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Antifungal activity of lactobacilli isolated 
from Armenian dairy products: an effective 
strain and its probable nature
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Abstract 

Different strains of lactobacilli isolated from Armenian dairy products (matsoun, sour cream and different types of 
cheeses), were studied for antifungal activity. Lactobacillus rhamnosus MDC 9661 strain was shown to have inhibitory 
activity against Penicillium aurantioviolaceum and Mucor plumbeus growth. Bacterial cell-free supernatant didn’t show 
antifungal activity. The L. rhamnosus antifungal activity was stable to the wide range of pH from 3 to 10. This activity 
was high after treatment with both low temperature (− 30 °C) and lysozyme and with ultrasound. However, it was 
sensitive to high temperature from 45 to 80 °C and proteolytic enzymes. The results suggest the proteinaceous nature 
of L. rhamnosus antifungal activity associated with bacterial cell wall. L. rhamnosus MDC 9661 could be recommended 
as a starter for production of dairy products, functional food and preserving strain in food production.
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Introduction
Food and feed spoiling moulds and yeasts can be poten-
tial hazards and cause great economic losses worldwide 
(De Muynck et  al. 2004). The reduction of mould and 
yeast growth in food and feed production and their stor-
age is of the primary importance. There is a great interest 
in developing efficient and safe strategies for this pur-
pose. Thus, the application of biological preservation has 
received much attention in recent years. The natural ori-
gin and the good examination of producers which were 
isolated from nature are the primary demands to these 
new agents. The best candidates satisfying these demands 
are lactic acid bacteria (LAB) (Gerez et al. 2009).

The great variety of ecological-geographic conditions 
of Armenia with its sharply defined vertical zoning pro-
motes the development of unique associations of LAB in 
traditional dairy products. During centuries Armenians 
have prepared traditional protein-enriched dairy prod-
ucts matsoun, sour cream and different types of cheeses, 

having significant physiological, antagonistic, antioxidant 
and antiallergenic activity (Bazukyan et  al. 2010; Movs-
esyan et al. 2010). Inside gastrointestinal tract LAB sup-
press unwanted microbiota growth due to production of 
various antimicrobial substances and ability to lower the 
environment’s pH.

There are many substances synthesized by LAB with 
antibacterial activity such as hydrogen peroxide, carbon 
dioxide, diacetyl, bacteriocins and proteolytic enzymes 
(Gourama 1997; Guo et  al. 2011; Laref and Guessas 
2013). The antagonistic properties of matsoun are usu-
ally explained by its acidic pH, because of synthesis of 
carboxilic (lactic acid particularly) and fatty acids (Dalie 
et al. 2010; Falguni et al. 2010). The latter’s are known as 
the most common antifungal components. Antibacterial 
activity of LAB has been established well (Mauch et  al. 
2010), but LAB inhibition of yeasts and moulds growth 
has yet to be studied (De Muynck et al. 2004; Laref and 
Guessas 2013). Antifungal activity of LAB is low and the 
nature of such activity is still unclear.

In the present study, we have investigated the antifun-
gal activity of lactobacilli strain isolated from matsoun 
and conducted preliminary studies on the nature of these 
substances.
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Materials and methods
Objects of investigation
The objects of investigation were different LAB strains 
isolated from dairy products: Lactobacillus rhamnosus 
R-2002 (the accession number is KY054594 submitted 
in GenBank), L. delbrueckii subsp. lactis INRA-2010-
4.2 and L. delbrueckii subsp. bulgaricus INRA-2010-5.2 
stored at Microbial Depository Center (MDC) (Scientific 
and Production Center “Armbiotechnology”, National 
Academy of Sciences of Armenia, Yerevan, Armenia, 
WDCM 803), under the numbers MDC 9661, MDC 9632 
and MDC 9633, respectively, the strains RIN-2003-Ls 
and BAM-2003-Lb were identified as Lactobacillus del-
brueckii subsp. bulgaricus, the strains INA-5.1 and INA 
21.1 were identified as Lactobacillus rhamnosus, and 
INRA-2010-H11 as Lactobacillus helveticus according to 
multiphase approach comprising classical and molecular 
methods (Bazukyan 2018). All strains were re-cultivated 
in skim milk medium. The skim milk medium was recon-
stituted (10% w/v) from milk powder (Katnarat, Arme-
nia) and then sterilized at 110  °C for 15 min. The stock 
cultures of LAB were kept at − 20 °C in De Man, Rogosa 
and Sharpe (MRS, Hi-Media, India) broth containing 
20% w/v glycerol. Before use, the strains were propagated 
twice in the appropriate broth and cultivated overnight at 
optimal temperature (30–42 °C).

