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a b s t r a c t 

Considered harvest integrating products of socio-biodiversity, native fruits have gained prominence, particularly 
in the gastronomic media, for their exotic flavors; therefore, their exploitation, valuation, recognition, and ac- 
ceptability have increased in recent years. Baru trees ( Dipteryx alata Vog.) are native to the Brazilian Cerrado, and 
their popularity is primarily attributed to the unique almond, the nutritional and functional potential of which 
is associated with health-promoting benefits. Often erroneously referred “baru ”, the baru almond constitutes up 
to one-fourth of the fruit; other distinct fruit fractions include epicarp (peel), mesocarp (pulp), and endocarp (a 
woody material rich in cellulose, hemicellulose, and lignin that covers and protects the almond). Apparently, 
these fractions are as valuable as the almond and have thus garnered scientific interest. However, these fractions 
are often considered waste and remain unexploited in the structured production chain of baru almonds. Specif- 
ically, the epicarp is rich in fibers and phenolics. The mesocarp contains abundant carbohydrates —a sucrose 
source —from which granulated sugar can be obtained. The endocarp may be used as a source for generating 
biomass, biofuel, and activated charcoal-type biochar to reduce CO 2 emissions. Therefore, baru fruit, in its en- 
tirety, holds tremendous technological potential for application in the food and related industries. 
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. Introduction 

In the light of global movement to valorize biodiversity, the present
eview highlights the significance of baru ( Dipteryx alata Vog.) fruits.
he popularity of baru must be contextualized in its natural habitat,
he Cerrado biome, which is the second-largest Brazilian ecosystem and
onsidered the richest tropical savanna region in the world in terms of
iodiversity ( Oliveira-Alves et al., 2020 ; Sawyer et al., 2018 ). Consider-
ng its magnitude, the wide variety of species in Cerrado is unquestion-
ble, albeit underutilized as yet by the local communities. Either lack of
cientific knowledge or low incentives to develop innovative technolo-
ies and processes have prevented these communities from exploiting
he productive potential of this biome to the fullest ( Lima et al., 2021 ;
liveira et al., 2020 ). 

Baru fruits have a peculiar taste, which has been primarily explored
y the gastronomic media, enhancing the recognition and acceptance
f this fruit by the society that is increasingly judicious regarding the
ood they consume ( Oliveira et al., 2020 ). Beyond their exotic sensory
✩ MUFAs: monounsaturated fatty acids; SFAs: saturated fatty acids; SFE: supercritic
ene. 
∗ Corresponding author: Instituto Federal de Educacao Ciencia e Tecnologia do N
inas Gerais, Brazil. 

E-mail address: gracielimonteiro@discente.ufg.br (G.d.M. Monteiro) . 

ttps://doi.org/10.1016/j.focha.2022.100103 
eceived 24 June 2022; Received in revised form 27 August 2022; Accepted 12 Sept
772-753X/© 2022 The Authors. Published by Elsevier Ltd. This is an open access ar
 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ttributes, baru fruits, in addition to other Cerrado products, offer fa-
orable nutritional potential and health-promoting benefits ( Lima et al.,
021 ); hence, it has been regarded as a functional ingredient in the food
ndustry ( Gonçalves et al., 2020 ). Furthermore, baru fruits present a
nique chemical composition in terms of proteins, lipids, vitamins, min-
rals, fibers, sugars, and bioactive compounds ( Oliveira et al., 2020 ). 

Although it is on the agenda of various research groups, baru fruit
rocessing and commercialization profile remain typical extractivist ac-
ivities, generally associated with family farming and agricultural pro-
uction cooperatives ( Gonçalves et al., 2020 ; Lima et al., 2021 ). Of note,
cientific studies on baru fruit processing have produced a significant so-
ial impact on population groups that depend on Cerrado’s resources to
ake their living, such as Indians, quilombolas, and ribeirinhos, who

epresent traditional communities of the Cerrado region. Furthermore,
aru is one of the many species native to the Cerrado that find well-
nown uses in traditional medicine. Therefore, these fruits are regu-
arly consumed by the native communities and sold in the local markets
 Sawyer et al., 2018 ). 
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Fig. 1. Baru tree ( Dipteryx alata Vog.) from the northwestern region of the 
Brazilian state Minas Gerais. 
Source: Authors. 
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In this context, the importance of native species extends beyond their
ealth-promoting roles, since they also contribute to preserving the nat-
ral biomes. Furthermore, aggregating value to native species increases
heir commercial value, which, in addition to their nutritional poten-
ial, has attracted national and international interest ( Gonçalves et al.,
020 ). 

Food scientists have focused on developing products that promote
aw material value ( Lima et al., 2021 ), thus contributing to techno-
ogical innovations and competitive development in the food industry
 Oliveira et al., 2020 ). 

To this end, the present review aimed at promoting and disseminat-
ng information regarding baru fruits, the production chain of which
s based on regional extractivism. In particular, this supply chain is re-
ated to the promotion of coordinated actions to aggregate commercial
alue to derived products using sustainable and innovative technologies
nd generate income sources for the local communities. Therefore, the
resent article intends to stimulate the development of family farming
nd other productive areas related to the food, pharmaceutical, and cos-
etic industries. 

Given the environmental and nutritional relevance of baru fruits,
he objective of the present study was to compile information from the
iterature regarding the technological potential of baru fruits and their
pplications in areas of food research. 

. Material and methods 

The present descriptive review adopted a search strategy and eligibil-
ty criteria for screening scientific articles based on the following three
earch terms: Dipteryx alata Vog., baru, and Cerrado fruits. The first two
erms are the scientific and popular names of the fruit recognized and
ited in the literature, respectively. Meanwhile, the third term covers
esearch devoted to all Cerrado fruits, including relevant information
oncerning baru. The study publication period delimited the quinquen-
ial period ranging from July 2016 to July 2021. 

Bibliographic research was conducted from January to July
021 using the academic databases available through the CAPES
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior)
Coordination of Improvement of Higher Education Personnel] Plat-
orm ( https://www.periodicos.capes.gov.br/ ) Brasil. Ministério da
ducação (2021) which maintains cooperation with the Federal
niversity of Goiás (UFG) via the Federated Academic Commu-
ity (CAFe), providing remote access to a plethora of national and
nternational academic databases. Furthermore to compile infor-
ation on international publications, three specific databases of
aramount importance to the area of food science and technology
ere selected: ScienceDirect ( https://www.sciencedirect.com/ );
COPUS ( https://www.scopus.com/ ), and SpringerLink
 https://link.springer.com/ ). Finally, the selected terms (in Por-
uguese) were directly input to the database topic search field of the
APES Platform to search for national publications. 

The selected publications were classified according to the baru fruit
raction they dealt with, namely, nut, epicarp, mesocarp, and endocarp.
ubsequently, the publications were evaluated for their relevance to the
rea of food science and technology. 

. Baru ( Dipteryx alata Vog .) 

To better comprehend the context of baru fruit applicability and re-
ent studies, one must know the botanical, cultural, and ecological as-
ects that significantly impact the potential for commercial expansion
f this product. 

The name “baru ” is often used laxly and erroneously to designate the
ruit, tree, and nut, although the term should be reserved for fruit alone.
ince the priority exploitation of the fruit is for the commercialization
f the baru nut and other components are not much appreciated and
alued as yet, “baru ” has become a popular name for the nut. 
2 
The term “baruzeiro ” is used to identify the baru tree. Its scientific
ame is Dipteryx alata Vog., and it is a fruit tree species belonging to the
amily Fabaceae ( Egea & Takeuchi, 2020 ). It is distributed primarily in
he Cerrado region and sporadically in the north, northeast, mid-west,
nd southeast of Brazil. In addition, baru trees grow in Venezuela, Costa
ica, and Panamá ( Niedack, Souza, Alves, & Damiani, 2021 ). The pop-
lar name “baru ” is common in the Brazilian states of Goiás, Tocantins,
inas Gerais, and Distrito Federal, although some variations exist, in-

luding cumaru or cumbaru in São Paulo, Mato Grosso, and Mato Grosso
o Sul ( Sano, Ribeiro, & Brito, 2004 ). 

The baru tree ( Fig. 1 ) can typically reach 5 to 10 m in height,
lthough some individuals reach up to 20 m in their adult age
 Carvalho, 2003 ). The trees blossom from November to May and pro-
uce fruits from July to October ( Reis & Schmiele, 2019 ; Sano et al.,
004 ). 

A single adult tree produces around 150 kg of fruit in each harvest
eriod, typically presenting one productive harvest period every 2 years
 Carrazza & Avila, 2010 ). Therefore, the species exhibits shows a bien-
ial behavior —a common phenomenon among plants that use the subse-
uent year after the harvest to recover the energy spent during fruiting.
hus, seasonality represents the first challenge in the commercial use
f baru fruits. This particular feature, stemming from an intermittent
arvest, causes abrupt variations in fruit productivity from one year to
he next. 

