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Abstract

Purpose: To review the ethnomedicinal applications, food value, pharmaceutical and economic
potentials of Macauba palm (Acrocomia aculeata).

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was
was used in the review. PubMed, Google Scholar, ScienceDirect, Web of Science, and SciELO were
used to identify studies published from 2010 to 2025. One hundred and twenty-seven records were
located, fifty-nine complete texts were evaluated, and forty-three studies were included in the synthesis.
Results: Macauba palm has antioxidant, antidiabetic, and antimicrobial properties, with oleic acid,
carotenoids, and tocopherols among the bioactive compounds that support its use in food and
pharmaceutical products. It offers animal feed coproducts, industrial products, such as biocomposites
and activated carbon, and high-quality oils. As a source of biofuel, its oil has the potential for biodiesel
and aviation fuels.

Conclusion: Macauba palm has significant potential to promote sustainable growth, food security,
human nutrition, health, and renewable energy. Macauba palm would transform 21st-century tropical
and subtropical agriculture and bioeconomy through strategic investment, research, and the facilitation
of policy frameworks.
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INTRODUCTION

today as one of the most promising
multifunctional crops of the 21st century [1].

Macauba palm (Acrocomia aculeata), sometimes
called acrocomia or aculeata, and also known as
macaw palm, grugru palm, was once considered
only a rough, wild plant growing in Brazil,
Colombia, Mexico, and the Caribbean. This spiny
and solitary- stemmed palm is now coming out

Hiding in the back of all the thorns of this plant is
an asset: a fruit of high-quality oil content, a seed
of protein content, leaves, fibres and shells that
sustain the cosmetic industry to the bioenergy
industry [2,3]. Macauba palm is a wonderful tree
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crop that grows in the expansive savannas and
open forests of tropical America.

It comprises several species in the genus
Acrocomia (A), including A. aculeata, A. totai, A.
intumescens, and A. crispa [1]. Among these, A.
aculeata is the most studied and commercially
valuable species due to its wide distribution
across Brazilian territory and its higher oil output.
Cultural and local economic values are still held
by other species, particularly in the Caribbean
and Central America, and mutual and individual
potential in research and use should be
understood [2].

The striking feature of macauba palm is not only
the variety of its uses, but also its longevity. This
plant is heliophytic and does not interfere with
crops. It colonises degraded pastures, can
withstand high and hot temperatures, drought,
and even wildfires [2]. It is adapted effectively to
fertile clay soils as well as marginal agricultural
lands [4,5]. It is also considered a non-
competitive crop within food production systems
due to its suitability for degraded and
underutilized lands [4]. The ecological stability of
macauba palm and its adaptability to diverse
environments highlight its relevance for climate-
sensitive agriculture [6]. In addition, its high
productivity and valuable co-products further
support its potential role in sustainable land
recovery and bioeconomic systems [7]. Macauba
palm is an ancient component of traditional life,
being used in folk medicine across the wetlands
of the flood Pantanal in its native habitat, up to
the dry Caatinga shrubland, to treat
cardiovascular diseases, respiratory diseases,
and nutritional deficiencies [8]. Such applications
are increasingly supported by emerging scientific
evidence, particularly from preclinical studies
demonstrating antioxidant, anti-inflammatory,
antidiabetic, and antimicrobial activities of its
bioactive compounds [7]. Macauba palm, with its
high monounsaturated fatty acids (palm pulp oil)
and its high medium-chain fatty acids (palm
kernel oil), is used in high-value biofuels such as
sustainable aviation fuel.

Although Latin America is the centre of macauba
palm research and cultivation, its relevance is
increasing worldwide. Suitability models suggest
a high potential for expansion into tropical Africa
and parts of Asia, where macauba palm can
serve as a sustainable alternative crop because
similar savanna and pastureland habitats exist
[6]. Countries in Central Africa, Southern Asia,
and Northern Australia have started pilot tests on
its application in energy and food systems,
indicating that the Macauba palm can become a
strategic resource for the world in the next

decades [6]. With the convergence of issues
such as climate change, food security, energy
transition, and the need for circular economies,
the macauba palm is a valuable resource in
tropical and subtropical regions [7].

Socio-economic factors of macauba palm
farming are also important. Rural employment
opportunities are generated through harvesting,
processing, and fruit collection activities, which
are often labour-intensive [8]. The fact that it will
be included in the agro-industrial system will
facilitate the association of environmental
recovery  with rural  development, the
development of alternative sources of income,
and the reduction of reliance on synthetic drugs
and fossil fuels.

