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Abstract

In this study, powders were evaluated for their anticoccidial effects. In in vitro, sporulated oocysts of mixed Eimeria
species isolated from naturally infected chickens were randomly assigned to 10, 5, 2.5, 1.25, 0.6, 0.3, 0.2 and 0.08 g
turmeric and garlic powders /liter distilled water (g/L). The efficacy of garlic was higher (up to 80%) than turmeric (up
to 66.6%) at different concentrations. In the in vivo study, one-day old chicks were divided into 7 equal groups. All
groups were infected with 10.000 viable sporulated oocysts of mixed Eimeria spp. orally except G7 (-ve control). G1
and G2 were infected and supplemented with turmeric powder at 10 and 5 g/L, respectively, G3 and G4 were infected
and supplemented with garlic powder at 10 and 5 g/L, respectively. G5 was infected and treated with Amprolium at
1.25 g/L, G6 (+ve control) infected, non-treated and G7 was non-infected & non-treated. Clinical signs and lesion score
were less sever in garlic supplemented groups compared with turmeric supplemented groups. Reduction of total oocyst
count in garlic supplemented group more than turmeric supplemented group. It is concluded that Garlic powder was
more effective than turmeric powder in treatment and control of coccidiosis.
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1. Introduction

Coccidiosis is a major disease problem in the poultry industry. It is a parasitic disease of the intestinal tract of animals
caused by single-cell protozoa. Coccidian organisms can infect humans, birds, and livestock, as they are usually
species-specific. Coccidiosis in the poultry industry is caused by any of the species of the genus Eimeria, individually
or in combination. Outbreaks usually result in enormous economic losses as a result of the associated morbidity and
mortality [1]. It leads to the extensive destruction of the intestinal epithelium which results in reduced food efficiency
and body weight gain, as well as a temporary reduction in egg production [2], [3]. This has a considerable economic
loss at the level of poultry industry. The three most common species of Eimeria that affect the poultry industry
are Eimeria tenella, Eimeria maxima, and Eimeria acervulina [4]. Eimeria infection is transmitted through hardy, thick-
walled sporulated oocysts which able to survive for lengthy periods in the poultry litter and soil particles. Coccidiosis is
mainly controlled by the hygienic measures and the use of chemotherapeutic agents or chemical anticoccidial agents [5].
However, the development of drug resistance to all the drugs introduced so far by the causative parasites and the
escalating cost of drug development have greatly reduced the commercial incentive to develop new chemical
anticoccidials [1], [6], [71, [8], [9], [10], [11]. Moreover, nowadays, consumers request poultry products that are free
from residual antiparasitic drugs [12]. Consequently, the development of alternative, safer and environmentally friendly
anticoccidial agents have become priority in most parts of the world [13]. The use of natural products as an alternative
to drugs may be the best solution to this consumer demand. Many studies have reported the in vivo efficiency of natural
plant extracts in the treatment of coccidiosis [14], [15], and [16]. Garlic (Allium sativum) and turmeric (Curcuma longa)
were widely used to cure and prevent diseases in human beings [17, 18].

Turmeric (Curcuma longa) is a tropical plant native to southern and southeastern tropical Asia. The main yellow
bioactive substances isolated from the rhizomes of Curcuma are curcumin, demethoxycurcumin and
bisdemethoxycurcumin which are present to the extent of 2 - 5 % of the total spice in turmeric powder. Curcumin is the
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main important bioactive ingredient responsible for the biological activity of curcuma. Curcumin has been shown to
have several biological effects, exhibiting anti-inflammatory [19], antioxidant [20] and hypolipidaemic [21] activities.
Curcumin has also been studied extensively as a chemopreventive agent in several cancers [22]. Additionally, it has
been suggested that curcumin possess hepatoprotective, antitumor, antiviral and anticancer activity [23]. It is used in
gastrointestinal and respiratory disorders [24]. The significant biological properties of turmeric powder make it a
potential substitute for in feed antibiotics in livestock diets.

