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Katharine Valéria Saraiva Hodel a, Josiane Dantas Viana a, Edson Pablo Silva b, 
Milena Botelho Pereira Soares a,c,* 

a SENAI Institute of Innovation (ISI) in Health Advanced Systems (CIMATEC ISI SAS), SENAI CIMATEC University Center, Salvador 41650-010, 
Brazil 
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A B S T R A C T   

The Amazon rainforest encompasses one of the largest biodiversities of the world and is home to a 
wide variety of food and therapeutic plants. Due to the diversity of components, the fruits of the 
Amazon biome possess essential physicochemical, nutritional, and pharmacological properties, 
strengthening the idea that fruit consumption may provide benefits to human health. Thus, the 
objective of this study was to investigate the current scenario of the use of Amazonian fruits on 
the development of food, pharmaceutical, nutraceutical, or cosmetic products through the study 
of filed patents. A prospecting strategy conducted focusing on patents was used to investigate the 
application of the following fruits: Euterpe oleracea, Oenocarpus bacaba, Caryocar brasiliense, 
Garcinia gardneriana, Nephelium lappaceum, and Astrocaryum vulgare. A total of 264 patent doc-
uments were found. In 2016, a peak of 33 applications was reached, followed by a peak in 2019 
with 32 applications. The study is distributed in three main application areas: cosmetics, phar-
maceuticals, and food. The Asian continent was the region with the world leadership in this 
theme, followed by Brazil. Thus, technological prospection studies can foster investments in 
translational research to elucidate the effects and properties of Amazonian fruits, which can 
generate sustainable development of new products with industrial potential.   

1. Introduction 

Brazil has several species of native and exotic fruits that are underexploited. Fruit exploitation occurs through family farming with 
sales in the local market, scientific research, and small industries where fruits are processed as jelly, pulp, and juices [1–3]). A large 
proportion of these fruits, an estimated 44 %, are located in the Amazon, making this region a valuable natural reserve of food and 
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medicinal plants worldwide [3,4]. The Amazon rainforest encompasses one of the largest biodiversities of the world and is home to a 
wide variety of food and therapeutic plants. The Brazilian Amazon biome is the world’s largest intact forest and the largest biome in 
Brazil (accounting for 49.29 % of the Brazilian territory and approximately 40 % of the South American continent). It contains over 
13.000 tree species, 2.956 of these being endemic species [5]. 

According to Pallet, 2002 [6], Amazonian fruits can be considered excellent sources of macro- and micronutrients, valued in the 
current context as health foods or natural foods. Nevertheless, appreciation for Amazonian fruits is subject to restrictions in regional 
development [7], among which, we can highlight the açaí (Euterpe oleracea), tucumã (Astrocaryum vulgare), bacaba (Oenocarpus 
bacaba), pequi (Caryocar brasiliense), bacupari (Garcinia gardneriana Mart.) and rambutan (Nephelium lappaceum), as species of great 
relevance to local communities. Although some of them do not originate from this region of South America, it has been noted that over 
the years they have adapted very well to the climate, soil conditions and ecosystems unique to the Amazon rainforest, which has 
allowed their crop cultivation and socio-economic importance [8]. 

The oil extracted from pequi has stood out as a useful raw material for the food and pharmaceutical industries due to its high levels 
of unsaturated fatty acids, predominantly oleic acid (60.6 %), and carotenoids, such as beta-carotene, a precursor of vitamin A [8,9]. 
Bacaba and tucuma are also oil seeds from the Amazon rainforest region and are recognized sources of omega-3 and -6 fatty acids, as 
well as relevant bioactive compounds and other micronutrients and macronutrients [10]. Studies report a high content of bioactive 
compounds (flavonoids, anthocyanins) and high antioxidant activity in bacaba, which has the potential to be used as a functional 
ingredient for food and pharmaceutical applications [11]. Tucumã fruit possess considerable amounts of bioactive compounds, mainly 
carotenoids, dietary fibers, fatty acids, and polyphenols, which have shown beneficial effects in the management of human diseases 
[12–15]. They have generated great scientific interest due to their anti-inflammatory, cardioprotective, gastro-protective, and 
pro-vitamin A effects [16,17]. 

Rambutan is made up of a diverse composition of micro and macronutrients, such as sugars, fiber, vitamin C, and minerals [14], 
resulting in cytoprotective, antiulcer, neuroprotective, antioxidant, antiviral, and antimicrobial properties as well as potential for use 
in prevention and treatment of osteoporosis [15]. In recent years, the peel and seeds have been the subject of studies by different 
groups due to their rich mineral composition, thus representing the possibility of application in a balanced diet with less waste [16]. 
Additionally, the bacupari is a plant native to the Amazon and commonly known for having antioxidant components that provide it 
with rich herbaceous properties [17]. However, among the fruits mentioned, açaí takes precedence as one of the most consumed fruits, 
not only in the Amazon region, but in the whole of Brazil [18]. A quick search on international platforms with the keywords açaí 
powder, açaí puree or açaí oil reveals the worldwide commercial accessibility of this fruit and its wide availability for consumption 
[10]. Açaí fruits are a rich source of anthocyanins and other flavonoids, phenol acids, lignans, and stilbenes, as well as an important 
source of fibers [19]. Thus, the açaí berry is promoted as a super-fruit, along with pomegranate, black berries, and blueberries, due to 
its chemical composition, nutritional value, and biological properties [20]. 

