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Abstract 

The Brazil nut is a nutritionally rich food, produced and consumed in tropical regions. On the 
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other hand, it may be suitable to toxigenic fungi and consequently contamination by 

aflatoxins (AFL), toxic substances to consumers. In this context, the objective of this work 

was to evaluate the occurrence of AFL in raw Brazil nuts, that is, before being subjected to 

industrial drying stages. Of 23 samples were purchased at retail in the city of 

Manaus-Am-Brazil and evaluated by high performance and liquid chromatography for total 

AFL (B1+b2+G1+G2). From the samples, 8.6 % were positive for total AFL and. Only AFG1 

and AFG2, were detected in the LOD (0.8 μg/kg) and met to the limit of <10 µg/kg of current 

legislation in Brazil and European Union. In conclusion, despite the contaminated samples 

met the legal limits, that seems the AFL contamination could happen in raw Brazil nut, as it 

has been reported in dried seeds. In this sense, some effort in the initial steps of the Brazil nut 

chain must be applied to mitigate AFL contamination before reach the factory processing.  

Key words: HPLC, moisture content, water activity 

1. Introduction 

The seed of the Brazil nut tree (Bertholletia excelsa), popularly known as Brazil nut, plays an 

important social and economic role in northern Brazil and has become the main non-timber 

product in the Amazon region (Rego et al., 2021; Santana et al., 2017). In general, the Brazil 

nut is commercialized in the dehydrated form, however in the tropical regions, where the 

seeds extractive areas are located, the raw Brazil nut is used in several culinary preparations. 

It has an exotic flavor, it is rich in unsaturated fatty acids and proteins of high biological 

value, and bioactive compounds such as selenium and vitamin E (Alcantara et al., 2022; 

Cardoso et al., 2017). Since the Brazil nut is an extractive product of the rainforest with 

extreme social and economic value, it was necessary to study the risks associated with 

consumption, as some embargo was applied to Brasil nut by European Union in the past, due 

to the presence of aflatoxins (AFL), in unacceptable level. The AFL is a potential 

carcinogenic substance produced as secondary metabolites of some fungi, such as Aspergillus 

and they can cause toxic effects to humans and animals (Navale et al., 2021; IARC, 2016). 

For the fungus to produce mycotoxins, such as AFL, it needs favorable conditions for its 

growth, such as: water activity, moisture content, pH, chemical composition of the food and 

temperature, as well as gene expression (Yunes et al., 2019), conditions easily found in 

tropical regions where Brazil nuts are collected. The extractive activity to collect the Brazil 

nuts in the forest is an element of biodiversity conservation in Amazonian conservation units 

that meet the needs and rights of traditional and indigenous people (Silva et al., 2020). The 

Brazil nut chain starts with the seed’s extractive in the forest, and it is storage and transported 

for processing plants with different drying stages in a complex production chain (Taniwaki et 

al., 2019). Despite several works evaluated AFL in Brazil nut for export, the contamination 

data for unprocessed (raw) Brazil nuts are scarce, as the occurrence of AFL is usually 

monitored in the different forms of the finished product, dehydrated or granulated seeds 

(Alves et.al., 2020; Maturova, 2019). In Brazil, the government states the factories to export 

commercial the Brazil nut in the dehydrated form. In a practical away, the natural moisture 

content (mc) of the seeds directly from the forest will allow the seed degradation and enhance 

the chance of AFL contamination. Once the seeds become contaminated by AFL the factory 

drying steps will not be able to remove the contaminant due to the thermal stability of the 
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toxin. In this context, the objective of this work was to evaluate the risk inherent in the 

presence of AFL in raw Brazil nuts, i.e., before industrial processing, to evaluate the risk for 

consumption, especially in tropical regions, where they are frequently used in daily food of 

the local population. 

2. Material and Methods 

Sampling 

The samples (n=23) of Brazil nuts, fresh and shelled, were purchased from retailers located in 

the South and Center-South zone of the city of Manaus-AM-Brazil, in 2019-2020. In original 

packaging (plastic), Brazil nuts were immediately transported for laboratory analysis that 

were carried out during the second half of 2019 and the first half of 2020. The sample is 

illustrated in Figure 1. 

  

1.a The Brazil nut fruit (pod) with 

the seeds in kernel 

1.b The shelled raw Brazil nuts 

packaged 

Figure 1. Raw Brazil nuts 

Assays 

The Brazil nut raw samples were evaluated for total AFL (B1+B2+G1+ G2) by high 

performance liquid chromatography (HPPC) according to AOAC (2016). The AFL extraction 

step was carried out with 50g of sample, stirred with 100mL of acetonitrile: water (90:10 v/v), 

for 5 min. The extract was filtered through filter paper and applied to the Multisep 228 

cleaning column (Romer Labs). From the extract, about 2 ml of purified filtrate was collected 

for derivatization. The solution for analysis was obtained by adding a derivatizing solution to 

the purified extract - water: trifluoroacetic acid: acetic acid 70:20:10 (v/v) - in a water bath at 

65ºC for 8.5min. The solutions were applied and quantified in HPLC in: Mobile phase - 

acetonitrile, methanol, and ultrapure water; flow of 1.2mL/min. eluting in gradient mode, 

with fluorescence detector: λ ex- 364 nm and λ em- 440nm; injection volume 10µL; 15 min. 

running time. The AFL standards (Sigma Aldrich®) with 2 µg/ml AFB1 and AFG1 and 0.5 