For study of antifungal activity all isolated strains were 
cultivated in modified MRS media with followed compo-
sition: peptone 10 g/L, meat extract 10 g/L, yeast extract 
5 g/L, glucose 20 g/L, ammonium citrate 2 g/L,  MgSO4 
0.05 g/L, Tween-80 0.8% v/v, agar–agar 1.5% w/v. All rea-
gents used were produced by Hi-Media, India.

Study of antifungal activity and its dependence on external 
factors
Antifungal properties of the studied were determined 
by well-diffusion assay and total diffusion into agar. All 
experiments had been done with the modified MRS 
media because it was efficient for the growth of fungi 
and LAB. At the same time, there are no particular media 
suitable for the cultivation of fungi, (e.g. Saburo media) 
on which one can obtain relevant growth of LAB. Various 
groups of fungi were used as test-organisms: Candida 
guilliermondii NP 4 (provided by Prof. L. Navasardyan, 
Department of Biochemistry, Microbiology and Bio-
technology, Yerevan State University, Yerevan, Armenia) 
(Navasardyan et al. 2017), Candida albicans 301 (isolated 
from clinical material), Debaryomyces hansenii, Mucor 
plumbeus, Geotrichum candidum, Fusarium sp. CB1853, 
Cladosporium sp.(isolated from spoiled food) [identi-
fied and provided by Biopolymers Interaction Assem-
ble, Function and Interaction of Proteins Laboratory 
(FIRL), National Research Institute of Agronomy (INRA), 

Nantes, France] (Ahmadova et al. 2013), Aspergillus fla-
vus, Penicillium aurantioviolaceum and Trichoderma 
viride (isolated from spoiled food and identified by Dr. K. 
Grigoryan, Research Institute of Biology, Yerevan State 
University, Yerevan, Armenia).

Using well-diffusion method (Ndagano et al. 2011) the 
suspension with fungal spores  (104 spores per mL) or 
0.1 mL of yeasts cultural liquid (which contained  104 cells 
per mL) was added in Petri dish and covered by modified 
MRS 1.5% w/v of agar. Then, LAB were grown for 24 h in 
MRS medium and 0.1 mL of each LAB cultural liquid was 
added to wells both in native conditions and after adjust-
ment of pH to 6.5. Antifungal effect of bacterial cell-free 
supernatant was determined by the same method. The 
antifungal activity was determined by the absence of 
fungal/yeasts growth around well. Using diffusion into 
agar, 70  μL overnight LAB culture was added to small 
(7 mL) Petri dishes and covered by modified MRS agar. 
Over 48 h, suspensions of fungal spores were dropped on 
the nutrient medium surface. The suspensions of fungal 
spores were prepared after 7–10  days of fungi growth, 
until full sporulation, after which the spores were col-
lected by plastic microbiological loop in 100 mM phos-
phate buffer (pH 6.5), and the quantity of spores was 
determined in counting chamber “Malassez”(Germany). 
The quantity of spores was adjusted to  104 per mL.

The effect of cultivation duration on antifungal activ-
ity was established by growing LAB during 24 and 48 h 
on modified MRS medium. For testing pH stability, after 
cultivation during 48 h the pH of LAB cultural media was 
adjusted to different pH values (from 3 to 10, by concen-
trated HCl or 40% w/v NaOH), and then the antifungal 
activity was determined. For testing the temperature sta-
bility, after cultivation during 48 h the cultural liquids of 
LAB were treated at different temperatures in the range 
of 45–80 °C during 15 min, and then the antifungal activ-
ity was determined.

The antifungal activity of concentrated (10×) superna-
tant by evaporation in “Universal Vacuum System UVS 
800 DDA Speed Vac GMI” (USA), as well as antifungal 
activity of concentrated (22.5×) supernatant by lyophili-
zation in “HETO DRY WINNER DW 6-85-1” (Serial N 
21057B, Denmark) at − 90  °C and at 6–7 mbar vacuum 
was determined by the well diffusion method.

