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Abstract 

The dependence on antagonistic microbes, particularly yeasts to prevent the possible occurrence of Ochratoxin 
A (OTA) and its degradation is a promising and friendly solution to attain safe food and consumer confidence. 
The article aims at reviewing the current literature on OTA removal by combination of yeasts and other 
exogenous agents, as well as the mechanisms of action and the factors affecting OTA degradation process. It is 
important to acknowledge that attempts to avoid/reduce the use of harmful chemicals without compromising the 
loss of quantity and quality or palatability of decontaminated food are commendable. Besides, development of 
reliable and rapid research outcomes may be considered a paramount stride toward commercialization of 
technologies. Indeed, current knowledge on yeasts demonstrates their ability to remove ochratoxin A (OTA) 
through viable cells, cell walls and cell wall extracts as major mechanisms of action. The OTA removal may 
differ from yeast strain to yeast strain. Additional factors such as pH, moisture, temperature and water activity, 
influence OTA production and OTA detoxification by microbial control agents. Lastly, molecular studies to 
affirm the interactions between enhanced antagonistic yeasts, OTA-producing fungi and OTA 
degradation/detoxification will be important due to the pursuance of providing safe food and consumer 
confidence 
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Introduction  
Ochratoxin A (OTA) is among the most studied 
mycotoxins due to its occurrence and toxicity in 
foods worldwide. Apparently, it is one of the most 
important mycotoxins alongside aflatoxins (AFs), 
fumonisins, trichothecenes, zearelenone (ZEN) and 
patulin (PAT), which are mostly found in foods 
(Mahunu et al., 2015).  The fungi that produce the 
OTA are tolerant to hot and humid climates, which 
favour their growth and infection process. The 
contamination of foodstuffs by OTA leads to 
deterioration of the marketable quality and account 

for significant economic losses. OTA poses a 
potential risk to human health based on its slow 
chemical degradation qualities. It has been reported 
that OTA is nephrotoxic and hepatotoxic 
mycotoxin, causing kidney and liver cancer in mice 
and rats (Joint and Additives, 1983). The 
nephrotoxicity occurrence in monogastric animals 
such as porcine nephropathy is widely documented, 
which results in significant economic losses in the 
swine and poultry industries. Again, OTA has been 
linked to Balkan Endemic Nephropathy and the 
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development of urinary tract tumors in humans 
(Marquardt and Frohlich, 1992). Genotoxic, 
immunotoxic, teratogenic and neurotoxic in 
laboratory animals are associated with OTA 
contamination (Shundo et al., 2006). It was reported 
in 1993 that OTA was classified as a possible 
human carcinogen (group 2B) by the International 
Agency for Research on Cancer as experimental 
studies proved the evidence of OTA carcinogenicity 
in animals (Bellí et al., 2005). Due to the serious 
health risk associated with excessive ingestion of 

OTA contaminated foods, various maximum 
permissible limits (MPL) (Table 1) in foods and 
other products have been established and 
documented by the European Union (De Curtis et 
al., 2012).  

Therefore, this review focused on mycotoxins 
OTA-producing fungi in grapes, the occurrence of 
OTA in grapes and derived products, improvement 
of the control efficacy with biocontrol agents and 
the mechanisms of action during biocontrol 
activities were also discussed.  

 
Table 1: Maximum permissible limits of OTA in some foodstuffs 

Foodstuffs Maximum levels (µg/kg) 

Unprocessed cereals 5.0 
All products derived from unprocessed cereals, including processed 
cereal products and cereals intended for direct human consumption  

3.0 

Dried vine fruit (currants, raisins and sultanas) 10.0 
Roasted coffee beans and ground roasted coffee, excluding soluble 
coffee 

5.0 

Grape juice, concentrated grape juice as reconstituted, grape nectar, 
grape must and concentrated grape must as reconstituted, intended 
for direct human consumption  

2.0  

De Curtis et al. (2012) 

Ochratoxin A and its occurrence in fruits and derived products  
OTA is a phenylalanyl derivative of a substituted isocoumarin (R)-N-[5-chloro-3,4-dihydro-8-hydroxy-3-
methyl1-oxo-1H-2-benzopyran-7-y1)-carbonyl]-L-phenylalanine  (Marin et al., 2013) as shown in Fig. 1. It  is a 
product from  hydrolysis of OTA as a result of the lack of the phenylalanine molecule (Marin et al., 2013). 
OTAs are metabolites of Aspergillus ochraceus and Penicillium verrucosum mainly, in tropical and temperate 
regions respectively (Mantle et al., 2009). However, apart from nordicum and verrucosum of the, Penicillium 
genus, most species from the genus Aspergillus are mostly responsible for OTA in food. This genus may have 
more than 100 species, with a complex taxonomy under continuous revision.  

