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Introduction

Up to date, more than 300 mycotoxins have been identified, produced by
approximatively 350 fungal species (1). Within the mycotoxins, aflatoxins (especially

AFB() are of major concern; they were classified as probable human carcinogens
(2). Although the existing limitations on the occurrence of mycotoxins in foods and
feeds focus on aflatoxins, contamination levels of other mycotoxins, such as ochratoxin

A (OA), the fumonisins B (FBX), the trichothecenes T-2 toxin and deoxynivalenol

(vomitoxin or DON), are also regulated in some countries or the introduction

of limits is discussed (3-5).
The toxicological significance and mode of action of these mycotoxins are

different: OA is produced by several species of the fungal genera Aspergillus and
Pénicillium. OA associated nephropathy in farm animals is well documented and
recently, the toxin has been detected in the blood of 6 to 18% of the human
population in some Balkan areas where endemic nephropathy is prevalent (6).
Furthermore, its carcinogenicity was proven in rats (6, 7). Trichothecenes all have a
basic tetracyclic scirpenol ring system. They are produced primarily by moulds
belonging to the genus Fusarium, but other genera like Trichoderma, Trichotheci-
um, Myrothecium and Stachybotrys also produce trichothecene metabolites. The
class A group toxins (lack of a ketone group at C-8, e.g.: T-2 toxin) are far more
potent than the class B group (e.g.: DON). Trichothecenes are cytotoxic and
produce acute systemic effects in various animal species at different doses: epithe-
lionecrosis in the intestinal tract, the lymphoid and haematopoietic tissues by
impairment of protein synthesis or by causing disfunction of cellular membranes,

* Part of the thesis of Marc Mühlemann, University of Berne 1996
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suppression of cell mediated humoral immunity and decreased resistance to secondary

infection by bacteria, yeasts and viruses. Effects in man were historically
associated with alimentary toxic aleukia (ATA) in the USSR and scabby wheat
toxicoses in Japan and Korea (6). The fumonisins are produced by Fusarium,
moniliforme and F. proliferatum. They cause equine leucoencephalomalacia
(ELEM) and hepatotoxicity in horses; porcine pulmonary edema syndrome (PPE)
and hepatocarcinoma in rats (8-10).

In 1991, the state of knowledge about the mycotoxin situation (affected matrices,
frequency and extent of contamination) in Ecuador, South America, allowed
neither basic estimations of the intake of different mycotoxins nor the performance
of any risk evaluation for Ecuadorians (11). The situation concerning aflatoxin
contamination levels in Ecuador was recently adressed (12). The aim of the present
work is to get a rough estimate on OA, DON, T-2 toxin and FB contamination
levels in Ecuadorian foods and feeds in order to recognise existing problems and
enabeling a basic risk evaluation.

Materials and methods

Chemicals

OA, DON and T-2 were purchased from Sigma Chemical Company (St. Louis).
They were diluted and quantified according to (13). Distilled or deionized water
was used throughout. Reagents and solvents (with at least p. a. quality) were
purchased from Merck, Romil, Fluka, Sigfried, Riedl-de Haen or Baker. Benzene
and toluene (both distilled) and K2Cr207 were kindly provided by Dr. Espin de
Rivera from the Instituto Nacional de Investigacion Agropecuaria (INIAP), Quito.
Folded filter papers used were from Schleicher & Schüll, type 597 1/2 for all ELISA
analysis and samples for HPLC were filtered over 0.2 Jim Aero LC 13 filters from
Chromopack.

Sampling

Samples were taken between April 1992 and October 1994 and included rice and
subproducts (99 samples), hard, medium hard and soft corn (89 samples) and beans

(79 samples).
Mixed samples (1.2 to 3.0 kg) of rice, corn (including corresponding subproducts)

and beans were randomly collected from different Ecuadorian climatic
regions paying attention to variety, origin, type of storage, marketing and moisture
content. For futher details refer to (12).
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Extraction of toxins for ELISA analysis

Extractions were performed, with exception of slight modifications, according
to the instructions of the producer (Neogen Corp., Lansing MI) supplied with the
employed semiquantitative test kits (Agri-Screen for Ochratoxin, DON (Vomito-
xin) and T-2 toxin). The same extraction procedures were used for the subsequently
produced quantitative Veratox test kit (Neogen Corp., MI). 25 g (DON: 20 g) of
pretreated rice, corn and bean samples were mixed with 50 ml of 80% methanolic
solution (OA analysis), 200 ml of water (DON analysis) and 125 ml of 70%
methanolic solution (T-2 toxin analysis). These mixtures were shaken on a Lab-Line
shaker (12 min, 260 rpm) at room temperature and filtered. Contact time between
sample and extraction solvent totalled 45 min. The filtrates were applied to ELISA
analysis without further purification. The ELISA analyses of toxins were performed

according to the producers directions.

