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1. Introduction 
Aflatoxins are toxic metabolites produced by different species of toxigenic fungi, called 
mycotoxins. Humans can be exposed to aflatoxins by the periodic consumption of 
contaminated food, contributing to an increase in nutritional deficiencies, 
immunosuppresion and hepatocellular carcinoma (Wagacha & Muthomi, 2008). 
Aflatoxins (AFs) have a wide occurrence in different kind of matrices, such as spices, cereals, 
oils, fruits, vegetables, milk, meat, etc. Among the 18 different types of aflatoxins identified, 
the major members are aflatoxin B1 (AFB1), B2 (AFB2), G1 (AFG1), G2 (AFG2), M1 (AFM1) 
and M2 (AFM2) which are produced by Aspergillus flavus and/or Aspergillus parasiticus. 
Strains of A. flavus can vary from non-toxic to highly toxigenic and are more likely to 
produce AFB1 than AFG1. Strains of A. parasiticus generally have less variation in 
toxigenicity and produce AFB1 and varying amounts of AFB2, AFG1 and AFG2 (Coppock & 
Christian, 2007).  
Other fungi have been described in the literature as aflatoxins’ producers such as A. 
bombycis, A. ochraceoroseus and A. pseudotamari (Klich et al, 2000; Mishra & Das, 2003). A. 
flavus and A. fumigatus have also been identified as pathogens for animals and humans 
(Zain, 2011). 
The order of acute and chronic toxicity is AFB1 > AFG1 > AFB2 > AFG2, reflecting the role 
played by epoxidation of the 8,9-double bond and also the greater  potency  associated  with 
the cyclopentenone ring of the B series, when compared with the six-membered lactone ring 
of the G series. AFM1 and AFM2 are hydroxylated forms of AFB1 and AFB2 (Mclean & 
Dutton, 1995; Wogan, 1966). 
In the primary fungi metabolism a lot of interrelated reactions catalyzed by enzymes occur, 
with the objective of promoting energy and primary metabolites (synthetic intermediates 
and macromolecules), ensuring the growth and reproduction of fungi. Secondary 
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metabolites are synthesized by a variety of routes from primary metabolites (Obrian et al., 
2003; Ueno, 1986; Wild & Montesano, 2009). The biosynthesis of aflatoxins, as all secondary 
metabolites, is strongly dependent on growth conditions such as substrate composition or 
physical factors such as pH, water activity, temperature or modified atmospheres. 
Depending on the particular combination of external growth parameters the biosynthesis of 
aflatoxin can either be completely inhibited, albeit normal growth is still possible or the 
biosynthesis pathway can be fully activated. Knowledge about these relationships enables 
an assessment of which parameter combinations can control aflatoxin biosynthesis. The 
biochemical correlation between aflatoxin production and oxidative stress suggest that the 
latter is a prerequisite for aflatoxin synthesis (Ellis et al., 1993; Giorni et al., 2008; Luchese & 
Harrigan, 1993; Molina & Giannuzzi, 2002; Ribeiro et al., 2006; Schmidt-Heydt et al., 2009). 
The chapter gives a section on  aflatoxin analysis, its occurrence in food and feed as well as 
its control, once aflatoxin is the major mycotoxin studied and thus is of great concern for 
human and animal’s health due to its carcinogenic, mutagenic, teratogenic and 
immunosupressive effects. 

