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Argentina were evaluated. The aim was to investigate: i) the presence of 
significant toxigenic fungi, as well as to determine the ability to produce 
aflatoxins (AFs) by Aspergillus section Flavi strains isolated, and ii) to 
evaluate the natural co-occurrence of AFs, fumonisin (FBs), gliotoxin, 
diacetoxyscirpenol (DAS), HT-2 and T-2 toxin by HPLC-MS/MS. Total fungal 
counts are below of the established value (1 x 104 CFU g-1). Aspergillus 
flavus and A. parasiticus were the only aflatoxigenic species isolated. Co- 
occurrence of fumonisin B1 (FB1), HT-2 and T-2 toxin were detected in 
100% of the feeds in mean levels ranged from 4501.7 to 5813.4; 6.7 to 
21.6 and 19.6 to 30.3 µg kg-1, respectively. A high number of starter 
samples were co-contaminated with aflatoxin B1 (AFB1), FB1, HT-2 and T-
2 toxins. Gliotoxin and DAS were not found in this survey. 
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Abstract  

A total of 120 pelleted poultry feed samples from Entre Ríos Province, Argentina were evaluated. 

The aim was to investigate: i) the presence of significant toxigenic fungi, as well as to determine 

the ability to produce aflatoxins (AFs) by Aspergillus section Flavi strains isolated, and ii) to 

evaluate the natural co-occurrence of AFs, fumonisin (FBs), gliotoxin, diacetoxyscirpenol (DAS), 

HT-2 and T-2 toxin by HPLC-MS/MS. Total fungal counts are below of the established value (1 

x 10
4
 CFU g

-1
). Aspergillus flavus and A. parasiticus were the only aflatoxigenic species isolated. 

Co- occurrence of fumonisin B1 (FB1), HT-2 and T-2 toxin were detected in 100% of the feeds in 

mean levels ranged from 4501.7 to 5813.4; 6.7 to 21.6 and 19.6 to 30.3 µg kg
-1

, respectively. A 

high number of starter samples were co-contaminated with aflatoxin B1 (AFB1), FB1, HT-2 and 

T-2 toxins. Gliotoxin and DAS were not found in this survey. 

 

Key words: Aspergillus flavus, Aspergillus parasiticus, aflatoxins, fumonisins, T-2 toxin, HT-2 

toxin, starter and finisher poultry feeds. 
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Introduction 

Mycotoxins are structurally diverse group of toxic substances produced mostly by filamentous 

fungi that grown on several types of grains (cereals, oilseed or their by-products) used as raw 

materials in animal feeds elaboration. The most common mycotoxin producing fungi in feeds 

belonging to Aspergillus, Fusarium and Penicillium genera (Kumar et al. 2008; Bryden 2009). 

Generally, mixed feeds by self-composition, especially under favorable conditions, such as 

appropriate moisture percentage (> 12%) and moderate temperature (25 to 28ºC) represent an 

excellent substrate for fungal growth (Zain 2011; Bryden 2012).  

Development of toxigenic fungi and consequent mycotoxins contamination on poultry feed, 

constitute a serious problem in South American countries, where poultry production and 

processing are expanding rapidly (MAGPyA, 2012). Farmers are often tempted to incorporate 

moldy grain into animal diets to reduce feed costs. This practice represent the major problem by 

livestock industry does carry negative effects on the growth and health poultry; and the negative 

impact on nutritive and organoleptic properties of the final feeds. The economic impact are 

produced by decreased productivity, weight gain, feed efficiency, meat and egg production, 

among others (Hussein and Brasel 2001; CAST 2003; Bryden 2012).  

Aflatoxins (AFs), fumonisisns (FBs) and trichothecenes (TCT) are common contaminants of 

feedstuffs and their adverse effects on poultry health and productivity have been studied 

extensively. Aflatoxins are the principal classes of mycotoxins mainly produced in cereals and 

oilseeds by A. flavus and A. parasiticus; which have been extensively reported as the most potent 

hepatocarcinogenic substance known. The liver is the primary target organ, with liver damage in 

cases where poultry have been fed with aflatoxin B1 (AFB1). Fumonisins are cancer-promoting 

metabolites produced by Fusarium proliferatum and F. verticillioides; and commonly are present 

in co-occurrence with AFs in poultry feeds. Fumonisin B1 (FB1) is the most toxic metabolite and 
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their effects have been clearly reported in some animal species as rats, equines and pigs. In 

poultry relatively high levels are required to produce negative effects. However, FBs in 

combination with other mycotoxins as diacetoxyscirpenol (DAS), AFs and ochratoxin A (OTA) 

appear to exert a greater negative impact on the health and productivity of livestock in 

comparison to their individual effects (Iheshiulor et al. 2011). The TCT comprise a vast group of 

metabolites since Fusarium genus the main producers in cereals and derives. These mycotoxins 

contain the same basic structure (an epoxide at the C12,13 positions) which is responsible for 

their toxicological activity. In poultry the toxic action results in extensive necrosis of the oral 

mucosa and skin in contact with the toxin, acute effect on the digestive tract and decreased bone 

marrow and immune function. The TCT causing most concern in animals are T-2 toxin (which is 

the most acute toxicity), HT-2 toxin, nivalenol (NIV) and deoxynivalenol (DON), the most 

frequently occurring TCT (Sundstøl and Pettersson, 2004). 

