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Abstract

Mycotoxins are known to be one of the most important food contaminants that pose potential health
risks to humans. This study aimed to investigate the changes in total aflatoxin (TAF) content during
grape vinegar production. Different types of aflatoxins including aflatoxin B, (AFB,), B, (AFB,), G,
(AFG,), and G, (AFG,) were spiked into washed grape samples in the level of 5 pug/kg. Then grape
samples were converted to vinegar. After different stages of vinegar processing including juicing,
alcoholic fermentation, acetic acid fermentation, and pasteurization, sampling was performed
and the level of each aflatoxin was measured using high performance liquid chromatography with
fluorescence detector (HPLC-FD). Among different processing steps, the pasteurization operation
had the least effect on the removal of aflatoxin. After juicing, the amount of AFB,, AFB,, AFG, and
AFG, decreased by 14%, 11.18%, 13.77%, and 18.56%, respectively. Alcoholic fermentation had
the greatest effect on the removal of aflatoxin so that it could reduce the levels of AFB,, AFB,, AFG,
and AFG, by 41.87%, 45.34%, 45.37%, and 46.52%, respectively. Overall, during processing and
conversion of grapes to vinegar, the values of AFB,, AFB,, AFG, and AFG, were reduced by 76.20%,
71.06%, 69.26%, and 75.85%, respectively. Processing grapes to vinegar can have a significant
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effect on the aflatoxin reduction.
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1. Introduction

Grapes are one of the most important garden products
in the world. In order to increases their shelf life, it
is common to transform them into products such as
vinegar and raisins (1). Vinegar is produced in both
industrial and traditional forms (2) through alcoholic
and acetic fermentation of sugar syrups (3). This product
lowers blood sugar, triglycerides, and blood lipids (4,5).
Consumption of 15 mL of vinegar (750 mg of acetic acid)
during the day can be effective in improving lifestyle-
related diseases, including high blood pressure and
obesity (6). It seems that the therapeutic effects of vinegar
may be related to the content of acetic acid and some
other components (3,7). Vinegar has anti-bacterial, anti-
viral, anti-fungal, as well as anti-parasitic effects since it
stimulates the immune system (7).

Molds are the most agent of spoilage of fruits such as
grape that contain high level of sugar (8). They grow
under suitable environmental conditions such as high
oxygen, sufficient temperature and humidity (7). Molds
reduce the food quality and threaten human health by

producing secondary metabolites (i.e. mycotoxins) (9).
More than 300 mycotoxins have already been known.
The mycotoxin contamination is one of the major food
safety concerns. Aflatoxins are the most toxic mycotoxin
(10), and are produced by some species of Aspergillus
genus, including A. flavus, A. parasiticus, and A. nomius
during their growth on foods and feeds (11). Aflatoxins
cause tissue necrosis, fetal defects, cirrhosis, and liver
cancer (11); and possess nephrotoxic, teratogenic,
and immunosuppressive properties (12). Aflatoxins
are classified by the International Agency of Research
on Cancer (IARC) as group 1 (13,14). Therefore, the
controlling of aflatoxin level in food is one of the most
important problems in food safety in different countries.

Aflatoxin contamination has been reported in grapes
and related products (15-17). Molds which are in the
soil surface of the vineyard contaminate grapes during
the harvest. The damage to grape during harvesting and
their storage at high temperatures accelerate the molds
growth - including aflatoxin-producing ones, and cause
the occurrence of aflatoxin in this product (18).
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There is no legal limit for aflatoxin in vinegar. Based on
the EU standard, the allowable limit of aflatoxin in grapes
and its products is 2 pg/kg (19). The previous studies
have shown the processing applied for grape products
may influence aflatoxin. For example, Heshmati et al have
found that different stages of pekmez have a significant
effect on the aflatoxins removal, and cause a significant
reduction of AFB , AFB,, AFG,, and AFG, until 60.4, 76.7,
76.3 and 86.7%, respectively (18). There is no available
information on the fate of the aflatoxins in grape vinegar.
Therefore, this study aimed to investigate the changes of
aflatoxins during the vinegar production from grapes.

