51 0.187
45.10+0.46 45224078 0.710
20.84+0.38 21.18+0.73 0.897
65.94+0.43 66.40+0.51 0.187
0.61+0.016 0.63+0.026 0.695
1.98+0.048 1.9420.018 0.198
19.3120.36 19.6820.67 0.911
1.5320.049 1.50+0.088 0.608
12.7240.48 13.29+0.51 0.549
2.02+0.028° 1.97£0.043° 0.014
0.15+0.006® 0.1420.006° 0.008
0.58+0.010 0.57+0.012 0.191

SSFA= total saturated fatty acids; YMUFA= total monounsaturated fatty acids; SPUFA= total polyunsaturated fatty acids; n-6: omega-6 fatty acids; n-3: omega-3 fatty acids

layer hen diet had no effect on the fatty acid composition of egg
yolk of layer hens. The addition of EOM to the drinking water of
layer hens had no effect on the n-6/n-3 ratio in the egg (p>0.05).
Boliikbasi et al. (2010) reported that bergamot oil supplementa-
tion in layer diets significantly increased the proportion of DHA
and n-3 in the egg yolk. While the addition of essential oil to
drinking water reduced the SFA concentration, it increased the
MUFA concentration, numerically. In agreement with the present
study, Ding et al. (2017) reported that SFA concentrations were
decreased but PUFA and MUFA concentrations were increased
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with dietary EO. Bolikbasi et al. (2008) showed that SFA and
PUFA concentrations in leg and breast tissues in broilers were de-
creased, whereas, MUFA concentrations were increased. To our
knowledge, the studies on the addition of essential oils to drink-
ing water are limited. Therefore, further work is needed in order
to give more detailed information on this topic in layer hens.

Conclusion

As a result of supplementing peppermint, oregano, and anise
essential oils in the amounts of 0.2 mL/Land 0.3 mL/L to drink-
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ing water, there were beneficial effects on performance and
egg quality without adverse effects on other parameters.
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Abstract

The aim of this study was to assess the temperature, total ae-
robic plate count (TAPC), and histamine-producing bacterial
count (HPBC) of four types of fish, viz,, sardines (Sardinella
aurita), bouge (Boops boops), saury (Trachurus mediterraneus),
and mackerel (Scomber scombrus), that are sold in three major
fish markets in Tripoli's city center. A total of 113 samples of
these fish types were collected, both in the morning and in
the evening, from July to December in the fishing season. Re-
sults showed that the temperature of the collected fish samp-
les ranged from <5°C to 22°C. Of the total 113 fish samples,
5.0%, 52.0%, and 43.0% had temperatures of <5°C, 5°C-14°C,
and 15°C-22°C, respectively. The TAPC of all the fish samples
ranged from 3.0 x 10° to 3.5 x 107 colony-forming unit/g(c-
fu/g) of meat (with skin), with a mean of 1.1 x 10° cfu/g. The
HPBC ranged from an estimated 5.0 x 10% to 2.7 x 10° cfu/g,
with a mean of 1.8 x 10° cfu/g. Statistical analysis of the data
showed a weak correlation (r = 0.05) between TAPC and HPBC
of all the fish samples collected from the three major markets.
The TAPC results revealed that 50%, 46%, 38%, and 17% of

the saury, bouge, mackerel, and sardine fish samples, respe-
ctively, did not comply with the standard specification limit
(106 cfu/g) prescribed by the Libyan authorities. A total of 26
isolates of histamine-producing bacteria were identified in
this study. The majority of them belonged to the Enterobac-
teriaceae family and were not indigenous to the marine en-
vironment. There was a variation in the distribution of these
bacterial isolates among all the fish samples during the course
of the study. However, Vibrio fluvialis, Erwinia spp., and Kleb-
siella planticola were detected in all the fish samples throu-
ghout the study period. The high TAPC and HPBC recorded
in this study could be attributed to cross-contamination due
to the poor quality of the surrounding environment and the
poor hygienic practices. Therefore, there is an urgent need for
proper control of product handling conditions in the fish mar-
kets monitored in this study.

Keywords: Bouge, HPBC, mackerel, sardine, saury, TAPC, Tri-
poli city

Introduction

Sardine (Sardinella aurita), Bouge (Boops boops), Saury (Tra-
churus mediterrangus), and Mackerel (Scomber scombrus) are
among the most popular fish choices for the Libyan consum-
er because of their reasonable prices and availability during
the fishing season. They represent 50% of the total annual
fish catch, which amounts to around 38000 tons (Anonymous,
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2014). These fish species have a high nutritive value and they
are a source of good quality protein and polyunsaturated fatty
acids — in particular, omega 3 and 6 fatty acids. Hassan et al.
(2006, 2011), reported that the total lipids of Libyan sardine,
bouge and mackerel contain ample quantities of omega 3 fatty
acids - 33.11, 28.03 and 20.03% of total fatty acids respective-
ly. In comparison with red meat, fish meat is highly perishable
mainly because of its high non-protein nitrogen compound

7 This work is licensed under a Creative
Commons Attribution-NonCommercial
BY MG 4.0 International License.
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content, which represents ideal nutrients for spoilage bacte-
ria. In addition, these fish species are particularly sensitive to
histamine formation from histamine producing bacteria if they
become exposed to poor temperature control when handled,
stored or displayed.