Due to their vast diversity, the fruits of the Amazon biome possess essential physicochemical, nutritional, and pharmacological 
properties which strengthen the idea that fruit consumption benefits human health [21]. Fruits and vegetables, in general, have been 
shown to play an important role in the prevention of non-communicable diseases [22]. Several evidence-based studies indicate the 
influence of oxidative stress in the pathophysiology of obesity and several chronic diseases, such as atherosclerosis, cancer, diabetes, 
and degenerative diseases [23–26]. Therefore, the use of foods with antioxidant action and phytochemical protectors may be relevant 
for the prevention of diseases related to increased oxidative stress [27]. It is also noteworthy that Amazonian fruits have not only 
demonstrated potential in the prevention and control of chronic diseases, but also have an interesting applicability in the realm of 
infectious diseases, such as COVID-19, responsible for the greatest health crisis in recent history of humanity [28]. The immuno-
modulatory, antioxidant, and anti-inflammatory actions of these fruits have already been demonstrated [28,29]. The potential utility 
of these fruits against the sequelae of infectious diseases becomes especially important in countries such as Brazil, where these diseases 
have great epidemiological relevance. 

Most Brazilian fruits are consumed in their natural forms, but they can also be found as juice, ice cream, jellies, and other food 
products. This variety in preparation diversifies the consumer market and, consequently, contributes to economic improvement. 
Amazonian fruits are of great relevance to local populations, being widely found in local and regional markets, but are also present in 
commercial establishments throughout different Brazilian states [30]. A great example of this is the açaí, which is considered a model 
of the globalization of Amazonian plants [31]. Despite its nutritional and economic potential [32], a critical and comprehensive 
assessment of its health benefits will be necessary for the development of novel products, as well as the establishment of a proper 
consumer market [33]. Moreover, there is a growing interest in nutritious ingredients rich in bioactive compounds that can be easily 
produced, stored, and transported for use in developing healthier products [34]. 

The growing desire for more nutritious food is a prime illustration that compels the food industry to innovate. As indicated by the 
Euromonitor’s reports and Mintel’s 2030 Global Food and Drink Trends, a rising count of customers are gaining consciousness about 
functional foods with the aspiration of attaining added health advantages [35]. These advantages might mitigate specific risks of 
illnesses or enhance overall wellness. As per the findings of the Brazil Food Trends analysis conducted in 2020, the emphasis on health 
and well-being is also gaining traction within the nation’s food industry. This underscores the fact that individuals in Brazil hold the 
consumption of foods with potential health advantages in high regard [36]. 

The richness of biodiversity in Brazil is linked to an extensive array of natural compounds, offering a broad potential for the 
creation of novel pharmaceuticals, agrochemicals, fragrances, cosmetics, components, and dietary supplements [37,38]. This treasure 
trove of possibilities presents a catalogue of avenues for biotechnological breakthroughs and an unparalleled edge in terms of 
competitiveness. Sustainable exploitation of the Amazon rainforest can have positive impacts on both the development of Brazil and 
the Amazon region, Sustainable exploitation of the Amazon rainforest can have positive impacts on both the development of Brazil and 
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the Amazon region, and this trend has been observed elsewhere in the world [39,40] Through the responsible extraction of its diverse 
natural resources - ranging from timber and minerals to valuable biodiversity - economic and scientific growth can be significant. In 
addition, such efforts can trigger technological innovations, especially in areas such as biotechnology and pharmaceuticals [41,42]. 

Therefore, intellectual property and patents play a pivotal role in the food and beverage industry, fostering innovation, safe-
guarding creativity, and stimulating economic growth. In this fast-paced and competitive landscape, companies invest substantial 
resources in research and development to create novel products, cutting-edge processes, and distinctive branding [43]. Intellectual 
property rights, such as patents offer crucial protection, allowing businesses to maintain a competitive edge and recoup their in-
vestments [44]. Understanding Industrial Property, patents, specifically, offer exclusive rights to inventors for a limited time, 
encouraging them to disclose their groundbreaking technologies and inventions to the public, which ultimately drives further ad-
vancements in the industry. These protections foster a culture of innovation and encourage collaboration between industry players, 
leading to improved food safety, enhanced nutrition, sustainable production methods, and ultimately a more diverse and appealing 
array of products for consumers worldwide. 

Even with this relevance, most of the studies available in the literature have directed their efforts to the analysis of specific species 
[45,46], without performing a critical analysis on a group of fruits with socioeconomic relevance, especially focusing on the largest 
forest in the world. In addition, an important scenario to be highlighted is the perspective of environmental changes, many of which are 
driven by extractive human activities [47]. Activities such as deforestation and burning to open up illegal mining areas, crops, or 
pastures in the Amazon biome have gained a large proportion in recent years, directly impacting plant diversity [48]. Consequently, 
this scenario also has a direct impact on ecosystem productivity and the geographical distribution of exotic fruits from the region. Thus, 
prospective studies can be considered a fundamental tool to support the elucidation of innovation indicators from this perspective. 

Thus, the aim of this work was to demonstrate the innovation scenario involving exotic fruits relevant to the Amazon biome (açaí, 
tucumã, bacaba, pequi, bacupari, and rambuta), elucidating the perspectives that can interfere in this context. 

