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Abstract: The aim of the study was to evaluate the ability of lactic acid 
bacteria strains, isolated from the gastrointestinal tract of chickens, to 
eliminate ochratoxin A (OTA) in vitro and to investigate whether the 
mechanism of OTA reduction is adsorption or hydrolysis. The probiotic 
characteristics of the strains, such as their growth performance and 
synthesis of lactic acid at 42°C, inhibition of Salmonella spp. and 
Escherichia spp. growth and susceptibility to antibiotics, was also 
evaluated. Ochratoxin A reductions in MRS broth depended on the tested 
strain and ranged from 1% to 29%. The level of OTA reduction was higher 
at 30°C than at 37 and 42°C and there were no significance differences 
between OTA reduction obtained with live and heat-treated bacteria cells. 
The evaluation of probiotic characteristics showed that Pediococcus 
acidilactici KKP 879 was the strain with more potential to develop 
a probiotic culture for chickens.  
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Introduction 
Ochratoxin A (OTA), a mycotoxin produced mainly by the fungi Aspergillus 

ochraceus and Penicillium verrucosum, can be found in a wide variety of food 
commodities and feed [1]. Though OTA amounts may be relatively low in foods, 
it may accumulate in the blood and organ tissues of either humans or animals 
that consumes contaminated food and feed (carry-over effect) [2]. Ochratoxin 
A damages the kidneys mainly, but at high concentrations it can also cause liver 
toxicity [3]. OTA poses no health hazard to ruminants since it is degraded by 
rumen microorganisms, but this mycotoxin may be detected in milk [4]. On the 
contrary, pigs and poultry are particularly sensitive to OTA [5]. When consuming 
feed with high levels of mycotoxins, chickens may be affected by a general 
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weakening of the body's resistance, increasing their susceptibility to several 
bacterial diseases such as salmonellosis and colibacillosis; Gumboro and Marek's 
disease from viral origin; and parasites like coccidiosis [6]. Intake of ochratoxin 
A by animals results in OTA contamination of meat and meat products. OTA has 
also been found in the blood, liver and kidneys of animals slaughtered [7]. For 
this reason there is a need to find ways to protect farm animals from the harmful 
effects of this toxin.  

Prevention of ochratoxin A formation is often impossible so the decontamination 
of agricultural commodities is necessary in some cases. There are various 
physical and chemical methods that may be used to eliminate mycotoxins from 
food, but they often give unsatisfactory results. Moreover the use of various 
chemical compounds is sometimes impractical due to their adverse effect on the 
quality of agricultural raw materials [1]. For this reason, biological methods 
against mycotoxins are gaining attention from the research community. The 
biological detoxification of ochratoxin A can be carried out either in situ (OTA 
elimination from feed and food) as well as in vivo (decontamination takes place 
in the gastrointestinal tract of the animal) [8]. 

Many species of bacteria and yeasts are capable of degrading ochratoxin A 
[9-11]. It is claimed that the process of ochratoxin A degradation derives from 
the hydrolysis of the amide bond that links the L-β-phenylalanine molecule to the 
ochratoxin alfa (OTα) moiety, and that this hydrolysis is mediated by 
carboxypeptidase-like enzymes [12]. This process was firstly described in 1976, 
when testing the reduction of ochratoxin A by microorganisms isolated from the 
rumen of ruminants [11]. The hydrolysis of ochratoxin A by Aspergillus niger 
was further investigated [12]. In this case, the enzymatic extract from the fungus 
was added to an OTA solution, being observed a decrease in OTA levels and an 
increase of OTα presence in solution.  

The ability to reduce the contamination of mycotoxins was also detected 
among lactic acid bacteria (LAB), a group of microorganisms commonly used in 
the production of fermented food and feed. LAB are able to detoxify some 
mycotoxins such as OTA [13]. The problem associated with the reduction of 
OTA by LAB has been the object of frequent interest. Many factors that 
influence the antimycotoxin activity of lactic acid bacteria have already been 
examined. For example, Fuchs et al. [9] examined the process of OTA 
elimination by 30 LAB strains belonging to 20 species. Among them, 
Lactobacillus acidophilus VM20 removed OTA from the culture medium by 
97%. Piotrowska and Żakowska [14] came to the conclusion that the ability to 
eliminate ochratoxin A depends on the individual characteristics of each strain. 
Fuchs et al. [9] observed that OTA reduction depends on the number of bacterial 
cells in the medium since it was significantly lower when the number of bacterial 
cells were lower than 8 CFU·mL-1. 
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It is generally accepted that the mechanism involved in OTA elimination by 
lactic acid bacteria is adsorption to the cells walls [15]. However, detoxification 
activity was studied among two strains of Lactobacillus spp. in wine, in which 
the bacteria were incubated in the presence of ochratoxin A. The amount of OTA 
decreased and the presence of OTα form in wine was detected [16].  

