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administration for a week pre-infection had significantly 
declined MDA concentrations compared with infected non-
treated (P < 0.01). Control positive birds showed significant 
decrease in SOD and CAT activities vs. the healthy birds 
either at week pre-infection or at two days’ post-infection 
(P < 0.01). However, SOD activities in birds fed with OE, 
MO leaves extract and diclazuril for a week pre-infection 
significantly higher (P < 0.01) than control positive. Histo-
pathological finding revealed that best was group treated 
with diclazuril followed by group received MO, followed by 
group received GE and finally group received OE. It could 
be concluded that herbal extract may be representing a good 
alternative anticoccidial medications specially that the later 
may developed resistance for many Eimeria species in con-
tinuous use in veterinary field.

Keywords Anticoccidial · Broiler chickens · Eimeria 
tenella · Garlic · Moringa oleifera · Onion extract

Introduction

Avian Coccidiosis is the most important parasitic protozoan 
in poultry worldwide caused by Eimeria Species. It causes 
poor feed utilization, weight loss resulting in huge economic 
loss (Tanweer et al. 2014; Chand et al. 2016). As the disease 
is characterized by intestinal injuries, it makes birds sus-
ceptible to other intestinal diseases (as necrotic enteritis). 
There are many Eimeria species infecting poultry (Gadde 
et al. 2020), the most clinically important strains are E. 
tenella and E. necatrix which both are considered the two 
most important Eimeria species causing severe mortalities 
may reach 100% in poultry (Graat et al. 1996). Chicken coc-
cidiosis is controlled by many applications of a live vaccine 
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or the use of chemical anticoccidials (chemoprophylaxis) 
(McDougald 1982; Blake and Tomley 2014).

Assessment of any anticoccidials agent based mainly on 
standards for performance of the bird (growth rate and feed 
conversion), and parasitology (oocyst shedding and intesti-
nal lesions) (Reid and Long 1979; Chapman 1998). Effective 
anticoccidial agent should affect all Eimeria growth stages 
without alteration on host immunity or leaving residues in 
host tissues.

The main problem concerning control program origi-
nated from drug administration is the increasing resistance 
of avian coccidia against routine anticoccidial drugs in 
addition to the increasing public interest about drug resi-
dues in chicken meat (Innes and Vermeulen 2006; Lillehoj 
et al. 2007; Williams 2006). Thus, stricter regulations were 
applied in Europe against the use of anticoccidial drugs 
(Yim et al. 2011; Eckert et al. 2021).

Medicinal plants extracts were examined as an alternative 
approach to control coccidiosis causing promising expecta-
tions (Ogbu and Onuh 2015; Abbas et al. 2017). So, the 
expansion usage of herbal plants as the natural coccidiostat 
is important to be applied.

Garlic (Allium sativum) is one of the most effective 
herbs with medicinal importance (Adulugba et al. 2017). 
Garlic has antibacterial (Tipu et al. 2002; Safithri et al. 
2011), antifungal, and anticoccidial properties in chickens 
(Pourali et al. 2014; El-Khtam et al. 2014). Organosulfur 
compounds of garlic as allicin, alliin, ajoene, diallylsulfide, 
dithiin, S-allylcysteine (www. wekip edia. org) have wide anti-
microbial activities. Allicin prevents E. tenella sporulation 
in chicken as reported in vitro study (Muthamilselvan et al. 
2016).

Onion (Allium cepa) possess antibacterial, antiviral, 
antiparasitic, antifungal properties and found in most parts 
of the onion plant (Lampe 1999; Abou-Elezz et al. 2011), 
this due to it contains various organic sulphur compounds, 
flavinoids, phenolic acids, sterols and a trace of volatile oil 
(Melvin et al. 2009). Later on, An et al. (2015) concluded 
that supplementation of onion extract (OE) in white mini 
broilers improved body weight gain and considered prom-
ising antibiotic replacer. Moreover, Aditya et al. (2017) 
investigated effect of OE on growth performance, blood 
profile and carcass characteristics in broiler chickens, 
results revealed that OE improved weight gain together with 
increasing serum IgG level and meat anti-oxidation capacity 
when compared with negative control group. Recently, AL-
Ramamneh et al. (2017) noticed that OE containing rations 
improves chickens’ performance; improve small intestine 
absorption surface length, decrease coccidian lesion scores 
and decrease number of coccidian egg count in experimen-
tally infected broiler chickens.