2. Materials and methods 

This study was an exploratory search to collect technological information in patent documents. The technological search was 
carried out on December 19, 2022, in the Derwent Innovation Index (DWPI), Thomson Innovation©, licensed for use by SENAI 
CIMATEC University Center. After the refinement (data not shown), keywords and Boolean operators were adopted to build the search 
strategy used in the prospection: 

Fruits AND amazon AND bioactives OR Euterpe AND oleracea OR Oenocarpus AND bacaba OR Caryocar AND brasiliense OR 
Garcinia AND gardneriana OR Nephelium AND lappaceum OR Astrocaryum AND vulgare. 

The database was searched in the title, abstract, and claims fields of the patent documents, with no restriction on the period of data 
collection. For the construction of the graphics, the GraphPad Prism 9.2 (San Diego, CA, USA) software, also licensed for use by the 
SENAI CIMATEC University Center, was used to report the temporal analysis of the patent documents (year of priority and year of 
expiration), main applicants and inventors of the technologies, and the International Patent Classification (IPC) codes assigned to the 
document indicators. The results pertaining to the geographical distribution of the main applicant countries/regions, the main po-
tential markets for the technologies, and the main technological areas related to the inventions were obtained directly from the DWPI 
database (with adaptations). 

3. Results and discussion 

The use of patents is an important tool in the development and innovation process, directly supporting the analysis of technologies 
and innovative activities. In this study, patent prospecting was used to evaluate the possibilities of application of the fruits açai, 

Fig. 1. Temporal analysis of number of patents: (a) evolution per priority year; (b) estimated year for patent expiration.  
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tucumã, bacaba, pequi, bacupari, and rambutan. As a result of the technology search, 264 individual patent documents and 264 DWPI 
families were identified. Fig. 1 shows the annual distribution of patent applications related to the subject described, with the first 
applications beginning in the year 1992 (Fig. 1a). Fig. 1b presents the expiry year of patent applications according to the protection 
period of each country. According to the results, documents should expire between 2035 and 2038 according to the legal validity 
related to invention patents, which usually last 20 years. The applications for patent documents were more significant in 2016, 
reaching a peak of 33 applications, followed by a peak of 32 applications in 2019. The evolution of the number of patent applications 
may be related to the fact that in recent years, there has been a greater awareness of wellness and health, and this has generated a 
demand for nutritious and quality food because of the search for a longer and healthier life. Additionally, it is worth noting that we are 
currently seeing a growing market for bioactive compounds recovered from natural sources that can be applied in the food, cosmetic, 
and pharmaceutical industries [3]. Results of this search revealed a 3-times increase in the number of related patents from the year 
2013 to the year 2016. Given the increasing demand by the consumer market for products that have a natural origin, especially those 
that contain bioactive components, it is expected that this trend will also be reflected in patent indicators [49]. This behavior may also 
have implications in the consumption of the amazon fruits, since they present bioactive properties. 

It is worth noting that, in 2020, the World Health Organization recommended a daily intake of 400 g of fruits and vegetables to 
prevent the development of malnutrition and non-communicable diseases. Essential components of a healthy diet, fruits and vege-
tables have in their composition important vitamins, minerals, fiber, and bioactive compounds. These components are widely known 
for their antioxidant properties which have important general health benefits, such as strengthening the immune system [50]. 
Moreover, an adequate daily intake of fruits can prevent major health problems, such as cardiovascular diseases, cancer, type 2 
diabetes, and even premature mortality. Bioactive compounds, such as phenolic compounds (anthocyanins and other flavonoids) and 
carotenoids are abundantly present in fruits, vegetables, herbs and roots [51]. These compounds are known to have antioxidant 
properties, which are important for protecting cellular components from free radicals, which reduces the oxidative stress, ROS, and 
oxidative damage to the body’s cells [52]. Due to these properties, compounds from natural matrices have great potential in becoming 
valuable ingredients or supplements utilized by the food, cosmetic and pharmaceutical industries [53]. 

However, it is important to point out that other factors can have an impact on the consumption of Amazonian fruits and, conse-
quently, on the promotion of innovation strategies involving these species [54]. This is the case with extractive activities, such as the 
deforestation of the Amazon rainforest, which has hit a record high in the last three decades. One reflection of this is the number of 
native trees lost, which between 2020 and 2022 amounted to more than 1 billion units, corresponding to an economic loss of up to 17 
billion US dollars [47]. The study by Hall et al. [55] showed that deforestation in Tanzania has led to a reduction in fruit and vegetable 
consumption, resulting in a loss in the quality of the population’s diet. Thus, we cannot fail to point out that the innovation scenario 
involving açaí, tucumã, bacaba, pequi, bacupari, and rambuta may change in the coming years due to these factors, even if it is in the 
long term. 

As shown in Fig. 2, in terms of application areas, the patent documents found in this study are distributed in three main areas: 
cosmetics (28.02 %), pharmaceuticals (25.38 %) and food (20.08 %). In this way, it is possible to observe that the biodiversity of 
molecules enables the generation of different bioproducts, which in turn, present a high added value and a varied potential of 
application in the production of drugs, cosmetics, and dermo cosmetics, as well as in the food and beverage industry [56]. The new 
generation of bioproducts not only attributes sustainability to production processes, but also competes in many sectors with con-
ventional products, in terms of technological and functional properties [57]. 

