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ABSTRACT

The present work aimed to evaluate the probiotieptial of lactobacillus strains isolated from frebee pollen.
Thirty three lactobacillus isolates were screened dntagonistic activity against six pathogenic tea@. Ten of
them were selected identified as lactobacillus f@eum and evaluated for resistance to acidic pHa(®l 3) and
0.3% bile salts, hydrophobicity and autoaggregatiahility. Moreover, their safety was verified bystteg
haemolytic activity on human blood agar and antiisioesistance. The results showed that all lactilbss strains
were effective against all indicator bacteria; attains were able to maintain their viability afteh exposure to pH
3 and 4h in the presence 0.3% of bile salts. Woilly five could survive with losses in cell viahilafter 3h
exposure to pH 2. Most strains showed a high hyldobrity and autoaggregation ability. All lactobdas strains
were resistant to ciprofloxacin, tobramycin, nakidi acid and colistin. 50% of the strains were sptible to
chloramphenicol, Nitroxolin, penicillin G, Cefoxiti pristinomycin, cefexim and 80% are susceptible
tostreptomycin. No haemolysis was observed on bégad. Five strains of Lactobacillus plantarum weselected
as suitable candidates for industrial use.

Keywords: Lactobacillus Probiotic, Survival, bee pollen, antibacteriaivaty

INTRODUCTION

The term probiotic derived from Greek and means life’, Lilly and Stillwell was first in 1965 thatised the term
probiotic for describing substances which simuléite growth of other microorganisnid]. World Health
Organization (WHO) has defined probiotics as” Imeroorganisms which when administered in adeqaateunts
confer a health benefit on the host”. The majoafythe microorganisms used as probiotics belonthéogenus
Bifidobacterium and Lactobacilluf2,3]. This latter is the largest of lactic acid bacegenera, including a
microarophelic, no spore-forming, Gram positive aathlase negative bacteria. Lactobacilli are comynfound in
diverse environment such as dairy products, anandl human mucosal surfaces as well as in plantsaih{#].
Due to the increasing consumer’s awareness thatadi@ good health are linked, probiotic lactic abatteria
attracted great attention for the health promotingprieties of certain species, leading to growtimg demand on
probiotic functional foods.

Several characteristics are essential in the sefecitf potential probiotid®]. The microorganism must be non-
pathogenic could survive in the GIT; tolerate thw pH in stomach and physiological concentratiofisile, should
exhibit good surface hydrophobicity for colonizatiand Must present antagonistic activity againsésiinal
pathogen$6].

Bee pollen have been known and used by human sintgquity for medicinal purpose; Chinese and Egypti
societies used pollen for its miraculous abilityrejuvenation and healing, the Romans and Gredksdcia “the
life-giving dust”.
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In the literature few reports are available abaatit acid bacteria originated from poll@n8, 9].The present work
aimed to evaluate the probiotic potential of laeitilbus strains isolated from fresh bee pollen mgaihrough
evaluating the antimicrobial activity against paboic bacteria, tolerance to low pH and bile, cirface
hydrophobicity and autoaggregation. Also, theiresafwas investigated by antibiotics resistance aaemolytic
activity.

MATERIALSAND METHODS

I'solation of lactic acid bacteria

Lactic acid bacteria were isolated from a fresh pellengrains sampled from different regions in éig. 2g of
each fresh pollen samples was added to 100mL of NdRfh; well mixed and incubated for 72h at 30°C,
Appropriate decimal dilutions were prepared inikgrhysiological saline water, aliquots of 100ukre spread on
the surface of MRS agar plate .incubation was edroiut in anaerobic conditions using candle j&80aC for 48h.
Representative colonies of LAB obtained were setecandomly for appropriate dilution, purified byesking on
MRS agar plate. Only Gram positive, rodand catateggative bacteria were kept in MRS broth, and videatified
to the genus level by physiological test: Q@oduction from glucose, growth at 45°C and 10gfowth in MRS
containing 6.5 or 18%Nacl,as well as growth in MRigh pH 4.4 and 9.6. For identification to speciegel, the
carbohydrate fermentation profiles were investigaising APl 50 CHL medium (BioMérieux,, France) ating
to the manufacture’s instruction.