Extraction andpurification ofochratoxin A for HPLC analysis

The extraction procedure for OA was according to (14) with the modifications
described in (12). The basic principle of the purification of OA for HPLC analysis
is described by (15). The residues dissolved in benzene/acetonitrile were dried down
in a water bath (max. 40 °C) under a gentle stream of nitrogen and quantitatively
redissolved in 100 ml chloroform. The chloroform solutions were applied to a

preconditioned Extrelut column: 7 g Extrelut filling material was mixed with 10 ml
of a 1% NaHCOj solution. The adsorbens (at pH 9) was applied onto a Extrelut
column. The chloroform solution was slowly passed through the column, the
column was washed twice with 40 ml chloroform; the washing solutions were
discarded. The mixture of 30 ml chloroform with 1 ml 100% formic acid was mixed
with the adsorbens. The eluted solution and the subsequent washing solutions (2 x
40 ml chloroform) were collected and evaporated to dryness on a rotary evaporator
(Biichi KRvrTD) at max. 40 °C. The residues were quantitatively removed and
redissolved in 0.5 ml methanol and stored refrigerated (2^4 °C) until HPLC
analysis.

HPLC analysis of ochratoxin A

The basic principle of HPLC analysis of the samples is described in (15). Analysis
of the samples was performed with a Kontron 420 system equipped with a heated
(50 °C) Spherisorb ODS 1 column, particle size 5 pm, 25 cm x 4.6 mm (Bi-
schoff/Leonberg, art. no: 839540), and a guard column (LiChrosorb RP-18, 30 x
4.6 mm). Detection was by a UV/VIS spectrofluorometer detector (Perkin/Elmer
650-10S), excitation wavelength set at 330 nm and emission wave length at 460 nm.
The flow rate was 1 ml/min of mobil phase (methanol/water, 62:38, with 2.5% acetic
acid) and the injected volume was 20 pl. The experimental blank value (reagents
only) and reference samples without OA contamination from all matrices were
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tested for the absence of fluorescent compounds in the interval of OA retention
time. Under the described conditions, the retention time of OA was 8.2—8.5 min.
OA was quantitated by peak heights comparison between corresponding sample
and external standard peak. The identity of OA in high contaminated and spiked
samples was confirmed by forming the methyl ester of OA according to (16). After
the reaction, the mixtures were dried down under nitrogen (water bath, max. 40 °C),
redissolved in 100-400 pi of mobil phase and analysed in the HPLC system
mentioned above. The retention time of the methylated compound was 13.2 min.

Artificial contamination of rice, corn and bean samples

In order to determine detection limits and recoveries for ELISA analysis from
each matrix, 25 g (DON: 20 g) of samples which tested negative in prior ELISA
analysis were spiked with different amounts of toxin per g sample: 10 and 25 ng of
OA, 0.2, 0.4, 0.6, 0.75 and 1.5 pg of DON and 50 and 100 ng of T-2 toxin. The
solvent was evaporated for 2 h and the extraction procedure followed as described
above.

Recoveries of OA from each matrix in HPLC analysis were determined by
spiking 70.5 ml of filtered sample extract solution of samples, which tested negative
in prior ELISA analysis, with 0A at concentrations of 3,6 and 12 ng toxin/g sample,
respectively, in a first set of experiments and 8.54 ng OA/g rice or corn and 4.84 ng
OA/g beans, respectively, in a second set of experiments.

Extraction, purification and analysis offumonisins

The extraction, purification and analysis of fumonisin Bj and B2 from 11 corn
samples from Ecuador are described in (5).

Statistics

Data below the detection limit were arbitrarily set to half of this value. Statitical
analysis of data was performed by analysis of variance (ANOVA) followed by
Sheffé's post-hoc test. Significance level was 5%. Error bars in figures represent ±
one standard deviation.

Information concerning sampling procedure, transport and pretreatment of
samples and determination of moisture content is given in (12).

Results and discussion

Validation of isolation and detection procedures

Recoveries and detection limits for OA and trichothecenes DON and T-2 toxin
by ELISA analysis were assessed by spiking experiments in three different matrices
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at different concentrations (table 1). The detection limits of OA were 25 ng/g in rice
and corn, but no statistically significant difference was seen between the controls
and bean samples spiked with OA at the indicated levels. Recoveries of artificially

Table 1. Number of analyses with mean value and standard error of recoveries for ELISA-
analysis with spiked samples

A: ochratoxin A (OA)

spiked level
(ng/g)

rice corn beans

number mean (ng/g)
± std.error

number mean (ng/g)
+ std.error

number mean (ng/g)
±std.error

0

10

25

14

26
22

2.5 ±0.54
5.5 + 0.94

9.2a ± 2

14

26
22

2 ± 0.62
7.3 ±1.1
14a ± 2.1

7

13

11

4.5 + 1.5

5.1 ± 1.3

7.6 ±2.2

a Results shown in bold are statistically significant different to zero-spike (0.0001 < p-value
<0.012).

