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CHAPTER IV @

CHARACTERIZATION OF ANTIFUNGAL ACTIVITY OF LA!zND CELL

um SPECIES

4.1 INTRODUCTION \d'

<l

pensitayve b

FREE SUPERNATANT AGAINST PHYTOPATHOGENS

A

se ofsgnsistent of

T

hogeMT compound for

X

example, myco-toxinogenic moulds such a rium, Asp zl!u.s',@l.Peniciliium play

%table \id Q&y of food and feeds by
0 ,

NOWN agJNyc s @ﬁardins, 2006). Fusarium

AN

ant @Qases on many economically

The antifungal activity of LAB isolates could be 1

protieneous compound which could be usef]

a major role in the deterioration of th

synthesizing highly toxic metabolj

species are phyto-pathogens tT
important plants worldwid%] tt . 8"; u
\f’s, caué’ damping off or root-rot (Thomasho,

N

@ti&)@AO) of the United Nations approximated

al., 2008). This phyto-pathogen

lo@ are lost yearly because of mycotoxin
nfspeoig
N
S

%gal contamination is usually removed mostly by heat treatment and chemical

@nt. However, there have been issues related to the use of chemical treatments

which are basically soil pollution and associated health problems. Therefore it is essential

more than 2 Q
comaminafwl

(Chelkowski et al., 1998).
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to replace chemical pesticides and fungicides with alternative antifungal ager uced
by microorganisms which can act as a biocontrol agent against pathogem popollage

organisms or plant pathogens (Stiles, 1996; Mataragas et al. ZOOl%'nusson et al.,

2003; Yaqub & Shahzad 2005; Abdel-Fattah et al. 2011; Alwathn ‘Perveen 2012).

Different type of compounds are produced by LAB such aswnm acids, hydrogen

c‘po nds that could be
NnWo € aW reported that
@

oroducgd by b’ br I and II,

g

rmind1on of phyot-
"

1 an@gmnmamm. The
affe@ by temperature, pH

NP/
/ ey
@

ng the LAB-CFS isolated from

peroxide, cyclic dipeptides, phenolic and proteinace
responsible for the antifungal activity. Recently, O

lactic acid, diacetyl and hydrogen peroxide compo
Lb. plantarum 1 and II have the ability to rgduccNy
pathogenic fungi Fusarium species chiefly § x'
inhibitory activity of compounds 1n \%emman

and enzymes.

Indeed, Samuel et al. (
fresh and spoilage t‘nai‘: m
Fusarium species. 'Khea mgl .

furmigatus and

effects against 4. fumigatus and

) brevisat 60°C was effective against A.

hjikuroi. However, heating the CFS of Lb.

brevis at 80 t?tlfungal activity. In contrast, the antifungal

N

. arum could be maintained at higher temperatures

and 121°C (Rouse@l 2008; Niku- Paavola et al., 1999; Gerez et al., 2009).

activity

ly, Miescher et al. (2005) also reported that the heating of the supernatant of Lb.

aEcasei sub sp.paracasei SM20, SM29, and SM63 for 10 min at 100°C did not change

gMe inhibitory activity. Recently, Marwa et al. (2015) was to demonstrate the stability of
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the bacteriocin extracted from Lactobacillus acidophilus treated at different pH {E

heat treatments and proteinase K enzyme noticed that inhibitory effectis%

ecause

bacteriocins was higher on Gram-positive bacteria than Gram-negative bacteria.

of, the largest mhibition zone was obtained by Lb. acidophilus b cterlzin against

Bacillus subtilis while the smallest one was against E.coli. The d bacteriocin

nst Yaph aureus,

o
- tl‘)l@\f

exhibited broad spectrum of inhibition at concentration 6400A U/

Bacillus subtilis and E.coli. The antimicrobial activity of crud®gsupejnatan

tabiligy o

stable after heating at 100°C for 30 min and declined th

' pro%&:aﬁceous
O
A

a’@et on the inhibitory
mitar @LB52 Lb. plantarum

activity of LAB-CFS. The antifung

5. (@ed the 3

wzrgz us spegiey (Idgg & Bettache, 2013). Furthermore,
SJ

be W ]_.@.9 Lb. plantarum LB52 to pH 6.0 and 7.0

nt1fun’ga

LB20, Lb. plantarum LB51, Lb. f b p@mm LB54, isolated from

silage, camel milk and carrot

tw1 %%H 2.0. However, increasing

0 (ﬁltory activity of all LAB isolates

the pH of the CFS to 3. O,

b

against spoilage fun

changing the pH g

é\thus concluded that the antifungal activity

did not diminy ctﬁlty

N
was not o o un dissociated org}nc acids but also by dissociated organic acids. In

contra uynck et al (2004) reported that the neutralization of the supernatant of

@*mm DSM 20532, Lb. brevis LMG 6906, Lb. acidophilus LMG 9433 and Lb.
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coryniformis sub sp. coryniformis LMG 9196 isolates destroyed the inhibitory, actgfity at

pH 5.0, 5.5 and 6.0.

Proteolytic enzyme treatments seem to have different efe% R the inhibitory

activity of CES either decreasing or increasing. Ndagano et al. reported that the

treatment of supernatant by protelotytic enzymes (pronase, Pr(iteinase K and «a

pt. thie Mﬂl 1Vity
) Mg

against Aspergillus parasiticus CBS97197, Aspcigidihs Wersicojor Lﬁgﬁ, and

Penicillium bialowiezense CBS110102 was lost avam@{ -Cng:h trypsin

enzyme (Coda et al., 2011). Similarly, Rﬁw : poneﬁat addition of

proteinase K to supernatant of Lb. p!am’aN

chymotrypsin) maimntained the inhibitory activity. In con

tifun@activity. Mauch et

@treatment reduced the

. bwguiis. erefo% 1¢ objectives of this study

AN

was to determine the effect o ure, pd, fand prgeolytic enzyme on antifungal
I

activity of CFS of selecté B 1solated fr Mil& 1an soil sample, fermented chilh

fruit and ATCC CUIKN-‘SI & l sa”\?speci sl his study also determined the amount

N\
of L)@AB 1solates.
O

oved their

—
P
ab

al. (2010) and Guo et al. (2011)

