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 Ascaridia galli is among the most reported nematode helminths leading to severe 

losses in terms of reduced productive and reproductive performance of poultry. 

Essential oils have been reported to control helminths effectively because of their 

unique phytochemicals. Thus, star anise essential oil was evaluated for its in vitro 

and in vivo anthelmintic activity. Phytochemical analysis was performed using gas 

chromatography flame ionization detection assay. For in vitro efficacy study, egg 

hatch assay, larval motility, and worm motility assays were performed. Fecal egg 

count reduction test was performed to evaluate efficacy of selected essential oil in 

vivo. During the in vivo experiment, blood parameters (RBC, PCV, Serum protein) 

were also assessed. The phytochemical analysis revealed that the star anise essential 

oil has Anetholes (Cisa and anethole) as major phytochemical compound. The in 

vivo efficacy was determined using three different concentrations of star anise 

essential oil (10, 20 and 30mL/kg in the feed). The essential oil was effective in a 

dose-dependent manner, with the maximum concentration showing a significant 

difference (P<0.05) compared to the negative controls. Egg hatchability, worm and 

larval motility were significantly (P<0.05) reduced in vitro. A significant reduction 

(P<0.05) was observed in fecal egg counts, along with improvements in RBC, PCV 

and serum protein levels. These results demonstrate that star anise essential oil can 

be effectively used for the control of A. galli in poultry. 
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INTRODUCTION 

 

Poultry is the major sector that plays an important 
role in global food security and the economy. It is facing 
several issues including infectious agents, which are 
putting constraints on the growth of this sector (Bachaya 
et al., 2015; Saeed et al., 2023). Gastrointestinal (GI) 
helminths are among the most prominent pathogens of 
livestock and poultry (Saeed and Alsayeqh, 2023). 
Ascaridia (A.) galli is a nematode parasite found in the 
intestine of the broiler and layer birds (Feyera et al., 
2022b). It is a commonly transmitted nematode which 
can be acquired through direct ingestion or by transport 
hosts like earthworms (Ritu et al., 2024). The larvae of 
A. galli are aggressive blood feeders and may lead to 
severe signs such as decreased weight gain, enteritis, 
blood, sugar loss and increased nitrogenous 
contents (Shohana et al., 2023). The eggs of A. galli can 
also be present in the eggs of the chickens. Because of 
these issues, the control of A. galli is among the issues in 
the poultry sector (Feyera et al., 2022a).  

Chemically synthesized anthelmintics are commonly 
used for the control of A. galli in commercial poultry flocks 
(Jilo et al., 2022). Currently, resistance is being reported 
against routinely used anthelmintics in parasites including 
A. galli (Saeed and Alkheraije, 2023). In this scenario, 
alternative control strategies are urgently needed to treat 
developing infections (Abbas et al., 2023). Additionally, 
the concerns have been raised regarding the potential public 
health impacts of anthelmintic drugs. The increasing 
demand for organic poultry solely relies on natural control 
measures. The chemical-free production of poultry 
necessitates the development of natural alternatives for the 
control of A. galli (Shohana et al., 2023).  

Herbal remedies are promising ways to control 
parasites due to their perceived safety, efficacy, and 
potential for sustainable and accurate application (Ur-
Rehman et al., 2023). Various herbal formulations are 
being investigated as potential treatments for nematodes 
including A. galli. Essential oils are volatile compounds 
comprised of lipophilic components with low molecular 
weights and a volatile nature (Al-Hoshani et al., 2023). 
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They are among the most bioactive constituents of plants 
and have demonstrated anthelmintic, antiprotozoal, 
immunomodulatory, and anti-inflammatory properties in 
numerous studies.  

Star anise is a plant native to various parts of the 

world, including the subcontinent. It is an important 

culinary ingredient (Al-Hoshani et al., 2023). It is also 

widely used for its aromatic and medicinal properties. 

Numerous studies have reported the antiparasitic, 

anthelmintic, immunomodulatory, and anti-inflammatory 

potential of star anise, including its essential oil (Patra et 

al., 2020). Based on these observations, this study aims to 

determine the phytochemical composition of star anise 

essential oil and evaluate its in vitro and in vivo 

anthelmintic activity against A. galli in chickens. 

