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Summary

Targeted surveys provide information on potential food hazards and enhance the Canadian
Food Inspection Agency’s (CFIA’s) routine monitoring programs. These surveys provide
evidence regarding the safety of the food supply, identify potential emerging hazards, and
contribute new information and data to food categories where it may be limited or non-existent.
They are often used by the CFIA to focus surveillance on potential areas of higher risk. Surveys
can also help to identify trends and provide information about how industry complies with
Canadian regulations.

This targeted survey generated baseline surveillance data regarding Alternaria mycotoxin levels
in selected foods on the Canadian retail market. The most important mycotoxins are alternariol
(AOH), alternariol monomethyl ether (AME), altuene (ALT) and L-tenuazonic acid (TeA). TeA is
the most acutely toxic while AOH and AME have a lower toxicity'. However, there are several
reports on the mutagenic and genotoxic effects of AME and AOH? as well as a tendency to kill
fetuses of rats®.

A total of 2597 samples of fresh bell/hot peppers, grain-based foods, infant foods, fruit juices,
nut/seed products, pomegranate products, processed fruits and vegetables, sunflower oil, and
grape-based wine were collected from retail locations in 6 cities across Canada and tested for
AOH and AME. ALT and TeA were not included in the analytical method because of a lack of
commercially available standards. AOH and/or AME were detected in 1554 (60%) of the
samples. The levels of AOH and AME were summed so that the total mycotoxin levels are
reported in this survey. The levels detected ranged from 0.046 parts per billion (ppb) to 880 ppb.

Currently in Canada, as in the rest of the world, there are no regulated levels for Alternaria
mycotoxins in foods. Health Canada determined the levels of AOH and AME observed in the
current survey are not expected to pose a concern to human health, therefore there were no
recalls resulting from this survey. CFIA is conducting appropriate follow up activities which
include further testing of similar products in subsequent years.

Other regulatory agencies such as the US Food and Drug Administration, Australia/New
Zealand and the European Union are not monitoring their foods for Alternaria mycotoxins or are
not currently publishing the results. A comparison of the exposure of Canadian consumers to
persons in other countries is not possible. All data was shared with Health Canada. This data
may be used in future risk assessments and to set standards in Canada and/or internationally.
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What are targeted surveys

Targeted surveys are used by the CFIA to focus its surveillance activities on areas of highest
health risk. The information gained from these surveys provides support for the allocation and
prioritization of the agency’s activities to areas of greater concern. Originally started as a project
under the Food Safety Action Plan (FSAP), targeted surveys have been embedded in the
CFIA’s regular surveillance activities since 2013. Targeted surveys are a valuable tool for
generating information on certain hazards in foods, identifying and characterizing new and
emerging hazards, informing trend analysis, prompting and refining health risk assessments,
highlighting potential contamination issues, as well as assessing and promoting compliance with
Canadian regulations.

Food safety is a shared responsibility. The CFIA works with federal, provincial, territorial and
municipal governments and provides regulatory oversight of the food industry to promote safe
handling of foods throughout the food production chain. The food industry and retail sectors in
Canada are responsible for the food they produce and sell, while individual consumers are
responsible for the safe handling of the food they have in their possession.

Why did we conduct this survey

The variety of fresh bell/hot peppers, grain-based foods, infant foods, fruit juices, nut/seed
products, pomegranate products, processed fruits and vegetables, sunflower oil, and grape-
based wine is continuously increasing to meet consumers’ demands. These foods and
beverages are consumed to some extent by Canadian consumers, including infants and
toddlers. Moulds may develop in the field, during transport and/or during storage on the raw
ingredients of these foods and beverages. Alternaria is a type of mould widely distributed in the
soil and occurs in the air. These species are known as plant pathogens and as common
allergens in humans.

Alternaria species also produce multiple toxins called mycotoxins. The most important ones are
AOH, AME, ALT and TeA. Due to the common presence of Alternaria, these mycotoxins are
frequently found in a wide variety of commodities. These mycotoxins have been recorded in
fruits, such as apples, dark grapes, and citrus fruits, in vegetables like tomatoes, peppers and
olives, and in fruit juices and beverages. They have also been found in grains such as wheat
and barley, in sunflower seeds, and in wine. Alternaria has been reported to be the most
frequent fungi infecting tomatoes®.

Among the mycotoxins produced by this mould, TeA has the highest acute toxicity. In a study on
mice, the oral administration of TeA salts to mice and rats resulted in cardiovascular collapse’.
While the acute toxicity of AOH and AME is low, these mycotoxins have shown genotoxic and
mutagenic properties in cell cultures and laboratory animals®. These mycotoxins have been
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observed to kill rat fetuses®. Inhalation of the mould can lead to asthma, infections and allergies.
Dietary exposure has been linked to a variety of adverse health effects. TeA has been
associated with human hematological disorders*.

