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Abstract

Drying is fundamental in the processing of Brazil nuts to prevent contamination by aflatoxins
which are produced by fungi, as well as to extend the shelf life of the product. The binomial
time/temperature is applied to guarantee the efficiency of drying stages. In this context, the
objective of this study was to evaluate the parameters of moisture content (mc) and water
activity (Aw) in processed and unprocessed nuts obtained from a processing plant in the
Amazonas state, Brazil, during the harvests of 2019 and 2020. Differences were observed
regarding Aw between the harvests, and in processed and unprocessed samples. However, for
mc, no differences between years or interaction between factors were observed. Processed
samples from 2019 and 2020 showed a significant reduction in moisture content when
compared to unprocessed samples and this may be because some modernization occurred in
the drying process and raw material was stored under better conditions. We therefore
conclude that the time/temperature binomial has a direct impact on product safety and should
be applied from the moment of collection of raw material until the industrial process begins
to guarantee economic maintenance of the production chain.
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1. Introduction

In the tropical forest region, Brazil nuts (Bertholletia excelsa) are the principal non-timber
product, and they are intrinsically linked to the culture of traditional Amazonian populations,
since nuts have been used as a source of food and income for many generations (Bertwell et al.,
2018). In this context, it is essential to protect seeds against toxic agents produced by fungi,
such as aflatoxins (AFL); carcinogens that contaminate food. In Brazil nuts, the genus
Aspergillus is often isolated and related to the production of AFL (Taniwaki et al., 2018; Ismail
et al., 2018). AFL are secondary metabolites which are carcinogenic to humans and animals
(IARC, 2016). Since the turn of the last century, the occurrence of AFL in Brazil nuts has
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greatly impacted commercialization, and they have been reported in samples sold in several
countries, including the United States, Japan, Sweden, and Brazil (Taniwaki et al., 2019). In an
effort to prevent contamination and, as a result, exposure of the population to this poisonous
carcinogen, studies have tested the application of physical or chemical methods to prevent its
occurrence (Oliveira et al., 2020; Ribeiro et al., 2020). Although Brazil nuts are highly
nutritious with proteins and antioxidants, and generate clinical benefits to the human
metabolism (Reis et al., 2019; Rusu et al., 2019), due to the artisanal mode of extraction of the
nuts in the forest and inadequate temperatures during storage and processing, some fungi can
produce AFL. Several studies mention that environmental conditions, such as relative humidity
(RH) over 70% and temperatures over 30 <€, as well as climate change can affect the
production of AFL and therefore food quality. Since the Bertholletia excelsa grows under these
conditions, this can also be observed for Brazil nuts (Funatsu et al., 2019; Medina et al, 2017).
In the production chain, there are several drying stages that represent a challenge due to the
different sizes of the nuts, which may be classified as either tiny, medium, large or extra-large
(Mello & Scussel, 2007). Dehydration is used to control the product's intrinsic characteristics,
such as moisture content (mc) and water activity (Aw), in addition to the product's sensory
quality (Silva et al., 2016) and thus extend shelf life. Silva and Marsaioli (2004) reported that
the Brazil nut in natura, presented Aw in the range of 0.79-0.91, that is, before the drying stages.
This range would indicate the need for intervention and the implementation of improvements in
the technological safety of the raw material, since at the international level the recommended
Aw content level in order to prevent the formation of AFL in tree nuts is Aw <0.70 (CAC, 2010).
In the forest, quick drying is not always possible, because the Brazil nut crops in the Amazon
region are harvested during the rainy season. In addition, due to the location of the trees, the
logistics involved in getting the nuts to the processing plant can be complicated. In the factories
where the processing takes place, dehydration occurs in rotary dryers or trays (Pacheco and
Martins, 2013) in which the binomial time/temperature is applied to maintain the mc at safe
levels in order to meet legal standards and preserve product characteristics. After harvesting,
storage conditions can introduce contamination. The nuts, if stored throughout the year, may be
a risk to the human health due to close contact with the considerable carcinogenic potential of
the AFL. Furthermore, improper storage in open markets implies the risk of contamination of a
larger number of people in the urban environment and thus the possibility of increased cases of
liver cancer in this population (Lima et al., 2012). In Brazil, the Amazonas state has several
small agro-industries with compact production structures, in relation to the processing plants.
There are five cooperatives, located in different mesoregions of the Brazilian Amazon, such as
the middle Rio Negro, Alto Solimes, Purus and Madeira. In 2017, they are responsible for
producing 1,269 tons of nuts, of these 1,009 tons are sold in natura and another 260 tons
undergo dehydration processes (IDAM, 2017). In this context, an experimental study was
carried out at the premises of one of these cooperatives with the objective of validating the
dehydration process utilized in two harvests (2019 and 2020), using the variables for water
activity and moisture content in relation to the levels of AFL contamination in Brazil nuts.
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2.1 Sampling

