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 Overuse of antibiotics in the poultry industry has negatively impacted global health; 

therefore, its use has been restricted in many countries to lessen the deleterious effect 

on food animals. This condition has stimulated the poultry industry to search for 

innovative feed additives to improve the overall health of animals and be safe for 

people and the environment. Probiotics are investigated to be one of the propitious 

solutions to solve the negative issue of antibiotics like antibiotic resistance and 

suppression of beneficial microbes. Probiotics include living microbes, when 

ingested, show health benefits. They can improve overall health of the animals by 

modulating the gut microbiota, treating the number of infections, stimulating 

immune function, and enhancing overall gut health. Generally, probiotic species 

include bacteria and some yeast. This paper briefly summarizes the working actions 

of probiotics and demonstrates the potential impacts of different doses of probiotic 

species on various parameters of poultry health, including growth performance, 

morphology, and gut microbiota.  
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INTRODUCTION1  

he poultry industry has become an essential 

resource for economic activity and 

fulfillment of a nutritional diet through meat 

and eggs. The application of antibiotics is critical to 

the treatment of infected birds. Since its discovery, 

it has been used as a feed additive and growth 

promoter (Eckert et al. 2010). The effect of 

antibiotics was first found to be effective when 

Streptomyces aureofaciens showed a growth 

response by gaining weight in birds leading to 

chlortetracycline discovery (Angelakis et al. 2013). 

After the discovery of antibiotics, they became so 

popular and common in the animal industry. They 

showed positive responses, on livestock including 

chicken, calves, and pigs contributing to economic 

effectiveness in the livestock industry (Gadde et al. 

2017).  The use of antibiotics showed effectiveness 

in animals; however, due to its indiscriminate use, 
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challenges and negative impacts were developed, 

like the emergence of microbial resistance to the 

antibiotic. Antibiotic resistance is a global health 

issue for humans and animals as resistant 

microorganisms can spread between food-

producing animals and humans (Roth et al. 2019). 

Several antibiotics such as penicillin, macrolide, 

tetracycline, amphernicol, and aminoglycoside 

were detected in foods (Diarra and Malouin 2014). 

This can exert a negative impact on gut health and 

the overall health of the host. In agricultural 

farming, farmers use poultry litter as compost; 

unmetabolized antibiotics residues on food can 

affect the microbial community of host health 

(Manikandan et al. 2020). Today about 700,000 

people die every year by antimicrobial resistance 

and assumed to rise to 10 million by 2050, 

becoming the leading cause of death worldwide 

(O’Neill 2016).  

Many research has been carried out to replace 

antibiotics that have a beneficial effect as an 

antibiotic growth promoter and diminish the side 

effects of antibiotics (Huyghebaert et al. 2011). The 

experiment has resulted in the development of feed 

additives that have the same beneficial impacts on 

the host and similar modes of action in the 

Gastrointestinal tract(GIT), microbiota, and 
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immune system such as probiotics, prebiotics, 

organic acid, exogenous enzyme and so on (Gadde 

et al. 2017). The beneficial effects of alternatives 

are well demonstrated, but there is still lacking 

information about their working action, efficiency, 

and overall impact on the ecosystem and humans. 

Similarly, their effects on different animals are 

different and lack consistency. To overcome these 

several issues including of effects of antibiotics, 

further study is essential. The use of probiotics is 

one of the prominent alternatives to antibiotics used 

as a growth promoter. Probiotics, known as 

beneficial microbes, are considered as an effective 

and eco-friendly best substitute to antibiotics 

because of their many valuable characterstics as 

growth promoter in poultry, livestock, humans and 

fish (Zorriehzahra et al. 2016). Probiotics comprise 

beneficial microbes; bacteria, yeast, or fungi. 

Strains of Lactobacillus, Bacillus, Bifidobacterium, 

and Streptococcus are most commonly used 

probiotics in livestock and poultry industry.  

Probiotics involve in growth promotion activities, 

digestion, and absorption of food absorbed 

nutrients, strengthen quality or composition of 

eggs, elimination and reduction of pathogens such 

as Escherichia coli , Staphylococcus aureus, 

Salmonella typhimurium, , Clostridium perfringens, 

etc. and overall maintain the health of poultry 

(Alagawany et al. 2018). It also helps to increase 

the ratio of villus height to crypt depth in the small 

intestine to improve absorption and enhance the 

activity of intestinal digestive enzyme (A. Li et al. 