The Moringa tree is one of the most useful (beneficial) 
trees in the world. Moringa oleifera (MO) is very important 

for its medicinal value. Most parts of this plant have antibac-
terial and antifungal activities, and are used for the treatment 
of different diseases in the indigenous system of medicine, 
particularly in South Asia (Anwar et al. 2007). In poultry, 
it was found that use of MO leaves in ration of infected 
chickens with coccidiosis not only significantly improves 
body weight gain but also inhibit oocyst shedding (Ola-
Fadunsin and Ademola 2013). Later on, different beneficial 
effects were confirmed including antibacterial, antifungal, 
anti-inflammatory, antihypercholesterolemic activities and 
antioxidant properties together with positive impact on 
hematological and biochemical values of broiler chickens 
(Modisaojang-Mojanaga et al. 2019).

Parasitic infection generally led to oxidative stress (Pour-
ali et al. 2014). This type of stress lead to production of free 
radicals and decrease the antioxidant enzymes activities as 
CAT and SOD (Abo-Aziza et al. 2019). Oxidative stress 
causes damage to unsaturated fatty acids, DNA, and pro-
teins when the free radicals’ concentrations are above nor-
mal levels (Prisacaru 2016). Natural antioxidants can control 
the production of free radicals and inhibit their actions in 
the biological system (Maarman 2017) Many plant extracts 
contain antioxidant agents (Simioni et  al. 2018) Garlic 
(Pourali et al. 2014), Onion (AL-Ramamneh et al. 2017) 
and Mo (Abdel-Tawab et al. 2020). Lipid peroxidation is 
another symptom of oxidative stress. The measurement of 
MDA can be used as indicator for lipid antioxidation stat-
ues (Swiatkiewicz et al. 2015). Leukogram could be used as 
indicator of the degree of the treatment and the relieve of 
stress (Okorie-Kanu et al. 2018). So, the aim of this study 
was to investigate promising safe alternatives natural prod-
uct against extensively used chemical anticoccidial drugs 
on broiler chicken performance, MDA level, antioxidant 
enzymes activities, leukogram, intestinal lesion scores, in 
addition to oocyte shedding.

Material and methods

Moringa oleifera (MO) leaves preparation leaves of MO 
were collected from the farm of Egyptian Scientific Soci-
ety of Moringa; the plant was kindly identified by Professor 
Aboelfetoh Mohammed Abdelalla. National Research Cen-
tre; Giza. Egypt. Collected leaves was air-dried, powdered 
and kept for extraction.

Moringa oleifera (MO) leaves extraction dried MO 
leaves powder were extracted with 1 L of 70% ethanol 
and shacked each 8 h by 24 h for preparation of hydro-
alcoholic extract. Prepared hydro-alcoholic extract was 
filtered using cotton funneling four times, this followed 
by concentration of filtered extract using a rotator evapo-
rator under reduced pressure. Concentrated extracts were 
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lyophilized and kept at -20 ̊C till reconstituted and used 
in a dose of 250 mg/kg live body weight according to 
Khalil et al. (2014).

Garlic extract (GE) GE was prepared by homogenized 
of cloves of garlic in sterile saline, centrifuged at 5000 
revolution per minute and sterilized by filtration using 
bacteriological filter with 0.45 µm diameter to prepare 
final concentration 40 mg/mL that used orally at the rate 
0.5 mL/bird according to Dar et al. (2014).

Dicoxal Commercially available product contains 
Diclazuril 1%, Reg. No. 574, Batch No. 0200539.

Onion extract (OE) OE was prepared according to 
Aditya et al. (2017). Briefly, the bulbs of onion were cut 
into small pieces and mixed with salt (3 g/kg) and then 
heated at 60 °C for 30 min. The onions minced using 
electric blender then extracted through coffee filter to 
get liquid portion as the OE, subsequently the OE stored 
at 4 °C. Prior to experiment, OE mixed to the diet for 
10 min using feed mixer in inclusion rate of 7.5 g of OE 
/ kg poultry ration, then stored to the feedbag until the 
experiment started.

E. tenella sporulated oocyst E. tenella oocyst was 
kindly supplied by department of parasitology, Vet-
erinary Research Division, National Research Centre, 
Egypt. Oocyst were primary isolated from caecum of 
natural infected pullet according to Chapman and Shirley 
(2003). The obtained oocysts were allowed to sporulate at 
26–28 °C in 2.5% potassium dichromate solution, cleared 
and counted per 1 mL of the solution using McMaster 
technique as described by Long and Rowell (1958), then 
propagated in two weeks old Eimeria free Cobb chicks 
with challenge dose of 4 ×  104 sporulated oocyst/ bird 
by oral infection according to El-Shazly et al. (2020). 
Infected birds showed typical signs and postmortem 
lesions of E. tenella infection. Oocyst were recovered 
after 8 days from dropping of experimentally infected 
birds using flotation technique according to Soulsby 
(1986), allowed to sporulate in solution of 2.5% potas-
sium dichromate at room temperature for 6 days then kept 
in refrigerator at 4 °C till used for experimental infection 
with the previously mentioned challenge dose.

