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EUROPEAN COLLEGES OF VETERINARY SPECIALISTS
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Number of specialist

veterinarians active
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Ap1Bpdc e1d1kevpévwy
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otnv ENdda
1 ";_, ECAR European College of Animal Reproduction 2
2 _:!_:_ ECAWBM | European College of Animal Welfare and Behavioural Medicine 2
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4 Lﬂ ECBHM |European College of Bovine Health Management 3
5 5’-“:_:.;,\1 ECEIM  [European College of Equine Internal Medicine 0
6| =m = | ECLAM |European College of Laboratory Animal Medicine 0
7| o= ECPHM |European College of Porcine Health Management 3
8 ;"—_T: EPVS European College of Poultry Veterinary Science 4
9| E&™ | ECSRHM |European College of Small Ruminant Health Management 12
10 E,-!] ECVAA [European College of Veterinary Anaesthesia and Analgesia 1
11 ECVCN |European College of Veterinary Comparative Nutrition 0
12 ﬂ;@ ECVCP |European College of Veterinary Clinical Pathology 1
13| ECVD [European College of Veterinary Dermatology 3
14 ECVDI |European College of Veterinary Diagnostic Imaging 2
15 ECVECC |European College of Veterinary Emergency and Critical Care 0
16 tﬁ, ECVIM-ca |European College of Veterinary Internal Medicine-companion animals 0
17 n ECVN European College of Veterinary Neurology 2
18| Eyd) ECVO [European College of Veterinary Ophthalmology 0
19 @ ECVP European College of Veterinary Pathology 0
20| Fe ECVPH [European College of Veterinary Public Health 5
21 [!| ECVPT [European College of Veterinary Pharmacology and Toxicology 1
22 ,ﬁ‘ ECZM  |European College of Zoological Medicine 1
23 @ ECVS European College of Veterinary Surgery 1
24 m EVDC [European Veterinary Dentistry College 0
25 EVPC European Veterinary Parasitology College 3
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History of the Hellenic Veterinary Medical Society

he Hellenic Veterinary Medical Society (HVMS) is one of

the oldest Scientific Societies in our Country. It was found-
ed in 1924 and its first scientific journal was published in 1926.
Prompter, Founder and Animating Spirit of HVMS was the
General loannis D. Petridis (1870-1947), first President and for
many years Honorary President of the HVMS. Among the 49
founding members of the HVMS there was also the memorable
professor Konstantinos Livadas, the founder of the Veterinary
School of the Aristotelian University in Thessaloniki. In spite
of the disagreements, the HVMS contributed greatly to the
foundation of Veterinary School.

During that time there was only one Scientific Society in
Greece, the Medical Society of Athens, which was founded
in 1835 and published its first scientific journal in 1922. The
HVMS dealt not only with scientific but also with professional
topics, like the establishment of the invoices for the veterinar-
ians’ payment, taxes, insurance etc. Also, at that period, the
accession of the Veterinary Branch in the Hygienists’ Pension
and Self Insurance Treasury (TSAY) was achieved.

The first post-war assembly of the HVMS took place in the
private medical office of Petros Kiappe, on Peta Street in Ath-
ens. With its post-war first president Konstantinos Melanidis,
the HVMS has been working by implementing its old memo-
randum of association and has been located in the premises of
the Veteri- nary Microbiological Institute of Votanicos, from
where all mem- bers of the Governing Board and the Editorial
Board of the Journal of the HVMS, were coming from. There,
the first «nucleus» of the Library of the HVMS, has been cre-
ated. That is the reason, this second period of the HVMS suc-
cessor of the «Petridis period», used to be called «Votanikos
period, 1944-1965».

Because HVMS’s income was very small, it will remain
homeless for many years. Looking for a meeting place the
HVMS will find positive response from several services and
societies (State Veterinary Offices, Greek Chemical Society,
Hellenic Agricultural Society, Medical Society of Athens, Ins-
ti- tute of Agricultural Studies, State Veterinary Service of Ath-
ens, National Organization of Greek Handwork), which during
the following years are going to offer its premises, while in the
mid 1958 and for a short period, depending on its financing
capabil- ities, the HVMS will rent its own room.

In 1944, the HVMS writes down its first post-war Mem-
ber Book and in 1948 has already acquired its first 74 regular
mem- bers. Also, HVMS is actively working with scientific
subjects during regular meetings and public seminars, ana-
lyzing current veterinary issues, members’ proposals and so
on. On 29th May 1947 Mr Petridis presented in the Academy
of Athens an issue for veterinary science and its contribution
to the progress of the agricultural production and safeguard
of Public Health. Also, it should be pointed out, that because
there was no professional body, the HVMS is also dealing with
issues related to the exe- cution of the veterinary profession.

Furthermore, the role of the HVMS has been determina-
tive on the decision making of the Ministry of Agriculture on
veter- inary legislation, on the organization of the Veterinary
Service in the Ministry of Agriculture as well as on livestock
topics. In the decade of 30s the Supreme Veterinary Advisory

Council was created mainly dealing with scientific issues and
other aims like promotion, publicity and consolidation of the
veterinary science and the veterinary profession in our country
and internationally.

The Hellenic Veterinary Medical Society publishes a quar-
terly scientific journal called Journal of the Hellenic Veterinary
Medical Society (J Hellenic Vet Med Soc), as well as other
scientific publications, organizes Congresses, Symposiums,
Meetings, Lectures etc and generally and almost exclusively it
has undertaken for life the Continuing Education of the Greek
veterinarians and the students of the two Veterinary Schools.

Nowadays, the Hellenic Veterinary Medical Society is gov-
erned by a 9 member Governing Board which is elected every
3 years and has 3 branches:

* Branch of Companion Animals
* Branch of Food Hygiene and Public Health
* Branch for Farm Animals

The HVMS collaborates with the Supreme Education-
al Foundations, the Technological Educational Institutes, the
Veterinary Services, and the Veterinary Associations as well as
with Scientific Societies and the Greek and Foreign Chambers.

e The HVMS is member of the:
* Worldwide Veterinary Society
* Worldwide Veterinary Society for Companion Animals

* Federation of European Veterinary Societies for Com-
pan- ion Animals (founding member)

* Veterinary Society of the Balkan and the Black Sea
(found- ing member)

The HVMS has a total of 1220 members many of which
have been distinguished in the scientific field (University Pro-
fes- sors, Researchers), in the Public Administration, in the
Army as well as in the Professional Veterinary Societies and
Chambers, in Greece and abroad.

Since 29 May 2001, having signed the contract and since
15 December 2002 the date on which the official opening cel-
ebration took place, the Hellenic Veterinary Medical Society
is housed in its private premises in a beautiful and majestic
one-floor apartment, on the 7th floor of a building in the centre
of Athens at 158, Patission street, of 265m2 area, including
main lobby (14m2), secretary (13m2), lecture room (91m2),
the President’s office (22m2), the Governing Board meeting
room & library (44m2), the kitchen (18m2), two big baths, a
storage room and a large veranda. Al the actions performed
for possessing this new private office for the HVMS were per-
formed during the presidency of Dr Theodoros Cl. Ananiadis
and the following Governing Board:

Theodoros Cl. Ananiadist
Veniamin Albalas

President:
Vice-President:
General Secretary:  Athanassios E. Tyrpenou

Spec. Secretary: Konstantinos Chandras

Treasurer: Olga Sabatakou
Member: Emmanuel Archontakis
Member: Apostolos Rantsios
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Avaockornon

Hereditary myelopathies in dogs

R.D. Baka ©, Z..S. Polizopoulou

Diagnostic Laboratory, School of Veterinary Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki,
Thessaloniki, Greece

ABSTRACT: The purpose of the current review is to summarize data regarding hereditary myelopathies in dogs.
Canine degenerative myelopathy (DM) is a progressive disease prevalent in senior (=8 years old), large breed-dogs,
predominating in German shepherd dog. Neurolocalization indicates a thoracolumbar, upper motor neuron, lesion; it
can progress to the thoracic limbs and later to lower motor neurons of all limbs resembling human amyotrophic lateral
sclerosis (ALS). Tentative diagnosis is based on ruling out other progressive myelopathies. Clinical similarities be-
tween ALS and DM made superoxide dismutase 1 gene (SOD1) a viable candidate gene as an etiopathogenic factor.
A E40K missense mutation of the SOD1 has been linked to DM. A genetic test for DM exists, which will aid breeding
programs to eliminate the disease. Exercise and physiotherapy are important to slow the progression of DM. Long-term
prognosis is poor as dogs become non-ambulatory within 4-6 months from the time of diagnosis. Dystrophic myelopa-
thies include Afgan hound myelopathy/hereditary necrotizing myelopathy in Kooikerhondje dogs, leukoencephalomy-
elopathy and neuroaxonal dystrophy in Rottweilers and spongiform leukoencephalomyelopathy. A similar myelopathy
is Jack Russell and Fox terrier hereditary ataxia. Their etiology is suspected to be hereditary and they appear at a young
age. They are diagnosed solely postmortem with histopathological examination. There is no etiologic treatment and
the prognosis is poor except for Rottweiler neuroaxonal dystrophy and Jack Russel ataxia due to the extremely slow
progression of symptoms. Syringomyelia is characterized by the formation of fluid filled cavities within the spinal cord
and outside the central canal that may communicate with the central canal and it is caused mainly due to Chari-like
malformation (CLM). The most important clinical sign is neuropathic pain and is localized in the cervical region of the
spinal cord. Progression of the disease varies, there are severe disabilities due to pain or it can be an incidental finding.
CT and MRI are the preferable ways to detect the lesions. For CLM, therapy includes surgical and medical manage-
ment. Drugs can be divided into analgesics (non-steroidal anti-inflammatory, gabapentin, pregabalin, tramadol), drugs
reducing cerebrospinal fluid (CSF) production (omeprazole, acetazolamide, furosemide) and corticosteroids. Medical
therapy diminishes the severity of clinical signs but never succeeds full resolution.

Keywords: degenerative disease, myelodystrophy, myelopathy

Corresponding Author: Date of initial submission: 05-01-2020
R.D. Baka, St. Voutyra str. 11, 54627, Thessaloniki, Greece Date of revised submission: 07-10-2020
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INTRODUCTION

he etiology of myelopathies is multifactorial.
Clinical signs depend on the location, size, and

2016). The

current review focuses on the most im-

portant hereditary myelopathies in dogs. Summarized
data of the hereditary myelopathies are found in Ta-

the rate of lesion development (Dewey and da Costa, bles 1 and 2.
Table 1. Summarizing data regarding hereditary myelopathies
Hereditary Etiology Lesion Therapy Prognosis
myelopathies Affected breeds localization
Degenerative Proteins generated from GSD, PWC, other T3-L3 spinal Physio-  Poor
myelopathy the mutation of SOD1 large- and mixed- cord segments  therapy
gene (E40K) breed
Dystrophic myelopathies
Afgan hound Autosomal recessive mode Afgan hound, C6-T2 or T3-L3 None Poor
myelopathy of inheritance Kooikerhondje spinal cord
Rottweiler Suspected inherited Rottweiler, Cervical spinal None Poor
leukoencephalopathy  disorder Rottweiler cord, brainstem,
crossbreed cerebellum
Rottweiler neuroaxonal Inherited disorder Rottweiler Cervical spinal None Guarded
dystrophy cord
Spongiform Suspected genetically Dalmatian, Cervical spinal None Poor
leukoencephalopathy  inherited enzyme Miniature, Poodle,  cord, brain
deficiency Border Terriers
Jack Russel/Fox- Autosomal recessive mode Jack Russell terrier, Cervical spinal None Guarded to
terrier ataxia of inheritance (CAPN1 Smooth-coated Fox cord, brainstem poor
gene, KCNJ10 gene) terriers
Ibizan hound, Parson
Russell terriers
Syringomyelia CLM, spinal cord/brain CKCS, any breed Cervical spinal ~ Surgical Good to poor
(Hydromyelia) malformation, spinal cord Medical (depends on

cord trauma, obstructive
inflammatory/neoplastic

lesions

Syrinx size)

CKCS, Cavalier King Charles Spaniel;CLM, Chiari-like malformation;GSD, German Shepherd;PWC, Pembroke Welsh Corgi; SOD1, Superoxidase

dismutase 1

Table 2. Major clinicopathological findings of the hereditary myelopathies

Hereditary myelopathies

Anatomical region affected

Clinicopathological findings

Degenerative myelopathy

Dystrophic myelopathies

T3-L3 spinal cord segments

Dorsal portion of lateral and dorsal funiculi
of the white matter:
axon degeneration, myelin loss

Afgan hound myelopathy

C6-T2, T3-L3 spinal cord

Dorsal and ventro-medial white matter:
myelin loss, vessel proliferation

Rottweiler leukoencephalopathy

Cervical spinal cord

Brainstem/Cerebellar

Dorsolateral funiculi of the white matter:
demyelinating lesions
Demyelinating lesions

Rottweiler neuroaxonal dystrophy

Cervical spinal cord

Dorsal horn grey matter: dystrophic axons

Spongiform leukoencephalopathy

Cervical spinal cord, brain

Spongiform change of the white matter,
diminished myelin content, absence of
microgliosis, Rosenthal fibers (astrocytic
inclusion bodies)

Jack Russel/Fox-terrier ataxia
Syringomyelia (Hydromyelia)

Cervical spinal cord
Cervical spinal cord

Dorsal and ventral funiculi
Fluid-filled dilatation +/- communication
with spinal canal

JHELLENIC VET MED SOC 2021,

TIEKE 2021, 72(1)

72(1)
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DEGENERATIVE MYELOPATHY (DM)

Degenerative myelopathy (DM) in dogs was first
described by Averill in 1973 as a specific degenera-
tive spinal cord disease (Kathmann et al 2006; Grang-
er and Neeves, 2015).

Canine degenerative myelopathy is a slow, pro-
gressive neurodegenerative disease prevalent in sev-
eral dog breeds (Griffiths and Duncan, 1975; Barclay
and Haines, 1994; Coates et al. 2007; Awano et al.
2009; Holder et al. 2014; March et al. 2009; Miller
et al. 2009). It has been recognized for > 35 years as
a spontaneously occurring, adult-onset spinal cord
disorder (Awano et al. 2009). Early neuroanatomical
localization indicates a lesion between the 3™ thorac-
ic (T3) and the 3 lumbar (L3) spinal cord segments
(Kathmann et al. 2006; Coates et al. 2007; Awano et
al. 2009; Miller et al. 2009) and in lumbosacral spi-
nal cord (Kathmannet al. 2006). Initially the disease
is thought to be breed-specific to German Shepherds
(GSD), thus named German shepherd myelopathy
(Braund and Vandevelde, 1978; Longhofer et al.
1990; Barclay and Haines, 1994; Coates et al. 2007;
Awano et al. 2009; March et al. 2009; Holder et al.
2014). However, other large breeds, including Old
English sheepdog, Belgian shepherd, Collie, Giant
Schnauzer, Labrador retriever, Borzoi, Soft-coated
Wheaten terrier, Mastiff (Kathmann et al. 2006), Rho-
desian Ridgeback, Boxer, Chesapeake Bay Retriever
(Long et al. 2009; Granger and Neeves, 2015), Hov-
awart, Bernese Mountain dog, Kuvasz (Kathmann
et al. 2006), Pug and Cavalier King Charles spaniel
(Granger and Neeves, 2015), along with mixed-breed
dogs have been reported to develop the disease. Pem-
broke Welsh Corgi (PWC) is a breed commonly af-
fected by DM (Coates et al. 2007; Long et al. 2009;
Miller et al. 2009; Granger and Neeves, 2015). DM
is confirmed histologically in 3 closely related Sibe-
rian husky dogs, suggesting that hereditary factors
may be involved in the pathogenesis (Bichsel et al.
1983). Interestingly, there is a feline case report with
a presumed histopathological diagnosis of degenera-
tive myelopathy due to the histopathological similar-
ities identified in the thoracolumbar segments and the
cause of the lesion that is not apparent (Mesfin et al.
1980).

There is no sex predilection in DM (Kathmann
et al. 2006; Awano et al. 2009; Granger and Neeves,
2015), although in affecting PWC there is a predom-
inance of females (Coates et al. 2007). Most dogs
are at least 8 years of age before the onset of clinical

signs (Griffiths and Duncan, 1975; Kathmann et al.
2006; Awano et al. 2009; Crisp et al. 2014; Holder
et al. 2014; Granger and Neeves, 2015), but young
dogs can be affected as well (Coates et al. 2007; Po-
lizopoulou et al. 2008). Interestingly, there are re-
ported cases in 2 juvenile German Shepherds (6 and
7 months old) that present symptoms compatible to
DM, which is confirmed histologically (Longhofer
et al. 1990). On the contrary, in DM-affected PWC,
there is a slightly older age distribution (median age
11 years) compared with previous studies (Coates et
al. 2007; March et al. 2009). The initial clinical sign is
a spastic and general proprioceptive ataxia and pare-
sis of the pelvic limbs (Longhofer et al. 1990; Barclay
and Haines, 1994; Kathmann et al. 2006; Awano et al.
2009; March et al. 2009; Crisp et al. 2014; Granger
and Neeves, 2015). The asymmetric/symmetric weak-
ness frequently progresses to paraplegia (Polizopou-
lou et al. 2008; Awano et al. 2009). At this stage of the
disease, the preservation of spinal reflexes indicate an
upper motor neuron paresis (Kathmann et al. 2006;
Awano et al. 2009) although the patellar reflex can be
decreased or abolished because of lesions in the dor-
sal nerve root ganglia (Miller et al. 2009). Pain sen-
sation, bladder control and the panniculus reflex are
normal (Griffiths and Duncan, 1975). Hyporeflexia of
the myotatic and withdrawal reflexes occur in the ad-
vanced disease stage (Kathmann et al. 2006; Awano et
al. 2009). In dogs that are not euthanized, the disease
progresses and thoracic limbs may be affected (Bar-
clay and Haines, 1994; Awano et al. 2009; Miller et al.
2009; Crisp et al. 2014). In advanced DM cases, dogs
may also exhibit signs of lower motor neuron disease,
including flaccid tetraparesis, generalized muscle at-
rophy and hyporeflexia of all limbs (Kathmann et al.
2006; Awano et al. 2009; Miller et al. 2009). The dis-
ease duration can exceed 3 years however; most dog
owners elect euthanasia within 6 months to a year of
diagnosis and after they become paraplegic (Awano et
al. 2009). Clinical progression of DM in PWC is sim-
ilar to that of DM in GSD and other described breeds,
however, it is characterized by a longer duration (19
months versus 6 months) (Coates et al. 2007). Many
affected dogs may survive with supportive nursing
care until respiratory failure develops, which has been
reported to occur 3 years or later after the disease on-
set (Nakamae et al. 2015).

Tentative antemortem diagnosis is based upon rul-
ing out other diseases causing progressive myelopa-
thy (Coates et al. 2007; Granger and Neeves, 2015).
Common differentials include spinal cord compres-
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sion, inflammatory disease and neoplasia (Griffiths
and Duncan, 1975; Jones et al. 2005; Coates et al.
2007). Hip dysplasia and lumbosacral stenosis can
often be confused with DM, but the neurologic defi-
cits are different if a careful examination is performed
(Griffiths and Duncan, 1975; Coates et al. 2007). It
is worth remembering that hip dysplasia can often
co-exist with DM and exaggerate the signs seen in
the latter disease (Griffiths and Duncan, 1975). Ini-
tial tentative diagnosis is based on signalment (old-
er large-breed dogs) and onset of clinical sigs (slow
progression) (Kathmann et al. 2006). The proposed
diagnostic investigation includes advanced diagnos-
tic imaging techniques (computed tomography-CT,
magnetic resonance imaging-MRI), along with ce-
rebrospinal fluid (CSF) analysis (Jones et al. 2005;
Kathmann et al. 2006; Coates et al. 2007). Results of
CSF analysis are usually unremarkable although oc-
casionally increased protein concentration is noted,
especially when samples are collected via a lumbar
tap (Kathmann et al. 2006). Morphologic character-
istics such as spinal stenosis, focal attenuation of the
subarachnoid space, spinal cord deformity, small spi-
nal cord and paraspinal muscle atrophy are common
in DM dogs detected via computed tomography com-
bined with myelography (Jones et al. 2005).

Clinical similarities between amyotrophic lateral
sclerosis (ALS) and DM lead to the investigation of
superoxide dismutase 1 (SODI1), a gene potentially
involved in DM pathogenesis (Awano et al. 2009;
Holder et al. 2014; Ivansson et al. 2016). In humans,
ALS is a disease typically seen between the ages of 45
and 60, where degeneration of upper and lower motor
neurons culminates in paralysis and death (Holder et
al. 2014). Studies suggest SODI1 activity is unaffected
by the presence of SOD1 mutations. Instead, proteins
encoded by the mutation version of the gene demon-
strate an increased propensity to form aggregates. The
relationship of this finding to the pathogenesis of neu-
ronal dysfunction seen in ALS and DM is to be elu-
cidated (Holder et al. 2014). However, while SOD1
mutation homozygosis is a predisposing risk fac-
tor, some affected animals do not have the mutation
(Awano et al. 2009; Chang et al. 2013). Furthermore,
carrier dogs might not develop the disease (Awano et
al. 2009; Chang et al. 2013).

There is a study including at risk-PWC dogs ho-
mozygous for the SOD1 risk allele, detecting genetic
modifier loci that are differentiated between dogs that
developed the disease early and dogs that did not de-

velop the disease even at an advanced age (Ivansson
et al. 2016). The study results suggest that the mu-
tant SOD1 proteins accumulate in reactive astrocytes
during the early phase of DM pathology, which may
contribute to subclinical neurodegeneration (Ko-
batake et al. 2016).

Recently, a novel missense mutation, associated
with DM, has been described in the Bernese mountain
dog (T18S) (Capucchio et al. 2014; Crisp et al. 2014).
Both E40K and T18S mutations in cSOD1 are not loss
of function mutations, but form enzymatically active
dimers that are prone to aggregation in vitro (Crisp et
al. 2014). A genetic test for DM has been developed
and is expected to aid in planning breeding programs
designed to slowly eliminate DM (Long et al. 2009;
Holder et al. 2014). Dogs showing consistent clini-
cal signs and being homozygous for the mutation, are
raising the index of suspicion of DM whereas those
with heterozygous or homozygous wild-type gen-
otypes are considered more likely to be affected by
other disease processes (Holder et al. 2014).

A polyclonal antibody against cSOD]1 is generated
to further characterize the mutant SOD1 protein and
its involvement in DM pathogenesis (Nakamae et al.
2015). Definite diagnosis of DM is determined post-
mortem by histopathological examination of the spi-
nal cord (Coates et al. 2007; March et al. 2009). Neu-
romuscular histopathological findings include axon
loss, which begins in the thoracolumbar spinal cord
and later may involve the cervical and lumbar seg-
ments (Barclay and Haines, 1994; Coates et al. 2007;
March et al. 2009). Lesions are restricted to the white
matter (Barclay and Haines, 1994) and described as
discontinuous, bilateral and asymmetric (Longhofer
et al. 1990; Coates et al. 2007; March et al. 2009). All
white matter funiculi are affected but a predominance
of lesions in the dorsal portion of the lateral funiculus
and dorsal funiculus have been reported (March et al.
2009; Miller et al. 2009). The degenerative changes in-
volve both the axons and the myelin sheaths (Griffiths
and Duncan, 1975; March et al. 2009) with dilation
of the myelin sheath, axonal swelling and concurrent
fragmentation and phagocytosis of axonal and myelin
debris (March et al. 2009). Both motor and sensory
tracks are affected (Johnston et al. 2000). They oc-
cur at the distal portions of the fiber tracks (Griffiths
and Duncan, 1975; Johnston et al. 2000). In the dor-
sal columns, the rostral portion is affected (Griffiths
and Duncan, 1975). Histologically, there are vacuolar
spaces which represent lost myelin and axonal degen-
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eration which appears as large eosinophilic circular
granular bodies in sections stained with hematoxylin
and eosin (Barclay and Haines, 1994). Together, these
result in a spongy appearance of the white matter his-
tologically (Barclay and Haines, 1994).

Studying the brain of DM-affected dogs reveals
neuronal degeneration and loss in the red, lateral ves-
tibular and dentate nuclei, changes that may be related
to the origin of the damage and subsequent Wallerian
degeneration (Kathmann et al. 2006).

Affected dogs present lesions in the posterior and
lateral columns (Awano et al. 2009). In all DM af-
fected dogs, the surviving spinal cord neurons con-
tain cytoplasmic inclusions which are stained with
anti-SOD1 antibodies, appearing as well-defined dark
clumps immunohistologically (Awano et al. 2009;
Granger and Neeves, 2015). Homozygosity for the A
allele is associated with DM in 5 dog breeds: Pem-
broke Welsh Corgi, Boxer, Rhodesian ridgeback, Ger-
man shepherd and Chesapeake Bay retriever (Awano
et al. 2009). In contrast, homozygosity for G allele
and heterozygotes, no staining or diffuse light stain-
ing similar to the background staining is found in cells
of the spinal cords (Awano et al. 2009).

Several authors suggest that exercise and physio-
therapy are important to slow the progression of DM
(Kathmann et al. 2006; Granger and Neeves, 2015)
by virtue of optimizing muscular tone and blood cir-
culation. Walking or swimming should be done on
a daily or every other day schedule (Polizopoulou
et al. 2008). In a study performed in DM-affected
dogs, daily, controlled physiotherapy prolongs sur-
vival time to an average of 255 days (Kathmann et
al. 2006). A physiotherapy protocol can include daily
gait exercise, massage, passive joint movement and
hydrotherapy and it seems to be the most important
factor in preserving ambulatory status in dogs with
DM (Kathmann et al. 2006). Thus, even in dogs with
severe neurological deficits at the time of diagnosis,
physiotherapy may result in longer survival time even
in comparison with dogs with minor neurological defi-
cits that do not receive physiotherapy (Kathmannet
al. 2006). When the affected animals are left untreat-
ed, non-ambulatory paraplegia is usually established
within 6 months after the initial diagnosis (Kathmann
et al. 2006; Polizopoulou et al. 2008).

Long-term prognosis is poor (Coates et al. 2007).
Dogs lose the ability to ambulate within 4-6 months
from the time of diagnosis (Coates et al. 2007). Tho-

racic limb function and urinary and fecal continence
usually are spared until end-stage disease (Coates et
al. 2007).

DYSTROPHIC MYELOPATHIES

Afgan hound myelopathy/ Hereditary necrotizing
myelopathy in Kooikerhondje dogs

This is a rapidly progressive myelopathy with an
autosomal recessive mode of inheritance (Averill and
Bronson, 1977). It appears in young (3-13 months
old) Afgan hounds (Averill and Bronson, 1977; Dew-
ey and da Costa, 2016). Neuroanatomically, it is a
C6-T2 or a T3-L3 myelopathy (Dewey and da Costa,
2016). Affected dogs present symmetrical paraparesis
and become paraplegic or even tetraparetic/tetraple-
gic within 1-3 weeks (Dewey and da Costa, 2016).
It can affect the respiratory function lethally (Dewey
and da Costa, 2016). Diagnostic tests are normal ex-
cept for CSF analysis that may reveal increased total
protein concentration in some cases (Dewey and da
Costa, 2016). Diagnosis is established postmortem
with the histopathological examination of the spinal
cord. Lesions include symmetrical vacuolization with
extensive myelin loss and vessel proliferation in the
dorsal and ventro-medial spinal cord of the white mat-
ter from caudal cervical to lower lumbar segments,
bilaterally (Averill and Bronson, 1977; Cummings
and de Lahunta, 1978). There is no treatment and the
prognosis is poor (Dewey and da Costa, 2016). A sim-
ilar disorder, which is called, hereditary necrotizing
myelopathy is reported in Kooikerhondje dogs (Man-
digers et al. 1993).

Rottweiler leukoencephalomyelopathy
Leukoencephalopathy (LEM) is a progressive,
non-painful, central nervous system (CNS) white mat-
ter disorder characterized by abnormal myelin synthe-
sis and/or maintenance (Dewey and da Costa, 2016).
Its etiology remains unknown although it is suspected
to be an inherited disease (Wouda and van Nes, 1986;
Dewey and da Costa, 2016). Leukoencephalopathy
with brain stem and spinal cord involvement is a neu-
rodegenerative disease in humans with clinical fea-
tures and MRI findings similar to the histopathologi-
cal lesions of LEM in Rottweiler dogs (Hirschvogel et
al. 2013). Leukoencephalopathy in humans is caused
by mutations in the DARS2 gene, which encodes a
mitochondrial aspartyl-tRNA synthetase (Hirschvo-
gel et al. 2013). Due to the phenotypic similarities be-
tween human leukoencephalomyelopathy with brain
stem and cervical involvement and lactate elevation
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(LBSL) patients and LEM-affected Rottweiler dogs,
the DARS2 gene is investigated as a candidate for
canine LEM in a case, but no mutation in the gene
is found (Hirschvogel et al. 2013). More advanced
DNA sequencing, such as the use of next-genera-
tion technologies for whole-exome or whole-genome
resequencing, may enable the identification of the
causative mutation of Rottweiler LEM (Hirschvogel
et al. 2013). Young adult Rottweiler and Rottweiler
crossbred dogs are most commonly affected (Gamble
and Chrisman, 1984; Dewey and da Costa, 2016). The
neuroanatomical localization of the disease is the cer-
vical spinal cord (Dewey and da Costa, 2016). Clin-
ical signs include progressive ataxia, proprioceptive
deficits which are more prominent in the pelvic limbs
while hypermetria is more pronounced in the thoracic
limbs (Dewey and da Costa, 2016; Hirschvogel et al.
2013). Tetraparesis worsens slowly over maximum a
year (Dewey and da Costa, 2016).