B: deoxynivalenol (DON)

spiked level rice corn beans
(Bg/g)

number mean (pg/g) number mean (pg/g) number mean (pg/g)
± std.error ± std.error ± std.error

0 6 0.15 ±0.07 6 0.12 ±0.05 3 0.03 ± 0.03

0.2 6 0.28 ±0.1 6 0.22 ±0.08 3 0.13 + 0.09
0.4 6 0.48 ±0.14 6 0.4 ±0.11 3 0.33 ±0.19
0.6 6 0.7b ± 0.2 6 0.63b ± 0.13 3 0.43 ± 0.24
0.75 10 0.93b ± 0.05 10 0.75b + 0.07 4 0.6 + 0.09
1.5 6 1.9b ± 0.05 8 1.6b ± 0.07 4 1+ pÖo

b Results shown in bold are statistically significant different to zero-spike (0.0001 < p-value
<0.046).

C: trichothecene T-2 toxin

spiked level rice corn beans

(ng/g)
number mean (ng/g)

± std.error
number mean (ng/g)

± std.error
number mean (ng/g)

+ std.error

0

50
100

8

12

10

16 ±2.7
56e ± 3

105e ± 4.7

8

10

10

19 ± 5

69e ± 6.2
104e ± 7

4

4

5

25 + 6.6
103e ± 9.5

144e ± 4.8

c Results shown in bold are statistically significant different to zero-spike (0.0001 < p-value
< 0.0056).
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added OA reached 56% in corn and 37% in rice. The performance of OA-ELISA
analysis of corn was further examined by analysing 11 naturally contaminated corn
samples (above the ELISA detection level) by HPLC and subsequent comparison
of the two data sets by regression analysis. The regression plot of corn was OA HPLC

-2.8 + 4.0 OA ELISA; r 0.88. Taking into account the low recovery of OA for
ELISA analysis, we still find about 50% underestimation of naturally occurring
OA by ELISA analysis in corn compared to HPLC analysis. The insufficient over
all performance of the OA test kit at the indicated contamination levels could be
due to matrix effects, extraction procedure or pH of the samples exceeding the ideal
range. AOAC approvement of the OA test kit does not exist. For HPLC analyses
recoveries of OA only reached 15-20% in rice, corn and beans in a first set of
experiments. After changing the isolation procedures with a second addition of 1

ml 0.33 mol/1 phosphoric acid in the first partitioning step recoveries between 61

to 75% were obtained. The detection limit of the HPLC method is reported to be
below 0.1 ng OA/g sample (15).

An interlaboratory comparative study was organised in 1995 for Swiss control
laboratories practising trichothecene analysis (Dr. O. Zoller, Federal Office of
Public Health (BAG), Berne). Naturally (at levels of 200-800 ng/g of DON) and
artificially (at levels of 2000 ng/g of DON and 500 ng/g of T-2 toxin) contaminated
samples of wheat were provided by the BAG. We participated in this study using
the ELISA test kits from Neogen Corporation. Eight laboratories analysed the
samples with different methods (GC/MS, 4 laboratories; GC/ECD, 1; TLC, 1 and
ELISA, 2 laboratories). The general conclusion derived was that the implemented
ELISA methods provide results within the current analytical possibilities.

The detection limit of DON ranged between 0.6 pig/g (rice, corn) and 1,5 |ig/g
(beans) sample; recoveries of DON at the detection limit range from 73% (beans)
to 117% (rice). These values are in agreement with those reported by the USDA-
FGIS approvement for the Veratox vomitoxin (DON) test kit (personal communication

G. Boerboom, Neogen Corp., Lansing, MI) and with the recoveries found
in the mentioned interlaboratory comparative study. The detection limit of T-2
toxin was 50 ng toxin/g sample in all matrices; recoveries of T-2 toxin at the
detection limit range between 112% (rice) and 206% (beans) and are improving for
higher contamination levels in beans (144% at 100 ng/g). These findings are in
agreement with the changed test kit detection limits from the semiquantitative Agri
Screen test kit (50 ng toxin/g sample) to the quantitative Veratox test kit (150 ng
toxin/g sample) and with the conclusion of the mentioned interlaboratory comparative

study. AOAC approvement of these test kits does not exist. Within the
interlaboratory comparative study, the mean relative standard deviations among
laboratories (RSD's) were 63% for DON and 55% for T-2 toxin (17).