In recent reviews, macauba palm has been
discussed in several ways, from its nutritional
and phytochemical characteristics [7] to its role in
the bioeconomy [8], agronomy, and oil extraction
[2-4]. The gap yet to be addressed is the
strategic placement of macauba palm as part of
the greater bioeconomy story: how the collective
action of its ethnomedicinal practices, food value,
pharmacogenic  properties, and industrial
practices can shape policies, investments, and
sustainable development. This review seeks to
present a critical, integrative synthesis of studies
on the macauba palm (Acrocomia aculeata)

regarding its ethnomedicinal uses,
pharmaceutical characteristics, nutritional and
food possibilities, biofuel feasibility, and

economic future. This review aims to determine
the purpose of the macauba palm as a
multipurpose crop within the broader framework
of climate-smart  agriculture,  sustainable
development, and the circular bioeconomy.

METHODS

This review was conducted in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020
guidelines, which ensure transparency and
consistency in reporting [9]. The literature search
was conducted in PubMed, Google Scholar,
ScienceDirect, Web of Science, and SciELO for
papers published between 2010 and 2025. Each
database was modified to the following Boolean
search term: "Macauba palm" OR "Acrocomia
aculeata” OR  "Acrocomia  spp. AND
(ethnomedicine OR biofuel OR pharmaceutical
OR nutritional value OR economic potential).
Non-indexed studies were also captured in
Google Scholar and SciELO by screening grey
literature (e.g., theses, dissertations, and
institutional reports).
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Studies that met the inclusion criteria were peer-
reviewed articles that investigated the
ethnomedicinal, nutritional, pharmaceutical, and
industrial potential of the macauba palm. To
ensure accuracy and avoid misinterpretation,
studies published in languages other than
English were excluded. Also, only publications
published since 2010 were included to capture
the interest of science and industry in Acrocomia,
which have grown tremendously in this period,
ensuring that the evidence base is up-to-date
and applicable. Articles that were not peer-
reviewed, such as blogs, websites, or opinion
articles, were excluded because they sometimes
lack methodological rigidity and can be prone to
bias.

Two independent reviewers filtered the titles,
abstracts and full texts. The dispute was resolved
through discussion and arbitration by an external
reviewer. Of 127 records identified, 59 were
evaluated at the full-text level and 43 were
included in the study. The flow diagram for
PRISMA 2020 (Figure 1) illustrates the selection
process.
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The quality of included studies was assessed
using the AMSTAR 2 systematic review tool, the
ROBIS risk-of-bias review, and crude design
criteria (objective clarity, study design, outcome
validity) for experimental and observational
studies [10]. Although the qualification was not
taken as a criterion to eliminate any study, the
risk-of-bias evaluation was used in interpreting
results.

Since the study designs were heterogeneous,
the outcomes were synthesized using thematic
synthesis. Data extracted were coded into a
category of predefined data (i) ethnomedicinal
and pharmacological potential, (ii) products and
coproducts, (i) biofuel potential, and (iv)
economic potential. Under each theme, the
research's convergence, divergence, and gaps
were compared. This coding scheme enabled a
systematic synthesis of the narratives rather than
just listing the studies.
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Figure 1: PRISMA flow diagram for search of relevant literature

RESULTS

The synthesized results of the study, by thematic
area, are as follows.

Macauba palm ethnomedicinal
and pharmaceutical potential

application

Across the reviewed literature, the Macauba
palm (A. aculeata) is considered a reliable

Trop J Pharm Res, March 2026, 25(3): 429



Baiyeri et al

ethnomedicinal source, particularly for
cardiovascular, metabolic, and inflammatory
disorders. Traditional knowledge explains that its
fruit and pulp are used to treat heart
complications, respiratory conditions, vitamin A
deficiency, and diabetes [11,13,14]. These
applications are supported by modern
pharmacological research, which demonstrates
that their oils are rich in oleic acid, carotenoids,
tocopherols, and phenolic antioxidants, bioactive
compounds repeatedly associated with
cardiovascular protection and reduction of
oxidative stress [8,11,12,17]. This similarity in
folk use as both biochemical evidence and a
medicinal plant reinforces its applicability as a
source of functional foods and medicine.