Globally, the cosmetic industry is growing exponentially due to the sustainability and clean beauty movement. Cosmetic products 
containing naturally derived ingredients, fully organic cosmetic products and cruelty free have become a trend [58]. Brazil has 
emerged as a prominent player in the global cosmetic industry, renowned for its diverse and innovative beauty products. With an 
abundant array of natural resources like exotic Amazonian botanicals and acai berries, Brazil capitalizes on its rich biodiversity to craft 

Fig. 2. Distribution of the studied patents in application areas.  
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unique and eco-friendly beauty formulations [59]. The country’s expertise extends to haircare, skincare, and fragrance lines, show-
casing a deep-rooted cultural appreciation for beauty and self-care [60]. Most of the technologies developed in the patents focused on 
cosmetics with bioactive activities. The growing interest in cosmetics made with ingredients derived from natural matrices reflects 
current societal concerns in reducing negative impacts on the environment, promoting sustainable development of products and 
packaging, as well as reducing exposure to components potentially harmful to health, such as parabens, dyes and petrolatum [61]. In 
response to these consumer interests, companies are introducing products organically made with natural extracts, oils, and others 
polyphenols compounds that promise a healthier alternative. The patent KR2016059263A relates to a waterless foam-type shampoo 
composition that can be used by people who cannot groom their scalp for prolonged periods of time, such as pre- or post-operation 
patients, the elderly, the disabled, or people engaged in outdoor activities. One of the suggested formulations contains Euterpe oler-
acea fruit oil. It is worth noting that the market for natural cosmetics with ingredients derived from natural resources from the Amazon 
is growing worldwide [62]. The oil produced from the fruit pulp can be used in several cosmetic products, such as after-sun products, 

Fig. 3. Analysis of the main (a) applicants and (b) inventors of the prospected technologies.  
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creams, lotions, shampoos, face masks, among others. It is considered to have skin regenerative and anti-aging properties due to 
constituents such as essential fatty acids, phytosterols and vitamins [63]. 

Throughout human history, civilizations have made use of natural matrices as important sources of bioactive compounds. Many 
countries around the world possess a rich body of empirical knowledge that demonstrates the use of medicinal plants and their de-
rivatives for the treatment of different diseases [64]. Nearly 85 % of the preparation of traditional medicine entails the use of natural 
bioactive compounds extracted from plants [65]. The interest in plants and fruits with potential pharmaceutical application is due to 
some important characteristics, such as safety for human consumption, reduction of waste generation, acceptability by the population, 
biological activity, and the ability to produce formulations that allow the delivery of non-toxic concentrations without losing biological 
activity [66]. 

The patent CN104431957A, of 2015, refers to a spicy black bean sauce containing rambutan [67]. Rambutan (Nephelium lappaceum 
L.) is one of the most important tropical commercial fruits widely cultivated in Southeast Asia, Australia, South America, and African 
countries. Its acceptance by the consumer market and its industrial application is increasing every day [63]. For example, rambutan 
seed has a high concentration of geraniin (ranging from 444 to 1011 mg/fruit), which can be used as an antihyperglycemic agent [68]. 
In addition, the extract obtained from the rambutan seed shows cytotoxic activity against tumor cell lines, but non-toxic against normal 
cells, and a satisfactory antimicrobial action against clinically relevant strains, such as Staphylococcus epidermidis [69,70]. Within this 
context, it is important to highlight the differentiated profile of Amazonian fruits when it comes to bioactive compounds, causing them 
to be strongly explored, among other functions, for the control of metabolic disorders [71]. 

Today, consumers are increasingly aware of the benefits of natural ingredients in their diet, an awareness that continues to 
strengthen over time. The growing emphasis on health and well-being has led people to question the foods they consume, seeking more 
natural and less processed options [72]. Trust in natural ingredients as a safer and healthier choice, coupled with benefits proven by 
scientific research, such as antioxidant and anti-inflammatory activity, has been driving this trend. As a result, the preference for 
natural ingredients is increasingly shaping consumers’ food choices, reflecting a significant shift in consumer perceptions and habits 
[73]. The patent CN111685189A, filed in 2020, focuses on the preparation of vegetable fat powder using Nephelium lappaceum kernel 
oil to enhance the mouthfeel of milk tea [74]. Another notable patent showcasing the use of biomolecules from fruits to enhance food 
functionality is BR102018017202A2, also filed in 2020. This patent involves a mixture that combines milk with a soluble extract 
derived from Euterpe oleracea mart [75]. 

The main patent applicants found were Mary Kay and BASF Beauty Care (Fig. 3a), both in the cosmetics industry. According to 
Burlando and Cornara [76], Amazonian species have great potential when it comes to the development of skin care products, products 
that are within the scope of Mary Kay and BASF Beauty Care. These results reinforce the potential application of Amazonian fruits in 
the development of products for the cosmetic sector presented in Fig. 2, which has been standing out worldwide due to factors such as 
exotic fragrance perfume, high potency moisturizing cream for the skin, among others [62]. We can also notice that Roberto Soares de 
Moura appears both among the main applicators (Fig. 3a) and inventors (Fig. 3b). It can be seen that such an inventor/applicant has 
carried out important studies with Amazonian plants, exploring the potential of their pharmaceutical properties [77–81]. 