Occurrence of OA, DON, T2 and fumonisin in different Ecuadorian foods

The frequency distributions of the analysed toxins are given in table 2. Most
striking are the presence of high values of OA in corn and beans (table 2A) and the
occurrence of DON contamination levels above 1 pg/g in all matrices (table 2B).
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Table 2. Frequency distribution of mycotoxins in all analysed samples

Al: Ochratoxin A by ELISA

OA (ng/g) 0-25 -40 -80 -160 total arithmetic median
a samples mean

rice 94 2 3 - 99 14 12.5

corn, soft 32 4 1 1 38 18 12.5

corn, hard 40 2 - - 42 14 12.5

a OA by ELISA text kit «Veratox Ochratoxin quantitative test kit» from Neogen Corp., MI

A2: Ochratoxin A by HPLC, recovery corrected

OA (ng/g) 0-10 -20 -40 -80 -160 -320 total
samples

arithmetic
mean

median

rice 16 - _ - _ _ 16 1.3 0.6

corn, soft 6 - - - 1 1 8 42 0.6

corn, hard 4 1 - - 1 1 7 62 1.8

beans 5 1 3 1 1 - 11 23 10.5

b OA by HPLC, adapted method from Baumann and Zimmerli, 1985

B: Trichothecene deoxynivalenol by ELISA

DON 0-0.6 -1 -2 -4 -8 total arithmetic median
(Eg/g)c samples mean

rice 85 10 _ 3 1 99 0.48 0.3

corn, soft 44 1 1 - - 46 0.34 0.3

corn, hard 34 3 2 3 - 42 0.54 0.3

beans 77 - - 77 0.76 0.75

c DON by ELISA test kits «Veratox DON quantitative vomitoxin test» and «Agri-Screen
for Vomitoxin (DON) lab test», both from Neogen Corp., MI

C: Trichothecene T-2-Toxin by ELISA

T-2 (ng/g) 0-50 -80 -160 total arithmetic median
samples mean

rice 93 5 1 99 27 25

corn, soft 46 1 1 48 27 25

corn, hard 32 9 1 42 35 25
beans 65 11 - 76 30 25

d T-2 by ELISA test kits «Agri-Screen for T-2 Toxin lab test» and «Veratox quantitative T-2
toxin test», both from Neogen Corp., MI

Mitt. Gebiete Lebensm. Hyg., Band 88 (1997)
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D: Fumonisins Bi and B2 by HPLC (data from Zoller et al., 1994, recovery corrected)

FBx 0-25 -100 -250 -500 -1000 -2000 -4000 -8000 total arithmetic median
(ng/g) samples mean

FBi 2 1 - 1 2 2 1 2 11 1865 883

fb2 3 1 2 4 - - 1 - 11 386 242

94% of the rice sampels analysed for OA by ELISA tested below the detection limit
and the presence of OA contamination levels below 10 ng/g in the corresponding
HPLC analysis might be taken as an indication for the absence of high OA
contamination in polished rice. The maximal contamination levels of trichothecene
T-2 toxin in rice, corn and beans were 94,123 and 78 ng/g, respectively. Considering
the high recoveries of T-2 toxin analysis by ELISA (table 1C), it can be concluded
that the contamination with trichothecene T-2 toxin does not pose a maj or problem
to any of the analysed matrices. In addition to this study, high contamination levels
of hard corn from Ecuadorian origin with fumonisins (table 2D) were reported (5).

Co-occurrence of the different mentioned toxins in all matrices is possible, but
not the rule. The regression blots (each mentioned toxin against each other in each

matrix) showed r-values from 0.02 to 0.56. Thus co-occurrence of the different
mentioned toxins in a sample is not very probable.

Occurrence of different mycotoxins in different Ecuadorian food

Ocbratoxin A

For rice, a statistically significant difference (0.0001 < p < 0.053) was found
between the polish powder fraction (7 samples, mean: 28 ng/g) and all other rice
matrices (5 matrices with mean values between 12.5 and 14 ng/g, totalling 92

samples) in ELISA analysis (fig. 1). HPLC analysis of rice samples revealed
contaminations up to 2 ng/g in polished rice (12 samples, mean: 0.8 ng/g) and contaminations

up to 9 ng/g in the polish powder fractions (3 samples, mean: 3.4 ng/g) with
a p-value of 0.056. The results indicate that OA contamination of rice in the field
might occur at low levels, but most of the contamination is separated into the polish
powder fraction by polishing and polished rice does not remain contaminated with
substantial amounts of OA. Polish powder fractions are used for feeding purpose.

Both hard and soft corn proved susceptibility for high OA contamination levels
in ELISA and HPLC analysis, which revealed mean and maximal contaminations
for soft corn (8 samples) at 42 and 174 ng/g, respectively and for hard corn (7
samples) at 62 and 253 ng/g, respectively. Moreover, a matrix difference (p < 0.0001)
was observed in soft corn between the early maturing variety used to produce
«mote» (2 samples, mean: 162 ng/g) and other in the interandean region produced
varieties (6 samples, mean: 2 ng/g). Concerning the appearance of both, hard and
soft endosperm corn, no significant difference was seen between optically nice
(fresh/brilliant) or normal and mouldy corn (fig. 2A). These results indicate the
possibility of high OA contamination levels in nice and mouldy corn without the
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Fig. 1. Influence of matrix on levels of ochratoxin A in naturally contaminated rice, as

analyzed by ELISA

opportunity of quality judgement by the appearance. Taking in account the
measured DON contents in mountain region grown corn (see below), these results are
in agreement with the FAO study (18) describing mountain region grown corn
contaminated by the mould species Fusarium, Pénicillium, Nigrospora, Phizoctonia,
Aspergillus and Diplodia (in order of importance of incidence).

