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Abstract

Considering the importance of the poultry industind the increasing interest in alternative
growth promoters, probiotics are considered as tenpi@l candidate for use in the poultry
industry. In this studyl.actobacillus species were isolated from 21 rectal swabs ofeHltlhy 6-
day-old and 10 healthy 21-day-old chickens andr ttegial and feed samples. The isolates were
characterized and their probiotic characteristrnduding resistance to gastric acid and bile salts
biofilm formation and adherence to epithelium orcom; amylase and protease activity and
production of inhibitory compounds, were assesbeoim 31 acid and bile resistant lactobacilli,
only 2 Lactobacillus brevis and 1 Lactobacillus reuteri strains showed significant probiotic
properties. These isolates indicated detectablectatient to Caco-2 cells and significant
antibacterial activities against Gram-positiaad Gram-negative pathogenddditionally,
phenotypic and genotypic diversity of lactobaddiolates were studied by Phene Plate (PhP)
system (PhP-LB) and random amplified polymorphicADRAPD)-PCR, respectively. PhP-LB
results of 24L. brevis isolates showed a high phenotypic variation amthrgg isolates. In
comparison, results of RAPD-PCR highlighted a lowetsity. Therefore, it seems that
combination of the 2 techniques (PhP and RAPD-PCRyId result in a significant

discriminatory power than each of them used alone.

Keywords: Probiotic; Lactobacilli; Poultry; Feed; Fecal



36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

1. Introduction

The Iranian poultry industry is the largest in tM&ldle East with nearly 1.2 million tons of

output (meat and eggs). Therefore, this industry &aspecial status in the Iranian industry
(Shariatmadari, 2000). The significant concernsitegl to this industry are health issues that
threaten not only animal production, but also teegbe using their products. (Griggs and Jacob,
2005; Nava et al., 2005; Zhang et al., 2018). Gas#stinal diseases are one of the most
important threats, as they lead to lost produgtivihcreased mortality, and contamination of

poultry products for human consumption (PatterswhBurkholder, 2003).

The balance among the gastrointestinal microbidagspa significant role in maintaining the
normal physiology of host animals. Gastrointestmatrobiota help direct the normal formation
or development of gut structure and morphology,psupimmune responses, offer protection
from intestinal pathogens, and play an active moldhe digestion of nutrients (Slizewska, 2020;
Rodrigues, 2020). In the past, using antibioticertumote the growth of animals and manage gut
microbiota was a norm. Feeding of antibiotics todcanimals has been recognized as one
leading cause of the spread of antimicrobial rass# in human populations. The gradual
emergence of populations of antibiotic resistanttdr@a has become a major public health
problem of global proportions. Due to this concaince 2006 the European Union banned the
use of antibiotics as growth promoters in animadfdde Souza, 2018). Therefore, several
alternative strategies have been proposed with ssunoeess that mimic the functions of
antibiotics. Probiotics have been widely studieccduse of their ability to modulate gut
microbiota and immunological systems in both humand livestock. They have been used to
increase milk production and to reduce diarrhoeth o cattle and pigs, and to control the

colonisation of the intestinal tract by pathogdmcteria (Alayande, 2020).

3
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The microbes which are suitable for probiotic pwg® in human and animals are mainly
members of a metabolically defined group of Grarsipee bacteria, known as lactic acid
bacteria (LAB) (Naidu et al., 1999). These microbes widely distributed in the environment
and play a significant role in the gastrointestimatt of a diverse array of animals (Bermudez-
Brito et al., 2012; Butel, 2014). A main part oétbandidate strains, which have been introduced
for probiotic purposes, fall into the genluactobacillus which is a major genus of LAB and
harbor more than 200 species (Goktepe et al., 2Q0&}obacillus species, with a record of safe
use as probiotics in humans and animals, are artttngommon inhabitants of the broiler
gastrointestinal tract (Lu et al., 2003). In pogltadministration of the probioticactobacillus
strains improves not only the feed digestion, s $he nutrient uptake. In addition, probiotics
increase the growth performance, neutralizing weri@nterotoxins and enhancing immune
responses (Ghadban, 2002; Al-Khalaifa, 2019). Acld#lly, probiotics reduce the risk of
gastrointestinal colonization by foodborne pathegesuch asCampylobacter (Ghareeb et al.,
2012; Khan et al., 2019; Neal-McKinney et al., 20X2ostridium (Li, 2017) andSalmonella
(Kizerwetter-Swida and Binek, 2009; Tellez et @012), and increase the safety of poultry-
based foods (Gaggia et al., 2010). Such antagorastivities against the pathogens is highly
linked to lactic acid produced tyactobacillus strains, which can be toxic for many bacteria, can
compete for nutrients, and affect cell attachmexgabilities of the beneficial microbes to the

