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Mycotoxin Contamination of Food in Ecuador*

B: Ochratoxin A, Deoxynivalenol, T-2 Toxin and Fumonisin
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and Biochemistry, University of Berne

Introduction

Up to date, more than 300 mycotoxins have been identified, produced by
approximatively 350 fungal species (1). Within the mycotoxins, aflatoxins (especial-
ly 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 ochra-
toxin A (OA), the fumonisins B (FB)), the trichothecenes T-2 toxin and deoxyni-
valenol (vomitoxin or DON), are also regulated in some countries or the introduc-
tion of limits 1s 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
Penicillinm. 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 tetracycllc 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 Mithlemann, University of Berne 1996
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suppression of cell mediated humoral immunity and decreased resistance to secon-
dary 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 FE 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 K,Cr,O, were kindly provided by Dr. Espin de
Rivera from the Instituto Nacional de Investigacion Agropecuaria (INIAP), Quito.
Folded filter papers used were from Schleicher & Schiill, type 597 1/2 for all ELISA
analysis and samples for HPLC were filtered over 0.2 pm Acro 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 subpro-
ducts) 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 perfor-
med according to the producers directions.

Extraction and purification of ochratoxin 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% NaHCO; 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 tlow 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 ul 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 ug 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 OA 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 of fumonisins

The extraction, purification and analysis of fumonisin B, and B, 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 rice corn beans
(ng/g)

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

+ std.error + std.error + std.error

0 14 2.51+0.54 14 240.62 7 45+ 1.5

10 26 5.5+ 0.94 26 7:3£1.1 13 51%1.3

25 22 92rx2 22 14032.1 11 roE2:2

* 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

(ng/g)

number mean (1g/g) number mean (Ug/g) number mean (Ug/g)

+ std.error + std.error + std.error

0 6 0.15 £ 0.07 6 0.12 £0.05 ) 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 0.7°+0.2 6 0.63*+0.13 3 0.43 £0.24

0.75 10 0.93+0.05 10 0.75% £ 0.07 4 0.6 £ 0.09

| % 6 1.9+ 0.05 8 1:6°+ 0:07 4 1:1% +0.06

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) number mean (ng/g) number mean (ng/g)
+ std.error + std.error * std.error
0 8 16:E2.7 8 1945 4 25+ 6.6
50 12 565+ 3 10 69° £6.2 4 103%£9.5
100 10 105+ 4.7 10 104+ 7 5 144+ 4.8

¢ 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 p; ¢
=-2.8 + 4.0 OA ¢ 555 7 = 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/l 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 ug/g (rice, corn) and 1,5 ug/g
(beans) sample; recoveries of DON at the detection limit range from 73% (bems)
to 117% (rice). These values are in agreement with those reported by the USDA-
FGIS approvement for the Veratox vomitoxin (DON) test kit (personal communi-
cation G. Boerboom, Neogen Corp., Lansing, MI) and with the recoveries found
in the mentioned mterlaboratory comparative study. The detection limit of 7-2
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 compa-
rative 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 ug/g in all matrices (table 2B).
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Table 2. Frequency distribution of mycotoxins in all analysed samples

A1: Ochratoxin A by ELISA
OA (ng/g) 0-25 —40 -80 -160 total arithmetic | median
: samples mean
rice 94 2 3 - 99 14 1235
corn, soft 22 4 1 1 38 18 125
corn, hard 40 2 - - 42 14 12:5

* 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 | arithmetic | median

8 samples| mean

rice 16 - - - - - 16 1.8 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 o -8 total arithmetic | median

(ug/g) 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 2 3 - 42 0.54 0.3

beans 77 - - 77 0.76 0.75

° DON by ELISA test kits «Veratox DON quantitative vomitoxin test» and «Agri-Screen
for Vomitoxin (DON) lab test», both from Neogen Corp., M1

C: Trichothecene T-2-Toxin by ELISA
T-2 (ng/g) 0-50 -80 -160 total arithmetic | median
3 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

4 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 By 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

FB; 2 1 - 1 2 2 1 2 11 1865 883
FB» 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 major 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

Ochratoxin 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 con-
taminations up to 2 ng/g in polished rice (12 samples, mean: 0.8 ng/g) and contami-
nations 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 mea-
sured 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, Penicillium, 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 diffe-
rent 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.

Vomaitoxin

In rice, no statistically significant difference was seen concerning DON, but rice
in husk (19 samples, mean: 0.56 ug/g) showed intermittent contamination levels
between the polish powder fraction (7 samples, mean: 0.76 pg/g) or the broken
fraction (6 samples, mean: 0.83 ug/g) and all other fractions (whole and polished
rice and husk with mean values of contamination levels from 0.3-0.41 pg/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 pg/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 pg/g). The contrary situation was
observed in hard corn: mean contamination values of 11 samples judged to be of
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A 350

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

B Influence of appearance On desoxynivalenol and fumonisin Bij occurrence in hard
corn

«normal» agpect were Similar to those of 5 visibly mouldy corn samples (0.85 and
0.87 (lg/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 matri_x 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 gny of the analysed matrices.
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