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OF VETERINARY Update: July 2019
SPECIALISATION Evnpépwon: lovAiog 2019

EUROPEAN COLLEGES OF VETERINARY SPECIALISTS

EYPQMAIKA KOAETIA EIAIKEYMENQN KTHNIATPQN

Number of specialist

veterinarians active
in Greece
Ap1Bpdc e1d1kevpévwy
KTnVIdtpwv epyalopevwy
otnv ENdda
1 {;:? ECAR European College of Animal Reproduction 2
2 __i!:__ ECAWBM | European College of Animal Welfare and Behavioural Medicine 2
3 ECAAH | European College of Aquatic Animal Health 3
4 _EEEL'@ ECBHM |European College of Bovine Health Management 3
5 f*x;;w ECEIM | European College of Equine Internal Medicine 0
6| «n % [ ECLAM [European College of Laboratory Animal Medicine 0
7 ‘m:ﬁ ECPHM | European College of Porcine Health Management 3
8| BE. EPVS European College of Poultry Veterinary Science 4
o| &9 | ECSRHM |European College of Small Ruminant Health Management 12
10 ’\H ECVAA [European College of Veterinary Anaesthesia and Analgesia 1
11 ECVCN |European College of Veterinary Comparative Nutrition 0
12 B‘g‘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 % ECVIM-ca |European College of Veterinary Internal Medicine-companion animals 0
17 ECVN European College of Veterinary Neurology 2
18| (E\O ECVO  |European College of Veterinary Ophthalmology 0
19 &:@_} ECVP European College of Veterinary Pathology 0
20 ?' ECVPH [European College of Veterinary Public Health 5
21 ECVPT [European College of Veterinary Pharmacology and Toxicology 1
22 ECZM  |European College of Zoological Medicine 1
23 ECVS European College of Veterinary Surgery 1
24 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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Non-accidental injuries in dogs and cats: review of post-mortem forensic
assessment and the social significance of small animal practice

D. Doukas®, D. Tontis

Laboratory of Pathology, Faculty of Veterinary Science, School of Health Sciences, University of Thessaly, 224 Trikalon
str,, Karditsa, 43100, Greece

ABSTRACT: The co-existence of animal abuse cases and domestic violence are well established today. Many studies
worldwide have identified that pet dogs and cats are commonly harmed or killed by an abuser who may be a member
of the family. In fact, the abuse of pets is an indicator that human members of a family are also at risk for interperson-
al abuse. The abusers may show a variety of motivations and mental health disorders, resulting in a variety of abuse
forms. The animal victims may be presented alive or dead to a veterinary clinic. The post-mortem differential diagnosis
and forensic evaluation of pet dogs and cats with non-accidental injuries (NAI), caused by the physical violence of the
abuser and items commonly found in a household environment are presented in the current review, according to the
main type of abuse: a) blunt force trauma; b) sharp-force injuries; c) gunshot injuries; d) asphyxiation and drowning;
e) thermal injuries; and f) poisoning. The recognition and mandatory report of pet cruelty in the family is a complex
issue, causing ethical dilemmas for veterinarians concerning professional confidentiality to the client, obligation to
protect the human probable victims and the probability of prosecution when the law has been broken. The key-role of
veterinarians in the identificationand report of pet abuse to appropriate state authorities for animal and human welfare
is discussed. Also, ethical issues are highlighted in this paper.

Keywords: Dogs, cats; non-accidental injuries; necropsy; veterinary forensics, intrafamily violence
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D. DOUKAS, D. TONTIS

INTRODUCTION
Over the last half-century, the role of companion
animals in human society has changed rapid-
ly. Where these animals were once seen as replace-
able objects, they have now come to be viewed as
“members of the family” by most people who have
developed strong emotional bonds with their pets in
the household environment (Newberry, 2016; Rollin,
2018).

Animal abuse is defined as a socially unacceptable
and illegal behavior that causes unnecessary distress,
suffering, pain, injury and/or malicious killing of an
animal (Vermeulen and Odendaal, 1993; Ascione et
al., 1997; McGuinness et al., 2005).This umbrella
term encompasses physical, sexual, and emotional
abuse as well as neglect (Tong, 2016; Almeida et al.,
2018).1t is also reported that, more than one type of
abuse can occur concurrently in pets (Almeida et al.,
2018).

The term of non-accidental injuries (NAI) is used
as a synonym of physical abuse, including any bodily
trauma or injury caused by malicious actions of a per-
son (McGuinness et al., 2005; Tong, 2016, Almeida et
al., 2018). Wounds may be single or multiple, concen-
trated in an anatomic region, or present throughout
the body (McEwen, 2017; Almeida et al., 2018).

Although research into NAI in pets is increasing,
current data are still limited compared to human fo-
rensics (de Siqueira et al., 2012; Almeida et al., 2018;
Newland, et al., 2019). Types of NAI which may be
encountered by veterinarians have been recorded as:
asphyxiation or drowning, burns or scalds, blunt force
trauma (e.g.bruising or abrasions, fractures, head
trauma, ocular injuries, internal thoracic and abdomi-
nal injuries), sharp-force injuries (e.g.knife wounds),
gunshot injuries, embedded collar or binding injuries,
injuries due to dog fighting, poisoning and starvation.
Physical injuries inflicted on sexual organs, the anus
or rectum must be considered as potential cases of
sexual abuse. Repetitive traumas at different stage
of healing are a strong indication of chronic cases of
NAI (Tong, 2016; Almeida et al., 2018; Newland, et
al., 2019).

Many cases of smallanimal abuse take place in
the family environment of the abuser (Hensley et
al., 2011; Van Wijk et al., 2018). The co-existence of
companion animal abuse and intrafamily violence has
been the focus of much international research, espe-
cially in recent years. The link between animal abuse

and violence against humans is now well established,
and highlights that animal abuse, child abuse, elder
abuse, and intrafamilyviolence frequently coexist
(Onyskiw, 2007; Monsalve et al., 2017). The abuse of
pets is an element of the complex network of domes-
tic violence and may be an indicator that members of
the family are also at risk (Newberry, 2016; Monsalve
etal., 2017).

Studies worldwide have identified that: a) dogs
and cats are commonly harmed or killed as a form of
family violence, andb) a significant number of wom-
en and their children remain in intrafamily abusive
relationships due to concerns for the safety of their
pets (Roguski 2012; Monsalve et al., 2017). More-
over, severalintrafamilyviolence victims reported that
companion animals were one of their main sources
of support, and many chose to stay in an abusive re-
lationship because shelters for human victims of do-
mestic violence did not have the facilities to house
their pets (Newberry, 2016).

Thus, taking into consideration the above-men-
tioned data, veterinarians in companion animal clin-
ics will be confronted at some time in their careers
with pet abuse cases. A pet victim with NAI may
be presented alive or dead to a veterinary clinic by
the perpetrator or another family member (who may
be a victim himself/herself), or a third party under
some coercion from the person who caused the inju-
ry (Munro and Thrusfield, 2001c; de Siqueira et al.,
2012; Arkow, 2015). The common types of physical
abuse of small animals inside household may include
injuries due to punching, kicking, throwing (e.g.out
of windows, against walls), stabbing, beating with
instruments, burning and asphyxiation. Sometimes
abuse is performed by the domestic equipment such
as a microwave oven into which the pet is placed
(Munro and Thrusfield, 2001a &2001b; Henderson et
al., 2011; Almeida et al., 2018).

The current review is focused on the post-mortem
diagnosis and forensic evaluation of pet dogs and cats
with NAI, caused byphysical strength of the abuser
and/or items commonly found in a household envi-
ronment. Nevertheless, data for NAI cases concern-
ing stray companion animals, illegal commercial ex-
ploitation (e.g. dog fighting, puppy mills) or working
dogs (e.g. shepherd dogs, hunting dogs) abuse are not
included.

JHELLENIC VET MED SOC 2022, 73(1)
TIEKE 2022, 73(1)



D. DOUKAS, D. TONTIS

3545

THE ABUSERS OF FAMILY DOGS & CATS
Just as for any crime, people have different mo-
tives for abusing animals. Moreover, animal cruelty
is a sign of psychopathology of the perpetrator who
may be either a child or an adult member of the fam-
ily (Schwartz et al., 2012; Bright et al., 2018). The
companion animal veterinarian may act as a forensic
veterinarian. For that, it is helpful to be aware of the
range of animal abusers’motives to better generate
scenarios to evaluate during a veterinary forensic in-
vestigation (Lockwood and Arkow, 2016).

Pet abuse by children family members

Non-adult animal abuserscould bedivided into
three categories, in accordance with their age (Hens-
ley et al., 2011).The first category includes preschool
children who were poorly supervised and not trained
in the care of pets. These children are exploratory or
curious animal abusers (Hensley et al., 2011; Doukas
et al., 2018).

The second category includes school aged children
and young adolescents (Hensley et al., 2011). Animal
abuse among them is more indicative of conduct dis-
order and/or exposure to domestic violence. These
youngabusers are more likely to abuse animals in the
family and the community.They may also engage in
cruelty to animals out of imitation, because they have
been desensitized to violence, have decreased empa-
thyor lack of attachment, are perpetrators or victims
of bullying in their school or even because they find
amusement in these acts. In extreme cases, children
living in a violent home may kill their pet to preven-
titfrom sustaining further injury (Bright et al., 2018;
Doukas et al., 2018; Johnson 2018).

The third group is primarily composed of adoles-
cents who may have been under the influence of alco-
hol and/or drugs while committing acts of animal cru-
elty. This categoryincludes delinquent animal abusers
who often need judicial and clinical interventions
(Hensley et al., 2011; Doukas et al., 2018).

Pet abuse by adult family members

The most of adult animal abusers are character-
ized by an antisocial or other personality disorders.
As far as their motivations, both male and female
adult perpetrators use threats to harmor harm and kill
pets in order to control human members of the fami-
ly. They commit acts of physical abuse to incite and
perpetuate fear and submission in their human victims
(Schwartz et al., 2012; Johnson, 2018; Newland et al.,

2019).Family petperpetrators tend to engage in more
severe forms of violence including intimate partner
violence, elder abuse, child maltreatment, and emo-
tional violence. They also utilize more controlling
behaviors and economic extortion. Some men abuse
pets in order to confirm their power over others such
as to terrorize; teach submission; and to discourage
their partner from leaving the relationship. Jealousy
of partner’s relationship with the pet as well as the
perceived misbehavior of the pethas also been identi-
fied as motive. Moreover, some of animal abusers are
sadists. They may abuse the animals before moving to
human victims or concurrently. Many human victims
of intrafamily violence report that pets were harmed
or killed by their abuser (Febres et al., 2014; Bright et
al., 2018; Johnson 2018).

Less commonly, animal abuse by adult perpetrators
has been linked to addictive disorders orMunchausen
syndrome by proxy, in which the animal caregiver
causes a non-fatal injury in his/her pet, in order to ob-
tain sympathy and attention of other people (Munro
and Thrusfield, 2001¢; Doukas et al. 2018).

RECOGNIZING NON-ACCIDENTAL
INJURIES DURING FORENSIC NECROPSY
The companion animal veterinarian should con-
sider that it is not necessarily a single incident leading
to a raised index of suspicion, but rather a variable
combination of factors, pattern of actionsand behav-
iors, or injuries which are not clearly or adequately
explained, e.g. repetitive injuries or injuries affecting
more than one pet in a single household (Munro and
Thrusfield, 2001a &2001b; McGuinness et al., 2005;
Arkow, 2015). In animals which have been present-
ed alive to veterinary clinics with repetitive physical
trauma e.g. burns, the veterinarian may suspect NAI
during the clinical examination, and moreover, based
on medical records, anamnesis and the observation of
relationship between animal and the client (Newbery
and Munro, 2011; Arkow, 2015; Tong, 2016). In an-
imal cases presented dead, either dying during first
aid care or euthanized because of severe injuries, a
veterinaryforensic necropsy should be performed to
evaluate whether the physical trauma lesions pres-
ent accidental or non-accidental patterns (Almeida et
al., 2018; de Siqueira et al., 2012; McEwen, 2017).
A proper veterinary forensic investigation of a suspi-
cious violent death requires a full necropsy, in order
to clarify the cause, mechanism and manner of death.

The information required for a complete veteri-

JHELLENIC VET MED SOC 2022, 73(1)
TIEKE 2022, 73(1)



3546

D. DOUKAS, D. TONTIS

nary forensic investigation, in order to find the cause
and manner of death, should include not only the ev-
idence from the dead body during necropsy, but also
details of the animal’s environment and items of evi-
dence present on the crime scene (Touroo and Fitch,
2016).However, it is rare or impossible for a forensic
veterinarian to attend a crime scene, due to absence of
an infrastructure like the medical forensic examiner
system. Therefore, in a suspect case of animal abuse,
it is up to the veterinarian to evaluate the complete
history or animal medical records in order to start his/
her effort to differentiate accidental injuries from NAI
(Almeida et al., 2018; de Siqueira et al., 2016; McE-
wen, 2017).

Aside from the presence of injuries that seemed
consistent with physical abuse (e.g. gunshot wounds,
stab wounds, cigaretteburns), multiple factors raise
the suspicion of NAI in companion animals. These
include: (1) the behaviorand comments of the client
and/or other family member; (2) the behaviorof the
pet, if it has been presented alive; (3) a historythat is
vague or incompatible with the types of injury; (4) a
history of pets that disappeared or died suddenly in
the past or from families with known history of inter-
personal violence; (5) a conspicuous lack of concern
of the injuries in animals’ body or a delay in seeking
veterinary care for them; and (6) the presented injured
animal has also been examined by other veterinarian
(-s) and the owner seems to be greatly dissatisfied with
the diagnosis (Munro and Thrusfield, 2001a&2001c;
McGuinness et al., 2005; McEwen, 2017).

Especially, the evaluation of NAI lesions during
the veterinaryforensic necropsy can confirm the sus-
picions of physical abuse of small animals, whose
case histories give rise to concern that their injuries
are not purely the result of an accident (Almeida et al.,
2018; de Siqueira et al., 2012).

Blunt force trauma

Non-accidental blunt force trauma is a very fre-
quent form of physical animal abuse with single or
repetitive cases.In general, actions of blunt force vi-
olence may cause many types of injuries (abrasions,
fractures, external and internal contusions and lac-
erations), showing diverse degree of severity (mild,
moderate, or severe). Depending upon the tissue af-
fected and the energy imparted by the force, injuries
may resolve, repair, or may kill the animal (Munro
and Thrusfield, 2001a; Munro and Thrusfield, 2001b;
McEwen, 2017).

Cutaneous and subcutaneous traumaticlesions are
very common in blunt force trauma cases.The typical
lesion patterns are abrasions, contusions, and lacer-
ations (Ressel et al., 2016). However, the thick hair
coat, thick skin, and epidermal pigmentation of many
animals may minimize or obscure external injuries.
The forensicveterinarian should search meticulously
for evidence of superficial blunt force trauma. There-
fore, the entire skin should be removed from the body
in order to identify traumaticlesions in the subcutis.
Sometimes, clipping of the hair coat is also needed
to reveal abrasions (Gerdin and McDonough, 2013;
Ressel et al., 2016; McEwen 2017).

Muscle trauma is also a common lesion in blunt
force trauma cases. The most common lesions in mus-
cles are contusions and lacerations. Grossly, muscle
trauma can range from small focal bruises between
muscle fibers to large bruises with hematoma forma-
tion.Considering the resistance that the heavily haired
skin of domestic animals offers, careful examination
of the underlying muscles can often clarify whether
a severe blunt trauma has been applied (Ressel et al.,
2016; McEwen 2017).

As far as thoracic cavity, acuminated blunt objects
can perforate the intercostal muscles, causing severe
deep damage such as pneumothorax or hemothorax.
Moreover, when the abdomen is forcefully com-
pressed by heavy objects that produce high intra-ab-
dominal pressure laceration of the diaphragm can
result in herniation of abdominal organs. The liver
is the abdominal organ that is most commonly and
most severely affected by blunt force trauma, showing
lacerationswhich lead to life-threatening abdominal
hemorrhage. Depending on the applied blunt force,
spleen trauma could be seen as subcapsular tears only
or, inthe extreme, complete laceration (Ressel et al.,
2016).