 

MATERIALS AND METHODS 

 
Plant material and essential oil extraction: Star anise 

seeds were obtained, air-dried, ground into a fine powder 

and soaked in water. Subsequently, steam distillation was 

performed in distillation flasks for 6 hours. The essential 

oils were separated using a volatile solvent and anhydrous 

sodium sulfate was used to remove impurities. The 

solvent was then removed using rotary evaporation at 

60°C following the methods of Saeed et al. (2023).  

 

Phytochemical assay: The essential oil extracted was 

then analyzed using Gas Chromatography-Flame 

Ionization Detection (GC-FID) on a SHIMADZU® 

apparatus equipped with a DB-WEX 30mx0.25mm 

column. Nitrogen was used as the carrier gas at a flow rate 

of 20ml per minute. All procedures were performed 

according to the methods described by Ali et al. (2019). 

 

Parasite collection: Adult motile worms were collected 

from layer, breeder, nondescript and organic poultry 

farms within the locality. Briefly, suspected infected 

birds were slaughtered and their GI tracts were 

examined for the presence of A. galli. Intestines 

containing adult worms were collected and transported 

to the laboratory under sterile conditions. The worms 

were identified microscopically and placed in sterile 

pathogen-free containers. Female worms were separated 

from males to facilitate egg collection. All procedures 

were conducted according to standard protocols of 

Katakam et al. (2010). 

 

Egg embryonation assay: Eggs of A. galli were 

collected from adult female worms isolated from the 

intestines of chickens obtained from local farms in South 

Punjab, specifically district Rahim Yar Khan. Six groups 

of eggs were established, each consisting of three 

replicates, with 100 eggs per replicate. These eggs were 

isolated in suspension and incubated in four different 

concentrations of essential oil as 1.25, 2.5, 5 and 

10mg/mL, respectively. A standard medicated control 

group containing 10mg/mL of albendazole was included 

and a negative control group containing phosphate-

buffered saline was also established. All eggs were 

incubated at a temperature of 30±2°C for 12 days. All 

procedures were performed according to standard 

protocols as described by Coles et al. (1992). 

Larvicidal activity: In ovo larvicidal efficacy of star anise 
essential oil was evaluated against unshelled second-stage 
larvae (L2) of A. galli. The group formation, dosage of star 
anise essential oil and controls were same as described for 
egg embryonation assay. 50 larvae per group were exposed 
to the treatments. After 12 hours, the number of non-motile 
(no movement observed within 10 seconds) and motile 
larvae were counted. Percent motility was calculated 
according to standard methods of Coles et al. (1992).  
 

Anthelmintic activity against adults: Freshly collected 
adult A. galli worms were maintained in Ringer-Locke 
solution. The group formation, dosage of star anise 
essential oil and controls were same as described for egg 
embryonation assay. Each group consisted of three 
replicates, with 10 worms per replicate. The worms were 
exposed to treatments for 24 hours at a temperature of 
30±3°C and observed at 6-hour intervals. All 
experimental procedures were conducted according to 
standard protocols form Sen et al. (2020).  
 

In vivo experiment: A total of 150 one-day-old COBB-
500® chicks were purchased from a commercial hatchery 
and housed on the farm. The vaccine schedule, lighting, 
and housing conditions were maintained according to the 
COBB broiler production guide (Tavernari et al., 2013). A 
standard commercial broiler diet was provided, as 
outlined in Table 1. On the 15th day of age, the birds were 
randomly divided into five groups, each consisting of 
three replicates with 10 chicks per replicate. Groups 1 to 3 
received 10, 20 and 30mL/kg (1, 2 and 3 v/w), 
respectively, of star anise essential oil in their feed. Group 
4 received albendazole at a dose of 10mg/kg in their feed 
as a positive control, while Group 5 served as an infected 
unmedicated control. Each group was experimentally 
infected with 500 A. galli eggs per bird. Fecal samples 
were collected daily from each group and examined for 
the presence of A. galli eggs. The day on which A. galli 
eggs were first detected in the feces of any group was 
designated as Day 0 for egg count analysis. Adult birds 
exhibiting egg counts of 800±50 eggs per gram of feces 
(EPG) were selected for further experimental infections.  
 
