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Association between aflatoxin and aflatoxigenic
fungi in Brazil nut (Bertholletia excelsa H.B.K.)

Associagdo de aflatoxinas e fungos aflatoxigénicos em castanha-do-Brasil (Bertholletia excelsa H.B.K.)
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Abstract

Brazil nut has a high nutritional content and is a very important trade commodity to some Latin American countries. In order to evaluate its
safety, 120 samples from different stages of the productive chain were analyzed in terms of: moisture content (mc), aflatoxigenic fungi and
aflatoxin (LOQ = 1.95 pg.kg™ total aflatoxin) using TLC. Among all samples, 4 (6.7%) from the receiving area, and 5 (16.7%), from retail
presented aflatoxins above the LOQ, but the amount of aflatoxins was below the LOQ after the samples were dried in the plant. The positive
samples were above the limit of total aflatoxin permitted by the European Union (4.0 ug.kg™") and Brazil (30 ug.kg™"). The mc mean was
22.43% in the receiving area, which is higher than that in the other stages samples. All the A. flavus strains were aflatoxigenic, and there was
statistic association between the presence of aflatoxin and flavus strains. The aflatoxigenic fungi strains associated to the aflatoxins levels in
the samples show that an effective control is necessary for the food safety in the Brazil nut production chain.
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Resumo

A castanha-do-Brasil tem um alto teor nutricional e é um importante produto comercial para alguns paises da América Latina. Com
objetivo de avaliar a seguranga, 120 amostras de diferentes etapas da cadeia produtiva, foram analisadas quanto a: teor de umidade, fungos
aflatoxigénicos e aflatoxinas (LOQ = 1,95 ug.kg aflatoxinas totais) por CCD. Das amostras, 4 (6,7%) da area de recepgao, e 5 (16,7%) do
varejo apresentaram aflatoxinas acima do LOQ. Nas amostras apds secagem na usina nao foram detectadas aflatoxinas(< LOQ). As amostras
positivas estavam acima dos limites aceitos pela Unido Européia (4,0 ug.kg™") e Brasil (30 pg.kg™). A média do teor de umidade foi de 22,43%
na etapa de recep¢ao, maior do que as outras etapas estudadas. Todas as cepas de A. flavus eram aflatoxigénicas e houve associagdo estatistica
entre a presenca de aflatoxinas e a presenga da cepa de flavus. As cepas aflatoxigénicas associadas as aflatoxinas das amostras demonstram

que é neccessario um controle efetivo da seguranca alimentar na cadeia produtiva da castanha-do-Brasil

Palavras-chaves: Bertholletia; Aspergillus; umidade; cromatografia.

1 Introduction

Brazil nut (Bertholletia excelsa H.B.K.) grows in the Amazon
region and represents a very important trade commodity to
some Northern Brazilian States. After being harvested, the
nuts are transported to the factories, where they can be kept
in-shell or be shelled, or in other product forms (PACHECO;
SCUSSEL, 2006). Due to the nutritional properties, Brazil nuts
are well known for their source of oil, protein, and selenium
(ANDRADE et al., 1999; CHANG et al.,, 1995; RYAN et al,,
2006), but they have also been associated with the mycotoxin
contamination (PACHECO; SCUSSEL, 2007). The aflatoxins
are natural toxic contaminants from the mycotoxins group,
secondary metabolites of fungi metabolism, associated with
food and feeding. They are considered carcinogenic, capable of
causing organic changes, and, in high concentrations, they are
lethal to animals and humans (INTERNATIONAL AGENCY
OF RESEARCH ON CANCER, 1997). They are mostly produced

by Aspergillus, especially flavus and parasiticus, and these fungi
grow in the rain forest conditions, high relative humidity
(rh) (> 85%) and temperatures (> 25 °C). The growth of each
fungus is determined not only by environmental factors, but
also by the relationship of the fungus and particular plants, or
whether such a relationship does exist (PITT, 2006). In addition,
the environmental conditions seem to directly influence the
moisture content (mc) and the food composition of tropical
products, and they can promote the growth of fungi strains
in such as Brazil nuts (ARRUS et al., 2005a). Some studies
reported that aflatoxigenic strains, especially A. flavus, have been
observed in in-shell and shelled Brazil nuts (CASTRILLON;
PURCHIO, 1988; FREIRE; KOZAKIEWICZ; PATERSON, 2000;
BAYMAN; BAKER; MAHONEY, 2002; ARRUS et al., 2005b).

