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Grape wine is one of the most popular and widespread alcoholic beverages around the world. Contamination of
grapes used in its preparation by mold fungi can lead to accumulation of mycotoxins that are harmful to human
health. Due to their high toxicity and potential health risks, the aim of this study was to investigate the contamination
of grape wines sold in Russia with a wide range of toxins and to assess the population health risk associated with their
consumption.

The concentration of 27 mycotoxins in 36 samples of grape wines was determined by high-performance liquid chroma-
tography coupled to tandem mass-spectrometric detection. The list of mycotoxins included regulated ones, their derivatives
and structural analogs, as well as emergent mycotoxins (Alternaria toxins, citrinin, sterigmatocistin, cyclopiazonic and my-
cophenalic acids, moniliformin, enniatins, beauvericin).

The resulting data indicated contamination of grape wines consumed in Russia with mycotoxins. Thirty-one percent of the
samples contained toxins at relatively low levels of contamination. Aflatoxin G2, altenuene, mycophenolic acid and sterigmato-
cystin were detected more often than other toxins; in some cases, zearalenone, tenuazonic acid and ochratoxin A. Red wine
samples wer e the most contaminated with mycotoxins. Fumonisin B1, zearalenone, sterigmatocystin, altenuene and ochratoxin A
were found only in imported wine samples. Several toxins were found simultaneously in four tested wine samples.

Despite a relatively low level of mycotoxin contamination of wine marketed in the Russian Federation, thereis still a po-
tential hazard of their chronic ingestion by humans. The cal culated average intake of aflatoxins may reach 28 % of the reference
value and the maximum intake can even exceed it. The calculated exposure of other mycotoxins detected in wine samples indi-
cates an insignificant contribution of grape wine (up to 2.8 % of the reference value) to their intake by the Russian population.
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Grape is one of the most popular and con-
sumed berries in Russia. The fungal diseases
caused by Plasmopara viticola, Botrytis cine-
rea, Greeneria uvicola, Glomerella cingulata,
as well as Alternaria, Aspergillus, Cladospo-
rium, Penicillium, Rhizopus, Colletotrichum
and Phomopsis species reduce crop yield and
grape quality [1]. Among the fungi that cause
grape diseases are filamentous fungi of Alter-
naria, Aspergillus and Penicillium, capable of
producing toxic secondary metabolites — my-
cotoxins (MT). There are reports on the con-
tamination of alternariol (AOH), aflatoxins
(AFL), alternariol monomethyl ether (AME),

© Sedova 1.B., Chalyy Z.A., Tutelyan V.A., 2024

tenuazonic acid (TeA), fumonisins B1 and B2
(FBI and FB2), patulin (PAT), penicillic acid
(PA), cyclopiazonic acid (CPA), zearalenone
(ZEN), citrinin (CIT) and ochratoxin A (OTA)
in grape [2-5]. Their toxic effects are associ-
ated with nephrotoxicity, hepatotoxicity, cyto-
toxicity, teratogenicity and immunotoxicity
[6]. Due to their high toxicity and possible
health risk, numerous studies are being con-
ducted for mycotoxins in raw materials and
foodstuffs

OTA is the most studied of the MTs in
grape products and may represent a real prob-
lem for the industry. The Codex Alimentarius
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Commission estimates that wine is the second
foodstuff, following cereals, with the highest
contribution to OTA daily intake (up to 15 %)
[7]. OTA contamination can occur during any
stage of the winemaking process: from the
colonization of mycotoxigenic fungi in grapes
to the final steps in the wine packaging proc-
ess. However, the main contamination of the
finished product comes from the carryover-of
mycotoxins from grapes [8]. In addition, the
vinification process has a considerable influ-
ence on OTA content as higher concentrations
are reported in red wines than in rose and
white wines [9].

This toxin has been reported in wine over
the last 20 years in various countries across the
globe: in Russia (up to 0.64 pg/l) [10], USA
(up to 8.6 ug/l) [11], Europe: Greece (up to
0.212 and 2.52 pg/l) [12, 13], Denmark (up to
0.6 ng/l) [14], Spain (up to 0.104 and 0.142 pg/l)
[12, 15], Italy (up to 0.286, 1.56, 2.28 pg/l)
[12, 16, 17], Portugal (up to 1.18 pg/l) [18],
Serbia (up to 0.134 pg/l) [19], France (up to
0.088 ng/l) [12], Croatia (up to 0.061 and
0.24 pg/l) [2, 12], Argentina (up to 0.98 pg/l)
[20], Brazil (up to 0.62 ug/l) [21], Israel (up to
0.065 pg/l) [12], China (up to 0.98 and 1.27 pg/l)
[3, 22], Thailand (up to 1.72 pg/l) [23], Turkey
(up to 0.101 pg/l [12], and South Africa (up to
0.455 pg/l) [12].

