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 Coccidiosis is a major parasitic disease infecting poultry across the globe. 
Coccidiostat and coccidiocidal drugs are being used frequently, but the issue needs 
modern medicine for effective control. Herbal products, especially essential oils, have 
compounds that have proven to be anticoccidial agents. For this purpose, a research 
experiment was conducted to evaluate the anticoccidial potential of the essential oil 
of F. vulgare. Broiler chicks of COBB 500 numbering two hundred and sixteen (216) 
were grouped into six random groups and were replicated thrice. Each group was 
replicated thrice, containing 12 chicks per replicate. These birds were subjected to 
oral infection of sporulated oocysts of Eimeria spp. on the 7th day of age excluding 
chicks of neutral control, which was a non-infected control. The feed for chicks in 
three groups contained fennel essential oil at 1, 2, and 3% concentrations. The 
remaining three groups consisted of a medicated group (treated with Toltrazuril), an 
infected but untreated group, and a healthy untreated control group. The study's 
parameters encompassed fecal scores, oocyst scores, oocyst counts per gram of feces, 
lesion scores, weight gain, feed intake, feed conversion ratio, mortality rates, organ 
weight ratios, blood profiles, and serum chemistry. The study's findings demonstrated 
the essential oil's anticoccidial properties. It was observed that fennel essential oil 
significantly outperformed the nonmedicated control groups (P<0.05) in reducing 
lesion scores, fecal scores, and oocyst counts per gram when administered at a 3% 
concentration. Improvements in feed intake, FCR, and reduced mortalities were also 
observed. Blood and serum parameters remain statistically comparable (P>0.05), 
showing no toxicity by the fennel oil. Results of this study show that fennel oil has 
potent anticoccidial effects, which can be used for further research to find out exact 
active ingredients 
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INTRODUCTION 

 
Eimeria is a genus of parasitic protozoa that causes an 

intestinal disease called coccidiosis in a large variety of 
animal species (Akram et al., 2019; Zurisha et al., 2021). 
Domestic fowl (Gallus gallus domesticus) is among the 
most threatened species of coccidiosis (Tuska and Yesica, 
2025). Coccidiosis has been a nightmare at commercial 
poultry farms as high stocking density, increased humidity, 
and exposure to parasites are common at these farms 
(Moryani et al., 2021; Qureshi, 2021). In the past, 
outbreaks of coccidiosis have caused havoc in the poultry 
industry (Moryani et al., 2021). Preventive measures and 

synthetic coccidiocidal (synthetic chemicals and 
ionophores) have helped farmers to avoid severe outbreaks 
of this disease (Hassanen et al., 2020; Mohsin et al., 2021). 

Synthetic anticoccidials have been a popular and 
effective tool to control coccidiosis in commercial poultry 
flocks, but some issues are being experienced by 
practitioners and scientists, which put serious concerns 
about the future use of these drugs (Saeed and Alkheraije, 
2023a). Antimicrobial drug resistance is among the major 
problems which are being faced by scientists currently 
(Uddin et al., 2021).  Eimeria is showing resistance to 
synthetic drugs (Vereecken et al., 2021). Alternatively, 
vaccines have been developed, but vaccine failures and 
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high costs are minimizing the use of anticoccidial vaccines 
(Blake et al., 2021). These scenarios demand a suitable 
alternative that may control this devastating disease. 

Scientists have suggested multiple alternatives, 
including organic acids, vitamins, amino acids, and herbal 
products (Mirnawati et al., 2022; Radwan et al., 2022; Gul 
and Alsayeqh, 2023). Botanical preparations are prominent 
alternatives that are researched globally for the control of 
poultry coccidiosis (Saeed and Alkheraije, 2023a). Among 
plant products, essential oils are widely popular among 
researchers (Mirnawati et al., 2022). Essential oil-based 
anticoccidial products like Orego-stim ® products have 
been commercialized (Močár et al., 2011). These findings 
suggest exploring other essential oils for optimal control of 
coccidiosis.  

