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ABSTRACT 

 

Lactobacilli are the most important bacteria gaining more consideration in the area of 

probiotics because they are generally regarded as safe. The present study was conducted to 

isolate and characterize Lactobacilli from avian microbiota and fermented milk products with 

the objective to evaluate these isolates as probiotics in broiler chicken. 

Various Lactobacillus species were isolated and, after characterization and screening, these 

isolated Lactobacilli were evaluated as probiotics in broiler chicken. A total 240 broiler 

chicks (day-old) were divided into 8 groups of 30 chicks each with 5 replicates. Six groups 

were administered isolated Lactobacilli in three dose rates and two routes. In addition, one 

group was administered commercial probiotics and another one group was maintained as 

control. Evaluation was done for the determination of effect on different performance 

parameters and immune response under experimental conditions. The chicks of experimental 

group, which was given Lactobacilli at dose rate 1x108 CFU/ kg body weight through 

drinking water, showed significantly (P<0.05) higher body weight, less feed consumption, 

decreased feed conversion ratio, low mortality and higher dressing percentage. This group 

also gained significantly (P<0.05) higher post-vaccinal antibody titres. Significantly, higher 

counts of Lactobacilli and lower count of E. coli were recorded in the intestinal contents of 

this group than other treated and control group. The treatment also showed similar results 

under field conditions. The study showed that these locally isolated Lactobacillus species had 

better effect as probiotics and these are as good as imported ones. It is recommended that 

these locally isolated Lactobacilli may be used as probiotics after species/strain identification 

through molecular methods and extensive field trials.  
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CHAPTER 1       INTRODUCTION 

 

It is not a new concept to replace the harmful intestinal microflora by useful microbes. 

In old times, people were in the habit of consuming fermented milk and milk products 

in large amount but they did not know the relationship of good health and 

consumption of the fermented milk. The scientific base was provided in 1907 by 

Metchnikoff, who noticed that Bulgarians consumed yogurt and lived a long life. He 

isolated bacteria from that milk and later on, this bacterium was named as 

Lactobacillus bulgaricus. Then he was convinced that lactic acid bacteria in the form 

of yogurt had a good effect on health. Lilly and Stillwell (1965), for the first time, 

used the word ،probiotic٫ for this kind of microflora. They described that one 

microorganism secretes substances that stimulate the growth of other microorganisms. 

These substances are called as probiotics. Probiotic is a derivative of Greek language. 

Probios meaning ،for life٫ that is antonym to antibiotics (Gibson and Fuller, 2000). 

Probiotics have been defined for many times with different wording and phrases.  

According to Fuller, (1989), Probiotics are live microbial feed supplement, which 

have beneficial effects on host animal due to improvement in its microbial balance of 

intestines  

According to FAO/WHO report (2000), these are cultures of live microorganisms, 

which may be mono or mixed cultures. When these cultures are given to animal or 

man in sufficient quantity, they have a health benefit on the host.  

The exact mechanism of action is not yet so clear. The proposed mechanism of action 

is attributed to the lowered pH, production of other primary and secondary 

antimicrobial metabolites (fatty acids, bacteriocins), competition for nutrients and 

colonization on the epithelial tissues of intestine (Fuller, 1989; Salminen et al., 1996; 

Gibson and Fuller, 2000; Rolfe, 2000). 

The application of probiotics in poultry has gained considerable interest for the last 

few years because antibiotic growth promoters (AGPs), added to animal feed to 

increase growth and decrease the incidence of diseases,  are leaving behind harmful 

residual effect in meat and eggs. Thus lavish use of AGPs in animal medicine has 

caused a large pressure on the microflora and as a result such bacterial strains have 
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developed which are more resistant to antibiotics and cause diseases in humans or 

animals (Abe et al., 1995). This has spurred the use of probiotics in the place of 

antibiotics (Fuller, 1992; Khachatourians, 1998; Aarestrup, 2000). 

Many types of microorganisms have been used as probiotics. Lactic acid bacteria are 

predominating in probiotic preparations particularly Lactobacillus species. These are 

Lactobacillus acidophilus, Lactobacillus lactis, Lactobacillus delbrucekii, 

Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus paracasei, 

Streptococcus thermophilus, Enterococcus faecalis, Bifidobacterium spp. and 

Escherichia coli. Lactobacillus bulgaricus and Streptococcus thermophilus, are 

yoghurt starter organisms while other organisms are prevailing in the intestines 

(Fuller, 1989). In addition to these, some microscopic fungi such as strains of yeasts 

like Saccharomyces cerevisiae species are also part of some probiotic preparations 

(Thomke and Elwinger, 1998; Fuller, 1992; Medina et al., 2001). However, lactic acid 

bacteria (LAB) have gained major attention for probiotic activity and have generally 

been considered as good probiotic organisms (Saavedra, 2001; Sullivan et 1992). 

Lactic acid bacteria are the part of microbiota of human and animal origin (Fuller, al, 

1989; Batt et al., 1991). In recent years, lactic acid bacteria have attained major 

attention for probiotic activity because they are generally regarded as safe (GRAS) 

(Collins et al., 1998; Tannock, 1998).  

There are many genera of lactic acid bacteria (LAB). These include Lactobacillus, 

Enterococcus, Bifidobacterium, Lactococcus, Lactosphaera, Leuconostoc, 

Melissococcus and Streptococcus. These are Gram-positive, non-spore forming, an-

aerobic but aero-tolerant, acid-tolerant and produce no catalase anzyme. They cause 

fermentation of sugar and secrete lactic acid as end product (Mitsuoka, 1992; 

Axelsson, 2004). These are distributed widely in nature and found abundantly in 

gastrointestinal tract of human and animals (Kandler and Weiss, 1986). Lactobacillus 

and Bifidobacterium spp. are dominant in the intestinal tracts of mammals and avian 

(Mikelsaar et al., 1998). 

Lactobacilli are the most important bacteria gaining more consideration in the area of 

probiotics (Tannock, 2004). Among LAB genera, it is the largest genus and more than 

50 species are present in this genus. Lactobacilli mainly compose the flora in crop and 

ileum region in poultry (Fuller, 1984; Gong et al., 2002). Lactobacilli are rod shape 

bacteria and possess different biochemical and physiological properties (Klein et al., 

1995; Tannock et al., 1999). Many Lactobacillus strains, isolated from various 
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sources, are being used as probiotic agents and it is unlikely that all functional 

characters of a probiotic are present in each species/strain. It needs thorough study 

and documentation. Generally recognized beneficial properties are the origin of the 

strain being used, the surviving ability within the GI tract, non-pathogenic activities 

and the modulation ability in immune responses (Nemcova, 1997; Dunne et al., 2001; 

Gibson and Fuller, 2000; Holzapfel et al., 2001). 

The exposure of organisms to stressful conditions of gastrointestinal tract such as 

acid, bile salt stress and gastric transit may affect their probiotic properties. Similarly, 

microbial balance of intestinal tract is affected when antimicrobial substances are 

administered, which suppress various bacterial groups (Salminen et al., 1998).  Thus 

essentially, it requires identification standards, in vitro and in vivo assays for probiotic 

properties, to be used for the selection of probiotic organisms (Gregor, 1999; Morelli, 

2000; Crittenden et al., 2005). The present study was conducted to isolate and 

characterize Lactobacilli from avian microbiota and fermented milk products with the 

following objectives. 

1.  To isolate and identify indigenous Lactobacilli from intestinal contents 

of healthy chicken and yogurt, a fermented milk product. 

2.  To study probiotic properties, in-vitro and in-vivo, for the selection of 

 Lactobacilli to be used as probiotics. 

3.  Experimental evaluation of isolated Lactobacilli in broiler chicken 

under controlled experimental conditions.  

4.  Evaluation of Lactobacilli in broiler chicken under field conditions.  
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CHAPTER 2      REVIEW OF LITERATURE 

 

2.1 History of Probiotics 

Fermented cereals are among the oldest food products fermented with lactic acid 

bacteria. Documentation of the production of lactic fermented cereal product in the 

area of contemporary Iraq and Egypt dates back to 2000-3000 B. C.  This subject was 

put on scientific basis by Elie Metchnikoff in 1907. He observed that proteolytic 

bacteria are the part of normal flora of gut and aging process is the outcome of 

proteolytic activity of these microbes due to production of toxic substances in the 

intestine such as phenols, indols and ammonia. These toxic substances are responsible 

for intestinal auto-intoxication. Metchnikoff observed that Bulgarian peasants lived a 

long life. He felt that fermented milk was good for the health of people. This feeling 

was seen in his book “Essais optimists” published in 1907. He succeeded in isolating 

a bacterium from fermented milk which was called Bulgarian bacillus and later on the 

same organism was classified as Lactobacillus bulgaricus. This bacterium is 

important component of probiotic preparations in use today (Vaughan, 1965; Bibel, 

1988; Fuller, 1992). After the death of Metchnikoff in 1916, many feeding trials were 

carried out in North America by using Lactobacillus acidophilus to treat constipation 

and other digestive problems in humans and encouraging results were obtained. In 

late 1940`s, motivation developed for extensive exploration of gut microflora 

composition. It came to know that many species of LAB are present in the intestines. 

As a result, various species of genera Lactobacillus, Streptococcus and 

Bifidobacterium were included in probiotic preparations and these are still most 

commonly used probiotic organisms.  

2.2 Various definitions of probiotics 

The word probiotic has had many different meanings for different people so the 

definition of probiotic has been changing from time to time.  

In 1965, Lilly and Stillwell used the word of probiotics for the fist time. According to 

them, substances secreted by one microorganism causing growth stimulation for other 

microorganisms are called probiotics. Sperti (1971) defined probiotics as extracts 

from tissues having positive influence on the growth of other microbes. According to 
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Parker (1974), organisms and substances which play their part for intestinal microbial 

balance are probiotics. 

In 1979, Crawford described that probiotics as “a culture of specific living micro-

organisms (primarily Lactobacillus spp.) which implants in the animal to ensure the 

effective establishment of intestinal populations of both beneficial and pathogenic 

organisms”. 

In 1989, Fuller modified the definition of probiotics. According to him, “probiotic is a 

live microbial feed supplement, which beneficially affects the host animal by 

improving its intestinal microbial balance”. Havenaar and Huis in’t Veld (1992) 

proposed that probiotics are cultures (may be mono cultures or mixed) of live 

microorganisms, which applied to animal or man, are beneficial for the host as these 

improve the indigenous microflora of the host. According to United States National 

Food Ingredient Association (USNFIA), probiotics include bacteria, yeast, fungi and 

these are source of direct fed microbials of live naturally occurring microorganisms 

(Miles and Bootwalla, 1991). In 1996, Salminen described that probiotics are live 

microbial culture or cultured dairy product which have positive influences on the 

health and nutrition of the host. In 1996, Schaafsma broadened the definition. 

According to him, oral probiotics are living microorganisms which have positive 

health effects as well as inheriting nutritional when these are consumed in certain 

numbers. 

In 1998, Gaurner and Schaafsman refined the definition and explained that probiotic 

are living microorganisms, which upon ingestion in certain numbers exert health 

benefits beyond inherent basic nutrition. In 2002, Food and Agriculture Organization 

(FAO) and World Health Organization (WHO) published a joint report. According to 

this report, these are cultures of live microorganisms which may be mono or mixed 

cultures. When these cultures are given to animal or man in sufficient quantity, have a 

health benefit on the host. 

2.3 Mechanism of action of Probiotics 

The mechanism of action of probiotics/ lactic acid bacteria has been studied by many 

people throughout the world. The exact mechanism is not yet clear (Gibson and 

Fuller, 2000). 

The possible mechanisms are as follows: 
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2.3.1 Competitive exclusion of pathogenic microorganisms 

The probiotics act through competitive exclusion, sticking to specific sites located in 

the intestinal epithelium thus decreasing colonization by pathogenic microorganisms 

(Lloyd, 1977; Fox, 1988; Jin et al., 1997). 

2.3.2 Antagonistic effect on pathogenic microorganisms 

a. Lactic acid bacteria inhibit pathogens due to the production of antibacterial 

substances like ammonia, hydrogen peroxide, bacterial enzymes and bacteriocins. All 

these substances are known to have antagonistic properties against enteropathogens 

(Juven et al., 1991).  

b. Probiotic microorganisms (lactic acid bacteria produce lactate) produce fatty acids, 

bacteriocins and cause reduction in pH, which inhibits pathogenic bacteria in the 

intestinal tract (Fuller, 1989; Gibson and Fuller, 2000; Rolfe, 2000). 

2.3.3 Effect on metabolism 

 Probiotic organisms are considered to have an effect on metabolism. These can 

increase the activity of digestive enzymes thus, in turn, modifying the metabolic 

activity of the host. The probiotic organism also cause decreased bacterial enzyme 

activity and production of ammonia and in this way feed intake and digestion are 

improved (Cole et al., 1987; Yoon et al., 2004; Dierck, 1989; Awad et al., 2006). 

2.3.4 Stimulation of immune response 

a. Probiotics act through enhancing the immune response of host against different 

pathogens. Immunity is stimulated either by migration and multiplication of flora 

form probiotic through out the gut wall or by the absorbance of antigen that are 

released from dead organisms (Havenaar and Spanhaak, 1994). 

b. Orally ingested lactic acid bacteria interact with intestinal epithelial cells. These 

cells are capable of cytokine production and thus activate the immune system 

(Wallace et al., 2000). 

c. Probiotics improve the intestinal immunologic barrier, which have positive effect 

on the stability of gut (Isolauri et al., 2001). 

2.3.5 Non immunological effect 

Another possible mechanism of probiotics is non-immunological effect in which there 

is enhancement of gut defence barrier by which increased intestinal permeability and 

changed gut microecology is normalized (Isolauri et al., 2001). 
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2.4 Exploitation of lactic acid bacteria in poultry as probiotics 

This is well recognized that lactic acid bacteria have biochemical, physiological and 

immunological influence on the host and have ability to resist disease. They also 

known as health promoters as these are found in various kinds of foods and 

pharmaceutical products (Tannock, 1998; Kuisma et al., 2003). Documented impacts 

of probiotic lactic acid bacteria are discussed below. 

2.4.1 Effect on growth stimulation, feed consumption and metabolism 

Probiotics are considered most efficient growth promoters and supplementation in 

feed of chickens, improving the feed conversion ratio and performance of poultry 

(Baidya et al., 1993; Hamid et al., 1994; Stavric and Kornegay, 1995). Broiler diets 

supplemented with Lactobacillus cultures result in the significant improvement of 

growth and feed efficacy (Dilworth and Day, 1978). Feeding dietary supplements of 

probiotics to broiler chicks have positive effect on weight gain, nitrogen retention and 

metabolizable energy value (Mohan et al. 1996). 

Protexin® (a commercial product containing L. plantarum, L. delbrucekii ssp. 

Bulgaricus, L. acidophilus, L. rhamnosus, Bifidobacterium bifidum, Streptococcus 

salivarius ssp. Thermophilus, Enterococcus faecium, Aspergillus oryzae and Candida 

pintolopesii ) significantly (P<0.05) increases weight gain in growing as well as in the 

whole production period. This was reported by Azadegan et al., (2007) in a feed trial 

which was conducted to evaluate the effects of different levels of dietary protein and 

Protexin® (a commercial probiotic compound) on broiler performance. Feeding 

Protexin® at 120% of the recommended level improved feed conversion ratio. 

Protexin® had no significant effect on feed consumption, carcass percentage, 

abdominal fat and the cost of consumed feed. Decreasing dietary protein caused a 

significant decrease in feed cost (P<0.05). Similar observations were recorded by 

Stoyanov et al., (2004) by using Lactina®, another commercial probiotic supplement, in 

the diets of broiler chicks. But Balevi et al. (2001) reported the effects of dietary 

supplementation of a commercial probiotic (Protexin®) on daily feed consumption, egg 

yield, egg weight, food conversion ratio and humoral immune response in layer hens. In 

7 replicates, a total of 280, 40-week-old layers were given diets containing either 0, 

250, 500 or 750 parts per million (ppm) for 90 days. When compared with the controls, 

the food consumption, food conversion ratio and the proportions of damaged eggs were 

lower in the group consuming 500 ppm probiotic (P<0.05).  There was no significant 

difference between the controls and the groups receiving 250 and 750 ppm probiotic in 
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food consumption, food conversion ratio and proportion of damaged eggs. Similarly, 

the egg yield, egg weight, specific gravity, and peripheral immune response showed no 

statistically significant differences between the groups.  

Mutus et al. (2006) investigated and found that probiotic supplementation has positive 

effect on ash percentage and phosphorus contents in carcasses. Kabir et al. (2004) 

conducted an experiment and reported that probiotics can improve live weight gains 

significantly during the whole experimental period, both in vaccinated and non-

vaccinated birds. It was observed by Lan et al. (2003) that broilers subjected to two 

probiotic species gained higher body weights. 

Casas et al., (1998) conducted a field trial with turkeys. Lactobacillus reuteri was 

administered to turkeys as probiotics. It was noted that turkeys gained 4.8% more 

weight at the age of 120 days. Another trial was conducted by Lan et al. (2003) in 

broiler chicken. Broiler chicken were given Lactobacillus agilis JCM 1048 

and Lactobacillus salavarius subsp. salicinius JCM 1230. The broiler chicken gained 

10.7% more body weight.  

In contrast, Arslan (2004) recorded in a trial that probiotic supplementation has no 

positive effect on the performance of rock partridge. Maiolino et al., (1990) conducted a 

research on the efficacy of probiotics in diet for broiler chicks. They trialed broiler 

chicks from 1 to 7 days old. Groups of 150 Ross chickens were given mixed feed and 

probiotics containing Streptococcus faecium (1x 109 or 8x 108 CFU/gm) given 

separately in water 100 or 150 gm/10 litre then from 8 to 60 days old mixed feeds 

without or with probiotics containing Lactobacillus acidophilus (10 or 8x109 CFU/gm, 

100 or 150 gm/kg). Mean final live weight was 2141, 2642, 2580 gm and feed 

conversion indicated 2.3, 2.2, and 2.2 respectively. They reported non significant 

difference among groups. 

Khan et al., (2007) conducted a trial in which probiotics were given intra-gastric to 

determine the effects on growth in chickens. In this experiment, One hundred day-old 

chicks were used. They were divided into 2 groups and each group was divided into 5 

replicate groups containing 10 chicks. One group served as the control, while the 

other group was the treatment group fed 0.15% probiotic (Lactobacillus bulgaricus) 

in the diet. There was no significant difference between two groups. Effect of 

probiotics on feed conversion ratio is a controversial discussion. Some studies show 

that there is no effect of probiotics on feed conversion ratio (Samanta and Biswas, 

1997; Ahmad, 2004) but others have shown that feed supplementation with probiotics 
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improves feed conversion ratio (Jagdish and Sen, 1993; Hamid et al., 1994) and 

incorporation of probiotics at all levels to the diets results significant improvement in 

growth and feed efficacy (Dilworth and Day, 1978). Khan et al., (1992) conducted an 

experiment to evaluate the effect of probiotics on growth rate, feed intake and feed 

efficiency in broilers.  Feed was supplemented with probiotic preparations (mainly 

Lactobacillus acidophilus), TM-50, Biovin-40 (containing 4% nitrovin) and Alabc 

(containing 10% Zinc bacitracin). Five experimental rations A, B, C, D and E were 

fed to 15 experimental groups for 7 weeks. It was concluded that ration containing 

Biovin-40 resulted in maximum profit and proved to be the most economical.  

Probiotics affect the gastrointestinal physiology and the digestion, absorption and 

propulsion are affected mainly by the administration of probiotic organisms 

(Fioramonti et al., 2003). An increase of crypts cells proliferation of small intestines 

has been observed with the use of probiotics (Ahmad, 2004). The experimental trials 

indicate positive effects of probiotic applications on broiler performance at a lower 

crude protein level and suggest a possibility of reducing the environmental nitrogen 

load (Kumoprechtova et al., 2000). 

2.4.2 Immune response modulation 

The exact mechanisms that mediate the immuno-modulatory activities of probiotics is 

not so clear but it has been shown that immune system is stimulated by the production 

of cytokines and these cytokines play an important role for the induction of immune 

responses (Lammers et al., 2000). Lactic acid bacteria (LAB) interact with intestinal 

epithelial cells. These cells produce cytokines and thus activate immune system 

(Wallace et al., 2000). It has been confirmed that lactic acid bacteria cause increase in 

plasma cells and as a result, there is increase in T-lymphocytes and NK cells, (Reid et 

al., 2003). It is proposed that probiotics enhance the immune response of host against 

different pathogens by two ways. Immunity is stimulated either by migration and 

multiplication of flora from probiotic throughout the gut wall or by the absorbance of 

antigens that are released from dead organisms (Havenaar and Spanhaak, 1994). 

Immunomodulation by lactic acid bacteria is very important. Lactic acid bacteria also 

activate the innate immune defence effector functions and support specific response 

against infectious agents by upregulation of IgA. There are many reports that various 

strains of Lactobacilli are known to activate macrophages under in vitro and in vivo 

conditions (Lehman et al., 1988).  In another study conducted by Hamid et al. (2006), 

it was reported that probiotics cause induction of natural antibodies. Currently, it is 
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also believed that immune system is affected by probiotic organisms by three ways: 1) 

by the enhancement ability of macrophage and phagocytic activity of the host; 2) 

boosting antibodies production; 3) increased production of local antibodies at mucosal 

surface (Ahmad, 2006). Probiotic preparations containing Lactobacillus can affect 

intestinal immune responses in broiler chicken. It has also been seen that probiotic 

stimulate production of early IFN-γ and IL-2 secretions due stimulation of early 

immune responses thus resulting in improved local immune defenses (Dalloul et al., 

2005). Dugas et al. (1999) reported that probiotics interact with gut mucosal immune 

system and thus modulating the innate as well as acquired immunity. It is also 

reported that immune response varies due to variation in strains and species of 

bacteria included in the probiotics (Huang et al., 2004). Lactobacillus species have 

been widely studied and used as probiotics for the enhancement of activity of natural 

killer cells (NK cells) and macrophages (McCracken and Gaskins, 1999). Enhanced 

phagocytic activity of gut cells has been noted by feeding L. paracasei to broilers. 

However, higher antibody titres have been recorded by feeding L. plantarum thus 

exhibited stronger stimulating effect (Koenen et al., 2004). It is also evident that 

results are dependent on age and strain of broilers (Zulkifli et al. 2000). Brisbin et al. 

(2008) investigated that two types of cells are stimulated through feeding of L. 

acidophilus and they reported that the cells of caecal tonsils respond more quickly as 

compared with mononuclear cells of spleen. It was also found that DNA is the most 

potent stimulus for caecal tonsil and bacterial cell wall components act as stimuli for 

splenocytes.. 

Intestinal disorders can be controlled by LAB, as they cause increase in serum 

antibodies like IgG, and secretory antibodies like IgA thus boosting immune system. 

Many Lactobacilli can directly stimulate gastrointestinal foci of lymphoid cells in the 

mucosa of gut and as a result, immune system is stimulated (Perdigon et al., 1999; 

Cross, 2002). 

2.4.3 Antibacterial activity and pathogens inhibition  

Nurmi and Rantala (1973) reported that if newly hatched chicks are introduced with 

microflora from adult healthy birds and these newly hatched chicks are given 

challenge with Salmonella then they will show resistance to this infection. This is 

exclusion mechanism and also known as Nurmi’s concept or competitive exclusion. 

Probiotic bacteria have shown antagonistic activity against many Gram negative and 
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Gram positive pathogens (Burnet et al., 1997). The probiotics are effective 

therapeutics agents against the gastrointestinal diseases. The probiotic 

supplementation aids in repairing the deficiencies in gut flora, balancing intestinal 

microflora which in turn enhance the resistance against infections (Blecha, 2000; 

Vanderhoof, 2001). Probiotics exclude the colonization of pathogenic bacteria in 

gastrointestinal tract and prevent their adhesion. This prevention of attachment may 

be due to the occupation of binding sites or excretion of mucin from goblet cells 

thereby inhibiting the adherence of enteropathogenic E.coli to the intestinal surface 

(Fooks and Gibson, 2002). Lactobacillus species may directly inhibit the attachment 

of Salmonella, E. coli and other such pathogenic bacteria (Mead, 1989). It is reported 

that antibacterial activity of Lactobacilli is also due to production of bacteriocins 

which are antibacterial substances. Galvez et al., (2007) stated that different group of 

lactic acid bacteria produce different types of bacteriocins, which are ribosomally-

synthesized peptides having antimicrobial activity. Many lactic acid bacteria (LAB) 

produce bacteriocins with broad spectrum activity. Addition of bacteriocins resulted 

in naturally preserved food rich in organoleptic and nutritional properties. Bacteriocin 

is proteins biologically active with antimicrobial action against other bacteria, 

principally closely related. They are normally not termed as antibiotics in order to 

avoid confusion with therapeutics antibiotics, which can cause allergic reactions and 

side effects in humans (Deraz et al., 2005). Bacteriocins differ from antibiotics in 

being proteinaceous agents that are digested by proteases in human digestive tract. 