The most recurring theme of the studies
reviewed is the antidiabetic effect of macauba
palm. A series of animal trials using macauba
palm pulp, kernel, and leaf extracts have shown
reductions in blood glucose, cholesterol, and
oxidative stress [13,15,18]. The effects are
attributed to the antioxidant compounds J-
carotene and vitamin E [13,15], which are
present in macauba oil [17]. Nonetheless, there
are variations in the methods of delivery.
Although conventional methods rely on crude
extracts and oils [13], recent research suggests
that nanoemulsion preparations are more
effective at increasing bioavailability and
therapeutic effects [16]. Not only do these

nanoemulsions inhibit a-glucosidase and lipase,
which are among the enzymes that play a major
role in glucose and fat metabolism, but they also
exhibit selective cytotoxicity towards cancer cells
and none towards normal blood cells [16].
However, these anticancer results are only from
in vitro studies, and they require additional in vivo
and clinical trials before any therapeutic interest
can be established. Figure 2 describes the
pharmacological processes of action of
antioxidant and antidiabetic effects of macauba
palm bioactive compounds.

In addition to metabolic disorders, the
antimicrobial potential of the macauba palm is
also demonstrated. Oil extracts are reported to
have a synergistic effect with traditional
antibiotics, increasing their action against
resistant E. coli, Staphylococcus aureus and
Candida spp [19]. This suggests a dual purpose
for macauba palm oil as an antimicrobial agent
and as a supplement to existing therapies.
However, the effects are still mostly preclinical,
and no human trials have proven them.

Collectively, it is evident that the macauba palm
holds great potential for ethnomedicine and

pharmaceutical development. Its bioactive
substances are consistent with traditional
cardiovascular, antidiabetic, and anti-

inflammatory applications [8,11-13,15,18].

Bioactive compounds (Oleic
acids, Tocopherols,

Antioxidant Effect

$ SOD. Catalase, GSH
¢ ROS & DNA Damage

Antidiabetic Effect

o-glucosidase & lipase
* Glucose absorption

Carotenoids)

Anti-inflammatory Effect

*Cymkine release

T Insulin sensitivity

Figure 2: Pharmacological processes of action of macauba palm bioactive compounds. Key: SOD = Superoxide
dismutase, ROS = Reactive oxygen species, GSH = Glutathione

Simultaneously, new studies on
nanoformulations and antimicrobial combinations
can enhance their therapeutic potential [16,19].
Nonetheless, the lack of universal dosage
regimes, clinical testing, and safety investigations

over time is also a major limitation. It will be
necessary to bridge these discontinuities to move
the macauba palm from a promising traditional
remedy to a legitimate pharmaceutical asset.
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Comprehensive products from macauba palm

Studies have shown macauba palm to be a
versatile crop with potential in the food, cosmetic,
feed, and industrial sectors. It produces both pulp
and kernel oil, with different fatty acid
compositions: oleic and linoleic acids in the pulp
and medium-chain fatty acids in the kernel,
making it an option for replacing traditional
vegetable oils in cooking and processed foods
[9,11,20].

Notably, its pulp oil has high antioxidant levels
(carotenoids, tocopherols) which increase its
nutrients and prolong its shelf-life [9,12,17]. In
addition to oils, coproducts like press cakes,
husks, and shells are sources of fibre, proteins
and minerals that can be converted to animal
feed, flours and biomaterials [21-23].

The nutritional benefit is backed by the
experiments done to prove that the addition of
macauba pulp meal in the pigs' meal without a
reduction in the growth performance justifies its
use as a substitute for cereals and soy-based
feeds [23]. In addition to this, the kernel residues
are being extracted for plant-based diets and
aquaculture feed concentrates in the form of
proteins [22]. This is in accordance with the
augmented inclination for sustainable and less

costly feeds. However, other authors claimed
higher levels of backfat deposition at high
inclusion levels, and thus, there is a need to
optimize the formulations [23].

Pulp and kernel oils are also effective in cosmetic
applications and are emollient, anti-ageing and
have photoprotective properties. The studies
show that prepared macauba palm oil extracts
prepared by use of the supercritical fluid (SCF)
extraction technique, i.e., supercritical carbon
dioxide- extracts and supercritical compressed
propane- extracts oil fractions can be prepared
and utilized in sunscreens and prevent the
destruction of skin lipids by UV [17]. Its bioactive
profile provides the possibility of functional
skincare, yet it is yet to be commercialized [2,8].
The industrial opportunities go even further,
shells and husks are turned into activated carbon
in water purification, fibres in biocomposites and
biodegradable packaging materials [24-27].