Another point worth highlighting is the legal status of the patents found, in which half are dead (50 %), approximately 27.5 % are 
undetermined and about 22.5 % are active (Fig. 4a). Mary Kay is the organization with the most patents filed (n = 8), however, it is 
noted that 62.5 % (n = 5) are dead. Within this context, among the top 10 applicants, only 5 have active patents, these being BASF 
Beauty Care, Federal University of Maranhão, Genic CO, Pedro Maifrede and Sung Jung (Fig. 4b). The majority presence of patents 
with dead status among the group of documents evaluated in this study may indicate the current difficulty about the lack of in-
vestments to support the elucidation of the properties of Amazonian fruits, in addition to the difficulty of companies to explore the 
properties of these fruits in a sustainable way, since their use is restricted to local communities [82]. The use of açaí, tucumã, bacaba, 
pequi, bacupari and rambutan as a source of antioxidant products, for example, still lacks investments in research and development to 
elucidate their effects, both in vitro and in vivo models, which can have negative impacts on the generation of technological in-
novations [83]. 

With regard to the main countries of origin of the patent applicants found in this research, one can see the prominence of the Asian 

Fig. 4. Analysis of number of patent documents: (a) general legal status of the publications found; (b) number of publications per applicant.  
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continent, with China being responsible for 89 documents, followed by the Republic of Korea, with 31 patents (Fig. 5). In second place 
is Brazil (48 documents), home to most of the Amazon rainforest (Fig. 5). An important issue is that, in recent years, the exploitation of 
the flora of the Amazon rainforest has been targeted by different foreign countries, which may be one of the reasons why countries that 
are not contemplated by the rainforest show prominent indices when it comes to innovation [84,85]. Especially, Asian countries have 
been considered important producers and consumers of exotic fruits, including açaí, and this behavior is associated with the possible 
functional, biological, and physiological actions that these fruits exhibit [86]. An example of this is rambutan, a fruit that has been 
widely consumed in Southeast Asia, especially in Indonesia [87]. The availability of these products can directly support the conduct of 
research and development of new products, reflected in innovation indexes, such as patents. In addition, even though it has a 
prominent position in patent applications, this indicator cannot be used to suggest that the natural resources of the Brazilian forest are 
being exploited in an innovative and sustainable way [88]. This is in view of the need for initiatives aimed at developing products from 
components of these fruits so that they can be widely used in a sustainable and responsible way in future generations [89]. 

Table 1 shows some documents found in this prospection. Patent CN113876873A involves the development of a fermented food 
with Euterpe oleracea fruit from a pool of microorganisms, with claims of enzyme activity inhibition, weight reduction, and muscle 
gain. Patent CN113876873A involves the development of fermented food by a pool of microorganisms, with claims of enzyme activity 
inhibition, weight reduction, and muscle gain. Several studies mention the various bioactive properties of the fruit which are asso-
ciated with its chemical matrix composition, including bioactive compounds capable of interacting positively with cellular oxidative 
metabolism [64–66]. The field of cosmetics, which represents the largest percentage in this prospection, is shown in Fig. 2. Patent 
CN114931534A involves a composition useful for the preparation of lotions and cosmetics for the repair of sensitive skin containing, 
among other plants, rambutan (Nephelium Lappaceum). This fruit is a promising raw material for the personal care industry [90]. 

In terms of scientific publications, several studies have addressed the content of bioactive compounds and their therapeutic po-
tential, including both complementary approaches as well as conventional treatments. For example, a nanoemulsion of Pequi (Car-
yocar brasilense Cambess) oil has shown promising in vitro results as a complementary therapeutic approach to be employed along with 
conventional breast cancer treatment [101] (Table 2). In vitro analysis also demonstrated the potential of ethanolic extract of pequi to 
promote oxidative protection in human coronary artery endothelial cells [102]. Bacupari (Garcinia gardneriana) extracts also 
demonstrated activity on neoplastic cell lines tested, possibly due to the large content of carotenoids in the fruits and leaves [103]. Its 
use has also been commonly associated with the treatment of gastritis and hepatitis in Brazil due to its high concentrations of 7-epi-
clusianone, guttiferone-A and fukugetin [104]. Another very important approach is the investigation of bioactive compound contents 
in industry co-products for applications and new product developments. For example, in the case of rambutan, there is a great 
nutritional and functional potential of the seeds, making it a potential fruit for applications in the food, pharmaceutical, and cosmetic 
industries [90]. The study by Alves et al. [105] demonstrated that the co-products from the açaí pulp can be an important source of 

Fig. 5. Geographical distribution of the analysis of the main countries/regions of the depositors of the prospected technologies with their number of 
patent document. EPO—European Patent Office and WIPO—World Intellectual Property Organization. 
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Table 1 
Examples of recent documents found in the technological prospection carried out.  

Title Application Number Assignee or 
inventor 

Aplication Country Related to Publication 
Date 

Azayier fruit leavening 
for increasing muscle 
and reducing fat and 
delaying aging 

CN113876873A Baiyuete 
Biotechnology 
(Shanghai) Co. 
Ltd. 

Food China Use of Euterpe oleracea 
fruit leavening for 
preparing the weight- 
reducing composition. 
Prepared by fermenting 
multiple strains, 
including 
Saccharomyces, lactic 
acid bacteria and acetic 
acid bacteria [91]. 

