CHAPTER V

ANTI-ADHESION ACTIVITY OF LAB SUPERNATANT AGAINST HUMAN
PATHOGENIC CANDIDA SPECIES BIOFILM

5.1 Introduction %\

Candida species are able to form biofilm by adhering to surfaces OWcal devices

such as pacemakers, joint replacement, prosthetic heart valve, si 1c01 oice prostheses,

end tracheal tubes, catheters and cerebrospinal fluid shunts; ¢ ev es can become

colonized by Candida species which form biofilm, and
disseminated infection (Ramage et al., 2009). Can pecies Jllo&g;{)nllnon
’
cause of fungal infection and the growing freqtR. 3 M 1 ac d Candida
especially blood stream nn‘utlon is due %w
Y

therapy in cancer and transplant patlult

bigfilm s t acute

Biofilms are aggregates of micr;

adherence biofilm tom

hydrolytic ul/\mu ot sg?»‘ htmga'%s and haemolysin (Silva et al., 2012).

Biofilms forme m 1’( sp WV difficult to diagnose and treat because of

their ln”h ‘ m ngal resistance dll(t'};}i.”u of host immune, and so represent a major
source 0T [mn\ The implant infections are difficult to treat consequently, these

infectNs Yan lead to failure of the device and life threating therefore, treatment can

require surgical removal and later replacement of the infected device (Ozkan et al.,

2005; Ramage et al., 2006; Klotz et al., 2007; Harriott et al., 2010).



Lactic acid bacteria (LAB) are well known to have a positive effect on maintenance
of human health and potential interfering bacteria by producing various compounds
such as organic acid, hydrogen peroxide, diacetyl, bacteriocins and biosurfactan ich
inhibit the growth of pathogens (Pascual et al., 2008). LABs from differen@us are
documented to have anti-adhesion activity. Zarate and Nader-Macias f&) reported
that L. acidophilus CRL 1259 and L. paracasei CRL 1289 isolamom vaginal
inhibited the attachment of Staphylococcus aureus and SlreptT. Balcazar et al.,

(2008) also found that L. lactis CLFP 101, L. plantarum 8, 1ld L. fermentum
s lz,fdeWhi/a,
| &

N

to i@&’ere with the
Mal <$(Otero & Nader-
S

&Ulds which can reduce

CLFP 242 can inhibit adhesion of several fish pathfgens (Aegpmo

Aeromonas salmonicida, Yersinia ruckeri and Vibri

mucus under in-vitro condition. Furthermore@;

pathogens adhesion on epithelial cells of enigl and in

Macias. 2007). Supernatants produce

adhesion of pathogenic micro-orgagls
(Busscher et al., 1997), sur&"caWants Tarfailg ctead;, 2005) and voice prosthesis
tf) Loy
(Rodrigues et al., 2004). \ '
Many LAB are k&to 11 lbit e gr 1 of Candida spp. by producing of

N &

|
different antagonis ictafgolit Iic&jﬂhibit the growth or prevent biofilms
1 sp.

. . \ . ~ .
formation by LapdAc spb 1qvm£\ct al., 2007). The aim of this study was to
b

determing ti-adhesion capa@ of CFS produced by LAB isolates from honey

agnin%uthogcnic Candida spp.
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5.2 Materials and Methods

5.2.1 Strains and culture conditions

[LAB strains isolated from honey samples were used for supernatant pro?@ The

strains were kept at -20 °C in MRS broth (Oxide, Basingstoke, UK)_contaMing 15%
(v/v) glycerol solution for further work. The Candida strains usedwzbtained from

) UQw'al Microbiology,

original stock of the microbial collections at the Department

University Putra Malaysia. All Candida species include e
14053, C. parapsilosis ATCC22019, C. tropicalis A%
glabrata ATCC2001 were cultured on Sabouraud cv ag
and 48 h at 35 °C. To ensure viability and p w 1ga
SDA at 4 °C. \3

\ A

N

o S

"

