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ISOLATION, IDENTIFICATION OF LACTIC ACID BACT AND ITS

INHIBITORY ACTIVITY AGAINST Fusamnnw

3.1 INTRODUCTION

Lactic acid bacteria are easily isolated from fe

el sg’i'es of LAB
strains 1solated from the soil can be used V

' . h@:l'lowemc fungi
(Kohl et al., 2011; Matthias et al., 20 hAB produsdS a @T of antimicrobial

compounds such as lactic acid, acet d, rop1\>a 1dg & iotics, bacteriocins as
N

well as hydrogen peroxide and ¢ md (Ou 1an Q@

ut gan beq%i as biocontrol agent in plants.

>

ipplication as biocontrol against

). The use of LAB 1s not

limited to the production of fganen fT

In vitro studies indicat%

pytopathogenic fungi ephanef

AB h@s a ot!n

X

5;: R

tal.,é’ﬁ) Plockova et al. (2000; 2001) and Stiles

fa et al., 2008; Ashgar & Mohammad,

2010; Wang et al 20 |-

¢
d thit La

inhibit the growtl

et al. (1999) bc{zltc;?trams possess inhibitory properties against

1

* S

sarium, Aspergillus and Penicillium (Plockova et al., 2001; Yousef & Lloyd,

any spoilage and toxigenic fungi include species of

Growth of spoilage molds such as Aspergillus, Penicillium, Monilia, Mucor,
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Endomyces, Cladosporium, Fusarium species, and Rhizopus species cau najor

economic loss 1 food and fruits, and may be causing serious health H itt &

Hocking, 1999). The economic losses and the health hazards of the my roduced

by spoilage pathogens fungi are the main alarms in food mdustryv & Bemiller,

2003). Aspergillus and Penicillium species are the most widesp oilage fungi for

m?de the cereal grains 1n

many foods and feeds while Fusarium species are reported

the field (Samson et al., 2004). Fusarium species co
characteristics on PDA, the fungus formed hyaline, b

gray to light pink 1n color. All phytopathogenic FusaM

conidia and mycelia with morphological ¢ wz stics

(Burgess et al., 1994). The aenal my(,e ars wil

fmé‘z rittm Species

mab‘qbsequemly change

d dar the strain (or special

in color ranging from gray to violet pus

S
g
Aw

onsldered as field fungi invading

88

0"

form) of Fusarium species (Smlth et a

Fusarium speciesgfre u mtous ‘ SO1 a1|d ar
more than 50% of mﬁg ns {F ‘c':
pathogen also auac&ls at '™
L%me ok
pathogens b}e 0-R
root rot & 1s F. solani (A

“'aleb et al.,, 2011) infected many vegetable crops
N

and decrease the quantity and quality of major world crops and others

rves these species cause root rot. This

\5

th sta,%v and cause damping-off at the seedling

tedcgowth and death when the population of

9,

edo, 1991). The causative agent of Fusarium

stage, yellowin

ical plants (Parveen et al., 1993; Ghaftar, 1995), because of Fusarium species are

1 cause of plant diseases that reported in many countries namely, in Italy (Polizz1 et
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3.2 MATERIALS AND METHODS

3.2.1 Isolation and characterization of lactic acid bacteria

g
-{0
Y-

Lactic acid bacternia were isolated from Malaysian soil, rhlzospNul and fermented

chilli fruits of different plant species according to the me gMat hias et al. (2012).

cted f; met parts 1n

Nilai peram 31 Sg E» Jaya
g

Approximately, more than 300 soil samples were

Malaysia such as Nilai land scape garden, Local marl@Wy

ferre®fto a 50 mL
53

% Br@\'/lRSB Oxoid,
2 637‘[‘ . Appropriate

Oxoid, CM0009), and

nursery and Puchong, Selangor. One gram of sgil sa

Falcon-tube containing 30 mL of De Ma ogo a

CMO0359) and incubated 1n an mcubatol\%(SAS

dilutions were prepared using steril I% (w/

100 pL of dilution were spread @ﬁiecﬂ)

Oxoid, CMO0361) supplementNth
ef al., dO,@nchal et al., 2007). Colonies that

conditions at 37°C for EZMan
' 8

\n{ treakdd on MRS agar plates to obtain pure

N
Roa%? and Sharpe agar (MRSA

a}l incubated under anaerobic

03\

E'-‘SCC

showed clear zones

Il

colonies. These s cat&' activity with 4% H,O,. All isolates were

| &
ram to}s' 1ve reactions. The 24 h pure LAB 1solates 1n

"

RS brotzw:e toregpal 4. :for w{k‘lng culture or -20°C with 20% glycerol for long

A 5

\C—)

#
eﬂat C dll&

checked for cat

term stora

3
N
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3.2.2 Determination of lactic acid bacteria growth in MRSB

Ovemight culture of selected LAB (100 uL) was inoculated in 20 n@ and the

growth was determined by measuring the optical density (OD) 30 nm using

Nanophotomerter-P330 (IMPLEN) and Micro plate Auto re EL 309 (Biotek

)cal Znsn (OD) at 630 nm
_ Wss isolated
) |

1its and §DLA )1 ﬁ:}phﬂus

Instruments, Winooski, Vt.). Based on highest growth o

LAB 1solates were selected for futher study namely;,

from soil samples, LAB-FF11 from fermented chill

ATCC314, IDLAB7 = Lb. plantarum ATCCS8014, from AT

Faculty of Science and Technology, Universiy Sai

\(—,

3.3 Isolation phytopathogenic fug®i cultur

<>

Four phytopathogenic fungi w\o

latgdgh
leaves (CL), chilli seed(iCi!,Zhllli frits
n l

~ 0 J‘
ai o¥tion fungi from chilli samples was done

local areas, Seramba

,}

according the met

patted dry W1th

2 min, be

using SLC &z

Th colonles of different shape and colors were sub-cultured on PDA incubated at
el

g ? ptic pla@'on potato dextrose agar (PDA Oxoid, CM0139)
4 L

ed forceps. The plat@ere incubated at room temperature 28°C for 5 to 7 d.

nperature 28°C for 5 to 7 d, and pure culture of each colony was maintained on

A and stored at 4°C. The fungi culture was also maintained as conidial spore
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suspension in malt extract broth (MEB, Oxoid) with 25% glycerol and stored avo as

described by Judith et al. (2006). C\

3.3.1 Preparation of spore suspensions of phytopathogenic fungY'

pergture 28°C for 7 d.