intestinal epithelium (Patterson and BurkholdeQ20

Despite the importance of the poultry industry ran| little attention has been given to the
isolation of probiotic bacteria and determinatidrtheeir biological activities in this country. In
this study, we aimed to isolate and charactelraetobacillus species from indigenous poultry

farms with a special focus on their probiotic pnajes.
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2. Materialsand methods

2.1 Isolation of lactic acid bacteria

A total of 21 rectal swabs of 11 healthy 6-day-adi 10 healthy 21-day-old chickens, their fecal
and their feed samples, were collected from 2 pptdirms near Tehran, Iran. The chicken breed
was Ross and diets were standard according to rées lrequirements, containing maize and
soybean balanced with minerals, vitamins, and amaweods without growth promoting
antibiotics. To isolate LAB from fecal samples, Biaken feces from 2 poultry farms (each
sample was 1 g) were collected randomly in Man Ragand Sharpe (MRS) broth (Merck,
Germany). The samples were serially diluted in phage-buffered saline (PBS) pH 7.4 and
aliquots of them were plated on MRS agar mediud-@ém plates. The plates were incubated for
48 h at 37 °C in microaerobic conditions. From eaample, different morpho-type colonies
were selected for further purification and then A isolates were cryopreserved at -80 °C in
MRS broth containing 20% glycerol under definedigiegtions.

2.2 Resistanceto low pH and bile salts

Tolerance of isolates to low acidity and bile saltsre determined in triplicate experiments as
described by Cano Roca et al (2014). Briefly, exgmially growing cells in MRS broth were
washed by centrifugation (4,000gxat 25 °C for 10 min) and re-suspended in PBS.rAf&zial
dilutions, an initial dilution of the bacterial pension was prepared for plating on MRS agar. To
investigate the reaction of the isolates to low ydfues, 100 pL of the cell suspension®10
CFU/mL) was added to 900 pL of sterile PBS (pH =n3a 1.5-mL microtube. The endurable
cell counts were measured after 3 h of incubatioB7a’C. A similar procedure was performed

using PBS (pH = 7) as a control. To determine tierance of isolates to bile salts, 50 pL of
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bacterial suspension was added into tubes congpthBb0 pL of MRS broth (Merck, Germany)
with 0.4% (wt/vol) of bile salts (Merck, Germany)daincubate at 37 °C for 6 h.

The harvested cells from the acid in both bile stiktss experiments were washed in PBS (pH =
7.4) and cultured on MRS agar and finally countivas performed. Based on 2, 2—4, 4-6 and >
6 log reduction in comparison to the initial susgien after 3 and 6 h of incubation in acid and
bile salts, isolates were grouped as strongly tasisresistant, intermediate and susceptible,
respectively.

2.3 Phenotypic classification

All of the acid-bile resistant isolates were sutgecto a biochemical fingerprinting with the
PhPlate system according to the manufacturer'sucisbons (PhPlate Micro-plate Techniques
AB, Stockholm, Sweden) which was modified for igetatyping (PhP-LB). The microplates
contained 4 sets of dehydrated reagents (23 diffeseigars including arabinose, xylose,
galactose, maltose, cellobiose, trehalose, pakinsucrose, lactose, melibiose, manose,
melezitose, inosin, mannitol, arbutin, sorbitod|lac, sorbose, rhamnose, taghatose, amigdalin,
gluconate, salicin), which have been specificadliested for phenotypic typing afactobacillus
speciesAfter the incubation of PhP-LB plates at 37 °Qs thilization of the substrates in each
well was measured by scanning the images afte4@4nd 72 h. Scanned images were analyzed
by software package PhPWIN (PhPlate micro-platéhrtiegies AB, Sweden). The mean
similarity between duplicate assays of all strair’isSD was calculated as the identification level
(ID), which was 0.975 and strains with > 0.975 #amiies were grouped into the same Phene
Plate (PhP) type.