2. Factors promoting contamination in aflatoxins and occurrence 
Fungi which grow and produce toxins in grains during storage are influenced by factors related 
to inadequate moisture and temperature, combined with long residence time in warehouses, 
which are stressful situations and originate toxigenic potential outbreak (Dilkin, 2002). 
The most important factors that help predict the occurrence of aflatoxins in food include 
weather conditions (temperature and atmospheric humidity), agronomical practices (crop 
rotation and soil cultivation) and internal factors of the food chain (drying and storage 
conditions). A comprehensive approach is needed to identify and control risks related to 
food production system that could present a potential hazard to human health, being 
necessary to identify emerging risks which may include "newly" identified risks, not 
previously observed risks in human or animal food chain as well as known risks. The 
emerging risks need to be identified as early as possible in order to take appropriate 
preventive measures. Thus, the specific risk can be prevented from becoming a danger (Van 
der Fels-Klers et al., 2008). 
Several groups of researchers from the European Union reached a consensus on the most 
important indicators, based on three stages in food production chain. For cultivation stage 
the selected indicators were: relative humidity, temperature, crop rotation, tillage practices 
and water activity of seeds. For transportation and storage the following factors were 
included: water activity, relative humidity, ventilation, temperature, storage capacity and 
logistics. For processing the indicators were: data quality, the fraction of grain used, the 
water activity of seeds, implanted traceability and system quality (Park & Bos, 2007; Van der 
Fels-Klers et al., 2010). 
According to Park & Bos (2007) and Marvin et al. (2009a) to anticipate emerging risks 
models are developed to assess the risk from the indicators identified. The next step is to 
identify the sources of information for these indicators, such as climate change (changes in 
temperature and rainfall), market and consumer trends (crop demand, price and 
production) and market research (economics, as inflation and taxes) global trade (import 
and export data and trade barriers), transportation (strikes and transport company records), 
technology (covers of scientific journals), prevalence of pests, changes in legislation 
(registration of pesticides). The risk categories within each of the selected indicators should 
be defined for each specific food. 
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Among the models currently available in the literature to predict the occurrence of fungi 
and mycotoxins, are the meteorological indicators in combination with agricultural 
information. With respect to management strategies, monitoring and prevention are the 
main indicators derived from the food chain (Dekkers et al., 2008). It is important to stand 
out the potential interactions among indicators which should be taken into account, for 
example: between relative humidity and temperature during cultivation; among storage 
conditions and drying and finally, between crop rotation and management policies (Van der 
Fels-Klers, 2010; Marvin et al., 2009b). 
Due to the great health concern in relation to mycotoxin contaminated food ingestion, studies 
are being conducted worldwide to verify the occurrence of aflatoxins. The main food 
products susceptible to fungal growth and consequently to mycotoxins’ production, include 
peanuts  (raw,  roasted,  sweet  and  infrosted), corn  (popcorn, hominy  and  grains), wheat, 
rice, nut, walnuts, hazelnuts, cashews, almonds, dried fruits, spices, cotton seed, cassava, 
vegetable oils, cocoa and others that are normally used in the composition of foods and feeds. 
Thus, animals are also subjected to aflatoxin contamination, and when meat and milk from 
these animals are ingested, human contamination may also occur (Kwiatkowski & Alves, 
2007). Mycotoxins importance relies on harm caused to human and animal health, besides 
economical losses in agriculture (Amaral et al., 2006). 
Rubert et al. (2010) evaluated a total of 22 samples obtained from a local supermarket (10 
samples of malt, 7 samples of coffee and 5 samples of instant-based cereal-breakfast 
beverage). Four samples of the total malt samples were positive for AFG2 and AFG1, and 
traces of AFB1 and AFB2 were detected. Khayoon et al. (2010) verified the occurrence  of 
AFB1, B2, G1 and G2 in 42 animal feeds, comprising corn (16), soybean meal (8), mixed meal 
(13), sunflower, wheat, canola, palm kernel, copra meals (1 each). The results showed that 
eight samples (19%) were contaminated with  aflatoxins,  ranging from 6.5 to 101.9 ng g−1. 
Ibáñez-Vea et al. (2011) evaluated AFG2, AFG1 and ZEA mycotoxins in 20 barley samples. 
All of the samples analyzed presented levels of AFB1 above its LOD, but only 5 (25%) 
presented quantifiable levels (>LOQ), with 0.173 μg kg−1 and 0.185 μg kg−1 being the mean 
of the positive values and the maximum level found, respectively. Reiter et al. (2010) 
evaluated eighty-one rice samples purchased from different markets. The results revealed 
that AFB1 (0.45 to 9.86 μg kg−1) could be quantified in 15 samples and  AFB2 (1.5 μg kg−1) in 
one sample. Matumba et al. (2010) investigated aflatoxins in  sorghum grain and malt 
samples, traditional opaque sweet beverage (thobwa) and beer prepared from sorghum 
malts. All malt and beer samples, 15% and 43% of the sorghum and thobwa samples, 
respectively, were contaminated. The sorghum malt prepared for beer brewing, had a 
significantly (p < 0.01) total aflatoxin content (average 408 ± 68 μg kg-1) than any other type 
of sample. Dors et al. (2011) conducted a survey of mycotoxins in parboiled and whole rice. 
From the samples analyzed, 9% were contaminated with AFB1 in levels ranging from 11 to 
74 g kg-1. Coelho et al. (1999) studied aflatoxin and ochratoxin A migration during rice 
parboiling process under different conditions of soaking, autoclaving and drying. It was 
noted that there was mycotoxin migration from the husk to the starchy endosperm in the 
following proportions: 32% AFB1, 44% AFB2, 36% AFG1 and 22% AFG2. Dors et al. (2009) 
assessed mycotoxin migration to the starchy endosperm during the parboiling process and 
the results showed a lower trend of migration from AFB1 in 6 h soaking and 30 min 
autoclaving. 
Amaral et al. (2006) examined 123 samples of food products based on corn and corn grain, of 
which 16 were positive with levels of 0.78 μg kg-1. Ramos et al. (2008) detected the presence 
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of Aspergillus spp. and aflatoxin contamination grain samples (12) analyzed and this result 
was correlated with the greatest amount of rain during harvest. Levels of contamination 
ranged from "not detected" (nd) to 277.8 µg kg-1, for AFB1; from 0.7 to 14 µg kg-1 for AFB2; 
and from nd to 34.1 µg kg-1 for AFG2. Oliveira et al. (2010) found aflatoxin contamination in 
70% of maize samples from criollo varieties, which have not undergone genetic intervention, 
at levels ranging from 1 to 2.6 µg kg-1. 
Almeida et al. (2009) collected 80 samples of maize for poultry feed in two feed mills, from 
these samples 10% were contaminated with levels varying from 1 to 5 mg kg-1. Marques 
(2007) analyzed 47 samples of corn grits for animal consumption and 46 were positive for 
aflatoxin with a maximum of 50 µg kg-1. D’Angelo et al. (2007) reported injury in calves for 
veal production that had a corn-based diet. The toxicological analysis of corn-based feed 
revealed contamination in the following levels: 1400 µg kg-1 AFB1, 120 µg kg-1 AFB2, 80 µg 
kg-1 AFG1 and 70 µg kg-1 AFG2. In the liver of three animals were found levels of total 
aflatoxins of 0.1, 0.3 and 0.6 µg kg-1. Velazquez et al. (2009) analyzed 40 samples of feed for 
dairy cattle and 92% of them were contaminated with aflatoxins at levels between 4.82 a 2.89 
µg Kg-1. 
Most of AFB1 and AFB2 ingested by mammals is eliminated through urine and faeces, 
however a fraction is biotransformed in the liver and excreted together with milk in the 
form of aflatoxins AFM1 and AFM2, respectively. AFM1 could be detected in milk 12-24 h 
after the first AFB1 ingestion, reaching a high level after a few days. The ratio between AFB1 
ingested and AFM1 excreted has been estimated to be 1-3%. One of the most used 
treatments for milk processing is heating, however, AFM1 is resistant to any thermal 
treatment (Carvajal et al., 2003; Park, 2002; Van Egmond, 1989).  
Rahimi et al. (2010) analyzed 311 samples of raw milk from cow, water buffalo, camel, 
sheep, and goat. AFM1 was found in 42.1% of the samples by average concentration of 43.3 
± 43.8 ng kg-1. The incidence rates of AFM1 in raw cow, water buffalo, camel, sheep, and 
goat  milks  were, 78.7%, 38.7%, 12.5%, 37.3%, and 27.1%, respectively. Fallah (2010) 
investigated the  occurrence of AFM1 in 225 commercial liquid  milk  samples composed of 
pasteurized  milk  (116 samples) and UHT  milk  (109 samples).  AFM1 was detected in 151 
(67.1%) samples, consisted of 83 (71.5%) pasteurized  milk  samples (mean: 52.8 ng L-1 ; 
range: 5.8–528.5 ng L-1) and 68 (62.3%) UHT  milk  samples (mean: 46.4 ng L-1; range: 5.6–
515.9 ng L-1).  
Heshmati and Milani (2010) verified the levels of AFM1 in UHT milk samples. Two hundred 
and ten UHT milk samples were obtained from supermarkets in Tehran, Iran. AFM1 was 
found in 116 (55.2%) of 210 UHT milk samples examined. The levels of AFM1 in 70 (33.3%) 
samples were higher than the maximum tolerance limit (0.05 μg L-1) accepted by some 
European countries while none of the samples exceeded the prescribed limit of US 
regulations. The same authors also studied AFM1 levels of 61 milk samples delivered from 
small milking farms. The maximum mean concentrations of AFM1 recorded in winter–
spring season were in the range of 35.8–58.6 ng L-1 and in summer–autumn season in the 
range of 11.6–14.9 ng L-1. 
Cano-Sancho et al. (2010) found AFM1 occurrence in the main dairy products consumed, 
that is 94.4% (68/72) of whole UHT milk samples, in 2.8% (2/72) of yoghurt samples, but 
was not detected in cheese. The maximum level was detected in one yoghurt sample with 
51.58 ng kg-1. Martins & Martins (2004) determined the occurrence of AFM1 in 96 yoghurt 
samples, being 48 of them natural and 48 added by strawberry pieces. The results showed 
that 18.8% of the samples were contaminated with AFM1, being 2 samples of natural 
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yoghurt (0.043 and 0.045 ug L-1) and 16 from fruit added yoghurt (0.019 and 0.098 ug L-1). 
Khoury et al. (2011) investigated the presence and levels of AFM1 in 138 dairy samples (milk 
and yogurt). Results obtained showed that AFM1 was found in 40.62 % and 32.81 % of milk 
and yogurt samples respectively. Fallah et al. (2009) studied 210 cheese samples composed 
of white cheese (116 samples) and cream cheese (94 samples). AFM1 at measurable level (50 
ng kg-1) was detected in 161 (76.6%) samples, consisting of 93 (80.1%) white and 68 (72.3%) 
cream cheese samples.  
Dashti et al. (2009) evaluated a total of 321 milk samples (177 fresh, 105 long-life, 27 
powdered milk and 12 human milk), 40 cheese samples and 84 feed samples were analyzed 
for AFM1.  Results showed that all fresh milk samples except one were contaminated with 
AFM1 ranging from 4.9 to 68.7 ng kg-1, for the long-life milk samples were below the 
detection limit to (88.8 ng kg-1) while in powdered milk samples ranged from 2.04 to 4.14 ng 
kg-1. From human milk samples, only five were contaminated, with levels ranging from 8.83 
to 15.2 ng kg-1. The cheese samples recorded 80% contamination with AFM1 with a range of 
23.8–452 ng kg-1. Manetta et al. (2009) investigated samples of whey, curd and a typical hard 
and long maturing cheese such as Grana Padano produced with naturally contaminated 
milk in a range of 30–98 ng kg-1. Experimental results showed that, in comparison to milk, 
AFM1 concentration levels increased both in curd (3-fold) and in long maturing cheese (4.5-
fold), while AFM1 occurrence in whey decreased by 40%. Under review done by Montagna 
et al. (2008), there is an increase in aflatoxin M1 concentration as cheese ripening stage 
progresses, due to water loss and the consequent concentration of substances present. 
Sassahara et al. (2005) collected 98 feed and 42 raw milk samples and the results showed 
that there was contamination by AFM1 in 26% commercial feed samples, besides 53% of 
feed samples prepared at the farm and in 100% of corn samples used in animal nutrition. As 
a result of this aflatoxin incidence in animal diet, milk showed 24% contamination in the 
collected samples. Romero et al. (2010) evaluated the presence of AFM1 in human urine 
samples from a specific Brazilian population, as well as in corn, peanut, and milk 
consumption measured by two types of food inquiry. A total of 69 samples were analyzed 
and 45 of them (65%) presented contaminations 1.8 pg mL−1, which was the limit of 
quantification (LOQ). Seventy eight percent (n = 54) of the samples presented detectable 
concentrations of AFM1 (>0.6 pg mL−1). The AFM1 concentration among samples above 
LOQ ranged from 1.8 to 39.9 pg mL−1. There were differences in food consumption profile 
among donors, although no association was found between food consumption and AFM1 
concentration in urine. The high frequency of positive samples suggests exposure to 
aflatoxins by the studied population. 
Aflatoxins are found in maize and peanuts, as well as in tree nuts and dried fruits (Zain, 
2011). Nakai et al. (2008) evaluated the mycoflora and occurrence of aflatoxins in stored 
peanut samples (hulls and kernels). Analysis of hulls showed that 6.7% of the samples were 
contaminated with AFB1 and AFB2; in kernels, 33.3% of the samples were contaminated 
with AFB1 and 28.3% with AFB2. Analysis of the toxigenic potential revealed that 93.8% of 
the A. flavus strains isolated were producers of AFB1 and AFB2. Shenasi et al. (2002) 
detected aflatoxins in 12% of the samples at twenty-five varieties of dates (Phoenix 
dactylifera) although aflatoxigenic Aspergillus were detected in 40% of the varieties 
examined. Bircan (2009) tested aflatoxin contamination in 98 dried figs analyzed for OTA to 
determine the co-occurrence of both toxins. Seven samples were confirmed aflatoxin 
positive, in the range of 0.23–4.28 ng g-1 and only 2 samples contained both toxins, with a 
maximum concentration of 24.37 ng g-1 for OTA and 1.02 ng g-1 for AFB1.  
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More recently, Herzallah et al. (2009) studied aflatoxin contamination in meat products 
collected in 5 different months. The AFB1, AFB2, AFG1 and AFG2 contents in the analysed 
food products ranged from 1.10 to 8.32 g.L-1 and 0.15 to 6.36 g.L-1 in imported and fresh 
meat samples collected during March, respectively.  
Fruits and vegetables do not appear to be of major concern as possible sources of mycotoxin 
contamination in food and feeds because they were only listed as minor sources in a 
statement of the Institute of Food Science and Technology Trust Fund (2006). Major sources 
on the list included mold damaged foodstuffs, specifically cereals and oilseeds. 
FAO has done a lot of work on mycotoxins in developing countries, although economic 
dimensions are rarely observed. In horticultural crops, mycotoxins are primarily associated 
with dried fruits (figs and prunes), certain processed products (apple and grape juice) and 
are probably in apples and grapes (Dombrink-Kurtzman, 2008).  
Although a large number of different mycotoxins exist, there are only a few of them that are 
regularly found in foods. Most reports concerning aflatoxin formation on fruits refer to figs 
or citrus fruits (Drusch & Ragab, 2003). Aflatoxins constitute a problem that is already 
present in the orchard. Little contamination occurs when firm, ripe fruits are dried 
immediately (Steiner et al., 1988). From a practical point of view, the best approach for 
eliminating mycotoxins from foods is to prevent mold growth at all levels of production, 
including harvesting, transport, and storage (Boutrif, 1998).  
Thus, the occurrence of fungi and mycotoxins can be controlled by applying a number of 
preventive measures both before and after harvest, including insect control, good 
harvesting, drying, and storage practices. If mycotoxin contamination has occurred, the 
levels of toxins can be reduced by physical, chemical or biological decontamination. Milling, 
food processing, and regulatory control of toxins to safety levels can also have a positive 
impact on food safety (Trucksess & Diaz-Amigo, 2011).  

3. Sampling, measurement and analysis 
3.1 Sample preparation 
Since AFs are inhomogeneous distributed in food and feed, high-contaminated hotspots can 
occur. Thus, sampling is an important step in the analysis of contaminated food and feed 
(Reiter et al., 2009). 
Relating to the sample preparation techniques used in the last years, liquid-solid extraction 
has been widely employed. Usually the procedure consists of weighing a mass of the 
homogenized sample, add the extractor solvent and agitate in a shaker. Commonly, after 
these steps, filtration is carried out. In these extractions different volumes and solvent kinds 
were employed. Solvent volumes ranging from 20 to 250 mL and composed mainly of 
methanol/water or acetonitrile/water have been used. The choice for the best extraction 
solvent is directly related to the extraction efficiency and the number of co-extractives that 
this solvent extracts. In the work developed by Capriotti et al. (2010) the authors compared 
the use of methanol, acetonitrile and acetone for mycotoxins’ extraction from cereals, being 
observed the highest recovery for the analytes in the acetone solution. 
Another tool that has been employed during extraction is the ultrasound assisted extraction 
(Amate et al., 2010; Bacaloni et al., 2008; Capriotti et al., 2010; Quinto et al., 2009). 
Ultrasound is a simple and versatile method because it aggressively agitates the solution 
system improving transfer from the cell into the solvent. Bacaloni et al. (2008) employed 
ultrasound extraction and compared the technique with matrix solid-phase dispersion 
(MSPD) and homogenization. Recoveries comparable to those obtained with the 
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homogenization method were achieved with a sonication time of 10 min. The authors 
concluded that the employment of ultrasound is time-saving because it is easy to handle and 
many samples can be treated at the same time. Besides, ultrasonic extraction may be an 
efficient, safe and reliable alternative to homogenization and MSPD extractions.  
MSPD technique has been employed for aflatoxins’ extraction in food samples (Cavaliere et al., 
2007; Rubert et al., 2010; Sebastià et al., 2010). MSPD involves the homogenization of the 
sample together with a suitable sorbent (usually octadecylsilica) using a pestle and mortar. The 
solid mixture is transferred to a cartridge and after, the aflatoxins are eluted and determined. 
Rubert et al. (2010) extracted the aflatoxins AFB1, AFB2, AFG1 and AFG2 from cereal using 1 g 
sample, 1 g C18 and 10 mL acetonitrile for the elution from the cartridges.  Recoveries were 
reported to be between 64 and 91%, and limits of quantification of 1 µg kg-1 were reached. 
Pressurized fluid extraction (PFE), with trade name of accelerated solvent extraction (ASE) 
has also been employed for aflatoxins’ extraction (Sheibani & Ghaziaskar, 2009; 
Desmarchelier et al., 2010). This technique employs solvents at elevated pressures and 
temperatures to achieve complete extraction of analytes from solid and semi-solid samples 
with lower solvent volumes and shorter extraction times (Sheibani & Ghaziaskar, 2009).  
The accelerated extraction solvent was compared to QuEChERS procedure (acronym name 
for Quick, Easy, Cheap, Effective, Rugged, and Safe) for extraction of mycotoxins including 
aflatoxins from food samples in the study developed by Desmarchelier et al. (2010). Both 
methods showed high extraction efficiency in a broad range of cereal-based products and 
with a comparable sensitivity. Nevertheless, the easiness-to-handle of these extraction 
methods was definitely in favor of the QuEChERS-like procedure, avoiding any tedious 
preparation of extraction cells, requiring less reagents and glassware and involving less 
intermediate steps. Consequently, a higher sample throughput was possible, with up to 40 
individual samples extracted over one working day as compared to the 24 individual 
samples processed over one and a half working days by the ASE procedure. On a routine 
basis, the QuEChERS-like method constitutes undeniably the best option.  
Solid-phase extractions have been used for mycotoxins’ extraction from different kinds of 
samples. Solid-phase microextraction (SPME) was used by Nonaka et al. (2009). The authors 
optimized the on-line in-tube SPME-LC-MS and concluded that using this approach it’s 
possible to continuously extract aflatoxins from samples extracts with no requirement of any 
other pretreatments, which can then be analyzed by LC–MS. This method is automatic, 
simple, rapid, selective, and sensitive, and may be easily applied to the analysis of various 
food samples.  
Solid-phase extraction (SPE) has also been applied for many years to mycotoxins analysis, 
once this technique enables the extraction, preconcentration and purification in one step 
(Alcaide-Molina et al., 2009).  