In Brazil, the commercial trade of Brazil nuts involves
great number of products exported every year. Nowadays, the
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Amazonas State is the most important producer, 3.200.000 km?
of Brazil nut trees area, much larger than that in other countries
such as Bolivia, 100.000 km? (INSTITUTO BRASILEIRO DE
GEOGRAFIA E ESTATISTICA, 2005). On the other hand,
some factors have decreased the Brazil nut export, such as the
restrictions of total aflatoxin amount (4.0 pg.kg™) imposed by
the European Union (EU), since 1998 (EUROPEAN UNION,
1998a), the destruction of native trees, and the market
competition with other nuts. Therefore, contamination of the
Brazil nut by aflatoxin has been studied in previous researches,
but the sampling method used in those studies was applied
only for single stages of the chain and not for different harvest
(STEINER et al.,, 1992; IOANNOU-KAKOURI et al., 1999;
THUVANDER et al., 2001; CALDAS; SILVA; OLIVEIRA,
2002). In some of those studies, the number of samples was
small and only a few positive samples were detected, and some
other studies did not detect aflatoxins in Brazil nuts (KERSHAW,
1985; CANDLISH et al., 2001).

The surveillance in the Brazil nuts chain stages must be
intense and continuous since the time of harvest, storage and
transportation is about 15 to 30 days considering the processing
time in the factory. During the nuts drying process, the moisture
content decreases, but it is not clear if the temperatures of drying
(around 60 °C) are enough to avoid the aflatoxin production. The
evaluation could provide information to improve the effective
control of aflatoxin contamination levels in Brazil nuts, increase
the value of the commodity, and provide the native communities
involved in the Brazil nut chain with income. This research
was carried out during the period between 2003 and 2006 in
order to evaluate the aflatoxigenic fungi and aflatoxins presence
in Brazil nuts in three stages of the chain (receiving, after
drying, and retail) in samples collected in the city of Manaus,
Amazonas State, Brazil.

2 Materials and methods

2.1 Materials

a) Brazil nut: a total of 120 Brazil nut samples were collected
in Manaus city, Amazonas State, Brazil, from 2003 to 2006.
In each harvest, 30 samples were collected: in-shell (n = 10),
shelled (n = 10) and from retail stores (n = 10);

b) Chemicals: aflatoxin standard solution: B B,G, and
G,, Sigma®; Toluene, Ammonium and acetonitrile (all
Vetec®);

¢) Culture media: bacteriological peptone, potato dextrose
agar, and Malt agar (all Merck®); and

d) Apparatus and Equipment: industrial mill (Caf®);
chromatovisor UV 366 nm (Tecnal®), spectrophotometer
(Femto®); moisture heater (Fanem®); bacteriological heater
(Fanem®), analytical balance (Gehaka®); stereoscopic
microscopy (Quimis®); inox hygienized accessories to
homogenization with capacity of 1 kg; sterile plates
(90 x 15).
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2.2 Methods

a) Sampling: the samples were collected according to the
European Union (1998b) method, the weight of the
incremental sample of around 300 g, and each lot was
subdivided into sublots. According to this method, the
number of incremental samples to be taken depends on the
weight of the lot (lot weight in tonnes), with a minimum of
10 and a maximum of 100. In the case of lots in retail, the
weight of the incremental sample depends on the weight of
the retail packaging. Therefore, the samples were collected
in a Brazil nut factory, located in Manaus, Amazonas (AM)
State, Brazil, at different stages: (i) factory receiving (n = 60),
in-shell samples collected upon disembarking or immediately
after disembarking; (ii) after factory drying (n = 30), shelled
samples collected at the vacuum packaging stage; (iii) retail
(n = 30), shelled samples collected randomly from local
markets in their original packaging. The samples were
collected in a total of 30 kg each, milled in an industrial mill,
and divided into portions of 10 kg for the analysis of aflatoxin,
moisture content, (mc) and mycological tests;