 

Fig. 1. Molecular structure of ochratoxin A (Marin et al., 2013) 

Due to the strong toxicity of OTA, there is a great 
concern about its occurrence in many commodities 

such as cereal grains, grapes, wine, grape juice, 
dried vine fruits, coffee, legumes, beer, nuts, cocoa 
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and spices (Bayman and Baker, 2006). After 
cereals, grapes and its derived products are known 
to be the second most susceptible to OTA 
contamination (Zhang et al., 2016). As a matter of 
fact, the OTA infected grapes are considered the 
major source of wine contamination. Further study 
also suggested that the occurrence of OTA in wines 
is related to the growth of OTA-producing fungi 
(Aspergillus carbonarius and other black 
aspergillius) on grapes during cultivation. Reports 
have it that OTA concentration in beverages and 
their substrata vary widely. According to a report by 
Bizaj et al. (2009), OTA toxicity was detected in 
grapes and grape products such as grape juice (< 3-
311 ng/L) and wine (< 3-388 ng/L) in 1996. The 
same authors reported on studies of OTA detections 
in various samples; between 0- 13.08 ng/g in grape 
berries, up to 9.8 ng/L in grape juice and up to 7.63 
ng/mL in wines. 

OTA production has been linked to induction by the 
physiochemical properties of the substrate. 
Stratakou and Fels-Klerx (2010) indicate that the 
most imperative factors that impact on OTA 
contamination of grapes and wine include 
temperature and relative humidity in the month 
before harvesting the berries, the type of wine 
(maceration), and the proportion of berries damage 
before vinification. Generally, the possible 
development of molds producing OTA depends on 
climatic conditions and  it is more frequent in areas 
with tropical climates (Belajová and Rauová, 2007). 
It was also found that climatic and geographic 
differences determine the decay caused by fungi 
and possible OTA contamination of grapes (Varga 
and Kozakiewicz, 2006). For instance, OTA 
production by A. carbonarius at water activity (aw) 
of 0.80 has been reported (Ribeiro et al., 2006). 
Cairns-Fuller et al. (2005) have also reported  high 
levels of  OTA production by P. verrucosum at 
0.93–0.98 aw at 10–25 °C, while production by A. 
ochraceus at 0.98 while 0.99 aw was indicated by 
Pardo et al. (2004). Earlier studies indicated 
significant levels of OTA production by P. 
verrucosum can occur at aw as low as 0.86 and at 

4°C (Sweeney and Dobson, 1998). Recently, it was 
reported that wines coming from southern regions 
of Europe showed increased levels OTA content 
(Cicoňová et al., 2010). OTA production by A. 
ochraceus occurs between 12 °C and 37 °C with an 
optimum at 31 °C (Sweeney and Dobson, 1998). 
Optimal temperature of 30 °C has also been 
reported (Pardo et al., 2004).  

Furthermore, Penicillium and Aspergillus spp. are 
opportunistic pathogens known to be responsible for 
several disorders in various plants (Varga et al., 
2004). Mostly, Aspergillus spp. may occur in 
damaged grapes during ripening and subsequently 
form OTA in grapes after harvest (Visconti et al., 
2008). The concentrations of OTA tend to increase 
with the grape maturity (Rousseau, 2004). Damage 
of berry is the major factor that contributes to the 
development of disease and OTA accumulation in 
berries. Actually, the higher the punctures on the 
berries, the higher the possibility of molds 
contamination (Belajová and Rauová, 2007). Such 
damage may be caused by birds, insects, infection 
by other fungi, or rain (Visconti et al., 2008). It was 
found that A. carbonarius is a very invasive species 
which can penetrate berries even without skin 
damage (Battilani et al., 2006). This also implies 
that grape varieties with thin and fragile skins may 
suffer contamination much easier (Belajová and 
Rauová, 2007), while some may exhibit more 
susceptibility to Aspergillus bunch rots than others 
(Cicoňová et al., 2010). 