Macauba palm is not a single-purpose crop since
it produces a variety of products that have a
range of value chains. Its potential circular
bioeconomy application, both in food, cosmetics
and industrial applications [9,17,21-23], is shown
by its consistency, although scaling and product
optimization require further development.

Table 1: Ethnomedicinal, pharmaceutical and health benefits of macauba palm

Aspect Details Sources
Ethnomedicinal Treats cardiovascular diseases, vitamin A deficiency, respiratory diseases, [11,13,14]
uses cold, and diabetes. Used against rheumatic aches, skin sores and digestive

discomfort. Acts as a laxative and an analgesic
Pharmaceutical Macauba palm oil nanoemulsion is used as an anti-diabetic and anti-cancer [16]
potential agent.
Bioactive High in monounsaturated fatty acid, oleic acid and monounsaturated fatty [11,17]
compounds acid; High in beta-carotene (precursor of vitamin A), tocopherols (vitamin E),

flavonoids, phenolic acids
Nutritional Pulp oil contains antioxidants (B-carotene and vitamin E) [17]
composition
Antioxidant & anti- Three plant extracts: aqueous (EA-Aa), ethanol (EE-Aa), and methanol (EM- [13]
inflammatory Aa) extracts of Acrocomia aculeata have been tested; of them, the use of EA-
effects Aa was the most effective in triggering antioxidant pathways, reducing the

reactive species (ROS) and DNA oxidation, and maintaining catalase and

glutathione activity.
Antimicrobial action  Improves the effect of antibiotics on resistant bacteria [19]
Functional food Source of functional foods and phytomedicines as a result of its high content [16,17]

potential of nutrients and bioactive compounds

Biofuel potential of macauba palm acid composition. Several studies note that the
macauba palm oil is an excellent feedstock to
produce biodiesel and sustainable aviation fuel
because it contains a combination of

monounsaturated and medium-chain fatty acids

One of the most thoroughly documented themes
of the macauba palm is its biofuel potential
because of its oil potential and favourable fatty
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[28-31]. Macauba palm performs competitively or
even better when compared to other oil crops.
Macauba palm (Acrocomia aculeata) has been
reported to produce up to 6.2 t/ha; oil yields,
which are comparable to African oil palm (Elaeis
guineensis Jacq.; 6 - 7 t/ha) and much higher
than soybean (Glycine max; 0.4 - 0.6 t/ha) and
sunflower (Helianthus annuus; 0.8 - 1.2 t/ha)
[31,34]. This comparative advantage also goes
further to support the fact that macauba palm
holds a high potential as a biodiesel and aviation
biofuel feedstock.

On the contrary, the bioethanol potential of
lignocellulosic residues (press-cakes, fibres,
shells) is more fluctuating. Ethanol production
was reported as 80 - 140 L/ton of dry biomass,
which is much less than sugarcane bagasse (220
- 280 L/ton) or maize stover (250 - 300 L/ton)
under favorable fermentation conditions [9,33].
The poor fermentation results that have been
realized on the macauba palm residues can be
mostly attributed to the high lignin content and
failure of existing pretreatment and fermentation
processes. Increment in enzymatic hydrolysis
and optimization of yeasts have been promising
in enhancing the conversion rates, although the
same economic feasibility is not feasible at a
large scale [30,33]. This speculation indicates
that although it is expected that liquid fuels
obtained using macauba palm oil are on the
verge of achieving commercial maturity, second-
generation ethanol routes are still technologically
limited and will need specific innovation.

In addition to technical viability, the development
of biofuels is strongly related to policy and
socioeconomic situations. Brazil has been
leading in that, the country has made use of
macauba palm as part of biodiesel requirements
in the National Program for Production and Use
of Biodiesel (PNPB) and this has not only
spurred rural development but has also curtailed
the dependence on fossil fuel [9]. Nonetheless,
smallholder farmers are still not involved in large
numbers, and this has brought about concerns
regarding the fairness of the distribution of
benefits across the biofuel value chain.

