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Abstract
The processing of fruits and vegetables in general generates a significant amount of waste, which is often discarded in the 
environment, losing the potential for using it in obtaining and/or developing other value-added products. Within this theme, 
some waste arising from the processing of Amazonian fruits and oilseeds, such as açaí and andiroba, deserves attention due 
to the large volume of waste generated from these species. The development of new ways of using these as raw materials to 
obtain products with high added value becomes a challenge, which can directly impact the preservation of the environment by 
reducing the disposal of these wastes and socioeconomic conditions, since viable alternatives of use can generate demand for 
specialized work. This literature review presents a survey of recent data on two raw materials: açaí and andiroba, in addition to 
the current picture on production, market, composition, and applications. 

Keywords: organic acids; Amazon fruits; aggregation value; new products; subproducts.

Practical Application: An approach to the production chain was also taken, along with the application of strategies to stimulate 
the sustainable development of by-products of raw materials produced in the Brazilian Amazon region. The use of these agro-
industrial by-products from Amazonian fruits can be a viable alternative for producing cellulose and obtaining organic acids.
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1 INTRODUCTION
Fruits and vegetables are sources of nutrients and vitamins 

essential for human metabolism (Wallace et al., 2020). These 
can be used in their natural or processed form, resulting in the 
generation of by-products or co-products (Nieto et al., 2021). 
The Amazon biome stands out for its rich biodiversity, especially 
its flora (De Las Casas, 2019). Among these, açaí deserves to be 
highlighted, which has been commonly used by the local popu-
lation to obtain pulps that can be consumed in the form of the 
so-called “açaí wine” (Da Silva et al., 2021), frozen, and frozen 
pulps (Carvalho et al., 2017). In all these forms of use, there is a 
very significant generation of waste/rejects (Costa et al., 2020).

Among other prominent fruits in the Amazon region, al-
though not a native species, pineapple also deserves attention 
due to its high percentage of production and sensory charac-
teristics, in addition to the generation of significant amounts 
of waste (from De S. Barros et al., 2020). These can be used 
to obtain various co-products with different possibilities for 
applications in the food, chemical, and pharmaceutical areas 
(Araujo et al., 2020), highlighting the extraction of bromelain.

In addition to the great diversity of edible species, oilseeds 
also stand out, such as andiroba (Carapa guianensis Aubl.). 
with great potential for sustainable management and use, pro-
motion of local development, and income for extractives due 

to the versatility attributed to the oil, which is mainly used in 
the cosmetics industry (Brito et al., 2020). However, coopera-
tives associated with the extraction of andiroba oil have come 
up against the destination of the by-product of the processing 
of these seeds, which can be valued as raw materials to obtain 
products of commercial interest (Souza et al., 2020).

The use of these residues from the agro-industrial sector is 
of great interest and relevance for biotechnology, mainly for the 
Brazilian Amazon and its ecosystem, since they do not depend 
on territorial expansion, giving adequate destinations and high 
added value to residual biomass arising from processing. 

2 METHODS
We performed a narrative and critical review of biomedical 

literature. PubMed/MEDLINE, Scielo, Scopus, Web of Science, 
Google Academic, Capes periodic, and Cochrane Library data-
bases were searched for articles published in English, Spanish, 
French, and Portuguese over the last 5 years preferably.

2.1 Agro-industrial waste

The processing of agro-industrial raw materials from pro-
duction chains, whether in the Amazon or any other location, 
generates tons of organic waste (Correa et al., 2019). Such waste 
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is made up of different compositions, mineral, chemical, and 
biochemical, which can be reused in other applications, guaran-
teeing an alternative source and bringing economic and social 
advantages to producers. According to Maia et al. (2022) and 
Oliveira et al. (2021), these Amazonian residual biomasses can 
be used as valuable raw materials to obtain value-added prod-
ucts, which is in line with the principles of the circular economy.

2.2 Main co-products and their applications

The Amazon region stands out for its biodiversity, mainly 
for its flora and numerous edible species, generating a significant 
amount of post-processing by-products. It is worth mentioning 
that cassava and cassava peels are used to feed animals (Matte 
et al., 2021). Oilseeds include tucumã seeds (Astrocaryum ac-
uleatum), babaçu (Attalea speciosa), andiroba (Carapa guian-
ensis), from which fixed oils are extracted (Pereira et al., 2019); 
chestnut hedgehog is (Bertholletia excelsa) used as charcoal 
(Madeira di Beneditto & Siciliano, 2021); bacaba seed (Oeno-
carpus bacaba); and açaí (Euterpe oleracea), in addition to the 
by-products generated from pineapple processing (Sousa et al., 
2020). In this review, two by-products will be discussed: açaí 
and andiroba, in addition to the current picture on production, 
market, composition, and its applications.

3 AÇAÍ
Açaí (Euterpe sp.) is a fruit from the açaí tree, a palm tree 

belonging to the Arecaceae family. It measures 3–20 m in height 
and presents peaks of production in the months of July to De-
cember (Lira et al., 2021). Its culture is extremely important for 
the food sector, presenting significant uses in the pharmaceutical 

and cosmetic industry, changing from a local and regional staple 
food of the Brazilian Amazon to an international fashion food, 
assuming different values (nutritional, symbolic, and economic) 
through its commodity chain (Barbosa & Carvalho Junior, 2022; 
Siqueira & Brondizio, 2011).

Of national production, the Northern region of Brazil corre-
sponds to 87.5% of the total, where the State of Amazonas occu-
pies the second position in the ranking of production in Brazil, 
with a share of 21.39% (CONAB, 2019), and the municipality 
of Codajás is the largest state producer. In the northern region of 
Brazil, Pará stands out, with 61.2% of the total national harvest 
(CONAB, 2019). Such an increase in production directly reflects 
the generation of by-products, which have been inappropriately 
discarded and/or underused.