Diagnostic investigation involves signalment, his-
tory, clinical signs and MRI (Dewey and da Costa,
2016). CSF analysis, including measurement of pro-
teins and total nucleated cells count (TNCC), CSF
cytology and measurement of lactate concentrations
in the CSF and serum are unremarkable (Yin et al.
2001; Lobert, 2003). Radiological examination of the
cervical region of the spinal cord is normal (Dewey
and da Costa, 2016). MRI findings are extremely rare,
they have been described in only one case, showing
bilateral symmetrical hyper intensities in the region
of both lateral funiculi on transverse T2-weighted
images and isointense on T1-weighted plain images
(Hirschvogel et al. 2013). Due to the lack of a genet-
ic test for this disorder, postmortem histopathologi-
cal examination is required to confirm the diagnosis
(Hirschvogel et al. 2013). Symmetrical demyelinat-
ing lesions are seen in the spinal cord, especially in
the cervical region, brain stem and cerebellum. De-
myelination is more prominent in the dorsolateral fu-
niculi of the cervical spinal cord and explains both
paresis and ataxia, as the ascending proprioceptive
tracts and descending upper motor neuron (UMN)
tracts traverse this region (Wouda and van Nes, 1986;
Slocombe et al. 1989; Christman, 1991). Despite the
cerebellar involvement, these dogs typically do not
exhibit symptoms of cerebellar dysfunction (Davies
and Irwin, 2003; Dewey and da Costa, 2016). There
is no effective treatment against leukoencephalomy-
elopathy and prognosis is poor (Dewey and da Cos-
ta, 2016). There have been no reports of LEM in the
literature since 1989 (Slocombe et al. 1989), which

could suggest a true decrease in incidence, a lack of
information about the disease or exclusion of carrier
animals from breeding (Davies and Irwin, 2003).

Rottweiler neuroaxonal dystrophy

Neuroaxonal dystrophy is a degenerative, inherit-
ed UMN disease that affects young adult Rottweiler
dogs (Davies and Irwin, 2003). Clinical signs appear
at a young age (<12 months old), earlier than in leu-
koencephalomyelopathy (Christman, 1992; Boersma
et al. 1995). They include forelimb hypermetria, pro-
gressive sensory ataxia, proprioceptive dysfunction
(Cork et al. 1983; Evans et al. 1988; Boersma et al.
1995; Davies and Irwin, 2003). Cerebellovestibular
signs (head tremor, nystagmus) develop later in the
course of the disease however strength is maintained
(Christman, 1992; Davies and Irwin, 2003). Neuro-
anatomically, neuroaxonal dystrophy affects the cer-
vical region of the spinal cord as in leukoencepha-
lomyelopathy, however, the cerebellovestibular signs
(frequent in the former disease) are lacking (Cork et
al. 1983). Cerebellar atrophy was observed in the au-
topsy of two cases (Cork et al. 1983).

Definite diagnosis is based on postmortem his-
topathological examination of the spinal cord. Dys-
trophic axons appear swollen, eosinophilic, homo-
geneous or granular and contain variable amount of
ubiquitin-immunoreactive deposits (Moretto et al.
1993). Characteristic axonal spheroids are most prom-
inent in the dorsal horn grey matter, the nucleus of the
dorsal spinocerebellar tract, the vestibular nucleus,
and the nucleus gracilis, the lateral cuneate and cu-
neate nuclei (Cork et al. 1983; Chrisman, 1992). This
distribution of lesions explains the predominance of
sensory abnormalities observed clinically. Ultrastruc-
turally, spheroids appear to be swellings of distal ax-
ons which are filled with accumulations of smooth
membrane-bound vesicles, membranous lamellae,
dense bodies, and other organelles (Cork et al. 1983).
An inherited disorder of axonal transport is suspected
as the underlying defect in this disorder (Cork et al.
1983; Siso et al. 2001). Siso et al. (2001) mention the
presence of abnormal expression and accumulation of
proteins, which participate in the trafficking, docking
and fusion of the synaptic vesicle to the plasma mem-
brane. Similar findings have been observed in isolat-
ed dystrophic axons of aged dogs, indicating severe
disruption of axonal transport in dystrophic axons in
canine neuroaxonal dystrophy (Siso et al. 2001). Neu-
ropathological changes are similar to those identified
in human neuroaxonal dystrophy (Cork et al. 1983).
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There is no therapy for neuroaxonal dystrophy
(Boersma et al. 1995). The short term prognosis is
not as poor as in leukoencephalomyelopathy because
the progression of the disease is very slow and the
affected dogs can be acceptable pets for several years
(Christman 1992; Boersma et al. 1995).

Spongiform leukoencephalomyelopathy

It has been reported in young Dalmatians, Minia-
ture Poodles and Border Terriers (Martin-Vaquero et
al. 2012). It is a rare disorder called fibrinoid leuko-
dystrophy, and is characterized by lesions in both the
brain and the spinal cord. Even though the spinal cord
is affected, the predominant clinical signs are gener-
alized tremors (Martin-Vaquero et al. 2012). Histo-
pathological findings include a spongiform change
affecting the white matter of the brain and spinal cord
with diminished myelin content and absence of micro-
gliosis (Martin-Vaquero et al. 2012). This diminished
myelin staining can indicate disruption of normal
function or diminished formation (Martin-Vaquero et
al. 2012). A prominent histopathological finding is the
detection of Rosenthal fibers, which are astrocytic in-
clusion bodies, located in the white matter of the brain
and the cervical region of the spinal cord (Richardson
et al. 1991). Their origin is not clear, but it is believed
that they represent a primary astrocytic abnormality
(Borrett and Becker, 1985). It is not yet known wheth-
er the astrocytic abnormality is due to a genetically
inherited enzyme deficiency (Richardson et al. 1991).

There is no curative treatment, the disease pro-
gresses and the prognosis is poor (Dewey and da Cos-
ta, 2016).

JACK RUSSELL AND FOX-TERRIER
ATAXIA

It is a rare, presumably inherited, progressively
degenerative axonopathy that was first diagnosed in
Jack Russell terriers and Smooth-coated Fox terriers
in Sweden and England (Bjorck et al. 1957; Hartley,
1973). As these dogs have common ancestry, affected
dogs are suspected to have the same disease (Rohdin
et al. 2015). However, segregation analysis indicated
different mode of inheritance in the two dog breeds
despite the similarities between the diseases (Bjorck
et al. 1957; Hartley, 1973; Wessmann et al. 2004). It
has also been described in Ibizan hounds and Parson
Russell terriers. In the latter, a missense mutation in
the CAPNI1 gene is found and is strongly associated
with a phenotypically similar inherited ataxia (For-
man et al. 2013). Additionally, another missense mu-

tation in the KCNJ10 gene is significantly associated
with a similar ataxic neurological disease in 14 dogs
belonging in the Russell group of terriers (Gilliam et
al. 2014) and in ataxic Smooth-haired Fox Terriers
and Toy Fox Terriers (Rodhin et al. 2015). Identifica-
tion of this gene in a homozygous state in ataxic dogs
of different, albeit related, breeds support an earlier
assertion that this mutation is causal for a neurode-
generative disease that is inherited in an autosomal
recessive mode (Gilliam et al. 2014).

Clinical signs appear at a young age (2-9 months),
and worsen progressively (Wessmann et al. 2004).
They include symptoms of cervical myelopathy; pel-
vic limb ataxia that progresses to all four limbs atax-
ia, dysmetric gait and occasional intention tremor
suggesting cerebellar dysfunction than myelopathy.
However the involvement of the spinocerebellar tract
of the cervical spinal cord is a possible explanation
for these clinical signs (dysmetric spastic gait and in-
tention tremor). Rodhin et al. (2010) mention clini-
cal evidence of brain stem involvement (behavioral
changes, bilateral decreased menace response), that
is confirmed histopathologically. Wessmann et al.
(2004) report seizures occurring simultaneously with
ataxia while others develop respiratory distress. Ad-
ditionally, they find that the brain lesions are detected
only in Jack Russell Terriers and not in Fox Terriers
(Wessmann et al. 2004).

The disease can be clinically diagnosed with a
high certainty because of the breed, the age of clin-
ical onset and the nature of the typical clinical signs
(Wessmann et al. 2004). Routine laboratory tests in
blood and CSF in addition to radiological examina-
tion of the spinal cord are normal (Wessmann et al.
2004). Abnormal brain stem auditory- evoked poten-
tials (BAEPs) are recorded in affected dogs and can
support clinical diagnosis. Diagnosis is confirmed
postmortem with histopathological examination of
the affected region (Hartley, 1973). Lesions are char-
acterized by bilateral myelopathy (Hartley, 1973;
Summers et al.1995), and more precisely in the dorsal
and ventral funiculi of the cervical region of the spi-
nal cord (Summers et al.1995). Regarding the lesions,
they are located in the central auditory pathways, the
dorsal part of the lateral lemniscus, the ventromedial
sulcus of the ventral funiculus and the trapezoid body
(Hartley, 1973; Summers et al. 1995). Rarely, lesions
are found in the spinal ganglia of the lumbar region or
the cauda equina (Hartley, 1973).

There is no curative therapy for this disease. Al-
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though it is not lethal, most dogs are euthanized after
their owner’s request in their 1* year of life (Hartley,
1973). However some cases with mild gait abnormal-
ities have survived for years (Wessmann et al. 2004).

SYRINGOMYELIA (HYDROMYELIA)

Syringomyelia is a fluid- filled dilatation within
the spinal cord that can or cannot communicate with
the central canal and is usually not lined by ependy-
mal cells (Lee et al. 1985; Norman, 1987; Wisoff and
Epstein, 1989; McClarty et al. 1990; Kirberger et al.
1997; Churcher and Child, 2000). In the vast major-
ity of cases, syringomyelia is the result of Chari-like
malformation (CLM) (Oldfield et al. 1994; Rusbridge
et al. 2000). A lot of breeds have been identified to
be at risk for Chiari-like malformation, however, the
Cavalier King Charles Spaniel (CKCS) is the pre-
dominantly affected breed (McGrath, 1960; Geib and
Bistner, 1967; Churcher and Child, 2000; Rusbridge
and Knowler,2004). Furthermore, syringomyelia can
be caused by other spinal cord or brain malformation,
spinal cord trauma, inflammatory of neoplastic pro-
cesses that obstructs the normal flow of CSF, or idio-
pathic with no underlying etiology (Schmahl and Kai-
ser, 1984; Child et al. 1986; Cauzinille and Kornegay,
1992; Kirberger et al. 1997; Rusbridge and Knowler,
2004).

Clinical signs in CKCS with CLM may appear
between 6 months and 3 years of age (Rusbridge et
al. 2006). Depending on the underlying etiology dogs
may be presented at any age but those with more se-
verely clinical signs tend to be younger than 2 years
old (Rusbridge and Knowler, 2004). The most import-
ant clinical sign in syringomyelia is neuropathic pain
(Rusbridge et al. 2000; Todor et al. 2000; Nakamu-
ra et al. 2004). Although lesion localization may be
difficult, it usually involves the cervical spinal cord
(Rusbridge et al. 2006). In CLM, there is cervical
hyperesthesia appearing clinically with persistent
scratching of the neck and shoulder without skin
contact (phantom scratching) (Churcher and Child,
2000; Rusbridge et al. 2000). Scoliosis associated
with syringomyelia has also been identified mostly
in young animals (Fourneaux et al. 1973; Child et
al. 1986; Chuma et al. 1997; Rusbridge et al. 2000).
Scoliosis secondary to syringomyelia is the result of
muscular imbalance due to paraspinal muscle atro-
phy (Tagaki et al. 2005). Progression of the disease
varies (Rusbridge et al. 2006). In some dogs, there
is only scratching with mild pain, and other neuro-
logical disorders (ataxia, paresis) appear slowly and

progressively or never (Rusbridge et al. 2006). How-
ever other dogs are severely disabled due to pain that
progressed within 6 months from the first symptom
observed (Rusbridge et al. 2006). In others, syringo-
myelia is an incidental finding (Lu et al. 2003).

The age of clinical onset varies, depending on the
etiology of the disease, the different rate of fluid ac-
cumulation and the ensuing spinal cord damage and
dysfunction (Rusbridge et al. 2006). However, signs
of pain are not well correlated with the size of the
syrinx, ie, humans or animals with wider or longer
syrinxes are not necessarily in more pain than those
with smaller syrinxes (Lu et al. 2003; Nakamura et
al. 2004). On the other hand, there are other reports
showing a relationship between the degree of pain
and the width of the syrinx; dogs with larger syrinx-
es are in pain and dogs with smaller syrinxes are not
in pain (Rusbridge et al. 2007). Furthermore, Rus-
bridge et al. (2007) examined not only the width of
the syrinx but also the localized damage in the spinal
cord, indicating that the asymmetry of the syrinx, is
important in the pathogenesis of neuropathic pain.
There have reported other neurological disorders such
as thoracic limb weakness, muscle atrophy (ventral
horn cell damage), pelvic limb ataxia and weakness,
white matter damage with involvement of the lumbar
spinal cord by the syrinx (Rusbridge et al. 2000). Hy-
drocephalus has also been reported in syringomyelia
cases (Schmabhl and Kaiser, 1984; Itoh et al.1996).

Diagnostic imaging and especially CT and MRI
are the preferable way to detect the cavitary lesions
(Kirberger et al. 1997; Churcher and Child, 2000;
Rusbridge et al. 2000). Mid-sagittal images provide
excellent definition of intramedullary cavitation and
allow quantitative investigation of the malformation
(Churcher and Child, 2000). Sometimes, myelogra-
phy can be helpful, when the contrast medium en-
ters the cavity within the spinal cord (Kirberger et al.
1997). CSF analysis is usually normal however some-
times it reveals mild inflammation. It is important to
perform CSF analysis in order to rule out other diseas-
es (Kirberger et al. 1997).

For Chiari-like malformation (CLM), therapy can
be either surgical and/or medical. However, therapy
of CLM is beyond the scope of this review and thus
only therapy reflecting the elimination of symptoms
due to syringomyelia is going to be discussed.

Medical treatment includes analgesics, drugs that
reduce CSF production and corticosteroids (Rus-
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bridge et al. 2006). In mild cases, pain can be con-
trolled with nonsteroidal anti-inflammatory drugs
(Rusbridge et al. 2000). For the relief of scratching, or
more severe cases, gabapentin (10 mg/kg b.w.,orally,
TID) is useful in order to eliminate the neuropathic
pain (Levendoglu et al. 2004). Pregabalin (2 mg/kg
b.w., orally, BID), which is considered more effec-
tive than gabapentin, and tramadol (2-4 mg/kg b.w.,
orally, TID/QID) may also be administered. There
are some reports on medications that decrease CSF
flow and include omeprazole, acetazolamide, furose-
mide but, clinical data on their use and effectiveness
are lacking (Lindvall-Axelsson et al. 1992; Itoh et al.
1996; Javaheri et al. 1997; Churcher and Child, 2000).
Regarding acetazolamide, long-term treatment has
adverse effects like abdominal pain, weakness, lethar-
gy and thus it is contradicted for long-term use (Vogh,
1980; Shinnar et al. 1985; Carrion et al. 2001). Cor-
ticosteroids are administered (0.5 mg/kg b.w., orally,
BID), to decrease CSF production (Rusbridge et al.
2000). Although corticosteroids may be effective in
limiting signs and progression, most dogs require
continuous therapy and develop adverse effects such
as immunosuppression, weight gain and skin changes
(Rusbridge et al. 2000). Medical therapy can diminish
the severity of clinical signs but they never succeed
full resolution (Rusbridge et al. 2000). Regarding sur-
gical therapy, syringotomy can improve clinical signs
(Cauzinille and Kornegay, 1992; Churcher and Child,
2000). In another report, they performed laminecto-
my combining with acetazolamide and the dog par-
tially ameliorated, without deteriorating 12 months
post surgically (Itoh et al.1996).

Syringomyelia is usually presented with pain. The
degree of pain is evaluated clinically and is not neces-
sarily compatible with the severity of the lesions. Pain

management can be sufficient to improve pet’s quality
of life in most of the cases.

CONCLUSIONS

* Degenerative myelopathy is a progressive my-
elopathy of the thoraco-lumbar spinal cord seg-
ments, commonly seen in old German shepherd
dogs.

» Physiotherapy can prolong the ambulatory status
of the DM-affected dogs.

* Afgan hound myelopathy, Rottweiler leukoen-
cephalopathy, Rottweler neuroaxonal dystrophy,
Spongiform leukoencephalopathy and Jack-Rus-
sel/ Fox-terrier ataxia are non-painful, hereditary
myelopathies affecting the cervical region of the
spinal cord.

* Syringomyelia is commonly caused by Chiari-
like malformation (CLM).

» Syringomyelia can become painful depending on
the length and the size of the intramedullary flu-
id-filled syrinx.

* Therapy for syringomyelia caused by CLM in-
cludes surgical and medical management.
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INTRODUCTION
For a long time, dietary supplementation of chem-
ical feed additives started to increase animal
growth, performance, and efficiency. Antibiotics sup-
plemented in the animal diet at a sub-therapeutic level
is intensifying livestock production, reducing morbid-
ity and mortality but also associated with the devel-
opment of antimicrobial resistance that may present
a risk to human health. Correspondingly, natural feed
additives extracted from herbs, plants, and spices
such as EOs have been evaluated and considered as
a substitute to chemical feed additives in livestock
production for improving animal production and
health. EOs are complex mixture of different com-
ponents, hence chances of development of resistance
in microbes are less as compared to the single syn-
thetic compound. In terms of biological activity and
effects, each constituent of EO possesses its charac-
teristic properties. EOs hold the potential of possible
therapeutic exploitation in different ways in animal
production. They represent a wide range of biologi-
cally active compounds like phenolic and terpenoids
which possess a variety of functions with health-relat-
ed benefits and nutrigenomics implications on the de-
velopment of the gut and immunity (Christaki et al.,
2020). In terms of ruminant nutrition, EOs enhance
animal performance, manipulate rumen fermentation
such as increase protein metabolism, reduce ammonia
and methane production, improve volatile fatty acids
(VFA) proportions and target some ruminal micro-
organisms like methane-producing archaea and hy-
per-ammonia producing (HAP) bacteria (Campolina
et al., 2020; Hart et al., 2019; Silva et al., 2020; Tap-
ki et al., 2020; Zhou et al., 2020). They also possess
remarkable effects on monogastric animals like im-
prove digestive secretions, body weight gain (BWGQG),
feed intake (FI), feed conversion ratio (FCR), meat,
and egg qualities (Ismail, El-Gogary, and El-Morsy,
2019; Lee et al., 2020; Masood et al., 2020; Sarioz-
kan et al., 2020; Yal¢in et al., 2020). They also exhibit
antioxidant properties, stimulate blood circulation,
reduce the pathogens count, enhance digestion and
nutrient uptake, and relieve the animals from disease
and environmental stress. However, due to the intrica-
cy of the animal body systems and EOs composition,
the dosage level and effects of EOs on different ani-
mal species and systems seem to be difficult to pre-
dict (Puvaca et al., 2020). To date, only a few studies
evaluated EOs with a known chemical composition in
modulating their effects and function, while the mode
of actions of underlying these functions has not been

completely clarified yet (Simitzis, 2017; Zeng et al.,
2015). Moreover, the chemical composition of EOs
depends on species, topographical location, harvest-
ing stage, parts of the plant, and extraction methods
(Puvaca et al., 2019). Source of inconsistency also re-
lies on origin and type of EOs, the dosage level of EO
supplemented in animal feed, the amount of FI, for-
mulation, and digestibility of basal diet, and environ-
mental conditions (Brenes and Roura, 2010; Dudare-
va, Pichersky, and Gershenzon, 2004). This review
clarifies the current advancements in the utilization of
EOs to possibly benefits in food animal production.
Mode of action is summarized, including impacts on
animal performance, control of pathogens, ruminal
fermentation, and microflora.

ANTIMICROBIAL EFFECTS OF EOS

Plant and plant extracts have traditionally played a
vital role in the wellbeing and healthcare of humans
and animals as therapeutic agents for the treatment of
many illnesses. Due to essence, flavor, antimicrobial,
and preservative properties, plant secondary metabo-
lites have been used by mankind since early history
(Giannenas et al., 2020; Akram et al., 2019a; Jalal et
al., 2019). EOs and their components are hydropho-
bic, a feature that allows them to penetrate the lipidic
layer of bacteria resulting in the disturbance of cell
osmotic pressure by interrupting membrane integrity
and ion transport process (Florou-Paneri et al., 2019).
EOs or their components sensitize the cell wall, caus-
ing significant membrane damages leading to the in-
tegrity collapse of membranes and biosynthetic ma-
chinery of the bacterial cell resulting in the leakage of
vital cellular contents and death of bacterial cells. In
detail, rapid dissipation of proton motive sources (hy-
drogen and potassium ion gradients) and depletion of
the intracellular adenosine triphosphate (ATP) pool is
seen through the declination of ATP synthesis and the
increased hydrolysis. It results in the slowing down
of bacterial growth by increasing permeability of the
membrane and decreasing trans-membrane electric
potential in the bacterial cell. When the bacterial cell
tolerance level is passed, extensive loss of cell sub-
stances leads to cell death. Furthermore, the presence
of hydroxyl group (OH) attached to a phenyl ring
and its capability to discharge its proton are viewed
as critical factors in disturbing normal ion transport
across the cytoplasmic membrane and in deactivating
microbial enzymes (Burt, 2004; Ultee et al., 2002).
The previously described mode of action is more po-
tent against gram-positive than gram-negative bacte-
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ria. The external cell wall of gram-negative bacteria
is hydrophilic and hydrophobic components of EOs
cannot easily infiltrate into the membrane. Howev-
er, molecules of EOs with low molecular weight can
interrupt the membrane integrity by passing the bac-
terial cell wall through diffusion with the assistance
of membrane proteins or layer of lipopolysaccharides
(Akram et al., 2019b; Giannenas et al., 2018).

EOs possess antimicrobial activity due to ter-
penoids and phenolic compounds (Florou-Paneri et
al., 2019). Thyme and oregano inhibited the growth
of pathogenic strains like Sa/monella enteritidis, Sal-
monella choleraesuis, Salmonella typhimurium, and
Escherichia coli (Penalver et al., 2005), which is at-
tributed to the phenolic components such as thymol
and carvacrol. Moreover, Abdullah et al., (2015) stud-
ied the effects of clove bud oil and rosemary oil for
their antimicrobial effects against multidrug-resistant
strains such as Pseudomonas aeruginosa, Staphylo-
coccus aureus, Acinetobacter baumannii, and En-
terococcus feacalis. EOs have also antimicrobial
properties against zoonotic enteropathogenic strains
like Salmonella spp. and Escherichia coli O157:H7
(Guo et al., 2020; Olaimat et al., 2019), which shows
that EOs can be used as alternatives to antibiotics in
animal nutrition and production. Furthermore, EOs
possess antimicrobial effects against gram-positive
bacteria such as Fusobacterium necrophorum, True-
perella pyogenes, Staphylococcus aureus, and Liste-

ria monocytogenes (Cho et al., 2020; Paiano et al.,
2020) and gram-negative bacteria like Escherichia
coli (Al-Mnaser and Woodward, 2020). In addition,
EOs could be used against mastitis-causing bacte-
ria (Amat et al., 2017; Zhu et al., 2016), respiratory
pathogens (Akbari et al., 2018), and urinary tract in-
fection (Ebani et al., 2018). However, EOs showed
effectiveness against viruses like Melissa officinalis
EO was found effective against Avian influenza vi-
rus (Pourghanbari et al., 2016), while ajwain oil and
Artemisia arborescens EOs showed antiviral activity
against Japanese encephalitis virus (Roy, Chaurvedi,
and Chowdhary, 2015) and Herpes simplex virus type
I and II respectively (Sinico et al., 2005). Additional-
ly, Govindarajan et al., (2016) observed that antilarval
activity of the EO isolated from Plectranthus barba-
tus against larvae of the malaria vector Anopheles
subpictus, the dengue vector Aedes albopictus, and
the Japanese encephalitis vector Culex tritaeniorhyn-
chus. Application of EOs in animal feed for health
management, improvements in productivity and qual-
ity has proved a viable strategy, which is also the con-
sumers’ demand. The effects of EOs against bacteria,
viruses, fungi, and protozoa are illustrated in Table
1. Dietary supplementation of EOs is an appropriate
strategy of introducing natural antimicrobials in the
body of animals that are entered, circulated in the
body, and retained in tissues, which may provide help
to prevent the lipid oxidation and microbial spoilage
at their localized sites.

Table 1: Summary of studies testing antimicrobial activity of essential oils or their components against pathogenic microbes.

Essential oil or . . .
Species/group of microorganisms References
components
Cinnamon Escherichia coli and Staphylococcus aureus Zhang et al., 2016
Listeria monocytogenes Abdollahzadeh et al., 2018
Agrobacterium tumefaciens Lee et al., 2020
Escherichia coli Kosariet al., 2020
Bovine mastitis in organic dairy farming: Staphylococcus
aureus, Staphylococcus epidermidis, Staphylococcus Zhu et al., 2016
hyicus, Staphylococcus xylosus and Escherichia coli
Pseudomonas aeruginosa Elcocks et al., 2020
Thyme Listeria monocytogenes Sarengaowaet al., 2019
Escherichia coli (E. coli) O157:H7 Guoet al., 2020
Streptococcus mutans Abdel Hameed et al., 2020
Staphylococcus aureus Mohammed et al., 2020
Streptococcus pyogenes Magbulet al., 2020
Aspergillus flavus Khaliliet al., 2015
T,h yme & Salmonella Species Al-Nabulsiet al., 2020
Cinnamon
Salmonella species Olaimatet al., 2019
Thyme & Oregano Listeria monocytogenes Cho et al., 2020
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Pine oil Escherichia coli O157:H7, Listeria, and Campylobacter species Wells et al., 2015
Eucalyptus Multi-drug resistant Acinetobacter baumannii Knezevicet al., 2016
Escherichia coli Kareem et al., 2020
Eugenol Verotoxin producing Escherichia coli Ezzeldeenet al., 2015

Tea tree oil

Multi-drug resistant Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa

Oliva et al., 2018

Environmental mastitis: Staphylococcus aureus, Staphylococcus

MEO chromogenes, Staphylococcus sciuri, Staphylococcus Fratini et al., 2014
warneri, Staphylococcus xylosus and Escherichia coli
Bovine respiratory pathogen: Mannheimia haemolytica Amat et al., 2017
Bovine endometritis: Escherichia coli, Fusobacterium necrophorum, .
Paiano et al., 2020
Trueperella pyogenes, Staphylococcus aureus
Urinary tract infection: Multidrug-resistant strains of Escherichia .
coli, Enterococcus spp., Candida albicans and Candida famata Ebaniet al., 2018
Leishmania, Plasmodium and Trypanosoma species Leetal., 2018
Arthropod disease vector: female Ixodesricinus Kulmaet al., 2017
Oregano Salmonella species Mohan and Purohit, 2020
Oregano & Escherichia coli O157:H7 Diniz-Silva et al., 2020
Rosemary
Oregano L. . ) Al-Mnaser and Woodward,
&Carvacrol Escherichia coli O23:H52 2020
Melissa oil Avian influenza A virus (HIN2) Pourghanbari et al., 2016
Ajwain oil Japanese encephalitis virus Roy et al., 2015
Plectranthzfs Larvicides against malaria, dengue and Japanese encephalitis mosquito Govindarajanet al., 2016
barbatus oil vectors
Marrubm;.n Bovine reproduction system pathogen: Trichomonas vaginalis Akbari et al., 2018
vulgare oil
Arisaemafargesii Larvicidal activity against Aedes mosquitoes Huang et al., 2020
Myristica fragrans Escherichia coli, Staphylococcus aureus Kiarsiet al., 2020

MEO = mixture of essential oils

EFFECTS OF EOS ON THE DIGESTIVE
SYSTEM OF MONOGASTRIC ANIMALS
Dietary supplementation of EOs has positive ef-
fects on animal health, gut microflora, intestinal
morphometrics, enzymatic activity, and growth per-
formance parameters that have been studied compre-
hensively in Table 2. In general, EOs seem to stimu-
late beneficial bacteria, inhibit pathogenic microbes,
regulate enzyme activities and execute beneficial
effects on gut villi with inducing positive effects on
BWG, FCR, and FI (Abbasi et al., 2019; Barbar-
estani et al., 2020; Park and Kim, 2018; Yang et al.,
2019). Beneficial microbes like Lactobacilli species
(sp.) trigger the local intestinal immune system by re-
leasing the peptides of low molecular weight, which
increase the resistance against diseases (Muir et al.,
2000). Furthermore, a high number of Lactobacilli
sp. decrease the pathogenic microbes through devel-
oping the colonization resistance by modifying the
receptors used by pathogens (Rinttild and Apajalahti,
2013; Adil and Magray, 2012). EOs further showed
improvements in averaged daily gain, growth perfor-
mances, carcass quality and reduced cholesterol level

in broilers, quails, and pigs (Attia, Bakhashwain, and
Bertu, 2017; Fathi et al., 2020; Mercati et al., 2020;
Placha et al., 2019; Wade et al., 2018). Moreover, they
helped poultry in fighting against diseases such as
Newcastle disease, Infectious bursal disease, and avi-
an influenza and coccidiosis (Ahmadian et al., 2020;
Lee et al., 2020). EOs also increased the immunity
and antioxidant capacity in heat stress periods (Eler et
al., 2019; Sariézkan et al., 2020). In layer hen, along
with improving growth performance characteristics,
EOs improve egg quality and shell related parame-
ters (Abo Ghanima et al., 2020; Beyzi et al., 2020;
Yal¢in et al., 2020). As documented in the literature,
EOs exhibit antimicrobial activity against Escherich-
ia coli (Park and Kim, 2018), Clostridium perfringens
(Cho et al., 2014), Salmonella typhimurium (Ahmed
et al., 2013), and prevent the adhesion, colonization,
and proliferation in the gut of broiler. The increased
number of beneficial bacteria and decreased number
of pathogenic bacteria maintain the proper bacterial
balance in the intestine seem to improve the intestinal
absorptive capacity by improving the ability of epi-
thelial cells to regenerate villi (Pathak et al., 2017).
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Table 2: Effects of essential oils/components on digestive system and growth performance parameters in mono-gastric animals.