Typically, whole body radiographies should be ap-
plied in order to evaluate any skeletal trauma due to
blunt force violence (Intarapanich et al., 2016). The
following five radiographic findings should raisethe
index of suspicion and support a diagnosis of NAI:
(1) multiplefractures; (2) fractures occurring on more
than one body regions; (3) transverse fractures; (4)
fractures presenting at a later stage ofhealing (frac-
tures with delayed presentation), and (5) multiple
fractures at different stages of healing (Tong, 2014).

In many veterinaryforensic cases blunt force in-
juries involve not only animal’s body, but also head
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anatomical structures. Skull fractures may be seen or
be absent.Hemorrhages in brain are the most charac-
teristic gross lesions resulting from blunt force trau-
ma, but contusions and lacerationscouldalso be seen
(Ressel et al., 2016).Eyes of animal victim can be
the direct target of blunt force trauma. Ocular inju-
ries and hemorrhages are common findings. In some
cases, these types of injuriesmay be the only external
gross evidence of a blunt force trauma to the head.
On the other hand, in cases withsevere cranial injuries
eye bulb protrusion (traumatic proptosis) and multi-
focal orbital ecchymoses are seen (Ressel et al., 2016;
McEwen 2017).

NAI should be differentiated from accidental in-
juries. Accidental blunt force injuries in companion
animals are common due to struck by motor vehicles,
falls from heights and, less commonly, due to bites
from aggressive dogs or predators (Finnie, 2016;
Ressel et al., 2016).

Motor vehicle traumasare differentiated from
NAIby the location and distribution of the fractures
and in the context of the reported clinical history and
examination findings (Finnie, 2016; Intarapanich
et al., 2016). Fractures of the skull, teeth, ribs, and
vertebrae, as well as injuries to the claws are more
often associated with NAI, whereas fractures of the
pelvis, pulmonary contusions, and pneumothorax are
more often secondary to a motor vehicle accident. Rib
fractures may occur more frequently in NAI than mo-
tor vehicle accidents, because the surface area of the
body to which force is applied is generally smaller in
cases of NAI than in motor vehicle accidents, as the
animal is usually punched, kicked, hit with a flexi-
ble object, or swung into or thrown against an object.
When rib fractures do occur from a motor vehicle ac-
cident, the distribution is primarily on one side of the
body. On the contrary, bilateral rib fractures predomi-
nate in NAI cases (Intarapanich et al., 2016).

Feline high-rise syndrome is characterized as a fall
from the second or higherfloor, associated with facial,
thoracic, and orthopedic trauma. Death in high-rise
syndrome has been determined to be related to shock
and respiratory distress from thoracic trauma (Lieh-
mann et al., 2012, Bonner et al., 2012). Orofacial
findings include bilateral epistaxis, facial soft tissue
injury, hard palate fracture, tear and bruising of soft
palatal tissue, mandibular fracture and/or mandibu-
lar symphyseal separation, dental trauma, tongue and
other oral soft tissue injuries (Bonner et al., 2012).
Thoracic trauma typically involves rib fracture, ster-

num fracture, and pneumothorax. Extremity injuries
include fractures of the limbs, pelvis and vertebrae,
and luxation of joints (Bonner et al., 2012). Moreover,
lacerations of the heartmay be a rare consequence of
blunt force trauma in animals.Heart lacerationsare
seen via dissipation of an applied force to the ster-
num, such as falls from a considerable height or mo-
tor vehicle accidents (Ressel et al., 2016; Piegari et
al., 2018). High-rise syndrome can also lead to he-
moabdomen and other abdominal trauma, including
pancreatic rupture. In live survived cats, pancreatic
rupture results in severe pancreatitis and peripancre-
atitis (Lichmann et al., 2012)

Sharpforce injuries

Sharp force injuries are caused by a mechanical
force using sharp shaped objects against the skin,
subcutaneous tissuestilltomuscles and bonesor inter-
nal organs of animals. A variety of instruments caus-
ing sharp-force injuriescould be used by perpetrators.
These instruments are not only knives, but also axes,
machetes, scissors, screwdrivers, needles, barbecue
forks, broken glass.In general, stab wounds injuries in
animals seemed consistent with NAI. Sharp-force in-
juriesmay or may not be lethal, and this can be deter-
mined only by performing a detailed forensic necrop-
sy with a careful external and internal examination.
The cause of death should be stated as a sharp injury
with an indication of the topographical region (s) af-
fected (Munro and Thrusfield, 2001b; de Siqueira et
al., 2016).In a study of NAlfound in dogs and cats,
the thorax and the abdomen were the most frequently
areas with sharp-force traumas (Munro and Thrusfield
2001b). In addition, sharp-force injuries in the neck
and thorax are most likely to be fatal (de Siqueira et
al., 2016).

In small animalcases where there is suspicion of
abuse, the forensic veterinarian should consider ra-
diographic examinationfor bone fractures, which may
be found commonlyin such cases, and alsoexamina-
tionfor blade fragments, which may exist if the blade
entered thebony structure. Radiographic investiga-
tionmay also indicate distinct tool marks, which may
match or indicate the crime weapon (de Siqueira et
al., 2016).

During forensic necropsy, each open wound
should be individually photographed before and af-
ter shaving the skin in the affected body regions. The
underlying tissues and muscles should be assessed by
reflecting the skin. An analytical description of the in-
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juriesshould include the edges, shape, color and marks
of lesions have been causedby sharp instruments.In
contrast to blunt force injuries, sharp force injuries do
not showlacerations or bridges of soft tissue between
the edges of the wound. In fact, the edges of sharp
injuries are linear or angular (de Siqueira et al., 2016;
Ressel et al., 2016).

The cut of stab or incised wound have been caused
by a knife may exhibit characteristics that identify
the direction the knife was moved in, because the cut
may be more superficial at the terminal segment of
the wound. The shape of the resulting skin wound is
affected by the nature of the tissue, the movement of
the animal victim, the force of thepush, and the sharp-
ness of the instrument. The angle of the lesion may
indicate the positioning between the animal and the
perpetrator. In some cases, the attacker may cause
superficial marks or miss the stab due to the move-
ment of the animal (de Siqueira et al., 2016). In each
body region with sharp force injuries the coat looks
matte with presence of dry blood material (McEwen,
2017). Moreover, when a stab wound occurs deeply
in the neck body region, cutting larynx or trachea, the
mechanism of death may be asphyxiation due to bloo-
daspiration (de Siqueira et al., 2016; McEwen, 2017).
Deep stab wounds affecting the lungs may lead to
hemothorax and/or pneumothorax. Deep stab wounds
may also affectthe heart or some of abdominal organs
e.g. the liver and gut (de Siqueira et al., 2016).

Chop wounds are showing characteristic patterns
primarily seen on bones. The used instruments may
cause striations on bones that are unique to each type
of weapon. Axes cause crushing of the bones, while
machetes produce small bony fragments inside wider
and irregular wounds. When multiple chop wounds
are present, they may exhibit distinctive depths, siz-
es, and shapes.For example, barbecue forks with
2 or 3 prongs can cause sharp injuries, which are
identified as groups of 2 or 3 wounds, with regular
or irregular distances between them caused by each
prong depending on the angle of the stabbing. Finally,
when wounds produced by glass are suspected, these
wounds should be inspected for glass fragments (de
Siqueira et al., 2016).

Gunshot injuries

Gunshot injuries are almost invariably evidence of
NALI, and since a weapon must be made ready, such
injuries always involve a degree of premeditation
(Lockwood and Arkow, 2016). High-velocity bullets

usually produce a perforating trauma, showingboth
entry and exit wounds. On the other hand, lower-ve-
locity bullets often produce a penetrating trauma,
with the projectile being retained within soft tissues
or bones (Finnie, 2016).

Before performing a forensic necropsy, animal
victims should routinely undergo full body radiog-
raphy to reveal the details of the presenting injuries
(Lockwood and Arkow, 2016).The objectives of nec-
ropsy are to (1) identify the entry wounds and, if pres-
ent, exit wounds; (2) document the extent of internal
injury; (3) recover the bullets and theprojectile (s) if
there is no exit wound; and (4) if a firearm was used,
determine the direction and range of fire.

Projectile wounds may be perforating (i.e. pass
completelythough the body) or penetrating, with the
projectile coming to rest in the body, where the foren-
sic veterinarian may recover it. An entry wound isoft-
en characterized by a perfectly circular to oval shape,
with finely abraded margins, whilean exit wound may
showany shape (round, oval, stellate, crescent, etc).
Also, an exit wound is generally irregular in outline
without abrasion of the skin margins. Finally, the exit
wound is often, but not always, slightly larger com-
pared with the entry wound (Gerdin and McDonough,
2013).

Asphyxiation and drowning

According to the mechanism of injury, death due
to asphyxia can occur with manual or ligature stran-
gulation, hanging, suffocation, and mechanical as-
phyxia (McEwen, 2016). All forms of intentional
asphyxia involve close contact with the companion
animal victim. Often this includes binding, taping, or
other restraint. Evidence of such actions can indicate
a high degree of premeditation. Frequently, small an-
imals with ligatures or those that have been manually
strangled also have localized abrasions and contu-
sions, other lesions of physical (blunt force trauma,
sharp force trauma, projectile wounds) and/or sexual
abuse (Lockwood and Arkow, 2016; McEwen, 2016).

The interpretation or opinion that the death was
due to asphyxia requires definitive and compelling
evidence from history, death scene investigation and
forensic necropsy of the dead companion animal. Un-
like medical examiners, veterinarians rarely attend a
crime scene and therefore may lack some of the cru-
cial information required to confirm death due to an
asphyxia mechanism. Animals dying due to various
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types of asphyxia may or may not have macroscopic
lesions. It is also possible that in some cases of as-
phyxia some gross lesions may be due to other causes,
e.g. blunt force trauma to the head, and they could be
considered as a contributing cause of death (McEwen,
2016; Almeida et al., 2018).

Obstructive asphyxia due to accidental inhalation
of foreign bodies, e.g. food or toys, inside larynx or
trachea is usually a straightforward postmortem diag-
nosis. The diagnosis may be problematic, if theforeign
body was removed prior to postmortem examination,
although there may be intraluminal trace evidence of
the object, focal edema, congestion, hemorrhages,
erosions, or ulceration at the obstructed site (Roach &
Krahwinkel 2009; McEwen, 2016).

In cases of manual strangulation, the intermittent
pressure and release on the neck increases the like-
lihood of petechiae. Contusions, hemorrhages, con-
gestion are seen subcutaneously as well as in muscles
of the neck. The jugular veins and thecarotid arteries
should be examined in situ for lacerations. Pulmonary
edema, congestion, hemorrhage, and/or atelectasis
may occur. Scleral congestion and/or conjunctival
petechiae in eyes may be observed (McEwen, 2016).

In cases of suspected ligature strangulation and
hanging, edema of the proximal neck and head may
be visible as well as scleral congestion (Gerdin and
McDonough, 2013; McEwen, 2017). Contusions,
abrasions, hemorrhages of the neck and base of the
head involving the subcutaneous tissue, muscula-
ture, airway, and esophagus and/or disruption of
thyrohyoid-thyroid cartilage junctions are observed
(McEwen, 2016; Almeida et al., 2018). Many types
of material, e.g. collars, leashes, ropes, chains, cords,
clothing, towels, fabric, and wire, may have beenused
as ligatures. The ligature mark is the most relevant le-
sion in ligature strangulation and hanging, although it
may be absent depending on the type of ligature used,
the duration, and the characteristics of the animals’
fur (Gerdin and McDonough, 2013; McEwen, 2016).
The skin should be shaved as the indentation made
by the ligature may be more apparent. In practice, it
is easier to identify the ligature placement following
reflection of the skin as a dark line of compression
(McEwen, 2016).

External pressure on the chest and/or lungs pres-
sure by an acquired posture are types of mechani-
cal asphyxia, resulting in respiration restriction and
non-specific lesions. If the companion animal has

been crushed, fractures, lacerations, and internal hem-
orrhage due to trauma are likely to be present (McE-
wen, 2016).

Finally, in cases of suspected drowning, the diag-
nosisis usually one of exclusion, requiring informa-
tion from the deathscene (e.g. a swimming pool), re-
covery scene, the medical history or accounts given
by reliable witnesses. Distended, heavy, congested
and edematous lungs that fail to collapse and stable
froth in the trachea, larynx, nasal passages or mouth
are characteristic gross lesions, but they are not spe-
cific. Right ventricular distension, pulmonary hemor-
rhages, pulmonary emphysema and mucus at the base
of the tongue or in larynxhave also been observed
in some cases. Additionally, contusions or bruising
in skin or subcutaneous tissuesand other traumatic
lesions e.g. fractures may be seen in cases of forc-
ible submersion of the animal (McEwen and Gerdin,
2016).

Thermal injuries

Thermal injuries in companion animals may are
due to exposure to fire and radiant heat, contact with
hot items including hot liquids or steam, inhalation
of hot air, and exposure to extremely high orcold
temperatures. Forensic questions concerning thermal
injuries represent relatively infrequent animal cases,
concerning mainly alive victims of suspected cruelty
(Tong, 2016; Wohlsein et al., 2016). However, the fo-
rensic evaluation of live animals is not the aim ofthe
present review and only few examples are mentioned.

In general, besides detailed information from the
history about the circumstances under which the peth-
as been injured, a thorough gross and forensic histo-
pathological investigation must be performed with
respect to the patterns of lesions that may bedue to
thermal injuries (Wohlsein et al., 2016).For example,
cigarette burns on live animals in most cases represent
acts of NAIL In some of them, because of the presence
of long fur and skin pigmentation, it could be rela-
tive difficult to observe cigarette burns (de Siqueira et
al., 2012).Acute lesions are characterized by circular,
well circumscribed hyperemic areas of 6 to 8 mm di-
ameter often with a full-thickness necrosis of the skin,
resulting in a crater-like lesion. Hairs are singed and
show yellowish discoloration. Chronic lesions exhibit
thin scar tissue on the surface of the sunken area. On
the contrary, accidental cigarette burns are typically
superficial lesions due to brief contact (Wohlsein et
al., 2016).
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In pets thatwere put inside a microwave oven, tis-
sue damages are directly related to the tissues water
content as well as the duration of exposition and the
power of the microwaves. At necropsy, the skin may
show fragility, splitting with well-defined edges, hair
and claw loss, crumpling and reddening of the tips of
the pinnae, but no charring or singeing of hairs. Histo-
pathological examination may show abrupt transition
of affected and unaffected tissues depending on their
water content; for example, an unchanged subcutane-
ous fatty tissue in contrast to coagulative necrosis of
the adjacent musculature and skin may be seen. Pul-
monary congestion with or without edema, and inter-
nal organs with a cooked appearance and odor due to
coagulative necrosis are also common post-mortem
findings (Wohlsein et al., 2016).

Poisoning

There are few data examining the links between
companion animal poisoning cases and crimes of in-
terpersonal and especially intrafamily violence, al-
though some dog and cat poisoning cases have been
reported to occur inside the household environment.
Intentional poisoning includesmalicious intent or
misuse of a toxic substance. However, it is necessary
to consider that intentional poisoning may be mistak-
enly assumed when in fact the animals are exposed
accidentally to household items with toxic action
(Lockwood and Arkow, 2016; Almeida et al., 2018).

Forensic evaluation of dead animals suspected of
being poisoned should entail performance of a thor-
ough necropsy examination and toxicological anal-
ysis of biological (e.g. stomach content) in a Tox-
icology Laboratory (Volmer and Meerdink, 2002;
Gwaltney-Brant 2016). The diagnosis of intentional
in contrast to accidental poisoning should be based on
laboratory results in conjunction with the findings in
the companion animal’s environment. However, the
investigation of a household as a possible crime scene
by the veterinary forensic examiner is not possible in
practice. Forensic evidence most appropriate for risk
assessment of perpetrators of intentional companion
animal poisoningis more likely to be based on the
number of cases attributed to a single offender i.e., se-
rial pet poisoning cases into the same family (Volmer
and Meerdink, 2002; Gwaltney-Brant 2016; Lock-
wood and Arkow, 2016).

