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Abstract
Coccidiosis is acclaimed as the most prevalent enteric parasitic ailment of poultry. It is caused by an apicomplexan protozoon of the 
genus Eimeria, which resides in chicken intestinal epithelium leading to intestinal damage. As a result, bloody droppings are there, feed 
efficiency is reduced, the growth rate is impaired, and egg production is temporarily decreased. Treatment and prevention of coccidiosis 
are primarily accomplished by inoculating live vaccines and administering anticoccidial drugs. Due to anticoccidials’ continuous and ex-
cessive use, the mounting issue is drug resistant Eimeria strains. The poultry industry has managed resistance-related issues by suggesting 
shuttle and rotation schemes. Furthermore, new drugs have also been developed and introduced, but it takes a long time and causes cost 
inflation in the poultry industry. Moreover, government disallows growth promoters and drugs at sub-therapeutic doses in poultry due to 
increased concerns about the drug residues in poultry products. These constraints have motivated scientists to work on alternative ways 
to control coccidiosis effectively, safely, and sustainably. Using nutritional supplements is a novel way to solve the constraints mentioned 
above. The intriguing aspects of using dietary supplements against coccidiosis are that they reduce the risk of drug-resistant pathogen 
strains, ensure healthy, nutritious poultry products, have less reliance on synthetic drugs, and are typically considered environmentally 
safe. Furthermore, they improve productivity, enhance nonspecific immunity, preventing oxidation of fats (acting as antioxidants) and in-
flammation (acting as an anti-inflammatory). The present manuscript focuses on the efficacy, possible mechanism of action, applications, 
and different facets of nutrition supplements (such as organic acids, minerals, vitamins, probiotics, essential oils, amino acids, dietary 
nucleotides, feed enzymes, and yeast derivatives) as feed additive for treating poultry coccidiosis.
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Avian coccidiosis is a highly infectious parasitic 
disease of poultry (Du and Hu, 2004; Idris et al., 2017) 
caused by the intracellular protozoan parasite of the ge-
nus Eimeria (Abbas et al., 2012 a, b; Kiarie et al., 2013; 
2016; 2019; Bortoluzzi et al., 2020). The global eco-
nomic loss in the poultry industry due to coccidiosis and 
the preventive measures used against it amount to $12.4 
billion annually (Alagbe et al., 2022). Seven species of 
the genus Eimeria infect poultry (Kitandu and Juranova, 
2006; Abbas et al., 2015) at different gastrointestinal 
tract sites. Most pathogenic strains are Eimeria brunetti, 
E. maxima, E. tenella, and E. necatrix (Quiroz-Castaneda 
and Dantán-González, 2015; Kiarie et al., 2019). These 
parasites reside in the intestinal epithelium, where they 
multiply and cause massive destruction of intestinal cells 
leading to dysentery (bloody diarrhea), hampered weight 
gain, and decreased feed conversion efficiency. The main 
concern that arises from coccidiosis in poultry is the eco-
nomic loss due to stunted growth, suppressed immune 
system, reduced egg production, increased morbidity, 
and elevated level of mortality which is ultimately a 
great threat for food security (Dalloul and Lillehoj, 2006; 
Chapman et al., 2010). 

For many years, the poultry industry has been depend-
ent on anticoccidials (coccidiocidals and coccidiostats) 
for the control of coccidiosis. Commonly used anticoc-
cidials are ionophores (salinomycin, sulphanilamide) and 
synthetic drugs (amprolium, clopidol, and halofuginone). 
Abbas et al. (2011 a) briefly reviewed their modes of  
action. Due to prolonged, continuous, and excessive use 
of anticoccidials, resistance has developed due to vari-
ous biotic (e.g., alternation of membrane transport chan-
nels, altered pathogen metabolisms, etc.) and abiotic  
factors in different Eimeria strains (McDougald and 
Fitz-Coy, 2008; Abbas et al., 2011 a; Pop et al., 2019; 
Ur Rahman and Mohsin, 2019).Moreover, these drugs 
harm the bird’s health due to accumulation of residues 
in various organs and possible interaction with other 
drugs (Kadykalo et al., 2018; Khater et al., 2020). The 
latest and innovative drugs have been developed to stop 
the appearance of drug resistance. These drugs are in-
troduced regularly and rotationally with intensive shuttle  
programs. These programs eliminate the issue of drug re-
sistance and allow the correct usage of drugs. However, 
this has increased the cost pressure on the poultry indus-
try. 
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Government agencies and consumers put pressure 
to ban or restrict the use of anticoccidials in poultry be-
cause the drug residues come in poultry products (meat 
and eggs) that have detrimental effects on human health. 
A chemical-free way to control coccidiosis is using vac-
cines (live or attenuated). Commonly used vaccines are 
Coccivac, Immucox, Paracox, and HatchPak Cocci III 
(Quiroz-Castaneda and Dantán-González, 2015). How-
ever, the issues with the vaccines are the high cost and 
complexity of Eimeria species (Zaheer et al., 2022). 
Live or attenuated vaccines have little protection against 
the continuously evolving Eimeria species (Dalloul and 
Lillehoj, 2005). It is also challenging to develop a cost-
effective vaccine that is successful against all types of 
Eimeria species (Zaheer et al., 2022). This way, anticoc-
cidials, and vaccines are the conventional strategies to 
control widely spread coccidiosis. 

