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Abstract:

The impact of anti-coccidial agents; allicin oil and
diclazuril, on growth and mortality rates, lesion scores,
oocyst output, histopathology, and caecal tissue anti-
oxidant/oxidant status on caecal coccidiosis in broiler
chicks was studied. 160 one-day old, unsexed Cobb
breed broiler chicks; were divided into 8 equal groups
(20 each). Group 1: negative control. Group 2: positive
control (infected orally with field strain of Eimeria
species sporulated oocysts (1x10%/ml)/bird on the 14
day of age. Group 3: Infected and treated with 1 ml/L
tween 80 in drinking water from the first day of
appearance of bloody diarrhea for 5 successive days.
Group 4: Infected and treated with allicin oil on feed
from 15t day of age at a dose of 30ml/ton feed. Group 5:
Infected and treated with diclazuril on feed from 15t day
of age at a dose of 1ppm. Group 6: Infected and treated
with allicin oil in drinking water at a dose of 1ml/10L from
first day of appearance of bloody diarrhea for 5
successive days. Group 7: Infected and treated with
diclazuril in drinking water at a dose of 0.5ml/L from first
day of appearance of bloody diarrhea for 5 successive
days. Group 8: Infected and treated with dicalzuril plus
allicin oil in drinking water at the same doses for 5
successive days. On the 71" and 12" days PI, infected
chicks fed allicin oil or diclazuril showed a significant
(p<0.05) reduction in lesion scoring before returning to
normal on the 17 day PI. Infected chicks treated with
therapeutic doses of allicin oil or with diclazuril induced a
significant decrease of lesion scores than the positive
group only. Group 8 was able to induce more reduction
of lesion scores compared with other experimental
groups. On the 7 day PI, CAT enzyme activity and
MDA concentration increased in all infected groups
when compared to negative one whereas on 12" and
17t day PI, all treatment protocols induced a decrease
when compared to infected non-treated groups. All
treatment protocols showed an elevation in SOD
enzyme activity when compared to non-treated.

Key words: Eimeria; Allicin; oocyst shedding; lesion
score; Diclazuril.
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INTRODUCTION

The poultry industry is one of the
world's most important food sources.
Chicken meat is a good source of
animal proteins and lipids, as well as a
variety of organic and inorganic
compounds (Bogosavljevic-Boskovic
et al., 2010). The market for chicken
meat is rapidly expanding, with
production increasing rapidly over time
(Faostat, 2014).

Coccidiosis is a parasitic disease of
the intestinal tract of animals caused by
single-cell protozoa of genus Eimeria.
Coccidian  organisms can infect
humans, birds, and livestock, as they
are usually species-specific (Oluyemi
and Roberts, 2000). t is a significant
disease problem in the poultry industry
because it causes extensive destruction
of the intestinal epithelium, resulting in
decreased food efficiency and body
weight gain, as well as a temporary
decrease in egg production (Min et al.,
2004 and Dalloul and Lillehoj, 2005).
It causes a significant economic loss in
the poultry industry (Shirley, 1995).

Coccidiostats are the main method
of preventing coccidiosis, but their
widespread use and misuse have
resulted in the emergence of strains of
Eimeria species that are resistant to the
majority of the available anti-coccidials
(Williams, 2002). The emergence of
drug-resistant coccidian species has
stimulated the search for alternative
control methods or new drugs.
However, this raises the cost of poultry
products. So, the finding of natural
replacer which improves the growth
with prophylactic and curative effect
against coccidiosis and without health
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hazard to human being is worthy (Youn
and Noh, 2001).

Searching for the alternatives of
anti-coccidial drugs to control
coccidiosis is an important field of study
in  poultry production (Arczewska-
Wlosek and Swiatkiewicz, 2015). The
investigation of herbal materials as anti-
coccidial remedies holds promise as an
alternative in the control of coccidiosis,
as well as potentially lowering food
production costs in various countries
(Mishra et al., 2011; Hartady et al.
2021). Allicin (diallyl thio-sulfinate),
which is formed naturally during the
crushing of garlic cloves, is responsible
for the characteristic pungent smell of
garlic as well as the various biological
activities (Lawson and Bauer, 1998).
Allicin has a variety of biological
activities, including anti-bacterial, anti-

fungal, and anti-parasitic properties.
Furthermore, it lowers serum
cholesterol and triglyceride levels

(Agarwal, 1996 and Weber et al.,
1992). So, this work was designed to
compare the in-vivo efficacy of allicin oll
as an anti-coccidial agent in broiler
chickens to diclazuril (standard anti-
coccidial agent). Furthermore, the anti-
coccidial synergistic effect of allicin oll
and diclazuril was investigated. This
assessment was based on clinical
signs, mortality rates, parasitological
criteria such as oocyst shedding, and
the presence of pathognomic lesion.
Catalase (CAT), malondialdehyde
concentration (MDA), and tissue
superoxide dismutase (SOD) levels
were also measured to assess the anti-
oxidant/oxidant status of caecal tissue.
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MATERIAL AND METHODS
Drugs:

Powder feed additive
(Diclomix 0.2% ®) (Pharma-Swede
Company, Cairo, Egypt). The
recommended therapeutic dose s
lppm on the feed along the
experimental period according to
Pharma-Swede Co.

Diclazuril:

Diclazuril: Oral solution form (Diclosol
1% ®) (Pharma-Swede Company,
Cairo, Egypt). The recommended
therapeutic dose is 0.5 ml/L in the
drinking water at a concentration of 5
ppm for 5 successive days according to
Pharma-Swede Co.

Allicin oil (Allicin ®). Oral solution form
(Inhiurusin Biotich Company, Shanghai,
China). The recommended therapeutic
dose: 1ml /10L in drinking water for 5
successive days and 30 ml/ton feed
according to Inhiurusin Biotich Co.

Experimental birds:

One hundred  and Sixty
apparently  healthy, one-day old,
unsexed broiler chicks of a commercial
breed (Cobb breed) were used. They
were provided by El-wady Poultry
Company, Cairo, Egypt. The chicks
were housed in a consistent, sanitary
environment after being well cleaned
and disinfected, and they were fed a
meal that had been artificially prepared
without the use of antibiotics, anti-

coccidial medications, or chemical
additions. Tap drinking water was
offered ad-libitum throughout the

experimental period (five successive
weeks). The chicks were raised on the
floor in separate units with bedding
made of 2 inches of freshly chopped
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wood shavings. On the first week, the
temperature was set at 32°C, then it
dropped 2°C every week after that.
Daily optimal lighting was supplied
throughout the investigation.
Prophylactic routine medication and
vaccination programs were used to
protect against bacterial and viral
diseases.

Eimeria strain:

The caecum of naturally infected chicks
that died to clinical caecal coccidiosis
was used to isolate the coccidial
oocysts of Eimeria species.
Identification of the species was based
on the clinical signs, post mortem
lesions, site of colonization and oocyst
morphology as described by Thienpont
et al. (1979). Sieving and
sedimentation techniques were used to
separate the isolated oocysts (Conway
and McKenzie (1991). The collected
oocysts were allowed to sporulate in a
2.5% potassium dichromate solution at
room temperature. The sporulated
Eimeria oocysts were purified from
debris and concentrated using the
sugar floatation method then washed
by distilled water three times then the
count was adjusted to 1x10° sporulated
oocysts per 1ml using the Mc-Master
technique as described by Soulshy
(1982). The collected field strains of
sporulated Eimeria oocysts were kept
at Parasitology Department, Faculty of
Veterinary Medicine, Zagazig University
until their use in-vivo studies.