Regarding botanical characteristics, the fruit is classified as a
onospermic drupe, indehiscent, fibrous, typically oval and slightly
attened, and with opaque colors varying from light or dark brown
o reddish-brown ( Alves-Santos, Fernandes, & Naves, 2021 ; Sano et al.,
004 ). Its surface is irregular with depressions and has a rough texture,
ith a rounded peak that serves as the base for the attachment of a
arrow petiole and slightly flattened sides ( Carvalho, 2003 ; Silva et al.,
021 ). On average, the fruit measures 52 mm in length, 38 mm in width,
nd 29 mm in thickness, weighting from 26 to 40 g ( Alves-Santos et al.,
021 ; Martins, Ferraz, & Schmidt, 2017 ). 

https://www.periodicos.capes.gov.br/
https://www.sciencedirect.com/
https://www.scopus.com/
https://link.springer.com/
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Fig. 2. Whole baru fruit and cross-section (a) and almonds with and without 
the skin (b). 
Source: Authors. 
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The baru fruit contains an almond or seed, also called a true
ut ( Morais, Belisário, Favareto, Maia, & Carvalho, 2021 ; Oliveira-
lves et al., 2020 ). The almond is the primary commercial product ob-

ained from the fruit ( Egea & Takeuchi, 2020 ), representing only 5% of
he total weight ( Martins et al., 2017 ). The almond color varies from
ream to white, and it is covered with a brownish skin ( Silva, Fer-
eira, Asquieri, Damiani, & Asquieri, 2021a ). Of note, this thin skin con-
ains 10% of the total phenolic compounds of the fruit and presents
otent antioxidant capacity when consumed along with the almond
 Silva, Machado, Cardoso, Silva, & Freitas, 2020a ). 

Meanwhile, in recent years, the epicarp (peel), mesocarp (pulp), and
ndocarp have been attracting much scientific interest, particularly in
esearch devoted to waste reuse and transformation into byproducts
 Rambo, Nemet, Santana, Pedroza, & Rambo, 2021 ). In the environ-
ental context, such products are beneficial for reducing food loss and
astage, as the almond represents only 5% of the total fruit mass. 

The peel, or epicarp, comprises a thin layer in direct contact with
he environment, which is responsible for the fruit’s characteristic light
rownish color and is rich in fibers ( Santiago, Oliveira, Horst, Naves, &
ilva, 2018 ). The pulp, or mesocarp, contains over 70% carbohydrates
n its composition, most of which are sugars (23 g·100 g − 1 ) ( Egea &
akeuchi, 2020 ). This fraction of the fruit is regarded as a fibrous layer
 Alves-Santos et al., 2021 ), which is sweet ( Santiago et al., 2018 ) and
dible ( Gadioli et al., 2021 ). The woody endocarp covers and protects
he almond ( Carrazza & Avila, 2010 ) because of its hardness. The en-
ocarp is composed of cellulose, lignin, and hemicellulose and is darker
han the mesocarp ( Egea & Takeuchi, 2020 ). However, information on
he physical properties of baru peel and pulp, such as mass and yield, is
carce in the literature ( Alves-Santos et al., 2021 ). Fig. 2 illustrates the
hole baru fruit (a), with fractions exposed by cross-sections and (b)

he almond with and without the skin. 

.1. Baru in the spotlight among Cerrado fruits 

Considered a hotspot of biodiversity globally, the Cerrado is
he second largest Brazilian biome, following the Amazonian forest
3 
 Almeida et al., 2019 ). It hosts a wide diversity of fruits with exotic
olors and tastes ( Gadioli et al., 2021 ) and with high nutritional value
nd functional potential ( Gonçalves et al., 2020 ), which are primar-
ly attributed to their rich bioactive compounds, including antioxidants
 Oliveira et al., 2020 ); therefore, these fruits offer irrefutable health ben-
fits. 

The nutritional, functional, and sensory potential of baru can satisfy
he consumer demands and expectations of purchasing natural and func-
ional products, bringing native fruits into the limelight ( Oliveira et al.,
020 ). In addition to their traditional consumption by the local popu-
ations, baru fruits represent excellent potential for application in the
ood industry as an ingredient because of its sensory and technological
ttributes, which are interesting to both consumers and manufacturers
 Almeida et al., 2019 ). Harmonizing the increasing consumer demand
ith the production capacity of the food industry is a real challenge

or food product manufacturers, particularly research and development
eams, who are responsible for turning these materials into pleasant,
ealthy, and durable products ( Reis & Schmiele, 2019 ). 

Notably, studies on native fruits are of great economic and social
elevance to regional extractivism ( Gonçalves et al., 2020 ). The scien-
ific knowledge of new nutrient sources attributed to native fruits rein-
orces their use by the food and pharmaceutical industries ( Leite et al.,
020 ). Such information encompasses the national and international ex-
loratory potential, which calls consumer interest, contributes to the
earch for innovative products ( Oliveira et al., 2020 ), and promotes new
roduct formulation ( Reis & Schmiele, 2019 ). 

Baru, similarly to many Brazilian native fruits, has garnered the at-
ention of scientists. These products play a central role in aggregating
ommercial value. In addition to their nutritional and functional poten-
ial ( Oliveira et al., 2020 ), these products may promote the viability
f diverse applications in the food industry, which seeking technolog-
cal innovations. The relevance of this fruit in scientific research can
e gauged by indexing the term “baru ” along with other topics, such
s “Brazilian Cerrado native fruit ” ( Almeida et al., 2019 ), “edible seed ”
 Egea & Takeuchi, 2020 ), “true nut ” ( Oliveira-Alves et al., 2020 ), and
reforesting tree ” ( Antunes et al., 2020 ), among many other, as dis-
ussed in the present review. 

Moreover, baru is remarkable in terms of its economic potential and
ersatility, as evidenced by studies in diverse areas, such as nutrition, an-
mal feeding, medicine, damaged area recovery, landscaping, and wood
xtraction ( Antunes et al., 2020 ). Furthermore, baru fruit residues from
he pulp and endocarp may be reused in many industries ( Rambo et al.,
021 ). 

.2. Path of agroecology in the baru production chain 

From the viewpoint of prospects and challenge of the production and
xploitation of baru, this species, similar to many other Cerrado fruits,
ust overcome several obstacles —the major one being deforestation of

he Cerrado ( Schatz, 2019 ). With the intensification of anthropogenic
ctivities accelerating the use and exploitation of natural resources,
any ecosystems, including the Cerrado, have been fragmented or even

ost, leading to tremendous biodiversity loss ( Cardoso & Nogueira, 2021 ;
aladão et al., 2018 ). 

In a biome characterized by the presence of extractive communities,
ndigenous, quilombola, and small agro-extractive producers and many
thers have been effectively conserving large natural areas over many
enerations. Therefore, we must realize and value small-scale family
roduction and extractivism as allies of conservation and the Cerrado
opulations as its true guardians ( Lobo & Sawyer, 2022 ). Therefore,
hen proposing the rational use of natural resources, including the ex-
loitation of baru, we must understand and value economic activities
hat practice sustainability ( Valadão et al., 2018 ), incorporating the ac-
ors involved in the process while seeking social equity and environmen-
al protection ( Hespanhol, 2008 ). 
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In this sense, agroecology stands out as an alternative to family
arming based on the principles of sustainability. These principles, con-
epts, and methodologies enable planning of high-quality food produc-
ion while maintaining land productivity, respecting the nature, increas-
ng the diversity of products for family and market consumption, and
enerating more income for farmers ( Copabase, 2022 ). Truly ecological
griculture cannot be restricted to environmental concerns alone, and
ther dimensions, such as the social, economic, cultural, political, and
thical aspects, must be incorporated ( Hespanhol, 2008 ). 

Agroecology encompasses the entire food system, from extractivism,
roduction, and marketing to consumption. It creates self-sufficient,
ealthy, and pollution-free systems, offering safe, affordable, and di-
erse foods ( Critical Ecosystem Partnership Fund, 2022 ). 

The Regional Cooperative for Family Agriculture and Extrac-
ivism ( https://www.copabase.org/ ) has presented optimistic pro-
uctivity and innovation data in a report published by the non-
overnmental organization Critical Ecosystem Partnership Fund (CEPF)
 https://www.cepf.net/ ). They used the highly regarded Social Return
n Investment (SROI) analytical tool to elaborate the data. The promo-
ion of agroecology in various agro-food chains, including the priority
hain in the region, that is baru nuts, can offer competitive advantages
hen applied to the productive model of family farming based on agroe-

ology ( Critical Ecosystem Partnership Fund, 2022 ). 
According to Critical Ecosystem Partnership Fund (2022), the results

f this success story include the reduction of illiteracy, diversification of
roduction, increase in producer income, inclusion of women in pro-
uctive activities, recovery of springs, and increase in the number of
ative trees on various properties. Socio-environmental returns calcu-
ated from on the monetization of re-composing hectares of Cerrado and
ons of CO 2 sequestered as a result of forest recovery, among other pa-
ameters, approached R$ 37,634,959.75 (ca. US$ 263,444,718.30). This
alue corresponds to the period between 2013 and 2021, characterized
y the operation of the cooperative and active conversion from conven-
ional agriculture to agroecology. 

Baru nuts are commercially exploited by several communities
hroughout Brazil, with production that continuously evolves accord-
ng to data released by the National Supply Company (CONAB) —the
gency that is linked to the Ministry of Agriculture, Livestock and Supply
MAPA) and is responsible for the management of agricultural policies
n Brazil. 

Baru nuts have been officially listed in Brazil’s socio-biodiversity
roducts ( Companhia Nacional de Abastecimento, 2022 ). According
o data presented by CONAB regarding the historical series of pro-
uction costs of baru nuts, only four enterprises marketing baru nuts
ere monitored during 2010–2021. Of these, three enterprises were

rom the Goiás (GO) region and one from the Mato Grosso (MT) re-
ion. The average production of baru nuts ranged from 375 kg to 1
on per harvest per production cycle, depending on the production unit,
orresponding to the production cost of R$ 5003.31–R$ 10,169.77.
he price of the product fluctuated widely during the period; how-
ver, in 2022, the minimum price for commercialization was stipu-
ated at R$26.68·kg − 1 , as calculated on the basis of price established
y Ordinance No. 376 (2021) according to the guidelines of the Pol-
cy for Guaranteeing Minimum Prices for Sociobiodiversity Products
PGPM-Bio). 