In this activity, extractives predominate, although, in recent 
years, there has been a significant increase in cultivated areas 
due to easy access to different consumer markets, as well as its 
importance for food and nutritional security. In the state of 
Amazonas, its cultivation is practiced by more than 4,000 family 
farmers and rural producers, with some registering commercial 
cultivation (IDAM, 2020). The largest açaí productions, from 
2019 to 2022, include the municipalities of Codajás, Borba, 
Anori, Manicoré, Coari, Rio Preto da Eva, Carauari, Humaitá, 
Lábrea, Tapauá, Nova Olinda do Norte, and Benjamin Constant 
(Figure 1), with the production of Native açaí at 38,000 tons 
(IDAM, 2020) and Cultivated açaí at 90,616 tons (IBGE, 2022).

The Amazonian açaí harvest has been growing over the last 
few years, with a significant increase in revenue. According to 
data from the agricultural production report (IBGE, 2022), from 
2018 to 2022, it went from R$ 97,080 to R$ 178,723 thousand 

Source: IBGE (2022).

Figure 1. Map of açaí cultivation producing regions (production value—thousand reais).
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reais in revenue. The pit represents up to 85% of the weight of 
the fruit, that is, for every 100 tons of açaí, 80 tons are waste. It is 
estimated that more than 1,000,000 tons of seeds are produced 
annually and dumped in inappropriate places, waste that could 
very well be avoided by taking advantage of the physical, chem-
ical, and nutritional characteristics found in these by-products 
(Sato et al., 2019).

3.1 Composition and nutritional value

One of the main aspects of emphasis when we talk about 
residues from vegetable processing is related to their nutri-
tional composition, which can be equal to or even superior 
to the commonly used parts (Da Silva et al., 2016). Açaí seeds 
are rich in mannan, which after hydrolysis can be converted 
into mannose, glucose, and other monosaccharides (Ferreira 
Monteiro et al., 2019). The majority composition of the ground 
samples, in relation to the carbohydrate fraction, revealed the 
predominance of mannan, corresponding to 52.46% of their to-
tal dry weight, in addition to other structural glycides identified, 
such as glucose (8.40%), xylose (2.05%), galactose (1.51%), and 
arabinose (0.63%) (Ferreira Monteiro et al., 2019). Mannose is 
marketed as a dietary supplement, used to improve the texture 
of foods such as ice cream, candied fruits, and salad dressings 
(Hu et al., 2016).

Regarding the extractive content, the açaí almond contains 
around 4.48% extractives (Barros et  al., 2021). These values 
may vary depending on the species, off-season, and location. 
Other studies have quantified values of approximately 9.89% of 
extractives (Barbosa & Carvalho Junior, 2022; Ferreira Monteiro 
et al., 2019). These components are removed through solvent 
extractions. The main extractives of açaí seeds are polyphenols, 
mainly condensed tannins (proanthocyanidins), which differ 
in their constitutive monomers (flavan-3-ols) such as catechin, 
epicatechin, gallocatechin, and epigallocatechin (Barbosa & 
Carvalho Junior, 2022). Such compounds can directly infer the 
antioxidant capacity of these raw materials since these bioactives 
have a high capacity to scavenge free radicals (Ketnawa et al., 

2022). These characteristics reinforce the importance of using 
waste and by-products from the processing of Amazonian veg-
etables in applications that add value to their production chain.

3.2 Technological applications

Some alternatives for using the by-products generated from 
açaí processing have been studied. However, few solutions with 
operational capacity were presented (Barbosa & Carvalho Ju-
nior, 2022). The initiatives explored for more traditional use are 
the production of food inputs. Other opportunities can be im-
plemented, such as the production of mannose and polyphenols.

Trends in environmental sustainability show that tradi-
tional processes are giving a new face to generating value in 
food products and, in other areas of activity, such as physical 
chemistry, biochemistry, and chemistry, bringing competitive 
advantage. Figure 2 shows the different possibilities for using 
açaí by-products in different technological niches and areas, 
proving itself as a multifunctional raw material due to its unique 
physical, chemical, and nutritional characteristics.

Table 1 provides a description of the different applications 
shown in Figure 2. Some of these trends are described as follows:

3.3 Socioeconomic importance

For Jorge (2020), a proposed model for the use of açaí 
residue could have a greater impact in the region through the 
implementation of the biorefinery concept that explores the 
characteristics of biomass in a more diverse way. They are very 
suitable and relevant for use in composting and organic fer-
tilizers. Barbosa and Carvalho Junior (2022) suggest activity 
focusing on the production of mannose, polyphenol co-prod-
ucts, and sugar syrup. A net investment for the construction 
and operation of an açaí biorefinery to produce mannose and 
polyphenols would be estimated at US$ 64.2 million, with 74.7% 
annual revenue and a net profit of US$ 31.4 million per year 
(Jorge, 2020). Such a contribution would bring socioeconomic 

Figure 2. Applications for açaí residue.
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benefits to the region, strengthening the açaí production chain, 
reusing this material, and giving added value to this by-product 
that is discarded.

4 ANDIROBA
Andiroba (Carapa guianensis Aublet.) comes from the and-

irobeira, a tree belonging to the Meliaceae family. Its name is 
of Tupi origin and means bitter oil (Nascimento et al., 2019). 

This is one of the most important trees of medicinal plants 
used as herbal medicines by indigenous peoples and traditional 
inhabitants of the region. It is widely distributed throughout 
the Brazilian Amazon forest, growing in floodplain and igapó 
regions, in addition to being also found in dry land areas (Lira 
et al., 2021).

Andiroba oil is one of the main non-timber forest products 
in the Amazon region (Figure 3). In this context, andiroba 

Table 1. Production of compounds/bioproducts of the açaí waste.

Application Description References

Food inputs The açaí production chain can be explored for the production of food inputs 
based on polyphenols and mannose.

(Barbosa & Carvalho Junior, 
2022)

Biomass for gasifier
The açaí residue was used as biomass in a gasifier to generate energy. The resulting 
carbon was activated and employed as a profitable adsorbent for methylene blue 

and raw textile wastewater.
(Pessôa et al., 2019)

Cementitious composites

Use of natural açaí fiber in cementitious composites for applications in wall 
covering mortars and reinforcement of small structural points. However, the fiber 
must undergo treatment with a NaOH solution due to the loss of properties and 
durability found in its untreated use. The loss of these properties may harm their 

commercial use and application.