Table 1: Composition of the feed used in the current experiment. 

Ingredients Quantity (%) 

Corn 44 
Rice (grain) 12 

Rice (polishing) 4 
Canola meal 15 
Soybean meal 11 

Molasses 3 
Corn gluten meal (60%) 4 
Fish meal 4 

Di-calcium Phosphate 2 
Vito mineral mixture 0.65 
DL-methionine 0.10 

L–lysine 0.25 

 

Fecal egg count reduction test: Fecal egg counts were 

performed weekly for two weeks and the EPG of feces 

was determined for each sample following the methods of 

Vadlejch et al. (2011). Percent fecal egg count reduction 

was estimated by the methods described by Saeed and 

Alsayeqh (2023).  

 

Fecal egg count reduction (%) = (Initial worm counts-

final worm counts/Initial worm counts) *100 
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Hematology and serum protein estimation: Serum 

protein, PCV and RBC levels were determined at the end 

of the experiment according to the method described by 

Ahmad et al. (2022). RBC counts were determined using 

the method of Natt and Herrick (1952). Serum protein 

levels were quantified using spectrophotometric methods 

(Saeed et al., 2023).  
 

Statistical analysis: Statistical analysis was performed 

using Minitab 26.0 statistical software. General linear 

model was applied for analysis of variance and Tukey’s 

post hoc test was used for comparison of means. 

Statistical significance was determined at the 5% 

confidence level (P<0.05). 

 

RESULTS  

 

Phytochemical assay: GC-FID analysis of star anise 

essential oil revealed the presence of more than 10 

compounds (Fig. 1). The top 10 compounds are listed in 

Table 2. Trans-anethole and cis-anethole were the major 

components, comprising 19.6% and 17.8% of the oil, 

respectively. Multiple other terpene derivatives were also 

identified (Fig. 1; Table 1). 

 

Egg embryonation assay: The unembryonated eggs were 

kept for 12 days in various treatments (1.25, 2.5, 5, and 

10% v/v) of essential oil and the results were checked 

based on percent embryonation. Only 10% concentration 

of the star anise essential oil and albendazole (10 mg/kg) 

had a 100% stop to embryonation and were significantly 

(P<0.05) different from all other groups (Table 3). 

 

In vitro larvicidal activity: The unshelled L2 were kept 

for 24 hours in various treatments (1.25, 2.5, 5, and 10% 

v/v) of essential oil and the results were checked based on 

percent embryonation. Only albendazole (10mg/kg) had 

100% inhibition of larval mortality if A. galli 10% and 

concentration of the star anise essential oil were 

statistically comparable (P>0.05) to it. Both medicated 

control and the 10% essential oil group were significantly 

different (P<0.05) from all other groups (Table 3). 

 

In vitro vermicidal activity: The adult worms of A. galli 

were kept for 24 hours in various treatments (1.25, 2.5, 5 

and 10% v/v) of star anise essential oil and the results 

were checked based on percent motility. There was no 

embryonation at 5 and 10% concentrations of the star 

anise essential oil and in albendazole treated group. 

Results were significantly (P<0.05) different from all 

other groups (Fig. 2). 

 

Fecal Egg count reduction: The EPG of feces were 

performed on days 0, 7, and 15 of post-fecal excretion of 

Ascaridia sp. eggs. The data were analyzed for a weekly 

and biweekly reduction in the egg counts. Maximum 

reduction was observed in standard medicated control 

having a comparable relation to the 3% concentration of 

star anise essential oil (Table 5). 

 

Hematology and serum protein: Effects on RBC, PCV 

and serum proteins were evaluated. The results confirmed 

that the star anise essential oil significantly increased the 

RBC, PCV and serum protein levels, which were 

comparable to infected medicated control and 

significantly (P<0.05) different from the other groups 

(Table 5). 
 