Environmentally, fuels derived from the macauba
palm have been reported to emit lower
greenhouse gas emissions than petroleum-
derived fuels, aligning with climate change
mitigation objectives [32-34]. However, there are
still doubts about cultivating in the future due to
global warming and decreased precipitation [34].
The comparative evidence, when combined,
points to a high potential of macauba palm
biofuels in the energy transition, although the
potential of this energy source will only be

achieved through conversion technology,
favorable policies and comprehensive production
models.

Economic potential of macauba palm

The literature describes macauba palm as a very
competitive non-food oil crop, with yields of oil
reaching 6.2 t/ha, which is comparable with the
yield of oil palm and much higher than the yields
of the soybean, sunflower, and canola [31,34].
This productivity renders macauba palm a good
feedstock for bioenergy and industries. Pilot
projects in Brazil exhibit that they are integrated
in silvopastoral system, where the macauba palm
plantations cover degraded pastures and
generate two sources of income through cattle
and oil crops [9]. Suitability models have also
applied this promise to other tropical and
subtropical areas outside of Brazil [34] and
support its value as a strategic crop globally.

The key factor in commercialization of macauba
palm has been the National Program of
Production and Use of Biodiesel (PNPB) in
Brazil, which required the biodiesel to be blended
with other fuels and also encouraged the
diversification of feedstock. As a success, PNPB
formed an assured market of biodiesel which
minimized reliance on fossil fuels and
encouraged investment in oilseed crops like
macauba palm [9,30]. Another feature of the
program was the so-called Social Fuel Seal,
which provided tax concession to biodiesel
companies that purchased the feedstock of
smallholder farmers. This policy led to the
creation of jobs in rural areas, diversification of
income, and better utilization of land by
incorporating the macauba palm in the once
degraded pastures [9].

Nevertheless, PNPB has been limited in
significant ways as well. Smallholder farmers
have not been equally involved in supplying
macauba palm due to long juvenile stages of the
palm (4 to 6 years before it first fruits), expensive
establishment, and mechanical harvesting have
not been introduced [9,48]. As a result, the vast
majority of the benefits of the program went to
larger agribusinesses, with smallholders being
left with a very small share despite the Social
Fuel Seal framework. Moreover, the
infrastructural differences and access to credit in
those regions made macauba palm an excellent
biodiesel feedstock, which was scaled down,
restricting the success of production to areas of
Brazil with greater connectivity.

This highlights the fact that though PNPB gave a
very important platform upon which the
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integration of macauba palm into the bioeconomy
could take place, the existence of structural
barriers is still evident. The new policy
frameworks will require going beyond the market
requirements and tax incentives to include
special credit lines, cooperative production
systems, and the extension services that
minimize the entry barriers of the small holder.
These inclusive measures are necessary to
make sure that the economic potential of
macauba palm will play its part in rural
development equally and without further
cementing the status quo of inequality in the
accessibility to agricultural innovation and
market.

Future perspectives

In the future, macauba palm is a promising crop
that will be able not only to promote food security
and health but also renewable energy and a
sustainable industry. Its oils and coproducts are
over and over again found as promising sources
of nutrient-rich flours, plant-based proteins,
antioxidants, anti-ageing and photospecific
bioactive products [16,50]. One of the most
promising directions of innovation is the
integration of these bioactive compounds into the
functional foods, nutraceuticals and cosmetics.
But these potentials will need harder evidence
from clinical studies and regulatory approval to
convert them into commercial products.

Simultaneously, the byproducts and the leftovers
of macauba palm can be utilized to develop the
circular bioeconomy. The shells and fibres may
be turned into biocomposites, ropes, activated
carbon or biodegradable packaging and
eliminate the reliance on synthetic materials
[22,26,27]. Such a multipurpose use of the entire
plant is in line with the sustainability objectives,
although the expansion of such value chains
would entail investment in processing facilities
and market building.

The environmental resilience also has a
connection with future cultivation opportunities.
Macauba palm has the potential to be used in
climate-smart farming due to its capacity to grow
on marginal soils and during fluctuating climatic
conditions [8,9]. However, future estimates of
increasing temperature and decreased rainfall
are also problematic and can be a threat to long-
term productivity [34]. Climate adaptation,
breeding, harvesting mechanization, and
propagation guidelines will thus prove very
crucial in supporting yields in the future scenario.