5.2.2 Preparation of supernatant ?j 4
a{l ‘oth (Oxoid CM359) were

Approximately 3 mL of ovcrnigh%\e olL ;

inoculated into 600 ml oi'MR%l and il'y
(Orbital shaker incuhutor&wo R'))a\b p1 len the cell free supernatant (CES)

was prepared by ccnc'mg c?}l lt@@ rpm for 10 min at 4 °C (Mini Spin,
Eppendorf, AG 7’%mmb rg 3 @rnatant of each isolates was filtered using
‘vt

sterile filter (05 uM-pore-size filter @ﬁiporc) (Ogunbanwo, 2005) and the CFS was

used for 1%\

wer%mintaincd on

"b : ey
be *u&g) C for 24 h in incubator shaker

%
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3 Determination of the anti-adhesion activity of LAB supernatants against

biofilm Candida species by microtiter plate method

The anti-adhesion activity of the LAB CFS against Candida species was pelt@
pre-coating and co- incubation experiments. The pre-coating experiments %d out
as described by Gudina et al. (2010a). The 96 wells microtiter plates \\Vwated with
different supernatants. A 200 pL of supernatant were pipetted into theNs in the plate,
and the microtiter plates were incubated at 37 °C for 24 h. The TS solution were

removed and the plates washed twice with 100 uL of phosphy bu QMPB%H

72 to remove non- adhering supernatant. After tha# pL of fea 74’ hfaltum

ew&osu broth

11 titcr@ate was again

Candida spp. suspension (1.5 10” CFU/mL) cultm n in
(SDB, Oxoid CM147) were added to cacl\\\%yn tl
incubated at 37 °C for 24 h. \7

Non —adhering cells were remove

7.2. Quantification was done usm% seters et al., 2008). The
biofilm was fixed for 15 min ng 10 1L ‘95‘0{3 ethanol to each well and the

plate was air dried. After \O()p].l of ¢ sla] ot 2% was added and held for 20

> wells with PBS pH

min then the L\LL\% Vl Cleren y.ld lp ette and, residue in the wells was

washed with tap \tl m “a 1 bglit 1 B ddhuun fungi was solubilized with 100

uL of 33% d ctic acid per \wﬁ;}]—d the optical density readings of cach well

were meas 1 5‘)5 nm using a micro Elisa auto reader (Model 680, BioRad).

CangiddNgsNension without CES was prepared as control. The percentage reduction in

adherence was calculated using the following equation according to Gudina et al.

(2010a)

microbial adhesion (%) = [1 — (ZDL)] x 100.
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Where OD. represents the optical density of the well with CFS and Candida suspension,

ODy represents the optical density of the Candida suspension without CFS (control).
The microtiter plate anti-adhesion assay estimates the percentage ILdULTf

Candida adhesion in relation to the control wells which were at 0% in thu

LAB CFS. The analysis was carried out in triplicates and the mean of %l density

was taken. In co-incubation experiment, suspension of Candida sle. 1.5%107

CFU/mL) were added to each well together with diff“enw S (200uL

Q\DCJmination
@

gﬁ‘c for 30 min and at
N

G)
‘c“w:@'"lhcn CFS were tested

121 °C for 15 min, then the sdmpl‘\w.
against Candida species biofiin b g plt-co? o e \@‘hncnt following the method

8./: 'he percentage reduction in

1e equation mentioned previously

of Gudina et al. (2010b) as des ibc

adherence of Candida SPONES Was

\
in Section 5.2.3. %
T

5.2.5 Effec \ ferent pH athus@ts LAB CFS on anti-adhesion activity

s

The 'FS of LAB were adjusted to different pH values 3, 5.6, 7 and 9 using 0.1

N HOYhd 0.1 NaOH and read by pH meter (Mettler Toledo). Then CFES were tested

against Candida species biofilm using pre-coating experiment as described above. The
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percentage reduction in adherence of Candida species was calculated using same

equation mentioned previously in Section 5.2.3.