The greatest significant mycotoxin groups that have been reported in poultry feeds from 

tropical and subtropical countries are AFs and FBs (Shetty and Bhat 1997; Siame et al. 1998; Ali 

et al. 1998; Scudamore et al. 1998; Scudamore and Patel 2009; Dalcero et al. 1997, 1998, 2002; 

Magnoli et al. 2002, 2005; Accensi et al. 2004; Oliveira et al. 2006; Rosa et al. 2006; Osho et al. 

2007; Sharef 2010). Despite the several risk assessments for TCT in humans and animals, limited 

works have been published worldwide on the occurrence of these mycotoxins in poultry feeds. In 

Argentina, there are several data about the occurrence of TCT and Fusarium producers species 

from cereals grains; however limited information is available from animals´ feeds (Dalcero et al. 

1997, 1998; Solovey et al. 1999; Labuda et al. 2005; Sokolovic and Simpraga 2006; Lincy et al. 

2008; González et al. 2008; Roige et al. 2009; Scudamore and Patel 2009; Gónzalez Pereyra et al. 

2008; Monge et al. 2012; Reynoso et al. 2011; Barros et al. 2011, 2012; Sampietro et al. 

2012).On the other hand, recently studies by Monge et al. (2012) from Córdoba province, 
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Argentina reported that A. flavus and F. verticillioides isolated from poultry feeds were the main 

toxigenics fungi. Respecting mycotoxin occurrence, one hundred percent of poultry feed samples 

were contaminated with FB1, while AFB1, gliotoxin, DAS, HT-2 toxin and T-2 toxin were not 

detected. 

The HPLC-MS/MS multi-analyte techniques are used to monitoring the occurrence of 

mycotoxins in several agricultural commodities. In addition, this determination is essential for 

evaluate the risk of feed consumption and/or confirming the diagnosis of a possible 

mycotoxicosis. Mycotoxins occur sporadically both seasonally and geographically throughout the 

world, with significant regional differences especially between tropical and temperate areas. 

Hence, the aim of this study was to investigate: i) the presence of significant toxigenic fungi in 

starter and finisher poultry feeds from Entre Ríos Province, as well as to determine the ability to 

produce aflatoxins by Aspergillus section Flavi strains isolated, and ii) to evaluate the natural co-

occurrence of aflatoxins, fumonisin, gliotoxin, diacetoxyscirpenol, HT-2 toxin and T-2 toxin by 

HPLC-MS/MS. 

 

Materials and Methods 

Samples 

A total of 120 samples of different types of starter and finisher pelleted feeds: 20 starter 1 (S1), 

20 starter 2 (S2), 20 starter 3 (S3), 20 finisher (F), 10 finisher off (FO), 10 finisher split (FS), 10 

finisher parallel half (FPH) and 10 finisher half (FH), were analyzed. Samples were collected 

from a feed-processing plant located in Entre Ríos Province, Argentina in December 2010. This 

province is located between 30º 9' and 34º 2'of south latitude and between 57º 48' and 60º 47' of 

west latitude. The sampling area is inserted into the transition area of temperate and subtropical 

climates. This region is characterized by abundant rainfall throughout the year. Sampling was 
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performed manually from the silos in transects at three levels (from upper, middle and low). At 

each site, two sub-samples (2 kg each) of the same products were collected. In the laboratory, the 

samples were homogenized and quartered to obtain 1 kg primary sample. These representative 

samples were finely ground and were analyzed immediately to determine water activity (aw) and 

fungal contamination; and then stored at 4°C for mycotoxin analyses. Water activity 

determinations of the samples were done with AQUALAB CX2 (Decagon Devices, Pullman, 

WA, USA) using the methodology previously described by Monge et al. (2012).  

 

Mycobiota isolation and identification 

Quantitative enumeration of fungal propagules was done on solid media using the surface spread 

method by blending 10 g portion of each sample with 90 ml of 0.1% peptone water solution for 

30 min. Serial dilutions of 10
-1

 to 10
-3

 concentrations were made and 0.1 ml aliquots were 

inoculated in triplicates on two culture media: Dichloran Rose Bengal Chloranphenicol Agar 

(DRBC) and Dichloran 18% Glycerol Agar (DG18) (Pitt and Hocking 2009). The plates were 

incubated in darkness at 25°C during 7 days. On the last day of incubation, only plates containing 

10 to 100 colonies were used for counting and the results were expressed as colony forming units 

(CFU) per gram of sample (King 1992). Each colony of Aspergillus section Flavi was transferred 

on Malt Extract Agar (MEA). Taxonomic identification of Aspergillus section Flavi species was 

achieved through macroscopic and microscopic studies following the schemes proposed by Pitt 

and Hocking (2009) and Klich (2002). Cultures were grown on Czapek Yeast Extract Agar 

(CYA), at 25 and 37°C; Malt Extract Agar (MEA), 25% Glycerol Nitrate Agar (G25N), and 

Czapek Yeast Extract with 20% Sucrose Agar (CY20S) at 25 °C. All plates were incubated for 7 

days. The total fungal counts and percentage of samples contaminated with Aspergillus section 

Flavi were determined. 
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Aflatoxin production by Aspergillus section Flavi strains 

Thirty-four A. flavus and A. parasiticus strains were evaluated for their ability to produce AFs 

following the methodology described by Geisen (1996). The strains were grown in MEA at 25°C 

for 7 days in darkness, after which mycelium and conidia were collected from the agar surface 

with a sterile brush and transferred to microtubes. Aflatoxins were extracted with chloroform 

(500 µl) and centrifuged at 4,000 rpm during 10 min. The chloroform phase was transferred to a 

clean microtube, evaporated to dryness and stored at 4ºC until AFs analysis. The extract was 

spotted together with standard solutions of AFB1, Aflatoxin B2 (AFB2), Aflatoxin G1 (AFG1) and 

Aflatoxin G2 (AFG2) (Sigma, Chemical, St. Louis, MO, USA) and screened by thin layer 

chromatography (TLC). Silica gel plates without fluorescent indicator (0.25 mm, G60; Merck, 

Buenos Aires, Argentina), and chloroform: acetone (9:1, v/v) as developing solvent was used. 

