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ABSTRACT

The Amazon biome is rich in oilseed plant species, which have essential physical-chemical, nutri-
tional and pharmacological properties, in addition to potential economic value for different bio-
technological and industrial applications. In the extraction of fixed oils, some Amazon fruit that
are oleaginous matrices are acquiring more prominence, such as tucuma (Astrocaryum vulgare),
pupunha (Bactris gasipaes), buriti (Mauritia flexuosa), Brazil nut (Bertholletia excelsa), pracaxi
(Pentaclethra macroloba), patawa (Oenocarpus bataua), among others. These oilseed fruits have
natural antioxidants, essential fatty acids, and good oxidative stability. The essential oils from these
oilseed species have antibiotic and anti-inflammatory properties, in addition to the presence of
natural antioxidants, such as carotenoids and tocopherols. Thus, Amazonian oilseed species are
valuable resources. For these properties to be preserved during fruit processing, the process of
extracting the oil is critical. More studies are needed on their properties and applications, seeking
to add commercial value, and the optimization of oils and fats processing to obtain quality prod-
ucts. Therefore, this article aims to present Amazonian fruits’ potential to obtain fixed and essen-
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tial oils and possible application in the food industry.

Introduction

The Amazon region has incredible biological biodiversity,
both in animal and plant species. Vegetables have economic
potential for several sectors, from extractive activities, food,
and beverage processing to biofuels. However, the number
of species in the region studied on an industrial scale is still
low (Diniz et al. 2019; Lima and Portari 2019). Native fruits,
which traditionally had local and seasonal consumption,
gained attention from the domestic and foreign markets
since 1988, with exposure of the Amazon forest to the world
media (Homma et al. 2018).

Given this fruitful biodiversity, it is necessary to increase
these fruits’ value, which is still poorly characterized and
explored by researchers (Negri, Berni, and Brazaca 2016). In
nutritional terms, Amazonian fruits have abundant proteins,
carbohydrates, fibers, lipids, vitamins, and minerals that pro-
vide an enriched diet. These fruits have large amounts of
bioactive compounds and high antioxidant activity, both in
the pulps and in the by-products produced by them, such as
peels and seeds (Barros et al. 2017). These by-products may
have a more significant amount and diversity of bioactive
compounds than the edible portion (Can-Cauich
et al. 2019).

The Brazilian Amazon region is also rich in oilseed plant
species, with potential economic value for different

industrial and biotechnological applications (Dabaja, Bizzo,
and Pereira 2018). The vegetable oils and fats produced by
these species have unique compositions, in addition to
important physical-chemical and nutritional properties
(Bezerra et al. 2017). It is estimated that 60 to 80% of the
non-saponifiable fraction of fruits from the Amazon is bio-
active compounds, predominantly unsaturated fatty acids,
sterols, vitamin E, and carotenoids (Serra et al. 2019).
Amazonian oils have great potential for medicinal, cosmetic,
nutraceutical, and energy generation products and use in the
food industry (Hidalgo, Nunomura, and Nunomura 2016).

Studies involving oleaginous fruits have been growing
because they are possible alternative energy generation sour-
ces and present essential technological functions for the
industry (Moura et al. 2019). The food industry shows an
increasing demand for natural compounds to develop new
preservatives against pathogenic microorganisms and those
with deterioration capacity, as well as supporting the innov-
ation of packages. These and other demands justify the
exploitation of oilseed species that can contribute to the
development of new technologies (Asbahani et al. 2015).

Thus, this review’s objective is to present the potential
for producing fixed and essential oils from different
Amazonian fruits and possible design applications in the
food industry.
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Amazonian fruits with potential for oil production
Bacupari (Garcinia gardneriana)

Bacupari (Figure 1) is considered a sweet and refreshing
fruit, widely consumed fresh or processed with high energy
value (78.69 Kcal/100 g). It has microbial, anti-inflammatory,
anti-tumor activity (Schneider et al. 2020; Fernandez et al.
2021). It has a high content of carbohydrates (20.12 g/100 g),
in addition to being a source of proteins (0.48 g/100g), sug-
ars (24.19%), ascorbic acid (0.90mg/100g) and phenolic
compounds (104.58 to 264.43 mg EAG/100g). Its lipid con-
tent is considerable for extracting essential oils (0.21 g/100 g)
(Marques et al. 2018; Schneider et al. 2020). This species is a
medium-sized tree found in forest formations on the
Atlantic slope, mainly in the Amazon rainforest (Fernandez
et al. 2021).