Experimental design:

One-day old, unsexed Cobb
chicks were used. Chicks were leg
banded and individually weighed. The
chicks were divided into eight equal
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groups; 20 chicks each. Birds in groups
1 (negative control) and group 2
(positive control) served as untreated
controls throughout the experiment.
Group 3 was provided with tween 80 in
the drinking water (at a dose of 1ml/L
from 21%t day of age for 5 successive
days). Group 4 was treated with allicin
oil which properly mixed with feed at
concentration of 30 ml/ ton feed
(according to the company instruction)
from 1St day of age till the end of
experiment). Group 5 was treated with
diclazuril on feed (at a dose of 1ppm on
feed from 1Sday of age till the end of
the experiment). Group 6 was treated
with allicin oil in the drinking water (at a
dose of 1ml /10L from 21st day of age
for 5 successive days). Group 7 was
treated with diclazuril in the drinking
water (at a dose of 0.5 ml /1L from 215t
day of age for 5 successive days).
Group 8 was treated with allicin oil and
diclazuril in the drinking water (at the
same doses from 215t day of age for 5
successive days). On day 14, birds in
groups from 2-8 were orally infected
with  1x10%ml sporulated Eimeria
species oocysts. Throughout the
experimental period (five weeks), the
clinical symptoms and mortality rate
were monitored and documented on a
daily basis.

Growth Performance criteria:

Body weight (BW) and weight
gain (BWG) values were measured
weekly.

Parasitological criteria:
Faecal oocyst output

Faecal droppings were daily
collected from the birds in each group
beginning on the fifth post-infection (PI)
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day and continuing until the end of the
treatment. The oocysts were counted in
one gram (g) of faecal matter and
expressed as the number of oocysts
per gram of wet faeces (oocysts per
gram [OPG]) using the Mc-Master
counting chamber, as described by
Soulsby (1982) and Pirali-kheirabadi
et al., (2008). After medication, OPG
was calculated on days 5, 12 and 17
DPI and their average was calculated.

Lesion scoring

Five chicks from each group
were randomly selected then
slaughtered and the lesions in the
caecum were macroscopically
described and scored based on the
method of Johnson and Reid (1970)
and Conway and McKenzie (1991) at
day 7%, 12t and 17" PI (21%, 26%™, and
31t day old age). Generally, caecal
lesions were ranked from O (normal) to

4 (severe lesion) based on the
macroscopical appearance of the
intestine.

Evaluation of anti-oxidant/ oxidant
status of caecal tissue:

Preparation of tissue
homogenate was done by washing the
caecal tissue pieces in phosphate
buffered saline (PBS); pH 7.2. The
tissues were homogenized in 5-10 ml
cold buffer (ImM EDTA) per gram
tissue and then centrifuged at 4,000
rom for 15 min. at 4 °C. Then the
supernatants were separated and
preserved at -80°C and used for
measuring the levels of CAT, MDA and
SOD concentration. Tissue catalase
level was measured colorimetrically
using the method applied by Aebi
(1984). Tissue malondialdehyde
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concentration (MDA) measured
colorimetrically following the method
applied by Satoh (1978). While,
superoxide dismutase test kit

(Biodiagnostic kit) was used to measure
the tissue SOD level in accordance with
the procedure outlined by Nishikimi et
al (1972).

Histopathological examination:

Caecal tissue pieces (2cm) were
freshly collected, washed in phosphate
buffered saline (PBS); pH 7.2 and fixed
in 10% neutral buffered formalin and
processed for embedding in paraffin
using alcohol as a drying agent and
xylene as a clarifying agent. A
microtome was used to cut sections of
5 um, which were then mounted on
glass slides, de-waxed in xylene, and
stained with H&E (Luna 1968).

Statistical analysis:

The data subjected to one-way
analysis of variation (ANOVA) using
SPSS version 22 to compare between
means and subsequent Duncan’s
multiple range test (Duncan, 1955).
The results were presented as mean *
standard error (SE) and the probability
values of less than 0.05 (P <0.05) were
considered as significant level for all
statistical analysis.

RESULTS

Efficacy of allicin oil and /or

diclazuril

Chicks of the negative control
group (non-infected non- treated) were
healthy and displayed no symptoms
throughout the experiment. While,
chicks of the infected control group
showed decreased appetite, dullness,
depression, weight loss, diarrhea and
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bloody tinged droppings appeared on
5t day post infection.

Infected chicks received feed
containing allicin oil or diclazuril showed
less severe signs with reddish
droppings from the 5% day post
infection. Whereas, those treated with
diclazuril and/or allicin oil orally for 5
successive days showed gradual
improvement in clinical symptoms and
cessation of blood in their droppings till
complete clinical regeneration at the
end of the first week from treatment.

Effect on the mortality rate

There were four cases of
mortality (20%) in both; the infected
control group and the infected group
treated with tween 80. While, infected
group treated either with allicin oil or
diclazuril orally for 5 successive days
revealed two cases of mortality (10%)
on 4" day post infection. In the other
groups; there was no mortality (non-
infected  non-treated, allicin  oil
prophylactically treated chicks,
diclazuril prophylactically treated chicks
and infected treated with combination of
allicin oil and diclazuril).

Effects on growth performance
parameters (Figs. 1&2)
On the third, fourth, and fifth

weeks of age, broiler chicks infected
with Eimeria species field strain (group
2&3) had a significant (p<0.05)
decrease in both body weight and
BWG when compared to non-infected
non-treated control group .While, All
treatment protocols of infected chicks
induced a significant (p<0.05) increase
in both average body weight and BWG
when compared to infected non-treated
groups (2, 3) on 39, 4" and 5" week of
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age.

On the 39, 4" and 5™ week of age
the infected group treated with a
combination of allicin oil and diclazuril
in the drinking water for 5 successive
days displayed a significant (p<0.05)
increase in both average body weight
and BWG when compared with other
groups.

The infected group which fed on
allicin oil supplemented diet from 1%
day of the experiment (group 4) showed
a significant (p<0.05) increase in both
average body weight and BWG when
compared with 51, 6" and 7™ groups on
post infection period.

Effect of administration of allicin oil
and/or diclazuril on the oocysts
output (Table 1)

On the 7t day post infection,
chicks in the 4" and 5" group showed a
significant decrease (p<0.05) in oocysts
output when compared with other
infected groups (Fig. 3).

On the 121 day post infection, a
significant (p<0.05) decrease in the
oocysts output observed in the infected
chicks which received allicin oil on diet
from 15t day of the experiment (group
4), the infected chicks which received
diclazuril on diet from 1s' day of the
experiment (group 5); and the infected
group treated with combination of allicin
oil and diclazuril in drinking water for 5
successive days (group 8) when
compared with the other treated groups

(Fig. 3).
On the 17" day post infection, a

significant (p<0.05) decrease in the
oocysts output showed in the infected
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group treated with allicin oil and
diclazuril combination in drinking water
for 5 successive days (group 8) when
compared with the other treated groups

(Fig. 3).
Effect on lesion scoring (Table 2)

The surviving birds  were
euthanized at the end of the experiment
and the lesion scores were evaluated
immediately as presented in Fig. (4). on
the 12" day post infection, all treatment
protocols of infected chicks, except the
group 6, induced a significant (p<0.05)
reduction in the lesion scoring when
compared with infected non treated
groups (2 and 3). Whereas, on the 17"
day post infection all treatment
protocols of infected chicks showed a
significant (p<0.05) decrease in the
lesion scoring when compared with
infected non-treated groups (2 and 3).

