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Abstract: Problem statement: This study reports the isolation of lactic acid teai@ from 13 honey
samples produced in Malaysia, Libya and Saudi Aralyid their antibacterial activity against three
Gram negative pathogenic bactedepproach: A modified MRS agar with 0.8% CaG@nd MRS
with 1% glucose was found to facilitate isolatiohL&AB compared to MRS, tomato juice agar and
modified tomato juice agar. 32 isolates were coméid LAB by catalase test and Gram staining. Six
isolates were screened for antibacterial activitg @lentified as strains dfactobacillus acidophilug

by APl CH50.Results: All the isolates showed very good inhibitory adivagainst target Gram
negative bacteria as indicated by the diametembibition zone:SalmonellaTyphimurium (23-30
mm), Escherichia coli(7-18 mm) andEnterobacter aerogengd.0-18 mm) after 24 h incubation at
30°C. Supernatants df. acidophilusl strains showed good antibacterial activity agiamadl target
bacteria. Heating the supernatants at 90 and 1#1°C h enhanced the antibacterial activity against
all target bacteria except supernatants HO06-A lA@0-G againssS. Typhimurium Antibacterial
activity of supernatants were maintained after giistment to 3, but at pH5 supernatants HO06-A,
HO08-D and HO10-G lost the activity agair&t TyphimuriumandE. coli within 48 h of incubation
while at pH 6 all supernatants lost activity excegainstE. aerogenesEnzymes treatments of
supernatants with RNase Il and Proteinase K foridhibited all target bacteria except supernatants
HO008-D, HO08-E and HO006-A which were relatively siéime to both enzymes againS.
Typhimurium and E. coli. Conclusion/Recommendations. In conclusion, honey from different
sources contains strains lof acidophilusl that produced compounds with good antibacteiéivity
which may be responsible for the antibacterial préps of honey.

Key words: Lactic Acid Bacteria (LAB), Multiple Antibiotic Restant (MAR), antibacterial activity,
demonstrated antimicrobial, antibacterial propsrtiatensive Care Units (ICUSs)

INTRODUCTION Malaysian wild honey known as Tualang honey
showed good activity against different pathogens of
Honey is well known for its health benefits and it wound and enteric bacteria and the activity was
has been used as traditional medicine for manysyearcomparable to that of manuka honey from New
(Dobrowolski et al, 1991; Bankova, 2005). Honey Zealand. Taret al (2009) evaluated the antimicrobial
contains cenamic acid, antioxidant agent and somactivity of natural honey collected from different
flavonoids which have been approved for antibaateri aromatic and medicinal plants against antibiotic
applications (Rahmaret al, 2010). Malikaet al resistant bacteria isolated from human; all honey
(2004) suggested that the activity of honey variesamples showed strong activity againgt coli,
depending on its origin, type of flowers, the ragio Staphylococcus aureus, Bacillus subtilisand
the nature of bees and the breeding techniqueslaZzumPseudomonas aeruginasa
and Lulat (1989) reported that honey is very good Mundoet al (2004) collected honey samples from
inhibitor to Escherichia coli, SalmonellandShigella  different sources and evaluated against food gpmila
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organisms and pathogens namdigaligenes faecalis, is found inside human intestines, where it helps th
Aspergillus niger, Geotrichum candidum, Penicillium body breaks down and digests the food. Unfortupatel
expansumLactobacillus AcidophilusP.fluorescensB.  some types dE. colican get from the intestines into the
cereus E. coli O157:H7, Listeria monocytogenes, blood and could cause serious infection suck.asoli
Salmonella entericéSer. Typhimurium, Saureus S.  O157:H7. Enterobacter aerogenesauses disease in
aureus 9144 and B.stearothermophilusThe results humans and can be transferred in hospitals or from
showed that Bstearothermophilusvas highly sensitive environment. Elderly, infants and people who aréha
to honey, A. faecalisand L. acidophilus were less terminal situation of other disease or
sensitive and the fungA. niger, P. expansum, G. immunosuppressed are candidates for its infections
candidumand S. aureuswere unaffected to honey. (Janda and Abbott, 2006. aerogeness known to
Tumin et al (2005) investigated the antimicrobial have drug-resistant and characteristicsand the fast
activity of five different types of Malaysian honeypd  development of multidrug resistance strains hasinec
observed that three honey samples showed anti@ctera growingly problem (Sankaran, 2000). Multiresistan
activity againstS. typhi, S. aureus, Shigella sonnie,strains of E. aerogeneshave caused outbreaks in
Streptococcus pyogenandE. coli. Intensive Care Units (ICUs) in France, Belgium, tgdi
Recently, several strains of bacteria were isdlate States and Austria (Ghelde¢al, 2001).
from honey and demonstrated antimicrobial activity Honey is known to have antibacterial activity and
against both gram negative and positive pathogemit LAB has been isolated from honey samples. However,
spoilage bacteria (Aweesgt al, 2010); Ibargureet al,  information on the possible role of LAB in honey is
2010; Leeet al, 2008). Bahiruet al (2006) reported lacking. Therefore, this study attempts to evaluhte
that honey contains yeasts, low amount of spores arantibacterial —activity of LAB isolated from
lactic acid bacteria. In addition, the heterolasticere  commercially available honey in Malaysia against
of higher count than the homolactics. Olofsson andnultiresistant strains Gram negative bacterg
Vasquez (2008) isolated novel Lactic Acid BacteriaTyphimuriumATCC 13311,E. coli ATCC 25922 and
(LAB) in the generd actobacillusandBifidobacterium  E. aerogenes
from honeybee stomach and the same isolates ware al
detected in honey. Hosrst al (2009) determined the MATERIALSAND METHODS
microbial quality of three different types of hongm
Egypt and reported that honey contains bacterith@f Honey samples. A total of 13 honey samples were
generalactobacillus, Streptococcus, Micrococcasd  collected from different sources in Malaysia. Sagspl
Bacillus namely, B butyricum, B. subtilis, were kept at room temperature before analysis. The
Enterococcus faeC|UmL. aCIdophllus L. casel, L. Samp|es used in this Study were local honey from
plantarum Lactococcus lacits, Lact. Cremoriand  cameron Highland (Pure Natural honey and Wild
Micrococcus luteus one of the samples was popey) from Melaka (Madu bunga gelam, Pure honey
contammated with yeasts and moI.ds. L_ac_tlc AIC|d2’ Pure honey 3 and Propolis honey), from Seremban
Bac_:tgrla (LA_B) are knovx(n_ for their antimicrobial (Madu Tualang and Madu lebah Neron), from Libya
activity specially lactobacilli (Klaenhammer, 1993) (Al-Seder honey and Spring honey), from Saudi Aaabi

