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Probiotics – what we’ve learned over the years 
An overview of probiotics as an alternative to antibiotic growth promoters 

KEY INFORMATION 

• This article reviews the current state-of-knowledge on the use of probiotics and the proven mechanisms of 

action against the main pathogens concerning poultry production  

• Several studies demonstrate that probiotics are potential replacements for antibiotic growth promoters 

(AGPs) to reduce overgrowth of pathogenic bacteria in the gut by different mechanisms (lactic acid 

production, bacteriocins, immunomodulation, competitive exclusion, etc.); which contribute to control enteric 

diseases in poultry flocks. Nevertheless, therapeutic antibiotics are still needed in acute cases. 

• The removal of AGPs does not necessarily imply lower animal performance and economic losses, as 

probiotics can improve feed conversion and reduce mortality in a similar manner to AGPs. Better 

performance is achieved by maintaining gut integrity and by controlling pathogens to avoid the diversion of 

nutrients to the immune system instead of growth.  

• To maximize the potential of the probiotics in livestock production it is necessary to have a holistic approach 

on the probiotic-microbiota-host interaction to maximize production efficiency. In this regard, further studies 

are still necessary to understand the use of probiotics in diverse conditions. 

INTRODUCTION  

The modernization of the poultry industry over the years has led to the production of birds which are more efficient 

in converting feed to meat. This improvement in modern broiler strains is the result of years of genetic 

development, better nutritional management and enhanced control of environmental conditions, such as the 

temperature, humidity, lighting and sanitary control.  

Environmental control starts early in the broiler’s life, at the hatchery. In commercial hatcheries chicks are born 

separated from their mothers and without contact to natural microbiota. In contrast, backyard flocks and wild birds 

get early exposure to beneficial bacteria when in contact with the mother. In this situation, the beneficial bacteria 

are able to colonize the intestinal tract immediately after hatching. Since the chicks from commercial hatcheries 

do not have this contact, they are more susceptible to all types of microbial contamination which may lead to 

potential pathogenic colonization of the digestive tract. Once pathogenic bacteria colonize the gut, digestion and 

growth are impaired. In this situation, it is improbable to have profitable production without the use of feed 

additives to prevent these pathogens from colonizing in the gut. A common practice has been to use antibiotics, 

so-called “growth promoters”, continuously in the feed at sub-therapeutic doses. 
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The application of antibiotics as growth promoters has been utilized in poultry production since the 1950s when 

researchers found that a sub-therapeutic dose of antibiotics could also promote growth and better efficiency of 

production while treating enteric diseases (Castanon, 2007).  

The positive effect of antibiotics in the feed is related to the prevention of the colonization of pathogens in the gut, 

which in turn increases the availability of the nutrients for muscle deposition instead of using nutrients for the 

immune system. However, researchers found that certain bacteria strains had become resistant to antibiotics and 

that their continuous use could lead to the development and dissemination of resistant pathogenic bacteria, thus 

posing a risk to both animal and human health.  

Under these conditions, health institutes have positioned themselves against the use of antibiotics in poultry feed. 

This is a preventive measure to ensure the protection of the consumers regarding the presence of residues in 

meat and eggs, and to prevent the spread of antibiotic resistance genes to human pathogens. Consequently, the 

market demand and constant concern about the environment – as well as human and animal health – has led to 

regional bans of antibiotics as growth promoters in animal production. For example, the concern over the increase 

in the population of antimicrobial resistant bacteria led the European Union to withdraw approval for antibiotics as 

growth promoters on January 1, 2006. 

Since the European Union ban, several alternatives have been studied to develop a feed additive suitable to 

replace antibiotics as growth promoters, which enable the rapid development of beneficial bacteria in the gut. 