DISCUSSION 

 

Resistance to commonly used therapeutic antibiotics 

is among the most serious challenges facing researchers in 

this decade (Church and McKillip, 2021). Infectious 

agents, including helminths, are rapidly developing 

resistance, leading to the failure of synthetic drugs within 

a short timeframe. Researchers have reported the urgent 

need for alternative therapeutic strategies and have 

proposed phytochemicals as ideal substitutes due to their 

multidimensional  modes  of  action  (Ashraf et al., 2023). 
 
Table 2: Phytochemical composition of star anise essential oil 
evaluated through Gas Chromatography Flame Ionization Detection 

Technique 

Sr. No 
Name of 
Component 

Retention Time 
(Minute) 

Concentration(%) 

1.  Trans -anethole 47.9 19.6 
2.  Cis-anethole 41.0 17.8 
3.  Gamma-terpineol 23.3 10.1 

4.  Linalool 37.6 9.6 
5.  Alpha-Phellandrene 19.4 8.1 
6.  P-Cymene 5.12 7.5 

7.  alpha-Phellandrene 32.8 6.7 
8.  Beta-Pinene 16.72 5.3 
9.  Beta myrcene 2.3 5.0 

10.  Limonene 30.84 3.7 

 
Table 3: Egg embryonation and larval motility of A. galli worm treated 

with various treatments of star anise essential oil compared to controls 

Concentration of essential oil 
(mg/mL) 

The egg 
embryonated (%) 

 Larval motility (%) 

3.125 64.33 ±3.93bc 67.37±8.96b 

6.25 42.73±5.6d 53.1±2.72c 
12.5 30.87±5.05e 36.91±3.22d 

25 0.00±0.0f 2.33±1.33ef 

Positive control 0.00±0.0f 0.00±0.0f 
Negative control 97.37±0.59a 95.91±0.59a 

Values with the same superscripts have statistically comparable results 
(P>0.05) 

 
Table 4: Eggs per gram and percent fecal egg count reduction (%FECR) 

of A. galli on a weekly interval in the chicken 

Groups Eggs Per Gram (% FECR) 

Day 0 
(% FECR Week 1) 

Day 7 
(% FECR Week 2) 

Day 15 
(% FECR Total Period) 

A 833.33±104.08a 

(21.68±4.05) 

650±50a 

(46.33±3.57) 

350±50b 

(58.04±1.87) 
B 800±132.28a 

(29.25±18.7) 
550±50a 
(38.53±17.19) 

333.33±76.37bc 
(58.63±2.99) 

C 866.67±104.08a 
(61.42±1.6) 

333.33±28.86b 
(75.39±6.87) 

83.33±28.86c 
(90.56±2.41) 

D 816.66±104.08a 

(59.02±1.99) 

333.33±28.86b 

(60.31±5.49) 

133.33±28.86c 

(83.8±1.72) 
E - - - 

Values with the same superscripts have statistically comparable results 

(P>0.05). 

 
Table 5: Percent packed cell volume (PCV), red blood cells (RBC) and 
total proteins in the chicken infected with A. galli 

Treatment PCV (%) RBC (x106/uL) Total proteins (g/dL) 

A 31.49±0.86a 3.16±0.21a 3.05±0.16b 

B 33.3±1.91a 3.32±0.13ab 3.1±0.13b 
C 33.48±0.88a 3.45±0.09b 3.5±0.28a 
D 24.67±0.88b 3.43±0.08b 3.43±0.1a 
E 34.26±0.89a 2.98±0.12a 3.0±0.23b 

Values with the same superscripts have statistically comparable results 
(P>0.05)
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Fig.1: Chart of Phytochemical composition of star anise essential oil evaluated through Gas Chromatography Flame Ionization Detection Technique. 

 

 
 
Fig. 2: Percent motility of adult A. galli exposed to various concentrations of essential oil of star anise (mg/mL) compared to albendazole and 

phosphate buffer saline (PBS) in in vitro experiment. 

 

Plants contain a diverse array of chemical compounds, 

among which terpenes and their derivatives hold 

significant importance (Li et al., 2023). These compounds 

are lipophilic and are commonly extracted as fatty 

fractions, such as essential oils (Dajic Stevanovic et al., 

2020; Zielińska-Błajet and Feder-Kubis, 2020). 