Essential oil and

Dosage level

Observations

References

Sumac and Thyme

Thyme and
Carvacrol
Thyme oil and
Black cumin oil
Thyme and
Peppermint

Oregano

Oregano and

Thyme
MEO

Cinnamon

Rosemary

Rosemary, Thymus
& Satureja
Rosemary &
Thyme

150-200 mg/kg
300 mg/kg
,L2&3%

60 and 120 mg/kg
250 and 100 mg/
kg
100 mg/kg each

NS

150 mg/kg
200-600 mg/kg

NS
300-900 mg/kg
4% each
0.03%

0.01%
NS

500 mg/kg
NS
300 mg/kg

0.5-1.0 g/kg
300 ppm

5-10 g/kg each

Improved growth performance and immune responses in HS
Reduced adverse effects of HS

Reduce fat content and improve disease responsiveness,
antiviral effects against ND and Al
Showed anticoccidial effects

Positive effects on intestinal health

Improved ADG, FCR, carcass yield and decreased cholesterol
level
Increased BW, WG and immune response

Increased ADG, ADFI and antioxidant status
Improved performance and meat quality as increased breast
meat redness and reduced yellowness
Beneficial effect on the growth performance
Improved performance, carcass yield and immunity
Improvement of WG, immune parameters and intestinal
morphology
Improvement of total tract retention of DM, increase of LAB
and reduction of E.coli
Improvement of BW, FCR and LAB
Improved immunity and showed antiviral effects against ND
and IBD
Increased villi height and immunity, reduction of Sa/monella
and Clostridium counts
improved the immune status, antioxidant ability and cecal
microbiota
Improvement in FCR, immunity and concentration of Se in liver
and breast muscles of broiler
Beneficial effect on lipid profile, immunity, antioxidant status
Improved immune responses, antioxidants and intestinal
microflora
Significant effect on live BW, FI and dressing percentage

components
Broilers
Thyme 1.0-2.0 g/kg Improvement in FCR and Immunity during HS Attia et al., 2017
0.5-1 g/kg Increase in BWG, FI and improvement in FCR Pournazariet al.,
2017
300 mg/kg Increase of digestive enzyme activities, intestinal Yang et al., 2018
morphometrics and immunity
100 mg/kg Increased BWG, improved FCR, livability and profit Wade et al., 2018
5 g/kg Improvement of BWG, FI, FCR. Beneficial effects on Ismail et al., 2019
cholesterol , immunity and antioxidant status
0.1 % Increased meat quality and antioxidant status in breast muscle | Plachaet al., 2019

RafatKhafaret al.,
2019
Sariozkanet al.,
2020
Ahmadian et al.,
2020
Lee et al., 2020

Aydin and Yildiz,
2020
Hassan, 2019

Witkowskaet al.,
2019
Riet al., 2017
Cézares-Gallegos
etal., 2019
Hn et al., 2019
Eleret al., 2019
Parvizi et al.,
2020
Park and Kim,
2018
Ruben et al., 2018
El-Shall et al.,
2020
Pathak et al., 2017

Yang et al., 2019
Mohammadi et
al., 2019
El-Gogary, 2020
Abbasiet al., 2019

Tayeb et al., 2019

characteristics
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50-200 mg/kg Enhanced immune response Miglioriniet al.,
2019
Thyme 300 mg/kg Improvement in antioxidant status during HS period Beyziet al., 2020
2% Showed hypolipidemic and antioxidative effects along with | Yalginet al., 2020
improved immunity without effecting performance and egg
quality
Rosemary & 300 mg/kg each | Significant better egg production and weight, Haugh unit, FI, | Abo Ghanimaet
Cinnamon FCR, blood cholesterol, immunity, and antioxidant parameters al., 2020
Quil
Thyme 200-400 ppm Improved FCR Dehghaniet al.,
2018
150-450 mg/kg Increased BW, ADG, FI and antioxidant status Gumuset al., 2017
Eucalyptus 0.1% Enhanced productive performance, eggshell quality, Fathiet al., 2020
immunocompetence and reduces number of broken eggs
Cinnamon and 0.5-0.1 ml/kg Improvements in ADG and FCR Ahmed et al.,
Ginger oil 2019
MEO 0.33-1.0 ml/L Improved BW, FCR, villi height and intestinal health Masood et al.,
2020
600-900 g/ton Improvements in growth hormone, growth performance and | Maty and Hassan,
intestinal histomorphology 2020
Pigs
Thymol 30 mg/kg Improvement of ADG, apparent digestibility of DM, crude Xuetal., 2018
&Carvacrol protein, gross energy and enzymatic activity in intestine.
Increased LAB
MEO 100 mg/kg Enhanced growth performance and decrease diarrhea Tian and Piao,
prevalence through increases in antioxidative capacity. 2019
Plant EO NS Improvement of BW, growth performance, immunity and Suetal., 2018
antioxidant status
50-200 ppm Improvements in regulation of growth and intestinal health Su et al., 2020
Oregano NS Increased antioxidant action and can be used as antimicrobial Mercatiet al.,
agent to prevent antimicrobial resistance 2020
2000 ppm Increased carcass performance and consumer acceptability. Janacua-Vidaleset
al., 2019
400 g/ton Increased Bifidobacterium and Bacillus species to improve Puetal., 2020
immune status

MEO = Mixture of essential oils, FCR = feed conversion ratio, HS = heat stress, BWG = body weight gain, FI = feed
intake, ND = Newcastle disease, Al = avian influenza, ADG = average daily gain, BW = body weight, WG = weight
gain, ADFI= average daily feed intake, DM = dry matter, LAB = lactic acid producing bacteria, IBD = infectious bursal
diseas, NS = not specified

EFFECTS OF EOS ON RUMEN
FERMENTATION

Ruminant animals are producing high-quality pro-
tein from low-quality feed resources due to their sym-
biotic relationship with ruminal microflora. The effi-
ciency of rumen metabolism is also associated with
environment-polluting waste products. Inefficiency in
rumen fermentation leads to energy and protein losses
in the form of methane and ammonia gas production.
Methane is the main constituent of greenhouse gas
which plays 21 times more potential role in global
warming than carbon dioxide (Bodas et al., 2012).
Moreover, 2-12% of gross energy intake dissipates
into enteric methane mitigation in ruminants depend-

ing upon feed intake and type of diet (Benchaar and
Greathead, 2011). It can be therefore determined that
a decrease in methane emission with the dietary sup-
plementation of EOs is favorable both for the animals
and the environment. EOs also possess a significant
influence on protein metabolism and reduce ammonia
production by inhibiting the deamination of amino ac-
ids (AA), possibly through the suppression of HAP at
the level of adhesion and colonization (Benchaar and
Greathead, 2011; Mclntosh et al., 2003).

Several EOs (oregano, cinnamon, eucalyptus,
rosemary, clove oil, garlic oil, and peppermint oil)
have already been tried in vitro and in vivo in animals
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to reduce methane and ammonia production (Baraz
et al., 2018; Cobellis et al., 2015, 2016; Hamdani et
al., 2019; Tomkins et al., 2015). EOs do not affect ru-
men fermentation at low doses, whereas, these com-
pounds inhibit the target microbial species as well as
rumen microbes at high doses. EOs might selective-
ly discourage the methanogens and HAP bacteria at
low doses, but the high concentration of EOs over-
whelm all the microorganisms (Cobellis et al., 2016;
Wallace, 2004). Mitigation of methane and ammonia
occurs at high doses and it is frequently associated
with a decrease in dry matter (DM) degradability,
feed digestion, total VFA production and rumen fer-
mentation (Vendramini et al., 2016; Cobellis et al.,
2016; Hristov et al., 2013). EOs (oregano, cinnamon,
eucalyptus, and rosemary) both individually and in
combination reduced methane and ammonia produc-
tion (Cobellis et al., 2016). Zhou et al., (2020) also re-
vealed that supplementation of oregano EO at 13-130
mg/liter potentially reduced the methane production.
Various investigations demonstrated that the com-
position and inclusion level of EOs could affect the
ruminal N metabolism. Cinnamon bark inhibited the
ammonia production by 43.9% and 59.3% reduced by
the combination of cinnamon, oregano, and rosemary
leaves (Cobellis et al., 2015). Patra and Yu, (2012) re-
ported that EOs of oregano and clove decreased the
ammonia production more potentially in vitro when
compared with garlic, eucalyptus and, peppermint
EOs. Multifaceted relations happen among EOs, feed,
and host, thus correlation of the results from feed de-
gradability, rumen fermentation features, and micro-
biome dynamics could provide more information for
the development of effective mitigation technologies.

Total VFAs production is little affected (Patra and
Saxena, 2010) or decrease due to high concentrations
of EOs in the diet (Baraz et al., 2018). Dietary supple-
mentation of clove and thyme EOs at 2ml per day in
sheep increased the total VFA concentrations (Abeer
et al., 2019). Some EOs and their major constituents
shift molar proportions of VFA i.e. decrease in acetic
acid and an increase in the propionic acid proportion
which is nutritionally favorable (Ribeiro et al., 2019;
Silva et al., 2020).

Variations in results among in vitro, in situ, or in
vivo studies can be attributed to numerous variables
such as diet (forage: concentration ratio), pH (more
potent action at low pH) time (adaptation period), and
EOs composition. The lack of effects of EOs on ru-
men metabolism in long-term studies as compared to

short-term studies could be due to adaptation of ru-
minal microbes to EOs and the obvious difficulty in
predicting the dose rate of dietary supplementation of
EOs. Long term exposure of EOs may lead to adjust-
ments in rumen micro-organisms, and it is convinci-
ble that some EO compounds are subjected to deg-
radation by rumen microbial populations (Abdallah
Sallam et al., 2011). Cardozo et al., (2004) examined
the effects of cinnamon, garlic, and anise oils at differ-
ent doses such as 7.5 mg/kg and 0.22 mg/liter of DM
on continuous culture. They noticed the progression
in the VFA profile during the initial six days, however
no effects from that point because of microbial adap-
tation to EOs. EOs containing phenolic compounds as
an active compound exert more pronounced antimi-
crobial effects than others (Patra and Yu, 2012). Al-
though EOs in high doses could exert positive effects
in vitro on rumen fermentation, these doses result in
negative implications on feed palatability, digestion,
and animal productivity, when applied in vivo (Yang
et al., 2010; Beauchemin and McGinn, 2006). At the
same time, the levels of EOs that have elicited favor-
able fermentation responses in vitro are far too high
for in vivo applications due to their possible toxic ef-
fects and high cost.

Besides, very few data available on the effects of
EOs on DM intake, milk production, composition, and
body growth of ruminants. Oregano increased the ru-
men fermentation, FI, DM digestibility, and feed ef-
ficiency along with reduction in methane production
and ammonia nitrogen (Tapki et al., 2020; Zhou et al.,
2020). Moreover, the addition of a mixture of essential
oils (MEOQ) in the diet increased the average daily gain,
live weight, FCR, and nutrient digestibilities (Giller et
al., 2020). They also increased gut health, immunity,
and prevented the animals from diarrhea and other dis-
eases (Campolina et al., 2020; Liu et al., 2020). In addi-
tion, EOs increased milk production, milk fat, and car-
cass characteristics (Hart et al., 2019; Silva et al., 2020;
Wang et al., 2020). Supplementation of EOs could in-
crease conjugated linoleic acid, a health-promoting fat-
ty acid in milk fat by suppressing the bacteria involved
in biohydrogenation (Bayat et al., 2015). Rivaroli et
al., (2016) recommends MEO (oregano, garlic, lemon,
rosemary, thyme, eucalyptus, and sweet orange) at 3.5
g/day in feedlot animals to decrease the lipid oxidation.
Table 3 shows effects on growth performance param-
eters along with effects on methane production, total
VFA concentrations, and rates (i.e., acetate to propi-
onate ratio), animal health, performance, and quality
characteristics of animal products.
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Table 3: Effects of essential oils or their components on rumen characteristics and performance of ruminants.

Essential oil
or components

Dosage level

Observations

References

Cattle

Oregano 100-150 mg/L | Improved FE, growth performance, health status. Reduced diarrhea Tapkiet al., 2020
incidents and lower farm costs
13-130 mg/L | Increased DM, NDF and ADF digestibility. Decreased AN, MP and | Zhou et al., 2020
alter VFA concentration
4 g/day Alter ruminal microbiota Zhou et al., 2019
50 mg/kg No effect on RF, ND, MP, MY and MF Benchaar, 2020
10 g/day Improved FE Bosco Stivaninet al.,
2019
BEO 1 g/day Immunity improvement and a decrease morbidity of neonatal Campolinaet al.,
diarrhea in pre-weaning phase 2020
3.5 g/day No effect on carcass quality. EOs can be added in low amount Rivaroliet al., 2020
without affecting meat quality
150 mg/kg Increased NDF digestibility and N utilization Teobaldoet al., 2020
150 mg/kg | Increased NDF and OM digestibility, MY and MF. Reduced A:P ratio| Silva et al., 2020
4 g/day Improved ADG, DM intake, FE Souza et al., 2019
1000 mg/day No effect on rumen microbiota Schérenet al., 2017
1 g/day Increased MY and reduced MP Hart et al., 2019
1 g/day Increased MY and FE Elcoso et al., 2019
MEO 25 g/day Increased FI. No effects on milk composition and antioxidant Gilleret al., 2020
capacity
1 g/day Improved carcass quality Wang et al., 2020
NS Improvements of ADG, FCR, ND, calf growth, ruminal Liu et al., 2020
development, gut health, and immunity
50-100 ul/L | Improved DM digestibility and microbial protein yield. Reduced MP | Davoodiet al., 2019
1 g/day Improved meat quality attributes Pukrop et al., 2019
25 mg/kg Improved MY, udder health and immunity Salem et al., 2019
100 pl/L Reduced MP, increased microbial protein synthesis and RF Kurniawatiet al.,
2020
3.5 g/animal Decrease in the lipid oxidation. Rivaroli et al., 2016
day
Thyme 100 ul/L Decreased AN, VFA concentration and MP Baraz et al., 2018
100 g/day Increased MY and reduced MP Hamdaniet al., 2019
Clove & 2gand4 g/ No effect on carcass quality. Affect oxidation de Oliveira
Rosemary animal/day Monteschioet al.,
2017
Coriander oil | 14 mL/cow/ Increase of FI, ND and MY. Decreasein ruminal AN concentration | Matloupet al., 2017
day
Cashew and 2 g/day No effect on FI and N digestibility. Alter ruminal pH Coneglianet al.,
caster 2019
Buffaloes
Ajwain oil 1-2 ml/day Increased DM intake, ADG and protein metabolism Pawaret al., 2019
0.05% Reduced MP, A:P ratio and improved ND Wadhwa and
Bakshi, 2019
Eucalyptus [20-120 ul/40ml Reduced MP Singh et al., 2019
NS No effect on FI, ND, Ruminal pH, temperature and BUN. Increase Thao et al., 2015
of total VFA concentration. Decrease of ruminal AN, protozoal,
proteolytic bacteria, MP and A:P ratio
2 mL/day No effect on FI, ND, N utilization, total VFA concentration. Decrease| Thao et al., 2014
of MP and A:P ratio. Reduction of protozoal population
Sheep
Thyme | 1.25g/kg | Increased RF and N metabolism. Decreased A:P ratio | Ribeiro et al., 2019
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Clove 2 ml/day Improved ND and carcass characteristics El-Essawyet al.,
2019
Clove and 2 ml/day each Increased MY, MF, VFA and antioxidant capacity. Reduced Abeer et al., 2019
Thyme cholesterol
Orange peel |300-450 mg/kg Increase of FI, antioxidant status and MF Kotsampasiet al.,
2018
Rosemary | 0.3-0.6 ml/day No effect on DMI, and growth. Increase of PUFA and sensorial Smetiet al., 2018
attributes in meat
Garlic oil 62.5 mg/L No effect on ADG, performance, FCR, ND, calcium and phosphorus | El-Katcha, Soltan,
blood concentration. Improvement of TDN and digestible CP and Essi, 2016
conversion ratio
MEO 1.6 mL/day No effect on ruminal pH, VFA concentration, MP, A:P ratio and Khateri et al., 2017
blood profile. Decrease of ruminal AN
Chavil EO | 250-750 mg/kg | Decreased saturated fatty acids and increased antioxidant capacity of | Parvaret al., 2018
meat
Functional EO 2-6 g/day Decreases FI without negatively affecting nutrient fermentation and Michailoffet al.,
usage 2020
Red pepper 0.14-0.42% Improved carcass characteristics Bertoloniet al., 2020
EO
Goat
Callistemon | 100-200 mg/kg Improvement of DM intake, ND, N utilization and biochemical Mekuikoet al., 2018
viminalis oil parameters
Rosemary 600 mg/kg No effect on DM, OM, CP and NDF digestibility. Increase of MY, Smetiet al., 2015
MF and protein contents
100-400 mg/kg | No effect on ADG, hematological parameters. Increased immunity Shokrollahiet al.,
2015
Oregano & | 3% and 0.6 % Improvements of carcass quality and antioxidation. No effects on Rotondiet al., 2018
linseed performance parameters
Juniper 0.4-2 ml/kg No effect on FI, LWG, ruminal pH, VFA concentration, fecal pH. | Yesilbaget al., 2017
Increase of FE and antioxidant status
MEO 2 mg/kg Increased ADG and improved phenotypes (cashmere fiber traits, Lei etal., 2019
carcass weight, and meat quality)
Fennel EO 100-1000 ug Decreased MP, AN Cheshmehgachiet
al., 2019

MEO = mixture of essential oils, BEO = blend of essential oils, FE= feed efficiency, DM = dry matter, NDF = neutral
detergent fiber, ADF = acid detergent fiber, AN = ammonia nitrogen, MP = methane production, VFA = volatile fatty
acids, RF = rumen fermentation, ND = nutrient digestibility, MY = milk yield, MF = milk fat, N = nitrogen, A:P =
acetate to propionate, ADG = average daily gain, FI = feed intake, FCR = feed conversion ratio, BUN = blood urea
nitrogen, PUFA = poly unsaturated fatty acids, TDN = total digestible nutrients, CP = crude protein, OM = organic
matter, NS = not specified

ANTIOXIDANT EFFECTS OF EOS

The most important purpose of EOs is to minimize
the pathogenic microbes and decrease the phenome-
non of lipid oxidation. Oxidation of lipids and free
radical production are natural processes that influence
the membrane integrity, interrupt the cell transport
channels and function of cell organelles. Lipid con-
tent of membrane particularly phospholipids is more
inclined to oxidative damage, which is related to the
level of unsaturation of fatty acids (UFAs). Polyun-
saturated fatty acids (PUFA) are responsible for keep-
ing up cell membrane respectability including fluidity
and permeability. Hydroperoxides (ROOH) formation
occurs because of reaction between peroxy radicals

and polyunsaturated FAs resulting in the formation of
non-radical aromatic compounds that adversely affect
the carbohydrates, protein, lipids, and vitamin con-
tents and limit the nutritional value and shelf life of
animal products. The EOs as an antioxidant have var-
ious modes of action to reduce lipid oxidation. One of
the possible mechanisms of action is that they block
the chain initiation, start the hydrogen abstraction, act
as free radical scavenger and terminators, bind the
transition metal ions, and stop the formation of singlet
oxygen (Tongnuanchan and Benjakul, 2014). Several
EOs possess phenolic compounds up to 85% of their
composition. In phenolic compounds, carvacrol, eu-
genol, and thymol are the active components that act
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as primary oxidants and effective free radical scav-
engers (Bakkali et al., 2008). Antioxidants work in
three stages: initiation, propagation, and termination.
The presence of hydroxyl group (-OH) in antioxidant
compounds usually acts as a hydrogen donor, inacti-
vates the free radicals generated from the lipid oxi-
dation. They scavenge the free radicals by donating
electrons to them, this feature makes them potentiated
anti-oxidant that prevents other compounds from oxi-
dizing (Coma, 2012). It results in the development of
new radicals, which are unable to extract the hydro-
gen (H) atoms from unsaturated FAs (Coma, 2012).
Hence, these subsequent radicals can react with sim-
ilar radicals or free radicals leading to the formation

of non-radical species (Jayasena and Jo, 2014). In this
way, phenolic compounds can counteract lipid oxida-
tion, act as oxidative chain inhibitors, and protect the
animal products from oxidative damage.

Animal diet can play an important role to inhibit
the free radical production in organisms and their de-
rived products. The addition of EOs in the diet of ani-
mals is a simple and efficient approach to incorporate
natural anti-oxidant compounds into lipidic layers of
membrane (Table 4). In this way, they can inhibit lipid
oxidation more effectively and prevent oxidative loss-
es of animal products compared to postmortem addi-
tion (Decker and Park, 2010; Govaris et al., 2004).

Table 4: Summary of studies testing antioxidant activity of essential oils or their components in food processing

Essential oil Dosagfz level/ . Product Effect| SP | SL References
concentration applied
Oregano 0.2% Rabbit meat + + Cardinaliet al., 2015
0.125-3.0 ml/kg Rainbow trout NE Dileret al., 2017
2000 ppm Pig meat + + Janacua-Vidaleset al., 2019
NS Pig meat + + Merecatiet al., 2020
200-600 mg/kg Broiler meat + + Cézares-Gallegos et al., 2019
Oregano & 3% and 0.6 % Goat meat + + Rotondiet al., 2018
linseed
Rosemary 200-400 mg/kg Lamb meat + + Ortufioet al., 2014
300 mg/kg Broiler meat + + Mohammadi et al., 2019
Rosemary and 5-10 g/kg each Broiler meat NE Tayeb et al., 2019
Thyme
Rosemary and 300 mg/kg each Layer meat and egg + + Abo Ghanimaet al., 2020
Cinnamon
Thyme and 100 mg/kg Broiler meat + + Hassan, 2019
Peppermint
Thyme 0.125% Fresh chicken sausage | + + Sharma et al., 2017
0.1% Broiler meat + + Plachaet al., 2019
300 mg/kg Layer meat and egg + Beyziet al., 2020
2% Layer meat and egg + + Yalginet al., 2020
150-450 mg/kg Quil meat + + Gumuset al., 2017
600 mg/kg Broiler meat + + Onel and Aksu, 2019
Thyme & Clove 4 MIC and 2 MIC Minced beef + + (Zengin and Baysal, 2015
respectively
Clove 0.25% Fresh chicken sausage | + + Sharma et al., 2017
2ml/d Sheep meat + + El-Essawyet al., 2019
Basil EO 0.062, 0.125 and 0.25% Beef burger + + + | Sharafati Chaleshtori et al., 2015
2 and 4% Cattle meat + + + Falowoet al., 2019
0,25, 0.50, 0.75% Mutton nuggets + + + Kumar et al., 2018
Sage oil 0.05, 0.075, 0.1 uL/g Pork fresh sausages + + Sojiéet al., 2018
Chavil EO 250-750 mg/kg Sheep meat + + Parvaret al., 2018
MEO 750-2000 mg/kg Broiler meat + + (Mountzouris et al., 2020)
250-750 m1/1000 L Broiler meat + + Tekceet al., 2020
25 g/day Cattle meat + + Giller et al., 2020
1 g/d Cattle meat + + Pukrop et al., 2019
2 mg/kg Goat meat + + Lei etal., 2019

MEO = blend of oils, SP = sensory properties, SL = shelf life, NE = no effect
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CONCLUSION

The growing pressure on the livestock industry
is to limit the application of chemical feed additives
particularly antimicrobial agents as growth promoters
have started a new investigation to discover the safe
and effective substitutes. A variety of different biolog-
ically active agents including EOs proved themselves
as multifunctional feed supplements for animals.
The EOs and their constituents possess the remark-
able potential to influence the gut-microbiota, rumen
fermentation and avoid lipid oxidation results in the
improvements in growth performance parameters and
quality characteristics of animal products. Whereas,
their potential and efficacy in livestock production
have not yet been determined to be steady and indis-
putable and some concerns should be investigated be-
fore their business application. For instance, an ide-
al concentration of EOs according to their chemical
composition and type, ought to be established, since

their application at high doses can impose undesirable
effects on living organisms. Dietary supplementation
of EOs is safe to use but their mode of action, pharma-
cokinetics, and pharmacodynamics are still unclear.
Simultaneously, the good effects of dietary supple-
mentation of EOs ought to be legitimized the extra
expense of their application. A further demonstration
of the above inquiries is needed for the regular ap-
plication of EOs in animal production. In this way, it
may be possible to formulate animal feed that opti-
mizes animal efficiency. EOs besides being a promis-
ing approach as drug candidates in modern medicine,
their dietary supplementation in food (soft drinks and
food confectionary) and feed industry (growth pro-
moters, antimicrobials, and antioxidants) can also be
action-oriented approach in modern nutrition.

CONFLICT OF INTEREST
None declared by the authors.

REFERENCES

Abbasi MA, Ghazanfari S, Sharifi SD & Gavlighi HA (2019) The effect of
rosemary, thymus and satureja essential oils, vitamin E and vegetable
oils on immune system and intestinal microflora of broiler chicken. J
Vet Res 74:153-166.

Abdallah Sallam SM, Mohamed Abdelgaleil SA, da Silva Bueno IC,
Abdelwahab Nasser ME, Araujo RC & Abdalla AL (2011). Effect
of some essential oils on in vitro methane emission. Arch Ani Nut
65:203-14.

Abdel Hameed RG, Mostafa MH & El-Malt MA (2020). Evaluation of
the Antimicrobial Effect of Thyme Extract on Streptococcus Mutans.
Al-Azhar Dental J Girls 7:313-318.

Abdollahzadeh E, Ojagh SM, Hosseini H, Ghaemi H & Irajian G (2018)
Quantitative and Qualitative Evaluation of Antibacterial Activity
of Cinnamon Essential Oil and ZnO Nanoparticles against Listeria
monocytogenes. Fish Sci Technol 7:49-55.

Abdullah BH, Hatem SF, Jumaa W (2015). A comparative study of the an-
tibacterial activity of clove and rosemary essential oils on multidrug
resistant bacteria. UK J Pharm Biosci 3:18-22.

Abeer M, Ahlam R & Marwa H (2019) Impact of Anise, Clove, and Thyme
essential oils as feed supplements on the productive performance and
digestion of Barki ewes. Australian J Basic Appl Sci 13:1-13.