3.2 Clean-up 
Due to the large number of co-extractives that are present in the sample extracts, most 
matrices are unsuitable for direct chromatographic analysis, needing a clean-up step.  
Some studies, according to the detection technique that will be employed only uses the 
dilution approach to reduce the matrix interferences, as we could observe in the work 
developed by Acharya & Dhar (2008). The authors describe a simple approach for 
performing broad-specific noncompetitive immunoassays for the determination of total 
aflatoxins (AFB1 +AFB2 +AFG1 +AFG2). Twenty grams sample were extracted with 100 mL 
MeOH:H2O (70:30, v/v) and stirred for 0.5 h. Extracts were filtered through a filter paper. 
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The matrix interferences were eliminated by diluting the sample 10-fold with the assay 
buffer.  
The most employed clean-up methods in some laboratories are the solid-phase extraction, 
multifunctional columns or immunoaffinity columns (IACs) (Bacaloni et al., 2008; Huang et 
al., 2010; Piermarini et al., 2009; Reiter et al., 2010). IACs in combination with HPLC are 
increasingly used nowadays as reference methods and allow a sufficient elimination of 
matrix interferences, due to their high selectivity. The immunoaffinity is based on the 
binding of the immobilized specific antibodies on the surface of a column (Shepard, 2009). 
Clean-up only with solvents is rarely found nowadays (Sheibani & Ghaziaskar, 2009).  The 
advantages of IACs are the effective and specific extract purification provided, the economic 
use of organic solvents and the improved chromatographic performance achieved with 
cleaner samples (Shepard, 2009).  
The clean-up step has an important role in the quantification techniques, avoiding false 
positives, allowing better recoveries and helping with the time-life of the equipments.  

3.3 Separation and detection 
Different techniques have been found for the determination of aflatoxins in the last years. 
Techniques based on ELISA detection (Li et al., 2009), electrochemical sensor (Tan et al., 
2009), immunoassays (Saha et al., 2007), Liquid Chromatography tandem Mass 
Spectrometry (LC-MS) (Kokkonen & Jestoi, 2009; Rubert et al., 2010), Liquid 
Chromatography with Fluorescence Detection (LC-FLD) (Ibáñez-Vea et al., 2011), Liquid 
chromatography with ultraviolet detection (Fu et al., 2008) and adsorptive stripping 
voltammetry (Hajian & Ensafi, 2009) are found in the literature.  
Aflatoxins separation has been performed for many years by HPLC, using mainly reversed-
phase columns, with mobile phases composed of water, methanol and acetonitrile mixtures. 
Chromatographic performance has improved with column technology, particularly with 
reduced size of the column packing material (Shepard, 2009). Researches employing the 
Ultra-Performance Liquid Chromatography (UPLC) have brought lower run times and 
better peak shapes. Huang et al. (2010) employed the UHPLC-MS/MS for the separation 
and detection of aflatoxins after an extraction with acetonitrile and water and a clean-up 
with SPE, reaching limits of quantification between 0.012 and 0.073 µg kg-1. The total run 
time for the separation of AFB1, AFB2, AFG1, AFG2, AFM1 and AFM2 was less than 9 min.  
The AFs are named due to their properties under UV-irradiation, where AFB1 and AFB2 
emit blue fluorescence (350 nm), AFG1 and AFG2 green fluorescence (350 nm). These 
important features can be used for rapid identification and detection (Reiter et al., 2009). So, 
although aflatoxins are naturally strongly fluorescent compounds, making them ideal 
subjects for fluorescence detection, various analogues exhibit solvent-dependent quenching 
in HPLC solvent systems. In the aqueous mixtures used for reversed-phase 
chromatography, the fluorescence of AFB1 and AFG1 are significantly quenched (Shepard, 
2009). This is generally overcome by some derivatization procedure.  In the last years works 
employing post-column derivatization have been found. Ariño et al. (2009) determined 
AFB1, AFB2, AFG1 and AFG2 with liquid chromatography using post-column 
photochemical derivatization for improved sensitivity and selectivity. This technique 
allowed a fluorescence enhancement about 30 times for aflatoxin B1 and G1. Results showed 
that post-column photochemical derivatization of aflatoxins increased detectability and 
selectivity of responses for the LC–FLD system.  The average recovery was between 84 and 
91%, and LOQ was 0.1 µg kg-1.   
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The coupling of HPLC to mass spectrometry is the more commonly employed detection 
technique in the last years. The ionization sources employed based on atmospheric pressure 
ionization techniques such as electrospray ionization (ESI) or atmospheric pressure chemical 
ionization (APCI) has resulted in a range of new methods (Beltrán et al., 2011; Cavaliere et 
al., 2007; Kokkonen & Jestoi, 2009; Sulyok et al., 2007). The advantages of LC-MS techniques 
lie in the improved detection limits, the confirmation provided by mass spectral 
fragmentation and the ability to filter out by mass any impurities that interfere in 
spectrophotometric detectors. For the determination of 32 mycotoxins, including aflatoxins, 
in beer, Zachariasova et al. (2010), developed a study with the aim of optimize a simple and 
high-throughput method. For determination of analytes, ultra-high-performance liquid 
chromatography hyphenated with high-resolution mass spectrometry utilizing an orbitrap 
(U-HPLC–orbitrapMS) or time-of-flight (TOFMS) technology was used. Because of 
significantly better detection capabilities of the orbitrap technology, the U-HPLC–
orbitrapMS method was chosen. The U-HPLC–orbitrapMS technology represents a 
progressive alternative equivalent to MS/MS. The U-HPLC–orbitrapMS system used within 
this study operates in APCI mode enabled rapid determination of trace levels of multiple 
mycotoxins potentially occurring in beer samples.  
Relating to the source of ionization, for aflatoxin determination we have found more studies 
employing the ESI as source of ionization. Atmospheric pressure photoionization (APPI) is 
the latest interface introduced in the field of soft ionization techniques, and it was employed 
in the study developed by Capriotti et al. (2010). Using APPI, detection limits for the 
investigated compounds were lower than by using ESI, due to a much lower noise and 
matrix effect. For aflatoxins, LOQs between 0.1 and 0.5 µg kg-1 were reached. 
The application of aflatoxin-specific antibodies has produced a range of immunoassay 
analytical methods (Acharya & Dhar, 2008; Li et al., 2009; Saha et al., 2007). A number of 
commercial enzyme-linked immunosorbent assays (ELISAs) are well established and 
available. The essential principle of these assays is the immobilization on a suitable surface 
of antibody or antigen and the establishment of a competitive process involving this 
resource and components of the analytical solution (Shepard, 2009). Piermarini et al. (2009) 
developed a method, called ELIME-array (Enzyme-Linked-Immuno-Magnetic-
Electrochemical-array) for the determination of AFB1 in corn samples. In order to determine 
AFB1 at a level of regulatory relevance, a sample treatment that employs extraction, clean-
up and concentration steps, was selected. The recovery of the ELIME-array was calculated 
by analyzing replicates of four certificate reference materials (CRMs). The method showed 
recoveries between 95 and 114% with a LOQ of 1.5 ng mL-1. 

3.3.1 Matrix effect  
Another special issue about the determination of contaminants, such as aflatoxins in a 
variety of samples is the matrix effect. Mainly related to the mass spectrometric techniques, 
the matrix effect is known as the change of ionization efficiency for the studied analytes in 
the presence of other compounds (Kruve et al., 2008).  
Relating to this topic some procedures could be done to guarantee the trueness of the  
results, avoiding false positives. For aflatoxins’ determination the approaches observed were: 
dilution, matrix-matched calibration, standard addition and use of internal standard. Some 
studies employ the AFM1 as I.S, and in others the use of a deuterated one (13C17-AFB1) was 
observed. The sample clean-up, many times is enough to avoid the matrix effects, but in other 
cases not.  
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3.4 Analytical criteria 
Some performance criteria are important for obtaining reliable results for aflatoxins’ 
determination.  Table 1 shows a summary of some manuscripts published after 2007, 
showing which aflatoxins were determined, kind of sample, sample preparation, clean-up, 
matrix effect, detection, limit of quantification and recoveries. 
 