Plates were then examined under long wave UV light (365 nm) and AFs concentration was 

determined throughout visual comparison with standard solutions. The detection limit of the 

analytical method was 0.5 µg g
-1

. 

 

Samples processing and extraction of mycotoxins from poultry feeds 

Mycotoxins extraction of the samples and detection were performed according to Sulyok et al. 

(2007) with some modifications described previously by Monge et al. (2012).  

 

Assay of spiking and recovery of mycotoxins from poultry feeds 

The mycotoxins AFB1, FB1, gliotoxin, DAS, HT-2 toxin and T-2 toxin were obtained from 

Sigma-Aldrich Chemical (Dorset, UK). Stock and working solutions were prepared in 

acetonitrile. In order to determine the efficacy of the analytical method, recovery studies were 

performed as follows: different poultry feeds samples (0.5 g) were fortified at two spiking levels 
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with 1 mL of a combined mycotoxins working solution. Each spiking level was conducted by 

triplicate. The samples were subsequently stored for 3 days at 40°C to allow equilibration 

between the analytes and the matrix and also solvent evaporation. After this period, mycotoxin 

extraction was performed. Matrix blank extraction was also included for comparison.  

 

Statistical analyses 

Data were analyzed with an analysis of variance. Means were compared using a linear mixed 

model and Fisher’s protected least significant difference (LSD) test to determine the significant 

differences among means of water activities, percentage of samples contaminated by Aspergillus 

section Flavi species and presence of mycotoxins in poultry feeds (p< 0.05). Principal 

component analysis (PCA) of the data was carried done in order to determine the relationships 

among water activities, percentage of samples contaminated by Aspergillus section Flavi and 

presence of mycotoxin in different poultry feeds The analysis was conducted using software 

InfoStat, 2008 version; group InfoStat, National University of Córdoba, Argentina.  

 

Results 

Mycological assays and aflatoxigenic capacity of Aspergillus section Flavi strains 

Table 1 shows aw determination of different poultry feed samples. Water activity throughout the 

sampling period ranged from 0.579 to 0.662 in starter feeds and from 0.529 to 0.677 in finisher 

feeds. No statistical significant differences were observed among different poultry feed types (p< 

0.05). 

Fungal total counts in all samples were below 10
2
 CFU g

-1
 (data not shown). Although there 

were no significant differences between the both medium used when fungal total counts from 

starter and finisher feeds were compared. In general, DRBC medium reflected the total 
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mycobiota present whereas DG18 showed prevalence of xerophilic fungi (p< 0.05) (Data no 

shown). 

Regarding toxigenic genera only Aspergillus spp. were isolated from all feeds. Figure 1 shows 

the distribution of Aspergillus section Flavi in different feeds analyzed. Aspergillus flavus and A. 

parasiticus were the only aflatoxigenic species isolated from poultry feed; and the distribution 

varied according to the poultry feeds analyzed. Aspergillus flavus was isolated from two starter 

feeds (S1 and S2), in percentages from 45 to 55 and 53 to 48% in DRBC and DG18, respectively. 

From these strains 14% were AFB1 producers in mean levels of 0.8 µg/g. A. parasiticus strains 

were isolated in 100% of the F and FPH samples; and a high percentage of these strains (83%) 

was AFB1 and AFG1 producers with similar produced mean levels of both AFs (1.5 µg g
-1

).  

 

Mycotoxins determination  

Mean recoveries for AFB1, FB1, T2 and HT2 toxin at three levels of spiking were 56, 68, 89 and 

68%, respectively. The limit of detection (LOD) for the method was 1.6 and 2.42 µg kg
-1

 for 

AFB1 and FB1; and 13 for T2 and HT2 toxin based on a signal-to-noise ratio 3:1 and the limit of 

quantification (LOQ) was established as three times the LOD. The LOQ for AFB1 and FB1 were 

5.3 and 7.28 µg/kg; and 40 µg kg
-1

 for T2 and HT2 toxin. 

Co- occurrence of FB1, HT-2 and T-2 toxin were detected in 100% of the starter and finisher 

feeds in mean levels ranged from 4501.7 to 5813.4; 6.7 to 21.6 and 19.6 to 30.3 µg kg
-1

, 

respectively. A high number of starter samples (77%) were co-contaminated with four 

mycotoxins, AFB1, FB1, HT-2 and T-2 toxins; and the levels of AFB1 detected ranged from 3.7 to 

8.7 µg kg
-1

. The highest levels of AFB1 and FB1 were detected in S2 and FS feeds, respectively; 

while S3 and F samples containing the highest levels of HT-2 and T-2 toxin (p < 0.05). Gliotoxin 

and DAS were not detected in any poultry feed samples (Table 2). 
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Multivariate statistical analysis 

Figure 2 shows the bi-plot for principal component analysis (PCA) in order to determine the 

influence of type poultry feed on AFB1, FB1, T-2 and HT-2 toxin levels. As can be observed S2, 

S3, FP and FH are closely related to AFB1 and FB1. Regarding to S3 and F, closely relation is 

then observed between T-2 and HT-2 toxin levels. Regarding to FO, FH and FPH a positive 

relation was observed respect to HT-2 toxin levels. 