The primary source of these mycotoxins in the human diet is fruit®. There are no Canadian or
international regulations for TeA, ALT, AOH and/or AME levels in foods®. The use of fungicide is
the most common approach to preventing mould formation.

The main objectives of this targeted survey were to generate baseline surveillance data on the
levels of mycotoxins in foods that are known or suspected to be contaminated by the mould. In
addition, the prevalence and levels of AOH and/or AME in this survey were compared with
those reported in found other studies in the scientific literature. Most mycotoxins are not
routinely monitored under other CFIA programs.

What did we sample

A variety of domestic and imported products from the following categories were sampled
including: fresh bell/hot peppers, grain-based foods, infant foods, fruit juices, nut/seed products,
pomegranate products, processed fruits and vegetables, sunflower oil, and grape-based wine.
Products were sampled from April 1, 2014 to March 31, 2018 and from April1, 2019 to March
31, 2022. Samples of products were collected from local/regional retail locations located in 6
major cities across Canada. These cities encompassed 4 Canadian geographical areas:

e Atlantic (Halifax)

e Quebec (Montreal)

e Ontario (Toronto and Ottawa)

e West (Vancouver and Calgary)
The number of samples collected from these cities was in proportion to the relative population of
the respective areas. The samples originated in 44 countries.
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Table 1. Distribution of samples based on product type and origin

Number of Number of | Number of samples Total
Product type domestic imported of unspecified?® number of
samples samples origin samples

Fresh pepper 20 53 6 79
Grain-based foods 258 225 272 755
Infant foods 34 160 64 258
Juices 123 64 30 217
Nut/seed products 22 78 47 147
Pomegranate 156 250 176 582
products
Processed fruits o4 135 84 543
and vegetables
Sunflower oil 4 16 21 41
Wine 73 200 2 275
Total 714 1181 702 2597

@ Unspecified refers to those samples for which the country of origin could not be
assigned from the product label or available sample information

How were samples analyzed and assessed

Samples were analyzed by an ISO/IEC 17025 accredited food testing laboratory under contract
with the Government of Canada. The results are based on the food products as sold and not
necessarily as they would be consumed.

There are no regulations in Canada or elsewhere in the world for Alternaria mycotoxins in
foods®. In the absence of a specific maximum level, the levels of Alternaria mycotoxins are
assessed by Health Canada on a case-by-case basis using the most current scientific data
available.

What were the survey results

A total of 2597 samples of domestic and imported fresh peppers, grain-based foods, infant foods,
juices, nut/seed products, pomegranate products, processed fruits and vegetables, sunflower oll,
and wine were tested for the AOH and AME. ALT and TeA were not included in the analytical
method because of a lack of commercially available standards. AOH and/or AME were detected
in 1554 (60%) of the samples. The levels of AOH and AME were summed so that the total
mycotoxin levels are reported in this survey. The total levels ranged from 0.046 ppb to 880 ppb.
A summary of the testing results by each product type can be seen in Table 2.
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The percentage of samples with mycotoxin levels detected ranged from 0% in fresh peppers to
81% in grain-based foods. The average level ranged from 1.9 ppb in wine to 165 ppb in
pomegranate products. See Appendix A for a more detailed breakdown of the results by type of
commodity (for example, by type of juice).

Table 2. Levels of Alternaria toxins in fresh peppers, grain-based foods, infant foods,
juices, nut/seed products, pomegranate products, processed fruits and vegetables,
sunflower oil, and wine

Total Number Average level
number %) of . b) of
Product type of p(osztive Min (ppb) | Max (ppb) g:)psit)ive

samples samples results
Fresh pepper 79 0 (0) 0 0 0
Grain-based foods 755 610 (81) 0.090 240 4.2
Infant foods 258 197 (76) 0.10 26 5.2
Juices 217 82 (38) 0.050 340 6.0
Nut/seed products 147 96 (65) 0.046 20 2.8
Pomegranate products 243 179 (74) 0.060 870 165
Processed fruits and 582 192 (33) 0.050 880 8.7
vegetables
Sunflower oil 41 31 (76) 0.10 62 59
Wine 275 167 (61) 0.092 21 1.9
Total 2597 1554 (60) 0.046 871 23

What do the survey results mean

The detection rates for Alternaria mycotoxins in imported fresh peppers, grain-based foods,
infant foods, juices, nut/seed products, pomegranate products, processed fruits and vegetables,
sunflower oil, and wine in this survey were comparable to or lower than those reported in other
survey years’ and/or other cited scientific literaturg®:10.11.12.13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30
The average and highest observed levels in this survey were comparable to or lower than those
reported in previous years. Also consistent with other surveys, the level of these mycotoxins
was observed to be lower in commonly consumed juices such as apple, orange and grape
juices, and higher in juices containing pomegranate as a main ingredient.
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Table 3. Levels of AOH and/or AME in fresh sweet and hot peppers in the CFIA survey
and scientific literature