 

Aflatoxins Matrix 

Sample preparation
(sample mass, 
type and volume of extractor 
solvent) 

Clean-up Matrix Effect Detection LOQ R% Reference 

total 
aflatoxins 
AFB1, 
AFB2, 
AFG1, 
AFG2 

corn 
20 g 
100 mL MeOH:H2O  
(70:30, v/v) 

- 

Dilution 10-
fold to 
eliminate the 
matrix 
interferents 

broad-specific 
noncompetitive 
immunoassay 

5 µg kg-1 

(LOD) 
86-100 

Acharya & 
Dhar, 2008 

AFB1, 
AFB2 
AFG1, 
AFG2 

Olive leaves 
and drupes 

Automatic SPE 
 5 g 
25 mL MeOH:H2O  
(70:30, v/v) 

Automatic SPE 
Matrix-
matched 
calibration 

LC-ESI-MS/MS 
0.03 – 0.11 
µg kg-1 

96-102 
Alcaide-
Molina et al., 
2009 

AFB1, 
AFB2 
AFG1, 
FG2 

spices 
1 g 
10 mL ACN 
ultrasonic bath (30 min) 

- 
Matrix-
matched 
calibration 

LC-ESI-MS/MS 
1-20 
 µg kg-1 

100-139 
Amate et al., 
2010 

AFB1, 
AFB2 
AFG1, 
AFG2 

pistachios 

10 g 
1 g NaCl 
40 mL MeOH:H2O  
(8:2, v/v) 
20 mL hexane 

Immunoafinity 
column 

 

LC-FLD 
post-column 
photochemical 
derivatization 

0.1 µg kg-1 84-91 
Ariño et al., 
2009 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 (IS) 

hazelnuts 
1 g 
20 mL ACN: H2O (80:20, v/v).
Ultrasonic bath (10 min) 

SPE 
(Carbograph-4) 

Matrix-
matched 
calibration 
and internal 
standard 

LC-ESI-MS/MS 
0.04 – 0.07 
µg kg-1 

91-102 
Bacaloni et al., 
2008 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 

Baby food 
and milk 

Cereals infant formula - 5 g 
20 mL ACN:H2O  
(80:20, v/v) 
Liquid samples - 8 g 
32 mL ACN 

immunoaffinity 
column 

Cleanup 
eliminated 
the matrix 
effect 

UHPLC-ESI-
MS/MS 

0.003 -
0.025 µg 
kg-1 

79 - 112 
Beltrán et al., 
2011 

AFB1, 
AFB2 
AFG1, 
AFG2 

Baby food 
and paprika 

Baby food - 50 g  
5 g NaCl 
250 mL MeOH:H2O  
(80:20, v/v).  
Paprika - 25 g 
2.5 g NaCl 
100 mL MeOH:H2O  
(80:20, v/v) 

Immunoaffinity 
column 

- HPLC-FLD 
0.02 - 0.2 
µg kg-1  

86-96 
Brera et al., 
2011 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 

Cereals 
Wheat and 
maize 
samples 

1 g 
6 mL 
CH3COCH3:H2O:CH3COOH 
(80:19:1, v/v/v) 
ultrasonic bath (20 min) 

-  
LC-APPI-
MS/MS 

 0.1 – 0.5 
µg kg-1 

86-104 
Capriotti et al., 
2010 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 
(I.S) 

Olive oil 

MSPD (C18) 
0.32 g 
6 mL MeOH:H2O  
(80:20, v/v) 

- 
Matrix-
matched 
calibration 

LC-ESI-MS/MS 
0.04. -0.12 
µg kg-1 

92-107% 
Cavaliere et al., 
2007 

AFB1, 
AFB2 
AFG1, 
AFG2 

Curry 
Red pepper 
paste 
Ginger 
product 
Red pepper 
flour 
Black pepper 
Cinnamon 
powder 

25 g  
100 mL MeOH:H2O  
(70:30, v/v)  
1% NaCl 

Immunoafinity 
column 

 HPLC-FLD 
0.03-0.45 
µg kg-1 

68.1-103.9 Cho et al., 2008 
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Aflatoxins Matrix 

Sample preparation
(sample mass, 
type and volume of extractor 
solvent)

Clean-up Matrix Effect Detection LOQ R% Reference 

AFB1, 
AFB2 
AFG1, 
AFG2 

maize, 
wheat, rye, 
rice, oat, 
barley, 
soya, and 
infant cereals 

QuEChERS - 5 g 
10 mL ACN 0.5% CH3COOH 
ASE - 5 g 
ACN:H2O:CH3COOH 
(80:19:0.5, v/v/v) 

defatting step 
with 
n-hexane 

Standard 
addition 

LC-ESI-MS/MS 
1.0 – 2.0 
µg kg-1 

QuEChERS 
89-116 
ASE   
67-107 

Desmarchelier 
et al., 2010 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 

Maize 
Walnuts 
Biscuits 
Breakfasts 
cereals 

5 g  
10 mL ACN:H2O  
(80:20, v/v)  
biscuit samples  - 20 mL 
ACN:H2O (80:20, v/v) -  

- 
UHPLC-
MS/MS 

Matrix-marched 
calibration 

0.03-3.5 µg 
kg-1 

71.3-104-7 
Frenich et al., 
2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

Corn 
peanuts 

25 g  
80 mL ACN:H2O  
(84:16, v/v)  

Immunoafinnity 
column 

- UPLC-UV 
0.63-1.07 
µg kg-1 

83.4-94.7 Fu et al., 2008 

AFB1, 
AFB2 
AFG1, 
AFG2 

Sorghum 
pistachios 

10 g  
40 mL MeOH: H2O  
(80:20, v/v)  
1 g NaCl 
20 mL n-hexane  

immunoaffinity 
column 

- HPLC-FLD 
0.08-0.16 
µg kg-1 

68.3-87.7 
Ghali et al., 
2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

Cassava flour 

10 g   
1 g NaCl 
25 mL MeOH:H20  
(80:20, v/v) 

immunoaffinity 
column 

- 
HPLC-FLD 
Post columns 
PHRED 

5.0  
µg kg-1 

52-89 
Gnonlonfin et 
al., 2010 

AFB1, 
AFB2 
AFG1, 
AFG2 

Peanuts 

25 g  
5 g NaCl  
125 mL  MeOH:H20  
(7:3 v/v)  

immunoaffinity 
columns 

- HPLC-UV-FLD 
0.1-3.5  
ng mL-1 

65-90 
Gonçalez et al., 
2008 

AFB1, 
AFB2 

Groundnut 

5 g 
 10 mL MeOH:H20  
(80:20, v/v)  
5 mL hexane 

- 
Diluted 10-
fold to avoid 
interferences

Adsorptive 
stripping 
voltametry 

0.1-0.115 
ng mL-1 
(LOD) 

- 
Hajian & 
Ensafi, 2009 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1, 
AFM2 

Traditional 
Chinese 
medicines 

2 g 
 10 mL ACN:H2O  
(84:16, v/v) 

SPE 
Internal 
standard 
[13C17]-AFB1 

UHPLC-ESI-
MS/MS 

0.1-0.39 µg 
kg-1 

85.6-117.6 Han et al., 2010 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM, 
AFM2 

Peanuts and 
their 
derivative 
products 

2.5 g  
10 mL ACN:H2O  
(84:16, v/v) 

SPE 
Matrix-
matched 
calibration 

UHPLC-ESI-
MS/MS 

0.012-
0.273 µg 
kg-1 

74.7-86.8 
Huang et al., 
2010 

AFB1, 
AFB2 
AFG1, 
AFG2 

barley 
10 g  
50 mL ACN:H2O  
(60:40, v/v) 

immunoaffinity 
column 

 UHPLC-FLD 
0.038 - 
0.15 µg kg-

1 
71.7-99.6 

Ibáñez-Vea et 
al., 2011 

AFB1, 
AFB2 
AFG1, 
AFG2 

Cereals 
Wheat 
Barley 
Oats 

Automatic ASE 
10 g sample 
Extraction with acetonitrile 

- 
Matrix-
matched 
calibration 

LC-ESI-MS/MS 
20 – 65 
 µg kg-1 

61-94 
Kokkonen & 
Jestoi, 2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

nuts, cereals, 
dried fruits, 
and spices 

0.5 g 
1 mL MeOH:H20  
(80:20, v/v) 
SPME 

 AFM1 (I.S.) LC-ESI-MS 
2.1 - 2.8  
pg mL-1 

 (LOD) 
80.8-109.1 

Nonaka et al., 
2009 

AFB1 Corn 
25 g  
100 mL ACN:H2O  
(84:16, v/v)  

Mycosep 
columns 

Matrix-
matched 
calibration 

ELIME-array 
1.5  
ng mL-1 

95-114% 
Piermarini et 
al., 2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

Cereal flours 

2 g 
 10 mL of 
MeOH:PB1 (80:20, v/v)  
Ultrasonic bath (20 min) 
SPME 

Immunoafinity 
column  

  
0.1-0.63  
µg kg-1 

49-59 
Quinto et al., 
2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

rice 
50 g  
100 mL MeOH:H20  
(80:20, v/v) 

immunoaffinity 
columns 

 HPLC-FLD 
0.44-0.6  
µg kg-1 

83-102 
Reiter et al., 
2010 
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Aflatoxins Matrix 

Sample preparation
(sample mass, 
type and volume of extractor 
solvent)

Clean-up Matrix Effect Detection LOQ R% Reference 

AFB1, 
AFB2 
AFG1, 
AFG2 

cereals 
MSPD (1 g C18) 
1 g 
10 mL ACN 

 
Matrix-
matched 
calibration 

LC-ESI-MS/MS 1 µg kg-1 64-91 
Rubert et al., 
2010 

AFB1 Chili 
2 g  
5 mL MeOH:H20  
(80:20, v/v)  

  
Membrane-
based 
immunoassay 

2 µg kg-1 88-101 
Saha et al., 
2007 

AFB1, 
AFB2 
AFG1, 
AFG2 

Tigernuts 
and Their 
Beverages 

MSPD (2 g C18) 
1 g or 1 mL 
10 mL hexane 
10 mL ACN 

  LC-FLD 

0.21-1.49 
µg kg-1 

tigernuts 
0.13-0.57 
µg L-1 
beverages

72.3-82.1 
(tigernuts) 
74.0-86.3 
(beverages) 

Sebastià et al., 
2010 

AFB1, 
AFB2 

pistachio 

PFE  
7 g 
5 mL n-hexane  
MeOH:H20 (80:20, v/v) 

purified with 
chloroform 

 HPLC-FLD  100 
Sheibani & 
Ghasiaskar, 
2009 

AFB1, 
AFB2, 
AFG1, 
AFG2 

paprika 
25 g  
100 mL of MeOH:H20 (60:40, 
v/v)  

immunoaffinity 
column  

- HPLC-FLD 
0.23-0.45 
µg kg-1 

75.6-108 
Shundo et al., 
2009 

AFB1, 
AFB2 
AFG1, 
AFG2 
AFM1 

bread, fruits, 
vegetables, 
jam, 
cheese, 
chestnuts  
red wine 

0.5 g  
2 mL  ACN:H2O:CH3COOH 
(79:20:1, v/v/v)  

- 
Matrix 
matched 
calibration 

HPLC/ 
ESI-MS/MS 

0.7-1.5  
µg kg-1  
(LOD) 

97-100 
Sulyok et al., 
2007 

AFB1 Rice 
1 g  
5 mL MeOH:H20  
(80:20, v/v) 

  
Electrochemical 
sensor 

0.1 µg L-1 
(LOD) 

88.5-112 Tan et al., 2009 

AFB1, 
AFB2 
AFG1, 
AFG2 

beer 
4 mL beer  
16 mL ACN 

 
Matrix 
matched 
calibration 

U-HPLC–
orbitrapMS 

0.5 – 3.0 
µg L-1 

90-117 
Zachariasova 
et al., 2010 

AFB1, 
AFB2 
AFG1, 
AFG2 
 

wheat flour, 
corn flour, 
poultry feeds 

50 g  
250 mL MeOH:H20  
(80:20, v/v) 

immunoaffinity 
column 

- LC- FLD 
0.01 – 0.01 
µg kg-1 

>65% 
Zinedine et al., 
2007 

Table 1. Main parameters about extraction and determination of aflatoxins from 2007 to the 
present. 

