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CHAPTER 1  
 

GENERAL INTRODUCTION 
 

The poultry industry has undergone remarkable growth over the last 50 years and this is likely 

to continue in the next 10 - 20 years. Poultry production is expected to expand in the coming 

years to meet higher demand for low-cost, healthy and convenient products. The significant 

performance improvements in modern commercial broiler chickens during the last half of the 

twentieth century have been achieved through proper management of nutrition, genetics, 

health and welfare (Ferket, 2004). The selection for increased growth rate has resulted in 

changes in gastrointestinal development during growth of the animal (Tottori et al., 1997). 

Intestinal health has a major influence on growth performance of poultry as it affects feed 

digestion, nutrient absorption and mortality (Patterson and Burkholder, 2003). Furthermore, 

poor intestinal health is associated with infectious animal diseases and enteric pathogen 

colonisation.  

 

It is generally accepted that a relationship exists between the intestinal microflora and health 

status of the host animal (Brown, 1996). After birth, bacteria rapidly colonise the intestine; a 

balanced gut microflora may be viewed as the first sign of a healthy animal. It has been found 

that a chick that has just hatched is quite germ-free at all levels of the intestinal tract, but there 

is a rapid increase in the total population of bacteria immediately after the first feed (Ochi et 

al., 1964). Many complex bacterial control mechanisms are involved in providing a balanced 

composition of the microflora in order to protect the animal against invading pathogens and to 

obtain optimal nutrient utilisation. 

 

Poultry are susceptible to many enteric pathogens, including parasites, bacteria, and viruses. 

The broiler intestine is a relatively under-explored ecosystem; a better understanding of the 

intestinal ecosystem will result in a greater opportunity to develop intervention strategies to 

control the colonization of unfavourable microbes and reduce the incidence of a variety of 

gastrointestinal diseases (Rastall et al., 2005). Colonization and proliferation of one or more 

of these enteric pathogens may result in infectious disease that leads to increased mortality. 

But the greatest concerns are decreased productivity and compromised food safety. The 
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susceptibility to enteric infection is influenced by several stress factors, including 

management deficiencies, vaccination, unbalanced nutrients and/or electrolytes in the diet, 

and high concentrations of anti-nutritional factors in feed (Ferket and Veldkamp, 1999). These 

factors cause enteric disturbances either directly by adversely affecting the ecosystem of the 

gut and causing irritation in the gut, or indirectly by changing the osmotic balance of the 

intestine (Ferket and Middelton, 1998). In addition, current therapeutic antibiotics do not 

often resolve enteric diseases, and the evolution of antibiotic-resistant pathogens further 

justifies the search for new strategies to control enteric pathogens (Rastall et al., 2005). 

 

Antibiotics were found to improve the growth performance and health status of animals at an 

inclusion rate much lower than the therapeutic level. The inclusion of antibiotics in animal 

feeds is believed to prevent unidentified, sub-clinical infections caused by deleterious 

microorganisms colonizing the gastro-intestinal tract (GIT) (Murry et al., 2006). Both 

consumer and the medical profession are expressing growing concerns about the continued 

use of antibiotics in animal feed. They are particularly concerned that antibiotic resistance 

may increase and be transferred to humans. Many countries have banned the use of most 

antibiotics in feed and no doubt there will be more restrictions on the use of antibiotics in the 

animal feed industry as globalization continues. Thus, the exploitation of new approaches to 

control enteric diseases is intensified by the continuous emergence of novel variants of 

established pathogens (Rastall et al., 2005), and finding alternatives to in-feed antibiotics in 

animal feed is one of the most challenging tasks for animal nutritionists and veterinarians. 

 

Probiotics are potential alternatives to in-feed antibiotics and have received considerable 

interest among scientists as a dietary means to modulate colonic microflora and improve 

health. Probiotic bacteria must be able to (1) improve the immune response and health status; 

(2) reduce the colonization of pathogenic bacteria in the GIT, and (3) modify the gut 

morphology, in order to obtain optimal productivity and efficiency (Fuller, 1999). Probiotic 

cultures are known as competitive exclusion cultures. They inhibit the colonization of the 

chicken intestine by pathogenic bacteria through blocking of the ability of pathogens to attach 

to the intestine by occupying binding sites normally occupied by the pathogens (Nurmi et al., 

1992). It has also been shown that probiotics not only inhibit or block the ability of pathogens 

to attach to epithelial surfaces, but also limit pathogen colonization through competition for 

nutrients and production of antibacterial substances such as VFAs and bacteriocins (Corrier et 

al., 1990; Edens et al., 1997). Probiotics may therefore inhibit pathogens by producing 
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environmental conditions which may be suboptimal for the growth of pathogens. Recent work 

has demonstrated that, in addition to the above mechanisms, pathogen inhibition may be the 

result of more subtle and complex phenomena such as communication between epithelial cells 

and gastrointestinal microorganisms (Hooper et al., 2001), and modulation of components of 

the immune system (Jeurissen et al., 2002). 

 

The administration of probiotic organisms to control pathogens in poultry is new practice in 

the world (Verstegen and Williams, 2002). While the administration of one or a few species of 

probiotic bacteria has been shown to be beneficial, administration of very complex, undefined 

assemblages of indigenous gut microflora has also been shown to be an effective strategy for 

probiotic administration. However, the large-scale production of these complex mixtures in a 

consistent manner has proven to be a difficult challenge. In addition to production difficulties, 

government approval for complex, undefined, probiotic mixtures has proved impossible to 

secure. This is due, in part, to the fact that the underlying protective mechanisms by which 

probiotics and competitive exclusion cultures work is not fully understood and requires 

further research. This includes a clear understanding of the microorganisms themselves as 

well as the gastrointestinal conditions in which they proliferate. 

 

The present study is aimed at improving health and performance through altering of the gut 

microflora diversity and gut structure for the benefit of the bird; by using probiotic bacteria to 

control the intestinal microbiological environment and thereby prevent pathogenic bacteria 

from dominating the GIT of broiler chickens. 

 

The objectives of this research are: 

 

1)  To characterise the probiotic candidates by in vitro antagonistic activities test; 

2) To investigate the effect of selected probiotic candidates on growth performance, 

organ development, gut morphology, intestinal microbial populations and microbial 

activity in broiler; 

3) To investigate the effectiveness of different delivery routes of probiotic candidates, 

and 

4) To evaluate the extent of protection conferred by probiotic candidates to broilers 

under disease challenge. 
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CHAPTER 2  

 
LITERATURE REVIEW 

 

 

2.1 Chicken meat production 

 

2.1.1 History 

 

The broiler chicken industry has continually grown over the last 50 years. The average meat 

consumption in developing countries has increased by 5-6% per annum over the past few 

decades as chicken is the least expensive meat in most countries. This competitive situation 

has occurred due to continued improvements in efficiency of production (Leeson and 

Summers, 1997). In 2005, the industry produced over 81 million tonnes of chicken meat, or 

30.5% of global meat production (265 million tonne in total), with the US making up 23%, 

China 18% and Brazil 11% (FAOSTAT, 2006). Chicken meat production in Australia has 

almost doubled over the past ten years, with 0.74 million tonnes in 2006 (ABARE, 2008). It is 

predicted that chicken meat consumption will continue to rise and the industry will maintain a 

2-2.5% increase in production each year over the next ten years. This means that there will be 

additional 800,000 to 1,000,000 broiler chickens produced by 2010 (Choct, 2006). 

 

Industrialisation and globalisation have changed animal production industries dramatically. In 

the US, broiler production increased from approximately 5 billion in 1962 to nearly 89 billion 

birds in 2007 (USDANASS, 2003). Large capital investments and efficient integrated 

production systems, together with the progress in breeding and feed technology, have 

contributed to the significant growth in the broiler industry. The tight coordination of these 

improvements also makes broiler production more efficient compared to other livestock 

industries, such as the pig industry (Martinez, 1999). The performance of broilers and chicken 

meat quality has significantly improved over the last decade. This is a result of a number of 

developments in the industry including use of feed additives and pre-harvest measurements, 

and better management of nutrition, genetics, health and welfare of broilers (Ferket, 2004).  
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Compared with the world average, Australian chicken meat used to be only a small proportion 

of the meat consumed during the 1950s. Since the 1960s, the poultry industry has improved 

efficiency, increased production and reduced the price of chicken meat, leading to a threefold 

increase in per capita consumption (Choct, 2006). According to the Australian Bureau of 

Statistics, chicken meat has rivaled beef and become the most consumed meat in Australia 

(ABARE, 2008). 

 

2.1.2 Factors influencing poultry production 

 

The growth of the broiler industry has been due largely to the advancement of modern 

management techniques, nutrition and genetic selection. Modern strains of broilers, though 

raised at a high rearing density of 10,000 – 20,000 chicks per house (USDANASS, 2003), can 

still achieve their full genetic potential and reach a live weight of over 2.8 kg at 42 days of 

age. According to the FAO, 75% of the world’s poultry is maintained in intensive operations 

using confinement systems (Shane, 2006). 

 

The cost of feed, which varies depending on the availability of feedstuffs and local tariff rates, 

accounts for 65-70% of broiler production costs and 75-80% of layer production costs 

(Mandal et al., 2006). For the feed industry, it is not the quantity of feed produced, but the 

type of feed required by the consumer that is the more important consideration (Choct, 2006). 

Also, there is a wide range of feed additives, which have been proven to improve the growth 

performance and health of farm animals with various levels of success. These additives 

include organic acids, feed enzymes, probiotics, prebiotics, essential oils, herbs, spices and 

various plant extracts (Choct, 2002). 

 

As the industry becomes more intensified, the health of the flock becomes paramount in order 

to maintain efficiency and profitability. Enhanced biosecurity of poultry farms (Tablante et al., 

2002), genetic selection of poultry resistant to disease (Gross et al., 2002), and vaccination 

against pathogens (Williams, 2002) have successfully protected poultry production from 

disease related losses. Competitive exclusion (CE) by administration of probiotics is also a 

popular strategy for preventing infectious intestinal disease (Nurmi et al., 1973); the 

establishment of a healthy microbial population in the gut effectively inhibits pathogenic 

bacteria (La Ragione and Woodward, 2003). 

 



 

 

6

 

The intensive production system causes various stresses to birds. There are increased risks of 

both clinical and subclinical enteric diseases as stressed animals are vulnerable to potentially 

harmful microorganisms such as Escherichia coli (E. coli), Salmonella spp., Clostridium 

perfringens (C. perfringens) and Campylobacter sputorium (NASC, 1999). Furthermore, 

genetic selection for growth traits leads to a weakened immune system (Emmerson, 1997). 

Antibiotics have been used in food animals to maintain health and wellbeing of the animals as 

well as the profitability of the industry. However, their use also has other consequences. There 

are two sides to the issue of how antibiotic use in food animals affects the health of humans: 

reported benefits are derived largely from the maintenance of good animal health and, 

therefore, the reduced chance that disease will spread to humans from animals; but on the 

other side, a worldwide consideration for human health impact is the potential risk of 

development of antibiotic resistant bacteria as discussed later (Section 2.2.3). 

 

In light of the high cost of feed ingredients contributed by feedstuffs for diets, it is important 

that poultry efficiently digest and take up nutrients from their diets (Rose, 1997). That process 

is closely related to the development of the digestive system as growth of muscles and bones 

can be supported only after the supply organs are fully developed (Katanbaf et al., 1988). 

 

The gut microflora also has significant effects on host nutrition, health, and growth 

performance, by interacting with nutrient utilization and the development of the gut system of 

the host (Barrow, 1992). This interaction is very complex and, depending on the composition 

of the gut microflora, it can have either positive or negative effects on the health and growth 

of birds. In animal nutrition, there is an increased focus on studying the profile and function 

of the gut microflora and an increased effort to manipulate the gut microflora through diet and 

thus improve the health and growth of the host. Of particular interest is the search for feed 

additives that may replace antibiotics in terms of their growth-promoting effects. The focus of 

alternative strategies has been to prevent proliferation of pathogens, thus maintaining health, 

immune status and performance (Ravindran, 2006). Various gut microflora modulators, 

immunomodulators, or the combination of these have been evaluated in broilers. 

 

2.1.3 Challenges 

 

Increased public demand for stricter controls over food safety and quality will continue to 

significantly impact upon the poultry industry. Consequently, food production industries must 



 

 

7

 

develop strategies for the management of sustainable production of safe, high quality products 

as well as addressing issues involving environmental impact and animal welfare (Choct, 

2008). 

 

The use of in-feed antibiotics (IFA) is an issue challenging the poultry production industry. 

There are concerns that residues of those antibiotics could enter the human food chain and 

increase the risk of ill-health in persons who consume products from treated animals. 

Furthermore, as briefly mentioned before, the use of antibiotics in food animals could 

contribute to the emergence of antibiotic-resistant microorganisms that, if transmitted to 

humans, could result in infections difficult to treat. The emergence of antibiotic-resistant 

‘super bugs’ and their links with the prophylactic use of antibiotics have led to a partial or 

total ban on antibiotic use in feed in the EU. Many countries, such as the US and Australia, 

are following the European example, by either regulating the use of antibiotics in feed or 

establishing programs to reduce their overall use (Choct, 2006). 

 

Necrotic enteritis (NE), Coccidiosis and Salmonellosis are globally common, sometimes 

intercurrent, diseases of poultry. They are significant diseases, in terms of mortality and 

welfare, in commercially farmed poultry species, especially broiler chickens. Thus, a big issue 

the broiler industry needs to confront is how to maintain production efficiency without the use 

of IFA. The withdrawal of IFA in Europe has led to many problems, such as increased 

incidences of clinical or subclinical necrotic enteritis (McDevitt et al., 2006) and decreased 

feed efficiency (Thomke and Elwinger, 1998a) that directly impair animal productivity. It is 

generally believed that multiple strategies are required to achieve results comparable to the 

use of antibiotics (Dibner and Richards, 2005). For example, it may be necessary to adopt 

improved hygiene standards and animal husbandry practices, combined with feed additives 

that can promote health and growth. 

 

Besides meeting the demands of consumers for safe poultry products, produced without the 

use of antibiotics, there are a number of other challenges facing the poultry industry. These 

include a push for increased productivity, finding alternative feed resources, developing 

alternative feed additives to replace the antibiotics and chemicals that are being phased out, 

developing strategies to manage emerging pathogens, and meeting the requirements of 

evermore discerning and demanding consumers (Choct, 2008). In addition, the industry will 
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face other challenges such as the removal of animal protein sources including fish meal, and 

using ‘organic’ feed. 

 

2.2 In-feed antibiotics 
 

2.2.1 Commonly used in-feed antibiotics in poultry feed 
 

Since 1946, when it was first discovered that antibiotics were effective in the treatment of 

disease in chickens (Moore et al., 1946), they have been frequently used both therapeutically 

and prophylactically. One of the great economic developments in the field of antibiotics is the 

use of these drugs in feed for the promotion of animal growth (Jukes, 1955). In-feed 

antibiotics are antibiotics added to animal feed at subtherapeutic levels to increase growth, 

improve feed efficiency, and decrease the incidence of diseases (Khachatourians, 1998). A 

total of 32 antimicrobial compounds were approved for use in broiler feeds without a 

veterinary prescription (Jones et al., 2003). Eleven of these, including bacitracin, 

chlortetracycline, erythromycin, lincomycin, novobiocin, oxytetracycline, and penicillin, were 

used in feed as growth promoters (listed in Table 2.1, after Boulianne, 1999). According to a 

survey of the members of the Animal Health Institute (US) in 1999, 9.2 million kilogram of 

antimicrobials were used in animal production in 1999 with 7.92 million kilogram (86%) for 

prevention and treatment of disease and 1.3 million kilogram (14%) for growth promotion 

(Jones et al., 2003). 

 

The use of IFA leads to increase in weight gain, improved feed conversion rates and a 

decrease in mortality rates. Rosen et al. (1997), who summarized the findings of 12,153 

studies involving the use of IFA reported that antibiotics were effective in enhancing growth 

performance and feed efficiency by 2-3% in 72% of the time. As well as improving animal 

performance, the use of IFA also improves animal health by reducing both clinical and sub-

clinical disease caused by intestinal pathogens. This indirect benefit of IFA has been 

demonstrated by an increase in therapeutic antibiotic treatment of enteric diseases in poultry 

upon removal of IFA from poultry diets in the EU (Bywater et al., 2005). In terms of food 

safety, IFA also reduce zoonotic bacteria in the gastrointestinal tract (GIT) of poultry. While 

the specific reduction in pathogens is not the primary reason for the inclusion of IFA in 

poultry diets, they do reduce the number of intestinal pathogens as a function of the non-

specific reduction in gastrointestinal microbes. This includes reduction of pathogenic bacteria 
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such as E. coli O157:H7 and C. perfringens (Stanley et al., 1996; Verstegen and Williams, 

2002). Depending on the antibiotic used, however, there have been some reports of increased 

pathogen shedding when IFA were administered in feed (Barrow, 1989). 

 

Table 2.1: Antibiotics used in poultry (JETACAR, 1999; Modified from Boulianne, 1999; 
Mikkelsen et al., 2007) 
 
Group Name of antibiotics Australia US Canada 

Monensin Cattle Cattle Poultry 
Lasalocid sodium Cattle - Poultry 
Salinomycin Pigs, cattle - Poultry 

Ionophores 

Naduramycin - - Poultry 
Polypeptides Bacitracin Meat poultry Pigs, poultry, 

cattle 
Pigs, 
poultry, 
cattle 

Cephalosporines Ceftiofur - - Poultry 
Erythromycin - Pigs Poultry Macrolides 
Lincomycin - Pigs Poultry 

Quinolones Enrofloxacin - - Poultry 
Streptogramin Virginiamycin Pigs, meat 

poultry 
Pigs, poultry, 
cattle 

Poultry 

Trimethroprim-sulfa - - Poultry Sulfamides 
Sulfaquinoxaline - - Poultry 

Arsenical 3-nitro-arsonic acid Pigs, poultry Pigs, poultry - 
Tetracycline - Pigs, poultry, 

cattle 
Poultry 

Chlortetracycline - - Poultry 

Tetracyclines 

Oxytetracycline - - Poultry 
Glycopeptides Avoparcin Pigs, meat 

poultry, cattle 
- - 

Amoxicillin - - Poultry Beta-lactamines 
Penicillin - Pigs Poultry 
Gentamicin - - Poultry 
Neomycin - - Poultry 
Streptomycin - - Poultry 

Aminoglycosides 

Spectinomycin - - Poultry 
Flavophospholipol Pigs, poultry, 

cattle 
Pigs, poultry, 
cattle 

Pigs, 
poultry, 
cattle 

Others 
  

Bambermycin Pigs, poultry Pigs, poultry - 
 

Bacitracin is one of the very few antibiotics that are available for use as IFA in Australia. 

Bacitracin is a polypeptide produced by Bacillus subtilis and B. licheniformis. Its structure is 

unrelated to that of any other antibiotics approved for clinical use in human medicine. 

Bacitracin A is the major component of commercial bacitracin. It is usually compounded with 
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zinc to prolong its shelf life and disguise its bitter taste. Bacitracin interferes with bacterial 

cell wall synthesis by blocking the function of the pyrophosphate carrier that inhibits the 

transfer of cell wall subunits across the cell membrane. It has a number of minor actions that 

may or may not be relevant to antibiotic resistance. It is a protease inhibitor that has been 

shown to enhance uptake of some proteins from the gut. It also appears to interfere with the 

binding of some proteins to their receptors. Bacitracin is mainly active against gram-positive 

bacteria, including staphylococci. The efficacy of bacitracin as a growth promotant in broilers 

has been reported to be between zero (Abdulrahim et al., 1996) and 2.5% (Shen et al., 1995). 

 

2.2.2 Modes of action of in-feed antibiotics 

 

Although the exact mechanism by which antibiotics improve performance and feed efficiency 

is not clear, they are thought to reduce the total number of bacteria and/or diversity of species 

in the gut intestinal tract (Collier et al., 2003). This hypothesis is supported by the lack of 

response to antibiotics when they are administered to germ-free animals (Coates et al., 1955) 

and the reduced benefits from antibiotics when management practices aimed at reducing 

bacterial exposure are employed. However, Pedroso et al. (2006) found that the improved 

growth performance of chickens was a result of changes in the composition rather than a 

reduction in the number of bacterial species. 

 

It has been reported that antibiotics work mechanistically by inhibiting or interfering with 

different biochemical pathways including protein synthesis, cell wall synthesis, DNA and 

RNA synthesis, or folic acid synthesis (Davies and Webb, 2004). The end result is an overall 

reduction in the number of susceptible microorganisms. The observed growth promoting 

effects are hypothesized to be the result of 1) inhibition of sub-clinical infections from 

pathogenic microorganisms; 2) reduction in growth-depressing microbial metabolites; 3) 

reduced competition for nutrients by gastrointestinal microorganisms, and 4) enhanced uptake 

and utilization of nutrients via a thinner intestinal wall associated with antibiotic-fed animals 

(Visek, 1978; Gaskins et al., 2002). 

 

But not all antibiotics accomplish these modifications by the same mechanism. Some of the 

IFAs are readily absorbed into the bloodstream of the host animal, whereas others are poorly 

absorbed and mainly act within the gut lumen (Hudd, 1983). The physiological, nutritional 

and metabolic effects of IFA on the host are listed Table 2.2. 
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2.2.3 Antibiotic resistance 

 

Despite the recognized benefits that IFA provide to both producers and consumers, as far back 

as in 1951 there was concern over their use because of the issue of antibiotic resistance (Elam 

et al., 1951). There would be particular concern if antibiotics that are used as animal feed 

additives are also used in human medicine (Tollefson and Miller, 2000). The observed 

increase in antibiotic resistance in food animals is seen as a potential source of antibiotic 

resistant genes which may ultimately spread to human pathogenic bacteria, and has sparked 

much debate and an increase in research examining alternatives to IFA (Bywater, 2004). 

 

Table 2.2: Physiological, nutritional and metabolic effects of IFA (After Gaskins et al., 2002) 
 
  Increase Decrease 

Nutrient absorption Food transit time 
Feed intake Gut wall diameter 
 Gut wall length 
 Gut wall weight 
 Faecal moisture 

Physiological 

 Mucosal cell turnover 
   

Energy retention Gut energy loss 
Nitrogen retension Vitamin synthesis 
Vitamin absorption  
Trace element absorption  
Fatty acid absorption  
Glucose absorption  
Calcium absorption  

Nutritional 

Plasma nutrients  
   

Liver protein synthesis Ammonia production 
Gut alkaline phosphatase Toxic amine production 
 Aromatic phenols 
 Bile degradation products 
 Fatty acid oxidation 
 Faecal fat excretion 

Metabolic 
  

  Gut microbial urease 
 

Bates et al. (1994) first reported that vancomycin-resistant enterococci (VRE) could be traced 

to farm animals in Britain and they suggested that farm animals could be a reservoir for VRE. 

In the study, they isolated 62 colonies of VRE from non-human sources, of which 22 were 



 

 

12

 

from farm animals (sheep, swine, poultry, and cattle) and 5 from uncooked chicken. 

 

Antibiotic resistance has been observed across many animal species. McEwen et al. (2002) 

indicated that antibiotic use in animals caused resistance in commensal flora (enterococci, 

most ‘generic’ E. coli) and in zoonotic enteropathogens (Salmonella, Campylobacter and 

some stains of E. coli). Roy et al. (2002) also reported that 91 of 92 Salmonella samples 

isolated from poultry products, poultry, and poultry environments were resistant to 

erythromycin, lincomycin and penicillin. 

 

Resistance to antibiotic agents has always existed in nature. The long-term presence of 

antibiotics in a microbial population creates antibiotic-resistant stains by gene mutation and 

these are more likely to survive than non-mutated microbes (Murray et al., 1978). Once 

antimicrobial pressure has been introduced into an environment, resistance can quickly 

develop and spread by horizontal transfer of plasmids (Salyers et al., 1997). The introduction 

of streptomycin for the treatment of tuberculosis in 1974 led to the selection of resistant 

strains (Zhang et al., 1994). Once established, many factors may contribute to the spreading 

of antibiotic-resistant bacteria; for example, the movement of carrier animals between herds 

or flocks and between countries, the assembly of susceptible animals in close confinement, 

and the movement of resistance determinants throughout the ecosystem by means of vectors 

such as rodents, insects, and birds. Faecal wastes from broilers reared under intensive 

conditions are often spread as fertilizers on broad acre crop land (McEwen et al., 2002). 

Groundwater, streams, and other waterways contaminated with these wastes may also 

facilitate the spread of bacterial resistance. 

 

2.2.4 Withdrawal of in-feed antibiotics 

 

As discussed earlier, the use of antibiotics over time in human and animal medicine and for 

growth promotion in animals has caused great pressure on the microflora, with the consequent 

appearance of resistance to these antibiotics among potential pathogenic bacteria (Prescott et 

al., 2002; Rerksuppaphol et al., 2003). Much attention is focused upon this problem, resulting 

in the ban and/or regulation of the use of IFA by a number of countries and an increasing 

interest in organic farming. 

 

In 1995, 93% of all starter diets, 97% of grower diets and 86% of all finisher diets fed to 
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broiler chickens in the United States contained an in-feed antibiotic (Chapman and Johnson, 

2002). However, the levels of IFA in broiler rations have since declined in the United States. 

In the United States this decrease may reflect consumer concern over the perceived health 

risks to humans. In European countries legislation has resulted in their ban. The use of 

antibiotics as growth promoters was initially banned in Sweden in 1986; subsequently, in 

January 2006 in the EU (Hong et al., 2005). 

 

2.3 Alternatives to dietary in-feed antibiotics 

 

Many strategies have been developed to reduce the use of antibiotics as growth promoters. A 

balanced diet depends not only on the selection of appropriate dietary ingredients but also on 

the selection of appropriate dietary additives. This review will focus on some key nutritional 

alternatives to antibiotics, such as phytobiotics, prebiotics, organic acids, feed enzymes and 

immunostimulatory substances and probiotics, as well as key management strategies such as 

feed composition and structure.  

 

2.3.1 Phytobiotics 

 

Phytobiotics comprise a very wide range of substances and can be divided into four subgroups: 

1) herbs (product from flowering, non-woody and nonpersistent plants); 2) botanicals (entire 

or processed parts of a plant, e.g., root, leaves, barks); 3) essential oils (hydro distilled extracts 

of volatile plant compounds), and 4) oleoresins (extracts based on non-aqueous solvents) 

(Windisch et al., 2008). Many natural plant products exert antimicrobial activity and have 

been used to preserve foods for centuries, and their ability to inhibit growth of intestinal 

pathogens has been demonstrated (Cowan, 1999). 

 

To differentiate from the plant products used for veterinary purposes (prophylaxis and therapy 

of diagnosed health problems), phytobiotics were redefined by Windisch et al. (2008) as 

plant-derived products added to the feed in order to improve performance of agricultural 

livestock. Antimicrobial activity and immune enhancement are probably the two major 

mechanisms by which phytobiotics are believed to exert their positive effects on the growth 

performance and health of animals. Wang et al. (1998) reported that the properties, locations, 

harvest time and compatibility with the other ingredients are some of the factors influencing 

the effectiveness of phytobiotic additives, but the exact growth-promoting mechanisms of 
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phytobiotics in broiler chickens are poorly understood. 

 

Among phytobiotics, essential oils have been introduced into chicken feed in Europe and US 

(Hooge, 2004). Plants with leaves and including berries and their phenolics containing oil 

glands provide essential oils and volatile oils which can be steam-distilled. These compounds, 

such as flavnoids and phenolic, have been shown to inhibit certain intestinal pathogens 

(Puupponen-Pimia et al., 2005). Essential oils function mainly as antimicrobials and 

antioxidants; their antimicrobial ability may modulate the gut ecosystem to affect fat 

digestibility (Lee et al., 2004). A commercial preparation of essential oil components reduced 

faecal C. perfringens counts of broilers in a field study (Mitsch et al., 2002). Mitsch et al. 

(2004) studied the antibacterial effect of essential oil components from various plant sources 

and found that the components inhibited some intestinal pathogens such as C. perfringens and 

E. coli. 

 

These plant-based antimicrobial compounds, which function fundamentally similar to 

antibiotic compounds produced by fungi and bacteria, could be used to replace some IFA 

(Ferket, 2003). To be effective as growth promoters, these herbal antimicrobial compounds 

must be supplemented to the feed in a more concentrated form than found in the natural 

source. Vidanarachchi et al. (2006) reported that a water-soluble prebiotic compound from the 

golden wattle (Acacia pycnantha) improved FCR during the first three weeks in broiler 

chickens. They also found that plant extracts reduced the number of pathogens in the gut, 

including C. perfringens. As with antibiotics, continued use of these plant-based 

antimicrobials may result in the development of resistance in some pathogenic bacteria. 

However, more research is necessary to confirm this risk. 

 

2.3.2 Prebiotics 

 

Prebiotics have also received a significant amount of interest as a replacement for IFA (Jiang 

et al., 2006). Gibson and Roberfroid (1995) defined a prebiotic as a “nondigestible food 

ingredient which beneficially affects the host by selectively stimulating the growth of and/or 

activating the metabolism of one or a limited number of health promoting bacteria in the 

intestinal tract, thus improving the host’s microbial balance”. The growth of endogenous 

microbial population groups such as bifidobacteria and lactobacilli is believed to be 

specifically stimulated; these bacterial populations are perceived as being beneficial to animal 
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health.  

 

In poultry, the dominant prebiotics are fructooligosaccharide products (FOS), such as 

oligofructose and inulin (Patterson and Burkholder, 2003; Xu et al., 2003). Others, such as 

mannanoligosaccarides (MOS) (Yang et al. 2006, 2007), isomaltooligosaccarides (Chung and 

Day, 2004), glucooligosaccharides, stachyose and maltooligosacchrides (Jiang et al., 2006) 

have also been investigated. 

 

The positive effects of prebiotics on growth performance of chicks depend on the kind of 

prebiotic used and its dosage. Gulsen et al. (2002) reported that body weight was higher for 

animals supplemented with lactose than for those not supplemented, but there were no effects 

of treatments on feed intake and feed efficiency. Xu et al. (2003) reported that the feed-to-

gain ratios were significantly decreased for birds fed diets with 2.0 and 4.0g/kg FOS, but not 

with 8.0g/kg dosage. Yang et al. (2006, 2007) demonstrated that commercial Bio-MOS® 

(Alltech) improved growth performance significantly and reduced the number of coliform 

bacteria in the intestine of broiler chickens. Concomitant with the positive effects on growth 

performance, the ileal villi were longer and plasma cell counts were lower in lymphoid organs 

(Zhang et al., 2005), decreased total activity of glucose-6-phosphate dehydrogenase and 

lipoprotein lipase (p<0.05) in the subcutaneous fat (Xu et al., 2003). 

 

Although the administration of prebiotics to chickens has been shown to produce beneficial 

results, further research is needed to support the value of prebiotics in the development of a 

functional product. For example, a more thorough understanding of the mechanisms by which 

they act to support a healthy gut environment, either alone or in combination with other 

methods used in the control of salmonella and campylobacter in the poultry industry, is 

needed if they are to see widespread use (Patterson and Burkholder, 2003). 

 

2.3.3 Organic acids 

 

Organic acids are used widely in Europe to inhibit undesirable bacteria like Salmonella spp. in 

both raw materials and finished feed (Ratcliffe, 2000). They usually have been used as feed 

additives for fungistats (Paster, 1979). It is known that the undissociated forms of organic 

acids can easily penetrate the lipid membrane of bacterial cells and dissociate into anions and 

protons after entering the neutral pH of the cell cytoplasm (Eklund, 1985). Inside the cell, the 
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organic acid then inhibits bacterial growth by breaking oxidative-phosphorylation and 

inhibiting the exchange of adenosine triphosphate-inorganic phosphate (Byrne and Dankert, 

1979). 

 

Bacterial species that have been shown to be sensitive to various organic acids include 

pathogens of both human and animal concern such as Salmonella spp. and E. coli (Hinton and 

Linton, 1988; Izat et al., 1990), as well as Campylobacter spp. (Chaveerach et al., 2004). In 

vivo studies examining the effect of VFAs on the gastrointestinal microflora of broiler 

chickens have indicated protection against Salmonella spp. with the use of formic acid 

(McHan and Shotts, 1992) and propionic acid (Hume et al., 1996). In addition to reduced 

growth of certain bacterial species in the presence of VFAs, van Immerseel et al. (2003) 

showed that the ability of S. enteritidis to invade chicken epithelial cells in vitro was 

influenced by the presence butyric acid. 

 

Studies with chicks and pigs have indicated a positive response to the dietary addition of 

various organic acids, including formic, fumaric (Vogt et al., 1982; Geisting and Easter, 1985), 

and sorbic acids (Rose and Michie, 1982). Inclusion of these acids in practical diets at levels 

up to 2% resulted in improvements in growth rate or feed utilization. A reduction in the total 

number of bacteria within the intestinal tract was generally observed with the supplementation 

of organic acids (Izat et al., 1990). Additionally, organic acids have been shown to improve 

protein and energy digestibility by reducing microbial competition with the host for nutrients 

and endogenous nitrogen losses by lowering the incidence of subclinical infections and 

secretion of immune mediators, and by reducing production of ammonia and other growth-

suppressing microbial metabolites (Dibner and Buttin, 2002). However, much more is known 

about these effects in swine than in poultry. 

 

2.3.4 Feed composition and structure 

 

Composition and structure of feed have also been shown to affect the microbial ecology of the 

intestine. Using percent G+C to characterize diet-dependent differences in the gastrointestinal 

microflora, Apajalahti et al. (2001) examined a number of Finnish poultry farms. They found 

that when the gastrointestinal profiles from different farms were compared, diet composition 

turned out to be the strongest determinant of the caecal bacterial community structure. 
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In poultry, features of diet such as particle size (Engberg et al. 2002), dietary protein (Drew et 

al., 2004), dietary fat (Knarreborg et al., 2002) and the type of dietary grain (Phillips et al., 

2004) have been shown to alter the intestinal populations of several microbial species, most 

notably the number of Clostridium spp. It appears that pelleting feed increases the number of 

coliform bacteria and enterococci in the ileum and reduces the number of C. perfringens and 

lactobacilli in the caeca compared with mash feed in broilers (Engberg et al. 2002). Drew et 

al. (2004) reported that dietary soy protein concentrate or low-temperature-dried fishmeal as 

the major protein sources fed to broiler chickens significantly affected numbers of C. 

perfringens without interaction, and suggested that the level of crude protein, protein source, 

and amino acid content of diet might be predisposing factors to outbreaks of clinical NE. 

 

For the most part, bacteria of the GIT derive their energy from dietary components consumed 

by the host. It is likely that dietary factors that lead to increased activity of the gut microflora 

will depress energy utilisation (Choct et al., 1996; Choct, 1999), apparent protein digestibility 

(Smits et al., 1997), and availability of amino acids (Steenfeldt et al., 1995). These dietary 

components are either resistant to the host’s digestive enzymes or digested slowly, and as a 

result the composition and structure of the diet is largely responsible for the microbial 

community of this ecosystem (Apajalahti et al., 2004). The impact of diet may be readily 

observed in community structure and diversity (Apajalahti et al., 2001). Williams (1995) 

pointed out that the gut microflora can significantly influence the metabolism of gut tissues, 

which, in turn, will affect the absorption of amino acids. Protein supplements with poor 

digestibility will undergo more microbial fermentation than highly digestible material. For 

example, differences between ileal and faecal digestibilities in intact compared with 

caecectomised cockerels were minor for cereals and oilseeds, but were large for some animal 

meals. Nevertheless, relatively small differences between ileal and faecal digestibilities in 

grains observed by Williams (1995) could become significantly more important when 

comparing differences between different samples of grain. Smits (1996) provided unequivocal 

evidence that the mechanism by which soluble NSP depresses fat digestibility in chickens 

hinges on the reduction of bile salts following bacterial proliferation or overgrowth of the 

small intestinal contents. He also demonstrated that reduction in fat digestibility was 

particularly severe in the case of animal fats that contained a high proportion of saturated long 

chain fatty acids. It seems likely that withdrawal of other essential nutrients by microbial 

proliferation would immediately compromise the growth performance and feed efficiency of 

the animal, and ultimately lead to health problems through general inflammation of the gut 
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and invasion of tissues by pathogenic organisms. 

 

The observed effects of the intestinal microflora include an influence on the gross physiology 

of the intestine, but also immunological, nutritional and protective influences as well. The 

host microflora also provides a number of nutritional compounds, which have a profound 

effect on the overall health and performance of the host animal. 

 

2.3.5 Feed enzymes 

 

The major enzymes used in poultry production are NSP–degrading enzymes (such as xylanase, 

beta-glucanase and cellulase), phytase, protease, amylase, and lipase. All enzyme preparations 

recommended for use in animal production to improve dietary nutrient utilization are 

hydrolases (Modyanov and Zel’ner, 1983). Commercial enzyme products are typically a blend 

of several different enzymes that are effective on a wide variety of substrates. The enzymes 

with proven efficacies for animal husbandry include xylanase, β-glucanase and phytase 

(Choct and Kocher, 2000). 

 

Enzymes are naturally occurring and are produced by all living organisms for catalyzing 

chemical reactions. Enzymes were discovered in the latter part of the 19th century and have 

been used in industry and food processes since the early 1900s. The majority of enzyme 

products have been derived from fermentation products of alkaliphilic microorganisms 

(Clarkson et al., 2001). 

 

Choct et al. (1996) demonstrated that a diet high in soluble NSP increased small intestinal 

fermentation in chickens, leading to poor bird performance. The same authors demonstrated 

that the breakdown of the NSP with enzymes can decrease fermentation in the small intestine, 

resulting in improved bird performance (Choct et al., 1999). Acamovic (2001) reviewed the 

current status of the application of enzyme technology in commercial poultry production. An 

improvement in the efficiency of utilization of poultry diets and nutrients by 10% has often 

been reported as a result of supplementation with enzymes. However, Acamovic (2001) also 

reported that some enzymes have no apparent effects, while a small number of them appeared 

detrimental. 

 

The response to enzymes is greater in older broilers than in younger broilers, probably due to 
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the interaction between viscosity and bacteria (Bedford and Morgan, 1996). However, Nahas 

and Lefrancois (2001) reported that enzyme addition to a barley-based diet improved 

performance of younger broiler chickens more than that of older broilers. 

 

2.3.6 Immunostimulatory substances and others 

 

Some chemical compounds have the ability to activate the immune system of animals and 

render them more resistant to infections (Hertrampf, 2001). White blood cells are the main 

components in this mechanism which enables the phagocytotic process to be initiated, thereby 

killing pathogens. Bacterial products, mycelial fungal products, yeast glucans, peptides, 

bacteriophages, synthetic compounds, vitamins and cytokines can all enhance the immune 

response, if they are in quantities excess to requirements. 

 

Hen egg antibodies 

 

An alternative approach for the control of potential pathogens present in the intestinal tract is 

the administration of specific neutralizing antibodies in the diet (Yokoyama et al., 1992). The 

advantage of feeding antibodies with the diet is that they provide a continuous control of 

potential pathogens and do not result in the development of antibiotic resistant strains of 

microorganisms. Vaccination of laying hens provides a cost-effective source of antibodies, 

with egg yolks containing as much as 25 mg of immunoglobulin per mL of yolk (Rose et al., 

1974), and, compared to other antibody sources, can be effective in the control of some 

pathogens (Marquardt et al., 1999). 