Tucuma (Astrocaryum vulgare mart.)

Tucuma (Figure 2) is highly nutritious, and its pulp is con-
sumed both fresh and in processed form (Carneiro et al.
2017). The fruit is considered a source of lipids (40.49%),
fibers (10.93 — 18.63%), vitamin C (14.35mg/100g), minerals
(2.58%), unsaturated fatty acids (68.77%), and high antioxi-
dant potential (115.76g/g DPPH). It is deemed ideal for
food production for human consumption (Santos et al.
2018, Ferreira et al. 2008). Among the most abundant min-
erals in this fruit are iron, potassium, and manganese, mak-
ing it an excellent mineral supplement, which can be used
to control diseases such as iron deficiency anemia and hypo-
kalemia (Santos et al. 2018). Tucuma is characterized by
having low acidity (5.47 KOH/g), high B-carotene (11.600 ug
— 21.800 ug/100g) content, and high energy value
(412.73 Kcal/100g) (Azevedo et al. 2017) due to the average
percentual of lipids present in its composition (40 — 62%)
(Ferreira et al. 2008; Yuyama et al. 2008).

Pupunha (Bactris gasipaes)

Peach palm (Figure 3) is considered a highly nutritious and
energetic fruit (391.86kcal), with potential in the food
industry associated with high content of carbohydrates
(75.18%), proteins (3.96%), lipid index (8.22%), fibers
(4.11%), carotene (194.69 ng/g) and minerals (1.91%), in
addition to presenting antimicrobial activity (Brito, Alves,
and Moreira 2017; Girén and Santos 2016). Peach palm is
also a palm tree native to the Amazon. Its fruit are con-
sumed by the people of the region, which is well known for
its use in the production of “palmito” as well as an essential
source of fixed oil (Santos et al. 2017).

Acai (Euterpe oleracea)

Acal (Figure 4) is one of the most researched fruits in the
Amazon due to its excellent properties in macronutrients. In
addition to the antioxidant properties rich in functional
compounds, the contents of polyphenols, flavonoids, phen-
olic acids and other compounds also stand out in this fruit

(Cedrim, Barros, and Nascimento 2018). This species has
been considered as one of the new “superfruits” and also a
functional food, because it is a source of energy (37.8 Kcal/
100g), fibers (76.47), anthocyanins and minerals (0.41%),
plus, high lipid composition (24.75%) and high content of
important unsaturated fatty acids (70%), which helps in the
prevention of several degenerative diseases (Nascimento
et al. 2008).

Cupuacu (Theobroma grandiflorum)

Cupuagu (Figure 5) is a fruit widely consumed in its fresh
and processed form. Despite having a high economic poten-
tial due to the use of the fruit in the food and cosmetics
industries, it generates large amounts of waste, such as
seeds, discarded in the environment, which are not explored
and can supply various nutrients such as carbohydrates
(26.4%), lipids (24.4%), fibers (22.2%), polyphenols (16.9%),
proteins (14.2%) and minerals (5.2%) (Costa et al. 2020).

Buriti (Mauritia flexuosa)

Buriti (Figure 6) is a fruit of great interest in the food, cos-
metic and pharmaceutical industry. It presents in its chem-
ical composition compounds with important biological
properties such as terpenoids, steroids, tocochromanols,
organic, phenolic and flavonoid acids, in addition to pre-
senting about 20% of lipidic content rich in unsaturated
fatty acids such as oleic acid (65.6%) and a high energy
value (592kcal). It is a highly nutritious fruit, with yellow-
orange pulp and bittersweet flavor (Bataglion et al. 2020); it
has an endocarp surrounded by a spongy material made of
starch and oil with a reddish-brown hard shell similar to a
scale (Milanez et al. 2018).

Pracaxi (Pentaclethra macroloba)

Pracaxi (Figure 7) is a fruit of high nutritional value and has
several foods, medicinal properties and insecticides (acting
in the inhibition of proteases) (Dantas et al. 2017).
Commonly known as “Gavilan tree”, “pracaxi” or
“pracachy”, this species is an Amazonian tree that has been
gaining prominence due to the high potential for eco-sus-
tainable exploration. It produces a pod-shaped fruit that
contains between 3 and 8 seeds, from which it is possible to
extract the fixed oil. The fruit has considerable amounts of
nutrients such as lipids (53.42%), carbohydrates (25.17%),
proteins (15.50%) and ash (1.90%) (Teixeira et al. 2020).
Pracaxi oil has about 53% oleic acid, which is one of the fac-
tors responsible for attributing functional properties to food
(Costa et al. 2014).