Most of the antimicrobial activity is due to organi (Al-Shifaa honey) and from New Zealand (Monuka
acids and bacteriocins produced by certain LABirstta honey). pH of honey was determined using pH meter

Bacteriocins are proteins or protein complex whiels (METTLER TOLEDO)
inhibition activity against gram positive and negat ’
bacteria (Taget al, 1976).

Salmonella Typhimuriunand E. coli are of the Isolation of lactic acid bacteria from commercial

most common type of pathogenic bacteria around thQOney samples Approxmately 10 g of honey samples_
world. S. Typhimuriuncauses typhoid fever in human were suspended in 90 ml peptone water (0.1% W/_V) n
and gastroenteritis in human and other mammals ThStomacher bags and the bags were manually agitated.
bacterium usually enters the body through the mbyth Then 1 ml was added to 10 Lof MRS broth:
contaminated food or water, penetrates the intaistin Incubated at 30°C for 24-48 h followed by serial
wall and multiplies in lymphoid tissue. The bacteri dilution with peptone water (0.1% w/v). 0.1 MLwas
could enter bloodstream within 24-72 h causing #loo spread plated on several modified media namely, MRS
poisoning (McCormicket al, 1995; Everestet al, agar (Demaret al, 1960), MRS agar with 0.8% CagO
1999).E. coliis a type of bacteria that can contaminate(Winched et al, 2007), MRS agar with 1% glucose,
food such as beef, fruits and vegetables. Thisshach  tomato juice agar with 0.8% CaG@nd tomato juice
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agar with 1% glucose. All plates were incubatedMRS broth with the bacteria at time Oh / OD560 nim o
under anaerobic condition in anaerobic jar at 3#1C MRS broth with the bacteria at time 8h00.

48 h or until the bacterial colonies were of suéit

size. Colonies were tested for catalase activithw?  Effect of heat treatment LAB supernatant on
H,0, and catalase negative colonies were streaked omtimicrobial activity: The supernatant of LAB
MRS agar containing 0.8% CaG@nhcubated at 37°C isolates was heat treated at 90 and 121°C for fich a
for 48 h to obtain pure colonies. Pure coloniesewer tested against the target bacteria using microgitate
again tested for catalase activity and Gram staiaid @S described above. All plates were incubated &€ 30
catalase negative and Gram positive colonies werf®r 48 h and bacterial growth was monitored at 24 h

maintained in MRS broth with 15% of glycerol and Interval. Percent growth of target bacteria was
kept at-20°C for further study. calculated as described in 1.5.

