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Research article
Ερευνητικό άρθρο

ABSTRACT: Haemonchus contortus (H. contortus) is a gastrointestinal nematode (GIN) common in small ruminants 
and is a significant cause of economic loss in livestock enterprises. Progressive anthelmintic resistance of H. contor-
tus is the most limiting factor in effective control. The utilization of these natural materials for treating H. contortus 
is gaining popularity. This review aims to shed light on the prevalence of H. contortus in goats and possible control 
strategies to overcome such problems by using Allium sativum (garlic).
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INTRODUCTION

Haemonchus contortus is considered a major 
blood-feeding nematode of the abomasum in 

sheep and goats, leading to severe anemia, weight 
loss, and low productivity (Schweizer et al., 2016; 
Vieira et al., 2017). H. contortus has a high propensity 
to develop anthelmintic resistance (Kotze and Prich-
ard 2016); therefore, the efficacy for effective treat-
ment of H. contortus becomes lower, causing a sig-
nificant economic loss (Brasher et al., 2023). In turn, 
recent studies have focused on using alternatives to 
parasite control (Hegazy et al., 2022). So, using me-
dicinal plants may be an alternative parasite control to 
reduce the frequency of anthelmintic treatments and 
anthelmintic residues in animal products (Besier et 
al., 2016).

As previously reported, garlic has antimicrobial, 
antioxidant, antihypertensive parasiticidal, larvicidal, 
and fungicidal properties (Worku et al., 2009, Zhong 
et al., 2019). Antiparasitic and anthelmintic activities 
of garlic have been studied in mice (Erol et al., 2008), 
rabbits (Toulah and Al-Raw, 2007), female Boer goats 
(Worku et al., 2009), and fish (Hyun Kim et al., 2019 
and Yildiz et al., 2019). Coriandrum sativum L. (C. 
sativum) belongs to the Apiaceae family. Extract from 
seeds of C. sativum has many pharmacological effects 
(Inupala et al., 2023). It has anti-diabetic, anti-hy-
perlipidemic, and antioxidant activities (Sahib et al., 
2013). The alcoholic extract of C. sativum was report-
ed to have a protective effect against hymenolepis 
nana infection in mice (Hosseinzadeh et al., 2016).

Haemonchus contortus
Internal parasites comprise 22.7% of goat mortali-

ty in the USA (Nahms, 2020). Throughout the centu-
ries, parasites have evolved to infect a wide range of 
animal species and many plant groups (Roberts et al., 
2013). Parasites live and obtain nutrition at the ex-
pense of their host, with harmful effects for the latter 
(Roberts et al., 2013). In livestock, parasitic infection 
causes a decrease in the average daily gain of the host 
due to nutritional losses (Soliman et al., 2022). How-
ever, these effects vary widely depending on parasite 
characteristics.

The long-term viability of parasites depends on 
locality and climate, and the evolution of morpho-
logical characteristics and life cycles gives Parasite 
species the means to infect their host (Roberts et al., 
2013). Understanding the mechanisms behind para-
site infections and their lifecycles could assist farm-

ers in establishing effective management strategies to 
limit gastrointestinal tract infections. Gastrointestinal 
nematode parasites inhabit and thrive in the diges-
tive tract of small ruminants (León et al., 2019). In 
livestock, parasitism by gastrointestinal nematodes 
(GINs) can adversely affect animals’ productivity, and 
in high-intensity infection cases, death occurs; more-
over, extra costs are needed for drugs and veterinary 
assistance (Attia et al. 2022). One of the major GINs 
that parasitize goats and sheep is H. contortus, with 
few clinical signs to be present before death (Muchiut 
et al., 2018).

H. contortus, the barber pole worm, is highly 
pathogenic and arguably harmful to small ruminants 
due to financial losses inflicted on producers (Waller 
et al., 2004; Schwarz et al., 2013). Losses owed to 
the thrive-failure. Anemia and oedema (bottle jaw) 
are prominent symptoms in small ruminants with H. 
contortus infection (Aboshady et al., 2023) due to 
nutrient losses the host can utilize as the nematode 
consumption strategy (Sendow, 2003). H. contortus is 
most prominent in tropical and subtropical climates, 
but considerable economic loss is found in temperate 
climates (Naeem et al., 2021). The ability of H. con-
tortus to prevail in varying climates is due to epigen-
etic regulations and genetic diversity (Naeem et al., 
2021). The extreme genetic diversity level is created 
by a large census population and the high fecundity of 
females (Salle et al., 2019).

The hot and humid climate of the southern Unit-
ed States promotes high H. contortus infection rates 
(Terrill et al., 2012). Adult H. contortus worms reach 
a size of 10-30 mm in the abomasum using a single 
dorsal tooth to cut the host’s tissue, allowing the Par-
asite to feed freely on blood and mucus and digest-
ed through the enzymes produced by the pharyngeal 
glands and intestinal epithelium of the nematode with 
the egg size is 80µm x 45µm (Sendow, 2003; Foreyt 
et al., 2013). The ingestion of blood into the digestive 
tract and the white ovaries of H. contortus female lar-
vae exhibit the color pattern of adult worms akin to 
a barber pole, the barber pole worm. The life cycle 
of H. contortus worms has roughly five stages as the 
nematode grows from eggs into adults. The prepat-
ent period of parasites is the period between infection 
of the Parasite and the demonstration of parasitic in-
fection in the host’s body (Sendow, 2003) is 17-21 
days (Machen et al., 1998). Unfavorable climatic 
conditions for H. contortus eggs and larvae occur in 
low temperatures and limited rainfall (Naeem et al., 
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2021). When eggs are released from the host in fecal 
matter, the eggs hatch and develop in the soil before 
reentering the host. H. contortus thrives in moist, 
warm climates where soil bacteria are plentiful for 
larvae growth.

The juvenile-stage larvae (L1, L2, and L3) devel-
op outside the host and feed on soil bacteria (Naeem 
et al., 2021). During this time, the worm undergoes 
shedding and molting of its cuticles until they ma-
ture into infective larvae (L3) (Machen et al., 1998). 
Sheep and goats, the definitive host for H. contortus, 
are infected with L3 when the host consumes the lar-
vae from a high point on the blades of grass (Machen 
et al., 1998). L3 uses the dew that condenses in the 
mornings to move up the grass blades to increase 
the chances of consumption by the definitive host 
(Machen et al., 1998). Once entering the host, L3 lar-
vae mature into L4 larvae, attach themselves to the 
abomasum, feed on the blood, and mature into adult 
worms (Machen et al., 1998). The adults will differ-
entiate into male or female and begin sexual repro-
duction. The adult females are prolific (produce up to 
10,000 eggs a day released from the host in their fae-
cal matter), quickly contaminating pastures (Kearney 
et al., 2016). Adult H. contortus consumes up to 0.5 
ml of blood per worm daily, causing severe anemia 
and serious production losses (Kearney et al., 2016). 
The life-cycle occurs over 21 days, with the first 

symptoms of infection starting 18 to 21 days post-ini-
tial infection (Figure 1).

