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ABSTRACT   

The use of synthetic drugs is banned in ruminants for growth and performance due to the development of resistance in 

many microbial agents. This situation led to the need of an alternative to these synthetic products. Plant based products 

are considered as the best alternative of synthetic drugs in ruminants. The growth and performance of ruminants have 

been affected by intestinal diseases, especially coccidiosis which cause severe damage to the ruminal microbiota. The 

plant based products such as flavonoids, tannins, saponins and many other botanical products are used in ruminants 

which help to fight against different Eimeria species to prevent Coccidiosis. Probiotics have also gained the focus of 

scientists and used various beneficial bacterial species as probiotics in ruminants. The use of probiotics was limited to 

bacterial and viral disease but recently they are used to treat various parasitic infections especially the intestinal 

infections and the outcomes were outstanding. The molecular mechanics of these natural products are still unknown and 

very limited knowledge is available about the process. 
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INTRODUCTION 
 

 Parasitic infections are known to occur in all vertebrate animals and generally termed as coccidiosis. A large number of 

species of coccidia are discovered to cause infections in all animals including herbivores, omnivores and carnivores. Some 

of these coccidian species are known to cause severe infections in their host but some are of less clinical importance. The 

major sign of coccidiosis is bloody diarrhea noticed by veterinarians and producers involved in the production and 

healthcare of ruminants. Pathogenic coccidial infections are the major reason for bloody diarrhea also called bloody scours 

and white scours. The pathogenic agents which cause coccidiosis are commonly single-cell protozoa which present in the 

intestinal cells of its host. These protozoa develop and multiply inside the intestinal cells so they cause the destruction of 

these cells. As a result of the destruction, they are called parasitic protozoa besides the fact that they cause an infection or 

not in their host. The coccidial species that cause infections in ruminants, exhibit no symptoms even though the diagnosis 

confirmed heavy parasitic infestation in the host. As a result of this situation it is important to differentiate between the 

major pathogenic species and other bacterial, viral and less important causes of intestinal diseases. The agent which causes 

coccidiosis belongs to genus Eimeria and family Eimeriidae so the term eimeriiasis or coccidiosis is generally used to 

represent the infections caused by these species. In ruminants, Eimeria species are host specific, they cause infections in 

the host and complete their development and reproduction in the intestinal tract of their host. 

 

Pathology of Coccidiosis in Ruminants 

 The outcome related to the pathological and clinical situation may be influenced by many other factors. These factors 

include species of Eimeria which cause present infection, severity of infection, replication rate of related species, 

inflammatory conditions, immune status, managemental stress and any other infection present at that time. Eimeria 

localizes intracellularly in the intestine of its host, which causes potential damage to the mucosal lining of the intestine 

(Figure 1). The rate of infection and results of the infection depends on the species of the Eimeria which can be different in 

different hosts and the living conditions. The major destruction caused by the parasite is usually in the late reproduction 

stages such as during schizogony and gamogony (Friend and Stockdale, 1980). This is because of the multiplication of the 

parasite in its first schizogony stage which results in an increase in the number of intestinal cells in the further 

multiplication of the parasite. In the animals, infected with Eimeria, major damage happened just before the start of 
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excretion of the oocyst. In goat kids, early infection of Eimeria results in haemorrhagic enteritis (Taylor and Catchpole, 

1994). Polyps formation in the small intestine is a result of Eimeria infection (Koudela and Boková, 1998), it also causes 

white nodule formation in the mucous visible from serosal surface (Kanyari, 1990).  

 

 
 

Fig. 1: Cycle of coccidiosis inside the ruminants and the envisronment. 

 

Economic Impacts of Coccidiosis in Livestock Industry 

 Because of the clinical and subclinical cases of coccidiosis in tropical regions, there is no documented data about the 

economic losses caused by coccidiosis. The subclinical infection of coccidiosis is not of much importance so it is not usually 

compared to other diseases (Khodakaram-Tafti and Hashemnia, 2017). In small ruminants, a larger number of animals with 

high production rates can be a source of high economic loss if they get infected due to coccidiosis (Foreyt, 1990). In 

animals with mild coccidial infection, the economic losses can be characterized as low production rates and no clinical 

signs available. According to an estimation, loss of $140 million per annum has been faced due to sheep and goat 

production globally (Fitzgerald, 1981). The major contributors to the loss include mortality rate, high cost of treatment for 

diarrhea, increased sensitivity to secondary infection, decrease production rates. The long term effects of coccidiosis 

include less feed efficiency, decreased growth rate and reproductive performance (Lassen and Østergaard, 2012). It has 

been seen that subclinical infection of coccidiosis contributes more in economic losses as compared to clinical cases as the 

animals are affected for a long period of time (Daugschies and Najdrowski, 2005). 