b) Aflatoxin: the analysis was carried out using the Association
of Official Analytical Chemists (2005) method with thin
layer chromatography (TLC). The detection limit (LOD)
was measured as the lowest concentration detected as the
fluorescence in the TLC method under UV light, with 365
nm, and the LOQ, as the lowest point of the calibration curve
with high repeatability. The values of LOD and LOQ for total
aflatoxin were: 0.97 and 1.95 pg.kg™', respectively. To each
aflatoxin (Bl; B;G, and Gz), the LOD and LOQ values were:
0.25, 0.25, 0.25, and 0.22; 0.50, 0.50, 0.50, and 0.45 pg.kg™,
respectively. To obtain the LOD and LOQ values, finely
ground Brazil nuts were homogenized, and spiked prior to
extraction with aflatoxins at five concentrations ranging from
1 to 10 pg.kg™. Portions of 25 g were taken for extraction
adding 100 mL acetonitrile/water (80:20 v/v) to the sample,
which was then mixed for 2 hours and filtered. To define the
recoveries of the method, five points were used to build an
analytical curve in order to obtain the R values with replicates
(n = 3) in each point, corresponding to a mean of five spots,
of each extract. The recoveries for B;; B; G; and G,, were
95, 85, 95, and 85% respectively;

¢) Mc: the mc analysis was carried out using the gravimetric
method (ASSOCIATION OF OFFICIAL ANALYTICAL
CHEMISTS, 2005);

d) Mycological tests: progressive dilutions were prepared and
0.1 mL of each was spread onto the agar on sterile Petri
dishes. Plates were kept at 25 °C for 5 days and the colonies
of filamentous fungi and yeast were counted, isolated, and
identified up to genera using Samson, Hoekstra and Frisvad
(1999) methodology. The toxigenic strains of Aspergillus
were identified up to species according Machida and Saito
(1999); and

e) Statistics: to verify the occurrence of aflatoxin and the fungi
presence, the descriptive statistic was used to obtain the
simple frequency of variable occurrence, with p = 5.0%.
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3 Results and discussion

Despite of the contamination associated with the Brazil
nut international trade, the results confirm the low number
of contaminated samples but the high heterogeneity of the
aflatoxin. This variability was observed in the same harvest,
from the same origin (stage), and is corroborated by the findings
of De Mello and Scussel (2007). This condition is important to
reinforce the necessity of quality control and decrease the risk
of aflatoxin.

3.1 Association between aflatoxin and mc

From the 120 analyzed samples, the aflatoxins were
detected only in the 2003 and 2004 harvests. In those harvests,
9 samples (7.5%) were contaminated with aflatoxin at the LOQ
(1.95 ug.kg " total aflatoxin) described as: At receiving, 4 (6.6%);
at the after drying stage 0 (0.0%) and at the retail: 5 (16.7%)
(Table 1). Concerning the contamination levels, only 2 (3.3%)
receiving and 3 (10%) retail samples were above the limits for
total aflatoxin established by Brazilian legislation (30 pg.kg™).
Considering the EU regulation, all 9 samples would be rejected to
export because they exceed the limit of 4.0 pg.kg™". On the other
hand, the Brazil nuts rejected to export can be commercialized
in Brazil or in other markets with higher tolerance to aflatoxin
limits. That is one of the reasons of the increase in the
commercial relationship between Brazil nut factories and the
US, Canada, China, Australia, and Vietnam that has happened
since 1998. To prevent aflatoxin contamination, it is important
to emphasize that the consumers have the ability to discard the
apparent damaged nuts (MARKLINDER et al., 2005).

With regard to the stages, as expected, the samples (in-shell)
at the receiving stage presented the highest levels of aflatoxin
contamination compared to the after drying stage, in which
no contamination below the LOQ was detected. That was
probably due to the uncontrolled environmental conditions
of Brazil nuts transport prior to the factory process. They are
transported by ships in long rivers and long trips (over 30 days)
with no temperature or relative humidity (rh) control, mostly.
In the case of the retail samples (n = 5), the contamination
(X'=271.7 ug.kg™ total aflatoxin) reinforce the need to control
the procedures during storage and packaging to decrease the
risk of aflatoxin contamination.

In the 2005 and 2006 harvests, the aflatoxins were not
detected in the samples analyzed. That the can be explained
due to the improvements made by the factories in process
technology such as: educating the native communities, use
good procedures in the collection, improvements in the

storage, transportation, and new equipment for drying. All
those factors were applied in association with more restrictive
quality control procedures, hazard analysis, and critical control
points (HACCP). The improvements have also been presented
in the retail products including new packaging, with modified
atmosphere, and storage control. These improvements were not
applied during the 2003 and 2004 harvests. In other studies
in which contamination was not detected in the samples, the
origin and the number of samples became limiting factors to
compare the results, such as the Kershaw (1985) with only
one sample.