Experimental design

A total number of 240 broiler chickens were divided into 
six equal groups as shown in Table 1, 40 chicks per each. 
Dropping of all groups were examined for freedom from 
Eimeria species oocyst twice, first time at ten days of age 
and second time at 20 days of age by flotation technique 
(using saturated NaCl solution, specific gravity 1.28). All 
groups were fed broiler rations free from anticoccidial 
drug. Group (1) was treated with diclazuril at a dose rate 
of 2.5 ppm in drinking water according to El-Shazly et al. 
(2020) 5 days post challenge with E. tenella. Groups (2), 
(3) and (4) were treated with GE, naturally prepared MO 
and OE in ration respectively starting from ten days of age 
till the end of the experiment. Group (5) was kept as control 
positive challenged non-treated group while group (6) was 
kept as control negative non challenged non-treated group. 
At 21 day of age, groups (1–5) were experimentally infected 
by administration of 4 ×  104 sporulated oocyst of E. tenella 
directly to the crop using syringes and cannula according to 
El-Shazly et al. (2020). Ration was prevented for 12 h before 
challenge application for all groups. Experiment was termi-
nated two weeks post challenge, dead birds during experi-
ment together with all birds at the end of the experiment 
were directed to postmortem examination for the presence of 
gross lesions consistent with coccidiosis. Lesions observed 
in infected birds starts from 4th day of infection in con-
trol non treated infected group, while other treated infected 
group was delayed from 6th days post infection, lesions was 
varied according treatment used. The observed lesions were 
assigned scores from 1 to 4 using the criteria described by 
Conway and McKenzie (2007). Blood sampling were col-
lected from each group at 14th and 23 days of age, and the 
oocyst per gram of fecal material (OPG) was counted using 
the McMaster counting technique as described by Long 
et al. (1976). Performance parameter including average body 
weight (ABW) and feed conversion rate (FCR) were studied. 
Biochemical parameters as malondialdehyde (MDA), super-
oxide dismutase (SOD) and catalase (CAT), hematological 
parameters as White blood cell (WBCs), lymphocytes and 
heterophils counts) in addition to histopathological examina-
tion of intestinal tract in all test groups were also studied.

Table 1  Broiler chicken groups 
and treatment per each group

Groups Type of treatment

Group (1) Experimentally infected with E. tenella and treated with Diclazuril
Group (2) Experimentally infected with E. tenella and treated with garlic extract (GE)
Group (3) Experimentally infected with E. tenella and treated with Moringa oleifera 

(MO) leaves extract
Group (4) Experimentally infected with E. tenella and treated with Onion extract (OE)
Group (5) Experimentally infected with E. tenella and non-treated (control positive)
Group (6) Non-infected non-treated control negative group
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Blood samples

Blood samples were collected from birds in each group at 
day 8 post-infection with E. tenella via the wing vein-punc-
ture using sterile syringes and needles. Each blood sample 
was transferred immediately into a set of sterile tubes con-
taining ethylene diamine tetra acetic acid (EDTA) as anti-
coagulant for hematological and biochemical investigations.

Hematological analysis

White blood cells (WBCs) were counted within 2 h using 
of blood sampling the Neubauer hemocytometer method 
(Esievo and Saror 1992). For lymphocytes and heterophils 
counts, blood smears were immediately prepared using 5 μL 
of blood and stained with Giemsa stain for cell counts (Iri-
zaary-Rovira 2004).

Biochemical investigations

Blood samples were centrifuged at 3000 rpm for 15 min for 
separation of blood plasma that was used for measurement 
of malondialdehyde (MDA), superoxide dismutase (SOD) 
and catalase (CAT) using commercial SPECTRUM kits 
(BioMerieux, SA). Absorbencies were measured at 560 nm 
and 520 nm respectively by spectrophotometer according to 
the manufacturer’s instruction.

Histopathological studies

Cecal samples from experimental birds’ post challenge and 
treatment from each group were fixed in 10% formalin, dehy-
drated in absolute alcohol, cleared in xylene, and embedded 
in paraffin for preparation of fine blocks in paraffin wax. Sec-
tions of 5-μm thicknesses were cut and subjected to routine 
hematoxylin and eosin staining according to Bancroft and 
Gamble (2008).

Statistical analysis of the data

All available data were summarized as mean ± SD and sub-
jected to statistical analysis using Student’s t-test. Values of 
P < 0.05 were considered statistically significant.

Results and discussion

Intensive poultry production gets rise of huge amount of 
white meat to cover human need unfortunately many dis-
ease conditions appear with either in clinical or subclinical 
forms causing severe economic losses such as coccidiosis. 
Our study investigates experimental infection with coccidi-
osis in presence of either dietary natural feed additives or 

treatment with chemical anticoccidial commercially avail-
able product.