2019). Supplementation of probiotics plays an 

antagonist role for the reduction of the 

multiplication of pathogens and prevention of their 

colonization and energy intake. Probiotics also 

produce bacteriocin that helps to modify gut 

microbiota and improves bird’s growth 

performance (Angelakis et al. 2013).  

The effectiveness of supplemented probiotics 

is based on several factors such as strain(stability, 

survivability, and specificity to host), application 

(dose and frequency), and host (physiological 

stress, genetic makeup, health, and nutritional 

status) (R. U. Khan and Naz 2013). Probiotics use 

in poultry production is still away from being 

common in practice. More researches are needed 

on probiotics strain, their impact on gut health, and 

microbiota host interaction. This review briefly 

highlights the concept and history of probiotics, 

their working mechanisms  and 

summarizes their beneficial applications in poultry 

nutrition, production, and health.  

Concept and History of probiotics:  

Lactic acid bacteria, living microorganisms in 

sour milk, are considered the historic core of 

probiotics. At the end of the 18th century, Russian 

immunologist Elie Metchnikoff introduced the 

concept of consuming fermented milk containing 

beneficial microorganisms (Lactobacillus 

bulgaricus) that led to improved health and 

displaced pathogenic intestinal microorganisms 

along with increase longevity Lilly and Stillwell 

used the term ‘probiotics’ for the first time and 

defined the term as “growth-promoting factors 

produced by microorganisms” (Sánchez et al. 

2017). Fuller defined probiotics in 1989 as “live 

microbial feed supplements which beneficially 

affect the host animal by improving its intestinal 

microbial balance” as per the conceptual 

framework of Metchnikoff (FULLER 1989). The 

definitions were primarily based on their initial use 

in animal feeds, lacked the concept of immune 

modulation and intestinal microbiota. So, later on 

in 1998 International Life Sciences Institute (ILSI), 

Europe, proposed a definition as “viable microbial 

food supplement which beneficially influences the 

health of the host” (Salminen et al. 1998). In 2001, 

Food and Agriculture Organization (FAO) 

redefined probiotics as “live microorganisms 

which, when administered in adequate amounts, 

confer a health benefit on the host.” The definition 

given by FAO has been accepted and adopted by 

the International Scientific Association for 

Probiotics and Prebiotics (ISAPP), World 

Gastroenterology Organization (WGO), Codex, 

Institute of Food Technologists (IFT), and the 

European Food Safety Authority (EFSA). 

According to WGO (2013) guidelines, probiotic's 

effectiveness is strain and dose-specific (Hill et al. 

2014). Many research and experiments have been 

carried out in the last few years on a different 

probiotics aspect.  In 2019, a group of researchers 

concluded that probiotic microorganisms act via 

various means such as immune function 

modulation, production of an antimicrobial 

compound and organic acid, interaction with 

resident microbiota, improving gut barrier integrity 

and enzyme formation (Sanders et al. 2019). 

Mechanism of Action: 

Several studies have been done and revealed 

that mechanisms of action differ greatly. Single 

mechanism does not account for all the effects and 

there is a great difference between the probiotics 

species and strains. The mechanism of probiotic 

action is essential for the selection of strains for 

different clinical conditions (O’Hara and Shanahan 

2007).  

A) Maintenance of normal microflora:  

Probiotics maintain the normal gut microbiota 

by competitive exclusion and antagonism. In 

competitive exclusion, one bacterial species 

competes with another for receptor sites in the gut. 

Probiotics reduce the pH of the lumen, produce 

bacteriocin or bacteriocin like substance and 

compete with other for nutrition, which is the major 

proposed action for the competitive exclusion 
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(Plaza-Diaz et al. 2019).  There is a competitive 

and complex competition between probiotics and 

pathogens for available binding sites on the  

intestinal mucosa. Fuller (Fuller 1978)  illustrated 

that acid-loving bacteria like Lactobacillus bind to 

intestinal epithelial cells and exclude pathogenic 

bacteria such as Salmonella spp. and E. coli. 

Competitive exclusion is an essential attribute for 

protecting poultry such as quails, turkey, and 

pheasants, including newly hatched chicks,  against 

several enteropathogens (Kabir 2009).  

Lactobacilli can produce antagonistic 

substances and antimicrobial peptide (AMP) called 

bacteriocins. They also produce hydrogen peroxide, 

organic acid, siderophores, proteases, and 

lysozymes that prevent the multiplication of several 

pathogens ( Zorriehzahra et al. 2016; Plaza-Diaz et 

al. 2019). Bacteriocins are small cationic heat 

stable molecule composed of around 30-60 amino 

acids which are active against other bacteria and 

has specific immunity mechanism (Cotter et al. 