ETHICAL ISSUES & CONCLUDING
REMARKS
Animal abuse is not only a crime. It is part of the

spectrum of intra-family and community violence
which should be viewed as a leading worldwide pub-
lic health problem (Arkow, 2015).

Veterinarians must be aware of aspects of abuse,
and especially the interaction between animal abuse
and domestic violence (Gallagher et al 2008; Williams
et al., 2008; Woolf, 2015). The link between human
violence and companion animal abuseis well docu-
mented, and a history of animal abuse can be a pre-
dictor of current and future violence directed against
people. This connection between human violence and
companion animal abuse makes it clear that animal
abuseis a problem that affects more than just pets and
emphasizes the importance of reporting instances of
animal abuse and punishing the perpetrators (Bab-
cock and Neihsl, 2006; Monsalve et al., 2017).

Veterinarians have dual obligations, both to their
animal patients and their human clients (Fawecett,
2016). Given that human victims of domestic vio-
lence often seek veterinary first aid for their pets, vet-
erinarians may act as frontline health professionals in
the recognition of the link between companion animal
abuse and domestic violence (Babcock and Neihsl,
2006; Newland et al., 2019). In fact, veterinarians,
like human physicians, are often the ones to become
aware of the abuse and the only ones in a unique posi-
tion to identify and report it when their human clients
are unwilling to do so (Benetato et al., 2011; de Sique-
ira et al., 2012).

Veterinarians are bound by a professional code of
ethics and encouraged by professional organizations
to report animal abuse (Benetato et al., 2011; Almei-
da et al., 2018). In some states of USA, veterinarians
have already a legal duty to report suspected cases of
animal abuse to the proper authorities. These states
have enacted legislation to protect veterinarians from
potential civil or criminal liability arising from re-
porting suspected animal cruelty. Interest in efforts
to draft similar legislation in other states is growing
(Babcock and Neihsl, 2006). In addition, other coun-
tries worldwide are moving in the same directions
(Robertson, 2010).

Moreover, a discovered animal abuse case may
cause an ethical dilemma for veterinarians between
the professional confidentiality to the client and the
duty to protect victim (or victims) and facilitate pros-
ecution when the law has been broken (Babcock and
Neihsl, 2006; Robertson, 2010; de Siqueira et al.,
2012; Lachance, 2016). Veterinarians are also con-
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cerned that reporting animal cruelty will have an
impact on their practice and business (Babcock and
Neihsl, 2006).The barriers for a veterinarian to re-
porting to the police or other specific authorityan an-
imal abuse case may include: fear of losing income,
perceptions that no action will be taken as a result of
reporting, fear that reporting may compromise the
safety of the alive animal victim or other animals and
lack of knowledge of the link between animal abuse
and the other forms of intrafamily and interpersonal
violence (Green and Gullone, 2005; Williams et al.,
2008; Robertson, 2010).

In a recent survey in USA, the most of responding
veterinarians were unaware of the current legislation
status in their state regarding animal abuse reporting.
They have reported that the most common reasons for
reporting cruelty must be ethical beliefs and the need
to protect the abused companion animal, as well as
other animals in the household. On the contrary, they
have reported that the most common reasons for not
reporting cruelty were their uncertainty that the pet
had been abused, their belief that the animals’ injuries
were accidental versus intentional, and belief that cli-
ent education would be a better way of action (Kogan
etal., 2017).

Therefore, the recognition and mandatory report
of NAlin a family pet is a complex issue (Robertson,
2010; Fawcett, 2016). Mandatory reporting can only
be supported in a context in which veterinary profes-
sionals are (1) trained to recognize the signs of animal
abuse; (2) trained to elicit a history sensitively from
clients - who may themselves be victims of abuse - or
supported in doing so; (3) supported by appropriate,
responsive authorities; (4) and reasonably protected
from legal recriminations (Robertson, 2010; Woolf,
2015; Fawcett, 2016).

Veterinarians could have an important educative
role in promoting animal welfare (Green and Gullone,
2005).They could be an essential part of One Health
and One Welfare approaches to break the cycles of
violence affecting animals and human members of the
family and community (Arkow, 2015; Pinillos et al.,
2016). Information gathered from veterinary forensic
examination of companion animal victims can help
illuminate possible motives for the abusive action
and aid in assessing the potential risk for other family
pets and family persons posed by perpetrators (Lock-
wood and Arkow, 2016).Therefore, the One Welfare
approach could help to reduce the incidence of crime
and violence internationally in a common concern for

all vulnerable, victimized, and at-risk creatures (Ar-
kow, 2015; Pinillos et al., 2016).

The need for state veterinary and humane-law en-
forcement organizations to increasing communication
and education efforts on animal protecting legislation
and animal abuse recognition and reporting by vet-
erinarians has been recognized (Kogan et al., 2017).
Beyond the vital role of veterinarians in detection
of problems in the human-animal bond, changes to
policies for domestic violence prevention are need-
ed (Newberry, 2016; Monsalve et al., 2017). Policies
must enable sharing of information on suspected pet
and human abuse cases in the family context between
medical professionals (veterinarians, physicians), po-
lice, state authorities for family protection and animal
welfare organizations. Additionally, policies must en-
able increasing of public awareness in order to en-
courage the human victims to overcome fear and ask
for help both for them and their pets (Onyskiw 2007;
Roguski 2012; Newberry, 2016; Doukas et al., 2018).

However, animal abuse is not always emphasized
in the education programme of Veterinary Schools. As
a result, not all veterinary students and graduates feel
comfortable to recognizeclinical signs and/or lesions
during necropsy of an abusedanimal and may not be
aware of the resources that are available to them when
considering animal cruelty reporting (Englar, 2018).
Veterinary undergraduate student education is needed
to prepare veterinarians for their response to compan-
ion animalabuse and intrafamilyviolence in practice
(Woolf, 2015; Englar, 2018; Newland et al., 2019).

Conclusively, further publications are required to
emphasize the link between pet abuse and domestic
violence, both delivering content in the veterinary
student education programme and expanding the vet-
erinarians’ knowledge/ attitudes. In our opinion, more
specific guidelines and/or brochures regarding the
recognition of NAI and reporting of pet abuse in con-
nection to intra-family domestic violence within the
veterinary literature are needed.
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INTRODUCTION
In recent years, foodborne virus outbreaks have in-
creased worldwide and have become an important
concern for health authorities (Pexara and Govaris,
2020). Among recorded foodborne outbreaks, those
caused by viruses reached 20.4% and 45% in EU (in
2014) and USA (in 2018), respectively (Yeargin and
Gibson, 2019).

Human norovirus (HuNoV) and hepatitis A virus
(HAV) are the most common etiological agents of re-
corded foodborne virus outbreaks worldwide (Yeargin
and Gibson 2019). HuNoV has been also found as the
leading cause of foodborne illness worldwide, with
the highest range of deaths and highest incidence in
children of less than 5 years old (Pires et al., 2015).
HAV has been also found responsible for ca 5% of re-
corded foodborne outbreaks, and is the leading cause
of viral hepatitis, with 1.4 million of new cases annu-
ally (Adefisoye et al., 2016).

Although hepatitis E virus (HEV) is primarily
transmitted by contaminated water, it can also cause
infections by the consumption of contaminated food,
particularly undercooked meat or meat products. HEV
has been associated with sporadic cases and small
outbreaks, but it is characterized by severe symptoms
in infected individuals (King et al., 2018).Other enter-
ic viruses such as human rotavirus (HRV), human as-
trovirus (HAstV), human adenovirus (HuAdV), Aichi
virus (AiV), sapovirus (SaV) and enterovirus (EV)
are also notable foodborne viruses, causing sporadic
outbreaks worldwide (Pexara and Govaris, 2020).

In foods, foodborne viruses are typically highly
stable and can survive for a long time without any
loss of infectivity (Sanchez and Bosch, 2016). In ad-
dition, traditional preservation methods such as dry-
ing, acidification or salting may not be efficient to
inactivate foodborne viruses (Sanchez and Bosch,
2016). Thermal processing is an effective traditional
method for virus inactivation since viruses are effec-
tively killed at temperatures higher than 80 °C (Zhang
et al., 2019). However, thermal processing can also
change the physicochemical and organoleptic proper-
ties of foods and cause a reduction of the food quality
characteristics (Aadil et al., 2019).

Since consumers demand high quality and safe
foods, food industry tends to explore alternative pres-
ervation methods and replace the traditional process-
ing methods of foods (Petrescu et al., 2020). Amongst
novel, non-thermal food processing technologies is

the cold plasma (CP) method.

CP is generated, when an electrical energy source
is applied to a gas, resulting in the production of
several reactive species such as ultraviolet photons,
charged particles, radicals and other reactive spe-
cies of nitrogen, oxygen, and hydrogen. CP has been
found effective to inactivate enzyme and microor-
ganisms and remove toxins or pesticide compounds
in foods (Varilla et al., 2020). Although that most CP
studies were initially focused on the inactivation of
foodborne bacteria, recent studies on the effect of this
technology on the inactivation of foodborne viruses
has been showing promising results. This article re-
views the CP as a non-thermal food processing tech-
nology and focuses on its effectiveness on foodborne
viruses’ inactivation.

COLD PLASMA (CP)

Plasma is the fourth state of matter. The term “plas-
ma” was initially coined in 1927 by Irving Langmuir,
a Nobel Prize awarded chemist from USA (Rajvanshi,
2008). CP refers to a partially or completely ionized
gas containing reactive chemical species such as ions,
electrons, neutral molecules, atoms, and charged spe-
cies. The free electric charges (electrons and ions)
make plasma electrically conductive, internally in-
teractive, and strongly responsive to electromagnetic
fields (Pignata et al., 2017).Generally, the two types
of plasma are thermal or equilibrium and cold plasma.
In thermal or equilibrium plasma, all particles have
roughly the same temperature (average Kinetic ener-
gy of random motion). In cold plasma (CP), the light
electrons have much higher temperatures compared
to heavy atoms and molecules, which often remain
close to room temperature (Filipi¢ et al., 2020). CP
can be further classified into low pressure, which is
also recognized as vacuum plasma, and atmospheric
pressure plasma (Filipi¢ et al., 2020). Typically, CP
is generated at 1 atmospheric pressure with electron
temperatures generally between 1 and 10 eV (Misra
and Jo, 2017).

Various apparatus types have been used for the
generation of CP such as corona glow discharges,
dielectric barrier discharges, radio frequencies, glid-
ing arc discharges, atmospheric glow discharges, in-
ductively coupled plasmas and microwave induced
plasmas (Guo et al., 2015).The most important active
species generated by plasma discharge are neutral or
excited molecules and atoms, UV photons, negative
and positive ions, free radicals and electrons. The
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presence of these active agents depends also on the
plasma source, but the majority of reactive species are
vibrationally and electronically excited oxygen and
nitrogen, reactive oxygen species (ROS) such as sin-
glet oxygen 'O,, atomic oxygen O, superoxide oxy-
gen O, and ozone O,, reactive nitrogen species (RNS)
such as atomic nitrogen N, nitrogen dioxide (eNO,),
nitric oxide (#NO), or peroxynitrite (ONOO"). Also,
if humidity is high, electrically charged components
such as OH™ anion, H,O", OHe radical, or H O, are
present (Scholtz et al. 2015). The antimicrobial activ-
ity of CP is due to these active compounds (Lopez et
al., 2019).

CP has been examined by several scientists in re-
cent years and has been used in different scientific
fields such as medicine, agriculture, environmental
protection and food industry due its ability to inac-
tivate microorganisms as viruses, bacteria, spores,
yeast or fungi (Niedzwiedz et al., 2019). According
to recent research data, the plasma activated solutions
(PASs) of H,0, NaCl, and H,O, are effective against
microorganisms found in foods (Pignata et al., 2017).

Foodborne bacteria inactivation by CP

The antibacterial activity of CP has been ex-
amined by several researchers in recent years
(Niedzwiedz et al., 2019).CP has been also found
to possess antibacterial activities against major
foodborne pathogens, such as Listeria monocy-
togenes, Salmonella Typhimurium, Escherichia
coli O157:H7, Campylobacter jejuni, and Salmo-
nella spp. (Leeet al., 2017).CP is active against
foodborne bacteria at ambient temperature with
no additional heat treatment (Varilla et al., 2020).
CP is also able to inactivate different spores of
spore forming bacteria, as reported by several
workers (Varilla et al., 2020). The microbicidal
properties of CP against foodborne bacteria have
been found in various foods such as meat and
meat products, eggs and eggshell, vegetables,
fruits or spices (Apostol et al., 2015; Leeet at al.,
2017; Pignata et al., 2017).

The inactivation of bacteria by CP is achieved
through three modes of action: reactions between CP
reactive species and positive or negative charge com-
pounds of bacteria, the destruction of the membranes
and the cell functions of bacteria, and destruction of or
alteration DNA or RNA of bacteria (Moisanet al., 2002).

Effect of CP treatment on food quality

The effects of the CP treatment on the quality char-
acteristics of foods have been extensively investigat-
ed (Surowsky et al., 2015; Misra et al., 2016; Pankaj
et al., 2018). Among quality characteristics, the color
of CP treated foods was examined in several stud-
ies. The color changes of meat, meat products, eggs,
fruits and vegetables was dependent on CP treatment
conditions (input voltage, time, power, working gas)
(Bae et al., 2015; Surowsky et al., 2015; Pankaj et
al., 2018; Roh et al., 2020). The product type (solid
or liquid) and storage conditions are critical factors
affecting the color. Overall, it is generally accepted
that CP processing has a minimal effect on the color
of food products at lower treatment times (Thirumdas
et al., 2016; Pankaj et al., 2018). Yong et al. (2017)
reported a similar red color in a pork jerky treated by
CP to this achieved by supplementing sodium nitrite.

According to several studies, the CP treatment re-
sulted in pH changes of food products (Frohling et al.,
2012; Kim et al., 2013; Almeida et al., 2015; Lee et
al., 2016). CP buffering capacity can affect pH of CP
treated foods (Pankaj et al., 2018).

CP can also adversely affect the quality properties
of foods and should be properly applied to avoid a
loss of food quality. CP treatment can enhance lip-
id oxidation in foods rich in lipid components. The
CP ROS could interact with food lipids and initiate
the oxidation process, especially when foods rich in
unsaturated fatty acids are treated eg fish (Gavahian
et al., 2018). However, conflicting results have been
published on the lipid oxidation of fish, meat or dairy
products caused by CP treatment (Bae et al., 2015;
Pankaj et al. 2018). CP can also result in degradation
of polymerized oligosaccharides in juices and the
mechanism of this degradation should be examined
in future studies (Almeida et al., 2015; Varilla et al.,
2020).

The food enzymes, which can deteriorate the qual-
ity attributes of foods, are susceptible to degradation
during CP treatment (Han et al., 2019). Food enzymes
such as polyphenoloxidase, peroxidase, superoxide
dismutase and lysozyme were also inactivated by CP
treatment (Attri et al., 2015; Misra et al. 2016; Han
et al., 2019). During CP treatment sensitive vitamins,
such as riboflavin (B2), pyridoxine (B6), biotin or
vitamin C, are usually stable during CP treatment
(Pankaj et al. 2018). The structure of allergens, which
are protein components, may be changed by reactive
species produced by CP, while further studies are re-
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quired to elucidate this beneficial effect of CP treat-
ment (Gavahian and Khaneghah, 2020).

According to European Union regulations, CP
treatment has been approved as an electronic preser-
vative practice for organic foods (EC, 2014).

CP EFFECT ON FOODBORNE VIRUSES

Foodborne virus inactivation by CP
Published data on the effect of CP treatment

on foodborne viruses are presented in Table 1. CP
treatment resulted in a successful decrease of enter-
ic viruses and their surrogates in aqueous solutions
(Aboubakr et al., 2016; Aboubakr et al., 2018; Nayak
et al., 2018), liquid media (Takamatsu et al., 2015),
but also on food surfaces (Bae et al., 2015; Min et al.,
2016; Lacombe, 2017; Aboubakr et al., 2020; Roh et
al., 2020).

