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Ethnobiology is the study of the dynamic relationship between plants, animals, 
people, and the environment. Academic and applied interests include ethnobotany, 
ethnozoology, linguistics, paleoethnobotany, zooarchaeology, ethnoecology, and 
many others. The field lies at a dynamic intersection between the social and 
biological sciences. The major contribution from the biological sciences has come 
from economic botany, which has a rich historical and scientific tradition. Indeed, 
the objectives of the colonial enterprise were as much about the quest for “green 
gold” –herbal medicines, spices, novel cultivars, and others—as it was for precious 
metals and sources of labor. The view that ethnobiology concerns mostly the 
discovery of new and useful biota extended into the 20th century. The social sciences 
have contributed to the field in both descriptive studies but also within quantitative 
approaches in cognitive anthropology that have led to general principles within 
ethnobiological classification. Ethnobiological research in recent years has focused 
increasingly on problem solving and hypothesis testing by means of qualitative and 
especially quantitative methods. It seeks to understand how culturally relevant 
biotas are cognitively categorized, ranked, named, and assigned meaning. It 
investigates the complex strategies employed by traditional societies to manage 
plant and animal taxa, communities, and landscapes. It explores the degree to which 
local ecological knowledge promotes or undermines resource conservation, and 
contributes to the solution of global challenges, such as community health, nutrition, 
and cultural heritage. It investigates the economic value and environmental 
sustainability to local communities of non-timber forest products, as well as the 
strategies through which individual ecological knowledge and practices encourage 
resilience to change—modernization, climate change, and many others. Most 
importantly, contemporary ethnobiological research is grounded in respect for all 
cultures, embracing the principles of prior informed consent, benefit sharing, and 
general mindfulness.
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Preface

Local and diverse food plants are at the heart of sustainable diets. However, current 
food systems undermine biodiversity, making diets unsustainable for human and 
environmental health. For example, in the case of Brazil, it is surprising how little 
we know about the biodiversity of our food plants. Brazil is a megadiverse country 
known for its biodiversity and expressive cultural diversity. Nevertheless, we have 
observed a tremendous dietetic standardization based on a low diversity of plants. 
In the Caatinga biome, a large region in the dry seasonal forest of northeastern 
Brazil, for instance, it is commonplace to observe how native foods are neglected 
and sometimes stigmatized as irrelevant resources. The reasons for this 
homogenization can be many. One probable hypothesis is that the hegemony of 
certain exotic foods to the detriment of the locals indicate an outspread tendency of 
cultural homogenization.

While the design of the food systems is an eminently political and ethical 
problem, there are still technical and scientific bottlenecks that distance us from 
sustainable diets. Our book presents some of these obstacles, considering food 
plants in the Brazilian context. This publication also comprises the register of local 
food plants, presenting the potential of plants in five of six Brazilian biomes and 
lacunas and our current state of knowledge. The gaps that we diagnose range from 
the systematic collection of ethnobiological and ethnoculinary data to the pervasive 
lack of nutritional composition and consumption data on biodiverse foods.

The initial parts of the book–“Basics on Food Plants and Biodiversity” and 
“Brazilian Food Plants”–provide a theoretical and situational overview of biodi-
verse food plants, in addition to reviewing the state of current scientific evidence 
relating food biodiversity to food and nutrition security. The subjects of food 
composition and consumption are addressed directly in two parts, “Food 
Composition Data on Brazilian Edible Plants by Biome” and “Consumption of 
Brazilian Food Plants.” A multidisciplinary approach in research and in extension 
projects is useful to address the gaps in data on biodiverse foods. To show how 
this bridge between diverse disciplines offers a broad perspective, we include 
examples in two parts, “Ethnobotanical Knowledge of Brazilian Food Plants” and 
“Learning and Teaching Brazilian Food Plants.” These 6 parts comprise 21 
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chapters written by professionals who argue that biodiverse foods are central in 
promoting sustainable diets and, therefore, planetary health.

With this book, we aim to introduce people to the debate about food biodiversity 
and food and nutrition security, considering the Brazilian context. Its potential lies 
in the fact that authors with different perspectives–from several countries, disci-
plines, theoretical backgrounds, and fields of action–worked on this production, 
expanding the visualization of problems and solutions from different focal lenses. 
Our final goal is to help as many people as possible find inspiration and ways to 
make changes based on the context of their lives and professions, in order to promote 
diets more sustainable for humans and all other forms of life.

Financial support of the National Council for Scientific and Technological 
Development, the CNPq (Grant number: 150654/2019-7), allowed us to edit this 
work. We also had support from the National Institutes of Science and Technology 
in Ethnobiology, Bioprospecting, and Nature Conservation, certified by CNPq, with 
financial support from Facepe, the Foundation for Support to Science and Technology 
of the State of Pernambuco (Grant number: APQ-0562-2.01/17).

Natal, Brazil  Michelle Cristine Medeiros Jacob
Recife, Brazil  Ulysses Paulino Albuquerque
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1  Introduction

For several years, scientists have been warning that food systems have become sig-
nificant drivers of environmental degradation, of various forms of malnutrition, and 
of food insecurity (Altieri 2004; Swinburn et al. 2019). The pandemic of COVID-19 
demonstrates the practical effect of ignoring the evidence in the name of a narrow 
focus on food production (to see more about the relationship between environmen-
tal degradation and SARS-CoV-2 outbreak see Jacob et al. 2020a). We have never 
been so close to a global shutdown of our economic system, so close to living on a 
planet where all forms of life are under threat, and so distant from guaranteeing 
regular access to nutritious foods to households across the globe (IPES-Food 2020). 
The global food system is ripe for a change.

Food systems are formed by all activities in food production, transformation, 
distribution, and consumption, including those leading to food losses and waste. 
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The interaction and interdependence of food systems, human health, and biodiver-
sity are complex. Sustainable food systems are needed for human health, but the 
sustainability of food systems depends fundamentally on the preservation of their 
biodiversity. Sustainable food systems promote global outcomes of human and 
environmental health, social equity, and economic resilience (IPES-Food 2017). 
The task of transforming food systems to deliver sustainability requires integrated 
actions in order (1) to conserve biodiversity and to reduce the impacts on the envi-
ronment; (2) to shift towards sustainable practices in production, processing, and 
consumption; (3) to improve socioeconomic welfare; and (4) to consider cultural 
adequacy of food practices (Béné et al. 2019). In this debate, the biodiversity of 
plants, animals, and micro-organisms used directly or indirectly for food and agri-
culture has a crucial role in promoting sustainable food systems (Blicharska et al. 
2019). The Convention on Biological Diversity defines biodiversity as the variabil-
ity among living organisms from all sources, including terrestrial, aquatic ecosys-
tems, and the ecological complexes (United Nations 2016). Ecosystems, species, 
and genes are the three critical components in biodiversity, characterized by attri-
butes, such as diversity, abundance, and composition (Kearns 2010).

In this chapter, we present arguments that highlight the role of biodiversity in 
making food systems more sustainable. In our analysis, we define biodiverse food 
plants as the plants of extensive use (e.g., beans, rice, corn) and unconventional food 
plants as usually native, often neglected, and of culturally limited use (Jacob and 
Albuquerque 2020). We also consider the non-edible biodiversity of agricultural 
interest, which includes a multitude of species, such as soil microbiomes, insects, 
birds, and mammals, which work pollinating crops, regulating pests, balancing 
nutrients in fields, and storing carbon in soils (Willett et al. 2019). This discussion 
can help inform food system transformation plans and actions.

2  Biodiversity Towards Sustainable Food Systems: Four 
Major Arguments

In Fig. 1, we summarize the main opportunities and barriers related to the four argu-
ments to mainstream biodiversity into current food systems.

2.1  Biodiversity Is Central to Food and Nutrition Security1

The most authoritative and widely used definition of food security is that provided 
in the FAO’s 2001 State of Food Insecurity report: “Food security exists when all 
people, at all times, have physical, social and economic access to sufficient, safe and 

1 In our book, we  prefer to  use “food and  nutrition security” (FNS) instead of  “food security” 
for two main reasons. First, FNS is the term used in Brazilian legislation (see Law 11.346/2006). 
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nutritious food which meets their dietary needs and food preferences for an active 
and healthy life” (FAO 2001). From this breathtaking, encompassing definition, 
many components can be discerned, particularly those addressing the availability of 
and the access to food, as well as the utilization of food (nutrition uptake), and the 
stability of food availability, access, and utilization. In its 2020 report, the High 
Level Panel of Experts (HLPE) of the Committee on World Food Security (CFS) 
proposes amplifying the concept of food security to more explicitly recognize two 
other dimensions: sustainability and agency (HLPE 2020).

While the endorsement of the HLPE leads to a more widespread recognition of 
the importance of sustainability and agency for food and nutrition security (FNS), 
many scholars and groups working in the area have incorporated these dimensions 
in their consideration of food security for many years. As an example, the Centre for 
Studies in Food Security at Ryerson University, Canada, since 2003 has considered 
the following dimensions of food security (defined collectively as “the 5 As of food 
security”):2

• Availability: Sufficient food for all people at all times
• Accessibility: Physical and economic access to food for all at all times

Second, the term “nutrition” signals that food also needs to offer quality in terms of nutritional 
health. To  read further about this debate, see Ingram (2020). As we show in  this section, FAO 
and the Centre for Studies in Food Security at Ryerson University maintain the original description 
of  the  concept (without the  “nutrition”). However, the  definitions presented by them include 
the quality component of food embraced by FNS.
2 See at: https://www.ryerson.ca/foodsecurity/

Fig. 1 Four major arguments to mainstream biodiversity into current food systems

Biodiversity Towards Sustainable Food Systems: Four Arguments
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• Adequacy: Access to food that is nutritious and safe and produced in environ-
mentally sustainable ways

• Acceptability: Access to culturally acceptable food, which is produced and 
obtained in ways that do not compromise people’s dignity, self-respect, or human 
rights

• Agency: Policies and processes that enable the achievement of food security

A “productionist” view of food security only focuses on the availability dimen-
sion, with little regard for issues of poverty and wealth distribution (preventing 
proper access); nutritional quality of diets and safety of the food made available; the 
environmental impact of food production; the social and cultural contexts for people 
accessing food; and little regard for the power dynamics preventing the realization 
of the human right to adequate food. For years, this “productionist” view has sup-
ported the development of an industrial agriculture paradigm, favoring monocul-
tures and emphasizing quantity over quality, to the detriment of biodiversity, the 
environment, human health, cultures, and social well-being (IPES-Food 2016, 
2017). True food and nutrition security depends on a food system that promotes 
health, fairness, and environmental sustainability.

In the past, using a strict “productionist” approach, biodiversity conservation and 
food security were often presented as mutually exclusive goals (Sonnino et  al. 
2014). In a finite resource world, the decisions taken to address one problem were 
seen to negatively affect the other (Chappell and LaValle 2011). Thus, for example, 
a conservation focus could limit food production requirements and, as a conse-
quence, increase food insecurity (as if food security depended only on an increase 
in the absolute quantity of food). However, the practice of converting wildlands to 
intensive commercial agricultural use, ignoring biodiversity, can produce new chal-
lenges to FNS (e.g., pollinator diversity reduction, lower soil fertility). Biodiversity 
has proven to be central to FNS and vice versa (Sunderland 2011). Presenting these 
two challenges as an inevitable trade-off is part of a narrative3 that has proven to be 
insufficient to analyze the complexity of both. The analysis needed requires a 
broader focus on food and nutrition security instead of a strict food production 
approach, with consideration of societal issues such as social justice and gover-
nance (Cramer et al. 2017).

However, as shown by Hanspach et al. (2017), a biodiverse environment does not 
guarantee FNS. They conducted a multivariate analysis of social-ecological data 
from 110 landscapes in the Global South to study the food-biodiversity nexus. In the 
landscapes studied, win-win outcomes were associated with high equity, ready 

3 A narrative defines the framings of the stories around the food system, beginning, middle, and 
end. Three points orient the construction of a food systems failure narrative: what is the failure 
about, what is threatened and need to be fixed, and where the priorities for action stand. The domi-
nant and narrow narrative is the food systems failure is their inability to feed the world population. 
FNS is under threat. The action required is to close the yield gap. To broaden this narrative, we 
would prefer to tell the following story: the food systems failure is their inability to produce equal 
and equitable benefits. Social justice, democratic process, and small-scale actors are under threat. 
The action required is decentralization and grassroots autonomy. See Béné et al. (2019).
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access to land for local people, and high human and social capital. On the other 
hand, trade-offs were related to a narrow focus on financial capital. The authors 
concluded that avoiding a narrow focus on infrastructure, commercialization, and 
built capital seems critical for fostering synergies between FNS and biodiversity 
conservation. It is crucial to broaden the focus by considering strengthening human 
capital, social capital, and equity to foster win-win relations.

Biodiversity can support FNS in many ways. Blicharska et al. (2019), for exam-
ple, performed a review to discuss the breadth of ways in which biodiversity can 
support sustainable development. Analyzing the sustainable development goal 2 
(Zero Hunger), they list the direct delivery benefits of biodiversity to FNS (United 
Nations 2015). Some of them are improving dietary quality; ameliorating soil fertil-
ity, structure, quality, and health; providing crop pollination; bearing pest control; 
expanding agricultural output and future yields; increasing resilience of agricultural 
systems; providing potential for new crops; and maintaining productivity in marine 
ecosystems.

Considerations of the synergies between biodiversity preservation and FNS have 
led to the promotion of agroecology. Diversified agroecological systems offer 
broader benefits for the environment and society (IPES-Food 2015). With a holistic 
approach, agroecology considers the sustainable use and management of natural 
resources and ecosystem services in agriculture. It also explicitly includes social 
issues into its principles, such as ethical considerations, changes in diet, and social 
justice (see Altieri 2004). Transitioning towards diversified agroecological systems 
is more urgent than ever. The COVID-19 outbreak has revealed how intricately 
linked human, animal, and ecological health are (Altieri and Nicholls 2020). 
However, a narrow scope without governance arrangements will fail to mainstream 
biodiversity into global food systems (De Clerck 2016). To prevent future health 
crises on a global scale, we need to connect agroecological strategies, public poli-
cies, and solidarity market arrangements (IPES-Food 2018; Nicholls and 
Altieri 2018).

2.2  Agricultural Biodiversity Strengthening Resilience 
to Climate Change

Food production has been a major driver of climate change, being responsible for 
26% of all anthropogenic greenhouse gas emissions (Poore and Nemecek 2018). 
This fact represents a significant concern to FNS since climate change has adverse 
effects on food production, creating harmful feedback loops in the food-climate 
nexus (Jacques and Jacques 2012).

Resilience in social-ecological systems is the ability of a given system to sustain 
itself or recover quickly from difficulties, stresses, and shocks. It comprises three 
main characteristics: the capacity (1) to absorb shocks, (2) to self-organize, and (3) 
to learn and adapt. Agricultural biodiversity and associated knowledge strength the 
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resilience to climate change-related stresses. This is the conclusion of a study on 
global food systems trends that reviewed 172 project reports and case studies from 
Africa, Central and South America, Asia, and the Pacific (Mijatović et al. 2013). 
Mijatović and colleagues reported the strategies to strengthen climate change resil-
ience with agricultural diversity by dividing it into three levels. First, at the scale of 
the landscape, biodiversity protects and restores ecosystems and optimizes the sus-
tainable use of soil and water resources. Second, at the scale of the farming system, 
biodiversity contributes to the diversification of crops, agroforestry, allowing vari-
ous adjustments in practices (e.g., soil fertility, rainwater harvesting). Third, at the 
level of the species or variety, biodiversity improves the stress tolerance through 
selection and breeding techniques, amplifying the use of resistant species, varieties, 
and breeds. One clear example provided by the authors at the farming scale is that 
in agroforestry systems, trees, and shrubs regulate soil moisture and temperature.

Despite the scientific evidence that relates biodiversity and climate change miti-
gation, current food systems are in the opposite direction, facing an increasing trend 
towards homogeneity. For example, Khoury et al. (2014) analyzed changes in the 
diversity of the portfolio of crop species in the food supplies of 152 countries com-
prising 98% of the world’s population from 1961 to 2009. They concluded that 
globally, national food supplies have become increasingly similar in composition, 
precisely 36% more similar over the past five decades. A suite of global crop plants 
builds these national portfolios: maize (Zea mays L.), wheat (Triticum aestivum L.), 
and rice (Oryza sativa L.), also known as the “big three” cereals. These crops have 
been bred for intensive agriculture, and they may not be able to cope with the chal-
lenging weather events we are already facing (Massawe et al. 2016).

To cope with climate change is urgent to diversify agricultural biodiversity and 
supply chains. Although the world counts with at least 50,000 species of plants suit-
able for human consumption, fewer than 300 species make their way into the market 
(Jacques and Jacques 2012). Brazil has a big potential of biodiversity with an esti-
mated flora of 49,056 species, including algae, angiosperms, bryophytes, fungi, 
gymnosperms, ferns, and lycophytes (Jardim Botânico do Rio de Janeiro, 2020). 
These plants are strategic to a massive social change toward plant-based diets. 
Plant-based diets have the potential to reduce deforestation and methane production 
by domesticated ruminants (Wolf et al. 2019). Reductions in global deforestation 
and ruminant numbers could substantially contribute to climate change mitigation 
goals (Ripple et al. 2014). As the climate change crisis has global as well as local 
implications, the actors of the international political arena will need to find common 
ground to achieve the mitigation goals. For example, a recent study by Rajão et al. 
(2020) shows that almost 20% of soy exports and at least 17% of beef exports from 
Brazil to the European Union (EU) are contaminated with illegal deforestation of 
the Amazon and the Cerrado (Brazilian biomes). Related to this fact, there are two 
significant concerns. First, the increase of greenhouse gas emissions from deforesta-
tion and forest fires in Brazil could cancel out EU climate change mitigation efforts. 
Second, international consumers are demanding to boycott Brazilian products con-
taminated by deforestation, impacting the national economy. Thus, political will 
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and compliance to international agreements are necessary and urgent to advance the 
climate change issue.

2.3  Biodiversity Fosters Sustainable Diets

The simplification of global and local agricultural systems decreases the availability 
of diverse food and its consumption (see Khoury et al. 2014), increasing the risk of 
various forms of malnutrition, potentially leading to undernutrition as well as over-
weight and obesity. The FAO’s report The State of Food Security and Nutrition in 
the World (FAO 2020) shows that in 2019 almost 750 million people, or 10% of the 
human population, were exposed to severe food insecurity levels. The same report 
shows that almost two billion people have no regular access to safe, nutritious, and 
sufficient food and that obesity is also on the rise in all regions of the world.

The consumption of biodiverse food plants is directly associated with a healthy 
diet. In a broad review of the contribution of wild and cultivated biodiversity to 
improve diets, Powell et al. (2015) argue that several studies that looked at nutrient 
intake found a possible relationship between crop diversity and mean nutrient ade-
quacy (a quality diet indicator) across multiple nutrients. In an international research 
effort, Lachat et al. (2018) assessed data from 24-hour diet recalls from 6226 par-
ticipants (women and children) in rural areas from seven low- and middle-income 
countries, to analyze the relationship between dietary species richness and dietary 
quality. Their dietary quality analysis comprised the mean adequacies of vitamin A, 
vitamin C, folate, calcium, iron, and zinc. By dietary species richness, they consider 
the number of species consumed by each individual. Their results showed a positive 
association between nutritional and biodiversity indicators (species richness), both 
in the wet and dry seasons. Concerning specifically unconventional food plants, 
Powell et al. (2013), studying dietary diversity and wild plants in Tanzania, showed 
that although these plants contributed only 2% of the total energy in the diet, they 
provided significant percentages of vitamin A (31%), vitamin C (20%), and iron 
(19%). Even considering that the analysis of biodiversity in diets of industrialized 
and urban settings needs to advance, the current state of evidence shows that biodi-
verse food plants are relevant sources of energy, micronutrients, and bioactive com-
pounds (Penafiel et al. 2011). Thus, the consumption of these plants is at the core of 
the proposal of sustainable or healthy diets,4 those consisting of a diversity of plant- 
based foods, with low amounts of animal source foods and low amounts of highly 
processed foods (Willett et al. 2019).

Brazil has a strong potential for mainstreaming biodiversity into diets. The 
national ordinance no. 284/2018 identifies 101 native species with nutritional 

4 We understand sustainable diets as a synonym of healthy diets. For us, as for Willet et al. (2019), 
to be healthy, in a broad sense and long-term, diets need to protect both the environment and 
human health. To better understand the distinctions made in some cases among sustainable and 
healthy diets, see Béné et al. (2019)

Biodiversity Towards Sustainable Food Systems: Four Arguments
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 potential, fostering their integration into national public policies, such as the Food 
Acquisition Program (Programa de Aquisição de Alimentos-PAA) and the National 
School Food Program (Programa Nacional de Alimentação Escolar-PNAE). 
Nutritional data of these plants are available through the Information System of 
Brazilian Biodiversity (Sistema da Informação da Biodiversidade Brasileira- 
SiBBr).5 Moreover, the Brazilian food guide promotes food diversity, considering 
its role in contributing to a higher variety of nutrients and in protecting the environ-
ment (Brasil 2014). Another public health tool is the report Alimentos Regionais 
Brasileiros (Brazilian Regional Foods), published by the Health Ministry (Brasil, 
2015), with the purpose of spreading knowledge of the diversity of Brazilian plants, 
presenting plant information, culinary uses, recipes, and nutritional information. 
Finally, one of the food composition tables used in the country, the Tabela Brasileira 
de Composição de Alimentos (TBCA/USP), includes a database (Biodiversidade e 
alimentos regionais6), containing a variety of plants consumed in Brazil, their scien-
tific name, and cultivar identification.

However, there are several barriers to overcome in the promotion of diets rich 
in  local plants, integrating them into Brazil’s food system (see Box 1). Some of 
them are related to our current knowledge of biodiverse food plants. Jacob and 
Albuquerque (2020) present four significant gaps that can help to collectively align 
the research agenda of scientists interested in the topic. First, there is a need to cre-
ate better strategies to map the biodiverse food plants available in our territory. The 
creation of research networks and the development of systematic reviews could be 
strategic to gather these data on a large-scale (see Jacob et al. 2020b as an example). 
Second, we need to overcome the lack of culinary data in our studies. Some process-
ing food techniques (e.g., to wash, to heat, to infuse, to germinate, to ferment, to 
cure) or the combination of different foods can modify the diet food matrix and the 
bioavailability of certain nutrients or toxins. Third, the scarcity of nutritional com-
position data puts a real barrier to dietary assessments. Finally, we need to improve 
our capacity to express the relationship between people, plants, and culture in our 
research tools and teams. As Powell et al. (2015) affirmed, this understanding of 
complex and dynamic biocultural food systems and landscapes will require that 
nutritionists, for example, think about landscapes and biodiversity as more than just 
calories. There is no doubt that the dialogue between nutrition, ethnobiology, 
anthropology, and agronomy is strategic for improving our capacity to work with 
biodiverse food plants.

Finally, it is crucial to highlight the virtuous loop between human and environ-
mental health. Biodiverse diets protect the diversity of life by fostering sustainable 
agricultural practices. Consequently, agricultural diversity can stimulate productiv-
ity, stability, ecosystem services, and food systems’ resilience (Frison et al. 2011; 
Khoury et al. 2014). The connecting point to boost this relationship is in our diets. 
As individuals and as a society, we need to be aware that in the food systems 

5 See at: https://ferramentas.sibbr.gov.br/ficha/bin/view/FN
6 See at: http://www.tbca.net.br/base-dados/biodiversidade.php
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dynamic, changes in our consumption patterns have effects on food production 
(Lawrence et al. 2015). Healthy diets are unaffordable for more than three billion 
people in the world (FAO 2020). More research is needed to identify and analyze 
the hidden costs of unhealthy diets, proposing measures for tackling these costs and 
investing into food system transformation.

Box 1: Barriers to Promote Biodiverse Food Plants into Diets

• Disconnect between the biodiversity, agriculture, health, education, and 
other sectors

• Continued lack of resources to develop research and extension systems 
focused in biodiversity

• Biodiverse food-based approaches all too often fall outside the traditional 
scope of clinical nutrition and public health

• Lack of skills and institutional capacity necessary to promote multisector 
approaches

• Lack of data linking biodiversity to dietary diversity and nutrition 
outcomes

• Relevant information is highly fragmented, scattered in various publica-
tions and reports or not easily accessible databases to policymakers and 
practitioners

• Poorly developed public policies, infrastructure, and markets for most of 
the biodiversity for food and nutrition

• Reach and influence of the modern globalized food system and trade poli-
cies which impede or undermine promotion and consumption of biodiver-
sity for food and nutrition, favoring the consumption of unhealthy 
processed foods

• Negative perceptions and attitudes to local, nutritionally rich traditional 
biodiverse foods

• The “artificial” cheap cost of global crops or imported foods which exter-
nalize their health and environmental costs

• Lack of farmers’ seed networks that support crop diversity sharing
• Lack of innovative food recipes that involve less cooking time and are 

more in tune with modern food consumption habits and lifestyles
• Lack of consumer demand, which translates into a lack of product 

awareness

Adapted from Hunter and Fanzo (2013) and Raneri et al. (2019)

Biodiversity Towards Sustainable Food Systems: Four Arguments
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2.4  Boosts Food System Resilience to Disease Outbreaks

The health crisis driven by COVID-19 highlighted the risks, weaknesses, and ineq-
uities underlying the global food system. In the recent years, we have had to deal 
with epidemic zoonoses such as avian influenza (H5N1), Severe Acute Respiratory 
Syndrome (SARS), Ebola virus, and Middle East Respiratory Syndrome (MERS). 
Over 70% of infectious diseases that have arisen in humans are related to animals, 
mostly originated in wildlife (FAO 2017).

The emergence of new pandemic and epidemic outbreaks may become more 
common in the future, considering that ecological catastrophes and climate change 
increase the frequency of zoonotic diseases (Patz et al. 2005; Alirol et al. 2011). 
Diverse high-risk human activities, such as industrial livestock production, intensify 
viral transmission between animals and people (Johnson et al. 2020). For instance, 
livestock breeding in tropical forests is related to deforestation, which is associated 
with an increase in infectious diseases such as dengue, malaria, and yellow fever 
(Wilcox and Ellis 2006).

Another disturbing loop relates to the destruction of natural habitats, biodiversity 
loss, viruses transmission, and emerging infectious diseases (Olival et  al. 2017). 
According to the United Nations report on zoonotic diseases (United Nations 
Environment Programme 2020), more virus transmission events occur within com-
munities that have low species diversity, which is referred as dilution effect. The 
dilution effect occurs because communities with more diversity of animals dilute 
transmission events keeping the virus prevalence low, thus reducing the number of 
susceptible animals. Unfortunately, as humans occupy and transform these environ-
ments, they disrupt the ecology of wildlife, altering the ecosystem balance, and 
increasing the likelihood that viruses will find intermediate hosts (Volpato et  al. 
2020; Jacob et al. 2020a). The conservation of biodiversity and the ecosystem plays 
a critical role in protecting humans from emerging infectious diseases.

A paradigm shift from industrial agriculture to diversified agroecological sys-
tems is an urgent challenge towards resilience. A resilient global system will help us 
cope with future shocks, making them less likely and critical (Kahiluoto 2020). 
Experts identify a series of actions to trigger a shift towards resilient food systems, 
including redirecting agricultural subsidies and investments into research on agro-
ecology (IPES-Food 2016). In some cases, traditional practices focused on agrobio-
diversity exhibit greater productivity than conventional agricultural methods. Prieto 
et al. (2015) demonstrated that the production of animal fodder in managed pastures 
reduces environmental stress in diverse systems, with taxonomic (interspecies) and 
genetic (intraspecies) diversity playing different and complementary roles. For 
example, a study of 81 smallholder communities in Nicaragua after Hurricane 
Mitch found that farms that used agroecological methods suffered less soil erosion 
compared to conventional farms (Holt-Giménez 2002; IPES-Food 2016).

Reconciliation between humanity and nature requires collective action along the 
entire agri-food chain. Thus, implementing any change towards a more resilient 

M. C. M. Jacob et al.



13

future for food systems requires that key stakeholders, including industry, policy-
makers, governments, and consumers, all take an active role.

3  Food Sovereignty Is Needed for Biodiversity Preservation 
and Sustainable Food Systems

According to the Declaration of Nyéléni (2007), “food sovereignty is the right of 
peoples to healthy and culturally appropriate food produced through ecologically 
sound and sustainable methods, and their right to define their own food and agricul-
ture systems.” Food sovereignty is thus the right of peoples to make decisions, dem-
ocratically, about the management of food resources and policies at global, regional, 
and local levels (Wittman 2011; Weiler et al. 2015).

Food sovereignty poses challenges in the public and political spheres, as it con-
fronts the concentration of power and the consequent social inequalities in food 
systems (Plahe et al. 2013; Jacques 2015). Some of the principal demands of the 
food sovereignty movement include agrarian reform in benefit of landless producers 
(Rosset 2011), the fight against the control of transgenic seeds by transnational 
agribusiness companies (Kerr 2013), and the demarcation of indigenous lands and 
respect for their biocultural heritage (Rocha and Liberato 2013; Queiroz 2015).

Discussions on food sovereignty, biodiversity, and social justice are intercon-
nected. There is evidence that biodiversity loss is associated with a country’s eco-
nomic growth and social inequality (Naidoo and Adamowicz 2001; Mikkelson et al. 
2007). Holland et al. (2009), analyzing socioeconomic models and the proportion of 
threatened species of plants and vertebrates in 50 countries, concluded that inequal-
ity is an essential factor in predicting the loss of biodiversity. Thus, the proposal for 
reform in the use and management of natural resources to meet human and environ-
mental well-being requires an integrative approach.

Agricultural diversity is necessary for sustainable development, FNS, and biodi-
versity conservation (Zimmerer and De Haan 2017). In the context of food sover-
eignty, agricultural diversity is the starting point for the construction of food policies 
focusing on the autonomy of peoples, the resilience of productive systems, the use 
and conservation of plant and animal genetic resources, and the recognition of the 
cultural identity and the affirmation of the rights of traditional peoples (see Altieri 
and Toledo 2011; Lenné and Wood 2011).

In the food sovereignty debate, biodiversity conservation in agricultural systems 
responds to a cultural need. Native plants have cultural and genetic roles, and pre-
serving them means safeguarding biocultural diversity (Jacob et al. 2020b; UNESCO 
2003). The preservation of traditional knowledge associated with plants is crucial to 
food sovereignty since people select plants in nature, rationally, with precise pur-
poses (Moerman 1979). Rangel-Landa et al. (2017), studying socio-ecological fac-
tors that influence the decision to domesticate native species, concluded that 
uncertainty in resource availability is a major factor motivating the management of 
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edible plants. In the case of medicinal and ceremonial plants, reciprocal inter-
changes, curiosity, and spiritual values are essential factors. So, the knowledge 
embedded into the decision to domesticate plants is relevant to safeguard the biodi-
versity heritage of a people.

Agricultural diversity and biodiversity conservation are also important in the 
context of agroforestry. FAO defines agroforestry as land-use systems and technolo-
gies where woody perennials are cultivated on the same land management units as 
agricultural crops and animals, in some particular spatial arrangement or temporal 
sequence (FAO 2013). Ethnoagroforestry analyzes traditional forms of agroforestry 
management, considering cultural, economic, and environmental factors from local 
communities (Moreno-Calles et al. 2016). Agroforestry practices connect synergi-
cally with the use and conservation of biodiversity, by integrating nature and cul-
ture, wild and domestic diversity, and, finally, different scales and forms of land 
management, providing the basis for food sovereignty and sustainability manage-
ment of ecosystems (Moreno-Calles et al. 2016). For example, in Mexico, 80% of 
the forests belong to 30,000 traditional communities (INEGI 2008). Part of the 
agroforestry systems occurs mainly in indigenous areas. And most of the country’s 
environmental movements are based on the distribution of agroforestry manage-
ment zones, indicating the active participation of indigenous peoples as forest 
guardians and promoters of food sovereignty (Toledo et al. 2015). Studies in ethno-
agroforestry have shown a relationship between traditional agroforestry and soil 
fertility (García licona et  al. 2017), biological conservation (Franco-Gaona et  al. 
2016; Hill et al. 2019), and high diversity (Hoogesteger van Dijk et al. 2017).

There is no food sovereignty without biodiversity. And the preservation of biodi-
versity depends crucially on local people’s rights to manage their natural resources. 
Therefore, some relevant pillars to food sovereignty policies are (1) genetic 
resources, ecology, and evolution; (2) governance policy, institutions and legal 
agreements; (3) food, nutrition, health, and disease; and (4) factors of global change 
with socio-ecological interactions (Zimmerer et al. 2019).

4  Final Considerations

Our review demonstrates the breadth of ways in which biodiversity supports the 
transformation of sustainable food systems, with positive outcomes for human and 
environmental health. We argued that biodiversity contributes to sustainable food 
systems and human health by supporting food and nutrition security, strengthening 
resilience to climate change, fostering sustainable diets, and boosting resilience to 
disease outbreaks. Unfortunately, we face the rapid decline of biodiversity globally, 
threatening more species with global extinction now than ever before. We will not 
achieve the goals of conserving biodiversity until 2030 without transformative 
changes across economic, social, and cultural factors that guide human decisions. 
These transformative changes demand new forms of food systems governance 
based on food sovereignty. This complexity of factors must guide our analysis and 
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actions as scientists, politicians, professionals, and citizens towards sustainable 
food systems.
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During the 1990s and the early 2000s, the issue of world hunger faded into the 
background. Not that the problem had disappeared, but other matters (such as the 
global obesity epidemic or the political and health issues surrounding the use of 
GMOs) took centre stage in the media. In June 1998, the sharp rise in the prices of 
food raw materials, particularly cereals, triggered the so-called hunger riots in many 
countries. This gave new impetus to an old question: How can we feed a growing 
human population? For several decades, the stakes seemed to be more on the side of 
quality than quantity, at least in the Western world. So much so that agricultural 
Europe set up production quotas for certain products and reintroduced the practice 
of fallow land.

A growing environmental awareness arose during the same period. It led to bio-
diversity being seen as a common heritage of humanity, worthy of protection, and 
subsequently to reconsider the consequences of decisions made at local levels in a 
self-regulated world. With globalisation, the idea that certain human cultures were 
disappearing gave way to the concept of ethno-diversity, echoing that of biodiver-
sity, both of which were regarded as a heritage for all humanity. Connected to the 
question of sustainability, the two concepts allowed for the reorganisation of the 
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Malthusian model and the transformation of the status of diversity of food cultures 
into resources, to face the challenge of hunger.

1  From Politicization of Hunger to Sustainability

The adequacy of food production to the needs of the world’s population is seem-
ingly an issue that is easy to model. Moreover, historically it is the epistemological 
starting point for modern social sciences: economics, demography and to some 
extent sociology and anthropology. In 1798, in his “An Essay on the Principle of 
Population”, Thomas Malthus theorized that the world’s population grows in geo-
metric progression, while the capacity to produce food evolves according to an 
arithmetic progression, thus drawing a catastrophic future. He predicted that if care 
were not taken to reduce population growth, the earth would become the scene of 
deadly struggles because of hunger. As agronomic and demographic knowledge 
evolved, the theme of world hunger became clearer. In 1938, Anton 
Zischka (1938) wrote a book entitled Brot für 2 Milliarden Menschen (Bread for 
Two Billion Men). The contemporary reader will note both the demographic scale 
of two billion as a warning horizon and the ethnocentrism that posits bread as uni-
versal food. A few years later, Maximilien Sorre  (1943) developed a theoretical 
reflection proposing a way of overcoming the two competing paradigms that was 
exploring the relationship between man and nature in geography: the determinism 
of “anthropo-geography” that gave priority to the environment, and the “possibil-
ism” of Paul Vidal de La Blache, for whom human action is almost limitless. Sorre 
promoted a vision focusing on the interactions between man and his environment, 
which would later give birth to modern ecological anthropology (Steward 1955). In 
his “Geopolitics of Hunger”, Josué de Castro (1952) took the question of hunger out 
of the charity order to place it in the political order. According to him, the instru-
ments used to fight against hunger were to be found in social and political 
organization.

The second half of the twentieth century was marked by ecological awareness. In 
1974, René Dumont, a leading figure of Third-Worldism, ran for the French presi-
dential election. During the television campaign, he appeared on screen with a glass 
of water in his hand and made a gloomy prognosis: “If we do nothing, we will not 
be able to drink any more water in twenty years’ time”. The French magazine Le 
Nouvel Observateur launched an ecological supplement called Le Sauvage, with 
“Vegetable activists” on the front page of its first issue, and an article announcing 
without detour that “humanity must prepare to become vegetarian”. This was fol-
lowed by a demonstration highlighting (albeit a little quickly) “that producing 1 kg 
of animal protein requires as many resources as producing 7 kg of vegetable pro-
tein”. As the population was growing faster than production capacity, and the culti-
vated areas would soon reach its limits, there would be no choice but to change 
eating habits, including reducing, if not abandoning, animal products, in order to 
cope with the coming crisis.
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The 1980s marked a turning point in this debate. In France and other developed 
countries, the poor were hungry. In 1956, the founder of the Emmaüs movement, 
Abbé Pierre had taken a strong stance on the poverty issue. However, it was not the 
lack of food that he highlighted, but the lack of a roof and protection against the 
cold. But this time the scandal arose from the contrast between the overabundance 
of agricultural surpluses, the mountains of tomatoes or cauliflowers spilled by angry 
peasants in front of the gates of sub-prefectures and the carcasses of cattle and the 
tons of butter withdrawn from the market to support the prices and piled up in the 
cold rooms of the European community. By founding the “Restos du cœur” in 1985, 
the humorist Coluche, supported by numerous stars of French show business, initi-
ated both the mobilization of “well-fed” France and the change of the status of food. 
The right to food began to become a fundamental right. The movement spread 
throughout Europe, and soon charities working in this sector were recognized as 
being of public utility. The development of Europe agricultural further encouraged 
mobilization efforts.

At international level, the 1992 Earth Summit in Rio de Janeiro introduced the 
notion of ethno-diversity in Article 8 of the “Convention on Biological Diversity” 
signed on 5 June. Conceived to mirror the concept of biodiversity, it deals with the 
“conduct of societies” and calls for countries to respect, preserve and maintain the 
uses and knowledge of indigenous and local communities relevant for the protection 
of biodiversity. With the signing of the Kyoto Protocol in 1997, followed by the 
Johannesburg (2002) and Nagoya (2010) Summits – all places where alerts were 
issued and commitments made – the issue of sustainable development took shape 
and articulated the economic, environmental and social challenges. However, 
behind the apparent consensus, there is a misunderstanding: in the expression “sus-
tainable development”, the “rich” emphasizes sustainability and the “poor” empha-
sizes “development” (Brunel 2008).

2  Population Dynamics and Politics

Population dynamics have been the subject of considerable scientific progress, par-
ticularly with the “demographic transition” model (Notestein 1944, 1948; McKeown 
1976). It attempts to account for the impact of development factors on the demo-
graphic structure. The development is accompanied by a population growth that can 
sometimes be a factor of dynamism since the population is getting younger, with a 
favourable ratio between active and retired people. But these additional individuals 
also eat... This explains the frequent “stop and go” phenomena experienced by 
developing economies.

The definition of nutritional needs is too often based on the Western food model 
and should be diversified. Périssé (1996) defines six major families of food models 
according to the staple food (rice, wheat, corn, cassava, yam, etc.). In the field, the 
anthropology of food provides us with a considerably larger number of consump-
tion models. Changes are also difficult to predict beyond certain summary rules, 
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such as the share of animal products increasing with the increase in purchasing 
power. Finally, the data available in many countries are to be taken with caution as 
it is very complicated to ascertain the informal economy. Moreover, in some coun-
tries, certain organizations may have an interest in aggravating situations in order to 
justify their existence or their requests for aid.

The modelling of food production might seem more manageable, but again, the 
more knowledge progresses, the more complex the issue becomes. The cultivated 
areas, water resources, sunshine and, more broadly, the climate, the type of seed, 
cultivation methods, soil amendments and methods of pest control, harvesting and 
storage are all interconnected variables, which determine productivity and which in 
turn have an effect on climate, water availability and so on. The models on which 
the predictions are based were, and will probably still be for a while, a little too 
simplistic. The gloomy predictions made in the past, be it by Malthus, the Club of 
Rome in the late 1960s or the ecologists of the 1980s have all been challenged by 
the facts. Prediction is a difficult art in general, and agronomy and demography are 
no exception. The present food production is much more than is needed to feed all 
the people on the planet. Unfortunately, however, there is still famine in one half of 
the world, while the other half is increasingly drowning in overabundance. The most 
optimistic will point out that the number of people suffering from hunger has not 
changed over the last three decades of the twentieth century and has even fallen 
slightly, while the world population has gone from 4.5 billion in 1975 to 6.1 billion 
in 2000. But others consider the current situation has worsened this last decade and 
is even more unbearable as we have the means to feed humanity. Jean Ziegler 
(2006), United Nations Special Rapporteur on the Right to Food, considers that 
agriculture today can feed 12 billion human beings (i.e. almost twice the world’s 
population). “The 100,000 people who die of hunger every day are therefore mur-
dered,” he writes. With these words, he calls for collective responsibility. Therefore, 
the current situation is not caused by the incapacity to produce food to feed the 
planet, but by other political and economic reasons. The problem for the moment, 
and probably for some time to come, is not a problem of production, but a question 
of distribution, an economic issue, a political problem (Poulain 2018).

The situation worsened in 2008 as a result of several events: a year 2007 of very 
poor harvests in different parts of the world, the development of biofuels (especially 
in the USA from corn and in Brazil from sugar cane) and, finally, speculative move-
ments which are the main cause of the worsening pressure on prices (Ziegler 2006).

3  The Importance of Modelling

Forecast errors should not prevent the interest in predictive models. Moreover, there 
is the possibility that if gloomy predictions on food and nutrition security have not 
come true, it could partly be due to the awareness they raised and which contributed 
to the reorganization of production and distribution systems and the implementation 
of new agricultural policies. The models are “simple”, which is all the more reason 
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to try to improve them. To do so, let us look at the assumptions on which they 
are based.

Modelling work is located between two epistemological perspectives, between 
two more or less competing theoretical frameworks: an economic-ecological frame-
work and a socio-anthropological framework (see Fig.  1). The first perspective 
focuses on rational intergenerational responsibility, i.e. the environmental responsi-
bility of our generation towards future generations. It is embodied in questions such 
as: “What kind of land will we leave to our children?” or the following one “Can we 
live on credit on the backs of future generations?”. The second focuses on intra- 
generational responsibility, i.e. the ethical “scandal” of the discrepancies between 
the situations of individuals living in developed societies and those living in under-
developed countries. It emphasizes the North-South relations and promotes fair 
trade and the respect of biodiversity and ethno-diversity (El Bilali 2019).

These two perspectives do not use the same scientific resources. The first takes 
econometrics, systemic ecology, etc. as a model, adopting an epistemological, 
objectivist and idealistic stance (seeking the major laws that structure phenomena). 
The second is enshrined in the logic of socio-anthropology and development disci-
plines and is subjectivist and empirical (concerned with the field and the vision of 
the actors). These two frameworks are in conflict with each other: one gives primacy 
to the ecosystem, the other to humans. The latter criticizes the former for building 
“off-ground” models unrelated to field data, and the former criticizes the low degree 

Fig. 1 Introducing cultural heritage into sustainability. Source: Poulain (2018a)
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of generalization of the work of the latter. Table 1 summarizes the main tensions 
between these two perspectives on sustainability.

Predictive models are useful to professionals and politicians alike because they 
provide a global vision to help guide action. However, their rusticity can be avoided 
and the processing power available to contemporary research may create the possi-
bility to consider the increasing complexity of these models. The example of the 
challenges of feeding humanity shows the interest of distinguishing, in the classical 
model of sustainable development, the social and cultural dimensions. That is to 
say, issues related to inequalities in the hierarchical scale and those related to ethno- 
cultural diversities. In the case of food, the firsts correspond to issues of accessibil-
ity, while the seconds take into account food cultures, types of food and the ways of 
preparing them.

Even if the current models are reductionist and unreliable, they still had the merit 
of sounding the alarm. It is possible to strengthen their predictive capacity by com-
bining demography and nutritional anthropology. This involves replacing the “pop-
ulation” variable in Malthus’ model (which more or less assumed that all men eat 
the same thing) with “food need”. This is the result of the population and its transi-
tional dynamics and the food consumption patterns they use. The enrichment of 
these slightly “off-ground” models therefore involves the introduction of demo-
graphic data to take account of population dynamics (stages of the demographic 
transition process) and anthropo-nutritional data that take account of the diversity of 
food models used by populations.

In the theory of “convergent modernity”, dominant in nutritional epidemiology 
as well as in business circles, the evolution of food consumption is supposed to be 

Table 1 Paradigmatic tension of sustainability considering the economic-ecological and the 
socio-anthropological perspectives

Economic and Ecological Social and Anthropological

Key concepts Priority to environment
Ecological footprint, (km/
food), CO2

Priority to human beings
Fair-trade, sustainability, slow food, 
community-supported agriculture

Orientation and 
evaluation criteria

Universality of global 
ecological stakes
Intergenerational equity
What kind of planet will we 
leave to our children?

Specificity of social and cultural situations
Intragenerational equity
Solidarity with the victims of hunger and 
health scandals

System evaluation 
modality

Mathematical modelling Case study, experience feedback

Market relation The market is set, it is 
required to understand how it 
works

The market is a social and political 
construction. Action is necessary to orient it 
towards a beneficial situation

Position of 
consumers

Consumers make choices Consumers are actors of the systems

Scientific 
disciplines

Econometrics, ecology, 
agronomy

Anthropology, sociology, sciences of 
development

Source: Stassart and Collet (2001)
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in line with the Western model (Mahbubanim 2013). That is to say, make the dis-
tinction between the differences of practicies linked to the social positions and those 
related to ethno-cultural belongings. If at the macro scale and in a very simplified 
conception of the protein transition, using only the opposition animal proteins ver-
sus vegetable proteins, this model has some consistency, as soon as the origin of 
protein sources is introduced in a more diversified way, it loses much of its rele-
vance. Work on protein transition shows that each country follows a singular transi-
tional path. It is because foods that are sources of protein are the subject of many 
taboos, religions or social and cultural prescriptions (including the issue of animal 
death for food) that the forms of nutritional and protein transitions are widely deter-
mined by cultures (Poulain 2007a, b, Fourat and Lepiller 2017, Drewnowski and 
Poulain 2019). We can see it, in a multicultural society like Malaysia where the 
three main communities (Malays, Chinese and Indians) have different forms of pro-
teins transition (Drewnowski et al. 2020).

At the theoretical level, the challenge is to develop sufficient knowledge on food 
models to identify the room for manoeuver they allow in the variability of needs. At 
the strategic level, ethno-culinary diversity (culinary systems) and ethno-food diver-
sity must be considered as a resource and not as an obstacle. Taking it into account 
avoids putting all the eggs in the same basket.

As an extension of these reflections, it is possible to reorganize Malthus’ model 
to better reflect the functioning of the global food system (Poulain 2007a, 2018a, b). 
It is characterized by food production capacity and food needs to be met. The pro-
duction capacity is determined by a number of factors: the surface cultivated, the 
seeds used and the cultivation methods implemented, the inputs and preservatives 
used for raw products, the methods for preserving and transporting processed prod-
ucts and, lastly, the climate and its evolution. When talking about production, what 
Malthus called the “population” must be replaced by the “food need” to be satisfied. 
This need equals the number of mouths to feed (Malthus’ population) and their 
numerical evolution. However not all people eat the same way. While the definition 
of an adequate diet can be defined in nutritional terms, there is also the matter of 
culture, tradition, religion, etc. to consider. It is therefore necessary to take into 
account the food consumption patterns used by various populations and any changes 
in these patterns (see Fig. 2).

Thus, two complementary perspectives for action emerge. The first calls for 
action on production capacity. This has been the lever used so far by agricultural and 
food policies. Great progress has been made, but not without some controversy over 
its health, environmental and social consequences (Ziegler 2006). There are several 
conflicting conceptions that can be placed on a continuum ranging on the one hand 
from the increasingly important and precise use of biotechnologies to act upon the 
natural processes underlying agriculture and on the other hand to agro-ecology, 
which is increasingly respectful of these same natural processes. Between these two 
poles, there is a wide range of positions. Whichever way you look at it, biodiversity 
is a resource across different philosophies.

On the food quantity side, there is another very important lever: that of reducing 
losses and wastage, which is estimated at nearly 30% of the quantity produced (FAO 
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2013). Actions must be taken at the level of production, processing, and consump-
tion. Such a project could lead to reconsidering animal nutrition models. But it is 
also possible to modify the expression of the need for food (and at the same time the 
resources needed to produce the food likely to satisfy this need) by playing on the 
nature of the food consumed, for example, animal or plant protein sources. Within 
these two broad categories, the sub-categories do not engage the same amounts of 
resources. It is therefore possible to act on the foods consumed to reduce the pres-
sure on the ecosystem. However, the way in which animals are fed can considerably 
vary the environmental impact (Poore and Nemecek 2018) depending on whether 
they consume products that potentially put them in competition with humans or 
whether they process non-consumable products into protein. Moreover, this issue 
needs to be ecologically and culturally contextualized.

Consumption patterns and their transition dynamics vary significantly on a 
global scale (Drewnowski and Poulain 2019). They result from the use that human 
communities have been able to make of the resources made available to them in the 
ecological niche, the resources they have been able to implant and the systems of 
representations and values that have enabled them to use them in a meaningful way. 
Food biodiversity and ethno-diversity must therefore be taken into account in order 

Fig. 2 Back to Malthus’ theory: Levers of action. Food required strategy and food produced strat-
egy. Available at: https://bit.ly/3lg8ku5
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to build a more sustainable food system. It is urgent to start their systematic 
study (Dernini et al. 2013).

After showing how the interest in biodiversity had made it possible to recognize 
that of ethno-diversity, we proposed to reformulate the Malthus model. If this has 
made it possible to launch alerts, does it have poor predictive capacities? This is 
because it is poorly connected with the empirical data. The putting in relation of the 
“population” with the “food production” rests on presuppositions on the way in 
which the men satisfy their need for food which opens the door to ethnocentrisms 
(in this case of the Western-centrisms) and conceptions and evolutionists.

To get out of these obstacles, we have proposed to make the distinction, within 
the classical theory of sustainable development, between the “social” and the “cul-
tural”. Then two scientific perspectives appear, the economic-ecological approach 
and the socio-anthropological approach, which make visible two dimensions of sus-
tainability in apparent contradiction. The absence of such a distinction in the classi-
cal theory of “sustainable development” has the effect of hypertrophying 
macroeconomic movements and leaving the cultural variability of food needs in the 
shade. This theoretical clarification then makes it possible to come back to Malthus’s 
model by taking into account the way in which food needs vary in their modalities 
(types of food) and manage resource needs and different environmental impacts. By 
taking note that what people eat is largely defined by societies, the concept of food 
culture, which is heir to the notions of biodiversity and ethno-diversity, establishes 
a dialogue with the economy and nutritional epidemiology in the aim to better face 
the hunger and climate challenges looming in the more or less near future.
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1  Introduction

Several human groups, especially in rural environments, depend on local plant spe-
cies for the treatment of diseases and food (FAO 2010). Some of these species are 
poorly studied (particularly wild species), and, although they are used by some 
human groups, they are underused in several other regions (FAO 2010). Considering 
that in 2019 there were around 690 million people in the world under malnutrition 
(FAO et al. 2020), the study and popularization of these locally important wild spe-
cies may promote food security for different human populations.

There are wild or cultivated species that have an important nutritional role as 
well as good potential for the prevention and treatment of diseases, which are under-
valued or used only locally by a few human groups (Leal et al. 2018; Peisino et al. 
2019). In this sense, unconventional food species can offer alternatives to strategies 
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that address not only food and nutrition security but also the treatment of diseases 
in several vulnerable human groups.

In this sense, the term “unconventional food plants” has been widely used in 
Brazilian scientific literature to refer to plants that have food potential, but are 
unknown or unused by most of the population. This concept, therefore, considers 
not only wild plants, but low spread cultivated species, in addition to unconven-
tional parts of conventional plants (Kinupp and Lorenzi 2014). The issue has been 
gaining strong media appeal (Junqueira and Perline 2019), behaving like an umbrella 
for the popularization of a series of species, especially short-lived ruderal species 
(Oliveira and Ranieri 2017). However, outside the Brazilian context, this term has 
not been used, so ethnobiological studies usually work with wild food plants 
(Pieroni 1999; Lentini and Venza 2007; Sõukand 2016).

A large number of studies carried out in different regions have shown that some 
wild plants are used by human groups both for food and for the treatment of dis-
eases. For example, when reviewing the use of wild plants by different human 
groups in northeastern Portugal, Pinela et al. (2017) observed that 33 species (out of 
a total of 37) had some medicinal application, in addition to the indications for use 
as food. Furthermore, the research by Purba et al. (2018) recorded a preparation 
known as “terites” made by the Batak Karo ethnic group in Indonesia. This prepara-
tion is based on a juice that is the product of partially digested food from cattle, with 
the addition of several plants, being used in food for large festivities and indicated 
for the treatment of diseases. The study by Yang et al. (2020), when investigating the 
knowledge about food and medicinal plants in four traditional human groups in 
India, registered 75 useful species, 19 of which indicated both for food and for the 
treatment of diseases.

Another example shows that the research by Urso et al. (2016), carried out with 
different human groups located in southeastern Angola, found that approximately 
11% of the plants that are known in the studied communities are indicated as medi-
cine and food. For example, the fruit of the species Aframomum alboviolaceum 
(Ridl.) K.Schum. (Zingiberaceae) was indicated for medicinal use as anthelmintic, 
being also consumed raw as food. According to the authors, two other species also 
had the same parts of the plants indicated for both uses (medicine and food). These 
species can be investigated in relation to their potential both nutritionally and for the 
treatment of diseases (Urso et al. 2016), which is relevant to indicate a list of species 
that may favor nutritional security and maintain people’s health.

These studies indicate that there is an overlap – at least partial – between uses as 
food or medicine for a set of species in different human groups. This raises the ques-
tion of the therapeutic potential of neglected wild edible species, which have also 
been recorded as medicinal in one or more human groups, in addition to the reasons 
that lead these important species to be neglected. In this sense, this chapter dis-
cusses a set of evidences indicating the potential of many of these plants for the 
prevention and treatment of diseases. In addition, we evaluate here the main factors 
that may contribute to the popularization of these species, in order to promote the 
nutritional security and the health of several vulnerable human groups in the future.
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2  What Is the Potential of Unconventional Food Plants 
(UFPs) in the Medicinal Use?

Traditional health strategies, which incorporate plants such as food, medicine, or 
both, can play an important role in individual well-being. Tows and Andel (2016) 
argue that many plants are used historically within a food-medicinal continuum. 
However, studies developed on knowledge and use of plants are characterized by a 
historical segmentation involving research that has investigated these uses sepa-
rately. There has been an increase in interest in understanding whether there is a 
separation threshold between these two categories, thus leading to research on how 
these uses are related, whether the same plant is used for both purposes, regardless 
of the part of the plant used, whether the same part of the plant is used, concurrently, 
for both purposes (see Ferreira Júnior et al. 2015).

Therefore, in order to better understand the different ways that the continuum can 
happen, we will present some examples of ethnobotanical studies that addressed 
this theme in their research, within the classification proposed by Pieroni and Quave 
(2006). The authors suggested that uses as food and medicine can be related in three 
different ways (Fig. 1). In the first, it is suggested that certain plants are indicated as 
food and medicine, but the parts used or forms of preparation are not related. In this 
sense, we can cite a study carried out in the Brazilian semiarid region, in which the 
authors sought to understand the overlap of the food category with other categories 
of use, especially medicine. The authors found that the species Hancornia speciosa 
Gomes (Apocynaceae), popularly known as mangaba, has its fruits used exclusively 
as food, while the latex derived from the stem is used as medicine in the treatment 
and prevention of problems related to the gastrointestinal system (Campos et  al. 

Fig. 1 Different degrees of relationship between the food and medicinal uses of plants, proposed 
by Pieroni and Quave (2006)
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2016). In the study, the participants also reported that green fruits with latex were in 
other times also used as medicine. However, in the course of time, a similarity 
between the taste of the latex present in the green fruits and the latex coming from 
the stem has been recognized, and it started to be used as medicine (Campos et al. 
2016). In this case, we can also address other important issues that are mainly 
related to the role of taste of different parts of the same resource and its availability 
throughout the year for medicinal use. Thus, considering that the fruit has its pres-
ence strongly marked by seasonality, it would not be possible to use them through-
out the year for the treatment/prevention of a certain disease, unlike latex from 
the stem.

