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INTRODUCTION 

 

Contamination of food, feed and other agricultural commodities by microscopic 

filamentous fungi leads to significant economic losses worldwide. Among 

Aspergillus species are one of the most common microscopic fungi causing 
degradation of stored food and feed. In addition, some species of the genus 

Aspergillus pose a major security risk due to their ability to produce mycotoxins 

(Oliveira et al., 2014). Some of them are toxic and may have carcinogenic, 
teratogenic or mutagenic properties that can cause various acute or chronic 

conditions in humans and animals. High incidence of contamination caused by 
microscopic filamentous fungi and their products - mycotoxins in food and feed, 

their ability to colonize different substrates and the lack of effectiveness of existing 

control measures require more effective action to be taken to eliminate these 
microorganisms (Hassan et al., 2016). At present, the food industry depends on 

chemical preservatives (such as benzoic, propionic, and sorbic acids), which can 

extend the shelf life of foods and control the growth of toxigenic fungi. On the 
other hand, there is a growing awareness of the health risks of consumers 

associated with the use of chemical preservatives (Luz et al., 2017). The demand 

for foods that do not contain these synthetic substances has also been increasing 
recently. In addition, the use of synthetic preservatives is beginning to be limited 

due to the resistance development in microscopic filamentous fungi (Muhialdin et 

al., 2020). In recent years, there has been a growing interest in research and 
development of natural antimicrobial agents capable of inhibiting the growth of 

spoilage fungi in food (Ribes et al., 2018). Replacing synthetic food chemicals by 

natural compounds promotes production of healthier food products that are 
protected against microscopic spoilage (Gamba et al., 2015; Hati et al., 2018). 

One of the substitutions is the use of certain microorganism that must be non-toxic 

and easy to handle growth manifestations on simple media. Lactic acid bacteria 
(LAB) represent such an alternative as they are known to be a potential source of 

various secondary metabolites, such as bacteriocins, organic acids, fatty acids, 

protein compounds, cyclic dipeptides, hydrogen peroxide and other compounds 
(Siedler et al., 2019). These bioactive metabolites can be used to control 

pathogenic and food degrading microorganisms (Muhialdin et al., 2020). Several 

studies have reported interesting antifungal potential of some LABs strains (Rouse 

et al., 2008, Gerez et al., 2009; Muhialdin et al., 2016; Luz et al., 2017; Coton 

et al., 2018; Alaoui et al., 2021; Abouloifa et al., 2021), in addition, LAB are 

marked with GRAS status (Generally recognized as safe) and have been designed 
for use in a variety of food model systems including bread and yeast, dairy 

products, or in fruits and vegetables (Abouloifa et al., 2021). So, the aim of this 

study was to monitor the antifungal effect of selected types of lactobacilli on the 
growth of Asperillus ochraceus isolated from bread and its ability to produce 

ochratoxin A. 

 
MATERIAL AND METHODS 

 

Antagonistic microorganisms - identification, culture conditions and 

inoculum preparation 

 
Overall, nine strains of the genus Lactobacillus were used in this study as 

antagonistic microorganisms, specifically L. bifermentatus. L. perolens, L. reuteri, 

L. paracasei, L. paraplantarum, L. plantarum. L. salivarius, L. fructivorans and L. 
pentosus. All strains were obtained previously by isolation from dairy products and 

their identification was performed by MALDI TOF MS (Bruker Daltonics, 

Germany, Maldi Biotyper) as described in Hleba et al. (2017). All the strains were 
cultivated in MRS broth (HiMedia, India) under aerobic conditions at 37 °C for 48 

hours in order to obtain bacterial suspensions for inoculums preparation.  The 

inoculums containing 106 CFU/ml were prepared by diluting the lactobacilli 
suspensions in sterile phosphate saline and adjusting the density to 0.5 McFarland 

units by densitometer.  