Number of
samples - | Number A‘I':‘Z?e
Product Jurisdiction/ Survey toxins (%) of .
type author year included positive Min (ppb) | Max (ppb) (%z?t)i\?;
in the samples presults
survey
Fresh
pepper CFIA 2020 79 0 (0) 0 0 0
Fresh ltaly - Gambacorta
pepper ot al. 2018 7 - AME 6 (86) <0.16 270.7 111.1
Fresh ltaly —
pepper Gambacorta et al. 2018 7 - AOH 4 (57) <0.99 17.8 10.0
Fresh Argentina - Da
pepper Cruz Cabral et al. 2016 | 10-AME 2(21) 3 98 29
Fresh Argentina - Da
pepper Cruz Cabral et al. 2016 | 14-AOH 4 (29) 7 262 56
Table 4. Levels of AOH and/or AME in grain-based foods in CFIA and from scientific
literature
Number
Product Surve :;mples ) :\:/u )n;l:er Min Max i:“';:age
Jurisdiction/author Y | toxins o (ppb) of
type year included positive (ppb) (ppb) positive
in the samples results
survey
Barley-
based CFIA 2021 123 78 (63) 0.093 240 5.7
foods
Barley- . , Not
based Aussia- Orinaet | o021 | 49-AOH | 5 (10) 2 8 | specified
foods '
Barley- . , Not
based Aussia—Ornaet | o021 |49-AME | 1 | MO | 3 | specified
foods ' P
Barley- .
Argentina -
based Castafiares et al. 2019 | 60-AME | 37 (62) 368 1689 700
foods
Barley- .
Argentina —
based Castanares et al. 2019 | 60 - AOH 5 (8) 384 6812 2201
foods
Barley- 106 -
based EU - EFSA 2016 AOH 2(1) 0.1 6.1 3.1
foods
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Number

of I Number iAve:age
Product o Survey | S8MPIES- | o) of Min Max eve
type Jurisdiction/author year :gz;szed positive (ppb) (ppb) :)%zhl\t)l \?;
in the samples results
survey
Barley- 106 -
based EU — EFSA. 2016 AME 5 (5) 0.2 1.3 0.7
foods
Barley-
based o Sweden — 2007 | 14-AmE | Not Not Not 142
foods aggblom et al. specified | specified | specified
Barley-
based H..S"Vede” - 2007 | 14-AoH | Not Not Not 25
foods aggblom et al. specified | specified | specified
Corn-
based CFIA 2020 52 37 (71) 0.20 6.7 2.0
foods
Corn- 145 -
based EU - EFSA 2016 AOH 2 (1) 0.1 6.1 3.1
foods
Corn- 243 -
based EU — EFSA. 2016 AME 2 (1) 0.1 3.0 1.5
foods
Rice-
based CFIA 2020 53 37 (70) 0.10 2.3 0.80
foods
Rice- .
based EU-Patriarcaet | 54¢ 31 6(19) | 183 2.97 Not
foods al. specified
Rice- 145 -
based EU - EFSA 2016 AOH 2 (1) 0.1 6.1 3.1
foods
Rice- 243 -
based EU - EFSA 2016 AME 2 (1) 0.1 3.0 1.5
foods
Sorghum- o
based Ethiopia —Chala et | 5414 | 70 AOH | 41 (58.6) | __NOt 104 18
foods al. specified
Sorghum- o
based Ethiopia —Chala et | 5414 | 70 AME | 61 (87.1) | __NOt 171 16.6
foods al. specified
Sorghum-
based India — Ansarietal. | 1990 20 7 (35) 0.60 1.8 1.0
foods
Wheat-
based CFIA 2021 122 99 (81) 0.10 29 2.2
foods
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Number

Product Surve :;mples ) :\:/u )n;l:er Min Max i:“';:age
Jurisdiction/author Y | toxins o (ppb) of

type year included positive (ppb) (ppb) positive
in the samples results
survey

Wheat-

based CFIA 2020 1 1 (100) N/A 3.5 N/A

foods

Wheat-

based CFIA 2017 283 247 (87) 0.090 37 2.2

foods

Wheat- . .

based Aussia—Ornaet | o1 | 30 | 36(31) 2 ag | Mot

foods ) P

Wheat- . .

Russia — Orina et 116 - Not
based 2021 17 (14) 3 56 -
foods al. AME specified
Wheat-
based EU - EFSA 2016 | 99 - AOH 3(2) 0.3 8.1 4.2
foods
Wheat-
based EU - EFSA 2016 | 99 - AOH 1(1) 0.03 3. 1.6
foods
Wheat-

Sweden — Not Not Not
?oa:)Sde: Haggblom et al. 2007 | 14 - AME specified | specified | specified 22
Wheat-
based H..S""elde” .| 2007 | 14-AOH Not Not Not 24
foods aggblom et al. specified | specified | specified
Wheat- .

