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ABSTRACT :In an attempt to develop a probiotic formulation for poultry feed, a number of lactic acid bacteria (LAB) were isolated 
from chicken intestinal specimens and a series of in vitro experiments were performed to evaluate their efficacy as a potential probiotic 
candidate. A total of 650 LAB strains were isolated and screened for their antagonistic potential against each other. Among all the 
isolates only three isolates (TMU121, 094 and 457) demonstrated a wide spectrum of inhibition and were thus selected for detailed 
investigations. All three selected isolates were able to inhibit the growth of E. coli and Salmon이la species, although to variable extent. 
The nature of the inhibitory substance produced by the isolates TMU121 and 094 appeared to be associated with bacteriocin, as their 
activity was completely lost after treatment with proteolytic enzymes, while pH neutralization and catalase enzyme had no effect on the 
residual activity. In contrast, isolate TMU457 was able to resist the effect of proteolytic enzymes while pH neutralization completely 
destroyed its activity. Attempts were made to study the acid, bile tolerance and cell surface hydrophobicity of these isolates. TMU121 
showed high bile salt tolerance (0.3%) and high cell surface hydrophobicity compared to the other two strains studied, while TMU094 
appeared the most pH resistant strain. Based on these results, the three selected LAB isolates were considered as potential ingredients for 
a chicken probiotic feed formulation and were identified to species level based on their carbohydrate fermentation pattern by using API 
50CH test kits. The three strains were identified as Lactobacillus ferme^tum TMU121, Lactobacillus rhamnosus TMU094, and 
Pediococcus pentosaceous TMU457. (Key Words : Lactic Acid Bacteria, Probiotics, In vitro, Broiler)

INTRODUCTION

The gram positive lactic acid bacteria (LAB) have been 
well known for thousands of years for their important role 
in the food industry due to their fermentative capacities 
(McKay and Boldvin, 1990). In recent years, the role of 
these bacteria in health and functionality of human and 
animal intestine has been well emphasized, mainly because 
of their ability to lower the pH and to produce antimicrobial 
agents (Delves-Broughton, 1990; Ten Brink et al., 1994; 
Collins et al., 1998). Controlled introduction of bacterial 
cultures to chicks was originated by Nurmi and Rantala 

(1973) for salmonella control and, subsequently, for 
improvement of performance by numerous authors 
(Tortuero, 1973; Mulder et al., 1997; Jin et al., 1998a, b). 
Those bacterial cultures demonstrating antibacterial actions 
and possessing desirable properties were later termed 
probiotics. Probiotics are live, nonpathogenic bacteria that 
contribute to the health and balance of the intestinal tract 
(Fuller, 1989). They are given orally to poultry to help the 
birds fight illness and disease. Addition of probiotics to feed 
is one of the alternatives to be used as a replacement for 
antibiotics which have created great public concerns due to 
emergence of antibiotic resistance (Reid and Friendship, 
2002; Patterson and Burkholder, 2003).

Most common routes of administering probiotics are 
feed and drinking water supplementation and, much less 
frequently, in ovo injection, spray and oral dosing (Ghadban, 
2002). In all of the above-mentioned applications of 
probiotics, the microorganisms must pass through the 
gastrointestinal tract to their targets, such as the lower part 
of the intestines and ceca. Essentially, these microorganisms 
must survive low pH and high concentrations of bile salts 
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available in upper parts of the gastrointestinal tract to reach 
the hind gut in an active and functional form and to exert 
their beneficial properties (Kim et al., 2006). In our research, 
we aimed to evaluate the probiotic potential of the LAB 
strains isolated from chicken intestinal specimens under in 
vitro conditions.

MATERIALS AND METHODS

Is이ation and Identification of LAB
Samples from the digestive tracts of healthy broilers at 

market age (42-50 days of age) were cultured in MRS broth 
(Merck, Germany) and subcultured in MRS agar under 
micro-aerophilic conditions at 37°C, until pure isolates 
were obtained. A total of 659 isolates were identified as 
belonging to lactic acid bacteria based on their gram 
reaction, morphology and catalase test.

The selected LAB strains were further identified to 
species level by subjecting them to biochemical reactions 
and identifying them according to the key in Bergey’s 
manual of determinative bacteriology (Buchanan and 
Gibbons, 1994). Finally, these species were confirmed by 
using API 50CH test kits (Bio Merieux, France) according 
to the manufacturer's instruction.

