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Ochratoxin A removal from red wine by several oenological fining agents: bentonite, egg albumin,

allergen-free adsorbents, chitin and chitosan

S. Quintela®, M.C. Villaran, I. Lopez De Armentia and E. Elejalde
TECNALIA, Biotechnology & Pharma Unit, Technological Park of Alava, Leonardo da Vinci 11, E-01510 Miiano, Spain

(Received 30 July 2011; final version received 26 March 2012)

The ability of several oenological fining agents to remove ochratoxin A (OTA) from red wine was studied.
The adsorbents tested were activated sodium bentonite, egg albumin, allergen-free adsorbents (complex PVPP,
plant protein and amorphous silica (complex) and high molecular weight gelatine), and the non-toxic
biodegradable polymers (chitin and chitosan). Several dosages within the oenological use range were tested and
the wine pH, colour parameters and polyphenol concentration impact associated with each fining agent were
studied. Generally, OTA removal achieved in all treatments was higher when the adsorbent dosage increased, but
the impact on wine quality also was higher. Chitin at 50 ghl™' removed 18% the OTA without affecting
significantly the wine-quality parameters. At the highest dosage tested the gelatine and complex treatments
achieved greater OTA removal (up to 39-40%) compared with bentonite, egg albumin and chitin. Moreover, the
gelatine and the complex had a lower impact on colour parameters and polyphenol concentration compared with
chitosan, whilst OTA was reduced to around 40%. Chitosan achieved the greatest OTA removal (67%), but it
strongly affected the wine-quality parameters. Otherwise, bentonite showed a relative efficiency to remove OTA,
but the CI value decreased considerably. The egg albumin treatment only removed OTA up to 16% and
moreover affected strongly the CI value and CIELab parameters. The results of this survey showed that the
non-toxic chitin adsorbent and the allergen-free adsorbents tested could be considered as alternative fining agents

to reduce OTA in red wine.
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Introduction

Ochratoxin A (OTA) is a widely distributed mycotoxin
produced as a secondary metabolite by certain
Penicillium and Aspergillus fungal species. OTA
possesses nephrotoxic, teratogenic, immunotoxic and
possibly neurotoxic properties. It has been classified
in category 2B as ‘possibly carcinogenic to humans’ by
the International Agency for Research on Cancer
(IARC) (1993). Exposure to OTA through the diet has
been associated with Balkan endemic nephropathy and
the development of urinary tract tumours in humans
(European Food Safety Authority (EFSA) 20006).
Wine is estimated to be the second source of OTA
in the diet after cereals in Europe; it represents up to
10% of total OTA intake (European Commission
2002). OTA was first detected in wine by Zimmerli
and Dick (1996). Since then, surveys conducted in 40
different countries have shown the worldwide presence
of OTA in wine (Filali et al. 2001; Pietri et al. 2001;
European Commission 2002, 2012; Shephard et al.
2003; Rosa et al. 2004; Berente et al. 2005; Quintela
et al. 2011, 2012). These surveys showed that red wines
generally contain higher OTA amounts than white and

ros¢ wines. This fact evidences a clear relationship
between the maceration of the must with grape skins
and OTA solubilisation in the must. The average
contamination in red wine ranged between 0.026 and
0.912 pgl™". The highest value reported was in Italy at
15.6pgl™".

A maximum limit for OTA in wine of 2 pgl~' was
regulated by the European Commission in Regulation
(EC) No. 123/2005 in order to protect consumers
(European Commission 2005), and a recommendation
to lower OTA levels to the lowest technologically
feasible level was also made.

There are several chemical, microbiological or
physical methods with the purpose of removing
OTA from contaminated wines (Amézqueta et al.
2009). Focusing on chemical methods, a variety of
fining agents including potassium caseinate, activated
carbon, bentonite, egg albumin, gelatine and poly-
vinylpolypyrrolidone (PVPP) have been previously
tested in wine. These products have variable levels of
efficiency for reducing the contents of OTA. Several
authors found that activated carbon removed the
highest amount of OTA from red wine, but a decrease
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of coloured polyphenols (Castellari et al. 2001) and
key sensory odorants of wine was also observed
(Gambuti et al. 2005). Egg albumin, gelatine, potas-
sium caseinate and silica gel at a dosage of 100 ghl™'
showed a good affinity for OTA, removing this
mycotoxin by between 30% and 42%, whereas ben-
tonite and PVPP showed poor OTA reduction (6-8%)
(Castellari et al. 2001).

