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Summary  
 

For routine testing of ochratoxin A (OTA) in cereal feed samples, a reverse-phase 
high-performance liquid chromatographic (HPLC) method, with immunoaffinity column clean-
up was developed. The method is suitable for the investigation of OTA content in the 
toxicologically significant range corresponding to1.5-30 ppb. 
 

Mycotoxins in cereals and feedstuffs are a potential hazard to the health of 
people and the performance of farm animals. Ochratoxin A (OTA), one of the most 
studied mycotoxins, is produced by Penicillium verrucosum and by Aspergillus 
ochraceus and a few isolates of Aspergillus niger. These three groups differ in their 
ecological niches, in the commodities they affect, and in the frequency of 
occurrence in different geographical regions. 

Current methods used for OTA determination include thin layer 
chromatography, ELISA methods, liquid chromatography coupled or not with mass 
spectrometry. Advantages and disadvantages of each method depend on its 
capability to separate impurities from the analytes, the time of sample preparation 
and economic aspects. The high-performance liquid chromatography (HPLC) 
seems to be a quick and simple method for OTA determination. In this paper is 
presented a reverse-phase HPLC method, with immunoaffinity column clean-up. 
The method will be validated in conformity with ISO 17025 requirements. 
  

Materials and methods 
 
Materials and Reagents 
The ochratoxin A standard and the immunoaffinity columns for ochratoxin 

A were supplied by R-Biopharm Rhone, Scotland. 
The analytical grade solvents were obtained from Sigma, USA, and the 

pure water was produced by SG Water (Germany) device. 
 
Instruments 

  The liquid chromatograph model Alliance (Waters, USA) equipped with 
quaternary pump, autoinjector and fluorescence and UV detectors was used with a 
stainless steel reverse phase column ZORBAX SB-C18 (250x4.6 mm, 5 µm 
particle size) (Agilent, USA). 
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Analytical Procedures 
 In the HPLC method the essential steps are: extraction of the analyte 
(mycotoxin) from sample, clean-up (or purification) and the chromatographic 
analysis. 
 Extraction. 50g of ground sample were placed into ultraturrax and then 
200 ml of 60% acetonitrile/water (v/v) were added. The mixture was stirred for 2 
min. at high speed. The extract was filtered through a Whatman No 3 filter paper 
and then through a microfibre filter. 
 Clean-up by immunoaffinity chromatography. We used immunoaffinity 
columns (OCHRAPREP from R-Biopharm Rhone) and the following procedure: 4 
ml of the final extract, corresponding to 1 g of the original material was diluted with 
44 ml of phosphate buffered saline (PBS, pH 7.4, R-Biopharm Rhone) to give a 
solvent concentration of 2.5% or less (in order to protect the antibodies in 
immunoaffinity columns). The mixture was allowed to pass through column by 
gravity or at a flow rate of 5 ml/min. The column contains monoclonal antibodies to 
ochratoxin A bound to a solid support. By passing the diluted extract through 
column any ochratoxin A present in the sample is bound to the antibody within the 
column. The column was then washed with 20 ml of PBS. The elution of ochratoxin 
A was done with 1.5 ml of acetic acid: methanol mixture (2:98) and 1.5 ml of pure 
water. 
 HPLC chromatography. 100 µl of the samples were injected into the 
HPLC column heated to 40OC. The mobile phase was an acetonitrile: water: acetic 
acid solution (51:47:2, v/v). The flow rate was 1 ml/min. For fluorescent detection of 
ochratoxin A the excitation wavelength was 333 nm, and the emission wavelength 
was 443 nm. 

For creating calibration curve a OCHRATOXIN A STANDARD (R-Biopharm 
Rhone) was used. It is a certified, precisely quantified methanol solution of 1000 
ng/ml. For working was prepared a 10 ng/ml standard and 6 calibration points were 
settled up for curve:0.05, 0.1, 0.2, 0.5, 0.8 and 1 ng per injection. 

For the determination of the recovery a spiking procedure was carried out 
using the a OTA spiking solution of 500 ng/ml. The maximum residue limit (MRL) 
for OTA in cereal feed is 5 ng/g (or ppb). 50 g of feed and 250 µl of spiking solution 
were used for spiking at 1 MRL. After the extraction and immunoaffinity clean-up, 
the sample was tested in HPLC method. The theoretical concentration (5 ng/g) was 
compared with practical concentration obtained. The same procedure was applied 
for 0.5 and 1.5 MRL spiking. 
 

Results and discussions 
 

The optimum mobile phase consisting of the acetonitrile: water: acetic acid 
solution (51:47:2, v/v) was finally used for determination. At the flow rate 1 ml/min 
the peak of OTA was suitable separated. The column temperature of 40OC was 
chosen as an optimum for elution of the analyte from the column. 
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The average retention time (RT) was 8.205 min. for OTA. In figure 1 it can 
be observed OTA peak after 100 µl injection. The OTA peak height was of 332688 
units of fluorescence (EU) and the retention time 8.364 min. 

 

 
Fig.1. HPLC chromatogram of 100 µl working ochratoxin A standard (10 ng/ml) 

 
The calibration curve for OTA was linear in the range 0.05-1.0 ng per 

injection, as presented in figure nr. 2. The correlation coefficient R2 was 0.999972. 
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Fig. 2. Calibration curve for ochratoxin A in HPLC method 

 
The recovery of the method was determined by using a blank feed sample 

spiked with a 500 ng/g solution of OTA. The resultant contamination levels were 
0.5 MRL (2.5 ppb), 1MRL (5 ppb) and 1.5 MRL (7.5 ppb). As shown in table 1, the 
recoveries were generally higher than 80%, ranging from 82 to 88%. At each 
spiking level six replicates of samples were determined. The relative standard 
deviations values were not higher than 2.35%.  

 
Table 1 

Recoveries of OTA (in % and relative standard deviation) for feed samples 
determined by HPLC method (n=6) 

 
contamination level 

0.5 MRL 
(2.5ppb) 

1 MRL 
(5 ppb) 

1.5 MRL 
(7.5 ppb) 

 
 
cereal feed 

 
82.06±2.35 

 
85.22±1.65 

 
88.54±1.45 
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The trueness of the method was established by determination of OTA 
content in certified reference material CRM P64O-W1 (R-Biopharm Rhone). The 
value obtained from ten replicates was 18.7±0.5 ppb. The corresponding 
confidence interval at 95% probability ranged from 19.2 to 18.2 ppb. The certified 
value was 16.8±4.5 ppb for OTA. 

 
Conclusions 

 
The above-described HPLC method for determination of ochratoxin A in 

cereal feed provides a precision of the results of OTA content. The method is easy 
to apply in routine laboratory practice. The method is suitable for the investigation 
of OTA content in the toxicologically significant range corresponding to 1.5-30 ppb. 
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