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Abstract

The aims of this work were to identify the Aspergillus sections Nigri and Flavi, and to evaluate the natural occurrence
of ochratoxin A (OTA) and aflatoxins in green and roasted coffee bean samples. The capacity to produce these
toxins by Aspergillus species was also studied. Fifty samples of Colombian coffee beans (25 green and 25 roasted)
were obtained from a processor plant located in the south of Cérdoba province (Argentina). OTA and aflatoxin
analysis were performed by high performance liquid chromatography (HPLC). OTA production by strains belonging
to Aspergillus niger aggregate were cultivated using YES medium and detected by HPLC. Aflatoxin production was
tested in strains belonging to section Flavi on malt extract agar and was detected by thin liquid chromatography
(TLC). From green coffee samples, the predominant species isolated belonged to A. niger aggregate, 60 and 55%, in
dichloran rose bengal chloramphenicol agar (DRBC) and dichloran 18% glycerol agar (DG18) respectively. While
A. flavus strains were isolated in 14% from DRBC and A. parasiticus strains in 12% and 28% in DRBC and DG18,
respectively. From roasted coffee samples, A. flavus was the most predominant fungi, isolated in similar percentages
from both media (28%); followed by A. niger aggregate isolated in 28 and 14% in DRBC and DG18, respectively.
In green and roasted coffee samples mean colony counts ranged from 2x103 to 3.5x10% colony forming units per
gram of sample (cfu/g). OTA and aflatoxins were not detected in any sample analyses (<1 and 0.5 ng/g for OTA
and aflatoxins, respectively). Twenty-five percent of black Aspergillus strains were OTA producers. The total of A.
flavus strains assayed produced aflotoxin B, (AFB,) and 80% of the A. parasiticus strains were AFB, and aflotoxin
G, producers. The high percentage of A. flavus and A. parasiticus aflatoxin-producing strains suggest a potential
risk for contamination in coffee with aflatoxins.
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1. Introduction Studies on the mycoflora of coffee cherries and beans in

the world have shown that Aspergillus, Penicillium and

Like other crops, coffee cherries and beans are subjected
to contamination and colonisation by fungi during
different phases of development, harvesting, preparation,
transport and storage. Fungal spoilage activity affecting
the quality and safety of the final products will depend
on environmental conditions as well as crop and product
management (Magan and Olsen, 2004).

Fusarium are the main toxigenic fungal genera isolated
(Batista et al., 2003; Martins et al., 2003; Silva et al., 2000;
Urbano et al., 2001).

Ochratoxin A (OTA) is receiving worldwide attention
because of its nephrotoxic, hepatotoxic, teratogenic,
carcinogenic and immunosuppressive properties. Evidence
that it may cause cancer in human beings, is being
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evaluated (Ehrlich et al., 2002). The occurrence of OTA
has been reported in several agricultural crops for human
consumption, including stored cereal grains, beer, species,
coffee and cocoa beans (Fazekas et al., 2002; Lombaert et
al., 2002; Magan and Olsen, 2004; Scudamore and Patel,
2000, Sugita-Konishi et al., 2006).

Aflatoxins are potent carcinogenic and teratogenic
metabolites produced in different pre- and post-harvested
crops by several species of Aspergillus section Flavi. A.
flavus and A. parasiticus are aflatoxins producers. Among
the main commodities susceptible to contamination are
cereals, oilseeds, coffee beans and species (Jelinek et
al., 1989; Magan and Olsen, 2004). Aflatoxin B, (AFB,)
was evaluated as a class 1 human carcinogen by the
International Agency for Research on Cancer (IARC, 1993).
In the tropical regions, A. ochraceus was found to be a
prevalent fungus in the mycobiota of some green coffee
bean samples, and was identified as the main source of
OTA in this substrate. Recently, several other Aspergillus
species have been described as OTA producers including
black Aspergillus (A. carbonarius with a minor contribution
by A. niger aggregate) (Bucheli et al., 2000; JECFA, 2001;
Magnoli et al., 2004; 2006a,b).

The length of time at a water activity >0.80 at any moment
until roasting defines the risk of fungal growth, OTA and
aflatoxins production (Viani, 2002). As contamination of
coffee beans is especially important, several authors have
reported that OTA is not completely degraded during
roasting at different temperatures (Blanc et al., 1998; Micco
et al., 1989; Tsubouchi et al., 1987; Van der Stegen et al.,
2001). Aflatoxin levels were also reduced by approximately
42 to 56% during the roasting process (Soliman, 2002).

