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In this study, 100 wheat flour specimens were analyzed
with the ELISA technique regarding the amounts of total
aflatoxin (AF), aflatoxin B1 (AFB1) and ochratoxin A (OTA).
The AF, AFB1 and OTA contaminations in the specimens
were found to be 71, 57 and 87 %, respectively. The
specimens with AF and AFB1 levels exceeding the maximum
limits defined by the Turkish Food Codex and European
Commission constituted 5 % of all, while the OTA contents
did not exceed the allowed limits in any of the specimens that
have been examined.
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INTRODUCTION

Mycotoxins are toxic metabolites with low molecular weight produced
by certain types of mold genera such as Aspergillus, Penicillium and
Fusarium during their growth on food and feed1,2. Exposure to toxins
occurs predominantly by the ingestion of contaminated food, especially
cereals and grains such as corn, wheat and peanut, among others3.
Devegowda et al.4 has reported that ca. 25 % of the cereals consumed in
the world are contaminated by mycotoxins. Toxigenic fungi may contami-
nate food products at different phases of production and processing, mainly
in favourable humidity and temperature conditions. Many mycotoxins also
have significant chemical stability, which enables their persistence in food
products even after the removal of the fungi by means of the usual manu-
facturing and packaging processes5. Mycotoxins, when present at high lev-
els in the diet, have been shown to cause acute and/or chronic adverse
health effects in animals and humans. These chemicals may affect many
target organs and systems, notably the liver, kidney, nervous system,
endocrine system and immune system1.
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Aflatoxins are toxic compounds which are produced as secondary
metabolites by the fungi Aspergillus flavus and Aspergillus parasiticus

growing on a variety of food products and are known to be carcinogenic,
mutagenic, teratogenic and immunosuppressive. Among 18 different types
of aflatoxins identified, the major ones are aflatoxin B1 (AFB1), AFB2,
AFG1 and AFG26,7. AFB1 is the most potent hepatocarcinogen known in
mammals and is classified by the International Agency of Research on
Cancer (IARC) as a Group I carcinogen8. The primary target organ for
toxicity and carcinogenicity is liver in human and animals and the toxicity
is known to be mediated by metabolism in the liver by cytochrome P450
system to the highly reactive aflatoxin B1-8,9-epoxide9-11. There are large
number of reports that suggest intoxication of humans by the consumption
of aflatoxin-contaminated agricultural products11-14. Additionally, the food
contamination by aflatoxins causes serious economic losses15. The
European Committee Regulations (ECR) establish the maximum accept-
able level of AFB1 in cereals, peanuts and dried fruits either for direct
human consumption, or as an ingredient in foods: 4 ppb for total aflatoxins
(AFB1, AFG1, AFB2 and AFG2) and 2 ppb for AFB1 alone6,16.

Ochratoxin A (OTA), a phenylalanyl derivative of a substituted
isocoumarin, is mainly produced by Penicillium verrucosum and by
Aspergillus ochraceus, but also by isolates of closely related Aspergillus

niger17. It can be nephrotoxic, hepatotoxic, immunosuppressive, genotoxic
and teratogenic18. The International Agency of Research on Cancer (IARC)
has classified OTA in group 2B as a possible carcinogenic compound for
humans19. OTA contamination has been reported in cereals, coffee, wines,
dried fruits and animal feeds, as well as in tissues and blood of animals and
human beings20,21. OTA contamination of grain is most prominent, although
highly variable and directly influenced by storage conditions after
harvest22. The main contributors to OTA intake in humans are cereals and
cereal-derived products because of the resistance to technological processes
by this mycotoxin23,24. In the EU, regulations list the maximum tolerable
levels of OTA in cereals (5 µg/kg), cereal-derived products (3 µg/kg), dried
vine fruits (10 µg/kg)16,25 and in food for infants and young children (0.5
µg/kg)26.

Many analytical methods including thin-layer chromatography (TLC),
high-performance liquid chromatography (HPLC), fluorescence, mass
spectrometry or amperometric detection, immunoassay and combined
methods have been employed to determination aflatoxin and OTA27-30.
However, these methods require well-equipped laboratories, trained
personnel, harmful solvents and several hours to complete an assay.
Enzyme linked immunosorbent assays (ELISA) methods potentially have
advantages over the other procedures because of their simplicity, sensitiv-
ity, low cost and the use of safe reagents6.
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Wheat, which is susceptible to these fungal infections through its
growth, harvest, transport and storage, is the most staple food in Turkish
Republic. Turkish Republic is one of the major wheat producing countries
in the world. The average daily consumption of wheat and wheat products
by and average Turkish person is about twice as high as most western coun-
tries. Daily consumption of these products is estimated to be approximately
400 g and this amount corresponds to almost 50 % of daily diet31. How-
ever, limited studies exist on the levels of mycotoxins in cereal and cereal
products consumed and produced in Turkey15,32-36.