Samples (n=60) were collected at a Brazil nut processing facility in the Amazonas state,
Brazil during the harvests of 2019 and 2020. The samples were classified as follows: (a)
undried (raw material, collected shortly after arrival at the facility or at the supplier’s
small-scale facilities) and (b) dried (at the end of drying processes). The production flowchart
is presented in Figure 1.

A - Reception and storage

B - Rotary dryer

| i C- First Selection

D - Storage for autoclave

E - Oven (dehydration)

F - Size classification

G - Shelling

H - Autoclaving

| > | - Manual Selection

K - Packaging

L - Storage of the final product

Figure 1. Flow chart of Brazil nut processing at a cooperative in the Brazilian Amazon
2.2 Moisture Content (mc) and Water Activity (Aw)

Moisture content (mc), as determined by AOAC (2016), was obtained by means of an
electronic moisture balance (SHIMADZU, MOC-120H®, Kyoto, Japan) and an infrared
dryer, by drying about 1g of the sample at a temperature of 105 <C until loss of all moisture.
All analyses were performed in duplicate and the results were expressed as mean and
standard deviation. The water activity (Aw) was verified with a bench top water activity
meter (Aqualab series 4TE by DECAGON) at room temperature (25 <C) and used the dew
point method. All analyses were performed in duplicate and the results expressed as mean
and standard deviation.
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2.3 Aflatoxin Quantification (AFL)

AFL levels were quantified by liquid chromatography (HPLC), according to the AOAC Official
Method (AOAC, 2016). In a 50 g sample, the AFLs were extracted with 100 mL of
acetonitrile:water solution (90:10 v/v) and shaken at a high speed for 5 minutes with
subsequent filtering using filter paper. Then, 3mL of the filtrate were transferred to a 10 mL
culture tube with application by a MYCOSEP 226 (Romer labs) cleaning column for extract
purification. The resulting solutions were applied and quantified in HPLC with mobile phase -
acetonitrile, methanol, and ultra-pure water (1:1:4), Waters X-Terra column, 150 x 4.6 mm,
flow of 1.0 mL.min eluting in isocratic mode, with fluorescence detector: A excitation- 360
nm, and A emission- 440 nm; volume of injection of 50uL; race time of 20 minutes. Three
pools of AFL standards Bi, B2, Gi1, and G2 (Sigma Aldrich) were used. The Limit of Detection
(LOD) and Limit of Quantification (LOQ) for each toxin (AFBi/AFB2/AFGi/AFG:) were
0.136/0.136/0.250/0.250 and 0.410/0.410/0.750/0.750 pg/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 corresponded to a mean of five injections of each extract. The recoveries
for each AFL (AFB.1, AFB2, AFGi, AFG2) were 94.5, 73.5, 97.8, and 99.1%, respectively.

2.4 Statistical Analysis

A two-way ANOVA analysis was performed using the software PAST (version 4.02) by
Hammer et al. (2001) and factors (group independent variables) were year (2019 or 2020)
and processing (Yes or No). We investigated the contributions that each of the factors make
individually to the response in terms of Aw and mc. The two-way complete model allowed the
interaction of the two factors.

3. Results and Discussion

In general, the purpose of drying is to reduce the Aw of the nuts and effectively control fungal
growth and AFL. The results of the analysis are presented in Table 1, and show undetected
levels (N.d) of AFL in dried samples and low levels of AFL in undried samples from both
harvest years. It was observed that the samples met the acceptable limit for shelled Brazil
nuts <10 ug/kg for total AFL according to European legislation (EU, 2011).

