CHAPTER IV
EFFECT OF PH, ENZYME AND HEAT TREATMENT ON INHI IW’
ACTIVITY OF L. casei YG1 AND L. casei DF22 AND L. pl(mﬁ nPC16

AGAINST R. mucilaginosa Y.

4.1 INTRODUCTION z '
NY.

N
ga’ﬁé&? that are

pathogenic and destructive under certain ¢ & 8qper, 2011) which
may result into food spoilage. Yeastghave : d to be present in

within the pH range of

pH 3.0 to 7.0 especially in h tent food under optimum
temperature 30 °C (Praphailo Xdpny pathogenic yeast have been
confirmed resistant to zm&lg iekega} et al., 2005). However, it can also
N
: . bt
survive at pH values ¢ as cﬂ.ig‘ﬂleel 1992; Martorell et al., 2007). These
. . \ . . ~
characteristics ul% 1 ¢ ooﬁaodagc especially when the food products
are preserve weak acids, hyp&bsmohc condition or long-term frozen storage

(Hu$é

Yeasts such as Rhodotorula can survive at low pH, low water content and even at low
temperature. The optimum growth pH for Rhodotorula is between 4.5 and 7.0.
Preliminary screenings for anti-yeast activity using dual agar overlay method showed

that L. casei YGI, L. casei DF22 and L. plantarum C16 strongly inhibit R.



mucilaginosa. LAB-CFS consists of organic acid, hydrogen peroxide, bacteriocins,
proteinaceous compound, fatty acids, reuterin, and diacethyle (Lindgren &
Dobrogosz, 1990; Stiles, 1996; Corsetti et al., 1998; Strom et al., 2002; M@ De
Vugst, 2002; Magnusson, 2003; Dalie et al., 2009; Mubhialdin et al& )., Thus;

adjustment of pH, heat stability and its sensitivity towards proteo nzyme were

important to screen the nature of LAB-CFS anti-yeast propertiesN

1 at H\oedﬁ.%_nd are

o

Antimicrobial compounds are active against bacteria and {

also heat stable at 100°C (Lindgren, 1990; Magn@

anti-yeast activities of cell free supernalan& antar

.faé’«m and W. cibaria
were heat stable at 80, 100 and 121°C n{%uvely \N?ir pt\-}my were not affected
% A N

by proteolytic enzymes treatmen “ p@l, papain and trypsin

respectively). The anti-yeast actw

faecium and W. cibaria were maj aine{ mﬁé)@g from pH 3.5 to 4.0. However,
the activity was gradual&\twit\@rea@ the pH from pH 4.5 to 6.0 (Yu &

) N .? | &
Yunly, 2015). (—) ? (J")
& d

NV

]@malant of L. plantarum, E.

Many chemer eservatives and*e‘?tii‘hngal agents have been used to inhibit the
growth, ofg®=® in the food industry (Cornea et al., 2013; Crowley et al., 2013).

me@rescmly consumers are demanding for products without chemical
preservative. In order to replace chemical preservatives, LAB has been reported to
have a great potential to be used as bio-preservatives (Gardiner et al., 2000; Corcoran
et al., 2004) because they are generally recognized as safe (GRAS) and produces

many antimicrobial compound. Therefore, this study was done to investigate the bio-
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preservative potential of LAB by examining the anti-yeast activity of LAB cell free

supernatant in different pH conditions (3, 5, 6 and 7), heat (90 and 121°C) and

enzymatic treatments (pepsin, papain, and proteinase K) against the g'()\gl of R.

mucilaginosa. l
42  MATERIALS AND METHODS Y,

4.2.1 LAB and Cultures \do \ 4

esé&ne maintained on

osa CBR previously

were previously isolated and identified @ren
MRS agar (Oxoid) and stored at 4°C. strair WIC ,

LQ; N

)

isolated from cucumber as ll]CllllOll% n 3.314 w grown on PDA (Oxoid)

plates incubated at 30°C for 48 hvn\v 1@,t 1emysore @MC. Prior to analysis, LAB

‘ : |
were sub-cultured in MRS broth #0x 1 i ted at 30°C for 48 h, while R.

mucilaginosa was sub- u&}wn R@lfco d incubated at 30°C for 24 h. Then,
ANttt R :
yeast cell counts w u%trn ncd It p Bhemacytometer. It was adjusted to 10

cells/ml with stegllg tong®

‘ . (0
4 \»Y'
Awal 2011b). <9

testing (Muh\

w/v) which was used as an inoculum for

ree supernatant preparation

The LABs isolates were inoculated into MRS broth (Oxoid) and incubated at 37°C for
48 h with shaking at 150 rpm anaerobically. The LAB cell free supernatant (LAB-

CES) was prepared by centrifuging the broth at 10,000 rpm, 4°C for 20 min using



Centrifuge Combi 514R (Hanil Science Industrial). The supernatant of each isolates

was then filtrated using sterile filter (0.45 Hm-pore-size filter, Millipore, Merk).

