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1. Introduction 

Grains (cereals and oilseeds) and nuts in general are subject to mold attack, in preharvest 
and postharvest. Among molds that can attack these foods A. flavus, and A. parasiticus are 
important because they can produce aflatoxins that are considered a potent natural toxin 
(Wild & Gong, 2010). Aflatoxin can be produced mainly by different Aspergillus species, but 
Emiricella and Petromyces have been reported as aflatoxin producers (Frisvad et al., 2005). 
Aflatoxin contamination has been reported for grains as corn, soya, wheat, rice, and 
cottonseed, and nuts such as peanuts, almonds, Brazil nuts, hazelnuts, walnuts, cashew 
nuts, pecans, and pistachio nuts (Fuller et al., 1977; Ayres, 1977; Moss, 2002; CAST, 2003; 
Gürses, 2006). Despite aflatoxin contamination having been observed in several foodstuffs, 
the contamination of maize, peanuts, and oilseeds can be considered, in terms of diet 
exposure, the most important worldwide (Benford et al. (2010). 
Based on deleterious problems that aflatoxin can cause to human and animal health, some 
countries established a maximum concentration for aflatoxins in specific products. 
According to published data (Van Egmond, 2007), until 2003 one hundred countries had 
established legal limits for mycotoxins, and most of them regulated the aflatoxins presence 
in food and feeds.   
Several biotic and abiotic factors can determine fungal infection and growth, as well as 
aflatoxin production in preharvest. Temperature, water availability, plant nutrition, infestation 
of weeds, birds, and insects, plant density, crop rotation, drought stress, presence of antifungal 
compounds, fungal load, microbial competition, substrate composition, and mold strain 
capacity to produce aflatoxin are some important factors. The incidence of these factors is 
different in preharvest among plants and production areas of the same farm, among different 
farms of the same region and among different producer regions. Even among grains of the 
same ear or peanuts of the same pod the differences can occur. In postharvest, factors such as 
temperature, availability of water, oxygen, and carbon dioxide, insect and rodents infestation, 
incidence of broken grains or nuts, the cleaning of the product, toxigenic fungal load, microbial 
competition, antifungal compound presence, and substrate composition are important too. 
Transport, waiting time for drying, drying system (temperature and drying rate), and storage 
conditions can affect these factors during the postharvest period (Dorner, 2008; Diener et al., 
1987; Campbell et al., 2006; Molyneux et al., 2007). 
As a result of variable conditions that can occur during pre and postharvest, the aflatoxin 
contamination level among grains and nuts within the same lot can have an extremely 
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uneven distribution. The uneven distribution of aflatoxin contamination was observed in 
different foodstuffs, such as peanuts, maize, almonds, Brazil nuts, and pistachios (Cucullu et 
al., 1966; Whitaker et al., 1994; Shotwell et al., 1974; Schatzki & Pan, 1996; Steiner et al., 1992; 
Shade et al. 1975; Ozay et al., 2007). In a contaminated lot, just a few grains and nut kernels 
can have quite high concentration levels of aflatoxin, and most of them do not have 
detectable contamination. Table 1 shows some high individual concentrations detected in a 
peanut, a maize grain, a Brazil nut, in a pistachio, and a cottonseed. The high concentration 
observed in an individual grain or kernel can result, for example in maize, in a 
contamination level of 136 µg/kg, when just one grain is contaminated, considering 0.34 g as 
the average weight of maize grain, and the high concentration showed in the table 1.  
The not uniform distribution of contamination within a lot represents a great challenge to 
measure the true contamination level of the lot. If several samples are collected from the 
same lot of a commodity, completely different contamination results can be obtained, as 
shown in table 2. Several theoretical distribution models have been investigated as 
possible models to describe the observed distribution of aflatoxin test results. Among 
them, are the negative binomial (Whitaker et al., 1972; Whitaker & Wiser, 1969; Knutti & 
Schlatter, 1978; Knutti & Schlatter, 1982), compound gamma (Knutti & Schlatter, 1978; 
Knutti & Schlatter, 1982; Giesbrecht & Whitaker, 1998), log normal (Giesbrecht & 
Whitaker, 1998; Brown, 1984), truncated normal (Giesbrecht & Whitaker, 1998), Waibel 
(Waibel, 1977), 3-parameter Weibull (Sharkey et al., 1994; Schatzki, 1995), exponential, chi-
square (Tiemstra, 1969), logistic, and Neiman-A (Whitaker et al.,1972). Additionally, 
evaluations of several sampling plans to detect aflatoxin contamination have been done, 
and they have shown, with some differences due to plan characteristics and product to be 
sampled, that results obtained by sampling plans always involve a certain degree of 
uncertainty (Whitaker et al., 2005b).  
 

