CHAPTER V
ANTI-ADHESION ACTIVITY OF LACTIC ACID BACTERIT
SUPERNATANT AGAINST BIOFILM PRODUCE BY R. mm@osa

1 | INTRODUCTION Vz

Yeast biofilms contribute to quality impairment of ind@ c8gsesnd also play

o
an important role in clinical infections. Biofilms @-egat of 1¢1@anisms,
which are formed due to the attachment of cw‘) h "s ce th:n aqueous

g m @a‘[ion and their

n fQod i trz@oﬁlms can exist on

‘? % A
all types of surfaces in food plants @ frgm plashlc, @, metal, wood, to food
&

9
products (Chmielewski & Frank, 208§). A&Ien@aclices in food processing
plants may result in the con%;'on c:“ fooj ‘p!'o‘thts with pathogens, which can

cause a serious health 1@ corfsurirey. M(;gover, the complete elimination of

N
pathogens from 100(16N551 g €1 r;hn&&l-é is a difficult task, in part because
bacteria can attac %od:c nla}} u@s and form biofilms, where they survive

! 4
even after clcamsv and disinfection (Bgdoks & Flint, 2008).
N

N

1¢ most common bacterial lifestyle in nature. After initial attachment of

environment (Lynch et al., 2003). Little is lt owglabo

treatment. The presence of biofilms is comm

a

BiofimsYWag
cells to a surface, they start to multiply and secrete a consistent matrix of extracellular
polymeric substances (EPS) in which cells are wrapped. Biofilms are a serious

problem in many food industry sectors. In dairy environments, the microorganism
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most commonly associated with food contact surfaces include Enterobacter,
Lactobacillus, Listeria, Micrococcus, Streptococcus, Bacillus, Staphylococcus, and

Pseudomonas (Bremer et al., 2006). The attachment of the microorganism lw

product or the product contact surfaces leads to serious hyglcnc ems and
economic losses due to food spoilage. For these reasons, it is de ‘ed that th
presence of biofilms in the food systems is a serious public heall

Y'.

One of the main problems of the food industry is ‘acte Wsur\'ival of

foodborne pathogen or spoilage microorganisms du’@msuf ici C'lm ction of

surfaces or instruments that come in contact wit d 1er %.\Celf 1993).
Rhodotorula spp. has the ability to produce W(N ws_)) The different
species of Rhodotorula are living in envir Agnsidered as normal

N
nd @ommon contaminant of

RN

s amQ@Rg normal individuals (Zahra

inhabitants in the human body. In ad

i Nlal

skin, urine, respiratory and gastr

et al., 2015). Among the sp ‘ (} ru ,‘i ?muu/agmosa R. glutinis, and

L
R. minuta are LOIlbldu hunfan 1ho> 1hese species causes invasive

Rhodotorulosis 1111101% myhot flm pauents (Fleet & Balia, 2000).

X, o S
Futhermore, R. m ( nosgp 0 m biofilm by adhering to surfaces (Ganttle

etal., 2011). A \(:,\’
e\

Lactiggacibacteria are reported to help in the maintenance of human health by
producing various compounds such as organic acid, hydrogen peroxide, diacetyl,
bacteriocins and biosurfactants which inhibit the growth of pathogenic bacteria
(Pascual et al, 2008). LAB isolates and LAB-CFS is well known for their

antibacierial activity (Ammor et al., 20060; Awaisheh & Ibrahim, 2009), fungi (Cortés-
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Zavaleta et al., 2014) and yeast (Yu & Yunlu, 2015). Additionally, LABs are also well
documented to have anti-adhesion activity (Gudina et al., 2010). Recently, Bulgasem
et al. (2015) documented that LAB cell free supernatant isolated from varimvyces

of honey sample have the anti-adhesion activity against biofilm produc‘d\sﬁ‘cvcral

types of Candida species. &

Wgens adhesion on
TL}Wi'&S. 2007).
.

