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INTRODUCTION 
Mycotoxins are secondary metabolites produced by 

some species of filamentous fungi, when exist biological 
and environmental factors favorable, being capable to 
produce poisonous effects in animals and humans (1). 

The contamination of foods by mycotoxins can ha-
ppen on the field during the development or maturation 
of the plants, during and after the crop, in their transport 
and storage, when exist climatic conditions favorable, 
as surplus moisture, insect’s presence, and any factor 
that could lead to metabolic stress in the vegetables (1, 
2). It is also important to emphasize that the relative 
humidity of the air, the content of the grains humidity, 
high temperature, light, and mechanical damages lead 
to toxins production by mycotoxigenic fungi presents in 
foods at the storage and stock places.

In a workshop about mycotoxins and ficotoxins 
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ABSTRACT
The aim of this work was to offer a new method of high performance liquid chromatography (HPLC) to evaluate 
commercial swine rations (CSR) contaminated by zearalenone (ZEA). After ZEA extraction and purification from 
CSR, the samples were eluted with acetonitrile, methanol and water solvent system. The results indicated that the 
proposed method showed to be rapid and efficient for the detection and quantification of ZEA in CSR, since its 
recovery was 102.62%, it offered excellent precision with a coefficient of variation of 0.9992. Furthermore, it is 
also proposed a as a biocontrol assay for micotoxigenic fungi isolated and maintained in the laboratory. The test 
was performed with the killer yeast Trichosporum insectorum CBS 10422 against Fusarium sp and Aspergillus 
flavus, which demonstrated to be effective against the latter.
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accomplished in 1996 in Italy, sponsored by Food Agri-
culture Organization (FAO), it was mentioned that the 
aflatoxins, ochratoxin, T-2 toxin, deoxynivalenol, and 
fumonisins are the five main toxins or “the big five” 
(3). In the meantime, in Brazilian and South American, 
the main toxins are the patulin, trichothecenes and zea-
ralenone (ZEA), inclusively in larger prevalence than 
“the big five” (4). 

ZEA occurred practically in almost all grains, pecu-
liarly in winter culture of indian corn contaminated by 
Fusarium spp. (3). ZEA is a mycotoxin with estrogenic 
characteristics, which are responsible by estrogenic 
syndrome in swine that lead to female infertility, spon-
taneous aborts and cancers (5). In accordance with the 
Food and Agriculture Organization (FAO), the ZEA 
concentration upon 1 ppm are sufficient to development 
its toxigenic effects. However, in other countries like 
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Austria, France, Italy, Russia and Uruguay the ZEA 
levels presented variability between 30 to 200 ppb 
(6, 1). Nevertheless, the better method to control the 
contamination by mycotoxins is the inhibition of the 
growth of its respective fungi. The biological control 
methods represent a viable alternative when compared 
with chemical traditional methods; mainly do not leaves 
toxic residues on local application. Furthermore, they do 
not induce so easily microbiologic resistance (7). On the 
other hand, the unreasonable use of synthetic fungici-
des lead frequently injury to human healthy, and cause 
disturbances in the ecosystem, what is link to emerging 
of resistance fungi strains (8- 10).  

The killer factor is a toxic peptide capable to in-
hibit the growth of other microorganisms. They have 
been attributed like a new and good perspective to 
biocontrol of fungi’s filaments, once that your action 
is not restricted to cell wall but include the inhibition 
of mitotic phases, responsible to sexual and non sexual 
fungi reproduction (11).

There are various and specific methods to deter-
mine ZEA when compared to another mycotoxins. 
The analytic results must guarantee the assurance, and 
the validation parameters must include specificity, se-
lectivity, linearity, sensibility, limit detection, limit of 
quantification, robustness, precision and accuracy (12). 
In the case of ZEA, most methods applied are deficient 
in these prerogatives, without the correct standardization 
of advisable parameters (13).