2.4 Molecular identification
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Total DNA of the acid-bile resistant isolates wag&cted using a peqGOLD Bacterial DNA Kit
(peQlab, Germany) according to the manufacturasguction. Preliminary characterization of
lactobacilli was performed based on the phenotyfigen, molecular identification of the
Lactobacillus spp. was performed using primers which were sjgefof amplification of a 247
bp region of the 16S rRNA gene in the gehastobacillus (McOrist et al., 2002). The PCR
amplification program was as follows: a single ialitdenaturation cycle (5 min at 94 °C)
followed by 30 cycles (30 s at 94 °C [denaturati@(] s at 57 °C [annealing], and 30 s at 72 °C
[elongation]), with a final extension of 7 min aR PC. As the next step, multiplex PCR
amplifications were used fdactobacillus species identification. Hence, the previously glesd
species specific primer pairs which were alreadyfiomed for detection ofLactobacillus
acidophilus, Lactobacillus casel, Lactobacillus delbrueckii, Lactobacillus gasseri, Lactobacillus
rhamnosus, Lactobacillus plantarum, and Lactobacillus reuteri were used to identify the
Lactobacillus isolates (Kwon et al., 2004). Multiplex PCR reans for amplifications entailed a
cycle of 94 °C for 5 min, followed by 40 cycles (9@ for 30 s, 51 °C for 40 s and 72 °C for 30
s), plus one additional cycle with a final 7 mirachelongation at 72 °C. The amplified genomic
regions ofLactobacillus brevis strains were sequenced. Additionally, speciesipgmimers
were used for identification of. brevis strains as described by Guarneri et al (2001).The
thermo-cycling conditions for the. brevis specific PCR reaction was as follows: after ongecy
at 94 °C for 2 min, 25 cycles of 94 °C for 1 mi, 4C for 1 min and 72 °C for 1 min, followed
by an additional 10 min cycle of extension (Table 1

2.5 RAPD-PCR genotypic classification

Acid-bile resistant isolates, which were identifieas lactobacilli, were subjected to

Random amplified polymorphic DNA (RAPD)-PCR usingraviously designed oligonucleotide
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by Tilsala et al (1998) with some modifications.eTRCR amplification conditions were as
follows: 2 min at 94 °C for initial denaturationlimved by 40 cycles of 30 s at 94 °C for
denaturation, 30 s at 37 °C for annealing, andr2 ahi72 °C for elongation. The final extension
at 72 °C was prolonged to 10 min. PCR reaction performed for each primer in a separate
tube and run in the same well in 1.5% agaroseq@idrease the discrimination. The UPGMA
method using the software Gel compare Il versidhwas used to compare banding patterns
(Applied Maths, Sint-Martens-Latem, Belgium).

2.6 Biofilm assay

Biofilm formation of lactobacilliwas studied as previously described by Lebeer €t28107)
with minor modifications. For each strain, 200 aliquots of a modified tryptic soy broth (TSB)
medium (15 g/L TSB enricheavith 20 g/L Bacto proteose peptone), which was aalye
inoculated by approximately 3 xA@FU of alactobacillus isolate, were added into 96-well
plates (8wells for each strain) and incubated at 37 °C. Aft2 h of incubation, the wells were
washed with PBS and stained for 30 min with 200crystal violet (0.1%) in an isopropanol-
methanol-PBS solution (1:1:18). After washing wathuble distilled water, the wells were air-
dried for 30 min at room temperature. Extractionthaf dyebound to the adherent cells was done
with 200 uL ethanol-acetone (80:20) solution. The optidahsity of 135uL of each well was
measured at 570 nm. Data were normalized to theatet! positive control, which was taken as
100% to compare different experiments. The resuktspresented as meanSB. Additionally,
the sterile medium anBseudomonas aeruginosa were used as negative and positive controls,
respectively.