 

Fungal strain - identification, growth condition and inoculum preparation  

 

Aspergillus ochraceus (SLO-B-245) was used to determine the inhibitory effect of 
lactobacilli. This strain was previously isolated from bread samples and identified 

as A. ochraceus ITS: MH517572 (Císarová et al., 2020). Prior to fungal inoculum 

preparation, A. ochraceus (SLO-B-245) was grown on Sabourad Dextrose Agar 
(SDA) (HiMedia, India) at 37 °C for 5-7 days in the dark. The grown colonies were 

resuspended in 1 ml of sterile phosphate saline containing Tween 80 and 

homogenized. Obtained suspension was diluted in sterile phosphate saline to a final 
concentration 2.5 x 106 CFU/ml by adjusting the density to 0.9 McFarland units. 

 

Screening of Lactobacillus spp. antifungal activity in in vitro condition  

 

The antifungal activity of the 9 lactobacilli strains was carried out using the overlay 

technique as described by Magnusson and Schnürer (2001) with some 
modifications. The lactobacilli strains were cultivated on MRS agar (HiMedia, 
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India) in Petri dishes (Ø 60 mm) . The sterile Whatman filter paper (Ø 12 mm) was 

placed in the middle of the prepared MRS agar plates and the lactobacilli inoculum 

(100 μl ) was applied on it. Plates were incubated for 72 hours under aerobic 

conditions at 37 °C, subsequently overlaid with 2 ml of SDA medium and 

inoculated by 20 μl of A. ochraceus (SLO-B-245) inoculum (applied in the center 

of the SDA medium) (Fig. 1). Inoculated plates were cultivated under aerobic 
conditions at 37 ºC for 8 days. The control treatment contained sterile Whatman 

filter paper without bacterial inoculum. Diameters (Ø mm) of the grown colonies 

were measured every two days (on days 2, 4, 6, and 8 of cultivation) using a digital 
caliper. The obtained data was expressed as the percentage growth inhibition (PGI) 

according to the equation: 
 

Percentage growth inhibition (%) = 
𝑟𝐴2 

𝑟𝐵2
 𝑥 100 

 

where rA = radius of the inhibition zone; rB = Petri dish radius. 
 

 
Figure 1 The scheme of used method (overlay technique) for tested 

antifungal activity of lactobacilli  

 

Antitoxigenic effect of Lactobacillus spp. 

 
After 8 days of cultivation, the ability of selected species of Lactobacillus spp. to 

affect the production of ochratoxin A (OTA) by A. ochraceus (SLO-B-245) strain 

was tested. Only lactobacilli that did not inhibit the growth of A. ochraceus (SLO-
B-245) completely were used in this assay. The qualitative TLC (thin layer 

chromatography) method according to Samson et al. (2002), described in Hlebová 

et al. (2021) was used.  The obtained spots were compared with the relevant 

standard of tested mycotoxin (OTA) (Sigma-Aldrich, Germany) and visualization 

of ochratoxin A was performed under a UV lamp at 366 nm, where ochratoxin A 
appears as a blue fluorescent spot (Samson et al., 2002). 

 

Statistical evaluation  

 

All experiments were performed in triplicates. The percentage of growth inhibition 

(PGI%) was calculated using the MS Office Excel 2016 program and the obtained 

averages of fungal colony treated by lactobacilli strains were evaluated by using 

the Stagraphics centurion XVI (version 16.1.11) (one-way ANOVA and Tukey 

HSD 95% multiple range test (p˂0.05). 

 

RESULTS AND DISCUSSION 

 
Antifungal activity of the tested lactobacilli 

 

Microscopic fungi are ubiquitous organisms that can grow almost everywhere, 
however their presence in goods results into the greatest losses in food industry. In 

food products they cause not only spoilage but also loss of nutrients, discoloration, 
and odor change, and, of course, they are able to produce some highly toxic 

secondary metabolites - mycotoxins (Hassan et al., 2016). Nowadays the 

consumers concern about the safety of food has increased as well as the need for 
finding alternatives suitable for food preservation without the use of synthetic 

preservatives (Luz et al., 2017; Luz et al., 2020). Lactic acid bacteria (LAB) 

attract much attention as they produce various substances with antifungal 
properties. LAB are considered as "green preservatives" because of their ability to 

inhibit the growth of microscopic fungi in food. Organic acids are still considered 

to be the major metabolites of LABs that dramatically affect fungal growth by 
inhibiting the mycelial growth. Organic acids in protonated or undissociated form 

are lipophilic and therefore easily diffuse across the fungal cell membrane and 

accumulate in the cytoplasm (Sadiq et al., 2019).  
In this study, the antifungal effect of nine lactobacilli strains (L. bifermentatus. L. 