Murumuru (Astrocaryum murumuru mart.)

The murumuru (Figure 8) palm is widely distributed in the
Amazon Basin and produces fruit with red and woody bark,
composed of almond and pulp. In addition, it is a medium-
sized palm that grows preferentially in lowland soils in the



Amazon region (Marronato et al. 2016; Correa et al. 2020).
Despite its economic potential, murumuru is little explored
commercially due to the amount of thorns arranged in the
stem of the leaves of the plant, making management diffi-
cult. Murumuru seed can contain up to 24% oil, with lauric
(44%), myristic (27%), oleic (11%) and palmitic (9%) fatty
acids present (Silva et al. 2010). It’s also possible to extract
oil from the murumuru pulp, and one example of product
that can be found in the market that use this pulp oil, is the
Cheysoap. Cheysoap is a product based on saponified trigly-
cerides used as an additive in the manufacture of soap
(Meneguetti and Siviero 2019).

Brazil nut (Bertholletia excelsa)

Popularly known as Brazil nut (Figure 9), the species
Bertholletia excelsa is a tree known worldwide and one of
the main export products of the Amazon. Each fruit has
about 18 seeds with a hard and rough skin. It is rich in
nutrients such as lipids (67.52%), proteins (14.28%), carbo-
hydrates (6.56%), fibers (3.64%) and minerals (3.65%) in
addition to high energy value (691kcal) (Balbi et al. 2014).
It has high energy density and a wide variety of trace ele-
ments and bioactive compounds, which are related to health
benefits, antioxidant capacity and prevention of nutritional
deficiencies. Also, Brazil nut production is free from chemi-
cals used in pest control, which is why it is consid-
ered organic.

Copaiba (Copaifera langsdorfii)

Copaiba (Figure 10) is known for its medicinal and pharma-
cological benefits. The pulp of copaiba has 85% of hydro-
chloride, 5.51% of protein, 1.58% of ash and a lipid content
of 4.20%. In addition, it contains a total polyphenol content
of 217.37 mg/g. The resinous oil of copaiba is composed of
volatile substances, corresponding to about 90% of the mass
of the oil resin, and the other group is composed of nonvo-
latile substances (Batista et al. 2016; Azevedo et al. 2020).

Copaifera L. stands out among oilseeds for its diversity in
terms of use, as well as in species, with a total of 28 species
reported. Of these, 16 are in Brazil, 9 of them in the
Brazilian Amazon, in states such as Maranhao, Pard,
Tocantins, Amapa and Mato Grosso, being the subject of
studies that demonstrated different biological activities
through fractions of essentials oils (Gebara et al, 2016;
Gurgel et al. 2019).

Fixed oils

The fixed oil present in Amazonian fruits can be found
when extracted at room temperature in the form of oil
(liquid) and fat (solid), which can be explained according to
the degree of saturation of the fatty acid chain found. Brazil
nuts (Bertholletia excelsa) and pracaxi (Pentaclethra macro-
loba) are examples of sources that supply oil at room tem-
perature since they have a high content of monounsaturated
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(41,36-48,39%) and polyunsaturated (13,15-31,73%) fatty
acids (Pereira et al. 2019).

In contrast, species such as murumuru (Astrocaryum
murumuru) and tucuma (Astrocaryum vulgare) provide solid
fats rich in lauric and myristic fatty acids. Due to their high
saturated fatty acid content (88,41% and 88,97%, respect-
ively), these last two products are solid at room temperature
(Pereira et al. 2019).

The fatty acid profiles of the main oilseeds in the
Amazon have a high level of unsaturation, particularly in
palm species. Oleic (C18:1) and linoleic (C18:2) acids are
the most abundant fatty acids in some palm species, possibly
at higher levels than other vegetable oils. They are also pre-
cursors of eicosanoids and regulators of intracellular signal-
ing (Serra et al. 2019).

Bacupari oil can be obtained from both seed and pulp. It
can be a good source for use in the cosmetic or food indus-
try due to its emulsifying characteristics and high oxidative
stability, and a fair number of compounds such as tocols
and carotenoids (Serra et al. 2019). The seeds can contain 8
to 9% oil, which can treat wounds and tumors (Aratjo
et al. 2019).