(De Azevedo et al., 2021)

Catalyst for biodiesel synthesis
The catalyst showed its catalytic activity due to the high content of metal oxides 

and carbonates with surface basic sites, making them highly efficient for biodiesel 
production, showing its activity at ester content above 92.5%.

(Mares et al., 2021)

Lignocellulosic biomass

Mass yields and physicochemical characteristics of lignocellulosic derivatives 
obtain a yield close to 64% of type I nanocrystalline cellulose (CNC) with a 

45% degree of crystallinity. The extracted lignin was rich in methoxyl groups, 
p-coumaryl alcohol, and p-coumaric acid.

(Linan et al., 2021)

Eco-chipboard, lignocellulosic 
particle board

Chemical mercerization is responsible for the removal of SiO2 and the formation of 
globular protrusions, leaving the fiber surface rougher, facilitating greater adhesion 

between the fibers and the castor-based polyurethane resin, providing better 
performance of physical properties (water absorption and swelling in thickness), as 

well as mechanical properties (modulus of rupture, gluing, and screw removal).

(De Lima Mesquita et al., 2018)

Xylan with industrial and 
biomedical applications

The degreased residue was subjected to successive extraction with hot water 
and 10% aq. KOH. The polysaccharides extracted with alkaline solution were 

recovered by dialysis, with a yield of 5.9%. It was then subjected to a freeze-thaw 
treatment, which after centrifugation gave rise to a fraction soluble in cold water 

and insoluble in cold water (yield of 4.2%). The monosaccharide composition 
of the fraction insoluble in cold water showed mainly xylose (97.2%) and small 

amounts of uronic acids (2.8%), indicating the presence of a xylan in this fraction.

(Cantu-Jungles et al., 2017)

Absorption of polycyclic 
aromatic hydrocarbons 
(PAHs) in lignocellulosic waste

PAHs represent an important class of carcinogens that are present as 
contaminants in several agri-food sources. Enzymatic pretreatment of 

lignin increases the availability of lignin functional groups by enzymatic 
depolymerization to increase the adsorption capacity of PAHs.

(Oliveira et al., 2019)

Extraction and green 
production of D-mannose

After acid hydrolysis and enzymatic catalysis of the chemical composition of the 
hydrolysate, it was found that mannan is the main component of mature seeds, 
and its content represents approximately 50% of the total dry weight and 80% 
of the total carbohydrates. Using 3% sulfuric acid to hydrolyze at 121°C for 60 
min, 41 g/L mannose can be obtained, and the yield is about 30%. Enzymatic 

hydrolysis of the remaining 70% of mannan in seeds can increase the mannose 
concentration to 146.3 g/L, and the yield can reach 96.8%, which is the highest 

concentration of mannose extracted from plant residues.

(Wang et al., 2022; Zhang et al., 
2009)

Recycled polymers

Hot compression molding is proven to be a good alternative for reprocessing of 
used PP and HIPS packages to obtain composites with an açaí fiber. The process 

tested disease was enough to sweet professional the compound without fiber 
degradation. It was concluded that the fiber increased the impact resistance of 
both polymers. Such a result represents a new alternative for the thermoplastic 

reinforcement material with açaí fiber for production composite.

Tested on polymeric resins, polypropylene (PP) and polystyrene (PS), hot 
compression was a good alternative for obtaining composites.

(Da Costa Castro et al., 2010)
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oil is sold mainly in open-air markets in the northern region 
of Brazil and markets in other regions of the country, as well 
as in the supply of export trade, being supplied as an input to 
pharmaceutical and cosmetic industries in Europe and the USA 
(Mendonça et al., 2020). Oil extraction on an industrial scale 
by cold pressing generates a solid by-product that reflects the 
characteristics of the main product (Mendonça et al., 2020).

Agricultural residues are low-cost materials that can be 
used to obtain products and materials with different texture 
characteristics and properties. Among the fruit species in the 
Brazilian Amazon, andiroba is sold for oil extraction, and from 
this extraction, tons of waste are generated, around 1,980 tons 
annually (Serafin et al., 2021). Processing waste from the ex-
traction of andiroba oil is, therefore, a challenge, and in this 
case, cold pressing removes 34% of extra virgin oil, leaving a 
significant percentage of residual cake (approximately 66%) 
(Dos Santos et al., 2021).

In order to reduce the environmental impacts related to 
the final disposal of these by-products, the traditional dispos-
al methods used are dumping the waste on portions of land 
adjacent to the production sites, using it as raw material in 
the production of feed for agriculture, or burning with insec-
ticidal action (Carvalho et al., 2019). However, it is possible to 
reduce environmental impacts in other ways, such as the use 
of biotechnology, since this waste contains important bioactive 
compounds in its composition.

4.1 Composition and nutritional value

The chemical profile of andiroba seeds presents groups 
of lipid molecules, saponifiable compounds: oleic, palmitic, 

stearic, and linoleic acids; and non-saponifiable compounds, 
such as steroids, triterpenes and mainly tetranortriterpenes, or 
limonoids (Dos Santos et al., 2021).

The oil extracted from its seeds is widely used as it has an-
ti-inflammatory, analgesic, antiarthritic, antitumor, larvicidal, 
and antimicrobial properties. From the cold pressing of seeds 
(almonds and shells), a solid by-product is produced (Mendonça 
et al., 2020), which has a range of applications yet to be explored.

4.2 Technological applications

The use of waste to obtain value-added materials such as 
activated carbon has been of fundamental importance as and-
iroba represents great potential to be explored technologically 
beyond its nutritional application (Serafin et al., 2021). For the 
use of the oil, it is possible to find several highly relevant works 
in the literature, such as the work of Melo et al. (2021), which 
verified the ability of andiroba oil to produce a nanoemulsion 
in reducing the side effects of doxorubicin—an anthracycline 
antibiotic used to combat various types of cancer. Although 
andiroba and its by-products present a relevant amount of 
bioactives with extremely important functions in metabolism, 
there is a lack of work on this topic, which could be explored 
and new uses increased in the region’s development process, 
positively helping to improve socioeconomic conditions.