The main contribution of this work was to propose 
a rapid and efficient HPLC method for detection and 
quantification of ZEA in commercial swine rations, 
such as to investigate the inhibition of mycotoxigenic 
fungi in vitro through the application of Trichosporum 
insectorum, a yeast discovered and described recently as 
a promising producer strain of antimicrobial agents (14).

EXPERIMENTAL
Instrumentation, chemicals and solvents 

The ZEA standard (99% purity) was bought from 
Sigma-Aldrich®, St. Louis, MO, USA. For determi-
nation of samples was used liquid chromatography 
Varian (Palo Alto, California, USA) with column C18 
Microsorb-MV of 250 x 4.6mm x 1/4".  

In the conditions of the operation it was used as 
mobile phase acetonitrile/water/methanol (5:75:10) with 
a flow of 1.0 mL/min and with a fluorescence detector, 
wavelength 333 nm excitation and 460 nm emission. 
The retention time for ZEA varied from 1.9 to 2 min.

Analytical standardization of the method  
It was prepared a solution of reference of 100 ppb 

of ZEA and starting from this, the concentrations of 
50, 10, 5 and 1 ppb, in methanol grade HPLC (Vetec®, 
Rio de Janeiro, Brazil). The linearity was evaluated by 
Analysis of Variance (ANOVA).    

Tests intra-day and inter-days were accomplished 
to determine the precision of the proposed analytical 
method. Concentrations different from ZEA’s standard 
were prepared (100, 50, 10, 5 and 1 ppb) and analyzed 
in triplicate in three different days.  

The limit of detection (LOD) and limit of quanti-
fication (LOQ) of ZEA were certain determined using 
standard solutions. They were calculated as 3.3 σ/a 
and 10 σ/a, respectively, where a is the coefficient of 
inclination obtained from calibration curve, and σ is the 
standard deviation from intercept of the straight line.  

The precision and accuracy were certain for reco-
very test through the addition of the standard (50 ppb) 
in reference solutions. The test was accomplished in 
triplicates.   

The robustness of the proposed method was tested 
moving the pH of the middle of dissolution of the stan-
dard solution in ± 0.1 units (for dissolution studies and 
stability) (data not showed).

   
ZEA analysis in commercial swine rations (CSR)

Twelve CSR samples were obtained from agricultu-
ral cooperative located in Chapecó city, Santa Catarina 
state, in southern Brazil. Such samples were collected 
during the month of March and April 2009, directly from 
silo shake apparatus, at one day interval between the 
collects, weighting 1Kg each one, which representing a 
CSR sample of 18.000 ton. These samples were named 
in according with the date and hour of collect.

In the laboratory, the lot samples were homoge-
nized and reduced to bracket of 250 g for the quarte-
ament technique (15). From the quarteament, it was 
removed analytical sub-samples in enough amounts 
for accomplishment the analysis that were storage in 
Falcon flasks. 

Brackets of 0.5 g of the samples were homogenized 
in becker with a solution composed by methanol/water 
(75:25 v/v) for 5 minutes and subjected to shaker for 
30 minutes. After that, the samples were centrifuged at 
3000g for 10 minutes. The supernatant was collect and 
stored in flask properly identified.   

The samples purification was performed adding 
15 mL of diclorometane (HPLC grade) to 2.5 mL of 
supernatant. This stage was reply two timed with 10 
mL of diclorometane. After, the samples obtained were 
homogenized in 1 mL of ultrapure water type I (Máster 
System Lab.,Gehaka®, São Paulo, Brazil) and packing 
for HPLC analysis.
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Biocontrol Assay
Overnight grown target cells from A. flavus and 

Fusarium sp. isolates were suspended in distilled water 
to a density of approximately 106 cells/mL and spread on 
the assay Petri dishes containing yeast-malt (YM; yeast 
extract 0.3%, malt extract 0.3%, peptone 0.5%, gluco-
se 1%, agar 2%, pH 5.5). Inoculum suspensions (108 
cells/ml) of 24h grown cells of potential killer yeast (T. 
insectorum, CBS 10422) was prepared, imprinted onto 
the sensitive filamentous fungi inoculum, and incubated 
at 25 0C for 7 days. The killer activity was considered 
positive if were an evident zone of inhibition around the 
killer strain inoculum. A narrow but clear inhibition zone 
was interpreted as a weak killer action (11).

