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Introduction

Probiotic microorganisms and organic acids maintain the

beneficial effect as an alternative to the use of antibiotics in feeds1.

A probiotic is a “live microbial feed supplement which

beneficially affects the host animal by improving its intestinal

microbial balance”2-3. Antibiotics have been supplemented to

animal and poultry feed to improve growth performance and

efficiency; protect animals from adverse effects of pathogenic

and non-pathogenic enteric microorganisms4. There are also

reports that antibiotics could increase the colonization of the

chicken gut by salmonellae, creating a potential public health

problem5. The feeding of antibiotics also resulted in the retention

of antibiotics in animal tissue, imbalances in normal intestinal

flora, reduced beneficial intestinal microbial populations, and

the generation of antibiotic-resistant bacteria. To overcome these

problems, efforts have been directed towards the development

and use of probiotics in food animals6. Probiotic supplementation

of the intestinal microflora in poultry, especially with

Lactobacillus species, showed beneficial effects on resistance to

infectious agents such as Escherichia coli7, Salmonella spp.8.

The significant roles of probiotics activities are determined in

improving digestive functions, as well in immune system against

infectious diseases9. The natural intestinal flora is a protective

barrier against pathogens that can also affect nutrient digestion

and absorption. Commercial probiotics constitute single or

multiple strains of beneficial bacteria. Among the potential

probiotics, lactic acid bacteria (LAB) are reported to have

important effects in animals10. In vivo studies investigating health

benefits of potential probiotics are time-consuming and often

expensive; hence, the consequent use of in vitro tests as selection

criteria to reduce the number of strains and find the most effective

organism is unavoidable. Antimicrobial effects are major

characteristics in the selection of LAB as probiotic candidates

because these attributes provide competitiveness against enteric

pathogens and reduce their colonization11. Recent studies have

focused on improving the probiotic efficacy and represent more

applicable supplements in poultry nutrition. The aim of the

research work was to identify thermotolerant lactobacilli strains

isolated from gastrointestinal digestive tracts of broiler chiken

and study their responses to the criteria’s selection probiotic in

order to select strains to be used as probiotic in the poultry feed.

Materials and Methods

Sample collection: Thirty broiler chickens (Gallus gallus

domesticus) were collected from Rayerbazar, Farmgate, New

Market, and Azimpur in Dhaka City, Bangladesh.
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Lactobacillus species isolation: The Lactobacillus strains were

isolated from jejunum, ileum, and caecum of chicken. Two cm

portion of digestive tract was mixed with sterile saline buffer

(0.85%, pH 7.0) and homogenized using a stomacher. Decimal

dilution of these samples was inoculated on selective de Man,

Rogosa and Sharpe (MRS) agar medium (HiMedia, India) at 45°C

for 48 h under anaerobic conditions at anaerobic jar (Oxoid, UK).

Then colonies with different morphology were randomly selected

from the highest dilutions of each MRS agar plate and then sub

cultured to acquire pure isolates.

Strain identification and preservation: Citrate utilization, indole,

nitrate reduction and motility test; arginine and gelatin hydrolysis

were performed. Sugar fermentation was determined in

carbohydrate consumption broth (HiMedia, India) and

supplemented with 1% sugar. Seventeen sugars (arabinose,

fructose, galactose, glucose, lactose, maltose, mannitol, mannose,

melibiose, raffinose, rhamnose, ribose, salicin, sorbitol, sucrose,

trehalose and xylose) were subjected to a fermentation test under

anaerobic condition; each tube was topped up with two drops of

sterile liquid paraffin after inoculation. The isolates were

identified using standard morphological, cultural and biochemical

reactions12. Gram positive and catalase, oxidase negative isolates

were stored at “20°C in MRS broth supplemented with 20% (v/

v) glycerol.

Reference microorganisms: Lactobacillus acidophilus ATCC

314, Lactobacillus rhamnosus ATCC 7469 and were used as

reference microorganisms and as positive control. Escherichia

coli ATCC 8739, Bacillus subtilis ATCC 11774 was used as

negative control.

Inhibitory substances tolerance: The probiotic characteristic was

tested by using the sensitivity or resistance to low pH (2.5),

sodium chloride salt tolerance (6.5%) and bile salt (2%) (Oxgall,

Oxoid, UK). Acid and bile salt resistance can be considered

important properties of probiotic lactic acid bacteria11,13. The

physiological concentration of bile salts in the small intestine is

between 0.2 and 2.0%14. The isolated lactobacilli were subjected

to primary screening for acid, sodium chloride salt and bile salt

tolerance in MRS broth adjusted to pH 2.5, 3, 4, 5 with 1N HCl

1 to 8% and 0.5, 1.0, 1.5, 2.0% with bile salt respectively. The

determination of growth was performed by 1.0% bacterial

suspension inoculated in MRS broth and observed after 18 h

after anaerobic incubation at 45°C. The experiment was

performed in duplicate and the mean values were calculated.