In a current study, GC-FID analysis of the star anise 

essential oil revealed that anetholes were the major 

constituents. Other terpenes, terpenoids, and terpinols 

were also frequently detected in the oil (Table 1). 

Previous studies have also reported a similar composition 

for star anise essential oil (Shahrajabian et al., 2021; 

Sharafan et al., 2022; Soonwera et al., 2024). Minor 

variations in the concentration of these compounds can 

occur due to factors such as geographic origin, cultivar, 

extraction method, and analytical techniques used for 

phytochemical analysis (Alirezalu et al., 2020; 

Boukhatem and Setzer, 2020). The presence of these 

compounds supports the observed anthelmintic activity of 

anise essential oil against A. galli in our study.  

Terpenes and their derivatives, including cis-

anethole, trans-anethole, terpineol and other derivatives, 

are well-known for their anthelmintic properties in both in 

vitro and in vivo studies (Silva et al., 2021; Torres-Fajardo 

and Higuera-Piedrahita, 2021; Panda et al., 2022). These 

compounds show their anthelmintic effects through 

various direct and indirect mechanisms. Studies have 

shown that terpenes can disrupt the integrity of the 

helminth eggshell, leading to reduced embryonation 

(Serra et al., 2022; Espino Ureña et al., 2023). 

Furthermore, research indicates that compounds present in 

essential oils can inhibit egg embryonation by interfering 
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with in-ovo metabolic activities. This can involve 

disrupting the nutrition of developing embryos and acting 

as antagonists to essential enzymes such as proteases and 

chitinases, which are crucial for the bioavailability of the 

components within the eggshell (Sousa et al., 2021; 

Mohamed et al., 2024). These mechanisms likely 

contribute to the reduced egg hatchability observed in our 

study (Table 3, Fig. 2). Similar results have been reported 

in other studies evaluating the anthelmintic effects of 

essential oils on egg embryonation and larval viability 

(Štrbac et al., 2022; Štrbac et al., 2023). Minor variations 

in efficacy among different essential oils can be attributed 

to variations in their terpene composition. 

Essential oils have larvicidal and vermicidal activities 

through direct activities because of several mechanisms. 

The active components of essential oils can kill the larvae 

and adults of the helminths by the same mechanisms of 

action because of similar morphologies despite 

differences in nutritive efficiencies (Helal et al., 2020; 

Matté et al., 2023). The control of larvae of A. galli is 

more important than the adults because the larvae are 

the most aggressive feeders and are responsible for blood 

and protein loss (Feyera et al., 2022a). Moreover, the first 

two stages, L1 and L2 develop inside the eggs and the third 

instar is hatched inside the body. The essential oils can 

kill the larval stages by disturbing the metabolism, 

nutritional intake blockage, cuticle disruption, and many 

other functions (de Carvalho Augusto et al., 2020; Matté 

et al., 2023). Because of these activities, essential oils 

have been reported to control nematode larvae, including 

A. galli. This study's results align with previous 

experiments (Helal et al., 2020; Wang et al., 2020). 

Because of similar modes of action, vermicidal activities 

can be justified by with same rationale, and similar results 

have been reported in our study and previous research. 

Essential oils are volatile fractions and evaporate easily in 

in-vitro conditions (Houdkova and Kokoska, 2020), so 

there are less than expected larvicidal activities in vivo 

experiments, however, statistically comparable (P>0.05) 

results pertaining to standard control were reported. This 

activity finds its justification because of direct exposure 

and increased concentration of the oils.  

The terpenes and terpenoids of essential oils control 

the helminth egg count by a similar mechanism except 

that they also reduce the reproductive performance of 

adults (Ramdani et al., 2023; Băieş et al., 2024) and cause 

a reduction in egg production and fertilization through 

several known and unknown mechanisms. Moreover, the 

terpenes and terpenoids help control the infection because 

of their indirect immunomodulatory and anti-

inflammatory mechanisms (Saeed and Alkheraije, 2023). 