Lactic acid bacteria are also capable of interfering with

epithelial cells of urogenital and intestinal tract (O

reported on the unli-udhcsio% ies off [ ce supernatant against biofilm
produced by R. mucf/uy'&N ThereTos s Wfdy aimed to determine the anti-

adhesion stability of cNg pced by LAB against biofilm produced

by R. mucilagino @
) % p
\ &

o2 I\@IALS AND METHODS

5.2.1 Cultures preparation

‘N

Three LABs studied namely, L. casei YG1, L. casei DF22, and L. plantarum C16 that

were previously isolated and identified from different sources were maintained on
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MRS agar (Oxoid) and stored at 4°C. Yeast strain R. mucilaginosa CBR previously
isolated from cucumber as mentioned in section 3.2.1, was grown on Potato Dextrose
Agar, PDA (Oxoid) plates incubated at 30°C for 48 h and were then stﬁ%t

Prior to analysis, LAB were subcultured in MRS broth (Oxoid) incub 0°C for

48 h, while R. mucilaginosa was subcultured in potato dextrdeH (Difco)

incubated at 30°C for 24 h. Q

5.2.2 Cell free supernatant preparation \d
o
.5
The LABs isolates were inoculated into MRS br%i: s oid) fng | ub%&'at 37HCilor
n :

Sez \@' L. casei DF22

48 h anaerobically. The LAB cell free superlw Tor

of each isolates was filtrated usinﬂk 111161 pu;&%ﬁe -size filter, Millipore).

:
5.2.3 Determination of #ge an;i-:l ' E 'é of LAB supernatants

&
T

P
The anti-adhesion g Cl&gainst R. mucilaginosa CBR was done by

using pre-coati "%CO -incu au n m&'ﬁods The pre-coating experiment was carried
N lw\ Gudina et al. \’OIO) A 96-wells microtiter plates were coated

CES. A 200 uL of CFS was pipetted into the wells and the microtiter

out as des

plates incubated at 37°C for 24 h. The CFS was then removed and the plates
washed twice with 100 pL of phosphate buffer saline (PBS) pH 7.2 to remove non-

adhering supernatant. After that, 150 pL of 24 h culture R. mucilaginosa CBR

suspension (1.5x 10" CFU/mL) cultured in PDB (Difco) was added to each well then
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the microtiter plate was again incubated at 30°C for 24 h. Non-adhering cells were
removed by gently washing twice the wells with phosphate buffer saline (PBS) pH
1%

Quantification was done using the crystal violet assay (Peeters et al.,’.&; Fracchia et

.. 2010). The biofilm was fixed for 15 min by adding 100 p oizc)% methanol to

each well and the plate was air dried. After that, 100 pL of] c1 et (2% w/v )was
added and held for 20 min then the excess crystal vio rem v p1pette and,

residue in the wells was washed with tap water. The

bound to t e,adl@x;t fungi

% the&ca density
Y
us'fﬁlg 1sa<2&er (Epoch). R.

.k The anti-adhesion

was solubilized with 100 pL of 33% glacial aceti

readings of each well was measured at w\

mucilaginosa suspension without CFS wa 'epQ?

activity was-calculated as follows: ) Py %

L
(%) Anti-adhesion M y, M AeN X 100

Where, Ac represents the % nce of th tl'e 1 m well and Ay represent the
s

absorbance of the control W(Juc"m & O

‘ \1 ’ %
However, in co-1 @on ex ension of 24 h culture R. muculaginosa in
:

PDB (1.5 x10 419 mL) were ad to each well together with different LAB-CFS

(100 pL su \mnt 100 pl. R. mzb]agmom culture), and incubated at 30°C for 24 h.
Determ 1 of percentage adhesion was carried following the method described
above. Then, the CFS was removed and the plates washed twice with 100 pL of
phosphate buffer saline (PBS) pH 7.2 to remove non- adhering supernatant. After that,

150 plL of each 24h culture R. mucilaginosa CBR suspension (1.5x 10" CFU/mL)

cultured in PDB were added to each well, then the microtiter plate was again
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incubated at 30°C for 24 h. Non-adhering cells were removed by gently washing
twice the wells with PBS pH 7.2. Quantification was done using the crystal violet

assay (Peeters et al., 2008; Fracchia et al., 2010). The biofilm was fixed fog

adding 100 pL of 99% methanol to each well and the plate was air dfted®
100 pl. of crystal violet 2% was added and held for 20 min then’&xcess crystal
violet was removed by pipette and, residue in the wells was waxwith tap water.
The stain bound to the adherent fungi was solubilized 7im ul of 33% glacial
acetic acid per well and the optical density readings of well%asured at 595
| ]

lon wighout ]iS @Lrepared
i a.% eanY@.s taken. The
b

(%) Anti-adhesion Activity - (K/ X 1(@<§
Where, Ac represents the absorbalé% tl@p reafghent &1 and Ay represent the