The arising problems with conventional control 
methods against parasites urge us to focus on measures 
and strategies that have less deleterious effects and prove 
to be more efficient in production and cost (Ahmad et al., 
2022). Chemical-free nutritional supplementation is the 
best alternative in this regard. There are increased on-
going studies to find novel approaches and alternatives 
for poultry coccidiosis, such as organic acids, miner-
als, vitamins, probiotics, essential oils, amino acids, di-
etary nucleotides, feed enzymes, and yeast derivatives. 
The introduction of nutritional supplements improves 
productivity, enhances nonspecific immunity, and lim-
its the use of anticoccidials and vaccines (Dalloul and 
Lillehoj, 2005). These additives occur naturally and are 
used as nutritional supplements for various effects, such 

as stimulating the immune system, preventing oxidation 
of fats (acting as antioxidants), and preventing inflam-
mation (acting as an anti-inflammatory). They have no 
metabolite or residue issue, are safe to use, and have 
multiple benefits i.e., not only can they be used against 
coccidiosis, but they can treat many diseases (Mohsin et 
al., 2021 a, b).

This review aims to broaden the current knowledge 
about using nutritional supplements (organic acids, min-
erals, vitamins, probiotics, essential oils, amino acids, 
dietary nucleotides, feed enzymes, and yeast derivatives) 
as alternative control measures in the prevention and 
treatment of coccidiosis as graphically summarized in 
Figure 1. These measures are inexpensive and safe to use.

Organic acids
Organic compounds with acidic pH have potential to 

act as anticoccidials at low pH. Acids like acetic acid, 
butyric acid, hydrochloric acid, and formic acid are ef-
ficacious in controlling avian coccidiosis (Shobha and 
Ravindranath, 1991; Garcia, 2007; Abbas et al., 2011 b, c;  
Zaman et al., 2012; Rani et al., 2021). Organic acids 
are used as feed additives and preservatives, preventing 
food deterioration (Hameed et al., 2022). These include 
saturated linear chain monocarboxylic acids and their 
corresponding by-products biologically referred to as 
volatile fatty acids (Ricke, 2003). Organic acids enhance 
the utilization of nutrients and promote feed conversion 
ratio in broiler chickens (Adil et al., 2010). Organic acids 
can decrease the pH of the digesta and have trophic ef-
fects on the mucosa of the gut wall (Adil et al., 2010). 
Acidification with various organic acids was reported to 
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reduce the production of free radicals (reactive oxygen/
nitrogen species) by pathogens and decrease the settle-
ment of pathogens in the intestine, thus, preventing dam-
age to intestinal epithelial cells. The anticoccidial effect 
of acetic acid (ethanoic acid) is demonstrated by Abbas et 
al. (2011 c). They suggested that adding 3% of the acetic 
acid to the diet mitigates the negative impacts caused by 
E. tenella infection. It decreases the cecal pH, alleviates 
the impact of oocysts, and eventually reduces the intes-
tinal lesion score (Abbas et al., 2011 c). Commercially 
available mixtures of organic acids, namely Lacplus® (fu-
maric acid, lactic acid, phosphoric acid, citric acid) and 
Acidomix (ammonium propionate, ammonium formate, 
formic acid) minimize the oocyst index in feces, lessen 
lesion scores, improve body weight, and enhance feed 
conversion ratio in chickens challenged with E. tenella. 
Ali et al. (2014) reported that adding butyric acid glyc-
erides to the diet lowers the intestinal lesion score. It 
enhances the expression of intercellular junctions of the 
intestine, hence, reducing intestinal permeability to path-
ogens (Khater et al., 2020). Microencapsulated organic 
acids (Galli et al., 2021) and short-chain fatty acids (Ali 
et al., 2014) are used as potential natural alternatives to 
antibiotic growth promoters (AGP) in diets. Lactic acid 
produced by lactic acid fermenting bacteria inhibits the 
growth of specific pathogens such as Clostridium per-
fringens, Escherichia coli, and Salmonella typhimurium 
by lowering the pH (Adhikari et al., 2020). Moreover, 
feed enrichment of anacardic acid (0.2%) with cashew 
nutshell (0.4%) showed a successful effect in controlling 
coccidiosis (Abbas et al., 2012 a). This acid possesses the 
properties of ionophores, so besides being anticoccidial, 
it can also act as an anti-inflammatory drug (Abbas et al., 
2012 a). Therefore, organic acids play a central role in 
the profitability of poultry production, providing people 
with wholesome and nutritive poultry products and con-
trol of avian coccidiosis.

Feed enzymes
The use of exogenous enzymes in avian nutrition was 

first suggested about 100 years ago (Ulo, 2022), but their 
use is limited because they are too expensive. In broilers, 
nutritional supplementation with protease minimizes the 
adverse impact of coccidiosis on the body mass gain but 
has no impact on lesions and oocyst spreading (Peek et al., 
2009). Protease also increases the thickness of the mucus 
layer of the small intestine in broilers. In contrast, Parker 
et al. (2007) demonstrated that an enzyme mixture (pro-
tease, xylanase, and amylase) reduced lesion scores and al-
tered microbic population profiles in coccidia-vaccinated 
chicks, but not the digestibility of ileal supplements. Intes-
tinal damage by Eimeria species such as E. maxima and 
E. acervulina, which affect the duodenum and upper je-
junum, is related to adverse bone health because these are 
the sites of mineral absorption (Van Der Klis et al., 1990). 
In this regard, the purpose of phytase enzymes in supple-
mented diets has been studied in the coccidial infection 
model (Watson et al., 2005; Mansoori et al., 2010). The 
normal pH of the duodenum of healthy birds is six or more 
significant than six, but it is reduced in birds infected with 
coccidiosis and becomes less than 5 (Fox et al., 1987). A 
decrease in the duodenal pH of infected birds increases the 
efficiency of the phytase enzyme (deterioration of phytate 
increases) which in turn improves absorption of the nutri-
ents in the gut and improves gut health and repair. Watson 
et al. (2005) reported that phytase and xylanase enhance 
feed conversion ratio (FCR). 

