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Abstract 

During recent years, the practice of administering antibiotics to animal feed at sub-

therapeutic levels has raised concern with consumers because of the apparent increase of 

antibiotic-resistant bacteria in the human food chain. Researchers have found that probiotics 

composed of naturally occurring beneficial live microbes such as bacteria (lactobacilli) could be 

the novel growth promoters.  Supplementing poultry diet with probiotics has been found to 

improve growth performance, feed conversion efficiency,  and immune responses, and help in 

combating enteric pathogens. The aim of this study is to investigate the dynamics of pathogenic 

bacteria in the gastrointestinal tract of the broiler chickens after adding pre and probiotics to the 

poultry feed. The experiment consisted of 3 experimental groups reared under the same 

environmental and lighting regimens; the pre and probiotics group (PB), the antibiotics group 

(AB), and the control group (C) without any additives. Bacteria were grown on specific agar 

media and validated via real time PCR. On average, from all the cultured samples, 87.6% were 

positive for E. coli sp., 27.4% for Shigella sp., 4.4% for Salmonella sp., 53.8% for 

Campylobacter sp., and 18.1% for Clostridium sp. The specific pathogenic bacteria were 

evaluated as DNA bands on gel electrophoresis following their amplification by real time PCR. 

In conclusion, pre and probiotics treatment proved to decrease pathogenic bacteria percentages 

(except for the Campylobacter sp.) during the late days of the experiment in a similar fashion as 

antibiotic treatments; suggesting their significant role as an efficient alternative for industrial 

antibiotics. Lastly, the combination of real time PCR and culture-based methods are both 

recommended for a better detection of pathogenic bacteria in the broiler gastrointestinal tract.    

Keywords: Prebiotics, Probiotics, Broilers, Poultry, Zoonotic Pathogens, Antibiotic Resistance  
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I. Introduction 

Following their accidental discovery in the 1920s, antibiotics have played a substantial 

role in the advancement and success of the poultry industry through their introduction in animal 

feed at sub-therapeutic doses. This supplementation proved to improve growth and feed 

conversion efficiency, and prevent bacterial infections for more than 60 years (Castanon, 2007). 

However, the rise in modern consumer demand for organic and free range poultry products has 

intensified in recent years to the extent of the development of laws for banning antibiotic growth 

promoters in Europe and its restricted use in the United States (Gadde et al., 2017). In addition to 

the problems associated with antibiotic growth promoters and their bacterial resistance 

development potential, poultry producers across the world are forced to look at new ways for 

maintaining performance, both on the birds’ production  and health levels (Abeles et al., 2016). 

Several studies have discussed the importance of the intestinal microbiota in relation to the 

performance of broiler chickens (Rinttilä and Apajalahti, 2013; Pourabedin, 2015; Cisek and 

Binek, 2014). As the intestinal microbiota of an animal species evolved, specific host-microbe 

interactions co-evolved with the host together forming what is known as super-organisms (Aziz 

et al., 2013). The establishment of the intestinal microbiome in broiler chicken starts at hatching 

and lasts over the avian’s entire lifespan; it plays a crucial role in directing the development of 

the entire immune system and the whole intestinal microbiota (H. A. Apajalahti et al., 2004). 

Each part of the gastrointestinal tract hosts a specific set of bacterial species; the small intestine, 

namely the caecum and ileum, is beneficially colonized predominantly by lactobacilli, 

streptococci and enterobacteria (Escherichia coli, Salmonella, and Shigella) (Bjerrum et al., 

2006). On the other hand, it is generally accepted that  broiler chicken are hosts for zoonotic 

pathogens such as Campylobacter jejuni (Humphrey et al., 2014) and some enterotoxin 
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producing Clostridium perfringens strains (Immerseel et al., 2004); however excessive use of 

antibiotics during their life cycle is associated with the development of antibiotic resistance in 

humans by transmission. Therefore, these public health concerns have further promoted the use 

of probiotics as substitutes for antibiotics in poultry production, and further research in this area 

is needed to elucidate the effects and efficiency of such probiotics. Probiotics are the novel food 

supplements; they are naturally-occurring beneficial live microbes capable of improving the 

health and wellbeing of animals, including both birds and humans (Huyghebaert et al., 2011). 

The addition of probiotics as growth promoters to the diet of livestock and poultry has been 

found to improve growth performance, feed conversion efficiency and immune responses, and 

help in combating enteric pathogens to mitigate drug resistant microorganisms (Dhama et al., 

2011). As a result, pre and probiotics additions to the feed induce profound modifications to 

broiler chicken gut microflora with the aim of reducing pathogenic bacteria in the same way as 

antibiotics. Such microfloral modifications and their effects can be analyzed and detected by 

culture-based and molecular techniques, concurrent with the aim of our current study.  
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II. Literature Review  

1. The gut microbiota effect on health and wellbeing of host organisms 

The gastrointestinal tract (GIT) hosts a diverse microbiota that includes 400 different 

species and accounts for approximately 1010 bacterial cells (Gong et al., 2002; Zoetendal et al., 

2004; Xiao et al., 2016). Hence, this dense bacterial population reflects a high diversity of 

complex interactions that have a decisive influence on the physiological, immunological and 

nutritional processes of their host (Zoetendal et al., 2004). In fact, the diverse biological 

processes of the microbiota’s genome, the microbiome, complements those of the host in such a 

way to provide additional metabolic services and healthy growth promotion through nutrient 

utilization and absorption, fermentation of non-digestible dietary fiber, synthesis of some 

vitamins, and biotransformation of bile acids (Cisek and Binek, 2014; Choi et al., 2015). 

Notwithstanding, the instability of gut microbiota of the host can compromise the host’s health 

since it is influenced by numerous factors such as intestinal pH, temperature, microbial 

interaction, peristalsis, bile acid, drug therapy, and immune responses. The malfunction of such 

mechanisms would lead to imbalances in the intestinal microflora, resulting in the onset of 

intestinal diseases such as infectious and inflammatory, autoimmune or neoplastic ailments 

(Ojetti et al., 2009). For example, the introduction of microorganisms into body tissues can cause 

serious infections, particularly if the organism is immune-compromised (Crum-Cianflone, 2008). 

Therefore, the pathogenicity status is dependent on the relative abundances of bacterial strains in 

the host such as E-coli, Salmonella, Campylobacter jejuni, Clostridium perfringens, and 

Shigella, and their potential in colonizing and expressing toxin secreting genes (Ehrlich et al., 

2008). Therefore, understanding the divesity of the GIT bacterial compositon and function, and 
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its impact and interactions with the host are crucial to improve biological metabolism, productive 

performance, and health.  

 

2. Dynamics of healthy chicken GIT microbiota  

  Chickens are a valuable source of proteins for human consumption because of their meat 

and eggs (Choi et al., 2015). Understanding the chicken’s gastrointestinal microbiota would help 

improve the birds’ immunity, nutrient absorption, and growth (Kaakoush et al., 2014; Xiao et al., 

2016). In fact, microbial composition varies among different intestinal locations such as the 

duodenum, jejunum, ileum, caecum, and colon (Xiao et al., 2016), and they are especially 

sensitive to dietary manipulations (Torok et al., 2008). Based on the bacteriological ecosystem, 

the gut microbiome can be classified into 4 possible enterotypes of the following phyla: 

Firmicutes in enterotype 1, Firmicutes and Proteobacteria in enterotype 2, Firmicutes and 

Actinobacteria in enterotype 3, and Firmicutes and Bacteroidetes in enterotype 4 (Kaakoush et 

al., 2014). Firmicutes include Lactobacilli and Clostridium, and are the dominant genera 

throughout the gastrointestinal tract of poultry (Guan et al., 2003; Clavijo and Flórez, 2018), 

while Bacteroides are the principal representatives of the Bacteroidetes phylum (40%). Among 

the Proteobacteria, the predominant genera are Desulfohalobium, Escherichia, Shigella, and 

Neisseria, in addition to the Firmicutes; Bacteroides and Clostridiaceae predominate the caecum 

(Wei et al., 2013). However, the taxonomic composition of the microbiota is subject to different 

factors, such as the site of colonization where they preferably colonize in the caecum or ileum, 

and the age of the animal, in addition to its diet and the use of antimicrobials (Stanley et al., 

2012). Therefore, an understanding of the variations in the intestinal microbiota might help to 

clarify how changes in its composition might alter the well being of the host.  
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3. Common pathogenic GIT bacteria in broiler chicken and their impact on human health  

 Several bacterial species cause infectious diseases in humans; most importanlty 

Campylobaceter jejuni and Salmonella. Other than human infections, Escherichia coli and 

Clostridium perfringens are considered to be pathogenic to the chicken’s respiratory tract and 

intestines respectively (Oakley et al., 2014). Thererfore, the presence of some bacterial spieces 

such as S. enterica, C. jejuni, C. perfringens and E. coli may affect the bacterial diversity in the 

chickens’ GIT wtihout causing diseases but their transmission to humans becomes pathogenic 

and causes serious diseases (Clavijo and Flórez, 2018). For this reason, the broiler chickens are 

considered as primary carriers for pathogenic bacterial transmission to humans (Choi et al., 

2015). Additionally, poultry meat ranked first or second in foods associated with foodborne 

diseases in Australia, England, Canada, and the United States (Dan et al., 2015). For instance, 

reports suggested that Campylobacter infections in humans resulted from eating undercooked 

poultry meat while those same Campylobacter commensals that colonize the chicken gut are 

harmless to its host, hence their presence remains undetectable prior to slaughter (Kaakoush et 

al., 2014). 

 

3.1. Escherichia-coli risks in chicken and human GIT 

The genus Escherichia in the family of Enterobacteriaceae consists of facultative 

anaerobic Gram-negative bacilli. Within this genus, the Escherichia coli are widely distributed, 

and they are the major inhabitant of the large intestine of humans and mammals (Gomes et al., 

2016). Avian pathogenic E. coli (APEC) contains virulence-associated traits that might be the 

source of Uropathogenic E. coli which gains access to the human colon following ingestion of 

contaminated poultry (Rodriguez-Siek et al., 2005; Johnson et al., 2007). Whereas E. coli strains 
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that cause diseases outside the intestine are known as extra-intestinal pathogenic E. coli (ExPEC) 

that include the human uropathogenic E. coli (UPEC) (Johnson et al., 2007; Kagambega et al., 

2012). A clinical survey of multiple common infectious diseases (CAIDs) in China reported that 

infectious diseases are the major cause of economic loss in poultry production and are of great 

concern for the public health (Zhuang et al., 2014). Furthermore, E. coli isolates from broiler 

chickens and breeders with colibacillosis collected in Nordic countries were considered a 

considerable challenge to poultry worldwide (Ronco et al., 2017).  

