CHAPTER III

ISOLATION AND IDENTIFICATION OF LACTIC ACID BACTERIA FROM
HONEY WITH ANTIFUNGAL ACTIVITY AGAINST CANDIDA SPECIES
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Honey is nectar collected by bees from a wide variety of plants w is concentrated

'szlild'y acidic, with a
pat owicteria and
o o
N

fungi (Molan, 1995; Hamouda & Dalia, 2011). Hone@timic bigh? c&v.&‘\?against

.1 Introduction

by evaporation of water to form supersaturated solution. Ho

pH between 3.2 and 4.5, the low pH alone is inhibitory to m

various discases ingllithggg «'13}1‘0'

’ ¥
several human pathogens, including E. coli, E. aev“c. ‘S\h\) zmzn-,@ S. aureus
and strains of Candida spp. (Irish et al., 2006@1 et D Azfgl etal., 2012b;
Zainol et al., 2013). The antifungal a maju@ c_‘& honey has been

ic eff X and_feurally low pH can also
prevent the microbes from grolel mﬂin,(‘ ~XTuda-atos et al., 2008; Kwakman
and Zaat, 2012). Honey has ed fortbotl nultrftaﬂal and medical purposes, it is

b g ? &
one of the oldest traditi N:dici'.es\?sidcrc be important in the treatment of
infections and ot wcascs find ﬁv‘ used effectively as a dressing for wound
v/t
including surdgal'Wounds, buTns am@ ulcers to reduce pain and odor quickly (Mulu
X NS

et al., 206 \)lun, 2006: Robson et al., 2009; Mandal & Mandal, 201 1).

Mbacteria (LAB) are one of non-pathogenic bacteria that play important role

in ou™®cryday life from fermentation, preservation and production of wholesome
foods, and vitamins to prevention of certain diseases and cancer due to their

antimicrobial activity (Adeniyi & Damsa, 2013).
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LAB isolated from different sources are known to produce different antimicrobial

compounds that have the ability to inhibit the growth of fungi. Most of the antimicrobial

activity was due to organic acid and bacteriocins produced by LAB strains -
Messaoudi et al., 2005; Valerio et al., 2008; Dali¢ et al., 2010; Muhialdil%\; san,
2011). The inhibitory activity of LAB against various Candida spp. is inﬁckncnt with
previous studies. Mohamed et al. (2010) reported that supernagant oduced by L.

acidophilus isolated from yoghurt had antifungal activity agajns icans with zone

8%

inhibition 26 mm. Adeniyi and Damsa (2013) reported h cel(eeapematant
(CFS) produced by L. plantarum showed higher antifur activity agaRs Cfa@'cans

\P)
ATCC90029. Recently, Chew et al. (2015) repogte t thgpC¥FS grodu by the

rted

T \ N
probiotic L. rhamnosus GR-1 and L. reuteri R{g14Whav altag@zt.ic activities
against five strains of C. glabrata. \) &

LABs are well known for their

—

A

disecases in humans

(Ljungh & Wadstrém, 2009). C(III(K ccieswage fognd e\@'whcre and represent the

most common fungal speciesghatrmful 1) huffrahs Q}on et al., 2004; Eggimann et
!

al., 2005; Ogunshe et al., 2009; ll"aﬂ{ A% %2)2). Usually the immune system

keeps yeast under co@x d
multiply and cause il%ons G

1 ¢
2009). The funu%:ingf T } orzrﬁ.'sm present in the genital and intestinal tracts.

ﬁpt(@sh, thrush and vaginitis (Balch & Balch,

Candidiasi\ 1ycotic human in&?ﬁon caused by Candida spp. it is one the most
comm [ly transmissible diseases (Ogunshe et al., 2009).

Indige huf®an body, pH can vary from highly acidic in the stomach to mildly acidic in
the skin and vagina to neutral in blood stream and alkaline in some part of the gut (Fong
etal., 2007). Candida species can thrive in most of these sites and tolerant to wide range

of environment pH conditions ranged from pH < 2 to > 10. pH adaptation, carbon
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metabolism, and interactions with host cells, all of which are critical for the ability of
Candida spp. to cause disease (Vylkova et al., 2011).

