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Abstract
Ochratoxin  A  (OTA)  is  a  mycotoxin  known  for  its  nephrotoxic,  hepatotoxic,  and  immunotoxic  effects.  The  International  Agency  for  Research  on  Cancer

classifies it as a group 2B carcinogen, and it is widely found in wine. This review identifies Aspergillus carbonarius as the primary producer of OTA in wine,

noting that contamination can occur at any stage of the vinification process. Specifically, OTA levels tend to increase during the pressing and maceration

stages, while a reduction in OTA is observed during alcoholic and malolactic fermentation. The concentration of OTA in wine is predominantly influenced by

the quality of the grape raw material and the vinification techniques employed. Various physicochemical and biological methods are utilized to mitigate

OTA levels in wine, primarily by inhibiting the growth of Aspergillus carbonarius and by adsorbing or degrading the toxin itself.  This paper examines the

impacts of OTA control strategies on the color, organic acids, reducing sugars, antioxidant compounds, and volatile substances present in grape juice or

wine. Moving forward, it is recommended that biological control methods be prioritized in efforts to reduce OTA levels in wine, with the goal of detoxifying

OTA while preserving the organoleptic qualities of the wine.

Citation:  Xie Y, Zhou H, Peng Y, Liu H, Liu J,  et al.  2025. Formation, change, and control of Ochratoxin A in wine. Food Innovation and Advances 4(3):  389−399
https://doi.org/10.48130/fia-0025-0036

  
Introduction

Ochratoxins  (OTs)  are  a  group  of  mycotoxins  synthesized  by
Aspergillus  ochraceus, Aspergillus  carbonarius,  and Penicillium  verru-
cosum, among others[1,2]. Ochratoxin A (OTA) is recognized to be the
most  toxic  derivative[3].  OTA  is  prevalent  in  food  products  and  can
be  detected  in  cereals,  nuts,  coffee,  and  wine[4−7].  The  structure  of
OTA is illustrated in Fig. 1. This compound exhibits high solubility in
organic  solvents,  limited  solubility  in  water,  and  possesses  resis-
tance  to  acidic  conditions  and  elevated  temperatures,  making  it
difficult  to  eliminate  once  it  contaminates  food[8].  The  toxicity  of
OTA  mainly  includes  oxidative  stress,  apoptosis,  nephrotoxicity,
hepatotoxicity,  and immunotoxicity,  with  potential  implications  for
mutagenesis  and  carcinogenesis.  The  primary  organs  impacted  by
OTA include the liver, kidneys, immune system, and brain. The Inter-
national Agency for Research on Cancer categorizes OTA as a Group
2B carcinogen[9−12].

In  light  of  the  toxicity  of  OTA  to  the  human  body  and  its
economic repercussions on agricultural products and food supplies,
various  nations  and  organizations  have  regulated  the  permissible
levels  of  OTA  in  wine.  The  International  Organisation  of  Vine  and
Wine  (OIV)  has  set  a  maximum  allowable  concentration  of  OTA  in
wine  at  2 μg/kg.  Similarly,  the  European  Union  (EU)  has  adopted  a
limit of 2 μg/kg for OTA in wine[13].  Furthermore, the National Food
Safety  Standards,  Limit  of  Fungal  Toxins  in  Food  (GB  2761-2017)
specifies  that  the  permissible  level  of  OTA  in  cereals  is  capped  at
5 μg/kg, in instant coffee at 10 μg/kg, and in wine at 2 μg/kg[14].

In  this  review,  an  overview  of  the  formation  and  influencing
factors of OTA in wine will be given, as well as the alterations in OTA
levels  throughout  the  vinification.  This  review  will  also  discuss
strategies  for  controlling Aspergillus  carbonarius and  eliminating
OTA, along with the effects of these methods on the quality of grape
juice and wine. 

Formation and changes of OTA in wine
 

Formation of OTA in the vineyard
OTA  contamination  in  wine  was  initially  documented  by  Swiss

researchers  in  1996[15].  The  prevalence  of  OTA  contamination  in
wine  across  different  countries  from  2014  to  2024  is  presented  in
Table 1. The data presented in the table indicate that OTA was iden-
tified  in  wines  from  the  surveyed  countries,  with  certain  samples
exhibiting  concentrations  that  significantly  surpassed  the  estab-
lished regulatory limits for OTA[16−21].  Consequently, it is imperative
to monitor and regulate the levels of OTA in the production of wine.

The  main  source  of  OTA  contamination  in  wine  is  attributed  to
the presence of mycotoxins in the grapes[22]. Aspergillus carbonarius,
Aspergillus  niger, Aspergillus welwitschiae,  and Aspergillus  fumigatus
are  fungal  species  capable  of  producing  OTA  and  have  been
isolated  from  grape  sources.  Among  them, Aspergillus  carbonarius
and Aspergillus niger are the main responsible fungi for the accumu-
lation of OTA in grapes[23−25].

In  comparison  to Aspergillus  niger,  the  isolation  of Aspergillus
carbonarius from grapes  presents  greater  challenges.  However,  the
majority of research indicates that isolates of Aspergillus carbonarius
possess a significant capacity for OTA production, albeit the levels of
OTA  produced  by Aspergillus  niger tend  to  be  relatively  low.
Research indicates that Aspergillus niger strains isolated from Merlot
grapes  in  Brazil  exhibit  no  capacity  for  OTA  production[26].  In
contrast,  the  average  OTA  production  level  for Aspergillus  niger
strains  sourced  from  Cyprus  is  recorded  at  23.9  ng/g,  whereas
Aspergillus  carbonarius demonstrates  a  significantly  higher  OTA
production level of 1436.10 ng/g[23].

The  growth  and  OTA  production  of Aspergillus  carbonarius and
Aspergillus niger on grapes are influenced by various factors, includ-
ing  the  climatic  conditions  of  the  vineyard  as  well  as  the  presence
of  pests  and  diseases.  A  positive  correlation  exists  between  the
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population of Aspergillus niger on grapes and the ambient tempera-
ture  in  the  field[25]. A.  carbonarius is  predominantly  identified  in
grapes  cultivated  in  vineyards  characterized  by  elevated  tempera-
tures  and  high  humidity  levels,  whereas  its  prevalence  in  soil  and
atmospheric environments is significantly minimal[27].

Furthermore, Aspergillus  carbonarius is  frequently  identified  in
vineyard  soil. Aspergillus  carbonarius,  which  is  present  in  the  soil
surface, can come into contact with grape berries, potentially result-
ing  in  its  presence  on  the  grapes  themselves.  When  grapes  are
compromised  by  pests  and  diseases,  the  resultant  damage  facili-
tates  the  attachment  of  the  fungus,  allowing  it  to  proliferate  and
produce OTA, which subsequently contaminates the wine.