E. coli species cause gastrointestinal illnesses in humans and mortality in broiler 

chickens, therefore their isolation and identification by culture-based techniques and real-time 

PCR are essential to investigate their implications. Human intestinal pathologies mostly consist 

of severe diarrhea caused by different E. coli pathotypes such as enterotoxinogenic, 

enteropathogenic or enterohemorrhagic (Johnson et al., 2007; Kagambega et al., 2012). Routine 

identification of foodborne pathogens including E. coli are usually carried out by conventional 

methods based on selective media such as MacConkey agar for the identification of suspicious 

colonies by subsequent biochemical reactions. Nonetheless, this traditional method is time 

consuming (El-Hadedy and Abu El-Nour, 2012). Alternatively, the Tryptone Bile X-Glucuronide 

(TBX) agar medium (Deben diagnostics ltd) was recommended for the specific detection and 

enumeration of E. coli colony growth, which is dependent on the presence of the glucuronidase 

enzyme. The chromogenic agent X-Glucuronide used in this medium helps to detect 

glucuronidase activity: when E. coli cells absorb X-Glucuronide, the intracellular glucuronidase 

splits the bond between the chromophore and the glucuronide. The released chromophore gives a 

blue green coloration to the colonies following incubation at 37 oC for 24 hours under aerobic 

conditions (Verhaegen et al., 2015), low cost, and demonstrated efficiency to expose health risks 
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(Noble et al., 2010). Nonetheless, rapid detection of this pathogen is of high importance to 

ensure appropriate actions and measures to safeguard public health. The recently increased use of 

highly-automated real-time PCR screening technique provides the required high-sensitivity for 

the detection of E. coli due to its ability to measure genetic material content rather than viable 

cell count traditionally used in culture-based methods; it has proven to achieve faster and more 

sensitive results (Noble et al., 2010; Verhaegen et al., 2015). The 16SrDNA gene used in PCR 

for the detection and identification of E. coli in digesta content was suggested for its presence in 

almost all bacteria; the function of the 16SrDNA gene is highly conserved throughout evolution 

(El-Hadedy and Abu El-Nour, 2012).  

 

3.2. Salmonella risks in chicken and human GIT 

Salmonella species in the family of Enterobacteriaceae are facultative anaerobic gram-

negative rod shaped bacteria. Two species are currently identified in the genus Salmonella, S. 

enterica and S. bongori (Andino and Hanning, 2015). S. enterica is the most common species 

attributed to causing infections in both humans and animals worldwide (Kang et al., 2017).  

 Salmonella sp. colonize the gastrointestinal tract of humans and farm animals including 

chickens and are the major cause of salmonellosis in humans with poultry constituting their main 

reservoir; more than 70% of human salmonellosis reported in the United States were associated 

with the consumption of contaminated chicken or eggs (Andino and Hanning, 2015). However, 

not all salmonella carriers cause diseases in humans. For example, S. Pullorum and S. 

Gallinarum cause illnesses in poultry but rarely in humans such as the Pullorum disease and fowl 

typhoid, respectively. Pullorum disease was initially known as “fatal septicemia” or “white 

diarrhea”, and its clinical signs are predominantly observed in young chickens such as lack of 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/non-coding-rna
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appetite, depression, respiratory distress, and early death few days after hatching. In laying hens, 

Pullorum infection leads to lower egg production, fertility and hatchability (Andino and 

Hanning, 2015). On the other hand, Fowl typhoid disease is caused by S. Gallinarum which can 

affect chickens and birds of all ages but more frequently detected in older birds; its outbreak is 

characterized by high mortality, and shows yellow-to-green diarrhea with the birds dying few 

days after infection (Prescott, 2001). The increase in mortality was usually followed by a decline 

in feed consumption by the other birds and therefore a drop in egg production and weight loss 

(Shivaprasad, 2000). 

 Human gastrointestinal infections and salmonellosis are mostly due to the consumption of 

contaminated eggs (Coward et al., 2013), with over 100, 000 cases of salmonellosis reported by 

the European Union in 2003 and over 90, 000 cases in 2012 (Elgroud et al., 2015). Salmonella 

enterica include many pathogenic serotypes to humans such as S. typhi and S. typhimurium; they 

traverse the enterocytes in the intestinal mucosa to cause human gastroenteritis (Velge et al., 

2012). In addition, S. typhimurium and S. typhi are the main causes of human typhoid fever 

disease (Chiu et al., 2004). Although Salmonella enterica serovar Enteritidis is a zoonotic enteric 

pathogen associated with diarrheal disease in humans, it remains asymptotic in chicken (Mon et 

al., 2015). Chickens carrying this pathogen pose a significant risk to public health in Korea as a 

source of Solmonella serovar Enteritidis since the same species were found in humans (Kang et 

al., 2017). Therefore, the surveillance and monitoring of food safety are crucial for the 

prevention of foodborne salmonellosis.  

 The golden standard for detecting Salmonella spp. in food is by conventional culture 

methods for pathogen detection (Velusamy et al., 2010). A comparative study that evaluated 

different selective culture media for the isolation of Salmonella species showed that Rambach, 
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SS and XLD were all satisfactory for the isolation of Salmonella spp. following 24hr incubation 

at 37oC under aerobic conditions. For example, SS agar contains the fermentable carbohydrate 

lactose which allows lactose non fermenting colonies to grow colorless as seen with salmonella 

spp. (M Yuño et al., 1995). However, a more rapid, reproducible, and robust method that 

includes an effective DNA extraction and purification technique combined with a real-time PCR 

was developed to detect salmonella in samples contaminated by serotype enteritidis in order to 

reduce incubation period of the pre-enrichment medium and shorten the time required by 

standard cultural methods (Casewell et al., 2003). Several primer sets were designed to 

investigate metabolically essential and virulence factor-associated genes for S. typhimurium and 

S. enterica using qRT-PCR. 

 

3.3. Shigella risks in chicken and human GIT 

Shigella species of the Enterobacteriaceae family are a group of gram-negative, 

facultative anaerobic enteric bacilli. They are recognized as the etiological agents of bacillary 

dysentery or shigellosis, and are closely related to Escherichia coli. In fact, they both share 

plasmid-associated virulence determinants common to both E. coli and Shigella spp. (Lan et al., 

2001). The Shigella genus is sub-grouped into four species: S. dysenteriae, S. flexneri, S. boydii 

and S. sonnei (Yang et al., 2005). Shigella sp. isolated from humans or chicken are suggested to 

be identical since they acquire the same biological and serological characteristics, and share 

highly homogeneous genes (Shi et al., 2014). Reports in 2004 discovered that chicken shigellosis 

was characterized by bloody and purulent dysentery (Shi et al., 2014).  

Diarrheal diseases caused by Shigella pathogens are a major public health problem. For 

example, the World Health Organization (WHO) estimated that the world population suffered 
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from 4.5 billion incidences of diarrhea causing 1. 8 million deaths in 2002 (Schroeder and Hilbi, 

2008). The natural victims of Shigella are humans where they cause an acute inflammatory 

colitis characterized by intestinal cramps, bloody diarrhea, and neurologic symptoms (Lan et al., 

2001). For example, a study of the epidemiology of shigellosis in Brazil indicated that the 

incidence rate of the disease varies upon geographical location, human development index, and 

age groups being higher among children aged 5 years. 

Molecular epidemiology was completed to detect that S. flexneri and S. sonnei are the 

species of major epidemiological interest, with the former being the most commonly detected 

strain in infectious processes (Angelini et al., 2009). Although few studies investigating 

outbreaks of foodborne shigellosis managed to detect Shigella spp. in the suspected food by 

traditional culture methods, multiple plating media with differing selectivity proved to increase 

the chances of Shigella spp. isolation; MacConkey agar (MAC) with low selectivity, Xylose 

Lysine Desoxycholate agar (XLD) with intermediate selectivity, Salmonella‐Shigella agar (SSA) 

and Hektoen Enteric agar (HEA) as a highly selective medium in which Shigella colonies appear 

yellowish (W. et al., 2012). Furthermore, specific detection of Shigella spp. can be isolated in 

feces and food by PCR using specific primers to amplify several virulence genes such as ipaBCD 

(Frankel et al., 1989; Fasano et al., 1995; Nataro et al., 1995; Faruque et al., 2002).  

 

3.4. Campylobacter risks in chicken and human GIT 

Campylobacter species of the Campylobacteraceae family are cytochrome, oxidase 

positive, microaerophilic, gram-negative curved rods exhibiting corkscrew motility, and are 

closely associated in the intestines of poultry resulting in healthy asymptomatic carriers but 

contaminated poultry meat and products (Silva et al., 2011). The Campylobacter genus, 
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especially C. jejuni, C. coli, C. lari and marginally C. upsaliensis, are recognized as the leading 

human foodborne pathogens causing an acute gastrointestinal disease called campylobacteriosis.  

The digestive tracts of domesticated animals farmed for meat (especially poultry, pigs, 

cattle and sheep) are their optimal reservoirs, from which they can consequently spread into the 

food chain of humans to cause serious infections (Vondrakova et al., 2014). In fact, 

Campylobacter spp. are highly available (detected via PCR) in raw retail poultry samples 

purchased from supermarkets in the Basque Country area in the north of Spain (Mateo et al., 

2005). The caecal part of the chicken’s intestine is the main source of Campylobacter spp. 

(Mateo et al., 2005). Although several species of Campylobacter reside in the caecum, only C. 

hepaticus is ascribed as the causative agent of Spotty liver disease (SLD) in chickens 

characterized by multiple grey/white spots on the liver, significant egg production losses, and 

higher mortality (Van et al., 2017a). This avian pathogenic bacteria transmits the disease through 

the faecal-oral route (Van et al., 2017b), where it would colonize the intestinal epithelial barrier 

and facilitate the translocation of Campylobacter sp. itself to infect the liver (Awad et al., 2016).  

Campylobacter spp. are the major cause of foodborne illnesses including food poisoning 

and gastroenteritis in humans and animals (Esson et al., 2017). The accompanied clinical 

symptoms in humans are diarrhea which is frequently bloody, abdominal pain, fever, malaise, 

and vomiting in some rare cases. Long term infection with Campylobacter spp. promotes the 

development of other serious complications such as reactive arthritis, urticaria or erythema 

nodosum, and the most serious disease Guillain-Barré syndrome (Vondrakova et al., 2014). 