 

Discussion 

Mycological assays show the presence of aflatoxigenic species belonging to Aspergillus section 

Flavi in starter and finisher poultry feeds. Fungal propagules detected are below of the 

established value (1 x 10
4
 CFU g

-1
) in the latest laws for determining the hygienic quality in feed 

intended for animal consumption (GMP, 2008). These total fungal counts were lower than those 

obtained earlier by other researchers in this substrate (Dalcero et al. 1998; Accensi et al. 2004; 

Magnoli et al. 2005; Rosa et al. 2006; Krnjaja et al. 2008; Shareef 2010; Astoreca et al. 2011). In 

other studies (Magnoli et al. 2002; Oliveira et al. 2006; Lincy et al. 2008) found moderates values 

ranged from 10
3
 to 10

4
 CFU g

-1
 in poultry feeds. Our results are in agreement with Fraga et al. 

(2007) who informed that in Brazilian pelleted poultry feed samples the total fungal counts were 

below the detection limit of technique (100 CFU g
-1

). In a previous study from Córdoba province 

Monge et al. (2012) observed that the counts in poultry feeds varied depending on month of 

sampling and the special feed type, and the means varied from 10
3
 to 10

7
 CFU g

−1
. In general, 

ground starter poultry feed samples showed higher counts than those observed in finisher samples 

either ground or pelleted.  

In the present work despite the low fungal total counts a high frequency of samples were 

contaminated with A. flavus and A. parasiticus potential aflatoxigenic strains of greater concern 
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for the poultry health. These fact suggesting that these Aspergillus species tolerate the pelleting 

process applied during their elaboration (usually 115ºC, 60 min). In agreement with these results 

in previous works these species has also been isolated with different prevalence in commercial 

pelleted feeds (Dalcero et al. 1997, 1998; Magnoli et al. 2005; Fraga et al. 2007; Campos et al. 

2009; Fernández Juri et al. 2009; Astoreca et al. 2011; Monge et al. 2012). In the present study, 

26% of the A. flavus- A. parasiticus strains were AFs producers. The incidence of aflatoxigenic 

strains found in the present study is similar at reported from Argentina and Brazil by Magnoli et 

al. (1999) and Fraga et al. (2007), respectively. While the percentages of aflatoxigenic strains 

informed by Saleemi et al. (2010), Astoreca et al. (2011) and Monge et al. (2012) were higher 

than those the reported in the present study. Respecting, AFs contamination is important to note 

that the levels of AFB1 detected in poultry samples did not exceed the regulated value (AFB1: 20 

µg kg
-1

) established by the European Commission for feeds (EC, 2003). However, the presence of 

aflatoxigenic species suggests that the potential risk of AFs production if environmental stored 

conditions of raw materials and poultry feeds are adequate for the production of these 

mycotoxins.  

This work showed that the co-ocurrence of three mycotoxins (FB1, T-2 and HT-2 toxin) in all 

poultry feed samples and co-occurrence of four mycotoxins (AFB1, FB1, T-2 and HT-2 toxins) in 

77% of the samples. These results are partially in agreement with recently sampling from other 

Argentinean region (Córdoba, Province), where FB1 was the only mycotoxin detected in all 

poultry feed samples, in levels lower than those detected in the present work (Monge et al. 2012). 

In another sampling from this region, Magnoli et al. (2002) showed that FBs had the highest 

incidence, and were found in 97% of the samples in levels lower than those found in the present 

work; followed by AFB1 (46%), zearalenone (18%) and deoxynivalenol (6%).  
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Fusarium verticillioides and F. proliferatum are the two main species with the capacity to 

produce FBs associated to feedstuffs (Glenn 2007). Weather in Entre Ríos Province is included in 

the transition area from subtropical to temperate climates, with abundant rainfall all year round. 

Maize grown in temperate regions is an appropriate substrate for Fusarium species growth and 

FBs production. In this sampling although FBs producing strains were not isolated, FB1 was 

detected in a high percentage of the samples and the FB1 levels not exceeded the maximum 

tolerable limit (20 mg FB1+FB2 kg
-1

) established for avian feeds by the European Commission 

(EC, 2007). No isolation of FBs producing strains may take place due to raw material dilution 

involved in elaboration process, or the susceptibility of these strains especially at pelleted 

process. The simultaneous presence of F. verticillioides and FBs have been previously detected in 

Argentinean poultry feed (Magnoli et al. 2002, Monge et al. 2012).  

Regarding the TCT contamination, T-2 toxin and HT-2 toxin were found in high frequency 

of samples, while any sample contained DAS. These results partially agree with the obtained 

previously from Córdoba region, due to these mycotoxins were not found in any samples (Monge 

et al. 2012). The regulations of T-2 toxin and HT-2 toxin maximum levels are under discussion 

(EC, 2006) and considering the future maximum limits proposed about 100-150 µg kg
-1

 for the 

sum of T-2 and HT-2 (Trebstein et al. 2008; Edwards et al. 2010), the levels detected in the 

present work are below of this values.  