5.2.6 Determination of surface tension \? -

The surface activity of supernatant produced by LAB strains was Amed by
measuring the surface tension of samples using the ring method as de g d by (Kim

ot al.. 2000). The surface tension of samples was read by tens 1 (KSV Sigma
7030). Distilled water was used for calibration to the insig 1t 920 n,\otéFS were
used for each measurement. The ring was placed belo surfacg of t e;gfant

air rh e Qel nmed.
\,

thereafter, force to move this ring from the liquid phas

Qurface tension of each sample was determined 4

AL
5.2.7 Statistical analysis A\? AL
.é o S
N ‘3‘-
Each assay was repeated three K‘TAII atagvpre p ntcd as mean =+ standard

I
deviation. Data were andlysu%mg (WO m% S of variance (ANOVA) using

general linear model (Gl& CE \‘e 0 AS, ukey s test at P< 0.05 to evaluate

the significant dl“Clk%\-t\ eh gL 1?!

%

58 Rcsults 4 2 é
T

A«lon activity of L@ supernatants against biofilm Candida species
titer plate method

’Jl

Tl tiPhesion activity of different LAB CFS was evaluated against strains of
Candida species, the CFS showed anti-adhesion activity against most of the Candida
species tested (Table 20 and 21 ). The anti-adhesion of the CFS were performed in pre-

coating and co-incubation experiments. Pre-coating of the polystyrene wells with CFS
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of L. curvatus HH showed significantly (P< 0.05) higher anti-adhesion activity against
C. glabrata ATCC2001 and C. albicans ATCC14053 by 79.4% and 61.1%,
respectively. However, the CFS produced by HS and HM showed significan

0.05) lower anti-adhesion activity against most Candida spp. especially @caﬁs
ATCC 750 and C. krusei ATCC6258 by 4.1% and 1.5%, respectively. *

High anti-adhesion percentages were obtained for C. glabrata (%W’. albicans
(61.1%) and C. parapsilosis (34.3%) by L. curvatus HH o th?ﬂltrary, low anti-

adhesion was obtained for C. albicans (20%), C. glabra .8%) %vpicah’s

"3
L

TABLE 20: Percentage anti-adhesion activity of l?cellﬁé 1'11at3$.agai11st

(4.0%) by L. plantarum HS.

Candida spp. as evaluated by pre-coating assay?*, D ‘\Y'
el S

Candida species x
LAB HS HLADYI

LAB HM
C. albicans 204404 35.540.3¢
C. glabrata 15.8+0.48 eﬁ 26.042.3°
C. parapsilosis 10.61.1" \ : 4.3+0.8'
C. tropicalis 4.0% 9’?' o4, 18.240.7%
C. krusei lQ.Q : “‘ 26.9+0.2°¢ 1.5+0.9
taugl obtained from triplicate experiments.

High percentages indiczuc&u tion? da u@c n while low percentages indicate the
Increased Candida udhc% ¢ ’ (')

- . \ . .
The CFS produ%;tm LA ated<om honey play an important role in anti-

adhesion ;1\ against Ca)za’i(h&}:pp. tested, in particular, in co-incubation

*The results are expressed as megn =+ staw@lard M\t; !
2 Mean+SD. Means with differ N)crscrilts e M fer signdfrcantly (P < 0.05).
The percentages of Candidc esion indht copg®! \vellw re at 0 % in the absence of supernatant.
> ' ‘( 0

experim CFS produced by L. curvatus HH showed significantly (P< 0.05) higher
antigdheIn activity against most Candida spp. so that L. curvatus HH reduced the
percentage of cell adhesion C. albicans ATCC14053, C. krusei ATCC6258 and C.

glabrata ATCC2001 with percentages 75.5%, 70%, and 58.4%, respectively.
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TABLE 21: Percentage anti-adhesion activity of LAB cell free supernatants against
Candida spp. as evaluated by in co-incubation assay*
Anti-adhesion (%)

Candida species

LAB HS LAB HC LAB HH LAB
C. albicans 50.0£0.9% 63.5+0.3%¢ 75.5+2.12 ltj '

C. glabrata 63.0+0.4> 42.0+0.8° 58.4+3.1¢¢ &3 G
C. parapsilosis 27.4+1.1M 16.840.9Y 575508 30.4+3.1"
C. tropicalis 12.2+0.9 14.4+0.3) 42.0i0.8°f3\, 31.8+0.4¢"
C. krusei 62+0.02" 33 70,497 . 70.0:3.1 7.200.9'

\ tripficate experiments

.05 \d
L ]
| &
The highest anti-adhesion percentages were obtaine G (%bz an (75.@ and C.