3.5 Conclusions and analysis tools of tomorrow 
Determination of aflatoxins has been carried out using TLC, HPLC, LC–MS, LC–MS–MS, 
and immunological methods. Each one of the techniques has advantages and disadvantages. 
TLC provides an economical screening method. HPLC methods coupled with fluorescence 
detection are sensitive and the most widely used methods, but most require a derivatization 
step. Immunoassays provide rapid screening for total aflatoxin, but they may not be 
sufficiently reliable as quantitative methods for individual aflatoxins. LC–MS methods are 
specific and sensitive, and their use is becoming increasingly widespread. However, due to 
the low levels and the number of interferences from the matrices, usually, a sample 
preparation step is required to allow the extraction, preconcentration, and clean-up, 
enhancing the sensitivity and selectivity.  
The advance in the extraction and determination of aflatoxins will continue increasing 
together with the improvement of analytical science. The search for sample preparation 
methods that allow fast extraction, good accuracy and precision, low extraction of 
interferences, low consumption of solvents will continue together with the increase in 
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detection techniques with higher accuracy and sensibility. So, the determination of 
aflatoxins in foods will continue to be developed and improved. 

4. Legislation, desintoxication and control 
Concern about the potential hazards posed by dietary aflatoxins started in the 1960s after 
some 100000 turkey poults in Great Britain died as a result of aflatoxin exposure from 
their feed. When it became evident that aflatoxin exposure caused cancer in many species, 
most countries, established various regulations for aflatoxin levels (either total aflatoxins 
or for AFB1) in food and/or feed in order to limit exposure to this group of mycotoxins 
(Van-Egmond et al., 2007). These initial regulations on aflatoxins were not based on the 
derivation of a TDI (estimated tolerable daily intake), but rather on a desire to keep levels 
as low as technologically feasible (basis for regulations in some countries), or ‘free’ of 
aflatoxins by not allowing residues above the analytical detection limit (basis for 
regulations in some other countries). The early prudent actions regarding aflatoxins by 
governments have been justified, since AFB1 has been found to be a potent genotoxic 
agent and carcinogen in many test systems and animal species (Kuiper-Goodman, 1995; 
Wogan, 1974). 
Worldwide, aflatoxins because of their prevalence and toxicity are important in public 
health. Public health concerns center on both primary poisoning from aflatoxins in 
commodities, food and feed stuffs, and relay poisoning from aflatoxins in milk. The 
allowable levels of aflatoxins in animal feedstuff and human foods vary with governmental 
jurisdictions (Coppock & Christian, 2007). 
Aflatoxins are of great concern because of their detrimental effects on the health of humans 
and animals, including carcinogenic, mutagenic, teratogenic and immunosuppressive 
effects. AFB1 is the most potent hepatocarcinogen known in mammals and is classified by 
the International Agency of Research on Cancer as Group 1 carcinogen (Eaton & Gallagher, 
1994 as cited in Zinedine, 2009). 
The hazardous nature of aflatoxin to humans and animals has necessitated the need for 
establishment of control measures and tolerance levels by national and international 
authorities. Different countries have different regulations for aflatoxin. The general trend is 
that industrialized countries usually set lower tolerance levels than the developing 
countries, where most of the susceptible commodities are produced. However, such  lack  of  
harmony  may  give  rise  to  difficulties  in  the trade  of  some  commodities (Aibara & 
Maeda, 1989; Ismail, 1997). 
The first legislative act was undertaken in 1965 by the Food and Drug Administration (FDA) 
of the USA, which proposed a tolerance level of 30 pg kg-1 of total aflatoxins (Bl + Gl + B2 + 
G2).  With increasing awareness of aflatoxins as potent toxic substances, the proposed level 
was lowered to 20 pg kg-1 in 1969. The FDA has action levels for aflatoxins regulating the 
levels and species to which contaminated feeds may be fed (Table 2). In 1973, the European 
Economic Community (EEC) established legislation on maximum permitted levels of AFBl  
in  different  types  of  feedstuffs. The legislation has been frequently amended since then 
(EEC, 1974; FDA, 1977; Ismail 1997). 
The European Community levels are more restrictive (Tables 3 and 4), 4 µg kg-1 total 
aflatoxin in food for human consumption are the maximum acceptable limits in the EU, the 
strictest in standard worldwide. Human foods are allowed 4–30 ppb aflatoxin, depending 
on the country involved (John, 2007). 
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Commodity Concentration (µg kg-1) 
Cottonseed meal as a feed ingredient 300 

Corn and peanut products for finishing beef cattle 300 
Corn and peanut products for finishing swine 200 

Corn and peanut products for breeding beef cattle,  
swine and mature poultry 100 

Corn for immature animals and dairy cattle 20 
All products, except milk, designated for humans 20 

All other feedstuffs 20 
Milk 0.5 

Table 2. U.S. Food and Drug Administration action levels for total aflatoxins in food and 
feed (µg kg-1). 
 

Human food AFB1
(µg kg-1)

AFB1, B2, G1, G2
(µg kg-1)

M1 
(µg kg-1) 

Groundnuts, dried fruit and processed 
products thereof 2 4 - 

Groundnuts subjected to 
sorting or physic treating 8 15 - 

As above but for nuts and dried fruits 5 10 - 
Cereals (including maize) and

processed products thereof 2 4 - 

Milk - - 0,05 

Table 3. European Union for aflatoxins in human food (µg kg-1). 

The Brazilian National Agency for Sanitary Vigilance established the Resolution (RDC) nº 7 
of February 2011 which provides for the maximum permissible (LMT) for aflatoxins (Table 
5) and other mycotoxins in food. 
 

Feed AFB1 
(µg kg-1) Feed AFB1 

(µg kg-1) 

Feed (exceptions below) 50 Complete feedstuff for
pigs and poultry 20 

Groundnuts, copra, palm kernel, 
cottonseed, babasu, maize and 

products derived from 
processing thereof 

20 Other complete feedstuffs 10 

Complete dairy feed 5 

Complementary feedstuffs 
for cattle, sheep, goats  

(except dairy,  
calves and lambs)

50 

Complete feed for lambs 
and calves 10 

Complementary feedstuffs 
for pigs and poultry (except 

for young animals) 
30 

Table 4. European Union regulations for aflatoxins in feeds (µg kg-1). 



 
Aflatoxins: Contamination, Analysis and Control 

 

429 

It is estimated that about 35% of human cancers are directly related to diet, and the presence 
of aflatoxins in foods is considered an important factor in the formation of liver cancer, 
mainly in tropical countries. The reduction of population exposure to aflatoxin, and the 
consequent reduction of health risks will only be possible with a job with the food producers 
and efficient actions of sanitary vigilance (Doll & Peto, 1981). 
 

Mycotoxin Commodity 
Maximum 

limit tolerated 
(µg kg-1) 

AFB1, B2, 
G1, G2 

Cereals and cereal products, except corn and 
derivatives, including malted barley 5 

Beans 5 
Chestnuts except Brazil-nut, including walnuts, 

pistachios, hazelnuts and almonds 10 

Dried and dehydrated fruits 10 
Brazil-nut shell for direct consumption 20 

Brazil-nut shelled for direct consumption 10 
Brazil-nut shelled for further processing 15 

Cereal-based foods for infant feeding (infants and 
toddlers) 1 

Infant formulas and follow-up formula for infants and 
toddlers 1 

Cocoa beans 10 

Cocoa and chocolate 5 

Spices: Capsicum spp. (dried fruits, whole or ground, 
including peppers, chili powder, cayenne and paprika), 
Piper spp. (the fruit, including white pepper and black 
pepper) Myristica fragrans (nutmeg) Zingiber officinale 
(ginger) Curcuma longa (turmeric). Spice mixtures that 

containing one or more of the spices listed above. 

20 

Groundnut (in shell), (peeled, raw or roasted), peanut 
butter or peanut butter. 20 

Corn, grain (whole, broken, crushed, ground), flour or 
corn meal 20 

Aflatoxin 
M1 

Fluid milk 0,5 

Milk powder 5 

Cheese 2,5 

Table 5. Maximum permitted (LMT) for aflatoxin in Brazil. 

Aflatoxins can be detoxified or removed from contaminated food and nutrients by physical, 
chemical or biological methods. The inactivation of these compounds by physical and 
chemical methods have not proved to be effective and economically viable (Mishra & Das, 
2003). However, biological degradation offers an attractive alternative to eliminate these 
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toxins retaining food nutritional value. In the last decade it became clear that fungi are 
among the microorganisms that play a major role in mycotoxin degradation in particular 
AFB1 (Zucchi et. al., 2008). 
Aflatoxins are thermostable, so the physical treatment by heat results in only small changes 
in their levels (Tripathi & Mishra, 2010). Chemical treatments using solvents are able to 
extract these compounds causing minimal effect on nutritional quality, however, this 
technology is still impractical and expensive, besides inducing odors and flavors. 
Ammoniation is also used as an effective and practical application for decontamination of 
agricultural products containing aflatoxins (Allameh et al., 2005). Ozonation is the chemical 
method that has been most studied for the decontamination of aflatoxins in foods, once 
ozone has been recognized as safe by the Food and Drug Administration in 2001 (Zorlugenç 
et al., 2008). 
Currently, several studies have shown that aflatoxins are susceptible to some 
microorganisms such as fungi, bacteria and yeasts, being for this reason studied as a form of 
biological degradation. Taylor et al. (2010) studied some enzymes belonging to the group of 
actinomicetales specifically Mycobacterium smegmatis which is capable of catalyzing the ester 
group of aflatoxins by activating the molecules for the spontaneous hydrolysis and 
subsequent decontamination. Niu et al. (2008) studied several microorganisms from 
microbial sources that have coumarin as a carbon source. The results indicated that 
degradation was performed enzymatically by protease. Cacciamani et al. (2007) evaluated 
AFB1 and ochratoxin A degradation by solid fermentation using A. oryzae and Rhizopus sp. 
The first showed higher AFB1 decontamination (80%). There are several alternatives for 
detoxification of aflatoxins in foods, such as the use of acids and bases in the industry, being 
replaced by processes that involve components such as ozone GRAS and the use of fungi, 
bacteria or yeasts.  