Phytopathogenic fungi were grown on PDA incubated at rwg t; '

Sterilized distilled water (10 to 20 mL) was poured onto late tlw surface was
@

tT:l @fding to

ilul%mo obtained

belore e@:\z‘per‘iment.

&
O
3.3.2 Measurment of growth of pl@ gw in ‘E¥ and MRSB medium
o~ ¥ §

' INOIJ%%! in 20 mL MEB and MRSB

Id yt!)p@%gens. Growth of phytopathogenic

&

30‘*%69@ Nanophotomerter-P330 (IMPLEN)

gently scraped to loosen the spores and the spore sus ons wag coll

the method of El-Mabrouket (2014) with modi 108 using sella

spore suspension at concentration of 1x107/n

Optical densities of phytop

broth inculated with l(%

fungi was observed Qd IHC'I U
at OD630 nm ar{& plated

# f f
Optical densi spbseryed afté 2‘, 4{55% 72h at 30°C incubation.
4- N
& vl S
3.3 &roscopic observati

qv spores and mycelia

wErop of cotton blue in lacto-phenol stain was placed on clean slide with the aid of a

unting needle a small portion of the mycelium from the fungal cultures was removed

Iader§609 (Biotek Instruments, Winooski, Vt.).
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and placed in a drop of lacto-phenol stain. The mycelium was spread well OlTide
with the aid of the needle. A cover slip was gently applied with little pI'CSSLcN ninate

air bubbles (James & Natalie, 2001). The morphology of the fungi \‘\%ﬁf\ffﬁd using

light microscope (Nikon). T

3.4 Preparation of cells free supernatant from lactic bzterir

NY.

incubated for h at SRYC. The
)

1500 < _Ypmyffor lﬁzrnin at 4°C

N
\B iSQ&' was filtrated
h iche@d Schuell, Dass el,

Wity against [Fusarium

N

Mhalitative and quantitative

The LAB i1solates were inoculated into MRS broth a

LAB-CFS was prepared by centrifuging the broth

(Centrifuge Combi-514R, Korea). The sup%ta 0O
using sterile filtered 0.45 um pore sizeg B filter
Germany). Then, LAB-CFS were ﬁf A
species where i1solated from differer

Tantart ugsif
methods. \ | Aj
Q)Y' L} S
wn @ al acfivify of lactic acid bacteria against

3.5 Qualitative evalya

phytopathogenic :
N u&’
Y O
_ o . "
% thoc? fo@reemmg antifungal activity by LAB cell or LAB-

Three diffgrent ber)s
19 4 .
CES M& targated phytopathogs::' fungi Fusarium species which were dual overlay,

&

wel ion, and on potato dextrose agaf (PDA)

N




54

3.5.1 Dual overlay method |
Inhibition activity of the LAB i1solates against phytopathogenic funmgtemlined

ITOI). Initially,

LABs were inoculated in 2 cm lines on MRS agar plates and was Wally incubated at

using the overlay method as described by Magnusson and Schnu

37°C for 24 h. The plates were then overlaid with 10 mL naiextract semi solid agar

lon of ‘Qﬁ pathogenic
®

gone of infhibiti Mgasured
ol

(0.07%) (Oxoid) containing 1 mL spores (10'/mL)

fungi. After 48 h of aerobic incubation at 37°C, th

3.5.2 Well diffusion method

The LAB i1solates which showed an¥

method as described by Magnuml d
MEB were used and 14hL szres su

distilled water. Next,w sp'
to dry for a few n&' "

in |

#was @er tested using the well

0013feven days old fungi grown 1n

@L) were mixed in 9 ml sterile

re spread on MEA agar and allowed

§ Then, wells of size 7 mm were made

roﬁﬁVIEA agar was pipetted to cover the base of

ens1y

rerfand 1

7!

the well t@%eak?g of a e up@ants. Filtered of sterilized CFS (200 pL) were

using stenilized

' 4

added to §gch¥vell and the platetﬂ)g; incubated at 30°C for 24 h. Diameter of mycelia
gr

:N]ibition was measured in millimeter (mm) and were done in triplicate.
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3.5.3 Inhibition on potato dextrose agar Y

Selected LAB 1solates was tested against fungi using the PDA ll’lﬂ]Od as done

. The CFS (1

according to the method of (Nene & Thapliyal, 1973) with modiﬁ?

mL) was mixed with 100 mL PDA, and distributed to five petri % fter the agar has

solidified it was inoculated with mycelia plugs with the ai osten wire loop and the

growth was

plates were incubated at room temperature 28°C for 7 meter W

recorded and the percentage of inhibition of myceliagowth wasfcalc@ted By ng the

Where,
G1% = growth inhibitions, 33 &
TC = fungal mycelium N (as comm
TT = fungal myciiimTDA 1eate _
3.6 Quantitative Qion 'Df\

%dry method by LAB-CFS in MEB as below using the formula described by

éed et al. (2011).
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3.6.1 Dry method by LAB cells in MRSB Y.