1

N
e

inhibitory activity of Lb. reuteri |}

of LAB-CFS and th®wroteo tig a

&,
=
N




4.2 MATERIALS AND METHODS

4.2.1 Detection of proteolytic activity on skim milk agar

A3
O
¥

Proteolytic Activity five selected LAB was determined on Skin%mgar and dtails of

procedure as following:

4.2.2 Lactic acid bacteria strains and culture co

Five selected LAB strains were used to eva w: pro * ctivi@ extracellular

X

cell-bound proteinase. These LAB strains Wgre #0. plantarigyt, P. tosaceus1 and Lb.

plantaruml was 1solated from femleu%lilli

ATTCC314, Lb. plantarum AT%

Technology, Universiti Sains . pur Altures were grown on MRS

J{U\ and Lb. acidophillus

l&c? Faculty of Science &

agar plate and were incub% 7°C fg24 | Iiﬁﬂy grown cultures were used to

detect the proteolytic KNM ex'ra [} [18%nd proteinase.
\ :
4.2.3 Preparag na sking m

r ,

Xeurized Skim Milk, Grade A, Farmers Cooperative

1lk (Spray Processy
cMinnville or USA) were used to evaluate the proteolytic aciivity of

ular cell-bound proteinase using the method described by Pailin et al. (2001) with

modification. Twenty five grams of non-fat dry skim milk was reconstituted with 250 mL



of distilled water. The mixture was stirred thoroughly and autoclaved at 12 “’C? r 15

min. Simultaneously, 500 mL of 2.5% technical agar was prepared for plat!'l%n milk

and agar solutions were held in a water bath at 50°C and was then poured 1™ the agar

bottle and mixed thoroughly. The skim milk agar was poured quickly int&plates. Twenty

Nmilk agar and

LT cul‘ted plates were

ext CMQH- ound

proteinase. The diameter of clear haloes zone surrgu the ingivigy] iA.B‘:t?Lllture

¥

four hours old LAB colony spotted with sterile wire loop
incubated at 37°C for 48 h in an anaerobic chamber. After 4§

incubated at 4°C for 3 d cooling in a refrigerator to det

The 1solates were inoculated 1nto

CFS was prepared by centrifugl roth at 1&>P0 X 10 min at 4°C. The bacteria
were grown and measur D of 00 @Ophotomer’ter (P330 BRAND
‘\B 5), (éilo7 LAB 6), (419x10" LAB 7), and

1t Gch isolates were filtrated using sterile
e

IMPLEN) as (39x10° &N

(605x10" LAB 11

wl
filtered 0.45p g ; we fi igore Kﬁshleicher and Schuell, Dassel, Germany).

& R

@rcid production was achieved using the methods described by Bamidele et al.

(2011) with slight modification. The LAB isolates were grown in MRS broth at 37°C for

4.4 ic assay of lactic ﬁﬁ(@ production by LAB isolates
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24 h and the broth culture was centrifuged at 4°C 11500 x g for 10 min. Lactic\g JI™vas

determined by pipetting 2 mL of the LAB-CFS to 50 ml test tubes a%\ops of
phenolphthalein were added as indicator. The supernatant was titrated *1 M NaOH
until a pink color appeared and percentage of lactic acid was (med using the

&

following equation. The titration was determined in triplicate ent lactic acid was

reported as means of three readings.

Where,
TLA =Titrimetric (%) of lacti§ags

ML= 0.1 NaOH
N= Normality of 0.1 NaQH ¥

V= Volume (ml)%lﬁs sall
90= Molecumht * *

Jsed
’ g

e’
tic ac%l

4.5

(%V‘h of Fusarium spp. by micro titer plate assay

=

es at ratio of 1:1 v/v (LAB-CFS: spore suspension) incubated at 30°C for 72 h.

96 wells micro titer plates was inoculated with 10°/ml of seven days fungal
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vfas
17O

determined by pipetting 2 mL of the LAB-CFS to 50 ml test tubes ' ps of
liil\l M

24 h and the broth culture was centrifuged at 4°C 11500 x g for 10 min. Lactic

phenolphthalein were added as indicator. The supernatant was titrated w _ NaOH

until a pink color appeared and percentage of lactic acid was ca’glated using the

following equation. The titration was determined in triplicate a* nt lactic acid was

reported as means of three readings.

TLA (%) =ML*xNx90/Vx1000x1

Where,

TLA =Titrimetric (%) of lactj

N= Normality of 0.1 NY\
V= Volume (ml) %t nts sayf

90= Molecula&Mt (M*;) “

MIL=0.1 NaOH

4.5

of LAB-CFS on g \{h of Fusarium spp. by micro titer plate assay

4.5.1 4

. E 96 wells micro titer plates was inoculated with 10°/ml of seven days fungal
e

s at ratio of 1:1 v/v (LAB-CFS: spore suspension) incubated at 30°C for 72 h.
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Fungal growth mm micro titer plates was observed at 630 nm using Mi plate

Autoreader reader (EL 309, Biotek Instruments, Winooski, Vt.) follo\c Ihii method

described by Schilinger & Lucke (1989) with modification. The*ntage growth

inhibition of fungi was calculated using the equation as mentioned b

[GI (%)] = [TC-TT/TC] x OOY\v,

GI (%) = growth inhibition,

Where,

TC = Total fungal growth in control samp

TT= Total fungal growth in treatment ST,
4.5.2 Effect of heating treatmentswa ungal act
N