Effect of administration of allicin oil
and/or diclazuril on caecal
oxidant/antioxidant status of broiler
chicks experimentally infected with
caecal coccidiosis

Effect on catalase enzyme activity

On the 12" and 17" days post
infection, all treatment protocols of
infected chicks showed a significant
(p<0.05) reduction in the caecal
homogenate CAT when compared with
the infected non-treated groups (2 and
3). Non-significant difference in the
caecal homogenate CAT was noticed
between the infected group that treated
with a combination of allicin oil and
diclazuril in drinking water for 5
successive days and negative control
group on 17" day post infection Fig. (5).
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Fig. (1): Effect of allicin oil and/or diclazuril on the average body weight of
broilers experimentally infected with caecal coccidiosis.
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Fig. (2): Effect of allicin oil and/or diclazuril on the body weight gain of
broilers experimentally infected with caecal coccidiosis.
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Fig. (3): Effect of administration of allicin oil and/or diclazuril on the Oocysts
output (OPGx10°%) of broilers experimentally infected with caecal coccidiosis.
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Table (1): Effect of administration of allicin oil and/or diclazuril on the oocysts
output of broilers experimentally infected with caecal coccidiosis. (Mean = SE)

(n=5).

Oocysts output (OPG x 10%)

Groups Days post infection
4th-7th day 12th day 17th day
1-Non-infected non-treated (-ve
control ) 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
2-Infected non-treated (+ve
control) 101.24+41.46% | 202.84+1.47% | 192.75+0.882

3-Infected and treated with tween
80 in drinking water

84.12+34.36°

186.44+3.812

178.98+4.712

4-Infected treated with allicin oil

on feed from 15t day of age 52.90+21.712°¢ | 64.46+2.90°¢ 38.00+7.53¢
5-Infected treated with diclazuril
6-Infected and treated with allicin
oil in drinking water 80.82+32.99b 78.48+4.37° 33.22+1.22¢
7-Infected and treated with
diclazuril in drinking water 80.34+32.81b 76.18+4.41b 25.22+3.30¢°d
8-Infected and treated with allicin
oil and diclazuril in drinking | 77.86+31.81° | 57.38+9.61¢ | 18.06+2.62¢

water

Means with different superscripts letters are significantly different at (P <0.05) level.

= Non-infecied non Geated(-ve contral
i Infected and weated with tween

1 80 in drinking water
m Infected and teated with by diclazuril on feed fromlst day of age
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m Infected

weated with allicin oil on feed from 15t day of age
m Infected and weated with by allicin ofl in drinking water
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Means with different superscripts letters in the same columns are significantly
different at (P <0.05) level.

Fig. (4): Effect of allicin oil and/or diclazuril on the lesion scores of broilers
experimentally infected with caecal coccidiosis. The lesion scores were ranked
from O (absence of lesions) to 4 (extremely severe lesions and dead chickens

due to coccidiosis ).
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Table (2): Effect of allicin oil and/or diclazuril on the lesion scoring of broilers
experimentally infected with caecal coccidiosis. (Mean = SE) (n=5)

Grouns Days post infection

P 7th day 12t day 17t day
1-Non-infected non-treated (-
ve control ) 0.00+0.00¢ 0.0+0.00P 0.0+0.00P
2-Infected  non-treated (+ve
control) 4.00+0.002 2.0+0.12 3.0+£0.572
3-Infected and treated with
tween 80 in drinking water 4.00+0.002 2.0+0.112 2.5+0.472
4-Infected treated with allicin
oil on feed from 15t day of age 3.00+0.572 0.5+0.00P 0.0+0.00P
5-Infected treated with
diclazuril on feed from 15t day | 3.00+.202 0.0+0.00P 0.0+0.00P
of age
6-Infected and treated with
allicin oil in drinking water 2.00+.272 1.5+0.052 0.0+0.00°
7-Infected and treated with
diclazuril in drinking water 1.33+0.332bc 0.5+0.04b 0.0+0.00P
8-Infected and treated with
allicin oil and diclazuril in | 1.33+0.33abc 0.0+0.00P 0.0+0.00°
drinking water

Means with different superscripts letters are significantly different at (P <0.05) level.

Effect on
concentration

malondialdehyde

On the 7% day post infection,
Eimeria infection in the 2" and 3™
groups induced a significant (p<0.05)
increase in the caecal MDA
concentration when compared with
non-infected non-treated (negative
control) group. Meanwhile, a significant
(p<0.05) reduction of caecal MDA
concentration was recorded in 4, 5t
and 6" groups (Fig. 6).

All  treatment protocols of
infected chicks showed a significant
(p<0.05) decrease in the caecal MDA
concentration when compared with the
infected non-treated groups (2 and 3)
on 12" and 17" days post infection.
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The infected groups that treated either
with diclazuril in drinking water or with
allicin oil in drinking water for 5
successive days showed a significant
(p<0.05) increase in the caecal MDA
concentration when compared with the
other treated groups on 17" day post
infection (Fig. 6).

Effect on superoxide
enzyme activity

dismutase

Eimeria infection in 2" and 3"
groups induced a significant (p<0.05)
reduction in the caecal homogenate
SOD when compared with non-infected
non-treated (negative control) group.
Meanwhile, all treatment protocols of
Eimeria infected chicks induced a
significant (p<0.05) increase in the
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caecal homogenate SOD  when
compared with infected non-treated
groups (2 and 3) on 7", 12 and 17"
days post infection (Fig. 7).

On the 12" day post infection,
there was non-significant difference in
the caecal homogenate SOD between
the infected groups that treated either
with a combination of allicin oil and
diclazuril in drinking water for 5
successive days or with allicin oil on
feed from 1 st day of age. Treatment of
the infected chicks with diclazuril in
drinking water induced a significant
(p<0.05) decrease in the caecal
homogenate SOD when compared with
the other treated groups on 17" day
post infection.

On the 17" day post infection,
there was a non-significant difference in
the caecal homogenate SOD between
the negative control group and the
infected groups that treated with allicin
oil on feed from 1%t day of age (group
4), with diclazuril on feed from 15t day of
age (group 5), with a combination of

. EVMPS 2021, 17:146-168

allicin oil and diclazuril in drinking water
for 5 successive days (group 8).

Histopathological findings

The infected and treated group
with allicin oil on feed from first day of
age at 7™ day post infection revealed
mild pathological alteration of mucosal
and sub mucosal surface of caecum
compared to the infected groups and
diclazuril prophylactic treated group,
with marked reduction of the number of
Eimeria stages inside the infected
epithelium (Fig. 9A). Microscopically,
few stages of coccidian parasite were
observed as a necrotic material of the
mucosal surface which confirmed the
presence of oocysts and surrounded by
lymphocytic infiltration and macrophage
at 12t day post infection (Fig. 9B). The
caecum villi were fairly normal and the
enterocytes had a scanty degenerated
and necrosed material of the oocytes
with mild proliferation of lymphocytes
and macrophages at 17" day post
infection (Fig. 9C).

| Non-infected non treated (-ve contrel)
m Infected and treated with tween 80 in drinking water
m Infected and treated with diclazuril on feed froml st day of age
m Infected and treated with diclazuril in drinking water

m Infected non treated (+ve control)
m Infected and treated with allicin ol on feed from 15t day of age

m Infected and treated with allicin ofl in drinking water

m Infected and treated with allicin ol and diclazuril in drinking water

25 A

20 -

-
th
1

Catalase enzyme activity(Ulgm.tissue)
=)

(=] wn
I 1

7th day

12th day
Days postinfection

17th day

Means with different superscripts letters in the same columns are significantly
different at (P <0.05) level.