Spore suspension (100 pL) of seven days old fungi was obtained %nal dilution
method (1><105 spores/mL) were inoculated to 20 ml MRSB and a?ﬂith 24 h LAB

cells (100 nL). The bottles were incubated in orbital shaker (Prot®gOrbital Shaker) at

nz we"e filtered, washed

ing VWER) until 2

. ®

constant weight. The quantitative antifungal acti%cells of LAR »,asgfgr'mined
1C *

atiQft f nta@hibition of

150 rpm at room temperature 28°C for 7 d. After that fun

several times with distilled water, and dried at 55°C

following the method of Hamed et al. (2011) with mo™

I

mycelia growth was calculated using the fo

Where,

GI (%) = growth inhibitio

SS 1IN tr

L

wtrol

TC = total biom

TT = total bio

&

ys for quantitative a@ngal activity by LAB were determined following the

O

£ Hamed et al. (2011) with modifications using conical flasks (250-mL)

In vitrg a

ming 40 mL MEB as the growth medium for all the tests fungi. LAB-CFS (5 mL)

##c inoculated with the test fungi (1x10° /mL) and incubated in orbital shaker (Protech
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Orbital Shaker) 150 rpm at room temperature for 7 d. After incubation for fun

Vvth
\ nstant

were filtered, washed several times with distilled water, and dried at 55°Geto

weight. Percentage growth inhibition (GI%) was calculated usina& rmula as

described in section 3.6.1. Y. '

The LAB isolates were identified by phenotypicall ing API cH ®
typically using polymerase chain reaction. ¥
PYCH 6,«“

3.7.1 Phenotypic identification of L %es usin®
'\@were identified using API

4
' owiﬂét‘ﬁ{e methods described by the

N
S @mended by the manufacturer.

e r@(ded after 24 and 48 h and the results

=

3.7 Identification of LAB Isolates

i(ii %g' geno-

T

f LAW isolates using polymerase chain reaction

ificat@n
v’

A 3

[l

= S _ -
1 Ns of LAB were that showed strong antifungal activity was selected for genomic
61% jca

F
]

tion based on method described by Jarvis and Hoffman (2004).
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3.7.3 DNA extraction of LAB isolates Y
An overnight culture cells were used for total genomic DNA extracti‘AZ;; ml MRS

broth at 37°C using Master Pure'"' Gram positive DNA puriﬁcationWSA). One ml

of overnight culture was centrifuged at 11500 rpm for 10 min 5°C (Eppendorf

! Iezweri collected before
ht. Ollf:Wroteinase K

@
lyses goluti 'nd@re then
g

centrifuge 5804 R) and supematants were discarded and th

adding 150 pL of TE buffers and incubated at 37°C oV

(50 pg/pL Sigma) was mixed to 150 pL of Gram po

added to TE buffere mixtures and mixed well.

N
79°C for 15 min and vortex every 5 min, usq rS IEETMPC protein

precipitation reagent 175 uLL were addew On@and centrifuged at

13000 rpm for 10 min at 4°C (Eppghidorf cent \4704 Ry=¥'he supernatants were
: . 5 1 N

transferred in to new tubes and theaeliws we® discarded. CQ‘&JL of RNase II (5 ng/pL)

¢ sa@les were incubated at 37°C for

>

Q@ the supernatants and centrifuged

b

sample

was added to each sample and mix®thog usitty:
[o—p pdn

30 min and were added %K nL of
g
) at g)r 10 min. Isopropanol was removed

l & oadié‘she DNA pellet. The pellets were rinsed

|

§ovEd
N

kept a@OC for further analysis.

T
$

with 200 uL eth®¥01y/ 0%

S

@clgully and the DNA was resuspended with 35
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3.7.4 Polymerase Chain Reaction of lactic acid bacteria Y.

Each sample of purified DNA was processed to the PCR using Fail S&"P’re Mix Kit
Epicentre® (An Illumina ® company), the oligonucleotide primer wew 16S forward
(5"-AGAGTTTGATCCTGGCTC-3") and 16s reverse: (5’-CGG PGTATTCACCG-

* ez alaysia. The setting of

PCR was as follows: initial at 95°C for 2 min, de-natur4™gg a Wannealing at

¢
)S. '@;were
o,

3") (Manusson et al., 2003). Primers were synthesized at 1°

marker (250 to 10000bp) molecular lad\%

After electrophoresis the gel was ghtained in

visualized and photographed w% tran®) il
: |

rDNA sequences were detennihy 1 S'

with databases (Gen-BarnK). z
) ' 4 F') 3
ginef fPngei F

-~
e

N
&

nd sequences were compared

RAD). The partial 16S

tum species

Iso \\g‘i from severély infected different. pléﬁt- paft were look like to the spécies Fusarium
cgs on PDA medium based on mycelial plugs. However, fungi were determined by PCR

&nemse Chain Reaction using method Maja Ignjatov et al. (2012) with slightly modification.
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The fungal 1solates were grown in MEB medium and allowed to survive for 5 d at 2

Tter
incubation the spores suspension and transferred to Eppendorf tubes for DNA exc N. ‘otal

genomic DNA of all fungi samples was extracted using Wizard W ic DNA

Purification Kit (Promega. USA) following the manufacturer’s Fetion. Fungal

Fusarium species sample was obtained from well-grown MEBMm. The samples

were suspended in 480 pL at 50mM EDTA. Next, 120 usvtigge erllzyme was added

with the mixture before being incubated at 37°C for in. The W were then
®

centrifuged for 2 min at 13,000 rpm and 600 pL nucl ses solgtion ‘37 ad@o the

Subsequently, the mixture was l@tly bet

Three uL of RNase solution was addc to the m

to 60 min. 200 pL of protein premém sdutio

continuously and were then incub n
I The Purfe

centrifugation at 13,000 #pm Eg 3 min
’
00 s

& \ﬁﬂm tempgfafire (25°C) isopropanol and mixed

dedf Ategthd®, 60TNL of 70% ethanol was added, mixed and

pellet obtained.

%

or 5 min at 80°C.

R Agubated at 37°C for 15

N

to the mixture, vortexed

N

n. T ixture was then followed by

>
t@ t obtained was transferred to a

clean tube containin

properly. The mi other 2 min at 13,000 rpm, and the

supernatant waskg

ccntrifugeﬁr 2 M a) 3,00 n. The ethanol was aspirated and the pellet was

4
to 15 min. The

air—drisd s
SOIéNI 1 h at 65°C or overnight at 4°C.

Y pellet was rehydrated in 100 pL of rehydration
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3.8.2 PCR amplification Y.