Regarding baru by-products, to the best of our knowledge, only the
ulp (mesocarp) is marketed and exported to the USA by Barùkas, a
ultinational company based in Carlsbad, California ( Schatz, 2019 ).
hey exports a trail mix, which includes dehydrated strips of baru pulp
mesocarp). The co-founder of the company, Darin Olien, mentioned in
is interview with the Forbes that he dreams of reforesting the regional
cosystem with baruzeiro trees and creating a source of livelihood for
he local people who harvest and live off the product that bears his com-
any’s name. 
c  

4 
.3. Applications of baru nuts in food science and technology 

Baru almond is the most valued portion of the fruit. It is highly appre-
iated in culinary preparations and has been extensively studied ( Egea
 Takeuchi, 2020 ). Moreover, its nutritional potential and functional
ppeal have been explored. It is considered a food source of proteins
ith a unique amino acid profile ( Fernandes, Freitas, Czeder, & Naves,
010 ) and is a rich source of monounsaturated fatty acids (MUFAs),
hich are associated with low atherogenicity and thrombogenicity in-
ices ( Campidelli et al., 2020 ). Furthermore, baru almonds contain sig-
ificant amounts of calcium, iron, zinc, bioactive compounds with an-
ioxidant activity (e.g., phenols, phytates, and tannins), and antiprolif-
rative compounds ( Oliveira-Alves et al., 2020 ). Along with pequi, the
aru fruit is well-known for its antioxidant activity among Cerrado fruits
 Oliveira et al., 2020 ). Thus, Alves-Santos et al. (2021) have reviewed
ts roles in human health. 

Table 1 summarizes, in chronological order, 30 articles published
uring 2016–2021 in scientific journals of high impact, compiled
hrough the most relevant databases to the research areas of food Sci-
nce and technology. These articles underscore the significance of baru
lmond. 

Based on published works, trending topics and themes were noted.
ccordingly, the publications were classified into five categories (A–E):
roup A: data referring to the composition and nutritional properties of
aru almond; group B: studies exploring the development of products
btained from almonds or seedcake following oil extraction; group C:
iterature reviews on Cerrado fruits, including data on baru almonds;
roup D: development of hydro-soluble beverages extracted from baru
lmonds; group E: methodologies and techniques for extracting oil from
aru almonds. In particular, articles focused on chemical composition
group A) and product development (group B) accounted for a large
roportion of publications (10 articles each, 33.33%). 

However, as publications regarding chemical composition are not
he focus of the present review, works on the chemical composition of
aru nuts and other Cerrado fruits are not discussed here. Group B in-
luded publications on the application of baru almonds as a substitute
ngredient in traditional recipes, which originally used other oleaginous
eeds, such as chestnuts, nuts, or peanuts. Specifically, we highlight the
evelopment of edible protein bars containing baru almonds ( Lima et al.,
021 ), which are generally formulated with conventional nuts and co-
oa cream ( Campidelli et al., 2020 ); these bars are now very popular
nd widely accepted in the gastronomy compared with the original for-
ulation containing hazelnuts. 

In group D articles, the use of baru almonds in the prepara-
ion of hydro-soluble beverages is justified based on proven ben-
ficial nutritional aspects observed after incorporating or replacing
ther ingredients in food products with these almonds. For instance,
ima et al. (2021) demonstrated that edible bars containing baru
ontained abundant proteins and minerals (potassium, magnesium,
nd zinc), in addition to total phenols (1171.95 mg GAE·100 g − 1 ),
mong other bioactive compounds with antioxidant activity (185.64 𝜇g
rolox·g − 1 ). The lower water activity of products containing high con-
entrations of baru nuts was a key technological aspect, since these prod-
cts tended to present longer shelf-life —a crucial issue in the food indus-
ry. Moreover, Campidelli et al. (2020) reported significant increases in
he concentrations of minerals (calcium, magnesium, sulfur, and man-
anese) and MUFAs, particularly oleic acid (57.85 g·100 g − 1 ), among
thers, as well as the presence of vitamin C (24.37 mg·100 g − 1 ) in co-
oa cream containing baru. In another study, da Cruz, Gama, Américo,
nd Pertuzatti (2019) studied the combination of baru almonds and co-
oa; the authors developed a dairy dessert presenting antioxidant activ-
ty similar or superior to baru almonds in natura (3.513 mg GAE·kg − 1 

sing FRAP assay vs. 639 mg GAE·kg − 1 ABTS assay). The authors sug-
ested that the combination of these two ingredients rich in phenolic
ompounds contributed to the high antioxidant activity of the products.

https://www.copabase.org/
https://www.cepf.net/
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Table 1 

Literature search of publications regarding baru almonds from 2016 to 2021 in the area of food science and technology. 

Year Technological application and product Authors Classification 

2021 Edible cereal bars mixed with nuts Lima et al. B 
Symbiotic fermented beverages Costa Fernandes et al. D 
Fermented beverages (probiotics and green banana starch) Coutinho et al. D 
Baru seed oil extraction Chañi-Paucar E 
Spectroscopy to evaluate adulteration in high-commercial value vegetable oils Nascimento et al . A 

2020 In vitro bioaccessibility of Cu, Fe, Mn, and Zn in baru pulp and almond de Oliveira Gonçalves et al. A 
Cocoa cream supplemented with baru almond Campidelli et al. (a) B 
Vegetable beverages mixed with nuts Silva et al. D 
Effect of drying on the nutritional properties of baru almond Campidelli et al. (b) A 
Optimization of phenolic compound extraction with focus on baru almond skin Da Silva et al. A 
Identification of functional compounds in baru nuts Oliveira-Alves et al. A 
Spectroscopic characterization and thermic behavior of vegetable oil from baru nuts Alarcon et al . A 

2019 Dairy desserts with baru regulates gastrointestinal transit in rats Cruz et al. B 
Characteristics and potential of Cerrado fruits in the food industry Reis & Schmiele C 
Mayonnaise formulated with microencapsulated chia seeds, pumpkin seeds and baru oil Rojas et al. B 

2018 Determination and drying kinetic analysis of whole and defatted baru flour Reis et al. A 
Comparison of baru almond, pulp, and peel Santiago et al. A 
Cupcakes with low levels of fat formulated from baru flour Paglarini et al. B 
Baru seed oil extraction using pressurized solvent technologies Fetzer et al. E 
Lamellar gel phase emulsion containing baru oil Moraes et al. B 

2017 Cookies formulated with defatted baru seedcake Caetano et al. B 
Proteins isolated from baru nuts and defatted baru flour Nunes et al. B 
Physical characteristics of baru tree fruit targeting almond extraction Martins et al. A 
Flavored fermented beverages Fiorante et al. D 

2016 Chemical quality of baru almond oil as a substitute for soy and olive oil Siqueira et al. A 
Edible seeds and nuts from fruits native to Cerrado with fatty acid profiles similar to conventional oils. Alves et al. C 
Literature review of Cerrado fruits: Indication of baru almond as a functional ingredient in the food industry Silva and Fonseca, 2016 C 
Ultrasound-assisted oil extraction Santos et al. E 
Preparation and characterization of polyurethane with varying amounts of baru oil Almeida et al., 2016 B 
Nutritional quality of chocolate bars added with baru almonds Lubas et al., 2016 B 

Classification based on the focus of publication: composition and nutritional properties (A)/new product development (B)/literature review of Cerrado 
fruits/baru almonds (C)/hydro-soluble beverages (D)/oil extraction methods (E). 
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Furthermore, Paglarini et al. (2018) and Rojas et al. (2019) devel-
ped mayonnaise and cupcakes with a functional appeal by incorpo-
ating baru oil and whole baru almond flour, respectively. Both the
unctionality and technological applications were attributed to the fatty
cids profile of baru almonds. The higher proportion of MUFAs rela-
ive to that of saturated fatty acids (SFAs) and the absence of trans-fatty
cids in baru almond flour contributed to the successful technological
pplication, with complete or partial replacement of conventional fats
n bakery products ( Paglarini et al., 2018 ). Furthermore, high encap-
ulation efficiency of chia, pumpkin, and baru oils was observed for
nriching mayonnaise. The affinity between lipidic compounds is justi-
ed by the hydrophobic nature of stearic acid, am SFA, with other fatty
cids, such as MUFAs and PUFAs. Of note, baru almond oil presented a
igher oleic acid concentration (42.42%), producing remarkable MUFA
evels (45.10%) ( Rojas et al., 2019 ). 

Regarding technological aspects related to a particular profile or
ffinity of fatty acids in baru almond oil, Moraes, Anjos, Maruno, Alonso,
nd Rocha-Filho (2018) have proposed the development a lamellar
hase emulsion, or a colloidal system, that can be used as a delivery sys-
em for medicines and skin cosmetics. Baru oil contains considerable lev-
ls of active photochemical compounds, tocopherols, and phytosterols
 Rojas et al., 2019 ), which are higher than those in other vegetable oils
idely used to facilitate the permeation of active molecules via cuta-
eous absorption. Furthermore, baru oil emulsions have been reported
o exhibit excellent solubility in active lipophilic and hydrophilic ingre-
ients, assuring the wide applicability of their products ( Moraes et al.,
018 ). Similarly, Nunes, Favaro, Miranda, and Neves (2017) tested iso-
ated proteins obtained from defatted baru almond seedcakes and high-
ighted the applicability of this product in fat product formulations due
o its good capacity of absorbing and emulsifying oils, such as for pro-
ucing stable foams with moderately acidic to neutral pH. 