In our region, the presence of OTA and its potentially
producers has recently been detected in dried vine
fruits (Magnoli et al., 2004), corn and corn-based feeds
(Dalcero et al., 2002; Magnoli et al., 2005, 2006a), and
peanut seeds (Magnoli et al., 2006b). The Argentinean
population consumes Brazilian and Colombian coffee, and
there is no available information about the mycological
and toxicological quality of coffee grains allowed for the
consumers. The aims of this work were to isolate and
identify the Aspergillus and Penicillium fungal population
and to evaluate the natural occurrence of OTA and AFB;
in green and roasted coffee bean samples consumed in
Argentina. The capacity of Aspergillus species to produce
these toxins was also studied.

2. Materials and methods
Sampling

Fifty samples of Colombian coffee beans of Coffea arabica
L. (25 green and 25 roasted) were obtained from a processor
plant located in the south of Cérdoba province (Argentina).
The roasted coffee bean samples were processed at 220 °C
in a roasting machine for 45 min. The green coffee beans
were collected from 50 kg bags. Whereas roasted coffee
beans were collected after seven days of the roasting process
directly from the tank where they were stored previously
for packaging. The tank with roasted coffee beans had
been open since it was roasted (approximately a week)
and the green coffee beans were kept in bags placed in the
same room. The samples (two kg each) were collected at a
single sampling time. In the laboratory, the beans (without
disinfection) were finely ground in a Buehler laboratory
mill. It was disinfected between each sample with sodium
hypochlorite at 10%, and washed with distilled water.
The milled samples were immediately analysed for fungal
contamination and the rest were kept at 4 °C until the OTA
and aflatoxins analysis.

Isolation and identification of mycobiota

Isolation and quantitative enumeration of total fungal
propagules was performed on solid media using the
surface-spread method by stomaching 10 g portions of
each sample with 90 ml of 0.1% peptone water solution by
stomacher® 400 circulator (Seward, Warwickshire, United
Kingdom) for 2 minutes. Serial dilutions of 102 to 10™*
concentration were made from each material and 0.1 ml
aliquots were inoculated in triplicate onto dichloran rose
bengal chloramphenicol agar (DRBC) and dichloran 18%
glycerol agar (DG18) for general fungal enumeration (Pitt
and Hocking, 1997). The plates were incubated at 25 °C
for seven days in darkness. On the last day of incubation,
plates that only contained between 10-100 cfu were used
for counting and the results were expressed as colony
forming units per gram of sample (cfu/g). The colonies
of filamentous fungi were picked, transferred to malt
extract agar (MEA) slants, and allowed to grow at 25 °C
for seven days for general identification according to Pitt
and Hocking (1997) and Samson et al. (2000).

Each strain of Aspergillus and Penicillium spp. was
identified in species according to the method proposed
by Klich (2002) and Pitt (1988), respectively.

Ochratoxin A analysis

The detection of OTA in the green and roasted coffee
samples was performed by HPLC, following the
methodology proposed by Diaz et al. (2004), with some
modifications according to the sample. A 5 gram portion of
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mixed ground roasted coffee sample was extracted with a
solution of methanol: sodium bicarbonate at 1% (50:50, v/v)
and blended at high speed for one minute. The pure extract
was filtered to remove particulate matter, and 20 ml of
extract was taken and diluted with 20 ml of PBS containing
0.01% Tween 20. The diluted extract was filtered through
a microfibre filter. A ten-milliliter portion was taken and
added to an immunoaffinity column (OchraTest™, Vicam,
Digen Ltd., Oxford, UK), and allowed to elute under gravity.
The column was washed with 10 ml PBS containing 0.01%
Tween 20 and then with 10 ml double-distilled water. OTA
was eluted from the column with methanol (HPLC grade),
at a flow rate of one to two drops per second.

A 25 g portion of mixed ground green coffee sample was
extracted with a solution of methanol: sodium bicarbonate
at 1% (70:30, v/v) and blended at high speed for one min.
The pure extract was filtered to remove particulate matter,
and a 10 ml of extract was taken and diluted with 40-ml PBS
containing 0.01% Tween 20. The diluted extract was filtered
through microfibre filter. A ten-milliliter portion was taken
and added to an immunoaffinity column (OchraTest™), and
allowed to elute under gravity. The column was washed
with 10 ml PBS containing 0.01% Tween 20 and then with
10 ml double-distilled water. OTA was eluted from the
column with methanol (HPLC grade), again at a flow rate
of one to two drops per second.