11 bean samples analysed by HPLC revealed a mean contamination of 23 ng
OA/g, whereby the highest contamination level was seen in the variety «Canario».
Concerning the appearance, no statistical difference was found between the different

classifications; that means, OA contamination in beans is not related to optical
quality judgement parameters and the highest contamination level was found in a

sample judged to be of nice aspect.

Vomitoxin

In rice, no statistically significant difference was seen concerning DON, but rice
in husk (19 samples, mean: 0.56 (ig/g) showed intermittent contamination levels
between the polish powder fraction (7 samples, mean: 0.76 (tg/g) or the broken
fraction (6 samples, mean: 0.83 (ig/g) and all other fractions (whole and polished
rice and husk with mean values of contamination levels from 0.3-0.41 (ig/g). Thus
half ore more of the vomitoxin contamination separates into the polish powder and
broken fraction during polishing and DON contaminations in rice seems mainly
to be a field problem (11 field samples, mean: 0.76 (ig/g) and not a post harvest
problem.

In soft corn, DON contaminations above the detection limit were found only in
visible mouldy corn (11 samples, mean: 0.45 (ig/g). The contrary situation was
observed in hard corn: mean contamination values of 11 samples judged to be of
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nice normal insects moulds

n: 2 0 1 2 1 5 2 1

nice normal bad insects moulds DL

n: 10 3 11 1 6 3 10 2 5 2

Fig. 2. A Influence of appearance on ochratoxin A occurrence
B Influence of appearance on desoxynivalenol and fumonisin Bi occurrence in hard

corn

«normal» aspect were similar to those of 5 visibly mouldy corn samples (0.85 and
0.87 (Ig/g, respectively, figure 2B). Four samples from the field (mean: 0.88 |ig/g)
were contaminated above the detection limit and a dependence to moisture content
seems to exist (p 0.09). Thus the vomitoxin contaminations in hard corn seem to
be partially a field problem.

In beans DON contamination values above the detection limit were only found
in «Panamito» (16 samples, mean: 0.8 |!g/g). The presence of moulds is no indication
for any DON contamination.

T-2 toxin

No analysed matrix showed the tendency to contamination of T-2 toxin exceeding

120 ng/g. Thus, in the time period during analysis, T-2 toxin was apparently
no problem in any of the analysed matrices.

602
Mitt. Gebiete Lebensm. Hyg., Band 88 (1997)



Fumonisins B\ and B2

The fumonisin contents of 11 Ecuadorian corn samples were analysed by (5).
Recovery corrected contamination levels of FBj (pg/g) correlated with those of FB2
(FB, 0.46 (± 0.4) + 3.64 (± 0.57) FB2). Mean and maximal values of FB, and FB,
were 1.9 and 8.0 pg/g and 0.4 and 2.2 pg/g, respectively. From the 11 samples, 3 soft
or medium hard corn had significant lower contamination levels (mean: 0.033 pg/g)
than the hard endosperm corn samples (mean: 3,1 pg/g) from coast and orient
production. The occurrence of FB, correlates with the moisture content (r 0.86;

p 0.0006), and the climate region had significant influence on the contamination
level, being highest in the east and different to all other production regions with
0.001 < p < 0.05. The two highest contaminated samples from the east were field
samples. Concerning the appearance, mould contamination is no indication for
fumonisin toxin content (fig. 2B).

Daily toxin intake in Ecuador

For the calculation of the daily intake of the different toxins by Ecuadorians,
the mean and median values of toxin contents of the different foodstuffs were used
(table 2). For the risk assessment, the mean values of daily consumption of the
different food items are needed. From the examined foodstuffs, Ecuadorians eat

aproximately 110 g rice, 21 g soft corn and 10 g dried beans (19). The estimated
consumption of hard corn is about 10 g per day and person (12); the average weight
of Ecuadorians is about 55 kg. Based on arithmetic means, the resulting values of
intake by the Ecuadorians (indicated in ng/kg body weight/day) through the
different matrices and toxins were 3 (rice), 16 (soft corn), 11 (hard corn) and 4 (beans)
for OA; 960 (rice), 130 (soft corn), 100 (hard corn) and 140 (beans) for DON; 54

(rice), 10 (soft corn), 6 (hard corn) and 6 (beans) for T-2 toxin; and 477 (soft and
hard corn) for the fumonisins, respectively (table 3).

The total daily intake based on the arithmetic mean values of OA (based on the
HPLC measurements), DON, T-2 toxin and fumonisins by Ecuadorians is estimated

to be 34,395,72 and 1330 ng/kg BW/d, respectively (table 3). Calculations based

on the median values led to lower estimates of the daily intake of the mentioned
toxins in general and esspecially of OA.