While some of the previous studies mentioned above used com-
ercial baru oil purchased from the local markets, others (e.g.,
5 
aetano et al., 2017 ) extracted the oil during experiments. Specifically,
n a previous study, cookies containing defatted baru almond flour were
repared. The nutritional focus of that study was the rich amino acid
rofile of cookies provided by the defatted baru seedcake used in the
roduct preparation. Meanwhile, in other studies, defatted baru seed-
ake was used to exploit the proteic aspect of baru almonds. For in-
tance, Nunes et al. (2017) isolated proteins and Fetzer, Cruz, Hamer-
ki, and Corazza (2018) extracted oil from baru almond using super-
ritical fluid extraction (SFE) with pressurized solvents [propane and
arbon dioxide (CO 2 ) + ethanol]. In both studies, the residues obtained
rom baru almond seedcakes were the byproducts of high nutritional
alue, presenting relatively low or even no trace of the remaining sol-
ent. Thus, these seedcakes can serve as the potential sources of proteins
nd minerals. 

Regarding efficient methods and techniques for extracting baru al-
ond oil, three studies in group E applied SFE to recover high amounts

f baru oil, enhancing the final product yield. Previously, various tech-
iques have been implemented to optimize vegetable oil extraction in
erms of yield, final recovery, or even improved physiochemical charac-
eristics and fatty acid composition. Overall, SFE is an appealing “green
echnology ” that uses CO 2 , a nontoxic, nonflammable, and inert solvent.

Furthermore, Santos et al. (2016) combined the SFE and ultrasound
echniques to evaluate temperature and pressure variations. The best
perational conditions of SFE in terms of global yield were 35 MPa and
0°C, with values of 22.8% oil. Despite the increase in the extraction
ate, ultrasound in SFE experiments did not affect baru oil fatty acid
omposition. Moreover, an increase in the solubility of fatty acids in
upercritical CO 2 was observed due to pressure elevation, with con-
equent increase in solvation power. The authors also highlighted the
dvantages of using SFE to obtain baru fatty acids over conventional
ethods, such as Soxhlet or Bligh and Dyer extraction. Meanwhile,

etzer et al. (2018) reported the highest extraction yield of 46.18%
nd 39.76% using the Soxhlet method with ethanol and hexane, respec-
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ively. Compared with values of lipid yield commonly reported in the
iterature, such as 24.2% by Gonçalves et al. (2020) and 41.69% by
ima et al. (2021) , the values obtained by Fetzer et al. (2018) were
igher. Nevertheless, Coutinho et al. (2021) detected 47.50% lipids
n baru almonds but did not report the method was used. Regarding
il extraction using pressurized solvents and ethanol as a cosolvent,
etzer et al. (2018) reported that the extracts generated from ethanol
ere peculiar in terms of their miscible polarity compared with prod-
cts generated from pure CO 2 , which is nonpolar. Ethanol was the pre-
erred solvent in previous studies because of its low toxicity, and it was
sed to extract a vast number of compounds, including bioactive com-
ounds. For instance, da Silva et al. (2020b) optimized total phenolics
xtraction and reported on the antioxidant capacity of non-peeled baru
lmonds using a solvent feed ratio of 79% ethanol per 2 mg mL − 1 at
5°C. 

Chañi-Paucar, Osorio-Tobón, Johner, and Meireles (2021) used SFE
ssisted by cold pressing (SFEAP) to extract baru oil and obtained a
ield of up to 29% at 350 bar and 45°C. Of note, operational condi-
ions, such as temperature and particle size, which significantly im-
act the extracted oil yield, differed among studies in group E. Over-
ll, SFEAP may be promising alternative for use at the industrial
cale because of the high extraction yields and low CO 2 consumption
flux = 7 g·min − 1 ). 

Hydro-soluble beverages, associated with the concept of plant-based
roteins, have become widespread ( Bocker & Silva, 2022 ). Consis-
ent with this market trend, four publications in group D have high-
ighted hydro-soluble beverages based on baru almonds. According to
he Brazilian Health Regulatory Agency ( Agência Nacional de Vigilân-
ia Sanitária, 2005 ), plant-based beverages are defined as hydro-soluble
egetable extracts, considered food products, obtained from the pro-
eic parts of vegetable species. These products may be in the form of
ranules, powder, liquids, or others, except those non-conventional for
eeding. Moreover, these products can be added with other ingredients,
rovided they do not change the product’s color. 

Fioravante, Hiane, and Braga Neto (2017) pioneered the devel-
pment of a fermented beverage from baru almonds. They flavored
he beverage with plums and stabilized it with carboxymethylcellu-
ose (CMC) hydrocolloids and xanthan gum. Silva et al. (2020b) used
he same stabilizer (CMC) to evaluate the rheological properties of
 Brazil nut and baru almond-based beverage. In both studies, CMC,
 food addictive from the functional thickeners class INS 468, was
sed. These thickeners promote dispersion, allow stabilization, and
void the coalescence of substances in the suspension ( Food and Agri-
ulture Organization, 2019 ). Product stability is one of the most im-
ortant issues in the food industry, as the destabilization of inter-
aces may alter the sensory attributes, consequently compromising the
roduct’s acceptability ( Silva et al., 2020b ). Since this is a proven
hallenge in preparing hydro-soluble baru almond-based-beverages,
outinho et al. (2021) and Fernandes, Marcolino, Silva, Barão, and Pi-
entel (2021) proposed alternatives to CMC for stabilizing these bev-

rages. Fernandes et al. (2021) developed a baru symbiotic fermented
everage containing the probiotic Lacticaseibacillus casei and the prebi-
tic inulin with potentialized viscosity and functional properties. Inulin
ddition positively affected the product’s consistency, meeting the con-
umers’ expectations. Meanwhile, Coutinho et al. (2021) adjusted the
exture of a baru hydro-soluble fermented beverage by adding 4.5%
reen banana starch, assuring its acceptability among consumers in a
ensory panel test. 

Taken together, the above discussion demonstrates that the rel-
vant nutritional quality of baru fruits is reflected in healthy prod-
cts, confirming that the food matrix plays an essential role in
hemical interactions that reflect directly on the nutritional value
nd potential of the final products developed. From these data,
he relevance and consolidation of baru almonds are evident, high-
ighting the possibilities of their applications in food science and
echnology. 
6 
.4. Epicarp, mesocarp, and endocarp: residue, byproduct, or coproduct? 

After extracting the almond, almost 95% of the fruit, comprising the
picarp, mesocarp, and endocarp, is wasted ( Martins et al., 2017 ), which
alls attention to opportunities for making better use of the whole fruit.
ccording to some authors, these remaining parts of the baru fruit are

he residues or byproducts of processing ( Ferreira, Florizo, & Argon-
oña, 2020 ; Morais et al., 2021 ). Research on the applications of these
omponents and evaluation of their technological potential remains at
he investigation stage, as evidenced by the remarkable increase in the
umber of relevant publications in 2021. Therefore, the classification of
hese fractions as residue may change after new research advances and
nnovations are showcased by the 13 articles published on this theme
uring 2016–2021 ( Table 2 ). 

Nevertheless, publications on the use of these baru fractions are
carce in the literature, opening new research avenues. Majority of the
tudies performed deal with nutritional evaluation, bioactive properties,
nd antioxidant capacity of baru mesocarp ( Silva, Ferreira, Giunco, &
rgandoña, 2021b ), which are comparable to those of baru almonds
 Santiago et al., 2018 ). In the light of recent updates on this theme, ge-
graphical differences and environmental conditions may significantly
ffect the composition and physicochemical properties of baru meso-
arp ( Gadioli et al., 2021 ). Silva et al. (2021b) found marked varia-
ions in the chemical composition and bioactive compound content of
aru pulp. Moreover, the degree of such discrepancies even exceeded
00% between macronutrients and phenolic compounds ( Table 3 ).
adioli et al. (2021) reported 19.61–22.61 mg·GAE·100 g − 1 of pheno-

ics and 2.41–3.29 mg·CAE·100 g − 1 of tannins in baru mesocarp, while
he values reported by Silva et al. (2021b) were different for the same
henolics and tannins. 

Post-harvest handling and processing of baru may affect its chemical
omposition ( Silva et al., 2021b ). As such, there were significant dif-
erences in the chemical composition of baru obtained during different
arvest periods, and these differences were attributed to fruit handling,
hich differed among the harvest periods of 2013, 2014, and 2015.
ven after harvest, fruits and vegetables exhibit metabolic activity to
aintain their physiological systems, until fruit senescence starts subse-

uently. According to Morais et al. (2021) , with the progress of matura-
ion, the astringency of baru fruits caused by phenolics and, particularly,
y tannins decreases. Furthermore, in their study evaluating the shelf-
ife of cookies prepared from baru pulp, Ferreira, Silva, Munhoz, and
rgandoña (2020) recorded alterations in the sugar levels. The authors
ttributed the decrease in pH and increase in the acidity of baru cookies
ith the conversion of pulp sugars (fructose and sucrose) to acids. 