Antibacterial activity

Antibacterial activity of lactobacillus strains veeassessed by the spot on the lawn method desdrnjbEEmingt
al.[10]against 6 pathogenic bacteri@almonella typhimuriumATCC 13311, Escherichia coliATCC 25922,
CitrobacterfreundiiATCC 8090, Staphylococcus aureuSTCC 25923Bacillus cereusATCC 10876 and.isteria
innocuaCLIP 74915. Briefly, 2 pL of overnight culture MRS broth of each strain were spot inoculated @n th
surface dried of MRS agar, incubated anaerobill$0°c for 48h. The inoculated agar plates weea thwverlaid
with 7mL of BHI soft agar (0.7% agar); which hadcheseeded with 1% fresh culture of pathogenic bactafter
24h incubation at 37°C, a clear zone around thenie$é was considered as positive inhibition.

Survival under conditions simulating the human Gl tract

Resistance to low pH

Resistance of lactobacillus strains to low pH ctiads was evaluated according to the methods destrby
Maragkoudaki®t al [11], andGuo et al[5]with minor modifications. Cells of overnight culauof each lactobacilli
strain were collected by centrifugation (3@PQ5 min). The pellets were washed twice and finalispended in
PBS buffer solution pH 7.2. One mL aliquot of eacdispension was added to 9 mL sterilized PBS soldtiat the
pH was adjusted to pH 2 and 3 by 4 N HCI respelgtivEhe suspensions were vortexed rigorously fos Hhd then
incubated at 37°C for 3h,1 mL from each pH solutiaas serially diluted with sterile saline(0.85%)ppkopriate
dilutions were spread-plated onto MRS agar andbatad under anaerobic conditions at 37°C for 72 dolony
forming units were then estimated.

Bile salt tolerance

Bile salts tolerance was assessed by the methadtilked by Tulumogluet al[12]and Argyriet al[13].Cells of
overnight culture of each lactobacilli strain wer@lected by centrifugation (3000g, 15 min). Thdlgie were
washed twice and finally suspended in PBS buffartem pH 7.2. One mL aliquot of each suspensios added to
9 mL sterilized PBS solution supplemented with 0.394v) bile salts and incubated at 37°C for 4heBiblerance
was determined in terms of cell survival countspraviously described.

Cell surface hydrophobicity

The cell surface hydrophobicity was measured adegrtb the method of Rosenbeeg al[14]. Briefly, the test
bacteria were grown in MRS broth at 30 °C undereaslaic conditions for 18-24 h, cells was harvesiédr
centrifugation at 3 000 g for 15 min, washed twacel resuspended in 50mMHPQ, buffer (pH 6.5) to an optical
density of 0.8-1.0 at 560 nm (A0). 0.6 mL of taleewas added to3 mL of bacterial suspension. Théunei was
vortexed for 120sec. The tubes were allowed todstar837°C for 30 min to separate the two phases. dueous
phase was carefully removed and the OD was measti&g@Dnm.

Hydrophobicity was calculated from tow replicatessthe percentage decrease in the optical densitigeoinitial
aqueous bacterial suspension due to cells paitiiomto a hydrocarbon layer. The percentage of seiface
hydrophobicity(H %) of the strain adhering to taleewas calculated using the equation:

H (%) = [(AO0 — A)/A0) x 100].
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Auto-aggregation

The auto aggregation assay was performed accotditige method by Xt al [15]. with modifications. Fresh
cultures of bacterial strain were harvested at 40@® 10 min at room temperature. The cell pelleiswvashed
twice with PBS and resuspended in the same buffemt optical density of 0.5 + 0.02 at 600 nm (A.(Bxch
bacterial suspension (3 mL) was vortexed for 1@sinoubated at 37°C for 2h. After incubation, ths@bance of
the supernatant suspension was measured at 608 8h).(The autoaggregation percentage was expressed

Auto-aggregation % = 1 - (A 2h/A 0Oh) x 100.