Vitamins
Vitamins are one of the main feed ingredients of 

poultry. Several vitamins are significant boosters for the 
immune system to protect against various infections, 
inflammations, and diseases. In the current scenario,  
a vitamins-incorporated diet is used as a treatment tool to 
mitigate severe poultry Eimeria infections. 

Figure 2. An overview of functions of organic acids
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According to several investigations, the storage 
house of vitamin A is liver, which is responsible for the 
continuous supply of vitamin A during the active infec-
tion period (Moon et al., 2022). In the poultry field, the 
requirement for vitamin A is higher in infected chickens 
than in non-infected ones. Vitamin A deficient diet has 
a direct relationship to chick coccidial infection as it 
compromises the local immune system (Semba, 1998).  
A well-known statement is made experimentally: ‘the 
more the vitamin A deficient diet is, the more is the coc-
cidial mortality’ (Singh and Donovan, 1973). Early stud-
ies declared that chickens infected with E. tenella fed 
with a diet containing 40% vitamin A and 20% vitamin 
B (above the normal requirements) had a consistent de-
crease in the excretion of oocysts. They further showed 
that high levels of vitamin A and proteins lower chick 
mortality from 25 to 5% during acute coccidiosis. Vi-
tamin A is crucial for compromised poultry as it plays 
a magnificent role in maintaining intestinal epithelium 
integrity (Dalloul and Lillehoj, 2005; Alagawany et al., 
2021). Vitamin A directly interferes with the biosynthesis 
of the mucopolysaccharide lining of the gut epithelium, 
which is a helpful tool against enteric pathogens (Mandal, 
2022). In vitamin A deficiency, the epithelium becomes 
more susceptible to sporozoites, keratinization, and mu-
cus degradation (Dalloul et al., 2002, 2003 b). Therefore, 
mucopolysaccharide coatings that protect the epithelial 
lining from coccidiosis are disrupted by the release of 
epithelial cells from the gut. It has been shown that vi-
tamin A is effective in preventing poultry infections due 
to its ability to boost the cell-mediated immune system, 
improve growth, weight gain, and feed consumption, as 
well as prevent severe mortality, bloody discharge, and 
paleness in chick combs that occur during coccidial in-
fections (Panda et al., 1964; Fekete and Kellems, 2007; 
Bedford and Apajalahti, 2022). Vitamin A supplementa-
tion increases the chick’s resistance to Eimeria strains by 
humoral immunity (Abbas et al., 2012 a). 

Ascorbic acid (commonly known as vitamin C) is 
an antioxidant and an anti-stress agent that is helpful for 
the maintenance and stability of poultry birds, especially 
when compromised with coccidiosis (Ahmadu et al., 
2016). Generally, birds can synthesize vitamin C in the 
kidneys from glucose (Lohakare et al., 2005; Abidin and 
Khatoon, 2013). Ascorbic acid, however, may play an 
important role in combating stressful conditions, which 
can cause subclinical coccidiosis (Mohammed et al., 
2016; Nahed et al., 2022). Vitamin C has a synergistic in-
terrelationship with other vitamins. Reports from various 
experiments determined the tonic effects of vitamin C on 
birds infected with coccidiosis. Vitamin C added diet to 
growing infected chickens showed a positive response to 
hinder parasite reproduction, hemorrhagic events, wound 
healing, collagen, and connective tissue formation (Na-
hed et al., 2022; Penny et al., 2022). An important func-
tion of vitamin C is to regulate the endocrine system, 
which affects the bird’s immune system (Fathima and 
Selvaraj, 2022). In addition, coccidia-challenged birds 

showed improvement in egg mass, FCR, and intestinal 
health by affecting intestinal growth, mucosal immunity, 
and development of the intestinal microbiome (Abdel-
Moneim et al., 2021). The ascorbic acid’s antioxidant 
response controls any inflammation by optimizing in-
traepithelial leukocyte proliferation, mainly neutrophils 
(Shojadoost et al., 2021; Chodkowska et al., 2022; Imran 
et al., 2022). 

Vitamin E is an essential dietary antioxidant for 
maintaining birds’ health and immune system (Jeon et 
al., 2022). Marsh et al. (1981) demonstrated that the nu-
tritional deficiency of vitamin E causes an impaired im-
mune system which is measured by the humoral immune 
response to the sheep erythrocytes in broilers. It is used 
to attain various beneficial results under the Eimeria-
challenged condition of chickens. During coccidiosis, 
vitamin E-rich diet is associated with lowering the 
mortality level, preventing oocyst shedding, increasing 
weight gain, immunity modulation, and phagocytic ac-
tivity (Da Silva et al., 2009; Quiroz-Castañeda and Dan-
tán-González, 2015). Further experiments revealed that 
Eimeria infected broilers produced high antibody levels 
in their serum (like IgA, IgG, and IgM) when fed vita-
min E supplemented feed (Perez-Carbajal et al., 2010). 
Among them, IgG production was 3 to 4 times more, and 
it is considered the most active antibody against avian in-
fections (Davison et al., 2008). Thus, vitamin E is a nec-
essary supplemental part of the diet in coccidia-infected 
broilers for better immunity and productive performance.