Given the collected literature data it can be assumed that lactic acid bacteria 
are of particular interest because of their beneficial effects for humans and 
animals (as probiotics) and their extensive use in the food and feed industry. The 
use of probiotic LAB strains which degrade ochratoxin A into nontoxic metabolites 
could be an useful biological method for OTA decontamination in vivo. 

The aim of this research was to study the ability of lactic acid bacteria isolated 
from chickens to eliminate OTA by degradation to phenylalanine. As an 
additional goal probiotic characteristics of isolated bacteria were evaluated to 
explore the possibility of using the strains as probiotic cultures for chickens 
feeding. 

Experimental 

Materials 

Six strains of lactic acid bacteria were used throughout this study. The strains 
were previously isolated from gastrointestinal track of chickens bred in organic 
farms. Criterion for the selection of strains were their resistance to low 
pH (1.5-2.5) and to the presence of bile salts in the environment. 

Identification of the strains were performed by analysis of 16S rRNA 
sequence. The sequences obtained were compared with those available in 
GenBank database. The strains belonged to the following species: Lactobacillus 
reuteri (D2), Lactobacillus agilis (D5), Lactobacillus plantarum (D6), 
Lactobacillus salivarius (D8), Pediococcus acidilactici (KKP 879) and 
Lactobacillus plantarum (KKP 825). The strains are deposited in Culture 
Collection of Industrial Micro-organisms sited in Wacław Dąbrowski Institute of 
Agricultural and Food Biotechnology in Warsaw, Poland. The Collection has the 
status of International Depository Organ, entitled to receipt microbial strains 
being the subjects of patent applications. The Collection is a member of World 
Federation of Culture Collections as well as European Culture Collections’ 
Organization. 

Methods 

Removal assay and determination of OTA by HPLC and ELISA  
The ability to eliminate ochratoxin A by bacterial strains depending on the 

temperature was verified. Bacteria were incubated in tubes containing 10 mL of 
MRS medium. Ochratoxin A (Supelco) was added to the medium so that 
a concentration of 180 µg·L-1 was achieved. Overnight culture of the strains was 
added to each tube, so that the initial number of bacteria in medium was log 
9 CFU·mL-1. Bacteria were incubated at 30, 37 and 42°C. Experiment was 
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carried out in triplicate. A control sample was prepared with the medium 
containing OTA, but without bacteria. After 24 hours of incubation the 
quantitative analysis of OTA was assessed in the fermented medium after 
centrifugation at 15000 g for 15 min. at 4°C to remove bacteria cells. The 
AgraQuant® Ochratoxin Test Kit (Romer Labs®, USA) was used according to 
manufacturer’s instruction. The decrease in OTA in the medium in relation to the 
concentration in control sample was expressed as removal percentage. 