Determination of antifungal activity linked with bacterial cell 
wall
The antifungal activity linked with bacterial cell wall was 
determined after 48 h of cultivation, when LAB biomass 
was separated from cultural liquid and washed twice 
with 0.9% NaCl. Then biomass was treated with 10 mg/
mL lysozyme and 70  MHz ultrasound using sonificator 
(“Labsonic 2000, B. Braun”, Germany). The cell walls were 
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separated from cytoplasm content by centrifugation. 
After separation, approximately 0.1 mL of cell walls were 
added to sterile Petri dishes and covered with modified 
MRS agar. After polymerization the  104 moulds spores 
were added on the surface of media.

Two controls were used. The first was the growth of  104 
fungi spores on the surface of modified MRS. The second 
was the growth of fungi spores on the surface of modified 
MRS with addition of spores and cells free supernatant 
of fungi and 1% of LAB. Spores and cell-free superna-
tant was obtained by filtration of cultural liquid through 
0.2 nm filter. The spores and cell-free supernatant of all 
filamentous fungi, even if antifungal activity had not been 
established against them, were used as elicitors.

Determination of the nature of the antifungal activity 
and purification of its component
LAB antifungal activity nature was evaluated by the 
samples treatment with different enzymes. The effect of 
enzymes was determined by the incubation of cell sus-
pension with proteinase K and trypsin at final concen-
tration of 0.1  mg/mL in 20  mM phosphate buffer (pH 
7.0), and pepsin at 0.1  mg/mL in 20  mM glycine–HCl 
(pH 2.0). After the incubation for 24 h the reactions were 
stopped by centrifugation.

The partial purification of antifungal component was 
made only from LAB cells, but not from supernatant. 
After 48  h of LAB cultivation in the modified MRS 
broth the biomass was separated by centrifugation dur-
ing 5  min at 11,200g. The biomass was washed twice 
with 0.9% NaCl and resuspended in distilled water. The 
suspension was treated by freezing at − 20 °C overnight. 
Afterwards, the tubes were incubated at 63 °C for 30 min. 
Then biomass was treated by 10  mg/mL lysozyme dur-
ing 1 h at 37 °C and 70 MHz ultrasound “Labsonic 2000, 
B. Braun” (Germany). The cell walls were separated from 
cytoplasm content by centrifugation at 15,000g dur-
ing 5  min. After separation, both supernatant and cell 
walls were treated by addition of 4  M urea, 20% Tween 
80, 20% Triton X-100 or by mixture of these compo-
nents (4 M urea, 1% Tween 80 and 1% Triton X-100), as 
described (Lavermicocca et al. 2000; Johnson 2013). The 
residual antifungal activity was measured by the method 
described above.

Reagents used and data processing
Agar–agar and yeast extract were from Becton, Dick-
inson and Co. (USA-France), peptone and MRS media 
were from Hi-Media (India). The other reagents used 
were from Sigma-Aldrich Co. (USA). Moreover, protein-
ase K from Tritirachium album with ≥ 30 units/mg, pep-
sin from porcine gastric mucosa with ≥ 250 units/mg and 

trypsin from bovine pancreas with ≥ 10,000 BAEE units/
mg were from Sigma (USA).

All experiments were independently repeated three 
times. Mean values and standard deviations were calcu-
lated using Statgraphics software (Statpoint Technolo-
gies, Inc., Warrenton, VA, USA). Project for Statistical 
Computing version R 3.1.0 (The R Foundation of Statisti-
cal Computing, Vienna, Austria) was exploited to evalu-
ate the statistical significance of obtained data by the 
Student’s t test, P < 0.05 if not mentioned.

Results
Screening of lactobacilli for antifungal activity
The primary screening of the antifungal activity among 
these strains has shown antifungal activity of lactobacilli 
strains MDC 9661, INA-5.1, INA-21.1, RIN-2003, MDC 
9632 and MDC 9633 (Table  1). None of studied strains 
inhibited the growth of G. candidum, T. viride and A. fla-
vus. The strains RIN-2003, MDC 9661, MDC 9632 and 
MDC 9633 demonstrated the antifungal activity against 
yeast D. hansenii.

The inhibitory activity of L. rhamnosus MDC 9661 
against Penicillium aurantioviolaceum and Mucor 
plumbeus is a new finding for LAB which might be of 
great significance.

Interestingly, study of antifungal activity depended on 
LAB cultivation duration revealed that the overnight 
culture (stock culture) or culture which had been grown 
during 24  h showed no antifungal activity (Fig.  1). The 
antifungal activity was observed after 48 h of LAB growth 
(Fig. 1).

