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Abstract
Parasitic gastroenteritis (PGE) is one of the most important parasitic diseases that causes economic losses and health problems 
in ruminants. PGE causes a drop in milk, meat, and wool production in addition to decreasing animal fertility and some-
times leading to animal death. Conventional anthelmintics used for animal treatment are expensive, especially for farmers 
in developing countries. Moreover, the concern of anthelmintic resistance to these synthetic drugs is rising. Therefore, this 
study aimed to evaluate the anthelmintic activity of plant extract pomegranate (Punica granatum L) peel extract (PPE) against 
PGE infestations among ruminants. A total of 120 ruminants of different species (20 cattle, 12 buffalos, 68 sheep, and 20 
goats) were examined for PGE eggs in their fecal samples. The animals under experiment were divided into four groups: the 
first group (negative control) was not given any drugs, the second group was given ivermectin (0.5 ml/25 kg bwt) (positive 
control 1), the third group was given albendazole (2.5 mg active principle/kg bwt) (positive control 2), and the fourth group 
was given PPE (200 mg/kg bwt). Fecal egg count (FEC) was performed on day 0 prior to the 1st dose of treatment. On day 
15, an additional treatment (with the same doses) was administered and FEC was performed on days 7 and 21. Our results 
showed that on the 7th day of the experiment, there was an increase in FEC in the negative control group by 5%, while in the 
second, third, and fourth groups, there was a decrease in FEC with 95%, 90%, and 85% respectively. On the 21st day (7 days 
from the second dose), there was an increase in FEC in the control group by a 10% and 100% reduction in FEC in both the 
second and third groups. While in the fourth group, there was a decrease in FEC by 97%. In conclusion, PPE could be used 
as a safe, cheap, and effective natural anthelmintic against PGE.
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Anthelmintics · Punica granatum

Introduction

Gastrointestinal nematode (GIN) infections significantly 
impact ruminants’ health, welfare, reproduction, and pro-
ductivity by eliminating nutrients from the ingesta and hav-
ing indirect effects on the immune response (Sargison 2012). 
The helminths infest animals and cause the main reduction 
in food production worldwide (Mavrot et al. 2015). Spe-
cifically, GIN disease, brought about by different genera of 
nematodes (e.g., Haemonchus, Teladorsagia, Trichostron-
gylus, and Oesophagostomum), stays one of the primary 
imperatives to ruminant production (Musella et al. 2011).

Since the mid-1960s, GIN control in humans and animals 
has seriously relied on anthelmintics. All anthelmintics used 
against worm infections were effective with a percent reach 
to 99% (Coles et al. 2006). Up to now, their control is still 
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essentially dependent on the utilization of substance anthel-
mintic medications (Hoste and Torres-Acosta 2011).

Among these anthelmintics, ivermectin, benzimidazole, 
and albendazole are widely used for controlling these para-
sites. In a previous experiment, there was a significant reduc-
tion of eggs per gram count on the 7th, 14th, 21st, and 28th 
day upon treatment with ivermectin, where the efficacy per-
centages were 90.51%, 89.85%, 87.91%, and 86.38% (Khalid 
et al. 2004). In addition, they found that the egg count of 
the untreated control group increased significantly by 7.88, 
11.45, 20.15, and 30.26% on the 7th, 14th, 21st, and 28th 
day, respectively (Khalid et al. 2004). In contrast, alben-
dazole acts as an ovicidal, broad-spectrum benzimidazole 
methyl carbamates anthelmintic and is effective against a 
wide variety of gastrointestinal and lung nematodes (Stein-
mann et al. 2011).They are most effective against larval and 
adult roundworms and also active against tapeworms and 
trematodes. The recommended dose for nematodes is 5 mg/
kg for sheep and goats and increased to 7.5 mg/kg in case of 
cestodes and liver flukes (Rock et al. 2007).

Plant-based anthelmintics could be an alternative to 
synthetic anthelmintics to control parasitic gastroenteritis 
infestations (Akhtar et al. 2000). Investigating native natural 
cures is one rational approach for developing less costly and 
safer anthelmintics (Soetan et al. 2011).