Some oilseed matrices in the region are gaining more and
more prominence, such as the tucuma (Astrocaryum vulgare
Mart.). Tucuma is a native palm that produces fruit with
pulp (53.2%) and seed (24.5%). While the tucuma fruit’s
pulp provides an orange oil rich in polyunsaturated fatty
acids, the almond produces a fat-rich in saturated lauric
fatty acids (Pardauil et al. 2017; Pereira et al. 2019).

The fruit of the tucumanzeiro has good productivity in
oil, even in acidic soils, from medium to low natural fertility
(Franzini et al. 2016). Tucuma oil has a lipid composition
with mono and polyunsaturated fatty acids, such as oleic,
linoleic, and linolenic acid, and, also the presence of satu-
rated fatty acids, such as palmitic and stearic (Costa et al.
2016). Despite its great potential for oil production with
high vitamin A content, the use of tucuma is still restricted
to the consumption of traditional and urban low-income
communities.

Pupunha fruit has high oil concentration, with high con-
tent of linoleic and linolenic polyunsaturated fatty acids,
representing up to about 40% of the composition (Restrepo,
Estupinan, and Colmenares 2016). The oil extracted from
pupunha pulp has characteristics that promote health quality
when ingested, such as preventing cardiovascular diseases
(Santos et al. 2020). This fruit’s oil has an antimicrobial
function due to secondary metabolites present in its chem-
ical composition (Araujo et al. 2012; Brito, Alves, and
Moreira 2017).

According to Singh and Jorge (2013), the lipid fraction of
pupunha pulp showed a yield of 22.07% in oil, which was
formed by a fraction of 62.86% of unsaturated fatty acids,
with oleic acid as the primary (48.65%), and 37.13% satu-
rated fatty acids. Higher percentages of palmitic (33.75%)
and linoleic (6.59%) acids were observed among the quanti-
fied fatty acids. Pupunha oil has sufficient stability to be
used in a process such as frying and spraying crackers and
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snacks, where it is used to maintain product quality and
increase palatability (Singh and Jorge 2013).

Agal oil is predominantly composed of unsaturated fatty
acids, with emphasis on monounsaturated oleic acid (w-9)
and polyunsaturated, represented by linoleic (w-6) and pal-
mitoleic, as well as saturated acids, including stearic and pal-
mitic (Souza et al. 2017). According to Rufino et al. (2011),
the antioxidant capacity of agai oil exceeds that found for
other extra virgin oils and is a dietary fiber source. It
presents an excellent potential for nutritional, industrial, and
sanitary applications.

Acal oil also has a high pharmacological potential due to
its high antioxidant and phytochemical capacity; however,
this product’s intake must be controlled and monitored
since this oil can also present cytotoxic characteristics to the
liver and thyroid (Marques et al. 2019). In vitro and in vivo
studies have shown that agai oil in nanoemulsion with
Tween 80 surfactant and ultrapure water can be considered
an effective photosensitizer for melanoma treatment
(Fuentes et al. 2017). The addition of agai oil to lactating
cows’ diet increased the antioxidant activity in whey and
milk. Moreover, it presented the ability to promote milk
production and quality in dairy sheep under thermal stress
(Santos et al. 2019).

From cupuagu almonds an oil is obtained with a high
percentage of unsaturated fatty acids and a smooth and
pleasant flavor. It has active antioxidant substances, a low
percentage of theobromine, and high content of unsaturated
fatty acids (58.29%). It is considered a suitable product for
the cosmetics, pharmaceutical, textile, chocolate, beverage,
and food industries (Criollo, Criollo, and Aldana 2010). The
most abundant fatty acid in Cupuagu butter is oleic acid
(C18:1) (43.17%), followed by stearic acid (C18:0) (33.91%).
Cupuagu seed has approximately 62% lipid content and has
characteristics similar to cocoa butter (Azevedo, Kopcak,
and Mohamed 2003, Serra et al. 2019).

Another attractive palm is the buriti (Mauritia flexuosa
Mart), whose oil extracted from its fruit is characterized by
being an essential source of proteins, energy, and vitamins.
Pereira et al. (2018), when studied the antibiotic activity
promoted by the fixed oil of buriti, found a higher content
of unsaturated fatty acids (89.81%) when compared to satu-
rated fatty acids (10.19%). The authors also demonstrated
that buriti oil is a valuable source of oleic acid (89.81%).
According to Speranza et al. (2016), due to its high content
of oleic acid (65.6%) and low content of linoleic fatty acids
(4.9%), buriti oil has more resistance to oxidation than most
liquid oils. Besides, it is considered one of the richest known
sources of B-carotene.