Control of Ochratoxin A 
Though prevention of OTA contamination at source 
or prevention of the growth of mycotoxigenic fungi 
does not constitute sufficient control, yet it is 
recommended as the first approach. Several 
combinations of biocontrol agents have been 
confirmed to be an effective method to improve 
control of postharvest pathogens on the fruits 
(Arrebola et al., 2010). The potential of two or more 
biocontrol agents applied together have shown 
better control of OTA-producing pathogens than the 
antagonist alone. The biocontrol efficacies of 
Aureobasidium pullulans against rots caused by B. 
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cinerea on sweet cherries (Ippolito et al., 2005)  
have been improved effectively by the use of 
sodium bicarbonate (SBC). The integration of 
Hanseniaspora uvarum with salicylic acid (2 mmol 

L−1) or with sodium bicarbonate (2% w/v) both 
significantly reduced the decay incidence caused by 
Botrytis cinerea (gray mold) in grapes (Fig. 2). 

 

Fig. 2. Effects of different treatment on gray mold of grapes after 90days of cold storage; control (untreated fruit showed 
visible infections); Hanseniaspora uvarum; H. uvarum combined with 2mmol L−1 salicylic acid (SA); and H. uvarum 
combined with 2% sodium bicarbonate (SBC).  

Photo obtained from Qin et al. (2015). 

It has been reported that OTA contamination at 
preharvest or during the postharvest stages maybe 
very difficult to avoid; therefore, various 
approaches have been used to decontaminate and/or 
detoxify contaminants to essentially prevent or 
lessen  the detrimental effects on health (Kabak, 
Dobson & Var, 2006). These approaches have been 
grouped as follows:  

1) the detoxification of mycotoxins that exist in 
foods, and  

2) inhibition of mycotoxin absorption in the 
gastrointestinal tract (thus, the use of 
specific materials that absorb mycotoxins by 
avoiding or limiting their bioavailability in 
the gastrointestinal tract).  

Decontamination/detoxification measures using 
physical separation and physical, chemical and 

biological inactivation and/or removal of the toxin 
play a vital role in the industry (Kabak, Dobson & 
Var, 2006). By this, the decontamination process 
which is aimed at reducing the toxic and 
commercial impact of mycotoxins must meet 
certain basic criteria as previously reported by 
Grosso et al. (2003):  

(1) it must destroy, deactivate or 
eliminate the mycotoxins in foods;  

(2) it must not have residual effects by 
producing or leaving toxic and/or 
carcinogenic residues in the final 
products (Fig. 3);  

(3) it should not modify significantly the 
nutritional and technological 
properties of the product;  

(4) it must be capable of inhibiting 
fungal spores and mycelia in order to 



	 24	

avoid new toxin that may form under 
favorable conditions; and  

(5) it has to be technically and 
economically viable. 

Postharvest contamination of food by 
ochratoxigenic fungi and sequential production of 
OTA will occur, if environmental conditions are 
favorable (Cicoňová, Laciaková, & Máté, 2010). 
Indeed, it is difficult to eliminate PAT grapes and 
other fruits, when contamination occurs. The 
process of decontamination is complex and 
expensive; because high temperatures are required 
for decomposition (Barkai-Golan & Paster, 2008), 
which could alter nutritive and the palatability of 
the final product (Dong et al., 2010). It has been 
recognized that the use of chemical and physical 
methods to eliminate or minimize OTA 
contaminants in foods has not achieved satisfactory 
results and further poses serious challenges as 
recently reported by Droby et al. (2016), while the 
physical methods including filtration or adsorption 
could alter sensorial attributes (color, taste and 
aroma) and other desirable properties (Grazioli et 
al., 2006). As a stable compound, OTA is not 
destroyed through common food preparation 
procedures; instead it requires very high 
temperatures (above 250 oC) for several minutes to 
reduce its concentration (Boudra et al., 1995). 
Actually, several studies have been reported on the 
cumulative and residual effects on human life, 
environment, and development of resistance by 
toxigenic fungi and other major plant pathogens 
(Mahunu et al., 2015; Sharma et al., 2012). Also, 
treatment with fungicides will not completely 
prevent pathogen infection (Chen et al., 2012). 
Therefore, among all the strategies applied during 
preharvest (e.g. field management, use of biological 
and chemical materials), harvest management, 
postharvest strategies (e.g. improving drying and 
storage conditions), prevention of grapes from 
fungal infection and subsequent OTA 
contamination is preferred (Bellí et al., 2006; Leong 
et al., 2006). 

