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Summary  
 

For routine testing of AFB1 in cereal feed samples, a reverse-phase high-
performance liquid chromatographic (HPLC) method, with immunoaffinity column clean-up 
and post column derivatization was developed. The method is suitable for the investigation 
of AFB1 content in the toxicologically significant range corresponding to 7.5-75 ppb. 
 

Agricultural products make an excellent substrate for the growth of mold, 
fungus, and other microbiological forms. Mycotoxins are the secondary metabolites 
produced by fungi which after ingestion can result in illness or death of animals and 
humans. One of the world significant mycotoxins are aflatoxins, toxins produced by 
three species of molds. Aspergillus flavus produces the B type of aflatoxin, and 
other two species (Aspergillus parasiticus and Aspergillus nomius) produce both 
aflatoxins B and G. 

To help avoid unpleasant consequences for animal and human health, 
sensitive, validated liquid chromatographic methods have been established for 
mycotoxins analysis. Aflatoxin B1 (AFB1) is more frequently present in cereals than 
the B2, G1 and G2 type. The aim of this study was to develop an easy method in 
our laboratory for routine testing of AFB1 in feed samples. It is a reverse-phase 
high-performance liquid chromatographic (HPLC) method, with immunoaffinity 
column clean-up and post column derivatization. The method will be validated in 
conformity with ISO 17025 requirements. 

 
Materials and methods 

 
Materials and Reagents 
The aflatoxin standard and the immunoaffinity columns for aflatoxins 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 there are three main steps: extraction of the analyte 
(mycotoxin) from sample, clean-up (or purification) and the chromatographic 
analysis. 
 Extraction. The purpose of this step is to dissolve the analyte 
quantitatively in the solvent, with as few little additional compounds as possible in 
order to avoid interferences. Therefore the choice of solvent is an important 
question in consideration with the polarity of the analyte and the type of sample 
(matrix). For aflatoxins the procedure was: 50g of ground sample were placed into 
ultraturrax and then 100 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.  This step consists in 
removal of the substances, which may interfere with the detection of the analyte. A 
number of alternative clean-up techniques for mycotoxins have been described in 
the literature. Here we used immunoaffinity columns (EASI-EXTRACT Aflatoxin 
from R-Biopharm Rhone) which meet the requirements for a quick, simple and 
specific procedure as follows: 2 ml of the final extract, corresponding to 1 g of the 
original material was diluted with 48 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 aflatoxins bound to a solid support. By passing the diluted 
extract through column any aflatoxins present in the sample are bound to the 
antibody within the column. The column was then washed with 20 ml of PBS. The 
elution of aflatoxins was done with 1.5 ml of methanol and 1.5 ml of pure water (in 
fact it is a complete denaturation of monoclonal antibodies with the subsequent 
release of toxin into the solution). 
 HPLC chromatography. 100 µl of the samples were injected into the 
HPLC column heated to 40OC. The mobile phase was water: methanol solution 
(60:40, v/v). To 1 liter of mobile phase were added 119 mg of potassium bromide 
and 350 µl of 4M nitric acid (required for post/column electrochemical derivatisation 
with Kobra Cell, R-Biopharm Rhone). The flow rate was 1 ml/min. For fluorescent 
detection of aflatoxin B1 (and also, aflatoxin B2) the excitation wavelength was 362 
nm, and the emission wavelength was 425 nm. 

For creating calibration curve a TOTAL AFLATOXINS STANDARD (R-
Biopharm Rhone) was used. It is a certified, precisely quantified methanol solution 
of 250ng/ml AFB1, 250ng/ml AFB2, 250ng/ml AFG1, 250ng/ml AFG2 at 1000 ng/ml 
total. For working was prepared a 100 ng/ml standard and 6 calibration points were 
settled up for curve: 2.5, 2, 1.25, 1, 0.5, and 0.25 ng per injection. 

For the determination of the recovery a spiking procedure was carried out 
using the same TOTAL AFLATOXINS STANDARD. The maximum residue limit 
(MRL) for aflatoxin B1 in cereal feed is 20 ng/g (or ppb).  5 g of feed and 400 µl of 
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TOTAL AFLATOXINS STANDARD were used for spiking at 1 MRL. After the 
extraction and immunoaffinity clean-up, the sample was tested in HPLC method. 
The theoretical concentration (20 ng/g) was compared with practical concentration 
obtained. The same procedure was applied for 0.5 and 1.5 MRL spiking. 
 

Results and discussions 
 

Aflatoxin B1 (an unpolar mycotoxin) is excluded from the C18 analytical 
column if the polar mobile phase is used. The optimum mobile phase consisting of 
the water:methanol (60:40, v/v) was finally used for determination. At the flow rate 
1 ml/min  the peaks of AFB1 and AFB2 were sufficiently separated (even the AFG1 
and AFG2 peaks). The increasing temperature of the column moderately speeded 
up the elution of the analyte from the column. The 40OC was chosen as an 
optimum. 

The method was intended for AFB1 detection, but creating calibration 
curve with 4 aflatoxins standard 4 peaks appear at each testing. Aflatoxins elute in 
order G2, G1, B2 and B1. The average retention times (RT) were 17.462 min. for 
B2 and 21.954 min. for B1. The higher retention is preferred for better results in 
analysis of real matrices. In figure 1 it can be observed each aflatoxin peak after 
100 µl injection, and for AFB1 the peak height was of 355.4703 units of 
fluorescence (EU) and the retention time 21.961 min. 

 
Fig. 1. HPLC chromatogram of 100 µl working total aflatoxin standard (100 ng/ml) 
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The calibration curve for AFB1 was linear in the range 0.25-2.5 ng per 
injection, as presented in figure nr. 2. The correlation coefficient R2 was 0.999947. 

 

 
 

Figure nr. 2. Calibration curve for aflatoxin B1 in HPLC method 
 
Limit of detection (LOD) is defined as the lowest amount reproducibly 

detected with at least 3:1 (signal to noise ratio), and in this method LOD was 0.09 
ppb. 

The recovery of the method was determined by using a blank feed sample 
spiked with standard solution of total aflatoxins. The resultant contamination levels 
were 0.5 MRL (10 ppb), 1MRL (20 ppb) and 1.5 MRL (30 ppb). As shown in table 
1, the recoveries were generally higher than 80%, ranging from 89 to 93%. At each 
spiking level six replicates of samples were determined. The relative standard 
deviations values were not higher than 1.7%.  
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Table 1 
Recoveries of AFB1 (in % and relative standard deviation) for feed 

samples determined by HPLC method (n=6) 
contamination level 

0.5 MRL 
(10 ppb) 

1 MRL 
(20 ppb) 

1.5 MRL 
(30 ppb) 

 
 
cereal feed 

 
93.19±1.65 

 
89.02±1.45 

 
92.43±1.55 

 
The trueness of the method was established by determination of AFB1 

content in certified reference material CRM A230 (R-Biopharm Rhone). The value 
obtained from ten replicates was 13.78±0.20 ppb. The corresponding confidence 
interval at 95% probability ranged from 13.58 to 13.98 ppb. The certified value was 
15.8±1.8 ppb for AFB1, and 17.7±0.9 for total aflatoxins. 

 
Conclusions 

 
The above-described HPLC method for determination of aflatoxin B1 in 

cereal feed provides a precision of the results of AFB1 content. The method is easy 
to apply in routine laboratory practice. The method is suitable for the investigation 
of AFB1 content in the toxicologically significant range corresponding to 7.5-75 
ppb. 
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