Czech Republic — 129 -
based Skarkova et al. 2005 AOH 60 (46.5) 6.3 44 4 7.7
foods
Wheat- .

Czech Republic — 129 -

?0?;: Skarkova et al. 2005 AME 0(0) 0 0 0

N/A = not applicable
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Table 5. Levels of AOH and/or AME in infant foods in CFIA surveys and from scientific
literature

Number
of Average
Product Jurisdiction/ | Survey | Samples Nfumb?r. (%) | Min Max 'e"i' .
tvpe author year ?toxms of positive (ppb) (ppb) (pp .).o
yp included | samples positive
in the results
survey
Infant food -
puree CFIA 2019 108 94 (87) 0.52 26 7.9
Infant food -
puree CFIA 2016 58 42 (72) 0.20 37 4.4
Meal -
toddler/baby CFIA 2019 90 60 (67) 0.10 12 1.1
Meal -
toddler/oaby CFIA 2016 2 1 (50) N/A 1.2 N/A
Fruit Puree Ch'”ei ;IX'”Q 2021 80 8 (10) 228 | 1698 | 8.23

N/A = not applicable

Table 6. Levels of AOH and/or AME in juices in CFIA surveys and from scientific literature

Number
of Average
Product | Jurisdiction/ | Survey f‘?g(?;is :\)lfu &2?{“(:? Min Max ::‘g;l) of
type author year included | samples (ppb) (ppb) positive
in the results
survey
Juices CFIA 2015 147 72 (49) 0.050 340 6.6
Juices CFIA 2014 75 15 (20) 0.20 200 28
Juices CFIA. 2018 174 125 (72) 0.050 570 17
EU - Not
Juices Patrlglrca et 2016 95 41 (43) 0.13 20.19 specified
Juices China - Fan 2016 15 9 (60) 0.13 8.68 2.56
Juices 'ta'ye;:lre”e 2012 10 0(0) 0 0 0
, Canada -
Juices Lau et al. 2003 19 15 (79) 0.62 40.6 6.16
, Canada -
Juices Scoft et al. 1997 8 3 (38) 0.8 5.0 2.7
Spain—
, 1993 to Not
Juices Delgslldo et 1994 32 16 (50) 1.35 5.42 specified
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Table 7. Levels of AOH and/or AME in nut/seed products in CFIA surveys and from
scientific literature

Number
of Average
T samples | Number (%) . level
F rog uct :z:;}sgirlctlon/ S:ar:ley - toxins of positive :V"nb) :\Ila)l(o) (ppb) of
yp y included | samples PP PP positive
in the results
survey
Nutseed | o)\ 2020 113 65 (58) 0.046 6.2 1.4
products
Nuvseed | opia 2017 34 31 (91) 0.20 20 5.6
products
Nut/seed 2018 to
products CFIA 2019 50 36 (72) 0.054 55 6.0
EU -
Nut/seed . Not
products Patrlglrca et 2016 11 7 (64) 16.64 60 specified
Nut/seed 587 -
products EU - EFSA 2016 AOH 42 (7) 1.0 445 15.5
Nut/seed 585 -
products EU - EFSA 2016 AME 53 (9) 0.5 17.5 9.3
Argentina -
Nut/seed
products Chualllze et 1995 150 134 (89) 30 1512 286
Nut'seed | Argentina — | 4 qq4 50 38 (76) 90 1026 415
products | Torres et al.
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Table 8. Levels of AOH and/or AME in pomegranate products in CFIA surveys and from
scientific literature

Number
of Average
T samples | Number (%) . level
Product type :z:ﬁﬂwt'on/ S:ar:ley - toxins | of positive :V"nb) :\Ila)l(o) (ppb) of
y included | samples PP PP positive
in the results
survey
Pomegranate | ez 2019 187 124 (66) | 0.060 | 870 160
products
Pomegranate | k| 2015 51 50 (98) 2.6 620 180
products
Pomegranate | Middle East 110 - Not
products - — Elhariry et | 2016 AOH 56 (51) 0.71 19.2 specified
Fruit al.
Middle East
Pomegranate , 110 - Not
products - EIh:Irlry et| 2016 AME 75 (68) 0.9 32.02 specified
Pomegranate | Middle East
products - — Elhariryet | 2016 | 8 - AOH 4 (50) 3.14 4.85 3.91
Juice al.
Pomegranate | Middle East
products - — Elhariryet | 2016 | 8 - AME 4 (50) 4.49 6.07 5.26
Juice al.
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Table 9. Levels of AOH and/or AME in processed fruits and vegetables in CFIA and from
scientific literature