Research on restorative plants worldwide has confirmed 
the common belief that such plants can efficiently reduce 
parasitism force and, as a result, can be natural alternatives 
to commercial anthelmintics. The existence of optional 
metabolites, such as tannins, alkaloids, flavonoids, and triter-
penoids, is primarily responsible for the anthelmintic activ-
ity of these restorative plants (Niezen et al. 1995).

One of these plants is Punica granatum L (P. granatum), 
which is native to Asian countries and has been cultivated 
and naturalized in the Mediterranean region since ancient 
times. This herbal species has been studied as a restorative 
specialist with a wide range of therapeutic signs (Bassiri-
Jahromi 2018). P. granatum has been used in traditional 
pharmaceuticals for various diseases, such as mosquito 
repellent, controlling parasitic and protozoa infestations 
(Abdel-Ghaffar et  al. 2010; Abdel-Hafeez et  al. 2016; 
Jebanesan et al. 2020). This action appears to be primarily 
attributed to the pelletierine, a particle having a place in the 
lesson of the alkaloids, displayed within the bark of the root 
of P. granatum (Aggarwal et al. 2016; Jayaprakash 2007). 
The root, stem bark, and, to a lesser degree, the natural prod-
uct skin of pomegranate have been commonly used as ver-
mifugal or taenicidal specialists (Prakash and Prakash 2011). 
Furthermore, the peels and seeds of P. granatum L. have 
a variety of beneficial properties, including antibacterial, 
antifungal, antioxidant, antitumor, antiviral, antimalarial, 
and antimutagenic properties (Dipak et al. 2012; Doostkam 
et al. 2020; Hajoori et al. 2014). It is utilized in society as a 

medication to treat diarrhea as it has an antiprotozoal effect 
(Rufeng Wang et al. 2010). The methanolic extract of P. 
granatum L. var. nana was reported to have three effects 
via antioxidant action, nematicidal action against nematode 
species, and hepatoprotective movement against carbon 
tetrachloride actuated hepatotoxicity (Emam et al. 2015). 
Also, Castagna et al. (2020) recorded that in vitro use of 
P. Granatum L aqueous extracts against egg of sheep GIN 
caused egg hatch inhibition within 48 h of exposure (> 82%). 
Moreover, this inhibitory effect was increased to 99.3% by 
using methanol fraction of P. granatum L.

The attributed antioxidant activity is referred to poly-
phenols, flavonoids, and different plant extracts (Correddu 
et al. 2020; Dkhil et al. 2012; Fourati et al. 2020; Metwaly 
et al. 2012). Beside that, it has anti-inflammatory proper-
ties (Abdel Moneim 2012; Fourati et al. 2020). Despite 
the numerous functions, research has been conducted to 
look at the viability of P. granatum in treating innumerable 
infections and microbial diseases, much remains obscure, 
particularly its impact on parasitic infection. P. granatum 
has anti-cestocidial, anti-nematicidal (Abdel-Ghaffar et al. 
2010; Fernandes et al. 2004; Korayem et al. 1993; Pradhan 
et al. 1993), and antiprotozoal effects (Calzada et al. 2006; 
Dell’Agli et al. 2009). Its activities are also extended to be a 
promising treatment for Cryptosporidium parvum-induced 
cryptosporidiosis without any side effects (Aboelsoued et al. 
2019; Al-Mathal and Alsalem 2012). So this study aimed 
to evaluate the anthelmintic activity of PPE against PGE 
infestation among ruminants.

Material and methods

Study animals and clinical examination

A total of 120 animals (20 cattle, 12 buffalos, 68 sheep, 
and 20 goats) kept under a semi-intensive management sys-
tem in ruminant farm in Al Qubabat village — Atfih town 
— Giza, Egypt, were randomly selected. The animals were 
exposed to clinical examination as, detection of any gross 
clinical signs, examination of mucous membranes and wool 
in addition to examination for bottle jaw and complete exter-
nal examination.