Risk assessment

Ochratoxin A

For comparison, in Canada and central Europe, the daily intake of ochratoxin
A is estimated to be < 5 ng/kg BW/day (21-23). Human data reveal the presence of
OA usually at levels from 0.2 to 6 ng/ml in the blood of individuals from several

European countries (23-26). However, inhabitants of some Balkan regions have
milk and blood concentrations of OA up to 100 ng/ml (27). Krogh (28) first showed
a striking similarity between porcine nephropathy caused by OA exposure and
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Table 3. Daily intake of different mycotoxins by the Ecuadorian population based on
arithmetic means and (medians) in ng/kg BW per day

Toxin Toxin intake with different matrices Total
(ng/kg BW/d)

rice corn, soft corn, hard beans

Ochratoxin A 3 16" 11 4 34

(1) (0.2) (0.3) (1.9) (3.4)
Fumonisins Bi + B2 na 27 450 _na 477

(27) (260) (287)
T-2 toxin 54 10 6 6 76b

(50) (10) (4.5) (4.5) (69)
Vomitoxin 960 130 100 140 1330b

(600) (115) (55) (140) (910)

values are based on arithmetic means; values in paranthesis are based on medians
a value below 4 ng/kg BW/d when calculated excluding soft corn to produce «mote» (2

samples)
b

according to the interlaboratory comparative study conducted by BAG, Bern, these values

may have RSD's of 63% (vomitoxin) and 55% (T-2 toxin)
na not analysed

Balkan endemic nephropathy (BEN) in humans living in areas with high incidence
of urinary tract tumors, a disease pattern known to co-occur with BEN (29-32).
The urinary tract cancer incidence in BEN affected countries was 39 cases/100 000

population against 15 cases/100 000 population in countries, where BEN was
non-endemic (33). The cancer incidence of kidney and urinary organs (excluding
bladder) in the Ecuadorian population was 44 cases/100 000 for females and 48
cases/100 000 for males (20). The ingested dose of OA (based on arithmetic mean
values) exceeds the estimated tolerable daily intake (0.2-4.2 ng/kg BW/d) based on
carcinogenicity study in rats (22, 23, 34, 35). Considering only the renal damages
and not taking account of any carcinogenic data, a provisional tolerable weekly
intake of 110 ng/kg BW was established in 1991 from a Joint FAO/WHO Expert
Committee on Food Additives (36). The mean levels of OA contamination in beans
and corn in areas endemic for BEN are about three times higher compared to non
endemic regions (37). Considering all the information given above, the frequencies
and levels of contamination found in Ecuadorian corn and bean samples are
suspected to be partly responsible for the high incidence of kidney and urinary tract
tumors in the Ecuadorian population. Even when considering the small number of
samples analysed by HPLC and thus being working with a poor estimate of the
mean contamination level, it is seen that Ecuadorians ingest up to 20 fold the amount
of OA ingested in most western European countries and that the contamination
levels of foods are comparable with those from the Balkan region.
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Trichotbecenes

Based on the ELISA measurements, the daily intake of the trichothecenes (based
on arithmetic mean values; values in paranthesis are based on medians) T-2 toxin
and DON in Ecuador were estimated to be 76 (69) and 1330 (910) ng/kg BW/d,
respectively (table 3). Existing tolerances for the trichothecenes are 100 ng/g for T-2
toxin in ex-USSR and 500-2000 ng/g for DON in Canada, the United States and
the ex-USSR (4). DON rarely is found at contamination levels > 1 pg/g in human
foodstuffs. Both trichothecene toxins are partially water soluble and are partially
removed by boiling or wet milling (6). The acute toxicity of DON in animals is

regarded to be 4 to 10 fold less than that of T-2 toxin, but the ingestion of
contaminated feeds over prolonged periods may result in reduced body weight gain,
feed refusal and diarrhea (38). In mice, total suppression of the immune response
was observed at dosage of 2.5 mg T-2 toxin/kg BW (39). Only limited human
toxicological data are available. Human liver enzymes deacetylate T-2 toxin in vitro
(40). The different stages of alimentary toxic aleukia (ATA) disease, including
hyperaemia of the oral mucosis, weakness, nausea and vomiting or, in severe cases,
oesophagitis, gastritis, gastroenteritis, circulatory failure and convulsion, have been
associated to the consumption of Fusarium contaminated foods (41). Outbreaks
have been reported from China (42) and India (43) and were related to the

consumption of corn and wheat contaminated with 0.3-93 mg DON/kg, but other
trichothecenes were present at minor amounts. Animal data report increased
pulmonary and hepatocellular adenoma and pancreatic tumors in mice and rats
administered up to 3 pg T-2 toxin/kg BW (44). There is limited evidence in
experimental animals for the carcinogenity of T-2 toxin and trichothecenes were
judged not to be classifiable regarding to their cancerogenic potential to humans

It can be concluded, that the ingestion of the trichothecenes T-2 toxin and DON
by the Ecuadorian population are not of significant immediate health concern.