 

The egg yolk containing the antibodies can be spray-dried without loss of activity and can be 

fed directly to the chicken. Administration of hen egg antibodies in this manner has been 

shown to be effective in improving the intestinal microflora community and reducing the 

number of enteric pathogens, including enterotoxigenic E. coli in pigs (Marquardt et al., 1999) 

and calves (Ikemori et al., 1992), Salmonella spp. in calves (Yokoyama et al., 1998) and 

humans (Sugita-Konishi et al., 2000), and Helicobacter pylori in humans (Shin et al., 2002). 

Although positive results have been obtained for some pathogens in other animal species, 

very little research has been done to assess the ability of hen-egg antibodies to reduce or 

eliminate enteric pathogens in poultry (Kassaify and Mine, 2004). Wilkie et al. (2006) 

reported that use of hen-egg antibodies can significantly decrease intestinal colonization by C. 
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perfringens at 72 h after treatment in broiler chickens challenged with C. perfringens. 

 

Bacteriophage 

 

Bacteriophages are viruses that infect and kill bacteria. Bacteriophages do not infect animal 

and plant cells and the bactericidal activity of bacteriophages makes them good candidates for 

the control of gastrointestinal bacteria, especially pathogens of both animal and human 

concern (Huff et al., 2005). In chickens, bacteriophages are shown to effectively reduce 

pathogen load of poultry meat (Goode et al., 2003), especially for the treatment of 

colibacillosis in poultry (Huff et al., 2005). 

 

There is growing interest in the use of bacteriophage to control bacterial infections. For 

example, bacteriophages have also been shown to protect poultry from a lethal injection of E. 

coli (Barrow et al., 1998) and to control diarrhea induced by E. coli in calves, piglets, and 

lambs (Smith and Huggins, 1983; Smith et al., 1987). Lytic bacteriophages have been shown 

to decrease Salmonella and Campylobacter contamination on chicken skin (Goode et al., 

2003). There is also a significant research effort being conducted to control Salmonella on 

poultry products using bacteriophages (Higgins et al., 2002). Recently, Toro et al. (2005) 

described the successful application of bacteriophages in prevention of colonization by 

Salmonella spp. in layer chickens. In a similar study, Fiorentin et al. (2005) also found that a 

mixture of bacteriophages was effective in reducing S. enterica in the broiler caeca. Research 

demonstrating the efficacy of bacteriophages in preventing E. coli-associated colibacillosis in 

broilers indicated that the use of bacteriophages to treat disease also had some limitations 

which include their specificity, their ability to act as a vehicle for pathogenic genetic material, 

issues concerning regulatory acceptance, and practical routes of administration (Huff et al., 

2005). Despite these limitations, bacteriophages have the potential to help fight bacterial 

enteric infections and reduce the incidence of foodborne illness. 
 

2.4 Probiotics 

 

2.4.1 Concept of probiotics 

 

Probiotics are the subject of evolving definitions. The term “probiotic” was first introduced by 

Lilly and Stillwell (1965) to describe health promoting factors produced by microorganisms. 
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Their use as direct-fed microbials (DFM) as a substitute for antibiotics in animal production 

has now become an area of great interest. The word “probiotic” originates from Greek and 

means “for life”. The term "probiotic” was first used in its current meaning in the mid-1970s 

(Parker 1974), defined as “organisms and substances which contribute to intestinal microbial 

balance”. Later, probiotics have been defined as “a live microbial food supplement which 

beneficially affects the host by improving its intestinal microbial balance” (Fuller, 1989). 

Havenaar et al. (1992) applied the term probiotics to both human and animals, and expanded 

the definition of probiotics to microbial communities. He described probiotics as “mono- or 

mixed cultures of live microorganisms which, when applied to animal and man, beneficially 

affect the host by improving the properties of the indigenous microflora”. 

 

Salminen et al. (1999) proposed that viability is not as important a factor as stressed by most 

definitions. In their paper “Probiotics: how should they be defined?” they suggest that benefits 

can be gained from both live and dead cultures albeit to varying degrees. Thus, Salminen et al. 

(1999) proposed the definition “microbial cell preparations or components of microbial cells 

that have a beneficial effect on the health and wellbeing of the host”. One reason given by 

these researchers for preferring non-viable cultures was that there is no risk of infection from 

the ingested preparation. 

 

Although probiotics are mostly used for domestic animals, they are increasingly being used in 

human health food. In 1989 the US Food and Drug Authority (FDA) required manufacturers 

to use the term direct-fed microbial (DFM) rather than probiotic (Miles and Bootwalla, 1991). 

The FDA defines DFM as a source of live (viable) naturally occurring microorganisms, and 

this includes bacteria, fungi and yeast (Miles and Bootwalla, 1991). 

 

2.4.2 Health benefits of probiotics 

 

Probiotics, along with organic acids, synbiotics, and feed enzymes have been seen as potential 

alternatives to antibiotics (Choct, 2002). A simple, but important, reason for the increase in 

the popularity of probiotics in the market sector is that they essentially provide a benefit to the 

health of the host, and unlike antibiotics, they leave no residues. The most reported health 

benefit of probiotics is the improvement in gut health and the prevention of intestinal 

infections (Kailasapathy and Chin, 2000). Infection prevention is increasingly preferred over 

corrective action such as chemotherapy with antibiotics. The growing concern over 
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development of antibiotic resistance has placed probiotics at the fore. 

 

Table 2.3: Some probiotic bacteria, yeast strains and their effects (Adapted from Lee and 
Salminen, 1995) 
 
Strain Reported effects References 
L. acidophilus 
LC1 

Immune enhancing, vaccine adjuvant, 
adherence to human intestinal cells, 
balancing of intestinal microflora 

Bernet et al., 1994 

   
L. acidophilus 
NCFO1748 

Lowering of faecal enzymes, prevention of 
radiotherapy-related diarrhoea, treatment of 
constipation 

Salminen et al., 1998 

   
L. rhamnosus 
GG 

Prevention of antibiotic-associated diarrhoea 
treatment and prevention of rotavirus 
diarrhoea, treatment of relapsing 
Clostridium difficile diarrhoea, prevention of 
acute diarrhoea, alleviation of Crohn 
disease, antagonistic to carcinogen 

Majamaa et al., 
1997; Raza et al., 
1995 

   
L. casei Shirota Prevention of intestinal disturbances, 

balancing intestinal bacteria, lowering of 
faecal enzymes, inhibit superficial bladder 
cancer 

Spanhaak et al., 1998 

   
L. gasseri Faecal enzyme reduction, survival in GIT Pedrosa et al., 1995 
   
Bifidobacterium 
bifidum 

Treatment of rotavirus diarrhoea, balancing 
of intestinal microflora, treatment of viral 
diarrhoea 

Marteau et al., 1990 

   
Streptococcus 
themophilus 

No effects on rotavirus diarrhoea; no 
immune-enhancing effect during diarrhoea 

Majamaa et al., 1995 

   
Saccharomyces 
boulardii 

Prevention of traveler’s diarrhoea, 
prevention and treatment of Clostridium 
difficile diarrhoea 

Castex et al., 1990 

 

The potential benefits of the application of probiotics to farm animals are summarized by 

Fuller (1999) as follows: improved digestion of nutrients and feed conversion; increased 

growth rate, greater resistance to infectious diseases, provision of essential nutrients, better 

absorption of nutrients, increased milk yield and quality in cows, increased egg production 

and quality in layers, improved carcass quality and less contamination of zoonotic bacteria. 

Furthermore, probiotics have the potential to maintain gut microbial balance, reducing 
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lactose-intolerance and modulating the immune system (Sanders, 2003). However, when 

considering the potential health benefits of probiotics, it is crucial to remember that different 

probiotic strains are associated with different health benefits. Although some other beneficial 

effects of probiotics have been clearly documented, research is still ongoing in other areas, 

with important questions remaining unanswered. This will be further discussed in Section 

2.4.7. 

 

2.4.3 Modes of action 

 

The use of probiotics against pathogenic bacteria in poultry has become a common practice 

worldwide, especially in Japan and European countries (Patterson and Burkholder, 2003). 

There have been numerous studies in chickens on the ability of probiotics to modulate gut 

microflora (Gabriel et al., 2006). Some of the proposed modes of action of probiotics in 

poultry include: 1) competitive exclusion; 2) antagonistic activity; 3) stimulating digestion; 4) 

altering bacterial metabolism; 5) enterotoxin neutralization, and 6) stimulation of immune 

system. 

 

Competitive exclusion 

 

Competitive exclusion of pathogens is thought to be one of the most important beneficial 

mechanisms of probiotic bacteria (Adlerberth et al., 2000). Competitive exclusion by 

intestinal bacteria is based on bacteria-to-bacteria interaction mediated by competition for 

available nutrients and mucosal adhesion sites. In order to gain a competitive advantage, 

bacteria can modify their environment to make it less suitable for their competitors. The 

production of antimicrobial substances, such as lactic and acetic acids, is one example of this 

kind of environmental modification (Schiffrin and Blum, 2002), but various anti-microbial 

factors such as the production of directly inhibitory compounds, reduction of luminal pH 

through VFA production, competition for nutrients and adhesion sites on the gut wall, 

modulation of the immune response, and regulation of colonocyte gene expression may also 

be involved (Steer et al., 2000; Fooks et al., 2002). 

 

Competitive exclusion relates to maintaining beneficial microflora in the host by suppressing 

the growth of pathogenic bacteria while encouraging beneficial bacteria. Metchnikoff (1907) 

recognized that consumption of large quantities of cultured foods such as sour milk, 
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buttermilk and yogurt containing the microorganism, Bulgarican bacillus, helped to maintain 

good health and long life of peasants. Metchnikoff suggested that the LAB in fermented milk 

eliminated putrefactive bacteria from the GIT, thereby laying the foundation of modern day 

probiotics. Later, Pettger and Chaplin (1921) assumed that the beneficial effects of fermented 

milk were due to the colonization of the gut by L. acidophilus. Competitive exclusion implies 

the prevention of entry of one entity into a given environment by occupying the available 

space. This may occur as a result of the beneficial entity being better suited and therefore able 

to establish and maintain itself more successfully in the environment than its competitors 

(Voltera, 1928). Voltera was the first to use different mathematical models and several 

mechanisms to suggest that the indefinite coexistence of two or more species limited by the 

same resource is impossible and that autochthonous or native microorganisms competitively 

exclude intruding bacterial species in the intestinal tract. 

 

During the past two decades, many studies on the efficiency of CE against potentially 

pathogenic bacteria such as Salmonella spp., E. coli, Enterococcus spp., C. perfringens and 

Campylobacter spp. (Gusils et al., 2003; Lee et al., 2003) have been carried out showing that 

CE products significantly reduced the number of intestinal pathogens. The most important 

advantage is that CE products ensure the establishment of a complex intestinal microflora that 

resists colonization by poultry pathogens, and they are produced as a consortium of bacteria 

that can coexist as a stable community in the enteric ecosystem (Wagner, 2006). Although the 

main goal of CE technology is to reduce poultry contamination by S. enterica and 

Campylobacter spp., it may also provide a way to reduce the dependence of livestock 

production on antimicrobial drugs. 

 

However, the mechanism involved with CE is still not fully understood. Adherence of 

pathogens to mucosal surfaces in the GIT assists in preventing the removal of bacteria by host 

secretions and luminal flow. The importance of adhesion in pathogen exclusion in chicken 

ileal epithelia has been shown in vitro with L. acidophilus acting against S. pullorum. Only 

26% of the isolates of L. acidophilus were able to attach moderately or strongly, and L. 

acidophilus failed to exclude S. enterica serovar Enterididis and S. enterica serovar 

Typhimurium (Jin et al., 1996a; 1998a). Exclusion of E. coli and Salmonella spp. by 

lactobacilli in human and piglet mucus has been reported (Blomberg et al., 1993; Lee et al., 

2003), while lactobacilli failed to inhibit the adhesion of Salmonella spp. to chicken mucus 

(Gusils et al., 2003). L. crispatus and its collagen-binding S-layer protein inhibited the 
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adherence of E. coli to the components of basement membrane (Horie et al., 2002) and a 29-

kDa surface protein from L. fermentum inhibited adhesion of uropathogenic E. faecalis to 

polystyrene (Heinemann et al., 2000). 

 

Table 2.4: Cumulative reports of CE efficacy in vivo (adopted from Wagner, 2006) 
 

Animal 
species 

CE type (Brand name) Target species Reduction 
target 

References 

Caecal culture Salmonella 6 log10 CFU Corrier et al., 1995 
(PreemptTM ) Salmonella 64% Martin et al., 2000 
(MSCTM )  
(AviguardTM ) 
 (AvifreeTM) 

Salmonella 39%, 28% Ferreira et al., 2003 

Undefined Salmonella 34% Barbour et al., 1999
(BroilactTM ) Salmonella 86% Palmu and 

Camelin, 1997 
(Preempt TM ) Salmonella 90% Nisbet et al., 1998 
Cultured mucosal 
scrapings 

Campylobacter Reduced 
colonization 

Stern, 1994 

(Broilact + K-
BacteriaTM ) 

Campylobacter Delayed 
infection 

Aho et al., 1992 

(BroilactTM ) Campylobacter 38-100% Hakkinen and 
Schneitz, 1999 

L. acidophilus, 
Enterococcus faecium 

Campylobacter 27%, 70% Morishita et al., 
1997 

(AviguardTM ) E. coli 3-4 log10 CFU Hofacre et al., 2002 

Broilers 

Lactic acid bacteria C. perfringens 30% (mortality) Hofacre et al., 2003 
     

Feces or caecal rinses Salmonella 25-70% Hoszowski et al., 
1997 

Undefined Salmonella 7 log10 CFU Schneitz and 
Hakkinen, 1998 

(Broilact) Salmonella Prevented 
colonization 

Methner et al., 
1997 

(AviguardTM  ) 
+enrofloxacin 

Salmonella 40% Seo et al., 2000 

(AviguardTM ) Salmonella 9-fold  Davies and Breslin, 
2003 

Defined mixturea) Campylobacter 62% Schoeni and Wang, 
1994 

(Preempt TM ) Lmb) 100% Hume et al., 1998 
Faecal culture E. coli 30-100% Stavric et al., 1992 

Chickens1 

    
1): Non – broiler but different classes. a): Mixture of the following species - Citrobacter 
diversus, Klebsiella pneumoniae, E. coli; b): Listeria monocytogenes. 
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Antagonistic activity 

 

Since the 1960s, many studies have focused on antagonistic metabolites produced by LAB 

(Jack et al., 1995). These include well-characterized bacteriocins (de Klerk and Smith, 1967; 

Joerger and Klaenhammer, 1986), bacteriocin-like substances (Vincent et al., 1959), and other 

antagonistic substances not necessarily related to bacteriocins (Shanhani et al., 1976). The 

antagonistic activity of LAB against different pathogenic microorganisms can also be related 

to the production of organic acids, and hydrogen peroxides (Ghadban, 2002). 

 

Table 2.5: Regulatory mechanism involved in regulation of microbial ecology in gut (After 
Spring, 1996) 
 
Regulatory mechanism Control factor 

Competition for nutrient or growth factors Nutrient utilization 
Synergistic nutrient utilization 

  
Competition for receptor sites Attachment 
Stimulation of enteric cell turnover 

  
pH 
Lactic acid production 
VFA production 
H2S 
Eh 
Resistance to bile salts 

Creation of a restrictive environment 

Induction of immunologic process 
  

NH3 
H2O2 
Hemolysin 
Bacterial enzymes 
Bacteriophage 
Bacteriocins 

Productions of antimicrobial substances 
  

Antibiotics 
 

Probiotics should be capable of secreting numerous bacteriocins which, depending on their 

specificity, are active against a wide range of pathogens. Other inhibitory primary metabolites 

secreted by probiotics include hydrogen peroxide, carbon dioxide and diacetyl (Mishra and 

Lambert, 1996). Bacteriocins are defined as compounds produced by bacteria, which have a 
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biologically active protein moiety and a bactericidal action (Tagg et al., 1976). Bacteriocins 

from L. helveticus, known as lactocin-27, have been identified and characterized by Joerger 

and Klaenhammer (1986). Besides bacteriocins, other common metabolites, such as organic 

acids (Daeschel, 1989), acetaldehydes, hydrogen peroxide, diacetyl, carbon dioxide, 

antibiotics, and amines (Jiraphocakul et al., 1990; Piard and Desmazeaud, 1992) are produced 

by LAB. In contrast, bacteriocins and other antagonistic metabolites of Bacillus spp. have 

attracted little attention even though some Bacillus spp., such as B. subtilis and B. 

licheniformis, are “generally recognized as safe” bacteria (Scientific Committee on Animal 

Nutrition, 2000). 

 

It has been proposed that the physiological effects of lactobacilli in the host are a result of the 

antagonistic activity against pathogens, and these are believed to play an important protective 

role (Hancock and Chapple, 1999). Lactobacilli have been shown to reduce the growth of 

several intestinal and urogenital pathogens in vitro and in vivo (Jin et al., 1996b; La Ragione 

et al., 2004). The detailed molecular mechanisms underlying this phenomenon remain poorly 

understood, and the reports vary in degrees of successful inhibition depending on the strains 

used as CE agents, the pathogens, as well as the methods of assessment. 

 

Effects on enzyme activities 

 

The metabolic capacity of microflora is extremely diverse and can produce positive or 

negative effects on gut physiology (Macfarlane and Cummings, 1991). Upon consumption, 

probiotics have been reputed to modify the intestinal milieu and to deliver enzymes and other 

beneficial substances into the intestines (Marteau and Rambaud, 1993). This is evidenced by 

higher contents of proteases in caecal contents of conventional chicks than in the germ-free 

chicks (Lepkovesky et al., 1964). It has also been reported that L. acidophilus or mixtures of 

12 Lactobacillus strains significantly increased the level of amylase in the small intestine of 

broiler chickens (Jin et al. 2000).  

 

Lactobacillus spp. have been shown to produce digestive enzymes in vitro and the enzymes 

may enrich the concentration of intestinal digestive enzymes. Szylt et al. (1980) reported that 

two of five strains of Lactobacillus spp. isolated from male chicks showed α-amylase activity. 

Lactobacillus spp., which are used in cheese products, were found to have amylolytic, 

lipolytic, and proteolytic activities (Moon and Kim, 1989; Lee, 1990). Jin et al. (1996b) 
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reported that all 12 Lactobacillus spp. isolated from chicken intestine were found to secrete 

amylase, protease and lipase, either extracellularly or intracellularly, or both extracellularly 

and intracellularly. They also found that amylase activity in the small intestine increased 

when Lactobacillus cultures were fed to broilers, but there was no effect on lypolytic and 

proteolytic activities (Jin et al., 1996a). 

 

Bacterial enzymes are the major microbial glycosidases in the intestinal tract. Microbial 

activity in the gut can be monitored biochemically by assaying microbial enzyme activities or 

measuring the concentration of microbial products. Consumption of probiotics has also been 

observed to lower activities of harmful faecal enzymes (Spanhaak et al., 1998). The results of 

Goldin and Gorbach (1977) showed that the activity of nitroreductase, azoreductase and β-

glucuronidase in the gut of rats could be reduced by feeding supplements of L. acidophilus. A 

similar reduction in β-glucuronidase has been detected in chickens fed 40% yoghurt in their 

drinking water (Cole et al., 1984). 

 

Enterotoxin neutralization 

 

A substance produced by a probiotic may neutralize enterotoxins produced by pathogenic 

bacteria. Different studies with L. bulgaricus showed that this organism produces a metabolite 

that has a neutralizing effect on enterotoxins released from coliforms (Mitchell and 

Kenworthy, 1976). Although the neutralizing substance has not been identified, Stuart et al. 

(1978) and Schwab et al. (1980) showed that L. bulgaricus improved intestinal microbial 

population, altered the metabolic activity of intestinal flora, and neutralized enterotoxin of 

pathogenic bacteria in rats and calves. 

 

Interaction between bacterial toxins and cognate oligosaccharide receptors on the surface of 

host cells is a crucial step in the pathogenesis of many important infectious diseases, 

particularly those of the GIT. Paton et al. (2005) demonstrated that one way of achieving 

interactions was to express molecular mimics of toxin receptors on the surface of harmless 

bacteria, such that the toxin binds to the bacterium rather than its natural target. Their results 

also showed that the probiotic strain, CWC308, binds and neutralizes heat-labile enterotoxins 

in vitro and had in vivo protective efficacy against enterotoxigenic E. coli diarrhea in rabbits. 
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Stimulation of the immune system 

 

Immunity resulting from gut exposure to a variety of antigens, such as pathogenic bacteria 

and dietary protein, is important in the defence of young animals against enteric infections 

(Perdigon et al., 1995). Lactobacilli could be important in the development of immune 

competence in young animals, particularly when protection must be acquired against antigens 

likely to cause gut inflammatory reactions (Perdigon et al., 1990). The geometric mean titre 

seven days after vaccination of birds treated with lactobacilli was found to be higher than that 

in a control group (305 versus 256) (Kemin Production Manual, 1990). Dunham et al. (1993) 

reported that birds treated with L. reuteri exhibited longer ileal villi and deeper crypts, which 

are responses associated with enhanced T-cell function and increased production of anti-

Salmonella IgM antibodies. 

 

2.4.4 Properties of probiotic bacteria 

 

The United States Food and Drug Authority (FDA) classifies probiotic bacteria as “Generally 

Recognized as Safe” (GRAS), permitting their use as food ingredients. According to the 

recent Food and Agriculture Organization (FAO) and WHO guidelines (FAO/WHO 

evaluation of lactic acid bacteria guideline 2001; FAO/WHO guideline of probiotics in food, 

2002), probiotic organisms used in food must be capable of surviving passage through the gut; 

i.e., they must have the ability to resist gastric juices and exposure to bile. Furthermore, they 

must be able to proliferate and colonize the digestive tract. In addition, they must be safe and 

effective, and maintain their effectiveness and potency for the duration of the shelf-life of the 

product. 

 

Selection criteria 

 

According to Metchnikof (1908), in order to be beneficial, the probiotic strain should survive 

well through the GIT and reach the intestine in a viable state where it can proliferate and 

produce effective substances that improve the intestinal microbial balance. Subsequent 

investigations, however, revealed that the ‘Bulgarican Bacillus’ was killed when it passed 

through the stomach (Rettger et al., 1921). 

 

A probiotic strain should ideally be of host origin, non-pathogenic, technologically suitable 
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for industrial processes, acid- and bile-resistant, adhere to the gut epithelial tissue, persist in 

the GIT, produce antimicrobial substances, modulate immune responses and influence the 

metabolic activities of the gut (Conway, 1996; Dunne et al., 1999). Probiotics should also, 

through the secretion of products such as lactic acid and acetic acid, lower the pH in the 

intestine, inhibiting the growth of potential pathogens (Kosin and Rakshit, 2006). 

 

Moreover, probiotic properties are considered strain-specific, and results obtained with one 

strain therefore cannot be claimed for another, even within closely related strains 

(Klaenhammer and Kullen, 1999). Table 2.6 presents a list of selection criteria, from 

published reports and all the detailed criteria fall into four basic categories, as appropriateness, 

technological suitability, competitiveness, and performance and functionality. 

 

Selection criteria for poultry production 

 

In recent years, the market potential of probiotics in poultry production has increased rapidly 

in many countries (Stanton et al., 2001). The increase in resistance to antibiotics and its 

associated potential public health problems worldwide (Neu HC, 1994) have made probiotics 

candidate alternatives to antibiotics (Stanton et al. 2001). There are many types of probiotic 

preparations on the market, which can competitively exclude other species, improve animal 

growth and performance. Several studies with broiler chickens have indicated that probiotic 

preparations improve live weight gain and feed conversion ratio, and markedly reduce 

mortality (Mohan et al., 1996; Jin et al., 1998). 

 

Antagonistic activity is an important selection criterion for the commercial use of probiotics 

in the poultry industry. Some probiotic strains shown to inhibit the growth of enteropathogens, 

such as S. enteritidis, enterotoxigenic E. coli, and Serratia marcesens (Hudault et al., 1997) 

provide a basis for the clinical use of probiotics in suppression of pathogens. The mechanisms 

of action for the antagonistic activities were discussed on Section 2.4.3. 

 

During the past 30 years, techniques based on CE were commonly used for probiotic selection 

criteria in poultry, and many CE products have been developed to improve the efficacy of CE 

for the control of pathogenic bacteria (Salmonella, E. coli and Campylobacter) (Jin et al., 

1997). To avoid transmission of any unsuspected pathogenic bacteria present in the intestinal 

or faecal suspension to the chickens, the actual components of protective intestinal flora have 
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to be known. Lactic acid bacteria have been the component of the defined cultures used. The 

results on CE by LAB are sometimes contradictory, but lactobacilli may play a partial role in 

protecting day old chicks against Salmonella infection (Qin et al., 1995). The concept of CE 

has been discussed in Section 2.4.3. 

 

Table 2.6: Selection criteria for probiotic strains (Adapted from Klaenhammer and Kullen, 
1999) 
 
Functions Criteria 
Appropriateness Nontoxic, non-pathogenic 

  

Technological 

suitability 

Viability at high population (preferred at 106-108), stability of desired 

characteristics during culture preparation, storage, and delivery, 

genetically stable, genetically amenable 

  

Competitiveness Capable of survival, proliferation and metabolic activity at the target, 

site in vivo, resistant to bile, resistant to acid, able to compete with the 

normal microflora, including the same or closely related species, 

potentially resistant to bacteriocins, acid and other antimicrobials 

produced by residing microflora, adherence and colonization potential 

preferred 

  

Performance and 

functionality 

Antagonistic toward pathogenic bacteria, production of antimicrobial 

substances (bacteriocins, hydrogen peroxide, organic acid, or other 

inhibitory compounds ), immunostimulatory, anti-mutagenic, 

production of bioactive compounds (enzymes, vaccines, peptides) 

 

The immunostimulatory properties of probiotics are another important selection criterion. 

Immunity resulting from gut exposure to a variety of antigens, such as pathogenic bacteria 

and dietary protein, is important in the defence of young birds against enteric infection 

(Perdigon et al., 1995). Oral inoculation of germ-free animals with L. acidophilus led to 

elevated levels of total serum protein, globulin rather than albumin, and increased white blood 

cell counts (Pollmann et al., 1980). Probiotics have the potential to boost the host’s resistance 

to disease, enhance disease prevention and maintain health; thus probiotics could reduce the 

frequency of antibiotic use (Hudault et al., 1997). 
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Several factors must be considered if the desired results are to be obtained when probiotics are 

used for poultry. The addition of either pure lactobacillus cultures or mixtures of lactobacilli 

and other bacteria in broiler diets has produced variable results (Jin et al., 1997). Furthermore, 

the selection of probiotics will also be based on commercial imperatives where increased 

production efficiency with reduced environmental impacts will become more important 

(Stanton et al., 2001).  

 

Laboratory screening and selection 

 

Selection in vitro is the first step in finding viable probiotic strains. These strains should be 

able to withstand the gut environment, to become of the gut microflora. Several authors have 

also published their own list of criteria to be used for a preliminary screening of potential 

probiotic lactobacilli (Tannock, 1997; Klaenhammer and Kullen, 1999). From these 

publications, it appears that a level of agreement among scientists has been reached, at least in 

general terms, on the properties that a strain must have in order to be further tested for use. 

However, for a strain to be considered a valuable dietary adjunct exerting a positive influence, 

it has to fulfill certain criteria (Sanders, 2003). 

 

When selecting probiotic strains, a major consideration is that the probiotic strains should 

have the ability to survive and establish themselves under the conditions encountered in the 

chicken’s intestinal environment. To reach the intestine, strains must first pass through the 

proventriculus and gizzard, which secrete hydrochloric acid and enzymes. Gastric juice is 

secreted with a pH as low as 1.5, providing a barrier to the entrance of bacteria in to the gut. 

 

Currently, microorganisms used as commercial probiotics are frequently improved by genetic 

manipulation. Techniques are now available to perform such manipulations on many of the 

strains used as probiotics as discussed by Tannock (1995). It is therefore reasonable to 

propose that desirable characteristics can be combined in a single strain by gene technology in 

the future. 

 

2.4.5 Types of probiotics 

 

It is widely accepted that different types of probiotics have different effects on different 
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animals. The optimal type and dose of probiotic given may also be dependent on the age and 

health status of the animal (Wolter et al., 1987). A variety of microbial species have been used 

as probiotics, including strains of several Lactobacillus and Bifidobacterium species, 

Enterococcus faecalis and E. faecium, Lactococcus lactis, Leuconostoc mesenteroides, 

Pediococcus acidilactici, Sporolactobacillus inulinus, Streptococcus thermophilus, as well as 

Bacillus cereus, E. coli, Propionibacterium freudenreichii, Saccharomyces cerevisiae and S. 

boulardii (Sanders and Huis in't Veld, 1999; Kailasapathy and Chin, 2000) and also a variety 

of other fungal species, and as well as undefined mixed cultures. 

 

Lactobacilli and bifidobacteria are the most common probiotic organisms used in products 

designed for human use and their probiotic properties are also well-documented (Tannock, 

1999a,b). Lactobacilli comprise a diverse group of Gram-positive bacteria, most typically 

represented by non-sporing, catalase-negative, and are devoid of cytochromes, non-aerobic 

but aerotolerant, fastidious and acid-tolerant cocci or rods producing lactic acid as the major 

end-product during the fermentation of carbohydrates (Axelsson, 1998). Bifidobacteria are 

predominant members of the human intestinal microbiota, with bacterial counts of 10 9 -10 11 

per gram of stool. B. bifidum, B. longum, B. infantis, B. breve, B. adolescentis, B. angulatum, 

B. catenulatum, B. pseudocatenulatum and B. dentium have been reported as human isolates 

(Ballongue, 1998).  

 

Theoretically, probiotics may, as living microorganisms, be responsible for four types of side-

effects in susceptible individuals: infection, deleterious metabolic activities, excessive 

immune stimulation and gene transfer (Marteau and Salminen, 1998). Viable probiotic 

bacteria are opportunistic pathogens, and thus in immuno-compromised hosts, application of 

probiotics may indeed cause infection. 

 

Lactic acid bacteria 

 

In the long history of probiotic selection using both in vitro and in vivo methods, LAB have 

frequently been identified as having potential. 

 

Being of fastidious nature, LAB requires a rich environment for growth, such as decaying 

plant material, food products and GIT or vagina. The genus Lactobacillus is heterogeneous, 

containing species with 32-53% G+C of the chromosomal DNA arranged into three groups 
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based on differences in sugar metabolism caused by the presence or absence of fructose-1, 6-

diphosphate aldolase and phosphoketolase (Axelsson, 1998). 

 

Lactic acid bacteria play an important role in processing of animal feeds such as silage 

(Holzer et al., 2003). The antimicrobial effect of LAB is due mainly to their lactic and organic 

acid production, causing the pH of the growth environment to decrease (Kuipers et al., 2000). 

Low pH induces organic acids to become lipid soluble and diffuse through the cell membrane 

into the cytoplasm (Gottschalk, 1988). Lactic acid bacteria also produce acetaldehydes, 

hydrogen peroxide, diacetyl, carbon dioxide, polysaccharides and bacteriocins (Rodrígues et 

al., 2003), some of which may act as antimicrobials. 

 

One major concern on LAB, however, is resistance to vancomycin, especially within the 

genus Enterococcus, where the resistance has been shown to be transferable (Arthur et al., 

1996). Vancomycin resistance has been reported for lactobacilli by several authors (Zarazaga 

et al., 1999; Klein et al., 2000), but it is generally considered to be an intrinsic property. 

Vancomycin resistance expressed by the probiotic strain L. rhamnosus GG has been studied in 

detail (Tynkkynen et al., 1998). Strain GG was not observed to transfer vancomycin resistance 

or receive other resistance elements from enterococci, nor were any genes resembling 

enterococcal vancomycin resistance genes found in Lactobacillus GG (Tynkkynen et al., 

1998). Similarly, Klein et al. (2000) found no indications for the presence of the vanA gene 

cluster, the vanB gene or the vanC gene from five L. reuteri strains or L. rhamnosus GG, 

suggesting that the vancomycin resistance of the strains studied is unrelated to the acquired 

resistance in the Enterococcus species. 

 

Characteristics of Lactobacillus spp. 

 

Lactobacillus spp. are commonly used as probiotics for poultry. Genus Lactobacillus is 

characterized as Gram positive, non-sporing, non-flagellated rods or coccobacilli (Hammes 

and Vogel, 1995). Lactobacilli are either micro-aerophillic or anaerobic and strictly 

fermentative. The G + C content of their DNA is between 32 and 51 mol %. To date at least 

70 species of lactobacilli have been described (Tannock, 2002). The homofermenters convert 

glucose to lactic acid almost exclusively. Heterofermenters convert glucose into carbon 

dioxide, lactic acid, and ethanol. A few heterofermenters also produce acetic acid. The most-

studied strain is L. acidophilus, a micro-aerophillic homofermentative rod isolated from the 
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human intestine and faeces. The optimum growth temperature for L. acidophilus is between 

35 – 40ºC, but it remains viable at 45ºC. L. acidophilus grows optimally between pH 5.5 and 

6.0 and is tolerant to acid in the range of 0.3% –1.9% titratable acidity (Hammes and Vogel, 

1995). 

 

A definite mechanism by which the lactobacilli control or eliminate the undesirable 

microorganisms in vivo is not well understood. Several factors, such as competition for 

limiting carbon sources, elaboration of antibacterial compounds, or the production of volatile 

fatty acids have been suggested as playing a significant role in the process. The antibacterial 

effect of Lactobacilli against E. coli and Salmonella spp. and the bactericidal effect on S. 

faecalis have been documented in vitro (Fuller and Brooker, 1974). 

 

Lactobacilli constitute an important part of the normal indigenous alimentary tract microbiota 

of chickens. The indigenous microbiota is a natural resistance factor against potential 

pathogenic microorganisms and provides colonization resistance by promoting gut maturation 

and integrity, occupying available niches, producing autogenic regulation factors (e.g., 

organic acids, hydrogen peroxide and bacteriocins), and modulating non-specific immune 

systems of the host to maintain intestinal immune homeostasis (Schiffrin and Blum, 2002). 

Several reports indicate that unbalanced normal microbiota (e.g., due to disease or use of 

broad-spectrum antibiotics) is associated with an abnormally high presence of microbial taxa, 

such as E. coli, Salmonella, Streptococci, Bacteroides, Gardnerella and yeasts, and this is 

often associated with infective diseases, as well as with reduced levels of Lactobacilli (Reid et 

al., 2003; Hay, 2004). Adherence and colonization of beneficial microorganisms, and 

preventing their rapid removal by contraction of the gut, could ensure these effects (Nielsen et 

al., 1994). The complexity of the intestinal mucosa and microflora, with the possibility of 

extensive interaction between different cell types, represents a formidable obstacle to the in 

vivo study of adhesion and colonization (Sarem-Damerdji et al., 1995). 

 

 

2.4.6 Routes of administration 

 

There are five different methods for administering probiotic preparations to animals: Feed, 

water, gavages (including droplet or inoculations), spray and litter. 
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Administering through the feed 

 

Classical probiotics such as species belonging to genera like Lactobacillus or Streptococcus 

rarely produce optimum results in pelleted feed usually fed to broilers. This seems to be due 

to the fact that the current pelleting process destroys LAB partly or totally. The optimum 

temperature for LAB is around 35 –38 oC (Crawford, 1979), while pelletization may increase 

the temperature of finished feed up to 80 oC. Gould and Hurst (1969) reported that spores of 

Bacillus are well known to withstand high temperatures. 

 

Some researchers have reported the use of crumbled feed to deliver probiotics for improving 

growth performance in broilers. Two probiotic products, Toyocerin (containing spores of 

Bacillus toyoi; Kozasa, 1986) and Paciflor (formed from spores of Bacillus CIP 5832) are 

potential growth promoters and feed savers for chicks fed crumbles (Nguyen et al., 1988; 

Scheuermann, 1993). Olnood et al. (2007) reported that crumbled diets containing 

Lactobacillus spp. tended to improve growth performance in broilers. 

 

Administration via drinking water 

 

Rantala (1974) administrated probiotics through the drinking water, which is not often used in 

poultry production. Good results were reported from field trials in Sweden (Wierup et al., 

1988). Practical application of CE preparations through the first lot of drinking water to 

hatched chicks with feed being withheld is not always optimal. Sometimes some of the chicks 

refused to drink and the CE preparation spreads unevenly among the flock. The viability of 

the anaerobic organisms shows a rapid decline, especially in chlorinated water (Seuna et al., 

1978). Ghadban et al. (2002) studied different methods of application of CE preparations to 

newly hatched chicks through spray treatments and first drinking water administration for 

preventing the intestinal colonization of birds with pathogenic bacteria. Literature regarding 

administration of probiotics via drinking water is sparse.  

 

Treatment of individual birds 

 

Practically, there exist four different ways for treating birds individually in studies of 

probiotics: 

a)  Introducing the treatment material into the crop by tube and syringe; 
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b)  Introducing the treatment material into the beak using a hypodermic syringe fitted 

with a beaded needle; 

c)  Allowing each chick to drink from the tip of a pipette; 

d)  Dipping the beak of the bird in the treatment material. 

 

Nurmi and Rantala (1973) concluded from their laboratory trials that intubation into the crop 

was the most satisfactory method, particularly when precise control of the treatment dose is 

important. Administration of probiotic preparations via the beak is also commonly used in 

laboratory trials and beak dipping may be appropriate in some circumstances. However, these 

methods have no practical application, but are useful for evaluation of probiotics under 

controlled laboratory conditions. 

 

Droplet and spray application 

 

Pivnick and Nurmi (1982) were the first to apply the method of administering probiotic 

cultures by using aerosols. Goren et al. (1984) developed a spray application method for 

treating newly hatched chicks, either in the hatchers or in the delivery boxes. Newly hatched 

chicks were treated with a homogenate of either crop or caecal material, or a mixture of both 

aerobic and anaerobic cultures derived from the intestinal microorganisms from adult hens. 

 

Spray application of probiotic cultures in the hatchers followed by drinking water 

administration on the farm was described by Blankenship (1992). This method was highly 

effective for the control of salmonellae (Schneitz et al., 1990). Schneitz (1992) studied the 

method of automated spray application of CE preparations; an automated cabin for the 

vaccination against infectious bronchitis was used. Ghadban et al. (2002) reported that spray 

application of probiotic preparations when 50 –60% of the chicks were hatched, followed by 

treatment of the chicks through their first drinking water on the farm, was a highly effective 

method in controlling salmonellae and E. coli and in improving growth performance of 

treated chicks. 

 

Administering through the litter 

 

Commercial poultry housing and management practices have been designed to keep birds 

within their ‘comfort zone’ at all times. In chicken production, litter is a potential reservoir 
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and transmission vehicle for pathogens and potential pathogens (Willis et al., 2002; Lu et al., 

2003). Administration of probiotics via litter is not commonly used, but because chickens 

ingest litter from the floor it could potentially be a vehicle of delivery. Garrido et al. (2004) 

reported that exposing broiler chickens to acidified litter lowered intestinal bacterial number, 

especially in ileum, and acidified litter significantly decreased counts for C. Perfringens in 

caeca and ileum. There are many types of litter amendments, such as acidifiers, alkaline 

materials, adsorbers, inhibiters, or microbial treatments. Ronaldo et al. (2003) isolated 

Lactobacillus strains from litter samples taken from different chicken farms. Their results 

show that 23 Lactobacillus species were isolated, including L. casei and L. salicinius. In this 

study, L. agilis, L. murinus and L. viridiensis were isolated from broiler litter. Unlike some 

other Lactobacillus species, which are often isolated from avian gut, neither of these species 

is commonly found in an avian environment, nor in the enteric tract of commercial birds. 

