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Corn collected in the Mazandaran and Isfahan Provinces of Iran was analyzed for fumonisin B1
(FB1), fumonisin B2 (FB2), and fumonisin B3 (FB3). The samples from Mazandaran Province, situated
on the Caspian littoral of Iran, were random samples from farmers’ corn lots collected in September
1998, whereas those from Isfahan Province, situated further south in the center of Iran, were bought
as corn cobs in the local retail market during October 1998. All 11 samples from Mazandaran showed
high levels of fumonisin contamination with FB1 levels between 1.270 and 3.980 µg/g, FB2 levels
between 0.190 and 1.175 µg/g, and FB3 levels between 0.155 and 0.960 µg/g. Samples from Isfahan
showed lower levels of contamination with eight of eight samples having detectable FB1 (0.010-
0.590 µg/g), two of eight samples having detectable FB2 (0.050-0.075 µg/g), and two of eight samples
having detectable FB3 (0.050-0.075 µg/g). This is the first report of fumonisin contamination of
corn from Iran, in which samples from the area of high esophageal cancer on the Caspian littoral
have been shown to contain high levels of fumonisins.

Keywords: Fumonisins; Iran; esophageal cancer; Fusarium; mycotoxins; corn

INTRODUCTION

The fumonisin mycotoxins are produced in corn (Zea
mays L.) by a small number of related Fusarium species,
of which F. verticillioides (Sacc.) Nirenberg () F.
moniliforme Sheldon) and F. proliferatum (Matsushima)
Nirenberg are the most important as they are common
contaminants of corn in many areas of the world
(Marasas, 1996). Although an increasing number of
fumonisin analogues have been isolated from Fusarium
culture material (Musser and Plattner, 1997), the main
forms present in naturally contaminated corn are fu-
monisins B1 (FB1), B2 (FB2), and B3 (FB3) (Shephard et
al., 1996). Fumonisins have been shown to produce a
wide range of pathological effects in animals, including
the economically important syndromes of leukoencepha-
lomalacia in horses (Kellerman et al., 1990) and pul-
monary edema in swine (Harrison et al., 1990). In
addition, they are nephrotoxic to rats (Riley et al., 1994)
and exhibit toxic effects to turkey poults (Weibking et
al., 1993) and broiler chicks (Ledoux et al., 1992). Of
particular concern to human health is the finding that
they are hepatocarcinogenic in experimental rats (Gelder-
blom et al., 1991). In addition, they have been statisti-
cally associated with the high incidence of esophageal
cancer (EC) in certain areas of the Transkei region of
the Eastern Cape Province, South Africa (Rheeder et
al., 1992). More recent work has shown an association

with primary liver cancer in China (Ueno et al., 1997).
On the basis of toxicological evidence, the International
Agency for Research on Cancer (IARC) has declared the
“toxins produced by F. moniliforme” to be possibly
carcinogenic to humans (class 2B carcinogens) (Vainio
et al., 1993).

Since their original discovery in 1988 (Gelderblom et
al., 1988), fumonisins have been found as natural
contaminants of corn and corn-based foods and feeds
in many areas of the world. A survey published in 1996
listed 35 countries worldwide in which fumonisin con-
tamination had been described (Shephard et al., 1996).
Studies on Transkeian corn collected in high and low
EC incidence areas during 1985 and 1989 showed some
of the highest levels of contamination recorded in corn
intended for human consumption (up to 117.5 µg/g) and
focused attention on the possible role of these carcino-
genic mycotoxins in the etiology of EC (Rheeder et al.,
1992; Sydenham et al., 1990). Although EC is a disease
of worldwide occurrence, its incidence is subject to
considerable geographical variation (Marasas, 1994). In
particular, extremely high incidence rates (>50 per
100000 population per year) have been reported from
the Centane (Kentani) district of the southwestern
Transkei region in South Africa (Makaula et al., 1996),
from Linxian and Cixian Counties of Henan Province,
China (Li et al., 1980), and from the Caspian littoral of
Iran (Kmet and Mahboubi, 1972; Hormozdiari et al.,
1975; Joint Iran-IARC Study Group, 1977). Relatively
high rates have also been reported among African-
Americans living around Charleston, SC (NCI, 1990)
and among the population of northeastern Italy (France-
schi et al., 1990). EC is a multifactorial disease in which
a number of etiological factors have been proposed.
These include smoking, alcohol consumption, dietary
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deficiencies, and the consumption of corn (Xia, 1984;
Jaskiewicz et al., 1988; Brown et al., 1988; Franceschi
et al., 1990). In the Caspian littoral of Iran, lower
consumption of some anticarcinogenic trace elements
(Azin et al., 1998), consumption of a special diet for
pregnant women composed of sour pomegranate seeds,
black pepper, and garlic (Ghadirian, 1987), consumption
of bread contaminated with silica fiber (O’Neill, 1980),
very little fruit and vegetable consumption, long lasting
and daily thermal irritation of the esophagus with very
hot tea (Ghadirian, 1987), and environmental exposure
to some carcinogenic trace elements (Azin et al., 1998)
have all been considered to play a role in the develop-
ment of EC.