Amino acids
Amino acids, which are protein components, modu-

late primary metabolic pathways for growth and immuni-
ty. Particular amino acids maintain gut integrity, improve 
immunity, and participate in the antioxidant defense 
system in broilers and combat with Eimeria species. In 
coccidiosis, the digestibility and absorption of all types 
of amino acids are reduced (Yazdanabadi et al., 2020). 
Low digestibility is due to the decreased gene expres-
sion of amino acid transporter molecules (Su et al., 2014, 
2015; Chalvon-Demersay et al., 2021). Studies suggested 
that amino acids, e.g., glutamine, arginine, and threonine 
have an advantageous effect on broilers facing the prob-
lem of coccidiosis. The effects of supplementation of 
these amino acids on the performance, digestibility, and 
morphology of the intestine of coccidiosis infected broil-
ers were evaluated by Chalvon-Demersay et al. (2021). 
The addition of these amino acids in the diet regenerates 
the mucosa of the intestine. Ultimately, feed conversion 
efficiency improves (Gottardo et al., 2016). These three 
trophic amino acids also regulate and maintain intestinal 
microbiota balance (Dong et al., 2017).

Arginine (essential)
Arginine has beneficial effects on oxidative stress, 

immunity, and gut health in poultry, as well as on body 
composition (fat, muscle, and bone metabolisms). Few 
experimentations reported that the supplementation of 
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arginine in the diet reduces oocyst excretion in feces (Al-
len, 1999; Laika and Jahanian, 2017) suggesting that ar-
ginine may affect the life cycle of Eimeria in a direct or 
indirect manner. It was found that a daily dose (once or 
twice a day) of L-arginine (500 mg/kg of body weight) 
can reduce the shedding of oocysts in E. tenella infec-
tions (Allen, 1999; Chalvon-Demersay et al., 2021). 

Threonine (essential)
Mucin in the intestine is primarily composed of thre-

onine, which is the third limiting amino acid (Faure et 
al., 2006; Corzo et al., 2007). Mucin comprises 28–35% 
of threonine out of all the amino acids (Nichols and Ber-
tolo, 2008). So, threonine plays a significant role in the 
gut barrier and regulation of the immune system (Zhang 
et al., 2016). In 25X Eimeria vaccinated broilers, Zhang 
et al. (2016) found that threonine insufficiency notably 
increased oocyst shedding and gut leakage. In addition, 
they also demonstrated that supplementation of threo-
nine from 0.48 to 0.96% was shown to be effective in 
improving intestinal integrity as well as reducing oocyst 
shedding. Increasing threonine supplementation from 0.6 
to 0.8% markedly improves feed intake, feed efficiency, 
and body weight gain in broilers infected with 30,000 oo-
cysts of E. acervulina (Kidd et al., 2003).

Glutamine (non-essential)
Glutamine addition to the diet improves feed con-

version efficiency (Luquetti et al., 2016) and enhances 
growth performance in broiler chickens (Mussini et al., 
2012; Oxford and Selvaraj, 2019). Glutamine serves as 
source of energy for enterocytes (Bortoluzzi et al., 2018) 
and takes part in the proliferation of intestinal cells and 
the repair mechanism of the intestine during challenging 
conditions particularly oxidative stress and inflamma-
tion. It is also an important component of glutathione that 
plays a key role in antioxidant system of poultry birds 

(Rao and Samak, 2012). Figure 3 explains the use and 
noticeable effects of adding glutamine in diet.

Methionine (essential)
It is the first (sulfur-containing) limiting amino acid 

in broilers’ growth (Lai et el., 2018) and stimulates the 
immune response. Methionine is essential for the prolif-
eration of immune cells (Ren et al., 2020). Adding it to 
the diet is required to ensure the proper metabolism of 
proteins (Ren et al., 2020). The deficiency of methionine 
causes alleviation of feed utilization and decreases hu-
moral immuno-competency (Zhang and Guo, 2008). Lai 
et al. (2018) proclaimed that methionine (0.56 and 0.68% 
of diet) boosts growth performance in medicated chicks. 
They also concluded that a higher level of methionine 
in diet augmented growth performance in chickens in-
fected with E. tenella but not in vaccinated chickens.  
Methionine is oxidized into methionine sulfoxide and 
captures the reactive oxygen species. In the energy up-
take mechanisms, methionine is metabolized into hy-
drogen disulfide, glutathione and taurine which are also 
antioxidant in nature (Yin et al., 2016). Hence it has pos-
sibility to control coccidiosis due to its antioxidant ca-
pacity. 

Glycine (non-essential)
Glycine is an essential constituent of mucin, creatine, 

bile acids and glutathione and plays a substantial role in 
maintaining the integrity of the intestine and accelerat-
ing repair as the consequence of infection (Bedford and 
Apajalahti, 2022). Because of its vital role in the body, 
glycine is produced from threonine and serine. When  
a sufficient amount of dietary glycine is given, it not only 
enhances immune function, but also conserves serine and 
threonine for glycine requirements, facilitating an im-
proved response against any Eimeria challenged infec-
tion (Siegert et al., 2015).

Figure 3. The practical outcome of different concentrations of glutamine used in poultry diet for the control of coccidiosis
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Betaine (glycine derivative)
In coccidial infections, the methyl demand of the 

body increases (Metzler-Zebeli et al., 2009). So, to meet 
the body’s demand, betaine (modified amino acid hav-
ing glycine and three methyl groups) is given in the diet, 
which acts as a methyl donor. Betaine supplementation 
in diet minimizes duodenal lesion score, and, as a result, 
digestibility and absorption of nutrients are influenced 
in coccidia-challenged birds (Amerah and Ravindran, 
2015). Enteric epithelial cells become osmotically desta-
bilized as a result of stress caused by dehydration during 
coccidiosis. Betaine proves to be beneficial in this regard 
as it maintains the osmotic balance of enteric cells (Fabia 
et al., 2021). 

Probiotics
Probiotics are interpreted as live non-pathogenic micro-

bial supplements that confer advantageous effects on the 
host by balancing the beneficial microbes in the gut (Fuller, 
1989; Mohsin et al., 2021 a; Gul and Alsayeqh, 2022). Pro-
biotics are widely used feed ingredients, especially during 
under-compromised conditions, and their classification 
(Liévin-Le Moal and Servin, 2014) is mentioned in Figu- 
re 4. They also explained the anti-infective activities of pro-
biotics and probiotics as bio-therapeutic agents.