4.2.3 Inhibitory activity of crude LAB-CFS 3 )

[nhibitory activity of CFS on R. mucilaginosa CBR was carwul following the

method of Gudina et al. (2010). Yeast was cultured in @;co) 'at 30°C for 48 h.
Approximately 100 ul PDB containing yeast (10° cells ml) Were plac
micro-titer plate and 100 pl crude LAB-CF er ed

e .z.ad
\\ ey
< sed@smvc control

Approximately 200 pl of yeast in PDB without LARCF

pl were incubated at

S
while 200 pl of LAB-CFS were used as m@ﬁro Q‘
30°C for 72 h. Inhibition activity was %ure%‘
using ELISA microplate reader E i(gjh‘%ﬁgﬂysis was carried out in

duplicates and the mean was tak rhe irow nl i%on percentage of yeast was
(o N
calculated as follows: 4 S &
% Growtl)&\blim J 1 fAC /@x 100

1
¢ ! (—%’ .
Where, Ac rcprcsenls%1 sofbanc¥of tlbt catment well minus the absorbance of
\
the negative contgfl WSl and ’rescv_ the absorbance of the positive control well

N
(Gudina et ulé). \")

4.2.4 @justcd of LAB-CFS

The pH of LAB-CFS was adjusted to different pH values (3, 5, 6, and 7 respectively)

(99]

using 0.1 N HCI and/or 0.1 N NaOH. The initial pHs of the isolates were 3.85, 3.8

3.77 for isolates L. casei YG1, L. casei DF22 and L. plantarum C16, respectively. The



adjusted pH supernatant was then tested against R. mucilaginosa CBR in micro-titer

plate assay as described in section 4.2.3.
4.2.5 Heat stability of LAB-CFS *)

The supernatants were heat treated at 90°C in a water-bath for30 W and at 121°C in

the autoclave for 30 min. The heat treated supernatan re 'ested against R.

mucilaginosa CBR in micro-titer plate assay as descriled in¥ectibn , .8‘
L 4
Ny

AN
Lé)@.CF S was investigated

The effect of proteolytic enzymes on a %al am
L]
o '

~ . ~ “ ~ .

following the method of Magnussona\ u 2001 .&‘g'followmg enzymes were

used proteinase K Sigma), paE:'mW peppin 1z'm SThe initial pHs of the isolates
ates<. ¢

, [éjﬁ'sei DF22 and L. plantarum C16,

were 3.85, 3.83, 3.77 for isi\
respectively. The pH 01'\6NS & ledc§ﬂ1 IM HClI and 2M NaOH to 7.6, 7.0
and 2.0 for proleiﬁb{, pjl a d\gf;}))sin (Sigma), respectively. After pH

adjustment of tl @, I nfl < sé?natams were treated with 100 pL of each
§ N

enzyme and '%L ed at 37°C for I, The reaction was stop by heating the mixture

until 65:° [ 50 min. The enzymatic treatments of LAB-CFS were tested against R.

mucilc « CBR in micro-titer plate assay as described in section 4.2.3.



4.2.7 Screening for bacteriocinogenic LAB

LABs (L. casei YGI, L. casei DF22 and L. plantarum C16) were grOKWRS
broth (Difco) and incubated at 30°C for 24 h. LAB cell counts were de %@d using
a Nanophotometer, and adjusted to 10° cells/ml with sterile peptoneYH‘ (0.1% w/v)
to be used as an inoculum for testing. Inhibition activit?e isolates was

determined by the overlay method as described by Magnu

LAB was inoculated on MRS agar plates and incubated an™wobially 3‘70%.1,‘01' 24
% N

d E'chnurer (2001).