After various clarification product treatments to
remove OTA, sensorial repercussions on wine quality
as well as allergenic reactions for some sensitive
wine consumers cannot be totally excluded. In fact,
the use of some adsorbents is limited by European
Commission  Directive  2007/68§/CE  (European
Commission 2007) as it indicates that all wines
produced and/or marketed in the European Union
must indicate on the label if they have been treated
with co-adjuncts derived from eggs, fish and milk.
European Commission Regulation (EC) No. 415/2009
(European Commission 2009) fixed the end of the
transition period foreseen for wine in Directive 2007/
68/EC at 31 December 2010.

Recently, new adsorbents formulations have been
created without allergens to be used as alternatives to
casein and potassium caseinate, such as a complex
based on PVPP, plant protein and amorphous silica.
However, the high molecular weight gelatine in sheets
could be an alternative to egg albumin.

Other alternative adsorbents could be the non-toxic
biodegradable polymers such as chitin and chitosan.
Chitin is a polysaccharide composed of several
N-acetyl-D-glucosamine units interconnected by g—
(1.4)-type linkages. It is the main structural component
of molluscs, insects, crustaceans, fungi, algae, and
marine invertebrates such as crabs and shrimps. It
is obtained by hydrolysis of a chitin-rich extract.
Chitosan is composed of glucosamine sugar units
(deacetylated wunits) and N-acetyl-D-glucosamine
units (acetylated units) interconnected by g— (1.4)-
type linkages. Lately, resolution OIV/OENO 338A/
2009 (International Organisation of Vine and Wine
(OIV) 2009) introduced the treatment using chitosan
in wine to the International Code of Oenological
Practices and prescribed that the maximum chitosan
dosage used to reduce OTA must not exceed 500 ghl™".

The aim of the present study was to evaluate the
OTA removal with the treatment of red wine with
bentonite, egg albumin, alternative allergen-free
adsorbents to casein, potassium caseinate and egg
albumin and non-toxic biodegradable polymers such as
chitin and chitosan. Several dosages within the oeno-
logical use range have been tested and the wine pH,
colour parameters and polyphenol concentration
impact associated with each fining agent have been
studied. Thereby, this study contributes to toxicity
reduction and the improvement of safety in wines.

Materials and methods
Fining agents and OTA removal assays

Six fining agents were tested at dosages commonly
used in current winemaking practice. Activated sodium
bentonite (bentonite) was tested at 10, 20, 40 and
60 ghl™'; the complex based on PVPP, plant protein
and amorphous silica (complex) was tested at 10, 23, 36
and 50 ghl™". Egg albumin and high molecular weight
gelatine in sheets (gelatine) were tested at 10, 12, 14 and
16 ghl™". Finally, chitin and chitosan were tested at 10,
50, 200 and 500 g hl~'. Removal assays were performed
as follows. Red wine (25ml) was fortified with OTA
at a concentration of 2.5ugl™" and a fining agent
was added according to its technical specifications. The
solution was mixed for 30s and after 2h at room
temperature the supernatant was filtered through a
0.45 um filter. OTA concentration, pH, colour inten-
sity, tone, CIELab parameters, total polyphenol index,
and total anthocyanins content were analysed in the
initial red wine and after the removal assay. Each
fining agent and clarification experiment was carried
out in triplicate.

Reagents

The OTA standard solution was purchased from
Sigma-Aldrich (Seelze, Germany). The OTA concen-
tration of the standard was determined accurately by
UV spectroscopy at 333nm and was stored at —20°C
when not in use. Acetonitrile and glacial acetic acid
were of HPLC grade and purchased from Panreac
(Barcelona, Spain). The activated sodium bentonite
and egg albumin were purchased from Laffort
(Errenteria, Spain), the high molecular weight gelatine
in sheets, and the complex based on PVPP, plant
protein and amorphous silica were purchased from
Sepsa-Enartis (Trecate, Italy); chitin and chitosan were
purchased from Sigma Aldrich (St. Louis, MO, USA).