The macauba palm has a future in its use in
diversified and sustainable value chains. It can

be a foundation of bio-based economies when
coordinated innovation is made in food,
pharmaceutical, cosmetic, feed, and industrial
sectors. However, the achievement of this vision
will be determined by closing the knowledge gap,
enhancing technological development, and the
inclusive involvement of large-scale ventures as
well as smallholder farmers [8,9,34,50].

Health and nutrition

Literature review synthesis has indicated the
macauba palm (Acrocomia aculeata) as a truly
versatile species in terms of its health and
nutritional roles. The scientific explanation of its
ethnomedicinal applications in the treatment of
wounds, cardiovascular, metabolic, and
inflammatory diseases has a solid scientific case
in biochemical richness, comprised of a vast
abundance of oleic acid, carotenoids,
tocopherols, and phenolic compounds. The
traditional knowledge of macauba palm is now
accompanied by current evidence @ of
pharmacological effects; antidiabetic, antioxidant,
antimicrobial, and potential anticancer agent
effects have all validated macauba palm as food
source that can be developed into a functional
food, nutraceutical, or other plant-based
therapeutic products.

The pharmaceutical potential is also achieved
through the development of nanoformulation
technologies like oil-based nanoemulsions that
enhance the bioavailability and delivery of
bioactive compounds. Nevertheless, there are
barriers on the way to mainstream healthcare
translation. The present research has not yet
addressed regulatory obstacles, such as safety
testing, toxicology research, and clinical trials.
Commercialization of macauba-derived
nutraceuticals is likely to have serious delays in
the case of lack of standardized protocols and
safety testing.

The macauba palm in the bigger bioeconomy,
therefore, requires shifting the laboratory findings
into policy and investment aspects. The overall
ethnomedicinal and pharmacological evidence
suggests that macauba palm may form the basis
of novel functional foods, nutritional supplements
and phytopharmaceuticals that may help end
increasing cardiovascular and metabolic disease
burdens in tropical areas and globally. To realize
this potential, the following strategies should be
coordinated, including policies to facilitate clinical
research and standardization of products,
investments to facilitate cultivation, processing
and development of value chains. These would
enhance healthcare innovation and put macauba
palm as a resource in the field of health.

Trop J Pharm Res, March 2026, 25(3): 433



Baiyeri et al

Industrial and Bioenergy Applications

Bioethanol yield obtained from Acrocomia
aculeata is still inconsistent. Fermentation of
press-cake hydrolysates has been reported to
possess low fermentation efficiencies, although
studies suggest it could be forward-moving when
enzyme pretreatment and yeast optimization are
implemented. These discrepancies demonstrate
why experimental designs and comparative field
data must be standardised; otherwise, it is
difficult to know what variation arises due to
biomass composition, pretreatment processes, or
climatic growing conditions.

Concurrently, macauba palm exhibits good
potential for bioenergy due to its high oil
production and good fatty acid content, which
renders it applicable in biodiesel and airplane
biofuels. Lignocellulosic residues also have the

potential to produce bioethanol and other
bioproducts; cost-effective conversion of the
biomass will be achieved through improved

pretreatment and fermentation technologies.

More than technical innovation is needed in order
to realize this potential. Positive policies, focused
investments and sustainable development
policies will be necessary. Inclusion of macauba
palm as a biofuel in the national and regional
biofuel initiatives would diversify the national and
regional energy portfolios and would also spur
the economy of the rural areas through value
chains that encompass the extraction of oil and
the use of residues. Public—private partnerships,
participation schemes by farmers, and
investment in pretreatment technology would
make sure that the macauba palm biofuels not
only lead to the energy security and climate
objectives but also to inclusive economic
development, making the palm a foundation of
the new bioeconomy.

Food source and circular bioeconomy

Macauba palm, as a food source, has enormous
potential regarding not only a high-quality edible
oil source but also a producer of nutrient-rich
food coproducts, notably high-fibre pulp meals,
kernel flours, and prebiotic dietary fibre. It is also
within a circular bioeconomy, and its published
applications are animal feed, cosmetics,
biocomposites, activated carbon, and
biodegradable packaging. This power to idealize
the entire plant does not just diversify the
potential markets but also raises the
sustainability and profitability of production.
However, there is little information on the
postharvest loss and storage stability of the
macauba fruits and coproducts. There is a lack of

research on issues like spoilage rates, rancidity
of oil and shelf-life, which may compromise the
feasibility of food and industrial products made
out of macauba palm in large markets.

