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Fungi of the genus Alternaria are parasitic on
plants and other organic materials.  A. alternata is a
frequently occurring species of particular interest
because it produces a number of mycotoxins, in-
cluding alternariol (AOH), alternariol monomethyl
ether (AME), altenuene (ALT), altertoxins I, 1I, and IlI
(ATX-L, -ll, and -Ill), and L-tenuazonic acid (TeA).
Cleanup procedures of analytical methods for

foods and foodstuffs include solvent partition,
generally used for TeA, and solid-phase extraction
columns for AOH, AME, and ATX-I. These

Alternaria mycotoxins have been determined by
TLC, GC, and more usually LC, mainly with ultravi-
olet detection , although fluorescence and electro-
chemical detection have also been used for
Alternaria toxins other than TeA. AZn *" salt is usu-
ally added to the LC mobile phase for TeA. Re-
cently, atmospheric pressure chemical ionization

and electrospray LC/MS and LC-MS/MS have been
applied to the determination and confirmation of

AOH and AME in apple juice and other fruit bever-
ages at sub ng/mL levels. Natural occurrences of
AOH, AME, and in some cases other Alternaria tox-
ins have been reported in various fruits, including
tomatoes, olives, mandarins, melons, peppers, ap-
ples, and raspberries. They have been found also

in processed fruit products such as apple juice,

other fruit beverages and tomato products, wheat

and other grains , sunflower seeds , oilseed rape
meal, and pecans.

may cause spoilage of fruits and vegetables durin
ransport and storagélternaria alternataproduces
a number of mycotoxins, including alternari@,7,9-tri-

AOH),
(3,7-dihydroxy-9- methanol, acetonitrile, or ethyl acetate (Table 1), while for

Aternariafungi are commonly parasitic on plants and

hydroxy-1-methyl-6i-dibenzop,dpyran-6-one;
alternariol  monomethyl ether

6H-dibenzop,dpyran-6-one; ALT), altertoxin I
{[1S{10,1283,12m)]1,2,11,12,12a,12b-hexahydro-1,4,9,1
a-tetrahydroxy-3,10-perylenedione}; ATX-l) and related
perylene derivatives, andtenuazonic acid G6S-3acetyl-
5-secbutyl-4-hydroxypyrrolidone-2,4-dione;  TeA). Chemical
structures of these metabolites are shown in Figures 1-3. T
first 2 of these metabolites were isolated in 1953 SEveral
reviews on thé\lternaria toxins have been published (2-7).
When grown in culture, many isolatesAfalternatafrom

various sources have been found to be toxic to laboratory ani
mals (8). Of the mycotoxins isolated, ATX-I is the most &
acutely toxic in mice, AOH and AME are not very acutely §
toxic, and TeA has been shown to be acutely or sub-acutel
toxic in several animal species. Of particular interest are stud%
ies indicating mutagenic and carcinogenic properties of cul-g
ture extracts and metabolites Af alternata A culture of
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A. alternataon corn flour was found to be carcinogenicinrats, o
and culture extracts were mutagenic in various microbial an&
cell systems (9-11). It has been suggested Ahatiternata §
might be one of the etiological factors for human esophagea
cancer in Linxian, China (11). ATX-I, AOH, and AME are &
mutagenic, although there is evidence that mutagenicities o§3

AME and ATX-I decreased on purification (4, 8, 10, 12-16). §
There are also reports of subcutaneous induction of squamous
cell carcinoma in mice by human embryo esophageal tissué
treated with AOH (12) and of subcutaneous tumorigenicity &
with NIH/3T3 cells transformed by AME (17).