Abo Ghanima MM, Elsadek MF, Taha AE, El-Hack A, Mohamed E, Al-
agawany M, Ahmed BM, Elshafie MM & El-Sabrout K (2020) Ef-
fect of Housing System and Rosemary and Cinnamon Essential Oils
on Layers Performance, Egg Quality, Haematological Traits, Blood
Chemistry, Immunity, and Antioxidant. Animals 10:245

Adil S, Magray SN (2012). Impact and manipulation of gut microflora in
poultry: a review. J Anim Vet Adv 11:873-877.

Ahmadian A, Seidavi A & Phillips CJC (2020) Growth, Carcass Compo-
sition, Haematology and Immunity of Broilers Supplemented with
Sumac Berries (Rhus coriaria L.) and Thyme (Thymus vulgaris). An-
imals 10:513

Ahmed EM, Attia Al, Ibrahem ZA & Abd El-Hack ME (2019) Effect Of
Dietary Ginger And Cinnamon Oils Supplementation On Growing
Japanese Quail Performance. Zagazig J Agri Res 46:2037-2046

Ahmed ST, Hossain ME, Kim GM, Hwang JA, Ji H, Yang CJ (2013).
Effects of Resveratrol and Essential Oils on Growth Performance,
Immunity, Digestibility and Fecal Microbial Shedding in Challenged
Piglets. Asian-Australas J Anim Sci 26:683-690.

Akbari Z, Dastan D, Maghsood AH, Fallah M & Matini M (2018) Inves-
tigation of In vitro Efficacy of Marrubium vulgare L. Essential Oil
and Extracts Against Trichomonas vaginalis. Zahedan J Res Med Sci
20:¢67003.

Akram MZ, Firincioglu SY, Jalal H & Dogan SC (2019b) The Use of Es-
sential Oils in Active Food Packaging: A Review of Recent Studies.
TURJAF 7:1799-804.

Akram MZ, Salman M, Jalal H, Asghar U, Ali Z, Javed MH & Khan M
(2019a) Evaluation of dietary supplementation of Aloe vera as an al-
ternative to antibiotic growth promoters in broiler production. Turk-
ish J Vet Res 3:21-26.

Al-Mnaser AA & Woodward MJ (2020) Sub-lethal Concentrations of
Phytochemicals (Carvacrol and Oregano) Select for Reduced Sus-
ceptibility Mutants of Escherichia coli 023:H52. Polish J Microbiol
69:121-125.

Al-Nabulsi AA, Osaili TM, Olaimat AN, Almasri WE, Ayyash M, Al-Ho-
ly MA, Jaradat ZW, Obaid RS & Holley RA (2020). Inactivation of
Salmonella spp. in tahini using plant essential oil extracts. Food Mi-
crobiol 86:103338.

Amat S, Baines D & Alexander TW (2017). 249 Antimicrobial activities
of commercial essential oils against the bovine respiratory pathogen
Mannheimia haemolytica and analysis of their chemical composition
and cytotoxicity on bovine turbinate cells. J Anim Sci 95:122-123.

Attia YA, Bakhashwain AA & Bertu NK (2017) Thyme oil (Thyme vul-
garis L.) as a natural growth promoter for broiler chickens reared un-
der hot climate. Italian J Ani Sci 16:275-282.

Aydin OD & Yildiz G (2020) The effects of thyme oil and black cumin oil
in broiler feeding on growth performance, intestinal histomorpholo-
gy, and cecal volatile fatty acids. Turk J Vet Anim Sci 44:17-25.

Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008). Biological effects
of essential oils - A review. Food Chem Toxicol 46:446-475.

Baraz H, Jahani-Azizabadi H & Azizi O (2018) Simultaneous use of
thyme essential oil and disodium fumarate can improve in vitro rumi-
nal microbial fermentation characteristics. Vet Res Forum 9:193-198.

Barbarestani SY, Jazi V, Mohebodini H, Ashayerizadeh A, Shabani A &
Toghyani M (2020) Effects of dietary lavender essential oil on growth
performance, intestinal function, and antioxidant status of broiler
chickens. Livest Sci 233:103958.

Bayat AR, Kairenius P, Stefanski T, Leskinen H, Comtet-Marre S, Forano

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2606

M. Z. AKRAM, M. U. ASGHAR, H. JALAL

E, Chaucheyras-Durand F, Shingfield KJ (2015). Effect of cameli-
na oil or live yeasts (Saccharomyces cerevisiae) on ruminal methane
production, rumen fermentation, and milk fatty acid composition in
lactating cows fed grass silage diets. J Dairy Sci 98:3166-3181.

Beauchemin KA, McGinn SM (2006). Methane emissions from beef cat-
tle: Effects of fumaric acid, essential oil, and canola oil. J Anim Sci
84:1489-1496.

Benchaar C (2020) Feeding oregano oil and its main component carvac-
rol does not affect ruminal fermentation, nutrient utilization, methane
emissions, milk production, or milk fatty acid composition of dairy
cows. J Dairy Sci 103:1516-1527

Benchaar C, Greathead H (2011). Essential oils and opportunities to mit-
igate enteric methane emissions from ruminants. Anim. Feed Sci.
Technol., Special Issue: Greenhouse Gases in Animal Agriculture -
Finding a Balance between Food and Emissions 166:338-355.

Bertoloni AV, Polizel DM, Junior MV, Oliveira GB, Miszura AA, Barroso
JP, Martins AS, Sardinha LA, Limede AC, Ferreira EM & Pires AV
(2020) Brazilian red pepper leaves essential oil (Schinus terebinthifo-
lius) in diets for feedlot lambs. Brazilian Journal of Vet Res Ani Sci
57:¢157580-e157580

Bodas R, Prieto N, Garcia-Gonzalez R, Andrés S, Giraldez FJ, Lopez S
(2012). Manipulation of rumen fermentation and methane production
with plant secondary metabolites. Anim. Feed Sci. Technol., Special
Issue: Plant Bioactive Compounds in Ruminant Agriculture - Impacts
and Opportunities 176:78-93.

Bosco Stivanin SC, Vizzotto EF, de Paris M, Zanela MB, Passos LT, An-
gelo ID & Fischer V (2019) Addition of oregano or green tea extracts
into the diet for Jersey cows in transition period. Feeding and social
behavior, intake and health status. Plant extracts for cows in the tran-
sition period. Ani Feed Sci Technol 257:114265.

Burt S (2004). Essential oils: their antibacterial properties and potential
applications in foods—a review. Int J Food Microbiol 94:223-253.

Biiyiikkili¢ Beyzi S, Konca Y, Kaliber M, Sari6zkan S, Kocaoglu Giiglii
B, Aktug E & Sentiirk M (2020) Effects of thyme essential oil and A,
C, and E vitamin combinations to diets on performance, egg quality,
MDA, and 8-OHdG of laying hens under heat stress. J Appl Ani Res
48:126-132

Campolina JP, Coelhor SG, Belli AL, Machado FS, Pereira LG, Tomich
TR, Carvalho WA, Silva RO, Voorsluys AL, Jacob DV & Campos
MM (2020) Effects of a blend of essential oils in milk replacer on per-
formance, rumen fermentation, blood parameters and health scores of
dairy heifers. bioRxiv.

Cardinali R, Cullere M, Dal Bosco A, Mugnai C, Ruggeri S, Mattioli S,
Castellini C, Trabalza Marinucci M & Dalle Zotte A (2015). Oregano,
rosemary and vitamin E dietary supplementation in growing rabbits:
Effect on growth performance, carcass traits, bone development and
meat chemical composition. Livest Sci 175:83-89.

Cardozo PW, Calsamiglia S, Ferret A, Kamel C (2004). Effects of natural
plant extracts on ruminal protein degradation and fermentation pro-
files in continuous culture. J Anim Sci 82:3230-3236.

Cazares-Gallegos R, Silva-Vazquez R, Hernandez-Martinez CA, Gutiér-
rez-Soto JG, Kawas-Garza JR, Hume ME & Méndez-Zamora GM
(2019) Performance, Carcass Variables, and Meat Quality of Broilers
Supplemented with Dietary Mexican Oregano Oil. Brazilian J Poul
Sci: 21.

Cerioli MF, Moliva MV, Cariddi LN & Reinoso EB (2018) Effect of the
Essential Oil of Minthostachys verticillata (Griseb.) Epling and Lim-
onene on Biofilm Production in Pathogens Causing Bovine Mastitis.
Front Vet Sci 5:146.

Cheshmehgachi SM, Moeini MM, Hozhabri F & Soror MEN (2019) Ef-
fect of different levels of fennel essential oil on in vitro gas production
parameters and protozoa population of goat rumen. Ani Prod Res 8.

Cho JH, Kim HJ & Kim IH (2014) Effects of phytogenic feed additive
on growth performance, digestibility, blood metabolites, intestinal
microbiota, meat color and relative organ weight after oral challenge
with Clostridium perfringens in broilers. Livest Sci 160:82-88.

Cho'Y, Kim H, Beuchat LR & Ryu JH (2020) Synergistic activities of gas-
eous oregano and thyme thymol essential oils against Listeria mono-
cytogenes on surfaces of a laboratory medium and radish sprouts.
Food Microbiol 86:103357.

Christaki E, Giannenas I, Bonos E & Florou-Paneri P (2020) Innovative

uses of aromatic plants as natural supplements in nutrition. In: Feed
Additives, Academic Press: pp. 19-34.

Cobellis G, Petrozzi A, Forte C, Acuti G, Orru M, Marcotullio MC, Aqui-
no A, Nicolini A, Mazza V & Trabalza-Marinucci M (2015) Eval-
uation of the Effects of Mitigation on Methane and Ammonia Pro-
duction by Using Origanum vulgare L. and Rosmarinus officinalis L.
Essential Oils on in Vitro Rumen Fermentation Systems. Sustainabil-
ity 7:12856-12869.

Cobellis G, Trabalza-Marinucci M, Marcotullio MC & Yu Z (2016) Eval-
uation of different essential oils in modulating methane and ammonia
production, rumen fermentation, and rumen bacteria in vitro. Anim
Feed Sci Technol 215:25-36.

Coma V (2012) Antimicrobial and antioxidant active packaging for meat
and poultry. In: Advances in Meat, Poultry and Seafood Packaging,
Woodhead Publishing Series in Food Science, Technology and Nutri-
tion. Woodhead Publishing: pp. 477-503.

Coneglian SM, Serrano RDC, Cruz OTB & Branco AF (2019) Effects of
essential oils of Cashew and Castor on intake, digestibility, ruminal
fermentation and purine derivatives in beef cattle fed high grain diets.
Semina: Ciéncias Agrarias 40:2057-2070.

Cufadar Y (2018) Effects of Dietary Oregano Essential Oil Supplemen-
tation on Performance and Eggshell Quality in Laying Hens. Selguk
Tarim ve Gida Bilimleri Dergisi 32:158-161.

Davoodi SM, Mesgaran MD, Vakili AR, Valizadeh R & Pirbalouti AG
(2019) In vitro Effect of Essential Oils on Rumen Fermentation and
Microbial Nitrogen Yield of High Concentrate Dairy Cow Diet. Bios-
ci Biotech Res Asia 16:333-341.

de Oliveira Monteschio J, de Souza KA, Vital AC, Guerrero A, Valero
MYV, Kempinski EM, Barcelos VC, Nascimento KF & do Prado IN
(2017) Clove and rosemary essential oils and encapsuled active prin-
ciples (eugenol, thymol and vanillin blend) on meat quality of feed-
lot-finished heifers. Meat Sci 130:50-57.

Dehghani N, Afsharmanesh M, Salarmoini M, Ebrahimnejad H & Bitaraf
A (2018) Effect of pennyroyal, savory and thyme essential oils on
Japanese quail physiology. Heliyon 4(10): e00881

Diler O, Gormez O, Diler I & Metin S (2017) Effect of oregano (Orig-
anum onites L.) essential oil on growth, lysozyme and antioxidant
activity and resistance against Lactococcus garvieae in rainbow trout,
Oncorhynchus mykiss (Walbaum). Aqua Nut 23:844-851.

Diniz-Silva HT, Brandao LR, de Sousa Galvao M, Madruga MS, Maciel
JF, de Souza EL & Magnani (2020) M Survival of Lactobacillus
acidophilus LA-5 and Escherichia coli O157:H7 in Minas Frescal
cheese made with oregano and rosemary essential oils. Food Micro-
biol 86:103348.

Dudareva N, Pichersky E & Gershenzon J (2004). Biochemistry of Plant
Volatiles. Plant Physiol 135:1893-1902.

Ebani VV, Nardoni S, Bertelloni F, Pistelli L & Mancianti F (2018) Anti-
microbial Activity of Five Essential Oils against Bacteria and Fungi
Responsible for Urinary Tract Infections. Molecules 23:1668.

Elcocks ER, Spencer-Phillips PTN & Adukwu EC (2020). Rapid bacteri-
cidal effect of cinnamon bark essential oil against Pseudomonas aeru-
ginosa. J App Microbiol 128:1025-1037.

Elcoso G, Zweifel B & Bach A (2019) Effects of a blend of essential oils
on milk yield and feed efficiency of lactating dairy cows. Appl Ani
Sci 35:304-311.

Eler G, Gomes AV, Trindade BS, Almeida LS, Dilelis F, Cardoso VS &
Lima CA (2019) Oregano essential oil in the diet of broilers: perfor-
mance, carcass characteristics, and blood parameters. South African
J Ani Sci 49:753-762.

El-Essawy AM, Abdou AR, Khattab IM & Abdel-Wahed AM (2019) Ef-
fect Of Addition Of Anise, Clove And Thyme Essential Oils On Bar-
ki Lambs Performance, Digestibility, Rumen Fermentation, Carcass
Characteristics And Intramuscular Fatty Acids. Egyptian J Nut Feeds
22:465-477.

El-Gogary MR (2020) Ecofriendly Synthesis Of Calcium Nanoparticles
With Biocompatible Rosmarinus Officinalis Extract On Physiological
And Immunological Effects In Broiler Chickens. Egyptian Poult Sci
J40:81-102.

El-Katcha MI, Soltan MA & Essi MS (2016) Effect of Garlic Extract
Supplementation on Growth Performance, Nutrient Digestibility and
Some Blood Serum Biochemical Changes of Fattening Lambs. AJVS

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



M. Z. AKRAM, M. U. ASGHAR, H. JALAL

2607

48:24-133.

El-Shall NA, Nahed A, Shewita RS, Abd El-Hack ME, AlKahtane A,
Alarifi S, Alkahtani S, Abdel-Daim MM & Sedeik ME (2020) Effect
of essential oils on the immune response to some viral vaccines in
broiler chickens, with special reference to Newcastle disease virus.
Poult Sci.

Ezzeldeen NA, Amin AA, Khyralla HA & Abdelmonem MA (2015) Effect
of some essential oils on verotoxin-producing Escherichia coli isolat-
ed from minced meat. Adv Env Biol 9:33-42.

Falowo AB, Mukumbo FE, Idamokoro EM, Afolayan AJ & Muchen-
je V (2019) Phytochemical Constituents and Antioxidant Activi-
ty of Sweet Basil (Ocimum basilicum L.) Essential Oil on Ground
Beef from Boran and Nguni Cattle. Int J Food Sci. doi:https://doi.
org/10.1155/2019/2628747

Fathi MM, Al-Homidan I, Ebeid TA, Abou-Emera OK & Mostafa MM
(2020) Dietary supplementation of Eucalyptus leaves enhances egg-
shell quality and immune response in two varieties of Japanese quails
under tropical condition. Poult Sci 99:879-885.

Florou-Paneri P, Christaki E, Giannenas I (2019). Feed Additives: Aro-
matic Plants and Herbs in Animal Nutrition and Health. In: Feed Ad-
ditives, Academic Press.

Fratini F, Casella S, Leonardi M, Pisseri F, Ebani VV, Pistelli L & Pis-
telli L (2014) Antibacterial activity of essential oils, their blends and
mixtures of their main constituents against some strains supporting
livestock mastitis. Fitoterapia 96:1-7.

Giannenas I, Bonos E, Christaki E & Florou-Paneri P (2018) Oregano: A
Feed Additive with Functional Properties. Therapeutic Foods, Aca-
demic Press: pp. 179-208.

Giannenas I, Sidiropoulou E, Bonos E, Christaki E & Florou-Paneri P
(2020) The history of herbs, medicinal and aromatic plants, and their
extracts: Past, current situation and future perspectives. In: Feed Ad-
ditives. Academic Press: pp. 1-18.

Giller K, Rilko T, Manzocchi E, Hug S, Bolt R & Kreuzer M (2020) Ef-
fects of mixed essential oils from eucalyptus, thyme and anise on
composition, coagulation properties and antioxidant capacity of the
milk of dairy cows. J Anim Feed Sci 29:3-10.

Govindarajan M, Rajeswary M, Hoti SL, Bhattacharyya A & Benelli G
(2016). Eugenol, a-pinene and B-caryophyllene from Plectranthus
barbatus essential oil as eco-friendly larvicides against malaria,
dengue and Japanese encephalitis mosquito vectors. Parasitol Res
115:807-815.

Gumus R, Ercan N, Imik H, Gumus R, Ercan N & Imik H (2017) The
Effect of Thyme Essential Oil (Thymus Vulgaris) Added to Quail Di-
ets on Performance, Some Blood Parameters, and the Antioxidative
Metabolism of the Serum and Liver Tissues. Brazilian J Poult Sci
19:297-304.

Guo M, Zhang L, He Q, Arabi SA, Zhao H, Chen W, Ye X & Liu D (2020)
Synergistic Antibacterial Effects of Ultrasound and Thyme Essen-
tial Oils Nanoemulsion against Escherichia coli O157: H7. Ultrason
Sonochem 25:104988.

Hamdani H, Chami N, Oukhouia M, Jabeur I, Sennouni C & Remmal A
(2019) Effect of a thymol-based additive on rumen fermentation, on
methane emissions in eructed gas and on milk production in Holstein
cows. Livest Res Rural Develop 31.

Hart KJ, Jones HG, Waddams KE, Worgan HJ, Zweifel B & Newbold
CJ (2019) An Essential Oil Blend Decreases Methane Emissions and
Increases Milk Yield in Dairy Cows. Open J Ani Sci 09:259.

Hassan HA (2019) Effects of Thyme Oil, Peppermint Oil and their Combi-
nation on Productive Performance, Carcass Criteria and Blood Profile
of Broiler Chickens. J Ani Poult Prod 10:105-108.

Huang Y, Lin M, Jia M, Hu J & Zhu L (2020) Chemical composition
and larvicidal activity against Aedes mosquitoes of essential oils from
Arisaema fargesii. Pest Manage Sci 76:534-542.

Ismail FSA, El-Gogary MR & El-Morsy MN (2019) Impact Of Dietary
Supplementation Of Different Levels Of Thyme And Its Essential
Oils On Performance, Blood Parameters, Metabolic And Immune Re-
sponse Of Broiler Chickens. Egyptian Poult Sci J 39:365-379.

Jalal H, Akram MZ, Dogan SC, Firmcioglu SY, Irshad N & Khan M
(2019) Role of Aloe Vera as A Natural Feed Additive in Broiler Pro-
duction. TURJAF 10(sp1):163-166.

Janacua-Vidales H, Pefia-Gonzalez E, Alarcon-Rojo AD, Ortega-Gutiér-

rez J & Aguilar-Palma N (2019) Determination of carcase yield, sen-
sory and acceptance of meat from male and female pigs with dietary
supplementation of oregano essential oils. Italian J Ani Sci 18:668-
678.

Jayasena DD & Jo C (2014). Potential Application of Essential Oils as
Natural Antioxidants in Meat and Meat Products: A Review Food Rev
Int 30:71-90.

Kareem MH, Khalaf JM, Hasan MS, Saleh EN & D Salih NO (2020) Ef-
fects of Eucalyptus Alcoholic Extracts on Pathogenic E. coli, Invitro
Study. Inter J Pharma Res 12:1033-1034.

Khalili ST, Mohsenifar A, Beyki M, Zhaveh S, Rahmani-Cherati T, Ab-
dollahi A, Bayat M & Tabatabaei M (2015) Encapsulation of Thyme
essential oils in chitosan-benzoic acid nanogel with enhanced anti-
microbial activity against Aspergillus flavus. LWT-Food Sci Technol
60:502-508.

Khateri N, Azizi O & Jahani-Azizabadi H (2017) Effects of a specific
blend of essential oils on apparent nutrient digestion, rumen fermen-
tation and rumen microbial populations in sheep fed a 50:50 alfalfa
hay:concentrate diet. Asian-Australas J Anim Sci 30:370-378.

Kiarsi Z, Hojjati M, Behbahani BA & Noshad M (2020) In vitro antimi-
crobial effects of Myristica fragrans essential oil on foodborne patho-
gens and its influence on beef quality during refrigerated storage. J
Food Safety: €12782.

Knezevic P, Aleksic V, Simin N, Svircev E, Petrovic A & Mimica-Dukic
N (2016) Antimicrobial activity of Eucalyptus camaldulensis essen-
tial oils and their interactions with conventional antimicrobial agents
against multi-drug resistant Acinetobacter baumannii. J Ethnopharm
178:125-136.

Kosari F, Taheri M, Moradi A, Hakimi Alni R & Alikhani MY (2020)
Evaluation of cinnamon extract effects on cIbB gene expression and
biofilm formation in Escherichia coli strains isolated from colon can-
cer patients. BMC Cancer 20:267.

Kotsampasi B, Tsiplakou E, Christodoulou C, Mavrommatis A, Mitsi-
opoulou C, Karaiskou C, Sossidou E, Fragioudakis N, Kapsomenos I,
Bampidis VA, Christodoulou V & Zervas G (2018). Effects of dietary
orange peel essential oil supplementation on milk yield and composi-
tion, and blood and milk antioxidant status of dairy ewes. Anim Feed
Sci Technol 245:20-31.

Kulma M, Bubova T, Kopecky O & Rettich F (2017) Lavender, euca-
lyptus, and orange essential oils as repellents against Ixodes ricinus
females. Sci Agri Boh 48:76-81.

Kumar S, Mendiratta SK, Agrawal RK, Sharma H & Singh BP (2018)
Anti-oxidant and anti-microbial properties of mutton nuggets incor-
porated with blends of essential oils. J Food Sci Technol 55:821-832.

Kurniawati A, Wigati DN, Hasanah C & Yusiati LM (2020) Improvement
of ruminal feed fermentation by addition of eucalyptus based mix es-
sential oil. IOP Conf Ser: Earth Environ Sci 425:012086.

Le TB, Beaufay C, Bonneau N, Mingeot-Leclercq M-P & Quetin-Lecler-
cq J (2018) Anti-protozoal activity of essential oils and their constit-
uents against Leishmania, Plasmodium and Trypanosoma. Phyto-
chimie 18:1.

Lee JE, Jung M, Lee SC, Huh MJ, Seo SM & Park IK (2020) Antibacterial
mode of action of trans-cinnamaldehyde derived from cinnamon bark
(Cinnamomum verum) essential oil against Agrobacterium tumefa-
ciens. Pest Biochem Physiol 2:104546.

Lee JW, Kim DH, Kim YB, Jeong SB, Oh ST, Cho SY & Lee KW (2020)
Dietary Encapsulated Essential Oils Improve Production Perfor-
mance of Coccidiosis-Vaccine-Challenged Broiler Chickens. Ani-
mals 10:481.

Lei Z, Zhang K, Li C, Jiao T, Wu J, Wei Y, Tian K, Li C, Tang D, Davis
DI & Casper DP (2019) Ruminal metagenomic analyses of goat data
reveals potential functional microbiota by supplementation with es-
sential oil-cobalt complexes. BMC Microbiol 19:30.

Liu T, Chen H, Bai Y, Wu J, Cheng S, He B & Casper DP (2020) Calf
starter containing a blend of essential oils and prebiotics affects the
growth performance of Holstein calves. J Dairy Sci 103:2315-2323.

Magbul MS, Bokhari YA, Gumaan S, Basalib SN, Omar BM, Khan AA,
Iqubal SS & Mohammed T (2020) A Comparative Study of Differ-
ent Types of Thyme Essential oils Against Streptococcus pyogenes
to Determine their Biochemical and Antimicrobial Properties. Orient
J Chem 36(2).

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2608

M. Z. AKRAM, M. U. ASGHAR, H. JALAL

Masood A, Qureshi AS, Shahid RU & Jamil H (2020) Effects of Oral
Administration of Essential Oil (Mix Oil®) on Growth Performance
and Intestinal Morphometry of Japanese Quails (Coturnix coturnix
japonica). Pak Vet Journal.

Matloup OH, Abd El Tawab AM, Hassan AA, Hadhoud FI, Khattab MSA,
Khalel MS, Sallam SMA & Kholif AE (2017). Performance of lac-
tating Friesian cows fed a diet supplemented with coriander oil: Feed
intake, nutrient digestibility, ruminal fermentation, blood chemistry,
and milk production. Anim Feed Sci Technol 226:88-97.

Maty HN & Hassan AA (2020) Effect of supplementation of encapsulated
organic acid and essential oil Gallant+® on some physiological pa-
rameters of Japanese quails. Iraqi J Vet Sci 34:181-188.

MclIntosh FM, Williams P, Losa R, Wallace RJ, Beever DA & Newbold
CJ (2003). Effects of Essential Oils on Ruminal Microorganisms and
Their Protein Metabolism. Appl Env Microbiol 69:5011-5014.

Mekuiko HW, Tendonkeng F, Ngoula F, Miegoue E, Lemoufouet J, Zo-
gang BF, Muhindo ZK, Chounna A, Mouchili M & Tedonkeng EP
(2018) Effect of Added Quantity of the Callistemon viminalis Essen-
tial Oil on the in Vivo Digestibility of Pennisetum clandestinum Hay
and Some Biochemical Parameters on the West African Dwarf Goat.
J Agric Chem Environ 07:81.

Mercati F, Dall’Aglio C, Acuti G, Faeti V, Tardella FM, Pirino C, De
Felice E & Scocco P (2020) Oregano Feed Supplementation Affects
Glycoconjugates Production in Swine Gut. Animals 10(1):149.

Michailoff AA, Silveira MF, Maeda EM, Sordi ACB, Francisco LF &
Farenzena R (2020) Effect of including functional oils in ovine diets
on ruminal fermentation and performance. Small Rum Res 2:106084.

Migliorini MJ, Boiago MM, Roza LF, Barreta M, Arno A, Robazza WS,
Galvao AC, Galli GM, Machado G, Baldissera MD & Wagner R
(2019) Oregano essential oil (Origanum vulgare) to feed laying hens
and its effects on animal health. Anais da Academia Brasileira de
Ciéncias 91: €20170901.

Mohammadi A, Ghazanfari S & Sharifi SD (2019) Comparative effects of
dietary organic, inorganic, and Nano-selenium complexes and rose-
mary essential oil on performance, meat quality and selenium deposi-
tion in muscles of broiler chickens. Livest Sci 226:21-30.

Mohammadi A, Ghazanfari S & Sharifi SD. Comparative effects of dietary
organic, inorganic, and Nano-selenium complexes and rosemary es-
sential oil on performance, meat quality and selenium deposition in
muscles of broiler chickens. Livest Sci 226:21-30.

Mohammed RK, Musa FH, Mehdi BY & Al-Rawe AM (2020). Impacts of
the Alcoholic Extract and Essential Oil of Thymus vulgaris L. against
the Causative Agent of Acne Formation (Staphylococcus aureus).
Syst Rev Pharm 11:495-498.

Mohan A & Purohit AS (2020) Anti-Salmonella activity of pyruvic and
succinic acid in combination with oregano essential oil. Food Control
110:106960.

Mountzouris KC, Paraskeuas V, Griela E, Papadomichelakis G & Fegeros
K (2020) Effects of phytogenic inclusion level on broiler carcass
yield, meat antioxidant capacity, availability of dietary energy, and
expression of intestinal genes relevant for nutrient absorptive and cell
growth-protein synthesis metabolic functions. Anim Prod Sci 60:242-
253.

Muir WI, Bryden WL & Husband AJ (2000). Immunity, vaccination and
the avian intestinal tract. Dev Comp Immunol 24:325-342.

Olaimat AN, Al-Holy MA, Ghoush MHA, Al-Nabulsi AA, Osaili TM &
Holley RA (2019) Inhibitory effects of cinnamon and thyme essential
oils against Salmonella spp. in hummus (chickpea dip). J Food Pro-
cess Preserv 43:¢13925.

Oliva A, Costantini S, De Angelis M, Garzoli S, Bozovi¢ M, Mascellino
MT, Vullo V & Ragno R (2018) High potency of melaleuca alterni-
folia essential oil against multi-drug resistant gram-negative bacteria
and methicillin-resistant Staphylococcus aureus. Molecules 23:2584.

Onel SE & Aksu T (2019) The Effect of Thyme (Thymbra spicata L. var.
spicata) Essential Oil on the Antioxidant Potential and Meat Quality
of Japanese Quail Fed in Various Stocking Densities. Atatiirk Univer-
sitesi Veteriner Bilimleri Dergisi 14:129-136.

