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Abstract

Brazil nut is the seed of the Bertholletia excelsa tree, which grows naturally in the rainforests of South America.
The production chain is environmentally sustainable as seeds are collected from the hard-shelled indehiscent
fruits as they fall on the forest floor, without the need of deforestation. Brazil nut is among the most popular and
commercially important tree nuts, and a reduced risk of coronary heart disease among other health benefits have
been related to its consumption. A high content of both soluble and bound phenolic antioxidants, especially in
the brown skin of the kernel, partly explains this positive health effect together with a high content of oleic acid
and linoleic acid. The w-3/w-6 is less favorable, but the relatively high content of delta-tocopherol for a tree nut
and the highest selenium (Se) level among all foods warrant other health benefits such as antioxidant activity and
anticancer effects. Se levels in Brazil nuts vary considerably depending on origin, and recommendations for their

safe consumption should be made and added in food labels in order to avoid selenosis.
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Brazil nut is among the most popular and commercially impor-
tant tree nuts, along with pecans, walnuts, pine nuts, pistachios,
macadamia nuts, hazelnuts, almonds and cashews (Venkatachalam
and Sathe, 2006). Brazil nut, with the Portuguese name Castanha
do Para, named after the Brazilian state of Para, is available raw
in-shell or shelled and dried. Dried Brazil nuts are increasingly
being added to foods such as baked goods and breakfast cereals.
Botanically, nuts are fruits with one seed, but Brazil nut as used in
food, is rather a single seed of a fruit with up to 24 seeds inside an
indehiscent shell. The Food and Drug Administration (FDA) of the
United States now allows a health claim for tree nuts, including
Brazil nuts (FDA, 2003). The recommendation of a daily intake of
approximately 40 g of tree nuts as part of a diet low in saturated
fats and cholesterol in order to reduce the risk of coronary heart
diseases is based on epidemiological studies (FDA, 2003). There
is also evidence of anti-cancer and more general antioxidant ef-

fects related to a regular Brazil nut consumption (Cardoso et al.,
2017). Lipid-rich Brazil nuts have a unique composition of plant
phenols and tocopherol homologues that are atypically combined
with seleno-amino acids, for which synergistic antioxidant effects
are unexplored or at least not understood. Table |1 summarizes the
major findings reported in this article concerning the chemical
composition, especially antioxidants, of Brazil nut and the health
effects related to its regular consumption.

As the other tree nuts, Brazil nut has a low water activity with
lipid and protein content of 60-70% and 15%, respectively (Uni-
camp, 2006; Venkatachalam and Sathe, 2006; USDA, 2019). The
lipid content is high and almost comparable to macadamia nut with
a lipid profile favorable to human health due to the high proportion
of unsaturated fatty acids, mainly the essential linoleic acid and
oleic acid. An effect of lowering total and low-density lipoprotein-
cholesterol (LDL-c) while maintaining or increasing high-density
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Table 1. : The chemical composition, especially antioxidants, of Brazil nuts and the health effects related to its regular consumption

Subject Key findings

References

Hydrosoluble
phenolic
compounds

Relevant amounts of ellagic acid derivatives found in aqueous

Predominately found in the brown skin that covers the kernel, detected so far are
phenolic acids and flavonoid derivatives like gallic acid, gallocatechin, protocatechuic
acid, catechin, vanillic acid, taxifolin, myricetin, ellagic acid, sinapic acid and quercetin

John and Shahidi
(2010); Gomes and
Torres (2016)

Silva et al. (2019)

extracts of bark biomass residues of the Brazil nut tree

Tocopherols

Brazil nut has remarkable levels of delta-tocopherol, in comparison with other tree nuts

Miraliakbari and
Shahidi (2008b)

Silva Jr. et al. (2017)

Selenium Selenium levels vary significantly depending on the nut origin.
Therefore, recommendations of adding Se levels information based
on the origin of the seeds in retail labelling should be made

Effects of Selenium levels decreased up to 73% during water-extraction process

processing on

nutrient levels . . . .
losses in Brazil nut oil during storage

Health effects

Consumption of Brazil nuts with high Se levels may have

a pro-inflammatory effect in obese women

Anti-cancer and antioxidant effects related to a regular

Brazil nut consumption was reported

Alpha-tocopherol losses are higher than gamma-tocopherol

No selenosis reported in health populations with diets rich in selenium from Brazil nuts

Sartori et al. (2020)
Sartori et al. (2018a)

Martens et al. (2015);
Lemire et al. (2012)

Duarte et al. (2019)

Cardoso et al. (2017)

lipoprotein-cholesterol (HDL-c), as seen for the intake of olive oil,
is assigned to oleic acid.