Analytical methods foAlternariatoxins were last reviewed
in 1984 by Schade and King (18). The present review will focu
on the determination of the major mycotoxins/Afalternata
and their natural occurrence in food and foodstuffs.
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Extraction and Cleanup

g

The phenolicAlternaria toxins are usually extracted from
solid foods with organic solvents such as dichloromethane (19),

methoxy-1-methyl-B-dibenzop,dpyran-6-one; AME), altenuene  T€A itis preferable to have an acidic extraction solvent (Table 2).
(20,3B,483-tetrahydro-2,3, 7-trihyd-roxy-9-methoxy-4a-methyl- Hexane (as a defatting solvent) and/or water may be incorpo-
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rated into the extraction mixture. Cleanup may involve treat-
ment with ammonium sulfate solution, lead acetate or sodium
bicarbonate solution (a commonly used cleanup procedure for

1Based ona presentation given at the 114th AOAC INTERNATIONAL TeA), solvent partition, silica gel Chromatography (Tables 1

Annual Meeting, September 10-14, 2000, Philadelphia, PA.

and 2), or gel permeation chromatography (35). Solid-phase
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phy (TLC) for the initial screening and gas chromatography

o a oH (GC) for determination (36).
Ho O O Gas Chromatography
CH3 OR The use of GC for determination éiternaria toxins has

been reviewed (37). The GC of trimethylsilyl derivatives of
AOH, AME, ALT, and TeA was first investigated by Pero et
al. (38) and Harvan and Pero (39), but the lowest limit of
quantitation for standards using flame detection was 100 ng.

NH\?AR(SER proved to be much more sensitive (19, 40). TeA could be de-
termined in tomato paste at a level as low as 6 ng/g by MS sin-
SCHs gle io_n monitoring (SIM) of i_ts trimethylsilyl ether, and this_
technique showed separation of TeA from the isomeric
Figure 1. Structures of the phenolic  Alternaria toxins p-alloTeA (31). A small amount of an analog of TeA, in
AOH (R=H), AME (R=CH3), and ALT (which is a mixture which the 5secbutyl group is replaced by arsopropyl
of optical isomers). group, has also been observed in tomato products analyzed

by capillary GC/MS (32). The capillary GC/MS of AOH,
AME, ALT, ATX-l, and TeA trimethylsilyl and
heptafluorobutyrate (HFB) full and partial derivatives were
rnvestigated in detail by Scott et al. (40). The most useful de-
rivative of AOH was thebis-trimethylsilyl rather than the
tris-trimethylsilyl derivative; SIM atm/z402 gave a linear
standard curve between 0.25 and 1 ng injected.

extraction (SPE) columns or cartridges have now found thei
place for extraction and cleanup of AOH and AME in liquid
foods, such as apple juice, and of AOH, AME, ALT, and
ATX-l in wheat extracts, but have not yet been used in meth
ods for TeA (Tables 1 and 2). In our laboratory,g@nd
aminopropyl SPE columns in series were used for cleanup of Thin-Layer Chromatography
apple juice and other fruit beverages containing AOH and

AME (27, 28) but poor recoveries of ATX-| were obtained Gradient high-performance TLC and densitometric determi-

from the silica-t_)ased fg column. This problem could be nation of AOH and AME in raspberries, tomatoes, wheat, and
overcome by using a polymer-based reversed-phase SPE C%'éts was reported by Matysik and Giryn (20); however, the
umn (29). A silica Sep-Pak column was, however, used for th ’

. Qetection limit of the method was only 60 ng/g.
wheat extracts without too much loss of ATX-I (recovery at anT,o-dimensional TLC on silica gel plates has proved more
unspecified spiking level was 70%; 26).

TLC of Alternaria toxins has been reviewed briefly (18).

useful than one-dimensional TLC and has been used for deter-
mination of AOH, AME, ATX-I, and ATX-Il in a number of
agricultural commodities (34, 41-45); a quite low detection
limit of 3 ng/g for AOH and AME in fruit and vegetable prod-
ucts was achieved using fluorescence in one study (41).