« &
absorbance of the control well (GN er%g <§‘l

nm using Elisa reader (Epoch). R. mucilaginosa susp

as control. The analysis was carried out in du

anti-adhesion activity was-calculated as fol

4

samples werc&oo d in ice Waterﬁ CFS was then tested against R. mucilaginosa

y using pre-coating experiment method as described in section 5.2.3.

@ c@ ernatants of LABs without treatment were used as control.

The CFS of LA es WS l}a tre at 90 and 121°C for 30 min, and then the
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5.2.5 PH adjustments on LAB-CFS anti-adhesion activity

The pH of LAB-CFS was adjusted to different pH values of 3, 5, 6, and 7 UV&
HCL or 0.1 NaOH and read by pH meter (Mettler Toledo). The CFSs w@n tested
against R. mucilaginosa biofilm using pre-coating experiment as dés d in

Cell free supernatants of LABs without treatment were used as c ntr

Y.!t,

5.2.6 Effect of proteolytic enzyme on LAB-CFS anta esion
. \
1O
The effect of proteolytic enzymes on anti-a ; a@ ié L@. CFS was

Y.
investigated following the method of Gudix tw (2 Wl) he <t's&wmv enzymes

were used: proteinase K (Sigma), papam a ps{( 1a8a initial pH of the
CFSs were 3.85, 3.83, 3.77 for isolate ‘2% cast%\DF and L. plantarum

C16, respectively. The pH of the C \ d \@%M HCl and 2M NaOH to

(G
7.6, 7.0 and 2.0 for proteinafg pam ' ?JS] igma), respectively. After pH

&
adjustments, 1 mL of the Nw ults tr aél’ with 100 pL of each enzyme and
& {O

¥ ¥

onjw :(slopped by heating the mixture at 65°C
es

incubated at 37 °C fop 2

for 30 min. Ther S erefcsie ainst R. mucilaginosa biofilm using pre-

s
coating mcthoss scude in sectj YS..'? 3. Cell free supernatants of LABs without

treatment \%\Ld as control.

5.2.7 Statistical Analysis

Data were analysed using Minitab 16. ANOVA analysis was carried out to determine

the level of significance of the anti-adhesion activity at P<0.05.
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5.3 RESULTS

Results of the ability of the cell free supernatant of LAB to produces anti-a h
properties against biofilm formation R. mucilaginosa CBR with variable @wsion
activity is shown in Figure 8. Anti-adhesion activity for pre-coatim%od were
significantly lower (P<0.05) than those of co-incubation method% ating of the
polystyrene wells with CFS of L. casei DF22 showed signglicaly (P<0.05) higher

(76.4%) anti-adhesion activity against R. mucilaginosa han CES L. sei YG1

®
(72.8%) and L. plantarum C16 (74.7%) respectively. H - anti-gdhes n’a@; on
the yeast was observed by co-incubation assay fo S % N Q(?l.ore tha
95%. N\J A 4Sr
N )
%&I SE;Q

FIGURE 8: Anti-adhesion activity natants against R.

&
mucilaginosa CBR evaluated by pr ' S cubi@n method
NS

®YGI
= DF22
BC16

nti-Adhesion Activity (%)

4
l

Pre-coating Co-incubation
Anti-Adhesion Methods
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Pre-coating the wells of titer plates with CFS (pH 3.79 to 3.83) showed anti-adhesion
activity of 72.8, 74.7, and 76.4 % for L. casei YGI1, L. plantarum C16 and L. casei
DF22, respectively. Adjusting the pH of CFS to pH 3, 5, 6, and 7 s?ﬁcantly
(P<0.05) reduced the anti-adhesion activity (Table 12) but with v activity
among the CFSs in the range of 50.4 to 69.7 %. The anli-adhes%activity was
significantly (P<0.05) reduced to 50.4% for L. plantarum C16CFSWt pH 3 compared
to other pHs. Similarly, reduced activity of 58.95 % wag omd toribicasei DEZD
at pH 5. However, no significant difference (P>0.0S)® e%l?s to reduce
| ]

anti-adhesion activity was observed at pH 3 and S@as at pH 0 n'i & !
T
\
o o
Table 12: Percentages anti-adhesion activi NB- NS aghi nucilaginosa
CBR at different pH \
S
-CFS tyadhes %
LAB-CI nﬁ idhesn (‘&3
Control N 5 AW pH 6 pH 7
o
L. casei 72.8% 0™ o & 69.0" 68.8"
YG1 S &