Pathogenic fungi cause many symptoms such as constipation, diarrheaXgpu#s,
abdominal pain, itching, sore throat, burning tongue, white spots in tlh%\e and
mouth (Balch & Balch, 2000). Pathogenic fungi represent a serious threat¥o the lives

and health of most the patients. Several Candida spp. have bcconw‘es tance to many

¥: (ch, and there is a

al., Q007 herefore,

antifungal drugs such as amphotericin B, fluconazole, and }

need for new antifungal agents (Mishra et al., 2007; Oz

o
—

the aim of this study was to screen the antifungal a

Wity of LAB iiolc from

R
different sources of honey against strains of Candigg sBp. nande ; cz/l{,&ﬁs ATCC
1405, C. glabrata ATCC2001, C. tropicalis Y:\TCC2201()
and C. krusei ATCC6258. Both cells an ant éS) were used to
determine the antifungal activity. LA a’@mngal activity against

strains of Candida spp. were identidgg UN

3.2 Materials and Mctho%
3.2.1 Samples of honey \

Fifteen honey samplg$
temperature 28+2

from MulaysiAW
honey, Il'Nmncy and Zater hondy), from Yemen (Al-seder honey and Al-Maray
hone 1 Saudi Arabia (Al-Shifaa honey) and from NewZealand (Manuka honey).

The} f honey was determined using pH meter (Mettler Toledo).



3.2.2 Isolation of lactic acid bacteria from honey samples

LAB was isolated from honey samples following the method described by Aween et al.
(2012b). Approximately 10 g of honey samples were suspended in 90 ml pep{%mer

(0.1% w/v) in stomacher bags and the bags were manually agitated. TSF! ’nl was

added to 9 ml of MRS broth (Oxoid CM359) incubated at 30 °C for 2 2 h until the

MRS agar (Oxoid) (De Man et al., 1960), MRS agar wit

Wlthzwee et

®
al., 2007), MRS agar with 1% glucose, tomato juice agar{Owoid) with "/‘ C@ and

d\% aerodig condition
in anaerobic jar at 37 °C for 48 h or until the eNl colanicadhere (ﬁjfﬁcicnt size.

Colonies were tested for catalase activity with'Wo HQ ﬂtakflgncgativc colonies
.D’ Ga 3 Wic lbz@ at 37 °C for 48 h to
obtain pure colonies. All catalase HNJ

l=)
=&
I rcrc\ Mm-stained. All catalase-
negative and Gram-positive %;zlmcs (-

4 &

glycerol and kept at —2()“&\'1111‘1]111- \5& é'}
5\ ¢
3:2.3 l’rcpzlrutim@ oi spgcie

tomato juice agar with 1% glucose. All plates wcreWuc

o

were streaked on MRS agar containin

: gl s E
The CandidAma@ycs used were obtay \rﬂ'om original stock of the microbial collections
at the Daaaawent of Medical Microbiology, University Putra Malaysia. The Candida

sp@v this study were C. albcans ATCC14053, C. parapsilosis ATCC 22019.C

tropicalis ATCC750, C. krusei ATCC6258 and C. glabrata ATCC2001. All Candida

spp. were cultured on Sabouraud Dextrose Agar (SDA, Oxoid) incubated at 35 °C for



24 h and 48 h to ensure viability and purity. Fungal strains were maintained on SDA

and stored at 4 °C.