Detection and Determination Techniques

The first method for analysis &lternaria toxins in an
agricultural commodity was for AOH and AME in har-
vested and stored tobacco, using thin-layer chromatogra- Liquid Chromatography

As GC and TLC have now been largely superceded by lig-
uid chromatography (LC) for determinationAlternariatox-
ins in food extracts, the remainder of this review will concen-
trate mainly on LC as the determinative techniqiiéernaria
toxins can be detected after separation by LC, commonly re-
versed-phase LC, by UV, fluorescence, electrochemical de-
tection, or MS (Tables 3-5). UV-visible absorption spectra at
different pHs were published for AOH, AME, and ATX-l ina

HO. ;COCH3
e (o]

CH,CH,~ 9ﬁ u

CH;

Figure 2. Structures of ATX-I (top) and altertoxin Il
(ATX-II; bottom). Figure 3. Structure of TeA.

Detection by mass spectrometry (MS) has subsequently been
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Table 1. Recent extraction and cleanup procedures in methods for alternariol, alternariol monomethyl ether, and

altertoxin |

Matrix Extraction solvent Cleanup Reference
Cereals, tomatoes, and raspberries Ethyl acetate Aqu. NaHCOg; silica gel chromatography 20
Tomato products Methanol 10% Ammonium sulfate, then chloroform 21
Sunflower seeds and flour Methanol 20% Ammonium sulfate, hexane wash; then chloroform partition 22,23
Red pepper? Methanol-hexane—HCI Chloroform partition 24
Wheat? Acetonitrile—4% KCI-HCI Lead acetate; methylene chloride partition 25
Wheat? Methanol 20% Ammonium sulfate, then methylene chloride; silica Sep-Pak 26
Apple juice and other beverages — SPE - C1g, aminopropyl 27,28
Apple and grape juices® — SPE (Abselut) 29
Tomato paste — SPE (Oasis) 30

2 Method includes altertoxin I.

study of their acid dissociation constants (68). A wavelengtrend-capped octadecyl silica packing with a high carbon loading. T
of about 256 nm at below pH 7 offers the greatest sensitivity irfaster elutingsgpropyl analog was detected in an extraéiafiternata
reversed-phase LC for AOH and AME; this has been used byulture. This is further evidence that this analog could be present ifi
several authors for UV detection of low nanogram andAltemariacontaminated foodstuffs and it should be taken into consid<3
sub-nanogram amounts (Table 3). The technique leads to deration in analytical methods for TeA, in additiorotalloTeA. Other &
tection limits of the order of 1 ng/mL in an SPE method for workers have used ion pair (e.g., with tetrabutylammonium phosphat%
AOH; AME in apple juice (27, 28). A typical chromatogram anion exchange (e.g., with ethylenediaminetetraacetic acid), or I|gar§j
for reversed-phase LC of ATX-I, AOH, and AME standards atexchangechromatography (with 4-dodecyldiethylenediamine) for5:
256 nm in an acidic mobile phase is shown in Figure 4. When.C of TeA (Table 3).

it is required to determine TeA, 280 nm is the wavelength of Fluorescence has also been explored for determination
choice. A quantitation limit of 11 ng/g for TeA in tomato phenolicAlternaria toxins and for detection of ATX-I (Ta-
products was reported by da Motta and Soares (33). Diode able 4), but is not applicable to TeA, which is not fluorescent.
ray detection (DAD) of AOH, AME, ATX-I, ALT, and TeA Emission responses for AOH, AME, and ALT at different
was used to confirm these toxins in wheat extracts (25, 26)gxcitation wavelengths in a reversed-phase solvent systerﬁ
AOH, AME, ALT, isoALT, ATX-I, and ATX-Il inrice cul-  are shownin Figure 5. Fluorescence is at least as sensitive a5
ture, and AOH in suftower seeds (54), and to determine TeAin UV detection, but there can be interferences for AOH in ap-§
tomato juice (33). Itis usual to add a metal ion chelating agent suaple juice extracts (24). A method for AOH in tomato paste 5
as zinc sulfate to the mobile phase for TeA determination. Withoubad a low detection limit of 1.9 ng/g, but overall recover|e5<
this, TeA tails on reversed-phase LC because of binding to insuffwere not good for AME (30). c
ciently demineralized column packing materials. However, Electrochemical detection is also a very sensitive techﬁ
Shephard et al. (58) were able to avoid this by using a deactivatedque for LC of AOH, AME, and altertoxins (Table 5). The S
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Table 2. Typical extraction and cleanup procedures for tenuazonic acid g
N
Matrix Extraction solvent Cleanup Reference ™
Tomato paste Methanol-hexane—10N 5% NaHCOg, then acidification, back-extraction into methylene chloride 31
H2SOs—methylene chloride
Tomato Water—chloroform Silica gel column; elute methanol cont. ZnSO4 32
Tomato products Methanol-hexane-water-c. HCI; — 33
chloroform
Olives Methanol-water—hexane—c. HCI, — 34
chloroform
Wheat Acetonitrile—4% KCI-HCI Lead acetate; methylene chloride partitions; NaHCOg3 extraction 35
Wheat Methanol, 20% ammonium sulfate, 5% NaHCOg3 then acidification, back-extraction into methylene chloride 36