All cultures were maintained as stocks in MRS broth at 
-20°C, with 15% glycerol.

Inhibitory activity
Antagonistic activity of the isolated LAB strains (659) 

against a number of pathogenic bacteria was determined by 
the agar well diffusion method (Schillinger and Lucke, 
1989; Jin et al., 1996; Juven et al., 1991, 1992). Only those 
strains demonstrating a wide spectrum of activity were 
selected for further studies. The antibacterial activity of 
these strains against poultry pathogens, including 
Salmonella (serotypes Enteritidis, Pullorum and 
Typhimurium) and E. coli (serotypes O1:K1, O2:K1 and 
O78:K80), was also determined by the above-mentioned 
method. To determine the nature of the inhibitory substance 
produced by the LAB isolates demonstrating antibacterial 
activity, the cell free supernatant of these strains was 
subjected to 0.5 mg/ml of enzymes including pepsin, 
trypsin, lysozyme and catalase (Lewus et al., 1991). The 
remaining activity was determined after 2 h of incubation at 
37°C by the agar well diffusion method. Furthermore, to 
rule out the possibility of organic acids accounting for the 
inhibitory action, the cell free supernatants of the LAB 
isolates were neutralized with 1 M NaOH and the remaining 
activity determined.

Acid tolerance
The freshly grown lactic acid bacteria in MRS broth 

were centrifuged at 5,000 g for 10-15 min at 4°C and the 

pellet collected in a sterile tube. The pellet was washed 
twice with PBS, pH 7.0 before inoculation in MRS broth 
adjusted to pH 2.0 (by addition of 1 M HCl). The mixture 
was enumerated for the presence of viable cells after 2 h by 
measuring the OD (650 nm) and survival count. The strains 
exhibiting pH tolerance of 2.0 exceeding 1 h of incubation 
were considered as selection criteria (Gilliland et al., 1984; 
Toit et al., 1998).

Bile tolerance
Bile salt tolerance was assayed by the method of 

Gilliland and Walker (1990). The growth of the LAB strains 
was monitored in MRS broth supplemented with 0.3 and 
1.0% W/V of bile salts (Quelab, Canada). At hourly 
intervals, the bacterial growth was monitored by measuring 
absorbance at 650 nm for a period of 12 h. The bile 
tolerance of each strain was based on the time in minutes 
required for the absorbance value to increase by 0.3 units 
(Erkkila and Petaja, 2000).

Cell surface hydrophobicity
The bacterial adhesion to hydrocarbons (BATH) test 

was adopted to screen the isolated lactic acid bacteria for 
their cell surface hydrophobicity, using hydrocarbon 
(hexadecane) by the method of Gusils et al. (1999).

Antibiotic sensitivity
Antibiotic susceptibility of the three selected isolates 

was determined using commercial antibiotic discs (Padtan 
Teb, Iran). The diameters of clear zone appearing around 
the discs were measured and recorded using a digital caliper 
(Treagan and Pulliam, 1982). All the tests were run in 
triplicate and the results compared to determine the 
susceptibility of the strains to given antibiotics.

Statistical analysis
All quantitative data were subjected to analysis of 

variance using SAS (SAS, 1990). A test of least significant 
differences was used to separate means; differences 
between means were considered statistically significant at 
p<0.05 (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

A total of 659 isolates appearing as gram positive cocci 
or rods, catalase negative and non-spore forming were 
identified as lactic acid bacteria (LAB) and were further 
screened for their probiotic properties in vitro. If a probiotic 
preparation is used mainly for excluding potential 
pathogenic microorganisms, antagonistic properties are of 
utmost importance (Huis in’t Veld and Shortt, 1996). In our 
studies, only three isolates demonstrated a wide spectrum of 
inhibitory action when tested against each other and were
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Table 1. Some important morphological and biochemical data 
used in isolate identification

P L. L.
pentosaceus fermentum rhamnosus

TMU094TMU457 TMU121
Morphology Cocci* Rod Rod
L-arabinose + - -
D-xylose + - -
L-sorbose - - +
L-rhamnose + - +
Inositol - - +
D-mannitol - - +
D-sorbitol - - +
Methyl-aD- - - +