Probiotics are becoming highly popular as the alternative feed additive to AGPs. Probiotics or ‘direct fed 

microbials’, have been defined as live microbial feed supplements which beneficially affect the host animal by 

improving its intestinal balance. In this context, the two most important objectives for the use of probiotics in 

poultry production are improvement in performance and the prevention of enteric pathogens. As a consequence, 

the number of commercially available probiotics has been increasing in the past few years. These commercial 

products use different strains, or the combination of different strains, which have varied benefits for the host and 

mechanisms of action, including the control of pathogens. Thus, the aim of this review is to provide information 

about the current knowledge on the use of probiotics in poultry production with focus on definition, mode of action 

and application in poultry production. 

WHAT ARE PROBIOTICS? 

The widely accepted definition used by the international scientific community was provided by the Food and 

Agriculture Organization of the United Nations (FAO, 2016) and World Health Organization (WHO). They defined 

probiotics as “live microorganisms which when administered in adequate amounts confer a health benefit on the 

host” (Hill et al., 2014). The most common microorganism class for probiotic production are bacteria, however, 

probiotics can also include yeast or fungi, such as Aspergillus oryzae, Candida pintolopesii, Saccharomyces 

bourlardii, and Saccharomyces cerevisiae.  

A feature of a good probiotic includes the capacity to exert a beneficial effect on the host animal, e.g. increasing 

growth or resistance to disease and, of course, the strain should not be pathogenic or toxic. A systemic and strict 

screening approach is necessary to select the probiotic strain that best meets the market/customer needs, 

conveying requirements and specifications needed for a probiotic that will be used in animal feed. Evonik Nutrition 

& Care GmbH has established a scientific based screening system (Figure 1) based on the following multi-

parameters: 

• Heat stability 

• Gizzard passage 

• Bile tolerance 
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• Growth in presence of short chain fatty acids 

• Enzyme production 

• Pathogen inhibition 

• Expression of secondary metabolites 

• Screening for toxin and antibiotic resistance genes 

• Antibiotic sensitivity 

Figure 1:  Multi-parameter selection process for probiotic strain selection. 

 

Basically, the screening process tests the ability of different bacteria strains to produce large quantities of viable 

cells, and the capacity to survive in the gastrointestinal environment i.e. the ability to withstand low pH and high 

concentrations of bile acids. In addition, the chosen strain should tolerate the manufacturing, transportation, 

storage and application processes, maintaining its viability and desirable characteristics. Other characteristics of 

importance include the production of secondary metabolites for inhibition of pathogens or enzyme production that 

might contribute in the improvement of digestibility of nutrients.  

The multi-step screening process of Evonik Nutrition & Care GmbH resulted in the choice of spore-forming 

bacteria with potential used as probiotics in animal feeds: B. subtilis DSM 32315. The exclusive spore-like protein 

coating produced by these species allows them to remain viable during severe manufacturing conditions, such as 

the high-temperature of the pelleting process, as well as during non-refrigerated storage. The spores of the B. 

subtilis DSM 32315, for example, are not reduced when pelleting feeds at 85°C (Figure 2 A), indicating that the 

spores remained viable after the process. The same pelleted feed containing B. subtilis DSM 32315 was stored at 

a temperature of 40°C and 80 % of humidity and after 12 weeks the viability of the spores was not significantly 

affected (Figure 2 B).  

Figure 2:  Results from recent study conducted to verify the ability of B. subtilis DSM 32315 spores to remain viable after pelleting and feed  

storage (Facts & Figures 15145). 
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Probiotic spores must be able to not only survive the feed production process, but also to germinate into 

vegetative cells in the gut so that they can become metabolically active and benefit the gut health of the chicken. 

It has been reported that the spore of Bacillus spp. also tolerates the stomach's acidic pH, allowing the spores to 

germinate and multiply rapidly upon arrival in the duodenum. In this context, a recent study was performed to test 

the ability of B. subtilis DSM 32315 spores to germinate and proliferate as vegetative cells when incubated ex vivo 

in the digesta of broiler chickens (Figure 3). 

