
INTRODUCTION

Ochratoxins were first isolated as a secondary metabolite

of Aspergillus ochraceus1,2. Later researchers discovered that

several other Aspergillus3 and Penicillium spp.4 had the capacity

for producing ochratoxin A when the temperature, relative

humidity and product moisture were favourable5. The family

of ochratoxins consists of three members, including A, B and

C, which differ slightly from each other in chemical structure.

However, these differences have marked effects on their

respective toxic potentials. Ochratoxin A is the most abundant

and the most commonly detected among the three members,

while it is the most toxic of the three members6.

Ochratoxin A has been shown to possess nephrotoxic,

carcinogenic, immunosuppressive and teratogenic properties.

It has potential harm to animals and humans7. Human exposure

to ochratoxin A has been clearly demonstrated by its detection

in human blood, urine and food. Ochratoxin A was implicated

in several human and animal pathologies such as the Balkan

Endemic Nephropathy (BEN) and the Tunisian Chronic

Interstitial Nephropathy (CIN) of unknown cause8. Based on

the available toxicological data, the International Agency for

Research on Cancer (IARC) has classified ochratoxin A as a

potential carcinogen for humans9.
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Ochratoxin A is a ubiquitous mycotoxin produced by different species of Aspergillus and Penicillium fungi. It is widespread in food and

feed and its occurrence has been reported in cereals, cereal-derived products, dried fruits and spices. The aim of our study was to

investigate the presence of ochratoxin A in naked oats which was widely consumed and commercialized in China. The analytical methods

used in this study involved the extraction of ochratoxin A by acidified toluene, immunoaffinity (IAC) clean-up and high performance

liquid chromatography (HPLC) quantification with fluorescence detection. The limit of detection for ochratoxin A was 0.5 µg kg-1. Levels

and percentages of ochratoxin A contamination in different types of naked oats, 35 white oats, 56 upon dam naked oats and 48 Mongolia

naked oats samples, were evaluated with incidences of 31, 23 and 33 %, respectively. The average of contamination by ochratoxin A

found were 3.85, 2.33 and 2.38 µg kg-1, respectively, for white oats, upon dam naked oats and Mongolia naked oats. Experimental results

showed that the contamination percentages and levels in 2010 were lower than usual norms (5 µg kg-1) established by the European

commission in 2002.
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Ochratoxin A can be frequently found in a variety of foods

and beverages, including cereals, coffee, cocoa, spices, beer,

wine, grape juice and dried fruits10. It is found mainly in cereal

and cereal products in the human diet. This group of com-

modities has been reported to be the main contributors to och-

ratoxin A toxicity in exposure assessments carried out by the

European Commission in 1997; Indeed, Devegowda et al.11

reported that approximately 25 % of cereals consumed in the

world were contaminated by mycotoxins.

The naked oats (Avena nuda L.) are important minor crops

in semiarid regions of China. Because of their tolerance to

infertile soils and arid, salty environmental conditions, these

oats can be cultivated in a variety of regions12. The naked oats

have high nutritional values. It can be used as both grain and

forage crops. The naked oats is planted primarily in the semi-

arid regions of northern China and mainly cultivated for grain.

The naked oats represent a staple food for the northwest popu-

lation of China and it's widely accepted as a healthy food.

Many studies have been carried out in the world with

regard to the presence of ochratoxin A in cereals and cereal-

based foods. There is less published data on the occurrence of

ochratoxin A in the naked oats and their processed products

were consumed in China. Therefore, the purpose of this paper



was to investigate the distribution of fungi with the potential

to produce ochratoxin A in naked oats from the northwest

(Shanxi province) and northern (Hebei and Inner Mongolia

province) of China and assess the presence of ochratoxin A in

the naked oats.

EXPERIMENTAL

A total of 139 naked oat samples, including 35 white oats

samples, 56 upon dam naked oat samples and 48 Mongolia

oat samples, were selected randomly from different oats-

planted areas in Shanxi, Hebei and Inner Mongolia, during

autumn season of 2010. All the samples were transported to

the laboratory under ambient temperature and analyzed as soon

as possible after collection, otherwise kept in polyethylene

bag and stored at -20 ºC until used for analysis.