In order to evaluate the ability of viable and dead bacterial cells to eliminate 
OTA a further experiment was performed (in triplicate). The incubation of the 
strains was carried out in tubes containing 10 mL of medium without protein 
addition: 20 g·L1 glucose, 2 g·L-1 potassium phosphate, 2 g·L-1 ammonium citrate, 
5 g·L-1 sodium acetate, 0.6 g·L-1 magnesium sulphate, 0.2 g·L-1 manganese 
sulfate. Initial pH was 6.7. To each tube 5 µg of vitamin B12 and 200 µg·L-1 of 
OTA (Supelco) was added. Bacteria were incubated in MRS medium overnight 
and then harvested by centrifugation (15000 g, 15 min., 4°C). The supernatants 
were discarded and the pellets resuspended in 10 mL physiological saline. The 
washing step was repeated three times in order to remove culture medium 
residues. Subsequently, the pellets were resuspended in physiological saline to 
obtain the final concentration and then added to tubes with OTA, so that the 
initial number of bacteria was log 9 CFU·mL-1. Dead bacteria were obtained by 
boiling the final saline solution of bacteria in a water bath. Liveliness of heat-
treated bacteria was confirmed by their inoculation on MRS agar. Alive and heat-
treated bacteria were incubated in medium with OTA at 30°C. Then, the 
quantitative analysis of ochratoxin A was assessed in the fermented medium after 
centrifugation (15000 g, 15 min., 4°C). Before OTA analysis, samples were 
applied to OchraTest™ immunoaffinity columns (Vicam, USA). The columns 
were washed with a solution containing sodium chloride (2.5%) and sodium 
hydrogen carbonate (0.5%), followed by water. OTA was eluted with methanol 
and quantified by HPLC method with fluorescence detection. An C-18 Nucleosil 
column (Supelco) and phosphate buffer (43 mM)-acetonitrile-isopropanol eluent 
(55:19:22 v/v) was used for the chromatographic separation. Samples (10 µL) 
were injected, eluted with a flow rate of 0.5 mL·min-1 and detected with 
a fluorescence detector (Schimazu) at λex = 330 and λem = 460 nm. Additionally 
analysis of phenylalanine in the medium after live bacteria incubation was 
performed. 

Phenylalanine determination 
Qualitative analysis of phenylalanine in fermented medium was assessed 

using Phenylalanine Assay Kit (fluorometric test, Sigma-Aldrich) according to 
manufacturer’s instruction. Fluorescence of samples was compared with the 
fluorescence of control samples containing: pure medium, medium with OTA but 
without bacteria and samples containing medium with bacteria but without OTA 
addition. 
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Evaluation of bacteria resistance to antimicrobials 
The minimum inhibitory concentration (MIC) of the antimicrobials expressed 

as mg·L-1 was determined. All antibiotics originated from Sigma-Aldrich. LSM 
broth microdilution method according to [17] were used. Briefly, serial twofold 
dilutions of antibiotic stock solutions were prepared and inoculated into wells of 
microtiter plate containing LSM broth. No antibiotic was added as antibiotic-free 
grown control of strain. No strain was added to check sterility. 

Bacteria inoculum was prepared by diluting 18 h cultures of strain to the final 
concentration of inoculum log 5 CFU·mL-1. After a 24 and 48 hours incubation 
of plates under aerobic condition at 35ºC, MIC values were determined as the 
lowest concentration of an antibiotic able to inhibit visible growth of bacteria. 
Susceptibility of strains was established in accordance to the breakpoints 
proposed by the EFSA Panel on Additives and Products or Substances used in 
Animal Feed (FEEDAP) [17]. 

Determination of bacteria ability to inhibit the growth of pathogenic bacteria 
Evaluation of the antimicrobial activity of the tested LAB strains was 

performed according to modified method [18]. After 24 h of incubation of LAB 
at 42°C in liquid MRS medium, bacteria were centrifuged (15000 g, 15 min, 
4°C). Then 10 µL of supernatant was spotted onto solidified medium having the 
consistency of soft agar, previously inoculated with the indicator bacterial strain 
in the number of log 6 CFU·mL-1. The indicator bacteria strains were isolated 
from sick chicken broilers and obtained from National Veterinary Research 
Institute in Puławy (Poland). Plates were incubated for 18-20 hours at 42°C and 
then the pathogen reduction was assessed by measuring the indicator strain 
growth inhibition zone. 

Additional features of LAB 
The growth of tested strains in MRS medium at 30, 37 and 42°C was 

evaluated. Ten mL of MRS liquid medium was inoculated with 24 h-old cultures 
of tested strains in the ration 9:1. After 24 h of incubation the number of bacteria 
was evaluated by incorporation on MRS agar. Colony formic units were counted 
after 72 h of incubation at 30°C.  

Additionally, contents of D(-) and L(+) lactic acid forms were analyzed in the 
medium after 24 h of incubation at 42°C. Bacteria were centrifuged (15000 g,  
15 min, 4°C) and the lactic acid was evaluated in supernatant using enzymatic 
method (r-Biopharm UV test, product number 11112821035).  