Additionally,  the  development  of  mycotoxins  in  grapes  is  influ-
enced  by  specific  grape  varieties[28].  The  production  of  OTA  is  also
related to both the grape variety and the stage of ripeness. Research
indicates that grapes exhibiting lower thickness and hardness tend
to  have  elevated  levels  of  OTA,  with  Chardonnay  varieties  demon-
strating  a  higher  susceptibility  to  infection  by Aspergillus  carbonar-
ius and  subsequent  OTA  accumulation  when  compared  to  Merlot,
Cabernet  Sauvignon,  Tempranillo,  and Moscato varieties[29]. In  vitro
studies  have  shown  that  Cabernet  Sauvignon  is  one  of  the  grape
varieties  with  a  higher  incidence  and  OTA  content  of A.
carbonarius[27]. The composition of OTA is affected by physicochemi-
cal parameters, including gluconic acid, throughout the maturation
process. The synthesis of OTA takes place during the initial phases of
grape  ripening  and  can  be  identified  throughout  the  entire  ripen-
ing  process.  The  production  of  OTA  by Aspergillus  carbonarius
exhibits  a  positive correlation with the total  acid content of  grapes
while demonstrating a negative correlation with the levels of reduc-
ing sugars and phenolic compounds[30,31]. 

Changes of OTA in wine
During  vinification,  the  elevation  of  OTA  levels  predominantly

occurs  during  the  crushing  and  maceration  stages.  Following  the
crushing  of  grape  berries,  ochratoxin  A  is  released  into  the  must,
which  subsequently  leads  to  its  incorporation  into  the  final  wine
product.  Furthermore,  during  the  maceration  phase  of  red  wine
production, the concentration of OTA is observed to rise in correla-
tion  with  the  extended  contact  time  between  the  grape  skins  and
the juice[32].  Dachery et al.[33] investigated the change of OTA levels
throughout  the  red  wine  production  process  and  determined  that
the  maceration  was  the  sole  associated  with  an  increase  in  OTA
concentration. They observed that the OTA content during macera-
tion was six times greater than that found in the initial  grape juice.

Due  to  the  absence  of  maceration  involving  skin  contact  during
white wine production, OTA levels in white wine are typically lower
than those in red wine[34].

The  pressing  process  effectively  separates  the  marc  from  the
must,  leading  to  a  reduction  in  the  concentration  of  OTA.  As  alco-
holic  fermentation  (AF)  progresses,  the  inoculation  of  yeast  facili-
tates the metabolism of sugars present in the must, resulting in the
production of alcohol, which subsequently inhibits the proliferation
of  toxigenic  fungi.  Research  indicates  that  following  AF,  the  levels
of  OTA  in  red  and  white  wines  decreased  by  54%  and  35%,
respectively[33].  Giacomini  et  al.[35,36] demonstrated  that  vinification
has the potential to diminish the levels of OTA, with the most signi-
ficant reduction occurring at the conclusion of AF. This reduction is
associated  with  the  activity  of  peroxidase  and  the  production  of
glutathione  during  yeast  metabolism.  Additionally,  a  decreasing
trend  in  OTA  levels  was  observed  during  malolactic  fermentation
(MLF)[37].

The  reduction  of  OTA  during  the  clarification  process  may  be
related to the use of clarifying agents.  Bentonite in white wine and
yeast cell walls in red wine are the most effective non-carbonaceous
clarifiers for the removal of OTA[38], while gelatin clarifiers have been
shown  to  facilitate  the  removal  of  up  to  58%  of  OTA  from  red
wine[39].  Overall,  the  concentration  of  OTA  decreases  after  the
entirety of vinification[32].

In summary, the main factors affecting ochratoxin A levels in wine
can be categorized into two parts: grape material and winery vinifi-
cation  (Fig.  2).  Investigating  the  presence  of  toxin-producing  fungi
on wine grapes, as well as the variations in OTA levels during vinifi-
cation,  is  essential  for  identifying  effective  strategies  for  managing
OTA contamination in wine. 

Control of OTA in wine

Currently,  a substantial  body of research has been conducted on
the  management  of  OTA  in  wine,  which  can  be  categorized  into
three  primary  approaches:  physical  control,  chemical  control,  and
biological  control.  Physical  and  chemical  control  methods,  such  as
high-temperature treatment, ultraviolet light exposure, pulsed light
application,  irradiation  technology,  and  the  use  of  chemical
agents[40], are widely employed in food and feeds, but they may also
present  certain  adverse  effects.  Studies  have  indicated  that  the
application of pulsed light in grape juice can effectively diminish the
levels of OTA, but the use of pulsed light also has an impact on the
aromatic  compounds  present  in  the  juice[41].  Similarly,  the  applica-
tion  of  chemical  reagents  can  also  reduce  the  levels  of  OTA;  their
propensity  to  generate  unpredictable  by-products  renders  them
inappropriate  for  use  in  food  products.  Conversely,  biological  con-
trol  methods  are  capable  of  preserving  the  nutritional  integrity  of
food and have demonstrated considerable efficacy and specificity in
the reduction of OTA. Consequently, biological control has emerged
as  a  prevalent  approach  for  mitigating  OTA  contamination[40].  The
process of formation and alteration of OTA in wine involves biologi-
cal  control  strategies  that  primarily  focus  on  two  key  areas:  the
management  of  fungi  that  produce  OTA  and  the  detoxification  of
grape juice or wine. 

Physical and chemical control methods
The issue of  OTA contamination in grapes originates in the vine-

yard;  therefore,  it  is  essential  to implement preventive measures at
this initial  stage. In the context of field management, it  is  crucial to
reduce the contact between grapes and the soil and increase bunch
spacing,  taking  into  account  the  various  factors  that  contribute  to
the production of OTA. Furthermore, insect pests can inflict damage
on  the  grape  skins,  thereby  facilitating  the  colonization  of

 

Fig. 1    Chemical structure of OTA.

 

Table 1.    OTA contamination in wine in various countries from 2014 to 2024.

Country Wine types Positive/sampling
number

Positive detection
value (μg/L)

LOD
(μg/L) Ref.

China − 223/223 < LOD-1.0 0.01 [16]
− 8/90 0.006−0.126 0.000 [17]

Thailand Red wine 10/100 0.3-1.7 0.06 [18]
Italy Red wine 22/41 < LOD-0.270 0.014 [19]

White wine 5/17 < LOD-0.158 0.012
Greece − 10/23 3.4-15.6 1.0 [20]
America − 35/41 0.3-8.6 0.1 [21]

 
Ochratoxin A in wine
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Aspergillus  carbonarius.  The  application  of  insecticides  to  manage
infestations of Lobesia botrana may serve as an effective strategy to
mitigate  the  contamination  of  grapes  with  OTA  toxins[42].  The
utilization of pesticides has also been shown to suppress the growth
of Aspergillus  carbonarius.  Specifically,  carbendazim and hymexazol
are  pesticides  employed  in  the  management  of  pests  affecting
grape  cultivation.  Studies  indicate  that  these  two  pesticides  are
effective  in  inhibiting  the  proliferation  of Aspergillus  carbonarius in
must. During vinification, the residual levels of these two pesticides
diminish over time. Nevertheless, this reduction does not appear to
have  a  substantial  impact  on  the  final  concentration  of  OTA  in  the
wine[43].  Research has indicated that the application of electrolyzed
oxidized  water  (EOW)  containing  0.6  g/L  of  active  chlorine  signifi-
cantly  mitigates  the  infection  of  isolated  berries  by Aspergillus
carbonarius,  achieving  a  reduction  of  approximately  87%−92% in
vitro and  over  50%  in  field  trials.  Furthermore,  this  treatment  has
been shown to decrease the production of OTA. Notably, the use of
electrolyzed water results in minimal chlorine residue, positioning it
as  a  viable  alternative  to  conventional  fungicides  in  vineyard
management,  thereby  alleviating  concerns  associated  with  chemi-
cal residues[44]. Research has indicated that, in addition to pesticides,
certain  chemical  reagents  possess  the  capability  to  inhibit  the
growth of Aspergillus species.  Notably,  carvacrol  exhibits  antifungal
properties  against  various  strains,  including Aspergillus  carbonarius
and Aspergillus  niger.  When  encapsulated  in  Eudragit® and  Chia
mucus  nanocapsules,  carvacrol  effectively  suppresses Aspergillus
growth while addressing the challenges associated with the volatil-
ity  and  degradation  of  monoterpenes.  Furthermore,  lower  concen-
trations  of  both  encapsulated  and  unencapsulated  carvacrol  were
employed to inhibit fungal proliferation and ochratoxin production
in intact grapes, in contrast to grapes exhibiting surface damage[45].