Moreover, C. jejuni was reported to be responsible for more than 12 times the number of cases of 

human campylobacteriosis compared to E. coli (Friedman et al., 2000).  
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A well recognized problem associated with the identification of Campylobacter spp. is 

the lack of effective discriminating tests since they are nutritionally fastidious and require 

anaerobic or micro-aerobic conditions for growth. However, some other species such as C. jejuni 

only require temperatures of 37-42oC for their optimum growth on the selective agar Charcoal 

Cefoperazone Deoxycholate agar (CCD). According to the American Public Health Association 

(APHA), CCD agar was developed to replace blood with charcoal, ferrous sulphate and sodium 

pyruvate; sodium deoxycholate inhibits the growth of most gram-positive microorganisms. An 

improved selectivity was achieved when cephazolin in the original formula was replaced by 

cefoperazone as the selective agent to make them appear as moist grey (Hurd et al., 2012). Due 

to Campylobacters’ special requirements for optimal growth, its detection via standardized 

methods may take up to 7–10 days. Another problem is encountered during the identification of 

individual species (C. coli or C. jejuni) mainly because of their relatively narrow spectrum of 

biochemical reactivity under laboratory conditions (Vondrakova et al., 2014). As a result, the 

availability of reliable alternatives for rapid detection, identification and quantification, 

especially in the food and agricultural industries become the main obstacle. Being the most 

widely studied, the pathogenesis of C. jejuni is attributed to virulence associated genes such as 

hipO gene which can be amplified and identified by qRT-PCR with specific primers (He et al., 

2010). 

 

3.5. Clostridium risks in chicken and human GIT 

Clostridium spp. of the Clostridiaceae family are gram-positive, anaerobic, spore-

forming prokaryotes which include strains most likely found in the intestines of humans and 

animals and pose important threats to their health such as C. tetani, C. perfringens, C. botulinum 
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and C. difficile (Talukdar et al., 2015). C. perfringens type A causes infections in chickens and 

food poisoning in humans (P. and J.P., 1993). It is also the causative agent for the necrotic 

enteritis disease in poultry, and its clinical signs show as depression, decreased appetite, 

diarrhea, and severe necrosis of the intestinal tract. The latter leads to lower performance and 

broiler meat production and costs industries 2 billion dollars of economic losses worldwide 

(McReynolds et al., 2004). The key factor that promotes the growth of Clostridium spp. and 

causes the necrotic enteritis in bird lies in the intestinal micro-environment shaped by the bird’s 

diet: mainly high energy, protein rich, wheat or barley and maize-based diets.  

Clostridium perfringens cause damage to intestinal mucosa through the secretion of 

exotoxin proteins, classified into toxigenic types (A-E) based on the production of four major 

types of toxins: alpha, beta, epsilon, and iota (Table 2) (Cooper and Songer, 2009). Clostridium 

perfringens toxinotypes can produce an array of diseases in both humans and animals ranging 

from C. perfringens type A gas gangrene to several enterotoxemias and enteritis syndromes 

(Uzal et al., 2014).  

Clostridium difficile infection (CDI) is considered an urgent public health threat (Curry, 

2010); it can cause symptoms ranging from diarrhea to life-threatening inflammation of the 

colon (Eze et al., 2017). In addition to neurotoxins released by C. tetani and C. botulinum, C. 

tetani also produces the Tetanus toxin which causes muscle rigidity and spasms of the 

respiratory, laryngeal, and abdominal muscles, which may lead to respiratory failure (Hassel, 

2013). On the other hand, C. botulinum is commonly associated with systemic botulism in 

humans where it causes muscle paralysis (Nigam and Nigam, 2010).  

Multiple studies succeeded in isolating C. perfringens from chicken feces using culture 

media or PCR. Samples can be cultured on Tryptose Sulfite Cycloserine (TSC Agar) plates and 
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incubated in an anaerobic chamber at 37 °C for 24 h. The identification of typical and atypical 

colonies isolated from agar media demonstrated that the TSC agar was the most specific medium 

for C. perfringens among other tested media such as SPS, since TSC agar contains the meat 

peptone, soya peptone and yeast extracts which are essential nutrients and vitamins for their 

growth. The H2S bacteria reduce the sulfite from sodium disulfite present in the culture medium 

to sulfide which forms a black salt with ammonium ferric citrate (FeS), hence they appear as 

black colonies on this agar (Wilson–Blair media)(Araujo et al., 2004; Kalender and Ertaş, 2005). 

Additionally, several primer sets were designed for the detection of C. perfringens’ toxin- 

encoding genes, but employing the16SrDNA gene as a universal primer of C. perfringens proved 

to increase both the sensitivity and specificity of the PCR assay (Wu et al., 2009).  

 

4. Managerial practices to improve chicken’s intestinal microbiome and limit human 

infectious diseases by zoonotic pathogenic bacteria.  

Humans and animals are always confronted by the activities and conditions of the 

intestinal microbiome that are linked to a growing number of over 25 diseases or syndromes (de 

Vos and de Vos, 2012). Chickens are not only a valuable source of proteins for human 

consumption but are also good models for human biological research. Metagenomic analyses and 

cultivation techniques of chicken GIT microbiome have revealed that most importantly 

Campylobacter, Salmonella and Clostridium species are capable of causing illnesses in humans 

(Oakley et al., 2014). As a result, advances in strategies to improve gut health management of the 

chicken intestinal microbiota include in-feed sub therapeutic antibiotics, improvements for pre-

and probiotics uses, improved management of microbial poultry diseases, and better control of 

human pathogens via colonization reduction or competitive exclusion strategies. These tactics 
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are of urgent need to mitigate the threats of zoonotic pathogen infections (Stavric et al., 1987; 

Stanley et al., 2014).  

 

4.1. Antibiotic growth promoters and bacterial resistance 

  Antimicrobial growth promoters (AGPs) are a group of antibiotics used in animal 

feed to increase growth rate and production performance. The suggested mechanism of 

AGP is by the reduction of both the normal gut flora, which competes with the host for 

nutrients, and the harmful gut bacteria, which may reduce performance by causing 

subclinical diseases (Wegener et al., 1999). Thus, the continuous addition of 

antimicrobial agents or AGPs to broiler feed would promote bacterial resistance in 

poultry, as it was detected in their fecal flora in a relatively high proportion (van den 

Bogaard et al., 2001). In fact, the use of vancomycin, avoparcin and other antibiotics as 

growth promotion for animals have increased the vancomycin resistant-enterococci, 

Salmonella, Campylobacter and E. coli, which are then transferred from the animals to 

humans (Wegener, 2003). Consequently, studies on the effect of growth promoters 

withdrawal on bacterial resistance found that the termination of their use have markedly 

reduced bacterial resistance in animals, food, and therefore humans (Wegener, 2003; 

Yegani and Korver, 2008). Although the use of antimicrobial growth promoters may 

increase the feed efficiency in food animals and enhance growth rates in animals, laws 

and regulations in the United States and Europe since 1980s have recommended the use 

of antimicrobial agents in animal feed only as precautionary measures and claimed to 

look for alternatives for antibiotics during poultry production to improve feed 

conversion ratio, broiler body weight, while decreasing bacterial resistance (Dibner and 
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Richards, 2005; Eckert et al., 2010). Feed conversion ratio (FCR) reflects the final body 

mass weight gained by the animal; in other terms it is the final product of meat and eggs 

of chicken per unit of feed eaten (Eckert et al., 2010). Hence, the major factor that 

affects FCR is the chicken’s intestinal health characterized by a balanced microflora to 

which any disturbances would drastically compromise the health status and production 

performance of birds in commercial poultry operations (Yegani and Korver, 2008). 

Recent research and studies are trying to find prevention strategies to minimize the use 

of antimicrobial agents and to look for non-antimicrobial alternatives in order to 

compensate the negative consequences resulted from antibiotic growth promoters 

removal from poultry flocks (Gadde et al., 2017).  

 

4.2. Probiotics  

As a result of the increasing concern about bacterial resistance in livestock gut and its 

interrelation to performance, gut health, growth, and the activity of the immune system, the 

European Commission banned all common use of feed antibiotics and requested the use of non-

therapeutic alternatives (Huyghebaert et al., 2011). Probiotics (or direct-fed-microbials) were 

initially referred to as live microbial feed supplements which benefit the host animal by 

improving its intestinal microbial balance (AFRC, 1989). Therefore, probiotics comprise 

favorable non-pathogenic and non-toxic live microorganisms administered through the digestive 

route. They colonize the gut and provide a balance between pathogenic and non-pathogenic 

bacteria in normal, healthy growing chickens allowing them to perform at maximum efficiency 

(Lutful Kabir, 2009). However, such balanced gut microbiota is subject to several factors 

including excessive hygiene, antibiotic therapy, and stress (Lutful Kabir, 2009). Therefore, the 
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immediate administration of probiotics to avian species at birth is important to establish the gut 

microbial balance.  

For this purpose, many probiotic preparations are designed from single to multiple strains 

to be active against a wide range of conditions and animals. Such useful strains currently used in 

probiotic preparations include Lactobacillus bulgaricus, Lactobacillus acidophilus, 

Lactobacillus casei, Lactobacillus helveticus, Lactobacillus lactis, Lactobacillus salivarius, 

Lactobacillus plantarum, Streptococcus thermophilus, Enterococcus faecium, Enterecoccus 

faecalis, Bifidobacterium  species. Some other probiotics also include microscopic fungi such as 

strains of yeast belonging to the Saccharomyces cerevisiae species (Thomke and Elwinger, 

1998). These diverse microorganisms have antagonistic effects on other possibly harmful groups 

of microorganisms in the intestinal tract. Multiple studies supported that this antagonistic effect 

is mediated by three basic mechanisms by maintaining normal intestinal microflora via 

competitive exclusion, altering metabolism, or stimulating the immune system (Table 1) (Line et 

al., 1998; Kabir et al., 2005; DF, 2008). By definition, competitive exclusion is characterized by 

the secretion of organic acids and hydrogen peroxides as the bacteria’s primary metabolites, as 

well as competition for nutrients and adhesion sites on the gut wall (Stavric et al., 1987). Some 

probiotics alter metabolism by increasing digestive enzyme activity or decreasing bacterial 

enzyme activity (Goldin and Gorbach, 1984). Furthermore, probiotics stimulate the immune 

system by increasing antibody levels and phagocytic activity (AFRC, 1989; Lutful Kabir, 2009). 

Current trends in the poultry industry include the use of probiotic cultures to re-establish 

gastrointestinal microflora complex in order to exclude pathogenic bacteria and improve 

productivity and health benefits (Lutful Kabir, 2009; Dhama et al., 2011; Blajman et al., 2015).  
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4.3. Prebiotics 

Prebiotics are defined as non-digestible food ingredients that beneficially affect the host 

and stimulate the growth and activity of one or a limited number of bacteria in the colon (Gibson 

and Roberfroid, 1995). Prebiotics are fermentable oligosaccharides that supply nutrients for 

beneficial microbes, while tricking pathogenic bacteria into attaching to oligosaccharides rather 

than attaching to the intestinal mucosa. They also interact with the host immune systems and 

affect gut morphological structure (Pourabedin and Zhao, 2015).  

