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Abstract: Lactic acid bacteria (LAB) are known as to have inhibitory activity against fungi and other pathogens. In this study LAB from soil and 
fermented chilli fruits were evaluated for their inhibitory activity against Fusarium sp. CID124-CS that was isolated from chilli fruits. Three LAB isolates 
(Lb. plantarum1-MSS, P. pentoceous1-MSS isolated from soil, one Lb. plantarum1-FCF from fermented chilli) and two from ATCC culture  Lb. 
acidophilus ATTCC314 and Lb. plantarum ATCC8014 showed strong inhibitory activity against growth of target fungi evaluated by well diffusion assay 
showed high growth inhibition (6.05 mm to 7.60 mm) within 48 h at 28

o
C. Adding LAB supernatant to Potato Dextrose Broth (PDA) with fungi reduced 

mycelia growth from 36.00% to 60.00%. Similarly, fungal mass reduction with cells of LAB in De Man Rogosa and Sharpe Broth (MRSB) ranged 98.0% 
to 99.9% after 72 h incubation at 28

o
C by micro tire plate assay. Whereas, conidial germination in MEB with LAB supernatants were reduced by 93.3% 

to 96.6% using micro titre plate assay. This study showed that cells and CFS of LAB isolated from soil have antifungal activity and could be used as 
antifungal agent against Fusarium sp. CID124-CS that infect to chilli. 
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1. INTRODUCTION 

Microorganisms lactic acid bacteria (LAB) are easily 
isolated from fermented foods, but recently novel sources of 
LAB strains were isolated from the soil that can be used as 
control soil borne phytofungi [1]; [2]. LAB produce a variety 
of antimicrobial compounds and effective substances such 
as lactic, acetic, propionic acids, antibiotics, bacteriocins as 
well as hydrogen peroxide and carbon dioxide [4].  The use 
of LAB is not limited to the production of fermented foods 
but can be used as bio-control agents in plants [5]. In vitro 
studies indicate that LAB has potential application as bio-
control against phyto-pathogenic fungi [6]; [7]; [8]; [9]; [10]. 
The approach of using microbes to control growth and 
proliferation of phytofungi is desirable since use of 
chemicals and fungicides in agriculture would create 
environmental pollution, and thus their use should be 
reduced or avoided.  Additionally, certain microbes known 
as plant growth promoting bacteria (PGPB) such as LAB 
can function both as bio-control and plant growth regulator 
[5]. Fusarium solani is the causetive agent of Fusarium  root 
rot diseases [11] in many vegetable crops worldwide and 
decrease the quantity and quality of major world crops and 
others economical plants [12]; [13]. Infection by Fusarium 
sp. are main cause of plant diseases in many countries for 
instances, in Italy [14], Saudi Arabia [15], Portugal [16] and 
Turkey [17]. Fusarium sp. also produce mycotoxin 
(trichothecene, zearalenone and fumonisin) which can be 
present in infected plants. Most the physical and chemical 
methods are applied for the detoxification of agricultural 
products contaminated with mycotoxins is restricted 
because of problems concerning safety issues, feasible 
losses in the nutritional quality of treated commodities, 
coupled with limited efficacy and cost implication [1]. 
Therefore, LAB with its reported antifungal activity [18] is 
considered one of the most prominent non-pathogenic 
strains that can be used s bio-control agent against 
Fusarium sp. CID124-CS.  This work reports the in vitro 
study of cells and CFS of LAB isolated from soil and other 
fermented foods were used as biocontrol agent agaist 
phytopathogenic fungi especially Fusarium sp. CID124-CS 
that was isolated from chilli fruits. 
 

2. MATERIALS AND METHODS 

 
2.1 Preparation of Cells Free Supernatant  from 
Lactic Acid Bacteria 
The lactic acid bacteria (LAB) Lactobacillus plantarum 
1MSS, Pediococcus pentosaceus 1MSS, Lb. 
plantarum1FF, Lb. acidophilus ATCC 314 and Lb. 
plantarum ATCC 8014 isolates were inoculated into de Man 
Rogosa and Sharpe Broth (MRSB Oxoid, CM0359) and 
incubated for 24 h at 37°C in aerobic shaker incubator 
(SASTEC Laboratory Equipment, Malaysia) using method 
described by [18]. The LAB-CFS was prepared by 
centrifuging the broth at 11500 rpm for 10 min at 4

o
C 

(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). 
 