Statistical analysis 
In order to study the effect of temperature and liveliness of LAB cells on the 

reduction of ochratoxin A, an analysis of variance to data obtained was 
performed. In the case of significance of the effects, a post hoc analysis (Tukey 
test) was performed to compare mean values. For all analyzes the level of 
significance was 0.05. Analyses were performed using Statistica 12. 
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Results and Discussion 
The first experiment was performed to check if normal body temperature of 

chicken (42ºC) influenced the ability of bacteria to eliminate OTA. The results of 
OTA reduction depending on the temperature of incubation are shown in Fig. 1. 

Figure 1. OTA reduction by lactic acid bacteria strains depending on the 
temperature, mean values and standard deviations. a, b, ab – mean 
values for selected strain differ significantly, p ≤ 0.05 

Decrease of OTA in the medium was significantly higher after incubation at 
30°C compared to the OTA reduction at 37 and 42°C. Lactobacillus salivarius 
D8 was the exception, OTA removal by this strain did not differ significantly 
over the temperature range tested. The average OTA reduction obtained with the 
strains at 30°C ranged between 6.6% (Lactobacillus salivarius D8) and 29.1% 
(Lactobacillus plantarum D6). 

Temperature is an essential factor that modulate LAB growth and 
significantly affects the amounts of antifungal metabolites produced. Influence of 
temperature on OTA reduction by LAB have not been examined so far. The 
effect of temperature (range 4-37°C) on OTA binding to yeast cell walls was 
investigated by Ringot et al. [19]. In their studies the effect of ochratoxin A 
adsorption decreased with increasing temperature and the adsorption isotherms 
indicated the exothermic nature of the process. The decrease of OTA elimination 
with increasing incubation temperature may indirectly indicate the physical 
nature of OTA removal from medium by tested strains This was probably the 
phenomenon of adsorption to cell walls structures, which is widely recognized as 
the mechanism of mycotoxins removal by LAB [20]. This is a fast process, but 
unfortunately partially reversible. For that reason potential future application of 
LAB strains to reduce OTA rely on the stability of complex mycotoxin-bacteria. 
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Weak binding interactions may cause that specific LAB strains could be of little 
use for a biological method of ochratoxin A decontamination in gastrointestinal tract. 
Nevertheless, there are a few scientific reports in which authors described the ability 
of some lactic acid bacteria strains to enzymatic degradation of OTA [13, 16]. 

No significant differences in OTA reduction were obtained in case of live and 
heat-treated bacteria incubation (p ≥ 0,05), (Fig. 2).  

Figure 2. OTA removal by alive and heat-treated lactic acid bacteria strains, 
mean values and standard deviations 

The greatest difference between OTA reduction by live or dead bacteria was 
observed in the case of Pediococcus acidilactici KKP 879 incubation. Live 
bacteria removed OTA by 31.9% and dead by 16.3%, but differences were not 
statistically significant (Fig. 2). However, after the incubation of Lactobacillus 
reuteri D2 and Pediococcus acidilactici KKP 879 in the medium with ochratoxin 
A, the presence of phenylalanine was detected. The presence of phenylalanine in 
the medium after incubation of Lactobacillus reuteri D2 and Pediococcus 
acidilactici KKP 879 may indicate the ability of these strains to degrade 
enzymatically OTA or is resulting from cells lysis. For the recognition of the 
mechanism of OTA elimination and to fully prove whether it is biodegradation or 
not, it is necessary to determine the presence of OTalfa in medium.  

In order to investigate the mechanism of ochratoxin A decontamination many 
researches have already studied the differences in the level of ochratoxin A 
reduction by LAB depending on cell viability. Fuchs et al. [9] observed that the 
viability of the cells has an important role in the process of OTA removing from 
the solutions. Thermally inactivated cells of Lactobacillus acidophilus removed 
OTA slightly compared with live bacteria cells. In contrast Turbic et al. [21] 
observed a significantly lower rate of OTA elimination by viable LAB cells then 
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by acid- and heat-treated cells. It is proved that the high temperature leads to 
a denaturation of proteins, formation of Maillard reaction products and to 
generate pores in the cell wall structure. While acid causes the release of 
monomers from proteins and cell wall polysaccharides. Both methods of bacteria 
treatment increase the number of OTA ‘binding sites’ on the surface of the cell 
wall which results in increasing the effect of ochratoxin A adsorption [22, 3].  