5. References 
Acharya, D. & Dhar, T. (2008). A novel broad-specific noncompetitive immunoassay and its 

application in the determination of total aflatoxins. Analytica Chimica Acta, Vol.630, 
No.1, pp. 82–90, ISSN 0003-2670 

Aibara, K.; Maeda, K. (1989). The regulation for aflatoxin in Japan and the current situation 
of aflatoxin contamination of food imported from throughout the world. In: 
Mycotoxin and Phycotoxins, S. Natori, K. Hashimoto; Y. Ueno, Elsevier, 978-90-8686-
007-4, Amsterdam 

Alcaide-Molina, M.; Ruiz-Jiménez, J.; Mata-Granados, J. & Luque de Castro, M. (2009). High 
through-put aflatoxin determination in plant material by automated solid-phase 
extraction on-line coupled to laser-induced fluorescence screening and 
determination by liquid chromatography–triple quadrupole mass spectrometry. 
Journal of Chromatography A, Vol.1216, No.7, pp. 1115–1125, ISSN 0021-9673 

Allameh, A.; Safamehr, A.; Mirhadi, S.A.M.; Shivazad, M.; Razzaghi-Abyaneh, M. & Afshar-
Naderi, A. (2005). Evaluation of biochemical and production parameters of broiler 
chicks fed ammonia treated aflatoxin contaminated maize grains. Animal Feed 
Science Technology Vol.122, No.3, pp 289-301, INSS 0377-8401 

Almeida, A. V. A. F.; Botura, M. B.; Abreu, R. D.; Bittencourt, T. C. C. & Batatinha, M. J. M. 
(2009). Ocorrência de aflatoxinas em milho destinado à alimentação de aves no 



 
Aflatoxins: Contamination, Analysis and Control 

 

431 

estado da Bahia. Arquivos Instituto Biológico, São Paulo, Vol.76, No.3, pp. 353-358, 
ISSN 0020-3653 

Amaral, K. A. S.; Nascimento, G. B.; Sekiyama, B. L.; Janeiro, V.; Machinski Jr., M. (2006). 
Aflatoxinas em produtos à base de milho comercializados no Brasil e riscos para a 
saúde humana.  Ciência e Tecnologia de Alimentos. Vol.26, No.2, pp. 336-342, ISSN 
0101-2061 

Amate, C.; Unterluggauer, H.; Fischer, R.; Fernández-Alba, A. & Masselter, S. (2010). 
Development and validation of a LC–MS/MS method for the simultaneous 
determination of aflatoxins, dyes and pesticides in spices. Analytical and 
Bioanalytical Chemistry, Vol.397, No.1, pp. 93–107, ISSN 1618-2650 

Ariño, A.; Herrera, M.; Estopañan, G.; Rota, M.; Carramiñana, J.; Juan, T. & Herrera, A. 
(2009). Aflatoxins in bulk and pre-packed pistachios sold in Spain and effect of 
roasting. Food Control, Vol.20, No.9, pp. 811–814, ISSN 0956-7135 

Bacaloni, A.; Cavaliere, C.; Cucci, F.; Foglia, P.; Samperi, R. & Laganà, A. (2008) 
Determination of aflatoxins in hazelnuts by various sample preparation methods 
and liquid chromatography–tandem mass spectrometry. Journal of Chromatography 
A, Vol.1179, No.2, pp. 182–189, ISSN 0021-9673 

Beltrán, E.; Ibáñez, M.; Sancho, J.; Cortés, M.; Yusà, V. & Hernández, F. (2011). UHPLC–
MS/MS highly sensitive determination of aflatoxins, the aflatoxin metabolite M1 
and ochratoxin A in baby food and milk. Food Chemistry, Vol.126, No.2, pp. 737–744. 
ISSN 0308-8146 

Bircan, C. (2009). Incidence of ochratoxin A in dried fruits and co-occurrence with aflatoxins 
in dried figs. Food and Chemical Toxicology, Vol.47, No.8, pp.1996–2001, ISSN 028-
6915 

Boutrif, E. (1998). Prevention of Aflatoxin in Pistachios, 17.01.2011, Available from 
<http://www.fao.org/docrep/W9474T/w9474t06.htm> 

Brera, C.; Debegnach, F.; Santis, B.; Pannunzi, E.; Berdini, C.; Prantera, E.; Gregori, E. & 
Miraglia, M. (2011). Simultaneous determination of aflatoxins and ochratoxin A in 
baby foods and paprika by HPLC with fluorescence detection: A single-laboratory 
validation study. Talanta, Vol.83, No.5, pp. 1442–1446, ISSN 0039-9140 

Cacciamani J. M.; Peres G. L.; Garda-Buffon J. & Badiale-Furlong E. (2007). Efeito dos 
tratamentos térmicos seco e úmido nos níveis de aflatoxina B1 e ocratoxina A 
presentes em farelo e farinhas cereais. Boletim do Centro de Pesquisa de Processamento 
de Alimentos, Vol.25, No.1, pp. 157-164, ISSN 19839774 

Cano-Sancho, G.; Marin, S.; Ramos, A. J.; Peris-Vicente, J. & Sanchis, V. (2010). Occurrence of 
aflatoxin M1 and exposure assessment in Catalonia (Spain). Revista Iberoamericana 
de Micología, Vol.27, No.3, pp. 130-135, ISSN 1130-1406 

Capriotti, A.; Foglia, P.; Gubbiotti, R.; Roccia, C.; Samperi, R.; & Laganà, A. (2010) 
Development and validation of a liquid chromatography/atmospheric pressure 
photoionization-tandem mass spectrometric method for the analysis of mycotoxins 
subjected to commission regulation (EC) No. 1881/2006 In cereals. Journal of 
Chromatography A, Vol.1217, No.39, pp. 6044–6051, ISSN 0021-9673 

Carvajal, M.; Bolonos, A.; Rojo, F. & Mendez, I. (2003). Aflatoxin in pasteurized and 
ultrapasteurized milk with different fat content in Mexico. Journal of Food Protection. 
Ames, Vol.66, No.10, pp. 1885-1892, ISSN 0362-028X 



 
Aflatoxins – Biochemistry and Molecular Biology 

 

432 

Cavaliere, C.; Foglia, P.; Guarino, C.; Nazzari, M.; Samperi, R. & Laganà, A. (2007). 
Determination of aflatoxins in olive oil by liquid chromatography–tandem mass 
spectrometry, Analytica Chimica Acta, Vol.596, No.1, pp. 141–148, ISSN 0003-2670 

Cho, S.; Lee, C.; Jang, M.; Son, Y.; Lee, S.; Choi, I.; Kim, S. & Kim, D. (2008). Aflatoxins 
contamination in spices and processed spice products commercialized in Korea. 
Food Chemistry, Vol.107, No.7, pp. 1283-1288, ISSN 0308-8146 

Coelho, C.S.; Almeida, T.L. & Badiale-Furlong, E. (1999). Migração de micotoxinas durante o 
processo de parboilização do arroz. Brazilian Journal Food Technology, Vol.2, No.2, 
pp. 43-50, ISSN 1516-7275 

Coppock, W.R. & Christian, R.G. (2007). Aflatoxins, In: Veterinary Toxicology – Basic and 
Clinical Principles, R. C. Gupta; pp. 939-950, Academic Press, ISBN 0123704677, San 
Diego.    

D’Angelo, A.; Bellino, C.; Alborali, G. L.; Biancardi, A.; Borelli, A.; Capucchio, M. T.; 
Maurella, C. & Cagnasso, A. (2007). Neurological signs associated with aflatoxicosis 
in Piedmontese calves. Veterinary Record, Vol.160, No.20, pp. 698-700, ISSN 0042-
4900 

Dashti, B.; Al-Hamli, S.; Alomirah, H.; Al-Zenki, S.; Abbas, A.B. & Sawaya, W. (2009). Levels 
of aflatoxin M1 in milk, cheese consumed in Kuwait and occurrence of total 
aflatoxin in local and imported animal feed. Food Control, Vol.20, No.7, pp. 686-690, 
ISSN 0956-7135 

Dekkers, S.; Van Der Fels-Klerx, H.J.; Jeurissen, S.M.F.; Kandhai, M. C.;  Booij, C.J.H. & Bos, 
P.M.J. (2008). Development of a model to assess the occurrence of mycotoxins in 
wheat, maize and nuts, A holistic approach, Report 320111002, National Institute 
for Public Health and the Environment, Bilthoven, The Netherlands, 2008, 87 pp., 
Available from http://www.rivm.nl/bibliotheek/rapporten/320111002.pdf 

Desmarchelier, A.; Oberson, J.; Tella, P.; Gremaud, E.; Seefelder, W. & Mottier, P. (2010). 
Development and comparison of two multiresidue methods for the analysis of 17 
mycotoxins in cereals by liquid chromatography electrospray ionization tandem 
mass spectrometry. Journal of Agricultural and Food Chemistry, Vol.58, No.13, pp. 
7510-7519, ISSN 0021-8561 

Dilkin, P. (2002). Micotoxicose suína: aspectos preventivos, clínicos e patológicos. Biológico. 
Vol. 64 , No. 2, pp. 187-191, ISSN 1980 - 6221 

Doll, R. & Peto, R. (1981). The causes of câncer: quantitative estimates of avoidable risks of 
câncer in the United States today. Journal of the National Cancer Institute. Vol.66, 
No.6,  pp. 291-308, ISSN 0027-8874 

Dombrink-Kurtzman, M.A. (2008). Economic Aspects of Mycotoxins in Fruits and 
Vegetables, In: Mycotoxins in Fruits and Vegetables, Barkai-Golan, R. & Nachman, P., 
pp. 27-44, Academic Press, ISBN 978-0-12-374126-4, New York  

Dors, G.C.; Pinto, L.A.A. & Badiale-Furlong, E. (2009). Migration of mycotoxins into rice 
starchy endosperm during the parboiling process. LWT - Food Science and 
Technology, Vol.42, No.1, pp. 433-437, ISSN 0023-6438 

Dors, G.C.; Bierhals, V.S. & Badiale-Furlong, E. (2011). Parboiled rice: chemical composition 
and the occurrence of mycotoxins. Ciência e Tecnologia de Alimentos, Vol.31, No.1, 
pp. 172-177, ISSN 0101-2061 

Drusch, S. & Ragab, W. (2003) Mycotoxins in fruits, fruit juices, and dried fruit. Journal of 
Food Protection, Vol.66, No.8,  pp. 1514–1527, ISSN 0362-028X 



 
Aflatoxins: Contamination, Analysis and Control 

 

433 

EEC (1974). Council Directive 74/63/EEC on the fixing of maximum permitted levels for 
undesirable substances and products in feedingstuffs. Official Journal of the European 
Community, No. L 38 

Ellis, W.O.; Smith, P.J.; Simpson, B.K.; Khanizadeh, S. & Oldham, J. H. (1993). Control of 
Growth and Aflatoxin Production of Aspergillus flavus under Modified 
Atmosphere Packaging Conditions. Food Microbiology, Vol.10, No.1, pp. 9-21, ISSN 
0740-0020 

Fallah,  A.A.;  , Jafarib, T., Fallahc A. & Rahnamad M. (2009). Determination of aflatoxin  M1 
levels in Iranian white and cream cheese. Food and Chemical Toxicology. Vol.47, No.8, 
pp. 1872-1875, ISSN 0278-6915 

Fallah, A.A. (2010). Levels of aflatoxin M1 in milk, cheese consumed in Kuwait and 
occurrence of total aflatoxin in local and imported animal feed. Food and Chemical 
Toxicology. Vol.48, No.3, pp. 988-991, ISSN 0278-6915 

FDA (1977). FDA Proposed Guidelines for Aflatoxin. Cereal Foods World, 22, 532-533, 541. 
Frenich, A.; Vidal, J.; Romero-González, R. & Aguilera-Luiz, M. (2009). Simple and high-

throughput method for the multimycotoxin analysis in cereals and related foods by 
ultra-high performance liquid chromatography/tandem mass spectrometry. Food 
Chemistry, Vol.117, No.4, pp. 705–712, ISSN 0308-8146 

Fu, Z.; Huang, X. & Min, S. (2008). Rapid determination of aflatoxins in corn and peanuts, 
Journal of Chromatography A, Vol.1209, No.1, pp. 271–274, ISSN 0021-9673 