Table 1. Inactivation of foodborne viruses/surrogates in CP treatment

Virus/ Plasma Type Plasma treatment  Matrix Reduction References

surrogatestested* parameters

HuNoV Microdischarge 1 kHz/8.5 kV/ 30 Medium 1.23 log genomic Ahlfeld et al.

(GIL.4) mW/cm,/Air/ 0.5, 1, equivalents/ml after (2015)
2,3,4,5,10,0r 15 10 min,
min 1.69 log genomic
equivalents/ml after
15 min
A two-dimensional 20 Hz/10.8 kV/ 14.5 Romaine ~2.6 log, in genome Aboubakr et al.
array of integrated W/ 16.4 slm air flow lettuce copy number after  (2020)
coaxial microhollow rate/ 10 cm exposure S min
dielectric barrier distance, wet-surface
discharge treatment
HAV Atmospheric pressure 28.5 kHz/3.5kV/ N2 Fresh 90% reduction Bae et al. (2015)
plasma jet (99.9%) / 6 slm flow  meats (beef (1 log,, PFU/ml)
rate flow/ 10 s-20 min loin, pork after 5 min
shoulder
and chicken
breast)

FCV Plasma jet 16 Hz/9 kV/ 10 W/ Medium >6 log TCID50/10 pl Takamatsu et al.
various gas species, within 5 min (CO,), (2015)
including Ar, O, N, >6 log TCID50/10 pl
CO, mock air, and within 3 min (N,)
mixtures of these
gases/ gas flow rate 1
L/min

Radio frequency 20 kHz/2.5W/, Distilled >6.5log,, Aboubakr et al.

atmospheric pressure

different gas mixtures

water, Liquid TCID50/0.1 ml after (2016)

plasma (Ar, Ar+1% O,, Ar  medium 15s(Ar+1% O,
+ 1% air, Ar + 0.27% plasma), after 30 s
H,0)/ 1.5 slm flow (Ar and Ar + 1%)
rate
Plasma jet 20 kHz/2.5W/99% Ar Distilled >6.5 log,, Aboubakr et al.
+ 1% O,/1.5 slm flow water TCID50/100ul after (2018)
rate/15, 30, 60, and 15s
120 s/ distance 11.25
mm
A two-dimensional 20 Hz/10.8 kV/ 14.5 Distilled >5 Nayak et al.
array of W; Dry Air, Ar + 20% water log,, TCID50/100ul  (2018)
integrated coaxial 0,/16.4 slm flow rate after 3 min (dry air)
microhollowdelectric

barrier discharge
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A two-dimensional 20 Hz/10.8 kV/ 14.5 Romaine >5 log,, TCID50 Aboubakr et al.
array of integrated W/ 16.4 slm air flow lettuce after 3 min (2020)
coaxial microhollow rate/ 10 cm exposure
dielectric barrier distance, wet-surface
discharge treatment
MNV-1 Atmospheric pressure 28.5 kHz/3.5kV/N, Fresh 99% reduction (2 Bae et al. (2015)
plasma jet (99.9%) / 6 slm flow  meats (beef log,, PFU/mL) after
rate flow/ 10 s-20 min loin, pork S min
shoulder
and chicken
breast)
Atmospheric pressure 47 kHz/549 W/Air Blueberries 5 log PFU/g after ~ Lacombe et al.
plasma jet 90 s (2017)
TV Dielectric barrier 47.6kVand 1 A Romaine 1.3 log PFU/g after 5 Min et al. (2016)
discharge for Smin/electrode lettuce min (rigid package)
distancewas 30 mm
Atmospheric pressure 47 kHz/549 W/Air Blueberries 3.5 log PFU/g after Lacombe et al.
plasma jet 120 s (2017)
Atmospheric 32 kV, 3.5 min/Air Chicken 2.2 PFU/cube after Roh et al. (2020)
dielectric barrier In-package breast 3.5 min,
discharge
CVA7 Plasma jet 16 Hz/9 kV/ 10 W/ Medium <2 log TCID50/10 pl Takamatsu et al.
various gas species, within 10 min (CO,) (2015)
including Ar, O, N, >6 log TCID50/10 pl
CO, mock air, and within 10 min (N,)
mixtures of these
gases/ gas flow rate 1
L/min
MS2 Plasma jet 20 kHz/6 kV/gas Medium 3 log,, after S min,  Alshraiedeh et
mixture of 0.0-1.0% >7 log,,reduction  al. (2013)
and 100.0-99.0% after 9 min.
helium/ 2 slm flow (helium/oxygen:
rate, 1- 9 min/distance 99.25%/ 0.75%)
10 mm
Dielectric barrier 30 V/20,24,28 W/ Distilled >0.69 log PFU/m*  Wu et al. (2015)
discharge Air, 98% Ar + 2% water for all tested gas

0,,98% He +2% O,/

flow rate 2.5 liters/
min/ for up to 3 min

carriers and power
levels for > 30 s

* HuNoV, Human noroviruses; HAV, Hepatitis A virus; FCV, Feline calicivirus; MNV-1, Murine norovirus 1; TV, Tulane virus;
CVA?7, Coxsackie virus; MS2, bacteriophage MS2.

The majority of CP treatment studies was focused
on the susceptibility of HuNoV since this virus has
been associated with several food outbreaks and is a
major problem in the food industry (Pexara and Gov-
aris, 2020). A CP treatment for 5 min showed a reduc-
tion of 99% (2 log PFU/ml) of MNV-1, a surrogate of
HuNoV, and 90% reduction (1 log PFU/ml) of HAV
in fresh meat (beef loin, pork shoulder and chicken

breast) (Bae et al., 2015). Ahlfeld et al. (2015) re-
ported that HuNoVwas decreased by 1.23 log and
1.69 log in fecal samples treated by CP for 10 and
15 min, respectively. Alshraiedeh et al. (2013) studied
the effect of CP on bacteriophage MS2, a surrogate
for HuNoV, ingases (0-1% oxygen in helium) for the
plasma generation. Overall, the highest reduction of
MS2 was observed for treatments with 0.75% oxy-
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gen, while MS2 was reduced by 4 log and 7 log, after
Smin and 9 min treatments time, respectively. Abou-
bakr et al. (2015) reported a6 log reduction of Felin-
ecalicivirus (FCV), a surrogate for HuNoV, with CP
plasma generated in 1% oxygen for 90 s. In a CP treat-
ment on blueberries at refrigerated temperature for 2
min, MNV-1 and Tulane virus (TV), two surrogates
of HuNoV, were reduced by 3.5 log and 5 log PFU/g,
respectively (Lacombe et al., 2017). Aboubakr et al.
(2020) reported that CP treatment on stainless-steel
surface and lettuce leaves caused almost the same re-
duction of HuNoV (ca 2.6 log) on both surfaces. The
FCV on a stainless-steel surface was completely in-
activated by CP treatment after 3 min (Nayak et al.,
2018).Takamatsu et al. (2015 reported the inactiva-
tion of FCV in a nitrogen CP treatment in contrast
to Coxsackie virus (CVA7) in laboratory media (Vero
cells).

Mechanisms of foodborne virus inactivation by CP

The specific mechanisms of viruses’ inactivation
by CP have not yet been elucidated. The studies car-
ried out so far, demonstrated that exposure to CP can
lead to the modification or degradation of proteins
and lipids of viral envelopes as well as nucleic acids
of viruses (Pradeep and Chulkyoon, 2016).

The virucidal activity of CP is particularly affected
by formed ROS and RNS. However, the formation of
virucidal reactive agents vary and are highly depen-
dent on the experimental conditions, such as the gas
for the CP generation, the food matrix, or the virus
type (Pignata et al., 2017).Among reactive species,
UV radiation and charged particles (e.g. ions, elec-
trons) may also have an important role in the inacti-
vation of viruses by the CP treatment (Filipi¢ et al.,
2020).

According to recent studies, 'O, was the most sig-
nificant ROS for the inactivation of FCV (Aboubakr
et al., 2016; Aboubakr et al., 2018, Yamashiro et al.,
2018) and phage T4 (Guo et al., 2018). Aboubakr et
al. (2018) reported that 'O, causes oxidative modifi-
cation of histidine residues and a shift in molecular
mass of methionine residues. Guo et al. (2018) re-
vealed that O, also reacts with cysteine, tyrosine, and
tryptophan, and oxidizes guanine. The O, was one of
the most important factors (Nayak et al., 2018) or an
additional factor in FCV inactivation (Aboubakr et

al., 2016; Aboubakr et al., 2018). The O, may also
have a role in the inactivation of bacteriophages of
MS2 (Xia et al., 2019) and HuAdV (Zimmermann et
al., 2011).H,0,had a secondary role in inactivation of
HuAdV (Sakudo et al., 2016) and FCV (Aboubakr
et al., 2016). RNS such as ONOOH (in an acidic en-
vironment) (Aboubakr et al., 2016; Yamashiro et al.
2018), ONOO— (Yamashiro et al., 2018), or NOx
(Nayak et al. 2018) have been found as the principal
inactivation factors for the FCV surrogate. In future,
the development of accurate methods for activity
measurement of RONS and UV intensity will clarify
viral inactivation by CP treatment in a better manner
(Filipi¢ et al., 2020).

The CP reactive species can also react with the
capsid protein, leading to protein peroxidation and
destruction of the virus. According to previous stud-
ies the damage of the capsid was the most important
factor for the inactivation of bacteriophages A (Yasu-
daetal., 2010), MS2 (Wu et al., 2015), T4 (Guo et al.,
2018), and FCV (Aboubakr et al., 2018). The reactive
species can damage or eliminate the viral nucleic acid
and reduce gene expression (Pignata et al., 2017).
The nucleic acid degradation was proved as an im-
portant mode of HuAdV inactivation (Sakudo et al.,
2016). Yamashiro et al. (2018) reported that nucleic
acid degradation was found to a significant factor for
FCV inactivation. The damage of DNA in parallel
to viral protein degradations are also responsible for
foodborne viruses’ inactivation by the CP treatment
(Pignata et al., 2017).Additional studies are needed to
clarify the mechanisms of viruses’ inactivation by CP
(Liao et al., 2017).

CONCLUSIONS

CP is an innovative non-thermal food processing
method which has a minimal effect on the quality
characteristics of foods and can also elongate the shelf
life of foods. Several studies indicated the inhibition
or inactivation activities against foodborne viruses of
the CP process in foods. The CP treatment proved ef-
ficient for the inactivation of HuNoV and HAV, which
are the major viraletiological agents of food-borne
outbreaks worldwide.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

JHELLENIC VET MED SOC 2022, 73(1)
TIEKE 2022, 73(1)



A. PEXARA, A. GOVARIS

3559

REFERENCES

Aadil RH, Roobab U, Mann AA (2019) Effect of Heat on Food Properties.
In: Encyclopedia of Food Chemistry, Melton L, Shahidi F, Varelis P
(Eds.), Elsevier, Amsterdam, Netherlands: pp 70-75.

Aboubakr HA, Mor SK, Higgins L, Armien A, Youssef MM, Brugge-
man PJ, Goyal SM (2018) Cold argon-oxygen plasma species oxi-
dize and disintegrate capsid protein of feline calicivirus. PLoS One
13:¢0194618.

Aboubakr HA, Williams P, Gangal U, Youssef MM, El-SohaimySAA,
Bruggeman PJ, Goyal SM (2015) Virucidal effect of cold atmospheric
gaseous plasma on feline calicivirus, a surrogate for human norovi-
rus. Appl Environ Microbiol 81:3612-3622.

Aboubakr, HA, Gangal U, Youssef MM, Goyal SM, Bruggeman PJ (2016)
Inactivation of virus in solution by cold atmospheric pressure plasma:
identification of chemical inactivation pathways. J Phys D Appl Phys
49:1-17.

Adefisoye MA, Nwodo UU, Green E, Okoh Al (2016) Quantitative PCR
detection and characterisation of human adenovirus, rotavirus and
hepatitis A virus in discharged effluents of two wastewater treat-
ment facilities in the Eastern Cape, South Africa. Food Environ Virol
8:262-274.

Ahlfeld B, Li Y, Boulaaba A, Binder A, Schotte U, Zimmermann JL,
Morfill G, Klein G (2015) Inactivation of a foodborne norovirus
outbreak strain with nonthermal atmospheric pressure plasma. MBio
6:¢02300-¢02314.

Almeida FDL, Cavalcante RS, Cullen PJ, Frias J, Bourke P, Fernandes
FAN, Rodrigues S (2015) Effectsof atmospheric cold plasma and
ozone on prebiotic orange juice. Innov Food Sci Emerg Technol
32:127-135.

Almeida FDL, Cavalcante RS, Cullen PJ, Frias JM, Bourke P, Fernandes
FA, Rodrigues S (2015) Effects of atmospheric cold plasma and
ozone on prebiotic orange juice. Innov Food Sci Emerg Technol
32:127-135.

Alshraiedeh NH, Alkawareck MY, Gorman SP, Graham WG, Gilmore
BF (2013) Atmospheric pressure, nonthermal plasma inactivation of
MS?2 bacteriophage: effect of oxygen concentration on virucidal ac-
tivity. J Appl Microbiol 115:1420-1426.

Apostol L, Georgescu N, Vatuiu I, Gaceu G (2015) Egg surface decontam-
ination by using high voltage pulsed, cold atmospheric plasma jets.
Journal of Eco Agri Tourism11:45-47.

Bae S-C, Park SY, Choe W, Ha S-D (2015) Inactivation of murine noro-
virus-1 and hepatitis A virus on fresh meats by atmospheric pressure
plasma jets. Food Res Int 76:342-347.

Bourke P, Ziuzina D, Han L, Cullen PJ, Gilmore BF (2017) Microbiolog-
ical interactions with cold plasma. J Appl Microbiol123 (2) :308-324.

ChizobaEkezie F-G, Sun DW, Cheng JH (2017) A review on recent ad-
vances in cold plasma technology for the food industry: current appli-
cations and future trends. Trends Food Sci Technol 69:46-58.

EC (European Commission) (2014) Plasma gas technique as electronic
preservation practice of organic food and feed, EGTOP/2014, Direc-
torate-General for Agriculture and Rural Development, Directorate,
B. Multilateral relations, quality policy, B.4. Organics, Expert Group
for Technical Advice on Organic Production EGTOP, Final Report on
Food (III). Available online: https://ec.europa.eu/agriculture/organic/
sites/orgfarming/files/docs/body/egtop-final-report-food-iii_en.pdf/
[accessed 15 May 2020].

Filipi¢ A, Gutierrez-Aguirre I, Primc G, Mozeti¢ M, Dobnik D (2020)
Cold plasma, a new hope in the field of virus inactivation. Trends
Biotechnol 38:1278-1291.

Frohling A, Durek J, Schnabel U, Ehlbeck J, Bolling J, Schliiter O (2012)
Indirect plasma treatment of fresh pork: Decontamination efficien-
cy and effects on quality attributes. Innov Food Sci Emerg Technol
16:381-390.

Gavahian M, Cullen PJ (2020) Cold Plasma as an Emerging Technique
for Mycotoxin-Free Food: Efficacy, Mechanisms, and Trends. Food
Rev Int 36 (2) :193-214.

Gavahian M, KhaneghahAM (2020) Cold plasma as a tool for the elimi-
nation of food contaminants: Recent advances and future trends. Crit

Rev Food Sci Nutr 60:1581-1592.

Guo J, Huang K, Wang J (2015) Bactericidal effect of various non-thermal
plasma agents and the influence of experimental conditions in micro-
bial inactivation: a review. Food Control 50:482-490.

Guo L, Xu R, Gou L, Liu Z, Zhao Y, Liu D, Zhang L, Chen H, Kong M
(2018) Mechanism of virus inactivation by cold atmospheric pressure
plasma and plasma-activated water. Appl Environ Microbiol 84:1-10.

Han Y, Cheng J-H, Sun D-W (2019) Activities and conformation changes
of food enzymes induced by cold plasma: A review. Crit Rev Food
Sci Nutr 59:794-811.

Kim H-J, Yong HI, ParkS, ChoeW, JoC (2013) Effects of dielectric barrier
discharge plasma on pathogen inactivation and the physicochemical
and sensory characteristics of pork loin. Curr Appl Phys 13:1420-
1425.