Still within the first way in which food and medicinal uses can be related, Rigat 
et al. (2009) in a study carried out in the Iberian Peninsula, Catalan region, observed 
that a significant number of plants can be used within a medicinal food continuum, 
although they emphasize that the parts used for each purpose are different. In this 
study, the authors found that fruits are used more often as food, while flowers are 
used as medicine. The authors justify their findings by the fact that flowers are richer 
in products of secondary metabolism, thus having a greater concentration of impor-
tant components for the treatment of diseases. Additionally, the authors pointed out 
that many condiment plants are used at the same time in both categories (food and 
medicine), which is also a trend in other works developed in this perspective. It is 
suggested that these condiments are classified as functional foods, thus being 
included in the second classification proposed by Pieroni and Quave (2006) in 
which they postulate that a plant can be consumed as food, not being indicated for 
the treatment/prevention of one or more specific diseases, although people recog-
nize its positive impact on health. For example, in West Africa many species are 
used by women during pregnancy as they are considered to promote strength, ensur-
ing a strong and healthy pregnancy. However, these are not used for a specific sys-
tem, but guarantee the strengthening action in general, resulting in the well-being of 
the pregnant woman and the fetus (Towns and Andel 2016).

Chia, Salvia hispanica L., is an interesting example. The use of this species is 
highly widespread in traditional communities in Mexico and has been used for thou-
sands of years by these populations as both food and medicine, to treat different 
diseases, using both seeds and oil extracted from seeds and leaves. Currently, differ-
ent places in the world make use of chia seeds and its by-products, as they are indi-
cated as healthy foods, which provide satiety and also prevent and treat a series of 
diseases, such as high cholesterol and problems related to the gastrointestinal and 
respiratory system (Cahill 2003). However, nowadays even in traditional communi-
ties, satiety is seen as a side effect, and this species is normally ingested because of 
its health benefits (Cahill 2003). Similar studies carried out in different communi-
ties in Africa have found similar results. For example, Ekué et al. (2010) investigat-
ing the knowledge about a species of Malpighiaceae used as food observed that this 
plant is used today not only for its food use but also primarily as medicine. However, 
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the plant is not indicated for a specific medicinal use, as causes a general well-being 
in the individual.

In this sense, Sõukand (2016) points out that most modern societies no longer 
need to use wild plants to satisfy the hunger and that, if they continue to be used, it 
is because they have something beyond the characteristics to supply energy demands 
and are considered healthy. The following account of the work developed by 
Sõukand (2016) on the island of Saaremaa, Estonia, northern Europe, can be used 
as an example in relation to the use of certain species: “I use it because it has vita-
min C, it tastes good and you can make tea every day”… “it gives you strength, 
vitality, but they are not specifically used for healing... it gives you more energy and 
makes you more intelligent”. The discourses brought up in the studies that try to 
understand how the food and medicinal uses are related express a very interesting 
discussion about the fact that these uses are so strongly linked that it becomes dif-
ficult to draw a line of separation, even if it is not for the treatment/prevention of a 
specific disease.

Finally, the third classification proposed by Pieroni and Quave (2006) suggests 
that plants are used as food and also in the prevention and treatment of one or more 
specific diseases (the same part of the plant used, with the same method of prepara-
tion for both purposes). It is very common to find this type of use, especially in 
indigenous communities. Certain authors have classified these plants in which the 
same part is used, at the same time, for both purposes, as medicinal foods. They play 
a very specific medicinal role, such as in the treatment of chronic diseases like dia-
betes and hypertension. These foods often need to go through processing to remove 
toxins before being consumed (Jiang and Quave 2013). These medicinal foods can, 
over time, be classified as preferred species by traditional communities and can 
even be interpreted as a strategy for optimizing the use of native resources 
(Johns 1990).

These examples reinforce the ideas proposed by Jiang and Quave (2013). The 
authors state that diet and health are closely related, especially in traditional com-
munities, where diet is used as a health strategy for the treatment and prevention of 
a series of diseases. Similarly, Etkin in different studies in African communities 
found that the use of species that act as food and medicine has been strongly fixed 
in certain cultures, that there is an immense difficulty in drawing a line of separation 
between these two categories of use (Etkin 1996; Etkin 2006).

In general, many authors argue that native food species have played an important 
role in providing nutrients and compounds considered effective for the prevention 
and treatment of numerous diseases in traditional societies (Johns 1990; Etkin 2006; 
Leonti 2012). In this regard, Leonti (2012) points out that there are certainly co- 
evolutionary aspects between plant species and characteristics of human nutrition, 
and the use of one species in the food-medicine continuum has contributed strongly 
to the development of modern pharmacopoeias. Thus, it can be inferred that select-
ing a resource that can contribute to both nutrition and disease prevention would 

Unconventional Food Plants: Food or Medicine?
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have been more advantageous for populations throughout human evolution 
(Etkin 2006).

2.1  Phytochemical and Pharmacological Evidence 
of the Medicinal Potential of UFPs

There is a need for interdisciplinary scientific fields, which integrate the pharmaco-
logical aspects of biodiversity resources that are used to feed different human groups 
(Heywood 2011). Chemical compounds ingested in the diet can be important for the 
prevention or relief of symptoms linked to several diseases, such as diabetes, cardio-
vascular diseases, cancer, allergy, osteoporosis, and menopause (Heinrich and 
Prieto 2008). Thus, wild plants that are also indicated for the treatment of diseases 
and are used in the diet of one or more human groups may indicate both an absence 
of separation between food and medicinal uses and the need for interdisciplinary 
studies to assess their impacts on nutritional security and people’s health.

Several studies have evaluated the pharmacological activities in vitro and in vivo 
of edible wild plants, which are indicated as food and medicinal by different human 
groups. For example, the study by Guarrera and Savo (2013) found 67 wild edible 
species and 18 cultivated species consumed by informants in Italy and perceived as 
important for health. When conducting a review of the pharmacological activities of 
these species in the literature, the authors observed that the species showed the fol-
lowing properties: hypotensive, hypoglycemic, antifungal, inhibition of cancer, 
anti-inflammatory, hypolipidemic, neuropharmacological (sedative), cancer preven-
tive, antibacterial, immunostimulatory, antimicrobial, and anti-diabetic. These 
properties have been observed for the treatment of diseases belonging to different 
body systems, such as digestive system, respiratory system, genital-urinary system, 
endocrine system, cardiovascular, osteoarticular, and nervous system.

In another example, the species Leea macrophylla Roxb. ex Hornem. (Vitaceae), 
used as food and medicine in several human groups in India, was found to present 
antioxidant and antimicrobial activity in vitro (Joshi et al. 2016). With these activi-
ties, the species can be important for the prevention of diseases linked to oxidative 
stress and for the treatment of infections (Joshi et al. 2016). Several other studies 
have observed the potential of edible wild plants for the treatment of diseases 
(Dewanjee et al. 2013; Zahara et al. 2015; Narzary et al. 2016; Bello et al. 2019) 
(see Table 1).

Table 1 shows 47 species of wild plants that are indicated by different human 
groups for both food and medicinal use. These have been investigated in relation to 
their chemical constituents and pharmacological properties. The table is not exhaus-
tive and considers only some works in the literature that have studied the pharmaco-
logical properties of edible wild species in different regions. Based on the studies, 
we observed a diversity of pharmacological activities presenting antioxidant (44 
species), anti-diabetic (9 species), antimicrobial (8 species), and anti-inflammatory 
(6 species) activities.

W. S. Ferreira Júnior et al.
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3  What Factors Influence the Sharing of UFPs in Different 
Human Groups?

People behave differently to what concerns UFP knowledge and consumption. Such 
differences may occur between individuals from the same population (intracultural 
variation) and between populations (intercultural variation). In terms of intracul-
tural variation, literature has searched for the role of socioeconomic variables in the 
knowledge and/or consumption of wild food plants.

Age is one of the most studied factors, and several investigations have found that 
the elders either consume, know, or cite more use reports for wild food plants 
(Ghorbani et al. 2012; Cruz et al. 2013; Bortolotto et al. 2015; Geng et al. 2016). 
Such a pattern is not restricted to food plants as it was also found for medicinal and 
other uses. Since knowledge is accumulated with time and, more specifically, local 
ecological knowledge comes from experience and observation, it is intuitive to 
imagine that, in most cases, wild food plant knowledge will increase with age.

Gender is another variable widely studied as a possible predictor of wild food 
plant knowledge and use. However, there is no clear gender pattern in ethnobiologi-
cal literature. Several studies have found no differences between male and female 
individuals (Joshi et al. 2015; Ochoa and Ladio 2015; Punchay et al. 2020), and 
some authors have suggested that this dominium is shared and appropriated by both 
genders and that female and male learning contexts were also experienced in similar 
ways (Ochoa and Ladio 2015).

However, to a lesser extent, in some cases, men (Kang et al. 2013) or women 
(Nascimento et al. 2013) are the most knowledgeable individuals. Such gender dif-
ferences may have to do with the biased role of men and women in daily activities 
and wild food collection areas. In a study with Polish migrants in Misiones 
(Argentina), Kujawska and Luczaj (2015) found that, although no gender differ-
ences could be found for species gathered in ruderal areas, men knew more species 
from primary and secondary forests, which led to a gender bias in the overall num-
ber of species.

Other (less studied) predictors of intracultural heterogeneity in wild food plant 
knowledge and/or consumption include occupation, school education, income, and 
family structure. Studies have found that married people, parents, and those living 
in houses with members from more than one generation are more likely to have a 
greater knowledge of wild food plants (Ochoa and Ladio 2015; Ong and Kim 2016; 
Punchay et al. 2020).

Less instructed and poorer individuals may also accumulate more knowledge on 
this use category (Cruz et  al. 2013; Ong and Kim 2016). Additionally, in many 
cases, people with current or past field activities (including agriculture and extrac-
tivism) may know or consume more wild food plants than people with other jobs 
(Cruz et al. 2013). However, some studies were not able to find correlations between 
some of these variables and wild food plant knowledge (Campos et  al. 2015; 
Punchay et al. 2020).

Even communities in similar social-environmental conditions may present dif-
ferences in terms of the explanatory power of socioeconomic variables. A study 
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conducted in three neighboring communities from the Brazilian semiarid searched 
for predictors of wild food plant knowledge and consumption and found that, for all 
the studied factors, one community behaved differently from the others (Campos 
et al. 2015). For example, in one of the studied communities, men were found to 
know more wild food plants than women. However, in the other two communities, 
no gender biases could be identified. This finding indicates that the processes that 
generate heterogeneity are too sensitive, and even small social-environmental dif-
ferences between communities may be responsible for significant alterations in 
knowledge distribution and sharing.

Although people who experienced hunger may accumulate more knowledge of 
wild food plants (Ong and Kim 2016), the association between wild foods and pov-
erty/hunger may have led to cultural taboos that can influence cultural transmission. 
A group of species known as famine foods are accessed by local communities in 
times of scarcity, when crops and other foods are no longer available (Nascimento 
et al. 2012). Some of these species are hard to collect and/or require special prepara-
tions to eliminate anti-nutritional properties, which makes the knowledge about 
them an important biocultural inheritance. However, their association with difficult 
times and unpleasant memories has often made people reluctant to talk about this 
group of plants, which can compromise cultural transmission and make the young-
est generations unaware of their collection and preparation strategies.

To what concerns intercultural variations, ethnicity and migration have found to 
be important predictors of wild food plant knowledge and/or consumption. People 
with different histories of relationships with the environment may accumulate a 
distinct body of knowledge on these species. In the above-cited study with Polish 
migrants in Argentina, Kujawska and Luczaj (2015) found that knowledge varied 
depending on the migrants’ origin, given that migrants who went to Misiones via 
Brazil had a more diversified knowledge of edible plants. Other studies that com-
pared different cultural groups in our out the context of migration have also found 
important differences (Ochoa and Ladio 2015; Pieroni and Cattero 2019).

Additionally, access to the urban-industrial society has also shown to interfere 
with wild food plant knowledge. In a study with local communities along the 
Paraguay River (Brazil), Bortolotto et al. (2015) found that people living closer to 
cities know fewer plants than those far from urban centers. Therefore, besides the 
well-known effect of urbanization in medicinal plant use, other use categories may 
also lose importance when people have access to alternative products, and wild food 
plants seem to be among them.

4  Final Considerations

In this chapter, we indicate evidence demonstrating that a set of unconventional 
food plants has been indicated in various human groups from different regions in 
both food and medicinal use. In addition, several of these species have been inves-
tigated in relation to phytochemical characterization and pharmacological 

Unconventional Food Plants: Food or Medicine?



44

properties, demonstrating the potential of UFPs for the prevention and treatment of 
diseases.

However, even with the nutritional and pharmacological potential of these spe-
cies, a set of socioeconomic and cultural factors affect their popularity within the 
same human group or between different cultures, in various regions. As several 
human groups have undergone socioeconomic changes, it is interesting to promote 
interdisciplinary investigations both to assess the pharmacological potential of 
locally useful food species and to promote their popularity in different human 
groups. These studies will contribute to nutritional safety and the health of people 
in various regions.
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1  Introduction

Brazil is considered the main country among the 17 megabiodiverse countries, hold-
ing 15 to 20% of the world’s biodiversity. The country has the greatest wealth of 
flora in the world, as well as the largest remnants of tropical ecosystems (Ulloa 
Ulloa et al. 2017). In addition to possessing an immense biodiversity, Brazil also has 
a rich sociocultural diversity, represented by many traditional peoples and commu-
nities, such as indigenous, quilombolas, riverine communities, artisanal fisherfolk, 
caiçaras, sertanejos, and pantaneiros, among others, that have a strong relation 
with the biodiversity of the environment in which they live and are guardians of a 
huge body of traditional knowledge (knowledge, beliefs, and customs) about their 
use and conservation (SEDS 2020; MMA 2018a).
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Paradoxically, for decades, because we have not been valuing our natural 
resources, we are reducing the use of biodiversity and the use of the species that 
surround us, thereby increasing the fragility of the food system. The country’s agri-
culture and food security are very reliant on exotic or introduced crops or species 
from other regions of the world, such as sugar cane, soy, orange, and rice from Asia; 
coffee originating in Africa; or maize from Central America (Cunha Alves & 
Azevedo 2018). There is a steady expansion of export-oriented agribusiness, char-
acterized by large land concentration, monoculture prevalence, and expansion of 
livestock production, reinforcing unsuitable and unsustainable land management 
practices that contribute to the destruction of natural habitats and to the loss of 
native biodiversity in Brazil (Beltrame et al. 2018).

At the same time, Brazil faces dietary simplification and high levels of malnutri-
tion, even though much of this neglected native biodiversity is highly nutritious. As 
we use a smaller number of species, the proper consumption of food and nutrients 
needed to promote the growth, development, and maintenance of our health is put at 
risk. This was evidenced in the Household Budget Survey (POF 2008–2009) (IBGE 
2010): only 10 fruits (orange, banana, apple, papaya, mango, watermelon, tanger-
ine, grape, pineapple, and açaí) correspond to 91% of total fruits consumed by 
Brazilians. Of these, only pineapples and açaí are native to Brazil; the other eight 
species originate from other countries. In addition, only 25% of Brazilians con-
sume the amount of fruits and vegetables recommended by the World Health 
Organization (400  g per day), that is, foods that provide important nutrients for 
health, such as vitamins, minerals, and dietary fiber.

It is worth mentioning, however, that markets continue to demand new product 
options, which is why Brazilian biodiversity presents an enormous potential to sat-
isfy these demands and generate wealth. Exploring these food sources could also 
help to provide sustainable solutions to diversifying diets, also tackling malnutrition 
problems, and promoting agricultural development through local food procurement, 
while also promoting biodiversity conservation and climate change adaptation and 
resilience.

To this end, the need to develop new public policies that could, on the one hand, 
contribute to ensuring the protection of native biodiversity and, on the other hand, 
improve the food security of the population was evident. It is easy to verify, in the 
different regions of Brazil the existence of a great number of species of current 
economic value or of potential use, whose use remains restricted to local or regional 
level. Increasingly, initiatives dedicated to meeting market demands for new prod-
ucts occupy a prominent position. Thus, it was clear that the country needed to 
intensify investments aimed at increasing knowledge about native species, includ-
ing better utilization of this rich biodiversity, so that native species could become 
better known and used by society.

Knowledge and evidence gaps still needed to be addressed to better integrate 
biodiversity for enhancing food and nutrition security, including scientific data on 
the nutritional value and composition of native neglected species. To this end, the 
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Biodiversity for Food and Nutrition Project (BFN) in Brazil worked from 2012 to 
2018 to strengthen the conservation and sustainable use of biodiversity by providing 
evidence of its benefits for nutrition and well-being, mainstreaming biodiversity 
into national food and nutrition policies and strategies, and increasing awareness of 
the potentials offered by native biodiversity. The Project generated food composi-
tion data, influenced policies, developed recipes, and helped to increase apprecia-
tion of the value of underutilized, nutrient-rich biodiversity through strategic 
research partnerships with universities and research institutes and advocacy and 
lobbying at policy and regulatory frameworks related to food and nutrition security.

The GEF-funded Biodiversity for Food and Nutrition Project was led by Brazil, 
Kenya, Sri Lanka, and Turkey and was coordinated by Biodiversity International 
with implementation support from the United Nations Environment Program 
(UNEP) and the Food and Agriculture Organization of the United Nations (FAO).

The four countries participating in the project represent some of the world’s most 
megadiverse countries thanks to the extraordinary diversity of ecosystems and spe-
cies existing within their borders. They each contain unique biological diversity and 
have associated traditional ecological knowledge that supports a large proportion of 
the world’s food supply in a range of ecosystems that are global priorities for con-
servation. The project sought to address the issue of diminishing the use of local 
agrobiodiversity by contributing to the improvement of global knowledge of biodi-
versity for food and nutrition and, in so doing, enhancing the well-being, liveli-
hoods, and food security of target beneficiaries in the four countries through the 
conservation and sustainable use of this biodiversity and the identification of best 
practices for up-scaling.

Globally, the BFN has made a number of highly significant contributions to 
global policy, including the Voluntary Guidelines for Mainstreaming Biodiversity 
into Policies, Programmes and National and Regional Plans of Action (FAO 2016) 
and inputs to the document UNEP/CBD/SBSTTA/19/INF/1: “Strategic Scientific 
and Technical Issues Related to the Implementation of the Strategic Plan for 
Biodiversity 2011-2020: Biodiversity, Food Systems and Agriculture” (CBD 2015).

Through the focus on mainstreaming biodiversity in the different sectors, the 
project contributed to multiple environmental outcomes linked to Sustainable 
Development Goals (SDGs) and Aichi Biodiversity targets, as well as social and 
economic benefits. These include limiting biodiversity loss; mitigating climate 
change; strengthening seed systems to ensure that biodiversity is conserved, avail-
able, and accessible; developing markets that ensure that a diversity of foods is 
available and affordable; reviving traditional knowledge and cultural heritage; sup-
porting rural development; and strengthening local economies. A food system trans-
formed in this way contributes to environmental conservation while providing 
income generation benefits, especially for the youth and for vulnerable groups, 
including women, smallholder farmers, indigenous people, and local communities, 
as a result of diversification options (FAO 2019).
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2  Project Components and Key Interventions

2.1  Knowledge Base

The starting point for increasing the knowledge base about Brazilian neglected spe-
cies was the Plants for the Future, an ongoing initiative from the Ministry of the 
Environment that aims to prioritize native flora species of current economic value or 
potential use, as well as to raise the attention of the Brazilian people to the enor-
mous possibilities and opportunities of using these species. The initiative was estab-
lished in Brazil in the early 2000s and was designed to respond to the concerns and 
aspirations of the society and to change the current scenario regarding the use, con-
servation, and benefits that can be generated from native species. This initiative 
aimed at offering to the society new options to meet the growing demand for new 
species of food, aromatic, medicinal, and cosmetic interest, among other possible 
uses. It identified and prioritized native species from the Brazilian flora of current or 
potential use, allowing new choices to farmers and, in the case of food species, cre-
ating new gastronomic possibilities, rescuing traditional knowledge, and diversify-
ing options for the Brazilian cuisine. The initiative was developed through the 
implementation of five subprojects, one for each of the five major geopolitical 
regions of the country, in order to value and draw attention to the importance of the 
native species of each region as well as for regional traditions. The species were 
prioritized through a careful work conducted in partnership with specialists from all 
different regions of Brazil, based on predetermined criteria for each of the defined 
groups of use for each region (food, aromatic, fibrous, forage, medicinal, oleagi-
nous, and ornamental, among others).

Books from the Plants for the Future collection are available in the Ministry of 
Environment’s publications website.1 From this work, new species of Brazilian flora 
are being made available to farmers, with special attention to family agriculture, 
which can find new options to diversify their crops. In the same way, new invest-
ment opportunities for the business sector are being generated in the development 
of new products to help to boost the Brazilian bioeconomy, as well as offering new 
perspectives and incentives for the use of native species in governmental policies 
and programs.

The BFN project selected 78 underutilized edible species identified by the Plants 
for the Future to carry out nutritional composition analysis, in partnership with pub-
lic universities and research institutes across the country. The food composition 
work followed methodologies developed by the Food and Agriculture Organization 
of the United Nations and the International Network for Food Data Systems (FAO/
INFOODS). Initially, data was compiled from scientific literature, documents, and 
reports from local universities and research institutes. Gap analysis revealed lack of 
reliable data for many nutrients for most fruit species, especially dietary fiber, 

1 Available at: https://www.mma.gov.br/publicacoes/biodiversidade/
category/54-agrobiodiversidade
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vitamins, and minerals. Therefore, in a second stage, laboratorial analysis was car-
ried out. The results were made available online on the Biodiversity and Nutrition2 
tool (SiBBr 2018), a food composition database developed by the BFN Project in 
partnership with the Information System on Brazilian Biodiversity (SiBBr) at the 
Ministry of Science, Technology and Innovation (MCTI).

Numerous students, professors, and researchers were involved in the food com-
position research and results proved that many of the prioritized native species were 
richer in nutrients compared with more commonly consumed exotic foods in Brazil 
(Beltrame et al. 2016). For example, the fruit camu-camu (Myrciaria dubia (Kunth) 
McVaugh) contains 30 times more vitamin C than oranges (1620 mg/100 g versus 
53 mg/100 g)’ the flour from the babaçu (Attalea speciosa Mart. ex Spreng) meso-
carp contains 18,3 mg of iron per 100 g, compared to 1 mg in the same amount of 
wheat flour or 2,3  mg in maize flour, while the baru nut (Dipteryx alata Vogel) 
contains 30  mg of protein/100  g, compared to 14  mg in walnuts and 18  mg in 
almonds (NEPA 2011; SiBBr 2018). Being non-domesticated wild species, the 
nutritional value of these underutilized foods can vary greatly depending on the 
harvest location. For example, samples of camu-camu are reported to contain up to 
to 6112 mg of vitamin C/100 g of pulp (Yuyama et al. 2002).

Working through regional partners ensured the development of capacities in dif-
ferent regions of the country and scaling up research and extension activities that 
were already developed regionally. It also helped to raise awareness among stu-
dents, researchers, and professors about the importance of food composition and the 
role of Brazilian underutilized edible species. These groups acted as multipliers 
within education and research institutions, building additional human capacity.

Federal ministries linked to initiatives such as the National School Feeding 
Program (PNAE), the Food Procurement Program (PAA), and the Minimum Price 
Guarantee Policy for Sociobiodiversity Products (PGPM-Bio) can benefit from the 
food composition data to demonstrate the value of native species as sources of nutri-
tious foods and, potentially, sources of income for family farmers and communities. 
Similarly, the nutrition benefits of native biodiversity to diversify and improve the 
nutritional content of diets can be demonstrated to consumers.

2.2  Influencing Policies

Another key component of the BFN Project and one of the strategies to address the 
barriers identified by the Project Preparation Phase, such as “poorly developed 
infrastructure and markets,” “trade policies that undermine promotion and con-
sumption of BFN,” and “inadequate agricultural and food security policies and 
strategies,” was mainstreaming biodiversity into public policies related to food and 
nutrition security, agriculture, rural, and social development, education, and health.

2 Available at: https://ferramentas.sibbr.gov.br/ficha/bin/view/FN
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At an early stage of the BFN Project, the partners involved – which included 
representatives of the ministries of the environment, agriculture, social develop-
ment, agrarian development, science and technology, education, and health, as part 
of the federal framework at the time  – identified an already established federal 
multi-sectoral institutional framework and associated federal initiatives and policies 
as a strategic opportunity to enhance the mainstreaming of biodiversity for improved 
food and nutrition outcomes. A project governance mechanism  – the National 
Steering Committee – was established to coordinate and manage this partnership 
transparently and included the abovementioned ministries as well as representatives 
of the National Supply Company (CONAB), the Brazilian Agricultural Research 
Corporation (EMBRAPA), and the National Food and Nutrition Security Council 
(CONSEA).

Through partnership with these institutions, the BFN project team was involved 
in a series of national activities promoting the importance of biodiversity for food 
and nutrition within the following federal government initiatives: the Food 
Procurement Program (PAA), National School Feeding Program (PNAE), Minimum 
Price Guarantee Policy for Sociobiodiversity Products (PGPM-Bio), National Plan 
for the Promotion of Sociobiodiversity Value Chains (PNPSB), Development of 
Organic Agriculture (Pro-Orgânico), National Plan for Agroecology and Organic 
Production (PLANAPO), and National Food and Nutrition Policy (PNAN). This 
framework of public policies was not static, so new plans and programs were cre-
ated or concluded during the lifetime of the BFN Project.

Many of these federal initiatives presented entry points for improving nutrition 
or livelihoods with links to underutilized species, for example, the PAA and PNAE, 
two long-lasting and robust food procurement programs: at least 30% of the food 
purchased through PNAE with federal funds must be bought directly from family 
farmers, while both the PNAE and the PAA pay a premium of up to 30% in the price 
of organic or agroecological produce and prioritize purchases from settlers of the 
agrarian reform and traditional communities, such as quilombolas and indigenous 
communities. These were key incentives and subsidies for procuring native 
neglected and underutilized food species for public food procurement. In doing so, 
these programs created unique opportunities for the use of natural resources from 
the various Brazilian ecosystems and promoted the opportunity for the development 
of new institutional markets for underutilized plants and their products while pro-
vided incentives for the management and sustainable use of Brazilian food and agri-
cultural biodiversity (Beltrame et al. 2016).

A major achievement in Brazil and critical to the success of public policies to 
increase the attention given to native neglected species was the development of a 
new supporting policy, the Official list of native Brazilian sociobiodiversity species 
of nutritional value published by Ordinance N°163/2016 (Brazil 2016) and updated 
by Ordinance N° 284/2018 (Brazil 2018a), which officially defined and recognized 
over 100 Brazilian underutilized food species. This was the first policy of its kind in 
the country able to incentivize the production and consumption of nutritious 
neglected and underutilized species, facilitating greater procurement of these spe-
cies and their integration into school feeding and other federal initiatives.
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The list of sociobiodiversity species was a response to meet the demands by the 
institutions responsible for the PAA, whose employees struggled to identify 
neglected and underutilized native species that were valid for incentives reserved 
for regional food products. Ministries now refer to the ordinance list to monitor 
PNAE and PAA institutional purchases of native biodiversity species as well as to 
expand the number of species included in PGPM-Bio, initiatives which support 
production and marketing (with a fair price) for family farmers. The inclusion of 
target underutilized species in the ordinance has greatly increased their marketing 
potential and ultimately, and smallholders are encouraged to conserve, use, pro-
duce, and commercialize local native species.

Many steps were taken in this direction, as one example, on the supply side, the 
ordinance has provided the 25 million communities of gatherers and family farms 
who continue managing and growing the native species (MMA 2019) with a depend-
able market outlet for their produce. A derived public policy has created additional 
market incentives by establishing a sociobiodiversity label for all produce and prod-
ucts in the list of native Brazilian sociobiodiversity species. The label was initially 
created in 2018 by Ordinance N° 129/2018 and updated by Ordinance N° 161/2019 
(Brazil 2018b; Brazil 2019a). The label can be requested by family farmers, coop-
eratives, and small and medium enterprises with a strong participation in family 
farming who have registered with the National Program to Strengthen Family 
Farming (PRONAF). Together, the registration to PRONAF and the sociobiodiver-
sity label open up additional market opportunities for family farmers and communi-
ties of gatherers.

The promotion and monitoring of the use of native biodiversity in school pro-
curement has also benefited from the creation of a food quality index called Food 
and Nutrition Security Quality Index (Índice de Qualidade da Coordenação de 
Segurança Alimentar e Nutricional – IQ COSAN) (FNDE 2018), a tool developed 
to guide nutritionists that develop school menus. It allocates point-based ratings to 
school meals depending on levels of dietary diversity and the absence of unhealthy 
foods such as sugars, sweets, and processed and fried foods. An additional 2.5 
points are allocated if meals include any number of the native species listed by 
Ordinance N° 284/2018. IQ-COSAN is acting as both a regulatory mechanism for 
healthy eating in schools, in line with the country’s nutrition guidelines, and an 
incentive for school nutritionists and school managers to incorporate underutilized 
native species into school meals to increase their ratings (FNDE 2018).

Another significant achievement in the Influencing Policies component was the 
BFN’s contributions to the second edition of the Dietary Guidelines for the Brazilian 
Population (Fig. 1) (MS 2014), launched by the Ministry of Health and its National 
Food and Nutrition Policy (PNAN). The Dietary Guidelines highlighted Brazil’s 
rich heritage of neglected and underutilized species, their associated traditional 
knowledge and food cultures, and also considered that healthy diets derive from 
socially and environmentally sustainable food systems. Among the supporting doc-
uments developed to assist the implementation of the revised dietary guidelines in 
Brazil was the BFN’s contribution to the new edition of Brazilian Regional Foods 
(Fig. 1) (MS 2015), including a chapter on “Biodiversity for Food and Nutrition.” 
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The book combines recipes and nutritional information and is used throughout 
schools and other institutions and aims to contribute to a revival of culinary skills 
using regional foods and native food biodiversity.

PNAN’s Health in School Program (PSE) was also identified as a strategic entry 
point for promoting biodiversity in the school environment. This program fostered 
visits by primary healthcare professionals to public schools and provides capacity 
building for school teachers and managers for the development of educational activ-
ities. Activities were carried out to monitor eating habits and nutrition and to pro-
mote healthy eating behaviors consistent with the Brazilian dietary guidelines. New 
training materials for the implementation of PSE were developed, including book-
lets targeting teachers and healthcare professionals (MS 2018, 2019). To promote 
the inclusion of biodiversity, technical contributions were made to ensure that bio-
diversity was included in all training materials with considerable attention drawn to 
regional foods, particularly native fruit species and their roles in promoting better 
health and nutrition.

The BFN also lobbied for the inclusion of food biodiversity in National Council 
for Food and Nutrition Security (CONSEA) documents. As a result, the Reference 
Document for the 5th National Conference on Food and Nutrition Security 
(CNSAN), held in November 2015, incorporated biodiversity as one of the main 
aspects related to food and nutrition security. CNSAN, held every 4 years, is where 
guidelines and priorities for food and nutrition security actions were set and com-
municated to the CONSEA to inform policy making. The main outcome from 
CNSAN was a Policy Letter, containing several recommendations related to the 

Fig. 1 Dietary Guidelines for the Brazilian Population and Regional Foods book, publications 
from the Ministry of Health that promote the use of regional recipes and neglected foods to diver-
sify and improve diets and nutrition
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sustainable use of biodiversity to achieve food sovereignty. Some recommendations 
focused especially on expanding public policies and actions to ensure self- 
sufficiency for family farmers through agroecological practices and promotion of 
biodiversity, such as the creation of organic seed banks and the promotion of value 
chains for non-conventional vegetables and native fruits.

By interacting with CONSEA and working with partner ministries on govern-
ment plans such as the National Plan for Food and Nutrition Security (PLANSAN 
2016–2019), the National Pact for Healthy Food, and the National Plan for 
Agroecology and Organic Production (PLANAPO), BFN promoted biodiversity as 
one of the solutions for combating food and nutrition insecurity, to promote healthy 
diets and improve producers’ livelihoods (Beltrame et al. 2016).

2.3  Raising Awareness

Activities to promote and raise awareness of native biodiversity species, as a third 
component of the BFN Project, included the development of recipes using priori-
tized neglected and underutilized species. The collection of 335 recipes was made 
available online in the book Brazilian Biodiversity: Tastes and Flavours3 (Fig. 2) 
(Santiago and Coradin 2018). This recipe book was also a result of a participatory 

3 Available at: https://www.mma.gov.br/publicacoes/biodiversidade/category/54-agrobiodiversi-
dade.html

Fig. 2 Book with the 
collection of 335 recipes 
using ingredients from 
neglected species from 
Brazilian biodiversity 
published by the BFN 
Project
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process that involved researchers, chefs, and students from partner universities and 
research institutes across the country.

Sociobiodiversity species were also highlighted in the 2nd Best Recipes from 
School Meals awards, a competition promoted by PNAE with school cooks, and a 
chapter about Brazilian biodiversity was included in the book derived from the 
awards (FNDE 2018). The award saw school cooks from all over Brazil competing 
in the preparation of the healthiest and most nutritious school meal that is also 
appealing to students. In 2018, 2252 school cooks from Brazil’s 5 regions took part 
in the competition.

Another example of capacity building and awareness raising was the establish-
ment of partnerships with the Educating through School Gardens and Gastronomy 
Project (PEHEG) to diversify school curricula using school gardens and gastron-
omy as educational tools which helped to promote healthy eating habits, apprecia-
tion of regional ingredients and recipes, learning of cooking techniques, as well as 
experiencing flavors, food textures, and aromas of native neglected and underuti-
lized species among schoolchildren. The inclusion of Brazilian underutilized edible 
plants in school feeding and school curricula through PEHEG represented a cultural 
appreciation of local resources and food practices, raising awareness and recogni-
tion of traditional knowledges and techniques of cultivation, rational extraction, 
production, and transformation. In addition, it contributed to the food and nutrition 
security of the communities involved with each school of this Project, as those foods 
were rich in micro and macronutrients. The PEHEG contributed to the process of 
educating, empowering, and engaging the educators and public agents, as well as 
the members of the school communities about those themes, through the implemen-
tation of school gardens and activities related to gastronomy as pedagogical tools 
for environmental and food and nutrition education. In short, this Project helped to 
create awareness about healthy eating and environmental issues, encouraging the 
students and communities to promote the necessary transformations to build a more 
sustainable society (Santos et al. 2020).

As part of the effort to improve the production chain of native biodiversity and 
add more value to the products, a series of booklets on best practices for the sustain-
able collection of wild, organic native products was published by the Ministry of 
Agriculture (MAPA 2014) and the Ministry of the Environment (MMA 2018b) for 
21 species, 15 of which are species prioritized and proposed by the BFN project. 
The booklets were divided in two series, one targeting the producers themselves and 
the other with more technical information for extension workers who provide assis-
tance to the producers. This was a main achievement to tackle one of the barriers for 
increasing markets and demand for native biodiversity identified, since most of 
these foods are not domesticated and cultivated, but collected from the wild, highly 
perishable and demand special care for their production, processing, transportation, 
and storage, in order to achieve the desired quality standards demanded by consum-
ers (Beltrame et al. 2016).

To raise awareness about native neglected food species with the general popula-
tion, the BFN project also organized or participated in a number of cultural exhibi-
tions and gastronomic events in different Brazilian cities (Fig.  3), for example, 
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cooking demonstrations and tasting, promotion of farmers markets with native spe-
cies, and campaigns such as the “Organic Food Week” organized by the federal 
government in different Brazilian cities. To celebrate the conclusion of project’s 
activities, the Biodiversity for Food and Nutrition International Symposium was 
held in Brasília in 2017, with the presence of government’s authorities and other 
partners from federal ministries, researchers, students, and chefs from Brazil and 
abroad. During the Symposium, the main results of the project were presented 
(including cooking demonstrations and a tasting session with the recipes developed 
by the partners for the “Brazilian Biodiversity: Tastes and Flavors” book), and ideas 
for future actions were discussed.

3  Outcomes

The BFN Project together with the Plants for the Future initiative has contributed to 
increase the knowledge and awareness about the role of native biodiversity for food 
and nutrition security in Brazil today so weakened by the restriction and strong 
dependence on few species. With the inclusion of new species in the agricultural 
system, the country begins to have new and unusual cultivation options, as well as a 
better condition to face the global environmental changes, including climate change. 
In addition to promoting conservation activities, encouraging the use of new options 

Fig. 3 Examples of events and tasting sessions organized by the BFN project to raise awareness 
and about neglected food species from the Brazilian biodiversity. Photos credits: Shawn Landerz, 
Itamar Sandoval, Julceia Camillo
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of agricultural interest, and providing information on hundreds of native plants of 
real or potential value, these actions will certainly contribute to promote the forma-
tion of new productive chains. This work is critical to increase information and 
change society’s perception of the strategic importance of conserving biodiversity 
and native genetic resources.

At the end of the BFN Project, changes in behaviors and attitudes were evident 
within ministries and federal institution partners of the BFN. Undoubtedly, one of 
the great achievements of the Project in Brazil was providing to stakeholders in dif-
ferent levels involved with public policies related to institutional food procurement 
and school feeding programs an official list of native species of the Brazilian socio-
biodiversity with current or potential nutritional value (Ordinance N° 284/2018) and 
the BFN Food Composition Database.

Together, these two instruments facilitated the  procurement of products from 
sociobiodiversity species, as well as greater incentives for family farmers to pro-
mote the production and sale of these products in the scope of the PAA and 
PNAE. Likewise, it is expected for a greater number of native food species to be 
included in the list of PGPM-Bio, as has occurred with buriti (Mauritia flexuosa 
L.f.), that became part of its 2018 subsidy list. This agricultural income policy com-
pensates producers should their sociobiodiversity products not reach the market 
value established by the National Supply Company.

Increases in institutional expenditures on Brazilian native biodiversity and their 
products were documented, although investments remain small when compared to 
overall food purchases. For example, expenditures in sociobiodiversity products by 
PAA increased from 2,75% of the total expenditure in 2016 to 5% in 2017, and pay-
ments made by PGPM-Bio to sociobiodiversity producers grew steadily in recent 
years, growing from R$ 5 million in 2014 to more than R$ 13 million in 2019 
(Brazil 2019b; CONAB 2020). These initiatives can be considered strategic tools to 
promote the conservation and sustainable use of sociobiodiversity and offer a 
glimpse of the market potential for expanding the amount spent in these products. 
This also means that there is a great opportunity to monitor how and if increasing 
the diversity of foods produced, purchased, and consumed will, in the longer-term, 
affect the livelihoods of the small-scale producers and promote better food and 
nutrition security while enabling climate change adaptation and biodiversity 
conservation.

Despite its importance, these initiatives represent only the beginning of a pro-
cess. Other similar actions need and should be conducted at a local and regional 
level, so that it is possible to rescue and broaden the population’s interest in the use 
of Brazilian underutilized edible plants. The continuity of actions of this nature 
should be developed not only because of the importance and necessity of the con-
servation of the rich biodiversity existing in the country but also with a view to 
promote greater participation of native species in our diet, to create new options for 
the use of these species, to consolidate new productive chains, and specially to show 
that native species can be much more nutritionally rich than the basic species that 
currently dominate our dietary habits.
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The future development of new market chains and the increase of interest by the 
private sector are expected, especially now with a new era of bioeconomy in Brazil. 
In the long term, expanding production and marketing of native nutritious species 
have also the potential to increase the income of family farmers and gatherers, as 
well as the diversification and improvement of diets and nutritional status of benefi-
ciaries of programs linked to food and nutrition security and the population in gen-
eral. Decision-makers, family farmers and gatherers, and the general public will be 
able to recognize biodiversity’s value, thus promoting greater conservation and sus-
tainable use.
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https://ferramentas.sibbr.gov.br/ficha/bin/view/FN/
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1  Introduction

Archaeological finds show that plants have been used for millennia as sources of 
food and medicine in the Americas. Colonizing Europeans indeed learned the use of 
species such as corn, potatoes, cassava, tomatoes, cocoa, avocado, pineapple, and 
cashew, from the Amerindians (Maezumi et al. 2018). Native plants continue to be 
widely used in Brazil, but the intense miscegenation of cultures that occurred over 
recent centuries has also popularized the use of exotic species (Ferrão et al. 2008). 
The intense industrialization and urbanization of the country, which started in the 
1950s, has deprived the Brazilian population of knowledge about the potential of 
native plants for use as food and medicine (Domingues et  al. 2012; Fernandes 
2004). These processes were aggravated by different economic cycles, starting with 
the exploitation of brazilwood (Paubrasilia echinata (Lam.) Gagnon, H.C.Lima & 
G.P.Lewis, Fabaceae) by the Portuguese. The economy is currently dominated by 
mining and agribusiness, both of which seriously damage native natural ecosystems 
(Dean 1996). Today, only 7% of the Atlantic Forest territory remains, while other 
ecosystems such as the savannas (Cerrado) and dry forests (Caatinga) are rapidly 
being replaced by monocultures of eucalyptus, sugarcane, soybeans, and livestock 
(Bockmann et al. 2018; Venâncio et al. 2018). As a consequence, not only knowl-
edge but also the native plant species themselves are being lost (Brandão et  al. 
2008a, b; Mügge et al. 2016).

In contrast to this scenario, the consumption of healthier food and the transition 
to plant-based diets are growing in the developed world (Kahleova et  al. 2017; 
Melina et al. 2016). The development of a “bioeconomy”, based on the sustainable 
use of biodiversity with less impact on the environment is also coming into favor 
(Valli et al. 2018), and traditional knowledge concerning the use of plant species 
used as food can be very valuable in this context. Information on species used by 
local populations in the past can reveal the existence of plants with the potential to 
be used as functional foods or used as a source of purified biological products. To 
contribute to this aim, during the last decade, our research group has focused on 
recovering traditional information about useful Brazilian plants from manuscripts 
and books published prior to 1960. Each work is carefully searched for data regard-
ing the use of plants, and the information is then publicized (Brandão et al. 2011; 
Brandão et al. 2012; Breitbach et al. 2013; Fagg et al. 2015; Teixeira et al. 2019). 
Furthermore, the information is entered into an online database named Dataplamt 
(www.ceplamt.org.br/dataplamt), built to organize and make information readily 
available. Searches can be done through links referring to popular and scientific 
names, traditional uses, places where the plant occurs, and full texts extracted from 
original books or documents. To date, Dataplamt contains information from 66 doc-
uments on 3400 species of Brazilian useful plants.

In two previous studies, we have focused on the search for data concerning native 
food species. Oliveira et al. (2012) studied the native plant foods recorded in field 
books  of 16 European naturalists who traveled through Brazil in the nineteenth 
century. More recently, Teixeira et  al. (2019) showed data on 504 edible fruits 
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recovered from the book “Dicionário das plantas úteis do Brasil e das exóticas cul-
tivadas” (Dictionary of Useful Plants of Brazil and Exotic Cultivated), organized by 
the Portuguese botanist Manoel Pio Corrêa (1874–1934), in 1926. In this study, we 
present additional data about native plant species used as food, with emphasis on 
leaves and roots, recovered from books published by nine authors from the sixteenth 
to the twentieth centuries.

2  Methods

2.1  Search and Organization of Data

Firstly, we did a search in Dataplamt for plants that were classified as edible 
(“comestível,” in Portuguese). Then, we searched the data using the key words: 
“frutos comestíveis” (edible fruits), “raízes comestíveis” (edible roots/tubers), “fol-
has comestíveis” (edible leaves), “flores comestíveis” (edible flowers), and “ brotos 
comestíveis” (edible sprouts)”. Information from books published by nine authors, 
living in different regions of Brazil from the sixteenth to the twentieth centuries, 
were selected. Table 1 shows the names and nationalities of each author, year of 
publication of their books, the area upon which their studies focused, and the num-
bers of edible plant species recorded by each one.

Table 1 Authors’ nationalities, phytogeographical domains and regions studied in Brazil, years of 
the studies and number of plants cited in each publication

Abba Author/nationality Area of study
Period in 
Brazil

Number of 
plants

SO Gabriel Soares de 
Sousa/Portuguese

Atlantic Forest (Bahia state) 1575–1592 5

LI Friar Cristovão de 
Lisboa/Portuguese

Amazonia (Maranhão state) 1624–1635 5

PI Guilherme Piso/Dutch Atlantic Forest and Caatinga 
(Pernambuco state)

1637–1644 7

VE Friar Mariano 
C. Vellozo/Brazilian

Atlantic Forest and Cerrado (Minas 
Gerais and Rio de Janeiro states)

Natural 18

SP Richard Spruce/
English

Amazonia (Amazonas and Pará state) 1849–1864 4

CH Pedro Napoleão 
Chernoviz/Polish

All regions of Brazil 1840–1855 9

PK Theodor Peckolt/
German

All regions of Brazil 1847–1912 30

CR Manoel Pio Corrêa/
Portuguese

All regions of Brazil 18XX- 
1934

26

CN Paul Le Cointe/French Amazonia 1891–1956 96
aAbbreviation
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To check whether a species was native of Brazil, as well as the current botanic 
name, was performed using the website “Flora do Brasil”.1 It is often difficult to 
identify species from books published between the sixteenth and eighteenth centu-
ries, because taxonomy as we currently know it was established only in the late 
eighteenth century, and the rules of botanical nomenclature did not exist until the 
beginning of the twentieth century. In particular, imprecise identification of some of 
the plants referred by Sousa (1587), Piso (1648), and Lisboa might detract from the 
accuracy of the study. However, reliability is somewhat increased by the fact that the 
editors of each of these books have added comments and more precise identification 
of the described species. Data on recent laboratory studies on bioactivity were 
obtained from PubMed.

The recorded plants were then divided in two tables: one with species submitted 
to studies that confirmed its health benefits (Table 2) and another table with the 
other plants that have not been studied (Table 3). Information about which author 
cited the plants is also included in the Tables (abbreviated names), as well as cita-
tions by other authors also present in Dataplamt.

2.2  Species Cited by Other Authors

The results obtained from this study were compared with data recorded by European 
naturalists who lived or travelled in Brazil in previous centuries. The first search was 
performed in Oliveira et al. (2012), which describes historical data recovered from 
the nineteenth century (indicated as “1-167” in Tables 1 and 2). Other data were 
obtained directly from the field books of the naturalists Auguste de Saint-Hilaire 
(Brandão et  al. 2012), George Gardner (Fagg et  al. 2015), and Richard Spruce 
(Santos-Fonseca et al. 2019). Additional data collected by von Martius in Amazonia 
in the nineteenth century was recorded by Breitbach et al. (2013) and from Corrêa 
in the twentieth century in Teixeira et al. (2019). Importantly, these naturalists pro-
vide detailed information about the plants and its uses. They also provide an ade-
quate coverage of the country in terms of area and phytogeographic domains: von 
Martius, for example, described plants from the North region (Amazon); Gardner 
and Burchell from Midwest region (Caatinga and Cerrado); and Saint-Hilaire 
described species from Southeast and South regions (Cerrado and Atlantic Forest).

1 See at: http://floradobrasil.jbrj.gov.br/2010/
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Table 2 Food species cited by the authors submitted to bioactivity studies

Family/species/
popular names SO LI PI VE SP CH PK CN CR

Correlated studies on 
bioactivity

Aizoaceae
Sesuvium 
portulacastrum 
(L.) L./Beldroega 
miúda

Lvs x x x Antimicrobial, antioxidant 
(Al-azzawi et al. 2012; 
Chandrasekaran et al. 
2011)

Alismataceae
Echinodorus 
macrophyllus 
(Kunth) Micheli/
Chapéu de couroa

Lvs x Anti-inflammatory (Silva 
et al. 2016), 
nephroprotective (Portella 
et al. 2012)

Amaranthaceae
Amaranthus 
cruentus L./Caruru

Lvs x x Obesity (Kanikowska 
et al. 2019), anti- 
inflammatory (Tang and 
Tsao 2017)

Amaranthus 
spinosus L./Bledo

Lvs x Antioxidant, nutritional, 
(Mondal and Maity 2016, 
Sarker and Oba 2019), 
diabetes (Bavarva and 
Narasimhacharya 2013)

Amaranthus viridis 
L./Bredo 
americano

Lvs x x x Antioxidant, nutritional, 
(Sarker and Oba 2019), 
Mondal and Maity (2016), 
nutritional (Silva et al. 
2018)

Anacardiaceae
Spondias tuberosa 
Arruda/Ambu 1,2

Rts x x x x Antimicrobial (Santos 
et al. 2019)

Aquifoliaceae
Ilex dumosa 
Reissek/Matea

Lvs x x Gan et al. (2018)

Ilex integerrima 
(Vell.) Reissek/
Matea

Lvs x Gan et al. (2018)

Ilex paraguariensis 
A.St.-Hil./Matea

Lvs x x Gan et al. 
(2018) + Several other 
studies

Ilex pseudobuxus 
Reissek/Caúnaa

Lvs x Gan et al. (2018)

Ilex theezans Mart. 
ex Reissek/Matea

Lvs x Gan et al. (2018)

Araceae
Caladium bicolor 
(Aiton) Vent./Ara

Lvs, 
Rts

x x x x x x Antidiarrheal (Salako 
et al. 2015)

(continued)
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Table 2 (continued)

Family/species/
popular names SO LI PI VE SP CH PK CN CR

Correlated studies on 
bioactivity

Colocasia 
esculenta (L.) 
Schott/Inhame 1-4

Rts x x Immunomodulator 
(Pereira et al. 2018), 
diabetes (Eleazu et al. 
2016)

Xanthosoma 
sagittifolium (L.) 
Schott/Mangará 3-4

Lvs, 
Rts

x x x Antitumor (Caxito et al. 
2015), prevent colon 
cancer (Jackix et al. 
2013), antioxidant 
(Arruda et al. 2005), 
antifungal (Schmourlo 
et al. 2005)

Asteraceae
Sonchus oleraceus 
L./Serralha lisa

Lvs x x x x Antioxidant 
(Mawalagedera et al. 
2016); anti-aging agent 
(Ou et al. 2015)

Ayapana 
triplinervis (Vahl) 
R.M.King & 
H.Rob./Aiapanaa 1

Lvs x Antioxidant (Taïlé et al. 
2020)

Acmella oleracea 
(L.) R.K.Jansen/
Agrião do Pará

Lvs x x Chemical, nutritional 
(Neves et al. 2019), 
gastroprotective (Maria- 
Ferreira et al. 2014; 
Nascimento et al. 2013)

Cactaceae
Pereskia aculeata 
Mill./Ora pro nobis

Lvs x x Antioxidant, antimicrobial 
(Garcia et al. 2019; Souza 
et al. 2016), improve 
intestinal motility and 
lipid profile (Barbalho 
et al. 2016)

Dioscoreaceae
Dioscorea 
chondrocarpa 
Griseb./Cará

Rts x Antimicrobial (Barnabé 
et al. 2014)

Dioscorea trifida 
L.f./Inhame roxo

Rts x x x x Food allergy (Mollica 
et al. 2013)

Euphorbiaceae
Manihot esculenta 
Crantz/Aipim 1-16

Rts x x x x x x x x x Several studies

Fabaceae
Neptunia oleracea 
Lour./Juquiry 
manso

Lvs x x Antioxidant, management 
of diabetes (Lee et al. 
2019)

Pachyrhizus erosus 
(L.) Urb./Jacatupé

Rts x Management of blood 
glucose (Park et al. 2016, 
Santoso et al. 2019)

(continued)
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Table 2 (continued)

Family/species/
popular names SO LI PI VE SP CH PK CN CR

Correlated studies on 
bioactivity

Marantaceae
Maranta 
arundinacea L./
Araruta

Rts x x Antiulcerogenic 
(Rajashekhara et al. 
2014), immunostimulant 
(Kumalasari et al. 2012)

Nyctaginaceae
Boerhavia diffusa 
L./Tangeraca 
mansa

Lvs x Gastrointestinal disorders, 
anticancer (Mishra et al. 
2014)

Boerhavia erecta 
L./Erva tostão de 
Minas

Lvs x Antioxidant, anti- 
inflammatory (Compaore 
et al. 2018)

Oxalidaceae
Oxalis barrelieri 
L./Azedinha

Lvs x Antidiarrhea (Fokam 
Tagne et al. 2018)

Piperaceae
Peperomia 
pellucida (L.) 
Kunth/
Jaboti-membeca

Lvs x x Antimicrobial (Alves 
et al. 2019)

Piper umbellatum 
L./Mático 1,3,7

Lvs x x x x x x Intestinal anti- 
inflammatory 
(Arunachalam et al. 
2020), anti-gastric ulcer 
(Silva Junior et al. 2016), 
anticancer (Iwamoto et al. 
2015)

Plumbaginaceae
Plumbago 
scandens L./
Caá-jandiwap, 
loco1

Lvs, 
Rts

x x x x x Antimicrobial 
Helicobacter pylori (de 
Paiva et al. 2003, Wang 
and Huang 2005)

Polygonaceae
Rumex acetosella 
L./Alecrim de São 
José

Lvs x x Management of diabetes 
(Özenver et al. 2020)

Polygonum 
aviculare L./
Sanguinária

Lvs x Pancreatic lipase 
inhibitions (Park et al. 
2019), antioxidant, 
anti-inflammatory 
(Granica et al. 2013), 
antiobesity (Sung et al. 
2013), antimicrobial 
(Salama and Marraiki 
2010)

(continued)
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3  Results and Discussion

Data on the use of Brazilian native plant food species were recovered from books 
published by nine authors that lived in Brazil during different times in the past five 
centuries (Table  1). The earliest was the Portuguese Gabriel Soares de Sousa 
(1540–1592) who lived in in Bahia for 17 years. In his book “Tratado Descritivo do 
Brasil em 1587” (Descriptive Treaty of Brazil in 1587), he gave detailed informa-
tion specifically about plants from the Atlantic Forest used by the Amerindians. 
Friar Cristovão de Lisboa (1583–1652) was a Portuguese who lived in Brazil from 
1624 to 1635 and worked in a religious mission in the state of Maranhão; once back 
in Portugal his observations were published first in 1627 in the book “History of 
animals and plants of Maranhão” (História dos animais e plantas do Maranhão). As 
the title suggests, the book has information about animals and plants from the 
Amazonian region, accompanied by richly detailed high quality drawings which 
allow identification of the plants (Marques 1996). Also in the seventeenth century, 
northeast Brazil was invaded by the Dutch, and Guilherme Piso and Marcgrave 
lived there for 8 years. Later in 1648, back in the Netherlands, they published the 
book “Historiae Naturalis & Medicae,” in which several native food and medicinal 
plants used by the Amerindians are described (Piso 1648).