They are ribosomally synthesized peptides and this property creates the possibility to 

improve their characteristics to enhance their activity and mode of action spectrum 

(Saavedra et al., 2004). Bacteriocin Nisin is a peptide formed by 34 amino-acids with 

a small molecular weight and produced by Lactococcus lactis subspp lactis. This 

bacteriocin is used predominantly in canned foods and dairy products and is 

especially used in the production of processed cheese and cheese products. It acts 

against heat resistant and spore forming microorganisms such as Bacillus and 

Clostridium (Deegan et al., 2006). Bacteriocins may have bacteriostatic or 

bactericidal mode of action on different pathogens; this distinction is being greatly 

influenced by several factors such as bacteriocin dose and degree of purification, 

physiological state of target cell and experimental conditions (Cintas et al., 2001). 

LAB bacteriocins can act by different mechanisms to exert an antibacterial effect. The 

main target is cell membrane of the bacterial cells. The first electrostatic attraction 
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between the target cell and the bacteriocin peptide is considered to be main reason for 

subsequent events (Deegan et al., 2006). 

 Probiotic organisms produce antagonism to other pathogenic bacteria. There is also 

evidence that bacterial infections are cleared and intestinal flora are regulated due to 

increase in the total viable count of Lactobacillus in crop and caecum. This was 

demonstrated by Kabir et al. (2005) by conducting an experiment. The result also 

showed that probiotic organisms inhibited some non beneficial pathogens by 

occupying intestinal wall space. They also demonstrated some histological changes in 

the intestines of broilers fed with probiotics. 

 In vitro conditions, it has been observed that pathogenic bacteria are inhibited by 

lactic acid bacteria (Hudault et al., 1997; Dunne et al., 1999). Pathogenic bacteria 

become unable to colonize due to steric hindrance or unavailability of binding sites at 

epithelial tissues (McGroarty, 1993). It has been observed in many previous feeding 

experiments that enteric pathogenic bacteria could not colonize after the ingestion of 

lactic acid bacteria (Kasper, 1998). It has been also reported that lactic acid bacteria 

can inhibit viral infections like rotavirus infections as well as pathogens which grow 

during antibiotic therapy. Under in vitro settings, many protocols have been tried to 

determine whether there is any effect or not of lactic acid bacteria on pathogenic 

bacteria (Coconnier et al., 1993). 

Lactobacilli, under in vitro conditions, can inhibit Salmonella enterica serovar  

Pullorum. Some LAB strains ribosomally synthesize antimicrobial peptides or 

bacteriocins which can inhibit other Gram-positive bacteria (Abee, 1995; O’Sullivan 

et al., 2002). However, antibiotics express broad spectrum activity while spectrum of 

antimicrobial peptides is narrower than that of antibiotics (McAuliffe et al., 2001; 

Morency et al., 2001). Mechanism of action of bacetriocins was studied extensively 

and it was demonstrated that bacteriocins produced by LAB are able to create 

perforation in the outer membrane of Gram-negative bacteria as well as Gram-

negative bacteria are inactivated  in conjunction with other enhancing antimicrobial 

environmental factors, such as low temperature, organic acid and detergents (Alakomi 

et al., 2000). Lewus et al. (1991) isolated ten lactic acid bacterial (LAB) strains for 

the determination of inhibitory activity against Listeria monocytogenes,  Aeromonas 

hydrophila, and  Staphylococcus aureus. Inhibiting role of hydrogen peroxide was 

excluded. The proteinacious nature of this inhibitory substance was confirmed by its 
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sensitivity to proteolytic enzyme. Many showed antibacterial activity against all four 

L. monocytogenes strains.  

Larsen et al. (1993) isolated L. bavaricus, L. curvatus, and L. plantarum. bacteria and 

reported that antimicrobial activity of isolated lactic acid bacteria was due to 

proteinaceous compounds. The spectrum of antimicrobial activity suggested that 

inhibitory components of these three species were different. They studied inhibitory 

compound produced by L. bavaricusi MI401, Proteinaceous nature, antimicrobial 

activity against closely related species, heat resistance and sensitivity to alkaline 

treatment strongly indicated that this substance was a bacteriocin, which they 

designated bavaricin A. Al-Alaf et al. (2009) have also reported antimicrobial 

activities of lactic acid bacteria, which were isolated from minced beef meat by using 

deMan Rogosa and Sharpe agar (MRS) medium. They observed antimicrobial activities 

against some members of gram positive and gram negative pathogenic bacteria 

(Escherichia coli, Pseudomonas aerouginosa, Bacillus cereus, Klebsiella pneumoniae, 

Proteus spp., Salmonella spp., Corynebacterium spp., Streptococcus pneumoniae and 

Staphylococcus aureus). The results showed that the LAB can inhibit these bacteria 

by developing a zone of inhibition around the well which contains these LAB.   

In vivo assays were carried out with 30-h-old broiler chicks. The lactic acid bacteria 

were orally administered as preventive and as therapeutic treatments. Ceacal contents, 

liver, and spleens were analyzed. The chickens that were preventively treated with E. 

faecium, survived the Salmonella enterica serovar Pullorum challenge. Those that 

were infected on the first day and then inoculated with lactic bacteria died 4 days 

later. Salmonellae were isolated from their livers and spleens (Carina et al., 2000). 

Pathogens are inhibited by excluding them from colonization sites, restricting their 

nutrition and killing then by antibacterial substances (Patterson and Burkholder, 

2003). Savadogo et al. (2004) studied different strains of lactic acid bacteria 

producing bacteriocins from the fermented milk samples. The strains identified were 

Lactobacillus fermentum, Leuconostoc mesenteroides, Pediococcus spp. and 

Lactococcus species. Isolated bacteriocin showed antimicrobial activity against 

Enterococcus faecalis, Bacillus cereus, Staphylococcus aureus and Escherichia coli 

using agar drop diffusion method. Gram positive bacteria were most inhibited. They 

also check the enzyme activity on them, the proteolytic enzyme (chymotrypsin, 

trypsin, pepsin) degrade the becteriocin. While the lipase, catalase, and amylase did 

not affect the activity of bacteriocins. 
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Another way to inhibit pathogens is to change the microenvironment of intestinal tract 

by competing for nutrients or by producing fatty acids and in that changed environment, 

opportunistic can not survive. In this way, pathogens can not acquire energy for their 

growth as well as the acidic conditions make their survival difficult (Gibson, 1999). It 

has been reported that very extensive antibacterial activity was observed from 

Bifidobacteria agaisnt Gram-negative indicator bacteria due to lowering pH and 

production of acetic acid and lactic acid (Lefteris and Vuyst, 2006). 

2.5 Factors affecting probiotic response 

The response of probiotic preparation is affected by a number of factors. The most 

important factor is the strain of the species and probiotic effect may significantly vary 

with two different strains of same species. Thus, a preparation of probiotic containing 

two strains of Lactobacillus acidophilus will give different results. It is due to the fact 

that many factors such as acid resistance and bile tolerance vary within species so 

these features are important in determining the response of probiotic preparations 

(Fuller, 1989). Depending upon their capabilities and enzymatic activities, different 

strains of probiotic bacteria may exert different effects, even within one species 

(Ouwehand et al., 1999; Bernet et al., 1993). Another important factor is the habitat 

preference as different microorganisms may differ in various host species for habitats. 

Thus habitat specifies the competition for adhesion receptors between probiotic and 

pathogenic. Four microhabitats i.e. the surface of epitheliums cells, the crypts of the 

ileum, cecum, and colon, the mucus gel that overlays the epithelium and the lumen of 

the intestine, have been outlined in the gastrointestinal tract  (Freter, 1992). Surface of 

epithelial cells of crop region play a significant role for the attachment of Lactobacilli. 

The mechanism for attachment of Lactobacilli in crop region is very specific. The 

strains isolated from chicken will only attach on the epithelial cells of crop not in the 

stomach of rats (Lee, 1985). It is also reported that immune response varies due to 

variation in strains and species and specific immune modulatory effects of probiotics 

are dependent on the strain or species of bacteria included in the probiotics (Huang et 

al., 2004). 

 Third important factor which may change the response of probiotic preparations is 

method of production as well as the way of presentation as some preparations are in 

liquid and some in powder form. Effect of probiotic preparations varies whether these 

are in solid or in liquid form. The way of growing probiotic organisms can affect the 

ability of adherence with gut epithelium e.g. what type of carbohydrates are being 
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used in the culture medium (Fuller, 1975). There are various means for the 

administration of probiotics to the host. It may be used as powder, tablets, liquid 

suspension, capsule, spray or paste. It has been reported that oral administration of 

probiotics is more effective as penetration of parasites into the intestinal mucosa can 

be checked through oral administration. Oral administration of L. casei seems to 

produce adverse effects on the penetration. It is also documented that oral 

administration of probiotic bacteria may generate resistance to infection directly 

related with the innate immune response (Bautista et al., 1999; Berczi et al., 2000). 

Interval between two doses may vary. The response will be affected by the amount 

and frequency of dosing (Cole and Fuller, 1984). As probiotic preparations are live 

organisms, so these can not be relied upon to have viable organisms in the same 

amount. The number of viable organisms may vary greatly with the passage of time 

(Gilliland, 1981). The survival of probiotic organisms, after the administration to the 

host, also depends upon whether the environment is suitable for them or not. As 

during the early stages of life, the gut microflora is unstable and organisms find niche 

to occupy so it is thought that probiotics are more effective that are administered 

earlier (Pollman et al., 1980).   
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CHAPTER 3     MATERIALS AND METHODS 

 

The whole research work was divided into three phases. 

PHASE -Ι: ISOLATION AND IDENTIFICATION OF LACTOBACILLI 

3.1 Preparation and sterilization of culture media 

Commercially available de Man’s Rogosa and Sharpe (MRS) agar (Oxoid, England) 

and de Man’s Rogosa and Sharpe (MRS) broth, which are selective media for 

Lactobacilli (De Man et al., 1960), were purchased from the market.  The dehydrated 

MRS agar was rehydrated by dissolving 62 gram in 1000 ml of distilled water and 

MRS broth was prepared by mixing 52 gram in 1000 ml distilled water (according to 

the instructions of the supplier company) in a 1000 ml Pyrex glass flask. The media 

were sterilized by steam sterilization at a temperature of 121oC and 15 lb pressure for 

20 minutes. A total of 10 -15 ml MRS agar was poured in each Petri plates (90 mm) 

while MRS broth was poured into 10 ml screw capped test tubes.  Pouring was done 

under aseptic conditions using laminar air flow. Petri plates were placed on a leveled 

surface until solidification of the medium. Then all culture media were tested for 

sterility. Four plates from each batch were randomly selected and placed at 37oC and 

25oC for the isolation of contaminant bacteria and fungi, respectively. The absence of 

growth after 72 hours indicated a sterile preparation. Thereafter, agar plates and broth 

tubes were stored at 4oC for future use (Cruickshank, 1977).   

3.2 Procurement and processing of samples 

The samples were collected from crop, gizzard, ileum and caecum of the adult healthy 

chicks for the isolation of Lactobacilli. For this purpose, twenty (day-old) broiler 

chicks were procured and reared under controlled conditions without feeding any 

antibiotic. At the age of 42 days, all the birds were slaughtered. Different parts of the 

gut were separately removed in complete aseptic conditions and contents from each 

part of the gut were collected in sterilized Petri plates with the help of a sterilized 

spatula. Phosphate buffered saline (PBS) was prepared having 7.2 pH. These contents 

were mixed thoroughly in a sterilized phosphate buffered saline (PBS) separately. 

These were stored at refrigeration temperature for 24 hours for further processing.  

Conventional yogurt samples were procured from the local market for the isolation of 

Lactobacilli. A total of 20 different yogurt samples (250 gram each) were collected 

from different commercial sites of Faisalabad city. The samples were collected in 
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sterile plastic bags. Yogurt samples were homogenized by dissolving in 100 ml of 

sterilized phosphate buffer saline. Then these samples were stored at 4oC for 24 hours 

for further processing. 

3.3 Isolation and purification of Lactobacilli from intestinal contents 

3.3.1 Preparation of 10- fold serial dilutions 

To get pure growth of Lactobacilli and avoid any contamination, intestinal samples 

were inoculated first by pour plate method and then purified by streak plate method. 

First of all, 10 fold serial dilutions of the collected intestinal samples were prepared as 

follows: 

a. Sterilized and blank 10 test tubes were labeled with a dilution factor as 10 -1, 

10 -2, 10 -3, 10 -4, 10 -5, 10 -6, 10 -7, 10 -8, 10 -9, 10 -10. 

b. In each test tube, 9 ml MRS sterilized broth (diluent) was pipetted. 

c. Test tubes containing samples were taken out from refrigerator and placed in 

water bath at 37 oC for 15 minutes. Samples were mixed thoroughly by 

shaking and inverting the test tubes for 8-10 times. 

d. With the help of sterilized pipette, 1 ml from sample No. 1 was taken in the 

test tube with a dilution factor 10 -1. 

e. Sample and diluent was thoroughly mixed by rotating the test tubes between 

palms of hands. 

f. From dilution 10 -1, 1 ml was transferred to dilution 10 -2 with a separate 

pipette. 

g. This process was continued till dilution 10 -10, in this way 10 dilutions of 

sample No. 1 were prepared. 

h. By this process, 10 fold serial dilutions were prepared for other intestinal 

samples.  

3.3.2 Inoculation and incubation 

MRS agar plates were inoculated and incubated for the cultivation of Lactobacillus 

species (Harrigan and McCance, 1976). 

1.  Ten blank, sterilized Petri plates and screw capped test tubes were labeled 

from 1 to 10 separately for each sample.   

2.  MRS agar medium was prepared and sterilized as mentioned above. After 

sterilization, the melted MRS agar was poured in the test tubes, each 

containing 10 ml agar.   

3.  These test tubes were placed in water bath at 50oC.  
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4.  One ml from test tube containing sample diluted in the ratio 10-1 was 

transferred to Tube No.1 containing melted MRS agar. 

5.  Similarly, 1 ml from dilution 10 -2 was transferred to tube No.2 with a separate 

pipette. 

6.  All the inoculations were completed in this way. 

7. Melted agar and inoculums were mixed immediately by shaking.  

8.  The inoculated melted MRS agar was poured in respective labeled Petri plates. 

9.  Plates were allowed to solidify and incubated anaerobically at 37oC in 

anaerobic jar for 48 hours for the growth of Lactobacilli. 

3.3.3 Purification 

Purification was done by streak plate method as described by Awan and Rahman 

(2002). 

1. Morphologically distinct and well isolated colonies were picked with a 

sterilized loop. 

2. Colonies were streaked onto a new MRS agar plate by four-phase streaking 

pattern. 

3. Loop was again sterilized and touched with other colony. Streaking was done 

on other new MRS agar plate. 

4. In a similar way, all the distinct colonies were transferred onto MRS agar 

plates by streaking method. 

5. All the streaked plates were placed in incubator at 37oC an-aerobically for 48 

hours for growth. 

6. Again, morphologically distinct colonies were shifted to other new MRS agar 

plates until pure colonies were obtained. 

7. Then pure colonies were isolated and grown in MRS broth at 37oC an-

aerobically for 24 hours. 

8. These isolated species were stored in MRS broth with glycerol at -20 oC as 

well as on MRS agar slants at 4oC. 

3.4 Isolation and purification of Lactobacilli from yogurt samples 

3.4.1 Preparation of 10- fold serial dilutions 

First of all, 10 fold serial dilutions of the collected yogurt samples were prepared as 

mentioned above (3.3.1). 

3.4.2 Inoculation and incubation 

Inoculation and incubation was done as mentioned above (3.3.2). 
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3.4.3 Purification 

 Purification was done by streak plate method as mentioned above (3.3.3). 

3.5 Identification of cultural isolates 

3.5.1 Presumptive Identification 

Lactobacilli were presumptively identified following the methods described in 

Bergey's Manual of Systematic Bacteriology (Kandler and Weiss, 1986). Macroscopic 

appearance of all the colonies, which were obtained after 48 hours of incubation on 

MRS agar plates, was examined for cultural and morphological characteristics.  Size, 

shape, colour and texture of the colonies were noted. Bacterial isolates were tested for 

catalase production by catalase test. Isolates were also incubated at 15oC and 45oC for 

72 hours. Glucose fermentation, lactose fermentation, indole production, Voges 

Prauskar, methyl red and citrate utilization tests were also performed. Cell 

morphology was examined after Gram staining and spore staining. G+ve, non-spore 

forming rods showing catalase negative test were further identified by sugar 

fermentation pattern through API-50 CHL system (Biomerieux® France). 

3.5.1.1 Catalase test 

 This test was used to detect the catalase production ability (Buxton and Fraser, 1977). 

a.  One drop of 3% hydrogen peroxide (H2O2) was placed on the slide. 

b. A loopful culture from colonies on MRS agar was mixed in the drop. 

c.  A positive Catalase test was indicated by the production of bubbles. 

3.5.1.2 Preparation of the smear 

Microscopic appearance of bacterial species was studied after preparation a smear on 

slide from isolated selected colonies. Smear was stained by Gram staining and spore 

staining method. Shape, arrangement, spore formation and staining reaction of 

bacterial isolates were recorded. A small drop of bacterial suspension was spread on 

the slide with the help of platinum rhodium loop. Smear was air dried by waving 

the slide gently in the air. Fixation of the smear was done by passing the slide over a 

low flame (Ronald et al., 1988). 

3.5.1.3 Gram’s staining 

a.  Smear was covered with 1 % aqueous solution of crystal violet. 

b.  Smear was dipped in 5 % solution of NaHCO3 and allowed to stand for 3 

minutes. 

c.   Lugol’s iodine solution was poured on smear and waited for 2 minutes. 
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d.  Acid alcohol was poured on the smear for decolourization purpose and waited 

for 10 seconds.  

e.  Safranin (2% solution) was used as counter stain. Slides were covered with 

safranin for 10 seconds. 

f.  Smear was washed with distilled water after every step and dried by blotting. 

g.  Stained slides were observed under 40 X and 100 X power of objective lens of 

microscope (Nikon, YS 100). 

3.5.1.4 Spore staining 

a. Smear was covered with 3% aqueous malachite green and steamed for 2 minutes. 

b. Following evaporation of smear, more stain was dropped on slide. 

c. Washing was done after 2 minutes and smear was covered with Safranin (0.5%) for 

30 seconds. 

d. Slide was rinsed with water and dried with blotting paper and examined under 40 X 

and 100 X power of objective lens of microscope (Nikon, YS 100). 

3.5.1.5 Methyl Red test 

This test was performed as described by Ronald et al.(1988). 

a. Glucose phosphate peptone water (5 ml) was transferred in test tubes. 

b. Each test tube was inoculated with test culture separately and incubated at 37oC/ 24 

hours. 

c. A few drops of methyl red were added after incubation. 

d. Results were recorded by the appearance of red (+ve) or yellow (-ve) colour.   

3.5.1.6 Lactose fermentation test 

a. A peptone water medium (5 ml) was taken in test tubes. 

b. Lactose solution (5%) was mixed in peptone water.  

c. Durham tube was also dipped in inverted form in peptone water in test tube. 

d. Each test tube was inoculated with 105 CFU of test culture (already grown for 8 

hours in MRS broth) separately and incubated at 37oC/ 24    hours. 

e. A few drops of phenol red were added after incubation. 

f. Results were recorded by the change of colour and gas production  

(Ronald et al., 1988). 

3.5.1.7 Indole production test 

This test was performed as described by Ronald et al.(1988). 

a) Tryptone is a substrate as it contains much tryptophan. Tryptone broth was prepared 

as:  
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Peptone    20 gm 

Sodium chloride  5 gm  

Distilled water   1000 ml  

b)  Tryptone broth was inoculated with the test culture of Lactobacilli. Inoculated broth 

was incubated at 37oC for 24 hours. 

c) After incubation, 0.5 ml Kovac`s reagent was added and mixed properly. 

d) Results were noted by the appearance of thin red layer on the top broth.   

3.5.1.8 Voges Proskaur test 

This test was performed to determine the ability of Lactobacilli to ferment glucose to 

produce acetoin. 

a) Glucose phosphate peptone water was inoculated with test culture. 

b) Tubes were incubated at 37oC for 24 hours. 

c) Few drops of O’Meara’s reagent was added and mixed gently. 

d) Results were recorded by the appearance of pink colour (Ronald et al., 1988). 

3.5.1.9 Citrate test 

Citrate test was performed to determine whether test culture of Lactobacilli is able to 

utilize citrate as a sole source of carbon and energy. 

a. Slants of Simmon`s citrate agar were inoculated with the test culture. 

b. Incubation was done at 37oC for 24 hours. 

c. Results were recorded as change in the colour of medium (Ronald et al., 1988). 

3.5.2 Identification through Standard API 50 -CHL system 

Identification of species was confirmed using a standard identification system, API-50 

CHL according to the manufacturer’s (biomerieux, France) instructions.  

3.5.2.1 Preparation of strips 

API 50 CHL strip is made up of 5 smaller strips each containing 10 numbered tubes. 

Incubation box (tray and lid provided by Biomerieux, France) was prepared according 

to company directions as follows: 

a.  Specimen number was recorded on the elongated flap of the tray. 

b. About 10 ml of distilled water was distributed into the wells of tray to create a 

humid atmosphere. 

c. Two strips were removed from packing and separated into four smaller strips 

(0-9, 10-19, 20-29 and 30-39). All these were placed in incubation tray. 

d. Another smaller strip (40-49) was placed next to others in the incubation tray 

to complete the strip. 
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3.5.2.2 Preparation of inoculum 

Ampoules containing media were opened carefully by placing the ampoule in the 

ampoule protector. Protected ampoule was held vertically and thumb pressure was 

applied to remove the cover carefully. Then inocula were prepared as follows: 

a. An already isolated culture was picked up from MRS agar using a swab. 

b. A heavy suspension was prepared in the ampoule having turbidity equivalent 

to 2.0 McFarland suspension was prepared through mixing by mechanical 

stirrer. 

3.5.2.3 Inoculation of the strips 

 Bacterial suspensions were distributed into the wells of prepared tray by using 

sterilized pipette. During inoculation, tip of the pipette was placed against the side of 

the well to avoid formation of bubbles and all the wells were covered with mineral oil.  

Then the strips were incubated at 37oC for 48 hours. 

3.5.2.4 Reading and Interpretation 

 The strips were read after 48 hours of incubation and type of the reaction was 

studied. Each test was interpreted (positive, negative, doubtful) and the results were 

recorded on the result sheet.  The first strip well was as a control. Aesculin hydrolysis 

(revealed by a change to a darker colour or black) was represented by a positive sign 

(+), while no change was represented by a negative sign (-). Identification was 

obtained with the numerical profile by analyzing result patterns with apiwebTM 

(V5.1).  

PHASE-П: SCREENING OF ISOLATED LACTOBACILLUS SPECIES FOR 

PROBIOTIC PROPERTIES 

On the basis of identification properties by API-50 CHL system, five isolated species 

of Lactobacilli were selected for further screening for probiotic properties. 

3.6 In- vitro screening 

3.6.1 Bile salt resistance 

The ability of isolated species to grow in the presence of bile salts was determined in 

MRS broth as described by Dunne et al. (2001). MRS broth (100 ml) was prepared 

and autoclaved at 121oC for 15 minutes. The test was run in duplicate. A total of 40 

test tubes were divided into 5 sets (A-E), each set having 8 test tubes. The test tubes in 

each set were labeled as І, П, Ш and ІV and sterilized in hot air oven for 1 hour at 

171oC. All the test tubes were filled with sterilized MRS broth (10 ml in each tube). 

All the tubes labeled as І, П, Ш and ІV were supplemented with 0, 0.3, 0.5 and 1% 
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(w/v) of oxgall (Sigma) respectively. Overnight culture was prepared in MRS broth. 

Viable count was determined by plate count. The tubes in set A, B, C, D and E were 

inoculated with 5 log 10 CFU (  105 CFU ) of each culture suspension of Lactobacillus 

acidophilus 3, Lactobacillus delbrueckii ssp bulgaricus, Lactobacillus paracasei ssp 

paracasei 1, Lactobacillus rhamnosus, and Lactobacillus salivarius respectively and 

incubated at 37oC . The growth was checked after 24 hours of incubation by plate 

count method as follows: 

3.6.1.1 Preparation of 10- fold serial dilutions 

Broth culture in all test tubes was diluted serially by 10-fold as mentioned above 

(3.3.1). 

3.6.1.2 Plate count 

 MRS agar was prepared and sterilized by autoclaving. Agar plates (Using Petri 

plates of 9 cm diameter) were prepared. A volume of 1ml from each tube was 

transferred on to the surface of separate MRS agar plates Plates and contents were 

spread homogenously with the help of glass spreader. Plates were incubated at 37oC for 

24 hours. Average number of colonies was counted from those dilutions showing the 

colony size ranging from 30 to 300. Bacterial growth was expressed in colony forming 

units per milliliter (CFU/ml) by applying following formula: 

Bacterial count = Average number of colonies x dilution factor 

3.6.2 Tolerance to Acidic pH 

Tolerance of isolated Lactobacilli to acidic pH was determined by growing bacteria in 

acidic MRS broth. Test was replicated twice.  A total of 300 ml MRS broth (100 

ml/flask) was prepared and sterilized in autoclave. Separately, pH 7.0, 4.0 and 2.0 was 

adjusted with 1 M HCl and 0.5 M NaOH in flask 1, 2 and 3 respectively. A total of 30 

screw capped test tubes were sterilized and divided into 5 sets, each set having 6 test 

tubes. In each set, test tubes were labeled as 7.0, 4.0 and 2.0 pH. Five milliliter MRS 

broth was measured in each test tube with the help of sterilized pipette. An amount of 

5 log10 CFU (105 CFU) culture of each isolated species of Lactobacilli was poured in 

each broth tube. All the tubes were incubated at 37oC anaerobically and survival was 

evaluated by plate count as mentioned above (3.6.1.2). 

