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CHAPTER 1V

ANTIBACTERIAL ACTIVITY OF LACTIC ACID BACTERIA ISOLATED
FROM HONEY AGAINST SELECTED MULTIPLE ANTIBKH
RESISTANT (MAR) GRAM-POSITIVE BACTEI&)

4.1 Introduction

The continuous use of antibiotics as ant1mlcrob1a$ r more than

fifty years ago has been a leading reason for the 1@ of a ife eﬁectancy

However, disease-causing microbes that have bé tjto QQI iotic drug
1d- xﬁc (Hsueh et al.
s natp{ health remedies

therapy have become an increasing public health\grobl
g .\Qential antimicrobial

2005). To encounter such bacterial reswtan(%dnti iati

and supplements have been studied exten n

properties as alternative therapeutic ag 0 J ). Honey has been used

since ancient times as food and e ﬁefz}tw tural remedy for certain
at 18

ailments, such as, treatments of s esp s and for the healing of skin
wounds (Basualdo et al. 200 ther J opérty of honey has received wide

€ IC?S

recognition from the medi ﬁ@d (Z'u Lul 989)

It is believed that qu a c1d bacteria from different sources are
known to produce s have the ability to inhibit the growth of
both bacteria an (Muﬁ 1{ et 2011a & b). Antimicrobial activity of both

heated (100 ° mm) and pH aalsted (4 to 9) cell free supernatant of lactic acid

bacteria is om vacuum packaged beef was found to inhibit the growth of L.

acidopjiluNgdicating LAB are bacteriocin producers (Oliveira ef al. 2008).

Staphylococcus aureus is a commensal bacterium that colonizes, in addition to the
nose, the pharynx, axillae, vagina, and skin surfaces (Lowy, 1998). It can survive on
disciplined animals, such as dogs, cats, and horses. This bacterium may stay alive for
hours to weeks, some cases for months on dry environmental surfaces depending on

the strain susceptibility to environmental conditions (Cimolai, 2008). S. aureus also
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can infect infants where it can cause a severe disease- staphylococcal scalded skin
syndrome (Curran & Al-Salihi, 1980). S. epidermis could develop biofilm on
intravenous catheters and on medical prostheses (Hedin, 1993), and can survive on
plastic plates (Otto, 2009). The contaminated medical devices by this microorganism
may easily infect patients in the hospital, especially dialysis patients. B that
adhere to different devises and form biofilms are more resistant to m:mtlc
where it could eventually cause infections in the implemented daki& the body

(Philip & William, 2001). B. subtilisis not a human path but it could
contaminate several foods and may results in food p01somn 1n rare cases. It
produces proteolytic enzyme subtilisin. B. subtilis spores difficult to be killed
by heating during cooking and it may spoil bread dou I!ay 004). People

efore\‘t’flese target

who suffer from infection due to the contamination the e ftn\y'bacterla
were commonly treated by antibiotics by medical p 1oners
t(

pathogenic bacteria may easily become multlple a

Malaysian local honey has been rep &}ave léﬁl effect (Aljadi &

Yusoff, 2003; Tan et al. 2009). Gel honey oney contained non-
peroxide factors, such as phenolic aci ese ney %re shown to inhibit the
growth of E. coli and S. aureus (Aljads M 1lar1y, Tualang honey has
been shown to inhibit the%!;?rug res tz}nt cznetobacter baumanni and

Stenotrophomonas maltophilia ( Q;Iowever lack of study has been

investigated in detail on pSten iLl bac act1v1ty from honey marketed in

Malaysia against S. aur N enp "’h(ké-’subtzlzs Therefore, this chapter reports
both the cells and t emitan’s er (Ollaluated for their antimicrobial activities

against selected :wmblc{tl ista@MAR) Gram-positive bacteria. Information

obtained fro tudy may provf@ an insight to the possible contribution of the

naturally p % AB in honey for their antimicrobial activities and possibly the
S

medic of honey.