Amplification was carried out using master mix (BIORON). The amount%tur& used 1s

shown in Table 3 and 4. Polymerase chain reaction (PCR) amplification al transcribed

spacer (ITS) DNA Fusarium samples were identified by sequencing ternal transcribed

alE !iﬁed ITS PCR products
obtained from total genomic DNA using primer set ITS] r pair: k

11N mer gair: Forward
primer (ITS 1) (5’ATGGGTAAGGA (A/G) GACAAGERC-3") “and QM -
\ 00 : :

(5'GGA (G/A) GTACCAGT (G/C) ATCATGTT -3°)

spacer (ITS) regions. To determine the identity of Fusarium,

non-template control (water only) and positive ¢

velutipes 1s used as template.

Amount (uL)

2.0
5.0
1.0
2.5
¥ B

0.5

Sterile distilled water 36.5:‘

Total volume of reaction 50.0
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The amplification of PCR products was done by using T100 Thermal Cycler @ig-Rad,

Singapore). The PCR condition was stated in Table 4. The amplified DNﬂc N t at -

20°C until further analysis.

TABLE 4: PCR cycling condition for the therm-ocycler

—_— e e s = = === = = ——
—

Reaction Parameters Temperatur

I— e

;‘ Initial Denaturation
(30 Cycles)

Denaturation
Annealing
Extension

Final Extension

Hold

X/

il' siz€. The 1% (w/v) agarose gel was prepared by

“f
r o @ml I x TAE buffer. Five pL of 1 kb ladder

olded$ the well of agarose gel and used as a standard.

4 | .
auct were then loaded into the well together with 3 pL

(Norgen

-

Aliqy /] ul. of amplified

¢ dye (Norgen). The gel was run in TAE buffer at 100 V constant voltages for 35

N he separated DNA was stained with gel red (Biotium) and was visualized using

computer based gel documentation system (Uvitec Cambridge).
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3.8.4 PCR products purification |

PCR products were purified using high pure PCR product puriﬁm;t (Roche

Diagnostic GmbH, Germany) by following the manufacturer’s instrLTS volumes of

binding bufter and 1 volume of PCR product was briefly mixed Md transferred into

high pure filter tube. The DNA was bind to the filter by4s 1@&011 at 13,400 rpm

(Eppendorf mim spin, USA) for 60 sec at 5°C. The flo 1gh atqws

. ®
additional 500 pL of wash buffer was added and centriaged at 13 800 r 1i0r L*;s; The

A

] min was

carded. An

I

N
% into a clean

flow-through was also discarded. Additional centrifuBagion at 43,800

performed after 200 pLL of wash buffer was w inally.

1.5 mL micro-centrifuge tube by adding f%of elu bifer @nM Tris-HCI) and

centrifuged at 13,400 rpm for 1 min.

% %
3.8.5 PCR product sequencixk

The DNA fragment o 5.8838 a\W"J;‘eQﬁ)ﬁhcing to 1% base laboratory in Shah

Alam, Selangor aft&{ mphf
sequences were@ *
S

knogyiggelative of DNA fragment of 5.8S-ITS (Altschul et al., 1997). The sequences

usin ITS1 and ITS4 primers. The assembled

?!vitﬁ‘&é GenBank databases of the National Center

O

N@ﬂ. Searches in GenBank with Basic Local

yrogram were performed to determine the closest

ymped were assembled using the Chromas Lite software, version 2.1.1.
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3.9 Data analysis Y'

Mean + standard deviation obtained from each analysis was analyz&']g One-way

Analysis of Variance (ANOVA) mean and sigificant was done bWTukey test at

(P<0.05). The statistical analyses were performed using Minitab 16 are.

3.10 RESULTS

3.10.1 Isolates of Lactic acid bacteria

@!s, 7 from fermented

1l s
chilli, and 3 LAB strains IDLABG = Lb. N % ﬁ% Lb. plantarum ATCC8014

and Lb. casei from ATCC culture collectad 28" and technology, Universiti

TABLE 5: Characterization of atic

_ls:oiates Wi €S '-
MSS] %\
MSS2 1
MSS3 :Q' i

Catalase Gram’s
tests stain test

O
alag llanc‘q?pe garden  Negative Positive Rod
a1 la@)cape Garden Negative Positive Rod
¥jaya nursery Negative Positive Rod

Shapéé

MSS4 angjaya nursery Negative Positive Coccli
MSSS5 Malaf land scape Garden  Negative Positive Cocci
MS Soil N\ Bubangjaya nursery Negative Positive Rod
8 Soil Subangjaya nursery Negative  Positive Rod
Soil Subangjaya nursery Negative Positive Rod
Soil Subangjaya nursery Negative Positive Rod
Soil Subangjaya nursery Negative Positive Rod
Soil PuchongSelangor Negative Positive Rod

MSS13 Soil PuchongSelangor

Negative Positive Cocci
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Continued N
MSS14 Soil PuchongSelangor Negative Positj YocCl
MSSI15 Soil PuchongSelangor Negative Po 'tg Cocci
FF11 Fermented chilli Local market Negative Positiv Rod
fruits
FCEID Fermented chilli Local market Negativ P®itive Rod
fruits | N
FCF17 Fermented chilli Local market Negati " Positive Rod
fruits z
FCF18 Fermented chilli Local market t1 Ijositiv * Rod
fruits \d
FCF19  Fermented chilli Local market P@itive” .
fruits
FCF20 Fermented chilli Local market Nega}'v
fruits
FCF21 Fermented chilli
fruits

Notes:- MSS= isolates from solil, ted fermented chll1 frui

@d FCF = isoltes from
fermented chilli fruits.

These 1solates showed clga ar with 0.7% CaCO3 and

were catalase negative. Microsco bsgruatio at the LAB isolates cocci and
rod shapes which were i%Cm soilfand f] mlen.@'c%hjlli fruit as shown in Figure 2.
' s

FIGURE 2: Isolati@&wctic ‘cid teria (.g) under the microscopic showing the

shapes and size \ " O
% (()QS
~ f

&

Notes:- A= cocci (LAB-MSSS), B=rod (LAB-MSS1) and C=rod (LAB-FF11)
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3.10.2 Isolates of phytopathogenic fungi from different sources \?