acidic methylene chloride
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Table 3. Liquid chromatography of  Alternaria toxins with UV detection

Toxin(s)? Phase? A, nm Min. det. amt., ng Reference
AOH, AME N 350 10 46
ATX-I N 350 ? 46
ATX-I N 340 ? 47
AOH, AME, ALT, TeA N 280 60 48
AOH, AME N, R 420 ? 49
AOH, AME, ALT R 254 ? 50
AOH, AME R 350 40, 20 51
AOH, AME R 256 0.7,0.5 27,52
AOH, AME, ALT, ATX-I R 276, 340 ? 53
AOH, AME, ALT, ATX-I R 240, 257, 340 3-10 54
AOH, AME R 254 ? 30
AOH, AME R 254 ? 28
AOH, AME, ALT, TeA R 324, 278 ? 55
AOH, AME, TeA R (zn?h 280 ? 32
AOH, AME, ALT, TeA R (zn?") 257, 280 ? 34
AOH, AME, ALT, TeA R (zn?") 340, 280, 280 05,7 56
AOH, AME, TeA R (zZn?h 254, 280 ? 21
AOH, AME, ATX-Il, ALT, TeA R (Zn2+ for TeA) 257, 240, 280 ? 26
ATX-1, TeA R (zn?") 257, 280 ? 25
AOH, AME, ATX-Il, ALT, TeA R (Zn2+ for AOH, AME, TeA) 257, 280 ? 24
TeA R (zn?*, C12-DIEN) 280 2-5 31
TeA R (zn?") 276 ? 35
TeA R (ion pair, anion exchange, ligand exchange) 280 ? 57
TeA R 277 0.4 58
TeA R 284 2.6 33
TeA (2,4-dinitrophenyl-hydrazone) R 330 ? 59

2 AOH, alternariol; AME, alternariol monomethyl ether; ALT, altenuene; ATX-I, altertoxin I; TeA, tenuazonic acid.
5N, normal phase; R, reversed phase.

topic has been reviewed by Visconti and Sibilia (5). AOH, amounts of these compounds. Our laboratory has investigated at-
AME, ATX-l, and ATX-Il are electroactive and 0.01 to mospheric pressure chemical ionization (APCI) and electrospray
0.05 ng could be detected by dual electrode coulometri¢ES) LC/MS and LC-MS/MS of AOH and AME as well as ap-
(“screen mode”) and single electrode amperometric detegplication of these techniques to their determination and confirma-
tion techniques (62). In spite of this sensitivity, the tech-tionin apple juice and other fruit beverages (67, 69). The MS de-
niques were only applied to detection and quantitation atection techniques, used in conjunction with SPE cleanup
sub4g/g levels (in rice cultures, sunflower seeds, and man{28), provide very sensitive methodology and determination
darins) and the potential of the method for low ng/g of sub-ng/mL levels of AOH and AME in fruit beverages. An
quantitation has not been explored. ALT showed poorexample is shown in Figure 6.
electroactivity. Visconti et al. (63) used dual in-series elec-
trodes in the “redox mode” to improve sensitivity of the  Other Techniques
altertoxins relative to AOH; 35 ng ATX-I/g in tomato was
readily measurable. In order to determine the altenuenes it Nonchromatographic  procedures for determining
was necessary to use post-column bromination (64). Alternaria  toxins are  electrochemical-amperometric
Published reports on LC/MS of AOH and AME have ap- quantitation of AOH and AME with a carbon paste electrode
peared from a Chinese laboratory (65, 66), which used a partincorporating mushroom tyrosinase (70) and electrooxidation
cle beam interface and electron impact mode. However, thef AOH, AME, and ATX-I (71). These techniques have not
technique was insufficiently sensitive to detect nanogranbeen applied to food analysis.
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Table 4. Liquid chromatography of  Alternaria toxins with fluorescence detection