Results of mortality rate, ABW and FCR are showed in 
Table 2. Mortality rate for all groups revealed that no mor-
talities in control negative group. On the other hand, among 
all treated groups the lowest mortality rate was in group 
treated with MO leaves extract which was 5%, followed by 
group treated with diclazuril which was 7.5%, followed by 
both groups treated with GE and OE which have the same 
findings 12.5% mortality rate, finally the highest mortality 
rate was showed in positive control group which was 40%. 
Both chemical anticoccidial diclazuril and natural extract 
reduce mortality rate when compared to control positive 
group indicate their beneficial value. Results of mortality 
rate of infected non treated group was the highest (40%), this 
due to that E. tenella one of diseases of poultry that caus-
ing mortalities varies according infestation dose, this results 
was parallel with Bachaya et al. (2012), on the other hand 
mortality rate decreased dramatically in groups treated with 
MO (5%) followed by group treated with Diclazuril (7.5%), 
this may be due to beneficial effect of MO extract includ-
ing anti-inflammatory effect (Modisaojang-Mojanaga et al. 
2019), anticoccidial effect (El Banna et al. 2016) and inhibit 
oocyst shedding Ola-Fadunsin and Ademola (2013) this may 
the cause of decreased mortalities in group treated with 
MO. While group treated with Diclazuril mortality rate was 
improved when compared with infected non-treated group 
this may be due to that Diclazuril is a chemical anticoccid-
ial medication which results in high cure rate from Eimeria 
protozon, this result was parallel with Elkomy et al. (2015) 
who reported that Diclazuril treatment in E. tenella infected 
chickens resulted in reduction in mortalities, lowered num-
ber of oocysts and the lesion score. For the other two extracts 
(GE and OE) mortality rate was decreased (12.5%) when 
compared to control infected no-treated group, this may be 
due to the antiparasitic activities of GE (Muthamilselvan 
et al. 2016) and OE (AL-Ramamneh et al. 2017).

Results of final ABW and FCR revealed that control nega-
tive (group 6) was the highest ABW (2320.5 g) and best 
FCR (1.58) followed by group (1) treated with diclazuril 
which was 2140 g ABW and 1.61 FCR. However, the lowest 
was control positive group (group 5) which was 1870 ABW 
and 1.90 FCR. This may be due to that control negative 
has healthy intestinal tract surface with normal villi with no 
challenge affecting intestinal health for any period of time 
within our experiments that results in maximum utilization 
of feed ingredients. In addition, group (1) diclazuril help 
in treat causative agent with high cure rate due to chemical 
anticoccidial characteristics results in rapid cure rate com-
plete clearance of coccidiosis results in regeneration of intes-
tinal mucosa this was parallel with results found by Amer 
et al. (2007), Amer et al. (Amer et al. 2010) and El-Shazly 
et al. (2020). On the other hand, control positive group 
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(group 5) there is no control of E. tenella results in high 
destruction of intestinal mucosa with no treatment which 
lead to decrease ABW and increase FCR in this group. This 
result was matched with Du and Hu (2004), Arczewska-
Wlosek and Swiatkiewicz (2012) and Györke et al. (2016) 
who reported that E. tenella challenge results in reduction in 
body weight and affecting FCR due to destruction of intes-
tinal mucosa which affects absorption and consequently 
weight gain.

All herbal extract groups have higher ABW and improved 
FCR when compared with control positive group, the high-
est was group (3) challenged treated with MO leaves extract 
which was 2100 g final ABW and 1.62 FCR, followed by 
group (2) treated with GE which was 1990 g final ABW and 
1.63 FCR, followed by group (4) treated with OE which 
was 1975.5 g final ABW and 1.65 FCR, this positive impact 

could be attributed to each herbal extract mode of action. 
MO leaves extract was highest ABW and best FCR within 
all used herbal extract; this may be due two points, first is 
antioxidant activity, as it was found that antioxidant com-
pounds reduce severity of E. tenella infection of entero-
cytes through enhancement of intestinal lipid peroxidation, 
this was documented by Siddhuraju and Becker (2003) and 
Anwar et al. (2005), the second points is that its growth—
promoting effects which is documented by Ghazalah and Ali 
(2008) and Liaqat et al. (2016) who attributed this effect due 
to its direct nutritional and immune-stimulating actions of 
its phytochemical components. The present finding in per-
formance parameter (final ABW and FCR) in GE treated 
group maybe explained due to GE has anticoccidial effects 
which decrease negative impact of E. tenella. This was sup-
ported by Dkhil et al. (2011) who reported that GE exerts 

Table 2  Effect of diclazuril, garlic extract (GE), Moringa oleifera leaves extract (MO) and onion extract (OE) on mortality rate, average body 
weight (ABW), average feed intake (AFI) and feed conversion rate (FCR) of Eimeria tenella experimentally infected chicken

Group Treatment Age (weeks) ABW AFI FCR Dead birds 
(No.)