Gastric juice tolerance: Twenty five isolated lactobacilli were

subjected to primary screening to gastric juice tolerance (0.5%

Bile Salt, 0.2% NaCl, 0.32% pepsin and pH 2.5) in MRS broth;

control with MRS broth medium pH 6.2. The determination of

tolerance was performed by 1.0% bacterial culture inoculated in

MRS broth and the growth was observed after 18 h after anaerobic

incubation at 45°C. Then absorbance was taken at 600 nm of 18

h culture.

Heat tolerance: Four Lactobacillus isolates was inoculated at

1% in MRS broth medium and incubated at different temperatures

such as 15, 20, 25, 30, 37, 40, 45 and 50°C for 18 h and the

growth was monitored by measuring the absorbance value of broth

at 600 nm. Temperature tolerance was observed at 55, 60 and

65°C for 10, 20 and 30 min in heating water bath (Clifton,

England) with 2% Lactobacillus cultures in MRS broth medium.

Proteolytic activity: The proteolytic activity was determined on

skim milk agar. The strains were inoculated by 3 mm diameter

and incubated for 24 h at 37°C. The proteolysis activity is

characterized by the observation of a clear zone surrounding the

colonies15.

Antimicrobial activity: Agar spot test method16-17 and agar well

diffusion method18 were used to detect of inhibitory activity of

Lactobacillus spp. These assays were performed in duplicate.

For the agar spot test, overnight culture of Lactobacillus spp.

were spotted (3 mm) into the surface of MRS agar (HiMedia,

India) plates and incubated in anaerobic jar for 48 h at 45°C to

allow colonies to develop. Approximately 5×107 colony forming

unit (cfu) of test microorganisms was swabbed in the plate in

which Lactobacillus spp. was grown. After incubation for 24 h

at 45°C, the radius of the clear inhibition zone around

Lactobacillus spp. was recorded. For agar well diffusion method

4 wells in each plate of 4 mm in diameter were cut into tryptone

soya agar (TSA, Oxoid,UK) plate by using a sterile borer and

100 µl of the cell free supernatant (centrifugation at 10,000×g

for 5 min, 4ºC ) of the isolates were placed into different well.

The cell-free supernatant was adjusted to pH 6.2 using 1N NaOH

and it was used as crude bacteriocin The plates were pre-

inoculated at room temperature for the diffusion and incubated

aerobically overnight at 45°C. The plates were examined for zones

of inhibition.

Test organisms: For the detection of antimicrobial activity of

Lactobacillus isolates against pathogenic microorganisms Listeria

monocytogenes (2) ATCC 19112, Staphylococcus aureus ATCC

9144, Shigella flexneri (2b) ATCC 12022, Klebsiella pneumoniae

ATCC 13883, Escherichia coli (environmental isolate), Vibrio

parahaemolyticus ATCC 17802, Bacillus cereus ATCC 10876,

Aspergillus niger, Acetobacter spp. Saccharomyces cerevisiae,

Candida spp.

Antibiotic susceptibility: Antibiotic susceptibility of strains of

lactobacilli was determined in vitro using the Kirby-Bauer agar

disc diffusion method19. The commercial antibiotic discs used

in this study were AM = ampicillin (10 µg), AK = amikacin (30

µg), CIP = ciprofloxacin (5 µg), DO = doxycycline (30 µg), E =

erythromycin (15 µg), CN = gentamycin (10 µg), IMP =

imipenem (10 µg), NA = nalidixic acid, N = neomycin (10 µg),

F = nitrofurantoin (300 µg), TE = tetracycline (30 µg), VA =

vancomycen (antibiotic disks were obtained from Emapol,

Poland). MRS cultures were suspended at approximately 108 cfu/

ml (McFarland standard 0.5) on Mueller-Hinton agar plates

incubated for 24 h at 37°C. For susceptibility tests, clear zone
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recommended for consideration of susceptible or resistance of

an organism.

Results and Discussion

Lactobacillus species isolation and identification: A total of 30

samples (gut of broiler chicken) were analyzed and twenty five

(25) isolates were identified as Lactobacillus species. Most of

them were shiny creamy color, circular, smooth and convex; some

of them were found to be irregular in MRS agar (HiMedia, India).

Bacillary and cocci forms were positive to Gram reactions under

a light microscope and most of them were rod or short rod chain

and coccoid rods. Some Lactobacillus spp. was found to be

irregular, short, even coccoid rods with round tappered ends,

sometimes longer also20. Most of the isolates were found to be

non-motile; oxidase, catalase, arginine hydrolysis, indole

negative; nitrates are not reduced and gelatin was not liquefied.