From the buriti pulp it is possible to extract the oil whose
main components are palmitic (18.7%), stearic (1.5%), oleic
(76.7%), linoleic (1.5%), linolenic (0.7%) and arachidic acid
(0.5%) (Lima et al. 2017). The buriti fruit has about 1.7%
lipids (Canuto et al. 2010), with a high carotene content
(Willerding et al. 2012).

Oils such as buriti and pracaxi can be considered func-
tional foods and are the right ingredients for functional food
production due to natural antioxidants (methyl tocols and

carotenes) that human health (Serra
et al. 2019).

The pracaxi oil has different fatty acids in its chemical
composition, emphasizing oleic (®-9) (47,3-53,5%), linoleic
(w-6) (11,7-13,1%), behenic (16.1-25.5%), and lignoceric
(12,5%) acids. Its seeds contain about 30% of oil on a dry
basis, being used for various industrial purposes, such as
cooking oil, manufacture of candles, preparation of medi-
cines, cosmetics, lubricants, butter, and soaps (Teixeira et al.
2020; Oliveira, Silva, and Rocha 2019; Meneguetti and
Siviero 2019).

From the seed of murumuru, it is possible to extract
approximately 42% of a whitish and semi-solid fat called
murumuru butter, which can be used as a drying agent in
the paint industry, an emollient in the cosmetics industry,
or for the manufacture of soaps and creams. The murumuru
butter is rich in lauric (49,6%), myristic (28,25%), palmitic
(6,53%), stearic (2,57%), linoleic (3,14%) and oleic (6,85%)
acids, also having phytosterols, emphasizing the [-sitosterol.
Furthermore, it presents potential as an alternative raw
material for biodiesel production (Marronato et al. 2016;
Corréa et al. 2020; Lima et al. 2017). Futhermore, muru-
muru butter nanoparticles show an excellent potential for
use as a system for encapsulating lipid-soluble bioactive
compounds (Meneguetti and Siviero 2019; Serra et al. 2019).

The oil extracted from Brazil-nut represents about 65%
of its composition, being rich in magnesium, thiamin, selen-
ium, phenolic compounds, antioxidant properties, and, also,
presenting a pleasant odor and light-yellow color (Martins,
Santos, and Faria 2020; Costa, Santos, et al. 2020). It also
has application in the cosmetics sector due to its emollient,
nourishing, and lubricating action and in the food and han-
dicraft sectors. (Balbi et al. 2014; Vilhena et al. 2020). Its
high content of unsaturated fatty acids, linoleic acid, lino-
lenic acid, B-tocopherol, and B-sitosterol gives the Brazil-nut
antioxidant and  cholesterol  prevention  properties
(Chunhieng et al. 2008).

The relatively high level of polyunsaturated fatty acids in
Brazil nut oil (40% on average) is largely due to the content
of linoleic acid (about 41%). However, it has higher amounts
of stearic acid (up to 12%) and lower amounts of oleic acid
(about 30%), and is also considered relatively rich in satu-
rated fatty acids, with about 26%. In addition, Brazil nut oils
have high levels of squalene and low or moderate levels of
total sterols (Maestri et al. 2020; Serra et al. 2019).

Among the known oil species are also agai (Euterpe oler-
acea) and the Brazil nut (Bertholletia excelsa) Both species
have more than 70% of unsaturated fatty acids in their com-
position and proven antioxidant potential. The most used
means for extracting the Brazil nut’s oil is the hydraulic or
mechanical pressing with the almonds’ previous heating. For
acai, the process is generally carried out without breaking
seeds, using solvents or enzymes (Junior 2019; Vilhena
et al. 2020).

Other sources reported by Junior (2019) are andiroba
(Carapa guianensis Aubl.) and copaiba (Copaifera langsdor-
fii). Both fruits present oils that are popularly known due to
their anti-inflammatory properties. However, unlike the

can improve



others, copaiba is a resinous species. The copaiba oil is
extracted from the trunk of this plant and receives this
name because it consists of a mixture of the oil with a non-
volatile resinous part (Ferreira et al. 2017).