Adult H. contortus have an average lifespan of 
3-6 months (Kearney et al., 2016). Their lifespan and 
reproductive proficiency allow H. contortus to thrive 
rapidly and infect their definitive hosts. The increased 
egg production at the beginning of spring from a 
life-cycle adaptation of H. contortus is detrimental to 
small ruminant health (Machen et al., 1998), known 
as “hypobiosis”. The adult stays dormant in the host 
during winter when eggs and larvae cannot survive 
outside the host (Machen et al., 1998). Hypobiosis be-
gins during September and October when the Parasite 
does not feed, lay eggs, or cause damage to its host 
(Machen et al., 1998).

H. contortus will resume development once the 
doe or ewe gives birth and warmer weather arrives 
(Machen et al., 1998). H. contortus will begin to pro-
duce large numbers of eggs shed into the pasture to in-
fected adults and vulnerable newborn kids (Machen et 
al., 1998). Because of their limited immune response, 
goat kids are highly susceptible to parasitic infection 
(Sendow, 2003). Understanding the mechanisms of 
hypnosis of H. contortus creates a predictable time-
line of instances of elevation parasitic infection for 
small ruminant producers. Early detection and man-
agement are crucial to prevent mortality from H. con-
tortus infection. H.contortus causes acute anaemia in 

Figure 1: life cycle of Haemonchus contortus in goats.
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kids, oedema (bottle jaw), diarrhoea, weak and listless 
behaviour, chronic weight loss in adults, and death if 
left untreated (Yin et al., 2013).

Anaemia isa reliable indication of H. contortus 
infection as the L4 larvae and adult nematodes feed 
on the blood in the abomasum (Foreyt et al., 2013; 
Poli et al., 2023). The ability to diagnose H. contor-
tus infection presents challenges due to the broad 
symptoms the Parasite causes, but there are diagnos-
tic tests to solidify infection in a small ruminant herd 
(Levecke et al., 2012). Diagnosing H. contortus in-
fection through standard faecal egg count (FEC) can 
be correlated with the adult worms in the abomasum 
(Foreyt et al., 2013). FEC (using proper fecal float 
solution and McMaster slides) is a standard, consis-
tent method of determining parasite load intensity in 
an animal (Levecke et al., 2012) and is considered the 
cornerstone of strategic parasite control and eggs ex-
cretion is used to determine parasite load (Levecke et 
al., 2012).

Using FEC to establish strategic deworming de-
cisions reduces internal parasitic infection and an-
thelmintic resistance (Scare et al., 2017). FEC is a 
common and effective method to evaluate the parasite 
load within an individual animal and a herd (Zajac et 
al., 2014). McMaster slides are unique in allowing the 
evaluator to calculate the number of eggs per gram 
(EPG) faeces (Zajac et al., 2014). This method entails 
mixing a faecal sample with specialized solutions that 
cause heavier debris in the sample to sink and the 
lightweight eggs to float to the surface. This allows 
the eggs to become isolated on the top of the solution 
pipetted into the McMaster slide (Zajac et al., 2014). 
The number of eggs observed in the specialized slide 
quantifies the infection status of the individual. There 
is a positive relationship between the number of adult 
H. contortus in the abomasum of the ruminant and 
the EPG in the faeces, unlike most other nematodes 
(Roeber et al., 2013).

Further, using an FEC reduction test (FECRT) is 
also valued by producers to track parasite popula-
tions in their herd post-anthelmintic treatment (Waller 
et al., 1997). Another FEC is run 7 to 10 days after 
treatment to determine whether parasite load is still 
in the animal. Producers can determine resistance 
within their herd and plan their anthelmintic treat-
ments accordingly. FAMACHA© testing is also used 
to determine anaemia in goats (Burke et al., 2007). 
FAMACHA© scoring is conducted by observing the 
colour of the sheep or goat’s ocular conjunctiva col-

oration to determine anaemia in the animal (Burke et 
al., 2007). Bright red or pink are typical of healthy 
animals, while pale pink or white indicates the animal 
is anaemic. With H. contortus consuming the blood 
of their host, FAMACHA© testing allows for check-
ing anaemia out in the field rather than testing blood 
samples (Mahieu et al., 2007), where it recommends 
anthelmintic drugs to be administered when the an-
imal is reading at four or five on the scale (Mahieu 
et al., 2007). The research also stated that using 
FAMACHA© can be an effective culling method 
in removing animals in repetitively poor conditions 
from the herd (Mahieu et al., 2007) to reduce the time 
and money they invest in the herds. The reliability 
of FAMACHA© scoring has been analyzed in goat 
populations. Packed Cell Volume (PCV) and FAM-
ACHA© score were compared in a study conducted 
by Glaji et al. (2014). The results concluded that us-
ing FAMACHA© scoring to determine anaemia level 
was reliable, namely for a FAMACHA© score of five 
(Glaji et al., 2014). For small producers with limit-
ed resources, using FAMACHA© is a great tool to 
identify potential H. contortus infection (Van Wyk 
and Bath, 2002). There can also be inaccuracies when 
categorizing the different levels because of the sub-
jective nature of the test (Van Wyk and Bath, 2002).

A goat or sheep could also display anaemia from 
other factors outside H. contortus infection, including 
nutritional deficiencies. Furthermore, FAMACHA© 
was intended for sheep rather than goats (Van Wyk 
and Bath, 2002). The ocular conjunctiva coloration 
range in goats is smaller, creating difficulty in ac-
curately scoring goats. There is also a difference in 
ocular conjunctiva coloration in adult sheep or goats 
compared to lambs or kids, reducing the test’s reli-
ability and reducing the test’s reliability on young an-
imals (Van Wyk and Bath, 2002). With these limita-
tions, FAMACHA© can still be a useful management 
tool for small ruminant producers. There are many 
challenges to eradicating H. contortus infections from 
small ruminant herds. Efficient reproduction, short 
generation periods, and quickly becoming resistant to 
the various anthelmintic drugs contribute to the nem-
atode thriving in small ruminants (Van Wyk and Bath, 
2002). However, small ruminant producers’ greatest 
challenge is increasing anthelmintic resistance in H. 
contortus populations.