For  wine,  physical  methods  have  been  demonstrated  to  effec-
tively reduce the presence of OTA. Numerous studies have demon-
strated that 60Co-γ irradiation is  an effective method for  the degra-
dation  of  OTA.  The  degradation  rate  of  OTA  in  aqueous  solutions
subjected to 60Co-γ irradiation can achieve up to 90% at an irradia-
tion dose of 4 kGy[46]. The concentration of OTA and the pH level of
the solution will  affect  the degradation of  OTA through irradiation.
The findings indicate that,  at a consistent dose, a lower initial  mass
concentration  of  OTA  enhances  its  degradation.  The  degradation
rate  of  OTA  is  markedly  increased  under  both  neutral  and  alkaline
conditions.  Notably,  in  a  solution  with  a  pH  of  3.72,  OTA  can  be
entirely degraded at a dose of 5 kGy[47]. In addition, a novel method
known  as  high-pressure  acidified  steaming  (HPAS)  is  governed  by
the pH level of citric acid and is conducted at a steam temperature
corresponding  to  a  pressure  of  15  PSI.  This  technique  has  been
shown to  decrease  the levels  of  OTA in  peanut  samples  by  30% to
51%[48].

The  application  of  adsorbents  also  represents  a  viable  approach
for the removal of OTA. The efficacy of OTA reduction in grape juice
is  influenced  by  the  agent  used  and  the  duration  of  treatment.
Specifically, when bentonite, gelatin, and diatomite were utilized at
a  concentration  of  0.75%,  a  reduction  of  50.56%  in  OTA  levels  was
observed  after  3  h  of  treatment.  However,  it  is  important  to  note
that the use of these clarifying agents may also lead to a decrease in
the levels of antioxidant-active compounds[49]. Activated carbon has
the  capacity  to  remove  OTA  from  both  white  and  red  wines,  with
the  efficacy  of  this  removal  being  influenced  by  the  pore  charac-
teristics  of  the  activated  carbon  utilized[50].  Research  has  indicated
that  the adsorption rates  of  OTA by various conventional  clarifying
agents  in  Cabernet  Sauvignon  red  wine,  ranked  from  highest  to
lowest,  are as follows:  gelatin (28.59%),  chitosan (24.7%),  bentonite
(22.5%),  and  polyethylpyrrolidone  (PVPP)  (7.6%)[51].  It  is  important
to  acknowledge  that  the  selection  of  adsorbents  must  conform  to
the permissible categories outlined in national standards.

The  ongoing  advancements  in  materials  science  have  led  to  the
utilization of innovative materials for the adsorption of OTA. Among
these,  novel  clay-polymer  nanocomposites  (CPNs)  have  demon-
strated efficacy in adsorbing OTA from grape juice. By modifying the
chemical properties and structural configuration of the polymer, the
adsorption capacity of CPNs has been found to be nearly three times
greater  than  that  of  the  commercially  available  clay  montmoril-
lonite (MMT). Furthermore, CPNs exhibit a rapid sedimentation rate,
which  contributes  to  a  reduced  loss  of  mass  and  volume  in  grape
juice  compared  to  MMT[52].  CPNs  exhibit  significant  potential  for
future advancements and applications.

PVPP,  a  resin composed of  N-vinyl-2-pyrrolidinone with ethylene
glycol  dimethacrylate  and  triallyl  isocyanurate  (PVP-DEGMA-TAIC),
along  with  poly  acrylamide-co-ethylene  glycol-dimethacrylate  (PA-
EGDMA),  has  been  employed  for  the  removal  of  OTA  from  wine.
Experimental  results  showed  that  in  acidic  model  solutions,  both
PVP-DEGMA-TAIC  and  PA-EGDMA  polymers  were  capable  of  elimi-
nating up to 99.9% of OTA. However, their efficacy in capturing OTA
was  greatly  reduced  due  to  the  presence  of  competing  phenolic
compounds,  such  as  gallic  acid  and  4-methylcatechin.  In  the  con-
text  of  red  wine,  the  PA-EGDMA  polymer  demonstrated  an  OTA
removal  rate  exceeding  68.0%.  This  observation  implies  that  the
interaction  between  OTA  and  the  polymer  is  likely  attributable  to
van  der  Waals  forces[53].  A  nano-MgO-modified  diatomite  ceramic
membrane  (MCM)  exhibiting  a  high  positive  charge  has  demon-
strated efficacy in the removal of OTA from wine, achieving removal
rates  between 92% and 96%.  This  process  is  facilitated by exother-
mic and physical adsorption mechanisms, specifically through elec-
trostatic interactions[54].

In  conclusion,  among  the  physicochemical  methods  of  OTA,
insecticides, pesticides, and new reagents have been studied in field

 

Raw material

Vineyard climate
Wine grape varieties
Maturity of grapes

Maceration time
Fermentation
Clarifier

Vinification

Fig. 2    Factors affecting OTA concentration in wine.
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control,  while  physical  methods  such  as  irradiation,  high  tempera-
ture, and high pressures are mostly used for grape raw materials. In
addition,  the addition of  traditional  adsorbents  for  OTA adsorption
in wine is a simple and effective means commonly used at present,
and  new  materials  also  show  advantages  in  removing  OTA.
However,  physicochemical  control  methods  may  affect  the  quality
of grapes and lead to chemical residues, and the use of novel adsor-
bents is also limited by material safety, cost, and reusability. 

Control of OTA toxigenic fungi
Aspergillus  carbonarius is  a  fungal  species linked to wine produc-

tion that is known to produce OTA. In the context of biological con-
trol,  the  management  of Aspergillus  carbonarius primarily  involves
fostering  competition  within  its  ecological  niche  and  the  secretion
of  antagonistic  compounds[55].  Various  bacteria  and  yeasts  from
diverse sources have demonstrated the ability to inhibit the growth
of Aspergillus carbonarius, as outlined in Table 2.

Research indicates that certain fungicides can inhibit the produc-
tion of OTA in wine. In a study, Bacillus velezensis P1, a biocidal agent
derived  from Bacillus  velezensis,  was  co-cultured  with Aspergillus
carbonarius on  Chardonnay  grapes,  resulting  in  the  undetectable
growth  of Aspergillus  carbonarius.  Furthermore,  when  the  grapes
inoculated  with Aspergillus  carbonarius and B.  Velezensis P1  were
processed to produce wine, OTA was not detected[56,57].