From the Portuguese invasion in 1500 to the next three centuries, Brazilian terri-
tory was under strict control in order to prevent natural resources of being exploited 
by other countries. In 1808, the Portuguese royal family fled to Rio de Janeiro from 
Portugal after Napoleon Bonaparte’s invasion. They lived in Brazil for the next 
13 years, a period that was characterized by notable progress in the country’s econ-
omy, culture and science, such as the creation of the first School of Medicine in 
Salvador and the Botanical Garden of Rio de Janeiro. Foreigners finally had permis-
sion to enter the country and many European naturalists came to Brazil. They 
explored all regions of the country and identified new plant species and gathered 
information on their use by the local communities (Brandão et al. 2008a, b; Oliveira 
et al. 2012). Among these naturalists was the English Richard Spruce (1817–1893), 
who lived in the Amazon for 17 years. After his death, Wallace edited his “Notes of 

Table 2 (continued)

Family/species/
popular names SO LI PI VE SP CH PK CN CR

Correlated studies on 
bioactivity

Talinaceae
Talinum 
paniculatum 
(Jacq.) Gaertn./
Língua de vaca

Lvs x x Antimicrobial (Reis et al. 
2015)

Tropaoelaceae
Tropaeolum 
pentaphyllum 
Lam./Capuchinha 3

Lvs/
Rts

x x Nutritional, antioxidant 
(De Bona et al. 2017), 
antimicrobial (Cruz et al. 
2016)

aUsed as tea. Lvs leaves, Rts roots. 
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Table 3 Brazilian plant foods not studied and authors who cited their uses

Families/species/popular names/parts used
Authors
SO LI PI VE SP CH PK CN CR

Alstromeriaceae
Alstroemeria caryophyllaea Jacq./Madressilva/Rts

x

Alstroemeria monticola Mart. ex Schult. & Schult.f./
Carajurú/Rts

x

Bomarea edulis (Tussac) Herb./Jaranganha/Rts x
Amaranthaceae
Blutaparon vermiculare (L.) Mears/Caá-ponga/Lvs

x

Amaryllidaceae
Zephyranthes candida (Lindl.) Herb./Carapitaia/Rts

x x

Anacardiaceae
Spondias venulosa (Engl.) Engl./Acaiá/Rts

x x x

Apiaceae
Eryngium nudicaule Lam./Gravatazinho/Rts

x

Aquifoliaceae
Ilex affinis Gardner/Congonhaa/Lvs

x

Ilex brasiliensis (Spreng.) Loes./Erva matea/Lvs x
Ilex conocarpa Reissek/Congonhaa/Lvs x
Ilex chamaedryfolia Reissek/Congonhaa/Lvs x
Ilex diuretica Mart. ex Reissek/Congonhaa/Lvs x
Ilex paltorioides Reissek/Congonhaa/Lvs x
Araceae
Dracontium asperum K.Koch/Taja de cobra/Rts

x

Urospatha caudata (Poepp.) Schott/Apê/Rts x x x
Xanthosoma riedelianum (Schott) Schott/Mangarito/
Rts

x

Xanthosoma striatipes (Kunth & C.D.Bouché) 
Madison/Banana do brejo/Rts3

x x

Arecaceae
Euterpe oleracea Mart./Açaí/Lvs/Spr 6,7,14

x

Asteraceae
Erechtites valerianifolius (Wolf) DC./Caruru/Lvs

x x

Pacourina edulis Aubl./Pacurina/Lvs x x
Balanophoraceae
Langsdorffia hypogaea Mart./Espiga de sangue/Flw

x

Lophophytum mirabile Schott & Endl./Batata 
escamas/Rts

x

Ombrophytum peruvianum Poepp. & Endl./Parasita/
Rts

x

Bignoniaceae
Dolichandra unguis-cati (L.) L.G.Lohmann/Poampé/
Rts

x x

Campanulaceae
Centropogon cornutus (L.) Druce/Crista de peru/Lvs

x

(continued)
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Table 3 (continued)

Families/species/popular names/parts used
Authors
SO LI PI VE SP CH PK CN CR

Cannaceae
Canna paniculata Ruiz & Pav./Paca vira/Rts

x x

Canna glauca L./Achira/Rts x x x x x x
Cardiopteridaceae
Citronella paniculata (Mart.) R.A.Howard/
Congoinhaa/Lvs2

x

Convolvulaceae
Distimake tuberosus (L.) A.R. Simões & 
Staples/Jetuca/Rts

x

Dioscoreaceae
Dioscorea bahiensis Kunth/Cará/Rts

x

Dioscorea cinnamomifolia Hook./Cará assú/Rts x x
Dioscorea dodecaneura Vell./Cará barbado/Rts x
Dioscorea fodinarum Kunth/Cará/Rts x
Dioscorea glandulosa (Klotzsch ex Griseb.) Kunth/
Cará/Rts

x

Dioscorea hassleriana Chodat/Cará coco/Rts x x
Dioscorea heptaneura Vell./Cará branco/Rts x
Dioscorea lacerdaei Griseb./Cará/Rts
Dioscorea laxiflora Mart. ex Griseb./Caratinga bravo/
Rts

x x

Dioscorea leptostachya Gardner/Cará/Rts x
Dioscorea multiflora Mart. ex Griseb./Cará/Rts x
Dioscorea ovata Vell./Cará inhame/Rts x
Dioscorea piperifolia Humb. & Bonpl. ex Willd./
Cará/Rts

x x

Dioscorea sinuata Vell./Caratinga brava/Rts x x
Dioscorea stegelmanniana R.Knuth/Cará/Rts x
Dioscorea trifoliata Kunth/Caranambú/Rts x
Euphorbiaceae
Manihot caerulescens Pohl/Maniçoba/Rts

x

Manihot caerulescens Pohl ssp. 
caerulescens/Maniçoba/Rts

x

Manihot dichotoma Ule/Maniçoba/Rts x
Manihot glaziovii Müll.Arg./Maniçoba/Rts x
Manihot violacea Pohl/Maniçoba/Rts x
Fabaceae
Luetzelburgia auriculata (Allemão) Ducke/Pau 
chapada/Rts

x

Heliconiaceae
Heliconia psittacorum L.f./Pacová catinga/Rts

x

Humiriaceae
Humiria balsamifera (Aubl.) A.St.-Hil./Umiri/Rts

x x

(continued)
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Table 3 (continued)

Families/species/popular names/parts used
Authors
SO LI PI VE SP CH PK CN CR

Sacoglottis guianensis Benth./Achua/Rts x
Icacinaceae
Casimirella ampla (Miers) R.A.Howard/Mairá/Rts

x x

Leretia cordata Vell./Mata fome/Rts x
Iridaceae
Phalocallis coelestis (Lehm.) Ravenna/Bibi/Rts

x

Malvaceae
Abutilon megapotamicum (Spreng.) A.St.-Hil. & 
Naudin/Benção de Deus/Lvs

x

Abutilon purpurascens K.Schum./Benção de Deus/
Flw

x

Hibiscus bifurcatus Cav./Algodão do brejo/Rts x x
Sphaeralcea bonariensis (Cav.) Griseb./Malvaisco/
Lvs, Flw

x x

Marantaceae
Goeppertia allouia (Aubl.) Borchs. & S.Suárez/
Tupinambor/Rts

x

Goeppertia tuberosa (Vell.) Borchs. & S.Suárez/
Caeté/Rts

x x x

Ischnosiphon arouma (Aubl.) Körn./Arumá membeca/
Rts

x x x

Ischnosiphon petiolatus (Rudge) L.Andersson/
Arumá/Rts

x

Thalia geniculata L./Arumarana/Rts x x x
Nyctaginaceae
Neea theifera Oerst./Caparrosaa/Lvs

x x

Nymphaeaceae
Victoria amazonica (Poepp.) J.E.Sowerby/Uapé/Rts

x

Oxalidaceae
Oxalis hirsutissima Mart. & Zucc./Azedinha/Lvs

x

Phytolaccaceae
Phytolacca rivinoides Kunth & Bouché/Espinafre 
Guiana/Lvs

x x

Phytolacca thyrsiflora Fenzl. ex J.A.Schmidt/Carurú/
Lvs

x

Piperaceae
Peperomia transparens Miq./Língua de sapo/Lvs

x

Poaceae
Gynerium sagittatum (Aubl.) P.Beauv./Arina/Spr

x

Polygonaceae
Rumex brasiliensis Link/Labaça/Lvs

x x

Portulacaceae
Portulaca halimoides L./Beldroega/Lvs

x

Portulaca mucronata Link/Beldroega/Lvs x

(continued)
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a botanist in Amazonas and the Andes” (1908), providing them with a bibliographic 
introduction (Seaward 2000).

It is also important to highlight the efforts of the first Brazilian botanist, Friar 
José Mariano da Conceição Vellozo. Friar Vellozo was born in 1741 in Minas Gerais 
and died in Rio de Janeiro, in 1811. From an early age, he was interested in botany. 
In 1755 he started his religious life in Rio de Janeiro and in 1771 he moved to São 
Paulo, where he started teaching the indigenous people, simultaneously having the 
opportunity to learn about the uses and original names of native plants. He was com-
missioned by the Portuguese Crown to compile an extensive botanical inventory of 
the Flora in Rio de Janeiro and its surroundings. The result is the work “Florae 
Fluminensis,” completed in 1790, which consists of one volume containing the 
botanical descriptions of 1639 species of plants, native and exotic, and a further 11 
volumes of drawn illustrations. Vellozo was a pioneer in this type of work, and the 
“Florae” includes valuable information on the use of about 300 plants, including 
those used as food (Brandão 2019).

The most recent authors cited here studied plants in the nineteenth and early 
twentieth centuries. The Polish medical doctor P. Chernoviz (1812–1882) and the 
German pharmacist Theodor Peckolt, (1822–1912), lived in Rio de Janeiro and 
wrote important books containing information on hundreds of useful and medicinal 
native plants (Peckolt and Peckolt 2016; Ricardo et al. 2017). In 1947 the French 
Paul Le Cointe (1870–1956) published the book “Amazônia Brasileira” (Brazilian 
Amazon), with information on hundreds of plants, their traditional uses, and eco-
nomic viability. The Portuguese botanist Manoel Pio Corrêa (1874–1934) included 
description of roots and leaves used as food in his book “Dicionário das plantas 
úteis do Brasil e das exóticas cultivadas” (Dictionary of Useful Plants of Brazil and 
Exotic Cultivated), organized in 1926, and his previous work entitled “Flora do 
Brasil” (Brazilian Flora), published in 1909. Although these authors did their own 
field work and research, they also declare that they used information present in 

Table 3 (continued)

Families/species/popular names/parts used
Authors
SO LI PI VE SP CH PK CN CR

Portulaca pilosa L./Alecrim de São José/Lvs 1,2 x
Solanaceae
Solanum commersonii Poir./Batata silvestre/Rts

x

Solanum alternatopinnatum Steud./Caruru de 
espinho/Lvs

x x

Talinaceae
Talinum fruticosum (L.) Juss./Beldroega grande/Lvs

x

Tropaeolaceae
Tropaeolum brasiliense Casar./Capuchinha do Brasil/
Lvs

x x

Typhaceae
Typha domingensis Pers./Tabua/Rts

x x

aUsed as tea. Lvs leaves, Rts roots, Flw flowers, Spr sprouts. 
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previous sources. We can consider, therefore, that the presence of plants mentioned 
by previous authors (e.g., Saint-Hilaire, von Martius) is a validation of their uses 
as food.

A total of 630 plant species used as food were cited in the studied books. Of 
these, 514 are fruits, most of them already discussed in Teixeira et al. (2019). Thus, 
in this work, we emphasize the remaining 116 plants, which have other parts used 
as food. Table 1 shows that Corrêa cited the highest number of species (96) followed 
by Peckolt (30) and Le Cointe (26). Among the authors that published their works 
before or during the eighteenth century, Vellozo cited the greatest number of food 
plants. A total of 18 species was described in his work, while Chernoviz, Piso, 
Lisboa, and Sousa cited 9, 7, 5, and 5 plants, respectively. Vellozo was Brazilian, 
and his familiarity with local customs certainly allowed him to have more proximity 
to the population in order to acquire traditional knowledge. In total, from the works 
of the 9 authors, 64 roots/tubercles, 52 leaves, 3 flowers, and 2 sprouts were cited as 
food (Tables 2 and 3).

Among the roots, the use of Manihot esculenta Crantz tubers (aipim, cassava, 
Euphorbiaceae) was described by all the authors. Cassava tubers are rich in special 
carbohydrates that release glucose slowly in the body without generating blood glu-
cose spikes (Okafor et al. 2017; Udeme et al. 2015). This composition helps main-
tain high energy levels for longer, being useful for high performance athletes, and 
makes this food very suitable for management of diabetes. Cassava is also rich in 
vitamins A, B1, B2, and C and can be consumed by people and animals. Due to its 
high benefits, cassava was considered by the Food and Agriculture Organization of 
the United Nations (FAO/UN) as the most relevant food of the twentieth century 
(FAO 2013). Other five species of Manihot were also recorded by Corrêa (M. caer-
ulescens Pohl, M. caerulescens Pohl subsp. caerulescens, M. dichotoma Ule, 
M. glaziovii Müll.Arg., M. violacea Pohl.), but their potential has not been verified 
to date.

Other useful roots are those from Spondias tuberosa Arruda (Anacardiaceae), 
Caladium bicolor (Aiton) Vent., and Xanthosoma sagittifolium (L.) Schott 
(Araceae), cited by different authors along the centuries. They have also been sub-
mitted to laboratory studies, which confirmed their health benefits (Table 2). These 
plants showed antioxidant (Arruda et al. 2005), antimicrobial (Santos et al. 2019; 
Schmourlo et al. 2005), and antitumoral (Caxito et al. 2015) and could also have the 
capacity to prevent colon cancer (Kackix et al. 2013). Table 2 shows that roots of 
Colocasia esculenta (L.) Schott (Araceae) and Maranta arundinacea (Marantaceae) 
have immunomodulatory activity. Immunomodulators are substances that act 
directly on the immune system, strengthening its defenses and improving its func-
tions. These effects have been associated to saponins and some types of polysac-
charides. The adaptogenic effect of ginsengs roots, for example, is associated with 
the presence of saponins (Metwaly et al. 2019; Shi et al. 2019), while for mush-
rooms and seaweed, the effects are associated to saccharides (Ling et  al. 2017; 
Mallard et al. 2019). Saponins and some types of polysaccharides, as starch, are 
very common in roots, and the effects observed for C. esculenta were correlated to 
the presence of saponins (Azubuike et al. 2018; Eleazu et al. 2016; Pereira et al. 
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2018). Other less known edible roots, but also cited along the centuries, are 
Plumbago scandens L. (Plumbaginaceae), Spondias venulosa (Engl.) Engl. 
(Anacardiaceae), Canna glauca L. (Cannaceae), and Goeppertia tuberosa (Vell.) 
Borchs. & S.Suarez (Marantaceae). The use of roots of P. scandens was cited by 
Piso and Vellozo; P. scandens roots were recently shown to have activity against 
Helicobacter pylori, what could help in the management of gastric ulcers and pre-
vent cancer (de Paiva et al. 2003; Wang and Huang 2005).

The tubercles of Dioscoreaceae (yams) have been used in the human diet for mil-
lenia. Many species have economic importance, due to the presence of diosgenin, 
which is used as a prototype for oral contraceptive in the pharmaceutical develop-
ment (Hata et al. 2003). The most important species cultivated for their edible tubers 
include D. alata, originating from Asia, D. cayenensis, and D. rotundata from West 
Africa. The tubercles of these species contain several nutrients, including carbohy-
drates, amino acids, minerals, thiamine, riboflavin, niacin, and ascorbic acid. 
Diosgenin and allantoin constitute the main secondary bioactive metabolites 
(Mollica et al. 2013) and have also been shown to possess anti-inflammatory and 
immunomodulatory properties (Chen et  al. 2015). Sixteen species of Dioscorea 
were cited by Corrêa, and four of them (D. cinnamomifolia Hook., D. hassleriana 
Chodat, D. sinuata Vell., and D. trifida L.f.) were also registered by Vellozo in the 
eighteenth century. The use of D. trifida was also observed by Lisboa and Le Cointe 
in Amazonia. Extracts from the roots were shown to be active in reducing inflamma-
tory parameters associated with food allergies and were suggested to have the 
potential to prevent and treat this condition (Mollica et al. 2013).

Among plants with leaves that can be used as food, we present 52 species in 
Tables 2 and 3, with Piper umbellatum L. (Piperaceae) being cited by six among the 
nine studied authors, including Friar Vellozo. In recent studies this species has 
shown important results as intestinal anti-inflammatory (Arunachalam et al. 2020), 
anti-gastric ulcers (Silva Junior et al. 2016), and anticancer (Iwamoto et al. 2015). 
Other six species were also cited by Vellozo and have shown positive results in stud-
ies of bioactivity (Table 2), Sesuvium portulacastrum (L.) L. (Aizoaceae), which 
has antioxidant and antimicrobial activities (Al-azzawi et al. 2012; Chandrasekaran 
et al. 2011); Amaranthus cruentus L. (Amaranthaceae) which is anti-inflammatory 
(Tang and Tsao 2017) and useful in management of obesity (Kanikowska et  al. 
2019); A. viridis L., which has antioxidant properties and has high nutritional poten-
tial (Sarker and Oba 2019; Silva et al. 2018); Sochus oleraceus L. (Asteraceae), that 
also has activity as antioxidant (Mawalagedera et al. 2016) and as anti-aging agent 
(Ou et al. 2015); and Pereskia aculeata Mill. (Cactaceae), that has antioxidant and 
antimicrobial activities (Garcia et al. 2019; Souza et al. 2016) and improves intesti-
nal motility and lipid profile (Barbalho et  al. 2016). All these species have been 
recently considered as non-conventional food plant species (“plantas alimentícias 
não convencionais – PANCs,” in Portuguese). They are plants of spontaneous devel-
opment, easily found in gardens, backyards, and even on street sidewalks (Kinupp 
and Lorenzi 2014). Unfortunately, many of the PANC species are considered by the 
general population as weeds, which is why they are little used in food. Species of 
PANCs can have significantly higher contents of minerals, fibers, antioxidants, and 
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proteins when compared to domesticated plants. The greater quantity of PANCs 
used today in Brazil corresponds to exotic plants, introduced in the country mainly 
by the Portuguese and Africans, brought as slaves. It is important to highlight that 
the plants presented in Tables 2 and 3 are native to Brazil. The species cited espe-
cially by the authors from the sixteenth to the eighteenth centuries, were most likely 
originally domesticated by Amerindians. An example is Pereskia aculeata Mill. 
(Ora-pro-nobis, Cactaceae, Table 2). Vellozo wrote that “…Africans use ora-pro- 
nobis instead of hibiscus…,” P. aculeata is a native species while many species of 
hibiscus were introduced in Brazil from Africa. The use of PANCs as food has been 
highly encouraged in Brazil today and has been adopted by a high percentage of the 
population, and species present in Tables 1 and 2 are important in this movement 
due to their historical uses and bioactivities.

Leaves are also frequently used as tea, and the caffeinated tea-like beverages 
have been very popular all over the world, for centuries. Tea from Camellia sinensis 
L. (Theaceae), for example, has been consumed for millennia in India, China, and 
other Asian countries, but became very popular in England in the seventeenth cen-
tury (Gomes 2019). When the Portuguese royal family came to Brazil in the nine-
teenth century, there was an interest in the introduction of the C. sinensis. 
Negotiations were made with China and the government brought in some tea seed-
lings and a few hundred Chinese for their cultivation. This attempt, however, was 
not successful, as the full development of the plant was not achieved, mainly due to 
the poor choice of planted species. On the other side, we have mate tea, produced 
from leaves of the tree Ilex paraguariensis A.St-Hil. (Aquifoliaceae), which has 
been consumed for millennia by Amerindians living in Argentina, Brazil, Chile, 
Paraguay, and Uruguay. The Jesuits cultivated mate tea on their missions in Paraguay 
in the sixteenth century, but formal taxonomic description of the plant, by the French 
naturalist Auguste de Saint-Hilaire, occurred only in the nineteenth century 
(Brandão et  al. 2012). The French naturalist Aimé Bonpland, who explored the 
northern parts of South America with Alexander von Humboldt, studied the culture 
of mate extensively and described the best methods for cultivation, collection and 
preparation of tea (Corrêa-Filho 1957; Linhares 1969). Currently, mate tea is con-
sumed worldwide as an alternative to coffee and black tea. Studies have demon-
strated that leaves of C. sinensis and I. paraguariensis have similar chemical 
characteristics. Both are rich in polyphenols, proteins, enzymes, caffeine, carbohy-
drates, and inorganics, which provide beneficial properties for health. Several recent 
studies have confirmed activities as antimicrobial, antioxidant, anti-obesity, anti- 
diabetic, and cardiovascular protective effects (Gan et al. 2018). Data about other 
ten Ilex species were found in the consulted bibliography (marked with a in Tables 2 
and 3). They show the presence of phenolics and choleretic activity in previous 
studies (Gan et al. 2018), but have not been investigated in more recent research.  
The leaves of Echinodorus macrophyllus (Kunth) Micheli (Alismataceae), Ayapana 
triplinervis (Vahl) R.M.King & H.Rob. (Asteraceae), Citronella paniculata (Mart.) 
R.A.Howard (Cardiopteridaceae), and Neea theifera Oerst. (Nyctaginaceae) are 
also used as tea. Only the first two have been studied and found to have antioxidant 
activities (Taïlé et al. 2020) and to show anti-inflammatory and nephroprotective 
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activities (Portella et al. 2012; Silva et al. 2016). It is interesting to observe that 
these species belong to different families, and this fact increases the possibility of 
finding potential bioactive substances with different structures and activities. In 
addition, three flowers (Langsdorffia hypogaea Mart./Balanophoraceae, Abutilon 
purpurascens K.Schum, and Sphaeralcea bonariensis (Cav.) Griseb./Malvaceae), 
and two sprouts (Gynerium sagittatum (Aubl.) P.Beauv./Poaceae and Euterpe olera-
cea Mart, Arecaceae) were cited by the authors, but the potentials of none of them 
have been evaluated to date.

The recovery of old eating habits, using different species as food, is considered a 
strategy for health promotion (Bataglion et al. 2015; Teixeira et al. 2019). Previous 
studies have shown that phytochemicals, such as phenolic compounds and alkaloids 
commonly present in plants, can modulate inflammation and improve health prob-
lems associated with many degenerative and/or chronic diseases (Oliveira et  al. 
2014). This has stimulated a renewed interest in accessing plant foods in biodiver-
sity centers, due to the high levels of bioactive substances, capable of preventing 
such as obesity, diabetes, cancer, coronary heart disease, and Alzheimer’s (Neri- 
Numa et al. 2018). The polyphenols present in the leaves, for example, act as anti-
oxidants due to their capacity to stabilize free radicals by breaking the chain of 
oxidative reactions and/or retarding the formation of free radicals in oxidizable 
matrices. These processes work as a defense mechanism of the human body, con-
trolling lipid peroxidation and preventing the development of the degenerative dis-
eases. Table 4 shows that 12 plants with antioxidant activity which is correlated with 
the presence of phenolics. Ou et al. (2015), for example, show the activity of an 
extract from Sonchus oleraceus L. (Asteraceae) as anti-aging in vitro. In the same 

Table 4 Species whose consumption has been suggested to treat or prevent diseases

Plant with antioxidant effect (leaves) Correlated diseases

Sonchus oleraceus L. Anti-ageing effect
Amaranthus cruentus L.
Boerhavia erecta L.
Echinodorus macrophyllus (Kunth) Micheli
Polygonum aviculare L.
Piper umbellatum L.

Anti-inflammatory (many diseases)

Piper umbellatum L.
Xanthosoma sagittifolium (L.) Schott

Antitumor/prevent colon cancer

Amaranthus spinosus L.
Colocasia esculenta (L.) Schott
Neptunia oleracea Lour.

Diabetes

Pereskia aculeata Mill. Improves intestinal motility (constipation)
Amaranthus viridis L.
Pereskia aculeata Mill.
Polygonum aviculare L.

Lipid metabolism (cardiovascular)

Echinodorus macrophyllus (Kunth) Micheli
Sonchus oleraceus L.

Nephroprotective

Amaranthus cruentus L.
Polygonum aviculare L.

Obesity

F. L. B. Mügge et al.
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way, Carey et al. (2017) have demonstrated that extract from açaí (Euterpe oleracea 
Mart., Arecaceae) is rich in phenolics, was also effective in prevent age-related cog-
nitive deficits in aged rats. Studies have also shown a positive correlation in the 
ingestion of antioxidant substances as antidiabetic/antiobesity agents, and this effect 
occurs by different mechanisms (Cox et al. 2015). Other studies have shown corre-
lation between anti-obesity effects of capsaicin with the presence of flavonoids and 
polyphenols. The authors have demonstrated that this effect can occur due to 
changes in the gut microbiota that led to significant impacts on the host’s metabo-
lism (Roopchand et al. 2015; Shen et al. 2017; van Dorsten et al. 2012). We can 
consider that encouraging the consumption of the plants from Table 2 represent an 
important tool to prevent these diseases, because of their beneficial use for centuries 
and studies that confirm their relevance as functional foods. We also argue that spe-
cies from Table 3, and all other cited in historical documents, should have priority 
in the studies on bioactivity for developing biological products. Detailed, critical 
studies are essential in order to validate – or invalidate – claims concerning bioactiv-
ity and specificity, so that those plants with beneficial properties can be better 
exploited.

Brazil has the most diverse flora of the world, with 38,700 species approximately, 
which corresponds to 26.5% of the total of known species (Ulloa et al. 2017). The 
plants listed in this study confirm the great variety of native plant foods supplied by 
the Brazilian flora. The data recovered from this historical review covered four of 
the six main phytogeographic domains of the country: Atlantic Forest, Cerrado, 
Caatinga, and Amazonia. This information is also important because it was recorded 
in a time that Brazil’s vegetation was still preserved, and the interactions between 
the Amerindians and the new inhabitants were frequent. The commercialization and 
management of these plants can also contribute to biodiversity conservation and 
improve the income of local populations.

4  Conclusion

In this study we collected written references to the traditional use of leaves and roots 
of native Brazilian plant species and summarize their suggested bioactive proper-
ties. These plants may have a great potential for use as functional foods, despite 
most of them being unknown to the population and to science. The valorization of 
biodiversity, through sustainable use of underexploited species, is a way to slow 
down the erosion of genetic diversity in remote regions, while studies with these 
plants can lead to development of innovative bio-products with high commercial 
value. We argue that incentives for better use of the species listed in this study must 
be considered and they should be included in agricultural programs that are done 
throughout the country.
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1  Are Unconventional Food Plants Toxic?

Brazil presents one of the greatest biodiversities in the world. Whether native, culti-
vated, or naturalized, over 48,572 species are currently recognized in the Brazilian 
flora. Data provided by the Brazilian Ministry of the Environment reveals more than 
200 thousand registered species in the Amazon, Caatinga, Cerrado, Atlantic Forest, 
Pantanal, and Pampa biomes. This approaches 15% of all plant species on the planet 
(do Brasil 2020; Flora do Brasil 2020 em construção 2020).

Many of these native Brazilian species can be used as food sources, but their 
potential is still little known, either due to the lack of common knowledge, to 
restricted distribution/or use in the country, or to simple negligence. Such plants are 
currently known as unconventional food plants (UFP). UFP refers to plants that 
have one or more parts with food potential yet with unusual use; those which are not 
quickly recognized or acquired by the population of a given community; and plants 
that generally have no market value, being only sold in small scale, or are discarded, 
or plants which only possess one quality that is important to the market. These UFP 
can be described as native or exotic, cultivated or spontaneous, and can be adapted 
to local environments (Kinupp and de Barros 2007). Taken together, UFP become 

F. de Oliveira Pereira () · F. D. de Medeiros · P. L. Araújo 
Education and Health Center, Federal University of Campina Grande, Cuité, Brazil
e-mail: fillipe.oliveira@professor.ufcg.edu.br; fdmedeiros@ufcg.edu.br

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69139-4_6&domain=pdf
https://doi.org/10.1007/978-3-030-69139-4_6#DOI
mailto:fillipe.oliveira@professor.ufcg.edu.br
mailto:fdmedeiros@ufcg.edu.br


90

an important strategy towards promoting food and nutritional security, and the 
sustainable use of such natural resources can guarantee the autonomy of local popu-
lations, making it urgent to vindicate and expand our understanding of their poten-
tial for rational use (Leal et al. 2018).

In a given population, consumption of certain UFP can occur in times of food 
scarcity or in emergency situations, when the plants become categorized as “famine 
food plants.” Native plant species are the most often utilized in such situations, and 
in some cases there are reports after consumption of undesirable effects such as 
stomach complaints, constipation, diarrhea, and even signs of intoxication (Guinand 
and Lemessa 2001; Nascimento et al. 2018).

The substances involved in triggering such undesirable effects are derived from 
the plant’s biochemical metabolism. Secondary metabolites, or natural products, are 
so-called because they are not directly involved in the primary processes of basic 
growth and development but in mechanisms of plant adaptation and defense. These 
modulate as a way of responding to environmental stress, attracting pollinators or 
seed dispersers, and defending against herbivores, insects, fungi, and phytopatho-
genic bacteria (Bennett and Wallsgrove 1994; Shih and Morgan 2020).

Widely used in pharmaceutical research, these natural products determine vege-
table taste and odor and can make them unpalatable, with either beneficial or harm-
ful effects on humans and animal health upon ingestion. As an example, plants rich 
in cyanogenic glycosides or glycosinolates can cause serious problems with inges-
tion. A traditional plant, manioc (Manihot esculenta Crantz) being native to Brazil, 
is well-known for presenting cyanogenic glycosides which if consumed form 
hydrogen cyanide, resulting in food poisoning. However, local traditional culture 
has developed an adequate preparation technique for this species, thus eliminating 
the natural toxin (Jackson-Malete et al. 2015).

2  Natural Toxins

Natural toxins present wide structural variety; they are toxic compounds produced 
by plants and can induce various undesirable effects in human health. The toxins are 
useful for the plants, as adaptations or in defense systems, but they can be harmful 
to humans when consumed (Jackson-Malete et al. 2015). These natural toxins can 
also present anti-nutritional properties which can limit the bioavailability of nutri-
ents present in food (Samtiya et al. 2020). The principal classes of secondary metab-
olites typically present compounds with the characteristics of natural toxins 
including alkaloids, cyanogenic glycosides, coumarins, tannins, and terpenes, 
among others (Yamane et al. 2010).

Alkaloids are a diverse group of secondary metabolites, with more than 12,000 
molecules reported from about 150 plant families. Their main function is to defend 
against predators (from vertebrates to fungi) and from other plants, thus being 
potentially toxic when consumed by humans. Alkaloids are an intrinsic part of the 
Western diet, and throughout history there have been many case reports of 
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poisoning, whether accidental or through deliberate food poisonings. The compounds 
in this class can be derived from ornithine (pyrrolizidine and tropane alkaloids), 
lysine (piperidine and quinolizidine alkaloids), tyrosine (isoquinoline alkaloids), 
tryptophan (alkaloids from b-carboline, quinoline, and ergot), nicotinic acid (nico-
tine and myosmine), adenine/guanine (methylxanthine), or glycoalkaloids. 
Pyrrolizidine alkaloids can bioactivate certain reactive alkylating intermediates, and 
various quinolizidine, β-carboline, ergot alkaloids, and steroids act as neurotoxins. 
Despite this, we still lack safe definitions and/or tolerable values for daily intake of 
many of the alkaloids present in the modern food chain (Cirlini et al. 2018; Koleva 
et al. 2012).

It is important to differentiate the use of plants that contain natural toxins from 
the use of these same substances in isolation, since the concentrations they present 
in the plant define whether they present a health risk or not. This exists in addition 
to factors such as interaction with other foods and methods of preparation. An 
example of this tea from the leaves of Erytroxylum Coca Lam., whether as food or 
medicine, being very common in many countries in South America, contains high 
concentrations of tropane alkaloids, such as those derived from cocaine, tropinone, 
and calystegines. But is safe given the low concentrations present in the species 
(respecting moderate use), and the way in which the tea is prepared, which causes 
degradation of the active substances (Marín-Sáez et al. 2019).

Non-proteic amino acids are often found in vegetables and seeds and can be toxic 
because they present similar structures, yet lead to production of unnatural proteins 
that may not work properly. As examples from the UFP species Canavalia ensifor-
mis (L.) DC (pig bean), we find the non-proteic amino acid canavanine, an analog 
of the amino acid arginine; and in Beta vulgaris L. (beet), we find azetidine-2- 
carboxylic acid, an inferior homolog of proline, associated with disorders in neuro-
development and autoimmune diseases (Rubenstein 2020; Yamane et al. 2010).

When degraded by plant enzymes after maceration (or in the intestinal microbi-
ota after ingesting plant material), cyanogenic glycosides (mentioned above) release 
hydrogen cyanide (HCN), with a ketone or aldehyde which are highly toxic. Yet 
glucosinolates are widely distributed in plant tissues. By themselves, they are not 
toxic to herbivores, but in the presence of the enzyme myrosinase, and depending on 
the pH, they can degrade into isothiocyanates or nitriles (Kuti and Konoru 2006; 
Yamane et al. 2010). Certain diseases, such as konzo, tropical ataxic neuropathy, 
goiter, and cretinism (due to iodine deficiency), are among others associated with 
chronic food intake involving cyanogenic glycosides. We note indications that indi-
viduals with malnutrition are more susceptible to the effects of cyanogenic glyco-
sides (Cressey and Reeve 2019). Almonds, pomegranates, apple and pear seeds, 
cassava, flaxseed, spinach, lupine, plum, and apricot kernels among others, all con-
tain cyanogenic glycosides.

Phenolic compounds are a class of natural products with great structural diver-
sity, presenting at least one aromatic ring in which at least one hydrogen is replaced 
by a hydroxyl group. They are widely distributed in the plant kingdom and in many 
species used as food. The group subclasses of flavonoids, tannins, coumarins, phe-
nolic acids, and lignans serve as examples.
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Flavonoids protect plants against UV radiation and pathogenic microorganisms 
and are also involved in plant pigmentation (Perez-Vizcaino and Fraga 2018). 
Flavonoids are currently considered safe for consumption, mainly due to their anti-
oxidant properties, and in protection against chronic and cardiovascular diseases. 
Yet harmful effects have been seen at high doses, most commonly in food supple-
ments enriched with flavonoid compounds (Kozłowska and Szostak-Węgierek 
2018; Perez-Vizcaino and Fraga 2018).

Tannins are polyphenols with molecular weights greater than 500 Da and, for the 
well-known antioxidant potential of phenolic compounds, are believed to improve 
the oxidative condition present in diabetes mellitus (Kumari and Jain 2012). 
However, tannins have a strong capacity to form complexes with proteins and diges-
tive enzymes, impairing their activity, and thus human digestion. Depending on the 
dose, interference in the digestive process can seriously affect absorption of nutri-
ents and minerals such as iron and zinc (Higashijima et al. 2019). For this reason, 
the group is widely recognized as an anti-nutritional factor. As an example of foods 
rich in these compounds, we have red wines, teas, green fruits, grapes, apples, 
cocoa, persimmons, and bananas, among others.

Coumarins are a metabolite class that occurs naturally in many plants and con-
sists of molecules carrying a 1,2-benzopyrone nucleus. Dipteryx odorata (Aubl.) 
Willd. (tonka beans or cumaru) is a significant example of a vegetable source of 
coumarins. In foods, these metabolites commonly bring strong flavors, yet also 
important hepatotoxic and carcinogenic properties. Furanocoumarins present pho-
totoxicity (Abraham et al. 2010). Coumarins have an important history in health 
regulation, and additions to food are prohibited in the United States (21 CFR 
189.130). The European Union imposes limits on their intake (European Regulation 
EC 1334/2008). Information such as this alerts us to inappropriate use of coumarins 
in food, but may not be applied to all representatives of the coumarin group.

Still, certain phenolic groups such as monophenols and diphenols undergo enzy-
matic oxidation by polyphenols oxidases and peroxidases, to become reactive 
molecular species that covalently bind to nutritionally important amino acid resi-
dues, such as cysteine and lysine, decreasing their nutritional value.

Terpenes, which are derived from isoprene units, present a wide range of biologi-
cal structures and activities. Phytoecdysteroids, cardenolides, and iridoid glycosides 
present toxicity to mammals, and quinoa is a food rich in phytoecdysteroids 
(Yamane et al. 2010).

Carotenoids are found in many vegetables. They are divided into two main 
groups: carotenes, which are hydrocarbons – such as β-carotene and lycopene – and 
xanthophylls, which include oxygen in addition to hydrogen and carbon, such as 
lutein, zeaxanthin, bixin, and norbixin. Lipophilicity and the presence of conjugated 
double bonds within the molecule cause carotenoids to slow lipid peroxidation and 
stabilize cell membranes. Carotenoids are molecules with antioxidant potential 
(Hammond and Renzi-hammond 2013).

Saponins are widely distributed compounds with great structural variety. They 
consist of a hydrophobic steroid or triterpene aglycone linked to sugar chains 
(hydrophilic part) (Oleszek and Oleszek 2020). Plants very rich in saponins have 
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limited use because high concentrations yield a very bitter taste. In addition, it is 
reported that saponins inhibit certain digestive enzymes. There are also reports in 
the literature of anti-nutritional effects induced by the formation of iron and zinc 
complexes which reduce absorption. In addition, by inhibition of digestive enzymes, 
saponins influence carbohydrate, lipid, and protein bioavailability (Higashijima 
et al. 2019). For example, saponin extracts from various types of legumes consumed 
have been reported in China as inhibiting the activity of the pancreatic lipase and 
α-glycosidase digestive enzymes (Liu and Xu 2015). Depending on consumption, 
the effects can be harmful since nutrient demand varies by individual; whether one 
is in post-surgical recovery, a child, or a woman in gestation. Yet, saponins might be 
interesting in cases of obesity and diabetes. In general, foods rich in saponins pres-
ent little or low toxicity. The saponin content in foods decreases with cooking; this 
improves nutritional availability (Samtiya et al. 2020). Examples of plants contain-
ing saponins are oats, quinoa, peppers, eggplant, tomato seeds, and yams, 
among others.

Oxalic acid is considered an anti-nutrient because it prevents calcium absorption 
and can induce undesirable effects. Reports of excessive intake of foods rich in 
oxalic acids are relatively uncommon, but their undesirable effects usually involve 
gastrointestinal effects, hypocalcemia, and renal toxicity (Dassanayake and 
Gnanathasan 2012). Although the lethal oral dose of oxalic acid is very high (from 
5 to 30 g in adults), when absorbed, it can react with calcium in the plasma and form 
calcium oxalate crystals, inducing renal damage through precipitation in the kid-
neys (Tsujihata 2008). Oxalic acid can interfere with the absorption of minerals 
such as magnesium, sodium, and potassium. Examples of oxalic acid-rich food 
plants are spinach, beets, chard, star fruit, cocoa, sweet potatoes, tomatoes, and 
black tea, among others (Higashijima et al. 2019).

Nitrites and nitrates interfere with vitamin A metabolism and thyroid gland func-
tion. Excessive consumption is associated with hypoxia or acidotic situations, in 
which nitrite is converted into nitric oxide (NO) (Higashijima et al. 2019). In cell 
signaling, NO activates soluble guanylyl cyclase to generate the guanosine mono-
phosphate (cGMP) second messenger. Increasing the intracellular concentration of 
cGMP induces vessel relaxation and better blood distribution in local tissue. cGMP 
also stimulates mitochondrial biogenesis and oxidation of fatty acids in skeletal 
muscle; generates energy; and increases metabolic efficiency (Ashmore et al. 2015). 
These are interesting perspectives for clinical improvement in metabolic syndrome 
or for aerobic performance in athletes. From a functional perspective, vegetables 
that are naturally rich in inorganic nitrate positively affect NO biology. A classic 
example of this is beet juice consumption (Sweazea et al. 2017). Yet, as observed by 
Santos (2006), cooking of plants in culinary preparations decreases the availability 
of their nitrates. As studies progress, and when considering the results presented in 
this chapter (see Table 1), the beneficial and safe effects of nitrate-rich vegetables 
are better understood.

In a scenario of expanding knowledge concerning the use of UFP in Brazil, the 
data bring important realizations. Though many foods may contribute to a varied 
and nutritionally rich diet, preparation for consumption requires special attention to 
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those that contain natural toxins. Though the nutritional aspects of UFP are rela-
tively well documented, the presence of natural toxins still requires attention, espe-
cially in areas suffering from food insecurity (shortages) in Brazil. This chapter will 
further explore Brazilian UFP safety and consumption, known natural toxins, and 
reported toxicities. We reviewed the use of UFP and reports of undesirable effects 
with consumption, including information on plant toxicity, through extracts or the 
toxins themselves.

3  Brazilian UFP: Toxic Potential

In this chapter, we seek to answer the following questions: “Are Brazilian UFP safe 
for human consumption?” and “What are the principal natural toxins found?”. Our 
main concern is not to analyze experimental models from the perspective of repro-
ducibility but to record the presence or absence of information on toxicity: which 
part of the plant was used or which type of extract or preparation used and which are 
the possible toxins involved. Determining which plants ought to be considered as 
UFP is not simple since a plant can be widely known and consumed in one region 
of the country and not in another. Related to geographic and cultural aspects, a spe-
cie may or may not be considered a UFP because different communities or regions 
in Brazil have different relationships with plants (Jacob 2020).

For this reason, we chose 14 plant species from different botanical genera that 
fulfilled the role of UFP according to the concept of “relative non-conventionality.” 
The 14 plant species were chosen from an initial list of native (socially and biologi-
cally diverse) Brazilian plants of interest for consumption and commercialization 
that the Ministry of the Environment of Brazil had published through an 
Interministerial Ordinance No. 284/2018. We chose only species from the native 
Brazilian flora which present greater distributions in Brazilian biomes, in accor-
dance with the Flora do Brazil 2020 database (Flora do Brasil 2020 em construção 
2020). This information can be found under the items “origin” and “phytogeo-
graphic domains,” and Table  1 summarizes the principal UFP toxicity-related 
information.

To collect the data, we conducted an updated scientific literature search obeying 
the following criteria: review articles and original research in Portuguese, English, 
and Spanish, and (for only current references) those published between 2010 and 
2020. We used the following databases for research: Scielo, Embrapa Agricultural 
Research Databases (BDPA), Web of Science, Medline/PubMed (via the National 
Library of Medicine), and Scopus. We used as descriptors in the databases the terms 
“species name” and toxin, or toxicity, or anti-nutritional. Initially, the titles and 
abstracts were submitted to a first screening (paired) in which those which did not 
meet the eligibility criteria were excluded. The title or abstract needed to cite UFP 
toxicity in ethnobotanical, in vitro or in vivo studies. Subsequently, a complete read-
ing of the selected articles was carried out to obtain the following information: (1) 

F. de Oliveira Pereira et al.
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parts of the plant used as food, the form of preparation and undesirable effects, and 
(2) information concerning the toxic effect of the plant or plant extracts. Articles 
that did not present information on plant toxicity, isolated chemical agents with 
toxic action, agents stimulating the development and survival of the plant, or phar-
macological/therapeutic activity of the plant or its products were excluded.

The toxicity studies were grouped into three types: (1) in vitro assays, using vari-
ous types of human or other cells in their experimental models; (2) in vivo studies 
which used mice or rats; and (3) ethnobotanical studies. To evaluate the safety and 
efficacy of a plant or its products in humans, in vitro and in vivo studies always 
precede clinical trials. This also applies to research on potential plant food products 
to obtain more consistent data on food safety for consumption. In addition, ethno-
botanical studies help to better understand undesirable effects occurring after con-
suming the plant or preparations made from them.

In the initial screening stage, the database search resulted in a total of 561 articles 
(analysis of titles and abstracts) yielding 39 articles for complete reading. In vivo 
animal studies occupied the largest segment (24), followed by in vitro (17), and 
ethnobotanical (01) studies. The most studied plants for toxicity were Caryocar 
brasiliense Cambess (pequi), Portulaca oleracea L. (beldroega, purslane), and 
Spondias mombin L. (cajá). For the edible plants during the last 10 years, toxicity 
had not been investigated for Araucaria angustifolia (Bertol.) Kuntze (pinhão), 
Sterculia striata A. St.-Hil. & Naudin (chichá), Hymenaea courbaril L. (jatobá), 
and Platonia insignis Mart. (bacuri). Below, we provide further details on toxicity 
for each of the UFP in this chapter.

4  UFP Toxicity

A. angustifolia is an example of gymnosperms present in the Atlantic Forest biome 
which produce food seeds (popularly known as pinhão). It is widely consumed in 
Southern Brazil whether baked or roasted, in cakes and flours, in paçoca1 or pud-
dings, ice creams, or souffle preparations (do Brasil 2018; Kinupp and de Barros 
2007). Reports in the literature of its antioxidant properties and on correlated appli-
cations for A. angustifolia are relatively extensive. However, no reports have been 
found on undesirable effects with use as food or evidence of toxicity in its products. 
The few reports that deal with A. angustifolia claim toxicity to tumor cells using 
extracts obtained from non-edible parts of the plant such as the bracts (Souza et al. 
2014) or essential oils obtained from leaves of other species of this gender (Elkady 
and Ayoub 2018). A study with consumers in Curitiba-PR reports that A. angustifo-
lia is considered a natural food beneficial to health and that it can be consumed by 
the whole family (de Godoy et al. 2018).

1 Paçoca de pinhão: a mixture of different spices with cooked and ground seeds of A. angustifolia 
and cooked and ground meat.
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H. courbaril is greatly studied in terms of pharmacological potential, with an 
emphasis on its bark, leaves, seeds, and roots. However, it is the fruits and seeds that 
have food purposes, because the seeds generate an edible flour of great nutritional 
value and the fruit pulp can be consumed fresh (do Brasil 2018; Schwartz 2018). 
Considering this, we sought reports on phytochemical profiles for the seeds and 
fruits of H. courbaril.

The presence of biscumarins has been demonstrated in the seeds, including ipo-
mopsin and hymenain (Simões et al. 2009). Simões et al. (2009) demonstrated the 
anti-free radical activity of biscumarins isolated from the seeds of H. courbaril and 
suggest that biscumarins have the function of protecting the seeds of the plant dur-
ing germination. Even if the fruits are traditionally accepted, new studies providing 
accurate information on the food safety of H. courbaril fruits and seeds are much 
needed. Fresh xylem sap is rich in physetin (a flavonoid), considered a functional 
ingredient in food due to its inhibitory effects on glucose metabolism and its anti- 
obesity activity (Im et al. 2016). Its cytotoxic activity was evaluated, and the physe-
tin, together with fresh H. courbaril xylem sap, presented good results in a mouse 
fibroblast cell line. The path is open for the use of the xylem sap or physetin in 
future food preparations (da Costa et al. 2014).

The fruits of P. insignis are highly appreciated by local populations of the 
Amazon, Maranhão, and Piauí, where the species is easily encountered. The pulp of 
the fruit is edible (de Carvalho and Nascimento 2017). In chemical- pharmacological 
studies, the seeds are the most explored, being justified by the presence of bioactive 
compounds. Studies have evaluated the toxicity of the seeds, yet not the fruit nor 
pulp. In short, seed extracts present low toxicity in vitro and in vivo (in rats), as 
shown in Table 1. Justification for the biological potential of P. insignis seeds is 
based on the presence of several metabolites which have already been identified and 
studied for toxicity such as polyisoprenylated benzophenones and 1,3-distearyl- 2-
oleylglycerol which presents neither toxicity nor mutagenicity to Artemia salina 
Leach (do Nascimento Cavalcante et al. 2020). Isolation of the garcinielliptone FC 
(the polyisoprenylated benzophenone) from P. insignis seeds spurred studies which 
reported: (1) low central nervous system toxicity and no genotoxic effects in mice 
at 28 days of treatment (Coelho et al. 2018); (2) cytotoxic and mutagenic effects in 
concentration-dependent human hepatoma cells (HepG2) (da Silva Prado et  al. 
2017); and (3) low acute oral and intraperitoneal toxicity (in mice) up to 2000 mg/
kg (da Silva et al. 2016). This information, when combined with records of use of 
the edible fruit in Brazil, reinforces the idea its consumption is safe.

In some regions of Brazil, S. striata use is restricted to traditional communities, 
especially in the Cerrado, yet it can be found in other biomes such as the Amazon, 
the Caatinga, and the Mata Atlântica (Atlantic Forest). Its seeds or almonds are 
eaten roasted, and from these, other preparations are produced (Bortolotto et  al. 
2015; do Brasil 2018). S. striata seeds are rich in proteins, fibers, and bioactive 
compounds with antioxidant activity. When compared to other Brazilian seeds and 
the more popular Cashews or Brazil nuts, a great differential is their low-fat content. 
Their lipid profile is composed mainly of oleic acid (18: 1Δ9), linoleic acid (18: 
2Δ9,12), phytosterols, and tocopherols (Policarpi et al. 2018). Normally, because of 
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high-fat content, it is common to suggest caution in seed consumption because of 
the risks of intestinal problems and weight gain. This makes S. striata seeds differ-
ent (EMBRAPA 1997). Further, we found no current reports on S. striata toxicity, 
which suggests safe food use.

As will be discussed below, the following species: Bixa orellana L. (urucum), 
Byrsonima crassifolia (L.) Kunth (murici), C. brasiliense, Genipa americana 
L. (jenipapo), and S. mombin presented low toxicity in greatly varied experimental 
model types (Table 1).

B. orellana seeds are commonly used to produce natural red dyes for application 
in textile, pharmaceutical, and food products. They are natural dyes and possess 
recognized antioxidant power, and their main components are bixin (containing a 
metal ester group) and norbixin carotenoids (containing a carboxyl group) (Nathan 
et al. 2019). A better analysis of the toxic potential of B. orellana and its compo-
nents has revealed important information. According to the EFSA-European Food 
Safety Authority (2016), in a scientific safety opinion regarding chemical additives, 
the use of B. orellana seed extract (bixin based and norbixin-based) is safe for 
intake in general. In Brazil, the National Health Surveillance Agency-ANVISA also 
recognizes B. orellana use as a food additive (INS 160b Urucum, bixin, norbixin, 
Annatto extract, and Na and K salts). This corroborates studies that compose this 
chapter (Table 1). Nothing significant has been found related to teratogenicity or 
embryo toxicity, and only one study reported toxicity for B. orellana leaf extract 
(non-edible) (Table  1). In any case, pregnant women should continue to use the 
plant with caution. We note that carotenoids originating from B. orellana suffer 
degradation when exposed to light or high temperatures; under these conditions, 
this helps guarantee their safety in food preparations (Satyanarayana et al. 2006).

B. crassifolia is widely distributed in Central and South America. In North and 
Northeastern Brazil, its fruits are consumed fresh or in preparations usually sold in 
markets (Perez-Gutierrez et al. 2010). We note that B. crassifolia presents antioxi-
dant and cytoprotective potential because of the carotenoids and flavonoids present 
in its fruits and other parts (Herrera-Ruiz et al. 2011). B. crassifolia fruits are a good 
source of lutein and zeaxanthin, two important carotenoids for humans for their 
predominant locations in the macular region of the retina. The protective effects on 
the retina are believed to be involved with the potent antioxidant activity of these 
components (Mariutti et al. 2013). In addition to being antioxidants, lutein and zea-
xanthin are pro-vitamin A carotenoids. Vitamin A is important in visual processes, 
regulating and modulating cell growth and differentiation (Yonekura et al. 2016). 
Phenolic compounds such as the quercetin flavonol, one of the most studied flavo-
noids in the world, bring recognized antioxidant activity to the fruit of B. crassifo-
lia. Due not only to study results, but also to its traditional use, B. crassifolia fruit 
appears to be safe.

The fruit of C. brasiliense, being native to the Brazilian Cerrado and found in 
other biomes such as the Amazon, Caatinga, and Mata Atlântica, is frequently con-
sumed. In the literature, reports concerning the fruit or oil extracts from C. brasil-
iense demonstrate an absence of toxicity. C. brasiliense can be considered safe for 
use. It presents large quantities of antioxidants such as carotenoids and gallic acid 
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(Rocha et al. 2015; Traesel et al. 2017b). The peel of the fruit is indicated for its 
nutritional potential and presenting both antioxidant components and many food 
applications. However, its high tannin concentration requires care concerning the 
possibility of decreasing nutrient bioavailability (Rocha et  al. 2015; Souza et  al. 
2019). Caution when consuming is suggested, especially in individuals who require 
greater nutritional demand. To minimize these effects, studies recommend boiling 
or cooking as viable techniques to control these factors and improve the nutritional 
value of the food (Samtiya et al. 2020).

The fruits of G. americana find culinary use and provide widely known bluish 
food dyes. It is known in the literature that this coloring potential involves the pres-
ence of iridoid components (genipin, genipin 1-β-gentiobioside, geniposide, and 
genipinic acid). G. americana iridoid blue-based pigments are considered a natural 
alternative additive for food applications (Neri-Numa et al. 2018). Little is known 
about its properties in food or its undesirable effects on human health. G. americana 
fruit extracts present low in vitro toxicity to normal and tumor cells of humans and 
mice (Table  1). Though studies evaluating their pharmacological potential have 
been increasing, safety analyses for the use of iridoid compounds (present in 
G. americana) remain inconclusive. For example, genipin presents low cytotoxicity 
and genotoxicity when tested in isolation on mouse cells (Tsai et  al. 2000). 
Geniposide, a glycoside of genipin present in the fruits of G. americana, presents 
hepatotoxicity in rats when administered in chronic form in high doses (Tian et al. 
2018). However, as with other natural dyes, genipin and iridoid compounds are eas-
ily degraded in the presence of light, heat, oxidizing agents, or pH changes; com-
mon conditions during culinary preparation (Neri-Numa et  al. 2018). Therefore, 
G. americana appears to be safe for culinary use of its fruits.

The research performed for this chapter indicates that consumption of S. mombin 
fruit seems safe, presenting low toxicity in animal models upon administration of 
fruit juice (Akharaiyi et al. 2018). Yet the in vitro studies are confusing because they 
point to differing cell toxicities with changes in cell type. Further, no study has 
studied the principal edible part of the plant (the fruit) to assess cytotoxicity (see 
Table  1). This is important since fresh S. mombin fruit is widely consumed in 
Brazilian North and Northeastern culinary.

The toxicological aspects of certain of the plants analyzed present relevant ques-
tions. More detailed comments concerning Mauritia flexuosa L. f. (buriti), Pereskia 
aculeata Mill. (ora-pro-nóbis), Portulaca oleracea L., Psidium cattleianum Sabine 
(araçá), and Solanum paniculatum L. (jurubeba) are necessary.

The fruits of M. flexuosa are sweet to the taste, yet rich in fats. Fatty acid profiles 
for the mesocarp and seed oils predominantly present palmitic acid (16:0) and oleic 
acid (18:1Δ9), and M. flexuosa also presents carotenoids and phenolic compounds 
(da Agostini-Costa 2018). Methanol extracts of the fruit present flavonoids (fla-
vones, flavonols, flavononols, flavonones, xanthones, chalcones, catechins, leuco-
antocyanidins, and aurones), components with outstanding antioxidant activity that 
bring added economic value (Nobre et al. 2018). In animal models, most current 
studies have demonstrated M. flexuosa oil as safe for food use. However, it is note-
worthy that maternal use of the oil in the diet can cause motor development and 
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reflex losses in the offspring (Table 1). Based on the above information, we can infer 
only that consumption of M. flexuosa as a food seems safe, yet that pregnant women 
should be cautious.

The species P. aculeata is popularly known in Brazil as ora-pro-nóbis, the only 
representative of the Cactaceae family in this chapter. It is part of a family of plants 
very well adapted to arid and hot regions, such as the Caatinga biome of Brazil, and 
the plant retains its capacity to accumulate water, and supply minerals, antioxidants, 
and proteins (Takeiti et al. 2009). P. aculeata is a plant with more restricted culinary 
uses; its leaves and fruits are consumed fresh or in preparations made from its by- 
products such as flours obtained from its leaves or jellies obtained from its fruits (do 
Brasil 2018). However, it is the uses of P. aculeata in traditional medicine from 
which studies bring information concerning its safety or undesirable effects. The 
leaves are traditionally used in Brazil in medicinal preparations, as emollients and 
for wounds, or inflammations on the skin; the fruits are used as expectorants (Pinto 
and Scio 2014). An important study reported that the hexane fraction of the metha-
nolic extract of P. aculeata leaves did not induce signs of topical or systemic toxic-
ity in dermal irritation tests in rats (Pinto et al. 2015b). Although this is not the usual 
form of the plant as a food, it is an important indication of its safety when there are 
no reports of toxicity. The second report found in our search confirmed that ethano-
lic extracts from the leaves of P. aculeata are generally safe because the signs of 
acute toxicity in animal models (rats) were negligible (Silva et al. 2017).

P. aculeata leaves are known to be rich in proteins, especially in tryptophan 
(Takeiti et al. 2009). Tryptophan is a precursor amino acid for the indole alkaloids 
which affect biological systems as bioactive amines, such as in adrenergic, seroto-
nergic, dopaminergic, or cholinergic systems related to pain control. In a study 
developed by Pinto et al. (2015a), various alkaloids with antinociceptive activity 
were identified in P. aculeata leaves, including tryptamine, abrine, mescaline, hor-
denine, petunidin, di-tert-butylphenol isomers, and quercetin. The alkaloids present 
in the leaves of P. aculeata may well be involved in its analgesic activity. Due to the 
toxic potential of alkaloids, it is interesting that they are found in low amounts in 
food preparations. Foods contaminated with certain classes of alkaloids, such as 
pyrrolizidine alkaloids, are considered a risk to human health (Knutsen et al. 2017).

It has also been reported that the leaves of P. aculeata contain important constitu-
ents such as oxalic acid, nitrate, and saponins. Oxalic acid is considered an anti- 
nutrient that compromises calcium absorption and can induce undesirable effects. 
However, in practical terms, the species is not expected to present enough oxalic 
acid to significantly impede the absorption of minerals (de Almeida et al. 2014).