Fig. (5): Effect of administration of allicin oil and/or diclazuril on caecal
catalase enzyme activity (U/gm.tissue) of broilers experimentally infected with

caecal coccidiosis.
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m Non-mfected non treated (-ve control)
m Infected and treated with tween 80 in drinking water
m Infected and treated with diclazuril on feed fromist day of age
m Infected and treated with diclazuril in drinking water

m Infeciced non teated (+ve control)
i Infected and treated with allicin ol en feed from 1stday of age

i Infected and treated with allicin ofl in drinking water

m Infected and treated with allicin oil and diclazuril in drinking water
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Means with different superscripts letters in the same columns are significantly
different at (P <0.05) level.

Fig. (6): Effect of administration of allicin oil and/or diclazuril on the caecal
MDA concentration (nmol/gm.tissue) of broilers experimentally infected with

caecal coccidiosis.
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Means with different superscripts letters in the same columns are significantly
different at (P <0.05) level.
Fig. (7): Effect of administration of allicin oil and/or diclazuril on the caecal
SOD enzyme activity (U/gm.tissue) of broilers experimentally infected with

caecal coccidiosis.

The infected and treated group
with diclazuril on feed from 1%t day of
age, at 7" day post infection showed
moderate replication of the coccidian
parasite with degenerative changes and
hyperplasia of the mucosal epithelium
along with leukocytic infiltration with
lymphocytes and macrophages (Fig.
9D). Microscopically, moderate
hyperplasia of the intestinal villi with
diffuse leukocytic infiltrations was seen.
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Stages of the coccidian parasite were

observed in the mucosa and sub
mucosal surface at 12" day post
infection  (Fig. 9E). Pronounced
reduction in parasitic stages that

infecting the epithelial cells which seen

as degenerated materials in
submusosa) was recorded. Moderate
inflammatory  reaction and  mild

degeneration of the villi was recorded
(Fig. 9F).
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The infected and treated group
with allicin oil in drinking water, showed
moderate pathological alteration of
mucosal and submucosal surface of
caecum, with reduction of the number
of Eimeria stages inside the infected
epithelium surrounded by leukocytic
infiltrations (X400) at 12t day PI (Fig.
9G). While, at 17" day Pl caecal
section showing moderate lymphocytes
and macrophages infiltrations with mild
degeneration of villus epithelium (X400)
(Fig. 9H).

The infected group treated with
diclazuril in drinking water showed
diffuse lymphocytes and macrophages
infiltrations with limited replication of the
coccidian parasite within the epithelial
cells of villi extending to the crypts with
degeneration and necrosis of the
mucosal epithelium at 12" day PI (Fig.
al). At 17" day PI, caecal section
showed marked improvement of
caecum with moderate lymphocytes
and macrophages infiltrations (Fig. 9J).
The infected and treated with allicin oll
and diclazuril in drinking water at 12t
day post infection Microscopically, the
caecum revealed a few number of
oocyst and necrotic material of the
mucosal surface which confirms the
presence of oocysts along with
leukocytic infiltrations (Fig. 9K). At 17!
day post infection, a fairly normal
histology of mucosal surface of the
caecum with complete absence of any
developmental stage of the coccidian
parasite. Mild leukocytic infiltration was
seen (Fig. 9L).

DISCUSSION

Each year, over 50 billion
chickens are raised as a source of
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meat, accounting for over one-third of

protein food for humans (Quiroz-
Castafieda and Dantan-Gonzélez,
2015). Avian coccidiosis IS
characterized as an infectious

protozoan disease caused by gut
parasites of the genus Eimeria and
Coccidia subclass (Gilbert et al.,
2011). It has a significant negative
economic impact on poultry by lowering
productivity and performance, which
has an influence on the poultry industry
globally (Liu et al., 2013).

Coccidiosis is mainly controlled
by prophylactic coccidiostats
administrated in the feed (Daofeng et
al., 2014). Because of the development
of anti-coccidial resistance to the
chemicals anti-coccidial feed additives
and the potential harmful effects on
human health, there is need to find out
the safe alternatives for control of avian
coccidiosis. Herbal remedies have been
proposed for use in poultry diets due to
their natural stimulation of immune
system, improved growth performance,
and/or anticoccidial effects. Plant
extracts have been widely studied in
the last decade and have been used to
control avian coccidiosis and improve
poultry performance all over the world
(Silbergeld et al., 2008; Pop et al.,
2019; Aljedaie and Al-Malki, 2020;
Hartady et al., 2021).

Allicin  (3-propene-2-enylsulfinyl
sulfanyl propene-1-) is a sulfenic acid
thioester, also known as allyl
thiosulfinate. It is an oily, light yellow
liquid with a distinct pungent odour
(Borlinghaus et al., 2014). The main
components of garlic that have anti-
protozoal effects are allicin and
organosulfides. Microbial cells are more
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impacted than animal cells because
their thiol concentration is insufficient to
balance off the thiol oxidation by allicin
and allicin-derived compounds (Reuter
et al., 1996).

All infected non-treated groups
showed signs of infection on day five
after infection, including decreased
appetite, lethargy, depression, weight
loss, and bloody tinged. The infected
control group had a high mortality
rate (20%), primarily during the first 4-
6 days after infection. These
symptoms could be explained by the
fact that an infection develops when
the host ingests sporulated oocysts.
After ingestion, the microenvironment
of the host digestive tract stimulates
oocyst excystation in the gizzards,
resulting in the release of sporozoites
that invade and Kkill cells in the
intestinal mucosa and begin the
reproductive cell cycle. As a result,
infected birds exhibit disease signs
include decreased feed intake, bloody
diarrhoea, and difficulty gaining
weight (Gilbert et al., 2011). Infected
chickens fed allicin oil or diclazuril
showed milder symptoms with
reddish droppings on the fifth day
after infection, and the mortality rate
was zero in these two groups. Our
findings corroborated those of Habibi
et al. (2014), who noted that the
group receiving prophylactic diclazuril
on feed had less severe bloody
diarrhoea than other infected groups.
These milder signs in these two
groups could be attributed to allicin's
anti-inflammatory activity as well as
the anti-coccidial activity of diclazuril
and allicin, which protected the
chickens from coccidial infection,
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alleviated coccidial symptoms, and
reduced mortality. Garlic not only
targets Eimeria parasites in hosts but
also has anti-inflammatory effect,
preserving host tissues by inhibiting
parasite development in the host
before oocysts are formed and
released (Dkhil et al., 2011).

In the current study, the birds'
body weight and BWG significantly
decreased after being infected with
(1x10°) sporulated oocysts of the field
strain of the Eimeria species on the
14t day of age. This decrease in
body weight and BWG in the second
and third groups could be attributed
to less feed consumption and
breakdown of the intestinal integrity
as an absorptive membrane, which
would result in much less effective
nutrient digestion and feed utilization
(Morris et al., 2007 and Walk et al.,
2011). These results agreed with
Conway et al. (1993) and Choi et al.
(2021) who attributed these results to
the deleterious effect of Eimeria
parasite, which invades the intestine
of the chicken and retards its
intestinal function.

In the current study, it was found
that using allicin oil as a preventative
measure on feed beginning on the
first day of age or as a curative
measure in drinking water after
infection for 5 consecutive days
significantly increased body weight
and BWG compared to those
observed in the positive control group
and negative control group. These
results were confirmed by Demir et
al. (2003) and Elagib et al. (2013).
On the other hand, Onibi et al.
(2009) and Fadlalla et al. (2010)
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reported that garlic powder had no
significant effect on the BWG and
FCR of birds. Our findings could be
explained by the fact that garlic's
active ingredient, allicin, increases
the growth and improves feed
conversion ratio by increasing the
height of villus of small intestine and
activation of absorption process
(Tollba and Hassan, 2003).
Moreover, allicin in garlic promotes
the performance of the intestinal flora,
which improves digestion and energy
utilisation, resulting in increased
growth (Pourali et al.,, 2010).
Additionally, Ramakrishna Rao et al.
(2003) also suggested that garlic
supplementation improves nutritional
absorption by enhancing the activity
of pancreatic enzymes.