Anthelmintic Resistance
Introduction of anthelmintics in the mid of 20th 

century aided in reducing losses from parasitic infec-
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tion (Köhler et al., 2001). Anthelmintic resistance is 
a genetically transmitted loss of sensitivity to a drug 
in worm populations that were sensitive to the same 
drug (Köhler et al., 2001). The genetic mutation cre-
ates parasite varieties that persist in livestock popula-
tions, creating epidemics and inducing innovation of 
deworming new medicines to combat resistant para-
sites. The major mechanisms parasites use to become 
resistant to anthelmintics are receptor loss or decreas-
ing the target site for the given dewormer (Köhler et 
al., 2001). Adopting strict quarantine measures and 
a combination drug strategy effectively prevent and 
reduce anthelmintic resistance (Shalaby et al., 2013).

Although there are many anthelmintic drugs to 
use against H. contortus, widespread anthelmintic re-
sistance in small ruminant herds significantly reduc-
es the options for parasite treatment (Prichard et al., 
2001). Maintaining anthelmintic efficiency starts with 
knowing the mechanisms behind H. contortus-resis-
tant abilities. Nematode genetic diversity and their 
mitochondrial DNA (mtDNA) genetic composition 
create rapid responses to environmental changes. 
Nematode mtDNA is the component that undergoes 
high mutation rates, creating resistance. The mutation 
rate of H. contortus is up to ten times higher than the 
rate seen in vertebrates (Prichard et al., 2001). Ge-
netic diversity can be observed within and between 
populations: H. contortus demonstrates great genetic 
diversity in both types, further allowing them to be a 
highly successful parasite (Gilleard et al., 2016).

Understanding the methods behind H. contortus 
anthelmintic resistance will support new ways to 
control the parasitic population in small ruminants. 
Five major components of H. contortus allow them 
to generate anthelmintic resistance. These are chang-
ing the molecular target for a given drug, induction 
of metabolic changes to remove or prevent activation 
within the Parasite, increasing expression of the target 
gene for the drug (which then requires an increased 
concentration to elicit the desired effect), altering the 
distribution of the drug within the Parasite and com-
plete replacement of the target protein in the Parasite 
(Kotze et al., 2016). The versatility of H. contortus in 
generating rapid resistance to traditional anthelmintic 
drugs. Active parasite management practices are nec-
essary for small ruminant herds most susceptible to 
H. contortus, creating new anthelmintic alternatives 
for producers.

Anthelmintic resistance is observable worldwide 
and detectable in every anthelmintic group (Salem 

et al., 2022). To reduce the resistance, the dosage 
of a commercial anthelmintic should be selected for 
the heaviest infected animal to ensure underdosing 
does not occur (Machen et al., 1998). Using ineffec-
tive compounds should be avoided to prevent further 
parasitic population growth. Treating an animal and 
returning them to heavily infested pastureland will 
immediately cause reinfection. So, it is critical to 
practice grazing/pasture rotation in an anthelmintic 
resistance management plan (Machen et al., 1998; 
Muchiut et al., 2018). H. contortus eggs and larvae 
can survive in the soil for multiple weeks during ideal 
conditions. Regular pasture rotations are recommend-
ed to allow larvae to die off (Muchiut et al., 2018; 
Herath et al., 2021).

Supported management techniques against anthel-
mintic resistance will allow small ruminant producers 
to reduce the loads of resistant parasites in livestock 
herds. The potential for alternative anthelmintic op-
tions would give producers another option for con-
trolling parasite loads and limiting anthelmintic re-
sistance. Anthelmintic resistance in a goat herd was 
observed over thirty months to understand further the 
mechanisms and potential of the anthelmintic drug 
to be effective again (Zajac et al., 2000). H. contor-
tus was resistant to ivermectin, levamisole, and fen-
bendazole drugs, resulting in death due to parasite 
infection. However, altering administration practic-
es allowed certain drugs to become effective again 
(Machen et al., 1998; Zajac et al., 2000; Muchiut et 
al., 2018; Herath et al., 2021).

One dose regimen of Fenbendazole did not de-
crease fecal egg counts (FECs). So, to maintain effec-
tive control of H. contortus, two doses of fenbenda-
zole over 12 hours were administered, thus reducing 
FECs by 92%. The same fenbendazole treatment was 
administered the following year, but effectiveness fell 
by 57% after constant use. Given both orally and SC, 
ivermectin improved from a 57% reduction in FECs to 
70% and 90% the following year (Zajac et al., 2000).

Similar results were observed by Muchiut et al. 
(2018) to recover the effectiveness of fenbendazole 
for intensive sheep production. Using refugia and in-
troducing a susceptible parasite population from arti-
ficially infected lambs, fenbendazole efficacy on H. 
contortus over the 16-month post-population period 
increased to 97.58% (Muchiut et al., 2018). Results 
demonstrated the effectiveness of an anthelmintic 
drug by altering traditional management strategies. 
Commercial anthelmintics are shown to function on 
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a single component of H. contortus. Botanical alter-
natives are believed to elicit a response through sev-
eral complex structures that would prevent the high 
resistance seen in commercial anthelmintics (Abong-
wa et al., 2017). Anthelmintic rotation via thorough 
management records is vital in limiting the Parasite’s 
ability to become resistant. This is largely due to the 
positive correlation between drenching frequency and 
farm resistance (Kettle et al., 1983).

Refugia in parasitology refer to when a potential 
host or environment is left untreated with anthelmint-
ic drugs to maintain effectiveness (Muchiut et al., 
2018; Hodgkinson et al., 2019). Exploiting refugia 
can delay the evolution of anthelmintic resistance in 
small ruminants. In typical management strategies, 
parasite control largely depends on broad-spectrum 
anthelmintic, which kills susceptible nematodes while 
leaving resistant genotypes to infect pastureland. 
Minimizing the use of anthelmintic drugs by utilizing 
refugia can allow for crossbreeding between suscepti-
ble and resistant genotypes, diluting the population of 
resistant nematodes. The success of refugia on anthel-
mintic resistance is dependent on the parasite popula-
tion within the given host.

Factors include a parasite percentage with resis-
tant alleles, genetic diversity, mechanisms of gain-
ing resistant alleles (whether alleles are dominant or 
recessive), the parasite species within the host, and 
frequency of an anthelmintic (Hodgkinson et al., 
2019). Further, understanding the life-cycle and envi-
ronmental influences on the parasite species will help 
improve the effectiveness of refugia. Using botanical 
products with anthelmintic properties can aid refugia 
strategies by limiting commercial drugs (Hodgkinson 
et al., 2019).