The presence of nitrates in P. aculeata needs our attention. Nitrates and their 
derivatives in the human diet are controversial and it is necessary to be aware of 
these aspects. Normally, dietary nitrate is reduced to nitrite by bacteria in the oral 
microbiota. Nitrite, in turn, is absorbed and appears to be responsible for systemic 
effects in humans (Weitzberg and Lundberg 2013). Although both are considered 
products with limited carcinogenic potential, nitrite in combination with certain 
amines or amides can potentially form carcinogenic nitrosamines (Chamandoost 
et  al. 2016). There have always been concerns over consumption of processed 
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animal foods rich in nitrates and its carcinogenic consequences. Also observed in 
P. aculeata is the presence of compounds from the saponin group. High concentra-
tions of saponins give the food a bitter taste, and it is reported that certain digestive 
enzymes are inhibited in the presence of saponins.

In the context of a varied diet, the consumption of P. aculeata is interesting. All 
these aspects lead us to believe that, even with observed low toxicity concerning the 
P. aculeata leaves, it is necessary, especially for users of centrally acting analgesic 
drugs, to use caution (in concomitant use of the plant), since analgesic effects may 
increase.

In the scenario of food preparations with bioactive and functional potential, the 
species P. oleracea is a UFP with increasing prominence. Its stems and leaves are 
consumed in salads and hot preparations, yet P. oleracea also brings applications 
from traditional medicine, many of them scientifically proven. Its positive effects on 
the blood biochemistry are emphasized and possibly justified by the high content of 
omega-3 fatty acids and antioxidant components in its composition (Petropoulos 
et al. 2016). However, with regard to safety, the studies are sometimes contradic-
tory, and certain reports will be necessary to mention.

In this chapter, all the studies used extracts from edible parts of the plant (aerial 
parts), but with extractive solvents of different polarities. We noted that the chloro-
form and hydromethanol extracts induced deleterious effects on the fertility of rats, 
although being of low toxicity, similar to the hydroalcoholic extracts. The methano-
lic extracts presented a certain degree of toxicity in rats in a dose dependent manner 
(see Table 1). Trying to better understand the reason for these effects, we noted that 
the extractions using the chloroform and chloroform-methanol (v/v) solvents are 
more efficient and reliably obtain higher concentrations of both phenolic com-
pounds and organic acids (Petropoulos et al. 2016). In addition, it is very common 
for P. oleracea to present in its composition other secondary metabolite classes such 
as flavonoids and phenolic acids (Gatea et al. 2017). Though many of these compo-
nents have antioxidant action, depending on the dose consumed, and part of the 
plant used, they can cause undesirable effects.

In this context, the effects of P. oleracea on fertility are more important. In vivo 
animal studies point to the involvement of flavonoids present in the plant in anti- 
estrogenic activity and anti-ovulatory activity (Nayaka et  al. 2014). Kaempferol, 
apigenin, luteolin, myricetin, and quercetin are some of the main flavonoids found 
in P. oleracea. The greatest flavonoid content is found in the roots, followed by the 
stems, and leaves (Gatea et  al. 2017; Zhu et  al. 2010). Although the leaves are 
mostly used in cooking, caution is highly suggested when using P. oleracea in food 
preparations for pregnant women.

Gatea et al. (2017) when analyzing the biological potential and phytochemical 
profile of P. oleracea, detected high concentrations of oxalic acid, which deserves 
attention. This compound acts as a chelator of dietary minerals, especially calcium. 
Yet even considering this caveat, the use of P. oleracea in a balanced and varied diet 
is strongly suggested, as it provides a variety of bioactive nutrients and is relatively 
safe. The general toxicity of the plant is not pronounced, but assessing its chronic 
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toxicity is necessary, and regular use in the human diet should be moderated due to 
its oxalic acid high content.

Our study did not find reports of toxicity for P. cattleianum; only one of the stud-
ies reported the low cytotoxicity of a hydroalcoholic extract obtained from the 
leaves and not the fruits, which is the principal form consumed as food (Alvarenga 
et al. 2013). An ethnobotanical study performed with users of medicinal plants in 
the Republic of Mauritius demonstrated that when consumed to prevent fever and 
flu, P. cattleianum fruit causes mild heartburn. Further, there are reports of vomiting 
when its fruits are consumed after using iron supplements (Mahomoodally et al. 
2018). However, of the universe of 307 individuals participating in the research, 
there were few reports, and the amount consumed until these effects appeared was 
not reported. The phytochemical profile of the fruit, containing vitamin C between 
200 mg and 242 mg per gram of fresh fruit justifies the adverse effect (heartburn) 
(Pereira et al. 2018). Very high daily doses of vitamin C (2000 mg or more) can 
cause transient gastroenteritis or osmotic diarrhea in some individuals (da Silva 
et al. 2016). Thus, for those with previous gastric or intestinal problems, it becomes 
interesting to moderate consumption of citrus fruits such as P. cattleianum.

In traditional medicine, the roots, leaves, and fruits of S. paniculatum are used 
for general inflammations, as a diuretic, and against liver diseases (Agra et al. 2007). 
However, it is their fruits that have food potential. Considering this, we found a 
single report on the toxicity of an ethanol extract obtained from the fruits of S. panic-
ulatum (Vieira et al. 2010). The authors demonstrated the cytotoxicity of the extract 
when administered to mice in high doses (above 200 mg/kg of weight) yet with an 
absence of mutagenicity. S. paniculatum has many metabolites that seem to be 
involved in its discrete toxicity, among them are steroidal sapogenins and steroidal 
glycoalkaloids (solanine, solasonine, and solamargine). Steroidal sapogenins are 
non-saccharide portions of saponins, and although less common, they are found in 
the roots, leaves, and vegetable fruits of the genus Solanum (Sobolewska et al. 2020; 
Vieira Júnior et al. 2015). In vivo studies of steroidal sapogenins have demonstrated 
low acute toxicity in mice (Wei et al. 2014). In general, consumption of foods con-
taining these compounds presents little toxicity and does not appear to be dangerous 
for consumers (Oleszek and Oleszek 2020).

In turn, steroidal glycoalkaloids are found in large quantities in the fruits of 
Solanum spp., presenting a bitter taste, and undesirable effects in humans (Knuthsen 
et  al. 2009). The principal effects reported include gastrointestinal problems 
(abdominal pain, vomiting, and diarrhea), sweating, bronchospasm, confusion, hal-
lucination, heart failure, partial paralysis, seizures, coma, and even death (Mensinga 
et al. 2005; Sucha and Tomsik 2016). The suggested mechanisms of action include 
induction of apoptosis or necrosis, inhibition of acetylcholinesterase, and interac-
tion with membrane steroids (affecting the function of plasma membranes). We 
suggest reading Sucha and Tomsik (2016) for further study.

Studies on the toxicity of these compounds in plants of the genus Solanum spp. 
have been increasing. Principally, reports refer to other members of this genus such 
as potatoes (Solanum tuberosum L.), tomatoes (Solanum lycopersicum L.), and egg-
plant (Solanum melongena L). This is relevant since vegetables are much more 
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present in the daily world of food than is S. paniculatum, yet they share certain 
glycoalkaloids (Barceloux 2009). We note that glycoalkaloid content varies sub-
stantially between different cultivars of the plant and post-harvest conditions (light, 
mechanical injuries, storage). During cooking, the principal methods used in pro-
cessing, such as boiling, heating, and frying, do not significantly alter the final gly-
coalkaloid content of the food (Friedman 2006). Considering the genus Solanum, 
toxic glycoalkaloids are not generally found in the fruit, but are present in greater 
quantities in other inedible parts such as the leaves (Knuthsen et al. 2009). In this 
context, cases of glycoalkaloid poisoning are relatively rare, yet they do occur, 
chiefly with consumption of little known plants considered wild such as S. panicu-
latum (Barceloux 2009). This may be why the only report we found describing the 
in vitro toxicity of S. paniculatum fruit extract cited high concentrations (Vieira 
et al. 2010).

Finally, we note that the Brazilian UFP in this chapter present diverse spectra of 
metabolites considered to be natural toxins and which are often present in more than 
one plant. In view of this great diversity, Fig. 1 summarizes these toxins and associ-
ates them with the UFP in which their occurrence was observed.

Fig. 1 Distribution of the main groups of natural toxins present in unconventional food plants 
of Brazil

F. de Oliveira Pereira et al.



109

5  Conclusions

Understanding the toxic properties of certain plants discussed in this chapter raises 
important questions that go beyond safe consumption. Reflecting critically on these 
factors can help to better understand the forms of interactions between humans and 
plants, especially since UFP represent a potentially relevant contribution to a varied 
and complete diet.

Initially, the studies included in this chapter present a scenario in which practi-
cally all UFP’s are of great use to popular medicine, while also presenting nutri-
tional potential. Yet often, depending on the part of the plant used, the form of 
preparation, dosage, and final distribution of the natural toxins involved in these 
effects, the plants possess toxic or mutagenic properties. In addition, certain metab-
olites can be considered anti-nutritional, since they interfere in nutrient (food) bio-
availability, causing secondary damage to individuals. All of these factors are 
important and determine the safety of the plant.

Many of the studies used products from plants that are not associated with their 
principal forms of culinary use in Brazil. Many of these studies presented as their 
central objective an investigation into the pharmacological potential of the inedible 
parts of the plants. Ensuring the correct part of the plant is used is essential since 
there are variations in the phytochemical profiles of the various plant organs. These 
phytochemical components perform important functions in the plant, and uneven 
distribution is an important form of adaptation.

The biological properties of natural toxins observed in many studies (given the 
isolated metabolite) may not represent the toxic activity of the plant as a whole. 
When consumed, the plant itself presents a phytocomplex system, and interactions 
between various such compounds during the digestive process can result in reduced 
bioavailability for any of them. Combinations with other foods can also cause simi-
lar results. The amounts of toxin in the ingested plant are in many cases lower, when 
comparing similar effects from the use of the isolated substance. It is interesting to 
note that we are cautious with the consumption of UFP associated with drug thera-
pies, as there are real possibilities of drug-food interactions that are not beneficial 
for humans. Sometimes information concerning natural toxins and how they work 
in the body remains unclear. This opens up a promising field for future studies.

In general, the information presented in this chapter reveals various UFP species 
with relatively low toxicity. However, certain UFPs require greater attention to their 
toxicological aspects: S. paniculatum requires more care with its leaves (for con-
taining glycoalkaloids and steroidal saponins) than with its fruits. Due to the pres-
ence of flavonoids involved in fertility (for women), and for containing large 
amounts of oxalic acid, consumption of P. oleracea during pregnancy requires cau-
tion. Because of potentially negative consequences for the development of new-
borns, M. flexuosa oil should be treated with caution by pregnant women as well. 
Due to oxalic acid, saponins, and indolic alkaloids, consumption of P. aculeata must 
be moderate since associations of indolic alkaloids with analgesics may be well be 
harmful. For those who present stomach problems, P. cattleianum appears to cause 
heartburn and moderate use of the fruit should be considered.
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Considering our discussions, when there is a need to seek information on food 
safety in a given UFP, we emphasize the need to ask the following questions: “Is the 
part of the plant of interest used in this study the edible part?”, “What is the pre-
dominant phytochemical profile (natural toxins)?”, and “Do the current physical 
processes of culinary practice interfere with either the content or stability of these 
toxins?” In conclusion, consumption of fresh UFP or derived products, in whole or 
in part, without adequate knowledge of their botanical, chemical, and toxic charac-
teristics can bring undesirable results. Such knowledge is imperative, especially for 
plants presenting restricted consumption.
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1  Cultural Memory of Cooking in Brazil

The principle of the process of growing plant species may involve several myths and 
legends in different human cultures. We have the community with its mythological 
traditions around the origins of indigenous and local cultures, and, at the same time, 
we deal with the practice of biological exchange through the circulation of botanical 
species resulting from intercontinental travels carried out by numerous historical 
characters of human civilization.

If we consider only two historical landmarks, we could affirm that, since the 
thirteenth century, we find reports from Marco Polo about his travels and descrip-
tions of an island where there were pepper, nutmeg, as well as other spices that can 
still be found in the present day around the world (Pereira 1922; Balick and Cox 
1996), and when we analyze the voyages of the discovery of the Americas, we can 
also situate over time some facts that marked the way in which humanity was iden-
tifying the question of how to feed, what would be the sources of proteins, vitamins, 
and minerals. Nevertheless, certainly many exchanges between different ethnicities 
had already occurred in periods prior to Marco Polo’s existence and action.

Specifically, talking about the Brazilian territory, it encompasses multiple com-
munity experiences woven over the centuries of coexistence between its original 
peoples and other inhabitants from different regions of origins. Each of its five 
regions (South, Southeast, Northeast, North, and Midwest) contributes to a specific 
way in the feeding of Brazilians. From a thorough, detailed research of local 
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traditions related to food and the search for family recipes, we can perceive how 
Brazilian cuisine is varied and rich in flavors.

With ingredients brought from other parts of the world and with the very ones of 
each Brazilian region, a history of local cuisine and, in a larger context, a national 
food identity were forged. It is a history that was woven with the recombination of 
ingredients from Europe, where eggs, milk, and wheat flour (Triticum aestivum L.) 
came from, along with what Brazil offered from food species such as corn (Zea 
mays L.), sugar from sugar cane (Saccharum officinarum L.) fields, cassava 
(Manihot esculenta Crantz) flour, and countless fruits considered exotic. Thus, in 
this national cuisine, the dishes were commonly composed of a mixture of the cre-
ativity of the people dedicated to the preparation of food that elaborated the arrange-
ment of preparations from ingredients not only from Europe and territories with 
which they maintained commercial relations, such as the Middle East and the Far 
East, as well as with those of indigenous origin but also composed the culinary 
adaptations those typical ingredients of the eating habits of the African peoples.

The time of the discovery of Brazil and the following centuries also comprised 
the period of food exchanges that came and went along the routes of the great navi-
gations (Medeiros 2018). Thus, the cashew of Brazil went to Goa, as well as to 
Africa the cassava, corn, and peanuts (Arachis hypogaea L.). From Africa to Brazil 
came, for example, okra (Hibiscus esculentus L.), yams (Dioscorea alata L.), fennel 
(Pimpinella anisum L.), yellow ginger (Zingiber officinale Roscoe), and watermel-
ons (Citrullus lanatus (Thumb.) Mansf.) (Costa 1983; Baker 1968; Balick and 
Cox 1996).

In one way or another, it occurred that African food culture has imprinted pecu-
liar traits that are present today. In regions such as Salvador and throughout the 
region of the Recôncavo Baiano (Bahian region located in northeastern Brazil), this 
influence was affirmed in the tasting appreciation of three ingredients considered 
basic for this cuisine that brings strong African influence. These ingredients are 
coconut milk (Cocos nucifera L.), palm oil (Elaeis guineensis Jacq.) and pepper 
(Capsicum spp., Piper spp. and Pimenta spp.). In the work Etiópia Oriental (Eastern 
Ethiopia), published in 1609, in the city of Évora (Portugal), Friar João dos Santos 
described the process of obtaining coconut milk saying that it was extracted from 
fresh coconut, grated and well washed in two or three waters, and squeezed between 
the hands (Santos 1999 [1609]). In this way the coconut was dry and the water in 
which it was washed was thick as cow’s milk.

Let us take a more detailed look at some of the regions that compound the 
Brazilian territory in relation to their historical traditions on the feeding modes of 
local populations.

Vestiges of the food memory of the northeast region can be found in works that 
Gilberto Freyre (1933) left us. The way of feeding was registered by this sociolo-
gist, which leads us to the understanding that in the past and still in the present days 
the cuisine of this region combines extremes in its menu. So, this means that the 
most regional ingredients alongside the international ones are served as elements of 
the northeastern diet in both the more rustic and refined foods.

M. F. T. Medeiros



119

In a report about José dos Santos Torres about the menu of his hotel in Pernambuco 
(northeastern Brazil), Freyre points out that in this space were served various 
Brazilian and European delicacies. The folklorist Luís da Camara Cascudo (1983) 
through away the interior of this region and observed the menu served in each 
moment of the day, as did the doctor Antônio da Silva Mello (1946, 1964) who 
travelled through the interior of the state of Pernambuco during the 1940s for his 
researches on nutrition.

The brief stay of the French in Maranhão (northeastern Brazil) during the seven-
teenth century could be registered in detail by the Capuchin priest Claude 
D’Abbeville, in his work História da Missão dos padres Capuchinhos na Ilha do 
Maranhão e Terras Circunvizinhas (History of the Mission of the capuchin fathers 
on the Island of Maranhão and Surrounding Lands), of 1614 (D’Abbeville 1874 
[1614]). Father D’Abbeville spent only 4 months in Brazil and left us the report on 
the tasting that had countless fruits and roots of the region. In Maranhão, fruits such 
as bacuri (Platonia insignis Mart.), jacama (Annona muricata L.), cupuaçu 
(Theobroma grandiflorum (Willd. ex Spreng.) K. Schum.), and jenipapo (Genipa 
americana L.) appear as dessert fruits on the menus. Whether in natura, or in form 
of ice cream, candied sweets, candy in syrup or compotes, to this day these culinary 
finds of D’Abbeville are of popular taste, thus demonstrating that certain “finds” are 
“eternal”.

In northern Brazil, indigenous influence was preponderant. In this region, there 
is a living past, which is updated in the execution of dishes such as pato no tucupi 
(duck made in tucupi, a broth made from manioc root fermentation), açaí wines 
(Euterpe oleracea Mart.), and tacacá (tacacá, a mixture of manioc gum and tucupi 
broth added with seasonings, aromatic herbs, and dry shrimp). The culinary base of 
Pará (state of this region) was created by indigenous in remote times. Besides, food 
products from manioc, such as pirões (fish porridge) and beijus (manioc flour), açaí, 
piquiá (Caryocar brasiliense Cambess.), pupunha (Bactris gasipaes Kunth), and 
buriti (Mauritia flexuosa Mart.) integrate the traditional menu of this region. In the 
Amazon, another state of this same region, dozens of native fruits are consumed, 
and guarana (Paullinia cupana Kunth) is highlighted as a drink that prolongs life.

Regarding the southeastern Brazil, there are numerous annotations on the menus 
of the nineteenth century, time when the naturalists August saint-Hilaire and Johann 
Pohl were in Brazil. Being in the state of Minas Gerais, these naturalists left regis-
tered experiences about behaviors and domestic habits of families in this region. It 
was common practice to have a separate menu for men, women, and children. The 
customs of eating black beans (Phaseolus vulgaris L.) with corn flour for lunch and 
vegetables cooked at supper, commonly kale (Brassica oleracea var. viridis L.), 
chicory (Cichorium endivia L.), okra, or almeirão (Cichorium intybus L. var. inty-
bus) are described (Saint-Hilaire 1974 [1822]). There are some specialties that 
remain almost secret. These are stored in the scope of the regional, as is the case of 
sweet buriti or thick syrup of araçá (Psidium guineense Sw.) and piquiá, and in 
Espírito Santo (also southeastern state), the use of annatto (Bixa orellana L.) seeds 
in the preparation of the moqueca capixaba (dish made of tomato sauce, annatto, 
fish, and seasonings).
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It is noteworthy that many of the families of Portuguese origin lent their own 
names, both family and sugar mill, to baptize a special recipe as a way to honor 
these people. An example of this tradition is the Souza Leão cake, dough made of 
manioc and coconut milk, as well as the cakes Cavalcanti, Tia Sinhá, and 
Fonseca Ramos.

With an extraordinary floristic richness that inspired and gave way to the local 
culinary creativity of the most varied environments, many recipes have certainly 
been lost throughout history. The social condition that the mucamas (black women 
servants of the white ladies) and sinhás (white ladies) assumed was to be illiterate, 
and their recipes had as a major form of conservation the immaterial memory and 
the transmission of their culinary knowledge by the exercise of orality. We believe 
that this issue constitutes one of the difficulties of working with the theme of food 
plants of ancient use, because the research of old recipes is compromised to the 
extent that many of them were not been written. Being usually an activity related to 
making feminine, the act of cooking was conditioned on women, both of the most 
humble condition and the most noble, such as the baronesses and viscountesses of 
the Empire, who were often illiterate.

Foods created over the centuries of creativity in the face of countless ingredients 
have gained the taste of the Brazilian population, overcoming taboos and preju-
dices. Wanting to please the palate was a creative effort of generations of cooks who 
transcended centuries of dedication to the art of dietetics. In fact, we commented 
only on the actuations of women, but men also integrated this action in the prepara-
tion of foods. As Freyre (1933) present us, among the slaves in the domestic service 
of the casas-grandes (the large houses where lived the lords and their families), 
those who dedicated themselves to the kitchen were within this extreme culinary 
specialization. Generally, two or three individuals were chosen for the kitchen ser-
vices. Alongside women, blacks considered incapable of raw service could also be 
reserved for this service. The note of Freyre about newspaper advertisements from 
the time of slavery in Brazil that gave visibility to the escape of these black people 
who worked in the kitchen is interesting. These notes specified that in the act of 
escape, these blacks were dirty because they were cooks.

Thus, if we can trace a more general panorama, disregarding the infinite speci-
ficities of each corner of the Brazilian territory and what was able to mix and create 
each community experience in its particular living space, this would be the most 
common scenario of this space so used and so central in the past life of the Colonial 
and Imperial period of Brazil, that is, the kitchen. Sinhás and black people dedicated 
to the preparation and creation of dishes, sweets, and preserves with fruits and roots 
of the earth, so amazing in their new flavor, have been gaining the taste of the palate 
and remain present until the present day in national cuisine.
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2  Food Species of Brazilian Flora Registered 
in Past Documents

The food plants and their cultivation, in addition to their multiple uses, can be 
pointed out as having been one of the first measures thought by those who came to 
the Brazilian territory with the mission of populating it from the conquest under-
taken by the Lusitanians. Since the founding of Colonial Brazil, the newly arrived 
settlers in the new territory have taken care of securing items for their most pressing 
survival needs. In this sense, the actions have moved towards the beginning of agri-
culture and, further forward in history, to the development of some profitable indus-
tries. Thus, in this process, the cultivation of cereals and vegetables were the first to 
be implemented. Then, the fruit species and grasses for the forage of animals gained 
space in the productive force. On the other hand, the plant species that supplied 
other genera began to be cultivated later.

In 1551, there is the register made by the Father Manuel da Nóbrega of 
Pernambuco (northeastern Brazil) that there was the culture of several plants brought 
from the metropolis. Ciders (Melissa officinalis L.), vines (Vitis vinifera L.), orange 
trees (Citrus x sinensis (L.) Osbeck), lemon trees (Citrus x aurantiifolia (Christm.) 
Swingle), and figs (Ficus carica L.) were mentioned. Father Nóbrega took care to 
mention that these cultivars were as good as those in Europe and that they were very 
productive (Nóbrega 1955 [1551]).

Another register that tell us about this dynamic of food cultivars in the history of 
occupation of the Brazilian territory is that left by Gândavo, dated 1576. In this 
document he refers to banana (Musa paradisiaca L.) from the Island of São Tomé, 
ananas (Ananas comosus (L.) Merr. var. comosus), melons (Cucumis melo L.), 
cucumbers (Cucumis sativus L.), pomegranates (Punica granatum L.), and figs of 
many varieties, as well as ciders, lemons, and oranges.

In the Jesuit College located in the city of Olinda, in the former Captaincy of 
Pernambuco, located in the northeastern region of Brazil, there was the cultivation 
of several food species, according to a mention made by Father Fernão Cardim 
(1925 [1584]). On a visit to the College of Olinda in1584, Father Fernão could see 
that in the Jesuits’ backyard there were vines, fig trees, orange trees, melons, cucum-
bers, and pomegranates. The following year, in 1585, Father José de Anchieta (1933 
[1585]) when writing about this same College of Jesuit Fathers still mentions the 
many coconut trees that existed in that place.

In 1587, in the work Tratado Descritivo do Brasil (Descriptive Treaty of Brazil), 
Gabriel Soares de Sousa also emphasizes the food plants that he found in Brazil. In 
his register he speaks about the cultivation of several species, being these lime 
(Citrus limettioides Tanaka), French lemon (Citrus x limonia (L.) Osbeck), and 
Galician lemon, rice (Oryza sativa L.), and yams from Cape Verde and São Tomé, 
and others such as watermelon, pumpkin (Cucurbita moschata Duchesne), mustard 
(Brassica spp.), turnip (Brassica rapa L.), cabbage, lettuce (Lactuca sativa L.), 
coriander (Coriandrum sativum L.), dill (Anethum graveolens L.), parsley 
(Petroselinum spp.), mint (Mentha spp.), chives (Allium schoenoprasum L.), 
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aubergine (Solanum melongena L.), alfavaca (Ocimum spp.), bredo (Amaranthus 
spp.), chicory, carrot (Daucus carota L.), spinach (Tetragonia tetragonioides (Pall.) 
Kuntze), and basil (Ocimum spp.) (Sousa 1971 [1587]).

Resuming the coconut tree culture, it is noticed that it has gained an expressive 
development for its variety of uses, and its spread throughout the Brazilian territory 
was already extensive in 1618, as described in Diálogos da Grandeza do Brasil, 
(Dialogues of the Greatness of Brazil) of Brandão (2010 [1618]). Before the Dutch 
invasion in northeastern Brazil, in História da Guerra de Pernambuco (History of 
the Pernambuco War), Santiago (1984 [1634]) describes a landscape full of coconut 
trees and says that there was no residence in which there was at least some individu-
als of this specie in the city of Olinda, in the former Captaincy of Pernambuco. He 
also adds that the presence of coconut trees in the backyards of the houses of the city 
of Olinda gave a special characteristic to that landscape.

It is also been cultivated since the sixteenth century in Brazil the ginger, that was 
brought from the Island of São Tomé. Its production gained space in Brazilian terri-
tory, which contributed to its export in 1575. Thus, as this ginger produced in Brazil 
was considered of better quality than that of India, it gained the preference of its 
consumers. For this reason, its culture was forbidden so that trade with the East 
would not be harmed (Costa 1983). Only on April 24, 1642, this prohibition was 
repealed and a new provision was enacted, allowing Brazilian people the culture of 
ginger. This permission was valid for the cultivation of the species on land that was 
considered unsuitable for sugarcane cultivation. In addition, it had been stipulated 
that its export would be made available, by the paying the competent duties. Another 
provision issued on April 10, 1671, changed this scenario. At least in the Captaincy 
of Pernambuco, the cultivation of ginger was recommended, and its export was 
allowed without the collection of taxes.

Years later, on March 30, 1678, a royal letter addressed to the governor of 
Pernambuco communicated that he had ordered the Viceroy of India to consign fruit 
trees to this captaincy and to the kingdom, for the usefulness that could favor this 
state, as for the whole Kingdom of Portugal. Later, already on May 20, 1862, there 
was a new communication from the king issued to the Viceroy with similar orders, 
and he also ordered that when ships with cargo of useful plants arrived at the cap-
taincy of Pernambuco, the governor should have to look for these plants, and plant 
them in accordance with India’s instructions.

Reaching the years of 1800, on July 7, 1810, the pepper culture of India was 
recommended, as well as that of other exotic or indigenous plants, as the native spe-
cies of Brazil were called (Costa 1983). It meant that native plants were now con-
sidered for planting. The intention was that uncultivated species, native to Brazil, 
could constitute new materials suitable for consumption, in addition to becoming 
export items and moving trade due to their various applications. The cultivators 
were guaranteed exemption from customs fees by a period of 10  years, awards, 
honorary medals, and also, exemption from service and recruitment in the military 
sector. These measures were reiterated in the following year of 1811 by new provi-
sions which were issued in this same sense as the provisions of 1810.
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These measures taken point out very clearly how there was a movement of stimu-
lus and protection to the culture of new species that were promising, and, thus, like 
those mentioned recently, there are many other measures that were issued with the 
same objective. These documents provide information about the transformation of 
the landscape of phytogeographic domains existing in Brazil, although they refer 
more massively to the economic movement determined by the Metropolis to its 
Colony. The central economies revolved around species not yet mentioned, such as 
coffee (Coffea arabica L.), cotton (Gossypium spp.), and sugarcane (Dean 1996). 
Although there was this centrality in cultivars interesting to the economy, so many 
other cultivars considered to be peripheral also existed. These peripheral economies 
were managed by populations that were right on the periphery of the colonial sys-
tem. These were fields of cultivation for subsistence that were configurated as being 
relevant to the survival of mestizos, riverside, quilombolas (black slaves who formed 
community enclaves reactionaries to the slavery system), caiçaras (communities 
composed of indigenous peoples, Portuguese settlers, and African slaves who sup-
ported themselves from agriculture, small-scale fishing and plant extractivism), and 
many other Brazilian community formations.

The native species managed by these populations served for the most different 
utilities, such as for medicine or as a source of food. Taking as an example the sec-
ondary forests on the landscape of the Atlantic Forest, we can find nowadays intro-
duced exotic species and managed native species (Oliveira and Silva 2011). These 
are traces of the memory of past local culture. Among these species, we can cite the 
jack (Artocarpus heterophyllus Lam.), whose culture dates back to ancient times, 
which can be inferred by the denomination of mills and villages known by this term 
since many years ago. Another species that we can illustrate here in this incorpora-
tion into the floristic composition of a secondary forest would be the coffee.

Among the native species that were managed and that nowadays can be found in 
secondary forests of the Atlantic Forest, these compound a diverse set including 
pioneers, initial and late secondaries of ecological succession present in areas 
equivalent to abandoned swideens (Oliveira and Silva 2011). Considering the plas-
ticity of management practices and the differentiated objectives of each of these 
practices in terms of production and conservation, these may lead to the incorpora-
tion or populational prevalence of certain species in the forest environment, depend-
ing on the conditions of the environment, cultural, and economic traits of the locality 
(Noble and Dirzo 1997). A group of plant resources that can receive greater atten-
tion from management practices in the forest environment is that of so-called inten-
tionally managed species, which includes native fruits. This set of species has been 
gaining over time priority in planting on the edges and within the forests. Among 
these are the jabuticaba (Myrciaria cauliflora (Mart.) O. Berg.), the chestnut tree 
(Bombacopsis glabra (Pasq.) Robyns), the cambucá (Plinia edulis (Vell.) Sobral), 
and the cajá-mirim (Spondias mombin L.) (Oliveira and Silva 2011).

Thus, the use of food species by past populations passed through a culture within 
forest areas. Registers in different supports in this regard are not usual to be found, 
but the work with oral history can provide more information about these past man-
agement practices. What we can perceive through the presence of species such as 
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those mentioned is that there is a valuation of the forest environment in past periods, 
including the intentional planting of plant species elected as being important for the 
experience of an ancient community. The landscape then gains contours from the 
human action carried out in the past and that, also, expands in time and continues to 
bring interferences on ecological and food patterns nowadays. Thus, in the constitu-
tion of a list of species suitable for the ingestion, there is an identity character that 
is configured as being historical.

3  Brief Words of Conclusion

In the history of the use of food plant resources, historical documentation reveals to 
us with greater intensity data related to the dominant center of the Brazilian colonial 
economy. The relations of the human population present in the Brazilian territory 
that were on the fringes, on the periphery of the central economy, left few docu-
mented reports. The historiography of the landscape of the Brazilian phytogeo-
graphical domains deserves further investigation in each of its representativeness. 
What we have found so far is a narrative that highlights the bias of actors and cul-
tures of species that played a central role in the economy.

However, we can point out as key species for the future of human food security 
the acceptance of food plants that transcend centuries through collective 
dietary memory.

In addition to this primary need, we leave the indication that the behavior is what 
could be configured as the key to a balanced relation with flora (and nature in its 
entirety) in order to consider it not only as a source of consumption, but rather a 
fundamental part of the experiential constitution of humanity.
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1  Introduction

Human history in Brazil began at least 25,000 years ago (Lahaye et al. 2015; Vialou 
et  al. 2017). Through the millennia, human societies organized and reconfigured 
their social and political organizations. They also had diverse bodies of knowledge 
that were shared by people within the society, including their experiences and prac-
tices related to plant and landscape management. The breadth of plant food use in 
Brazil is explained not only by the great local biodiversity and the heterogeneity of 
Brazilian biomes but also by diverse long-term indigenous food choices.

Archaeological sites are places where material evidence of human occupations, 
such as ceramic and stone artifacts, plant remains, animal and human bones, earth-
works, and/or rock art can be found, and their investigation is fundamental to the 
reconstruction of human histories. Although it is often difficult to link archaeologi-
cal sites to modern or historically documented indigenous populations, a notion of 
the cultural diversity that created the archaeological record can be glimpsed through 
linguistic diversity (Fig. 1). Current linguistic diversity in Brazil includes more than 
160 languages from 39 families. However, pre-Columbian linguistic diversity could 
have been at least six times higher (ISA 2020). It is notoriously difficult to estimate 
the population of indigenous groups in the Americas prior to European invasion due 
to the subsequent loss of lives to wars, epidemic diseases, and slavery. Denevan 
(1992), a geographer, estimated that there were 24.3 million inhabitants in South 
America, and this number is similar to a more recent review estimating their num-
bers at 23.6 million (Koch et al. 2019). Across Brazil there were thousands of indig-
enous communities of different sizes, economic practices, and social and political 
organizations. European invasion brought to an end, or significantly changed, most 
of these communities and their practices as they fled colonization and, in some 
cases, merged following population losses and/or for greater defensive power 
(Hemming 1995). The losses of human lives and populations led to the disappear-
ance of some traditional ecological knowledge, and many cultivated plants, yet, 
great agrobiodiversity remains (Clement 1999).

Food consumption permeates practically all daily and ritual activities of human 
life and thus strongly influences how people interact with their environments and 
transform them. Over the long term, these varied dynamics contributed to the for-
mation of Brazilian landscapes and their agrobiodiversity. This chapter will explore 
the diversity and temporality of food plant use documented in the archaeological 
record, including the expansion of different crops across the continent and how 
foodways have been, and continue to be, crucial to the creation of current landscapes.
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Fig. 1 Locations of archaeological sites (numbered) and the centers of origin for some native 
crops, by name, within Brazilian territory with respect to the locations of modern indigenous lands 
(FUNAI 2020). Historical ethnic and linguistic diversity among South American indigenous peo-
ple is shown below and to the left based on the Ethno-linguistic Distribution of South American 
Indians, compiled by Čestmir Loukotka (1967) and used with permission from Taylor & Francis. 
Archaeological sites are: Rock shelters: 1. Furna do Estrago, 2. Santana do Riacho, 3. Lapa do 
Santo, 4. Lapa dos Bichos, 5. Lapa Pintada, 6. Lapa Grande de Taquaraçu, 7. Santa Elina, 8. Pedra 
Pintada; Shell mounds: 9. Sambaqui Salinas Peroano, 10. Sambaqui Ponta da Cabeça, 11. 
Sambaqui Boca da Barra, 12. Sambaqui Beirada, 13. Sambaqui Pontinha, 14. Sambaqui do Meio, 
15. Sambaqui do Forte, 16. Moraes, 17. Capelinha, 18. Enseada I, 19. Forte Marechal Luz, 20. 
Morro do Ouro, 21. Itacoara, 22. Jabuticabeira II, 23. Tucumã, 24. Monte Castelo, 25. Isla del 
Tesoro, 26. Isla Manechi; Open-air sites: 27. Teotônio, 28. Santa Paula, 29. Serra do Maguari-1, 
30. Lago Caranã, 31. Cedro, 32. Hatahara, 33. Açutuba, 34. Lago Grande, 35. Osvaldo, 36. Vila 
Nova I, 37. Vila Nova II, 38. Floresta, 39. Lago das Pombas, 40. Caldeirão, 41. São João, 42. 
Cruzeirinho, 43. Fazenda Iquiri II, 44. Sol de Maio, 45. Campo Esperança, 46. Tequinho, 47. El 
Círculo, 48. Las Palmeras, 49. Chacra Talería, 50. Tumichuchua, 51. Aterro dos Bichos; Pit house: 
52. Bonin. Designed by Laura P. Furquim
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2  The Long-Term Mutualistic Relationships Between 
Indigenous Peoples and Plants

Human populations that arrived in lowland South America about 25,000 years ago 
accumulated knowledge about the flora and fauna of the areas that they settled and 
perfected practices that aided in the exploitation of these resources. The variation in 
size, color, sweetness, and flavor in any population of edible plants would have been 
observed and humans selected their preferred types. Once plant resources are identi-
fied as food, or favored types of that food, they can be protected, which can involve 
the removal of plants competing for light and nutrients. Future harvests are also 
enhanced when picked fruits, nuts, or tubers are transported back to the settlement 
for processing or for sharing with other members of the group, as along the trail 
some may fall from the basket or the seeds of consumed fruits may be discarded. 
Both fallen fruits and discarded seeds may germinate along the route or in the camps 
and establish new populations. These may eventually be exploited and also pro-
tected by human groups using the trails. Over time this may lead to trails enriched 
with useful plants and the progressive movement of favored plants from their origi-
nal populations. Since any settlement is surrounded by trails leading to important 
food resources, they are central to the development of a mosaic of domesticated 
landscapes with enhanced availability of different food plants. These are culturally 
constructed niches within ecosystems that continue to experience natural transfor-
mations (Smith 2012; Clement and Cassino 2018).

Over millennia, in different intensities, these transformational dynamics insti-
gated by human groups eventually altered the abundance and distribution of many 
plant populations in Brazilian biomes, most notably the populations of useful trees 
that occur in stands (Levis et al. 2018; Balée 1989, 2013). In Amazonia, the most 
emblematic stands are those of Brazil nut (Bertholletia excelsa Bonpl.), the castan-
hais (Shepard Jr. and Ramirez 2011), but there are many others (Levis et al. 2018). 
Pequi (Caryocar brasiliense Cambess.) stands occur across the Cerrado (a region 
with savanna-like vegetation), and those in the upper Xingu River are domesticated 
(Fig.  1) (Smith and Fausto 2016). In the Atlantic Forest, araucaria (Araucaria 
angustifolia (Bertol.) Kuntze) can occur in immense stands, many of which are 
directly connected to indigenous activities (Bitencourt and Krauspenhar 2006; Reis 
et  al. 2014). The importance of such tree stands as food resources is huge; for 
Amazonia, Clement (2019) estimated that the harvest from six species of forest fruit 
trees that occur in such stands can produce more protein than all the cattle currently 
in Amazonia (see also Shepard Jr. et al. 2020).

All human settlements have areas where refuse is discarded (called middens by 
archaeologists) and which often form anthropic soils (Lathrap 1977; Erickson 
2003). The by-products from plant processing would normally be deposited in these 
areas, and discarded seeds or vegetative parts of plants might grow, producing new 
resources within the settlement. These new plants could be tended and protected, 
which is the origin of home gardens (Lathrap 1977; Anderson 2005).

As human populations grew during the Holocene, the number and size of settle-
ments increased, many becoming permanent, and each was surrounded by an 
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expanding mosaic of domesticated landscapes. When the food requirements of a 
community increased, this could be obtained by expanding the gardens further, even 
beyond the nutrient-rich soils of the middens. This expansion further changed the 
landscape mosaic around the settlement and some areas were more intensively man-
aged with the production of annual, semi-annual, and perennial food plants (Denevan 
2001). These intensively managed areas are called agroforestry systems.

Because plants anywhere in this mosaic are treated by indigenous groups as indi-
viduals, in some cases even thought of as “children” (Hastorf 1998; Machado 2012), 
each is carefully tended and evaluated for future propagation. The result is that some 
of these plant populations became domesticated over time, sometimes with remark-
able differences in size, color, sweetness, and flavor compared to the wild plants of 
the same species (Clement 1999). The relationship between humans and their plants 
is mutualistic, where both populations benefit: plants are cared for and propagated, 
and humans gain their company and nutritional value.

3  Cultural Meals and Cultural Landscapes

Food ingredients are collected, produced, harvested, processed, cooked, and con-
sumed according to the customs and practices of each human culture. The collection 
of these practices and their organization in specific social, political, and cultural 
contexts are called foodways (Staller and Carrasco 2010). Consider for a moment 
one plant, the peanut (the seeds of Arachis hypogaea L.), which can be consumed 
toasted in the shell, or as part of a peanut brittle snack (pé-de-moleque), or as peanut 
butter in a sandwich. While a sandwich might be consumed alone at breakfast or 
lunch, roasted peanuts might be consumed socially, at soccer games or with beer in 
a bar, and the peanut brittle is a traditional candy of June festivities in Brazil. Across 
cultures, people make decisions, both consciously and by habit, as to which plants 
became parts of their social events and their daily meals. A large number of plants 
that provided foods of different types – fruits, seeds, roots, spices, leaves, etc. – 
were the focus of human interventions, and many were domesticated. Foodways are 
one of the daily expressions of culture, through which consumption practices are 
linked to choices and knowledge about plant management, production, and process-
ing (Staller and Carrasco 2010; Graff 2018).

The awareness and knowledge of ecological relationships is specific to each eco-
system, or even local landscapes, and changes when human populations move to 
new ecosystems. Traditional ecological knowledge was, and is, dynamic, as it is 
learned not only generationally but also from personal experiences, family, and 
neighbors. It includes behaviors and practices of interactions with plants that favored 
the creation of cultural niches and landscape mosaics with enhanced food availabil-
ity. Choices about the adoption of domesticated plants were different among differ-
ent human cultures. It follows that domesticated plants and domesticated landscapes 
are cultural artifacts that were molded by each specific culture’s knowledge, beliefs, 
values, and foodways.
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The cultivation of plants, through culturally specific ecological knowledge for 
culturally specific foodways, is the basis for the farming-language dispersal hypoth-
esis (Renfrew and Bellwood 2002). The distribution of Arawak languages may be a 
lowland South America example of a farming-language dispersal of growing popu-
lations (Blench 2012). With information about the variation in words for the same 
plant among members of the Arawak linguistic dispersal, it is possible to identify a 
language homeland and even put a date on it. Based on the names for manioc 
(Manihot esculenta Crantz) and hot pepper (Capsicum spp.), both of which were 
domesticated in lowland South America, and maize (Zea mays L.) and common 
bean (Phaseolus vulgaris L.), domesticated in Mexico and the central-northern 
Andes, respectively, Brown et al. (2013a, b, 2014a, b) suggest that the ancestors of 
today’s Arawak speakers had adopted each of these domesticates by 4000 BP in 
western Amazonia. Thus, meals that contained an abundance of energy (manioc), a 
diversity of protein (maize and bean, but also fish), spiced with hot pepper may have 
fueled the Arawak dispersal across lowland South America and into the Caribbean. 
These four crops are common to other indigenous foodways, both of widely dis-
persed language families and of languages that did not disperse, reinforcing the 
observation that choices about plant cultivation are not tied to the plants, but rather 
to cultures.

Although anthropogenic forests occur all over Brazil, not all groups have adopted 
the cultivation of herbaceous plants. For example, landscape mosaics enriched with 
food species are created by indigenous populations with highly mobile lifestyles, 
such as the Nukak, that do not have cultivated fields (Politis 1996). Also, the delib-
erate creation of enriched forest spaces has been documented on the Southern edge 
of the Amazon where the Gorotire Kayapó alter the soil and soil fauna in locations 
that retain greater amounts of water and, into this improved ecosystem patch, plant 
a diversity of useful species, including foods and spices (Anderson et  al. 1989; 
Posey 1985). In Southern Brazil, the application of ecological knowledge of arau-
caria included deliberate seed dispersal and increased burning to promote the expan-
sion of araucaria nut stands (Bitencourt and Krauspenhar 2006; Reis et al. 2014). 
Each food plant requires local ecological knowledge that directs the management 
practices central to its production, processing, and consumption. Foodways conti-
nuity and variability over time and across space during the Holocene frame the 
histories of cultural landscapes (Cassino et al. 2019; Ingold 1993).

4  Archaeobotany: Tools for Assessing the Long-Term 
History of Food Plant Consumption and Management

Archaeobotany is the study of plant remains recovered from archaeological contexts 
and the human activities that they represent, including cultural foodways (Pearsall 
2015; Graff 2018; Hastorf 1999). Macroscopic botanical remains include dried and 
charred fragments of wood (Fig. 2a, b), fruits (Fig. 2g), seeds (Fig. 2h, i), and tubers. 
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The majority of archaeological charcoal is from wood and directly related to fire-
wood preferences. Wood used as fuel can indirectly inform about diet, since it is 
frequently acquired from surrounding vegetation enriched with food plants. By con-
trast, most of the fragments of tubers, fruits, and seeds are by-products of food 
processing and were likely deposited in middens or burnt with other waste. For 
example, the hard seed coats of Brazil nuts are more likely to be found than the 
edible kernels (seeds). Archaeological charcoal is collected when it is visible during 
excavation and by sieving or flotation of excavated sediments. The screen size of the 
sieve determines the size of fragments that are recovered. Given the diminutive size 
of some seeds, most analysis is carried out on sediment samples processed through 
fine mesh with openings between 0.5 mm and 2.0 mm (Pearsall 2015).

Plants also leave a number of different microscopic remains. Starch grains 
(Fig. 2c–e) can adhere to or be incorporated into pieces of ceramics, stone tools, and 
tartar on human teeth (dental calculus), and, further, they can occur in coprolites 
(desiccated feces). Starch grains from plant species are identifiable at different taxo-
nomic levels and may also show signs of injury from processing (e.g., grinding) 
and/or from exposure to heat from cooking (Henry et al. 2009). Phytoliths (Fig. 2f) 
are silica bodies that form in plant cells and retain the shape of these cells. They are 
diagnostic at different taxonomic levels as well as characteristic of different plant 
parts, such as squash (Cucurbita spp.) fruit rinds, maize cobs and leaves, palm 
leaves, or rice chaff (Oryza spp.). Phytoliths can be preserved in sediments and also 
in pottery, grinding stones, dental calculus, and coprolites (Piperno 2006). They 
have been used to document the use of plants in human diet and also to provide 
important clues about plant domestication and dispersal (Ball et  al. 2015). The 
enlargement of cells in some plant tissues may accompany increased fruit/seed size 
that occurs in some domesticated plants (Purugganan and Fuller 2011). If these tis-
sues are phytolith forming, the resulting “domesticated” phytoliths will also have 
increased in size. It follows that domestication can be tracked in the archaeobotani-
cal record by recording variations in the size of phytoliths. This approach has been 
used to suggest that squash from ca. 9000 BP in southwestern Ecuador (Piperno and 
Stothert 2003) and rice from ca. 4000 BP in southwestern Amazonia were undergo-
ing domestication (Hilbert et al. 2017). Beyond direct plant remains, the types of 
foods that humans consumed can be assessed by the proportions of stable isotopes 
of nitrogen and carbon in human bones (Lee-Thorp 2008).

Information on how plant management changed plant communities can also be 
gleaned from the analysis of pollen from lake or waterlogged sediments. Pollen 
assemblages deposited in such sediments are composed of the pollen from species 
growing around the sampling location and/or from pollen grains transported in by 
water or wind. Pollen datasets can document the introduction of exogenous plants, 
as well as changes in the proportions of different plant taxa in the vegetation that 
might be due to management (Maezumi et al. 2018; Carson et al. 2014). Further, 
modern vegetation communities can also be considered cultural artifacts, both from 
centenary trees and from the offspring of plants that grew in the same area, and they 
can be tools to assess past vegetation (Cassino et al. 2019).
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Fig. 2 Archaeological excavations at the Hatahara (1) open-air site in central Amazonia and the 
Lapa Pintada (2) rock shelter in the Cerrado. Examples of the diverse plant remains found are 
Genipa sp. (a) and Byrsonima sp. (b) wood charcoals; Dioscorea sp. (c, d) and Zea mays (e) starch 
grains, with (d) demonstrating the distinctive cross produced in starch by polarized light; Bactris 
sp. (f) phytolith; desiccated Hymenaea sp. (g) fruit rind; and desiccated Cucurbita sp. (h) and 
Passiflora sp. (i) seeds. [Credits: Val Moraes, Central Amazon Project (1), Caroline F Caromano (a 
& b), Leandro M Cascon (c–f), Myrtle P Shock (2, g–i)]
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All of these lines of evidence are complementary and refine our understanding of 
human diet, past, and present. Each of them has particular strengths for document-
ing different groups of plants: starch grains are useful to document the presence and 
use as food of carbohydrates-rich plant parts, especially roots, underground organs, 
and seeds; phytoliths are key for identifying grasses (including maize), palms, and 
squashes; charcoal frequently preserves identifiable characteristics of nut seed 
coats, some fruits, and palm seeds; pollen records catch mostly wind pollinated spe-
cies, like grasses; and current vegetation often reflects plant populations that were 
increased in frequency and distribution by human groups, but did not become repro-
ductively dependent on cultivation.

5  Food Plant Remains in Brazilian Archaeological Sites

Over the millennia of human occupation of South America, people constructed 
meaningful places by transforming the environment, building their homes, and 
attributing memories to the places they lived (Bowser and Zedeño 2009). A great 
diversity of cultural landscapes was created across the Brazilian biomes by past 
human occupations employing diverse cultural strategies. Resulting archaeological 
sites include rock shelters, fluvial and coastal shell mounds, open-air villages, earth-
works, such as mounds and geoglyphs, and pit houses (Fig. 1). The archaeological 
record of foodways is a result of human practices that spanned daily activities of 
food production and consumption, as well as ritualistic or symbolic practices. As 
archaeological sites were occupied by different cultures, at different moments in 
time, the accumulated plant remains may reflect different practices of plant manage-
ment, social contexts, and symbolic events (Klokler 2012). Further diversity is 
introduced by the local environment and temporal adoption of different foods. Here, 
we present archaeobotanical evidence of the use of food plants from sites across 
Brazil to highlight the diversity of foodways (see Table 1 for species information by 
site), histories of plant and landscape domestication, and human-mediated plant 
migrations. In this chapter, the chronological subdivisions of the Holocene follow 
Walker et al. (2018): Early Holocene ca. 11,700 BP to ca. 8300 BP, Middle Holocene 
ca. 8300 BP to ca. 4200 BP, and Late Holocene ca. 4200 BP to present.

5.1  Rock Shelters

Across Brazil, and the world, rock shelters often provide privileged records of 
human plant use due to the exceptional conditions of preservation. These are pro-
tected spaces of variable size in rock outcrops that were/are used for daily or spe-
cialized activities (Fig.  2.2). They may contain components of cultural 
communication in the form of rock art and frequently have archaeological deposits 
with extensive chronologies due to recurrent utilization. Within the geographic lay 
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of the land, rock shelters are permanent and frequently occur on hillsides, such that 
those people within would have greater visibility of the surrounding area. Brazilian 
rock shelters that have been studied archaeologically with botanical analyses are 
located in the savanna (Cerrado), the northeastern semi-arid shrubland (Caatinga), 
and eastern Amazonia.

The recurrent use of rock shelters by diverse human populations contributes to 
the long-term records of plant food use dating back to at least 12,000 years ago in 
Brazil. From between 12,000 and 9000 BP, people living at the Pedra Pintada rock 
shelter in eastern Amazonia (Pará state) consumed over a dozen different types of 
palm and tree fruits, including moriche/buriti (Mauritia flexuosa L.f.), tucumã 
(Astrocaryum vulgare Mart.), Brazil nut, nance (Brysonima spp.), and jutaí/jatobá 
(Hymenaea spp.) (Shock and Moraes 2019; Roosevelt et al. 1996; Roosevelt 1998). 
By the Late Holocene, cultivated maize and squash were introduced and the number 
of tree crops also increased to include cashew (Anacardium occidentale L.), hog 
plum (Spondias mombin L.), açaí (Euterpe oleracea Mart.), among others (Table 1) 
(Roosevelt 2000). Resource diversity is not only observed in remains of seeds and 
fruits. In the Caatinga, at the site of Furna do Estrago (Pernambuco state), human 
coprolites revealed the presence of phytoliths from a psychoactive plant 
(Anadenanthera colubrina (Vell.) Brenan) and starch from a bromeliad, macambira 
(Bromelia laciniosa Mart. ex Schult. & Schult.f.) (Santos 2014). Current indigenous 
groups produce flour from the leaves of this bromeliad to make a kind of bread, a 
practice that seems to have a deep history starting two thousand years ago, along-
side the consumption of cultivated maize, manioc, and sweet potato (Ipomoea bata-
tas (L.) Lam.).

Exceptional preservation can also lead to the identification of a greater variety of 
plants, including spices and other non-calorific plant parts, which may have been 
used less frequently. In the Cerrado of the state of Minas Gerais, dried plant remains 
from bowl-shaped pits included hundreds of pieces from a diversity of seeds and 
fruits that are not used in current diets, such as olho-de-boi (Mucuna sloanei Fawc. 
& Rendle), many of which have yet to be identified (Shock 2010). Also in the 
Cerrado, remains of pollen in coprolites and charcoal of seeds, fruits, and wood 
from late Holocene occupations in Santa Elina (Mato Grosso state) inform about 
food diversity in the diet and surrounding vegetation. The occurrence of manioc 
pollen suggests local plant cultivation alongside the consumption of babassu 
(Attalea speciosa Mart. ex Spreng.) and uricuri (Attalea phalerata Mart. ex Spreng.) 
palm nuts, and fruits like hog plum, jutaí/jatobá, ice-cream-bean (Inga spp.), and 
Annonaceae species (Chaves 2005; Scheel-Ybert and Solari 2005).

Beyond assessing agrobiodiversity, rock shelters with long depositional 
sequences allow for the tracing of chronological changes in material culture and the 
use of plants. The introduction of cultivated plants, for instance, may lead to new 
foods and ways of preparing them, as well as new choices about the management of 
such plants. These changes can be gradual or abrupt. In the state of Minas Gerais, 
the remains of seeds and fruits from the sites of Lapa dos Bichos and Lapa Pintada 
(Fig. 2.2) demonstrate the gradual adoption of cultivated plants arriving from other 
areas. This process starts with manioc and bottle gourds (Lagenaria siceraria 

M. F. Cassino et al.



137

(Molina) Standl.) at ca. 4300 BP, followed by maize at ca. 2000 BP, and peanut, 
squash, and beans from ca. 750 BP (Shock et al. 2013). In the same region, micro-
botanical remains from Early Holocene stone tools from Lapa Grande de Taquaraçu 
and Lapa do Santo attest to the use of stone artifacts for processing plants rich in 
carbohydrates, even though the taxonomic association of many starch grains is still 
unclear (Angeles Flores 2015; Angeles Flores et al. 2016; Ortega 2019). At Lapa do 
Santo, the starch grains are probably from sweet potatoes and yams (Dioscorea sp.), 
accompanied by phytoliths from palms, bamboos, and possibly Zingiberales rhi-
zomes, between 12,700 and 8000 BP (Ortega 2019).

Some of the plants recovered from rock shelters are not the result of food-related 
daily practices. One such example is Scleria spp. in the archaeological sites of Lapa 
dos Bichos, Lapa Pintada, and Pedra Pintada, where the seeds were used as beads 
(Shock 2010). Archaeobotanical analyses of some of these types of remains can 
contribute to understanding plants as representations in exceptional activities. In the 
state of Minas Gerais, many of the rock shelters have human burials. Early Holocene 
burials from Santana do Riacho contain food plant remains from jatobá (Hymenaea 
courbaril L.), pequi, and two types of palms that researchers suggest might either 
have been consumed during rituals in connection with the burial or included as 
accompaniments for the dead (Resende and Prous 1991).

5.2  Coastal and Fluvial Shell Mounds

Shell mounds are archaeological sites formed mainly through the intentional accu-
mulation of shells and sediments, and they also contain faunal and floral remains, 
cultural artifacts, hearths, and human burials. They were constructed and occupied 
by populations that were fishing, hunting, collecting, and cultivating plants and used 
the mounds for marking their identity on the landscape, for dwelling, camping, and 
for mortuary practices (Scheel-Ybert et al. 2003; Gaspar et al. 2008; Villagran 2010; 
Klokler 2012; Figuti et al. 2013; Pezo-Lanfranco et al. 2018).

In Brazil, shell mounds, or sambaquis, occur along the entire Atlantic coast, both 
near the coastline and in lagoons and estuaries, from the south of the state of Rio 
Grande do Sul to the state of Amapá (Imazio da Silveira and Schaan 2005). There 
are also fluvial sites, located along rivers in multiple drainage basins, notably from 
Amazonia and the Atlantic Forest. Choice of site locality was influenced geographi-
cally by the seasonality of river floods or tidal ebb. Shell mounds are diverse in 
relation to their antiquity, location, and material culture: the oldest ones in Brazil 
date from the transition from the Early to the Middle Holocene (Eggers et al. 2011; 
Pugliese et al. 2018), but different human groups occupied these landmarks until the 
colonial period (Bandeira 2013). Along the south coast of Brazil there are monu-
mental shell mounds, e.g., Jabuticabeira II, that measures 400 x 250 m (approxi-
mately 9 soccer fields) and is 6 m high (that of a standard two-story home) (Villagran 
2010), as well as very low sites. Some shell mounds present artifacts mainly from 
stone tool industries, while others also have large numbers of ceramic vessels. The 
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inhabitants of the shell mounds had foodways based on a diverse and rich diet (e.g., 
Colonese et al. 2014).