3.2.4 Sensitivity of Candida spp. to antifungal agents ‘\

The Candida spp. were tested for their sensitivity to antifungal Yhusmo disc
diffusion method as described by Bauer et al. (1966). The antlfun( ents used were
nystatin (100U), amphotericin B (20pug), fluconazole (100 touincwok (10ng),
itraconazole (50ug), voriconazole and econazole (lOp% ifu :scs were
crmangy. ‘%L.LR%IYOTI of

4
nmw ng@;nts used
tant {AR) index for

obtained from SIGMA-Aldrichemie GmbH-Steinhgi

antifungal agents used in this study was based onw

in medical practice and health therapy. Mult fm

Candida spp. was determined as the num m

resistant/ total number of antltungal tes deger ubrﬁ}mi & Vignesh, 2012).
The 24 h pure cultures of Candm’: cu ab ud Dextrose Broth (SDB,
Oxoid CM147) and were m% at 37 1‘9‘ 2k @cn the pathogenic Candida

platc OWLd by drying the agar surface

cultures were swabbed (@ l)lat':s.

Nt ambic

¢

aseptically the paj (6 ngn 11
v’ fera

and were 1nu! [487AR(E 4@ erobically. The diameter of inhibitory zone

isc was manually measured by ruler and recorded. The experiment was

(ZL)@ for 15 min. Using a sterilized forceps

me u&}’of antifungal agents were placed on plates

S

in the laminar flow ca

or




3.2.5 Initial screening for antifungal activity against Candida species

Selected LAB isolates were screened for antifungal activity against Candida spp. using
CA

dual overlay method as described by Magnusson and Schniirer (2001). Inf B

was spot inoculated on MRS agar plates. The plates were incubated 30 "A hunder

anaerobic conditions. These plates were overlaid with a layer of 15 mwgDA (0.75%
soft SD agar) containing 10* CFU/ml of overnight culture of C(@as poured over

the plates. The plates were aerobically incubated at 30 °C for and,zone of growth

inhibition of Candida by LAB isolate was measured, ang this sd nq ewaate
| S
Y-
3.2.6 Preparation of supernatant \f

The LAB isolates were grown in MRS blO\ C for 2 hu@‘f e supernatant
(CFS) was prepared by centrifuging the 1 at ﬁ\%Sn {Z}C for 10 min. (Mini
]
he ,

S

u : )
uper@aant of each isolate was

AN\

ilter @11})010) (Ogunbanwo, 2005)

S

&

N

1 O

82 Antlfunoal .1 of LAB I hlts using agar well diffusion method

S

The LAB isol: %show >d no %Yﬁmgll activity using dual overlay spot method

A N

Spin, Eppendorf, AG 2 , Han

T %y

was furth aluated using well method as described by Magnusson and Schnirer
(200 E h culture of Candida spp. (10* cell/ml) was mixed with SDA, and poured
into t ates. After the agar solidified, wells were made using cork borer of size 6 mm,

then cover the base of the well with agar to avoid leaking. Varying amounts of CFS

were added to each well and the plates were incubated at 30 °C for 24 h. Growth
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inhibition zone around the wells was measured after diminution the well size. The
experiment was done in replicate and the means with standard deviations were

calculated.

3.2.8 Phenotypic identification of LAB isolates by API 50 CHL Kit : %\

Four LABs that showed strong antifungal activity were further phenoty\ally identified

N manufacturer.

using API 50 CHL Kit assay following the method describe

Overnight cultures of the LAB isolates grown on MRS plate
anaerobically. The pure colonies were suspended in APLS0 diu BI sysiem,
i . | S
Biomerieux, France). The suspension was transferr to each of thg50 \&e. of the
API50 CHL strips. All wells were overlaid with stenz min

NV

The strips were incubated at 37 °C and thenam ed
!

S

e ilg,lour after 24 and
48 h. The change in colour was rcprcsen%y HOS \q h‘{éﬁlo change in colour
N

was represented negative sign. TI ts \\‘/Lre dys@dth APl WEB (Bio-

\
Merieux). e\
z N
S e s '3
3.2.9 Genotypic identifiggtion ‘BAQ gl6(‘l)‘DNA

Chromosomal DNA L%\)ur stifing ﬁ!AS‘yas isolated using the Wizard® Genomic
Gram-positive [N uriﬁ’ubcy"i (l@\\). PCR amplification using primers were

expected to Aty at approximatcl\ygin bp of 16S rRNA gene and sequence of the

amplified was done by 1*' Base, Malaysia.