Reducing the need for anthelmintics through ac-
tive herd management will prevent reinfection and 
restrict the development of anthelmintic resistance. 
They offer forages to herds raised off the ground 
to reduce the consumption of larvae that live in the 
soil, along with pasture rotations if feasible for the 
producer (Waller et al., 2004; Muchiut et al., 2018). 
Reduction of stocking rates, increasing grazing area 
available, short-term rotational grazing, and moving 
to zero grazing are also recommended to reduce the 
chances of parasitic infection (Waller et al., 2004). 
These strategies, along with the use of FAMACHA© 
testing and taking FEC, will reduce parasite numbers 
in the herds and decrease the number of anthelmintic 
drugs to control the parasites (Van Wyk and Bath et 

al., 2002; Waller et al., 2004).

Effective herd management can reduce input costs 
by requiring fewer anthelmintic drugs to treat para-
sites while allowing for more productive, healthy an-
imals (Waller et al., 2004) and limited anthelmintic 
resistance. Although these management practices are 
effective, they may not be feasible for every producer.

Alternative Anthelmintics
The threat of anthelmintic resistance in small ru-

minants is a growing problem. So, the potential for us-
ing alternatives such as nutraceuticals for controlling 
parasite infections. Nutraceuticals are parts of a plant 
or food with medical or health benefits, including 
disease prevention. Secondary metabolites in plants 
or forages can benefit animals because some com-
pounds have antiparasitic properties (Torres-Acosta 
et al., 2008). Investigating the use of certain plants, 
such as garlic, on parasite control and anthelmintic re-
sistance could potentially lead to low-cost, low-input 
effective methods of parasite management. Garlic has 
been known for its health benefits for humans, such 
as lowering blood pressure, cholesterol, and glucose 
concentrations and preventing arteriosclerosis. Garlic 
consumption is inversely correlated with the risk of 
some cancers (Tsai et al., 2012). Current data suggests 
the anthelmintic properties of garlic is from thiosul-
fate (Lima et al., 2012).

The antiparasitic properties of garlic have been 
evaluated in numerous species with variable results 
(Waag et al., 2010). The most abundant thiosulfinate 
in garlic is allicin, created by the interaction with a 
non-protein amino acid, alliin, and the enzyme alli-
inase (Waag et al., 2010). The therapeutic effects of 
allicin are suggested to be from metabolites that in-
teract with metabolic pathways releasing disulfides, 
allyl sulfides, and other various metabolites (Rosen 
et al. 2001). A metabolite, known as S-allyl cyste-
ine (SAC), is highlighted as a potential anthelmint-
ic alternative based on its half-life of 10 hours in the 
bloodstream, which would lead, leading H. contortus 
to consume treated blood (Kodera et al., 2002). Cur-
rent findings of SAC anthelmintic properties present 
limited effects on FEC in goats (Burke, 2009).

A study of the effect of garlic thiosulfate, allicin, on 
Schistosoma mansoni worms in mice sought to cause 
damage to the worm’s tegument (Lima et al., 2012). 
At higher concentrations of allicin, 15 & 20 mg/ml, 
allicin caused the greatest damage to the tegument 
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of the adult worms (Lima et al., 2012). In contrast, 
data gathered on the efficiency of allicin for Ascaridia 
galli infection in chickens showed no improvement in 
infected chickens. Also, it showed that allicin is not 
an effective alternative to fenbendazole (Velkers et 
al., 2011). Conversely, the effects of garlic on GINs 
in sheep demonstrated positive effects on their treat-
ed population (Zhong et al., 2019). The findings con-
cluded that 50 g/kg garlic powder for 84 days result-
ed in increased growth performance in lamb infected 
with GINs from feed digestion, rumen fermentation, 
and the health status due to the lower parasite load 
(Zhong et al., 2019). Azra et al. (2019) tested different 
concentrations of garlic on hatching inhibition of H. 
contortus eggs in the abomasum of small ruminants, 
where the highest concentration (100%) showed the 
largest mortality rate of 67% of H. contortus eggs. In 
contrast, a 50% concentration resulted in a 50% mor-
tality rate of eggs. Garlic demonstrated therapeutic 
effects on the larvae of small ruminants, although the 
mode of treatment needs to be explored (Azra et al., 
2019). Further, research by Masamha discovered re-
duced FEC counts when dosing sheep with raw garlic 
juice compared to a commercial anthelmintic. Four 
different concentrations of garlic juice were used, 
with the highest concentration, 80%, matching stron-
gyle percent reduction of the commercial anthelmint-
ic, Valbazen (Masamha et al., 2010). These studies 
support garlic as an effective natural anthelmintic for 
GINs in small ruminant herds (Masamha et al., 2010; 
Azra et al., 2019; Zhonget al., 2019).

When investigating garlic’s control over GIN in-
fection in small ruminants, results varied for Burke et. 
(2009); water was used as control. In contrast, garlic 
juice or three garlic bulbs were used as the treatments 
for Spanish goat kids. The water and garlic juice were 
administered with a stomach tube, and the garlic bulbs 
were fed to the kids. The results indicated neither the 
garlic juice nor the bulbs reduced FEC for acute GIN 
infection (Burke et al., 2009). Strickland et al. 2009 
also recorded a lack of response to garlic for GIN in 
wether lambs. A commercial dewormer was adminis-
tered to the control group, and garlic for the treatment 
group. While the commercial dewormer effectively 
controlled GIN, garlic presented with no effect on the 
infection level and reduced body condition, indicating 
adverse effects for small ruminants consuming garlic 
(Strickland et al., 2009).

Based on previous work, garlic has exhibited con-
flicting effects on parasite mortality in the animal and 

parasites studied. There is potential for using garlic 
as an alternative anthelmintic for small ruminant pro-
ducers. Still, the inconsistent results do not suggest 
garlic is an effective anthelmintic alternative. Further 
evaluation of the anthelmintic properties of garlic will 
be beneficial to understand the potential of substitut-
ing conventional anthelmintic drugs with botanical 
alternatives.

Self-Medication
There is evidence that animals may voluntarily 

choose to consume plant products with pharmaceuti-
cal properties. This is commonly known as self-med-
icating. Self-medicating may provide an additional 
strategy for H. contortus control in small ruminant 
operations (Khalil et al., 2023). Self-medicating has 
been observed in primates to alleviate symptoms of 
GIN (Huffman et al., 2002). In a study by Huffman, 
apes were observed bitter pith chewing on the plant 
Vernonia amygdalina. Researchers observed apes 
consuming small amounts that contributed insignifi-
cant nutritional benefits. Before consuming V. amyg-
dalina, the apes were observed to have a noticeable 
drop in appetite, malaise, diarrhea, and constipation. 
These symptoms correlated with high levels of nodule 
worm infection. Individuals visibly recovered from 
the symptoms within 20-24 hours of post-pitch chew-
ing (Huffman et al., 2002).