Product Aflatoxin b1 concentration reported (µg/kg) Reference 

Brazil nuts 4,000 Steiner et al. (1992) 

Brazil nuts 25,000 Stoloff et al. (1969) 

Pistachio nuts 1,400,000 Steiner et al. (1992) 

Peanuts 1,100,00 Cucullu et al. (1966) 

Maize 400,000 Shotwell et al. (1974) 

Cottonseed 5,750,000 Cucullu et al. (1977) 

Table 1. Concentration reported for individual grain or nut 

 

Lot number Aflatoxin analysis (µg/Kg) Average 

1 0 0 0 0 8 8 15 16 16 125 19 

2 0 0 0 0 0 0 0 8 22 198 22 

3 0 0 0 0 0 0 0 9 12 285 31 

4 5 12 56 66 70 92 98 132 141 164 84 

5 18 50 53 72 82 108 112 127 182 191 100 

6 29 37 41 71 95 117 168 174 183 197 111 

Source: Dickens and Whitaker (1986) 

Table 2. Example of variation that can be observed among sample results when a peanut lot 
is sampled  
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Despite uneven contamination representing a problem for the task of sampling, it consists in 
an opportunity to segregate aflatoxin contaminated grains and nuts from an entire lot. As 
contamination is concentrated in few grains or nuts the removal of those material can to 
reduce the aflatoxin levels.  
The fungal growth in grains and nuts is normally related to some changes in their bio-
chemical and sometimes in the visual characteristics (Pomenranz, 1992; Wacowicz, 1991). 
Discoloration or staining of skin or kernel material, appearance of fluorescent material, 
changes in the standard of reflectance and transmittance spectroscopy, density and size 
changes in relation to sound grains and nuts are some characteristics that have been 
observed as consequence of fungal growth (Kumar & Agarwal, 1997; Pomeranz, 1992).  
Some technologies able to detect and remove grains and nuts with the previously 
mentioned differences in their characteristics have been studied and used to improve the 
overall quality of commodities, but their efficiency to be used as a way to reach a reduction 
of aflatoxin levels in specific commodities must be evaluated. Table 3 shows some 
technologies which have been studied and used to segregate aflatoxin contamination in lots 
of commodities.   
 

Technology Product

Electronic color sorting Grains and nuts

Hand picking Nuts

Blanching and electronic color sorting Peanuts

Gravimetric table Grains and nuts

Size separation Grains and nuts

Flotation Maize and peanuts

Table 3. Examples of technologies studied to improve the overall quality of commodities or 
to reduce aflatoxin contamination levels of an entire lot 