Histamine poisoning (also known as scombroid poisoning)
occurs following consumption of certain fish species which
contain histamine. Symptoms of histamine poisoning appear
within anything from a few minutes to 3 hours after consuming
these fish whether they are fresh, frozen, canned or dried. Stud-
ies and statistical surveys on scombroid poisoning showed that
most of the histamine poisoning cases resulted from the con-
sumption of fish belonging to the scombridae family - which
includes mackerel, clubeidae such as sardines (Kim et al., 2004;
Moreno et al, 2001) and carangidae -which includes Saury
(Brillants et al., 2001; Lokuruka et al., 2004). This is because their
muscles are rich in free histidine, the precursor to histamine
formation by histamine producing bacteria (Kim et al., 2004;
Moreno et al., 2001; Rawles et al., 1996).

Niven et al. (1981) reported that Most of the histamine-producing
bacteria isolated from fish muscles belong to mesophilic enteric
bacteria, which are not the natural flora of fresh fish. Other studies
found the histamine decarboxylase enzyme in some species of
bacteria: Vibrio harveyii, Vibrio alginolyticus, Photobacterium phos-
phoreum and leiognathi spp which are all indigenous to the ma-
rine environment. While they are not potent histamine produc-
ers, they were responsible for most of the documented histamine
poisoning cases reported (Kanki et al., 2004; Ramesh et al., 1989;
Takahashi et al., 2003; Yoshinagu and Frank, 1982).

Due to the lack of local studies on the effect of display condi-
tions in Tripoli fish markets on fish sensitive to histamine pro-
duction, this study was carried out to determine temperature,
total aerobic plate count and histamine producing bacterial
count in samples of sardines, saury, bouge and mackerel dis-
played for sale in three fish markets in Tripoli city during the
period July - December of the fishing season.

Materials and Methods

Sample collection

One hundred thirteen samples from fresh sardines, Bouge,
Saury and mackerel were collected directly from fish on sale
in three main fish markets - A, B and C in Tripoli City, Libya.
The samples were collected between 7:00 and 8:00 A.M. and
between 12.00 and 13.00 P.M., during the period from July to
December of the fishing season. The samples were kept in ster-
ile polyethylene bags and transferred in an icebox, within 15
minutes, to the Microbiology and fish disease laboratory at the
marine research center in Tajoura, Libya. The temperature of
the displayed fish was taken when the samples were collected.

Sample preparation for bacteriological analysis
From each sample, 5-6 pieces were randomly collected. Meat
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muscles were cut from the back and sides of each fish body us-
ing a sterile knife and then homogenized in a sterile blender.
Twenty five grams of the homogenate was then used for bac-
teriological analysis.

Determination of Total Aerobic Plate Count (TAPC) and
Histamine Producing Bacterial Count (HPBC)

Twenty-five grams of minced homogenized fish meat was
mixed with 225 mL of 0.1% sterile peptone water in a sterile
electric blender for 1 minute. Then, serial dilutions of 102, 10+
and 10°were prepared from the homogenate for TAPC on plate
count agar (Oxide Ltd.,Hamsphire, UK), while dilutions of 10+
and 10° were used for HPBC determination on Niven's medium,
according to Swanson et al. (2001). The Niven’s medium was
prepared according to the procedure of Niven et al. (1981). All
plates were incubated inverted at 25°C for 48 + 2 hours. Plates
were incubated at 25°C, as recommended by Nickelson et al.
(2001) for the routine assessment of quality of fresh and frozen
seafood products.

Colonies with a purple halo grown on Niven agar were counted,
aseptically isolated and then purified with the streaking tech-
nigue on trypticase soy agar plates (Oxide Ltd. Hamsphire, UK).
The plates were incubated at 25°C for 24 hours to obtain iso-
lates. Theses isolates were then restreaked on Niven agar medi-
um plates to confirm that they produced purple halo colonies.
Pure isolates were gram stained, and microscopically examined
under oil immersion, before identification using analytical pro-
file index 20 E (API 20 E kits) for identification and differentia-
tion of member of the family Enterobacteriaceae (Biomerieux
Inc Boston MA USA) in accordance with Korashy et al. (2005).