Antibiotic susceptibility

The antibiotic resistance of lactobacilli was ewdhd using the agar disc diffusion method on MR&r qdates
following the recommendation of the Committee of #imtibiogram of French Society of Microbiology 13).All

isolates were screened for their susceptibilityCtdoramphenicol, streptomycin (S) 10ul, nitroxo{iNO)30ug,
cefotaxim(CTX) 30ug, penicillinG(P) 10pul, pristingmin (RP) 15 pg, cefexim (CFX) 5ug, ciprofloxacitig} 5pg
, tobramycin (TOB) 10ug, nalidixic acid (NA) 30pand colistin (CL)25ug. Results was expressed asitBee (S)
or resistant (R) according to the standards ofGbmmittee of the antibiogram of French Society défdbiology
(2013).

Haemolytic activity

Fresh lactobacilli cultures were streaked on TSAragates, containing 5% (w/v) human blood, andivated for
48 h at 30 °C. Blood agar plates were examinedsigns of B-haemolysis (clear zones around colonies),
haemolysis (green-hued zones around colonieghaemolysis (no zones around colonies).

RESULTS

A total of 50 lactic acid bacteria (Gram positivatalase negative) were isolated from fresh bekepdgrains, 33
isolates with rod shape were characterized andtifibzh as belonging to lactobacillus genus; theyreveall
homofermentative, grew at 10 and 45°C, in the preseof 6.5% Nacl, at pH 4.4. Lactobacillus isolatesre
screened for antibacterial activity towards patmgéacteria.

Antibacterial activity

AllLactobacillus strainsscreened for antagonistitivaty by a spot on the lawn assay, were effecgainst both
Gram-positive and Gram-negative pathogenic bactditi@ diameter of inhibition zones varied from 1Brb to
48mm, the best inhibition zone was 48mm observeaihatSalmonella typhimurium.

Staphylococcus aureusas the most sensitive to the inhibitory actionladtobacillus followed bySalmonella
typhimurium and Citrobacterfreundii. Listeria innocuavas found to be the most resistaBacillus cereuand
Escherichia colhave presented the same level of sensifiviure 1)

The antagonistic activity exerted by lactobacitimins was greater against Gram negative bacthea,the Gram
positive bacteria. Ten lactobacillus strains shawbest results of antagonistic activity were seldtablel),
identified using the API 50 CHL system (bioMérielxance), asactobacillus plantarurfiable 2)and subjected to
evaluate their probiotic potential.

EER  Bacillus cereus

B Staphviococcus aureus

E=3 Listeria inoccua

E==  Escherichia coli

XX Salmonella typhimurium

0 Citrobacter freundii

means of inhibtion zones

Pathogenic bacteria

Figure.1.Antagonistic activity of lactobacillus strains against pathogenic bacteria
The mean of the diameters of inhibition zonesldftedins £ SD (mm)
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Table.l. Antibacterial activity of ten lactobacillus strains

Bacillus | Staphylococcug Listeria | Escherichia| Salmonella | Citrobacter

cereus aureus inoccua coli typhimurium | freundii
LB5 40 + 00 42+2,82 22+00 31+1,41 37+00 39,5+0,7
LB8 | 34,5+2,12 40+2,82 21+2,82 30+1,41 41+1,41 39400
LB11 | 41+4,24 39+1,41 21+0,70 30+1,41 40,5+6,36 824
LB12 | 37+2,82 40+2,82 22+1,4] 32+0,70 35,546,36  +382
LB15 | 38+2,82 41+0,70 19+2,12 35+00 39+4,24 40114
LB18 | 35+7,07 41+2,82 24+2,12 32,543,538 38+2,87 +(BB
LB22 | 36,5+4,94 40+1,41 19,5+2,12  33,5+0,70 34+8,48 36+00
LB27 | 36+2,82 39+6,36 18,5+2,1p 34+2,82 4100 1D+0
LB35 | 35+7,07 43+0,70 23+00 33+4,24 33+1,41 40114
LB45 | 35+1,41 41+2,82 22+4,24 34,5+0,7D 36+2,87 +0M