L. casei 76.& ($9.O"F‘ 67.0° 6973

DF22 \
L. plantarum @\ 69.6%8 69.4%B 68.0°8
Clo6 %
,’_A \IY.
.
*The low.ﬁL hiphabet letter rONTs to the ANOVA analysis within LAB isolates

(column) “WlNe uppercase alphabet refers to the ANOVA analysis between the
difl‘cb row). Different alphabet means significantly different (P<0.05)

Heating CFS to 90 and 121°C significantly (P<0.05) reduced the anti-adhesion

activity (Table 13) but with variable activity among the CFSs in the range of 40.5 to
66.4%. The anti-adhesion activity was significantly reduced to 40.5% for L. casei

YGI1-CES at 90°C. Similarly, reduced activity of 54.6% was observed for L. casei
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YG1-CFS when heated to 121°C. However, there was no significant difference
(P>0.05) was observed for anti-adhesion activity for L. casei DF22 and L. plantarum

YG1 when the supernatant was heated at 90 and 121°C. The anti-adhesion y of

L. plantarum C16-CFS was heat stable but with reduced activity whe@d at 90

and 121°C. “
Table 13: Percentages anti-adhesion activity of LAB-CFS Oeuw.mucilaginosa

CBR at 90 and 121°C \d
A

LAB-CFS %
O
Control XT°C
\a
L. casei YGI1 : < 54 6P
L. casei DF22 63.3%8
L. plantarum C16 63.0%B

b eI
*The lowercase alphabet le NOMY analysis within LAB isolates
v.zl :

(column) while uppercasg alp V.g O:fSJANOVA analysis between the
different pH (row). Dil‘t‘e'&N:ha ahs sig@Tcantly different (P<0.053)
ith pepsi 19:1})@ and proteinase K significantly reduced
\
(P<0.05) the an wsion AcgrO(Tabl 14) but with variable activity in the range of
; S
60.64g, )

Treating the LAB-QES Jith
i
26.2 to

—

vever, treatment With papain, pepsin and proteinase K significantly

reduce @5) the anti-adhesion activity of L. casei YG1-CFS and L. casei DF22-
CFS. >ver, the reduction in anti-adhesion activity varies with the enzyme used.
Treatment with papain reduced CFS of L. casei YG1-CFS and L. casei DF22-CFS

from 72.8 to 26.2% and 76.4 to 39.0%, treatment with pepsin significantly (P<0.05)

reduced the anti-adhesion activity of from 72.8 to 58.4% and 76.4 to 57.6%,
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respectively and treatment with proteinase K significantly (P<0.05) reduced the anti-
adhesion activity from 72.8 to 60.6% and 76.4 to 57.9%, respectively. Although there
was a reduction in anti-adhesion activity, there was no significant difference (P>0.05)
in the activity of pepsin and proteinase k treated CFS of L. casei YG N‘nd b
casei DF22-CFS. It is possible that the two isolates are of similar 1*& The anti-

adhesion activity of L. plantarum C16-CFS was significantly reduc% (P<0.05) from

v\d’ifferent (P>0.05)
ity \ra@?d to 47.4%
"3

74.7 10 43.3% when treated with proteinase K, but not signifi
I

when treated with pepsin and papain; the anti-adhesiong

and 48.2%, respectively.

against R. mucilaginosa CBR

LAB-CEFS

Control Proteinase K
L. casei YGI 72.( 60.6"
L. casei @ 5q0&
DF22 c I
& 43,3%

L. /)/umu/'z%t 7“Wb)
Clo }
alphabet letter refers to the ANOVA analysis within LAB isolates

rile uppercase alphabet refers to the ANOVA analysis between the
(row). Different alphabet means significantly different (P<0.05)