04/01/2022 

Skin sensitive repair 
composition and 
application thereof 

CN114931534A Shanghai New 
Cogi Cosmetic Co. 
Ltd. 

Cosmetic China Skin sensitive repair 
composition for skin 
and application thereof, 
relating to the technical 
field of cosmetic, the 
sensitive skin 
composition. 
Composition comprises 
Fucus vesiculosus 
extract, Nephelium 
lappaceum peel extract, 
Mirabilis jalapa extract, 
and Centella asiatica leaf 
extract [92]. 

08/23/2022 

Euterpe oleracea based 
emulsion mart.com 
larvicidal activity 

BR102020013253A2 Federal University 
of Pernambuco, 
Federal University 
of Vale do São 
Francisco, 
Foundation 
University of 
Amazonas 

Pharmaceutical Brasil The emulsion 
comprises Euterpe 
oleracea oil as an active 
pharmaceutical 
ingredient. The 
emulsion is an 
alternative for use in 
vector control 
programs for A. aegypti 
and to provide a 
larvicidal effect on 
Aedes aegypti [93]. 

01/11/2022 

Selenium liquor for 
protecting liver and 
preventing liver 
disease 

CN114099620A Sichuan 
Zhongchang 
Kanglv Industry 
Development Co. 
Ltd. 

Pharmaceutical China Selenium liquor for 
protecting liver and 
preventing liver 
disease, comprising the 
following components: 
wine base, selenium- 
enriched shepherd ’ s- 
purse plant crushing 
powder, new food raw 
material, medicinal 
plant, medicinal animal 
and medicinal animal 
product [94]. 

03/01/2022 

Agent for preventing or 
improving oxidative 
stress, inflammation, 
and aging of skin 
caused by violet 
light, blue light, and 
ultraviolet rays, and 
external skin 
formulation 

JP2022065588A KOEI KOGYO KK Cosmetic Japão Preventive/ 
ameliorating agent for 
skin oxidative stress, 
inflammation and aging 
caused by violet light, 
blue light and UV rays 
contains extracts or 
fermented products 
chosen from fermented 
products [95]. 

04/27/2022 

A water eyebrow pencil 
and preparation 
method thereof 

CN113974300A Jiaoshi Daily 
Chemical 
(Hangzhou) Co. 
Ltd. 

Cosmetic China Water eyebrow pencil 
and method of 
preparation, which uses 
Amazon fruit as a skin 
conditioning agent 
[96]. 

01/28/2022 

(continued on next page) 
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Table 1 (continued ) 

Title Application Number Assignee or 
inventor 

Aplication Country Related to Publication 
Date 

A vegetable fat powder 
for improving 
mouthfeel of milk tea 
and preparation 
method thereof 

CN111685189A ZHANG Zi-qi, 
Huanggang, 
Hubei 

Food China Preparing vegetable fat 
powder comprises e.g. 
stirring and mixing 
maltodextrin, sugar, 
sodium caseinate, 
dipotassium phosphate, 
emulsifier and water, 
mixing with Nephelium 
lappaceum kernel oil, 
homogenizing and 
spray drying [97]. 

09/22/2020 

Antimicrobial Can 
Extract Obtained 
From The Leaves Of 
Euterpe Oleracea 
(Açai) | Fitoterápico 
Antimicrobiano 
Obtido A Partir Do 
Extrato Das Folhas 
De Euterpe Oleracea 
(Açai) 

BR102017013494A2 Federal University 
of Maranhão 

Phytotherapy Brazil Antimicrobial agent 
comprises Euterpe 
oleracea leaves extract, 
and formulated in form 
of capsule, solution, 
syrup, tablets, gel, 
aerosols, antiseptic, 
cream, powder, paste, 
ointments, pellets and 
soap [98]. 

01/15/2019 

Nephelium lappaceum 
and chayote 
compound beverage 
and preparation 
method thereof 

CN110495538A Jiangsu Zhineng 
Biotechnology Co. 
Ltd. 

Beverage China Fruit juice beverage 
based on the fruits of 
Euterpe oleracea, 
comprises: Euterpe 
oleracea juice (8–12 
%); apple juice (7–10 
%); pear juice (3–5%); 
lime juice (2.5–5%); 
passion fruit juice 
(1.5–4%); acerola 
(6–10 %); and orange 
juice (3–5%) [99]. 

11/26/2019 

Process For Preserving 
the Husk and Use of 
Rambutan 
(Nephelium 
Lappaceum) in Food 
Products 

WO2022006367A2 Rambuhealth 
Corp. 

Supplement United 
States 

A formulation for 
delivering one or more 
health benefits to a 
human post- 
consumption and a 
method to create the 
formulation are 
described. The 
formulation comprises 
a shell extract of 
Nephelium lappaceum in 
a form of a powder or a 
liquid and at least one 
material [100]. 