The dominant prebiotics are the fructooligosaccharides (FOS) which act by increasing 

Lactobacillus population while restricting C. perfringens and E. coli, as well as increasing ileal 

Lactobacillus diversity (Kim et al., 2011). Therefore, FOS acts as substrates for desired 

microorganisms such as Bifidobactria (Huyghebaert et al., 2011). On the other hand, Manno-

oligosaccharides (MOS) are mannose-based oligomers characterized by receptors for fimbriae of 

E. coli and Salmonella species, which then leads to their elimination with the digesta flow 

instead of binding to mucosal receptors (Huyghebaert et al., 2011). Therefore, MOS tends to 

reduce C. perfringens and E. coli, and to increase the relative population of Lactobacillus by 

preventing their attachment to the epithelial surface (Dhawan and Kaur, 2007). Furthermore, 

MOS kills Salmonella spp. by increasing the immune modulatory activities via the production of 

phagocytic cells, promoting the production of hydrogen peroxides, nitric oxides, and antibodies 

(Pourabedin et al., 2015). Xylo-oligosaccharides (XOS) are chains of xylopyranoside units: XOS 

supplementation increases the relative abundance of the Lactobacillus genus in the caecum and 

reduces caecal colonization and translocation of S. Enteritidis (Pourabedin et al., 2015).  

 Alternatively, there are symbiotics which are combinations of prebiotics and probiotics in which 

both cooperatively alter the intestinal microbiota and immune system to reduce the colonization 
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of the host gastrointestinal tract by pathogens. Symbiotics also provide beneficial advantages to 

the probiotic organisms due to the presence of its specific substrate for fermentation (Yang et al., 

2009). A study found that the average daily weight gain and feed conversion rate were 

significantly increased by the dietary inclusion of symbiotics compared to control and probiotic-

fed broilers (Awad et al., 2009). Therefore, symbiotics show promise since they are considered 

as an effective alternative to AGP by having a significant, sustainable and beneficial impact on 

animal production and health, being safe for both the animal and human population, and 

providing a substantial return on investment (Patterson and Burkholder, 2003; Girish and Smith, 

2008). 

 

4.4. Digestibility enhancers  

  In addition to gut microflora stabilizers and pre and probiotics, digestibility enhancers are 

considered as “zootechnical additives” used to favorably affect the performance of animals in 

good health (Huyghebaert et al., 2011). These include organic acids, enzymes, and phytogenic 

compounds.  

Organic acids, composed of individual acids and/or blends of several acids, have been 

found to possess antimicrobial activities similar to those of antibiotics (Wang et al., 2009). They 

can be simple mono-carboxylic acids such as formic, acetic, propionic and butyric acids; 

carboxylic acids with the hydroxyl group such as lactic, malic, tartaric and citric acids, or short 

chain carboxylic acids containing double bonds like fumaric and sorbic acids. Therefore, the 

addition of organic acids into the bird’s diet can have a beneficial effect on the performance of 

poultry by altering bacterial colonization including pathogenic bacteria (Van Immerseel et al., 

2006; Gharib naseri et al., 2012). In addition, organic acids increase rates of feed efficiency and 
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growth by maintaining good intestinal health (Khan and Iqbal, 2016). For example, 1% sorbic 

acid and 0.2% citric acid supplementation significantly increased the villus width, height and 

area of the duodenum, jejunum and ileum of 14 days old broiler chicks (Kum et al., 2010). 

Moreover, organic acids improve nutrient digestibility by lowering the pH of the chime thus 

enhancing the digestibility of proteins (Khan and Iqbal, 2016). Organic acids also stimulate the 

immune response by increasing circulating antibodies (Lohakare et al., 2005). Altogether, the use 

of organic acids as a dietary supplementation tends to increase the body weight and feed 

conversion ratio (FCR) in broiler chicken.  

Poultry do not produce enzymes for the hydrolysis of Non-Starch Polysaccharides 

(NSPs) present in the cell wall of the grains, hence they remain un-hydrolyzed. Therefore, all 

nutrients that are considered as NSPs (β-glucans) would adversely affect feed efficiency by 

increasing the viscosity of the chicken’s digestive tract content (Khattak et al., 2006). Potential 

and currently used enzymes in poultry are ß-glucanases, xylanases, ß-galactosidases, phytases, 

proteases, lipases, and amylases. Exogenous enzyme preparations readily break down the NSPs 

and eventually improve the digestibility of nutrients by improving gut performance (Dida, 2016). 

Benefits of using feed enzymes in poultry diets enhance digestion and absorption of nutrients 

especially fat and protein; increase feed intake, weight gain and feed gain ratio; alter the 

population of microorganisms in gastrointestinal tract; and reduce water intake (Gupta and Das, 

2013). The application of these enzymes as dietary supplements allows the use of a wide range 

of ingredients without compromising bird performance, hence provide great flexibility in least-

cost feed formulation (Khattak et al., 2006).  

Phytogenic compounds are plant-derived natural bioactive compounds which affect 

animal growth and health, and are often applied to essential oils (EOs). Active components of 
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EOs were identified to substitute antibiotics in animal diets (Yang et al., 2015). The most studied 

active compounds are volatile oils consisting of mixtures of hydrocarbons and oxygenated 

compounds such as alcohol, esters, aldehydes and ketones (Zhang et al., 2005). Thymol and 

Carvacrol are examples of EOs which have prominent outer membrane-disintegrating properties 

against some gram-negative bacteria than other phytogenic compounds (Memar et al., 2017; Raei 

et al., 2017). Other EOs are considered as the main actors against the degradation of mainly 

gram-positive bacterial cell walls (Burt, 2004). Kim et al. showed that a minimum concentration 

of EOs is sufficient to inhibit the growth of microorganisms (Kim et al., 1995). Another study 

showed that complementary dietary strategies of essential oils and organic acids were used in 

broilers’ feed to improve feed conversion rate and lower food intake (Kum et al., 2010). A 

synergy effect is created from the combination of both these compounds where the bacterial cell 

membrane once degraded by an essential oil becomes susceptible to the acidic environment 

(Zhang et al., 2005; ZHOU et al., 2007).  

The aim of this study is to detect and validate the infectious levels of Salmonella spp., E. 

coli, Clostridium spp., and Campylobacter spp. in the chickens’ GIT mainly in the caecum and 

ileum in 3 different groups. Each group received a specific feed treatment; the control group had 

nothing added to their feed; the biotic group (PB) had feed supplemented with pre-probiotics; 

while the antibiotics group (AB) had antibiotics-supplemented feed. A culture-dependent 

technique was used to count each type of bacterial colonies following their growth on specific 

agar media. This was followed by an assay of real time PCR in order to validate the presence of 

specific strains of bacteria (Salmonella entrica/ typhirium, Escherichia coli, Clostridium 

perfringens, and Campylobacter jejuni) by using specific primers targeted for species-specific 

genes. Multiplex and single-plex PCR assays were utilized under optimized conditions to avoid 
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any competitions especially during the multiplex PCR amplification. The single-plex PCR was 

used to detect each type of bacteria alone whereas the multiplex PCR was used to indicate the 

optimal conditions for a proper run of PCR amplification to reveal the PCR products.  
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III. Materials and Methods 

To test the effectiveness of pre- and probiotics as a viable replacement for antibiotic 

growth promoters, a study was designed to 1) test the efficiency of preventing the growth of 

pathogenic bacteria following the addition of pre- (B.I.O.Sol®, Biochem ) and probiotics 

(triple®) to feed treatments compared to the industrial standard antibiotic growth promoter 

(Maxus®), by counting Campylobacter, Clostridium, Escherichia, Shigella and Salmonella 

colonies, and 2) the ability of the pre- and probiotics in replacing pathogenic bacteria 

colonization along the gastrointestinal tract via their specific validation by PCR.  

 

1. Institutional review board approval 

All animals were raised following the industry standards of commercial chicken farming 

under controlled conditions of temperature, light, and feeding. All animals were collected and 

euthanized in accordance to the guidelines for the humane treatment of experimental animals and 

approved by the NDU institutional review board (number IRBF16_1_FNAS, on October 9, 

2016). 

 

2. Reagents and Consumables 

All consumables were purchased from Labise (Lebanon). These included 5, 9 and 15 cm 

plastic culture plates, 1.5 mL eppendorf tubes, 15 and 50 mL conical tubes (Sigma), and 

disposable individually-wrapped loops and droppers. Some reagents were gracefully donated by 

the Lebanese Agricultural Research Institute (LARI), while others were purchased from 

Numelab including nutrient broth (Deben Diagnostics), TBX chromogenic agar (Deben 

Diagnostics), Tryptose sulfite cycloserine agar (TSC agar, Scharlau) and its D-Cycloserine 
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Selective Supplement (Art. No.:06-116LYO1), Charcoal Cefoperazone Deoxycolate (CCD agar, 

Scharlau) and its Campylobacter CCDA Selective Supplement (Art. No. 06-133-LYO), Iron 

Sulfite modified agar (ISM agar, Scharlau), and Salmonella Shigella agar (SS agar, Scharlau). 

Equipments included manual plate rotator (Schuett biotec. de, petriturn-M), Incubator (P-

Selecta), and a colony counter (Suntex, Medline). 

 

3. Experimental design and timeline 

This study was carried out at a commercial scale poultry farm (Saad Raad facilities) in 

Qobayat, Akkar, Lebanon, at an elevation of 700m. The facility is automated and routinely 

measures feed intake and bird weight under standard commercial industry practices. The same 

environmental and lighting regimens were used consistently for the three experimental groups. 

Birds received consecutive lighting for 23 hours during their whole life cycle. Birds were placed 

on new perfectly dry wood shavings litter with workers regularly removing wet spots and 

replacing wet litter with a new dry one. To study the effect of pre- and probiotics on intestinal 

microflora against antibiotic effect, a total number of 44,000 of straight-run Ross broiler chicks 

were randomly divided into 3 treatment groups: The Control group (C) was composed of 4,000 

birds with no additives or supplements in their feed; the Probiotics treatment group (PB) 

included 20,000 birds that received prebiotics (B.I.O.Sol®, Biochem) in their water at Day 1, 

and a mixture of B. licheniformis DSM 5749, B. subtilis DSM 5750 and TechnoMos® (Triple 

P®, Biochem) for the duration of the experiment; and the Antibiotic treatment group (AB) had 

20,000 birds fed with an antibiotic growth promoter (Maxus®) and Bacillus subtilis (Clostat®, 

Kemin) in line with industry standards. All animals were housed in solid-walled, tunnel 

ventilated commercial 12×70 m2 broiler houses with a stocking density of 13 bird/m2. Each 
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house received identical feeding, watering and ventilation management. Regular weight and feed 

measurements were used to calculate feed conversion ratios. 

