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Introduction      

                                                     
Fumonisins are a group of mycotoxins that are 
produced by Fusarium verticillioides, F. proliferatum, F. 
nygamai and Alternaria alternate f. sp. Lycopersici (1). 
Fumonisins cause serious diseases such as equine 
leukoencephalomalacia (ELEM), porcine pulmo-
nary edema (PPE) and hydrothorax in pigs, liver 
cancer in rats and esophageal cancer in humans 
and neural tube defects in infants. This toxin dis-
rupt sphingolipid metabolism (2, 3). International 
Agency for Research on Cancer (IARC) has listed 
fumonisins as a category 2B carcinogen (4). 

 The recommended maximum level of fumonisins 
in human foods is 2–4 ppm according to Food 
and Drug Administration (FDA) and Iranian 
maximum tolerated level is 1 mg/kg (=ppm) for 
total fumonisins (2, 3). This toxin is produced in 
corn, wheat, sorghum, asparagus, rice, beer and 
beans (3). 
Aflatoxins are most toxic mycotoxins and can be 
found in peanuts, nuts, copra, soya, corn, rice, 
cotton, grain, wheat, grains, fruits and red pepper 
(1, 4, 5).  The main aflatoxins include B1, B2, G1 
and G2 that are produced by Aspergillus flavus, A. 
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parasiticus and A. nomius. AFM1 and AFM2 are 
oxidative metabolites of AFB1 and AFB2 and are 
produced by liver microsomal enzymes of some 
species of mammals such as dairy cattle that con-
sume contamination feedstuffs with aflatoxins (6, 
7). Aflatoxins are mutagenic, teratogenic, carcino-
genic and immunosuppressive. This toxin listed in 
group I carcinogen by IACR (8). 
 The recommended maximum level of aflatoxins 
in human foods is 4 ppb according to European 
Community and Codex Alimentarius (9). Iranian 
maximum tolerated level is 15 ng/g (=ppb) for 
total aflatoxin (8). 
Of 51 maize samples that was collected from four 
provinces in Iran (Fars, Kermanshah, Khuzestan, 
Mazandaran), AFB1 was detected in 80% of the 
maize samples obtained from Mazandaran Prov-
inces (5.67 ± 4.75 µg/kg) (10). In other study of 
70 samples of flour and wheat that were tested, 17 
samples (24.28%) had too much pollution with 
aflatoxin and ochratoxin (11). ELISA method in 
human food samples showed that 2% of samples 
were contaminated with fumonisin and 3% were 
contaminated with aflatoxin (12). Of 43 cereal 
samples in India, 21(48%) samples were contami-
nated with total fumonisin (13). 
Since Mazandaran region provide a very good 
conditions for the growth of fungi and occurrence 
of mycotoxins such as fumonisin and aflatoxin 
have a important role in human health and since 
biscuit and cookie are extensively used among all 
ages of humans, purpose of this study was the 
analysis of total aflatoxin and total fumonisin in 
biscuit and cookie samples in Babol City 
(Mazandaran Province, northern Iran). 
 

Materials and Methods 
 

Samples 
In this study, 30 biscuit (n=15) and cookie (n=15) 
samples were randomly collected from supermar-
kets in Babol City in winter 2011 and total afla-
toxin (B1, B2, G1 and G2) and total fumonisin (B1, 
B2 and B3) contamination were analyzed in this 
samples separately (Due high price of kits and lack 
of supporting of institution and easy access to 

Kits and economic problems, we had confined 
ourselves to 30 samples). 
 

Procedure of extraction 
Samples were grounded to powder and then 20 g 
of each sample was mixed with 100 cc of 70% 
methanol in blender and then was shaken in 
Erlenmeyer flask continuously for 3 min. After 
settled, the extract was filtered with Whatman 
No.1 (3). 
 

Procedure of ELISA  
Contamination in the samples was measured in 
Mycology Laboratory of Islamic Azad University, 
Babol branch in Iran using competitive ELISA 
method and Agraquant total aflatoxin and total 
fumonisin assay kits (taken from Romer Singapore 
Company). Therefore, 200 μl of enzyme-conju-
gated solutions were added to uncoated- antibody 
microplate wells and then 100 μl of each standard 
solutions and samples extract were added to it. Of 
these 100 μl solutions were transferred to coated-
antibody microplate wells and were incubated at 
room temperature in 20-25°C for 10 min. 
Toxins in samples and control standards com-
peted with enzyme conjugate for binding to solid 
phase antibody. After washing step, 100μl of en-
zyme substrate was added to wells and incubated 
at room temperature for 5 min. 
After this step, blue color was observed in wells. 
Then 100 μl of stop solution was added to wells 
and blue color changed into yellow. Dye 
concentration is inversely related to concentration 
of toxin in the samples and standards. 
ELISA reader in the wavelength of 450-630 nm 
analyzed toxins concentration and wells absor-
bance. Toxin concentration in the samples was 
compared with standard concentrations and 
absorption by using of a standard curve. Then In-
formation was analyzed by analysis of variance 
(ANOVA) by using of SPSS software package 
(P<0.05).  
 