2.7 Attachment to Caco-2 cells



172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

Detection of adhesion ability in lactobacilli istda was performed according to Jacobsen et al
(1999). A monolayer of Caco-2 cells was culturedRimswell Park Memorial Institute (RPMI)
medium (Gibco, Carlsbad, CA, USA), supplementedh 2% (vol/vol) fetal calf serum (Gibco,
Life Technology, USA), penicillin (100U/mL) and sptomycin (100 mg/mL), and incubated at
37 °C in 5% CQ atmosphere. At first, 3 mL of Caco-2 cells contagnl.5 x 16 cells/mL were
seeded on a 6-well cell culture plate and afteflaency, the cells were washed twice with 3 mL
PBS. After adding 2 mL of RPMI (without antibiotjc® each well, the plates were incubated
for 3h at 37 °C. Overnight cultures of the isolafesll concentration of approximately %0
CFU/mL) were suspended in 1 mL RPMI1640 medium Haut antibiotics) and added to
different wells and incubated for 1 h at 37 °C. T™ells were washed 4 times with PBS to
remove the unbound bacteria. Then, the cells wegesl fwith 3 mL of methanol and incubated
for 5 to 10 min at room temperature for the remmfanethanol. Staining was made with 3 mL
of Giemsa stain solution (1:20) (Sigma-Aldrich Qdgq, USA) and incubated for 30 min at room
temperature. After washing the plates with didilleater, the air-dried plates were examined
microscopically under oil immersion. Adherent igelawere counted in 20 random microscopic
fields. Cells showing < 40, between 40 and100, arkD0 attached bacteria were regarded as
non-adhesive, adhesive, and strongly adhesivegcasply.

2.8 Detection of amylase and protease activities

Enzymatic activity of 31 acid-bile resistant lackobli was determined according to the method
described by Taheri et al ( 2009) with minor mazfions. For assessment of the amylase
activity, the selectedlactobacillus strains were cultured on modified MRS broth déssdi by
Taheri et al (2009) (0.25% starch instead of glagoand inoculated on a medium containing

starch (2%), meat peptone (0.5%), yeast extrac®.NaCl (0.2%), and agar (1.5%). After 48
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h of incubation at 37 °C, lugol's solution (5 g iod [Merck, Germany] and 10 g potassium
iodide [KI] [Merck, Germany] in 100 mL distilled wer) was poured over the agar for detection
of any clear zones as indicative of amylolytic atgs.

For detection of proteolytic activity,actobacillus strains were inoculated into MRS broth and
were incubated at 37 °C for 24 h. Bacterial suspen&0 uL) was moved onto a disc placed
over a MRS agar containing 1% skim milk. Finallggthalo zone surrounding each disc was
measured.

2.9 Antimicrobial activity

The antimicrobial activity of the lactobacilli, wdti showed a detectable attachment to Caco-2
cells, was studied againshigella soneii (ATCC 12022),Pesudomonas aeruginosa (ATCC
27853), Salmonella typhi (ATCC 19430), Proteus mirabilis (ATCC 25933), Yersinia
enterocolitica (ATCC 23715), Sreptococcus agalactiea (ATCC 12386), Listeria
monocytogenes (ATCC 19113), wild types dEscherichia coli strains belonging to 3 pathotypes
i.e. enteropathogeni&. coli (EPEC) (ATCC 43887), enterotoxigent. coli (ETEC) and
enteroaggregativeé. coli (EAEC). These strains were provided by the Micabl@ollection of
Iran (Davoodabadi et al., 2015; Shahrokhi et #11). The antimicrobial activity was observed
based on the well diffusion method as describedFbynandez et al (2003). Suspensions
containing approximatelyfGCFU/mL of the abovementioned pathogens were poomebluller
Hinton agar medium in 8-cm plates, except formonocytogenes where brain heart infusion
(BHI) agar medium was used. Then, 1Q0of an overnight culture of the selecteactobacillus
strains in MRS broth was poured into 6 mm agarsvaiéated by punching in 8-cm plates. After
24 h of incubation at 37 °C, the antimicrobial @tyi was measured as the zone of growth

inhibition around the wells. The inhibition zones1g 2, 2 to 5 mm, and more than 5 mm were

10
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classified as strains of no (-), mild (+), strong+), and very strong (+++) inhibition,
respectively.