To maximize the value of the wide range of
products that macauba palm offers, it is
important to coordinate frameworks that will
enhance innovation, investment, and principles
of a circular economy. The introduction of
biorefinery strategies and value-chain value-
addition policies has the potential to speed up
the process of converting pilot projects into large-
scale industries, and specific funding of research
can help overcome the problem of formulation
when it comes to feed, food, and cosmetic
applications. Simultaneously, by investing in
small- and medium-scale processing
infrastructure, the rural producers would be able
to gain more value in their localities.

Socioeconomic inclusion

Macauba palm offers economic opportunities of
multifunctional value chain to stimulate growth in
rural areas, as shown in the case of the biodiesel
program in Brazil. Nonetheless, smallholder
farmers are still not well involved. High costs of
establishment, low yields in the 4 — 6 years
juvenile phase and manual harvesting pose a lot
of entry barriers. The fact that policy structures,
models of cooperation, and credit systems are
not specifically designed to support the interests
of smallholders implies that the economic gains
of macauba palm cultivation may remain
concentrated in large agribusinesses working to
derail its effective contribution to the fair
development of the rural community.

The smallholders may find a way of getting
involved in the macauba palm value chain
through inclusive agribusiness models, including
farmer cooperatives, contract farming schemes,
and community-based processing units. The
experience of oil palm and coffee cooperatives
implies that collective ownership and collective
bargaining may help to alleviate marginalization
and make the distribution of benefits more
balanced [51,52]. It is thus going to be necessary
to unlock the full economic potential of macauba
palm through strategies that will be deliberate in
terms of profitability and inclusiveness. Credit
access policies, incentivizing the use of farmer
cooperatives and encouraging mechanization
can reduce the barrier to entry, and any
investments in infrastructure and value chain
development will enable the production to grow
much larger than the localized stories of success.
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Environmental considerations

Macauba palm is viable in terms of its capacity to
be cultivated with a marginal soil type, drought-
infected areas, which might result in carbon
absorption. Nevertheless, future climatic change
(e.g., higher temperature, reduced precipitation)
is likely to alter its most suitable areas of growth
and breeding and crop management
technologies, in terms of climate adaptation,
must be developed. Simultaneously, the increase
in the cultivation of macauba palm casts doubts
on the unwanted ecological trade-offs.
Monoculture on a large scale might endanger
biodiversity, or cause the displacement of native
species, and even the development of the risks
of invasive behaviour outside the land of their
origin. This will require a balance between
expansion and biodiversity conservation and
agroecological production, which will help to
prevent the mistakes that were witnessed in the
case of other commercial oil crops.

Even with the tremendous potential of the
macauba palm, much still needs to be
researched. Additional studies are required to
learn more about the performance of the crop in
the long run, particularly in conditions of climatic
stress like drought and heat; the effect of
breeding programs on oil vyield and fruit
production and the effect of machine operations
and better techniques of picking the fruits and the
handling of fruits after picking to minimize losses.
There will also be a need for more safety testing
and regulatory protocols for it to be used as
health products and medicines. The development
of inclusive business models and their
performance require studies to determine how
consumers will respond to macauba-based
products.

The majority of the research and agricultural
experience of macauba palm is presently in Latin
America. Nevertheless, climatic and land
condition studies indicate that the crop would
also be good in areas like sub-Saharan Africa,
Southeast Asia, and the Caribbean, where they
also have dry and marginal land. This implies
that macauba palm can rise above being a local
crop and become a valuable source of
sustainable development in the world.

CONCLUSION

Macauba palm (Acrocomia aculeata) is a
multipurpose and sustainable agricultural and
climate-smart crop that has great potential in
health, food, energy, and environmental
industries. The high bioactive compounds of this
crop can be used in pharmaceutical and health

industries, and its high oil content and biomass
underline it as a useful feedstock for biodiesel,
aviation fuel, and other bio-based products. It
has the capacity to grow on poor soils and in arid
areas, making it a climate-resistant crop, which
will aid in the restoration of land and sustainable
production. Moreover, when the smallholder
farmers are better integrated, the cultivation of
macauba can create rural jobs and empower
local livelihoods and an inclusive bioeconomy.
Macauba palm can be strategically used to
enhance renewable energy, climate adaptation
and sustainable production systems in tropical
and subtropical developing economies with
proper investment, research and supportive
policies of the government.
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