OTA detection was performed by HPLC, following the
methodology proposed by Scudamore and McDonald
(1998), with some modifications. The HPLC apparatus
used for OTA determination was a Hewlett Packard
chromatography with a loop of 100 pl, equipped with a
spectrofluorescence detector (excitation, 330 nm; emission,
460 nm) and a C,g column (Supelcosil LC-ABZ, Supelco;
150x4.6 mm, 5 pm particle size), connected to a precolumn
(Supelguard LC-ABZ, Supelco; 20x4.6 mm, 5 pm particle
size). The mobile phase was pumped at one ml/min and
consisted of an isocratic system as follows: 57% acetonitrile,
41% water, and 2% acetic acid. OTA was quantified on the
basis of HPLC fluorometric response compared with OTA
standard (Sigma Aldrich Co., St. Louis, MO, USA, purity
>99%). The lowest limit of detection was 1.0 ng/g.

Aflatoxin analysis

The aflatoxins in green and roasted coffee samples were
extracted and cleanup was performed according to AOAC
(2000). Aflatoxin detection was performed by HPLC
according to the methodology proposed by Trucksess et
al. (1994). Purified extract aliquot (200 pl) was derivatised
with 700 pl trifluoroacetic acid: acetic acid: water (20:10:70,
v/v). The derivatised aflatoxin was analysed using an HPLC
system. Chromatographic separations were performed
on stainless steel, C, ¢ reversed phase column (VARIAN,
150x4.6 mm id., 5 pm particle size). Water: methanol:
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acetonitrile (4:1:1, v/v) was used as mobile phase at a flow
rate of one ml/min. Fluorescent aflatoxin derivatives was
recorded at excitation and emission wavelengths of A 360
nm and A 460 nm, respectively. The detection limit of the
analytical method was 1.0 ng/g.

Assay of spiking and recovery of Ochratoxin A and
aflatoxins

Toxin-free samples (5 g of roasted and 25 g of green
coffee for OTA and 25 g of roasted and green coffee for
AFB,) contained in a 250 ml Erlenmeyer flask were spiked
with standard solutions of OTA and aflatoxins to reach
an equivalent of 1, 5 and 10 ng OTA/g and of 5, 10 and
20 ng AFB,/g. Spiking and a single analysis of the blank
sample were carried out twice. After leaving it for 16 h to
evaporate the solvent, extraction solvent was added and
toxins concentration were determined using the protocols
previously described. Recovery percentage was calculated
for each substrate.

Ochratoxin A production

OTA production was tested in 100 strains belonging to A.
niger aggregate. The toxin was determined following the
methodology described by Téren et al. (1996). The strains
were grown in stationary cultures using 20 ml quantities
of YES medium (2% yeast extract, 15% sucrose) in 125
ml Erlenmeyer flasks and were inoculated with 1 ml of
dense conidial suspensions and incubated at 30 °C for 10
days in darkness. After incubation, 1 ml portions of these
culture media were then mixed with 1 ml of chloroform
and centrifuged at 4,000 rpm for 10 min. The chloroform
phase was transferred to a clean tube, evaporated to
dryness and re-dissolved in methanol. The conditions of
OTA detection were previously described.

Aflatoxins production

Aflatoxin production was tested in 30 strains belonging to
section Flavi (A. flavus and A. parasiticus). The toxins were
determined following the methodology described by Geisen
(1996). The strains were grown at 25 °C for seven days
in MEA medium in darkness, after which mycelium and
conidia were collected from the agar surface with a sterile
brush and transferred to an Eppendorf tube. Aflatoxins were
extracted with 500 pl chloroform and centrifuged at 4,000
rpm for 10 min. The chloroform phase was transferred
to a clean tube, evaporated to dryness and re-dissolved
in chloroform. The extract was spotted together with
standards and screened for aflatoxins by TLC method on
silica gel plates without a fluorescent indicator (0.25 mm,
G60 Merck); and using chloroform: acetone (9:1, v/v) as
developing solvent. Aflatoxin concentration was determined
by visual comparison with standards. Chromatograms were
dried and observed under 365 nm UV light.
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Statistical analysis

The mean colony counts (cfu/g) were analysed by analysis
of variance (ANOVA) and means compared by LSD test
to determine the significant difference between green and
roasted coffee samples. The analysis was conducted using
PROC GLM in SAS (SAS Institute, Cary, NC) (Quinn and
Keough, 2002).

3. Results

The percentage of green and roasted coffee samples
contaminated by fungal genera and Aspergillus species
was used to characterise the ochratoxigenic mycoflora.
Mycological survey of 50 samples of coffee indicated the
presence of seven genera of filamentous fungi. Among
them, Aspergillus spp. was the most frequent fungi of the
mycobiota that occurred in 86% and 71% in DRBC and DG18
media of green coffee samples, respectively (Figure 1A).
Whereas the percentage of roasted coffee samples

Percentage (%)

K

Percentage (%)

contaminated with this genus was 43% in both culture
media (Figure 1B). Five and four species of Aspergillus
from green and roasted coffee samples, respectively, were
isolated. Three common contaminating food species of
Penicillium genus were identified: P. citrinum, P. crustosum
and P. minioluteum in percentage ranging from 14% to 28%
(Figures 2A and 2B).