Figure 3:  Enumeration of Bacillus spp. from broiler digesta at several time points after ex vivo incubation with B. subtilis DSM 32315 spores  

(Facts & Figures 15146). 

 

The study confirms that spores are germinating and then proliferating in digesta, because the Bacillus spores 

were significantly reduced in cecal and ileal digesta by 4 hours while total Bacillus spp. cells were significantly 

increased within 4 hours of incubation in ileal and cecal digesta (Figure 3). Other studies also confirm the 

information that B. subtilis spores are able to germinate and proliferate in both the small intestine and cecum, with 

higher efficiency in the cecum (Cartman et al., 2008). Therefore, B. subtilis DSM 32315 can be considered a 

suitable strains for probiotic since the spores survived harsh processing conditions and were able to germinate 

and proliferate in the small intestine afterwards. Other desirable characteristics of probiotics depend on the mode 

of action specific to each bacteria strain. 

MODE OF ACTION OF PROBIOTICS 

Different probiotics exert effects through various mechanisms acting in the gastro-intestinal lumen. Some of these 

mechanisms are related to the enhancement of the epithelial barrier, production of antimicrobial substances, 

production of enzymes that block signaling molecules, and modulation of the immune system. These mechanisms 

will be briefly described in the following sections. 

ENHANCEMENT OF THE EPITHELIAL BARRIER  

Probiotics can improve the intestinal barrier integrity by modulating the tight junction signaling system (Bermudez-

Brito et al., 2012). The intestinal permeability is related to the tight junction, which seals the intercellular space 

between adjacent epithelial cells and is responsible for regulating the transport of nutrients. The intestinal 

permeability is impaired by several factors such as cytokines (ex. TNF-α and IFN-γ), produced in response to 

inflammatory reactions in the intestinal epithelium. In such situations, probiotics may initiate repair of the barrier 

function after damage by pathogens or impairment from the subsequent immune response, through modulating 

the expression and redistribution of tight junction proteins such as occludins or claudins (Hsieh et al., 2015). For 

example, the probiotic strain B. amyloliquefaciens CECT5940 has been shown to upregulate the gene expression 

of occludins under Clostridium perfringens challenge (Gharib Naseri et al., 2019). Bacillus amyloliquefaciens 
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CECT5940 is not only important in the modulation of the tight junction proteins, but is also able to downregulate 

the gene expression of caspase proteins (CASP3 and CASP8) that are associated with the intestinal epithelial cell 

apoptosis (Gharib Naseri et al., 2019).  

MODULATION OF THE GUT MICROFLORA  

Several mechanisms by which probiotic bacteria inhibit the gut colonization have been documented, including 

increasing the lactic acid bacteria to pathogenic bacteria ratio. Probiotic bacteria composed of B. 

amyloliquefaciens are known to produce α-Amylase enzyme, which hydrolyses starch (Gangadharan et al., 2008). 

The degradation of starch by the enzymatic activity of these bacteria produces maltose and glucose. In anaerobic 

conditions, glucose is degraded through the glycolytic pathway by anaerobia bacteria – such as those from 

streptococci and lactobacilli strains – and results in lactic acid production. The effect of the supplementation of B. 

amyloliquefaciens in the feed has been reported to increase the concentration of Lactobacillus spp. (An et al., 

2008; Mallo et al., 2010) and reduce the concentration of pathogens like Escherichia coli (Mallo et al., 2010) in the 

cecal digesta of broilers.  

Not only the change of the microbiota towards lactic acid bacteria is important for the control of potential 

pathogenic bacteria. Also the butyric acid producing bacteria, such as the members of the family 

Ruminococcaceae and Lachnospiraceae, exhibit such properties. Butyric acid is an important organic acid with 

anti-inflammatory properties and is an important signaling molecule in the gastrointestinal tract (Eeckhaut et al., 

2011). The reduction of this bacterial family is observed during the induction of necrotic enteritis (Antonissen et 

al., 2016), resulting in impaired performance in broilers. Bortoluzzi et al. (2019) also observed the reduction of 

Ruminococcus in cecum after the inoculation with C. perfringens in broilers (Figure 4). 