Effect of pH adjustment on antimicrobial activity of
LAB supernatant: pH of LAB supernatant was adjusted
to 3-6 using drops of HCI (0.1 N) and NaOH (0.2axy

Antibiotic resistant target bacteria S. Typhimurium
ATCC 13311,E. coli ATCC 25922 ancE. aerogenes

were tested for their resistant to antibiotics gsthisc :
diffusion method as described by Bawral (2966) pH determ|_ned by pH meter (METTLER TO-LED-O) then
' tested against the target bacteria. The microfitates

The ant!biotics used. were. vancomycin @“m)’were incubated at 30°C for 48 h and bacterial gnowas
cephalothin (30 um), nalidixic acid (30 pm), Geryam  onitored at 24 h interval. Percent growth of targe
(10 pm), streptomycin (10 um), tetracycline (30 UM) phacteria was calculated as described in 1.5.

bacitracine (10 um), peniciin G (10 pm),

chloramphenicol (30 um) and polymyxin B (300 pm). Effect of enzymes on antimicrobial activity of LAB

- : o , . supernatant: The supernatants were treated with
Antimicrobial activity of LAB isolates using dual Proteinase K and RNase Il separatelyl df each

agar overlay method: Antimicrobial activity of six enzyme was inoculated to 1 ml of superatant afébie
LAB isolates was determined against target; gt room temperature. After that, the supertatas
bacteria using dual agar overlay method. LAB wasgested against target bacteria in microtiter plédéswed
inoculated in spot on MRS agar plates and grown agy incubation at 30°C for 48 h and bacterial growts
30°C for 24 h in anaerobic jars. The plates weremonitored at 24 h interval as described above.
overlaid with 15 ml of nutrient agar containing the

target bacteria f0cells per ml. After 24 h of aerobic Phenotypic identification of LAB isolates:
incubation at 30°C the diameter of inhibition Zone phenotypic identification of the six LAB isolates

was measured. The tests were done in duplicate ang,a|yated for their antimicrobial activity was dadt
the mean was taken. out. Overnight cultures of the isolates were grawn
MRS plates (Oxoid) at 37°C for 24 h anaerobically.
supernatant using microtiter plates: Cell free  medium (API system, BioMérieux, France). The
supernatant of LAB was obtained from centrifugationsyspension was transferred into each of the 50sveéll

(6500¢< g for 15 min) and filtration of overnight MRS the AP| 50 CH strips. All wells were overlaid with
broth inoculated with LAB isolates incubated atG®4  gterile mineral oil to make it anaerobic. Stripsreve

h anaerobically. Nutrient broth was prepared andethi  jhcybated at 37°C  as recommended by the

with the target bacteria i@ell mL™. 100 uL* of the  manufacturer. Changes in color of wells were natice

supernatant and target bacteria were pipetted tlt0  after 24 and 48 h. The results were analyzed wie A
wells of microtiter plates. 200 (it of target bacteria in \Wgpg (BioMérieux).

nutrient broth was used as positive control. Altirofiter

plates were incubated at 30°C for 24 and 48 h.dBatt RESULTS

growth was monitored using Optical Density (OD) 560

nm using BioTek Ek800 ELISA reader. The analysis |splation of lactic acid bacteria using different

was carried out in duplicates and the mean wasitdkee  media: Isolation of LAB form honey was possible by

percentage growth of target bacteria was measusied u including a pre-enrichment in MRS broth followed by

the equation: OD 560 nm of MRS broth with bacteria plating in selective media. A total of 32 isolatesre

supernatant after incubation 24 and 48 h-OD560 Am dsolated from the honey samples and were catalase
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negative and Gram positive. Highest number of LABGrowth inhibition of pathogenic bacteria in the
was isolated from MRS agar with 0.8% Ca{J@able  microtiter plate: Addition of LAB supernatants to MAR
1). LAB present in Al-Sedar honey from Libya, pure target bacteria generally resulted in reduced drowt
honey from Malaysiaand Al-Shifaa honey from Saudicompared to control (Table 4). Supernatant H010-G
Arabia were isolated from MRS with 1% glucose, whil completely inhibitedE. aerogeneand reduced growth of
LAB from Madu Bunga Gelam, Malaysia was isolatedS. TyphimuriunATCC13311, whileE. coli ATCC25922

on tomato juice agar with 0.8% Cag®IRS agar and was inhibited by supernatant HO08-E and HOO6-Arafte
tomato juice agar with 1% glucose did not support8 h incubation. However, supernatants HO06-C, HB09
growth of LAB in all honey samples. pH of honey and HOO08-E were not effective in preventing thendho
seems to affect the population of LAB; high number of S.Typhimurium ATCC13311. The results demonstrate
LAB (>10° mL™) was isolated from Al-Seder honey that the antibacterial activity df. acidophilusstrains
(pH 5.6), followed by Alshifa honey (> tonL™, pH vary with targeted bacteria and the antibacterial
3.66) and Monuka honey (> 4L™, pH 4.38). It was compounds produced by these LAB strains.

observed that Malaysia honey contained low number o
LAB (>10 mL™) and lower pH. It seems that pH of
honey seems to influence number of LAB present. Si
of these LAB isolates were selected for antibaateri
study against Multiple Antibiotic Resistant (MAR)
Gram negative bacteria.