Garlic (Allium sativum) is grown in many areas throughout the world and is considered by herbalists to be one of the
most essential and useful herbs used for medicinal purposes. There are numerous reports indicating the efficacy of
garlic in the prevention and treatment of a variety of diseases and for validating its traditional uses. For instance, garlic
has been described to exhibit broad antimicrobial activity against bacteria ,fungi and virus [25], [26], [27], antitumor
activity [28], as well as antithrombotic, antiarthritic, hypolipidemic, and hypoglycemic activities [30, 31] Moreover,
garlic has been reported to be effective against diverse parasites such as Amoeba [32], Leishmania [33], Trypanosoma
[34] and Cryptosporidium [35]. The efficacy of garlic on Coccidia infections has been reported in rabbits [36]. In
Chinese herbal medicine, garlic is used to prevent influenza, relieve toxicities, and Kill parasites such as roundworms
and tapeworms [37]. Freshly crushed Garlic (Allium sativum) contains allicin, alliin, ajoene, diallylsulfide, dithiin, S-
allylcysteine. Ahsan et al. [38] reported that feed added Garlic can upgrade immune performance against IBD and ND
in poultry.

This study is a part of a programme aiming to find alternative strategies to synthetic coccidiostats for treatment and
control of coccidiosis in chicken using medicinal plants (natural products). The objective of this study was to evaluate
the efficacy of turmeric and garlic powders against mixed Eimeria species through in vitro and in vivo experimental
designs.

2. Materials and methods

2.1. Plant materials

Garlic (Allium sativum) and Turmeric (Curcuma longa) powders were purchased from a local source.

2.2. Experimental drug

Amprolium (Amproxine 20%, Water soluble powder, Pharma swede Pharmaceuticals company Ltd., Egypt) a
commercially available anticoccidial drug for the routine treatment of avian coccidiosis (due to Eimeria species) was
used to compare the anticoccidial effects of the plant powders.

2.3. Eimeria spp. strains

The challenge oocysts were isolated from the intestine and ceci of naturally infected chickens. The oocysts were
separated by using sieving and sedimentation techniques [39]. The collected oocysts were allowed to sporulate at room
temperature in 2.5% potassium dichromate solution. . The sporulated Eimeria oocysts were cleared and counted per 1.0
ml of the solution using the McMaster technique as described by Soulsby [39]. The collected field strains of sporulated
Eimeria oocysts were kept at the Dept. of Parasitology, Faculty of Veterinary Medicine, and University of Sadat City
until their use for in- vitro and in vivo studies. Mixture of the oocysts used consists of E. tenella 30%, E. maxima 20%,
E. acervulina 20%, and E. neatcrix 15%, and E. mitis 15%.

2.4. Chickens

One-hundred and forty one-day old Hubbard broiler unsexed chicks were obtained from a local commercial broiler
hatchery and used in the trial. The birds were kept under good hygienic measures. Drinking water offered ad libitum.
Chicks were fed on balanced commercial ration free from anticoccidials. The chicks were floor reared in separate units
along the experimental period. Faeces were examined microscopically to insure that they are free from coccidiosis.

2.5. In vitro study of garlic and turmeric efficacy

Different concentrations from Garlic powder [40] and Turmeric powder [41] (10, 5, 2.5, 1.25, 0.6, 0.3, 0.2 and 0.08 g
/liter dist. water) were prepared. For comparison, Amprolium was used at the recommended concentration (1.25¢/ liter)
as reference drug. Separate Petri dishes containing 10 ml of each concentration of plant powders were inoculated with
equal number of viable sporulated oocysts and incubated at 25°C and examined after 1hr, 6 hr and 18hr. from
incubation. The Efficacy of tested plant powders was calculated according to the following equation:-

Efficacy = 1- death/total %.
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2.6. In vivo study of garlic and turmeric efficacy
2.6.1. Experimental design

A total of one-hundred and forty one — day old Hubbard broiler chicks were randomly divided at 1% day of age into
seven equal groups (from G1 to G7), each of 20 chicks, the groups were arranged as the following:

Group 1: Infected and supplemented with turmeric powder at 10 g/liter drinking water.

Group 2: Infected and supplemented with turmeric powder at 5 g//liter drinking water.

Group 3: Infected and supplemented with garlic powder at 10 g//liter drinking water.

Group 4: Infected and supplemented with garlic powder at 5 g//liter drinking water

Group 5: Infected and treated Amprolium powder at 1.25 g / liter drinking water.