Statistical analysis

The results of the TAPC and HPBC were analyzed with the sta-
tistical package Minitab 16 (Minitab Inc. State college Pa USA)
using descriptive statistics such as minimum, maximum and
mean value. The Correlation coefficient test (r) was performed
between the TAPC and HPBC data. Significance was considered
where p<0.05.

Results and Discussion

Samples temperature

The temperature of fish samples ranged from <5 to 22°C. The
percentage of samples that had temperatures <5, 5-14, and 15-
22°C were 5.0, 52.0 and 43.0 % respectively out of the total 113
samples (Table 1). It is clear from the results that 95% of the sam-
ples collected had a temperature between 5 and 22 °C. This tem-
perature range is suitable for growth of HPB (Economou et al.,
2007; Kim et al., 2009). Therefore, the presence of such bacteria
might place the fish samples at risk of histamine formation when
displayed for sale at temperatures higher than 5°C.

When the fish samples were classified according to the markets
included in this study, the results showed that samples taken
from fish market B were the best in terms of temperature. Sev-
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enty-two percent (72%) of these samples had temperatures be-
tween 5 and 14°C, while the rest of the samples collected from
the other two markets had temperatures between 15 and 22°C
(Table 2).

The results shown in Table 3 reflect the poor refrigeration con-
ditions of the samples, since the percentage of samples that
had a temperature of <5°C did not exceed 5% in the morning
and 8% in the afternoon at fish market B. Meanwhile, the high-
est percentage (60%) of samples that had temperatures be-
tween 15 to 22°C was recorded in samples collected at noon.
This is probably due to poor refrigeration methods applied in
these markets, especially for those who depend solely on ice
as it melts by the end of the day. These conditions make fish
samples more susceptible to histamine formation.

Total aerobic plate count (TAPC) and Histamine producing
bacterial count (HPBC)

The TAPC for samples of Sardines, Bouge, Saury and Mackerel
ranged from 5x 10°t0 8.9x 105 1.5 x 10*t0 5.3 x 10%, 3.2 x 10* to
3.5x 107 and 5 x 10% to 3 x 10¢colony forming unit/gram (cfu/g)
meat (with skin) respectively as shown in Table 4. Meanwhile,
the range of HPBC for the same samples were from 5 x 10% to
5x 1056 x 10?to 2.6 x 105, 3 x 10° to 2.6 x 10° and 5 x 102 to
2.7 x 10 cfu/g meat (with skin) respectively as shown in Table
5. It is noted from the results in Table 4 and 5 that the highest
average TAPC and HPBC were recorded in the saury fish sam-
ples, followed by bouge and the lowest counts were recorded
in samples of mackerel.

When comparing the results for TAPC obtained in this study
with the standard specification limit - 106 cfu/g fish (GSO 1016:
2015) as prescribed by the Libyan authorities, it was found that
50, 46, 38 and 17% of the Saury, Bouge, Mackerel and sardine

Table 1. The temperature ranges of fish samples collected from three
fish markets in Tripoli, Libya, and the percentage of each range

Temperature Numbers of The percentage
range (°C) samples of each range
<5 6 5.0%
5-14 59 52.0%
15-22 48 43.0%

fish samples did not comply with this limit as shown in Table
6. Remarkably, the total percentage of samples collected from
market A that did not comply with this standard did not exceed
11%, whereas the figures for market B and market C were, 52%
and 41%, respectively (although market B was equipped with
new facilities and utensils). Moreover, the average TAPC in fish
market A for all fish types was lower than that recorded in mar-
ket B and market C.

WHO (2007) indicated that the TAPC rarely reflects the overall
quality of fish, but it gives an indication of the risk of spoilage
induced since each of these organisms had different ways of
affecting health conditions of the consumer of such contam-
inated fish. The results of TAPC and HPBC obtained from the
present study reflect the variations in handling conditions that
these fish were exposed to from the time of harvesting until
delivered to the fish markets.

The range of averages for TAPC of sardine samples found in this
study (from 2.8 X 10°to 6.4 x 10° cfu/g fish meat) was higher
than that reported in fresh Libyan sardines (Sardinella aurita)
in previous studies carried out by Abuzghia (1990) where the
TAPCs were between 7.9 x 10*°and 8.2 x 10° and by Hassan et al.
(2008) - between 1.0 x 10%and 1.0 x 10%cfu/g fish meat. The vari-
ations in TAPC reported in these studies could be attributed to
the variations in handling conditions these fish were exposed
to from the time of fishing until they reached the laboratories.