In addition, Gadioli et al. (2021) evaluated baru mesocarp samples
nd recorded 50% total sugars, with glucose accounting for 29% of all
ugars ( Table 3 ). This composition allows for the crystallization and for-
ation of sucrose granules from baru pulp. Silva et al. (2021b) did not

haracterize the classes of 67% carbohydrates present in baru mesocarp
sed for the preparation of a fermented alcoholic beverage. The authors
iscussed the short period between fruit harvest and its subsequent cold
torage. The fruits were directly sent to the laboratory, packed, and
tored in freezers for subsequent processing. Oliveira et al. (2020) have
tated the same providences for collecting and storing the samples; how-
ver, their result of 6.9% total sugars contradicts the values reported by
adioli et al. (2021) and Silva et al. (2021b) . Overall, from these reports,
e believe that for Cerrado fruits, access to the productive areas is re-

tricted, which imposes difficulties in harvest. Therefore, to optimize the
rocess, mature fruits are harvested after they fall. The period between
all and harvest time remains unmonitored and has not been described
n the literature. Nonetheless, there is some evidence that these products
ay last for up to months post-harvest from July to mid-November. 

The interest in new nutrient sources and need for preserving species
ative to Cerrado through their valorization have motivated an increas-
ng number of investigations on baru pulp and endocarp, highlighting
heir technological potential and various applications in the food indus-
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Table 2 

Literature search of publications regarding baru epicarp, mesocarp, and endocarp from 2016 to 2021 with application in the area of food science 
and technology. 

Year Technological applications and research Authors Classification 

2021 Nutritional potential and solvent effect of baru pulp and peel bioactive compounds Da Silva et al. A 
Nutritional properties, antioxidants, and sucrose crystallization of baru mesocarp Gadioli et al. B 
Baru fruit nut and pulp with advantageous nutritional and functional properties Alves- Santos et al. C 
Chemical monitoring of alcoholic fermented beverage of baru pulp Silva et al. B 
Effect of drying temperatures on the physiochemical characteristics of baru pulp Morais et al. A 
Comparative study of pyrolysis products of residues, suggesting application of baru biomass in diverse 
niches of the industry, including biofuels 

Rambo et al. D 

2020 Physiochemical characterization, bioactive compounds, and correlations of fruits native to West Mato 
Grosso do Sul 

De Oliveira et al. A 

Energetic properties of baru endocarp Teixeira et al. D 
Cookies prepared with pre-treated baru pulp Ferreira et al. B 
Shelf-life of cookies prepared with baru pulp submitted to varying storage conditions Barreto Ferreira et al. B 

2019 Chemical and bioactive properties of fruits native to Brazilian Cerrado Almeida et al. C 
2018 High fiber and phenolic contents and antioxidant capacity of baru peel and pulp Santiago et al. A 
2017 Physical characteristics of baruzeiro fruit with bias for almond extraction, proving its higher woody 

endocarp resistance than that of other nuts 
Martins et al. D 

Classification based on the focus of publication: composition and nutritional properties (A)/new product development (B)/literature review of 
Cerrado fruits/baru components(C)/residue re-use (D). 

Table 3 

Chemical composition, bioactive compounds, and antioxidant capacity of baru mesocarp. 

Component Mesocarp (pulp) 

Macronutrient and energy (g·100 g − 1 ) 
Gadioli et 
al. (2021) 

da Silva et 
al. (2021) 

Morais et al. 
(2021) 

Silva et al. 
(2021) 

De Oliveira 
et al. (2020) 

Almeida et 
al. (2019) 

Santiago et 
al. (2018) 

Moisture 16.10 15.26 - 19.30 - 17.1 14.9 
Proteins 3.08 6.40 - 6.72 - 5.0 3.2 
Lipids 1.83 2.30 - 3.00 - 0.9 3.7 
Ash 2.88 4.30 - 3.54 - 1.8 3.1 
Total fiber 28.71 3.93 - - - - 18.0 
Soluble fiber 23.36 - - - - - - 
Insoluble fiber 5.36 - - - - - - 
Carbohydrates - 70.53 - 67.44 - 75.4 57.0 
Total sugar 50.46 - - - 6.90 - - 
Glucose 2.48 - - - 3.30 - - 
Sucrose 29.52 - - - - - - 
Starch 0.02 30.00 - - - - - 
Reducing sugars - 40.90 - 24.17 - - - 
Total reducing sugars - 96.10 - - - - - 
Pectin - 1.30 - - - - - 

Energy (Kcal·g − 1 ) - 328.40 - 323.67 - 328.9 276 

Total soluble solids (°Brix) 17.91 - 3.90 29.87 4.00 - - 
Titratable acidity 1.30 - 0.95 - 2.30 - - 
pH 5.96 - 6.20 - 4.80 - - 
Activity of water (aw) 0.323 - - - - - - 

Bioactive compounds 

Tannins 39.30 2.73 14.82 531.00 - - - 
Total phenolics (mg·GAE·100 g − 1 ) 213.94 19.61 44.47 - 510.40 27.6 292.0 
Flavonoids (μg·g − 1 ) - 2.77 1.59 - - 2.4 - 
Chlorophyll - - - - - 3.8 - 
Ascorbic acid - 26.10 - - 72.80 224.5 - 

Antioxidant capacity (%) 

ABTS (μM Trolox g − 1 ) 13.20 - - - 1.30 4.1 49.0 
DPPH 10.50 - 88.13 - 283.40 68.6 21.2 
FRAP 7.20 - - - - - 24.2 
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ry. For instance, according to da Silva et al. (2021b) , baru pulp extract
ontaining abundant phenolics and tannins has serve many industrial
urposes; as such, it can be used as a substitute for phenols in adhesive
ormulations or as an antioxidant in food, pharmaceutical, and cosmetic
ndustrial applications. However, as previously discussed, in addition to
hese applications, the maturation stage of the fruit and adequate post-
arvest handling must be evaluated to ensure desired chemical proper-
ies. In this context, Morais et al. (2021) indicated that the best tempera-
7 
ure range to dehydrate the baru pulp is between 60 and 70°C, at which
he bioactive potential and physicochemical properties of the mesocarp
an be preserved. 

Four publications in group B focused on the development
f products: Gadioli et al. (2021) reported on granulate sugar;
ilva et al. (2021b) addressed the development of fermented alcoholic
everages; and Ferreira et al. (2020) and Ferreira et al. (2020) developed
ookies using pre-treated baru flour as a substitute for wheat flour, with
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helf-life of 80 days when packed in low-density polyethylene (LDPE).
he technological potential of baru mesocarp in the bakery industry has
lready been explored by Rocha and Santiago (2009) ; the authors pre-
ared bread using baru mesocarp flour and highlighted the high fiber
ontent (7.15%) and low fat concertation, in addition to increased ac-
eptability of baru flour bread, as evaluated based on appearance, tex-
ure, and taste attributes, compared with that of wheat flour bread. 

Three studies in group D must be highlighted for the reuse of
esidues. First, Teixeira, Santos, Araujo, Silva, and Alves (2020) tested
he energetic properties (moisture, volatile, fixed carbon, and ash con-
ent) of the mesocarp and endocarp and concluded that these fractions
resent high reactivity as fuels (volatile content = 88%). Nonetheless,
hese fractions also demand attention due to their high ash content
9.24%), which may cause some problems while burning. For instance,
sh may lead to the reduction of calorific power and accumulation on
shtrays in the case of direct burning in furnaces when applied as char-
oal. Consistently, Rambo et al. (2021) compared the resulting products
rom the pyrolysis of raw and hydrolyzed baru residues and indicated
aru biomass as a potential source for biofuel and biochar production (as
n alternative to vegetable charcoal used to sequestrate carbon and re-
uce CO 2 emissions), proving the biorefinery potential of these residues.

In another study, the endocarp has been reported to be use-
ul for producing vegetable charcoal ( Vale & Olsen, 2013 ). Finally,
artins et al. (2017) characterized the physio-mechanical properties of

he endocarp, such as compression and rupture, to determine the defor-
ation tension limit of the fruit for optimizing the peeling process and

btaining undamaged almonds. 
In 2021, 11 relevant studies regarding baru fruit were published,

f which six were dedicated to the epicarp, mesocarp, and endocarp
ortions. This evident increase in research on baru fruits, particularly
he targeted components, is consistent with the trends and demands of
n expanding market. 

Consumers expect functional products ( Oliveira et al., 2020 ), and
he expansion of and incentives to the commercialization of such prod-
cts can help the families involved in the extractivist agricultural pro-
uction chain of the Cerrado biome ( Martins, Pimentel, Del Menezzi,
 Schmidt, 2009 ); promote the processing and application of baru in

he food industry, given its attractive sensory and technological aspects
 Almeida et al., 2019 ); and corroborate the preservation and valoriza-
ion of the Brazilian native biodiversity through sustainable exploitation
f natural resources while meeting the demands of business niches re-
ated to expansion as well as to natural, functional, and sustainable food
roducts ( Martins et al., 2009 ). 

Overall, highlights in investigations on the composition and nutri-
ional properties as well as the search for new products of baru demon-
trate the current research in consistent with the interests of a more
emanding consumer market, since the development of innovative, ap-
ealing, healthy, and sustainable products is the most complex industrial
hallenge today. 

. Conclusions 

In the present literature review, we verified that the baru fruit, in its
ntirety (i.e., including the epicarp, mesocarp, endocarp, and almond),
resents evident technological potential for applications in the food in-
ustry and related areas. Regardless of the fraction of the fruit, we noted
 predominance of relevant studies on chemical composition and new
roduct development. Regarding the innovative applicability of baru al-
onds, the development of hydro-soluble beverages, formulations that
se baru oil as a substitute for other vegetable oils, and preparation of
esserts with baru nuts are remarkable. Among other fruit components,
he use of the mesocarp is remarkable; this sweet pulp is useful to pro-
uce flour and granulated sugar and is also a source of phenolics. 