Group 6: Infected - non treated (isolated control positive).

Group 7: Non infected — non treated (control negative).

All groups except group 7 were infected with 10,000 sporulated oocysts / bird orally of mixed Eimeria spp. at 3" day
old age (zero days). Treatment by drugs started at the same day of infection (3" day of age) in the drinking water (8 hrs
per day after thirst for one hour) till the end of experiment (14" day of age).

Evaluation of the tested powders efficacy

2.6.2. Clinical examination
The clinical signs as depression, ruffled feathers, bloody diarrhea, loss of appetite were recorded during experimental
period.

2.6.3. Mortality rate

The daily number of dead birds as a result of coccidial infection were recorded and calculated as a percentage of
mortality.

2.6.4. Parasitological examination (Oocysts count)

Fresh fecal droppings were collected from the litter spread on the ground from each group for oocysts count daily from
5" till 9" dpi. When only few or no oocysts could be detected in fecal droppings (related to oocysts shedding curve of
the control group). The mean number of oocysts per gram feces for each group was counted using the Mc Master
counting technique according to the method described by Long and Joyner [42].

2.6.5. Post mortem examination
It was carried out at 5™, 7", 9™ 11" d.p.i. Three birds from each group were randomly picked up for P.M. examination
as well as all birds that died during the experiment. Lesion scores were determined by macroscopic examination of the

intestine and ceci of each bird according to [40]. Lesion score was 0 when no evident lesions were detected while a
score 3 referred to the severely affected bird.

Table 1: Lesion Score According to [40]

Grade Remarks
Grade 0 (-) * No evident lesions.

* Light redness of the intestinal wall.
Grade 1 (+) * Mild thickening of the intestinal wall.

« 1-3 focal lesions in 3 cm. of the intestinal wall.
* Moderate redness of the intestinal wall.
* Moderate thickening of the intestinal wall.
* 3-6 focal lesions in 3 cm. of the intestinal wall.
+ Ballooning in the caecum.
* Severe congestion of the intestinal wall.
Grade 3 (+++) « Increase the thickening of the intestinal wall.
* Ballooning in the caecum and presence of “bloody cecal core”.

Grade 2(++)

2.7. Statistical analysis

The data obtained were statistically analyzed by analysis of variance (Anova) and comparing groups was performed
using the least significant difference (LSD) at p < 0.05 according to Petrie and Watson [43] and computerized using
SPSS 11 (2001).
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3. Results

3.1. In vitro study of efficacy of turmeric and garlic powders on oocyst vitality

The highest efficacy of tested plants powders was recoded after 18 hr. post exposure which varied according to different
concentrations of the tested powders. Concerning to turmeric powder, the highest efficacy was 66% at the concentration
of 10g/liter distilled water. The lowest efficacy was 60% at the concentration of 0.08g/liter distilled water. Passing
through the other used concentrations of turmeric powder (5, 2.5, 1.25, 0.6, 0.3 and 0.2 g/ liter distilled water), they
showed reduced efficacy (65.22%, 65%, 64.42%, 64%, 62% and 62% respectively). Concerning to garlic powder, the
highest efficacy was 80% at the concentration of 10g/liter distilled water. The lowest efficacy was 71% at the
concentration of 0.08g/liter distilled water. Passing through the other used concentrations of garlic powder (5, 2.5, 1.25,
0.6, 0.3 and 0.2 g/liter), they showed reduced efficacy (80%, 77.75%, 76%, 75.22%, 72.72% and 71.22%), respectively.
The highest efficacy of Amprolium was 90% after 18 hr from exposure to the recommended dose. The efficacy of garlic
was nearly similar to that of Amprolium and higher than turmeric at different concentrations.

Table 2: Effect of Turmeric and Garlic Powders on Eimeria Oocyst Vitality.