The range of TAPC recorded in this study for sardine and mack-
erel samples was from 5.0 x 10° t0 8.9 x 10° and 9.0 x 10°to 1.0
x 10° cfu/g respectively, which is lower than that reported by
Korashy et al. (2005) in samples of sardines (Sardinella gibbosa),
European sardines (Sardinella pilchards) and Atlantic mackerel
(Trachurustrachurus), where the average counts were, 8.6 x 107,
6.5 x 10°and 7.0 x 107 cfu/g respectively. Furthermore, the re-
sults for the same samples showed that HPBCs (2.5 x 103, 2.1 x
10%and 2.2 x 10° cfu/g, respectively) were lower than the results
obtained in this study for sardine and mackerel. The range of
HPBCs recorded in this study for sardine and mackerel samples
was between 5.0 x 10? (estimated) and 1.4 x 10° and between
5.0 x 10% (estimated) and 6.2 x 10°cfu/ g fish, respectively.

The results from this study were also higher than the results re-
ported by Okuzumi et al. (1982), where the range of TAPCs for
fresh sardine (Sardinella melanostic) , saury (Coloabissaira) and

Table 2. Classification of fish samples according to their temperatures and the markets included in the study

Fish samples Fish market (A)

temperature (°C) Number of samples % samples
<5 - -
5-14 6 23.0
15-22 20 77.0

(-) No samples recorded temperatures within this range.

Fish market (B) Fish market (C)
Number of samples % samples Number of samples % samples
6 12.0 - -
36 72.0 18 49.0
8 16.0 19 51.0
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mackerel (Scomber japonicas) in Japan were between 1.1 x 10*
and 3.0 x 104, 1.0 x 10? (estimated) and between 4.9 x 10* and
2.9 x 105 cfu/g respectively, while the HPBC ranges were, 1.0 to
1.0x 10% 5.7 x 10° to 2.1 x 10° and 1.0 to 1.0 x 10? (estimated)
cfu/g. Additionally, Lopez — Sabater et al. (1996) found that the
HPBC in mackerel was 3.1 x 102 cfu/g fish in Spain, which is low-
er than the counts recorded in this study.

Statistical analysis of the results showed weak correlation
(r=0.05) between TAPC and HPBC in all samples collected from
the three markets. This might be related to the randomness
of collected samples and the unknown variations in handling
conditions that these fish species were exposed to from harvest
to delivery to the fish markets.

Identification of HPB isolated from fish samples

The results revealed that twenty-six (26) bacterial types were
isolated from the fish samples and identified as HPB. Most of
these isolates belong to the family Enterobacteriaceae, which
are not indigenous to the marine environment, and some be-

Table 3. Classification of fish samples according to their
temperatures and the time of sampling

Sampling time Morning Noon
Temperature Number of % of Numberof % of
Range (°C) samples samples samples  samples
«5 4 5.0 2 8.0
5-14 52 59.0 8 320
15-22 32 36.0 15 60.0
Total 88 78.0 25 22.0

long to Vibrionaceae (Table 7). According to these results, the
prevalence percentages of V. fluvialis, Erwinia spp, S. putrefaciens
and K. planticola were 18.3, 12.2, 11.9, and 10.0% respectively,
while the prevalence percentages of M. morganii, P. aeruginosa
and A. baumaii were almost equal - 6.40, 5.90, and 5.50 respec-
tively. The prevalence percentages of other isolates were lower
and ranged between 0.45 and 3.20%.

The prevalence percentages of S. putrefaciens and P. fluorescens
in the sardine samples were 11.9 and 3.2% out of the total iso-
lates, respectively. These percentages are close to those report-
ed by Ababouch et al. (1991) in sardines (Sardinella pilchardus)
caught off the Atlantic coast (10 and 20%).

The results of this study were compared with a study (Econo-
mou et al., 2007) that isolated 77 types of HPB, which account-
ed for 53% of the total number of bacteria in 30 samples of
fresh and frozen albacore tuna (Thunnus alalonga) collected
from Brazil, Srilanka, The Maldives, Indonesia and Yemen. There
was a similarity in types of bacteria isolated from the samples,
among which were Pfluoroscens, P. aeruginosa, E. coli, and B. ca-
pacia. However, the differences were in the percent prevalence
where their proportion in tuna samples was higher than in the
fish samples of this study.