—

NA extraction of LAB Isolates

Bacterial DNA was extracted from overnight culture grown in 20 ml of MRS broth

incubated at 30 °C, using Master Pure™ Gram positive DNA purification kit (USA).



One ml of overnight culture was centrifuged at 13,000 rpm at 25 °C for 2 min
(Eppendorf centrifuge 5804 R). The supernatant was discarded and the pellet was
collected. Next, the pellet was suspended in 480 ul (50mM EDTA) then 12?7 of
Lysozyme were added to each suspended pellet. The suspensions WCIC \at 37
°C for 30 min, then centrifuged at 13,000 rpm for 2 min and theggupert atant was
removed. A 600 ul of Nuclei Lysis solution were added after that igbg®d at 80 °C for
5 min, then kept at room temperature 28+2 °C. after that 1 o ase solution were
added to each sample and mixed thoroughly, then in ed at 3§\CJ1' 30 min,
followed by addition of 200 pl of protein precipitat olutigh f] ll'/,_\ ex to
suspend the cell pellet then incubated in ice for 5 nd% d a@OOO rpm

for 3 min (Eppendorf centrifuge 5804 R). ﬁ mata ts whkre m&'erred to new
r

“C.iOIO min at 13,000
A,

rpm and decant the supernatant. P% m& 1 w‘%q.c isopropanol without
dislodging the DNA pellet. Then, w e sud&‘ﬁ'ﬁ 600 ul of 70% ethanol,
centrifuged at 13,000 rpm t@.ﬂfpp ndo cp@;e 5804 R), and the ethanol
was aspirated and the p ”QUC ]\ d hen l&ll of Rehydration solution were
added and incubated f %mn

R ¢

for further study Q
3
3.2.9.2 Gcno dcntmca ion of.JB isolates

Purified D\t each sample was plou,sscd to the PCR using Fail SafeTM Pre Mix

Ki@rc@ (an Illumina® company).The oligonucleotide primer used were 16S

forward: (5-AGAGTTTGATCCTGGCTC-3) and 16S reverse: (5-

tubes containing 600 pl of isopropanol tllul if] éed

. Tl@NA of LAB isolates were kept at -20

CGGGAACGTATTCAC-CG-3) (Magnusson et al., 2003). Primer was synthesized at

Ist Base, Malaysia. A standard PCR reaction mixture containing 10 ng L. plantarum



genomic DNA instead of sample was used as positive control and the negative control

contained water instead of sample. The settings of PCR were as follows: initial at 95

°C for 2 min, 92 °C for 45 s, 54 °C for 1 min and 72 °C for 1 min, 35 cycles Wh

steps. A 5 ul of each amplification mixture was subjected to electroph ‘%ﬂ 1.5%
é\

agarose gel (1.5 g agarose powder with 100 ml in 1 x TEA buffer) fggd5 min and 90

volts. DNA molecular mass marker (250 to 10000 bp) molecular lw rom st Base,

Malaysia was used as standard. After electrophoresis the ge VCE stained in ethidium
pho

Wwith uv
| ]
: t;lz\qgg bp)

W atabases
d wi¥datab

bromide and after washing the gels were visualized

transilluminator (BIORAD). The partial 16S rDNA se s (approxy

were determined by Ist Base, Malaysia and scquevverw
(Gen- Bank). :V 0‘ 4\

3.2.10 Statistical analysis E o (—}

N

Data for growth inhibition zone m/i(,z sp

erc@sented as mean + standard

|
deviation and were analyscho-\«q ﬁﬁ;@l‘lance (ANOVA) using general

liner model (GLM) progedur®of S'AS dT s test was applied for significant

N
means at P< 0.05 to %\L tife Q?Alt G&gjcrcnccs between groups.