Diclazurii was wused as a
prophylactic agent on the feed
starting on the first day of age or as a
curative agent in the drinking water
after infection for 5 consecutive days.
This treatment significantly increased
body weight and BWG compared to
the infected control group and non-
infected control group. These results
may be attributed to the increased
feed consumption rate and the anti-
coccidial effect of diclazuril. Likewise,
El-Banna et al. (2005) demonstrated
that adding diclazuril to broiler
chicken drinking water infected with
mixed Eimeria species increased
BWG and survival rates.

Treatment the groups with allicin
oil on the ration from 15t day of age or
in the drinking water post infection for
5 successive days significantly
decreased the lesion scores and the
oocysts shedding and these results
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confrmed by the histopathological
findings of allicin oil prophylactically
medicated group which revealed a mild
non-specific immunostimulant effect
expressed as a few stage of Eimeria
with mild proliferation of lymphocyte
and macrophage and the caecum villi
appeared fairly normal. Our findings
were in harmony with those of
Wiosek and Swiatkiewicz (2012)
and Ali et al. (2019).

These findings may be
attributed to the fact that garlic, like
most anti-coccidial drugs, inhibits
parasite development in the host
before oocysts are formed and
released, and that garlic not only
targets Eimeria parasites in hosts, but
also exhibits anti-inflammatory
activity, protecting host tissues (Dkhil
et al., 2011). Also, the possibility of
the effect of phenolic compounds in
garlic  extract interacting  with
cytoplasmic membranes and changing
their cation permeability, resulting in
impairment of critical processes in
Eimeria cells and, eventually, their
death (Sikkema et al., 1995).

The use of diclazuril on the feed
or in drinking water induced a
significant decrease in lesion scoring
and oocysts output in our study and
these results supported by the
histopathological findings of the
diclazuril prophylactically medicated
group which showed moderate
replication of the coccidian parasite
with  degenerative changes and
hyperplasia of the mucosal epithelium
along with leukocytic infiltration with
lymphocytes and  macrophages.
These results were attributed to
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diclazuril's capacity to destroy
all intracellular developmental stages
of the sexual and asexual cycles of E.
tenella, the asexual later shizonts of
E. acervulina, and the gametocytes
and sexual zygote of E. Dbrunetti
(Brander et al., 1991). In addition,
diclazuril  solution  produced a
noticeable activity in interrupting the
cycle of coccidial development within
the treated birds, especially when
applied on the day of the first blood
appearance in the bird faeces (El-
Banna et al., 2005; El-Dakhly et al.,
2006) and this explains the
histopathological findings of the
infected treated group with diclazuril

. EVMPS 2021, 17:146-168

in drinking water for 5 successive
days caecum section which showed a
limited replication of the coccidian
parasite within the epithelial cells of
villi extending to the crypts with
degeneration and necrosis of the
mucosal epithelium, diffuse leukocytic
infiltration  with  lymphocytes and
macrophages. Our results are
matched with Tian et al. (2014) who
stated that the diclazuril alleviated the
damage of caecum induced by E.
tenella and was lethal against all
endogenous developmental stages of
E. tenella (both sexual & asexual
stages) and therefore, oocysts
shedding were completely stopped.

Allicin oil (Allicin ®). Oral solution form (Inhiurusin Biotich Company, Shanghai, China).
By b T B AN X ) X2 : WINT 377 ~

v .“le

Fig. (8): A. Caecal section of broiler chicks of negative control group showing
normally arranged coiled villi with normal intact enterocytes (X200). B. Higher
magnification of caecum of broiler chicks of negative control group. (X400). C.
Caecal section of broiler chicks of positive control group, 7" day PI showing severe
hyperplasia of villi, diffuse leukocytic infiltrations (starstick) and different
developmental stages of Eimeria (arrows) (X200). D. Caecal section of higher
magnification showing the high infection of the enterocytes (arrows) (X 400). E.
Caecal section of broiler chicks of positive control group, 12" day PI showing severe
diffuse hyperplasia of villi and numerous stages of the coccidian parasite inside the
enterocytes and near crypts (arrows) and diffuse leukocytic infiltration (lymphocytes
and macrophages) (X 200). F. Caecal section of higher magnification of Fig. (E),
12t day PI showing the high infection of the enterocytes (arrows) (X 400). G.
Caecal section of broiler chicks of positive control group, 17t day Pl showing severe
atrophy, degeneration and necrosis of villi, leukocytic infiltrations (starstick) and
numerous stages of the coccidian parasite inside the enterocytes and submucosa
(arrows) (X 200).
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Fig. (9): A. Caecal section of broiler chicks of infected group treated with allicin oil on
feed (Group 4), 7" day Pl showing moderate lymphocytes and macrophages
infiltrations with a few number of the parasitic stages (X400). B. Caecal section of
Group 4, 12" day PI showing a few number of degenerated stages of the coccidian
parasite (X400). C. Caecal section of Group 4, 17" day PI showing a fairly normal
caecum with mild inflammatory cells infiltrations. (X200). D. Caecal section of broiler
chicks of infected group treated with diclazuril on feed (Group 5), 7" day Pl showing
many stages of the coccidian parasite inside the hyperplastic villi (X200). E. Caecal
section of Group 5, 12" day PI showing diffuse infiltration with lymphocytes and
macrophages with reduction of the parasitic stages (X200). F. Caecal section of
Group 5, 17t day PI showing few numbers of the parasitic stages in the lamina
propria and submucosa. (X400). G. Caecal section of broiler chicks of infected group
treated with allicin oil in drinking water (Group 6), showed moderate pathological
alteration of mucosal and submucosal surface of caecum, with reduction of the
number of Eimeria stages inside the infected epithelium surrounded by leukocytic
infiltrations (X400) at 12" day PI. H. Caecal section of Group 6, 17t day Pl showing
moderate lymphocytes and macrophages infiltrations with mild degeneration of villus
epithelium. (X400). I. Caecal section of broiler chicks of infected group treated with
diclazuril in drinking water (Group 7), 12" day Pl showing diffuse lymphocytes and
macrophages infiltrations with moderate number of the parasitic stages in lamina
propria and submucosa (X400). J. Caecal section of Group 7, 17" day Pl showing
marked improvement of caecum with moderate lymphocytes and macrophages
infiltrations. (X400). K. Caecal section of broiler chicks of infected group treated with
allicin oil and diclazuril in drinking water (Group 8), 12t day Pl showing mild to
moderate leukocytic infiltrations with minimal or scanty number of the parasitic stages
(X400). L. Caecal section of Group 8, 17" day PI showing nearly normal villus
structure of the caecum with absence of Eimeria stages. (X400). Arrows (Eimeria
stages), starstick (lymphocytes and macrophages infiltrations).
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Due to the anti-coccidial activity of
allicin and diclazuril, all treatment
protocols improved the lesion scoring
in infected group treated either with
diclazuril or allicin oil. The superior
improvement of growth performance,
lesion scoring and oocysts shedding
and confirmed with histopathological
findings which recorded in the infected
group treated concurrently  with
diclazuril and allicin oil which appeared
as fairly normal histology of mucosal
surface of the caecum with a complete
absence of any developmental stage of
the coccidian parasite and mild
leukocytic infiltration may be attributed

to the synergistic action of the
combination between the two
substances.

