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Abstract: The effect of abiotic and biotic factors on the antifungal activity was evaluated by overlay assay
under different temperatures, pH and on modified MRS (de Man Rogosa Sharpe). Lactic Acid Bacteria (1.AB)
were able to produce antifungal compounds under different temperatures, in 30°C showed a good inhibition
because no conidia was observed, in this temperature all isolates when grown at pH 3 and 4 show a stronger
antifungal activity. The best inhibition was done when the glucose was replaced with sorbitol, mamnitol and
trehalose. The same zone of inhibition in the presence and absence of sodium acetate was detected by all
isolates. No inhibition was observed on MRS without meat extract and glucose, although the amount of activity

produced does vary depending on the carbon source.
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INTRODUCTION

Increasing consumer demand for natural products
has renewed food industry attention in biopreservation.
Lactic Acid Bacteria (LAB) are of particular interest as
effective alternatives to chemical preservatives because of
their food grade status (Gerez et al, 2010a, b
Coda et al., 2011). Some LAB have the ability to produce
inhibitory growth compounds, in a final fermentation
products (Cardoso et al., 2012), these compounds are
known: formic, propionic, butyric, valeric and caproic
acids (Corsetti et al., 1998), phenyllactic acid, cyclo
(Phe-Pro), cyclo (Phe-OH-Pro), and reuterin (Maganusson
and Schntwer, 2001), d4-hydroxyphenyllactic acid
(Lavermicocca et al., 2000); acetic acid and lactic acid
(Gerez et al. 2009, O’Callahan et ai., 2012) and have the
ability to retard or eliminate mycelia growth or spore
germination, either on ther own or synergistically
(Guo et al., 2012). Some genera and species appear to be
more active than others. The genus Lactobacillus is
found in most research study on antifungal activity of
LAB (Magnusson et af., 2003, Voulgan et al., 2010), then,
the genera Lactococcus (Florianowicz, 2001), Pediococcus
(Rouse et al, 2008; Dalié et al., 2010), Enterococcus
(Voulgarni et al., 2010), Leucorostoc (Choi et al., 2012) and
Weissella (Ndagano et al., 2011; Back et al., 2012).

Most of these studies were evaluated the production
of antifungal compounds without changing bacterial
growth factors and a few works were studied the influence

of abiotic and biotic factors on the production of
antifungal compounds.

The aim of this study is to find the factor that
increases the production of antifungal compounds by
Lactobacillus.

MATERIALS AND METHODS

Cultures and isolates: Six lactic acid bacteria studied;
Lactobacillus plantarum LB54, LB51, LB52, LB20, LB24
and Lactobacillus farciminis LB53 were isolated from
silage, carrot and camel milk; were mamtained on MRS (de
Man Rogosa Sharpe) agar and stored at 4°C. The fungi
Aspergillus sp. was obtained from the Laboratory of
mycology and parasitology of Sidi Belabbes (Algeria).

Effect of abiotic and biotic factors on the antifungal
activity: The effect of abiotic and biotic factors on the
antifungal activity was evaluated by overlay assay
described by Magnusson et al. (2003).

Antifungal activity under different temperatures:
Bacteria were streaked in two lines on MRS agar plates
and allowed to grow at 25, 30 and 37°C for 48 h. After
chloroform treatment, 10 mL. of soft malt extract
(0,7% agar) containing 0.1 mL of inoculums of mould
(10" sp. mL.™") was then poured onto the agar plates and
incubated at 30°C. After 72 b, the percentage of inhibition
was calculated as the area of inhibited growth in relation
to the total area of the Petr1 dish.
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Antifungal activity in different pH: Bacteria were streaked
in two lines on MRS agar plates with different pH values
(2,3,4,5,6and 7) and allowed to grow at 30°C, for 48 h.
Then 10 mL of soft malt extract (0,7% agar) contaiung
0.1 mL of inoculums of mould (10° sp. mL.™") was then
poured onto the agar plates and incubated at 30°C. After
72 h, the percentage of inhibition was calculated.

Antifungal activity on modified MRS: The composition of
MRS agar was modified, MRS without: meat extract, meat
extract and glucose, meat extract and peptone, meat
extract and yeast extract, sodium acetate, meat extract and
glucose (the glucose was replaced with sucrose, fructose,
galactose, mannitol, sorbitol, arabinose, xylose, rhamnose,
trehalose, sorbitol and lactose) were used to evaluate the
effect of these compounds on the producton of
antifungal compounds.