2.2 Preparation of spore suspensions of phyto-
pathogenic fungi  
Fusarium sp. CID124-CS cultures was grown on acidified 
Potato Dextrose Agar (PDA, Oxoid, CM 0139) and 
incubated at 28°C for 5 days following the method 
mentioned by [5] with modification. Sterilized distilled water 
(10 to 20 ml) was poured onto the PDA plates. Then, the 
fungal surface was gently scraped to loosen the spores and 
the spores suspension was collected. The spores 
suspension (1 ml at 10

-5 
spores/ml) were inoculated into 20 

ml of  malt extract broth (Oxoid, CM0057) and incubated for 
5 day at 28

o
C in orbital shaker (PROTECH MODEL 722). 

Then, fungal cultures were homogenized in a sterilized 
blender for few minutes and used for further treatments. 
 
2.3 Inhibitory activity against Fusarium sp. CID124-
CS by well diffusion method  
The Lactobacillus plantarum 1MSS and P. pentosaceus 
1MSS, Lb. plantarum 1FF, Lb. acidophilus ATCC 314 and 
Lb. plantarum ATCC 8014 isolates that showed strong 
activity were further tested for their anti-spore germination 
activity using the well diffusion method [20] with 
modification. In this method one ml spore suspension 
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(10
5
/ml) from five days old Fusarium sp. CID124-CS grown 

in malt extract broth (MEB) were spread plated on malt 
extract agar (MEA) and allowed to dry in laminar flow. 
Then, wells of size 7 mm were made using flame sterilized 
cork borer and 1-2 drops MEA agar was pipetted to cover 
the base of the well to avoid leaking of the supernatants. A 
200 μL filtered of LAB supernatant were added to each well 
and the plates were incubated at 28°C for 48 h. The 
diameter of mycelia growth inhibition zone was measured in 
millimetre. 
 
2.4 Inhibitory activity against Fusarium sp. CID124-
CS on Potato Dextrose Agar  
Antifungal activity of cells free supernatants (CSF) of Lb. 
plantarum 1MSS and P. pentosaceus 1MSS, Lb. plantarum 
1FF, Lb. acidophilus ATCC 314 and Lb. plantarum ATCC 
8014 against F. proliferatum-LR on potato dextrose agar 
(PDA). Iolates LAB supernatants 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 of 
Fusarium sp. CID124-CS was carefully placed in the centre 
of the Petri dishes and incubated at room temperature for 5 
days [21] 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. 
 
2.5 Inhibitory activity lactic acid bacteria using Micro 
titre plate assay  
Evaluation for antifungal activity by LAB were determined 
by mixing fungal spore suspension (100µL) and LAB in 
MRS 20mL of De Man Rogosa and Sharpe Broth (MRSB-
OXOID CM0359 (MRSB) following the method described 
[5] with modification. The overnight cells of lactic acid 
bacteria 100µL was poured to 100 µl fungi Fusarium sp. 
CID124-CS suspension (1:1 v/v) in micro titre plate wells. 
Similarly, seven days old Fusarium sp. CID124-CS was 
grown in MEB, then 1mL was serially diluted. After that 100 
µL of fungi suspension was poured to 100 µL supernatant 
(1:1 v/v) in micro titter plate and incubated at 28

0
C for 72 h. 

Then growth of fungi was observed at OD630nm by Elisa 
reader (BIOTEX). The percentage of inhibition was 
calculated using the equation; GI= [(TC-TT)/TC] ×100; 
where GI: growth inhibitions (%), TC= total fungal mass 
(control) and TT=total fungal mass with LAB. 
 

2.6 Statistical analyses  
All data were analyzed by one-way analysis of variance 
(ANOVA) and by the Tukey test, the statistical significance 
(p≤0.05) program from Minitab 16 software was used. 
 

3. RESULTS  
A total of 21 lactic acid bacteria (LAB) isolates were isolated 
and three ATCC cultures were screened for antifungal 
activity using dual overlay against fungi was isolated from 
chilli seeds (CS) showed typical colony morphology on PDA 
mycelia and characteristic spores of Fusarium sp. CID124 
and detail description has been mentioned in previously 
publication (Akaram et al. 2017). Based on screenig five 

LAB strains was selected which showed variable antifungal 
activity against Fusarium sp. CID124-CS. isolates Lb. 
plantarum1-MSS, Pediococcus pentosus1; one from 
fermented chilli fruits Lb. plantarum1-FCF, Lb. acidophilus 
ATCC314 and Lb. plantarum ATCC8014. 
 