Exposure time

Concentration /liter distilled water

After 1 hr. After 6 hr After 18 hr.
10g 60 % 65% 66%
g 5¢g 60% 64% 65.22%
s 2.5¢ 59.22% 64% 65%
= 1.25g 59.12% 63.55% 64.42%
'S 0.69 58% 63.25% 64%
S 0.3g 57.55% 61.2% 62%
2 0.2¢ 57.45% 60% 62%
0.08g 53% 58.11% 60%
10g 75% 80% 80%
= 5¢g 74.2% 77% 80%
'g 2.59 74% 7% 77.75%
e 1.25g 73.44% 74% 76%
Q 0.69 71% 75% 75.22%
s 0.3g 70% 71% 72.72%
o 0.2¢ 70.77% 70% 71.22%
0.08g 70% 70.11% 71%
Amprolium (1.25 g) 76% 83.83% 90%

3.2. In vivo study
3.2.1. Clinical signs

In supplemented and treated groups (G1,G3,G4 and G5), the symptoms were milder than other groups (G2,G6) as birds
showed depression, decrease the activity and slight bloody diarrhea at 5™ and 7"dpi then returns to the normal condition.
Moreover, Group 2 (supplemented with 5 g turmeric powder /liter drinking water) showed depression, ruffled feathers,
bloody diarrhea and mortality rate of (10%). On the other hand, infected non-treated group (G6) showed ruffled feathers,
decrease of appetite, depression, bloody diarrhea, paralysis and mortality rate of (20%). Symptoms started from 5" dpi
with maximum strength at 7" and 9™ d.p.i. and then regression and disappearance of bloody diarrhea till the end of the
experiment. Bloody diarrhea and other signs were less severs in garlic supplemented groups than turmeric
supplemented groups.

3.2.2. Lesion score

The severity of congestion, hemorrhage and ballooning of caeci in garlic supplemented groups (G3 and G4) was less
severe compared with turmeric treated groups (G1 and G2). Commonly all infected supplemented and treated groups
showed gradual increase of congestion of all intestinal mucosa and the ceaci were ballooned from 5th to 9th dpi. On the
other hand, group 6 (infected and non-treated) showed severe congestion, increase in the thickness of the intestinal wall,
severe hemorrhage, ballooning in the caeci and presence of bloody cecal core from 5th to 7th d.p.i. The severity of
congestion was gradually decreased within 10 and 11th dpi. Furthermore, group 7 (non-infected and non-treated)
showed no lesions.
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3.2.3. Oocysts count

The highest oocysts count in all infected groups was recorded at 6th, 7th and 8th dpi. There was significant increase in
total oocysts count in G6 (infected, non-treated group) (66.8+0.48 x 10% compared with other groups. Moreover, a
significant decrease in total oocysts count in G3 (2.88+ 0.07 x 10°%) and G5 (1.08+0.03 x 10°) compared with other
supplemented groups (G1, G2, G4) and infected, non-treated group (G6) (12+ 0.34, 21+ 0.48, 10.67+ 0.10 and
66.8+0.48 x 10°), respectively. Garlic supplemented at 10g/liter and Amprolium induced high reduction in total oocysts
count.

Table 3: The Oocysts Count (X 10° / G Feces), Mortality (%) and Lesion Score in Broiler Chickens Experimentally Infected with Mixed Eimeria
Spp., and Supplemented with the Tested Powders. (Mean + S.E.).

Time / dpi G1 G2 G3 G4 G5 G6 G7
5th 0.5+0.02° 1+0.05° 0.1+0.01¢ 0.27+0.02"° 0.1+0.011 0.8+0.08° 0.00°
6th 3.5+0.10°  4+0.10° 0.6+0.03¢ 1.2+0.03¢ 0.18+0.01 20+0.10° 0.00°
7th 4+0.10™ 6+0.10° 0.75+0.01  3+0.09° 0.4+0.01% 33+0.10° 0.00
8th 2+0.03¢ 7+0.09% 1.2540.15°  4.5+0.10° 0.3+0.01f 9+0.08° 0.00°
9th 2+0.03" 3+0.09®  0.18+0.07°  1.7+0.02° 0.1+0.01° 4+0.10° 0.00f
Total 12+0.34° 21+0.48"  2.88+0.07°  10.67+0.10% 1.08+0.03"  66.8+0.48%  0.00¢
Mortality (%) 0.00 10.0 0.00 0.00 0.00 20.0 0.00
Lesion score ++ ++ + + - +++ -

Values are means * standard error. Mean values with different letters at the same row differ significantly at (p < 0.05).