5 N1

The LAB-CFS were heat treatc@ign e ! ol r@'l and 121°C in the autoclave

Far 30 min and immediate \edr ced atex@awing the method described by
on

, . ‘g reated supernatants were then tested

L andlL \icrot@ate assay. The plates were incubated at

_ asu&y optical density at 630nm (Microtitr plate

4

N7
)~

of %-CFS

A

Muhialdin et al. (2011

against fungi CL, (3

30°C for 72 h. w
autoreader % Biotgk
. M&'m&; -
due

@ inooski, Vt.). The percentage growth of fungi

entioned in section 4.5.1 and tests were done in
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4.5.3 Effect of pH treatments on antifungal activity of LAB-CFS Y'

C314 and

The imitial pH of the Lb. plantarum], P. pentosaceusl, Lb. acidophillu

Lb. plantarum ATCC8014 were determined with pH metre (Mettler :Qedo Greifensee,
'NN HCl or 0.1 N
NaOH, respectively. The adjusted pH supernatant tlenl tested against

phytopathogenic fungi CL, CS, FC, and LR in microtite e as yWOO uL ME

u]‘ .@Justed

' f

Switzerland) and adjusted to different pH values 2.4, 6, and 8

broth containing 10> conidia/ml were placed in the 96 late anfd 1

supernatant were added into the well. The plates h. Fungal

growth was measured by optical density at yte A der EL 309,

Biotek Instruments, Winooski, Vt.) and Vw)
section Ei;kT

r(®1 of fungi was also

S

measured using the equation as mentlo

4.5.4 Effect of enzymes tre@ r
The five LAB-CF stessf
proteolytic enzym t diMerent® ratlocg(smg the method described by Thomton

m' ik (SUUO consisting of enzyme and LAB-CFS (60

N
0 / Q‘g
A] S
ifungal a& y of LAB-CFS

I
.l‘

\detenni their sensitivity to three different

(1996) with m

uL enzym ») weg.\prepared and the mixtures were adjusted to pH

alue in (pH 1.5), papal@l 6.5) and proteinase K (pH 7.5) as required for
enz ctlon before mixing. The LAB CFS samples were treated separately with

pH 1.5), papain (pH 6.5) and proteinase K (pH 7.5) (Sigma) at a concentration of

.1 milligram enzyme/mL. The mixtures of pepsin and proteinase K were incubated at
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37°C for 4 h in incubator shaker (SASTEC) at 150 rpm. The mixture COIllﬁlIlllT

and LAB-CFS was incubated in water bath (MEMMERT) at 65°C for 4 h@nually

gently shaken at 30 min interval. The enzymes reaction was stopped wit ﬂmg pH of

[.LAB-CFS as same as crude supernatants. Enzyme treated LAB-CFS pL was added

to100 uL of freshly prepared fungal spore suspension (1 x 10° spoMyinl) in micro titer

plates and incubated at 30°C for 72 h. Growth of fungal ma mlc o titer plates was

plat AWer EL 309,
inhibtio ain:@red by

measured at OD 630 nm using microtiter plate assay (
Biotek Instruments, Winooski, Vt.). The percentage

using the equationas mentioned 1n section 4.5.1.

4.5.5 Inhibitory activty of combined

An equal volume of LAB-CFS (%) W

vortexed properly to mix

'le @om mixture solution 100 uL

rep dlﬁﬂbl spore suspension was obtained

4 ’ &
ll.il;)}\d\were us@dfor treatments. The inhibitory activity

nst f; <<lsl.mgl Fusarium species and incubated at

well and labled 1n group A }ho .

LAB-CFS mixture and

(1x10° cells/ml) usin

of LAB-CFS mixt

30°C for 72h. ity ofbc—% CFS mxtures were measured OD 630 nm

4icro Q@te Auto reader EL 309, Biotek Instruments,

T

.) The percentage @mtory activity of LAB-CFS mixtures were measured

by micro ,

Winoo

S
N

uation as mentloned in section 4.5.1. All te':.ts were done in duplicate.
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Table 16: Designation of CFS of LAB was combined in different group

Groups Combination of LAB-CFS
Lb. plantarum1-MSS1 + P. pem(;saceusl-MSSS

Lb. plantarum1-MSS1 + Lb. acidophilus ATTCC314
Lb. plantarum1- MSS1 + Lb. plantarumATCC8014
Lb. plantarum1-MSS1 + L. plantaruml1- FF11

P. pentosaceus1-MSSS + Lb. acidophilus ATTCC314
P. pentosaceus1-MSS5 + Lb. plantarumATCC80})4
P. pentosaceus1-MSSS + Lb. Plantarum1-FF11
Lb. acidophilus ATTCC314 + Lb. plantarum g

— - T OO MmO 0O >

4.6 Data analysis

5

l

Mean (£) and standard deviation ol& ysisNghas analyzed using One

OV

=

%d the significant was done
N

' sef %e performed using Minitab 16

and/or Two-way analysis depen

by the Tukey test at (P<0.05).

software. ; ,

4.7

mm diameter. The proteolytic activity of LAB did not showed significantly different
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(P>0.05) in LAB strains in Table 17, whereas LAB 1D6 and LAB7 showed clcX\gt™neges of
5.3 mm. The LABMSSI] and LAB FF11 which were isolated from soi(mnnented
chilli fruit samples also showed proteolyic activity with clear zones suNng colony of

6.0 mm and 6.2 mm, respectively. The proteolytic activity clear Z(WS showed with

LAB-MSS5 around the colony 7.0 mm wider than other 1solates (Mg#ire 13). It was clear

that the antifungal actvity of LAB agaist Fusarium 3Rgi zbec use of proteinous

compouds consist in LAB strains which were resposi

Fusarium species.