Variations were observed in the prevalence percentages of
most types of HPB isolates during the period of the study
and even in the same type of bacteria, since the prevalence
percentages of V. fluvialis during the months of July, August,
September, October, November and December were 21.0, 39.0,
30.0, 42.0, 30.0 and 25.0% respectively, While those of Erwinia
spp were 29.0, 8.0, 21.0, and 9.0 respectively. However, the oc-
currence of S. putrefaciens and P. aeruginosa was only recorded

Table 4. Total aerobic plate counts (cfu/g) for fish samples collected from three fish markets located within Tripoli city center, Libya

Fish market (A) Fish market (B) Fish market (C)
Fish market Range Average Range Average Range Average
Fish type
Sardine 32x10*-9.7x10° 2.8x10° 1.1x10*-8.9x 10° 8.7x10° 50x10%-2.8x10° 6.4x10°
Bouge 53x10*-1.8x10° 43x10° 1.5x10%-5.3x10° 1.1x10° 58x10%*-2.7x10° 1.1x10°
Saury 1.2x10°-29x10° 2.1x10° 3.2x10*-3.5x107 4,0x10° 6.4x10*-4.6x10° 1.6x10°

Table 5. Histamine producing bacteria counts (cfu/g) for fish samples collected from three fish markets located within Tripoli city, Libya

Fish market (A)

Fish market (B)

Fish market (C)

Fish market Range Average Range Average Range Average
Fish type

Sardine 3.0x10°-5.0x10° 9.8x10* 5.0x102-8.2x10* 1.9x10*% 10x10%2-2.1x10° 5.1x10*
Bouge 6.0x102-1.1x10° 2.0x10° 2.0x10°-2.8x10° 7.2x10* 8.0x10°-2.6x10° 57x10°
Saury 10x10°-1.5x10* 3.9x10* 3.0x10°-1.3x10° 1.7x10° 1.1x10%-2.6x 10° 6.0x 10°
Mackerel 5.0x10%-5.7x 10* 1.6x10* 50x102-2.6x10° 42x10* 5.0x102-2.7x10° 3.8x10°
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in samples collected during November and December with the
percentages being 12.0 and 13.0%, respectively (Figure 1).

Table 6. Numbers and percent of samples (%) having total
aerobic plate counts higher than the maximum limit (10° cfu/g
fish meat) referred to by the standard specification adopted by
the Libyan authority

Fish Fish Fish Total number
market market market of samples (%)
Fish type (A) (B) (C) >10°cfu/g
Sardine 2(7)* 1(12) 2(10) 5(17%)
Bouge 1(6) 9(14) 3(8) 13 (46%)
Saury 0(6) 8(13) 7(11) 15 (50%)
Mackerel 0(9) 79 3(8) 10 (38%)

* Numbers between brackets indicate total number of sample examined.

It is clear from the results that the period of fishing has an im-
portant effect on the type of bacteria found in fish samples, as
confirmed by Yoshinaga et al. (1982) and Kim et al. (2009). The
results from this study are also in agreement with the results of
the study conducted by Yagoub (2009) in Khartoum, Sudan on
fresh fish, which showed that 53.3 of isolated bacteria belong
to Enterobacteriaceae and the incidence percentages of species
belonging to this family during Summer, Autumn and Winter
were 60, 33 and 20%, respectively.

Correlation between temperature of fish samples and
prevalence percentages (percentage) of HPB isolates

The results illustrated in Figure 2 indicate the incidence of V. flu-
vialis, Erwinia spp, S. putrefaciens, P. aeruginosa, P. fluorscens and
A. Baumaniiin all samples irrespective of their temperature. The
prevalence percentages of these species were 23.0, 26.0, 12.0,
8.0, 4.0, and 8.0% of total isolates for fish samples recorded at

Table 7. The prevalence percentages (%) of histamine producing bacteria (HPB) in fish samples collected from three fish markets

located within Tripoli city, Libya

Prevalence percentages (%) of HPB in the fish samples according
to the markets included in the study

Type of bacteria Fish market (A) Fish market (B) Fish market (c) % from total isolates
V. fluvialis 23.70 17.70 24.30 18.30
Erwinia spp 13.40 9.70 17.40 13.20
S. putrefaciens - 14.20 14.50 11.90
K. planticola 9.80 7.08 17.40 10.00
M. morganii 4.90 530 8.70 6.40
P. aeruginosa - 7.96 5.79 5.90
A. baumanii 9.80 4.40 5.80 5.50
P.flouorscens - 5.31 1.45 3.20
Pantoea spp - 6.20 - 3.20
K. pneumonia 6.60 0.88 2.90 2.87
E. cloacae - 1.80 5.80 2.58
A. hydrophila 3.30 3.50 - 2.18
P. mirabilis - 2.70 1.50 1.78
O. anthropi - 2.65 1.45 1.71
K. oxytoca - 2.65 - 1.75
B. cepacia - 2.65 - 1.30
S. plymuthica 8.10 - - 0.90
Brucella spp - 0.90 1.50 0.86
P.vulgaris - 1.77 - 0.86
S. liquefaciens 430 - - 0.86
S. maltophilia - 0.90 1.45 0.86
R. aquatilis - 1.88 - 0.86
P. alcalifacients - - 541 0.86
P. rettgeri - - 3.31 0.45
E. coli - - 3.30 0.45
C. freundii 1.45 - - 0.45
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Figure 1. Prevalence percentages (%) of HPB in fish samples collected during the period from July to December