Mortality rate

Group (1) E. tenella + Diclazuril 1 192 172 0.89 3 7.5%
2 520 580 1.11
3 928.5 1170 1.26
4 1695 3010 1.77
5 2140 3480 1.61

Group (2) E. tenella + GE 1 192 172 0.89 5 12.5%
2 555 590 1.06
3 1011 1240 1.22
4 1670.5 2530 1.51
5 1990 3250 1.63

Group (3) E. tenella + MO 1 192 172 0.89 2 5%
2 560 605 1.08
3 1090 1365 1.25
4 1728.5 2580 1.49
5 2100 3380 1.62

Group (4) E. tenella + OE 1 192 172 0.89 5 12.5%
2 545 585 1.07
3 992 1235 1.24
4 1666.5 2535 1.52
5 1975.5 3260 1.65

Group (5) Control positive (infected non-treated) 1 192 172 0.89 16 40%
2 520 578 1.11
3 928.5 1170 1.26
4 1580.5 3070 1.94
5 1870 3570 1.90

Group (6) Control negative (non-infected non-treated) 1 192 172 0.89 0 0%
2 520 578 1.11
3 928.5 1170 1.28
4 1740.5 2475 1.42
5 2320.5 3670 1.58
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anticoccidial activity. Similar results were found by Arcze-
wska-Wlosek and Swiatkiewicz (2012) and Dar et al. (2014) 
who reported that GE not only has anticoccidial, but also 
anti-inflammatory properties. Group received OE showed 
improved final ABW and FCR when compared to control 
positive group this due to onion contains numerous organic 
sulphur compounds in OE which proved to have anticoc-
cidial activities (Lee et al. 2003; AL-Ramamneh et al. 2017). 
Moreover, Aji et al. (2011) reported that diets contain fresh 
onion bulbs has higher body weight and feed conversion rate 
when compared to control negative group which was parallel 
with our results.

Results of final ABW and FCR in groups received herbal 
extract was superior to challenged groups which indicate 
their positive impacts in neutralizing E. tenella infection 
negative effect on ABW and FCR. On the other hand, all 
challenged herbal extract treated groups revealed ABW and 
FCR lower than diclazuril treated infected group, this was 
parallel with results found by Habibi et al. (2016). This may 
be due to effect herbal extracts results in reduction with no 
complete eradication of Eimeria species population results 
in delayed regeneration of intestinal tract, this was matched 
with Muthamilselvan et al. (2016). Moreover, Brander et al. 
(1991) explained the highest efficacy of diclazuril as chemi-
cal anticoccidial in that diclazuril breaks down all intracel-
lular developmental stages of both asexual and sexual cycles 
of E. tenella result of rapid and high cure rate and conse-
quently fast enterocytes regeneration, while any other extract 
is a mixture of several chemical compounds.

Results of average lesion score and average oocyst count 
post challenge by the end of week two were showed in 
Table 3, results of average lesion score revealed that con-
trol negative showed no lesion score (0.0 ± 0.0), the high-
est lesion score was control positive group (5) which was 

3.61 ± 0.12, followed by group (4) received OE which was 
2.95 ± 0.19, followed by group (2) received GE which was 
2.89 ± 0.21, followed by group (1) treated with Diclazuril 
chemical anticoccidial which was 1.29 ± 0.18, followed by 
group (3) received MO leaves extract which was 1.11 ± 0.17.

Results of average oocyst count two weeks post challenge 
revealed that no oocyst shedding in control negative group 
(6) indicate no infection, while the highest oocyst shedding 
was positive control group (5) which was 20,100 ± 1165, fol-
lowed by group (4) received OE which was 12,800 ± 1135, 
followed by group (2) received GE which was 11,700 ± 1065, 
followed by group (3) received MO leaves extract which was 
11,700 ± 1065, and the lowest was group (1) treated with 
Diclazuril chemical anticoccidial which was 910 ± 80.

All treated groups were lower in both average lesion 
score and average oocyst count two weeks post challenge 
when compared with control positive group indicate posi-
tive impact of all studied therapies either chemical or herbal 
products but with variable degrees as best effect was dicla-
zuril followed by MO groups showing the lowest lesion 
score and average oocyst count two weeks post challenge. 
This maybe due to that diclazuril as chemical anticoccidial 
has strong effect on E. tenella all developmental stages, 
this finding was parallel with results found by Zhou et al. 
(2010), Shen et al. (2012) and Zyan et al. (2017), while MO 
positive impact in decrease both lesion score and oocyst 
shedding was parallel to results found by Ola-Fadunsin 
and Ademola (2013) who reported that using of MO leaves 
extract in various doses results in not only decease in lesion 
score but also variable inhibitory effect on oocyst shed in the 
broiler dropping which was 96.4%, 97.4%, 99.1 and 99.8% 
according dosing program per groups (1.0, 2.0, 3.0, 4.0 and 
5.0 g/kg body weight) respectively. This may be due to MO 
leaves extract anti-inflammatory, antioxidant properties and 