4

o\

TABLE 17: Extracellular proteolytic activiwf B 1sglat@gn ski

agar

LAB Isolates | of zone (mm)

~ LAB-MSSI

-0.05°

5.30+1.34°

6.23+0.15°

n the sa%bolumn are not significant different (P>0.05); LAB-MSSI1 =
A
B

Notes:- Meghs witgthe sa’e cttep

Lb. plantgrigg frgm Malaysig sof sampdey L
IDLABG6 & Lb¥acidophilus ATCC31 LA
plantmadm fermented chilli fruil\c’)

3
N

B-MSS5 = P. pentoceous from Malaysian soil sample,
= Lb. plantarum ATCCS8014, and LAB-FF11 = Lb.
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i

FIGURE 13: Clear zones around LAB-MSSS5 colonies grown on skim milk a

proteolyic activity

Clear zones

mdlcate‘ "
proteolytic

activity

Proteolyic acth B-MSS5

t niosaceus

O
tre Qs

AQ"
o
X |7
neryuspiul t0 know that the concentration of
by'ushtraticz?(-e)thod For instance, the percentage of

v:lnae_%,ﬁnd showed and significantly different

;;

ectively as shown 1n Figure 14 and appendix-B-Figure 47).

4.7.2 Lactic acid in LAB- CFSK%““B

Titrimetric assay 1s a tec

L ]

1

unkown solution in 11

lactic acid prod

the percentage of lactic acid produced by

% and 2.30%, respectively. However, the
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FIGURE 14: Percentage of lactic acid in LAB-CFS

N
O
B
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-
@
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QO
<
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3
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LAB-MSS1 L AB-MSS5 OPABG Q\ WPAB7

Notes:- The Means with the same lettersko

.05) and Means with the different
rum, LAB-MSS5 = P. pentoceous,
n ATCC8014, and LAB-FF11 = Lb.

t S1

letters are significantly different (P08
IDLABG6 = Lb. acidophilus C3 IDLAB
plantarum

P 4
\ %
: -CFE?.ﬂinst Fusarium species
¢ ! (—)

4.8 Different f\o&ffec

f LAB-CFS did not inhibit significantly (P>0.05) against Fusarium spp.

The é&o
G r, all the supematants from the LAB isolates showed good inhibitory activity

er than 90% against the four species of Fusarium spp. evaluated after 72 h

incubation at 30°C (Table 18).
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TABLE 18: Percentage of growth inhibition of fungi Fusarium species by LA *

72 h incubation at 28°C

LAB-CFS Inhibition activity (%)

CL
LAB-MSS|1 93.0™
LAB-MSS5 942
IDLABG 94.0"
IDLAB7 93.4™
LAB-FF11 03.3M

I ————————

Mficant different (P>0.05) and
signMmgdntly different (P>0.05); LAB-

%dop/u!ns ATCC314, IDLAB7 =
= F. oxysporum f. sp. lycopersici,

Notes:- Means with the same small lettegg

Means with the difterent capital letters in”
MSS1 = Lb. plantarum, LAB- MSS5
Lb. plantarum ATCC8014, and LA

CS = F. solani, FC = F. acuminatyp and W AL
The CFES of p:;n f

S 1sdlagd from soil inhibited fungal spore

Z(Z

cé#\yspomm f. sp. lycopersici-CL (93.0%).

W' CC314) and LAB-MSSS5 (P. pentosaceus]

germination of F so

The CES ofl \ . ac:
1 tory activity against F. acuminatum-FC and F.

) sh bcj
T

isolated f%
pmhf aMgn-CR with percentaﬂqgw\vth inhibition of 94.6% and 94.7%, respectively. In

"

n to other Fusarium spp., 1t was observed that F. oxysporum f. sp. lycopersici-

cor®
6 wed slightly less inhibition by other LAB-CFS to CFS of Lb. plantarum1MSS.



102

4.8.2 Effect of heating treatment on antifungal activity of LAB-CFS

oy

Heating the CFS-LAB showed vanable effects on the inhibitory * on spore

germination of Fusarium spp. Heating at 80°C significantly differenq P<0.05) change

AB-CWS to all Fusarium
Nt a(ltivity among the
' !ﬂ\dwed 95.6%

8
egrowth inhibition against F. solani-CS while LAB-C§ - 12;@g:owth

the inhibitory activity of LAB-CFS compared to the crude

species. However, significant difference (P<0.05) in the 1

TABLE 19: Percentage mass growth 1in 'tloaf Fusarith

at 80"C

03.7
94.6°
94.5"
94.0 A

94.0™

eg_ — ; N A

Notcsws with the same small lettds in the same column are not significant different (P>0.05) and
Mea Mgthe different capital letters in the same same are not significantly different (P>0.05); LAB-
sy plantarum, LAB-MSSS = P. pentoceous from, IDLABG6 = Lb. acidophilus ATCC314, IDLAB7
LhNglantarum ATCC8014, and LAB-FF11= Lb. plantarum; fungi CL= F. oxysporum f. sp. lycopersici,
“solani, FC = F. acuminatum and LR = F. proliferatum
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Heating all the LAB-CFS evaluated at 90°C maintained the antifungal activity it S {

growth of all Fusarium spp. The mass growth of F. acuminatum-FC was grffatlygduced
(93.8%) by heating CFS of LAB-FF11 (Table 20). Furthermore, no sigi\% ifference

(P>0.05) was observed in the antifungal activity of heated LAB-CF S—mnd IDLAB7

agamst fusarium spp., the growth of F. solani-CS was greatly inhiD%gl by CFS- LAB-

MSS1 (92.5%) and growth of F. proliferatum-LR was inhibD@ g LAB-CFS -IDLAB7

(92.7%).