OTA analysis: apparatus and chromatographic
conditions

Chromatographic analysis was performed with HPLC
equipment connected to a fluorescence spectrophot-
ometer (Aex =333nm and A, =460nm), both from
Hewlett-Packard model 1100. The computer program
used was an Agilent Chemstation for chromatographic
analysis. The analytical column was a reversed-
phase Synergi C;» (150 x 4.60 mm, 4um particles)
(Phenomenex) preceded by guard cartridge AQ Cig
(4 x 2mm). Chromatographic separation was per-
formed using an isocratic elution with water—acetoni-
trile—acetic acid (99:99:2, v/v/v) at a flow rate of
Imlmin~". A total of 100 ul of solution was injected
into the chromatograph.
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The calibration curve obtained by analysing OTA
standard solutions at six concentrations levels
(range =0.327-7.029 ug1~") was linear (+*=0.9999).
Precision (within- and between-day) and accuracy
were tested by duplicate analyses on a red wine
sample containing OTA at a concentration of 0.391,
1.562 and 7.029 ug1~". The coefficient of variation was
less than 5%, demonstrating good repeatability of the
HPLC analysis. The analytical recovery for OTA,
determined in duplicate on a red wine sample spiked
at a level of 0.703 and 3.515pgl™", was 100.61%
and 100.63%, respectively. The limit of detection
(S/N=3:1) was 0.080 pg1™"; the limit of quantitation
(S/N=10:1) was 0.327 pugl1~".

The direct injection method was applied for the
analysis of the red wine sample.

Other wine analyses

Phenolic compounds and colour were analysed with a
UV-Vis spectrophotometer Lambda 35 (Perkin Elmer),
and pH measurements were effected in a GLP21
(Crison). Colour intensity (CI), tone (T) and pH were
analysed following the official methods prescribed
by Commission Regulation No. 2676/90 (European
Economic Community (EEC) 1990). CIELab param-
eters (L*, a* and b*) were analysed according to the
compendium of international methods of wine and
must analysis by the OIV (2011). Total polyphenol
index (TPI) is the absorption at 280nm, by direct
measurement of the diluted sample 1:100 (v/v). Total
anthocyanin concentration was determined with the
methodology described by Ribéreau-Gayon and
Stonestreet (1965).

Statistical analysis

Statistical analysis was performed by one-way analysis
of variance (ANOVA) using the SPSS Statistics 17.0
software package program. A Tukey-honestly signifi-
cant difference (Tukey-HSD) multiple range test was
performed to determine significant differences between
adsorbent type and adsorbent dosages on OTA
removal and to determinate if significant differences
occurred with different wine parameters.

Results and discussion

The chemical structure of OTA is (R)-N-[(5-chloro-3,4-
dihydro-8-hydroxy-3-methyl-1-oxo-1H-2-benzopyran-
7-yl)-carbonyl]-L-phenylalanine. The carboxyl group
of the phenylalanine moiety shows a pk, value in the
range of 4.2-4.4 (Ertan and I. Mert 2010). Thus, OTA
is partially dissociated at the pH of wine and may
interact with a positively charged surface through the
negative charge it carries. Moreover, the OTA phenol

Food Additives and Contaminants 3

moiety could be adsorbed onto a negatively charged
surface by hydrogen bonding and/or charge transfer
complexes.

The efficacy of OTA removal by adsorbent mate-
rials depends on the molecular size and physicochem-
ical properties of OTA as well as the physical structure
and properties of the adsorbent (Kurtbay et al. 2008).

The basic parameters describing wine quality have
been also measured before and after each experiment
to assess the relevant effect of each treatment.

Table 1 shows the effect of OTA removal treat-
ments in wine OTA concentration, pH, colour param-
eters and polyphenol concentration. Bentonite, a
claylike material of volcanic origin belonging to the
sheet-structured montmorillonite group, removed
OTA significantly between 22% and 33% with respect
to the untreated wine. The adsorption of soluble
cationic constituents by bentonites in the wine is
primarily due to the cationic exchange properties
of these clays. There were significant differences on
the OTA removal between the 60 ghl™' dosage with
respect to the other dosages, and also between 10 and
40 ghl™!. Bentonite showed a relative efficiency for
OTA removal, but the wine resulted in a significantly
smaller CI value (up to 12.5% reduction) and signif-
icantly higher CIELab parameters values at all the
dosages tested. Likewise, the tone value increased
significantly from the 20 ghl~" dosage due to a further
increase in the yellow component of the wine with
respect to the red component. The results are in
agreement with the results reported by Stankovic et al.
(2004), which showed a considerable decrease in the
CI value and an increase in the colour tone of red wines
treated with bentonite. Bentonite is known to affect the
red wine colour directly by binding with positively
charged anthocyanins (Stankovi¢c et al. 2004). The
results from the current survey are in agreement with
these authors, and showed that the total anthocyanins
concentration decreased significantly from a 40 ghl™!
dosage.