2005). L. plantarum and L. acidophilus can 

produce some bacteriocins that inhibit the growth 

of  pathogenic bacteria such as E. coli,  C.difficile, 

Helicobacter, and rotaviruses in gastrointestinal 

conditions (Mokoena 2017; Plaza-Diaz et al. 2019). 

On the other hand, probiotic species can produce 

volatile Fatty acids (VFA) including short chain 

fatty acids (SCFAs) that can downregulate the pH 

of the gastrointestinal lumen below the threshold 

for the growth of enteropathogenic pathogens, 

including E. coli and Salmonella spp. Beneficial 

microbes like Lactobacillus plantarum induce the 

transcription and excretion of mucins, MUC2 and 

MUC3 from goblet cells, which inhibit the 

adherence of enteropathogenic such as E.coli to the 

intestinal wall. They are also able to detach the 

pathogens from intestinal wall like Shigella 

flexneri, Salmonella typhaimurium and other 

several pathogenic bacteria ( Isolauri 2004; Brown 

2011). 

B) Improvement of enzymatic and digestive 

activity 

Supplementation of probiotics distributes 

several lactic acid bacteria in GIT and modifies the 

intestinal microenvironment to carry beneficial 

substances including the enzymes in the intestine. 

Those delivered gut microfloral enzymes like 

phytase, lipase, or amylase enhance the digestion 

and nutrients uptake, specifically in the lower 

gastrointestinal tract of the host (Jin et al. 1997; 

Kabir 2009).In addition, the production of 

vitamins, exopolysaccharides, and antioxidants 

increases the nutrient value of feed ( Wang and Gu 

2010, Neveling and Dicks 2020). Digestion of food 

and feed conversion efficiency is improved by 

altering microflora in the intestine, enhancing the 

growth of non-pathogenic bacteria, which produce 

short-chain fatty acid (SCFA) and lactate (Yeo and 

Kim 1997).  Some strains of Lactobacilus 

spp. and Bifidobacterium can synthesize vitamins 

including biotin, riboflavin, thiamine, pyridoxine, 

nicotinic acid, and phytonadione that play a vital 

role in the growth promoter and biochemical 

reaction (LeBlanc et al. 2013).  

Various researches have been conducted on 

the enzymatic activities of Lactobacillus spp., 

which produce digestive enzymes and increase 

their concentration in the intestine.  The study has 

shown that the administration of L. acidophilus or 

mixture of Lactobacillus cultures to chicken can 

increases the levels of amylase after 40 days of 

supplementation  (Jin et al. 2000). The amylase 

activity was also increased by supplementing 

Lactobacillus cultures in the small intestine in 

broilers (Jin et al. 1998) .  

Bacillus longum is another probiotic species 

that modify the intestinal microbial environment 

and lowers the activity of β-glucuronidase that 

inhibits the formation of aberrant crypt (Kim and 

Jin 2001; Plaza-Diaz et al. 2019). Supplementation 

of yogurt in pig and chicken feed also reduced the 

consequence of β glucuronidase (Jin et al. 1997). 

The activities of trypsin, lipase, adenosine 

triphosphatase, and gamma glutamyl transpeptidase 

were higher when broilers were supplied with oral 

administration of Saccharomyces boulardii (yeast). 

Furthermore, this species improved the  

morphology of intestine by increasing villus height, 

width, and the number of goblet cells (Sun et al. 

2017).  

C) Stimulation of the immune system:  

The gut is considered the body's largest 

immune organ as more lymphocyte resides on it 

(Chichlowski et al. 2007).  Gut microbiota 

produces molecules with immunomodulatory and 

anti-inflammatory functions for modulating the 

immune system and stimulation (Plaza-Diaz et al. 

2019). Probiotics regulate the immune system and 

produce cytokines.   Such effects are the result of 

the interaction of probiotic bacteria with epithelial 

cells and dendritic cells (DCs) and with 

monocytes/macrophages and lymphocytes 

(D’Amelio and Sassi 2018; Plaza-Diaz et al. 2019). 