King NJ, Hewitt J, Perchec-Merien A-M (2018) Hiding in plain sight? It’s
time to investigate other possible transmission routes for hepatitis E
virus (HEV) in developed countries. Food Environ Virol 10:225-252.

Lacombe A, Niemira BA, Gurtler JB, Sites J, Boyd G, Kingsley DH, Li X,
Chen H. (2017) Nonthermal inactivation of norovirus surrogates on
blueberries using atmospheric cold plasma. Food Microbiol 63:1-5.

Lee J, Lee CW, Yong HI, Lee HJ, Jo C, JungS (2017) Use of Atmospheric
Pressure Cold Plasma for Meat Industry. Korean J Food Sci AnimRe-
sour 37:477-485.

Lee KH, Kim H-J, Woo KS JC, Kim J-K, KimSH, Park HY, Oh S-K,
KimWH (2016) Evaluation of cold plasma treatments for improved
microbial and physicochemical qualities of brown rice. LWT-Food
Sci Technol 73:442-447.

Lee KH, Kim H-J, Yun S-W, Jo C, Kim J-K, Kim SH, Park HY, Oh S-K,
Kim WH, (2016) Evaluation of cold plasma treatments for improved
microbial and physicochemical qualities of brown rice. LWT 73:442-
447.

Liao X, Liu D, Xiang Q, Ahn J, Chen S, Ye X, Ding T (2017) Inactiva-
tion mechanisms of non-thermal plasma on microbes: A review. Food
Control 75:83-91.

LépezM, Calvo T, Prieto M, Mugica-Vidal R, Muro-Fraguas I, Alba-Elias
F, Alvarez-Ordoiez A (2019) A Review on Non-thermal Atmospheric
Plasma for Food Preservation: Mode of Action, Determinants of Ef-
fectiveness, and Applications. Front Microbiol10:622.

Misra N, JoC (2017) Applications of cold plasma technology for micro-
biological safety in meat industry.Trends Food Sci Technol 64:74-86.

Misra NN, Pankaj SK, Segat A, Ishikawa K (2016) Cold plasma inter-
actions with enzymes in foods and model systems. Trends Food Sci
Tech 55:39-47.

Misra NN, Pankaj SK, Segat A, Ishikawa K (2016) Cold plasma inter-
actions with enzymes in foods and model systems. Trends Food Sci
Tech 55:39-47.

Moisan M, Barbeau J, Crevier M-C, Pelletier J, Philip N, Saoudi B (2002)
Plasma sterilization. Methods andmechanisms. Pure Appl Chem
74:349-358.

NayakG, Aboubakr HA, Goyal SM, Bruggeman PJ (2018) Reactive spe-
cies responsible for the inactivation of feline calicivirus by a two-di-
mensional array of integrated coaxial microhollow dielectric barrier
discharges in air. Plasma Process Polym 15:1-12.

Niedzwiedz I, Wasko A, Pawtat J, Polak-Berecka M (2019) The State of
Research on Antimicrobial Activity of Cold Plasma. Pol J Microbiol
68:153-164.

Pankaj SK, Wan Z, Keener KM (2018) Effects of Cold Plasma on Food
Quality: A Review. Foods 7 (1) :4.

Petrescu DC, Vermeir I, Petrescu-Mag RM (2020) Consumer Under-
standing of Food Quality, Healthiness, and Environmental Impact: A
Cross-National Perspective. Int J EnvironRes Public Health 17:169.

Pexara A and Govaris A (2020) Foodborne viruses and Innovative
Non-Thermal Food-Processing Technologies. Foods 9:1520.

Pignata C, D’Angelo D, Fea E, Gilli, G (2017) A review on microbiologi-
cal decontamination of fresh produce with nonthermal plasma. J Appl
Microbiol 122:1438-1455.

Pires SM, Fischer-Walker CL, Lanata CF, Devleesschauwer B, Hall AJ,

JHELLENIC VET MED SOC 2022, 73(1)
TIEKE 2022, 73(1)



3560

A.PEXARA, A. GOVARIS

Kirk MD, DuarteAS, BlackRE, Angulo FJ (2015) Aetiology-specific
estimates of the global and regional incidence and mortality of di-
arrhoeal diseases commonly transmitted through food. PLoS ONE
10:e0142927.

Pradeep P and Chulkyoon M (2016) Review Paper: Non-thermal plasmas
(NTPs) for inactivation of viruses in abiotic environment. Res J Bio-
technol 11:91-96.

Rajvanshi AK (2008) Irving Langmuir - A Pioneering Industrial Physical
Chemist. Resonance 13:619-626.

RohSH, Oh YJ, Lee SY, Kang JH, Min SC (2020) Inactivation of Esch-
erichia coli O157:H7, Salmonella, Listeria monocytogenes, and
Tulane virus in processed chicken breast via atmospheric in-pack-
agecold plasma treatment. LWT - Food Sci Techn 127:109429.

Sakudo A, Toyokawa Y, Imanishi Y (2016) Nitrogen gas plasma generated
by a static induction thyristor as a pulsed power supply inactivates
adenovirus. PLoS One 11:¢0157922.

Sanchez G, BoschA (2016) Survival of Enteric Viruses in the Environ-
ment and Food. Viruses in Foods 26:367-392.

Scholtz V, Pazlarova J, Souskova H, Khun J, Julak J (2015) Nonthermal
plasma - a tool for decontamination and disinfection. Biotechnol Adv
33:1108-1119.

Surowsky B, Schluter O, Knorr D (2015) Interactions of non-thermal
atmospheric pressure plasma with solid and liquid food systems: a
review. Food Eng Rev 7:82-108.

TakamatsuT, Uehara K, Sasaki Y, Hidekazu M, Matsumura Y, Iwasawa
A, Norihiko Ito N, Kohno M, Azuma T, Okino A (2015) Microbial
inactivation in the liquid phase induced by multigas plasma jet. PLoS
One 10:e0132381.

Thirumdas R, Saragapani C, Ajinkya M, Deshmukh R, Annapure U
(2016) Influence of low-pressure cold plasma on cooking and textural
properties of brown rice. Innov Food Sci Emerg Technol 37:53-60.

Varilla C, Marcone M, Anno GA (2020) Potential of Cold Plasma Tech-
nology in Ensuring theSafety of Foods and Agricultural Produce: A
Review. Foods 9:1435.

WuY, Liang Y, Wei K, Li W, Yao M, Zhang J, Grinshpun SA (2015) MS2
virus inactivation by atmospheric-pressure cold plasma using differ-
ent gas carriers and power levels. Appl Environ Microbiol 81:996-
1002.

Xia T, Kleinheksel A, Lee EM, Qiao Z, Wigginton KR, Clack HL (2019)
Inactivation of airborne viruses using a packed bed nonthermal plas-
ma reactor. J Phys D Appl Phys 52:255201.

Yamashiro R, Misawa T, Sakudo A (2018) Key role of singlet oxygen and
peroxynitrite in viral RNA damage during virucidal effect of plasma
torch on feline calicivirus. Sci Rep 8:17947.

Yasuda H, Miura T, Kurita H, Takashima K, Mizuno A (2010) Biological
evaluation of DNA damage in bacteriophages inactivated by atmo-
spheric pressure cold plasma. Plasma Processes Polym 7:301-308.

Yeargin T, Gibson KE (2019) Key characteristics of foods with an elevat-
ed risk for viral enteropathogen contamination. J Appl Microbiol 126
(4) :995-1301.

Yong HI, Lee SH, Kim SY, Park S, Park J, ChoeW, Jo C (2017) Color de-
velopment, physiochemical properties, and microbiological safety of
pork jerky processed with atmospheric pressure plasma. Innov Food
Sci Emerg Technol 53:78-84.

Zhang Y, Qu S, Xu L (2019) Progress in the study of virus detection meth-
ods: the possibility of alternative methods to validate virus inactiva-
tion. Biotechnol Bioeng 116:2095-2102.

Zimmermann JL, DumlerK, ShimizuT, MorfillGE, WolfA, BoxhammerV,
J Schlegel J, Gansbacher B, Anton M (2011) Effects of cold atmo-
spheric plasmas on adenoviruses in solution. J Phys D Appl Phys
44:505201.

JHELLENIC VET MED SOC 2022, 73(1)
TIEKE 2022, 73(1)



Review article

JHELLENIC VET MED SOC 2022, 73 (1): 3561-3570
IIEKE 2022, 73 (1): 3561-3570

Avaockornon

A mini-review of toxicokinetics and toxicity of heavy metals in marine and
freshwater fish

F. Mehouel '@, S.W. Fowler?3®

! Institute of Veterinary Sciences of Blida 1, Blida, Algeria

2 School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, NY USA

4 Institute Bobby, Cap d’Ail, France

ABSTRACT: The aquatic environment continues to be polluted by anthropogenic activities that cause heavy metal
contamination of fish.These trace metal contaminants are present in abundance in the aquatic environment because
their inputs also originate from several natural processes. In addition, they are bioaccumulative, persistent and non-bio-
degradable over time.Therefore the present mini-review aims to assess the bio-kinetics and known effects of the heavy
metals and their toxicity in fish. Among the most toxic metals are arsenic (As), cadmium (Cd), lead (Pb) and mercury
(Hg), and they have been the primary focus of many aquatic ecotoxicological studies in recent years. According to
the previous studies analyzed; heavy metals bioaccumulate in the body of fish, whose kinetic activity depends on the
metal and also varies from one fish species to another, and can cause irregular and sometimes devastating effects in
different organs and systems of the body, acute or chronic, depending on the duration of exposure and the dose of metal
assimilated through water or food. Metal uptake can affect all life stages of fish, and these effects are a function of the
concentration of the metal in the surrounding environment, its chemical form and also the type of the water in which
it lives; fresh or marine.

Keywords: Fish, Heavy metals, Bio-kinetics, Bioaccumulation, Toxicity

Corresponding Author:

F. Mehouel, Institute of Veterinary Sciences of Blida 1, BP 270 Ouled Yaich, 09000,
Blida, Algeria

E-mail address: fetta mehouel@yahoo.com

Date of initial submission: 27-11-2020
Date of revised submission: 28-04-2021
Date of acceptance: 24-09-2021



3562

F. MEHOUEL, S.W. FOWLER

INTRODUCTION
Fish consumption has increased in recent years be-
cause it is recognized as an important part of a
balanced human diet containing high levels of many
essential nutrients that are not present in other foods
such as proteins of high biological value, vitamins (A,
D, E, K and water - soluble vitamin B and C), iodine,
selenium and calcium (Kara et al., 2020; Mehouel
et al.,, 2019). Beneficial polyunsaturated fatty acids
(omega-3 fatty acids) such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), are found in
large quantities in fish tissue. These polyunsaturated
fatty acids have the ability to both prevent and cure
certain diseases such as cancer, heart disease, rheuma-
toid arthritis and inflammation (Ayanda et al., 2019).
For this reason, most European dietary guidelines rec-
ommend a minimum of two servings of fish per week
to ensure the supply of essential nutrients (EFSA,
2014). However, many natural and anthropogenic ac-
tivities pollute the environment with various chemi-
cal contaminants such as heavy metals and metalloids
that accumulate in aquatic organisms, especially fish
(Micheline et al., 2019).

Heavy metals are important components of a wide
range of contaminants in the aquatic environment.
This is due to their toxicity, accumulation and abili-
ty of some to biomagnify throughout the food chain
(Ayanda et al., 2019). Lead, cadmium, arsenic, and
mercury are the main non-essential elements that
contribute to risks to human health through food con-
sumption and especially in the case of drinking water
for arsenic. And they are not required for the human
body and their toxic effects have been recorded at ex-
tremely low concentrations; hence they are of primary
concern on all lists of toxic substances (Ince et al.,
2021; Ooi et al., 2015; Chahid et al., 2013).Hence the
importance of monitoring their concentrations in fish
and comparing them to international regulatory lim-
its regulating the presence of these contaminants in
fish to protect consumer health (ANZFSC, 2011; EU,
20006).

Exposure to metals can damage several organs in
humans, even at low levels of exposure. Mercury can
accumulate in the brain, the intestines, kidneys, liver
and placenta and cause many dysfonctions and can-
cer. Prolonged exposure to cadmium is toxic to var-
ious tissues, including the kidneys, liver, bones, the
central and peripheral nervous system, cardiovascu-
lar system, immune system and reproductive system
whichcause irreversible damage and different types

of cancer. Exposure to low doses of lead has been
associated with neurological, immunological, cardio-
vascular, renal, digestive, reproductive and develop-
mental effects. Exposure to arsenic causes a variety
of complications in organ systems, e.g.the integumen-
tary, nervous, respiratory, cardiovascular, hematopoi-
etic, immune, nervous, endocrine, hepatic, renal and
reproductive systems (Genchi et al., 2020; Tamele et
al., 2020; Al-Saleh and Abduljabbar, 2017).

The aim of this global review is to investigate the
most critical aspects of arsenic, cadmium, lead and
mercury contamination of fish and examine their tox-
icokinetics and toxic effects based on experimental
works.

HEAVY METALS

Arsenic in fish

Arsenic is a metalloid widespreadin the environ-
ment. Its presence in aquatic waters is due to anthro-
pogenic sources such as industrial effluents, and to
natural sources which are essentially volcanic erup-
tions, fluvial contributions and erosion of rocks. This
element causes toxic effects in fish and other aquatic
organisms via oxidative stress (Ince et al., 2018; Ar-
slan-Acaroz et al., 2017; Kumari et al., 2017).

The concentration of arsenic is generally very high
(1-10 pg/g) in marine fish (Zhang et al., 2016).Arse-
nite (As*") and arsenate (As*) are the inorganic forms,
whereas monomethyl arsenic acid, dimethyl arsenic
acid, arsenobetaine, arsenocholine and different arse-
nolipids and arsenosugars are the important organic
forms (Jabeen and Javed, 2011). In fish arsenobetaine
is the most dominant form and contributes 95% of the
total arsenic which is non-toxic, while the more tox-
ic inorganic forms contribute only 1-4% (Avigliano
et al., 2020; ; Kollander et al., 2019; Amlund et al.,
2006).

Toxicokinetics

Fish absorb inorganic arsenic via water and food
whereas organic arsenic (arsenobetaine) is only accu-
mulated from food (Hong et al., 2014). Arsenobetaine
accumulates in the major organs (liver, kidney) and at
a higher rate in muscle tissue (Amlund et al., 2006).
In contrast, inorganic arsenic accumulates more in
the liver and stomach and at low concentrations in
the gills and muscle tissue (Ferreira et al., 2019). The
principal routes of excretion are through the kidney
(urine), liver (bile), gills and skin (Amlund et al.,
2006; Ozcan et al., 2006).
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Toxicity

The toxicity of inorganic arsenic (As (III) and As
(V) ) is more toxic than the organic forms (Aviglia-
no et al., 2020; Kim et al., 2018). Acute exposure to
arsenic is usually generally fatal to most fish, while
the chronic exposure is sublethal and can result in
a multitude of molecular events (Chen et al., 2019;
Kumar et al., 2019). Arsenic in aquatic organisms is
highly dependent on the chemical form in which it oc-
curs. Arsenic modulates antioxidant enzymes such as
glutathione reductase (GR) and glutathione S-trans-
ferases (GST), it also leads to lipid peroxidation and
loss of DNA integrity by inducing the generation of
reactive oxygen species and by depressing the func-
tions of the antioxidant defense system (Ince et al.,
2018; Arslan-Acaroz et al., 2017; Ventura-Lima et al.,
2009). The reduction of AsV to As Il may allow the
fixation of arsenic in the body through the interaction
with thiol groups (Ince et al., 2018; Arslan-Acaroz et
al., 2017). For higher trophic level species, sensitivi-
ty to arsenic is much less critical, and concentrations
in the range of 100 to 500 ug/L are necessary to ob-
serve the first toxic effects on macro-algae, shrimp
or fish (IFREMER, 1993). Toxicity manifests itself
by affecting different systems and functions such as
growth, reproduction, ion regulation, smoltification,
gene expression, immune function, enzyme activities
and histopathology of fish (Kumari et al., 2017).