Table.2. Biochemical profile of the 10 L actobacillus plantarum isolated from fresh bee pollen

Strains

LB8

LB11 | LB12 | LB15

LB27 | LB5 | LB18

LB35

LB45

Glycérol

Erythritol

D-Arabinose

L-Arabinose

D-Ribose

D-Xylose

L-Xylose

D-Adonitol

Méthyl-Rd-Xylopyranoside

D-Galactose

D-Glucose

D-Fructose

D-Mannose

+ |+ |+ |+
+ |+ |+ |+

+ |+ |+ |+
+ |+ |+ |+

+ |+ |+ |+

+ |+ |+ |+

+ [+ |+ |+

L-Sorbose

L-Rhamnose

Dulcitol

Inositol

D-Mannitol

D-Sorbitol

Méthyl-Ad-Mannopyranoside

+

Méthyl-Ad-Glucopyranoside

N-Acétylglucosamine

Amygdaline

Arbutine

Esculine

Salicine

D-Cellobiose

D-Maltose

D-Lactose

D-Melibiose

]+ ] 4]

T4+ |+t
T4+ |+ +

4|+ |+t

[+ + |+

+l 4|+ + |+

D-Saccharose

+

+
+
+

+

+

+

D-Trehalose

+

+
+
+

+

+

Inuline

D-Mélézitose

D-Raffinose

Amidon(Starch)

Glycogen

Xylitol

Gentiobiose

D-Turanose

D-Lyxose

D-Tagatose

D-Fucose

L-Fucose

D-Arabitol

||
|
|
|

L-Arabitol

Potassium Gluconate

I+

+
|
+

+
|
I+
|

Potassium 2-Cétogluconate

potassium 5-KetoGluconate

L.plantarum |

L.plantarum |
L.plantarum |
L.plantarum |

L.plantarum |
L.plantarum |
L.plantarum |
L.plantarum |

L.plantarum |

L.plantarum |
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Survival under conditions simulating the human Gl tract

To survive the passage through the human gaststiimé tract and exert their physiological actiyifyrobiotics
should be able to withstand the acidic environmienthe stomach and bile salts in the beginninghaf $mall
intestine[16].

Resistance to low pH

Lactobacillus strains isolated from fresh bee pollere studied for their resistance to conditiohkbw pH 2 and
3.At pH 2 the viability of all strains was affecteafter 3h exposure, only five strains could suevwith losses in
their viable count LB8, LB11, LB12, LB15 and LB27hile, the five other strains did not survive atHile highest
survival was observed for LB8 (6.30 log ufc/mL, 8&%). At pH 3 all lactobacillus strains retaineeithviability

(Table3d).

Table.3.Viability (log ufc/mL) of lactobacillus strainsand survival percentage at low pH and in the presence of 0.3% bile

strains Initial count pH 2.0 % pH 3.0 % 0.3% bile %
(log ufc/mL) | (log ufc/mL) | survival® | (log ufc/mL) | survival® | (log ufc/mL) | survival®

LB5 8,76 0 0% 8.46 96.57% 8.04 91 .78M%
LB8 8,89 6.30 70.86% 8.08 90.89% 7.62 85.71%
LB11 8.52 4.69 55.04% 8.18 96% 7.84 92.01%
LB12 8.65 4.52 52.25% 8.34 96.41% 8.32 96.18%
LB15 8.81 5.06 57.43% 8.54 96.93% 7.22 81.95%
LB18 9.32 0 0% 9.26 99.35% 8.29 88.94%
LB22 9.26 0 0% 9.17 99.02% 7.81 84.34%
LB27 9.27 4.95 53.33% 9.17 98.92% 8.07 87.09%
LB35 9.26 0 0% 8.98 96.97% 8.52 92%
LB45 9.49 0 0% 9.26 97.57% 8.06 84.93%

a:%survival= final (ufc/mL)/initial (ufc/mL) x 100.

Bileresistance
The results obtained showed that 0.3% bile satte'daffect greatly all strains. The most tolerargs LB12 with
96.18% followed by LB11 92.01%, LB35 92% and LB578P6.

