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ABSTRACT:

The agar — well diffusion method was used to assay in vitro
the antifungal activity (AA) of the metabolites of five lactobacilli
(Lb) and five Lactic streptococci (LSt) isolates obtained from
samples of Egyptian dairy products towards four indicator
phytopathogenic ~ fungi:  Rhizoctonia solani,  Sclerotuim
cepivorum, Fusarium oxysporum and Penicillium sp.The AA
was expressed as percent of fungal growth inhibition (% FGI ) .

The results revealed that the crude cell-free culture
supernatants (crude CFCS) of both Lb and LSt isolates showed
variations in their AA , and the ranges were 48 — 63 % FGI and
38 — 52 % FGI for Lb and LSt isolates , respectively .Also ,the
four indicator fungi showed differences in their sensitivity to the
CFCS of the tested bacteria . The Penicillium sp. was the most
sensitive indicator fungi with 60% FGI and 54% FGI for Lb and
LSt isolates, respectively.

In general, the AA of Lb isolates was relatively higher
(54% FGI is average) than that of LSt isolates (44% FGI in
average). Neutralization (pH 6.5) of crude CFCS, elimination of
H,O, or both caused a decrease in AA in most cases indicating a
role of organic acids and H,O, in AA.

Treatment of the neutralized, H,0, — free CFCS with the
proteolytic enzymes , Pronase completely inactivated the AA in
most cases and slightly reduced it in some cases, indicating the
presence of a proteinaceous antifungal substances in the crude
CFCS of both Lb and LSt isolates . This study has proven the in
vitro potential of some local Lb and LSt isolates to inhibit
growth of some plant pathogenic fungi.

Key words: Lactobacilli, lactic streptococci, antifungal activity,
Phytopathogenic fungi.

INTRODUCTION

Lactic acid bacteria (LAB) are microorganisms that have been used for
centuries to prepare and preserve food and for ensiling different crops for
animal feed. During the last twenty years there has been a growing interest in
use of microorganisms and / or their metabolites to prevent spoilage and to
extend the shelf- life of foods. LAB are of particular interest as
biopreservation bacteria. Their preserving effect mainly relates to the
formation of lactic acid, acetic acid and hydrogen peroxide; competition for
nutrients; and the production of bacteriocin and other antimicrobial
compounds (Stiles, 1996).

Reviewing the literature reveals that a majority of the publications
study antibacterial activity of LAB and that only few present data concerning
antifungal activity their (Magnusson and Schnurer, 2001). However, most
publications on antifungal activity of LAB merely study the antifungal
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activity towards food and feed spoilage fungi but rarely investigated the
antifungal activity. Moreover, towards plant pathogenic fungi.

The possibility of using metabolites of LAB with GRAS (generally
regarded as safe) status as a biotechnological solution to plant fungal diseases
could be a promising and safe alternative for the chemical fungicides.
Therefore, the objective of this work was to study in vitro the ability of
metabolites of some local lactobacilli and local streptococci isolates obtained
from samples of dairy products to inhibit plant pathogenic fungi.

MATERIALS AND METHODS
1. Materials

Samples of raw milk, fermented milk (Laban rayeb), Domiati cheese.
Karech cheese and Yoahurt (Zabadi) were obtained from markets. The
screened 32 Lactobacilli isolates and the four funaal indicators obtained from
the microbial collection of the Aaricultural Microbiology Department, Faculty
of Agriculture, Fayoum University. MRS aaar (De man et al., 1960) was used
for isolation and purification of Lactobacilli (Lb) and Lactic Streptococci
(LSt) isolates, while MRS broth was used for growing these isolates to obtain
culture supernatants. PDA medium was used for growing fungi and for
performing the agar - well diffusion assay.
2. Methods
2.1. Isolation of lactic streptococci bacteria

Samples of 10 ml or 1g of fresh milk or dairy products were added to
1/4 strength sterile Ringer's solution, and 10-fold serial dilutions were
prepared. Hundred pl of dilutions were plated onto MRS aaar plates and
incubated at 30°C for 48h. Colonies with Streptococcus - like morpholoav
were isolated and purified. Gram- positive, catalase- neaative, non motile
ovoid cells in pairs or chains, that able to clot milk and arow in 0.1%
methvlene blue milk and not able to liquefy gelatin were tentatively
considered lactic streptococci isolates.
2.2. Preparation of cell - free culture supernatants

Lb and LSt isolates were grown in MRS broth at 32°C for 18h. The
cultures were centrifuged at 10000 xg for 15 min at 4°C and the resulted
supernatant was designated crude cell - free culture supernatant (crude
CFCS). To eliminate growth inhibition caused by organic acids or by
hydrogen peroxide, the pH of the crude CFCS was adjusted to 6.5 or treated
with catalase (Img ml™). These supernatants were used immediately or stored
at -20°C until needed.
2.3. Antifungal activity assay