4.2 Materlals and methods
4.2.1 Antibiotic resistant of selected target bacteria

Staphylococcus aureus ATCC25923, Staphylococcus epidermis ATCC12228
and Bacillus subtilis ATCC21332 were used as target bacteria and tested for their
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resistant to antibiotics using disc diffusion method as described by Bauer et al. (1966).
The antibiotics used were vancomycin (Spm), cephalothin (30um), nalidixic acid (30
pm), Gentamycin (10 pm), streptomycin (10 pm), tetracycline (30 um), bacitracine
(10 pm), penicillin G (10 um), chloramphenicol (30 pm) and polymyxin B (300 pm)
(Sigma). The selection of antibiotics used in this study was based on t mon

antibiotics used in medical practice and health therapy. c
4.2.2 Antimicrobial activity of LAB isolates using dual agar oyerlay method

Antimicrobial activity of six LAB isolates was detemed against target

bacteria using the dual agar overlay method. LAB was f tec} in spot on MRS

agar plates and grown at 30 °C for 24 h in anaerobic tegglere overlaid

with 15 ml of nutrient agar containing the target ba‘wit 14 C im'lqgﬁer 24 h

of aerobic incubation at 30 °C, the diameter of i tion € @sured The

\bq ry ﬁ was taken.
Bépernatant using
microtiter plates % "\_

%\
Cell free supernatant was o e froMmge nfu@on (6500 x g for 15 min)

and filtration of overnight MRWOC atedpwit @B isolates incubated at 30 °C
(

tests were done in duplicate and the mean of diameMr of

V

4.2.3 Determination of antibacterial &ty 0

24 h anaerobically. Nutrient Oxoig zg) ed and mixed with the target
bacteria containing 10° Q 109 p\f the.é(sﬁ'ematant and target bacteria were
pipetted into the wells iC 1te § 2@;1%1 of target bacteria in nutrient broth
without the addition u rna s':ls@c?ls positive control. All microtiter plates
were incubated at d 7%\ Bacterial growth was monitored at ODs¢o
of MRS broth i0Tek ELXSO(@ESA reader. The analysis was carried out in
duplicates @nem of optical den51ty was taken. The percentage growth of target

bacteri% ulated using the formula established by Muhialdin et al., 2011a: [OD
560 nm
bacteria at time Oh] / [OD560 nm of MRS broth with the bacteria at time Oh] x 100.

acteria/supernatant after incubation — OD560 nm of MRS broth with the

4.2.4 Effect of heat treatment of LAB supernatant on antimicrobial activity

Cell free supernatants were heat treated at 90 °C and 121 °C for 1 h and tested

against the target bacteria using microtiter plate as described above. All plates were
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incubated at 30 °C for 72 h and bacterial growth was monitored at 24 h interval.

Percentage growth of target bacteria was calculated as described in section 4.2.3.
4.2.5 Effect of enzymes on antimicrobial activity of LAB supernatant

The cell free supernatants were treated with Proteinase K an se 11
separately. 1 pl of each enzyme was inoculated to 1 ml of supernatant for lh
at room temperature. After that, the supernatant was tested agamsu& bacteria in
microtiter plates followed by incubation at 30 °C for 72 h and b ¥al growth was
monitored at 24 h interval. Percentage growth of target bact(wvas calculated as

described in section 4.2.3. Y'

4.2.6 Effect of pH adjustment on antimicrobial activitgof Mrnatant

. Y'
pH of cell free supernatants were adjusted to 3, % us.Jn dipps LQEHCI (0.1 N)
and NaOH (0.2 N), then tested against the target o@ér plates were

incubated at 30 °C for 72 h and bacterial %\* W, 's" tor, t 24 h interval.
d as desglgbedGasection 4.2.3.

Percentage growth of target bacteria was ca )
N
4.3 Results Q"?
4.3.1 Antibiotic resistant test o et $
(? ? N
The target bacteria w i " st :éj(o several antibiotics tested. The

0 h
. l <
diameter of inhibition zo e ,5\@25 mm, MAR index was from 0.4
except B. subtilis (Tab m-l ?&’8 $-%;ndermzs were resistant to tetracycline,

naladixic acid, po @v B ?1 enicol. The three target bacteria were not
inhibited by ce in h e \?' ldermis was resistant to gentamycin and
S

ANe

-—9

5

bacitracin.