Analyses of human dental calculus from shell mounds along the northern coast 
of Santa Catarina (Enseada 1, Itacoara, Morro do Ouro, Forte Marechal Luz, and 
Jabuticabeira II) revealed evidence for the consumption of maize, sweet potatoes, 
yams, palm fruits, and araucaria nuts during the late Holocene (Wesolowski et al. 
2007; Wesolowski et al. 2010; Boyadjian 2012; Boyadjian et al. 2016). Starch grains 
from Jabuticabeira II show evidence of damage, supporting the functional identifi-
cation of polished stone artifacts as tools for macerating plant parts (Boyadjian 
2012; Boyadjian et  al. 2016). On the coast of the state of Rio de Janeiro, wood 
charcoal found in middle and late Holocene shell mounds (Forte, Salinas Peroano, 
Boca da Barra, Ponta da Cabeça, Beirada, and Pontinha) belong to many taxa that 
produce edible fruits (Table 1), such as Byrsonima sp., Pouteria sp., and Mouriri sp. 
(Scheel-Ybert 2000; Scheel-Ybert and Gaspar 2014), which suggests that firewood 
acquired in the surrounding domesticated landscapes reflects plants that were also 
used as food.

Fluvial shell mounds are constructed by the accumulation of terrestrial mollusks 
(Megalobulimus spp. or Pomacea spp.) and are generally of smaller dimensions 
than the coastal ones. In the state of São Paulo, ca. 60 km from the coast, carbon and 
nitrogen isotopes extracted from human bones found in burials at the Capelinha and 
Moraes sites, and dating from the early and middle Holocene, respectively, indicate 
a diet based on terrestrial fauna, with contributions from plants with a C3 isotopic 
signature, which may include tubers, legumes, and many shrubs and trees (Eggers 
et al. 2011; Colonese et al. 2014). Further analyses at Moraes were carried out on 
phytoliths and starch grains from dental calculus that indicate the consumption of 
starchy plants, including yams and sweet potatoes (Boyadjian 2007).

In Amazonia, fluvial shell mounds contain the earliest ceramic remains in South 
America, anthropic soils, and some of the oldest remains of cultivated plants. They 
are concentrated in three areas: (i) at the mouth of the Amazon River, on Marajó 
Island, and in coastal estuaries from present-day French Guiana to the state of 
Maranhão; (ii) in the region between the floodplains of the Amazon, Tapajós and 
Xingu rivers; and (iii) in the seasonally flooded savannas of southwestern Amazonia, 
between the Guaporé wetlands and the Bolivian Llanos de Mojos (Lombardo et al. 
2013; Hilbert et al. 2017; Watling et al. 2018; Furquim et al. 2021).

Bolivian shell mounds revealed the early consumption of manioc, leren tubers 
(Calathea sp.), and squash dated to ca. 10,500 BP (Lombardo et al. 2020), which 
supports genetic studies that posit southwestern Amazonia as a center for early plant 
domestication and experimentation (Clement et al. 2016). On the Brazilian side of 
the seasonally flooded savannas, the inhabitants of the Monte Castelo shell mound 
(middle to late Holocene) managed different ecosystems, such as forests and savan-
nas, which supplied tree species, such as Brazil nut, nance, and cacao relatives 
(Theobroma sp.), as well as palms, such as tucumã (Astrocaryum sp.) and moriche/
buriti (Furquim et al. 2021). From ca. 5800 BP, they also began to consume squash, 
maize, and wild rice (Oryza sp.). Over time, these groups developed strategies for 
harvesting and selecting native Amazonian rice, characterizing the beginning of its 
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domestication (Hilbert et al. 2017). The cultivation of such species is influenced by 
their ecology and the local seasonality: rice could be managed during the flood and 
harvested as waters began to recede, whereas maize and squash could be grown on 
mounds or following the receding flood waters.

On Marajó Island, the Tucumã shell mound shows two distinct late Holocene 
diets, the first associated with shell rich sediments and the second with anthropic 
soils. The first occupation, dated from 4400 to 1600 BP, and associated with the 
earliest ceramics of the region, has a phytolith assemblage showing that maize and 
squash were consumed from the beginning of the occupation (Hilbert 2017). Maize, 
however, is not present in the later occupation with anthropic soils and dated to 1600 
BP. These changes in diet also included a lower presence of squash phytoliths with 
sizes comparable to domesticated squash and the increasing presence of palm phy-
toliths. Hilbert (2017) suggests that these changes are connected to a shift in food 
production strategies and the incorporation of palm species in dietary practices. At 
Tucumã shell mound, wild rice was present in the landscape, as evidenced by rice 
phytoliths in natural soil profiles, but contrary to what happened at Monte Castelo, 
it was not domesticated or incorporated into the local diet (Hilbert 2017).

The diversity in the adoption of plants within regional diets, as exemplified by 
the adoption of rice at Monte Castelo and not at Tucumã, even when available in the 
ecological settings, highlights that specific food choices are related to local social 
practices. Some shell mound occupations present evidence for cultivation and con-
sumption of a select range of species, while others present stronger tendencies for 
the use of a wide variety of plants.

5.3  Open-Air Sites in Brazilian Amazonia

Over 6500 archaeological sites have been identified in Brazilian Amazonia to date. 
The first records of human populations in the region date back to 14,000 BP, 
although the last two millennia showed a considerable increase in human occupa-
tions (Tamanaha 2018). Most Brazilian Amazonian sites were open-air villages, 
some of them including earthworks, such as the geoglyphs of Southwest Amazonia 
and the tesos (earthen mounds) of Marajó Island. More than half of Amazonian sites 
have anthropic dark earths (ADEs; Fig. 2.1) (Tamanaha 2018), soils formed by the 
disposal of organic waste in middens, which mark long human permanence and 
high population density (Arroyo-Kalin 2017; Neves and Petersen 2006). These soils 
appear in archaeological sites in great frequency starting ca. 3000 BP; however, 
there is evidence of ADEs from ca. 7500 BP in the upper Madeira River (Zuse 2014).

At the Teotônio site, along the upper Madeira River, where human occupation 
was continuous for almost 10,000  years, phytoliths from the early and middle 
Holocene identified the early presence of cultigens, such as manioc, squash, beans, 
and other roots and tubers (Watling et al. 2018). Dating to the same period, archaeo-
botanical evidence of edible fruits such as piquiá (Caryocar sp.), Brazil nut, guava 
(Psidium sp.), and several palm genera demonstrate that local foodways also 
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depended upon fruit and nut trees (Watling et  al. 2018). Since culture is highly 
dynamic, local plant exploitation strategies and foodways varied during the long- 
term human occupations of the site, and new crops, such as maize, sweet potato, 
yam, and arrowroot, were introduced during the late Holocene (Watling et al. 2020).

Crop cultivation was an important source of food in Amazonia, even in interflu-
vial areas without dark earths. At geoglyphs in the upper Purus River basin, phyto-
lith analysis of sediments from the last 1500 years of pre-Columbian occupation 
shows that local foodways were based on the consumption of different parts of 
non-woody plants and shrubs, both cultivated and not, including maize, squash, 
Heliconia sp., and Celtis sp. (Watling et al. 2015), as well as fruit trees and palms, 
such as Brazil nut, hog plum, uricuri, and peach palm (Bactris gasipaes Kunth) 
(Pärssinen et  al. 2020). The considerably smaller size of archaeological fruits of 
Brazil nut and uricuri, compared to modern ones, suggests a continuous selection 
for larger fruits over time, in a long process of coupled plant and landscape domes-
tication (Pärssinen et al. 2020).

The combination of food production systems and the exploitation of plants along 
forest trails transformed the Amazonian landscapes (e.g., Watling et  al. 2017). 
Today, the richness and abundance of domesticated trees and palms is higher around 
Amazonian archaeological sites (Levis et al. 2017). In the lower Tapajós River, for 
example, agroforestry systems were developed since 4500 BP, combining the culti-
vation of annual crops, such as maize, sweet potato, manioc, and other roots and 
tubers, with the progressive enrichment of edible forest species, such as piquiá and 
many palms (Maezumi et al. 2018; Troufflard and Alves 2019).

Since food consumption and landscape transformations are intimately related, 
botanical remains from the surroundings of ancient human settlements can provide 
further information about local foodways. In a late Holocene occupation at the 
Hatahara site (Fig. 2.1) in Central Amazonia, wood charcoal from several taxa pro-
ducing edible fruits, including Spondias sp., Genipa sp., and Byrsonima sp., suggest 
that firewood was being collected in anthropogenic environments around the village 
that were enriched by plants that were also used as food (Scheel-Ybert et al. 2016; 
Caromano et al. 2013). In the same archaeological context, phytoliths of many crops 
and palms, such as moriche/buriti, patauá (cf. Oenocarpus bataua Mart.), and açaí 
were identified (Bozarth et al. 2009; Caromano et al. 2013; Cascon 2010).

At many other late Holocene Amazonian sites, the remains of cultigens, such as 
maize and tubers, are generally found together with a broad variety of fruit species, 
especially palms (Silva et  al. 2016). In Central Amazonia, at the Caldeirão site, 
manioc and maize were identified in association with palm remains, notably peach 
palm. In the middle Solimões River, Brazil nut, cacao (Theobroma sp.), tucumã 
(Astrocaryum sp.), and other fruits were found in association with maize cultivation 
(Cassino 2018). Brazil nut is widespread in the archaeological record, as it is also 
found in the lower Rio Negro, the middle Rio Unini, and the lower Amazon (Shock 
et al. 2014). In Eastern Amazonia, on Marajó Island, açaí, tucumã, Inga spp., and 
Sterculia spp. were consumed (Roosevelt 1989).
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Archaeobotanical data suggest that, since the beginning of human occupation in 
Amazonia, people started managing native fruit species and, very early on, initiated 
the dynamics that eventually brought about the domestication of numerous species 
(Roosevelt et al. 1996; Shock and Moraes 2019; Watling et al. 2018). Although in 
some periods a given species might have been more important in some local diets, 
such as manioc in the Xingu basin (Heckenberger 1998) or maize in late occupa-
tions along many Amazonian rivers (Watling et  al. 2020), archaeobotanical data 
from Brazilian Amazonia show that pre-colonial indigenous peoples had rich and 
diversified diets, arising from the association of domesticated crops and a great 
variety of palms and fruit trees, produced in horticultural and agroforestry systems 
and from fruit exploitation in the forest (Shepard Jr. et al. 2020). Through thousands 
of years these food systems have guaranteed long-term food security despite climate 
and social changes (Maezumi et al. 2018).

5.4  Pit Houses in the Southern Brazilian Highlands

Pit houses are part of a wide range of earthwork constructions of different forms and 
sizes found in the Southern Brazilian Highlands, including enclosures in circular 
and elliptical shapes formed by causeways, mounds, as well as a variety of subter-
ranean structures used for food processing, storage, and various types of hearths and 
kilns. The diameters of pit structures vary from 2 to 20 m; however most are less 
than 5  m across. While they may occur in isolation, pit structures are normally 
found together in groups, some of which are composed of over a hundred structures 
(Corteletti et al. 2016). These archaeological sites are located on hill tops or high 
ridges, at elevations that vary from 600 m to 1800 m. Archaeological data from 
several excavations in the Brazilian states of Paraná, Rio Grande do Sul, and Santa 
Catarina, as well as frontier regions with Argentina and Paraguay, dated the appear-
ance of these structures to the late Holocene, ca. 2200 BP, and they were used until 
the colonial period (Iriarte et al. 2008). There was a peak of these settlements at ca. 
950 BP, marked by population growth, more intensive food-production systems, 
and long-distance human migrations (Iriarte et al. 2008). These diverse archaeologi-
cal structures have been associated with Southern Jê speaking indigenous popula-
tions. Their descendants are the Kaingang and the Laklãnõ Xokleng, who still live 
in the region today, although in restricted territories.

Sites where earthen enclosures are found are usually associated with central 
mounds that were used as funerary contexts (Iriarte et al. 2008). These may have 
been ceremonial spaces due to their formal layout and the lack of domestic remains 
(Iriarte et  al. 2008). Symbolic consumption of a fermented beverage made from 
maize and honey during mourning was documented among the Kaingang people in 
historical accounts (Métraux 1946). Cremation practices were common among 
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some of the Jê people in the pre-Columbian period and were historically docu-
mented within the Laklãnõ Xokleng before Christianization. Distinct from the 
mound/enclosure complexes, domestic subterranean structures have circular forms, 
sometimes presenting “benches” on one or more levels along the walls. Evidence 
for ceilings is found in postholes that mark where supporting beams entered the 
floor. Hearths are frequent on the lowest level of the dwellings, along with thin 
ceramic sherds, some stone tool remains, and charred araucaria nuts.

Archaeobotanical analysis of microscopic remains from ceramic vessels found 
in such domestic contexts in the Santa Catarina highlands identified the consump-
tion of maize and other domesticated plants, such as beans, squash, and manioc 
(Corteletti et al. 2016). The authors suggest that the gathering of edible fruit from 
trees, such as goiabeira-serrana (Acca sellowiana (O.Berg) Burret), jabuticaba 
(Plinia trunciflora (O.  Berg) Kausel), guabiroba (Campomanesia sp.), araçá 
(Psidium sp.), custard apple (Annona sp.), queen palm (Syagrus romanzoffiana 
(Cham.) Glassman), jelly palm (Butia capitata (Mart.) Becc.), and wolly jelly palm 
(Butia eriospatha (Mart. ex Drude) Becc.), as well as hearts of palm from juçara 
(Euterpe edulis Mart.) could also have had important roles in the local diet. Although 
these were not identified in the archaeobotanical record, they were reported as food 
in historical accounts about Kaingang and Laklãnõ Xokleng people (Corteletti et al. 
2016). Such fruits and palms have strong cultural and symbolic significance among 
the Kaingang and the Laklãnõ Xokleng today. They are also indicators of their tra-
ditional knowledge of environmental management and landscape domestication. 
For example, for the Laklãnõ Xokleng, who live in the Upper Itajaí Valley, guava 
trees are important landscape references. The tree gives its name to their villages, 
and, in historical times, it marked the rhythm of their mobility as the cycle of fruit 
production played an important role in attracting game animals to feed on the fruits 
(Machado 2016). Knowledge about cultivated plants is also very important, as dem-
onstrated among the Kaingang, through the existence and evaluation of origin his-
tories (myths) for maize, beans, and squash (Borba (1908) apud Corteletti 
et al. 2016).

The strong relationships among indigenous cultures and their forests are well 
represented by another food, araucaria nuts. For modern and historically docu-
mented Southern Jê People, araucaria nuts are not only made into highly nutritious 
flour, bread, and beverages, but the araucaria tree has strong cultural significance 
(Noelli 1999; Reis et al. 2014). It is part of the process of transforming the forest in 
their cultural territory. The distribution of araucaria forests expanded in association 
with the Southern Jê populations and pit houses in pre-colonial times (Noelli 1999). 
Paleopalynological analyses indicate the rapid expansion of the Araucaria forests 
over the high grasslands between 1500 and 800 BP (Reis et al. 2014). As mentioned 
earlier, this expansion was associated with cultural forest management, through 
transport, storage, and processing of the seeds (Reis et al. 2014), which increased 
the availability of this important food for the Jê populations (Iriarte and Behling 
2007; Corteletti et al. 2016).
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6  Brazilian Food Plants and Their Migrations

In Brazil, migrations and trade among pre-colonial populations are associated with 
the dispersal of many plant species, such as araucaria (Iriarte and Behling 2007), 
Brazil nut (Shepard Jr. and Ramirez 2011), pequi (Smith and Fausto 2016), and 
moriche/buriti (Rull and Montoya 2014). Cacao (Theobroma cacao L.), for exam-
ple, is well-known for its importance in Mesoamerica, where chocolate originated. 
However, its center of diversity is in western Amazonia (Fig.  1) (Thomas et  al. 
2012), where it is found in archaeological contexts in Ecuador from ca. 5300 BP 
(Zarrillo et al. 2018). The first archaeological evidence of early cacao beverages in 
Mesoamerica dates to before 3000 BP, in the Mayan culture (Henderson et al. 2007). 
Changes in the forms and decorations of Mesoamerican ceramic vessels across time 
suggest that beverages from cacao were initially produced by fermenting the sweet 
pulp surrounding the seeds, similar to the way it was consumed in Amazonia, fol-
lowed later by the production of nonalcoholic chocolate beverages from fermented 
cacao seeds (Henderson et al. 2007).

Pre-colonial Native Americans dispersed many domesticated crops very early in 
time. Manioc was domesticated in southwestern Amazonia (Fig.  1) (Olsen and 
Schaal 1999), and its early dispersal is shown by archaeobotanical records, which 
date back to ca. 8000 BP in coastal Peru (Pearsall 1992) and ca. 7000 BP in Panama 
(Piperno and Holst 1998), and linguistic reconstructions suggest it arrived in Mexico 
by 6500 BP (Brown et al. 2013b). Likewise, and in the opposite direction, maize, 
domesticated by 9000 BP in lowland Mexico (Piperno et al. 2009), was identified in 
archaeobotanical remains as early as ca. 7500 BP in Panama (Piperno et al. 1985) 
and ca. 6500 BP in Coastal Peru (Grobman et al. 2012) and Amazonia (Brugger 
et al. 2016). Genetic analyses suggest that this introduced maize further diversified 
in southwestern Amazonia (Kistler et al. 2018). The complex domestication history 
of maize is an example of how multiple waves of human-mediated dispersal can be 
responsible for the diversity and biogeography of many South American domesti-
cated species. This is also the case of peanut, domesticated in Central Brazil (Fig. 1), 
but identified in the archaeobotanical record of early food production systems in 
coastal Peru, where peanut populations with a mixture of wild and domesticated 
features were being cultivated by 8000 BP (Piperno and Dillehay 2008).

After the arrival of European colonizers in the Americas, another series of bio-
cultural exchanges began, leading to at least three centuries of intensive transatlan-
tic plant migrations, which are responsible for the widespread dispersal of South 
American crops and spices to other continents. This process, known as the 
Columbian Exchange (Crosby 2003), fueled the dietary enrichment that influenced 
European demographic expansion, at the expense of the ethnocide of circa 95% of 
the Amerindian population (Koch et al. 2019). Manioc, already described as a staple 
food by the first European adventurers, as reported by Gaspar de Carvajal from an 
expedition in the Amazon River between 1540 and 1542 (Medina 1934), was one of 
the main cultivars traded overseas. Due to its adaptation to diverse climates, alti-
tudes, and soils, manioc is now cultivated from the Balkans to former European 
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colonies in Asia and Africa (e.g., India, Nigeria, Congo, and Mozambique). Today 
it is one of the most important sources of energy in many African countries 
(Lebot 2009).

The spread of the European world system was led by the hunt for valuable spices, 
foods, and medicines. Numerous Portuguese, Spanish, Dutch, French, and English 
commercial expeditions of the colonial period searched for the “drugs from the 
hinterland,” American forest spices and other natural products. Among the most 
pursued species were the Amazonian clove or clove-wood (Dicypellium caryophyl-
laceum (Mart.) Nees), known since the seventeenth century for its similarity with 
the Indian clove (Syzygium aromaticum (L.) Merr. & L.M. Perry); the Amazonian 
cinnamon or precious-bark (Aniba canelilla (Kunth) Mez), whose properties were 
described by the botanist Alexander von Humboldt in the XVIII century (Donini 
et al. 2017); and guaraná (Paullinia cupana Kunth), a stimulant domesticated by the 
Sateré-Mawé indigenous people, probably ca. 1000 BP in the Amazon-Tapajós 
interfluve (Fig. 1) (Atroch et al. 2012; Clement et al. 2010). One of the most impor-
tant South American spices/vegetables that became globally prominent are the fruits 
and seeds of the Capsicum genus (hot and sweet peppers), including C. frutescens 
(used in Tabasco sauce), C. chinensis (used in curry recipes) and C. baccatum (pop-
ular in southern Brazil), all domesticated in Amazonia (Clement et al. 2010; Bruno 
2019; Chiou and Hastorf 2014).

7  Final Considerations

Humans construct, modify and regulate their environments, and their experiences 
maintain and update traditional knowledge of the ecosystems where they live. Our 
species, over time, has engaged in wide-ranging environmental modifications and 
niche construction through our agency and cultural practices. Botanical remains 
from archaeological contexts across Brazil provide information about the diversity 
of traditional foodways and their development, which was interwoven by cultural 
practices into the varying ecological settings of the country. The archaeological 
examples demonstrate long-term histories of management practices and plant 
domestication, changes in uses of plant resources over time, how people’s cultural 
choices created diverse cuisines and diets even when groups were living in similar 
ecosystems, and how some of these diets were based on a great variability of vege-
table resources while others were more specialized on a few plants. The consump-
tion of a variety of wild and domesticated plant resources and the processes involved 
with how they were/are brought into food production systems was/is informed by 
traditional ecological knowledge. In Brazil, the rich agrobiodiversity demonstrates 
how many more species were, and are, consumed by indigenous populations than 
those that can be found today in supermarkets. Some of these foods and spices could 
be more widely introduced into current foodways to be enjoyed by more people and 
to encourage healthier diets.
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Local food plants of Brazil are a cultural heritage. While some of this heritage is 
currently shared across Brazilian society, or even across the world, Brazilian indig-
enous peoples and traditional communities remain the essential guardians of this 
legacy. These peoples, through their ways of life and the knowledge accumulated 
over the millennia of occupation of the American continent, maintain the cultural 
landscapes that support this great diversity of plant foods. Therefore, they are essen-
tial to the preservation of food quality and health that are rooted in this diversity. 
Their agro-ecological practices, which produce agrobiodiversity and rich and resil-
ient foodways, are in stark contrast with modern agribusinesses that are focused on 
monocultures, threaten biodiversity, and place a multiplicity of cultures and ways of 
life at great risk.

Today, the breadth and depth of the long-term relationship between indigenous 
peoples and plants has attracted the attention of scientists and policy makers that are 
interested in maintaining biodiversity and developing sustainable and resilient food 
production systems for future human populations. Since this territory, today called 
Brazil, has been occupied throughout several millennia, archaeology’s contribution 
to a historical perspective is key to interpreting the dynamics underlying the lasting 
ecological changes of landscape domestication. While the archaeological record 
will always contain only a fraction of history and the species that were utilized, it 
helps us to understand long term cultural choices and their effects on the environ-
ment and to appreciate the value of producing and maintaining biological and cul-
tural diversity.

Table 1 Food plants found in archaeological sites, ordered by the numbering used in Fig.  1. 
Analyzed archaeobotanical remains are identified by type: D, dried plant; NWC, non-wood 
charcoal; PH, phytolith; PO, pollen; S, starch; WC, wood charcoal. Radiocarbon dates are 
approximate and, when available, preference was given to calibrated dates. Species do not 
necessarily occur throughout the entire range of dates analyzed by the authors

Archaeological site – type 
of remain (reference) Date Plants

1. Furna do Estrago – PH, 
PO, S (Santos 2014)

1860–
1610 BP

Herbs: Bromelia laciniosa, Ipomoea batatas, Manihot 
esculenta, Zea mays, Solanum sp., Cucurbitaceae 
A.Juss., Poaceae Barnhart, Solanaceae A.Juss.
Trees, shrubs, and palms: Anadenanthera colubrina, 
Byrsonima sp., Eugenia sp., Licania sp., Matayba sp., 
Neea sp., Sebastiania sp., Syagrus sp., Anacardiaceae 
R.Br., Apocynaceae Juss., Arecaceae Schultz Sch., 
Combretaceae R.Br., Fabaceae Lindl., Malvaceae Juss., 
Myrtaceae Juss., Rutaceae A.Juss.

2. Santana do Riacho – D, 
NWC (Resende and Prous 
1991)

4500 
BP–
modern

Herbs: Lagenaria siceraria (Molina) Standl., Zea 
mays
Trees, shrubs, and palms: Caryocar brasiliense, 
Hymenaea courbaril, Oenocarpus bataua, Sterculia 
apetala (Jacq.) H.Karst., Syagrus coronata (Mart.) 
Becc., Astrocaryum sp., Myrtaceae

2. Santana do Riacho – D, 
NWC (Resende and Prous 
1991)

8000–
5000 BP

Trees, shrubs, and palms: Sterculia apetala, Syagrus 
coronata, Astrocaryum sp.

(continued)
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Table 1 (continued)

Archaeological site – type 
of remain (reference) Date Plants

2. Santana do Riacho – D, 
NWC (Resende and Prous 
1991)

10,000–
8000 BP

Trees, shrubs, and palms: Caryocar brasiliense, 
Hymenaea courbaril, Syagrus coronata, Astrocaryum 
sp.

3. Lapa do Santo – PH, S 
(Ortega 2019)

12,700–
8000 BP

Herbs: Ipomoea batatas, Dioscorea sp., Bambusoideae 
Luerss., Zingiberales.
Trees, shrubs, and palms: Arecaceae

4. Lapa dos Bichos – D, 
NWC (Shock 2010; Shock 
et al. 2013)

750–150 
BP

Herbs: Arachis hypogaea, Manihot cf. esculenta, 
Phaseolus vulgaris, Zea mays, Chromolaena sp., 
Cucurbita sp., Lagenaria sp., Lasiacis sp., Passiflora 
sp., Trichogonia sp., Eupatorieae Cass., Gnaphalieae 
Cass. ex Lecoq & Juill., Vernonieae Cass., Asteraceae 
Bercht. & J.Presl., Bromeliaceae Juss., Poaceae, 
Solanaceae
Trees, shrubs, and palms: Alibertia edulis (Rich.) 
A. Rich., Bixa orellana L., Caryocar brasiliense, 
Guazuma ulmifolia Lam., Mucuna sloanei, Spondias 
mombin, Spondias tuberosa Arruda, Syagrus cf. 
oleracea, Alibertia sp., Annona sp., Byrsonima sp., 
Ficus sp., Hymenaea sp.

4. Lapa dos Bichos – D, 
NWC (Shock 2010; Shock 
et al. 2013)

2000–750 
BP

Herbs: Manihot cf. esculenta, Zea mays, Lagenaria 
sp., Passiflora sp., Solanaceae
Trees, shrubs, and palms: Spondias mombin, 
Spondias tuberosa, Syagrus cf. oleracea, Hymenaea 
sp.

4. Lapa dos Bichos – D, 
NWC (Shock 2010; Shock 
et al. 2013)

4250–
2000 BP

Herbs: cf. Manihot esculenta, cf. Phaseolus lunatus, 
Lagenaria sp., Solanaceae
Trees, shrubs and palms: Caryocar brasiliense, 
Spondias tuberosa, Syagrus cf. oleracea, Hymenaea 
sp.

4. Lapa dos Bichos – D, 
NWC (Shock 2010; Shock 
et al. 2013)

6500–
4250 BP

Herbs: Poaceae
Trees, shrubs, and palms: Hymenaea sp., Syagrus cf. 
oleracea

5. Lapa Pintada – D, NWC 
(Shock 2010; Shock et al. 
2013)

1200 BP 
and 800 
BP

Herbs: Manihot cf. esculenta, Zea mays, Lagenaria 
sp., Lasiacis sp., Passiflora sp., Vernonieae, Asteraceae, 
Solanaceae
Trees, shrubs, and palms: Caryocar brasiliense, 
Guazuma ulmifolia, Syagrus cf. oleracea, Annona sp., 
Byrsonima sp., Hymenaea sp., Myrciaria sp.

5. Lapa Pintada – D, NWC 
(Shock 2010; Shock et al. 
2013)

4400 BP 
and 4300 
BP

Herbs: Manihot cf. esculenta, Lagenaria sp., 
Passiflora sp.
Trees, shrubs, and palms: Caryocar brasiliense, 
Syagrus cf. oleracea, Hymenaea sp.

5. Lapa Pintada – D, NWC 
(Shock 2010)

7000 BP Trees, shrubs, and palms: Hymenaea sp., Syagrus cf. 
oleracea

6. Lapa Grande de 
Taquaraçu – S, NWC 
(Angeles Flores 2015; 
Angeles Flores et al. 2016)

11,400–
9000 cal 
BP

Herbs: Dioscorea sp.
Trees, shrubs, and palms: Arecaceae

(continued)
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Table 1 (continued)

Archaeological site – type 
of remain (reference) Date Plants

7. Santa Elina – PO 
(Chaves 2005)

400 cal 
BP

Herbs: Asteraceae, Poaceae
Trees, shrubs, and palms: Licania sp., Sebastiania 
sp., Apocynaceae, Combretaceae, Fabaceae – 
Mimosoideae, Melastomataceae A.Juss., Myrtaceae, 
Rubiaceae Juss., Rutaceae

7. Santa Elina – PO, WC, 
NWC (Chaves 2005; 
Scheel-Ybert and Solari)

4000–
2000 cal 
BP

Herbs: Manihot sp., Bromeliaceae, Poaceae
Trees, shrubs, and palms: Acrocomia aculeata (Jacq.) 
Lodd. ex Mart., Anacardium humile A.St.-Hil., Attalea 
phalerata, Attalea vitrivir Zona, Caryocar brasiliense, 
Dipteryx alata Vogel, Guazuma ulmifolia, Guettarda 
viburnoides Cham. & Schltdl., Hymenaea stigonocarpa 
Mart. ex Hayne, Hymenaea courbaril, Protium 
heptaphyllum (Aubl.) Marchand, Ficus sp., Inga spp., 
Lecythis sp., Matayba sp., Neea sp., Spondias sp., 
Anacardiaceae, Annonaceae, Apocynaceae, Arecaceae, 
Fabaceae, Myrtaceae, Rubiaceae, Sapotaceae Juss.

8. Pedra Pintada – NWC 
(Roosevelt 1998; Roosevelt 
et al. 1996; Shock and 
Moraes 2019)

12,400–
9000 cal 
BP

Trees, shrubs, and palms: Astrocaryum vulgare, 
Attalea microcarpa Mart., Attalea spectabilis Mart., 
Bertholletia excelsa, Byrsonima crispa A.Juss., 
Hymenaea c.f. parvifolia or oblongifolia, Mauritia 
flexuosa, Mouriri apiranga Spruce ex Triana, 
Oenocarpus cf. bacaba, Sacoglottis guianensis Benth., 
Talisia esculenta (Cambess.) Radlk., Vitex cf. cymosa, 
Acrocomia sp., Astrocaryum sp., Attalea sp.

8. Pedra Pintada - NWC 
(Roosevelt 2000)

800–500 
BP

Herbs: Casimirella rupestris (Ducke) R.A.Howard, 
Passiflora nitida Kunth, Zea mays, Cucurbitaceae
Trees, shrubs, and palms: Acrocomia aculeata, 
Anacardium occidentale L., Anacardium giganteum 
W.Hancock ex Engl., Antrocaryon amazonicum 
(Ducke) B.L.Burtt & A.W.Hill, Astrocaryum vulgare, 
Attalea microcarpa, Attalea spectabilis, Bertholletia 
excelsa, Byrsonima crassifolia (L.) Kunth, Byrsonima 
crispa, cf. Endopleura uchi (Huber) Cuatrec., Euterpe 
oleracea, Hymenaea courbaril, Hymenaea oblongifolia 
Huber, Hymenaea parvifolia Huber, Mauritia flexuosa, 
Mauritiella armata (Mart.) Burret, cf. Mezilaurus 
itauba (Meisn.) Taub. ex Mez, Mouriri apiranga, 
Moutabea chodatiana Huber, Norantea guianensis 
Aubl., Sacoglottis guianensis, Spondias mombin, 
Syagrus cocoides Mart., Talisia esculenta, Vitex 
cymosa Bertero ex Spreng., Coccoloba sp.

9. Sambaqui Salinas 
Peroano – WC (Scheel- 
Ybert 2000; Scheel-Ybert 
and Gaspar 2014)

4800–
1700 cal 
BP

Trees, shrubs, and palms: Actinostemon sp., Condalia 
sp., Cupania sp., aff. Duguetia, Inga spp., Pouteria sp., 
cf. Swartzia sp., Annonaceae, Arecaceae, Myrtaceae

(continued)
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Table 1 (continued)

Archaeological site – type 
of remain (reference) Date Plants

10. Sambaqui da Ponta da 
Cabeça – WC (Scheel- 
Ybert 2000; Scheel-Ybert 
and Gaspar 2014)

3450–
2000 cal 
BP

Trees, shrubs, and palms: Actinostemon sp., 
Byrsonima sp., Condalia sp., Cupania sp., aff. 
Duguetia, Inga sp., Pouteria sp., Zollernia sp., 
Arecaceae, Chrysobalanaceae R.Br., Myrtaceae

11. Sambaqui Boca da 
Barra – WC (Scheel-Ybert 
2000; Scheel-Ybert and 
Gaspar 2014)

4050–
1280 cal 
BP

Trees, shrubs, and palms: Actinostemon sp., Condalia 
sp., Cupania sp., aff. Duguetia, Inga spp. Pouteria sp., 
Zollernia sp., Annonaceae, Arecaceae, Myrtaceae

12. Sambaqui da Beirada – 
WC (Scheel-Ybert, 2000; 
Scheel-Ybert & Gaspar 
2014)

4700–
3770 cal 
BP

Trees, shrubs, and palms: Byrsonima sp., Condalia 
sp., Cupania sp., aff. Duguetia, Inga sp., Pouteria sp., 
Arecaceae, Fabaceae, Myrtaceae

13. Sambaqui da 
Pontinha – WC (Scheel- 
Ybert 2000; Scheel-Ybert 
and Gaspar 2014)

2250–
1630 cal 
BP

Trees, shrubs, and palms: Actinostemon sp., 
Byrsonima sp., Condalia sp., Cupania sp., aff. 
Duguetia, Pouteria sp., cf. Swartzia sp., Zollernia sp., 
Annonaceae, Arecaceae, Fabaceae, Myrtaceae

14. Sambaqui do Meio – 
WC (Scheel-Ybert 2000; 
Scheel-Ybert and Gaspar 
2014)

5500 cal 
BP

Trees, shrubs, and palms: Araucaria angustifolia, 
Actinostemon sp., Cupania sp., aff. Duguetia, Zollernia 
sp., Inga sp., Pouteria sp., Fabaceae, Myrtaceae

15. Sambaqui do Forte – 
WC (Scheel-Ybert 2000; 
Scheel-Ybert and Gaspar 
2014)

5900–
1800 cal 
BP

Trees, shrubs, and palms: Actinostemon sp., 
Byrsonima sp., Cupania sp., Condalia sp., aff. 
Duguetia, Erythroxylum sp., Inga spp., Mouriri sp., 
Pouteria sp., cf. Swartzia sp., Zollernia sp., 
Annonaceae, Arecaceae, Chrysobalanaceae, Fabaceae, 
Myrtaceae

16. Moraes – PH, S 
(Boyadjian 2007)

5900–
4500 BP

Herbs: Ipomoea batatas, Dioscorea sp.

18. Enseada I – PH, S 
(Wesolowski et al. 2007; 
Wesolowski et al. 2010)

ca. 1390 
BP

Herbs: Ipomoea batatas, Zea mays, Poaceae
Trees, shrubs, and palms: Araucaria angustifolia

19. Forte Marechal Luz – 
PH, S (Wesolowski et al. 
2007; Wesolowski et al. 
2010)

ca. 
1110–850 
BP

Herbs: Ipomoea batatas, Poaceae
Trees, shrubs, and palms: Araucaria angustifolia

20. Morro do Ouro – PH, S 
(Wesolowski et al. 2007; 
Wesolowski et al. 2010)

ca. 4030 
BP

Herbs: Ipomoea batatas, Dioscorea sp., Poaceae

21. Itacoara – PH, S 
(Wesolowski et al. 2007; 
Wesolowski et al. 2010)

ca. 550 
BP

Herbs: Ipomoea batatas, Zea mays, Poaceae
Trees, shrubs, and palms: Araucaria angustifolia, 
Arecaceae

(continued)
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Table 1 (continued)

Archaeological site – type 
of remain (reference) Date Plants

22. Jabuticabeira II – PH, 
S, WC (Boyadjian 2007; 
Boyadjian 2012; Scheel- 
Ybert and Gaspar 2014; 
Boyadjian et al. 2016)

2950–
1700 cal 
BP

Herbs: Ipomoea batatas, Zea mays, Calathea sp., 
Dioscorea sp., Poaceae
Trees, shrubs, and palms: cf. Eugenia uniflora L., 
Colubrina sp., Cupania sp., Ficus sp., Mouriri sp., 
Pouteria sp., Anacardiaceae, Annonaceae, Arecaceae, 
Chrysobalanaceae, Euphorbiaceae Juss., Fabaceae, 
Myrtaceae, Rubiaceae

23.Tucumã – PH (Hilbert 
2017)

ca. 
1650 cal 
BP

Herbs: Cucurbita sp., Oryza sp., Asteraceae, 
Marantaceae R.Brown, Poaceae
Trees, shrubs, and palms: Celtis sp., Annonaceae, 
Arecaceae

23.Tucumã – PH (Hilbert 
2017)

4300–
1650 cal 
BP

Herbs: Cucurbita sp., Oryza sp., Zea mays, 
Asteraceae, Marantaceae, Poaceae
Trees, shrubs, and palms: Celtis sp., Annonaceae, 
Arecaceae

24. Monte Castelo PH, 
NWC (Furquim et al. 
2021; Hilbert 2017; Hilbert 
et al. 2017)

6000–
700 cal 
BP

Herbs: Cucurbita sp., Oryza sp., Zea mays, 
Asteraceae, Marantaceae, Poaceae
Trees, shrubs, and palms: Bertholletia excelsa, 
Mauritia flexuosa, Astrocaryum sp., Byrsonima sp., 
Celtis sp., Theobroma sp., Annonaceae, Arecaceae

25. Isla del Tesoro – PH 
(Lombardo et al. 2020)

8800–
4100 cal 
BP

Herbs: Zea mays, c.f. Calathea sp., Cucurbita sp., 
Heliconia sp., Manihot sp., Oryza sp., Bambusoideae, 
Cyperaceae, Marantaceae
Trees, shrubs, and palms: Celtis sp., Arecoideae

26. Isla Manechi – PH 
(Lombardo et al. 2020)

13,900– 
5000 cal 
BP

Herbs: Zea mays, Cucurbita sp., c.f. Calathea sp., 
Heliconia sp., Manihot sp., Oryza sp., Bambusoideae, 
Cyperaceae, Marantaceae
Trees, shrubs, and palms: Arecoideae

27, 28. Teotônio and Santa 
Paula – PH, S (Watling 
et al. 2020)

3000–
400 cal 
BP

Herbs: Calathea cf. allouia, Cucurbita cf. moschata, 
Ipomoea batatas, Maranta arundinacea, Zea mays, 
Dioscorea sp.
Trees, shrubs, and palms: Bactris/Astrocaryum sp., 
Euterpeae/Attaleinae, Mauritinae/Euterpe sp., 
Fabaceae

27. Teotônio – PH, NWC, 
S (Watling et al. 2018)

9000–
5000 cal. 
BP

Herbs: Manihot esculenta, Calathea sp., Cucurbita 
sp., Heliconia sp., Phaseolus sp., Strelitziaceae
Trees, shrubs, and palms: Bertholletia excelsa, 
Attalea sp., Bactris/Astrocaryum sp., Euterpe/
Oenocarpus sp., Caryocar sp., Ficus sp., Psidium sp., 
Arecaceae

29. Serra do Maguari-1 – 
PH, S (Maezumi et al. 
2018)

ca. 
490 cal 
BP

Herbs: Zea mays, Chusquea sp., Cucurbita sp., Pharus 
sp., Olyreae
Trees, shrubs, and palms: Astrocaryum sp., Attalea 
sp., Arecaceae

(continued)
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Table 1 (continued)

Archaeological site – type 
of remain (reference) Date Plants

30. Lake Caranã – PO 
(Maezumi et al. 2018)

4500 cal 
BP – 
modern

Herbs: Ipomoea batatas, Manihot esculenta, Zea 
mays, Cucurbita sp., Solanum sp.
Trees, shrubs, and palms: Acrocomia sp., Aniba sp., 
Annona sp., Astrocaryum sp., Attalea sp., Bactris sp., 
Brosimum sp., Byrsonima sp., Caryocar sp., Cecropia 
sp., Celtis sp., Eschweilera sp., Hymenaea sp., 
Jacaratia sp., Licania sp., Mauritia sp., Mauritiella sp., 
Oenocarpus sp., Pouteria sp., Protium sp., Spondias 
sp., Tapirira sp., Tetragastris sp., Theobroma sp.

31. Cedro – PH (Troufflard 
and Alves 2019)

700–
200 cal 
BP

Herbs: cf. Maranta arundinacea L., Zea mays, cf. 
Calathea sp., Cucurbita sp., Oryza sp.
Trees, shrubs, and palms: Celtis sp., Attaleinae, 
Bactris/Astrocaryum sp., Mauritinae/Euterpeae, 
Annonaceae

32. Hatahara – PH 
(Bozarth et al. 2009)

ca. 
1000 cal 
BP

Herbs: Zea mays, Calathea sp., Cucurbita sp., 
Heliconia sp., Lagenaria sp., Cyperaceae Juss., 
Marantaceae
Trees, shrubs, and palms: Bactris sp.

32. Hatahara – PH, S,WC 
(Caromano et al. 2013; 
Scheel-Ybert et al. 2016; 
Cascon 2010)

ca. 
1000 cal 
BP

Herbs: Zea mays, Cyperus sp., Dioscorea sp., 
Cyperaceae
Trees, shrubs, and palms: cf. Attalea maripa (Aubl.) 
Mart., cf. Euterpe oleracea Mart., cf. Mauritia 
flexuosa; cf. Oenocarpus bataua; Bactris sp., 
Byrsonima sp., Cupania sp., Diospyros sp., Genipa sp., 
Himathantus sp., Spondias sp., Tapirira sp., Vantanea 
sp., Vernonia sp., Anacardiaceae, Annonaceae, 
Arecaceae, Chrysobalanaceae, Euphorbiaceae, 
Fabaceae, Lecythidaceae A.Rich., Melastomataceae, 
Myrtaceae, Rubiaceae, Sapindaceae Juss., Sapotaceae

33, 34, 35. Açutuba, Lago 
Grande, Osvaldo – NWC 
(da Silva et al. 2016)

1750–
750 cal 
BP

Herbs: Zea mays, tubers
Trees, shrubs, and palms: Arecaceae

36, 37, 38, 39. Vila Nova I, 
Vila Nova II, Floresta, 
Lago das Pombas – NWC 
(Shock et al. 2014)

2350–
450 cal 
BP

Trees, shrubs, and palms: Bertholletia excelsa (other 
taxa were identified but data are not published)

40. Caldeirão – PH, S 
(unpublished data)

ca. 
1300–900 
BP

Herbs: Canna indica L., Manihot esculenta, Zea mays, 
Poaceae
Trees, shrubs, and palms: Bactris gasipaes, 
Arecaceae

41. São João – NWC 
(Cassino, 2018)

1100–500 
BP

Herbs: Zea mays, Solanaceae
Trees, shrubs and palms: Bertholletia excelsa, 
Spondias mombin, Astrocaryum sp., Byrsonima sp., 
Caryocar sp., Oenocarpus sp., Theobroma sp., 
Annonaceae, Arecaceae, Fabaceae

(continued)
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Archaeological site – type 
of remain (reference) Date Plants

42, 46. Cruzeirinho, 
Tequinho – D, NWC 
(Pärssinen et al. 2020)

2000–
1300 cal 
BP

Trees, shrubs, and palms: Attalea maripa (Aubl.) 
Mart., Attalea phalerata, Bactris concinna Mart., 
Bactris gasipaes, Bertholletia excelsa, Oenocarpus 
mapora H.Karst., Spondias mombin, Astrocaryum sp., 
Gustavia sp.

43, 44, 45, 46, 47, 48, 49, 
50. Fazenda Iquiri II, Sol 
de Maio, Campo 
Esperança, Tequinho, El 
Círculo, Las Palmeras, 
Chacra Telería, 
Tumichuchua – PH 
(Watling et al. 2015)

2100–150 
BP

Herbs: Zea mays, Cucurbita sp., Heliconia sp., 
Chusqueinae, Olyreae, Asteraceae, Marantaceae, 
Strelitziaceae Hutch.
Trees, shrubs, and palms: Celtis sp., Annonaceae, 
Arecaceae

51. Aterro dos Bichos – 
NWC (Roosevelt 1989)

1500–650 
BP

Trees, shrubs, and palms: Astrocaryum sp., Euterpe 
spp., Inga spp., Sterculia sp.

52. Bonin – PH, S 
(Cortelleti et al. 2016)

700–
600 cal 
BP

Herbs: Manihot esculenta, Zea mays, Cucurbita sp., 
cf. Dioscorea sp., Phaseolus sp., Asteraceae, 
Marantaceae, Poaceae
Trees, shrubs, and palms: Arecaceae

Table 1 (continued)
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1  Introduction

Although eating is a basic human need, food preferences are clearly influenced by 
the social, political, historical, and economic context in which we live. In addition 
to these factors, climate issues can temporarily decrease the supply of preferred 
foods and directly influence what is eaten, causing even the least desirable foods to 
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be consumed (Nascimento et  al. 2012). When this occurs, we call these foods 
“emergency foods” or even “famine foods.”

Famine foods are those used only in extreme periods, be they native or exotic. 
These extreme periods are usually linked to environmental factors such as drought, 
or periods when there is a significant reduction in agricultural production (Eaton 
and Konner 1985; Guinand and Lemessa 2000). Regardless of the part used, typical 
famine foods are those that remain in the environment intact for a long period, being 
accessed only when all other food sources have been consumed (Irvine 1952).

Although these plants are currently used in extreme situations, they merit empha-
sis because they were for a long time the main source of food for several human 
populations, and instead of being considered merely complementary, they were 
essential for the diet (Etkin and Ross 1982; Eaton and Konner 1985; Johns 1990). 
Specifically in semiarid regions, many of these species guarantee the sustainability 
of local diets, providing important nutrients for maintaining the health of popula-
tions. In this context, traditional populations stand out, as several studies report that 
there are foods that are actually used, while others are accessed strictly in times of 
scarcity. This can generate different implications in the selection of certain species 
that may be used (Cruz et al. 2014; Bravo-Filho et al. 2018). About the Caatinga 
specifically, a biome that is characterized by vehemently from drought events and 
where at certain times famine foods become essential.

Several elements can influence this punctuality in relation to the consumption of 
famine foods, such as the energy expenditure involved in the collection and prepara-
tion of food, in addition to the food taboos linked to the social prejudice toward the 
practice of consuming famine foods. In view of the problem presented, this chapter 
will bring considerations about the most striking environmental issues that lead to 
the use of emergency foods in environments such as the Caatinga, the nutritional 
characterization of species that have already been studied in this perspective, and 
finally food taboos linked to the consumption of emergency food.

2  What Are “Famine Foods”?

Wild food plants are those that are not cultivated, that is, they are collected from 
natural environments with little human interference and are used to feed people in 
many regions of the planet, although agriculture represents most of what we eat 
(Nascimento et al. 2013). Within this group, there are those that are available and 
are consumed and enjoyed in any season or circumstance. Their importance is such 
that they are commercialized and sometimes even exported, as is the case with the 
by-products of the Spondias tuberosa (Anacardiaceae) fruits, a species native to 
northeast Brazil (Santos et al. 2011). However, there is also a category or subgroup 
of “wild food plants” whose consumption is only justifiable in periods when favor-
ite foods are unavailable, and they are called “famine foods” or “emergency foods” 
(Minnis 1991; Muller and Almedom 2008; Jacob and Albuquerque 2020). This sub-
group will be addressed in this chapter.
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According to Minnis (1991), plants classified as famine foods must meet two 
basic assumptions: (1) they must be edible, and (2) they must be available at times 
when the production and availability of preferred foods is reduced. Therefore, fam-
ine foods are usually species well adapted to the most extreme environmental condi-
tions in a given location and resistant to factors such as drought, poor or saline soil, 
and pests and diseases that can quickly eliminate exotic crops and modern varieties 
inserted in the local culture by the global market (Minnis 1991; Hughes 2009; 
Bhansali 2011).

A variety of plant organs can be consumed as famine foods, the most common 
being the underground organs (roots, rhizomes, tubers, and bulbs), leaves, fruit 
pulps, seeds, cladodes, or even the entire plant, when it comes to herbs.

In addition to the typical famine foods, occasionally, other sets of plants can gain 
this status. This is the case of wild plants that have soft parts and do not require a 
longer time for preparation (usually fruits). They are appreciated and consumed 
throughout the year, but they have other structures that are usually underground, 
acting as famine foods. This can also occur with some cultivated plants when parts 
that are not traditionally consumed are used even if this implies the death of the 
plant, making it unfeasible for a new harvest cycle (Guinand and Lemessa 2000).

Apart from the types of famine foods explained above, whose parts are only 
consumed in situations of extreme scarcity, it is noticeable that the literature has 
associated this name with those wild foods that do not fit as typical famine foods, 
but that are just not traditionally consumed. That is, they are underutilized foods, but 
capable of attracting additional consumers in times of scarcity, acting on food and 
nutrition security, and preventing hunger in times of emergency (Guinand and 
Lemessa 2000; Hughes 2009).

We must also consider that typical famine foods are often foods that are not actu-
ally suitable for food, as they have characteristics that decrease their palatability, 
such as the presence of thorns. They may taste strange or may be toxic, requiring a 
prolonged preparation process to reduce their inappropriate properties. Many of 
these famine foods are low in nutrients, which only help to satiate hunger for a few 
hours, thanks to their high cellulose content. Finally, they are foods that can be 
associated with stomach complications, diarrhea, and poisoning. For this set of 
characteristics, they are commonly considered as a “last resort,” used only when all 
other natural sources of food are exhausted (Castro 1946; Minnis 1991; Guinand 
and Lemessa 2000).

Although other Brazilian biomes have a number of native and exotic food spe-
cies that grow spontaneously and can be used as food, they do not meet the basic 
requirements described above to be categorized as “famine foods.” The main char-
acteristic that makes these foods fall into that category is the fact that they are used 
in periods of extreme drought, where other species are unlikely to be found. For this 
reason, we selected the Caatinga biome, which has the main characteristics for the 
consumption of famine foods. After this brief contextualization, we will present 
below the conditions that lead to the consumption of famine foods by populations in 
the Brazilian semiarid region, followed by several examples of these resources.
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3  What Conditions Favor the Use of Emergency Foods 
in the Caatinga?

Two ecological characteristics dominate the environmental context of starvation: 
climatic seasonality and the great dependence of human populations on subsistence 
and food production systems in the local market. Virtually all naturally occurring 
famines have occurred in regions that strongly combine seasonal patterns of tem-
perature or humidity with a high degree of variability in these factors from year to 
year (Cox 1978). In Brazil, the Caatinga is the biome that best fits these conditions.

The Caatinga biome covers the Northeast region of Brazil and some areas of the 
state of Minas Gerais. It is a region of extreme weather patterns, with high tempera-
tures and high rates of evapotranspiration associated with low relative humidity and 
precipitation. In this region, a factor that affects the supply of food is the annual 
distribution of precipitation, as the drought can reach up to 11 months in certain 
locations (Castro 1946; Nimer 1972). In the longer periods of absence of rain, hun-
ger in the region is widespread, affecting both human and animal populations quali-
tatively and quantitatively (Castro 1946). This aspect is important because, despite 
the serious problems in relation to the availability of water and food, the Caatinga is 
highly populous, with approximately 27 million inhabitants who suffer the effects 
of the lack of a sustainable food production system (IBGE 2004).1

In this semiarid environment of so many uncertainties related to seasonal cli-
matic variability, plants capable of surviving their extreme conditions have adapted. 
In general, they share the presence of thorns, microphyll, deciduity, and water stor-
age capacity, as observed in cacti and succulents (Prado 2003). This makes the 
Caatinga region an environment with high rates of floristic endemism that can reach 
42% of succulent and woody species (Prado 2003).

Regarding the plants that can be used for human consumption from this extreme 
environment, there is a diversity of parts that can be used for this purpose, from 
leaves, cladodes, flowers, and fruits. In addition, this biome has the lowest per capita 
income rates in Brazil (IBGE 2004), a factor that directly influences the human 
populations that live there to depend heavily on natural resources. Different studies 
that seek to understand this human-plant interrelationship have found that there is a 
variety of species that can be used, with emphasis on those belonging to the 
Cactaceae family (Nascimento et al. 2012; Lins-Neto et al. 2013; Cruz et al. 2014; 
Chaves and Barros 2015; Bravo-Filho et al. 2018). However, most references related 
to food plants from the Caatinga emphasize only those commonly used. For this 
reason, we carried out a careful bibliographic review in search of mentions, even if 
discrete, of the foods used only in times of food scarcity caused by low rainfall and 
which fall within the concept of emergency foods as described earlier in this  chapter. 

1 It is important to highlight that in recent years, the lack of food for this significant portion of the 
population has been mitigated by government policies on access to food that favor the acquisition 
of products through local commerce throughout the year, but which assume an even more impor-
tant role relevant in combating hunger in the absence of rain.
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Below we will briefly present their chemical composition, preparation methods, and 
some difficulties related to their consumption.

4  Famine Foods of the Caatinga

In Brazil, famine foods have been reported for a long time, although scarcely. In our 
survey, the oldest yet discreet mentions of this type of food date from the seventeenth 
century, when the naturalists Piso and Marcgrave prepared a wide inventory of spe-
cies occurring in northeast Brazil (Piso and Marcgrave 1648). In the past century, a 
series of works published by the geographer Josué de Castro and collaborators 
addressed the theme of hunger in Brazil and the food used exclusively in that period 
(Castro 1946; Castro et al. 1947; Castro 1966). Following these publications, there 
was an immense silence regarding this type of food, which was only broken in 2012 
with the publication of an article with an ethnobotanical focus (Nascimento et al. 
2012). It is based on these publications that we will briefly present below the chemi-
cal composition, the preparation methods, and some difficulties related to the con-
sumption of certain famine foods. We emphasize that, whenever possible, the species 
had their Latin names updated according to “Flora 2020”. In cases where we did not 
find the updated Latin name, we left this information clear throughout the text.

4.1  Anacardiaceae

Anacardiaceae is a family with a wide variety of food species. For the Caatinga 
region, the main species found is Spondias tuberosa Arruda (Fig. 1a), a leafy tree 
native and endemic to Brazil whose fruits and by-products (sweets, jellies, juices, 
and ice creams) are appreciated inside and outside the northeastern region 
(Albuquerque and Andrade, 2002; Lins-Neto et  al. 2010). For emergency food 
purposes, the part of this plant consumed is the underground organs. The umbuzeiro 
root is formed by a spongy parenchyma rich in water (93.3% humidity), and for 
this reason, it is often mentioned as an important resource for times of drought 
(Piso and Marcgrave 1648; Castro 1946; Castro et al. 1947; Pickel 2008; Medeiros 
and Albuquerque 2014). Another nutritional characteristic of this structure is the 
presence of ascorbic acid, 13.3 milligrams, which can be an alternative vitamin 
supplement in times when fruits rich in this substance are unavailable (Castro 
et al. 1947).

4.2  Apocynaceae

Mandevilla tenuifolia (J.C.Mikan) Woodson (Fig. 1b), commonly known as “batata 
de vaqueiro,” is an herbaceous species of the Apocynaceae family, native, but not 
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Fig. 1 Some famine foods of the Caatinga region: (a) Spondias tuberosa (plant); (b) Mandevilla 
tenuifolia (flower); (c) Encholirium spectabile (plant); (d) Pilosocereus gounellei (plant); (e) 
Opuntia ficus-indica (plant); (f) Dioscorea coronata (tuber); (g) Manihot glaziovii (branches); (h) 
Dioclea grandiflora (fruit and seeds)
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endemic to Brazil, occurring in different phytogeographic domains including the 
Caatinga (Koch et al. 2015). In this region, it blooms soon after the first rains, thanks 
to the presence of an underground organ (xylopodium) that guarantees survival dur-
ing the dry season. When full of water, the xylopodium becomes edible and is col-
lected and consumed fresh without any kind of preparation similar to a vegetable 
while the products of the next harvest are not yet available. Thus, the organ is con-
sidered an emergency food. Nutritional analysis of xylopodium revealed that it has 
a low caloric value (63.2 g/100 g) and a large amount of water. Toxic effects related 
to food consumption of this species are unknown (Nascimento et al. 2012).