3.6.3 Tolerance to stimulated gastric transit 

 Tolerance to stimulated gastric transit was determined as described by Dunne et al. 

(2001). Stimulated gastric juice was freshly prepared as: 
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Pepsin    :   3 %   

NaCl (w/v)  :  0.5 % 

pH   :   2.0  Acidic pH (2.0) was adjusted with 1 M HCl / 05 M 

NaOH. 

Each isolated bacterial culture was mixed with 3 ml of stimulated gastric juice and 1 

ml of phosphate buffer saline at the rate of 5 Log CFU (105 CFU). The test was run in 

duplicate. All the bacterial suspensions were incubated at 37oC anaerobically. 

Bacterial counts were evaluated on MRS agar by plate count method after 30, 60, 90 

and 120 minutes of incubation as mentioned above (3.6.1.2). Results were recorded as 

CFU/ml. 

3.6.4 Antibiotic resistance test 

Antibiotic resistance of isolated species of Lactobacilli was determined to 12 

commonly used antibiotics by disc diffusion method on solid Mueller- Hinton (MH) 

agar plates as MH agar is recommended by the National Committee for Clinical 

Laboratory Standards (NCCLS) for antibiotic sensitivity test. Resistance was recorded 

after measuring the diameters of zone of inhibition (NCCLS, 1990). 

3.6.4.1 Procedure  

a.  A loopful all pre-isolated bacterial cultures were incubated in MRS broth 

separately at 37oC for 3-4 hours till the appearance of visible turbidity. 

b.  The turbidity of the test suspension was adjusted with turbidity standard. 

c.  McFarland 0.5 turbidity standard suspension was prepared. 

d.  The turbidity of test suspension was compared with that of standard, against a 

white background with contrasting black lines until the turbidity of the test 

suspension equated to that of turbidity standard. 

e.  Suspension of bacteria was streaked in three directions by a sterile swab over 

the entire surface of MH agar.  

f.  The inoculated plates were allowed to stand for 2-3 minutes so that excessive 

moisture should be absorbed.  

g.  The antibiotic discs, stored at 4oC, were allowed to equilibrate with room 

temperature and then placed onto the agar surface, 4 discs in each petri dish, 

with the help of sterile forceps. Each disc was gently pressed with the point of 

forceps. 

h.  The plates were placed in incubator anaerobically at 37oC in inverted form for 

24 hours. 
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i.  The diameters of zone of inhibition were measured from the back of the plates 

with the help of Vernier calipers.  

j.  The test was run in duplicate and results were recorded as means of inhibition 

zone. 

3.6.5 Antimicrobial activity 

Antimicrobial action of all isolated Lactobacilli species against indicator bacteria was 

determined by the agar diffusion method (Fleming et al.1985; Reinheimer, 1990). 

Escherichia coli ATCC 29922 and Staphylococcus aureus ATCC 29923 were used as 

indicator bacteria.  

Each isolated Lactobacillus species was inoculated into 10 ml MRS broth and were 

incubated at 37oC for 48 hours. After incubation, each culture was centrifuged at 

6000X g for 15 minutes to obtain a cell-free solution, and then each supernatant was 

filtered through a 0.2 µm pore size cellulose acetate filter. The supernatants were 

neutralized with 1 N NaOH to pH 6.5, and catalase (5 mg/ml) was added to eliminate 

the inhibitory effect of the hydrogen peroxide. Supernatants of Lactobacilli species 

were checked for antibacterial activity against indicator bacteria in inoculated nutrient 

agar. For this purpose, 20 ml of melted nutrient agar was prepared and poured in the 

Petri dishes. Approximately 105- 107 CFU of indicator bacteria were inoculated into 

melted agar separately. Wells (8 mm diameter) were created in nutrient agar. For the 

detection of antibacterial activity of isolated species, volume of 100 ul of cell free 

supernatants was filled in wells. Once solidified, the dishes were stored for 2 hours in 

a refrigerator. The inoculated plates were incubated aerobically for 24 h at 37oC and 

the diameter of the inhibition zone was measured with calipers in millimeters. The test 

was run in duplicate and the results were rerecorded as mean of both readings. 

3.6.6 Bacterial Viability during storage 

The survival of isolated Lactobacilli species was checked weekly at -20oC, 4oC and 

room temperature. 

MRS broth (200 ml) was prepared in a glass flask and autoclaved at 121oC for 15 

minutes. The experiment was run in duplicate. A total of 10 test tubes (2 for each 

culture) were filled with sterilized MRS broth (10 ml in each tube). The test tubes 

were inoculated with 1 ml (105 CFU) of L. acidophilus and L. salivarius, 0.5 ml (105 

CFU) of L. delbrucekii and L. rhamnosus, 0.1 ml (105 CFU) of L. paracasei culture 

suspension. These inoculated test tubes were stored at -20oC (with 10% (V/V) 
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glycerol). After every week till 6 weeks, the frozen cultures were thawed rapidly by 

placing at 37oC in water bath for 1-2 minutes. 

 The inoculated test tubes were also stored at 4oC and room temperature. The growth 

was checked weekly by plate count method as mentioned above (3.6.1.2). Results 

were recorded as means of both readings. 

3.7 In -vivo screening 

3.7.1 Systemic antibody mediated immune response 

Systemic antibody mediated immune response was determined in experimental broiler 

chicks against sheep RBCs (SRBCs) as described by Hamid et al. (2005). For this 

purpose, total 40 (day–old) broiler chicks were procured and divided into four 

treatment groups randomly, each group having 10 chicks. Chicks were maintained 

under controlled conditions giving water and commercially available feed (Hi-Tech 

Feeds Pvt.Ltd. Pakistan) ad libitum. 

3.7.1.1 Preparation of Sheep RBCs (SRBC) 

Blood was collected from a healthy male sheep for the preparation of red blood cell 

(RBC) suspension. The blood was collected in 10 ml disposable syringe to which 2 ml 

anticoagulant (2.5% sodium citrate) was added prior to collecting the blood. Blood was 

collected from the jugular vein. Syringe was gently shaken for the mixing of blood and 

anticoagulant to prevent clotting. The red blood cells were washed as follows: 

1. Whole blood was put in sterile centrifuge tubes and placed in centrifuge 

machine (WerkNr type, D-78532 Tuttlingen Model - Hettich, Germany). 

 2.  Tubes were centrifuged at 1500 rpm for 5 minutes. 

3.  The supernatant containing plasma layer and white blood cells was decanted 

with the help of a sterile plastic pipette and was discarded. 

4. Sterile phosphate buffered saline solution (5 ml) was added to each tube 

containing packed red blood cells and gently agitated. 

5. This mixture was again centrifuged at 1500 rpm for 5 minutes and supernatant 

was collected with the help of sterile plastic pipette. 

6. The red blood cells were again mixed with physiological saline solution and 

centrifuged at 1500 rpm for 3 minutes. 

7. This process was repeated three times to ensure complete washing of red blood 

 cells. 
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8. Finally, 2 % suspension of washed RBCs (2 ml of sedimented RBCs+ 98 ml 

phosphate buffered saline solution) was prepared and stored at 4oC in 

refrigerator. 

3.7.1.2 Experimental model for the determination of systemic antibody mediated 

immune response 

Group I:  Probiotics + immunized 

Group II:  Probiotics + Non-immunized  

Group III:  Immunized  

Group IV:  Control 

In-vitro screened L. acidophilus, L. rhamnosus and L. salivarius were evaluated for 

systemic antibody mediated immune response. Viable count (CFU) of these three 

screened Lactobacilli was determined and volume of each suspension was adjusted 

separately containing 105 CFU. The chicks in groups I and II were given culture 

suspensions of three Lactobacilli (105 CFU) via drinking water at the age of 1 day. 

The chicks in groups I and III were immunized by injecting 0.25 ml of 2% sheep red 

blood cells (SRBC) intramuscularly at the age of 14 days. Blood samples were 

collected via wing vein on days 7, 14, and 21 post-immunization. The collected blood 

samples were stored at room temperature for 2 hours and then kept at 4°C overnight 

and were centrifuged for 10 min at 1500 rpm. Serum was separated and stored at - 

20°C for further use. 

3.7.1.3 Serological analysis 

A direct haemagglutination assay was performed to measure the total antibody 

response to SRBCs in serum. Haemagglutination test was performed according to the 

following procedure: 

1. With the help of microtitration dispenser, a volume of 50 microlitre (µl) of 

phosphate buffered saline solution having 7.2 pH was dispensed in all wells of 

row A and B of microtitration plate. 

2. With the help of multichannel microtitration dispenser, a volume of 50 

microlitre (µl) of serum sample was added in the 1st well of each row. 

3. After mixing, serial two fold dilutions were prepared by transferring 50 µl of 

mixture from 1st well to 2nd well and from 2nd to 3rd well and until to 11th well of 

the respective row. Volume of 50 µl was discarded  from the 11th well of each 

row. 
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4. With the help of microdispenser, 50 µl of SRBCs suspension was added to each 

of the test well (from 1st well to 12th well). 

5. In the 12th well, only phosphate buffer saline and red blood cell suspension was 

added maintaining it as control. 

6. The microtitration plate was agitated backward and  forward and from side to 

side to ensure even distribution of red blood cells in the suspension. 

7. The results were recorded after 15 minutes when the red blood cells settled 

down in the form of button at bottom in the 12th well. The highest dilution 

giving 50% haemagglutination was considered as end point. 

8. The results of this test were interpreted as follows: 

Positive: The bottom of the well covered by a thin layer of finely clumped  red 

blood cells. 

  Negative: A small, sharply outlined button of red blood cells (bead   

  formation) at the bottom of well. 

  Doubtful: A ring formed by the unagglutinated red blood cells   

  disrupting the thin layer of clumped cells creating the bottom of the well. 

9. The HA titre was calculated as: 

  HA Titre = The reciprocal of the highest dilution exhibiting haemagglutination 

3.7.2 Safety test 

The safety test was performed by inoculation of undiluted overnight broth culture. For 

each Lactobacillus species; a group of 8 (day-old) broiler chicks was used. A total of 

32 broiler chicks were divided into 4 groups, each group having 8 chicks. Group 1, 

group 2, and group 3 were treated with Lactobacillus  acidophilus3, Lactobacillus  

rhamnosus and Lactobacillus  salivarius respectively at the dose rate 1x108 CFU 

through drinking water daily for 3 weeks.Group 4 was given no treatment and 

maintained as control. The chicks were kept under observation for 30 days and 

mortality was recorded. Lactobacilli were classified as pathogenic showing mortality 

>80%, intermediate pathogenic showing mortality ≥ 50% but ≤ 80%) and low 

pathogenic with mortality rate ≤ 50%. All dead chicks (if any) were examined at 

necropsy (Dho and Lafont, 1982).  

PHASE -Ш:  EVALUATION OF ISOLATED LACTOBACILLUS SPECIES 

UNDER CONTROLLED AND FIELD CONDITIONS 

3.8 Evaluation of isolated Lactobacillus species under controlled experimental 

conditions 
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3.8.1 Preparation and formulation of chicken specific Lactobacilli (CSL) 

 Based on in vitro and in vivo screening, L. acidophilus 3, L. rhamnosus and L. 

salivarius were selected for evaluation. All these three Lactobacilli were isolated from 

intestinal contents of chicken. The isolates from yogurt were not added in this 

formulation as these did not fulfill the probiotic properties. The Lactobacillus species 

were formulated in liquid fermentation medium (Timmerman et al., 2006). The 

composition of liquid fermentation medium is given in Annexure-2. The ingredients 

were dissolved in 3 litre of hot tap water, and 5 litre of cold tap water was then added. 

This product was stored at refrigerator temperature after cooled down. The isolated 

strains of Lactobacilli (already pre-grown in 1000 ml MRS broth and stored at -20 

with glycerol) were thawed rapidly by placing in water bath at 37 oC. Each strain (10 

ml) was inoculated into separate flasks containing 1000 ml of fermentation medium 

and incubation was done at 37oC for 24 hours. After 24 hours of incubation, each 

Lctobacillus species was checked by plate count and pH of each culture was also 

determined separately. Then formulation was prepared by mixing equal volume of 

(950 ml) of each isolated Lactobacillus species. Viable count of finished product was 

calculated by plate count. This finished product was named as chicken specific 

Lactobacilli (CSL) and stored at 4oC for 6 weeks for further use.  During storage, 

viable count was checked weekly to ascertain stability of cultures.  

3.8.2 Experimental design 

Two hundred and forty (day-old) broiler chicks (Hubbard x Hubbard) were procured 

from commercial market and randomly divided into eight groups of 30 chicks each 

with 5 replicates (6 chicks/ replicate). The chicks were maintained under standard 

housing and management conditions giving feed and drinking water ad libitum. 

Recommended vaccination schedule was followed (Annexure-27) Experimental 

groups (A-F) were assigned different treatments of isolated Lactobacilli randomly for 

the period of 6 weeks and the group- G was treated with commercial preparation 

(containing 32 billion cfu/100 gram of Lactobacillus acidophilus, Lactobacillus casei, 

Lactobacillus reuteri, Lactobacillus bifidum, Lactobacillus lactis, Lactobacillus 

fermentum, Streptococcus faecium, Aspergillus oryza) while group- H was kept as 

control (Table 3.2). Management and utilization of experimental birds were as per the 

guidelines of the Animal Ethics Committee, University of Agriculture, Faisalabad, 

Pakistan. 
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Table 3.1: Experimental design for treatment in different experimental groups 

Experimental 

Group 

Treatment Dose rate 

CFU/Kg of BW 

Administration 

(0-21 days  of age) 

A Chicken Specific  

Lactobacilli 

2x105  Drinking water  

B Chicken Specific  

Lactobacilli 

1x106  Drinking water 

C Chicken Specific  

Lactobacilli 

1x108 Drinking water 

D Chicken Specific  

Lactobacilli 

2x105  Feed 

E Chicken Specific  

Lactobacilli 

1x106  Feed 

F Chicken Specific  

Lactobacilli 

1x108 Feed 

G Commercial Preparation 10 gm/100 kg feed 

 

Feed  

H No treatment Control 

 

------- 

 

3.8.3 MEASUREMENT OF IMMUNE RESPONSE 

The post- vaccinal antibody profile against Newcastle Disease (ND) and Infectious 

Bursal Disease (IBD) of the birds was determined after the administration of cultures 

through Haemagglutination Inhibition (HI) test (Allan and Gaugh, 1974) and Indirect 

Haemagglutination (IHA) test (Takuo et al., 1982 and Rahman et al., 1997). 

 3.8.3.1 Antibody titres against Newcastle Disease Virus 

 3.8.3.1a Collection of sera samples 

Blood (approximately 1 ml) was collected by heart puncture on 1st and 2nd week post-

vaccination and after that, 4-5 ml blood was collected from wing vein of the birds with 

5 ml disposable plastic syringe. Blood was collected without any anticoagulant and 

transferred immediately into sterile test tubes. Blood samples were collected weekly 

post vaccination from randomly selected 5 birds of each group (one bird from each 

replicate). Test tubes containing the blood were allowed to stand on slanting position at 
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an angle of 30o. When blood clotted, the test tubes were kept at room temperature for 

two hours and then at 4oC in refrigerator overnight. The oozed out serum was collected 

in 5 ml sterilized screw capped plastic bottles with the help of sterile Pasteur’s pipettes. 

The serum samples were stored at -20 oC for subsequent use in Haemagglutination 

Inhibition (HI) test. 

3.8.3.1b Preparation of erythrocyte suspension 

Blood was collected from apparently healthy, 6 weeks old broiler chicks for the 

preparation of red blood cell (RBCs) suspension. The blood samples were obtained in 

10 ml disposable syringes to which 2 ml anticoagulant (2.5% sodium citrate) had been 

added. Blood (approximately 8 ml) was collected from the subclavian vein of three 

birds. Syringes were gently shaken for the mixing of blood and anticoagulant to prevent 

clotting. The red blood cells were washed as mentioned above (3.7.1.1). 

3.8.3.1c Haemagglutination Test 

Haemagglutination test was performed according to the procedure as mentioned above 

(3.7.1.3). The HA titre was calculated as: 

 HA Titre = The reciprocal of the highest dilution exhibiting haemagglutination 

3.8.3.1d Haemagglutination Inhibition (HI) Test 

Preceeding the execution of haemagglutination inhibition test, all serum samples were 

thawed and heat inactivated by keeping in water bath at 56oC for 30 minutes in order to 

destroy heat labile non- specific agglutinins. For each serum sample, duplicate 

haemagglutination inhibition test titration was carried out. Then a working solution with 

4 HA unit of haemagglutination was prepared. This test was performed as follows: 

1. All the wells of round bottom microtitration plates were filled with 50 µl of 

phosphate buffered saline solution having pH 7.2. 

2. Serum No.1 was put in the first well of the first row of the plate. Similarly, 50 µl 

of each serum sample No.2, 3, 4 and 5 were added to first well of row No.  2, 3, 

4 and 5 respectively. 

3. After mixing, serial two fold dilutions were prepared by transferring 50 µl  of 

mixture from 1st well to 2nd well and from 2nd to 3rd well and until to 10th well of 

the respective row. Volume of 50 µl was discarded from the 10th well of  each 

row. 

4. Newcastle disease antigen (50 µl of 4HA unit) was added to each well from 1st 

to 11th well of each row. The plates were incubated at 25oC for 30 minutes. 
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5. Chicken red blood cell suspension (50 µl of  RBCs was added in the each well 

of the plate from 1st to 12th of each row. 

6. The microtitration plate was agitated backward and  forward and from side to 

side to ensure even distribution of red blood cells in the suspension. 

7. The plates were then re-incubated and kept undisturbed at room temperature 

until button formation was observed in the 12th well. 

8. The well No. 11th and 12th were kept as control. In the well No. 11, there was 

only antigen and suspension of red blood cells and well No. 12th contained 

phosphate buffer saline and suspension of red blood cells. 

9. The results were recorded as follows: 

Positive: Clear button of red blood cells (bead formation) at the bottom of  the 

well. 

  Negative: Formation of uniform thin layer of finely  clumped red blood cells. 

 10. The highest dilution of each serum sample giving 50% inhibition of 

 haemagglutination was taken as end point. The reciprocal of this dilution was 

 taken as HI titre. 

 3.8.3.2 Titration against Infectious Bursal Disease (IBD) virus 

Post- vaccinal antibody titres against IBD virus were determined by indirect 

haemagglutination (IHA) test as described by Takuo et al. (1982) with slight 

modification by Rahman et al. (1997) as described below. 

3.8.3.2a Sensitization of erythrocytes 

 Human-O negative blood (3 ml) as well as sheep blood was drawn aseptically in 5 ml 

disposable plastic syringe. Needle of the syringe was removed and blood was poured in 

the centrifuge tube containing 0.5 ml of 4 % sodium citrate solution as anticoagulant. 

Red blood cells were sensitized with IBDV vaccinal antigen after washing. For this 

purpose, 2.5 ml of packed cell volume of RBCs were mixed with 5 ml of antigen and 5 

ml of phosphate buffer saline in a screw capped test tube. The contents were thoroughly 

mixed and kept at 37oC for 2 hours. The antigen was removed by centrifugation at 1500 

rpm for 5 minutes. The supernatant was removed and packed erythrocytes were 

suspended in phosphate buffer saline and again centrifuged at 1500 rpm for 5 minutes. 

Then 2 % suspension of packed erythrocytes was prepared in phosphate buffer saline. 

3.8.3.2b Indirect haemagglutination test 

 All the serum samples were thawed and heat inactivated by keeping in water bath at 

56oC for 30 minutes. 
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1.  Phosphate buffer saline solution (50 µl) was  dispensed into each well of round 

bottomed microtitration plate with the help of four channel microdispenser. 

2.  Each test serum sample (50 µl) was dispensed into  the 1st well of each row and 

diluted (2- fold) serially across the 11th well of each row. 

3.  From the 11th well of each row, 50 µl of mixture was pipetted out. 

4.  Well No. 12 was maintained as control containing only 50 µl saline solution but 

no serum. 

5.   Sensitized erythrocytes (50 µl) were added in the each well of the plate. 

6.  The plates were gently tapped for a number of times to ensure an even  

  mixing of suspension. Then the plates were placed at 37oC for 30 minutes. 

The highest dilution of each serum sample exhibiting complete or nearly 

complete haemagglutination was considered as the end point and the IHA 

titres were expressed as the reciprocal of the dilution of serum in the well 

taken as end point. Thus the IHA antibody titre of all serum samples was 

recorded and their geometric mean titres (GMTs) were calculated by applying 

formula as given in appendix-4. 

3.8.4 Live Body weight 

The birds were weighed on the first day of their arrival then they were weighed 

weekly till six experimental weeks. Wight gain was calculated as a difference 

between final weight and initial weight during each experimental week. 

3.8.5 Feed consumption and Feed conversion ratio (FCR) 

Each experimental group was offered daily a weighed quantity of commercial feed. 

The left over feed was collected once daily before the morning feeding and weighed 

again to determine the daily feed consumption of each experimental group. Feed 

conversion ratio (Total feed: Total gain) was calculated at the end of experimental 

week for each group. 

3.8.6 Carcass weight 

To study carcass yield, 5 birds from each group were selected randomly and 

slaughtered at 42 days of age. After defeathering, visceral organs (Liver, Spleen, crop, 

gizzard and intestines), head and feet were discarded. Weight of carcass was 

calculated separately. Dressing percentage was determined by dividing carcass weight 

over live weight. 
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3.8.7 Performance Index (P. I.) 

Performance index is ratio between live body weight and feed conversion ratio. 

Performance index of each experimental group was measured at 6 weeks of age by 

applying the following formula: 

Live weight (kg)  

          P.I. (%) =   -------------------------------- x 100 

               Feed conversion ratio 

3.8.8 Mortality 

 Mortality, if any, was recorded daily in each experimental group and percentage 

mortality was calculated. Dead birds were examined at post-mortem. 

3.8.9 Viable bacterial count and pH determination in intestinal contents 

Bacterial count was determined in intestinal contents as described by Strompfova et 

al., (2005).  At the age of 6 weeks, 5 birds from each group were randomly selected 

and slaughtered. A 5 cm long ileum part (10 cm before ileocaecal junction) was cut 

longitudinally and intestinal material was removed. The samples were collected 

separately in a sterilized polythene bag and pH values of the contents were 

determined immediately after collection using an electronic pH meter (glass 

electrode). Then serial 10- fold dilutions (as mentioned above in section 3.3.1) were 

prepared in phosphate buffer saline. After preparing dilutions,   0.1ml of each sample 

was inoculated on MacConkey agar for coliform, Staph-110 medium for 

Staphylococcus species and MRS agar for Lactobacilli. The plates were incubated at 

37 oC in anaerobic jar (Becton Dickinson Company®) for 24 hours for Lactobacilli 

and aerobically for Staphylococcus and coliform. Enumeration was done by plate 

count method.  

3.9 Evaluation of isolated Lactobacilli under field conditions 

Treatment which showed best results was also evaluated under field conditions for the 

parameters of evaluation as under controlled experimental conditions. 

A total of 1500 (day old, Hubbard x Hubbard) broiler chicks were reared at farm. All 

the chicks were maintained under natural field conditions. Commercial feed (Hi-Tech 

Feeds, Pvt. Ltd. Pakistan) was fed to broiler chicks from day 1 to day 42. Water and 

feed was given ad libitum. Recommended vaccination schedule was followed. All the 

chicks were divided into two groups, treated (G-I) and control (G-J), each group 

having 750 chicks. Each group was further divided into 5 replicates, 150 birds per 

replicate. The birds of treated group (G-I ) were given mixture of CSL at the dose rate 
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of 1x108 CFU/Kg body weight through drinking water daily for 21 days of age. The 

other group (G-J) was given no treatment and maintained as control. Randomly, 10 

birds were selected from each replicate (50 birds/group) for live weight and carcass 

weight while 2 birds were selected from each replicate (10 birds/ group) for 

determining post-vaccination antibody titres, viable bacterial count in intestinal 

contents and pH determination of faecal samples.  