When searching for works on various scientific platforms, 
such as Science Direct, Web of Science, and Google Academic, 
among others, there is a low number of works on these platforms 
related to the development of by-products from this raw materi-
al. In total, 63 results were found, but not all of them are about 
the by-product; the majority are about the oil. Among these, 

Source: IDAM (2020).

Figure 3. Map of andiroba-producing regions developed based on data from the Institute for Sustainable Agricultural and Forestry Develop-
ment of the State of Amazonas (IDAM).
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only four studies with by-products were referenced, with the 
objectives of developing activated carbon, larvicides, and lipase 
production (Figure 4 and Table 2). Thus, verifying that there is 
a need for a diversity of registered technological applications to 
address this need for communities in the interior of Amazonas.

Few ways of processing this by-product are presented to 
society. New forms of application are necessary, bringing im-
portant results that involve the state of Amazonas, and are 
extremely important to meet the difficulties of rural producers. 
In Table 2, it is possible to observe the descriptions of the few 
applications found.

4.3 Socioeconomic importance

Regarding the oleochemical industry, in the case of oilseeds, 
it is important to consider market aspects not only for the oil, as 
demonstrated in CGEE (2010), but also for defatted bran. Just 
like soy, protein has great nutritional value. Still, according to 
CGEE (2010), the topics of waste utilization and biotechnolog-
ical processes in oleochemistry are at the bench research stage, 
but the results are promising and will take the experiments to 
the pilot phase, as in the case of the unconventional oleaginous 

raw material andiroba, which will add the generation of in-
come and employment in local communities in the Amazon 
region. Biomasses have promising potential to meet global needs 
for renewable sources; these sustainable resources generate 
economic development together with an ecologically correct 
environment (Sarangi et al., 2020). Consequently, a good bio-
economic perspective can reduce environmental pollution and 
also facilitate the application of the circular bioeconomy, having 
immeasurable results for future generations (Mohanty et  al., 
2022). To this end, perspectives on the concept of biorefinery 
have been developed.

4.4 Integrated biorefinery approach

The biorefinery concept presupposes the separation of 
traditional areas and seeks to build integrated systems for the 
production of chemical compounds, food, and energy, obtaining 
maximum use of biomass (CGEE, 2010). The performances of 
the bioprocesses addressed in biorefineries are crucial strategies 
to make the work carried out with the by-products covered in 
this review economically viable, closing the cycle of the circular 
economy (Awasthi et al., 2022). Brazil is in a privileged position 

Figure 4. Use of andiroba by-products in different sectors.

Table 2. Production of compounds/bioproducts from andiroba waste.
Application Description References

Activated carbon

Andiroba bark was used as renewable biomass for the production of porous 
activated carbon as a CO adsorbent. The effect of activation times (1 h, 5 h, 
and 10 h) at 880°C on the physical characteristics of activated carbons was 

investigated. Another work was also on the removal of Fe and Mn ions from 
groundwater using activated carbon obtained from andiroba residue.

(Serafin et al., 2022;  Thomaz 
et al., 2023).

Larvicides against Aedes aegypti Andiroba seed hull extract in hexane, ethyl acetate, and dichloromethane had a 
significant residual larvicidal effect observed—100% on Day 6 at 250 μg/mL. (Correa de Oliveira et al., 2022)

Lipase production Production of lipases from oil extraction cake by solid-state fermentation using 
Aspergillus ibericus. (Oliveira et al., 2017)

Fermentable sugars
The production of fermentable sugars from andiroba bark with alkaline pre-

treatment. The highest concentration of reducing sugars was obtained at a reaction 
time of 100 min, NaOH concentration of 4% (w/v), and temperature of 120°C.

(Souza et al., 2020)
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enough to take the lead in the full use of biomass, as it is one 
of the planet’s main potentials for renewable raw materials due 
to the great availability of large-scale crops, with emphasis on 
the sugarcane industry, by intense sun, radiation, abundance 
of water, and climate diversification (Pereira Jr. et  al., 2008). 
Within a promising technology proposal for reusing waste from 
the production of açaí drinks and waste from the extraction of 
andiroba oil, as follows: The production of organic acids.

5 FINAL CONSIDERATIONS
This review addressed the use of açaí and andiroba by-prod-

ucts, where published data on these by-products are few. Most 
publications refer to açaí residue. In relation to the andiroba 
by-product, there are few applications studied, highlighting 
the importance of studying the destination to be given to waste, 
since they represent a material rich in value-added compounds 
and different applications for different sectors. Within the alter-
natives presented, the use of these residues builds an essential 
pillar, providing alternatives for industrial application for the 
residual biomass of these agro-industry products, contributing 
to the environmental conservation of the Amazon. This is a 
new challenge, to strengthen the bioeconomy that is based on 
the sustainable use of natural resources, reducing dependence 
on destructive economic activities, such as deforestation. By 
using these resources responsibly, we contribute to promoting 
sustainability, preserving the Amazon ecosystem, and reducing 
greenhouse gas emissions.

ACKNOWLEDGMENTS
The authors would like to thank the Amazon Biobusiness 

Center—CBA, FAPEAM, Universidade Federal do Amazon—
UFAM, and Universidade Federal do Rio de Janeiro—UFRJ.