TABLE 20: Percentage mass growth inhibition ag@usm?r

I
spefies b
w

S
@AB-CFS

heated at 90°C

LAB-CFS

LAB-MSS1

LAB-MSS5
IDLAB6
IDLAB7

LAB-FF11

Means with the differegf ca
MSSI1 = Lb. plantarygu. -M
Lb. plantarum ATC d

minat@m ams

\NPLABG6 = Lb. acidophilus ATCC314, IDLAB7 =
rum; fungi CL = F. oxysporum f. sp. lycopersici,

CS = F. solani, F . ‘1
I S
ml, heating the LA&ES at 121°C for 30 min resulted in significant
N

N*{0.0S) in the inhibitory activity ranging between 80.2% and 88.9% among

S and fungi evaluated (Table 21). The LAB-CFS-IDLAB7 showed the highest

ngal activity 88.67% against F. oxysporum {f. sp. lycopersici-CL which was isolated



104

from infected chilli leaves. High temperature treatment also reduced the anti

activity of LAB-CFS-LAB-FF11 against F. proliferatum-LR and F. 0.\}#3}9% r Sp.
lycopersici-CL by 80.2% to 84.3%, respectively. It was clear that from & that the

antifungal activity LAB-CFS was reduced by high heat treatment at 1212 cdmpared to

heating at 80 and 90°C. V

TABLE 21: Percentage mass growth inhibition against

CFS heated at 121°C

LAB-CFS

LAB-MSSI

LAB-MSS5
IDLABG6

IDLAB7
LAB-FFI11

— = T

Notes:- Means with the same s | ' zﬂ&at significant different (P>0.05) and
- %signiﬁcantly different (P>0.05); LAB-

MSS1 = Lb. plantarum, LAB w Lb. acidophilus ATCC314, IDLAB7 =

Lb. plantarum ATCC8014,
CS = F. solani, FC = F. ac8m

SR,
4.8.3 Effect o@eatme t onya %
&7 v/;:

oA

It was Ne that adjusting pH : AB-CFS siginifcantly (P<0.05) affected the fungal
or %ﬁtion with variable results. The antifungal activity was maintained at pH 2

d pi® but with slight reduction compared to unadjusted LAB-CFS. The percentages of

fungal growth inhibiton were between 47.5 to 91.3% at pH 2 and, 60.93 to 89.6% at pH
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4 against all the Fusarium spp. (Table 22 & 23). However, the inhibitory act1

LAB-CFS lost when the LAB-CFS of isolates were adjusted to pH 6 a@nﬂl

oxysporum f. sp. lycopersici-CL and F. solani-CS (Table 24). The antl activities of

LAB-MSS1 and IDLAB6 at pH 6 were low as the values we W% and 6.8%

respectively against F. proliferatum-LR. Also at pH6, the LAB ost its antifungal

cm S. However, the

Wcrs ranged
se, LAB-MJS} @Bhnd

tun L

activity against fungi F. oxysporum f. sp. Lycopersici-CL a

percentage inhibitory activity against fungi F. acumina

between 0.9% and 10.7% after 72 h incubation. LK

. However,

of both LAB-

N
154 <<g;n@umrruurm species by LAB-

N
!ﬂls Won activity (%) _ -

CFS adjusted at pH 2

em——— R

LAB-CFS
~  FC LR
T el T e

87.0" 87.0"

75" 87.3b%

86.6" 86.6"

86.8"2 86.8"°

wens with the same small letters in the same column are not siéﬁiﬁtant different (P>0.05) and
galith the different capital letters in the same same are not significantly different (P>0.05); LAB-
= Lb. plantarum, LAB-MSSS5 = P. pentoceous, IDLABG6 = Lb. acidophilus ATCC314, IDLAB7 =

| % [antarum ATCC8014, and LAB-FF11 = Lb. plantarum; fungi CL = F. oxysporum f. sp. lycopersici,
CSF F. solani, FC = F. acuminatum and LR = F. proliferatum
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TABLE 23: Percentage mass growth inhibition against fungi Fusarium species by

CFS adjusted at pH 4 % (0\

LAB-CFS Inhibition activity (%) |

 FC ? IR

CL CS

LAB-MSS1 TWE® 4
LAB-MSS5 60.97% 7431
IDLABG 71.34% 85.2b¢

IDLAB7 66.3°% 518

LAB-FF11 71.47% 85.4"%

Notes:- Significant Means with the same small letters T%yme *
(P>0.05) and Means with the different capital leth}

(P>0.05); LAB-MSS1 = Lb. plantarum, LAB-MSS5 :
ATTCC314, IDLAB7 = Lb. plantarum ATCCS
oxysporum L. sp. lvcopersici, CS = F. solani, FC

%biti n agal

© not ificant different

not 1 icantly different
"= Lb. acidophilus

ntdrum; fungi CL = F.

SaIme same

¥
S P,

TABLE 24: Percentage mass gro t ﬁl@'— usarium species by LAB-

CFS adjusted at pH 6 | O
- LABCFS \ nhibifiojf activity (%)
' LAB-MSS1

ans with the same small letters in the same column are not significant different (P>0.05) and
he different capital letters in the same same are not significantly different (P>0.05); g* =
ungi was seen; LAB-MSS1 = Lb. plantarum, LAB-MSS5 = P. pentoceous, IDLAB6 = Lb.

W.s ATTCC314, IDLAB7 = Lb. plantarum ATCC8014, and LAB-FF11 = Lb. plantarum; fungi CL

= F. oxysporum f. sp. lycopersici, CS = F. solani, FC = F. acuminatum and LR = F. proliferatum
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4.8.4 Effect of enzymes treatments on antifungal activity of LAB-CFS Y'
The CFS-LABs treated with different proteolytic enzymes (pep%ain and
proteinase K) resulted in variable in significantly difterence (P<0.05 of Wgal activity

against Fusarium species. Treating CFS of LAB-MSS1, IDLABG, aifLAB-FF11 with

pepsin destroyed the inhibitory activity against Fusarium C ocverl the antifungal

epsi With CFS-

rolifegatum

activities against other Fusarium species were reduced w

IDLAB7 inhibited the growth of both F acuminatum an

35 mE'CFS of

than 86.8% (Table 25). In contrast, pepsin trea of

IDLAB7 suppressed the growth of F. oxysp L f p. Gecoren zu—C YBO 2% and

57.0%, respectively. Similarly, growth o\aﬁf:mmr
85.0% when the spores were moculate roth COI\NE]? p
rvedhat C