4.3  Araceae

Montrichardia linifera (Arruda) Schott commonly known as “aninga” is a non- 
endemic herbaceous Araceae from Brazil that occurs in the Amazon, Atlantic Forest, 
and Caatinga (Mayo and Andrade 2020). Its use as a useful food to suppress hunger 
was recorded on naturalist treaties from the seventeenth century. The edible part is the 
fruit, which can be eaten fresh or made into flour. According to reports, the ingestion 
of this species causes everything from simple flatulence to respiratory complications 
that can lead to death (Piso and Marcgrave 1648; Pickel 2008; Medeiros and 
Albuquerque 2014). Despite this, it is noticeable for its high caloric value, about 
355 kcal/100 g, mainly from carbohydrates 86.5 g/100 g. Minerals such as calcium, 
iron, and zinc were also recorded in the nutritional analysis of this species (Amarante 
et al. 2010).

4.4  Arecaceae

Three species of this family have been reported as food in times of scarcity. The oil 
of the fruit of Syagrus comosa (Mart.) Mart. “coco amargoso” (basionym Cocos 
comosa Mart. reported in Castro et al. 1947 and Castro 1966) has a chemical com-
position (67.3 g/100 g lipids and 9.5 μg/100 g calcium), odor, and taste very similar 
to Cocos nucifera oil (coco da bahia) and can be used as substitute for this. Despite 
these similarities, we believe that the use of this oil only as an emergency food is 
related to the small size of the fruits of S. comosa, which makes its preparation 
difficult. Thus, it is disregarded in the face of C. nucifera oil, which is easier to 
prepare due to the size of the fruits.

Other species of the Arecaceae family that have been identified as emergency 
food are Copernicia prunifera (Mill.) H. E. Moore (syn. Copernicia cerifera men-
tioned by Castro 1946 – “macaubeira”) and Cocos mucronata (mentioned by Castro 
1946, “oricuri”). The stem of the first species is used in the form of heart of palm, 
while the same organ of the second species is grated and cooked to prepare a poor 
nutritional quality bread, known as “sinister bread,” which only fill one’s belly, but 
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does not suppress hunger. This bread was first mentioned in the literary work Os 
Sertões by Euclides da Cunha, published in 1902. However, the author did not men-
tion the scientific name of the species. Then, Castro (1946) gave it the name 
C. mucronata, as mentioned above. However, we did not find this species, nor the 
update of its scientific name in “Flora 2020,” which causes uncertainty about the 
scientific name of this emergency food.

4.5  Bromeliaceae

The Bromeliaceae family is present throughout Brazil, occurring in all biomes. 
Some species of this family are referred to in the literature as emergency food. This 
is the case of Bromelia laciniosa Mart. ex Schult. & Schult.f. (Castro et al. 1947) 
and Encholirium spectabile Mart. ex Schult. & Schult.f. (Fig. 1c) commonly known 
as “macambira” (Castro 1946; Nascimento et al. 2012). Both species are abundant 
and endemic to the Caatinga region. The bulb is the organ consumed as an emer-
gency food. The collection of these Bromeliaceae adds difficulty to their consump-
tion since they have leaves with many thorns on the margin. For it to be served as 
food, the bulb is cooked and then sun-dried. Once dried, the organ is crushed to 
make some flour from which couscous is prepared. No toxic effect associated to the 
flours of these Bromeliaceae is known. From the nutritional point of view, both have 
considerable caloric value. B. laciniosa has about 118 kcal/100 g of product (Chaves 
et  al. 2015), while E. spectabile has 124 kcal/100 g. In both cases, most of this 
caloric value is related to carbohydrates, since in both species, the values   of lipids 
and proteins are low (Castro et al. 1947; Nascimento et al. 2012; Chaves et al. 2015). 
B. laciniosa also has thiamine, about 168 μg/100 g of flour (Castro et al. 1947), and 
is considered exceptionally rich in calcium (Castro 1946).

Another Bromeliaceae that is also mentioned as an emergency food is Bromelia 
karatas “caraguatá-acanga” (Castro 1966). However, the most recent botanical 
reviews “Flora 2020” consider that this species does not occur spontaneously in 
Brazil, which leads them to believe that some identification problem occurred at the 
time of the publication of Castro’s work (1946).

4.6  Cactaceae

The Cactaceae family is among the most important ones when it comes to emer-
gency food in the Caatinga, thanks to its ability to face long periods of drought. One 
of the species used for this purpose is Pilosocereus gounellei (F.A.C.Weber) Byles 
& Rowley “xiquexique” (Fig. 1d), a shrub cactus occurring only in Brazil (Zappi 
et al. 2015). It is a species used mainly for animal consumption (Brito Cavalcanti 
and Milanez 2007). However, humans consume it when drought worsens. In this 
situation, the cladodes are cut, and their abundant thorns are removed together with 
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a water storage tissue typical of Cactaceae. The cuts are made until a woody cham-
ber that protects a marrow is reached. The chamber is then cooked or roasted for a 
few minutes over fire and then removed with a knife, leaving only the marrow that 
can be immediately consumed or transformed into flour used to prepare the cous-
cous. The preparation of this emergency food is difficult due to the presence of 
thorns; its nutritional yield is low, yielding only 27.5 kcal/100 g of product; and 
toxic properties related to its consumption are unknown (Nascimento et al. 2012).

Cereus setosus and Pilocerius setosus (also known as xiquexique) are other cacti 
mentioned by Castro (1946) and Castro et al. (1947), respectively, as emergency 
food. The useful parts, method of preparation, and nutritional composition are simi-
lar to those of P. gounellei described above. However, we cannot confirm the current 
identification of the species according to the most recent botanical reviews, since 
both were not mentioned in “Flora 2020.” Thus, we do not know which species the 
publications mentioned above refer to.

Within the Cactaceae family, Opuntia ficus-indica (L.) Mill “palma forrageira” 
(Fig. 1e) needs to be addressed, a species that has its origin in Mexico but is cur-
rently considered naturalized in Brazil (Zappi et al. 2015). Despite being introduced 
in the country since the first years after the arrival of the Europeans, the plant had its 
cultivation encouraged in the northeast region in the beginning of the 1930s, right 
after a great drought that occurred in 1932. At the time, the purpose was to use it as 
food for farm animals (Duque 1980).

O. ficus-indica has been little addressed in ethnobotanical surveys focused on 
food plants, as it is not originally from Brazil. However, our experience in different 
communities in the Caatinga allows us to affirm that the plant is one of the first to 
be mentioned when talking about emergency foods these days. The organ consumed 
is the cladode known as rackets, from which the thorns are removed and then 
chopped and cooked for human consumption. Toxic effects related to their intake 
are unknown (personal observations of the authors). Cladodes are an important 
source of water, carbohydrates, fibers, proteins, lipids, and minerals such as cal-
cium, as well as antioxidants (Stintzing and Carle 2005; Bensadón et al. 2010; Silva 
et al. 2015), and are considered a noble food in other countries. However, in the 
northeast region of Brazil, its human use is seriously prejudged, probably due to its 
widespread use as animal food (Cantwell 2001).

4.7  Dioscoreaceae

The tuber of the vine Dioscorea coronata Hauman “pinanga de coroa” (Fig. 1f) is 
an organ that can be used as an emergency food. The structure is collected and con-
sumed after cooking, which helps not only to soften but also to reduce its bitter 
taste. No health problems attributed to its consumption were recorded, but the 
caloric value for each 100 g of product is as low as 73.6 g/100 g. It has less than 1% 
protein and approximately 17 g of carbohydrates (Nascimento et al. 2012).

Famine Foods: Thoughts from a Caatinga Research Experience



170

4.8  Euphorbiaceae

Within this family, two species are used as emergency food, Manihot dichotoma Ule 
“maniçoba” and Manihot glaziovii Müll.Arg. “purnunça” (Fig.  1g) (Nascimento 
et al. 2012), known as wild cassava. The edible part of both species in times of food 
scarcity is the tuberous roots. To be consumed, the raw organ needs to be washed 
several times to eliminate its toxic properties that can cause a range of effects, from 
dizziness to death. After proper washing, the roots can be cooked or toasted to be 
used later in the preparation of flour, beijus, cakes, porridge, etc. M. dichotoma and 
M. glaziovii have 104 and 79 kcal/100 g of product, respectively, most of which are 
attributed to carbohydrates (24 and 18 g/100 g). Although lower than the caloric 
value of conventional cassava (Manihot esculenta Crantz) (Bezerra and Saldanha, 
2002), we believe that if their toxic properties are properly eliminated, M. dichot-
oma and M. glaziovii can be important emergency foods, helping populations when 
food from conventional crops are temporarily unavailable.

4.9  Fabaceae

The Leguminosae are considered the most important source of emergency food for 
the population of the Caatinga, due to the number of species listed as useful for this 
purpose. Some plants, popularly called Mucuna, have very similar forms of prepa-
ration and problems caused by their ingestion. Some examples are Dioclea grandi-
flora Mart. ex Benth (Fig. 1h) (Nascimento et al. 2012), Mucuna urens (L.) Medik. 
(Castro 1946), and Mucuna glabra (Reinecke) Wilmot-Dear. The latter was cited by 
Castro et  al. (1947) and Castro (1966); however this species currently has no 
resolved scientific name, which makes it difficult to know which species the author 
was referring to at the time of publication.

D. grandiflora and M. urens are native vines of Brazil, although only the first is 
considered endemic to the Caatinga. The organs consumed from D. grandiflora as 
an emergency food are the seeds, while the roots are consumed from M. urens in 
addition to the seeds. Both organs are used for the preparation of a flour that will 
later be transformed into couscous. The flour produced from the seeds of D. grandi-
flora has a high caloric value, around 367 kcal/100 g, due to its high levels of pro-
teins (30.9 g/100 g) and carbohydrates (54.3 g/100) (Nascimento et al. 2012). The 
same is observed for M. urens, with 28.5% proteins and 54.6% carbohydrates in 
addition to calcium, iron, and vitamin B1 (Castro 1946). The nutritional value of 
these species is up to five times greater than that of Vigna unguiculata (L.) Walp. 
(Beans or feijão de corda as known locally) (Taco 2011), another Leguminosae 
traditionally consumed in northeast Brazil. These results were taken into account to 
categorize D. grandiflora and M. urens as two important emergency foods in the 
Caatinga region, the cultivation of which should be encouraged and the use applied 
to other times of the year.
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However, it is worth noting that the consumption of both D. grandiflora and 
M. urens flours is usually associated with different stomach disorders and other 
problems such as the suspension of menstruation and swelling of the skin, and in 
more extreme cases, ingestion may lead to death. It is customary to wash the flour 
numerous times before consumption to alleviate such toxic effects, a treatment that 
according to users does not eliminate all the toxicity attributed to plants (Castro 
1946; Nascimento et al. 2012). However, Castro (1946) considers such symptoms to 
be a myth, linked much more to the advanced state of malnutrition of the population 
than the toxicity of the plant. To justify this theory, Castro et al. (1947) tested the 
flour from the seeds of M. glabra and confirmed that it was an innocuous product. 
However, we must be careful with this statement because the species used in this 
experiment was precisely the one with unknown updated Latin name, and therefore 
it is impossible to extrapolate the results obtained for D. grandiflora and M. urens 
without further studies being undertaken.

Castro (1946) mentioned two more Leguminosae that are used in times of food 
shortage: Tipuana tipu (Benth.) Kuntze (updated name of Tipuana especiosa) “pau 
de mocó,” a non-endemic native shrub distributed throughout Brazil (Lima 2015), 
and Senna occidentalis (L.) Link (updated name of Cassia occidentalis), a tree pop-
ularly known as “fedegoso” (Bortoluzzi et al. 2020). A flour used to make porridge 
is usually produced with the roots of T. tipu, while the seeds of S. occidentalis are 
roasted to make coffee. For both species, we did not obtain information about the 
nutritional value or any toxic effect related to their consumption.

Another species of this family consumed in times of famine is Geoffroea spinosa 
Jacq. (Tomchinsky and Ming 2019), “umarizeiro,” a non-endemic native tree occur-
ring in the Caatinga (Penington 2015). The plant has fruits that, when eaten fresh, 
cause stomach problems that are only relieved when they are cooked and subse-
quently macerated. The cream resulting from this preparation can be consumed with 
meat or fish, replacing bread (Piso and Marcgrave 1648; Pickel 2008; Medeiros and 
Albuquerque 2014).

4.10  Menispermaceae

Abutua platyphylla, parreira-brava, name not found in “Flora 2020,” is a species 
whose fruits resemble grape clusters, although these are not edible. The part of this 
vine consumed as an emergency food is the root, from which a flour low in protein 
and vitamins can be produced (Castro et al. 1947). In its composition stands out 
thiamine content of 22.5  μg/100  g and high starch content of 50.3%/100  g. 
Information regarding the preparation of the flour or the presence of problems 
caused by ingestion of the species was not found (Castro et al. 1947; Castro 1966).
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5  Sociocultural Aspects of the Use of “Famine Foods”: 
A Focus on Food Taboos

Despite the context of scarcity of food resources for the populations living in the 
semiarid regions of Brazil, in times when there is a drastic decrease in the rainfall 
regime, there are species, such as those listed above, that can be used in such a situ-
ation. However, the fact that there is a resource available does not imply its use, 
since preferences or not for certain foods are rooted in social and cultural matters 
(MacBeth and Lawry 1997).

When social and cultural questions about the use of a plant are shared between 
members of a group, they can become food taboos, which act as social markers to 
show differences between individuals and groups, influence attitudes and behaviors, 
and facilitate the functioning of systems (Garine 1995). In relation to famine foods, 
food taboos are mainly linked to the scarcity of financial resources of human popu-
lations, leading to a social prejudice toward the use of these foods. These prejudice 
views often do not take into account the nutritional value of the species because, as 
demonstrated in the previous topic, many plants have a considerable nutri-
tional value.

Josué de Castro in his work The Geography of Hunger, issued in 1946, pointed 
out that cultural issues and beliefs carried by our ancestors and, consequently, 
passed on to future generations influence the eating practices that we adopt through-
out our trajectory. A classic example is the high consumption of farinaceous foods 
by populations of northeast Brazil, a practice encouraged by our colonizers, in 
which the consumption of more nutritious and available foods in the region gradu-
ally decreased (Castro 1946).

Another aspect that we consider relevant to determine the low use of emergency 
food in the Caatinga region, a real taboo, is the fact that many of these plants are 
used frequently for animal feeding. Thus, those who need to consume such food 
may feel equivalent to animals. This often leads them to deny the fact that they are 
consuming such food or even that they have already consumed them at some point 
in their lives (personal observations of the authors).

This trend of low consumption of native foods, emergency foods or not, is not 
seen in other regions of the world, especially in countries that have an arid climate, 
such as those on the African continent (Okigbo 1975; Ogle and Grivetti 1985; 
Campbell 1986). In this sense, we can mention some examples such as southeastern 
Nigeria, where leaves and fruits of different native species are used in times of fam-
ine (Okigbo 1975). In the region of Swaziland, Ogle and Grivetti (1985) reported 
the use of more than 200 species of wild plants that are commonly consumed. 
Wachiira (1987), in a study carried out in Kenya, found that native leaves and fruits 
contribute significantly to the diet and that many emergency plants are consumed 
mainly by children. In regions close to native forests in Zimbabwe, Campbell (1986) 
found that wild fruits are consumed only in periods of scarcity and when there is a 
decrease in agricultural work, a behavior that is comparable to that found in the 
populations of the Brazilian semiarid region.
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Given this context of low utilization of wild food plants and particularly famine 
foods, consumers and policy makers may not be aware of the benefits that underuti-
lized plants can offer, which results in little attention to their conservation, crop 
improvement, nutritional assessment, production technologies, and post-harvest 
handling and promotion or marketing (Hughes 2009). In relation to this trend of 
famine foods being accessed only in times of scarcity, the World Vegetable Center 
(WVC) has been working to recognize the potential that these foods have in allevi-
ating poverty and malnutrition in developing countries, especially those located in 
Africa (Hughes 2009).

Another discussion related to the use of “famine foods” is linked to the palatabil-
ity. In this sense, Crúz et al. (2014) reported that one of the factors that often interfere 
in the selection of a native species for food is precisely the taste, as well as the prepa-
ration time that is required to neutralize components that can interfere in the palat-
ability resulting in bitter taste or undesired texture, for example. Another issue also 
described about the use of certain species is linked to their morphological character-
istics. Often, there are plants with thorns that need a long period of preparation to be 
consumed. Chaves and Barros (2015), in their study on the consumption of 
Cactaceae, revealed that the most used parts of the species are cladodes, followed by 
fruits and flowers. A large part of the cladodes are used to make flour, which demands 
a fair amount of time for its preparation, making this practice very unusual nowa-
days. Therefore, considering the cost-benefit of the collection, treatment and cook-
ing activities (nutritional value – energy), these species end up not being consumed 
in times when there are other resources that are easier to be found, prepared, and used.

Finally, the new model of social and economic development imposed by modern 
society may have a negative influence on the consumption of traditional foods, since 
there is an ease in acquiring products in the food markets that would take a long time 
to be prepared manually at home (Crúz et al. 2014). The purchase of these foods is 
often only possible, thanks to the financial support given to the populations by gov-
ernment agencies and international agencies to fight hunger (Minnis 1991; 
Nascimento et  al. 2012), which can pose a problem if such support is deficient. 
Furthermore, we believe that this financial contribution can interrupt the flow of 
knowledge between generations, leaving information about famine foods restricted 
to older individuals in the localities (Nascimento et al. 2012), while younger people 
are not interested in having such knowledge because they prefer to buy the food.

6  Final Considerations

Considering the aspects brought up in this chapter, we understand the high impor-
tance that famine foods had at different periods for human populations and how 
valuable they can be to alleviate hunger in emergencies. However, the absence of 
studies that report this issue can lead to the discontinuity of the different practices 
related to the use of these foods, and, if in some time they are necessary, the 
 populations need to relearn how to use them. Thus, it is important that the knowl-
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edge about these practices is not restricted to the elderly and that the improvement 
of the socioeconomic conditions of the populations does not interfere in the knowl-
edge related to the practices of use famine foods. For this, it is important that the 
stigma of poverty is considered in the different local communities of the Caatinga, 
because the use of any species to supply a basic need cannot be a matter of shame 
for any population. However, there is a historical prejudice paradigm in this issue; 
thus actions to popularize the use of these resources may play an important role. 
This can help to de-mystify the practice that famine foods are animal food and that, 
if people feed on them, they will be equated to animals. Finally, we believe that 
studies on famine foods are important so that they can be used beyond local areas 
and commercialized, and thus, we must ensure that knowledge about these practices 
is maintained so that there is resilience in socioecological systems.
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1  Introduction

The use of plants is an ancient tradition in many places around world and in many 
cultures plays an important role in health, beauty, and nutrition. However, placing a 
new natural plant-derived product in the market is challenging (Box 1). Due to 
the difficulties, interest in natural products drug discovery declined in the 1990s. 
Yet despite this, a rapid increase in the number of scientific studies targeting 
 plant- derived natural products has occurred in the twenty-first century. This reflects 
the fact that synthetic compound libraries are limited and represent only a small 
part of the great diversity of chemical compounds (Atanasov et al. 2015). Further, a 

Box 1 Principal challenges for a new plant-derived natural product to 
reach the market

Botanical identification requires a specialist, which is increasingly rare nowadays.
The availability of natural products is low, and pharmacological testing consumes a lot of 
material.
Re-collecting wild species is difficult, since plant biomes can rapidly disappear under 
anthropic pressure.
A plant’s chemical composition varies according to environmental factors, such as 
temperature, water availability, UV radiation, soil nutrients, altitude, and atmospheric 
composition, which limits the time window for recollection.
In plant-derived natural products, compound transformation and degradation can occur 
during extraction and isolation processes, making standardization of procedures difficult.
Due to the complexity of molecular mixtures, fewer chemical products or compounds are 
isolated.
The lack of knowledge concerning agricultural cultivation of certain wild species makes 
wildcrafting the only alternative, which makes the collection process very time-consuming 
and can result in ecological problems and the risk of species extinction.
Very stringent protective regulations in some countries make bio-prospecting of new 
plant- derived natural products difficult.
Development of methods for total synthesis or derivatization to obtain molecules similar to 
natural products is complex, since the chemical structures of natural products often contain 
numerous oxygen substituents and chiral centers.
Incompatibility of natural products with established high-throughput screening (HTS) 
platforms; test compounds should not decompose or precipitate and should not interfere 
with assay reagents nor show nonspecific effects; natural products often fail in fulfilling 
these requirements.
Determining the precise molecular mechanism of action of natural products is challenging.
Difficulties during clinical trials often occur since the therapeutic activity of plant extracts is 
usually based in the synergistic and simultaneous action of many chemicals.
The interest of pharmaceutical companies in natural products (that are not synthetically 
modified) is limited due to controversies concerning their patentability.

Sources: Corson and Crews (2007), Gobbo-Neto and Lopes (2007), Jones and Kinghorn 
(2012), Bucar et al. (2013), Atanasov et al. (2015), Li and Weng (2017), and Thomford et al. 
(2018)
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negative correlation between the in  vitro potential of many molecules and their 
ADME/T (absorption, distribution, metabolism, excretion/toxicity) profile is gener-
ally noted (Gleeson et al. 2011). Synthetic compounds present a significantly lower 
number of chiral centers and are both smaller and present greater flexibility, which 
results in weaker, less specific activity (Feher and Schmidt 2003). In contrast, plant-
derived natural products present a diversity of bioactive compounds with differing 
chemical scaffolds (Atanasov et al. 2015). Plant-derived products possess proper-
ties, such as binding affinities for specific proteins, that are evolutionary optimized 
(Appendino et  al. 2010; Hunter 2008). Such characteristics make plant-derived 
products more advantageous for conducting ADME/T tests (Atanasov et al. 2015). 
Another advantage in drug discovery using medicinal plants is the known good cor-
relation between ethnopharmacological information (well documented) and the 
medical use of the plant. Around 80% of identified compounds present some ethno-
medicinal use, whether identical or related to current usage of the active plant ele-
ments (Fabricant and Farnsworth 2001). Further, technological advances in systems 
biology, bioinformatics, plant specialized metabolism, and synthetic biology pres-
ent opportunities through which the medicinal properties of plants are discovered, 
utilized, and expanded toward developing new herb-inspired medicines (Li and 
Weng 2017). Accordingly, plant-derived natural products still represent a valuable 
source for drug discovery, this, motivated by global public health challenges, such 
as COVID-19, HIV/AIDS, malaria, hypertension, diabetes, and cancer (Thomford 
et al. 2018). About a quarter of all Food and Drug Administration (FDA)- and/or 
European Medical Agency (EMA)-approved drugs are plant-derived (Patridge et al. 
2016; Thomford et al. 2018).

In this context, Brazil possesses various biomes with a great portion of the 
world’s biodiversity and approximately 20% of the plants and microorganisms on 
the planet (Calixto 2000). Among these biomes, the Cerrado is a neotropical savanna 
with rich flora (Klink and Machado 2005). Over 13,127 highly endemic plant spe-
cies have been recorded within this biome (Myers et al. 2000; Overbeck et al. 2015; 
Silva and Bates 2002; Silveira et al. 2016). Yet, in regard to environmental conserva-
tion, only 41% of the original Cerrado still remains as native vegetation (Soares-
Filho et  al. 2014). This reduction is due to anthropogenic activities, such as 
monoculture, pasture expansions, mineral extraction, and the growth of urban areas 
(Faleiro et al. 2013). Considering only agricultural activity between 2002 and 2009, 
an estimated loss of 92,712 km2 of natural Cerrado area has occurred (Overbeck 
et al. 2015). Preservation policies in Brazil need improvement, yet only 7% of the 
Cerrado is under legal protection (Soares-Filho et al. 2014).

Both the bio-prospecting potential of the Cerrado for medicinal species and 
knowledge concerning traditional medicines are disappearing faster than plant bio-
diversity (Appendino et al. 2010). Studies concerning plant-derived natural prod-
ucts found in the Cerrado could help valorization of the biome and call attention to 
the urgent need for conservation. Recent studies have highlighted the pharmaco-
logical importance of little explored Cerrado plants (Bailão et al. 2015; Dutra et al. 
2016; Neri-Numa et al. 2018b; Schiassi et al. 2018). Unfortunately, a discrepancy 
between the number of scientific publications on plants by Brazilian scientists and 
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the development of new phytotherapeutic agents exists and underlines the need of 
public policies focused on innovation (Dutra et al. 2016).

The native fruits of the Cerrado are increasingly valued in the world market as 
functional and nutraceutical foods because of their high nutritional value and attrac-
tive sensory characteristics (Arruda et al. 2016; Finco et al. 2012). Agriculturally, 
many Cerrado species grow spontaneously with amazing adaptability, surviving in 
soils with little natural fertility and which lack chemical additives (Finco et al. 2012; 
Haridasan 2008). Further, Cerrado fruits can be employed in multiple food applica-
tions (Araújo et al. 2018), and their residues from industrial processing are rich in 
bioactive compounds that possess many functional properties.

In summary, in view of their economic importance and relatively slight recogni-
tion, the aim of this chapter is to review the principal vegetal species of the Cerrado, 
focusing on their pharmaceutical, cosmetic, and foods potential.

2  Technological Methods to Obtain Products

It is important to highlight that quality control and standardization of all processing 
stages (Fig. 1) is fundamental and guarantees the reproducibility and safety of the 
plant-derived product. Initially, plant samples are collected, dried, and processed by 
comminution or pulverization (by mechanical forces) to achieve fragmentation of 
the plant material into small particles. Solvent selection for extracts and determina-
tion of particle size are key steps in the process of obtaining herbal products. 
Decoctions, infusions, macerates, and tinctures are used to obtain plant extracts. In 
general, the liquid extract obtained must be concentrated and standardized to the 
established control parameters, usually found in different pharmacopoeias (List and 
Schmidt 1990).

Extract concentration is a key step to obtaining intermediate products and pre-
paring liquid material for the drying process. When the liquid presents alcohol, one 
approach to concentrate the extract consists in the use of a rotary evaporator system, 
equipment able to remove the most volatile solvents under reduced pressure. To 
optimize vaporization, water bath temperature, cylinder immersion depth, and 
degree of vacuum are the adjustable parameters. The method is widely employed in 
phyto-pharmaceutical processes (List and Schmidt 1990). Other techniques to con-
centrate extracts include tube vaporization with auto-circulation, tube vaporization 
with pumped circulation, falling films vaporization, thin layer vaporization, and 
centrifugal rotary vaporization. Once the concentrated extract is obtained, various 
quality parameters are important at this stage for standardization such as pH, solid 
content, density, chemical markers content, and viscosity (List and Schmidt 1990).

Applied to fruits and vegetables that require chemical and physical stability, 
drying is the most common preservation method. When water is removed, deterio-
ration due to microbial activity is retarded, yet without causing significant physi-
cal, nutritional, or sensory loss. Further, for phyto-medicines, dry plant extracts 
allow preparation of solid tablets and capsules (Kho and Hadinoto 2011). To obtain 
plant-derived products, there are many drying methods. Among them, spray- drying 
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is a robust manufacturing process, often used in the food and pharmaceutical 
industries (Wang 2015). Spray-drying has various advantages, such as reproduc-
ibility, high capacity, fast drying capability, and short exposure time to high tem-
perature processing (Al-Khattawi et al. 2018). Spray-dryer equipment rapidly and 
efficiently transforms liquids into powders (Schuck et al. 2009). The equipment 
also can be used to microencapsulate natural products. Microcapsule wall systems 
consist of polymers with chemical groups presenting hydrophilic or hydrophobic 
properties, which provide the emulsion characteristics of the system. The poly-
mers must be chemically compatible and nonreactive with the encapsulated com-
ponent. The approach is used for products with increased stability and flexibility 
(Maresca et al. 2016; Silva et al. 2020b).

Another drying technique that can be used for coarse particles is spouted bed 
technology. This technique provides a high solid circulation rate and increases con-
tact between the drying agent and solid particles (Gao et  al. 2017; Zhang et  al. 
2017). Other drying processes that can be used to obtain herbal products are cen-
trifugal atomization, vacuum belt dryers, roller dryers, drying ovens, freeze dryers, 
and microwave dryers. In summary, dried materials are used to provide finalized 
products with applications in food, medicine, and cosmetics.

Fig. 1 Principal steps in plant processing. First, the plant is dried in an oven and pulverized (1). 
Upon obtaining the powder material, the extraction process is performed (2); once the liquid 
extract is obtained, the material is normally concentrated and submitted to quality control param-
eters before drying processes (3). When the dried powder is achieved, the material can be employed 
in final products for the pharmaceutical and food industries (4)

Food Composition Data: Edible Plants in Cerrado



184

3  Species and Technological Products from the Cerrado

Numerous studies have demonstrated the technological potential of extracts from 
Cerrado plant species. In this section, we provide a brief review of the best-known 
and most-used fructiferous species of the Cerrado. Biological properties, intermedi-
ate products, characteristics, and potential technological applications for the species 
presented below are compiled in Table 1. Further, nutritional compositions of the 
Cerrado plant species highlighted in this chapter are compiled in Table 2.

4  Anacardium occidentale L. (Anacardiaceae)

Anacardium occidentale is a tree popularly known as the cashew tree or cajueiro 
(Fig. 2a). The pseudo-fruit, the large pulpy and juicy part commonly referred to as 
the “cashew apple,” has a fine sweet flavor (Silva et al. 2007). In folk medicine, the 
cashew leaf and bark teas are used to treat diabetes, muscular debility, urinary dis-
orders, and dyspepsia (Andrade Júnior et al. 2018).

In food applications, A. occidentale and Psidium guajava (guava) dried bagasse 
have been used to enrich cookies (Matias et al. 2005). Cashew is a rich source of 
vitamins, minerals, and other essential nutrients (Omorodion et al. 2017). Cookies 
respectively enriched with 10% and 5% cashew and guava fibers received a high 
rating for flavor acceptability (Matias et al. 2005).

Beverages based on A. occidentale aqueous extract from the fruits present an 
adequate concentration of viable probiotics and are lactose-free, which makes them 
both a functional food and good substitute for those who cannot consume milk 
(Firmo et al. 2020; Vergara et al. 2010). The A. occidentale juice is encapsulated 
using a spray-drying technique, thus stabilizing it for at least 14 days and protecting 
sensitive compounds present in the food matrix, like vitamin C (Bastos et al. 2012). 
By fermentation, a wine has been developed using A. occidentale juice and in sen-
sory evaluations was rated as very acceptable as an alcoholic beverage. Significant 
differences (probably because of high tannin content in the cashew wine) in taste, 
aroma, flavor, and aftertaste exist between the A. occidentale wine and commer-
cially sold grape wines (Mohanty et al. 2006).

In pharmaceutical applications, natural cashew gum has been used in conjunc-
tion with phthalocyanines to develop a layer-by-layer film for an electrochemical 
sensor to detect dopamine, with an acceptable detection limit for the pharmaceutical 
industry (Araújo et al. 2012). Cashew gum has also been used as a pharmaceutical 
excipient (a natural muco-adhesive polymer) in dental pastes containing  aceclofenac 
(AC) for pain management in periodontitis (Hasnain et al. 2018); in bucal- adhesive 
curcumin tablets with the potential to improve the bioavailability of the active ingre-
dient (Gowthamarajan et al. 2012); and in an Orabase formulation for periodontitis 
treatment (Souza Filho et al. 2018). The dental paste demonstrated sustained AC 
release over 6 h with good oral mucosa adhesion, resulting in effectual management 
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Table 2 Nutritional composition of Cerrado plant species highlighted in this chapter

Scientific name
Common 
name Plant part Content

Amount 
(/100 g)

Anacardium 
occidentale

Cashew Pulp Total energy (kcal) 39

Total energy (kJ) 167
Humidity (g) 89.8
Ash (g) 0.20
Proteins (g) 0.50
Total fats (g) 0.20
Total carbohydrates 
(g)

9.30

Annona crassiflora Araticum Raw pulp Total energy (kcal) 110
Total energy (kJ) 459
Humidity (g) 73.9
Ash (g) 0.74
Proteins (g) 1.37
Total fats (g) 2.86
Total carbohydrates 
(g)

20.43

Caryocar brasiliense Pequi Raw pulp Total energy (kcal) 277
Total energy (kJ) 1140
Humidity (g) 54.6
Ash (g) 0.80
Proteins (g) 2.71
Total fats (g) 25.50
Total carbohydrates 
(g)

17.53

Dipteryx alata Baru Raw nut Total energy (kcal) 504
Total energy (kJ) 2095
Humidity (g) 5.4
Ash (g) 3.28
Proteins (g) 24.21
Total fats (g) 32.48
Total carbohydrates 
(g)

33.72

Eugenia dysenterica Cagaita Raw pulp Total energy (kcal) 36
Total energy (kJ) 153
Humidity (g) 90.4
Ash (g) 0.29
Proteins (g) 1.36
Total fats (g) 0.51
Total carbohydrates 
(g)

7.64

(continued)

E. F. L. C. Bailão et al.
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of dental inflammation and pain through prolonged local delivery of AC in peri-
odontitis treatment (Hasnain et al. 2018). The bucal-adhesive tablet bypasses first 
pass metabolism and provides sustained release of curcumin, a phenolic compound 
whose therapeutic effectiveness is often limited due to its poor absorption from the 
gastrointestinal tract (Gowthamarajan et al. 2012). The Orabase formulation with 
cashew gum polysaccharide decreased inflammation and bone loss (hallmarks in 
experimental periodontitis) (Souza Filho et al. 2018).

Table 2 (continued)

Scientific name
Common 
name Plant part Content

Amount 
(/100 g)

Hancornia speciosa Mangaba Raw pulp Total energy (kcal) 60
Total energy (kJ) 252
Humidity (g) 84.9
Ash (g) 0.56
Proteins (g) 0.88
Total fats (g) 1.51
Total carbohydrates 
(g)

11.56

Mauritia flexuosa Buriti Raw pulp Total energy (kcal) 190
Total energy (kJ) 786
Humidity (g) 59.0
Ash (g) 0.98
Proteins (g) 2.19
Total fats (g) 15.42
Total carbohydrates 
(g)

25.80

Myrciaria cauliflora Jabuticaba Raw whole 
fruit

Total energy (kcal) 67

Total energy (kJ) 281
Humidity (g) 81.2
Ash (g) 0.53
Proteins (g) 0.17
Total fats (g) 0.08
Total carbohydrates 
(g)

18.04

Psidium guajava Guava Raw whole 
fruit

Vitamin A ERA 
(mcg)

68

Vitamin A RE (mcg) 135
Retinol (mcg) 0
β-carotene (mcg) 810
Lycopene (mcg) 5300

The dataset is available for public consultation on the Brazilian Biodiversity Information System – 
SiBBr (https://ferramentas.sibbr.gov.br/ficha/bin/view/FN)

Food Composition Data: Edible Plants in Cerrado

https://ferramentas.sibbr.gov.br/ficha/bin/view/FN
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A. occidentale was also used to produce nanoparticles in varied applications. 
Aqueous cashew leaf extract was used in gold nanoparticle preparation, presenting 
good antibacterial effect against Escherichia coli and Bacillus subtilis and demon-
strating permissible levels of cytotoxicity toward normal cells and high cytotoxicity 
toward MCF-7 cancer cells (Sunderam et al. 2019). A. occidentale testa (the cashew 
nut husk) has been used in silver nanoparticles as a catalyst for reductive degrada-
tion of carcinogenic azo dyes (Edison et al. 2016).

5  Annona crassiflora Mart. (Annonaceae)

The species is popularly known as araticum or marolo (Fig. 2i). The fruits present 
unique sensory features such as attractive color, intense flavor, and exotic aroma, as 
well as a high nutrient content (Arruda et al. 2015). In folk medicine, the leaf infu-
sions are used in oral administrations to treat inflammatory and painful ailments 
such as wounds, snakebites, diarrheas, malaria, and rheumatism (Formagio et al. 
2015; Morzelle et al. 2011; Oliveira et al. 2019). Additionally, the fruits are used as 
a tonic and as an astringent, and its bark powder has antifungal and antirheumatic 
properties (Vilar et al. 2011).

The food potential of A. crassiflora is mainly associated with the pulps and car-
pels. The pulp and carpel when dehydrated retain their total carotenoid contents 

Fig. 2 Fructiferous species from the Cerrado highlighted in this chapter. (a) Anacardium occiden-
tale (cashew); (b) Mauritia flexuosa (buriti); (c) Hancornia speciosa (mangaba); (d) Psidium gua-
java (goiaba); (e) Caryocar brasiliense (pequi); (f) Myrciaria cauliflora (jabuticaba); (g) Pterodon 
emarginatus (sucupira); (h) Dipteryx alata (baru); (i) Annona crassiflora (araticum); (j) Eugenia 
dysenterica (cagaita). All photographs were obtained from the Herbário da Universidade Estadual 
de Goiás (HUEG) and are available at https://www.gbif.org/pt/dataset/
bbb1f181- 3221- 4a10- ad52- 14f1da0dca26
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(Martineli et al. 2020) and were shown to be a good source of alimentary fiber and 
derivatives such as oleic and palmitic acids (Corrêa et al. 2011). A. crassiflora pulp 
powder when produced by thin layer convective air drying using inulin as a drying 
aid presents lower moisture content, lower hygroscopicity, and better stability 
(Botrel et al. 2016).

When breads were enriched with A. crassiflora pulp flour, they presented excel-
lent nutritional value, and the formulations were well accepted from a sensory point 
of view, a good alternative for using the fruit (Villela et al. 2013). Food bars enriched 
with A. crassiflora pulp flour present higher fiber content and a significant increase 
in antioxidant activity, vitamin C, and total carotenoids. In sensory evaluations, the 
modified food bar (adding 50% A. crassiflora flour) presented higher averages for 
all evaluated attributes and was the favorite of the evaluators (Silva et al. 2018b).

A. crassiflora pulp liqueur presents a translucent drink, dark yellow to light 
brown in color, with a strong flavor, and an aroma characteristic of the species. It 
can be consumed after meals as a digestive and can be used in preparations of 
drinks, sweets, chocolates, and various desserts (Oliveira et al. 2018a).

6  Caryocar brasiliense Camb. (Caryocaraceae)

The Caryocar genus presents 16 species, some of which possess economic potential 
since their fruits are often used as a source of edible oil (Ascari et al. 2013). Among 
Caryocar species, Caryocar brasiliense Camb., a native of the Brazilian Cerrado 
biome, is one of the most studied species. It is called pequi, and its fruit is widely 
consumed in Central Brazil (Fig. 2e). Local communities use Caryocar spp. to treat 
colds, bronchitis, liver disease, skin cancer, and ophthalmological problems, to regu-
late menstrual flow, and to cure hematomas and bruises as well (Ascari et al. 2013; 
Lopes et al. 2016). The hepatoprotective, gene-protective, and antioxidant effects of 
C. brasiliense fruits and oil have been scientifically verified (Colombo et al. 2015; 
Palmeira et al. 2016; Roesler et al. 2008; Torres et al. 2016). Moreover, pequi oil 
intake reduces hepatic triglycerides and improves cardiac function ex vivo in male 
rats (Oliveira et al. 2017). Toxicological investigations have indicated that oil extracts 
of C. brasiliense pulp present no toxicity, genotoxicity, maternal-embryo- toxic or 
teratogenic effects in rats (Traesel et al. 2016; Traesel et al. 2017a; Traesel et al. 2017b).

Although C. brasiliense has various applications, the principal use of pequi is as 
a food. Its flavor is used to aromatize many foods, especially in Central Brazil (Maia 
et al. 2008). Pequi is very nutritious and contains fibers, proteins, carbohydrates, 
and minerals (Ascari et al. 2013). Pequi flours are of industrial interest. Cookies 
made with a partial substitution of wheat flour with pequi pulp flour have been 
developed and present good nutritional value, revealing the great potential of pequi 
flour as an alternative for use in new food products (Silva et al. 2018a). The potential 
of pequi by-products (endocarp and mesocarp) as substrates to produce pequi flours 
rich in antioxidant molecules and dietary fibers has also been evaluated. Dietary 
fibers in C. brasiliense residue flour (exocarp and the mesocarp) ranged from 39.8 
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to 43.3 g/100 g (Leão et al. 2017). The pectin obtained from C. brasiliense peel flour 
is highly esterified (Leão et al. 2018) and can be employed in jams and preserves, as 
a stabilizer in acidic dairy products, or to promote viscosity in beverages (BeMiller 
2019). C. brasiliense mesocarp flour has been added to yogurt, decreasing the pH 
and darkening the color of the final product. The high absorption rate of the flour 
(1.5%) favors less syneresis and increases water-holding capacity. The formulated 
prebiotic yogurt was suitable for consumption with viable lactic acid bacteria 
(Souza 2015). The antioxidant capacities of pequi by-product flours were higher 
than those of fruits and fruit by-products, such as blackberry and blueberry reported 
in the literature (Leão et al. 2017). Such results reveal a promising future for pequi 
peels as a potential source of dietary fiber and natural antioxidants (Leão et al. 2017).

Pequi has been widely used as a source of oil with nutritional and cosmetic value 
(Ascari et al. 2013), and its oil is high in monounsaturated (especially oleic) fatty 
acids and carotenoids (Oliveira et al. 2017). Many techniques can be used to extract 
pequi oil, such as supercritical fluid extraction (Johner et al. 2018b) and cold-press 
assisted supercritical fluid extraction by (Johner et al. 2018a). An unfavorable aspect 
of pequi oil in technological applications is that the native oil lacks the melting 
behavior and thermomechanical properties required for food functionality (Guedes 
et al. 2017). Thus, pequi oil can be modified through chemical inter-esterification, 
which increases tripalmitoylglycerol (a completely saturated triacylglycerol) content 
to ~6%. The inter-esterified oil does not fractionate and is thermally stable to 40 °C, 
and the total carotenoid content (~390 mg/kg) remains stable (Guedes et al. 2017).

Despite being highly coveted by the food and cosmetic industry (due to exposure 
to oxygen, light, heat, and the presence of enzymes, metals, and peroxides), carot-
enoids are highly susceptible to degradation during processing and storage (Boon 
et al. 2010). To preserve carotenoids, a freeze-dried pequi pulp has been developed 
(Alves et al. 2010). Membrane separation and vacuum drying to preserve the fruit’s 
bioactive properties have also been tried. Nano-filtration processing has been shown 
to be efficient in concentrating bioactive compounds from pequi aqueous extracts 
(Machado et al. 2013, 2015). Low-temperature vacuum drying is recommended for 
preparing dried sliced pequi because the process retains higher ascorbic acid and 
carotenoid contents and is associated with a higher rehydration coefficient, minimal 
color change, less shrinkage, and reduced drying times (Mendonça et  al. 2017). 
Another study proposed carotenoid extract encapsulation of pequi to obtain a pow-
dered product using emulsification (5% emulsifier) with drying (at 60 °C) via the 
foam mat process (Pinto et al. 2018).

For biotechnological applications, a biosensor based on polyphenol oxidase 
obtained from C. brasiliense pulp was developed and used for thiodicarb pesticide 
determinations in fresh fruit and vegetable samples. The results were satisfactory 
(Lima et al. 2010a). C. brasiliense pulp has also been used to produce biodiesel. The 
obtained methylic and ethylic biodiesels by alkaline transesterification of pequi oil 
presented satisfactory thermal stability and were qualified as potential substituents 
of conventional mineral diesel (Silva et al. 2014).

The addition of C. brasiliense peel extract into a chitosan matrix reduced weight 
loss by 22% and total color variation in tomatoes by 50% (Lycopersicon esculentum 
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Mill.). Application of the extract alone was effective in controlling fungal growth on 
tomatoes, a 70% reduction when compared to uncoated fruits. The combination of 
the extract with chitosan was suitable as an effective edible coating, improving fresh 
weight retention and reducing color changes in tomatoes while retaining the bene-
fits of chitosan in delaying fungal growth (Breda et al. 2017).

The antimicrobial and antioxidant activities of C. brasiliense leaf extract obtained 
by supercritical CO2 extraction were also investigated. Supercritical C. brasiliense 
extractions presented antioxidant activity without cytotoxic or phototoxic hazards 
(Amaral et al. 2014a, b). Liquid soap and hand lotion containing this extract exhib-
ited antimicrobial activity against E. coli, Pseudomonas aeruginosa, and 
Staphylococcus aureus (Amaral et al. 2014a). The data reveal that C. brasiliense 
leaf extract may be useful in the development of personal care products, especially 
for antiseptic skin products, as well as products that minimize damage caused by 
free radicals (Amaral et al. 2014a).

7  Dipteryx alata Vogel (Fabaceae)

Dipteryx alata is an oleaginous species native to the Cerrado known as baru that pos-
sesses an edible almond (Fig. 2h). Popularly, D. alata (baru) is used as an antirheu-
matic, tonic, and anti-ophidian and to regulate menstruation (Dey and De 2012; Sano 
et al. 2016). Baru almonds possess a high protein content and high in vitro digest-
ibility relative to casein (Cruz et al. 2011). They also present a good essential amino 
acid composition, an appreciable amount of calcium, and high levels of iron, zinc, 
dietary fiber, and tannins (Fernandes et al. 2010; Martins et al. 2013). Baru almonds 
are rich in mono and sesquiterpenes, phytosterols, and tocopherol derivatives 
(Marques et al. 2015). The introduction of baru almonds into rat diets reduced tri-
glycerides and VLDL and LDL cholesterol, increased HDL cholesterol, and yet did 
not interfere in weight gain, visceral fat, total cholesterol levels, or oxidative stress 
(Fiorini et al. 2017). A baru almond-enriched diet for 8 weeks in overweight and 
obese women reduced abdominal adiposity and increased HDL (Souza et al. 2018b). 
Some chemical safety assays indicate that D. alata bark extract is neither mutagenic 
(Ames test) nor toxic during pregnancy in rats, with no physical- neurobehavioral 
consequences on the development of the rats’offspring (Esteves- Pedro et al. 2012). 
Thus, besides its therapeutic importance, D. alata presents nutritional relevance 
while being chemically safe. This encourages its use, especially the almonds, as a 
raw material for food, pharmaceutical, and cosmetic industries (Moraes et al. 2018).

In food applications, baru almonds have already been used to produce a cereal 
supplement called granola (a mixture of cereals, whole grains, dried fruit, and nuts). 
Granola containing dried caju-do-cerrado (Anacardium othonianum Rizz) and baru 
almonds presents high protein levels, dietary fiber, and iron; lower moisture, water 
activity, sodium, and lipids; and high energy value, stability, crunchy texture, and con-
sumer acceptability, potentially being a good food to bring to market (Souza and Silva 
2015). Powdered baru almonds (baru flour) was used to produce reduced fat baru 
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cupcakes. The flour was characterized as containing more protein, dietary fiber, miner-
als, and lipids than wheat flour. It was then used in cupcake formulations where 30% 
of the wheat flour was replaced with baru flour (Paglarini et al. 2018). A reduction in 
water absorption, stability, mixing tolerance index, and extensibility and an increase in 
dough development time and resistance to extension for the wheat-baru flour blend 
were observed. The baru flour mix allowed reduction in margarine use by 75% without 
reducing consumer acceptance, achieving a “reduced fat” claim (Paglarini et al. 2018).

Baru almonds are also a good source of polyunsaturated fatty acids, which are 
considered essential since the human metabolism is incapable of synthesizing them. 
To extract fatty acids from plant sources, organic solvents are normally used. 
However, severe legal restrictions have been proposed for reducing the use of organic 
solvents in industrial processes (Santos et al. 2016). Therefore, alternative techniques 
are being developed to obtain baru almond oil, such as supercritical CO2 and com-
pressed propane (Fetzer et al. 2018; Santos et al. 2016). The compressed propane 
technique presents the highest extraction yield (~37%) (Fetzer et al. 2018), and the 
oil product presents high concentrations of oleic and linoleic acids (Fetzer et  al. 
2018; Santos et al. 2016). Both supercritical fluid and compressed propane extrac-
tions avoid modifying the fatty acid profile of the oil (Fetzer et al. 2018; Santos et al. 
2016). The proteinaceous cake remaining after baru almond oil extraction can be 
transformed into protein concentrates and isolates (adding value to the production 
chain), bringing new products to the food industry (Nunes et  al. 2017). Partially 
defatted baru almond flour has already been used to produce cookies. Despite not 
having a good consumer acceptance, the cookies (25% baru almond flour) presented 
high fiber and bioactive compounds content, leading to higher antioxidant activity 
(Pineli et al. 2015). Baru almond flour can also be used in other food formulations.

For pharmaceutical and cosmetic applications, a lamellar gel phase emulsion 
using oil extracted from baru almonds was developed (Moraes et  al. 2018). The 
system demonstrated stability during storage and was able to increase stratum cor-
neum lipid fluidity, demonstrating its potential to act as a vehicle for drugs or in skin 
care (Moraes et al. 2018).

8  Eugenia dysenterica DC. (Myrtaceae)

Popularly known as cagaita, Eugenia dysenterica is a species native to the Cerrado 
with globular pale-yellow edible fruit highly appreciated by local populations 
(Fig. 2j). Different parts from this species have been employed in folk medicine to 
treat various disorders (Silva et al. 2015b; Souza et al. 2007). The leaves of E. dysen-
terica are used to treat diarrhea, cardiac diseases, diabetes, and jaundice and to 
reduce blood cholesterol. Cagaita fruits present laxative activity, and the flowers are 
employed to treat skin and bladder infections (Lima et al. 2010b; Lima et al. 2011; 
Silva et al. 2015b).

As to food applications, a fruit wine was elaborated from E. dysenterica pulp. The 
beverage presented good consumer acceptance for color, flavor, and taste (Oliveira 
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et al. 2011). Jellies using two types of E. dysenterica pulp (filtered or unfiltered) and 
two different mixtures of pulp, sucrose, and pectin were obtained which were micro-
biologically safe and well accepted. The formulation with 60:40:0.1 (filtered pulp/
sucrose/pectin) presented good nutritional value and was a good source of vitamin C 
(Santos et al. 2012). E. dysenterica raisins obtained using an osmotic dehydration 
process enjoyed good acceptance during sensory analyses (Silva et al. 2015a).

To prevent deterioration of the bioactive compounds in E. dysenterica, spray- 
drying methodology is used during dehydration of the leaves and fruit (Couto et al. 
2013; Daza et al. 2016). The powdered E. dysenterica fruit extract can be used as a 
functional ingredient in food formulations or as an intermediate phyto- pharmaceutical 
product; it presents antioxidant activity, α-amylase and α-glucosidase inhibitory 
potential, and antimicrobial activity against Staphylococcus aureus and Listeria 
monocytogenes as well (Daza et al. 2017).

E. dysenterica leaf extract has been incorporated in micro-emulsions to develop 
stable, non-irritant topical formulations, improving cutaneous permeation without 
compromising its antioxidant activity (Ferreira-Nunes et al. 2018). The extract was 
also incorporated in chitosan microparticles with further incorporation in a derma-
tologically acceptable formulation. The emulsion presented relative stability for 
60 days at 6 °C, good skin penetration, and angiogenic activity (Silva et al. 2020a). 
Thus, E. dysenterica leaf extract appears to be a promising alternative for dermato-
logical treatments.

9  Hancornia speciosa Gomes (Apocynaceae)

Popularly known as mangabeira (Fig. 2c), Hancornia speciosa is a native Cerrado 
tree, and its fruit is called mangaba and is known by its exotic flavor and aroma 
(Cardoso et al. 2014). Economic interest in this fruit has been growing in recent 
years, because the pulp is rich in vitamins A, B1, B2, and C, as well as iron, phospho-
rus, and calcium (Narain et al. 2018). Mangaba can be consumed fresh or processed 
in the form of jelly, sweets, ice cream, juices, soft drinks, liquors, wine, and syrup 
(Almeida et al. 2016). Phytochemical studies have reported identification of differ-
ing classes among H. speciosa extract compounds. Flavonoids, catechins, proantho-
cyanidins, and tannins are present in the bark of the species. Steroids, triterpenes, 
and tannins are present in the leaves (Moraes et al. 2008), and chlorogenic acid, 
naringenin-7-O-glucoside, catechin, and proanthocyanidins were identified in the 
trunk latex (Neves et al. 2016).

With regard to its medicinal potential, the species has long been employed in folk 
medicine for treating wounds, rheumatism, hypertension, obesity, gastric lesions, 
and diabetes (Hirschmann and Arias 1990; Macedo and Ferreira 2004; Moraes et al. 
2008). In addition to ethnobotanic surveys, certain pharmacological effects have 
also been associated with the plant extracts. For example, studies have shown that 
H. speciosa leaf extract presents endothelium-dependent vasodilatory effect 
(Ferreira et  al. 2007), which is effective for blood pressure control (Silva et  al. 

Food Composition Data: Edible Plants in Cerrado



208

2011). The leaf extract also has antidiabetic potential being able to reduce blood 
glucose concentration through inhibition of intestinal α-glucosidase and stimulation 
of glucose uptake by adipocytes (Pereira et al. 2015). Mangabeira bark extract pos-
sesses antioxidant activity and inhibits acetylcholinesterase production, which sug-
gests that it can be used in the treatment of Alzheimer’s, a disease linked with 
oxidative stress, acetylcholine deficiency in the brain, and inflammatory processes 
(Penido et al. 2017). The trunk latex possesses angiogenic (Almeida et al. 2014; 
D’Abadia et al. 2020), osteogenic (Floriano et al. 2016; Neves et al. 2016), anti- 
inflammatory (Marinho et al. 2011), and antioxidant (D’Abadia et al. 2020) activi-
ties, which may help in wound healing.

In food applications, a mixed nectar of H. speciosa and E. dysenterica has been 
developed achieving good acceptance by consumers due to an attractive sensory 
profile and good nutritional value (Assumpção et al. 2013). Yogurt made of goat’s 
milk and H. speciosa pulp presented satisfactory sensory analyses, and the authors 
highlighted the product as a promising alternative for consumers who are allergic to 
cow’s milk, as well as to those seeking a product with better digestibility (Santos 
et al. 2017).

A mixed jelly of H. speciosa and Spondias tuberosa Arr. C. (“umbu”) presented 
high dietary fiber content, total phenolic content, and antioxidant capacity and 
remained microbiologically stable in moisture and total titratable acidity at 90 days 
of storage. The jelly presented sensory characteristics similar to commercialized jel-
lies, but with more dietary fiber and functional properties as well (Souza et al. 2018a).

With regard to other technological applications, mangaba seeds can be used to 
produce bio-oil (Santos et al. 2015). The production of bio-oil from mangaba indus-
trial processing residues can decrease wastes released into the environment. In 
another application, silver nanoparticles were added to H. speciosa latex bio- 
membrane to develop a new biomaterial, combining angiogenic, anti-inflammatory, 
and antibacterial properties, which could potentially be used in wound healing 
(Almeida et al. 2019).

10  Mauritia flexuosa L. f. (Arecaceae)

Mauritia flexuosa is a palm that produces a fruit popularly known as buriti (Fig. 2b), 
which has an orange-colored thick mass and spongy endocarp that surrounds a very 
hard seed (Sampaio et  al. 2008). The species presents antitumor (Siqueira et  al. 
2014), hypoglycemic (Bataglion et al. 2014), hypolipidemic (Aquino et al. 2012), 
antimicrobial (Koolen et al. 2013), and other healing activities (Batista et al. 2012). 
Due to its high β-carotene contents, buriti is extremely effective in treatment and 
prevention of xerophthalmia (Mariath et al. 1989); it also reduces the risk of devel-
oping cardiovascular disease (Neri-Numa et al. 2018a; Sandri et al. 2017). Although 
buriti possesses various ethnobotanical applications, the main use of buriti pulp is as 
a food, in the form of jams, jellies, juices, and ice creams (Gomes et al. 2011).
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In food applications, the nectar obtained from M. flexuosa has low calories and 
presents iron, manganese, and fiber levels that meet daily requirements. It also pres-
ents good sensory properties and consumer acceptance (Garcia et al. 2015). M. flex-
uosa jellies in their conventional, light, and diet versions were elaborated (Sousa 
et al. 2020). The light and diet versions presented physical-chemical alterations in 
relation to the traditional jelly, yet without compromising quality in the storage 
periods studied. The conventional and light jelly formulations were well accepted. 
However, the diet pulp jelly required formulation adjustments for better taste accep-
tance (Sousa et al. 2020). M. flexuosa biscuit flour with addition of oats resulted in 
cookies with reduced diameters and thickness; higher moisture, lipid, fiber, and 
caloric contents; and lower protein and carbohydrate contents. Sensory characteris-
tic testing revealed good consumer acceptability (Santos et al. 2011). M. flexuosa 
fruits processed by dehydration and spraying maintained good chemical and micro-
biological storage stability for 150 days, at temperatures of 4 °C and 12 °C (Aguiar 
and Souza 2017).

