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Abstract
Studies on Brazil nut (Bertholletia excelsa H.B.K.) and their
products revealed its antioxidant benefits, especially due
to the Selenium (Se) level, naturally present in Brazil nuts.
In order to study toxicological risks to consumers, the aim
of this work was to evaluate the Brazil nut powdered
“milk” (by atomization). The powdered “milk” showed Se
content of 1.200 μg/100 g after atomization. Thus, when
one considers the consumption of a tablespoon (10 g) of
the powdered product diluted in a 200 ml glass, 60 μg/Se
is proportionally obtained and this value is under the Se
Recommended Daily Intake (RDI) for humans. In
conclusion, the Se levels found in Brazil nuts “milk” were
safe to consumers and higher than soybean milk,
vegetable “milk”.
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Introduction
The Brazil nut (Bertholletia excelsa H.B.K.) is well-known
worldwide due to the Selenium (Se) content and their
antioxidant and clinical benefits [1]. Se has been reported as
an important micronutrient and Brazil nuts are a source, there
has been an increasing interest by consumers in that
commodity. Brazil nuts have been recommended to be
consumed, either as is or as an ingredient in processed food
[2].
Because Se has been considered as an excellent antioxidant,
it has been recommended as anti-aging and is consumed by
athletes, the elderly, and those that desire a healthy life.
Thomson et al. [3] suggested that consuming two nuts/day
(approximately 60 µg/Se) would be enough to trigger the
antioxidant effect. The tolerable upper nutrient uptake level
(UL) for adult individuals is 400 μg/day [4,5].
It is important to emphasize some metals can be absorbed
from soil according to different geographic region. It happens
to the Brazil nut tree as an accumulating plant. In this context,
some Brazil nuts can exceed the safe level of some chemicals
and become toxic [6]. The health-related properties attributed
to some functional foods may derive from their natural

constituents or from the addition of ingredients that change
the food original properties.
Therefore, industries have been seeking different
production methods to meet the consumers’ demands for
healthier and natural products. Using the spray drying method
has allowed developing new foods [7]. In order to study
toxicological risks to consumers, the aim of this work was to
produce the Brazil nut powdered “milk” and evaluate the
Selenium level.

Material and methods
The Brazil nut powdered milk was obtained according
Kluczkovski et al [8]. Different lots of Brazil nuts are coming
from processing plants in the Brazilian Northern region. The
nuts were visually selected, and those looking injured or
showing stains were removed from the lot.

Atomization
Each lot was analyzed for acid index, moisture content (mc),
and for total aflatoxin content, according to the Association of
Official Analytical Chemists [9], in order to evaluate raw
material quality. The Brazil nuts were dehulled by soaking in
2% sodium hydroxide (NaOH) at the ratio 2:1 (NaOH: Brazil
nut). They were boiled for 1 min, dried at 70°C in an oven and
placed in cold water for 10 min, and then manually dehulled
under running water and immersed in cold water for 10 min to
remove NaOH residues. NaOH absence was checked using
0.1% phenolphthalein solution drops. After dehulling, the nuts
were pressed (mechanical pressing in Tecnal®), to separate the
oil and the Brazil nut “cake”.
The residue (cake) was packed in aluminum foil and in
plastic bags (300 g each) and it was stored under refrigeration
(-18°C). As for extract obtainment, the “cake” was
homogenized in a blender with filtered water at 75°C, at the
ratio 2:1 (water: cake) for 3 min. until it got homogeneous
consistency. It was then filtered and centrifuged to obtain the
water-soluble extract.
The extracts were added up with: 500 ppm citric acid and
0.2% w/v potassium sorbate. They were packed in 100 mL
Nylon-polyethylene thermally sealed bags, pasteurized at 72 ±
2°C for 20 min, and cooled by immersion in ice. They were
stored under refrigeration after reaching room temperature
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(20°C). The dry extract was obtained using a Mini Spray Dryer
(Model MSD 1.0) by Labmaq Brasil with 1.0 mm vacuum
diameter. The drying operating conditions were (a)
Temperature: 140°C inlet and 90 ± 3°C outlet; and (b) 6.5
mL/min feeding flow.

Selenium analysis
The selenium analysis was performed with optical emission
spectrometry, using the atomic emission method [10]. The
digestion of the samples (0.4 g) was carried out using 5 mL of
concentrated HNO3. The limit of detection (LOD) was 2.00
mg/kg, and the limit of quantification (LOQ) was 3.50 mg/kg.
LOQ was defined as the lowest point of the calibration curve
with high repeatability, axial view. The recovery was 92%.

The Brazil nut milk powder showed the Se contents higher
than the values obtained in the dried nuts (raw material).
Thus, these contents require special attention in the raw
material analytical evaluation in the product preparation, since
the spraying process seems to increase the content of these
variables. Thus, the Brazil nut milk powder seems to be safe
and may be used in the food industry as raw material and
alternative ingredient regarding food developed for special
purposes. It is also necessary to define the probable consumer
public, such as vegetarians or people who need protein
supplement as an alternative to cattle dairy products, such as
individuals with lactose intolerance.
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Results and Discussion
The Brazil nut powdered milk showed Se content of 1.200
μg/100 g at the end of the processing. Thus, when one
considers the consumption of a tablespoon (10 g) of the
product diluted in a 100 ml glass, 120 μg/Se is proportionally
obtained. Based on the glutathione (GSH- Px) enzyme’s activity
maximization, this value is above the Se recommended dietary
allowance (RDA) (55 μg/day) for an adult human. Thus, the dry
product use must be oriented with emphasis in the product
dilution and in the previous Se content analysis, in each
produced lot, in order to avoid the toxicity level to the
consumer, since the Se content in the raw material varies.
Se is present in sulfur amino acids such as selenomethionine
and selenocysteine in plants. These plants show different
capacities to absorb and accumulate the Se from the soil and
are classified as accumulating or non-accumulating plants. The
Brazil nut tree is an example of Se accumulating plant, but it
may vary according to the geographic area in the Amazon
region.
On the other hand, in the case of non-accumulating plants,
such as soybeans, this element’s concentration limit is at most
6 µg/100g, even when the plants are grown in seleniferous
soils [11,12] evaluated raw material for beverage production
and Brazil nuts presented higher content of Se (3.44 mg/100 g)
than compared to dehulled soybeans (0.88 mg/100 g).
According to Turakainem et al. [13], Se has the property to
improve plant capacity and to combat the oxidative stress
caused by oxygen free radicals. On the other hand, the
presence of high concentrations of it in the plant may cause
toxicity and enable oxidative reactions.
A study conducted by Souza and Meneses [14] found
amounts of 713 μg/100 g in Brazil nut “cake” (material after oil
extraction). It helps justifying that the Se content found in
Brazil nut products may reach levels above those
recommended for beneficial effects on human health. Thus,
the industry must evaluate each produced lot, since the Se
content in the raw material varies according to the geographic
region. It is import to emphasize the correct dilution in the
labeling information of the product, in order to avoid the Se
toxic level to the consumers.
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