Currently, there are no national regulations
in the Russian Federation on the content of MT
in grape wine. At the same time, some countries
have set the limits of OTA content in grape
wine: in the EU countries' and South Korea — at
the level of 2 ng/g and in Brazil — 10 ng/g [24].

To objectively assess contamination of
grape wine with poorly studied toxins of mi-
cromycetes, 12 emergent MT species (EMTs)
were included in the analysis. They can be pro-
duced both by Fusarium sp., Aspergillus sp.,
Alternaria sp., Penicillium sp. and by fungi
from other genera.

In connection with the above, the aim of
this study was to investigate frequency and

levels of the contamination of grape wines
sold in Russia with a wide range of toxins.
Contents of 27 MTs were determined in the
analyzed products including MTs regulated in
foodstuffs of plant origin, their derivatives,
structural analogs and EMTs.

Materials and methods. Grape wines
were bought in retail outlets in Moscow and
the Moscow region in 2020. Overall, we ana-
lyzed 36 samples that included 21 red wine
samples, 12 white wine samples and 3 rose
wine samples. The wine producers were from
Russia, including the republics of Crimea and
Dagestan, as well as Georgia, Chile, Italy,
France, New Zealand, Argentina, Spain, Aus-
tria and Israel.

Sampling of food raw materials and food
products for analysis was carried out in accor-
dance with the GOST 33303-2015 Food Prod-
ucts. Sampling Methods for Identification of
Mycotoxins®,

Contents of the following MTs were
identified in all analyzed samples: MTs pro-
duced by Penicillium and Aspergillus genera
including OTA, AFL B1, B2, G1, G2, PAT,
STC, CIT, PA, MPA by Alternaria genus in-
cluding AOH, AME, ALT, TEN and TeA; by
Fusarium genus including DON, FBI1, FB2;
such toxins as T-2, HT-2, ZEN, B-zearalenol
(B-ZEL), nivalenol (NIV), moniliformin
(MO), beauvericin (BEA), enniatins A and B
(ENN A u B). Among the analyzed MTs,
CIT, STC, MPA, MO, ENN A, ENN B, BEA,
TEN, TeA, AOH, AME and ALT were emer-
gent MTs (EMTs).

Preparation of wine samples. The study
relied on using the methodology described in
the [14] with minimal modifications. Five =+
0.02 grams of wine were taken from a repre-
sentative sample with its volume being not less
than 100 cm’ and put into a 50 cm® centrifuge
tube. Next, the sample was added with 5 grams
of water and with 10 cm’ of acetonitrile acidi-
fied with 1 %-solution of acetic acid and then
mixed for 1 minute at 300 rpm. Next, the sam-

! European Commission. Commission Regulation (EU) 2023/915 of 25 April 2023 on maximum levels for certain con-
taminants in food and repealing Regulation (EC) No 1881/2006. Off. J. Eur. Union, 2023, no. L 119, pp. 103-157.
2 GOST 33303-2015. Foodstuffs. Sampling methods for determination of mycotoxins: Interstate Standard. Moscow, Stan-

dartinform, 2016 (in Russian).
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ple was added with 3 grams of anhydrous
MgSO4 and immediately mixed for 1 minute;
3 cm’ of the acetonitrile extract aliquot (the
upper layer) were put into another centrifuge
tube, which contained 450 mg of anhydrous
MgSO,, and then mixed thoroughly mechani-
cally for 1 minute. The extract was centrifuged
at 4000 rpm under 10 °C for 4 minutes. The
extract aliquot with its volume of 0.5 cm’
was added with 0.5 cm’® of methanol. The re-
sulting solution was used for quantification.
The samples were prepared for analysis in two
replications.