Although several other factors, including intestinal 

environment, microbial load metabolism, etc. can affect 

the potency of essential oils in in-vivo environments 

(Ramdani et al., 2023; Băieş et al., 2024) similar effects 

are reported which are reported in in vitro studies. 

Therefore, a similar trend of percent fecal count was 

observed and the essential oil of star anise had comparable 

effects at maximum concentration to standard medicated 

control while significantly different results from the non-

medicated control.  

The RBC, PCV and serum proteins were greatly 

improved and had significantly different results from 

infected non-medicated control. The RBC and protein 

values were improved because larvae feed on blood and 

disturb the blood cells and protein levels (Helal et al., 

2020). So, the larval and adult count was reduced, and 

these parameters were improved. All the other parameters 

remained normal, which indicates the essential oil had no 

toxic effects on the hepatorenal functions.  

 

Conclusions: This research concludes that the star anise 

essential oil can be used for the control of A. galli in 

poultry and can reduce the larva and worm motility in the 

chicken. The effective concentration of the star anise was 

30mg/mL which shows promising results. Although no 

resistance was observed in the research against standard 

medicine, the star anise can be a suitable alternative if 

resistance is reported. 

 

Authors contribution: MR and ASMA were actively 

involved in research designing, execution, data analysis, 

data interpretation and write up of the manuscript. Both 

authors approved the final version for publication. 

 

REFERENCES 

 
Abbas RZ, Saeed Z, Bosco A et al., 2023. Botanical control of coccidiosis 

in ruminants. Pak J Agri Sci 60(4):473-485. 

Ahmad S, Lashari MH and Farooq U, 2022. A preliminary study on 

devising a hematological formula for estimation of hemoglobin 
from packed cell volume in beetal goats. Arq Brasil Medici Vet Zoot 

74:77-82. 
Al-Hoshani N, Al Syaad KM, Saeed Z et al., 2023. Anticoccidial Activity of 

Star Anise (Illicium verum) Essential Oil in Broiler Chicks. Pak Vet J 

43(3):553-558. 
Ali I, Rizwani GH, Rasheed M et al., 2019. Chemical analysis of Dalbergia 

sissoo (Roxb.) pod oil by (GC-MS)/GC-FID and evaluation of 

antioxidant potential. Pak J Pharmaceut Sci 32(5):2175-2181. 

Alirezalu K, Pateiro M, Yaghoubi M et al., 2020. Phytochemical 

constituents, advanced extraction technologies and techno-
functional properties of selected Mediterranean plants for use in 

meat products. A comprehensive review. Trends Food Sci Tech 

100:292-306. 
Ashraf MV, Pant S, Khan MAH et al., 2023. Phytochemicals as 

antimicrobials: prospecting Himalayan medicinal plants as source of 

alternate medicine to combat antimicrobial resistance. Pharmaceut 
16:881. 

Bachaya HA, Abbas RZ, Raza MA, et al., 2015. Existence of coccidiosis 

and associated risk factors in broiler chickens in Southern Punjab, 
Pakistan. Pak Vet J 35(1): 81-84.  

Băieş M-H, Cotuţiu V-D, Spînu M et al., 2024. In vivo assessment of the 
antiparasitic effects of Allium sativum L. and Artemisia absinthium 

L. against gastrointestinal parasites in swine from low-input farms. 

BMC Vet Res 20:126. 
Boukhatem MN and Setzer WN, 2020. Aromatic herbs, medicinal plant-

derived essential oils, and phytochemical extracts as potential 

therapies for coronaviruses: future perspectives. Plant 9(6):800. 
Church NA and McKillip JL, 2021. Antibiotic resistance crisis: challenges 

and imperatives. Biologia 76(5):1535-1550. 

Coles GC, Bauer C, Borgsteede FHM et al., 1992. World Association for 
the Advancement of Veterinary Parasitology (WAAVP) methods 

for the detection of anthelmintic resistance in nematodes of 
veterinary importance. Vet Partasiol 44(1-2):35-44. 