3.1 Inhibitory activity of LAB cell free supernatants 
using well diffusion method 
Well diffusion method was used to evaluate the inhibitory 
effect of the five selected LAB-CFS on conidia germination 
and the mycelial growth significantly (P≤0.05) of 
phytopathogenic Fusarium sp. CID124-CS was isolates 
from chilli seeds (Figure 1). It was observed that fungi 
Fusarium  
 

 
 

Fig-1: Inhibitory activity of LAB-CFS against Fusarium sp. 
CID124-CS as evaluated by well diffusion method 

 
sp. CID124 was inhibited by all LABs with values ranged 
from 6.05 between 7.60 mm after 48 h incubation. 
However, mycelial growth of Fusarium sp. CID124-CS was 
inhibited by P. pentoceous-MSS, Lb. Plantarum1-MSS and 
Lb. Plantarum ATCC8014 against Fusarium sp. CID124-CS 
isolates in (Table1) ranges 6.06, 6.40 and 7.05 mm 
respectively. 
 

Table-1: Inhibitory activity of LAB-CFS evaluated against 
against Fusarium sp. CID124-CS using well diffusion 

 

LAB Isolates inhibition zones (mm) 

Lb. Plantarum1-MSS 6.40
ab

 

P. pentoceous1-MSS 6.06
b
 

Lb. acidophilus ATCC314 6.05
ab

 

Lb. plantarum ATCC8014 7.05
a
 

Lb. Plantarum1-FCF 7.60
a
 

 
3.2 Inhibitory activity supernatant of lactic acid 
bacteria on fungal growth using potato dextrose 
agar 
The antifungal activity of LAB-CFS to inhibit Fusarium sp. 
CID124-CS mycelial growth using PDA method is showed 
in Table 2. The results found that the inhibitory activity was 
significantly different (P≤0.05) against all Fusarium sp. 
CID124-CS after seven days incubation. It was observed 
that LAB-CFS of P. pentoceous1-MSS  isolated from soil 
strongly has been reduced the spreading of the Fusarium 
sp. CID124-CS about 60.0% after 7 d incubation at room 
temparature 28

o
C. However, others LAB-CFS were showed 

good reduction and lowest reduction was noticed around 

Inhibition 

Clear zone LAB of P. 

Pentoceous1

-MSS 

Growth of 

Fusarium sp. 

CID124-CS  
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35.0 mm with CFS of Lb. Plantarum1-MSS against 
Fusarium sp. CID124-CS as described in Table 2. 
  

Table-2: Mycelium growth inhibition of Fusarium sp. 
CID124-CS using LAB-CFS evaluated on PDA after 7 d 

incubated at room temperature 28
o
C 

 

LAB Isolates Inhibition (%) 

 Lb. Plantarum1-MSS 35.0
e
 

P. pentoceous1-MSS 60.0
a
 

Lb. acidophilus ATCC314 40.0
b
 

Lb. plantarum ATCC8014 38.0
c
 

Lb. Plantarum1-FCF 36.0
d
 

 

3.3 Effect of cells and CFS of LAB against Fusarium 
sp. CID124-CS by micro titre assay 
Antifungal activity of LAB cells was assayed with micro titre 
plate method in two different medium in MRSB and MEB. 
The effect of LAB cells and CFS did not inhibit significantly 
(P≥0.05) against growth of Fusarium sp. CID124-CS in 
Table 3. However, cells of LAB isolates were noticed to 
inhibit growth of spore germination of Fusarium sp. CID124-
FCF higher than compared to LAB-CFS. The highest 
growth germination percentage of Fusarium sp. CID124-
FCF was inhibited to 99.9% with cells of Lb. acidophilus 
ATCC314 and lowest germination percentage was recorded 
97.0% with cells of Lb. plantarum ATCC8014 in MRSB 
medium. In contrast, to other LAB cells were showed 
slightly less inhibition against Fusarium sp. CID124-CS. 
Inhibition in MEB medium with all the LAB-CFS showed 
good inhibitory activity greater than 93.3% against the 
Fusarium sp. CID124-CS evaluated after 72 h incubation at 
30

o
C using micro titre assay. The CFS of Lb. plantarum1-

MSS isolated from soil inhibited fungal spore germination of 
Fusarium sp. CID124-CS (96.6%). The CFS of P. 
pentoceous1-MSS and Lb. acidophilus ATCC314 showed 
good inhibitory activity against Fusarium sp. CID124-CS 
with percentage growth inhibition of 94.3% and 94.0%, in 
MEB medium respectively. In comparison to other LAB-
CFS were showed slightly less inhibition against Fusarium 
sp. CID124-CS after 72 h incubation. 
 