Regarding to the results of

oxidant/antioxidant status of caecal
tissue in experimentally infected group
with field strain of Eimeria species,
significant decrease was detected in
SOD enzyme and significant increase
in CAT  enzyme and MDA
concentration along the experimental
period when compared with the
negative control group. These results
were in accordance with Koinarski et
al. (2005) who reported that increase
of MDA concentration and the marked
reduction of the SOD activity in E.
acervulina infected birds indicated the
occurrence of an oxidative stress due
to infection and the impairment of
antioxidant/pro-oxidant equilibrium in
favor of pro-oxidants. On the other
hand, Wang et al. (2008) and Jafari
et al. (2012) didn't observed a
significant decrease in SOD activity
when broiler chicks were infected with
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the greatest dose of 1 x 10° oocysts of
E. tenella.

The CAT enzyme activity and MDA
concentration were decreased
significantly in the infected groups after
receiving allicin oil on ration starting on
the first day of life or in the drinking
water for 5 consecutive days following
infection. Our results were consistent
with those of Pourali et al. (2014) who
found that adding garlic to the diet
decreased MDA concentration by 30%
compared to Eimeria infected birds fed
with the basal diet.

Owing to the anti-inflammatory and
anti-oxidant effect of allicin and the
direct anti-coccidial effect of diclazuril;
the infected group treated concurrently
with diclazuril and allicin oil in drinking
water for 5 successive days post
infection  showed the  superior
improvement of oxidant/antioxidant
status of caecal tissues.

CONCLUSION

Based on the results of the current
study it could be concluded that allicin
oil has an anti-coccidial effect as it
reduced the lesion severity and the
oocysts shedding. Concurrent
administration of diclazuril plus allicin
oil in drinking water resulted in superior
improvement of oxidant/antioxidant
status of caecal tissues, as well as
lower lesion scores and oocyst
shedding, as confirmed by
histopathological findings of caecal
tissues. Allicin can be recommended to
be wused as a potential natural
complementary anti-coccidial in
broilers to avoid side effects of
chemicals anti-coccidial drugs such as
anti-coccidial residues and resistance.



Amany M. Abd El-Ghany et al

REFERENCES

Aebi, H. (1984): Catalase in Vitro.
Methods Enzymol.,, 105: 121-126.
DOI: http://dx.doi.org/10.1016/S0076-
6879(84)05016-3

Agarwal, K.C. (1996): Therapeutic
actions of garlic constituents. Med. Res.
Rev., 16(1): 111-124.

DOI: 10.1002/(SIC)10981128(199601)
16:1<111::AID-MED4>3.0.C0O:2-5

Ali, M.; Chand, N.; Khan, R.U.; Naz,
S. and Gul, S. (2019): Anticoccidial
effect of garlic (Allium sativum) and
ginger (Zingiber officinale) against
experimentally induced coccidiosis in
broiler chickens. J. Appl. Anim. Res.,
47(1): 79-84.

Aljedaie, M.M. and Al-Malki, E.S.
(2020):  Anticoccidial activities  of
Salvadora  persica(arak), Zingiber

officinale (ginger) and Curcuma longa
(turmeric) extracts on the control of
chicken coccidiosis. J. King Saud Univ.
Sci., 32(6): 2810-2817.
DOI: https://doi.org/10.1016/j.jksus.202
0.07.002 .

Arczewska-Wiosek, A. and
Swiatkiewicz, S. (2015): The efficacy
of selected feed additives in the
prevention of broiler chicken
coccidiosis under natural exposure to
Eimeria spp. Ann. Anim. Sci., 15(3):
725-735.

DOI: https://doi.org/10.1515/a0as-
2015-0026

Bogosavljevic-Boskovic, S,
Mitrovic, S.; Djokovic, R.; Doskovic,
V. and Djermanovic, V. (2010):
Chemical composition of chicken meat
produced in extensive indoor and free

163

. EVMPS 2021; 17:146-168

range rearing systems, Afr. J.
Biotechnol., 9(53): 9069-9075.
Borlinghaus, J., Albrecht, F.

Gruhlke, M.C., Nwachukwu, I.D. and

Slusarenko, A.J. (2014): Allicin:
chemistry and biological properties.
Molecules, 19(8): 12591-618. doi:

10.3390/molecules190812591.

Brander, G.C.; Pugh, D.M.; Bywater,
R.J. and Jenkins, W.L. (1991):
Veterinary Applied Pharmacology and
Therapeutic, 5th ed. Bailliere Tindall,
London, pp. 552.

Choi, J., Ko, H., Tompkins, Y.H.,
Teng, P.Y., Lourenco, J.M.,
Callaway. T.R. and Kim, W.K. (2021):
Effects of Eimeria tenella infection on
key parameters for feed efficiency in
broiler chickens. Animals (Basel),
11(12): 3428. doi:
10.3390/ani11123428.

Conway, D.P. and Mackenzie, M.E.
(1991): Poultry coccidiosis. Diagnostic
and testing procedures. 3" Ed, Black
well Publishing Professional, Ames,
lowa (USA): 17-40.

Conway, D.P.; Sasai, K.; Gaafar,
S.M. and Smothers, C.D. (1993):
Effect of different levels of oocyst
inoculation of Eimeria acervulina,
Eimeria tenella and Eimeria maxima on
plasma constituents, PCV, lesion
scores and performance in chickens.
Avian Dis., 37(1): 118-123.

Dalloul, R.A. and Lillehoj, H.S.
(2005): Recent advances in
immunomodulation and vaccination
strategies against coccidiosis. Avian
Dis., 49(1): 1-8. DOI: 10.1637/7306-
11150R



http://dx.doi.org/10.1016/S0076-6879(84)05016-3
http://dx.doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1002/(sici)1098-1128(199601)16:1%3C111::aid-med4%3E3.0.co;2-5
https://doi.org/10.1002/(sici)1098-1128(199601)16:1%3C111::aid-med4%3E3.0.co;2-5
https://doi.org/10.1016/j.jksus.2020.07.002
https://doi.org/10.1016/j.jksus.2020.07.002
https://doi.org/10.1515/aoas-2015-0026
https://doi.org/10.1515/aoas-2015-0026
https://doi.org/10.1637/7306-11150r
https://doi.org/10.1637/7306-11150r

Amany M. Abd El-Ghany et al

Daofeng, Q.; Wenxiu, M.;
Yongmeng, Y. and Jianzhong, H.
(2014): Effect of dinitolmide

intercalated into montmorillonite on
Eimeria tenella infection in chickens.
Parasitol. Res., 113(3): 1233-1238.
Doi: 10.1007/s00436-014-3762-7.

Demir, E.; Sarica, S.; Ozcan, M.A.
and Suicmez, M. (2003): The use of
natural feed additives as alternatives
for an antibiotic growth Promoter in
broiler diets. Br. J. Poultry Sci., 44: 44-
45.

Dkhil, M.A.; Abdel-Baki, A.S,;
Wunderlich, F.; Sies, H.; Al-
Quraishy, S. (2011): Anticoccidial and
antiinflammatory activity of garlic in
murine Eimeria papillata infections.
Vet. Parasitol., 175(1-2): 66-72. doi:
10.1016/j.vetpar.2010.09.009.

Duncan, D.B. (1955): Multiple range
and multiple F tests. Biometrics,
11(1):1-42.

DOI: https://doi.org/10.2307/3001478

Elagib, H.A.A.; EI-Amin, W.LA,;
Elamin, K.M. and Malik, H.E.E.
(2013): Effect of dietary garlic (Allium
sativum) supplementation as feed
additive on broiler performance and
blood profile. J. Anim. Sci .Ad., 3(2):
58-64 DOI:
10.5455/jasa.20130219104029.