Thorough studies on the interaction effects of yeasts 
and molds on the growth of ochratoxigenic 
microorganisms, the control of Aspergillus 
infections and OTA contents by the use of some 
microorganisms have been promising. In line with 
this, some yeasts (Issatchenkia orientalis, 
Metschnikowia pulcherrima, Issatchenkia terricola, 
and Candida incommunis) isolated from grapes 
have been identified to reduce the ability of A. 
carbonarius and A. niger to infect grape berry 
(Bleve et al., 2006). Among these yeasts, I. 
orientalis isolates showed the best antagonistic 
biocontrol ability. Again, treatment with 
Trichoderma (T.) harzianum was able to suppress 
A. ochraceus and A. niger grown as combined 
cultures on potato dextrose agar (PDA) medium 
(Gachomo and Kotchoni, 2008). Trichoderma spp. 
are strong opportunistic invaders, fast growing 
prolific producers of spores and powerful antibiotic 
producers (Harman, 2006). The production of 
gliotoxin (antifungal antibiotics substance) by 
Trichoderma viride was toxic to both Rhizoctonia 
solani and Sclerotinia americana, which eventually 
inhibited their growth. Further, all isolates of 
Trichoderma spp. and Gliocladium spp. studied 
inhibited P. chrysogenum growth on PDA medium 
(Abou-Zeid, Altalhi, & El-Fattah, 2008). The 
combination of different fungi (T. harzianum, Al. 
alternata, Cladosporium (Cl.) herbarum, Eurotium 
(E.) amstelodami, P. janthinellum, P. decumbens, 
and Candida spp.) in culture treatments against the 
growth of grape-associated fungi (A. carbonarius, 
A. niger, and A. japonicus) on medium has been 
significantly effective. The results of the above 
study indicated that at 0.97 aw, the growth rates of 
Aspergillus spp. showed visible inhibition by T. 
harzianum. In the same study, the growth of A. 
niger was reduced by almost all molds. It was found 
that Candida spp. rather stimulated the growth of 
Aspergillus spp. At water activity of 0.92, 
Penicillium spp. and Cl. herbarum stimulated the 
growth of OTA-producing fungi (A. carbonarius) 
(Valero et al., 2007).  
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Additionally, two strains of  A. pullulans (LS30 and 
AU34-2) were able to degrade OTA to less toxic 
levels in both synthetic medium and fresh grape 
must (De Curtis et al., 2012). In an on-farm trial, the 
use of A. pullulans Y-1 (phyllosphere yeast) 
reduced sour rot disease caused by A. carbonarius 
in grapes by 99% in the year 2005 and 90% in 2006 
(Dimakopoulou et al., 2008). Also, native yeast 
strain Kluyveromyces thermotolerans effectively 
controlled A. niger and A. carbonarius in grape 
vineyards in Argentina and further reduction of both 
growth and OTA accumulation by 50% (Ponsone et 
al., 2011). Even though, some strains produced 
effective control of the growth of OTA-producing 
fungi but could not remove the toxin already 
produced (Zhang et al., 2016).  