Probiotics are composed of single or multiple species 
of microorganisms. The mode of action of probiotics is 
comprehensively explained by Mohsin et al. (2021 a), as 
shown in Figure 5.

Figure 5. Diagrammatic illustration for mode of action of probiotics in controlling pathogens; probiotics meeting the intestinal epithelium have 
competition with the pathogens to occupy surface (physical barrier) as well as release short-chain fatty acids (SCFAs) and organic acids (OAs) 

which reduce the pH and lower the growth. Their contact triggers immune system to express an anti-inflammatory response which leads to 
activation of lymphocytes which kill the pathogens. SCFAs (short-chain fatty acids); TGF (transforming growth factors); IL (interleukin); TNF 

(tumor necrosis growth factor); IFN (interferons); Ig (immunoglobulin)

Figure 4. The broader classification of probiotics (Liévin-Le Moal and Servin, 2014)
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Probiotics were confined to viral and bacterial diseas-
es but are also used to control parasitic diseases (Travers 
et al., 2011). Various microorganisms such as Bacillus, 
Candida, Saccharomyces, and Lactobacillus are used 
as probiotics that regulate the immune system, maintain 
intestinal microflora, enhance performance and inhibit 
pathogenic activity in poultry (Kabir et al., 2005; Pourak-
bari et al., 2016; Seidavi et al., 2017; Rashid et al., 2023). 
Probiotics can also be used as an alternative to drugs 
for poultry enteric diseases (Patterson and Burkholder, 
2003; Rashid et al., 2023). Few in-vivo and in-vitro stud-
ies suggested that probiotics lessen the intestinal score 
in the chickens infected with Eimeria species (Lan et al., 
2004). Stringfellow et al. (2011) investigated the effects of  
probiotics in coccidiosis-affected broilers and suggested 
that they can modulate immune responses. Interactiv-
ity between Eimeria and chicken isolated Lactobacillus 
strains was studied by Tierney et al. (2004). In E. acervuli-
na infection, inoculation of Lactobacillus-based probiotics 
activates the defensive immunity (Dalloul et al., 2003 a). 
Eimeria-induced gut ulcers can be reduced by probiotics 
that contain four strains of lactic acid. This probiotic also 
reduces the gene expression of specific pro-inflammatory 
cytokines and significantly enhances the expression of 
anti-inflammatory cytokines (Chen et al., 2016). 

PoultryStar®, a multi-species probiotic (Pediococcus, 
Bifidobacterium animalis, Enterococcus faecium, Lacto-
bacillus salivarius based), also decreases the oocyst and 
lesion score in chickens infected with mixed Eimeria in-
fections (Mohsin et al., 2021 b). Eimerial infection acti-
vates humoral immunity in birds, and the Mitogrow® pro-
biotic (Pediococcus acidilactici) supplementation in the 

diet of broilers elevates the level of anti-Eimeria antibod-
ies. It also lessens the negative impact of coccidiosis (Lee 
et al., 2007). Wang et al. (2017) suggested that probiotics 
play a vital role as antioxidants in avian coccidiosis by 
decreasing oxidative stress. So, probiotic supplementa-
tion plays a significant role in diet against coccidiosis 
control. Further detail of commercial probiotics and their 
obvious effects are described in Table 1.

Yeast derivatives
Saccharomyces cerevisiae, known as yeast, is  

a single-celled microorganism associated with kingdom 
fungi and eukaryotic in nature (Bennett, 1998; Ingra-
ham, 2010). It forms various mutualistic, parasitic, and 
symbiotic relationships with other microorganisms (Ki-
arie et al., 2019). A few known yeast species are used 
commercially, e.g., Saccharomyces (genus) species are 
notably used in industry to produce single cell protein 
(SCP), bread, and vitamins. Whey yeast (Kluyveromyces 
marxianus) plays a significant part in dairy production 
(Kiarie et al., 2019). Many yeast-related feed additives 
are manufactured, promoted, and applied in animal nu-
trition. Yeast is a reliable source of vitamins (especially 
vitamin B), proteins, minerals, and many other nutrients 
for animals and humans. Unique yeast products comprise 
Phafia rhodozyma yeast and yeast selenium, enhancing 
the flesh color in many fishes such as salmon and trout 
(Shurson, 2018). Nutritional yeast and its products are a 
rich source of micronutrients, proteins, and amino acids 
used in the feed industry. The functional elements of the 
cell contents of yeast to study are beta-glucans, chitin, 
and glycoproteins. 

Table 1. Different commercial probiotics and their positive effects in birds challenged with various Eimeria strains

Commercial
probiotics

Bacterial composition of 
probiotic

Eimeria
species Spotted effects References

PoultryStar® Pediococcus, 
Bifidobacterium 
animalis, Enterococcus 
faecium, Lactobacillus 
salivarius

Mixed
Eimeria infection 

Decreases
oocysts and lesion score Mohsin et al., 2021 b

Mitogrow® Pediococcus based E. tenella

E. acervulina

Elevates level of anti-Eimeria antibod-
ies.
Minimizes oocyst shedding and in-
creases body gain.
Reduces negative impact concerned with 
coccidiosis.

Lee et al., 2007

Infant feces® Enterococcus faecium,
Lactobacillus fermentum,
L. acidophillus,
L. plantarum

  Mixed

Reduces expression (cecal gene) of pro-
inflammatory cytokines.
Increases expression (cecal gene) of anti-
inflammatory cytokines.
Lessens cecal lesion score.