The results of antimicrobial susceptibility of studied strains are listed in Table 1. 

Table 1. The minimum inhibitory concentration MIC (mg·L-1) of antibiotics for 
the tested strains 

Susceptibility 
to 
antimicrobials  

L. 
reuteri 

D2

L.
agilis 
D5

L. 
plantarum 

D6

L.
salivarius 

D8

L. 
plantarum 
KKP 825

P. 
acidilactici 
KKP 879 

ampicillin 0.5 0.25 2 8 4 2 
vancomycin n.r. n.r. n.r. n.r. n.r. n.r. 
gentamicin 0.125 4 2 8 8 8 
kanamycin 0.25 32 32 128 64 64 
streptomycin 4 4 n.r. 128 n.r. 64
erythromycin 0.125 0.015 0.125 0.125 0.25 0.125 
clindamycin 0.015 0.06 0.5 0.03 1 0.06 
tetracycline 1 0.25 8 16 16 8
chloramph. 1 1 2 4 8 2
n.r. ‒ not required according to [17]. 

All MIC values were situated in the tested concentration range. Strains Lb. 
reuteri D2, Lb. agilis D5, Lb. plantarum D6 and P. acidilactici KKP 879 were 
susceptible to all antibiotics as the microbiological cut-off values were below the 
proposed by the FEEDAP Panel breakpoints. Strain Lb. plantarum KKP 825 was 
resistant the antibiotic ampicillin and strain Lb. salivarius D8 was found resistant 
to 4 antibiotics: ampicillin, tetracycline and two aminoglycosides. These strains 
could be suspected of possessing acquired resistance to drug. 

The development of resistance amongst bacteria to antimicrobials remains 
a serious concern. For this reason, microorganisms used as food and feed 
additives should not transfer antimicrobial resistance genes to gut bacterial 
population. The European Commission (advised by the European Food Safety 
Authority EFSA) has requested that antibiotic resistance should be investigated 
before LAB application in animal feeds in order not to pose a potential risk for 
transfer resistance genes to pathogenic bacteria (European Parliament and 
Council Regulation EC 429/2008). 

Resistance to antibiotics may be inherent to a bacterial species (intrinsic 
resistance, natural resistance) and is typical of all the strains of that species. 
Antibiotic resistance of LAB is species-dependent, so that the application of 
resistant strains as probiotics may not be possible [24]. 
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The strain Lactobacillus rhamnosus KKP 825 (not shown in Fig. 3) 
demonstrated very high antimicrobial activity against all indicator strains, it 
inhibited the growth of the pathogenic strains completely. Pediococcus 
acidilactici KKP 879 did not inhibit the growth of Salmonella DO and 
Salmonella CO strain (Fig. 3). 

Figure 3. Inhibition of bacteria growth by lactic acid bacteria strains 

One of the most important group of bacteria inhabiting the ileum and caeca 
during the early life of the chicks is Enterobacteria. Direct-fed microbials are 
known to benefit the host animal by improving its intestinal microflora balance [25]. 
The results of presented analysis are supported by those of Olnood et. al [26] 
who demonstrated that Lactobacillus spp. exert a direct influence on 
enterobacterial population. The study of Olnood et al. [25] showed that the 
number of Enterobacteria decreased in the caeca and ileum significantly when 
chicks were fed with probiotics.  

Tested LAB strains were characterized for having an effective growth at 
different temperatures, nevertheless in most cases their growth was significantly 
lower at 42°C (temperature of body of birds) than at 30 or 37°C. Only 
Pediococcus acidilactici KKP 879 was characterized by having the same growth 
at studied range of temperatures. All strains produced larger amount of L(+) 
lactic acid than D(-) form (except of Pediococcus acidilactici KKP 879) at the 
temperature of incubation 42°C (Table 2). 
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Table 2. Additional features of lactic acid bacteria strains 

L. reuteri
D2 

L. agilis
D5 

L. plantarum 
D6 

L. salivarius 
D8 

L. plantarum 
KKP 825 

P. acidilactici 
KKP 879 

Growth [log 10 CFU·mL-1] 

30°C 
37°C 
42°C 

9.43a

9.47a 

7.95b 

9.96a

8.00b 

8.60bc 

9.79a

8.60b 

7.30c 

9.15a

9.79a 

8.00b 

9.30a

9.49a 

8.95ab 

9.69a 

9.49a 

9.56a 

Lactic acid production at 42°C [g·L-1] 

D(-) 
L(+) 

1.07
5.48

1.36
11.56

1.69
7.00

2.73
11.08

0.3
8.8

6.08 
6.23 

a, b, c, bc, ab ‒ mean values (in columns) for a given strain differ at significance level 
α = 0.05. 