<5°C; 21.0, 8.0, 18.0, 9.0, 2.0, and 5.0% for fish samples recorded
between 5 and 14°C; and 30.0, 15.0, 3.0, 2.0, 3.0, and 6.0% for
fish samples which had a temperature range between 15 and
22°C, respectively. The Incidence of M. morganii was recorded
only in fish samples recorded at 5-15 and 15-22°C with preva-
lence percentages of 8.0 and 11% respectively. The results also
showed that Erwinia spp made up the highest percentage of
isolates from fish samples that had a temperature of <5°C. V. flu-
vialis represented the highest percentage of isolates from fish
samples that had a temperature range between 5 and 14°C and
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15 and 22°C with prevalence percentages of 20.7 and 30.11%
respectively. Furthermore, the prevalence percentages of Er-
winia spp were 8.49 and 15.12% for fish samples recorded at
5-14 and 15-22°C, respectively.

Conclusion

The results from this study showed that the samples of fish col-
lected from fish markets in Tripoli city were displayed in poor
refrigeration conditions. The higher percentage of samples not
complying with the standard specification limit prescribed by
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Figure 2. Prevalence percentages (%) of HPB isolates in fish samples according to fish Temperature

the Libyan authorities, and the higher HPBC recorded in this
study could be attributed to cross-contamination from the sur-
rounding environment and poor hygiene during handling. Most
of the histamine-producing bacteria isolated belong to the fam-
ily Enterobacteriaceae and some belong to Vibrionaceae.

These findings represent additional evidence to encourage
proper control of handling conditions in those fish markets
considered in this study. Since histamine cannot be destroyed
by cooking, drying, smoking or freezing, good hygienic practic-
es are the proper way to prevent histamine producing bacteria
from growing in fish.
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Abstract

This article describes a case of sebaceous carcinoma located
on the right lower eyelid of an 11-year-old female Haflinger
horse and its surgical, clinical, and histopathological aspects.
The Haflinger horse was referred to the clinics of the Depart-
ment of Surgery with a complaint of a swelling on the right
lower eyelid, which had been present for 1 year and began to
grow during the past few months. A clinical inspection revea-
led a soft, multinodular tumoral mass, with the dimensions of
4x5 cm, located in the inferior region of the right lower eye-
lid and protruding outward. The surgical removal of the mass
was decided after the clinical inspection. The excised tumoral
mass was submitted to the department of pathology for his-

topathological evaluation, which revealed well-circumscribed
multilobular structures comprising foci of round-to-ovoid and
polygonal pleomorphic neoplastic epithelial cells with promi-
nent nuclei and eosinophilic cytoplasm separated by bands of
the fibrous tissue of varying thickness. There was prominent
cellular pleomorphism; some cells contained cytoplasmic va-
cuoles of various sizes, whereas some exhibited sebaceous
differentiation. Based on these histopathological findings, se-
baceous carcinoma of the sebocyte type was diagnosed.

Keywords: Equine, eyelid, histopathology, sebaceous carcino-
ma

Introduction

The most commonly encountered neoplastic lesions in horses
are located in the skin, eye and genital system (Baptiste and
Grahan, 2000; Knottenbelt, 2011; Montgomery, 2014). Ocular
and periocular tumors of the horses are categorized according
to their anatomical locations which are 1) Orbit, 2) Eyelid, ad-
nexa/palpebral conjunctiva, membrana nictitans, 3) Cornea/
sclera/bulbar conjunctiva and 4) Intraorbital regions (Lavach
and Severin, 1977; Montgomery, 2014).

Tumors that are originated from the eyelid and conjunctiva
are the most frequent ocular neoplasms in horses and most
common ones are squamous cell carcinoma and sarcoids
(Arikan et al., 1997; Knottenbelt, 2011; Rooney and Robert-

Address for Correspondence: Aydin GUREL - E-mail: Agurel@istanbul.edu.tr
Received Date: 7 September 2017 - Accepted Date: 7 December 2017 - DOI: 10.26650/actavet.2018.2808
© Copyright 2018 by Official Acta Veterinaria Eurasia. Available online at actaveteurasia@istanbul.edu.tr

son, 1996). Papilloma, melanoma and lymphoma though
not as frequent as the above mentioned tumors also occur
in these regions. Adenoma, adenocarcinoma, Meibomian ep-
ithelioma, angioma, basal cell carcinoma, fibroma, fibrosar-
coma and mast cell tumors were also reported despite their
rarity (Baker and Leyland, 1975; Baptiste and Grahan, 2000;
Brooks, 1999; Choi et al., 2013; Cotchin, 1977; Giulino, 2011;
Knottenbelt, 2011). While the majority of these tumors are
primary tumors, secondary tumors such as lymphomas may
be encountered in the eyelid or the orbita by metastases
(Knottenbelt, 2011; Lavach and Severin, 1977; Montgomery,
2014; Rooney and Robertson, 1996). Ocular neoplasms may
be grossly confused with infectious or non-infectious lesions
such as foreign body reactions, conjunctival infections, trau-
ma, and cystic glandular changes of the eyelid. Determina-