Ortufio J, Serrano R, Jordan MJ & Baiion S (2014) Shelf life of meat from
lambs given essential oil-free rosemary extract containing carnosic
acid plus carnosol at 200 or 400mgkg—1. Meat Sci 96:1452-1459.

Paiano RB, Bonilla J, Sousa RLM de, Moreno AM & Baruselli PS (2020).

Chemical composition and antibacterial activity of essential oils
against pathogens often related to cattle endometritis. J Infec Devel-
op Count 14:177-183.

Park JH & Kim IH (2018) Effects of a protease and essential oils on growth
performance, blood cell profiles, nutrient retention, ileal microbiota,
excreta gas emission, and breast meat quality in broiler chicks. Poult
Sci 97:2854-2860.

Parvar R, Ghoorchi T, Kashfi H & Parvar K (2018) Effect of Ferulago an-
gulata (Chavil) essential oil supplementation on lamb growth perfor-
mance and meat quality characteristics. Small Rum Res 167:48-54.

Parvizi O, Taherkhani R & Abouzari M (2020) Evaluation the effect of
using thyme and oregano powder in comparison to the antibiotic and
probiotic supplementation on growth, some immune responses and
intestinal morphology of broiler chicks. Ukrainian J Vet Agri Sci 3:3-
8.

Pathak M, Mandal GP, Patra AK, Samanta I, Pradhan S & Haldar S (2017)
Effects of dietary supplementation of cinnamaldehyde and formic
acid on growth performance, intestinal microbiota and immune re-
sponse in broiler chickens. Anim Prod Sci 57:821-827.

Patra AK & Saxena J (2010). A new perspective on the use of plant sec-
ondary metabolites to inhibit methanogenesis in the rumen. Phyto-
chemistry 71:1198-1222.

Patra AK & Yu Z (2012). Effects of Essential Oils on Methane Production
and Fermentation by, and Abundance and Diversity of, Rumen Mi-
crobial Populations. Appl Env Microbiol 78:4271-4280.

Pawar MM, Kamra DN, Chaudhary LC, Agarwal N & Chaturvedi VB
(2019) Nutrients utilization, methane emission, immune function,
blood metabolites and performance of buffalo calves fed Trachysper-
mum copticum seed oil. Indian J Ani Sci 89:63-67.

Pefialver P, Huerta B, Borge C, Astorga R, Romero R & Perea A (2005).
Antimicrobial activity of five essential oils against origin strains of
the Enterobacteriaceae family. APMIS 113:1-6.

Peng QY, Li JD, Li Z, Duan ZY & Wu YP (2016). Effects of dietary sup-
plementation with oregano essential oil on growth performance, car-
cass traits and jejunal morphology in broiler chickens. Anim Feed Sci
Technol 214:148-153.

Placha I, Ocelova V, Chizzola R, Battelli G, Gai F, Bacova K & Faix S
(2019) Effect of thymol on the broiler chicken antioxidative defence
system after sustained dietary thyme oil application. British poult sci
60:589-596.

Pourghanbari G, Nili H, Moattari A, Mohammadi A & Iraji A (2016) Anti-
viral activity of the oseltamivir and Melissa officinalis L. essential oil
against avian influenza A virus (H9N2). VirusDis 27:170-178.

Pournazari M, AA-Qotbi A, Seidavi A & Corazzin M (2017) Prebiotics,
probiotics and thyme (Thymus vulgaris) for broilers: performance,
carcass traits and blood variables. Revista Colombiana de Ciencias
Pecuarias 30:3-10.

PuJ, Chen D, Tian G, He J, Zheng P, Mao X, Yu J, Huang Z, Luo J, Luo Y
& Yu B (2020) Effects of benzoic acid, Bacillus coagulans and orega-
no oil combined supplementation on growth performance, immune
status and intestinal barrier integrity of weaned piglets. Ani Nut.

Pukrop JR, Campbell BT & Schoonmaker JP (2019) Effect of essential
oils on performance, liver abscesses, carcass characteristics and meat
quality in feedlot steers. Ani Feed Sci Technol 257:114296.

Puvaca N, Petrovié A, Tomi¢ DH, Tatham EK, Cabarkapa I, Levi¢ T &
Sparagano O (2019). Influence of essential oils as natural poultry red
mite (Dermanyssus gallinae) repellents. JATEM 2:168-77.

Puvaca, N, Lika E, Cocoli S, Shtylla Kika T, Bursi¢ V, Vukovi¢ G, Tomas
Simin M, Petrovi¢ A & Cara M (2020) Use of Tea Tree Essential Oil
(Melaleuca alternifolia) in Laying Hen’s Nutrition on Performance
and Egg Fatty Acid Profile as a Promising Sustainable Organic Agri-
cultural Tool. Sustainability 12: 3420.

Rafat Khafar K, Mojtahedin A, Rastegar N, Kalvani Neytali M & Olfati A
(2019) Dietary Inclusion of Thyme Essential Oil Alleviative Effects
of Heat Stress on Growth Performance and Immune System of Broil-
er Chicks. Iranian J Appl Ani Sci 9:509-517.

Rewatkar HN, Agashe JL & Jadhao GM (2019) The effect of supplementa-
tion of oregano oil and probiotic on blood biochemicals and immune
response of broiler chicken. J Pharmacog Phytochem 8:1894-1897.

Ri CS, Jiang XR, Kim MH, Wang J, Zhang HJ, Wu SG, Bontempo V & Qi
GH (2017) Effects of dietary oregano powder supplementation on the

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



M. Z. AKRAM, M. U. ASGHAR, H. JALAL

2609

growth performance, antioxidant status and meat quality of broiler
chicks. Italian J Ani Sci 16:246-252.

Ribeiro AD, Ferraz Junior MV, Polizel DM, Miszura AA, Gobato LG,
Barroso JP, Susin I & Pires AV (2019) Thyme essential oil for sheep:
effect on rumen fermentation, nutrient digestibility, nitrogen metabo-
lism, and growth. Arquivo Brasileiro de Medicina Veterinaria e Zoo-
tecnia 71:2065-2074.

Rinttild T, Apajalahti J (2013). Intestinal microbiota and metabolites—Im-
plications for broiler chicken health and performancel. J Appl Poult
Res 22:647-658.

Rivaroli DC, del Mar Campo M, Safiudo C, Guerrero A, Jorge AM, Vital
AC, Valero MV, do Prado RM & do Prado IN (2020) Effect of an es-
sential oils blend on meat characteristics of crossbred heifers finished
on a high-grain diet in a feedlot. Anim Prod Sci 60:595-602.

Rivaroli DC, Guerrero A, Valero MV, Zawadzki F, Eiras CE, del Mar
Campo M, Saiudo C, Jorge AM & do Prado IN (2016) Effect of es-
sential oils on meat and fat qualities of crossbred young bulls finished
in feedlots. Meat Sci 121:278-284.

Rotondi P, Colonna MA, Marsico G, Giannico F, Ragni M & Facciolongo
AM (2018) Dietary Supplementation with Oregano and Linseed in
Garganica Suckling Kids: Effects on Growth Performances and Meat
Quality. Pak J Zoo 50:1421.

Roy S, Chaurvedi P & Chowdhary A (2015) Evaluation of antiviral activi-
ty of essential oil of Trachyspermum Ammi against Japanese enceph-
alitis virus. Pharma Res. 7:263-267.

Ruben NT, Raphaél KJ, Désiré TT, Hervé MK, Doriane YM, Alexis T &
Amir M (2018) Effects of dietary thyme and oregano essential oils
entrapped in chitosan and Canarium charcoal stable matrix on growth
performances in broiler chickens. Int J Inn Appl Stud; Rabat 22:114-
122.

Salem A, El-Awady H, EL-Dein MT & Eisa D (2019) Effect Of Supple-
mentation Of Aromatic Plants Oils On Immunity, Udder Health And
Milk Production Of Friesian Cows. Slovenian Vet Res 56: 523-530.

Sarengaowa, Hu W, Feng K, Xiu Z, Jiang A & Lao Y (2019) Tandem
mass tag-based quantitative proteomic analysis reveal the inhibition
mechanism of thyme essential oil against flagellum of Listeria mono-
cytogenes. Food Res Inter 125:108508.

Sariozkan S, Giiglii BK, Konca Y, Aktug E, Kaliber M, Beyzi SB &
Sentiirk M (2020) The effects of essential thyme oil and vitamin
combinations on performance, carcass quality and oxidation param-
eters in broilers exposed to heat stress. Ankara Universitesi Veteriner
Fakiiltesi Dergisi.

Schiren M, Drong C, Kiri K, Riede S, Gardener M, Meyer U, Hummel J,
Urich T, Breves G & Dénicke S (2017) Differential effects of monen-
sin and a blend of essential oils on rumen microbiota composition of
transition dairy cows. J Dairy Sci 100:2765-2783.

Sharafati Chaleshtori R, Rokni N, Rafieian-Kopaei M, Deris F & Salehi E
(2015) Antioxidant and antibacterial activity of basil (Ocimum basi-
licum L.) essential oil in beef burger. J Agri Sci Technol 17:817-826.

Sharma H, Mendiratta SK, Agrawal RK, Gurunathan K, Kumar S & Singh
TP (2017) Use of various essential oils as bio preservatives and their
effect on the quality of vacuum packaged fresh chicken sausages un-
der frozen conditions. LWT - Food Sci Technol 81:118-127.

Shokrollahi B, Amini F, Fakour S & Andi MA (2015) Effect of rosemary
(Rosmarinus officinalis) extract on weight, hematology and cell-me-
diated immune response of newborn goat kids. JARTS 116: 91-97.

Silva RB da, Pereira MN, Araujo RC de, Silva W de R & Pereira RAN
(2020) A blend of essential oils improved feed efficiency and affected
ruminal and systemic variables of dairy cows. Trans Anim Sci 4:182-
193.

Simitzis PE (2017). Enrichment of Animal Diets with Essential Oils—A
Great Perspective on Improving Animal Performance and Quality
Characteristics of the Derived Products. Medicines 4:35.

Singh RK, Dey A, Paul SS, Singh M, Dahiya SS & Punia BS (2019) As-
sociative effects of plant secondary metabolites in modulating in vitro
methanogenesis, volatile fatty acids production and fermentation of
feed in buffalo (Bubalus bubalis). Agroforest Sys 17:1-2.

Smeti S, Hajji H, Bouzid K, Abdelmoula J, Mufioz F, Mahouachi M &
Atti N (2015) Effects of Rosmarinus officinalis L. as essential oils or
in form of leaves supplementation on goat’s production and metabolic
statute. Trop Anim Health Prod 47:451-457.

Smeti S, Hajji H, Mekki I, Mahouachi M & Atti N (2018) Effects of dose
and administration form of rosemary essential oils on meat quality
and fatty acid profile of lamb. Small Rum Res 158:62-68.

Soji¢ B, Pavli¢ B, Zekovié Z, Tomovié¢ V, Tkoni¢ P, Kocié-Tanackov S
& Dzini¢ N (2018) The effect of essential oil and extract from sage
(Salvia officinalis L.) herbal dust (food industry by-product) on the
oxidative and microbiological stability of fresh pork sausages. LWT
89:749-755.

Souza VGL, Pires JR, Vieira ET, Coelhoso IM, Duarte MP & Fernando
AL (2019) Activity of chitosan-montmorillonite bionanocomposites
incorporated with rosemary essential oil: From in vitro assays to ap-
plication in fresh poultry meat. Food Hydrocolloids 89:241-252.

Su G, Zhou X, Wang Y, Chen D, Chen G, Li Y & He J (2018) Effects of
plant essential oil supplementation on growth performance, immune
function and antioxidant activities in weaned pigs. Lipids in Healt
Dis 17:139.

Su G, Zhou X, Wang Y, Chen D, Chen G, Li Y, He J (2020) Dietary sup-
plementation of plant essential oil improves growth performance, in-
testinal morphology and health in weaned pigs. J Ani Phys Ani Nut
104:579-589.

Tapki I, Ozalpaydin HB, Tapki N, Aslan M & Selvi MH (2020) Effects of
Oregano Essential Oil on Reduction of Weaning Age and Increasing
Economic Efficiency in Holstein Friesian Calves. Pak J Zoo 52:745.

Tayeb IT, Artoshi NH & Sogiit B (2019) Performance of broiler chicken
fed different levels thyme, adiantum, rosemary and their combination.
Iraqi J Agri Sci 50:1522-1532.

Tekce E, Cmar K, Bayraktar B, Takma C & Giil M (2020) Effects of
an Essential Oil Mixture Added to Drinking Water for Tempera-
ture-Stressed Broilers: Performance, Meat Quality, and Thiobarbi-
turic Acid-Reactive Substances. J Appl Poult Res 29:77-84.

Teobaldo RW, De Paula NF, Zervoudakis JT, Fonseca MA, Cabral LS,
Martello HF, Rocha JK, Ribeiro IJ & Mundim AT (2020) Inclusion of
a blend of copaiba, cashew nut shell and castor oil in the protein-ener-
gy supplement for grazing beef cattle improves rumen fermentation,
nutrient intake and fibre digestibility. Anim Prod Sci.

Thao NT, Wanapat M, Cherdthong A & Kang S (2014) Effects of Euca-
lyptus Crude Oils Supplementation on Rumen Fermentation, Micro-
organism and Nutrient Digestibility in Swamp Buffaloes. Asian-Aus-
tralas J Anim Sci 27:46-54.

Thao NT, Wanapat M, Kang S & Cherdthong A (2015) Effects of Sup-
plementation of Eucalyptus (E. Camaldulensis) Leaf Meal on Feed
Intake and Rumen Fermentation Efficiency in Swamp Buffaloes.
Asian-Australas J Anim Sci 28:951-957.

Tian Q & Piao X (2019) Essential Oil Blend Could Decrease Diarrhea
Prevalence by Improving Antioxidative Capability for Weaned Pigs.
Animals 10:847.

Tomkins NW, Denman SE, Pilajun R, Wanapat M, McSweeney CS, El-
liott R (2015) Manipulating rumen fermentation and methanogenesis
using an essential oil and monensin in beef cattle fed a tropical grass
hay. Anim Feed Sci Technol 200:25-34.

Tongnuanchan P & Benjakul S (2014) Essential Oils: Extraction, Bioac-
tivities, and Their Uses for Food Preservation. J Food Sci 79:1231-
1249.

Ultee A, Bennik MHJ & Moezelaar R (2002) The Phenolic Hydroxyl
Group of Carvacrol Is Essential for Action against the Food-Borne
Pathogen Bacillus cereus. Appl Env Microbiol 68:1561-1568.

Vendramini THA, Takiya CS, Silva TH, Zanferari F, Rentas MF, Berto-
ni JC, Consentini CEC, Gardinal R, Acedo TS & Renn6 FP (2016)
Effects of a blend of essential oils, chitosan or monensin on nutrient
intake and digestibility of lactating dairy cows. Anim Feed Sci Tech-
nol 214:12-21.

Wade M, Manwar S, Kuralkar S, Waghmare S & Ingle V (2018) Effect
of thyme essential oil on performance of broiler chicken. J Ent Zoo
Stud 6:25-28.

Wadhwa M & Bakshi MPS (2019) Effect of supplementing total mixed
ration with ajwain (Trachyspermum ammi) oil on the performance of
buffalo calves. Indian J Ani Sci 89:424-430.

Wallace RJ (2004). Antimicrobial properties of plant secondary metabo-
lites. Proc Nutr Soc 63:621-629.

Wang LM, Mandell IB & Bohrer BM (2020) Effects of feeding essential
oils and benzoic acid to replace antibiotics on finishing beef cattle

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2610

M. Z. AKRAM, M. U. ASGHAR, H. JALAL

growth, carcass characteristics, and sensory attributes. Appl Ani Sci
36:145-156.

Wells JE, Berry ED, Guerini MN & Varel VH (2015) Evaluation of es-
sential oils in beef cattle manure slurries and applications of select
compounds to beef feedlot surfaces to control zoonotic pathogens. J
Appl Microbiol 118:295-304.

Wells JE, Berry ED, Guerini MN & Varel VH (2015). Evaluation of es-
sential oils in beef cattle manure slurries and applications of select
compounds to beef feedlot surfaces to control zoonotic pathogens. J
Appl Microbiol 118:295-304.

Witkowska D, Sowinska J, Murawska D, Matusevicius P, Kwiatkows-
ka-Stenzel A, Mituniewicz T & Wojcik A (2019) Effect of pepper-
mint and thyme essential oil mist on performance and physiological
parameters in broiler chickens. South African J Ani Sci 49:29-39.

Xu YT, Liu Li, Long SF, Pan L & Piao XS (2018) Effect of organic acids
and essential oils on performance, intestinal health and digestive en-
zyme activities of weaned pigs. Ani Feed Sci Technol 235:110-119.

Yalgin S, Eser H, Onbasilar I & Yalgin S (2020) Effects of dried thyme
(Thymus vulgaris L.) leaves on performance, some egg quality traits
and immunity in laying hens. Ankara Universitesi Veteriner Fakiiltesi
Dergisi.

Yang SY, Cao L, Kim H, Beak SE & Song KB (2018) Utilization of
Foxtail Millet Starch Film Incorporated with Clove Leaf Oil for the
Packaging of Queso Blanco Cheese as a Model Food. Starch - Stirke
70:1700171.

Yang WZ, Ametaj BN, Benchaar C & Beauchemin KA (2010). Dose re-
sponse to cinnamaldehyde supplementation in growing beef heifers:
Ruminal and intestinal digestion. J Anim Sci 88:680-688.

Yang X, Xin H, Yang C & Yang X (2018) Impact of essential oils and

organic acids on the growth performance, digestive functions and im-
munity of broiler chickens. Ani Nut 4:388-393.

Yang YF, Zhao LL, Shao YX, Liao XD, Zhang LY, Lin LU & Luo XG
(2019) Effects of dietary graded levels of cinnamon essential oil and
its combination with bamboo leaf flavonoid on immune function, an-
tioxidative ability and intestinal microbiota of broilers. J Integ Agri
18:2123-2132.

Yesilbag D, Biricik H, Cetin I, Kara C, Meral Y, Cengiz SS, Orman A
& Udum D (2017) Effects of juniper essential oil on growth perfor-
mance, some rumen protozoa, rumen fermentation and antioxidant
blood enzyme parameters of growing Saanen kids. J Ani Phys Ani
Nut 101:e67-e76.

Zengin H & Baysal AH (2015) Antioxidant and Antimicrobial Activities
of Thyme and Clove Essential Oils and Application in Minced Beef.
J Food Proc Preserv 39:1261-1271.

Zhang Y, Liu X, Wang Y, Jiang P & Quek S (2016) Antibacterial activity
and mechanism of cinnamon essential oil against Escherichia coli and
Staphylococcus aureus. Food Control 59:282-289.

Zhou R, Wu J, Lang X, Liu L, Casper DP, Wang C, Zhang L & Wei S
(2020) Effects of oregano essential oil on in vitro ruminal fermenta-
tion, methane production, and ruminal microbial community. J Dairy
Sci 103:2303-2314.

Zhou R, Wu J, Zhang L, Liu L, Casper DP, Jiao T, Liu T, Wang J, Lang X,
Song S & Gong X (2019) Effects of oregano essential oil on the ru-
minal pH and microbial population of sheep. PloS one 14:¢0217054.

Zhu H, Du M, Fox L & Zhu MJ (2016) Bactericidal effects of Cinnamon
cassia oil against bovine mastitis bacterial pathogens. Food Control.
66:291-299.

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



Review article

JHELLENIC VET MED SOC 2021, 72(1): 2611-2628
TIEKE 2021, 72(1): 2611-2628

Avaockornon

Effects of L-carnitine supplementation in diets of broiler chickens
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ABSTRACT: L-carnitine is a nutritional supplement having fat-burning property and plays an important role in lipid
metabolism, energy release, and also improve the production yield, immunity and blood constitute. This paper reviews
the effects of L-carnitine on quantitative and qualitative characteristics of broilers. According to the reviewed literature,
the application of L-carnitine (50-200 mg/kg) has no significant effect on the growth performance, however, using
L-carnitine as much as 300-800 mg/kg resulted to an improvement in the body weight (2226.00-2575.00 g) compared
to the control chicks (1998.40-2338.75 g). The feed conversion ratios of the chickens fed the same amount of L-car-
nitine were 1.66-1.86 kg/kg, which was improved in comparison with the control chicks (1.87-2.09 kg/kg). Abdom-
inal fat of the broiler chickens fed 50-900 mg/kg L-carnitine was 0.98-1.75%, which is lower than the control chicks
(1.79-2.16%). For immunity, the antibody titers against the Newcastle virus in the chickens fed 250 mg/kg L-carnitine
was between 4.6- 5.5 which is more than control chicks (4.3-5.2). The antibody titer against the influenza virus in the
chickens fed the same amount of L-carnitine was between 5.6-6.3, which was more than the control chicks (4.3-5.8).
The use of 100-600 mg/kg L-carnitine could reduce triglyceride (90-104.4 mg/dL) compared to the control chicks
(125-104.7 mg/dL) and also reduced the cholesterol (109-115 mg/dL) compared to the control chicks (129.25-131 mg/
dL). The application of 100-600 mg/kg L-carnitine also could reduce low-density lipoprotein (LDL) from 19.1-72.2
mg/dL to 16.5-49.0 mg/dL. However, the application of 100-900 mg/kg L-carnitine had no significant effect on the
sensory characteristics of broiler chicken meat. In general, it can be concluded that L-carnitine can be used as a dietary
supplement on the health of broiler chickens without any negative effect on growth performance.
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INTRODUCTION
With the spread of various nutrition-caused dis-
eases, producing food and meat consistent with
human health has become increasingly important and
this has limited the consumption of fatty-rich food
such as high-fat chicken meat. Besides, increased
fat accumulation in chickens is considered as waste
in slaughterhouse operations, and manufacturers al-
ways seek fat removal strategies to reduce the cost of
production and to produce healthy chickens (Golzae
Adabi et al., 2011). In this regard, changes in the rate
and nutrient level of the diet and the use of fat burning
supplements, such as medicinal plants were found to
be effective in reducing fat. Fatty chemicals used to
control fat in humans have been introduced to address
this problem.

Today, the use of L-carnitine, as a component of
the essential substances in body to increase energy
efficiency and dietary fat, as well as reduce the accu-
mulation of abdominal fat and plasma, is increasing in
the food industry.

L-carnitine is an anti-fatty drug for controlling fat
in humans and its use in poultry feed including broil-
ers has been reported to be effective in controlling
lipid and ventricular fat )Golzae Adabi et al., 2011;
Hrncar et al., 2015; Khatibjoo et al., 2016(

L-carnitine is made in the liver of humans and
animals and then transferred to muscle tissue. Most
L-carnitine is stored in skeletal and heart muscle, and
is a mixture of L-carnitine synthesized in the body
and L-carnitine absorbed from the diet (Taklimi et al.,
2015). The use of L-carnitine in poultry feed helps
increase energy efficiency so that poultry can more
quickly and easily obtain the energy they need from
dietary lipids. Positive effect of L-carnitine on reduc-
ing feed intake (Khatibjoo et al., 2016; Mirzapor Sarab
et al., 2016), live weight gain (Kidd et al., 2009), in-
creased final weight, improved feed conversion ratio,
improved carcass characteristics (Hrncar et al., 2015)
and reduced abdominal fat (Babazadeh Aghdam et al.,
2015) have been reported for different poultry. L-car-
nitine also increases the antioxidant and immune ca-
pacity of poultry and prevents cardiovascular disease,
pulmonary hypertension and ascites in poultry by af-
fecting nitric oxide production and recovery of myo-
cardial energy reserve (Buyse et al., 2007; Xue et al.,
2007; Khajali et al., 2011). The effect of L-carnitine
on broiler chickens will be the subject of this review.

L-CARNITINE

L-carnitine (L-Trimethyl-3-hydroxyamino-buta-
noate) is a pseudo-vitamin and deformed amino acid,
first isolated in 1905 from muscle tissues, and its
structure was identified in 1927.

Synthesis of carnitine is endogenous and requires
two amino acids lysine and methionine. Lysine is the
supplier of the carbon chain and the hydrogen atom
and methionine also play a role as a methyl donor in
this process (Flanagan et al., 2010). Carnitine has two
L and D isomers, the L isomer being important for
humans and animals. The synthesis of L-carnitine in
the body is a multi-stage process and is performed by
adding a hydroxyl group to a third carbon lysine in
various organs such as mitochondria, kidneys, liver,
brain and muscles. The complete process for the syn-
thesis of L-carnitine is presented in Figure 1.

L-carnitine has two main roles in the body, in-
cluding facilitating the entry of long-chain fatty acids
into mitochondria, as well as the release of short and
medium-chain fatty acids from the mitochondria. In
addition to the roles such as eliminating the toxic ef-
fects of acyl groups from cells, adjusting the ratio of
coenzyme A to the acyl-coenzyme A in cytosol and
mitochondria, gluconeogenesis, are also reported for
L-carnitine (Corduk et al., 2007; Parsaeimehr et al.,
2014a).

L-carnitine is a drug for lowering plasma lipids
that reduces cholesterol, triglycerides, free fatty ac-
ids, phospholipids, and low-density lipoproteins and
increases high-density lipoprotein. In addition to the
role of L-carnitine in the oxidation of fatty acids, its
role in carbohydrate metabolism has also been report-
ed (Rajasekar and Anuradha 2007). Today, the use of
L-carnitine supplementation is increasing as part of
the body’s essential nutrients to increase the energy
and fat intake of food and to reduce the accumulation
of ventricular and plasma fat.
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Figure 1. Biosynthesis of L-carnitine (Arslan, 2006).

THE NECESSITY OF USING L-CARNITINE
IN POULTRY DIET

L-carnitine is an essential and water-soluble sub-
stance naturally existing in plants, animals and mi-
croorganisms, however, the amount of L-carnitine in
herbs and plants is lower than that of the animals, and
since the poultry diet is mostly formed of feed of plant
origin, using the supplementation of L-carnitine in a
diet or drinking water is necessary to achieve optimal
performance (Taklimi et al. 2015). It should be noted
that the normal amount of L-carnitine per kilogram
of poultry feed is 2 to 5 milligrams and an average of
25 to 50 milligrams per day (Mirzapor Sarab et al.,
2016).

L-carnitine is involved in many metabolic pro-
cesses, such as lipid metabolism, energy liberation,
improved production efficiency, immune enhance-
ment, etc. (Khatibjoo et al., 2016; Mirzapor Sarab et
al., 2016). This substance prevents lipogenesis and in-
creases the burning rate of fat. Burning of fatty acids
happens in body cells and energy production occurs
in the mitochondria; the mitochondrial membrane
is infused; therefore, it is required to have a carrier
to transport fatty acids to the oxidation place mito-
chondria, that L-carnitine acts as a carrier and by the

4] OH

Succinale
C

L

transport of long-chain fatty acids into mitochondria
increases the oxidation of fatty acids and facilitates
the production of energy (Kheirkhah et al., 2009).

The use of L-carnitine in poultry feed helps in-
crease the energy efficiency of poultry so that poul-
try can quickly and easily absorb the energy needed
from the dietary lipids. Besides, the use of L-carnitine
causes a significant reduction in feed intake in poultry
(Khatibjoo et al., 2016; Mirzapor Sarab et al., 2016).
Several studies have shown that sufficient amounts of
L-carnitine in poultry diets with different levels and
sources of fat, can be appropriate to optimal yield,
increased feed efficiency and increased economic re-
turns (Parsaeimehr et al. 2014b; Abedpour et al. 2017;
Swarna et al. 2018).

Effect of L-carnitine cofactors in broiler diet
Carnitine is synthesized in different parts of the
body in living creatures. For example, the synthesis
of carnitine in the liver of all mammals, muscles of
sheep, brain and kidneys of humans and all the cats
occurs through methioninolysin. The synthesis of
carnitine in the body of different living organisms re-
quires enzymes as well as cofactors such as ascorbic
acid, niacin, pyridoxine and iron oxide. Researchers
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believe that poultry and mammals can produce car-
nitine if they are sufficiently present in the diet (Gho-
reyshi et al., 2019).

The use of lysine and methionine amino acids in
the diet was effective in supplying carnitine in poul-
try. Celik and Ozturkcan (2003) examined the effect
of ascorbic acid, a precursor of carnitine synthesis in
the body, on broiler chickens under thermal stress. In
this study, the use of carnitine and ascorbic acid in
normal conditions significantly reduced the growth of
broiler chickens. In another study, the use of carnitine
alone and in combination with niacin, which is a co-
factor of carnitine production in the body, improved
the performance of broiler chicks in the early stages
of growth (Celik et al., 2003).