In addition to the results reported for the Transkei
(Rheeder et al., 1992; Sydenham et al., 1990), high levels
of fumonisins have been reported in corn from high EC
incidence areas in China (Chu and Li, 1994; Zhang et
al., 1997). The presence of fumonisins has also been
recorded in corn from relatively high incidence areas
in South Carolina (Sydenham et al., 1991) and Italy
(Doko and Visconti, 1994). This study is the first to
report fumonisin contamination of corn from the high
EC incidence area in Mazandaran Province on the
southern shore of the Caspian Sea.

EXPERIMENTAL PROCEDURES

Corn Samples. During September 1998, 11 samples of
farmers’ corn lots (from the fields of Dasht-e-Naz Sari city),
intended for animal feed, were collected at random from
consignments sold to the Iranian Agriculture Office in Ma-
zandaran Province. During October 1998, corn ears (eight
samples) intended for human consumption were bought at
different periods from a local retail market in Isfahan Province.
All of the samples were dried, ground to a meal, and stored at
4 °C prior to dispatch to the Programme on Mycotoxins and
Experimental Carcinogenesis (PROMEC), South Africa, for
fumonisin determination.

Determination of FB1, FB2, and FB3. Fumonisins were
isolated at PROMEC according to the method of Cawood et
al. (1991), and a standard solution containing 50 µg/mL of each
analogue was used for analysis. Each sample was analyzed
for the presence of FB1, FB2, and FB3 using the method of
Sydenham et al. (1996) with minor modification. In brief,
subsamples (20 g) of ground corn were extracted with methanol/
water (70:30; 100 mL). Aliquots of the filtered extracts were
cleaned up on strong anion exchange (SAX) solid-phase extrac-
tion cartridges. Fumonisins were eluted from the SAX car-
tridges with acetic acid (1%) in methanol and the eluates dried
under nitrogen. Residues were redissolved in methanol, and
an aliquot was derivatized with o-phthaldialdehyde (OPA)
prior to separation on a reversed-phase HPLC system using
fluorescence detection. The detection limit of the method was
of the order of 0.01 µg/g for all three fumonisin analogues.

Statistics. Statistical analyses of results were made ac-
cording to standard analysis of variance (ANOVA) using the
Systat 8 software package (SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION

The relative geographical positions of Mazandaran
and Isfahan provinces are shown in Figure 1. The
fumonisin levels determined in the corn sampled in
Mazandaran Province during 1998 are shown in Table
1. High levels of all three fumonisin analogues were
found in all samples analyzed, with FB1 ranging be-
tween 1.270 and 3.980 µg/g. Total fumonisins ranged
from 1.625 to 6.115 µg/g, the latter being above the
maximum level of 5 µg/g recommended for corn used as
horse feed (Joint Mycotoxin Committee, 1994; Miller et

al., 1996). As observed in most naturally contaminated
corn samples elsewhere in the world (Shephard et al.,
1996), FB1 was the most abundant analogue and ac-
counted on average for 74% (range ) 65-79%) of the
total fumonisins in each sample.

Mazandaran Province lies along the southern shore
of the Caspian Sea, an area previously identified as one
of the world’s “hot spots” for EC (Joint Iran-IARC
Study Group, 1977). A recent esophageal balloon cytol-
ogy screening and surveillance program in Bandar
Torkaman, a port in Golestan province, over the period
1995-1997 has confirmed a high incidence of EC in the
southeastern Caspian littoral of Iran, which contrasts
with the low incidence of EC found in Isfahan Province
(Dr. F. Saidi, Shaheed Beheshti University of Medical

Figure 1. Map of Iran, showing relative positions of Mazan-
daran and Isfahan provinces.

Table 1. Fumonisin Levels in Corn Samples from
Mazandaran Province, Iran

fumonisins (µg/g)
sample FB1 FB2 FB3

total
fumonisins

(µg/g)

1 2.960 0.665 0.450 4.075
2 3.360 0.940 0.550 4.850
3 3.160 0.870 0.490 4.520
4 1.975 0.335 0.190 2.500
5 1.565 0.310 0.225 2.100
6 1.270 0.190 0.165 1.625
7 1.765 0.315 0.260 2.340
8 3.980 1.175 0.960 6.115
9 1.270 0.210 0.155 1.635

10 1.765 0.275 0.270 2.310
11 1.890 0.345 0.260 2.495

mean
(median)

2.269
(1.890)

0.512
(0.335)

0.361
(0.260)

3.142
(2.495)

Table 2. Fumonisin Levels in Corn Samples from
Isfahan Province, Iran

fumonisins (µg/g)
sample FB1 FB2 FB3

total
fumonisins

(µg/g)

