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ABSTRACT
The Brazil nut is an important commodity that grows in the Amazon rainforest and is notable for its high nutritional value.
However, the effect that packaging has on product shelf-life is unclear. This study evaluated the microbiological and nutritional
quality of unshelled Brazil nuts packed in (a) nylon and polypropylene under vacuum, and (b) in polyethylene terephthalate
and polyethylene aluminized films. The nuts were stored for nine months under natural environmental conditions. The most
probable number of total and thermotolerant coliforms and Escherichia coli, and counting of molds and yeast were determined
in the unshelled nuts shortly after collection and every three months during storage. Moisture, lipids, ash, neutral detergent fiber,
and acid detergent fiber contents were measured by the gravimetric method. Crude protein content was measured using the
Kjeldahl method. Coliform levels were within legislated standards in both types of packaging. Mold and yeast growth increased
with time in both types of packaging (0.1x10¹ to 9.5x10³ colony forming units g-1), but only nuts packaged in aluminum
film showed a significant increase after six months of storage. After nine months of storage, both types of packaged nuts had
good nutritional quality. Aluminized packaging resulted in better conservation of the lipid fraction and lower permeability to
water vapor, however, vacuum packaging was more effective in controlling fungal growth, possibly due to the lack of oxygen.
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Influência da embalagem na qualidade de castanhas-do-brasil
RESUMO
As castanhas-do-brasil são um importante produto da floresta amazônica e destacam-se pelo seu alto valor nutricional.
Contudo, os efeitos da embalagem sobre a vida de prateleira das castanhas não estão completamente esclarecidos. Sendo
assim, neste estudo, avaliou-se a qualidade microbiológica e nutricional de castanhas-do-brasil descascadas, embaladas em (a)
nylon mais polipropileno a vácuo e (b) filmes aluminizados de polietileno tereftalato (PET) e polietileno (PE). As castanhas
foram armazenadas por um período de nove meses, sob condições ambientais naturais. Logo após a coleta, e a cada três meses,
foram determinados nas castanhas o número mais provável de coliformes totais, coliformes termotolerantes e Escherichia coli,
e contagem total de bolores e leveduras. Também foram medidos os teores de umidade, lipídeos, cinzas, fibra em detergente
neutro e fibra em detergente ácido por métodos gravimétricos, e os teores de proteína bruta por meio do método de Kjeldahl.
Os níveis de coliformes termotolerantes estiveram dentro dos padrões da legislação nos dois tipos de embalagem. A incidência de
bolores e leveduras aumentou ao longo do tempo nas duas embalagens (de 0,1x10¹ a 9,5x10³ unidades formadoras de colônia;
UFC g-1), porém somente a embalagem aluminizada apresentou aumento significativo após seis meses de armazenamento.
Após nove meses, as castanhas nas duas embalagens apresentaram boa qualidade nutricional, porém a embalagem aluminizada
apresentou melhor conservação da fração lipídica e menor permeabilidade a vapores de água. Contudo, a embalagem a vácuo
foi mais eficiente no controle do crescimento de fungos, possivelmente devido à ausência de oxigênio.
PALAVRAS-CHAVE: Bertholletia excelsa, armazenamento, qualidade nutricional, coliformes, bolores e leveduras
CITE AS: Lorini, A.; Wobeto, C.; Rosa, C.C.B. da; Hatem, T.A.; Botelho, S. de C.C. 2018. Influence of packaging on the quality of Brazil nuts. Acta
Amazonica 48: 368-372.
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INTRODUCTION
The production of Brazil nuts (Bertholletia excelsa H.B.K) is an
important form of sustainable use of natural resources in the
Amazon biome (Wadt et al. 2008). The main producing states
in Brazil are Acre, Amazonas, Pará, and, to a lesser extent, Mato
Grosso. In 2014, Mato Grosso produced 1,820 tons of food
products from the forest, including 1,524 tons of Brazil nuts
(IBGE 2015), indicating that the Amazonian part of Mato Grosso
has considerable potential for non-timber extraction activities.
The low level of technology used in Brazil nut havest and
storage imposes limitations to production. The manual harvest
in the field can include fruit capsules from the previous crop,
and drying takes place under unsuitable conditions by exposing
the fruit on unpaved ground, which can result in the early
contamination of the seeds inside the woody fruit capsule, mainly
by aflatoxin-producing fungi (Souza et al. 2004; Pimentel et al.
2010; Freitas-Silva and Venâncio 2011; Nogueira et al., 2014).
Control of fungal growth, as well as the reduction of the
oxidative lipid fraction and nutritional conservation of the
product can be achieved by drying and storing the unshelled seeds
in appropriate packages (Scussel et al. 2011; Lin et al. 2012). The
characteristics of the food product need to be considered when
choosing a form of packaging. Respiration remains active in the
nuts after harvest, which leads to lipid oxidation, because the
nuts contain high levels of polyunsaturated lipids.
Thus, packaging should provide a suitable barrier to water
vapor, oxygen and ultraviolet radiation (Brackmann et al. 2002;
Lin et al. 2012; Scussel et al. 2013). Aluminum lamination
processing in polyethylene terephthalate (PET) or polypropylenebased packages have shown promising results in reducing the
permeability to water vapor and oxygen, and as a barrier to
ultraviolet radiation (Mueller et al. 2012). In addition, the
presence of a nylon layer in polypropylene films provides more
resistance to the material, which is desirable in vacuum packaging,
but may lead to an increase in water vapor permeability, since
nylon is hygroscopic (Fabris et al. 2006; Kim et al. 2014).
Various types of packaging are used in Brazil for storage
of unshelled Brazil nuts, however, the effects of different
forms of packaging on the shelf life of the nuts have not
yet been formally tested. Therefore, this study assessed
the microbiological and nutritional quality of unshelled
Brazil nuts over nine months in two types of packaging: (a)
polypropylene plus nylon vacuum packaging, and (b) PET
plus polyethylene (PE) aluminized packaging.