LAB-MSS1 and IDLAB?7. Howev% sg Q/

IDLABG6 treated with papain ghow ml ry ctiv'Eg %ss than 11.0% against £
ble 2 '

oxysporum f. sp. lycopersi@§- a
&

against F. solani-CS regWged to 21. \hhl 1t10§ antifungal activity of CFS-LAB-

FF11 and lost afte ‘ Famst% oxysporum f. sp. lycopersici-CL. In

contrast, growth . grumin ( &a@llbited (80%) by papain treated LAB-CFS-

inhibi&:d&o

im-LR and F. acuminatum-FC were inhibited 87% and 80% with proteinase'

as é‘biled more than

T}%reated CFS of both

bolh [LAB-MSS5 and

iAh#ipry activity of CFS-LAB-FF11

@". oxysporum f. sp. lycopersici-CL was not

T

teinase K treated \@CFS-LAB-MSSS (Table 27). However, growth of

F. pi O%
Gﬂe CFS-IDLAB?7, respectively. However, lower antifungal activity was observed
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against F. solani-CS for proteinase K treated LAB-CFS of both LAB-FF1 AB-

MSS1 with 10.0% and 25.0% percentages of inhibition respectively. C\

TABLE 235: Percentage growth inhibition of Fusarium species by TFS treated with

pepsin V

LAB-CFS - Inhibition viz %) 1{
CS

—

 LAB-MSSI g*C?
LAB-MSS5 30.27¢"

IDLAB6G g*Ba
IDLAB7 56.90"

LAB-FF11 g ¥\

—_— e e

ers in the sai olque not significant different

pital letters \\g mAQre not significantly different
%SS = P OCCAIS alaysian soil sample, IDLABG
1itargyn ATCCRO14, arlbAB-FF11 = Lb. plantarum; fung

Notes:- Significant Means with the same sma
(P>0.05) and Means with the different
(P>0.05); LAB-MSSI1 = Lb. plantarum,
= Lb. acidophilus ATCC314, IDLAB7 =

CL = F. oxysporum {. sp. lycopersici : ofanfﬂ:C = ﬂﬂlfﬂ?@l and LR = F. proliferatum

TABLE 26: Percentage OIY'h I z@um species by LAB-CFS treated
S

with papain % F

—

érr’lhibition activity (%) 1

LAB-CFS&\ |

FC LR
LAB-Mgsh 770.25 81.84°  83.40™
60.64° 73.44°¢* 78.36°°
58.81" 71.52" 715.71™
67.27¢" 2 7 o 3§

22.54™ 56.39" 5537™

.. Means with the same small letters in the same column are not significant different (P>0.05) and
s with the different capital letters in the same same are not significantly different (P>0.05); LAB-

S1= Lb. plantarum, LAB-MSS5= P. pentoceous from Malaysian soil sample, IDLABG6= Lb. acidophilus

TTCC314, IDLAB7 = Lb. plantarum ATCC8014, and LAB-FF11 = Lb. plantarum; fungi CL = P
oxysporum f. sp. lycopersici, CS = F. solani, FC = F. acuninatum and LR = F. proliferatium
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TABLE 27: Percentage growth inhibition of Fusarium species by LAB-CFS 1

proteinase K c\

LLAB-CFS Inhibition activity (%

CL CS
" LAB-MSSI 7445 61.09™
LAB-MSS5 g ¥ 15.08™

IDLAB6 46.64 52 68.31
IDLAB7 54.20C%

LAB-FF1 26.315¢?

—=

=)

Notes:- Means with the same small letters 1n tl

Mecans with the different capital letters in the s

| enificamwdifferent (P>0.05) and

Siom f ifferent (P>0.05); LAB-

MSSI1= Lb. plantarum, LAB-MSSS5 = P. pent 1P acidoghilps ATTCC314, IDLAB7 =
Lb. plantarum ATCCS8014, and LAB-FF1

= Lb. Wlan JN 1 (§ ‘—iu-r_'.r.spm-mn f. sp. lvcopersici.
CS = F. solani, FC = F. acuminatum and R smh proliferafwy LT &
N
£ / qc.,
ntif l“ial a%\ty against Fusarium species

4.8.5 Effect of combined%Fsr

Sdl

S

¢

rove antifungal activty against the Fusarium

Combining the ws dic‘ NO™N

Spp- as Compaw he LAR] f wl{eny* evalauted singly. There was significantly
C—a ' e .9
0.0

difference ( blor{ggp reduction against F. solani-CS, F. acuminatum

0 inhipiti
FC, amﬂ% lffert‘zﬂiin
" hﬁ N
ungal spore germi

onh of F. oxysporum {. sp. lycopersici-CL (96.6%) and F-.
im f. sp. lycopersici-CL (93.0%). However, combination of (H) showed 73.9%

O

e 28. The CFS of mixture (A) isolated from soil

inhi

ibition against fungi F. solani-CS. The inhibitory activity of combination of (H) was



110

showed against F. proliferatum-LR (84.8 %). Whereas, LAB-CFS mixture (A

fungal spore germination of F. acuminatum-FC by 83.2% after 72 h incubfftio®

TABLE 28: Percentage mass growth inhibition of Fusarium specic§fy combined LAB-

CES evaluated at OD630nm in micro titer plate V

Combined of LAB-CFS

A =LAB-MSS1+LAB-MSS5

B =LAB-MSSI1+ IDLAB6

B cans with the same small letters in the same column are not significant different (P>0.05) and
n \ith the different capital letters in the same same are not significantly different (P>0.05); LAB-
1 = Lb. plantarum, LAB-MSSS5 = P. pentoceous, IDLABG = Lb. acidophilus ATCC314, IDLAB7 =
LYy plantarum ATCC8014, and LAB-FF11 = Lb. plantarum; fungi CL = F. oxysporum {. sp. [ycopersici,
= F. solani, FC = F. acuminatum and LR = F. proliferatum
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4.9  DISCUSSIONS Y'