Number
of Average
. samples | Number (%) . level
:Droguct at‘:;'gflcuon/ S:ar:ley - toxins | of positive :V"nb) :\Ila)l(o) (ppb) of
yp y included | samples PP PP positive
in the results
survey
PFV
(fruit- CFIA 2016 333 109 (33) 0.050 150 3.4
based)
PFV 209 -
(fruit- EU - EFSA 2016 AOH 11 (5) 1.0 8.8 6.1
based)
PFV 217 -
(fruit- EU - EFSA 2016 AME 9 (4) 0.03 8.7 3.6
based)
PFV
(tomato- CFIA 2016 100 41 (41) 0.060 350 9.4
based)
PFV
(tomato- CFIA 2015 101 36 (36) 0.080 880 25
based)
PFV 99 -
(tomato- EU - EFSA 2016 AOH 3 (3) 2.5 17.1 10.2
based)
PRV 118 -
(tomato- EU - EFSA 2016 AME 14 (12) 0.6 3.6 2.2
based)
PFV EU - 70 - Not
gg;ne%t)o— Patrlg[ca et 2016 AOH 52 (74) <1.4 41.6 specified
PFV EU - 20 - Not
(tomato- Patriarca et 2016 AME 53 (76) <0.8 7.8 specified
based) al.
PFV Argentina - 80 - Not
(tomato- | Terminielloet | 2006 AOH 5 (6) 187 8756 | specified
based) al.
PFV Argentina — 80 - Not
(tomato- | Terminielloet | 2006 AME 21 (26) 84 1734 | specified
based) al.
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Table 10. Levels of AOH and/or AME in sunflower oils in CFIA surveys and from scientific

literature
Number
of Average
. samples | Number (%) . level
Product type Jur;i‘:;:::'ron/ S:ar:ley - toxins | of positive :V"nb) :\Ila)l(o) (ppb) of
y included | samples PP PP positive
in the results
survey
Sunflower QOll CFIA 2017 41 31 (76) 0.10 62 5.9
Oils CFIA 2018 90 50 (56) 0.10 57 71
Sunflower oil |  EU - EFSA 2016 /fgﬁ 4 (11) 12 | 33 | 22
Sunflower oil |  EU - EFSA 2016 | 7 11@31) | 29 | 39 | 34
Sunflower oil | EY-Patiarcaet | o446 | 4g 16(@4) | 28 | 14 | Not
al. specified
. Hungary -
Sunflower oil Tolgyesi et al. 2020 16 0 (0) 0 0 0

Table 11. Levels of AOH and/or AME in grape wine in CFIA surveys and from scientific

literature
Number
of Average
. samples | Number (%) . level
Froguct :z:Lsgirlctlon/ S:ar:ley - toxins of positive :V"nb) :\Ila)l(o) (ppb) of
yp y included | samples PP PP positive
in the results
survey
Wine CFIA 2015 200 141 (70) 0.092 21 1.8
Wine CFIA 2014 75 26 (35) 0.50 11 2.6
. Germany - 14 -
Wine Zwickel 2016 AME 13 (93) 0.80 1.45 1.19
. Germany - 25 -
Wine Zwickel 2016 AOH 17/25 (68) 0.65 7.65 2.75
. Netherlands Not
Wine - Lépez 2016 5 1 (20) <2.0 11 specified

Other regulatory agencies such as the US Food and Drug Administration, Australia/New
Zealand and the European Union are not currently publishing the testing results for Alternaria
mycotoxins. A comparison of the exposure of Canadian consumers to these mycotoxins with
persons in other countries is not possible.

Health Canada determined the levels of AOH and AME observed in the current survey are not
expected to pose a concern to human health, therefore there were no recalls resulting from this
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survey. CFIA is conducting appropriate follow up activities which include further testing of similar
products in subsequent years.

Page 15 of 23



References

1.

Smith, E. R., Fredrickson, T. N. & Hadidian, Z. (1968). Toxic effects of the sodium and the
N.N'-dibenzylethylenediamine salts of tenuazonic acid (NSC-525816 and NSC-82260).
Cancer Chemotherapy Reports 52, pp. 579-585.

Ackermann, Y., Curtui, V., Dietrich, R., Gross, M., Latif, H., Martlbauer, E. & Usleber, E.
(2011). Widespread Occurrence of Low Levels of Alternariol in Apples and Tomato
Products, as Determined by Comparative Immunochemical Assessment using Monoclonal
and Polyclonal Antibodies. Journal of Agriculture and Food Chemistry. 59, pp. 6360-6368.
Scientific Opinion on the risks for animal and public health related to the presence of
Alternaria toxins in feed and food. (2011). European Food Safety Authority. EFSA Journal. 9
(10), pp. 2407 - 2504.