 

2.4.7 Probiotics for poultry 

 

Commercial preparations of probiotics can be produced if methods can be developed to grow 

the micro-organisms in sufficient quantity and without loss of properties essential for 

colonizing epithelial surface in the alimentary canal. Many commercial companies today are 

engaged in the production of several forms of probiotic preparations (Jernigan and Miles, 

1985). Also, many researchers have been actively involved in studies designed to test the 

efficacy of such preparations on growth and performance of chickens (Jin et al., 1997). This 

section will focus on the efficacy of probiotics in pathogen control, bird performance, nutrient 

digestion and mortality in poultry. 

 

Pathogen control 

 

Effective defined cultures that have been developed contain large numbers of bacterial strains 

from different genera (Stavric, 1992; Stavric and D’Aoust, 1993). Rantala and Nurmi (1973) 

showed that a probiotic culture containing various kinds of bacteria did have the ability to 

prevent the establishment of S. infantis in the caeca of chicks. A defined culture, composed of 

five bacterial genera and 48 strains developed in England, was reported to successfully protect 

chicks against S. typhimurium challenge (Mead and Impey, 1984). Similarly defined cultures 

containing various strains from different genera protected chicks against S. typhimurium from 

challenge trials (Corrier et al., 1994, 1995). Nurmi and Rantala (1973) also demonstrated that 
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the method of CE increases the resistance of young chicks to orally challenged S. infentis 

(77% of birds free from infection).  

 

Lactic acid bacteria are often the key component of defined cultures. The results on CE by 

LAB are sometimes contradictory, if not confusing (Jin et al., 1997a). Fuller (1977) reported 

that host-specific Lactobacillus strains 59 and 47/1 were able to reduce E. coli in the crop and 

small intestine, but not in the caeca, of gnotobiotic chickens. Muralidhara et al. (1997) found 

that the homogenates of washed intestinal tissues dosed with L. lactis had markedly higher 

numbers of attached lactobacilli and lower E. coli counts than scouring or normal control 

animals. There also have many reports that defined cultures of lactobacilli (i.e. L. lactis, L. 

acidophilus) controlled the number of pathogenic E. coli in the intestine and caeca of chickens 

(Fuller, 1977; Jin et al., 1996a), and suppressed the growth of Shigella flexneri, S. 

typhimurium, C. difficile and other pathogens in poultry (Isolauri et al., 2004). Hamden and 

Mikolajcik (1974) showed that L. acidophilus produced an antibiotic called “acidolin” and 

this antibiotic was responsible for the growth inhibition of enteropathogenic organisms. 

 

Lactobacilli may play a partial role in protecting day-old chicks against salmonella infections 

(Baba et al.1991; Qin et al., 1995). Watkins and Miller (1983) found that prophylactic 

treatments of gnotobiotic chicks with L. acidophilus decreased chick mortality and reduced 

the shedding of S. typhimurium after being challenged. However, the number of S. 

typhimurium retrieved from the caeca and rectum was not reduced. Baba et al. (1991) treated 

gnotobiotic chickens with E. coli, Lactobacillus sp. or a mixture of both organisms and then 

orally inoculated with S. typhimurium, and found that the mixture suppressed S. typhimurium 

colonization most effectively, followed by E. coli alone and Lactobacillus sp. alone. This 

result was supported by Qin et al. (1995) who reported that a combination of lactose and L. 

acidophilus was more effective in reducing the population of S. enteritidis in the caeca of 

chickens infected with E. tenella than lactose alone. Salmonella-free groups treated with the 

probiotic were effectively protected against possible infection from the environment (Hejlichk 

et al., 1995). However, protection of chicks pre-treated with lactobacilli (isolated from the 

caeca of adult fowls) against Salmonella infection was not successful when in a conventional 

environment (Adler and Damassa, 1980). 

 

The basics of the CE concept have been summarized by Pivnick and Nurmi (1982), who 
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reported that newly hatched chicks may be infected by a single cell of salmonella and 

administration of intestinal microflora of adult birds to newly hatched chicks makes most of 

them immediately resistant to infectious doses of 103 –106 cells of salmonella. Their results 

also indicated that applying the CE concept to newly hatched birds was possible, as intestinal 

flora of adult birds introduced as a suspension of faecal droppings, caecal material, anaerobic 

cultures or by addition to the drinking water and possibly by feed. The source of the microbial 

culture should be within same species in the homologous species, although treatments derived 

for chickens protect turkeys and vice versa (Pivnick and Nurmi, 1982). 

 

Improving growth performance 

 

The intestinal bacterial populations of domestic animals have an important role in feed 

conversion. They participates in the metabolism of dietary nutrients such as carbohydrates, 

proteins, lipids and minerals and in the synthesis of vitamins (Ghadban, 2002). Several studies 

with broilers have indicated that probiotic preparations improve live weight gain and feed 

intake (Mohan et al., 1996; Jin et al., 1998a). Probiotic supplements also increase feed 

conversion of layers (Abdulrahim et al., 1996). Yeo and Kim (1997) reported that feeding a 

diet containing a probiotic (L. casei) significantly increased average daily intake during the 

first 3 weeks, but not during 4-6 weeks of age. Consistent improvements in body weight gain 

of chickens given a diet containing a commercial probiotic (L. sporegenes) at 2 to 6 weeks of 

age are reported (Kalbande et al., 1992). 

 

In addition to the positive effect of probiotics of a single organism on bird performance, the 

mixture of a number of organisms has also been proven positive. Thus, Tortuero et al. (1989) 

demonstrated that weight gain and feed efficiency increased significantly when chickens were 

fed a diet containing 30% bean supplemented with a mixture of L. acidophilus and S. faecium 

(2×109 cfu/kg) for 5-8 weeks. Results of Owings et al. (1990) showed that feed intake and 

body weight gain were significantly better in broilers receiving probiotic mixtures in their 

feed and water than those receiving single probiotic products. In another study, Mohan et al. 

(1996) reported that body weight gain could range from 5 to 9% higher and feed intake 

increased by 2% more when chickens were fed a 100 mg/kg probiotic supplement containing 

a mixture of L. acidophilus, L. casei, B. bifidum and Aspergillus oryzae. 

 

Barrow (1992), in a review and critical appraisal of some studies conducted in the 1970s and 
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early 1980s on the effectiveness of probiotics on broilers and layers, indicated that there was 

little evidence in the studies to support the claims of positive effects made by probiotics. The 

review pointed out that many studies suffered from errors in methodology and interpretation. 

 

Improving digestion 

 

The intestinal bacteria of domestic animals have an important role in the digestion and 

absorption of ingested feed to the host. Nahanshon et al. (1996) fed layers a diet containing 

1100 or 2200 mg of probiotic Lactobacillus spp. per kilogram of maize and soybean feed with 

condensed cane molasses added as a soluble carrier. They observed an increase in egg size, 

egg mass and egg weight, and reported that the addition of Lactobacillus cultures in 

maize/soybean or maize/barely/soybean diets stimulated appetite and increased fat, nitrogen, 

calcium, phosphorus, copper and manganese retention in layers. 

 

Probiotic organisms can be divided into two general groups, based on their tolerance to 

oxygen; obligate anaerobes and facultative anaerobes (Chichlowski et al., 2007a). The 

facultative anaerobes genera, Bifidobacterium and Lactobacillus are frequently included in 

probiotic consortia (Fooks and Gibson, 2002; Jozefiak et al., 2004). They reduce redox 

potential in the gut and render the environment suitable for obligate anaerobes (Cummings 

and Macfarlane, 1997). Obligate anaerobes are those species only capable of anaerobic 

fermentation (Cummings and Macfarlane, 1997). The anaerobic fermentation of 

carbohydrates and proteins yields metabolic intermediates that act as electron acceptors via 

substrate level phosphorylation (Macfarlane and Cummings, 1999). Anaerobic fermentation 

results in the production of the metabolic end-products such as lactate, succinate and the short 

chain volatile fatty acids (VFAs), acetate, propionate and butyrate, H2, CO2 and CH4 as well 

as bacterial biomass (de Vries and Stouthammer, 1968). Lactobacillus spp. are capable of 

producing a large amount of lactate from simple carbohydrates and concomitantly can 

withstand a high degree of acidity which is usually fatal to other bacteria (Jernigan and Miles, 

1985). Most of the VFAs formed by intestinal bacteria are absorbed and metabolized by the 

bird, thus contributing to host energy requirements (Fooks and Gibson, 2002). 

 

Bifidobacteria make a significant contribution to fermentation in the caeca and lactobacilli are 

involved in both homolactic and heterolactic fermentation in birds (Chichlowski et al., 2007a). 

Both types of fermentation have been reported to alter bacterial enzyme activities, such as 
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phosphoketolase and fructose-6-phosphate phosphoketolase, involved in the glycolytic 

pathway and pentose phosphate pathway for improving digestion in birds (Chichlowski et al., 

2007b, c). 

 

Reducing mortality 

 

It is generally the case with probiotics that improvement in health status is usually reflected 

by reduced mortality; however, the results on weight gain and feed conversion have been less 

consistent (Nahanshon et al. 1996). Watkins and Miller (1983) reported that the shedding of 

pathogenic S. typhimurium and Staphylococci aureus in the faeces of gnotobiotic chicks was 

greatly reduced by consecutive treatments with L. acidophilus for both prophylactic and 

therapeutic treatment schedules. A significant increase in the shedding of lactobacilli was 

observed with the decreased shedding of both pathogens. The Lactobacillus treatment reduced 

the average mortality from S. typhimurium from 36.7 to 8.8% and from Staphylococci aureus 

from 32.6 to 11.1%. 

 

More recently, the focus has shifted to the use of probiotics to inhibit the growth of 

pathogenic bacteria in chickens (McDevitt et al., 2006). Microbial interactions in the GIT not 

only exacerbate disease, they can also be utilized to control the growth of pathogens and 

reduce mortality. Several studies used the concept of CE to suppress NE (Kaldhusdal et al., 

2000). The presence of L. johnsonii (F19785) was associated with a significant reduction in 

colonization of the entire chicken GIT with C. perfringens, with a concomitant decrease in 

mortality (La Ragione et al., 2004). 
 

2.5 Conclusions 

 

The move to withdraw IFA from the feed industry due to the growing concern of antibiotic 

resistance has forced the farming industry to look for alternative means to control sub-clinical 

infections and promote growth in farm animals. 

 

There is a plethora of literature examining the effects of various alternatives to IFA with some 

offering a great deal of potential whereas others show less than satisfactory results. This 

review has attempted to cover the main alternatives in terms of their efficacy, potential and 

mechanisms of action in a critical and comprehensive way, with a focus on probiotics. 
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CHAPTER 3 
 

 

IN VITRO SCREENING AND SELECTION OF NOVEL PROBIOTIC 

LACTOBACILLUS SPP. 
 
 

ABSTRACT 
 

The four probiotic isolates used in this study were selected as probiotic candidates from 235 

Lactobacillus isolates based on their in vitro antagonistic effect against C. perfringens, E. coli 

and S. sofia. The morphology and growth rate were determined using different media and 

their survival time in feed, water and litter measured. The four strains of Lactobacillus, L. 

johnsonii, L. crispatus, L. salivarius and an unidentified Lactobacillus sp., reached their 

maximum growth in a Man, Rogosa, and Sharp (MRS) broth medium containing yeast extract 

and glucose between 22-24 hours after first inoculation, survived in feed for 7 days, and in 

both water and litter for 24 hours. 

 

3.1 INTRODUCTION 
 

Large populations of lactobacilli inhabit the proximal regions of the digestive tracts of hosts. 

Some gastrointestinal strains of lactobacilli have the ability to adhere to and colonize the 

surface of stratified squamous epithelium in the oesophagus, crop, and stomach; other 

lactobacillus strains appear to be inhabitants of the gastrointestinal lumen (Fuller et al., 1978). 

For probiotics to be effective the microorganisms need to be able to adhere to and colonize the 

gut so that contraction of the gut does not lead to their rapid removal (Nielsen et al., 1994). 

Although several mechanisms by which the indigenous intestinal microflora of animal models 

are able to inhibit the colonization of invading microorganisms have been proposed (Rolfe, 

1991), the exact mechanisms involved in exclusion of pathogenic bacteria by probiotics has 

yet to be elucidated. 

 

In vitro studies have demonstrated that lactobacilli are able to inhibit the growth of poultry 

pathogens. Chateau et al. (1993) tested the ability of 103 Lactobacillus isolates from two 
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commercial LactoDFM products to inhibit pathogens. Fifty out of the 103 isolates were 

positive in inhibiting the two Salmonella species tested, and more than 47% of Lactobacillus 

isolates were found to be positive in inhibiting all six serotypes of E. coli. Jin et al. (1996c) 

also found that 12 lactobacillus isolates studied had the ability to inhibit the growth of five 

Salmonella strains and three serotypes of E. coli. The inhibition may be due to : (i) the 

production of organic acids such as lactic and acetic acids that inhibit the growth of many 

bacteria (Sorrels and Speck, 1970; Gilliland and Speck, 1977); (ii) the production of hydrogen 

peroxide that inhibits the growth of pathogens through its strong oxidizing effect on the 

bacterial cells (Wheater et al., 1952; Price and Lee, 1970) or through the destruction of basic 

molecular structures of nucleic acids and cell proteins (Dahl et al., 1989); and (iii) the 

production of specific proteins or protein complexes called bacteriocins that inhibit some 

Gram-positive bacteria (Tagg et al, 1976; Klaenhammer, 1988), and some sphaeroplasts of 

Gram-negative bacteria (De Vuyst and Vandamme, 1994). 

 

 

Antimicrobial compounds, such as bacteriocins produced by Gram-positive bacteria, are often 

membrane-permeabilizing cationic peptides with fewer than 60 amino acid residues (Jack et 

al., 1995). Besides bacteriocins, other common metabolites, such as organic acids (Daeschel, 

1989) and amines (Jiraphocakul et al., 1990; Piard and Desmazeaud, 1992), are produced by 

lactobacilli. The antagonistic activity of lactobacilli isolated from chicken intestines has been 

well documented in the last decade. Teo et al. (2005) suggested that Lactobacillus spp. and 

Bifidobacterium spp. can be used to increase beneficial bacteria in the intestine of chickens 

and inhibited C. perfringens and Salmonella spp. in vitro. 

 

In an attempt to develop probiotic strains that could inhibit Salmonella sofia, E. coli, and C. 

perfringens, previous work at the University of New England was directed at isolation of 

Lactobacilli spp. from the gastrointestinal tract of healthy chickens with no detrimental effects 

on bird performance or subsequently human health (Vidanarachchi et al. 2006). The aim of 

this study was therefore to select, by testing their antagonistic activity, probiotic candidates to 

act against S. sofia, C. perfringens and E. coli in vitro. This study also examined the survival 

rate of Lactobacillus spp. in feed, water and litter.  
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3.2. MATERIALS AND METHODS 
 

3.2.1 Origin of probiotic candidates and specimen collection 

 

Lactobacillus spp. were isolated from the ileum and caeca of broilers in previous experiments 

(Vidanarachchi et al. 2006). Thirty randomly selected colonies from Rogosa agar (Oxoid, 

CM0627) from the highest dilution of samples were isolated from the ileum (n = 180) and the 

caeca (n = 180), and sub-cultured in De Man, Rogosa, Sharpe (MRS) broth (Oxoid, CM0359). 

Isolates were grown at 39˚C in an anaerobic cabinet (Model SJ-3, Kaltec Pty. Ltd., 

Edwardstown, SA, Australia) for 24h and stored at -20˚C in 30% (v/v) sterilized glycerol. The 

isolates were differentiated into four groups using Amplified Ribosomal DNA Restriction 

Analysis (ARDRA) and representative strains were identified by 16 sRNA gene sequencing 

and tentatively identified as L. johnsonii, L. crispatus, L. salivarius and an unidentified 

Lactobacillus sp. 

 

The E30 strain of pathogenic E. coli was used in this experiment, and this was kindly 

provided by Professor G. F. Browning of The University of Melbourne (Parkville, VIC, 

Australia). A primary poultry isolate of C. perfringens type A was obtained from the 

Australian Animal Health Laboratory, CSIRO (Geelong, VIC, Australia) and maintained in 

thioglycollate broth (USP alternative, Oxoid, CM391) with 30% (v/v) glycerol at -20 °C. The 

strain of S. sofia was obtained from the Biotechnology Laboratory, RMIT University 

(Melbourne, VIC, Australia) and maintained in Luria Bertani (LB) broth (see Appendix 2 for 

the composition) with 30% (v/v) glycerol at -20 °C.  

 

3.2.2 Antagonistic activity 

 

A total of 235 Lactobacillus isolates were tested using an antagonistic activity (streak line) 

assay as described by Teo and Tan (2005) for C. perfringens or E. coli., and by the well 

diffusion assay of Schillinger and Lucke (1989) for S. sofia, with some modifications. 

 

Antagonistic activity against C. perfringens or E. coli 

The overnight culture of each Lactobacillus isolate (in MRS broth) was streaked onto the 

surface of Wilkins-Chalgren anaerobic agar (Oxoid, CM0619) using a sterile cotton swab. 

After anaerobic incubation at 39 ˚C for 24 h, an overnight culture of C. perfringens or E. coli 
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(in thioglycollate broth) was streaked across the same agar plates bisecting the streak line of 

the Lactobacillus isolate, perpendicularly. The inoculated plate was examined for antagonistic 

activity after incubation under anaerobic conditions at 39˚C for a further 24 h. 

 

Antagonistic activity against Salmonella Sofia 

The overnight culture of each Lactobacillus isolate grown in MRS broth was centrifuged at 

4420 x g for 15 min (Induction Drive Centrifugation, Beckman Model J2-21M, Beckman 

Instruments Inc., Palo Alto, California, USA) in order to obtain a cell-free solution. The 

supernatant was adjusted to pH 6.5 at 4 ˚C. Inhibitory activity from hydrogen peroxide was 

eliminated by the addition of catalase (5 mg/mL). The indicator S. sofia (in LB broth) and the 

supernatant of Lactobacillus sp. were cultured at the same time on the surface and in the well 

on MacConkey agar (Oxoid, CM0007) plates, individually. The antagonistic activity of the 

cultures was determined after incubation under aerobic conditions at 39˚C for 24 h. 

 

Detection of antagonistic activity 

On Wilkins-Chalgren agar plates, the antagonistic activity for the indicator bacteria was 

measured by the size of clear zones surrounding the junctions of the streak lines. The width of 

the clear zone was recorded and compared between different isolates. To determine the 

antagonistic effect of the bacterial product on a growing culture of an indicator strain, 

measurements were taken of the width of the clear zones surrounding the well of MacConkey 

agar plates in which the cultures were grown. These measurements were compared, giving an 

evaluation of the efficacy of the different isolates. 

 

Negative control 

The negative control used MilliQ water (MilliQ®, serial no: F7BN90956F, Millipore 

Corporation, Billerica, MA, USA) to test the indicator on the same agar plates and under the 

same incubation conditions as the other assays. 

 

Positive control 

The test solution for the positive control was MilliQ water containing 80 μg/mL of rifampicin 

(95% HPLC, R3501-5G, Sigma – Aldrich, Castle Hill, NSW, Australia). The cultures were 

grown as described for the other treatments. 
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3.2.3 Gram staining and microscopic observation  

 

Gram staining is used to differentiate bacteria based on their ability to retain a stain. From 

each of four groups (previously differentiated by ARDRA analysis), the four isolates which 

showed the strongest antagonistic activity were selected. The staining methods are described 

by Davis et al. (1990) and Gram-positive organisms will not be easily decolorized and thus 

retain the purple stain of crystal violet. A digital video camera (Sony, Tokyo, Japan) fitted to a 

microscope (Leica DLMB, Leica microscope & systems Corporation, GmbH Watzler, 

Germany) was used to examine the slides at 4x, 20x and 40x objective magnifications. 

 

3.2.4 Optical density value 

 

To evaluate the growth of the bacteria in the nutrient medium, the four strains of 

Lactobacillus which showed the strongest antagonistic activity were used. They were No 

1286 tentatively identified as L. johnsonii, No 709 tentatively identified as L. crispatus, No 

697 tentatively identified as L. salivarius and No 461, an unidentified Lactobacillus sp. The 

culture and subculture methods were as described by De Man (1960) with some modifications. 

These bacteria were subcultured twice on MRS agar plates, allowing a growth period of 48 h 

each time. They were then amplified in MRS broth and MRS broth contained 5g/L of yeast 

extract (powder, Oxoid, LP0021) and 20 g/L of glucose, individually. The optical density of 

the medium was then measured every 2 h after inoculation using a 150-20 model of 

Spectrophotometer (Hitachi, Tokyo, Japan). 

 

3.2.5 Comparative survival rates of candidate bacteria 

 

Four strains of Lactobacillus that had shown the strongest antagonistic activity against the 

indicator organisms were chosen as candidate probiotic strains and were tested for their 

survivability in feed, water and litter. 

 

In feed 

The basal diet used to test the survival rate of the probiotics was a commercial mash form 

starter diet based on corn, wheat and soybean meal (composition was described in Section 

4.2.3) formulated by Ridley AgriProducts (Tamworth, NSW, Australia). 
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The four strains of Lactobacillus were added to the feed to make up four different treatments. 

The individual strains were grown in MRS broth overnight (at 39 oC) and harvested by 

centrifugation at 4420 x g for 15 min, resuspended in PBS (pH 7.4) and mixed into a premix 

with the basal diet (1 kg) for 10 minutes using a miniature mixer. The feed mixed with the 

probiotic candidates was stored at room temperature in the dark. The microbial population of 

1 g (n=4 each time) of this pre-mixture of feed was enumerated every 12 h over a 14 day 

period. The mean of the four samples was used to plot the results. 

 

In water 

Tap water was used for testing the survival rate of the probiotic candidates in water. The 

individual strains were grown in MRS broth overnight (at 39 oC) and harvested by 

centrifugation at 4420 x g for 15 min, resuspended in PBS (pH 7.4) and mixed with 5 L of tap 

water in a 20-litre drum. A small pump (low power, Aqua One maxi series power head, Kongs 

International Co., Ltd, China) was installed to constantly agitate the water. The water 

containing the probiotic was stored at room temperature and supplied through pipes into 

nipple drinker in the pens. One mL (n=4 each time) of the water containing the probiotic 

candidate was sampled from the nipples every six hours over a 48 hour period to enumerate 

the microbial population. The mean of the four samples was used to plot the results. 

 

In litter 

The individual strains were grown in MRS broth overnight (at 39 oC) and harvested by 

centrifugation at 4420 x g for 15 min and resuspended in 1 L of PBS (pH 7.4). This PBS 

solution was sprayed three times (with a two-minute interval between each spraying) onto 10 

cm-deep litter kept at room temperature in the dark. A one-gram (n=4 each time) litter sample 

was taken from the surface every six hours for a three-day period for enumeration of 

microbial populations. The mean of the four samples was used to plot the results. 

 

The sawdust used as litter for this test was selected from commercial products produced by 

Bellsouth Pty. Ltd. (Narre Warren, VIC, Australia). Before use, the sawdust was tested and 

found to contain a low number of lactic acid bacteria (<102 cfu/g of sawdust). 

 

Enumeration of microbial populations 

The samples were transferred into 15 mL MacCartney bottles containing 10 mL of anaerobic 

broth (see Appendix 1 for the composition). The suspension was homogenized for 2 min in 
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CO2-flushed plastic bags using a bag mixer (Interscience, St. Norm, France) and serially 

diluted in 10-fold increments in anaerobic broth according to the technique of Miller and 

Wolin (1974). One millilitre of the homogenized suspension was then transferred into 9 mL of 

anaerobic broth and serially diluted from 10-1 to 10-9. A 0.1 mL sample from each of the 

concentrations was then plated onto appropriate (10 mL) Rogosa agar (Oxoid, CM 0627) for 

enumeration of microbial populations. All plates were incubated in the anaerobic cabinet at 39 

°C for 48 h and number of Lactobacilli counted using colony counter (Selby, Model SCC100, 

Biolab Australia, Sydney, NSW, Australia). Bacterial concentration was calculated by 

enumeration of cfu, with further log10 transformation. 

 

3.2.6 Statistical analysis 

 

Bacterial counts were transformed to log10 values for statistical evaluation. The survival rate 

of the probiotic candidates in feed, water and litter was determined using four replicates each. 

 

3.3 RESULTS 
 

3.3.1 Antagonistic activity 

 

Of the 235 isolates tested, 91 isolates did not show antagonistic activity against either C. 

perfringens or E. coli (Plate 3.1), while another 122 isolates showed antagonistic activity 

against E. coli only. The remaining 22 isolates showed antagonistic activity against both C. 

perfringens and E. coli. Furthermore, 159 isolates did not show antagonistic activity against S. 

sofia, while the other 76 isolates showed inhibition of S. sofia. 

 

Four Lactobacillus isolates were representing four different species (Numbers 1286 

tentatively identified as L. johnsonii, 709 tentatively identified as L. crispatus, 697 tentatively 

identified as L. salivarius and 461, an unidentified Lactobacillus sp.) and showing the 

strongest antagonistic activity against the indicator organisms are listed in Table 3.1. The 

antagonistic activity can be observed as a truncated clear zone surrounding the intersections of 

the streak lines of the test and indicator strains (streak line assay) and the appearance of clear 

zones surrounding the well (well diffusion assay). The results show that inhibition zones 

displayed by the four strains selected were between 3mm and 15mm wide.  
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3.3.2 Gram staining and microscopic observation 

 

Microscopic observation showed the cells of all 16 isolates to be long, narrow, Gram-positive 

rods occurring in long chains like spaghetti and coiled into tight helices. The results of four 

isolates (L. johnsonii, L. crispatus, L. salivarius and an unidentified Lactobacillus sp.), one 

from each group previously differentiated by ARDRA analysis are showed in Plate 3.2. 

 

 
    

 
 
Plate 3.1: Different factors (Lactobacilli, antibiotic and negative control) are inhibiting growth 
of indicator organisms.  
* N control: negative control. A: Lactobacilli inhibiting both indicator C. perfringens and E. coli; B: Lactobacilli 
inhibiting indicator E. coli; C: Lactobacilli inhibiting both indicator C. perfringens and E. coli; D: Lactobacilli 
inhibiting indicator S. sofia; E: Lactobacilli no inhibition of indicator C. perfringens; F: Lactobacilli no 
inhibition of indicator E. coli; G: Lactobacilli inhibited or no inhibition of indicator S. sofia, and positive and 
negative controls on same plate; H: shows positive and negative control on same plate. 
 

Table 3.1: Results of inhibition zones with probiotic candidates and indicator organisms 

Probiotic candidates Inhibition of 
C. perfringens (mm) 

Inhibition of 
E. coli (mm) 

Inhibition of 
S. sofia (mm) 

Negative control 0 0 0 
an unidentified 
Lactobacillus sp. 4±0.3 3±0.1 2±0.3 

L. salivarius  7±0.4 12±0.3 3±0.2 
L. crispatus 7±0.3 9±0.4 4±0.4 
L. johnsonii 15±0.5 10±0.4 5±0.4 
Positive control 23±0.7 26±0.9 25±1.4 

E. Coli. 

C. perfringens. E. coli 

Lactobacillus spp. 

Lactobacillus spp. 

C. perfringens 

Lactobacillus spp. 
Lactobacillus sp. 

Background --E. Coli. 

Lactobacillus spp. 

Lactobacillus spp. 

C. perfringens 

Antibiotic 

E. Coli. 

Background –S. sofia 

Background –S. sofia Background –S. sofia 

Lactobacillus spp. 

N contro1l Antibiotic 

N contro1l 

A B D C

F E G H 
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3.3.3 Optical density values 

 

The optical density values show that the four strains of Lactobacilli had a similar growth 

trend in nutrient broth and that yield peaked 22 – 24 h after inoculation. The bacterial 

numbers started to decrease 24 h after inoculation and reached their lowest level 48 h after 

inoculation (Figure 3.1). Results also showed that MRS broth containing yeast extract and 

glucose had a higher yield compared with MRS broth without these supplements (data not 

shown). 

 

 
 

Plate 3.2: Observations of different strains of Lactobacilli under gram-staining. Bars, 5 µm. 
 

3.3.4 Comparative survival rates of candidate bacteria 

 

In feed 

 

Figure 3.2 shows that with storage at room temperature, the concentration of the probiotic 

candidates in the feed sample remained constant over an eight-day period (from 7.87 to 8.1 Lg 

cfu/g), after which it started to decline gradually first and then sharply after day 12. 

 

 

In water 

 

The concentration (> 5.97 Lg cfu/mL) of the probiotic candidates in the water samples, kept 

under room conditions, remained stable up to 30 hours under constant mixing after which it 

started to decline, with a rapid decrease occurring after 36 h (Figure 3.3). 

 

unidentified Lactobacillus sp L. salivarius L. crispatus L. johnsonii 

5 µm 5 µm 5 µm 5 µm 
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In litter 
 

High numbers (> 8.49 Lg cfu/g) of the Lactobacilli were detected immediately after litter was 

sprayed three times with the probiotic candidates. After 36 h of storage under room conditions, 

bacterial numbers declined rapidly (Figure 3.4). After three days (72 hours) of storage, 

bacterial survival rate dropped to less than 50% (> 3.17 Lg cfu/g) of the original preparation 

(> 8.49 Lg cfu/g). 

 

 
Figure 3.1: The OD values of four strains of Lactobacilli in MRS broth 
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Figure 3.2: The survival rate of candidate bacteria in feed over time 

 

 

 
Figure 3.3: Survival rate of candidate bacteria in water over time 

 

 

 
Figure 3.4: Survival rate of candidate bacteria in litter over time 

 

5 
5.2 
5.4 
5.6 
5.8 

6 
6.2 
6.4 
6.6 
6.8 

7 

0 10 20 30 40 50 60

Hours 

Lg CFU / mL L. salivarius
L. crispatus
unidentified L. sp 
L. johnsonii

3 

4 

5 

6 

7 

8 

9 

10 

0 20 40 60

Hours 

Lg CFU / g
L. salivarius 
L. crispatus
unidentified L. sp
L. johnsonii



 

 

54

 

 

3.4 DISCUSSION 
 

3.4.1 Antagonistic activity of candidate bacteria 

 

The purpose of this study was to isolate beneficial bacteria from the chicken intestinal tract 

and to screen them for potential probiotic characteristics in order to use them against 

pathogenic bacteria, such as C. perfringens and Salmonella. The probiotic selections were 

based on previous studies (Vidanarachchi et al. 2006) which demonstrated that the 

Lactobacillus isolates could be differentiated into four groups using ARDRA. This was done 

and then representative strains from each group were identified by 16 sRNA gene sequencing, 

and identified as L. johnsonii, L. crispatus, L. salivarius and an unidentified Lactobacillus sp. 

Further investigation into the beneficial effects of the selected isolates can be undertaken in 

the future. 

 

Demonstrated benefits of probiotics include improved digestion of nutrients and feed 

conversion, increased growth rate, and enhanced resistance to infectious diseases (Fuller, 

1999). Furthermore, probiotics have the potential to maintain gut microbial balance, reducing 

lactose-intolerance and modulating the immune system (Sanders, 2003). In addition, the role 

of probiotics, in CE of pathogenic strains, such as Salmonella spp., E. coli, Enterococcus spp., 

C. perfringens and Campylobacter spp., has been well documented (Blankenship, 1993; Jin et 

al., 1998c). 

 

Probiotic organisms are able to secrete antagonistic metabolites, such as bacteriocins (de 

Klerk and Smith, 1967; Joerger and Klaenhammer, 1986), bacteriocin-like substances 

(Vincent et al., 1959), and other antagonistic substances not necessarily related to bacteriocins 

(Shanhani et al., 1976). They also include chemical substances, such as hydrogen peroxide, 

carbon dioxide and diacetyl (Barefoot and Klaenhammer, 1983; Mishra and Lambert, 1996). 

 

Antagonistic activity is an important selection criterion for the commercial use of probiotics 

in the poultry industry. Some probiotic strains inhibit the growth of enteropathogens, which is 

the basis for the clinical use of probiotics in suppression of pathogens. It is proposed that the 

physiological effects of lactobacilli in the host are a result of the antagonistic activity against 

pathogens, and the lactobacilli are believed to play an important protective role (Hancock and 
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Chapple, 1999).  

 

3.4.2 Microbiological characterization and growth in media 

 

The current study shows that the four strains of Lactobacilli achieved their highest yield in 

MRS broth containing yeast extract and glucose. Peak yield occurred 22 – 24 h after 

inoculation. The comparison of growth of the selected Lactobacillus strains in the two media, 

MRS and MRS containing yeast extract and glucose, confirmed the superiority of the latter 

medium. This result agrees with De Man (1960) who demonstrated that Lactobacilli strains 

grew best in MRS broth containing yeast extract (10g/L) and glucose (20g/L) compared with 

other media. 

 

3.4.3 Comparative survival rates of candidate bacteria 

 

In vitro tests of the tolerance of Lactobacillus to bile salts (Gilliland and Speck, 1977; Morelli, 

2000), and their ability to survive in environments with varying pH levels (Raya and 

Klaenhammer, 1992; Charteris et al., 1998) have been well documented, but their survival in 

feed, litter and water has not previously been investigated. 

 

Survival rate is a critical factor determining the efficacy of probiotics in animal feed and it 

would depend on the routes of administration. Crumbled feed containing probiotics has been 

shown to improve the growth performance in broilers (Nguyen et al., 1988; Scheuermann, 

1993). Kozasa (1986) has reported that two probiotic products (Bacillus toyoi and Bacillus 

CIP 5832) are potential growth promoters and feed savers for chicks fed crumbles. There are 

practical limitations to the administration of CE preparations through the first supply of 

drinking water to newly hatched chicks because some of the chicks may fail to drink, 

resulting in an uneven distribution of the preparation among the flock. Furthermore, the 

viability of the anaerobic organisms rapidly declines, especially in chlorinated water (Seuna et 

al., 1978). Nevertheless, good results have been reported from field trials demonstrating that 

CE preparations administered to newly hatched chicks through their first drinking water 

prevented pathogenic bacteria and improved growth performance (Ghadban et al., 1998; 

Timmerman et al., 2006).  

 

In chicken production, the litter is a potential reservoir and transmission vehicle for 
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microflora. Ronaldo et al. (2003) isolated Lactobacillus strains from litter samples taken from 

different chicken farms, showing 23 Lactobacillus species, including L. casei, L. salicinus, L. 

agilis, L. murinus and L. viridiensis.  

 

The current study shows that the candidate bacteria can survive seven days in feed, and 24 

hours both in water and litter. This gives sufficient time for the candidate bacteria to exhibit 

their activities in chickens, regardless of the route of administration. 

 

3.5 CONCLUSIONS 
 

The four Lactobacillus isolates showed probiotic characteristics through their antagonistic 

activity against pathogenic C. perfringens, E. coli and S. sofia in vitro. In addition, they 

survived in feed, water and litter for various lengths of time, which were sufficient for them to 

exert their effect in the GI tract of birds regardless of the route of administration. 
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CHAPTER 4  
 

NOVEL PROBIOTICS: THEIR EFFECTS ON GROWTH 

PERFORMANCE, GUT DEVELOPMENT, MICROBIAL 

COMPOSITION AND ACTIVITY OF BROILER CHICKENS 

 
 

ABSTRACT 
 

A total of 294 one-day-old Cobb broiler chickens were used to investigate the effects of four 

Lactobacillus strains on gut microbial profile and production performance. The six dietary 

treatments, each with 7 replicates were: (i) basal diet (negative control); (ii) one of four strains 

of Lactobacillus (tentatively identified as L. johnsonii, L. crispatus, L. salivarius and an 

unidentified Lactobacillus sp.) and (iii) basal diet with added zinc-bacitracin (ZnB, 50 ppm). 

Results showed that the addition of probiotic Lactobacillus spp. to the feed did not 

significantly improve BWG, FI and FCR of broiler chickens raised in cages during the 6-week 

experimental period, but tended to increase the number of total anaerobic bacteria in the ileum 

and caeca, and the number of lactic acid bacteria and lactobacilli in the caeca; and to 

significantly increase the small intestinal weight (jejunum and ileum). Furthermore, all 4 

probiotics tended to reduce the number of Enterobacteria in the ileum, compared with the 

control treatments. The probiotics did not affect the pH and the concentrations of SCFA and 

lactic acid in both the ileum and caeca. 

 

4.1 INTRODUCTION 
 

The use of probiotics has become a field of science, medicine and business that is growing 

rapidly. In agricultural science, probiotic, prebiotics, feed enzymes and organic acids, have 

been seen as potential alternatives to IFAs (Choct, 2002).  

 

The addition of either pure Lactobacillus cultures or mixtures of lactobacilli and other 

bacteria to broiler diets has produced variable results. Han et al. (1984) and Kim et al. (1988) 

found an improvement in weight gain and feed conversion ratio from 2 to 6 weeks of age. A 
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consistent improvement in BWG of chickens fed a culture of L. sporegenes has also been 

reported (Mohan-Kumar and Christopher, 1988; Kalbande et al. 1992). Jin et al. (1998) 

reported that addition to the feed of a single strain of L. acidophilus or a mixture of 

lactobacilli from 0 to 6 weeks of age significantly improved BWG and FCR of broilers. There 

have also been several studies in which no positive results were found. Watkins and Kratzer 

(1984) and Maiolino et al. (1992) did not find any significant difference in the BWG of 

chickens on feed containing host-specific probiotics (KTM, 74/1 and 59) and L. acidophilus 

and Streptococcus faecium, compared with a non-supplemented diet. Variation in the effects 

of probiotics on growth performance of broiler chickens may be attributed to the differences 

in the strains of bacteria used as the dietary supplements.  

 

In the present study, the effects of four strains of Lactobacillus spp. on pH, the concentrations 

of SCFA and lactic acid, and growth performance of broiler chickens were investigated; the 

populations of total anaerobic bacteria, lactic acid bacteria, Lactobacilli, Enterobacteria and C. 

perfringens in gut environment were detected. 

 

4.2. MATERIALS AND METHODS 
 

4.2.1 Probiotic strains 

 

A total of 235 Lactobacillus isolates were tested using an antagonistic activity assay as 

described by Teo and Tan (2005) and Schillinger and Lucke (1989) with some modifications 

(described in Section 3.2.2). The four strains of Lactobacillus isolates were selected as 

probiotic candidates by largest inhibition zone appearance with indicator pathogenic strains of 

C. perfringens and E. coli. These four strains of Lactobacillus were tentatively identified as L. 

johnsonii, L. crispatus, L. salivarius and one unidentified Lactobacillus sp. 

 

All the strains were kept at -20 ˚C in MRS broth (Oxoid, CM0359) with 40% glycerol. The 

culture medium used for growth was MRS agar (Oxoid, CM0361). The overnight culture of 

each Lactobacillus isolate was used as a feed additive probiotic candidate after anaerobic 

incubation at 39 ˚C for 24 h. 
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4.2.2 Bird husbandry 

 

Two hundred and ninety-four (294) one-day-old male Cobb broiler chickens vaccinated 

against Marek’s disease, infectious bronchitis, and Newcastle disease were obtained from a 

local hatchery (Baiada hatchery, Kootingal, NSW, Australia) and randomly allocated to 42 

cages in four-tier battery brooders (420 mm×750 mm×250 mm dimension, wire floor and 

with a floor space of 0.32 m2/cage) housed in climate-controlled rooms. Each of the six 

dietary treatments was randomly assigned to 7 cages with 7 birds per cage. The birds were 

transferred to slide-in cages (800 mm×740 mm×460 mm) in an environmentally controlled 

room at the end of the third week. The temperature was set at 33-34 ˚C during the first week 

and then gradually decreased by 3 ˚C per week until 24-25 ˚C was reached by the third week. 