The purpose of this study was to determine the amounts of total
aflatoxin (AF), AFB1 and ochratoxin A in wheat flour specimens in order
to demonstrate the potential community health hazards.

EXPERIMENTAL

Between January and July 2006, 500g weighing specimens of wheat
flour sold in Erzurum, Agri, Igdir, Dogubeyazit and Patnos cities and their
vicinity were taken into sterile pouches and brought immediately to the
Kontrollab Food/Water Environment Analyse laboratories for analysis. Each
specimen was kept in cold conditions until analysis and the analyses were
conducted in parallel to each other.

The assessments of AF, AFB1 and ochratoxin A were conducted using
the RIDASCREEN® Aflatoxin Total (Art. No. R 4701), RIDASCREEN®
Aflatoxin B1 (Art. No. R 1201) and RIDASCREEN® Ochratoxin A (Art.
No. R 1301) ELISA test kits, respectively.

The levels of detection for each AF, AFB1 and ochratoxin A were found
to be 1.75 µg/kg (ppb), 1.0 µg/kg (ppb) and 0.625 µg/kg (ppb), respec-
tively. The values of average recoveries of these mycotoxins were 85, 56
and 85 %, respectively.

Preparation of the specimens for total aflatoxin analysis and the test

procedure

2 g of a granulated specimen was weighed and placed in a container,
followed by addition of 10 mL of methanol 70 % and mixing over a mixer
for 10 min at room temperature. The complete specimen solution was fil-
tered through a folded filter paper and 100 µL of the filtrate was diluted
with a 600 µL of a specimen dilution buffer and 50 µL of this final diluted
filtrate was used for the test.

Microtiter strips sufficient in amount for the standard and specimens
were placed on the plate and 50 µL each of all standards or prepared speci-
mens was placed in the wells. Then, 50 µL of diluted enzyme conjugate
was added on each of them, followed by the addition of 50 µL of diluted
antibody into each well and incubation at room temperature for 0.5 h. At
the end of the incubation, the liquids in the wells were evacuated and the
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wells were washed 3 times with washing solution in an automated washer.
Following this step, 50 µL of substrate and 50 µL of chromogen were placed
in each well and incubated at room temperature at dark for 0.5 h. At the
end of the incubation, 100 µL of stopping solution was added and the ab-
sorbance was assessed at 450 nm. The results obtained via reading over a
calibration curve were multiplied with the dilution factor, which were 35.

Preparation of the specimens for aflatoxin B1 analysis and the test

procedure

2 Of granulated specimen was weighed two times and placed in a screw-
lidded glass container, followed by addition of 3 mL of PBS-buffer or
distilled water and 0.2 mL of amilase solution and gentle mixing at room
temperature for 20 min. Then, 7 mL of methanol (100 %) was added and
shaken for 10 min for extraction. The specimen solution was filtered through
a filter paper and 2 mL of distilled water and 3 mL of dichloromethane
were added over 2 mL of filtrate. This was shaken thoroughly for 5 min,
followed by centrifuging for 10 min at 3500 rpm at 10-15°C temperature.
The supernatant liquid was removed and mixed in vortex for a short
duration. The mixture was suspended for ca. 0.5 h at 50-60°C temperature
for complete drying. The dry remnant was re-dissolved with 1 mL of metha-
nol (100 %), followed by the addition of 1 mL of distilled water and 1.5
mL of n-heptane and shaking for 5 min. This was centrifuged for 5 min at
3500 rpm at 10-15°C temperature. The overlying n-heptane layer was
completely removed and 100 µL of the underlying methanolic layer was
taken, which was then diluted with 400 µL of specimen dilution buffer.
During the test, 50 µL of this mixture was used.