This work is licensed under a Creative
Commons Attribution-NonCommercial
[ 4.0 International License.
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tion of the prognosis and accurate and rapid treatment of
these lesions depends on the definitive histopathological
diagnosis (Knottenbelt, 2011; Montgomery, 2014).

A case of sebaceous carcinoma located on the right lower eye-
lid of a Haflinger horse was described with its surgical, clinical
and histopathological aspects.

Case Report

An 11-year-old female Haflinger horse was referred to the clinics
of the Department of Surgery with the complaint of a swelling
on the right lower eyelid (Figure 1a). The swelling occurred for
a year and started to grow during the last few months. Clinical
inspection revealed a soft, multinodular tumoral mass with the
dimensions of 4x5 cm, located in the inferior region of the right
lower eyelid protruding outwards. The mass was restricted to
the conjunctiva and the lesioned area was covered with a thick
purulent exudate (Figure 1b). Surgical removal of the mass was
decided after the clinical inspection. A wide excision was done
to remove the total mass under local anesthesia (Figure 1c) Post-
operatively, the conjunctiva and the affected area were treated
topically with sterile serum physiologic solution and antibiotic
pomade for 7 days. The patient was discharged on the 10" post-
operative day (Figure 1d). The owner reported that there was

no recurrence approximately 1 year after the treatment but the
horse was tested positive for glanders and euthanized.

The excised tumoral mass was submitted to the Department of
Pathology for histopathological evaluation. The specimen was
fixed in 10% buffered formalin, routinely processed, embedded in
paraffin and cut at about 4-5 um thickness and then stained with
Hematoxylin and eosin (HE) to be evaluated by light microscopy.

Histopathology revealed well circumscribed multilobular struc-
tures composed of foci of round to ovoid and polygonal pleomor-
phic neoplastic epithelial cells with prominent nuclei and eosin-
ophilic cytoplasm. The tumoral mass was separated into lobular
structures by bands of fibrous tissue of varying thickness. There
was prominent cellular pleomorphism and some cells contained
cytoplasmic vacuoles of various sizes and some showed seba-
ceous differentiation (Figure 2a-d). Some lobules showed wide
central caseification necrosis (Figure 2b) and some contained in-
flammatory cell infiltrations including neutrophil leukocytes and
mononuclear cells extending from the center to the interlobular
areas (Figure 2a). These neoplastic epithelial cells were larger than
basaloid reserve cells and euchromatic (Figure 2c). Moreover, foci
of neoplastic cells showed squamous differentiation and metapla-
sia in some areas with the formation of keratin pearls. There was
an average of 2-4 mitotic figures in the different foci of atypical

Figure 1. a-d. (a) Swelling on the right lower eyelid. (b) Prominent accumulation of purulent exudate in the lesioned area. (c)
Multinodular structure of the surgically removed mass. (d) Postoperative appearance of the operation site
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Figure 2. a-d. (a) Epithelial cells showing sebaceous differentiation (thin arrows), inflammatory reaction -lymphocyte and

neutrophil leukocyte infiltration (thick arrow)-within the tumoral mass. H.E. Bar=50um. (b) Epithelial cells showing sebaceous
differentiation (thin arrows), tumor necrosis (star). H.E. Bar=50um. (c) Basaloid cells with euchromatic nuclei of varying sizes (arrow
heads), numerous mitotic figures (thin arrows). H.E. Bar=20 um. (d) Different atypical cells showing sebaceous differentiation

(thick arrows). H.E. Bar=20 um

epithelial cells per high power field (40x) (Figure 2c). On the basis
of histopathological features a diagnosis of sebaceous carcinoma
of sebocytic type was rendered.