Fecal samples collection

A total of 120 fecal samples were collected from the 120 
animals understudy to screen the PGE infestation. The col-
lected samples were put in sterile and labeled screw-capped 
test tubes in an icebox until transported to the laboratories 
at the Faculty of Veterinary Medicine, Cairo University. The 
ethical approval was granted by the Faculty of Veterinary 
Medicine at Cairo University based on the recommended 
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principles for the use of animals in conducting research. The 
animals were used with the consent of the farmers.

Parasitological examination

Gross examination

Macroscopic inspection of each fecal sample was carried 
out to detect the color, odor, and consistency of the feces. 
Also, feces were examined for the presence of any parasites, 
blood, or mucous.

Microscopical examination (concentration flotation 
technique)

This procedure was embraced to detect the parasite eggs 
(Fig. 1), according to Levine et al. (1969). Briefly, 10 ml of 
the saturated salt solution (sodium chloride) was added to 
2 g of fecal samples in an appropriate test tube. After good 
mixing, the suspension was sieved to remove any undigested 
food particles in feces. Then, the fluid was poured into a test 
tube then saturated salt solution was used totally fill the tube. 
Then, the tubes were centrifuged at 450 g rcf (1500 rpm) for 
5 min for more floating of eggs. A cover glass was set on 
the best of the surface of the fluid for a few minutes, then 
expelled vertically and set on a slide, and inspected beneath 
the magnifying lens.

Egg counting technique

Egg count was decided for positive tests as it was utiliz-
ing the McMaster technique. Two grams of fresh feces were 

included in 58 ml of saturated sodium chloride arrangement. 
The suspension was strained through a fine strainer. The 
compartments of the checking chambers of the McMaster 
slide were rapidly filled from the collected suspension with 
a pipette. After 10 min, the number of eggs in both checking 
chambers was counted under microscopes (Labomed × 10, 
40 and × 100). The total number of the recognized eggs 
was calculated as follows: Number (No.) of eggs per gram 
(epg) = (total No. of eggs counted/No. of counting cham-
bers) × 200. The number of eggs per gram only depends on 
the number of eggs counted in each chamber, and there are 
no standard numbers.

Coproculture

Fecal samples were collected immediately from animals 
understudy to be examined for the presence of third-stage 
larvae of PGE causing nematodes (L3), according to Pilo 
et al. (2012). Briefly, coprocultures were prepared with 40 g 
of feces for each sample for in vitro growth of larvae (L3). 
The feces were mixed and put into a glass jar, which was 
closed and kept at a temperature of about 26 °C for 14 days. 
Larvae were then separated using the Baermann technique 
and identified according to Van Wyk (2013) morphological 
keys.

The used anthelmintics

Ivermectin 1% w/v, sterile non-aqueous solution, each 1 ml 
contains 10 mg ivermectin, given at a dose of 0.5 ml/25 kg 
bwt (200 µg active principle/Kg bwt) by subcutaneous injec-
tion (UCCMA, Egypt). Albendazole 2.5% w/v, each 100 ml 
contains 2.5 g albendazole, given at a dose of 1 ml/10 kg bwt 
(2.5 mg active principle/kg bwt) by oral drenching (Pharma 
Swede, Egypt).

Pomegranate peel extracts (PPEs) preparation

Pomegranate fruits were picked when they were ready and 
cleaned to remove foreign materials as soil, gravel, stems, 
and leaves and washed with water. The peel was removed 
from meat fruit and pomegranate seeds and was finely sliced. 
Then pomegranate peel pieces were dried under clear sun-
light till complete dryness before application.

The methanolic extract of the pomegranate peel was per-
formed by pounding to the extent of 1:2:2 (w peel/v water/v 
methanol) then left at 4 °C/48 h. Then extract was sieved 
and exposed to pressure at 40–50 °C to remove the solvent, 
then stored at 3–4 °C and assigned as a methanol extract 
of pomegranate peel (Abdel Moneim 2012). The extract is 
then used at a dose of 100% (PPE of 100% = 500 g + 500 ml 
water) (Amelia et al. 2017b).