Cell surface hydrophobicity

The hydrophobicity of bacterial surface can be adymdicator for screening potential probiotic Btf&5].Results
of cell surface hydrophobicity of the tested stsaganged from 18% to 85%, all strains showed higlues of
hydrophobicity expect LB15 which exhibited the |avgalue(18%(Figure 2).

100
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»

lactobacillus strains

Figure.2. Hydrophobicity of lactobacillus strains

Autoaggregation

Lactobacillus strains showed autoaggregation wefhigure 3) ranging between 12.75% and 70.39%. LB27
showed the highest capability of autoaggregationragrall the tested strains (70.39%), LB35 exhibitesl lowest
autoaggregation (12.75%) respectively.
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% Autoaggregation

lactobacillus strains

Figure.3. Autoaggr egation of lactobacillus strains

Antibiotic susceptibility

All of lactobacillus plantarumstrains was susceptible to chloramphenicol, Natiox penicillinG,Cefoxitin,
pristinomycin, cefexim except LB15 ,LB18, LB2¥B45, LB22 and streptomycin except LB15, LB18B322.In
contrast, all lactobacillus strains were resistartiprofloxacin, tobramycin, nalidixic acid andlistin(table 4).

Table4.Antibiotic susceptibility of lactobacillus strains

[e]

CEM| CTX| CIP| RP

7))

LB5

LB8

LB11
LB12
LB15
LB18
LB22
LB27
LB35
LB45
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1°2]

Haemolytic activity
All strains werey-haemolytic, no zones was observed around colamibih indicate the absence of haemolysis
activity for lactobacillus strains.

DISCUSSION

Numerous studies have addressed the possibiling®bf lactic acid bacteria strains as bio- pregerss, owing to
their inhibitory of food born and pathogenic micrganisms. Various factors may be involved in thénaigrobial
activity of LAB. Among them, competition for subate$12], the diminution of pH due to the production of amng
acids (lacticacid, acetic acid). In addition to greduction of various compounds such as hydrogenje (HO,),
diacetyl(2,3-butanediong))7], substances with a bactericidal or bacteriostatitton, including bacteriocins and
bacteriocin-like substandd£)].

It is more known in the litterature that lactic datiacteria are inhibitory for Gram positive baceriore than Gram
negative bacteria. This is due that the outer mantwf Gram negative bacteria contain many pepiydags
which protect the cytoplasmic membrane from thdoacbf antimicrobial agent$l7, 18]. In this study the
inhibitory activity of lactobacillus, was importatdwards the Gram negative bacteria. We suggesitthaght be
due to the action of Diacetyl whichisproduced bgtdbacillus and is more active against the Gramatieg
bacteria, this compound react with the argininedirig protein of gram-negative bacteria and therilgrfering
with the utilization of this amino adii9].

Belhadpt al[9] found that the Gram-negative bactdfiacoli, Salmonella typhimurium, Pseudomonas a&msa,
and Shigella spwere strongly sensitive to the cell-free supemataf Lactobacillus plantarumPediococcus
acidilactici and Pediococcus pentosaceésslated from raw Bee Pollen. Trigsal [20]reported a good inhibitory
activity of LAB originating from fruits and vegettds against spoilage pathogenic bacteria, suchasgria
monocytogenes, Salmonella typhimurium and Escharaiii.
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In the present studisteria innocuawas found less sensitive to the antimicrobial acté lactobacillus. A greater
sensitivity of Listeria monocytogene®wards some antibacterial compounds of lactid &eicteria tharisteria
innocuahas been previously reportgil, 22].

Resistance to conditions simulating human Gl

The acidity of human stomach ranged from pH 1 528, 11].Studying the survival of lactobacilli in simulat&l
tract conditionms vitro, could give a prediction for the effective surVigd the strain invivo when consumed in a
non-protected wdg4].All examined lactobacillus strains were resistanpH 3 after 3 h exposure; these results are
in agreement with pervious stydy,5, 15].At pH 2 most strains display losses in their Viahithe loss of viability

of lactobacilli at this low pH was reported in sealgrevious studig¢g5, 5,12].Conwayet al[26]suggested that, the
gastric juice may confer some protection to thaiss comparing with the low pH buffer. Probioticasis could be
protected by food or other carrier matrix molecul@sorder to avoid the exposition to the extrerné€gH in the
stomacH?2].

