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Abstract

Biomasses from agro-industrial practices in the Amazon have generated significant inputs
in the last decade for the development of projects and the extension of more sustainable
production chains, based on the results of research on both laboratory and pilot scales, and
from the rapid expansion in industrial scaling. The rise in the use of biomass includes
the use of raw materials from so-called superfruits, notable examples of which include
acai (Euterpe oleracea Mart.), Brazil nut (Bertholletia excelsa HBK), pupunha (Bactris gasipaes
Kunth), tucuma (Astrocaryum aculeatum) and buriti (Mauritia flexuosa). All of these are of
great importance to the trade balance of the Amazon region, contributing significantly to
the import of products and by-products from Brazil. In view of the above, this research
aims to present the nutritional, functional and technological properties of these biomasses
as a contribution to industrial innovation in the use of isolated constituents in various
segments of the food, pharmaceutical, dermocosmetic and packaging industries. The data
show that research into the protein, fibrous and starch-based biopolymers contained in
these biomasses has been guided and deepened, with an emphasis on investigations in
isolation and on applications of bioactive compounds and starches and fibers in the devel-
opment of films and packaging with good resistance properties and high environmental
biodegradability, these being economically viable as food coatings, acting in synergy with
the application of technologies and the increase in the sustainable circular bioeconomy in
the Amazon, combining techno-economic and environmental development in the most
diverse industrial sectors.

Keywords: biomass; Amazon; sustainability

1. Introduction

Global strategies for sustainable development, as outlined in Agenda 2030, provide
guidelines addressing the challenges of global growth, climate change, socioeconomic
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equity, food security, poverty eradication, and the relationship between economic de-
velopment and environmental sustainability, based on the bioeconomy and the use of
green technologies as strategies to reduce the impact of increasing industrialization on the
environment [1,2].

In this sense, Brazil is recognized as one of the main countries in rapid agro-industrial
expansion, being one of the largest producers and importers of food in the world. Its unique
trajectory of agricultural development brings with it a directly proportional increase in the
generation of agro-industrial waste (biomass) resulting from the application of increasingly
advanced technologies in food processing. In the industrial sector, this creates a tension
between the need for economic development and for environmental, social, and economic
sustainability in waste management [1,3].

One of the regions of Brazil with the greatest potential is the Amazon, recognized as
the largest tropical rainforest in the world, with native vegetation occupying 78.2% of its
total area and boasting a vast diversity of native and exotic fauna and flora. This breadth
of biodiversity encompasses an average of 15,000 tree species, of which 2956 are endemic,
offering potential biomass sources with a range of promising applications in different
industrial segments [4,5].

Biomass production in the Amazon region averages 174 tons per hectare, reaching
peaks of up to 518 tons per hectare in preserved areas. This generates a stratified economic
potential in direct production as well as environmental benefits with a value of approx-
imately R $12 billion annually, with projections for sustainable products suggesting an
increase in a range between R $38.5 billion and R $40 billion [4,5].

Symbiosis between these aspects is possible in many sectors, with implementation
of agro-industrial techniques that extend production chains, along with a differentiated
approach to millions of tons of waste with minimal or zero value but which can form the
basis for processing of secondary plant raw materials (by-products and waste without
a defined market), thus promoting extension of the food production chain in a more
sustainable way [2,6].

The incorporation of “new raw materials” applicable to the design of new products
with diverse industrial applications is a highlight in the production scales of cyclical chains.
The inclusion of new items in the production cycle can be observed in the development
of biodegradable packaging and films, protein isolates and concentrates, natural dyes,
antimicrobial extracts, essential oils, fibrous components and others. These items are
applicable in various industrial segments, including food, chemicals, pharmaceuticals,
dermocosmetics, nutraceuticals, biorefineries, and biofuels, promoting synergy with the
concept of a circular bioeconomy [2,3,6].

The definition of bioeconomy is constantly expanding, based on the three pillars
of biotechnology, bioresources, and bioecology. These are the foundations for the most
harmonious possible existence of economic development and environmentally sustainable
production. This research focuses on a brief discussion of the possibilities of applying
biomass from examples of Amazonian fruit biodiversity as a tool for enhancing production
chains and a sustainable circular bioeconomy. Such biomass is applicable to the produc-
tion of products with reduced environmental impact, based on the principles of the new
Brazilian reverse logistics legislation [7].

2. Legal Framework: Reverse Logistics

The legal framework addressing pollution in the Amazon has been strengthened by
Brazil’s regulation of a reverse logistics system for plastic packaging. This system sets
legally binding reduction and recycling targets and deadlines beginning in 2026, requiring
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mandatory collection and recycling of at least 32% of all single-use plastic packaging and
materials, with targets scaling to over 50% by 2040.