The complex treatment in wine resulted in signif-
icant OTA removal in all dosages tested, achieving up
to 40% removal. The mechanism of action of PVPP is
hydrogen bond formation between carbonyl groups of
the polyamide and the phenolic hydrogens. However,
PVPP is like a protein-fining agent with an affinity for
low molecular weight phenolics. This adsorbent signif-
icantly affected CI value, CIELab parameters, TPI and
polyphenol concentration in wine at all the dosages
tested with respect to the untreated wine. The CI value
was reduced to 4.9%, while total anthocyanins and
TPI were reduced to 8.5% and 15.7% respectively.
Furthermore, the wine colour was lighter (higher L*),
with also higher a* and b* values.

Egg albumin and gelatine are proteins positively
charged at the wine pH and they could interact
with OTA through hydrogen bond formation.
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OTA removal at all the dosage levels of egg albumin
and gelatine was significant compared with the
untreated wine. Percentage OTA removal was higher
with the addition of gelatine (16-39%) compared with
egg albumin (14-16%), this difference being significant
at 12ghl™! dosage. Treatment with these adsorbents
resulted in wine with a significant reduction in CI
value, as well as a significant increase in CIELab
parameters at all dosages tested. The effect on CI,
CIELab parameters, TPI and total anthocyanins was
significantly higher with gelatine treatment than with
egg albumin treatment. Moreover, gelatine induced a
significant decrease in TPI value and total anthocya-
nins at all dosages tested, while egg albumin did not
significantly affect these parameters. However, egg
albumin significantly affected tone values from a
12ghl™! dosage. No significant differences were
observed in the wine parameters analysed when
taking into account the different dosages used in the
treatment with egg albumin, except for the 16ghl™"
dosage which showed a significantly greater effect on
the CI, T and CIELab parameters with regard to the
10 ghl™! dosage. In the case of gelatine treatment, the
14 and 16 ghl™" dosages achieved a significant greater
OTA reduction with regard to the 10ghl™" dosage,
while the a* parameter and TPI value had a signifi-
cantly greater effect with the 14ghl™' dosage with
respect to the 10 ghl™! dosage.

On the other hand, the treatment with chitin and
chitosan reduced OTA significantly from the untreated
wine at all dosages tested, achieving reductions up
to 29% and 67% respectively. Chitosan achieved a
significantly higher OTA removal at 200 and 500 g hl™"
with respect to chitin. The amino groups of chitosan
and chitin at the wine pH are protonated (—NHJ),
and to maintain neutrality negative counter-ions
were adsorbed, producing an ionic exchange in which
electrostatic interactions were involved. Chitosan
showed significant differences in OTA removal
depending on the dosage applied; with chitin treatment
this did not happen. However, chitin only significantly
affected most of the wine-quality parameters analysed
from the 200ghl™' dosage, while it occurred for
chitosan at a 50 ghl™!' dosage.

There are not many studies on the use of chitin and
chitosan in wine to reduce OTA levels. Our results are
consistent with those obtained by Bornet and Teissedre
(2008), where they found that there is a dosage
dependence with the highest removal of OTA.
Kurtbay et al. (2008) achieved a reduction of 59% by
adding 1000ghl™" of chitosan bead in red wine.
Moreover, these authors found that at a dosage of
1000 ghl™" the total polyphenols are adsorbed by
natural bentonite, nonylammonium bentonite and
dodecylammonium bentonite and chitosan beads at
1%, 12%, 18% and 63% respectively. However, these
authors found that the adsorption of total anthocyan
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was highest, by the different bentonites removing
24-32% and by the chitosan bead removing 69%.