The suitable physiological concentrations of hurbée, ranges from 0.3% to 0.92¢]. A concentration of 0.3% is
often considered to be critical concentration felestion of resistant straifiS]. Lactobacilli strains examined in this
study exhibited a good survival in the simulatingadl intestine environment; several authors replet same
finding [11.5,16]. It was suggested that, bile-tolerant strains wsri¢able for alleviation of lactose intolerance
symptomg16].

Hydrophabicity and Autoaggregation
The ability to adhere to the intestinal mucosarisiraportant criterion for probiotic selectid@8, 15]. Several
mechanisms are involved in the adhesion of micraigms to intestinal epithelial cd?9].

Kaushilet al[30]reported that hydrophobicity enables probiotickittd and reside in the host intestines for a long
time to deliver their beneficial effects. The deteration of microbial adhesion to hydrocarbons igay to estimate
the ability of a strain to adhere to epithelialle§Bl].Vinderolaet al [29]found that hydrophobicity of 19 strains of
lactobacillus from human origin varied from 14%58%. Almost, the same results of hydrophobicity fatend by
Reret al [16]with lactobacillus strains from fermented food dnanan intestine (14% -59%). Our results showed
that all the lactobacillus strains present a high surface hydrophobicity expect LB15 which exteli the lowest
value (18%).Kaushit al. [30]suggested that the differences in the cell surfagrophobicity could be due to
variation in the level of expression of cell sudaproteins among strains of a species. Hydrophyband
autoaggregation are considered as necessary fonigglhesion, they protect the host system by lbioformation
over the host tissugl6]. Strain LB27 exhibited a higher hydrophobicitydamgher autoaggregation values 82%
and 70% respectively this is in agreement withfthding of Reret al [16] with, Lactobacillus salivarius subsp.
Saliciniusand Lactobacillusplantarunshowing higher hydrophobicity, autoaggregation addesion ability, which
suggest their potential immmunomodulatory activitythe Gl tract.

Antibiotic susceptibility

Lactic acid bacteria widely used as probioticsrostarter cultures have the potential to serve lassaof antibiotic
resistance genes with the risk of transferring gemes in many lactic acid bacteria and other pathiag
bacteri§32].All lactobacillus strains were resistant to cipoahcin, tobramycin, nalidixic acid and colistinnglar
results are previouslyreporté¢i8,33]. Various reports indicating that, lactic acid leaic are normally resistant to
principal types of antibiotics such as aminoglydesi quinolone, fluoroquinoling®]. Lactic acid bacteria are
intrinsically resistant to antibiotif35,36] and the intrinsic resistance is not horizontatgnsferable, and poses no
risk in non-pathogenic bacter[82].All of lactobacillus plantarumstrains were susceptible to chloramphenicol,
Nitroxolin, penicillinG, Cefotaxim, pristinomycin nacefeximexpetLB15,LB18, LB27, LB45, LB22 and
streptomycin except LB15, LB18, LB22.

Haemolytic activity

Absence of haemolytic activity is considered aafety prerequisite for the selection of a probisti@irf37]. None

of the strains exhibitefi-haemolytic activity on TSA human blood agar. Sanilesults were previously reported by
Maragkoudakist al[11]; Argyriet al [13].

Strains oflactobacillus plantarumLB8, LB11, LB12, and LB15and LB27 exhibited a putel antibacterial
activity, good tolerance to acidic pH and bile,tiglues of hydrophobicity and autoaggregation.
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CONCLUSION

In the present study, probiotic potential of tEwtobacillus plantarumstrains from fresh bee pollen was
investigated; five of them were found to possessirdiele probiotic properties vitro; Exhibited remarkable
antimicrobial activity against pathogenic bactedajood tolerance to low pH and bile salts, a gtirophobicity,
and autoaggregation. These strains present goatideaes for application as novel probiotic straimghe food
industry.
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