µg/ml AFB2 and AFG2 were used. The limit of detection (LOD) and limit of quantification 

(LOQ) for each toxin (AFB1/AFB2/AFG1/AFG2) were 0.140/0.140/0.260/0.260 and 

0.440/0.440/0.780/0.780 µg/kg, respectively. The LOD method was defined by 3 times the 

signal/noise ratio and LOQ by 6 times the signal/noise. Five points were used to build an 

analytical curve to obtain the correlation coefficient (R) values for LOD and LOQ. Each point 
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corresponded to a mean of five injections of each extract. The recoveries for each AFL were: 

95.0 (AFB1), 75.5 (AFB2), 98.5 (AFG1), and 99.0% AFG2) 

The moisture content (mc) level was evaluated by the AOAC (2016) method, in which 

approximately 2g of Brazil nut samples, in natura, were weighed, and subsequently subjected 

to moisture quantification using of the GEHAKA IV3100 instrument, performing the drying 

in a standard way with constant temperature. 

The Water activity (Aw) was carried out by means of direct measurement, in triplicate, using 

the instrument Aqualab series 4TE from DECAGON, with internal temperature control at 

25°C, dew point method (AOAC, 2005). 

For the Statistical analysis, it was used the student’s t test was used to compare the levels of 

contamination between the samples and the comparison between the data performed through 

analysis of variance (ANOVA). 

3. Results and Discussion 

3.1 aw and Mc% 

The table 1 shows the results of the aw and mc analysis. All samples exceeded the maximum 

recommended limit of 15% for the mc of the finished product according to Brazilian 

legislation (Brazil, 2010), with a range of 4.09 - 30.5%. Da Costa et al. (2017) also analyzed 

mc% of nuts before drying and found an average content of 26.91%, while Hauth et.al (2017) 

reported a maximum, mc content of 30%. The data suggest that efforts are needed to better 

control the mc before processing, since this variable can interfere with AFL production. For 

aw, we found an average content of 0.96, like that of Da Costa et al. (2017). Silva & 

Marsaioli-Junior (2003) reported the aw content of 0.79, and in another work, Kluczkovski et 

al. (2020) analyzed Brazil nuts directly from extractive communities in different harvests, 

2019 and 2020, with a range of 0.88-0.99, and 0.98-0.99, respectively. Based on data from 

this study, and from other authors, raw seed, regardless of the region where the samples were 

obtained, is above the recommended limit of 0.70 (CAC, 2006). 

Table 1. Water activity and moisture content % level in raw Brazil nut samples 

N aw
1 Mc2 

Mean ± SD3 Min-Max Mean ± SD Min-Max 

23 0.96 ± 0.20 0.83-0.98 19.18 ± 0.49 4.09-30.55 

1aw: Water activity; 2Mc: Moisture Content %;3SD= Standard deviation.  

3.2 AFL Level 

The table 2 shows the AFL occurrence in the samples. Only 8.6% were positive, and AFG1 e 

AFG2 were detected. For AFB1 and AFB2 the samples showed <LOD. 
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Table 2. Aflatoxin in raw Brazil nut 

N Positive 

samples 

(%) 

AFL (μg/kg) 

B1a B2 a G1  G2 

   Mean±SDb Min-Max Mean±SD Min-Max 

23 02 N.D. N.D. 0.35±0.23 0.09-2.65 0.09-.12        1.28±0.46       

a Not detected in LOD: AFB1= 0.260 μg/kg; AFB2=0.260 μg/kg; b SD=Standard Deviation 

Table 3 shows the results of the samples that were positive for contamination by AFL, in which 

only AFG1 and AFG2 were detected. However, the values were obeying the limits of <10 

μg/kg established by EU (2006). In a previous work Kluczkovski et al. (2020), evaluated raw 

and processed brazil nut seeds, and reported the AFL content in their raw and shelled Brazil nut 

samples (<10 μg/kg) met the legal standards in force in Brazil. Da Costa et al. (2014) analyzed 

Brazil nut seed before processing and detected all AFL with a content of 8.228 (μg/kg) of total 

AFL. In view of the data, it is necessary to reinforce the controls and monitoring of 

contamination before processing, as the stability of the AFL in the face of thermal drying 

processes indicates that if the raw material arrives already contaminated, the finished product 

will also be contaminated. Pacheco & Scussel (2007) also detected AFL in raw Brazil nuts, 

including relating samples from different Amazonian regions and the selenium content, and 

identified that seed Se levels from the Eastern region were higher than the Western, in addition 

to the AFL. Therefore, several factors, both environmental and gene expression, need to be 

studied, in addition to the occurrence of contamination, to apply preventive actions. 

4. Conclusion 

Raw Brazil nut samples were analyzed for moisture content %, water activity and AFL. It 

was possible to conclude that the samples acquired in natura, in the retail stores of the city of 

Manaus-Brazil, presented aw and mc% levels above the recommended limits, which may 

contribute to the metabolism of toxigenic fungi to produce mycotoxins, such as AFL. Despite 

the AFL content, showed levels below the recommended limit in Brazil and European union, 

it brings the alert about contamination in the previous steps in the Brazil nut chain. In this 

sense we suggest to government to monitor food in retail stores to prevent fungal and/or 

mycotoxin contamination, as well the Brazil nut factories applies prevention program in the 

extractive areas to avoid environmental factors in the Brazil nut seeds storage, to allow the 

AFL contamination for example. 
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