Toxins? Phase? Excitation, nm Emission, nm Min. det. amt., ng Reference
AOH, AME N ? 1-2 46
ALT, ATX-1 N ? ? 46
AOH, AME R 278 370, 389 0.05 32
AME R 320 445 10 60
AOH, AME, ALT R 315 430 ? 61
AME R 340 430 ? 35
AOH, AME R 330 430 0.05, 0.2 40
AOH, AME R 330 430 1 30
AOH, AME R 253 415 ? 25
ALT R 243 460 ? 25

2 AOH, alternariol; AME, alternariol monomethyl ether; ALT, altenuene; ATX-I, altertoxin I.
5N, normal phase; R, reversed phase.

Although no immunochemical methods have yet been deto 440 000 ng AOH/g, 294 000 ng AME/g, 103 000 ng
veloped for AOH and the other major mycotoxins of ALT/g, and 342 000 ng TeA/g (24); and olives, up to 2300,
A. alternata enzyme-linked immunosorbent assays (ELISAS)2900, and 1400 ng/g AOH, AME, and ALT, respectively (34). 3
have been reported for the AAL toxir{d. alternataf. sp.  These observations are useful in providing information on the‘é
lycopersicihost-specific phytotoxins), which are structurally relative occurrence of the toxins that might be found in pro-2
related to the fumonisins (72, 73). There are also LC methodsessed fruit and vegetable products. Thus, ATX-I would not§
for the determination of these phytotoxins in fungal cul- be expected to occur in tomato products to any significant ex§
tures (74, 75). The-carboxymethyl oxime derivative of TeA tent. As a result of inoculation experiments, potential for thed
has been synthesized and conjugated to bovine serum albunigcurrence oflternariatoxins in other fruits (oranges, lem-
(76) but an immunoassay has not been developed for TeA. ons, and blueberries) has also been demonstrated (5).

The natural occurrence @lternaria toxins in processed

Natural Occurrence of  Alternaria Toxins foods is of more interest from the human health viewpoint.Z
TeA has been found occasionally in tomato products (Ta-3

Natural occurrence of AOH, AME, TeA, and, in some ble 7), at levels up to 129 ng/g (21). However, the occurrenc%
cases, otheAlternaria toxins (ALT, ATX-I) has been re- of AOH in processed fruit and vegetable products other tha@
ported in various fruits and vegetables visibly infected bytomato products has been reported. In apple juice and othet
Alternariarot, including tomatoes, olives, mandarins, melons fruit beverages (Table 7), levels of AOH ranged up to 6 ng/mLg
peppers, apples, and raspberries (Table 6). High levels of toX52, 67, 69). AME has also been detected in apple juiceg;
ins were found in infected fruits and vegetables: apples, up tftraces) and in a sample of prune nectar. Further surveillanc§
58 800 ng AOH/g but only up to 500 ng TeA/g (77); tomatoes,of fruit juices and other fruit and vegetable products for ~
up to 5300 ng AOH/g and 139 000 ng TeA/g (77); mandarinsAlternaria toxins is needed to determine the level of humanz
up to 5200 ng AOH/g and 173 900 ng TeA/g (78); peppers, ugxposure from these foods.

