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ABSTRACT
Microorganism’s lactic acid bacteria (LAB) are known to have antifungal activity, but its utilisation, as protection
agent against fungi in plant is limited. The present study aimed at evaluating lactic acid bacteria (LAB) as biocontrol agent against fungi F. proliferatum isolated from rose leaves. Five LAB strains namely, Lactobacillus
plantarum 1MSS and Pediococcus pentosaceus 1MSS, Lactobacillus plantarum 1FF, Lactobacillus acidophilus
ATCC 314 and Lactobacillus plantarum ATCC 8014 were evaluated for antifungal activity against the F.
proliferatum-LR by several methods. Cells free supernatants (LAB-CFS) of all isolates showed strong antifungal
activity (3.26 mm to 3.76 mm) evaluated by well diffusion method (43.00 mm to 49.66 mm) within 48 h at 28 oC.
LAB-CFS reduced fungi hyphal growth on potato dextrose agar (PDA) and in malt extracts broth (MEB) from 32.9%
to 43.8% and 93.79% to 94.65%, respectively. Enzyme treatments using pepsin, papain and proteinase K reduced
the antifungal activity from 63.85% to 87.21% depending on enzyme used and LAB-CFS. Adjusting pH of LABCFS (pH 2 to 5) did not diminish the antifungal activity of Lb. plantarum 1MSS and P. pentosaceus 1MSS. The
antifungal activity of cell supernatant of LAB was maintained after subjected to 80oC and 90oC and 121oC for 30
min. Growth of F. proliferatum was inhibited by both cells and supernatants of the LAB. The LAB-CFS contains
heat stable compounds that effective to be used as bio-control against F. proliferatum-LR that commonly infect rose
plants.
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I. INTRODUCTION
The most important pathogens that cause by Fusarium
species are pathogenic to plants ([1- 3] and recognized
for causing serious plant diseases on a number of
economically and commercially important plants
worldwide, including in Malaysia [4].
Fusarium
verticillioides and F. temperatum and F. subglutinans
cause large crop damage such as root, stalk and ear rot
diseases [5]. The fungi have ability to produce a variety
of fungal toxins, mainly zearalenols, zearalenone,
trichothecenes, fumonisins, moniliformin and fusarins
which threaten the health of humans and animals that
consumes them [6]. Food and Agriculture Organization
(FAO) of the United Nation.
Approximated more than 25% food crops in the world
are vanished yearly because of mycotoxin
contamination with the Fusarium species [7- 10]. The

removal of fungal contamination is usually by heat or
chemical treatment. It is essential to replace chemical
fungicides to avoid pollution and health problems, thus
alternative
antifungal
agents
produced
by
microorganisms may be used as bio-control agent
against pathogenic fungi [11]. Lactic acid bacteria (LAB)
produced compounds that have ability to reduce the
biomass and growth of Fusarium species [12]. Isolates
Lb. plantarum LB20 and Lb. plantarum LB54 have
antifungal activity against Aspergillus spp., produced
heat stable compounds and active in acidic pH [13].
Many research reported antifungal activity of LAB from
different sources, but few reports on LAB strains from
natural soil. Therefore, this study evaluated the
antifungal activity of LAB isolated from rhizospheric
soil and fermented chilli fruits against F. proliferatumLR isolated from severely infected ornamental plant
rose leaves.
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II. METHODS AND MATERIAL
A. Preparation of Cells Free Supernatant

from

Lactic Acid Bacteria
Phenotypically and genotypically identified
LAB
isolates
Lactobacillus
plantarum
1MSS
and
Pediococcus pentosaceus 1MSS, Lb. plantarum 1FF,
Lb. acidophilus ATCC 314 and Lb. plantarum ATCC
8014 are used and identification and characteristics have
been described in previous study [14] . The LAB
isolates were inoculated into MRS broth (Oxoid,
CM0359) and incubated for 24 h at 37°C in aerobic
shaker incubator (SASTEC Laboratory Equipment,
Malaysia) using method described by [15]. The LABCFS was prepared by centrifuging the broth at 11500
rpm for 10 min at 4oC (Centrifuge Combi-514R, Korea).
The supernatant of each LAB isolates were filtrated
using sterile filter 0.45 μm-pore-size Millipore filter
(Schleicher & Schuell, Dass El, Germany).