From green coffee samples, the predominant species isolated
belonged to A. niger aggregate, 60 and 55%, in DRBC and
DG18 respectively. While A. flavus strains were isolated
in 14% from DRBC and A. parasiticus strains in 12% and
28% in DRBC and DG18, respectively (Figure 2A). From
roasted coffee samples, A. flavus was the most predominant
fungi, isolated in similar percentages of the samples from
both media (28%); followed by A. niger aggregate isolated
in 14 and 28% in DRBC and DG18, respectively. Whereas
A. parasiticus was isolated in the same percentage (14%) in
both culture media (Figure 2B).
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Figure 1. Distribution of fungal genera in (A) green coffee samples (n=25) and (B) roasted coffee samples (n=25).
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Figure 2. Distribution of Aspergillus and Penicillium species in (A) green coffee samples (n=25) and (B) roasted coffee samples
(n=25).

Table 1 shows the total fungal colony counts (cfu/g) in Mean colony counts of Aspergillus section Nigri and Flavi
green and roasted coffee samples from DRBC and DG18 were 102 cfu/g from green coffee samples, whereas from
media. Mean colony counts ranged from 2x10% to 3.5x10*  roasted coffee these counts ranged from 102 to 10* cfu/g.
cfu/g. The highest counts were observed in roasted coffee The counts obtained for A. niger aggregate species in
from DRBC media (P<0.0001). roasted coffee samples from DG18 media were significantly

Table 1. Total fungal counts from green and roasted coffee beans.

Samples DRBC DG18

Range' Mean counts? + SD Range' Mean counts?  SD
Green coffee 8x102-3.45x10° 1.9x10%+1.13 x103 b 5.5x102-4.75x10° 2.0x103+1.7x103 b
Roasted coffee 2.5x102-8.5x10* 3.5x104+4.4 x10 2.2x103-2.2x104 9.4x103£1.0 x104 P

1 Minor and major fungal count (cfulg).
2 Cfulg. SD: standard deviation.
ab\ialues with no common superscripts are significantly different (P<0.0001) according to LSD test.
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higher than those obtained in green coffee. The highest
counts of A. flavus and A. parasiticus were obtained from
roasted coffee (P<0.0001) (Table 2).

OTA and aflatoxins were not detected in any sample
analyses at detection limits of techniques applied (<1 and
0.5 ng/g for OTA and aflatoxins, respectively). Twenty-
five percent of 100 black Aspergillus strains assayed were
OTA producers. The toxin levels produced ranged from
2.7 to 14 ng/ml.

Table 3 shows the potential for OTA production by
Aspergillus section Nigri isolated from green and roasted
coffee samples. The total of A. flavus assayed strains
produced AFB, with mean levels of 9.5 to 17.5 ng/g of
mycelium. Regarding A. parasiticus, 80% of the strains
were AFB, and AFG, producers, with mean levels ranging
from 11.5 to 48 ng/g and 6 to 28 ng/g of mycelium,
respectively.

Table 2. Counts of Aspergillus and Penicillium species from green and roasted coffee samples.

Species Mean fungal counts' + SD

Green coffee

Roasted coffee

DRBC DG18 DRBC DG18

A. niger aggregate 5.75x10%£5.4 9 4.0x102+0.0 9 2.0x102+0.0 9 6.5x103+900 9
A. tamarii 2.0x10%+0.0 9 ND?2 ND ND

A. fumigatus 1.13x10%+189 ¢f 5.2x102+500 fo ND ND

A. parasiticus 1.0x102+0.0 9 1.5x10%471 9 1.5x1044£0.0 € 2x10%+0.0
A. flavus 3.5x102+0.0 9 ND 2.0x10%+0.0 P 1.07x10%+700 &
A. sparsus ND ND 2.5x10%£0.0 @ ND

P, citrinum 1.0x1020.0 ND ND ND

P. minioluteum ND ND 1.0x1020.0 ND

P, crustosum 1.0x1020.0 3.5x10%+0.0 ND ND

1 Cfulg; SD: standard deviation.
2ND: not detected.

@9 Values with no common superscripts are significantly different (p< 0.0001) according to LSD test.

Table 3. Aflatoxins production by Aspergillus section Flavi strains from coffee samples.