N
Krusei (70%) by L. curvatus HH whereas, tl% t ‘X{ C. i (7.2%) by

Pediococcus pentosaceus HM and C. fmp\%?.?_%) )/m&mn HS:Fhe CES
produced by HC and HM showed n%{niﬁcan ower anti-adhesion
‘: y N
6

aees .2'%@‘?7.2%, respectively. The

adhesion activity of all CFS was fecffve a @()picalis ATCC 750.
Q’ 'S
5.3.2 Effect of heat tr@L | rnat@m anti-adhesion activity
o '
(—? 2.5
The zmti-ndhcsio@ yof LA

is@lat ’S&t/as stable after heating the CFS at 60 °C,80
’ S

°C.100 °C for0 ™M and 12

*The results are expressed as mean+ standard deviations of values obtair
@ Mean+SD. Means with different superscripts are differ significar

E or~l~$min in pre-coating assay against most Candida

N
spp. (Ta \ 23,24 and 25), especially, the supernatant produced by L. curvarus HH

579, 30, 55 9% and 58.6% at 60, 80, 100 °C and 121 °C, respectively. Additionally,

the biofilm formation of C. glabrata was reduced by the heated CFS of L. curvatus HH

with percentages 70%, 69.3%, 63.3% and 60.6%, at all temperatures, respectively.
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TABLE 22: Percentage anti-adhesion of Candida spp. with LAB supernatant after heat
treatment at 60°C at pre-coating assay after incubation for 48 h at 37°C*

Anti-adhesion (%)

Candida species

LABHS LABHC LABHH LAB I
C. albicans 11.90+0.4%  40+1.0* 57+0.9° 30
C. glabrata 23.6+1.2°7  354+0.9° 70£1.4° %) g
C. parapsilosis 10.3£0.2%  61.5+0.2° 5.3+0.4m wiri-().3"
C. tropicalis 8.3£0.38  15.3+0.8"¥ 16£0.6" \}‘Zo.w‘k
C. krusei 31.4£1.3¢  17.2+£1.1% 22.8 45.7+1.0°

“The results are expressed as mean =+ standard deviations of values obt
@ Mean + SD. Means with different superscripts are differ signific

o
|5
TABLE 23: Percentage anti-adhesion of Candida h LA® natggz;fter heat

treatment at 80 °C at pre-coating assay after illCUbatlgl for 758 5 g

']
m tipficate gxperiments
L5

Candida species

LAB HS LAB HM

C. albicans 36.140.58M 30.8+0.5°

27.3+0.9%!

C. glabrata 33.3+0.74
C. parapsilosis 44.2:&?.
C. tropicalis 48%

C. krusei

! 8‘$ 19.2+1.0™  2].4+0.4™
. ‘Q!4”b' 43.640.6°% 14241 4
SR 55.540.2°  78.7+0.3?

de tionE alues obtained from triplicate experiments

4 Mean +SD. Means \\'itlci 2t s/)cg‘cn s"ut‘ d'e;i)' 1ignificantly (P < 0.05).

e,
RIS

N
N
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TABLE 24: Percentage anti-adhesion of Candida spp. with LAB supernatant after heat
treatment at 100 °C at pre-coating assay after incubation for 48 h at 37°C*

Anti-adhesion (%)

Candida species
LAB HS LAB HC LAB HH L/

C. albicans 21.1£1.1%%  13,7+0.9%" 55.9+1.2° peie
C. glabrata 21.420.29f 12.940.5¢ 63.3+0.4 *ﬁo.o@h
C. parapsilosis 9.6 £0.5" 8.4+0.4 22.8+1.0°" 0.8+1.0"
C. tropicalis 23 7-E1.0%% | NG SE0IOFER 21.(&1’\’) 40.9+1.1°
C. krusei 30.741.3¢  20.9+1.0%f W. 28.0+1.0%¢

The results are expressed as mean+ standard deviations of values ob. Tom tri ilate gaheriments.