Bacteria were streaked in two lines on modified MRS
agar plates and allowed to grow at 30°C, for 48 h. Then
10 mL of soft malt extract (0,7% agar) contaimng 0.1 mL of
inoculums of mould (10" sp mL.™") was then poured onto
the agar plates and incubated at 30°C. After 72 h, the
percentage of inhibition was calculated.

RESULTS AND DISCUSSION

Antifungal activity under different temperatures:
Similar percentage of inhibition (53.19%) has been
observed at temperatures tested 25°C and 37°C by
Lactobacillus plantarum 1.B24. Lactobacillus plantarum
LB54 and LB52 showed a maximum production
of antifungal compounds when grown at 37°C (Table 1,
Fig. 1, 2), this result is similar to those obtained by
Falgumi et al. (2010) when incubated L. brevis NCDC at
37°C. The large zone of inhibition was observed by
Lactobacillus farciminis LB53, Lactobacillus plantarum
LB51 and Lactobacillus plantarum 1.B20 at 25°C, the
percentage of inhibition by these strains was 38.29, 72.34
and 79.78%, respectively (Table 1, Fig. 1). Zhao (2011)
observed that the maximum antifungal activity for stramns
Lactobacillus plantarum NB, Lactobacillus plantarum
DC2 and Lactobacillus plantarum SDR  at growth
temperatures of 25, 37 and 45°C. No conidia forming was
observed from the swrvival mycelia inhibited by all
Lactobacilli at 30°C compared to other temperatures
(Fig. 1-3), therefore, it is the best temperature for the
production of antifungal compounds. Similar temperatures
(30°C) were suggested by Rouse et al (2008) and
Bianchini (2011) as ideal for the production of antifungal
compounds by L. plantarum in MRS broth. Roy et al.
(1996) studying the production of antifungal compounds
by Lactococcus lactis subsp. Lactis reported optimum
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Table 1: Antifungal activity at different temperatures
Zone of inhibition by percentage (©%)

Strains
Temperatures
()] LB54 LB52* 1Bs3* 1BS1* 1B2¢* L1B24
25 21.27£0 42540 38290 T2.342£0 79.78£0 53.19+0
30 27.65+0 6.38+0  7.97+0 14.89+0 31.91+0 42.55+0
37 T1.27+0 255340 21.27+0 21.2740 12.76+0 53.19+0

s Lar lobac iflus plantarum, ® Lactobacillus fwciminis

incubation temperatire at 30°C. Magamusson and
Schniirer (2001) suggested also that the incubation at
30°C as ideal for maximum production of antifungal
compounds by Lactobacillus  coryriformis  subsp.
Coryniforms in MRS broth.

Antifungal activity in different pH: All isolates when
grown at pH 3 and 4 show a stronger antifungal activity,
and decreased at pH 5 and 6. The best percentage of
inhibition at pH 5 and 6 was 42.55%; was done by
Lactobacillus plantarum LB20 and LB24; Lactobacillus
Jarcimins LB53 and Lactobacillus plantarum 1LB24,
respectively (Fig. 5). Rouse et al. (2008) reported that their
strain  of L. plantarum, produces the antifungal
compounds in the lower pH range. However,
Maganusson and Schniirer (2001) reported that their
strain of Lactebacillus coryniformis subsp. Coryniformis,
produces the antifungal compounds in the highest pH.
The isolate Lactobacillus plantarum LBS51 lost their
antifungal activity at pH 7, although the antifungal
activity of Lactobacillus plantarum 1.B54, Lactobacillus
plantarum 1B52 and Lactobacillus farciminis 1.B53
remamed at pH 7. Lactobacillus plantarum 1solated by
Bianchini (2011) showed more inhubition of mold growth
towards the higher pH levels tested, with pH 5-7.
Falguni et al. (2010) suggested that the maxunum
production of antifungal compounds by L. brevis NCDC
at pH 6 and 7 in MRS broth. Dalié (2010) observed also
good mhibition of Fusarium by pediococcus pentosaceus
LO0O6 at pH 5 and 7.