Table-3: Percentage of growth inhibition of fungi Fusarium 
sp. CID124-CS by Cells and cells free supernatants (CFS) of 

lactic acid bacteria (LAB) after 72 h at 28
o
C incubation 

 

LAB Isolates 

Inhibition Activity (%) 

Cells in MRSB  
CFS in 
MEB 

Lb. Plantarum1-MSS 99.0
a
 96.6

a
 

P. pentoceous1-MSS 98.0
a
 94.3

a
 

Lb. acidophilus ATCC314 99.9
a
 94.0

a 

Lb. plantarum ATCC8014 97.0
a
 93.7

a
 

Lb. Plantarum1-FCF 99.5
a
 93.3

a
 

 

4. DISCUSSION 
Genotypically identified Fusarium sp. CID124-CS was 
isolated from chilli fruits has been described in previous 
study [19]. Fusarium spp. caused severe disease also 

known as Fusarium wilt disease in agriculture crops [22]; 
[23]; [24]; [25]. Becauase, fungal infection of F. solani was 
noticed that in chilli fruits and  other plants [26] surprisingly, 
it was observed that certain strains of F. solani were 
reported to be resistant to common fungicide used [27]. 
Therefore, an alternative approach using LAB isolates as 
bio-control was attempted in many studies [28]; [29]; [30]. 
Similarly, 21 LAB isolated from different sources and three 
ATCC cutlurs especially Lb. acidophilus ATCC314, Lb. 
casei ATCC 334 and Lb. plantarum ATCC8014 were 
screen for antifungal activity as using dual overlay method 
mentioned in previous study was showed good antifunagla 
activity aginst Fusarium sp. CID124-CS [21]. In this study 
five selected LAB inhibited growth of funagal. Most report 
determined the antifungal activity of LAB from food sources.  
However, present study observed that LAB isolated from 
rhizophere soil also was abled to inhibit growth Fusarium 
sp. CID124-CS it was noticed that by using quantitative and 
qualititative methods. Differences in inhibitory activty was 
observed depending on the methods of evaluating the 
antifungal activity. Based on qualititative methods potato 
dextrose agar (PDA) method tends to indicate lower 
inhibitory activity than well method (Table 2). In addition,  
Lactobacillus sp., KUMBB001, KUMBB002, KUMBB003 & 
KUMBB005 were showed inhibitory activity against another 
pathogens especially, microorganisms Staphylococcus 
aureus ATCC 25923, Escherichia coli ATCC 25922, 
Klebsiella pneumoniae MTCC 4030, Pseudomonas 
aeruginosa ATCC 27853 and Salmonella typhi MTCC 734 
[31]. This indicates that the supernatant contains 
compounds that have antifungal activity as supported by 
results on mycelial mass growth inhibition experiments 
because LAB are known to produced many compound with 
antimicrobial activity such as lactic, acetic, propionic acids, 
antibiotics, bacteriocins as well as hydrogen peroxide and 
carbon dioxide [32]; [33]; [34]; [35]. However, the peptides, 
phenyllactic acids, are reported to be resposible for 
antifungal activity [36]. Based  on quantitative study cells 
free supernatants of LAB isolates were showed strong 
inhibition in MRS broth compared to MEB broth using 
OD630nm by Elisa reader (BIOTEX) in Table 3. Additionally, 
strains of Lactic acid bacteria were reported to inhibit spore 
germination of different pathogens especially F. oxysporum, 
Candida albicans and Bacillus subtilis [37]. Further work will 
concentrate on the characterization of the compound 
present in the cell free supernatant in LAB isolates were 
isolated from soil samples.  
 

5. CONCLUSION  
Lactic acid bacteria (LAB) isolates from soils samples were 
showed  antifungal activity similar to as Lb. acidophilus 
ATTCC314 and Lb. plantarum ATCC8014 and fermented 
foods isolate Lb. Plantarum1-FCF. These LAB could be 
useful for the biocontrol against Fusarium sp. CID124-CS 
that infect chilli palants and other plants productivity. 
Further investigations to elucidate the nature of inhibiting 
compounds should be considered. 
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