Glucopyranoside
N-acetyl glucosamine + - +
Amygdalin + - +
Arbutin + - +
D-maltose - + +
D-sucrose - + -
D-trehalose + - +
D-melezitose - - +
Gentibiose + - +
D-turanose - - +
D-xylose - - +
D-tagatose + - +
Potassium 2-Keto + - -

gluconate
* Diplococcus.
+ : Able to ferment the substrate. - : Not able to ferment the substrate.

thus selected for detailed investigations (Table 2). These 
isolates were further identified according to their 
morphological and cultural properties and an API 50 CHL 
kit analyzed by API LAB Plus software version 4.0 
database (Bio Merieux, France). A brief list of important 
morphological and biochemical results used in 
identification procedures is illustrated (Table 1). The 
selected LAB isolates were able to inhibit the growth of 

some poultry pathogens against which they were tested, 
although to a variable extent. All three strains appeared 
more effective in inhibiting the growth of Salmonella than 
E. coli serotypes. S. Pullorum was found to be the most 
susceptible of all the Salmonella serotypes tested in this 
study. Similar results have been observed previously by Jin 
et al. (1996).

As reported earlier, the antagonistic activity of LAB 
towards pathogens can be attributed to the production of 
bactericidal substances like bacteriocins, organic acids and 
hydrogen peroxide (Upreti and Hinsdill, 1975; Joerger and 
Klaenhammer, 1986). During our investigations we 
evaluated the nature of the inhibitory substance produced by 
the three selected LAB strains (Table 3). The inhibitory 
effects of the culture supernatants of LAB isolates were 
retained after treatment with catalase and lysozyme, which 
eliminates the involvement of hydrogen peroxide and 
carbohydrate moiety in inhibitory actions. In contrast to P. 
pentosaceus TMU457, treatment of the culture supernatant 
fluids of L. fermentum TMU121 and L. rhamnosus 
TMU094 with proteolytic enzymes completely destroyed 
the inhibitory effects in these two strains, indicating the 
protein nature of the antagonistic substances. Consequently, 
the antagonistic action in these two species may be 
attributed to the presence of bacteriocin or bacteriocin-like 
substance. However, the culture supernatant fluid of P. 
pentosaceus TMU457 lost its inhibitory action after pH 
neutralization, showing the possibility of organic acids in 
antagonistic effects in this isolate. Similarly to our results, 
Gusils et al. (2002) reported that the inhibitory action of 
100 LAB strains isolated from the gastrointestinal tract of 
pigs was not affected by catalase treatment, while pH 
neutralization resulted in complete loss of activity.

One of the most important properties for a probiotic to 
provide health benefits is that it must be able to overcome 
physical and chemical barriers such as acid and bile in the

Table 2. Antagonistic activity demonstrated by the three selected LAB strains assayed by measuring the zone diameter around the wells
(Mean土SD)____________________________________________________________________________________________________

LAB Escherichia coli Salmonella
O78:K80 O2 :K1 O1:K1 Enteritidis Pullorum Typhimurium

P. pentosaceus TMU457 16.4a'**± 0.9 14.1a,*±1.0 16.7%*±1.4 17护 *±0.6 20护 **±1.5 17.7a, **±1.5
L. fermentum TMU121 11.7b±2.1 10.2b±1.3 11.9b±2.1 13.7b±1.5 16.0b±1.0 13.0b±1.0
L. rhamnosus TMU094 10.5b±1.3 10.4b±2.0 12.4b±2.0 14. 7b±1.5 17.0b±1.0 14.0b±1.5
a,b Means with different superscripts in columns are significantly different (* p<0.05, ** p<0.01).

Table 3. Nature of antagonistic properties exerted by culture supernatant of three selected LAB
Supernatant treatment P. pentosaceus TMU457 L. fermentum TMU121 L. rhamnosus TMU094
Control + + +
pH neutralization - + +
Catalase + + +
Pepsin - - -
Trypsin + - -
Lysozyme + + +
+ Inhibitory effect observed/- Inhibitory effect not observed.
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Table 4. Acid and bile tolerance and degree of hydrophobicity of three selected LAB strains (Mean±SD)

Selected LAB % Survivability 
at pH 2.0 after 2 h

OD (650 nm) in the presence 
of 0.3% bile salt after 12 h Hydrophobicity (%)

P. pentosaceus TMU457 55.89b±1.86 35.00b±4.58 3.64b±0.19
L. fermentum TMU121 51.58b±1.48 296.67a±15.28 79.94a±9.70
L. rhamnosus TMU094 67.76a±2.66 43.67b±3.51 93.53a±3.10
a,b Means with different superscripts in columns are significantly different (p<0.01).