There are few reports from other countries regarding the natural co-occurrence of TCT as T-2 

toxin, HT-2 toxin and DAS from poultry feeds. All of the incidence data show wide variation in 

mycotoxins co-occurrence, especially in the type of TCT and levels detected. From Slovakia, 

Labuda et al. (2005) reported the simultaneous presence of ZEA and TCT. The most frequent 

TCT detected was T-2 toxin followed by HT-2 toxin and DON; the percentages of contaminated 

samples were lower and the levels higher than those observed in the present work. From Croatia 
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and India, T-2 toxin and DAS have been reported in variable percentages from 3 to 69%, in levels 

higher than detected in Argentinean poultry feeds (10 to 410 and 180 to 480 µg kg
-1

 from T-2 

toxin and DAS, respectively (Sokolovic and Simpraga 2006; Lincy et al. 2008). 

In the present sampling period, the simultaneous presence of trichothecenes and Fusarium 

producer species were not detected in Argentinean poultry feeds. These results are in agreement 

with found recently by Monge et al. (2012), but in disagreement with previous sampling years 

from this region (Dalcero et al. 1997, 1998). 

The results obtained confirm the observed previously, the occurrence of fungal and 

mycotoxins shows important variations in poultry feeds from one year to another (Dalcero et al. 

1997; 1998; 2002; Magnoli et al. 2002; Monge et al. 2012). This marked difference found in 

terms of mycotoxin presence between different geographic regions for the same substrate, could 

be due to the fact that environmental conditions differ from one growing grains season to another. 

In addition, the mycological quality of raw materials used in feed elaboration would be 

conditioning the final feeds.  

The presence of multiple mycotoxins in feeds can also exert additive, synergistic or 

antagonistic effects exacerbating the problems associated with each particular mycotoxin; and 

conduced to mycotoxicosis in animals depending on the conditions of birds, the age and levels of 

exposure. It should be noted that besides the gravity of the introduction of mycotoxins or 

metabolites in the human food chain. The levels of mycotoxins detected in our survey were 

generally below the one that induces disease with typical clinical symptoms in poultry. 

Nevertheless a significant percentage of samples contained more than one mycotoxin at low 

dietary levels can conduce at subtle changes as decreased feed intake and gain rate as well as an 

increased risk to infectious diseases mycotoxins. In other hand in poultry farms this situation 

produce a large economic losses that affect the productive or performance of birds. 
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The data obtained from this work highlights the need of toxigenic fungi and mycotoxins 

continual vigilance in commercial poultry feeds in the processing plant; known the 

mycotoxicological quality of feeds allows planning further prevention measures as adsorbents 

addition during production. 

 

Acknowledgements 

This work was carried out thanks to grants from CONICET, SECYT-UNRC, FONCYT-PICT 

(Argentina). 

 

References 

Accensi F, Abarca, ML, Cabañes FJ. 2004. Occurrence of Aspergillus species in mixed feeds and 

component raw materials and their ability to produce ochratoxin A. Food Microbiol. 21: 623-

627. 

Ali N, Sardjono S, Yamashita A, Yoshizawa T. 1998. Natural co-occurrence of aflatoxins and 

Fusarium mycotoxins (fumonisins, deoxynivalenol, nivalenol and zearalenone in corn from 

Indonesia. Food Addit Contam. 15: 377–384. 

Astoreca AL, Dalcero AM, Fernández Pinto V, Vaamonde G. 2011. A survey on distribution and 

toxigenicity of Aspergillus section Flavi in poultry feeds. Int J Food Microbiol. 146: 38-43. 

Barros G, Zanón MS, Abod A, Oviedo MS, Ramirez ML, Reynoso MM, Torres A, Chulze S. 

2012. Natural deoxynivalenol occurrence and genotype and chemotype determination of a 

field population of the Fusarium graminearum complex associated with soybean in 

Argentina. Food Addit Contam. 29: 293-303.  

Barros G, García D, Oviedo MS, Ramirez ML, Torres A, Lattanzio V, Pascale M, Chulze S. 

2011. Survey of T-2 and HT-2 toxins in soybean and soy meal from Argentina using 

Page 15 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 15 

inmunoaffinity clean-up and high performance liquid chromatography. World Mycotox J. 

4:189-197. 

Bryden WL. 2009. Mycotoxins and mycotoxicoses: significance, occurrence and mitigation in 

the food chain. In: Ballantyne B, Marrs T, Syversen T. editors. General and applied 

toxicology. Chichester, UK: John Wiley & Sons Ltd. pp. 3529-3553. 

Bryden WL. 2012. Mycotoxin contamination of the feed supply chain: Implications for animal 

productivity and feed security. Anim Feed Sci Technol. 173: 134-158. 

Dalcero AM, Magnoli C, Chiacchiera S, Palacios G, Reynoso M. 1997. Mycoflora and incidence 

of aflatoxin B1, zearalenone and deoxynivalenol in poultry feeds in Argentina. 

Mycopathologia 137: 179-184. 

Dalcero AM, Magnoli C, Luna M, Ancasi G, Reynoso M, Chiacchiera S, Miazzo R, Palacios G. 

1998. Mycoflora and naturally ocurring mycotoxins in poultry feeds in Argentina. 

Mycopathologia 141: 37-43.  

Dalcero A, Magnoli C, Hallak C, Chiacchiera SM, Palacio G, Da Rocha Rosa CA. 2002. 