were filtered using 0.45 μm-pore-size filter Millipore
(Schleicher & Schuell, Dassel, Germany) and the CFS
of LAB were tested against fungi by mixing 1 ml of
supernatant with 100 ml PDA (OXOID CM0139) and
poured into petri dishes. Fungal mycelia were carefully
placed in the centre of the Petri dishes and incubated at
room temperature for 5 days [17] with modifications.
The diameter of fungal growth was recorded. The
percentage inhibition of mycelia growth was calculated
using the formula GI= [(TC-TT)/TC] x100; where GI
refers to growth inhibitions (%), TC (%) = total fungal
growth on PDA without treatment (control) and TT=
total fungal growth on PDA with LAB-CFS treatment.
D. Observation of Quantitative Antifungal Activity
a. Preparation of Fusarium Culture

Fusarium sp. cultures were grown on acidified Potato
Dextrose Agar (PDA, Oxoid, CM 0139) and incubated
at 28°C for 5 days following the method mentioned by
[18] with modification. Sterilized distilled water (10 to
B. Determination of Inhibitory Activity on Fungal 20 ml) was poured onto the PDA plates. Then, the
Spore Germination by Well Diffusion Method
fungal surface was gently scraped to loosen the spores
and the spores suspension was collected. The spores
The Lactobacillus plantarum 1MSS and P. pentosaceus suspension (1 ml at 105 spores/ml) were inoculated into
1MSS, Lb. plantarum 1FF, Lb. acidophilus ATCC 314 20 ml of malt extract broth (Oxoid, CM0057) and
and Lb. plantarum ATCC 8014 isolates that showed incubated for 5 day at 28oC in orbital shaker
strong activity were further tested for their anti-spore (PROTECH MODEL 722). Then, fungal cultures were
germination activity using the well diffusion method [16] homogenized in a sterilized blender for few minutes and
with modification. In this method genotypically used for further treatments.
identified F. proliferatum-LR was targeted further
observation and morphological characteristics and b. Micro Titre Plate Assay
identification has been described in previous study [14].
One mL spore suspension (105/ml) from five days old In malt extract broth (MEB) using 96 wells micro titre
fungi grown in malt extract broth (MEB) were spread plates was inoculated with 105/ml of seven days fungal
plated on malt extract agar (MEA) and allowed to dry in spores at ratio of 1:1 v/v (LAB CFS: spore suspension)
laminar flow. Then, wells of size 7 mm were made incubated at 28oC for 72 h. Fungal growth in microtiter
using flame sterilized cork borer and 1-2 drops MEA plates was observed at 630nm using Elisa reader (EL 309,
agar was pipetted to cover the base of the well to avoid Biotek Instruments, Winooski, Vt.). The percentage
leaking of the supernatants. A 200 μL filtered of LAB growth inhibition of fungi was calculated using the
supernatant were added to each well and the plates were equation; GI= [(TC- TT)/TC] x100; where GI refers to
incubated at 28°C for 48 h. The diameter of mycelia growth inhibitions (%), TC (%) = total OD630nm in
growth inhibition zone was measured in millimetre.
control and TT= total OD630nm in treatment with LABC. Evaluation of Antifungal Activity on Potato CFS.
Dextrose Agar
Antifungal activity of cells free supernatants (CSF) of c. Effect of pH, Heating and Enzyme Treatments on
Lb. plantarum 1MSS and P. pentosaceus 1MSS, Lb. Antifungal Activity of LAB-CFS
plantarum 1FF, Lb. acidophilus ATCC 314 and Lb.
plantarum ATCC 8014 against F. proliferatum-LR on The pH of lactic acid bacterial cells free supernatants
potato dextrose agar (PDA). Iolates LAB supernatants (LAB-CFS) were adjusted to pH 2,3,4, 5, 6, 7, 8 and 9
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using 0.1 N HCl or 0.1 N NaOH, respectively. In
another set of experiments, all LAB-CFS were heated at
80°C, 90°C in water bath and 121°C in the autoclave for
30 min and immediately cooled in ice water. The heat
treated CFS were then tested against fungi using
microtiterplate assay [19] with modification. For
enzyme treatments, pepsin (pH 1.5), and papain (pH 6.5)
and proteinase K (pH 7.5) (Sigma) at a concentration of
0.1 mg enzyme/ml was used following the method of
[20] with modification. A ratio of 1:1 (CFS: fungal
spore suspension) was inoculated into the micro titre
plates and incubated at 28°C for 72 h. The fungal
growth was measured at absorbance (OD630nm) using
Elisa reader (Micro titre plate Auto reader EL 309,
Biotek Instruments, Winooski, Vt.). The percentage
growth inhibition of fungi was observed using the
equation; GI= [(TC- TT)/TC] x100; where GI refers to
growth inhibitions (%), TC (%) = total OD630nm in
control and TT= total OD630nm in treatment with LABCFS.
E. Data Analysis

Mean ± standard deviation obtained from each analysis
was analysed using One-way analysis of variance
(ANOVA) and the means separation was done by the
Tukey test at (P≤0.05). The statistical analyses were
performed using Minitab 16 software.