h. The plates were then overlaid with 10 ml of MR agar cqnté 1ing Tg?cells/ml

d N
\5& planSMTm Cl16 were

et <(\201 1) with some

of other LAB as indicator. L. casei YG1, L. casei NF22

used as indicator against each other followj W%lod 0

modification. After 48 h of aerobic inc%on at 311 i@qe of inhibition was
0 S

measured. The diameter of clear z ds measur ."In@ion tests were done in
N

duplicate.
X" | 7ls
P 4 $ &
SN
4.2.8 Statistical Analy {Q
\ ¢ Y
Q") r >
\
Two way analysiw and® Y Initab16 Statistical Software., USA) was

Ny

carried out to nine the statistic\HAfferences at (p<0.05).
43 QLTS

It was observed that the three LAB isolates evaluated inhibited the growth of R.
mucilaginosa (Figure 6). However, with longer incubation time a greater anti-yeast

activity (98.8%) was observed for all LAB isolates. The anti-yeast activity of LAB



isolates was not significantly (P>0.05) affected by incubation time between 24 to 72 h
at 30°C. However, slight variation in the inhibition percentages among the LAB

isolates: greater inhibitory activity was observed after 48h for all the lates.
The inhibition percentages at 24 h were less than at 48 and 72 h. It \»& rved that
the inhibitory activity of L. plantarum C16 was nearly 99.0% aflelvbut. L. casei

DF22 showed better inhibitory activity after 48 h against R. m@)sa.

Figure 6: Percentages inhibition of R. mucilaginosa b cruEL -C ® X
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Thggnit ¥ pHs of the cell free supernatant were 3.85, 3.83, 3.77 for L. casei YGI1, L.
casei DF22 and L. plantarum C16, respectively. Adjusting the pH of CFS from pH
3.83 (control) to pH 3. 5, 6 and 7 significantly (P<0.05) affected the inhibitory activity

against the yeast (Table 9). The anti-yeast activity diminished to less than 50%
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inhibition after pH adjustments to pH 5, 6 and 7 for all the LAB isolates. However, no

significant difference (P>0.05) was observed between the CES of the LAB.

Table 9: Percentage of inhibition of R. mucilaginosa by LAB-CFS“%\CL& 10

different pH
LAB-CFS Growth Inhibition (%) z
Control pH 3 pH 5
L. casei g 51.8%8
YGlI
L. casei 8.8 54 g8
DF22
L. plantarum 98.9* 49,5 %
Cl6

*The lowercase alphabet letter rgfersWo t ysis within LAB isolates
(column) while uppercase gpha¥€t refefs toythe VA analysis between the
different pH (row). Different i mc‘g S Sl 1}!‘1 y different (P<0.05)

NN

Heating the CFS (Q\' '

the inhibitory

activity of, @ I casei YG1 at™ CFS of L. casei DF22 were 59.2% and 56.6%
again eu'i/agmosa after 48 h incubation when CFS heated at 90°C respectively
(Table . While the growth inhibition of R. mucilaginosa was observed to reduce in
L. plantarum C16 (50.2%) and L. casei YG1 (49.2%) after 48 h observation when the

CFS was heated at 121°C compared to the CFS of LAB that was not heated. Other
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CFS of LAB also showed reduction of inhibitory activity after being heated at 90°C

and 121°C.

Table 10: Percentage of inhibition of R. mucilaginosa by heat treated (%\l; LAB-
CFS “
LAB-CFES Growth Inhibition (‘sz

Control 90 C v g &

L. casei YG1 98.7* 5905 A (T

"
L. casei DF22 98.8*4 ,@* J l42.%§
b 4 \"z'

N
L. plantarum C16 98.9% %V 2@ éY;OQac
&
@)

1a)yé~within LAB isolates

i 19‘ analysis between the
1s ggnifighily Aferent (P<0.05)

$

*The lowercase alphabet letter refers
(column) while uppercase alphabet
different pH (row). Different alphab

4,

‘é(&S significantly (P<0.05) reduced

t 'O' control (99%) (Table 11) indicating

l
the anti-yeast activity No ar
the possible prcsc@r ull-l e (&hnds in the MRS broth. While there was
¥

significant diffégerW (P<0

05Yb VRSl the effect of proteinase K and pepsin on the

9
CFS, the a \nsl activity was significantly (P<0.05) reduced by papain treatment.

The ac™Nu M of papain treated CFS were 26.8, 45.9 and 38.1% for L. casei YGI, L.

casei DFZ2 and L. plantarum C16, respectively.
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Table 11: Percentage of growth inhibition of R. mucilaginosa by LAB-CFS treated

with proteolytic enzyme
LAB-CES Growth Inhibition (%)
Control Proteinase K Pepsin
L. casei YGI 98.7* 47.9% 41.3F % S‘D

L. casei 98.8™ st 46.5% z 45.9%

DE22

L. plantarum 98.9* 47.98
Clo

*The lowercase alphabet letter refers to the A

(LOIUIHI]) \\'1ilg uppucase al habct 1eiu to analye® between the

{1 rent®R<0.05)

0
The preliminary screening of b 10011&9 ﬁ)@lcmed the presence of

I u@nu the growth of other LAB.