This was assayed using the agar-well diffusion method, in which
molten PDA dispensed in sterile Petri dishes. After solidification of medium
in the plate and dried it for 30 min. under a laminar flow hot, four wells of 7
mm diameter were bored in each plate. Aliquots (100 ul) of crude or treated
cell-free culture supernatants (CFCS) were pipetted in the wells. After
preincubation of plates at 4°C for 6h to allow diffusion of the antimicrobial
substances, an agar plug (7mm diameter) was removed from culture of
indicator fungi and placed in the center of fresh PDA plates (photo 1 & 2).
The plates were incubated at 30°C until the fungal growth in the control plates
reach at least the edge of the well, and then the radius (mm) of the inhibition
zone around the well was measured. The antifungal activity was expressed as
fungal growth inhibition percent (FGI %) which equal to:
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100 x (Rc-Rt)/Rc, where Rc is the radius (mm) of fungal growth in

control plates and R+ is the radius (mm) of fungal growth in treated plates.
2.4. Effect of a proteolytic enzyme.
Samples of neutralized, Hzoz- free CFCS were treated with the proteolytic
enzyme Pronase (looug ml™) and incubated at 37°C. After incubation for 1h,
the antifungal activity was determined. MRS broth treated with enzyme and
untreated CFCS samples served as controls (Magnusson and Schnrer,
2001).

RESULTS AND DISCUSSION

Consumers demanded for reduced use of chemical fungicides have
stimulated research on microbial antifungal compounds. It has been suggested
that some LAB produce a wide spectrum of compounds that might act
synergistically towards filamentous fungi (Magnusson et al., 2003).

Therefore, continues evaluation of different LAB strains isolated from
different sources for antifungal properties could lead to biofungicides which
could be used as safe alternatives for the overuse of the harmful chemical
fungicides.

In the present study, thirty- two Lactobacilli (Lb) and twenty- six
Lactic Streptococci (LSt) isolates obtained from samples of dairy products,
were screened for antifungal activity (AA) using agar-well diffusion method
with Rhizoctonia solani as indicator fungi. Of these isolates, 21 Lb and 15 LSt
isolates were found to be able to inhibit growth of Rhizoctonia solani (data
not shown). Five isolates from each bacteria which showed AA of at least
30% fungal growth inhibition were selected to investigate the AA of their
crude cell- free culture supernatants (crude CFCS), neutralized (pH 6.5) crude
CFCS, catalase- treated crude CFCS, and neutralized, catalase- treated crude
CFCS towards four phytopathogenic fungi, Rhizoctonia solani, Sclerotuim
cepivorum, Fusarium oxysporum and Penicillium sp.,

The results (Table 1&2) revealed that the crude cell free culture
supernatants (CFCS) of both Lb and LSt isolates showed variations in there
AA, the ranges of activity were 48% - 63% and 38%- 52% for Lb and LSt
isolates, respectively.

The results in also show that the four indicator fungi exhibited
differences in sensitivity towards crude CFCS of the screened Lb and LSt
isolates. Penicillium sp. was the most sensitive with 60% fungal growth
inhibition (FGI %) for Lb isolates and 54% for LSt isolates. Whereas, the
least sensitive fungi were R. solani (42% FGI) incase of the Lb isolates and F.
oxysporum (34% FGI) in case of LSt isolates.

In general, the overall average FGI % against all the four indicator
fungi of Lb isolates (54%) was higher than that of LSt isolates (44%).

In a study by DeMuyncka et al., (2004), 17 lactic acid bacterial
strains showed fungal growth inhibition zones never exceeded a radius of 3-4
mm. In the present study, the radius of inhibition zones (data not shown)
ranged between 9 and 21 mm for crude CFCS of Lb isolates and 8 -17 for
crude CFCS of LSt isolates, indicating that the Egyptian LAB isolates could
be promising source for antifungal compounds.

The precise mechanism of antifungal action of the antifungal
compounds is difficult to elucidate due to complex and commonly synergistic
interactions between different compounds (Corsetti et al., 1998; Niku-
Paavola et al., 1999).
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Neutralization (pH 6.5) of CFCS of both Lb and LSt isolates
decreased the AA in some cases and increased it anther cases (Table 1&2).
The later cases may suggest that some of the antifungal substrates in the crude
CFCS may be exhibit their full activity at neutral pH.

The reports regarding the role of organic acids from microbial source
in suppressing fungal growth have remained quite insufficient. The inhibitory
effect of organic acids are still a complex and unresolved issue, as little
purification or characterization of these compounds has been carried out.
Propionic acid and its salts have been found to negatively affect fungal
growth particularly at low pH (Woolford, 1984). Magnusson et al., (2003)
recently screened large number of LAB isolates of LAB from different
environments for antifungal activity. Several of the strains showed strong
inhibitory activity against the moulds Aspergillus fumigatus, Aspergillus
nidulans, Penicillium anomala. The authors found the degree of fungal
inhibition was not only related to production of acetic or lactic acids. In
addition, antifungal cyclic dipeptides were identified after HPLC separation
and several other active fractions were observed suggesting a highly complex
nature of the antifungal compounds.