3.10 Statistical analysis 

The collected data was analyzed through analysis of variance (ANOVA) using a 

completely randomized design (CRD) with the help of MSTAT-C software, Michigan 

State University. The means were compared for significant differences using Duncan 

multiple range test (DMRT) and students t- test (Steel and Torrie, 1982). 
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Chapter 4          RESULTS  

 

4.1 Isolation and identification of Lactobacilli 

In this study, Lactobacilli were procured from intestinal contents of chicken and 

yogurt. Out of all 40 (yogurt and intestinal) samples, 7 species of Lactobacillus genus 

were isolated. From 20 intestinal contents samples, 9 pure colonies were obtained and 

out of these, 4 species of Lactobacillus were isolated and identified. Out of these, 3 

were isolated from crop region and 1 from ileum. These were designated as C1, C2, 

C3 and C4 (Table 4.1). Similarly, from 20 yogurt samples, 6 pure colonies were 

obtained and out of these colonies, 3 Lactobacillus species were isolated and 

identified. These were designated as Y1, Y2 and Y3. (Table 4.2). Identification was 

done by using conventional methods as well as through standard API-50 CHL system 

(Table 4.3, 4.4 and Figure 4.1-4.5). Pure isolates were maintained in MRS broth at -

20°C with 10% (v/v) glycerol as well as on MRS agar slants at 4oC. 
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Table 4.1: Morphological and growth characters of isolated microorganisms from intestinal contents

Isolates Macroscopic  

Examination 

Microscopic 

 Examination 

Catalase 

test 

Growth 

at 15oC 

Growth 

at 

45oC 

Lactose 

fermentation 

Indole

Test 

MR 

Test 

VP 

Test 

Citrate 

Test 

C1 Rough, covex, 

grayish-white 

colonies 

G +ve, rods, 4.0-5.0 µ, 

straight, singly, non-spore 

forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 

C2 regular, smooth, 

entire margin, 

grayish 

G +ve, rods, 3.0-4.0 µ, 

singly and tapering ends 

non-spore forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 

C3 regular, small, 

translucent, 

grayish colonies  

G +ve, rods, 2.0-4.0 µ, 

straight, singly and chains, 

non-spore forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 

C4 regular shaped,  

convex colonies 

with sharp 

margins  

G +ve, rods 2.0-3.0µ, 

short chains, non-spore 

forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 
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Table 4.2: Morphological and growth characters of isolated microorganisms from yogurt samples 

 

Negative result = -   Methyl Red = MR 

Positive result =  +  Voges Proskaur = VP

Isolates Macroscopic  

Examination 

Microscopic  

Examination 

Catalase 

test 

Growth 

at 15oC 

Growth 

at 45oC 

Lactose 

fermentation

Indole

Test 

MR 

Test 

VP 

Test 

Citrate 

Test 

Y1 Small, flat, 

crenated 

G +ve, rods, 2.0-6.0 µ, 

singly or short chains, 

non-spore forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 

Y2 Circular to 

irregular, grayish 

white 

G +ve, rods, 3.0-5.0  µ, 

often in chains, non-

spore forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 

Y3 creamy white, 

small, rough 

colonies  

G +ve rods, 3.0-5.0µ 

length, singly as well 

as in chains, non-spore 

forming 

 

- 

 

- 

 

+ 

 

+ 

 

- 

 

- 

 

- 

 

- 
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Fig 4.1: Growth of Lactobacilli on MRS agar plates from intestinal contents of 

crop region 

 

 

Fig 4.2: Growth of Lactobacilli on MRS agar plates from intestinal contents of 

ileum 
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Fig 4.3: Microscopic appearance of isolated Lactobacillus rhamnosus (1000 X) 

 

 

 

Fig 4.4: Microscopic appearance of isolated Lactobacillus acidophilus (1000 X) 
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Fig 4.5: Microscopic appearance of isolated Lactobacillus salivarius (1000 X) 

 

 

          

 

 

Fig 4.6: Conventional lactose fermentation test of isolated Lactobacilli (from left 
side tube-1 control) 
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Table 4.3:  The results of identification of isolated microorganisms from 

intestinal contents through api web V5.1 (API- 50 CHL system) 

 

Isolate Species Identification % ID Remarks 

C1 Lactobacillus rhamnosus 99.9 Excellent identification 

C2 Lactobacillus acidophilus 3 93.7 Good identification 

C3 Lactobacillus salivarius 99.9 Excellent identification 

C4 Lactobacillus acidophilus 1 72.2 Low discrimination 

 

 

 

 

 

 

 

Table 4.4: The results of identification of isolated microorganisms from yogurt 

samples through api web V5.1 (API- 50 CHL system) 

 

Isolate Species % ID Remarks 

Y1 Lactobacillus delbrucekii ssp 

lactis 2 

86.0 Doubtful profile  

Y2 Lactobacillus delbrucekii ssp 

bulgaricus 

99.7 Very good identification 

Y3 Lactobacillus paracasei ssp 

paracasei 1 

99.9 Very good identification 

 

 

 

 

 

   

Phase 2 
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4.2 In- vitro screening of isolated Lactobacillus species for probiotic properties 

On the basis of API- 50 CHL identification, 5 Lactobacillus species i.e. Lactobacillus 

acidophilus 3, Lactobacillus delbrucekii ssp bulgaricus, Lactobacillus paracasei ssp 

paracasei 1, Lactobacillus rhamnosus and Lactobacillus salivarius, were selected to 

determine their probiotic properties. 

4.2.1 Bile salt resistance 

Tolerance level was found variable (P<0.05) among all test species of Lactobacillus. 

All the tested cultures showed variable resistance against different concentrations of 

oxgall. At 0% concentration of oxgall, L. salivarius showed lowest count (7.38±0.06) 

as compared with other Lactobacilli while maximum count (8.48±0.22) was in case of 

L. paracasei. At 0.3% concentration of oxgall, maximum (8.65±0.06) and minimum 

(5.29±0.06) count was recorded for L. rhamnosus and L. paracasei respectively. 

When 0.5% concentration of oxgall was used then L. paracasei count was decreased 

to 4.27±0.04 which was lowest count. At 1.0% concentration of oxgall, viable number 

(3.78±0.04) of L. paracasei ssp paracasei1 decreased significantly (P<0.05) as 

compared with other Lactobacilli. It was concluded that all tested species can resist 

bile salt except L. paracasei ssp paracasei1, of which tolerance level was very low. 

The detailed values of bile salt resistance are given in the table 4.5. 

4.2.2 Tolerance to acidic pH 

Tolerance to acidic environment by all isolated species of Lactobacilli was tested. 

Tolerance level of all species was found significantly (P<0.05) variable. L. 

acidophilus, L. paracasei and L. salivarius were found most resistant at pH 4.0 and 

their viable count increased. While L. delbrucekii ssp bulgaricus could not survive at 

acidic pH and its viable number reached zero at pH 2.0. There was no significant 

(P>0.05) difference among other species at pH 2.0. It was concluded that all tested 

species can tolerate acidic conditions except L. delbrucekii ssp bulgaricus. The results 

are given in table 4.6. 

4.2.3 Tolerance to stimulated gastric transit 

Tolerance of isolated Lactobacilli to gastric transit was evaluated after 30, 60, 90 and 

120 minutes of incubation. After 30 minutes of incubation, viable count of L. 

acidophilus, L. delbrucekii, L. rhamnosus and L. salivarius was found significantly 

(p<0.05) high while L. paracasei was found most sensitive to gastric juice as viable 

count decreased significantly. After 60 minutes, viable count of L. acidophilus, L. 

delbrucekii and L. salivarius was found significantly (p<0.05) high and viable count 
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of L. rhamnosus decreased slightly while there was significant decline in viable count 

of L. paracasei ssp paracasei 1. After 90 and 120 minutes of incubation, viable count 

of L. paracasei ssp paracasei 1 reached zero, while significantly (p<0.05) high count 

was found in case of L. acidophilus followed by L. salivarius and L. delbrucekii. It is 

evident from these results that L. paracasei ssp paracasei 1 is unable to tolerate stress 

conditions of gastric transit. The results are given in table 4.7 

4.2.4 Antimicrobial activity 

The Lactobacillus species exhibited varying degrees of inhibitory activity against 

strains of Escherichia coli and Staphylococcus aureus. All Lactobacilli inhibited the 

growth of E. coli and Staphylococcus aureu except L. delbrucekii ssp bulgaricus that 

showed significantly (P<0.05) very low antimicrobial effect against indicator strains.  

The strongest antimicrobial effect was shown by L. acidophilus and L. paracasei 

while antimicrobial effect of other Lactobacilli was similar (P<0.05). The results 

showed that L. delbrucekii ssp bulgaricus has no antimicrobial properties (Table 4.8). 

4.2.5 Antibiotic resistance 

Antibiotic susceptibility of all isolated Lactobacilli species was determined against 

commonly used antibiotics by disc diffusion method. The results were expressed as 

sensitive (S) or resistant (R) (National Committee for Clinical Laboratory Standards, 

1999). Lactobacillus acidophilus 1 was found resistant and no zone of inhibition was 

observed against ampicillin, amoxicillin, bacitracin, cephradine, cefotaxime, 

cefuroxime, gentamycin, oxytetracycline, penicillin G, streptomycin and tetracycline. 

Against chloramphenicol, it showed zone of inhibition with diameter of 2.5 ± 0.15 

mm. L. debrucekii ssp bulgaricus showed susceptibility to amoxicillin (30.5±0.50 

mm) and streptomycin (19.0±1.00 mm) and resistance against cefotaxime (8.5±0.50 

mm) while ampicillin, bacitracin, cephradine, cefuroxime, gentamycin, 

chloramphenicol, oxytetracycline, penicillin G and tetracycline showed no zone of 

inhibition. L. paracasei ssp paracasei1 was found resistant to all antibiotics with no 

zone of inhibition and only slight zone of inhibition (10.2 ±0.75 mm) was observed 

against streptomycin. L. rhamnosus was also found resistant to all antibiotics with no 

zone of inhibition and only slight zone of inhibition (1.6 ±0.15 mm) was observed 

against streptomycin. L. salivarius showed a slight zone of inhibition (3.5±0.50 mm) 

against cefotaxime and found resistant to all antibiotics with no zone of inhibition.  

 

4.2.6 Bacterial viability during storage 
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The results obtained showed that storage at -20oC and 4oC had no significant (P>0.05) 

effect on viable count of all isolated Lactobacilli species and all species retained good 

viability after 6 weeks of storage. Weekly little declines in the viable count of all the 

species were observed when stored at room temperature. Significant (P<0.05) decline 

was observed in viable count of all Lactobacilli after 6 weeks of storage at room 

temperature. Results showed that isolated species of Lactobacilli can be stored at -20 
oC and 4 oC for more than 6 weeks. Results are given in tables 4.9, 4.10 and 4.11. 

Overall, it was concluded from in vitro screening experiments that 2 species out of 5 

i.e. Lactobacillus delbrucekii ssp bulgaricus and Lactobacillus paracasei ssp 

paracasei 1 can not tolerate stress conditions of gastrointestinal tract. 
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Table 4.5: - Mean values (±SE) of plate count (log 10) / ml of isolated Lactobacilli 

at different concentrations of Oxgall 

Oxgall 

conc. (%) 

L. acidophilus L. delbrucekii L. paracasei L. salivarius L. rhamnosus 

0% 7.88 ±0.0c 7.91 ±0.17bc 8.48 ±0.22a 7.38 ±0.06e 8.17 ±0.09b 

0.3% 7.56 ±0.11de 7.71 ±0.08cd 5.29 ±0.06i 7.43 ±0.11e 8.65 ±0.06a 

0.5% 6.60 ±0.03fg 7.78 ±0.1cd 4.27 ±0.04j 6.82 ±0.06f 7.79 ±0.03cd 

1.0% 5.88 ±0.05h 6.37 ±0.03g 3.78 ±0.04k 5.77 ±0.05h 6.36 ±0.02g 

Means followed by different superscripts in a column or row are significantly 

different (P<0.05) 

 

Table 4.6: Mean values (±SE) of plate count (Log10) of isolated Lactobacilli at 

different pH  

pH L. acidophilus L. delbrucekii L. paracasei L. rhamnosus L. salivarius 

7.0 4.56±0.10k-n 6.14±0.47d-h 5.47±1.41hij 4.81±0.05j-m 5.32±0.09h-l 

4.0 6.89±0.01a-d 0.81±0.81r 7.28±0.53abc 5.74±0.10e-h 7.47±0.13abc 

2.0 2.05±0.04q 0.00±0.00r 1.85±0.02q 1.93±0.04q 2.81±0.05op 

Means followed by different superscripts in a column or row are significantly 

different (P<0.05).  

 

Table 4.7:    Mean values (±SE) of viable count (Log10) of isolated Lactobacilli 

after stimulated gastric transit 

Incubation 

time (min) 

L.acidophilus L.delbrucekii L.paracasei L.rhamnosus L.salivarius

30 

 

5.81±0.01ab 5.90±0.01a 3.56±0.05g 5.69±0.03b 5.83±0.02ab

60 5.92±0.03a 5.77±0.05ab 1.72±0.04i 5.47±0.04c 5.75±0.07ab

90 5.67±0.04 b 5.76±0.07ab 0.00±0.00j 4.92±0.01d 4.94±0.04d 

120 4.22±0.14e 3.52±0.09g 0.00±0.00j 2.97±0.01h 3.93±0.02f 

Means followed by different superscripts in a column or row are significantly 

different (P<0.05).  
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Table 4.8:    Mean values (±SE) of zone of inhibition (mm) for antimicrobial 

activity of isolated Lactobacilli against E. coli and S. aureus 

Isolated spp. E. coli (ATCC 29922) S. aureus (ATCC 29923) 

L. acidophilus 8.00±0.00bc 9.60±0.40ab 

L. delbrucekii 0.00±0.00e 1.00±1.00de 

L .paracasei 7.50±0.30c 11.00±1.00a 

L. rhamnosus 7.40±0.40c 5.10±0.10d 

L. salivarius 6.80±0.40c 8.60±0.40bc 

 Means followed by different superscripts in a column or row are significantly 

different (P<0.05) 

 

Table 4.9:   Mean values (± SE) of viable count (Log10) of isolated Lactobacilli 

during storage at -20 oC 

Weeks of 

storage 

L. acidophilus L. delbrucekii L. paracasei L. rhamnosus L. salivarius

1st 4.95±0.01 4.91±0.01 4.99±0.00 4.90±0.01 4.91±0.01 

2nd 4.95±0.01 4.90±0.06 4.97±0.01 4.88±0.01 4.90±0.01 

3rd 4.93±0.02 4.90±0.04 4.95±0.01 4.84±0.01 4.82±0.01 

4th 4.92±0.02 4.75±0.04 4.88±0.01 4.81±0.02 4.29±0.52 

5th 4.84±0.02 4.60±0.01 4.68±0.04 4.74±0.05 4.62±0.02 

6th 4.71±0.05 4.31±0.09 4.44±0.10 4.55±0.05 4.25±0.15 

Means followed by no superscripts differ non-significantly (P<0.05) 
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Table 4.10:    Mean values (± SEM) of viable count (Log10) of isolated Lactobacilli 

during storage at 4oC 

Weeks of 

storage 

L. acidophilus L. delbrucekii L. paracasei L. rhamnosus L. salivarius

1st 4.95±0.005 4.91±0.01 4.99±0.00 4.90±0.01 4.91±0.01 

2nd 4.95±0.01 4.90±0.06 4.97±0.01 4.88±0.005 4.90±0.01 

3rd 4.93±0.015 4.90±0.04 4.95±0.01 4.84±0.01 4.82±0.005 

4th 4.92±0.015 4.75±0.035 4.88±0.005 4.81±0.02 4.29±0.515 

5th 4.84±0.015 4.60±0.01 4.68±0.04 4.74±0.045 4.62±0.015 

6th 4.71±0.05 4.31±0.085 4.44±0.1 4.55±0.045 4.25±0.145 

Means followed by no superscripts differ non-significantly (P<0.05) 

 

 

Table 4.11:   Mean values (±SE) of viable count (Log10) of isolated Lactobacilli 

during storage at room temperature 

Weeks of 

storage 

L. acidophilus L. delbrucekii L. paracasei L. rhamnosus L. salivarius

1st 4.98±0.01a 4.97±0.01a 4.82±0.02cd 4.88±0.03a-d 4.94±0.03a-c 

2nd 4.95±0.02ab 4.84±0.04bcd 4.61±0.03f 4.84±0.05b-d 4.79±0.02de 

3rd 4.94±0.01abc 4.79±0.07de 4.28±0.06g 4.69±0.02ef 4.69±0.03ef 

4th 4.69±0.03ef 3.93±0.01h 3.71±0.03i 3.94±0.02h 3.91±0.02h 

5th 3.90±0.01h 3.84±0.02h 3.39±0.04j 3.67±0.07i 2.92±0.01lm 

6th 3.70±0.02i 2.97±0.02l 2.44±0.13n 3.14±0.06k 2.83±0.04m 

Means followed by different superscripts in a column or row are significantly 

different (P< 0.05). 
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4.3 In- vivo screening of isolated Lactobacillus species for Probiotic properties 

On the basis of in-vitro screening, L. acidophilus 3, L. rhamnosus and L. salivarius 

were selected for in-vivo screening for antibody mediated systemic immune response 

and pathogenicity. All these isolates are from intestinal contents.  

4.3.1 Systemic antibody mediated immune response 

In-vivo, humoral antibody response was measured against sheep RBCs (SRBC) in 

different groups of broiler birds by direct Haemagglutination assay as mentioned in 

section 3.7.1.2. At first week post-immunization, significantly (P<0.05) higher mean 

antibody titre was recorded in group 1 (log 5.6±0.47) which was given probiotics and 

immunized as compared to group Ш (log 3.6±0.34) which was only immunized 

group. In group П (Probiotics and non-immunized) and group-1V (control), no 

antibody titre was recorded against SRBCs. At 2nd week post-immunization, 

significant (P<0.05) decrease in mean antibody titres were recorded in both groups 

but antibody titre was high in group-1 (3.8±0.59) than that in group Ш (1.7±0.49). No 

antibodies were detected in group П and 1V. At 3rd week post-immunization, antibody 

was detectable only in 5 birds out of 10 in group-1 and in group- Ш; antibodies were 

detected only in 2 birds out of 10. The antibody titre decreased significantly which 

was 1.4±0.49 in group-1 and 0.5±0.34 in group- Ш. While in group П and group- 1V, 

no antibodies were detected at 3rd week also. It shows that higher antibody titres were 

recorded in the group which was treated with Lactobacillus species as compared with 

non-treated group. It is also evident that decrease in titre was not abrupt in case of 

treated group but sharp decrease was recorded in 2nd and 3rd week in non treated 

group. 

4.3.2 Safety test 

Safety test was performed for L. acidophilus 3, L. rhamnosus and L. salivarius species 

in day old broiler chicks, which were observed for 20 days. A total of 3 deaths were 

recorded; one in group -1 at 16th day of age and two in group-4 (control group) at 11th 

day of age. The dead birds were examined individually at necropsy.  Lesions were 

recorded (Table 4.12).  

 

 

 

 

 



 50

 

 

 

 

 

 

 

Table 4.12: Percentage mortality in different groups treated with isolated 

Lactobacilli 

Groups Treatment Dose and 

route 

No. of 

deaths 

Mortality 

(%) 

Post-mortem 

lesions 

1 L. acidophilus ~ 8 log10 

CFU/DW 

 

1 

 

12.5 

Swollen and 

haemorrhagic 

bursa, swollen 

kidneys 

2 L. rhamnosus ~ 8 log10 

CFU/DW 

 

0 

 

0.0 

- 

3 L. salivarius ~ 8 log10 

CFU/DW 

 

0 

 

0.0 

- 

4 Control Normal saline  

2 

 

25 

No specific lesion 

 

Number of birds/ group = 8 

 

 

 

 

 

 

 

 

 

 

 



 51

4.4 Evaluation under controlled experimental conditions 

Lactobacillus acidophilus, Lactobacillus rhamnosus and Lactobacillus salivarius 

fulfilled the criteria of screening for probiotic properties and these were exploited as 

probiotics in broiler chicken. These were evaluated for enhancement of post-vaccinal 

antibody titres, effect on live body weight, carcass weight, decreased feed intake, 

FCR, high performance index, low mortality rate, faecal bacterial count and faecal 

pH.  

4.4.1 Measurement of Humoral Immune Response 

4.4.1.1 Haemagglutination inhibition (HI) and indirect haemagglutination (IHA) 

post- vaccinal geometric mean antibody titres (GMTs) against Newcastle Disease 

(ND) and Infectious bursal disease (IBD) Vaccine 

Geometric mean antibody titres (GMTs) were measured at weekly interval to assess 

the humoral immune response in different experimental groups. At day zero post –

vaccination (PV), though maximum GMT was recorded in group D (10.5) but the 

titres were found varying non-significantly (P>0.05) in all the experiment groups. At 

day 7 PV, antibody titres increased and were found varying significantly (P<0.05). 

Maximum GMT (64.0) was recorded in group C, which was given 1x108CFU/Kg 

body weight Lactobacilli through drinking water /0-21 days of age. Minimum GMT 

(16.0) was recorded in control group H. A rapid increase and similar pattern was 

noted in GMTs at 14th days post-vaccination as maximum titre (97.0) was in group C 

and minimum (24.2) was in control group. At day 21, 28 and 35 PV, although varying 

GMTs were recorded among all experimental groups but titres were found non-

significant (P>0.05) among all experimental groups.  

Similarly, Indirect haemagglutination (IHA) antibody titres against IBD vaccine were 

also measured at weekly interval. At zero day post –vaccination, post-vaccinal IHA 

antibody titres were found non-significant (P>0.05) among all experimental groups. 

At 7th day post -vaccination, trend was changed and geometric mean titres increased 

significantly (P<0.05) among all experimental groups. Maximum GMT (55.7) was 

attained by the birds of group C while minimum (13.9) was recorded in control group 

H. After a week (at 14th days post-vaccination), a slight increase was noted in titres 

among all the experimental groups but GMTs were found non-significant (P>0.05). 

At 21st and 28th day post -vaccination, again an increase in titres was recorded but the 

pattern remained the same and titres were found non-significant (P>0.05) among all 

experimental groups. At 35th day post -vaccination, a sharp and uniform decrease was 
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recorded in antibody titres but titres were found varying significantly (P<0.05). 

Maximum GMT was recorded in group C (55.7) and minimum in control group H 

(13.9). The mean values are given in table 4.13-4.14. 

It was concluded that although group C, which was given 1X108CFU through 

drinking water, showed higher HI antibody titres than other treated and control groups 

but this effect was seen only for 1st and 2nd weeks after vaccination. Similarly IHA 

antibody titres were high in group C during 1st and 5th post-vaccinal week.  
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Table 4.13:   Post-vaccination Geometric Mean Titres (GMTs) against 

Newcastle Disease vaccine 

Post-

vaccination 

days 

Values of   GMTs in Experimental groups 

A B C D E F G H 

Zero day 6.9 6.1 7.1 10.5 7.1 7.1 6.1 7.1 

7 32.0abc 24.2bc 64.0a 42.2ab 24.2bc 27.8abc 48.5ab 16.0c 

14 64.0ab 48.5abc 97.0a 48.5abc 36.7bc 42.2bc 42.2bc 24.2c 

21 73.5 97.0 147.0 64.0 55.7 55.7 73.5 31.9 

28 168.8 127.9 222.7 111.4 96.9 96.9 127.9 55.7 

35 27.8 27.8 48.5 31.9 27.8 21.1 36.7 18.4 

Means having different superscripts are significantly different (P<0.05) 

 

 

 

 

Table 4.14:  Post-vaccination Geometric Mean Titres (GMTs) against 

Infectious Bursal Disease vaccine 

Post-

vaccination 

days 

Values of   GMTs in Experimental groups 

A B C D E F G H 

Zero day 12.1 10.5 9.2 13.9 12.1 13.9 13.9 12.1 

7 27.8abc 31.9abc 55.7a 18.4bc 21.1bc 24.2abc 42.2ab 13.9c 

14 64.0 73.5 97.0 59.7 59.7 36.7 84.4 42.2 

21 111.4 96.9 193.9 127.9 73.5 111.4 168.8 96.9 

28 146.9 222.7 293.9 146.9 168.8 193.9 168.8 111.4 

35 42.2a 27.8ab 55.7a 42.2a 24.2ab 42.2a 36.7a 13.9b 

Means having different superscripts are significantly different (P<0.05) 

 
Group A, B and C = 2x105, 1x106 and 1x108 CFU/Kg B.W./Drinking water/0-21 days 
respectively; Group D, E and F = 2x105, 1x106 and 1x108 CFU/Kg B.W /Feed/0-21 
days respectively; Group G = Commercial Preparation at recommended dose / 0-42 
days; Group H = Control 
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4.4.2 Weekly live body weight (gm) per bird (Mean±) in each experimental group  

Live weights per bird were recorded at weekly interval. At the age of day-1, no 

significant difference (P>0.05) was found in live weight among all the experimental 

groups. Similar pattern was found at the age of day 7. Although an increase in weights 

was recorded at the end of 2nd week but difference among experimental groups was 

non- significant (P>0.05). At the age of day 21, weight were 579.3±4.83, 598.5±4.47, 

563.7±6.22, 558.8±6.31, 574.6±3.42, 564.2±6.48, 584.3±4.97and 552.5±5.22 in 

experimental group A, B, C, D, E, F, G and H respectively and no significant 

difference (P>0.05) was recorded in live weights among all the experimental groups. 

At the end of 28 days, significantly (P<0.05) higher weight was gained by birds of 

group F. Non-significant difference (P>0.05) was recorded among all other treated 

groups and control group. At the age of day 35, significantly (P<0.05)  higher weight 

(1377.3±13.42 ) was gained by birds of group C followed by group G, A, B and E. 

Values for live weight was similar among A, D and F groups. Significantly lower 

(P<0.05) live weight (1257.6±6.03) was recorded in control group H. At the age of 

day 42, significantly (P<0.05) higher weight (1808.4±18.80) was gained by birds of 

group C.  Values for live weight were similar among A, D, G and B groups. 

Significantly lower (P<0.05) live weight (1593.8±5.42, 1564.3±13.54) was recorded 

in control group H and F respectively. Mean values of live weight are given in table 

4.15. 

It was concluded that Lactobacilli had no effect on weight gain upto 3 weeks of age 

but after that Lactobacillus treated groups gained more weight than control group. At 

the end of 35 and 42 days, the group which was administered Lactobacilli at dose rate 

1x108 cfu through drinking water gained maximum live weight. 