Table 1. Variables of Brazil nut drying process: aflatoxin, water activity and moisture content

Harvests ~ Samples AFL Total #SD (Range)! Aw? mc?

2019 Non-dried 0.59 +1.17 (N.d*-5.50) 0.88-0.99 6.91-32.56
Dried N.d 0.36-0.53 2.48-3.36

2020 Non-Dried 0.77 £1.14 (N.d-5.03) 0.98-0.99 17.92-29.14
Dried N.d 0.23-0.29 0.25-0.42

Total AFL =+ Standard Deviation; 2Water Activity; 3 Moisture content %; % Not Detected in
Limit of Detection.
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Table 1 also shows the levels of Aw in undried samples >0.7, which is the maximum level
recommended by the European Union (CAC, 2010). The dried samples provided Aw levels
low enough to keep the mc at less than 5% (level of mc adopted by the facility as a control
measure). According to our findings, which are described in Table 2, there were differences
between harvests and processed and unprocessed samples for Aw.

Table 2. Two-way ANOVA for Water Activity (Aw)

Sum of sqrs df Mean square F p (same)
Harvest: 0.00532324 1 0.005323 6.364 0.01451
Process: 3.10601 1 3.10601 3713 6.96E-53
Interaction: 0.107642 1 0.107642 128.7 3.89E-16
Within: 0.0468395 56 0.000836
Total: 3.26581 59

The interaction presented significant results and led us to examine both main effects
separately (Figures 2a and 2b). In 2020, there was a great reduction in Aw levels in the
processed materials, compared to the samples from 20109.
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Fig 2a. Interaction by harvest
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Fig 2b. Interaction of Brazil nut samples
(dried and undried)

Figure 2. Interaction of Brazil nut samples for Aw

Regarding mc, no differences between harvests or interaction between factors were observed

(Table 3).
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Table 3. Two-way ANOVA for moisture content (mc)

Sum of sqrs df Mean square F p (same)
Harvest: 0.00445223 1 0.004452 1.398 0.242
Process: 0.296024 1 0.296024 92.98 1.68E-13
Interaction: 0.000663202 1 0.000663 0.2083 0.6499
Within: 0.178289 56 0.003184
Total: 0.479428 59

Processed samples from 2019 and 2020 showed a significant reduction in mc compared to
unprocessed samples (Figures 3a and 3b).

- 019 -
- 2020 - ES
0.30 0.30
0.254 025
020 0.20 —
£ £
o 045 o 0,157
= =
010 0.10
0,054 0.05
0.00 5 = 0.00 = =
Figure 3a. Mc in different samples (dried Figure 3 b.Mc in different harvests

and undried)
Figure 3. Moisture content interaction

Other studies have evaluated the Aw content at time of harvest in the forest, though the drying
conditions are artisanal and without temperature control. In data reported by Leite et al.
(2014), in which Brazil nut pod (fruit) samples were tested at the time when the pods were on
the forest floor, AFL levels were low during the whole study period, which suggests that
adverse forest conditions were not the main factor in stimulating the production of AFL. At
the factory storage stage, silos and drying kilns have temperature and humidity measurement
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systems. Aeration was a system adopted in the silos for nut storage in the study by Costa et al.
(2017) and samples were compared to the traditional method. Costa et al. (2017) found that
this system reduced the moisture content of the nuts by 78.2% after 150 days, however this
reduction was not fast enough to avoid contamination completely, and potentially produced
filamentous AFL fungi .The Aw of nuts ranged from 0.99-0.52, showing a trend of reduction
over storage time. According to Botelho et al. (2019), to reduce the risk of fungal
development, the Brazil nut must be stored at temperatures <55 <C and the mc content must
be <8.2%. In our study, at the plant where the dried samples were collected, the average
drying temperature in the oven at the end of the process is 70 <€, but the storage of the
finished product is between 25-30 <€. Therefore, it is essential that the study uses the study of
Brazil nut sorption isotherms as tested by Chistéet al. (2007), in which it was observed that
to ensure microbiological stability (Aw <0.6), the nut moisture content should not be greater
than 1.62 g%. This limit on the moisture content of the finished product is a variable that also
influences sensory aspects of the product, such as crispness, so each company finds its own
acceptable range of moisture content. Considering that the recommendation for each
dehydration system in the processing plant is to use a safe sorption system with Aw <0.7, we
recommend that the system of several drying steps with rotary or tray dryers be monitored as
control points for product safety. In this context, we indicate the need for the hazard analysis
and critical control points (HACCP) system to analyze all possible steps in which control
measures are applied, not just drying. Arisseto-Bragotto (2017) cites the HAACP system as
the most important quality management tool used in the food industry in Brazil due to
prevention of risks to human health, and prevention of adulteration of foodstuffs via risk
control measures.