These observations supported the hypothesis that 
bitter pith chewing alleviated parasite infections in 
apes and provided evidence of self-medicating be-
havior. Amit also proposed that goats select plants 
when their GIN counts are high. A Mediterranean 
shrub known as Pistacia lentiscus has anthelmintic 
properties and can help alleviate symptoms caused 
by GIN. Pistacia lentiscus contains tannins, demon-
strating anthelmintic properties (Amit et al., 2013). 
However, tannins also impair protein metabolism, 
creating a toxic trade-off for consuming animals. This 
research aimed to determine the possibility of goats 
selecting this forage when infected with GIN (Amit et 
al., 2013). P. lentiscus, Phillyrea latifolia, and clover 
hay were offered to infected and non-infected goats, 
and their selections were recorded. The two breeds, 
Mamber and Damascus, differed in forage selection 
strategies. The Damascus goats demonstrated a pro-
phylactic strategy, often eating a significant amount of 
P. lentiscus. On the other hand, the Mamber breed em-
ployed a therapeutic strategy, eating P. lentiscus only 
when there was a precise need. The selection made 
by the animals suggests subtle trade-offs between the 
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roles of P. lentiscus as a food, a toxin, and a medicine.

These results suggest that goats may potentially 
select plants with anthelmintic properties, but further 
research is required to fully understand the mecha-
nisms behind their choices (Amit et al., 2013). Sev-
eral other studies have also used plants with different 
levels of tannins to control parasitic infection (Atha-
nasiadou et al., 2000; Kahiya et al., 2003; Lisonbee et 
al., 2009). The condensed tannins are an alternative to 
commercialized anthelmintic drugs and could reduce 
resistance in small ruminants (Githiori et al., 2006). 
The potential use of natural forage in a region with 
high tannins could reduce production inputs while im-
proving herd health. It has been shown that sheep with 
access to forages high in tannins have lower GIN in-
fection than sheep with access to forages low (Niezen 
et al., 1996). Parasitized sheep and non-parasitized 
sheep were observed to determine the influences tan-
nin-rich plants had when allowed to self-medicate 
(Lisonbee et al., 2009).

Parasitized sheep consumed more of the tan-
nin-rich forage for the first 12 days, and still, con-
sumption lowered as GIN infection decreased in the 
parasitized population, demonstrating small rumi-
nant’s ability to self-medicate with tannin-rich forage 
(Kahiya et al., 2003). Goats in a similar study on using 
plant tannins as an anthelmintic showed a decrease in 
H. contortus infection with the use of the forage A. 
karoo added to feed (Kahiya et al., 2003). Although 
condensed tannins can control parasitic infection, 
they cause adverse effects if fed in high concentra-
tions (Kearney et al., 2016). Some of these adverse ef-
fects are reduced feed intake and digestibility, which 
lowers production yield. In herbivores, they cause the 
mucous membranes, mouth, and tongue to dry. When 

digested, the tannins disrupt the microorganisms in 
the digestive tract of ruminants and bind with protein, 
reducing protein availability (Kearney et al., 2016).

CONCLUSION
As previous research has shown, there is a high 

potential for using a botanical alternative for parasite 
control in small ruminants. Alternative botanicals 
from condensed tannin plants could alleviate the ad-
verse effects caused by ingesting high amounts of tan-
nins. Small producers could use these advancements 
to reduce the need for commercial anthelmintic drugs 
and mitigate resistance in parasite populations while 
maintaining production levels. Using allicin would 
also have a beneficial action against the internal para-
sites and H. contortous. Also, nano preparation of gar-
lic would be evaluated in small ruminants. In goats, 
the variety of their forage consumption could increase 
the chances of ingesting secondary compounds while 
deworming. This idea of self-selection for plants con-
taining secondary compounds could be a sustainable 
parasite management strategy. The wide range of 
management practices, such as FEC, selective breed-
ing, pasture rotation, and rotational anthelmintic, can 
be manipulated to meet current needs feasibility by 
small ruminant producers. Although these manage-
ment tactics are viable in any production, investigat-
ing additional, novel strategies for parasite control 
could benefit small producers by adding to their wide 
range of available strategies.

ACKNOWLEDGMENT 
The authors extend their appreciation to the Dean-

ship of Scientific Research at King Khalid Universi-
ty for supporting this work under the grant number 
(R.G.P.2/ 11/44)

REFERENCES

Abongwa, M., Martin, R. J., and Robertson, A. P. (2017). A brief review 
of the mode of action of antinematodal drugs. Acta Veterinaria, 67, 
137-152.

Aboshady, H. M., Choury, A., Montout, L., Félicité, Y., Godard, X., & 
Bambou, J. C. (2023). Metagenome reveals caprine abomasal mi-
crobiota diversity at early and late stages of Haemonchus contortus 
infection. Scientific Reports, 13(1), 2450.

Amit, M., Cohen, I., Marcovics, A., Muklada, H., Glasser, T. A., Ungar, E. 
D., & Landau, S. Y. (2013). Self-medication with tannin-rich browse 
in goats infected with gastrointestinal nematodes. Vet parasitol, 
198(3-4):305-311.

Attia, M. M., Soliman, S. M., Salaeh, N. M., Salem, H. M., Alkafafy, M., 
Saad, A. M., ... & El-Gameel, S. M. (2022). Evaluation of immune re-
sponses and oxidative stress in donkeys: Immunological studies pro-
voked by Parascaris equorum infection. Saudi Journal of Biological 
Sciences, 29(4), 2173-2179.

Athanasiadou, S., Kyriazakis, I., Jackson, F., & Coop, R. L. (2000). Con-
sequences of long-term feeding with condensed tannins on sheep par-
asitized with Trichostrongylus colubriformis. International Journal 
for Parasitology, 30(9), 1025- 1033.

Augusti, K. T. (1996). Therapeutic values of onion (Allium cepa L.) and 
garlic (Allium sativum L.). Indian Journal of Experimental Biology, 
34(7): 634-640.

Azra, A., Kaleemullah, M., Khattak, B., Asma, N., Safi, A. U. R., Qaiser, 
J., ... & Farhan, Y. (2019). Comparative efficacy of domestic garlic 
(Allium sativum) and neem (Azadirachta indica) against Haemonchus 
contortus in small ruminants. Applied Ecology and Environmental 
Research, 17(5), 10389-10397.