Thus, L. rhamnosus MDC 9661 isolated has a high 
inhibitory activity against different fungi growth; this 
strain was used in further study of such activity proper-
ties and its possible nature.

Lactobacilli antifungal activity properties
The most important property of lactobacilli antifungal 
activity is its stability under different external factors. 
Indeed, MDC 9661 after 48  h of growth kept its activ-
ity against P. aurantioviolaceum and M. plumbeusin 
the wide range of pH from 3 to 10. But the treatment of 
MDC 9661’s cultural liquid after 48 h of growth at differ-
ent temperature (of 45–80  °C) during 15  min revealed 
the high sensitivity of antifungal activity to temperature: 
MDC 9661 lost its activity against P. aurantioviolaceum 
after exposure to 60  °C and against M. plumbeus—after 
exposure to 45 °C.

This research revealed that the cell free supernatant 
indicated no antifungal activity but the fungi growth was 
delayed (Fig. 2).

Study of antifungal activity of adjusted to pH 6.5 
supernatant concentrated (10×) by evaporation and 
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concentrated (22.5×) by lyophilization did not show any 
positive results. The biomass kept its antifungal activity 
after treatment by both − 30  °C and lysozyme and after 
disintegration of cells by ultrasound (Fig. 3).

The auto-lysates of different fungi strains were used as 
elicitors. As it could be seen (see Fig. 3), all control sam-
ples showed good antifungal activity, but separation of 
biomass from supernatant led to the loss of activity.

On the nature of lactobacilli antifungal activity
The other part of the present work was devoted to the 
study of the nature of MDC 9661 antifungal activity. For 

this purpose, we used different enzymes, effects of which 
indicated the following findings (Fig. 4). The treatment of 
MDC 9661 culture by proteinase K and pepsin inhibited 
its antifungal activity against M. plumbeus and P. auran-
tioviolaceum. However, antifungal activity of MDC 9661 
remained after the treatment with trypsin. These results 
allow to speculate on the proteinaceous nature of MDC 
9661 antifungal activity probably had protein nature. 
However, protein nature of antifungal activity is interest-
ing suggestion for lactobacilli; a further study is required.

Discussion
Armenian dairy products are rich in proteins and 
important nutrients and can be a good source of unique 
combinations of LAB. The latter can produce several 
antimicrobials, proteolytic and antifungal compounds. 
The antibacterial and proteolytic activity of some iso-
lated strains had been shown before (Bazukyan et  al. 
2010; Movsesyan et al. 2010). That is why it was interest-
ing to study the antifungal activity as well. The investi-
gation of antifungal activity showed the high specificity 
of LAB to inhibit the growth of fungi species. Like this, 
the strains RIN-2003, MDC 9661, MDC 9632 and MDC 
9633 blocked the growth of Fusarium CB 1853, although 
the growth of M. plumbeus was inhibited by MDC 9661 
strain only (see Table  1). Moreover, the growth of P. 
aurantioviolaceum and C. albicans was suppressed by 
MDC 9661, INA-5.1 and INA-21.1.

Determination of some properties of antifungal activity 
revealed the wide pH stability, opening great perspectives 
of its application in food industry. The pH stability of 
MDC 9661 antifungal activity differs from data reported 
by different groups. De Muynck et  al. (2004) suggested 
that the adjustment of the supernatant of L. acidophi-
lus, L. amylovorus, L. brevis and L. coryniformis subsp. 
coryniformis strains to pH values of 5.0, 5.5 and 6.0, 
indeed, inhibited the antifungal activity. In the study of 
Laref and Guessas (2013) the antifungal activity of L. 
plantarum strains remained on high level at pH 6.0 and 
pH 7.0, therefore the antifungal activity was suggested to 
be not only due to non-dissociated organic acids, but also 
by dissociated ones.