The resinous oil of the copaiba trunk is known for its
anti-inflammatory, analgesic, healing, antipsoriatic, antigeno-
toxic properties, among others, in addition to its antioxidant
capacity (Batista et al. 2016; Azevedo et al. 2020). The resin
of copaiba oil accumulates in the cavities of the tree trunk
from which it is extracted. After filtration, the oil appears in
a consistent fluid state, with a yellow-brown to light green
color, an aromatic odor, and a typically bitter taste (Aguilar
et al. 2013).

Vegetable oils from the Amazon are extracted mainly by
mechanical pressing of oilseeds, using a filter press appar-
atus. The basic processes for refining crude vegetable oils
involve flaking, bleaching, de-acidification, and deodoriza-
tion (Oliveira et al. 2016).

Jaramillo et al. (2019), in their study on the impact of the
extraction model on the lipidomic profile of oils obtained
from selected fruits from the Amazon, demonstrated that
there is a significant difference in the composition of oils
extracted by solvent when compared to those extracted by
mechanical pressing. In the fruits studied, which were agai,
buriti, and patawa, solvent extraction helped increase diacyl-
glycerides’ concentration. Since diacylglycerides have surfac-
tant activity, the oils extracted by the solvent can behave in
different ways than the mechanically extracted oils.

The characterization of these fixed oils and fat’s physical
properties is essential to promote their industrial application.
In general, these properties are directly related to the triacyl-
glycerol (TAG) composition. An example is the oil viscosity,
which increases with the triglyceride chain’s length and
decreases according to the unsaturation degree (Pereira et al.
2019; Oliveira et al. 2016).

According to Serra et al. (2019), Amazonian oils have
high oxidative stability, such as buriti oil (69h in OSI at
100°C), due to the high content of saturated fatty acids,
such as lauric, myristic, and palmitic. This composition
positively influences variables such as melting point and
saponification. In this sense, Table 1 presents some proper-
ties of fixed oils from Amazonian fruits.

Essential oils

Essential oils (EOs) are aromatic compounds produced as
secondary metabolites by plants. They present in their com-
position complex mixtures of volatile and nonvolatile com-
pounds, generally lipophilic and with low water solubility,
classified into alcohols, aldehydes, esters, and ethers,
ketones, oxides, phenols, terpenes, carotenoids, and flavo-
noids (Donsi and Ferrari 2016; Seow et al. 2014; Liaqat
et al. 2019).

EOs can be extracted from petals, leaves, bark, roots,
seeds, and resin by distillation, pressing, and solvent extrac-
tion. They are widely used in aromatherapy and are very
popular in gastronomy, psychology, cosmetics, and per-
fumery. They are usually administered by inhalation, direct
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ingestion, massage, and bathing. Essential oils are active
against various microorganisms such as viruses, fungi,
protozoa, and bacteria (Silva et al. 2019).

OEs are known for their antiseptic properties and their
pleasant fragrance. They protect the plants against predators
and pollinators’ attraction through natural volatile fractions
that evaporate at room temperature. Most of OEs are com-
posed of derivatives of terpenoids or phenylpropanoids.
However, the terpenoids are more abundant and have low
molecular mass (Junior 2019).

According to Asbahani et al. (2015) and Seow et al.
(2014), OEs are synthesized in various plant organs to pro-
tect against external agents, such as UV light, herbivores,
insects, and pathogens. EOs can start to act when they are
released by humidity variation or mechanical action. They
are accumulated and stored in specialized structures and
located on plants’ surfaces, such as the secretory glands, or
in internal cellular organs, such as vacuoles, due to these
oils’ high molecular reactivity (Dima and Dima 2015). In
the search for natural and sustainable alternatives that can
replace synthetic pesticides and fungicides, the EOs are gain-
ing more and more space due to their antimicrobial, anti-
viral, and antifungal characteristics since they are
biologically active and economically viable (Saxena, Sharma,
and Maity 2020; Yun et al. 2018; Silva et al. 2019).

Several Amazonian fruits produce significant amounts of
essential oils, such as andiroba, buriti, copaiba, cupuagu,
murumuru, patawa, and tucuma, as shown in Table 2.
Among the EOS produced by Amazonian fruits, the EO of
copaiba can be highlighted. Copaiba essential oil is a con-
centrated liquid obtained by steam distillation of copaiba’s
oleoresin. This oil is widely used in the cosmetics sector for
its fragrant properties, as an odor fixer, as a component in
the manufacture of creams, soaps, shampoos, and hair con-
ditioners, and even in the food sector, as a flavoring agent
in foods and beverages (Urasaki et al. 2020).