Species Percentage Mean levels (ng/ml)! + SD
of producer
strains (%) AFB, AFB,
A. flavus 20 9.5%3.0 ND2
20 12.5¢+1.5 ND
30 15.5+3.5 ND
30 17.5£5.5 ND
A. parasiticus 10 11.5£3.0 ND
1 15+2.5 ND
15 1745.5 ND
15 19+5.5 ND
5 2040.0 ND
10 2544.0 ND
20 4749.5 ND
15 4848.5 ND

AFG, AFG, Total aflatoxins
ND ND 9.5
ND ND 12,5
ND ND 15.5
ND ND 17.5
6 ND 1.5
7 ND 22

9 ND 26
10 ND 29
11 ND 31
13 ND 38
26 ND 73
28 ND 76

1 Aflatoxins were detected by TLC method.
ZND: not detected.
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4. Discussion

In general, fungi genera identified have been previously
isolated in coffee beans (Martins et al., 2003). Batista et
al. (2003) observed that the percentage of contaminated
samples by Aspergillus spp. was higher than that found
in our study; and the percentage of samples containing
Penicillium spp was similar to green coffee in DRBC
medium. Another study from Belgium, Sibanda et al.
(2001), has reported 100% and 14% of green coffee
samples contaminated by Aspergillus and Penicillium spp.,
respectively. The results observed in our study indicated
that the fungal total counts from roasted coffee showed
a higher value than those from green coffee whereas
the percentage of Aspergillus spp. was lower in roasted
coffee. The high diversity of Aspergillus and Penicillium
spp. isolated from roasted coffee reveals poor hygienic
conditions in the environment when it is stored and
packet before commercialisation. In the seven-day period
between the roasting and packaging of coffee beans, the
environmental conditions, such as temperature, humidity
and environment mycobiota, allowed contamination and
development of different fungal species. The sampling was
done in September, when the temperature and humidity
ranged between 15-25 °C and 50-60%, respectively. The
high A. flavus and A. parasiticus counts in roasted coffee
beans can be attributed to the presence of these species in
green coffee beans and in the environment where they are
stored. This fact establishes the importance of controlling
the microbiological quality of the environment where
these types of products are processed and/or packaged.
These results indicate, in addition, the need to apply good
manufacturing practices (Moss, 2002).

The species A. sparsus, A. minioluteum and P. crustosum
have not been previously identified from green coffee beans
(Batista et al., 2003). A. carbonarius and A. ochraceus, the
main OTA producers species, have been previously isolated
from coffee beans (Joosten et al., 2001; Martins et al., 2003;
Urbano et al., 2001) indicating that these species are also
potential sources of OTA in coffee. In the present study,
these species were not isolated; A. carbonarius has been
previously isolated from other substrates in Argentina such
as dried vine fruits, peanut seeds and wine grapes, but
A. ochraceus has not been detected in these commodities
(Magnoli et al., 2004, 2006b; Ponsone et al., 2007). The
percentage of samples infected by A. niger aggregate was
similar to the one found by Urbano et al. (2001); Joosten
et al. (2001) and Taniwaki et al. (2003), but it was lower
than the percentage of green coffee samples contaminated
with A. niger observed by Martins et al. (2003). The total
fungal counts observed in this study were higher than one
found from Indian coffee beans in one of the media used
(DRBC), while the counts of A. flavus |/ A. parasiticus
strains were lower than those detected in green coffee
beans (Somashekar et al., 2004). Soliman (2002) has

Ochratoxin- and aflatoxin-producing fungi in coffee in Argentina

reported 80% and 71% of the green and ground roasted
coffee beans contaminated by A. flavus. In the same study,
aflatoxins were detected in 76.5 and 54.6% of the A. flavus
infected samples, respectively. These percentages of A.
flavus are higher than the ones observed in this study. The
Argentinean Alimentary Codex and Mercosur regulations
have not established limits for total fungal counts in green
and roasted coffee beans (CAA, 2007).

In the present work, the percentage of black Aspergillus
strains producing OTA (25%) is higher than those reported
from coffee cherries by Heenan et al. (1998), Taniwaki et al.
(2003) and Urbano et al. (2001). However, these percentages
correspond with those previously seen in Aspergillus
section Nigri strains isolated from dried vine fruits, corn
kernels and peanut seeds from Argentina (Magnoli et al.,
2004, 2006a,b). The absence of the main ochratoxigenic
species, A. carbonarius and A. ochraceus, could explain
the none detection of OTA contamination in green and
roasted coffee samples.

In previous works, there is limited available information
on aflatoxigenic capacity in A. flavus and A. parasiticus
isolated from coffee. A low percentage of A. flavus aflatoxin
B, and B, producers and contaminated samples have been
found in Brazilian green coffee beans (Batista et al., 2003).
The high percentage of A. flavus (100%) and A. parasiticus
(80%) aflatoxin- producing strains isolated in this work,
suggests a possible aflatoxins coffee contamination.
However, these mycotoxins have not been detected in
green and roasted coffee samples. Therefore, the industry
should work to not only reduce the growth of these fungi,
but also prevent flavour alteration, spoilage and aflatoxin
formation in green and roasted coffee.