2. Segregation by appearance features 

Fungal growth can cause chemical changes in grains or nuts, which can result in some 
modifications in color or form. The modifications are not always visible to the naked eye, 
some of them can be visible just with the aid of specific techniques or equipment. Color 
changes in grains or nuts can appear as a result of biochemical reactions or due to the fungal 
mycelium itself. According to Robin et al. (1995), hydrolysis of the macromolecules, e.g., 
proteins, lipids, and polysaccharides, occurs during mold infection, resulting in the release 
of free amino acids, free fatty acids, and simple sugars. These breakdown products 
contribute to color development in, e.g., peanut kernels during roasting of blanching before 
electronic color sorting. 
The detection of fungal changes in grains and nuts makes it possible to know where fungal 
growth, and probable mycotoxin production, has occurred. As the presence of a fungus does 
not assure mycotoxin presence (Gloria et al., 2006), some researchers have tried to show 
correlations between changes in grains or nuts and their mycotoxin concentration. The 
correlation between poorly graded categories of grains and nuts and aflatoxin concentration 
has been shown for peanuts, maize, and almonds (Whitaker et al., 1998; Johansson et al., 
2006; Whitaker et al., 2010). 
The optical detection of faulty grains, nuts, kernel of nuts (blemished, discolored, and 
misshapen), and gross contaminants (glass, stones, insects, rotten product, extraneous 
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vegetable material, etc.) has been carried out by visual color sorting (hand picking) or by an 
electronic color sorting (automatic sorting). Sorting of food products using the human eye 
and hand is still widely practiced where labour rates remain low. However, where the cost 
of labour has increased, automated techniques have been introduced (Bee and Honeywood, 
2002).  
There are several possible characteristics in the appearance which have been studied as 
indicators of aflatoxin presence. The BGYF (Bright Greenish-Yellow Fluorescence) was 
studied as an aflatoxin contamination indicator to maize (Shotwell & Hesseltine, 1981), 
pecans (Tyson and Clark, 1974 ), pistachio nuts (Dickens and Welty, 1975),  dried figs 
(Steiner et al., 1988), and Brazil nuts (Steiner et al., 1992), as shown in Figure 1. The BGYF is 
produced by the oxidative action of heat-labile enzymes (peroxidases) in living plant tissue 
on kojic acid, which is produced by A. flavus. The method is not a definitive indicator of 
aflatoxin because it can produce false positive or negative results. False negative occurs 
when the aflatoxin contaminated maize grain does not present the fluorescent compound 
because peroxidase or kojic acid were not present to produce it. False positive occurs when  
contaminated maize sometimes does not exhibit BGYF, while kernels infected with A. flavus 
strains that produce kojic acid but do not produce aflatoxin exhibit BGYF, and thus are 
aflatoxin “false positives” when a maize grain is examined with a black light (Wilson, 1989; 
Wiclow, 1999). Hadavi (2005) studied the application of BGYF to segregate contaminated 
pistachio nuts, and concluded that the BGYF can be used to remove nuts with high aflatoxin 
level. Nowadays, BGYF is not currently used as a technique of decontamination of aflatoxin 
contaminated maize, it has been used as a technique for analyzing samples to detect 
aflatoxin contamination. 
 

 