4.4.3 Feed consumption (grams) per bird in each experimental group 

At the age of day-7, numerically maximum (311.80 ±1.41) and minimum (305.61 

±1.66) feed was consumed by the birds of experimental groups D and F respectively 

but non-significant (P>0.05) difference was recorded among all groups. At the age of 

day-14, a significant (P<0.05) difference was noted among groups. Higher 

(727.73±2.25) feed was consumed by the birds of experimental group D followed by 

group C, F, E and B. Minimum (699.77±1.58, 699.58±3.74 and 693.61±1.67) feed 

was consumed by the birds of experimental group A, H and G respectively although 

non-significant (P>0.05) difference was recorded among groups C and F, B and E, 

and A, G and H.  
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There was an increase in feed consumption at the age of day-21. Again significantly 

difference (P<0.05) was recorded as more (1306.23±3.04) feed was consumed by the 

birds of experimental group D followed by group G. Less feed (1270.47±18.18, 

1236.19±3.94) was consumed by the birds of group C and F. At the age of day-28, 

significantly (P<0.05) more (2027.63 ±7.43) feed was consumed by the birds of 

experimental group D and minimum feed (1907.19±29.72) was consumed by the 

birds of group C.  Similar results were obtained at the age of day-35.  Feed 

consumption per bird at the age of day-42 was significantly (P<0.05) maximum 

(3947.49±7.05) in experimental group H and minimum feed (3755.80±5.04) was 

consumed by the birds of group C (Table 4.16). 

It was concluded that overall minimum feed was consumed by the birds of group C, 

which was treated with Lactobacilli at the dose rate of 1x108 cfu through drinking 

water than that of other treated and control groups. 

4.4.4 Weekly feed conversion ratio (FCR) in each experimental group 

During 1st experimental week, no significant difference (P>0.05) was recorded among 

all experimental groups. During 2nd experimental week, significant difference 

(P<0.05) was recorded. Lowest FCR was recorded in group G and H (control) and 

highest was in group D and F. No significant difference (P>0.05) was found among 

other groups. During 3rd experimental week, significantly (P<0.05), lowest FCR was 

recorded in group B and highest FCR was recorded in group D.  

Significantly (P<0.05), lowest FCR was recorded in group F. Highest FCR was 

recorded in group D and H (control) during 4th week. During 5th experimental week, 

significantly (P<0.05), lowest FCR was recorded in group C followed by group F. 

Highest FCR was recorded in group G. No significant difference (P>0.05) was found 

among other experimental groups. Similar findings were recorded during 6th 

experimental week. FCR (Table 4.17). 

It was concluded that upto the 4th week, lowest FCR was recorded in different treated 

groups and highest in control group. During 5th and 6th week, lowest FCR was 

recorded in group C, which was treated with Lactobacilli at the dose rate of 1x108 

CFU through drinking water. 

4.4.5 Dressing percentage per bird in each experimental group at the age of 42 

days 

At the age of 42 days, significantly higher percentage (P<0.05) was recorded in group 

B and C and lower was recorded in group E and H. No significant difference was 
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recorded among other experimental groups. The results of dressing percentage are 

given in table 4.18. It was concluded that the group which was treated with 1x106 

CFU and 1x108 CFU Lactobacilli through drinking water gained higher dressing 

weight than control and other treated groups. 

4.4.6 Performance Index (%) 

Significantly higher percentage (85.80±2.83) of performance index was recorded in 

group C (P<0.05) followed by group A and lower was recorded in group F and H. 

Non-significant difference was recorded between groups B and E, and groups D and 

G. The results of dressing percentage are given in table 4.18. It was concluded that the 

group which was treated with 1x108cfu Lactobacilli through drinking water showed 

higher performance index. 

4.4.7 Cumulative mortality percentage at the age of 42 days 

Mortality percentage was recorded daily in each group then cumulative percentage 

was calculated. Maximum mortality (6.7 %) was recorded in group B and H followed 

by group F, A and G while no mortality was recorded in group C and D. The results 

of mortality percentage are given in table 4.18. 

Overall, low mortality rate was recorded in treated groups as compared with control 

group. No mortality was recorded in C and D group.  

4.4.8 pH of intestinal contents 

Numerically, highest and lowest pH values were recorded in group H (control) and F 

respectively but statistically, no significant difference (P>0.05) was recorded among 

all experimental groups. It was concluded that Lactobacilli treatment has no effect on 

pH of intestinal contents. The results of pH values are given in table 4.19. 
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Table 4.15:  Mean live weight per bird in each experimental group  

Age 
in 
days 

Mean live weight / bird (gms) in experimental groups 
A B C D E F G H 

1 43.3± 
1.70 

42.2± 
1.76 

41.5± 
1.58 

40.7± 
1.13 

40.3± 
1.34 

44.2± 
1.14 

41.8± 
1.34 

42.3± 
1.13 

7 145.8± 
3.42 

147.3± 
3.75 

145.2± 
3.11 

144.7± 
3.48 

145.3± 
3.14 

143.8± 
2.62 

148.2± 
4.18 

147.8± 
3.17 

14 348.4± 
2.62 

352.5± 
4.38 

359.3± 
4.49 

353.8± 
2.76 

351.9± 
3.12 

349.3± 
5.53 

358.2± 
4.74 

357.7± 
4.54 

21 579.3± 
4.83 

598.5± 
4.47 

563.7± 
6.22 

558.8± 
6.31 

574.6± 
3.42 

564.2± 
6.48 

584.3± 
4.97 

552.5± 
5.22 

28 874.8± 
6.85b 

883.9± 
4.79b 

865.7± 
5.25b 

843.5± 
5.48b 

875.2± 
6.70b 

916.3± 
6.03ab 

893.4± 
6.66b 

847.5± 
7.65b 

35 1289.5±
5.57b 

1265.7±
6.80bc 

1377.3±
13.42a 

1295.7±
6.70b 

1269.1±
6.86bc 

1284.9±
5.63b 

1332.5±
11.86ab 

1257.6±
6.03c 

42 1693.7± 
6.34b 

1635.6± 
11.3bc 

1808.4± 
18.80a 

1673.5± 
7.93b 

1661.9± 
14.41b 

1564.3± 
13.54c 

1686.3± 
8.94b 

1593.8± 
5.42c 

Means having different superscripts are significantly different (P<0.05) 

Table 4.16:  Mean values of feed consumption (gm) per bird (±SE) in each 

experimental group  

Age in 

days 

Feed consumption per bird in experimental groups 

A B C D E F G H 

7 308.52 

±1.24 

310.20 

±1.40 

309.36 

±1.44 

311.80 

±1.41 

309.83 

±1.87 

305.61 

±1.66 

307.91 

±1.29 

306.08  

±3.27 

14 699.77 

±1.58d 

711.75 

±3.50c 

720.84 

±4.76b 

727.73 

±2.25a 

712.50 

±3.99c 

714.36 

±2.24b 

693.61 

±1.67d 

699.58 

±3.74d 

21 1255.83 

±4.03c  

1248.63

±4.99cd 

1270.47

±18.18e 

1306.23

±3.04a 

1263.27

±11.64d 

1236.19 

±3.94e 

1271.11 

±4.62b 

1263.24 

±4.80c 

28 1939.08 

±4.15e 

1958.02

±10.20d 

1907.19

±29.72g 

2027.63

±7.43a 

1973.52

±10.39c 

1922.69 

±12.33f 

1992.02 

±4.86b 

1988.04 

±6.25b 

35 2769.26 

±7.38c 

2745.76

±5.93d 

2704.47

±4.12e 

2846.43

±6.76a 

2804.46

±5.58b 

2730.43 

±3.81d 

2782.66 

±12.69c 

2820.16 

±4.72b 

42 3842.96 

±8.66d 

3793.39

±8.22ef 

3755.80

±5.04g 

3921.49

±7.02b 

3887.00

±5.03c 

3781.82 

±5.09f 

3815.13 

±13.88e 

3947.49 

±7.05a 

Means having different superscripts are significantly different (P<0.05) 
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Table 4.17:   Feed conversion ratio (Mean ±SE) per group  

Age in 

days 

Feed conversion ratio in experimental groups  

A B C D E F G H 

7 2.12 

±0.08 

2.14 

±0.07 

2.10 

±0.06 

2.13 

±0.06 

2.17 

±0.06 

2.10 

±0.04 

2.13 

±0.10 

2.13 

±0.07 

14 1.10 

±0.02ab 

2.02 

±0.04ab 

2.01 

±0.05ab

2.07 

±0.02a 

2.01 

±0.03ab 

2.10 

±0.02a 

1.92 

±0.03b 

1.94 

±0.03b 

21 2.18 

±0.03c 

2.09 

±0.02d 

2.15 

±0.03cd

2.36 

±0.02a 

2.17 

±0.02c 

2.18 

±0.03c 

2.17 

±0.03c 

2.26 

±0.01b 

28 2.21 

±0.01b 

2.22 

±0.02b 

2.20 

±0.01b 

2.38 

±0.02a 

2.26 

±0.02b 

2.10 

±0.02c 

2.23 

±0.02b 

2.34 

±0.03a 

35 2.15 

±0.01abc 

2.17 

±0.03abc 

1.97 

±0.03d 

2.19 

±0.02ab 

2.20 

±0.01ab 

2.12 

±0.01c 

2.21 

±0.01a 

2.14 

±0.03bc 

42 2.26 

±0.01d 

2.32 

±0.02cd 

2.09 

±0.04e 

2.35 

±0.01bc 

2.34 

±0.02bc 

2.40 

±0.03b 

2.27 

±0.02d 

2.47 

±0.01a 

Means having different superscripts are significantly different (P<0.05). 

 
 
Group A, B and C = 2x105, 1x106 and 1x108 CFU/Kg B.W./Drinking water/0-21 days 
respectively; Group D, E and F = 2x105, 1x106 and 1x108 CFU/Kg B.W /Feed/0-21 
days respectively; Group G = Commercial Preparation at recommended dose / 0-42 
days; Group H = Control 
 
Table 4.18:  Mean values of Dressing % per bird, Performance index and 

cumulative mortality % per group (±SE) at the age of 42 days 

 Mean values in experimental groups  

A B C D E F G H 

Dressing % 70.24 

±0.53abc 

72.23 

±0.56a 

72.07 

±1.42a 

68.77 

±0.98abc 

67.57 

±1.49c 

71.80 

±1.26ab 

70.15 

±0.90abc 

67.20 

±1.26c 

Performance 

index 

75.13 

±0.65b 

70.44 

±0.97c 

85.80 

±2.83a 

71.33 

±0.46bc 

70.85 

±1.42c 

65.46 

±1.44d 

74.10 

±0.94bc 

64.56 

±0.56d 

Cumulative 

mortality % 

3.3 6.7 0.0 0.0 3.3 6.6 3.3 6.7 

Means having different superscripts are significantly different (P<0.05) 
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4.4.9 Viable bacterial count (CFU log10/g) in the intestinal contents 

For Lactobacilli, significantly higher (P<0.05) count was recorded in the intestinal 

contents of birds of group C followed by group A and E. Lower count was in group H 

(control). No significant difference was recorded among B, D, F and G groups 

(P<0.05). Significantly higher (P<0.05) coliform count was recorded in the intestinal 

contents of birds of group B and D followed by group A, H, F and G. The lowest 

count (P<0.05) was in group C followed by group E. For viable count of 

Staphylococcus species, although results varied among experimental groups but non 

significant difference (P>0.05) was found. The results are given in table 4.20. 

It was concluded that maximum Lactobacilli count increased and coliform count 

decreased in the group which was treated with 1x108cfu Lactobacilli through drinking 

water. There was no effect of treatment for controlling Staphylococcus species. 
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Table 4.19:  Mean values (± SE) of pH in the intestinal contents of each 

experimental group 

Sample pH in experimental groups 

A B C D E F G H 

1 5.8 6.3 5.9 5.9 5.9 6.3 5.4 5.9 

2 6.2 6.0 6.0 6.3 6.4 6.2 5.7 6.7 

3 6.8 5.6 5.7 6.3 6.2 5.6 6.7 6.8 

4 5.3 6.5 6.5 5.5 6.6 6.0 6.4 6.3 

5 6.0 5.7 6.2 6.0 5.7 5.4 5.8 5.8 

Mean 

(± SE) 

6.02 

±0.24 

6.02 

±0.17 

6.06 

±0.14 

6.00 

±0.15 

6.16 

±0.1 6 

5.90 

±0.17 

6.00 

±0.24 

6.30 

±0.20 

(P>0.05) 

 

Table 4.20:   Mean values (±SE) of bacterial viable count in the intestinal 

contents of each experimental group 

Bacterial 

species 

Values of viable count in experimental groups  

A B C D E F G H 

Lactobacilli 5.43 

±0.33b 

6.16 

±0.52ab 

7.06 

±0.58a 

6.05 

±0.57ab 

5.07 

±0.58b 

6.01 

±0.37ab 

6.25 

±0.50ab 

3.50 

±0.44c 

Coliform 4.72 

±0.25ab 

4.89 

±0.35a 

3.28 

±0.21d 

4.96 

±0.25a 

3.42 

±0.34cd 

4.27 

±0.39a-d 

3.77 

±0.25bcd 

4.38 

±0.39abc 

Staph. 

species 

3.55 

±0.38 

4.27 

±0.48 

4.00 

±0.46 

4.11 

±0.27 

4.57 

±0.29 

4.59 

±0.32 

3.98 

±0.56 

3.90 

±0.32 

Means having different superscripts are significantly different (P<0.05) 

Viable count = CFU log10/g 
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4.5 Evaluation under field conditions 

After evaluation under experimental conditions, it was observed that Lactobacilli 

showed better results when these were administered at dose rate of 1x108 CFU/Kg 

body weight through drinking water. This combination of Lactobacilli was also 

evaluated for same parameters under field conditions. 

4.5.1 Measurement of humoral immune response 

4.5.1.1 Post-vaccinal haemagglutination inhibition (HI) and indirect 

haemagglutination (IHA) antibody titres against Newcastle disease (ND) and 

infectious bursal disease (IBD) vaccine 

Haemagglutination inhibition antibody titres against ND were measured at weekly 

interval. At zero day post -vaccination, no significant difference (P>0.05) was 

recorded between two groups. Significant difference (P<0.05) was noted at 7 days 

post –vaccination and higher GMT values were attained by G-I, which was given 

Lactobacilli at dose rate 1x108 CFU/ Drinking water After one week interval ( at 14 

days post –vaccination), there was a rapid increase in the titres of G-I as compared 

with control (G-J) group. Again significant difference (P<0.05) was recorded between 

two groups. Same pattern of results was recorded at 21 days post –vaccination.Then 

titres decreased to 111.4 and 68.6 in treated (G-І) and control (G-J) groups 

respectively after a week. No significant difference (P>0.05) was recorded between 

two groups. At 35 days post -vaccination, no significant difference (P>0.05) was 

recorded between two groups. 

Indirect haemagglutination antibody titres against IBD vaccine were also measured at 

weekly interval. At zero day post -vaccination, no significant difference (P>0.05) was 

recorded between two groups. Antibody titres increase slightly in both groups at 7 

days post–vaccination but no significant difference (P>0.05) was recorded. At 14 days 

post -vaccination, GMT were 147.0 and 24.2 in treated (G-І) and control (G-J) groups 

respectively. This is abrupt and significant (P<0.05) increase in titres particularly for 

group-I. Again at 21 days post -vaccination, a significant difference was noted in 

titres between two groups. A very high GMT was attained by treated (G-І) as 

compared with control (G-J). At 28 days post -vaccination, though titres decreased 

slightly but varied non-significantly (P>0.05). There was very sharp decline in titres at 

35 days post –vaccination and difference reached to non-significant level. In treated 

group (G-І), GMT was 19.7 and 13.0 in control (G-J) group (Table 4.21-4.22). 
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It was concluded that HI antibody titres were higher in treated group (G-I) than 

control (G-J) for 1st, 2nd and 3rd post-vaccinal week. Similarly, IHA titres were also 

high in treated group for 2nd and 3rd post-vaccinal week. The field results for post-

vaccinal antibody titres resemble the results under controlled conditions.



 
Table 4.21:  Post- vaccinal Geometric Mean antibody Titres against Newcastle 

Disease vaccine in field trial 
Post-vaccination days  Values of GMTs in Field groups 

G- І (treated) G- J (control) 

Zero day 5.7 4.0 

7 32.0a 9.2b 

14 222.7a 36.7b 

21 157.5a 48.5b 

28 111.4 68.6 

35 13.0 10.5 

 
 
 
Table 4.22:   Post- vaccinal Geometric Mean antibody Titres against Infectious 

Bursal Disease vaccine in field trial 
Post-vaccination days  Values of GMTs in Field groups 

G- І (treated) G- J (control) 

Zero day 8.0 5.3 

7 17.1 15.4 

14 147.0a 24.2b 

21 239.0a 55.7b 

28 222.7 103.9 

35 19.7 13.0 
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4.5.2 Live body weight (gram) per bird in each group 

The mean values for live body weight per bird are given in table 4.23. At the age of day-

14, higher body weight (240.30±1.7) was noted in treated group than in control 

(239.96±1.5) group but the difference was non-significant (P>0.05). Significantly higher 

(P<0.05) body weight was recorded in treated group than in control group at the age of 

day-28. Similar results were noted in 5th week. Significantly high (P<0.05) body weight 

was recorded in treated group.  

4.5.3 Feed consumption (gm) per bird in each group 

The mean values of feed consumption per week are given in table 4.24. During first 2 

weeks, no significant difference (P>0.05) was recorded between two groups. 

Significantly less (P<0.05) feed was consumed by the birds of treated group during 6 

weeks.  

4.5.4 Feed conversion ratio (FCR) at the end of each week in each group 

Mean values of feed conversion ratio in each group are given in table 4.25. No significant 

difference (P>0.05) was recorded between two groups in 1st, 2nd and 5th week. 

Significantly less (P<0.05) feed was consumed by the birds of treated group during 3rd, 

4th and 6th week.  

4.5.5 Performance Index (%) 

Performance index was calculated separately for both treated and control groups. Mean 

values of performance index (%) at the age of 42 days were 76.91±0.61 and 67.46±0.76 

in G-I (treated) and G-J (control) group, respectively. Significant difference (P<0.05) was 

recorded between two groups. Group which was treated with isolated Lactobacilli 

showed better performance index than control group.  

4.5.6 Carcass weight and dressing percentage 

Mean values of carcass weight at the age of 42 days were 1046.5±7.2 and 1000.5±12.0   

gram in G-I (treated) and G-J (control) group respectively. Significantly higher (P<0.05) 

dressing weight was recorded in treated group. Mean values of dressing percentage were 

61.98±0.49 and 62.12±0.69 in G-I (treated) and G-J (control) group respectively. No 

significant difference (P>0.05) was recorded between two groups.  
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4.5.7 Mortality percentage 

Mortality was recorded weekly in each group then mortality percentage was calculated.  

Numerically, high mortality percentage (11.0±0.27) was observed in control group than 

in treated group (8.7±0.29) but significantly no difference (P>0.05) was found between 

two groups. Results are given in table 4.26. 

4.5.8 Viable bacterial count (CFU10/gm) in intestinal contents 

Lactobacilli count were significantly higher (P<0.05) in treated group than in control. 

Mean values of viable counts (CFU log10/gram) in the intestinal contents for Lactobacilli, 

coliform and Staphylococcus species are given in 4.27. 

4.5.9 pH values of intestinal contents 

Mean values of pH of intestinal contents were 6.01±0.17 and 6.19±0.18 in G-I (treated) 

and G-J (control) group respectively. No significant difference (P>0.05) was recorded 

between two groups. The results are given in table 4.28. 
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Table 4.23:  Mean live body weight (±SE) in grams /bird in each field group 

Age (in days) Live weight in each group 

G- І (treated) G- J (control) 

Day-1 40.50±0.57 40.74±0.19 

Day-7 130.12±4.1 121.56±0.94 

Day-14 240.30±1.7 239.96±1.5 

Day-21 493.72±3.8 490.98±4.2 

Day-28 1024.8±15.0a 929.6±10b 

Day-35 1269.9±8.0a 1219.8±9.9b 

Day-42 1688.7±7.5a 1610.4±4.6b 

Means having different superscript are significantly different (P <0.05) 

 

 

 

Table 4.24: Mean feed consumption (±SE) in grams / bird in each field group 

Weeks Feed consumption in each group 

G-I (Treated) G-J (Control) 

1st 302.52±2.4 306.66±2.4 

2nd 687.4±8.2 694.8±7.3 

3rd 1218.4±14.0b 1273.9±8.2a 

4th 1879.8±20.0b 1946.5±20.0a 

5th 2724.8±31.0 2798.1±11.0 

6th 3710.0±7.7b 3846.6±28.0a 

Means having different superscripts are significantly different (P<0.05) 
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Table 4.25: Mean values of feed conversion ratio (±SE) per group per week in each 

field group 

Week Mean values of FCR in each group 

G-I (Treated) G-J (control) 

1st 2.86±0.02 2.90±0.04 

2nd 2.34±0.07 2.53±0.04 

3rd 2.47±0.02b 2.59±0.03a 

4th 1.84±0.02b 2.10±0.04a 

5th 2.15±0.03b 2.29±0.02a 

6th 2.20±0.01b 2.39±0.02a 

Means having different superscripts are significantly different (P<0.05) 

 

 

 

Table 4.26: Mortality percentage (Mean ±SE) in each field group 

Weeks Groups 

G-I (treated) G-J (control) 

1 2.8 2.5 

2 1.5 2.7 

3 0.8 1.3 

4 1.4 1.0 

5 1.3 1.6 

6 0.9 1.9 

Total mortality % 8.7±0.29 11.0±0.27 

(P>0.05) 
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Table 4.27:   Mean values of viable bacterial count (±SE) in intestinal contents of 

each field group 

Bacterial Species Mean values of bacterial count in field groups 

G-I (treated) G-J (control) 

Lactobacilli  5.86±0.33a 4.22±0.32b 

Coliform 4.21±0.20 4.26±0.24 

Staphylococcus spp. 4.20±0.25 3.54±0.22 

(Viable count =CFU log 10 / g) 

 

 

 

Table 4.28: Mean values (±SE) of pH of intestinal contents in each field group 

Sample Groups 

G-I treated) G-J control) 

1 6.3 6.2 

2 6.2 6.7 

3 5.8 5.8 

4 6.0 6.8 

5 6.6 5.4 

6 5.3 6.8 

7 5.0 6.3 

8 6.7 6.0 

9 5.8 5.3 

10 6.4 6.6 

Mean (±SE) 6.01±0.17 6.19±0.18 

(P>0.05) 
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Chapter 5        DISCUSSION 

 

Lactic acid bacteria (LAB), especially Lactobacillus populace normally in the intestinal 

tract of humans and animals and also found in milk and milk products (Mitsuoka, 1992; 

Schlegal, 1997). Lactobacilli have probiotic effect in humans and animals. 

In present study, seven Lactobacillus species were isolated from intestinal contents of 

healthy broiler chicken and conventional fermented milk product, yogurt (Dahi). Some 

important characteristics of these Lactobacilli were studied before evaluating as 

probiotics in broiler chicken.  

5.1 Isolation and identification of Lactobacilli from intestinal contents of healthy 

chicken and conventional yogurt samples 

In this study, total 40 samples, 20 intestinal contents and 20 yogurt, were cultivated on 

MRS agar for the isolation of Lactobacillus species. From 20 intestinal contents samples, 

09 pure colonies were obtained and out of these, 04 species of Lactobacillus were 

isolated and identified. Out of these, 3 were isolated from crop region and 1 from ileum. 

These results confirm the predominance of Lactobacillus in the intestinal microflora, 

particularly crop, of chicken. This is also reported by many other authors (Fuller, 1984; 

Gong et al., 2002; Lu et al., 2003). Similarly, from 20 yogurt samples, 06 pure colonies 

were obtained and out of these colonies, 03 Lactobacillus species were isolated. It shows 

that Lactobacilli have also dominance in fermented milk products as compared to other 

lactic acid bacteria (Nighswonger et al., 1996; Holzapfel et.al., 1998; Oliveira et al., 

2001). Microflora of digestive tract of poultry is comprised of a complex microbial 

population including facultative anaerobes and obligate anaerobes residing mainly in crop 

and caeca of chicken. Thus the digestive flora includes bacteria, fungi and protozoans in 

which bacterial population dominate the other. Bacterial population plays a vital role in 

metabolic activities of digestive tract. 

The flora of digestive tract of birds was studied extensively and it was found different 

form the flora of mammals (Smith, 1965, Perez de Rozas et al., 2004). Bacterial 

population begins to colonize from the first day of life and it spreads throughout 

gastrointestinal tract and typical microbiota is settled as soon as feed is given. Among 

important bacteria of microbiota, lactic acid bacteria occupy a dominant place and 
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contribute a lot in balancing ecology of gastrointestinal tract (Apajalahti et al., 2004). 

Among lactic acid bacteria, Lactobacilli has dominance in the anterior part of gut i.e. 

crop, duodenum and jejunum. Most of the studies reveal that Lactobacilli are mostly 

inhabited in crop region (Sarra et al., 1992). Lactobacilli efficiently colonize the stratified 

squamous epithelium lining of the crop, which functions as a food storage pouch. In the 

crop, carbohydrate digestion begins with moistening and microbial fermentation 

(Hammes and Vogel, 1995). In crop of chicken, acids are produced by Lactobacilli 

through fermentation process that decrease the pH of crop and in turn this improves the 

absorption of feed nutrients (Boling et al., 2001; Sarra et al., 1992). However, 

bacteriostatic property of Lactobacilli in crop is due to low pH, but the bactericidal 

activity could not be accounted for by the pH alone (Fuller, 1973). 