Freeze-dried flours from M. flexuosa were produced with its by-products which 
reduced triglyceride and total cholesterol levels and raised HDL levels in Swiss mice 
(Pereira-Freire et al. 2019). The flours can be used for preparing nutraceuticals with 
lipid-lowering characteristics and may be useful in support therapy for patients with 
dyslipidemia. M. flexuosa by-product flours present high dietary fiber contents and 
the presence of pectic polysaccharides, arabinoxylans, and xyloglucans. The peels 
and defatted pulp flours were highlighted for possessing higher antioxidant poten-
tials as compared to the endocarp and to manually produced bran flours. Carotenoid 
content was also higher in the peel flours, and all of the flours produced presented 
expressive amounts of total non-extractable proanthocyanidins (Resende et al. 2019).

Although due to an elevated β-carotene content, M. flexuosa is considered a good 
source of carotenoids, and as a supplement of pro-vitamin A (Aguiar and Souza 
2017), its fibers and polyphenols may bind to macromolecular compounds that are 
not dialyzable, or generate mineral complexes, decreasing their solubility and bio- 
accessibility (Bouayed et al. 2011).

11  Myrciaria cauliflora (Mart.) O. Berg. (Myrtaceae)

Myrciaria cauliflora is a native plant in southern and central South America. The 
fruit is known as jabuticaba and presents a white soft juicy pulp, sweet and acidic 
flavor, and a dark purple color (Fig. 2f). The pulp is rich in minerals and ascorbic 
acid (Fortes et al. 2011; Teixeira et al. 2011). The dark peel is rich in polyphenols 
and anthocyanins. Folk medicine uses jabuticaba to treat asthma, throat inflamma-
tion, and gastrointestinal and cardiovascular disturbances (Giraldi and Hanazaki 
2010). Studies have also demonstrated jabuticaba peels significantly reduce blood 
cholesterol (Dragano et  al. 2013), obesity-associated insulin resistance (Araújo 
et al. 2013), and promote vasorelaxant and hypotensive effects (Andrade et al. 2015).
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With regard to food applications, M. cauliflora juice extraction yielded three 
powders obtained from the whole fruit (JWF), peel (JPE), and pomace (JPO). The 
pomace (JPO) was rich in total dietary fiber, insoluble dietary fiber, and phenolic 
compounds, especially monomeric anthocyanin, while the peel (JPE) presented a 
large amount of soluble dietary fiber (Gurak et al. 2014). Supercritical fluid extrac-
tion was used to prepare M. cauliflora jelly, which presented a good yield of anti-
oxidant compounds (Cavalcanti et  al. 2011). The addition of M. cauliflora peel 
extract to Bologna-type sausages decreased the pH at the start of processing and 
protected the samples from changes in color during storage. However, it had no 
positive effect on storage microbial stability (Almeida et al. 2015). A fermented 
dairy dessert containing M. cauliflora peel was characterized as a low-fat product, 
being considered acceptable for overall consumption, with an attractive color and 
appreciable texture, despite an acidic taste. These formulations are seen as a viable 
alternative for the use of M. cauliflora peel, as well as a potential functional food 
due to the concentration of lactobacilli, besides the presence of antioxidant pheno-
lic compounds (Almeida Neta et al. 2018). Addition of M. cauliflora peel flour to 
loaves reduced carbohydrate content, lipids, and caloric value while increasing 
humidity. Fiber content increased up to three times and phenolics up to seven times, 
and consequently, antioxidant activity was higher in breads supplemented with 
M. cauliflora peel flour. Bread formulated with 5% M. cauliflora peel flour pre-
sented greater sensory acceptance in overall impression and flavor attributes 
(Ferreira 2017).

It is important to highlight that certain marker compounds present in the fresh 
M. cauliflora fruit extracts were not detected in commercial juice and jams, and 
thus, the antioxidant capacity of the fresh fruit extract was higher (Wu et al. 2012).

12  Psidium guajava L. (Myrtaceae)

Psidium guajava, popularly known as guava or goiaba (Fig. 2d), is traditionally 
consumed (fruit) due to its flavor and nutritional value (Satyal et  al. 2015). The 
aqueous extract of guava leaves has been reported to be efficacious in the treatment 
of various types of gastrointestinal disturbances such as diarrhea, peristaltic reflex 
inhibition, and gastroenteritis (Gutiérrez et al. 2008). The whole plant is used as a 
skin tonic and is employed to treat female-related diseases like dysmenorrhea, mis-
carriage, uterine bleeding, and premature labor (Rishika and Sharma 2012). Various 
flavonoids such as guajaverin, guayfotavolic acid, guajadial, and guavanoic acid 
were identified in this plant (Wang et al. 2014).

P. guajava fruit powders, when obtained by lyophilization, present a higher 
residual content of vitamin C, antioxidant activity, and thermal stability, than when 
obtained by hot-air drying. Sensory analyses revealed similarities between the two 
dehydrated powders, but a pleasant guava jelly-resembling flavor was detected for 
both solids. Both powders enjoyed high consumer acceptance (Osorio et al. 2011).
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Incorporation of P. guajava powder in sheep meat nuggets resulted in significant 
decrease in emulsion and nugget pH, emulsion stability, cooking yield, and nuggets’ 
moisture content. Emulsion ash and moisture content increased. Total phenolics, 
total dietary fiber, and ash content significantly increased in the nuggets with pow-
der added. The powder was also found to retard lipid peroxidation in cooked sheep 
meat nuggets, did not affect sensory characteristics of the products, and can be used 
as a source of antioxidant dietary fiber in meat food preparations (Verma et al. 2013).

Heat treatments (boiling or autoclaving) did not affect P. guajava seed total 
dietary fiber or ash contents. Boiling did not significantly reduce phytic acid con-
tent, but autoclaving caused a reduction of 91%, a level below the anti-nutritional 
threshold. Germination for 14 days caused significant reductions in nutrient con-
tents of 16–79% and also reduced the phytic acid content by 90%. Thus, P. guajava 
seeds can be treated thermally or germinated to manipulate their composition and 
enable their use in both food and feed industries (Chang et al. 2014).

Addition of pectin (0.5%, 1%, and 1.5%) to P. guajava cheese, a semisolid con-
centrated fruit product, increased hardness, phytochemical content, and antioxidant 
potential while enhancing shelf life stability. The guava cheese formulated pre-
sented good nutrition, sensory properties, and consumer acceptance and may well 
be utilized as a healthy fruit snack when adding alternative sweeteners and func-
tional ingredients to obtain further health benefits (Patel et al. 2016).

The sensory quality and physicochemical characteristics of meat from Santa 
Inês lambs fed with diets containing P. guajava agro-industry by-product were 
tested. As a result, inclusion of 40% guava in diets (in place of corn) produced meat 
with satisfactory consumer acceptance in terms of color, yet with a less intense 
flavor, and tenderness. It was also observed that the animals suffered weight reduc-
tion (Costa et al. 2019).

13  Pterodon emarginatus Vogel (Fabaceae)

P. emarginatus is a tree popularly known as sucupira (Fig. 2g). Its fruits are cryp-
tosamaras, which in their central structure present an alveolus filled with bitter oil 
(Lorenzi 2008). The seeds are commercialized in popular markets, especially for 
their pharmacological properties. The population makes use of the seeds in 
hydroalcoholic macerations to treat laryngological diseases, as antirheumatic, 
anti- inflammatory for spinal problems, depurative, and fortifier (Hansen et  al. 
2010). Seeds of P. emarginatus are also used as raw material to obtain an amber-
colored viscous oil that is considered a rich source of vouacapane diterpenes 
(Santos et al. 2010).

The effects of dietary supplementation in laying hens of P. emarginatus (0.03%) 
and Copaifera langsdorffii Desf (0.03% and 0.06%) oils on the quality of their fresh 
eggs  – stored under refrigeration and at room temperature  – were evaluated. 
Supplementation with these oils helped to preserve the quality of the egg albums 
(kept at room temperature for up to 14 days), similar to using refrigeration. It also 
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helped to maintain the pH of the yolks in eggs stored at room temperature for up to 
30 days (Oliveira et al. 2018b).

In pharmaceutical applications, microencapsulation of the P. emarginatus fruit 
essential oil (spray-drying) may contribute to the development of an herbal medi-
cine, since 98.63% of the essential oil was retained and the same proportion of 
β-caryophyllene was captured (Alves et al. 2014).

14  Other Species with Technological Potential

Brosimum gaudichaudii Trécul (Moraceae) is popularly known as mama-cadela. Its 
roots are traditionally used for the treatment of patients with vitiligo. The activity is 
attributed mainly to the furanocoumarins psoralen and bergapten (Jacomassi et al. 
2007; Morais et al. 2018). B. gaudichaudii seed flour in gingerbread improved the 
sensory characteristics and may be useful in partial replacement of wheat flour 
(Alves et al. 2017).

Byrsonima crassifolia (L.) Kunth (Malpiguiaceae) is popularly known as murici. 
Its bright yellow fruit is edible with a sweet taste and a slightly bitter aftertaste 
(Pereira and Freitas 2002). Its fruits and leaves are used to treat gastrointestinal 
problems, such as ulcers and diarrhea. Its roots are used to heal wounds and infec-
tions of the mouth and throat such as gingivitis, tonsillitis, and pharyngitis (Gellen 
and Silva 2016). An alcoholic fermented drink from B. crassifolia was obtained 
with physicochemical characteristics in accordance with the Brazilian legislation 
for grape wines, except for NaCl chlorides, ashes, and total titratable acidity param-
eters (Bizinoto 2017). The fermented alcohol of B. crassifolia was classified as a 
semidry table wine. Fruit-based beverage formulations with B. crassifolia and 
Spondias mombin L. (cajá) were well-accepted and presented antioxidant proper-
ties (Souza et al. 2020).

Campomanesia cambessedeana Berg (Myrtaceae) is popularly known as gabi-
roba or guavira. Its fruits are appreciated for their sensory characteristics and nutri-
tional value. Its pulp is succulent, acidic, and slightly sweet (Malta et al. 2012). The 
leaves and fruits have anti-inflammatory, antidiarrheal, and antiseptic properties in 
the urinary tract and are also used to prevent rheumatism and liver disorders 
(Campos et al. 2012). Atomization processing of C. cambessedeana fruit pulp was 
efficient in increasing pulp shelf life. However, the powder underwent changes such 
as browning and reduction of the total phenolic compounds content when compared 
to the fresh pulp (Chung 2016).

15  Conclusion

Cerrado species have great technological potential as functional foods, and for 
nutraceutical, cosmetic, and pharmacological applications as well. Yet consump-
tion is normally limited to local communities. This may be due to scarce informa-
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tion regarding their potential use, the processing necessary, or the quality of products 
that can be obtained from these species. In the food industry, the potential of many 
Cerrado species was demonstrated for cookies, food bars, cupcakes, juices, jellies, 
liquors, wines, yogurt, and other formulations, which presented good nutritional 
values and high acceptability in sensory tests. Moreover, Cerrado species can be 
prospected to produce drugs to alleviate different human diseases such as inflamma-
tions, infections, and gastrointestinal disturbances or to produce cosmetics with 
antiaging or healing properties. Such applications enable commercialization, gener-
ate employment and income for the local populations, favor industrial expansion, 
minimize wastes, and promote the generation of various co-products.
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1  Introduction

“Famine foods,” “alternative food plants,” “wild edible plants,” “unconventional 
vegetables,” “traditional vegetables,” and “unconventional food plants” are names 
given to a group of underutilized plants which have received these designations in 
reaction to their extinction due to the expansion of monocultures (Bhandari 1974; 
Brasil 2010; Kinupp 2004; Leal et al. 2018; Uprety et al. 2012). These native and 
exotic plants are cultivated spontaneously in nature; however, it appears that they 
have been little explored. They are often wiped out to make room for the production 
of other foods that boost the economy, favoring the reduction of an area’s biodiver-
sity (Leal et al. 2018). An example of this destruction is cacti that represent a large 
number and variety of species, found throughout the world due to their great adap-
tive capacity. Their ecological advantages can be attributed to crassulacean acid 
metabolism, which allows absorption of CO2 during the night, reducing the loss of 
water during the process of photosynthesis (Guevara-Figueroa et  al. 2010; 
Mancuso 2019).

The Cactaceae family is widely distributed, encountered from Canada, across the 
USA, Mexico, and Central and South America. In some countries, such as Mexico 
and Colombia, several species of Cactaceae family are used in folk medicine. The 
family is subdivided into three subfamilies Cactoideae, Opuntioidea, Pereskioideae 
(Barthlott and Hunt 1993) and a new subfamily Maihunioideae qualified to 
Maihuenia (Weber) Schumann (Anderson 2001).

In Brazil, species like Cereus jamacaru DC., Harrisia adscendens (Gürke) 
Britton & Rose, Opuntia ficus-indica (L.) Mill, and Pilosocereus gounellei are pop-
ularly used in various diseases as analgesics, antibiotics, diuretics and for coughs 
and heart disease and to cure certain types of ulcers (Andrade et al. 2006; Lucena 
et al. 2012). In this chapter, the nutritional composition, biological properties, and 
use of some of the Caatinga food plants will be presented.

D. F. S. Araújo et al.
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2  Cereus jamacaru DC. (Mandacaru)

2.1  Species Characteristics

The Cereus jamacaru is a typical species of the Caatinga biome, located in the 
semiarid region in northeastern Brazil, including almost all its states (Ceará, Rio 
Grande do Norte, Paraíba, Pernambuco, Alagoas, Sergipe, Bahia), and extending to 
the southeast region, in the north of Minas Gerais. This species is also known as 
mandacaru, cardeiro, jamacaru, thistle, cardon, caxabú, and wild fig (Andrade et al. 
2006; Lucena et al. 2015; Santos et al. 2017; Silva et al. 2019). Other species of 
Cereus are found in other regions of the country. Microsatellites have identified a 
total of 31 alleles in mandacaru plants, with those from the northeast region show-
ing the lowest polymorphism when compared to their relatives from the south, 
southeast, and midwest regions (Fernandes et al. 2016).

C. jamacaru is usually found on stony soils, alongside other species of cacti. It is 
formed by porous pulp cladodes and full of thorns, which bear fruit in the rainiest 
months, between February and May, and can reach 3–7 m in height (Rocha and 
Agra 2002). Its fruits have an ovoid shape, with approximately 12 cm in length, 
white pulp with numerous black and very small seeds, reminiscent of the pitaya 
fruit, and are very juicy (Fig. 1). The flowers open only at night, between January 

Fig. 1 Pictures of Cereus jamacaru DC. (mandacaru): (A) fruit; (B) cladode (Font: The authors)
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and August, being visited by moths and bats (Rosado and Rosado 1960). Due to 
their specific morphological and physiological characteristics, they can withstand 
high temperatures and a long period of drought or low water availability.

2.2  Popular Use and Possible Application

Because they are spongy, cacti can store water for long periods, serving as food for 
animals in times of drought (Sales et al. 2014). Cacti have become popular as orna-
mental plants in addition to their potential as a source of substances for medicinal, 
cosmetic, and food use (Biavatti et al. 2007; Park et al. 2001). Human consumption 
of cactus is reported to have begun in Brazil in the 1980s by groups considered 
vulnerable, suffering from famine and drought (Santos et al. 2001). Currently, there 
has been increased interest in studying its nutrients, health effects, and preparation 
as food products.

Medicinal properties have been attributed to the mandacaru, for example, as 
infusion for treatment of various diseases, including renal, hepatic, respiratory, 
stomach, and sinus problems (Agra et al. 2007; Albuquerque et al. 2007; Saraiva 
et al. 2015; Silva et al. 2014). Other studies have reported the cytotoxic activity of 
an aqueous extract (non-protein) from the stem (Silva 2015); antibacterial activity 
of ethanolic extract from the stem (Davet et al. 2009); as well as the purification and 
characterization of two proteins from C. jamacaru seeds (Aragão et al. 2000; da 
Costa et al. 2001).

In addition to its medicinal properties, mandacaru is used as fodder in times of 
drought. Its branches are used in civil construction, to make wooden spoon, doors, 
windows, boards, and slats, in addition to its wide use as an ornamental plant (Agra 
et al. 2008; Lucena et al. 2013; Rodrigues and Elesb 2009). The mandacaru has also 
been cited as a bio-indicator of natural phenomena, its flowering being the sign of a 
good winter (Lucena et al. 2012).

2.3  Physical-Chemical Characteristics 
and Nutritional Composition

The mandacaru fruit, specifically its pulp, presents in its physical-chemical compo-
sition significant values   of proteins (1.8–2.35 g/100 g), lipids (1.08–1.98 g/100 g), 
carbohydrates (9.76–9.86 g/100 g), minerals (0.20–1.30 g/100 g), total soluble sol-
ids (TSS; 10.3–14.93  g/100  g), pH (3.73–4.93), titratable acidity (TA; 
0.26–0.32 g/100 g), TSS/TA (32.65–50.15), moisture (82.75–90.58 g/100 g), and 
total phenolic compounds (28.35–326.78  mg EGA/100  g) (Almeida et  al. 2009; 
Bahia et al. 2010; Melo et al. 2017; Moreira et al. 2018; Nascimento et al. 2011; 
Santos 2018; Santos Neto et al. 2019). These differences may be related to the stage 
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of maturation, location, cultivation attributes (such as scarcity of water and soil 
nutrients), and climatic changes in the year in which the samples used in the afore-
mentioned studies were collected.

A study aiming at the physical-chemical characterization, carried out by our 
research group with the cladode and the fruit of the mandacaru collected in different 
regions of the state of Paraíba, Brazil, evaluated the following parameters: pH, 
molar acidity, moisture, ash, proteins, lipids, insoluble and soluble fiber contents by 
enzymatic-gravimetric method (AOAC 2016), and total phenolic and flavonoid con-
tents by procedures described by Liu et al. (2002), Sousa et al. (2011), and Zhishen 
et al. (1999). In vitro antioxidant activity of cladode and fruit of the mandacaru was 
assessed by an iron reduction method (ferric reducing antioxidant power-FRAP) 
(Rockenbach et al. 2011) and the ABTS method (Sariburun et al. 2010). Values of 
the measured physicochemical parameters of cladode and fruit of the mandacaru are 
presented in Table 1.

Lima (2016), Oliveira et al. (2004), and Sousa et al. (2014) highlight that the 
pulp of the mandacaru fruit is semi-acidic and low in vitamin C (~10 mg/100 g), 
carotenoids (~0.06 mg/100 g), and anthocyanin (0.23–1.83 mg/100 g), having high 
levels of calcium (~585 mg/100 g), magnesium (~238 mg/100 g), and potassium 
(~136 mg/100 g). The small amount of carotenoids and anthocyanins may be related 
to the presence of other pigments, such as betalains (Lima 2016). Bahia et al. (2010), 
in a study of the physicochemical characteristics of the mandacaru fruit, identified 
other carbohydrates in the fruit pulp, such as soluble fibers (pectin 4.36%) and 

Table 1 Physical-chemical characterization of Cereus jamacaru DC (mandacaru)

Variables
Parts of mandacaru
Cladode Fruit

pH 4.88 ± 0.31 5.03 ± 0.29
Molar acidity (g/100 g) 2.61 ± 0.50 0.38 ± 0.25
Moisture (g/100 g) 91.86 ± 0.88 89.70 ± 0.64
Ash (g/100 g) 1.53 ± 0.93 0.40 ± 0.01
Proteins (g/100 g) 0.82 ± 0.25 1.60 ± 0.17
Lipids (g/100 g) 0.74 ± 0.39 0.60 ± 0.17
Total fibers (g/100 g) 7.24 ± 1.20 4.13 ± 0.83
Soluble fibers (g/100 g) 4.57 ± 0.59 1.99 ± 0.19
Insoluble fibers (g/100 g) 2.67 ± 0.61 2.14 ± 0.64
Total phenolic (mg EGA/100 g)a 14.47 ± 3.10 14.79 ± 5.54
Antioxidant activity – FRAP (μmol 
TEAC/g)b

0.28 ± 0.22 0.39 ± 0.04

Antioxidant activity – ABTS•+ (μmol 
TEAC/g)b, c

1.84 ± 0.56 3.43 ± 0.57

Font: The authors
aThe results are expressed in milligram equivalents of gallic acid (EGA) per hundred grams of 
sample (mg EGA/100 g)
bThe results are expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per 
hundred grams of sample (μmol TEAC/100 g) 
cABTS•+ cation - 2,2-azino-bis (3-etilbenzo- tiazoline)-6-sulfonic acid
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insoluble fibers (total fibers 0.88%), which are important for human health, as these 
balance the absorption of blood fats, sugar, and cholesterol.

The literature also shows that with regard to antioxidant activities (ABTS+ and 
DPPH), the peel of mandacaru fruit in natura presents greater activities 
(11.62 ± 1.34μmol Trolox/g and 8.46 ± 0.90 g/g of DPPH, respectively) when com-
pared to the pulp (9.71 ± 0.52μmol Trolox/g and 6.93 ± 0.86 g/g of DPPH, respec-
tively). Pasteurization processes decrease these activities (Santos et al. 2020). Some 
studies have revealed the presence of tannins and flavonoids in the cladode and fruit 
of C. jamacaru (Davet et al. 2009; Dutra et al. 2019; Nascimento et al. 2011), which 
could be associated with these antioxidant properties in addition to its anti- 
inflammatory, antifungal, and anticancer activities, as well as others.

According to Coelho et al. (2004), the seeds of the mandacaru fruit constitute a 
significant source of carbohydrates (~66 g/100 g), proteins (~17 g/100 g), and lipids 
(~5 g/100 g), with nutritionally interesting levels for food and feed. Mayworm and 
Salatino (1996) in characterizing the oil extracted from the seeds of C. jamacaru 
reported that the mandacaru seed oils are rich in unsaturated fatty acids, mainly 
oleic acid (30.2%) and linoleic acid (43.4%), but saturated, palmitic (14.6%) and 
stearic (3.7%) oils were also found. Further, according to these authors, the compo-
sition obtained from mandacaru seeds is similar to that found in soybean oil, which 
is why this author suggests both species may have common uses.

Silva (2017) evaluating the phytochemical profile and cytotoxic activity of 
hydroalcoholic extract of C. jamacaru DC. by HPLC, FTIR, and UV-VIS observed 
the absorbance of several metabolites with important therapeutic properties, such as 
gallic acid, ferrulic acid, caffeine, quercitin, and rutin. In that study, toxicity assess-
ment was performed using Artemia salina cysts, resulting in an LC50 of 1509.17μg/
mL, considered non-toxic, as its LC50 was greater than 1000μg/mL. In addition, 
cytotoxic activity was analyzed in the cell lines NCI-H292 (pulmonary mucoepider-
moid carcinoma), HEp-2 (laryngeal squamous cell carcinoma), MCF-7 (human 
breast adenocarcinoma), and HL-60 (promyelocytic leukaemia cell). Thus, the 
extract showed a higher percentage of cell growth inhibition given NCI-H292 cell 
lines of 24.1%. Hemolytic activity showed a percentage of hemolysis of 3.33%, 
considered low.

2.4  Biological Properties

Mandacaru is a cactaceous symbol of Caatinga vegetation in the Brazilian Northeast 
region; however, there are few studies about the biological properties of this species. 
Much of the research with mandacaru is focused on ethnobotanical studies, showing 
that this cactus is widely used in traditional medicine in the form of teas prepared 
from the root and used to treat diseases such as rheumatism; wounds; urinary infec-
tions; kidney (Albuquerque et al. 2007; Lucena et al. 2013), liver, and respiratory 
problems; flu; cough; bronchitis; constipation; nausea; vomiting; hypertension 
(Albuquerque et al. 2007); ovarian cysts; and menstrual regulation (Saraiva et al. 
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2015) and to combat scurvy (Paulino et al. 2011; Scheinvar 1985). The mandacaru 
is also used as a food alternative for animals and humans, especially in the dry sea-
son (Lucena et al. 2013; Peron 2011; Rodrigues and Elesb 2009).

Other research has shown that the mandacaru has benefits in the treatment of 
obesity and has anti-cytotoxic, antitumor, and antioxidant properties, which makes 
it a matrix with great potential for the development of new drugs (Dutra et al. 2018; 
Dutra et al. 2019; Medeiros et al. 2019).

Mota et al. (2019) were the first to report the prospecting of proteins of biotech-
nological importance in different parts of the C. jamacaru (stem, roots, fruit peel, 
and seed) by enzymatic activities and protease inhibitory activity. Results of this 
study identified the presence of protease, peroxidase, chitinase, β-1,3-glucanase, 
and protease inhibitors, mainly for protein extract of the root. This extract presents 
significant antifungal activity against the Colletotrichum gloeosporioides, which 
causes anthracnose in the fruit from several plant species. The inhibitory activity in 
the vegetative development of the phytopathogen results from morphological altera-
tions in the cell surface, increased permeability in the membrane, and induction of 
reactive oxygen species, events that culminate in cell death of the fungus. In addi-
tion, the research demonstrated that the C. jamacaru root extract was able to inhibit 
the germination of C. gloeosporioides spores.

Davet et al. (2009) verified the antibacterial effect of the crude ethanolic extract 
of wood (EBLE) and the cortex (EBCO) of C. jamacaru against pure colonies of 
eight pathogenic microorganisms. Further, they showed that EBCO had more pro-
nounced antimicrobial activity than EBCE and that the microorganisms whose 
growth was most influenced by EBCO were Streptococcus epidermidis, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli.

It is known that vegetables, including the Cactaceae family, have an autochtho-
nous microbiota and that certain bacteria may have a probiotic effect. The probiotic 
effect and its benefits on the intestinal health and on the general health status of an 
individual have been increasingly studied. Allied to this, the demand for foods with 
functional potential and for non-dairy matrix probiotics has increased over time. In 
view of the above, our research group has been conducting tests with mandacaru for 
the following purposes: (i) to isolate and identify native bacteria from the fruit and 
mandacaru cladode, (ii) to evaluate the probiotic potential of isolated bacteria, (iii) 
to evaluate the prebiotic and protective potential of the lyophilized cladode on these 
isolated strains, and (iv) to ferment the mandacaru fruit with the native microorgan-
isms and to evaluate in  vitro bioactive activities of the fermented fruit. For this 
experiment, 12 collections have been carried out to date, totaling 377 isolates. Of 
these, 58 isolates passed the gram stain test, assessment for catalase activity, and 
remained viable for the next stages of the study. Studies of this magnitude are scarce 
on the subject in question, and the research findings are expected to be of impor-
tance. The research that has been carried out with this cactus, especially by our 
research group, is expected to contribute to the valorization of mandacaru as a 
source of bioactive compounds with a positive attraction for consumer health. This 
in turn will stimulate the agroindustrial sector to valorize this matrix as an ingredi-
ent with added value for the functional food industry.
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Due to the fiber and phenolic content and, consequently, the antioxidant capacity, 
mandacaru stands out as a matrix of interest for the development of nutraceutical 
products that will add functional characteristics and thus increase its market poten-
tial. Martins (2018) studied the development of a prebiotic goat yogurt using gelati-
nous substances from mandacaru and passion fruit (Passiflora edulis Sims) to 
evaluate their physicochemical characteristics. This gel was found to be in compli-
ance with Brazilian Resolution no 12 of 1978 (Brasil 1978), regarding the relative 
values   for moisture (10.04  ±  0.09  g/100  g) and total soluble solids 
(65.5 ± 0.70 g/100 g). In addition, parameters such as pH (3.28 ± 0.04), molar acid-
ity (33.28 ± 1.31 g/100 g), ash (0.74 ± 0.03 g/100 g), and proteins (0.77 ± 0.00 g/100 g) 
showed the potential of the gel being added to other food matrices, such as fer-
mented milk, thus improving and/or adding nutritional and sensory value to these 
types of food products.

Since 2002, the World Health Organization has stimulated the recuperation of 
data from plants used in ancient medical practices, as these are considered poten-
tially useful in the development of new drugs (World Health Organization 2002). 
The American plants were widely used long before the arrival of the Europeans to 
the continent in the fifteenth century. Besides being one of the richest countries in 
biodiversity, Brazil is also one of the most diverse in terms of Amerindian culture 
(Forzza et al. 2012; Neves 2006).

Studies on the mandacaru fruit indicate its potential for exploitation in various 
technological applications and industrial processes, such as the production of fer-
mented drinks and preparation of dehydrated fruit powder, sweets, jellies, and ice 
cream (Almeida et al. 2006; Almeida et al. 2011; Moreira et al. 2018; Oliveira et al. 
2015; Santos Neto et al. 2019).

Despite this, research on the economic potential of use of mandacaru fruit for 
food and beverages or its manufacture by agribusiness is scarce. Moreover, there is 
a need for scientific studies on post-harvest usability, mainly related to enzymatic 
browning, a limiting factor for valorization in the productive chain of this fruit. This 
suggests that further studies should be encouraged on the sustainable use of this 
fruit species in view of its cultural valorization of the Northeast and its contribution 
of extra resources to the population living in the region, especially in times of 
drought.

3  Opuntia ficus-indica (L.) Mill and Nopalea cochenillifera 
(L.) Salm-Dyck (Palm Species)

3.1  Species Characteristics

The Opuntia fícus-indica (L.) Mill (prickly pear) and Nopalea cochenillifera (L.) 
Salm-Dyck (cochineal cactus) palm species (Fig. 2) with origins from Mexico are 
widely cultivated in Brazil as well as in different parts of the world (Nobel 2001). 
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They are a species well adapted to the northeastern semiarid region, which is char-
acterized by having shallow, stony, or sandy soils and little organic matter, although 
the soil is rich in soluble minerals (Oliveira et al. 2011). It is thought that this spe-
cies was introduced into Brazil because of its property of natural carmine dye, 
called carminic acid. This dye is biosynthesized by a small insect, the mealybug 
(Dactylopius sp.), which lives in the cladodes of the plant (Alves et  al. 2008; 
Pessoa 1967).

Regarding botanical classification, forage palms belong to the Cactaceae family, 
genus Opuntia and Nopalea (Zappi and Taylor 2020). The two most common types 
of palm that grow in the northeastern region of Brazil differ from each other by their 
morphological features: the giant or big palm and the small or sweet palm (Lyra 
et al. 2015).

The giant palm is a variation of that which belongs to the species Opuntia ficus- 
indica. Its cladode1 is green-matte and oval-elliptical or sub-oval, can be up to 50 cm 
long, and weighs about 1 kg. The flowers are hermaphroditic, medium sized, and 
bright yellow, and their corolla remains open at maturation. The fruit is an ovoid 
berry, large, and yellow or purple. The small or sweet palm is a small plant and has 
a highly branched stem. Its cladode weighs about 350 g and is almost 25 cm long, 
obovate in shape, and bright green. The flowers are red, and their corolla remain half 
closed during the cycle. The fruit is a purple colored berry. The small or sweet palm 

1 Green, flat branch with leaf-like shape and function present in some plants, mainly in cacti.

Fig. 2 Pictures of Opuntia ficus-indica (L) Mill (prickly pear) and Nopalea cochenillifera (L) 
Salm-Dyck (cochineal cactus). (A) Flower; (B) cladode; (C) fruit (Font: The authors)
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is considered more palatable and easier to manage because it does not contain spines 
in its structure, although it has less resistance to drought (da Silva and Santos 2006).

3.2  Popular Use and Possible Application

The use as feed for animals in times of drought has been the main use for palm 
plantations in Brazil (Menezes et al. 2005). In some regions of Brazil and in several 
other countries in the world, palms are also used for human consumption, where 
people consume their fruits and young cladodes “nopalitos” as vegetables. In 
Mexico and in southern USA, palm cultivation is focused on fruit production, 
although young cladodes are also consumed. The palm fruits are also largely mar-
keted in Europe, being produced and imported from countries around the 
Mediterranean sea (Moussa-Ayoub et al. 2011; Saenz 2000).

Due to agricultural problems related to the increase in arid zones and the scarcity 
of water resources, some cacti have gained importance as an effective food source 
for humans (Shetty et al. 2012; Stintzing and Carle 2005). Therefore, investigations 
on the chemical components and nutritional values of cactus have become the sub-
ject of research in diverse scientific fields (Fernández-López et al. 2010).

3.3  Physical-Chemical Characteristics 
and Nutritional Composition

The chemical composition of forage palm varies according to the species, the culti-
vation area, and the age of the cladode. The main characteristics of the forage palm 
are high water, minerals, soluble carbohydrates, and vitamin contents. Palm clad-
odes are also considered a source of mucilage. Usually, they can be consumed fresh 
or cooked, and studies have demonstrated the feasibility of processing the cladodes 
to obtain juice, jellies, gels, liquid sweeteners, pickles, jams, sauces, and other foods 
(Moussa-Ayoub et  al. 2011; Saenz 2000). Data on the composition of O. ficus- 
indica and N. cochenillifera are shown in Table 2.

Regarding the constitution of soluble solids, a content of 6.60% was found for 
the giant palm and 5.60% for the small palm. The acidity of the giant palm and 
small palm was significantly different, with citric acid values   of 0.20% and 0.07%, 
respectively. The pH of the giant palm was 4.40 and of the small palm was 4.70, a 
significant difference between the two species analyzed (Silva et al. 2015a, b).

The palm cladodes are covered by a cuticle that controls evaporation and allows 
water to be stored up to 90–93% of the plant volume (da Silva and Santos 2006). 
The average values   of humidity found in an experiment with the species of giant and 
small palm were 91.00% and 89.67%, respectively. Santos et al. (2006) also found 
high humidity values   for the giant palm (89.80%) and small palm (84.60%).
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Similar to the moisture content, the dry matter contents of the two species also 
presented different values. Dry matter content was higher for the smaller species, 
although the ash contents showed no significant difference (Batista et  al. 2003). 
Independent of the genus, palm species have a considerable amount of mineral mat-
ter, although these values vary according to the species. Differences might be due to 
the age of the cladodes, the geographical area, and the time of year when the mate-
rial was collected. Regarding the levels of calcium, phosphorus, protein, crude fiber, 
reducing sugars, and lipids, there is no significant difference between species 
(Santos et al. 2006; Viana et al. 2014).

The palms are also important because of their high mucilage content. Mucilage 
is mainly composed of galactose, mannose, xylose, and other sugars. Therefore, it 
has a high capacity to retain water, like pectins and some algae polysaccharides. 
Due to this high water absorption capacity, mucilage can be used in food, cosmetics, 
and pharmaceutical products where it dissolves, disperses, and forms colloids (Del- 
Valle et al. 2005). The density obtained for the mucilage of the N. cochenillifera is 
comparable to that reported for the same concentrations of arabic gum (Tahir et al. 
2007). Indeed, several cultures have traditionally used the cladodes of O. ficus- 
indica and N. cochenillifera as an important ingredient for cooking. Its characteris-
tics of density, viscosity, pH, and conductivity fit the recommendations for use as an 
additive in the food and medicine formulations. Therefore, the mucilage from the 
palm can be considered a good alternative emulsifier and stabilizer.

No less important than the cladode, the fruit of the palm is a berry with many 
pleasant-tasting seeds, which facilitates its inclusion in human diets. Moreover, it 
presents readily absorbable sugars, high vitamin C content (12.7  mg/100  g), 
β-carotene (12.9μg/100 g), minerals, polyphenols, and amino acids (Stintzing et al. 
2001). The palm fruit, considered a source of nutrients and vitamins in some 

Table 2 Physical-chemical composition of Opuntia fícus-indica (giant palm) and Nopalea 
cochenillifera (small palm)

Variables Opuntia fícus-indica Nopalea cochenillifera

Soluble solids (%) 6.60 5.60
Titratable acidity 0.20 0.07
pH 4.40 4.70
Humidity (%) 91.00 89.60
Dry matter (%) 9.00 10.33
Ash (%) 1.19 1.17
Calcium (%) 6.20 7.20
Phosphorus (%) 0.13 0.10
Total protein (%) 0.86 0.86
Crude fiber (%) 1.65 1.37
Reducing sugars (%) 1.69 1.95
Lipids (%) 0.40 0.27

Font: (Silva et al. 2015a, b)
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countries, is processed together with some products such as sweets, alcoholic 
drinks, and additives (Karababa et  al. 2014; Kinupp and Lorenzi 2014; Sáenz- 
Hernández 2001).

Palms can be considered an effective alternative to fight hunger and sub nutrition 
in the northeastern semiarid region, as they are rich in vitamins A, B, and C and in 
minerals, such as calcium, magnesium, sodium, and potassium, and have 17 types 
of amino acids. Comparatively, palm has greater nutritional value than foods such 
as cabbage, beets, and bananas, in addition to their economic advantage. The palm 
is commonly consumed in juices and salads and in stewed and cooked foods (Flores- 
Valdez 2001; Kinupp and Lorenzi 2014; Sáenz-Hernández 2001). In some regions, 
the high resistance to the consumption of palm as a food for humans is due to preju-
dice, since the traditional use of the plant is to feed animals (Nunes 2011).

Furthermore, there is a growing interest in the use of palms other than for food. 
Traditional medicine has recognized some benefits attributed to the use of these spe-
cies, as they have traditionally been used to treat urinary problems and hypertension 
(Lans 2006). There are reports about the consumption of palm for treating diabetes 
(Andrade-Cetto and Heinrich 2005; Lans 2006). Some people use thin slices of 
cladodes on burned skin or on swelling, similar to the use of other species such as 
aloe vera (Aloe sp.) (Hoffmann 2001).

3.4  Biological Properties

Some studies have also demonstrated pharmacological uses of these species. The 
gastroprotective activity of mucilages and pectins extracted from O. ficus-indica 
cladodes was tested by three different in vivo ulcer models induced by ethanol in 
rats (Galati et al. 2002a, 2007; Vázquez-Ramírez et al. 2006). The in vivo study by 
Hwang et al. (2017) suggests that the aqueous extract of O. ficus-indica can be used 
to prevent and/or control blood glucose levels; therefore, it is a potential dietary 
supplement. Another in vitro and in vivo study also showed that the O. ficus-indica 
extract improved hyperglycemia, hyperinsulinemia, and glucose tolerance due to 
augmented pancreatic function caused by the increase in β-cell mass (Leem et al. 
2016). In the same context, a pilot clinical trial was conducted with Mexican patients 
in order to verify the effects of a drink based on N. cochenillifera (Fabela-Illescas 
et al. 2015). The studies by Trombetta et al. (2006) evaluated the healing potential 
of two lyophilized polysaccharide extracts obtained from O. ficus-indica cladodes 
in induced wounds in rats. The authors concluded that the hygroscopic, rheological, 
and viscoelastic properties of these polysaccharides may be essential to promote 
healing. Mouhaddach et al. (2017) reported on the analgesic activity of O. ficus- 
indica extracts obtained by decoction carried out in hot plate and tail movement of 
in vivo models.

Potential diuretic (Galati et al. 2002b), antioxidant, anti-inflammatory (Ammar 
et  al. 2018; Benayad et  al. 2014; Matias et  al. 2014; Necchi et  al. 2011), 
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antimicrobial, and antiviral activities (Bargougui et  al. 2019; Gomez-Flor et  al. 
2006) were also attributed to these species in nonclinical studies.

The pharmacological potential of the palms is generally related to the presence 
of components already identified in these species. These are primarily phenolic 
compounds such as quinic acid, gallic acid, protocatechuic acid, syringic acid, 
derivatives of hydroxycinnamic acid, and flavonoids as isorhamnetin, quercetin, 
naringenin, luteolin, apigenin, kaempferol, cirsiliol, nicotiflorin, and rutin (Belhadj 
Slimen et  al. 2017; De Leo et  al. 2010; Guevara-Figueroa et  al. 2010; Moussa- 
Ayoub et al. 2011).

Taken together, most studies conclude that the species O. ficus-indica and 
N. cochenillifera exhibit nutritional, economic, and pharmacological potential. 
Nonclinical and clinical trials have been carried out in an attempt to explore, iden-
tify, and test new bioactive and pharmacological activities of these species.

4  Pilosocereus gounellei (Xique-xique)

4.1  Species Characteristics

Pilosocereus gounellei (A. Weber ex K. Schum. Bly. ex Rowl), popularly known as 
the xique-xique (Fig.  1a), is a species of the Cactaceae family, belonging to the 
subfamily Cactoideae, of the genus Pilosocereus Byles & Rowley (Dias et al. 2015), 
exclusively found in Brazilian Caatinga (Oliveira et al. 2018). Its occurrence has 
been confirmed in the northeast part of Brazil, in Alagoas, Bahia, Ceará, Maranhão, 
Paraíba, Pernambuco, Piauí, Rio Grande do Norte, and Sergipe (Zappi et al. 2015).

Fig. 3 Pilosocereus gounellei (xique-xique). (A) Xique-xique. (B) Fruit. (C) Cladode (Font: The 
authors)
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This cactaceous grows in dry areas of the semiarid northeast region and shallow 
soils and on rocks and multiplies regularly, covering large areas of Caatinga. It has 
an erect trunk with wide lateral branches, gently describing a wide curve upward, its 
branches composed of large thorns, skin an opaque green color (Fig.  3a), white 
tubular flowers (Cavalcanti and Resende 2007), and fruits reddish, rounded berries 
with small seeds (Fig. 3b) (Almeida et al. 2007). The cladodes of xique-xique can 
be divided into vascular cylinder and central stem (Fig. 3c).

4.2  Popular Use and Possible Application

The xique-xique is a natural resource that makes an important contribution to the 
livelihood of local populations in the semiarid region of northeastern Brazil 
(Monteiro et al. 2015). It has been used as animal food, human food, human medi-
cine, and veterinary medicine, besides serving for construction, as ornament, in 
personal hygiene, as bio-indicator of rain when blooming, and in technology, among 
other uses (Silva 2015) (Table 3).

The use of xique-xique in food has been reported in a number of studies. In addi-
tion to the consumption of its in natura fruit (Lucena et al. 2015), the pulp extracted 
from the stem of xique-xique has been used in the elaboration of different products, 
such as cocada, other candies, flour, and couscous (Almeida et al. 2007; Lucena 
et al. 2013). The dried and powdered pulp can be incorporated into wheat for the 
preparation of bakery products (Almeida et al. 2007). The flour to prepare the cous-
cous can be produced from the cladode and can be consumed cooked or roasted 
(Nascimento et al. 2012).

In addition to the nutritional potential of xique-xique, popular knowledge about 
this species involves its medicinal use. Xique-xique parts such as stems, roots, and 
flowers are popularly used to treat constipation (Lucena et  al. 2015), gastritis 
(Lucena et al. 2012), as well as urethra inflammation (Roque et al. 2010), prostate 
inflammation, hypoglycemia, injuries (Agra et al. 2008; Albuquerque et al. 2007), 
and jaundice (Albuquerque et al. 2007).

4.3  Physical-Chemical Characteristics 
and Nutritional Composition

When evaluating the physical and chemical characteristics of the xique-xique, it 
was observed that the vascular cylinder and the central stem of the xique-xique 
branches presented, respectively, soluble solids (1.50 and 1.50 °Brix), pH (4.66 and 
5.18), ash (1.38% and 1.34%), ascorbic acid (0.33% and 0.25%), total solids (5.83% 
and 13.96%), and insoluble solids (3.61% and 2.98%). This leads to the conclusion 
that the central stem is more suitable for the production of flour, and the vascular 
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Table 3 Description of popular use and possible application of Pilosocereus gounellei 
(xique-xique)

Purposes Part used Mode of use Medicinal use References

Human feed Fruit In natura – Lucena et al. 
(2015)
Machado et al. 
(2018)

Pulp Roasted or baked 
(cookies, cakes, 
cocada, sweets, flour, 
couscous)

– Almeida et al. 
(2007)
Nascimento 
et al. (2012)
Lucena et al. 
(2013)
Machado et al. 
(2018)

Pulp Dried and converted 
into powder 
(incorporated into 
wheat for use in 
baking)

– Almeida et al. 
(2007)

Animal feed Fruit In natura – Bravo Filho 
et al. (2018)
Lucena et al. 
(2015)
Machado et al. 
(2018)

Branch Cut or burned
Entire plant

Human 
medicine

Mucilage
(aquifer 
parenchyma)

– To remove thorns 
from the skin

Lucena et al. 
(2015)

Pulp
Fruit In natura Constipation Lucena et al. 

(2015)
Pulp Soak and drink the 

water
Gastritis Lucena et al. 

(2012)
Root Macerate Urethra inflammation Roque et al. 

(2010)
Root Decoction Prostate inflammation Agra et al. 

(2008)
Stem, root, 
and flowers

– Prostate 
inflammation, 
jaundice, 
hypoglycemia, and 
injuries

Albuquerque 
et al. (2007)

Veterinary 
medicine

Mucilage – Used on animal 
wounds

Lucena et al. 
(2013, 2015)

(continued)
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Table 3 (continued)

Purposes Part used Mode of use Medicinal use References

Ornament Entire plant Gardens and backyards – Lucena et al. 
(2013, 2015)
Machado et al. 
(2018)
Bravo Filho 
et al. (2018)

Personal 
hygiene

Pulp Shampoo – Lucena et al. 
(2013)

Bio-indicator Flower Rain indicator – Lucena et al. 
(2015)

Technology Thorns “needles”
(Making lace)

– Lucena et al. 
(2012)

Shadow Entire plant – – Machado et al. 
(2018)

Construction Entire plant Hedge – Lucena et al. 
(2015)
Bravo Filho 
et al. (2018)

Construction Mucilage Surface treatment – Nobréga 
(2019)

Table 4 Physical-chemical characterization of Pilosocereus gounellei (xique-xique)

Variables
Xique-xique cladodes
Vascular cylinder Central stem

Moisture (g/100 g) 94.16 ± 0.99 87.13 ± 1.64
Acidity (g/100 g) 0.07 ± 0.01 0.09 ± 0.02
pH 4.77 ± 0.21 4.87 ± 0.21
Ash (g/100 g) 1.99 ± 0.04 1.59 ± 0.00
Proteins (g/100 g) 0.49 ± 0.00 0.76 ± 0.01
Lipids (g/100 g) 0.28 ± 0.00 0.77 ± 0.04
Total fiber (g/100 g) 2.70 ± 0.01 6.54 ± 0.01
Insoluble fiber (g/100 g) 1.83 ± 0.00 5.18 ± 0.05
Soluble fiber (g/100 g) 0.87 ± 0.01 1.37 ± 0.04
TSS (°Brix) 2.00 ± 0.42 2.71 ± 0.23
Fructose (g/100 g) 0.31 ± 0.02 1.07 ± 0.02
Glucose (g/100 g) 0.14 ± 0.02 0.54 ± 0.01
Xylose (g/100 g) 0.06 ± 0.01 0.37 ± 0.02
Arabinose (g/100 g) 0.06 ± 0.01 0.20 ± 0.01
Potassium (mg/100 g) 308.4 ± 3.65 101.6 ± 1.65
Magnesium (mg/100 g) 182.40 ± 2.10 167.10 ± 4.11

Font: (Bezerril 2017)
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cylinder is more appropriate for the production of products with a high water con-
tent (Almeida et al. 2007).

Preliminary studies on the xique-xique cladodes have reported high water con-
tent, soluble and insoluble fibers, and high values of minerals, especially potassium, 
magnesium, and calcium in the vascular cylinder. The presence of fructose, glucose, 
xylose, and arabinose was also found as the main constituents (Bezerril 2017) 
(Table 4).

The stem of P. gounellei contains an anionic trypsin inhibitor stable to 50 °C and 
active on medically important bacteria; the yeast, Candida krusei, may lessen the 
use of antibiotics and thus contribute to reduce the problem of antibiotic resistance. 
Outcomes reported have revealed new insights into the biochemistry of P. gounellei, 
increasing the biotechnological value of this plant (Rocha Filho et al. 2019).

Flours (Fig. 4a) developed from the central stem of xique-xique have a high con-
tent of soluble and insoluble fibers, resistant starch, and minerals, mainly calcium, 
iron, potassium, magnesium, and manganese. In addition, the plant has high viscos-
ity and gel texture, indicating a potential for use as a thickening or gelling agent in 
food. In addition, the flours had compounds with antioxidant activity and few anti- 
nutritional factors. Cookies (Fig. 4b) made from the flour of this plant also proved 
to be rich in fibers and minerals. In sensory terms, they were tasty and well received 
by consumers (Machado 2019).

Fig. 4 Products made from Pilosocereus gounellei (xique-xique). (Font: The authors) Legend: 
(A1) Fresh xique-xique flour (100 mesh); (A2) natural xique-xique flour (28 mesh); (A3) auto-
claved xique-xique flour (100 mesh); (A4) xique-xique autoclaved flour (28 mesh); (B) xique- 
xique cookie (100 mesh); (C) xique-xique Juice
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Several genera of the Cactaceae family have bioactive compounds in their com-
position (Agostini-Costa 2020). The xique-xique contained triterpenes and phenolic 
compounds (Almeida et al. 2005), flavonoids (Nascimento et al. 2012), and catechin 
and epigallocatechin gallate, in addition to other compounds belonging to the group 
of phenolic acids and procyanidins (Bezerril 2017).

Xique-xique fruits contain various functional compounds, such as phenolic com-
pounds and betalains, which provided high antioxidant activity, with potential for 
adding value (da Silva et al. 2018). A study isolated and identified ten compounds 
of Pilosocereus gounellei: pinostrobin, β-sitosterol, a mixture of β-sitosterol/stig-
masterol, 132-hydroxyphaeophytin a, phaeophytin a, sitosterol 3-O-β-D-
glucopyranoside/stigmasterol 3-O-β-D-glucopyranoside, kaempferol, quercetin, 
7′-ethoxy-trans-feruloyltyramine, and trans-feruloyltyramine. In addition, same 
authors have demonstrated that the fruit ethanol extract possesses excellent antioxi-
dant activity, mainly because of the presence of phenolic compounds reported in the 
genus and the Cactaceae family (Maciel et al. 2015).

The juice (Fig. 4c) made from the xique-xique cladode showed high fiber con-
tent, mainly soluble, as well as a variety of phenolic compounds, such as catechin, 
epicatechin, epicatechin gallate, epigallocatechin gallate, quercetin 3-glucoside, 
rutin, kaempferol 3-glucoside, gallic acid, caffeic acid, syringic acid, chlorogenic 
acid, naringenin, and hesperidin (Assis et  al. 2019). In addition, the xique-xique 
juice induced a selective and intense fermentable activity to different probiotic 
Lactobacillus isolates, similar to the effects caused by fructooligosaccharide (FOS), 
a well-known prebiotic ingredient. This suggests that xique-xique juice could have 
prebiotic properties, adding value to an unconventional and still little exploited 
plant food as a source of bioactive compounds (Ribeiro et al. 2020).

Despite few existing studies, research has revealed the great potential of the 
whole of P. gounellei. This provides an enormous advantage due to the low residue 
generated and the infinite areas the plant may be used, which range from the phar-
maceutical industry to the food industry.

4.4  Biological Properties

In view of the traditional use of xique-xique by the population, biological studies 
have been carried out to validate its effects on health. The crude ethanol extract of 
the stems of xique-xique has been reported to have low toxicity, exhibiting anti- 
inflammatory activity at a dose of 25  mg/kg over 4  hours as evaluated by the 
carrageenan- induced paw edema model in rats (Dias et al. 2015).

The administration of the ethanol extracts of root and cladodes of the xique- 
xique had an important gastroprotective effect, due to the inhibition of the formation 
of gastric lesions in animal models, without promoting toxic effects (Sousa 
et al. 2018).

The saline extract from the stem of xique-xique containing flavonoids and reduc-
ing sugars demonstrated antinociceptive activity, without showing toxicity or 
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altering motor coordination in mice (Oliveira et al. 2018). In addition, the saline 
extract from the stem of P. gounellei did not present significant toxic effects over 28 
consecutive days and demonstrated antipyretic activity, together with hypoglycemic 
and hypolipidemic effects (Oliveira et al. 2019). Still, when administered orally at 
the tested doses, the extract is genotoxically safe, when used with caution in doses 
above 1.000 mg/kg, and has a protective effect against CPA-induced DNA damage 
(Oliveira et al. 2020).

The ingestion of xique-xique cladode juice had a protective effect on intestinal 
inflammation and showed a decrease in pro-inflammatory markers and oxidative 
stress in an animal model of inflammatory bowel disease. These effects were attrib-
uted to the phenolic compounds and fibers present in the juice (Assis et al. 2019).

5  Final Considerations

This chapter has shown that the uses of cacti have gained prominence in several 
areas, especially as a food for human consumption and for pharmacological use, 
making cacti of interest in reducing hunger and fighting diseases. We have high-
lighted the diversity of nutrients in cladodes and in fruits, used for fresh consump-
tion, in elaborated preparations, or even in extracts such as herbal medicines. The 
need for further experimental and clinical research on these plants is highlighted in 
order to elucidate their toxicity related to health considerations. The use of cacti is 
important for the restoration and conservation of the Caatinga’s biodiversity, the 
development of local culture, and the promotion of food and nutritional security, 
especially in the northeast part of Brazil.
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1  Introduction

Biomes with non-forest vegetation systems have been particularly neglected by 
public policies for conservation and sustainable development. This is precisely the 
case of the Pampa biome. Also known as southern Brazilian grasslands, the Pampa 
is a mosaic of different types of vegetation with a landscape that comprises savan-
nah, steppe, steppic savannah, coast, transition areas, and semi-deciduous and 
deciduous forests (Chomenko and Bencke 2016) with a particular flora and fauna 
and great biodiversity (Quadros et al. 2008). In Brazil, it is only found in Rio Grande 
do Sul (RS) state, where it occupies nearly 63% of the territory (Suertegaray and 
Silva 2009). It has a unique cultural, genetic, and natural heritage with regional, 
national, and global importance. Despite this, from an official conservation perspec-
tive, only 0.4% of the Pampa is legally protected in conservation units, which is far 
from the global average of 17% per biome (Sosinski et al. 2019). Figure 1 presents 
an idea of the landscape of this biome, in which fields and forest islands coexist.

The conservation and sustained management of agrobiodiversity, through actions 
to support consumption of edible native species, are essential strategies for food and 
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nutritional sovereignty and security. Knowledge about the species’ nutritional com-
position has an essential role in advancing these strategies. Some of the species have 
higher nutrient concentrations of carotenoids, fibers, anthocyanins, vitamins, and 
minerals than foods commonly consumed (Martins et al. 2019; Rockett et al. 2020; 
Schmidt 2018b). From a nutritional and phytochemical perspective, the edible 
native species of the Pampa biome have strong potential to be included in the diet of 
the population.

In this chapter, we present nine native food plants from the Pampa with different 
common uses among local people: six are eaten, one used as a spice, and two taken 
as tea for medicinal purposes. In addition, the three species used as spices and medi-
cine have an important role in the ecological landscape because they provide eco-
system services to food systems. Schinus molle L. offers an abundance of food to 
avifauna that are predators of many undesirable insects. The intense fluorescence of 
Aloysia gratissima (Gillies & Hook) Tronc helps to maintain pollinators, while 
Elionurus muticus (Spreng.) Kuntze is a companion plant to Butia yatay (Mart.) 
Becc. and marks the territory of family farms because this medicinal plant is found 
in the butiazal understory where there is animal grazing (Curicaca et  al. 2018; 
Lemos et al. 2014). This chapter is composed of three sections, in addition to the 
introduction. The first explains how the species were chosen, considering their ecol-
ogy and nutritional composition. The final considerations reflect on gaps in existing 
knowledge.

Fig. 1 Mosaic of ecosystems in the Pampa, Santana do Livramento, RS. (Photo: Trevisan ACD/
Echoes of the Pampa)
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2  The Pampa and the Selection of its Edible Species

The long history of environmental degradation and contamination caused by indus-
trial husbandry, associated with landownership concentrated in large properties, has 
devalued the use of species from the Pampa. Cultural practices forged by pressure 
from the dominant economic model have led to neglect of the Pampa’s natural heri-
tage, which has been forgotten by inhabitants of the territory. Local species with 
great food and economic potential are not only neglected but are often also sup-
pressed, given that they are thought to “pollute the fields.” Nevertheless, studies are 
underway in the territory that demonstrate opportunities for sustainable use of the 
Pampa’s natural heritage, serving to generate income and stimulate social develop-
ment and reproduction of local communities.