The criteria for selection of probiotic strains are safety, functionality and 
technological relevance [27]. The measure of functionality of LAB strains 
intended for chickens is, among others, the ability to effectively grow and 
maintain its metabolic activity at the place of destination, the gastrointestinal 
tract. As it has been reported in many studies lactic acid is one of the most 
important metabolites of LAB because of their antimicrobial activity. L(+) form 
of lactic acid is absorbed by organism very fast and fully metabolized so that is 
consider as an energetic substrate. D(-) form of lactic acid is absorbed much 
slower, thus its main issue is to lower pH in digestive tract [26]. Ability to 
synthesis D(-) lactic acid is an evaluation criteria used in probiotics strains 
selection. Inhibition properties of D(-) lactic acid is one of the mechanism of 
Enterobacteria decreasing in the gastrointestinal tract. It is proved that 
Enterobacteria are more susceptible to short chain fatty acids than lactobacilli [25]. 

Conclusion 

Selecting probiotic microorganisms, that have beneficial effect in the 
gastrointestinal tract of broiler chickens, requires an extensive search for the best 
candidate which will perform desire activity under practical conditions. The 
evaluation of probiotic characteristics showed that Pediococcus acidilactici KKP 
879 was the strain with more potential to develop as probiotic culture for 
chickens. Moreover, using this strain as probiotic culture for chickens could be 
beneficial for animals constantly exposed to ochratoxin A by lowering the 
content of the toxin in the gastrointestinal tract. However, further studies are 
needed to investigate whether the elimination of OTA occurs only through 
adsorption to cell walls or due to the enzymatic hydrolysis. Ultimately, in vitro 
studies must be verified by nutritional experiments on chickens concerning the 
real effect of LAB on ochratoxin A decontamination. So-called ‘efficiency’ 
studies are mandatory in the process of registration of new bacteria strains 
as feed additives in Register of Feed Additives pursuant to Regulation (EC) 
No 1831/2003. 



Elimination of ochratoxin A by lactic acid bacteria… 

Biotechnol Food Sci, 2017, 81 (2), 113-124  http://www.bfs.p.lodz.pl 

123

References  
1. Amezqueta S, Gonzales-Penas E, Murillo-Arbizu M, Lopez de Cerain A. Ochratoxin

A decontamination: A review. Food Control 2009, 20:326-333.
2. Duarte S, Lino C, Pena A. Ochratoxin A in feed of food-producing animals: An

undesirable mycotoxin with health and performance effects. Vet Microbiol 2011,
154:1-13.

3. Boudra H, Morgavi DP. Development and validation of a HPLC method for the
quantitation of ochratoxins in plasma and raw milk. J Chromatogr B 2006, 843:295-301.

4. Pattono D, Gallo PF, Civera T. Detection and quantification of ochratoxin A in milk
produced in organic farms. Food Chem 2011, 127:374-377.

5. Stoev S, Gundasheva D, Zarkov I, Micheva T, Zapraynova D, Denev S, Mitev Y,
Daskalov H, Dutton M, Mwanza M, Schneider Y-J. Experimental mycotoxic
nephropathy in pigs provoked by a mouldy diet containing ochratoxin A and
fumonisin B1. Exp Toxicol Pathol 2011, 64:733-741.

6. Stoev SD, Daskalov H. Bozica R, Domijan AM. Spontaneus mycotoxic nephropathy
in Bulgarian chickens with unclarified mycotoxic aetiology. Vet Res 2002, 33:83-93.

7. Stoev SD, Paskalev M. Experimental one year ochratoxin A toxicosis in pigs. Exp
Toxicol Pathol 2002, 53:481-487.

8. Kapetanakou A, Kollias J, Drosinos E, Skandami P. Inhibition of A. carbonarius
growth and reduction of ochratoxin A by lactic acid bacteria and yeast composites of
technological importance in culture media and beverages. Int J Food Microbiol 2012,
152:91-99.