1 0.545 0.050 0.050 0.645
2 0.090 nda nd 0.090
3 0.020 nd nd 0.020
4 0.590 0.075 0.075 0.740
5 0.035 nd nd 0.035
6 0.010 nd nd 0.010
7 0.040 nd nd 0.040
8 0.025 nd nd 0.025

mean
(median)b

0.169
(0.038)

0.063
(0.063)

0.063
(0.063)

0.201
(0.038)

a nd, not detected (<0.01 µg/g). b Mean and median of positive
samples.
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Sciences and Health Services, Tehran, Iran, personal
communication). Previous studies on fumonisin con-
tamination of corn in areas of high EC risk are sum-
marized in Table 3, which contains results for China
(in areas of both low and high EC and primary liver
cancer risk), the Transkei region of South Africa, Italy,
and the United States. Some of the highest levels of
fumonisins recorded in corn for human consumption
have been found in moldy corn in the high EC risk areas
of Cixian County, China (154.9 µg/g; Chu and Li, 1994)
and in the Centane district, Transkei region of South
Africa (117.5 µg/g; Rheeder et al., 1992). However, the
mean FB1 level (2.269 µg/g) in the samples from Ma-
zandaran is comparable to the mean reported for a
limited number of Italian corn products (Doko and
Visconti, 1994), as well as to the mean FB1 levels found
in “good corn” in the high EC risk area of Centane,
Transkei, during 1985 and 1989 (1.60 and 1.84 µg/g,
respectively; Rheeder et al., 1992); it is considerably
higher than the mean of 0.64 µg/g (range ) 0.11-1.84
µg/g) observed in various corn products purchased in
Charleston, SC, in 1990/1991 (Sydenham et al., 1991).
Fumonisin contamination levels in corn from high EC
risk areas of China show a seasonal variation. Corn
sampled in Linxian County in 1989 showed a mean FB1
level of 0.87 µg/g, which was not statistically signifi-
cantly different from the mean of 0.89 µg/g in the low
EC risk area of Shangqiu County (Yoshizawa et al.,
1994), whereas samples of fine corn from Linxian and
Cixian Counties in 1991 had means of 30.4 and 39.5
µg/g, respectively, with even higher levels being re-
corded in samples of moldy corn (means of 49.3 and 93.8
µg/g, respectively; Chu and Li, 1994). Corn collected
during 1994 from Linxian and Shangqiu Counties had
mean FB1 levels of 2.73 and 2.70 µg/g, respectively (Gao
and Yoshizawa, 1997), which are comparable to the
levels observed in Mazandaran for the samples in this
study. All samples from Mazandaran were contami-
nated with fumonisins, whereas the fraction contami-
nated in the high EC risk area of Linxian (27/34) was
higher than in the low EC risk area of Shangqiu (10/
20). A similar difference in contamination rate between
these two areas had previously been observed in 1989
(13/27 compared to 5/20, respectively; Yoshizawa et al.,
1994). Differences in mean total fumonisin levels de-
termined by enzyme-linked immunosorbent assay (0.70
µg/g for all samples compared to 0.20 µg/g) and fumo-
nisin contamination rates (106/164 compared to 23/82)
between high (Linxian, Cixian, and Anyang Counties)
and low (Fanxian and Yanqing Counties) EC incidence
areas were again noted in 1995/1996 (Zhang et al.,
1997).

In contrast to the corn from Mazandaran, the corn
kernels bought in markets in Isfahan Province showed
far lower levels of fumonisin contamination (Table 2).
Indeed, the mean FB1 level was only 0.169 µg/g as
opposed to the 2.269 µg/g in samples from the former
area. Although all samples from Isfahan showed some
FB1 contamination, most levels were below 0.1 µg/g,
except for two samples with levels of 0.545 and 0.590
µg/g. These latter samples were the only samples from
Isfahan that showed contamination with the other
fumonisin analogues. Although sample numbers are
low, the results clearly show a considerable difference
in fumonisin occurrence in corn grown in these two
separate areas. Both the levels of the most abundant
analogue, FB1, and the levels of total fumonisins showed

statistically significant (p < 0.0001) differences between
the areas. It is of interest to compare these results with
fumonisin levels determined in corn elsewhere in the
world (Table 3). Clearly, the levels found in corn kernels
from Isfahan (mean FB1 levels of 0.169 µg/g) compare
favorably with levels previously reported for fumonisins
in agricultural crops from other areas in the world
(Shephard et al., 1996) and lie within the limit of 1 µg/g
for combined FB1 and FB2 proposed in Switzerland for
corn intended for human consumption (FAO, 1997).

These results have identified high levels of fumonisin
contamination in corn from the high EC incidence area
along the Caspian littoral of Iran. Thus, high fumonisin
levels have now been found in corn from all areas
previously identified as world “hot spots” for EC. Given
the seasonal variation that can occur in fungal and
mycotoxin contamination, further studies of corn from
northern Iran are clearly of importance.
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