4 Mean+SD. Means with different superscripts are differ significantly (I .03) .
’ b %
N

kupeffQtant after heat

atSC*

L& HH LAB HM
&
S‘R.oio.x“ 33.2+0.4°

Y
: .I)§
r%)

& 22,21’0_()‘1" 1().2:&()_3"‘]”‘

Candida species

"]

C. albicans

C. glabrata 60.6+1.2° 10.8+0.8f

C. parapsilosis 12.4+0.9¢ 15 441 0cdef
C. tropicalis

24.1+1.0¢ 10.7+0.5°

C. krusei T () ¢
“The results are expresgiig: a ! alues obtained from triplicate experiments.
2 Mean+SD. Means :\' Lt j

adjusted on anti-adhesion activity of LAB supernatant

rapidly at pH 6 and the activity was lost when pH was adjusted to 7 against most
Candida spp. However, it was observed that the supernatant of L. curvatus HH loss of

the anti-adhesion activity at acidic condition, but more effective at pH 7 especially,



against biofilm formation of C. glabrata ATCC2001 and C. albicans ATCC14053 with
percentages 65.9 % and 58.6 %, respectively (Figure 3, 4, 5, 6 and 7). The results from

this study indicate that different strains of LAB produce different types of anti-a n

compounds against Candida spp. %\

FIGURE 4: Percentage anti-adhesion activity of C. albicans at diffe?ﬂd adjusted

after pre-coating experiment V
80 z

c

Percentave of anti-adhesion (%)

HC %
LAB cell Sup@ynatagt
é q
FIGURE 5: Percentage anti *1;11 ac \’
aftesdPreg

ti
1 ¢ {1

~

= 2 PH3
: v):

%‘ =PHS
F 43

= i -

g = 35.2 BPHO
— = ——

2 2= AN

HC HH HM

LAB cell free supernatant



FIGURE 7: Percentage anti-adhesion acti } 12\1,Q<

Percentace of anti-adhesion (%)

FIGURE 6: Percentage anti-adhesion activity of C. krusei at different pH adjusted
after pre-coating experiment

o0

6O

Percentage of anti-adheston (%)

ifferent pH adjusted

Y
after pag-coghin

& pH3

=pHS

®pHo

N pH7

H >
E\ LARB cell free supernatant
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FIGURE 8: Percentage anti-adhesion activity of C. fropicalis at different pH adjusted
after pre-coating experiment

Percentage of anti-adhesion (%)

The effect of biosurfactant is dctcN d by_J 1lity&‘<’reduce the surface and

N

interfacial tension for water. 00 biosufffact t|c@iuce the surface tension of
: &

water from 70.0 to 35 mw ul Eﬁg compounds present in cell free

¥
supernatant reduce the @ial N%f Wéqurom 69.0 to 32.1 mN/m (HH), the

¢
interfacial tension gain€d fof I 9.2\63}1/111), HC (40.3 mN/m) and HM (39.2

NSRS . :

mN/m) (Table wc interf 1alfcns¥qn obtained for L. curvatus HH (32.6 mN/m)
A &’

was ncarlj:fwlc value obtained llse (2009) reported that Lactobacillus sp.

CV18 sroduced biosurfactants which lower the interfacial tension of distilled
watcr g 70.9 mN/m to less than 40 mN /m.