REFERENCES
Araujo, D. D. M., Bordinhon, A. M., Fujimoto, R. Y., Da Silva, W. M., Da 

Silva, D. R., & Da Silva, J. (2020). Digestibilidade de farinhas de copro-
dutos de abacaxi, manga e maracujá pelo tambaqui (Colossoma mac-
ropomum). Holos, 5, 1-10. https://doi.org/10.15628/holos.2020.9380

Awasthi, M. K., Sindhu, R., Sirohi, R., Kumar, V., Ahluwalia, V., Binod, 
P., Juneja, A., Kumar, D., Yan, B., Sarsaiya, S., Zhang, Z., Pandey, A., 
& Taherzadeh, M. J. (2022). Agricultural waste biorefinery devel-
opment towards circular bioeconomy. Renewable and Sustainable 
Energy Reviews, 158. https://doi.org/10.1016/j.rser.2022.112122

Barbosa, J. R., & Carvalho Junior, R. N. (2022). Food sustainability trends 
- How to value the açaí production chain for the development of food 
inputs from its main bioactive ingredients? Trends in Food Science & 
Technology, 124, 86-95. https://doi.org/10.1016/J.TIFS.2022.04.005

Barros, S. de S., Oliveira, E. da S., Pessoa Jr, W. A. G., Rosas, A. L. G., 
Freitas, A. E. M. de, Lira, M. S. de F., Calderaro, F. L., Saron, C., & 
Freitas, F. A. (2021). Sementes de açaí (Euterpe precatoria Mart.) 
como uma nova fonte alternativa de celulose: Extração e caracter-
ização. Research, Society and Development, 10(7), e31110716661. 
https://doi.org/10.33448/rsd-v10i7.16661

Brito, A. D., Coelho, R. de F. R., & Rosal, L. F. (2020). Os extrativistas de 
andiroba em projetos de assentamentos agroextrativistas (PAEX) 
da várzea de Igarapé-Miri, Pará, Brasil. Revista Agroecossistemas, 
11(2), 82. https://doi.org/10.18542/ragros.v11i2.7303

Cantu-Jungles, T. M., Iacomini, M., Cipriani, T. R., & Cordeiro, L. M. 
C. (2017). Isolation and characterization of a xylan with industrial 
and biomedical applications from edible açaí berries (Euterpe oler-
aceae). Food Chemistry, 221, 1595-1597. https://doi.org/10.1016/J.
FOODCHEM.2016.10.133

Carvalho, A. V., De Andrade Mattietto, R., & Beckman, J. C. (2017). 
Estudo da estabilidade de polpas de frutas tropicais mistas con-
geladas utilizadas na formulação de bebidas. Brazilian Journal 
of Food Technology, 20. https://doi.org/10.1590/1981-6723.2316

Carvalho, S. B. de A., Carvalho, C. C., Sirqueira, B. P. C., Silva, R. 
de A., Nylander, B. V. R., & Barros, C. A. V. de. (2019). Estudo 
em bases de patentes sobre a andiroba e suas propriedades an-
ti-inflamatórias. Pará Research Medical Journal, 3(2). https://doi.
org/10.4322/prmj.2019.019

Centro de Gestão e Estudos Estratégicos (CGEE) (2010). Química verde 
no Brasil: 2010-2030. CGEE.

Companhia Nacional de Abastecimento (Conab) (2019). Análise Men-
sal CONAB. CONAB.

Correa, B. A., Parreira, M. C., Martins, J. D. S., Ribeiro, R. C., & Da Silva, 
E. M. (2019). Reaproveitamento de resíduos orgânicos regionais 
agroindustriais da amazônia tocantina como substratos alternativos 
na produção de mudas de alface. Revista Brasileira de Agropecuária 
Sustentável, 9(1). https://doi.org/10.21206/rbas.v9i1.7970

Correa de Oliveira, P. M., Barreto Sousa, J. P., Albernaz, L. C., Coel-
ho-Ferreira, M., & Salmen Espindola, L. (2022). Bioprospection 
for new larvicides against Aedes aegypti based on ethnoknowl-
edge from the Amazonian São Sebastião de Marinaú riverside 
community. Journal of Ethnopharmacology, 293, 115284. https://
doi.org/10.1016/J.JEP.2022.115284

Costa, T. V., Santos, M. L., Silva, L. T. S., & Chaves, M. A. (2020). Estudos 
prévios para o encapsulamento de compostos usando açaí, whey 
protein e carragena. In A. M. S. Nascimento, I. B. de Souza & R. R. 
dos Santos (Eds.), Ciência, tecnologia e inovação: do campo à mesa 
(pp. 586-603). Instituto Internacional Despertando Vocações. 
https://doi.org/10.31692/978-65-88970-00-3.v.2.586-603

Da Costa Castro, C. D. P., Dias, C. G. B. T., & De Assis Fonseca Faria, J. 
(2010). Production and evaluation of recycled polymers from açaí 
fibers. Materials Research, 13(2), 159-163. https://doi.org/10.1590/
s1516-14392010000200007

Da Silva, D. L., De Araújo, M. E. L., & Lameira, C. N. (2021). Controle 
de qualidade do vinho de açaí, comercializado nos municipios de 
Belém. https://doi.org/10.51161/rems/735

Da Silva, E. P., Siqueira, H. H., Damiani, C., & Vilas Boas, E. V. de B. 
(2016). Effect of adding flours from marolo fruit (Annona crassiflora 
Mart) and jerivá fruit (Syagrus romanzoffiana Cham Glassm) on the 
physicals and sensory characteristics of food bars. Food Science and 
Technology, 36(1), 140-144. https://doi.org/10.1590/1678-457X.0074

De Azevedo, A. R. G., Marvila, M. T., Tayeh, B. A., Cecchin, D., Pereira, A. 
C., & Monteiro, S. N. (2021). Technological performance of açaí nat-
ural fibre reinforced cement-based mortars. Journal of Building En-
gineering, 33, 101675. https://doi.org/10.1016/J.JOBE.2020.101675

De Las Casas, C. A. (2019). El bioma amazónico y el Acuerdo de París: 
cooperación y gobernanza. Revista de Estudios Brasileños, 6(11), 
155. https://doi.org/10.14201/reb2019611155167