Brasher, H., Dearborn, L., Nguyen, T., Mooney, Z., Pesato, M., Tor-
res-Acosta, F., ... & Rios, L. (2023). 127 Preliminary effect of cot-
tonseed as a source of gossypol on the artificial meat infection does 
withHaemonchus contortus. Journal of Animal Science, 101(Supple-



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

SOLIMAN M. SOLIMAN, HEBA M. SALEM, AHMED EZZAT AHMED, AHMED SAAD, MOHAMED T. EL-SAADONY 7209

ment_1), 100-101.
Berman, T. S., Glasser, T. A., & Inbar, M. (2019). Goats adjust their feed-

ing behaviour to avoid the ingestion of different insect species. Cana-
dian Journal of Zoology, 97(9), 805-811.

Besier, R. B.; Kahn, L. P.; Sargison, N. D., and Van Wyk, J. A. (2016). 
Diagnosis, treatment and management of Haemonchus contortus in 
small ruminants. Advances in Parasitology, 93,181-238.

Birthal, P. S. (2008). Linking smallholder livestock producers to markets: 
Issues and approaches. Indian Journal of Agricultural Economics, 
63(902-2016-67947).

Burke, J. M., Wells, A., Casey, P., and Miller, J. E. (2009). Garlic and pa-
paya lack control over gastrointestinal nematodes in goats and lambs. 
Veterinary Parasitology, 159, 171-174.

Erol, A., Idris, T., Abdurrahman, G. and Orhan, Y. (2008). Evaluation of 
the anthelminthic activity of garlic (Allium sativum) in mice naturally 
infected with Aspiculuris tetrapte. Recent Patents on Anti-Infective 
Drug Discovery, 3 (2), 149-152.

European Medicines Agency. (2017, April 21). Reflection paper on an-
thelmintic resistance. European Medicines Agency: Sciences Med-
icine, Health. https://www.ema.europa.eu/en/documents/scientif-
ic-guideline/reflection-paperanthelmintic-resistance_en-1.pdf.

Foreyt, W. J. (2013). Veterinary Parasitology Reference Manual (Fifth). 
Hoboken: Wiley.

Gilleard, J. S., & Redman, E. (2016). Genetic diversity and population 
structure of Haemonchus contortus. Advances in Parasitology, 93, 
31-68.

Githiori, J. B., Athanasiadou, S., & Thamsborg, S. M. (2006). Use of 
plants in novel approaches for control of gastrointestinal helminths in 
livestock with emphasis on small ruminants. Veterinary parasitology, 
139(4), 308-320.

Glaji, Y. A., Mani, A. U., Bukar, M. M., & Igbokwe, I. O. (2014). Reliabil-
ity of FAMACHA© chart for the evaluation of anaemia in goats in 
and around Maiduguri. Sokoto Journal of Veterinary Sciences, 12(3), 
9-14.

Glimp, H. A. (1995). Meat goat production and marketing. Journal of An-
imal Science, 73(1), 291-295.

Groves, R. M., Fowler Jr, F. J., Couper, M. P., Lepkowski, J. M., Singer, 
E., & Tourangeau, R. (2011). Survey methodology (Vol. 561). John 
Wiley & Sons. Harder, A. (2016). The biochemistry of Haemonchus 
contortus and other parasitic nematodes. In Advances in parasitology 
(Vol. 93, pp. 69-94). Academic Press.

Hegazy, M. I., Hegazy, A. M., Saad, A. M., Salem, H. M., El-Tahan, A. 
M., El-Saadony, M. T., ... & Swelum, A. A. (2022). ٍSome biologically 
active microorganisms have the potential to suppress mosquito larvae 
(Culex pipiens, Diptera: Culicidae). Saudi Journal Of Biological Sci-
ences, 29(4), 1998-2006.

Hepworth, K. (2006). Managing internal parasitism in sheep and goats.
Herath, H. M. P. D., Taki, A. C., Sleebs, B. E., Nguyen, N., Hofmann, 

A., Jabbar, A., ... & Gasser, R. B. (2021). Advances in the discovery 
and development of anthelmintics by harnessing natural product scaf-
folds. Advances in Parasitology, 111, 203- 251.

Hodgkinson, J. E., Kaplan, R. M., Kenyon, F., Morgan, E. R., Park, A. 
W., Paterson, S., & Devaney, E. (2019). Refugia and anthelmintic 
resistance: concepts and challenges. International Journal for Parasi-
tology: Drugs and Drug Resistance, 10, 51-57.

Hosseinzadeh, S.; Ghalesefidi, J. M.; Azami, M.; Mohaghegh, M. A.; He-
jazi, S. H. and Ghomashlooyan, M. (2016). In vitro and in vivo an-
thelmintic activity of seed extract of Coriandrum sativum compared 
to Niclosamid against Hymenolepis nana infection. Journal of Para-
sitic Diseases, 40 (4):1307-1310.

Hoste, H., Sotiraki, S., Landau, S. Y., Jackson, F., & Beveridge, I. (2010). 
Goat- nematode interactions: think differently. Trends in parasitology, 
26(8), 376-381.

Huffman, M. A. (2003). Animal self-medication and ethno-medicine: ex-
ploration and exploitation of the medicinal properties of plants. Pro-
ceedings of the Nutrition Society, 62(2), 371-381.

 Hyun Kim, J.; Fridman, S.; BorochovNeori, H.; Sinai, T. and Zil-
berg, D. (2019): Evaluating the use of garlic (Allium sa-
tivum) for there medy of Cryptocaryon irritans in guppies 
(Poeciliareticulata). Aquaculture Research, 50:431- 438.

Inupala, S. N., Pande, P., Uzzaman, M. R., & Worku, M. (2023). Evalu-

ation of effects of garlic extract on health parameters and gut health 
in St. Croix Sheep. Journal of Animal Science, 101(Supplement_1), 
99-100.

Kahiya, C., Mukaratirwa, S., & Thamsborg, S. M. (2003). Effects of Aca-
cia nilotica and Acacia karoo diets on Haemonchus contortus infec-
tion in goats. Veterinary Parasitology, 115(3), 265-274.

Kearney, P. E., Murray, P. J., Hoy, J. M., Hohenhaus, M., & Kotze, A. 
(2016). The ‘Toolbox’of strategies for managing Haemonchus con-
tortus in goats: what’s in and what’s out. Veterinary Parasitology, 220, 
93-107.

Kettle, P. R., Vlassoff, A., Reid, T. C., & Hotton, C. T. (1983). A survey of 
nematode control measures used by milking goat farmers and of an-
thelmintic resistance on their farms. New Zealand veterinary journal, 
31(8): 139-143.

Ketzis, J. K., Taylor, A., Bowman, D. D., Brown, D. L., Warnick, L. D., 
& Erb, H. N. (2002). Chenopodium ambrosioides and its essential oil 
as treatments for Haemonchus contortus and mixed adult-nematode 
infections in goats. Small Ruminant Research, 44(3), 193-200.