perolens, L. reuteri, L. paracasei, L. paraplantarum, L. plantarum. L. salivarius, 

L. fructivorans and L. pentosus) was tested against ochratoxigenic fungus A. 
ochraceus (SLO-B-245). The results (Tab. 1) showed that all tested lactobacilli 

possess the ability to inhibit the growth of A. ochraceus (SLO-B-245) when 

compared to control sets. All studied strains caused significant differences (P ˂ 
0.05) on the mycelial growth of A. ochraceus (SLO-B-245). L. plantarum and L. 

paraplantarum were the most effective species of the set as they inhibited the 

growth completely (0.00 ± 0.00 mm; PGI 100%) after cultivation period (8 days). 
Similar results obtained Luz et al. (2017). They determined inhibition effect of the 

cell free supernatants (CFSs) containing peptides obtained from four strains of 

lactobacilli (Lactobacillus rhamnosus CECT 278T, Lactobacillus johnsoni CECT 
289, Lactobacillus plantarum CECT 749, Lactobacillus delbrueckii bulgaricus 

CECT 4005) on the growth of A. parasiticus and P. expansum. CFS obtained by 

Lactobacillus plantarum showed the highest inhibition activity. High inhibitory 

effectiveness of L. plantarum S61 was published by Abouloifa et al. (2021). They 

observed high antifungal activity against tested molds (Aspergillus niger, 

Penicillium sp., Fusarium oxysporum, Rhizopus sp.) and yeasts (Candida 
pelliculosa and Rhodotorula sp.) in all tested lactobacilli strains (L. plantarum, L. 

pentosus and L. brevis). But strain L. plantarum S61 delayed the growth of P. 

digitatum for 15 days. 
 

 

Table 1 The inhibition effect of lactobacilli on the growth of Aspergillus ochraceus (SLO-B-245) (mean colony diameter in mm±SD) on the SDA during 

cultivation period (2nd, 4th, 6th, and 8th cultivation day) at 37±1°C in the dark 

Tested lactobacilli 

Days of cultivation 
Growth inhibition 

(%) 

2 4 6 8  

mean colony diameter in mm±SD  

L. bifermentatus 10.19±0.16c 17.19±2.49b 23.86±3.38bc 37.19±7.67b 38.02 

L. perolens 4.30±3.76abc 17.26±9.12b 27.26±9.12c 37.26±9.12b 38.23 

L. reuteri 10.01±0.1bc 18.43±2.42b 25.10±3.68c 35.10±3.68b 41.50 

L. paracasei 3.15±1.20ab 9.82±3.69ab 9.82±3.69a 9.82±3.69a 83.63 

L. paraplantarum 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 100 

L. plantarum 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 100 

L. salivarius 5.31±1.12abc 15.31±1.12b 25.31±1.12c 35.31±1.12b 41.15 

L. fructivorans 20.23±3.76d 30.23±3.76c 40.23±3.76d 53.56±2.01c 10.63 

L. pentosus 2.18±2.15a 11.81±2.72b 11.81±2.72ab 11.81±2.72a 80.32 

Control 10.37±4.48c 36.53±3.02c 46.53±7.35d 59.67±0.57c NT 

Legend: data in the column followed by different letters are significantly different in 95.0% Tukey HSD test, P ˂ 0.05; SD – standard deviation; NT – not 

tested 
 

According to our results, L. paracasei (3.15±1.20 mm; PGI 83.63%) and L. 