 

Treatment Options for Ruminant Coccidiosis 

 The best way to treat the animal having coccidial infection is to follow the instruction of the veterinarian that may 

include treatment with ionophores, use of amprolium or sulpha drugs and any other alternatives. In the past, the best 

way to treat coccidiosis was the use of antiparasitic drugs which not only gives brilliant results against a wide range of 

parasites but also are cost effective (Ali et al., 2022; Alvi et al., 2022). The prime way to treat coccidiosis is to use 

different chemicals and ionophores drugs (Adeyemi et al., 2023). Oral route is mainly used to give medications mixed in 

water or feed. The immense and irregular use of these drugs to treat infection has become the major reason for the 
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development of various new species which may or may not be sensitive to these drugs (Gray et al., 2021; Ahmad et al., 

2023). The major constraints of high production from farm animals are development of resistance in parasites and the 

control of parasites. This situation alarms the need of some alternative ways which especially includes plant based 

medications, probiotics and prebiotics which is safer in terms of resistance development and also cost friendly (Saeed 

and Alkheraije, 2023).  

 

Probiotics; an Emerging Preventive Measure 

 It has been proved through many in vitro studies that the feed supplemented probiotics reside in the intestine of the 

ruminants and exhibit characteristics antimicrobial activities against many pathogenic agents which cause enteric 

infections (Adeniyi et al., 2015; Lin et al., 2020). This ability of probiotics made them a potential factor to use as therapeutic 

agents to treat many intestinal diseases (Prabhurajeshwar and Chandrakanth, 2019). To support the intestinal epithelial 

barrier, probiotics helps to enhance the expression of the components of barrier function (Rokana et al., 2016; Bron et al., 

2017) which helps in the prevention and control of many gastrointestinal diseases in its host (Lucey et al., 2021). Many 

probiotics are known for the production of metabolites such as bacteriocins which helps to control growth of the 

pathogens and assist in defense mechanisms to prevent infections (Osuntoki and Korie, 2010; Meale et al., 2017). 

Probiotics also compete with pathogenic agents for the attachment to the gut epithelium which also helps to prevent 

infections (Rokana et al., 2017). The mechanism of probiotics to work against different pathogens to prevent infections is 

also investigated recently. The rate of parasite-borne diseases is high in dairy animals as compared to bacterial diseases. 

The therapeutic effects of probiotics against parasites such as Eimeria have been proved through many studies using 

different animal models (Travers et al., 2011). Some studies stated that probiotics can be used to decrease the helminth 

infection in dairy animals. To find out the mode of action of probiotics against parasitic infections still requires more 

experimental data. 

 

Compound Probiotics 

 Compound probiotics consist of more than one beneficial bacterial species which mainly include ECL1.2 strain of 

Bacillus subtilis, different strains of other bacteria such as Saccharomyces cerevisiae J, Lactobacillus plantarum R and 

Lactococcus lactis. Different studies were established to find out the probiotics improvements on growth rate, immune 

function and gut microbial status of the weaned lambs which were infected with coccidial infection. The drastic impacts of 

coccidiosis include diarrhea, damage to intestinal epithelium, decrease growth rate and increase rate of mortality (Reeg et 

al., 2005). Studies show that the animals fed with probiotics supplements showed better performance as the probiotics 

safeguard the intestine from coccidial damage. It is done by competing with coccidia for the binding sites on the intestinal 

mucosa which hinder the proliferation and replication of the pathogens thus protecting the intestine up to some extent 

(Bozkurt et al., 2014). The use of compound probiotics as feed supplements improve the growth performance factors and 

the effects of probiotics were comparable with the drug diclazuril (Giannenas et al., 2014). Outcomes of another study 

shows that the supplementation of compound probiotics don't have major beneficial impacts on growth rate, performance 

level, immune responses and improvement of intestinal microbiota of the weaned lambs. To achieve these effects a long 

term use of these probiotics required but the supplementation of compound probiotics have produced significant 

improvements of daily weight gain, decreased fecal score and decreased oocysts of coccidia in the fecal sample of the 

infected weaned lambs with coccidia.  