We also observed that there was no positive sample for AFL at an Aw <0.9 level, as shown in
Figure 4. This can be explained by the Good Management Practices (GMP) being applied to
the raw material by suppliers, in addition to care in storage and transportation. GMP are
defined by Brazilian legislation as “basic practices for members of the Brazil nut production
chain, aiming to meet the principles of Good Agricultural Practices and Standardized
Procedures for Operational Hygiene (Brazil, 2011). As examples of this type of management,
selection of the nuts and drying before storage; artificial drying (solar or ovens) should begin
soon after harvest and progress as rapidly as feasible, storage under atmospheres controlled
for RH are noteworthy. Duchelle et al. (2013) cite the “best management practices” as: (1)
preharvest practices; (2) silvicultural practices; and (3) harvest and postharvest practices,
such as nut drying. These actions have already been cited as possible tools for the prevention
of AFL in undetected results and have been presented by other authors. Baquiéb et al. (2013)
analyzed fresh Brazil nut samples from different locations and found undetected samples of
AFL. The authors’ results, are in accordance with the findings of other investigators who
analyzed samples from the Amazon region. In their study, the Aw of stored samples did not
reach 0.80, a value which favors fungal growth but prevents the production of AFL. In the
industry, the extraction of the shells and screening for nuts that have been visibly deteriorated
by fungi also may have contributed to the absence of AFL in the stored nuts. In processed
(dry) nuts that were exported, we can cite the results of Cunha et al. (2018) who analyzed
Brazil nuts in Porto (Portugal) and 2 samples were free of AFL contamination when analyzed
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by LCMS-MS. Essawet et al. (2017) analyzed nut samples in Lybia, and 40% of the samples
were positive samples for AFL. These two studies suggest that, despite the improvement in
the factory of origin, dehydration is efficient in making the finished product safe until it
reaches the consumers on other continents, though the conditions of transport and storage
may offer conditions for new fungal contamination with the production of AFL. Tai et al.
(2020) suggest that integrating various post-harvest methods with synergistic functions may
be more efficient for the control of A. flavus growth and AFL production, although individual
environmental factors alone have an impact.
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Figure 4. Aw in AFL positive samples

After the dehydration steps, other strategies can be applied to maintain products at safe levels,
such as CO2 (Mahbobinejhad et al., 2019) and ozone application (Oliveira et al., 2020).
Considering the obtained data, we can observe that the improvement of the process for the
two harvests guaranteed that the variables Aw and mc helped maintain the safety of the nut
against AFL. This has a direct impact since it contributes to the socio-economic well-being of
the cooperative and its collaborators, since the activity guarantees the economic sustenance
for the many families that depend on it. Accordingly, the markets value of the product
supplied by the cooperatives is slightly higher than when available in other modes of
commercialization, which are based on intermediation (Souza-Silva, 2019). This is because
the context of social benefit and environmental protection of the forest adds value to the
product.

4. Conclusion

The objective of the study was fulfilled since the two harvests showed the impact of
dehydration regarding Aw and mc in AFL prevention in Brazil nuts. Processed samples from
the 2019 and 2020 harvests showed a significant reduction in mc content compared to
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unprocessed samples and this may be explained by some modernization in drying, and better
storage conditions of raw material. We conclude that the time/temperature binomial has a
direct impact on product safety and should be applied since the moment of the collection of
raw material until the industrial process begins for economic maintenance of the production
chain and this must be adopted in all traditional communities.
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