Chen et al., 2016

Primalac®

 
 

Bifidobacterium
thermophilum,
L. acidophillus,
E. faecium,
L. casei

E. acervulina

Decreases fecal oocyst shedding.
Activates defensive immunity.

Dalloul et al., 2003 a
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A few studies were conducted on yeast probiotics 
supplementation in broiler chickens (Patterson and Burk-
holder, 2003). The most common method is to use a mix-
ture of yeast probiotics with bacterial microbic culture 
because multiple strains could be more beneficial than 
single-strain probiotics (Shim et al., 2012). Few experi-
mentations manifest that adding both (yeast and bacteria) 
probiotics has a synergistic effect on improving growth 
and survival rate in birds. Furthermore, an assemblage of 
yeast with Lactobacillus intensifies tolerance in gastric or 
intestinal juices (Xie et al., 2012). An amalgam of yeast 
with L. acidophilus and Streptococcus faecium boosts di-
gestion and improves absorption of micro-nutrients; as 
a result, growth performance in broilers increases (Roto 
et al., 2015). The most explored yeast probiotic having 
beneficial effects in many human and animal GIT mod-
els was Saccharomyces cerevisiae var. boulardii (Foligné 
et al., 2010). The exact mechanism of yeast’s action in 
controlling GIT diseases is still not precise. However, ac-
cording to a few discussions among scientists, it alters 
inflammatory and immune responses. It liberates the 
anti-microbic peptides, causing acidification of the envi-
ronment and leading to the deterioration of toxic factors. 
The latest experiment showed that the compound sepa-
rated from Meyerozyma guilliermondii has anticoccidial 
activity against E. tenella oocysts (Dantán-González et 
al., 2015). S. cerevisiae has also been experimented with 
as an Eimeria vaccine delivery vehicle given orally (Lin 
et al., 2009). Yeast derivatives also called yeast cultures 
comprise a blend of yeast biomass and fermented prod-
ucts formed in a controlled fermentation process. Few 
remnants of viable remaining yeast cells are also includ-
ed in it. 

Minerals
Minerals are the micronutrient inorganic feed ele-

ments needed for average body growth and maintenance. 
Their presence is necessary for a healthy, balanced diet. 
Ozyilmaz et al. (2017) classified minerals as: micromin-
erals or trace elements (required in small amount) and 
macrominerals (required in large amount). Microminer-
als or trace elements are minerals that are required in low 
amounts but essential for the body’s proper and normal 
physiological functioning. In enzymatic reactions, these 
trace elements can act as catalysts to initiate metabolic re-
actions. The use of micro-elements as feed additives is a 
fundamental topic in the present-day poultry system. Re-
cent studies indicate the positive impact of mineral sup-
plements on the health of poultry birds as they maintain 
the intestine’s epithelial integrity via antimicrobial, anti-
inflammatory, and antioxidant responses (Bortoluzzi et 
al., 2020; Bedford and Apajalahti, 2022). Minerals act as 
activators of enzymes and hormones in poultry. They are 
also involved in the eggshell formation and replacement 
of older shells (Alagawany et al., 2021). The mineral re-
quirement for high-producing laying hens and broilers is 
exceptionally high. They play a vital role in mitigating 
the adverse reactions of coccidiosis by modulation of the 

compromised chick physiology, immunology, and nor-
mal intestinal microbiota (Bortoluzzi et al., 2020). Thus, 
mineral supplementation in poultry has positive results 
in preventing them from coccidiosis, which includes se-
lenium, zinc, copper, and iron.

Selenium is a potential trace mineral that combines 
with proteins to form seleno-proteins which act as essen-
tial antioxidant enzymes (Abbas et al., 2013). In poultry, 
the importance of selenium is due to its direct relation-
ship with the glutathione system, where glutathione per-
oxidases (antioxidants) are selenium-dependent that pro-
tect the cell from damage and free radicals (Hafeez et al., 
2020 b). It is also observed that selenium supplements in 
the feed of animals have a protective mechanism in case 
of lipid peroxidation during several parasitic diseases. The 
organic form of selenium is more easily absorbed than the 
inorganic one (Choct et al., 2004). Its central portion is 
digested in the duodenum (anterior part of the intestine). 
Hence, as Eimeria species cause extensive damage here, 
it results in low selenium absorption and utilization, ulti-
mately ending with severe coccidiosis in poultry. 

Zinc is a trace mineral found in more than 200 en-
zymes and takes part in many cellular activities due to its 
catalytic solid and adsorbing ability. The zinc-rich diet 
increases the goblet cell count, enhancing the innate im-
munity to E. papillata (Dkhil et al., 2015), and activates 
the antioxidant system and intestinal absorptivity in E. 
maxima challenged broilers (Bortoluzzi et al., 2020). 
Furthermore, Fekete and Kellems (2007) reviewed that 
zinc is also responsible for lymphocyte maturation and 
prevents them from apoptotic deaths. Zinc supplements 
significantly decrease the damage to jejunum structure 
and gastrointestinal tract (GIT) lesion score in birds with 
Eimeria infection (Zaghari et al., 2022). 

Copper is an essential antioxidant mineral for syn-
thesizing antibodies, secretions (mainly IgG), cellular 
immunity, and anti-inflammatory actions. Overbeck et al. 
(2008) found that copper and zinc together showed ad-
ditive effects, such as uptake of redox mechanisms, and 
excellent antioxidant activity corresponding to the acti-
vation of specific enzymes, such as superoxide dismutase 
(Richards et al., 2005). 