The highest reduction of surface tension was observed by supernatant of isolate L.

curvatus HH. Therefore, results obtained in this study are in agreement with (Gudiia et



al., 2011) who observed biosurfactant isolated from Lactobacilli can reduce surface
tension from 1.4 to 6.4 mN/m with modified MRS broth. Similarly, Rodrigues et al.
(2006d) found that biosurfactants obtained from Streptococcus thermophilus W

Lactococcus lactis 53 can reduce surface tension. : %\

TABLE 26: Surface tension of supernatants of cultures of LAB isofaggdgfom honey

Code LAB strains Surface tension (m /nv
HS 39.20+1. !
HC 40.31%0.55 \d.
HH 30.10+0! “8.
HM 39.14% I

: ’

H>O (control) 68.
&~

AN

The effect of biosurfactant depends orfgge za)e of su ata@‘ﬁhicroorganism

tested and surface properties. The s ata1®’$m \v@\uces hydrophobic
yiCr rgan@fs and solid substratum

leads to biofilm formation. When t?ﬂfacets G t%@vith supernatant becomes
‘ 3 (

more hydrophilic and consequent cred 1@ fyggrobial attachment (Zeraik &

Nitschke, 2010). In this s@an '—!\dh Fon a@y of supernatants was not related

to a direct antnmcroblajl ityfsithi 7 4 thhbserved by Rodrigues et al. (2006a);

O
Rodrigues et al. (@'@st’r@ al. @6); Walencka et al. (2008) and Gudiiia et
Y—

al. (2010a). \C}’

The y@aincd in this study suggest that supernatant produced by LAB isolated

fromghoncWas anti-adhesion activity against pathogenic Candida spp. This indicates

interactions and thus microbial adhesj ctweer

ol

that the supernatant contain compounds which can be used as anti-adhesion on medical
devices such as catheters, prosthesis and stents to prevent Candida species infections

the results of this study agree with Rodrigues et al. (2006a) and Falagas and Makris



73

(2009) who reported that biosurfactant isolated from Lactobacillus play an important

role in care equipment such as catheters and other medical intentional devices in

\3
£
¥

hospitals.

5.4 Discussion

Candida spp. have the ability to form biofilms that are 1'esponsibli Vﬁorrvival of these

species. This study shows that all Candida spp. formed biofilm lyst/rene surfaces

similar to that reported by Silva et al. (2009) and Parahitiyawa Spal. P ABsdom
| &
different sources have been documented to have abil preventfbidfiim foMmiation.
'

The presence of LAB in honey was reported by sevdal reseaqy (R 'Q\?{n‘gueso &

Rodriguez-Navarro, 1975; Bahiru etal., 200\%1 etal’ 08(611 etal.,2010).
1 as strains of L.

Aween et al. (2012a) isolated LAB figm hone \ﬁ\?

N
acidophilus and demonstrated that '%ve Dtibane&ial vities against Gram-

positive bacteria. In this study LA \ete t& 1 Y0 fr he 15 honey samples with
: { \} i
na’zd:b p Quk‘ol 1e LAB were identified as L.

plantarum HS, P. acidilglicNRIC, ‘ cunyatus and P. pentosaceus HM which

&

showed good antiﬂueNiv' y ganl ayli—@ée’sion activity against Candida spp.

Additionally, Ata &fct al.§(20, repilded that L. paracasei subsp. paracasei M3
11'91

isolated from Eusc 3 cese gt antifungal activity against strains of Candida

2}

1yellow chee

Xalbicuns, C. pseudointermedia and C. blankii. Similarly, Ogunshe et

al. (20T alS® observed that L. acidophilus and L. plantarum isolated from vaginal had

antifungal activity against strains of pathogenic Candida spp. LABs from different

sources have been documented to have anti-adhesion activity against Candida spp.