 

L. plantarum and B. toyonensis Probiotics 

 After the birth, the first few days of the pre-weaned calves are very significant as they are at high risk of mortality 

and morbidity (Mee, 2013; Jiang et al., 2020; Hordofa et al., 2021). This is because neonatal calves have an immature 

immune system and antioxidant systems are also not fully functional so these neonates have a low resistance against 

infections and diseases. At that time of their life, calves are at high risk of getting respiratory and intestinal infections 

which affect their growth rate and overall health (Chester-Jones et al., 2017). Lactobacillus plantarum has a good 

reputation due to its characteristics ability to colonize the gastric cells and play the role of beneficial bacteria in the 

intestine (Le and Yang, 2018), it is known to be present in several fermented feed products including different types of 

silages (Busconi et al., 2008; Goel et al., 2020). The beneficial effects of L. plantarum are quoted as promote digestibility 

of nutrients, enhance immune responses, and act as a barrier to hinder the colonization of pathogenic agents in the 

intestine in different species of animal (Wang et al., 2018; Ding et al., 2019). The characteristics qualities of L. plantarum 

which made it a perfect probiotic supplement to be used in pre-weaned calves include robustness, ability to show 

resistance against bile and acids and its ability to produce antimicrobial compounds (Ahire et al., 2021). Bacillus species 

have been known to be used as probiotics because of their unique ability to produce endospores. These endospores 

have the potential to tolerate the adverse environmental conditions that made them able to stay in the gastrointestinal 

tract (Casula and Cutting, 2002). A strain of Bacillus cereus known as Bacillus toyonensis is naturally present and used as a 

probiotic due to its non-toxigenic and non-pathogenic characteristics. It is used as a safe feed additive as there are no 

adverse side effects of this probiotics have been reported on different animal species (EFSA, 2014). The probiotic 

properties of B. toyonensis include development of antimicrobial compounds, enhanced immunity responses and 

improved gut health (Abd El‐Hack et al., 2020; Pechrkong et al., 2023). 
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Alternative Control Measures for Coccidiosis  

Plant-based Products 

 Natural products usually extracted from plants are the most reliable agents to control and prevent infections. 

Currently, a lot of research studies reported that plant based products are best to use against coccidial infections. Several 

plant species are known to be used as an alternative of drugs, used for the production of many drugs such as ionophores 

and other synthetic compounds. Some phyto compounds are identified with antimicrobial property and used to prevent 

and control Eimeria infections in ruminants (Nahed et al., 2022). Natural products are relevant to use against many 

infections due to the low efficacy of many synthetic drugs. These products are also used as additives with other classic 

anticoccidial drugs to enhance the effect of drugs and to achieve long term control of coccidial infections. There is no 

relevant data about the emergence of parasitic resistance against these natural products however the risk may exist 

(Quiroz-Castañeda and Dantán-González, 2015). The efficacy of plant based products is considered to be no more than 

those of licensed anticoccidial drugs (Peek and Landman, 2011).  

 

Herbs or Spices 

 Herbs and spices such as rosemary, thyme, garlic, oregano, turmeric, peppermint and basil belong to aromatic plants 

used to enhance flavor and aroma. These aromatic plants consist of phenolic compounds which exhibit antioxidants 

properties such as thymol (Franz et al., 2010). These compounds are known to protect their host for free radical induced 

oxidative stress (Madsen and Bertelsen, 1995; Couladis et al., 2003). Turmeric, an aromatic plant, contain curcumin which 

shows anti-Eimeria properties. The lambs infected with Eimeria give feed supplemented with turmeric shows decrease 

weight loss, low output score of oocysts, reduction in inflammation and oxidative stress (Cervantes-Valencia et al., 2016). The 

essential oils of rosemary are reported to prevent the sporulation of Eimeria oocysts in sheep (Figure 2) (Aouadi et al., 2021). 

 

 
 

Fig. 2: Impact of different plants on ruminant coccidiosis. 



Complement Altern Med, 2024, xx(x): xxx-xxx. 
 