Fig. 1. Brazil nut kernels with Blue Greenish-Yellow Fluorescen (BGYF) 
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Other types of fluorescence have been studied as a way to indicate contaminated peanuts, 
almonds, and maize (Pelletier & Reizner, 1992; Shade and King, 1984; Yao et al., 2010). A 
device capable of measuring fluorescence intensities from peanut surfaces and physically 
rejected peanuts having undesired fluorescence properties was described (Pelletier et al., 
1991), however a comparison of the efficiency between it and the color sorting process in 
peanuts lots showed that it was not effective as an aflatoxin decontamination technique 
(Pelletier & Reizner, 1992). Farsaie et al. (1981) developed an automatic sorter to remove 
fluorescent in-shell pistachio nuts, and an aflatoxin reduction by ca. 50% was reported. 
Steiner et al (1992) showed that fluorescence (yellow fluorescence) was a good indicator for 
aflatoxin contamination in kernels of Brazil nuts, but it was not good for in-shell pistachio 
nuts or kernels of pistachio nuts. For Brazil nuts, the hand picking segregation based on 
segregation of kernels with fluorescence has been used in Bolívia as an aflatoxin 
decontamination technique. Yao et al. (2010) reported good correlation between single 
kernel fluorescence hyperspectral data and aflatoxin concentration in maize.  
Despite the fluorescent characteristic of grains and nuts being a possibility to segregate 
contaminated material, nowadays other color characteristics are used more often as an 
aflatoxin reduction technology. Color changes can be detected by the naked human eye or 
by optical systems using different technologies (Bee & Honeywood, 2002). Color sorting by 
the human eye and hand picking has been used as a feasible process to improve overall 
quality of nuts, mainly in some world regions where the cost of labour is sufficiently low to 
justify the economic feasibility of the process. For grains such as cereals, even in regions 
where the cost of labour is low, hand picking is not a feasible process. In spite of its higher 
cost in developed countries, hand picking is still used in certain cases to achieve a better 
removal of contaminated material and aflatoxin reduction, as happens to peanuts in the 
USA (Kabak et al., 2006).  
The efficiency of color sorting to improve overall quality and also to reduce aflatoxin 
contamination depends on the product and the characteristics of the hand picking process 
or electronic sorter used. Electronic color sorting segregates grains or nuts with color off-
standard in relation to a defined standard for sound grains and nuts which present low 
probability of aflatoxin contamination (Bee & Honeywood, 2002). Color sorting can be 
used alone or together with other processes such as blanching used for peanuts. Some 
reports on the performance of the electronic color sorting to reduce aflatoxin 
contamination have been published. Dickens and Whitaker (1975) showed that hand 
picking was more efficient to segregate aflatoxin contamination than electronic color 
sorting, as the latter also showed variable performance in aflatoxin reduction depending 
on the lot processed, however a great improvement in the optical technology occurred in 
the last thirty-five years, therefore nowadays it is correct to believe that color sorters have 
a better performance than before. Shade et al. (1975) also reported a better efficiency of the 
hand picking than the electronic color sorting to segregate aflatoxin contamination in 
almonds. Escher (1974) observed that color sorting was not successful in pecans because 
inherent intense fluorescence in the kernels. They investigated electronic color sorting and 
hand picking finish almonds products and they found contamination just in the electronic 
finish product. However, a great improvement in the optical technology occurred in the 
last thirty-five years, therefore nowadays is correct to believe that color sorters have a 
better performance than that time. Whitaker (1997) reported an evaluation of the 
performance of blanching and electronic color sorting process applied to 8911 
contaminated peanut lots during the years of 1990 to 1994, as shown in table 4. The 
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average reduction of aflatoxin contamination reported was of 89.9% and weight loss of 
16.8%. Pearson (1996) reported a machine vision system to automatically segregate 
stained pistachio nuts which presented hulls with abnormal coloration, which is an 
indication of nuts with early splitting hulls. The early splitting pistachio nuts present 
higher probability to be contaminated with aflatoxin than the not stained nuts or nuts 
with closed hulls (Sommer et al., 1986). Two years later, Pearson & Shatzki (1998) reported 
an evaluation of this system and concluded that the sorter could be applied in the product 
recovery, and in the preparation of the product for very stringent markets. Visual sorting 
with hand picking based on color characteristics has been used for improvement of the 
overall quality of nuts, e.g. peanuts and shelled Brazil nuts in some processing plants in 
Brazil (Figures 2 and 3). Galvez et al. (2002) proposed a method to reduce aflatoxin in raw 
peanuts based on roasting, manual de-skimming and human sorting. The method was 
able to reduced aflatoxin of high and low contaminated samples. Campbell et al. (2003) 
observed that for walnuts the main commercial sorting used in the USA was based in 
color sorting to separate light colored shells (high value) from darker shells, and darker 
shells contained some shriveled and darkened kernels but until that time there was not 
information about the correlation of those types and aflatoxin content.  De Mello & 
Scussel (2009) evaluated different types of sorting processes and concluded that color 
sorting for in-shell Brazil nuts did not show a safe segregation of contaminated nuts.   
 

Crop Year Lots processed

Aflatoxin contamination 
(µg/Kg) Reduction (%) Weight loss 

Before After 

1990 5479 56.3 3.6 90.7 16.8 

1991 669 36.6 2.5 92.0 14.7 

1992 311 33.0 2.5 90.4 13.9 

1993 1861 35.8 3.6 88.0 18.9 

1994 591 31.0 3.4 86.6 14.1 

Average/Total 8911 48.1 3.5 89.9 16.8 

Source: Whitaker (1997) 

Table 4. Aflatoxin reduction in contaminated peanut lots after blanching and electronic color 
sorting  

Color sorting technology has shown several innovations over the last years which have 
improved the efficiency to remove poor quality grains, nuts and extraneous material (Bee & 
Honeywood, 2002). According to Wicklow & Pearson (2006), sorters used in the past had 
limited capacity to separate molded products because their optical system was based on 
mono-chromatic red-filters. However, the near-infrared is nowadays a feasible technology to 
be used in sorters, thus bi-chromatic color sorters have had their capability of detection 
extended beyond visible light, which made it possible to detect color and bio-chemical 
changes due to fungal growth. Sorters have used near-infrared transmittance (NIRT) and 
near-infrared reflectance (NIRR) spectroscopy to evaluate internal quality in many whole 
nuts.  
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Fig. 2. Hand picking of peanuts based on color and other characteristics of kernel  