74

Gudifia et al. (2010a) reported that L. acidophilus and L. paracasei ssp. Paracasei
A20 had lower anti-adhesion activity against C. albicans strains. Fracchia et al. (2010),
also found that Lactobacillus CVSLAC isolated from cabbage have anti-a 1011
activity against two C. albicans pathogenic CA- 2894 and DSMZ 11225. %\, the
anti-adhesion of LAB isolated from honey has not been reported. This %@bsewed

that the supernatants CFS of four LAB isolated from honey samlews d good anti-

adhesion activity against Candida spp. as evaluated by pre- at?!.d co-incubation

experiments. The highest anti-adhesion activity was obtaj

HH that showed significantly (P<0.05) anti-adhesionfmgtivity afain f rata
R\
andN61.19%8), regfectiv]Y in pre-

ATCC2001 and C. albicans ATCC14053 by (79.4%

coating experiment (Table 20). The anti-adhew tivi

heating at 60, 80, 100 °C for 30 min and afte aving a

of L. curvatus HH significantly reduce %ioﬁb&g
% (]

. : g q
glabrata. The anti-adhesion act1v1t)& So lajes H§$'C and HM diminished

. : N
when pH of CFS was adjugped pH 3'and in ing that the anti-adhesion
i gz (
compounds produced by ths&eis \{ 1df(:(ﬁjmature, except for CFS from L.
curvatus HH. The CF@{
Y—

showed high anti—adil% actii
glabrata ATCC% d C &by
N

rcspcctivcl}éwy suggest that th&lompound responsible for anti-adhesion activity

—_—

ti—'dC@lOll activity at acidic condition but
L
Il‘7c‘(j?ecially against biofilm formation of C.

o
y ATSL 14053 with percentages 65.9% and 58.6%,

9

in HH 1 e rfactant property. Similarly, Gudiia et al. (2010a) reported that anti-
adlfgion Jetivity of biosurfactant produced by a L. paracasei strain isolated from
Portuguese dairy was stable at different pH values, being more effective at pH 7. The
results from this study are in agreement with previous studies of Fracchia et al. (2010)

and Gomaa (2013) who reported that biosurfactants produced by LAB strains have high



anti-adhesion activity against pathogenic C. albicans. These findings are consistent with
Fracchia etal. (2010) who reported that Lactobacillus CVS8LAC isolated from cabbage
showed anti-adhesion activity against two C. albicans pathogenic CA- 2894 (ST’Id
DSMZ 11225 (70%) in pre-coating and co-incubation experiments. Recc%\omaa
(2013) reported that L. fermentum showed the highest anti-adhesion activitfwagainst C.

albicans ATCC 70014 was 84.69%. z

lw of biosurfactant

en imw 26) . The
; L
rganisghs a a?hng was

ina &t gl. IOQJRGudina et

FS &ti-adhesion
&

1sm®ted and surface

The anti-adhesion activity of LAB was attributed to th

in the CFS as shown by the ability of CFES to reduce s

ability of biosurfactant to decrease pathogenic mi

properties. When the surface is condit Athn taining biosurfactant
as in the case of precoating it becagCy i ophilic consequently, decrease

microbial attachment (Zerg

biosurfactants can reduce microbs

microorganisms not on e b

N
lObQAB strains that produce

N@ d g@iating colonization by pathogenic

ﬂcclﬁbut also in food industry (Rodrigues

11 lcl'%t al., 2007). The general mechanism in

O

et al., 2006c¢; Nitsc

\
inhibition of adMgggng® of @i I’[)[).@AB are competitive with the adhesion sites,
- s : - N : :
wllt Of the effects ot’sﬁbstances present in the supernatant of LAB.

and also us\
Th%t results indicated that L. curvatus HH isolated from Al-Hanon, Libya

hadggsigiPTicant anti-adhesion activity against the five evaluted Candida spp. The result

is in agreement with studies of Rodrigues et al. (2006b) and Falagas and Makris (2009)
who reported that biosurfactant isolated from Lactobacillus play an important role in

care equipment such as catheters and other medical devices in hospitals.
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5.5 Conclusion

Results in this study demonstrate that the CFS of LAB isolated from honey have a high

ability to reduce biofilm formation of Candida spp. on polystyrene. This il{ s that
the CFS contain compounds which can be used as anti-adhesion on nSb devices

such as catheters, prosthesis and stents to prevent Candida spp. infevg
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