2.10 Antibiotic susceptibility testing

The susceptibility of isolates to different antifoes including penicillin G (1Qug), gentamicin
(120 ug), erythromycin (15ug), tetracycline (3Qug), amoxicillin (25ug), ciprofloxacin (5ug),
chloramphenicol (3@g), oxacillin (1ng), and streptomycin (10g) (MAST Diagnostics, U.K.)
was determined by the agar disc diffusion methodVilRS agar plates instead of the Muller
Hinton agar. Lactic acid bacteria require specrawgh conditions and conventional media, as
Mueller Hinton agar are not uniformly suitable forsusceptibility test them (Klare et al., 2005).
After incubation of plates at 37 °C for 48 h, thardeter of the inhibition zones was measured
and the results were expressed as sensitive @taesiaccording to CLSI standard (Institute,
20009).

2.11 Plasmid profiles

The isolation of plasmid DNA from the selected leaiel strains was performed by GF-1
plasmid DNA extraction kit (Vivantis, Malaysiale. coli V517 was used as a positive control.
Electrophoresis of the extracted plasmids was padd in a 1% agarose gel and the plasmids
were visualized with UV trans-illumination in a Gabc apparatus.

3. Results

3.1 1solation and identification

A total of 168 LAB were isolated from rectal swabscal and feed samples, among which 89
(53%) and 79 (47%) isolates were from 21 days andags old chickens, respectively.

Furthermore, out of 168 LAB isolates, 51 (30.3%lases were resistant to low pH (pH 3.00)

11
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and bile salts (0.4%), among which 20 and 31 isslatere identified as members of the genera
Pediococcus andLactobacillus, respectively.

The results of the molecular identification showddt 31 isolates belonged to the genus
Lactobacillus. Out of these, 24 (77.4%), 3 (9.6%), 2 (6.4%), an®.4%) were identified ds.
brevis, L. plantarum, L. reuteri and L. vaginalis, respectively (Table 2). Interestingly, a
considerable part of the isolates which originatean the rectal-swabs were identified las
brevis. The same results were observed in fecal samples.

3.2 Phenotypic and genotypic classification

Acid-bile resistant lactobacilli were typed usingpeiRe Plate system (PhP-LB) followed by
genotype-based identification using RAPD-PCR. PBPsults of 24.. brevisisolates showed

a high phenotypic diversity and most of the is@dagave unique phenotypes, denoted as single
types (3 common types with 10 isolates and 14 simgpes) (Fig. 1). On the other hand, the
results of RAPD-PCR showed a low genetic divensitl. brevis species (3 common types with
20 isolates and 4 single types) (Fig. 2).

3.3 Biofilm and Attachment to Caco-2 cells assay

Out of the 31 acid-bile resistant lactobagliiains examined in this study, brevis L2, L6, L31,
andL. reuteri L26 had the biofilm formation capability. AdhesitmCaco-2 cells showed that 22
(71%) isolates were non-adhesive (with less thabalfleria attached in 20 microscopic fields),
7 (22.5%) isolated( brevis L3, L29, L30, L31L. reuteri L26, L27, and_. vaginalis L25) were
adhesive (with 41 to 100 bacteria) and 2 (6.4%latses (. brevis L2 and L6) were strongly
adhesive (>101 bacteria) (Fig. 3).