 

4. Feeding and dietary treatments 

Birds were fed standard commercial corn-soy based diets formulated to meet the 

requirements of broilers chickens. Samples were collected during the feeding phase which 

consisted of a starter (Day 0-4), grower (Day 10-20), finisher (Day 32-36), and slaughter (39-41). 

The diet composition is presented in Table 3. Feed and water were provided ad libitum via an 

automated feeding and nipple drinkers system respectively.  

All birds were managed in a similar fashion except for the feeding where the control 

group received only the concentrate mix, the PB group received pre- and probiotics (500g/ton of 

feed), and the AB group received antibiotic growth promoters as described above. For the PB 

group, BioSol (600g/1000L) was added in the water at the starter phase when chicks arrived to 

the farm, and then it was combined with triple P during both the grower and the finisher phases. 

As for the AB group, 100g avilamycine antibiotics against gram-positive bacteria (Maxus 

G100®, Baltivet) were added to the feed.  

 

5. Animal slaughter and evisceration 

Samples of 16 broiler chickens were collected over 8 different days and were randomly 

selected from each house of every treatment groups at the end of each feeding phase. They were 

divided into starter (day 0-4), grower (day 10-20), finisher (day 32-36) and slaughter (day 39-

41). Birds were stunned and transported on ice for processing within a maximum of 7 hours 

(Table 5). The processing of stunned chickens began by plucking them to avoid any 
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contamination from the feathers. The dissection process was completed by cutting skin biopsies 

from the anus, abdomen, and the upper part of the abdomen for evisceration; this was 

accomplished by the use of a pair of latex gloves and cleaned, sterilized scissors and forceps. At 

evisceration, the intestinal part was removed to cut out the part which included both the caecum 

and the ileum from each chickens’ digestive tract.  

 

6. Lesion scoring and pathogenic symptoms 

During dissection, birds from all groups and at the final days of treatment were chosen 

for digestive system isolation and lesion observation of their intestinal tracts. The caecum and 

ileum were assessed for lesion from 0 for no lesions, 1 for one to five small lesion spots, 2 for 

more than 5 small lesions but fewer than 5 large lesions spots, 3 for more than five lesion spots, 

4 for a high number of lesion spots with erosions in the intestinal wall, and 5 for complete 

erosion of the intestinal wall.  

 

7. Bacterial Sampling 

Following caecal and ileal isolation, sequential emptying of their content was conducted 

under sterile conditions. In order to avoid overgrowth, 2 loops were used separately one loop 

from caecal content was dissolved in distilled water in 1.0 mL Eppendorf tube and the other loop 

in 5ml nutrient broth in 15 mL conical tube. The same was done for the ileal content. These 

suspended samples were then cultured overnight under specific conditions for the desired 

bacteria as described below, following which colonies were counted. In addition, after sampling, 

the conical tubes were incubated at 370C for 24 hours for bacterial growth, whereas the samples 
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suspended in water eppendorf tubes were used for direct spreading on specific growth media for 

the identification and counting of bacteria. 

 

8. Agar media preparation and specific bacterial culture 

 All agars were prepared in the same way following the manufacturer’s guidelines. 

Generally, a mass of agar powder was dissolved in 1L distilled water and heated to boiling on a 

hot plate with a magnetic stirrer until completely dissolved, then autoclaved at 121°C for 15 min 

(except for the SS agar), and left to cool down to 45-50°C. Each agar mixture was then poured in 

15 ml sterile 9 cm diameter petri dishes and stored in fridge for 24hrs before use.  

 At spreading, all agars were cultured in the same way; 100µl was taken from either ileum 

or caecum samples suspended in broth eppendorf tubes and were spread directly with sterile 

glass pipette on the agar plates using the manual plate rotator to ensure the homogenous spread 

of the bacterial solution all over the agar surface under a flame-sterile environment. Following 

the incubation of cultured agars, colonies on positive agar plates were recorded as positive and 

counted using a colony counter, while the ones with no colony growth were recorded as 

negative.  

8. Nutrient broth preparation  

The Nutrient Broth media were prepared by suspending 6.5 g nutrient broth in 500ml 

distilled water. The media were heated to dissolve completely and sterilized by autoclaving at 

121oc for 15 minutes.  
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a.  TBX Agar Preparation 

Tryptone Bile X-Glucuronide agar (TBX, Deben diagnostics ltd) agar was used for the 

detection and enumeration of Escherichia coli. The TBX agar was prepared according to 

manufacturer’s instructions (Table 2). All bacterial samples were spread on agar medium plates 

and then incubated at 370C for 24 hours under aerobic conditions.  

b.  SS Agar Preparation  

Salmonella/Shigella agar (SS agar, Schalau, Scharlab, S.L.) was used for the selective 

isolation of Salmonella and Shigella species. The medium was prepared according to 

manufacturer’s instructions (Table 2). After spreading, all the cultured plates were incubated 

under aerobic conditions at 370C for 24 hours.  

c. CCD Agar Preparation 

  Charcoal Cefoperazone Deoxycholate agar (CCD agar, Schalau, Scharlab, S.L. LOT 

107020) was used to isolate Campylobacter species. CCD agar was prepared according to the 

manufacturer’s instructions. Following autoclave, one vial of the Campylobacter CCDA 

Selective Supplement (Art. No. 06-133-LYO) was added to the agar solution. After spreading, 

all the cultured plates were incubated under aerobic conditions at 42◦C for 24 hours.  

d. TSC Agar Preparation 

  Tryptone Sulfite Cycloserine Agar (TSC agar, Schalau, Scharlab, S.L. LOT 104148) was 

used for the specific growth of Clostridium perfringens. TSC agar was prepared according to the 

manufacturer’s instructions (Table 2). Following autoclave, one vial of D-Cycloserine Selective 

Supplement (Art. No.:06-116LYO1) was added to supplement the 250ml of agar solution. For 

spreading, caecum samples were used for the detection of Clostridium perfringens where it 
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highly colonizes. After spreading, all the cultured plates were incubated under anaerobic 

conditions at 370C for 24 hours.  

 

9. Streaking from broth and result confirmation 

To confirm the negative agar plates for all types of bacteria of all the samples, plates 

were re-streaked using sterilized metal loops with the incubated nutrient broth. Samples 

suspended in the nutrient broth tubes were only used for streaking in order to confirm the 

negative results from spreading. In addition, 1 ml from every tube of all sample broths (ileum 

and caecum) was added in an eppendorf tube for centrifugation at 16 rpm for 10 minutes to save 

the bacterial pellets at– 80oC for their further identification by PCR.  

 

10. Gram staining for further identification of bacteria  

A slide of heat fixed smear bacterial sample was prepared for each typical colony and the 

crystal violet dye was added for 1 min then washed with distilled water. The basic principle of 

Gram staining lies within the properties of certain bacteria cell walls to retain the crystal violet 

dye. Subsequently, iodine was added for 1 min then washed with distilled water. Iodine 

complexes with the crystal violet to prevent the easy removal of the dyes. Lastly, the addition of 

a decolorizer ethanol for 20 seconds retains the crystal violet iodine complexes only in 

Gram‐positive cell walls while leave the Gram‐negative bacteria unstained or colorless. Safranin 

was used as a basic dye that stains bacteria red (Table 4).  
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11. Specific bacterial validation using PCR and gel electrophoresis  

a. Primer design 

The specific primers for the pathogenic bacterial strains in this study were selected from 

the literature and designed from available NCBI databases. All primers were validated using 

BLAST analysis and compared with all other sequences available in the NCBI database in order 

to avoid regions homologous with genes of other bacterial species. Primers were then virtually 

sized and differentially selected to avoid primer overlapping in multiplex PCR. The primers for 

Clostridium perfringens corresponded to 279 bp of the 16S rDNA gene (GenBank accession no. 

Y12669) as described by Wu et al. (2009). Primers for Campilobacter jejuni corresponded to 124 

bp of the hippuricase encoding gene (hipO) (GenBank accession no. YP_001000665 ) as 

described by He et al. (2010). Primers for Escherichia coli corresponded to the shiga-toxin 

encoding gene (stx1 gene) of 180 bp obtained from the American Type Culture Collection 

(ATCC 25922) (Wani et al., 2003). Primers for Salmonella Typhimurium corresponded to one of 

the virulence factor-associated genes known as the invasion gene (ychp) composed of 453 bp 

(Chaudhari et al., 2015), and for Slamonella enterica, the virulent gene salmonella enterotoxin 

gene (Stn) of 107bp was selected as a primer (Riyaz-Ul-Hassan et al., 2004) (Table 6). All 

primers were synthesized by TIB (MOLBIOL Syntheselabor GmbH, Germany). 

b. DNA extraction and quantitation from bacterial colonies 

  Total bacterial DNA was extracted and purified with the Bacterial Genomic DNA 

Purification buffer (Gene Direx, Lot, 0955151309, Cat, NA001-0100) following manufacturer’s 

guidelines. Briefly, the genomic DNA (GD) solution was added to bacterial cell pellets, tubes 

were vigorously shook, and then incubated at room temperature for 5 minutes for effective 

bacterial cell wall lysis. To separate cell extracts from DNA molecules, 600µl of chloroform was 
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added to all samples and centrifuged at 16×g for 10 minutes at 250C. Afterwards, the upper clear 

phase was transferred to new eppendorf tubes by careful pipetting, and 800 µl of isopropanol 

was added, samples were shaken, then incubated for 5 minutes at 250C, and centrifuged at 16×g 

for 15 minutes. The DNA pellets were then washed with 70% ethanol twice. Finally, the pellets 

were re-suspended in 20µl double distilled water (ddH2O), and stored at 40C until gel 

electrophoresis. Gel electrophoresis was used to ensure the presence of DNA molecules, the 

quality of DNA (degraded or intact), and the absence of contamination with RNA. 1% agarose 

gel was used for the separation of large DNA molecules during PCR optimization and 2% was 

used for the separation of gene fragments. As a result, 1 g (for 1%) or 0.5g (for 2%) of agarose 

powder was mixed with 50ml of 1×TAE buffer, heated until the solution became clear, then 1µl 

of Ethidium Bromide was added by pipetting and mixed gently with the solution. Immediately, 

the solution was poured slowly on the casting tray and a comb was placed to allow the formation 

of loading wells.10-15µl of DNA samples were mixed with 5µl of gel loading buffer (blue dye) 

and were loaded into the gel wells, alongside the appropriate ladder (Sigma, D 3687-1VL, 

1000bp). The DNA samples were run at 70-80 volts until dye markers migrated to the middle of 

the gel. Lastly, the DNA bands were visualized under UV trans-illuminator (Chemi-Doc).  