The beneficial and  protecting impacts of  

beneficial microbes are due to the high production 

of CD+ cells, T lymphocytes, expression of 

interleukins, antibody production, and reducing the 

activities of fecal β-glucosidase and β-

glucuronidase, which are accountable for the 

emergence and development of toxins in the body 

(Chichlowski et al. 2007; Musa et al. 2009; Khan 

and Naz 2013). It is reported that when broilers 

were challenged with Newcastle disease (NDV) 

and fed with L. reuteri, immunity was improved 

because of the stimulation of humoral response  
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(Gonmei et al. 2019). In previous study on chicken, 

it was found that   L. acidophilus was effective for 

inducing anti-inflammatory factors like IL-10, and 

L. salivarius was also effective for producing more 

transforming growth factors (TGF-β4) (Brisbin et 

al. 2008, 2011). Supplementation of several species 

of Bacillus spp. in broiler increased the IgA 

compared to control (Gong et al. 2018). Also, IgG  

Table 1. Effects of Lactobacillus on Poultry 

Species  Concentration and 

Dose 

Health benefits  Reference 

Lactobacillus acidophilus D2/CSL 

(CECT 4529) 

1.0 × 109 CFU kg-1, 

20 g ton-1 
 

Significant improvement in growth performance, 

increase in the height of the mucosal layer by 

improving the ratio of villi height to crypt depth 

(V/C). No influence in the population of 

Enterococci, Staphylococci, and Escherichia coli 

but significant increase in lactobacillus. 

 

(Forte et al. 

2018) 

Lactobacillus fermentum or 

Lactobacillus spp. 

107  CFU kg-1 Significantly increase in body weight, improve 

in food conversion efficiency in chicken.  

(M. Khan et 

al. 2007) 

Lactobacillus fermentum 107 CFU g-1 
 

Improve immunity by promoting  intestinal T-

cell without affecting growth performance  in 

broiler chicken 

(Bai et al. 

2013) 

Lactobacillus fermentum 1x109 CFU g-1 Increase in body weight, uplift e in the quantity 

of calcium and iron in serum, and decrease 

triglycerides content in the blood in broiler. 

(Capcarova 

et al. 2010) 

Mixture of 12 Lactobacillus 

cultures. 

1 g kg-1 Significant increase in Egg weight throughout 

the laying period, higher percentage of large 

eggs production, less cholesterol in egg yolks of 

hens. 

(Ramasamy 

et al. 2009) 

Lactobacillus spp. 1x106 CFU g-1 Significant increase in body weight and better 

feed efficiency in turkey 

(Torres-

Rodriguez 

et al. 2007) 

Lactobacillus casei 1.2 × 109 CFU ml-1 Significant improvement in the growth 

performance (feed efficiency, feed conversion 

ratio, and feed consumption) when fed by mixing 

with crude fish oil (CFO) to feed. 

(Yulianto et 

al. 2020) 

Lactobacillus 

plantarum(combination of strains) 

0.3%  of feed Enhance growth performance (final body weight, 

average daily gain, and lower feed conversion 

ratio). 

Increase lactic acid bacteria count, villus height, 

and fecal volatile fatty acid in broilers 

(Thanh et 

al. 2009) 

Lactobacillus plantarum (RI11, 

RG14 and RG11 strains) 

0.6%  of feed Improvement in hens egg production, villus 

height, and reduced plasma and yolk cholesterol 

concentrations. Increase lactic acid bacteria 

population and reduce pathogenic bacteria, 

reduction of fecal PH and pathogenic bacteria  

(Choe et al. 

2012) 

Lactobacillus salivarius + 

Lactobacillus reuteri 

1kg ton-1 Overall improvement in growth performance 

(body weight, average daily weight gain), a 

significant increase in the ratio of the villus 

height  to crypt length (V/C)  

(Awad et 

al. 2010) 

Lactobacillus rhamnosus 2 × 108 CFU g-1 Improvement in growth performance by 

increasing body weight, Average Daily Gain, 

and decreasing FCR. 

Low muscle water content, plasma ammonia, 

and lower count of E. coli and Enterococcus in 

ceca along with ammonia emission. 

  

(Chen et al. 

2018) 

Lactobacillus salivarius 1 × 109 CFU mL-1 Improve in body weight gain and FCR. (Zhu et al. 

2009) 

Lactobacillus sporogenes 100mg kg-1 Lower cholesterol, low-density lipoprotein  

(LDL), very low-density lipoprotein (VLDL), 

and triglycerides in the broiler. 

(Arun K. 

Panda et al. 

2006) 

Lactobacillus bulgaricus 106 CFU g-1  of 

different doses 

Improve in growth performance by increasing 

body weight gain and FCR. 

Increase in the apparent digestibility of nitrogen 

and fat. 

Increase in white blood cell count significantly in 

broilers. 

 

(Apata 

2008) 
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Table 2. Effects of Bacillus spp. on Poultry 

Species  Concentration and 

Dose 

Health benefits Reference 

Bacillus subtilis and 
Bacillus licheniformis 

1.0× 108 CFU mL-1 Improve in body weight, weight gain, and FCR by 
secreting digestive enzymes (protease, lipase, lactase, 

and amylase) in chicken. 