Table 5. Antibiotic susceptibility profile of three selected LAB

Antibiotics P. pentosaceus L. fermentum L. rhamnosus
TMU094TMU457 TMU121

Amikasin S I R
Enrofloxacin R R R
Cephalexin R R R
Gentamicin S S S
Kanamycin S S I
Chloramphenicol S S I
Tetracycline R S R
Trimethoprim R I R
+Sulfamethoxazole

Lincospectin R S S
Flumequin I S I
Novobiocin R R R
Nalidixic acid R S R
Synotrime S S S
Penicilin R R R
Vancomicin R R R
Bacitracin I S I
Neomycin R R R
R = Resistant; I = Intermediate; S = Susceptible.

gastrointestinal tract (Gibson et al., 2000). Stresses to 
organisms begin in the stomach, with pH between 1.5 and 
3.0, and in the upper intestine which contains bile 
(Lankaputhra and Shah, 1995; Corzo and Gilliland, 1999). 
Although stomach pH can be as low as 1.0, in most in vitro 
assays pH 3.0 has been preferred (Garriga et al., 1998; 
Suskovic et al., 2001). Thus, survival at pH 3.0 for 2 h and 
at a bile concentration of 1,000 mg/L is considered an 
optimal acid and bile tolerance for probiotic strains (Usman, 
1999). The acid and bile tolerance of the three selected 
LAB isolates is presented in Table 4. In this study, one of 
the strains designated TMU094, identified as L. rhamnosus, 
was able to resist low pH values of 2.0 and showed 
maximum growth at this pH within an hour of incubation. 
However, L. fermentum TMU121 showed moderate 
resistance to this pH value and lost about half of its viable 
counts within an hour of incubation, while P. pentosaceus 
TMU457 showed a sharp decline in its growth rate 
immediately after exposure to this pH (2.0). This 
phenomenon has previously been observed in a number of 
probiotic bacteria where a substantial decrease in the 
viability of strains was often observed at pH 2.0 or below 
(Hood and Zottola, 1988; Gupta et al., 1996). However, as 
reported by Prasad and his co-workers (1999), the probiotic 
strains are likely to be buffered by food or other carrier 

matrix molecules following consumption and are thus not 
likely to be exposed to the extremes of pH in the stomach.

Another important characteristic for a probiotic that 
enables it to survive and then grow and exert its action in 
the small intestine is its bile tolerance. Selection of bile 
tolerant strains at bile concentrations between 0.1 and 4.0% 
w/v in growth media is typical (Gilliland and Speck, 1977; 
Mayara-Makinen et al., 1983). Gilliland et al. (1984) 
reported that bile tolerant lactobacilli occur in high numbers 
in the upper section of the intestine. Although the bile 
concentrations in the gastro-intestinal tract vary, the mean 
intestinal bile concentration is believed to be 0.3% w/v 
(Sjovall, 1959; Gilliland et al., 1985). In our studies, the 
most bile resistant strain was L. fermentum TMU121 which 
was able to survive in the presence of high bile salt 
concentrations (0.3%), while P. pentosaceus TMU457 
showed minimum growth in the presence of this salt. 
Owing to the high tolerance of bile salt by L. fermentum 
TMU121, we expect the strain to be effective in bile salt 
deconjugation and consequently effective in lowering serum 
cholesterol in broilers. This phenomenon was also observed 
by Begley and his colleagues (2005), who reported that 
hydrolysis of bile salts by bile tolerant bacteria results in 
increased usage of cholesterol to synthesize new bile salts 
and this resulted in lowering of serum cholesterol levels. 
However, it is worth mentioning that too high bile salt 
hydrolase activity in the intestinal lumen can result in low 
availability of conjugated bile salts needed for lipid 
digestion (Kim and Lee, 2005).