\
N3
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Table 4: The antibacterial activities of selected antibiotics against target bacteria®

Target bacteria

Antibiotics S. aureus S. epidermis B. subtilis
ATCC25923 ATCC12228 ATCC21332
Bacitracin (10 pm) 19 5 2Y~
Gentamycin (10 pm) 14 2 q
Tetracycline (30 pm) 0 0 &15
Naladixic acid (30 pm) 0 0 Y. 13
Cephalothin (30um) 5 5 Yy 4
Polymyxin B (300 um) 0 0 ' 15
Penicillin G (10 pm) 20 1 \;('?é’g'
Vancomycin (S5pm) 25 ¢ g Y-}\S

&)
Streptomycin (10 pm) 10 \3 g 0\ \ S' 7
Chloramphenicol (30 0 \c') 0 64 11

YR

MAR index 0.

3
Wl -
/1,6?

3 Diameter of inhibition zone arou dis[

N
4.3.2 Antimicrobial activity lagtit d &cteria isolates against target
bacteria by dual Ner@hod@

i T e
All the six LA olz‘ifs %\&éd@&ﬂferent inhibitory activities against the
target bacteria by agartovgrldy
LAB isolates as s%by the mhil.:i
and B. sub@gre inhibited but %a lesser inhibitory effects (Table 5, Figure 1).

-

@lxod. S. aureus was greatly inhibited by all

zone greater than 25 mm while S. epidermis

LAB H 1isolated from manuka honey, New Zealand showed the highest
inhibi agvity, followed by LAB H009-F from Saudi Arabia, then LAB H006-A
from Al-Seder honey, Libya and LAB HO08-E from Cameron Highland, Malaysia

against S. aureus.
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Table 5: Growth inhibition zone of target bacteria by LAB isolated from honey by
dual agar overlay method®

LAB

Pathogenic

bacteris HO006-A HO006-C HO008-D HOO08-E HO009-F HO10-G
S. aureus 28.0+0.25 25.0£0.20 26.0+0.25 28.0+0.25 30. @32.010.25
S. 15.549.19 18.5+4.94 21.5+2.12 20.0+2.82 1&53 14.0+1.41
epidermis

B. subtilis 16.5£0.70 11.5+0.70 16.5+2.12 16.510.7OV1i£iO.70 18.5+3.53
S.Typhimurium  29.3%4.24 23.2+0.30  25+2.82 30.3+O.w-80.3il.41 23.5+0.70
E. coli 17.5£0.70 7.5£3.53 12.5+0.70 1 .8 J4i 2 18+2.82
E. aerogenes 1253353, ~9.5£1 .41+ 13 54971 +0.20) 1 Tl.’gl6.5il.4l

A
S. marcescens 17.5£1.41  7.5+4.24 12.512.8* .01{ 4.0{)&70 18.0+0.70
K. pneumoniae  15.0£0.20  19.5+3.53 21.5% 262 @;2_12 13.5+0.70
8. sornel 14.021.41  14.5+7.77 ﬁi@ 2 6‘15i5-65 0.0+4.24
92 ) A

* Diameter of growth inhibitory zon

30 °C

Figure 1: Growth inhgbiti

.oaureus

by dual agar overlay

zone of LAB

Inhibitory zone of LAB
against S. epidermis

S@Ir’ n?é\clfter 24 h incubation at

']

e
A""

Inhibitory zone of
LAB against B. subtilis

4.3.3 Growth inhibition of target bacteria in microtiter plate

Percentage growth of target bacteria were reduced in the range of 40 to 80%

by the supernatant of all LAB isolates compared to control within 24 h incubation
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(Table 6). Supernatant HOO8-E caused complete inhibition of all target bacteria,
HO10-G inhibited S. epidermis and B. subtilis, and HO08-D also inhibited the growth
of S. aureus during 72 h incubation. However, some LAB supernatant allowed growth

of the target bacteria as shown by HO09-F against S. aureus after 24 h incubation and
HO010-G against S. epidermis after 48 h incubation. Y-