Results 
 
Out of 15 biscuit samples, 14 (93.4%) were 
contaminated with total fumonisin with <2ppm. 
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In addition, 1 (6.6%) sample showed 2-4 ppm of 
contamination. None of the samples was contami-
nated with > 4ppm. The highest contamination 
rate of total fumonisin was 2.3 ppm in biscuit 
samples (Mean ± Se: 0.67 ± 0.16). Also 14 
(93.4%) of 15 cookie samples were contaminated 
with total fumonisin <2 ppm and only 1 (6.6%) 
sample was infected with 2-4 ppm of this toxin 
and such as biscuit samples, none of the cookie 
samples were contaminated with >4 ppm of this 
toxin and highest contamination rate in samples 
was 2.1 ppm for cookie samples (Mean ± Se: 0.71 

± 0.17). Out of 30 biscuit and cookie samples 28 
(93.4%) were contaminated with <2 ppm of total 
fumonisin and 2 (6.6%) showed infection with 2-4 
ppm of this toxin. The highest contamination rate 
among the all biscuit samples was 2.3 ppm that 
was higher than Iran Standard Institute (Mean ± 
Se: 0.69 ± 0.12). Despite the contamination of 
samples, there was no contamination higher than 
the standard limit of EU. (Acceptable limits of 
total fumonisin are 2-4 ppm and 1 mg/kg accord-
ing to WHO, Institute of Standards, and Industrial 
Research of Iran (ISIRI) respectively) (Table 1). 

 
Table 1: Distribution of total fumonisin contamination in samples 

 
Samples  n < 2ppm 2-4ppm > 4ppm Mean±Se SD Max Min 

n % n % n % 

Biscuit  15 14 93.4 1 6.6 0 0 0.67±0.16 0.63 2.3 0 
Cookie 15 14 93.4 1 6.6 0 0 0.71±0.17 0.67 2.1 0 
Sum  30 28 93.4 2 6.6 0 0 0.69±0.12 0.64 2.3 0 

N: Number sample, SD: Standard deviation 

 
Also of 15 biscuit samples 13 (86.7%) were 
contaminated with <4 ppb of total aflatoxin and 2 
(13.3%) were contaminated with ≥4 ppb that were 
more than acceptable limit in EU. The highest 
level of aflatoxin contamination in biscuits was 7.9 
ppb (Mean ± Se: 1.65 ± 0.57). In 15 cookie sam-
ples 13 (86.7%) were contaminated with <4 ppb 
of total aflatoxin and 2 (13.3%) were positive for 

contamination (≥4 ppb) that were more than 
acceptable limit in EU and highest rate of infec-
tion was 4.1 ppb with this toxin in cookies (Mean 
± Se: 1.45 ± 0.33). From 30 samples 26 (86.7%) 
were contaminated with <4 ppb of total aflatoxin 
and 4 (13.3%) were positive for contamination 
with this toxin.  
 

                                                                                                           
Table 2: Distribution of total aflatoxin contamination in samples 

 
Samples  n < 4ppb ≥ 4ppb Mean±Se SD Max Min 

n % n % 

Biscuit  15 13 86.7 2 13.3 1.65±0.57 2.20 7.9 0 
Cookie  15 13 86.7 2 13.3 1.45±0.33 1.26 4.1 0 
Sum  30 26 86.7 4 13.3 1.55±0.32 1.77 7.9 0 

N: Number sample, SD: Standard deviation 
 

The highest contamination rate was found 7.9 ppb 
in biscuit samples (Mean ± Se: 1.55 ± 0.32). 
However, there was no contamination higher than 
the standard limit of Iran. (Acceptable limit of 
total aflatoxin is 4ppb and 15 ng/g according to 
Codex Alimentarius and ISIRI, respectively) 
(Table 2). 

Contamination rate of samples by total aflatoxin 
was higher than the total fumonisin. In addition, 
there was a significant relationship between biscuit 
samples and contamination (P<0.05). Contamina-
tion in biscuit samples was higher than the 
contamination in cookie samples. 
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Discussion  
 