The beneficial effect of probiotic bacteria has been 
attributed to their ability to colonize human and animal 
gastrointestinal tracts (Dharmawan et al., 2006). Several 
factors are involved in the adhesion of probiotics; one is the 
hydrophobicity of the bacterial cell surface. It has been 
reported by Wadstrom and his co-workers (1987) that, 
compared to hydrophilic strains, hydrophobic lactobacilli 
adhered better to intestinal epithelial cells. As bacterial cells 
alter their membrane fluidity under various environmental 
conditions, growth conditions may have a profound effect 
on the fatty acid composition of their lipids and 
subsequently on the hydrophobicity and adhesion ability of 
bacterial strains. As Table 4 depicts, L. rhamnosus TMU094 
had the highest cell surface hydrophobicity compared to L. 
fermentum TMU121 and P. pentosaceus TMU457. As 
suggested by others, the high cell surface hydrophobicity of 
the mentioned strain could indicate its potential to attach to 
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the epithelial cell lining of the intestine and resist the 
movement of digesta (Yu et al., 2007).

Antibiotic susceptibility profiles of selected LAB are 
shown in Table 5. All three LAB had some degree of 
antibiotic resistance against some of the tested antibiotics. 
In a previous report, Nemcova et al. (1997) investigated the 
antimicrobial susceptibility of 13 lactobacilli strains 
isolated from suckling piglets and found they were 
susceptible to many common feed additive antibiotics. 
Although it is clear that simultaneous application of 
susceptible probiotics with oral antibiotics is generally 
unreasonable, in the case of microbial infection it might be 
possible to use these resistant probiotics in combination 
with appropriate antibiotics (Marounec and Rada, 1995).

To conclude, we might suggest the three selected LAB 
strains, namely Lactobacillus rhamnosus TMU094, 
Lactobacillus fermentum TMU121 and Pediococcus 
pentosaceus TMU457, to be potential candidates in 
developing a probiotic formulation for poultry feed. 
Although all three strains varied in some of their properties, 
when used in combination they could provide beneficial and 
desirable properties as a probiotic.

RFERENCES

Begley, M., C. G M. Gahan and C. Hill. 2005. The interaction 
between bacteria and bile. FEMS Microbiol. Rev. 29:625-651.

Buchanan, R. E. and N. E. Gibbons. 1994. Bergey’s manual of 
determinative bacteriology, 9th ed. Williams & Wilkins, 
Baltimore.

Collins, J. K., G Thornton and G O. Sullivan. 1998. Selection of 
probiotic strains for human applications. Int. Dairy J. 8:487
490.

Corzo, G. and S. E. Gilliland. 1999. Measurement of bile salt 
hydrolase activity from Lactobacillus acidophilus based on 
disappearance of conjugated of bile salts. J. Dairy Sci. 82:466
471.

Delves-Broughton, J. 1990. Nisin and its uses as a food 
preservative. Food. Technol. 44:100-112.

Dharmawan, J., I. S. Surono and L. Y. Kun. 2006. Adhesion 
properties of indigenous Dadih lactic acid bacteria on human 
intestinal mucosal surface. Asian-Aust. J. Anim. Sci. 19:751
755.

Erkkila, S. and E. Petaja. 2000. Screening of the commercial meat 
starter cultures at low pH and in the presence of bile salts for 
potential use of probiotic use. Meat Sci. 55:297-300.

Fuller, R. 1989. A review: Probiotics in man and animals. J. Appl. 
Bacteriol. 66:365-378.

Garriga, M., M. Pascal, J. M. Montfort and M. Hugas. 1998. 
Selection of lactobacilli for chicken probiotic adjuncts. J. Appl. 
Microbiol. 84:125-132.

Ghadban, G. S. 2002. Probiotics in broiler production- a review. 
Arch. Geflugelk. 22:49-58.

Gibson, G. R., P. B. Otaway and A. R. Robert. 2000. Prebiotics: 
new developments in functional foods. Chandos Publishing 
(Oxford) Limited, London, UK.

Gilliland, S. E. and M. L. Speck. 1977. Deconjugation of bile 
acids by intestinal lactobacilli. Appl. Environ. Microbiol. 
33:15-18.

Gilliland, S. E. and D. K. Walker. 1990. Factors to consider when 
selecting a culture of Lactobacillus acidophilus used as a 
dietary adjunct to produce a hypercholesterolemic effect in 
humans. J. Dairy Sci. 73:905-909.

Gilliland, S. E., C. R. Nelson and C. Maxwell. 1985. Assimilation 
of cholesterol by Lactobacillus acidophilus. Appl. Environ. 
Microbiol. 49:377-381.

Gilliland, S. E., T. E. Staley and L. J. Bush. 1984. Importance of 
bile tolerance of Lactobacillus acidophilus used as a dietary 
adjunct. J. Dairy Sci. 67:3045-3051.