Microtiter strips sufficient in amount for the standard and specimens
were placed on the plate and 50 µL each of all standards or prepared speci-
mens was placed in the wells. Then, 50 µL of diluted enzyme conjugate
was added on each, followed by incubation at room temperature for 2 h. At
the end of the incubation, the liquids within the wells were evacuated and
the wells were washed with washing solution in an automated washer 3
times. Later, they were incubated for 0.5 h. At the end of the incubation,
100 µL of stopping solution was placed in each well and the absorbance at
450 nm was assessed. The results were obtained over a calibration curve
and multiplied with the dilution factor, which were 25.

Preparation of the specimens for ochratoxin A analysis and the test

procedure

2 Of granulated specimen was weighed two times and placed in a screw-
lidded glass container, followed by addition of 3 mL of PBS-buffer or
distilled water and 0.2 mL of amilase solution and gentle mixing at room
temperature for 20 min. This was mixed with 1 mL of 5 N HCl for 5 min,
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followed by the addition of 10 mL dichloromethane and mixing for 15
min. This step was followed by centrifuging for 15 min at 3500 rpm at
15°C. The overlying layer was removed and the remainder was filtered.
Then, 0.13 M of sodium hydrogen carbonate at a volume equal to that of
the filtrate was added and they were mixed for 15 min and re-centrifuged
for 15 min at 3500 rpm at 15°C, followed by removal of 100 µL of the
upper phase of the diluted filtrate, over which 400 µL of 0.13 M sodium
hydrogen carbonate was added for additional dilution. Finally, 50 µL of
this final diluted material was taken for testing.

Microtiter strips sufficient in amount for the standard and specimens
were placed on the plate and 50 µL each of all standards or prepared speci-
mens was placed in the wells. Then, 50 µL of diluted enzyme conjugate
was added on each, followed by incubation at room temperature for 2 h. At
the end of the incubation, the liquids within the wells were evacuated and
the wells were washed with washing solution in an automated washer 3
times. Then, 50 µL of substrate and 50 µL of chromogen were placed in
each well, followed by incubation for 0.5 h in dark at room temperature. At
the end of the incubation, 100 µL of stopping solution was added and
absorbance at 450 nm was assessed. The results were read over a calibra-
tion curve and multiplied with the dilution factor, which were 25.

RESULTS AND DISCUSSION

100 specimens of wheat flour commerced in Turkish Republic were
analyzed using the ELISA method regarding amounts of AF, AFB1 and
ochratoxin A. The amounts of AF, AFB1 and ochratoxin A in the
specimens are displayed in Table-1 and whereas their contamination rates
are displayed in Table-2.

TABLE-1 
TOTAL AFLATOXIN, AFLATOXIN B1 AND OCHRATOXIN A 

CONCENTRATIONS IN THE WHEAT FLOUR SAMPLES* 

Mycotoxin levels Total aflatoxin Aflatoxin B1 Ochratoxin A 

≤ 0.625 µg/kg  29/100 (29%) 
(< 1.75 µg/kg)** 

43/100 (43%) 
(< 1.0 µg/kg)** 

13/100 (13%) 
(< 0.625 µg/kg)** 

0.625-1.00 µg/kg    12/100 (12%) 
1.0-1.75 µg/kg  47/100 (47%) 23/100 (23%) 
1.75-2.0 µg/kg 7/100 (7%) 5/100 (5%) 22/100 (22%) 

2.0-3.0 µg/kg 45/100 (45%) 3/100 (3%) 30/100 (30%) 
3.0-4.0 µg/kg 14/100 (14%) 0/100 (0%) 0/100 (0%) 

> 4.0 µg/kg 5/100 (5%) 2/100 (2%) 0/100 (0%) 

*Minimum detection limit of total aflatoxin, aflatoxin B1 and ochratoxin A are 
1.75, 1.0 and 0.625 µg/kg, respectively; **Not detected. 
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TABLE-2 
TOTAL AFLATOXIN, AFLATOXIN B1 AND OCHRATOXIN A 

CONTAMINATION IN THE WHEAT FLOUR SAMPLES AND THE 
SAMPLES EXCEEDING TURKISH, EC/CODEX AND US REGULATION 

Exceeding Turkish and  
EC/Codex regulations* 

Mycotoxins 
Samples 
analyzed 

Positive 
samples 

(%) Number 
(%) 

Range 
(µg/kg) 

Mean  
(µg/kg) ± SE 

Total Aflatoxin 100 71 5 5.08-7.30 5.952 ± 0.412 

Aflatoxin B1 100 57 5 2.75-5.17 3.561 ± 0484 

Ochratoxin A 100 87 – – – 

Total  100 91 – – – 
*Maximum limits of Turkish and EC/Codex regulation are 4, 2 and 3 µg/kg for 
total Aflatoxin, Aflatoxin B1 and Ochratoxin A, respectively. 