Hegazy, E.M. (2017) Mycotoxin and Fungal Contamination of Fresh and Dried Tomato.
Annual Research & Review in Biology. 17.6, pp. 1-9

Ostry, V., Skarlova, J. & Ruprich, J. (2009). Alternaria Mycotoxins in Foodstuffs — Current
Information for Health Risk Assessment. Conference Paper.

Alternaria toxins. (2017). Romer Labs.

7. Alternaria in Beer, Juices, Qils and Seeds - April 1, 2018 to March 31, 2019. (Modified

10.

11.

12.

13.

14.

15.

December 2020). Canada. Canadian Food Inspection Agency.

Gambacorta, L.; Magista, D.; Perrone, G.; Murgolo, S.; Logrieco, A.F.; Solfrizzo, M. (2018).
Co-occurrence of toxigenic _moulds, aflatoxins, ochratoxin A, Fusarium and Alternaria
mycotoxins in fresh sweet peppers (Capsicum annuum) and their processed products. World
Mycotoxin Journal, 11 (1), pp. 159-174.

Da Cruz Cabral, L. ., Terminiello, L., Fernandez Pinto, V., Fog Nielsen, K. & Patriarca, A.
(2016). Natural occurrence of mycotoxins and toxigenic capacity of Alternaria strains from
mouldy peppers. International Journal of Food Microbiology, 236, 155-160.

Orina, A.S., Gavrilova, O.P., Gogina, N.N., Gannibal, P.B., Gagkaeva, T.Y. (2021). Natural
Occurrence of Alternaria Fungi and Associated Mycotoxins in Small-Grain Cereals from the
Urals and West Siberia Regions of Russia. Toxins 13, pp. 681-698.

Castanares, E., Pavicich, M.A., Dinolfo, M.l., Moreyra, F., Stenglein, S.A. & Patriarca, A.
(2020). Natural occurrence of Alternaria mycotoxins in malting barley grains in the main
producing region of Argentina. Journal of the Science of Food and Agriculture, 100, 1004—
1011.

Dietary exposure assessment to Alternaria toxins in the European population. (2016) EFSA
Journal, 14 (12), pp.4654-4686.

Haggblom, P., Stepinska, A. and Solyakov, A. (2007). Alternaria mycotoxins in Swedish feed
grain. In: Gesellschaft fir Mykotoxin Forschung (Ed.) Proceedings of the 29th mycotoxin
workshop. May 14-16, 2007, Stuttgart-Fellbach, Germany, 35.

Patriarca, A. (2016). Alternaria in food products. Current Opinion in Food Science.16 (11), pp.
1-9.
Chala, A., Taye, W., Ayalew, A., Krska,R., Sulyok, M. & Logrieco, A. (2014). Multimycotoxin

analysis of sorghum (Sorghum bicolor L. Moench) and finger millet (Eleusine coracana L.
Garten) from Ethiopia. Food Control, 45, pp. 29-35.

Page 16 of 23



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ansari, A.A. & Shrivastava, A. K.(1990). Natural occurrence of Alternaria mycotoxins in
sorghum and ragi from North Bihar, India. Food Additives & Contaminants, 7(6), 815-820.

Skarkova, J., Ostry, V. and Prochazkova, I. (2005). Planar chromatographic determination of
Alternaria toxins in selected foodstuffs. In: Nyiredy, S. and Kakuk, A. (Eds.), Planar
chromatography. RIMP, Budakalasz, Hungary, 601-608.

Xing, J., Zhang, Z., Zheng, R., Xu, X., Mao, L., Lu, J., Shen, J., Dai, X., & Yang, Z. (2021).
Simultaneous Detection of Seven Alternaria Toxins in Mixed Fruit Puree by Ultra-High-
Performance Liquid Chromatography-Tandem Mass Spectrometry Coupled with a Modified
QuEChERS. Toxins (Basel), 13(11), pp. 808-824.

Fan, C., Cao, X., Liu, M. &, Wang, M. (2016). Determination of Alternaria mycotoxins in wine
and juice using ionic liquid modified countercurrent chromatography as a pretreatment method
followed by high-performance liquid chromatography. Journal of Chromatography A. 1436,
pp- 133-140

Prelle, A., Spadaro, D., Garibaldi, A. & Gullino, M.L. (2013). A new method for detection of
five alternaria toxins in food matrices based on LC—-APCI-MS. Food Chemistry 140, pp. 161-
167.

Lau. B. P.-Y, Scott, P.M., Lewis, D.A., Kanhere, S.R., Cléroux, C. & Roscoe, V.A. (2003).
Liquid chromatography—mass spectrometry and liguid chromatography—tandem mass
spectrometry of the Alternaria mycotoxins alternariol and alternariol monomethyl ether in fruit
juices and beverages. Journal of Chromatography A. 8 pp. 119-131.