Analysis of grape processing products for
presence of MTs was carried out using the
Waters Acquity H-plus HPLC system coupled
with triple quadrupole mass spectrometric de-
tector with the source heater (XEVO TQ-XS)
controlled by the MassLynx V4.2 software
(Waters Corporation, USA). The temperature
in the autosampler was 4 °C. Analytes were
separated on a column filled with silica gel
with added octadecylsilane groups (Zorbax
SB-C18, 150 x 4.6 mm, 3.5 um, pore size is
80A, Agilent). The column temperature was
30 °C. The eluent flow rate was 0.5 cm’/min.
The injection volume was 10 mm”.

The gradient elution was applied to sepa-
rate toxins: the phase A — water : methanol
(95 : 5 vol. %); the phase B — methanol : water
(95 : 5 vol. %); both phases were modified with
10 mM ammonia acetate. The gradient scheme
under negative polarity was as follows: from 0
to 1 min at 0 % B; from 1 to 7 min, linear
growth from 0 to 70 % B; from 7 to 15 min,
linear growth from 70 to 100 % B; from 15 to
19 min, constantly at 100 % B; from 19 to
19.5 min, linear decline to 0 % B; from 19.5 to
22 min, the column equilibration at 0 % B. The
gradient scheme under positive polarity was as
follows: from 0 to 7 min, linear growth from
10 to 75 % B; from 7 to 17 min, linear growth
from 75 to 100 % B; from 17 to 19 min, con-
stantly at 100 % B; from 19 to 19.5 min, linear
decline from 100 to 10 % B; from 19.5 to 24 min,
the column equilibration at 10 % B. MS/MS
detection was conducted in the positive elec-
trospray mode and dynamic MRM mode under
positive and negative ionization.

The source parameters were as follows:
ion trap with electrospray ionization; capillary
voltage was 0.5 kV; the cone voltage, 3 V; the
source temperature, 500 °C; the desolvation
temperature, 500 °C; the gas flow in the cone,
150 dm3/h; the desolvation gas flow, 1000 dm’ /h;
the gas flow for collision, 0.15 cm3/min; the
nebulizer pressure, 7 bars.

The standards solutions of MT mixes
were made of dried standards (Sigma-Aldrich;
Fermentek, Jerusalem, Israel). Stock solutions
of AFL, STC, CIT, PA, PAT, group A and B
trichothecenes, ZEN and its analogs, and OTA
were prepared in acetonitrile; stock solutions
of Alternaria, ENN A, ENN B, BEA, MPA,
MO toxins, in methanol; FB1, FB2, in 50 / 50
(% vol.) acetonitrile / water mix, with a con-
centration of 100 or 500 pg/cm’. Multistan-
dards and calibration solutions were made
from standard solutions. All solutions were
stored at -18 °C.

Statistical data analysis. Data on MTs
contents in the examined samples obtained
by statistical data analysis were given as
M - arithmetic mean of total samples and
Mecont as arithmetic mean of all contaminated
samples respectively; and 95 % percentile.
When calculating the average contamination
level in total samples, the MT content in
samples with contamination below the limit
of quantification for this method was taken
as equal to zero.

To quantify MT content in grape wine,
external calibrations on a ‘clean’ matrix were
applied. The limits of quantification (LOQ) for
MTs calculated per 10-c criteria for the sam-
ples (in pg/kg) amounted to 0.25 for STC;
OTA, 0.30; AFL BI1, T-2, MPA, TEN, 0.40;
AFL B2, G1, G2, HT-2, AME, ALT, 1.00;
BEA, ENN A, ENN B, 1.50; AOH, PA, 2.00;
CIT, 3.00; FB1, ZEN, 4.0; PAT, B-ZEL, 6.00,
DON, NIV, 20.00; FB2, 25.0; MO, 30.00;
TeA, 40.00.

Results and discussion. The study of MT
contamination of grape wines showed the pres-
ence of 10 of 27 analyzed MTs in 11 (31 %) of
the 36 samples studied (Table 1). Overall, rela-
tively low frequency and levels of toxin’s
contamination of these beverages were found
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Table 1

Contents of mycotoxins in grape wine samples (n = 36)