wepeoe//:sdyy wolj papeojumoq
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Table 5. Liquid chromatography of  Alternaria toxins with other detection systems

Toxins? Detection Detectable amts., ng Reference
AOH, AME Electrochemical ? 61
AOH, AME, ATX-I, ATX-II Electrochemical 0.01-0.05 62
ATX-1, ATX-II Electrochemical 0.03,0.1 63
ALT Bra/electrochemical 8 64
AOH, AME MS 1 65, 66
AOH, AME MS, MS/MS 0.015 67

2 AOH, alternariol; AME, alternariol monomethyl ether; ATX-l, altertoxin I; ATX-II, altertoxin-II; ALT, altenuene.
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Figure 4. Liquid chromatogram of 5 ng ATX-l (6.9 min),
2.5 ng AOH (8.7 min), and 10 ng AME (21.2 min) detected
by UV at 256 nm. Column: 250 x 4.6 mm Inertsil ODS-2;
mobile phase: methanol-1 % aqueous ortho -phosphoric
acid (70 + 30, v/v); flow rate: 1 mL/min (S.R. Kanhere,
unpublished results).

1426, and 6430 ng/g, respectively; 25). In the Chinese wheat,
there were good linear regressions of correlations between
concentrations of AOH and AME (r = 0.850) and between
concentrations of [AOH + AME] and TeA (r=0.796), indicat-
ing coproduction of the toxins in the field (25). Processing
(milling) studies and methods for analysis of processed prod-
ucts such as flour would be useful. As another example, sun-
flower seeds have been shown to contali@rnariatoxins in
Argentina (up to 792 ng AOH/g, 836 ng AME/g, and
31600 ng TeAlg; 22, 83, 84) and in ltaly (up to 1840 ng
AOH/g and 129 ng AME/g; 78). Some studies on the effects
of processing on AOH, AME, and TeA in sunflower products
have been performed. Levels of AOH and TeA decreased dur-
ing ensiling sunflower seeds (22); about half the AME, but no
AOH and only 2% of the TeA, was transferred from sunflower
seed meal into oil (23). On heating sunflower flour at k00

for 90 min, AOH and AME were stable but half the TeA was
lost (84). Because sunflower seeds are commonly eaten with

Alternariatoxins have also been found in several other ag-

ricultural commaodities, including grains, sunflower seeds,
oilseed rape, sorghum, and pecans (Table 8). Taking wheat
an important example, there are reports of AOH and AME in *

“black point” wheat in Poland at levels of up to 600 and s -t

=)
3

400 ng/g, respectively (85); AOH and AME in German wheat
(up to 200 and 12 ng/g, respectively; 35); AOH, AME, and =
TeA in weather-damaged wheat in Australia at levels up tc «
224, 15, and 90 ng/g, respectively (26); AOH, AME, ATX-I,
ALT, and TeA in Egyptian wheat (up to 2300, 1900, 1700, -

=]
3

1500, and 700 ng/g, respectively; 42); and of AOH, AME, and .. .-

=3
s

TeA in weathered wheat from China (maximum levels 335,

(.11 ppb AME
271.2> 2561

271.2>2551

2712 >2281

257.2 > 2151

100
NF
80
70+
60
50F
40
30}

%
20F
O ALT 470 nm
10F O ALT 450 om
ALT 430 nm
0

AREA RESPONSE (X1073)

L

300 320 340
EXCITATION WAVELENGTH (nm)

Figure 5. Fluorescence emission responses (peak area
counts) of AOH (1 ng), AME (2.5 ng), and ALT (0.2 ng) at
different excitation wavelengths in methanol—
acetonitrile—1 % aqueous ortho -phosphoric acid (1 + 1
+ 1) using a Shimadzu RF-551 detector (S.R. Kanhere,
unpublished results).