The reuse of industrial waste to develop innovative products is con-
istent with the trend of a more conscious consumer market that seeks
8 
ustainable actions and industries that seek renewable raw materials
ith proven nutritional value. 

Considering the social and environmental roles of baru fruits, it is es-
ential to publicize and expand the potential for commercial exploitation
f this fruit as well as its applicability in food science and technology. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 

cknowledgments 

The authors thank CNPq, CAPES, FAPEMIG, UFG, and IFNMG. 

unding 

This research did not receive any specific grant from funding agen-
ies in the public, commercial, or not-for-profit sectors. 

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi: 10.1016/j.focha.2022.100103 . 

eferences 

gência Nacional de Vigilância Sanitária. (2005). Resolução RDC n° 268, de 22
de setembro de 2005. Diário Oficial da União , 23 set. 2005. Disponível em
https://www.saude.rj.gov.br/comum/code/MostrarArquivo.php?C = MjI0Nw%2C%2C
Acesso em 15 mar. 2021. 

larcon, R. T., Gaglieri, C., Lamb, K. J., North, M., & Bannach, G. (2020). Spectroscopic
characterization and thermal behavior of baru nut and macaw palm vegetable oils
and their epoxidized derivatives. Industrial Crops and Products, 154 Article 112585.
doi: 10.1016/j.indcrop.2020.112585 . 

lmeida, A. B., Silva, A. K. C., Lodete, A. R., Egea, M. B., Lima, M. C. P. M.,
& Silva, F. G. (2019). Assessment of chemical and bioactive properties of na-
tive fruits from the Brazilian Cerrado. Nutrition and Food Science, 49 , 381–392.
doi: 10.1108/NFS-07-2018-0199 . 

lmeida, E. L., Goulart, G. A. S., Claro Neto, S., Chierice, G. O., & Siqueira, A. B. (2016).
Preparação e caracterização de poliuretanos contendo diferentes quantidades de óleo
de baru. Polimeros, 26 , 176–184. doi: 10.1590/0104-1428.2151 . 

lves, A. M., Fernandes, D. C., Borges, J. F., Sousa, A. G. O., & Naves, M. M. V. (2016).
Oilseeds native to the Cerrado have fatty acid profile beneficial for cardiovascular
health. Revista de Nutrição, 29 , 859–866. doi: 10.1590/1678-98652016000600010 . 

lves-Santos, A. M., Fernandes, D. C., & Naves, M. M. V. (2021). Baru (Dipteryx alata Vog.)
fruit as an option of nut and pulp with advantageous nutritional and functional proper-
ties: A comprehensive review. NFS Journal, 24 , 26–36. doi: 10.1016/j.nfs.2021.07.001 .

ntunes, A. M., Soares, T. N., Targueta, C. P., Novaes, E., Coelho, A. S. G., &
Telles, M. P. C. (2020). The chloroplast genome sequence of Dipteryx alata Vog.
(Fabaceae: Papilionoideae): Genomic features and comparative analysis with other
legume genomes. Revista Brasileira de Botanica, 43 , 271–282. doi: 10.1007/s40415-
020-00599-3 . 

ocker, R., & Silva, E. K. (2022). Innovative technologies for manufacturing plant-based
non-dairy alternative milk and their impact on nutritional, sensory and safety aspects.
Future Foods, 5, Article 100098. doi: 10.1016/j.fufo.2021.100098 . 

rasil. Ministério da Educação. (2021). Coordenação de Aperfeiçoamento de Pes-

soal de Nível Superior (CAPES). Disponível em https://www-periodicos-capes-gov-
br.ezl.periodicos.capes.gov.br/index.php/acesso-cafe.html Acesso em 15 mar. 2021. 

aetano, K. A., Ceotto, J. M., Ribeiro, A. P. B., Morais, F. P. R., Ferrari, R. A.,
Pacheco, M. T. B., & Capitani, C. D. (2017). Effect of baru (Dipteryx alata Vog.) addi-
tion on the composition and nutritional quality of cookies. Food Science and Technol-

ogy, 37 , 239–245. doi: 10.1590/1678-457x.19616 . 
ampidelli, M. L. L., Carneiro, J. D. S., Souza, E. C., Magalhães, M. L., Nunes, E. E.

C., Faria, P. B., Franco, M., & Vilas Boas, E. V. B. (2020). Effects of the dry-
ing process on the fatty acid content, phenolic profile, tocopherols and antiox-
idant activity of baru almonds (Dipteryx alata Vog.). Grasas y Aceites, 71 , 1–11.
https://doi.org/10.3989/gya.1170182 

ardoso, H. B., & Nogueira, J. C. (2021). Perspectivas e desafios do agronegócio brasileiro.
In D. G. Giacobbo, & & L. M. Frota (Eds.), AGRO: O papel do agronegócio brasileiro
nas novas relações econômicas mundiais (cap. 18) . Synergia 2021Disponível
em https://books.google.com.br/books?id = V8dAEAAAQBAJ&printsec = 
frontcover&hl = pt-BR&source = gbs_atb#v = onepage&q&f = false Acesso em 10 agosto
2022 . 

arrazza, L. R., & Avila, J. C. C. (2010). Manual tecnológico de aproveitamento integral
do fruto do Baru (Dipteryx alata) (2a ed.). ISPN. 

arvalho, P. E. R. (2003). Baru. Embrapa Florestas. (Circular Técnica, 83). 

https://doi.org/10.1016/j.focha.2022.100103
https://www.saude.rj.gov.br/comum/code/MostrarArquivo.php?C=MjI0Nw\0452C\0452C
https://doi.org/10.1016/j.indcrop.2020.112585
https://doi.org/10.1108/NFS-07-2018-0199
https://doi.org/10.1590/0104-1428.2151
https://doi.org/10.1590/1678-98652016000600010
https://doi.org/10.1016/j.nfs.2021.07.001
https://doi.org/10.1007/s40415-\penalty -\@M 020-00599-3
https://doi.org/10.1016/j.fufo.2021.100098
https://www-periodicos-capes-gov-br.ezl.periodicos.capes.gov.br/index.php/acesso-cafe.html
https://doi.org/10.1590/1678-457x.19616
https://books.google.com.br/books?id=V8dAEAAAQBAJ13printsec=frontcover13hl=pt-BR13source=gbs_atb\043v=onepage13q13f=false


G.d.M. Monteiro, E.E.N. Carvalho and E.V.B.V. Boas Food Chemistry Advances 1 (2022) 100103 

C  

 

 

C  

 

 

 

C  

 

 

C  

 

 

 

C  

 

C  

 

E  

 

F  

 

F  

 

 

F  

 

F  

 

 

F  

 

F  

 

F  

 

G  

 

 

 

 

G  

 

 

H  

L  

 

 

 

L  

 

 

 

L  

L  

 

M  

 

M  

 

M  

 

 

M  

 

N  

 

 

N  

 

 

N  

 

 

O  

 

 

O  

 

 

 

P  

 

 

R  

 

 

R  

 

R  

 

R  

 

 

 

S  

S  

 

 

S  

 

 

S  

S  

 

 

S  

 

S  

 

S  

 

S  

 

 

S  

 

 

S  

 

T  
hañi-Paucar, L. O., Osorio-Tobón, J. F., Johner, J. C. F., & Meireles, M. A. A. (2021). A
comparative and economic study of the extraction of oil from Baru (Dipteryx alata)
seeds by supercritical CO2 with and without mechanical pressing. Heliyon, 7 Aticle
E05971. doi: 10.1016/j.heliyon.2021.e05971 . 

ompanhia Nacional de Abastecimento. (2022). Série histórica de Custos do
Baru. Política de Garantia de Preços Mínimos para Produtos da Sociobio-
diversidade (PGPM-Bio). Normas especificas de comercialização da amên-
doa do baru extrativista- safra 2022. Disponível em respectivamente em:
https://www.conab.gov.br//https://www.conab.gov.br/info-agro/custos-de- 
producao/planilhas-de-custo-de-producao/item/16321-serie-historica-custos-baru- 
2010-a-2020/.https://www.conab.gov.br/precos-minimos/pgpm-bio/.https://www. 
conab.gov.br/images/arquivos/moc/78_NORMAS_ESPECIFICAS_DE_BARU_ 
AMENDOA_EXTRATIVISTA_SAFRA-2022.pdf Acesso em 11 de agosto de 2022. 

opabase. (2022). Agroecologia: Equilíbrio, saberes e geração de
renda para preservação do Cerrado. Copabase. Disponível em , 2022.
https://www.copabase.org/documentos-e-publica%C3%A7%C3%B5es . Acesso
em 9 ago . 

outinho, G. S. M., Ribeiro, A. E. C., Prado, P. M. C., Oliveira, É. R., Careli-Gondim, Í.,
Oliveira, A. R., Soares, M. S., Jr., Caliari, M., & Vilas Boas, E. V. B. (2021). Green
banana starch enhances physicochemical and sensory quality of baru almond-based
fermented product with probiotic bacteria. International Journal of Food Science and

Technology, 56 , 5097–5106. doi: 10.1111/ijfs.15260 . 
ritical Ecosystem Partnership Fund. (2022). Copabase: 13 anos pro-

movendo a produção cooperada e a conservação do Cerrado. Disponível em:
https://cepfcerrado.iieb.org.br/?s = SROI + COPABASE Acesso em 10 ago. 2022. 