3.4 Antibacterial activity

12
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The assay of antagonistic activity of lactobaailiith an acceptable ability of attachment to
Caco-2 cells showed thht brevis strains L2, L6, L31 and. reuteri strains L26 and L27 have a
strong inhibitory effect against different serotgpef E. coli (EAEC, EPEC, and ETEC) (Table
3). L. brevis strains L2 and L6 had antibacterial activitiesiaglaall the tested pathogenic
bacteria with the exception bf monocytogenes and Staphyl ococcus aureus.

3.5 Detection of amylase and protease activities

Measuring the size of the halo zones surroundiegctilonies as an indicative of extracellular
enzyme level showed that all 31 lactobacilli isetainvestigated here were protease positive but
extracellular-amylase negative.

3.6 Plasmid profilesand antibiotic susceptibility testing

No plasmid was found ih. brevis strain L6butL. brevis L2 andL. reuteri L26 harbored a single
plasmid. Antibiotic susceptibility tests showed ttliae Lactobacillus isolates were sensitive to
augmentin, amoxicillin, erythromycin, penicillin @hloramphenicol, and rifampin and were
resistant to ciprofloxacin, amikacin, tobramycixaoillin and streptomycinL. reuteri L26 was

sensitive to tetracycline but brevis L2 and L6 were resistant to this antibiotic.

4. Discussion

Probiotics have been emerging as a safe alterntatiaatibiotics for increasing performance in
livestock. Administration of probiotic strains magve a significant effect on absorption and
utilization of feed, and increase the body weighvarious animals, including chicken, piglets,
sheep and cattle (Markowiak et al, 2018). Lactdhecispecies with a record of safe use as a
probiotic in humans and animals is regarded as gnifgant part of chicken-GIT
(Gastrointestinal Tract) microbiota. (Wei et aD13; Yadav, 2019). Among such a diverse array

of Lactobacillus species, some defined species have been frequepiyted as chicken-GIT

13
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inhabitantsL. reuteri, L. salivarius andL. johnsonii are among the most detected lactobacilli in
chicken-GIT samples (Adhikari and Kwon, 2017; Ddcat, 2016; Pan and Yu, 2014).
Interestingly,L. reuteri, L. salivarius and L. johnsonii have been repeatedly isolated from the
GIT samples of a wide range of hosts and this harshronment is among their preferred
ecological niches (Lebeer et al., 2008; Walter,&®okorna, 2019). Howevdr, brevis have
also been found in GIT samples in a diverse rarigeaom-blooded animals (Feyereisen, 2019,
Fraunhofer, 2018). Considering the results of #tisdy, 3 lactobacilli strains were isolated,
which showed promising probiotic characteristicho3e strains fall int&. brevis (L2 and L6)
andL. reuteri (L26) speciesL. brevis shows a significant prevalence in the GIT of ckitk
although the GIT is not the preferred ecologicaheifor this species. The speciedrevis falls
into alLactobacillus phylogenetic group which harbors mostly foodbospecies (Papizadeh et
al., 2017). Strains of this species have beentswlaom a diverse array of samples, including
water, feces of various animals, and various fosgbeiated samples (Feyereisen, 2019). Hence,
the findings of this study shed more light on thelegical distribution ot.. brevis.

Considering the resultg, brevis species were isolated from the rectal swabs df Bat and 6-
day-old chickens and also from their feed and feeahples. Hence, it can be inferred that this
species has the ability to survive on a wide rasfgribstrates (Ramos et al., 2013).

Phenotypic characterization of the isolates in@idad high intra-species diversity amohg
brevis isolates. In comparison, results of RAPD-PCR hggtied a low diversity. Therefore, it
seems that combination of 2 techniques (PhPlate RABD-PCR) could result in a more
significant discriminatory power than each of themsed alone. In this study, biochemical
fingerprinting of lactobacilli was used primarilgrfthe screening of biodiversity in lactobacilli

strains to reduce their number for the next testsignificant number of single types indicated
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that PhP system alone cannot serve as a methodle@mrmining relationships between
Lactobacillus strains (Skelin et al., 2012).