EFFECT OF L-CARNITINE ON THE PERFOR-
MANCE OF BROILER CHICKENS

Kidd et al. (2009) reported that supplementation of
L-carnitine supplementation in broiler diets does not
have a significant effect on yield, but thigh and body
weight gain is increased with 40 mg/kg of L-carnitine.
Hrncar et al. (2015) used L-carnitine (1 ml/1.2 1) in
drinking water in Ross 308 broiler chickens. In that
study, the application of L-carnitine increased final
weight and improved feed conversion ratio. Kamal et
al. (2019) stated that consumption of L-carnitine in
the diet of broilers increases live weight, final weight
and reduces feed intake and feed conversion ratio.
Ghoreyshi et al. (2019) stated that the use of 15%
L-carnitine + 30% methionine + 30% lysine through-
out the whole period reduces feed intake compared to
the control, but the highest weight gain was achieved
with the use of 15% of the above mentioned com-
pounds.

Tufarelli et al. (2020) found that L-carnitine con-
sumption did not have a significant effect on live
weight of broiler chickens in the starter, grower, and
finisher periods, but feed intake increased with the use
of L-carnitine during the starter period. The feed con-
version ratio increased with the use of L-carnitine in
the starter period and decreased in the final period by
consuming 50 mg/kg; feed intake was also improved
with the application of different levels of L-carnitine
in broiler chickens in different experiments (Celik et
al., 2003).

It is stated that consumption of L-carnitine in-
creases the weight of the chickens during the first
three weeks of growth, but did not affect the weight

of the chickens in the final three weeks (Celik et al.,
2003). Researchers have found that body weight gain
in broiler chickens by the use of L-carnitine in the
diet is due to the role of L-carnitine in increasing the
oxidation of long-chain fatty acids and increasing the
level of acetyl coenzyme A in mitochondria, which
increases the use by chickens of the diet protein (Mir-
zapor Sarab et al., 2016).

Improvement of the nutritional conversion ratio in
broiler chickens and laying hens with the combined
use of L-carnitine and vitamin C was reported (Celik
and Ozturkcan, 2003; Hassan et al., 2011). Xu et al.
(2003) reported that L-carnitine had no significant ef-
fect on functional traits (live weight, feed intake and
feed conversion ratio) at 0, 25, 50, 75 and 100 mg/kg
levels. Khajali and Khajali (2014) used 200 mg/kg of
L-carnitine in broiler diets; the results showed that the
application of L-carnitine had no significant effect on
body weight, feed intake and feed conversion ratio.

Wang et al. (2013) investigated the effect of L-car-
nitine supplemented diet in low-temperature condi-
tions on broiler chickens Ross 308 strains. The results
showed that the performance of chicken was not af-
fected by L-carnitine, but the susceptibility to ascites
was greatly reduced. Parsaeimehr et al. (2013) used a
diet containing plant and animal fat with L-carnitine.
The results of that study showed that the addition of
L-carnitine to a diet containing animal fat increases
the weight of the Ross 308 chickens during the growth
and the whole period. Also, feed intake significantly
decreased with this treatment. Adding L-carnitine to
the diet reduced the feed conversion rate at the finish-
er period.

In a study, 0, 150, 300, 450 and 600 mg/kg of
L-carnitine was used in the base diet of Ross 308
male broiler chickens; the results showed that adding
L-carnitine up to 600 mg/kg had no effect on weight
gain of the initial period (1-21 days), but, it was ef-
fective on the weight of chicken during the growth
period and the whole period. There was no signifi-
cant difference between the treatments in feed intake
during the growth period and the whole period. Also,
the addition of L-carnitine in the diet did not have a
significant effect on the feed conversion ratio in three
periods of starter, grower, and finisher (Parsaecimehr
et al., 2014Db).

Shirali et al. (2015) examined the effects of dif-
ferent levels of vitamin E and L-carnitine in the diet
of chickens under thermal stress and reported that the
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interaction of vitamin E and L-carnitine had a signif-
icant effect on yield, feed intake, feed conversion ra-
tio of chickens during the breeding season. Treatment
of 100 mg/kg vitamin E with 100 mg/kg L-carnitine
had the highest live weight during the starter period
(1-21 days). However, during the starter period and
the whole period, the treatments did not significantly
affect the weight gain of chickens.

Farrokhyan et al. (2014) examined the effect of
L-carnitine (0, 150 and 300 mg/kg) and gemfibrozil
(0, 1 and 2 g/kg) on broiler diets. The results showed
that application of the treatment without gemfibrozil
and with 300 mg/kg of l-carnitine, yielded the high-
est live weight. Also, the highest feed intake during
the 1-6 week period was achieved with 300 mg/kg
of L-carnitine without gemfibrozil whereas the lowest
was achieved with a diet supplemented with 1 g/kg of
gemfibrozil with 300 mg/kg of L- carnitine. The low-
est feed conversion ratio was observed in diets sup-
plemented with 1 g/kg gemfibrozil with 300 mg/kg of
L-carnitine and a diet supplemented with 300 mg/kg
of L-carnitine with no gemfibrozil added.

Rajabzadeh-Nesvan et al. (2013) reported the ef-
fect of L-carnitine (0 and 125 mg/kg) on the diets
containing different sources of fat (soybean oil, ani-
mal fat, and their mixture) on Ross 308 broiler chick-
ens. The results showed that different sources of fat
and L-carnitine had no significant effect on chicken
yield. The effect of L-carnitine on the performance of
chickens was not significant, but the use of L-carni-
tine reduced the feed conversion ratio, increased feed
intake and increased weight of chickens compared to
the control.

Arslan and Tufan (2018) investigated the effect
of a diet supplemented with oligosaccharide chitosan
and L-carnitine on broiler chickens and showed that
there was no significant difference between diets on
body weight, feed intake and feed conversion ratio.
Rezaei et al. (2007) indicated that the application of
fat (1, 3 and 5%) and 2 levels of L-carnitine (0 and
250 mg/kg) in the diet of broiler chickens reduced
feed conversion ratio and increased feed intake.

Taraz and Dastar (2008) showed that the applica-
tion of 125 mg/kg of L-carnitine in a diet containing
various protein levels would increase body weight
and carcass performance of cookable broiler chick-
ens. Kheirkhah et al. (2009) reported that L-carnitine
had no effect on feed conversion ratio, but reduced
feed intake and increased weight of broiler chickens.

Darsi Arani et al. (2010) reported that application of
50 mg/kg of L-carnitine in a diet containing three lev-
els of crude protein (21, 19.5 and 18%) did not affect
body weight, feed intake or feed conversion ratio.

Akbari Azad et al. (2010) reported that the appli-
cation of 375 mg/kg of L-carnitine in the diet signifi-
cantly reduced consumption and weight gain and thus
increasing European production efficiency. Research
results showed that broiler chickens fed diets supple-
mented with L-carnitine and butyric acid were not
significantly different in terms of feed intake, weight
gain and feed conversion ratio (Norreh et al., 2015).

Jalali et al. (2015) investigated the effects of L-car-
nitine in a diet of soybean oil and sunflower oil on
broiler chickens, the results showed that soybean oil
with 120 mg/kg of L-carnitine significantly improved
live weight and feed conversion ratio in the grower
and finisher stages. Fallah et al. (2016) showed that
adding terbutaline and L-carnitine to the diet in-
creased weight gain compared to the control group.
Feed intake and feed conversion ratio also significant-
ly improved with the use of these substances in the
diet.

Application of L-carnitine in drinking water in
broiler chickens improved performance (Nouboukpo
et al., 2010). Mehdizadeh Taklimi et al. (2015) evalu-
ated the effect of L-carnitine (0, 400, 600 and 800 mg/
kg) as liquid and powder on the performance of broil-
er chickens and reported that chickens from the diet
containing 600 mg L-carnitine per kg of the diet were
more likely to grow faster in grower period than in the
other experimental groups. The highest live weight
of the entire course was also 800 mg/kg of L-carni-
tine. The researchers stated that the L-carnitine type
(powder and liquid) did not affect body weight. Feed
intakes were significantly higher in chickens fed the
400 mg/kg of the L-carnitine diet. The most suitable
feed conversion ratio was observed in the growth
stage (1- 21 days) as well as the entire experimental
period (1-42 days) in a diet containing 800 mg/kg of
L-carnitine.

Rehman et al. (2017) used vitamin E (250 mg/
kg), ginger (2 g/kg) and l-carnitine (500 mg/kg) in the
diet of Hubbard and Cobb broiler chickens exposed
to heat stress. The results of this study showed that
feed intake and feed conversion ratio increased with
the application of L-carnitine compared to other treat-
ments. Murali et al. (2013) used 2 levels of L-carni-
tine (0 and 900 mg/kg) in the base diet of Van Cobb
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chickens. The results of this study showed that growth
performance did not change under the influence of
L-carnitine.

Khatibjoo et al. (2016) investigated the effects of
L-carnitine and butyric acid on 192 broiler chickens
of Ross 308 and reported that the chickens fed by a
diet containing 125 mg/kg of L-carnitine and 2 g/kg
of butyric acid had a lower feed intake and a better
feed conversion ratio relative to the control group. In
the study by Murali et al. (2015), the application of
900 mg/kg of L-carnitine in the diet of broiler chick-
ens strain Cobb did not have any effect on yield. Celik
and Ozturkcan (2003) used two levels of L-carnitine
(0 and 50 mg/kg) and 2 levels of ascorbic acid (0 and
50 mg/kg) in drinking water of broiler chickens un-
der different thermal regimes. The results showed that
live chicken weight significantly improved with the
use of L-carnitine, ascorbic acid and L-carnitine plus
ascorbic acid under high-temperature conditions. The
effect of L-carnitine on feed conversion ratio and wa-
ter and food consumption was not significant.

Application of 300 mg/kg of L-carnitine to broiler

diets caused weight gain in the final course and the
whole period. Feed conversion ratio in chicken fed
200 and 300 mg/kg L-carnitine was the lowest in the
finisher period (Babazadeh Aghdam et al., 2015). Par-
sacimehr et al. (2014a) reported that a complementary
diet of L-carnitine and 5% animal fat improved body
weight and feed conversion ratio in broiler chickens.

The conclusion that can be drawn from this review
is that the application of L-carnitine in base diets and
complemented with different levels of fat did not have
a negative effect on the performance of broiler chick-
ens. Although in some studies, the effect of L-carnitine
on body weight gain, feed intake and feed conversion
ratio were positive; but in many cases, L-carnitine did
not have a significant effect compared to control.

In general, it can be concluded that the use of
L-carnitine supplementation in diets with different
levels of plant and/or animal fat was found to be ben-
eficial for achieving optimal performance, however,
it is not recommended if the purpose is to improve
performance only.

Table 1. Effect of L-carnitine on the performance of broiler chickens

Reference Applied treatment Effects
Kidd et al., 2009 40 mg/kg Live weight increase
Hrnear et al., 2015 Lml/12L Live weight increase and 1mproved feed
conversion ratio
Celik et al., 2003 50 mg/kg Improved feed intake and increased weight in

Xu et al., 2003
Khajali and Khajali, 2014

Wang et al., 2013

200 mg/kg
100 mg/kg

Parsaeimehr et al., 2013

Shirali et al., 2015 100 mg/kg
Rajabzadeh-Nesvan et al., 2013 125 mg/kg
Arslan and Tufan, 2018 100 mg/kg
Rezaei et al., 2007 250 mg/kg

Taraz and Dastar, 2008 125 mg/kg

Kheirkhah et al., 2009

DarsiArani et al., 2010 50 mg/kg

Akbari Azad et al., 2010 375 mg/kg

Norreh et al., 2015

25,50, 75, 100 mg/kg

150, 300, 450 , 600 mg/kg

100, 200 mg/kg

125, 250 mg/kg

the first three grower weeks
No significant effect on performance traits
No significant effect on performance traits
No significant effect on performance traits and
positive effect on ascites reduction
Weight increase in grower period and whole
period decreased feed intake and decreased feed
conversion ratio in the finisher period
No significant effect on performance traits
Increased feed intake, weight gain increase, and
reduced feed conversion ratio
No significant effect on performance traits
Increased feed intake and reduced feed
conversion ratio
Bodyweight increase and carcass cooking
performance
Weight increase, feed intake decrease and no
significant effect on the feed conversion ratio
No significant effect on performance traits
Increasing weight and improving European
production efficiency, decreasing feed
consumption
No significant effect on performance traits
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Jalali et al., 2015 120 mg/kg

Fallah et al., 2016 100 mg/kg
Nouboukpo et al., 2010

MehdizadehTaklimi et al., 2015

Rehman et al.,2017
Murali et al.,2013

500 mg/kg
900 mg/kg
Khatibjoo et al., 2016

Murali et al., 2015 900 mg/kg

Celik and Ozturkcan, 2003 500 mg/kg

BabazadehAghdam et al., 2015

Parsaeimehr et al., 2014a
Corduk et al., 2007

300 mg/kg
100 mg/kg

Parsaeimehr et al., 2014b

500, 1000 mg/kg
400, 600, 800 mg/kg

125 mg/kg+2 g Butyric acid

200, 300 mg/kg

150, 300,450,600 mg/kg

Improving live weight and feed conversion
ratio in the grower and finisher periods
Live weight increase, improved feed
consumption and feed conversion ratio
Improving performance
Increased live weight, feed intake and improved
feed conversion ratio
Increased feed intake and improved feed
conversion ratio
No significant effect on performance traits
Decreased feed intake and improved feed
conversion ratio
No significant effect on performance traits
Improved live weight, no significant effect
on feed conversion ratio and water and feed
consumption
Increased live weight and decreased feed
conversion ratio
Improved live weight and feed conversion ratio
No effect on weight increase
No effect on performance, feed intake and
conversion ratio

Effect of L-carnitine on carcass characteristics of
broiler chickens

Ghoreyshi et al. (2019) stated that the use of L-car-
nitine, lysine and methionine had no significant effect
on body weight, breast, heart, liver, gizzard, pancre-
as and abdominal fat, but significantly reduced thigh,
neck, duodenum, jejunum and ileum weight. Islam
and Ouda (2020) stated that consuming L-carnitine
increases carcass weight but does not have a signifi-
cant effect on the weight of heart, gizzard and abdom-
inal fat of broilers. Fujimoto et al. (2020) showed that
L-carnitine consumption has no significant effect on
the carcass characteristics of broilers.

Murali et al. (2015) examined the effect of dietary
supplement with L-carnitine (900 mg/kg) and ani-
mal fat (5%) on the carcass characteristics of broiler
chickens. The results showed that the least abdominal
fat was achieved in chicken treated with L-carnitine
supplement. In that study, it was found that L-carni-
tine had no effect on body weight, full carcass weight,
empty carcass weight, carcass yield, meat character-
istics and internal organs weight.

Tufarelli et al. (2020) reported that the use of 100
and 50 mg/kg L-carnitine in the diet of broilers in-
creased breast weight but had no significant effect on
heart weight, pancreas, gizzard and abdominal fat. Xu
et al. (2003) stated that the effect of 25 mg/L L-carni-
tine was useful in reducing the abdominal fat of broil-

ers. However, there are also some reports stating that
L-carnitine has no effect on reducing the abdominal
fat of broilers (Tufarelli et al., 2020).

Babazadeh Aghdam et al. (2015) reported that
consuming 300 mg/kg of L-carnitine in the diet re-
duced the fat content of the abdominal area of the
broiler chickens with ROSS strain. However, differ-
ent levels of L-carnitine (100, 200 and 300 mg/kg)
had no significant effect on carcass characteristics. In
the study of Xu et al. (2003), L-carnitine had a pos-
itive effect on foot muscle function, breast muscles
and abdominal fat loss. Hrncar et al. (2015) reported
that the addition of L-carnitine to broiler chicken diet
had a positive but non-significant effect on abdominal
fat, heart, liver and gizzard. Rezaei et al. (2007) stated
that the addition of 250 mg/kg of L-carnitine to the
diet of broiler chickens ROSS strain does not affect
carcass characteristics.

In a study by Celik et al., (2003), it was found
that supplementation of the diet of broiler chickens
with L-carnitine had no significant effect on carcass
weight and yield and ventricular fat. In the study of
Daskiran and Teeter (2001), the use of L-carnitine had
no significant effect on carcass yield and ventricular
fat content, but Xu et al. (2003) reported increased
breast muscles in male broiler chickens using 50 and
75 mg/kg of L-carnitine in the diet.

The effect of 200 mg/kg of L-carnitine in broil-
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er chicken diet did not affect carcass, but the amount
of ventricular fat significantly decreased compared to
the control (Khajali and Khajali, 2014). The results
showed that using supplementation of L-carnitine in
the base diet of Ross 308 broiler chickens increas-
es the relative weight of the breast and thighs (Par-
saeimehr et al., 2014b). Also, the use of L-carnitine
caused a significant decrease in abdominal cavity fat
at 42 days of age (Parsaeimehr et al., 2014b). The use
of L-carnitine did not have a significant effect on the
relative weight of the bursa, spleen, heart and liver of
broiler chickens (Parsaeimehr et al., 2014b).

In a study, vitamin E (0, 100 and 200 mg/kg) and
L-carnitine (0, 50 and 100 mg/kg) were used in broil-
er diets. Carcass analysis showed that the effect of
treatments on the percentage of breast, thigh, liver,
gizzard and pancreas was not significant. However,
the use of L-carnitine significantly reduced ventric-
ular fat. The interaction of vitamin E and L-carnitine
was also effective in reducing the ventricular fat in
broiler chickens (Shirali et al., 2015). Evaluation of
carcass characteristics of broiler chickens fed diets
supplemented with different levels of L-carnitine and
gemfibrozil showed that with the use of L-carnitine
alone, the weight of carcasses was reduced compared
to the control. The heaviest weights of full and empty
carcasses were obtained using 300 and 150 mg/kg of
L-carnitine plus 2 grams per kilogram of gemfibro-
zil, respectively. The interaction of L-carnitine and
gemfibrozil increased weights of breast, wings, heart,
liver and decreased ventricular fat. But there was no
effect on the thigh weight (Farrokhyan et al., 2014).

Study of different levels of L-carnitine supple-
mentation and fat source on the percentage of carcass
components in broiler chickens at the age of 42 days
showed that using L-carnitine had no significant effect
on heart, liver, breast and thigh weights. But signifi-
cantly reduced abdominal fat. The lowest abdominal
fat was obtained in the treatment in which soy oil and
125 mg/kg L-carnitine were combined. L-carnitine
was also effective in reducing fat in thigh, breast and
full carcass (Rajabzadeh-Nesvan et al., 2013).

The study of the effect of butyric acid and L-car-
nitine on carcass characteristics of broiler chickens
showed that the interaction of treatments on abdom-
inal fat percentage and carcass fat percentage was
not significant. Application of 250 mg/kg L-carnitine
in the diet improved the percentage of thebreast in
chickens (Khatibjoo et al., 2016). The use of chitosan
oligosaccharide and L-carnitine in broiler diets had

no significant effect on carcass weight, nor on breast,
wing and leg to carcass weight ratios. The percent-
age of ventricular fat in diets with chitosan oligo-
saccharide, L-carnitine and L-carnitine plus chitosan
oligo-saccharide was less than in a control diet. The
use of L-carnitine and L-carnitine + chitosan oligo-
saccharide reduced the weight of the liver relative to
the control and chitosan oligosaccharide diets (Arslan
and Tufan, 2018).

Application of different levels of fat and L-carni-
tine in broiler chicken diets increased breast meat and
liver weight but decreased ventricular and fetal fat
(Rezaei et al., 2007). Research results showed that ap-
plication of 50 mg/kg L-carnitine in a diet containing
various levels of crude protein significantly reduces
fat in thigh muscles, the full carcass as well as ab-
dominal fat (Darsi Arani et al., 2010). The addition of
terbutaline and L-carnitine in broiler diet significantly
increased the weights of heart, gizzards, spleen, and
the bursa of fabricius, and reduced the amount of ab-
dominal fat (Fallah et al., 2016).

Mehdizadeh Taklimi et al. (2015)reported that
mean crude protein and carcass fat content was not
affected by different levels of L-carnitine in the diet,
but with the use of L-carnitine powder in the diet, the
amount of carcass ash significantly decreased. Us-
ing L-carnitine, broiler chicken carcass fat decreased
compared to control and treatment of vitamin E and
ginger (Rehman et al., 2017). Khadem et al. (2006)
reported that the use of L-carnitine induced a signif-
icant reduction in chicken abdominal fat. A similar
reduction of abdominal fat by the use of L-carnitine
in broiler diets was also reported by Parsaeimehr et
al. (2014a).

Jafari Golrokh et al. (2016) showed that the use
of L-carnitine and atorvastatin in the diet of broiler
chickens improved the quality of carcasses by affect-
ing the amount and distribution of muscle fats, carcass
traits and blood parameters. In that study, L-carnitine
at both levels of 150 and 300 mg/kg increased the
weights of empty body and full carcass, breast, thigh,
gizzard, liver and heart as compared to the control.

According to the above review, it can be conclud-
ed that L-carnitine is effective in reducing ventricular
fat and fat in different carcass parts (thigh and breast)
organs and significantly decreases ventricular fat in
broiler chickens. But in most cases, there was no sig-
nificant effect on weight and yield of internal organs
and carcasses.
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Table 2. Effect of L-carnitine on carcass characteristics of broiler chickens

Reference Applied treatment

Effects

Murali et al., 2015

Xuetal., 2003

BabazadehAghdam et al., 2015

Hrncar et al., 2015
Rezaei et al., 2007
Celik et al., 2003

Daskiran and Teeter, 2001

Khajali and Khajali, 2014

Parsaeimehr et al., 2014b

Shirali et al., 2015

Farrokhyan et al., 2011

Rajabzadeh-Nesvan et al., 2013

Khatibjoo et al., 2016

Arslan and Tufan, 2018

Rezaei et al., 2007
DarsiArani et al., 2010
Fallah et al., 2016

MehdizadehTaklimi et al., 2015

Rehman et al., 2017
Khadem et al., 2006
Parsaeimehr et al., 2014a
JafariGolrokh et al., 2016
Miah et al., 2004
Kheirkhah et al., 2009

Xu et al., 2003

Daskiran andTeeter, 2001
Oladele et al., 2011
Zhang et al., 2010
Kheiri et al., 2011
Ardekani et al., 2012
Celik and Ozturkcan, 2003

Positive effect on reducing abdominal fat and no effect

900 mg/ke on carcass weight and internal organs
25, 50 mg/kg Reducing abdominal fat, improving the performance of
leg and breast muscles
Reduced abdominal fat and no effect on carcass
300 mg/kg ..
characteristics
ImL/12L Positive effect on abdommgl fat, weights of heart, liver
and gizzard
250 mg/kg No significant effect on carcass characteristics
No significant effect on carcass weight and weight of
50 mefke abdominal fat
150 me/k No significant effect on carcass traits and content of
gke abdominal fat
No significant effect on carcass and breast, positive
200 mg/ke effect on abdominal fat
Increasing the relative weight of carcass, thigh and
300 mg/kg significant decrease of abdominal cavity fat, no effect on

the weight of bursa of Fabricius, spleen, heart and liver
No effect on the percentage of breast, thigh, liver,
gizzard, pancreas and significant decrease of abdominal
fat

50, 100 mg/kg

150, 300 mg/kg

L-carnitine +2 g/ Increased weights of carcass and internal organs

kgGemfibrozil
125 mg/ke No mgmﬁcant' e'ﬁ”ect on the welghF of internal organs
and a positive effect on reducing carcass fat
250 me/kg Improving breast percentage and no significant effect on

abdominal fat

earmitinet
100 mg/kg L-carnitine Positive effect on carcass weight and reducing

100 mg/kgChitosan .
Oligfsafcharide abdominal fat
250 me/ke Increasedbreas.t meat and liver weight and reduced
abdominal fat and fat of breast meat
50 mg/kg Reduced-fat in thigh and carcass and also abdominal fat
10 mg/kg + 100 mg/ Positive effect on increasing weights of heart, gizzard,
kgterbutaline spleen, bursa of Fabricius and reducing abdominal fat
400, 600, 800 mg/ke Reduced level of carcass ash, no significant effect on
mean crude protein orcarcass fat content
500 mg/kg Reduced abdominal fat
50 mg/kg Reduced abdominal fat
300 mg/kg Reduced abdominal fat
150, 200 mg/kg Positive effect on improving carcass quality
50 mg/kg Reduced abdominal fat

No effect on carcass traits
Increased weight of breast muscle and

100, 200 mg/kg

30,75 mefke reducedabdominal fat
150 mg/kg No effect on carcass yield and abdominal fat
60 mg/kg Increased carcass yield and reduced abdominal fat

Reduced abdominal fat
Reduced abdominal fat
No significant effect on abdominal fat
No effect on the weight of internal carcass organs

300, 600, 900 mg/kg
60, 120 mg/kg
50 mg/kg
500 mg/kg
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Effect of L-carnitine on the immunity of broiler
chickens

The effect of L-carnitine on enzymatic activity
in subcutaneous fat in male broiler chickens showed
that hormone-sensitive lipase (HSL)-activity was
higher at 50 and 75 mg/kg L-carnitine levels than at
0, 25 and 100 mg/kg L-Carnitine levels. The activ-
ity of lipoprotein lipase (LPL), glucose-6-phosphate
dehydrogenase, malic dehydrogenase and iso-citrate
dehydrogenase decreased with the use of L-carnitine.
The activity of carnitine-palmityl transferase-I by in-
creasing the level of carnitine in the diet decreased
significantly (Xu et al., 2003).

The use of L-carnitine in broiler diets affects the
function of the immune system. Mirzapor Sarab et
al. (2016) found that the use of L-carnitine in broil-
er chicken diets does not affect antibody production
against Newcastle and Sheep red blood cells (SRBC).
Research results showed that heterophil to lympho-
cyte ratio in broiler chickens fed diets supplemented
with L-carnitine had no significant difference com-
pared to the control (Khajali and Khajali, 2014).

In a study, it was stated that the effect of different
levels of vitamin E and L-carnitine was not significant
on the relative weight of the immune organs (thymus,
spleen, and bursa of fabricius). The application of
50 mg/kg of L-carnitine increased the antibody titer
against SRBC during the initial response (Shirali et
al., 2015). Akbari Azad et al. (2010) reported that the
application of 375 mg/kg of L-carnitine increased
the antibody titer against Newcastle disease and in-
fluenza. Also, this treatment had a positive effect on
the improvement of the population of white and red
blood cells, hemoglobin, hematocrit, and triglyceride
in broiler chickens.

Research results of Khatibjoo et al. (2016) showed
that the application of 0.025% L-carnitine and 1.5%
garlic powder to broiler chicken diet did not affect
cellular and humoral immunity but increased the im-
munity through blood cells and improved the body
defense system in broiler chickens. Norreh et al.
(2015) reported that the use of L-carnitine and butyr-
ic acid in the diet increased lymphocyte percentages.
Also, the initial IgG titre (31 days) in response to the
sheep’s red blood cell was higher in the chicken fed
a diet containing 125 mg/kg of L-carnitine compared
to the control.

Jalali et al. (2015) found that the use of supple-
mentation of L-carnitine in a diet of broiler chickens

containing soybean oil would increase antibody titer
against Newcastle virus. Researchers reported an in-
crease of flu and Newcastle antibody titersin the 18th
and 28th day of life using Terbutaline and L-carnitine
in thediet of Ross 308 broiler chickens (Fallah et al.,
2016). Rehman et al. (2017) investigated the effect
of vitamin E (250 mg/kg), ginger (2 g/kg) and L-car-
nitine (500 mg/kg) on the antibody titer against in-
fectious bursa IBD and Geometric mean titer(GMT)
of broiler chickens under thermal stress. The results
showed that all treatments increased titers on days 21,
28, 35, and 42. But vitamin E was more effective in
these traits.

Parsacimehr et al. (2014a) reported that the use
of L-carnitine had a significant effect on Newcastle
antibody titer at 32 days of age but had no effect on
Newcastle-antibody titer at 42 days of age. Research-
ers investigating the effects of L-carnitine (0 and 200
mg/kg), coenzyme Q10 (0 and 40 mg/kg), and racto-
pamine (0 and 10 mg/kg) in a factorial experiment on
chicken Ross 308 male broiler showed that the ad-
dition of coenzyme Q10 and L-carnitine in the diet
of broiler chickens has a positive effect on immune
response (Asadi et al., 2016).

The results of a research showed that using the
mixture of L-carnitine, lysine and methionine in the
basic diet of broilers did not have a significant effect
on antibody titers against sheep red blood cells, bron-
chitis and weight of the bursa of fabricius and spleen,
but increased antibody titers against Newcastle (Gho-
reyshi et al., 2019).