Detection of ochratoxin A in animal feeds and capacity to produce this mycotoxin by 

Aspergillus section Nigri in Argentina. Food Addit Contam. 19: 1065-1072. 

European Comission (EC). 2003. Directive 2003/100 of 31 October 2003 amending Annex I to 

Directive 2002/32/EC of the European Parliament and of the Council on undesirable 

substances in animal feed. Official Journal of the European Union L285 of 01/11/2003, pp. 

33-37. 

European Comission (EC). 2006. Regulation (EC) No 2006/576 of 17 August 2006 on the 

presence of deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and fumonisins in 

products intended for animal feeding. Official Journal of the European Union L 229 of 

23/08/2006, pp 7-9. 

Page 16 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 16 

European Comission (EC). 2007. Regulation (EC) No 1126/2007 of 28 September 2007 setting 

maximum levels for certain contaminants in foodstuffs as regards Fusarium toxins in maize 

and maize products. Official Journal of the European Union L 255 of 29/09/2007, pp 14-17. 

Edwards SG. 2010. Fusarium mycotoxin content of UK organic and conventional wheat. Food 

Addit Contam. 26: 496-506. 

Fernández- Juri MG, Bressán F, Astoreca AL, Barberis CL, Campos Gaspar S, Cavaglieri LR, 

Dalcero AM, Magnoli CE. 2009. Mycotoxicological quality of different commercial extruded 

dog food in Argentina. Rev Bras Med Vet. 31: 272-281. 

Fraga ME, Curvello F, Gatti MJ, Cavaglieri LR, Dalcero AM, Rosa CAR. 2007. Potential 

aflatoxins and ochratoxin A production by Aspergillus species in poultry feed processing. Vet 

Res Comm. 31: 343-353. 

Geisen R. 1996. Multiplex polymerase chain reaction for the detection of potential aflatoxin and 

sterigmatocystin producing fungi. Syst Appl Microbiol. 19: 388-392. 

Glenn A.E. 2007. Mycotoxigenic Fusarium species in animal feed. Anim Feed Sci Technol. 137: 

213-240. 

Good Manufacturing Practices (GMP). 2008. Certification Scheme Animal Feed Sector, 2006. 

Appendix 1: Product standards (including residue standards). Products chap Diervoeder, The 

Hague, pp 1-39.  

González HH, Moltó GA, Pacin A, Resnik SL, Zelaya MJ, Masana M, Martínez E.J. 2008. 

Trichothecenes and mycoflora in wheat harvested in nine locations in Buenos Aires province, 

Argentina. Mycopathologia 65: 105-114. 

González Pereyra ML, Alonso VA, Sager R, Morlaco MB, Magnoli CE, Astoreca AL, Rosa CA, 

Chiacchiera SM, Dalcero AM, Cavaglieri LR. 2008. Fungi and selected mycotoxins from pre- 

and post fermented corn silage. J Appl Microbiol. 104: 1034-1041. 

Page 17 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 17 

Hussein SH, Brasel MJ. 2001. Toxicity, metabolism, and impact of mycotoxins on humans and 

animals. Toxicol. 167: 101-134. 

Iheshiulor OOM, Esonu BO, Chukwuka OK, Omede AA, Okoli IC, Ogbuewu IP. 2011. Effects 

of mycotoxins on animal nutrition: a review. Asian J Anim Sci. 5: 19-33.  

King AD. 1992. Methodology for routine mycological examination of food. In: Samson RA, 

Hocking AD, Pitt JI, King AD, editors. Modern methods in food mycology. Developments in 

food science. Amsterdam: Elsevier. pp 11-20.  

Klich MA. 2002. Identification of common Aspergillus species. Utrecht, The Netherlands: 

Centraalbureau voor Schimmelcultures. 

Krnjaja V, Stojanović LJ, Cmiljanić R, Trenkovski S, Tomašević D. 2008. The presence of 

potentially toxigenic fungi in poultry feed. Biotechnol Anim Husband. 24: 87-93.  

Kumar V, Basua MS, Rajendran TP. 2008. Mycotoxin research and mycoflora in some 

commercially important agricultural commodities. Crop Prot. 27: 891-905. 

Labuda R, Parich A, Berthiller F, Tancinová D. 2005. Incidence of trichothecenes and 

zearalenone in poultry feed mixtures from Slovakia. Int J Food Microbiol. 105: 19- 25. 

Lincy SV, Latha R, Chandrashekar A, Manonmani HK. 2008. Detection of toxigenic fungi and 

quantification of type A trichothecene levels in some food and feed materials from India. 

Food Cont 19: 962-966. 

Magnoli C, Chiacchiera S, Miazzo R, Palacio G, Angeletti A, Hallak C, Dalcero A. 2002. The 

mycoflora and toxicity of feedstuffs from a production plant in Córdoba, Argentina. Mycotox 

Res. 18: 7-22.  

Magnoli C, Hallak C, Astoreca A, Ponsone L, Chiacchiera SM, Palacio G, Dalcero A. 2005. 

Surveillance of toxigenic fungi and ochratoxin A in feedstuffs from Córdoba province, 

Argentina. Vet Res Comm. 29: 431-445. 

Page 18 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 18 

Magnoli C, Saenz M, Chiacchiera S, Dalcero A. 1999. Natural occurrence of Fusarium species 

and fumonisin-production by toxigenic strains isolated from poultry feeds in Argentina. 

Mycopathologia 145: 35-41. 