 

 

Fig. 3. Sorting of Brazil nuts kernels based on color and other characteristics of during hand 
shelling step 
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Some color sorters using those innovations were checked to evaluate the performance of 
aflatoxin segregation.  Hirano et al. (1998) evaluated a method of transmittance near infra 
red to detected mouldy peanuts and could distinguished moudy from sound nuts by 
transmittance ration of 700 nm to 1100 nm. According to authors the trigrycerides 
hydrolysis caused by fungal growth was responsible for spectral differences. Pearson et al. 
(2001) evaluated transmittance spectra (500 to 950 nm) and reflectance spectra (550 to 1700 
nm) to distinguish aflatoxin contamination in a single whole maize grain. More than 95% of 
maize grains were correctly classified as containing either high (>100 ppb) or low (< 10 ppb) 
levels of aflatoxin. Classification accuracy for kernels between 10 and 100 ppb was only 
about 25%, but according to researches these grains do not usually affect sample 
concentrations and are not as important. Pearson et al. (2004) evaluated a commercial sorter 
based on that technology and observed a reduction of 81% and 85% for aflatoxin and 
fumonisin B1, respectively.  

3. Segregation by size features 

Aflatoxin contamination has been related to smaller grains and nuts in commodities lots 
(Dorner et al. 1989; Whitaker et al., 2005; Schatzki & Pan, 1996). Besides the high correlation 
between aflatoxin and size, infected grains and nuts can be more friable than not infected 
ones (Shotwell et al., 1974), therefore the handling of the product can generate fragments, as 
shown in figure 3, of infected material, and it can contribute to the total aflatoxin level of the 
lot (Meinders & Hurburg, 1993; Piedade et al., 2002). Therefore, segregation by size has been 
studied as a way to remove aflatoxin contamination in commodities lots. Generally, size 
sorting is carried out by using sieves with holes that allow small grains or nuts to pass 
through, while retaining larger ones. The size sorting process can involve different sieves 
with decreasing hole sizes. The process is primarily used to categorize commodities by 
grains and nuts in size, where the largest categories are more valued in the market, and to 
clean the product to improve the overall quality of the lot. Thus, aflatoxin reduction by size 
sorting is normally a secondary result.   
In spite of this, some data have been reported about the correlation between size and 
aflatoxin levels, and the effect of processes based on size segregation in the aflatoxin levels 
of processed lots of commodities. Brekke et al. (1975) evaluated cleaning procedures which 
remove broken kernels and foreign materials in white and yellow maize lots and they could 
not observe satisfactory aflatoxin reduction. Cole et al. (1995) reported that using a farmer 
stock peanut the sizing and electronic color sorting process were responsible by 29 and 70% 
of the aflatoxin reduction. Piedade et al. (2002) investigated the aflatoxin segregation when a 
sieve of 4.5 mm of round-holes was used to sieve maize samples and they observed that the 
largest grain fraction had lower average levels (84.8 µg/Kg) than the smallest one (204.0 
µg/Kg). However, due to weight participation of each fraction in the total sample weight, 
the contribution of the smallest fraction was lower than the largest, so the segregation by 
size would not be able to reduce the aflatoxin leves in the whole sample. Meinders & 
Hurburg (1993) also detected a concentration in the aflatoxin levels as decreasing maize 
fractions from 6.3 to 1.8 mm were analyzed.  Schatzki & Pan (1996) showed a positive 
relation between small pistachio nuts and aflatoxin levels. Whitaker et al. (2005) evaluated 
the aflatoxin distribution among peanut size categories using 46 peanut mini-lots. A 
negative correlation between size and aflatoxin content was observed. The shelled peanuts 
showed an average contamination of 75.3 µg/Kg, before the sorting, and after the sorting 
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the six categories showed average contaminations of 42.5, 66.2, 93.6, 116.7, 105.1 and  
133.6 µg/Kg. Only the two largest categories showed aflatoxin levels lower than the initial 
level.  
Dowell et al. (1990) reported data about aflatoxin reduction when belt screen was used to 
screen unshelled peanuts to separate loose kernels and small pods. An average of 35% of 
reduction in the aflatoxin levels was observed when 17 lots were processed with belt screen. 
According to Dorner (2008), that type of device has been widely used by the USA peanut 
industry.  Whitaker reported that the initial mean aflatoxin concentration of 73.7 µg/Kg was 
reduced to means of 42.5 and 66.2 µg/Kg in the large (named jumbo) and medium size 
categories of peanut, respectively, but was increased to 93.6, 105.1, and 133.6 µg/Kg in the 
smaller categories number one, sound split, and oil stock categories, respectively.  
 