From the other side, the low temperature stability 
of antifungal activity of L. rhamnosus MDC 9661 lim-
ited its application. This property differed from the data 
reported by the other groups. Schwenninger et al. (2005) 
reported also that the heating of the supernatant of Lac-
tobacillus paracasei subsp. paracasei for 10 min at 100 °C 
didn’t change the antifungal activity. Similar results 
were obtained by Gerez et al. (2009) of the L. plantarum 
supernatant. However, Gourama (1997) showed the 
loss of inhibitory activity at 100  °C for a treatment dur-
ing 10 min. So, for application of the L. rhamnosus MDC 

Fig. 1 Antifungal activity of L. rhamnosus MDC 9661 strain. A after 
24 h of cultivation, B after 48 h of cultivation. For details see “Materials 
and methods”

Fig. 2 The antifungal activity of L. rhamnosus MDC 9661 cell-free 
cultural liquid. A MDC 9661 supernatant with  104 spore/mL P. 
aurantioviolaceum spores, B control P. aurantioviolaceum without 
LAB supernatant, C MDC 9661 supernatant with  104 spore/mL M. 
plumbeus, D control M. plumbeus without LAB supernatant. For details 
see “Materials and methods”
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9661 antifungal activity in industry it should be used only 
after food thermic treatment.

The protein nature of lactobacilli antifungal activity 
was revealed by its treatment with different proteolytic 
enzymes. Interestingly, opposite results with antifungal 
activity of LAB were reported in some studies (Gerez 
et  al. 2009; Lan et  al. 2012; Niku-Paavola et  al. 1999), 
where LAB treated with proteolytic enzymes (pepsine, 
pronase, proteinase K and α chymotrypsin) showed an 
inhibitory activity, suggesting that the antifungal activ-
ity could be not due to protein. However, Rouse et  al. 
(2008) in their work with the concentrated supernatant 
of L. plantarumtreated with proteinase K obtained essen-
tially eliminated antifungal activity. The other authors 
(Guo et  al. 2011; Mauch et  al. 2010) demonstrated that 

the proteolytic treatment reduced antifungal activity of L. 
brevisand L. reuteri.

The finding that the treatment by trypsin did not 
reduce the antifungal activity of L. rhamonus MDC 9661 
allows one to conclude the absence of lysine-arginine 
bands in the middle part of antifungal component (Rod-
riguez et al. 2008). This statement is correct only in the 
case of absence of proline link to either of these amino 
acids.

The preliminary purification of antifungal component 
synthesized by L. rhamnosus MDC 9661 revealed that 
neither 4  M urea, nor 20% Tween 80 and 20% Triton 
X-100 could separate the antifungal component from the 
cell wall components. This can be concluded after com-
paring the presence of fungi growth on the plates with 
the cell free supernatant after the treatment by ultra-
sound and 4 M urea, and the absence of fungi growth on 
the plates with the cell wall particles after the same treat-
ment (Tables 2 and 3). The presence of both 20% Tween 
80 and Triton X-100 in the media inhibited the growth of 
fungi; that is why the concentrations of these two com-
ponents were decreased to 1%. The extraction of antifun-
gal component from the cell wall particles was carried 
out by using the mixture of mentioned three compo-
nents (see “Materials and methods”). But even this mix-
ture could not separate the antifungal component (see 
Table 3). In order to fully understanding of the structure 
of the antifungal component and to study its properties, 
it is absolutely necessary to perform complete purifica-
tion of component using special technique. Even in the 
case that the purification of antifungal component was 
not successful, MDC 9661 strain is of interest for current 
research and development.

Based on the results obtained, it can be concluded that 
lactobacilli strains isolated from Armenian dairy prod-
ucts demonstrated inhibitory activity against different 

Fig. 3 The antifungal activity of L. rhamnosus MDC 9661 disintegrated biomass. The supernatant of disintegrated biomass was added in Petri dishes 
where the growth of mycelium can be seen (the side) and the sediment of disintegrated biomass was added in Petri dishes where the growth of 
mycelium cannot be seen (in the middle of Fig.). For details see “Materials and methods”

Fig. 4 The effects of different enzymes on antifungal activity of L. 
rhamnosus MDC 9661. I line—inhibition of M. plumbeus growth. II 
line—inhibition of P. aurantioviolaceum growth. A MDC 9661 cultural 
liquid treated by proteinase K, B MDC 9661 cultural liquid treated by 
pepsin, C MDC 9661 cultural liquid treated by trypsin. For details see 
“Materials and methods”
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fungi, especially P. aurantioviolaceum and M. plumbeus. 
L. rhamnosus MDC 9661 showed the maximum antifun-
gal activity when cultivated in modified MRS during 48 h. 
This activity was stable to different pH values and sensi-
tive to high temperature but could be lowered by proteo-
lytic enzymes. The activity links with bacterial cell wall 
and has a protein nature; a further purification of which 
is required. MDC 9661 can be applied as starter for pro-
duction of dairy products, functional food and preserv-
ing strain in food production.
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