*The lowe

(coluagh )y
dil@
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4 DISCUSSION

19}

Biofilms produced by microorganism have quality issues in food industry. Formation
of biofilms on critical locations in processing plants of the food N verage
industries resulted from inadequate cleaning, disinfection and sani# %’Vhen this
happens it can lead to a number of problems such as product sp&g'e, food safety
problems, and loss of production efficiency (Srey et al., 20 number of ways

were reported to prevent or remove biofilms such as us;j eMic l)ase control like

sodium hypochlorite, hydrogen peroxide and perac

. acid (§her t' e?‘:’s' 2011;

Oulahal-Lagsir et al., 2000). Ultra-sonication was ortedfq$ : efﬁv@n biofilm

removal method and is a well known teclgiq usnr\d Vari%g;ood industry

processes namely freezing, cutting, dryi@pering, ac.hk@ sterilization, and
\glra

extraction (Piyasena et al., 2003). Re 9 ’uckf 1 @that gemini surfactant

o Q—
successfully inhibited fungal cell & ton 1o lyrﬁ&and SilfconeE T e
\
surfactant reduced C. albicggls ﬁz
mucilaginosa biofilms (OJgk et aly,
% (£
and C. albicans (et af,
. s i, ‘ |
produce biO-Suﬁa t that ca¥l r¢ 10@610111111 produced by bacteria and C. albicans

N
(Gudina etV 10: Salman & Alimer, 2014).

'l‘hinobwrvcd that the supernatants of L. casei YGI1, L. casei DF22 and L.

plantarum C16 have good anti-adhesion activity against biofilm produced by R.

4,

d fcation of C. albicans and R.

biofilm formation by

mucilaginosa CBR as evaluated by pre-coating and co-incubation experiments. The

anti-adhesion activity was observed more than 72.0% against R. mucilaginosa CBR
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when the micro-titer plates were pre-coated with CFS of the entire LAB evaluated. In
contrast when the CFS was evaluated using co-incubation study, the anti-adhesion
activity was observed more than 95%. Similarly, Fracchia et al. (2010) reported anti-
adhesion activity L. brevis CV8LAC against two C. albicans in pre-c M 1d co-
incubation experiments and indicated that bio-surfactant was produa%’ this LAB.
In co-incubation assay, the supernatant is in direct contact with 1116?1:(;& organisms
and inhibited or reduced the ability of the live cell to attaclwnhhe surface to form

biofilm. Lee and Puong (2002) proposed that the gde I 1!11u 1ce of two

competitor bacteria depends on the affinity of adl%molec les 1.]16 on the
surface of bacteria to adhesion receptor present cqi surf: f Jost @Ts that they

are competing for. In addition, the adsorptior su1ff1ce was

found to change its hydrophobicity, whic Jt caus : erie@c= in the adhesion

and desorption processes (Fischer,

The anti-adhesion activity oieAB

target or ganisms evaluate Gomaa|

the highest anli-adr ct \71
Brozozowski et al er rte

produced bio- :Mn that 1

aemgmos(:\ ¢ Salman and Alimer (2014) reported that biofilm formation by S.

1ib(t I%Yc'“ll adhesion of £. coli, K. pneumonia and P.
(-,

aeureif i and K. pneumonia using titer plates assay could be reduced by the

bio-surl®®ant produced by L. rhamnosus. Similarly, Madhu and Prapulla (2014)

reported that bio-surfactant from L. plantarum showed anti-adhesive property against

E.coli ATCC 31705, E. coli MTCC 108, S. typhi, Y. enterocolitica MTCC 859, and S.
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aureus F 722. However, L. paracasei ssp. paracasei A20 showed lower anti-adhesion

activity of 29.5% against biofilm produced by yeast C. albicans (Gudina et al., 2010).

The anti-adhesion activity of CFS from L. casei YG1, L. casei DF22 ant%rum

C16 were stable after heating at 121°C for 30 min with anti-ad} activity of
54.58, 63.28 and 63.01% respectively. Adjusting the pH CFS to staMe pH 3, 5, 6 and
7 resulted in the reduction of anti-adhesion activity (Table 11)@1‘1)7, Gudina et al.