Significantly higher activities of enzymes including 
lipase, chymotrypsin, and amylase in the intestine. 

Higher V/C ratio and lower pathogenic bacteria 

compared to control. 

(Yang et al. 2020) 

Bacillus subtilis 103 to 109 CFU kg-1  Improve growth performance by enhancing  body 
weight, body weight gain, and improvement of FCR 

with a higher concentration in Japanese quail birds 

Improve the activity of protease, lipase, and amylase. 
Enhances the antioxidants status activities, 

(Abdel-Moneim et al. 
2020) 

Bacillus subtilis natto or 

Bacillus licheniformis or 
Bacillus cereus  

108 CFU kg-1 Enhancement of growth performance by increasing   

body weight, and daily body weight gain. Raise the 
action of digestive enzymes including amylase, 

trypsin, lipase, and total protease. 

(Gong et al. 2018) 

Bacillus subtilis 1 × 106 CFU g-1 Improve body weight, FCR, and intestinal morphology 

and ameliorates bacterial pathogens. 

(Sokale et al. 2019) 

Bacillus subtilis CGMCC 1 × 107 CFU g-1 Remarkable increase in body weight gain and 

enhancement of feed efficiency. 

Rise the number of beneficial bacteria like Alistipes, 
Blautia , Desulfovibrio Odoribacter, Ruminococcus 

and, and lower the count of bacterial pathogens 

including Staphylococcus and Escherichia-Shigella in 
caecal microbial environment. 

(Y. Li et al. 2016) 

Bacillus coagulans Ranging from 

1 × 106 CFU g-1 

to 4 × 106 CFU g-1 

 

Improvement in growth performance by raising the 

final body weight, weight gain, and FCR in broilers. 
Improve in protease and amylase activity. 

(Wang and Gu 2010) 

Bacillus subtilis 2 ×107 CFU g-1 and 
1.2 ×106  CFU g-1 

Improve in growth performance (increase in body 
weight gain, lower FCR, and performance efficiency 

factor (PEF) compared to control) and gut health when 

challenged with Salmonella in broiler chickens. 
Higher villus width and surface area significantly  

(Abudabos et al. 
2019) 

Bacillus subtilis 

KATMIRA1933 and 
Bacillus 

amyloliquefaciens B-

1895 

107-109 CFU g-1 Increase in egg weight, their production and quality 

along with and shell thickness. Significant increase in 
protein index. 

(Mazanko et al. 

2018) 

B. subtilis DSM29784 500, 1,000, and 5,000 g 

mt-1 

Higher body weight, improved FCR, Overall 

improvement in egg quality in white pullet, reduction 

in excreta moisture. 

(Neijat et al. 2019) 

Bacillus subtilis Different doses  Improve in gut health and growth performance along 

with FCR in Tom turkey. Improve in nutrient uptake 

by rising height of villi.. 

(Mohammadigheisar 

et al. 2019) 

Bacillus subtilis 

Bacillus licheniformis 

8 x 105 CFU g-1 

8 x 105 CFU g-1  

Increase in egg production, height of albumen, and 

yolk color, lower broken egg rate throughout the study 

but no effect of body weight compared to control. 
Reduction in Fecal E.coli count without affecting 

beneficial bacteria. 

(Upadhaya et al. 

2019) 

Bacillus licheniformis 0.01, 0.02, 0.03, 0.06, and 
0.09% ( 2 × 1010 CFU g-1) 

Egg production, egg mass, thickness, and strength of 
eggshell was the higher. 

 Improvement in yolk color and increase V/C ratio. 
 

(Lei et al. 2013) 

Bacillus subtilis C‐3102 9.0 × 105 CFU g-1 Significant improvement on weight of egg, shell 

thickness, yolk index, and yolk color along with 
enhancement of fertility and hatchability. 

Upregulate the activity of GSH‐Px and rise the 
concentration of IgM.  

(Liu et al. 2019) 

Bacillus subtilis CGMCC 

1.921 

1.0 × 105, 1.0 × 106 , 1.0 × 

107 , and 1.0 × 108 CFU g-

1  

Eggshell strength was significantly improved and 

overall egg production was increased but there was no 
statistical difference in the production of egg and their 

weight. Increase in the count of beneficial bacteria like 

Bifidobacterium and Lactobacillus and along with 
reduction of pathogens including E. coli  in feces and 

cecal digesta. 