Effect of heat treatment on antimicrobial activity of
)}.AB supernatant: Antibacterial activity of LAB
supernatants were further enhanced by heating at 90
and 121°C for 1 h compared to control (Table 5 @nd
And However, when comparison is made among the
LAB supernatants, heating seems to result in iserea
o ) ) ) percentage growth &8. TyphimuriumATCC13311 for
Antibiotic resistant test of target bacteria: Multiple )| the supernatants. In contrast, both heat treatsn

Antibiotic Resistant (MAR) patterns of the target enhanced the antibacterial activity of LAB supeamés
bacteria vary with the bacteria and the antibitgted  againstE. coli ATCC25922 andE. aerogenes

(Table 2). S. Typhimurium ATCC13311 showed

resistance to all the antibiotic s especially totkacin, pH sensitivity of LAB supernatant: Adjusting LAB
cephalothin,  penicilin G, vancomycin  and sypernatants to pH 3 resulted in good inhibitoryvity
strepromycin;E. coli ATCC25922 was sensitive 10 against all target Gram negative bacteria espgcall
tetracycline, naladixic acid and choloramphinicaoit b aerogenegTable 7) within 48 h incubation compared
very resistant to bactotracin, penicilin G andto control. It was noteworthy that growth d8.
vancomycin and E. aerogenes was sensitive t@yphimuriumATCC13311 was inhibited when all the
tetracycline and cholramphinicol but very resistamt supernatants were reduced to pH 3, which was not
nalidixic acid and polymyxin B. observed in unadjusted supernatants (Table 4). Both
Typhimurium ATCC13311 andE. aerogeneswere

Antimicrobial activity of lactic acid bacteria isolates ~ inhibited at pH 5. In contrast, an increase in petc
againg target bacteria by dual agar overlay method: growth of E. coli ATCC25922 was observed in all
Growth of all the MAR gram negative target bacteriaSUPernatants except H009-F and H008-E at pH 5 €Tabl

L - ; ; Lo 8) and similarly percent growth db. Typhimurium
was |nh|p|ted by all six. acidophilusstrains |s_olated ATCC13311 increased in supernatants H010-G, H008-
from different honey samples, especiall\s.

L ; Lo D and HO06-A at this pH. All LAB supernatants lost
TyphimuriumATCC13311 with growth inhibitory zone their antibacterial activity againsS. Typhimurium

between 23.2+0.30 to 30.3+1.41 mm (Table 3). Growth\ 113311 ancE. coli ATCC25922 (data not shown)
of this bacteria was easily inhibited by HO08-®l@ed exceptE. aerogenegTable 9) at pH 6.

from pure honey, Cameron Highlands, Malaysia),
HO09-F (isolat_ed from Al-Shifaa honey, Saudi _ArabiaEnzymes sensitivity of LAB supernatant: Both
and HOOG-A (isolated from Al-Seder honey, Misuratayqteinase K and RNase Il treated LAB supernatants
honey, Libya) with inhibitory zone 30.30.60, showed growth inhibitory activity against all the
30.3+1.41 and 29.3+4.24 mm, respectively. Growth ofarget bacteria compared to control (Table 10 and
E. coli ATCC2592 ancE. aerogenesvere moderately 11). While proteinase K treated LAB supernatant
inhibited by all the isolates; these two bacterierav showed antibacterial activity against all target
poorly inhibited by HO06-C (isolated from Al-Seder bacteria, all RNase Il treated LAB supernatants
honey, Misurata, Libya) with inhibitory zone of allowed growth ofS. TyphimuriumATCC13311 after
7.5+3.53 and 9.5+1.41mm, respectively. 48 h incubation (Table 11).
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Table 1: Isolation of lactic acid bacteria from kgrsamples using different media incubated at 3@f@8

Sample Honey pH of Dilution LAB
code Source sample honey Media Gram stain  Catalase detected
HO001 Melaka, Madu Bunga 3.57 MRS agar NG
Malaysia gelam MRS+ CaGO + - 101
MRS+ Glucose NG
TJA+ CaCQ@ + - 101
TJA+ Glucose NG
HO005 Melaka, Wild Honey 3.41 MRS agar NG
Malaysia MRS+ CaCp + - 101
MRS+ Glucose NG
TJA+ CaCQ@ NG
TJA+ Glucose NG
HO006 Misurata Al-seder 5.06 MRS agar NG
, Libya honey MRS+ CaCMIRS+ Glucose  + - 105
TJA+ CaC@ + - 103
TJA+ Glucose NG
NG
HO08 Cameron Pure honey 3.61 MRS agar NG
Highlands,
Malaysia MRS+ CaCp + - 103
MRS + Glucose + - 103
TJA + CaCQ@ NG
TJA + Glucose NG
H009 Saudi Arabia  Al-Shifaa 3.66 MRS agar NG
MRS+ CaC@ + - 105
MRS + Glucose NG
TJA+ CaC@ NG
TJA+ Glucose NG
HO010 New Zealand Monuka honey  4.38 MRS agar NG
MRS+ CaC@ + - 105
MRS + Gulcose NG
TJA+ CaCQ@ NG
TJA+ Glucose NG