Adhesion to mucosal surfaces has been used ageaatrifor the selection of probiotic bacteria
because this character has a major role in thenialtoon of the gastrointestinal tract (GIT) by
these bacteria (Broderick and Duong, 2016; Kosid BRakshit, 2006). Additionally, mucosal
adhesion is important for pathogenic antagonisngutagion of the immune system and healing
of damaged gastric mucosa (Oelschlaeger, 2010)n@ldad MacNaughton, 2010; Monteagudo-
Mera, 2019). In this study, 2 strongly adhesivaiss (. brevis strains L2 and L6) showed the
highest biofilm formation capacity. Furthermore, wbserved specific correlation between
adhesion to Caco-2 cells and biofilm formation &gtbbacilli isolates.

Antimicrobial resistance poses a serious globaahof growing concern to human, animal and
environmental health. This is due to the consumpdibantibiotics in animals (raised for food or
kept as pets) and humans (Aslam et al., 2018).€eftwer, probiotics with antibacterial activity
against pathogens are a promising alternative tibiatics (Baldwin et al., 2018). The strong
antibacterial activity oL. brevis strains L2, L6, L31 and. reuteri strains L26 and L27 against
various serotypes oE. coli (EAEC, EPEC and ETEC), which is shown in Table 8yéh
highlighted the probiotic capabilities of theseasts. Interestingly, such a capability among the
isolates of this study was highly detectable iresasfL. brevis strains L2 and L6, which showed
significant antibacterial activities against allethested pathogenic bacteria (except for
monocytogenes and S aureus). Such an antibacterial activity dfactobacillus isolates is
essentially associated with the production of bémtens, HO,, lactic acid and other metabolites
which inhibit the growth of pathogens (Vieco Sa2f19). Considering the fact that various

serotypes oE. coli (EAEC, EPEC, and ETEC) are considered as the magsbritant cause of
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enteric bacterial infections in poultry, the use sifch isolates with functional probiotic
competence can significantly reduce the infectiate.r Another finding was that all 31
lactobacilli isolates investigated in this studyeres protease positive with no extracellular
amylase activity and this has shed light on theortgmce of these isolates since amylase, lipase,
and protease enzymes play very important rolesardigestion of nutrient materials.

The probable existence of transferable resistamegyen the 3 probiotitactobacillus strains was
observed by the determination of antibiotic resistapatterns and plasmid profiling, but no
plasmid was detected In brevis strains L2 and L6 and only a single plasmid waeated inL.
reuteri strain L26. Furthermoré,. reuteri L26 was sensitive to tetracycline, hutbrevis L2 and

L6 were resistant to this antibiotic. The propertief antibiotic resistance in various
Lactobacillus species seem to be associated wity dsistant genes which are mainly located
on the chromosome.

According to the criteria, the potential probiasicains, which are assumed for animal or human
applications, have to be non-pathogenic and froengame origin (host). Additionally, such
strains should resist intestinal tract, gastric litel acids, adhere to the epithelium or mucus, and
produce inhibitory compounds. Among the lactobaggblated in this study, we found 3
lactobacilli strains with probiotic characteristids brevis (L2 and L6) and L. reuteri (L26),
which could be considered probiotic strains for mstéhe poultry industry.

5. Conclusion

In this study, the most common acid and bile rastslactobacilli strains isolated from chickens
belonged to thel.. brevis species, with a high intra-species phenotypic diter In vitro
evaluation in this study showed that 4 Lactobasibitrains (.. brevis strains and 1. reuteri

strain) could be considered as probiotic. Furtmewrivo evaluation for determination of the
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beneficial effects of our isolates in natural cdindis could be highly advantageous to the Iranian
poultry industry.
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Figuresand tables

Table 1. Sequence of primers used to identify bfie species dfactobacillus bacteria.