Fig. 1  Parasitic gastroenteritis egg in the fecal sample of the infested 
ruminants examined with concentration flotation technique
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Experimental design

A total of 120 experimental ruminant animals were divided 
into four groups. The first group was not given any drugs 
(control negative), the second group was given ivermectin 
1% (control positive 1), the third group was given alben-
dazole 2.5% (control positive 2), and the fourth group was 
given pomegranate peel methanolic extract (experimental) 
orally for respective 7 days (PPME; 200 mg/kg bwt). At 
day zero, these drugs were given with fecal samples col-
lection and investigation microscopically by concentra-
tion flotation technique and results were reported. After 
7 days, fecal samples collection and investigation micro-
scopically by concentration flotation technique and results 
were reported again. For more effective PGE control, 
all treated animals received two drug doses at a 2-week 
interval (Steinmann et al. 2011). So, at 15th day from day 
zero, the same drugs with the same doses were given. Then 
7 days after the second drug dose (21st day from day zero), 
fecal samples were collected and investigated microscopi-
cally by concentration flotation technique, and the results 
were reported (Fig. 2).

Efficacy reduction of FEC%

The efficacy percent of the used anthelmintics is evaluated 
based on reduction in eggs/gram of feces according to Knox 
(2002): Efficacy reduction of FEC% = (Pre-Post)/Pre × 100.

FEC = fecal egg count, Pre = mean eggs per gram before 
treatment, and Post = mean eggs per gram post-treatment.

Statistical analysis

Statistics were performed using SPSS 17. One-way analy-
sis of variance (ANOVA) was used for analyzing the data, 
after testing the data normality with Shapiro–Wilk test, fol-
lowed by Dunnett’s test for multiple comparisons. P < 0.05 
is deemed to be significant. *, P < 0.05, **, P < 0.01, ***, 
P < 0.001, ****, P < 0.0001.

Results

The effect of PPE had been presented in different animal 
species compared to synthetic anthelmintics. For this pur-
pose, a total of 120 animals (20 cattle, 12 buffalos, 68 sheep, 
and 20 goats) infested with PGE were used. Preliminary 
investigations using coproculture of collected fecal samples 
illustrated the presence of mixed infection with five species 
of PGE causing parasites (Haemonchus spp., Ostertagia, 
Trichostrongylus, Cooperia, and Nematodirus).

The effect of PPE, ivermectin, 
and albendazole after the first dose 
of treatment (zero day)

On day zero, fecal samples were taken from all animals and 
examined microscopically by concentration flotation tech-
nique, and the results revealed that all animals were heav-
ily infested with parasitic gastroenteritis eggs, as shown in 
Fig. 1.

Fig. 2  Schematic illustration showing the timeline of the experimental design
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After 7 days from day zero, fecal samples were taken 
again to check the effect of given drugs on PGE in animals. 
Results showed that there was an increase in FEC in the 
control group with 5%, while in the ivermectin-treated 
group, there was a decrease in FEC with 95.01% (cattle), 
96.79% (sheep), 95.01% (goats), and 95.01% (buffalos), 
in the albendazole-treated group, there was a decrease in 
FEC with 90.08% (cattle), 90% (sheep), 90% (goats), and 
90.05% (buffalos), and finally in PPE-treated group, there 
was a reduction in FEC with 82.9% (cattle), 85% (sheep), 
85% (goats), and 85% (buffalos) (Tables 1, 2, 3, and 4 and 
Figs. 3, 4, 5, and 6).

The effect of PPE, ivermectin, and albendazole 
after the second dose of treatment (after 15 days 
from day zero)

The three animal groups were given the same drugs and 
PPE with the same previously stated concentrations at day 
15 from day zero. Fecal samples from all animal groups 
were collected after 7 days from the second drug doses. FEC 
was examined microscopically by the concentration flotation 
technique. The results showed that there was an increase in 
FEC in the control group with 10%, while in the ivermectin-
treated group, there was a decrease in FEC with approxi-
mately 99.91% (cattle), 99.94% (sheep), 99.99% (goats), and 
99.99% (buffalos). While in the albendazole-treated group, 
the decrease in FEC was approximately 99.91% (cattle), 
99.92% (sheep), 99.98% (goats), and 99.94% (buffalos). 
Regarding the PPE group, there was a significant decrease in 

FEC with 96.59% (cattle), 96.99% (sheep), 97% (goats), and 
97% (buffalos) (Tables 1, 2, 3, and 4 and Figs. 3, 4, 5, and 6).