01/06/2022 

Cosmetics with fair 
complexion 
producing and 
antiinflammatory 
effects contain water- 
soluble solvent 
extract of fruit peels 
of Garcinia 
mangostana or 
Nephelium 
lappaceum 

JP4244004A Nonogawa Shoji 
Kk 

Cosmetic Japan Cosmetic having 
excellent whitening 
activity. anti- 
inflammatory activity 
and storage stability, 
improving the spots, 
dark colors and freckles 
of skin. Containing the 
water-soluble solvent 
extract of fruit peels of 
Garcinia mangostana or 
Nephelium lappaceum 

09/ 
01/ 
1992  

Composition useful as 
antibacterial agent, 
includes combined 
volume ratio of 
ethanol extracts from 
powdered Durio 
zibethinus (durian) 
and powdered 
Nephelium 
lappaceum 
(rambutan) 

PH22019050217U1 Philippine Science 
High School 

Pharmaceutical Philippines Antibacterial agent 
against E. coli and S. 
aureus which comprises 
a combined ratio by 
volume of ethanol 
extracts from a 
powdered Durio 
zibethinus (durian) and 
a powdered Nephelium 
lappaceum (rambutan). 

10/ 
02/ 
2020   
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fiber and antioxidant compounds. In addition, Santos et al. [106] pointed out that the bacaba powder obtained through a freeze-drying 
technique has a wide concentration of antioxidant components with bioactive properties, which allows its application in different 
industrial sectors. 

Table 2 
Articles that focus on the application of Amazonian fruits.  

Title Main Findings and/or Conclusions Reference 

Nutraceutical potential of Amazonian oilseeds in modulating the 
immune system against COVID-19 – A narrative review 

The study compiled the available evidence regarding the biochemical 
properties of some Amazonian fruits, especially Brazil nut, acai berry, 
bacaba, peach palm, sapucaya and Tucuma fruits, on human health and 
immune system. These effects were discussed from an etiological and 
pathophysiological perspective, emphasizing their potential role as a co- 
adjuvant strategy against COVID-19. 

[10] 

Açaí (Euterpe oleracea Mart) seed extract protects against maternal 
vascular dysfunction, hypertension, and fetal growth restriction in 
experimental preeclampsia 

The article investigated whether Euterpe oleracea Mart. (acai) seed extract 
prevents maternal cardiovascular changes and intrauterine growth 
restriction (IUGR) in experimental preeclampsia (PE). As a conclusion 
they found that the extract protected against maternal cardiovascular 
changes and IUGR in L-NAME-induced PE. The protective effect of ASE 
may be partially explained by its antioxidant property. 

[81] 

Peels of tucumã (Astrocaryum vulgare) and peach palm (Bactris gasipaes) 
are by-products classified as very high carotenoid sources 

In this study, for the first time, the carotenoid profile in the peel of tucuma 
and peach fruits was studied. The carotenoid content of the peel of both 
fruits was higher than those found in the pulp. Thus, the fruit peels of 
tucuma and peach were classified as very high sources of carotenoids to be 
used by any potentially interested industry. 

[107] 

Bacaba powder produced in spouted bed: an alternative source of 
bioactive compounds and energy food product Bacaba 

This study evaluated the Bacaba powder produced in a beak bed as a 
source of bioactive compounds and high energy value. The results of total 
phenolics (376.43 mg GAE 100 g− 1), high solubility (92 %), flowability 
(14 %), and energy of Bacaba powder suggest the potential for many 
applications, such as the development of dietary supplements, high- 
energy beverages, milk-based and instant products, and bakery products. 

[108] 

Pequi oil (Caryocar brasilense Cambess.) nanoemulsion alters cell 
proliferation and damages key organelles in triple-negative breast 
cancer cells in vitro 

The study was investigated the effects of pequi oil-based nanoemulsion 
(PeNE) on triple-negative breast cancer cells (4T1), in vitro. PeNE showed 
a dose- and time-dependent cytotoxic effect with IC50 lower than free 
pequi oil after 48 h of exposure (p < 0.001). These promising results 
highlight the use of PeNE as a potential complementary therapeutic 
approach to be employed alongside conventional breast cancer treatments 
in the future 

[101] 

Antiproliferative Activity and Antioxidant Potential of Extracts of 
Garcinia gardneriana 

The study evaluated the antiproliferative activity, antioxidant potential, 
and the chemical profile obtained from the whole fruit and leaves of 
Garcinia gardneriana. The content of carotenoids in the fruit and leaves 
were expressive. The ethyl extract and the hexane and chloroform 
fractions of the fruit were active in all the neoplastic lines tested. The 
leaves showed cytotoxic activity in the hexane fraction in the mammary 
carcinoma line. This demonstrates its therapeutic potential as a fruit. 

[103] 

Functional and nutritional properties of rambutan (Nephelium 
lappaceum L.) seed and its industrial application: A review 

Rambutan seed is a major co-product of the industry that is rich in fat, 
protein, carbohydrates, fiber, antioxidants, and phenolics and can be used 
in various segments of the food, pharmaceutical, and cosmetic industries. 
Research should also continue to determine if rambutan seed fat can be 
fractionated, chemical and enzymatic interesterified, and blended with 
other fats to make cocoa butter alternatives. 

[90] 

Antiproliferative Activity and Antioxidant Potential of Extracts of 
Garcinia gardnerina 

The study evaluated the e antiproliferative activity, the antioxidant 
potential, and the chemical profile obtained from the whole fruit and from 
leaves of Garcinia gardneriana. The findings demonstrated Garcinia as a 
potential source of bioactive compounds with a significant 
antiproliferative effect in breast neoplastic lines (MCF). 