(Guo et al. 2017) 
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and IgM levels in turkey were enhanced when 

probiotic was supplemented along with  mannan-

oligosaccharide (Çetin et al. 2005).  

Health Benefits of Probiotics: 

The study has shown that supplementation of 

probiotic bacteria along with fungi and Yeast has 

enhanced poultry performance, immune system, 

intestinal microflora, and meat quality (Bai et al. 

2013; Khan and Naz 2013). 

A) Lactobacillus: 

 Lactobacillus, used for food fermentation, has 

a long history, and its impact on poultry and 

livestock have been studied well. It enhances the 

growth performance by improving GIT functions 

and induces higher resistance against infection and 

gastrointestinal diseases (Valeriano et al. 2017). 

Several studies on probiotics have shown that 

lactobacilli are the most commonly used probiotics. 

Lactobacillus produce lactate and digestive 

enzymes that strengthen nutrient digestion and 

significantly enhances gut health and improve the 

growth performance of the host (Angelakis 2017). 

But, it is also revealed that supplementation of 

some lactobacilli species has led to weight loss  

like: Lactobacillus plantarum and Lactobacillus 

gasseri (Million et al. 2012). L. acidophilus, L. 

fermentum, L. casei, L. plantarum, L. reuteri, L. 

rhamnosus, L. gasseri and L. salivarius are 

commonly used lactobacilli in livestock animals ( 

Ohashi and Ushida 2009; Brown 2011). Now, 

Many commercial lactobacilli are available in 

market and gaining popularity(Angelakis et al. 

2011). The growth performance of Lactobacillus is 

tabulated in Table 1.  

B) Bacillus:  

Bacillus species are another strain of 

probiotics common in poultry production to prevent 

infectious diseases and improve productivity 

without affecting them (Cheng et al. 2018). They 

have been gaining popularity as they can survive in 

harsh manufacturing conditions of chicken feed; 

can withstand higher temperatures, and other 

complex environment of the GI tract like low pH, 

bile salts, and other complexes; which can be 

deleterious for microbiome survival (Grant et al. 

2018). They Produce naturally-synthesized AMP, 

modulate intestinal microflora to uplift beneficial 

microbes along the GI tract, and improve immunity 

and gut morphology to improve the health 

performance in poultry. Now a number of 

commercial products for bacillus are available in 

the market (Grant et al. 2018). The health benefits 

of Bacillus spp. are tabulated in Table 2.  

C)  Bifidobacteria: 

Bifidobacteria are very important genus of 

beneficial bacteria in GI tract of poultry. They play 

an important role for maintaining the stability of 

microbiome ecosystem, lowering the hazardous 

effect of pathogens along with influencing host 

immunostimulation positively. The above 

mentioned features are reason for its development 

as a probiotics (Russell et al. 2011; Bunesova et al. 

2014). Major growth performance and health 

benefits of Bifidobacteria are shown in Table 3.   

D) Enterococci:  

Enterococci probiotics are other important 

lactic acid bacteria and they are safe 

microorganisms to enhance the immune system, 

cure and prevent pathogens infections and improve 

the performance of chickens (Royan 2018). The 

Enterococcus faecium and Enterococcus faecalis 

are commonly used probiotics in poultry industry. 

Activities of Enterococci on growth performance 

are given in Table 4.   

E)  Fungus:  

Fungal probiotics have great potential as feed 

additives as it enhances animal health by playing an 

important role as an anti-inflammatory, 

antioxidant,anti-obesity, and immune system 

regulator because of richness in glucans, 

Table 3. Effects of Bifidobacteria on Poultry 

Species  Concentration and 

Dose 

Health benefits Reference 

Bifidobacteria bifidum 

(ATCC 29521),  

Bifidobacteria longum 

(ATCC 15707), 

Bifidobacteria animalis 

(ATCC 27536), 

Bifidobacteria infantis 

(ATCC 15697) 

2 × 108 CFU g-1 Significant improve in body weight gain and 

FCR in broilers. 

Increase of serum contents of immunoglobulins 

Y, M and A, higher V/C ratio. 

Increase in the count of lactic acid bacteria and 

Bifidobacterium spp.  in ileum section  

(Abdel-

Moneim et al. 

2019) 

Bifidobacteria bifidum, 

Bifidobacteria longum 

1 × 109 CFU g-1 

1 × 107 CFU g-1 

Improve in growth performance by rising body 

weight, weight gain, and improving FCR. 

Improving in digestion and absorption by 

increasing V/C ratio . 