Nlppunpre

Strains of LAB are recognized to produce extracellular cell-bound protei

et al., 2013). In this study the extracellular cell-bound proteinases o cells MSSS5

showed strong extracellular cell-bound proteinases with clear zones mm compared to

other LAB (Table 17 & Figures 13). The clear zone on sk y of IrSSS was bigger

(Pailj 1 0 1) Lactic

AB-Fifi 1 wijicy _{.\,solated

from fermented chilli fruit produced about 2.309 e lgh@ mpared to

1solates LAB-MSS1, LAB-MSSS from 3011 ,\ultur@' B6, ATCC
' d@ve the ablllty to

, 1;(1%1 al. (2011) observed

than the result reported from different spp. of Lb. bulgar

acid 1s one of the organic acids produced by LAB. Inde

LAB IDLAB7 (Figure 14). LAB isola

produce lactic acid which was also p%yﬂc

that the LAB 1solated from diffggpmes®®za
Nnigr
uce lal:téld and proteolytic activity. The

ok

antm&;\blal compounds such as lactic acid,
cé'cms as well as hydrogen peroxide and

vs@ha&? 098: Samuel et al., 2014).

c’ucm?osroc citireum. Lb.

brevis, Lb. plantarum, Lb. gr . Lactococcus lactis and Lb.

paraplantarum showed t%

LAB has ability to pr%a Y

acetic acid, pr0p10 c a

carbon dioxide

T

1 in vmo studies md@ﬁ that LAB has potential application as bio control

opathogenic fungi (Stephane et al., 2005; Rosalia et al., 2008; Ashgar &
¥nad, 2010; Wang et al., 2011; El-Mabrouk et al., 2012). Therefore, the use of

is not only limited to the production of fermented foods but can also be used as



biocontrol agents in plants. Magnusson et al. (2003) suggested that inhibitory a&Tmwof
LAB used against phytopathogenic fungi and spoilage fungi namely F. sp@roid&v,
A. fumigates, A. nidulans, Pencillium commune and Pencillium reqm*ll selected
LAB-CFS strains showed inhibitory activity when crude supematantsWested against

spore germination of four phytopathogenic Fusarium species F. sol-CS was strongly

h

inhibited by LAB-CFS -MSS1 about 96.6%. However, othe ']so showed good

inhibition against fungi Fusarium spp. with more than 9% . micro titer

plate at OD630nm, the results is in agreement with tha

ita II \ Yy of biomass of

and F. fujikuroi. However, LAB-CFS of Lb. ; nl
F. solani and F. funjikuroi.

Heating the LAB-CEFS

that CFS of Lb. plantarum 11 showed biomass i

Heating the

1b

supernatants of LAB at 80‘}% :id - f % activity of LAB-CFS and
similar inhibitory activi\%ﬁ d wi 1I:a®cmde of LAB-CFS. The strong

’ g
-C@Sl soil isolated 95.6% against F.

activity.

inhibitory activity was®gcorded

solani-CS (Table ung tfé:’tivity were also maintained by all LAB-

|
CFS when hea d ‘ga'c;t%io-mass growth of four Fusarium species.

N
r@ded for LAB-FF11 against F. acuminatum-FC,

T

&R (Table 20). Thus, the LAB-CFS isolated from

The inhibitdrya 920 yas

F. solaag and F. proliferat

rces were considered to produce heat stable antifungal compounds because

" diffee
6 ted LAB-CFS heated at 80°C, 90°C did not change the inhibitory activity of the
Fi

(sarium species after 72 h incubation at 30°C compared to non-heated LAB-CFS



113

1solates. This result was similar to study by Francesca et al. (2009) who obse%at
heating the LAB-CFS of Lb. mensenteroides, Lb. citreum, Lb. plantarum a N ssiae
at 100°C did not change their inhibitory activity against Penicill%o uueforti,

Aspergillus niger, and Endomyces sfibliger. The antifungal peptides wag Jremt stable, with

a size of approximately 3kDa and had maximum activity at pH 3.0w0f Lactobacillus

coryniformis was against mould 4. fumigates (Magnusson, 2 : i

1?(}3’3% Lb

et afZ=2008). In

5
S, | duct@r Fusarium
afﬁz h incubation at

8;01 (Table 22). Report

spp. The biomass reduction were notic\ .
30°C even thought still showed inhibi(c activit
3y, 0

(1

@°C ford
Y

id (G{SZQ et al., 2009) when heating

from Miescher et al. (2005) heat trea f the supernatant of Lb.

plantarum was maintained the an al

the supernatants of Lb. p/ aruzat 80°CJf
{d‘? &
Lb. plantarum LBSKATZN
Lb. plantarum L Ra#s
2.0. Howevgr, % stingg the p#l
<: f g f

Ativity of all LAB isolaﬁ_;a'gainst spoilage fungi Aspergillus species. In this

smdé ] gal growth inhibition diminished when the supematants were adjusted to pH

apd, MYYC for 15 min showed to reduce

g

the antifungal activity. s@ﬁsted that the antifungal activity of

Betgg
l

ntarum LB51, Lb. farciminis LB53 and
nel milk and carrot showed activity at pH

I AB-CFS to 3.0, 4.0 and 5.0 decreased the

imnhibitos

s maintained at pH 2 and 4. The percentage of inhibiton against F. oxysporum {.

u
copersici-CL was 47.5% with LAB-CFS-MSSS and 91.3% against F. acuminatum-
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FC with LAB-CFS-MSSI at pH 2 (Table 23). Thus, changed of the pH 2 gro\ ek
acuminatum-FC that was 1solated with severely infected plant was inhibitedey P-CES
of LAB-MSSI 1isolated from soil samples. However, report from Vim%lrol (2005)

culture supematant from L. acidophilus maintained inhibitory againstW1 of A. niger

and A. pullulans at pH 5.5 and 6.0, whereas Lb. caseis supernatan®™gfd not change the

- x 4.3. However, Lb.

or 7. vinH 5.5 and
®
RS study agai tf..@:omm

e p}@'rable 24).