De Lima Mesquita, A., Barrero, N. G., Fiorelli, J., Christoforo, A. L., 
De Faria, L. J. G., & Lahr, F. A. R. (2018). Eco-particleboard man-
ufactured from chemically treated fibrous vascular tissue of acai 
(Euterpe oleracea Mart.) Fruit: A new alternative for the particle-
board industry with its potential application in civil construction 
and furniture. Industrial Crops and Products, 112, 644-651. https://
doi.org/10.1016/J.INDCROP.2017.12.074

https://doi.org/10.15628/holos.2020.9380
https://doi.org/10.1016/j.rser.2022.112122
https://doi.org/10.1016/J.TIFS.2022.04.005
https://doi.org/10.33448/rsd-v10i7.16661
https://doi.org/10.18542/ragros.v11i2.7303
https://doi.org/10.1016/J.FOODCHEM.2016.10.133
https://doi.org/10.1016/J.FOODCHEM.2016.10.133
https://doi.org/10.1590/1981-6723.2316
https://doi.org/10.4322/prmj.2019.019
https://doi.org/10.4322/prmj.2019.019
https://doi.org/10.21206/rbas.v9i1.7970
https://doi.org/10.1016/J.JEP.2022.115284
https://doi.org/10.1016/J.JEP.2022.115284
https://doi.org/10.31692/978-65-88970-00-3.v.2.586-603
https://doi.org/10.1590/s1516-14392010000200007
https://doi.org/10.1590/s1516-14392010000200007
https://doi.org/10.51161/rems/735
https://doi.org/10.1590/1678-457X.0074
https://doi.org/10.1016/J.JOBE.2020.101675
https://doi.org/10.14201/reb2019611155167
https://doi.org/10.1016/J.INDCROP.2017.12.074
https://doi.org/10.1016/J.INDCROP.2017.12.074


Food Sci. Technol, Campinas, 44, e00352, 20248

Use of waste from the processing of oilseeds

De S. Barros, S., Pessoa Junior, W. A. G., Sá, I. S. C., Takeno, M. L., 
Nobre, F. X., Pinheiro, W., Manzato, L., Iglauer, S., & de Freitas, 
F. A. (2020). Pineapple (Ananás comosus) leaves ash as a solid 
base catalyst for biodiesel synthesis. Bioresource Technology, 312, 
123569. https://doi.org/10.1016/j.biortech.2020.123569

Dos Santos, K. I. P., Benjamim, J. K. F., da Costa, K. A. D., dos Reis, A. 
S., de Souza Pinheiro, W. B., & Santos, A. S. (2021). Metabolomics 
techniques applied in the investigation of phenolic acids from the 
agro-industrial by-product of Carapa guianensis Aubl. Arabian 
Journal of Chemistry, 14(11), 103421. https://doi.org/10.1016/J.
ARABJC.2021.103421

Ferreira Monteiro, A., Santos Miguez, I., Pedro, J., Barros Silva, R., 
Sant’, A., & Da Silva, A. (2019). High concentration and yield 
production of mannose from açaí (Euterpe oleracea Mart.) seeds 
via mannanase-catalyzed hydrolysis. Scientific Reports, 9, 10939. 
https://doi.org/10.1038/s41598-019-47401-3

Hu, X., Shi, Y., Zhang, P., Miao, M., Zhang, T., & Jiang, B. (2016). d-Man-
nose: Properties, Production, and Applications: An Overview. 
Comprehensive Reviews in Food Science and Food Safety, 15(4), 
773-785. https://doi.org/10.1111/1541-4337.12211

Instituto Brasileiro de Geografia e Estatística (IBGE) (2022). Pro-
dução de Açaí (cultivo). Instituto Brasileiro de Geografia e Es-
tatística. Retrieved from https://www.ibge.gov.br/explica/
producao-agropecuaria/acai-cultivo/am

Institute for Sustainable Agricultural and Forestry Development of 
the State of Amazonas (IDAM). (2020). Relatório de Atividades 
2020: RAIDAM. IDAM.

Jorge, F. T. A. (2020). Viabilidade técnica e econômica de biorrefinaria 
de sementes de açaí: Produção de manose. Universidade Federal 
do Rio de Janeiro.

Ketnawa, S., Reginio, F. C., Thuengtung, S., & Ogawa, Y. (2022). Chang-
es in bioactive compounds and antioxidant activity of plant-based 
foods by gastrointestinal digestion: a review. Critical Reviews in 
Food Science and Nutrition, 62(17), 4684-4705. https://doi.org/1
0.1080/10408398.2021.1878100

Linan, L. Z., Cidreira, A. C. M., da Rocha, C. Q., de Menezes, F. F., 
Rocha, G. J. M., & Paiva, A. E. M. (2021). Utilization of acai berry 
residual biomass for extraction of lignocellulosic byproducts. 
Journal of Bioresources and Bioproducts, 6(4), 323-337. https://
doi.org/10.1016/J.JOBAB.2021.04.007

Lira, G. B., Lopes, A. S. da C., Nascimento, F. C. de A., Conceição, G. 
dos S., Brasil, D. do S. B. (2021). Processos de extração e usos 
industriais dos óleos de andiroba e açaí: uma revisão. Research, 
Society and Development, 10(12), e229101220227. https://doi.
org/10.33448/rsd-v10i12.20227

Madeira di Beneditto, A. P., & Siciliano, S. (2021). Itens alimentares, 
parasitas e plásticos: Notas sobre o conteúdo estomacal de aves 
marinhas no Rio de Janeiro. Brazilian Journal of Development, 7, 
73015-73024. https://doi.org/10.34117/bjdv7n7-465

Maia, M. N. dos S., Ramos, G. D. M., Ramos, G. D. M., Antunes, V. de 
C., & Antunes, V. de C. (2022). Uso de coprodutos agroindustriais 
na fabricação de biscoitos. Brazilian Journal of Development, 8(1), 
1738-1747. https://doi.org/10.34117/bjdv8n1-109

Mares, E. K. L., Gonçalves, M. A., da Luz, P. T. S., da Rocha Filho, G. 
N., Zamian, J. R., & da Conceição, L. R. V. (2021). Acai seed ash 
as a novel basic heterogeneous catalyst for biodiesel synthesis: Op-
timization of the biodiesel production process. Fuel, 299, 120887. 
https://doi.org/10.1016/j.fuel.2021.120887