L. casei YGI, L. casei DF22 )d 11?7 16 inhibited the growth of one

another more than 101111\&1 11hy

bacteriocin because the entire LAY S lh, abi
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Figure 7: Screening of bacteriocin production of LAB. (a) L. casei YGI inhibited by
L. casei DF22 and L. plantarum C16 (b) L. casei DF22 ihibited by L. casei YGI1 and

L. plantarum C16 (C) L. plantarum C16 inhibited by L. casei YG1 and L. casvﬁ

L. casei YG1

L. casei DF22



4.4  DISCUSSION

LAB-CES from L. casei YGI, L. casei DF22, and L. plantarum C16 havv@]g
inhibitory activity against R. mucilaginosa CBR as shown in Table 9. TiflsdNicates
that secondary metabolite produced in the MRS broth by LAB have“abMy to fully
inhibit the growth R. mucilaginosa. Growth of R. mucilaginosa C RY&vinhibited by
97% to 99% after 72 h incubation at 30°C by crude supert atew the three LABs
evaluated. A number of reports indicated that L. plan has 1tleux 1 activity
(Strom et al., 2002; Sjogren et al..2003) L planla@lated ‘0m fo'gl‘igﬁvowed
inhibitory activity against spoilage fungi (Fowovb z nﬁ, . @l.ilarly, o
fermentum Te007 was observed to give good wry gai:&?;lgi A. niger
O

and A. Oryzae.

“ Q-
Other LAB with antifungal activityN tei =, ory{.g%mis subsp. Coryniformis
strain Si3 (Magnusson & Sc%;2001}, L. 12 &L@S\;p tolerans that completely

]

&
inhibited the growth of FT WO/ @and s (-Graminearum (Yousef & Lloyd,
2008). Previously, Rc\a

. (IFR
ra;ill’us IF c@'f spp. Okkers et al. (1999) reported that L.

b 4
pentosus inh}'blsi e growth of C('., bicans. Furthermore, Yu and Yunlu (2015)
~N

o

/

)
’GIJOEE)@L. lactis subsp. lactis inhibited the

growth of 4. flavys;

reported th free supernatant from L. plantarum, W. cibaria, and E. faecium have

stropg 11 ory activity against spoilage yeast such as C. albican, C. Lusitaniae, C.

tropicalis, and R. glutinis.

Tt was well known that pH could affect the inhibitory activity of cell free supernatant.

From this study, adjusting the pH to pH 3, 5, 6 and 7 significantly affected (P<0.05)
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inhibitory activity of cell free supernatant of LAB against R. mucilaginosa. Similarly,
some researcher reported that some LAB showed maximum anti-fungal activity at pH
3 to pH 4.5 (Magnusson & Schnurer, 2001). However, Muhialdin et al., )
suggested that the cell free supernatant of certain LAB strain observed \clive

within a wide range of pH, starting from as low as pH 3 up to pH 9 dep%ing upon

the strain. V:

L

Gerez et al. (2009) suggested that secondary metabolite ced bXLAMrvhich has
"

the ability to inhibit microbial gorowth is due to the orgMy acidy Th O‘gﬁ acids

inhibitory activity against microorganism is l'claleovbe degifayg pH\ﬁ;e plasma

membranes of most microorganisms restri »trali'an chd®ed molecules.

However. undissociated molecules can oqsilyWiffL

&
io&@, Yu and Yunlu

@ Candida albican was

(2015) reported that the inhibitory ac |

maintained at pH values range bul{éﬂs gradually lost with the

increase in pH value from pH% 0. }"‘IQ?
Avd > =

itoffy &cy

For heat treatment, th

@151 R. mucilaginosa reduced significantly

L. casei DF22, zi%%ﬁan?n im

he
4

when treated o and 121°C 1'0{}50' min. This indicated that cell free supernatant
contains g "nd that are protein-like in nature. Similar studies by many researchers