Figure 4:  Relative abundance (%) of the main bacterial groups present in the cecal microbiota of broilers challenged with C. perfringens and  

supplemented with B. subtilis DSM32315.  

 

Clostridium perfringens inoculation increased the relative abundance of Bacteroides (21 % in uninfected vs. 35 % 

in infected group) and reduced the relative abundance of Ruminococcus (14.3 % in uninfected vs. 7.7 % in 

infected group), and Ruminococcaceae (7.9 % in uninfected vs. 3.5 % in infected group). However, B. subtilis 

DSM 32315 supplementation partially returned the relative abundance of Bacteroides (28.3 %) to a similar value 

as that observed in uninfected birds, and totally restored the frequency of Ruminococcus (12.4 %) and member of 

the family Ruminococcaceae (6.4 %). Therefore, the dietary inclusion of B. subtilis DSM32315 contributed to the 

reestablishment of the gut microflora to a similar level as the healthy uninfected animals, overcoming the 

imbalance caused by C. perfringens.  
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BLOCKING COMMUNICATION BETWEEN PATHOGENIC BACTERIA: QUORUM SENSING AND QUORUM 

QUENCHING MECHANISM  

Until the 1960s, bacteria were believed to be independent organisms and unable to communicate with each other 

(Bassler and Losick, 2006). However, researchers have since noted that bacteria can communicate and control 

their population size, through chemical signaling. An example of signaling molecules used in "quorum sensing" 

systems are acyl-homoserine lactone (AHL) molecules, which are composed of a homoserine lactone ring (HSL) 

with an acyl chain (Bassler and Losick, 2006). This mechanism of bacterial communication involves the 

recognition of minimum concentrations of AHL signaling molecules or auto-inducers, allowing the distinction 

between bacteria type, perception of population size, and consequently the modulation of gene expression 

according to the bacterial density present in the environment or gut microflora.  

Through the quorum-sensing system several bacteria monitor their population size and modulate the expression 

of their genes to regulate a series of bacterial and phenotypic characteristics, such as sporulation, virulence, 

conjugation, formation of biofilm and production of bacteriocins (Figure 5). Considering this elaborated system of 

communication between bacteria, the knowledge about this mechanism can contribute to the elucidation of 

important processes involving pathogens (Rutherford and Bassler, 2012). Quorum sensing is believed to be 

involved in foodborne diseases involving microorganisms of the genera Salmonella, Campylobacter, Listeria and 

E. coli, and several studies have investigated ways to intervene in this process. 

Figure 5:  Mechanism of communication between bacteria using quorum sensing signaling system.  

 

Understanding the quorum sensing process and identifying molecules involved in different communication 

systems could lead to the development of attractive alternatives to traditional AGPs. Interference in this 

communication between pathogenic bacteria can prevent their multiplication and the expression of virulence 

genes. Additionally, inhibiting quorum sensing can prevent bacteria from forming biofilms, which would be highly 

beneficial for animals’ gut health and for food safety.  

 

The mechanism which some bacteria use to inhibit the AHL signaling molecules is called “quorum quenching” 

(Chen et al., 2013). The quorum quenching capacity of bacteria is tested in vitro using biosensors. In this case, 

the biosensor can be microorganisms that will react to AHL signaling molecules in a visible way. The most 

commonly used biosensor is a bacterium called Chromobacterium violaceum, which responds to the stimuli by 

producing a violet pigment (violacein) when the quorum sensing system is active (Figure 6).  
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Figure 6:  In vitro proof of quorum quenching mechanism by Bacillus amyloliquefaciens CECT 5940 to inhibit N-Acyl homoserine lactone (AHL)  

signaling molecules: (A) No AHL present: Pigment is not produced, (B) AHL: Pigment is produced, (C) At 4 and 6 h the Quorum 