Interestingly, plant substances such as essential oils 
(EOs) have also showed capability in prevention of 
fungal growth and OTA production. EOs are a 
group of secondary metabolites that play an 
important role in plant defense (Prins, Vieira, & 
Freitas, 2010; Taiz and Zeiger, 2004). Several EOs 
such as those derived from garlic, cinnamon, thyme, 
oregano, clove, basil, coriander, citrus peel, 
eucalyptus, ginger, rosemary, and peppermint have 
been reported to contain antimicrobial properties 
(Hyldgaard, Mygind, & Meyer, 2012). They exhibit 
broad-range of antibacterial properties as well as 
insecticidal antiparasitic, antiviral, antifungal and 
antioxidant properties (Brenes and Roura, 2010; 
Silva et al., 2011). Largely, EOs and their 
components are considered to be relatively safe, 
with wide consumer acceptability, which intensifies 
the need for exploring their  potential multi-purpose 
uses (Ormancey, Sisalli & Coutiere, 2001; 
Sawamura, 2000) such as in postharvest diseases 
control. For instance, EOs of thyme and anise (500 
ppm), cinnamon (1000 ppm) and spearmint (2000 
ppm) were found to inhibit the growth of A. 
ochraceus (Cicoňová, Laciaková, & Máté, 2010). 
Nguefack et al. (2009) reported that thyme essential 
oil exhibited high fungicidal effect on A. ochraceus 
and P. verrucosum. Cinnamon essential oil was also 
found to be highly effective against A. niger (Singh, 

Maurya, & Catalan, 2007), while garlic bulb extract 
completely inhibited the growth of A. ochraceus 
(Reddy, Reddy, & Muralidharan, 2007). 

Mechanisms of OTA degradation  
The mechanism of action of OTA degradation is an 
important component of the biocontrol systems, 
which helps to explain how the efficacy of 
biological control agents (BCAs) can be improved 
for broad and persistent effects against mycotoxins. 
The interactions between microbial species 
(pathogen and antagonists) influence the density of 
ochratoxigenic fungi and production of OTA in 
medium. The relative capabilities of each microbial 
species over the other will produce the controlling 
effects or mycotoxin contamination. According to 
Irtwange (2006), after harvest the combat of 
pathogens can be accomplished through the 
inoculation of microbial antagonists culture by 
spraying or dipping fruits in solutions. Also, it has 
been reported that the production of compounds by 
some actinimycetes strains can suppress mycotoxins 
in postharvest storage; thus by blocking the 
biosynthesis path way of mycotoxins (Medeiros et 
al., 2012). The yeast Trichosporon 
mycotoxinivorans detoxified OTA through the 
cleavage of the phenylalanine moiety to produce the 
derivative OTAα. Probably, due to the fact that T. 
mycotoxinivorans can be freeze-dried, fermented 
and stabilized without losing its efficacy. In other 
words, its response in postharvest treatments for 
OTA detoxification appears to be viable (Zhang et 
al., 2016).  

Certainly, the application of BCAs must involve the 
simultaneous harmonization of several mechanisms 
in order to make it almost impossible for pathogen 
survivability (Limón and Codón, 2004). Fungi 
causing decay are mostly sensitive to the lack of 
nutrients, which leads to starvation as the most 
common cause of death of microorganisms. As a 
result, biological control of plant fungal pathogens 
can be achieved through competition for limiting 
nutrients in the biocontrol environment (Chet, Inbar, 
& Hadar, 1997). It was found that uptake of iron is 
vital for viability of most filamentous fungi. 
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Therefore, when iron starvation occurs most fungi 
excrete low-molecular-weight ferric-iron specific 
chelators to mobilize environmental iron (Eisendle 
et al., 2004). As the nutrient concentration 
decreases, biocontrol becomes more effective by 
competing for both colonization and nutrients. In 
this regard, an in-depth knowledge of the 
mechanisms of action of BCAs will improve the use 
of biocontrol methods. By identifying the genes and 
traits involved in the processes of colonization 
during BCA-pathogen-host interactions will also 
lead to more efficient application of strains (Limón 
and Codón, 2004). According to Zhao et al. (2013), 
B. cinerea in apple wounds 6 days after incubation 
at 20 oC increased the intracellular trehalose content 
(5 mg mL−1) of Pichia caribbica; thus enhanced the 
activity of P. caribbica to improve disease 

resistance of apple and inhibit the growth of the 
hyphae of pathogen in apple wounds directly (Fig. 
3). Probably, the attachment to pathogen cell walls 
and prevention of the proliferation of pathogen in 
apple wounds are mechanisms by which 
antagonistic yeast controls post-harvest diseases of 
apples (Qin et al., 2015). Furthermore, studies on 
the interaction between A. ochraceus strain 3. 
44212 and Bacillus subtilis CW 12 in mix culture 
was used to affirm the mechanism of controlling the 
OTA-producing fungi growth (Shi et al., 2014). The 
results clearly showed that B. subtilis CW 12 has 
the potential as a biological agent to control OTA 
levels in crops; thus, the hyphae growth was 
disrupted by the presence of antagonistic microbe in 
contrast with the control samples. 