Relative humidity was between 65 and 70%. An artificial fluorescent photoperiod of 23 h and 

1 h darkness was maintained throughout the first week and then 18 h lighting and 6 hours 

darkness each day throughout the rest of the trial. Each cage was equipped with a feeding and 

water trough placed outside and also an excreta collection tray. Feed and water were provided 

ad libitum. 

 

4.2.3 Experimental diets 

 

The basal diets (starter and finisher) were based on corn, wheat and soybean meal and fed as a 

one-phase mash feed to avoid inactivation of the probiotics. The diet as commercial starter 

and finisher diet was formulated by Ridley AgriProducts (Tamworth, NSW, Australia). The 

composition of the basal diet is shown in Table 4.1. Four strains of Lactobacillus (No 1286 

tentatively identified as L. johnsonii, No 709 tentatively identified as L. crispatus, No 697 

tentatively identified as L. salivarius and No 461 unidentified Lactobacillus sp.) were selected 

as probiotic candidates and added to the feed to make up four different treatments. Two 

control treatments were also included, a negative control, with no additives and a positive 

control treatment with the antibiotic, zinc-bacitracin (ZnB, 50 ppm), added. The experimental 

diets with the probiotic candidates were mixed weekly. The individual strains were grown in 

MRS broth contained 5g/L of Yeast Extract (powder, Oxoid, LP0021) and 20 g/L of glucose, 

for overnight (at 39 ℃) and harvested by centrifugation at 4420 x g for 15 min (Induction 

Drive Centrifugation, Beckman Model J2-21M, Beckman Instruments Inc., Palo Alto, 

California, USA), resuspended in PBS (pH 7.4) and mixed into a premix with the basal diet 



 

 

60

 

for 10 minutes using a miniature mixer. This pre-mixture of product with feed (1 kg) was then 

transferred into a larger mixer (total capacity 300 kg) where the final volume of the weekly 

feed batch was prepared. The mixer equipment was thoroughly cleaned between the mixing of 

different treatments by using a vacuum cleaner and a wash diet (basal feed). 

 

4.2.4 Probiotic bacterial concentrations in feed samples 

 

Representative feed samples of each feed batch were tested for bacterial concentrations on 

days one, three and seven of each week during the experimental period. Ten grams of sample 

feed were dissolved in 90 mL of peptone water (Oxoid, CM0009) and 10-fold dilutions were 

performed in Hungate tubes with 9 mL of peptone water. The numbers of lactic acid bacteria 

in the feed samples were determined on de MRS agar inoculated with 0.1 mL of diluted 

sample and after anaerobic incubation at 39 ˚C for 48 h. 

 

Representative samples from all experimental feeds were tested as above for bacterial 

concentrations before being added to the probiotic candidates to make up six different 

treatments. 

 

4.2.5 Growth performance measurements 

 

Bird performance was measured on a weekly basis by recording the group weight and feed 

intake for each cage. Mortality rates were recorded daily and feed per gain values were 

corrected for mortality. 

 

4.2.6 Processing of samples, measurement of organ development and enumeration of 

intestinal bacteria 

 

At 21 and 35 days of age, two birds were selected at random from each cage (14 birds per 

treatment) and euthanased by cervical dislocation for sampling. To synchronise the feeding 

pattern of the birds, light was switched off for 2 h, followed by at least 1h light before the 

chickens were sacrificed. Subsequently, the GIT was excised; the proventriculus and gizzard 

were emptied and weighed. The contents of the gizzard were collected into plastic containers. 

The weight and the length of the full small intestine were recorded. The small intestine was 

divided into three regions: duodenum (from gizzard outlet to the end of the pancreatic loop), 
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jejunum (from the pancreatic loop to Meckel’s diverticulum), and ileum (from Meckel’s 

diverticulum to the ileo-caecal junction). An approximately 2 cm piece of the proximal ileum 

was flushed with ice-cold phosphate-buffered saline (PBS) at pH 7.4 and fixed in 10% 

formalin for morphological measurements. Each intestinal segment was emptied by gentle 

pressure and weights were recorded (the 2 cm of the ileum weight was adjusted before data 

calculation). The weight of pancreas, liver, spleen, and bursa was also measured. The contents 

of the ileum and caeca were collected, and then stored at -20 °C until VFAs analysis was 

performed. 

 

Fresh digesta samples weighing about 1 g from the ileum and caeca were transferred into 15 

mL MacCartney bottles containing 10 mL of anaerobic broth (see Appendix 1 for the 

composition). The suspension was homogenized for 2 min in CO2-flushed plastic bags using a 

bag mixer (Interscience, St. Norm, France) and serially diluted in 10-fold increments in 

anaerobic broth according to the technique of Miller and Wolin (1974). One millilitre of the 

homogenized suspension was then transferred into 9 mL of anaerobic broth and serially 

diluted from 10-1 to 10-5 (for the ileal samples) or 10-1 to 10-6(for the caecal samples). From 

the last three diluted samples, 0.1 mL each was plated on the appropriate medium (10 mL) for 

enumeration of microbial populations.  

 

Total anaerobic bacteria were determined using anaerobic roll tubes containing 3 mL of 

Wilkins-Chalgren anaerobe agar (Oxoid, CM0619) incubated at 39 °C for 7 days. Lactic acid 

bacteria were enumerated on MRS agar (Oxoid, CM0361) incubated in anaerobic conditions 

at 39 °C for 48 h. Coliforms and lactose-negative Enterobacteria were counted on 

MacConkey agar (Oxoid, CM 0007) incubated aerobically at 39 °C for 24 h as red and 

colourless colonies, respectively. Lactobacilli were enumerated on Rogosa agar (Oxoid, CM 

0627) after anaerobic incubation at 39 °C for 48 h. Numbers of C. perfringens (Cp) were 

counted on Tryptose-Sulfite-Cycloserine and Shahidi-Ferguson Perfringens agar base (TSC & 

SFP) (Oxoid, CM0587 OPSP) mixed with egg yolk emulsion (Oxoid, SR0047) and 

Perfringens (TSC) selective supplement (Oxoid, SR0088E) according to the pour-plate 

technique, where plates were overlaid with the same agar after spreading the inoculums and 

incubated anaerobically at 39 °C for 24 h. All plates were incubated in the anaerobic cabinet 

(Model SJ-3, Kalter Pty. Ltd., Edwardstown, SA, Australia) and bacterial number counted 

using colony counter (Selby, Model SCC100, Biolab Australia, Sydney, NSW, Australia). 
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Table 4.1 Ingredient composition (g/kg) and calculated chemical composition of basal diets 

(from Ridley AgriProducts, Tamworth, NSW, Australia) 

Component 1-3 week (Starter) 4-6 week (Finisher) 

Basal concentrate   

  Wheat 262.0 214.0 

  Sorghum 350.25 400.2 

  Mung beans 100.0 100.0 

  Tallow in mixer 32.5 34.0 

  Sunflower meal ---- 25.0 

  Canola meal 60.0 60.0 

  Cottonseed meal ---- 50.0 

  Soybean meal 157.0 81.5 

  Limestone B10 15.5 16.0 

  Kynofos/Biofos MDCP 11.5 11.0 

  Salt 1.75 1.5 

  Sodium bicarbonate 2.0 2.0 

  Choline Chloride 75% 0.6 0.6 

  DL-Methionine  2.1 1.3 

  L-Lysine scale 3 2.1 0.4 

  L-Threonine 0.2 ---- 

  Vitamin and mineral premix1  2.5 2.5 

   

Calculated chemical composition   

  ME, MJ/Kg 12.26 12.39 

  Crude protein 200.02 190.00 

  Crude fibre 35.17 43.14 

  Crude fat 52.16 54.47 

  Lys 11.49 8.98 

  Meth+Cyst 8.32 7.37 

  Ca 9.73 9.79 

  Available phosphorous 6.50 6.71 

  Na 1.62 1.65 

  Cl 2.19 1.75 
1Vitamin and mineral premix (Ridley Agriproducts Pty Ltd., Tamworth, NSW ) contained the following minerals 

in milligrams per kilogram of diet: vitamin A (as all-trans retinol), 12,000 IU; cholecalciferol, 3,500 IU; vitamin 

E (as d-α-tocopherol), 44.7 IU; vitamin B12, 0.2 mg; biotin, 0.1 mg; niacin, 50 mg; vitamin K3, 2 mg; 

pantothenic acid, 12mg; folic acid, 2 mg; thiamine, 2 mg; riboflavin, 6 mg; pyridoxine hydrochloride, 5 mg; D-

calcium pantothenate, 12 mg; Mn, 80 mg; Fe, 60 mg; Cu, 8 mg; I, 1mg; Co, 0.3 mg; and Mo, 1 mg.  
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4.2.7 Digesta pH measurement 

 

Immediately following slaughter, fresh digesta samples weighing about 0.5 g from the gizzard, 

ileum and caeca were transferred into 15 mL containers and 4.5 mL of distilled water was 

added and mixed. The pH value of the suspension was then measured using a combined 

glass/reference electrode (Ecoscan, Eutech, Singapore) and recorded. 

 

4.2.8 Gut histomorphology 

 

Formalin-fixed tissue slices from the ileum, each 4-5 mm thick, were enclosed in a plastic 

tissue cassette (Bayer Diagnostics Australia Pty. Ltd., Pymble, NSW), and processed over a 

19-hour period in an automatic tissue processor (TOSCO, Thomas Optical & Scientific Co., 

Melbourne, VIC, Australia) and embedded in paraffin using a Histo Embedding Center (Leica 

EG 1160, Leica Microsystems, Bensheim, Germany). Processing involved serial dehydration 

with ethanol, clearance with histolene and impregnation with paraplast (wax). The embedded 

samples were subsequently sectioned at a thickness of 5 μm with a Rotart Microtome (Leitz 

1516, Leica Microsystems, Bensheim, Germany). The tissue sections were placed on a glass 

slide for staining with Harris’s haematoxylin (Gerorge Gurr Pty. Ltd., London, UK), and 

counter-staining with eosin (Gur Certistain, VWR International Pty. Ltd., Poole, UK), then 

mounted in a DPX medium (Fluka Cheme, Buchs, Switzerland). The images were captured at 

4x, 5x and 10x magnification using a digital video camera (Sony, Tokyo, Japan) aided 

binocular microscope (Leica DLMB Microscope, Wetzlar, Germany) in bright-field mode and 

morphometric indices were determined using the help of calibrated image analysis software 

(Video Pro 32, Leading Edge Pty. Ltd., Blackwood, SA, Australia) as described by Iji et al. 

(2001). Each sample was measured in 15 vertically, well-oriented, intact villi, muscle depth 

and crypts photomicrographs of a stage micrometer recorded at 5× magnification. 

 

4.2.9 VFA, lactic acid and succinic acid analysis 

 

Approximately 2 to 3 g of thawed digesta from the ileum and the caeca were suspended in 1 

mL of 0.1 M 2-ethylbutyric acid in a screw-capped tube and thoroughly mixed on a vortex 

mixer, followed by centrifuging (Induction Drive Centrifugation, Beckman Model J2-21M, 
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Beckman Instruments Inc., PALO ALTO, California, USA) at 4 °C for 15 min under 12,000 g. 

One mL of the supernatant was transfered into 8 mL GC vials then the concentrated HCI 

(36%), 0.5 mL and diethyl ether, 2 mL were added. After thorough mixing with a vortex mixer, 

followed by centrifugation at 3000 g at 4 °C for 15 min, aliquots (400 µL) were transferred to 

2 mL GC vials. Then 40 µL of N-methyl-N-tert-butyldimethylsilytrifluoroacetamide (MTBSTFA) 

was added into the ether phase for silylation reagents and mixed thoroughly with a vortex 

mixer. After heating on a heating block (Reacti-Therm III™ Heating / Stirring Module, 

PIERCE Company, Rockford, IL, USA) at 80 °C for 20 minutes, the GC vials were stored at 

room temperature for 48 h. The concentrations of acetate, propionate, and butyrate were 

determined by gas chromatography (GC, Model CP 3800, Varian Analytical Instruments, Palo 

Alto, CA, USA). The GC was equipped with a flame ionization detector and a polyethylene 

glycol packed column (0.32 mm internal diameter, 30 m length and 0.25 µm film thickness) 

(Alltech ECONO-CAPTM, Alltech Associations Inc., Deerfield, IL, USA). The column was 

operated at 70 to 240 °C with high purity helium, at 20 mL/min, as the carrier gas. 

 

 

4.2.10 Statistical analysis 

 

Data were subjected to one-way analysis of variance (ANOVA) (StatGraphics Plus version 

5.1 – Professional Edition, Manugistics Inc., Rockville, Maryland, USA) and the differences 

between mean values were identified by the least significant difference (LSD). Differences 

between treatments were deemed to be significant only if the P value was < 0.05. All results 

were expressed as means. Bacterial counts were transformed to log10 values. 

 

 

4.2.11 Animal ethics 

 

The Animal Ethics Committee of the University of New England approved this study 

(authority number AEC 06/093). Health and animal husbandry practices complied with the 

‘Australian code of the care of animals for scientific purposes’ issued by the National Health 

and Medical Research Council (NHMRC, 2004). 
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4.3 RESULTS 
 

4.3.1 Lactic acid bacterial concentration in feed samples 

 

The experimental diets were prepared weekly. The concentration of lactic acid bacteria 

reached 8.57 lg cfu/mL (highest) when the probiotic candidates were re-suspended in PBS 

solution (Table 4.2). Furthermore, the high concentrations of LAB (>5.04 lg cfu/g feed, 

highest being 6.83 lg cfu/g feed) were observed from the probiotic treatments compared with 

the negative and positive control treatments. 
 

The concentration of LAB in feed decreased as each feeding week progressed (probiotic- 

containing diets were freshly made on a weekly basis, typically at the beginning of the week). 

 

4.3.2 Growth rate, feed efficiency and mortality 

 

There were no significant (P>0.05) effects on BWG, FI or FCR when the probiotic candidates 

were added into the feed during the 6-week experimental period (Table 4.3). Although there 

were no major differences in mortalities in the different treatments (range 0 to 7.14%).   

 

4.3.3 Organ weights 

 

Probiotics increased (p<0.01) the relative weight of the jejunum and ileum in 21-day-old 

chickens (Table 4.4), as well as that of the ileum in 42-day-old birds compared with controls. 

The weights of liver, spleen, pancreas, bursa, gizzard and duodenum were not affected by the 

treatments. 
 

4.3.4 Intestinal pH and SCFA concentrations 

 

The probiotic treatments did not affect the intestinal pH (Table 4.5). As expected, the pH 

changed from acidic to alkaline from the proximal to the distal regions of the GIT, with a 

slight reversal of the trend in the caeca. Thus, at three weeks of age, digesta pH was 3.19, 7.45 

and 6.67 in the gizzard, ileum and caeca, respectively. The corresponding values at five weeks 

of age were 3.06, 8.11 and 6.96. It was also observed that pH values in the ileum and caeca 

were generally higher in older birds (35 days old) than younger birds (21 days old). 
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The concentrations of VFAs, formic acid and lactic acids did not differ in any part of the 

intestine. 

 
Table 4.2 Lactic acid bacteria count (log cfu/g) in feed samples from experimental diets 
during 1- 42 d 
 

Dieta  NC PC Iso461  Iso697 Iso709  Iso1286 
PBS solution  ---- ---- 8.32  8.20  8.30  8.57  

 
Week 1 

First day 4.04  3.75  6.64  6.23  6.68  6.73  
Third day 4.13  3.89  5.74  5.53  5.49  5.36  
7th Day 4.21  3.93  5.88  5.56  5.29  5.20  

 
Week 2 

First day 3.99  3.69  6.75  6.37  6.74  6.70  
Third day 4.01  3.58  6.67  5.68  5.49  5.47  
7th  day 4.09  3.83  5.83  5.12  5.37  5.34  

 
Week 3 

First day 4.09  3.93  6.83  6.53  6.81  6.71  
Third day 3.83  4.09  5.94  5.26  5.52  5.39  
7th day 3.99  3.98  5.58  5.33  5.04  5.16  

 
Week 4 

First  day 4.13  3.96  6.58  6.57  6.53  6.67  
Third day 4.04  3.90  5.83  5.20  5.60  5.49  
7th  day 3.75  4.16  5.84  5.37  5.32  5.26  

 
Week 5 

First day 3.90  4.03  6.76  6.53  6.56  6.65  
Third day 4.23  3.92  5.72  5.72  5.43  5.52  
7th  day 3.45  3.89  5.68  5.51  5.21  5.32  

 
Week 6 

First  day 3.87  3.68  6.55  6.51  5.56  6.68  
Third day 3.77  3.83  5.82  5.38  5.81  5.47  
7th  day 4.09  3.92  5.62  5.40  5.37  5.26  
a) Dietary treatments: NC, negative control, with no additives added to the basal feed; PC, positive control, with 
the  antibiotic, zinc-bacitracin (ZnB, 50 ppm) added; Isolate treatments, with probiotic No 461 unidentified 
Lactobacillus sp., No 697 L. salivarius, No 709 L. crispatus, and No 1286 L. johnsonii added to the feed, 
respectively 
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Table 4.3 BWG, FI, FCR and mortality of broiler chickens during d 1-421 

 

Diets2  Age  
NC PC Iso461  Iso697 Iso709  Iso1286 

SE  P-value 

 
BWG (g / bird) 

d1-21 811 827 791 809 821 826 10.4 0.173 
d22-42 1423 1485 1466 1465 1469 1432 52.9 0.954 
d1-42 2334 2412 2357 2375 2389 2358 53.8 0.903 

 
FI (g / bird) 

d1-21 1211 1220 1190 1208 1233 1228 14.9 0.309 
d22-42 2889 2970 2859 2915 2938 2907 77.4 0.870 
d1-42 4038 4125 4007 4061 4109 4079 82.7 0.752 

 
FCR (g feed / g weight gain) 

d1-21 1.44 1.42 1.44 1.43 1.45 1.43 0.02 0.895 
d22-42 2.03 2.00 1.95 1.99 2.00 2.03 0.04 0.896 
d1-42 1.73 1.71 1.70 1.71 1.72 1.73 0.02 0.914 

 
Mortality (%) 

d 1-42 7.14 3.57 0.00 3.57 0.00 5.36 - - 
1) Values are means (n=7) and standard error of means (SE). 2) Dietary treatments: NC, negative control, with 
no additives added to the basal feed; PC, positive control, with  the antibiotic, zinc-bacitracin (ZnB, 50 ppm) 
added; isolate treatments, with probiotic No 461 unidentified Lactobacillus sp., No 697 L. salivarius, No 709 L. 
crispatus, and No 1286 L. johnsonii added to the feed, respectively. 
 

 

4.3.5 Bacterial populations in GIT 

 

The experimental diets did not affect the count of total anaerobic bacteria, lactic acid bacteria, 

Lactobacilli, Enterobacteria and C. perfringens in the digesta of the gizzard, ileum and caeca 

of birds at 21 days of age, except that the anaerobes and LAB tended to be higher in birds fed 

probiotics. At d 35, the number of Enterobacteria in the gizzard varied significantly (P<0.04), 

with Iso697 and Iso1286 giving a lower count than the controls. The same was true in the 

caeca where all the isolates reduced enterobacterial counts, compared with the negative 

control (Table 4.6). 
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4.3.6 Intestinal tract morphology 

 

The effects of different dietary treatments on villus height, crypt depth, muscle depth and 

villi/crypt ratio of the ileum on d 21 and d 35 are shown in Table 4.7. The dietary treatments 

had no significant effect on villus height, crypt depth and muscle depth either on d21 or d35. 

When the ratios of villus height to crypt depth were compared, a significantly higher (P<0.05) 

ratio was obtained in the ileum of chickens fed diets containing probiotics on both d 21 and d 

35. 

 
Table 4.4 Relative organ weights1 (% body weight) of broiler chickens on d 21, d35 
 

 Diets2 
  NC PC Iso461  Iso697 Iso709  Iso1286 

SE  P-value3 

 
Day 21 

Liver          3.05  3.03  2.95  2.97  3.12  3.06  0.14 0.955 
Spleen        0.07  0.07  0.07  0.08  0.09  0.08  0.01 0.562 
Pancreas    0.25  0.19  0.25  0.24  0.23  0.25  0.02 0.119 
Bursa         0.13  0.13  0.14  0.14  0.14  0.14  0.01 0.929 
Gizzard       1.72  1.90  1.96  1.95  1.87  2.08  0.17 0.759 
Duodenum 0.96  0.95  1.03  1.13  0.99  1.05  0.08 0.665 
Jejunum     1.37b 1.44b 1.67a 1.67a 1.59a 1.74a 0.08 0.009  
Ileum           0.84c 0.88c 1.99a  1.07b 0.98b 1.29a  0.06 0.001 

 
Day 35 

Liver          2.21  2.50  2.38  2.42  2.53  2.57  0.115 0.285 
Spleen        0.08  0.09  0.07  0.11  0.10  0.10  0.01 0.039 
Pancreas    0.18  0.20  0.19  0.19  0.20  0.20  0.01 0.727 
Bursa         0.18  0.18  0.18  0.19  0.19  0.20  0.01 0.970 
Gizzard       2.17  2.10  2.09  2.20  2.20  2.24  0.11 0.893 
Duodenum 0.91  0.87  0.88  0.88  0.89  0.93  0.04 0.859 
Jejunum     2.44  2.36  2.56  2.62  2.64  2.66  0.09 0.163 
Ileum           1.29d  1.44b 1.46bc 1.45b 1.56a 1.51ac 0.06 0.048 

1) Values are means (n=7) and standard error of means (SE). 2) Dietary treatments: NC, negative control, with 
no additives added to the basal feed; PC, positive control, with the antibiotic,  zinc-bacitracin (ZnB, 50 ppm) 
added; Isolate treatments, with probiotic No 461 uncultured bacterium, No 697 L. salivarius, No 709 L. crispatus, 
and No 1286 L. johnsonii added to the feed, respectively. 3) a,b,c,d Means within a row not sharing a common 
superscript letter are significantly different (p<0.05). 
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Table 4.5 The pH and organic acids (μmol / g) in gizzard, ileum and caeca digesta on d 21 and 

35 of birds fed on experimental diets1 

 

 Diets2  
 NC PC Iso461 Iso697 Iso709  Iso1286 

SE  P-value

 
Day 21 

Gizzard         
     pH 3.44 3.13 3.10 3.20 3.25 3.03 0.12 0.201 
Ileum         
   pH 7.33 7.52 7.50 7.78 7.37 7.17 0.20 0.385 
   Formic acid 0.47 0.35 0.24 0.47 0.37 0.39 0.22 0.982 
   Acetic acid 2.32 2.58 2.46 2.69 2.50 2.64 0.45 0.993 
   Lactic acid 6.8 6.16 10.40 6.80 7.23 8.16 4.17 0.983 
Caeca         
   pH 6.50 6.39 6.86 6.75 6.89 6.60 0.20 0.445 
   Acetic acid 60.39 58.26 44.23 36.71 61.46 52.03 8.99 0.324 
   Propionic acid 3.10 2.73 2.11 3.64 3.23 2.16 0.65 0.503 
   Butyric acid 14.55 12.14 11.00 11.84 15.10 13.48 1.51 0.356 
   Succinic acid 2.53 4.73 4.28 2.84 3.06 6.87 1.95 0.631 
   Iso-SCFA 3.34 6.21 1.49 10.94 1.36 4.77 4.51 0.624 
 

Day 35 
Gizzard         
   pH 2.99 3.06 2.99 3.13 3.10 3.08 0.14 0.979 
Ileum         
   pH 8.03 8.3 7.91 8.02 8.16 8.22 0.14 0.357 
   Formic acid 0.98 2.14 1.18 0.76 1.49 0.74 0.45 0.258 
   Acetic acid 2.11 2.42 2.21 1.74 2.36 1.67 0.40 0.682 
   Lactic acid 3.76 2.39 2.19 3.49 4.75 1.79 0.95 0.253 
Caeca         
   pH 7.23 6.88 6.95 6.88 6.89 6.92 0.20 0.793 
   Acetic acid 67.67 56.29 46.97 48.89 63.51 63.78 8.09 0.397 
   Propionic acid 5.26 4.45 3.52 3.71 3.13 3.85 0.96 0.682 
   Butyric acid 11.18 9.46 11.46 9.52 12.46 13.71 2.24 0.735 
   Succinic acid 4.68 3.00 5.11 3.48 4.09 4.19 1.63 0.953 
   Iso-SCFA 1.45 1.02 1.42 0.83 1.00 0.61 0.57 0.871 

1) Values are means (n=7) and standard error of mean (SE). 2) Dietary treatments: NC, negative control, with no 
additives added to the basal feed; PC, positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added; 
Isolate treatments, with probiotic No 461 unidentified Lactobacillus sp., No 697 L. salivarius, No 709 L. 
crispatus, and No 1286 L. johnsonii added to the feed, respectively. 
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Table 4.6 Effects of experimental diets on bacterial counts1 (lg cfu / g) in digesta of birds on 
d21 and 35 

 Diets2 
  NC PC Iso461 Iso697 Iso709 Iso1286

SE P-value4 

 
Day 21 

Gizzard        
Total anaerobes 6.61 6.12 5.42 6.52 6.33 6.49 0.33 0.161 
LBA 6.51 6.16 5.83 6.37 6.24 6.49 0.32 0.680 
Lactobacilli 6.28 5.98 5.77 6.37 6.03 6.43 0.33 0.681 
Enterobacteria3 3.10 3.29 2.95 3.37 3.23 3.22 0.12 0.223 
C. perfringens 3.05 3.06 2.95 3.11 3.23 3.03 0.07 0.175 
Ileum         
Total anaerobes 7.91 7.40 7.24 8.10 8.19 8.45 0.37 0.190 
LBA 7.91 7.68 7.49 8.05 8.28 8.42 0.37 0.491 
Lactobacilli 7.87 7.16 7.45 8.00 8.12 8.43 0.45 0.399 
Enterobacteria3 5.39 5.50 4.08 4.78 4.39 4.67 0.40 0.121 
C. perfringens 3.47 3.49 3.10 3.52 4.09 3.26 0.27 0.210 
Caeca         
Total anaerobes 8.96 9.28 9.39 8.87 9.10 9.29 0.14 0.079 
LBA 8.98 9.36 9.44 9.22 9.22 9.42 0.12 0.086 
Lactobacilli 8.88 9.26 9.25 9.12 9.23 9.35 0.12 0.158 
Enterobacteria3 8.09 8.22 8.23 7.83 7.93 8.20 0.19 0.590 
C. perfringens 4.25 4.04 5.13 4.85 4.35 4.36 0.38 0.365 

 
Day 35 

Gizzard         
Total anaerobes 7.19 6.90 7.07 6.76 6.79 6.16 0.37 0.458 
LAB 7.05 6.91 7.23 6.76 6.93 6.39 0.32 0.556 
Lactobacilli 7.19 7.04 7.15 6.91 6.98 6.20 0.32 0.277 
Enterobacteria3 3.39b 3.87a 3.52a 2.96c 3.32b 3.16c 0.19 0.040 
C. perfringens 3.01 3.05 2.99 2.99 3.00 3.03 0.04 0.791 
Ileum         
Total anaerobes 7.83 7.64 7.91 7.77 8.01 7.84 0.21 0.876 
LAB 7.70 7.54 7.95 7.61 7.99 7.56 0.24 0.669 
Lactobacilli 7.79 7.66 7.87 7.68 7.90 7.50 0.25 0.864 
Enterobacteria3 5.03 4.18 4.40 3.86 5.13 4.06 0.41 0.190 
C. perfringens 3.08 3.09 3.01 3.13 3.19 3.11 0.06 0.446 
Caeca         
Total anaerobes 9.07 9.21 9.18 9.22 9.17 9.22 0.14 0.973 
LAB 9.26 9.17 9.24 9.14 9.23 9.22 0.15 0.992 
Lactobacilli 9.09 9.12 9.15 9.17 9.15 9.22 0.17 0.997 
Enterobacteria3 8.11a 7.21c 7.60b 7.46b 7.96a 7.09c 0.26 0.040 
C. perfringens 4.24 3.87 4.32 3.71 3.49 3.67 0.39 0.619 

1) Values are means (n=7) and standard error of means (SE). 2) Dietary treatments: NC, negative control, with 
no additives added to the basal feed; PC, positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) 
added; isolate treatments, with probiotic No 461 unidentified Lactobacillus sp., No 697 L. salivarius, No 709 L. 
crispatus, and No 1286 L. johnsonii added to the feed, respectively. 3) Enterobacteria are coliform and lactose 
negative enterobacteria. 4) a,b,c Means within a row not sharing a common superscript letter are significantly 
different (p<0.05). 
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Table 4.7 Effects of experimental diets on the ileal morphometry1 

 Diets2 
  NC PC Iso461 Iso697 Iso709 Iso1286 

SE  P-value3 

 
Day 21 

Villus height (µm) 723  770  745  773  754  781  66.43 0.332 
Crypt depth (µm) 129  134  124  124  126  127  7.45 0.176 
Villi/crypt ratio 5.61b 5.75b 6.01a 6.23a 5.98a 6.15a 0.89 0.032 
Muscle depth(µm) 278  302  289  267  298  285  17.26 0.423 

 
Day 35 

Villus height (µm) 789  825  827  894  871  938  21.30 0.870 
Crypt depth (µm) 138  143  136  144  139  149  11.20 0.365 
Villi/crypt ratio 5.72c 5.77c 6.09a 6.21ab 6.27ab 6.29ab 0.62 0.017 
Muscle depth(µm) 367  421  384  362  409  396  19.21 0.587 
1) Values are means (n=7) and standard error of means (SE). 2) Dietary treatments: NC, negative control, with 
no additives added to the basal feed; PC, positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) 
added; isolate treatments, with probiotic No 461 unidentified Lactobacillus sp., No 697 L. salivarius, No 709 L. 
crispatus, and No 1286 L. johnsonii added to the feed, respectively. 3) a,b,c Means within a row not sharing a 
common superscript letter are significantly different (p<0.05). 
 

4.4 DISCUSSION 
 

4.4.1 Growth performance 
 

All the birds were in very good health during the experimental period of six weeks, and 

dietary supplementation with probiotics resulted in numerically higher BWG compared to the 

negative control group. There was no significant effect on growth performance of broiler 

chickens when the probiotic candidates were administered via feed. These results were in 

agreement with the findings of Huang at al. (2004) who supplemented either L. casei or L. 

acidophilus with or without cobalt in the diets of broiler chickens. There have also been 

several studies in which no positive results were found when broilers were fed with probiotic 

supplements. Watkins and Kratzer (1984), Maiolino et al. (1992) and Panda et al. (2000) did 

not find any significant difference in the BWG of chickens given feed containing host-specific 

probiotics (KTM, 74/1 and 59), L. acidophilus and Streptococcus faecium compared with 

those given a non-supplemented diet. 

 

On the other hand, there are numerous studies that report positive effects of various probiotics 

on bird performance. For example, BWG of broiler was improved by a culture of L. 

sporegenes (Han et al., 1984), and by a single strain of L. acidophilus or a mixture of 
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Lactobacillus (Jin et al., 1998). The magnitude of improvement depends on the type of 

probiotics added and the conditions under which they are used. Mohan et al. (1996) reported 

that the BWG could range from 5 to 9% higher and FI 2% lower when chickens were fed with 

probiotic supplements. 

  

Variation in the effects of probiotics on growth performance of broiler chickens may be 

attributed to differences in the strains of bacteria used as the dietary supplements. Several 

health benefits, resulting from improved digestion, have been claimed for both Lactobacillus 

spp. and Bifidobacterium spp. At the nutritional level, they increase the digestibility of 

fermented milk products in humans (Deeth & Tamine, 1981) and increase the bioavailability 

of calcium, iron, copper, phosphorus, zinc and manganese in rats (McDonough et al., 1983). 

Yeo and Kim (1997) reported that feeding a diet containing a probiotic (L. casei) significantly 

increased average intake of broiler chickens during the first 3 weeks but not during 4-6 weeks 

of age. Lan et al. (2003) mixed L. salivarius with another two Lactobacillus spp. in diets for 

chickens and showed an increase in BWG. Yeo et al. (2008) reported that L. johnsonii 

improved growth performance significantly, acting as an antimicrobial addition in feed for 

broiler chickens.  

 

In the current study, strains of L. johnsonii, L. crispatus, L. salivarius and one unidentified L. 

sp. tended to improve BWG, FI and FCR in broiler chickens. It is viewed that the effects of 

probiotics on the growth performance, feed conversion or production of farm animals are, 

even in specific situations, not consistent enough to consider their use due to economic 

considerations (Veldman, 1992). The current study was based on a laboratory scale 

experiment under clean conditions, which may have masked any growth promoting effect of 

the probiotics. Another possibility is the concentration of the probiotics in the diet. In the 

current study, the concentration of the probiotic candidates in the experimental feed was 

around 106 cfu / g of feed, which were few folds lower than is usually recommended as the 

inclusion rate (108 cfu / g of products) of commercial probiotic feed additives. This was due to 

the limited fermentation capacity for amplification of the probiotic candidates in the current 

study. It is possible that higher concentrations of the probiotic candidates in the feed may 

exert a more profound positive response on growth performance, especially if the infection 

pressure from pathogenic bacteria, such as C. perfringens, is high. However, this needs to be 

investigated in future studies. 
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4.4.2 Organ weights and intestinal histomorphology 

 

In the current study, the relative weights of the major digestive and immune organs were not 

affected by probiotic treatments compared with the controls. However, probiotic 

supplementation significantly increased the relative weight of the jejunum and ileum on d 21 

and that of the ileum on d 42. Such findings have been reported in the literature. For example, 

Pedroso et al. (2003) added L. reuteri and L. johnsonii into drinking water and reported a 

significant increase in intestinal weight in 21-day-old broilers. The mechanism by which this 

occurs is not known as the effect of probiotics on organ weights in animals is equivocal. Thus, 

Jin et al. (1998) and Guan et al. (2003) found that supplementation of broiler diets with 

lactobacilli did not affect the weight of the intestine. 

 

On the other hand, probiotics appear to influence the microstructure of the gut more 

consistently. The current study showed that probiotics significantly affected villus height to 

crypt depth ratio in the ileum compared with control diets. This indicates that the absorptive 

function in the ileum of these chickens was higher compared with control treatments. Iji et al. 

(2001) found that, at d 21, the ileal villi were significantly longer in chickens fed a less 

viscous diet although they were not different during the first 7 days of the experiment. The 

intestine can change its surface area by growing in length, and /or by increasing or decreasing 

the height of its villi when probiotics are supplied in the diet. Shortening and fusion of villi 

will result in loss of surface area for digestion and absorption of food (van Dijk et al., 2002) 

whereas the converse is true with longer villi and shallower crypts (Chiou et al., 1996). 

 

The GIT has the ability to adapt or to react morphologically to changing conditions such as 

altered diet (Huisman et al., 1990; van der Klis et al., 1993). Of course, it is well-known that 

dietary probiotics lead to marked changes in the gut microflora, often favouring the host. The 

influence of probiotics on the gut microflora will be discussed in the following section. 

 

4.4.3 Bacterial populations in GIT and bacterial activities 

 

The current study demonstrates that Enterobacteria make up only a minor proportion of the 

ileal and caecal microflora in broilers on the sampling days (d 21 and d 35). Probiotic 

supplementation reduced the population of Enterobacteria in the ileum and caeca compared to 

the control groups. This is in agreement with the findings of Mulder et al. (1997) who 
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reported that inoculation with a probiotic strain of L. reuteri significantly reduced the number 

of Enterobacteria in broiler chickens. A similar finding was presented by Lan et al. (2003) 

with a mixture of L. acidophilus/gallinarum, L. agilis, L. salivarius, and Lactobacillus spp. 

 

Probiotics, such as L. crispatus, L. salivarius and L. johnsonii, have antimicrobial activities 

against Enterobacteria (Garriga et al., 1998; Pascual et al., 1999; van der Wielen et al., 2002; 

Yeo et al., 2008). Watkins et al. (1979, 1982) reported that broiler chickens inoculated with 

Lactobacilli spp. were more resistant to the pathogenic effects of E. coli and Salmonella spp. 

The antimicrobial effects of probiotics come from the VFAs and other organic acids such as 

lactate and succiniate produced (de Vries and Stouthammer, 1968; Meijer-Severs et al., 1990; 

Mathew et al., 1994; Thompson et al., 1998; Kubena et al., 2001) and through the production 

of bacteriocins and phage-displayed peptides (Ingham et al., 2003; Joerger, 2003; Sakai et al., 

2006). The probiotic candidates used in the current study tended to increase the number of 

lactic acid bacteria and lactobacilli in the ileum and caeca on d 21. Furthermore, all probiotic 

candidates, except Iso461, tended to increase the concentration of acetic and lactic acids in the 

ileum compared with the control treatments. Other potential antimicrobial agents such as 

bacteriocins and decencies were not measured in the current study. 

 

Although the population of lactobacilli was larger in the ileal and caecal contents of the 

treatment groups fed probiotic supplements, the current study does not demonstrate an 

improvement in growth performance of birds. The impact of lactobacilli on animal health and 

performance is controversial. Whilst many Lactobacillus spp. act via a number of 

mechanisms, including CE, to reduce the number of pathogens in the GIT, leading to 

improvement in bird performance (Jin et al., 1998a,b; Schneitz et al., 1998), other species 

seem to be neutral in their effects on birds performance (Gunal et al., 2006). The metabolic 

activity of common lactobacilli results in the production of end-products such as lactate, 

succinate, H2, CO2 and CH4 and the short chain fatty acids (VFAs), acetate, propionate and 

butyrate, as well as bacterial biomass. de Vries and Stouthammer (1968) showed that most of 

the VFAs formed by intestinal bacteria are absorbed and metabolized by the birds, thus 

contributing to host energy requirements (Fooks and Gibson, 2002). However, it is possible 

that the competition for nutrients by a large number of lactobacilli in the GIT of birds may 

offset some or all of the beneficial effects of probiotics on nutrient digestibility and absorption. 

This hypothesis will require investigation in the future. 
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4.5 CONCLUSION 
 

Four Lactobacillus probiotic candidates had no adverse on the general health status of broiler 

chickens and altered the gut microflora of birds resulting in a reduction in the number of 

entrobacteria in the ileum and an increase in the weight of the jejunum and the ileum. 