‘0.26 ppb AOH

100 257.2>213.1

257.2>157.1

257.2> 1471

TIC

0 10.00 12.00 14.00 16.00 18.00

% .
6.00 8.0t
minutes

Figure 6. Reversed-phase LC-MS/MS of sub-ng/mL
levels of AOH and AME naturally occurring in apple juice
(B.P.-Y. Lau and D.A. Lewis, unpublished results). The
peak at 6.9 min was not identified.
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Table 6. Occurrence of Alternaria toxins in fruits and

Table 8. Occurrence of Alternaria toxins in other

vegetables foodstuffs
Fruit AOH AME ALT ATX-I TeA Reference Foodstuff AOH AME ALT ATX-l TeA Reference
Apple + + +HE o+ + 77 Pecan + + 82
Apple + + R 53 Sunflower seed + o+ 62, 78
Mandarin + + — — + 78,79 Sunflower seed + + 83
Melon — + — — + 78 Sunflower seed + + + 84
Olive + + + — + 34,78 Wheat, triticale, oats, + + 85
Red pepper + + + — + 24 rye, barley
Pepper + + . . + 78 Wheat, barley,oats + + 35
a
Tomato + 80 Wheat * * * 26 o
J— J— o
Tomato — — + 19 Wheat * * * 25 5
Tomato + + _ + 78 Wheat + + + + + 42 §
i J— I —_ (0]
Tomato + + . + 81 Maize + + 42 3
Tomato ) ) + 32 Barley — + + — — 42 g
Tomato + ) ) . + 77 Rice plants + 86 é:r
Tomato + + 41 Rice - * - * 42 %
Redcurrant + + 41 Wheat bran * * - - * 42 g
Raspberry + + a1 Sorghum — — — + + 42 g_
R I (9]
Strawberry + — 41 Sorghum b * 26 &C:
Gooseberry + — 41 Sorghum * Y ¢ — 88 g
Blackberry . o mn Sorghum, ragi — + + — + 43 3
Oilseed rape meal + + — — + 90 S
Q
@ (+) = only trace levels and/or very low incidence. Oilseed rape - — — — 44,45 S
® — =toxin looked for but not detected. =
4 — = toxin looked for but not detected. g
b (+) = only trace levels and/or very low incidence. g
»
o
©
A
(2]
(€2
()]
(o]
>
Eﬂg 7. Occurrence of - Alternaria toxins in processed minimal processing, their analysis as packaged for the cong
sumer is needed.
Food AOH AME TeA Reference

Tomato paste
Tomato products
Tomato products
Tomato paste
Raspberry drink
Apple juice
Apple juice

Apple juice concentrates

Grape juice, cranberry

nectar, raspberry juice,

red wine

Prune nectar

®?

(*)

*)
*)

+ 31
a1
+ 21
+ 33
41

40, 69
67
52

67, 69

67,69

@ (+) = only trace levels and/or very low incidence.
— = toxin looked for but not detected.

b

Conclusions

shbny |z uo 1senb

More work is needed on the development of reliable meth
ods for the determination dilternaria toxins in foodstuffs g
and foods. Immunochemical methods, both for screening purss
poses and for cleanup, are not yet available and would assist
greatly in this effort. None of the methods outlined in this re-
view have yet been subjected to interlaboratory study. How-
ever, they are sufficiently useful to have demonstrated consid-
erable natural occurrence of these toxins in foodstuffs. The
information on their occurrence in actual foods is limited so
far to fruit products but indicates the possibility of a more
widespread contamination of these foods. Foods made from
other agricultural products such as wheat need to be analyzed.
Effects of food processing on these toxins (and any transfor-
mations) have been little studied, and toxicology data are in-
sufficient. Monitoring of foods using reliable methods is nec-
essary in order to provide information on intake of these
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toxins by consumers, and will give impetus to further toxico{21) da Motta, S., & Valente Soares, L.M. (199@)str. IX Int.

logical studies if occurrence d@flternariatoxins in foods be-

comes a concern. In any event, their presence in foods might

be used as an indicator of quality.
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