Table 3  Effect of diclazuril, garlic extracts (GE), Moringa oleifera leaves extract (MO) and onion extract (OE) on average lesion score and 
oocyst count post challenge with Eimeria tenella 

Significant at (P ≤ 0.05)

Group Treatment Weeks post challenge Average Lesion score Average Oocyst count

Group (1) E. tenella + Diclazuril Week (1) 2.34 ± 0.31 10,200 ± 1110
Week (2) 1.29 ± 0.18 910 ± 80

Group (2) E. tenella + GE Week (1) 3.37 ± 0.19 17,300 ± 1050
Week (2) 2.89 ± 0.21 11,700 ± 1065

Group (3) E. tenella + MO Week (1) 1.52 ± 0.29 8100 ± 610
Week (2) 1.11 ± 0.17 1900 ± 110

Group (4) E. tenella + OE Week (1) 3.45 ± 0.21 17,800 ± 1090
Week (2) 2.95 ± 0.19 12,800 ± 1135

Group (5) Control positive (infected non-treated) Week (1) 3.85 ± 0.14 23,200 ± 1115
Week (2) 3.61 ± 0.12 20,100 ± 1165

Group (6) Control negative (non- infected non-treated) Week (1) 0.0 ± 0.0 0.0 ± 0.0
Week (2) 0.0 ± 0.0 0.0 ± 0.0
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immune-stimulating actions (Olugbemi et al. 2010; Abou-
Elezz et al. 2011; Liaqat et al. 2016), also this results may 
be attributed to the presence of phytochemicals and essential 
oils contained in MO leaves (Chuang et al. 2007), moreover 
results found by Alabi et al. (2017) and Sharma and Paliwal 
(2013) revealed that MO may serve in production of new 
therapeutic compound as anticoccidial drug due to it is high 
in saponins content. Other both groups treated with GE and 
OE showed improvement in average lesion score and average 
oocyst count post challenge when compared with control 
positive group. Our GE group results was matched with Dar 
et al., (2014) and Włosek and Światkiewicz (2012), this may 
be due to phenolic compounds in GE that affect cytoplasmic 
membranes cationic permeability of coccidian cells results 
in death of it (Sikkema et al. 1995) and anti-inflammatory 
effect of GE (Dkhil et al. 2011). Finally Results of groups 
received OE in aspect of improvement of average lesion 
score and average oocyst count than control positive group, 
this may be due to its anti-inflammatory effect, antioxidant 
and antiparasitic effects (Lampe 1999; Kumar et al. 2010) 
this due to bioactive compounds including organic Sulphur 
compounds that present in OE (Lee et al. 2003) together 
with several flavonoids including flavonols, flavones, querce-
tin and catechin that explains onion beneficial activities 
(Nemeth and Piskula 2007).

Blood MDA concentrations and the activities of anti-
oxidant enzymes SOD and CAT was investigated (Table 4). 
Experimental infection of chickens with E. tenella oocysts 
significantly increased MDA concentration when compared 
with control negative non-treated group (P < 0.01). How-
ever, infected birds fed with OE, GE, MO leaves extracts and 
diclazuril administration for a week pre-infection had signifi-
cantly declined MDA concentrations compared with infected 
non-treated birds (P < 0.01). MDA level is an indicator 

of lipid peroxidation and oxidative damage in chickens 
(Moustafa et al. 2020). In the current study, serum MDA 
level results suggested that OE, GE, MO leaves extracts and 
diclazuril could improve lipid antioxidation status. How-
ever, it was found that diclazuril administered birds at two 
days’ post-infection significantly declined MDA concentra-
tion compared with infected group (P < 0.05). Eventually, 
E. tenella oocysts triggered the lipid peroxidation at the 
specified period and quantity. The occurrence of oxidative 
damage may be contributed directly to the mechanism of 
negative effects of the disease. Diclazuril itself as well led 
to the oxidative damage at the specified period and dosage. 
The intensity of this damage was not as strong as the damage 
induced by the coccidium strain itself. On the other hand, 
the drug administrations were effective against this oocyst, 
regarding the obtained results.