Scott, P.M., Weber, D. & Kanhere, S.R. (1997). Gas chromatography-mass spectrometry of
Alternaria mycotoxins. Journal of Chromatography A. 765, pp. 255-263.

Delgado, T. et Gémez-Cordovés, C. (1998). Natural occurrence of alternariol and alternariol
methyl ether in Spanish apple juice concentrates. Journal of Chromatography A. 815, pp. 93-
97.

Chulze, S.N., Torres, A.M., Dalcero, A.M., Etcheverry, M.G., Ramirez, M.L. & Farnochi, M.C.
(1995). Alternaria Mycotoxins in Sunflower Seeds: Incidence and Distribution of the Toxins in
Oil and Meal. Journal of Food Protection. 58 (10), pp. 1133-1135.

Torres, A., Chulze, S. Varsavasky, E. & Rodriguez, M. (1993). Alternaria metabolites in
sunflower seeds. Mycopathologia. 121, pp.17-20.

Elhariry, H.M., Khiralla, G.M., Gherbawy, Y. & Abd EIRahman, H. (2016). Natural occurrence
of Alternaria toxins in pomegranate fruit and the influence of some technological processing
on their levels in juice. Acta Alimentaria, 45 (3), 380-389.

Terminiello, L., Patriarca, A., Pose, G., & Fernandez Pinto, V. (2006). Occurrence of
alternariol, alternariol monomethyl ether and tenuazonic acid in Argentinean tomato puree.
Mycotoxin Research, 22 (4), 236-240.

Télgyesi, A., Kozma, L.& Sharma, V.K. (2020). Determination of Alternaria Toxins in
Sunflower QOil by Liguid Chromatography Isotope Dilution Tandem Mass Spectrometry.
Molecules, 25, 1685-1702.

Zwickel, T., Klaffke, H, Richards, K. & Rychlik, M. (2016). Development of a high performance
liguid chromatography tandem mass spectrometry based analysis for the simultaneous
quantification of various Alternaria toxins in wine, vegetable juices and fruit juices. Journal of
Chromatography A, 1455, pp. 74-85.

Page 17 of 23



30. .L6pez, P., Venema, D., de Rijk, T., de Kok, A., Scholten, J.M., Mol, H.G.J. & de Nijs, M.
(2016). Occurrence of Alternaria toxins in food products in The Netherlands. Food Control,
60, pp. 196-204.

Page 18 of 23



Appendix A

Table A1. More detailed distribution of levels of AOH and/or AME in juices, pomegranate-
containing foods, infant foods, nut/seed products, and processed fruits and vegetables

Number of Average
Total
Product Product number samples level
type/principal with Min (ppb) | Max (ppb) | (ppb) of
type . . of e
ingredient detected positive
samples
levels results
Juices Apple juice 17 4 (24) 0.41 2.2 1.3
Juices Apricot nectar/juice 2 1 (50) N/A 4.2 N/A
Juices Blends 38 11 (29) 0.050 2.4 0.48
Juices Blueberry juice 3 2 (67) 0.170 340 170
Juices Cherry juice 2 2 (100) 7.6 8.7 16
Juices Cranberry juice 1 0 (0) 0 0 0
Juices Grape juice 11 5 (45) 0.22 6.8 1.6
Juices Grape-based wine 275 167 (61) 0.092 21 1.9
Juices Guava juice/nectar 2 0 (0) 0 0 0
Juices Lemon juice 3 0 (0) 0 0 0
Juices Lemonade 6 1(17) N/A 0.090 N/A
Juices Mango nectar/juice 16 2(12) 0.25 2.0 1.1
Juices Orange juice 20 8 (40) 0.11 0.79 0.39
Juices Papaya juice 1 1 (100) N/A 0.92 N/A
Juices Peach juice 4 2 (50) 0.41 0.60 0.50
Juices Pear juice 2 2 (100) 1.9 4.4 3.1
Juices Pineapple juice 9 5 (56) 0.16 2.1 0.82
Juices Prune nectar 1 1 (100) N/A 0.090 N/A
Juices Smoothies 77 35 (45) 0.14 38 2.8
Juices Wildberry juice 2 0 (0) 0 0 0
Z‘t’énfi%rj‘: Arils 40 19 (48) 0.060 67 4.2
Pomearan Juice b_Ie_nds
ate fo% ds pg?nnetglrglr?agte 46 45 (98) 0.70 590 150
Z‘t’énfi%rj‘: Pomegranate drinks 4 4 (100) 140 340 190
Z?emfi%r;: Fresh pomegranate 51 13 (25) 0.060 7.4 1.2
Z‘t’énfi%rj‘: Pomegranate juice 99 98 (99) 1.9 870 220
Z?emfi%r;: Pomegranate seeds 3 0 (0) 0 0 0
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Number of Average
Total level
Product number | Samples eve
Product type/principal p with Min (ppb) | Max (ppb) | (ppb) of
type ingredient o | detected positive
samples levels results
Infant food Fruit 145 119 (82) 0.20 37 6.6
- puree
Infant food Fruit/vegetable 18 17 (94) 0.75 19 [
- puree
Infant food Vegetable 3 0 (0) 0 0 0
- puree
Nut/seed Almond 34 24 (70) 0.046 3.8 1.0
products
Nut/seed Cashew 2 1 (50) N/A 3.5 N/A
products
Nut/seed Hazelnut 2 2 (100) 1.2 1.3 1.2
products
Nut/seed Mixed nuts 18 4 (22) 1.7 26 2.2
products
Nut/seed Mixed seeds 12 11.(92) 0.10 3.4 1.5
products
Nut/seed | 1 ed seeds & nuts 1 0 (0) 0 0 0
products
Nut/seed Peanut 32 13 (41) 0.10 2.7 0.76
products
Nut/seed Pecan 3 2 (67) 1.4 3.4 2.4
products
Nut'seed Pistachio 1 0(0) 0 0 0
products
Nut/seed Sesame 6 6 (100) 1.0 4.0 1.9
products
Nutseed | o rower seeds 36 33 (92) 0.20 20 55
products
Processed
fruits and
1 0 (0 0 0 0
vegetable Apple ©)
s
Processed
fruits and Apricot 15 5 (33) 0.51 9.0 4.0
vegetable
s
Processed Banana 1 0 (0) 0 0 0
fruits and
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Product
type