3.3 Resul
3.3.1 Charwgl®ization of LAB isolated from honey samples

/\l@ media evaluated, media with added 0.8% CaCOs showed good growth of
LAB at dilution 10* to 10°. Al-Hanon honey and Tualang honey seem to contain high
LAB counts compared to other honey samples (Table 5). The pH of honey samples

varies from 3.5 to 5.7. Tualang honey showing lowest pH value of 3.5 and Al-Sedar
g g ]



honey, Libya showed pH 5.7. A total of twenty-five isolates that showed clear zones on
MRS agar with 0.8% CaCOs (Figure 1) and catalase negative were Gram stained and

results showed that the LAB isolates were 52% were rod-shaped and 48% \VK&CCUS-

shaped (Table 6). : %
L:

TABLE 5: Effect of media on the isolation of LAB from honey sam

Sample Source pH of Media Dilution LAB

code sample detected
HS Al-Seder honey, St MRS+ l 10°
Libya MR 06 103

HH Al-Hanon honey, 4.4 - 3 ‘ Q~3~
Libya ¥ ' _‘t@
HM Al-Maray honey, 4.1 . 3 \,Y.1 0!
Yemen EY' 102
HC Tualang honey, 3 10°

Malaysia
Notes: MRS = de Man, Rogosa and Sharpe. = Tomz ga ‘é

iy
' S

N Koo
FIGURE 1: Growth of LABgon W - G%O; N e
around the colonies | b

&

oS

[LAB colony

Clear zonE
MRS Agzu‘witQ% CaCoO;



TABLE 6: Characteristics of lactic acid bacteria isolated from honey samples

(93]
|95}

Samples codes Catalase test Gram stain Clear zone on modified MRS Shape
HO12 & + + Rod, chain
HAI + + RO@
HA2 4 g + &)
HA4 o + + * chain
HH4 B 3 + de. single
HH9 - + + V Rod, single
HM - + & T Short rod
HMS e + + ' Short rod
HM10 X + + \drt rod
HN4 i + 10:%3.
HNS . 2 + 2 Sl@od
HN6 = B Y'+ o N, @Icci
HP06 B + %V ?‘ “ Rod, chain
HPOS + -+ Cocci

HS \ O Short rod
HT2 Rod, single
HTO Coccl
HUS4 Cocci
HUS7 Coccl
HUS9 Cocci

HZ1 Coccl

HZ3 Cocci

HZ7 Cocci

Notes: Growth (+

3.3.2 Sen \

of Candida spp. to Antifungal Agents

The s

#vity of Candida spp. to antifungal agents varied with species and antifungal

agents evaluated, the diameter of inhibition zone varies between 0 and 22 mm. All the

Candida spp. was sensitive to voriconazole (10 pg), but resistant to ketoconazole (10ug)



and itraconazole (50 pg). It was observed that C. albicans ATCC 14053 was sensitive
to nystatin (100U), amphotericin B (20pg) and fluconazole (100pg) while C. tropicalis
ATCC 750, C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 were resist

nystatin, amphotericin B and fluconazole. It was also observed that C. glab, 'L%\CC
2001 was sensitive to nystatin but very resistant to amphotericin B, u%ole and
ketoconazole. The MAR index was from 33% to 83%. The hi#gesty;WIAR index

percentage (83%) was noted for C. parapsilosis ATCC22019 ¢ 1;¥3’t0 33% showed
%

by C. albicansATCC14053 and C. glabrata (33%) and, C: alis, t@ and C.

[ ]
krusei ATCC6258 (66%) (Table 7). ‘é ’ _§~
2 \;Y'

TABLE 7: Susceptibility of Candida spp. to anti@l m\ured@i.ameter of
inhibition (mm) zone around the discs* 3 2,

0

Antifungal agents

C. albicans  C. glalgata ; . parapsilosis  C. krusei
Nystatin (100U) 10 /C 0 0
Amphotericin B(20ug) 12 a4 3 (} 0 2
Fluconazole (100pg 13 " & 3 6
Ketoconazole (10png 4 A 0 3
Itraconazole (50u g) 4 T , 0 ‘é\ 3 0
16 20 22