Discussion

Parasitic gastroenteritis has a significant effect on the 
development of livestock production as it causes signifi-
cant economic losses, particularly in areas using extensive 
grazing systems. Also, severe gastrointestinal nematode 
infestation increases mortality rate and decreases meat 

Table 1  The effect of pomegranate peel extract (PPE), ivermectin 
(IV) 1%, and albendazole (Al) (2.5%) on parasitic gastroenteritis egg 
count per gram of feces in ruminant animals. Means and standard 
deviations of non-treated control, pomegranate extract, albendazole, 
and ivermectin groups of parasitic egg count before and after their 
treatment in cattle species

Cattle exp Number of val-
ues (NV)

Mean SD

Pre_TTT_C 5 892 1.581
Post_TTT_1W_C 5 984.4 42.23
Post_TTT_2W_C 5 1024 40.54
Pre_TTT_PPE 5 1025 84.113
Post_TTT_1W_PPE 5 152.4 13.81
Post_TTT_2W_PPE 5 30.4 2.302
Pre_TTT_Al 5 932 61.91
Post_TTT_1W_Al 5 92.4 5.857
Post_TTT_2W_Al 5 0.8 1.304
Pre_TTT_IV 5 938 104.7
Post_TTT_1W_IV 5 46.8 5.215
Post_TTT_2W_IV 5 0.8 0.8367

Table 2  The effect of pomegranate peel extract (PPE), ivermectin 
(IV) 1%, and albendazole (Al) (2.5%) on parasitic gastroenteritis egg 
count per gram of feces in ruminant animals. Means and standard 
deviations of non-treated control, pomegranate extract, albendazole, 
and ivermectin groups of parasitic egg count before and after their 
treatment in sheep species

Sheep exp NV Mean SD

Pre_TTT_C 17 1500 189
Post_TTT_1W_C 17 1575 198.5
Post_TTT_2W_C 17 1650 208
Pre_TTT_PPE 17 1490 236.3
Post_TTT_1W_PPE 17 223.4 35.42
Post_TTT_2W_PPE 17 44.76 7.164
Pre_TTT_Al 17 1585 175.4
Post_TTT_1W_Al 17 158.5 17.56
Post_TTT_2W_Al 17 1.235 1.821
Pre_TTT_IV 17 1498 224.3
Post_TTT_1W_IV 17 74.94 11.08
Post_TTT_2W_IV 17 0.8824 1.616

Table 3  The effect of pomegranate peel extract (PPE), ivermectin 
(IV) 1%, and albendazole (Al) (2.5%) on parasitic gastroenteritis egg 
count per gram of feces in ruminant animals. Means and standard 
deviations of non-treated control, pomegranate extract, albendazole, 
and ivermectin groups of parasitic egg count before and after their 
treatment in goats species

Goats exp NV Mean SD

Pre_TTT_C 5 1249 141.8
Post_TTT_1W_C 5 1311 149
Post_TTT_2W_C 5 1374 155.8
Pre_TTT_PPE 5 1197 114.4
Post_TTT_1W_PPE 5 179.4 17.18
Post_TTT_2W_PPE 5 35.8 3.701
Pre_TTT_Al 5 1274 120.6
Post_TTT_1W_Al 5 127.4 11.84
Post_TTT_2W_Al 5 1.4 2.191
Pre_TTT_IV 5 1079 62.93
Post_TTT_1W_IV 5 53.8 3.114
Post_TTT_2W_IV 5 2.4 3.05
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production and reproductive fitness (Hoste et al. 2005). 
Chemical anthelmintics are not favorable to livestock pro-
ducers due to their high cost and the non-availability of 
such compounds to small farmers. Moreover, these para-
sites have developed a resistance to many anthelmintics, 
such as benzimidazole and ivermectin (Zajíčková et al. 
2020), decreasing their effect on the parasites.