The results of selected isolates of Lactobacilli were shown in

Table 1. Four isolates (img-02, img-08, img-10 and img-14) were

able to grow at 37°C and 45°C; isolates img-02 and img-10 cannot

grow at 6.5 % NaCl (w/v) but rest two isolates grow at 6.5%

NaCl.  Kandler and Weiss21 have classified Lactobacillus isolates

according to their morphology, physiology and molecular

characteristics. These isolates were also able to ferment sugars

at different percentages which were much significant for

identification of the species. Among seventeen different sugars;

fructose, glucose, lactose, maltose and sucrose was fermented

by those 4 isolates. Galactose, melibiose, ribose and salicin were

utilized by 75% of the isolates; 50% of the isolated isolates were

able to ferment trehalose and mannitol sugars; arabinose,

raffinose, rhamnose and xylose was not fermented by any one of

the 4 isolates.

Inhibitory substances tolerance: Probiotic potential of lactobacilli

had ability to resist bile salts and acidic pH22. Tolerance to bile

salts is a prerequisite for colonization and metabolic activity of

bacteria in the small intestine of the host23. The effect of pH

(2.5, 3, 4 and 5) and bile salts (0.5, 1.0, 1.5 and 2.0%) and NaCl

(1 to 6.5%) of 25 isolates was studied. It was found that most

isolates might grow at above criteria except pH 2.5-3.0 and bile

concentration 1.5-2%.  But most of them were able to survive

that low pH and bile salt. Jacobsen et al.24 suggested that the pH

of 2.5 seemed to be damaging to the bacteria. The isolates from

our experiment showed stronger bile tolerance than those reported

by other investigators25. In this study, four probiotic isolates (img-

Table 1 Phenotypic and biochemical characteristics of selected lactobacilli

Test parameter img-02 img-08 img-10 imbg-14

Growth at 15°C - - - -

Growth at 37°C + + + +

Growth at 45°C + + + +

Growth at 6.5 % NaCl - + - +

Growth at 8 % NaCl - - - -

Hydrolysis of arginine, gelatine - - - -

Citrate utilization - - - -

Indole, Motility, Nitrate reduction - - - -

Survival at 60°C for 30 min - - + +

Arabinose - - - -

Cellobiose + - + +

Fructose + + + +

Galactose + + + +

Glucose(acid) + + + +

Glucose(gas) - - - -

Lactose(acid) + + + +

Maltose + - - -

Mannitol + - - +

Mannose + - + +

Melibiose + + - +

Raffinose - - - -

Rhamnose - - - -

Ribose + - - +

Salicin + + + +

Sorbitol - - - -

Sucrose + + + +

Trehalose + + + +

Xylose - - - -

Esculin hydrolysis + + + +

Protease activity (milimiter) 35 25 18 25
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02, img-08, img-10 and img-14) showed acid tolerance at pH

2.5 sodium chloride salt tolerances at 5% (w/v) and bile salt

tolerance at 2% (w/v). On the basis of low pH tolerance and high

bile salt tolerance test twelve (12) presumptive Lactobacillus

spp. were selected for gastric juice tolerance test.

Gastric juice tolerance: Among 12 only four Lactobacillus

isolates (img-02, img-08, img-10 and img-14) had excellent

growth with the gastric juice composition (0.5% bile salt, 0.2%

NaCl, 0.32% pepsin) in MRS broth up to pH 4 and significantly

survive at pH 2.5. These were excellent probiotics. The survival

of L. plantarum, L. acidophilus L. rhamnosus strains in simulated

gastric juice, pH 2.0, for 90 min26.

Heat tolerance: Four Lactobacillus isolates was inoculated at

1% in MRS broth medium and incubated at different temperatures

such as 15, 20, 25, 30, 37, 40, 45 and 500C for 18 hrs and the

growth was monitored by measuring the absorbance value of broth

at 600 nm. The experiment was performed in triplicate and the

mean values were calculated (Figure: 1). Temperature tolerance

was observed at 55, 60 and 65°C for 10, 20 and 30 min in heating

water bath (Clifton, England) with 2% Lactobacillus cultures in

MRS broth medium. Survival study in high temperature was

measured by plate count method. Four isolates had shown stability

at 55°C but not at 65°C; only Lactobacillus plantarum img-10

and L. acidophilus img-14 were stable at 60°C for 30 min.

Proteolytic activity: Selected four isolates were proteolytic

lactobacilli. The proteolyse activity of these bacteria is benefit

for host, by the liberation of the amino acids from feed or

endogenous proteins. Isolated L. acidophilus from chicken gut

was proteolytic probiotic microorganisms27.