However, there were no other significant effects of these probiotics on the growth 

performance and gut development of birds, due probably to the hygienic experimental 

conditions of the current study. 
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CHAPTER 5 
 

DELIVERY ROUTES FOR PROBIOTICS: EFFECTS ON BIRD 

PERFORMANCE, INTESTINAL MORPHOLOGY, AND GUT 

MICROFLORA 

 
ABSTRACT 

 
Four delivery routes, via, feed, water, litter and oral gavage, were examined for their efficacy 

in delivering a novel probiotic of poultry origin, L. johnsonii, to broilers. Seven treatments of 

6 replicates each were allocated using 336 day-old Cobb broiler chicks. The treatments 

consisted of a basal diet with the probiotic candidate, L. johnsonii, added to the feed, and 

three treatments with L. johnsonii added to the drinking water, sprayed on the litter, or 

gavaged orally. In addition, a positive control treatment received the basal diet supplemented 

with zinc-bacitracin (ZnB, 50 ppm). The probiotic strain of L. johnsonii was detected in the 

ileum of the chicks for all four delivery routes. However, the addition of L. johnsonii as a 

probiotic candidate did not improve body weight gain, feed intake and feed conversion ratio 

of broiler chickens raised on litter during the 5-week experimental period regardless of the 

route of administration. The probiotic treatments, regardless of the routes of delivery, affected 

(P<0.05) the pH of the caecal digesta and tended (P=0.06) to affect the pH of the ileal digesta 

on d 7, but the effect disappeared as the birds grew older. Consistent with the findings 

reported in Chapter 4, all probiotic treatments reduced the number of Enterobacteria in the 

caeca on d 21, and tended (P<0.054) to reduce it in the ileum and caeca on d 7 and in the 

ileum on d 21 compared with the controls. The probiotic also tended to increase the number of 

lactic acid bacteria and lactobacilli in the ileum and caeca on d 7, but this trend was not 

evident on d 21. The trend appeared most pronounced when the probiotic was delivered orally 

or via litter. The probiotic also decreased (P<0.05) the population of C. perfringens rapidly 

from an early age to d 21 in the caeca, leading to a 3-fold decrease in the number of C. 

perfringens between d 7 and d 21. It also showed that the probiotic treatment presented the 

lowest number of C. perfringens in the caeca. Delivery of the probiotic through feed, water 

and litter increased (P<0.01) the weight of the pancreas on d 21, but the probiotic did not 

affect other morphometric parameters of the gut. Furthermore, the probiotic did not affect the 
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pH and the concentrations of SCFAs and lactic acid in either the ileum or caeca. 

 

5.1 INTRODUCTION 
 

Probiotics display numerous health benefits beyond providing basic nutritional advantages. 

Probiotic products consisting of beneficial microflora can help to establish and maintain the 

balance of the intestinal microflora in commercial broilers. However, selecting a probiotic 

microorganism that has beneficial effects in broiler chickens requires an extensive search for 

the optimum candidate, and one which will perform under practical conditions. Inoculating 

one-day-old chicks with CE cultures or more classical probiotics serves as an effective model 

for determining the modes of action and efficacy of these microorganisms. Because of the 

susceptibility of one-day-old chicks to infection, this practice is also of commercial 

importance. By using this model, a number of probiotics have been shown to reduce 

colonization and shedding of Salmonella and Campylobacter (Owings et al., 1989; Jin et al., 

1998; Nisbet, 1998; Nethewood et al., 1999; Fritts et al., 2000). However, one of the key 

factors determining their efficacy in practical use is stability during storage, delivery and feed 

processing. 

 

There are many different methods for administering probiotic preparations to broiler chickens: 

through feed, water, gavage (including droplet or inoculations), spray or litter, but adding to 

feed is the most commonly used method in poultry production. 

 

Introducing probiotics through drinking water, into the crop by tube and syringe, with 

crumbles, or by spraying on bird environment and litter had no effects on the survival rate of 

bacteria (Gardiner et al., 2000; Morelli, 2000; Corcoran et al., 2004). The feed-type probiotic 

products rarely produce optimum results in pelletized diets usually fed to broilers (Kozasa, 

1986; Nguyen et al., 1987; Scheuermann, 1993). Kozasa (1986) showed that two probiotic 

bacteria incorporated into crumbles, successfully survived the duration of the experiment. 

Gould and Hurst (1969) reported that spores of bacillus are well known for being able to 

survive high temperatures. Thus, the best natural solution to the challenge of stability in 

direct-fed microbial products is to use spore-forming beneficial strains of microbes or fed as 

crumbles (Crawford, 1979). Seuna et al. (1978) showed that the viability of the organisms 

rapidly declined, especially in chlorinated water when bacteria via the drinking water rather 
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than gavage compared. 

 

The literature suggests that spray application of probiotic cultures, either on the environment 

of the birds or on the litter material seems to be an effective way of administering probiotic 

cultures (Pivnick and Nurmi, 1982; Goren et al., 1984; Blankenship, 1992; Ghadban et al. 

1999), whilst according to Nurmi and Rantala (1973), intubation into the crop is perhaps the 

most satisfactory method for delivering a precise dose of probiotics to the animal. 

 

The aim of this study was to determine the efficacy of administering a probiotic strain of L. 

johnsonii which chosen by antimicrobial activities showed best resistant in promoting growth 

performance, intestinal morphology and gut microflora in broiler chickens. 

 

5.2. MATERIALS AND METHODS 
 

5.2.1 Probiotic strains 

 

The bacterial strain used in this experiment was selected using the antagonistic activity assay 

described by Teo and Tan (2005), with some modifications (Section 3.3.2). 

 

A pure L. Johnsonii isolate was grown in MRS broth overnight (at 39 ˚C) and harvested by 

centrifugation at 4420 g for 15 minutes (Induction Drive Centrifugation, Beckman Model J2-

21M, Beckman Instruments Inc., Palo Alto, California, USA). It was re-suspended in PBS 

(pH 7.4) and mixed by constant mechanical stirring (Heidolph MR 3001K stirrer, Heidolph 

Instruments GmbH & Co., Schwabach, Germany) for 10 minutes. This pre-mixture of PBS 

probiotic solution was added to feed, drinking water, or was gavaged orally. The quantities of 

MRS broth and pre-mix PBS solution used were calculated by determining the bacterial 

concentration needed for the experiment. In this study, the concentration of the probiotic 

candidate, L. johnsonii, supplied via different routes was: feed delivery > 106 cfu / gram of 

feed samples; oral delivery > 108 cfu / mL of BPS solution; litter delivery > 108 cfu / mL of 

PBS spray solution and water delivery > 106 cfu / mL of water sample. 

 

Representative feed, water, and litter samples of each treatment batch were tested for bacterial 

concentrations weekly on d 1 and d 7. Ten grams (or millilitres) of samples were dissolved in 
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90 mL of peptone water (Oxoid, CM0009) and 10-fold dilutions were performed in Hungate 

tubes with 9 mL of peptone water. The numbers of lactic acid bacteria in the samples were 

determined on MRS agar (Oxoid, CM0361) inoculated with 0.1 mL of diluted sample and 

after anaerobic incubation at 39 ˚C for 48 h. 

 

5.2.2 Bird husbandry 

 

Three hundred and thirty-six day-old male Cobb broiler chicks, which were vaccinated 

against Marek’s disease, infectious bronchitis, and Newcastle disease, were obtained from a 

local hatchery (Baiada hatchery, Kootingal, NSW, Australia) and randomly allocated to 42 

cages in four-tier floor pens (600 mm×600 mm×300 mm dimension, with a floor space of 

0.36 m2/cage) sit on sawdust litter in climate-controlled rooms. Each of the 7 dietary 

treatments was randomly assigned to 6 cages with 8 birds per cage (except for the water 

treatment group which needed to be in line in order to be serviced by the same water pipe that 

supplied the water containing the probiotics). At d 21, birds were transferred to slide-in cages 

(800 mm×740 mm×460 mm) in an environmentally controlled room. 

 

On the first day of the experiment, the temperature was set at 33-34 ˚C, and gradually 

decreased by 1 ˚C every second day of the first week, and then decreased by 3 ˚C per week 

until 24 - 25 ˚C was reached by the third week. Relative humidity was between 65 and 70%. 

The daily lighting regime of 23 h light and 1 h darkness was maintained throughout the first 

week and 18 h light and 6 hours darkness for the rest of the trial. Each cage was equipped 

with a feeding trough placed outside and had water pipes providing drinking nipples inside. 

Feed and water were provided ad libitum. 

 

5.2.3 Experimental treatments 

 

The diet and treatments 

The basal diets (starter and finisher) were based on corn, wheat and soybean meal as 

described previously in Section 4.2.3 and fed as a one-phase mash feed to avoid inactivation 

of the probiotic. Seven treatments were provided as three diet batches during the first three 

weeks for starter as follow: 1) the negative control, litter delivery, negative oral gavage and 

probiotic oral gavage treatment groups were provided with the basal diet; 2) the positive 
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control treatment was provided with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added; and 

3) the feed supplementary treatments groups (starter feed) included an overnight culture of L. 

johnsonii prepared as previously described in Section 4.2.3. All treatments received the same 

basal finisher diet once the birds were transferred to slide-in cages, and growth performance 

was measured weekly. Feed was provided ad libitum. 

 

Delivery via feed 

The method for incorporating probiotics into feed was described in Section 4.2.3. The 

experimental diet with the probiotic candidate was mixed weekly and supplied for the first 

three weeks. 

 

Delivery via drinking water 

For the first three weeks, drinking water was supplied through pipes (nipples drinker installed) 

connected to a 20-litre drum. A small pump (low power, Aqua One maxi series power head, 

Kongs International Co., Ltd, China) was installed to constantly agitate the water. The water 

containing the probiotic was prepared daily and supplied for the first three weeks in probiotic 

water treatment groups. After three weeks the birds were transferred to slide-in cages and 

drinking water was supplied in troughs placed outside the cages. Water was provided ad 

libitum. 

 

Litter application 

The sawdust used as litter for this experiment was selected from commercial products 

produced by Bellsouth Pty. Ltd., Australia. The lactic acid bacterial concentration was 

determined using an MRS agar plate display. The sawdust contained a low number of lactic 

acid bacteria before use (<102 cfu / g of sawdust). The probiotic solution (PBS, pH 7.4 

containing > 106 cfu / mL of L. johnsonii) was sprayed on litter daily for the first three weeks 

for the litter treatment groups. 

 

Oral gavage 

L. johnsonii cultures were resuspended into PBS solution (pH 7.4) which contained 

approximately 108 cfu / mL. Each bird received 1 mL of PBS mixed solution on days 1, 2, 4, 

6 and 14; the birds in the negative control group received 1 mL of PBS solution (pH 7.4) on 

the same days. 
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Table 5.1: Experimental treatments via different delivery routes 

Treatment 

& routes 

NC PC Feed Water Litter Oral-

NC 

Oral-Pro 

Feed Basal Basal+Antibiotic Basal+Pro Basal Basal Basal Basal 

Water Tap Tap Tap Tap+Pro Tap Tap Tap 

Litter Sawdust Sawdust Sawdust Sawdust Sawdust 

+ Pro 

Sawdust Sawdust 

Antibiotic Non ZnB, 50 ppm Non Non Non Non Non 

Oral 

Gavage 

Non Non Non Non Non PBS Pro-L. 

Johnsonii

* Dietary treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, 
positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, 
with no additives added to the basal feed, water and litter, orally inoculated with PBS solution. 
 

5.2.4 Growth performance 

 

Bird performance was measured on a weekly basis by recording the group weight and feed 

intake for each cage. Mortalities were recorded daily and feed per gain values were corrected 

for mortality. 

 

5.2.5 Processing of samples, measurement of organ developments 

 

Three birds on d 7 and two birds on d 21, respectively, were selected at random from each 

cage (30 birds per treatment) and euthanased by cervical dislocation for sampling. The 

process of sample collection was as previously described in Section 4.2.6.  

Plate 5.1: Experimental facilities used in the study. 
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The weights of the empty gizzard, the duodenum, jejunum and ileum were recorded 

individually. The weights of the pancreas, liver, spleen, and bursa were also measured and 

recorded individually. The contents of the gizzard, ileum and caeca were collected in plastic 

containers, and stored at -20 °C until VFA analysis was performed. A 2-cm piece of the 

proximal ileum was flushed with ice-cold phosphate-buffered saline (PBS saline) at pH 7.4 

and fixed in 10% formalin for gut morphological measurements. One gram (approximately) 

each of ileal and caecal fresh digesta was transferred individually into 15 mL MacCartney 

bottles containing 10 mL of anaerobic broth for bacterial enumeration using the methods 

described in Section 5.2.8. 

 

5.2.6 Digesta pH 

 

Immediately following slaughter, about 0.5 g of fresh digesta samples from the gizzard, ileum 

and caeca were transferred into 15 mL containers for pH measurement using the method 

described in Section 4.2.7. 

 

5.2.7 Gut morphology and digesta VFA analysis 

 

The morphology of ileal tissues and VFA concentration of ileal and caecal digesta were 

determined as described in Sections 4.2.8 and 4.2.9. 

 

5.2.8 Enumeration of intestinal bacteria and isolation of lactobacilli 

 

A 10 mL aliquot of anaerobic broth was homogenized for 2 minutes in CO2-flushed plastic 

bags using a bag mixer (Interscience, St. Norm, France) immediately after sample collection. 

The 10-fold increment serial dilution technique was conducted according to Miller and Wolin 

(1974). One millilitre of the homogenized suspension was then transferred into 9 mL of 

anaerobic broth and serially diluted from 10-1 to 10-5 (for the ileal samples) or 10-1 to 10-6(for 

the caecal samples). From the last three diluted samples, 0.1 mL each was plated on the 

appropriate medium (10 mL) for enumeration of microbial populations.  

 

Total anaerobic bacteria were determined using Wilkins-Chalgren anaerobe agar (Oxoid, 

CM0619); lactic acid bacteria were enumerated on MRS agar (Oxoid, CM0361); coliforms 

and lactose-negative Enterobacteria were counted on MacConkey agar (Oxoid, CM 0007); 
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lactobacilli were enumerated on Rogosa agar (Oxoid, CM 0627); and numbers of C. 

perfringens were counted on Tryptose-Sulfite-Cycloserine and Shahidi-Ferguson perfringens 

agar base (TSC & SFP) (Oxoid, CM0587 OPSP). The incubation condition and bacterial 

number count were carried out as previously described in Section 4.2.6. 

 

Twenty pure colonies were randomly collected from the highest dilution Rogosa agar plates 

from the oral gavage treatment groups (negative and probiotic). The bacterial isolates were 

transferred to MRS broth individually and aerobically incubated at 39 °C for 24h. The 

amplification of bacterial colonies was collected in Eppendorf tubes (2.5 mL) and stored at -

20 °C for further DNA analysis. 

 

5.2.9 Extraction of genomic DNA 

 

Forty bacterial colonies, 20 colonies from each treatment were randomly picked from Rogosa 

agar plates (ileum, most of colonies from the highest dilution and some from different 

dilutions) from the oral inoculation treatment and negative control oral inoculation treatment 

on d 7. Using a sterile toothpick, cells from a single (pure) colony were used to individually 

inoculate 10 mL of MRS broth in screw cap tubes. The cells were grown at 39 °C for 24h. The 

supernatant (about 8 mL) was discarded and 1.5 mL of broth containing the bacterial cells 

were transferred into Eppendorf tubes. The bacterial cells were harvested by centrifugation 

(5000 g, 5 minutes) in an Eppendorf centrifuge (Eppendorf 5415D, Eppendorf AG, Hamburg, 

Germany). The supernatant was removed and the cells were re-suspended in 1.0 mL of TES 

buffer (0.05M Tris, 0.05M NaCI, 0.005M EDTA, pH 8.0), before being centrifuged again 

(5000 g, 5 minutes) and the supernatant discarded. After washing the pellet cells were stored 

at -20 °C for 24h to improve lysis. The pellet was then again resuspended into 0.5 mL of TES 

buffer (same as above) with 5 μL of lysozyme (10 mg/mL, freshly prepared) added and 

incubated at 37 °C for 30 minutes. Subsequently, 5 μL each of proteinase K (10 mg/mL) and 

RNase (10 mg/mL) were added and mixed by vortex (VM1 vortex mixer, Stansens, Mt. 

Waverley VIC, 3149, Australia) and incubated at 65 °C for 1 h. After the above steps lysis was 

finally achieved by the addition of 50 μL 24% (w/v) sodium dodecyl sulphate (SDS), 

followed by incubation for another 10 minutes at 65 °C, with the suspension clearing as the 

cells lyse. The lysed suspension was then cooled and the cells were subjected to bead beating 

with 0.5 gram of glass-beads (0.5 mm of diameter) cell disruption media in a mini bead-beater 

(Disruptor GenieTM, Scientific Industries Inc., New York, USA) at 5,000 g for 5 minutes. The 
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precipitation and purification of DNA were carried out using the DNeasy® Tissue kit (Qiagen 

Pty. Ltd., Doncaster, VIC, Australia) according to manufacturer instructions after recovering 

the supernatants. 

 

5.2.10 PCR amplification of 16-23S rDNA 

 

The primers used in this experiment for PCR amplification are listed in Table 5.2. The method 

was according to Guan et al. (2003), Mikkelsen et al. (2003) and Vidanarachchi et al. (2006) 

and as reported as lactobacillus 16-23S rDNA (16S rRNA gene and the entire 16S-23S rRNA 

intergenic region) analysis with modifications. The reaction mixture (50 μL) contained a 0.01 

mM deoxynucloside triphosphate (dNTP), 1.5 nM MgCI2, 1.1 Unit Taq (Thermus aquaticus) 

DNA polymerase supplied with the 10X PCR buffer (all from Fisher Biotec, West Perth, WA, 

Australia), 10 pmol both forward and reverse primers (Proligo Australia Pty. Ltd., Lismore, 

NSW, Australia) and 2.0 μL purified template DNA. The reaction mixtures were amplified in 

an Eppendorf PCR Thermal Cycler (MasterCycler®, Eppendorf AG, Hamburg, Germany) 

under the following conditions: initial cycle of 1 minutes denaturation at 95 °C, followed by 

30 cycles of 30 sec denaturation at 95 °C, 30 sec of annealing at 57 °C and 45 sec elongation 

at 72 °C with a final extension of 10 minutes at 72 °C. Amplified PCR products were 

electrophoresed on a 1% agarose gel containing 5 μL of GelStar nucleic acid gel stain 

(BioWhittaker Molecular Application, Rochland, ME, USA), viewed by UV transillumination 

and digitized on an Infinity CN – 3000 Gel Documentation System (Vilber Lourmat, Cedex, 

France). The formulation of the master mixture is listed in Table 5.3 (from Mikkelsen et al., 

2003). 
 

Table 5.2: Primers used for amplification for 16-23S r DNA (from Guan et al., 2003; 
Mikkelsen et al., 2003; and Vidanarachchi et al., 2006) 
 
Primer Direction Nucleotide sequence (5' -- 3') 
Lb 16a Forward GTG CCT AAT ACA TGC AAG TCG 
23-1B Reverse GGG TTC CCC CAT TCG GA 

 

5.2.11 Amplified Ribosomal DNA Restriction Analysis (ARDRA) of 16-23S rDNA 

 

The amplified 16-23S rDNA intergenic spacer regions of lactobacillus isolates were digested 

with the restriction endonuclease HaeIII enzymes (restriction enzyme isolated from 

Haemophilus aegptius) according to the manufacturer’s instructions (New England BioLabs, 
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Brisbane, QLD, Australia). HaeIII restriction enzyme recognizes and cleaves directly the 

centre of the 5’ … GG/CC … 3’, 3’ … CC/GG … 5’ DNA sequence. Restriction digestion 

was carried out for 2 h at 37 °C in 40 μL final volume containing 4 μL 10 X buffer, 15 μL 

PCR grade water, 1 μL enzyme (10 U/μL) and 20 μL of amplified PCR product. Restriction 

digestion products were electrophoretically resolved in a 2% agarose gel containing 5 μL of 

GelStar® nucleic acid gel stain (BioWhittaker Molecular Applications, Rockland, ME, USA) 

for 4 h at 90 V and band patterns were viewed by UV transillumination and digitized on 

Infinity CN – 3000 Gel Documentation System (Vilber Lourmat, Cedex, France). Infinity 

Capture version 12.6 for Windows software was used for image analysis. 
 

Table 5.3: Formulation of reaction mixture for PCR amplification of 16-23S rDNA (from 
Mikkelsen et al., 2003) 
 
Composition Concentration Volume 
Master mixture 
Deoxynucleoside triphosphate (dNTP) 2.0 nmol/μL 5.0 μL
Taq DNA polymerase  5.5 U/μL 0.2 μL
MgCI2 25 nM 6.0 μL
PCR buffer 10 X 5.0 μL
Forward primer  -- Lb16a 5 pmol/μL 2.0 μL
Reverse primer  -- 23-1B 5 pmol/μL 2.0 μL
PCR grade water - 27.8 μL
Total volume of master mixture for each sample   48 μL
 
DNA crude extracts  2.0 μL
 
Total reaction mixture for each sample  50 μL

 

5.2.12 Statistical analysis 

 

Statistical analyses were performed as described in Section 4.2.10 using StatGraphics Plus 

(Professional Edition, Manugistics Inc., Rockville, Maryland, USA). The data were analyzed 

using one-way analysis of variance (ANOVA) with diet as the factor. The differences between 

mean values were identified by the least significant difference (LSD). Differences among 

treatments were deemed to be significant only if the P-value was less than 0.05. Regression 

analysis was carried out only with control diets and different routes of delivery administration. 

All results were expressed as means. Bacterial counts were transformed to log10 values before 

analysis. 
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5.2.13 Animal ethics 

 

Health and animal husbandry practices complied with the ‘Australian code of the care of 

animal for scientific purposes’ (NHMRC, 2004). The Animal Ethic Committee of the 

University of New England approved the experiments in this study (authority number: 

AEC07/016). 

 

5.3 RESULTS 
 

5.3.1 Growth performance 

 

Body weight gain, FI and FCR were not affected by different delivery methods of probiotic 

supplementation (Table 5.4). The oral gavage tended (P=0.3) to give higher BWG than the 

negative control groups. 

 

Table 5.4: The effects of delivering L. johnsonii via different routes on the performance of 
broilersa 

  Treatmentsb 

  NC PC 
Oral - 
NC Feed Water  Litter 

Oral - 
Pro 

SE  P 
value 

 
Day 1-7 

BWG(g/Bird) 157 158 156 155 156 157 158 1.57 0.87 
FI(g/Bird) 156 157 154 157 155 160 160 2.88 0.67 
FCR(g/g) 0.995 0.998 0.988 1.010 0.995 1.017 1.015 0.02 0.94 

 
Day 1-21 

BWG(g/Bird) 854 874 854 851 856 867 862 9.22 0.54 
FI(g/Bird) 1201 1222 1201 1198 1202 1216 1210 9.27 0.48 
FCR(g/g) 1.407 1.398 1.407 1.410 1.403 1.403 1.405 0.01 0.67 

 
Day 1-35 

BWG(g/Bird) 1797 1816 1794 1800 1792 1792 1824 11.44 0.31 
FI(g/Bird) 2899 2935 2891 2908 2883 2899 2952 27.05 0.55 
FCR(g/g) 1.623 1.617 1.622 1.636 1.619 1.637 1.634 0.02 0.99 
Mortality (%) 6.25 4.17 4.17 2.08 6.26 4.17 8.33 - - 

a) Values are means (n=6) and standard error of means (SE). 
b) Dietary treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, 
positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, 
with no additives added to the basal feed, water and litter, orally inoculated with PBS solution; Other treatments, 
with probiotic L. johnsonii delivery by oral gavage, feed, water and litter, respectively. 
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5.3.2 Organ weights, intestinal pH and SCFA concentrations 

 

The relative weight of the pancreas was significantly increased (P<0.01) at d 21 with oral 

gavage giving the heaviest pancreas (Table 5.5). There were no effects of diet on the relative 

weights of visceral organs, including the small intestine. 

 

Table 5.5: Relative weights1 (% body weight) of organs from broilers given a probiotic via 
different routes 

Treatments2 
  
  NC PC 

Oral - 
NC Feed Water Litter  

Oral - 
Pro 

SE  P value 

 
Day 7 
Liver          5.33 4.59 5.62 5.09 4.74 5.62 5.37 0.43 0.5071 
Spleen        0.09 0.08 0.10 0.08 0.06 0.08 0.09 0.01 0.3327 
Pancreas    0.35 0.34 0.45 0.40 0.40 0.38 0.37 0.04 0.6937 
Bursa         0.15 0.12 0.13 0.12 0.16 0.17 0.13 0.02 0.2055 
Gizzard       4.76 4.25 4.79 4.49 4.84 4.30 4.19 0.24 0.2467 
Duodenum 2.07 1.69 1.79 2.00 2.09 1.90 2.03 0.16 0.5204 
Jejunum     2.71 2.43 2.77 2.72 2.63 2.68 2.87 0.21 0.8536 
Ileum           2.02 1.72 1.74 1.80 1.84 2.02 2.01 0.17 0.6834 
 
Day 21 
Liver          3.23 3.35 3.34 3.28 2.98 3.28 3.43 0.36 0.1328 
Spleen        0.09 0.08 0.07 0.09 0.09 0.07 0.08 0.01 0.4059 
Pancreas 0.30a 0.27a 0.25b 0.24b 0.32c 0.30a 0.37d 0.02 0.0077 
Bursa         0.16 0.16 0.12 0.17 0.19 0.15 0.16 0.02 0.3899 
Gizzard       2.48 2.54 2.81 2.36 2.44 2.53 2.22 0.13 0.1144 
Duodenum 1.17 1.04 1.27 1.27 1.24 1.17 1.22 0.08 0.4325 
Jejunum     1.90 1.62 1.74 1.86 1.78 1.64 1.78 0.08 0.1842 
Ileum           1.23 1.01 1.13 1.07 1.06 1.14 1.15 0.08 0.6000 

1) Values are means (n=6) and standard error of means (SE). 
2) Dietary treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, 
positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, 
with no additives added to the basal feed, water and litter, orally inoculated with PBS solution; Other treatments, 
with probiotic L. johnsonii delivery by oral gavage, feed, water and litter, respectively. 
a,b,c,d Means within the same row with no common superscripts differ significantly (P<0.05) 
 

The probiotic treatments, regardless of the routes of delivery, affected (P<0.05) the pH of the 

caecal digesta and tended (P=0.06) to affect the pH of the ileal digesta on d 7, but the effect 

disappeared as the birds grew older (Table 5.5). Although there were numerically higher 

concentrations of lactic acid in the ileal digesta and succinic acid in the caecal digesta 

compared with the negative controls, these were not statistically significant. Furthermore, the 

trend diminished as the birds grew older (Table 5.6). 
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Table 5.6: Digesta pH and organic acids concentrations1 (μmol / g) on d 7 and d 21 
 

  Treatments2 

  NC PC 
Oral 
- NC Feed Water  Litter 

Oral - 
Pro 

SE  P value 

 
Day 7 

Gizzard  
  pH 3.06 3.01 3.08 2.95 3.15 3.09 3.02 0.09 0.7866 
Ileum  
  pH 6.71 6.64 6.67 6.84 6.97 6.79 6.51 0.10 0.0600 
  Formic acid  0.34 0.29 0.31 0.46 0.39 0.36 0.58 0.31 0.9451 
  Acetic acid 1.68 1.35 1.54 1.73 1.61 1.59 1.67 0.52 0.7956 
  Lactic acid 3.03 3.46 4.37 4.32 5.41 3.49 3.87 2.57 0.8351 
Caeca  
  pH 6.19b 6.08c 6.13b 6.13b 6.56a 5.71a 6.11c 0.14 0.0158 
  Acetic acid 57.51 52.32 58.53 47.97 61.27 55.69 52.27 6.79 0.8769 
  Propionic acid 2.83 2.45 2.26 3.11 2.49 3.91 2.89 0.34 0.1021 
  Butyric acid 14.11 14.41 13.43 13.02 13.87 14.19 14.54 0.87 0.8801 
  Succinic acid 2.12 2.25 2.68 3.41 2.69 2.76 2.91 0.59 0.7708 

 
Day 21 

Gizzard  
  pH 2.75 2.67 2.48 3.04 2.64 2.94 2.69 0.19 0.4784 
Ileum  
  pH 6.96 7.04 6.72 6.91 6.70 6.82 6.98 0.15 0.5746 
  Formic acid  0.48 0.39 0.53 0.53 0.32 0.51 0.45 0.24 0.5671 
  Acetic acid 2.41 2.57 2.49 2.76 2.34 2.55 2.70 0.67 0.8317 
  Lactic acid 7.24 6.77 9.41 6.91 7.18 8.51 8.76 3.21 0.6270 
Caeca  
  pH 5.77 5.86 5.62 5.87 5.77 5.89 5.86 0.15 0.8511 
  Acetic acid 57.41 69.24 49.71 64.28 61.49 55.06 58.12 12.34 0.3745 
  Propionic acid 4.57 4.49 3.89 3.76 4.72 4.28 4.51 0.89 0.6841 
  Butyric acid 12.64 11.47 12.38 13.16 11.78 12.68 12.97 3.54 0.7680 
  Succinic acid 1.08 1.24 1.29 1.31 1.27 1.09 1.11 0.38 0.8620 

1) Values are means (n=6) and standard error of means (SE). 
2) Dietary treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, 
positive control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, 
with no additives added to the basal feed, water and litter, orally inoculated with PBS solution; Other treatments, 
with probiotic L. johnsonii delivery by oral gavage, feed, water and litter, respectively. 
a,b,c Means within the same row with no common superscripts differ significantly (P<0.05) 
 

5.3.3 Bacterial populations in intestinal digesta 

 

The probiotic treatment groups had significant effects on the bacterial count in the caecal 
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digesta with the number of Enterobacteria decreasing (P<0.05) on d 7 and d 21. The probiotic 

treatments tended (P=0.08) to reduce the number of Enterobacteria in the ileum on d 7. 

However, it did not affect the counts of total anaerobic bacteria, LAB, lactobacilli and C. 

perfringens in the digesta of the ileum and caeca either at d 7 or at d 21. Furthermore, the 

number of Enterobacteria in the ileal digesta at d 21 was not affected (Table 5.7). 

 

Table 5.7 Bacterial counts (Lg CFU/g) in the digesta of birds on d 7 and d 211 

Treatments2 

  NC PC 
Oral -
NC Feed Water  Litter 

Oral 
- Pro 

SE  P value 

 
Day 7 

Ileum 
Total anaerobes 8.28 8.08 8.49 7.69 8.16 8.26 8.10 0.23 0.383 
LAB 8.07 8.18 8.71 8.16 8.27 8.24 8.23 0.29 0.801 
Lactobacilli 7.72 8.03 8.05 8.00 7.80 7.85 7.97 0.28 0.967 
Enterobacteria3 6.27 6.14 6.17 5.69 5.45 6.72 5.94 0.28 0.084 
C. perfringens 3.87 3.71 3.85 3.73 3.96 3.96 3.50 0.25 0.856 
Caeca 
Total anaerobes 10.26 10.14 10.02 10.33 10.43 10.00 10.32 0.16 0.385 
LAB 9.69 9.50 9.54 9.54 9.61 9.41 9.58 0.17 0.947 
Lactobacilli 8.82 8.52 9.22 8.96 9.22 8.96 9.30 0.28 0.457 
Enterobacteria3 9.33 9.25 9.51 9.13 9.14 9.31 8.76 0.15 0.054 
C. perfringens 8.14 7.41 8.11 7.68 7.75 7.76 7.76 0.22 0.250 

 
Day 21 

Ileum 
Total anaerobes 6.78 6.93 6.52 7.39 7.52 7.24 7.55 0.35 0.291 
LAB 7.47 7.01 7.36 7.37 7.21 7.58 7.52 0.17 0.232 
Lactobacilli 7.30 6.86 7.16 7.41 7.36 6.96 7.61 0.23 0.106 
Enterobacteria3 6.19 5.68 5.97 5.58 5.83 5.78 5.33 0.26 0.380 
C. perfringens 4.42 4.55 4.35 4.19 4.15 4.82 4.63 0.34 0.791 
Caeca 
Total anaerobes 8.92 8.70 8.80 8.80 9.01 8.78 9.15 0.17 0.548 
LAB 8.45 8.29 8.61 8.75 8.63 8.50 8.91 0.19 0.370 
Lactobacilli 8.31 8.17 7.79 8.35 8.31 8.21 8.81 0.26 0.223 
Enterobacteria3 8.16a 8.02a 8.08a 7.60c 7.82b 7.93b 7.59c 0.14 0.040 
C. perfringens 5.36 4.83 5.26 4.66 4.44 4.83 4.83 0.41 0.708 

1) Values are means (n=6) and standard error of means (SE). 
2) Treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, positive 
control, with the antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, with no 
additives added to the basal feed, water and litter, orally inoculated with PBS solution; Other treatments, with 
probiotic L. johnsonii delivery by oral gavage, feed, water and litter, respectively. 
3) Enterobacteria are coliform and lactose negative enterobacteria. 
a,b,c Means within the same row with no common superscripts differ significantly (P<0.05) 
 

The number of the LAB was highest in the ileal digesta in the oral gavage treatment (8.23; 
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7.52) and litter treatment (8.24; 7.58) on d 7 and 21, respectively. They were also highest in 

the caecal digesta for the oral gavage treatment (8.91) on d 21. The lactobacillus population 

was greatest in the caecal digesta for the oral gavage treatment on d 7 (9.30) and d 21 (8.81), 

and in the ileal digesta for the oral gavage treatment the lactobacillus population reached its 

peak (7.61) at d 21. 

 

5.3.4 Intestinal histomorphology 

 

The effects of different treatments on villus height, crypt depth and villi/crypt ratio of ileum 

on d 7 and 21 are shown in Table 5.8. Results show that the probiotic candidate L. johnsonii 

did not significantly influence ileal morphology of broiler chickens when administered by 

different delivery routes, compared with the positive and negative control treatments. 

 

Table 5.8 Ileal morphormetry1 of broilers on d 21 and d 35 
Treatments2 

  NC PC 
Oral 
- NC Feed Water Litter 

Oral - 
Pro 

SE P value 

          
Day 7          
Villus height (µm) 603 593  589 574 583 605 579  37.29 0.532
Crypt depth (µm) 110 98  103 117 106 107 103  6.25 0.741
Villi/crypt ratio 5.48 6.05  5.72 4.91 5.50 5.65 5.62  0.57 0.312
Muscle depth(µm) 278 256  268 267 255 259 283  14.24 0.231
          
Day 21          
Villus height (µm) 795 803  827 793 759 782 798  47.38 0.178
Crypt depth (µm) 122 135  132 127 130 129 136  8.92 0.615
Villi/crypt ratio 6.52 5.95  6.27 6.24 5.84 6.06 5.87  0.74 0.236
Muscle depth(µm) 311 302  291 285 272 298 307  16.36 0.347

1) Values are means (n=6) and standard error of means (SE). 
2) Dietary treatments: NC, negative control, with no additives added to the basal feed, water and litter; PC, 
positive control, with antibiotic, zinc-bacitracin (ZnB, 50 ppm) added in feed; Oral-NC, negative control, with 
no additives added to the basal feed, water and litter, orally inoculated with PBS solution; Other treatments, with 
L. johnsonii delivery by oral gavage, feed, water and litter, respectively. 
 

5.3.5 Amplified Ribosomal DNA Restriction Analysis of 16-23s rDNA 

 

Forty isolates tentatively assigned to different groups of Lactobacillus spp. are listed in Table 

5.9. The isolates were tentatively identified as L. crispatus and L. salivarius by Vidanarachchi 

et al. (2006) who used the Amplified Ribosomal DNA Restriction Analysis (ARDRA) method 

for Lactobacillus spp. analysis. The L. johnsonii group was tentatively identified by 
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comparing patterns from a pure culture used for oral inoculation. This pure culture was 

identified by Vidanarachchi et al. (2006) using the sequences of 16S rRNA gene (Gen Bank 

accession No. AE017198) (Plate 5.2). The result showed that L. johnsonii was detected from 

the oral inoculation treatment and also showed high numbers (8/20) of probiotic candidate 

colonies in the oral gavage groups in 20 randomly selected isolates. However, no L. johnsonii 

strains were found in the negative control group.  

 

The results show that two genotypic L. johnsonii patterns (300-bp, 500-bp) were present in 

the ARDRA test (Plate 5.2). They are clearly differentiated from other patterns on the test. 

There are three patterns with L. crispatus (250-bp, 500-bp and 700-bp), two patterns with L. 

salivarius (200-bp, 500-bp), and one or four patterns with the unidentified strains (350-bp; 

300-bp, 400-bp, 500-bp and 700-bp). 
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Table 5.9: Distribution of major genotypic groups1 of lactobacilli isolates from ileum of 
broiler on day 7 
 

Isolates ID Treatment DT2 ARDRA patterns Tentative distribution 
L. johnsonii  Origin  150-bp, 300-bp, 500-bp L. johnsonii 
7-Ileum-5 Oral - NC 5 250-bp, 500bp, 700bp unidentified Lactobacillus sp. 
7-Ileum-5 Oral - NC 5 300-bp, 400-bp, 500-bp, 700-bp unidentified Lactobacillus sp. 
7-Ileum-5 Oral - NC 5 150-bp, 200bp, 500bp possibly L. crispatus 
7-Ileum-5 Oral - NC 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
8-Ileum-5 Oral - NC 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
8-Ileum-5 Oral - NC 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
9-Ileum-6 Oral - NC 6 350-bp unidentified Lactobacillus sp. 
9-Ileum-6 Oral - NC 6 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
10-Ileum-5 Oral - NC 5 150-bp, 200bp, 500bp possibly L. crispatus 
10-Ileum-5 Oral - NC 5 350-bp unidentified Lactobacillus sp. 
10-Ileum-5 Oral - NC 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
10-Ileum-5 Oral - NC 5 200-bp, 500-bp, 600-bp unidentified Lactobacillus sp. 
11-Ileum-6 Oral - NC 6 150-bp, 200bp, 500bp possibly L. crispatus 
11-Ileum-5 Oral - NC 5 350-bp unidentified Lactobacillus sp. 
11-Ileum-5 Oral - NC 5 150-bp, 200bp, 500bp possibly L. crispatus 
12-Ileum-6 Oral - NC 6 300-bp, 400-bp, 500-bp, 700-bp unidentified Lactobacillus sp. 
12-Ileum-6 Oral - NC 6 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
12-Ileum-5 Oral - NC 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
12-Ileum-5 Oral - NC 5 150-bp, 200bp, 500bp possibly L. crispatus 
12-Ileum-5 Oral - NC 5 300-bp, 400-bp, 500-bp, 700-bp unidentified Lactobacillus sp. 
31-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
31-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
31-Ileum-5 Oral - Pro 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
31-Ileum-4 Oral - Pro 4 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
31-Ileum-4 Oral - Pro 4 300-bp, 400-bp, 500-bp, 700-bp unidentified Lactobacillus sp. 
32-Ileum-6 Oral - Pro 6 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
32-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
32-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
33-Ileum-6 Oral - Pro 6 150-bp, 300-bp, 500-bp possibly L. johnsonii 
33-Ileum-6 Oral - Pro 6 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
33-Ileum-6 Oral - Pro 6 150-bp, 200bp, 500bp possibly L. crispatus 
34-Ileum-5 Oral - Pro 5 350-bp unidentified Lactobacillus sp. 
34-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
34-Ileum-5 Oral - Pro 5 150-bp, 200bp, 500bp possibly L. crispatus 
35-Ileum-5 Oral - Pro 5 200-bp, 500-bp, 600-bp unidentified Lactobacillus sp. 
35-Ileum-5 Oral - Pro 5 250-bp, 350-bp, 500-bp, 600-bp possibly L. salivarius 
36-Ileum-6 Oral - Pro 6 150-bp, 300-bp, 500-bp possibly L. johnsonii 
36-Ileum-5 Oral - Pro 5 150-bp, 300-bp, 500-bp possibly L. johnsonii 
36-Ileum-5 Oral - Pro 5 350-bp unidentified Lactobacillus sp. 
36-Ileum-5 Oral - Pro 5 350-bp unidentified Lactobacillus sp. 