 

c. Polymerase chain reaction (PCR) technique  

The Polymerase chain reaction (PCR) was carried out according to protocol of the supplier 

(QIAGEN Multiplex PCR kit). The detection of bacterial DNA in gastrointestinal content of 

chicken samples was performed with 2% agarose gel electrophoresis. For the standard single-

plex PCR, each PCR tube contained a mixture of total volume 25µL  including a reaction mix; a 

volume of DNA sample contains one type of bacteria and its specific forward and reverse 
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primers and a volume of RNase-free. For the standard Multiplex PCR, the mixtures in PCR tubes 

were prepared to a final volume 25µl with each one containing 12.5µl reaction mix, RNase-free 

water, primer pool (a mixture of all forward and reverse primers in this study), and a volume of 

DNA pool (a mixture of different samples). All PCR tubes were placed in thermal cycler 

according to manufacturer’s instructions. Cycling conditions included the initial heat activation 

at 950C for 15 minutes, 3-step cycling including denaturation at 940C for 30 seconds, and 

annealing at 550C and extension at 720C; the number of cycles was 40×. The final extension was 

at 720C for 30 minutes. Finally, the PCR products were seen as bands on an agarose gel by 

electrophoresis. The bacterial detection on the gel was performed by matching the size of sample 

bands with the ladder.  

 

12. Statistical Analysis  

Lesion scores were analyzed using general linearized model in SPSS20 (IBM corporation) 

and means were compared using a chi-square procedure and displayed as means ± SEM. 

Bacterial count (percentages) were compared using a chi-square procedure with SPSS20 and 

displays as Mean % rounded to the closest digit. 
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IV. Results  

 

1. Feeding and dietary treatments 

Automated bird weighing was conducted on a regular basis and did not show any significant 

weight differences among the 3 treatment groups during the different time points of sample 

collection. Weight progression of the broilers conformed to the industry standards. One 

interesting observation was the fact that the control group (without antibiotics or pre-probiotics) 

showed similar performance as the other groups. It is necessary to disclose that at the beginning 

of the experiment, the farmer was very reluctant in establishing this group and the workers 

showed additional sanitary handling of this group in order to avoid any possible introduction of 

infection into and out of this flock. Nonetheless, on day 28 this group received a dose of 

antibiotic treatment in their drinking water due to increased diarrhea. 

 

2. Intestinal Lesion scoring and pathogenic symptoms 

Following dissection and before intestinal evisceration, the whole intestinal wall including 

the ileum and caecum were observed for lesions. As a total count, 65.5% of intestines showed 

lesions while 34.5% had no lesions. Furthermore, these lesions were scored according to their 

severity from 0 to 5, in which 60% of ileum showed no lesions (0), 17% showed one to five 

small lesion spots (1), 8% showed more than 5 small lesions but fewer than 5 large lesions spots 

(2), 12% showed more than five lesion spots (3), 2% showed high number of lesion spots with 

erosions in the intestinal wall (4), and 1% showed complete erosion of the intestinal wall (5) 

(Figure 3, panel A). The same procedure was applied for the caecum, and a similar descending 

percentage was scored: 46% (0), 28% (1), 17% (2), 6% (3), 2% (4), 1% (5) (Figure 3, panel B). 
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Taking into consideration the effect of the three treatments and ages on lesion percent frequency 

in each intestinal wall part were as followed: the ileum lesions increased to 50% under the effect 

of pre-probiotics treatment feed and decreased to a range of 20 and 30% under the effect of 

antibiotics and without treatment feed respectively. Similarly for caecum, PB group lesions 

increased to almost 60%, while it decreased to 10 and 20% under the effect of antibiotic and 

without treatments feed respectively. However, the lesions of the whole intestines were generally 

observed to have a lower percent of almost 30% under the effect of both the antibiotic and pre-

probiotic treatments and a higher lesion percent of almost 50% in the control group (Figure 1). 

Lesions were observed according to successive days of sample collections from which the 

intestines of birds collected at day 36 showed the highest lesion percent of almost 42% in both 

the caecum and ileum compared to those collected at days 31 and 40 where lesion percent 

decreased to almost 14%. As a trend, lesions observed along the whole intestines for all days of 

sample collections starting from day 25 increased from 14% to almost 28% as a maximum on 

days 39-40, and then decreased back during days 40-41 (Figure 2).    

  

3. Microbiome analysis in broilers  

 These samples were analyzed for various bacterial growths over a 40 day period, and the 

dynamics of bacterial growth are presented below.  

3.1. Effect of feeding on E. coli dynamics 

E. coli growth across all treatments and collection days are shown in Table 7. At Day 0, 

E. coli growth started at 95.2% in all treatments and increased to 100% in all samples at Day 4. 

With longer exposure and the development and maturation of the chicks’ immune system, at day 

10, E. coli growth gradually dropped down to 86.7% in the C group, while it stayed high with no 
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significant differences in the AB or PB groups. It took 20 days of antibiotics or pre-probiotic 

treatment to decrease E. coli growth to 5 % in AB and 37.5 % in PB groups, while the C group 

retained a high value of 79.2% as the background infection level. Interestingly, possibly due to 

the development resistant bacteria, E-coli growth increased again across all treatments reaching 

86.7% in C, 93.8% in AB, and 87.5% in PB. During slaughter phase (day 40), all samples were 

positive for E. coli in C and PB, but only 56.2% were positive in AB. E. coli infection across all 

treatments and throughout the broiler’s lifecycle was consistently maintained at 87.6% for all the 

collected samples, indicating that the immune system in chicken can control the level of E. coli 

infection to a minor extent, providing further proof for E.coli as a normal/endogenous intestinal 

flora in broilers. 

 

3.2. Effect of feeding on Shigella dynamics 

Shigella growth across all treatments and collection days are shown in Table 8. At day 0, 

Shigella growth started at 28.6% in all treatments. Following 4 days of antibiotic treatment, 

Shigella growth rate was further reduced to 25% in AB, while little antagonistic effect was 

observed in the PB group (62.5%). With longer exposure of treatment to antibiotics and pre-

probiotics, Shigella growth decreased to 18.8% in AB and 6.7% in PB group respectively which 

indicated that both treatments had a profound effect on Shigella growth but the broilers’ immune 

system was still weak since Shigella growth was still at 40% in the C group. From days 20 to 40, 

Shigella growth was null in the AB group indicating that the antibiotic treatment was highly 

effective against Shigella strains. However, PB and C groups started to shown increasing rates of 

Shigella growths from 6.7% to 50% from days 20 to 40. Nonetheless, it remained 27.4% across 
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all treatments and throughout the chicken’s whole life since its occurrence was possibly not 

causing any major threats in this production system. 

 

3.3. Effect of feed on Salmonella dynamics 

Salmonella growth results across all treatments and collection days are shown in Table 9. 

Salmonella growth started at 38.1% for all treatments during early chick life (day 0). After 4 

days of treatment with antibiotics, there was little effect on Salmonella growth in AB group 

(25%), while pre-probiotics treatment showed almost no effect since Salmonella growth 

increased to reach 50%. Following longer exposure to antibiotic treatment, Salmonella rates 

showed no resistance to the antibiotic applied in this study, consequently its growth ceased at 0% 

in the AB group. Similarly, PB also showed a decrease in Salmonella growth at 6.7% on day 10. 

However, Salmonella growth remained high without treatment to reach 46.7% in C group 

indicating that the chickens’ immune system was still not properly developed yet at day 10. From 

days 20 to 40, Salmonella growth slowed to almost null in both AB and PB groups, meanwhile it 

started to rise in C from 37.5% to 81.2% from days 20 to 32 and 40 respectively; this indicated 

that the chicken’s immune system was still not mature at this period. Although Salmonella 

growth slowed with both treatments, its infection across all treatments and throughout the 

chicken’s whole life remained 27.4%. 

 

3.4. Effect of feed on Campylobacter dynamics  

Campylobacter growth results across all treatments and collection days are shown in Table 10. 

Campylobacter growth started at 19.0% for all treatments during early chick life (day 0). After 4 

days of treatment with antibiotics, Campylobacter growth rate slowed down to 18.8%, while PB 
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showed no significant effects. Following longer exposure, Campylobacter growth increased to 

43.8% in AB at day 10 indicating that the Campylobacter showed resistance against the applied 

antibiotics. Similar observations were shown for the PB group where Campylobacter growth 

became 40%, and a high value of 80% growth was noted in the C group; indicating that neither 

the treatments nor the chickens’ immune system were able to inhibit Campylobacter growth. 

During the late days of treatment, the overall Campylobacter growth across all treatments was 

53.8% and remained high through the whole chicken’s life indicating that the Campylobacter 

showed a threat for broilers’ health since its growth was not affected by any of the supplements.  

 

3.5. Effect of feed on Clostridium dynamics  

Clostridium growth results across all treatments and collection days are shown in Table 

11. Clostridium growth started at 14.3% in all treatments at early chick life (day 0). After 4 days 

of antibiotics treatment, Clostridium rate reached to 50% showing that the antibiotic treatment 

had little effect in the AB group, while the pre-probiotics treatment was more effective by 

decreasing growth to 0% in PB group. Following longer exposure on day 10, Clostridium growth 

increased to 68.8% in AB which may indicate that the bacteria are resistant to the antibiotics 

used while the growth rate increased to 20% in the PB group. Control group had 100% 

Clostridium growth, suggesting that the immune system was still underdeveloped. However 

during final days of the experiment, from days 20 to 40, growth rate decreased in all treatments, 

more significantly in AB and PB: 33.3% to 31.2% in C, 6.2% to 0% in AB, and 62.5% to 0% in 

PB. Average Clostridium growth during the period of the experiment and across all treatments 

was 18.1%.  

 



 
 

38 
 

3.6. Gram staining for further identification of bacteria  

In order to identify the various bacteria, the samples were Gram stained before storing them 

at -80ºC for PCR analysis. E. coli, Salmonella and Campylobacter showed to be gram negative, 

while Clostridium was gram positive (Table 12).  

 

4. Specific bacterial validation using PCR and gel electrophoresis  

4.1. DNA extraction and quantitation from bacterial colonies 

DNA from various bacterial strains was extracted and its quality was validated by 

Nanodrop (260/280 ratio = 1.7-1.9), after which the samples were run on 1% agarose gel for 

electrophoresis. Agarose gel electrophoresis showed an average band size of 1000 bp without 

any RNA bands or degraded RNA contamination. 