All solvents (acetonitrile, methanol and toluene) were

purchased from Fisher Scientifics (Fisher chemicals HPLC,

France) with HPLC grade. All reagents purchased from Sigma-

Aldrich (Shanghai, China) were analytical grade. In all

analytical steps, highly purified water generated by a Millipore

Synergy 18S Ultra-Pure Water System from Millipore (Beijing,

China) was used.

Preparation of standard solution: Ochratoxin A was

purchased from Sigma-Aldrich (Shanghai, China) as a crysta-

lline powder form. A stock solution (500 µg/mL) was prepared

by dissolving 1 mg of ochratoxin A in 2 mL of toluene/acetic

acid (99/1, v/v). The solution was left overnight at room

temperature to ensure complete dissolution of the crystalline

ochratoxin A. 200 µL of ochratoxin A standard stock solution

was transferred to a 100 mL brown volumetric flask and was

quickly diluted with toluene/acetic acid to obtain a working

solution, 1 µg mL-1. Standard working solution was stored at

-20 ºC in the dark; the working solution was freshly prepared

and held for less than 1 month.

Extraction and IAC clean-up: The methods used for

ochratoxin A extraction from the oats samples and cleaning-

up with IAC were according to the previously published meth-

odology by Mario et al.13.

HPLC conditions: Column (ODS2, 5 µm × 25 cm × 5 mm)

temperature was adjusted to 35 ºC and a fluorescence detector

was used to quantify ochratoxin A. Detection of ochratoxin A

was carried out using 333 and 470 nm as wavelengths for

excitation and emission, respectively. The mobile phase was

acetonitrile/water/acetic acid (99/99/2, v/v/v) eluted at a flow

rate of 1 mL min-1. Ochratoxin A was identified by constant

retention time and quantified by comparison with peak areas

of standards in the mobile phase.

RESULTS AND DISCUSSION

Method validation: Prior to analysis of the samples, the

analytical methods for ochratoxin A analysis were investigated

for its suitability and parameters such as: selectivity, linearity,

limit of detection (LOD), limit of quantification (LOQ) and

precision were validated.

To evaluate the selectivity, blank and spiked samples were

processed according the adopted methods and the correspon-

ding chromatograms were compared. HPLC-FLD conditions

selected for analysis of ochratoxin A ensured a satisfactory

selectivity as the analyte peaks were well separated and no

interfering peaks in the retention times of analytes were

observed. The chromatograms of the blank and the white oats

sample with ochratoxin A at 1 µg kg-1 are shown in Fig. 1. The

retention time was about 6.5 min for ochratoxin A and no peaks

appeared at the retention time that can interfere in their

concentration.

Fig. 1. Chromatogram of a blank white oat sample and an ochratoxin A

naturally contaminated white oat sample of 1 µg/kg

Linearity was checked in the range of 0.5-25 µg kg-1 for

ochratoxin A. The calibration curve showed a linear behaviour

in the range with a determination coefficient (r2) of 0.998.

Sensitivity was estimated by the standard error method14. The

limit of detection and limit of quantification of ochratoxin A

in naked oats were determined by using the slope of the

calibration curve and the standard error of the intercept. The

limit of detection was calculated to be 0.50 µg kg-1 and the

limit of quantification was 1.65 µg kg-1 of ochratoxin A in

naked oat. The limit of quantification values were lower than

the maximum levels fixed by current European regulations15.

Occurrence of ochratoxin A in naked oats: Naked oats

is one of the common cereals represent a staple food for the

northwest China population. Therefore it has a high social,

economic and nutritional relevance. Furthermore, they are

usually planted in conditions which favour mould growth and

mycotoxin production. Results of ochratoxin A occurrence in

naked oats samples (white oats, upon dam oats and Mongolia

oats) are shown in Table-1.