Fumonisins

The estimated daily intake of fumonisins (based on arithmetic mean values;
values in paranthesis are based on medians) by Ecuadorians reaches 447 (287) ng/kg
BW/d (table 3). In Switzerland, the daily intake of fumonisins is estimated to be 30

ng/kg BW/d. In animals, varied toxicological effects are related to ingested doses
from 0.125-5 mg/kg BW/d, including symptoms like brain necrosis, hepatotoxicity
and pulmonary edema (10, 45, 46). Horses are at risk to develop equine leukoence-
phalo malicia (ELEM) when consuming feed contaminated with levels as low as

8 pg/g (47) and the Mycotoxin Commitee of the American Association of Veterinary

Laboratory Diagnosticians recommends a limit of 5 pg/g fumonisin for feed to
equidae (48). A cancerogenic activity of FB, has been found in rat liver (8, 46, 48,
49). However, the classification of FB} and FB2 is «limited evidence» and «inadequate

evidence» for animal cancerogenicity, respectively (49).
The ingestion of fumonisins might be relevant, but there is limited knowledge

to judge about possible human health implications. However, Ecuadorians ingest
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up to 20 fold the amount of OA ingested in most western European countries, the
contamination levels of foods and also the cancer incidence of kidney and urinary
tract organs in the Ecuadorian population are comparable with those from Balkan
endemic nephropathy (BEN) regions.

Conclusions

The ingestion of aflatoxins, ochratoxin A and fumonisins in foods and feeds pose
problems for human and animal health in Ecuador. The content of aflatoxin in rice
is of importance, because rice is the most important staple food of the Ecuadorian
population and none of the other analysed toxins were found to be present at high
levels. Aflatoxins, ochratoxin A and vomitoxin were shown to be partially removed
into the polish powder fraction. Hard endosperm corn proved to be a matrix of
high risk for high aflatoxin (up to 6000 ng/g) and fumonisin (up to 8000 ng/g)
contamination levels, specially when grown and stored in tropical hot, humid
regions of the country. Furthermore, co-contamination with ochratoxin A occurs,
which is supposed to be a cancerogen itself (7) and to be involved in Balkan endemic
nephropathy (50). Aflatoxin and fumonisin contents clearly were related to high
moisture contents. Mouldy corn had statistically significant higher aflatoxin
contents compared to non mouldy corn, but this correlation does not hold true for
ochratoxin A, the fumonisins and the trichothecenes T-2 toxin and DON.

Soft and medium hard endosperm corn as well as beans do not pose a first order
problem concerning their aflatoxin or fumonisin contents, but high contaminations
of ochratoxin A (up to 320 ng/g in corn and up to 80 ng/g in beans) and vomitoxin
(up to 2 pg/g in corn and beans) occur. Especially susceptible for ochratoxin A
contamination is the corn variety used to produce «mote», whereas the bean variety
«Panamito» was susceptible for DON contamination. Post-harvesting programs
concerning these matrices should be guided to avoid the disastrous losses by insect
infestation and rodents during storage (51). Furthermore, it should be tested, if
unadequate storage conditions are partially responsible for the high ochratoxin A
contaminations in soft corn and beans. In none of the analysed matrices, trichothe-
cene T-2 toxin was found at concentration levels which could represent any health
hazard. The calculated aflatoxin, ochratoxin A and fumonisin ingestion by the
Ecuadorian people should be analysed in parallel by clinical investigations such as

AFB-albumin adducts in blood (52), ochratoxin A in the blood (23) and in the case
of fumonisin exposure the ratio of sphinganine to sphingosine in blood serum (53).
These suggested analysis of single blood samples would lead to a better estimation
of the health hazards caused by the three mycotoxins mainly found in Ecuador.
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Summary

Between 1992 and 1994, different Ecuadorian foods and feeds (99, 89 and 79 samples of
rice, corn and beans, respectively) were examined for mycotoxin contaminations (ochratoxin
A, DON, T-2 toxin and fumonisin) by ELISA and HPLC. Regression analysis of ELISA vs
HPLC results revealed a severe underestimation (50%) of naturally occurring ochratoxin A
by ELISA in corn. The recoveries from artificially contaminated samples ranged from 73%
(DON in beans) to 206% (T-2 toxin in beans) in ELISA and were up to 61% (ochratoxin A
in corn) in HPLC analysis. Whereas unproblematic contamination levels of the trichothece-
nes and of the fumonisins were found, high contamination levels were found for ochratoxin
A in corn and beans (both up to 320 ng/g). High ochratoxin A levels seem to be variety
dependent in corn and the presence of moulds was not indicative of high toxin content. High
fumonisin concentrations were detected in hard endosperm corn produced in the regions of
the tropical cost and the east, and a correlation between moisture content and fumonisin
contamination was found. Again, mould growth was not correlated with the presence of the
toxin. Total intake of ochratoxin A, fumonisin, DON and T-2 toxin (based on arithmetic
mean values; values in paranthesis are based on medians) by Ecuadorians were estimated to
be 34 (3.4), 477 (287), 1330 (910) and 76 (69) ng/kg BW/day, respectively. The Ecuadorian
practice of hygienic quality judgement by appearance and moisture content analysis cannot
guarantee safety of the foodstuffs and therefore, basic regulatory and control actions should
be taken.