From the first analysis of OTA in green coffee beans
reported by Levi et al. (1974), the presence of OTA in green
and roasted coffee beans has been reported worldwide
in variable concentrations (Bucheli et al., 2000, Bucheli
and Taniwaki, 2002, Fazekas et al., 2002, Fuji et al., 2006,
Lombaert et al., 2002, Martins et al., 2003, Romani et al.,
2000, Sibanda et al., 2001, Studer-Rohr et al., 1995, Sugita-
Konishi et al. 2006, Taniwaki et al., 2003, Trucksess et al.,
1999, Urbano et al., 2001). But aflatoxin reports in these
substrates are limited (Soliman 2002, Somashekar et al.,
2004). The results obtained in this work indicate that
any of the coffee samples contained OTA and aflatoxins
at detectable levels. Further studies with a significant
number of samples at industry and market origin, would
be necessary to confirm that coffee in Argentina is not an
important source of OTA and aflatoxins for the human
population.

World Mycotoxin Journal 1 (4)

425



C.E. Magnoli et al.

Acknowledgements

The authors are grateful to the SECyT (Secretariat of
Science and Technology, National University of Rio
Cuarto) and CONICET (National Council of Scientific
and Technical Researchers), PIP 5682, ANPCYT, PICT
2003-2005. FONCYT-PICT, PICTOR, which supported
this study with grants. The authors would like to thank Dr.
Lilia Cavaglieri for statistical analysis of data.

References

Association of Official Analytical Chemists (AOAC), 2000. Official
Methods of Analysis. 16th Edition, AOAC, Washington DC, USA
(Chapter 49).

Batista, L.R., Chalfoun, S.M., Prado, G., Schwan, R.F. and Wheals,
A.E., 2003. Toxigenic fungi associated with processed (green)
coffee beans (Coffea arabica L.). International Journal of Food
Microbiology 85: 293-300.

Blanc, M., Pittet, A., Munoz-Box, R. and Viani, R., 1998. Behavior
of ochratoxin A during green coffee roasting and soluble coffee
manufactures. Journal of Agricultural and Food Chemistry 16:
673-675.

Bucheli, P. and Taniwaki, M.H., 2002. Research on the origin, and
on the impact of post-harvest handling and manufacturing
on the presence of ochratoxin A in coffee. Food Additives and
Contaminants 19: 655-665.

Bucheli, P., Kanchanomai, C., Meyer, 1. and Pittet, A., 2000.
Development of ochratoxin A during robusta (Coffea canephora)
coffee cherry drying. Journal of Agricultural and Food Chemistry
48:1358-1362.

Cédigo Alimentario Argentino (CAA), 2007. Available at: http://www.
anmat.gov.ar/codigoa/caal.htm. Accessed 19 October 2007.

Dalcero, A., Magnoli, C., Hallak, C., Chiacchiera, S.M., Paldcio, G. and
Da Rocha Rosa, C.A., 2002. Detection of ochratoxin A in animal feeds
and capacity to produce this mycotoxin by Aspergillus section Nigri
in Argentina. Food Additives and Contaminants 19: 1065-1072.

Diaz, G.J, Ariza, D. and Perilla, N.S., 2004. Method validation for
the determination of ochratoxin A in green and soluble coffee
by immunoaffinity column cleanup and liquid chromatography.
Mycotoxin Research 20: 59-67.

Ehrlich, V., Darroudi, E,, Uhl, M., Steinkellner, H., Gann, M., Majer,
B.]J., Eisenbauer, M. and Knasmuller, S., 2002. Genotoxic effects of
ochratoxin A in human- derived hepatotoxic (HepG2) cells. Food
and Chemical Toxicology 40: 1085-90.

Fazekas, B., Tar, A.K. and Zomborszky—Kovacs, M., 2002. Ochratoxin
A contamination of cereal grains and coffee in Hungary in the year
2001. Acta Veterinary Hungry 50: 177-188.

Fujii, S., Ribeiro, R.M., Scholz, M.B., Ono, E.Y,, Prete, C.E., Itano,
E.N., Ueno, Y., Kawamura, O. and Hirooka, E.Y., 2006. Reliable
indirect competitive ELISA used for a survey of ochratoxin A in
green coffee from the North of Parana State, Brazil. Food Additives
and Contaminants 23: 902-909.

Geisen, R., 1996. Multiplex polymerase chain reaction for the
detection of potential aflatoxin and sterigmatocystin producing
fungi. Systematic and Applied Microbiology 19: 388-392.