In most studies, the use of L-carnitine in the diets
of broiler chickens led to improvements in the immune
system. In some studies, the effect of L-carnitine on
control of the immune system in broiler chickens was
not statistically significant. Overall, L-carnitine can
be effective in improving immunity, increasing re-
sistance to diseases and decreasing ascites in broiler
chickens.
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Table 3. Effect of L-carnitine on the immunity of broiler chickens

Reference

Applied treatment

Effects

Xu et al., 2003

MirzaporSarab et al., 2016 50, 100 mg/kg

Khajali and Khajali, 2014 200 mg/kg
Shirali et al., 2015 50 mg/kg
Akbari Azad et al., 2010 375 mg/kg
Khatibjoo et al., 2016 0.025 %
Norreh et al., 2015 125 mg/kg
Jalali et al., 2015 120 mg/kg

Fallah et al., 2016

kgterbutaline
Rehman et al., 2017 500 mg/kg
Parsaeimehr et al., 2014a 300 mg/kg
Asadi et al., 2016 200 mg/kg
Azadmanesh and Jahanian, 2014 100 mg/kg
Kheirkhah et al., 2009 100, 200 mg/kg
Golzaradabi et al., 2011 100 mg/kg
Deng et al., 2006 1000 mg/kg

25, 50, 75, 100 mg/kg

100 mg/kg 1-carnitine + 100 mg/

Increased activity of hormone-sensitive lipase
(HSL), decreased Lipoprotein lipase (LPL)
activity, glucose-6-phosphate dehydrogenase,
malic hydrogenase, iso-citrate dehydrogenase
and carnitine palmitoyltransferase I
No significant effect on the production of
antibody against SRBC
No significant effect on heterophil to
lymphocyte ratio
Increased antibody titeragainst SRBC, no
significant effect on the relative weight of
immune organs (thymus, spleen and bursa of
Fabricius).

Increasing antibody titers against Newcastle
disease and influenza and positive effect
on white and red blood cells, hemoglobin,
hematocrit and triglyceride
No effect on cellular and humoral immunity
and increased immunity through blood cells and
improvement of the immune system.
Increased percentage of lymphocytes and
primary IgG titers
Increased antibody titeragainst Newcastle virus
Increase in antibody titers against Newcastle
and Influenza viruses during the 18th and 28th
day of life
Increased antibody titers against IBD and GMT
Significant effect on Newcastle disease
antibody titer at 32 days of age but no effect at
42 days
Positive effect on the immune system
No effect on antibody titers against Newcastle
disease and bronchitis
No effect on the production of antibodies
against SRBC
Increase in antibody titers against SRBC and
Newcastle disease. Weight gain of thymus,
spleen, and bursa of Fabricius
Increased thymus weight, increased antibody
level against SRBC

Effect of L-carnitine on blood parameters of broil-
er chickens

Xu et al. (2003) showed that the application of
(0, 25, 50, 75 and 100 mg/kg) L-carnitine, especial-
ly 50 mg/kg, reduced serum triglyceride in broiler
chickens. Levels of serum-free fatty acids increased
significantly with the use of L-carnitine compared to
the control. L-carnitine supplementation in the diet of
broiler chickens containing 1, 3 and 5% fat signifi-
cantly decreased triglyceride, cholesterol and VLDL
in blood serum (Rezaei et al., 2007). In the study of

Hassan et al. (2011), they found that elevated levels
of L-carnitine had a greater effect on cholesterol lev-
els. It is showed that triglyceride levels of chicken fed
L-carnitine decreased compared to the control, but
the concentration of cholesterol, phospholipids and
serum lipoprotein was not affected by L-carnitine.
The reduction in triglyceride content of blood serum
with the use of L-carnitine was reported by Zhang et
al. (2010) and the reason was increased catabolism of
fatty acids by L-carnitine.
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Tufarelli et al. (2020) stated that the use of L-car-
nitine along with 20% lysine-methionine reduced uric
acid and increased total cholesterol in broilers. The
effect of L-carnitine consumption had no significant
effect on glucose and triglyceride levels.

The reduction of serum triglyceride and very
low-density lipoproteins (VLDL) was reported by Xu
et al. (2003).

Kamal et al. (2019) reported that L-carnitine does
not have a significant effect on blood parameters and
liver enzymes. The results of Islam and Ouda (2020)
showed that by consuming L-carnitine in the diet of
broilers, the total protein content increases and the
amount of cholesterol, triglycerides, LDL and blood
glucose decreases. Abouzed et al. (2019) stated that
the consumption of L-carnitine in the drinking water
of broilers does not have a significant effect on blood
parameters and digestive enzymes.

Application of 200 mg/kg of L-carnitine in the
approved Cobb 500 strain reduced the concentration
of malondialdehyde in plasma and hematocrit (PCV)
and increased plasma nitric oxide (Khajali and Kha-
jali, 2014). The results showed that the application
of 100 mg/kg L-carnitine reduced plasma malond-
ialdehyde (MDA) levels in broiler chickens (Tan et
al., 2008). In Yousefi et al. (2013), plasma MDA con-
centration also decreased significantly with the use of
a diet containing 50 and 150 mg/kg of L-carnitine.
Research results showed that chickens fed with L-car-
nitine had significantly lower red blood cells (RBC),
hemoglobin (HGB) and hematocrit (HCT) at 42 days
of age. L-carnitine also significantly reduced MDA
levels from 21 to 35 days of age, and increased su-
peroxide dismutase (SOD) and Gsh-Px activity at 21
to 42 days of age. The use of L-carnitine significantly
reduced serum triglyceride, glucose, uric acid and a
significant increase in total serum protein and globu-
lin content was observed (Wang et al., 2013).

Zhang et al. (2010) also reported a significant de-
crease in serum cholesterol and triglyceride levels
with increasing levels of L-carnitine in the diet. The
use of L-carnitine reduced the level of triglyceride
and increased the level of serum cholesterol (Kheiri et
al., 2011). Parsaeimehr et al. (2013) investigated the
use of L-carnitine and a diet containing animal and
plant fats for broiler chickens Ross strain. The results
showed that the use of L-carnitine had no effect on
blood glucose and HDL however, it lowers cholester-
ol, triglycerides, LDL, and VLDL levels.

Parsacimehr et al. (2014b) completed the base
diet of Ross broiler chickens with 0, 150, 300, 450
and 600 mg/kg of L-carnitine and showed that use of
L-carnitine in the diet reduced levels of triglycerides,
cholesterol, LDL, VLDL, and elevated blood albumin
and globulin. However, the effect of L-carnitine on
the level of glucose, protein, and HDL was not sig-
nificant. The use of L-carnitine on blood parameters
other than the concentration of triglyceride was not
significant in broiler chickens under thermal stress
at 42 days of age (Shirali et al., 2015). Corduk et al.
(2007) reported that the use of L-carnitine did not af-
fect total serum cholesterol and triglyceride levels. In
the study of Azadmanesh and Jahanian (2014), the use
of camnitine increased triglyceride levels throughout
the rearing period.

When gemfibrozil and L-carnitine were used in
diets of broiler chickens, total cholesterol and serum
triglyceride declined, although the differences were
not statistically significant (Farrokhyan et al., 2014).
Arsan and Tufan (2018) reported that the use of L-car-
nitine and chitosan oligo-saccharide had no signif-
icant effect on total cholesterol, triglyceride, HDL,
LDL, VLDL, total protein and albumin concentration
in serum of broiler chickens. The use of 300 mg/kg
L-carnitine increased blood glucose levels in broiler
chickens under thermal stress. However, L-carnitine
supplementation at levels 0, 100, 200 and 300 mg/kg
had no significant effect on cholesterol, albumin, pro-
tein and HDL in broiler chickens (Babazadeh Agh-
dam et al., 2015).

Research results of Taraz and Dastar (2008)
showed that the use of L-carnitine supplementation
in broiler diets had no significant effect on blood pa-
rameters such as cholesterol, total protein, albumin,
triglyceride, glucose and blood uric acid. Usage of
L-carnitine in herbal oil diet increased total protein,
globulin, cholesterol, HDL, and LDL in blood serum
of broiler chicken (Jalali et al., 2015). Fallah et al.
(2016) revealed that broiler chickens Ross 308, fed
with diet containing L-carnitine and terbutaline, had
lower total cholesterol, HDL, and LDL than the con-
trol.

Corduk et al. (2007) reported that the use of com-
plementary L-carnitine in broiler diets increased -ox-
idation of fatty acids to produce adenosine triphos-
phate (ATP) energy and improved energy efficiency.
Mehdizadeh Taklimi et al. (2015) showed that calci-
um and phosphorus levels of blood in broiler chickens
were not affected by a diet containing L-carnitine.
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The effect of a diet containing L-carnitine, ginger
and vitamin E on serum paraoxonase activity and ox-
idative status indicated that all treatments increased
serum paroxonizations and decreased total oxidant
status on 21, 28, 35 and 42 days of age, in comparison
with the control group. Reducing glucose and increas-
ing total protein was also reported (Rehman et al.,
2017). Murali et al. (2013) fed chickens 900 mg/kg of
L-carnitine and found that the treatment significantly
reduced cholesterol and serum LDL-cholesterol lev-
els compared to the control. The effect of L-carnitine
on the levels of triglycerides, HDL, and VLDL was
not significant.

Abd El-Wahab et al. (2015) showed that the low-
est levels of cholesterol were obtained in chickens fed
lysine (15.5 g/kg) and methionine (5.8 g/kg) plus 350
mg/kg L-carnitine. In the study of Parsacimehr et al.
(2014b), the L-carnitine diet had no significant effect
on blood protein.

Hosseintabar et al. (2015) examined the effects
of different levels of L-carnitine, lysine and methi-
onine on blood parameters of broiler chickens Ross
308. In that 3x3 factorial design study, three levels
of L-carnitine (0, 75 and 150 mg/kg) and 3 levels of

lysine and methionine (0, 15 and 30%) were used.
The results showed that the diets supplemented with
L-carnitine had a significant effect on uric acid, HDL,
LDL, and total cholesterol. L-carnitine-, lysine- and
methionine-fed chickens had the highest plasma uric
acid and the lowest total cholesterol and LDL. Also,
L-carnitine significantly reduced total cholesterol
compared to control and lysine and methionine-fed
chickens. Generally, the diet with 150 mg/L of car-
nitine and 15% of lysine and methionine was the
best treatment to maintain the concentration of TC,
LDL, and HDL. Jafari Golrokh et al. (2016) reported
a decrease of cholesterol, triglycerides, LDL, alkaline
phosphate (ALP) in chickens treated with L-carnitine.

From the above researches, it is concluded that
positive and significant effects of L-carnitine on blood
parameters of broiler chickens were evident. L-carni-
tine, as an edible anti-fat substance, reduced choles-
terol, triglycerides, LDL, and VLDL, in most studies,
and had a positive effect on blood parameters. In a
few studies, the effect of L-carnitine on the improve-
ment of blood parameters was not significantly dif-
ferent compared with the control. But in general, the
effect of this supplement was positive in improving
the blood parameters of broiler chickens.

Table 4. Effect of L-carnitine on blood parameters of broiler chickens

Reference Applied treatment Effects
Xu et al., 2003 25,50, 75, 100 me/ke Reduced serum tr1glyc§r1de and increased free
fatty acid levels
Rezaie et al., 2007 250 me/ke Reduced blood trlgly\cjirlljdis, cholesterol, serum

Zhang et al., 2010

Khajali and Khajali, 2014

Tan et al., 2008
Yosefi et al., 2013

200 mg/kg

100 mg/kg
50, 150 mg/kg

Wang et al., 2013 100 mg/kg

Zhang et al., 2010
Kheiri et al., 2011

60, 120 mg/kg
Parsaeimehr et al., 2013

Parsaeimehr et al., 2014b 300 mg/kg

300, 600,900 mg/kg

300, 600, 900 mg/kg

150, 300, 450, 600 mg/kg

Increased fatty acid catabolism and reduced
serum triglyceride levels
Reduced malondialdehyde in plasma, reduced
hematocrit and increased plasma nitric oxide
Reduced levels of plasma malondialdehyde
Reduced levels of plasma malondialdehyde
Reduction of red blood cells, hemoglobin
and hematocrit, malondialdehyde, serum
triglyceride, glucose and uric acid, increase of
activity of superoxide dismutase and GSH-PX
and increased serum total protein
Reduced triglycerides and cholesterol
Reduced triglycerides and increased serum
cholesterol levels
No significant effect on blood glucose, HDL,
and a significant reduction in cholesterol,
triglyceride, LDL and VLDL levels.
Reduced triglyceride, cholesterol, LDL and
VLDL, increased albumin and globulin levels
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Shirali et al., 2015
Corduk et al., 2007 100 mg/kg
Azadmanesh and Jahanian, 2014 100 mg/kg

Farrokhyan et al., 2014

Arslan and Tufan, 2018

BabazadehAghdam et al., 2015

Jalali et al., 2015 120 mg/kg
Fallah et al., 2016
Corduk et al., 2007 100 mg/kg

MehdizadehTaklimi et al., 2015

Rehman et al., 2017 500 mg/kg
Murali et al., 2013 900 mg/kg
Abd El Wahab et al., 2015 350 mg/kg
Parsaeimehr et al., 2014a 300 mg/kg

Hosseintabar et al., 2015 75,150 mg/kg

JafariGolrokh et al., 2016 150, 300 mg/kg

Kheirkhah et al., 2009 100, 200 mg/kg

Taraz and Dastar, 2008 125, 250 mg/kg

Murali et al., 2015 900 mg/kg

150, 300, 450, 600mg/kg

150, 300 mg/kgL- carnitine + 1, 2
mg/kg gemfibrozil

100 mg/kgL- carnitine

100, 200, 300 mg/kg

100 mg/kg L- carnitine plus 10
mg/kg terbutaline

400, 600, 800 mg/kg

Significant and positive effects on blood
triglyceride concentration
No significant effect on total serum cholesterol
and triglyceride levels
Increased triglyceride levels throughout the
course
Reduced total serum cholesterol and
triglyceride
No significant effect on total cholesterol,
triglycerides, HDL, LDL, VLDL, total protein
and albumin concentration in serum
Increased blood glucose but no significant
effect on cholesterol, albumin, protein and HDL
Increased total serum protein, globulin,
cholesterol, HDL and LDL

Reduced total cholesterol, HDL, and LDL

Increased oxidation of fatty acids and increased

energy production
No significant effect on calcium and
phosphorus levels
Increased serum and total protein

paroxonization activity, decreased total oxidant

and glucose status
Decreased cholesterol, LDL levels and no
significant effect on triglyceride, HDL and
VLDL levels
Reduce cholesterol levels
No significant effect on blood protein
Positive effects on uric acid, HDL, LDL, and
total cholesterol
Reduced cholesterol, triglycerides, LDL, and

alkaline phosphate

No effect on the concentration of cholesterol or
blood triglycerides

No effect on blood parameters
Increased metabolism and facilitatedthe
oxidation of fatty acids

Effect of L-carnitine on the microbial flora of
broiler chickens

Hosseintabar et al. (2013) investigated the effect
of L-carnitine, methionine-lysine on themicrobial flo-
ra of broiler cecum. In that study, L-carnitine (0, 75
and 150 mg/kg), methionine-lysine (0, 15 and 30%)

were used at three levels. The results showed that
there is a significant difference between the levels of
L-carnitine and methionine-lysine in the total popula-
tion of aerobic bacteria, producing lactic acid bacte-
ria, Escherichia coli and lactobacilli at a probability
level of 5%.

Table 5. Effect of L-carnitine on the microbial flora of broiler chickens

Reference

Applied treatment

Effects

Hosseintabar et al., 2013 75,150 mg/kg

Positive effect in reducing the total population
of aerobic bacteria, producing lactic acid
bacteria, Escherichia coli and lactobacillus
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Effect of L-carnitine on the fatty acid profile and
meat characteristics of broiler chickens

Abd El-Wahab et al. (2015) used two levels of
L-carnitine (175 and 350 mg/kg) in the diet of broil-
er chickens containing methionine (6.5 and 8.5 g/kg)
and lysine (13.5 and 15.5g/kg). The results of that
study showed that L-carnitine significantly reduced
lipid profiles in all 2 levels.

The effect of butyric acid (0 and 2 g) and L-car-
nitine (0, 125 and 250 mg) on broiler chicken meat
color showed that statistically there was no significant
difference between the treatments. However, L-carni-
tine at 125 milligrams level had the highest brightness
and redness of breast meat among treatments. The ef-
fect of L-carnitine and butyric acid on the character-
istics of thigh meat (yellowness, redness and bright-
ness) was not significant. However, the chickens fed
a diet containing 250 mg of L-carnitine had darker
thigh meat compared to the other treatments. In that
study, the chickens fed a diet containing 125 mg/kg

of L-carnitine had thigh meat with higher pH of. The
maximum pH of the breast meat was 250 mg/kg of
L-carnitine plus 2 g/kg of butyric acid. The research-
ers linked this study of the effect of L-carnitine on
the brightness of meat color as a consequence of that
material in preventing the oxidation of muscle myo-
globulin (Khatibjoo et al., 2016).

The results of Zhang et al. (2010) showed that the
effect of L-carnitine (0, 300, 600 and 900 mg/kg) on
pH of breast meat, colour brightness of breast and
thigh meat, was not statistically significant. However,
the effect of treatments on pH of thigh meat showed
that using) L-carnitine, increased pH of the thigh, red-
ness of breast and thigh meat. The yellowness of thigh
and breast meat decreased with L-carnitine usage
compared to the control. Breast and thigh shear forces
declined by using high levels of L-carnitine (600 and
900 milligrams). Corduk et al. (2007) showed that the
use of L-carnitine (0 and 100 mg/kg) did not affect
meat quality in broiler chickens.

Table 6. Effect of L-carnitine on the fatty acid profile of broiler chickens

Reference Applied treatment Effects
Abd El Wahab et al., 2015 175, 350 mg/kg Reduced lipid profile
Table 7. Effect of L-carnitine on the characteristics of broiler chicken meat
Reference Applied treatment Effects
Khatibjoo et al., 2016 250 mg/kg More darkness of thigh meat
Khatibjoo et al., 2016 125 mg/kg Increased pH of thigh meat and brightness and

Khatibjoo et al., 2016
Zhang et al., 2010

Corduk et al., 2007 100 mg/kg

250 mg/kg, 2 g/ kg butyric acid
300, 600, 900 mg/kg

redness of breast meat
Increased pH of breast meat
Increased pH of the thigh, redness of breast and
thigh meat
No significant effect on meat quality

CONCLUSION

L-carnitine, as a nutritional substance was found
effective in reducing fat content in the body of broil-
er chickens leading to resulting in the production of
low-fat and healthier chickens without affecting the
performance and qualitative characteristics of broiler
chickens. Therefore, L-carnitine can be used at levels
of 125-300 mg/L as an effective nutritional supple-
ment to resolve the problem of fat accumulation as
well as maintaining the health of chickens. Although
higher levels of L-carnitine were also found effective,
economic considerations, and cost relative to benefit

balance, the dose 300 mg/L is the one to be recom-
mended.
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INTRODUCTION
Tail biting is an abnormal behavior frequently oc-
curring in pigs compromising welfare, health and
economic gain in pig industry (Harley et al., 2014;
Larsen et al., 2019; Niemi et al., 2012). It had been
reported in pig farms since the 1950°s (Schrader-Pe-
tersen and Simonsen, 2001). However, it is generally
accepted that this abnormality became more severe
with the development of more intensive production
systems (Edwards, 2006). Although this type of be-
havior is reported in conventional and organic free-
range production systems (Kongsted and Serensen,
2017), surprisingly, it is not documented in other
non-domesticated Suids or Peccaries kept in captivity
or found in wild life (Taylor et al., 2010).

The prevalence of severe tail biting can be as high
as 3.1% (Van Staaveren et al., 2017b) while it may
reach up to 72.0% for mild lesions (Teixeira et al.,
2016). In general, abattoir data for tail biting cannot
easily help to identify its prevalence, as a standard
tail damage scoring system is lacking (Harley et al.,
2014; Keeling et al., 2012) and particularly a system
associating meat inspection with welfare (Harley et
al., 2012a; Vom Brocke et al., 2019).

This pattern of behavior may cause acute pain in
bitten pigs but also results in long-term consequences
such as secondary infections (Valros and Heinonen,
2015) leading to carcass abscesses (Heinonen et al.,
2010), respiratory organ inflammation (Munsterhjelm
et al., 2013) and lung pathologies (Kritas and Mor-
rison, 2007). Tail biting consists not only a welfare
problem for pigs receiving this behavior, due to the
pain caused, but is also an indication of decreased
welfare in pigs performing it, since the inadequacies
in their environment make them feel discomfort and
bite (Thodberg et al., 2018; Valros et al., 2015, 2004).

Although poor health status is considered a high-
risk factor for tail biting (European Food Security Au-
thority (EFSA), 2007), suboptimal health has not re-
ceived adequate attention so far (D’Eath et al., 2014;
Valros and Heinonen, 2015). More research is needed
on the possible correlations between pig health and
the expression of tail biting behavior (Munsterhjelm
et al., 2016; van Staaveren et al., 2016; Naya et al.,
2019a). Moreover, due to secondary infections, car-
casses from tail bitten pigs are trimmed or condemned
in abattoirs (Kritas and Morrison, 2007) reflecting a
direct economic loss of 1.10 Euro per pig (Harley et
al., 2014) while this amount is even higher if we con-
sider the indirect losses due to lower average daily

gain (ADGQG) that can come up to 3% (Sinisalo et al.,
2012).

Tail biting is known to be a multifactorial syndrome
which is related to internal risk factors influenced by
a great variety of external factors (Schreder-Petersen
and Simonsen, 2001). Although a lot of risk factors,
especially environmental, have been identified the ex-
act cause remains unknown (Sutherland and Tucker,
2011). As a consequence, tail biting outbreaks are dif-
ficult to be predicted and even more challenging to
understand their cause as several environmental and
husbandry factors associated with this behavior are
likely to be unknown at their exact magnitude. Even
under one roof where the same managerial practic-
es are implemented, tail biting is sporadic (Edwards,
2006; Sutherland and Tucker, 2011). Furthermore,
due to its multifactorial origin, this behavior is rare
not to be present in commercial farms (Thodberg et
al., 2018) leading farmers to routinely tail dock under
fear of economic losses and fear of losing control of
the situation (D’Eath et al., 2016). The existing per-
centages of tail docking over 95% in Europe (EFSA,
2007) indicates that 25 years after the first EU leg-
islation forbidding the procedure on routine basis,
there is an information gap in alternative steps that
farmers could adopt (D’Eath et al., 2016) while the
insufficiencies of current control methods is proven
by high prevalence’s of tail-docking (Harley et al.,
2012b). European Commission audits for tail dock-
ing in Germany and Denmark, both being the biggest
producers of pork in EU, report over 95% of pigs in
Germany and over 98.5% in Denmark are tail docked
(EU Commission, 2018). As no experimental curative
treatment has stopped 100% of tail biting outbreak
(Chou et al., 2019b; Zonderland et al., 2008), farmers
could benefit from research in the field of automated
monitoring of pigs’ behavior in order to predict such
outbreak (Niemi et al., 2012; Zonderland et al., 2016).

On the other hand, animal welfare is related to
ethics and also a point of concern for the public and
a part of EU values (European Commission, 2012).
Consequently, this is an important political issue both
at National and European level (Harley et al., 2014).
Moreover, successful implementation is conditioned
by knowing farmers perceptions (Kakanis et al.,
2019) and consumer willingness to pay a price pre-
mium for better animal welfare (Niemi et al., 2012;
D’Eath et al., 2016).

As a lot of research on tail biting is conducted
throughout Europe, this review aims at presenting the
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main outcomes based on current literature, to pinpoint
the possible research gaps and highlight the potential
pathways for new research needed.

PREVALENCE

The percentage of tail bitten pigs in a given
population is used as the prevalence of tail bit-
ing in most studies although time should be also
incorporated (Taylor et al., 2010). There seems
to be an underestimation of tail biting lesion
prevalence in the official statistics as the Official
Veterinarians (OVs) record only the severe cas-
es (Keeling et al., 2012; Wallgren et al., 2019c¢)
and data should be used cautiously in order to
evaluate the tail biting incidence in farm (Lahr-
mann et al., 2017). Underestimation could also
be attributed to the high-speed lines of abattoirs
(Correia-Gomes et al., 2017). On the other side,
Wallgren et al. (2019¢) support that in countries
where farmers keep undocked pigs there could be
an overestimation of tail damage in abattoirs due
to other reasons, like tail necrosis due to toxins in
straw. Tail appearance is not always the best way
to quantify tail biting activity as under intact tails
severe histopathological reactions may be found
(Simonsen et al., 1991; Munsterhjelm et al.,
2013). Moreover, the standing point of the ob-
server in the abattoir plays a role in this discrep-
ancy between studies, as some do the scoring be-
fore scalding and dehairing (Keeling et al., 2012)
while others do it after them for better assessment
of the minor lesions (Harley et al., 2014) or of
every score of severity (Carroll et al., 2015). The
variation in abattoir studies is further amplified
by different scoring systems (van Staaveren et
al., 2016), ways of record keeping (Harley et al.,
2012b) and differences in estimation between in-
dividuals (Keeling et al., 2012).

Tail biting prevalence based on abattoir data,
can’t give an exact representation of the problem
on farm as it misses out those tail bitten pigs that
die due to severe lesions or euthanasia and lesions
that get healed (Marques et al., 2012; Harley et
al., 2012b; Lahrmann et al., 2017). Moreover,
docking practices could differentiate the preva-
lence, as pigs raised under welfare schemes have
more odds than conventional farmed pigs for tail

lesions, probably due to being undocked (Kongst-
ed and Serensen, 2017; Alban et al., 2015). Also,
increase of on farm prevalence could be expected
in countries where enrichment material is not a
prerequisite by legislation, as in USA (Li et. al.,
2017). In a registered based study performed by
Fertner et al. (2017), it was pinpointed that rela-
tively low prevalence in tail biting lesions could
be attributed to measures taken for the prevention
of tail biting. In addition, variation of prevalence
between farms (Becskei et al., 2018) is attributed
to some producers being more capable of keep-
ing pigs under optimum conditions thus avoiding
tail biting outbreaks (Van Staaveren et al., 2016).
This variation indicates the importance of farm
related risk factors (Valros et al., 2004) and em-
phasize the different conditions that exist in pig
farms around Europe (Wallgren et al., 2019b).

Overall, tail lesion prevalence may vary great-
ly between farms (Fertner et al., 2017; Van Staav-
eren et al., 2017a) abattoirs (Keeling et al., 2012)
and regions (Harley et al., 2012b). As the preva-
lence of this behavior is expected to increase if
the trend towards less docking continues in E.U.
(Keeling et al., 2012; D ‘Eath et al., 2016), it is
important to have a clear definition and standard
record practices in order to have reliable data
(Harley et al., 2012b). A summary of the most
recent studies data is shown in Table 1.

It is evident that the lack of a clear definition of tail
biting scoring system makes difficult the comparison
of the studies run among different countries. Tail bit-
ing research could benefit from incorporating scoring
in official veterinary duties, and thus an increased vol-
ume of data to become available. This will also allow
correlations between different welfare indicators in
slaughterhouse (e.g. hind-limb bursitis) to be made,
resulting in the establishment of a welfare indicator
system applied among all countries.
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Table 1. Tail biting prevalence between different studies

Number DOCKED UNDOCKED Reference
COUNTRY DATE of pigs PLACE MILD* SEVERE** MILD* SEVERE**
FINLAND 2000 10852 ABBATOIR 34.60% 1.30% Valros et al., 2004
USA 2002 1895 FARM 16.30% 9.70% Kritas & Morrison, 2004
SWEDEN 2003 15068 ABBATOIR 7.00% 1.5%-1.9% Keeling et al., 2012
IRELAND 2010 35288 ABBATOIR 58.10% 1.03% Harley et al. 2012b
IRELAND 2012 3422  ABBATOIR 72.50% 2.50% Harley et al. 2014
IRELAND 2014 3889 ABBATOIR 30.80% 1.60% Carrol et al. 2015
ITALY 2014 128/320 FARM 3.60% Martino et al., 2015
DENMARK 2015 472 FARM 2.20% 0.00% 3.30% 2.40% Paoli et al.,2016
IRELAND 2012 3143 ABBATOIR 72.00% 2.30% Teixeira et al., 2016
IRELAND 2015 4491 ABBATOIR 7.30% 2.40% Staaveren et al., 2016
IRELAND 2014 13133 ABBATOIR 25.20% 3.10% Staaveren et al., 2017
DENMARK 2016 1624 FARM 49.00% Larsen et al., 2017
DENMARK 2015 962/960 FARM 0.00% 0.00% 23.00% Larhmann et al., 2017
USA 2016 120/120 FARM 42.50% 5.00% 59.20%  30.00% Lietal., 2017
GREECE 2017 461 ABBATOIR 46.42%*** Becskei Zolt, 2017

5 scale climax: 0=No evidence of tail biting 1= Healed of mild lesions 2=Evidence of chewing or puncture wounds, no
swelling 3= Evidence of chewing or puncture wounds with swelling and signs of infection 4=Partial or total loss of the

tail

3 scale climax : 0= No visible tail lesion. Earlier lesion is healed 1= Tail appears red and/or has minor scratches 2=

Visible wound with obvious tissue damage

*Mild: Tail biting lesions of score 1 and 2 in a 5-scale climax or 1 in a three-scale climax.
**Severe: Tail biting lesions of score 3 and 4 in a 5-scale climax or 2 in a three-scale climax.