Ministerio de Agricultura Ganadería Pesca y Alimentación de la Nación (MAGPyA). 2012. Aves 

informe general; [cited 2012 May 24]. Available from: http://www.sagyp. 

Ganadería/aves/Estadísticas/Consumo aparente de carne aviar.php. 

Monge MP, Magnoli CE, Chiacchiera SM. 2012. Survey of Aspergillus and Fusarium species 

and their mycotoxins in raw materials and poultry feeds from Córdoba, Argentina. Mycotoxin 

Res. 28:111–122. 

Oliveira GR, Ribeiro JM, Fraga ME, Cavaglieri LR, Direito GM, Keller KM, Dalcero AM, Rosa 

CA. 2006. Mycobiota in poultry feeds and natural occurrence of aflatoxins, fumonisins and 

zearalenone in the Rio de Janeiro State, Brazil. Mycopathologia 162: 355-362. 

Osho IB, Awoniyi TAM, Adebayo AI. 2007. Mycological investigation of compounded poultry 

feeds used in poultry farms in southwest Nigeria. Afr J Biotechnol. 6:1833–1836. 

Pitt JI, Hocking AD. 2009. Fungi and food spoilage. (3rd edn.) Dordrecht, Heidelberg, London, 

New York: Springer.  

Reynoso MM, Ramirez ML, Torres AM, Chulze SN. 2011. Trichothecene genotypes and 

chemotypes in Fusarium graminearum strains isolated from wheat in Argentina. Int J Food 

Microbiol. 145: 448-448. 

Roige MB, Aranguren SM, Riccio MB, Pereyra S, Soraci AL, Tapia MO. 2009. Mycobiota and 

mycotoxins in fermented feed wheat grains and corn grains in Southeastern Buenos Aires 

Province, Argentina. Rev Iberoam Micol. 26: 233–237. 

Page 19 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 19 

Rosa CAR, Ribeiro JMM, Fraga MJ, Gatti M, Cavaglieri LR, Magnoli CE, Dalcero AM, Lopes 

CWG (2006) Mycoflora of poultry feeds and ochratoxin-producing ability of isolated 

Aspergillus and Penicillium species. Vet Microbiol 113: 89-96. 

Saleemi MK, Khan MZ, Khan A, Javed I. 2010. Mycoflora of poultry feeds and mycotoxins 

producing potential of Aspergillus species. Pak J Bot. 42: 427-434. 

Sampietro DA, Aristimuño Ficoseco ME, Jimenez CM, Vattuone MA, Catalán CA. 2012. 

Trichothecene genotypes and chemotypes in Fusarium graminearum complex strains isolated 

from maize fields of northwest Argentina. Int J Food Microbiol. 153: 229–233. 

Scudamore KA, Nawaz S, Hetmanski MT. 1998. Mycotoxins in ingredients of animal feeding 

stuffs: II determination of mycotoxins in maize and maize products. Food Addit Contam. 15: 

30-55. 

Scudamore KA, Patel S. 2009. Occurrence of Fusarium mycotoxins in maize imported into the 

UK, 2004-2007. Food Addit Contam. 26: 363-371. 

Shareef AM. 2010. Molds and mycotoxins in poultry feeds from farms of potential 

mycotoxicosis. Iraqi J Vet Sci. 24: 17-25. 

Shetty PH, Bhat RV. 1997. Natural occurrence of fumonisin B1 and aflatoxin B1 in Indian 

sorghum, maize and poultry feeds. J Agric Food Chem. 45: 2170-2173. 

Siame BA, Mpuchane SE, Gashe BA, Allotey GF, Teffera G. 1998. Occurrence of aflatoxins, 

fumonisin B1 and zearalenone in foods and feeds in Botswana. J Food Prot. 61: 1670-1673. 

Sokolovic M, Simpraga B. 2006. Survey of trichothecene mycotoxins in grains and animal feed 

in Croatia by thin layer chromatography. Food Cont. 17: 733-740. 

Solovey MM, Somoza C, Cano G, Pacin A, Resnik S. 1999. A survey of fumonisins, 

deoxynivalenol, zearalenone and aflatoxins contamination in corn-based food products in 

Argentina. Food Addit Contam. 16: 325-329. 

Page 20 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 20 

Sulyok M, Krska R, Schuhmacher R. 2007. A liquid chromatography/tandem mass spectrometric 

multi-mycotoxin method for the quantification of 87 analytes and its application to semi-

quantitative screening of moldy food samples. Anal Bioanal Chem. 389: 1505-1523. 

Sundstøl EG, Pettersson H. 2004. Toxicological evaluation of trichothecenes in animal feed. 

Anim Feed Sci Technol. 114: 205-239.  

Trebstein A, Seefelder W, Lauber U, Humpf HU. 2008. Determination of T-2 and HT-2 toxins in 

cereals including oats after immunoaffinity cleanup by liquid chromatography and 

fluorescence detection. J Agric Food Chem. 56: 4968-4975.  

Zain ME. 2011. Impact of mycotoxins on humans and animals. J Saudi Chem Soc 15: 129-144. 

Page 21 of 26

URL: http://mc.manuscriptcentral.com/tfab

Food Additives and Contaminants - Part B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 21 

Figure caption  

Figure 1. Isolation frequency (%) of A. flavus and A. parasiticus in starter (S1: starter 1, S2: 

starter 2) and finisher poultry samples (F: finisher, FPH: finisher parallel half) in DRBC and 

DG18 media. (n: 120).  