Khalil, A. M. H., & Fawaz, M. M. (2023). Garlic extracts up-regulate IL-4 
and IL-13 cytokines and increase the goblet cell numbers in Eimeria 
vermiformisinfected mice. Journal of Biomedical Research & Envi-
ronmental Sciences, 4(3), 567-578.

Kodera, Y., Suzuki, A., Imada, O., Kasuga, S., Sumioka, I., Kanezawa, 
A., Taru, N., Fujikawa, M., Nagae, S., Masamoto, K., Maeshige, K., 
and Ono, K. (2002). Physical, chemical, and biological properties of 
S-allyl cysteine, an amino acid derived from garlic. Journal of Agri-
cultural and Food Chemistry, 50, 622-632.

Köhler, P. (2001). The biochemical basis of anthelmintic action and resis-
tance. International Journal for Parasitology, 31(4):336-45.

Kotze, A. C., & Prichard, R. K. (2016). Anthelmintic resistance in Hae-
monchus contortus: history, mechanisms and diagnosis. Advances in 
parasitology, 93, 397- 428.

Kotze, A. C., and Prichard, R. K. (2016): Anthelmintic resistance in Hae-
monchus contortus. Advances in Parasitology, 93, 397-428.

Krejcie, R. V., Morgan, D. W. (1970). Determining sample size for re-
search activities. Educational & Psychological Measurement. 30, 
607-610.

Launchbaugh, K. L., & Provenza, F. D. (1993). Can plants practice mim-
icry to avoid grazing by mammalian herbivores?. Oikos, Vol. 66, No. 
3 (Apr., 1993), pp. 501-504 (4 pages) Published By: Wiley.

León, J. C. P., Delgado, N. U., & Florez, A. A. (2019). Prevalence of gas-
trointestinal parasites in cattle and sheep in three municipalities in the 
colombian northeastern mountain. Veterinary world, 12(1), 48.

Levecke, B., Rinaldi, L., Charlier, J., Maurelli, M. P., Bosco, A., Ver-
cruysse, J., & Cringoli, G. (2012). The bias, accuracy and precision 
of faecal egg count reduction test results in cattle using McMaster, 
Cornell-Wisconsin and FLOTAC egg counting methods. Veterinary 
parasitology, 188(1-2), 194-199.

Lima, C. M. B. L., Freitas, F. I. D. S., Morais, L. C. S. L. D., Cavalcanti, 
M. G. D. S., Silva, L. F. D., Padilha, R. J. R., ... & Diniz, M. D. F. 
F. M. (2011). Ultrastructural study on the morphological changes to 
male worms of Schistosoma mansoni after in vitro exposure to al-
licin. Revista da Sociedade Brasileira de Medicina Tropical, 44(3), 
327-330.

Lisonbee, L. D., Villalba, J. J., Provenza, F. D., & Hall, J. O. (2009). Tan-
nins and self-medication: Implications for sustainable parasite control 
in herbivores. Behavioural Processes, 82(2), 184-189.

Machen, R. V., Craddock, F., Craig, T., & Fuchs, T. W. (1998). A Haemon-
chus contortus management plan for sheep and goats in Texas. Texas 
FARMER Collection.

Mahieu, M., Arquet, R., Kandassamy, T., Mandonnet, N., & Hoste, H. 
(2007). Evaluation of targeted drenching using Famacha© method 
in Creole goat: reduction of anthelmintic use, and effects on kid pro-
duction and pasture contamination. Veterinary parasitology, 146(1-2): 
135-147.

Masamha, B., Gadzirayi, C. T., and Mukutirwa, I. (2010). Efficacy of 
Allium sativum (garlic) in controlling nematode parasites in sheep. 
International Journal of Applied Research In Veterinary Medicine, 8, 
161-169.

Mbatha, K. R. (2001). The effects of tannin ingestion on the physiology of 
boer- goats (Doctoral dissertation).



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

7210 SOLIMAN M. SOLIMAN, HEBA M. SALEM, AHMED EZZAT AHMED, AHMED SAAD, MOHAMED T. EL-SAADONY

Muchiut, S. M., Fernández, A. S., Steffan, P. E., Riva, E., & Fiel, C. A. 
(2018). Anthelmintic resistance: Management of parasite refugia for 
Haemonchus contortus through the replacement of resistant with sus-
ceptible populations. Veterinary parasitology, 254, 43-48.

NAHMS goat studies. (2020). Retrieved March 31, 2021, from 
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitor-
ing-andsurveillance/nahms/nahms_goat_studies

Naeem, M., Iqbal, Z., & Roohi, N. (2021). Ovine haemonchosis: a review. 
Tropical Animal Health and Production, 53, 1-11.

Niezen, J. H., Charleston, W. A. G., Hodgson, J., Mackay, A. D., & Leath-
wick, D. M. (1996). Controlling internal parasites in grazing rumi-
nants without recourse to anthelmintics: approaches, experiences and 
prospects. International Journal for Parasitology, 26(8-9), 983-992.

Pathak, A. K., & Pal, S. (2008). Seasonal prevalence of gastrointestinal 
parasites in goats from Durg district of Chhattisgarh. Veterinary 
world, 1(5), 136.

Poli, M. A., Donzelli, M. V., Caffaro, M. E., Raschia, M. A., Mazzuc-
co, J. P., & Rossi, U. A. (2023). Genetic resistance to gastrointes-
tinal parasites in sheep. CABI International. doi: 10.1079/cabirev-
iews.2023.0019.

Preston, J. M., & Allonby, E. W. (1978). The influence of breed on the sus-
ceptibility of sheep and goats to a single experimental infection with 
Haemonchus contortus. The Veterinary Record, 103(23), 509-512.

Prichard, R. (2001). Genetic variability following selection of Haemon-
chus contortus with anthelmintics. Trends in parasitology, 17(9): 
445-453.

Provenza, F. D., Burritt, E. A., Clausen, T. P., Bryant, J. P., Reichardt, P. 
B., & Distel, R. A. (1990). Conditioned flavor aversion: a mechanism 
for goats to avoid condensed tannins in blackbrush. The American 
Naturalist, 136(6), 810-828.

Qamar, M. F., Maqbool, A., & Ahmad, N. (2011). Economic losses due to 
haemonchosis in sheep and goats. Science internship, 23(4), 321-4.

Riley, S. N. (2018). Missouri meat goat producers: A focus group approach 
to identify opportunities and challenges. SU Graduate Theses. 3335.

Roberts, B., Antonopoulos, A., Haslam, S. M., Dicker, A. J., McNeilly, 
T. N., Johnston, S. L., ... & Britton, C. (2013). Novel expression of 
Haemonchus contortus vaccine candidate aminopeptidase H11 using 
the free-living nematode Caenorhabditis elegans. Veterinary research, 
44, 1-15.