Voriconazole (10pg) 13 ) (!
MAR index % 33 Be S 2h 83 66
* Diameter of inhibition zone al‘OUIQ( ‘csl( \{Q ne

N

N
I . \ ¢ \ (éJ
3.3.3 Sensitivity of Ca SPIE to sgla

A

Screening for gan\fungal activity of ag:\/cnty-ﬁvc LAB isolates were determined

@
(<
Q‘
=
S
<
o
w
c
177}
Il
o
=
=
=)
=

\du spp. observed that the antifungal activity of LAB was effected by

against five

the Ganc $p. Two LAB isolates HM and HH showed good inhibitory activity (>
15.0 mm) against C. glabrata with inhibition zone >15 and 10-15 mm, respectively,

while four isolates (HS, HH, HC and HM) showed good activity (6-10 mm) against C.

albicans and C. tropicalis (Figure 2 and Table 8). However, the antifungal activity of



LAB against C. albicans, C. glabrata, C. krusei, C. parapsilosis and C. tropicalis was
reduced to a lesser extent (diameter of inhibition zone < 6mm) by other LAB isolates
as shown in Table 8. Similarly, LAB (HM10, USH7, HNS and HH4) inhi@
albicans and C. glabrata. On the other hand, three isolates (HT2, HMS.,&hOU)
failed to inhibit the growth of all Candida spp. T

Y

FIGURE 2: Plates showing growth inhibition of Candida spp. Zrla method

incubated at 30°C for 24 h \d
. X

o7

43'

SD Agar with Candida

Clear zone

LAB HH

N
Candida albicai i and, ulg@a
: , s 's
N7 &
C
1)
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TABLE 8: Antifungal activity of LAB isolates against Candida species after 24 h
incubation at 30 °C determined by dual agar overly method*

LAB isolates

Inhibitory activity

HS
HH
HC
HM
HA1
HZ1
HZ3
HZ7
HH4
HH9
HT2
HTO6
HUS4
HUS7
HUS9
HMS
HM10
HO12
HP06
HPOS
HN4
HN5
HNOG
HA2

HA4

inhibiti

L r'ly

++ o+ +r - %
ot + + + *

++ ottt +

C. albicans  C. glabrata C. krusei C. parapsilosis C. tropiegldls
o+ + + + \#
=
it
+4
+

4_
: . : +

oar overlay method. The inhibition was measured using the following scales: (-) = no
~ Inhibition zone of less than 6 mm, (++) = Inhibition zone of 6 — 10 mm, (+++) =

Inhibition zone of 10 — 15 mm, (++++) = Inhibition zone of more than 15 mm.



3.3.4 Antifungal activity of LAB supernatant against Candida spp. by well
diffusion method

Four LAB isolates namely, HS, HC, HH and HM were selected to further evaluaw

Q

antifungal activity of the CFS against five strains of pathogenic Candida spp? g the
agar well diffusion method. It was observed that all the CFS inhibited thg growth of the
pathogenic Candida spp. with the inhibition diameter between IO.W 0 17.2 mm

H¥gainst C. glabrata

signifjcanl her (P<

and, exceptionally greatest inhibition of 22.0 mm was shown byl

ATCC2001 (Table 9). The inhibitory activity of CFS HH

.
0.05) against C. glabrata ATCC2001 then inhibitory@ agairfst (',-a@%:is
i O1 nd 14.7

ATCC2201 and C. tropicalis ATCC750 with growth Vu

mm, respectively. While, CFS of HM was siglw di

krusei, C. glabrata and C. albicans with inhgion zone

respectively. Furthermore, CFS of HS Ewa si«zl%lyleggmhibition (P< 0.05)
g1 Witio

o
nz 5.3 A‘&’IS.I mm, respectively.
N

o

against C. albicans and C. krusei wit

The CFS of HH was significang® higQer (P '.05 gpip
5 P g ¢ &
NS O

other Candida spp.