Plants are an important source of natural compounds used 
to improve the efficacy of modern drugs (Tonuci et al. 2012). 
Recently, natural products have been developed for the treat-
ment of PGE and used as a strategy instead of conventional 
chemical anthelmintics (Marques et al. 2012; Moraes et al. 
2012; Moraes 2015; Poli et al. 2018). Traditional botanicals 
were recently used as safe, cheap, and effective anthelmintics 
against these parasites (Kanojiya et al. 2014).

As previously mentioned, pomegranate has bioactivities, 
such as hypolipidemic, antiviral, antifungal, antineoplastic, 
antioxidant, anti-inflammatory, antimutagenic, antibacterial, 
and antidiarrheal (Abdollahzadeh et al. 2011; Bassiri-Jah-
romi et al. 2018; Das and Barman 2012; Dkhil et al. 2012; 
Eldiasty et al. 2014; Zhao et al. 2018). Pomegranate and 
its constituent concentrations and levels commonly used in 
conventional medication did not report any harmful impacts 
(Vidal et al. 2003). Moreover, El-Bahy et al. detected the 
in vitro scolicidal effect of PPE on hydatid cysts (El-Bahy 
et al. 2019). So, this study aimed to evaluate the anthelmintic 
activity of PPE against PGE infestation among ruminants.

So that, a total of 120 ruminants of different species 
infested with different species of PGE causing nematodes 
were divided into four groups: control negative, control posi-
tive 1 was given ivermectin, control positive 2 was given 
albendazole, and the fourth group was given PPE. The FEC 
indicated the presence of a PGE burden in livestock in an 
indirect way (Eysker and Ploeger, 2000). These counts, 
represented by the number of epg, are generally achieved 
through a variety of methods, including the McMaster 

Table 4  The effect of pomegranate peel extract (PPE), ivermectin 
(IV) 1%, and albendazole (Al) (2.5%) on parasitic gastroenteritis egg 
count per gram of feces in ruminant animals. Means and standard 
deviations of non-treated control, pomegranate extract, albendazole, 
and ivermectin groups of parasitic egg count before and after their 
treatment in buffalo species

Buffalo exp NV Mean SD

Pre_TTT_C 3 1108 102.1
Post_TTT_1W_C 3 1163 107.1
Post_TTT_2W_C 3 1218 112.1
Pre_TTT_PPE 3 1175 25
Post_TTT_1W_PPE 3 176 4
Post_TTT_2W_PPE 3 35 1
Pre_TTT_Al 3 1260 95.39
Post_TTT_1W_Al 3 125.3 10.02
Post_TTT_2W_Al 3 0.6667 1.155
Pre_TTT_IV 3 1077 64.29
Post_TTT_1W_IV 3 53.67 3.055
Post_TTT_2W_IV 3 1 1.732

Fig. 3  The effect of pomegran-
ate peel extract, ivermectin 1%, 
and albendazole 2.5% on para-
sitic gastroenteritis egg count 
per gram of feces in cattle. 
One-way ANOVA was used for 
analyzing the data, followed by 
Dunnett’s test for multiple com-
parisons. P < 0.05 is deemed to 
be significant. *, P < 0.05, **, 
P < 0.01, ***, P < 0.001, ****, 
P < 0.0001. c, control; PPE, 
pomegranate peel extract; Al, 
albendazole; IV, ivermectin
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technique. It was found that the efficacy of ivermectin was 
higher than that of albendazole 7 days after the first dose. At 
the same time, the efficacy of PPE was 85% and 97% 7 days 

after the first and second doses, respectively. An increase 
in FEC in the negative control group was observed. These 
results indicate that PPE has an anthelmintic effect similar 