Foeniculum vulgare (Fennel) is a shrub of the 
Apiaceae family, that is known for its aromatic plants. 
Fennel is a common culinary item which is traditionally 
used as integral part of several savories and a traditional 
substance for the treatment of gastric and respiratory 
issues. Various fractions of the essential oil of F. vulgare 
have been proven to be anti-inflammatory, antimicrobial, 
and antiparasitic (Bava et al., 2022). These activities make 
it a promising candidate for the control of coccidiosis in the 
chicken. The essential oil of fennel has more concentration 
of terpenes and aromatic compounds, which have potent 
gut protective, anti-inflammatory, and immunomodulatory 
activities (Rafieian et al., 2024). Because of these reasons, 
this research was carried out for evaluation of potential of 
fennel oil against coccidiosis in chickens. 
 

MATERIALS AND METHODS 
 

Parasite Material: Eimeria species were isolated from the 
intestines of the chicken collected from the markets of 
Multan city, Pakistan. The species were identified 
microscopically as Eimeria tenella, E. maxima E. necatrix 
and E. mivati (Kumar et al., 2025). Intestinal and cecal 
material positive for the Eimeria species was collected, 
washed, and processed for sporulation, as described by 
Ryley et al. (1976). Sporulated samples were then adjusted 
for dose preparation.  
 
Essential Oil: Fennel seeds were purchased, dried, and 
ground to a fine powder. Powder of fennel seeds was 
soaked in the water and hydro distillation was performed as 
described by Gavahian et al. (2012). Yield percent 
remained 3.1%. The essential oil was collected and stored 
in containers in the refrigerator (4°C).  
 
Management of Birds: One-day-old, COBB-500 chicks 
(number 216) were purchased from a local hatchery. They 
were housed as per the COBB management guide. Floor 
management was done while the grouped chickens were fed 
with mesh feeds in the starter phase and then grown on the 
crumbs in the finisher phase. The composition of the feeds, 
along with the nutrient percentage, is given in Table 1. 
 
Experimental Design: Birds were segregated into 6 
groups, which were allotted alphabetical numbers from A 
to F. Each group contained 12 chicks in it and was 
replicated thrice. On the 7th day, all the members of 
groups A, B, C, D, and E were infected with the 

sporulated oocysts of Eimeria and were given orally @ 
6x104 per chick. On the same day, groups A, B, and C 
were given essential oil of fennel 1, 2, and 3% in the feed. 
Group D was given standard medication (Toltrazuril 
@1mL/ L water), group E was not medicated and Group 
F was neither infected nor medicated to serve as controls. 
The initial weighing was done on the 7th day. The routine 
observation was done daily to observe feed intakes, 
mortalities, fecal scores, and oocyst scores. On the 7th day 
post-infection, final weights were taken, and the humane 
slaughtering of 3 birds from each bird was done to 
observe lesions on the ceca and intestine. On the 35th day, 
all the remaining birds were slaughtered, and weights of 
internal organ were recorded. 
 
Table 1: Nutrient composition and Feed ingredients and of starter and 
finisher feeds of the broiler chicks 
Elements  Composition of 

Starter Feed (%) 
Composition of 
Finisher feed (%) 

Corn 45.00 47.00 
Rice grain 9.00 14.00 
Rice polish 5.00 5.00 
Soybean meal 17.00 15.00 
Canola seed meal 18.00 10.00 
Maize gluten 60% 2.00 3.00 
Molasses 2.00 4.00 
Di-calcium Phosphate 1.00 1.00 
Vitamin supplement 0.70 0.7 
DL methionine 0.15 0.15 
L Lysine 0.15 0.15 
Proximate analysis 
Metabolizable Energy 
(kilocalories/kilogram) 29 X103 3X103 

Percent Crude Protein  20 18 
Percent Crude Fiber 04.9 04.5 
Percent Ether Extract 3.01 4.0 
Percent Calcium 1.02 0.80 
Phosphorus available (%) 0.65 0.40 
 
Parameters 
Anticoccidial parameters: Anticoccidial activity of the 
fennel essential oil was estimated in the lesion, fecal, 
oocyst scores, and oocyst per gram of feces. Feces of the 
birds were collected to observe morphology of oocysts for 
identification, fecal conditions and oocyst per gram, as 
described by Youn et al. (1993). Fecal scoring was 
performed a on a scale of 0 to 4. 
 