III. RESULTS AND DISCUSSION
Antifungal Activity of LAB Cells
Supernatants Using Well Diffusion Method
A.

Free

Based on the initial screening by dual overlay method
all the LAB isolates were showed good antifungal
activity against the F. proliferatum-LR was isolated
from rose leaves as described in previous study [14].
Isolates Lb. plantarum 1FF and Lb. plantarum
ATCC8014 showed better inhibitory activity and
selected for further study with well diffusion method. In
this method was used to evaluate the antifungal effect of
the five selected cells free supernatants of lactic acid
bacteria (LAB-CFS) on conidia germination and the
mycelia growth of phytopathogenic fungi F.
proliferatum-LR (Figure 1 & Table 1). It was observed
that F. proliferatum-LR was inhibited by all lactic acid
bacteria (LABs) with values ranged from 3.26 between
3.93 mm. However, the cells free supernatant (CFS) of
Lb. acidophilus ATCC314 was showed higher clear

zone compared to other CFS of LAB isolates after 48 h
incubation. In vitro studies on LAB by [21-23] reported
that some LAB isolates have antifungal activity against
plant pathogens.

Figure 1: Antifungal activity of LAB-CFS against F.
proliferatum-LR
Table 1. Antifungal activity of LAB strains against F.
proliferatum-LR using well diffusion method
LAB isolates
Lb. plantarum1MSS
P. pentosaceus1MSS
Lb. acidophillus ATCC314
Lb. plantarum ATCC8014
Lb. plantarum1FF

Inhibitory clear
zone (mm)
3.76±0.23ab
3.26±0.23c
3.93±0.05a
3.60±0.10abc
3.50±0.10bc

B. Antifingal Activity Supernatant of Lactic Acid

Bacteria on Fungal Growth Using Potato Dextrose
Agar
Lactic acid bacteria cells free supernatant (LAB-CFS)
strains have been showed abibility to inhibit the fungal
growth for example the antifungal activity of LAB-CFS
to inhibit F. proliferatum-LR mycelial growth using
potato dextrose agar (PDA) method is showed in Table
2.
Table 2. Inhibitory activity of LAB strains against F.
proliferatum-LR using potato dextrose agar
LAB isolates

Lb. plantarum1MSS
P. pentosaceus1MSS
Lb. acidophilus ATCC314
Lb. plantarum ATCC8014
Lb. plantarum1FF

Inhibition on PDA
(% mycelia growth in
mm)
32.9d
35.6c
36.1b
35.6c
43.8a

The results found that the inhibitory activity was
significantly different (P≤0.05) by all CFS of LAB
strains against F. proliferatum-LR after 5 days
incubation. It was observed that
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CFS of Lb. plantarum1FF strongly reduced the
spreading of the F. proliferatum-LR about 43.8%
compared to other CFS of LAB after 5 days incubation
at 28oC in Figure 2.

Lb. plantarum1FF

94.09ab

Thus, all method which were used for valuation of
antifungal activity with CFS of LAB was showed strong
destruction of F. proliferatum-LR which was reported to
pathogenic fungi on chilli seeds suppression of
germination and seedling systems [14].
D. Factors Influencing the Antifungal Activity of

Figure 2: Mycelium growth inhibition of F.
proliferatum-LR using Lb. plantarum1FF
Similarly, the antifungal activity of Lb. plantarum
MYS6 was determined against a fumonisin producing
identified fungus namely Fusarium proliferatum MYS9
when co-inoculation with the fungus on modified de
Man Rogosa Sharpe medium revealed the inhibitory
effect of Lb. plantarum MYS6 on fungal biomass and
deformed hyphae growth [24]. Previously, it was
confirmed Fusarium proliferatum is a carcinogenic
agent because, it was showed ability to contaminate the
food and known to colonize and produce fumonisin
which is harmful chemical compound was suggested by
the International Agency for Research on Cancer [25].
Interestingly, fumonisin emerged after discovering its
high toxicity responsible for animal diseases like
leukoence phalomalacia, porcine pulmonary edema as
well as plant product such as common contaminant of
maize and maize based products in worldwide [26].