A

. glabrata compared to the

Y

Ao LAB
Candida spegi HH &Y HM HC HS
C. albcans 13.5+025% 133+020° 11.4+021" 153+0.20
C. kru '0% 124000 e i 7oL B0 ISt o¥0E(0. 058 13,1 +0.15"
C. dgbr 2204005 160+0.10° 10.0+0.05 11.0+0.15"
C. tropicalis 14.7+0.10° 12.2+0.17¢ 11.3+0.10" 10.0+0.05'
C. parapsilosis 15.6+0.06° 10.0+0.000 12.4+0.08 10.2+0.05

‘Diameter of growth inhibitory zone was measured in (mm) after 24 h, size the wells was 6 mm.
The results are expressed as mean standard deviations of values obtained from triplicate experiments



3.3.5 Identification of LAB using API 50 CHL assay and 16S rDNA

The identification of four LAB isolated from honey samples that showed antifungal

activity against five strains of pathogenic Candida spp. is presented in Table&%w

results from API 50CHL kit identified the isolate HS from Al—Se%&wly as
Lactobacillus plantarum?2, and other three isolates HH from Al-Hanon lw HC from

Tualang honey and HM from Al-Maray as Lactobacillus curvatus HNer, the results

from 16S rDNA sequence were slightly different (Figure 3): S iq:ntiﬁed as L.

plantarum, HH as L. curvatus, HC as Pediococcus acic

tic§ an Vi
- |
pentosaceus (Appendix A, B, C and D). R
' 4

TABLE: 10 Similarity index of LAB isolated from Eney \maJQ as dew}{lined by

API 50CHL and 16S rDNA.
Sources Code API CHL\ imilarity S 1'@ Similarity

Al-Sedar honey, Libya HS L plamc'um2 %‘ .'{Mmzrum 99.0 %
Al-Hanon honey, Libya HH L c@ & 994 4] .\'zu'vams 96.0%
Tualang honey, Malaysia HC @mm’ 9.4“@ P. acidilactici 99.0%

Al-Maray honey, Yemen A2  P. pentosaceus 99.0%

s j (
H curvars ]
&,

S

FIGURE 3: DNA bagfis g ‘%ﬁmose gel using primers 168.S:

/

CGGGAACGTATTCACCG-3).

10000 bp—>

1500 Ip k
1400 bp

500 bp=—>

250 bp—>

DNA ladder 1: Negative control (no DNA), 2: HM, 3: HS, 4: HC, 5: HH
and 6: Positive control (L. plantarum JCM 1149).
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3.4 Discussion

The presence of LAB in honey was reported by several researchers (Ruiz-Argueso &
Rodriguez-Navarro, 1975; Bahiru et al., 2006; Hosny et al., 2009; Forsgren e@)).
Aween et al. (2012a) isolated LAB from honey and identified as strain@ophi/us
and demonstrated that they have antibacterial activities against ositive and
Gram-negative bacteria. In this study LAB was detected in 10 of lwy samples with
variable antifungal activity against Candida spp. Four of t mlrt showed good

antifungal activity against Candida spp. were identifie L an HS P
Ld

J

acidilactici HC, L. curvatus HH and P. pentosacejgs " Ataniss ltAt’QOOS)
: . d .

reported that L. paracasei subsp. paracasei M3 g actw@/against @

albicans, C. pseudointermedia and C. blankii lyaJi 4 (2Q27!:) also observed

that strains of Pendiococcus spp. had girong ¥ntiiwg: \vity dzainst C. albicans

ATCC10231 and C. parapsilosis A activity against C.