Antimicrobial activity: Lactic acid bacteria pose a strong

antagonistic activity against foodborne pathogenic

microorganisms as a result of the production of organic acids,

hydrogen peroxide, inhibitory enzymes and bacteriocins28-29.

Antimicrobial activity of probiotic microorganisms may

contribute to an improvement in the quality of fermented foods.

This may result from control of spoilage and pathogenic bacteria,

extension of shelf life, and improvement of sensory quality30-31.

The results (Table 2) showed that all of the four strains were able

to inhibit the growth of eight pathogenic microorganisms. Two

strains (L. plantarum img-10 and L. acidophilus imy-14) among

4 were excellent to inhibit the most pathogenic microorganisms

(Table 3). This indicates that inhibitory factors secreted into

environment. This result is in concordance with the results of

Kos et al.32 who was demonstrated anti-Salmonella activity of

probiotic strains L. acidophilus M92 and L. plantarum L4; L.

acidophilus M92 was also shown to have anti-listerial activity.
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Figure 1. Growth absorbance (OD) at 600 nm after 18 h of

different temperature.

Table 2. Antimicrobial activity

Name of the test microorganism                           Diameter of zone of inhibition in mm

*Control img-02 img-08 img-10 imy-14

Salmonella Enteritidis ATCC 13076 10 15 15 10 15

Staphylococcus aureus ATCC 9144 10 5 5 10 10

Escherichia coli (environmental isolate) 5 10 15 5 5

Klebsiella pneumoniae ATCC 13883 5 10 10 5 5

Shigella flexneri (2b) ATCC 12022 8 5 10 15 15

Listeria monocytogenes (2) ATCC 19112 5 5 10 5 5

Vibrio parahaemolyticus ATCC 17802 5 10 10 5 5

Bacillus cereus ATCC 10876 5 20 10 10 10

Aspergillus flavus 0 7 9 10 14

Candida albicans 0 30 25 35 20

Saccharomyces cereviciae 0 0 4 4 6

*Control = Lactobacillus rhamnosus ATCC 7469, 0 = Not tested.
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The study of Tambekar and Bhutada33 showed that L. plantarum

had strongest antagonistic potential against Salmonella typhi and

Klebsiella pneumoniae. Obadina et al.34 also reported that L.

plantarum, had a broad antimicrobial inhibitory spectrum, against

Salmonella typhi, E. coli, S. aureus and B. cereus.

Antibiotic susceptibility: The safety of probiotic bacteria must

be carefully assessed, with particular attention to transferable

antibiotic resistance35. Antibiotic resistance pattern should be

tested for each particular probiotic strain36. Four isolates were

resistant to ciprofloxacin, gentamycin, imipenem  and penicillin

G but sensitive to ampicillin, doxycycline, erythromycin and

tetracycline. Isolates img-14 was also sensitive to nalidixic acid

and vacomycin (Table 3). This result was similar to the report of

Danielsen and Wind37. They found lactobacilli have a high natural

resistance to ciprofloxacin, kanamycin, gentamicin,

nitrofurantoin, and vancomycin. The resistance of the probiotic

strains to antibiotics used for both preventive and therapeutic

purposes in controlling intestinal infections and faster recovery

of the patients due to rapid establishment of desirable microbial

flora38. Ahmed39 suggested uses probiotic as alternatives to

antibiotics due to rising antibiotic resistant bacteria. Resistance

to ampicillin, ciprofloxacin, and vancomycin are commonly found

in the genus Lactobacillus. Future experiments should investigate

whether this resistance is carried by a resistance plasmid and can

be transmitted to other bacteria.

Conclusion

This may be first research article that the isolation and

characterization of strains of lactobacilli isolated from broiler

chicken in Bangladesh. The present study revealed that isolated

strains  Lactobacillus plantarum img-02, Lactobacillus

plantarum img-08, Lactobacillus plantarum img-14 &

Lactobacillus acodophilus img-14 were acid tolerance at pH 2.5,

sodium chloride tolerance at 5%, bile tolerance at 2%,

antibacterial activity against enteric pathogens and able to

produce the antimicrobial substances like bacteriocin which

suggest their possible use in the poultry industry. These

Lactobacillus isolates may be used as probiotic poultry feed to

increase the natural flora of poultry gut and inhibit or reduction

the pathogenic microbial contamination. These products provide

restoration and maintenance of normal microbial flora of intestine,

inhibit or reduction the pathogenic microbial contamination and

prevention of side effect of antibiotics. Four strains are protease

positive. The proteolytic activity of these bacteria is benefit for

host chicken by the liberation of the amino acids from feed or

endogenous proteins.
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