El-Banna, H.A.; El-Bahy, M.M.; El-
Zorba, H.Y. and El-Hady, M. (2005):
Anticoccidial efficacy of drinking water
soluble diclazuril on experimental and
field coccidiosis in broiler chickens. J.
Vet. Med. A. Physiol. Pathol. Clin.
Med., 52(6): 287-91. Doi:
10.1111/j.1439-0442.2005.00727 .X.

El-Dakhly, K.H.M.; El-Sawah, A.A.;
Shalaby, A.A. and El-Nesr, K.H.A.

164

. EVMPS 2021; 17:146-168

(2006): The efficacy of Lactobacillus
acidophilus  and/or diclazuril  for
inhibition and control of Eimeria tenella
infection in balady chicks. Kafr El-
Sheikh Vet. Med. J., 4(1): 1-18. DOL:
10.21608/KVMJ.2006.109296.

Fadlalla, I.M.T.; Mohammed, B.H and
Bakhiet, A.O (2010): Effect of feeding
garlic on the performance and
immunity of broilers. Asian J. Poult
Sci., 4(4): 182-189.
DOI: 10.3923/ajpsa|.2010.182.189

(2014):

Faostat,
production.

Gilbert, E.R.; Cox, C.M., Williams,
P.M., McElroy, A.P., Dalloul, R.A,,
Ray, W.K., Barri, A., Emmerson,
D.A., Wong, E.A. and Webb, K.E.
Jr.  (2011): Eimeria species and
genetic background influence the
serum protein profile of broilers with
coccidiosis. PLoS ONE, 6(1): e14636.
Doi: 10.1371/journal.pone.0014636.

Habibi, H.; Firouzi, S.; Nili, H.; Asadi,
M.R.S.L. and Daneshi, S. (2014): Anti
coccidial effects of herbal extracts on
Eimeria tenella infection in broiler
chickens: in-vitro and in-vivo study. J.
Paras. Dis., 40(2): 401-407.DOI
10.1007/s.12639-014-0517-4.

Livestock poultry

Hartady, T.; Syamsunarno, M.R.A.A;
Priosoeryanto, B.P.; Jasni, S. and
Balia, R.L. (2021): Review of herbal
medicine works in the avian species.
Vet World, 14(11): 2889-2906. Doi:
10.14202/vetworld.2021.2889-2906.

Jafari, R.A.; Rezvan, K.; Shahriyari,
A.; Farzad, A. and Hossein H. (2012):
Effect of dietary vitamin E on Eimeria
tenella-induced oxidative stress in
broiler chickens. Afr. J. Biotechnol.,
11(38): 9265-9269.


https://doi.org/10.2307/3001478
https://doi.org/10.21608/kvmj.2006.109296
https://doi.org/10.3923/ajpsaj.2010.182.189

Amany M. Abd El-Ghany et al

DOI: 10.5897/AJB11.3207.

Johnson, G. and Reid, W.M. (1970):
Anticoccidial drugs: Lesion scoring
techniques in battery and floor pen
experiments with  chickens. EXxp.
Parasitol., 28(1): 30-36.
DOI: https://doi.org/10.1016/0014-
4894(70)90063-9.

Koinarski, V. Georgieva, N.;
Gadjeva, V. and Petkov, P. (2005):
Antioxidant status of broiler chickens,
infected with Eimeria acervulina.
Revue Méd. Vét., 156(10): 498-502.

Lawson, L.D. and Bauer, R. (1998):
Garlic: A review of its medicinal effects
and indicated active compounds. In:
Phytomedicines of Europe, ACB
Symposium Series 691, (Lawson, L.D.
& Bauer, R., eds.), American Chemical
Society, Washington, DC. pp. 176-2009.

Liu, Y.; Zheng, J.; Li, J.; Gong, P.
and Zhang, X. (2013): Protective
immunity induced by a DNA vaccine

encoding Eimeria tenella
rhomboidagainst homologous
challenge. Parasitol. Res., 112(1):
251-257. DOI: 10.1007/s00436-012-
3132-2.

Luna, L.G. (1968) Manual of histologic
staining methods of the Armed Forces
Institute of Pathology. 3" Ed, Blakiston
Division, McGraw-Hill, New York.

Min, W.; Dalloul, R.A. and Lillehoj,
H.S. (2004): Application of
biotechnological tools for coccidian
vaccine development. J. Vet. Sci., 5
(4): 279-288.

Mishra, G.; Singh, P.; Verma, R,
Kumar, S.; Saurabh, S.; Jha, K. and
Khosa, R.L. (2011): Traditional Uses,
Phytochemistry and Pharmacological

165

. EVMPS 2021; 17:146-168

Properties of Moringa Oleifera plant: An
overview. Der Pharmacia Lettre 3(2):
141-164.

Morris, G.M.; Woods, W.G.;
Richards, D.G. and Gasser, R.B.
(2007): Investigating a persistent

coccidiosis problem on a commercial
broiler-breeder farm utilising PCR-
coupled capillary  electrophoresis.
Parasitol. Res., 101(3): 583-589.
DOI: 10.1007/s00436-007-0516-9

Nishikimi, M., Appaji, N. and Yagi, K.
(1972): The occurrence of superoxide
anion in the reaction of reduced
phenazine methosulfate and molecular
oxygen. Biochem. Biophys. Res.
Commun., 46(2): 849-54. Doi:
10.1016/s0006-291x(72)80218-3.

Oluyemi, J.A. and Roberts, F.A.
(2000): Poultry Production in warm wet
climates. 2" Ed., spectrum books,
Ibadan, Nigeria, ISBN:
9789780290979, (200) Pages:190.

Onibi, G.E.; Adebisi, O.E; Fajemisin
A.N. and Adeyunji, V.A. (2009):
Response of broiler chickens in terms
of performance and meat quality to
garlic (Allium Sativum)
supplementation. Afr. J. Agric. Res., 4
(5): 511-517.

Pirali-kheirabadi, K. Zamani-
Moghadam, A.; Abdi, F. and
Bahonar, A.R. (2008): The effect of
administration of anti-coccidial drugs
on oocyst shedding and performance
in experimental coccidiosis in broiler
chickens. Int. J. Vet. Res., 2: 67-73.

Pop, L.M.; Varga, E.; Coroian, M.;
Nedisan, M.E.; Mircean, V.;
Dumitrache, M.O.; Farczadi, L.
Fulop, I.; Croitor, M.D.; Fazakas, M.
and Gyorke, A. (2019): Efficacy of a


https://doi.org/10.5897/AJB11.3207
https://doi.org/10.1016/0014-4894(70)90063-9
https://doi.org/10.1016/0014-4894(70)90063-9
https://doi.org/10.1007/s00436-007-0516-9

Amany M. Abd El-Ghany et al

commercial herbal formula in chicken
experimental coccidiosis. Parasites
Vectors, 12: 343.
DOI: https://doi.org/10.1186/s13071-
019-3595-4

Pourali, M.; Kermanshahi, H,;
Golian, A.; Razmi, G.R. and
Soukhtanloo, M. (2014): Antioxidant
and anticoccidial effects of garlic
powder and sulfur amino acids on
Eimeria infected and uninfected broiler
chickens. Iran. J. Vet. Res., 15(3): 227-
232.

Quiroz-Castafeda, R.E. and Dantan-
Gonzalez, E. (2015): Control of avian
coccidiosis: future and present natural
alternatives. Biomed. Res. Int., 2015,
Article ID 430610.
DOI: 10.1155/2015/430610

Ramakrishna Rao, R.; Platel, K. and
Srinivasan, K. (2003): In-vitro
influence of species and spice active
principles on digestive enzymes of rat
pancreas and small intestine. Nahrung

47: 408-412. Doi:
10.1002/FOOD.200390091.