Cadmium in fish

Cd is a non-essential metal widely present in the
aquatic environment as a result of various industri-
al and mining activities (Renieri et al., 2017). It can
be toxic to fish, even in trace amounts, of which free
ions (Cd*?) are the most bioavailable and toxic and are
found either in free form or in a variety of complexes
with suspended particles and in sediments (Renieri et
al.,2017; Kovarova and Svobodova, 2009). Hence Cd
is available for bioaccumulation by fish via a number
of dissolved Cd and food ingestion pathways (Renieri
et al., 2017; Kovarova and Svobodova, 2009).

Toxicokinetics

Metal ions dissolved in water are absorbed through
the gills and other permeable surfaces of the body,
while metals bound to solid particles are ingested and
then detached from their carrier particles in the diges-
tive system and absorbed through the intestinal epithe-
lium (Kovarova and Svobodova, 2009). Cadmium is
transported in the blood, where it is distributed mainly
in the liver and kidneys, which are the main organs of

accumulation during acute and chronic exposure, and
to a lesser extent in the visceral mass (Ferain et al.,
2018; Verge, 2006). The cadmium content in muscle
tissue is generally very low (Bremner, 2002). In the
cytoplasm uptake is supported by metallothioneins,
which are proteins rich in sulfur amino acids and poor
in aromatic amino acids, and they facilitate a stable
bonding with cadmium ions (Cd*?) (Verge, 2006). The
elimination of cadmium is low and takes place main-
ly through the urine. This renal elimination seems to
depend only on the intensity of exposure, in fact, it is
independent of metabolic activity or the size of the
individual (Le Croizier et al., 2019; Verge, 2006).

Toxicity

Even at low ambient concentrations, cadmium
can accumulate in fish causing several toxic effects,
particularly in the early life stages (Safari, 2015;
Maunder et al., 2011). The acute toxicity of cadmi-
um generally affects ionic homeostasis, in particular
that of calcium, by concurrence on absorption sites
(Dave and Kwong, 2020; Olsvik et al., 2016). Chron-
ic toxicity can affect a wide variety of physiological
processes and functions (Olsvik et al., 2016). Cad-
mium can indirectly generate oxidative stress all and
free radicals that may be caused by overproduction of
reactive oxygen species (ROS) or by depletion of cel-
lular antioxidant levels; furthermore it can also lead to
DNA damage and blocking of DNA repair (Zhang and
Reynolds, 2019; Malarvizhi et al., 2018). In addition,
cadmium is responsible for endocrine and ionoregula-
tory disruption, histopathology and depression of the
immune system, all of which can affect the growth,
reproduction and survival of fish (Le Croizier et al.,
2019; Sierra-Marquez et al., 2019).

Lead in fish

Toxicokinetics

Ionic lead (Pb*?) enters the body of fish through
the gills, the surface of the body and also by direct
ingestion. Absorption from contaminated water is
more important than absorption from food (Macirella
etal., 2019; Bibi and Ahmed, 2010). Bioaccumulation
is well documented in skin, gills, stomach, muscles,
intestines, liver, brain, kidney and gonads, however
the main target organs are liver, kidney and muscles
(Bibi and Ahmed, 2010).In contrast to inorganic lead
compounds, tetra-alkyl lead is readily absorbed by
fish and rapidly eliminated after the end of exposure
(Casas and Sordo, 2011).
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Toxicity

Exposure to lead causes a wide range of toxic ef-
fects on the physiological, behavioral and biochemi-
cal functions of fish. It also damages the central and
peripheral nervous system, the immune, hematopoiet-
ic, and cardiovascular systems as well as organs such
as the liver and kidneys (Lee et al., 2019).Lead also
leads to reproductive disorders, growth and develop-
mental problems (Lee et al., 2019; Kim and Kang,
2015). Exposure to this metal can be lethal, even at
low concentrations, due to efficient bioaccumulation
(Lee etal., 2019).

Lead is one of the most toxic metals in the aquat-
ic environment because of its ability to mimic bio-
logically important metals, mainly calcium, iron and
zinc (Company et al., 2011). It can enter the cell be-
cause of its similarity to calcium by using calcium’s
transport pathways (Amadob et al., 2012). It can also
reduce the unidirectional influx of sodium (Na®), fre-
quently correlating with the inhibition of Na”/K*AT-
Pase, an enzyme essential for the maintenance of cell
volume (Amadob et al., 2012). Lead can interact with
a variety of cellular lipids by changing the composi-
tion of the cell membrane, a process which results in
disruptions in membrane integrity, permeability and
function thereby increasing the sensitivity to lipid
peroxidation (Taylor and Maher, 2012). Lead accu-
mulation can also cause the production of reactive
oxygen species (ROS) which leads to depletion of
cellular antioxidant defense systems, destabilization
of cell membranes and DNA damage. Furthermore its
accumulation in mitochondria and other organelles
can cause serious disturbances in the energy balance
of tissues and eventually cell death (Taylor and Ma-
her, 2012).

Mercury in fish

Mercuryis a highly toxic chemical contaminant
(Custodio et al., 2020). Its presence in the environ-
ment comes from both natural and anthropogenic
sources. It can be released into the aquatic environ-
ment in its inorganic form where it can undergo var-
ious biochemical processes (oxidation, reduction,
methylation and demethylation) which result in pro-
ducing the more toxic methyl mercury species (Do-
nadt et al., 2021; Kim et al., 2016). Elemental mer-
cury, inorganic mercury and organic mercury are the
three main forms of this metal found in the aquatic en-
vironment (Vasanthi et al., 2019). The total mercury
content of fish may consist of a combination of its or-
ganic and inorganic forms, with methylmercury being

the most toxic and abundant organic form. The latter
is obtained by methylation of inorganic mercury via
aquatic bacteria which makes it more bioaccumulat-
able in aquatic food chains, accounting for 75-100%
of the total mercury in fish, and with the potential for
biomagnification in certain fish species especially
large predatory fish (Sadeghi et al., 2018; Bosch et
al., 2016; Kim et al., 2016).

Toxicokinetics

The different forms of mercury that come into
contact with aquatic organisms originate from the sur-
rounding water, sediment and food (Cambier, 2009).
Inorganic mercury crosses biological barriers less
easily than methylmercury; it has an absorption rate
through the intestinal barrier on the order of 10% when
contamination occurs via the trophic route (Cambier,
2009). However, the intestinal barrier as well as the
gill epithelium are highly permeable to methylmer-
cury (Cambier, 2009). Methylmercury is absorbed
and accumulated more than other forms, with 99% of
the bioaccumulated mercury in this methylated form
(methylmercury) (Bridges and Zalups, 2017). After
contamination via the direct route (water), gills and
muscle show the highest concentrations (Dominique,
2006) ; however, after trophic contamination, bioac-
cumulation in the gills is low, while the liver, brain and
muscle tissue show high concentrations (Dominique,
2006). Inorganic mercury is mainly found in the liver
and kidneys from where it is excreted (Dominique,
2006). Although aquatic organisms have mechanisms
for intestinal and renal demethylation and excretion,
the loss rate of methylmercury remains low compared
to the entry velocity, thereby bioaccumulating over a
lifetime of certain species, particularly in top trophic
level predators (Amiard, 2011).

Toxicity

Exposure to mercury can cause a variety of ad-
verse effects in fish at the physiological, histological,
biochemical, enzymatic and genetic levels (Mor-
cillo et al., 2017). Induced toxicity is influenced by
various factors such as species, age, environmental
conditions, concentration and duration of exposure
(Morcillo et al., 2017). The chemical form of mercury
plays an important role in its toxicity, for example,
the methylated form is 50 to 100 times more toxic
than the initial inorganic form of mercury (Meyer et
al., 2004).

The acute toxicity of mercury following 24 h of
exposure to 0.73 ppm leads to erratic swimming, ab-
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normal posture, sluggishness, imbalance in posture,
increase in surface activity, opercular movement,
gradual loss of equilibrium and spreading of excess of
mucus all over the surface of the body, and mortalities
were also observed (Vasanthi et al., 2019). Chronic
exposure to mercury especially affects the embryonic
and larval stages which are the most sensitive periods
of growth. By affecting the development of organs and
also the metabolic activity of fish, it can also leads to
slow development, morphological abnormality, dys-
function and eventually death. In general, this metal
causes neurological, hepatological and reproductive
damages that are always worrying even at low con-
centrations (e.g.0.02 ppm) (Zheng et al., 2019).

Summary

Given the large number of experimental studies
which have addressed the problem of heavy metal
contamination in both marine and freshwater fish, we
have summarized in Table 1 the basic toxicokinetic
data and ancillary information that has been produced
from toxicokinetic experiments following exposures
to As, Cd, Pb and Hg. The findings highlight the expo-
sure times, tissue distribution of the metal, target or-
gans and elimination routes in both juvenile and adult
marine and freshwater fish.

With respect to aspects of metal toxicity, in Table
2 the toxic effects of the four contaminant metals are
summarized for similar types of teleost fish following
experiments using a wide range of different exposure
doses of As, Cd, Pb and Hg. The results underscore
the very different effects which arise from acute and
chronic exposures.

CONCLUSIONS

In this overview we have examined the toxicoki-
netics and distribution and potential effects of four of
the most toxic heavy metals (As, Cd, Pb, and Hg) in

fish and, based on the results of previous experimen-
tal studies, the degree of toxicity of these metals is
ordered as follows : As<Pb<Cd<Hg. Each metal has
a specific affinity for certain organs and tissues.Previ-
ous studies on the toxicokinetics of heavy metals in
fish have shown differences even for the same met-
al, and within the same species of fish variations are
found according to the stage of development of the
fish and the aquatic environment in which it lives, i.e.
marine or freshwater. Their toxicity also depends on
several factors; e.g. for a given metal certain chemical
forms are more toxic than others and for fish, toxic-
ity depend mainly on the exposure dose which can
lead to either acute or chronic effects.Toxicity also
depends on the stage of development of the fish and
the physico-chemistry of the water in which it lives.
It would therefore be of interest to conduct further de-
tailed studies on both the toxicokinetics and toxicity
of these metals for the most abundant physico-chem-
ical forms of the metals and for the most toxic to
freshwater and marine species, including investigat-
ing these aspects at all stages of development from
hatching to adulthood. It would also be important to
conduct toxicokinetics and toxicity studies of these
metals based on the route of dietary or water expo-
sure and especially to evaluate the degree of toxicity
of these four metals for the same species of fish after
acute and chronic exposure. Such information will be
vital in improving and refining our assessments of the
potential for biomagnification of Hg in various spe-
cies of fish.
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Table 1. Summary of toxicokinetic studies of heavy metals (As, Cd, Pb and Hg) in fish

Develop- . . T
Metals Species mental Habitat Tlme. .Of DlStI‘%bu’[lOH m Target Elimination References
type exposition Tissues organ
stage
Tilapia Gill, liver, muscle, (Liao et
(Oreochromis ~ Adult Freshwater 7 days intestine, stomach, Stomach Intestine
. al., 2004)
mossambicus) whole body
Tilapia a1 . Liver, Liver .
As (Oreochromis ~ Adult Freshwater 7 days Gill, liver, alimentary Aliment- Alimentary .(Tsal and
. canal, carcass Liao, 2005)
mossambicus) ary canal canal
Tilapia . . Gill, liver, stomach, Stomach, Liver, (Ferreira et
(Oreochromis  Juvenile Freshwater  7days .
o muscle liver stomach  al., 2019)
niloticus)
Gill, liver,

Zebraﬁsh Adult  Freshwater 3 days intestine, gonad, Liver (Zhang et

(Danio rerio) . al., 2019)

carcass, brain
Rainbow trout S .
Gill, liver, kidney, . (McGeer et
Cd (Oncorhynchus Adult  Freshwater 100 days Whole body Kidney al., 2019)
mykiss)
Olive flounder o . .
(Paralichthys  Juvenile Seawater 50 days . Gill, 1.ntest1ne, Intestine  Intestine (Kim etal,
. kidney, liver, muscle 2004)
olivaceus)

Zebrafish Gill, liver, intestine, . (Zhang et
(Danio rerio) Adult  Freshwater  3days gonad, carcass, brain, Gill ) al., 2019)
Prussian carp he all\t/??riiiéatic (Luszczek-

(Carassius Adult Freshwater 24 months patopan Kidney Kidney  Trojnar et
Pb o gland, kidney,
gibelio) ; . . al., 2013)
intestine, gill.
Tilapia . . . . (Kalay
(Coptodon  Adult Freshwater 10days - b &ill; brain, g Gilland g canti,
7o muscle tissues liver
zillif) 2000)
White sturgeon Gastr'o-lntestmal
(Acipenser  Juvenile Freshwater 2 days tract, kidney, spleen,  Gastro- Kidne (Huang et
P Y gill, heart, liver, intestinal Y al,2012)
transmontanus) . .
brain, white muscle
Shgepshead Intestine, blood, (Leaner
MeHg minnows . . . .
. Adult  Freshwater 35 days liver, gill, rest of  Intestine  Kidney and Mason,
(Cyprinodon
. body 2002)
variegatus)
Wild rabbitfish Gill, liver, intestine, (Peng et
(Siganus Adult  Seawater 21days  muscle and whole  Muscle  Intestine &
: al., 2016)
canaliculatus) body
Wild rabbitfish Gill, liver, intestine, Gill (Peng et
(Siganus Adult  Seawater 21 days  muscle and whole . Ny Gill &
: intestine al., 2016)
canaliculatus) body

Sea bream gills, eye wall, lens, . .

(Diplodus Adult  Seawater 14 days  blood, liver, brain Gill gills, b.IOOd (Pereira et

Hg (1) . and liver  al., 2015)
sargus) and bile

Flounder Liver. (R;lliﬁard

( Platichthys Adult Seawater 4 months Liver, kidney, muscle .. Fillet
Flesus) kidney Famme,
esus 1988)
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Table 2. Summary of toxic effects of heavy metals in fish experimentally exposed to selected concentrations of As, Cd, Pb and Hg

Develop- . Exposure Toxic effect
Metals Fish species  mental Htab1tat dose of . . .
Stage ype metal Actue toxicity Chronic toxicity
Lethargy, mouth
Tilapia 328,05 and operculum wide (Ahmed et al
(Oreochromis ~ Adult  Freshwater ) open, body slimy, ?
mossambicus) me/L mortality after a few 2013)
minutes of exposure
As Distortions in the
cell organelles,
Teleost fish DNA fragmentation, (Das et al
(Channa Adult  Freshwater 5 mg/L activity enzymatic 2012) °
punctatus) inhibited, fish survived
more than 100 days
after exposure
Cardiac edema,
degenerated, hooked
Red sea bream tails, fin lesions,
. . . (Caoetal.,
( Pagrus Juvenile Seawater 3mg/L spinal curvature with
; i 2009)
major) skeletal deformities,
Cd mortality also
observed.
Sole Alteration of the whole- (Le Croiziez
(Solea . Adult Seawter  25pg/g body etal.. 2019)
senegalensis)
Rainbow Juvenile Mortality after 5 (Davies et al
trout (Salmo Freshwater 0.20 g/L s
. . and adult days of exposure 1976)
gairdneri)
Black tails noted,
fish exhibited spinal
Pb curvatures and eroded
Rainbow . caudal fins, paralysis .
trout (Salmo Juvenile Freshwater 64pg/L and atroph§ of ti]le (Davies etal,,
gairdneri) and adult flexed portion of the 1976)
body, little interest
for food observed one
month after exposition,
Mortality after
72h of exposure,
external abnormality
. . : namely pale gills,
Nile Tilap 1a 0.1453 anemic e};gs, wiitish Suhendrayatna
(Oreochromis ~ Adult  Freshwater .
niloticus) mg/L body color, 1nt§rna1 etal., 2019
lesions affecting
Hg the gills, liver, and
hepatopancreas also
observed
Diverse abnormalities
Salmon 0.10 mg/ observed in kidney, (Berntssen et
(Salmo salqry 401t Freshwater =0, ¢ brain and liver in the 4 al., 2003)

months of exposure
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INTRODUCTION

he best and efficient strategy to enhance the pro-

duction performance, disease resistance and the
immune response of poultry is the nutrients modifi-
cation of poultry farming (Liu et al., 2014).Vitamins
are organic substances with a complex nature that are
found in a very small amount in feed. They are very
important for the performance and body’s physiolog-
ical functions. Vitamins supplied to poultry ration to
improve the viability, reduce stressors and enhance
the growth performance parameters and antioxidant
properties (Attia et al., 2017; Surai, 2020). Vitamins
are divided into fat and water soluble types.