Table 6: Percentage growth of target bacteria in the presence of LA rnatant in
microtiter plate incubated at 30 °C for 72 h*

LAB z

Target Time HO006- HO009- HO010-  HO08- V HO006-  Control
bacteria ®) & F N o l -
S. aureus 24 2451 030 3.51 2.49 N .\dplv 77.04
i)

48 506 NG 220 $\ | o P65 12075
72 951 Ll NG 8149/ Xs1 15157
S. epidermis 24 374 679  9.14 G 75 ‘é\Y.NG 49.70
48 444 7122 Q{—) N @g NG  76.16
72 549 691 .73 GQ) 1L 511  98.68
B.subtilis 24 441 10.11‘%%)4 0;?;7 0,%.22 NG  88.58
8133 2B 5.9%}1& 33' D521 ' 4NG 512080

72 3.62 26! 7,22 é\ 18.65 NG 15773

® Growth was measured @at 5
to éﬁ’ial activity of supernatant
¢
alj . 2

(<]

4.3.4 Effect of heat @
Heating th a} atPO an§il °C for 1 h resulted in growth reduction
of all the target {atwgfla comp eto \L"Q'ntrol after 24 h incubation (Tables 7 and 8). It
m§esulted in bette?sahibitory activity of supernatants H006-C, H0O08-

D, HO008- 9-F and HO010-G against S. aureus. B. subtilis was inhibited by
supergat 009-F and HO10-G after heating at 90 and 121°C for 1 h. However,

seems that h

heating at 121 °C destroyed the inhibitory activity of H006-C but generated inhibitory
activity in HOO8-E against B. subtilis.
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Table 7: Growth percentage of Gram- -positive pathogenic bacteria with LAB
supernatant after heat treatment at 90 °C measured in microtiter plate

incubated at 30 °C for 72 h?

LAB

Target Time HO006- H009- HO010-  HO08- HO08- HOO6- Control

bacteria () & i G e =
S. aureus 24 7.89 2.49 2.54 1.56 0.26 65 59139
48 16.20 NG NG NG 249.12
72 12.46 NG NG NG NG 59 .43 15:03
S. epidermis 24 3.72 6.49 5.06 5.03 830 219.13
48 13.34 13.74 10.45 9.75 lg. 26.09 348.44
29 1588, 2Lq7i 1608 S, 0\4 82 428.10
B subtilis 24 NG NG 431 4 G\‘T 108.16

: : TGS
48 18y NG L0093 ‘& \;:gj’ @ 262.58
¢ o014 NN G
72 034 N NN 311.06

 Growth was measured as OD at 560 nm, ? :] C;

.\

Table 8: Growth percentage of @) :t ?a!ho c bacteria with LAB

supernatant after hea tr C-ﬁ asured in microtiter plate
incubated at 30 °C

Target Tihe 01(50 HO08- HO008- HO006- Control
bacteria (h) - .
') &

S. aureus 2 ? NG 0.21 NG NG 29031
A 12540 a,f NG NG NG = NG = 958

gb S NG s NG NG NG SENG S #006hD

g epid.er@ o 483 414 498 1266 288 NG 21144
o sl g2 e e TodE s et

1 1494 1480 1085 803 1681 3690 42558

B o oh G o0el SiRs EEISRE B OO ENGE SIS R
48 0.30 6.90 2719 NG NG NG 314.28

a0l 0301 6 1.70 NG NG NG  304.59
NG: No growth

% Growth was measured as OD at 560 nm,



34

4.3.5 Enzymes sensitivity of LAB supernatant

Generally, treatment of supernatants with enzymes proteinase K and RNase 11
resulted in different antimicrobial activity against target bacteria. Treating supernatant
with proteinase K and RNasell did not destroy the antimicrobial activi 006-A
against S. aureus indicating that the supernatant H006-A contai ‘q)rotein-like
antimicrobial compounds against this bacteria (Tables 9 and 10). %antimicrobial
activity against B. subtilis was diminished in all RNase II treatedgt;matants; while
the antimicrobial activity against S. epidermis was dimini similarly treated

supernatant H006-A, H008-D, HOO8-E and HO10-G. su]' from this study

indicates that different strains of L. acidophilus presen uce different

types of antimicrobial compounds and with dlfferen@ '; 1}@gam5t the
target bacteria.