Among all specimens, only in 9 (9 %) did not have any of the analyzed
mycotoxins above the lower limit of detection, whereas the other 91 (91%)
had been contaminated with at least one of these mycotoxins. The AF and
AFB1 contamination rates were found to be 71 and 57 %, respectively. The
amounts of mycotoxins were found to be above the maximum allowed
limits as determined by the Turkish Food Codex and Council of European
Community, the AF levels (5.08-7.30 µg/kg) being excessive in 5 speci-
mens and the AFB1 levels (2.75-5.17 µg/kg) being excessive in 5 speci-
mens. Although the ochratoxin A contamination rate in the specimens of
analysis was 87 %, none of these specimens had ochratoxin A levels above
the maximum limit allowed.

Correlation analysis revealed an extremely significant correlation
between the AF, AFB1 and ochratoxin A levels in the specimens (p < 0.01).
The correlation coefficients were 0.871 between the AF and AFB1, 0.446
between AF and ochratoxin A and 0.381 between AFB1 and ochratoxin A.

Differing results have been reported regarding the contamination rates
and amounts of wheat and wheat flour with AF and ochratoxin. Özturan
et al.37 have reported the AF, AFB1 and OTA contamination rates in 50
wheat flour specimens commerced in Erzurum as 37 (74 %), 37 (74 %)
and 45 (90 %). In the same study, the amounts of specimens with levels
above the maximum limits as determined by Turkish Food Codex were 9
(18 %) for AF, 8 (16 %) for AFB1 and 6 (12 %) for OTA. While Baydar
et al.38 have reported only 1 (4 %) of their specimens with levels found
using the ELISA method above the maximum limits, Abdulkadar et al.1

have conducted a study in Qatar using the HPLC method and have not
found aflatoxin and ochratoxin in 4 specimens of wheat and 6 specimens
of wheat flour. Giray et al.15 have analyzed 41 specimens of wheat grown
and consumed in different regions of Turkey regarding the levels of AFB1,
AFB2, AFG1 and AFG2 by HPLC. The specimens were found to contain
AFB1 (42 %) and AF (59 %) with levels of 10.4-144.2 and 10.4-643.5
ng/kg, respectively.
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Zinedine et al.17 have reported the ochratoxin contamination rates in
Moroccan wheat specimens to be 40 %, while their mean contamination
level was 0.42 µg/kg and maximum contamination level was 1.73 µg/kg.
Wolff39 has studied 6476 food specimens in Europe and reported the OTA
contamination rate to be 57 %. The same author has reported the presence
of OTA above 3 ppm in only 1.4 % of the 2374 specimens of grain and
grain products (rye, wheat, barley, oats, maize, buckwheat and millet).
Karagözlü and Karapinar40 have analyzed 100 specimens of grain and
reported OTA varying from 0.27 to 9.84 ppb in 4 specimens including 1
specimen of Noah's pudding wheat, 2 specimens of corn and 1 specimen
of oatmeal. OTA was detected in 58 of the 115 specimens (limit of detec-
tion 0.066 µg/kg), with a mean OTA concentration of 0.219 µg/kg. One
corn specimen contained a quantity of this mycotoxin surpassing the EU
legal limit (5 µg/kget)24.

The results of this study display lower values than those reported by
Ozturan et al.37, but above those reported by the other authors. The differ-
ences between reports may source from the variations of conditions during
harvesting, transport, granulation and storage.

Wheat and wheat products are main source of food for Turkish popu-
lation and daily intake of these products corresponds to at least 50 % of
daily diet15. The contamination rates of AF, AFB1 and OTA detected in
wheat flour specimens in this study are 71, 57 and 87 %, respectively and
are quite high. Although the rates of specimens with levels exceeding the
maximum legal limits are 5, 5 and 0 % for AF, AFB1 and OTA, respec-
tively. It should be regarded that contaminations in wheat flour, which has
an important place in the daily diet and is included within many nutrients,
constitute a potential hazard for the community health. The producers and
consumers should be informed about this hazard and the actions to be taken
against it.

Implementation of food security and quality control systems and
better agricultural and hygiene applications in all steps from harvest to
consumption will provide reduction or abolishment of the community health
hazards.
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