*** Mild & Severe tail biting lesions

TAIL BITING IMPACT ON PIG HEALTH
AND WELFARE

Pigs that are tail bitten feel acute pain meaning
lower welfare but also later they might develop health
problems through infection of the biting wound (Val-
ros, 2017). Wallenbeck and Keeling (2013) found that
pigs that are mostly tail bitten (victims) had lower dai-
ly feed consumption up to 2 weeks after a tail biting
outbreak while Munsterhjelm et al. (2015) reports re-
duced feed intake for even 20 days before becoming
a victim and additionally suggest that feed intake on
day O of tail biting could be used as predictor of re-
covery. Li et al. (2017) didn’t observe any differences
in body weight (BW) between tail biters and victims
although they recorded reduced ADG in the period of
production when most of the tail biting outbreaks oc-
curred.

Victim pigs have a lower ADG (Marques et al.,
2012; van Staaveren et al., 2017b) up to 3% although
the latter is not correlated with feed conversion ratio
(Sinisalo et al., 2012). Marques et al. (2012) explained
this reduction by means of stress, secondary effects

or lower feed intake. A correlation between high per-
centage of tail lesions and lower ADG has been found
also at farm level (Pandolfi et al., 2018).

The infection from tail wound due to tail biting
can spread through the body and lead to secondary
infection to different organs (Schreder-Petersen and
Simonsen, 2001). Pigs with severe tail lesions present
more often locomotion disorders and a higher mortal-
ity rate (Marques et al., 2012). In their epidemiologi-
cal study, Pandolfi et al. (2018) reported a correlation
between tail bitten pigs and hepatic scaring. Tail bit-
ten pigs have more abscesses in lungs and at vertebral
column (Marques et al., 2012). Table 2 presents the
major outcome of tail biting on health of pigs as re-
ported by previous research efforts.

The lack of available data on the topic, reveals the
need for further research to investigate the link be-
tween tail biting and health status of the animal on a
cause and effect basis. Moreover, the overall mortality
on farm due to tail biting should be quantified to com-
plete the record of tail biting effect.
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Table 2. Major outcomes of tail biting on health of pigs

Main outcomes

Reference

Tail lesions increases the risk of carcass condemnation mainly due to abscesses and
arthritis.

Healed tail damage also increases the risk significantly.

The severity of tail biting is associated with the presence of pleuritis and lung
abscesses.

There are significant association between the severity of tail-biting and external
carcass abscesses.

Along with suboptimal production systems, tail biting wounds can increase the risk
of disease and injury lesions in pigs sent for slaughter.

In addition to an increased mortality rate, tail biting is associated with locomotion
disorders and with the presence of abscesses at vertebral column, inguinal area and

Valros et al. (2004)

Kritas and Morrison. (2007)

Harley et al. (2012b)

Marques et al. (2012)

lungs.

The average daily gain of tail biting victims is reduced by 1 to 3%.
Pigs with tail injuries due to tail biting consume decreased amounts of feed.
Prevalence of severe tail lesions is associated with the prevalence of enzootic

pneumonia-like lesions and pyaemia.

Pigs with severe tail lesions tend to have more severe pleurisy where the lungs

Sinisalo et al. (2012)
Wallenbeck and Keeling. (2013)
Pandolfi et al. (2018)

Staaveren et al. (2016)

remained attached to the chest wall than pigs with moderate tail lesions.

Severe tail lesions are correlated with a lower average daily gain

Staaveren et al. (2017)

TAIL BITING IMPACT ON FARM
ECONOMY

Financial losses due to tail biting are significant
and a constant threat for a pig farm (Harley et al.,
2014). The cost of tail biting for a finishing farm of
4,000 pigs is estimated to be at 2,383 Euro per year
(Zonderland et al., 2011c). In their study, Harley et al.
(2014) estimated the profit loss per pig at 0.59 Euro
considering only carcass reduced weight, while this
amount goes up to 1.69 Euro when carcass condem-
nations, trimmings and smaller carcass weight are
considered.

The risk of carcass condemnation has been pos-
itively correlated with the severity of tail lesion
(Marques et al., 2012; Harley et al., 2014) while even
healed lesions raise the above risk significantly (Val-
ros et al., 2004). This positive association exists also
between tail lesions severity and carcass trimmings
(Harley et al., 2014; Kritas and Morrison, 2007).
Moreover, tail lesions have a negative correlation
with carcass weight (Harley et al. 2014; Carroll et al.,
2015) while Valros et al. (2013) suggest that due to
lower carcass weight they produce less lean meat.

Indirect economic losses have also to be estimated
due to possible morbidity and mortality such as drug
use for treatment of tail bitten pigs and increased labor
costs (Marques et al., 2012). In a simulation study, the
cost per tail bitten pig in a pen was estimated at 18.96

Euro due to increased medicine, veterinary, labor and
material costs, increased mortality, carcass disposal
and carcass condemnations, reduced daily gain and
extra feed consumption (D’Eath et al., 2016).

On the economic impact of tail biting, it seems that
farmers will treat tail biting in time if they are aware
of the impact on their income. Thus, there is a need
for more studies in the correlation between tail biting
and production loss. Studies should quantify and take
into account all the possible factors tail biting lesions
affect the farmers’ revenue.

BEHAVIORAL BASIS OF PIG TAIL BITING

Due to its sporadic and unpredictable presen-
tation tail biting behavior is hard to be studied.
The associations between tail damage and other
lesions could be explained by shared risk factors
(Teixeira et al., 2016), let alone the weakness
of experimental studies to provoke it (Edwards,
2006; D ’Eath et al., 2014) and the fact that treat-
ments that work once maybe proven useless to
another outbreak (Hunter et al., 2001).

Three distinct types of tail biting have been
proposed (Taylor et al., 2010): a) Two stage: a
pre-injury one followed by an injurious one, b)
sudden-forceful, and c) obsessive, based on a
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different motivation basis. Later studies seem to
support the different motivation (Ursinus et al.,
2014a,2014c). The three types could be prevent-
ed by the identification of the different factors that
are more usually involved to each type. Not all
tail bites result in a tail biting outbreak (Holling
etal.,2017; Lahrmann et al., 2018b). In most cas-
es however, finding the pathway of actions that
each risk factor triggers the processes that control
tail biting expression is very difficult (Brunberg
et al., 2016; D’Eath et al., 2016). Some studies
are categorizing pigs as ‘tail-biters’ that do most
of the biting, ‘victims’ who receive most of the
bites and ‘neutrals’ that neither perform nor re-
ceive (Zonderland et al., 2011b; Brunberg et al.,
2011) in order to find distinctive characteristics of
pig behavior. In addition, Ursinus et al. (2014a)
suggest that while there is an inconsistency in
tail biting behavior by tail biters through rearing
phases, victims seem to stay victims throughout
their lives.

According to Valros et al. (2015) tail biters
have differences in certain neurotransmitter’s
metabolism, dopamine and serotonin, in differ-
ent brain areas than victims, indicating different
ways of coping with stress between these two be-
havioral phenotypes. In addition, Brunberg et al.,
2013 who reported differences in gene expression
in the hypothalamus and prefrontal cortex among
tail biters, receivers and neutral pigs suggested
that pigs perform more pig-directed abnormal
behavior due to selection for better production
traits. Ursinus et al. (2014c) support that tail bit-
ers in enriched pens may be motivated by unsatis-
fied high nutrition demands while in barren pens
(pens without enrichment material) this behavior
could be associated with boredom. Brunberg et
al. (2016) suggested a possible mechanism for
tail biting behavior that includes gut microbiota,
the immune system, hypothalamic-pituitary-ad-
renal (HPA)-axis reactivity, and the ability to
cope with challenges. More specifically, insuffi-
cient ingredients in feed provoke a response from
the stress-related HPA-axis and consequently the
immune system, altering this way the individu-
al’s behavior. Preweaning behavior seems to cor-
relate with tail biting behavior later in life (Ursi-

nus et al., 2014a).

On the behavioral basis of tail biting, studies
focus on three possible phenotypes in pig level:
the biter, the victim and the neutral. Molecular
studies should also be performed to help the early
diagnosis of the biter. Comparison in genes ex-
pressions of these three phenotypes could reveal
new characteristics of the different phenotypes.

RISK FACTORS FOR PIG TAIL BITING

Most of the studies on risk factors focused on the
use of environmental enrichment are experimental
while studies focused on farm conditions, health sta-
tus and feeding are based mainly on epidemiological
data (Valros et al., 2016). Table 3 presents the main
results of studies on main risk factors for pig’s tail
biting.

On a breed basis, Breuer et al., (2005) found
tail biting to be heritable in Landrace breed but not
in Large White breed. Moreover, above-mentioned
authors concluded that in the Landrace population,
tail-biting was unfavorably genetically correlated
with leanness (lean tissue growth rate) and back fat
thickness at 90 kg. A link between production traits
(fat content) and both performing and receiving tail
biting, as well as other pig-directed abnormal behav-
iors, was also confirmed by Brunberg et al. (2013)
meaning that the genetic background has to be taken
into account when dealing with tail biting (Bulens et
al., 2018). Furthermore, (Sinisalo et al., 2012) indi-
cated that Yorkshire breed is more susceptible to be-
come victim than Landrace breed. Taylor et al. (2010)
suggests it is better to look in strains or lines inside a
breed for tail biting correlations while D *Eath et al.
(2014) support that the evidence for a breed predis-
posal to be a victim or a biter is quite weak.

The relationship between health and biting behav-
ior is complex and thus difficult to be established in a
cause and effect way (Munsterhjelm et al., 2017; Van
Der Meer et al., 2017) and there is no clear proof of
evidence until now (Munsterhjelm et al., 2019). Tail
biting has been positively associated with respiratory
diseases and greater mortality on farm (Moinard et
al., 2003). Pleuritis and lung abscesses are correlat-
ed with severe tail biting but not enzootic pneumonia
(EP) (Kritas and Morrison, 2007) although an associ-
ation with EP-like lesions has been reported in an ep-
idemiological study (Pandolfi et al., 2018). Moreover,
pigs from batches with higher tail lesions had high
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prevalence of pleurisy, pneumonia and pleuropneu-
monia supporting the association between poor health
and poor welfare on farm (Teixeira et al., 2016). On
the contrary, van Staaveren et al., (2016) established
this association only for severe pleurisy where lungs
are attached to chest wall. A connection between in-
fected tail lesions and respiratory organ inflammation
has also been shown by (Munsterhjelm et al., 2013)
who also suggested that tail biting behavior can be
induced by a combination of individual factors and
disease.

Additionally, it has been shown that tail biting vic-
tims have higher concentration of Acute phase pro-
teins (APPs) triggering this way an acute phase re-
sponse and the creation of abscesses (Heinonen et al.,
2010) while Ursinus et al. (2014b), who found lower
blood serotonin in tail biters, suggest that fluctuations

of serotonergic measures and tail biting behavior over
rearing phases should be taking into account before
characterizing individual pigs. In addition, Li et al.
(2017) observed higher concentrations of total serum
protein and IgG in victim pigs 5 days after tail biting
outbreak suggesting inflammation while the lower
IgG and serum proteins concentrations of tail biters
could indicate a possible compromised immune func-
tion due to chronic stress. In addition, it is suggested
that living in a tail biting pen affects some physiologi-
cal parameters of pigs (Palander et al., 2013). Further-
more, Munsterhjelm et al. (2019) suggested that pens
with sick pigs are more in danger to show tail biting
after the sick pigs have recovered than in the acute
phase while there is an indication of correlation of
specific cytokines with behaviors characterizing tail
biters (Munsterhjelm et al., 2017).

Table 3. Studies on main risk factors for pig’s tail biting and their results.

Risk Factor Materials Age D/I  Sex Results Reference
ENRICHMENT Easyfix® floor toy W-G-F 1  Mx The types of enrichment provided Chou et al

for weaners and a over time doesn’t significantly reduce (2019a)
Piglyx® lick block for tail damage or tail directed behavior
finishers- (TDB).
Floor toy-Wood post- Pigs have preferences for certain en-
Hanging wood-Loose richment materials, it is important to
material in long rack- consider enrichment characteristics,
Fabric-Hanging chew presentation, location, and mainte-
toy-Loose material in nance when providing enrichment.
container
Straw (7 g/pig/day) w I Mxc Providing additional straw on the Lahrmann et al
Bite-Rite floor during a tail biting outbreak (2019)
Rope reduced the risk of an escalation in

tail damage more effectively than

providing a Bite-Rite,

Bite-Rite cannot keep pigs interested

in very long and it should be com-

bined or rotated with other materials

to successfully stop tail biting.
Straw (7 g/pig/day) w I Mxc Tail biting outbreaks can in many Lahrmann et al
Haylage (22 g/pig/ cases be prevented by giving the pigs (2018)
day) access to extra enrichment material,
Rope when the first minor tail damage is

noticed
Not every case of tail biting behavior
escalate into a tail biting outbreak
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HEALTH

Hanging toy Straw
blocks

Hiding wall

Pigs predisposed to
better carcass traits
vs. pigs predisposed
to better growth

Wood

Tail docking at %>
Straw (150gr/pig/day)
Stocking density
(S.D.)

0,73m?*/pig -1,21 m?
/pig

Jute sack

Straw

G-F

I

sesksk

Mxc

G-F D/ Mxc

G

1 F
D/I Mc/F
I Mc/F

Pigs with intact tails have higher
daily weight gains in enriched pens
when hiding walls and straw dispens-
ers are provided. Genetic background
should be considered when investi-
gating the cause of tail-biting out-
breaks and when evaluating the effect
of enrichment on tail biting.

A wooden stick close to the feeder

is associated with more exploratory
behavior in growing female pigs
compared with a similar stick placed
opposite to the feeder,

Novelty of enrichment material plays
a significant role.

Incidences of first tail damage mainly
in week 1 and in the first half of the
finisher period.

Tail docking is more successful
preventive measure than provision of
straw.

Combination of straw provision and
lower stocking density is as preven-
tive as tail docking

The provision of a jute sack can
reduce tail-biting behavior of gilts
directed to pen mates by up to half
as much compared to gilts kept in
barren pens.

For tail biting boredom rather than a
metabolic motivation plays the larg-
est role in pigs kept in barren pens.
Displaying high levels of tail-bit-

ing behavior is generally related to
displaying higher levels of all kinds
of biting behavior, a relatively high
(phenotypic and possibly genotypic)
growth, and originating from a large
litter.

Straw is an important tool in both
increasing explorative behavior and
preventing biting and lesions, partic-
ularly in the early stage of fattening.
Tail biting represents an issue for
heavy pigs as for standard rearing
weights.

Tail biting induces inflammation

in the tail end leading to a strong
systemic acute phase response and
formation of abscesses in the carcass
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GENDER

GROUP

HOUSING

STOCKING
DENSITY

Solid floor area:1/3-
2/3 S.D.:0.7m?/p-
0.89m?/p

Group Size:15p-12p
Straw: Floor-Rack

Solid floor area:1/3-
2/3 S.D.:0.77m?/p-
1.00m?*/p

Group Size:15p-12p
Straw: Floor-Rack

G

P-W-

G-F

G-F

G-F

G-F

sk ok F

1 Mxc

I Mc/F

I Mc/F

I MuF
Mx
D Mxc
I Mxc
I Mxc
I Mxc

Recovered animals from sickness
may have an increased propensity to
become tail biters.

Increased attention towards a sick an-
imal by penmates, may increase the
risk for the sick individual to become
a victim of tail biting.

The pen-level risk for tail biting may
be higher after a bout of illness in the
group than during the acute stage.
Within specific phases of life, tail bit-
ers and to a lesser extent also victims
have lower levels of blood serotonin
compared to non-performers/receiv-
ers.

Tail biters also seems to have higher
blood platelet uptake velocities.

No associations between health status
and tail-biting activity.

Being a victim of tail biting is associ-
ated with severe inflammatory lesions
in the respiratory organs.

Deep infections may exist under
healthy skin in bitten tails

Free access feeding with restrict-

ed feeding space, compared with
feeding twice a day with unrestricted
feeding space was associated with

an overall reduction in EAA levels

in blood and deepened crypts in the
jejunum. The observed differences
differ according to the behavioral role
of pigs (Biter, victim, neutral) in a
tail-biting pen during the outbreak.
Female piglets are more likely to tail
bite than male piglets

Barrows have 2.6-fold higher odds to
be bitten compared to gilts.

Victim pigs are smaller in size.

No clear results of group housing
before weaning and a prolongation of
the suckling period from four to five
weeks on tail biting.

Increased space allowance + in-
creased area of solid flooring+ straw
allocated onto the floor + reduced
group size= lower tail damage +ten-
dency for more tail-directed behavior.

No difference in tail directed behav-
ior in pens with fewer pigs, a higher
space allowance per pig and a larger
area of solid floor.
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W D/ *** Higher prevalence of tail lesions in Grumpel et al.
undocked weaner pigs (2018)
Higher prevalence of tail lesions
when <7.5 litters are mixed at wean-
ing
In docked pigs lower prevalence of
tail lesions in pens with lower stock-

ing density
MIXING \% I  Mx No direct effect of mixing animals at Veit et al.
weaning on tail-biting at rearing. (2017)
TAIL W D/ Mxc Tail docking may be more effective Paoli et al.
DOCKING because pigs are able to perform (2016)

more damaging bites to intact tails
because they are longer, so pigs are
able to hold them across the mouth
and crush them with the premolar
teeth, which is not possible for the

shorter docked tails.
W-G-F D/I Mc/F In arearing cycle prolonged up to Martino et al.
40 weeks of age, the presence of (2015)

intact tails causes higher levels of tail
lesions but not a generalized welfare

endangerment
W-G-F D/ Mxc Tail lesions are more prevalent Lahrmann et al.
among 30 to 60 kg pigs than in the (2017)

late finishing period (60 to 90 kg).
Recordings from abattoir routine
meat inspection when used to eval-
uate the level of tail biting in a herd,
highly underestimates the number of

bitten pigs.

G-F D/ Mxc Pigs with short docking length ma- Thodberg et al.
nipulates pen mates’ tail less com- (2018)
pared with pigs with longest docked
tails

Pigs with short docking length have
a lower risk of a tail biting outbreak
compared with undocked pigs .

GENETICS W-G-F I Mu/F Landrace tends to show a higher Breuer et al.
prevalence of tail-biting than Large (2005)
White under the same farm condi-
tions.

The heritability of tail biting in Land-
race is correlated to two key perfor-
mance parameters, lean tissue growth
rate and back fat thickness.

G-F I  Mx Selection on production traits, espe-  Brunberg et. al.
cially those related to meat/fat ratios, (2013a)
has contributed to the development
of pigs that are more vulnerable to
become performers and victims of
tail biting behaviors.

The development of abnormal
behaviors may be influenced by the
dopaminergic system.
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G-F I

FEED P-w- 1

G-F

P-W- 1
G-F

Genes differently expressed in neutral Brunberg et. al.
pigs are associated with the cause, (2013b)
rather than the consequence, of them
not performing and receiving tail
biting.

Given similar physical environmental
conditions, whether an individual
becomes a tail biter, has its tail bitten
or remains neutral to a tail biting
outbreak, is related to how much

its behavior is targeted towards pen
mates. Neutral pigs are less pig-di-
rected in their behavior

No distinct effect of a higher content
of fibre in the piglet diet on tail biting
in growing pigs.

Provision of raw material through life
reduces occurrence of tail biting but
doesn’t prevent it.

Naya et al.
(2019b)

Veit et al.
(2016)

Production Stage: P=Piglets (0-4weeks), W=Weaners (4-9 weeks), G=Growers (10-17 weeks),F=Finishers( 17-Abbatoir)
I=Intact tail (Not docked), D=Docked tail (at first week of life)

Sex: Mx (Mixed group of uncastrated males and females) Mxc (Mixed group of castrated males and females) Mc/
F(Single sex group MaleCastrated/Female), Mu/F(Single sex group MaleUncastrated/Female)

*** Not Reported

Tail biting is increasing with time starting main-
ly at two weeks after weaning (Veit et al., 2017) in-
dependent of the weaning age (Naya et al., 2019b),
although Ursinus et al. (2014a) reported tail damage
even at preweaning phase. Severe tail lesions are re-
corded in pigs aged 10 weeks (Carroll et al., 2018) or
more (van Staaveren et al., 2018; Scollo et al., 2016)
probably as damage is accumulated over time (Haigh
et al., 2019; Chou et al., 2019a). On the other side,
some authors report a decrease in tail lesions during
the fattening cycle (Vermeer et al., 2017) even in pigs
with a prolonged fattening cycle reared in intensive
production (Scollo et al., 2013).

Gender is considered to be a risk factor for tail
damage as castrated male pigs tend to have more
tail biting lesions than gilts (Valros et al., 2004; Kri-
tas and Morrison, 2004, 2007) and these lesions are
more likely to be severe in mixed groups (Keeling et
al., 2012). Similar findings regarding frequency and
severity of tail lesions apply also to entire male pigs
(Harley et al., 2014; van Staaveren et al., 2016; Cal-
deron Diaz et al., 2017). In single sex groups, a higher
frequency of biting behavior in females compared to
males has been documented in weaners (Zonderland
et al., 2010) and later in finishers (Haigh et al., 2019)
while the same goes for castrated males and females

(Kritas and Morrisson, 2004; Li et al., 2017).

Climate in the barn (temperature, gas, dust) keep-
ing constantly out of the comfort zone could act as
stressor that create discomfort and chronic stress to
the animal leading to tail biting outbreaks (Taylor et
al., 2010; Schreder-Petersen and Simonsen, 2001).
The same applies for great fluctuations in temperature
during the day at certain times of the year or intense
draughts as the capacity of the ventilation/heating/
cooling systems is not limitless (D’Eath et al., 2014).
In an epidemiological study in intensive pig produc-
tion from weaning to 170 Kg live weight (Scollo et
al., 2016) found poor air quality (as perceived by the
author) to be a significant factor for tail biting.

Slatted floors are considered to be an important
risk factor for tail biting outbreaks both in weaning
and fattening phase of production (Schrader-Petersen
and Simonsen, 2001; Moinard et al., 2003; Van De
Weerd et al., 2005). An increase in internal biosecuri-
ty has been positively associated with a reduction in
tail biting (Pandolfi et al., 2018).

Up to some extend bigger herd size farms have
lower risk of moderate tail lesions (van Staaveren et
al., 2016) while tail biting sequelae (osteomyelitis and
hind abscesses) have also low occurrence (Fertner
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et al., 2017). On the contrary, Harley et al. (2012b)
suggested that risk of injury and illness in animals in
large herds is bigger than small herds based on an as-
sociation of batch size and carcass condemnations at
slaughterhouse while Scollo et al. (2017) are indicat-
ing that middle size farms seem to be more in danger
of tail biting as big farms have good level of automa-
tion and small ones good stockman per pig analogy.

High stocking density is associated with the risk
of tail biting as it interrupts normal social interactions
(Moinard et al., 2003). Surprisingly, stocking density
and group size as risk factors are not well documented
in experimental studies (D’Eath et al., 2014) and avail-
able studies are not conclusive for the effect of group
size in negative social behavior (Averds et al., 2010;
Sutherland and Tucker, 2011). Tail lesions have been
associated with high stocking density (Griimpel et al.,
2018) and pens with more than 30 pigs (Pandolfi et
al., 2018). However, Klaaborg et al. (2019) found no
effect of bigger space allowance on pen mate directed
behavior and Meyer-Hamme et al., (2016) didn’t con-
sider group size as a risk factor in tail docked pigs.
We have to consider that in most studies is difficult to
differentiate space allowance and group size as they
are confounded (Klaaborg et al., 2019) while there are
interactions with other factors. According to Averos
et al. (2010) the positive effect of increased space al-
lowance is conditioned to the provision of enrichment
material.

Although EFSA (2007) considers mixing of pig-
lets to be a risk factor, Veit et al. (2017) indicated that
there is no direct effect between mixing and tail biting
at rearing period while Griimpel et al. (2018) found
more tail lesions in farms that mixed less than 7.5 lit-
ters. In addition, Li et al. (2018) suggested that pigs
from same litter could be predisposed to tail biting as
they are less socially connected.

Enrichment material in pig’s pen play a vital role
in controlling tail biting (Schreder-Petersen and Si-
monsen, 2001) although they cannot eliminate it (Ur-
sinus et al., 2014c) as the genetic predisposition to tail
bite remains (Camerlink et al., 2014). This material
has to be economic, labor not intensive and durable in
order for farmers to adopt it (van de Weerd and Day.,
2009; Chou et al., 2018). According to Commission
recommendation EU 2016/336, the optimum enrich-
ment material is described as: edible, chewable, in-
vestigable and manipulable (EU Commission, 2016).

Straw as a bedding material allows pigs to express

their species-specific behavior (van de Weerd and
Day., 2009) reduces tail biting prevalence (van de
Weerd et al., 2005; Wallgren et al., 2019b) and keeps
pig more occupied than plastic objects (Scott et al.,
2009). The most serious problem about enrichment
material given as a bedding is the possible blockage
of the slurry system (Zonderland et al., 2008; D *Eath
et al., 2014; Lahrmann et al., 2018b) but also prob-
lems with availability (Wallgren et al., 2019b) my-
cotoxins ingestion (Nordkvist and Haggblom, 2014)
and biosecurity in times of African Swine Fever have
to be considered (Wallgren et al., 2019c). Straw ef-
fectiveness as environmental enrichment is decreased
when given in other ways (Zonderland et al., 2008) or
forms (Haigh et al., 2019) and when provided through
dispensers doesn’t totally prevent tail biting (Holling
et al., 2017) but still remains better than toys (Bulens
et al., 2018).

Although chains are considered of marginal inter-
est and must be accompanied by an optimal or subop-
timal enrichment material (Commission Recommen-
dation (EU) 2016/336) still are the main enrichment
provided (Bracke et al., 2013; Valros et al., 2016), es-
pecially in countries that don’t use straw (Bracke and
Koene, 2019). The value of chains as enrichment ma-
terial is the lowest comparing to hard wood or plastic
(Boyle et al., 2019) or freshly cut wood (Telkénranta
et al., 2014) and doesn’t seem to have an effect on tail
biting prevalence (Buijs and Muns, 2019). However,
it could benefit from a new design of branched ends
(Bracke, 2017). Dry wood keeps the interest of pigs
more than plastic “toys” (Beaudoin et al., 2019) al-
though type of wood seems to have no differences in
efficacy (Chou et al., 2018).

Object manipulation is affected by space, other
enrichment materials offered to pigs, (Larsen et al.,
2019; van de Weerd et al., 2009) and the position of
it (Scott et al., 2009; Larsen et al., 2019; Dalmau et
al., 2019). Object manipulation diminishes by time as
pigs become habituated to them and as aging changes
their choices (Trickett et al., 2009; van de Weerd et
al., 2009; Dalmau et al., 2019) while the variation of
enrichment materials does not seem to have a signifi-
cant effect in reducing tail biting severity (Chou et al.,
2019a). Cleanliness plays a role (Averos et al., 2010)
but everyday cleaning or replacement doesn’t seem
to have an effect on attractiveness for short periods
(Beaudoin et al., 2019).

Although a lot of research is ongoing in enrich-
ment material and its efficacy on preventing tail bit-
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ing there is no consensus between experts on what is
acceptable enrichment (Scott et al., 2009; Bracke and
Koene, 2019; Briyne et al., 2018) nor does legisla-
tion helps competent authorities assess the degree that
this need is fulfilled (Weerd et al., 2009; Wallgren et
al., 2019c). Except materials used as beddings, only a
combination of other enrichment could possibly com-
ply with EU criteria (Buis and Muns, 2019) whereas
the kind of environmental enrichment a farmer uses
as preventive measure, could indicate the efficiency
of management (Boyle et al., 2019)

Variations and delays in feeding time pose a risk
for tail-biting (Scollo et al., 2017). Also feed type
plays a role as there is higher prevalence of tail bit-
ing when pigs are fed liquid (Pandolfi et al., 2017)
or pellets (Hunter et al., 2001) than meal. Moreover,
artificially fed piglets show more tail lesions than pig-
lets that are fed by a sow (Schmitt et al., 2019) while
restricted feeding space is suggested to be associated
with a reduction of amino acids in blood of victims
and control pigs due to stressful environment or be-
cause they can’t access as successfully as tail biters
the feeder (Palander et al., 2013). The external factors
that affect pig behavior have been widely investigat-
ed, however, the research is still in need of studies for
identification of internal factors, including health and
genetics, and their impac