/J‘

Table 9: Growth percentage of Graf sitive\wi n'@' bacteria with LAB
supernatant after treatmen h ®roteilase &measured in microtiter

)

&
&

plate incubated at 30 °

08- HO008- HO006- Control

Target Time HO -I
. h %D
bacteria ®) X I\ Q {,5\4, g &

S aureus 24 @ Ia.o3 3% 613 NG NG 3574
G

NG NG NG  42.54
G i ¥ NG NG NG ##15335 57208
S. epidermis & G\G, NG NG NG NG  288.66
‘% NG NG NG NG NG NG  320.07
0 G NG NG NG  6.65 324.44
G NG NG NG NG  242.10

G NG NG NG NG  327.81

G NG NG NG NG 42531

B. subtilis 24 NG N
48 NG N
72 NG N

@ Growth was measured as OD at 560 nm, NG: No growth
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Table 10: Growth percentage of Gram-positive pathogenic bacteria with LAB

supernatant after treatment with RNase II measured in
incubated at 30 °C for 72 h*

4

agrotiter plate

S

LAB ="
Target Time H006- HO009- HO10-  HO0S- Hoﬁ' H006- _ Control
bacteria (b & : i = ]N i
S. aureus 24 3.11 NG ) NG NG 109.04
48 769 NG . CNO 14524
72 491 NG [:’y’ | Sos 17579
S. epidermis 24 1.71 NG i 7\ GY}/Y. NG 262.16
48 634 NG Iié\ 6.95 289.15
72 58 134 Ko 1236 30099
B subtilis 24 023 0.09 g‘)\\ 065 NG 30235
8071 0TI 098 0.4  405.64
72 015 1Y' 032 NG 46447

2 Growth was measured as OD,at 5

4.3.6 pH sensitivity

Adjusting tt:%

> imicrobial activity
of ¢

aureus and S.

inhibition

e"sq&?fnatant to pH 3 inhibited the growth of S.
| < s e
ep &Qms compared to the control during 72 h incubation. Growth of B.

subtilis was d%tely inhibited by all the supernatant at pH 3 (Table 11). Growth
QS was not observed by all supernatants except HO08-E and HO09-F

which inhibited the growth of B. subtilis and S. aureus and B. subtilis after 72 h

incubation (Table 12).



36

Table 11: Growth percentage of Gram-positive pathogenic bacteria with LAB
supernatant after adjusting pH to 3 measured in microtiter plate incubated

at 30 °C for 48 h*
LAB
Target Time HO006- H009- HO10- HO008- HO08- HO%; Control
o ) C F G D E A%
acteria

S. aureus 24 8.88 1.83 4.62 a8l 4.93 %3 78.20

43 748 194 416 3.02 3.{3 424 510557
349 115.54

72 6.17 1.96 3.56 5.14 %
S. epidermis 24 1.96 1:52 225 1.76 | 203 31083

3
8 231 234 218 20882 6\422 385.60
5.1 DO P DRS00 SSRNORE. Al i 205 ) |1 @Y‘ 365.94
B. subtilis 24 NG NG NG $ \o’\] G \’N'G 449 .83
8 NG NG NOAQ) C.,‘E G Q\Y'NG 662.79
72 NG NG N N NG  681.06
% Growth was measured as OD at 560 nn(*: % &\

\
Table 12: Growth percentage of, ‘% po five ath%;\ic bacteria with LAB
supernatant after adjustimw ured\ microtiter plate incubated

at 30 °C for 24, 48 e =
j)&:l ,,/} T

HO08- HO006-  Control

Target 5 -

bacteria

NG 700 68.45
4 NG 191.80 100.67
e S

29.15 196.5%" 298.57 194.04 193.96 209.68 100

329,
S 'e* 831 1092 685 1044 1147 2224 30866

er
$ 48 9537 1092 761 ~ 786 1191 2401 . 39133
Sote sme a0l Pas a2 inigds s 2047 BOLTG