#G: glucose (1.0 %), CaGO0.8 %), NG = no growth

Table 2: Antibacterial activity of selected antiliés against target pathogenic bacteria measuretiaoyeter of inhibition zone around the di&cs

Target bacteria

S. Typhimur E. coil
Antibiontics ATCC1331 ATCC2592 E. aerogenes
Bacitracin 0 0 17
Gentamycin 8 10 7
Tetracycline 17 25 22
Naladixic acid 7 21 0
Cephalorthin 0 0 12
Polymyxin B 5 6 0
Pencillin G 0 0 16
Vancomycin 0 0 7
Streptomycin 0 15 10
Choloramphinicol 5 20 20

2Diameter of inhibition zone around the discs (mm)

Table 3: Growth inhibition zone of target bactdsjal AB isolated from honey by dual agar overlay noef

LAB
Target bacteria H006-C HO09-F HO010-G HO008-D HOO08-E HO06-A
S. Typhimurium 23.240.30 30.3+1.41 23.5+0.70 25+2.82 30.3+0.60 32824
E. coli 7.5+3.53 14+2.82 18+2.82 12.5+0.70 16.2+0.81 10.58
E. aerogenes 9.5+1.41 17.5+1.41 16.5+1.41 13.5+2.12 15.5+0.20 2.543.53

*Diameter of growth inhibitory zone was measurechin after 24 h incubation at 30°C
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Table 4: Growth percentage of target bacteria WiB supernatant in microtiter plate incubated at@G®or 48 h*

LAB
Target bacteria Time (h) HO006-C HO09-F H010-G H@n8 HOO0S-E HO006-A Control
S. Typhimurium 24 15.25 21.27 0.72 9.67 12.79 381 48.24
48 16.19 24.27 1.27 9.95 21.30 9.92 101.68
E. coli 24 4.76 3.85 4.10 4.35 212 221 75.00
48 0.90 8.48 6.15 1.38 NG NG 155.32
E. aerogenes 24 14.75 17.55 NG 1078.00 5.55 6.58 68.69
48 9.43 21.99 NG 12.35 0.17 12.82 77.00

@ Growth was measured as OD at 560 nm, NG: No growth

Table 5: Growth percentage of gram negative bactéth LAB supernatant after heat treatment at 90f@nicrotiter plate incubated at 30°C

for 48 i

LAB

Target bacteria Time (h) H006-C HO009-F HO010-G H@D8 HOOS-E HO006-A Control

S. Typhimurium 24 3.36 461 1.10 8.85 6.33 3.46 191.09
48 12.48 14.85 19.79 17.70 9.69 12.6 257.48

E. coli 24 NG 5.30 NG 6.86 6.06 NG 195.87
48 NG 0.08 NG 2.87 3.26 2.36 339.14

E. aerogenes 24 NG 4.85 NG 4.50 2.34 NG 239.07
48 NG 18.41 NG 5.20 NG 1.99 304.64

@ Growth was measured as OD at 560 nm, NG: No growth

Table 6: Growth percentage of gram negative baotéth LAB supernatant after heat treatment at 12it°@icrotiter plate incubated at 30°C

for 48 i
LAB
Target bacteria Time (h) H006-C HO09-F H010-G H@D8- HO08-E HO006-A Control
S. Typhimurium 24 1.25 1.05 NG 3.59 2.85 221 201.36
48 4.87 8.66 9.47 NG 3.64 8.41 284.43
E. coli 24 1.13 121 0.44 2.57 21 2.35 196.61
48 NG NG NG 5.25 NG 0.11 345.48
E. aerogenes 24 NG 0.3 NG 0.51 NG 1.37 227.99
48 NG NG NG NG NG 1.43 286.48

2 Growth was measured as OD at 560 nm, NG: No growth

Table 7: Growth percentage of gram negative baotdth LAB supernatant pH 3 in microtiter plate inabd at 30°C for 48+

LAB
Target bacteria Time (h) HO006-C HO009-F H010-G H@D8- HO008-E HO006-A Control
S. Typhimurium 24 NG NG 0.67 0.31 NG 2.62 612.50
48 0.21 0.70 0.75 1.03 NG 2.52 686.63
E. coli 24 NG 2.81 1.87 3.68 1.15 3.53 93.24
48 1.95 3.25 2.09 3.48 1.94 3.53 124.77
E. aerogenes 24 NG NG NG NG NG 1.24 175.78
48 NG NG NG NG NG 0.62 323.09

& Growth was measured as OD at 560 nm, NG: No growt

Table 8: Growth percentage of gram negative baotéth LAB supernatant pH 5 in microtiter plate inabd at 30°C for 48+

LAB
Target bacteria Time (h) H006-C HO09-F H010-G H@D8- HO08-E HO006-A Control
S. Typhimurium 24 NG NG NG NG NG 107.18 539.72
48 151 NG 81.03 357.52 NG 463.51 608.80
E. coli 24 24.11 NG 3.90 203.93 5.05 212.51 88.63
48 97.04 NG 204.98 223.97 NG 229.47 131.27
E. aerogenes 24 NG NG NG NG NG NG 100.46
48 NG NG NG NG NG 1.01 316.24