2. Materials and Methods

The species of grape utilized for vinegar production was
Asgari grapes that was harvested from vineyards located
in Malayer city, Hamadan, Iran. The grape samples were
transferred to the laboratory under suitable conditions.
All chemicals were purchased from Merck (Darmstate,
Germany) unless otherwise stated. The standard of
Aflatoxin (B1, B2, G1, and G2) was obtained from Farogh
laboratory (Tehran, Iran). Saccharomyces cerevisiae and
vinegar containing Acetobacter aceti were purchased from
Razavi yeast (Mashhad, Iran) and Khosh Khorak Sina
(Hamadan, Iran) companies, respectively.

2.1. Vinegar Production

In this study, first, three grape samples weighing 1 kg
were prepared. Each sample was converted separately
into vinegar after the following steps, and its aflatoxin
concentration and changes were determined. The mean
of results from three samples was reported.

Five microliters of aflatoxin stock solution (1000 /L)
was sprayed on each sample. Aflatoxin spiked grape
samples were washed with tap water for 30 seconds. Then
grape juice was extracted by a juicer apparatus and the
grape skins and seeds were removed. The fermentation
of grape sugars and their transformation into vinegar
were performed after two fermentations (i.e. alcoholic
fermentation and acetic acid fermentation). As for
alcoholic fermentation, Saccharomyces cerevisiae powder
(1%) was added into grape juice and placed at room
temperature for 20 days. Afterward, vinegar containing
A. aceti (2%) was added and the samples were placed at
room temperature for 20 days (4). Finally, the prepared
vinegar was pasteurized at 70°C for 25 min.

2.2. Extraction, Purification and Quantification of
Aflatoxins

Aflatoxins extraction and the analysis were carried out
in a similar fashion to previous study (18). Pure water
(40 mL) methanol (160 mL) and sodium chloride (5 g)
were added to grape and/or vinegar samples (20 g) and,
then, the samples were mixed and filtered through by
passing through Whatman filter paper. Next, 130 mL of
phosphate buffer solution (PBS) was added to 20 mL of

the filtered solution and passed through immunoaffinity
column. Methanol (1.5 mL) was used for Aflatoxins
removal from immunoaffinity column. Finally, 50 uL of
methanol containing aflatoxins was injected into the high-
performance liquid chromatography (HPLC) system (20).

2.3. Apparatus

Aflatoxins in samples were quantitatively analyzed
with a HPLC system (waters company, USA) equipped
with C18 column (Length 250 mm, inner diameter 4.6
mm, and particle size 5 microns), autosampler, as well as
fluorescent detector. The water/ methanol/ acetonitrile
solution (6:3:2) was employed for aflatoxins analysis as
a mobile phase. The flow rate and excitation/emission
wavelength were set at 1 mL/min and 365/333 nm,
respectively.

2.4. Method Validation

For each aflatoxin (i.e. B,, B,, G, and G,), the limit of
detection (LOD) and the limit of quantification (LOQ)
were calculated using the ratio of S/N=3 and S/N=10,
respectively. Additionally, the recovery experiments
were conducted by spiking 0.5, 2.5, and 5 pg/mL of each
aflatoxin into samples, and each experiment was repeated
three times.

2.5. Statistical Analysis

Since this study was an intervention and experimental
study, all experiments were repeated three times. SPSS
20.01 was used for performing statistical analysis, and
ANOVA and Tukey post hoc test were used to compare
aflatoxin reduction between different treatments. The P
value <0.05 was considered as a significant difference.