Elimination of H,O, generally caused a slight decrease in the
antifungal activity, suggests the weak antifungal effect or the low
concentration of H,O, in the crude CFCS. The observed reduction in AA of
the CFCS after neutralization (pH 6.5) or after H,O, elimination indicates a
role for both in the AA of the crude CFCS of the tested LAB.

Roy et al., (1996) isolated an antifungal compound from Lactococcus
lactis, after enzymatic treatment with proteolytic enzymes, the antifungal
activity disappeared indicating the proteinaceous nature of the antifungal
substance. The substance was not however characterized further.

In the present study, treatment of the neutralized, H,O,- free crude
CFCS with the proteolytic enzyme pronase (data not shown) completely
inactivated AA of crude CFCS of some isolates and slightly reduced it in
crude CFCS of another isolates. Gourama, (1997) found that the inhibitory
effect of a Lactobacillus casei strain against two Penicillium species was
slightly reduced by treatment with trypsin and pepsin. This indicating a
pretinacious nature of a part of the antifungal substances. Also, the above
mentioned result may indicate the presence of other antifungal substances
beside organic acids, H,O, and antifungal peptides contribute to the overall
antifungal activities of the crude CFCS of the screened Lb and LSt isolates. It
has been suggested that some LAB produce a wide spectrum of compounds
that might act synergistically towards filamentous fungi (Magnusson et al.,
2003).

In Conclusion, the results of this study show clearly that the growth of
some plant pathogenic fungi can be restricted by substances produced in
cultures of some local Lb and lactic St isolates. These results with other
reported results explore the possibility of using metabolites of LAB to control
fungal plant diseases.
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Photo (1): Antifungal activity of CFCS of local Lactobacilli isolates
against different plant pathogenic fungi.
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Photo (2): Antifungal activity of CFCS of local lactic Streptococci isolates
against different plant pathogenic fungi.
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Table (1): Antifungal activity of cell-free culture supernatants (CFCS) of local Lactobacilli

isolates.
Fungal Growth Inhibition (FGI %)
Isolate Origin Treatment Rhizoctonia  Sclerotuim  Fusarium | Penicillium | Average*

solani cepivorum  oxysporum sp.

.. |Crude CFCS 32 38 58 63 48
Lbl Domiati Neutralized CFCS 38 33 47 70
cheese H,0,- free CFCS 25 32 55 53
Neutralized, H,O,-free CFCS 30 25 38 63

Crude CFCS 42 50 57 68 54
Lbz | Temented e tralized CFCS 32 50 58 62
milk H,0,- free CFCS 40 43 52 62
Neutralized, H,O.-free CFCS 33 50 48 62

Crude CFCS 63 60 62 68 63
Lb3 Ferm;’:ec’ Neutralized CFCS 51 52 58 73
H,0,- free CFCS 59 58 60 63
Neutralized, H,O.-free CFCS 45 55 48 57

Crude CFCS 35 63 58 48 51
Lb4 Yoghurt |Neutralized CFCS 28 55 58 50
H,0,- free CFCS 30 55 50 60
Neutralized, H,O.-free CFCS 35 53 52 52

Crude CFCS 37 65 62 52 54
Lb5 Raw milk |Neutralized CFCS 30 57 58 55
H,0,- free CFCS 25 60 52 57
Neutralized, H,O.-free CFCS 37 58 55 58

Average* 42 55 59 60 54
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Table (2): Antifungal activity of cell-free culture supernatants (CFCS) of local lactic
Streptococci isolates.
Fungal Growth Inhibition (FGI %)
Isolate Origin Treatment Rhizoctonia | Sclerotuim | Fusarium | Penicillium | Average*

solani cepivorum | oxysporum sp.

Crude CFCS 31 35 20 65 38
st | Termented | Neutralized CECS 30 28 31 58
milk H,0O,- free CFCS 31 33 18 62
Neutralized, H,O,-free CFCS 20 25 33 49

Crude CFCS 33 43 58 49 46
st | FErmented | Neutralized CFCS 25 33 48 60
milk H,0O,- free CFCS 30 45 50 41
Neutralized, H,O,-free CFCS 22 35 41 52

Crude CFCS 39 58 32 38 42
st3 fser:: Neutralized CFCS 30 50 25 28
H,0O,- free CFCS 26 55 29 32
Neutralized, H,O,-free CFCS 19 48 27 24

Crude CFCS 40 65 35 68 52
St4 Yoghurt _Neutralized CFCS 35 42 28 73
H,O,- free CFCS 37 53 30 63
Neutralized, H,O,-free CFCS 30 48 23 57

Crude CFCS 47 42 25 50 41
sts | Te™MeNtd Neytralized CFCS 40 33 19 63
milk H,O,- free CFCS 42 40 22 57
Neutralized, H,O,-free CFCS 35 35 20 58

| Average* 38 49 34 54 44

*Average of antifungal activity of crude CFCS which represents the overall activity.
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