Gupta, P. K., B. K. Mital and S. K. Garg. 1996. Characterization of 
Lactobacillus acidophilus strains for use as dietary adjunct. Int. 
J. Food Microbiol. 29:105-109.

Gusils, C., A. Perez Chaia, S. Gonzalez and G. Oliver. 1999. 
Lactobacilli isolated from chicken intestines: Potential use as 
probiotics. J. Food Protect. 62:252-256.

Gusils, C., M. Bujazha and S. Gonzalez. 2002. Preliminary studies 
to design a probiotic for use in swine feed. Interciencia. 
27:409-413.

Hood, S. K. and A. Zottola. 1988. Effect of low pH on the ability 
of Lactobacillus acidophilus to survive and adhere to human 
intestinal cells. J. Food Sci. 53:1514-1516.

Huis in’t Veld, J. H. J. and C. Shortt. 1996. Selection criteria for 
probiotic micro-organisms. In: Gut flora and health- past, 
present and future (Ed. A. R. Leeds and I. R. Rowland). 
International Congress and Symposium Series No. 219, Royal 
Society of Medicine Press Limited. pp. 27-36.

Jin, L. Z., W. Y. Ho, M. A. Abdullah and S. Jalaludin. 1998a. 
Growth performance, intestinal microbial populations, and 
serum cholesterol of broilers fed diets containing lactobacillus 
cultures. Poult. Sci. 77:1259-1265.

Jin, L. Z., W. Y. Ho, M. A. Abdullah, M. A. Ali and S. Jalaludin. 
1998b. Effects of adherent lactobacillus cultures on growth, 
weight of organs and intestinal microflora and volatile fatty 
acids in broilers. Anim. Feed Sci. Technol. 70:197-209.

Jin, L. Z., W. Y. Ho, M. A. Abdullah, M. A. Ali and S. Jalaludin. 
1996. Antagonistic effects of intestinal lactobacillus isolates on 
pathogens of chicken. Lett. Appl. Microbiol. 23:67-71.

Joerger, M. C. and T. R. Klaenhammer. 1986. Characterization and 
purification of helveticin J and evidence for a chromosomally 
determined bacteriocin produced by Lactobacillus helveticus 
481. J. Bacteriol. 167:439-446.

Juven, B. J., R. J. Meinersmann and N. J. Stern. 1991. 
Antagonistic effects of Lactobacilli and Pediococci to control 
intestinal colonization by human enteropathogens in live 
poultry. J. Appl. Bacteriol. 70:95-103.

Juven, B. J., F. Schved and P. Linder. 1992. Antagonistic 
compounds produced by a chicken intestinal strain of 
Lactobacillus acidophilus. J. Food Protect. 55:157-161.

Kim, G. B. and B. H. Lee. 2005. Biochemical and molecular 
insights into bile salt hydrolase in the gastrointestinal 
microflora - A review. Asian-Aust. J. Anim. Sci. 18:1505-1515.

Kim, H. J., H. S. Shin, W. K. Ha, I. H. Yang and S. W. Lee. 2006. 
Characterization of lactic bacterial strains isolated from raw 
milk. Asian-Aust. J. Anim. Sci. 19:131-136.



1500 Karimi Torshizi et 시. (2008) Asian-Aust. J. Anim. Sci. 21(10):1495-1500

Lankaputhra, W. E. and N. P. Shah. 1995. Survival of 
Lactobacillus acidophilus and Bifidobacterium spp. in the 
presence of acid and bile salts. Cult. Dairy Prod. J. 30:2-7.

Lewus, C. B., A. Kaiser and T. J. Montville. 1991. Inhibition of 
food-borne bacterial pathogens by bacteriocins from lactic acid 
bacteria isolated from meat. Appl. Environ. Microbiol. 
57:1683-1688.

Marounek, M. and V. Rada. 1995. Susceptibility of poultry 
Lactobacilli to ionophore antibiotics. J.Vet. Med. 42:193-196.

Mayra-Makinen, A., M. Manninen and M. Gyllenberg. 1983. The 
adherence of lactic acid bacteria to the columnar epithelium 
cells of pigs and calves. J. Appl. Bacteriol. 55:241-245.

McKay, L. L. and K. A. Boldwin. 1990. Applications for 
biotechnology: present and future improvements in lactic acid 
bacteria. FEMS Microbiol. Rev. 87:3-14.