Metschnikowia  pulcherrima 20C1, Candida  incommunis 24K2,
Issatchenkia orientalis 2C2, and 16C2, which have been isolated from
the Negroamaro grape,  possess  the ability  to  inhibit  the  growth of
Aspergillus  carbonarius on  the  surface  of  grape  fruits[58].  In  both
greenhouse  and  field  settings,  strains Lanchancea  thermotolerans
RCKT4 and RCKT5, which were isolated from Argentine wine grapes,
have  demonstrated  the  ability  to  inhibit  the  growth  of Aspergillus
carbonarius.  Furthermore,  these  strains  can  reduce  the  content  of
OTA by an impressive range of 27% to 100%[59].

Lactobacillus  plantarum is  among  the  most  prevalent  and  exten-
sively utilized species within the lactic acid bacteria (LAB) category.
Lactobacillus plantarum plays a key role in inhibiting fungal growth
and  facilitating  the  removal  of  mycotoxins[60]. Lactobacillus  plan-
tarum strains  T571,  345,  195,  and  1645,  isolated  from  feta  cheese,
fermented  cauliflower,  black  olive,  and  grape  fruits,  exhibit  inhi-
bitory effects  on the growth of Aspergillus  carbonarius in  both MRS
medium  and  grape  fruits.  This  study  also  showed  that  these  four
Lactobacillus  plantarum strains  effectively  diminished  the  levels  of
OTA  by  modulating  the  expression  of  the OTAnrps and laeA genes
associated  with  OTA  biosynthesis  in Aspergillus  carbonarius[61].  In
addition  to  its  role  in  regulating  gene  expression  to  suppress  the
growth  of Aspergillus  carbonarius, Lactobacillus  plantarum is  also
capable  of  synthesizing  various  compounds  that  exhibit  antifungal

properties  against  this  pathogen.  Research  has  identified  several
antifungal compounds, including acetic acid,  phenyllactic acid,  and
pyrazines,  which  have  been  extracted  from  the  cell-free  culture
supernatants of Lactobacillus plantarum BN16, BN17, LIE3, and LIE4.
These compounds demonstrate the potential to inhibit the prolifer-
ation of Aspergillus carbonarius[62].  Furthermore, the composition of
the growth medium influenced the strain's capacity to suppress the
proliferation  of Aspergillus  carbonarius.  LAB  cultivated  with  malt
germ  extract  as  a  substitute  nitrogen  source  exhibited  a  greater
inhibitory effect on Aspergillus carbonarius Ac089 and a reduction in
OTA production in comparison to growth in MRS medium[63].

In  conclusion,  the  inhibition  of  OTA-producing  bacteria  can  be
realized  by  bacteria,  yeast,  etc.  However,  this  method  is  currently
implemented solely  within  laboratory  settings.  Future  research  will
concentrate on optimizing its efficacy as a spraying agent, establish-
ing the appropriate timing and dosage for application, and translat-
ing these findings into practical field applications for prevention and
control purposes. 

Biological detoxification of OTA 

Adsorption detoxification of OTA
Grape  pomace  is  an  effective  biosorbent  for  OTA  adsorption.  It

has been shown that only 4% of OTA is dissolved in wine during the
vinification  of  red  grapes,  while  96%  of  the  OTA  is  retained  in  the
pomace and lees[64].  Grape pomace, which consists of the pulp and
skin  of  grapes,  has  demonstrated the  ability  to  adsorb OTA in  vitro
adsorption  assay.  This  adsorption  phenomenon  may  be  attributed
to  polar  noncovalent  interactions[65].  The  re-passage  of  contami-
nated grape juice or  wine through grape pomace,  which exhibited
minimal  or  no  initial  contamination  with  OTA,  resulted  in  the
removal  of  up  to  65%  of  OTA  within  a  24  h  period.  Furthermore,
the  pomace  demonstrated  sustained  efficacy  in  OTA  removal  after
being utilized four times[66].

In the AF and MLF processes, the concentration of OTA is reduced,
with  yeast  and  LAB  serving  a  crucial  function  in  the  elimination  of
OTA. The research indicated that Saccharomyces cerevisiae primarily
adsorbs OTA through its cell wall.  When the initial concentration of
OTA  was  set  at  1,000  ng/mL,  the  adsorption  rate  of  OTA  reached
41.63% following a 24 h incubation of dry Saccharomyces cerevisiae
at  30  °C.  The  adsorption  rates  for  OTA  were  measured  as  follows:
57.83%  for  the  cell  wall,  55.22%  for  water-extracted  dextran,  and
56.37% for  commercial  dextran.  In  contrast,  the adsorption rate for
dextran extracted using alkaline methods was significantly lower at
25.53%, indicating that alkaline pH conditions are not conducive to
the adsorption of  OTA by dextran[67].  Wine presents  an acidic  envi-
ronment  that  facilitates  the  adsorption  of  OTA  by  glucan  present
in  the  cell  wall  of Saccharomyces  cerevisiae.  Dammak  et  al.[68]

 

Table 2.    Antifungal microbial resources against Aspergillus carbonarius: strain sources, inhibition efficacy, and application potential.

Source Strains Evaluation/application Ref.

Aquatic environments of
the Amazon region, Brazil

Bacillus velezensis P1 For the first time, it has been observed that Bacillus species possess the
ability to inhibit the production of Aspergillus carbonarius and ochratoxin.

[56,57]

Wine grape negroamaro Metschnikowia pulcherrima 20C1
Candida incommunis 24K2
Issatchenkia orientalis 2C2 and 16C2

The antagonism of Issatchenkia orientalis against Aspergillus carbonarius
was first demonstrated, potentially attributed to competition for
particular growth-limiting resources.

[58]

Argentine wine grape Lanchancea thermotolerans RCKT4 and RCKT5 The antagonistic activity was found in both greenhouse and field settings,
resulting in a reduction of OTA levels by 27%−100%.

[59]

Feta cheese Lactobacillus plantarum T571 Regulate the OTAnrps and laeA genes related to OTA biosynthesis in
Aspergillus carbonarius.

[61]
Fermented cauliflower Lactobacillus plantarum T345
Black olive Lactobacillus plantarum T196
Grape fruit Lactobacillus plantarum T1645
Tomato Lactobacillus plantarum BN16 and BN17 Produce acetic acid, phenyllactic acid, pyrazines, and other compounds

exhibiting antifungal properties.
[62]

Fish intestine Lactobacillus plantarum LIE3 and LIE4
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conducted  a  study  demonstrating  that  both  live  and  heat-inacti-
vated cells of local Saccharomyces cerevisiae SC5, isolated from fresh
table grapes, as well as commercial Saccharomyces cerevisiae Levulin
FB,  were effective in  reducing the levels  of  OTA.  Notably,  the heat-
inactivated  yeast  exhibited  superior  efficacy,  indicating  that  OTA
adsorption occurs  via  the cell  wall.  The primary constituents  of  the
cell  wall,  including  polysaccharides,  proteins,  and  lipids,  serve  as
highly accessible sites during the adsorption process and are crucial
to  the  adsorption  of  OTA.  Furthermore,  yeast  adsorption  is  influ-
enced  by  various  factors.  Wild  strains  W28  and  W46  of Saccha-
romyces  cerevisiae,  identified  from  the  Uva  di  Troia  grape  variety,
which is  prevalent in southern Italy,  also demonstrated a reduction
in  OTA  levels.  The  effectiveness  of  adsorption  was  found  to  be
contingent  upon  several  variables,  including  time,  temperature,
sugar  concentration,  and  the  presence  of  diammonium
phosphate[69].