%

There are many samples of severely infected plants part were collectec

om Nilai

Seramban Malaysia. The pure colony of fungal was obtained on PDAzlate focused to

mainly fungi Fusarium specie based on microscopic observatioNpedggorphology. Finally,

with help of description different researchers for selectio usa um species. For

instance, fungus 1solate from chilli leaves (CL) was identifi xysp m {.

11 anﬂc:anmvas

?3 ntified as

sarit

sp. lycopersici following as morphological charag

2012) as shown 1n (Figure 3). Fungal isolate fr

cjo cgdescnbed by Yu (2010)

@1’ Table 6.

leaves LR as Fusarium proliferatum gi
as shown in Figure 5 and 6 and %gl

d from chilli leaves (CL)

3 Morphology; A = culture on PDA, B = mycelia and C = spores
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FIGURE 4: Fusarium solani 1solated from chilli seeds (CS)

Notes:- Morphology; A = culture on PDA, B = mycelia aff®g= spores \d
~ @
| &

N

ey

FIGURE 5: Fusarium acuminatum 1solated from chitig fruits (;C

N
l@C = spores
&

d ﬁ'qégse leaves (LR)
o

YCC
!

N B

ou¥s:- Morphology; A = culture on PDA, B = myceha and C = spores
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TABLE 6: Based on microscopic observation morphological charact

phytopathogenic fungi compared to previous researchers as Fusarium Spemt\

Fungi Sources References *

T Chilli leaves Nirmaladevil and Shrin Rs, 012

CS Chilli seeds
FC Chill1 fruits
LR Rose leaves

P——

Notes:- CL = Fusarium oxysporum f. sp. lycopersici, CS
and LR = Fusarium proliferatum

3.10.3 Growth of phytopathogenic f

grown in two types media

§|\ at suitable for fungi Fusarium

Qs suitable than MRSB as indicated by

The phytopathogenic fungi FK_

namely MRSB and MER bwciia f

growth. However, the MEB w ob%

optical density In &x Gi
(28°C) in ME%N}HH s];ow nbt eéiﬂﬁcantly difference (P>0.05) increase 1n

6 Iﬁ(rast all the fungi grew well in MRSB with OD

<O 8F) from 0.43 to 1.36 after seven days incubation.

S

olvth ") fungl

r 7 incubation at room temperature
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TABLE 7: Growth of fungi in MRSB and MEB measured at OD630 nm

MRSB
o - ‘ 72h
CL 034 -
CS 1.65°
FC 0.34°
LR 1.24°

— — e e

Notes:- Means with the same letter in the same colui Bt sioni
with the different letter in the same column are signgfiCiggly, iffer%;
days at room temparature 28°C; CL = F. oxysporunREmy/copere]

and LR = F. proliferatum

tHferent WRY.05) and Means
were iff&ubted for 72 h and 7
. éﬂ{ -C = F. acuminatum

IDLLAB-6 with average absorbance at

| ablé’did not show any significantly (P>0.05)
feal d

N
fr%fermented chilli fruit.

ecsiges using micro titer plate assay was recorded




TABLE 8: Growth of LAB strains in MRS broth incubated at 37°C for 24 h |

[LAB strains Sources OD at 630 n1

LAB-MSS] Soil 1.62°,
LAB-MSS5S Soil

IDLAB6 ATCC

IDLAB7 ATCC
[LAB-FF11 Fermented chilli fruit

—— e —_— e—— - m— e ————— —

L

Notes:- Means with the same letter in the same column are not 5199 > .05),% -MSS] =
Lb. plantarum from Malaysian soil sample, LAB-MSS5 an¥soil sample,
IDLABG6 = Lb. acidophilus ATCC314, IDLAB7 = Lb. p/&ftarum , -FF11 = Lb.

plantarum from fermented chilli fruits

3.10.5 Qualitative biomass inhibitio

3.10.5.1 Screening for antifunga
'S

f isoaes % st @was influenced by species of LAB

The antifungal activity\
and fungi. From 2“-& 1501 FhowedgPod inhibitory activity against targeted

O

g'mg the dual overlay method (Figure 7 & 8).

phytopathogenic \Guemy T us -itfm

The inhibit %\fity ig Ins

* ' 4
0.\y5ponm! {. sp. lycopersici-CL w§;dily inhibited by 20/24 of the LAB 1solates with

N - R A I
'None 30 to 60 mm; the biggest inhibition was shown by LAB MSS5 within 48

wSarigw'species varies with LAB isolates. Fusarium

inhi
tion. It was observed that inhibitory zone against F.solani-CS was variable where

n
1solates showed inhibitory zone of 40 to 50 mm, 9/24 isolates inhibited with 30 to 40
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mm and six LAB i1solates were not inhibitory. Fungi F. acuminatum-FC w re

difficult to be inhibited by LAB cells; 10/24 LABs suppressed the fung @\ with

inhibitory zone range between 30 to 60 mm. However, F. prolzferamm- plated from

severely infected rose leaves was easily inhibited by all the LABs isolat s with inhibitory

zone from 10 to 60 mm. All the Fusarium species evaluated a%S and 72 h were
e

r4 not inhibited by

Itg of the
Ay
lusﬁ%z?xm Spp.