* Pure isolates were randomly selected from the ileum. 
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5.4 DISCUSSION 
 

5.4.1 Delivery routes and growth performance 

 

A well-accepted method to quickly introduce a commensal microflora in chicks is through the 

administration of probiotics. Probiotic strains have been administrated in feed (Jin et al. 

1998a, 2000; Kalavethy et al., 2003) and water (Watkins and Kratzer, 1984; Pascual et al., 

1999; Timmerman et al., 2006). Many reports have demonstrated that probiotics improve the 

growth performance and feed efficiency, and are potentially able to enhance nutrient 

absorption in broiler chickens. However, spraying of litter with probiotics is a method that has 

not been widely reported in poultry management. On the other hand, administering probiotics 

in drinking water is generally reported to result in a smaller increase in average daily gain 

compared with administering them via feed (Yeo and Kim, 1997; Jin et al., 1998a,b, 2000; 

Kalavethy et al., 2003). Pelicano et al. (2004) reported that, when compared with probiotics 

delivered via drinking water or compared with a negative control treatment, L. johnsonii, 

delivered as a feed supplement, did not significantly affect growth performance or feed 

conversion between days 1 and 21 in broiler chickens. They also observed that feed intake 

was slightly higher when a probiotic containing L. reuteri and L. johnsonii had been 

administered, but giving via feed or drinking water did not present different effects on growth 

performance and gut microbial composition in broilers. 

 

The results of this study show that different routes for administering L. johnsonii did not 

significantly influence the parameters of growth performance. The probiotic, when given via 

oral inoculation, achieved the highest weight gain (1824g) and feed intake (2952g) during the 

35 days of the experiment, but these were not statistically significant. It is not uncommon that 

the use of L. johnsonii as a probiotic does not markedly improve bird performance (Fethiere 

and Miles, 1987; Maiorka et al., 2001; Murry Jr et al., 2006). It is evident that probiotics such 

as L. johnsonii are effective in controlling pathogens (Cho et al., 2000; La Ragione et al, 2004) 

although growth enhancement by probiotics has also been reported (Schneitz, 2005). 

 

5.4.2 Effects of delivery routes on organ weights and gut development  

 

The probiotic did not affect the relative weights of intestinal tracts of broilers after 21 days of 
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feeding. Jin et al. (1998b) demonstrated that the probiotic supplement lactobacillus does not 

have an effect on organ weights and intestinal weight. Similar results were observed by 

Huang et al. (2004) who supplemented either L. casei or L. acidophilus with or without cobalt 

in the diets of broiler chickens. 

 

The relative (to body weight) weights of the liver, spleen, and bursa of broilers were not 

affected by the probiotic L. johnsonii administrated by different delivery routes. However, 

delivery of the probiotic through feed, water and litter increased the pancreas weight on d 21. 

The reason (s) for this increase is not known.  

 

The relative weights of the key organs can often be used as an indicator of changes in the 

morphology of the gut. The results of ileal morphology from the current study show that 

probiotic supplementation did not influence villus height, crypt depth and villi/crypt ratio 

compared with control treatments on d 7 and d 21. Additives such as probiotics are regarded 

as modifying agents of the intestinal wall thickness due to the elimination of prejudicial 

bacteria (Coates et al., 1955; Eisser & Somer, 1966; Rosen, 1995), thus germ-free birds have 

lighter intestinal tracts than birds originating from commercial farms (Coates et al., 1981). 

Jong et al. (1985) studied the impact of antibiotics on the organs of broilers and reported 

physical alterations in the structure of the intestine, leading to a reduction in the intestinal 

weight. Henry et al. (1987) speculated that a decrease in the intestinal mass may result in less 

utilization of nutrients by the mucosa, sparing nutrients for the birds. However, neither 

antimicrobials (Loddi et al., 2000) nor probiotics (Pedroso, 1999) produced significant 

changes in the micro-structure of the intestine of birds. 

 

5.4.3 Bacterial populations, intestinal pH and SCFA concentrations 

 

The present results show that Enterobacteria and Lactobacilli are the most important groups 

of bacteria in the ileum and caeca during the early life of the chicks. The number of 

Enterobacteria starts to decrease from d 7 to d 21 whereas that of lactobacilli decreases 

progressively from d 7 to d 21, and then increases to a peak at d 35 (previous work in chapter 

4, Table 4.6). This result is supported by van der Wielen et al. (2000) who reported that, after 

a decline in the early life of broilers, the number of Enterobacteria and Lactobacilli stabilized 

after 3 weeks of age.  
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Direct-fed microbials are known to benefit the host animal by improving its intestinal 

microflora balance (Fuller, 1989). The current study showed that the number of 

Enterobacteria decreased in the caeca and ileum significantly in probiotic treatment groups 

compared with control treatments. This is consistent with early reports (Chapter 4) and may 

indicate that the Enterobacteria group was inhibited by the dominant probiotic group. Thus, 

with the establishment of L. johnsonii in the GIT of the birds, the enterobacterial population 

was outcompeted and the equilibrium of the gut microflora in the ileum and caeca was 

restored. This result, supported by those of Salminen and Wright (1992), demonstrates that 

Lactobacillus spp. exert a direct influence on enterobacterial colonization and it is tempting to 

describe the observed effects in such a manner. Vahjen et al. (1998) also indicated that a high 

lactobacillus population competitively excluded other members of the intestinal microflora of 

broilers, which displayed a slow rise in numbers in the ileum on d 21 followed by a rather 

sharp decline (up to tenfold) on d 28. The number of enterobacteria in the ileum followed the 

same declining trend. 

 

One of the mechanisms by which CE occurs is through the production of SCFAs by the 

dominating microflora. This study shows the presence of high concentration of acetic and 

lactic acids in the ileum, and butyric and succinic acids in the caeca in the probiotic treatment 

groups compared with control groups on d 7 and d 21. This may mean that Enterobacteria are 

more susceptible to SCFAs than lactobacilli. Indeed, van der Wielen et al. (2000) 

demonstrated that an increasing concentration of SCFAs caused a gradual decrease in the 

proliferation rate of Enterobacteria, but not that of the lactobacilli. 

 

Clostridium perfringens is a ubiquitous bacterium present in the chicken gut that causes 

necrotic enteritis when the conditions are right for the organism (Choct, 2008). Necrotic 

enteritis is estimated to cost the global broiler industry US$2 billion per annum (Keyburn et 

al., 2006). The current study examined the effect of supplemental L. johnsonii on the number 

of C. perfringens in the ileum and the caeca. The population of C. perfringens decreased 

rapidly from an early age to d 21 in the caeca, leading to a 3-fold decrease in the number of C. 

perfringens between d 7 and d 21. It also showed that the probiotic treatment presented the 

lowest number of C. perfringens in the caeca (7.76 vs. 8.14 on d 7; and 4.83 vs. 5.36 on d 21). 

This finding is consistent with previous research (Section 4.4.3) showing that L. johnsonii, 

used as a feed supplement, resulted in lower populations of C. perfringens in the caeca 

compared to the negative control on d 35 (3.67 vs. 4.24). This seems to suggest that the 
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probiotic used in the current study may be used to alleviate the risk associated with the 

proliferation of C. perfringens in the gut, which predisposes broiler flocks to economically 

devastating disease of necrotic enteritis. 

 

5.4.4 Probiotic candidates dominant in the gut 

 

The microbial community of the GIT ultimately reflects the coevolution of microorganisms 

with their animal host and the diet adopted by the host (Drasar and Barrow, 1985). In chickens, 

the diet and the environment affect the microbial status of the GIT. Dirty litter and other 

management parameters affect the microbial composition of the chickens both directly by 

providing a continuous source of bacteria and indirectly by influencing the physical condition 

and defence of the birds (Apajalahti et al., 2003). Changes in the composition of the animal’s 

microflora can have beneficial or detrimental effects on the health, growth, and maturation of 

the host animal (Hill, 1982). Lu et al. (2003) analysed the composition of the bacterial flora in 

the ileum and caeca of broilers by the percent G+C profiling sequencing of 1,230 clones from 

a 16S rDNA community DNA library. Their results showed that Lactobacillus species were 

most abundant at 68.5% of the total sequences and L. acidophilus, L. salivarius, L. crispatus, 

L. delbrueckii, L. reuteri and L. aviarius were the dominant strains of lactobacilli in the ileum 

and caeca of chickens. Their results also indicated that L. johnsonii was not a dominant 

bacterial species in the intestinal tract of a normal chicken. Dumonceaux et al. (2006) 

analyzed the microbiota in the caeca of broilers on d 47. Their results demonstrated that the 

most commonly recovered sequences were lactobacilli that accounted for more than 65% of 

the total isolates. L. salivarius, and L. crispatus were the predominant lactobacilli in the 

caecal microflora and only three sequences (L. salivarius, L. buchneri and L. crispatus) were 

found in both the small intestine and the caeca.  

 

A single dose of bacteria inoculated to newly hatched chicks can change digestal communities 

(Apajalahti et al., 1998). The results of this study show that L. johnsonii colonies were not 

detected in 20 of the ileal isolates in the negative control groups. This may indicate that L. 

johnsonii isolates (8/20), which were found in the oral inoculation treatment, had became 

dominant strains in the composition of lactobacilli in the ileum of broilers. 

 

 



 

 

97

 

5.5 CONCLUSIONS 
 

The novel probiotic candidate L. johnsonii was dominant in the intestinal tract of broiler 

chickens in the treatment groups. This was detected by 16-23S rDNA ARDRA patterns which 

also confirmed the influence of L. johnsonii on the gastrointestinal microfloral composition 

and notably the associated decrease in enterobacterial colonization in the ileum of broiler 

chicken between 1 and 21 days of age.  

 

The delivery of the probiotic via drinking water, in feed, by litter application or oral gavage 

did not improve bird performance during the experimental period. Furthermore, there were no 

stastically significant differences between the various methods of delivery on the gut 

microflora, but individual oral application showed best regarding the reduction of 

Enterobacteria numbers in trial. The probiotic decreased the number of Enterobacteria and C. 

perfringens, a finding which may be regarded as a key attribute of probiotic application in 

poultry diets. 
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CHAPTER 6 
 

USE OF L. johnsonii IN BROILERS CHALLENGED WITH Salmonella 

sofia 

 
ABSTRACT 

 
The effects of L. johnsonii on gut microflora, bird performance and intestinal development 

were assessed using 288 day-old Cobb broilers challenged with Salmonella sofia (S. sofia). 

The experiment was a 3 x 2 factorial design which consisted of three treatments, a negative 

control (NC) with no additives, a positive control (PC) containing antimicrobials (zinc-

bacitracin, 50 ppm) and a probiotic group (Pro), and with the two factors being unchallenged 

or challenged with S. sofia. A probiotic preparation of L. johnsonii (109 cfu/chick) was 

administered to chicks individually by oral gavage on days 1, 3, 7 and 12. Chicks were 

individually challenged with Salmonella sofia (107 cfu/chick) by oral gavage on days 2, 8 and 

13. Results showed that the challenge itself markedly reduced (P<0.05) bird performance and 

feed intake, and transient clinical symptoms of the infection with S. sofia were observed from 

the second time they were challenged with S. sofia in the negative challenge groups. The 

novel probiotic candidate L. johnsonii reduced the number of S. sofia and C. perfringens in 

the gut environment, and improved the birds’ colonization resistance to S. sofia. 

 

6.1 INTRODUCTION  
 

Probiotics may alter gut microflora in poultry and play a role in CE of Salmonella by the 

Nurmi concept (Pivnick and Nurmi, 1982). Competitive exclusion involves oral 

administration of intestinal microflora derived from healthy salmonella-free adult birds into 

newly hatched chicks. Establishment of an adult intestinal microflora in newly hatched chicks 

increases their resistance to colonization by non-host-specific salmonellae. 

 

The use of CE microflora against Salmonella colonization in poultry is proven to be effective 

(Blankenship, 1993; Jin et al., 1998a; Gusils et al., 2003). The most important advantage is 

that CE products ensure the establishment of a complex intestinal microflora that resists 
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colonization by poultry pathogens, and they are produced as a consortium of bacteria that can 

coexist as a stable community in the enteric ecosystem (Wagner, 2006). Another factor in the 

use of lactobacilli to induce CE of Salmonella is that the members of the Lactobacillus family 

readily utilize lactose in their metabolism. Oyofo et al. (1989) pointed out that mannose and 

lactose may act to inhibit Salmonella attachment via different mechanisms; mannose may 

interact with mannose-sensitive type-1 fimbrae on the bacterium, lactose on the enhancement 

of the growth of Lactobacillus, which, in turn, inhibits the growth of pathogens such as 

Salmonella. The antibacterial effect of Lactobacilli in vitro against E. coli and Salmonella spp. 

and the bactericidal effect on S. faecalis have been documented (Fuller and Brooker, 1974). 

The results of Pascual et al. (1999) showed that using the rifampin-resistant L. salvarius 

CTC2197 (feed additional concentration as 105 cfu / gram) prevents S. enteritidis in chickens, 

and that the pathogen was completely removed from the birds after 21 days. 

 

Salmonella sofia first came to the attention of the Australian Salmonella Reference Centre in 

1979 as a new isolate from chickens. Despite the widespread colonization of chickens by S. 

sofia, it is not represented in the list of serovars isolated from humans, which indicates that it 

may be of low virulence to humans (Harrington et al., 1991). S. sofia is ubiquitous amongst 

Australian chicken flocks but few serious Salmonella food poisoning outbreaks attributed to 

chicken meat have occurred. In the years 1982 to 1984, S. sofia represented approximately 

30% of all salmonella isolations from raw chickens in Australia and isolation from chickens 

rose to a peak of 49% of all isolates in 1988 (Harrington et al., 1991). 

 

Chickens are known to be very sensitive to Salmonella infections during the first week of life 

because of delayed development of their intestinal flora. The GIT of chickens harbours a 

microfloral load which is formed immediately after hatching. The mature indigenous 

microflora forms an important barrier against colonization of potentially pathogenic bacteria, 

such as Salmonella (Fuller, 1997). The microflora of the intestinal tract consists of many 

different species of microorganisms, Lactobacillus, Bifidobacterium and Bacteroides species 

being the most predominant groups of microorganisms present in healthy chickens; these 

constitute about 90% of the flora. Ewing and Cole (1994) reported that the development of the 

intestinal microbiota commences soon after birth, and the establishment of ‘climax 

conditions’ takes days or weeks depending on environmental conditions. During this process, 

the composition of the microbiota continuously changes as one group of microbes becomes 

numerically dominant, only to be supplanted by a new group of organisms, which, in turn, is 
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supplanted. In young chicks, administration of gut microflora has been shown to be effective 

against several Salmonella species, such as S. typhimurium (Mead, 2000) and S. kedougou 

(Ferreira et al., 2003). The importance of bacterial metabolites and intestinal microflora 

composition in controlling pathogenic bacterial infections has been well documented in 

animal models (Huma et al., 1998; Bielke et al., 2003). Literature data suggest the importance 

of early establishment of beneficial bacterial populations in preventing Salmonella 

colonization using animal models. Based on these principles, a novel probiotic of chicken 

origin, L. johnsonii, was selected for this experiment because of its production of bacteriocin-

like inhibitory activities that may be effective in controlling S. sofia infection in broilers. 

 

6.2. MATERIALS AND METHODS 
 

6.2.1 Growing the probiotic strain 

 

The amplification of pure L. johnsonii isolates in pre-mixture PBS solution is described in 

Section 5.2.1. This pre-mixture of PBS solution was used for oral gavage of chicks. The 

quantities of MRS broth and pre-mix PBS solution were calculated by the bacterial 

concentration needed for the experiment. In this study, the concentration of the probiotic 

candidate L. johnsonii was > 1.28 X 109 cfu / mL of BPS solution without bacterial 

extracellular products. 

 

Each chick in the probiotic treatment group was orally administered 0.5 mL of the highly 

concentrated culture solution using a crop needle on d 1, and 1 mL on d 3, 7 and 12. Birds in 

other groups received the same amount of sterile PBS solution on the same day. 

 

6.2.2 Infectious strain of Salmonella sofia 

 

The strain of S. sofia was obtained from the Biotechnology Laboratory, RMIT University 

(Melbourne, VIC, Australia) and maintained in Luria Bertani (LB) broth (see Appendix 2 for 

the composition) with 30% (v/v) glycerol at -20°C. The strain was made rifampicin resistant 

as described by Eisenstadt et al. (1994) with some modifications as follows: 1) the gradient 

plate technique used antibiotic agar containing rifampicin (95% HPLC, R3501-5G, Sigma – 

Aldrich, Castle Hill, NSW, Australia) at 80 μg/mL; and 2) to more accurately determine the 
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level of resistance to rifampicin, the mutants were each streaked on several plates containing 

different concentrations of rifampicin, namely, 100 μg/mL, 110 μg/mL and 120 μg/mL. 

 

The mutant strain was amplified by growth overnight at 39°C in 1000 mL of LB broth, it was 

then harvested by centrifugation at 5000 g for 15 minutes (Induction Drive Centrifugation, 

Beckman Model J2-21M, Beckman Instruments Inc., Palo Alto, California, USA), re-

suspended in 100 mL (200 mL from second time) of PBS (pH 7.4) to a smaller final volume 

to produce a highly concentrated culture without bacterial extracellular products. The re-

suspended solution was mixed by constant mechanical stirring (Heidolph MR 3001K stirrer, 

Heidolph Instruments GmbH & Co., Schwabach, Germany) for 15 minutes. This challenge 

pre-mixture of PBS bacterium solution was administered by oral gavage. 

 

6.2.3 Experimental diets and bird husbandry 

 

The basal diets (starter and finisher) were based on corn, wheat and soybean meal and 

provided as pellets - the same composition described previously in Section 4.2.3. The six 

treatments included in this trial were: 1) negative control (NC-), non-probiotic and 

unchallenged with S. sofia; 2) positive control (PC-), as feed additional zinc-bacitracin (50 

ppm) provided, non-probiotic and unchallenged with S. sofia; 3) probiotic control (Pro-), as 

probiotic inoculated and unchallenged with S. sofia; 4) negative challenged (NC+), as non-

probiotic, non-antibiotic and challenged with S. sofia; 5) positive challenged (PC+), as non-

probiotic inoculated, feed additional zinc-bacitracin (50 ppm) provided and challenged with S. 

sofia; and 6) probiotic challenged (Pro+), as probiotic inoculated and challenged with S. sofia. 

 

Two hundred and eighty-eight one-day-old male Cobb broiler chickens vaccinated against 

Marek’s disease, infectious bronchitis, and Newcastle disease were obtained from a local 

hatchery (Baiada hatchery, Kootingal, NSW, Australia) and allocated to 36 cages in four-tier 

battery brooders (420 mm×750 mm×250 mm dimension, wire floor and with a floor space 

of 0.32 m2/cage) housed in climate-controlled rooms. Each of the six dietary treatments was 

divided into two groups, unchallenged and challenged, and randomly assigned to 6 cages for 

each treatment with 8 birds per cage in each large group. The birds were transferred to slide-in 

cages (800 mm×740 mm×460 mm) in an environmentally controlled room at the end of the 

third week in the same separation groups. The temperature and lighting conditions were as 
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previously described in Section 4.2.2. Feed and water were provided ad libitum and bird 

performance was measured on a weekly basis by recording the group weight and feed intake 

for each cage. Mortalities were recorded daily and feed per gain values were corrected for 

mortality. 

 

6.2.4 Experimental design 

 

The probiotic inoculation with L. johnsonii and the dosage were previously described in 

Section 6.2.1.  

 

The infection dose rate of S. sofia was 107 cfu/mL. This follows the challenge models for 

salmonella described by Bjerrum et al. (2003). The bacterial suspension was individually 

administered using a crop needle and a 1-mL syringe with a flexible tube attached. In one 

series of experiments, chicks were given 0.5 mL of the bacterial suspension on first challenge. 

On d 8 and d 13, chicks were given 1 mL of bacterial suspension. The control groups received 

correspondingly the same volume of sterile PBS solution. Unchallenged birds were always 

serviced first to reduce the likelihood of cross-contamination and all inoculation was 

completed inside the cages. 

 

The climate-controlled rooms were divided into two separate areas to avoid cross infection 

between the challenged and unchallenged treatments. Two brooders were set up in each room, 

and each brooder housed 9 cages. Treatments were allocated randomly from unchallenged or 

challenged treatments. 

 

6.2.5 Processing of samples, measurement of organ development, Salmonella counts and 

enumeration of intestinal bacteria 

 

At 14 and 35 days of age, two birds were selected at random from each cage (12 birds per 

treatment) and euthanased by cervical dislocation for sampling. The methods of sample 

collection, measurement of organ development and intestinal bacterial counts were the same 

as previously described in Section 4.2.6. Extra ManConkey (Oxoid, CM 0007) agar with 

rifampicin (80 μg/mL) was used for detecting the number of S. Sofia. 

 

To avoid cross infection, samples from the unchallenged treatments were collected first. The 
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challenged treatments were collected after the unchallenged sample collection had been 

completed. To screen for salmonella, approximately 1 g of spleen, liver, ileum and caecum 

were placed individually in pre-enriched buffered peptone water (BPW, Oxoid, CM0509) 

using the process described by Bjerrum et al. (2003). A tenfold dilution series was made in 

BPW; thereafter 100 μL was streaked on each of three types of agar plates, namely, Rambach 

ager (RambachTM agar, CHROMagar RR701, Dutec Diagnostics, Croydon, NSW, Australia), 

Luria Bertani (LB) agar (see Appendix 3 for the composition) and MacConkey agar with 

rifampicin (80 μg/mL). Agar plates were incubated aerobically at 39˚C for 24 h. For the 

control groups, extra Rambach agar without rifampicin was used. Colonies were counted after 

24 h; the detection limit was 102 cfu. 

 

6.2.6 Digesta pH measurement, VFA analysis and gut histomorphology 

 

Immediately following slaughter, fresh digesta samples weighing about 0.5 g from the gizzard, 

ileum and caecum were transferred into 15 mL containers and 4.5 mL of distilled water was 

added and mixed. The pH value of the suspension was then measured using a combined 

glass/reference electrode (Ecoscan, Eutech, Singapore) and recorded. The methods for 

measuring ileal morphometry and intestinal VFA analysis were the same as previously 

described in Sections 4.2.8 and 4.2.9.  

 

6.2.7 Statistical analysis and animal ethics 

 

Statistical analyses were performed using Statgraphics Plus (Professional Edition, 

Manugistics Inc., Rockville, Maryland, USA). The data were analyzed using multifactor 

analysis of variance (ANOVA) with treatment and challenge as factors. The differences 

between means were identified by the least significant difference (LSD). Differences among 

treatments and challenge were deemed to be significant only if the P value was less than 0.05. 

Bacterial counts were transformed to log10 values before analysis. 

 

Health and animal husbandry practices complied with the ‘Australian code of the care of 

animals for scientific purposes’ issued by the Australian Government National Health and 

Medical Research Council (AGNHMRC, 2004). The Animal Ethics Committee of the 

University of New England approved the experiments in this study (authority number: 

AEC07/148). 
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6.3 RESULTS 
 

6.3.1 Mutant isolation of Salmonella sofia 

 

The isolates of S. Sofia started to grow after the first streak on the side of the mutant gradient 

plate where the rifampicin concentration was low (80 μg/mL). After the sixth streak, however, 

the strain grew strongly, showing resistance to 120 μg/mL of rifampicin on the agar (as shown 

in Plate 6.1). Indeed, results proved that the mutant strain grew normally in LB broth, 

reaching concentrations of S. sofia higher than 2.5 × 107 cfu/mL in BPS solution (data not 

shown). 

 

6.3.2 Clinical symptoms of challenged birds and mortality 

 

Clinical symptoms were observed in the birds after the second time they were challenged with 

S. sofia in the NC+ group, but not detected in other treatment groups. Within a few hours of 

the second inoculation, chicks were showing obvious clinical symptoms; they huddled in the 

corners of the cage, showing somnolence, loss of appetite and inhibition in drinking. They 

were generally depressed and reluctant to move, A thin, yellowish diarrhoea appeared with 

some chicks. The clinical symptoms were transient, however, and these behavioural changes 

were pronounced for about 8 hours, then disappeared gradually, recovery being complete 

within 24 hours. None of the chicks died during the 48 hours after inoculation. The mortality 

rate for these chickens was less than 8.3% (4/48) compared with the NC group where it 

reached 6.25% (3/48). 
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Plate 6.1: Preparation of rifampicin resistant isolates of S. sofia 

Rifampicin resistant isolates 

First streak 6th streak 4th streak 

LowLow LowHigh HighHigh

Rifampicin resistant isolates Rifampicin resistant isolates 

Low : Low concentration of rifampicin in gradient plate 

High : High concentration of rifampicin in gradient plate 

Plate 6.2: Symptoms in challenge groups (NC+)

Yellowish diarrhoea  

Diarrhoea appeared  Diarrhoea appeared  

Crowd into corner
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6.3.3 Bird performance 

 

Growth, FI and FCR were all depressed during the second week in NC+ treatment compared 

with the other treatments. However, this trend was not evident in the following weeks. By the 

end of the 5-week experimental period there was no difference in performance between the 

challenged and unchallenged groups (Table 6.1). 

 
Table 6.1: Performance1 of broilers either non challeng or challenged with S. sofia on days 14 
and 35 
 

Treatments2 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T3 C4 TxC5 

 
Day 1-7 

BWG(g/Bird) 169.2 167.6 174.0 169.2 175.7 168.5 0.54 0.67 0.87 
FI(g/Bird) 187.9 189.1 190.1 187.6 196.8 186.5 0.82 0.12 0.51 
FCR(g/g) 1.11 1.13 1.09 1.11 1.12 1.11 0.24 0.76 0.44 

 
Day 1-14 

BWG(g/Bird) 385.1a 334.2b 401.9a 380.8a 390.2a 377.0a 0.03 0.01 0.01 
FI(g/Bird) 462.1a 310.0b 478.2a 453.1a 464.4a 456.1a 0.02 0.01 0.02 
FCR(g/g) 1.20a 0.93b 1.19a 1.19a 1.19a 1.21a 0.03 0.02 0.04 

 
Day 1-35 

BWG(g/Bird) 1806.8 1813.5 1834.6 1799.7 1824.5 1811.7 0.31 0.27 0.17 
FI(g/Bird) 3112.3 3234.5 3129.8 3079.9 3154.4 3189.1 0.94 0.68 0.55 
FCR(g/g) 1.72 1.78 1.71 171 1.73 1.76 0.59 0.18 0.38 
Mortality (%) 6.25 8.33 4.17 4.17 6.25 4.17 - 

1 Values are means (n=6); 2 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; 
PC-, unchallenge positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, 
challenged probiotic control. 3 T: treatments; 4 C: challenge; 5 TxC: variance interaction between treatment and 
challenge; a, b: Means within the same row with no common superscripts differ significantly (P<0.05) 
 

6.3.4 Organ weights, intestinal pH and SCFA concentrations 

 

The relative weights of the gizzard, duodenum and small intestine were increased in 

challenged groups compared with unchallenged groups on d 14. No significant change in the 

weight of any other organ was detected in birds after being challenged with S. sofia (Table 

6.2). 

 

The concentration of acetic acid significantly decreased in the challenged group and the 

lowest concentration was found in the NC+ treatment in both ileal (P<0.05) and caecal 

(P<0.01) digesta on d 14 (Table 6.3). This trend was not detected on d 35. There was also no 
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significant difference in the concentration of formic, propionic and butyric acids between the 

challenged and unchallenged groups on d 14 and d 35 in the ileum and caecum. Lactic acid 

was not detected in the ileal digesta on d 35. 

 

Table 6.2: Effects of relative organ weights1 (% body weight) of broilers either non-challenge 
or challenged with S. sofia on days 14 and 35 
 

Treatments2 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T3 C4 TxC5 
 
Day 14 
Liver 4.01 4.04 4.04 4.11 4.04 3.97 0.87 0.98 0.46 
Spleen 0.11 0.11 0.11 0.12 0.12 0.11 0.51 0.59 0.71 
Pancreas 0.36 0.34 0.39 0.36 0.35 0.39 0.31 0.53 0.84 
Bursa 0.24 0.20 0.23 0.22 0.31 0.22 0.23 0.18 0.47 
Gizzard 3.52b 4.06a 3.55b 3.41b 3.88b 4.09a 0.02 0.06 0.04 
Duodenum 1.53c 1.93a 1.69b 1.89a 1.46b 1.91a 0.01 0.48 0.10 
Small intestine 7.28b 9.06a 6.59b 8.52a 7.36b 8.10a 0.01 0.02 0.02 
 
Day 35 
Liver 2.59 2.50 2.66 2.64 2.18 2.71 0.53 0.90 0.48 
Spleen 0.09 0.09 0.11 0.11 0.11 0.09 0.25 0.61 0.91 
Pancreas 0.15 0.18 0.20 0.18 0.16 0.17 0.88 0.24 0.55 
Bursa 0.12 0.15 0.17 0.12 0.13 0.18 0.52 0.63 0.84 
Gizzard 2.09 1.56 1.58 1.44 1.30 1.65 0.36 0.69 0.59 
Duodenum 0.41 0.48 0.46 0.51 0.43 0.58 0.72 0.34 0.22 
Small intestine 4.00 3.59 3.90 4.07 3.85 4.13 0.52 0.18 0.17 

1 Values are means (n=6); 2 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; 
PC-, unchallenge positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, 
challenged probiotic control. 3 T: treatments; 4 C: challenge; 5 TxC: variance interaction between treatment and 
challenge; a, b: Means within the same row with no common superscripts differ significantly (P<0.05) 
 

6.3.5 Bacterial populations in intestinal digesta 

 

No differences in total anaerobes and LAB numbers in the ileal and caecal contents were 

found between the treatment and control groups (Table 6.4). The number of Enterobacteria 

found in the ileum and caecum on d 14 was higher in the challenged groups than in the 

unchallenged groups. The number of C. perfringens in the caecal contents of unchallenged 

groups (NC-, 6.29; PC-, 6.14; Pro-, 5.99) was lower (P<0.05) than those in the challenged 

groups (NC+, 7.86; PC+, 7.38; Pro+, 8.15) on d 14. This trend was also found on d 35, but the 

negative control (5.13) was higher (P<0.05) than the positive (4.17) and probiotic (4.44) in 

unchallenged control groups. Furthermore, the number of lactobacilli was higher (P<0.05) in 

the probiotic control and probiotic challenged groups on d35.  
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Table 6.3: Digesta pH and short chain fatty acid concentrations1 (μmol / g) on birds either non 
challenged or challenged with S. sofia on days 14 and 35 
 

Treatments2 P-value 
  NC- NC+ PC- PC+ Pro- Pro+ T3 C4 TxC5 

Day 14 
Gizzard 
   pH 2.95 2.61 3.40 3.09 3.31 2.98 0.27 0.43 0.56 
Ileum 
   pH 6.24 5.91 6.44 6.22 6.01 6.42 0.51 0.23 0.47 
   Formic acid 0.42 0.46 0.37 0.31 0.49 0.55 0.19 0.57 0.72 
   Acetic acid 2.37a 1. 59b 2.46a 1.74b 2.49a 1.85b 0.02 0.01 0.01 
   Lactic acid 9.32 10.23 10.47 10.73 9.81 10.67 0.63 0.55 0.82 
Caeca 
   pH 5.89 5.91 5.63 5.54 5.79 6.17 0.19 0.61 0.25 
   Acetic acid 47.21a 31.42b 45.61a 30.41b 49.54a 34.29b 0.03 0.01 0.09 
   Propionic acid 3.46 3.14 2.97 3.51 3.16 3.29 0.47 0.33 0.46 
   Butyric acid 15.42 15.71 15.29 14.83 15.66 15.09 0.32 0.87 0.89 
   Total VFA 83.42a 64.71b 80.21a 61.64b 84.17a 63.72b 0.12 0.01 0.14 

Day 35 
Gizzard 
   pH 2.85 3.05 2.94 2.76 3.11 3.28 0.23 0.75 0.51 
Ileum 
   pH 7.78 7.56 7.53 7.55 7.39 7.26 0.17 0.29 0.47 
   Formic acid 1.24 1.02 0.97 1.19 1.11 1.29 0.31 0.79 0.84 
   Acetic acid 2.67 2.55 2.37 2.46 2.48 2.69 0.52 0.27 0.61 
   Lactic acid -- -- -- -- -- -- --  -- 
Caeca 
   pH 5.52 5.63 5.46 5.48 5.29 5.36 0.11 0.46 0.39 
   Acetic acid 74.32 75.19 72.64 76.21 72.18 69.94 0.71 0.59 0.45 
   Propionic acid 3.98 4.51 4.33 3.81 3.49 4.09 0.82 0.38 0.70 
   Butyric acid 13.84 14.27 13.56 13.94 13.72 14.17 0.57 0.22 0.38 
   Total VFA 97.21 101.24 98.81 98.67 95.76 96.48 0.42 0.58 0.71 

1 Values are means (n=6); 2 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; 
PC-, unchallenge positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, 
challenged probiotic control. 3 T: treatments; 4 C: challenge; 5 TxC: variance interaction between treatment and 
challenge; a, b: Means within the same row with no common superscripts differ significantly (P<0.05) 
 

The salmonella counts from the ileum and caeca on sampling days are shown at Table 6.4. 

Three successive inoculations with 1 × 107 cfu of S. sofia established a high level of 

infection in the ileum and caeca, which was detectable from d 14. Chickens that received a 

high dose of S. sofia inoculation appeared to establish the most stable infection, with the 

number of salmonella reaching around 6.11 cfu/g in the ileum and 8.97cfu/g in the caeca. The 

number of S. sofia in the ileal and caecal digesta was significantly (P<0.01) decreased in PC+ 

and Pro+ groups compared with NC+ treatment on d 14. No S. sofia was detected in the 
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digesta from the ileum and caeca on d 35. 

 

Table 6.4: Effects of experimental treatment1 on bacterial counts (Lg CFU/g) in digesta of 
birds either non-challenged or challenged with S. sofia on days 14 and 35 
 

Treatments2 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T3 C4 TxC5 

Day 14 
Ileum          
  Total anaerobes 7.61 7.48 7.14 7.35 8.08 8.09 0.36 0.51 0.62 
  LAB 7.31 7.01 6.96 8.11 7.28 7.84 0.48 0.29 0.61 
  Lactobacilli 7.24 6.88 6.61 7.97 7.94 7.23 0.52 0.16 0.21 
  Enterobacteria6 5.07c 6.17a 5.19c 6.32a 5.51b 6.45a 0.03 0.01 0.04 
  C. perfringens 2.96 3.76 3.77 3.76 3.58 3.57 0.15 0.27 0.25 
  S. sofia7 0.00c 6.11a 0.00c 4.78b 0.00c 5.09b 0.01 0.01 0.01 
Caeca          
  Total anaerobes 9.51 9.42 9.22 9.22 9.43 9.36 0.33 0.54 0.48 
  LAB 9.07 9.11 9.03 9.16 9.42 9.19 0.78 0.66 0.63 
  Lactobacilli 8.48 8.58 8.72 8.94 9.12 8.85 0.26 0.33 0.19 
  Enterobacteria 8.19b 9.07a 8.45b 8.87a 8.55b 8.91a 0.03 0.01 0.03 
  C. perfringens 6.29b 7.86a 6.14b 7.38a 5.99b 8.15a 0.01 0.01 0.01 
  S. sofia 0.00c 8.97a 0.00c 5.57b 0.00c 5.70b 0.01 0.01 0.01 

Day 35 
Ileum          
  Total anaerobes 7.55 8.19 7.98 7.88 7.89 8.23 0.15 0.24 0.40 
  LAB 7.51 7.95 7.86 7.61 7.49 7.72 0.36 0.17 0.20 
  Lactobacilli 7.05b 7.48b 7.35b 7.38b 8.16a 8.60a 0.04 0.01 0.02 
  Enterobacteria 5.78 6.74 5.83 6.37 5.93 5.72 0.57 0.28 0.10 
  C. perfringens 2.90 3.03 2.91 3.15 3.21 2.99 0.27 0.52 0.74 
  S. sofia 0.00 0.00 0.00 0.00 0.00 0.00 -- -- -- 
Caeca          
  Total anaerobes 8.52 8.55 8.94 8.99 8.76 8.64 0.85 0.57 0.43 
  LAB 8.77 8.37 8.86 8.92 8.35 8.36 0.29 0.33 0.64 
  Lactobacilli 7.96c 7.63c 8.50b 8.51b 9.03a 9.30a 0.01 0.01 0.01 
  Enterobacteria 7.91 7.66 7.13 7.92 7.72 7.27 0.30 0.55 0.29 
  C. perfringens 5.13b 6.55a 4.17c 6.29a 4.44c 6.27a 0.04 0.01 0.05 
  S. sofia 0.00 0.00 0.00 0.00 0.00 0.00 -- 

1 Values are means (n=6); 2 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; 
PC-, unchallenge positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, 
challenged probiotic control. 3 T: treatments; 4 C: challenge; 5 TxC: variance interaction between treatment and 
challenge; 6 Enterobacteria are coliform and lactose negative enterobacteria. 7 The detection limit of the cfu was 
102, samples registered as zero could still contain small amounts of S. sofia. a, b, c: Means within the same row 
with no common superscripts differ significantly (P<0.05). 
 

At each sampling, chickens were taken out from both the challenge group and control groups. 

The control chickens were free of Salmonella throughout the experiments, verified by LB 

agar both with or without rifampicin and by enrichments from spleen, liver, ileal digesta and 

caecal digesta (Table 6.5). However, by using enrichment it was found that the spleen and 
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liver became positive for salmonella, detected from sampling day 14 for most chickens in 

challenge groups, but towards the end of the experiment fewer positive samples were found 

from the organs. It was also shown that the ileum had a low level of salmonella present for 

most chickens on sampling day 14. 

 

Table 6.5: Results of enrichments from different organs1 on birds either non-challenged or 
challenged with S. sofia on days 14 and 35 
 

d14 d35 

 Treatments2 Spleen Liver Ileum Caecum Spleen Liver Ileum Caecum 
Cntrol 0/12 0/12 0/12 0/12 0/12 0/12 0/12 0/12 
NC+ 12/12 12/12 11/12 12/12 3/12 2/12 0/12 2/12 
PC+ 12/12 11/12 7/12 12/12 1/12 0/12 0/12 0/12 
Pro+ 12/12 12/12 6/12 12/12 0/12 1/12 0/12 0/12 

 1 The salmonella enrichments were conducted total of 12 birds each treatment and numbers of positive birds 
showed as in table; 2 Treatments: Control, means include negative control, positive control and probiotic control; 
NC+, negative challenge; PC+, positive challenge; Pro+, oral gavage with probiotic and challenged. 
 

6.3.6 Intestinal histomorphology 

 

In the ileum, villus height, crypt depth and muscle depth in the challenged treatments did not 

differ from the control groups (Table 6.6). In both unchallenged and challenged treatment 

groups, the villus/crypt ratio ranged from 7.13 to 7.68 (d 14) and 5.87 to 6.22, respectively, 

not significantly different among treatments. 