RESULTS AND DISCUSSION
Analytical standardization 

The chromatography conditions were adjusted 
starting from several injections of standard solutions. 
The retention time was the same for all solutions, 
showing a minimal oscillated between 1,9 and 2 min. 
The proposed method show a coefficient of correlation 

of 0,9992 (F= 1,8304, p<0,01), indicating an excellent 
linearity (figure 1).  

The reproducibility was expressed in the tests intra-
day and inter-day. The values achieved for intra-day were 
from 0.53% to 0.982%, and for the rehearsals inter-day 
they were from 1.17% to 1.39%, what indicates a great 
reproducibility. The values of LOD and LOQ for this 
method were 0.3 ppb (LOD) and 0.7 ppb (LOQ). The 
repeatability of the retention`s times, the efficiency of 
the analytical method employee in this work and the 
linearity of the studied composition was appropriate 
for determination of the levels of ZEA, because this 
standardization allowed an analysis of the presence 
and amount of the analyte in subject in a reduced time, 
reaffirming a new protocol of analysis.   

The precision and accuracy were performed 
through the recovery assays, with standard addiction. 
The standard recovery percentage was calculated by 
formula: % Recovery= (Ct – Cu) / Ca x 100, when Ct is 
the compound total concentration; Cu is the compound 
concentration in standard solution; and Ca is the rule 
compound concentration. The results show a recovery 

FIGURE 1

Graph of the points of ZEA’s calibration curve, according to the proposed method.
The used points were: 1, 5, 10, 50 and 100 ppb. The curve was built in the program

Galaxie Chromatography Workstation version 1.9. 
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percentage of 102.62% (p<0.05) to mobile phase, indi-
cating that the method was able to reproduce repetitive 
results and close to the real once, that there not remarka-
ble variation between the theory to the practice value 
(2.62% of variation).

The standard pH variation of (±0.1 unit) did not 
cause significant effect in the chromatogram area, be-
ing shown a method that can be used for samples with 
different pH strips. Furthermore, this method allow to 
performed the ZEA analysis in reduced time if compa-
red with other methods what lead us emphasizing the 
proposition this new experimental condition of analysis 
as perspective of could be used at laboratorial routine as 
an alternative of HPLC-FL ZEA determination method 
(16, 17).

Evaluation of the presence of ZEA in CSR  
The samples A1 and A2 used in the standardization 

of the extraction technique and ZEA purification were 
analyzed by HPLC-FL in according to the proposed me-
thod, where it was added to the vial 50.0 ppb and 100.0 
ppb of ZEA (100 µL), respectively. The presence of the 

toxin was observed with retention pick in approximately 
5 minutes in the chromatograms (figure 2).

At figure 3, it can be observed that the toxin was not 
detected in all samples. Nevertheless, to the pick area ex-
pressed by some samples, the ZEA concentrations were 
calculated by the calibration equation, when the results 
showed a range of 1 ppb to 100 ppb. On the other hand, 
highest levels of ZEA in CSR samples was obtained by 
Mallmann (18), which analyzed several samples from 
different parts of Brazil, at period on January 2001 to 
February 2004, when the contaminating average founded 
was 530 µg/kg, agreeable to 15.93% of total samples 
analyzed. 