As shown in Table-1, ochratoxin A was detected in 40

samples representing 29 % of the whole samples and ochratoxin

A was detected in 11 of the 35 (31 %) samples of white oats,

in 13 of the 56 (23 %) samples of upon dam oats and in 16 of

the 48 (33 %) samples of Mongolia oats. The mean concen-

trations of ochratoxin A found were 3.85 µg kg-1 in white oats,

2.33 µg kg-1 in upon dam oats and 2.38 µg kg-1 in Mongolia

oats. The incidences of ochratoxin A positive samples of white

oats in the range 0.5-2 and 2-5 µg kg-1 was 17.1 and 14.3 %

(Table-2). The incidences of ochratoxin A positive samples of

upon dam oats in the range 0.5-2 and 2-5 µg kg-1 was 14.3 and

8.9 %. The incidences of ochratoxin A positive samples of

Mongolia oats in the range 0.5-2 and 2-5 µg kg-1 was 20.8 and

12.5 %.

5350  Yang et al. Asian J. Chem.

  0                 2                4                 6                 8                10              12

Minutes

4

2

0

m
V

o
lt
s

OTA



Conclusion

The high performance liquid chromatography with

fluorescence detection was very useful for the ochratoxin A

analysis in naked oats. The low costs, fastness, accuracy and

repeatability for the analysis, makes of this method an impor-

tant analytical tool for ochratoxin A contamination-control in

oats.

Ochratoxin A and related pathologies have become a

worldwide preoccupation and they raise serious economic and

sanitary problems16. The present study concerned a large

number of samples and covered all important naked oats habitat

in china. In relation with these samples, no significant results

were found. All samples were below the limit of 5 µg kg-1 by

EU17 for safe consumption. It could be explained chiefly by

the climatic conditions especially humidity and temperature

of northern and northwest China which are not in favour of

the toxigenic fungi proliferation. Therefore, the contribution

to intake of ochratoxin A for naked oats consumed in China

could be considered to be rather small. Nevertheless, the

general incidence of ochratoxin A contamination in naked oats

meaning that it would be prudent to reduce exposure to

ochratoxin A as much as possible. Additional studies are

necessary to provide information about these aspects since

they are also essential to determine their relative contribution

to ochratoxin A risk, their distribution pattern in relation with

different naked oats substrates and environmental conditions

and to devise efficient strategies to prevent ochratoxin A

entering into the naked oats and food chain. Concern to the

regulatory aspect, China should have a regulation for ochratoxin

A in naked oats as soon as possible.
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TABLE-1 
OCHRATOXIN A LEVELS IN THREE TYPES OF NAKED OATS IN CHINA 

Oats samples 
Number of 

samples 
Positives samples Incidence (%) 

Range of ochratoxin A 
(µg kg-1) 

Mean (µg kg-1)b RSD (%) 

White oats 35 11 31 < LODa-4.72 3.85 3.6 

Upon dam oats 56 13 23 < LOD -3.83 2.33 4.4 

Mongolia oats 48 16 33 < LOD -4.26 2.38 6.8 

Total 139 40 29 < LOD -4.72 3.32 4.6 
aLOD, limit of detection, LOD for ochratoxin A = 0.50 µg kg-1; bFor calculations of mean, samples below the LOD are set to LOD/2. 

 
TABLE-2 

FREQUENCY OF OCHRATOXIN A IN THREE TYPES OF NAKED OATS IN CHINA 

White oats Upon dam oats Mongolia oats Total 
Ochratoxin A 

levels (µg kg
-1
) Number of 

samples 

Frequency 

(%) 

Number of 

samples 

Frequency 

(%) 

Number of 

samples 

Frequency 

(%) 

Number of 

samples 

Frequency 

(%) 

< 0.5 24 68.6 43 76.8 32 66.7 99 71.2 

0.5-2.00 6 17.1 8 14.3 10 20.8 24 17.3 

2.00-5.00 5 14.3 5   8.9 6 12.5 16 11.5 

> 5.00 0 0 0 0 0 0 0 0 

Total 35  56  48  139  
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