Se levels vary from one seed to another (<0.5 to 146.6 pug Se/g),
and a single Brazil nut (ca. 3 g) may overcome the daily dietary
recommended intake for this mineral of 70 ug (Silva Jr. et al,,
2017). Se levels also vary according to the seed origin, mostly due
to Se soil levels and soil acidity, and average values of 66.1 ug
Se/g (Amazonas), 51.2 pg Se/g (Pard), 10.2 pg Se/g (Roraima), 3.0
ng Se/g (Acre), and 2.4 pg Se/g (Mato Grosso) were reported ac-
cording to the Brazilian state where the seeds were collected (Silva
Jr. et al., 2017). Individuals from some Amazonian populations
with selenium-rich diets, especially due to Brazil nut consump-
tion, and consequently, Se blood levels above the safe levels, did
not show toxicity symptoms (Martens et al., 2015; Lemire et al.,
2012). However, preliminary studies revealed that consumption of
Brazil nuts with high Se levels may have a pro-inflammatory effect
in obese women (Duarte et al., 2019). Thus, the consumption of
Brazil nuts should be moderate. Furthermore, consumption recom-
mendations from the Government should be considered in order to
prevent selenosis. Since analysis of Se levels in individual nuts is
expensive and labor-demanding, an affordable alternative could be
the description of the expected Se level in the labels of Brazil nuts
and products containing Brazil nuts per portion, based on the seeds
origin. This labeling initiative could also raise worldwide consum-
er awareness on the unique health benefits related to Brazil nuts.

In Brazil nuts, approximately 85% of Se is covalently bound to
proteins, mainly replacing sulfur in selenomethionine and seleno-
cysteine (Kannamkumarath et al., 2002; Chunhieng et al., 2004).
The biological activity of Se in mammals is normally assigned to
its antioxidant activity when incorporated in glutathione peroxi-
dases (GPx), iodothyronine deiodinases (IDI), thioredoxin reduc-
tases (TR) and selenoprotein P (SePP), which are among the 25
selenoenzymes identified so far (Cardoso et al., 2017). The effect
of processing, such as heating or pasteurization, on Se levels in
Brazil nuts is still not clear, despite the increasing use of this tree
nut in food formulations. Sartori et al. (2020) estimated Se losses

during water-extraction to produce water-soluble Brazil nut extract
(Brazil nut milk) and Brazil nut flour to be 73%. Further studies are
needed in order to identify the effect of every process step, although
Se may be predominantly lost during the flour-drying step, since or-
ganoseleno compounds formed by selenomethionine in the presence
of glucose under heating may volatilize (Tsai et al., 1998).

Along with Se, Brazil nut contains other compounds with an-
tioxidant activity, such as zinc and phenolics, mainly tocopherols,
which play a role in human health. Antioxidants are substances
that when present at low concentrations compared with those of
an oxidizable substrate significantly delay or prevent oxidation
(Halliwell, 1990). In Brazil nuts, there are oxidizable unsaturated
fatty acids as substrates, and antioxidants are important in nature
for preserving the vitality of the seed. During processing and stor-
age of Brazil nuts as a food, antioxidants become important for
protection of the lipids to keep them nutritionally and sensorially
acceptable, as lipid oxidation implies loss of nutritional value and
generation of off-flavors (Miraliakbari and Shahidi, 2008a; Za-
jdenwerg et al., 2011).

There are several studies concerning the oxidative stability of
Brazil nuts, Brazil nut oil, and Brazil nut flour during storage,
mainly monitoring hydroperoxides, volatiles or the tendency of
free radicals formation (Gutierrez, Regitano-d’Arce, and Rau-
en-Miguel, 1997; Regitano-d’Arce, 1998; Vieira and Regitano-
d’Arce, 1999; Miraliakbari and Shahidi, 2008a; Zajdenwerg et
al., 2011; Sartori et al., 2018a, Sartori et al., 2018b, Sartori et al.,
2018c). When compared with pine nut, walnut and hazelnut oils,
Brazil nut oil along with pecan oil, showed to be the most stable
oil during a storage test at 60 °C for 12 days, by monitoring the
formation of headspace hexanal both for extraction with hexane
and with a mixture of chloroform and methanol (Miraliakbari and
Shahidi, 2008a). The resistance against autoxidation was hypoth-
esized to be due to the lower degree of unsaturation of lipids and
especially the absence of alpha-linolenic acid and to the presence
of tocols and phospholipids in oils of pecans and Brazil nuts. The
antioxidant mechanism of phospholipids in vegetable oils still re-
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mains unexplained with no studies evaluating antioxidant activ-
ity of phospholipids in Brazil nut oil. In contrast, tocopherols are
known to donate hydrogen atoms to lipid peroxyl radicals halting
propagation of autoxidation (Kamal-Eldin and Appelqvist, 1996).
In Brazil nut oil, the alpha-tocopherol homologue seems to have
the highest ability to act as antioxidant, as observed in a study with
storage at a high temperature of 80 °C (Zajdenwerg et al., 2011).
The chain-breaking mechanism operating was confirmed in anoth-
er study, where the contents of alpha- and gamma-tocopherol pre-
sent in cold-pressed Brazil nut oil were monitored under simulated
retail conditions during five months (Sartori et al., 2018a).