3
NN
e A
a showin nh1b1@ activity (in mm)

N

LAB-MSS4 and LAB-MSS12 afer 48 h incubation at 28°CNBased on

dual overlay method used for screening antifungal a

five LAB strains were selected for further study

FIGURE 7: Disnbution of Lactic acuN

against Fusarium species by dual a

30°C

[

' B CL=Fusarium oxyporum f. sp.

| lycopersici

B CS=Fusarium solani
12

m 1 ® FC=Fusarium acuminatum
< |
— B [ R=Fusarium proliferatum |
s |

| b |
S |
=
=

| A

N 41-50 51-60 Growth

\ 0-20 21-30

Inhibition clear zone ranges (mm) with LAB

T— == e e —————— o v e e e e - —

Es:- Vertical = number of LAB inhibited Fusarium species and horizontal = range of inhibition clear
zone Fusarium species by LAB isolates
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FIGURE 8: Screening of LAB for antifungal activity against Fusarium sp Q
Antifungal activity clear 4 -

zone with cells Yv

A )
Notes:- (A) = F. oxysporum f. spf lycopersici- \&( A
Acuminatum with LAB-MSS1cells

é

'@w cells and (B) = F
N

&

u
3.10.5.2 Antifungal activity ON _ upg{ﬁ'{ants using well diffusion
method l §

Well diffusion me éq;?hjbitory effect of the five selected LAB

on conidia gerniggety * th of phytopathogenic fungi (Table 9 &

Figure 9). b seg ' F. sgPwWli-CS was inhibited by all LABs with values

ranged A 6 between 7.06 TH

B

prol Nn-LR and F. acuminatum-FC were inhibited moderately by IDLAB6, IDLAB7

_ B-FF11 and the inhibition gowth range between 3.06 mm to 4.53 mm. However,
u

minatum-FC was poorly inhibited by LAB-MSS1 with inhibitory zone at 2.76 mm

owever, . oxysporum {. sp. lycopersici-CL, F.

after 48 h incubation.
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TABLE 9: Antifungal activity of LAB-CFS evaluated by well diffusion method w

LAB-CFS Inhibition Mean+ SD (mm)

CL CS FC &R
LAB-MSS1 3.30" 6.40% 2.76" 8 16>
LAB-MSSS5 3.23° 6.06° 4.53° ? 3.26°

IDLAB6 3.50% 6.53%° 3.6 ﬂb\’ 3.933
* ab

IDLAB7 3.86° 7.05° l 3.60%

2 062 \d&sobﬂ'
* ' ‘

Notes:- Means with the same letter in the same column are stenificant differe¥l P>.05}<md Means
with the different letter in the same column are significantly™y 'fferenf( 0.0#: LA SS1 = Lb.
plantarum from Malaysian soil sample, LAB-MSS5 = wy frogf™Malaystawy soil sample,
IDLAB6= Lb. acidophilus ATCC314,IDLAB7 = Lb. pla %4, an m-FF 11 = Lb.
plantarum from fermented chilli fruits and CL= F. o | ici, CS " solani, FC = F.
acuminatum and LR = F. proliferatum

LAB-FF11 3.53% 7.06°

FIGURE 9: Antifungal activity of

diffusion method

Inhibition
clear zones

Inhibition
clear zones ‘

Y
QE D
Notes:- Clear zoens showed fungal plug inhibitions; (A) = LAB-MSS5+CL, (B) = LAB-

MSS1+CS, (C) = IDLAB6+FC and (D) = LAB-MSS5+LR
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3.10.5.3 Antifingal activity supernatant of lactic acid bacteria on fungal groy

using potato dextrose agar C\

The antifungal activity of LAB-CFS to inhibit Fusarium species mm growth using

PDA method 1s showed in Table 10. The results found that the inMfitory activity was

GZeve' days incubation.

reading Ok, . Solani-CS

significantly different (P<0.05) against all Fusarium specie

It was observed that LAB-MSSS5-CEFS strongly reduced t

about 60.0% after 5 d incubation at room texnparam@

o O
TABLE 10: Mycelium growth inhibition of w m spﬁcie yS1ng l@ |

FS evaluated

on PDA after 7 d incubated at room tem#t wgoc

LAB-CFS
—
LAB-MSSI - 329°
LAB-MSSS5 35.6°
IDLAB6 36.1°
IDLAB7 35.6°
LAB-FF11 4¢ 55.5" 43.8°

— — e

5

Rfﬁe column are not significant different (P>0.05) and Means

mn are significantly different (P<0.05); LAB-MSSS = P.
DLABG6 = Lb. acidophilus ATCC314, IDLAB7 = Lb. plantarum
&d. and LAB-FF11 = Lb. plantarum from fermented chilli fruits'and CL = F. oxyporumf. sp.
!, 'CS = F.solani, FC = F. acuminatum and LR = F. proliferatum

Eter ‘ the

the same




Ve

However, the percentage mycelial growth of F. oxysporum f. sp. IyCOperszcw

stable percentage 35.0% because growth was supressed by LAB-MSSI1- % e Lb.

acidophillus ATCC314 inhibited mycelia spread of F acuminatumAr 65.0% 1n

Figure 10. It was observed that LAB-MSS1-CFS and LAB-FFI CFS were also

suppressed the colony growth of F. proliferatum-LR fron o to 43.8% after

incubation 7 days. é
FIGURE 10: Mycelium growth inhibition of F usa@ms usgng

on PDA after 7 d at room temperature (28°C)

Control without \
treatment %
Rk

served

.\,‘T

h_“ a

acuminatum-FC B=LAB-MSS1 CFS+FC

§ F
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3.10.6 Quantitative biomass inhibition of Fusarium species in different medja

3.10.6.1 Biomass inhibition in MRSB media with LAB cells s )

The growth of fungi in MRSB with added LAB cells reduced qu;SS variable and

1m Qemes. It was observed

o MR 1b1ted by

ra rom
_f?
4

¥
LSTISCIES uig'ells of LABs

¢ O

did not show significant (P<0.05) inhibitory activity of Fus

that germination of 1noculated conidial spores of target

addition of LAB cells as shown by percentage of inhibfion in myc llal I si

76.9 to 96.1% for all the fungi (Table 11).

TABLE 11: Percentage biomass reduction of fung1usarii

“in MRSB after incubation for 7 d at roont\c%y

==

LLABs-Cells

LR

LAB-MSSI 79.93*
LAB-MSS5 76.93°
IDLAB6 92.32°
IDLAB7 82.92°
87.59°

s e e

Sifhe same lefdr inﬂw saﬁ'column are not significant different (P>0.05); LAB-MSSI1=
1 from Malaysian soil sa , LAB-MSS5= P. pentoceous from Malaysian soil sample,

acidophilus ATCCS“%:AB? = Lb. plantarum ATCC8014, and LAB-FFI1 = Lb.
airom fermented chilli fruits and CL = F. oxysporum f. sp. Ivcopersici, CS = F. solani, FC = F.
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However, the antifungal activity of LAB cells against Fusarium species varied e?d.
€s for

The LAB-MSS5 mhibitory activity against growth of F. solani-CS by 97.4°cm

F. proliferatum-LR about 76.9%. It was also observed that cells of IDLM@ uced the

h

Tininamm-FC

was reduced by 78.5%. Similarly, LAB —FF11 was effective twce growth of F.