Fig. 4  The effect of pomegran-
ate peel extract, ivermectin 1%, 
and albendazole 2.5% on para-
sitic gastroenteritis egg count 
per gram of feces in sheep. 
One-way ANOVA was used for 
analyzing the data, followed by 
Dunnett’s test for multiple com-
parisons. P < 0.05 is deemed to 
be significant. *, P < 0.05, **, 
P < 0.01, ***, P < 0.001, ****, 
P < 0.0001. c, control; PPE, 
pomegranate peel extract; Al, 
albendazole; IV, ivermectin

Fig. 5  The effect of pomegran-
ate peel extract, ivermectin 1%, 
and albendazole 2.5% on para-
sitic gastroenteritis egg count 
per gram of feces in goats. 
One-way ANOVA was used for 
analyzing the data, followed by 
Dunnett’s test for multiple com-
parisons. P < 0.05 is deemed to 
be significant. *, P < 0.05, **, 
P < 0.01, ***, P < 0.001, ****, 
P < 0.0001. c, control; PPE, 
pomegranate peel extract; Al, 
albendazole; IV, ivermectin
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and comparable to that of ivermectin and albendazole com-
pared to the control group. These results agreed with those 
approved by Amelia et al. (2017b), who recorded that the 
PPE has an anthelmintic effect as it killed 82% of Ascaris 
suum females in vitro while mebendazole killed 100% of 
Ascaris suum females. Yones et al. (2016) and Amelia et al. 
(2017a) found that the pomegranate’s ethanolic stem bark 
extract had in vitro and in vivo anti-schistosomal activi-
ties. Also, these results were similar to those approved by 
Dkhil et al. (2012), who illustrated that pomegranate has a 
defensive role against E. papillata-induced coccidiosis and 
anthelmintic role. These findings indicated that they could 
be used alone, in conjunction with synthetic anthelmintics, 
or as part of a rotatory regime in parasite control programs 
in ruminants. These results agree with Labsi et al. (2019) 
who found that the combination between PPE and albenda-
zole was more effective and useful in preventing Echinococ-
cus granulosus infection. PPE preparation does not require 
the use of costly tools or equipment, nor does it necessitate 
the use of a highly skilled individual. As a consequence, 
according to our study, PPE could be used by farmers as a 
low-cost, easy-to-use broad-spectrum anthelmintic against 
various species of PGE in ruminants. Their impacts on spe-
cific PGE species, including their effects on eggs, larvae, 
and adult worms, will need further in vitro research. The 
pharmacological properties of pomegranate are alternative 
to its bioactive metabolites, such as polyphenols glycosides, 

triterpenes, sterols, flavonoids, anthocyanins, triglycerides, 
tannins, and alkaloids (Prakash and Prakash 2011; Tantry 
et al. 2009).

By checking the previous research articles, no past works 
came over to utilize pomegranate extract against PGE 
in vivo. Consequently, the displayed work was the first one 
to show its anthelmintic activity in ruminant species (cattle, 
sheep, goats, and buffalos).

Conclusion

In conclusion, PPE has been detected to have an anthel-
mintic effect on PGE in vivo in different ruminant spe-
cies, including cattle, buffalos, sheep, and goats, compared 
to the synthetic anthelmintics. So, PPE could be used as 
a safe, effective, and cheap broad-spectrum anthelmintic. 
These advantageous features raise the attention for its use 
as a substitution or complementary or rotatory with syn-
thetic anthelmintics. Further studies are required to deeply 
investigate the resistance to PPE and its residues in differ-
ent ruminant species. Although some of the known active 
principles, more studies are required to isolate and iden-
tify active pomegranate compounds that trigger their effect 
against PGE and understand their mechanism of action and 
biological activities.

Fig. 6  The effect of pomegran-
ate peel extract, ivermectin 1%, 
and albendazole 2.5% on para-
sitic gastroenteritis egg count 
per gram of feces in buffalo. 
One-way ANOVA was used for 
analyzing the data, followed by 
Dunnett’s test for multiple com-
parisons. P < 0.05 is deemed to 
be significant. *, P < 0.05, **, 
P < 0.01, ***, P < 0.001, ****, 
P < 0.0001. c, control; PPE, 
pomegranate peel extract; Al, 
albendazole; IV, ivermectin
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