3. Results and Discussion
3.1. Evaluation of Method of Validation

The line equation, regression coefficient, LOD, and
LOQ for AFB, AFB,, AFG, and AFG, in grape and vinegar
samples are shown in Tables 1 and 2. In grape samples,
LOQ values for AFB,, AFB,, AFG , and AFG, were 0.08,
0.09, 0.07, and 0.08 (ug/kg), respectively. While the LOQ
values of these toxins in vinegar were 0.07, 0.03, 0.010,
and 0.08 (ug/kg), respectively. According to the results
obtained, the recovery percentage for different levels
spiked to the blank vinegar sample was 95.96%-98.63% for
AFB ,94.27%-92.18%, for AFB,, 90.38%-89.87% for AFG,,
and 87.30%-95.84% for AFG,. The standard deviation
percentages obtained for all samples were less than 20%.
Based on the obtained data, the determined method for
the detection of aflatoxin had a good performance. The
rate of recovery for this study was similar to previous
studies on different samples of berries, dates, and figs
(18,21). The data obtained during validation of analysis
method used in the current study was confirmed after
they were compared with AOAC, Codex Alimentarius,
and European Commission guidelines (11,22).

18 | Avicenna J Environ Health Eng, Volume 8, Issue 1, 2021


http://ajehe.com/en/

Changes in Aflatoxin Content of Vinegar

Table 1. Dynamics range, line equation and regression coefficient for different types of aflatoxins in grape and vinegar samples

. Linearity o . Regression coefficient
Sample Aflatoxins Calibration curve equation
P range (pg/kg) q (R?)
AFB, 0.2-22 Y =114599x+15760 0.993
AFB, 0.4-20 Y = 134519x+19820 0.995
Grape
AFG, 0.6-10 Y =103392x+13540 0.997
AFG, 0.5-20 Y =124231x+11160 0.996
AFB, 0.2-22 Y =171566x+13210 0.998
AFB, 0.4-20 Y =143211x+14210 0.998
Vinegar
AFG, 0.6-10 Y = 182291x+19540 0.999
AFG, 0.5-20 Y =204788x+13760 0.999
Table 2. Validation results of aflatoxins
. Recovery Relative standard deviation (LOD) (LOQ)
Sample Aflatoxins
P % % (ng/ke) (ng/kg)
AFB, 97.92-100.12 8.3-12.3 0.08 0.25
AFB, 95.9290.14- 9.17-12.72 0.09 0.28
Grape
AFG, 89.12-94.13 12.1-15.12 0.07 0.23
AFG, 92.02-94.12 4.32-5.35 0.08 0.25
AFB, 95.78-97.12 4.23-8.54 0.02 0.07
Vinegar AFB, 92.12-94.12 10.11-14.12 0.01 0.03
AFG, 89.76-90.56 9.24-11.23 0.03 0.10
AFG 95.45-98.34 7.23-13.21 0.02 0.08

2

LOD: Limit of detection
LOQ: Limit of quantification

3.2. The Effect of Different Stages of Vinegar Production
on Aflatoxin

The aflatoxin decreasing percentage during each stage
of grape vinegar processing is presented in Table 3 and
Figure 1. The results showed that all different steps were
able to reduce the concentrations of AFB, AFB,, AFG,,
AFG,, and TAE Furthermore, a significant difference in
aflatoxin concentration was detected in different stages
(P<0.05). According to the results, the juicing stage could
significantly reduce the concentration of aflatoxins in
fresh grapes. Concentrations of AFB,, AFB,, AFG, and
AFG, and TAF reduced during juicing 14%, 11.18%,
13.77%. and 18.56%, respectively. Although there is no
published information on the impact of juicing stage on
aflatoxin concentrations during vinegar production, some
studies have shown the juicing role in the fate of aflatoxin
in other products. For example, the reduction range of
AFB, AFB,, AFG,, and AFG, during grape juicing before
pekmez production was reported as being 6.1-11.1%,
4.6-27.3%, 6.2-17.1%, and 14.0-28.0%, respectively (18,
23). Aflatoxin reduction during juicing could be due to
their binding to removed grape skin and seed 6.1-11.1%
(8.2%), 4.6-27.3% (14.8%), 6.2-17.1% (12.4%), and 14.0-
28.0% (22.7%).

