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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. 
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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. 
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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 
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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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Score = 0 
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Score = 2 

   
Score = 3 

   
Score = 4 

 

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. 
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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). 
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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 
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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. 

 

 

 

 

 

 
 