Heenan, C.N., Shaw, KJ. and Pitt, ].I., 1998. Ochratoxin A production
by Aspergillus carbonarius and A. niger isolates and detection using
coconut cream agar. Journal Food Mycology 1: 67-72.

International Agency for Research on Cancer (IARC), 1993.
Monograph on the evaluation of carcinogenic risks to humans,
some naturally occurring substances: food items and constituents,
heterocyclic aromatic amines and mycotoxins. Lyon, France, Vol.
56, pp. 489-521.

Joint FAO/WHO Expert Committee on Food Additives (JECFA),
2001. Safety evaluations of certain mycotoxins in food. WHO
Food Additives Series 47. World Health Organization, Geneva,
Switzerland.

Jelinek, C., Polhand, A. and Wood, G.E., 1989. Worldwide occurrence
of mycotoxins in food and feeds- an update. Journal of the
Association of Official Analytical Chemists 72: 223-230.

Joosten, H.M., Goetz, J., Pittet, A., Schellenberg, M. and Bucheli, P,
2001. Production of ochratoxin A by Aspergillus carbonarius on
coffee cherries. International Journal of Food Microbiology 65: 39-44.

Klich, M.A., (ed.), 2002. Identification of common Aspergillus species.
Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands,
pp. 116.

Levi, C.P, Trenk, H. and Mohr, H., 1974. Study of the occurrence of
ochratoxin A in green coffee beans. Journal of the Association of
Official Analytical Chemists 57: 866-870.

Lombaert, G.A., Pellaers, P., Chettiar, M., Lavalee, D., Scott, M. and
Lau, B., 2002. Survey of Canadian retail coffees for ochratoxin A.
Food Additives and Contaminants 19: 869-877.

Magan, N. and Olsen, M. (eds.), 2004. Mycotoxin in food. Detection
and control. CRC Press, Washington DC, USA, 488 pp.

Magnoli, C., Astoreca, A., Ponsone, L., Combina, M., Palacio, G., Rosa,
C.A. and Dalcero, A., 2004. Survey of Mycoflora and ochratoxin
A in dried vine fruits from Argentina markets. Letters in Applied
Microbiology 39: 326-331.

Magnoli, C., Hallak, C., Astoreca, A., Ponsone, L., Chiacchiera, S.M.,
Palacio, G. and Dalcero, A., 2005. Surveillance of toxigenic fungi
and ochratoxin A in feedstuffs from Cérdoba province, Argentina.
Veterinary Research Communications 29: 431-445.

Magnoli, C., Hallak, C., Chiacchiera, S. and Dalcero, A., 2006a.
Occurrence of ochratoxin A- producing fungi in commercial corn
kernels in Argentina. Mycophatologia 161: 53-58.

Magnoli, C., Astoreca, A., Ponsone, L., Chiacchiera, S. and Dalcero, A.,
2006b. Ochratoxin A and the occurrence of ochratoxin A-producing
black aspergilli in stored peanut seeds from Cérdoba, Argentina.
Journal of the Science of Food and Agriculture 86: 2369-2373.

Martins, M.L., Martins, H.M. and Gimeno, A., 2003. Incidence of
microflora and of ochratoxin A in green coffee beans (Coffea
arabica). Food Additives and Contaminants 20: 1127-1131.

Micco, C., Grossi, M., Miragli, M. and Brera, C., 1989. A study of the
contamination by ochratoxin A of green and roasted coffee beans.
Food Additives and Contaminants 6: 333-339.

Moss, M., 2002. Toxigenic fungi. In: Blackburn, C.W. and McClure,
PJ. (eds.). Foodborne pathogens: hazards, risk analysis and
control. Woodhead Publishing Limited and CRC Press LLC.
Boca Raton, FL, USA

426

World Mycotoxin Journal 1 (4)



Pitt, J.I. and Hocking, A.D. (eds.), 1997. Fungi and food spoilage.
Blackie Academic and Professional, London, United Kingdom,
592 pp.

Pitt, J.I (ed.), 1988. A laboratory guide to common Penicillium species,
20d edition. CSIRO Division of Food Research, North Ryde, NSW,
Australia, 186 pp.

Ponsone, M.L., Combina, M., Dalcero, A. and Chulze, S., 2007.
Ochratoxin A and ochratoxigenic Aspergillus species in Argentinean
wine grapes cultivated under organic and non-organic systems.
International Journal of Food Microbiology 114: 131-135.

Quinn, G.P. and Keough, M.]. (eds.), 2002. Experimental design and
data analysis for biologists. Cambridge University Press, Cambridge,
United Kingdom, pp 520.