With regard to the mc content, as expected, the results
were higher for the samples at the receiving stage, with mean
0f22.43% (minimum = 11.2% and maximum = 31.5%). At that
stage, high levels of aflatoxin contamination were found. The
comparison among mc means indicates the highest mc at the
receiving stage and presented significant difference from the
two other stage processes, but those did not present significant
difference, as shown in Table 1. About 45 samples (37.5%) were
above the mclimit for commercialization (15%) (BRASIL, 2004),
but it is it can be noted that with an efficient drying process
it is possible to decrease the mc of the nuts. The mc mean at
the factory reception revealed that inadequate conditions of
shipment and storage of Brazil nuts were affected by the tropical
areas natural factors such as rain and high temperatures. Those
factors could provide conditions to fungi metabolism produce
aflatoxin. For the analyses presented in Table 1, the Fischer test
indicate significant statistic only to the association of aflatoxin
with mc levels in the factory receiving (p = 0.045).

3.2 Association between aflatoxin and isolated strains

Some fungi strains, such as Aspergillus sp., Fusarium sp. and
Penicillium sp. are considered native to the Brazil nut mycoflora
and were observed in the samples. The most common strains
were: A. flavus, A. niger, Absidia sp., Chalara sp., Fusarium sp.,
Gliocadium sp., Syncephalostrum sp. and Penicillum sp. (Table 2).
The tests for the association between the strains indicated
that Chalara sp. and Syncephalostrum sp. was not significant.
Nevertheless, to the other strains, the highest incidence was in
the retail samples. In the receiving samples, the Fusarium sp.
emphasizes the presence of the remaining strains of the Brazil
nut collection and storage in the forest. These conditions are
frequent in tropical conditions of the Brazil nut trees, where
Fusarium strains were previously reported by Cartaxo et al.
(2004). In the case of the other strains, the temperatures of
drying probably affected their growth.

Table 1. Aflatoxin levels and mc of Brazil nut (Bertholletia excelsa H.B.K.) in three stages of the process chain.

Factory Number of Aflatoxin (ug.kg™)® Mc (%)
stages samples  N° of positive Mean Range RSD % > 15%" Mean Range RSD %
samples (%)
Receiving 60 4(6.7%) 46 10-68 1.3 45 22.43¢ 11.2-31.5 1.1
After drying 30 0 (%) NDe ND ND 0 3.26¢ 1.8-6.4 0.9
Retail’ 30 5(16.7%) 271.7 8-686 9.9 5 2.92¢ 11.5-22.5 0.6

“Total aflatoxin (B1, B2, G1 and G2) with LOQ = 1.95 iig.kg™'; "number of samples with mc average above the limits for commerce (15%); ‘ND = not detected samples at LOQ = 1.95 ug.kg™!
total aflatoxin; * °mc mean followed by distinct letters are different at the significant level of 5.0%; 'retail samples could be the discarded ones along the process to export, and

commercialized into the national food industry.
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The retail samples presented the majority of strains found
in the other stages, exception for Chalara sp., Fusarium and
Gliocadium sp. In those samples, A. flavus was frequent (63%)
and this result corroborates the findings of Freire, Kozakiewicz
and Paterson (2000) that analyzed Brazil nuts supplied by
similar precedence (retail). The A. flavus presented the highest
percentage of infection on the surface of Brazil nuts (27.5%),
followed by Penicillium glabrum (21.5%) and Rhizopus oryzae
(15.8%). The A. flavus and Penicillium sp. strains were present
in all stages. A significant difference in the association between
A. flavus and A. niger species was detected in terms of the
presence of potential aflatoxigenic strains and aflatoxin, despite

the fact that niger was detected only in the retail samples. It is
important to emphasize that in unprocessed nuts collected from
the forest by Cartaxo et al. (2004), those were the predominant
strains. In the case of Brazil nut pods collected from the forest
by Arrus et al. (2005b), the Aspergillus, Penicillium and Fusarium
were also detected. Their presence indicated those as an original
contamination, and not only associated with inadequate storage
at the markets, observed in the retail samples. The Fischer test
indicates statistical significance for the association of aflatoxin
presence, the A. flavus (p = 0.0001), and A. Niger (p = 0.027)
strains (Table 3).

Table 2. Aflatoxigenic strains in three stages of the Brazil nut (Bertholletia excelsa H.B.K) process chain.