6 z@ 6 was still
cené! were very poor

inhibitory activity against P. chrysogenum or T. viride

acidophilus lost 1ts antifungal activity against P. chrysogem

6. The inhibitory activity of all LAB-CFS was showed §

f. sp. lycopersici-CL and F.solani-CS lost when tRg CF

The antifungal activity LAB-CFS of LAIMS an

noticeable against F. proh’ﬁsmtum-LR,% inhibiti
d@be very fastidious 1n

because the growth of fungi Fusarir%ecies x¥m
. \

1ftic o inhibit with LAB-CFS

\

its inhibitory activity at this

alkaline conditions. However, thigsdd 1S alﬂ) ve
'S lo

when maintained at pH 6. Thys maus ’ %
pH. z ' S
% 4 '
The inhibi@éwvit

7
N &
A7) L.%‘@’FS was observed that more than 92%
{
against fungi F. 9OT¥ecratign-LR.

#
neutralizatf%k CrQ L imyl
brevis Qtﬁ

6 and Lb. coryn@ﬂis sub sp. coryniformis LMG 9196 isolates to pH at
5.0, d 6.0 destroyed the inhibitory activity. All LAB-CFS lost their inhibitory

il ly,“De Muynck et al. (2004) suggested that the

N
Pus DSM 20532, Lb. acidophilus LMG 9433, Lb.

¥ or showed poor antifungal activity at pH 7, 8, and 9 agamst all Fusarium species

72 h incubation. Treatment of proteolytic enzymes to LAB-CFS would indicate 1f
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proteins or peptides are involved in antifungal activity. The inhibitory activity W5t [

oxysporum 1. sp. lycopersici-CL was destroyed when LAB-CFS of LAB—N%\)LAB(S,

and LAB-FF11 were treated with pepsin indicating the presence of an peptides 1n
the CES (Table 25). However, percentage of growth of F. solani, F. Rzmmamm-FC and

F. proliferatum reduced when these fungi were treated with pepsinWgested LAB-CFS -

FF11 and the IDLAB7. Antifungal activity of LAB-CFS-Fi¢ instrll fungi decreased

after treatment with papain which further support protein-like

®
compounds in LAB-CFS of LAB-FF11 (Table 26). e 1]‘b‘i@activity
with LAB-CFS -MSS1 against growth of sj Ipat ' 4 p@?&mtum—LR

ated [@Y&FS, however,

recorded a value of 83.4% after incubationw 1

the growth to reduced against F u.s'ariuma\B Ll

against F. oxysporum f. sp. /_,vcope%L (Tab
Wang et al. (2011) in that Lb. v IMAU

proteinase K lost the inhibit }'ityf
are proteinaceous comp%;onsib

¢ ’ &
reduction effect of p Wic ellz n LA (‘.vs 1s considered to feature the presence
o&p '

antifungal activity

'gésults were in line with

N
4 1QB-CFS treated with enzyme

for m‘f@l activity. The inhibitory activity

mmpund 3=,
#

of proteinaceous\
produced bacgs%s likd peptifie
any. |

Candida % )
\Encmly, Marwa et al. (2015) was demonstrated the stability of the bacteriocin
acte

X d from Lb. acidophilus treated at different pH values, heat treatments and
Foteinase K enzyme noticed that inhibitory effectiveness of bacteriocins was higher on
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Gram-positive bacteria than Gram-negative bacteria such as, Lb. acidophilus bTin
against Bacillus subtilis while the smallest one was against E.coli. The mrobia]
activity of crude supernatant fluid was stable after heating at 100”&0 min and

declined thereafter. Stability of antimicrobial activity was observed at Wged from 2.0

to 8.0. Its active principle was proteinaceous in nature since bacteriocin was

ozam‘e of bacteriocins
014) a‘wezin, alpha-

inactivated by proteinase K enzyme. Because, the the proteir

can be degraded by proteolytic enzymes (Perez et

- ®
chymotrypsin and pepsin, which are active to degm%inaceo s nat re’ofi%g-'CFS
of LAB strains (Dallas et al., 2012). | ) . \3-

ga vty compared to

. @m F. acuminatum-FC

N

s evaluated with mixture

Combining the LAB-CFS did

when they were used singly against tl

L]

t10 C‘a
&

¥ in\ le 28. Similarly, mixture of

and F. proliferatum-LR. The perc

A 90.81% against F. oxysporum 1.9 [yj =

[LAB-CFS showed that miftu Z'nhibit

'3
B inhibited the growth agboth '\

(\ . i Jth.g¥od a:%fy‘ﬁ (Muhialdin et al., 2011),
N &§
&

+ |
4.10 CONCL@ "¢ O
N
4%; FAVAE
This snmo ed that LAB iso\ el from soil sample was found to have antifungal

activ xnst Fusarium species. It produced heat stable LAB-CFS, active at pH 6-9)
%{ .

A. niger and A. oryzae. Mixture

antifungal activity completely changed after treatment with proteolytic enzymes.

use of, proteolytic enzymes such as pepsin, papain and proteinase K were interacted
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different actions and function to degrade the protieneous nature of the LAB-CFS%&
hen

Furthermore, combining the crude LAB-CFS did not improve the antifungal cN

tested against i1solated Fusarium species. These antifungal compounds m ential to

be used as plants protection as well as food biopreservation to inhibit ¢ W germination

and mycelia growth of spoilage fungi depending on food type, an food especially

in heat, and cold processed foods. Thus sensitivity of LAB- tgtments with different

factors such as heat, pH, and enzymes were showed to prot'exwre. These

. @
protieneous nature could be has ability to enhance the s germigation f,Sol%;g;ous