In this regard, incentives promote the use of recycled content in new plastics, man-
dating a minimum recycled material share of 22% in 2026, increasing to 40% by 2040 [7].
The initiative also defines additional objectives with significant socio-environmental and
economic implications; these include the following:

e  Improve infrastructure with logistical enhancements for the collection of plastic packaging;

e Improve the link between recycling production chains and packaging producers;

e Encourage the use of materials with a lower environmental impact in packag-
ing production;

e  Enhance ecodesign with the production of reusable, recyclable, and returnable packaging;

e  Encourage the market to replace fossil-based packaging with packaging produced
from recycled materials;

e  Strengthen joint action between cooperatives and associations of recyclable material
collectors, intensifying improvements in working conditions and infrastructure;

e  Promote and encourage production models with growth in the supply chain within
the circular bioeconomy.

A sustainable circular bioeconomy is a fundamental strategic tool for addressing the
challenges that arise in the pursuit of promoting synergy between development and the
economy with minimal environmental impacts, while at the same time mitigating food
insecurity and strengthening the transition to more sustainable economies, in line with the
United Nations Sustainable Development Goals (SDGs), through the implementation of
practical actions that combine sustainability and technological innovation, with the aim of
reducing the need for fossil fuels while promoting an increase in resources from renewable
natural sources that promote sustainability and strengthen the circular bioeconomy.

In line with global environmental regulations, there is an urgent need to develop new
stages in the production chain, such as the application of waste and/or biomass as a base
raw material for the development of new “second-generation” products with high added
value. This can increase expansion in bioeconomic segments while promoting greater
sustainability, adding more value to other constituents that were previously discarded as
waste or as generated environmental contaminants [2,3,6].

These practices have been paramount in generating new raw materials applicable
to new product designs or eco-designs, particularly in sectors such as food, chemicals,
pharmaceuticals, dermocosmetics, nutraceuticals, biorefineries, and biofuels, amongst
others. Figure 1 summarizes aspects of the use of Amazon biomass related to the circu-
lar bioeconomy.

In observing the circular bioeconomy cycle based on extending the product chain, the
application of by-products in favor of more sustainable industrial development is being
driven by research and practices on a national and international scale. Given the vast
biodiversity of the Amazon, the potential for industrial scaling should be better explored,
with studies and initiatives to date having been quite fragmented.

In this context, exploring an extension of the production chain based on biomass from
Amazonian fruits is a promising strategy. This approach not only optimizes sustainable
management and economic gains but also mitigates environmental damage by reducing
dependence on non-renewable resources, additionally combating food insecurity [1,5,6].
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Figure 1. Aspects of the use of biomass related to the circular economy. Source: Authors (2025).

Among the raw materials with high potential for this application, species with signifi-
cant protein content stand out; these include Brazil nut (Bertholetia excelsa HBK), sapucaia
(Lecythis pisonis), and andiroba (Carapa guianensis Aublet). These resources are fundamental
to producing concentrations and isolations in the food and nutraceutical industries, in
addition to enabling the production of biodegradable functional films [6,8]. Table 1 presents
additional examples of biomasses rich in cellulose, fibers, and bioactive compounds with
antioxidant and anti-inflammatory properties.

Table 1. Potential applications of agro-industrial biomass from prominent species in Amazonian

fruit farming.

Raw Material Products/Byproducts Releva‘n‘t Potential Application References
Composition
Anthocvanins Functional compounds,
Acai Oils, fibers, residual . Y ’ nanostructured films,
(Euterpe oleracea) cake, pulps lignocellulose, biocomposite [o-11]
P +pulp cellulose nanofibrils . p
reinforcement
. . . . Bioactive compounds,
Andupba . Residual cake, pulps Oils, prote1n§, fibers, films with antimicrobial [6,12]
(Carapa guianensis) phenolics :
capacity
Fibers, residual oil Functional compounds,
Babassu Mesocarp flour, (high in Omega-3 anti-inflammatories [4,10]
(Attalea speciosa) coconut fibers and Omega-6), antioxidants, !
lignocellulose biodegradable film
.. Oils, fibers, proteins, Functional compounds,
Buriti . : .. .
.. Mesocarp flour, bioactive anti-inflammatories,
(Mauritia Flexuosa . .. . [8,13]
Lf) coconut fibers compounds, antioxidants, active films,
- carotenoids antioxidants
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Table 1. Cont.