(El-Moneim et 

al. 2020) 

Bifidobacterium longum 

PCB 133 

108 CFU g-1 No impact in chicken weight and feed intake but 

showed antimicrobial activity against 

Campylobacter jejuni 

(Santini et al. 

2010) 
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polysaccharides, polyphenols, triterpenes, 

ergosterol, adenosine(Chuang et al. 2020). They 

play a vital role in digestion, inhibition of 

pathogens by interacting with each other as well as 

with the gut-associated immune system in poultry. 

It is revealed that yeast cells can boost up animal 

health along with feed efficiency by improving 

food digestion, reducing the negative 

environmental effects and thus increasing animal 

performance (Elghandour et al. 2020). The impacts 

of commonly used fungal probiotics are tabulated 

in Table 5.   

 

Table 4. Effects of Enterococci on Poultry 

Species  Concentration and 

Dose 

Health benefits References 

Enterococcus faecium Different 

concentration 

An overall increase in body weight and FCR, no 

significant increase in food intake in the broiler. 

Increase the Lactobacillus counts and decrease in 

E.coli counts along with the reduction of NH3 and 

H2S in feces. 

(Lan et al. 2017) 

Enterococcus faecium 1 × 109  CFU kg-1 Improvement on growth performance, intestinal 

morphology, and microbial structure when 

challenged with E. coli K88. 

 Higher jejunal villus height and IL-4, 

Bifidobacterium, and  Lactobcaillus 

concentration in  cecal contents 

 

(Zhang et al. 

2014) 

Enterococcus faecium 

DSM 7134 

1 × 1010  CFU kg-1 Increase in production of egg along with higher 

thickness of eggshell in laying hens. Improve in 

nutrient digestibility and significant reduction in 

fecal coliform counts. 

(Park et al. 2016) 

Enterococcus faecium 2×109 CFU kg-1 (500 

mg/kg) 

There was no impact on growth performance but 

acetyl–CoA carboxylase (ACC), serum leptin 

level, malic enzyme (ME), and fatty acid 

synthase (FAS) were lower. 

(Zhao et al. 2013) 

Enterococcus faecium ≥1 × 1010 CFU g-1 Improve feed conversion efficiency, no 

significant enhancement in growth rate and feed 

intake in broilers.Improve in the carcass 

properties and meat quality, triggered by 

proteome alterations.  

 

(Zheng et al. 

2015) 

Enterococcus faecium 

CGMCC 2516 

≥1 × 1010 CFU g-1 No significant improve in growth performance 

but notable improve in FCR. 

Better immune organ development (spleen, 

Fabricius bursa (FB), and intestine) and gut 

microvilli, increase in the population of beneficial 

bacteria. 

(Luo et al. 2013) 

Enterococcus faecium 

DSM 7134  

2×107 CFU g-1 Improve in FCR when fed together with natural 

humic substances but no significant difference in 

body weight. 

(Demeterová et al. 

2009) 

Enterococcus faecium 

5.1 × 1010 CFU kg-1 

(200 mg kg-1) 

Improve growth performance in treatment group 

compared to control when challenged with  E. 

coli O78 infection . 

Improve V/C ratio in jejunum and regulation of 

immune response. 

(Huang et al. 

2019) 

Enterococcus faecium 

≥1×109  CFU g-1 (200 

mg kg-1) 

Significant improvement in growth performance 

in broilers challenged with Necrotic enteritis 

(NE)   contrast with birds fed only the basal diet 

with NE.  

Increase in Beneficial bacteria population. 

Improve in the immune response by enhancing 

the expression of anti-inflammatory cytokines 

and down regulating the activity of pro-

inflammatory factor. 

(Wu et al. 2019) 

Enterococcus faecium 

10×109  CFU g-1 

Improve in performance of broilers, erythrocyte 

morphology, Enhance the count of lactic acid 

bacteria and yeast along with reduction of E. coli 

count 

(Samli et al. 2010) 
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Supplementation of mixture of different probiotic 

strains can improve health of host species by 

enhancing growth performance and nutrient 

digestibility which helps raise the commercial  

production of poultry. The impact of various strains 

of fungus probiotics is tabulated in table 6. 

Table 5. Effects of Fungal probiotics on Poultry 

Species  Concentration and 

Dose 

Health benefits Reference 

Saccharomyces 

cerevisiae 

5 × 109 cells per Lit 

drinking water 

Increase in body weight gain, low FCR, and 

higher feed intake in broiler against Aflatoxins 

(AF) 

 

(Pizzolitto et al. 