Dajic Stevanovic Z, Sieniawska E, Glowniak K et al., 2020. Natural 

macromolecules as carriers for essential oils: From extraction to 
biomedical application. Front Bioeng Biotech 8:563. 

de Carvalho Augusto R, Merad N, Rognon A et al., 2020. Molluscicidal 

and parasiticidal activities of Eryngium triquetrum essential oil on 
Schistosoma mansoni and its intermediate snail host Biomphalaria 

glabrata, a double impact. Parasit Vectors 13:1-11. 

Espino Ureña MJ, Katchborian‐Neto A, Trinidad AB et al., 2023. Chemical 

Composition, Anthelmintic Activity, and Mechanism of Action of 
Lippia dominguensis Mold. Essential Oil on Haemonchus contortus. 

Chem Biodivers 20(7):e202300135. 



Pak Vet J, 2024, 44(4): 1223-1228. 
 

1228 

Feyera T, Sharpe B, Elliott T et al., 2022a. Anthelmintic efficacy evaluation 
against different developmental stages of Ascaridia galli following 

individual or group administration in artificially trickle-infected 

chickens. Vet Partasiol 301:109636. 
Feyera T, Shifaw AY, Ruhnke I et al., 2022b. Ascaridia galli challenge model 

for worm propagation in young chickens with or without 

immunosuppression. Vet Partasiol 301:109624. 

Helal MA, Abdel-Gawad AM, Kandil OM et al., 2020. Nematocidal effects 
of a coriander essential oil and five pure principles on the infective 

larvae of major ovine gastrointestinal nematodes in vitro. Pathogen 
9(9):740. 

Houdkova M and Kokoska L, 2020. Volatile antimicrobial agents and in 
vitro methods for evaluating their activity in the vapour phase: A 

review. Planta Medica 86:822-857. 
Jilo SA, Abadula TA, Abadura SZ et al., 2022. Review on epidemiology, 

pathogenesis, treatment, control and prevention of gastrointestinal 

parasite of poultry. Int J Vet Sci Anim Husband 7:26-34. 
Katakam KK, Nejsum P, Kyvsgaard NC et al., 2010. Molecular and 

parasitological tools for the study of Ascaridia galli population 

dynamics in chickens. Avian Pathol 39(2):81-85. 
Li C, Zha W, Li W et al., 2023. Advances in the biosynthesis of terpenoids 

and their ecological functions in plant resistance. Int J Mol Sci 

24(14):11561. 
Matté EHC, Luciano FB and Evangelista AG, 2023. Essential oils and 

essential oil compounds in animal production as antimicrobials and 
anthelmintics: an updated review. Anim Health Res Rev 2023:1-11. 

Mohamed HI, Arafa WM, Ahmed OM et al., 2024. Ovicidal, larvicidal and 
adulticidal activity of black pepper (Piper nigrum L.) essential oil 
and tea tree oil (Melaleuca alternifolia) against Haemonchus 

contortus. J Para Dis 48(1):117-133. 
Natt MP and Herrick CA, 1952. A new blood diluent for counting 

the erythrocytes and leucocytes of the chicken. Poult Sci 

31(4):735-738. 
Panda SK, Daemen M, Sahoo G et al., 2022. Essential oils as novel 

anthelmintic drug candidates. Molecules 27(23):8327. 

Patra JK, Das G, Bose S et al., 2020. Star anise (Illicium verum): Chemical 
compounds, antiviral properties, and clinical relevance. Phytother 
Res 34(6):1248-1267. 

Ramdani D, Yuniarti E, Jayanegara A et al., 2023. Roles of essential oils, 
polyphenols, and saponins of medicinal plants as natural additives 
and anthelmintics in ruminant diets: A systematic review. Animals 
13(4):767. 

Ritu SN, Labony SS, Hossain MS et al., 2024. Ascaridia galli, a common 
nematode in semi scavenging indigenous chickens in Bangladesh: 
epidemiology, genetic diversity, pathobiology, ex vivo culture, and 

anthelmintic efficacy. Poultry Science, 103(3):103405. 
Saeed Z, Abbas RZ, Khan MK et al., 2023. Anticoccidial activities of 

essential oil of Amomum subulatum in broiler chicks. Pak J Agri Sci 

60(2):377-384. 
Saeed Z and Alkheraije KA, 2023. Botanicals: A promising approach for 

controlling cecal coccidiosis in poultry. Front Vet Sci 10:1157633. 