390 

Trace Elements 

 Trace elements for example zinc, copper, and selenium play vital roles in maintaining the immune system, energy 

production levels and other physiological functions of animals. Trace elements act as dietary antioxidants and safeguard 

the ruminants from parasitic infections (A Puertollano et al., 2011). It has been reported in a study that a mineral mixture of 

zinc, copper, selenium and manganese decrease the excretion of Eimeria oocysts in sheep but have no effect on the 

occurrence of diarrhea (Cazarotto et al., 2018). 

 

Essential Oils and Vitamins 

 Essential oils are extracted from different parts of plants through different methods. These essential oils and 

vitamins are known to exhibit several potential properties including immunomodulation, antifungal properties and 

antioxidant activities (Iordache et al., 2023). Due to these properties These oils and vitamins are used against coccidiosis 

(Youssefi et al., 2023). Several studies show that essential oils and vitamins are very effective in preventing coccidio sis 

(Saeed et al., 2023). 

 

Saponins 

 Saponins are naturally occurring compounds present in several parts of the plants including seeds, roots, fruit, bark, 

tube, and leaves (Subiono and Tavip, 2023). Attributed to their foam-forming property, they are called saponins just like 

soap in aqueous solution (Rai et al., 2021). There are several groups of saponins such as glycosylated steroids and 

triterpenoids (Li et al., 2023). The mode of action of saponins is polarization of cell membrane and vacuolization, through 

these mechanisms saponins fight against Eimeria (Saladino et al., 2022). Eimeria are double membrane structures, almost 

impossible to destroy by the saponins but through the micropyle cap, saponins entering the oocyst wall of Eimeria cause 

serious destruction of sporocyst (Rizwan et al., 2021). Saponins directly bind with the ruminal protozoa and destroy them. 

Another major function of saponins is the vacuolization in the endoplasmic reticulum of protozoa during all the 

developmental stages. They cause the disruption of the cell division process of protozoa and mitochondrial activities (Peng 

et al., 2021). Several plants containing saponins are known to have anticoccidial properties (Trotta et al., 2023). 

 

Flavonoids 

 Flavonoids are naturally occurring phenolic compounds extracted from plants (Chen et al., 2021).  Flavonoids are 

widely used for their antioxidant properties present in various plant parts including fruit, vegetables and flowers or in 

whole plants such as Mangifera indica (Shen et al., 2022). There are many beneficial effects of these compounds due to 

which they are widely used in the pharmaceutical and nutraceutical industry (Ayala-Fuentes and Chavez-Santoscoy, 

2021). The antioxidant properties of flavonoids (Ashfaq et al., 2021) and there work to prevent damage due to oxygen 

reactive species (Thenmozhi et al., 2023) made them of great importance to be used against Eimeria species (Mounir et 

al., 2022). Due to these benefits, plants containing flavonoids are widely used against coccidiosis in ruminants (El-

Ghareeb et al., 2023). 

 

Tannins 

 Tannins belong to phenolic compounds and are generally found in seed coat and foliage of plants such as sorghum 

(Galgano et al., 2021). They are widely used against Eimeria in ruminants due to their antiparasitic activities (Choi et al., 

2022; Kumar et al., 2022). The mode of action of tannins is that they enter the inner wall of oocysts of Eimeria and disrupt 

the cellular functions (Saladino et al., 2022). They also interfere with the cell components causing thickening of walls of 

oocysts (Hur et al., 2005). 

 

Conclusion 

 The use of botanicals, herbs, spices and probiotics has become the need of the livestock industry. Various parts of 

plant or whole plant, probiotics, herbs and spices have been used for the treatment of coccidiosis in ruminants. These 

alternatives not only present best treatment options but also are very economical so used widely in the livestock industry. 

These herbal products have many beneficial properties such as antimicrobial activities, antioxidant properties, 

immunomodulation, anti-inflammatory and anti-parasitic activities. The basic mechanics of action of these botanical 

products are still in debate and research is required to find out the exact mode of action of herbal products. The use of the 

therapeutic nature of probiotics helps to control the infestation of parasites in ruminants and by further understanding of 

the mode of action of these probiotics led to the development of new ways to fight against these pathogenic agents. In 

future, herbal products, probiotics and prebiotics would become a powerful tool to treat and control many pathogenic 

infections including Coccidiosis in ruminants. 
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