4. Discussion

Coccidiosis is an economic and health problem in the poultry industry and can infect any type of poultry in any type of
facility and its occurrence is worldwide [44]. Historically, the severity of experimental Eimeria infection in chickens
has been assessed by loss of body weight gain, excretion of fecal oocysts, and the presence of intestinal lesions [45].
These disease parameters reflect host immunity status in avian coccidiosis [46]. The the present study was planned to
evaluate an in- vitro efficacy of different concentrations of turmeric and garlic powders on mixed Eimeria oocysts
vitality and application of the most effective concentrations in vivo on the experimentally infected with mixed Eimeria
species broiler chicks.

The in vitro study revealed that both garlic and turmeric powders induced anticoccidial effect which was concentration
dependent and increased by increasing the concentration of the tested powders. Garlic by its high concentration exerted
the greatest percentage reduction in oocysts vitality and had high in vitro anticoccdial effect.

The present work showed also the detrimental effect of coccidiosis on clinical signs, mortality rate, lesion scoring and
oocysts count after challenging the chicks with oocysts of mixed Eimeria sp. High mortality rate was recorded in the
infected non treated group primarily during the first days after inoculation .The detrimental effect of infection was also
reflected in the appearance of bloody diarrhea during 4-6 days after infection, the highest total oocysts count recorded in
the excreta collected on 5™ 6™, 7" 8", and 9" d.p.i.. And in the lesion score of the duodenum and cecum recorded at
5" 7th, 9th and 11" d.p.i. The tested herbal powders were shown to alleviate the deleterious effect of the experimental
infection in chicken. Best results were obtained in groups treated with Amprolium, garlic powders followed by turmeric
powder as compared with infected non treated group. The mortality % was prevented completely in all supplemented
groups except in turmeric supplemented group with (5g/liter) decreased compared with infected non treated group.
Bloody diarrhea were seen in all the experimental groups, except the uninfected control group, but the extent of bloody
diarrhea in the groups supplemented with Amprolium and the tested powders of garlic at concentrations of ( 5 and 10 g)
and turmeric at concentration of (10 gram) was milder than that of other groups. The oocysts count and lesion score
were zero in uninfected groups. Large number of oocysts was produced in all the infected groups. However, addition of
either of the tested plant powders and Amprolium to drinking water of infected chickens significantly decreased the
total oocysts count and improve lesion score.

From our results it is concluded that supplementation with powders of either garlic and turmeric exhibits anticoccidial
activity which was comparable with that of the anticoccidial drug and evidenced by prevention or reduction of
mortality , lowering gut lesion scores and reduced fecal oocyst shedding of the infected chickens as compared to the
infected non treated group. These results specially diminished oocyst output suggest that both powders can inhibit or
impairs invasion and/ or replication and development of Eimeria parasites species in the gut tissues of chickens before
the relatively inert oocysts are formed and finally released (i.e. they effect on the intracellular stages of the infected
Eimeria specially at the 2nd schizogony stage (late stages of asexual cycle) as well as those of the sexual stage of
Eimeria at the lumen of the intestine). Such an impairment and even inhibition of the intracellular development of
parasites by garlic and turmeric are also known to occur with most anticoccidial drugs.