Raw Material

Products/Byproducts

Relevant
Composition

Potential Application

References

Brazil nut

Residual cake with

Oils, proteins,
lignocellulose fibers,

Products with high
protein content, active

(Bertholetia excelsa high protein and residual oil (high in packaging, biomaterials, [8,14,15]
HBK) fiber content Omega-3 and biocomposite
Omega-6), functional . P
compounds reinforcement
Functional compounds,
Cupuagu . . anti-inflammatories
Pulps, seeds, Fibers, proteins, L. L. !
Theol?roma almonds bioactive compounds prebiotic antioxidants, [16,17]
grandiflorum fermented cupulate,
active films, antioxidants
L Functional compounds,
Guarana Pulps, seeds Bioactive anti-inflammatories
. ! ’ compounds, fibers, L. ’ [18,19]
(Paullinia cupana) almonds cellulose antioxidants,
pharmaceutical products
Compounds,
Peach palm (Bactris Fibers, mesocarp Qils, fibers, cellulose, ant1;rlr1fi1§)£ri1£i’iznes,
P flour, pulps, seeds, lignin, bioactive . - [20-22]
gasipaes Kunt) Almonds compounds biocomposite
p reinforcement,
biodegradable films
Compounds,
Pracaxi o . . anti-inflammatories
Pulps, seeds, Qils, fibers, bioactive . !
(Pentacleathra almonds compounds a'nt10x1dan.ts, [10,23]
macroloba) biocomposite
reinforcement
Oils, fibers, residual Compounds
Tucuma Pulps, seeds oil (high in Omega-3 anti-inﬂfmmato;:ies
(Astrocaryum almondsl, residlllal biozg?vggffa;?; ds antioxidants, , [8,24]
aculeatum) cake, fibers P biodegradable films,

(carotenoids and
flavonoids)

antioxidant activity

The studies presented in Table 1 exemplify academic research into raw materials with
high potential for industrial scaling, this potential deriving especially from the richness of
their by-products and biomasses. Highlights include the development of biodegradable
films from babassu [10] and peach palm [21] flours, as well as the isolation of bioactive
compounds such as carotenoids (tucuma and peach palm) and anthocyanins (agaf) which
already have consolidated applications in the pharmaceutical industry.

In addition, use of these biomasses emerges as a crucial strategy to mitigate contami-
nation by fossil-based plastics. A practical example is the Bioplastics project, based in the
Amazon and developed by World-Transforming Technologies (WTT), which converts waste
from the Brazil nut chain into commercial bioplastics. Initiatives like this align with the
projections of European Bioplastics (2025) [25], which forecasts a jump in global production
from 2.47 million tons in 2024 to 5.73 million in 2029. This growth reflects a global trend
of replacing fossil polymers with renewable and biodegradable sources, consolidating
Amazonian biomasses as strategic environmental alternatives [26].

The diversification in the use of biomass from Amazonian fruit farming, combined
with the isolation of constituents with high functional value, has driven the development of
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biocomposites for the medical and dermocosmetic industries. Furthermore, these residues
show high potential as substrates for edible fungi and for insect nutrition. Simultaneously,
there is a strong trend towards their application in the generation of biofuels and bioenergy,
consolidating them as renewable raw materials with an excellent cost-benefit ratio.

The new sources of high value-added compounds, bioactive components, and biopoly-
mers derived from biomass from the Amazonian fruit agro-industry are aligned with the
principles of the circular bioeconomy and the Sustainable Development Goals (SDGs),
with direct relevance to Goal 2 (Zero Hunger and Sustainable Agriculture), Goal 8 (Decent
Work and Economic Growth), Goal 9 (Industry, Innovation and Infrastructure), Goal 11
(Sustainable Cities and Communities), Goal 12 (Responsible Consumption and Production),
Goal 13 (Climate Action), Goal 15 (Life on Land) and Goal 17 (Partnerships for the Means
of Implementation for Sustainable Development), and indirect relevance to the other goals
aimed at strengthening the local bioeconomy and promoting sustainable practices [27].

3. Future Perspectives

Implementing the integrated actions of Agenda 2030 for Sustainable Development
requires operationalizing multiple research and technology sectors and scaling research
outcomes to industry.

One broadly applicable approach is green chemistry, founded on biodiversity, biotech-
nology, and the conversion of plant-based feedstocks into bioproducts. Also applicable
are foundations in nanotechnology, nanostructured materials, and nanocomposites, along
with the emerging use of plant-derived materials with 3D printing to produce edible
items, packaging, and biodegradable films while minimizing toxic chemical inputs. Such
strategies extend value chains by transforming residual fruit biomass into higher value-
added bioproducts.

The evolution of these technological bases using plant-based raw materials adds new
properties to new sectors by promoting the union of primary and secondary metabolic
components, increasing their functionality in the incorporation of bioactive compounds
such as anti-inflammatories, antioxidants, antimicrobials, and nutraceuticals; promoting
improved benefits in health and the environment; enhancing food preservation; and
improving the sensory attributes of packaged products.

In the Amazon region, expansion in the use of green chemistry bases, technologies,
and nanotechnologies using biomass as raw materials leads to an increase in production
chains, encouraging a sustainable bioeconomy, minimizing dependence on unsustainable
conventional raw materials, increasing and enriching the socioeconomic relations of the
region, and strengthening the foundations of a sustainable circular bioeconomy on all fronts.
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