pentosus (2.18±2.15; PGI 80.32%) possess a strong inhibitory effect on the growth 
of A. ochraceus at the beginning of cultivation (Fig. 2). After 4 days of cultivation, 

the growth of A. ochraceus was stopped by the action of these two species 

compared to the control sets with the maximum colony diameter size of 9.82 mm 
when treated by L. paracasei and 11.81 mm in case of L. pentosus. Potent 

antifungal activities of L. pentosus (against C. albicans, C. tropicalis and C. krusei) 

were publishedby Aarti et al. (2018). Barrios-Roblero et al. (2019) studied the 
antifungal and antisporulation activity of Lactobacillus plantarum (3 strains), L. 

paracasei (4 strains) and L. pentosus (3 strains) against the phytopathogen 

Colletotrichum gloeosporioides, which causes anthracnose in papaya. They found 

that all tested strains have a stronger inhibition effect on the germination of C. 

gloeosporioides by least 60% and completely inhibited its mycelial growth. Very 
good antifungal activity of L. paracasei (against A. niger) was observed by Yujia 

et al. (2022). They also investigated the effect of growth substrate concentration 

on lactobacilli inhibition activity. They demonstrated that the concentration of 
6.0% exhibited a higher inhibition of A. niger.  Positive effect of increasing 

substrate concentration on the growth rate of microorganisms and the yield of 

bacteriocin was previously published by Zacharof and Lovitt (2013). Bacterial 
growth and bacteriocin production was stopped when the concentration of the 

substrate decreased. So, the antifungal activity of lactobacilli is influenced by many 

factors.  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lactobacillus-plantarum
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glomerella-cingulata
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Figure 2 Inhibitory effect of some tested species of the genus Lactobacillus on the growth of A. ochraceus (SLO-B-245) after 8 days of cultivation in the dark at 37±1°C 

 
The other tested lactobacilli had a moderate inhibitory effect on the growth of A. 

ochraceus with a PGI ranging from 38.02% (L. bifermentatus, L. perolens) to 

41.50%. Interestingly, the species L. salivarius (5.31±1.12 mm) and L. perolens 
(4.30±3.76 mm) inhibited the growth of A. ochraceus most significantly till the 

second day of cultivation. Many studies reported a broad antifungal activity 

spectrum of these Lactobacillus species making them suitable for application in 
food industry (Le Lay et al., 2016; Schmidt et al., 2018; Bakhski et al., 2021; 

Chen et al., 2021). 

In our study, the least effective species was L. fructivorans, showing only 10.73% 

growth inhibition of A. ochraceus (SLO-B-245) at the end ofcultivation time. This 

strain even stimulated the growth of A. ochraceus (SLO-B-245) until the second 
day of cultivation compared to the control set (Fig. 3, Fig. 4). Similar results 

obtained Inglin et al. (2015) when testing 504 lactobacillus isolates including L. 

fructivorans against different bacteria and fungi strains. They found that L. 
fructivorans does not exhibit any inhibitory activity against both, bacteria, and 

fungi, respectively. 

 

 
Figure 3 The antagonistic effect of the tested Lactobacillus spp. on the growth of A. ochraceus (SLO-B-245) (n=3) during 8 days 

of cultivation in the dark (in mm) at 37±1°C 

  

 
Figure 4 Effect of Lactobacillus fructivorans on the growth of A. ochraceus (SLO-B-245) during all cultivation days (2nd, 4th, 6th, and 8th day) in the dark at 37±1°C 

compared to the control 

 

Inhibitory effect of Lactobacillus spp. on mycotoxin production by A. 

ochraceus (SLO-B-245) 

 
Contamination of food by microscopic filamentous fungi and their toxins 

represents a fundamental safety risk for humans and animals (Uzsáková and 

Hlebová, 2021). Therefore, in our work we also monitored the potential ability of 
lactobacilli to inhibit ochratoxin A production in in vitro conditions by using the 

TLC method. Only those colonies of A. ochraceus (SLO-B-245) were chosen for 

this assay, which were not completely inhibited by lactobacilli in previous 
experiment. The results showed that lactobacilli acted differently on the production 

of ochratoxin A (Tab. 2, Fig. 5). The most effective lactobacilli, inhibiting the 

production of ochratoxin A completely, showed to be the following species: L. 
perolens, L. paracasei, L. pentosus and L. fructivorans. L. fructivorans was able to 

completely suppress the production of ochratoxin A by A. ochraceus despite its 

inability of fungal growth inhibition. Piotrowska and Zakowska (2005) also 
observed the ability of five species of the genus Lactobacillus (L. plantarum BS, 