Figure 2. Biplot graph with principal component analysis (PCA) for the variables in this study 

(fumonisin B1, aflatoxin B1, T-2 toxin, HT-2 toxin) in relation to feed type. S1: starter 1, S2: 

starter 2, S3: starter 3, F: finisher, FO: finisher off, FS: finisher split, FPH: finisher parallel 

half and FH: finisher half. (n: 120). 
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Table 1. Water activity of started and finisher poultry feed.  

 

 

 

 

 

 

 

 

 

 

 

 

S1: starter 1, S2: starter 2, S3: starter 3, F: finisher, FO: finisher off, FS: finisher split, FPH: 

finisher parallel half, FH: finisher half. SD: standard deviation. (n: 120). 

 

Feeds 
Water activity (aW) 

Range Mean ± SD 

Starter   

S 1 0.579 - 0.662 0.608 ± 0.033 

S 2 0.599 - 0.630 0.633 ± 0.017 

S 3 0.611 - 0.619 1.232 ± 0.003 

Finisher   

F 0.529 – 0.664 0.603 ± 0.052 

FO 0.611 – 0.619 0.615 ± 0.004 

FP 0.529 – 0.625 0.591 ± 0.054 

FPH 0.582 – 0.629 0.611 ± 0.020 

FH 0.582 – 0.677 0.628 ± 0.030 
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Table 2. Incidence of mycotoxins in starter and finisher poultry feed samples. 

S1: starter 1, S2: starter 2, S3: starter 3, F: Finisher, FO: Finisher off, FS: finisher split, FH: finisher half, FPH: finisher parallel half. SD: standard deviation. 

ND: not detected. 

a, e Mean in a row with a letter in common is not significantly different according to LSD test (p< 0.05). (n: 120). 

Feeds 

AFB1 FB1 HT-2 toxin T-2 toxin 

Contaminated 

samples (%) 

Mean levels  

(µg Kg
-1

) ± SD 

Contaminated 

samples (%) 

Mean levels 

(µg Kg
-1

) ± SD 

Contaminated 

samples (%) 

Mean levels  

(µg Kg
-1

) ± SD 

Contaminated 

samples (%) 

Mean levels 

(µg Kg
-1

) ± SD 

S1 100 6.7 ± 2.6 
b
 100 4987.3 ± 969.0

 b
 100 7.8 ± 2.1 

d
 100 21.1 ± 5.1 

d
 

S2 100 8.7 ± 3.4 a 100 4961.5 ±576.2 b 100 6.7 ± 2.2 d 100 24.0 ± 3.6 c 

S3 30 1.3 ± 0.5 
c
 100 5345.6 ± 577.7 

b
 100 17.6 ± 11.7 

a
 100 30.3 ± 18.6 

a
 

F ND ND 100 4574.1 ±1271.6 c 100 21.6 ± 10.6 a 100 28.9 ± 12.8 b 

FO ND ND 100 4578.0 ± 752.8 
c
 100 9.3 ± 1.7 

 c
 100 20.5 ± 3.1 

e
 

FS ND ND 100 5813.4 ± 726.1 a 100 8.7 ± 2.7  c 100 21.9 ± 2.8 d 

FH ND ND 100 4501.7 ±1292.8 
c
 100 13.1 ± 3.3 

b
 100 22.1 ± 4.1 

d
 

FPH ND ND 100 4506.8 ± 452.4 c 100 14.8 ± 3.9 b 100 19.6 ± 2.8 e 
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Isolation frequency (%) of A. flavus and A. parasiticus in starter (S1: starter 1, S2: starter 2) and finisher 

poultry samples (F: finisher, FPH: finisher parallel half) in DRBC and DG18 media. (n: 120).  
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Biplot graph with principal component analysis (PCA) for the variables in this study (fumonisin B1, aflatoxin 
B1, T-2 toxin, HT-2 toxin) in relation to feed type. S1: starter 1, S2: starter 2, S3: starter 3, F: finisher, FO: 

finisher off, FS: finisher split, FPH: finisher parallel half and FH: finisher half. (n: 120).  
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Additional Table. Validation results in poultry feed samples.  

 

Mycotoxin y= ax + b* r
2
 

Cal. Range 

(µg kg
-1

) 

Validation 

levels 

(µg kg-1) 

Recovery 

(%) 

RSD 

(%) 

LOQ 

(µg kg
-1

) 

LOD 

(µg kg
-1

) 

AFB1 y= 1x 10
6 

x + 295.51 0.99 32 - 480 
200 

400 
56 11.26 5.3 1.6 

FB1 y= 1x10
6 

x +  295.51 0.99 32 - 480 
20000 

40000 
68 7.60 7.28 2.42 

Gliotoxin y= 6x106 x  5434.7 0.98 160 - 2400 
1040 

2080 
82 3.32 133 44 

DAS y= 2x107 x 31052 0.99 320 - 4816 
2000 

4000 
54 8.70 40 13 

T2 toxin y= 5x10
6 

x 13291 0.98 320 - 4816 
2000 

4000 
89 2.63 40 13 

HT-2 toxin y= 1x10
6 

x 295.51 0.99 32 - 480 
2000 

4000 
68 7.60 40 13 

 

* x is the injected concentration in ng and y is the quotient of analyte peak area to peak area of 

internal standard. 

LOQ: limit of quantification. LOD: limit of detection. RSD: relative standard deviation. n: 120. 
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