& Growth was measured as OD at 560 nm, NG: No growth
812
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Table 9: Growth percentage of gram negative baotéth LAB supernatant pH 6 in microtiter plate inabd at 30°C for 48

LAB
Target bacteria Time (h) HO006-C HO009-F H010-G H@8- HO008-E HO006-A Control
E. aerogenes 24 15.42 13.37 16.27 10.44 14.48 27.6 356.52
48 20.50 19.28 14.7 22.48 18.18 51.06 645.65

& Growth was measured as OD at 560 nm, NG: No growth

Table 10: Growth percentage of gram negative biactéth LAB supernatant after treatment with Protem#&sin microtiter plate incubated at
30°C for 48 B

LAB
Target bacteria Time (h) H006-C HO009-F H010-G H@8- HO08-E HO006-A Control
S. Typhimurium 24 NG NG NG NG 0.86 NG 195.86
48 NG NG NG NG NG NG 178.41
E. coli 24 2.61 3.86 NG 7.70 7.19 3.65 129.97
48 NG NG NG NG NG NG 175.21
E. aerogenes 24 NG 0.84 NG NG NG NG 163.33
48 NG NG NG NG NG NG 376.40

2 Growth was measured as OD at 560 nm, NG: No growth

Table 11: Growth percentage of gram negative bactéth LAB supernatant after treatment with RNaseImicrotiter plate incubated at 30

°C for 48 h*
LAB

Target bacteria Time (h) HO006-C HO09-F HO010-G H@8- HO08-E HO006-A Control

S. Typhimurium 24 4.02 2.22 0.12 6.99 6.87 1.27 328.95
48 2.09 NG 0.38 3.77 1.30 0.06 371.30

E. coli 24 3.76 3.62 NG 9.93 9.13 3.79 177.36
48 NG NG NG 3.50 2.89 2.32 257.50

E. aerogenes 24 NG NG NG NG NG NG 163.33
48 NG NG NG NG NG NG 376.40

2 Growth was measured as OD at 560 nm, NG: No growth

Table 12: Phenotypic identification of isolatesngsAP| 50 CHL Kits good percentage of similarity (above 90%) and were

| and APl web - e isolated from honey produced in Libya, Saudi Arania
?gg;pe gﬁ:ﬁgﬂ@ge ° (Itl))em' ication New Zealand, respectively. Isolates HO06-A, H008-D
HO06-A 532 Lactobacillus Acidophilud and H008—E were from honey produced in Malaysia and
H006-C 97.2 Lactobacillus Acidophilug the L. acidophilus 1 detected present were poor
H008-D 56.7 Lactobacillus Acidophilud percentage of similarity (less than 60%) (Table 12)
HO08-E 56.7 Lactobacillus Acidophilug
HO09-F 99.5 Lactobacillus Acidophilug DISCUSSION
H010-G 99.5 Lactobacillus Acidophilug

Honey contains high sugar concentration that

Similarly, growth of E. coli ATCC25922 was not normally limits the detection of LAB by normal madi
inhibited by RNase Il treated LAB supernatantsuch as MRS and tomato juice agar. Modification of
HO008-D, HO08-E and HO06-A after 48 h incubation. media as carried out in this study allows the imaof
E. aerogenes was inhibited by all RNase Il treated AB from honey which was otherwise difficult. Thesp
LAB supernatants. This observation suggests tteeth enrichment in MRS broth overnight allows LAB in
exist protein- like compounds in these LAB honey to resuscitate, together with the additio.886
supernatants that have antibacterial activity &  CaCQ or 1% glucose to MRS further permits detection
TyphimuriumATCC13311 andE. coliATCC25922 but  and isolation of LAB from honey samples. The high
not againsk. aerogenes numbers of LAB isolated from MRS media with added

0.8% CaCQ further support the suitability of this media
Phenotypic identification of LAB isolates usng API for the isolation of LAB from food samples as repdr
50CHL Kit: Six randomly selected LAB were identified by (Panthaveet al, 2007).
aslLactobacillus Acidophilugd from API 50CH test kits Earlier reports detected the presence of lactid ac
and API web. Isolates HO06-C, HO09-F and HO10-Gbacteria in raw honey (Forsgrest al, 2009; Ruiz-
were identifiedLactobacillus Acidophilusl with very  Argueso and Rodriguez-Navarro, 1975; Bahétual,
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2006; Hosnyet al, 2009). Additionally, many studies which growth was reduced between 45-70% compared
reported the isolation of LAB from stomach of bee,to control after 24h of incubation (Table 4).
flowers and plants. Recently, Endet al (2009) Supernatant HO010-G completely inhibitecE.
isolated lactic acid bacteria from flowers and tsuand aerogenesand reduced growth of. Typhimurium
identified  them  as Lactobacillus  kunkeei, ATCC13311, whileE. coli ATCC25922 was inhibited
Fructobacillus pseudoficulneusand Fructobacillus 1y sypernatant H008-E and H006-A after 48 h
fructosus Isolates of lactic acid bacteria, belonging t0;ncubation. However supernatants H006-C, HO009-F
Lactobacillus, Lactococcusand Leuconostoc genera 4,4 HOOS-E were notleffective in preventing tr,le/gh)
were also isolated from flowers (Tavaé‘q al, 2002), of S. TyphimuriumATCC13311. In contrast, Coconnier
from plant surfaces and plant associated productgt al (1997) reported that supernatant.ofacidophilus