(2010) reported that anti-adhesion activity of bio-guietMt J)du d by a L

paracasei strain isolated from Portuguese dairy wadagtable atfdiff e‘n values,
@1 al. (2015)

Y.

hesi ctivity against

v

being more effective at pH 7. Similar finding wagzep®rted b
on LAB isolated from different honey samp w:[he
five Candida spp. This study found tha\ anti-adh

\ =
curvatus HH isolated from honey w;%) %ﬁ%lj ae"LlOC and significantly

9
reduced the biofilms formation of WM icans : g?lg‘ﬁl'ala. However L. curvatus

\
HH were not stable under acigffc cRditionlBul aqe@il., 2015).
: , s &
NN é—’
‘ f & . .
Cell free supernatan CIC [rea 7|th rteolytic enzymes to determine their
¢ 2 (,)

0S ;&Hly of generating compounds with better

sensitivity to the

i€s angl t
ol
anti-adhesion z:i\ . It was obser(‘,fe that the anti-adhesion activity of CFS of the

educed after enzyme treatment (Table 13). Shokouhfard et al. (2015)

isolated L
t bio-surfactant from L. acidophilus that have high protein compound
showed mnti-adhesion against S. marcescens. Velraeds et al. (2014) demonstrated that
bio-surfactants from L. acidophilus RC14 and L. fermentum BS54 were richer in
protein and also had less polysaccharide than bio-surfactants from L. casei subsp.

rhamnosus ATCC 7469.
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Thus, the anti-adhesion activity of CFS of LAB against R. mucilaginosa CBR may be
due to the presence of bio-surfactant that strongly prevented the adherence of the
biofilm formation by the yeast. Several researcher reported that bio-surfactant
produced by LAB have anti-adhesion properties that can inhibit the N nce of
biofilm to the surfaces (Fracchia et al., 2010; Gomaa, 2013). Rodrig&et al. (20006)

postulated that BS reduces hydrophobic interactions and conscgently microbial

awﬁy colonized by
'

loge approach

II 0"'&351‘1‘acia1

1&3011d1110ned

adhesion. Hydrophobic surfaces have shown to be

microorganisms, probably because these surfaces

o

between microorganism and solid substratum, favourt
water present in the interacting surfaces. Conseq
with bio-surfactant, it becomes more hydrdmgilj ' exp@td et on
microbial attachment (Rodrigues et al., OM Py
$

However, anti-adhesion of CFS d\ agal 1011}&“33— mucilaginosa have not
been well documented. The z >sion cu\' y|o B may be due to the presence

of bio-surfactant properticsng l‘lC 1[ s )u:gﬁunl The ability of bio-surfactant to

decrease pathogenic nfggoorzani

1cln©“f( was observed by many researchers

o‘

(Fracchia et a ding et L. )20 & Gudina et al., 2010b; Ali, 2012; Zakaria,

58
tots
2013: Abedi & M2013). ¥he L%Yi' of CFS as anti-adhesion depends on the
NS

> supernatant, microorganism tested and surface properties. When the

properties
surfacNg wditioned with supernatant containing bio-surfactant it becomes more
hydrophMic and consequently, decrease microbial attachment (Zeraik & Nitshke,
2010). LAB strains that produce bio-surfactants can reduce microbial adhesion and

combating colonization by pathogenic microorganisms not only in the biomedical

field, but also in food industry (Rodrigues et al., 2006; Nitschke & Costa, 2007; Singh
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et al., 2007). The current results indicated that CFS of L. casei YG1, L. casei DF22
and L. plantarum C16 had a significant anti-adhesion activity against biofilm
produced by R. mucilaginosa CBR. The result is supported with studies of Rodrigues
et al. (2006) and Falagas and Makris (2009), who reported that bio-surf N solated

from Lactobacillus play an important role in care equipment sucls&athclers and

other medical devices in hospitals. Y’
5.5 CONCLUSION \d
g

{‘ | 5
This study showed that cell free supernatant prodi®ed bypl AB#has Nti-adhesion

B@% significantly

&
d @5’111 in CFS is may
AN

>

activity against R. mucilaginosa. Howcver.w tivi

affected when treated by pH, heat and cn@hc col

be due to the bio-surfactant which ha %al}%i 1 ST T TR
% L : S '

in food industry to avoid biofilm })N 1

=
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