Sodium. In the control of coccidiosis, sodium salts 
are more practical and beneficial than sodium in its iso-
lated form. Supplementing the diet with sodium sources 
(sodium bisulfate) notably improves weight uniformity 
and breast meat yield and minimizes mortality and coc-
cidial lesion score (Hooge et al., 1999). Bird health and 
rearing are improved by sodium bisulfate, which binds to 
ammonia and improves litter quality (Pope and Cherry, 
2000; Hunolt et al., 2015). It also improves feed con-
version efficiency in broilers (Ruiz-Feria et al., 2011). 
Adding sodium bisulfate to feed will help coccidia-chal-
lenged birds to maintain intestinal integrity and enhance 
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their growth but does not affect parasite oocyst shedding 
(Chadwick et al., 2020). 

Sulfur. The use of sulfur in controlling parasitic dis-
eases of poultry has gained enormous interest for many 
past years. Herrick and Holmes (1936) pointed out that 
flowers of sulfur hold much promise in preventing coc-
cidiosis. Carpenter (1939) declared that sulfur flour gave 
better defense against coccidia than sulfur flowers be-
cause of their fineness. The sulfur containing amino acids 
inoculation in poultry diet proved as best for growth per-
formance and constant immunity (Adhikari et al., 2022). 
According to Goff and Upp (1940), no matter what sulfur 
grade chickens were fed, they would sporulate and pro-
duce clear signs of the disease after they were inoculated 
with coccidia. After this, the use of sulfur became limited 
and further use of sulfur grades for controlling coccidi-
osis is still in the experimental stages. 

Calcium is the most crucial macromineral nutrient, 
and its absorption is pivotal to the growth of poultry 
birds, eggshell quality, and egg production in laying hens 
(Turk, 1973; An et al., 2016). They also concluded that 
intestinal coccidial infection changes and decreases cal-
cium absorption, while cecal coccidial infection does not 
affect its absorption. So, it is necessary to supplement Ca 
in the diet to enhance broilers’ growth during intestinal 
coccidial infection.

All these microminerals have no direct anticoccidial 
activity but they have their role in capturing reactive 
oxygen species, boosting immunity, gut wall repair and 
recovery, so, their addition in the poultry diets along with 
other dietary materials can help bird to fight against coc-
cidiosis.

Dietary nucleotides
Nucleotides are a series of bioactive agents with low 

molecular weight and are considered intracellular com-
pounds that have a significant role in several animal 
biological and physiological activities (Superchi et al., 
2012). The molecular structure of a nucleotide is com-
posed of sugar (ribose or deoxyribose), nitrogenous bas-
es (adenine, guanine, cytosine, thymine, and uracil), and 
one or more phosphate groups. They participate in vari-
ous biological processes such as lipid metabolism, pro-
tein synthesis, mediate humoral response, reproduction, 
nucleic acid synthesis, injury recovery, intestinal growth, 
and development (Carver and Walker, 1995; Carver, 
1999). Dietary nucleotides play a vital role in the poultry 
industry regarding health and productivity. Their major 
documented concerns are immunity boosters (Dil and 
Qureshi, 2002), antibody formation, body weight gain, 
gut integrity (Wu et al., 2018), and meat quality (Zhang 
et al., 2008; ChioFalo et al., 2011). Adding nucleotides to 
the diet optimizes the overall body weight gain (BWG), 
improves feed consumption and absorption, and results in 
better feed conversion ratio (Rafique et al., 2020). Khedr 
and Ahmed (2020) have depicted that a nucleotide-added 

diet has achieved more beneficial economic outputs per 
kg body weight in chickens. Wu et al. (2018) showed 
that nucleotide supplementation resulted in an immedi-
ate and potent immune response to routine vaccination 
in poultry. It is experimentally concluded that nucleotide 
supplementation expresses a healthier gut and improves 
intestinal feed absorption capacity due to increased villus 
height to crypt depth of intestinal villi (Jung and Batal, 
2012; Abd El- Wahab et al., 2019). 

Nucleotide-yeast extract
The products and by-products of yeast cell wall great-

ly influence the GIT system for modulating the richness 
and diversity of intestinal microbiota. Till now, several 
experiments showed the favorable combination of a rich 
nucleotides diet with yeast extracts against various enter-
ic pathogens, including Eimeria species (Perricone et al., 
2022). Specifically, yeast-nucleotide (YN) supplements 
are investigated for increased growth performance, jeju-
nal histomorphology, and cecal antimicrobial activities 
during the Eimeria-challenged course of broiler chick-
ens. The necropsied study by Kiarie et al. (2019) showed 
that YN added to the diet in bird’s feed has improved 
the body weight gain (BWG), intestinal lesion score, feed 
conversion ratio (FCR), short-chain fatty acids (SCFA), 
and cecal digestibility when infected by E. acervulina and  
E. maxima. Yeast-nucleotide nutrition is also beneficial 
for better gut and immune functioning, intestinal repair, 
and enhanced chicken digestion capacity and perfor-
mance. Jung and Batal (2012) reported a yeast nucleotide 
named torula yeast RNA with multiple beneficial effects 
during poultry enteric diseases like coccidiosis. They 
mentioned that torula yeast RNA increases chick growth, 
cecal villi height, and lymphocyte proliferation which are 
responsible for protection against various enteric patho-
gens. With the limited information, a YN-rich diet has an 
adequate response for broiler growth and development 
of digestive capabilities regardless of Eimeria outbreaks. 