The chemical composition of the essential oil of buriti
bark has been studied, putting the species in the spotlight
based on advances in chemical-pharmacological knowledge.
This is due to the presence of tannins and flavonoids in its
extract, which are possibly responsible for the antimicrobial
activity presented by the plant. In addition, it has antimicro-
bial power, with Minimum Inhibitory Concentration (MIC)
> 1024 pug.mL-1 for all standard and multiresistant bacterial
strains, also presenting a synergistic effect on Staphylococcus
aureus (Rezende et al. 2020).

The essential oil of copaiba has a bacteriostatic behavior
and activity against Staphylococcus aureus with a minimum
inhibitory control of 62.5ug mL™~' (Marangon et al. 2016).
Its essential oil is partially formed by compounds of volatile
sesquiterpenes, mainly [-caryophyllene (50-52%),
with smaller amounts of other eight sesquiterpenes (Aguilar
et al. 2013).

Amazon oils in the food industry

With the increase in health implications related to the con-
sumption of low nutritional value foods, the search for a
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Table 2. Properties of essential oils from Amazonian fruits.

Fruit

Extracted oil properties References

Tucuma (Astrocaryum vulgare)

Buriti (Mauritia flexuosa)

Murumuru (Astrocaryum murumuru)
Copaiba (Copaifera langsdorfii)

Anti-inflammatory, antioxidant, hypoglycemic and Rezende et al. (2020)
hepatoprotective effect

Modulator of aminoglycoside activity

Antimicrobial effect against C. Gloeosporioides and
Staphylococcus aureus

Antioxidant, anti-inflammatory and healing effect

Potential inhibitor of phytopathogens

Antimicrobial, emollient, bactericidal and anti-
inflammatory activity

Anti-blenorrhagic, skin-healing, anti-inflammatory,
diuretic and expectorant agent

Rezende et al. (2020)
Ferreira et al. (2012), Batista et al. (2012)

Silva et al. (2020), Batista et al. (2012)

Meneguetti and Siviero (2019)

Rezende et al. (2020), Marangon et al. (2016),
Meneguetti and Siviero (2019)

Silva et al. (2012)

Table 3. Potential sector application of different oils from Amazonian fruits.

Fruit Qil Industrial sector References
Bacupari (Garcinia gardneriana) Fixed Cosmetics and food industries Serra et al. (2019)
Tucuma (Astrocaryum vulgare) Fixed Cosmetics and food industries Pardauil et al. (2017), Costa et
al. (2016)
Cupuacu (Theobroma grandiflorum) Fixed Cosmetics, food and pharmaceutical Serra et al. (2019)
industries; chocolate production;
textile sector
Buriti (Mauritia flexuosa) Fixed Cosmetics and food Pardauil et al. (2017), Lima et al.
industries; biofuels (2017), Serra et al. (2019)
Essential Cosmetics Santos et al. (2021)
Pracaxi (Pentaclethra macroloba) Fixed Biofuels Serra et al. (2019)
Murumuru (Astrocaryum murumuru) Fixed Cosmetics and food industries; paints Marronato et al. (2016), Corréa et al.
production; biofuels (2020), Serra et al. (2019)
Castanha-do-brasil (Bertholletia excelsa) Fixed Food industry Serra et al. (2019)
Copaiba (Copaifera langsdorfii) Fixed Pharmaceutical industry Junior (2019), Meneguetti and
Siviero (2019)
Essential Cosmetics, food and Urasaki et al. (2020)
pharmaceutical industries
Babacu (Attalea speciosa) Fixed Food industry Serra et al. (2019)

varied diet with fruit and vegetables has gained more atten-
tion. Some plant constituents bring health benefits and are
associated with bioactive compounds such as linolenic acids,
linoleic acids, and fibers. These constituents have preventive
and supporting functions in treating pathologies, especially
chronic non-communicable diseases and cardiovascular dis-
eases (Bankoff et al. 2017; Santos, Klauck, et al. 2019).
Studies on Amazonian food sources have been carried out
to diversify and raise food quality, both for local commun-
ities and the world public, since characteristics such as the
levels of functional compounds and the presence of polyun-
saturated fatty acids and phenolic compounds with antioxi-
dant activity justify the use of fruits from the Amazon. This
insertion of Amazonian food sources has been happening
with the pulps production and various products as mixed
juices, sweets, and enriched drinks (Santos, Klauck,
et al. 2019).