  In chicken, mainly bacterial population constitutes crop and caeca and, to a lesser 

extent, the small intestine. From crop to terminal ileum, Gram positive, particularly 

facultative anaerobes are dominant while caeca is mainly composed of strict anaerobes. 

The crop is largely consisted of Lactobacilli, enterococci and yeast (Fuller, 1984; Gong et 

al., 2002). This flora is predisposed by sex and strain of animal and also by rearing 

environment (Zhu et al., 2002). Many Lactobacillus strains, isolated from various 

sources, are being used as probiotic agents and it is unlikely that each species/strain 

possesses all of the characters that will make it a suitable probiotic. The exposure of 

organisms to stressful conditions, usually encountered in the gastrointestinal tract as well 

as antimicrobial substances may affect their probiotic properties. (Salminen et al., 1998). 

Similarly, a single probiotic strain may not be likewise useful in all animals (Simmering 

and Blaut, 2001). 

5.2 Screening of isolated Lactobacilli for probiotic properties 

Bacteria must tolerate bile salts concentration for their metabolic activity as well as to 

colonize in the gastrointestinal tract (Havenaar et al., 1992). Therefore, it is necessary to 

evaluate the resistance ability of bacteria to bile acids before using them as probiotics 

(Lee and Salminen, 1995). In our study, Lactobacillus species which were isolated from 

intestinal contents of chicken were found more tolerant to high concentration (1.0%) of 

bile salt (Oxgall; a product derived from bovine bile) as compared to Lactobacillus 

species which were isolated from fermented milk (yogurt). Lactobacillus paracasei, 
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isolated from yogurt, showed minimum resistance at 1.0% concentration of bile salt and 

viable count decreased to 3.78±0.04. The results of resistance against bile salt are 

supported by the findings of Gilliland (1979) who reported that Lactobacilli which were 

isolated from animal intestines showed high tolerance to biliary salts than species isolated 

from milk products. Similar results were found in another study conducted by Patel et al. 

(2004). In this study, Lactobacillus reutrei was isolated from human intestines and found 

highly resistant to 2.0% bile salt. The normal level of bile salt in intestines is nearly 0.3% 

whereas 1.0% concentration of bile salt was used in our studies. The resistance ability is 

variable among Lactobacillus species as well as among different strains (Xanthopoulos, 

1997) because resistance to bile salt is due to the presence of bile salt hydrolase (BSH), 

an enzyme that reduces toxic effects by conjugating bile (Du Toit et al., 1998). The 

absence of activity of BSH exposes bacterial species to be sensitive to bile salts that has 

been reported to affect glycolipids and phospholipids of bacterial cell membranes. So cell 

membrane permeability will be modified by bile salts (Taranto et al., 2003). BSH activity 

is mostly found in the species of Lactobacillus which are isolated from faeces or 

intestines of animals (Bateup et al., 1995; Tanaka et al., 1999). This is in accordance with 

our results as Lactobacillus paracasei, isolated from yogurt, showed low resistance to 

bile salts. This may be attributed to the absence of BSH enzyme and loss of viable cells 

due to change in permeability of cell membranes. 

As acidic conditions are prevailing in the individual segments of gastrointestinal tract of 

chicken due to the production of hydrochloric acid and enzymes like pepsin (Pepsin, 

pH=3.0). In crop region, pH ranges from 4.47 to 4.54, 4.33 to 4.51 in proventriculus, 2.46 

to 2.79 in gizzard, 5.68 to 6.07 in duodenum, 5.72 to 6.00 in jejunum, 6.18 to 6.50 in 

ileum, 5.60 to 5.83 in caeca and 6.08 to 6.58 in the colon (Gabriel, 2006).  So bacterial 

species must be acid tolerant and pass through gastric transit to be used as probiotics. 

Tolerance to acidic environment of isolated Lactobacillus species was determined after 

culturing in acidic medium and in stimulated gastric juice. All the species showed 

different but acceptable survival at acidic pH but Lactobacillus delbrucekii, viable count 

of which reached 0.81±0.81 (Log10) and 0.00±00 (Log10) at pH 4.0 and 2.0 respectively, 

could not survive. An increase in the viable count of remaining four species was observed 

at pH 4.0 while a slight decrease was observed at 2.0 pH. In gastric transit, Lactobacillus 
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paracasei could not survive after 90 minutes of incubation while other remaining species 

showed relatively good survivability. It is evident that pH below 3.0 is prevailing only in 

gizzard and it is reported that feed leaves the gizzard after a few minutes (Mack and 

Donald, 1990) so bacteria are exposed to very low pH of gizzard only for few minutes. 

Our results showed that isolated bacterial species can survive in acidic pH even after 2 

hours. Thus acid and gastric juice tolerant strains have advantage to survive in the 

gastrointestinal tract. Enteric Lactobacilli are able to tolerate pH 2.0 for several minutes 

while viable count will be affected at slightly high acidic pH and at pH 1.0, all the 

Lactobacillus species are destroyed. Moreover, it is noted that survival of Lactobacilli 

can be improved by addition of milk which has protective action (Charteris et al., 1998). 

The antimicrobial activity against entero-pathogens is another important character of 

probiotic bacteria (Tsai et al., 2005).  All isolated species were also tested for 

antimicrobial activity against enteric pathogens. Antimicrobial activity was measured on 

the basis of zone of inhibition. Maximum activity (11.0 ± 1.0 zone of inhibition) was 

shown by L. paracasei ssp paracasei 1 against Staphylococcus aureus while minimum 

activity (0.00± 0.0 zone of inhibition) was shown by L. delbrucekii ssp bulgaricus against 

E.coli. This activity may be due production of antimicrobial compounds which are 

produced in culture broth. Juven et al. (1991) have reported that the antagonistic activity 

of lactic acid bacteria is due to the production of antibacterial substances. All these 

substances are able to prevent the growth of enteric pathogens. Lactic acid bacteria are 

also able to produce lactic acid bacteriocines and reduce pH which inhibits pathogenic 

bacteria in the intestinal tract (Fuller, 1989; Gibson and Fuller, 2000; Rolfe, 2000). These 

bacteria also produce peptides which have inhibitory properties against other pathogens 

(Strus et al., 2001). Many investigations have shown antagonistic activities of lactic acid 

bacteria. Fermented milk has been used for the treatment of H. pylori infections because 

Lactobacilli are present in fermented milk having antibacterial activity against H. pylori 

(Schiffrin and Blum, 2001). 

One of the most important characteristics of probiotics is their resistance against 

antibiotics particularly when these are used after antibiotic treatment. As far as antibiotic 

susceptibility of isolated Lactobacilli is concerned, results indicated that almost all the 

species were found resistant to commonly used antibiotics except Lactobacillus 
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delbrucekii ssp bulgaricus which showed susceptibility to amoxycillin  and streptomycin. 

So these resistant strains can be used following antibiotic therapy. These results are 

supported by many reports indicating that lactic acid bacteria are resistant to commonly 

used principal antibiotics (Halami et al., 2000 and Coppola et al., 2005). Nemcova et al. 

(1997) isolated 13 strains of Lactobacilli from suckling piglets and conducted their 

antibiotic susceptibility test and found they were susceptible to many common feed 

additive antibiotics. It is unreasonable to use susceptible probiotics in combination with 

antibiotics but resistant probiotics can be used with antibiotics in case of bacterial 

infections (Marounec and Rada, 1995). The resistance of bacteria depends upon their 

genus, species, strain and logarithmic growth phase. Antibiotic therapy may cause 

changes in the composition of intestinal microflora and as result there is disturbance in 

intestinal homeostasis. Lactobacilli species are regarded as effective in preventing such 

kinds of complications (McFarland and Elmer, 1997). However, one of the important 

feature of resistant probiotic bacteria is that they should not have the genes which can be 

transferred to other bacterial population (Zhou et al., 2005). 

To get maximum beneficial effects of probiotic bacteria, it is essential that bacteria must 

be alive and abundant at the time of administration to the host. Therefore, storage of 

bacterial cultures is another important factor for probiotic preparations. Survival of 

isolated Lactobacilli was determined at -20oC with glycerol, 4oC and at room temperature 

for 6 weeks. The results obtained during storage of viable cultures revealed that all 

Lactobacilli had good viability at -20oC as well as at refrigerator temperature but storing 

cultures at room temperature looses viability of cells.  Non -significant viable count 

declines of all isolated Lactobacilli species were observed after 6 weeks of storage at 

20oC. Little but non-significant decline was noted during storage at 4oC but significant 

decline was observed at room temperature storage. Maximum decline (2.56 Log10) was 

recorded in viable count of Lactobacillus paracasei ssp paracasei 1, isolate from yogurt 

sample, during storage at room temperature after 6 weeks storage. As freezing method 

was found to be most effective, therefore, it may be used for the preservation of probiotic 

bacterial cultures for longer period of time but their farm level use requires freeze drying. 

This high viability during storage under freezing conditions can be exploited to use these 

Lactobacilli as probiotics in broiler chicken under experimental conditions. The results 
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agree the reports of Pascual et al. (1999) that LAB can be preserved by freezing for long 

period of time. 

Isolated Lactobacilli were also screened in-vivo to determine the effect on humoral 

immune response. Lactobacilli administered group showed better antibody response to 

SRBCs than control group. The exact mechanism by which immune response is enhanced 

is not clear, how ever, it is possible that Lactobacilli stimulate the immune cells which 

secrete cytokines and probiotic bacteria are able to stimulate the expression of these 

cytokines (Christensen et al., 2002; Huang et al., 2004). It has been also reported that 

immuno-stimulatory activities of probiotic bacteria are mainly dependent on genetic 

background of chicken (Koenen et al., 2004). 

5.3 Evaluation of isolated Lactobacilli under experimental and field conditions 

Lactobacillus acidophilus, Lactobacillus rhamnosus and Lactobacillus salivarius fulfilled 

the criteria of screening for probiotic properties and these were exploited as probiotics in 

broiler chicken. These were evaluated for enhancement of post-vaccinal antibody titres, 

effect on general performance i.e. live body weight, carcass weight, feed intake, FCR,  

mortality rate, faecal pH and faecal bacterial count was also determined. 

5.3.1 Post-vaccinal antibody titres 

Post-vaccinal antibody titres were determined to evaluate the effect of isolated 

Lactobacilli on immune response of the birds. All the groups were vaccinated according 

to vaccination schedule and serum antibody titres were measured against Newcastle and 

Infectious bursal disease vaccine. Lactobacilli treated groups showed better results than 

control but this effect was seen only for short period of time. Along with, we can not 

neglect the role of Lactobacilli in the development of natural antibodies in the intestines 

of chicken and for this, further studies are required. Immuno-modulating properties of 

bacteria depend upon the species of organism due to variation in their cell wall 

composition (Maassen et al., 1998; Herich and Levkut, 2002). Zulkifli et al. (2000) and 

Dalloul et al. (2003) have also reported the immuno-modulatory effect of Lactobacilli in 

chicken. Immunomodulation by lactic acid bacteria is very important. Lactic acid bacteria 

also activate the innate immune defence effector functions and support specific response 

against infectious agents by upregulation of IgA. There are many reports that various 

strains of Lactobacilli are known to activate macrophages under in vitro and in vivo 
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conditions (Lehman et al., 1988). In general, feeding probiotics could improve antibody 

titres against Newcastle disease; infectious bursal disease virus and/or sheep red blood 

cell (Huang et al. 2004). But the results indicated that these effects of probiotics could be 

affected by the age and strain of broilers (Zulkifli et al. 2000).  

5.3.2 General performance 

The results indicated that there was no significant difference among all experimental 

groups till 21 days of age. At the age of 28 days, the group which was given highest dose 

through feed showed better performance and gained highest body weight. But at the age 

of 35 and 42 days, trend of gain in body weight was changed. The group C, which was 

administered more CFU through drinking water, showed more gain in live body weight 

and control group gained minimum live body weight. Our results are supported by the 

findings of Dilworth and Day (1978) who described that Broiler diets supplemented with 

Lactobacillus cultures result in the significant improvement of growth and feed efficacy. 

Some studies conducted previously have also shown that probiotic bacteria have no 

significant effect on growth performance of broiler chicks (Kahraman et al., 1996) or 

negative effect causing reduced growth rate (Furuse and Okumura, 1994). Hossain (2004) 

observed no significant effect of probiotic feeding on live body weight in broiler chicken. 

Similar findings were recorded by Kwon et al. (2002) that probiotics have no significant 

role for increasing live body weight in broiler chicken. This variation may be due to 

environmental conditions, host response, difference of administration or any other 

concurrent infectious disease. 

The exact mechanism by which probiotics affect gain in body weight is not yet clear. 

However, it is assumed that it may be attributed towards improvement in feed utilization 

ability (Crawford, 1979), protein efficiency ratio (Mohan et al., 1996), fermentation of 

non-digestible carbohydrates (Mead, 1989), digestive and enzymatic activity (Jin et al., 

1998) and production of some amino acids and vitamins by probiotic bacteria in the gut. 

It has been reported that poultry growth is improved with the increasing doses of 

probiotic (Ahmad, 2006). The results of present study agree with these findings. It is also 

reported that probiotic bacteria affect the physiological functions of gastrointestinal tract 

like digestion, absorption and propulsion (Fioramonti, 2003). Mode of administration is 

another factor which affects the efficacy of probiotic preparations. Our results are in 
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contrast with the findings of Guillot (1993) who reported that administration of 

Lactobacilli through drinking water does not show any change in results rather feeding of 

Lactobacilli through pelleted feed give better results. The results of our study are also in 

contrast with the findings of Watkins and Kratzer (1984) who reported that 

administration of probiotics through drinking water results low gain in body weight as 

compared with the administration via feed.  

Feed intake was recorded on daily basis, and then cumulative intake was calculated 

weekly. Till the age of 21 days, a great variation was recorded among all experimental 

groups but after that low feed intake was recorded consistently by the birds of group C 

which was administered Lactobacilli at higher dose rate through drinking water. 

Maximum feed intake was recorded in control group which was kept without 

administration of Lactobacilli. It is astonishing to record that the birds of group taking 

less feed gained more body weight. This may be due to improved digestibility and better 

enzymatic activity. These results are not supported by the findings of Yeo and Kim 

(1997). They showed that administration of different Lactobacilli has no effect on feed 

intake and feed conversion ratio in broiler chicken. This reduction in feed intake may be 

due to decrease in dietary protein level (Razaei et al., 2004) because bacteria reduce the 

amount of protein in digesta as endogenous proteins and food proteins are utilized by 

bacteria in the gut (Gabriel et al., 2006). Fangyan et al. (2000) also reported that decrease 

in feed intake may be due to reduction in the level of dietary proteins. 

Feed conversion ratio (FCR) was calculated of each experimental group at the end of 

each week. No significant difference was found in first week. Till 4th week of age, a great 

variation was observed among different groups. Maximum FCR was recorded in group 

D, which was administered low number (2x105 CFU) of Lactobacilli through feed. All 

other treated groups, including group in which commercial preparation was used, as well 

as control group showed almost similar results. After 4th week, trend of FCR changed. In 

6th week, maximum FCR (2.47±0.01) was recorded in control group and minimum 

(2.09±0.04) in group C which was administered highest number (109 CFU) of 

Lactobacilli mixture through drinking water. Similar results have been reported by 

Hamid et al. (1994) that probiotic supplementation improves feed conversion ratio.  
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Maximum dressing percentage was recorded in the group having maximum live weight 

and minimum percentage was in control group. It is evident that the group attaining 

higher live body weight also showed higher dressing percentage. Similarly, high 

percentage of performance index was noted in group C which was administered highest 

number (109 CFU) of Lactobacilli mixture through drinking water because this group 

attained higher live body weight and lower FCR than other treated and control group. 

Similar results have been demonstrated by Mahajan et al. (1999). It has been reported 

that probiotics depress serum cholesterol level in broilers (Mohan et al., 1996; 

Grunewald, 1982). The high dressing weight may be attributed to low fat contents as low 

fat pad was observed in Lactobacilli fed groups.  

There are many other factors which may affect the efficacy of probiotics and, in turn, 

performance of broiler chickens is affected. These factors include timing of 

administration of probiotics, way of administration as well as viable number of bacteria 

present at the time of administration. During early life, chicken are more susceptible to 

organisms as colonization patterns are not so stable in early life and thus they find 

favorable environment for themselves by initial colonization. This initial colonization 

also affects the modulation of gene expression in epithelial cells. These initial bacteria 

will permanently live in the intestines and responsible for the induction of colonization 

pattern. Thus these primary colonizers will determine the composition of permanent 

microflora in the intestines (Ducluzeau, 1993; Hooper et al., 2001). Number of viable 

bacteria will greatly affect the quantity of products like amino acids, vitamins and other 

substances. If the concentration of microorganisms is outstanding then it will have better 

activity. 

Highest mortality rate was in control group. In treated groups, mortality was recorded in 

early weeks of life and mortality rate was dropped in later weeks but in control group, 

mortality was recorded in 5th week also. Postmortem report indicated that most of the dead 

birds in treated groups were infected with infectious bursal disease and in control group, E. 

coli infection was dominant.  This decreased mortality rate may be attributed to 

antagonistic activities of probiotic bacteria against pathogens or due to competitive 

exclusion mechanism by which pathogens are inhibited to colonize the gastrointestinal tract 

(Nurmi and Rantala, 1973). Lactobacillus species may directly inhibit the attachment of 
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Salmonella, E. coli and other such pathogenic bacteria (Mead, 1989). It was astonishing 

that no significant difference was recorded in pH values of intestinal contents despite the 

production of lactic acid. However, Jin et al. (1998) has reported that a decrease in pH 

values was observed in the caecum after the administration of Lactobacilli. 

5.3.3 Viable bacterial count (CFU log10/g) in intestinal contents 

Probiotics can improve the intestinal microflora balance and inhibit pathogenic bacteria 

in the intestinal tract (Fuller, 1989; Gibson and Fuller, 2000). Significantly high 

Lactobacilli and low coliform count was recorded in the intestinal contents after 42 days 

of age in treated groups particularly in the group which was given high dose through 

drinking water. While non- significant difference was recorded among all experimental 

groups for Staphylococcus spp. count. Similar study was conducted by Jin et al. (1998) in 

which coliform count was decreased after the administration of Lactobacilli to broilers 

whereas no effect was observed on Lactobacilli count. Our results are also supported by 

Watkins et al. (1982) who observed reduction in E. coli count in the gastrointestinal 

contents of chicken after the administration of L. acidophilus. This decrease may be 

attributed to many factors. This can be explained due to the production of antimicrobial 

agents, fatty acids and stimulation of immune response of the host by Lactobacilli 

(Nemcova, 1997). Jin et al. (1998) has reported that fatty acids concentration increases in 

the gastrointestinal contents after the administration of Lactobacilli in broiler diets but no 

effect was observed in the concentration of non-volatile fatty acids. Other factor of 

reduction of coliform bacteria may be production of lactic acid by Lactobacilli species. 

Significant increase of lactic acid concentration in the intestinal contents was reported by 

Vahjen et al. (2002).  

As far as could be ascertained from the available literature, this is the first effort done in 

Pakistan to develop probiotics from local isolates. This experimental study needs further 

isolation of more species, taxonomic identification and species/strain characterization of 

isolated species through molecular methods. Then after extensive field trials, these local 

strains may be used commercially as probiotics in broiler chicken rather the imported 

ones.    
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Chapter 5         SUMMARY 

________________________________________________________________________ 

The present study was conducted to isolate indigenous Lactobacillus species from 

intestinal contents of healthy chicken and determine their probiotic properties and to 

evaluate these Lactobacilli as probiotics in broiler chicken. For this purpose, Lactobacilli 

were isolated from crop and ileum of healthy broiler chicken and some Lactobacilli were 

isolated from conventional yogurt (Dahi). Isolated Lactobacilli were presumptively 

identified by conventional methods and further identified through standard API-50 CHL 

system (Biomerieux, France). These isolated Lactobacilli were screened for probiotic 

properties. On the basis of screening, Lactobacillus acidophilus 3, Lactobacillus 

rhamnosus and Lactobacillus salivarius were selected for evaluation under controlled 

experimental conditions. These Lactobacillus species were formulated in liquid 

fermentation medium and finished product was named as chicken specific Lactobacilli 

(CSL). On the whole, the group, which was administered CSL @ 1x108/kg body weight 

CFU through drinking water for 0-21 days, although for shorter period; showed 

significantly better results by attaining higher post- vaccinal antibody titres against ND 

and IBD vaccines. This group also showed significantly higher live body weight, lower 

feed intake, decreased feed conversion ratio, higher dressing percentage and performance 

index and lower mortality percentage. This treatment also showed higher faecal count for 

Lactobacilli and lower faecal count for coliform than that of other treated and control 

groups. This treatment was also evaluated under field conditions for same parameters and 

similar results were obtained. It was concluded that these locally isolated Lactobacillus 

species had better effect as probiotics in broiler chicken. These are as good as imported 

ones. It is recommended that these locally isolated Lactobacilli may be used as probiotics 

after species/strain identification through molecular methods and extensive field trials.  
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APPENDICES 

 

Appendix-1 

Composition of MRS agar 

Peptone         10.0 g 

Meat extract         8.0 g 

Yeast extract         4.0 g 

Glucose         20.0 g 

Dipotassium hydrogen phosphate      2.0 g 

Tween 80         1.0 g 

 Di-ammonium hydrogen citrate      2.0 g 

Sodium acetate        5.0 g 

Magnesium sulfate        0.2 g 

 Manganese sulfate        0.04 g 

Agar-agar         14.0 g 

Distill water        1.0 litre 

Final pH: 6.5 ± 0.2 at 25°C 

 

Appendix –2 

Composition of Liquid fermentation medium 

Soy protein hydrolysate      40 gm 

Yeast extract        32 gm 

Dextrose        40 gm 

Potassium chloride, Magnesium sulphate, Manganese sulphate  16 gm 

Water          8 litre 

NB: These ingredients were dissolved in 3 litre of hot tap water and then 5 litre of cold 

tap water was added 
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Appendix -3 

 Composition and preparation of McFarland Turbidity Standard 

Solution A (0.048 M BaCl2) 

1.75 g BaCl2. 2 H2O 

Final volume was made up to 100 ml with distilled water 

Solution B (0.36 N H2SO4)  

1.0 ml H2SO4 

Final volume was made up to 100 ml with distilled water 

Stock solution: 

0.5 ml solution A 

99.5 ml solution B  

(Store in cool and dark place. Shake vigorously before use) 

 

Appendix-4 

Calculation of geometric mean titre (GMT) 

1. Take log (Log 2) of each arithmetic value separately. 

2.  Take summation of log values. 

3. Take mean log. 

4. Take antilog of mean log value. 

GMT = Anti Σ log/n 
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Appendix-5 

  API-50 CHL results of carbohydrate fermentation by microorganisms isolated from 

intestinal contents 

Sugars Isolated microorganisms 

C1 C2 C3 C4 

Glycerol + - - - 

Erythritol - - - - 

D-Arabinose - - - - 

L- Arabinose - - - + 

D- Ribose + - - - 

D- Xylose - - - - 

L- Xylose - - - - 

D- Adonitol - - - - 

Methyl-ßD-Xylopyranoside - - - - 

D- Galactose + + + + 

D- Glucose + + + + 

D- Fructose + + + + 

D- Mannose + + + + 

L- Sorbose + - - - 

L- Rhamnose + - + - 

Dulcitol - - - - 

Inositol - - - - 

D-Mannitol + - + + 

D- Sorbitol + - + - 

Methyl-αD-Mannopyranoside - - - - 

Methyl-αD-Gluccopyranoside + - - - 

N-Acetylglucosamine + + + + 

Amygdaline + - - + 
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Arbutine + - - + 

Esculine + + - + 

Salicine + + - + 

D- Cellobiose + + - + 

D- Maltose + + + + 

D- Lactose + + + + 

D- Melibiose - - + - 

D- Saccharose - + + + 

D- Trehalose + + + + 

Inuline - - - - 

D- Melezitose + - - - 

D- Raffinose - - + + 

Amidone - - - + 

Glycogene - - - - 

Xylitol - - - - 

Gentiobiose + - - + 

D- Turanose + - - - 

D- Lyxose - - - - 

D- Tagatose + - - + 

D- Fucose - - - - 

L- Fucose - - - - 

D- Arabitol - - - - 

L- Arabitol - - - - 

Postassium Gluconate + - - - 

Potass. 2-Cetogluconate - - - - 

Potass.-Cetogluconate - - - - 

- sign  = Negative reaction 

+ sign = Positive reaction 
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Appendix-6 

API-50 CHL results of carbohydrate fermentation by microorganisms isolated from 

yogurt samples 

Sugars Isolated Microorganisms 

Y1 Y2 Y3 

Glycerol - - + 

Erythritol - - - 

D-Arabinose - - - 

L- Arabinose - - - 

D- Ribose - - + 

D- Xylose - - - 

L- Xylose - - - 

D- Adonitol - - + 

Methyl-ßD-Xylopyranoside - - - 

D- Galactose - - + 

D- Glucose + + + 

D- Fructose + + + 

D- Mannose + - + 

L- Sorbose - - + 

L- Rhamnose - - - 

Dulcitol - - + 

Inositol - - - 

D-Mannitol - - + 

D- Sorbitol - - + 

Methyl-αD-Mannopyranoside - - - 

Methyl-αD-Gluccopyranoside - - + 

N-Acetylglucosamine + - + 

Amygdaline + - - 
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Arbutine + - + 