Ghali, R.; Belouaer, I.; Hdiri, S.; Ghorbel, H.; Maaroufi, K. & Hedilli, A. (2009). Simultaneous 
HPLC determination of aflatoxins B1, B2, G1 and G2 in Tunisian sorghum and 
pistachios. Journal of Food Composition and Analysis, Vol.22, No.7/8, pp. 751–755. 
ISSN 0889-1575 

Giorni, P.; Battilani, P.; Pietri, A. & Magan, N. (2008). Effect of Aw and CO2 level of 
Aspergillus flavus growth and aflatoxin production in high moisture maize post-
harvest. International Journal of Food Microbiology, Vol.122, No.1-2, pp. 109-113, ISSN 
0168-1605 

Gnonlonfin, G.; Katerere, D.; Adjovi, Y.; Brimer L.; Shephard, G. & Sanni, A. (2010). 
Determination of aflatoxin in processed dried cassava root: validation of a new 
analytical method for cassava flour. Journal of AOAC International, Vol.93, No.6, pp. 
1882-1887, ISSN 1944-7922 

Gonçalez, E.; Nogueira, J.; Fonseca, H.; Felicio, J.; Pino, F. & Corrêa, B. (2008). Mycobiota and 
mycotoxins in Brazilian peanut kernels from sowing to harvest. International Journal 
of Food Microbiology, Vol.123, No.3, pp. 184–190, ISSN 0168-1605 

Hajian, R. & Ensafi, A. (2009). Determination of aflatoxins B1 and B2 by adsorptive cathodic 
stripping voltammetry in groundnut. Food Chemistry, Vol.115, No.3, pp. 1034–1037. 
ISSN 0308-8146 

Han, Z.; Zheng, Y.; Luan, L. Cai, Z.; Ren, Y. & Wu, Y. (2010). An ultra-high-performance 
liquid chromatography-tandem mass spectrometry method for simultaneous 
determination of aflatoxins B1, B2, G1, G2, M1 and M2 in traditional Chinese 
medicines. Analytica Chimica Acta, Vol.664, No.2, pp. 165–171. ISSN 0003-2670 

Herzallah, S.M. (2009). Determination of aflatoxins in eggs, milk, meat and meat products 
using HPLC fluorescent and UV detectors. Food Chemistry, Vol.114, No.3, pp. 1141–
1146, ISSN 0308-8146 



 
Aflatoxins – Biochemistry and Molecular Biology 

 

434 

Heshmati, A. & Milani, J. M. (2010). Contamination of UHT milk by aflatoxin M1 in Iran. 
Food Control, Vol.21, No.1, pp. 19-22, ISSN 0956-7135 

Huang, B.; Han, Z.; Cai, Z.; Wub, Y. & Ren, Y. (2010). Simultaneous determination of 
aflatoxins B1, B2, G1, G2, M1 and M2 in peanuts and their derivative products by 
ultra-high-performance liquid chromatography–tandem mass spectrometry. 
Analytica Chimica Acta, Vol.662, No.1, pp. 62–68, ISSN 0003-2670 

Ibáñez-Vea, M.; Corcuera, L.; Remiro, R.; Murillo-Arbizu, M.; González-Peñas, E. & 
Lizarraga, E. (2011). Validation of a UHPLC-FLD method for the simultaneous 
quantification of aflatoxins, ochratoxin A and zearalenone in barley. Food Chemistry, 
Vol.127, No.1, pp. 351–358, ISSN 0308-8146 

Institute of Food Science and Technology Trust Fund. (2006). Mycotoxins, Information 
Statement, 02.03.2011, Available from  

 <http://www.ifst.org/uploadedfiles/cms/store/ATTACHMENTS/Mycotoxins.pdf> 
Ismail Y.S.R. (1997). Aflatoxin in food and feed: occurrence, legislation and inactivation by 

physical methods. Food Chemistry, Vol.59, No.1, pp. 57-67, ISSN 0308-8146 
John, L.R. (2007). Some major mycotoxins and their mycotoxicoses – an overview. 

International Journal of Food Microbiology, Vol.119, No.1-2,  pp. 3-10, ISSN 0168-1605 
Khayoon, W.S.; Saad B.;, Yan C. B.; Hashim N. H.; Ali A. S. M., Salleh M. I. & Salleh B. 

(2010). Determination of aflatoxins in animal feeds by HPLC with multifunctional 
column clean-up . Food Chemistry, Vol.118, No.3, pp. 882-886, ISSN 0308-8146 

Klich, M. Mendoza, C. Mullaney, E. Keller, N. & Bennett, J.M. (2001). A new 
sterigmatocystin-producing Emericella Variant from agricultural desert soils. 
Systematic and Applied Microbiology, Vol.24, No.1, pp. 131-138, ISSN 0723-2020 

Kokkonen, M. & Jestoi, M. (2009). A Multi-compound LC-MS/MS Method for the Screening 
of Mycotoxins in Grains. Food Analytical Methods, Vol.2, No.2, pp. 128–140, ISSN 
1936- 9751 

Kruve, A.; Künnapas, A.; Herodes, K. & Leito, I. (2008) Matrix effects in pesticide multi-
residue analysis by liquid chromatography–mass spectrometry. Journal of 
Chromatography A, Vol.1187, No.1/2, pp. 58–66,  ISSN 0021-9673 

Kuiper-Goodman, T. Mycotoxins: risk assessment and legislation. (1995) Toxicology Letters, 
Vol.82-83, (Dec, 1995), pp. 853-859, ISSN 0378-4274 

KWIATKOWSKI, A. & ALVES, A.P.F. (2007). Importância da detecção e do controle de 
aflatoxinas em alimentos. SaBios- Revista Saúde e Biologia, Vol.2, No.2 pp. 45-54, 
ISSN 1980-0002 

Li, P.; Zhang, Q.; Zhang, W.; Zhang, J.; Chen, X.; Jiang, J.; Xie, L. & Zhang, D. (2009). 
Development of a class-specific monoclonal antibody-based ELISA for aflatoxins in 
peanut. Food Chemistry, Vol.115, No.1, pp. 313–317, ISSN 0308-8146 

Luchese, R.H. & Harrigan, W.F. (1993). Biosynthesis of Aflatoxin – the Role of Nutritional 
Factors. Journal of Applied Bacteriology, Vol.74, No.1, pp. 5–14, ISSN 0021-8847 

Manetta, A.C.; Giammarco, M.; Di Giuseppe, L.; Fusaro, I.; Gramenzi, A.; Formigoni, A.; 
Vignola, G.; Lambertini, L. (2009) Distribution of aflatoxin M1 during Grana 
Padano cheese production from naturally contaminated milk. Food Chemistry, 
Vol.113, No.2, pp. 595-599, ISSN 0308-8146 

Martins, M.L. & Martins, H.M. (2004). Aflatoxin M1 in yoghurts in Portugal. International 
Journal of Food Microbiology, Vol. 91, No.3, pp. 315-317, ISSN 0168-1605 



 
Aflatoxins: Contamination, Analysis and Control 

 

435 

Marques, P.J.L. (2007). Avaliação de aflatoxina e zearalenona em quirera (canjiquinha de 
milho) na região dos Campos Gerais. Dissertação apresentada para obtenção do 
título de mestre em Ciência e Tecnologia de Alimentos, Universidade Estadual de 
Ponta Grossa – PR 

Marvin, H.J.P.; Kleter, G.A.; Prandini, A.; Dekkers, S. & Bolton, D.J. (2009a). Early 
identification systems for emerging foodborne hazards, Food and Chemical 
Toxicology, Vol.47, No.5, pp. 915–926, ISSN 0278-6915 

Marvin, H.J.P.; Kleter, G.A.; Frewer, L.J. S.; Cope, M.T.A. & Wentholt, G. (2009b). Rowe, 
Aworking procedure for identifying emerging food safety issues at an early stage: 
implications for European and international risk management practices, Food 
Control, Vol. 20, No. 2, pp. 345–356, ISSN 0956-7135 

Matumba, L.; Monjerezi, M.; Khonga, E.B. & Lakudzala D.D. (2010). Aflatoxins in sorghum, 
sorghum malt and traditional opaque beer in southern Malawi. Food Control, 
Vol.22, No.2, pp. 266-268, ISSN 0956-7135 

Mclean, M. & Dutton, M.F. (1995). Cellular Interations and Metabolism of Aflatoxin: an 
Update. Farmacology Therapeutics, Vol.65, No.2, pp. 163-192, ISSN 0163-7258 

D’Mello, J.P.F. (2003). Mycotoxins in Cereal Grains, Nuts and Other Plant Products. 
International. Food Safety: Contaminants and Toxins, pp. 65-90, CABI, ISBN 0-85199-
607-8, Wallingford 

Mishra, H.N. & Das, C. A review on biological control and metabolism of aflatoxin. (2003) 
Critical Reviews in Food Science and Nutrition, Vol.43, No.3, pp. 245–264, INSS 1040-
8398 

Molina, M. & Giannuzzi, L. (2002). Modelling of Aflatoxin Production by Aspergillus 
parasiticus in a Solid Medium at Different Temperatures, pH and Propionic Acid 
Concentrations. Food Research International, Vol.35, No.6, pp. 585-594, ISSN 0963-
9969 

Montagna, M.T; Napoli, C.; De Giglio, O.; Latta, R. & Barbutti, G. (2008). Occurrence of 
aflatoxin M1 in Dairy products in Southem Italy. International Journal Molecular 
Sciences. Basel, Vol.9, No.12, pp. 2614-2621, ISSN 1422-0067 

Nakai, V.K.; Rocha, L.O.; Gonçalez, E.; Fonseca, H.; Ortega, E.M.M. & Corrêa, B. (2008) 
Distribution of fungi and aflatoxins in a stored peanut variety. Food Chemistry 
Vol.106, No.1, pp. 285–290, ISSN 0308-8146 

Niu, T.; Guan, S.; Ji, C.; Zhou, T.; Li, J. & Ma, Q. (2008). Aflatoxin B1 degradation by 
Stenotrophomonas maltophilia and other microbes selected using coumarin 
medium. International Journal of Molecular Sciences. Vol.9, No.8, pp. 1489-1503, INSS 
1422-0067 

Nonaka, Y.; Saito, K.; Hanioka, N.; Narimatsu, S. & Kataoka, H. (2009). Determination of 
aflatoxins in food samples by automated on-line in-tube solid-phase 
microextraction coupled with liquid chromatography–mass spectrometry. Journal of 
Chromatography A, Vol.1216, No.20, pp. 4416–4422, ISSN 0021-9673. 

OBrian, G.R.; Fakhoury, A.M.; Payne, G.A. (2003). Identification of genes differentially 
expressed during aflatoxin biosynthesis in Aspergillus flavus and Aspergillus 
parasiticus . Fungal Genetics and Biology, Vol.39, No.2, pp. 118-127, ISSN 1087-1845 

Oliveira, T.R.; Barana, A.C.; Jaccoud-Filho, D.S. & Neto, F.F. (2010). Avaliação da 
contaminação por aflatoxinas totais e zearalenona em variedades de milho crioulo 



 
Aflatoxins – Biochemistry and Molecular Biology 

 

436 

(Zea Mays L.) através do método imunoenzimático Elisa. Revista Brasileira de 
Tecnologia Agroindustrial, Vol.4, No.2, pp. 179-185, ISSN 1981-3686 

Park, D.L. (2002). Effect of processing on aflatoxin. Advances in  experimental medicine and 
biology. New York, v. 504, pp. 173-179. 