[103] 

Açaí (Euterpe oleracea Mart.) Modulates Oxidative Stress Resistance in 
Caenorhabditis elegans by Direct and Indirect Mechanisms 

In this study, the Caenorhabditis elegans model to evaluate the in vivo 
antioxidant properties of açaí on an organismal level and to examine its 
mechanism of action. Supplementation with açaí aqueous extract (AAE) 
increased both oxidative and osmotic stress resistance independently of 
any effect on reproduction and development. The researchers conclude 
that, AAE increased polyglutamine protein aggregation and decreased 
proteasome activity under certain conditions by direct and indirect 
mechanisms. 

[20] 

Antidiabetic effect of Euterpe oleracea Mart. (açaí) extract and exercise 
training on high-fat diet and streptozotocin-induced diabetic rats: 
A positive interaction 

The article assess the effect of the ac¸aı’ seed extract (ASE) associated with 
exercise training on diabetic complications induced by high-fat (HF) diet 
plus streptozotocin (STZ) in rats. In type 2 diabetic rats, the treatment with 
ASE reduced blood glucose, insulin resistance, leptin and IL-6 levels, lipid 
profile, and vascular dysfunction. The group conclued that, ASE treatment 
has an antidiabetic effect in type 2 diabetic rats by activating the insulin- 
signaling pathway in muscle and adipose tissue, increasing GLP-1 levels, 
and an anti-inflammatory action. 

[79]  
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Thus, the data presented in this study demonstrates the important biological properties contained by the evaluated fruits, especially 
in reference to the presence of antioxidant components. It is these properties which provide important opportunities for development 
in the pharmaceutical and food industries. 

4. Conclusions 

The Amazon is a biome known worldwide for having among its flora exotic fruits, such as pequi, açaí, and rambutan, which has 
attracted interest due to its differentiated composition regarding the presence of bioactive components and other nutritionally relevant 
compounds. However, the results found in this study revealed that there is still an important gap between the in natura consumption of 
these fruits and the development of innovative products, leading to the generation of patents. One of the main findings of this study was 
the dominance of Asian countries as depositors of the documents found, which indicates the weaknesses of innovation among the 
countries that are part of the Amazon. In addition, the patent documents found in this search showed that the cosmetic, pharmaceutical 
and food areas have explored the potential of these fruits more than other sectors, especially in regards to their composition and 
potential application in the development of new, anti-aging, antioxidant and nutraceutical products. However, increased investment in 
translational research is necessary to harness the potential of these fruits and expand their utilization from local communities to in-
dustrial innovation. Finally, it is important to emphasize that the innovation scenario involving exotic fruits with a focus on the 
Amazon may be impacted in the coming years due to increasingly common extractive activities in this region, which may hinder the 
development of new technologies. The findings contained in this work could support not only the market and scientific trends 
involving the fruits evaluated, but also the elucidation of a scenario exposed to anthropological activities. 
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Paula Oliveira, Açaí (Euterpe oleracea mart.) modulates oxidative stress resistance in Caenorhabditis elegans by direct and indirect mechanisms, PLoS One 9 
(2014), 89933, https://doi.org/10.1371/journal.pone.0089933. 

[21] A. Ibiapina, L. da S. Gualberto, B.B. Dias, B.C.B. Freitas, G.A. de S. Martins, A.A. Melo Filho, Essential and fixed oils from Amazonian fruits: proprieties and 
applications, Crit. Rev. Food Sci. Nutr. 62 (2022) 8842–8854, https://doi.org/10.1080/10408398.2021.1935702. 
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[33] N.L. Barboza, J.M. dos, A. Cruz, R.F. Corrêa, C.V. Lamarão, A.R. Lima, N.M. Inada, E.A. Sanches, J. de A. Bezerra, P.H. Campelo, Buriti (Mauritia flexuosa L. f.): 
an Amazonian fruit with potential health benefits, Food Res. Int. 159 (2022), https://doi.org/10.1016/J.FOODRES.2022.111654. 

[34] C.M. Bemfeito, J. de D.S. Carneiro, E.E.N. Carvalho, P.C. Coli, R.C. Pereira, E.V. de B. Vilas Boas, Nutritional and functional potential of pumpkin (Cucurbita 
moschata) pulp and pequi (Caryocar brasiliense Camb.) peel flours, J. Food Sci. Technol. 57 (2020) 3920–3925, https://doi.org/10.1007/S13197-020-04590- 
4/TABLES/2. 

[35] M. Mascaraque, Top 5 Trends Shaping Health and Wellness, 2019. https://blog.euromonitor.com/top–5-trends-shaping-health-and-wellness/. 
[36] Federação das Indústrias do Estado de São Paulo, Brazil Food Trends 2020, 2020. http://www.brasilfoodtrends.com.br/publicacao.html. 
[37] R.F. Neves, M.D. Chiarello, L.A. Lima, G.F. Ghesti, Forecasting study of food-related patents protected by the University of Brasilia, Brazil: case study, Heliyon 

9 (2023), https://doi.org/10.1016/j.heliyon.2023.e17111, 1-12. 
[38] M.J.A. Ferreira, M.F.S. Mota, R.G.B. Mariano, S.P. Freitas, Current scenario and recent advancements from tucumã pulp oil and kernel fat processing, Eur. J. 
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