Matte, W. D., Silva, H. M. da, & Zeferino, C. P. (2021). Subprodutos da 
mandioca como alimento alternativo para frangos de corte. Pubvet, 
15(8), 1-11. https://doi.org/10.31533/pubvet.v15n08a895.1-11

Melo, K. M., Oliveira, L. F. S., da Rocha, R. M., Ferreira, M. A. P., Fas-
cineli, M. L., Milhomem-Paixão, S. S. R., Grisolia, C. K., Santos, A. 
S., Salgado, H. L. C., Muehlmann, L. A., Azevedo, R. B., Pieczarka, 
J. C., & Nagamachi, C. Y. (2021). Andiroba oil and nanoemulsion 
(Carapa guianensis Aublet) reduce lesion severity caused by the 
antineoplastic agent doxorubicin in mice. Biomedicine and Phar-
macotherapy, 138. https://doi.org/10.1016/j.biopha.2021.111505

Mendonça, A. P., Almeida, F. de A. C., Oliveira, A. dos S., Rosa, J. C., Araújo, 
M. E. R., & Sampaio, P. de T. B. (2020). Extração de óleo de andiroba 
por prensa: rendimento e qualidade de óleo de sementes submetidas 
a diferentes teores de água e temperaturas de secagem. Scientia Fore-
stalis, 48(125). https://doi.org/10.18671/scifor.v48n125.09

Mohanty, A., Mankoti, M., Rout, P. R., Meena, S. S., Dewan, S., Kalia, 
B., Varjani, S., Wong, J. W. C., & Banu, J. R. (2022). Sustainable 
utilization of food waste for bioenergy production: A step towards 
circular bioeconomy. International Journal of Food Microbiology, 
365. https://doi.org/10.1016/j.ijfoodmicro.2022.109538

Nascimento, G. O., Souza, D. P., Santos, A. S., Batista, J. F., Rathinasa-
bapathi, B., Gagliardi, P. R., & Gonçalves, J. F. C. (2019). Lipidomic 
profiles from seed oil of Carapa guianensis Aubl. and Carapa 
vasquezii Kenfack and implications for the control of phytopatho-
genic fungi. Industrial Crops and Products, 129, 67-73. https://doi.
org/10.1016/j.indcrop.2018.11.069

Nieto, G., Fernández-lópez, J., Pérez-álvarez, J. A., Peñalver, R., Ros, G., 
& Viuda-martos, M. (2021). Valorization of citrus co-products: Re-
covery of bioactive compounds and application in meat and meat 
products. Plants, 10(6), 1069. https://doi.org/10.3390/plants10061069

Of, B., Composition, L., Fuel, F. O. R., Production, E., Context, T. H. 
E., & Biorefinery, O. F. (2008). Series on biotechnology (Vol. 2).

Oliveira, A. C. de, Aguilar-Galvez, A., Campos, D., & Rogez, H. (2019). 
Absorption of polycyclic aromatic hydrocarbons onto depolym-
erized lignocellulosic wastes by Streptomyces viridosporus T7A. 
Biotechnology Research and Innovation, 3(1), 131-143. https://doi.
org/10.1016/J.BIORI.2019.04.002

Oliveira, F., Souza, C. E., Peclat, V. R. O. L., Salgado, J. M., Ribeiro, B. 
D., Coelho, M. A. Z., Venâncio, A., & Belo, I. (2017). Optimization 
of lipase production by Aspergillus ibericus from oil cakes and its 
application in esterification reactions. Food and Bioproducts Pro-
cessing, 102, 268-277. https://doi.org/10.1016/J.FBP.2017.01.007

Oliveira, M. A. M. L. de, Silva, C. F. de O., Fraga, E. G., & Sousa, L. A. 
(2021). Logística reversa de celulares na região do Alto Tietê um 
estudo de caso na cidade de Arujá-SP. Científica Digital. https://
doi.org/10.37885/210303926

Pereira, E., Ferreira, M. C., Sampaio, K. A., Grimaldi, R., Meirelles, A. 
J. de A., & Maximo, G. J. (2019). Physical properties of Amazo-
nian fats and oils and their blends. Food Chemistry, 278, 208-215. 
https://doi.org/10.1016/J.FOODCHEM.2018.11.016

Pereira Jr., N., Couto, M. A. P. G., & Anna, L. M. M. S. (2008). Biomass 
of lignocellulosic composition for fuel ethanol production within the 
context of biorefinery. Amiga Digital UFRJ.

Pessôa, T. S., Lima Ferreira, L. E. de, da Silva, M. P., Pereira Neto, L. M., 
Nascimento, B. F. do, Fraga, T. J. M., Jaguaribe, E. F., Cavalcanti, 
J. V., & da Motta Sobrinho, M. A. (2019). Açaí waste beneficing 
by gasification process and its employment in the treatment of 
synthetic and raw textile wastewater. Journal of Cleaner Production, 
240. https://doi.org/10.1016/j.jclepro.2019.118047

Sarangi, P. K., Nanda, S., & Vo, D. V. N. (2020). Technological ad-
vancements in the production and application of biomethanol. In: 
Nanda, S., N. Vo, DV., & Sarangi, P. (Eds.), Biorefinery of Alterna-
tive Resources: Targeting Green Fuels and Platform Chemicals (p. 
127-139). Springer. https://doi.org/10.1007/978-981-15-1804-1_6