Beta-tocopherol and gamma-tocotrienol are present only in
trace amounts and vitamin C and carotenoids with antioxidant
activity seems completely absent in Brazil nuts (USDA, 2019).
In contrast, the content of delta-tocopherol is remarkable, as it
amounts to almost 10% of the total concentration of the tocopherol
homologues in marked contrast to other tree nut oils like hazelnuts,
almonds and pecan oil (Miraliakbari and Shahidi, 2008b). Delta-
tocopherol is the least reducing of the tocopherol homologues,
the least efficient as radical scavenger (Mortensen and Skibsted,
1997), and probably has little effect as antioxidant in the oil. How-
ever, delta-tocopherol, along with gamma-tocopherol, delta-tocot-
rienol and gamma-tocotrienol seems to have cancer-preventing
effects stronger than alpha-tocopherol, by inhibiting the growth
and inducing death of different types of cancer cells, and by being
capable of suppressing cancer development in preclinical cancer
models (Jiang, 2019; Li et al., 2011).

As with peanuts, phenolic compounds other than tocopherols
are predominantly present in the brown skin that covers Brazil nut
kernels (John and Shahidi, 2010). There are several studies con-
cerning the in vitro antioxidant activity of Brazil nuts (Wu et al.,
2004; Kornsteiner et al., 2006; Miraliakbari and Shahidi, 2008c¢;
Abe etal., 2010; John and Shahidi, 2010; Gomes and Torres, 2016),
which present inconsistent results, likely due to the variation in the
presence (and if, in which proportion) or absence of the brown skin
in the analyzed samples. Only two studies identified the bioactive
compounds related to the antioxidant activity of Brazil nuts (John
and Shahidi, 2010; Gomes and Torres, 2016). The brown skin was
found to have more than 1.2 g of gallic acid equivalents (GAE)
per 100 g of soluble phenolics and 0.35 g GAE/100 g of bound
phenolics, while the whole nut had 0.52 g GAE/ 100 g of soluble
phenolics and 18 mg GAE/100 g of bound phenolics (John and
Shahidi, 2010). Extracts prepared from the brown skin clearly had
the highest in vitro antioxidant activities, and the major phenolics
identified by HPLC-ESI(-)-MS were phenolic acids and flavonoid
derivatives like gallic acid, gallocatechin, protocatechuic acid, cat-
echin, vanillic acid, taxifolin, myricetin, ellagic acid and quercetin
(John and Shahidi, 2010). Seventy percent aqueous acetone was
used for extraction, which was the solvent mixture with the highest
yield for total phenolics for both, kernel and brown skin, defat-
ted or whole, when compared to methanol and ethanol (John and
Shahidi, 2010). In another study, a higher yield was obtained using
40% aqueous ethanol, when compared to acetone and water com-
binations under optimized conditions for obtaining antioxidant ex-
tracts of the whole defatted nuts. Gallic acid, protocatechuic acid,
2,4-dihydroxybenzoic acid, p-hydroxybenzoic acid, p-coumaric
acid, sinapic acid and catechin were identified in the ethanol/water
extracts by RP-HPLC-DAD (Gomes and Torres, 2016). Phenolic
compounds have been demonstrated to render protective effects
against coronary heart disease such as by reducing platelet activity
and inhibiting LDL oxidation (Lutz et al., 2019). To the best of our
knowledge, there are no studies concerning stability of these phe-
nolics during storage of Brazil nuts. Nevertheless, for comparison,
no significant changes during 2 years of storage were observed

for the content of phenolics in hazelnuts (Ghirardello et al., 2016).
Aqueous extracts of bark biomass residues of the Brazil nut tree
may be a relatively inexpensive source of antioxidants, with high
amounts of ellagic acid derivatives present (5.0 g/kg for the outer
bark and 44 g/kg for the inner bark) (Silva et al., 2019). The major
derivatives identified by RP-HPLC-DAD-MS/MS and NMR are
eschweilenol C, ellagic acid and valoneic acid dilactone (Silva et
al., 2019). The hard shell of the Brazil nut fruit should also be in-
vestigated as a source of antioxidants.

In summary, Brazil nut is a relevant source of antioxidant com-
pounds, which are related to health benefits. These antioxidant
compounds include Se, tocopherols, phenolic acids, and various
flavonoid-derivatives. More investigations are needed to shed
light on the effect of processing and storage on some of the bioac-
tives in Brazil nuts and in their co-products. Less utilized parts of
the Bertholletia excelsa tree may also be sources of antioxidants,
which can be extracted in a relatively simple way and in abundant
amounts. Brazil nuts have very high amounts of Se and could be
more widely consumed, especially in regions of China and Scan-
dinavia, which have a soil depleted in Se and where Se deficiency
is a common problem among their populations. Se level in Brazil
nuts vary from one seed to another and is strongly dependent on
the origin. Hence, in order to assure safe consumption of Brazil
nuts, recommendations of adding Se levels information based on
the origin of the seeds in retail labelling should be made. Such la-
belling could also improve the image of Brazil nuts as a functional
food worldwide.
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