L. brevis, L. acidophilus CH–5, L. rhamnosus GG and L. sanfranciscensis) to 
inhibit the production of ochratoxin A. In their study the most effective species 

was L. rhamnosus GG, which was able to reduce the production of ochratoxin A 

by 89%. The inhibition of ochratoxin A production using lactobacilli was also 
monitored by Li et al. (2021). Their results showed that Lactobacillus brevis 8–2B 

strain significantly inhibited the growth of Aspergillus carbonarius as well as its 

production of OTA. 
Ragoubi et al. (2021) found out that the species L. delbrueckii and L. acidophilus 

were able to reduce not only OTA and aflatoxin B1 production but also zearalenone 

and deoxynivalenol production by 30 to 57% except. Lactic acid bacteria can 
remove mycotoxins in two ways, either by adsorption through the cell wall or by 

mycotoxin molecules degradation resulting into less toxic compounds. From safety 

point of view, adsorption is considered to be a more effective method as the 
degradation process can create some even more toxic metabolites than the original 

mycotoxins. Furthermore, various studies have proven that the complex 

mycotoxin–the cell wall of BMK shows reduced rate of adhesion to mucous 
membranes (Vinderola and Ritieni, 2015). In addition to antifungal and 
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antitoxinogenic properties of lactic acid bacteria, which include, for example, the 

genera Lactobacillus or Bifidobacterium, there are many other beneficial effects 

possessed by these bacteria, boosting consumers’ health (Uzsáková and Hlebová, 

2021). 

 

Table 2 Effect of Lactobacillus spp. on the ochratoxin A biosynthesis in tested A. 
ochraceus (SLO-B-245) (n = 3) after treatment 

Tested lactobacilli OA 

L. bifermentatus 2/3 

L. perolens 0/3 

L. reuteri 2/3 

L. paracasei 0/3 

L. paraplantarum nt 

L. plantarum nt 

L. salivarius 3/3 

L. fructivorans 0/3 

L. pentosus 0/3 

Control 3/3 

Legend: nt – not tested (mycelial growth was completely inhibited by lactobacilli), 

OA – ochratoxin A, ** - number of mycotoxins produced isolates, * - number of 

tested isolates 
 

 
Figure 5 The inhibitory effect of some species of lactobacilli on the production of 

ochratoxin A by the strain A. ochraceus (SLO-B-245) tested by the TLC method 

under UV light 366 nm; Kabc – Control, La – L. perolens, Lb – L. fructivorans, Lc – 
L. reuteri, Ld – L. paracasei, Le - L. pentosus, * - repetitions 

 

CONCLUSION 

 

Results obtained in this study proved the antagonist effect of LAB (lactobacilli 

isolated from dairy products) against filamentous fungus A. ochraceus (SLO-B-
245) as well as the ability to inhibit or suppress its ochratoxin A production. 

Antifungal activity assay revealed that two species were able to inhibit the growth 

of A. ochraceus (SLO-B-245) completely (100%) during all days of cultivation (8 
days), namely L. plantarum and L. paraplantarum. The least effective species was 

L. fructivorans possessing no inhibitory effect on the growth of the microscopic 

fungus compared to the control; however, it was able to completely inhibit the 
production of ochratoxin A. The production of ochratoxin A was completely 

inhibited also by the species L. perolens, L. paracasei and L. pentosus. The second 

and the third species showed at the same time a high rate of growth inhibition of 
A. ochraceus (SLO-B-245). Our study revealed some lactobacilli strains with 

promising properties such as antifungal activity and ability to inhibit/suppress 

mycotoxin production.  In conclusion, our results emphasize the importance of 
research on lactic acid bacteria due to their application potential in food protection 

and biopreservation as well as biological control agents in food against 

microscopic filamentous fungi and their mycotoxins. 
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