The Amazon biome has many species with oleaginous
potential, with oils and fats with excellent physicochemical
properties. Some Amazonian products used by the food
industry still have a strong relationship with extractivism in
their production chains, such as Brazil nuts, andiroba,
copaiba, murumuru, buriti, and babagu (Diniz et al. 2019).
In addition to their use in the food industries, Amazonian
oils, both fixed and essential, are used by other industrial
sectors (Table 3). Some matrices’ qualities are already recog-
nized, such as that of pracaxi oil, considered a natural
source of benzene acid. Pracaxi oil has properties that allow
the preparation of low-calorie products. The cupuagu fat is

another example used in the food industry to prepare vari-
ous products such as vegetable creams, margarine, choco-
lates, and special fats for frying, baking, and confectionery
use (Bezerra et al. 2017).

According to Santos et al. 2017, oils and fats with high
concentrations of -9 acids, followed by small concentra-
tions of w-3 and w-6, can be obtained from agai (pulp), ata
brava (seeds), bacaba (green fruit pulp), buriti (pulp), buri-
tirana (pulp), yellow murici (seeds), red murici (seeds), pia-
¢aba braba (pulp), tucumanzinho (pulp), red pupunha
(pulp) and yellow pupunha (pulp), from different regions.
For the authors, the tucumanzinho presented contents of
-9 close to that of olive oil, indicating that the Amazonian
biodiversity is capable of supplying fruits with essential
fatty acids.

Challenges and future perspectives

The incentive for research to expand agricultural develop-
ment possibilities with native plants can increase Amazonian
oils fruits participation in the national and international
markets without expanding deforestation. This stimulus will
make it possible to recover already degraded areas through
cultivation and provide socioeconomic inclusion to family
farmers (Homma et al. 2012). Another fundamental point is
the issues related to the environment and sustainability.
Protecting the most significant amount of its area to guaran-
tee biodiversity, water resources, global climate balance, and
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Figure 2. Tucuma (Astrocaryum vulgare Mart.).

Figure 3. Pupunha (Bactris gasipaes).

ensure the population’s survival are significant challenges
related to the Amazon biome (Homma et al. 2012).

Some of the Amazonian fruits can be considered as
superfoods, as they are natural and of superior nutritional
quality. This fact may represent a challenge related to
important socio-environmental impacts, since the growing
demand for superfoods and their by-products can be
reversed in intensive agricultural production practices. The

Figure 6. Buriti (Mauritia flexuosa) (Ferreira et al. 2018).

increase in demand for acai, for example, has led to the
rapid expansion of plantations and considerable changes in
the forest structure. Thus, more research is needed to ensure
the development of a production scheme that supports both
forest conservation and the production of these fruit
(Magrach and Sanz 2020).

In a general context, some species’ seasonality in the
Amazon Region represents the common challenge of their
availability in the off-season. The seasonality can be seen as
an impulse to process these fruits to become available to the
consumer throughout the year, without directly depending
on seasonality. As highlighted by Homma et al. (2012),



Figure 7. Pracaxi (Pentaclethra macroloba) (Silva and Durigan 2018).

Figure 8. Murumuru (Astrocaryum murumuru Mart.) (Bezerra 2012).

Figure 10. Copaiba (Copaifera langsdorfii) (World of Oils 2020).

vegetable oil from plants such as andiroba, copaiba, tucuma,
and others, shows itself as an excellent opportunity to gener-
ate jobs and income in Amazonian communities. This vege-
table oil from Amazonian species can also produce less
polluting and better-quality biodiesel.

It is important to consider that some fruit species have
particular challenges related to their technological character-
istics, such as the murumuru (Astrocaryum murumuru),
which, despite its economic potential, is little explored com-
mercially because of its thorns (Meneguetti and Siviero
2019). Another case is pupunha, which presents difficulties
at the time of oil extraction due to the formation of an

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 9

emulsion with starch and water, making the use solvents
necessary for its extraction.

Despite all the challenges, the Amazon oils are valuable
resources with good prospects for industrial use and poten-
tial oxidative stability. Further studies are needed to opti-
mize oils and fats processing to obtain a uniform quality
product, and adding commercial value, such as applying
new extraction methods and refining steps, when necessary.
Also, in vivo tests on animals and humans are essential to
assess the bioavailability of Amazonian fruit compounds
(Serra et al. 2019).
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