 

Fig. 4. Broken maize grains that can be remove by size sorting 

4. Segregation by density 

Grains and nuts, in which fungal growth and insect attack occurred, can present lower 
density than sound ones (Kabak et al., 2006). This characteristic has been used to separate 
poor quality material in commodities. In addition, the possibility to remove poor quality 
material brings the possibility to reduce aflatoxin contamination in food lots, because 
normally, the aflatoxin contamination is concentrated in poor quality material. Research on 
aflatoxin segregation by differences in density has been carried out, e.g., in maize, peanuts, 
and Brazil nuts.  
Huff (1980) obtained 60% of aflatoxin levels when buoyant maize in water was removed. 
Sucrose solutions could improve the aflatoxin reduction to 90%, as the concentration of 
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sucrose was increased up to 40%, but in this case 53% of maize was removed. Huff et al. (1982) 
also observed that flotation of maize in water and in 30% sucrose solution were efficient to 
segregate the aflatoxin contamination. Kirksey et al. (1989) studied the aflatoxin distribution in 
relation to peanut kernel density. They put 500 g of peanuts in 2000 mL of tapwater, and 15-
30% of the kernel rose to the surface as buoyant kernels and they contained an average of 95% 
of total aflatoxin present in the samples. It was observed that kernels floated due to a hollow 
space inside them between cotyledons, which consisted in a reservoir of air to flotation, fungal 
growth, and aflatoxin production. Henderson et al. (1989) patented a procedure based on 
flotation of contaminated peanuts, but this procedure has not been widely used due to an 
additional drying step necessary after the flotation process.  Gnanasekharan et al. (1992) found 
a negative correlation between aflatoxin content and density of peanut kernels, showing that 
kernels of low density have high probability to be contaminated. Steiner et al. (1992) reported 
that the weight of kernels in Brazil nuts evaluated was not a good indicator of aflatoxin 
contamination. Clavero et al. (1993) evaluated a method of flotation based on maize grain 
immersion in hydrogen peroxide. They observed a segregation of 90% in the initial aflatoxin 
contamination. The method was based on the catalase reaction with hydrogen peroxide. 
Clavero et al. (1993) demonstrated that A. parasiticus can produce catalase in peanut milk. 
Then, it was hypothesized that catalase produced by A. parasiticus would react with hydrogen 
peroxide and promote the formation of oxygen bubbles on the surface of the mold-infected 
kernels, causing their flotation.  