Saeed Z and Alsayeqh A, 2023. Evaluation of anthelmintic, hematological 
and serum biochemical effects of herbal dewormer on the cattle. 
Solven Vet Res 60(25-Suppl):353-362. 

Sen D, Agnihotri RK and Sharma D, 2020. Carica papaya L. (Caricacea) as 
herbal alternative to anthelmintics for the control of Ascaridia galli 

in poultry. Himach J Agri Res 46(1):100-108. 

Serra BNV, Martins ML, Pereira SA et al., 2022. Ovicidal effect of essential 
oils of Lippia alba, Lippia sidoides and Lippia gracilis on the 
acanthocephalan Neoechinorhynchus buttnerae (Eoacanthocephala: 

Neoechinorhynchidae). J Fish Dis 45(4):569-577. 
Shahrajabian MH, Sun W and Cheng Q, 2021. Survey on chemical 

constituent, traditional and modern pharmaceutical and health 

benefits of Chinese Star Anise, a treasure from the East. 
Pharmacogn Commn 11(1):31-35  

Sharafan M, Jafernik K, Ekiert H et al., 2022. Illicium verum (Star Anise) 

and Trans-Anethole as valuable raw materials for medicinal and 
cosmetic applications. Molecules 27(3):650. 

Shohana NN, Rony SA, Ali MH et al., 2023. Ascaridia galli infection in 
chicken: Pathobiology and immunological orchestra. Immuni 

Inflamm Dis 11(9):e1001. 
Silva CR, Lifschitz AL, Macedo SRD et al., 2021. Combination of 

synthetic anthelmintics and monoterpenes: Assessment of 

efficacy, and ultrastructural and biophysical properties of 
Haemonchus contortus using atomic force microscopy. Vet 
Parasitol 290:109345. 

Soonwera M, Sinthusiri J, Passara H et al., 2024. Combinations of 
lemongrass and star anise essential oils and their main constituent: 
Synergistic housefly repellency and safety against non-target 

organisms. Insect 15(3):210. 
Sousa AIP, Silva CR, Costa-Júnior HN et al., 2021. Essential oils from 

Ocimum basilicum cultivars: analysis of their composition and 

determination of the effect of the major compounds on 
Haemonchus contortus eggs. J Helminthol 95:e17. 

Štrbac F, Bosco A, Maurelli MP et al., 2022. Anthelmintic properties of 
essential oils to control gastrointestinal nematodes in sheep—In 

vitro and in vivo studies. Vet Sci 9(2):93. 
Štrbac F, Krnjajić S, Stojanović D et al., 2023. In vitro and in vivo 

anthelmintic efficacy of peppermint (Mentha x piperita L.) essential 
oil against gastrointestinal nematodes of sheep. Front Vet Sci 
10:1232570. 

Tavernari FC, Lelis GR, Vieira RA et al., 2013. Valine needs in starting and 
growing Cobb (500) broilers. Poultry Science, 92(1):151-157. 

Torres-Fajardo RA and Higuera-Piedrahita RI, 2021. In vivo anthelmintic 
activity of terpenes and essential oils in small ruminants. MVZ 
Cordo. Rev MVZ Córdo 26(3):e2317. 

Ur-Rehman T, El-Mansi AA, Alhag SK et al., 2023. Antiparasitic activity of 
methanolic and ethyl acetate extracts of Azadirachta indica against 
Haemonchus contortus. Pak Vet J 43(1):199-203. 

Vadlejch J, Petrtýl M, Zaichenko I et al., 2011. Which McMaster egg 
counting technique is the most reliable? Parasitol Res 109:1387-
1394. 

Wang K Ma J, Li Y et al., 2022. Effects of essential oil extracted from 
Artemisia argyi leaf on lipid metabolism and gut microbiota in 
high-fat diet-fed mice. Front Nutr 9: 1024722 

Zielińska-Błajet M and Feder-Kubis J, 2020. Monoterpenes and their 
derivatives-Recent development in biological and medical 
applications. Int J Mol Sci 21(19):7078. 

 