Performance parameters: The performance of the birds 
was estimated by the weight gain, feed conversion ratio 
(FCR), feed intake, percent mortalities, and organ weights 
as described by Abbas et al. (2019).  
 
Blood Parameters: Packed Cell values (PCV), hemoglobin, 
Red blood cell counts (RBC), and white blood cells were 
counted using Natt and Herrick (1952) technique.  
 
Serum Chemistry: Urea, creatinine, serum glutamic 
oxaloacetate transaminases (SGOT), and serum glutamic 
pyruvic transaminases (SGPT) were estimated to evaluate 
the toxicities following spectrometric techniques adopted 
by Abbas et al. (2019).  
 
Statistical Analysis: Analysis of variance was performed, 
and means were compared by Tukey test. The significance 
level of 5% was observed to mention statistical differences. 
Minitab ® statistical software was used for statistical 
analysis. 
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RESULTS 
 

Anticoccidial Effects: Fennel essential oil showed 
excellent anticoccidial activities and reduced lesions, fecal 
oocyst output, OPG, and the scores of feces (P<0.05) when 
compared to group E. The results show that the fennel 
essential oil showed the best effects at 3% concentration 
(Tables 2, 3). 
 
Table 2: Effect of different concentrations of the fennel oil on oocyst 
per gram and lesion scores in broiler chicks 
Groups Lesion Scores Oocyst per gram (x1000) 
A 3.33±0.33a 27.57±0.74b 
B 2.67±0.33ab 22.19±0.57c 
C 1.67±0.33abc 18.21±1.26d 
D 1.00±0.57bc 18.36±0.65cd 
E 3.33±0.33a 34.53±1.05a 
F 0.00±0.00c 0.00±0.00e 
A: 1% fennel oil-treated group; B: 2% fennel oil-treated group; C: 3% 
fennel oil-treated group; D: Toltrazuril (standard medicine) treated 
group; E: infected non-medicated group; F: no-infected non-medicated 
group. Similar superscripts within a column show a non-significant 
interaction (P>0.05). 
 
Table 3: Effect of different concentrations of the fennel oil on the oocyst 
and fecal scores of the chicks 
Groups
 

Oocyst scores (Days) Fecal Scores (Days) 
4 5 6 4 5 6 

A 3.33±0.33a 2.15±0.85b 3.87±0.51c 3.57±0.33ab 3.67±0.33ab 3.14±0.33ab 
B 2.67±0.33ab 1.76±0.81b 2.81±0.50bc 2.45±0.33bc2.67±0.33bc 2.17±0.33bc

C 1.67±0.33abc 1.33±0.74b 1.53±0.51bc 1.63±0.33c 1.67±0.33c 1.34±0.33c 
D 1.00±0.57bc 1.17± 0.50b 1.22±0.513b1.31±0.33cd1.33±0.33cd 1.29±0.33cd

E 3.33±0.33a 3.333±0.333a3.23±0.645a 4.21±0.33a 4.33±0.33a 4.77±0.33a 
F 0.00±0.000c 0.00±0.00c 0.00±0.00d 0± 0.00d 0± 0.00d 0± 0.00d 
A: 1% fennel oil-treated group; B: 2% fennel oil-treated group; C: 3% 
fennel oil-treated group; D: Toltrazuril (standard medicine) treated 
group; E: infected non-medicated group; F: no-infected non-medicated 
group. Similar superscripts within a column show a non-significant 
interaction (P>0.05). 
 