	

	

	 

Fig. 3. Scanning electron micrographs showing effect of interaction between antagonistic microbe 
integrated with exogenous compound on the hyphae of decay causing fungi in apple wounds 6 days after 
incubation at 20 oC. Treatments: (A) sterile distilled water, (B) P. caribbica harvested from NYDB and 
(C) P. caribbica harvested from NYDB amended with trehalose at 5 mg mL−1 (Zhao et al., 2013). 

The main methods of OTA degradation by BCAs 
can be grouped into two;  

1) the hydrolysis of the OTA amide bond to a 
non-harmful OTAα and L-β-phenylalanine 
(Fig. 4), and  

2) the hydrolysis of the lactone ring causing 
lactone OTA form to open. Some degree of 
success have been achieved by the use of 
various types of lactic acid producing 
bacteria and yeasts to detoxify OTA in 
wines (Zhang et al., 2016).  

Pediococcus parvulus (UTAD 473) isolated from 
Douro wine successfully detoxified OTA during 
malolactic fermentation, because some of the strains 
have probiotic structures (Abrunhosa et al., 2014). 

Besides, biodegradation capability of probiotic 
strains was established, when lactobacilli and 
bacilli were able to degrade OTA and 
trichothecenes (Štyriak et al., 2001). Similarly, 
probiotic strains of S. cerevisiae can bind 
effectively to most aflatoxins (Kabak, 2010; 
Pizzolitto et al., 2012). Probiotic yeasts or products 
containing cell wall of yeast or other additives are 
also applied to oppose mycotoxicosis in livestock 
(Pizzolitto et al., 2012). However, there is another 
facet of yeast–mycotoxin interactions that is 
relatively understudied (Pfliegler, Pusztahelyi, & 
Pócsi, 2015). Further in vivo investigations to 
explore the influence of more probiotic bacteria/ 
yeasts to bind mycotoxin; thus, to reduce exposure 
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of humans and/or animals to this highly toxic contaminant are essential. 

 

Fig. 4. Conversion of OTA in L- β-phenylalanine and OTα (Hathout and Aly, 2014)  

There are available reports on some lactic acid 
producing bacteria that have the ability to detoxify 
OTA through adsorption by their cell walls in juice. 
They include Oenococcus oeni RM11 and L. 
plantarum CECT 748T (Del Prete et al., 2007). 
Polysaccharides and peptidoglycan are believe to be 
involved in this mechanism. Lactobacillus 
acidophilus reduced OTA by 97% in grape juice 
(Hathout and Aly, 2014) and their report revealed 
that OTA was detoxified via cleavage of the peptide 
bond; thus, leading to the release of phenylalanine. 

Biodegradation and a variety of decontamination 
measures of OTA by yeasts, yeast cell walls and 
yeasts cell wall extracts have been reported (Caridi 
et al., 2006). Previous reports indicate that 
significant diversity has been noted among yeasts 
for their parietal absorption activity, where the 
outermost layer of the cell wall contain a chemical 
composition that differs from yeast to yeast, with 
the absorption being considered as strain dependent 
) (Bizaj et al., 2009). Recently, it was reported that, 
viable cells, non-viable cells and cell wall products 
of probiotic yeasts with extraordinary adsorption 
capability are proficient of decreasing 
bioavailability of toxins in food (Pfliegler, 
Pusztahelyi, & Pócsi, 2015). The effective 
absorption capability is due to the fact that yeast 
species are highly diverse in cell wall composition. 
Yeast b-D-glucans, glucomannans and mannan-
oligosaccharide cell wall components have been 
demonstrated to be responsible for the adsorption of 
mycotoxins (Pfliegler, Pusztahelyi, & Pócsi, 2015; 
Yiannikouris et al., 2006).  Reports indicate that the 
proportions of OTA removal may range from 11% 