ruz, P. N., Gama, L. A., Américo, M. F., & Pertuzatti, P. B. (2019). Baru (Dipteryx alata Vo-
gel) almond and dairy desserts with baru regulates gastrointestinal transit in rats. Jour-

nal of Food Processing and Preservation, 43 Article e14167. doi: 10.1111/jfpp.14167 . 
gea, M. B., & Takeuchi, K. P. (2020). Bioactive compounds in baru almond (Dipteryx alata

Vogel): Nutritional composition and health effects. In H. N. Murthy, & & V. A. Bapat
(Eds.), Bioactive compounds in underutilized fruits and nuts (pp. 289–302). Springer . 

ernandes, A. B. C., Marcolino, V. A., Silva, C., Barão, C. E., & Pimentel, T. C. (2021). Po-
tentially synbiotic fermented beverages processed with water-soluble extract of Baru
almond. Food Bioscience , 42 Article 101200. doi: 10.1016/j.fbio.2021.101200 . 

ernandes, D. C., Freitas, J. B., Czeder, L. P., & Naves, M. M. V. (2010). Nutritional
composition and protein value of the baru (Dipteryx alata Vog.) almond from the
Brazilian Savanna. Journal of the Science of Food and Agriculture, 90 , 1650–1655.
doi: 10.1002/jsfa.3997 . 

erreira, T. H. B., Florizo, G. K. M., & Argondoña, E. J. S. (2020a). Shelf life of cookies
made from baru (Dipteryx alata Vog.) pulp under different storage conditions. Journal

of Food Processing and Preservation, 44 Article e14702.. doi: 10.1111/jfpp.14702 . 
erreira, T. H. B., Silva, S. R., Munhoz, C. L., & Argandoña, E. J. S. (2020b).

Elaboration of biscuits type cookies with pre-treated baru (Dipteryx alata Vog.)
pulp flour. Journal of Food Measurement and Characterization, 14 , 3156–3162.
doi: 10.1007/s11694-020-00557-3 . 

etzer, D. L., Cruz, P. N., Hamerski, F., & Corazza, M. L. (2018). Extraction of baru
(Dipteryx alata vogel) seed oil using compressed solvents technology. Journal of Su-

percritical Fluids, 137 , 23–33. doi: 10.1016/j.supflu.2018.03.004 . 
ioravante, M. B., Hiane, P. A., & Braga Neto, J. A. (2017). Elaboração, aceitação sensorial

e caracterização de bebida fermentada saborizada à base de extrato hidrossolúvel da
amêndoa de baru. Ciência Rural, 47 , 5–10. doi: 10.1590/0103-8478cr20151646 . 

ood and Agriculture Organization. (2019). GSFA online - Food Additive De-

tails . Disponível em www.fao.org/gsfaonline/additives/details.html?id = 407&d-
3586470-s = 2&d-3586470-o = 2&print = true Acesso em 9 ago. 2022. 

adioli, I. L., Asquieri, E. R., Oliveira, L. L., Figueiredo, L. F. A., Celestino, S. M. C.,
Batista, R. D., & Asquieri, E. M. A. R. (2021). Influence of climatic and geo-
graphical variations on the nutritional and antioxidant properties of baru meso-
carp (Dipteryx alata Vog.) and the crystallization of sucrose by secondary nu-
cleation. International Journal of Sugar Crops and Related Industries, 24 , 900–913.
doi: 10.1007/s12355-021-01042-x . 

onçalves, T. O., Filbido, G. S., Pinheiro, A. P. O., Piereti, P. D. P., Dalla Villa, R., &
Oliveira, A. P. (2020). In vitro bioaccessibility of the Cu, Fe, Mn and Zn in the baru
almond and bocaiúva pulp and, macronutrients characterization. Journal of Food Com-

position and Analysis, 86 Article 103356. doi: 10.1016/j.jfca.2019.103356 . 
espanhol, R. A. M. (2008). Perspectives de I’agriculture durable au Brésil. Confins, 2 ,

1–12. doi: 10.4000/confins.2353 . 
eite, N. R., Araújo, L. C. A., Rocha, P. S., Agarrayua, D. A., Ávila, D. S., Carollo, C. A.,

Silva, D. B., Estevinho, L. M., Souza, K. P., & Santos, E. L. (2020). Baru pulp
(Dipteryx alata vogel): Fruit from the Brazilian savanna protects against oxidative
stress and increases the life expectancy of caenorhabditis elegans via sod-3 and daf-
16. Biomolecules, 10 Article 1106. doi: 10.3390/biom10081106 . 

ima, D. S., Egea, M. B., Cabassa, I. C. C., Almeida, A. B., Sousa, T. L., Lima, T. M.,
Loss, R. A., Volp, A. C. P., Vasconcelos, L. G., Dall’Oglio, E. L., Hernandes, T., &
Takeuchi, K. P. (2021). Technological quality and sensory acceptability of nutritive
bars produced with Brazil nut and baru almond coproducts. LWT - Food Science and

Technology, 137 Article 110467. doi: 10.1016/j.lwt.2020.110467 . 
obo, A. S., & Sawyer, D. R. (2022). O cerrado. Central do Cerrado. Disponível em

https://www.centraldocerrado.org.br/ocerrado Acesso em 9 ago. 2022. 
ubas, C. C. S., Cândido, C. J., Souza, S. V. S., & Guimarães, R. C. A. (2016). Qualidade

nutricional de barras de chocolate Nutritional quality of chocolate bars with baru
nuts. Multitemas, 21 , 181–192. doi: 10.20435/multi.v21i49.812 . 

artins, B. A., Ferraz, A. C. O., & Schmidt, F. L. (2017). Physical characteristics of
baru tree fruit aimed at kernel extraction. Semina: Ciências agrárias, 38 , 1865–1873.
doi: 10.5433/1679-0359.2017v38n4p1865 . 

artins, B. A., Pimentel, N. M., Del Menezzi, C. H., & Schmidt, F. L. (2009). Processamento
 

9 
de Baru (Dipteryx alata Vog.) - Estado da arte. Anais do Sexto Encontro Nacional de
Engenharia e Desenvolvimento Social, Campinas, SP. 

oraes, C., Anjos, J. L. V., Maruno, M., Alonso, A., & Rocha-Filho, P. (2018). Develop-
ment of lamellar gel phase emulsion containing baru oil (Dipteryx alata Vog.) as a
prospective delivery system for cutaneous application. Asian Journal of Pharmaceuti-

cal Sciences, 13 , 183–190. doi: 10.1016/j.ajps.2017.09.003 . 
orais, F. A., Belisário, C. M., Favareto, R., Maia, G. P. A. G., & Carvalho, V. D. F. (2021).

Influência das temperaturas de secagem nas características físico-químicas da polpa
do baru. Agrarian, 14 , 119–126. doi: 10.30612/agrarian.v14i51.10563 . 

ascimento, T. A., Lopes, T. I. B., Nazario, C. E. D., Oliveira, S. L., & Alcan-
tara, G. B. (2021). Vegetable oils: Are they true? A point of view from ATR-FTIR,
1H NMR, and regiospecific analysis by 13C NMR. Food Research International, 144

Article 110362. doi: 10.1016/j.foodres.2021.110362 . 
iedack, L. O. C., Souza, L. G. S., Alves, L. E. O., & Damiani, C. R. (2021). Baru

(Dipteryx alata Vogel), a woody species characteristic of Cerrado and its phytore-
mediation potential. Environmental Science and Pollution Research, 28 , 57798–57806.
doi: 10.1007/s11356-021-14708-6 . 

unes, Â. A., Favaro, S. P., Miranda, C. H. B., & Neves, V. A. (2017). Preparation and
characterization of baru (Dipteryx alata Vog) nut protein isolate and comparison of
its physico-chemical properties with commercial animal and plant protein isolates.
Journal of the Science of Food and Agriculture, 97 , 151–157. doi: 10.1002/jsfa.7702 . 

liveira, M. C., Curi, P. N., Pio, R., Farias, D. H., Rigote, M. R., Schiassi, M. C. E. V.,
Pasqual, M., & Souza, V. R. (2020). Physicochemical characterization, bioactive com-
pounds and correlations in native fruits of western Mato Grosso do Sul. British Food

Journal, 122 , 841–851. doi: 10.1108/BFJ-06-2019-0423 . 
liveira-Alves, S. C., Pereira, R. S., Pereira, A. B., Ferreira, A., Mecha, E., Silva, A. B.,

Serra, A. T., & Bronze, M. R. (2020). Identification of functional compounds in baru
(Dipteryx alata Vog.) nuts: Nutritional value, volatile and phenolic composition, an-
tioxidant activity and antiproliferative effect. Food Research International , 131 Article
109026. doi: 10.1016/j.foodres.2020.109026 . 

aglarini, C. S., Queirós, M. S., Tuyama, S. S., Moreira, A. C. V., Chang, Y. K., &
Steel, C. J. (2018). Characterization of baru nut (Dipteryx alata Vog) flour and
its application in reduced-fat cupcakes. Food Science and Technology, 55 , 164–172.
doi: 10.1007/s13197-017-2876-1 . 

ambo, M. K. D., Nemet, Y. K. S., Santana, C. C., Jr, Pedroza, M. M., &
Rambo, M. C. D. (2021). Comparative study of the products from the pyrolysis of
raw and hydrolyzed baru wastes. Biomass Conversion and Biorefinery, 11 , 1943–1953.
doi: 10.1007/s13399-019-00585-0 . 

eis, A. F., & Schmiele, M. (2019). Características e potencialidades dos frutos do Cerrado
na indústria de alimentos. Brazilian Journal of Food Technology, 22 Article e2017150.
doi: 10.1590/1981-6723.15017 . 

ocha, L. S., & Santiago, R. A. C. (2009). Implicações nutricionais e sensoriais da polpa e
casca de baru (Dipterix Alata vog.) na elaboração de pães. Food Science and Technology,

29 , 820–825. doi: 10.1590/s0101-20612009000400019 . 
ojas, V. M., Marconi, L. F. C. B., Guimarães-Inácio, A., Leimann, F. V., Tanamati, A.,

Gozzo, Â. M., Fuchs, R. H. B., Barreiro, M. F., Barros, L., Ferreira, I. C. F. R., Tana-
mati, A. A. C., & Gonçalves, O. H. (2019). Formulation of mayonnaises containing
PUFAs by the addition of microencapsulated chia seeds, pumpkin seeds and baru oils.
Food Chemistry, 274 , 220–227. doi: 10.1016/j.foodchem.2018.09.015 . 

ano, S. M., & Ribeiro, J. F., & Brito, M. A. (2004). Baru: biologia e uso. Embrapa Cerrados.
antiago, G. L., Oliveira, I. G., Horst, M. A., Naves, M. M. V., & Silva, M. R. (2018).