shoviggd th¥Ppentocin, a bacteriocin-like peptide produced by secondary metabolites of
L. pentosus was reported to be heat stable when heated at 100°C for 30 min but lost
50% of its activity after 15 min when heated at 121°C (Okkers et al., 1998). However,
Klaenhamner, (1988) reported that heating supernatants of LAB (L. coryniformis

subsp. coryniformis strain Si3) at 100°C for 30 min did not destroy the inhibition
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activity of LAB. Heating the supernatant of L. citreum, L. mesenteroides, L.
plantarum, and L. rossiae at 100°C for 60 min did not destroy the inhibitory activity.
While Muhialdin et al., (2011b) reported that P. pentosaceus Te010 als duced
heat stable protein-like antifungal compounds at 90°C but the antifu %\ivity was
destroyed at 121°C. New findings from Yu and Yunlu (2015) indj ;%ml inhibitory
activity of cell free supernatant of L. plantarum, W. cibaria, a1$e2iwn against C.
albicans ATCC 90028 were resistance to heat exposur m) and 121°C for 20

Nd.

E\ | S

For enzymatic treatment, the activity of cell freevnataw\o . caseMY G1, L. casei
DF22, and L. plantarum C16 signiﬁcantl‘N‘e

min).

proteolytic enzyme. This indicates the he
CFES of all the LAB isolates. Mul : ) @esled that L. fermentum
&

Te007 and P. pentosaceus ”Np

proteinaceous in nature. H% Yoy

=

enzymatic treatment didghot Wefect bne Dhivit ctivity of L. plantarum, W. cibaria,
N
and E. faecium agai Nal/Dfcan, S &;'es no proteinaceous antifungal compound

production. Q’ ?
sy S

X in which the function of papain is made possible is through the

L9
{q A7/C

The mech
cysteind ortion of the triad in the active site that attacks the carbonyl carbon in the
backbone of the peptide chain freeing the amino terminal portion. As this occurs
throughout the peptide chains of the protein, the protein breaks apart (Amri &

Mamboya, 2012). Thus, papain reduced the inhibitory of LAB-CFS significantly.

Pepsin is most efficient in cleaving peptide bonds between hydrophobic and
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preferably aromatic amino acids such as phenylalanine, tryptophan, and tyrosine
(Dunn, 2001). As a result, efficiency inhibitory activity of LAB-CFS affected
significantly. Similarly proteinase K destructed proteins in cell lysates (%1 al.,
1975) thus decreasing the inhibitory activity of LAB-CFS against / %1’ aginosa.
Until recent years, the enzyme treatment and the sensitivity of thggetive compounds
were determined at the early stages to confirm the nature of pmpounds before

further purification (Cizeikiene et al., 2013; Crowley et al.

Bacteriocins from lactic acid bacteria have dcmon@as fo@d S mﬁ&?res or as

therapeutics for veterinary or medical uses or

plants. Gomashe et al. (2014) defined

antimicrobial peptides that are active agginst
(narrow spectrum), or across gcncre@
bacteriocinogenic LAB, it showe ﬁi cg

C16 have ability to inhibit ca%\

bacteriocin. The mode of] m of 4

holes in the mcmbran(hc& tgroet
trans-membrane %&'ﬂ ('}) orgh, _0@5. Jose et al. (2007) stated that bacteriocin

mechanism age Welated to 1brmi®of pore in the membranes of the target

microorgums\&?'hich cause the leakage of the cytoplasm.

S

Similar work by Dhewa, (2012) reported 19 isolates of LAB has the potential to

he B

produce bacteriocin and were screened from dairy and meat origin food. The isolates
were confirmed as Lactobacillus spp., Lactococcus spp., and Pediococcus spp.

Gomashe et al. (2014) also reported to have bacteriocin producing LAB i1solates were
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identified as L. acidophilus, L. rhamnosus, L. leishmany, L. plantarum G1, and L.
casei G3 from food samples such as curd, milk, and probiotics which have
antimicrobial effects on selected spoilage and pathogenic microorganisnwiitro.
Saidi et al. (2011) reported isolates from Algerian goat’s milk \w%\cteriocin
producing LAB and were identified as Lactobacillus spp., Lacidoccus Shile

Leuconostoc spp., Streptococcus spp., and Pediococcus spp. V

\%

4.5 CONCLUSION "b

5

Y.
This study showed that LAB-CFS from ' : ng i DF22, and L.
plantarum C16 have strong inhibitory agtivit 'Cast R. mucilaginosa.

presence of bioa ‘(%!’pli?c in)

b 4
activity should ™ futther explore. \)Y'

N
N
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