The activities of the antioxidant enzymes SOD and CAT, 
which protect tissues against oxidation, increased with die-
tary supplementation of OE, GE and MO (Table 4). Con-
cerning SOD activities, the control positive birds showed 
significant decrease in SOD activities vs. the healthy birds 
either at week pre-infection or at two days’ post-infection 
(P < 0.01). However, SOD activities in birds fed with OE, 
MO leaves extract and diclazuril for a week pre-infection 
significantly higher (P < 0.01) than control positive birds. 
Moreover, starting the administration of diclazuril at two 
days before infection significantly increase SOD activities 
comparing with infected non-treated birds (P < 0.01). No 
significant difference in SOD activities was observed when 
starting the feeding of OE, GE and MO leaves extract at 
two days’ post-infection. CAT activity was significantly 
lower in infected birds than healthy control birds (P < 0.01). 
Feeding with basal diet supplemented with OE and MO 
leaves extractor after administration of diclazuril for a week 

Table 4  Effect of diclazuril, garlic extracts (GE), Moringa oleifera leaves extract (MO) and onion extract (OE) on malondialdehyde (MDA), 
superoxide dismutase (SOD) and catalase (CAT) in Eimeria tenella experimentally infected chicken

In the same row, means with the same small or capital letters are significantly different at P < 0.05 and P < 0.01 respectively

Parameters Sampling time E. 
tenella + Dicla-
zuril

E. tenella + GE E. tenella + MO E. tenella + OE Control positive 
(infected non-
treated)

Control negative 
(non- infected 
non-treated)

MDA (μmol/
mL)

One week pre- 
challenge

2.59B ± 0.21 2.73B ± 0.15 2.62B ± 0.28 2.68B ± 0.03 4.53AB ± 0.02 2.61A ± 0.12

Two days post- 
challenge

2.55b ± 0.24 1.94 ± 0.56 2.17 ± 0.33 2.08 ± 0.12 4.86ab ± 0.04 2.59a ± 0.25

SOD (U/g HB) One week pre-
challenge

425.00B ± 12.08 268.00 ± 10.21 322.33B ± 7.06 391.00B ± 12.31 274.67AB ± 10.33 429.33A ± 9.76

Two days post- 
challenge

421.45B ± 13.18 231.67 ± 8.44 244.93 ± 9.84 242.67 ± 11.20 236.33AB ± 12.03 416.67A ± 13.53

CAT (U/g HB) One week pre- 
challenge

169.33B ± 4.77 116.67 ± 5.21 169.67B ± 7.69 153.00B ± 12.65 114.00AB ± 4.73 172.56A ± 5.33

Two days post- 
challenge

161.52B ± 8.48 130.66 ± 9.33 125.00 ± 4.16 139.07 ± 11.73 117.33AB ± 9.03 167.00A ± 10.15
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pre-infection resulted in a significant increase in CAT activ-
ity (P < 0.01) comparing to control positive birds.

The imbalance between reactive oxygen species (ROS) 
creation and antioxidant efficiency is known as oxidative 
stress. Recently, huge work was done on antioxidant sub-
stance to relieve the oxidative stress (Hassan et al. 2018). 
Pourali et al. (2014) concluded that addition of 0.5% gar-
lic powder in food od Eimeria infected broiler chickens 
was resulted in a decrease in MDA levels while the activi-
ties of total antioxidant status (TAS), total oxidant status 
(TOS), SOD and GPX were not affected. On the other hand, 
Aydogan et al. (2020) reported that, the supplementation of 
garlic powder was significantly improved antioxidant status 
of broiler chickens infected with Eimeria oocysts. Coccidi-
osis usually primes to the induction of oxidant substances 
to be effective against oocytes but it directed to the body 
animals (Muthamilselvan et al. 2016; Ognik and Krauze 
2016) indicated that the impairment of the anti-oxidant/
pro-oxidant equilibrium in favor of pro-oxidants, indicating 
oxidative stress as a result of this poultry parasitosis. In the 
study of Lu et al. (2016) and Cui et al. (2018), it showed that 
dietary MOL supplementation quadratically increased SOD 
and GSH-PX, and decreased MDA contents in plasma of 
growing and laying hens respectively. In addition, El Banna 
et al. (2016) reported that MO possessed a marked antico-
ccidial activity and could be useful as alternative product 
for the control of avian coccidiosis in poultry production. 
Tijani et al. (2015) concluded that MO can be incorporated 
into broiler diets at 15% level without adverse effects on the 
haematological and serum biochemical indices of the birds.

Leukogram in the studied birds is presented in Table 5. 
Coccidiosis caused by E. tenella induced a significant 
reduction in WBCs (P < 0.05). Data revealed a signifi-
cant decrease in lymphocytes while a significant increase 

in heterophils was observed in infected birds vs. healthy 
control. The data showed increase in WBCs count in birds 
starts feeding on MO leaves extract or diclazuril at two days’ 
post-infection compared to control positive birds (P < 0.05). 
Moreover, a marked increase in lymphocytes in E. tenella 
infected birds after feeding of GE or MO leaves extract one 
week pre-infection (P < 0.05). However, feeding of GE at 
two days’ post-infection resulted in a significant elevation in 
lymphocytes count compared to infected non-treated birds 
(P < 0.01). Furthermore, a significant decrease in hetero-
phils count was observed in birds fed with OE, GE, MO 
leaves extract and diclazuril administration for one week pre-
infection compared to infected non-treated birds (P < 0.05). 
However, starting feeding with OE, GE, MO leaves extractor 
diclazuril administration at two days’ post-infection did not 
show any significant differences in neutrophils count.