The anticoccidial effect of these tested plant powders may be attributed to their antioxidant effect. Antioxidant
compounds could hold promise for the control of Eimeria infections due to the association of coccidial infection with
host cell destruction which being associated with oxidative stress and lipid peroxidation of the intestinal mucosa. So,
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antioxidant-rich plants may be lethal to the parasites by inducing oxidative stress and neutralize reactive oxygen species
and have potential benefits in treating coccidial infections. According to Allen et al. [47] antioxidant compounds are
known to reduce the severity of Eimeria tenella infections by ameliorating the degree of intestinal lipid peroxidation.
One of the most potent veterinary anticoccidials, toltrazuril, is believed to achieve some, if not all, of its beneficial
effect by limiting the degree of lipid peroxidation [48]. Plants of the genus Curcuma, including C. longa (turmeric), has
anti-oxidant and anti-inflammatory properties which could be detrimental for disease outcome and Curcumin is thought
to be used to eliminate the intracellular parasites [49], [50], [51], [52]. Moreover, Allen and Danforth [53] concluded
that feed supplementations with products that have antioxidant properties such as the spice tumeric (1%), as well as its
main medicinal component, curcumin (0.05%) appear effective in reducing upper- and midsmall- intestinal infections
caused by E. acervulina and E. maxima. It has been reported that the drinking water supplemented with the different
concentrations of the turmeric powder were suppressive towards the development of coccidiosis in chickens [47].
Moreover, the lower oocysts count recorded in the infected groups given the herbal powders was probably due to the
presence of the phenolic compounds in the tested herbal powders. Phenols can interact with cytoplasmic membranes
and change their cation permeability, leading to impairment of crucial processes in the coccidia cells and, finally, their
death [54]. The active compound of turmeric is the phenolic compound curcumin, which has been shown to have
antioxidative, anti-inflammatory and immunomodulatory properties [47]. Furthermore, organosulfur compounds present
in garlic are the most important contents responsible for most of their pharmacological effects. Among these
biologically active compounds, allicin, allyl methyl sulfide, DTS, and ajoene have been shown to be the main
responsible compounds for the antifungal, antibacterial, antiprotozoal, and antiviral effects of garlic, respectively [55].
The most important researches showing that elimination from crushed fresh garlic a class of volatile sulphur compounds
called thiosulfinates [56]. The sulphur content of the garlic is very close to 1.0 % of its dry weight (0.35 % of its fresh
weight) [57], [58]. The efficacy of sulphur compound against coccidiosis was firstly confirmed by Herrick and Holmes
[59]. Also it was confirmed by Saif et al., [60] who recorded that the sulphur compound was used as anticoccidial drug
in broilers production from year of 1936.

The efficacy of the herbs tested in the present trial has previously been evaluated in other experiments. Toulah and Al-
Rawi [36] successfully used garlic extract in treatment of rabbit hepatic coccidiosis. Furthermore, Naidoo et al. [61]
reported that several plant extracts as Tulbaghia volrzcea (garlic), Vitis vinifera (grape vine) and Artimisia ofra showed
successfully attenuated coccidosis by targeting lipid peroxidation of intestinal mucosa. Similarly, Dkhil et al. [62]
concluded that garlic treatment significantly attenuated inflammation and injury of the liver induced by E. papillata
infections and oocysts output is significantly decreased in garlic-treated mice. In addition, El-Banna et al. [63]
concluded that aqueous extract of Allium sativum and Aloe vera could be used an alternative treatment for controlling
avian coccidiosis when added in drinking water in concentration of 100 ppm daily for 5 consecutive days. On the other
hand, Allen et al. [47] observed the anticoccidial effect of dietary supplementation of 1% curcumin in chickens after
infection of E. maxima and E. tenella species. Reduced lesion scores and oocyst counts were shown only against E.
maxima. Moreover, Fetouh and Naji [64] concluded that Nigella sativa and Curcuma longa either used alone at dose of
1000 ppm or combined with each other at dose of 500 ppm for each in diet have significant anticoccidial activity
comparable to / or better than Diclazuril. Furthermore, Yosseff et al. [65] concluded that curcumin treatments relatively
minimize the infection, lowered mortality rate and oocyst shedding after 14 days post infection as nearly as Baycox®
which is the superior in controlling mortality (0%). Similar approach had been done by Abbas et al., [66] who
concluded that turmeric powder supplemented to ration of broilers at 3% conc from day 1 till the end of experiment
significantly lowered oocysts count in mild infection of E. tenella. And used as a feed additive for the control of
coccidiosis in broilers. In addition, Khalafalla et al. [41] concluded that curcumin exhibited a marked inhibitory effect
in vitro on E. tenella sporozoites inducing morphological changes and reducing sporozoite viability and infectivity.

5. Conclusion

The results of the present study suggest that supplementation with herbal powders of garlic and turmeric at
concentrations of (5 and 10 g/liter drinking water) partly alleviates the negative impact of Eimeria infection in broiler
chickens. The beneficial effect of the herbal powders on the number of oocysts per gram of excreta of the infected
chickens was comparable to that exhibited by Amprolium. These effects were highest with garlic. It can be concluded
from our data that garlic and turmeric powders exhibits a significant anticoccidial activity and are recommended for
control of Coccidiosis.
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