Target bacteria

Sequence (5'to 3)

References

All Lactobacillus

5" TGGAAACAGGTGCTAATACCG 3

5 CCATTGTGGAAGATTCCC 3

McOirist et al., 2002

L. casei-group

5'CCACCTTCCTCCGGTTTGTCA 3'

Kwon et al., 2004

L. acidophilus 5' AGGGTGAAGTCGTAACAAGTAGCC 3
L. delbrueckii 5 TGGTCGGCAGAGTAACTGTTGTCG 3!
L. gasseri 5' AACTATCGCTTACGCTACCACTTTGC 3
) 5" CTGTGCTACACCTAGAGATAGGTGG 3'
L. reuteri
5'ATTTCAAGTTGAGTCTCTCTCTC 3'
L. plantarum
5' ACCTGATTGACGATGGATCACCAGT 3
L. rhamnosus
5' CTAGTGGTAACAGTTGATTAAAACTGC 3
5' GCCAACAAGCTATGTGTTCGCTTGC 3
L. brevis 5 CTTGCACTGATTTTAACA 3 Guarneri et al., 2001

5' GGGCGGTGTGTACAAGGC 3

25




530 Table 2. Determination of acid and bile resistiaattobacillus species isolated from different
531  samples.

532
533
Item L. brevis L. plantarum L. reuteri L. vaginalis
21-day- | 6-day- | 21-day- | 6-day | 21-day- | 6-day- | 21-day- | 6-day-
old old old old old old old old
Feed sample 0 1 3 0 0 0 0 0
Rectal swab 14 6 0 0 1 1 0 2
Fecal sample | 3 0 0 0 0 0 0 0
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537

Table 3. Spectrum of antimicrobial activity exh@atby Lactobacillus strains L2, L3, L6, L25, L262F, L 29, L 30 and L 31.

ltem L2(L. [L3(L. [L6(L. [L25(L. [L26(L.[L27(.[L29 [L30 [L31
brevis) | brevis) | brevis) | vaginalis) | reuteri) | reuteri) | (L. (L. (L.
brevis) | brevis) | brevis)
ETEC + - + + + + - - +
EPEC ++ - ++ - ++ ++ - - ++
EAEC ++ - ++ - + + - - ++
Salmonella entritidis ++ - ++ + + + - - +
Salmonella typhi + - + - - - - - -
Pseudomonas aeruginosa + - + - - - - + -
Shigella flexneri + - + - + + - - B
Klebsiella pneumonia + - + - - - - - -
Citrobacter freundii + - + p - - + + -
Proteus mirabilis + - + - - - T T _
Yersinia. enterocolitica + - + - - - - - -
Listeria monocytogenes - - - - - - - - -
Saphyl ococcus aureus - - - - - - - - -
Staphyl ococcus saprophyticus + - + - - - - - -
Streptococcus group A + - + - - - - - -
ETEC = enterotoxigenic E. coli; EPEC = enteropadmg E. coli; EAEC = enteroaggregative E. coli.
Note: no (), mild (+), and strong (++)

27
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538

Samples: Co-phenetic corr: 0.954 Di: 0.953 (True Di: 0.953)
05 08 07 08 19
T T T T

age/day sample
L1 21 Rectal swab
LG 21 Rectal swab
L8 6 Rectal swab
— L22 21 Rectal swab
L4 21 Fecal sample
123 6 Rectal swab
L— L12 21 Rectal swab
L6 21 Rectal swab

= L1 21 Rectal swab
T L3 21 Rectal swab

L20 6 Rectal swab
L10 21 Rectal swab
L31 21 Rectal swab
L30 21 Rectal swab
|_ L2 6 Rectal swab

L16 21 Rectal swab
L21 21 Rectal swab
L24 6 Rectal swab
L19 21 Rectal swab
L p L14 21 Fecal sample
L15 6 Feed sample
— L29 21 Rectal swab

L13 6 Rectal swab
L9 21 Fecal sample

539
540 Fig. 1. Cluster analysis of Phene plate (PhP) as$&®4 bile and acid resistahtctobacillus

541  brevis.
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545

546 Fig. 2. Agarose gel electrophoreses of RAPD-PCRiymts of Lactobacillus brevis strains.
547 RAPD = random amplified polymorphic DNA.

548
549
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550
551

552 Fig. 3. Biofilm formation and attachment in 31 baled acid resistant lactobacilli. Dark gray bars
553  show the number of attached lactobacilli in 20 wscopic fields to Caco-2 cell line and light
554  gray bars show the percentage of biofilm formation.
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