Histopathological examination of two ceci in challenged 
non-treated group (5) showed thickened intestinal mucosa, 
large numbers of enterocytes (approximately 90%) were 
swollen and contain intra and extracellular various devel-
opmental stages or oocysts of E. tenella (Fig. 1E, F), later 
on this inflammation persist with various intracellular and 
extracellular developmental stages of E. tenella (Fig. 1G), on 
the other hand control negative group (Fig. 1H) showed no 
histopathological changes in all examined fields of two ceci 
during whole experiment as enterocytes and mucosal crypt 
epithelium appeared normal and free from developmental 
stages and oocysts of Eimeria tenella.

Among all challenged treated groups, it was found that 
group 1 (challenged with E. tenella and treated with dicla-
zuril) showed mild inflammatory cells infiltration mainly 
lymphocytes and heterophils (Fig. 1B) indicated mild infes-
tation, group 3 (challenged treated with Moringa oleifera 
leaves extract) showed thicken of the mucosa due to mild 

Table 5  Effect of diclazuril, garlic extracts (GE), Moringa oleifera leaves extract (MO) and onion extract (OE) on WBCs, lymphocytes and het-
erophils in E. tenella experimentally infected chicken

In the same row, means with the same small or capital letters are significantly different at P < 0.05 and P < 0.01 respectively

Parameters Sampling time E. 
tenella + Dicla-
zuril

E. tenella + GE E. tenella + MO E. tenella + OE Control positive 
(infected non-
treated)

Control negative 
(non- infected 
non-treated)

WBCs (×  103/
μL)

One week pre- 
challenge

2.72 ± 0.29 2.74 ± 0.05 3.17 ± 0.03 3.73 ± 0.13 2.49a ± 0.75 4.69a ± 0.24

Two days post- 
challenge

3.35b ± 0.26 3.21 ± 0.23 3.76b ± 0.38 3.81 ± 0.12 2.65ab ± 0.07 4.02a ± 0.41

Lymphocytes 
(%)

One week pre-
challenge

23.13 ± 1.91 29.64b ± 2.11 30.47b ± 1.12 27.52 ± 2.01 17.78ab ± 4.26 30.29a ± 3.01

Two days post- 
challenge

16.80 ± 0.71 24.85B ± 1.27 21.62 ± 2.06 19.85 ± 1.27 12.93AB ± 3.20 28.49A ± 2.64

Heterophils (%) One week pre- 
challenge

72.17a ± 4.50 69.58a ± 4.24 73.62a ± 3.78 72.97a ± 3.84 87.70Aa ± 3.74 67.09A ± 4.21

Two days post- 
challenge

79.07 ± 5.80 77.25 ± 3.99 83.71 ± 2.09 87.25 ± 3.99 85.12A ± 6.30 59.61A ± 3.70
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inflammatory cells infiltration, various intracellular and 
extracellular developmental stages of E. tenella indicated 
positive impact on intestinal mucosa inspit of challenge 
(Fig. 1A), on the other hand group 2 (challenged treated with 
Garlic extract) and group 4 (challenged treated with Onion 
extract) showed moderate thicken of the mucosa due to mod-
erate inflammatory cells infiltration mainly lymphocytes and 
heterophils (Fig. 1C), some field showed moderate thicken 
of the mucosa with moderate inflammatory cell infiltration 

various intracellular and extracellular developmental stages 
of E. tenella (Fig. 1D).

Best histopathological finding was group treated with 
diclazuril rather all herbal extract This may be due to 
effect herbal extracts results in reduction with no com-
plete eradication of Eimeria species population results in 
delayed regeneration of intestinal tract Muthamilselvan et al. 
(2016). Moreover the highest efficacy of diclazuril as chemi-
cal anticoccidial maybe due to that diclazuril breaks down 
all intracellular developmental stages of both asexual and 
sexual cycles of E. tenella result of rapid and high cure rate 
Elkomy et al. (2015) and Noack et al. (2019).

It could be concluded that herbal extract showing promis-
ing alternative for chemical anticoccidial medication in spite 
of superior efficacy of chemical anticoccidial on Eimeria 
tenella infestation, as chemical anticoccidial my results 
in resistant Eimeria species strain in long run. The use of 
combinations of more than one herbal extract specially if 
prepared with nano technology may result in superior effect, 
this needs further investigation in term of safety and efficacy.
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