to 45% in yeast pepton medium depending on the 
strain and the method employed. The absorption of 
OTA by S. cerevisiae strain treated with heat was 
rapid and complete degradation within 5 min, while 
it persisted up to 2 h in grape juice (Bejaoui et al., 
2004). Other yeasts have the ability to produce 
satisfactory effects on toxin producing pathogen and 
OTA itself. More than 90% of OTA was degraded 
by Phaffia rhodozyma (Péteri et al., 2007), while 
Aureobasidium pullulans degraded OTA in grape 
must (De Curtis et al., 2012)  and yeast Botrytis 
cinerea in grape-like synthetic medium (Valero et 
al., 2008).  

Piotrowska, Nowak, & Czyzowska (2013) reported 
that viable yeasts treatment alone was able to adsorb 
35% of the OTA, whereas heat combined with yeast 
cells and acid-treated yeasts cells were able to 
detoxify 90.80% and 73% of the OTA content in 
wine respectively. From the results, it implies that 
heat can alter the surface structure of the cell, by 
denaturing the proteins and forming Millard 
reaction products. Regarding acid-treated yeast, the 
acid might have affected the polysaccharides 
through the release of monomers, which fragmented 
into aldehydes following the breaking of the 
glycosidic bonds. It was also seen that excreted 
products stimulated higher adsorption sites than 
viable yeast cells (Piotrowska, Nowak, & 
Czyzowska, 2013). Generally, biosorption is based 
on a set of physical and chemical mechanisms, 
resulting in the immobilization of solute on the 
microbial cell wall, which relies on metabolism 
(Ringot et al., 2007). Therefore, further studies on 
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yeast strains with potential dual purpose as a 
functional starter culture may be considered. 

The use of microbiological-binding agents to 
remove OTA has been a hot spot in mycotoxin 
research. Recently, antagonistic yeasts and some 
lactic acid producing bacteria have shown great 
prospect for detoxifying OTA without any effect on 
the organoleptic and functional characteristics of 
products, as compared to chemical and some 
physical methods; which have effects on the 
nutritional and functional properties (Petruzzi et al., 
2014). It was found that the potential of wine yeasts 
to adsorb OTA is genetically controlled and it is a 
polygenic inheritable trait (Caridi et al., 2012). 
These inherent characteristics when exploited 
further can serve as breeding strategies to develop 
more effective mycotoxin-adsorbing strains.  

Furthermore, a study on mechanisms of OTA 
degradation indicated that different macromolecules 
(β-D-glucans and mannoproteins) that exist in the 
cell walls of S. cerevisiae are biomass that act as 
adsorbent materials (Ringot et al., 2007). S. 
cerevisiae is made up of an inner cell wall consist of 
chitin and β-1, 3-glucan (forming 50-60% of the 
cell wall dry weight) and outer layer (consist of β-1, 
6-glucan heavily glycosylated with mannoproteins). 
The mannoproteins are partly polar constituents that 
are discharged during alcohol fermentation process, 
particularly at the end. With regard to wine pH, 
mannoproteins establish polar and non-polar 
interactions with OTA, when they are negatively 
charged (Ringot et al., 2007). It was found that 
though OTA cannot be biologically altered by 
yeasts during fermentation, but it is adsorbed onto 
the biomass mainly composed of mannoproteins 
and glucans (Hocking et al., 2007)._ENREF_50 

The studies by Piotrowska, Nowak, & Czyzowska 
(2013) indicated adsorption of OTA onto some 
Lactobacillus and Lactococcus strains. In their 
experiment, OTA content was reduced by all 
strains, but strains of Lactobacillus caused the 
highest decrease of >50% of the initial 
concentration. It was also found that both viable and 

nonviable cells of Lb. rhamnosus were able to 
reduce OTA content (Turbic et al., 2002). A similar 
experiment (Shi et al., 2014) found that viable cells 
bound 66.6% of initial OTA (6 µg/mL) after 24 h in 
vitro incubation which is lower than 87.9% from 
those of autoclaved cells. However, OTA 
adsorption by B. subtilis CW 14 was similar to that 
of Saccharomyces and Lactobacillus reported by 
Shi et al. (2014). All these degradation mechanisms 
are identified to be based on physical adsorption to 
the cell wall of the microorganism.  