Discussion

Neoplastic lesions constitute 1-3% of all surgical cases in hors-
es. (Arikan et al., 1997; Cotchin, 1977). Ocular and periocular
tumors account for approximately 10% of all equine tumors
and around 80% show characteristics of malignancy (Baker and
Leyland, 1975; Lavach and Severin, 1977; Montgomery, 2014).
The most frequently seen tumors in this region are squamous
cell carcinoma and sarcoids and although other types of tumors
were occasionally reported (Baker and Leyland, 1975; Choi et
al, 2013; Montgomery, 2014; Rachel et al.,, 2011; Rooney and
Robertson, 1996), there is no data available with respect to the
occurrence of sebaceous carcinoma originating from the con-
junctiva of the horses. Therefore, this report was designed to be
a contribution to the literature and described with its clinical
and morphological features. To our knowledge this case was

the first reported case of conjunctival sebaceous carcinoma in
a horse in Turkey and even in Europe.

Sebaceous carcinoma which has been reported in cats and
dogs and rarely encountered in other species is a malignant tu-
mor originating from the sebaceous cells (nhamely meibomian
cells) in the eyelid and is also referred to as meibomian carci-
noma (Goldschmidt and Goldschmidt, 2017; Gross et al., 2015).
Only one case of meibomian epithelioma has been previously
reported in the eyelid of a horse (Choi et al., 2013). Since there is
no report available regarding equine sebaceous carcinoma, the
relevant case was comparatively evaluated based on the fea-
tures of equine meibomian epithelioma and canine and feline
sebaceous carcinomas of the eyelid.

Sebaceous carcinomas in dogs and cats are known to be orig-
inating from the sebaceous cells in the eyelid. In our case, we
consider that epithelial cells of the tarsal gland in the eyelid
(Meibomian gland) were the cellular origin of sebaceous car-
cinoma (Banks, 1986). The incidence of sebaceous carcinoma
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among feline and canine skin tumors was reported to be ap-
proximately 0.7%. These tumors are usually solitary ulcerat-
ed nodular lesions that can reach up to 7-8 cm in diameter
(Goldschmidt and Goldschmidt, 2017; Gross et al., 2015). Our
case was a diffusely ulcerated multinodular mass with the
dimensions of 4x6. While canine and feline sebaceous carci-
nomas were reported to have developed usually on the head
and the eyelids (Goldschmidt and Goldschmidt, 2017; Gross
et al,, 2015), the most frequently affected site was reported
to be the eyelids in their human counterparts (Gross et al.,
2015). This type of tumors was reported to be locally invasive
and aggressive entities with rare incidences of distant metas-
tasis in cats and dogs. Local metastasis and lymph node in-
volvement were also noted (Goldschmidt and Goldschmidt,
2017; Gross et al., 2015). On the contrary, sebaceous carcino-
mas usually recur in humans (Gross et al., 2015). Our case was
a locally invasive tumor but there was no evidence of recur-
rence after one year follow-up. However the horse was euth-
anized due to glanders. The microscopic findings detected in
our case were consistent with those of canine sebaceous car-
cinomas and partly included some of the histomorphological
features of meibomian epithelioma reported in a horse (Choi
et al., 2013; Goldschmidt and Goldschmidt, 2017; Gross et al.,
2015). Sebaceous epithelioma, which is another type of tu-
mor arising from sebaceous glands, may be confused with
sebaceous carcinomas due to their mild malignant chang-
es. Therefore, an accurate histopathological evaluation is of
great importance ((Choi et al., 2013; Goldschmidt and Gold-
schmidt, 2017; Gross et al., 2015). In our case, severe cellular
pleomorphic changes such as prominent anisocytosis and
anisonucleosis in numerous basal cells, sebocytic differenti-
ations in fewer cells and presence of mitotic figures led us
to the diagnosis of sebaceous carcinoma. Sebaceous carci-
nomas are divided into two groups as sebocytic sebaceous
carcinomas and epitheliomatous sebaceous carcinomas ac-
cording to their histomorphological features. (Gross et al.,
2015). Our case was a sebocytic type sebaceous carcinoma.
The distinct histomorphological features of the tumor and
its consistency with canine and feline sebaceous carcinomas
(Goldschmidt and Goldschmidt, 2017; Gross et al., 2015) ex-
cluded the necessity of immunohistochemistry. While prima-
ry neoplasms on the eyelid are usually unilateral, secondary
neoplasms show bilateral involvement (Konnetbelt, 2011).
We consider that our case was a primary sebaceous carcino-
ma originating from the tarsal gland (sebaceous gland) of the
eyelid (Banks, 1986).

Surgical excision, laser therapy, radiotherapy, cryotherapy and
chemotherapy are the most commonly preferred and most ef-
ficient therapeutic approaches of the tumors of the eyelid and
periocular region in horses (Arikan et al., 1997; Brooks, 1999). In
this case, our treatment of choice was the total surgical removal
of the mass due to the well circumscribed nature of the tumor
within the conjunctiva, the owner’s refusal of chemotherapy,
inconvenience of cryotherapy and the lack of possibility of laser
therapy and radiotherapy.
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