Effects on Performance: Weight gains, feed intake, and 
feed conversion ratio were significantly improved by the 
addition of essential oil, and mortalities were decreased 
(Fig. 1, Table 4).  
 

 
 
Fig. 1: Effect of different concentrations of the fennel oil on the weight 
gain, feed intake, and feed conversion ratio (FCR) of the chicks. A: 1% 
fennel oil treated group; B: 2% fennel oil treated group; C: 3% fennel oil 
treated group; D: Toltrazuril (standard medicine) treated group; E: 
infected non-medicated group; F: no-infected non-medicated group. 
 
Serum profile: Serum chemistry of the chicks was done 
and the effects of fennel essential oil on the SGPT, SGOT, 
serum urea, and creatinine were observed. There were no 
statistical differences across the groups, which showed that 
the essential oil of fennel had no effects on these 
parameters (Table 5) 

Effects on Blood Parameters: Blood parameters (RBC, 
WBC, PCV, and hemoglobin) were not affected by the 
addition of fennel oil in the feed of the chicks. The results 
are presented in Table 6. 
 
Table 4: Effect of different concentrations of the fennel oil on the Lesion 
scores and oocyst per gram of the chicks 
Groups Birds died on various days 

post-infection 
Total Birds died Mortality (%) 

4th 5th  6th  7th  
A 0 0 1 1 2 16.67 
B 1 0 0 0 1 8.33 
C 0 0 0 0 0 0.00 
D 0 0 0 0 0 0 
E 1 1 1 1 4 33.33 
F 0 0 0 0 0 0 
A: 1% fennel oil treated group; B: 2% fennel oil treated group; C: 3% fennel 
oil treated group; D: Toltrazuril (standard medicine) treated group, E: 
infected non-medicated group; F: no-infected non-medicated group. 
 
Table 5: Effect of different concentrations of the fennel oil on the serum 
glutamic pyruvic aminotransferase (SGPT), serum glutamic oxaloacetate 
aminotransferase (SGOT), lactate dehydrogenase (LDH), urea and 
creatinine on broiler chicks 
Groups SGPT 

(IU/L) 
SGOT 
(IU/L) 

LDH 
(IU/L) 

Urea 
(mmol/L) 

Creatinine 
(mg/dL) 

A 11.41±0.04b 177.17±1.55c 484.24±5.25c 5.45±0.45d 0.17±0.01b 
B 12.68±0.29a 272.53±1.98a 647.04±6.85b 15.99±0.40b 0.22±0.01ab 
C 11.30±0.26b 255.62±3.88b 640.27±7.23b 14.80±0.23b 0.23±0.02ab 
D 12.44±0.24ab 176.07±1.33c 472.54±5.44c 10.36±0.64c 0.26±0.02a 
E 11.30±0.27b 263.21±1.23b 886.87±8.33a 21.18±0.63a 0.21±0.03ab 
F 13.11±0.29a 183.70±2.38c 464.67±3.40c 9.68±0.82c 0.17±0.02b 
A: 1% fennel oil-treated group; B: 2% fennel oil-treated group; C: 3% 
fennel oil-treated group; D: Toltrazuril (standard medicine) treated 
group; E: infected non-medicated group; F: no-infected non-medicated 
group. Similar superscripts within a column show a non-significant 
interaction (P>0.05). 
 
Table 6: Effect of different concentrations of the fennel oil on the Packed 
cell volume (PCV%), hemoglobin, erythrocyte counts, and leukocyte 
count of chicks 

Groups PCV (%) Haemoglobin 
(g/L) 

Erythrocyte Count 
(x106/uL) 

Leukocyte 
count (103/uL) 