LABs are naturally present as part of the indigenous microbiota in
fermented foods and beverages.  Due to their  capacity  to  eliminate
mycotoxins,  LAB  can  serve  as  biocontrol  agents  to  mitigate  myco-
toxin  concentrations  in  contaminated  food  products.  The  adsorp-
tion of LAB to OTA is influenced by the characteristics of the bacte-
rial  cell  wall,  with  hydrophobic  interactions  and  electron  donor-
receptor  mechanisms  facilitating  the  binding  of  mycotoxins  to  the
cell  wall[70].  Zheng  et  al.[71] investigated  the  impact  of  various
components  of Lactobacillus  plantarum QH06,  derived  from  tradi-
tionally  fermented  pickles,  on  the  reduction  of  OTA.  Their  findings
indicated  that  the  reduction  rates  for  live  cells,  dead  cells,  and  cell
wall  components  at  a  concentration  of  100  ng/mL  OTA  exceeded
82%. Conversely, extracellular metabolites and intracellular enzyme
components did not demonstrate a significant reduction effect. The
authors  hypothesized  that Lactobacillus  plantarum QH06  reduces
OTA levels primarily through cell wall adsorption. In addition, it was
noted that Lactobacillus plantarum QH06 is also effective in decreas-
ing  OTA  concentrations  in  grape  juice. Lactobacillus  plantarum
strains Lp39, Lp4, and Lp22 have been shown to reduce OTA levels
via adsorption on their surface[72]. The Piotrowska's team focused on
the adsorption properties of Lactobacillus  plantarum.  Their  findings
indicated  that Lactobacillus  plantarum, Lactobacillus  brevis,  and
Lactobacillus  sanfranciscensis are  capable  of  reducing  the  concen-
tration of OTA in both MRS medium and PBS buffer surpassed that
of  their  active  counterparts,  while  the  reduction  rate  of  OTA  was
significantly  diminished  in  bacteria  that  had  undergone  cell  wall
removal.  This  led  to  the  conclusion  that  the  reduction  of  OTA  is
primarily attributed to its binding with the cell  wall.  The alterations
in  the  cell  wall  induced  by  elevated  temperatures,  specifically
protein  denaturation  and  pore  formation,  resulted  in  increased
permeability  of  the  outer  cell  wall  layer.  Furthermore,  under  treat-
ment with water and 1M HCl, the binding of LAB to OTA was found
to be partially reversible. It is posited that OTA is adsorbed onto the
surface structure of the cell wall, a process facilitated not only by the
hydrophobic characteristics of  the cell  wall  but also by interactions
involving  electron  donor-acceptor  dynamics  and  Lewis  acid-base
interactions[73].

Besides Lactobacillus plantarum, Lactobacillus rhamnosus also has
demonstrated the capability  to adsorb OTA.  A study conducted on
71 strains of lactic acid bacteria (LAB) found in traditional fermented
pickles  from  Qinghai  Province,  China,  revealed  that Lactobacillus
rhamnosus Bm01 exhibited the most pronounced effect in reducing
OTA  levels.  The  research  investigated  the  removal  mechanisms
involving  intracellular  enzymes,  cell-free  culture  supernatants,
inactivated  cells,  and  active  cell  walls.  It  was  hypothesized  that
Lactobacillus  rhamnosus Bm01  mitigates  OTA  concentration

primarily through adsorption via its cell wall. Furthermore, the appli-
cation  of Lactobacillus  rhamnosus Bm01  in  grape  juice  resulted  in
the complete elimination of OTA at a concentration of 20 ng/mL[74].
Recent  research has  demonstrated that  the  biofilm of Lactobacillus
rhamnosus GG  is  capable  of  effectively  eliminating  mycotoxins
within  a  brief  contact  period  of  1  to  10  min.  Furthermore,  this
biofilm  exhibits  a  substantial  impact  when  applied  to  red  grape
juice that has been artificially  supplemented with OTA,  achieving a
reduction  rate  of  98.3%.  These  findings  suggest  that  this  biofilm
could  serve  as  a  novel  technology  for  the  detoxification  of  liquid
food products[75].

With the development of material technology, the latest research
combines  LAB  with  novel  materials  to  enhance  the  adsorption  of
OTA. Specifically, the encapsulation of Lactobacillus plantarum 299v
within a polymeric matrix formed from polyvinyl  alcohol  (PVA) and
alginate  has  produced  the  alginate-PVA-LP  complex,  which  has
demonstrated  the  capability  to  eliminate  over  50%  of  OTA  from
contaminated  wine[76]. Lactobacillus  plantarum (L-Es)  has  been
shown  to  markedly  enhance  the  content  of  sulfhydryl  groups
through an esterification reaction and can adsorb over 90% of OTA
in  grape  juice.  By  embedding  the  prepared  L-Es  in  cellulose
nanocrystals  (L-Es@CNCs),  it  is  easy  to  reuse  and  has  excellent
biodegradability.  The  OTA  adsorption  rate  in  grape  juice  samples
was significantly  improved by 88.28%,  with  minimal  impact  on the
quality of the juice[77].

The  findings  from  these  studies  indicate  that  both  yeast  and
LAB  are  capable  of  removing  OTA  through  adsorption.  This
evidence  lays  the  groundwork  for  the  development  of  effective
biosorbents for OTA that are appropriate for use in wine systems. 

Degradation of OTA
OTA  that  has  been  removed  through  adsorption  remains  in  the

natural  environment,  thus  rendering  its  biodegradation  a  more
ecologically  advantageous  approach.  The  primary  mechanism  of
OTA  biodegradation  involves  its  conversion  to  the  less  toxic  com-
pound  OTα,  as  illustrated  in Fig.  3.  The  enzymatic  detoxification  of
OTA  can  be  facilitated  through  hydrolysis,  specifically  by  cleaving
the amide bond to yield OTα and L-phenylalanine via the action of
an amide hydrolase.  Additionally,  the hydrolysis of the lactone ring
can be accomplished using ochratoxin-lactase[78].