 

Table 6.6: Ileal morphormetry1 of broilers either non-challenged or challenged with S. sofia 
on days 14 and 35  

Treatments2 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T3 C4 TxC5 
Day 14 
Villus height (µm) 665 671 674 669 663 671 0.84 0.71 0.92 
Crypt depth (µm) 91 88 92 94 86 92 0.24 0.53 0.48 
Villi/crypt ratio 7.32 7.61 7.36 7.13 7.68 7.29 0.16 0.28 0.42 
Muscle depth(µm) 310 309 314 317 305 315 0.31 0.77 0.69 
Day 35 
Villus height (µm) 773 758 770 763 769 775 0.13 0.24 0.53 
Crypt depth (µm) 127 129 137 122 126 128 0.37 0.37 0.64 
Villi/crypt ratio 6.08 5.94 5.87 6.22 6.14 6.07 0.21 0.55 0.71 
Muscle depth(µm) 411 426 408 414 419 427 0.46 0.18 0.29 

1 Values are means (n=6); 2 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; 
PC-, unchallenge positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, 
challenged probiotic control. 3 T: treatments; 4 C: challenge; 5 TxC: variance interaction between treatment and 
challenge. 



 

 

111

 

 

6.4 DISCUSSION 
 

6.4.1 Mutant strain of S. sofia 

 

Genetic and biochemical investigations in bacteriology are often initiated by the isolation of 

mutants. The power of mutational analysis derives from its ability to query an organism 

incisively. Rifampicin-resistant mutants can be easily isolated from S. sofia. The results 

indicated that S. sofia growing on the mutant gradient plates (80 μg/mL) started at the first 

streak. The resistant strain grew satisfactorily on agar plates containing 100 or 120 μg/mL of 

rifampicin after the third streak. This is supported by Bjerrum et al. (2003) who demonstrated 

that salmonella mutants can grow on agar plate containing higher than 50 μg/mL 

concentration of the rifampicin. 

  

6.4.2 Clinical symptoms and bird performance 

 

Older birds inoculated with salmonella parenterally were less easily infected than when they 

were younger. The symptoms - reluctance to move, depression, somnolence, loss of appetite 

and inhibition in drinking appeared on d 8 of age, after the second inoculation. However, there 

were no visible symptoms by d 13. This is in agreement with Rahimi et al. (2007) who 

reported that clinical symptoms disappeared two days after administration. Methner et al. 

(1995) studied the S. typhimurium and S. enteritidis infection model at different ages of 

chickens, and their results agree with the present results that the same dose of inoculation can 

produce different effects at different ages. Bjerrum et al. (2003) have also used different 

infection doses of S. typhimurium on 14-day-old chicks. They showed that an inoculation dose 

of 107 had the optimal invasiveness at 2 weeks of age but no clinical symptoms were observed.  

 

In this experiment, we used an established 1-day-old chick model to assess the effects of L. 

johnsonii upon colonization and persistence of S. sofia. Short-term symptoms appeared in the 

negative challenged group on d 8, but were not observed in other challenged groups. The 

result indicated that L. johnsonii acted against S. sofia infection and reduced the clinical 

symptoms affecting bird performance. Humbert et al. (1991) indicated that bacitracin (50 

mg/kg) gave the best protection in salmonella-challenged chickens compared with other 



 

 

112

 

antibiotics. 

 

Heuzenroeder et al. (2001) pointed out that S. sofia is the predominant serovar isolated in 

Australian chickens and 50 to 60% of salmonella chicken isolates belong to this group. 

Because S. sofia is avirulent and does not cause disease in humans or poultry (Harrington et al. 

1991; Heuzenroeder et al. 2001), very little is known or understood about the clinical 

symptoms of S. sofia infection of chickens. Maybe it is because only high doses (>107) of 

infection produce clinical symptoms in chickens. 

 

6.4.3 Organ weights and concentrations of SCFAs 

 

The salmonellosis symptoms were accompanied by a decrease in BWG in the NC+ treatments 

and this led to relatively heavier gizzard and small intestine in challenged groups at 14 days of 

age. The duodenum showed a similar trend. These results are in accordance with those of 

Ivanov (1977) who reported similar clinical symptoms in chicken were treated with 

lipopolysaccharide in S. gallinarum infections. 

 

The concentration of lactic acid from ileal digesta on d 35 was below a detectable level in 

either challenged or unchallenged treatments. van der Wielen et al. (2000) reported similar 

findings from their in vivo experiments where they detected lactate during the first 15 days 

only. 

 

Significant negative correlations were observed between numbers of Enterobacteria and 

acetic acid concentration in the ileum and caeca. The result showed a significantly lower 

acetic acid concentration in ileal and caecal digesta in the second week of the experiment in 

the challenged groups when compared with unchallenged groups. Reports concerning 

correlations between VFAs and Enterobacteria have mainly focused on the intestines of mice 

(Pongpech and Hentges, 1989). van der Wielen et al. (2000) have demonstrated that the 

decrease in numbers of Enterobacteria can lead to increased production of acetate in the caeca 

of chickens. This appears to be the only study on poultry in the literature, albeit it is of the 

opposite view. In the current study, with a lower concentration of VFA groups (NC+ and PC+) 

there were higher numbers of Enterobacteria in the ileum (6.17 and 6.32) and caeca (9.07 and 

8.87) on d14. This is supported by many studies (Byrne and Dankert, 1979; Freter and 

Abrams, 1972; Pongpech and Hentges, 1989), in which it was observed that a higher 
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concentration of total VFAs is related to a reduced number of Enterobacteria. Whether it is 

related to Enterobacteria being highly susceptible to increases in VFAs in the gut is not 

known. In fact, the correlation between VFA concentrations and the number of Enterobacteria, 

and its significance remain speculative. 

  

Freter and Abrams (1972) did not observe any relationship between VFAs and Enterobacteria 

in mice. The pH values for the caecum of mice in their study ranged from 6.5 to 7.0. At these 

pH values, the concentrations of VFAs are very low. In the present experiment, pH values 

were around 5.5 to 6.2 in the caeca on d 14. This might explain the significant correlations 

observed from our results in the caeca of chickens, in contrast to those observed in the caecum 

of mice. 

 

One of the mechanisms by which the intestinal microflora may reduce Enterobacteria is the 

bacteriostatic effect of VFAs in the GIT. This will be discussed in Section 6.4.4. However, the 

current study showed that the VFA production is one of the mechanisms responsible for the 

decrease in numbers of Enterobacteria in the ileum and caeca of broilers. 

 

6.4.4 Gut microfloral populations 

 

Three inoculations with 1 × 107 cfu of S. sofia established a high level of infection in the 

ileum and caeca, which was detectable from samples obtained at d 14. Chickens receiving the 

same level of high dose of S. sofia established the most stable infection in challenged groups, 

with higher than 6.11 cfu/g concentrations in the GIT. 

 

It was found that the number of Enterobacteria in challenged groups was higher than in 

unchallenged groups in the ileum and caeca on d 14, but not on d 35. However, to use of the 

rifampicin resistant strain allowed the identification and quantification of the infection strain 

in intestinal samples. The current result showed in L. johnsonii inoculated groups, the number 

of lactobacilli markedly increased and in the number of S. sofia significantly decreased. 

Furthermore, C. perfringens numbers in the caeca were lower (<5.99, <4.44) in the probiotic 

treatment than in other challenged groups (>7.38, >6.27) on both sampling days. La Ragione 

et al. (2004) documented that a single oral dose of 1 × 109 cfu L. johnsonii inhibited the 

growth of S. enteritidis and C. perfringens and reduced the extent of colonization and 
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persistence in 1-day-old and 20-day–old chick models. Pascual et al. (1999) also found 

rifampicin-resistant L. salivarius reduced S. enteritidis in vivo together with its ability to 

colonize the gastrointestinal tract of chickens after a single inoculation. This growth inhibition 

to S. enteritidis was also observed by van der Weilen et al. (2002) who used L. crispatus in 

their in vitro study. 

 

One of the mechanisms by which the intestinal microflora may reduce Enterobacteria is the 

bacteriostatic effect of VFAs in the gastro-intestinal tract. van Immerseel et al. (2003) 

demonstrated that in vitro supplemental VFAs inhibited growth of Enterobacteria at pH 6. 

Newly hatched chicks are highly susceptible to salmonella infection (Desmidt et al., 1997). 

Possibly the acetate content in the caeca of young chickens and the lack of other SCFA add to 

the susceptibility of these young animals. The probiotic strain L. johnsonii may increase the 

VFA concentration after inoculation. The CE culture was administered to broilers a day before 

salmonella was administered, resulting in a dramatic reduction in the number of salmonella 

observed (van der Weilen et al. 2002). Results obtained in the current study are in agreement 

with these findings on CE cultures in vivo. Watkins and Miller (1983) further suggested that 

Lactobacilli spp. increase competitive exclusion against harmful organisms (S. typhimurium, 

Staphylococcus, and E. coli) in the intestinal tract of chickens.  

 

The gut microflora is the determining factor in the viability of specific microorganisms. The 

production of VFAs at pH below 6.0 is known to decrease the population of Salmonella and 

Enterobacteria (Meynell, 1963). Disruption of the normal intestinal microbial population with 

antibiotics will abolish this mechanism of CE because the concentration of VFAs produced by 

the intestinal bacteria will decrease and gut pH will increase towards a more alkaline range. In 

newly hatched chicks, the VFA concentration and pH are not sufficient to chemically exclude 

pathogens (Barnes et al., 1980). 

 

Previous results showed that, after oral inoculation, L. johnsonii becomes a dominant species 

in the GIT (Section 5.4.4). The most important advantage is that CE products ensure the 

establishment of the complex intestinal microflora that resists colonization by poultry 

pathogens, and they are produced as a consortium of bacteria that can coexist as a stable 

community in the enteric ecosystem (Wagner, 2006). The major factor to consider when 

choosing a CE agent to reduce Salmonella is that the Lactobacillus family utilize lactose 

readily in their metabolism. Oyofo et al. (1989) pointed out that mannose and lactose may act 
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to inhibit Salmonella attachment via different mechanisms. Mannose may interact with 

mannose-sensitive type-1 fimbrae on the bacterium. Lactose, on the other hand, known to 

inhibit the growth of pathogens in vivo (Schaible, 1970), may act by the enhancement of the 

growth of Lactobacillus, which, in turn, inhibits the growth of Salmonella (Oyofo et al. 1989). 

 

6.4.5 Salmonella enrichment in organs and digesta  

 

From the reports, most salmonella challenge experiments operate with 104-106 cfu/g given 

orally to small chickens (Baba et al., 1991; Fukata et al., 1991; Ziprin et al., 1993). Bjerrum 

et al. (2003) also indicated that dose levels of around 107 cfu/g yielded stable infections in 14-

day-old chickens. In the current study the spleen and liver of chicks became positive for 

salmonella on day 14, although only a few remained positive at end of the experiment. In 

addition, the ileum had the lowest level of salmonella present in most chickens at day 14. This 

is supported by Bjerrum et al. (2003) who demonstrated that the passage time through the 

ileum is very fast compared with that of the caeca where the bacteria have more time to 

establish. Other authors have pointed to the caeca as an important segment of infection as well, 

the lumen of the caeca being the main site of colonization for salmonella rather than the 

epithelium (Barrow et al. 1988). Barrow et al. (1988) also found long-term infection in the 

ileum of birds inoculated at d 1, whereas no Salmonella could be detected in the ileum of 

chickens inoculated at d 21. This observation was confirmed in the current study which found 

no Salmonella in the ileum at d 35. 

 

Salmonella could be recovered from the spleen and liver of both challenged groups, and this 

is supported by results from d 35 in the current study. This experiment did not identify the 

time period when Salmonella was recoverable. Bjerrum et al. (2003) and Barrow et al. (1988) 

confirmed that the period for recovering Salmonella was 1 or 2 days after exposure to 

Salmonella; Hassan et al. (1991) found that infection of the spleen with S. typhimurium 

persisted for about 4-5 weeks post-inoculation. Bjerrum et al. (2003) also indicated that the 

clearing of the organs is dependent on chicken age rather than time post-inoculation, a finding 

which was also supported by the work of Methner et al. (1995). Samples were not assessed 

daily in present experiment, and were therefore only able to confirm S. sofia infection in the 

spleen and liver on d35. 
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6.5 CONCLUSIONS 
 

The infection model for S. sofia resulted in stable colonization of the ileum and caeca for 

chickens receiving three successive inoculations starting from d 2. This study demonstrated 

that oral inoculation with the novel probiotic L. johnsonii was able, through CE, to reduce S. 

sofia and C. perfringens in GIT, and provide resistance to S. sofia in broiler chickens. 
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CHAPTER 7  
 

THE EFFECT OF L. johnsonii IN BROILERS UNDER NECROTIC 

ENTERITIS CHALLENGE 

 
 

ABSTRACT 
 

Two animal trials were conducted to investigate the effects of L. johnsonii on the resistance 

and resilience of broilers under C. perfringens challenge. Day-old Cobb broilers were used in 

the study (288 for Experiment 1; 800 for Experiment 2). Both experiments employed a 

necrotic enteritis challenge model. Experiment 1 was a 2 x 3 factorial design which consisted 

of three diets, i.e., a positive control (PC) containing antimicrobials (45 g/kg of Zn-bacitracin 

and 100 g/kg of Monensin added), a negative control (NC) containing no additives, and a 

probiotic group (Pro), and two factors, i.e., with or without necrotic enteritis challenge. 

Experiment 2 was a completely randomised design that consisted of four treatments: NC 

without challenge (NC-), NC with challenge (NC+), NC with challenge plus probiotic (Pro+) 

and positive control with challenge (PC+).  The probiotic treatment groups were orally 

inoculated with 109 cfu of L. johnsonii on d 1, 3, 7, and 12; all birds (except unchallenged 

controls), were given, per os, a suspension of 2500 oocysts of Eimeria acervulina, E. maxima 

and E. tenella on d 9; all chicks, except the unchallenged control groups, were challenged on 

d 14, 15, and 16 with 3.5 x 108 cfu C. perfringens by oral gavage. 

 

Results showed that clinical and subclinical symptoms of C. perfringens infection were 

observed in the challenged groups and NE- and Eimeria-related mortality rates, respectively, 

were 22.9% and 8.3% for NC+, 12.5% and 10.4% for Pro+ in Experiment 1 and 15.5% and 

9.5% for NC+, 11.5% and 8.0% for Pro+ for Experiment 2. 

 

Results also showed that birds orally inoculated with L. johnsonii had an enhanced absorptive 

capacity of the small intestine, numerically reduced the C. perfringens counts and NE lesion 

scores in the gut, and improved body weight gain of broilers under NE challenge. 
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7.1 INTRODUCTION 
 

Necrotic enteritis (NE) costs the world’s broiler industry approximately $2 billion annually 

(Hofacre, 2001), and it is caused C. perfringens. Necrotic enteritis has become increasingly 

prevalent in the EU due to factors such as the removal of antibiotic growth promoters and the 

requirement to exclude animal by-products from diet formulations (McDevitt et al., 2006). 

The C. perfringens can be found in the intestine of healthy chickens and in the environment 

(Ficken and Wages, 1997), and it only causes NE when it transforms from a non-toxin 

producing type to a toxin producing type. Some other dietary and husbandry factors were also 

reported to contribute to the outbreak of this disease. These include factors that cause damage 

to the intestinal mucosa, a high level of viscous cereal grains, and the inclusion of animal by-

products, like fish meal and meat meal (Branton et al., 1987; Kaldhusdal and Skjerve, 1996; 

Kaldhusdal, 2000). 

 

Clostridium is a diverse genus of gram-positive, endospore-bearing obligate anaerobes that 

are widespread in the environment. This genus includes more than 100 species, and the 

overall G+C content (22-55 mol %) reflects the enormous phylogenetic variation 

encompassed within this group. The principal foodborne pathogens are Clostridium botulinum 

and C. perfringens that cause toxin-mediated disease either by preformed toxin (foodborne 

botulism) or by the formation of toxin in the enteric tract (MaLauchlin and Grant, 2007). C. 

perfringens is a very heterogeneous group of organisms with respect to their metabolic by-

products, toxins and pathogenic potential. For practical classification purposes, the species is 

divided into five types, described A to E, based on their ability to produce any of the four 

major lethal toxins (Niilo, 1980). To be a key virulence factor in NE caused by C. perfringens, 

new argument was from Keyburn et al. (2006 and 2008) using a gene knochout mutant shown 

that alpha-toxin is not essential for pathogenesis, a novel toxin (NetB) was identified from 

chickens.  

 

There is a paucity of accurate data on the incidence of NE caused by C. perfringens. 

Estimates of infected commercial broiler flocks in North America and the EU vary between 

1% to 40% (Kaldhusdal and Lovland, 2000). For example, Annett et al. (2002) estimated that 

up to 37% of broilers grown in North America are affected by NE. In contrast, a survey of the 

incidence of NE in broiler flocks in Norway over a 20-year period indicated that the 

prevalence averaged between 1 to 2% of birds in flocks, although during what were termed 
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“NE epidemics” (lasting for between 2 - 5 years), the incidence peaked at almost 35% 

(Kaldhusdal and Skjerve, 1996). As a consequence, the use of most IFA in poultry production 

in the EU has been banned, and, coupled with a ban on the inclusion of many previously used 

sources of animal protein, NE has once again become a disease of economic importance to the 

poultry industry in Europe (Mateos et al., 2002). However, comparisons of NE incidence 

across countries need to be viewed with some caution, since the use of IFA growth promoters, 

anticoccidial and enzyme supplements, which offer some protection to the birds against the 

development of NE (Bedford, 2000), as well as production practices, vary considerably across 

countries (McDevitt et al., 2006). 

 

In-feed antibiotics have been used as a very successful means to control NE. In the poultry 

industry, a 3-5% increase in growth and feed conversion efficiency is typical of the 

prophylactic effect of antibiotics in feed. However, the worldwide trend to discontinue the use 

of in-feed antibiotics, due to concern about building up antibiotic resistance in disease-causing 

bacteria, has forced the broiler industry to search for new methods for the prevention of NE. 

When antibiotics are not included in the diet, a sound immune competence is of paramount 

importance in order to maintain the health of animals. There are many therapies and strategies 

being proposed as alternatives to antibiotics. Amongst others, these alternatives include 

organic acids, enzymes, probiotics, prebiotics, nucleotides, betaine, spice and plant extracts, 

and so on (Choct, 2002). 

 

The beneficial effects of a balanced gut microflora include inhibition of pathogens, 

modulation of the immune system, synthesis of vitamins, mucosal permeability, colonisation 

resistance, production of metabolic fuel for enterocytes and a contribution to digestion (Choct, 

2002). The most frequently used compositions of probiotics contain strains of LAB (L. 

acidophilus, L. casei, L. lactis, L. salivarius and L. plantarum), all of which were originally 

natural intestinal strains (Fuller, 1989). Plausible reasons for the selection of LAB are that 

they have been demonstrated to inhibit the in vitro growth of C. perfringens. Murry et al. 

(2004) isolated L. salivarius and L. plantarum, and reported that both strains inhibited 

(P<0.001) the in vitro growth of E. coli and C. perfringens in broiler chickens, when used as 

starter and grower diets. Studies specifically targeting the displacement of C. perfringens by 

probiotics have also yielded promising results (Hofacre et al., 1998). 
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Over the last few decades, many studies have focused on antagonistic metabolites produced 

by LAB. Antimicrobial compounds, such as bacteriocins produced by gram-positive bacteria, 

are often membrane-permeabilizing cationic peptides with fewer than 60 amino acid residues 

(Jack et al., 1995). Besides bacteriocins, other common metabolites, such as organic acids 

(Daeschel et al., 1989), acetaldehyde, hydrogen peroxide, diacetyl, carbon dioxide, 

antibiotics, and amines (Jiraphocakul et al., 1990; Piard and Desmazeaud, 1992), are 

produced by LAB. In contrast, bacteriocins and other antagonistic metabolites of LAB have 

attracted little attention even though some Lactobacillus spp. and Bacillus spp., such as L. 

acidophilus and B. subtilise, are “generally recognized as safe” bacteria (Scientific Committee 

on Animal Nutrition, 2000). 

 

Our previous results from an in vitro test with antagonistic activity measure showed that L. 

johnsonii was observed to strongly inhibit C. perfringens (results shown in Section 3.3.2). In 

an attempt to develop probiotic strains to inhibit C. perfringens, this study investigated the 

effects of the novel probiotic strain, L. johnsonii, on bird performance, the lymphoid organ 

development, the immune response and gut morphology in broilers under NE challenge, to 

assess the capacity to reduce the severity of NE in broilers. 

 

7.2. MATERIALS AND METHODS 
 
7.2.1 Probiotic strains 

 

The probiotic strain L. johnsonii, which was used in the current experiment as a CE agent 

described in Section 6.2.1. 

 

7.2.2 Experiment design and bird husbandry 

 

Two NE challenge experiments were conducted in this study for the purpose of determining 

whether inoculation with L. johnsonii could afford any protective effects. 

 

The experimental treatments for the two trials were: 

  

Experiment 1 was a 3 x 2 factorial design with 3 factors being three diets, i.e., a positive 

control (PC) containing antimicrobials (45 g/kg of Zn-bacitracin and 100 g/kg of Monensin 
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added), a negative control (NC) containing no additives, and a probiotic group (Pro), and two 

factors, i.e., with or without necrotic enteritis challenge (+/-). Two hundred and eighty-eight 

Cobb male broilers were purchased from a local hatchery (Baiada hatchery, Kootingal, NSW, 

Australia), weighed in groups of 48 and randomly placed in fourtier floor pens (600 mm×

600 mm×300 mm dimension, and with a floor space of 0.36 m2/pen) positioned on sawdust 

litter in the climate controlled rooms. There were 6 replicates with 8 birds in each pen.  

 

Experiment 2 was a completely randomised design that consisted of four treatments: NC 

without challenge (NC-), NC with challenge (NC+), NC+ with probiotic (Pro+) and PC with 

challenge (PC+). Eight hundred Cobb male broiler chickens obtained from the Baiada 

hatchery (Kootingal, NSW, Australia) were raised in floor pens in a temperature-controlled 

room. Pens were assigned to four treatments (eight replicate pens per treatment). Each pen 

(1.5 x 1.5 m) was stocked with 25 chicks. The pens were enclosed with metal plates at the 

sides. 

 

The composition of the basal diet is described in Section 4.2.3. Birds were vaccinated against 

Marek’s disease, infectious bronchitis, and Newcastle disease. The research facility was 

thoroughly cleaned and disinfected prior to bird placement. To avoid cross-contamination 

between challenged and unchallenged groups, Experiment 1 was set up in the pens as 

previously described in Section 6.2.4; and Experiment 2 had a space of at least two empty 

pens (3 m wide gaps) adjacent to either side of the unchallenged pens. In addition, staff 

entering the unchallenged pens wore disposable overboots or clean boots washed in a 

disinfectant bath kept adjacent to the pen door. 

 

Plate 7.1: Experimental facilities used in the study. Left: Experiment 1; right: Experiment 2. 
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The climate conditions and lighting programs were the same as previously described in 

Section 4.2.2. Each pen was equipped with a separate feeding trough and water trough in 

Experiment 1; and each pen was equipped with a separate feeding trough with water supplied 

through nipple drinkers in Experiment 2. Water and feed were provided ad libitum. Feed was 

withdrawn from all pens for 3 h prior to commencement of inoculation on each inoculation 

day. 

 

Throughout the experiments, the birds were observed twice a day. The primary determinants 

of performance were body weight gain (BWG), feed intake (FI) and feed conversion ratio 

(FCR). Accordingly, body weight and feed intake were measured weekly throughout the 

experimental period. 

 

7.2.3 Challenge model 

 

Experiments 1 and 2 were based on the NE challenge model and protocol described by 

Kocher et al. (2004) with some modifications. 

 

Feed 

Upon arrival at the facility (d 0) until d 7, birds were fed mash form starter diets with their 

corresponding dietary additive included. From d 8 to d 14 inclusive (prior to inoculation with 

C. perfringens), the birds were fed a high-protein diet based on 50% (w/w) fish meal (with 

corresponding dietary additives included). After d 14, the original starter diets were reinstated 

until d 21. The starter feed was replaced by finisher feed on d 21 and the remaining birds were 

kept until d 28. 

 

Eimeria inoculation 

On d 9, all birds (except unchallenged controls) were given, per os, a suspension of 2,500 

oocysts of Eimeria acervulina, E. maxima and E. tenella in 1 mL PBS. The Eimeria isolates 

were obtained from Bioproperties Pty Ltd. (Glenorie, NSW, Australia). The three species of 

Eimeria had been purified by serial passages through 3-week-old Eimeria-free chickens, and 

the sporulated oocysts were stored in 2% (w/v) potassium dichromate at 10°C before 

inoculation. Birds in the unchallenged groups received 1 mL of sterile PBS in place of 

Eimeria. 
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C. perfringens inoculation 

A primary poultry isolate of C. perfringens type A was obtained from CSIRO laboratory 

(Geelong, VIC, Australia) and maintained in thioglycollate broth (USP alternative, Oxoid, 

CM391) with 30% (v/v) glycerol at -20°C. The challenge inoculum was prepared fresh by 

growing the bacterium overnight at 39°C in 1000 mL of thioglycollate broth with added 

starch (10 g/L) and casitone (5 g/L). The stock culture of C. perfringens was subcultured 

earlier in cooked meat media (Oxoid, CM81) and thioglycollate broth. The amplification 

protocol is described as Appendix 4. 

 

On d 14, 15 and 16, birds in the challenged groups were individually inoculated per os with 1 

mL of C. perfringens suspended in thioglycollate broth at a concentration of 3.5 x 108 cfu / 

mL. Birds in the unchallenged groups received 1 mL of sterile thioglycollate broth. 

Unchallenged birds were always serviced first to reduce the likelihood of cross-contamination. 

 

7.2.4 Growth performance 

 

Bird performance was measured on a weekly basis by recording the group weight and feed 

intake for each pen. Unchallenged birds were always serviced first to reduce the likelihood of 

cross-contamination. Mortality rates were recorded daily and feed per gain values were 

corrected for mortality. 

 

7.2.5 Processing of samples, measurement of organ development and enumeration of 

intestinal bacteria 

 

In both experiments 1 and 2, the birds from the unchallenged control groups were killed first 

to reduce the likelihood of cross-contamination. To synchronize the feeding pattern of the 

birds, they were subjected to 2 h of darkness, followed by at least 1h of light before being 

sacrificed. 

 

Experiment 1 

At 14 and 17 days of age, two birds were selected at random from each pen (12 birds per 

treatment) and euthanised by cervical dislocation for sampling. 
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Experiment 2 

 

Two birds from each pen (16 birds per treatment) at d 14 and three birds from each pen (24 

birds per treatment) at d 17 were selected at random and euthanised by cervical dislocation for 

sampling. 

 

Digesta and tissue samples collection 

 

After the birds were killed, the GIT was excised and the proventriculus and gizzard were 

emptied and weighed. The contents of the gizzard were collected into plastic containers. The 

weight of the full small intestine was recorded. The small intestine was divided into three 

segments: the duodenum (from gizzard outlet to the end of the pancreatic loop), the jejunum 

(from the pancreatic loop to Meckel’s diverticulum), and the ileum (from Meckel’s 

diverticulum to the ileo-caecal junction). Each intestinal segment was emptied by gentle 

pressure and weights were recorded (The 2 cm of the ileum weight was adjusted when did the 

data calculation). The weights of the pancreas, liver, spleen, and bursa were also measured. 

The contents of the ileum and caecum were collected, and then stored at -20 °C until VFA 

analysis was performed. 

 

In experiment 1, fresh digesta samples weighing about 1 g from the jejunum and caecum were 

transferred into 15 mL McCartney bottles containing 10 mL of anaerobic broth (see Appendix 

1 for the composition) for enumeration of intestinal bacteria as described in Section 4.2.6. In 

experiment 2, fresh digesta samples from the jejunum weighing about 1 g were used for 

enumeration of intestinal bacteria, using the same methods as in experiment 1. 

 

In experiment 1, the ileal histology samples were collected as described in Section 4.2.6.  

 

7.2.6 Digesta pH measurement 

 

Immediately following slaughter, fresh digesta samples weighing about 0.5 g from the gizzard, 

ileum and caecum were transferred into 15 mL containers and 4.5 mL of distilled water was 

added and mixed. The pH value of the suspension was then measured using a combined 

glass/reference electrode (Ecoscan, Eutech, Singapore) and recorded. 
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7.2.7 The gut histomorphology and VFA analysis 

 

Formalin-fixed tissue slices from the ileum, each 4-5 mm thick, were enclosed in a plastic 

tissue cassette (Bayer Diagnostics Australia Pty. Ltd., Pymble, NSW), and processed as 

previously described in Section 4.2.8. 

 

The VFA analysis was as described previously in Section 4.2.9. 

 

7.2.8 NE lesion score 

 

The small intestine from each sampling bird was incised longitudinally and examined for 

evidence of gross necrotic lesions. The small intestine lesions were scored according to the 

criteria of Prescott et al. (1978) with slight modifications as illustrated in Plate 7.2. A gross 

pathologic diagnosis of NE in all dead birds and sampled birds was based on the presence of 

intestinal lesions typical of naturally occurring and experimentally induced NE, as described 

by Prescott et al. (1978), Broussard et al. (1986) and Branton et al. (1996) (Table 7.1). 

 

7.2.9 Statistical analysis and animal ethics 

 

The data in Experiment 1 were analysed using 3x2 factorial arrays as described in Section 

6.2.7. 

 

Data were subjected to one-way analysis of variance (ANOVA) (Statgraphics Plus, 

Manugistics Inc., Rockville, Maryland, USA) and the differences between mean values were 

identified by the least significant difference (LSD) in Experiment 2. Differences between 

treatments were deemed to be significant only if the P value was < 0.05. All results were 

expressed as means. Bacterial counts were transformed to log10 values. 
 

The Animal Ethics Committee of the University of New England approved this study 

(authority numbers are AEC 07/196 and AEC 06/093). All procedures complied with the 

‘Australian code of the care of animals for scientific purposes’ issued by the Australian 

Government National Health and Medical Research Council (NHMRC, 2004) and ‘Australian 

Model Code of Practice for the Welfare of Animals: Domestic Poultry’ (Standing Committee 

on Agriculture and Resource Management, 1995). 
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Table 7.1: Scoring standard for intestinal lesions* 
 
Strain of Eimeria E. tenella E. acervulina E. maxima 
Target intestine  Ceacum Duodenum Jejunum and Ileum 
0 No gross lesions No gross lesions No gross lesions 

Petechiae Very few  White plaque-like as 
the rungs of a ladder 

Small red may appear 

Gut wall Normal Normal Normal 
Contaminations Normal Normal Orange mucus 

 
 
 
1 
 

Other None Maximum of 5 
lesions/cm2 

None 

Petechiae More numerous More, not coalescent Numerous red 

Gut wall Thickened Normal Thickened and little 
ballooning 

Contaminations Noticeable blood Normal Orange mucus 

 
 
2 
 

Other None Minimum 5 
lesions/cm2 

None 

Petechiae Cores present More numerous, 
coated appearance 

More numerous, 
coated appearance 

Gut wall 
Greatly thickened Thickened 

appearance 
Ballooned and 
thickened, mucosal 
surface roughened 

Contaminations 
Large amounts of 
blood in contents, 
gas-filled 

Watery, noticeable 
blood in contents, 
gas-filled 

Filled with pinpoint 
of blood, clots and 
mucus, gas-filled 

 
 
 
 
3 
 

Other 
Lesions may 
extend as far as 
posterior 

Lesions may extend 
as far posterior 

Lesions may extend 
as far posterior 

Petechiae 

Large cores 
present 

The mucosal wall is 
greyish with colonies 
completely 
coalescent, typical 
ladder-like lesions 
appear 

Extensive 
coagulation, necrosis 
of the mucosal 
surface may be 
present, some dry 
necrotic membrane 
may line the intestine 

Gut wall 
Greatly distended 
with blood 

Very much thickened Ballooned for most of 
its length, greatly 
thickened 

Contaminations 

Faecal debris 
lacking or 
included in cores, 
large amounts of 
blood, excessive 
amount gas-filled 

Filled with creamy 
exudates with entire 
mucosa becoming 
bright red in colour 
due to large amount 
of blood, excessive 
gas-filled 

Digested red blood 
cells giving a 
characteristic colour 
and putrid odour, 
excessive amount 
gas-filled 

 
 
 
 
 
 
 
 
4 
 

Other Dead birds scored 
as 4 

Dead birds scored as 
4 

Dead birds scored as 
4 

* Source: Johnson and Reid (1970), Prescott et al. (1978), Broussard et al. (1986) and Branton et al. (1996). 
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Plate 7.2 Pictures depicting the gross lesions of the small intestine 
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7.3 RESULTS 
 

7.3.1 Performance and feed efficiency 

 

Both challenge and treatment markedly affected (P<0.01) BWG, FI and FCR at both d 21 and 

d 28 with significant interactions between the two for all parameters (Table 7.2). The 

interactions arose from the generally better performance of the birds in the positive control 

and probiotic treatments compared with those in the negative control treatment when there 

was no challenge.  The outbreak of NE was within 24 h and affected a large number of birds 

in the challenged groups. Generally, birds affected by severe NE showed marked to severe 

depression, loss of appetite, reluctance to move, ruffled feathers, and drooping wings and 

head. After inoculation with Eimeria and C. perfringens, performance, BWG and FI were all 

depressed. Results showed that the NC+ groups presented the lowest BWG and FI. Probiotic 

treatment groups did not differ in performance compared with the NC+ treatment in either 

Experiment 1 or Experiment 2 (Tables 7.2 and 7.3). However, in both Experiments 1 and 2, FI 

of challenged birds in NC+ and Pro+ groups during the first three weeks was reduced 

(P<0.05). The addition of Zn-bacitracin and monensin increased (P<0.05) average BWG and 

improved FCR throughout the experimental period. There were no differences in growth 

performance between NC-, PC- and Pro- groups during the entire experiment period in 

Experiment 1. 

 

7.3.2 Necrotic enteritis development and relative mortality 

 

In both Experiments 1 and 2, the duration of the disease lasted nearly one week after the first 

inoculation with C. perfringens. The results of examination for NE lesions showed that 8 

birds (from a total of 12 birds) in Experiment 1 and 12 birds (from a total of 16 birds) in 

Experiment 2 presented with scores of 1, 2 and 3 observed, with different levels of necrosis in 

the duodenum on d 14, which became more severe on d 17. Similar observations were made 

when examining the jejunum for NE scoring. Birds in Experiments 1 and 2 showed signs of 

NE at different ages. Necrotic enteritis-specific deaths or clinical abnormalities were not 

observed with unchallenged control and positive control groups. In Experiment 1, the NE 

lesion score was 1.0 for PC+, 1.2 for Pro+ and 1.7 for NC+ in the duodenum , and 0.8 for 

PC+ 0.2 for Pro+ and 2.1 for NC+ in the jejunum (data was not shown). The same trend was 
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observed in Experiment 2.  

 

The intestine of the dead birds was carefully examined in order to differentiate causes of 

mortality (Table 7.4 - Experiment 1; Table 7.5 - Experiment 2). The mortality due to NE 

started to appear 24 h after inoculation with C. perfringens. Total NE associated mortalities of 

22.9% (in experiment 1) and 15.5% (in experiment 2) were observed in the negative challenge 

treatments. Positive control was totally preventative against NE. In Experiment 1, there was a 

considerable level of mortality due to Eimeria, with 8.3%, 10.4% and 10.% for NC+, PC+ and 

Pro+, respectively. Mortality due to other causes such as sudden death, unindentified disease 

etc., was also high in Experiment 1. However, the probiotic treatment group significantly 

reduced mortality associated with NE in both Experiment 1 (12.5%) and 2 (11.5%), compared 

with the negative challenged control.  

 

Table 7.2: Effect of a novel probiotic on the performance of broilers under necrotic enteritis 
challenge (Experiment 1, n=6) 
 

d 21 d 28 
Treatments1 Challenge2 Gain  FI  FCR Gain  FI  FCR  
 g / bird g / bird g / g g / bird g / bird g / g 
       

- 812a 1264a 1.50c 1462a 2534a 1.68c NC 
+ 603c 1012c 1.66a 1104c 1904b 1.72b 

       
- 827a 1207a 1.46c 1459a 2234a 1.53c PC 
+ 757b 1199b 1.58b 1319b 2356a 1.78a 

       
- 834a 1197a 1.43c 1468a 2295a 1.56c Pro 
+ 631c 1017c 1.61a 1150c 1972b 1.71b 

       
P-value Treatment (T) 0.01 0.01 0.01 0.01 0.02 0.01 
P-value Challenge(C) 0.01 0.01 0.01 0.01 0.01 0.01 

P-value T x C 0.01 0.01 0.02 0.01 0.03 0.04 
1 Treatments: NC, negative control; PC, positive control; Pro, probiotic control. 2 Challenge: - unchallenge and 
+ challenge. a,b,c Means within a row not sharing a common superscript letter are significantly different (P<0.05). 
 

 

Birds that died due to severe NE had symptoms ranging from friable and distended intestines 

filled with gas and digesta to massive necrosis and sloughing of the mucosal surface of the 

intestinal tract which appeared as tan-orange pseudomembrane (diphtheritic membrane). 

Moreover, there was often a greenish tinge in the small intestine of birds that died from NE. 
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The mean duodenal and ileal lesion scores in dead birds ranged from 1.75 to 3.62 in 

Experiment 1 and from 2.87 to 3.31 in Experiment 2 in all challenged groups except in the 

positive control groups. The lesion scores also showed that the probiotic treatment groups had 

significantly reduced intestinal damage compared with NC+ treatment groups (1.75 vs 2.76 in 

the duodenum, 2.54vs 3.62 in the ileum). 

 

Table 7.3: Effect of a novel probiotic on the performance of broilers under necrotic enteritis 
challenge (Experiment 2, n=8) 1 
 

BWG (g / Bird) FI (g / Bird) FCR (g / g) 
Treatments d 21 d 28 d 21 d 28 d 21 d 28 
NC-  800±10a 1374±17a 1641±19a 2148±27a 1.76±0.05a 1.61±0.02a 
NC+ 552±26b 1008±46b 1192±203b 2506±284b 4.08±0.51b 2.59±0.27b 
PC+ 817±12a 1420±14a 1198±22a 2174±32a 1.75±0.04a 1.62±0.04a 
Pro+ 574±13b 1065±21b 1562±94b 2306±86b 3.85±0.40b 2.28±0.12b 

1 All the data are expressed as mean±SEM. 2 Treatments: NC-, negative control without challenge; NC+, 
negative challenge; PC+, positive challenge; Pro+, probiotic challenge. a, b, c: Mean within the same row with no 
common superscript differ significantly (P<0.05) 
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Table 7.4: The lesion scores for intestinal tract of dead birds in Experiment 1 

 
Duodenal lesion scores Ileal lesion scores Mortality % 

Treatments1 1 2 3 4 Means 1 2 3 4 Means NE-related Eimeria Other 
NC- 0 0 0 0 0 0 0 0 0 0 0 0 2.1 
NC+ 1 4 2 2 2.76 1 2 5 2 3.62 22.9 8.3 4.2 
PC- 0 0 0 0 0 0 0 0 0 0 0 0 0 
PC+ 0 0 0 0 0 0 0 0 0 0 0 10.4 8.3 
Pro- 0 0 0 0 0 0 0 0 0 0 0 0 6.3 
Pro+ 0 3 1 1 1.75 1 1 2 2 2.54 12.5 10.4 6.3 
1 Treatments: NC-, unchallenged negative control; NC+, challenged negative control; PC-, unchallenged positive control; PC+, challenged positive control; Pro-, 

unchallenged probiotic control; Pro+, challenged probiotic treatment group. 