It was reported that Aspergillus spp. isolated from 
grapes and belonging to Aspergillus section Nigri 
have shown OTA degradability (Abrunhosa et al., 
2014). The removal of OTA by conidia of A. niger, 
A. carbonarius, and A. japonicus  was demonstrated 
in grape juice (Bejaoui et al., 2006).  Notably, 
although A. carbonarius known as OTA-producer, 
it was able to provide effective detoxification of 
OTA in grape juice. Compared to A. carbonarius, 
A. niger under favorable conditions was found to be 
more suitable OTA detoxification and less 
toxicogenic (Hocking et al., 2007). Actually, 
various A. niger enzymes are considered GRAS 
(generally recognized as safe) by the United States 
Food and Drug Administration. Generally, A. niger 
is regarded as a safe microorganism and is one of 
the most important microorganisms used in 
biotechnology, which is used for enzymes and citric 
acid production (Cicoňová et al., 2010). Further 
studies on A. niger is required to establish the 
degradation pathway or the mechanisms involved.  

Factors affecting OTA degradation 
Physicochemical factors affect the survival of BCAs 
and their interaction with pathogen and host 
(Lahlali et al., 2011). Moreso, factors such as 
temperature, water activity, ripening, ethanol 
concentration and pH, either individually or 
together influence activities of mycotoxins 
production and their degradation in foods. 
According to Abarca et al. (2001), these conditions 
favour ochratoxigenic Aspergillus spp as the main 
OTA-producing fungi than Penicillium spp. Various 
results on the effects of temperature on OTA-
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producing fungi have been reported and the highest 
OTA production was temperature between 15-20oC 
for A. carbonarius and 20-25oC for A. niger 
(Esteban et al., 2004). Furthermore, it was noticed 
that A. niger reached its highest growth stage and it 
was able to tolerate temperatures greater than 37oC, 
while A. carbonarius can grow faster at temperature 
of 30oC (Battilani et al., 2003).  

In addition, the growth rate increased with 
increasing aw (with highest growth rate at 0.95 and 
0.99 aw) (Bellí et al., 2005). In a similar study, 
ochratoxigenic A. carbonarius strain A1102 was 
totally controlled or inhibited by two strains of the 
yeast-like fungus (A. pullulans AU34-2 and LS30 
and Metschnikowia pulcherrima LS16) at 20oC and 
60% relative humidity (De Curtis et al., 2012). 
According to Petruzzi et al. (2014), who 
investigated the effects of S. cerevisiae strains 
treatments on OTA degradation; it degraded more at 
30oC, pH 3.0 and 5% ethanol. It was stated that the 
kind of substrates, the type of strains, flocculence, 
toxin concentration, cell dimension and cell 
sedimentation kinetics are additional factors that 
influence OTA detoxification by microbial 
antagonists (Petruzzi et al., 2014). It was also 
reported that adsorption of OTA is affected by pH 
due to the different adsorption mechanisms used by 
different microorganisms, and cell wall composition 
(Huwig et al., 2001). 

Conclusion  
Since the consumption of fresh fruits, particularly 
grapes and its products is increasing, the prevention 
of decay caused by OTA-producing fungi and 
detoxification of OTA itself is necessary to ensure a 
free product.  From the fore going, it appears some 
significant progress has been made toward the use 
of biological agents to control/detoxify mycotoxins 
in fruits. To this extent, antagonistic yeasts 
represents very promising potential biological 
material, considering their important role in the 
biocontrol systems of disease process and their 
maximum capacity to remove OTA.  OTA 
degradation by BCAs is achieved through 
conversion into non-toxic compounds or binding of 

the toxic compounds in the cells walls of the 
microbial agents. The removal of OTA involves 
adsorption processes mediated by constituents of 
efficacious yeast strains. Besides, knowledge of the 
mechanisms of action of combinations of BCAs is 
important to establish effective treatment 
procedures. Further molecular studies to affirm the 
interactions between enhanced antagonistic yeasts, 
OTA-producing fungi and OTA degradation/ 
detoxification will be important due to the 
pursuance of providing safe food and consumer 
confidence. 
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