2013) 

Saccharomyces 

cerevisiae  

1.5 kg ton-1 Improve in body weight and feed conversion 

index compared to control against aflatoxin B1 

(AFB1) and ochratoxin A (OTA) in the broiler, 

increase intestinal IgAs and the cellular immune 

response significantly. 

 Improve the relative weight of the immune 

organs. 

 

(Mendieta et al. 

2018) 

Saccharomyces 

cerevisiae  

2.5 or 3.75 g kg-1 Improve broiler performance by increasing 

weight gain, final weight, and decreasing FCR 

against harmful effects of mycotoxin. 

(Arif et al. 2020) 

Saccharomyces 

cerevisiae 

1 g kg-1 Significant reduction in deleterious effects of 

Alfatoxin on food consumption. 

Significant Improve in body-weight gain and 

FCR in Japanese quail. 

(Parlat et al. 2001) 

Saccharomyces 

cerevisiae 

4× 109 CFU g-1 (2 kg 

ton-1) 

Significant improvement in growth performance 

by increasing body weight gain and decreasing 

FCR in the broiler.  

Enhance lactic acid-fermenting bacteria and 

yeast count in the gut. 

(Koc et al. 2010) 

Saccharomyces 

cerevisiae 

3 kg ton-1 of feed Improve broiler performance by increasing body 

weight and decreasing FCR, reducing cholesterol 

level of blood serum and abdominal fat. 

(Abdelrahman 

2013) 

Saccharomyces 

Cerevisiae and 

Aspergillus oryzae 

108 CFU mL-1 and 106 

spores mL-1  

No significant difference in growth performance, 

when fed with phytase fermentation to the 

broilers diet but increase V/C ratio in the 

jejunum and decrease inflammation. 

(Chuang et al. 

2019) 

Aspergillus oryzae 2g kg-1 and 4g kg-1  Notable ncrease in weight gain and decrease in 

FCR broiler.  

Improve immunity level when fed with 4g/kg. 

 

(Zahirian et al. 

2019) 

Aspergillus 

oryzae(Natu-

fermen, Amaferm) 

0.15% and 0.3%  No significant differences in egg production and 

egg quality in laying hens. 

Increase the number of Lactobacillus spp., and 

reduce E.coli. and fecal moisture. 

(Han et al. 1999) 

    

Table 6. Effects of mixture of different types of probiotics on in Poultry 

Species  Concentration and 

Dose 

Health benefits Reference 

Combination of L. 

acidophilus, L. casei, 

Streptococcus spp., A. 

oryzae, 

S. faceium, 

Bifidobacterium spp.  

100 or 200 mg Kg-1 Increase in egg shell weight and its thickness along 

with serum calcium in layers. 

Reduction of serum cholesterol level. 

(A. K. Panda et 

al. 2003) 

Bifidobacterium spp. + 

L. casei 

Different 

concentration 

Reduction on food intake and FC, improve in egg 

weight, feed efficiency, and hen-day production. 

(Lokapirnasari et 

al. 2019) 

Combination of  

L. reuteri, E. faecium, 

B. animalis, P. 

acidilactici, and L. 

salivarius 

2x1012 CFU g-1 Improvement in FCR and significant increase in 

weight gain. 

Higher population of beneficial bacteria compared 

to controls. 

(Mountzouris et 

al. 2007) 
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CONCLUSIONS 

Probiotics are the growth promoter in poultry that 

helps to raise the production of poultry by 

improving growth performance and feed efficacy. 

The negative impacts of antibiotics like residual 

toxicity, immune suppression which reduced 

consumer preference towards such products 

preferred an alternative source that is 

environmentally friendly and shows the desired 

health benefits in poultry and finally to the 

consumer. The use of probiotics improves gut 

health, immune system, performance, decrease 

ammonia and urea excretion, and prevents the 

colonization of pathogens which lead to many 

health and production benefits. . Their beneficial 

actions are the result of proper feed utilization, 

absorption of nutrients, exclusion of pathogenic 

bacteria and maintenance of beneficial microbes, 

and improve immune function. For achieving 

maximum potential, Dose, frequency, form, 

delivery method, active ingredient present, and 

their impact on host and feed are major issues that 

need to be addressed by the researchers as lots of 

variations are found in the findings due to probiotic 

supplementation in poultry. Lots of studies and 

experiments are carried out regarding the efficiency 

and the mechanism of action but still study need to 

be directed regarding host/microbe interaction, the 

interaction between gut microbes, intestinal 

epithelium, and their side effect, if have. The 

present review has summarized the importance of 

different classes of potential probiotics and their 

action on growth performance in the poultry 

industry.  
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