Fungi have been found to contaminate a wide va-
riety of important agricultural products worldwide. 
Fungal metabolites have toxic, mutagenic and 
teratogenic effects and have a considerable role in 
human health (8).  
Fumonisins are mycotoxins mainly produced by 
fungi of the genus Fusarium and have been shown 
to be hepatocarcinogenic and nephrocarcinogenic 
in animals. Aflatoxins are a group of mycotoxins 
produced by strains of Aspergillus and are most 
potent hepatocarcinogen in mammals. These tox-
ins contaminated agricultural and food products 
especially cereals and cereal products (8, 14).  
A Study in Malaysia by ELISA method in grains 
samples showed that from 80 samples 100% were 
contaminated with FB1(15). In our study out of 
15 biscuit samples 93.4% were contaminated with 
total fumonisin <2 ppm and 6.6% showed 2-4 
ppm of contamination. 93.4% cookie samples 
were contaminated with total fumonisin <2 ppm 
and only 6.6% sample was infected with 2-4 ppm 
of this toxin. 
In Iran (Mazandaran province) in 42 samples of 
wheat flour, 7.1% were contaminated with total 
fumonisin (0-4.5 ppm) (3). In other study from 38 
corn samples, FB1 was between 1.19-12.95 mg/kg 
(14). In 11 corn grain samples, all of the samples 
were contaminated with FB1 (1270-3980 ng/g), 
FB2 (190-1175 ng/g) and FB3 (155-960 ng/g) 
(16). Positive cotamination levels by fumonisin 
were higher than our study. Different reasons 
such as environmental factors including different 
geographical areas, temperature, humidity and 
rainfall prior to and during preharvest and harvest 
periods influence on levels of fumonisin might be 
involved (17). 
A research conducted by using of liquid 
chromatography-mass spectrometry (LC-MS) me-
thod on bread made of wheat flour and corn at 
Portuguese bakeries showed that of 80 samples 24 
(30%) were contaminated with FB1 (0-448 μg/g), 
25 (30.1%) with FB2 (0-270 μg/g) and other types 
of fumonisin (0-550 μg/g) (4). 
In our study, contamination in biscuit samples was 
higher than contamination in cookie samples. 

Fumonisin was reduced after cooking extrusion at 
190 0C for 60 min approximately 50–70% (18, 19). 
In addition, hygienic condition in the bakeries and 
confectioneries and workers health in these 
environments can affect on the levels of 
contamination in different foods (3). Also from 15 
biscuit samples, 86.7% were contaminated with 
<4 ppb of total aflatoxin and 13.3% were 
contaminated with ≥4 ppb, which were more than 
acceptable limit. The highest level of aflatoxin in 
biscuits was 7.9 ppb. In 15 cookie samples, 86.7% 
were contaminated with <4ppb of total aflatoxin 
and 13.3% were positive for contamination 
(≥4ppb). Of 30 samples, 26 samples were 
contaminated with <4ppb of total aflatoxin and 4 
were positive for contamination with ≥ 4ppb of 
total aflatoxin and highest contamination was 
founded 7.9ppb in biscuit samples and was higher 
than the EU standard. 
Researchers in Croatia by ELISA showed that one 
of six wheat samples was infected by total afla-
toxin (0-2.6 μg/kg) and total fumonisin was not 
detected in samples (20). In our study none of the 
samples was infected by > 4ppm of total fumoni-
sin but total aflatoxin was higher than total 
fumonisin. 
in Iran from 35 pre-harvest maize samples, inci-
dence of AFB1, AFB2 and total aflatoxins in ma-
ize samples were 66%, 54% and 63% with mean 
of 9.5 ± 16.3, 1.7 ± 2.6 and 10.4 ± 18.4 ng/g, re-
spectively (21). Physical properties of samples and 
presence of different species spores and toxin-
producer species can affect on the type and per-
cent of fungi and toxins in our study samples in 
compared to other studies (1, 22, 23). 
In different cereal processed products such as 
wheat-based crisp bread, 73% to 114% of samples 
were positive for total aflatoxin (24). Total afla-
toxin contamination in our samples was 86.7% 
and is comparable with this study. In Pakistan in 
70 samples of processed foods such as biscuit (10 
samples), AFB1 was observed in 3 samples of bis-
cuits (0.31 ± 0.01 μg/kg) (25).  
In 200 wheat flour samples in Iran, total aflatoxin 
levels of samples were 0.82 and 1.99 ng/g in sum-
mer and winter, respectively. AFB1 levels were 
detected in 3.1%, 7.4% over permissible limits by 
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worldwide regulations in samples collected in 
summer and winter, respectively (8). Mycotoxin 
contamination may occur during the process and 
under practical conditions. Different months for 
analyzes make different amounts of toxin in the 
samples (3, 15, 24). For example, aflatoxin 
contamination rate in cold months is higher than 
hot months or Fusarium species are not capable to 
survive in the low oxygen and low pH in environ-
ment (25-27). 
Food commodities are often contaminated with 
more than one mycotoxin, because mold species 
produced different mycotoxins at the same time 
(24). Some mycotoxins can be produced by more 
than one mold species or some fungal species are 
capable to produce several types of mycotoxins 
(28). Different analytic methods that are used by 
researchers to analyze mycotoxins are another 
reason for discrepancy between the results of 
different researches. In result, amount and type of 
toxins in diets may be different (29). In end, by 
using of different methods in agriculture and 
protection of farm products in harvest or after 
harvest, storage and packaging food, applying 
fungicides and hygienic condition can reduce 
amount of fungi growth and mycotoxin in the 
environment (3, 30).  
 

Conclusion 
 
None of the samples was contaminated by 
>4ppm of total fumonisin and 13.3% samples 
were positive for total aflatoxin with ≥4ppb. 
Fumonisin and aflatoxin contamination in biscuit 
and cookie is harmful for humans’ health, so 
toxicology, prevention and control of these toxins 
should be considered.  
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