5. Sampling procedures based on grain and nut types with high 

contamination probability 

Grains and nuts, in which fungal growth and insect attack occurred, can present lower 
density than sound ones (Kabak et al., 2006). This characteristic has been used to separate 
poor quality material in commodities. In addition, the possibility to remove poor quality 
material brings the possibility to reduce aflatoxin contamination in food lots, because 
normally, the aflatoxin contamination is concentrated in poor quality material. Research on 
aflatoxin segregation by differences in density has been carried out, e.g., in maize, peanuts, 
and Brazil nuts.  
Huff (1980) obtained 60% of aflatoxin levels when buoyant maize in water was removed. 
Sucrose solutions could improve the aflatoxin reduction to 90%, as the concentration of 
sucrose was increased up to 40%, but in this case 53% of maize was removed. Huff et al. (1982) 
also observed that flotation of maize in water and in 30% sucrose solution were efficient to 
segregate the aflatoxin contamination. Kirksey et al. (1989) studied the aflatoxin distribution in 
relation to peanut kernel density. They put 500 g of peanuts in 2000 mL of tapwater, and 15-
30% of the kernel rose to the surface as buoyant kernels and they contained an average of 95% 
of total aflatoxin present in the samples. It was observed that kernels floated due to a hollow 
space inside them between cotyledons, which consisted in a reservoir of air to flotation, fungal 
growth, and aflatoxin production. Henderson et al. (1989) patented a procedure based on 
flotation of contaminated peanuts, but this procedure has not been widely used due to an 
additional drying step to be necessary after the flotation process.  Gnanasekharan et al. (1992) 
found a negative correlation between aflatoxin content and density of peanut kernels, showing 
that kernels of low density have high probability to be contaminated. Steiner et al. (1992) 
reported that the weight of kernels in Brazil nuts evaluated was not a good indicator of 
aflatoxin contamination. Clavero et al. (1993) evaluated a method of flotation based on maize 
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grain immersion in hydrogen peroxide. They observed a segregation of 90% in the initial 
aflatoxin contamination. The method was based on the catalase reaction with hydrogen 
peroxide. Clavero et al. (1993) demonstrated that A. parasiticus can produce catalase in peanut 
milk. Then, it was hypothesized that catalase produced by A. parasiticus would react with 
hydrogen peroxide and promote the formation of oxygen bubbles on the surface of the mold-
infected kernels, causing their flotation.  
In Brazil, the animal production industry, mainly poultry sector, has used gravimetric 
tables, a machine that segregate maize grains in high and low density fractions, to obtain 
mycotoxin segregation in maize. The high density fractions, which contain grains with low 
probability of mycotoxin contamination, is intended to make feeds for younger poultry, 
which are more susceptible to mycotoxin effects. The low density fraction, which has high 
probability of mycotoxin contamination, is intended to make feed for other poultry.   

6. Sampling procedures based on grain and nut types with high 
contamination probability 

The uneven distribution of aflatoxin contaminated grains and nut inside a lot normally 
represents a problem for measuring the true average level of aflatoxin contamination. 
However, some researchers have tried to take advantage of the distribution concentrated in 
few grains and nuts which can present different visual, optical, or physical characteristics in 
relation to sound ones that are not contaminated. From the analysis of samples containing 
only poor quality material, they have tried to improve the sampling plans efficiency to 
indicate lots which are above or under an established limit of acceptance for aflatoxin 
contamination. 
Whitaker et al. (1998) studied the possibility to measure the aflatoxin contamination of 
farmers’ stock peanuts by measuring the contamination in various peanut-grade categories. 
It was observed that best indicator for the aflatoxin concentration in the lot was the aflatoxin 
mass combined in the Loose Shelled Kernels (LSK), Damaged Kernels (DAM), and Other 
Kernels (OK). Whitaker et al. (1999) evaluated the performance of sampling plans based on 
the measurement of aflatoxin contamination in peanut-grade categories collected from a 2 
Kg sample of the farmers’ stock peanut lots, and establishing an acceptance limit of 50 
µg/Kg. They observed that sampling plans based on combined mass of aflatoxin in LSK, 
DAM, and OK gave the best operating curve. Johansson et al. (2006) studied the possibility 
to predict aflatoxin in maize lots using poor-quality grade components. The aflatoxin mass 
combined in Damaged Kernels (DAM), and in Broken Kernel and Foreign Material was 
highly correlated with aflatoxin contamination in the lot, so they suggested that the 
measured aflatoxin mass combined with grade components could be used as a screening 
method to predict aflatoxin in maize lots. 
Otherwise, Gloria et al. (2010) compare the performance of a sampling plan based on 
measuring the aflatoxin contamination in combined types of damaged grain maize, which 
was withdrawn from an 1 Kg sample of maize, with a sampling plan based on measuring 
aflatoxin in all types of grain (sound and damaged) in a sample test of ca.  5 Kg. The best 
operating curve was obtained by the sampling plan based on a 5 Kg test sample.  

7. Conclusions 

Several technologies for aflatoxin contamination segregation have been proposed in the 
scientific literature, but just some are currently used by the industry. Some processes have 
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been used to improve the overall quality of commodities, and the reduction of aflatoxin is 
just a consequence and not the objective. The electronic color, in the visible or near infra-red 
wavelenghts, alone or combined with other technology of sorting, is the technology most 
widely used by the industry and which has shown a great improvement of modern optical 
possibilities and consequently improve aflatoxin remotion. 
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