Quenching capacity is not expressed, and (D) AHL + B. amyloliquefaciens CECT 5940: Color Inhibition at 24h. C6: AHL, A: distilled 

water, M: C. violaceum, M0-24: C. violaceum + AHL at different incubation times (0-24h), E0-24: C. violaceum + B. amyloliquefaciens 

CECT 5940 + No AHL at different incubation times (0-24h), 0-24: C. violaceum + B. amyloliquefaciens CECT 5940 + AHL at different 

incubation times (0-24h) (Facts &Figures 15147). 

 

In a previous study (Facts & Figures 15147), the capacity of B. amyloliquefaciens CECT 5940 strain to block AHL 

signaling molecules was tested and it was observed that this strain prevented the production of violacein after 24 

hours (Figure 6 D). In the literature, it is possible to find some proposed mechanisms that interfere in quorum 

sensing signaling molecules that can explain the inhibition capacity of B. amyloliquefaciens CECT 5940 to control 

the virulence of pathogen bacteria. One of the most well-known mechanisms involves blocking AHL signaling 

molecules through lactonase enzymes. The AHL-lactonase is a potent enzyme in degrading AHL signals 

produced by bacterial pathogens at physically relevant rates and concentrations. AHL-lactonases hydrolyze the 

ester bond of the homoserine lactone ring, yielding the corresponding N-acyl-homoserine which has no signaling 

activity (Figure 7). (Yates et al., 2002). AHL-lactonase activity has been reported from various bacteria species. 

Among them, the most known bacteria producing AHL-lactonase are the strains from Bacillus spp., which could 

include Bacillus amyloliquefaciens as previously mentioned. 

Figure 7:  Degradation of quorum sensing signal molecule of N-acyl homoserine lactone (AHL) by quorum quenching enzymes lactonase, which  

opens the homoserine ring. 

 

IMMUNOMODULATION 

Another important characteristic of probiotics is the modulation of the immune system. Probiotics can act by 

modulating the innate and/or acquired immune response, favoring the fight against microorganisms (Fleige et al., 

2009). Probiotics supplied in the diet modulate the immune response to increase protection through the immune 

system in the broiler’s gut-associated lymphoid tissue (GALT).  
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The GALT plays an important role in the immunological control, critical for reducing the incidence of poultry 

enteric disorders (Callaway et al., 2008). The broiler’s GALT provides specific host defense with the largest 

collection of immune cells in the body (Mowat and Viney, 1997). The GALT consists of many compartments of 

immune cells including the Peyer’s patches and lamina propria. Cells present in the Peyer’s patches and lamina 

propria, like macrophages and dendritic cells, have an important role in recognition of both pathogens and 

probiotics and activation of innate and adaptive immunity (Bermudez-Brito et al. 2012). For example, dendritic 

cells are potent antigen-presenting cells, which can effectively induce primary immune responses against 

microbial infection and their inflammatory products. Recognition of microbes by dendritic cells is through toll-like 

receptors for example, which interact with the associated constituent of the bacterial structure (Lanzavecchia and 

Sallusto, 2001).  

Once the bacteria are identified, the dendritic cells are activated and they start cytokine production that are potent 

stimulators of other immune cells. Dendritic cells also present peptide messages, known as antigens, from the 

pathogens they ingest to helper T cells that assist in activating both T and B cell-mediated immune responses. 

There are also cells present between epithelial cells in the gut, known as intestinal intra epithelial leukocytes 

(IEL). The IEL include various cell subsets, including B and T lymphocytes, natural killer (NK) cells, and 

macrophages (Bai et al., 2013).  