Russell, A. (2020, August 04). Texas sheep and goat producers are ex-
periencing a mixed bag. Retrieved March 31, 2021, from https://
agrilifetoday.tamu.edu/2020/03/24/texascrop-and-weather-re-
port-march-24-2020/

Sahib, N.G., Anwar, F., Gilani, A.H., Hamid, A.A., Saari, N., and Alkharfy, 
K.M. (2013). Coriander (Coriandrum sativum L.): a potential source 
of high value components for functional foods and nutraceuticals-a 
review. Phytotherapy Research, 27,1439-1456.

Salehi, B., Zucca, P., Orhan, I. E., Azzini, E., Adetunji, C. O., Mohammed, 
S. A., ... & Ahmad, Z. (2019). Allicin and health: A comprehensive 
review. Trends in Food Science & Technology, 86, 502-516.

Salem, H. M., Salaeh, N. M., Ragni, M., Swelum, A. A., Alqhtani, A. H., 
Abd El-Hack, M. E., ... & Attia, M. M. (2022). Incidence of gastro-
intestinal parasites in pigeons with an assessment of the nematocidal 
activity of chitosan nanoparticles against Ascaridia columbae. Poul-
try Science, 101(6), 101820.

Salle, G., Doyle, S. R., Cortet, J., Cabaret, J., Berriman, M., Holroyd, N., 
& Cotton, J. A. (2019). The global diversity of Haemonchus contor-
tus is shaped by human intervention and climate. Nature communi-
cations, 10(1), 1-14.

Scare, J. A., Slusarewicz, P., Noel, M. L., Wielgus, K. M., & Nielsen, 
M. K. (2017). Evaluation of accuracy and precision of a smartphone 
based automated parasite egg counting system in comparison to the 
McMaster and Mini-FLOTAC methods. Veterinary parasitology, 247, 

85-92.
Schwarz, E. M., Korhonen, P. K., Campbell, B. E., Young, N. D., Jex, 

A. R., Jabbar, A., ... & Hofmann, A. (2013). The genome and de-
velopmental transcriptome of the strong ylid nematode Haemonchus 
contortus. Genome biology, 14(8), R89.

Schweizer, N. M.; Foster, D. M.; Knox, W. B.; Sylvester, H. J. and Ander-
son, K. L. (2016). Single vs. double dose of copper oxide wire par-
ticles (COWP) for treatment of anthelmintic resistant Haemonchus 
contortus in weanling lambs. Veterinary Parasitology, 229, 68-72.

Sendow, J. (3003). Haemonchus contortus. Animal Diversity Web. Re-
trieved September 23, 2021, from https://animaldiversity.org/ac-
counts/Haemonchus_contortus/.

Shalaby, H. A. (2013). Anthelmintics resistance; how to overcome it?. Ira-
nian Journal of Parasitology, 8(1), 18.

Soliman, S. M., Aljahdali, N. H., Majrashi, K. A., El-Gameel, S. M., Isma-
el, E., Salem, H. M., ... & Attia, M. M. (2022). Immune cell reaction 
associated with Coenurus cerebralis infection in sheep with particu-
lar reference to ELISA as a diagnostic tool. Life, 12(10), 1515

Terrill, T. H., Kaplan, R. M., Larsen, M., Samples, O. M., Miller, J. E., & 
Gelaye, S. (2001). Anthelmintic resistance on goat farms in Georgia: 
efficacy of anthelmintics against gastrointestinal nematodes in two 
selected goat herds. Veterinary Parasitology, 97(4), 261-268.

Torres-Acosta, J. F. J., & Hoste, H. (2008). Alternative or improved meth-
ods to limit gastrointestinal parasitism in grazing sheep and goats. 
Small Ruminant Research, 77(2-3), 159-173.

Toulah, F. H., and M. M. Al-Raw (2007): Efficacy of garlic extract on 
hepatic coccidiosis in infected rabbits (Oryctolagus cuniculus): his-
tological and biochemical studies. Journal of the Egyptian Society of 
Parasitology. 37 (3), 957-968.

Tsai, C. W., Chen, H. W., Sheen, L. Y., & Lii, C. K. (2012). Garlic: Health 
benefits and actions. BioMedicine, 2(1), 17-29.

Van Wyk, J. A., & Bath, G. F. (2002). The FAMACHA system for man-
aging haemonchosis in sheep and goats by clinically identifying in-
dividual animals for treatment. Veterinary research, 33(5), 509-529.

Velkers, F. C., Dieho, K., Pecher, F. W. M., Vernooij, J. C. M., Van Eck, 
J. H. H., & Landman, W. J. M. (2011). Efficacy of allicin from garlic 
against Ascaridia galli infection in chickens. Poultry Science, 90(2), 
364-368.

Vieira, T. M., Fonseca, L. D., Bastos, G. A., de Oliveira V., Sil-
va, M. L., MoraisCosta, F. and Duarte, E. R. (2017): Con-
trol of Haemonchus contortus in sheep using basidiocarps of 
Agaricusblazei Murril. Veterinary Research Communication 41(2), 
99-106.

Waller, P. J. (2004). Management and control of nematode parasites of 
small ruminants in the face of total anthelmintic failure. Tropical Bio-
medicine, 21(2), 7-13.

Worku, M.; Franco, R. and Baldwn, K. (2009): Efficacy of garlic as an 
anthelmintic in adult Boer goats. Archives of Biological Sciences, 61 
(1), 135-140.

Yildiz, H. Y.; Van, Q. P.; Parisi G. and Sao, M.D. (2019): Anti-parasit-
ic activity of garlic (Allium sativum) and onion (Allium cepa) juice 
against crustacean parasite, Lernantropus kroyeri, found on European 
sea bass (Dicentrarchus labrax). Italian Journal of Animal Science, 
18,1,833-837.

Yin, F., Gasser, R. B., Li, F., Bao, M., Huang, W., Zou, F., ... & Hu, M. 
(2013). Genetic variability within and among Haemonchus contortus 
isolates from goats and sheep in China. Parasites & vectors, 6, 1-9.

Zajac, A. M., & Gipson, T. A. (2000). Multiple anthelmintic resistance in 
a goat herd. Veterinary Parasitology, 87(2-3), 163-172.

Zhong, R., Xiang, H., Cheng, L., Zhao, C., Wang, F., Zhao, X., & Fang, 
Y. (2019). Effects of feeding garlic powder on growth performance, 
rumen fermentation, and the health status of lambs infected by gastro-
intestinal nematodes. Animals, 9(3), 102.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