Peel and pulp of baru (Dipteryx Alata Vog.) provide high fiber, phenolic
content and antioxidant capacity. Food Science and Technology, 38 , 244–249.
doi: 10.1590/1678-457X.36416 . 

antos, P., Aguiar, A. C., Viganó, J., Boeing, J. S., Visentainer, J. V., & Martínez, J. (2016).
Supercritical CO2 extraction of cumbaru oil (Dipteryx alata Vogel) assisted by ultra-
sound: Global yield, kinetics and fatty acid composition. Journal of Supercritical Fluids,

107 , 75–83. doi: 10.1016/j.supflu.2015.08.018 . 
awyer, D., Mesquita, B., Coutinho, B., Almeida, F. V., Figueiredo, I. B., & Eloy, L. (2018).

Perfil do Ecossistema: Hotspot de biodiversidade do cerrado. SuperNova. 
chatz, R. D. (2019). Como a Barùkas quer usar a castanha de baru para reflo-

restar o cerrado. Forbes . Disponível em https://forbes.com.br/negocios/2019/10/
como-a-barukas-quer-usar-a-castanha-de-baru-para-reflorestar-o-cerrado/ . Acesso
em 9 ago2022 . 

ilva, C. A. A., & Fonseca, G. G. (2016). Brazilian savannah fruits: Characteristics, prop-
erties, and potential applications. Food Science and Biotechnology, 25 , 1225–1232.
doi: 10.1007/s10068-016-0195-3 . 

ilva, J. S., Ferreira, N. B. S., Asquieri, E. R., Damiani, C., & Asquieri, E. M. A. R. (2021a).
Chemical monitoring of baru (Dipteryx alata vog.) pulp fermented beverage. Food

Science and Technology, 41 , 155–162. doi: 10.1590/fst.14420 . 
ilva, K., Machado, A., Cardoso, C., Silva, F., & Freitas, F. (2020a). Rheological

behavior of plant-based beverages. Food Science and Technology, 40 , 258–263.
doi: 10.1590/fst.09219 . 

ilva, P. N., Dias, T., Borges, L. L., Alves-Santos, A. M., Horst, M. A., Silva, M. R., &
Naves, M. M. V. (2020b). Total phenolic compounds and antioxidant capacity of baru
almond and by-products evaluated under optimizing extraction conditions. Revista

Brasileira de Ciências Agrárias , 15 Article e8530.. doi: 10.5039/agraria.v15i4a8530 . 
ilva, S. R., Ferreira, T. H. B., Giunco, A. J., & Argandoña, E. J. S. (2021b). Nutritional po-

tential and effect of the solvent on the extraction of secondary metabolites from pulp
and bark of baru (Dipteryx alata). Journal of Food Measurement and Characterization,

15 , 3453–3460. doi: 10.1007/s11694-021-00926-6 . 
iqueira, A. P. S., Castro, C. F. S., Silveira, E. V., & Lourenço, M. F. C. (2016). Chem-

ical quality of Baru almond (Dipteryx alata oil). Ciência Rural, 46 , 1865–1867.
doi: 10.1590/0103-8478cr20150468 . 

eixeira, H. M., Santos, S. B., Araujo, N. C. C., Silva, T. A. A., & Alves, N. M. C. (2020). Pro-
priedades energéticas do endocarpo de baru (Dipteryx Alata Vog.)/Energy properties

https://doi.org/10.1016/j.heliyon.2021.e05971
https://www.conab.gov.br//https://www.conab.gov.br/info-agro/custos-de-producao/planilhas-de-custo-de-producao/item/16321-serie-historica-custos-baru-2010-a-2020/.https://www.conab.gov.br/precos-minimos/pgpm-bio/.https://www.conab.gov.br/images/arquivos/moc/78_NORMAS_ESPECIFICAS_DE_BARU_AMENDOA_EXTRATIVISTA_SAFRA-2022.pdf
https://www.copabase.org/documentos-e-publica\045C3\045A7\045C3\045B5es
https://doi.org/10.1111/ijfs.15260
https://cepfcerrado.iieb.org.br/?s=SROI+COPABASE
https://doi.org/10.1111/jfpp.14167
http://refhub.elsevier.com/S2772-753X(22)00091-0/sbref0021
https://doi.org/10.1016/j.fbio.2021.101200
https://doi.org/10.1002/jsfa.3997
https://doi.org/10.1111/jfpp.14702
https://doi.org/10.1007/s11694-020-00557-3
https://doi.org/10.1016/j.supflu.2018.03.004
https://doi.org/10.1590/0103-8478cr20151646
http://www.fao.org/gsfaonline/additives/details.html?id=407ced-3586470-s=2ced-3586470-o=2ceprint=true
https://doi.org/10.1007/s12355-021-01042-x
https://doi.org/10.1016/j.jfca.2019.103356
https://doi.org/10.4000/confins.2353
https://doi.org/10.3390/biom10081106
https://doi.org/10.1016/j.lwt.2020.110467
https://www.centraldocerrado.org.br/ocerrado
https://doi.org/10.20435/multi.v21i49.812
https://doi.org/10.5433/1679-0359.2017v38n4p1865
https://doi.org/10.1016/j.ajps.2017.09.003
https://doi.org/10.30612/agrarian.v14i51.10563
https://doi.org/10.1016/j.foodres.2021.110362
https://doi.org/10.1007/s11356-021-14708-6
https://doi.org/10.1002/jsfa.7702
https://doi.org/10.1108/BFJ-06-2019-0423
https://doi.org/10.1016/j.foodres.2020.109026
https://doi.org/10.1007/s13197-017-2876-1
https://doi.org/10.1007/s13399-019-00585-0
https://doi.org/10.1590/1981-6723.15017
https://doi.org/10.1590/s0101-20612009000400019
https://doi.org/10.1016/j.foodchem.2018.09.015
https://doi.org/10.1590/1678-457X.36416
https://doi.org/10.1016/j.supflu.2015.08.018
https://forbes.com.br/negocios/2019/10/como-a-barukas-quer-usar-a-castanha-de-baru-para-reflorestar-o-cerrado/
https://doi.org/10.1007/s10068-016-0195-3
https://doi.org/10.1590/fst.14420
https://doi.org/10.1590/fst.09219
https://doi.org/10.5039/agraria.v15i4a8530
https://doi.org/10.1007/s11694-021-00926-6
https://doi.org/10.1590/0103-8478cr20150468


G.d.M. Monteiro, E.E.N. Carvalho and E.V.B.V. Boas Food Chemistry Advances 1 (2022) 100103 

V  

 

 

 

V  
of baru endocarp (Dipteryx Alata Vog. Brazilian Journal of Development, 6 , 72110–
72119. doi: 10.34117/bjdv6n9-599 . 

aladão, G. M., Souza, A. N., Scardua, F. P., Martins, R. C. C., Pimentel, N. M.,
Nogueira, J. M. P., Rodrigues, M. I. D., & Borges, A., Jr. (2018). A Comercialização
da castanha de baru (Dipteryx alata Vogel.) da região Vale do Rio Urucuia em Minas
10 
Gerais. In R. C. Campos, & R. A. Leite (Eds.), Perspectivas para agropecuária sustentável

(pp. 486–501). Kelps . 
ale, A. T., & Olsen, L. B. (2013). Produção de carvão vegetal de casca de baru (Dipteryx

alata) utilizando células de carbonização. Floresta, 43 , 117–124 . 

https://doi.org/10.34117/bjdv6n9-599
http://refhub.elsevier.com/S2772-753X(22)00091-0/sbref0063
http://refhub.elsevier.com/S2772-753X(22)00091-0/sbref0063
http://refhub.elsevier.com/S2772-753X(22)00091-0/sbref0064

	Baru (Dipteryx alata Vog.): Fruit or almond? A review on applicability in food science and technology
	1 Introduction
	2 Material and methods
	3 Baru (Dipteryx alata Vog.)
	3.1 Baru in the spotlight among Cerrado fruits
	3.2 Path of agroecology in the baru production chain
	3.3 Applications of baru nuts in food science and technology
	3.4 Epicarp, mesocarp, and endocarp: residue, byproduct, or coproduct?

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Funding
	Supplementary materials
	References