Romani, S., Sacchetti, G., Chavez Lopez, C., Pinnavaia, G.G. and
Dalla Rosa, M., 2000. Screening on the occurrence of ochratoxin
A in green coffee beans of different origins and types. Journal of
Agricultural and Food Chemistry 48: 3616-3619.

Samson, R.A., Hoekstra, E.S., Frisvad, J.C. and Filtenborg, O., (eds.).
2000. Introduction to food- and airborne fungi. Centraalbureau
voor Schimmelcultures, Utrecht, The Netherlands, pp. 389.

Scudamore, K.A. and MacDonald, S.J., 1998. A collaborative study
of an HPLC method for determination of ochratoxin A in wheat
using immunoaffinity column clean-up. Food Additives and
Contaminants 15: 401-410.

Scudamore, K.A. and Patel, S., 2000. Survey for ochratoxin A,
zearalenone and fumonisins in maize imported into the United
Kingdom. Food Additives and Contaminants 17: 407-416.

Sibanda, L., De Saeger, S., Bauters, T.G., Nelis, H.J. and Van Peteghem,
C., 2001. Development of a flow- through enzyme immunoassay
and application in screening green coffee samples for ochratoxin
with confirmation by high- performance liquid chromatography.
Journal of Food Protection 64: 1597-1602.

Silva, C.E, Schwan, R.E, Dias, E.S. and Wheals, A.E.,, 2000. Microbial
diversity during maturation and natural processing of coffee
cherries of Coffea arabica in Brazil. International Journal of Food
Microbiology 60: 251-260.

Soliman, K.M., 2002. Incidence, levels, and behavior of aflatoxins
during coffee bean roasting and decaffeination. Journal of
Agricultural and Food Chemistry 24: 7477-7481.

Ochratoxin- and aflatoxin-producing fungi in coffee in Argentina

Somashekar, D., Rati, E.R., Anand, S. and Chandrashekar, A., 2004.
Isolation, enumeration and PCR characterization of aflatoxigenic
fungi from food and feed samples in India. Food Microbiology
21: 809-813.

Studer-Rohr, L., Dietrich, D.R., Schlatter, J. and Schlatter, C., 1995.
The co-occurrence of ochratoxin A in coffee. Food Chemistry and
Toxicology 5: 341-355.

Sugita-Konishi, Y., Nakajima, M., Tabata, S., Ishikuro, E., Tanaka, T.,
Norizuki, H,, Itoh, Y., Aoyama, K., Fujita, K., Kai, S., and Kumagai,
S. 2006. Occurrence of aflatoxins, ochratoxin A, and fumonisins in
retail foods in Japan. Journal of Food Protection 69: 1365-1370.

Taniwaki, M.H., Pitt, ].I., Teixeira, A.A. and Iamanaka, B.T., 2003. The
source of ochratoxin A in Brazilian coffee and its forma in relation
to processing methods. International Journal of Food Microbiology
82:173-179.

Téren, J., Varga, J., Hamari, Z., Rinyu, E. and Kevei, F., 1996.
Immunochemical detection of ochratoxin A in black Aspergillus
strains. Mycopathologia 134: 171-176.

Trucksess, M.W., Giler, J., White, K.D. and Page, S.W., 1999.
Determination and survey of ochratoxin A in wheat, barley, and
coffee. Journal of AOAC International 82: 85-89.

Trucksess, M.W., Stack, M.E., Nesheim, S., Albert, R. and Romer, T.,
1994. Multifunctional column coupled with liquid chromatography
for determination of aflatoxins B;, B,, G, and G, in corn, almonds.
Brazil nuts, peanuts, and pistachio nuts: Collaborative study. Journal
of AOAC International 77: 1512-1521.

Tsubouchi, H., Katsuhiko, Y., Hisada, K., Sakabe, Y. and Udagawa,
S., 1987. Effect of roasting on ochratoxin A level in green coffee
beans inoculated with Aspergillus ochraceus. Mycophatologia 95:
111-115.

Urbano, G.R., Taniwaki, M.H., Leitao, M.F. and Vicentini, M.C., 2001.
Occurrence of ochratoxin A- producing fungi in raw Brazilian
coffee. Journal of Food Protection 64: 1226-1230.

Van der Stegen, G.H.D., Essens, P.J.M., and Van der Lijn, J., 2001.
Effect of roasting conditions on reduction of ochratoxin A in coffee.
Journal of Agricultural and Food Chemistry 49: 4713-4715.

Viani, R., 2002. Effect of processing on ochratoxin A (OTA) content
of coffee. Advances in Experimental Medicine and Biology 504:
189-193.

World Mycotoxin Journal 1 (4)

427