Mulder, R. W. A. W., R. Havenaar and J. H. J. Huis in't Veld. 1997. 
Intervention strategies: the use of probiotics and competitive 
exclusion microfloras against contamination with pathogens in 
pigs and poultry. In: Probiotics 2. Applications and practical 
aspects (Ed. R. Fuller). Chapman and Hall, London, UK. pp. 
187-205.

Nemcova, R., A. Laukova, S. Gancarcikova and R. Kastel. 1997. 
In vitro studies of porcine lactobacilli for possible probiotic 
use. Berl. Munch. Tierarztl. Wschr. 110:413-417.

Nurmi, E. and M. Rantala. 1973. New aspects of Salmonella 
infection in broiler production. Nature 241:210-211.

Patterson, J. A. and K. M. Burkholder. 2003. Application of 
probiotics and probiotics in poultry production. Poult. Sci. 82: 
627-631.

Prasad, J., H. Gill, J. Smart and P. K. Gopal. 1999. Selection and 
characterization of lactobacillus and bifidobacterium strains 
for use as probiotics. Int. Dairy J. 12:993-1002.

Reid, G. and R. Friendship. 2002. Alternatives to antibiotic use: 
Probiotics for the gut. Anim. Biotechnol. 13:92-97.

SAS Institute Inc. 1990. SAS/STAT User’s Guide: Version 6. 4th 
edn. SAS institute Inc., Carolina.

Schillinger, U. and F. K. Lucke. 1989. Antibacterial activity of 
Lactobacillus sake isolated from meat. App. Environ. 
Microbiol. 55:1901-1906.

Sjovall, J. 1959. Dietary glycine and taurine on bile acid 
conjugation in man; bile acids and steroids. Proc. Soc. Exp. 
Biol. Med. 100:676-678.

Steel, R. G. D. and J. H. Torrie. 1980. Principles and Procedures of 
Statistics: A Biometrical Approach. 2nd edn. McGraw-Hill 
Book Company, New York.

Suskovic, J., B. Kos, J. Goreta and S. Matosic. 2001. Role of lactic 
acid bacteria and bifidobacteria in synbiotic effect. Food 
Technol. Biotechnol. 39:227-235.

Ten Brink, B., M. Minekus, J. M. B. M. van der Vossen, R. J. Leer
and J. H. J. Huis in't Veld. 1994. Antimicrobial activity of 
lactobacilli: preliminary characterization and optimization of 
production of acidocin B, a novel bacteriocin produced by 
Lactobacillus acidophilus M46. J. Appl. Bacteriol. 77:140-148.

Toit, M. D., C. M. A. P. Franz, L. M. T. Dicks, U. Schillinger, P.
Haberer, B. Warlies, F. Ahrens and W. H. Holzapfel. 1998. 
Characterization and selection of probiotic lactobacilli for a 
preliminary minipig feeding trial and their effect on serum 
cholesterol levels, faeces pH and faeces moisture content. Int. J.
Food Microbiol. 40:93-104.

Tortuero, F. 1973. Influence of the implantation of Lactobacillus 
acidophilus in chicks on the growth, feed conversion, 
malabsorption of fats syndrome and intestinal flora. Poult. Sci. 
52:197-203.

Treagan, L. and L. Pulliam. 1982. Medical microbiology 
laboratory procedures. W.B. Saunders Company, Philadelphia. 
pp. 233-243.

Upreti, G. C. and R. D. Hinsdill. 1975. Production and mode of 
action of Lactocin 27: bacteriocin from a homofermentative 
lactobacillus. Antimicrob. Agents Ch. 7:139-145.

Usman, H. A. 1999. Bile tolerance, taurocholate deconjugation, 
and binding of cholesterol by Lactobacillus gasseri strains. J. 
Dairy Sci. 82:243-248.

Wadstrom, T., K. Andersson, M. Sydow, L. Axelsson, S. Lindgren 
and B. Gullmar. 1987. Surface properties of lactobacilli 
isolated from the small intestine of pigs. J. Appl. Bacteriol. 62: 
513-520.

Yu, B., J. R. Liu, M. Y. Chiou, Y. R. Hsu and P. W. S. Chiou. 2007. 
The effects of probiotic Lactobacillus reuteri Pg4 strain on 
intestinal characteristics and performance in broilers. Asian- 
Aust. J. Anim. Sci. 20:1243-1251.