The number Toxins content in contaminated Toxins content in total
Mycotoxin of contaminated samples, pg/kg samples, pg/kg
samples range Meont M 90 %
AFL G2 4 (11 %) 1.01-3.05 1.74 0.19 0.50
ALT 3 (8 %) 1.35-2.98 1.90 0.16 0
MPA 3 (8 %) 3.54-5.51 437 0.36 0
TEN 2 (6 %) 0.65-0.84 1.74 0.04 0
FB1 2 (6 %) 26.40-27.04 26.72 0.19 0
STC 2 (6 %) 0.37-1.70 1.04 0.06 0
HT-2 13 %) 1.18 1.18 0.03 0
ZEN 1(3%) 5.08 5.08 0.14 0
TeA 1. (3 %) 146.5 146.5 4.07 0
OTA 1(3%) 0.39 0.39 0.01 0

Four samples were contaminated with AFL
G2 in amounts ranging from 1.01 to 3.05 pg/kg.
ALT and MPA were detected a bit less fre-
quently, in 8 % of the samples. TEN, FBI and
STC were found in two out of 36 analyzed sam-
ples in contents equal to 0.84, 27 and 1.70 pg/kg
respectively. Such toxins as HT-2 (1.18 pg/kg),
OTA (0.39 pg/kg), ZEN (5.08 ng/kg) and TeA
(146.5 pg/kg) were found in single samples.
OTA content did not exceed the values of hy-
gienic regulations for these products.

The study [16] reported the presence of
AFL in lower concentrations and OTA in
grape wine samples. In this study, 10 to 33 %
of the samples were contaminated with AFL
B1, B2, G1, G2 in amount as low as 0.035,
0.016, 0.068 and 0.033 pg/m’ respectively;
approximately 97 % contained OTA, its levels
varying between 0.021 and 1.56 pg/m’.

Alternaria toxins were also reported in
grape wine samples in [14, 17, 23, 25]. TeA
and TEN were found in the study [25];
however, frequency of these MTs contamina-
tion was significantly higher than in our study.
AOH and AME were found in more than a
half of the analyzed samples as reported in
[17,25], and AME was found in one case [23];
however, ALT was not found in the wine sam-
ples analyzed in their studies.

There are data on the occurrence of fumo-
nizins [23], HT-2 [17], ZEN and MPA [3, 14]
in grape wine.

66

The analyzed wine samples were divided
into three groups depending on the classifica-
tion by wine color: 21 red wine samples, 12
white wine samples, and 3 rose wine samples.
MTs were not found in any of three rose wine
samples. Ten toxins were found in the ana-
lyzed red wine samples (Figure 1), whereas the
white one samples contained only four MTs:
FB1, MPA, STC u ZEN.

AFL G2 was the most frequent contami-
nant in the red wine samples and identified in
19 % of the cases. FB1 and AFL were found in
14 % of the cases; TEN and MPA, 10 %. The
other toxins were found in single samples.
Attention should be paid to the fact that OTA
was found only in a red wine sample. Red
wine production can involve a stage when a
wine is kept for several days under high tem-
peratures in aerobic conditions without filtra-
tion. This, in its turn, can contribute to toxin
accumulation in it; in white wine production,
after pressing the grape juice is filtered and
fermented directly [10].

A range of MTs found in white wine was
less substantial as compared with red wine.
White wine was less frequently contaminated
with FB1 than red wine, 8 % against 14 % re-
spectively. In addition, MPA, STC and ZEN
were found in the white wine samples with
their frequency ranging between 4 and 10 %.

TeA and HT-2 were found only in Rus-
sian wines (Figure 2). MPA, AFL G2 and TEN

Health Risk Analysis. 2024. no. 4
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Figure 2. Frequency and levels of MT contamination

in wine samples of different origin (MT content is
given in pg/kg)

were found both in domestic and imported
wines and frequency of their detection was
several times higher in Russian wines. It is
noteworthy that FB1, ZEN, STC, ALT and
OTA were found only in imported wines.

It is noteworthy that three red wine sam-
ples and one white wine sample were simulta-
neously contaminated with several toxins.
Table 2 provides the list of contaminated
wines by variety, country of origin and de-
tected MTs. STC and ZEN were found in an
Italian dry white wine. AFL G2 and ALT were
found in a Spanish dry red wine; four toxins
(AFL G2, TEN, HT-2 and MPA) were found
in a Russian red dry wine. A sweet red wine
from Israel was contaminated with four toxins,
OTA, STC, MPA and ALT. Two wine sam-
ples contained 2 MT (STC+ZEN and
ALT+AFL G2); one sample contained 4 MT
(ALT+MPA+OTA+STC); another one, 5 MT
(TEN+AFL G2+HT-2+MPA+TeA).