The stimuli produced by the colonization of probiotics are essential for the development of a functional and 

balanced immune system, including the presence of T and B-lymphocytes in the lamina propria, as well as the 

expansion and maturation of IgA (Borchers et al., 2009). In previous studies, the use of probiotic bacteria induced 

epithelial cell expression of TGFβ and interleukins such as IL-10 and IL-6 which potentiate immunoglobulin IgA 

production through B-cell maturation and survival (Shang et al., 2008). Other studies have shown that the 

presence of commensal bacteria in the microbiota is essential for the production of intestinal IgA in some animals, 

since it is not found in pathogen-free animals and the colonization of the gastrointestinal tract by these bacteria 

stimulates the development of this immunoglobulin (Bos et al., 2001).  

The immune stimulation by probiotics contributes to a faster response to any unknown microorganism passing 

through the gastrointestinal tract, including pathogenic bacteria such as C. perfringens, Salmonella spp. and 

others. This characteristic becomes increasingly relevant, since it favors the health of the gastrointestinal tract. A 

review about the immune system is available, which can be consulted for more information about this topic 

(Whelan, 2018). 

USE OF PROBIOTICS IN POULTRY PRODUCTION 

Once the main modes of action are described, we can better understand how probiotics can reduce pathogenic 

bacteria in the gut and contribute to maintaining healthier birds. Next, we will examine major disease related 

problems in poultry production and how probiotics are performing against the causative pathogenic bacteria. It is 

important to mention that these pathogenic bacteria do not only cause performance and economic losses in 

poultry production, but some of them are also responsible for foodborne illness in humans.  

Necrotic enteritis 

Necrotic enteritis (NE) is an enteric disease caused by C. perfringens, which primarily affects broilers from 2 to 5 

weeks of age (Palliyeguru and Rose, 2014). Clostridium perfringens is a normal inhabitant of the gastrointestinal 

tract of healthy birds, but may cause NE after a sudden change in the microbiota or after intestinal mucosa 

damage caused by other enteric diseases such as coccidiosis.  

Usually, the outbreak of NE in the poultry production is associated with coccidiosis, mainly caused by Eimeria 

maxima and to a lesser extent by Eimeria acervulina. However, studies have shown that NetB toxin produced by 
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C. perfringens may cause the disease even in absence of coccidiosis (Van Immerseel et al., 2009). The sudden 

increase in the mortality in the flock is one of the observed signs in an NE outbreak, and the dead birds will often 

present gross lesions in the small intestine that may be ballooned, friable or contain foul-smelling brown fluid 

(Timbermont et al., 2011). These intestinal lesions can also cause lower feed efficiency and consequently 

compromise the performance of birds. Due to these problems, the cost of NE worldwide was estimated to be US 

$2 billion annually (Timbermont et al., 2011).  

The supplementation of probiotics in the diets has proven to be efficient to control the overgrowth of C. 

perfringens and can be a potential replacement of AGP to prevent NE. In previous study (Fact & Figures 15152), 

it was demonstrated that the inclusion of B. subtilis DSM 32315 in the diet of broilers undergoing an enteric 

challenge significantly reduced C. perfringens in 11 % and 12 % in the ileum of broilers at day 18 and 35, 

respectively (Figure 8 A). In a recent publication, Oliveira et al. (2019) also demonstrated that C. perfringens is 

significantly reduced with the supplementation of B. amyloliquefaciens CECT5940 by 13 % and 15 % in the ileum 

of broilers at day 21 and 28, respectively (Figure 8 B). 

Figure 8:  Enumeration of C. perfringens populations in ileum of challenged broilers without probiotics (control) or supplemented either with  

B. subtilis DSM32315 (A) or B. amyloliquefaciens CECT 5940 (B). 

 

Other studies also demonstrated that B. subtilis DSM 32315 is able to reduce C. perfringens load in ileum by 39 

% and in cecum by 66 % compared to the challenged control at 35 days (Fact & Figures 15142). The observed 

reduction expresses the potential of B. subtilis DSM 32315 to control the population of C. perfringens and can be 

explained by the production of secondary metabolites and lactic acid which favors the growth of beneficial 

bacteria such as Lactobacillaceae and promote the balance in the intestinal microbiota (Fact & Figures 15153). 