Product
type/principal
ingredient

Total
number
of
samples

Number of
samples
with
detected
levels

Min (ppb)

Max (ppb)

Average
level
(ppb) of
positive
results

vegetable
S

Processed

fruits and

vegetable
s

Blackberry

4 (100)

0.48

6.3

2.9

Processed

fruits and

vegetable
s

Blueberry

11

6 (54)

0.26

9.2

3.7

Processed

fruits and

vegetable
s

Cherry

6 (75)

0.093

8.2

1.7

Processed

fruits and

vegetable
s

Cranberry

37

15 (40)

0.10

1.5

0.68

Processed

fruits and

vegetable
s

Currant

3 (75)

0.10

0.30

0.23

Processed

fruits and

vegetable
s

Date

25

N/A

0.060

N/A

Processed

fruits and

vegetable
s

Fig

26

11 (42)

0.14

150

22

Processed

fruits and

vegetable
s

Goji berries

Processed

fruits and

vegetable
s

Mango

11

Processed
fruits and

Mixed berries

31

0.13

5.0

1.1
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Product
type

Product
type/principal
ingredient

Total
number
of
samples

Number of
samples
with
detected
levels

Min (ppb)

Max (ppb)

Average
level
(ppb) of
positive
results

vegetable
S

Processed

fruits and

vegetable
s

Mixed Fruit

51

13 (25)

0.097

6.2

1.3

Processed

fruits and

vegetable
s

Papaya

Processed

fruits and

vegetable
s

Peach

Processed

fruits and

vegetable
s

Pear

Processed

fruits and

vegetable
s

Pepper

27

N/A

0.82

N/A

Processed

fruits and

vegetable
s

Pepper - Hot

21

5 (24)

0.099

2.4

1.1

Processed

fruits and

vegetable
s

Pineapple

N/A

0.97

N/A

Processed

fruits and

vegetable
s

Prune

27

10 (37)

0.11

3.3

0.70

Processed

fruits and

vegetable
s

Raisin

25

8 (32)

0.050

2.2

0.99

Processed
fruits and

Raspberry

13

5 (38)

0.12

1.7

0.77
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Product
type

Product
type/principal
ingredient

Total
number
of
samples

Number of
samples
with
detected
levels

Min (ppb)

Max (ppb)

Average
level

(ppb) of
positive
results

vegetable
s

Processed

fruits and

vegetable
s

Saskatoon berry

Processed

fruits and

vegetable
s

Strawberry

32

8 (25)

0.093

3.2

0.65

Processed

fruits and

vegetable
s

Tomato - crushed

16

10 (62)

0.090

5.2

0.99

Processed

fruits and

vegetable
s

Tomato - diced

85

28 (33)

0.070

350

13

Processed

fruits and

vegetable
s

Tomato - paste

1 (100)

N/A

0.50

N/A

Processed

fruits and

vegetable
s

Tomato - sauce

45

28 (62)

0.060

3.9

0.81

Processed

fruits and

vegetable
s

Tomato - stewed

Processed

fruits and

vegetable
s

Tomato - strained

Processed
fruits and
vegetable

S

Tomato - whole

47

10 (21)

0.080

880

88

N/A = not applicable
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