Strains Findings Process stages p-value?
Receiving After drying Retail
A. flavus Absent 57 (95.0%) 28 (93.33%) 19 (63.33%) 0.001
' Present 3(5.0%) 2 (6.67%) 11(36.67%) ’
A. nicer Absent 60 (100.0%) 30 (100.0%) 20 (66.67%) 0.001
-8 Present 0(0.0%) 0(0.0%) 10 (33.33%) ’
Yeasts Absent 58 (96.67%) 6(20.0%) 29 (96.67%) 0.001
Present 2(3.33%) 24 (80.0%) 1(3.33%) ’
Penicillium s Absent 45 (75.0%) 26 (86.67%) 6 (20.0%) 0.001
P Present 15 (25.0%) 4 (13.33%) 24 (80.0%) ’
Fusarium s Absent 45 (75.0%) 29 (96.67%) 30 (100.0%) 0.001
i . .
P Present 15 (25.0%) 1(3.33%) 0 (0.0%)
liocadium s Absent 54 (90.0%) 30 (100.0%) 30 (100.0%) 0013
P Present 6(10.0%) 0(0.0%) 0 (0.0%) ’
Absent 59 (98.33%) 30 (100.0%) 30 (100.0%)
Chal, . 0.498
arara sp Present 1(1.67%) 0 (0.0%) 0 (0.0%)
Absent 60 (100.0%) 30 (100.0%) 28 (93.33%)
N halost . 0.059
yncephatostrum sp Present 0 (0.0%) 0 (0.0%) 2 (6.67%)
o Absent 60 (100.0%) 30 (100.0%) 26 (87.67%)
Absid . 0.003
sidia sp Present 0 (0.0%) 0 (0.0%) 4(13.33%)
*p < 0.05 indicates statistic significant.
Table 3. Relation between the aflatoxin presence and isolated fungi from Brazil nut (Bertholletia excelsa) samples.
Strains Findings Aflatoxins (%)
Absent Present p-value®
A. flavus Absent 100 (90.1%) 11 (9.9%) 0.0001
’ Present 4 (44.5%) 5(55.7%) '
A, nicer Absent 104 (93.7%) 7 (6.3%) 0.027
- 1ME Present 6 (66.7%) 3 (33.4%) ‘
Yeasts Absent 84 (75.7%) 27 (24.3%) 0.206
Present 9 (100.0%) 0(0.0%) ’
Absent 73 (65.8% 38 (34.3%
Penicillium sp. serl ( ) ( ) 0.279
Present 4 (44.5%) 5 (55.6%)
Fusarium s Absent 97 (87.4%) 14 (12.6%) 0.343
P Present 7 (77.8%) 2 (22.3%) ‘
Absent 105 (94.6% 6 (5.4%
Gliocadium sp. sen ( ) (5.4%) 1.00
Present 9 (100.0%) 0 (0.0%)
Absent 110 (99.1%) 1 (0.9%)
Chal, . 1.00
e sp Present 9 (100.0%) 0 (0.0%)
Absent 110 (99.1%) 1 (0.90%)
S halost X 0.145
yneepralostrum Sp Present 8 (88.9%) 1(11.1%)
Absidia s Absent 107 (96.4%) 4 (3.6%) 1.00
P Present 9 (100.0%) 0 (0.0%) ‘

p < 0.05 indicates statistic significant.
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4 Conclusions

Aflatoxin is present in the Brazil nut chain despite the
contamination heterogeneity with statistical association between
the moisture content and the aflatoxin production with the
aflatoxigenic fungi. These findings show the necessity of controlling
environmental factors such as the rh, temperature, and the use
of the good practices at the collection areas and in the factory
process to avoid fungi contamination and to guarantee the safety
of the nuts. The results can be useful to help the institutional and
government programs that have been applied to improve the Brazil
nut quality (BRASIL, 2004; CODEX ALIMENTARIUS, 2006).
The study of the mc relation with water activity and continuous
identification of fungi strains can provide information to develop
mechanisms of decontamination. These are aspects to be explored,
as well as the antioxidant role of the Brazil nut composition, and
its influence on the fungi metabolism. The Brazil nuts safety, with
controlled contamination of aflatoxin, could remove the possibility
of wastes, avoid commercial barriers, keep the Brazil nut area and
reinforce the importance of the rain forest products.
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