LAB-CFS
There were three different factors especially enzymes,
heating and pH treatments showed influencing to
antifungal activity of LAB-CFS against F. proliferatumLR was isolated from leaves of rose ornamental plants
as following.
E. Effect of Enzymes Treatments on LAB-CFS

Some proteolytic enzymes have ability to affect the
antifungal activity of LAB supernatants; either
decreased or increased the antifungal activity [27].
Crude LAB-CFS treated with pepsin, papain and
protienase K significantly (P≤0.05) affected the
percentages of spore germination densities as shown in
Table 4. All the three proteolytic enzymes reduced the
antifungal activity. Pepsin and papain increased the
antifungal activity of all LAB-CFS except Lb.
plantarum 1FF, while proteinase K decreased the
antifungal activity of P. pentosaceus 1MSS. Similarly,
it was reported by [28] supernatant of Lb. plantarum
treated with proteinase K essentially reduced their
C. Percentage Mass Reduction of Target Fungi by antifungal activity. Additionally, [29] and [30] showed
that the proteolytic treatment reduced the antifungal
LAB CFS Using Micro Titre Plate Assay
activity of Lb. brevis and Lb. reuteriR2.
Fungal bio-mass was greatly inhibited with longer Table 4. Percentage of mass growth inhibition against F.
incubation of fungi (72h) in MEB with added LAB-CFS proliferatum by LAB supernatants treated with enzymes
(Table
3). The
antifungal
activity of
P. and incubated at 28oC for 72 h
pentosaceus1MSS supernantant significantly (P≤0.05)
affected bio-mass growth.
LAB isolates
Pepsin
Papain
Protienase K
a
b
Lb.
70.10
83.40
83.60bc
Table 3. The percentage growth inhibition of F. plantarum1MSS
proliferatum-LR by Cells free of lactic acid bacteria and
P.
80.88ab
78.36b
58.88a
o
incubated at 28 C for 72 h
pentosaceus1MSS
Lb. acidophilus
63.85a
75.71b
74.97b
LAB isolates
72h (%)
ATCC314
Lb. plantarum1MSS
93.79a
Lb. plantarum
86.70ab
82.11b
87.21c
c
P. pentosaceus1MSS
94.65
ATCC8014
Lb. acidophilus ATCC314
94.56bc
L. plantarum1FF
54.15a
55.37a
84.11bc
ab
Lb. plantarum ATCC8014
94.06
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F. Effect of Heating Treatments on LAB-CFS

Growth of F. proliferatum was reduced by 86.03 and
68.44 % in media containing CFS of P.
pentosacceus1MSS and Lb. plantarum 1FF that was
heat treated at 121oC for 30 min, respectively.
However, other heat treated LBS-CFS maintained the
antifungal activity with values > 90% similar to
untreated CFS (Table 5). This indicates that the
compounds with antifungal activity are heat stable.
Similar observation was reported by [19] Muhialdin et
al. (2011).

Table 7. Percentage of mass growth inhibition against F.
proliferatum-LR by supernatants at pH 6 to 9 and
incubated at 28oC for 72 h.

Table 5. Percentage of mass growth inhibition against F.
proliferatum-LR by supernatants heated at 80oC, 90oC
and 121oC and incubated at 28oC for 72 h

G. Effect of pH Treatment on LAB Supernatants

Antifungal activity was noticed that to maintain when
supernatants were adjusted at pH 2, 3, 4 and 5 Table 6.
However, the fungal growth inhibition was diminished
when the supernatants were adjusted to pH 6, 7, 8 and 9
as mentioned in Table 7. This indicates that the
antifungal activity of LAB supernatant could be
contributed by the undissociated organic acid [13].
Some cells free supernatants of lactic acid bacteria
which were failed to inhibit the growth of fungi when
changing the pH were indicated with g*= growth of F.
Proliferatum showed no inhibition. Finally, it was
obsereved that different factors such as heat, enzymes
and pH treatment influencing the antifungal activity of
LAB-CFS after 72 h incubation.

IV. CONCLUSION
The LAB used in this study showed good antifungal
activity using the method such as well diffusion, on
PDA and micro titre plate against F. proliferatum that
infected rose leaves. Heating and proteolytic enzyme
treatments did not reduced the antifungal activity. The
antifungal activity against F. proliferatum was effective
at pH 2 to 5 and 9. This study also suggests that the
LAB supernatant contains peptides that are stable to
heat and acid.
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