  

4.2. PCR validation of bacterial species  

Figure 4 shows the optimal temperature needed to amplify DNA samples by multiplex 

PCR. The first four lanes of 61°C, 59°C, 57°C, 55oC on the left side of the gel all contained 

primer pool; DNA pool showed the clearest bands with the thickest band under lane 55°C which 

indicated that this is the optimal temperature at which bacterial DNA can be amplified, while all 

the thick bands that appeared at the bottom of the gel with the same level in all lanes may 

indicate the presence of primer dimers.  

Figure 5 panel A shows the detection of the optimal primer volume needed for bacterial 

DNA amplification by PCR. Another multiplex PCR trial was carried out using serial dilution of 

primer pool (4µl, 2µl, 1µl), a temperature gradient (55°C, 59°C), and 3µl of DNA or water in 

each lane. The same profile of DNA bands appeared in lanes under primer pool (4µl, DNA, 
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55°C), (DNA, 2µl, 55°C) and (DNA, 1µl, 55°C), but bands’ thickness decreased respectively as 

volume of primer pool decreased. Water lanes show no bands because they were used as 

negative controls for primer dimers. As a result, the thick bands of DNA at 4µl and 55°C show 

optimal amplification of DNA.  

The same process was repeated in Figure 5 panel B, where the bands show the presence 

of DNA in lanes (4µl, DNA, 57°C, 61°c), (DNA, 2µl, 57°C, 61°C) and (DNA, 1µl, 57°C, 61°C), 

but the thickest band of DNA at (4µl, DNA, 57°C) showed that the optimal volume of primer 

pool taken is at 4µl at the optimal temperature of 57°C.  

Figure 6 shows the validation of the presence of specific bacteria mentioned in our 

research (Salmonella enterica, Salmonella typhimirium, Campylobacter jejuni, Clostridium 

perfringens, Escherichia-coli). Single-plex PCR was performed under the optimized conditions 

identified from the previous multiplex PCR. Single-plex PCR was used to specify and validate 

the pathogenic bacteria colonized in the chicken gastrointestinal tract, after they were exposed to 

pre- and probiotic and antibiotics treatments by using extracted DNA samples positive to one 

type of bacteria with its specific primer set in each PCR master mix. The single-plex PCR 

products were ran on agarose gel (2%) and a band for each kind of bacteria (Salmonella enterica, 

Salmonella typhimirium, Campylobacter jejuni, Clostridium perfringens) were shown in DNA 

samples except for no bands for E.coli.  
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V. Discussion 

Before harvesting the intestines, they were inspected for lesions along the intestinal tracts 

including the caecum and the ileum. Lesion occurrence is a common sign of bacterial infections 

in broiler chicken, and our expectations were confirmed by the presence of frequent lesions 

which indicated infections by Clostridium perfringens and Campylobacter jejuni (Lee and 

Newell, 2006). The results showed that the average infectious levels for C. perfringens and C. 

jejuni were 18.1% and 53.8% respectively. Although some investigators (Welkos, 1984; Shane, 

1992) have reported the occurrence of C. jejuni-induced lesions in the intestinal tracts of young 

chicks, such lesions were never observed in the intestinal tracts of any of the chicks during early 

life in our or other studies; since they observed that C. jejuni freely pervaded the lumina of crypts 

without attachment to the intestinal wall (Beery et al., 1988). Hence, the lesion formation along 

the intestinal wall was possibly due to the presence of Clostridium perfringens. Predisposing 

factors in poultry play a decisive role in the colonization and infection by these bacteria; mucosal 

damage being one these factors can lead to the appearance of lesions along the intestinal tract 

(Immerseel et al., 2004 ). The dynamics and identification of bacteria in our study was initially 

accomplished through culture-based techniques with specific agar media to grow and isolate E. 

coli, Shigella, Salmonella, Campylobacter, and Clostridium. 

Chicken intestinal microflora was predominantly occupied by E. coli (87.6% ) throughout 

its life cycle; concurrent with similar observations by Salanitro et al., their optimal habitats were 

the ileum and caecum where they composed 30% of the microbiome (Salanitro et al., 1974). 

Additionally, some E. coli strains proved to be antibiotic resistant as seen by Tricia et al. who 

showed that the multi-drug resistance in E. coli from avian isolates was 85% higher in frequency 

and proportion than human sources (Miles et al., 2006). The pre-probiotics treatment did not 
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reduce its percentage, since it promoted balanced intestinal microflora by including beneficial 

strains of E. coli (Zhang et al., 2016).   

On average, Shigella growth was low throughout the length of the experiment which 

suggests that Shigella strains are not part of the normal intestinal flora of the chicken 

gastrointestinal tract. This was further confirmed by a study that showed that Shigella invasion 

results in pathogenicity (Shigellosis) of primary chicken intestinal epithelial cells in vitro or 

chicken intestinal mucosa in vivo, and even death (Shi et al., 2014). In this study, mortality rate 

of the experimental chickens receiving either antibiotics or pre- and probiotics treatment was rare 

suggesting that the treatments were effective in keeping the normal intestinal flora balanced and 

unsusceptible to pathogenic bacteria colonization (Dhama et al., 2011).  

Although Salmonella growth rate during early ages was relatively high due to the 

immature or underdeveloped gut microflora of the young chicks, its overall rate remained high, 

and this was concurrent with Milner and Shaffer who showed that the susceptibility of chicks to 

infection with Salmonella tends to decrease with age (Milner and Shaffer, 1952). Nonetheless, a 

possible explanations for the survival of Salmonella at older age, as seen from 37.5% to 81.2% in 

the control group, is the ability of this species to survive passage through the acidic environment 

of the gastrointestinal tract and resist a wide range of antibiotics (Cosby et al., 2015).  

Although Campylobacter growth was slow during the initial days, it spiked to an average 

of 53.8% across all treatments throughout the remaining days. This rapid increase may be traced 

back to contagious reasons when a single bird in a flock is colonized, infection spreads to the 

entire flock in the matter of just a few days due to high levels of shedding and fecal–oral 

transmissions compounded by communal water and feed (Lee and Newell, 2006). Horizontal 

transmission from environmental sources is the primary route of flock infections 
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by Campylobacter (Conlan et al., 2007). This study possibly showed that similar Campylobacter 

transmissions are hard to control or prevent regardless of the usage of antibiotics and pre and 

probiotics: growth rates showed high resistances to both treatments (40% and 80% respectively).  

Pre- and probiotics (62.5% to 0%) and antibiotics (6.2% to 0%) treatments proved to be 

very effective in controlling and almost preventing the growth and spread of Clostridium 

throughout the flocks. Other studies have confirmed that the antibacterial effects of antibiotics 

were significant on almost all poultry isolates of the Clostridium species (Devriese et al., 1993; 

Watkins et al., 1997). Moreover, other research showed the protective effects of probiotics, such 

as commercial probiotic preparation, against Clostridium perfringens in chickens by reducing 

gross lesions of necrotic enteritis (Hofacre et al., 1998), and oral inoculation of day-1-chicks by 

Lactobacilli proved to be successful in decreasing mortality due to necrotic enteritis from 60% to 

30% in an experimental challenge trial (Hofacre et al., 2003).  

There are different reasons for using culture-based methods or RT-PCR, or even both, for 

the purpose of detecting pathogenic bacteria in the GIT of chickens. The culture-based method 

mostly depended on the identification of the precise microbiological and biochemical 

constituents of the bacteria and colony counting (Velusamy, 2009). Using SS agar for the 

detection of Salmonella and Shigella was somehow inconclusive and insufficient since although 

some of the sampled plates showed countable cultures and colonies, it was difficult to distinguish 

Salmonella from Shigella colonies due to morphological similarities or contaminations. The TSC 

agar medium for Clostridium perfringens detection proved to be a tedious and lengthy 

preparation. Additionally, colonies were hardly visible on the surface since they were immersed 

inside of the agar; it is possible the microbiological technique was not enough to provide the 

appropriate anaerobic condition for the bacteria to grow properly. TBX was a selective and 
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specific agar for E.coli detection; however bacterial growth was too high to the extent of forming 

a lawn hence accurate counting became improbable. The CCD agar medium was highly selective 

for detecting and counting Campylobacter colonies; nonetheless, agar preparation was lengthy 

and specific environmental factors were needed to grow the bacteria. The enumerated difficulties 

or obstacles encountered during culture-based techniques can be countered or compensated by 

amplification-based assays (PCR) which allow the detection of very low numbers of organisms 

in a sample with high outputs for large number of samples during routine analysis (IZAT et al., 

1989; Lee et al., 2013). RT-PCR is a highly selective technique since it uses small concentrations 

of gene specific primers that are able to hybridize to bacterial DNA fragments and provide a high 

selection of specific bacterial strains such as Salmonella typhimirium, Salmonella enterica, and 

Clostridium perfringens in a short amount of time (Wise and Siragusa, 2005). However, it does 

prerequisite previous DNA extraction procedures which are prone to pipetting errors and the 

precision in designing the specific primers for specific bacteria can be difficult to obtain (Noble 

et al., 2010).  

 

 

 

 

VI. Conclusion and Implications 

Intestinal microbiota is composed of a highly complex community of various 

microorganisms which are vital to many aspects of a host’s normal physiology. They contribute 

in many processes for the intestinal tract development, and serve as suppressants to pathogen 

colonization. Bacterial communities vary considerably by locations along the gastrointestinal 

tract of chickens. Studies have shown the diversity of microbial mapping in chickens’ GIT to be 



 
 

44 
 

unequally distributed. Harvested broilers GI tract were highly populated by Lactobacilla, while 

the ileum was highly diverse and dominated by Lactobacillus, Candidatus Arthromitus, 

Enterococcus, Escherichia coli/ Shigella and Clostridium, and the caecum was by far the most 

densely colonized microbial habitat in chickens. The caecum is a key region for bacterial 

fermentation of non-digestible carbohydrates, but also a main site for colonization by pathogens 

mainly the Clostridia genus followed by genera Lactobacillus and Ruminococcus (Lu et al., 

2003; Pourabedin et al., 2015; Xiao et al., 2016). The comprehensive characterization of normal 

chicken intestinal microbial communities is a critical precondition to understand and predict the 

alterations in these communities related to the type of feed and its additives.  

At first, the use of antibiotics as the most popular feed additive has been known to be an 

effective strategy to enhance feed efficiency and to keep animals healthy. However, such a 

practice has been heavily criticized due to emergence of antibiotic resistance and its potential 

spread to human pathogens. The presence of bacterial pathogens such as Salmonella, 

Campylobacter, Clostridium, Shigella and E. coli within chicken microbiota is a critical issue for 

host wellbeing. Bacteria that are non-pathogenic to chickens and are found in chicken microbiota 

are sometimes pathogenic to humans.  