L. acidophilus and L. p/ann%i agln: : ad antifungal activity against
strains of pathogenic KN’/{I
acidilactici KTUQS- NL’H[ SACCM KT@'—S’, KTUO05-9 and KTUO05-10 isolated

activity agaipst &)&ru/).s'ilosi.s‘ as well as Fusarium culmorum,

from food had inhd

Penicillium dﬁw”””‘ As e;g’//l%mmigums, A. versicolor, P. expansum, A. niger

and Debc "Nccx hansenii. In this study L. plantarum HS isolated from Sedar honey,

Libyfgh™ed antifungal activity against Candida spp. especially C. albicans.
Simie®. Adeniyi and Damsa (2013) reported that the CFS produced by L. plantarum
isolated from fresh salad vegetables had higher antifungal activity against C. albicans

ATCC 90029 with inhibition zone 25 mm.
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Oluwafemi and Adetunji (2011) reported that L. plantarum isolated from Oqi
showed inhibitory activity against C. albicans. In contrast L. plantarum was generally
reported by several researchers effective against different fungi. Laref and Ynas
(2013) reported that five strains of L. plantarum isolated from silage, ca and

carrot had antifungal activity against Aspergillus spp., F. roseum, Tricho®rma spp.,
Penicilium spp. and Stemphylium spp. Muhialdin and Hassan (2@l 1) dpserved that L.
pentosus G004, L. fermentum Te007 and P. pentosaceus Te0O}0 is d hom Malaysian
fermented foods and fruits had strong antifungal activity. tAd. o )*ae
This study observed that LAB isolated from honey sam 1ad godd an 1g 1v1ty

y mdthod he@'ﬁest zone

against Candida spp. as evaluated by the dual agag
of inhibition (>15 mm and 10-15 mm) was I
curvatus HH, respectively against C. o/ab;\%f
CFS of LAB showed good inhibitory a%o% $/ a@p when evaluated by

the well diffusion method. The hl" tliung g 1ty§p obtained with CFES of L.

curvatus HH that showed si 1f1LQtly higher IF "mtlfunual activity against C.
2 mn

glabrata ATCC2001 wi th 1hlb1
y 11&@:-1 antifungal agents used for health

L(eJx%sistzmt to several antifungal agents such

fluconazole than C. albicans.

Our findings observed that both the LAB cells and their CFS isolated from honey

samples could inhibit the growth of Candida spp. similar results were obtained by
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Monthon (2005) who reported that the supernatant produced by Lactococus lactis
showed inhibitory activity against C. albicans DMST 5239. The results from this study
are in agreement with previous studies of Verdenelli et al. (2009) who reporte ;
rhamnosus and L. paracasei isolated from human stool had antifungal act% ainst
C. albicans ATCC10291, while Kariptas et al. (2010) observed thaf%obaci//us
isolated from human stool had antifungal activity against C. albic, msm, M306), C.
parapsilosis (M25, M26), C. famata (M28) and C. guillierm ;1(7?&8) isolated from

blood cultures. Recently, Chew et al. (2015) reported t S pl'odu d by the

probiotic L. rhamnosus GR-1 and L. reuteri RC-14 hdg high argago s?c’e};k'ltics

against five strains of C. glabrata. This is consistent Ronggvist g al. (§807) who

t

\m 11%3: had strong
et @012) also report

also reported that CFS produced by L. fermentuuglEss¥ is

antifungal activity against C. albicans and \ ;aData. Sun
Aging dual agar overly

on L. paracasei inhibits the growth of %bicans\bgl”)
o >

i

method. R
LAB produced organic acyds, : e, tyl and bacteriocins among

!
others that have both antibactey ! ng'z tivity. The antifungal activity
against Asperogillus fudi® 5 s subsp. lactis and L. pentosus was

CFS have antifuge ivityagaf m@spp. It is difficult to explain the mechanism
of antifungaimeg@yn of the CFS aga@’(‘mza’ida spp. due to the complex interactions
betweeneditiwent compounds present. This may suggest that accumulation of soluble

cm@ in the CFS of LAB is responsible for the growth inhibitory activity of

Candida spp.
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3.5 Conclusion

The results obtained in this study indicated that LAB isolated from honey have
antifungal activity that can be used to inhibit the growth of the pathogena Wda
spp. namely, C. albicans ATCC14053, C. glabrata ATCC2001, &' picalis
ATCC750, C. parapsilosis ATCC22019 and C. krusei ATCC625 often cause

many human infections. The CFS of these LAB isolates showcWggfeater inhibitory

activity than the cells against Candida spp. z '
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