At a dosage of 10 ghl™" the OTA adsorption ability
of the adsorbents added to wine was different. The
highest OTA removal was achieved with the complex,
decreasing by 30% the OTA concentration. The
OTA removal percentage by adding this complex was
significantly higher than could be achieved with
chitosan and egg albumin. By adding bentonite, OTA
removal reached 22%, with a significantly higher
OTA reduction with regards to chitosan. With egg
albumin, chitin and gelatine a similar OTA removal
was obtained, comprising between 14% and 16%.
Finally, the lowest removal of OTA (3%) was achieved
with chitosan. Concerning the effect of the removal of
treatments on wine-quality parameters analysed, there
were differences depending on the adsorbent added.
All adsorbents showed a small effect on pH. The
highest significant CI reduction was achieved with
gelatine, whereas with the complex of chitin and
chitosan the lowest significant reduction was obtained
compared to the bentonite, egg albumin and gelatine.
Tone value increased by treatment with bentonite,
whereas with the other treatments it decreased. This
fact was due to a further increase in the yellow
component of the wine in the bentonite treatment with
respect to the red component. Bentonite, egg albumin
and gelatine were those more affected in the CIELab
parameters. Gelatine and complex showed a significant
higher reduction in TPI and total anthocyanins with
respect to the other adsorbents.

The results differ from other authors, probably due
to differences between the types of fining agents,
dosages, as well as the initial OTA concentration in
untreated wine. In the current study, a higher OTA
reduction is achieved with lower concentrations of the
adsorbents tested, except in the case of egg albumin.
Castellari et al. (2001) have variable efficiency levels
for reducing the OTA level from red wine with
3.78 ug1~! OTA concentration at 100 ghl~" of different
adsorbents. For example, with potassium-ferrocyanide
bentonite, PVPP, egg albumin and gelatine, these
authors removed up to 8%, 6%, 40% and 30%
OTA, respectively. Otherwise, Gambuti et al. (2005),
among different fining agents, at 50 ghl™" of high sodic
activation bentonite and PVPP achieve 20% and 14%
OTA removal in red wine respectively. Kurtbay et al.
(2008) obtained, at 1000ghl™", 0%, 14% and 22%
OTA removal in red wine with natural bentonite,
dodecylammonium bentonite and nonylammonium
bentonite, respectively.

If we regarded levels of OTA contamination in
wine different from those tested in the current study,
chitin at 50 ghl™" dosage could be an efficient treat-
ment for the remove of OTA (up to 18%) in slightly
contaminated wine, without affecting significantly the
quality of the wine. Treatment with the complex and



Downloaded by [Advanced Institute of Sanita] at 03:01 05 May 2012

6 S. Quintela et al.

gelatine could be the best options for moderately
contaminated wine, but it affects significantly the
colour parameters and polyphenol concentration. On
the other hand, chitosan could be used for highly
contaminated wine, but the wine-quality parameters
are strongly affected. However, it should also be
considered that the OTA adsorption abilities of
fining agents varied depending on the concentration
of the toxin. Castellari et al. (2001) tested 18
adsorbents in two red wines with 3.78 and 1.50 pgl™'
OTA concentrations. These authors found that several
adsorbents, such as activated carbon, showed a greater
OTA removal (between 2% and 21%) in the most
contaminated wine. While for other adsorbents, such
as gelatine, the opposite effect occurred, with the less
contaminated wine showing a 1-6% higher OTA
adsorption. This presumably depends on the different
composition of each wine.

Wineries often carry out fining trials to ensure the
fining objective is achieved by using the smallest
possible amount of fining agent. Small-scale results
obtained in this study allow winemakers more knowl-
edge about how the fining agent tested here will alter
the wine before scaling up.

Conclusions

The results reported here indicate that the fining agents
used at the recommended dosage range for wine-
making practice caused the OTA removal and thereby
improved wine safety. Nevertheless, the quantitative
effect on the OTA removal as well as on the wine-
quality parameters varied depending on the dosage and
type of the agents applied.

Generally, an increase of the dosage in all treat-
ments caused greater OTA removal, but also a higher
impact on wine quality. The results of this study
indicate that chitin was an efficient agent that could be
used to remove OTA up to 18% without affecting wine
quality significantly. The treatment with gelatine and
the complex were the best to obtain a 39-40% OTA
removal rate, causing the least possible impact on
colour parameters and polyphenol concentration.
The greatest OTA removal (67%) was achieved
with chitosan, but the wine-quality parameters were
strongly affected. On the other hand, bentonite treat-
ment removed OTA with a relative efficiency, but it
also caused a considerable decrease in the CI value.
Finally, egg albumin treatment removed only up to
16% of OTA concentration and moreover it affected
strongly the CI value and CIELab parameters.

The findings of this study suggest the potential
use for the non-toxic chitin and the allergen-free
adsorbents (complex and gelatine) as alternative adsor-
bents for OTA removal during the winemaking process.
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