Ui'q he (iells of all LABs
EB bWESB was
®

growth of F. oxysporum t. sp. lycopersici-CL by 96.6% but growth o

acuminatum-FC ranged from 90.9% to 97.6 % for all the

were recorded to inhibit the Fusarium species greater

suitable medium for LAB growth.

3.10.6.2 Biomass inhibition in MEB media wit

The growth of fungi in MEB with adEm NS, redmpce fu_%g mass variable and

showed no significant inhibitory acti V. gVsporigh 1. S;L}copersici—CL, F solani-
| - Q’

CS and F. acuminatum-¥FC. HON,_the g pf F .@;femnmz-LR was inhibited

N
significantly after incubatc' n fg? day a’ tin@re 28°C The better inhibition

effect was observed against fg8ola @ iy a€ @hly inhibited (91.8%) by IDLABOG-

/0

CFS strain. The low,

SS "hib' @on of @()Iifemmm-LR was observed by LAB-

‘?,I FG%J

MSS5-CFS abo O

lycopersici -E%
A hiedl

M

cuminatum-FC and F. oxyporum f. sp.

4

2) respectively.
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AR-CES

TABLE 12: The percentage biomass reduction of fungi Fusarium species b

after incubation for 7 d at room temperature 28°C

LAB-CFS Mycelia mass reduction (%)
CL CS |

[.AB-MSSI 68.74° 71.41°

[.AB-MSSS 78.72° 73.80°

IDI.LABOG 75.62° 91.8°

IDILAB7 75.62° 86.86°

[LAB-FF11] 80.00° 80.03°

Notes:- Means with the same letter in the same column are significmg erent ( E 05) and Means
' | 5§ LAB S1=Lb. plantarum

soil wj e. IDLABG = Lb.

b. plantarum from
E acuminatum and LR

from Malavsian soil sample. LAB-MSSS = P, pes

H(‘.']fﬂphffﬁ-\ ATCCII4.IDLAB7 Lb. plantar ATCE

fermented chilh fruits and CL - £ oxvporumt. sp. )
I prolifcratu c

3.11 Ildentification of LLAB Isolgs

3.11.1 Phenotypic ident ' zus

NG

ates 8#\ soil and one from fermented chili fruit

é

¢ f
'H Hat sho cdﬂmtljl 1solates MSS1, MSS2 and FF11 was 99 %

samples using Al

similanty 'lhk 2 f: i@es MSSS showed 82.00% similanty with P.
;n-mu.mwsl. cli’& 14 and MSS15 were 48.4% similanity with L.
N

-

owcever, MSS13,

lact Nm'rix | and 1solates of LAB 1dentify using API S0CH kit assay (Table 13) and

dix-A-Figure 46 A & B.
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TABLE 13: Idenuficatnon of LAB 1solated Malaysian soil samples and fcm@d
by APl SOCHL Kt %
 Isolates API 50CHL \

ldf% z'on

1itaruml

Sources Similarity

MSSI soil 99.9%

MSS2 soil 99.9% - -p/anlm-mnl

MSSS soil 82.0%
MSSI13 soil 48 .49
MSS14 soi1l 48

MSSIS soil

FFI-11 Fermented chilh frunt \a) 9%

Notes - MSS  isolates trom sotl, FF = is&gles I‘Jncnlu Y ] XU
chilili fruits ¢ 4

3.11.2 Genotypic ldcn%: usinp}’;s}

lates 1 soil and one from fermented chili fruit

i
ll‘t tt,) olates MSSI1, FF11 were 100% similanty
N

* ﬁ.OO‘VQE:rc similarity with P. pentoceous (Table 14 and

T
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TABLE 14: Identification of antifunal strains isolated Malaysian soil sample\RS) and

fermented food (FF) by 16S rDNA : %

[solates 16S rDNA \ 2

Similanty Identification NAAcession

MSSI 100% Lb. plantarum 207826.1

wgl
@

CP(X1 0§ 28@"-

MSS5 99.00% P. pentoceou

FF11 100% Lb. plantaru?

Notes:- MSS1, MSS5= isolates from soi1l and FF11= isolat lente

FIGURE 11: Identification of LAB b%a A andgel electrophoresis

using 16S forward: and 16S reverse

S

>1000 bp

--10000

AN

—1500

%\A 250
)

Notes:- Showing LAB isolates; (1) Lb. plantarum, (2) P. pentoceous, (3) Lb. plantarum and (M)
marker
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3.12 Identification of Fusarium species using internal transcribed spac\z

' em'il transcribed

androse leaves were

[dentification of four fungi isolates from different plant parts using

spacer (ITS) method showed that the isolates from chilli leaves (

(LR) Fusarium oxysporum strain KAMLO1 and Fusariu prw{um with was 99%

1(‘ chill

similarity, respectively. However, the fungi from chilli

were identified as Fusarium sp. CID124 and Fusariu

respectively as shown in Table 15. The size of DM®

1mate

ﬂs'bOOO KDa
?&

for Fusraium species such as F. oxysporum strai

sp. CID124 and Fusarium sp. fus 124 %N\!A f

electrophoresis of DNA base pair Fusan

compared to F. oxysporum strain
isolates (Figure 12). %
TABLE 15: Fusarium specxe;den ifigh

erna

roli —v?\u{n, Fusarium
owever, the gel
strOnger in appearance

24 and F. proliferatum

Q}ranscnbed spacer

ransc rJt’Ti spacer (ITS) identification

. - 1
ilaﬁéj Identification Accession

ﬁ F- ovysporum RAMLOT KCT19303.1

Chill eea’ &9% Fusarium sp. CID124 EF589878.1

“Fungi Isolates

Chilli fruits \ - 99%  Fusariumsp. fus 124 =~ EF589878.1

Rose leaves 99% F. proliferatum FJ040179.1

es:- Sources of Fungi i1solates; CL = chilli leaves, CS = chilli seeds, FC = chilli fruits and LR = leaves
of rose plant