Soil  is  a  rich reservoir  of  diverse bacterial  species,  and numerous
OTA-degrading  bacteria  have  been  identified  in  vineyard  soil.  One
such  strain  has  demonstrated  the  ability  to  degrade  OTA  into  OTα
and  phenylalanine  through  the  action  of  carboxypeptidase  and
other  bioactive  compounds. Brevundimonas  diminuta HAU429,
isolated  from  vineyard  soil  in  Henan  Province,  China,  has  been
shown  to  degrade  OTA  to  OTα by  cleaving  peptide  bonds  via  the
collaborative  function  of  both  intracellular  and  extracellular
enzymes. Genome mining efforts in this study have identified three
novel  amide  hydrolases,  designated  BT6,  BT7,  and  BT9,  which
exhibit significant OTA hydrolase activity. Notably, BT7 displayed the
highest  tolerance  to  6%  ethanol,  retaining  76%  of  its  enzymatic
activity  under  these  conditions[79]. Acinetobacter  pittii AP19,  which
was  isolated  from  vineyard  soil  in  Yantai,  China,  was  co-cultured
with  1  mg/L  OTA  for  a  duration  of  36  h,  resulting  in  the  complete
removal  of  OTA.  The  degradation  of  OTA  is  facilitated  by  the
carboxypeptidase encoded by the dacC gene present in this  strain,
which  hydrolyzes  amide  bonds  to  yield  OTα[80].  The  crude  enzyme
extract  derived  from Brevundimonas sp.  ML17,  which  was  isolated
from soil, demonstrates the capability to degrade OTA into OTα and
phenylalanine.  The  degradation  rate  of  intracellular  substances
surpasses  that  of  extracellular  substances.  Specifically,  intracellular
components categorized as > 10 kDa,  3−10 kDa,  and < 3 kDa exhi-
bited  complete  degradation  of  OTA  within  a  24-h  period.  This
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phenomenon  is  hypothesized  to  result  from  a  synergistic  interac-
tion  between  enzymatic  activity  and  polypeptide  components[81].
Cytobacillus  oceanisediminis CO29,  which  was  isolated  from  soil
samples  obtained  from  various  vineyards  in  Yantai,  Shandong
Province,  China,  has  been  shown  the  capability  to  degrade  OTA
through  the  action  of  an  intracellular  metalloenzyme,  resulting  in
the  production  of  OTα[82].  Additionally, Lysobacter sp.  CW239,
isolated  from  soil  samples  contaminated  with  polycyclic  aromatic
hydrocarbons,  exhibits  high  efficiency  in  degrading  OTA.  Further-
more,  a  novel  gene  associated  with  OTA  degradation,  designated
cp4, was successfully cloned from CW239 and subsequently charac-
terized[83].

The  cell-free  supernatant  derived  from Bacillus  subtilis CW14  has
demonstrated  the  capacity  to  eliminate  97%  of  2 μg/mL  of  OTA
within a 24-h period at a temperature of 37 °C. This investigation has
identified  that  both  carboxypeptidase  and  the  active  peptide
present  in Bacillus  subtilis CW14  play  significant  roles  as  active
agents  in  the  degradation  of  OTA  to  OTα[84]. Stenotrophomonas
acidaminiphila CW117  has  been  shown  to  completely  degrade
50 μg/L of OTA at 37 °C for 6 h,  resulting in the production of OTα.
The aminohydrolase encoded by the ADH3 gene has been isolated
as  an  effective  enzyme  for  OTA  degradation.  It  is  noteworthy  that
enzyme  activity  is  influenced  by  factors  such  as  temperature,  the
presence of metal ions, and pH levels[85].

In addition to the aforementioned strains,  certain yeast,  and LAB
possess  the  capability  to  degrade  OTA.  Yang  et  al.[86] found  that
Yarrowia lipolytica could degrade OTA, with the degradation process
being  influenced  by  several  factors,  including  yeast  concentration,
initial  OTA concentration, temperature,  and pH. The optimal condi-
tions  for  OTA degradation were identified as  a  yeast  concentration
of  108 cells/mL  yeast  concentration,  an  OTA  concentration  of
0.1 μg/mL, a temperature of 28 °C, and a pH of 4. Additionally, Lacto-
bacillus rhamnosus JCM 1136T, a kind of LAB isolated from Tempura
grape,  has  been  shown  to  convert  OTA  into  OTα in  both  tryptone
soybean  broth  medium  and  wine  systems[87]. Lactobacillus  plan-
tarum CECT  749  and Pediococcus  parvulus UTAD  473,  which  were
isolated  from  the  MLF  of  Douro  wine,  can  also  degrade  OTA  to
produce  degradation  product  OTα[88,89]. Pediococcus  acidilactici
NJB421 is a kind of LAB that has been isolated from bovine manure
and  possesses  the  ability  to  adsorb  and  degrade  OTA.  This  strain
exhibits  notable  resistance  to  high  temperatures  and  acidic  condi-
tions.  In  addition,  experimental  studies  conducted  on  murine
models indicate that NJB421 is safe and non-toxic to mice while also
demonstrating the capacity to mitigate OTA-induced damage to the
intestines,  liver,  and  kidneys.  Additionally,  it  enhances  the  antioxi-
dant capacity in these mice[90].

Enzymes derived from various strains have demonstrated the abil-
ity  to  degrade  OTA.  Research  conducted  by  Orozco-Cortés  et  al.[78]

revealed  that  bovine  trypsin  serine  protease  and Bacillus  subtilis
neutral metalloendopeptidase can effectively detoxify OTA through
biotransformation,  resulting  in  its  degradation  to  OTα,  with  both
enzymes exhibiting functionality in acidic environments.  This study
identified  bromelain  cysteine  protease  as  capable  of  reducing OTA

levels  under  acidic  conditions,  although  it  was  noted  that  the
hydrolysis  rate  was  relatively  low.  Additional  enzymes,  including
lipase,  protease  A,  carboxypeptidase  A  (CPA),  pancreatic  enzymes,
carboxypeptidase  Y,  and  peroxidase,  have  also  been  shown  to
possess the capacity to degrade OTA[40].

Nonetheless, certain strains mentioned above are not classified as
Generally  Recognized  as  Safe  (GRAS)  organisms.  Therefore,  they
cannot  be  directly  utilized  for  the  degradation  of  OTA  in  food  or
feed products.  A summary of  the strains and enzymes that possess
the ability to degrade OTA is presented in Table 3. 

Effects of OTA removal on wine quality
When employing various techniques for the removal of OTA, it is

essential  to  evaluate  their  effects  on  the  quality  of  grape  juice  or
wine.  Several  prior  studies  have  investigated  the  quality  of  grape
juice or wine after the removal of OTA.