Consequently, the dietary inclusion of B. subtilis DSM 32315 reduced NE mortality by 5.5 % compared to the non-

medicated control group during the challenge period and also contributed to the lower lesion scores observed 

(Figure 9).  

Figure 9:  Lesion scores and mortality in the treatments challenged with necrotic enteritis (Fact & Figures 15143).  
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Salmonellosis 

Salmonellosis is another worldwide important foodborne illness caused by Salmonella spp.; with S. enteritidis, S. 

typhimurium and S. heidelberg being the most important zoonotic pathogens associated to human salmonellosis 

(Schoeni et al., 1995).  

The most common source of Salmonella for humans is contaminated poultry products such as meat and eggs 

(Dunkley et al., 2008). Salmonella contamination is one of the major concerns in egg production, because it can 

invade numerous tissues beyond the intestine such as the ovaries where it can contaminate eggs (Gast and 

Beard, 1990). Other cross-contamination can occur during meat processing, representing another common route 

for Salmonella infection (Waters et al., 2005). Therefore, various prophylactic measures have been used to 

control salmonellosis, which include antibiotics, probiotics and vaccines (Lillehoj et al., 2000).  

The use of probiotics is becoming more and more popular and they have been proven to be a useful tool in the 

fight against Salmonella infections. A previous study demonstrated that B. amyloliquefaciens CECT 5940 inhibits 

Salmonella growth in vitro and therefore diminishes its in vivo infective capacity in broiler chickens (Facts & 

Figures 15148). The number of birds positive for Salmonella increased very quickly with oral administration 

(Figure 10) and after 20 days of age, only birds supplemented with B. amyloliquefaciens CECT 5940 were able to 

consistently and significantly reduce Salmonella enteritis shedding. Therefore, probiotics are also important in the 

reduction of Salmonella colonization, reducing the risk of infection between birds and in the meat processing sites 

by decreasing the amount of Salmonella entering in the food chain. 

Figure 10: Percent of birds positive to Salmonella enteritidis over a period of 42 days (Facts & Figures 15148).  

 

Colibacillosis 

Avian colibacillosis is an infectious disease caused by enterotoxigenic strain of Escherichia coli (He et al., 2014). 

Colibacillosis results in significant economic losses annually in the global poultry industry due to its high morbidity 

and mortality rates (Lau et al., 2010). Colibacillosis in poultry is characterized in its acute form by septicemia 

resulting in death and in its subacute form by pericarditis, airsacculitis and perihepatitis (Calnek et al., 1997).  

Usually the prevention and the control of this disease consists of the use of antibiotics, such as colistin sulfate. 

However, the use of colistin sulfate is already prohibited in some countries like China (Walsh and Wu, 2016), due 

to the emergence of antibiotic-resistant bacteria and risks for human health (Belanger et al., 2011). Hence, the 

importance of demonstrating that it is possible to control overgrowth of E. coli and maintain gut health with 
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probiotics. A recent study demonstrated that supplementation of Bacillus amyloliquefaciens CECT 5940 can 

significantly reduce E. coli in the ileum (Figure 11).  

Figure 11: Enumeration of Escherichia coli in ileum of birds at 28 days of age (Facts & Figures 15171).  

 

Other studies on supplementation of B. amyloliquefaciens CECT 5940 also demonstrated that is possible to 

reduce about 79 % of the total E. coli in cecum (Facts & Figures 15160). One study has shown a significant 

reduction of E. coli in cecum compared to the control group (7.45 vs. 8.23 Log CFU/g) by using B. 

amyloliquefaciens (Teng et al., 2017). Therefore, B. amyloliquefaciens can be used to reduce E. coli and avoid 

problems associated to pathogenic strains.  