A 27.29±1.27a 12.90±0.48a 3.95±0.17a 24.63±1.06b 
B 28.04±0.57a 11.63±0.84a 3.38±0.19ab 24.65±0.65b 
C 28.70±0.91a 12.83±1.18a 3.66±0.10ab 22.02±1.20b 
D 27.48±0.64a 11.26±0.63ab 2.90±0.17b 22.53±0.59b 
E 19.48±0.23b 11.58±0.90a 1.94±0.04c 33.53±0.29a 
F 27.53±0.51a 7.72±0.52b 3.56±0.22ab 21.66±1.28b 

A: 1% fennel oil-treated group; B: 2% fennel oil-treated group; C: 3% 
fennel oil-treated group; D: Toltrazuril (standard medicine) treated 
group; E: infected non-medicated group; F: no-infected non-medicated 
group. Similar superscripts within a column show a non-significant 
interaction (P>0.05). 

 
DISCUSSION 

 
In this research, anticoccidial properties of the essential 

oil of Foeniculum vulgare (Fennel) seed were evaluated 
against coccidiosis in broiler chicks. The essential oil was 
given in three dose levels i.e., 1, 2, and 3%. The essential oil 
was proven effective in controlling the lesions produced by 
coccidiosis, and results showed that fennel essential oil had 
potent effects on the performance of the chicks. Multiple 
researchers have worked on the effect of plants and plant-
extracted products and stated that the plants were effective 
in controlling the signs of coccidiosis (Lee et al., 2020; 
Sidiropoulou et al., 2020; Chang et al., 2021; Moryani et al., 
2021; Nahed et al., 2022).  

We have proven such types of results in our study 
conducted for the evaluation of the anticoccidial effects of 
the essential oil of Amomum subulatum, except that there 
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were no alterations in the red blood cells and packed cell 
volume of the chicken with the therapeutic doses of the 
essential oil (Saeed et al., 2023).  Raza et al. (2022) also had 
similar results, and they proved the anticoccidial effects of 
Citrus sinensis in the broiler chicken in an experiment. Our 
study had similar results with the study conducted by Abbas 
et al. (2019), which showed that Trachyspermum ammi 
effectively controlled the signs of coccidiosis and improved 
the performance of the chicks in the research. 

The anticoccidial efficiency of fennel may be 
attributed to its active compounds. Active compounds of 
the fennel essential oil belong to terpenes and terpenoids 
(Tariq et al., 2019). Terpenes and terpenoids are frequently 
present in several essential oils. They have multiple direct 
and indirect mechanisms that lead to the control of 
coccidiosis. The terpenes and terpenoids can penetrate the 
cell walls of merozoites and destroy their energy 
production mechanism (Menezes and Tasca, 2023). They 
arrest several enzymes that are related to the cell cycle of 
Eimeria, stopping its multiplication (Saeed and Alkheraije, 
2023b). Along with it, research reports that the terpenes and 
derivatives can control coccidiosis by disrupting the 
formation of gametes, hence stopping the multiplication 
(Aziz-Aliabadi et al., 2026). Besides these direct activities, 
the essential oils have proven antioxidant substances and 
help reduce signs of coccidiosis by reducing oxidative 
damage (Mustafa et al., 2025). Schizogony and immune 
activities stopping the schizogony cause massive 
destruction of the cells. This damaging process leads to the 
production of free radicals, which rapidly interact with the 
nearby cells, increasing the damage (Mohsin et al., 2021). 
The control of coccidiosis chiefly depends on the control of 
oxidative stress produced by free radicals during the 
invasion of immune cells into the gut.  Terpenes and 
terpenoids have proven efficacy in capturing the free 
radicals and control the inflammatory damage inside the 
gut. 

This research states that fennel had no toxic effect on 
the serum profile during the trial period. Long-term effects 
cannot be concluded from this study. 
 
Conclusions: This study states that fennel essential oil has 
anticoccidial properties and can improve the performance 
of the birds and help control the mortalities caused by 
coccidiosis. The study suggests further research to evaluate 
the individual effects of the components of the essential oil 
of fennel to explore the exact mechanism of action and 
discover the effective compound and pharmacological 
interaction of various components of essential oil 
belonging to different chemical groups. 
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