Clarifying  agents  have  the  potential  to  diminish  the  levels  of
antioxidant-active  compounds.  Specifically,  the  concentrations  of
phenolic  acids,  flavonoids,  and other  antioxidant-active  substances
in  grape  juice  subjected  to  treatment  with  bentonite,  gelatin,  and
diatomite  were  found  to  be  decreased.  The  reduction  of  phenolic
acids, flavonoids, and antioxidant activity were at the lowest level of
23.86%,  7.20%,  and  17.27%  at  the  concentrations  and  clarification
times  of  0.45%,  0.62%,  0.25%,  and  1  h  for  bentonite,  gelatin,  and
diatomaceous  earth,  respectively[49].  The  application  of  activated
carbon  treatment  has  been  shown  to  diminish  the  yellow  and
brown hues in white wine, yielding beneficial outcomes. However, it
is  important  to  note  that  anthocyanins  may compete  with  OTA for
the  mesopores  of  activated  carbon,  which  can  adversely  affect  the
color  characteristics  of  red  wine.  The  maximum  reduction  in  color
intensity observed was 24% of the original color intensity. Therefore,
when  employing  activated  carbon  for  the  adsorption  of  OTA  in
wine,  careful  consideration  must  be  given  to  the  selection  of  an
appropriate  pore  size[50].  The  adsorption  of  polymers  has  been
shown to influence the levels of antioxidant-active compounds, with
PVPP and PA-EGDMA resulting in reductions of 35.9% and 13.3% in
phenolic compounds, respectively[53]. The nano MgO MCM does not
significantly alter the color value of the wine; however, it does lead
to  a  decrease  in  the  content  of  reducing  sugars.  Furthermore,  the
total phenolic content in dry red wine is expected to decline, while
an  increase  in  total  phenolic  content  is  observed  in  ice  wine.  This
processing  with  nano  MgO  MCM  contributes  to  a  reduction  in
macromolecules  and  sedimentation  in  the  wine.  However,  it
resulted in  a  reduction of  reducing sugars  in  dry  red and white  ice
wines  by  37.73%  and  12.40%,  respectively.  Additionally,  the  total
phenolic  content  in  red  wines  experienced  a  decrease  of  0.71%,
while  ice  wines  exhibited  an  increase  of  3.30%.  Furthermore,  the
soluble  solids  content  was  diminished  by  17.39%  in  red  wines  and
by 6.81% in ice wines[54]. In contrast to other adsorbents, the use of
grape pomace derived from the same grape variety as the wine for
the  adsorption  of  OTA  does  not  compromise  the  pertinent  quality
parameters  of  the  wine  (p <  0.05).  These  parameters  include  color
intensity  and  phenolic  composition,  specifically  trans-resveratrol,
quercetin, and total polyphenol content[66].
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Fig. 3    Degradation of OTA.
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Certain  biological  methods  can  influence  the  levels  of  anti-
oxidant-active compounds and the coloration of substances. Specifi-
cally, the total phenolic content in grape juice subjected to detoxifi-
cation  via  a Lactobacillus  rhamnosus biofilm  is  markedly  reduced
compared to that of untreated grape juice. This reduction in antioxi-
dant activity may be attributed to exposure to atmospheric oxygen
during  the  treatment  process.  To  mitigate  this  issue,  it  is  advisable
to conduct the treatment within a closed system in industrial appli-
cations[75].  As  the  adsorption  time  of  L-Es@CNCs  was  prolonged,
significant  reductions  in  the a* and b* values  of  grape  juice  were
observed  (p <  0.05),  while  the L* value  exhibited  a  significant
increase  (p <  0.05).  The  quality  parameters,  including  Brix  content,
vitamin  C  levels,  and  titratable  acidity,  did  not  demonstrate  any
significant  changes.  Furthermore,  with  the  increase  in  adsorption
time,  the  total  phenolic  content  of  the  grape  juice  showed  a  gra-
dual  decline,  suggesting  that  certain  polyphenolic  compounds
may interact with L-Es@CNCs, leading to a reduction in polyphenol
content[77]. The alginate-PVA-LP complex effectively eliminated OTA
without  significantly  altering  the  concentration  of  total  phenols;
however,  a  comparison  with  other  quality  parameters  was  not
conducted[76].

Biological  control  mechanisms  can  significantly  influence  the
volatile  compounds  present  in  wine.  Wang  et  al.[40] applied  the
reported CPA,  lipase,  and pancreatic  enzymes,  which are  known to

degrade  OTA  into  OTα in  grape  juice  and  wine,  affecting  turbidity.
The  transparency  of  the  wines  increased  by  9.59%  at  3 μ/mL  CPA.
Pancreatin  (16 μ/mL)  and  lipase  (0.057 μ/mL)  decreased  the  light
transmission  of  the  wines  by  57.44%  and  9.64%,  respectively.  CPA
contributes to the enhancement of wine brightness and imparts red
and  yellow  hues,  while  pancreatic  enzymes  lead  to  a  darker
coloration,  producing  green  and  blue  tones.  Regarding  organic
acids,  pancreatic enzymes were found to reduce the levels of lactic
acid, malic acid, and tartaric acid, whereas lipase was responsible for
a  decrease  in  tartaric  acid  levels.  CPA exhibited minimal  impact  on
the organic acid composition of the wine. Furthermore, these three
enzymes  also  influenced  the  volatile  compounds.  Wine  samples
subjected  to  CPA  treatment  exhibited  an  elevation  in  the  levels  of
aldehydes and ketones. In contrast, samples treated with lipase and
pancreatin demonstrated a modest reduction in the concentrations
of these compounds.  The concentrations of  lipoic acid and octanol
in  Chardonnay  treated  with Bacillus  velezensis P1  were  lower
compared  to  those  in  the  group  inoculated  with Aspergillus
carbonarius. The increased levels of volatile terpenes or their deriva-
tives,  likely  resulting  from  the  glycoside  hydrolase  activity  of  the
Bacillus  velezensis strain,  enhanced  the  flavor  profile  of  the  white
wine[56].

The  methods  employed  for  the  removal  of  OTA  have  significant
impacts on the levels of organic acids and antioxidant compounds,

 

Table 3.    Strains and enzymes capable of degrading OTA.

Strains Degradation rate Degradation of active
substances Characteristics of degradation Ref.

Brevundimonas diminuta
HAU429

95% (10 μg/mL, 72 h, 37 °C) Amide hydrolases
BT6, BT7, and BT9

BT6 exhibited the highest level of heat resistance, retaining 38% of its
activity following incubation at 70 °C for 10 min.
BT7 showed the highest tolerance in the presence of 6% ethanol,
maintaining 76% activity.

[79]

Acinetobacter pittii AP19 100% (1 mg/mL, 36 h, 37 °C) Carboxypeptidase
DacC

AP19 is not generally recognized as safe and cannot be used directly in
food.

[80]

Brevundimonas sp. ML17 100% (1 μg/mL, 24 h, 37 °C) Enzymes and
peptides

OTA can be degraded to OTα and OTB to OTβ simultaneously.
Both intracellular and extracellular components degrade OTA.

[81]

Cytobacillus
oceanisediminis CO29

> 50% (1 mg/L, 48 h, 37 °C) Intracellular
metalloenzymes

Coumarin has been used as an alternative substrate for screening OTA
degrading bacteria, and Cytobacillus oceanisediminis strain with OTA
detoxification ability has been reported for the first time.

[82]

Lysobacter sp. CW239 100% (30 μg/L, 24 h, 30 °C) Carboxypeptidase
CP4

The purified recombinant protein rCP4 showed low OTA degradation
activity.

[83]

Bacillus subtilis CW14 97% (2 mg/mL, 24 h, 37 °C) Carboxypeptidase
and active peptide
segments

Peptides can bind OTA.
The removal of OTA from the culture supernatant of strain CW14 may
have synergistic effects, including carboxypeptidase degradation and
physical adsorption of some small peptides.

[84]

Stenotrophomonas
acidaminiphila CW117

100% (50 μg/L, 6 h, 37 °C) Encoding amide
hydrolase ADH3

ADH3 is more inclined than other detoxifying enzymes to form a larger
hydrophobic area in the cavity of the catalytic site, which makes OTA
easier to enter the catalytic site for hydrolysis.
Wide temperature range (0 to 70 °C).

[85]

Yarrowia lipolytica 90% (1 μg/mL, 24 h, 28 °C) − HepG2 cells were used to test the toxicity of OTA biodegradation
products was lower than OTA, and the degradation efficiency of strain
was related to strain concentration, temperature, pH value, and OTA
concentration.