suggesting that LAB which present in honey may COM&train LB from human showed antimicrobial activity
from plant sources and the bees.

. e . againstS. TyphimuriumE. coli and Enterobacter spp.
However, the identification of the LAB isolates 9 > 1YP N : . . PP
Bacteriocins produced bl. acidophilusU1 isolated
has not been reported (Lex al, 2008). The LAB T : O
: . . . o from pygmy goat meat showed antimicrobial activity
isolates from honey in this study were identified . ; ; S
. . . . : . againstE. coli but did not inhibit the growth of.
acidophilus1. The detection of. acidophilusl in all Typhimurium(Ogunbanwo and Okanlawon, 2008)
the honey samples from different sources refleloés t yp g ' ’

ubiquitous nature of this bacteria and its ability All the six LAB cell free supernatants were heat

o . . stable at 90 and 121°C for 1 hand the antibacterial
survive in products with high sugar content and low

o activity of LAB supernatants was enhanced aftert hea
water activity such as honey. S :
: . .tfreatments. Similarly, Coconnieret al (1997)
The presence of multiple resistance pathogenic o : L
: : - Observed that the antimicrobial activity of supeama
bacteria has led to the investigation of naturédative : : .
It i o k tibiotics. Lacti A of L. acidophilusstrain LB from human was heat
afternatives o known antiblofics. Lactc aci stable at 110 for 1 and the activity was increased
are well known producer of antimicrobial compounds

_ e ; s oh ~~under acidic condition agains$. Typhimurium E.
especially bacteriocins which have high antimicabbi coli, Listeria monocytogenes Shigella flexneri,
activity (Jay, 1982; Klaenhammer,

, 1993; Piqrd andepsiella pneumoniae, Pseudomonas aerugirasd
Desmazeaud, 1991). All LABs isolated from different gteropacterspp. Ollveiraet al (2008) reported that

honey samples possess very good antimicrobialigctiv | acidophilus 30SC  produced antimicrobial
against target Gram negative bacteria with inhifjito compound that was heat stable at 95°C for 20 minand
zone greater between 7.5+3.53 to 30.3#0.60 mnggoy of activity was lost after heating at 121°C 26r
diameter (Table 3 and Fig 1). The highest actiws  min Heating supernatant of L casei GC subgroup A
obtained from HOO-F from Saudi Arabia agairt jsolated from vacuum packaged beef at°@@or 10
TyphimuriumandE. aerogenesind H010-G from New min showed antagonistic activity against reference

Zealand againsE. coli. Earlier reports showed that  strainsL. acidophilus L. fermentum and L. plantarum
acidophilus isolated from human intestine have (Ohet al, 2000).

antimicrobial activity against a wide range of Gram The antibacterial activity of strains oL.
negative and Gram-positive pathogensvitro and in  acidophilus 1 supernatants was active under acidic
vivo (Chauviereet al, 1992; Coconnieet al, 1993; conditions between pH 3-5 against all target Gram
Coconnieret al, 1998). negative bacteria (Table 7 and 8). Growth Bf

In contrast, Ohet al (2000) observed that aerogenesvas reduced by all supernatants even at pH 6
bacteriocin fromL. acidophilus30SC obtain from dairy compared to control. Coconniet al (1997) observed
microbiology laboratory did not inhibit the growtif  that the antimicrobial activity of supernatant bf
rang of Gram negative bacteria including. acidophilusstrain LB from human was increased under
pneumoiae E. coli and S. Typhimurium Recently, acidic condition againsk&. coli K. pneumonia S.
Gharaei-Fathabad and Eslamifar (2011) reported thafyphimurium Shigella flexneri L. monocytogenes
strain of Lactobacillus paraplantarum isolated frima  Enterobacterspp andPseudomonas aeruginas@h et
leaves has antimicrobial activity agaifstcoliandS. al. (2000) studied antimicrobial activity of
Typhimurium proteinaceous compound produced lbyacidophilus