B. subtilis 24 NG 35.27 355 NG NG NG 29735
48 8.32 35.92 49.50 NG NG 0.086 640.59
g% 7835 52.59 64.92 NG NG 27493 708.91

S. aureus

v nesiedias OD/at560am,NG: No growth
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4.4 Discussion

The occurrence of MAR bacterial strains is of public health concern because

the bacteria are not easily killed by normal antibiotics used for health therapy. S.

aureus ATCC25923 and S. epidermis ATCC12228 used in this study demonstrated

MAR to tetracycline, naladixic acid, polymyxin B and chloramphﬁ&i I, and S.

epidermis was also resistant to gentamycin. All the target were not

completely inhibited by cephalothin. Some strains of Staphyl% species were
e

resistant to several antibiotics (Salvatore et al. 2010); S. % was resistant to

ampicillin, kanamycin and oxytetracycline, while S. epidXups showed resistant to
ampicillin, ceftriaxone, ceftriaxone, kanamycin, 1111{1 ofloxacin and
oxytetracycline. Both the cells and supernatants of L hov_y samples

could inhibit the growth of the MRA bacteria. Th 1Microtpal tll/m?ln this study
s&ér researchers

osm}lc r ba&‘mdal effect. L.

acidophilus supernatant showed bacteric ect aghpst tl@QMAR target bacteria

especially S. aureus. LAB isolates ﬁc&j]ewé\s?u% qq'?y (H010-G) and Saudi

Arabia honey (H009-F) showed g ibitidn a mst4£2 growth of S. aureus with
diameter of inhibition zone betwgen @Qz:ne-He Lé Ne et al., (1997)
observed that L. acidophzh@golat d oinxb?man stool specimen produced
antibacterial activity agaln&i ur \r‘q B us, but did not inhibit lactobacilli
and bifidobacteria. f&w 010) observed that L. acidophilus

isolated from stock cé (:1 yo
Gram-positive ba % Ve} ,@'dermzs and bacilli that cause burn wound
infections. Earlid réports sh

owed &\’5. L. acidophilus isolated from human intestine

was carried out longer than 24 h than that n

(Oliveira et al. 2008) to determine the

b )

.1n fﬁq showed antimicrobial activity against

have antimi 5&@1 activity against a w1de range of Gram-negative and Gram-positive
pathoge: ;wtro and in vivo (Chauvie're et al. 1992, Coconnier et al. 1993;

Coco al. 1998).

The effect of heat on the antimicrobial activity of bacteriocin produced by L.
acidophilus varies with strains. In this study, the antibacterial activities of all the
supernatants were not affected by heating at 90 °C for 1 h, but slightly affected by
heating at 121 °C for 1 h (Tables 7 and 8). Similarly, Marie-He'Le'Ne et al. (1997)

reported that antimicrobial activity of supernatant from human L. acidophilus LB was
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not affected by heat treatment at 110 °C for 1 h, while L. acidophilus 11088 produced
bacteriocin Lactacin F that was more heat resistant and exhibits a broader spectrum of
antimicrobial activities (Muriana & Klaenhammer, 1991; Zaheer, et al. 2009). In
contrast, L. acidophilus LAPT 1060 produces heat-labile bacteriocin contrary to
Lactacin B and Lactacin F (Toba et al. 1991). L. acidophilus strain isolated from a
commercial dairy produced a bacteriocin, acidocin CHS and was relati& at stable
at 121°C for 20 min but75% of the activity was lost by th treatment
(Chumchalova et al. 1995; Zaheer, et al. 2009). Similarly, O%&a et al. (2008)

d the cell free

reported that lactic acid bacteria from vacuum packaged

supernatant of most of the isolates had antimicrobial actiyi Wr heating at 100 °C

for 10 min.