Vitamin E is considered as a fat-soluble vita-
minthat has been discovered in1920s (Evans and
Bishop, 1922). It is crucial for humans and animals
and poultry species.The natural form of vitamin E
(Da-tocopherol) is the most common and superior
form in being retained in serum and tissues (Yang
et al., 2009). The inoculation levels of vitamin E in
poultry diets is recommended by NRC (NRC, 1994),
however, the ideal levels are still controversial due to
several factors (Kuttappan et al., 2012). Either defi-
ciency or excess levelsof vitamin E is associated with
severe adverse economic losses in poultry industry.

Vitamin E is necessary for the functions of im-
mune, reproductive, nervous, respiratory, muscular
and circulatory systems.Moreover, dietary supple-
mentation of this vitamin is a common in poultry
practice to improve both cell-mediated and humor-
al immunity (Konieczka et al., 2017; Pompeu et al.,
2018) as well ascounteract the deteriorative effects of
oxidative stress (Surai et al., 2019; Pirgozliev et al.,
2020). It has been recorded that vitamin E plays an
important role for broilers production (Pal, 2017; Pi-
targue et al., 2019) as well as for layers and breeders
production and reproduction (Asl et al., 2018; Nawab
et al., 2018; Aamir et al., 2019). The carcass trait and
meat quality are also positively affected by inocula-
tion of vitamin E in broiler diet during rearing (Fel-
lenberg and Speisky, 2006; Rey et al., 2015; Pitargue
et al., 2019).

Accordingly, the objectives of the current review
article were to investigate the forms and inoculation
levels vitamin E, the role of this vitamin in the biolog-
ical process as well as its effect on different poultry
production types, carcass quality and hematological
parameters.

Forms of vitamin E

Chroman-6-ols collectively tocochromanols (to-
copherols and tocotrienols) are emerged as vitamin E
molecules. However, 8 substances have been detected
to have the activity of vitamin including 4 tocopherols
(a-, B-, y- and &-tocopherols) and 4 tocotrienols (a-,
B-, y- and d-tocotrienols) (Panda and Cherian, 2014) ;
only tocopherol can met the requirements of animals
to vitamin E. They present in the fat sources of the
diet as they absorbed in the intestine after ingestion
and transformed into non-esterified form (Colombo et
al., 1998). The form a-tocopherol is considered as the
most common studied form of vitamin E, while tocot-
rienols form is still under investigations. Vitamin E is
commonly added to poultry diet in the natural form
(Da-tocopherol) that being retained in the blood and
tissue (Yang et al., 2009). The form of vitamin E de-
termines its bioavailability. Vitamin E is measured in
international units by defining one mg of all-rac-a-to-
copherol acetate as 1 IU, as D-a-tocopherol has a bio-
activity of 1.49 IU (Machlin, 1991).

Recommended vitamin E levels in poultry diets

Several factors as bird’s physiological and meta-
bolic functions as well as the environmental stressors
can control the actual requirements for vitamin E. The
fatty acid contents, pelleting and storage conditions of
the diets can mainly affect on the required amount of
vitamin E. In addition, genetic variations among birds
that lead to differences in vitamin E absorbability and
degradation in the intestinal tract. Therefore, the ideal
inclusion levels of vitamin E in poultry diets are still
controversial (Kuttappan et al., 2012).

Poultry cannot synthesize vitamin E. Birds can ob-
tain their requirements for this vitamin from fat sourc-
es and then stored by the body, so there is no need
to be consumed daily (Colombo, 2010). Vitamin E is
regarded as one of the most expensive vitamins for
poultry. Under normal conditions, the standard rec-
ommended dose of vitamin E for poultry according to
NRCranges from 5-25 [U/kg of feed (NRC, 1994). To
meet the poultry requirements, 10 IU/kg of the ration
is also suitable. Studies of Rebolé¢ et al. (2006) ; Singh
et al. (2006) ; Hashizawa et al. (2013) ; Habibian et al.
(2014) and Ismail et al. (2014) successfully used the
basal level of vitamin E as adequate or to marginally
exceed the minimum requirements of broilers. How-
ever, vitamin E requirements may increase especial-
ly in broilers to alleviate the negative effects of high
temperature condition that affects on feed efficiency
(Guo et al., 2003; Niu et al., 2009). Liu et al. (2014)
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suggested that using of vitamin E as 25 times up to
NRC requirement to enhance the antibody titer in tur-
keys. It has been suggested that poultry fed on 100 mg
vitamin E/kg diet may prevent vitamin E deficiency
(Aamir et al., 2019).The recommended dietary level
of vitamin E to maintain bird’s fertility differs accord-
ing to the age, breed and the health of the bird as well
as the composition of vitamin E. However, a concen-
tration of 10 mg /kg of diet vitamin E is beneficial to
maintain the fertility (Biswas et al., 2007; Hooda et
al., 2007; Pekmezci, 2011; Khan et al., 2012b).

Deficiency of vitamin E in poultry

Vitamin E deficiency produces severe adverse
economic losses in the poultry industry.There are
some interaction of vitamin E and other nutrition-
al elements aspolyunsaturated fatty acids (PUFAs),
sulfur-containing amino acids and selenium. The de-
ficiency of vitamin E with PUFAsis associated with
nutritional encephalomalacia in chicks, while with
selenium and sulfur-containing amino acids deficien-
cies induce exudative diathesis and enzootic muscle
dystrophy; respectively (Beck, 2007; Guetchomet
al., 2012; Michalczuket al., 2016). Reproductive dis-
orders, hock disorders and retardation of growth are
also forms of vitamin E deficiency in poultry (Niu et
al., 2009). Besides, depletion of lymphocytes (Dietert
et al., 1983) and growth depressant effect of thymus,
bursa and spleen (Marsh et al., 1986) have been re-
corded as a result of vitamin E deficiency.

Hypervitaminosis with vitamin E in poultry

High dietary levels of vitamin E resulting in re-
ticulocytosis, decreased hematocrit value, lowered
thyroid activity and increased vitamins D and K re-
quirement in chicks (March et al., 1973). Also, sup-
plementationwith high levels of tocopherol alleviated
hypervitaminosis with vitamin A in chicks (Mc Cuaig
and Motzok, 1970; Sklan and Donoghue, 1982).
Though, decreases the level of vitamin A in the blood
and liver may adversely affects on the bone ash and
plasma calcium level of birds (Aburto and Britton,
1998).

The role of vitamin E in the biological process

Antioxidant

Vitamin E plays a major antioxidant role by pre-
vention of lipid peroxidation of PUFAs in plasma
membranes of cells and sub-capsular organs (Fusco
et al., 2007; Khan et al., 2012a; SuraiandKochish,
2019), therefore protecting cells from free radicals

toxicity (free radicals scavenger) during normal meta-
bolic status and inflammation (Colombo, 2010; Khan,
2011; Rizvi et al., 2014). Vitamin E can mediate free
radicals signal transduction and finally modulates the
genes expression that are regulated by free radical sig-
naling (Packer and Suzuki, 1993). In addition, ithas a
negative effect on the production ofreactive oxygen
species (ROS) which activate unsaturated phospho-
lipids and critical sulfthydryl group oxidation (Tra-
ber and Atkinson, 2007). Particularly, phospholipids
membranes are more prone to oxidative stress, being
positively correlated with thedegree of PUFAs. Vita-
min E has been classified as a reducing agent for ROS
molecules. Nowadays, the bioactive contents of some
phytobiotics plant react synergistically with vitamin E
toenhance the antioxidant potential of vitamin E (So-
nam and Guleria, 2017).

Immunity

It has been documented that vitamin E is essential
for the ontogeny of the bird’s immune response (Gore
and Qureshi, 1997; Silva et al., 2011). Vitamin E sig-
nificantly increased Sephadex-elicited inflammatory
exudate cells as well as the macrophages percentage
of chickens in a dose of 10 IU (Gore and Qureshi,
1997). Dietary vitamin E increases the T helper cells,
and in turn improves responsiveness to immunologic
stimuli (Erf et al., 1998). The dietary level of vitamin
E may alter the innate cellular oxidative immunity
(Perez-Carbajal et al., 2010). Besides, vitamin E is
regarded as immuno-potentiator via delaying the pro-
duction of ROS in lipid membranes (Pekmezci, 2011;
Tufarelliand Laudadio, 2016; Aslet al., 2018).1t has
been shown that vitamin E reduces the generation of
MDA, decreases the total antioxidant capacity levels
in the liver which is consistent with enhancing hepat-
ic a-tocopherol content; resulting in improvement of
the antioxidant capacity (inhibit lipid peroxidation) of
immunosuppressed broilers (Cheng et al., 2017).

Vitamin E acts on the immune organs either direct-
ly or indirectly through the affection of metabolic and
endocrine parameters (Gershwin et al., 1985; Marsh
et al., 1986; Leshchinsky and Klasing, 2001; Loha-
kare et al., 2005; Pompeu et al., 2018). As an antiox-
idant, vitamin E may reduce plasma concentrations
of corticosterone (Puthpongsiriporn et al., 2001). It
can modulate cyclooxygenase and lipoxygenase path-
ways which reflects on the synthesis of leukotrienes
and prostaglandins (Leshchinsky and Klasing, 2001,
2003).
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It is not exactly known whether vitamin E directly
increases production of antibodies by altering B cells
or indirectly through T cells (Lee and Han, 2018).

As vitamin E acts as an antioxidant, it may pre-
vent the oxidation of arachidonic acid involved in the
biosynthesis pathway of prostaglandins which has
immunosuppressive effects at elevated levels (Shefty
and Schultz, 1979). Modulation of arachidonic acid
metabolism via cyclo-oxygenase and lipoxygenase
pathways lead to synthesis of prostaglandins and
leukotriens, respectively (Leshchinsky and Klasing,
2001).The inhibition of lipid peroxidation and pro-
tection of mitochondria and microsomes of the liver
against oxidative stress may be another possible im-
munomodulatory role of vitamin E (Leshchinsky and
Klasing, 2001). In addition, Gore and Qureshi (1997)
suggested that higher levels of vitamin E may main-
tain the integrity of macrophage membrane that need-
ed for phagocytosis. Broilers fed on excess vitamin
E showed an increase in the phagocytosis process of
peritoneal macrophages as a result of increasing the
expression of Fc receptors of antibodies on macro-
phages membranes (Konjufca et al., 2004). Elevated
numbers of macrophages displayed an increased abil-
ity to opsonize sheep red blood cells (SRRCS). Khan
et al. (2014) suggested that vitamin E may affect mac-
rophage cell viability and function by regulating lev-
els of free radicals to maintain normal cell functions.

It has been appeared that vitamin E can boost
booth cell mediated and humoral immune response
to various antigens. It enhances IFN-y production,
induces proliferation of immune cells and modulates
chemotaxis and bactericidal properties of polymor-
phonuclear cells (Boxer, 1986). Quantitatively and
qualitatively augments of lymphocyte and monocyte
mediated responses have been shown after dietary
supplementation with vitamin E. For instance, feeding
of broiler chickens with 80 IU/kg or 40 IU/kg of vi-
tamin E following vaccination with infectious bursal
disease virus (IBDV) vaccination induced significant
increase in peripheral blood CD4+ and CD8+ T cells
(Abdukalykova et al., 2008). Similarly, an increase in
lymphocytes populations of the thymus as well as the
number of plasma cells in spleen, cecal tonsils and
ileum of broiler chickens have been observed follow-
ing feeding on higher levels of vitamin E (Khan et al.,
2008). Dalia et al. (2018) detected that inclusion of
vitamin E (100 mg/kg) along with inorganic selenium
(0.3 mg/kg) effectively improved the immune system
through regulation of some cytokines expression and

immunoglobulin levels.

Vitamin E can benefit the immune response of
poultry via anti-inflammatory effects. It has an es-
sential role in balancing cytokine responses, which
could be critical in cases of inflammation. It has been
found that broiler chickens fed on 220 IU/kg of vita-
min E showed significant decrease in the level of IL-6
mRNA in spleen (Kaiser et al., 2012) as vitamin E
controls inflammatory responses when pro-inflamma-
tory cytokine production is elevated. Broilers fed on
vitamin E supplemented feed (100 mg/kg) and kept
under heat stress showed significant decrease in liver
expression IL-6 and heat shock protein 70 (Jang et al.,
2014). Recent study of Pitargue et al. (2019) revealed
that broiler chickens received vitamin E showed de-
crease in inflammatory (IFN-y, IL-1p and IL-6) and
anti-inflammatory (IL-4, IL-10 and TGF-B) cytokines
in the intestine. Inclusion of arginine in a vitamin
E-supplemented diet in broiler chickens enhanced re-
sponses to phytohemagglutinin as assessed by the cu-
taneous basophil hypersensitivity test (Abdukalykova
and Ruiz-Feria, 2006).

The findings of Lin and Chang (2006) suggest-
ed that moderate supplementation of vitamin E may
enhance immune responses to selective antigens in
breeders. Supplementation with vitamin E at level of
(100IU/kg) to the diet of broilers breeders resulting
in enhancing the immune response to bronchitis vi-
rus vaccine (Khan et al., 2014). In the same context,
broiler chickens supplemented with 200IU/kg of vita-
min E and 0.2 mg/kg of selenium and vaccinated with
Newcastle disease virus (NDV) vaccine developed
significant higher vaccine-specific antibodies when
compared with control (Singh et al., 2006). Simi-
larly, Ismail et al. (2014) demonstrated significant
increase in the titers of antibodies against NDV and
avian influenza disease virus in the plasma of vitamin
E supplemented broiler chickens (300 mg/ kg diet).
Significant elevation of antibody titers was observed
in broilers after primary and secondary immunization
with SRBCS and feeding on vitamin E (Niu et al,,
2009; Habibian et al., 2014).Chickens infected with
IBDV and fed on vitamin E (178 IU/kg) showed re-
duced mortalities and high body weight gain (Mcllroy
etal., 1993).

Broiler chickens received a diet containing 100 [U/
kg of vitamin E and infested with E. tenella oocysts
revealed significant resistance indicated by decreas-
ing in mortalities and increasing in body weight gain
(Colnago et al., 1984). Perez-Carbajal et al. (2010)
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demonstrated that supplementation of chickens with
vitamin E and arginine improved the phagocytic ac-
tivity of heterophils and monocytes. Similar effects
were also seen when chickens were challenged with
Salmonella enterica serovar Typhimurium (Liu et
al., 2014).Recently, Liu et al. (2019) assessed the ef-
fects of feeding laying hens on 30 IU/kg of vitamin E
on antibody levels, pro-inflammatory cytokines and
mortalities after challenge with Sal/monella enteriti-
dis. The results proved increasing IgA, IgM and IgY
levels, while decreasing in IL-1p, IL-6 and mortalities
at 2 weeks post-challenge.

Feeding of vitamin E to breeder hens can passive-
ly transferred antibody-mediated response against
diseases in their progeny. When broiler breeder hens
supplemented with vitamin E (150 TU/kg) or (450 TU/
kg) in feed before inoculation with Brucella abortus
antigens, their chicks that received more vitamin E
showed higher antigen-specific antibody titers (Jack-
son et al.,, 1978). Supplementation of breeders on
0.03% total vitamin E in their diet for 3 weeks prior to
immunization with Newcastle disease virus vaccine
induce high antibody levels in their progeny at 1 and 7
days old as compared with controls (Haq et al., 1996).
Inoculation of 10 mg of vitamin E in embryonated
chicken eggs increased cellular and humoral immuni-
ty in newly hatched chickens with (Gore and Qureshi,
1997). In addition, these chicks showed higher phago-
cytic activity when inoculated with sheep red blood
cells at 7 days of age as well as higher antibody titers
to SRBC were also detected at 14 and 21 days of age.
The same research also tested the effect of inoculat-
ing three doses of vitamin E into embryonated turkey
eggs 3 days prior hatching. The results revealed that
inoculation of 20 and 30 IU of vitamin E resulting in
significant reduction of hatchability, while 10 IU in-
duced slight higher hatchability. Furthermore, 7 days
old turkey poults showed higher level of IgM antibod-
ies against sheep red blood cells than controls at 7 and
14 days post-inoculation. The number of phagocytic
macrophages at 7 weeks post hatch were also signifi-
cantly higher in the group inoculated with 10 U of
vitamin E.