Zusammenfassung

In den Jahren 1992 bis 1994 wurden verschiedene Grundnahrungs- und Futtermittel (99,
89 und 79 Reis-, Mais- bzw. Bohnenmuster) aus Ecuador auf den Gehalt an Mycotoxinen
(Ochratoxin A, DON, T-2 Toxin und Fumonisin) mittels ELISA und HPLC untersucht. Die
Regressionsanalyse ELISA versus HPLC-Analysewerte ergab eine drastische Unterschätzung

um 50% von natürlich vorkommenden Ochratoxin-A-Gehalten in Mais mittels ELISA.
Die Wiederfindungsraten von zugesetzten Trichothecenen lagen zwischen 73% (DON in
Bohnen) und 206% (T-2 Toxin in Bohnen) beim ELISA und erreichten 61% (Ochratoxin A
in Mais) bei der HPLC-Analytik. Währenddem nur unproblematische Kontaminationen von
Trichothecenen und Fumonisinen gefunden wurden, traten hohe Kontaminationen von
Ochratoxin A in Mais und Bohnen (jeweils bis 320 ng/g) auf. Die hohe Ochratoxin-A-Kon-

Mitt. Gebiete Lebensm. Hyg., Band 88 (1997)
607



tamination von Mais erwies sich als sortenabhängig und unabhängig vom Vorhandensein von
Schimmelpilzen. Die Hartmaisproben mit den höchsten Fumonisingehalten stammten aus
der (tropischen) Küstenregion und der Ostregion Ecuadors, wobei eine positive Korrelation
zwischen Feuchtigkeitsgehalt der Proben und Höhe der Fumonisingehalte festgestellt werden

konnte. Hohe Fumonisinkontaminationen erwiesen sich als unabhängig vom Vorhandensein

von Schimmelpilzen. Die mittlere Aufnahme (beruhend auf dem arithmetischen
Mittelwert; der Median befindet sich in Klammern) von Ochratoxin A, Fumonisin, DON
und T-2 Toxin wurde aufgrund dieser Daten und der Ernährungsgewohnheiten in Ecuador
abgeschätzt: sie liegen im Bereich von (3,4)—34, (287)-477, (910)-1330 bzw. (69)-76 ng/kg
Körpergewicht und Tag. Die Beurteilung der hygienischen Qualität mittels optischem
Aspekt und Bestimmung des Feuchtigkeitsgehaltes kann die Sicherheit der Nahrungsmittel
nicht garantieren. Massnahmen zur Verbesserung der Situation sind notwendig.

Résumé

Entre 1992 et 1994, la teneur en mycotoxines (ochratoxine A, déoxynivalénol (DON), T-2
toxine et fumonisine) de divers aliments de base pour humains et animaux (respectivement
99, 89 et 79 échantillons de riz, de maïs et d'haricots) en provenance de l'Equateur a été

déterminée par ELISA et HPLC. L'analyse de régression comparative des résultats obtenus

par ELISA et HPLC a révélé une sous-estimation importante, de 50%, par ELISA de la teneur
en ochratoxine A naturellement présente dans la maïs. Les taux de récupération pour les

trichothécènes ajoutés (contamination volontaire) se situent par ELISA entre 73% (DON
dans les haricots); le même taux atteint 61% (ochratoxine A dans le maïs) par HPLC. Tandis

que les contaminations par trichothécènes et fumonisines ne posent pas de problème, les

contaminations par ochratoxine A dans le maïs et les haricots étaient très élevées (jusqu'à 320

ng/g). Il semblerait que les contaminations de maïs par l'ochratoxine A dépendent de la

variété, mais non pas de la présence de moisissures. Les échantillons de grains durs de maïs

avec les teneurs en fumonisines les plus élevées proviennent de la région de la côte tropicale
et de la région orientale de l'Equateur; une corrélation positive a été constatée entre l'état
hygroscopique et l'importance des teneurs en fumonisine de ces échantillons. Par contre, il
n'y a pas de rapport entre des teneurs élevées en fumonisines et la présence de moisissures.
L'absorption moyenne (elle se base sur la moyenne arithmétique; la valeur médiane se trouve
entre parenthèses) d'ochratoxine A, de fumonisine, de DON et de T-2 toxine a été estimée

en utilisant ces données et selon les habitudes nutritionnelles en Equateur: cette absorption
journalière se situe dans le domaine de 34 (3,4), 477 (287), 1330 (910) et 76 (69) ng/kg de poids
du corps. L'appréciation de la qualité hygiénique au moyen de l'aspect optique et par la
détermination de la teneur en humidité ne peut pas garantir l'innocuité de ces aliments. Des

mesures au niveau légal et dans le domaine assurance qualité sont donc nécessaires pour
remédier à cette situation.
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