The antimicrobial activity of LAB supematants a fect ‘ﬁe treatment
(Marie-He'Le'Ne et al. 1997; Kacem and %served that
supernatant H006-A, HO08- D and HOO8-E c m und t were sensitive
to RNase II (Table 10). The antlmlcr ct1v1ty ald\e supernatant was
completely lost when treated with protel%K ex p nt HO06-A and HO10-

. @ N
G (Table 9) indicating that other fo tiflicrapial c@ounds were produced by

&
S pg@ent in the supernatant HOO6-

;}:{}ﬂb@ﬁ to S. epidermis while H006-A
L 4
E&and Kaid (2008) reported that the

L. plantarum SH12 isolated from

O

different LAB isolates. The prote
A, H008-D and HO08-E demo% gro

was inhibitory only to S.
antibacterial activity of & pmnt
’

J . ; i
butter varies with th e freatRedt; %ﬁlplete loss of antibacterial activity was

24

observed when th atdh > rea@ with proteinase K and chymotrypsin, but

partially inactiy fter treatment w},“h pronase E and trypsin. Marie-He'Le'Ne ef al.

(1997) observ at human L. aczdophzlus showed antimicrobial activity against S.

aureus @ activity decreased slightly when treated with trypsin, pronase, and

proteinase

A broad antibacterial spectrum substance produced by L. acidophilus, lactocidin
was reported by Vincent eZ al. as early as 1959. Since then, proteinaceous bacteriocin
and bacteriocin-like compounds have been identified produced by L. acidophilus and
have been found to have potent antimicrobial activities toward closely harmful

microorganisms (Zaheer et al. 2009). Additionally, LABs are known to produce
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carbon dioxide, lactic acid, acetic acid, caproic acid, 3-hydroxy fatty acids,
phenyllactic acid, hydrogen peroxide, reuterin, fungicins, cyclic dipeptides and
diacetyl that have antimicrobial activity against different microorganisms (Messenes

and De Vuyst, 2002; Lindgren and Dobrogosz, 1990).

pH adjustment influences the antimicrobial activity of LAB sup ¥n~t. It was
observed that adjusting the supernatant to pH 3 maintains the an@bial activity
(Table 11). The antimicrobial activity was lost at pH 5 for supernata¥it H006-A and
HO08-D but variable activity for the other supernatants (Table§12), nevertheless,

complete loss of activity was observed at pH 6. Similar nya et al. (2008)

observed that lactic acid bacteria strains of Pedi s lpentosaceus SL4,

Enterobacter faecium SF and Pediococcus pentosSugus | L 1§o]€_ed from
gastrointestinal tracts of fish, shellfish and shri

ang 'c@al activity
st «Jén pH of the
aid (2008) also

ordlgerian camel milk
butter produced antimicrobial compoun t W%Qe g@veen pH 2 to 6, but the
activity was totally lost at pH 8 agai icafbr s \actococcus lactis B8. In
contrast, Oliveira et al. (2008) obse ant @crobla] activity of cell free

supernatant of lactic acid bac late{f-ri‘ tvaQyum packaged beef was stable
between pH 4 to 9 against 1 1ca r ac Q‘g‘ﬁhzlus This further supports that

LAB produce different and&rob co pou@ that function best at different pH.

&)
The cell free supematant@)o

against L. monocytogenes and S. aureus, but t
supernatant was adjusted to 6.5 to 7.0. In ot

reported that lactic acid bacteria strains . antaru

; l§5m) HO008-D and HO08-E (from Malaysia)

produced antlmlcrol@ﬁpoylz“} rotein-like and stable at pH 3 and heating
b o

at90°Cforlh
\"3"

4.5 Conclusio %

This s %) served that LAB from different sources of honey have varying
antibacterial"#Ctivity against MAR gram positive bacteria. Growth of MAR bacteria
especially S. aureus was readily inhibited by either the cells or cell-free supernatants
of all the LAB isolates. Additionally, LAB isolates from Libyan and Malaysian honey
produced antimicrobial compounds that are stable to heating, enzymes treatment and
pH adjustments. Antimicrobial compounds produced by these naturaily present LAB

may play important role in enhancing the antimicrobial properties and the medicinal
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benefit and value of honey. The presence of LAB in honey could be one of the criteria

worth considering in the selection of honey for pharmaceutical, health care and food

product applications.
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