FIGURE 12: Fusarium species identification using PCR and the ba#

electrophoresis

Notes: -ve: PCR non-template control Wuater<8

Flammulina velutipes 1s used as template)

3.13 DISCUSSION

: % ' in@ty for isolate MSS1 and MSSS5, Pediococcus
pentom ith similarity indgwet 82% for isolate MSS5. Lb. lactis sp. lactislwas
\

alsdnidongified for 1solates MSS13, MSS14 and MSS15 but the similarity index was low

as listed in (Table 13). Similarly, Chen et al. (2005) isolated LAB from different

ts rhizospheric soil and identified them as Lactococcus lactis sp. lactis, Lb.

plantarum, Lb. paracasei ssp. paracasei, Lb. brevis, Leuconostoc mesenteroides sp.
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P-

Fusarium spp. such as F. oxysporum-1 R. solani-1 F. oxysporum-2 R. gozexiro[ﬁszi

were high virulent strains of pathogenic fungi that often infected pl%oda et al.,

mesenteroides, Leuconostoc fallax, Weissella paramesen teroides and Enteroc T

2011) thus, the LAB 1solates could be used as biocontrol agent agamngemc fungi.

z 011 showed good

Therefore in this study out of 13 of 14 LAB iso

&

! @?L',AB to target

<$l R. solani causes

phytofungi (Figure 7). Haggag, (2008\%
severe damage to tomato cultivars %yp ,\‘hq

resistant to both biocontrol agenl%.gici s o

solani sp. complex (FSSC) and rm/l wer

t Cf sigl

ported by Centres for Disease

1§-thre; terﬁ@ corneal infections (Chang et al.,

&

ts sc&g and three LAB from ATCC cultures

Control, USA to cause

were also tested , ctw&(‘!{gamst phytopathogenic fungi Fusarium

species. The LA ibited the oioweh ({(;1? the targeted pathogenic fungi F. oxysporum

f. sp. iyco% L I?%IJ;‘ . F@ummamm FC and F. proliferatum-LR and these

q&ted from different plants parts details morphology

hogenic fungi were

teristics as shown 1n (Flgure 3 4 5 & 6 and in Table 6) Baed on gcnotyplc
ncation fungi Fusarium specis were identified Fusarium oxysporum strain

MLO1, F. proliferatum, Fusarium sp. CID124 and Fusarium sp. fus 124 isolates were
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shown in Table 15. Similarly, Yousef and Lloyd (2008) reported that Lb. paza

Tolerans completely inhibited the growth of F. proliferatum M 5689, M@nd F,

graminearum R 4053 compared to controls in a dual agar plate assay. It \\Aerved that
both cells and CFS of two soil borne (LAB-MSS1 and LAB-MSS5), o?x%ented chilli

fruits (LAB-FFI1) and two ATCC cultures (IDLAB6 and IDLA suppressed the

& ki glre

growth of F. oxysporum f. sp. lycopersici-CL; F. solani-CS

-

proliferatum-LR as evaluated by well diffusion metho

supernatants of LAB-FF11 mbhibited F. solani-CS (Tab

MSS5-CFS strongly reduced the spreading of the

Additionally many researchers us% AB-CFS

fungi but no information available to 1 the fun™ co IK [LAB strains. In this
"': 7 N

study 18 h old LAB cells were u%\lubl the i aehz;/gwth of fungi. Thus, are

% MRSB with added LAB cells

was observed. Greater my ction wWs o er!'e@the growth of F. solani-CS with
% s ’ &
* able lg.ﬂowever, growth of F. proliferatum-

Yan! Ither @; but IDLAB6 showed better inhibition
L sﬁle Fii

Sarium sp. Furthermore, MRSB is a good

differences in biomass inhibiti

ains@ble 8). It was expected that the metabolites

T

affect directly on the mycelia growth of the fungi.

media for

producq&u: LAB in MRSB
The %\th in cell mass reduction could be related to-Speci‘ﬁcityﬂ of metabolites
| nuc® by LAB that may have caused failure of conidia germination and mycelium

eration. Similar observation was noted by Muhaildin et al. (2011) reported that cell




mass of A. oryzae, a food spoilage fungi was inhibited by LAB-CFS Te010 and Q@0*in

. Was

the liquid system. The antifungal activity of CFS of LAB against Fusar%)

further challenge in a MEB media that readily support the growth of fungi. Mycontrast to

F. solani-CS was inhibited by IDLAB6 CFS. Evaluating the antifungal¥ctivity of LAB-

CFS isolated from different sources and reported that cell mass & Virulent strains of

proliferatum that were isolated from diseased plants

medium.

ASS wz%duced 91.8%

e L@CFS evaluated in

@Hoda et al. (2011).
s

C
&

B-%’uo]ated from Malaysian fruits

The cell mass was reduced by thi w:he

compare to control as described in (TabM OWeVer,

this study reduced cell mass by gr%
Additionally, the phytopathogeni.%. P
B_ |

inhibited by CFS of Lb. plant *

e’

. capsici were strongly

f

n&ctivity of LAB CFS may related

% by the LAB strains, the specificity

sity of fungi and hardness of mycelia.

isolated from foods and ATCC cultures. Both LAB cells and supernatants showed strong
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inhibitory activity against Fusarium species, whereby the cells of selected LAB

. when
orowth together with the fungi was more suitable than supematants to s wzthe

biomass growth of all four Fusarium i1solates studied. Therefore, the antifup&l ac¥vity of

LLAB isolates could be showed from consists of protienecous compouXtpesyl . AB thus,

sensitivity of consistent of protieneous compound determine®gin) next chapter.

T