According to the findings from the present study,
alcoholic fermentation had the best decreasing effect

on the aflatoxins during vinegar processing. As shown
in Figure 1, alcoholic fermentation stage reduced AFB,
AFB,, AFG, and AFG, levels 46.51%, 46.52%, 45.37%
and 45.34%, respectively, during vinegar processing.
There is no published research on the role of alcoholic
fermentation on aflatoxin reduction during vinegar
production. However, effect of alcoholic fermentation
on the aflatoxins reduction has been investigated in
other food products. A study performed by Inoue et
al, for example, indicated that the process of alcoholic
fermentation could reduce 30% of aflatoxins concentration
during wine production, which was less than our results
(10). Moreover, the effect of alcoholic fermentation on
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Figure 1. Aflatoxins reduction after different steps of vinegar
processing Different letters on the column show a significant
difference ( P<0.05).
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Table 3. Changes in the amount of aflatoxin during different stages of vinegar production

Stages of vinegar production AFB, AFB

AFG, AFG TAF

2

Fresh grape 5.00+ 0.02°

Juicing 4.31+ 0.23 (14.00)°
Alcoholic fermentation 2.30+ 0.13 (54.00)
Acetic fermentation 1.32+ 0.08(73.60) ¢

Pasteurization 1.19+ 0.11 (76.20)°

5.01+0.01*
4.45+0.24 (11.18)°
2.38+0.14 (52.50)¢
1.56+ 0.11(68.86) ¢
1.45+0.12 (71.06)°

5.01+0.01° 5.01+0.02° 20.02+ 0.03 ®

4.32+0.22(13.77)>  4.08+0.28 (18.56) 17.15+ 1.18 (14.34)°

2.36+0.13 (52.89)°  2.23+ 0.17 (55.49)° 9.97+ 0.69 (50.20)°

1.58+0.11(68.46) ¢ 1.36+0.11(72.85) ¢ 5.82+ 0.49(70.93) ¢

1.54+0.09 (69.26)°  1.21+0.07 (75.85)° 5.39+ 0.32 (73.08)°

" Total aflatoxin

The numbers in parentheses indicate the percentage change compared to fresh grapes.
Different uppercase letters inside the column show a significant difference ( P<0.05).

the removal of other mycotoxins, including ochratoxin,
has already been reported (12,24,25). The physical
interaction of mycotoxins with the yeast structure can be
one of the most effective factors in mycotoxins reduction
mechanism in other food products. Several studies have
shown that mycotoxins attach to the yeast wall and are
removed during the yeast removal from the mycotoxin
products.

The reduction value during acetic fermentation stage
for AFB,, AFB, AFGL and AFG, was 42.16%, 34.45,
33.05%, and 39.01%, respectively (Figure 1). According
to previous studies, cell wall of acetic acid bacteria such
as Acetobacter, Gluconacetobacter, Acidomonas, Asaia,
Kozakia, Swaminathania, and Saccharibacter is bonded to
the mycotoxin and can decrease them (12,26). The effect
of these bacteria on mycotoxin levels and the removal of
these compounds have been reported in other products
such as wine (12). Abrunhosa et al showed that acetic acid
fermentation reduced mycotoxin levels in grapes (27).
The acetic bacteria could convert mycotoxins to inactive
toxic species (13).

Pasteurization had the least effect on aflatoxin
reduction during the vinegar production process. The
reduction value for AFB,, AFB,, AFG, and AFG, during
pasteurization stage was reported as 9.85%, 7.05%, 2.53%,
and 11.03%, respectively. Contrary to these results,
higher reduction was reported for these mycotoxins
during heating of pekmez. Heshmati et al (18) found
that mean reduction of AFB, AFB,, AFG, and AFG, of
pekmez boiling were 14.8%, 34.6%, 15.1%, and 42.9%,
respectively. The discrepancy was associated with
different temperature and heating time.

4. Conclusion

The present study examined the effect of different
stages of vinegar production on aflatoxin concentrations.
The study results showed that each of the different stages
could significantly reduce the concentration of aflatoxin.
Among the different processing steps, the highest
and lowest of aflatoxins reduction was obtained after
pasteurization and alcoholic fermentation, respectively.
The reduction value of AFB, AFB,, AFG,, and AFG,
during vinegar was 76.20, 71.06, 69.26, and 75.85%,
respectively. These findings indicated that the process

concerning the transformation of grape into vinegar
could have a significant effect on aflatoxin level.
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