 

 

Table 7.5: The lesion scores for intestinal tract of dead birds in Experiment 2 

 
Duodenal lesion scores Ileal lesion scores Mortality % 

Treatments1 1 2 3 4 Means 1 2 3 4 Means NE-related Eimeria Other 
NC- 0 0 0 0 0 0 0 0 0 0 0 0 1.5 
NC+ 2 3 15 8 3.08 2 2 11 13 3.31 15.5 9.5 7.5 
PC+ 0 1 0 0 2.0 0 0 0 0 0 0.5 0 1.0 
Pro+ 6 5 1 1 2.87 3 2 10 7 3.26 11.5 8.0 2.5 
1:Treatments: NC-, unchallenged negative control; NC+, challenged negative control; PC+, challenged positive control; Pro+, challenged probiotic treatment group. 

 



 

 

132

 

 

7.3.3 Intestinal morphology 

 

The results of ileal morphology in Experiment 1 are shown in Table 7.6 and plate 7.3. All 

treatments had an effect on the morphological parameters of the ileum. As expected, 

challenged birds given Zn-Bacitracin and Monensin, and probiotic all had longer villi 

(P<0.05) compared with the challenged control groups. However, the probiotic had no 

effect on crypt depth on d 14 and d 17. When the ratios of villus height to crypt depth 

were compared, the L. johnsonii did not significantly affect villus/crypt ratio before 

challenge, but significant increased the villus/crypt ratio(P<0.05) after challenge. 

 

Plate 7.3 Ileal sections on d 17. Sections were stained with eosin-hematoxylin, 

magnification is 10-fold and bars are 200µm (a: negative control groups, b: positive 

control groups, c: negative challenged groups, d: probiotic challenged groups). 

 

200 µm 

200 µm a

c d

b

200 µm 

200 µm 
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Table 7.6: Effects of L. johnsonii on morphological development of ileum at d 14 and d 
17 (Experiment 1, n=6) 
 

Treatments1 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T C T x C 
 
Day 14 
Villus height (µm) 658a 552d 675a 624b 661a 583c 0.01 0.01 0.01 
Crypt depth (µm) 85 78 90 84 89 83 NS6 NS NS 
Villi/crypt ratio 7.75a 7.07b 7.53a 7.43a 7.45a 7.05b 0.01 0.01 0.02 
 
Day 17 
Villus height (µm) 707a 598c 716a 656b 721a 639b 0.01 0.01 0.02 
Crypt depth (µm) 91 82 87 90 86 82 NS NS NS 
Villi/crypt ratio 7.77b 7.29c 8.23a 7.29c 8.38a 7.79b 0.01 0.01 0.01 

1 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; PC-, unchallenge 
positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, challenged 
probiotic control. a,b,c Means within a row not sharing a common superscript letter are significantly different 
(P<0.05). 
 

7.3.4 Bacterial enumeration and necrotic enteritis lesion scores  

 

The bacterial counts in the jejunal and caecal contents from Experiments 1 and 2 are 

shown in Tables 7.7 and 7.8. In both experiments the Enterobacterial counts were 

significantly (P<0.05) lower in the probiotic treatments compared with the NC- and NC+ 

treatments on d 14 and d17. The numbers of C. perfringens peaked in NC+ groups on d 

17 in both Experiments 1 (8.00 lg cfu/g) and 2 (4.22 lg cfu/g), and showed the lowest 

numbers on d 14 in PC+ (6.62 lg cfu/g) and Pro+ (6.10 lg cfu/g) groups. 

 

In Experiment 1, the highest number of lactobacilli was found in the the jejunum and 

caeca of birds given the probiotic regardless of challenge. Numbers of lactobacilli in the 

caecal contents of unchallenged probiotic treatment birds were significantly higher 

(P<0.05) than that in other groups on d 14 and d 17. Furthermore, caecal LAB showed a 

significant increased in the probiotic treatment groups on d 17 compared with the NC+ 

groups. In Experiment 2, total of LAB and lactobacilli decreased in PC+ treatment groups, 

and lactobacilli increased in Pro+ groups at d 17. There were complex treatment x 

challenge interactions for Enterobacteria, C. perfringens, LAB and lactobacilli in the 

jejunum and the caeca on both sampling days. In general, these interactions arose because 
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the probiotic reduced the numbers of Enterobacteria, C. perfringens but increased that of 

LAB and lactobacilli. 

 

Table 7.7: Effects of L. johnsonii on bacterial counts (Log cfu/g) in digesta of birds in 
Experiment 1 on d 14 and d 17 (n=6) 
 

Treatments1 P value 
  NC- PC-  Pro- NC+ PC+ Pro+ T C TxC 

 
Day 14 

Jejunum          
   Total anaerobes 8.32 8.19 8.22 8.30 8.35 8.29 0.34 0.26 0.17 
   LAB 8.43 8.09 8.17 8.26 8.41 8.25 0.71 0.68 0.32 
   Lactobacilli 8.11 8.47 9.24 7.80 7.94 8.01 0.40 0.09 0.62 
   Enterobacteria3 4.21b 3.76c 3.51d 5.12a 3.82c 3.37d 0.01 0.07 0.01 
   C. perfringens 3.09b 2.94b 2.97b 6.02a 1.56b 2.32b 0.01 0.04 0.01 
Caeca          
   Total anaerobes 9.58 9.77 9.41 9.59 9.76 9.67 0.56 0.43 0.41 
   LAB 9.07 9.18 9.24 9.23 9.15 9.33 0.13 0.74 0.28 
   Lactobacilli 8.62b 8.82b 10.22a 8.72b 8.66b 8.44b 0.02 0.01 0.01 
   Enterobacteria3 8.01a 8.12a 6.03b 8.29a 8.14a 5.89b 0.01 0.03 0.17 
   C. perfringens 7.74b 7.18b 6.54c 8.00a 6.62c 6.10c 0.01 0.18 0.04 

 
Day 17 

Jejunum          
   Total anaerobes 8.18 8.25 8.23 8.46 8.67 8.89 0.44 0.01 0.59 
   LAB 8.19 8.35 8.52 8.03 8.85 8.84 0.03 0.21 0.27 
   Lactobacilli 7.95 7.92 8.13 8.29 8.51 8.84 0.38 0.02 0.78 
   Enterobacteria3 4.86b 4.49c 4.85b 5.77a 4.85b 4.26c 0.03 0.04 0.94 
   C. perfringens 3.14c 1.83d 2.11d 7.14a 2.80c 4.63b 0.01 0.01 0.13 
Caeca          
   Total anaerobes 9.87 9.47 9.76 9.49 9.58 9.70 0.24 0.41 0.13 
   LAB 9.24b 9.25b 9.93a 8.60c 9.29b 9.54b 0.12 0.01 0.01 
   Lactobacilli 7.93c 7.16d 9.88a 8.76b 7.32d 9.22a 0.01 0.01 0.03 
   Enterobacteria3 8.16b 8.01b 6.21c 8.83a 8.17b 5.99c 0.01 0.08 0.01 
C. perfringens 5.33c 4.38d 4.31d 8.67a 7.75b 7.18b 0.09 0.01 0.06 

1 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; PC-, unchallenge 
positive control; PC+, challenged positive control; Pro-, unchallenge probiotic control; Pro+, challenged 
probiotic control. a,b,c,d Means within a row not sharing a common superscript letter are significantly 
different (P<0.05). 
 

7.3.5 Organ development and intestinal pH 

 

The indices of organ development in Experiment 1 are shown in Tables 7.9. There were 

no differences in the relative weights of spleen, bursa, pancreas and liver between the 
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different treatments. Furthermore, the intestinal pH was also not affected by treatment or 

challenge (data not shown). 

 

Table 7.8: Effects of L. johnsonii on bacterial counts (Log10 cfu/g) in jejuna digesta of 
birds in Experiment 2 on d 14 and d 17 (n=6) 
 

Treatments1 
  NC- NC+ PC+ Pro+ 

SE P value 

 
Day 14 
  LAB 7.62 6.86 7.54 7.65 0.28 0.05 
  Lactobacilli 6.98 6.57 6.27 6.76 0.21 0.13 
  Enterobacteria3 5.06a 5.15 a 4.64b 4.68b 0.31 0.04 
  C. perfringens 3.50 3.81 3.60 3.47 0.22 0.69 
 
Day 17 
  LAB 8.36a 8.73a 7.93b 8.73a 0.14 0.01 
  Lactobacilli 7.72b 7.80b 5.35c 8.10a 0.16 0.01 
  Enterobacteria3 5.21a 5.30a 4.77b 4.81b 0.28 0.03 

C. perfringens 3.69 4.22 3.44 4.04 0.33 0.14 
1 Treatments: NC-, negative control; NC+, negative challenge; PC+, positive control with challenged; Pro+, 
with probiotic L. johnsonii by oral gavage, challenged. 2 SE: standard error of means. 3 Enterobacteria are 
coliform and lactose negative enterobacteria. a, b, c: Means within the same row with no common 
superscripts differ significantly (P<0.05). 
 

Table 7.9: Effects of L. johnsonii on relative organ weights (% body weight) of broilers in 
Experiment 1 (n=6) 
 

Treatments1 P value 
  NC- PC- Pro- NC+ PC+ Pro+ T C TxC 
 
Day 14 
  Bursa 0.24 0.20 0.22 0.21 0.21 0.22 0.22 0.74 0.52 
  Spleen 0.09 0.11 0.11 0.10 0.09 0.11 0.41 0.31 0.71 
  Pancreas 0.31 0.33 0.36 0.35 0.32 0.30 0.57 0.40 0.82 
  Liver 4.31 4.44 4.39 4.34 4.40 4.66 0.19 0.56 0.77 
 
Day 17 
  Bursa 0.26 0.28 0.21 0.26 0.23 0.27 0.48 0.97 0.88 
  Spleen 0.12 0.14 0.11 0.16 0.11 0.14 0.13 0.54 0.49 
  Pancreas 0.35 0.38 0.38 0.38 0.36 0.37 0.22 0.61 0.54 
  Liver 3.98 3.92 3.99 4.04 4.10 4.03 0.81 0.75 0.44 

1 Treatments: NC-, negative control; NC+, negative challenge; PC-, positive control; PC+, positive 
challenged; Pro-, with probiotic L. johnsonii gavage, unchallenged; Pro+, probiotic, challenged. a, b, c : 
Means within the same row with no common superscripts differ significantly (P<0.05) 
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7.3.6 Concentrations of SCFAs 

 

The concentrations of SCFAs in the intestinal contents are shown in Tables 7.10 

(Experiment 1) and 7.11 (Experiment 2). The propionic acid concentration in the caecal 

contents was elevated in the NC+ group and probiotic treatment group (Pro+) at d 14 in 

Experiment 2. The lactic, acetic and butyric acid concentrations showed no differences 

among the groups during the challenge period in either of the two experiments. 
 

Table 7.10: Digesta VFA concentrations (μmol / g) on d 14 and d 17 in Experiment 1 
(n=6) 
 

Treatments1 P value 
  NC- NC+ PC- PC+ Pro- Pro+ T C TxC 

 
Ileum 

Day 14 
 Formic acid  0.62 0.49 0.57 0.50 0.63 0.45 0.24 0.75 0.94 
 Acetic acid 2.20 2.35 2.16 1.96 2.29 2.59 0.19 0.26 0.45 
 Lactic acid 10.26 11.45 9.78 10.41 9.89 10.92 0.57 0.70 0.64 
Day 17 
 Formic acid  0.84 1.04 0.96 0.90 0.88 1.02 0.55 0.92 0.71 
 Acetic acid 2.36 2.51 2.47 2.36 2.38 2.49 0.81 0.34 0.83 
 Lactic acid 12.74 12.15 11.97 12.42 12.58 12.19 0.69 0.28 0.97 
 

Caeca 
Day 14 
 Acetic acid 49.19 51.23 46.91 50.38 49.25 53.25 0.37 0.81 0.31 
 Propionic acid 3.35 3.58 3.42 3.65 3.76 3.49 0.52 0.44 0.27 
 Butyric acid 14.87 14.89 15.18 15.81 15.10 15.42 0.46 0.54 0.71 
Day 17 
 Acetic acid 71.23 74.39 76.60 72.29 74.84 76.04 0.33 0.57 0.84 
 Propionic acid 4.88 4.61 4.79 4.90 4.46 4.69 0.58 0.24 0.89 
 Butyric acid 14.82 14.77 13.95 14.22 14.79 14.09 0.21 0.19 0.56 

1 Treatments: NC-, unchallenge negative control; NC+, challenged negative control; PC-, unchallenge 
positive control; PC+, challenged positive control; Pro-, probiotic, unchallenge control; Pro+, probiotic, 
with challenged. 
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Table 7.11: Digesta VFA concentrations (μmol /g, n=6) on d 14 and d 17 in Experiment 2 
 

Treatments1 
  NC- NC+ PC+ Pro+ 

SE P value 

 
Day 14 
     Acetic acid 51.65 50.94 52.33 61.78 10.13 0.857 
     Propionic acid 2.60c 5.82a 1.92c 3.76b 0.89 0.035 
     Butyric acid 11.26 12.91 12.83 16.36 3.05 0.686 
 
Day 17 
     Acetic acid 81.12 75.96 77.61 77.30 1.57 0.152 
     Propionic acid 4.67 4.95 4.10 4.53 0.67 0.839 

 Butyric acid 15.32 16.85 17.17 19.93 0.91 0.256 
1 Treatments: NC-, negative control; NC+, negative challenge; PC+, positive challenged; Pro+, probiotic, 
challenged. a, b, c : Means within the same row with no common superscripts differ significantly (P<0.05) 
 

 

7.4 DISCUSSION 
 

7.4.1 Infection model of necrotic enteritis and mortality 

 

In this study, the infection model successfully induced NE in broiler chickens with oral 

gavage of a one-off, low dose of Eimeria and three successive days of oral inoculation 

with C. perfringens. The birds from the unchallenged groups and positive control groups 

had a significantly higher body weight compared with those from the challenged groups. 

After the challenge with C. perfringens, the birds showed the clinical symptoms of NE 

and mortality increased (except PC+ groups). These symptoms were not observed in the 

unchallenged groups in either experiment 1 or 2. 

 

Although C. perfringens is recognized as the etiological agent of necrotic enteritis, other 

contributing factors are usually required to predispose the flocks to NE. The presence of 

C. perfringens in the intestinal tract of broilers inoculated with high doses of C. 

perfringens does not, however, always lead to the development of NE (Kaldhusdal et al., 

1999; Drew et al., 2004). Due to lack of knowledge of the predisposing factors of the 

disease, a reliable and reproducible C. perfringens infection model has been difficult to 
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produce until recently. For example, Long and Truscott (1976) used a pure culture 

challenge model to induce NE in broiler chickens with total NE mortality ranging from 

1.0 to 28%. This model was later modified to include an elevated dietary concentration of 

fishmeal prior to intra-duodenal administration of inoculum (Al-Sheikhly and Truscdott, 

1977). Infection of broilers with Eimeria acervulina prior to administration of a C. 

perfringens challenge, markedly increased (from 28 to 53%) NE mortality (Dahiya et al., 

2006). Kocher et al. (2004) developed a reproducible infection model of NE at the 

University of New England (NSW, Australia) using a series of dietary manipulations and 

combination of a field isolate of C. perfringens and small doses (2500 oocysts) of vaccine 

strains of Eimeria acervulina, maxima and tenella.  

 

Successful induction of disease usually requires previous intestinal damage, particularly 

sloughing of intestinal epithelial cells and leakage of plasma protein into the intestinal 

lumen.  The present study used the same model in both experiments reported to 

successfully induce NE, with NE-related mortality reaching 22.9% in Experiment 1 and 

15.5% in Experiment 2 in the negative controls with challenge. In addition, there was a 

high level of mortality due to coccidiosis, a result that highlights the unpredictable nature 

of NE outbreaks. The current study used only small doses (2500 oocysts) of vaccine 

strains of Eimeria, which had always been used in the model for at least 15 other 

experiments. The only thing changed was the sources of the ingredients, including the 

fish meal, used in the challenge diet. This illustrates the fact that the predisposing factors 

that lead to over proliferation of C. perfringens and the subsequent progression to NE are 

still poorly understood. In the two experiments performed in the current study, however, 

there was a clear cut result as to the effectiveness of antibiotics, in this case zinc 

bacitracin, in prevention of NE outbreak as there were hardly any NE-related deaths in 

the positive control birds. 

 

7.4.2 Growth performance, C. perfringens counts and necrotic enteritis lesion scores 

 

Depression in growth rate typically occurs during the second week of an NE outbreak in 

broiler chickens. However, this symptom represents the end point of a complex series of 
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events. Results from the current experiment indicated that bird performance was impaired 

more severely in the challenged groups compared with that in the unchallenged groups. 

The birds in the NC+ treatments had lowest BWG and FI during the experimental period, 

and those in the probiotic groups with challenge had an intermediate BWG. Interestingly, 

when there was no NE challenge, probiotic supplementation was equally effective in 

maintaining BWG and FCR as the positive control.  

 

The C. perfringens counts in the digesta of birds before challenge were high and the onset 

of NE was rapid. As mentioned earlier, there was also a high level of mortality 

attributable to coccidiosis. The most likely explanation is the inclusion of a high 

percentage of fishmeal in the diet from d 8 until d 14. Despite best efforts to obtain 

fishmeal with consistent quality from the same source, due to restrictions on using 

fishmeal in most feedmills in Australia, it was difficult to obtain any fishmeal at all. This 

may have compromised the quality of the fishmeal, which was not very fresh and 

suspected to contain high amounts of biogenic amines. Indeed, Dahiya et al. (2006) 

showed a higher C. perfringens count in the ileal and caecal digesta fed animal-derived 

high protein-based diets compared with that in birds fed in a non-animal protein control 

diet. In the present study, probiotic supplementation reduced the number of C. 

perfringens in the jejunum and the caeca on d 14 and d 17 in Experiment 1.   

 

Although lesion scoring has frequently been used as an indicator for the severity of NE, 

few references give a full description of the different grades of pathogenicity (Johnson 

and Reid, 1970; Prescott et al., 1978; Broussard et al., 1986; Branton et al., 1996). In the 

current study, various degrees of intestinal necrosis were observed in both Experiments 1 

and 2 on d 14 and d 17. A high population of C. perfringens in the intestine is not 

necessarily an indication of the onset of NE. Al-Sheikhly and Truscott (1977) found that 

NE lesions developed at close time intervals during the first 24 h after infection and 

concluded that scores were highest 12 h post challenge. Their observations agree with the 

findings of both the experiments in the current study, where the highest mortality and 

maximal lesion scores were observed within the first three days post challenge. Both the 

coccidiosis lesions and NE lesions were quite distinct in the eyes of an experienced 
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person, as was the case in this study. 

 

7.4.3 Bacterial enumeration in gut environment 

 

Direct feed microbials are intended to modify the gastrointestinal microflora in such a 

way that bacterial activities advantageous to the host are stimulated and those adverse to 

host health are suppressed (Netherwood et al., 1999). Necrotic enteritis is a highly 

complex disease that has numerous pre-disposing factors, including diet and its 

composition, husbandry practices, intestinal microflora, in particular the number and type 

of C. perfringens. 

 

Although in current experiments, the high C. perfringens counts (6.1 − 8.0) were 

observed in jejunal and caecal digesta, focal necrotic lesions in the jejunum and ileum 

were not observed seven days post challenge. This agrees with findings in the literature 

that high populations of C. perfringens do not necessarily lead to the development of NE 

(Kaldhusdal et al., 1999; van Immerseel et al., 2004). 

 

Normal gut flora preparations have shown efficacy against C. perfringens, pathogenic 

strains of E. coli and Salmonella spp. (Mead, 2000). Previous results showed that, after 

oral inoculation, L. johnsonii became a dominant species in the GIT (discussion in 

Section 5.4.4). Results from the current study showed that the number of Enterobacteria 

and C. perfringens in the ileum and caeca in the probiotic treatment groups was 

significantly lower than in other groups on d 14 and d 17. However, in L. johnsonii 

inoculated groups, there were high numbers of lactobacilli with a concomitant decrease in 

the number of Enterobacteria in the gut. The most important advantage is that CE 

products ensure the establishment of the complex intestinal microflora that resists 

colonization by poultry pathogens, and they are produced as a consortium of bacteria that 

can coexist as a stable community in the enteric ecosystem (Wagner, 2006). A numbers of 

studies have reported a potential benefit of “normal gut flora” on NE in broiler chickens 

including reduced NE mortality and caecal colonization of C. perfringens (Snoeyenbos et 

al., 1983; Elwinger et al., 1992). La Ragione et al. (2004) found that a single oral dose of 
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1 × 109 cfu L. johnsonii inhibited growth of C. perfringens and reduced the extent of 

colonization and persistence in chick models.  

 

Studies are limited regarding the protective effects of probiotic strains against C. 

perfringens in chickens. Fukata et al. (1988, 1991) reported a very low mortality in 

chicks inoculated with L. acidophilus or S. faecalis and then challenged with C. 

perfringens, compared with a 50% mortality rate in germ-free chicks, and no mortality in 

conventional birds. Hofacre et al. (1998) observed that a commercial probiotic product 

reduced gross lesions of NE in chickens, but the protection was far less than that 

conferred by a normal gut flora preparation. Mortality due to NE was significantly 

reduced from 60% to 30% in challenged broiler chicks when they were treated with a 

defined LAB on d 1 (Hofacre et al. 2003). 

 

7.4.4 Intestinal tract morphology 

 

The interaction between the microflora and the morphology of the gut is clearly shown by 

alteration in the structure and morphology of the GIT of germ-free compared to 

conventional animals (Heneghan, 1965). The villi in the small intestine of germ-free 

species are usually uniform in shape and slender, whereas crypts are shorter (Gordon and 

Bruckner-Kardoss, 1961). 

 

In the current study, when the birds were 14 days old, 3 days after the initial C. 

perfringens infection, L. johnsonii clearly increased the villus height in the ileum, thus 

increasing the villus height/crypt depth ratio. The results on intestinal morphology 

suggest that, under challenge conditions, L. johnsonii had an effect to enhancing the 

absorptive capacity in the small intestine. 

 

7.4.5 Strategies to control necrotic enteritis 

 

Pathogen reduction is an important basic strategy that can be employed to cope with the 

loss of in-feed antibiotics and control NE in broiler chickens. One of the commonly used 
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strategies for the control of C. perfringens in broiler chickens is DFM, including CE 

products and probiotics. The modes of action of DFM include maintaining “normal” 

intestinal microflora by CE and antagonism to C. perfringens, and improving digestion 

(Dahiya et al., 2006). Competitive exclusion of C. perfringens may be accomplished by a 

number of possible mechanisms including CE for mucosal binding sites, competition for 

luminal nutrients or production of inhibitory substances such VFAs, low pH, and 

bacteriocins which are bacteriostatic or bacteriocidal for pathogenic bacteria (Tannock, 

1997). Such DFM preparations can be provided orally in newly hatched chicks to 

promote the rapid establishment of an adult-type intestinal microflora and produce almost 

immediate resistance to colonization by pathogens that gain access to the rearing 

environment (Nurmi et al., 1992; Nisbet, 1998; Mead, 2000). 

 

Necrotic enteritis in other animals can be prevented by vaccination (Songer, 1996). Only 

recently a vaccine to prevent NE in poultry has been released (Schering Plough, USA). 

However, its efficacy under practical field conditions is not clearly demonstrated to date. 
 

Other prophylactic measures to control NE have been proposed. Diets with high levels of 

indigestible, water-soluble non-starch polysaccharides predispose to NE (Kaldhusdal and 

Hofshagen, 1992; Riddell and Kong, 1992); enzyme preparations are evidently able to 

decompose indigestible polysaccharides, thereby reducing the occurrence of NE 

(Elwinger and TeglÖf, 1991). However, L johnsonii, administered as a DFM to provide 

CE to C. perfringens is an economical and efficient way to prevent NE disease in broiler 

chickens (Schneitz, 2005). 

 

7.5 CONCLUSIONS 
 

Oral inoculation with L. johnsonii enhanced absorptive capacity of the small intestine 

under C. perfringens challenge. Although L. johnsonii could not give the birds the same 

degree of protection against C. perfringens as Zn-bacitracin in combination with 

Monensin did, it numerically reduced the C. perfringens counts and NE lesion scores in 

the gut, and also numerically improved the body weight of birds. Thus, it may be 
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concluded that with the use of L. johnsonii as a probiotic in broiler diets can give some 

degree of protection to the birds through enhancing their intestinal absorption and 

reducing pathogen colonization in the gut under C perfringens challenge.  
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CHAPTER 8 
 

GENERAL DISCUSSION AND CONCLUSION 
 

This thesis examined whether probiotic strains of lactobacilli isolated from poultry could 

be used to (a) promote bird performance; (b) enhance gut development; (c) modulate gut 

microflora, and (d) alleviate or prevent disease outbreaks. Of a large number of 

candidates selected using in vitro studies, four novel isolates were tested for their in vivo 

effects with L. johnsonii as a model organism in the majority of the experiments.     

 

8.1 SELECTION AND CHARACTERISATION OF PROBIOTIC 
STRAINS 

 

Despite the long history of probiotic use in prevention of certain illnesses in humans and 

maintenance of gut health in animals, solid data on poultry-specific probiotics and their 

efficacy in growth promotion and disease prevention have been scarce. The current thesis 

worked on the premise that isolation and characterization of probiotic organisms from the 

GIT of chickens would be advantageous in their usability and adaptability in poultry 

production. In the current thesis, from an initial list of 235 lactobacillus isolates, four 

strains were identified using an antagonistic activity assay.  Indeed, antagonistic activity 

is an important selection criterion for probiotics. It is proposed that the physiological 

effects of lactobacilli in the host are a result of the antagonistic activity against pathogens, 

and lactobacilli are believed to play an important protective role (Hancock and Chapple, 

1999). In addition, the role of probiotics, in competitive exclusion of pathogenic strains, 

such as Salmonella spp., E. coli, Enterococcus spp., C. perfringens and Campylobacter 

spp., has been well documented (Jin et al., 1998c; Heinemann et al., 2000). It is proposed 

that antimicrobial compounds, such as bacteriocins produced by Gram-positive bacteria, 

are often membrane-permeabilizing cationic peptides with fewer than 60 amino acid 

residues (Jack et al., 1995). Besides bacteriocins, other common metabolites, such as 

organic acids (Daeschel, 1989) and amines (Jiraphocakul et al., 1990; Piard and 

Desmazeaud, 1992) are produced by lactobacilli. In the current work, only VFA 
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production and pH were determined, but the four selected strains strongly inhibited C. 

perfringens, E. coli. and S. sofia in vitro, which became the basis for further work in vivo 

and under pathogen challenge. 

 

8.2 EFFECTS ON BIRD PERFORMANCE 
 

A number of reports have demonstrated that probiotics improve bird performance, 

possibly through enhancing nutrient absorption (Han et al., 1984; Jin et al., 1998a). 

Pelicano et al. (2004) observed that feed intake was higher in broilers fed a probiotic 

product containing L. johnsonii.  In the current series of studies reported in this thesis, the 

effect of four probiotic strains (L. johnsonii, L. crispatus, L. salivarius and one 

unidentified L. spp.) on bird performance was, in general, not pronounced although there 

were clear tendencies for improvement in BWG, FI and FCR. In fact, such findings are 

not uncommon (Maiolino et al. 1992). One of the reasons for the current finding is 

probably due to the clean, disease-free environment where the trials were conducted. 

Throughout the work, the performance of the control birds was at the Cobb 500 standard 

level and therefore additional improvement was probably difficult to attain.  This 

statement is justified because, under NE challenge, L. johnsonii significantly improved 

BWG. 

 

8.3 GUT DEVELOPMENT AND INTESTINAL MICROFLORA 
 

The intestine can change its surface area by growing in length, and /or by increasing or 

decreasing the height of its villi when probiotics are supplied in the diet. Such an effect is 

clearly demonstrated through this thesis. Of particular significance is the ability of L. 

johnsonii to increase ileal villus height in birds challenged with C. perfringens. 

Apajalahti et al. (1998) inoculated newly hatched chicks with a single dose of bacteria 

and found that the microbial communities of the gut changed markedly. In agreement 

with this finding, the current results showed that L. johnsonii colonies were detected in 

the treatment group, which became a dominant strain in the composition of lactobacilli in 

the ileum of broilers (Chapter 5). 

 



 

 

146

 

Probiotics are intended to modify the gastrointestinal microflora in such a way that 

bacterial activities advantageous to the host are stimulated and those adverse to host 

health are suppressed (Netherwood et al., 1999). The present results show that 

Enterobacteria and Lactobacilli are the two most abundant groups of bacteria in the 

ileum and caeca during the early life of the chicks. Furthermore, the number of 

Enterobacteria was decreased and lactobacilli increased in the ileum and caeca 

significantly in probiotic treatment groups compared with control treatments (Chapters 4, 

5, 6 and 7). Thus, it seems that with the establishment of L. johnsonii in the GIT, the 

enterobacterial population was outcompeted by lactobacilli, a group of organisms deemed 

to be beneficial in poultry. This result, supported by those of Salminen and Wright (1992), 

demonstrates that Lactobacillus spp. exert a direct influence on enterobacterial 

colonization and it is tempting to describe the observed effects in such a manner. Vahjen 

et al. (1998) also indicated that a high lactobacillus population competitively excluded 

other members of the intestinal microflora of broilers, which displayed a slow rise in 

numbers in the ileum on d 21 followed by a rather sharp decline (up to tenfold) on d 28. 

The number of Enterobacteria in the ileum followed the same declining trend. Another 

important bacterium for poultry is C. perfringens as it is the causative organism for NE, 

the single most economically devastating disease for the meat chicken industry. A 

consistent finding in this thesis is ability of supplemental L. johnsonii to reduce the 

number of C. perfringens in the ileum and the caeca, even when birds were under NE 

challenge.  

 

One of the mechanisms by which probiotics elicit their effect is through the production of 

SCFAs by the dominating microflora. This thesis shows the presence of a high 

concentration of acetic and lactic acids in the ileum, and butyric and succinic acids in the 

caeca in the probiotic treatment groups compared with control groups on d 7 and d 21 

(Chapters 4, 5, 6 and 7).  

 

8.4 PREVENTION OF DISEASE OUTBREAKS  
 

Probiotics have traditionally been used to restore the balance of the gut microflora, which, 
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in turn, improves health status of the animal and, often, brings about other benefits like 

enhanced animal performance. But over the past decade or so, it has been frequently 

proposed that probiotics may be used to prevent diseases that are usually controlled by 

the use of antibiotics. Therefore it was important that this concept be evaluated using 

well-established challenge models in this thesis. Two such models were used; one is a 

Salmonella model involving S. sofia (Chapter 6) and the other is a necrotic enteritis 

challenge model (Chapter 7). In the former, chickens receiving L. johnsonii had a 

significantly lower number of S. sofia with only a few birds remaining positive to 

Salmonella at end of the experiment. The utility of this finding is significant in practice 

because Salmonella is one of most important food safety organisms in poultry and a 

reduced number means a lower food safety risk. In the NE model, birds receiving L. 

johnsonii had more lactobacilli and fewer C. perfringens compared to the controls. 

Although the probiotic could not prevent the occurrence of NE it was equally effective in 

maintaining BWG and FCR as Zn-bacitracin when there was no NE challenge (Chapter 

7). 

 

8.5 CONCLUSION AND PRACTICAL IMPLICATIONS 
 

The main findings of the current thesis are that lactobacillus probiotics of poultry origin 

have good survivability in feed, water and litter and can establish well in the GIT of 

broiler chickens. They can change the composition of the gut microflora to a more 

lactobacillus-based ecosystem where unfavorable organisms such as Enterobacteria and 

C. perfringens are displaced. L. johnsonii, in particular, has the ability to reduce the 

number of C. perfringens in birds under necrotic enteritis challenge as well as to maintain 

the normal growth of broilers. The novel probiotics used in the current thesis were also 

effective in enhancing the absorptive capacity as measured by histomorphometry. Perhaps 

the consequence of this was the tendency for the probiotics to improve bird performance, 

especially under challenged conditions. 

 

Despite this large body of work, L. johnsonii as the most promising candidate used in this 

thesis failed to provide protection to birds from NE outbreaks. This means that much 
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remains to be done in finding truly efficacious probiotics that have growth promoting 

properties and the ability to protect birds from significant pathogen challenge such as 

necrotic enteritis. Perhaps, probiotic candidates should be selected from birds that are 

naturally immune to NE under a reproducible challenge model without the interference of 

Eimeria infection. More immediately, though, a thorough characterization of the entire 

gut microflora of broilers under various environments is urgently required. Until this is 

done, probiotic research will be limited to those organisms that represent less than 10% 

of the microflora, a task fraught with unknowns and uncontrollables. 
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APPENDICES 

 

Appendix 1. The composition of anaerobic broth 

 

Yeast extract                                                                                                          2.5 g 

Peptone from casein                                                                                              2.5 g 

Solution A                                                                                                           167 ml 

Solution B                                                                                                           167 ml 

Resazurin solution                                                                                                  1 ml 

Hemine solution                                                                                                      5 ml 

Tween 80                                                                                                                1 ml 

 

Solution A 

NaCI                                                                                5.4 g 

KH2PO4                                                                           2.7 g 

CaCI2·H2O                                                                  0.16 g 

MgCI2·6H2O                                                               0.12 g 

MnSO4·4H2O                                                              0.07 g 

CoCI2·6H2O                                                                0.06 g    

(NH4)2SO4                                                                        5.4 g 

FeSO4·7H2O                                                      0.05 g / liter 

 

Solution B 

K2H PO4·3H2O                                                    2.7 g / liter 

Resazurin solution 

100mg resazurin in water                                             100 ml  

Hemine solution 

0.05 g hemine in 0.02% NaOH                                    100 ml 

 



 

 

194

 

 

Appendix 2. The composition of Luria Bertani Broth (LB broth) 

 

Tryptone (1% w/v) 

Yeast extract (0.5% w/v) 

NaCl (0.5 % w/v) 

 

To be dissolved in deionised water, dispensed into aliquots (bottles) and autoclaved at 

temperature under 121°C, by raising the pressure to 15 PSI, and held at this setting for 15 

minutes.  

 

 

 

 

Appendix 3. The composition of Luria Bertani Agar (LB agar) 

 

Tryptone (1 % w/v) 

Yeast extract (0.5% w/v) 

NaCl (0.5 % w/v) 

Bacteriological agar (0.6-0.9 % w/v) 

 

To be dissolved in deionised water and and autoclaved at temperature under 121°C, by 

raising the pressure to 15 PSI, and held at this setting for 15 minutes. 
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Appendix 4. The protocol of preparing Clostridium perfringens culture 

broth for three consecutive inoculations 

 

Each bird typically receives 2ml of culture broth, for three days. Birds not receiving C. 

perfringens, usually receive broth (without C. perfringens) for three days. 

Day 1 (at least 3 days until 1st inoculation ) 

1. Prepare 150 mL of Thioglycollate broth into 300 mL of cap bottles, and autoclave. 

2. Using a 23 gauge needle on a 0.5 mL or 1.0 mL syringe (for each bottle) and under a 

Bunsen flame, take 0.1 ml of C. perfringens/tryptone-milk storage medium and inject 

onto freshly prepared broth in serum bottles. 

3. Incubate broth overnight at 39˚C for 24h. 

Day 2 ( at least 2 days before 1st inoculation ) 

1. Check to see viability of stock in serum bottle in incubator by observing opacity, and 

gas build up.  

2. Prepare about the same quantity of CMM as Thioglycollate broth, following 

instructions on the side of the CMM bottle. 

3. Use a 23 gauge needle on a 1.0ml syringe to draw 0.5ml of viable C. perfringens/ 

Thioglycollate culture and inoculate into CMM broth. 

4. Label bottles and incubate broth overnight at 39˚C for another 24 h. 

Day3 (at last day before the 1st inoculation ) 

1. Check to see if both serum bottles are viable.  

2. Prepare a Thioglycollate/ Casitone/ Starch broth by using the same concentration of 

Thioglycollate broth powder per litre of Milli-Q water, and in addition: 

 5g/l of Bacto Casitone (pancreatic enzyme digest of casein) 

 10g/l of starch powder 

3. Prepare large(2L) or medium (1L) conical flasks for broth incubation by placing a 

‘stopper’ of cotton-wool in to the neck of the flask, covering the top with foil, taping the 

foil tight around the outside of the neck and autoclaving. 

4. Inoculated with 0.5ml(for each flask) of viable CMM broth using a 1.0 ml syringe and 
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23 gauge needle, and after the cotton- wool and foil are repositioned, incubated overnight 

at 39˚C. 

Prepare Clostridium perfringens agar plates for test of C. perfringens concentration: 

The following will be taking place in the Lamina-flow room for bacterial numeration 

 about 24 agar plates(new) 

 small serum bottle of water (autoclaved) 

 measuring cylinder (autoclaved) 

 squirt/ spray bottle of at least 70% ethanol (and tissues or swab) 

 2 x 2.5 ml syringes 

 2 x 23 gauge needles 

 1 each of setting agents A and B (microlab fridge) 

 bottle of Oxoid Egg Yolk Emulsion (EYE) (microlab fridge) containing at least 25 ml 

 leather gloves for handling hot bottle 

 latex or vinyl gloves for procedures. 

Day 4 (1st day of inoculations ) 

1. Take broth from incubator and swirl then, under a Bunsen flame and using a sterile 

syringe and needle, take 1.00 ml and put into the first of the 7 Hungate tubes for the serial 

dilution. 

2. Pour broth into sterile Wheaton bottles using a funnel and screw lids on, but remember 

to leave at least one third of each bottle empty to allow for the gas given off by the C. 

perfringens. The broth is ready for use as inoculum. 

3. Continue with serial dilution, taking 1.00 ml from the previous tube and putting it into 

the next tube, vortexing and so on until the factor of dilution is 10 ( 7th tube). 

4. Using a syringe and needle, or Gilson Pipetman calibrated to 100ul, transfer 0.100 ml 

of solution from the 6th tube and spread onto a plate and do the same for the 7th tube onto 

a different plate. 

5. Label each plate clearly, the dilution factor for these plates will be 10 and 10, i.e. if you 

see 10 and 1 colony-forming units (CFU) respectively of CP on the agar plates the next 

day, the concentration of CP in the broth will have been 10 x 10 CFU/ ml on one plate 

and 1 x 10 CFU/ ml on the other = average 1 x 10 CFU/ ml. 

6. Agar plates incubate at 39°C overnight. 
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7. Transfer autoclaved broth into sterile conical flasks, inoculate with 0.5 ml CMM broth 

from same CMM bottle as before, and incubate overnight at 39°C. 

Day 5 (2nd day of inoculations ) 

1. Repeat day 4’s tasks. 

2. Count the agar plates. 

3. Prepare Thioglycollate/ Casitone/ Starch broth inWheaton bottles. 

4. Autoclave broth in Wheaton bottles and prepared conical flasks. 

5. Inoculate 0.5 ml of the same C. perfringens /CMM broth as before, and incubate 

overnight at 39°C. 

Day 6 (3rd and last day of inoculations) 

Repeat day 5’s step1 and 2.  

Day 7( 1 day after 3rd inoculation ) 

Do agars plate counts and record the results. 

 

 

 

 

 

 
 