The effect of vitamin E supplementation in poultry
production

Broilers

Improvement in feed efficiency has been recorded
in broilers after feeding on vitamin E at levels of 60,
90 and 120 IU/kg of diet (Serman et al., 1992). Addi-

tion of both vitamins E and C at levels of 150 mg/kg
and 200 mg/kg ration, respectively enhanced chick-
en’s growth and immune response to vaccination (Ra-
jmane and Ranade, 1994).Moreover, improvement in
broilers feed efficiency has been observed after ad-
dition of 75 ppm of vitamin E/kg in diet (Aravind et
al., 2001). Villar-Patino et al. (2002) recorded an en-
hancement of the live body weight of broilers supple-
mented by 75 mg of vitamin E/kg of diet.

Erf et al. (1998) reported that inoculation of vita-
min E at levels beyond those needed to enhance the
optimal growth is efficient forincreasing the immu-
no-competence of growing broilers. It has been doc-
umented that supplementation of vitamin E induced
significant increase in the relative weight of spleen
which indirectly has a benefit for the broilers’ immune
system (BasmaciogluMalayoglu et al., 2009). Koniec-
zka et al. (2017) detected an increase in the relative
weight of bursa Fabricius of chickens supplement-
ed with dietary 300 IU/kg vitamin E as compared to
those fed diets containing 50 1U/kg. Moreover, vita-
min E at 100 and 200 mg/kg of the diet could improve
the performances and have immune potentiating ef-
fect in broiler chickens (Desoky, 2018).Vitamin E has
a significant role in enhancing the health conditions
through the positive influence on both humoral and
cell-mediated immune response of birds (Zhao et al.,
2011; Lu et al., 2014; Rizvi et al., 2014). Moreover,
it can induce protective immunity in broiler chickens
through amelioration of the immuno-suppressive ef-
fect of lipopolysaccharide (Zhang et al., 2010), Esch-
erichia coli, Eimeriatenella, T2 toxins (Jaradat et al.,
20006), as well as heat stress (Niu et al., 2009).

It has been documented that heat stress increas-
es the serum and liver concentrations of malondial-
dehyde (MDA), while vitamin E decreases the pro-
duction of MDA in the liver by acting against lipid
peroxidation and cell damage (McDowell, 2012)
and results in the enhancement of the bird’s perfor-
mance (Sahin and Kucuk, 2001; Sahin et al., 2001).
Several reports showed the positive effect of vitamin
E supplementation alone or with other elements on
broiler performance under heat stress condition. Both
vitamin E and vitamin C at levels of 250 mg/kg of
the dietinduced the highest productive performance
of Japanese quails reared under heat stress (Sahin
and Kucuk 2001; Sahin et al., 2003). Habibianet al.
(2014) confirmed that heat stressed broiler chickens
supplemented with combined levels of vitamin E and
selenium at 250 mg/kg and 0.5 mg/kg, respectively
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showed an improvementof both health and immune
response to sheep red blood cells (SRBCs). Broiler
chickens fed on dietary vitamin E at 30-50mg/kg un-
der heat stress pressure showed reduced lipid peroxi-
dation that can be detected by reduced levels of MDA
(Daldlio et al., 2015). Furthermore, dietary concen-
tration of zinc at 30-60 mg/kg has synergistic positive
action with vitamin E on the productive performance
of broilers under heat stress climate (Kim et al., 1998;
Salgueiro et al., 2000).

Other literatures revealed no effect of vitamin E on
broiler performance. Sosnowka-Czajka et al. (2005)
found that dietary supplementation of broilers with
both 40 mg/kg of vitamin C and 70 mg/kg of vitamin
E failed to increase the resistance of birds to high tem-
perature stressor. This result may be due to low doses
of the vitamins or presence of factor interfere with the
vitamins bioavailability. Feeding of dihydroquercetin
(antioxidant) or vitamin E improved different parame-
ters of antioxidant status of broiler chickens, although
it did not affect growth performance parameters and
energy or nutrient availability (Pirgozliev et al., 2020).

Layers

Laying hens supplemented by 6% semi-refined
sunflower oil and 150 mg/kg vitamin E showed sig-
nificant increase in egg production performance
(Narimany-Rad et al., 2011).A concentration of 60
IU vitamin E /kg feed revealed an increase in egg
production, yolk and albumin weights, and vitelline
membrane strength of layer chickens (Parolini et al.,
2015). In addition, vitamin E at levels 125-300 mg/kg
has been found to minimize the egg production losses,
eggshell density and feed efficiency (Cherian, 2015).
Dietary supplementation of 125 to 300 mg vitamin E
/kg feed improved the feed efficiency rate, egg pro-
duction and egg shell thickness of layers (Karadas et
al., 2017).

It has been observed that addition of vitamin E
to the diets of layer hens appeared to be beneficial
especially during the heat stress, probably, due to its
concurrent function as fertility factor (Bollingier-Lee
et al., 1999; Sahin et al., 2002a; Attia et al., 2016).
Numerous studies have investigated the beneficial
effects of vitamin E supplementation in laying hens
under heat stressed conditions. For example, Kirunda
and Scheideler (2001) found that vitamin E supple-
mentation in the diet of heat stressed hens was able to
alleviate egg quality deterioration. Ciftci et al. (2005)
found that vitamin E can improve the egg quantity

and quality of laying chickens reared under heat stress
conditions. It has been demonstrated that vitamin E at
250 mg/ fed of layer hens may decrease the harmful
stress effects of high temperature (Chung et al., 2005).
Besides, dietary concentration of zinc at 30-60 mg/
kg has synergistic positive action with vitamin E on
the health and egg production of laying hens (Onder-
ci et al., 2003; Sahin and Kucuk, 2003; Kucuk et al.,
2008).Sahin and Kucuk (2001) observed a greatest
performance of Japanese quails after supplementation
with a combined treatment with vitamin C (200 mg)
and vitamin E (250 mg) under chronic heat stress.
Also, supplementation with150 mg vitamin C and/or
150 mg vitamin E to the diet improved the production
performance in heat stressed layer chickens (Joachim
Ajakaiye et al., 2011).Dietary vitamin E and vitamin
C at levels of 65 IU/kg and 1, 000 ppm; respective-
ly enhanced the in vitro lymphocyte proliferations of
layer hens under bad environmental conditions (Jiang
et al., 2013).

The role of vitamin E in improving the egg produc-
tion under heat stress may be through the protection
of liver from lipid peroxidation and damage of cell
membrane that resulted in increasing in plasma egg
yolk precursors as very low density lipoprotein and
vitellogenin (Bollingier-Lee et al., 1999).Addition of
vitamin E to diets containing high levels of PUFAs
may prevent feed oxidation as well as may contribute
to egg formation as these evidenced by increasing in
the egg/bird/day and improving the feed intake and
efficiency. Moreover, vitamin E protects the tissue
from lipid peroxidation due to production of ROS and
consequently affects the egg quality in layers (Lin et
al., 2004; Khan et al., 2017).

Breeders

There are several factors that have a great hazard-
ous effect on the semen and sperm quality (Rengarajet
al., 2015; Nawabet al., 2018).Antioxidant feed sup-
plementationreduces these effects by lipid peroxida-
tion (Richard et al., 2008).As a result of neutralization
of free radicals and inhibition of lipids membranes
oxidation, vitamin E is regarded as chain-breaking
antioxidant (Raederstorff et al., 2015). Vitamin E re-
duces the production of ROS molecules in the cells
at their initial phase with destruction of thousands of
PUFAs molecules (Anwar et al., 2016). It has been
found that ROS damages hydroxyl radical, superox-
ide anion radical, singlet oxygen and hydrogen perox-
ide that produced during aerobic cellular metabolism
(Anwar et al., 2016). Nevertheless, these oxidative
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radicalsinducedestruction of healthy cells if they are
not eliminated.Thus, it is necessary to add vitamin E
to poultry ration to increase antioxidant metabolites
in sperms andsemen and consequently helps in im-
proving the quality and motility of sperms (Khan et
al., 2017). Vitamin E reduces the defects in the DNA
of spermsthroughdecreasing free radicals production
and consequently increase the semen volume, sperm
motility and sperm capacity in fertilizing eggs (An-
war et al., 2016).Biswas et al. (2009) demonstrated
that birds supplemented with high doses of vitamin
E (100mg/kg diet) showed good quality semen and
spermatozoa in comparison with those received
10mg/kg of the vitamin. At a level of 20 mg /kg diet
of breeder chickens, vitamin E significantly enhanced
the immune response of SRBCs in comparison with
levels of 0, 80 and 160 mg /kg diet (Lin and Chang,
2006).

Carcass trait

Lipid oxidation is very important process by which
deterioration of meat products can occur as it is initi-
ated at the membrane level in the intracellular phos-
pholipid fractions (Buckley et al., 1995; Cortinas et
al., 2005). Generally, supplementing birds with high
levels of antioxidants in the diets enhances the oxi-
dative stability, sensory quality, shelf life and conse-
quently acceptability of meat (Buckley and Morrissey,
1992). It has been demonstrated that the peroxidation
process begins just after slaughter, so the rate of meat
spoilage is dependent on the concentration of vitamin
E in the tissue (Morrissey et al., 1994). Vitamin E,
in the form of a tocopheryl, is regarded as the major
antioxidant defense and the lipid-soluble antioxidant
that delays and breaks the lipid peroxidation chain in
cell membranes, prevents hydroperoxides formation
(Halliwell, 1987) and improves the quality of poul-
try meat (Pompeu et al., 2018). The level of dietary
a-tocopheryl acetate in the poultry feed determines
its level in the muscle and consequently the oxidative
stability of meat (Carreras et al., 2004; Goiii et al.,
2007). Previous studies of Gao et al. (2010) and Rey
etal. (2015) have suggested that o tocopherol retained
in serum and tissues and improved the meat quality
of broiler chickens. Increasing the levels of a tocoph-
erol levels in poultry diets significantly improved the
feed conversion rate, average body weights, and net
income/bird (Kennedy et al., 1992). In addition, the
higher levels of a tocopherol resulting in high tissue
concentrations, improvement of the cells membranes
structure as well as an increase the oxidative stability

of meat and meat products (Bartov and Frigg, 1992;
Sheehy et al., 1993). It has been found that addition
of a tocopherol to turkey’s ration can improve meat
oxidative stability leading to improving the flavour
and colour (Sheldon et al., 1997). Supplementing
chickens with 20 mg vitamin E/kg diet doubled the
storage time in freezer, however 40 mg vitamin E/kg
diet extended storage time by one day in refrigerated
broiler carcasses (Coetzee and Hoffman, 2001). The
MDA production in the broilers muscles decreased by
addition of vitamin E to the ration, which reflects on
the lipid peroxidation during the storage of chicken
meat (Yesilbag et al., 2011). Brandon et al. (1993)
suggested that feeding on 200 mg o tocopheryl ace-
tate/kg of ration (i.e. 20 times higher than the NRC
requirement) for at least 4-5 weeks, is essential to ob-
tain the protective benefit of the vitamin in processed
meat. However, Nobakht (2012) demonstrated that
inclusion of broilers fat until 6% has no adverse ef-
fects on performance and carcass percent while, sup-
plementing diet with 150 mg/kg of vitamin E is not
recommended.

Hematology

Vitamin E significantly protected erythrocytes
against high levels of hydrogen peroxide (Calabrase
et al., 1985). In addition, vitamin E prevents oxida-
tion of unsaturated fatty acids as linoleic acid on the
membranes of erythrocytes (Bast et al., 1991) so, the
deficiency of this vitamin increases erythrocytes’ he-
molysis (Levander et al., 1977). The effect of different
dietary levels of vitamin E (100, 200 and 300) ppm
on erythrocyte osmotic fragility and some biochem-
ical parameters were studied in broiler chickens for
7 weeks observation period and the results showed
significant decrease in erythrocyte osmotic fragility
(Arslan et al., 2001).

Excessive supplementation of vitamin E decreases
the plasma cholesterol (Bell, 1971; Clegg et al., 1976)
and triglyceride levels and consequently inhibits ath-
erosclerosis in poultry (Donaldson, 1982; Smith et
al., 1989). Francini et al. (1988) demonstrated that the
addition of vitamin E at level of 325 ppm in the diet
of broilers resulting in decrease in cholesterol and tri-
glyceride levels till 49 days of age. Decreasing the
level of cholesterol was also found in turkeys fed with
vitamin E on the 42nd day (Franchini et al., 1990).
Ismail et al. (2014) found no effects on T4, total lip-
ids, total cholesterol and high density lipoprotein
cholesterol after inoculation of high levels vitamin E
(200, 300 and 400 mg/kg diet) in the diets of broiler
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chickens. However, plasma level of T3 increased sig-
nificantly in response to high level of vitamin E (400
mg/kg diet). Serum concentration levels of of T3 and
T4 were higher in birds treated with dietary vitamin E
(Sahin et al., 2001, 2002b).

It has been declared that dietary supplementation
of birds with vitamin E in high levels increased al-
kaline phosphatase (ALP) levels. Arslan et al. (2001)
demonstrated statistical significant decrease in ALP
level by the 7th week after treatment of broilers with
100, 200 and 300 ppm of vitamin E. In the same line,
no significant difference was also found in the plas-
ma ALP levels of turkeys supplemented with 30, 90,
180, 360 ppm of vitamin E/kg of ration, however, an
increase in plasma ALP levels were increased with in-
creasing the bird’s age (Francini et al., 1990).

In addition, the total protein, calcium (Ca), phos-
phorus (P), aspartate aminotransferase (AST) or ala-
nin aminotransferase (ALT) was not affected by the
treatment with vitamin E by the 5th and 7th weeks of
age (Arslan et al., 2001). In the same context, no sig-
nificant differences were found in Ca and P in broil-
ers treatment with 100 and 200 mg/kg of vitamin E
(Desoky, 2018). One hundred, day old broilers fed on
25 and 10, 000 IU of vitamin E/kg of the diet showed
decrease in plasma P and Ca levels (Murphy et al.,
1981). But Francini et al. (1988) found an increase
in the levels of ALP, Ca and P in birds treated with
excess vitamin E and proposed this result to the osteo-
blastic activity (Francini et al., 1988).

Although AST level has been increased with the
increase in the dietary level of vitamin E in turkey

poults, but decreased in older birds (140 days old)
(Francini et al., 1990). Desoky (2018) observed sig-
nificant decline in AST and ALT activities in the
group of broilers fed with vitamin E at 200 mg/kg.

Dietary supplementation with vitamin E (250 mg/
kg) for Japanese quails under heat stress induce signif-
icant increase in lymphocytes (L) numbers and white
blood cells counts, whereas, heterophils (H) numbers
and H/L ratio was decreased (Abdel Maksoud, 1999;
Ipek et al., 2007).

It has been shown that broilers fed on vitamin E at
levels of 100 and 200 mg/kg had significant increase
in hemoglobin, total proteins and albumin, significant
decrease in the level of glucose and while no signif-
icant differences were found in globulin (Desoky,
2018)

CONCLUSION

As can be seen, vitamins E has measurable ef-
fects as an efficient antioxidant and immuno-stim-
ulant agent. Addition of vitamin E in poultry diet is
essential for growth and health parameters as well
as maintenance and enhancement of immune system
function in broilers. In addition, supplementing layers
and breeders with vitamin E has positive effects on
the quantity and quality of eggs as well as fertility and
hatchability. Improvement of carcass trait and blood
parameters are also the other beneficial aspects of vi-
tamin E.
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