https://doi.org/10.1016/j.biortech.2020.123569
https://doi.org/10.1016/J.ARABJC.2021.103421
https://doi.org/10.1016/J.ARABJC.2021.103421
https://doi.org/10.1038/s41598-019-47401-3
https://doi.org/10.1111/1541-4337.12211
https://www.ibge.gov.br/explica/producao-agropecuaria/acai-cultivo/am
https://www.ibge.gov.br/explica/producao-agropecuaria/acai-cultivo/am
https://doi.org/10.1080/10408398.2021.1878100
https://doi.org/10.1080/10408398.2021.1878100
https://doi.org/10.1016/J.JOBAB.2021.04.007
https://doi.org/10.1016/J.JOBAB.2021.04.007
https://doi.org/10.33448/rsd-v10i12.20227
https://doi.org/10.33448/rsd-v10i12.20227
https://doi.org/10.34117/bjdv7n7-465
https://doi.org/10.34117/bjdv8n1-109
https://doi.org/10.1016/j.fuel.2021.120887
https://doi.org/10.31533/pubvet.v15n08a895.1-11
https://doi.org/10.1016/j.biopha.2021.111505
https://doi.org/10.18671/scifor.v48n125.09
https://doi.org/10.1016/j.ijfoodmicro.2022.109538
https://doi.org/10.1016/j.indcrop.2018.11.069
https://doi.org/10.1016/j.indcrop.2018.11.069
https://doi.org/10.3390/plants10061069
https://doi.org/10.1016/J.BIORI.2019.04.002
https://doi.org/10.1016/J.BIORI.2019.04.002
https://doi.org/10.1016/J.FBP.2017.01.007
https://doi.org/10.37885/210303926
https://doi.org/10.37885/210303926
https://doi.org/10.1016/J.FOODCHEM.2018.11.016
https://doi.org/10.1016/j.jclepro.2019.118047
https://doi.org/10.1007/978-981-15-1804-1_6


Food Sci. Technol, Campinas, 44, e00352, 2024 9

HERMINO et al.

Sato, M. K., de Lima, H. V., Costa, A. N., Rodrigues, S., Pedroso, A. J. S., 
& de Freitas Maia, C. M. B. (2019). Biochar from Acai agroindustry 
waste: Study of pyrolysis conditions. Waste Management, 96, 158-
167. https://doi.org/10.1016/J.WASMAN.2019.07.022

Serafin, J., Ouzzine, M., Cruz, O. F., Sreńscek-Nazzal, J., Campello 
Gómez, I., Azar, F. Z., Rey Mafull, C. A., Hotza, D., & Ram-
bo, C. R. (2021). Conversion of fruit waste-derived biomass to 
highly microporous activated carbon for enhanced CO2 cap-
ture. Waste Management, 136, 273-282. https://doi.org/10.1016/j.
wasman.2021.10.025

Serafin, J., Ouzzine, M., Xing, C., El Ouahabi, H., Kaminska, A., & 
Srenscek-Nazzal, J. (2022). Activated carbons from the Amazonian 
biomass andiroba shells applied as a CO2 adsorbent and a cheap 
semiconductor material. Journal of CO2 Utilization, 62, 102071. 
https://doi.org/10.1016/J.JCOU.2022.102071

Siqueira, A. D., & Brondizio, E. S. (2011). Local food preference 
and global markets. Perspectives on açai fruit as terroir and a 
Geographic Indicator product. Appetite, 56(2), 544. https://doi.
org/10.1016/J.APPET.2010.11.261

Sousa, R. S. de, Novais, T. S., Batista, F. O., & Zuñiga, A. D. G. (2020). 
Análise sensorial de cookie desenvolvidos com farinha da casca de 
abacaxi (Ananas comosus (L.) Merril). Research, Society and Devel-
opment, 9(4), e45942816. https://doi.org/10.33448/rsd-v9i4.2816

Souza, L. do S. S., Pereira, A. M., Farias, M. A. dos S., Oliveira, R. L. 
e., Duvoisin, S., & Quaresma, J. N. N. (2020). Valorization of 

andiroba (Carapa guianensis aubl.) residues through optimization 
of alkaline pretreatment to obtain fermentable sugars. BioResourc-
es, 15(1), 894-909. https://doi.org/10.15376/biores.15.1.894-909

Thomaz, K. T. C., Queiroz, L. S., Faial, K. C. F., Zamian, J. R., Na-
scimento, L. A. S., Rocha Filho, G. N., Souza, L. K. C., & Costa, 
C. E. F. (2023). Removal of Fe and Mn ions from groundwater 
using activated carbon obtained from waste products of Brazil 
nut and andiroba cultivation in the Amazon region. Sustainable 
Materials and Technologies, 38, e00737. https://doi.org/10.1016/j.
susmat.2023.e00737

Wallace, T. C., Bailey, R. L., Blumberg, J. B., Burton-Freeman, B., Chen, 
C. y. O., Crowe-White, K. M., Drewnowski, A., Hooshmand, S., 
Johnson, E., Lewis, R., Murray, R., Shapses, S. A., & Wang, D. D. 
(2020). Fruits, vegetables, and health: A comprehensive narrative, 
umbrella review of the science and recommendations for enhanced 
public policy to improve intake. Critical Reviews in Food Science 
and Nutrition, 60(13), 2174-2211. https://doi.org/10.1080/10408
398.2019.1632258

Wang, P., Zheng, Y., Li, Y., Shen, J., Dan, M., & Wang, D. (2022). Recent 
advances in biotransformation, extraction and green production 
of D-mannose. Current Research in Food Science, 5, 49-56. https://
doi.org/10.1016/J.CRFS.2021.12.002

Zhang, T., Pan, Z., Qian, C., & Chen, X. (2009). Isolation and purification 
of d-mannose from palm kernel. Carbohydrate Research, 344(13), 
1687-1689. https://doi.org/10.1016/J.CARRES.2009.06.018

https://doi.org/10.1016/J.WASMAN.2019.07.022
https://doi.org/10.1016/j.wasman.2021.10.025
https://doi.org/10.1016/j.wasman.2021.10.025
https://doi.org/10.1016/J.JCOU.2022.102071
https://doi.org/10.1016/J.APPET.2010.11.261
https://doi.org/10.1016/J.APPET.2010.11.261
https://doi.org/10.33448/rsd-v9i4.2816
https://doi.org/10.15376/biores.15.1.894-909
https://doi.org/10.1016/j.susmat.2023.e00737
https://doi.org/10.1016/j.susmat.2023.e00737
https://doi.org/10.1080/10408398.2019.1632258
https://doi.org/10.1080/10408398.2019.1632258
https://doi.org/10.1016/J.CRFS.2021.12.002
https://doi.org/10.1016/J.CRFS.2021.12.002
https://doi.org/10.1016/J.CARRES.2009.06.018