Park, M.V.D.Z. & Bos, P.M.J. (2007). Information sources for the detection of emerging 
mycotoxin risks, Report 320111001, National Institute for Public Health and the 
Environment, Bilthoven, 2007, 56 pp., Available from 
http://www.gencat.cat/salut/acsa/320111001.pdf 

Piermarini, S.; Volpe, G.; Micheli, L.; Moscone, D. & Palleschi, G. (2009). An ELIME-array for 
detection of aflatoxin B1 in corn samples. Food Control, Vol.20, No.4, pp. 371–375. 
ISSN 0956-7135 

Quinto, M.; Spadaccino, G.; Palermo, C. & Centonze, D. (2009). Determination of aflatoxins 
in cereal flours by solid-phase microextraction coupled with liquid 
chromatography and post-column photochemical derivatization-fluorescence 
detection. Journal of Chromatography A, Vol.1216, No.49, pp. 8636–8641, ISSN 0021-
9673 

Ramos, C.R.B.A.; Brasil, E.M.; Geraldine, R.M. (2008). Contaminação por aflatoxinas em 
híbridos de milho cultivados em três regiões do estado de Goiás. Pesquisa 
Agropecuária Tropical, Vol.38, No.2, pp. 95-102, ISSN 0278-6915 

Reiter, E.; Zentek, J. & Razzazi, E. (2009). Review on sample preparation strategies and 
methods used for the analysis of aflatoxins in food and feed. Molecular Nutrition & 
Food Research. Vol.53, No.4, pp. 508-524, ISSN 1613-4133 

Reiter, E.; Vouk, F.; Böhma, J. & Razzazi-Fazeli, E. (2010). Aflatoxins in rice – A limited 
survey of products marketed in Austria. Food Control, Vol.21, No.7, pp. 988–991, 
ISSN 0956-7135 

Ribeiro, J.M.M.; Cavaglieri, J.R.; Fraga, M.E.; Direito, G.M.; Dalcero, A.M. & Rosa, C.A.R. 
(2006). Influence of Water Activity, Temperature and Time on Mycotoxins 
Procuction on Barley Rootlets. Letters of Applied Microbiology, Vol.42, No.2, pp. 179-
184, ISSN 02268254 

Romero, A.C.; Ferreira, T.R.B.; Dias, C.T.S; Calori-Domingues, M.A. & Gloria, E.M. (2010). 
Occurrence of AFM1 in urine samples of a Brazilian population and association 
with food consumption. Food Control, Vol.21, No.4, pp. 554-558, ISSN 0956-7135 

Rubert, J.; Soler, C. & Mañes, J. (2010). Optimization of Matrix Solid-Phase Dispersion 
method for simultaneous extraction of aflatoxins and OTA in cereals and its 
application to commercial samples. Talanta, Vol.82, No.1, pp. 567–574, ISSN 0039-
9140 

Saha, D.; Acharya, D.; Roy, D.; Shrestha, D. & Dhar, T. (2007). Simultaneous enzyme 
immunoassay for the screening of aflatoxin B1 and ochratoxin A in chili samples. 
Analytica Chimica Acta, Vol.584, No.2, pp. 343–349, ISSN 0003-2670 

Sassahara, M.; Pontes Neto, D. & Yanaka, E.K. (2005). Aflatoxin occurrence in foodstuff 
supplied to dairy cattle and aflatoxin M1 in raw milk in the North of Parana State, 
Food and Chemical Toxicology, Vol.43, No.6, pp. 981-984, ISSN 0278-6915 

Sebastia, N.; Soler, C.; Soriano, J. & Mañes, J. (2010) Occurrence of Aflatoxins in Tigernuts 
and Their Beverages Commercialized in Spain. Journal of Agricultural and Food 
Chemistry, Vol.58, No.4, pp. 2609–2612, ISSN 0021-8561 



 
Aflatoxins: Contamination, Analysis and Control 

 

437 

Sheibani, A. & Ghaziaskar, H. (2009). Pressurized fluid extraction for quantitative recovery 
of aflatoxins B1 and B2 from pistachio. Food Control, Vol.20, No.2, pp. 124–128, ISSN 
0956-7135 

Shephard, G. (2009). Aflatoxin analysis at the beginning of the twenty-first century. 
Analytical and Bioanalytical Chemistry, Vol.395, No.5, pp. 1215–1224, ISSN 1618-2650 

Schmidt-Heydt, M.; Abdel-Hadi, A.; Naresh, M. & Geisen, R. (2009). Complex Regulation of 
the Aflatoxin Biosynthesis Gene Cluster of Aspergillus flavus in Relation to Various 
Combinations of Water Activity and Temperature. International Journal of Food 
Microbiology. Vol.135, pp. 231-237, ISSN 0168-1605 

Shundo, L.; Almeida, A.; Alaburda, J.;  Lamardo, L.; Navas, S.; Ruvieri, V. & Sabino, M. 
(2009). Aflatoxins and ochratoxin A in Brazilian paprika. Food Control, Vol.20, 
No.12,  pp. 1099–1102, ISSN 0956-7135 

Steiner, W.E.; Rieker, R.H. & Battaglia, R. (1988). Aflatoxin contamination in dried figs: 
Distribution and association with fluorescence. Journal of Agricultural and Food 
Chemistry, Vol.36, No.1, pp. 88–91, ISSN 0021-8561 

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. Analytical and 
Bioanalytical Chemistry, Vol.389, No.5, pp. 1505–1523. ISSN 1618-2650 

Tan, Y.; Chu, X.; Shen, G. & Yu, R. (2009). A signal-amplified electrochemical immunosensor 
for aflatoxin B1 determination in rice. Analytical Biochemistry, Vol.387, No.1, pp. 82–
86. ISSN 1096-0309 

Taylor, M.C.; Jackson, C.J.; Tattersall, D.B.; French, N.; Peat, T.S.; Newman, J.; Briggs, L.J. & 
Oakeshott, J.G. (2010). Identification and characterization of two families of F420H2 
dependent reductases from Mycobacteria that catalyse aflatoxin degradation. 
Molecular Microbiology. Vol.78, No.3, pp. 561-575, ISSN 1365-2958 

Tripathi, S. & Mishra, H.N. (2010). Enzymatic coupled with UV degradation of aflatoxina B1 
in red chili powder. Journal of Food Quality. Vol.33, SUPPL. s1, pp. 186-203, ISSN 
1745-4557 

Trucksess, M.W. & Diaz-Amigo C. (2011). Mycotoxins in Foods Encyclopedia of 
Environmental Health, 888-897. 

Ueno, Y. (1986). Trichothecene as environmental toxicants. In: Reviews  in Environmental 
Toxicology 2. Ernest Hodgson  (ed). Elsevier, Amsterdan, N.York, Oxford 

Van der Felx-Klers, H.J.; Dekkers, S.; Kandhai, M. C.; Jeurissen, S.M.F. & Booij, C.J.H. (2010). 
Indicators for early identification of re-emerging mycotoxin. NJAS- Wageningen 
Journal of Life Sciences, Vol.57, pp. 133-139, ISSN 1573-5214 

Van Egmond, H.P. (1989). Aflatoxin M1: occurrence, toxicity, regulation. In Hans P. van 
Egmond (Ed.), Mycotoxins in dairy products (pp. 11–55). New York: Elsevier 
Applied Science. 

Van-Egmond, H.P.; Schothorst, R.C. & Jonker, M.A. (2007). Regulations Relating to 
Mycotoxins in Food: Perspectives in a Global and European Context. Analitical and 
Bioanalytical Chemistry, Vol.389, No.1, pp. 147-157, ISSN 1618-2650 

Velázquez, W.R.; Martínez, S.P.; Espinosa, V.H.I.; Vera, M.A.N.; Palacios, E.L. & Rojo, F. 
(2009). Aflatoxinas totales em raciones de bovinos y AFM 1 em leche cruda 
obtenida en establos del estado de Jalisco, México. Técnica Pecuaria México, Vol.47, 
No.2, pp. 223-230, ISSN 0040-1889 



 
Aflatoxins – Biochemistry and Molecular Biology 

 

438 

Wagacha, J.M. & Muthomi, J.W. (2008). Mycotoxin problem in Africa: current status, 
implications to food safety and health and possible management strategies. 
International Journal of  Food Microbioogy . Vol.124, No.1, pp. 1–12, ISSN 0168-1606 

Wild, C.P. & Montesano, R. (2009). A model of interaction: Aflatoxins and hepatitis viruses 
in liver cancer aetiology and prevention. Cancer Letters, Vol.286, No.1, pp. 22-28, 
ISSN 0304-3835 

Wogan, G.N. (1966). Chemical Nature and Biological Effects of the Aflatoxins. Bacteriological 
Reviews, Baltimore, Vol.30, No.2, pp. 460-470, ISSN 0102-3829 

Wogan, G.N.; Paglialunga, S. & Newberne, P. M. (1974) Carcinogenic Effects of Low Dietary 
Levels of Aflatoxin B1 in Rats. Food and Cosmetics Toxicology, Vol.12, No.5-6, pp. 681-
685, ISSN 0015-6264 

Zachariasova, M.; Cajka, T.; Godula, M.; Malachova, A.; Veprikova, Z. & Hajslova, J. (2010). 
Analysis of multiple mycotoxins in beer employing (ultra)-high-resolution mass 
spectrometry. Rapid Communications in Mass Spectrometry, Vol.24, No.22, pp. 3357-
3367, ISSN 0951-4198 

Zain, M.E. (2011). Impact of mycotoxins on humans and animals. Journal of Saudi Chemical 
Society, Vol.15, No.2, pp. 129–144, ISSN 1319-6103 

Zinedine, A.; Juan, C.; Soriano, J.; Moltó, J.; Idrissi, L. & Mañes, J. (2007). Limited survey for 
the occurrence of aflatoxins in cereals and poultry feeds from Rabat, Morocco. 
International Journal of Food Microbiology, Vol.115, No.1, pp. 124–127, ISSN 0168-1605 

Zinedine, A. & Mañes, J. (2009). Occurrence and legislation of mycotoxins in food and feed 
from Morocco. Food Control, Vol. 20, No 4, pp. 334-344, ISSN 0956-7135. 

Zorlugenç, B.; Zorlugenç, F.K.; Öztekin, S. & Evliya, I.B. (2008). The influence of gaseous 
ozone and ozonated water on microbial flora and degradation of aflatoxina B1 in 
dried figs. Food and Chemical Toxicology. Vol.46, No.12, pp. 3593-3597, ISSN 0278-
6915 

Zucchi, T.D.; Moraes, L.A. & Melo, I.S. (2008). Streptomyces sp. ASBV-1 reduces aflatoxin 
accumulation by Aspergillus parasiticus in peanut grains. Journal of Applied 
Microbiology, Vol. 105, No.6, (November 2008), pp. 2153–2160, INSS 1364-5072 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