[86]

Lactobacillus rhamnosus
JCM 1136T

46% (500 μg/L, 48 h, 30 °C) − Microbial isolates reduced OTA content in TSB culture medium and
wine experimental system.

[87]

Lactobacillus plantarum
CECT 749

95% (0.6 μg/mL, 24 h, 37 °C) − OTA are degraded by hydrolysis of OTA amide groups and subsequent
release of OTα and L-β-Phe portions, and in the presence of LAB, OTA is
reduced during gastrointestinal digestion.

[89]

Pediococcus parvulus
UTAD 473

100% (1 μg/mL, 7 d, 30 °C) − The strain was isolated from Douro wine and could degrade OTA in
grape juice.
Adsorption did not participate in the elimination of OTA by the strain.

[88]

Pediococcus acidilactici
NJB421

49% (2 μg/mL, 48 h, 37 °C) − NJB421 has the characteristics of high temperature and acid resistance,
and the mouse test shows that NJB421 is safe and harmless to mice.

[90]

− 45.26%
(100 μg/L, 0.5 h, 41 °C)

Bovine trypsin
serine protease

It was the first attempt to demonstrate that bromelain and trypsin can
hydrolyze OTA with low efficiency at acidic pH conditions and that
metalloendopeptidase is an effective OTA bioantidote.

[78]

− 7.64%
(100 μg/L, 0.5 h, 41 °C)

Neutral metal
endopeptidase

− 100% (20 μg/L, 24 h, 37 °C) CPA − [40]
− 100% (20 μg/L, 24 h, 37 °C) Lipase −
− 75.72% (20 μg/L, 24 h, 37 °C) Pancreatase −
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as well as the color and aroma of grape juice and wine, as illustrated
in Table 4. A majority of these methods tend to diminish the concen-
tration of antioxidant-active substances, which can negatively affect
the  quality  of  grape  juice  and  wine.  Furthermore,  it  is  noteworthy
that a single method may yield contrasting effects on the coloration
of  red  and  white  wines.  Research  on  the  aromatic  components
remains  relatively  limited.  Investigating these  quality  parameters  is
essential  for optimizing the application of OTA removal techniques
in the production of wine.

This chapter outlines contemporary strategies for mitigating OTA
in wine production (Fig. 4) and their effects on the quality of grape
juice and wine. The approaches to OTA removal in wine can be cate-
gorized into  two main  areas:  the  prevention of  the  OTA-producing
fungus Aspergillus carbonarius and the adsorption or degradation of
OTA through various physical, chemical, or biological methods. How-
ever,  these  methods  have  inherent  limitations  and  may  negatively
impact  wine  quality.  Future  research  should  prioritize  biological
control  strategies  that  employ  yeast  or  LAB  capable  of  degrading
OTA, as these methods have the potential  to enhance wine quality
while effectively reducing OTA levels. 

Conclusions and future perspectives

This  paper  reviews  the  formation  and  factors  affecting  OTA  in
wine,  how  OTA  changes  during  vinification,  how  to  control
Aspergillus  carbonarius,  and how to  eliminate  OTA using biological,
chemical,  and  physical  means.  It  also  considers  the  impact  of  OTA
control on the quality of grape juice and wine. The management of
OTA  in  wine  can  be  categorized  into  two  primary  approaches:  the
prevention  of  OTA-producing  bacteria  prior  to  harvest  and  the
adsorption  or  degradation  of  OTA  in  grape  juice  or  wine  following
contamination.  Each  control  strategy  presents  distinct  advantages,
yet they also possess inherent limitations. Biocontrol methods have
garnered significant attention due to their economic viability,  envi-
ronmental  sustainability,  and  high  efficacy.  However,  several  chal-
lenges  remain  to  be  addressed:  The  mechanisms  underlying  the
inhibition of microbial growth by Aspergillus carbonarius are not well
understood,  and  there  is  a  paucity  of  research  conducted  at  the
genetic  level  concerning  this  species;  the  optimal  timing  for  the
application  of  microorganisms  that  inhibit  toxigenic  fungi  to  wine
grapes  in  vineyard  settings  has  yet  to  be  established;  there  is

 

Table 4.    Effects of different treatments on grape juice or wine.

Treatments

Effects of different treatments on grape juice or wine

Ref.
Color Organic acids/

reducing sugars Antioxidant active substance Volatile compound Others

Bentonite, gelatin and
diatomaceous earth

− − The contents of phenolic acid
and flavonoid were
decreased.

− − [49]

Activated carbon Affect − The contents of
anthocyanins, phenolic acids
and catechins decreased.

− − [50]

PVPP, PA-EGDMA − − Total phenol content
decreased.

− − [55]

Nano MgO MCM No significant effect Reducing sugars
content decreased.

The total phenol content of
dry red wine decreased, while
that of ice wine increased.

− Reduce
macromolecules
and precipitation
in wine.

[54]

Grape pomace No significant effect − No significant effect − − [66]
Lactobacillus
rhamnosus biofilm

− − The content of total phenol in
grape juice was significantly
lower.

− − [75]

L-Es@CNCs The color of the grape
juice is reduced, and
the red and yellow
components are
reduced.

°Brix content and
titrable acidity had no
significant effect.

The total phenol content of
grape juice was reduced.

− − [77]

Alginate- PVA- LP
complex

− − There was no significant
effect on total phenol
concentration.

− − [76]

CPA Brighter − − Increased esters; alcohol
decreases, menthol
disappears, and
isopropyl alcohol is
formed. Decreased acid
content; aldehydes and
ketones increased.

− [40]

Pancreatase Darker Lactic acid, malic acid,
and tartaric acid
decreased.

− The esters increase to
produce ethyl palmitate;
alcohols decreased; acid
increase; aldehydes and
ketones decreased.

−

Lipase Darker Tartaric acid drops. − The esters increase to
produce ethyl palmitate;
alcohol decreases,
menthol disappears, and
isopropyl alcohol is
formed. decreased acid
content; aldehydes and
ketones decreased.

−

Bacillus velezensis P1 − − − The contents of lipoic
acid and octanol are less,
while volatile terpenes
are increased.

− [56]
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insufficient safety evaluation of microorganisms identified as having
OTA  detoxification  capabilities;  the  impact  of  microorganisms  or
enzymes with  OTA detoxification properties  on the quality  of  wine
remains unclear, and the practical application of certain microorgan-
isms within grape juice or wine systems poses additional challenges.

Future  research  should  concentrate  on  elucidating  the  mecha-
nisms that enhance the detoxification of OTA in wine. It is essential
to assess the safety of biological control strategies and the practical-
ity of implementing microbial applications. Additionally, the impact
of  microorganisms  or  enzymes  on  wine  quality  should  be  investi-
gated  to  facilitate  OTA  detoxification  without  compromising  the
overall  quality  of  the wine.  Furthermore,  advancements  in  molecu-
lar  biology  techniques  may  enable  the  development  of  enhanced
enzymes  for  OTA  detoxification  or  the  transfer  of  genes  encoding
enzymes  with  high  OTA  degradation  capabilities  into  yeast  or  LAB
commonly  utilized  in  vinification.  This  approach  aims  to  produce
low-OTA wine while simultaneously achieving AF or MLF. 
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