Both the cells and cell free supernatantsLof 30SC strain, the bacteriocin was completely stalle
acidophilus 1 strains showed antibacterial activity pH 6 and 7and 50% of activity lost after adjustioghe
against the target Gram negative bacteria evaluated various pH values between 3 and 10. Maurad and
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Meriem (2008) reported that the antimicrobial aityiv
of L. plantarum isolated from camel milk butter was Aween, M.M, H. Zaiton and J. Belal, 2010.
stable at pH 2-6 but the activity was lost at pH 8  Antimicrobial Activity of Lactic Acid Bacteria
against indicator strain ofactococcus lactisB8. Isolated from Honey. Proceedings of the
Ollveira et al (2008) isolated.actobacillus caselGC International Symposium on Lactic Acid Bacteria
subgroup A from vacuum packaged beef and had (ISLAB’10), University Putra Malaysia, pp: 25-27.
antagonistic activity against indicator strains lof ~ Bahiru, B., T. Mehari and M. Ashenafi, 2006. Yeast
acidophilus, L. fermentum and L. plantarunthe and lactic acid flora of tej, an indigenous Ethapi
activity was stable at pH 4-9. honey wine: Variations within and between
production units. Food Microbiol., 23: 277-282.
PMID: 16943014
Bankova, V., 2005. Recent trends and important
developments in propolis research. Evidence-Based

The effect of enzymes RNase and Proteinase K on
L. acidophilus 1 supernatants showed variable
inhibitory activity againss$S. TyphimuriumE. coli and
( P y 9 ' 10.1093/ecam/neh059

Malaysia) were slightly sensitive to both enzymesg. .or AW. W.M Kirby, J.C. Sherris and M. Turck
Proteinase K and RNase Il when tested ag&nstoli 1966. Antibiotic Sljsceptibility testing by a

andS. Typhimurium(Table 10 and 11), indicating the standardized single disk method. Am. J. Clin.

protein-like compound produced by thesé. Pathol., 4: 493-496. PMID: 5325707

acidophilus strain Coconnieret al (1997) isolated..  chauviere, G., M.H. Coconnier, S. Kerne, A. Datfeui
acidophilus strain LB from human was relatively Michaud and B. Joly et al., 1992. Competitive
sensitive to trypsin, proteinase Kand pronase and exclusion of diarrheagenic Escherichia coli (ETEC)
showed antimicrobial activity against Kneumoniae, from human enterocyte-like Caco-2 cells by heat-
Enterobacter spp., S. Typhimurium E.coli, L. killed Lactobacillus. FEMS Microbiol. Lett., 91:

monocytogenes, S. flexnarid P. aeruginosa. However, 213-217. PMID: 1624102
Maurad and Meriem (2008) reported that antibadteriaCoconnier, M., Lievin, V., Bernet-Camard, M.F.,

activity of L. plantarumisolated from butter made from Hudault, S.H. and Servin, A.L. 1997. Antibacterial
camel milk against indicator strain dfactococcus effect of the adhering humarLactobacillus
lactis B8 was lost when treated wit-chymotrypsin Acidophilus strain  LB. Antimicrob. ~Agents
and proteinase K. Chemoth., 41: 1046-1052.

Coconnier, M.H., M.F. Bernet, S. Kerneis, G.
Chauviere and J. Fourniet al, 1993. Inhibition of
adhesion of enteroinvasive pathogens to human

_ . intestinal Caco-2 cells by Lactobacillus

_Th|s_ study demonstra?es that stral_ns of acidophilusstrain LB decreases bacterial invasion.
acidophilus 1 are present in honey obtained from FEMS Microbiol. Lett, 110: 299-305. PMID:

CONCLUSION

different sources and further supports the compledd 8354463

L. acidophilusstrains isolated from food such as honey.Coconnier, M.H., V. Lievin, E. Hemery and L.A.
The antibacterial activity against Gram negativetérda Servin, 1998. Antagonistic activity against
was variable depending on source of hongy, Helicobacter infection in vitro and in vivo by the

acidophilusistrain and target bacteria evaluated. Among  human Lactobacillus  Acidophilus strain  LB.

the honey studied Manuka honey from New Zealand and  Applied Environ. Microbiol., 64: 4573-4580.
Al-Seder honey contains the highest number of LAB PMID: 9797324

compared to the other honey samples from Malaysia a Deman, J.C.D., M. Rogosa and M.E. Sharpe, 1960. A

: . . . medium for the cultivation of lactobacilli. J.
Saudi Arabia. The antibacterial compounds prodinged Applied  Bacteriol., 23: 130-135. DOI:

theseL. acidophilusl strains were stable at low pH (3 10.1111/].1365-2672.1960.th00188.x
and 5) and high temperature (90 and 121°C), amoprowolski, J.W., S.B. Vohora, K. Sharma, S$hah
important consideration in the preparation of hofay and S.A.H. Nagviet al, 1991. Antibacterial,
pharmaceutical,  preservation and health care antifungal, antiamoebic, antiinflammatory and
applications. Additionally, this study suggests the antipyretic studies on propolis bee products. J.
possible role of LAB in enhancing the antibacterial Ethnopharm., 35: 77-82. DOI: 10.1016/0378-
activity of honey. 8741(91)90135-Z
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