MATERIAL AND METHODS
The study was conducted at the Food Technology Laboratory
of the Federal University of Mato Grosso, Sinop campus, from
August 2013 to May 2014. Brazil nuts were acquired in one
lot from a local processing company. The nuts were unshelled,
but still retained the thin brown pelicule that covers the seed.
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The nuts were stored at room temperature, to provide a similar
environment to that of domestic food markets in northern
Brazil. The temperature and relative humidity of the storage
room were measured every hour. The nuts were stored in
individual packages of 250 g with two types of packaging: (a)
polypropylene plus nylon vacuum packaging, and (b) PET
plus polyethylene (PE) aluminized packaging. The PET and
PE aluminized film packaging had a film thickness of 12 µm
and an aluminum film thickness of 0.03 to 0.06 µm. The
nylon-PE packaging was 100 µm thick. Microbiological and
physicochemical analyses were performed on the nuts at four
control points during the nine-month period: immediately
after acquisition from the processing company (time 0) and
at three, six, and nine months of storage. At each control
point, three packages of each type of packaging were opened
and the whole content of each package (250 g of nuts) was
used for analyses.

Microbiological analysis
The most probable numbers (MPNs) of total and
thermotolerant coliforms and Escherichia coli were measured
with the multiple tube technique using three serial dilutions
by inoculating 1 ml aliquots of each dilution into three tubes
containing Lauryl tryptose broth. For each gassing tube, a
loopful of suspension was transferred to a Brilliant green
lactose bile broth and Escherichia coli broth tube. Both were
incubated at 35°C (Kornacki and Johnson 2001).
Standard plate counts of filamentous fungi and yeast
were performed using the standard counting method on
plates inoculated by the surface spreading of 0.1 mL aliquots
of dilutions of Dichloran 18% Glycerol (DG18) agar with
subsequent incubation at 25°C for 5 days (Beuchat and
Cousin 2001).

Physical and chemical analyses
The nuts were ground in a model LTA-2 high-speed industrial
blender (Becker, Santa Catarina, Brazil). The resulting product
was sieved using a size 20 mesh and stored in polyethylene
bags in the refrigerator until all analyses were carried out.
The physicochemical analyses were performed in accordance
with the methodology described by the Adolfo Lutz Institute
(2008). The Van Soest method described by Silva and Queiroz
(2009) was used for the determination of acid detergent fiber
(ADF) and neutral detergent fiber (NDF).
For the determination of moisture content, the gravimetric
method was used with samples held at 105 °C until constant
weight was achieved. Lipid content was determined using
approximately 9.5 g of dried sample maintained in a Soxhlet
extraction system for 4 hours at 80 °C using hexane as solvent.
Ash content was determined from the dry and defatted sample,
using a muffle furnace at 550 °C to constant weight. Crude
protein levels were measured using the Kjeldahl method.
A conversion factor of 5.46 was used to calculate the total
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nitrogen transformation in crude protein. The amount of
ADF and NDF in nuts was measured using acid and neutral
detergent solutions in the Van Soest method (Silva and
Queiroz 2009).

Statistical analysis
The experiment followed a completely randomized 2x4
factorial design (two packaging types and four control points
during the storage period) with three replicates per treatment.
The mean values of the analyzed variables were compared
among storage periods with the Scott-Knott grouping test (p
≤ 0.05) using the Sisvar software (Ferreira 2011).

levels of ash, moisture and crude protein did not change
significantly throughout the storage period in both types
of packaging (Figure 2). The total lipid content of nuts in
vacuum packaging was significantly higher at three, six and
nine months in comparison with initial measurements, while
no significant variation was observed for this variable in
aluminized packaging (Figure 3).