Therefore, our study findings give evi-
dence of OTA, AFL, FB1, STC occurrence in
grape wines sold in Russia. It implies the es-
tablishment of appropriate control by produc-
ers and supervisory authorities, in particular,
over the content of OTA.

According to the data provided by the
Unified Interdepartmental Information Statis-
tic System (UIISS), Federal Customs Service
of the Russian Federation, Federal Center for
Development of Agricultural Exports of the
Ministry of Agriculture of the Russian Federa-
tion, Federal Service for Alcohol Market
Regulation [26], wine consumption per capita

Table 2

Frequency and levels of MT contamination in wine samples depending on their origin

No. | Sugar contents | Country of origin | Toxin (concentration in pg/kg)
Red wine
1 sweet Israel OTA (0.39) + STC (1.70) + MPA (3.54) + ALT (1.35)
2 sweet Cyprus FBI1 (26.4)
3 dry Georgia TEN (0.65)
4 dry Spain AFL G2 (1.01) + ALT (2.98)
5 dry Argentina AFL G2 (3.05)
. AFL G2 (1.59) + TEN (0.84) + HT-2 (1.18) +
6 dry Russia (MP/z (5.51) +(TeA)(l46.5) 0
7 dry Chile ALT (1.36)
8 semi-sweet Russia AFL G2 (1.32)
White wine
9 dry New Zealand FB1 (27.04)
10 dry Italy STC (0.37) + ZEN (5.08)
11 semi-sweet Russia MPA (4.07)
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varied between 6700 and 7400 cm’/person a
year in 2018-2020 in Russia. In 2020, it
equaled 6700 cm’. Recent data (2022) indicate
that the highest amount of wine was consumed
in the Nenets Autonomous Area, Karelia,
Moscow region and Saint Petersburg (between
10,200 and 11,700 cm’/person); the lowest
amount, in North Caucasia (between 20 and
700 cm’/person)’.

Average weekly intake of the analyzed
toxins for the Russian population varied be-
tween 0.07 ng/kg of body weight (0.0007 %)
for TEN and 0.35 ng/kg of body weight
(22.7-27.7 %) for AFL G2; for OTA, it was
equal to 0.019 ng/kg of body weight (0.02 % of
TWI). Maximum calculated intake of ZEN,
FB1, OTA, HT-2, alternariatoxins and STC
amounted to 0.27, 0.36, 0.64, 1.25, 2.6 and
2.82 % of the reference doses respectively. The
highest probably MT intake was associated
with consuming grape wine contaminated with
AFL G2 at the level of 90 % (0.50 pg/kg) and
at the maximum level (3.05 pg/kg). In this case,
the total weekly intake could reach 0.91 ng/kg
of body weight (between 9.6 and 31 % of the
reference dose) and 5.6 ng/kg of body weight
(58.8-190.5 % of the reference dose) respec-
tively. The calculated AFL G2 intake can be
1.5-1.75 times higher than these doses for the
population of the Nenets Autonomous Area,
Karelia, Moscow region and Saint Petersburg.

The results of this study give evidence of
insignificant intake of Alternaria toxins, STC,

FB1, HT-2 and OTA and a higher AFL G2
intake associated with grape wine consump-
tion. There is still a potential hazard of their
chronic intake by humans.

Conclusion:

1. MT contamination was found in 31 %
of the analyzed grape wine samples; predomi-
nantly, aflatoxin G2, altenuene, mycophenolic
acid, fumonisin Bl and sterigmatocystin.
Among regulated toxins, ochratoxin A, afla-
toxin G2, fumonisin Bl, zearalenone and
sterigmatocystin were found in foreign wines
and aflatoxin G2 — in domestic wines.

2. Estimated intake of mycotoxins in wine
gives evidence of low relevant health risks (up
to 2.8 % of their reference doses) for the Rus-
sian population. Aflatoxin G2 is the only ex-
ception as its average intake with wine can
reach 28 %.

3. Grape wine as a source of mycotoxins
does not pose any real health hazard for the
country population. However, the detection of
high levels of AFL G2 in grape wine samples
implies the establishment of appropriate con-
trols by producers and regulatory authorities
on the content of this toxin and the EU regu-
lated OTA.
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