Reuter, H.D.; Koch, H.P. and
Lawson, L.D. (1996): Therapeutic

effects and applications of garlic and
its preparations. In: Lawson, LD. and
Koch HP, Eds., Garlic: The science
and therapeutic application of Allium
sativum L. and related species, 2"
Edition, Williams and Wilkins,
Baltimore: 135-21.

Satoh, K. (1978): Serum lipid peroxide
in cerebrovascular disorders
determined by a new colorimetric
method. Clinica Chimica Acta, 90(1):
37-43.

DOI: https://doi.org/10.1016/0009-
8981(78)90081-5

166

. EVMPS 2021; 17:146-168

Shirley, M.W. (1995): Eimeria species
and strain of chickens, in Guidelines on
Techniques in Coccidiosis, J. Eckert,
R. Braun, M.W. Shirley, P. Coudert
(Eds.), Cost 89/820. Biotechnology.,
The Research European Commission,
Luxembourg pp.1-24.

Sikkema, J.; Bont, J.AM. and
Poolman, B. (1995): Mechanisms of
membrane toxicity of hydrocarbons.
Microbiol. Rev., 59: 201-222. DOI:
10.1128/mr.59.2.201-222.1995.

Silbergeld, E.; Graham, J. and Price,

L. (2008): Industrial food animal
production, antimicrobial resistance,
and human health. Annu Rev Public
Health, 29: 151-69. DOI:

10.1146/annurev.publhealth.29.020907
.090904.

Soulsby, E.J.L. (1982): Helminths
arthropods and protozoa of
domesticated animals. 7" Ed., Bailliere
Tindall, London, UK, pp: 573-574.

Thienpont, D.; Rochette, F. and
Vanparijs, O.F.J. (1979): Diagnosing
helminthiasis  through  coprological
examination. Janssen Research
Foundation, Beerse, Belgium pp: 34-
36.

Tollba, A.A.H. and Hassan, M.S.H.
(2003): Using some natural additives

to improve physiological and
productive performance of broiler
chicks under high  temperature

conditions. Black cumin (Nigella sativa)
or garlic (Allium sativum). Poult. Sci.,
23: 327-340.

Walk, C.L.; Cowieson, A.J.; Remus,
J.C.; Novak, C.L. and McElroy A.P.
(2011): Effects of dietary enzymes on
performance and intestinal goblet cell
number of broilers exposed to a live


https://doi.org/10.1155/2015/430610
https://doi.org/10.1016/0009-8981(78)90081-5
https://doi.org/10.1016/0009-8981(78)90081-5

Amany M. Abd El-Ghany et al

coccidia oocyst vaccine. Poultry Sci.,
90(1): 91-98. DOI: 10.3382/ps.2010-
00760.

Wang, M.L.; Suo, X.; Gu, J.H,;
Zhang, W.W.; Fang, Q. and Wang, X.
(2008): Influence of grape seed
proanthocyanidin extract in broiler
chickens: effect on chicken coccidiosis
and antioxidant status. Poult. Sci.,
87(11): 2273-2280.
DOI: 10.3382/ps.2008-00077.

Weber, N.D.; Andersen, D.O.; North,
J.A.; Murray, B.K.; Lawson, L.D. and
Hughes, B.G. (1992): In-vitro virucidal
effects of Allium sativum (garlic) extract
and compounds, Planta Med., 58(5):
417-423. DOI: 10.1055/s-2006-961504

167

. EVMPS 2021; 17:146-168

Williams, R.B. (2002): Anticoccidial
vaccines for broiler chickens:
Pathways to success. Avian Pathol.,
31(4): 317-353.
DOI: 10.1080/03079450220148988

Wlosek, A.A. and Swiatkiewicz, S.
(2012): The effect of a dietary herbal
extract blend on the performance of
broilers challenged with  Eimeria
oocysts. J. Animal Feed Sci., 21: 133—
142.

Youn, H.J. and Noh, J.W. (2001):
Screening of the anticoccidial effects of
herbal extracts against Eimeria tenella.
Vet. Parasitol., 96(4): 257-263.
DOI: 10.1016/s0304-4017(01)00385-5


https://doi.org/10.3382/ps.2010-00760
https://doi.org/10.3382/ps.2010-00760
https://doi.org/10.1055/s-2006-961504
https://doi.org/10.1080/03079450220148988
https://doi.org/10.1016/s0304-4017(01)00385-5

Amany M. Abd El-Ghany et al . EVMPS 2021; 17:146-168

u‘.)’i‘ gdlall

Glabdae Ala g 5o LS oS Ao 0 il 1 Cpandl) gl Ao Ja)y g DSl g Cpaant¥) ) dallad
2=V Al A Bausy)
, 20ms dana g2 9 gla [, 2l ) Judadl) ae s [a), 17 B Lo deaa Al o
2 s LR e daaf o /4]
23331830 Aacalans ) ol A0 Lo g1 sSLa A a1 3308 50 el s ) et} A€ - ciLLibal) i

o LS Sl alaaS oy DS ae o 1aiie o) ) 3ol (ae apll Al )l o2 el
aeal) (355) T Jia saill ¥ ane s 8L 51 Ve o Las 5l Al o DA e Gaansil zlay (8 4y 5e Y1 LS <))
e sl GU) Oe ploa IS Gl aae 5 Ay il VL AlaY) baugie oy (i) 55l - 2l
O laals Lasyyee (8 @IS 160 230 amal &5 Aoa o) 8 siug) Lz yal) @l il 5 30SU Baliaall culay 1Y)
Anllaa e slaee e (daball) s de sendl | (de sene ISV 20) dgluie e gene 8 oS g
Geob oo Loz e Alea saiall il sall (e Aia 5 iy (g gaal) ol ) o3 ) Al e 5 Blane Al de senall
de 2 80 o lb Aallaa g slase (AU de geaal) (Lo 1 IS0 Aoy 109% 1 S 5 e aal ) o sall (8 adl)
Ao sanall Alalsie oLl 5 32al5 (a5 21 ) pedall Jlens¥sedad V) asall e oyl sl (B S 1 fpusd
Aalall de sandll g e e Ay Caled) Gl fan 30 Fe yae AL e e Gy Adlaa s Blana Al )
Blase tdolid) Ao senall s e e Ay Gslall e dal de s A8 o dy )5 08Il dallaas Blaes
5 55 (a2 21 ) podal) Jlens¥seds (10 oo sl e ) ele 35T 10/ o Ao s eVl Anllasy
Gops sl e ol sla (3 i1 1/ ans 0.5 e Jays Sl dadlaas blase idaludl de senall Alial gia U
G530l 5 etV Aallaa s Blane 145l Ao ganall Alial sia oLl 5 330l y (a2 21 sae) medall Jlenll ) sea
Sle jall it o8l ele b e

GEYL AaY) bagie (e Jl a8l Cus LaSSU sliae 5l Al Gaal) Cuy o @il e paliiuig
508l Gl il elae Y1 ool L S selall 555 (10 plya IS Al gaial) byl 230 (g Jliy 5 Amy il
¢ o) Aal 8 30uSY) Claliae [ 5auSY) Alla 35S Gt ) elie 8 cpandY) cy ) ) ABLYL
Dshall (305 (e ploa J9 Ala saiiall Sl e e Iy dumg il GG AlaY) Jansie (alisdl e Slad
o daine LS aph dlaeS GuedV) il as O Say AsD A jall i) casSi LS ¢ yaad
LS Sl ilalime A sl 5 Ll Jia Lo 5SU 8abiaall 435091 5 4Ll ol sall dpslall SEY) uindl = 5 )