PROBIOTICS AS PERFORMANCE PROMOTERS  

Although there is concern in the poultry industry that the removal of AGPs from diets could cause a loss in 

performance, it was previously demonstrated that probiotics can be as effective as AGPs (Oliveira et al., 2019) in 

challenging conditions. Several other studies have been conducted to demonstrate the benefit of the exchange of 

AGPs by probiotics on the growth performance of broiler chickens raised under challenging environmental (used 

litter and heat stress), dietary conditions (meat and bone meal, and distillers dried grains with solubles) and even 

under pathogenic challenge (C. perfringens inoculation). In order to illustrate the benefits of the probiotic inclusion 

compared to AGP, the results from seven independent worldwide studies were compiled (Sokale, 2018, Figure 

12).  

Figure 12: Result of 7 independent research trials evaluating the effect of B. subtilis DSM 32315 on body weight gain.  
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In comparison to the non-medicated control group, AGP and B. subtilis DSM 32315 increased BWG of birds by 

2.1 % and 2.5 %, respectively. The results of these studies demonstrate that in various mild enteric challenges, 

the supplementation of B. subtilis DSM 32315 improved growth performance in a manner that is similar to AGP.  

In another meta-analysis conducted by Menconi et al. (2019), the results of multiple research trials evaluating the 

performance of broilers receiving B. amyloliquefaciens CECT 5940 were used (Figure 13). 

Figure 13: Result of 8 independent research trials evaluating the effect of Bacillus amyloliquefaciens CECT 5940 on body weight gain.  

 

Under research or commercial conditions, the outcome or effect of probiotic supplementation on performance can 

be affected by several variables. Even though the statistical analysis demonstrated heterogeneity in the variance 

of responses among trials, (which can be explained by differences in experimental design, diet composition, 

genetics, or environment) the average response was an increase in 2 % of body weight gain for the B. 

amyloliquefaciens CECT 5940 group over non-medicated control group. Therefore, the use of probiotics can be 

used in the replacement of AGPs without the fear of losing the performance of birds. Unquestionably, the use of 

probiotics in an antibiotic free production system will only work perfectly with the contribution of a well stablished 

biosecurity and vaccination program of the flock.  

CONCLUSIONS AND IMPLICATIONS 

The poultry industry, which for a long time depended on the use of AGPs, now needs to find a viable alternative to 

maintain productivity. Several studies have demonstrated that probiotics are as effective as AGPs in reducing the 

pathogen load in the gut, contributing to reduced flock contamination and spreading of foodborne pathogens.  

While these studies have greatly advanced the field of research, there are still mechanisms to be defined in order 

to unlock the full potential of probiotics. In addition, the removal of AGPs should not be a concern for the poultry 

industry because the probiotic mechanisms previously described also contribute to improve feed efficiency and 

growth performance in broilers. It is therefore relevant to recommend that further studies be conducted in order to 

clarify the conditions in which probiotic supplementation in poultry feed can be maximised as alternatives for 

AGPs.  

The AGP ban does not totally exclude the use of antibiotics in animal production, since they are still necessary in 

the treatment of acute diseases. However, their usage is now strictly under veterinary control. Nevertheless, the 

use of antibiotics can be greatly reduced with the correct application of biosecurity programs, regular veterinary 

monitoring of the farm and the use of probiotics to reduce pathogen loads and improve performance. 

Furthermore, the future direction will be towards combinations of advanced nutritional concepts and gut health 

products in order to provide a holistic solution for gut health challenges. 
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ACRONYMS 

AGPs Antibiotic growth promoters 

TGFβ Transforming growth factor beta 

AHL Acyl-homoserine lactone  

FAO Food and Agriculture Organization 

WHO World Health Organization 

TNF-α Tumor necrosis factor alpha 

HSL homoserine lactone ring 

GALT gut-associated lymphoid tissue  

IEL Intra epithelial lymphocytes  

IL interleukin  

Ig immunoglobulin 

CFU Colony forming units 

NE Necrotic enteritis 
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