In counterbalance, there are not studies about ZEA 
in CSR in western Santa Catarina State, Brazil. Sassa-
hara et al. (19), for example, in the north Paraná State, 
Brazil, found ZEA contamination in STCF upon 200 
µg/kg, which corresponded 17% from samples analy-
zed. Furthermore, Sakiyama et al. (20) analyzed ZEA 
in corn samples from Londrina, Paraná State, Brazil, 
between May, 1997 and March, 2003, with average for 
ZEA contamination samples around 448 µg/kg. These 

FIGURE 2

Chromatograms of the sample A1 with addition of 50 ppb of ZEA (A) and of the sample A2
with addition of 100 ppb of ZEA (B), analyzed by HPLC-FL according to the proposed method.
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authors suggest that the ZEA levels founded is correlated 
to increase of rain index and weather changes on the 
period analyzed. 

Vieira (21) after evaluated the presence of myco-
toxins in wheat flour and different types of rye samples 
from south of Rio Grande do Sul State, Brazil, between 
1995 and 1996, founding levels of OTA and ZEA around 
12 and 53 µg/kg, respectively.

Actually, almost the most of time, ZEA presented 
an incidence of detection much minor than aflatoxine or 
DON. However, when founded in high concentrations is 
extremely dangerous, leading to hazards and damages 
to public health (22).

Evaluation of biocontrol assay
Tests biocontrol performed against 10 strains of 

Fusarium sp. showed an inactive action of T. insectorum 
CBS 10422 against the isolated target. However, the 
killer strain showed antagonist activity against A. flavus 
strains, which also detected in the feed samples analy-
zed.  The strains of A. flavus isolates demonstrated to all 
producers of aflatoxin in the test agar after cultivation 

under ultraviolet light exposure. The killer yeast strains 
T. insectorum, recognized for its strong production of 
metabolites antagonists (14) from our results can be used 
for future studies of in vivo inhibition of seed contami-
nated with aflatoxin, but not to the strains of Fusarium 
sp., even that the strains showed phenotypic differences, 
as macromorphology and diameter of colony, ie, a low 
potential antagonist even for different strains of myco-
toxigenic fungi.

 
CONCLUSIONS

In conclusion, the results suggest that the proposed 
method is efficient to detection and quantification of 
ZEA in STCF. The goal of this methodology was to 
offer an excellent precision, accuracy and low limit 
detection. Furthermore, all samples analyzed showed 
amounts of ZEA minor than maximum limits establis-
hed by the importers of the cooperative that this study 
was accomplished. With the analysis of the respective 
found results and based on the analytical parameters, this 
work presents the perspective of use of this method in 
laboratory as an alternative for the quantification of ZEA 

FIGURE 3

Chromatograms of the samples analyzed by HPLC-FL according to the method proposed
for	quantification	of	ZEA.	(A)	Sample	A.	(B)	Sample	B.	
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for HPLC-FL. The biocontrol assay carrying out with 
the killer yeast T. insectorum CBS 10422 demonstrated 
to be effective against A. flavus isolates in samples, but 
not in Fusarium sp. strains, not shown prospects for 
further tests of biocontrol against mycotoxigenic species 
produce zearalenone.

RESUMEN
El propósito de este artículo es ofrecer un nuevo 

método de cromatografía líquida de alta resolución 
(CLAR) para evaluar las raciones especiales para cerdos 
(REC) contaminado con zearalenona (ZEA). Después 
de la extracción y purificación de ZEA, las muestras se 
eluyeron con acetonitrilo, metanol y agua del sistema 
disolvente. Los resultados indican que el método pro-
puesto demostró ser rápido y eficaz para la detección y 
cuantificación de ZEA en REC, ya que sus indicadores se 
presentan capaces de recuperación de 102,62%, además 
de ofrece una excelente precisión, con un coeficiente de 
variación de 0,9992. Por otra parte, también se propone 
una prueba de control biológico de hongos micotoxige-
nic aislados y mantenidos en el laboratorio. La prueba se 
realizó con la levadura killer Trichosporum insectorum 
CBS10422 contra Fusarium sp y Aspergillus flavus, 
mostrando eficaces sólo contra Aspergillus.

Palabras clave: Zearalenona; CLAR; control bio-
lógico.
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