Hence, probiotics represent potential alternatives for antibiotics in the food animal 

industry because of their reported ability to reduce enteric disease in poultry and potential 

foodborne pathogen contamination of poultry and its products (Eckert et al., 2010). This claim 

was supported in this study in which our probiotics; a mixture of Bacillus (B.) licheniformis and 

B. subtilis, was mostly effective in reducing Clostridium perfringens, Salmonella enterica and 

Shigella in a similar way as the antibiotic growth promoter suppressed the growth of pathogenic 

bacteria. This is why we suggested the use of competitive exclusion products such as probiotic or 
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a combination of prebiotics and probiotics which can enable an early and rapid colonization of 

chickens with healthy bacteria. 

Pathogenic bacteria can be diagnosed by clinical symptoms and confirmed and isolated 

by specific culture-based techniques by using specific culture media, which we used in our study 

to detect and characterize our bacterial strains. However, PCR is a well-accepted, rapid, and 

sensitive technique for the detection of microbial pathogens, particularly in situations in which 

low bacterial copy numbers are present. Therefore, we developed a sensitive PCR-based method 

for the detection of our bacterial strains (Clostridium perfringens, Salmonella enteric, 

Salmonella typhimirium E-coli, Campylobater jejuni) by designing specific gene targeted primer 

sets. Such bacterial strains were shown on gel electrophoresis, where they were seen as bands 

which their thicknesses reflected the proportional quantity and purity of each detected bacterial 

DNA. According to our study, the use of specific culture-based technique was efficient for the 

growth and characterization of our bacterial strains but not enough to detect the level of infection 

and quantity of each bacterium hence real time PCR proved to be an effective confirmation for 

further identification and quantification of the bacteria under study. For the purpose of testing the 

efficiency of pre- and probiotics in the future, we suggest the use of real-time PCR for both the 

enumeration and detection of bacteria. Though this technique is expected to be tedious and more 

costly, the time saved in such a technique might actually offset the additional cost of such an 

analysis compared to culture. Furthermore, such an approach could open the potential to detect 

very low numbers of bacterial infections and possibly follow up on consumer safety related 

issues. 
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VII. Tables 

Table 1: Modes of action of probiotics  

Mode of action Process involved Reference 

Suppression of viable count  

 

Production of antibacterial compounds 

Competition for nutrients 

Competition for adhesion sites 

(AFRC, 1989) 

Alteration of microbial 

metabolism 

Increased enzyme activity 

Decreased enzyme activity 

(Lutful Kabir, 

2009) 

Stimulation of immunity 

 

Increased antibody levels 

Increased macrophage activity 

(Barrow et al., 

1980) 
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Table 2: the mostly studied bacterial strains and their major toxins  

Bacterial strains  Major toxins  Reference 

Escherichia coli Shiga-like toxin 1 (Cui et al., 2013) 

Salmonella enterica 
Enterotoxin (stn) 

(Uzal et al., 2015) 

Salmonella typhimurium  

Campylobacter jejuni  

Campylobacter coli  

Campylobacter lari  

Campylobacter upsaliensis 

Cytolethal distending 

toxin (Cdt A,B,C), heat-

labile toxin (LT-like) 

(Biswas et al., 2006) 

(Sears and Kaper, 

1996) 

Clostridium perfringes  

Clostridium tetani 

Clostridium botulinum 

Clostridium difficile 

Alpha(CPA), 

Beta(CPB), 

Epsilon(ETX), 

Iota(ITX), PFO 

 

 

 

 

    

 

(Cooper and Songer, 

2009) 

(Uzal et al., 2014) 

  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cytolethal-distending-toxin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cytolethal-distending-toxin


 
 

48 
 

Table 3: Diet formulation to meet the requirements of broiler chickens  

 State (Age – Days) 

Feed 

 Ingredient (Kg) 

Starter (0-4) Grower (10-20)  Finisher (32-36) 

Slaughter (39-41) 

Concentrate 50 50 50 

Soya 48% 315 267 217 

Corn 610 647 695 

Vegetal oil 12.5 25 27 

Limestone 12.5 11 11 
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Table 4: Culture conditions of various bacterial strains analyzed 

 

 

  

Test Organisms 

G
ra

m
 

Agar type 
Agar 

(g/L) 

Sample 

type 

Incubation Colony 

growth 

appearance 
Time Temp Gas 

Salmonella - SS 60.1 Ilium 18-24hr 37°C Aerobic 

Colorless 

with a black 

center 

Shigella  - SS 60.1 Ilium 18-24hr 37°C Aerobic Colorless 

Escherichia coli - TBX 36.6 Ilium 18-24hr 37°C Aerobic Blue green 

Campylobacter - 

CCD+CCD

A 

supplement 

48.4 Ilium 18-24hr 42°C Aerobic Moist grey 

Clostridium 

perfringens 
+ 

TSC+D-

cycloserine  

Supplement 

45 Caecum 18-24hr 37°C Anaerobic Black 
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Table 5: Experimental design for sample collection and numbers of animals collected per 

data point 

Feeding phase Age 
Number of samples per treatment 

Control Antibiotic Biotic 
Starter  day 0-4 26 42 42 
Grower  day 10-20 31 24 23 
Finisher  day 32-36 15 16 16 
Slaughter day 39-41 16 16 16 
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Table 6: Primers used in this study 

Organism  Primers Target 
gene 

Size of 
transcript 
(bp) 

Melting 
point Source  

Clostridium 
perfringens 

FWD AAAGATGGCATCATCATTCAAC 16 S 
rDNA 279 

53.70c 
(Wu et al., 2009) 

REV TACCGTCATTATCTTCCCCAAA 55.90c 

Campylobacter 
jejuni 

FWD TGCACCAGTGACTATGAATAACGA 
hipO 124 

56.90c (He et al., 2010) 
Redesigned from NCBI REV TCCAAAATCCTCACTTGCCATT 58.50c 

Escherichia coli 
FWD ATAAATCGCCATTCGTTGACTAC 

Stx1 180 
55.40c (Wani et al., 2003) 

Redesigned from NCBI REV AGAACGCCCACTGAGATCATC 57.00c 

Salmonella 
typhimurium 

FWD GCGACCTTAGAACAGCGAAT 
ychp 453 

56.10c  
(Chaudhari et al., 2015) REV CCAAAGTACTGCTCCAGACTAAC 54.40c 

Salmonella 
enterica 

FWD GCCGGCTTTCAACGCCTCTAC 
Stn 107 

64.20c (Riyaz-Ul-Hassan et al., 
2004) REV GACCAAAGCTGACGGGACAG 59.70c 
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Table 7: E. coli sp. growth in broilers fed no additions, antibiotics, or Pre- and Probiotics 

for 40 days  

Days of treatment 

Treatment 0 4 10 20 32 40 Total 

Control 95.2 0 86.7 79.2 86.7 100 

87.6 Antibiotics 95.2 100 100 50 93.8 56.2 

Pre-probiotics 95.2 100 100 37.5 87.5 100 

Total 95.2 100 95.7 65 89.4 85.4  
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Table 8: Shigella sp. growth in broilers fed no additions, antibiotics or Pre- and Probiotics 

for 40 days  

Days of treatment 

Treatment 0 4 10 20 32 40 Total 

Control 28.6 0 40 33.3 6.7 50 

27.4 Antibiotics 28.6 25 18.8 0 0 6.2 

Pre-probiotics 28.6 62.5 6.7 62.5 25 43.8 

Total 28.6 43.8 21.7 32.5 10.6 33.3  
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Table 9: Salmonella sp. growth in broilers fed no additions, antibiotics or Pre-and 

Probiotics for 40 days  

Days of treatment 

Treatment 0 4 10 20 32 40 Total 

Control 38.1 0 46.7 37.5 6.7 81.2 

24.4 Antibiotics 38.1 25 0 0 0 6.2 

Pre-probiotics 38.1 50 6.7 0 25 6.2 

Total 38.1 37.5 17.4 22.5 10.2 31.6  
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Table 10: Campylobacter sp. growth in broilers fed no additions, antibiotics or Pre- and 

Probiotics for 40 days  

Days of treatment 

Treatment 0 4 10 20 32 40 Total 

Control 19 - 80 25 0 81.2 

53.8 Antibiotics 19 18.8 43.8 0 62.5 93.8 

Pre-Probiotics 19 100 40 75 87.5 87.5 

Total 19 59.4 54.3 30 51.1 87.5  
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Table 11: Clostridium sp. growth in broilers fed no additions, antibiotics or Pre- and 

Probiotics for 40 days 

 Days of Treatment  

Treatment 0 4 10 20 32 40 Total 

Control 14.3 - 0 33.3 0 31.2 

18.1 Antibiotics 14.3 50 68.8 0 6.2 0 

Pre-Probiotics 14.3 0 20 62.5 0 0 

Total 14.3 25 30.4 32.5 2.1 10.4  
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Table 12: Summary of bacterial growth and Gram Staining of the microbiota analyzed 

after 18-24 hours in culture 

 

 

 

 

 

 

 

 

 

 

 

 

 

*+++ high growth, ++ moderate growth, + slow growth  

 

 

  

Organism Growth* Gram Staining Growth Media Color of colony on 

specific media 

E-Coli +++ Gram negative TBX blue-green 

Salmonella ++ Gram negative SS Agar colorless, black 

center  

Shigella + Gram negative SS Agar Colorless 

Campylobacter +++ Gram negative  CCD+CCDA 

supplement 

Creamy gray 

Clostridium + Gram positive  TSC+D-

cycloserine  

Supplement 

Black 
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VIII. Figures 

 

 

Figure 1: Treatment effect on Lesion occurrence on the intestinal wall of ileum, caecum, and 

throughout the whole intestines at late days of feeding treatments  
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Figure 2: Age effect on Lesion occurrence on the intestinal wall of ileum, caecum, 

and throughout intestinal wall at late days of feeding treatments  
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Figure 3: Intestinal wall Lesion scoring of ileum and caecum for scarified birds at late days 

of treatments. 
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Figure 4: Multiplex PCR optimization with 5µl primer pool and 5µl DNA pool with temperature 

gradient 
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Figure 5: Optimization of multiplex PCR with serial dilution of primer pool, 

pooled DNA and temperature gradient. 3µl of pooled DNA or water were 

amplified using PCR with a varying concentration of a primer pool (4µl, 2µl, 1µl) 

in a temperature gradient of 57°C and 61°C in Panel A, or 55°C and 59°C in Panel 

B. 
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Figure 6: Single-plex PCR using 0.2µM for each primer set with 1µl of pooled DNA at 57oC  to 

finalize optimization  
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