Esculine + - + 

Salicine + - + 

D- Cellobiose + - + 

D- Maltose + - + 

D- Lactose + + + 

D- Melibiose - - - 

D- Saccharose + - + 

D- Trehalose + - + 

Inuline - - + 

D- Melezitose - - + 

D- Raffinose - - - 

Amidone - - - 

Glycogene - - - 

Xylitol - - - 

Gentiobiose - - + 

 D- Turanose - - + 

D- Lyxose - - + 

D- Tagatose - - + 

D- Fucose - - - 

L- Fucose - - - 

D- Arabitol - - - 

L- Arabitol - - + 

Postassium Gluconate - - + 

Potassium 2-Cetogluconate - - - 

Potassium 5-Cetogluconate - - - 

- sign  = Negative reaction 

+   sign = Positive reaction 
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Appendix-7 

API-50 CHL V5.1 identification profile of isolates 

 

A

RAPID 20 E

API STAPH

API NH

API LISTERIA

API CORYNE

API CANDIDA

API CAMPY

API 50 CHL

API 50CHE

API 50CHB

API 20STREP

API 20 NE

API 20 E

API 20 C AUX

API 20 A

PI 10S

API 50 CHL V5.1

- + - - - + - - - - + + + + + + - - + + - + + + + + + + + + - - + - + - - - - + + - + 
- - - - + - -

Profile

API 50 CHL V5.1 Strip

EXCELLENT IDENTIFICATION

0.9599.9Lactobacillus rhamnosus

Tests againstT%IDSignificant taxa

0.63 0.1 Lactobacillus paracasei ssp
paracasei 1

Tests againstT% 
ID

Next taxon

20%GLY 1%RHA

93%SAC

 

 

Fig 1: API-50 CHL V5.1 identification profile of isolate C1 on the 

recording template of commercial identification kit of Lactobacilli (api 50 

CHL v5.1, Biomerieux, France) 
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A

RAPID 20 E

API STAPH

API NH

API LISTERIA

API CORYNE

API CANDIDA

API CAMPY

API 50 CHL

API 50CHE

API 50CHB

API 20STREP

API 20 NE

API 20 E

API 20 C AUX

API 20 A

PI 10S

API 50 CHL V5.1

- - - - - - - - - - + + + + - - - - - - - - + - - + + + + + - + + - - - - - - - - - - - - - - - - -Profile

API 50 CHL V5.1 Strip

GOOD IDENTIFICATION

0.92 93.7Lactobacillus acidophilus 
3

Tests againstT%IDSignificant taxa

0.77 3.9 Lactobacillus acidophilus 1

Tests againstT%IDNext taxon

GEN 99%

 

 

Fig 2:  API-50 CHL V5.1 identification profile of isolate C2 on the 

recording template of commercial identification kit of Lactobacilli (api 50 

CHL v5.1, Biomerieux, France) 
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A

RAPID 20 E

API STAPH

API NH

API LISTERIA

API CORYNE

API CANDIDA

API CAMPY

API 50 CHL

API 50CHE

API 50CHB

API 20STREP

API 20 NE

API 20 E

API 20 C AUX

API 20 A

PI 10S

API 50 CHL V5.1

- - - - - - - - - - + + + + - + - - + + - - + - - - - - + + + + + - - + - - - - - - - - - - - - - -Profile

API 50 CHL V5.1 Strip

EXCELLENT IDENTIFICATION

1.0 99.9 Lactobacillus salivarius

Tests againstT%IDSignificant taxa

RHA 2%     
MAN 5%

SOR 0%

0.34 0.1 Leuconostic lactis

Tests againstT% 
ID

Next taxon

 

 

Fig 3: API-50 CHL V5.1 identification profile of isolate C3 on the 

recording template of commercial identification kit of Lactobacilli (api 50 

CHL v5.1, Biomerieux, France) 

 

 

 

 



 107

 

 

  

A

RAPID 20 E

API STAPH

API NH

API LISTERIA

API CORYNE

API CANDIDA

API CAMPY

API 50 CHL

API 50CHE

API 50CHB

API 20STREP

API 20 NE

API 20 E

API 20 C AUX

API 20 A

PI 10S

API 50 CHL V5.1

- - - - - - - - - - - + + - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - -Profile

API 50 CHL V5.1 Strip

VERY GOOD IDENTIFICATION

1.0 99.7 Lactobacillus delbrueckii
ssp bulgaricus

Tests againstT%IDSignificant taxa

100%SAC

0.8 0.2 Streptococcus thermophilus

Tests againstT% 
ID

Next taxon

 

  

Fig 4: API-50 CHL V5.1 identification profile of isolate Y2 on the 

recording template of commercial identification kit of Lactobacilli (api 50 

CHL v5.1, Biomerieux, France) 
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A

RAPID 20 E

API STAPH

API NH

API LISTERIA

API CORYNE

API CANDIDA

API CAMPY

API 50 CHL

API 50CHE

API 50CHB

API 20STREP

API 20 NE

API 20 E

API 20 C AUX

API 20 A

PI 10S

API 50 CHL V5.1

- + - - - + - - + - + + + + + - + - + + - + + - + + + + + + - + + + + - - - - + + + + - - - + + - -Profile

API 50 CHL V5.1 Strip

VERY GOOD IDENTIFICATION

0.599.9 Lactobacillus paracasei 
ssp paracasei 1

Tests againstT%IDSignificant taxa

ADO
13%

GLY
20%

AMY 
98%

DUL 
13%

0.180.1Lactobacillus paracasei ssp
paracasei 2

Tests againstT% 
ID

Next taxon

16%GLY 75%AMY

0%LAC 16%LYX

 

Fig 5: API-50 CHL V5.1 identification profile of isolate Y3 on the 

recording template of commercial identification kit of Lactobacilli (api 50 

CHL v5.1, Biomerieux, France) 
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Appendix-8: Mean values (±SE) of zone of inhibition (mm) of isolated Lactobacilli  

 against commonly used antibiotics 

Name of antibiotic 
(Bioanalyse®) 

LA LD LP LR LS 

Ampicillin (10 μg) - - - - - 

Amoxicillin (25 μg ) - 30.5±0.50 
(S) 

- - - 

Bacitracin (10 U) - - - - - 
Cephradine 

(30 μg) 

- - - - - 

Cefotaxime (30 μg) - 8.5±0.50 
(R) 

- - 3.5±0.50 
(R) 

Cefuroxime (30 μg) - - - - - 
Chloramphenicol  (30 

μg) 
2.5±0.15 

(R) 
- - - - 

Gentamycin (10 μg) - - - - - 

Oxytetracycline (30 
μg) 

- - - - - 

Penicillin G (10 U) - - - - - 
Streptomycin (10 μg) - 19.0±1.00 

(S) 
10.2±0.75( R ) 1.6±0.15 

(R) 
- 

Tetracycline  (30 μg) - - - - - 
(NCCLS, 1990) 

S = Sensitive; R = Resistant; (-) = No zone of inhibition 

LA = L. acidophilus; LD = L. delbrucekii; LP = L. paracasei;LR = L. rhamnosus;  

LS = L. salivarius 
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Appendix-9 

 Haemagglutination Inhibition antibody titres (log 2) against Newcastle Disease 

vaccine at day zero post- vaccination  

Sample  Experimental groups 

A B C D E F G H 

1 2 2 4 4 2 4 3 3 

2 3 2 4 3 3 2 3 4 

3 2 3 2 3 3 2 3 4 

4 4 2 3 3 4 5 2 2 

5 3 4 2 4 3 2 2 2 

GMT 6.9 6.1 7.1 10.5 7.1 7.1 6.1 7.1 

(P>0.05) 

 

 

Appendix -10 

Haemagglutination Inhibition antibody titres (log 2) against Newcastle Disease 

vaccine at 7th day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 4 4 5 4 5 4 6 3 

2 4 5 6 6 6 3 6 3 

3 6 5 6 6 5 6 5 5 

4 5 3 7 5 4 6 5 4 

5 6 6 6 6 3 5 6 5 

GMT  32.0abc 24.2bc 64.0a 42.2ab 24.2bc 27.8abc 48.5ab 16.0c 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -11 

Haemagglutination Inhibition antibody titres (log 2) against Newcastle Disease 

vaccine at 14th day post- vaccination  

Sample  Experimental groups 

A B C D E F G H 

1 6 6 7 5 4 6 5 5 

2 6 4 6 6 5 6 4 4 

3 5 5 8 5 5 4 5 4 

4 6 6 6 6 6 5 6 4 

5 7 7 6 6 6 6 7 6 

GMT 64.0ab 48.5abc 97.0a 48.5abc 36.7bc 42.2bc 42.2bc 24.2c 

Means having different superscripts in a row are significantly different (P<0.05) 

 

 

 

Appendix -12 

Haemagglutination Inhibition antibody titres (log 2) against Newcastle Disease 

vaccine at 21st day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 7 8 8 7 8 5 6 6 

2 7 6 6 5 5 6 6 4 

3 5 6 8 6 5 8 8 4 

4 8 7 7 7 7 4 5 5 

5 4 6 7 5 4 6 6 6 

GMT 73.5 97.0 147.0 64.0 55.7 55.7 73.5 31.9 

(P>0.05) 
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Appendix -13 

Haemagglutination Inhibition antibody titres (log 2) against Newcastle 

Disease vaccine at 28th day post- vaccination  

Sample  Experimental groups 

A B C D E F G H 

1 6 7 7 6 6 7 8 7 

2 8 9 8 6 6 6 5 4 

3 7 7 6 7 8 7 7 6 

4 8 8 7 8 7 5 7 5 

5 8 8 7 7 6 8 8 7 

GMT 168.8 127.9 222.7 111.4 96.9 96.9 127.9 55.7 

(P>0.05) 

 

 

 

Appendix -14 

Haemagglutination Inhibition antibody titres (log 2) against Newcastle 

Disease vaccine at 35th day post- vaccination  

Sample  Experimental groups 

A B C D E F G H 

1 5 5 4 4 3 4 5 6 

2 5 6 4 6 5 6 4 3 

3 4 6 6 5 6 3 6 3 

4 6 5 5 5 4 3 5 5 

5 5 6 5 5 6 6 6 4 

GMT 27.8 27.8 48.5 31.9 27.8 21.1 36.7 18.4 

(P>0.05) 
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Appendix -15 

Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal Disease 

vaccine at day zero post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 3 4 3 5 2 4 3 4 

2 4 3 5 4 3 4 5 3 

3 4 4 3 4 5 5 4 5 

4 5 2 4 3 5 4 4 3 

5 2 3 2 3 3 2 3 3 

GMT 12.1 10.5 9.2 13.9 12.1 13.9 13.9 12.1 

(P>0.05) 

 

Appendix -16 

Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal Disease 

 vaccine at 7th day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 4 5 5 4 5 5 6 5 

2 4 5 5 3 3 5 6 4 

3 5 5 6 5 4 3 4 3 

4 6 4 7 5 4 4 5 4 

5 5 6 6 4 6 6 6 3 

GMT 27.8abc 31.9abc 55.7a 18.4bc 21.1bc 24.2abc 42.2ab 13.9c 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -17 

  Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal Disease 

  vaccine at 14th day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 5 6 6 6 5 4 5 5 

2 6 6 5 6 6 8 7 4 

3 6 6 7 4 6 3 6 7 

4 7 6 8 5 7 5 7 6 

5 6 7 7 8 5 6 7 5 

GMT 64.0 73.5 97.0 59.7 59.7 36.7 84.4 42.2 

 (P>0.05) 

 

 

 

Appendix -18 

 Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal 

Disease vaccine at 21st day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 6 9 7 6 8 5 6 5 

2 7 8 5 7 5 8 9 7 

3 6 6 7 7 5 8 8 8 

4 7 9 8 8 6 6 8 6 

5 8 6 6 7 7 7 6 7 

GMT 111.4 96.9 193.9 127.9 73.5 111.4 168.8 96.9 

(P>0.05) 
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Appendix -19 

 Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal Disease 

vaccine at 28th day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 7 8 8 6 7 6 7 6 

2 7 9 8 7 7 9 7 7 

3 8 9 8 8 8 7 8 7 

4 7 8 7 7 7 8 7 8 

5 7 7 8 8 8 8 8 6 

GMT 146.9 222.7 293.9 146.9 168.8 193.9 168.8 111.4 

(P>0.05) 

 

 
Appendix -20 

Indirect Haemagglutination antibody titres (log 2) against Infectious Bursal 

Disease vaccine at 35th day post- vaccination  

 

Sample  Experimental groups 

A B C D E F G H 

1 5 6 6 4 6 5 6 5 

2 5 4 5 6 5 6 4 4 

3 6 5 7 6 4 6 5 3 

4 5 5 5 5 4 6 5 3 

5 6 4 6 6 4 4 6 4 

GMT 42.2a 27.8ab 55.7a 42.2a 24.2ab 42.2a 36.7a 13.9b 

Means having different superscript in a row are significantly different (P<0.05) 
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Appendix -21 

 Live weight per bird (Mean± SE) in each experimental group at the 

age of day-1. 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 42 40 38 42 40 42 39 42 

2 43 46 47 39 42 43 42 45 

3 39 41 41 38 38 47 41 41 

4 36 39 42 43 39 44 45 38 

       5 49 36 46 40 45 39 37 37 

6 41 50 45 38 36 45 48 46 

7 38 46 39 45 38 49 43 43 

8 52 47 36 35 43 50 43 44 

9 43 45 48 47 48 40 46 39 

10 50 32 33 40 34 43 34 48 

Mean 

(± SE) 

43.3± 

1.70 

42.2± 

1.76 

41.5± 

1.58 

40.7± 

1.13 

40.3± 

1.34 

44.2± 

1.14 

41.8± 

1.34 

42.3± 

1.13 

          (P>0.05) 

Appendix -22 

 Live weight per bird (Mean± SE) in each experimental group at the 

age of day 7. 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 140 137 141 149 140 139 148 142 

2 132 136 146 147 147 142 137 147 

3 150 152 160 132 130 142 136 130 

4 167 162 139 147 156 157 137 149 

5 142 140 148 157 142 149 172 155 

6 137 147 133 151 143 153 156 163 
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7 139 146 137 134 158 128 148 145 

8 140 172 141 159 160 147 165 136 

9 157 145 143 146 135 137 151 157 

10 154 136 164 125 142 144 132 154 

Mean 

(± SE) 

145.8± 

3.42 

147.3± 

3.75 

145.2± 

3.11 

144.7± 

3.48 

145.3± 

3.14 

143.8± 

2.62 

148.2± 

4.18 

147.8± 

3.17 

(P>0.05) 

Appendix -23 

Live weight per bird (Mean± SE) in each experimental group at the age of day 14. 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 353 341 348 351 338 345 373 355 

2 338 357 342 355 348 335 348 358 

3 347 350 367 342 343 340 356 348 

4 350 366 382 345 357 352 353 375 

5 363 335 345 367 370 331 382 366 

6 346 361 344 352 364 346 373 346 

7 352 343 376 370 351 357 348 359 

8 340 365 361 353 356 391 339 385 

9 338 373 359 349 347 360 341 338 

10 357 334 369 354 345 336 369 347 

Mean 

(± SE) 

348.4± 

2.62 

352.5± 

4.38 

359.3± 

4.49 

353.8± 

2.76 

351.9± 

3.12 

349.3± 

5.53 

358.2± 

4.74 

357.7± 

4.54 

          (P>0.05) 
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Appendix -24 

Live weight per bird (Mean± SE) in each experimental group at the age of day 21 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 567 598 603 562 569 570 575 566 

2 572 591 570 542 578 556 586 551 

3 589 609 556 556 573 568 599 563 

4 593 583 563 546 588 549 606 548 

5 564 610 582 563 561 589 568 556 

6 563 600 560 538 558 573 577 540 

7 596 582 549 559 593 568 596 558 

8 573 596 573 552 576 560 603 559 

9 570 588 548 560 571 590 564 571 

10 606 628 533 610 579 519 569 513 

Mean 

(± SE) 

579.3± 

4.83 

598.5± 

4.47 

563.7± 

6.22 

558.8± 

6.31 

574.6± 

3.42 

564.2± 

6.48 

584.3± 

4.97 

552.5± 

5.22 

          (P>0.05) 

 

 

Appendix -25 

Live weight per bird (Mean± SE) in each experimental group at the age of day 28 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 868 887 871 851 860 895 877 863 

2 879 873 860 833 846 920 893 830 

3 872 866 865 849 890 933 899 856 

4 890 906 858 856 882 893 916 872 

5 882 893 879 873 878 928 873 823 

6 900 859 900 829 872 887 922 849 
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7 868 903 846 846 899 923 861 858 

8 892 878 868 857 907 924 882 866 

9 875 885 869 824 876 946 890 863 

10 821 889 841 817 842 914 921 795 

Mean 

(± SE) 

874.8± 

6.85b 

 

883.9± 

4.79b 

865.7± 

5.25b 

843.5± 

5.48b 

875.2± 

6.70b 

916.3± 

6.03ab 

893.4± 

6.66b 

847.5± 

7.65b 

Means having different superscripts in a row are significantly different (P<0.05) 

 

Appendix -26 

 Live weight per bird (Mean± SE) in each experimental group at the age of day 35 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 1273 1253 1293 1301 1273 1271 1296 1260 

2 1282 12746 1357 1290 1260 1290 1289 1250 

3 1293 12167 1402 1282 1259 1303 1342 1243 

4 1304 1302 1407 1332 1300 1286 1380 1276 

5 1286 1278 1389 1295 1290 1281 1286 1277 

6 1307 1262 1397 1293 1276 1293 1327 1235 

7 1271 1300 1409 1307 1258 1311 1339 1288 

8 1268 1291 1425 1273 1268 1260 1351 1255 

9 1323 1305 1375 1262 1285 1257 1317 1263 

10 1288 1123 1319 1322 1222 1297 1398 1229 

Mean± 

SEM 

1289.5

±5.57b 

1265.7±6.

80bc 

1377.3±

13.42a 

1295.7±

6.70b 

1269.1±

6.86bc 

1284.9±

5.63b 

1332.5±

11.86ab 

1257.6±

6.03c 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -27 

Live weight per bird (Mean± SE) in each experimental group at the age of day 42 

Bird # Live weight / bird (gms) in experimental groups 

A B C D E F G H 

1 1722 1661 1696 1679 1596 1607 1702 1605 

2 1691 1622 1772 1663 1667 1590 1665 1600 

3 1683 1639 1800 1694 1693 1543 1687 1593 

4 1701 1646 1870 1675 1683 1521 1691 1574 

5 1699 1600 1825 1655 1658 1600 1662 1613 

6 1720 1683 1800 1660 1703 1577 1712 1589 

7 1672 1643 1842 1698 1668 1585 1647 1604 

8 1677 1658 1798 1704 1700 1603 1726 1617 

9 1709 1649 1796 1687 1685 1541 1653 1566 

10 1663 1555 1885 1620 1566 1476 1718 1577 

Mean 

(± SE) 

1693.7± 

6.34b 

1635.6± 

11.3bc 

1808.4± 

18.80a 

1673.5±

7.93b 

1661.9± 

14.41b 

1564.3± 

13.54c 

1686.3±

8.94b 

1593.8±

5.42c 

Means having different superscripts in a row are significantly different (P<0.05) 

  Appendix-28 

  Feed consumption (gm) per bird (Mean ±SE) per replicate in each experimental group 

upto the age of day-7 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 311.17 312.17 309.00 310.67 304.00 299.17 310.00 308.00 

2 304.17 305.17 312.33 313.33 311.00 310.33 309.00 302.33 

3 308.33 315.33 303.67 312.33 306.83 302.50 312.00 310.83 

4 306.00 309.17 307.50 307.17 314.50 306.33 304.83 298.83 

5 309.33 310.17 308.67 315.5 308.33 307.00 303.67 312.33 

Mean 

 (± SE) 

308.52 

±1.24 

 

310.20 

±1.40 

309.36 

±1.44 

311.80 

±1.41 

309.83 

±1.87 

305.61 

±1.66 

307.91 

±1.29 

306.08  

±3.27 

(P>0.05) 
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Appendix -29 

 Feed consumption (gm) per bird (Mean ±SE) per replicate in each experimental 

group upto the age of day-14 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 705 702.5 720 734 705 707 702.67 693.67 

2 695 703.17 720.5 733 705.67 720 692.33 693.5 

3 696 700.33 707.84 722.33 705.16 717 698.33 707.16 

4 698.83 710.5 707.17 721.67 709.83 719 694.33 692.83 

5 701.33 716 720.67 727.67 708.33 714.83 692.34 704.83 

Mean 

(± SE) 

699.77 

±1.58d 

711.75 

±3.50c 

720.84 

±4.76b 

727.73 

±2.25a 

712.50 

±3.99c 

714.36 

±2.24b 

693.61 

±1.67d 

699.58 

±3.74d 

Means having different superscripts in a row are significantly different (P<0.05) 

 

 

Appendix -30 

Feed consumption (gm) per bird (Mean ±SE) per replicate in each experimental 

group upto the age of day-21 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 1269.17 1246.5 1233.5 1307.67 1239.00 1228.17 1279.84 1251.00 

2 1245.00 1254.17 1240.17 1315.83 1250.00 1243.33 1272.33 1259.5 

3 1250.5 1241.66 1230.01 1308.16 1245.16 1229.67 1282.16 1273.83 

4 1262.83 1256.00 1219.67 1297.17 1246.00 1238.00 1266.5 1251.83 

5 1261.00 1266.33 1241.5 1302.34 1251.00 1227.00 1274.84 1267.83 

Mean 

(± SE) 

1255.83 

±4.03c  

1248.63 

±4.99cd 

1270.47

±18.18e 

1306.23

±3.04a 

1263.27

±11.64d 

1236.19 

±3.94e 

1271.11

±4.62b 

1263.24 

±4.80c 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -31 

Feed consumption (gm) per bird (Mean ±SE) per replicate in each 

experimental group upto the age of day-28 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 1945.00 1957.5 1914.83 2027.83 1956.83 1927.67 2001.01 1982.33 

2 1927.5 1963.17 1910.5 2040.16 1979.5 1926.66 1999.83 1993.17 

3 1938.33 1944.33 1898.01 2038.16 1970.83 1915.67 1994.16 1995.83 

4 1937.33 1956.00 1898.5 2014.17 1968.00 1938.83 1969.83 1971.66 

5 1946.83 1969.33 1912.5 2017.84 1988 1899.33 1993.01 1999.5 

Mean 

(± SE) 

1939.08 

±4.15e 

1958.02 

±10.20d 

1907.19

±29.72g 

2027.63

±7.43a 

1973.52

±10.39c 

1922.69 

±12.33f 

1992.02

±4.86b 

1988.04 

±6.25b 

Means having different superscripts  in a row are significantly different (P<0.05) 

 

Appendix -32 

Feed consumption (gm) per bird per (Mean ±SE) replicate in each 

experimental   group upto the age of day-35 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 2765.17 2757.5 2708.00 2856.83 2784.66 2740.67 2763.17 2807.83 

2 2759.17 2747.00 2708.5 2852.66 2801.83 2730.66 2797.33 2822.84 

3 2784.66 2737.00 2700.51 2859.49 2808.83 2731.33 2750.16 2834.83 

4 2787.83 2728.16 2690.67 2840.5 2818.00 2732.66 2780.5 2822.99 

5 2749.5 2759.16 2714.67 2822.67 2809.00 2716.83 2822.18 2812.33 

Mean 

(± SE) 

2769.26 

±7.38c 

2745.76 

±5.93d 

2704.47

±4.12e 

2846.43

±6.76a 

2804.46

±5.58b 

2730.43 

±3.81d 

2782.66

±12.69c 

2820.16 

±4.72b 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -33 

Feed consumption (gm) per bird per (Mean ±SE) replicate in each 

experimental group upto the age of day-42 

Replicate Feed consumption per bird in experimental groups 

A B C D E F G H 

1 3848.5 3809.17 3755.17 3921.83 3868.66 3785.67 3789 3921.5 

2 3829.34 3789.5 3763.17 3931.99 3895.5 3785.49 3837.83 3956.17 

3 3863.99 3776.00 3752.51 3940.66 3883.5 3794.33 3784.66 3961.16 

4 3856.00 3776.49 3739.34 3912.17 3894.67 3775.99 3808.17 3954.65 

5 3817.00 3815.83 3768.84 3900.84 3892.67 3764.16 3856.01 3944.5 

Mean 

(± SE) 

3842.96 

±8.66d 

3793.39 

±8.22ef 

3755.80

±5.04g 

3921.49

±7.02b 

3887.00

±5.03c 

3781.82 

±5.09f 

3815.13

±13.88e 

3947.49 

±7.05a 

Means having different superscripts  in a row are significantly different (P<0.05) 

 

 

Appendix-34 

Feed conversion ratio (Mean ±SE) per group during 1st week 

Replicate Feed conversion ratio in experimental groups  

A B C D E F G H 

1 2.23 2.28 2.19 2.08 2.17 2.15 2.09 2.17 

2 2.30 2.24 2.14 2.13 2.12 2.19 2.26 2.06 

3 2.06 2.07 1.90 2.37 2.37 2.13 2.29 2.39 

4 1.83 1.91 2.21 2.09 2.02 1.95 2.23 2.00 

5 2.18 2.22 2.08 2.00 2.17 2.06 1.77 2.02 

Mean 

(±SE) 

2.12 

±0.08 

2.14 

±0.07 

2.10 

±0.06 

2.13 

±0.06 

2.17 

±0.06 

2.10 

±0.04 

2.13 

±0.10 

2.13 

±0.07 

(P>0.05) 
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Appendix -35 

Feed conversion ratio (Mean±SE) per group during 2nd week 

Replicate Feed conversion ratio in experimental groups  

A B C D E F G H 

1 2.00 2.06 2.07 2.09 2.08 2.05 1.88 1.95 

2 2.06 1.97 2.11 2.06 2.03 2.15 1.98 1.94 

3 2.00 2.00 1.93 2.11 2.06 2.11 1.96 2.03 

4 1.99 1.94 1.85 2.09 1.98 2.04 1.97 1.84 

5 1.93 2.14 2.09 1.98 1.91 2.15 1.81 1.92 

Mean 

 (±SE) 

1.10 

±0.02ab 

2.02 

±0.04ab 

2.01 

±0.05ab

2.07 

±0.02a 

2.01 

±0.03ab 

2.10 

±0.02a 

1.92 

±0.03b 

1.94 

±0.03b 

Means having different superscripts  in a row are significantly different (P<0.05). 