Antifungal activity on modified MRS: All isolates have
the ability to grow on MRS agar, when the glucose was
replaced with sucrose, fructose, galactose, manmtol,
sorbitol, arabinose, xylose, rhamnose, trehalose, sorbitol,
lactose and without meat extract. The best inhubition was
done when the glucose was replaced with sorbitol,
mannitol and trehalose (Fig. 4). Klewicka (2007) reported
that the polyols like glycerol, lactitol, erythritol, sorbitol,
mannitol induce antifungal activity by Lactobacillus spp.
towards different species of fungi, and the best inhibition
was done by sorbitol. No mhnbition was observed by all
1solates when the glucose was replaced with xylose
because most of these bacteria do not ferment this
carbohydrate. Rouse et al. (2008) studied the inhibitory
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Fig. 1(a-¢): Antifungal activity under temperature 25°C (Lactebacillus plantarum) (a) LB54, (b) LB24, (¢) LB20, (d) LB52

and (e) LB51

(€)

Fig. 2(a-d). Antifungal activity under temperatiwe 37°C (Lactobacillus plantarum) (a) LB52, (b) LB54, (¢) LB24 and (d)

Lactobacillus farciminis LB53

Fig. 3(a-d). Antifungal activity under temperatiwe 30°C (Lactobacillus farciminis) (a) LB53, Lactobacillus plantarum

(b) LB20, () LB24 and (d) LB52

effect of four LAB when grown m the presence of
different carbon sources including glucose, sucrose,
lactose, fructose and sorbitol. Among their LAB, one was
L. plantarum, which showed best results against
Penicillivm notatum when grown 1in a medium equivalent
to MRS prepared with glucose. The presence a zone of
inhibition by all isolates on MRS without: meat extract,
meat extract and peptone, meat extract and yeast extract
(Table 2). Batish et af. (1990) observed also the presence
of antifungal compounds in the absence of yeast extract
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(7.50 wnit mL™"); beef extract (21.50 unit mL™") and
tryptene (5.00 unit mL ™). No inhibition was observed on
MRS without meat extract and glucose, although, the
amount of activity produced does vary depending on the
carbon source. Aspergillus sp. has the ability to grow on
MRS agar with sodiumn acetate suggesting that sodiun
acetate did not affect the growth of Aspergillussp. at the
concentration used in MRS medium, this result 1s similar
to those obtamed by Stiles et al. (2002). The same zone of
inhibition was observed in the presence and absence of
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Fig. 5: Antifungal activity under different pH
Table 2: Antifungal activity on modified MRS agar
Zone of inhibition by percentage (%)
Strains
MRS without LB54* LB52* LB53® LBS51* LB20* LB24*
Meat extract 27.65£0 6.38+1.04 7.97£0 14.89+2.13 31.91+0 42,550
Meat extract and ghicose 0 0 0 0 0 0
Meat extract and peptone 21.27+0 42,5540 42.55+0 63.82+0 21.27+0 42.55+0
Meat extract and yeast extract  21.27+0 21.27+1.27 10.63+0 42.55+0 42.55+2.28 21.27+0
Sodiwmn acetate 27.65+0 0.38+0 7.97+0 14.89+0 31.91+0 42.55+0

¢ Lactobacillus plantarum, ® Lactobaciilus firciminis

sodium acetate. Aspergillus repens NRRL 13, Aspergillus
versicolor M 1069 and Aspergillus candidus C 25, were
completely inhibited by L. rhamnosus VT1 on MRS agar
plates without sodium acetate (Stiles et al, 2002).
Schillinger and Villarreal (2010} observed that LAB strams
producing large zones of inhibition on MRS agar plates
were unable to produce inhibition zones on MRS without
sodium acetate. When the mould A. fumigatus was
evaluated against P. jemsenii, 1t was more strongly
inhibited when the Propionibacteria were cultwed on
MRS with sodium acetate (Lind et al., 2005).

CONCLUSION
This study shows that the temperature, pH and

nutrients of the culture medium could mfluence the
production of antifungal compounds by lactic acid
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bacteria. These factors (abiotic and biotic) change the
metabolism of LAB, therefore change the effect of

antifungal compounds on germination of conidia and
growth of myceha.
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