RESULTS
Environmental data within the storage room varied from
22 to 28 °C, and from 53 to 88% relative humidity, with
highest values recorded from October 2013 to February 2014,
corresponding to the second to sixth months of storage.
The levels of total and thermotolerant coliforms were
within the standards established by Brazilian legislation (<
3 MPN g-1) in the two types of packaging during the nine
months of storage (ANVISA 2001). The number of colony
forming units (CFU) varied from 0.1×10¹ to 1.9×104 CFU
g1 in the aluminized film packaging, and from 0.1×10¹ to
9.5×10³ CFU g-1 in the vacuum packaging. Only nuts in
aluminum packaging showed a significant increase in CFU
after six months of storage (Figure 1).
For nuts in aluminized packaging the Scott-Knott test
indicated that ADF values were significantly higher at three,
six and nine months in comparison with initial measurements,
while NDF values were higher at three and nine months.
Vacuum packaged nuts displayed a significant increase in
NDF content, which was significantly higher at nine months
in comparison with previous measurements (Figure 2). The

Figure 1. Viable count (colony forming units) of fungi in shelled Brazil nuts in
two types of packaging (polypropylene plus nylon vacuum packaging, and PET
plus polyethylene aluminized packaging) over a 9-month storage period. Same
letters above the columns for each type of packaging indicate the lack of statistical
difference among means according to the Scott-Knott test (p ≤ 0.05).
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Figure 2. Chemical composition of unshelled Brazil nuts during a 9-month
storage period. (A) Nuts in PET plus polyethylene aluminized packaging; (B) Nuts
in polypropylene plus nylon vacuum packaging. Same letters above the value
points of each variable line indicate the lack of statistical difference among means
according to the Scott-Knott test (p ≤ 0.05).

Figure 3. Average levels of lipids in unshelled Brazil nuts during a 9-month storage
period in PET plus polyethylene aluminized packaging; and polypropylene plus
nylon vacuum packaging. over storage time. Averages followed by the same
letter for each packaging type did not differ significantly by the Scott-Knott test
(p ≤ 0.05).
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DISCUSSION

CONCLUSIONS

Although no significant coliform bacteria growth was
observed in the stored Brazil nuts, there was mold growth,
which indicates inadequate hygienic conditions (ICMSF
2005). The lower presence of fungi in the vacuum
packaging was likely owed to that fungi are aerobic
organisms, therefore the absence of oxygen in the plastic
packaging under vacuum was more effective in controlling
the multiplication of these microorganisms (Jay 2005) in
comparison to the aluminized packaging, which allowed
oxygen diffusion. The growth of fungi after three to six
months of storage was possibly related by the high relative
humidity during the study period, since the packages were
not totally impermeable to water vapor (Kim et al. 2014).
The infiltration of water vapor was more noticeable in the
plastic packaging under vacuum in comparison with the
aluminized packaging, as evident by the moisture content
determinations (see Figure 2). Other studies have also
described a reduced permeability to water vapor due to an
aluminized layer on PE films, PET, or biaxially oriented
polypropylene (Bouquerel et al. 2012; Mueller et al. 2012).

Unshelled Brazil nuts stored in aluminized film or
polypropylene under vacuum during nine months showed
good nutritional quality. Additionally, nuts stored in vacuum
packaging showed a lower fungal count during storage.

The increase in ADF and NDF contents was probably
related to the retention of the brown pelicule adhered to the
seeds after unshelling, since the pelicule is the component
of the seed richest in fiber (Souza and Menezes 2004).
An increase in the lipid fraction during storage, as
observed in our vacuum packaged nuts, was also observed in
araucaria (Araucaria angustifolia) seeds (Ramos and Souza
1991) and unshelled hazelnuts stored at room temperature
over 12 months, with initial total lipid content of 61.28
g per 100 g, which increased to, 63.78 at eight months,
and 62.69 at 12 months (Ghiraradello et al. 2013). Scussel
et al. (2011) observed a positive effect of plastic vacuum
packaging on the stability of lipids in unshelled Brazil
nuts stored for two months, with a slight increase in
peroxide content after one month and stabilization after
two months. The differences observed in the behavior of
the lipid fraction in vacuum packaged nuts in our study
may be related to the longer storage period. The aluminized
packaging was effective in reducing lipid fraction reactions
in the nuts, probably due to providing a barrier to light,
which triggers lipid oxidation (Araújo 2015).
Our results suggest that both types of packaging tested
can be used for adequate storage of unshelled Brazil nuts,
since the levels of moisture and nutrients in both cases
were similar to average levels reported in other studies
for unshelled Brazil nuts - 2.00 to 3.15 g per 100 g for
moisture; 61.00 to 67.30 g per 100 g for lipids; 14.29 to
15.60 g per 100 g for crude protein; and 3.13 to 3.84 g
per 100 g for ash (Souza and Menezes 2004; Ferreira et al.
2006; Álvares et al. 2012; Souza 2013).
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