 

 

  Appendix -36 

 Feed conversion ratio (Mean ±SE) per group during 3rd week 

Replicate Feed consumption ratio in experimental groups  

A B C D E F G H 

1 2.24 2.08 2.05 2.33 2.18 2.15 2.23 2.21 

2 2.18 2.12 2.18 2.43 2.16 2.24 2.17 2.29 

3 2.12 2.04 2.21 2.35 2.17 2.16 2.14 2.26 

4 2.13 2.15 2.17 2.38 2.12 2.25 2.09 2.28 

5 2.24 2.08 2.13 2.31 2.23 2.08 2.24 2.28 

Mean 

 (±SE) 

2.18 

±0.03c 

2.09 

±0.02d 

2.15 

±0.03cd

2.36 

±0.02a 

2.17 

±0.02c 

2.18 

±0.03c 

2.17 

±0.03c 

2.26 

±0.01b 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -37 

 Feed conversion ratio (Mean± SE) per group during 4th week 

Replicate  Feed conversion ratio  in experimental groups  

A B C D E F G H 

1 2.24 2.21 2.19 2.38 2.28 2.15 2.28 2.29 

2 2.19 2.25 2.22 2.45 2.34 2.09 2.24 2.40 

3 2.23 2.25 2.19 2.40 2.21 2.05 2.22 2.33 

4 2.18 2.16 2.21 2.35 2.23 2.17 2.15 2.26 

5 2.21 2.21 2.18 2.31 2.26 2.05 2.28 2.43 

Mean 

 (±SE) 

2.21 

±0.01b 

2.22 

±0.02b 

2.20 

±0.01b 

2.38 

±0.02a 

2.26 

±0.02b 

2.10 

±0.02c 

2.23 

±0.02b 

2.34 

±0.03a 

Means having different superscripts in a row are significantly different (P<0.05) 

 

 

Appendix -38 

 Feed conversion ratio (Mean± SE) per group during 5th week 

Replicate Feed conversion ratio in experimental groups  

A B C D E F G H 

1 2.17 2.20 2.09 2.19 2.19 2.16 2.19 2.17 

2 2.15 2.16 1.99 2.21 2.22 2.12 2.24 2.19 

3 2.15 2.25 1.93 2.23 2.23 2.10 2.21 2.11 

4 2.14 2.09 1.91 2.13 2.17 2.12 2.18 2.05 

5 2.14 2.16 1.95 2.18 2.18 2.12 2.21 2.19 

Mean 

 (±SE) 

2.15 

±0.01abc 

2.17 

±0.03abc 

1.97 

±0.03d 

2.19 

±0.02ab 

2.20 

±0.01ab 

2.12 

±0.01c 

2.21 

±0.01a 

2.14 

±0.03bc 

Means having different superscripts  in a row are significantly different (P<0.05) 
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Appendix -39 

 Feed conversion ratio (Mean ±SE) per group during 6th week 

Replicate Feed conversion ratio in experimental groups  

A B C D E F G H 

1 2.23 2.29 2.21 2.34 2.43 2.35 2.23 2.45 

2 2.26 2.34 2.12 2.36 2.34 2.38 2.31 2.47 

3 2.30 2.30 2.08 2.33 2.29 2.46 2.24 2.49 

4 2.27 2.29 1.99 2.34 2.31 2.48 2.25 2.51 

5 2.25 2.38 2.07 2.36 2.35 2.35 2.32 2.45 

Mean 

 (±SE) 

2.26 

±0.01d 

2.32 

±0.02cd 

2.09 

±0.04e 

2.35 

±0.01bc 

 

2.34 

±0.02bc 

 

2.40 

±0.03b 

2.27 

±0.02d 

2.47 

±0.01a 

Means having different superscripts  in a row are significantly different (P<0.05). 

 

 

Appendix-40 

Dressing percentage/group (Mean±SE) at the age of 42 days 

Replicate Dressing percentage in experimental groups  

A B C D E F G H 

1 71.66 70.62 71.16 68.07 69.04 66.77 67.09 69.03 

2 68.42 72.87 69.86 71.25 64.31 65.15 72.43 68.56 

3 70.35 73.76 66.05 70.95 67.15 71.61 69.47 75.39 

4 70.72 71.32 65.13 66.92 64.88 71.79 70.54 72.49 

5 70.04 72.56 63.73 66.64 72.49 65.56 71.23 72.47 

Mean 

 (±SE) 

70.24 

±0.53abc 

72.23 

±0.56a 

72.07 

±1.42a 

68.77 

±0.98abc 

67.57 

±1.49c 

71.80 

±1.26ab 

70.15 

±0.90abc 

67.20 

±1.26c 

Means having different superscripts are significantly different (P<0.05) 
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Appendix-41 

 Performance index/group (±SE) at the age of 42 days 

Replicate Performance index (%) in experimental groups  

A B C D E F G H 

1 77.21 72.53 76.74 71.75 65.68 68.38 76.32 65.51 

2 74.82 69.31 83.58 70.47 71.24 66.81 72.08 64.78 

3 73.19 71.26 86.53 72.70 73.93 62.72 75.31 63.98 

4 74.93 71.87 93.97 71.58 72.86 61.33 75.15 62.71 

5 75.51 67.22 88.16 70.13 70.55 68.08 71.64 65.84 

Mean 

 (±SE) 

75.13 

±0.65b 

70.44 

±0.97c 

85.80 

±2.83a 

71.33 

±0.46bc 

70.85 

±1.42c 

65.46 

±1.44d 

74.10 

±0.94bc 

64.56 

±0.56d 

Means having different superscripts are significantly different (P<0.05) 

 

 

 

Appendix-42 

 Cumulative mortality percentage in each experimental group  

Weeks Cumulative mortality percentage in experimental groups 

A B C D E F G H 

1 3.3 3.3 0 0 0 0 0 0 

2 0 0 0 0 3.3 0 0 3.3 

3 0 0 0 0 0 0 0 0 

4 0 3.4 0 0 0 0 3.3 0 

5 0 0 0 0 0 6.6 0 3.4 

6 0 0 0 0 0 0 0 0 

Total 

% 

3.3 6.7 0 0 3.3 6.6 3.3 6.7 
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Appendix-43 

Mean values (±SE) of Lactobacilli viable count (CFU log10/g) in the intestinal 

contents of each experimental group 

 

Sample Lactobacilli viable count in experimental groups  

A B C D E F G H 

1 6.38 7.76 7.79 6.72 4.57 6.23 6.57 2.72 

2 5.80 6.91 6.72 5.56 3.36 4.72 5.92 3.88 

3 4.81 5.54 8.92 7.81 6.76 6.56 7.74 2.40 

4 5.62 4.83 5.56 4.43 4.79 5.73 6.38 4.92 

5 4.57 5.79 6.34 5.75 5.89 6.85 4.64 3.61 

Mean 

 (±SE) 

5.43 

±0.33b 

6.16 

±0.52ab 

7.06 

±0.58a 

6.05 

±0.57ab

5.07 

±0.58b 

6.01 

±0.37ab 

6.25 

±0.50ab 

3.50 

±0.44c 

Means having different superscripts in a row are significantly different (P<0.05) 

 

 

 

Appendix -44 

Mean values (±SE) of coliform viable count (CFU log10/g) in the intestinal 

contents of each experimental group 

Sample Coliform viable count in experimental groups  

A B C D E F G H 

1 4.79 4.69 3.65 5.54 2.80 4.61 4.43 3.56 

2 3.86 5.86 3.83 4.36 4.66 3.20 4.08 4.36 

3 5.43 4.83 2.83 5.62 3.58 5.36 3.75 3.76 

4 4.73 3.76 3.38 4.72 2.72 3.52 2.88 5.79 

5 4.79 5.32 2.74 4.58 3.38 4.67 3.72 4.43 

Mean 

 (±SE) 

4.72 

±0.25ab 

4.89 

±0.35a 

3.28 

±0.21d 

4.96 

±0.25a 

3.42 

±0.34cd

4.27 

±0.39a-d 

3.77 

±0.25bcd 

4.38 

±0.39abc 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -45 

Mean values (±SE) of Staphylococcus species viable count (CFU 

log10/g) in the intestinal contents of each experimental group 

Sample Staphylococcus  viable count in experimental groups  

A B C D E F G H 

1 3.93 3.51 3.40 3.91 4.64 4.40 3.71 3.77 

2 4.76 2.94 4.63 4.77 5.56 3.63 2.36 4.83 

3 3.56 4.80 3.72 3.67 4.15 5.58 4.80 3.68 

4 2.68 4.43 5.43 4.75 3.80 4.43 5.63 4.36 

5 2.82 5.69 2.82 3.46 4.71 4.92 3.41 2.90 

Mean 

 (±SE) 

3.55 

±0.38 

4.27 

±0.48 

4.00 

±0.46 

4.11 

±0.27 

4.57 

±0.29 

4.59 

±0.32 

3.98 

±0.56 

3.90 

±0.32 

           (P>0.05) 

 

Appendix -46 

   Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine 
at zero day post vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 2 2 

2 2 2 

3 2 0 

4 3 2 

5 2 3 

6 3 3 

7 4 2 

8 2 2 

9 3 2 

10 2 2 

GMT 5.7 4.0 

(P>0.05) 
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Appendix -47 

 Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine at 
7 day post vaccination 
Sample No. Field groups 

G- І (treated) G- J (control) 

1 3 4 

2 4 4 

3 4 3 

4 5 2 

5 6 3 

6 4 4 

7 6 4 

8 6 2 

9 7 3 

10 5 3 

GMT 32.0a 9.2b 

Means having different superscripts in a row are significantly different (P<0.05) 

 

Appendix -48 

 Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine at 
14 day post vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 8 5 

2 8 5 

3 9 6 

4 7 7 

5 8 5 

6 6 6 

7 7 4 

8 8 5 

9 8 5 
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10 9 4 

GMT 222.7a 36.7b 

Means having different superscripts in a row are significantly different (P<0.05) 

 

Appendix -49 

Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine at 
21 day post vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 7 6 

2 8 6 

3 9 7 

4 7 6 

5 8 7 

6 8 5 

7 6 4 

8 5 6 

9 7 5 

10 8 4 

GMT 157.5a 48.5b 

Means having different superscripts in a row are significantly different (P<0.05) 

 

Appendix -50 

Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine at 
28 day post vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 7 7 

2 5 6 

3 8 6 

4 7 8 
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5 7 5 

6 8 5 

7 5 5 

8 7 7 

9 6 8 

10 8 4 

GMT 111.4 68.6 

          (P>0.05) 

Appendix -51 

Haemagglutination Inhibition antibody titres against Newcastle Disease vaccine at 
35 day post vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 4 4 

2 4 3 

3 3 2 

4 5 3 

5 6 2 

6 3 4 

7 3 3 

8 2 5 

9 4 4 

10 3 4 

GMT 13.0 10.5 

(P>0.05)  
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Appendix -52: Indirect Haemagglutination antibody titres against Infectious Bursal 
Disease vaccine at zero- day post-vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 2 2 

2 2 2 

3 3 4 

4 4 3 

5 0 3 

6 4 0 

7 3 3 

8 4 0 

9 5 4 

10 3 3 

GMT 8.0 5.3 

(P>0.05) 

Appendix -53: Indirect Haemagglutination antibody titres against Infectious Bursal 
Disease vaccine at 7 day post-vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 3 3 

2 4 5 

3 2 3 

4 6 2 

5 4 6 

6 5 3 

7 6 3 

8 3 4 

9 4 5 

10 4 2 

GMT 17.1 15.4 

(P>0.05) 
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Appendix -54: Indirect Haemagglutination antibody titres against Infectious Bursal 
Disease vaccine at 14 day post-vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 7 3 

2 6 6 

3 7 5 

4 8 6 

5 9 4 

6 7 3 

7 6 6 

8 8 4 

9 7 5 

10 7 4 

GMT 147.0a 24.2b 

Means having different superscripts in a row are significantly different (P<0.05) 

Appendix -55: Indirect Haemagglutination antibody titres against Infectious Bursal 
Disease vaccine at 21 day post-vaccination 

Sample No. Field groups 

G- І (treated) G- J (control) 

1 9 7 

2 8 6 

3 9 5 

4 7 4 

5 8 6 

6 8 5 

7 7 6 

8 6 8 

9 9 5 

10 8 6 

GMT 239.0a 55.7b 

Means having different superscripts in a row are significantly different (P<0.05) 
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Appendix -56: Indirect Haemagglutination antibody titres against Infectious Bursal 
Disease vaccine at 28 day post-vaccination 

Sample No. Field groups 
G- І (treated) G- J (control) 

1 8 7 

2 9 9 

3 7 6 

4 6 6 

5 8 7 

6 9 6 

7 6 7 

8 8 8 

9 9 6 

10 8 5 

GMT 222.7 103.9 

 
Appendix -57: Indirect Haemagglutination antibody titres against Infectious Bursal 

Disease vaccine at 35 day post-vaccination 
Sample No. Field groups 

G- І (treated) G- J (control) 
1 4 4 

2 4 4 

3 5 3 

4 3 3 

5 6 3 

6 5 5 

7 4 4 

8 4 2 

9 3 4 

10 5 5 

GMT 19.7 13.0 

(P>0.05) 
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Appendix-58 : Mean live body weight (±SE) per replicate in each field groups at the 
age of day-1  

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 40.2 40.9 

Rep-2 38.8 40.8 

Rep-3 42.3 40.0 

Rep-4 40.2 41.1 

Rep-5 41.0 40.9 

Mean (±SE) 40.50±0.57 40.74±0.19 

(P>0.05) 

Appendix-59: Mean live body weight (±SE) per replicate in each field groups at the 
age of day-7 

Replicate Mean live weight/replicate  
G-I G-J 

Rep-1 123.5 119.5 

Rep-2 117.4 119.7 

Rep-3 134.4 123.5 

Rep-4 136.3 121.1 

Rep-5 139.0 124.0 

Mean (±SE) 130.12±4.1 121.56±0.94 

(P>0.05) 

Appendix-60: Mean live body weight (±SE) per replicate in each field groups at the 
age of day-14 

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 239.7 238.8 

Rep-2 243.0 244.0 

Rep-3 240.3 236.0 

Rep-4 234.2 238.1 

Rep-5 244.3 242.9 

Mean (±SE) 240.30±1.7 239.96±1.5  

(P>0.05) 
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Appendix-61: Mean live body weight (±SE) per replicate in each field groups at the 
age of day-21 

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 500.4 491.2 

Rep-2 503.9 479.1 

Rep-3 489.0 498.4 

Rep-4 492.3 484.3 

Rep-5 483.0 501.9 

Mean (±SE) 493.72±3.8 490.98±4.2  

(P>0.05) 

Appendix-62:  Mean live body weight (±SE) per replicate in each field groups at the 
age of day-28 

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 975.1 944.5 

Rep-2 1044.6 952.8 

Rep-3 1063.8 895.6 

Rep-4 1023.3 920.8 

Rep-5 1017.0 934.2 

Mean (±SE) 1024.8±15.0a 929.6±10.0b  

Means sharing different superscripts in a row are significantly different (P<0.05) 

Appendix-63: Mean live body weight (±SE) per replicate in each field groups at the 

age of day-35 

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 1269.3 1252.4 

Rep-2 1283.6 1229.8 

Rep-3 1291.5 1199.8 

Rep-4 1248.2 1217.1 

Rep-5 1257.0 1199.7 

Mean (±SE) 1269.9±8.0a 1219.8±9.9b  

Means sharing different superscripts in a row are significantly different (P<0.05) 
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Appendix-64: Mean live body weight (±SE) per replicate in each field groups at the 
age of day-42 

Replicate Mean live weight/replicate 
G-I G-J 

Rep-1 1711.5 1628.2 

Rep-2 1672.5 1608.2 

Rep-3 1690.3 1606.2 

Rep-4 1696.7 1602.1 

Rep-5 1672.4 1607.4 

Mean (±SE) 1688.7±7.5a 1610.4±4.6b 

Means sharing different superscripts in a row are significantly different (P<0.05) 

Appendix-65: Feed consumption in grams / bird/ replicate during 1st week 

Replicate Field Groups 

G-I G-J 

1 304.6 312.70 

2 300.68 310.00 

3 294.00 298.74 

4 305.32 304.88 

5 308.00 307.00 

Mean 302.52±2.4 306.66±2.4 

(P>0.05) 

Appendix-66: Mean values (±SEM) of feed consumption in grams / bird/ replicate 
during 2 weeks 

Replicate Field Groups 

G-I G-J 

1 687.00 707.15 

2 708.33 710.95 

3 665.28 700.31 

4 674.00 683.00 

5 702.43 672.52 

Mean 687.4±8.2 694.8±7.3 
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Appendix- 67: Mean values of feed consumption / bird/ replicate during 3 weeks 

Replicate Field Groups 

G-I G-J 

1 1254.37 1260.76 

2 1247.00 1300.32 

3 1203.00 1253.00 

4 1179.44 1274.53 

5 1208.15 1281.00 

Mean 1218.4±14.0b 1273.9±8.2a 

Means sharing different superscripts in a row are significantly different (P<0.05) 

Appendix-68: Mean values of feed consumption / bird/ replicate during 4 weeks 

Replicate Field Groups 

G-I G-J 

1 1833.11 1892.00 

2 1865.22 1937.16 

3 1904.51 1957.00 

4 1944.00 2014.32 

5 1852.00 1932.10 

Mean 1879.8±20.0b 1946.5±20.0a 

Means sharing different superscripts in a row are significantly different (P<0.05). 

Appendix-69: Mean values of feed consumption / bird/ replicate during 5 weeks 

Replicate Field Groups 

G-I G-J 

1 2742.06 2783.00 

2 2705.00 2821.73 

3 2758.33 2814.08 

4 2800.00 2764.77 

5 2618.74 2807.00 

Mean 2724.8±31.0 2798.1±11.0 

(P>0.05) 
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Appendix-70: Mean values of feed consumption / bird/ replicate during 6 weeks 

Replicate Field Groups 

G-I G-J 

1 3726.54 3809.07 

2 3700.12 3754.00 

3 3684.97 3905.32 

4 3722.00 3885.39 

5 3716.43 3879.00 

Mean 3710.0±7.7b 3846.6±28.0a 

Means sharing different superscripts in a row are significantly different (P<0.05). 

       

Appendix-71: Mean values (±SE) of feed conversion ratio per group in 1st week 

Replicate Groups 

G-I (Treated) G-J (control) 

1 2.87 2.96 

2 2.91 2.91 

3 2.77 2.97 

4 2.88 2.87 

5 2.88 2.77 

Mean (±SE) 2.86±0.02 2.90±0.04 

(P>0.05) 

Appendix-72: Mean values (±SE) of feed conversion ratio per group in 2nd week 

Replicate Groups 
G-I (Treated) G-J (control) 

1 2.47 2.62 

2 2.56 2.59 

3 2.19 2.42 

4 2.24 2.52 

5 2.22 2.48 

Mean (±SE) 2.34±0.07 2.53±0.04 

(P>0.05) 



 141

 Appendix-73:  Mean values (±SE) of feed conversion ratio per group in 3rd week 

Replicate Groups 

G-I (Treated) G-J (control) 

1 2.51 2.57 

2 2.47 2.71 

3 2.46 2.51 

4 2.40 2.63 

5 2.50 2.55 

Mean (±SE) 2.47±0.02b 2.59±0.03a 

Means sharing different superscripts in a row are significantly different (P<0.05) 

Appendix-74:  Mean values (±SE) of feed conversion ratio per group in 4th week 

Replicate Groups 

G-I (Treated) G-J (control) 

1 1.88 2.00 

2 1.79 2.03 

3 1.79 2.19 

4 1.90 2.19 

5 1.82 2.07 

Mean (±SE) 1.84±0.02b 2.10±0.04a 

Means sharing different superscripts in a row are highly significantly different (P<0.05) 

Appendix-75:  Mean values (±SE) of feed conversion ratio per group in 5th week 

Replicate Groups 

G-I (Treated) G-J (control) 

1 2.16 2.22 

2 2.11 2.29 

3 2.14 2.35 

4 2.24 2.27 

5 2.08 2.34 

Mean (±SE) 2.15±0.03b 2.29±0.02a 

Means sharing different superscripts in a row are highly significantly different (P<0.05 
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Appendix-76: Mean values (±SE) of feed conversion ratio per group in 6th week 

Replicate Groups 

G-I (Treated) G-J (control) 

1 2.18 2.34 

2 2.21 2.33 

3 2.18 2.43 

4 2.19 2.43 

5 2.22 2.41 

Mean (±SE) 2.20±0.01b 2.39±0.02a 

Means sharing different superscripts in a row are highly significantly different (P<0.05) 

Appendix -77: Carcass weight in grams per bird in each group at the age of 42 days 

Replicate Carcass weight in each group 

G-I (treated) G-J (control) 

Replicate -1 1054.4 1025.4 

Replicate -2 1054.4 1025.4 

Replicate -3 1056.6 984.9 

Replicate -4 1029.4 981.9 

Replicate -5 1029.2 974.5 

Mean (±SE) 1046.5±7.2a 1000.5±12.0b 

Means having different superscripts in a row are highly significantly different (P<0.05) 

Appendix -78: Performance index percentage of each group at the age of 42 days 

Replicate Performance index of each group 

G-I (treated) G-J (control) 

1 78.53 69.57 

2 75.70 69.01 

3 77.52 66.09 

4 77.49 65.93 

5 75.32 66.68 

Mean (±SE) 76.91±0.61a 67.46±0.76b 

Means having different superscripts in a row are highly significantly different (P<0.05) 
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Appendix -79: Dressing percentage (Mean ±SE) per bird in each group at the age of 

42 days 

Replicate Groups 

G-I (treated) G-J (control) 

1 61.61 62.98 

2 63.56 64.40 

3 62.51 61.32 

4 60.68 61.29 

5 61.54 60.63 

Mean (±SE) 61.98±0.49 62.12±0.69 

(P>0.05) 

 

 

Appendix -80: Viable Lactobacilli count in intestinal contents of each group 

Sample Lactobacilli count (CFU log 10 / g) 
G-I (treated) G-J (control) 

1 6.51 3.69 

2 6.57 4.83 

3 7.32 3.36 

4 4.79 5.56 

5 6.67 4.53 

6 4.72 5.62 

7 5.83 4.72 

8 4.49 3.91 

9 6.76 3.32 

10 4.93 2.66 

Mean (±SE) 5.86±0.33a 4.22±0.32b 

Means sharing different superscripts in a row are significantly different (P<0.05) 
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Appendix -81 

 Viable coliform count (CFU log 10 / g) in intestinal contents of each group 

Sample Coliform count (CFU log 10 / g) 
G-I (treated) G-J (control) 

1 4.72 4.51 

2 3.88 4.81 

3 3.82 3.72 

4 4.57 4.41 

5 5.40 2.85 

6 4.67 5.23 

7 3.77 3.59 

8 4.32 4.61 

9 3.58 3.80 

10 3.36 5.08 

Mean (±SE) 4.21±0.20 4.26±0.24 

 

Appendix -82 

Viable Staphylococcus species count (CFU log 10 / g) in intestinal contents  
Sample Staphylococcus spp. count (CFU log 10 / g) 

G-I (treated) G-J (control) 
1 3.86 3.86 

2 3.80 3.67 

3 2.69 2.71 

4 4.75 4.41 

5 5.45 4.76 

6 3.62 3.82 

7 3.84 3.32 

8 4.40 3.11 

9 4.80 2.91 

10 4.76 2.86 

Mean (±SE) 4.20±0.25 3.54±0.22 

(P>0.05) 
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Appendix-83 

Vaccination Schedule in broiler chicks  

Age (in days) Type of Vaccine Route of Administration 

3 ND-IBD (Intervet) Eye Drop 

7 IBD (CH-80) Drinking water 

14 IBD (GM-97) Drinking water 

19 ND-LaSota Drinking water 

30 ND-LaSota Drinking water 
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