9. Fuchs S, Sontag G, Stidl R, Ehrlich V, Kundi M, Knasmüller S. Detoxification of
patulin and ochratoxin A, two abundant mycotoxins, by lactic acid bacteria. Food
Chem Toxicol 2008, 46:1398-1407.

10. Péteri Z, Téren J, Vágvölgyi C, Varga J. Ochratoxin degradation and adsorption by
astaxanthin - producing yeats. Food Microbiol 2007, 24:205-210.

11. Hult K, Teiling A, Gatenbeck S. Degradation of ochratoxin A by a ruminant. Appl
Environ Microbiol 1976, 443-444.

12. Abrunhosa L, Santos L, Venancio A. Degradation of ochratoxin A by proteases and
by a crude enzymes of Aspergillus niger. Food Biotechnol 2006, 20:231-242.

13. Abrunhosa L, Ines A, Rodrigues AI, Guimaraes A, Pereira VL, Parpot P, Mendes-
Faia A, Venancio. A. Biodegradation of ochratoxin A by Pediococcus parvulus
isolated from Douro wines. Int J Food Microbiol 2014, 188:45-52.

14. Piotrowska M, Żakowska Z. The elimination of ochratoxin A by lactic acid bacteria.
Pol J Microbiol 2005, 54:279-286.

15. Abrunhosa L, Paterson RM, Venâncio A. Biodegradation of ochratoxin A for food
and feed decontamination. Toxins 2010, 2:1078-1099.

16. Fumi M, Lambri M, Silva A. Ochratoxin A decontamination by lactic acid bacteria
in wine: adsorption or biodegradation. Poster of le 8éme Symposium International
d’Enologie de Bordeaux 2007.

17. Guidance on the assessment of bacterial susceptibility to antimicrobials of human
and veterinary importance. EFSA J 2012, 10(6):2740.

18. Pilet M, Dousset X, Barré R, Novel G, Desmazeaud M, Piard J-C. Evidence for two
bacteriocins produced by Carnobacterium piscicola and Carnobacterium divergens
isolated from fish and active against Listeria monocytogenes. J Food Protect 1995,
58(3):256-262.



Kupryś-Caruk et al. 

Biotechnol Food Sci, 2017, 81 (2), 113-124 http://www.bfs.p.lodz.pl 

124

19. Ringot D, Benoit J, Bonhoure JP, Auclair E, Oriol E, Larondelle Y. Effect of
temperature on in vitro ochratoxin A biosorption onto yeast cell wall derivatives.
Process Biochem 2005, 40:3008-3016.

20. Dalie D, Deschamps A, Richard-Forget F. Lactic acid bacteria – Potential for control
of mould growth and mycotoxins:A review. Food Control 2010, 21:370-380

21. Turbic A, Ahokas JT, Haskard CA. Selective in vitro binding of dietary mutagens,
individually or in combination, by lactic acid bacteria. Food Addit Contamin 2002,
19:144-152.

22. Nunez YP, Pueyo E, Carrascosa V, Martínez-Rodríguez AJ. Effects of aging and
heat treatment on whole yeast cells and yeast cell walls and on adsorption of
ochratoxin A in a wine model system. J Food Protect 2008, 71:1496-1499.

23. Piotrowska M, Nowak A, Czyżowska A. Removal of ochratoxin A in wine by
Saccharomyces cerevisiae strains. Eur Food Res Technol 2013, 236:441-447.

24. Danielsen M, Wind A. Susceptibility of Lactobacillus spp. to antimicrobial agents.
Int J Food Microbiol 2003, 82:1-11.

25. Olnood C, Beski S, Iji P, Choct M. Delivery routes for probiotics. Effects on broiler
performance, intestinal morphology and gut microflora. Anim Nutrit 2015, 1:192-202.

26. Olnood C, Beski S, Choct M, Iji P. Novel probiotics: Their effects on growth
performance, gut development, microbial community and activity of broiler
chickens. Anim Nutrition 2015, 1:184-191.

27. Mojka K. Probiotics, prebiotics and synbiotics – characteristics and functions. 2014,
Problemy Higieny i Epidemiologii, 95(3):541-549.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