Plant-derived compounds
Herbal extracts have been used for flavorings, bever-

ages, fragrances, cosmetics, agriculture, and medicine as 
insecticides, antiparasitics, bactericides, fungicides, since 
ancient times (Bakkali et al., 2008; Abbas et al., 2010; 
Djilani and Dicko, 2012; Hanif et al., 2019; Zaman et al., 
2020; Ashraf et al., 2021; Bosila et al., 2021; Sobhy et al., 
2021; Sayyar et al., 2021; Štrbac et al., 2021; Ali et al., 
2022; Nawaz et al., 2022; Okonkwo and Achilike, 2022). 
Recently, the utilization of herbal extracts, especially es-
sential oils as a treatment alternative gained massive im-
portance in the medical field (Turek and Stintzing, 2013; 
Baz et al., 2021; Rizwan et al., 2022; Salman and Imran, 
2022). In light of current avian coccidiosis outbreaks, 
herbal extracts are considered potential anticoccidial 
agents (Chand et al., 2016; Idris et al., 2017; Hafeez et 
al., 2020 a; Wajiha and Qureshi, 2021; Khan et al., 2022). 
In-vivo and in-vitro studies have found that most plant 
derived extracts have potential anticoccidial properties 
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(Abbas et al., 2010, 2012 b; Moryani et al., 2021; Wajiha 
and Qureshi, 2021). Some important examples of poten-
tial plants with anticoccidial activity include oregano oil 
(Giannenas et al., 2003), thyme (Ibrir et al., 2001), clove, 
carvacrol, tea tree (Remmal et al., 2011), lemon (Evans, 
2001), lavender (Küçükyilmaz et al., 2012), laurel leaf 
oil (Christaki et al., 2004), peppermint oil, grapevine oil, 
cinchona oil, aloe-based oils (Yim et al., 2011; Ahmad 
et al., 2020), Beta vulgaris extracts (Abbas et al., 2017), 
Vitis vinifera extract (Abbas et al., 2020), Ageratum co-
nyzoides and Artemisia brevifolia extracts (Hussain et 
al., 2021 a, b) Citrus sinensis essential oils (Imran and 
Alsayeqh, 2022), Glycyrrhiza glabra extract (Hussain et 
al., 2022). 

Among all discussed plant derived compounds, oreg-
ano oils have an excellent mechanism of action. Research 
has shown that oregano oils prevent avian coccidiosis by 
disrupting the life cycle of Eimeria species (Mohiti-Asli 
and Ghanaatparast-Rashti., 2015). It is based on the split-
ting of the cell membrane, release of intracellular ATP 
(adenosine triphosphate), and alteration of cell mem-
brane permeability (Lambert et al., 2001; Oussalah et al., 
2006; Giannenas et al., 2013) as explained schematically 
in Figure 6. They contain two main hydrophobic com-
ponents, thymol and carvacrol, which help to lower the 
drooping level and gastrointestinal lesion score in chick-
ens, especially those infected by E. tenella (Giannenas et 
al., 2003), E. acervulina (Ibrir et al., 2009), and mixed 
Eimeria infections. Oregano oils were also observed to 
add to the litter of broilers during coccidiosis. They dry 
the diarrheal wet litter with reduced levels of pH and 
oocyst per gram of the litter (Hafez, 2008; Abd El-Wa-
hab et al., 2012). Additionally, oregano oils enhance the 
broiler’s growth and performance by improvement in the 
nutrient absorption capacity (Mohiti-Asli and Ghanaat-
parast-Rashti, 2015).

Recent studies disclosed that using aloe-based prod-
ucts drops the fecal oocyst count and gut lesions in birds 

infected by E. maxima (Yim et al., 2011). The oils ex-
tracted from the Echinacea plant (E. purpurea) are prov-
en to have impactful results as anti-inflammatory, anti-
microbial, and antioxidant in Eimeria ailments (Abbas et 
al., 2012 b). Barbour et al. (2015) explored that the essen-
tial oils obtained from eucalyptus and peppermint plants 
are effective anticoccidial against the most pathogenic 
strains of Eimeria. These oil blends improved chick pro-
duction and reduced the oocyst discharge in feces and 
intestinal lesions during severe coccidiosis. Despite the 
enormous beneficial characteristics, scientists suggest the 
controlled use of essential oils due to side effects such as 
feed toxicity, impaired drug response, resistance devel-
opment, and some anti-nutritional and economic losses 
(Idris et al., 2017). Moreover, essential oil supplementa-
tion does not affect young, vaccinated broilers suffering 
from coccidiosis (Oviedo-Rondón et al., 2006).

Concluding remarks
Using nutritional supplements for the control of avi-

an coccidiosis as an alternative to anticoccidials would 
be a revolutionary approach to eliminate problems such 
as anticoccidial drug resistance, people’s concern about 
drug residues in poultry, and ensuring nutritive poultry 
products. The demand for using nutritional supplements 
against coccidiosis is increasing remarkably, so it is 
important to understand their mechanism of action and 
other favorable effects. The present review recapitulates 
the beneficial effects, use, and probable mechanism of 
actions of different nutritional supplements in coccidi-
osis control. Nutritional supplements act as antioxidant, 
immuno-modulatory, and anti-inflammatory agents as 
they avert oxidative stress, modulate the immune system, 
and prevent inflammation, respectively. For the above-
mentioned reasons, it could be suggested that nutritional 
supplements are used as a complementary approach in 
coccidiosis to reduce the severity and incidence of dis-
ease, anticoccidials use, and subsequently prevalence of 

Figure 6. The mechanism of cell lysis in oregano oil treatment
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Eimeria species resistance. Nutritional supplements have 
several benefits when used as anticoccidials, but several 
issues still need to be addressed properly in some of the 
nutritional supplements before extensive applications 
can be made. These issues include product efficacy, tox-
icity, recognition of active compounds, the exact mecha-
nism of action, and cost-effectiveness. It is, therefore, 
necessary to conduct deeper investigations on nutritional 
supplements using more defined protocols to determine 
the proper efficacy and appropriate mechanism of action 
and target Eimeria species. Furthermore, integrated al-
ternative control strategies should be the focus of future 
studies so that farmers will be able to control coccidiosis 
with minimal use of drugs.
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