From the perspective of sustainable use of edible species from biodiversity, it is 
necessary to understand the ecology of each species, to be able to guide practices 
linked to handling of natural populations and/or domestication of the species. To 
manage the natural population, it is understood that the strategies used should be 
specific to each species, correlating with their ecological plasticity. When planning 
domestication, it is important to emphasize that given the large genetic variation 
within populations, it is always necessary to define the objectives of selection, that 
is, to determine if the intention is production of fruits, juices, spices, teas, essential 
oils, fibers, crafts, or phytotherapeutic products. Studies demonstrate that various 
native vegetable species of Brazilian flora have significant quantities and varieties 
of nutrients such as food fibers, minerals, and vitamins (Rockett et al. 2020; Schmidt 
2018b; Seraglio et al. 2018; SiBBr 2020), and they have revealed antioxidant (Dalla 
Nora et al. 2014a; Rockett et al. 2020), antihyperglycemic (Vinholes et al. 2017), 
and anti-inflammatory properties. It is also important to highlight that scientific 
studies have related the consumption of anthocyanins and carotenoids to protection 
of the human organism and to reducing risk of developing non-transmissible chronic 
diseases (Sampaio and Almeida 2009; Strack and Souza 2012) including Alzheimer’s 
(Silveira et  al. 2011). Each one of the fruits has structural peculiarities, such as 
strong or fragile seeds, smooth or fibrous bark, fluid, or dense pulp, so that their 
processing becomes an important challenge that must be studied and understood.

Thus, in addition to the need to revive local knowledge, the creation of environ-
ments of innovation that offer support by linking the knowledge between local peo-
ples and research institutions is of strategic importance today. One of the 
environments of innovation being developed in the Pampa is found at the 
Universidade Estadual do Rio Grande do Sul (UERGS), in the research and exten-
sion group “Ecology of Knowledge in agroecosystems of the Pampa biome – Echoes 
of the Pampa” that has been collecting results with the species presented in this 
chapter. In addition to “Echoes of the Pampa,” the choice and description of the spe-
cies was assisted by research groups at the Universidade Federal do Rio Grande do 
Sul (UFRGS) that work with food and nutritional sovereignty while emphasizing 
the ecology of knowledge and sustainable use of biodiversity anchored in species 
important to local communities. The species presented here (Table 1) were selected 
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with a focus on three principal criteria: (1) having popular use, (2) proven multi-
functionality, and (3) being linked to agroecological productive systems for man-
agement of pasture and or agroforestry systems.

The species presented in this chapter represent only a sample of the potential that 
the botanic biodiversity of the Pampa offers to local communities in terms of food 
and nutritional security as well as the potential to generate income. The information 
is based on the results of studies being conducted by UERGS/Echoes of the Pampa 
and at the Universidad de la Republica del Uruguay in the Pampa territory. 
Specifically, to select the priority species we present here, we prepared an analysis 
matrix with data from floristic surveys in home gardens, interviews with farmers, 
and discourse analysis of participants in a radio program that each week discusses a 
plant species from the Pampa. The data matrix allowed identifying the most com-
mon species in home gardens and those best known to Pampa residents. This led to 
the selection of thirty-five species from which the authors of this chapter selected 
nine species based on the criteria presented in the previous paragraph.

Due to the scarcity of scientific publications, only three species (B. odorata, 
M. pungens, and E. involucrata) will have their nutritional and phytochemical com-
position presented. For the other species, articles were found that examine their 
biological properties, such as fungicidal, bactericidal, and insecticidal or as food 
preservatives, but not their use as food. It is essential to establish links between local 
production systems and the diffusion of knowledge about biodiversity to expand 
reflections about cultural habits and preferences and to intensify the sustainable use 
and conservation of the biome. The dominant productive model in the territory, 
which gives little value to local knowledge, combined with regional asymmetries of 
development and gaps in scientific studies about the Pampa, is an impediment to 

Table 1 Selected food and medicinal species of the Pampa biome

Scientific name Popular names Family Habit

1 Butia odorata (Barb. 
Rodr.) Noblick)

Butiá, coquinho-azedo, butiazeiro Arecaceae Arboreal

2 Butia yatay (Mart.) Becc. Butiá-jataí, jataí, yatai,yatay Arecaceae Arboreal
3 Eugenia involucrata D.C. Cerejeira-do-rio-grande, cerejeira- 

do- mato, cereja do-rio-grande, 
cereja-do-mato

Myrtaceae Arboreal

4 Myrcianthes pungens 
(O.Berg.) D. Legrand

Guabijú, guabijuzeiro Myrtaceae Arboreal

5 Guettarda uruguensis 
Cham. & Schltd

Veludinha, veludinho Rubiaceae Arboreal

6 Acanthosyris spinescens 
(Mart. & Eichler) Griseb

Sombra de touro, quebracho-rojo Santalaceae Arboreal

7 Schinus molle L. Anacauita, piriquiteira, aroeira-sala Anacardiaceae Arboreal
8 Aloysia gratíssima 

(Gillies & Hook) Tronc.
Garupá, alfazema-do-Brasil, mimo 
do Brasil, cedrón-del-monte

Verbenaceae Shrub

9 Elionurus muticus 
(Spreng.) Kuntze

Capim-corona, Capim-limão Poaceae Herbaceous
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increasing value and stimulating innovation with sociobiodiversity. Figure 2 pres-
ents images of some of the species presented, to introduce readers not only to the 
colors, textures, and shapes described but to the diversity found in the Pampa.

Sociobiodiversity is understood to be the relation between biological diversity, 
traditional agricultural systems, and the use and management of these resources 
combined with the knowledge and culture of traditional communities and family 
farmers (BRASIL 2000, 2009). This concept comes from the Brazilian discussion 
around the sustainability of extractivism while recognizing the diversity and impor-
tance of traditional peoples and family farmers. Experiences in the construction of 
sociobiodiversity product chains have demonstrated the capacity for inclusion of 
family farmers, extractivists, traditional peoples, and communities that manage and 
conserve native biodiversity. This reality has contributed to the supply of healthy, 

Fig. 2 Fruits and flowers of sociobiodiversity of the Pampa biome. (a) Anacauíta (S. molle), (b) 
garupá (A. gratissima), (c) guabijú (M. pungens), (d) cerejeira-do-rio-grande (E. involucrata), (e) 
butiá (B. odorata), (f) veludinha (G. uruguensis) (Photos from Echoes of the Pampa: Lika Furtado 
(a–e) and Franciely Pando (f))
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fresh food or with little processing, with high nutritional values, which is increas-
ingly necessary considering the poor diets, malnutrition, and overweight condition 
of most of the Brazilian population (Ramos et al. 2017; Tutwiler et al. 2017). In the 
case of the Pampa biome, it is necessary to overcome the negligence and underuti-
lization of many native species that have multiple potentials for food, medicinal, 
aromatic, and cosmetic uses. As we present in this chapter, we believe that overcom-
ing the existing gaps in knowledge and giving value to the use of these species 
should take place by supporting the ecology of knowledge, guaranteeing the quali-
fied participation of local communities. The governance processes used in this pro-
duction of knowledge are essential to protect traditional knowledge, guarantee the 
sharing of benefits, and avoid that knowledge is appropriated by distant actors with 
greater economic and political power. Moreover, to overcome the current situation, 
it is necessary to redesign the productive units in the Pampa to promote resilience 
based on biodiverse productive systems from an agroecological perspective.

3  Edible and Medical Species of the Pampa: Ecology 
and Nutrition

The species selected are potential resources for the development of sustainable pro-
ductive systems in the Pampa. The ecological aspects presented are the result of a 
review of the literature and primary data from extension and research projects being 
executed by the Echoes of the Pampa at UERGS. The databases researched were 
Portal de Periódicos Capes, SciELO, ScienceDirect, and Redalyc (from 1959 to 
present). The search descriptors were the scientific names of the nine species pre-
sented here, and the inclusion criteria were articles and theses that address species 
use, sociobiodiversity, or species ecology. With the same search descriptors, the 
data about nutritional composition are also presented from a review conducted by 
researchers at UFRGS in the following databases: Web of Science, Bireme, SciELO, 
Scopus, ScienceDirect, and CAPES (without limiting the time period), in addition 
to research in The Brazilian Biodiversity Information System (SiBBr) of the 
Ministry of Science, Technology, Innovation and Communications (MCTIC), with 
technical support from the United Nations Environment Program (UNEP) and 
financial support from the Global Environmental Fund (GEF). The inclusion criteria 
were articles and theses with results that address phytochemical and nutritional 
qualities.

The Butiás
The butiá or Brazilian palms are composed of the Butia genus in the Arecaceae fam-
ily and are found from Bahia and Goiás to Rio Grande do Sul and neighboring 
countries (Rodrigues et al. 2008). All the butiás originate from mother plants whose 
stem grows below ground level and form a natural gregarious population with large 
production of edible fruits (Meerow et al. 2009). The butiazais, as butiá palm groves 
are known, have a strategic role in the conservation and restoration of the Pampa 
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biodiversity, because by forming islands in the landscape of open fields, they 
increase ecological resilience by promoting connectivity. The Brazilian palm groves 
are extremely threatened by the absence of regeneration due to their elimination by 
intensive cattle grazing and agriculture and expansion of urban areas (Fonseca 
2014). Given this situation, the Rota dos Butiazais, a project that attracts tourists to 
family farms, is an example of a strategy for environmental conservation and sus-
tainable use of biodiversity associated with the butiazais that has been developed 
since 2016, promoting integration between Brazil, Uruguay, and Argentina 
(Embrapa 2017; Sosinski et al. 2019).

In the Pampa biome, six species stand out, and the most characteristic are B. odo-
rata, B. yatay, and B. lallemantii. B. yatay and B. lallemantii are endemic to the 
Pampa (Leitman et al. 2015; Soares et al. 2014). The large intra-populational genetic 
variation as well as the small number of individuals within these natural populations 
is a challenge to the conservation and use of the butiazais. Beyond the direct use of 
the fruits as food, there is also unexplored potential of the compounds in the pulp 
and seeds of the butiá fruit. Due to the large number of publications about them and 
because they are more commonly explored commercially, and are even among the 
species processed and sold by the Cadeia Solidária das Frutas Nativas no RS (Ramos 
2019), we are able to present data for B. odorata and B. yatay.

 (a) Butiá

Butia odorata
The species B. odorata was initially described in 1826 as Cocos capitata and until 
2010 was denominated as B. capitata (Noblick 2011). It is known locally as bitter 
small coconut, butiazeiro, or butiá and occurs in ecosystems of the Atlantic Forest 
and Pampa biomes. It produces fruit once a year, flowers from October to December, 
and bears fruit from January to April (Büttow et al. 2009). Ecologically it occurs in 
savannah formations, as palm or butiá groves in poor soil with low water retention 
capacity. Its fruits are dispersed between the summer and early fall in arrangements 
of dormant seeds that require the conditions found in the islands of butiazais to be 
able to germinate and thus naturally regenerate (Schlindwein 2012). Thus, like the 
inflorescences, the fruits of lemon yellow to fire red coloring vary considerably in 
size (Mistura et al. 2012). The seed bunch can be considered ripe and ready for pick-
ing when at least half of the fruits have uniform color.

Among the edible uses of the butiá we can cite manufacturing of oil from the 
seed endosperm, collection of the sap that flows from the apical meristem after cut-
ting the plant, extraction of hearts of palm, and raw consumption and processing of 
the fruits in the form of jellies, liquors, ice cream, and sweets (Büttow et al. 2009; 
Rivas and Barbieri 2017). Moreover, numerous crafts are made from them, and they 
are elegantly used in landscaping (Büttow et al. 2009; Geymonat and Rocha 2009; 
Sganzerla 2010). Important projects in the agroecological movement have given 
value to the fruits of the species and their associated ecosystems by production of 
butiá juice and frozen pulp (Ramos 2019). The yield of the pulp production varies 
between 50 and 60% of total fruit weight, without addition of water, and the pulp 
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can be maintained frozen for up to 1 year, without significant sensory or nutritional 
changes.

Both the pulp and kernels have important nutritional properties. Although they 
are normally discarded after pulping, the butiá seeds have a kernel of high nutri-
tional value. The B. odorata seed was found to have a high protein content (from 12 
to 15 g/100 g), fat (10 g/100 g), as well as minerals such as phosphorus, magnesium, 
and potassium (Faria et al. 2008). Its pulp is generally acidic (pH lower than 4,5) 
and has high fiber (1 to 4 g/100 g) and vitamin (vitamins A and C) content as well 
as various minerals (including iron, zinc, and magnesium) (Table 2).

Another important factor is the presence of bioactive compounds and chemical 
elements with antioxidant properties, among which it is worth noting carotenoids 
and phenolic compounds. The maximum and minimum values available in the lit-
erature for total carotenoids in B. odorata are proportional to other recognized nutri-
tional species such as cajá (3,86 mg/100 g), araticum (1249 mg/100 g), and another 
butiá species, Butia eriospatha (1,73 mg/100 g).

 (b) Butiá-jataí

Butia yatay
B. yatay has many botanical similarities with B. witeckii, B. quaraimana, and 
B. paraguayensis, which generates controversies among researchers, including 
hypotheses that the natural populations are the result of plantings. B. yatay has its 
etymology linked to its small hard fruit and is known as butiá-jataí, jataí, or yatay in 
Spanish. It is widely distributed in Argentina and Uruguay but in Brazil occurs only 
in two specific regions of Rio Grande do Sul, one in a typical Pampa region and 

Table 2 Nutritional composition of butiá (Butia odorata) per 100 g of fruit pulp with natural 
moisture contenta

Nutrient Min. Max. Med. %RDI

Carbohydrates (g/100 g)b 6,58 14,84 10,71 8,24
Proteins (g/100 g)d 0,60 5,28 2,94 5,25
Fats (g/100 g)c 0,11 2,41 1,26 2,29
Food fiber (g/100 g)b 0,84 4,89 2,87 20,46
Carotenoids (mg/100 g) 2,80 5,50 4,15 –
Anthocyanins (C3Gmeq/100 g) 1,05 25,13 13,09 –
Vitamin C (mg)b 23,00 63,84 43,42 48,24
Vitamin K (mg)e 165 462 313,50 9,22
Mg (mg)b 4,0 12,0 8,00 1,90

Caption: Min, minimum amounts; max, maximum amounts; med, medium of the minimum and 
maximum amounts found in literature; % RDI, percent of recommended daily intake
aConversion was realized, when necessary, from a dry base (dehydrated food) to food with its 
natural moisture content
bInstitute of Medicine (2006), to adult men
cRDC 269/2005 Brasil (2005); g, gram; μg, micrograms; mg, milligrams
dCalculated to a man of 70 kg
eInstitute of Medicine (2019)
Sources: Hoffman et al. (2014), Ferrão et al. (2013), and Fonseca (2012)
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another in Giruá, a municipality in the Atlantic Forest (Marchiori et  al. 1995; 
Patterer et al. 2019).

In the Pampa, it is found in the well-known Palmar de Coatepe palm grove, in the 
municipality of Quaraí, which occupies 60 km2 and is a disjunction from its center 
of distribution in Argentina, the “Palmar Grande” (Marchiori et al. 1995; Marchiori 
and Alves 2011). This natural population with 4–8-m-tall solitary stems that are 
20–30 cm in diameter has low densities of individuals due to cattle grazing, which 
compromises natural regeneration and population viability (Marchiori et al. 1995; 
Marchiori and Alves 2011). The flowers may be yellow, green, or purplish and the 
fruits yellow and purplish when ripe (Soares et al. 2014).

Considering its phytochemical composition, four classes of phenolic compounds 
stand out, coumarins, flavonoids, saponins, and tannins (Matos and Muller 2019), 
with potential for multiple uses. From a nutritional perspective, Martins and col-
laborators (2019) identified a significant presence of food fiber (9,0 g/100 g in the 
fruit and 4,7 g/100 g in the pulp) and vitamin C (72,8 mg/100 g in the pulp in 100 
grams of butiá-yatai. These amounts allow categorizing this food as rich in food 
fibers and vitamin C, to the degree that consumption of 100 g of the fruit represents 
more than 15% and 100%, respectively, of RDI of these nutrients by the Ministry of 
Health (Martins et al. 2019).

Cerejeira-do-rio-grande
Eugenia involucrata

The Myrtaceae family is a broad family with 27 genera and 1026 species in 
Brazil, with 73% of these endemic (Sobral et al. 2015; Vasconcelos et al. 2017). In 
the Pampa biome, 8 genera and 17 species are described (Flora do Brasil 2020a) 
and, as in the other biomes where it is found, have important value in the floristic 
component of the arboreal stratum with a large vector of diversity because of their 
endemism. One characteristic of the seeds of this family is a low tolerance to dry-
ing; thus, the production of seedlings must be conducted soon after pulp removal or 
collection. The Myrtacea have aromatic flowers and many glands, normally tri-
chomes, which store essential oils (Oliveira 2018). Among the genera in the family, 
Eugenia stands out as the most representative in Brazil, with 392 species, 303 of 
which are endemic (Flora do Brasil 2020b), with strong food potential due to their 
fruits with a marked flavor.

One of the important species of this genus is Eugenia involucrata, whose center 
of diversity is the Atlantic Forest with dispersal to the Pampa. It is known as 
cerejeira- do-mato, cerejeira-do-rio-grande, cerejeira-da-terra, pitanga-preta, cereza- 
del- monte (espanhol), and îwîrá-yepiró (guarani) and occurs at a range of altitudes 
and latitudes (Carvalho 2008; Martinez-Crovetto 1968; Praderi 1959). The average 
trees are from 10 to 15 meters tall, and it is considered a rare species, with low den-
sities per area (Pase do Prado 2009). It is commonly found in backyards on farms in 
the Pampa. Its fruit production is intense and for this reason is highly sought by 
animals, which are its natural dispersers, and generates an important bank of plan-
tules for regeneration. In addition to consumption of the raw fruit, the tea from an 
infusion of the leaves has popular local use for gastric problems, diarrhea, ulcers, 
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and inflammations. It has proven antioxidant, anti-inflammatory, and antinocicep-
tive effects (Barzotto 2019; Marin et al. 2008; Nicácio et al. 2017).

E. involucrata is among the Myrtacea species found in the Pampa with strong 
potential for production. Data from research and extension projects point to fruit 
production; however, there is a strong trend toward a multiple use of the species that 
includes the production of essential oils, natural extracts, and isolation of active 
phytochemical compounds. It is a soft, sweet, and slightly acidic fruit with 
yellowish- red to dark red color and is found in various sizes. It has up to four stiff 
and large seeds, with relatively sensitive integument. For this reason, the processing 
of this fruit is a bit more complex than that of butiá and guabiju, because breaking 
the seeds releases compounds into the pulp that are sensorially undesirable. 
However, after extraction of the pulp, various products can be prepared such as 
juices, sweets, and cakes.

Table 3 presents the nutritional data for the cerejeira-do-rio-grande. As is com-
mon in fruits, the cereja has a low energy density due to its high moisture (of about 
90%) and low fat and protein content. In general, the data indicate the presence of 
significant quantities of iron, copper, and magnesium. The carotenoid content in the 
pulp of the cereja-do-rio-grande is significant and is comparable to other fruits rich 

Table 3 Nutritional composition of the pulp of the cerejeira-do-rio-grande (E. involucrata) with 
natural moisture contenta

Nutrient Min. Max. Med. %RDI

Carbohydrates (g/100 g)b 3,46 8,27 5,87 4,51
Proteins (g/100 g)d 0,62 0,94 0,78 1,39
Fats (g/100 g)c 0,21 0,37 0,29 0,53
Food fiber (g/100 g)b 1,30 1,70 1,50 10,71
Fe (mg/100 g)b 0,41 2,43 1,42 17,75
Zn (mg/100 g)b 0,09 0,14 0,12 1,05
K (mg/100 g)e 154,80 204,68 179,74 5,29
Na (mg/100 g)e 0,63 1,29 0,96 0,06
Ca (mg/100 g)b 11,20 13,74 12,47 1,25
P (mg/100 g)c 5,73 6,24 5,99 0,83
Mg (mg/100 g)b 6,96 12,26 9,61 2,29
Mn (mg/100 g)b 0,09 0,16 0,13 5,43
Cu (mg/100 g)b 0,06 0,09 0,08 8,33
Total carotenoids (mg/100 g) 8,92 20,21 14,57 –
Vitamin A (μg.EAR/100 g)b 26,00 899,38 462,69 51,41

Caption: Min, minimum amounts; max, maximum amounts; med, medium; % RDI, percent of 
recommended daily intake
aConversion was realized, when necessary, from a dry base (dehydrated food) to food with its 
natural moisture content
bInstitute of Medicine (2006), to adult men
cRDC 269/2005 Brasil (2005); g, gram; μg, micrograms; mg, milligrams. EAR: Retinol equivalent
dCalculated to a man of 70 kg
eInstitute of Medicine (2019)
Source: Camlofski (2008), Schmidt (2018b), SiBBr (2020), and Schmidt (2018a)
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in this nutrient such as guabiroba (24,58  mg/100), pequi (15,28  mg/100  g), and 
tucumã (6,26  mg/100  g) according to the data available from the Brazilian 
Biodiversity Information System (SiBBr 2020).

The quantities of bioactive compounds such as phenols, vitamins, and pigments 
presented in this table may vary with processing factors such as light incidence, 
contact with oxygen, and exposure to heat, as well as agronomic factors such as 
production location, climate conditions, and the degree of ripeness of fruits. The 
levels of carotenoids and vitamin A present in the butiá pulp should be emphasized, 
given that they are very important elements in a healthy diet.

Guabiju
Myrcianthes pungens

Also, in the Myrtacea family, M. pungens, known as guabijú or guabijuzeiro, 
grow as trees up to 30 m tall and are found in the Atlantic Forest and Pampa (Lorenzi 
2008; Sobral et  al. 2015; Venzke 2012). There are registers of blossoming from 
September to January and fruit bearing from January to March (Fior et al. 2010; 
Guollo 2019). It is a species that ecologically occupies an advanced successional 
state and for this reason requires specific conditions of shade and soil quality to 
develop. The species is important to the promotion of local fauna because of its 
attractive and succulent fruits. Thus, among 181 species described as priority for 
recovery of typical Pampa ecosystems, M. pungens is indicated for forest and savan-
nah formations (Guarino et al. 2018). Its wood is considered commercially impor-
tant and can be used in civil construction and fine cabinet making and in the 
production of handles for tools and agricultural equipment. It is a heavy, elastic, 
strong, and dense wood (dos Santos and Marchiori 2014).

The guabiju stands out for its sweet flavor, and for this reason, together with 
E. involucrata, over time, it was selected for inclusion in domestic backyards in the 
Pampa. It is a small fruit with a quite fragile structure, with smooth skin that is eas-
ily separable from the pulp. Table 4 presents scientific data about the nutritional and 
phytochemical properties of M. pungens.

This data indicates strong nutritional potential, considering that guabiju has sig-
nificant amounts of carotenoids and anthocyanins. These two compounds are 
responsible for the more orange-yellow internal and dark purple external color of 
the fruit. Fruit processing in general has significant impact on the degradation of 
bioactive compounds such as anthocyanins and total carotenoids in guabiju. Dalla 
Nora et al. (2014a) report that while the anthocyanin content in 100 g of fresh fruit 
is 231,2 mg, it is reduced to 13,53 mg in 100 g of dry fruit due to the sensibility of 
this compound to exposure to heat.

Veludinha
G. uruguensis

The Rubiaceae family is the fourth largest family among the angiosperms. 
Among the Rubiaceae, the Guettarda stands out with 21 species identified in Brazil 
in various types of vegetation (Pereira and Kinoshita 2013). G. uruguensis is the 
only species that occurs in Rio Grande do Sul and is also found in Uruguay and 
Argentina (Barbosa et al. 2015; Piaggio and Delfino 2009; Takáts and Toselli 2015). 
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This species is known as veludinha, due to its furry leaves and branches, or palo- 
cruz, in Spanish, due to the stipules that look like thorns in the form of a cross 
(Newton 1986).

It is described as a small tree, 3 to 10 m tall, with opposite leaves, pedunculated 
flowers, and drupaceous fruits with 2–9 seeds (Duarte et al. 2014; Pereira 2007). It 
has a caducous characteristic, losing up to 90% of its leaves in winter, blossoming 
peaks in November–December and fruit bearing in January–February (Athayde 
et al. 2009). To highlight its edible potential, it begins to fruit 2–3 years after plant-
ing (Teixeira et al. 2019). Biological studies indicate that the veludinha has antimi-
crobial and antioxidant activities (Duarte et al. 2014). Moreover, its phytochemical 
compounds have potential use as allelopathic products (Duarte et al. 2017).

It is an ornamental species that has aromatic flowers and is highly sought by 
bees, being indicated for apiculture (Duarte et al. 2017). It has strong potential in 
landscaping and urban tree planting, due to its fast growth, ease of pruning, the 
aesthetic of its architecture, white flowers, and purplish fruits. Landscapers often 
use the veludinha in clumps in large areas with harmonious results.

Sombra-de-touro
Acanthosyris spinescens

The Santalaceae family has 39 genera with 13 of them found in Brazil (SiBBr 
2020). Among the genera occurring in Brazil stands out Acanthosyris, with only 
two Brazilian species and only one that occurs naturally in the Pampa biome: A. spi-
nescens (Dettke and Caires 2015). It is known as sombra-de-touro, quebracho- rojo, 
or quebrachillo, in Spanish, and îwá-he’e, in Guarani (Martinez-Crovetto 1968).

The species flowers between October and November, and the fruits mature 
between January and May and are naturally dispersed by animals (Kinupp and De 
Barros 2007). From the perspective of use with livestock in the Pampa, native groves 

Table 4 Nutritional composition of guabiju pulp (M. pungens) with natural moisture contenta

Nutrient Min. Max. Méd. %RDI

Carbohydrates (g/100 g)b 12,39 12,41 12,40 9,54
Proteins (g/100 g)d 0,55 0,56 0,55 0,99
Fats (g/100 g)c 0,05 0,06 0,06 0,10
Food fiber (g/100 g)b 6,21 6,23 6,22 44,43
Carotenoids (mg/100 g) 0,96 0,96 0,96 –
Anthocyanins (meq C3G/100 g) 13,52 295,41 154,47 –
Na (mg/100 g)e 16,86 52,10 34,48 2,30

Caption: Min, minimum amounts; max, maximum amounts; med, medium; % RDI, percent of 
recommended daily intake
aConversion was realized, when necessary, from a dry base (Dehydrated food) to food with its 
natural moisture content
bInstitute of Medicine (2006), to adult men
cRDC 269/2005 Brasil (2005) g, gram; μg, micrograms; mg, milligrams
dCalculated to a man of 70 kg
eInstitute of Medicine (2019)
Source: Andrade et al. (2011), Dalla Nora et al. (2014a, b), and Seraglio et al. (2018)
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with A. spinescens offer feed for cattle (Guarino et al. 2018) from fruits fallen on the 
ground, and their dense canopies offer shade in the hottest periods of the year, high-
lighting potential in silvopasture systems. In addition to its use as forage, its fruit 
with sweet pulp has high potential as a food source and its seeds for extraction of 
vegetable oil (Kinupp and De Barros 2007; Teixeira et al. 2019). The popular use 
indicates that its seeds can also be consumed raw or roasted. In the region, mainly 
in Uruguay, they are commonly used for pies and are crunchy, like Brazil nuts and 
almonds.

Since its natural populations have low rates of value of importance (0,98%) and 
the groves along rivers in the Pampa have been increasingly devastated, the species 
is now considered threatened in the biome (Ramos 2008). In the 1960s, studies 
found high concentration of fatty acids with high molecular weight, not common in 
essential oils of other local species (Powell and Smith Jr. 1966); however, it is still 
a neglected species in terms of scientific research. The vegetable oil of A. spinescens 
is registered as a major component oleic acid, which has high cicatrizant power 
(Dauber 2016). Popular knowledge also highlights that when consumed raw in a 
large quantity, still warm from the sun (picked from the tree), it can have laxa-
tive power.

Anacauita
Schinus molle

The Anarcadiaceae family has important representatives in Brazilian food cul-
ture, such as mango (Mangifera indica) and caju (Anacardium occidentale). One of 
the characteristics of this family is the presence of an anatomic structure that secretes 
terpenes and resins, which confer a special aroma to its representatives. In Brazil, 
there are 13 genera, 57 described species (17 endemic), highlighted by the genus 
Schinus, with 10 Brazilian species, and among them, 9 are found in the Pampa 
(Silva-Luz et al. 2020).

In this context, S. molle stands out, known as anacauita, piriquiteira, aroeira- 
salsa, or anacahuita in Spanish and aguará-ybá in Guarani and is quite a representa-
tive of the biome (Gomes et al. 2013). It is a perennial tree, 4 to 10 m; it has a dense, 
rounded, and open canopy (Gomes et al. 2013). It flowers from August to November 
and bears fruit from December to March. It is important to honey production, and 
its fruits are highly appreciated by local avifauna.

Studies demonstrate that its leaves, stems, and fruits have medicinal properties. 
They are composed of volatile oils with a strong odor and various biological activi-
ties (Díaz et  al. 2008; Giuffrida et  al. 2020). The mature berries are used as an 
alternative to pepper in foods. The essential oil of the anacauita is registered to have 
important antibacterial, antifungal, and insecticidal activity, which supports the tra-
ditional use of the species for infections (Fenner et al. 2006; Santos et al. 2010; 
Tomazoni et al. 2017). Due to its tannin content, it is also used to cure leather. In 
addition to the potential of its resins and oils, its use as food is related to its aromatic 
potential, and it establishes its potential for extractivism or commercial planting, as 
is realized with S. terebinthifolius (Pich 2019) for the production of red pepper, an 
export product.
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Garupá
Aloysia gratissima

In Brazil, the Verbenaceae family includes 15 genera, 286 species with 63% of 
these endemic, and many with strong aromatic characteristics (Flora do Brasil 
2020c). The Aloysia genera stands out and includes ten Brazilian species and three 
varieties (Moroni and O’Leary 2020), while Argentina is a possible center of disper-
sion (Silva et al. 2006). Among them, A. gratissima is found in Mexico to northeast 
Argentina, concentrated in the southern region of Brazil (Santos 2007). The botanic 
identification of the species is complex, and some authors affirm that there are two 
varieties: A. gratissima var. gratissima and A. gratissima var. sellowi (Moroni et al. 
2016). A. gratissima is a bush that can reach 3 meters in height, with an irregular 
growth pattern. It flowers intensely through spring and summer (Ross et al. 2018). 
It is called garupá, alfazema-do-Brasil, mimo-do-Brasil, or cedrón-del-monte in 
Spanish and is well-known as a highly aromatic wild species.

It is locally used in popular medicine and is especially effective for bronchial, 
pulmonary, and bladder infections (Santos 2007). Moreover, the aqueous extracts of 
A. gratissima are efficient in the treatment of neurological, depressive, and inflam-
matory disorders, and its essential oils are effective in fighting bacteria that cause 
pneumonia and are used as insecticides against mosquito that carries dengue 
(Coelho and Coêlho 2006; Santos et al. 2016; Souza et al. 2020; Zeni et al. 2013).

Its direct use is highlighted by ornamental and landscaping applications for 
planting in groups and by its therapeutic potential due to its intense aromatic flower-
ing. It is also ecologically important for honey production, and in traditional Gaucho 
cooking, garupá leaves are used to flavor meat dishes and are included in the popu-
lar infusion with erva-mate (Ilex paraguariensis), a species native to the Atlantic 
Forest originally used by the Indigenous Guarani who live in southern Brazil. In 
contemporary cooking, it is used as flavoring for other savory dishes and for juices 
and sweets.

Capim-corona
Elionurus muticus

Elionurus is a small genus with three species in Brazil that is part of the large 
Poaceae family (Flora do Brasil 2020d). Botanic classification of the genera is con-
troversial, and the characteristic that separates the species has been the presence or 
not of a citric odor (Welker and Longhi-Wagner 2007). E. muticus, known as capim- 
limão or capim-corona in Brazil and pasto-limón or colia-peluda in Uruguay, is an 
herbaceous plant found in sandy soils (Hess et al. 2007; Marchi and Barbieri 2015). 
It flowers from October to December in erect, pilose, solitary stalks 8–10 cm, which 
are silvery white in color with tones of pink and aromatic (Marchi and Barbieri 2015).

It is a native Gramineae that, since dominant in sandy soils of the Pampa, is not 
desired in cattle pasture. However, if well managed, in periods when it is more pal-
atable to animals, it has potential use as forage. With rapid growth, its composition 
contains proteins, fibers, and minerals that can be combined with supplements to 
compose beef cattle and sheep diets (Bernardis 1998; O’Connor et al. 2011), espe-
cially the young plants, as a strategy for facing the Pampa winter. Another 
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contemporary use of the species is related to the production of essential oils whose 
products can be found for sale by companies in this sector. The volatile oils of 
E. muticus has as their principal component citral, a compound of strong interest in 
the food, perfume, and cosmetics industries (Fuller 2013). Beyond these uses, local 
communities use capim-corona to treat various diseases. Their roots are chewed for 
tooth and stomach pain, and their aerial portions are sudoriparous and control fever 
(Chagonda and Fungirayi 2016). Studies have found E. muticus to have strong anti-
bacterial and antifungal activity (Hess et al. 2007; Puppin et al. 2018).

4  Final Considerations

The consumption of native edible plants is an important strategy for supporting 
sustainable food systems. These foods have an important role in the promotion of a 
suitable and healthy diet, given that they can contribute to the conservation of envi-
ronments and cultures while simultaneously expanding the range of nutrients 
accessed by the individuals who consume them. In the case of the Pampa, the expan-
sion in the offer and consumption of edible, aromatic, and medicinal plants from the 
biome involves innovation processes that, although underway, are still a weak ele-
ment in research and extension activities in the fields of agronomy and nutrition.

The supply of these plants now available for use as food, in large part from 
extractivism, and research underway, creates an opportunity to diversify diets and 
reflect on food choices of the local population. These plants, especially the fruits 
presented here, represent sources of fibers, minerals, vitamins, and antioxidant com-
pounds whose deficiency is related to countless health problems that afflict the 
Brazilian population. The fruits are joined by medicinal and aromatic plants that 
have a proven quantity of bioactive compounds that promote good health. Thus, 
improving knowledge and the sustainable use of this nutritionally healthy food bio-
diversity, including its regular consumption in daily diets, is an action that exempli-
fies the win-win paradigm that is so necessary in times of crisis of human and 
planetary health. The Pampa territory comports innovative productive designs that 
can promote both environmental health and conservation of ecosystems and territo-
rial development based on sustainability.
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1  Edible Amazon

The Amazon rainforest comprises a biome with predominantly tropical moist 
 broadleaf vegetation, which occupies the lowlands of the equatorial and humid 
region of South America. Its 7 million square kilometers are spread over the hydro-
graphic basins of the Amazon, Orinoco, and Araguaia-Tocantins rivers in nine South 
American countries (Bolivia, Brazil, Colombia, Ecuador, Guyana, French Guiana, 
Peru, Suriname, Venezuela), of which Brazil holds 60% of the entire territory 
(IBGE 2016).

Despite this apparent uniformity, the Amazon rainforest is composed of a mosaic 
of different types of terrain, vegetation, and ecosystems whose distribution has been 
altered throughout history according to the Earth’s geological and climate changes 
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(Prance 1973; Ab’saber 1977; Haffer and Prance 2002). Some of these Amazon 
landscapes are mountain ranges and mountains, tepuis; aquatic ecosystems; black-
water, whitewater, and transparent rivers of different origins and composition; 
beaches; islands; archipelagos; flood plains; metalliferous savannas; igapó/várzea 
(flooded) forests; tropical forests; terra firme forests; capoeira (secondary) forests; 
Amazonian caatingas; cerrado enclaves; babassu forests; restingas; taquara bamboo 
forests; and other formations with densely concentrated species (Nelson and 
Oliveira 2001).

We still know little about the vegetation of the Amazon. Recent studies on the 
entire Amazonian territory, including Brazil and neighboring countries, list between 
11,000 and 14,000 species of known tree plants (Ter Steege et al. 2013; Cardoso 
et al. 2017), a number close to the 12,000 plants described in the Brazilian Amazon 
(Flora do Brasil 2020). Hopkins (2017) calculates that we know only 70% of the 
16,000 species that might exist in the biome. Following the current pace of new 
discoveries of plant species in the biome, it would take at least another 300 years to 
get to know the entire Amazonian flora (Ter Steege et al. 2016). Just between 2014 
and 2015, 216 new plant species were described for science in the biome (WWF 
2017). These data are alarming when we consider the current rate of deforestation 
in the biome and the threats to the survival of traditional peoples and communities, 
those who hold knowledge about this biodiversity.

Recently, we have better understood of what consists the human (anthropogenic) 
influence in the formation of the Amazon rainforest. Some works of historical ecol-
ogy relate the origin of various types of vegetation in the Amazon or the presence 
and distribution of certain species to the handling of the landscape by indigenous 
peoples, such as Brazil nut forests, babassu forests, Amazonian dark earth, bamboo 
forests, and liana shrublands (Balée 1989; Shepard Jr and Ramirez 2011; Clement 
et al. 2015; McMichael et al. 2013). These studies suggest that between 12% and 
80% of the entire Amazonian forest could have anthropogenic origin (Balée 1989, 
1994; Levis et al. 2017).

From 11,000 years ago, when the oldest known archaeological sites in the 
Amazon date back to (Roosevelt et al. 1996), the original population spread through-
out the Amazon basin forming groups with different cultural practices. This socio-
biocultural diversity is expressed in the more than 180 indigenous ethnicities that 
inhabit the Brazilian Amazon (Heck et  al. 2005), without mentioning those that 
were exterminated in the process of European colonization (Nimuendaju 2017). The 
reduction of this indigenous population represented the loss of a part of the biodi-
versity that was in process of domestication, including at least 138 species in differ-
ent stages of domestication (Clement 1999).

With the beginning of the European colonization, from the sixteenth century on, 
there was an abrupt rupture in the cultural, social, and environmental dynamics 
existing in the Amazon with the introduction of exotic species (Crosby 1972) and 
new cultural practices that were incorporated into the local diet (Cascudo 2011). At 
the same time, other native species started to have new uses, including as food 
(Tomchinsky and Ming 2019).

In this process, populations from different parts of the world and from Brazil 
contributed to the formation of different Amazonian identities, including influences 
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from European, African, and Asian populations, as well as other traditional peoples 
and communities who settled in the region, such as fishermen, riverside dwellers, 
rubber tappers, Brazil nut pickers, babassu coconut breakers, extractivists, and 
small farmers among others. Given this complex sociocultural and environmental 
diversity, it is impossible to identify a single Amazonian dietary culture.

The isolated study of edible plants is not enough to construct an overview on the 
Amazonian dietary culture, as it is related to other foods of animal and mineral 
extraction; objects used for farming, hunting, and preparing food; and mythologies, 
in addition to cultural and social practices. The traditional agricultural system of the 
Rio Negro, declared a cultural heritage of Brazil, demonstrates how complex these 
dietary practices are and how they involve several social, cultural, and environmen-
tal factors (Emperaire 2010).

For a long time, Amazonian biodiversity has been exploited with an extractive 
approach, as in the economic cycles of the sertão drugs, or the Brazil nut and rubber 
trees. These Amazônia was known through a fetishized or exotic lens by the rest of 
the world through the eyes of the foreign travellers and naturalists. In addition to the 
domesticated and cultivated Amazon species that have been brought to the rest of 
the world, many edible Amazon species are used only by local populations and 
remain unknown to the rest of the world.

Open markets in small and large Amazonian cities are an important showcase to 
know this edible biodiversity and constitute an important center for agricultural 
diversity and exchange of germplasm among the local population (Emperaire and 
Eloy 2008). Some of the most noteworthy markets are the Ver-o-Peso and the mar-
ket of the 25 de Setembro street in Belém, Pará; the Elias Mansur Market in Rio 
Branco, Acre; the Adolpho Lisboa Market; the fruit stands near the airport; and the 
Laranjeiras Market in Manaus, Amazonas, or the weekend fairs in São Gabriel da 
Cachoeira or Tabatinga, in the state of Amazonas.

The appreciation of traditional food plants or “unconventional food plants” 
(plantas alimentícias não convencionais, PANC) by the fine cuisine circuit and by 
movements aimed at valorize sociobiodiversity, such as Slow Food, brought a new 
stimulus to the study of Amazonian food plants.

However, there is yet much to be studied, considering that between 10% and 
20% of the world flora has current or potential nutritional use to humans (Kinupp 
2007; Kinupp and Lorenzi 2014), which means that, just in the Amazon, from 1.6 to 
3.2 thousand plants are edible. Most of the studies carried out in the Amazon region, 
so far, have been restricted to ethnobotanical research on a specific species, region, 
or ethnic group, without pursuing research on the nutritional properties and botani-
cal or agronomic aspects. This occur partly due to the bureaucracy for carrying out 
these researches within the Brazilian legislation (Tomchinsky et al. 2013) but also 
due to the lack of human and financial resources in research institutions in the north-
ern region of Brazil, in comparison with other regions of the country, or due to the 
limitations of postgraduate research inside institutional deadlines.

The objective of this chapter is to give an overview on the knowledge about 
Amazonian edible plants, traditional or unconventional, and general aspects related 
to them. The species addressed here were separated into groups according to the 
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type of dietary use and the part used including fruit species, roots and tubers, grains, 
pulses and nuts, vegetables, and condiment plants.

2  Amazonian Fruit Plants

The Amazon rainforest has a great diversity of edible fruit plants, Cavalcante (1972) 
lists 163 species and Rabelo (2012) lists at least 250 edible species, many of which 
known only by the local population, while a few have achieved national or interna-
tional projection, such as açaí (Euterpe oleracea Mart.), cocoa (Theobroma cacao 
L.), and cupuassu (Theobroma grandiflorum (Willd. Ex Spreng.) K. Schum.).

Fruit-bearing trees are an important part of the Amazonian nutritional routine 
(Table 1); several ethnobotanical surveys show that they are by far the most repre-
sentative group for the local population’s diet. In indigenous communities from the 
Lower Uaupés River region, fruit species represent 78% of the total food plants 
cited (Gonçalves 2017). The percentage of fruit species is also large in ethnobotani-
cal listings made with the Yanomami, Sateré-Mawé, and Baniwa indigenous groups 
who inhabit the Amazon region (Albert and Milliken 2009; Bustamante 2009; 
Fernandes 2012) (Fig. 1).

Among the fruit trees, some produce small fruits, such as buiuiu or buxixu, 
which belong to the family Melastomataceae, and are compared to berries. These 
small fruits do not have a large amount of pulp or high energy value and are con-
sumed as an “appetizer” or as “snacks.” They are shrub plants found in capoeiras, 
on the river banks or streams (Amazonian igarapés), in anthropic areas, or in places 
with high incidence of light and commonly consumed on the way to the farms or 
during fishing and hunting, especially by children. Some representatives are buxixu- 
azul (Clidemia japurensis DC.), buxixu (Clidemia hirta (L.) D. Don), and buiuiu- 
rosa (Clidemia rubra (Aubl.) Mart.) (Kinupp and Lorenzi 2014; Gonçalves 2017). 
From the same family, goiaba-de-anta (Bellucia dichotoma Cogn. and Bellucia 
grossularioides (L.) Triana) is a high tree, appreciated for its fruits by humans and 
game animals.

In the Western Amazon, from the Rivers Solimões and Negro, it is possible to 
find in the markets the cubiu or maná-cubiu (Solanum sessiliflorum Dunal.), a culti-
vated Solanaceae, with fruits that are used in salads, jams, or soft drinks or as a 
seasoning for dishes, substituting lemon. The fruit has a high content of vitamin C, 
and its medicinal use in the treatment of diabetes and cholesterol has become wide-
spread (Lorenzi and Matos 2008; Yuyama et al. 2002). Several local ethnovarieties 
of cubiu are known (Silva Filho et al. 1993). This diversity was studied by Corrado 
(2018) in the Upper Rio Negro, who reported a total of 22 varieties with specific 
shapes, sizes, colors, flavors, and uses.

Another interesting Solanaceae is the camapum or gooseberry (Physalis pubes-
cens L.), a spontaneous herbaceous plant that is grown in capoeiras and backyards, 
with a high content of vitamins and nutrients, but without commercial farming in 
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Brazil. Despite this, camapum is frequently imported to supermarkets in southeast-
ern Brazil from Colombia, where it is commercially grown (Muniz et al. 2015).

The Myrtaceae family has 266 species in the Brazilian Amazon and produces 
many small fruits, some of which are edible and nutritious, mainly those from the 
genera Eugenia, Myrcia, and Psidium (Souza 2015; Flora do Brasil 2020). Some of 
the species appreciated and cultivated in the Amazon are araçá-boi (Eugenia stipitata 
McVaugh), goiaba-amarela (Psidium guineense Sw.), araça (Psidium araca Raddi.), 
pitanga or Brazilian cherry (Eugenia uniflora L.), and guava (Psidium guajava L.).

The species Myrciaria dubia (Kunth) McVaugh, known as camu-camu, azedinha, 
or caçari, is grown in the Amazon rivers in areas with rocks and is frequently har-
vested from wild plants but in recent years started to be cultivated and more studied. 
Due to its high content of ascorbic acid (vitamin C) that reaches up to 3000 mg per 
100 g of fruit, an amount higher than any other known fruit species, industries have 
given attention to this plant (Yuyama et al. 2002).

One of the main native species of the Amazon and cultivated worldwide is the 
pineapple (Ananas comosus (L.) Merr.), Bromeliaceae (Clement et  al. 2010). 
Pineapple is an interesting plant because, in addition to its adaptability to Amazonian 
ecological conditions, it grows in roças (slash and burn farms), backyards, and 
capoeira shrublands, serving as an important nutritional resource throughout the 
year. Local varieties of pineapple are poorly studied, but most of them reach a high 
sugar content, and some are heavier than 15 kg each, such as those grown in the city 
of Tarauacá, in Acre State. In the Lower Uaupés River region are grown many vari-
eties with smooth or serrated edge leaves, with distinct leaf colorings and large 
fruits with high sugar content, such as the abacaxi-aracu (Gonçalves 2017).

Fig. 1 Edible fruits collected by multiethnic indigenous communities from the Upper Black River. 
(Source: Gabriela Gonçalves)

Food Composition Data: Edible Plants from the Amazon
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Palm trees (Arecaceae) are abundant in a number of species and frequently in the 
Amazon region, with multiple registered uses, mainly as food (Henderson et  al. 
1995; Lorenzi et al. 2004; Clement et al. 2005). This wide presence, associated with 
the high energy value of its fruits, the absence of anti-nutritional factors, the 
 abundant production of fruit throughout the year, and its palatability, makes palm 
trees a key group in the diet of the Amazonian population.

The açaí (Euterpe oleracea, Euterpe precatoria Mart., and Euterpe catinga 
Wallace), the bacaba (Oenocarpus bacaba Mart. and Oenocarpus distichus Mart.), 
and patauá (Oenocarpus bataua Mart.) are consumed in the form of juice (wine) 
and are easily found in all markets in the region during the harvest period. A recent 
work points out that these species are among the hyperdominant plants in the 
Amazon (Ter Steege et al. 2013), which helps to understand their importance for the 
local population.

The consumption of açaí is relevant in all Amazon cities. Just the metropolitan 
region of Belém do Pará is responsible for a daily consumption of 360,000 liters of 
this fruit’s pulp (Oliveira et al. 2002). The açaí pulp has great energy value, mainly 
from lipids and carbohydrates, and high levels of antioxidants (Santos et al. 2008; 
Yuyama et al. 2013). The consumption of açaí heart of palm (apical meristem) is 
more frequent in the Southeast region of Brazil than in the North region, as the local 
population prefers to consume fruits.

In the eastern Amazon, in a wide transition area into the cerrado and caatinga 
shrublands, palm forests are frequent, with some palm species common to the dif-
ferent biomes, including babassu-palm (Attalea speciosa Mart.), a species of great 
cultural importance for the local population and of multiple uses (Araujo et  al. 
2016). The extractive activity of babassu is dominated by women, currently orga-
nized in the Interstate Movement of the Babassu Coconut Gatherers (Movimento 
Interestadual das Quebradeiras de Coco-Babaçu, MIQCB), in what can be described 
as a traditional agricultural system. The babassu mesocarp flour and seed oil have a 
high nutritional value, as well as the coconut beetle larvae (Pachymerus sp., 
Coleoptera) found in fruits and stipes in decomposition process. Another species 
common to the palm forests is the inajá (Attalea maripa (Aubl.) Mart.), whose fruits 
are consumed raw when ripe and boiled in water and from them edible oil can be 
extracted (Lorenzi et al. 2004).

The tucumã-do-amazonas (Astrocaryum aculeatum G. Mey.) and the tucumã-do- 
pará (Astrocaryum vulgare Mart.), species present in dense or secondary forest, are 
consumed raw. In the State of Amazonas, the tucumã is the main ingredient of a 
typical sandwich (x-caboquinho), made with bread or tapioca (manioc flour), 
cheese, and fried banana. The pulp of A. aculeatum fruits has high concentrations of 
lipids, dietary fiber, potassium, selenium, and beta-carotene (Yuyama et al. 2013). 
Other species of the genus Astrocaryum also have nutritional use, such as murum-
uru (Astrocaryum murumuru Mart.), with its fruits consumed raw, and the jauari 
(Astrocaryum jauari Mart.) from igapó forests, whose fruits are consumed after 
cooking and its heart of palm is collected for local consumption.

The buriti palm (Mauritia flexuosa L.f.) is grown in clusters in marshy and wet 
terrain, swampy, or permanently flooded areas. Its fruits are consumed raw, or from 

B. Tomchinsky et al.



279

its pulp, which is rich in carotenoids (Rodriguez-Amaya et  al. 2008), a wine or 
regional sweet can be produced. From its stipe, an edible sap could be extracted, and, 
in addition, an edible tapioca flour is produced (Correa 1984; Lorenzi et al. 2004).

Among the Amazonian palm trees, one of the few cultivated and domesticated is 
the peach palm (Bactris gasipaes Kunth), whose pulp, rich in vitamin C and carot-
enoids, is appreciated by the population after being cooked or as flour in other 
dishes. Several ethnovarieties of peach palm are known with variation in shape, 
composition, and color of the fruits and seeds, plant size, and quantity of thorns in 
the trunks and leaves (Clement and Santos 2002). The farming of peach palm has 
expanded in Brazil for the extraction of its heart of palm, appreciated in the south-
east of the country.

Fabaceae is a pantropical and relevant family in the Amazon, where it is esti-
mated that there are about 2,000 species (Flora do Brasil 2020). The ingas (Inga 
spp.) are widely distributed in the Amazon, some of which are cultivated, as the ice 
cream bean (Inga edulis Mart.) and inga assu (Inga cinnamomea Benth.) or sponta-
neous such as Inga ingoides (Rich.) Willd., Inga laurina (Sw.) Willd, Inga macro-
phylla Humb. & Bonpl. ex Willd., and Inga vera Willd.. Out of the ingas, the white 
aril that surrounds the seeds is edible and appreciated by the population for its sweet 
flavor but has a low nutritional content (Gonçalves 2017).

The jatobá or jutaí (Hymenaea courbaril L., Fabaceae) is another native Fabaceae, 
which is appreciated for its farinaceous pulp of strong and peculiar odor and taste, 
rich in carbohydrates and proteins, consumed raw, or processed as flour for use in 
breads, cakes, and porridges (Rabelo 2012; Kinupp and Lorenzi 2014).

The Theobroma genus, Malvaceae, is composed of 22 species distributed from 
the Amazon basin to the south of Mexico, of which cocoa (T. cacao) and cupuassu 
(T. grandiflorum) have great economic relevance (Garcia et al. 2014). In this genus, 
almonds are widely used for the production of chocolate and cocoa butter, in addi-
tion to the mesocarp in sweets and soft drinks. Other species of the genus are 
restricted to local use but with great commercial potential such as the mocambo or 
baraturi (Theobroma bicolor Bonpl.), cupuí (Theobroma subincanum Mart.), cacauí 
(Theobroma speciosum Willd. Ex. Spreng.), cacau-cabeça-de-urubu (Theobroma 
obovatum Klotzsch ex Bernoulli), and cacao-cabeça-de-jacaré (Theobroma mariae 
(Mart.) K. Schum.), which are still poorly studied. Theobromine is the main alka-
loid present in cocoa seeds, and among its medicinal effects in humans are the tonic 
sensation, endorphin and serotonin stimulation, diuretic effect, vasodilator, and the 
relief of respiratory problems (Peres et al. 2018).

Sapotaceae is an important family in the Amazon, the Pouteria genus being one 
of the most representative and well-known (Monteiro et al. 2007). The abiu (Pouteria 
caimito (Ruiz & Pav.) Radlk. is often grown and sold in Amazonian cities where it 
is appreciated, despite the latex present in some varieties and in unripe fruits, which 
coagulates in contact with air, gluing together the lips of whoever eats them (Falcão 
and Clement 1999).

Of the same genus, the ucuqui (Pouteria ucuqui Pires & RE Schult.) is a quite 
peculiar example of fruit consumed by indigenous communities in the Lower Uaupés 
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River. According to them, it is only possible to eat the mesocarp of at most two or 
three untreated fruits, without causing irritation to the oral mucosa; however, when 
cooked and prepared as porridge, it no longer causes irritation (Gonçalves 2017). 
The lesions done to the oral mucosa, caused by raw ucuqui, are associated with the 
presence of calcium oxalate crystals, common in some species of the Sapotaceae 
family (Monteiro et al. 2007) which is deactivated by cooking.

The genip tree (Genipa americana L.), Rubiaceae, grown in backyards and found 
in capoeira shrublands and secondary forests, is consumed raw when ripe or in 
alcoholic beverages. However, the greatest interest by the indigenous population is 
for its dyeing property, of the genipin pigment of blue-violet color, present in unripe 
fruits and activated in the presence of oxygen after fruit maceration, used in body 
painting or as a dye for basketry fibers (Prance 1975).

The biribá or wild sugar apple (Annona mucosa Jacq.) is the main native and 
cultivated representative of the Annonaceae family in the region. Its fruits weighing 
up to 1.5 kg are available in fairs sporadically. Until today, there is no extensive 
commercial fruit farms developed, despite there being several varieties selected, 
including some conceived in Florida/the USA (cv. Prolific.) (Lorenzi et al. 2015).

Brazil and Colombia are the diversity centers of the Passifloraceae family, which 
together concentrate the largest number of Passiflora species in the world (Cervi 
1997). The Amazon biome has a large number of passion fruit species that still are 
little known about their nutritional composition. Despite being potentially edible, 
few species are actually grown or handled by the population so as to be found in 
fairs. Among the wild species, picked in capoeira shrublands or as urban weeds, the 
maracujá-de-cesto (Passiflora foetida L.) is common, and among the plants culti-
vated most frequently are Passiflora riparia Mart. ex Mast. and Passiflora nitida 
Kunth. (Gonçalves 2017). In addition to nutritional use, many species are also used 
in traditional medicine (Lorenzi and Matos 2008).

In the Eastern Amazon, the bacuri (Platonia insignis Mart.), Clusiaceae, is poorly 
cultivated, despite the high trade value in markets, and is found densely just in cer-
tain regions. The pulp of its fruit is very aromatic and used in sweets and beverages 
and from its seed is extracted a medicinal oil. The fruit has high levels of starch, 
potassium, phosphorus, and calcium (Carvalho and Nascimento 2018).

Within the different Amazonian ecosystems, the murici (Byrsonima spp.) 
Malpighiaceae adapts well in open environments and can flourish spontaneously or 
cultivated. Its small fruits, which vary in color from yellow to red and green, have a 
characteristic odor and can be stored for a long period in closed bottles filled with 
water, until consumption, as soft drinks, sweets, with alcoholic beverage, or raw 
(Cavalcante 1972; Lorenzi et al. 2015).

The cajá ou taperebá (Spondias mombin L.), Anacardiaceae, is a large tree pres-
ent in the Amazon and the Atlantic Forests, whose fruits are appreciated raw, in 
juices, sweets, or ice creams. Despite seasonality, the pulp can be frozen for con-
sumption at other times of the year. The huge Amazonian biodiversity can be illus-
trated by the scientific description of the cajarana (Spondias testudinis J.D. Mitch. 
& D.C. Daly) just in 1998, a plant that was known until then only by the local popu-
lation of Acre (Mitchell and Daly 1998).
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The uva-da-amazônia, cucura, or mapati (Pourouma cecropiifolia Mart.), 
Urticaceae, is found in the Western Amazon, generally associated with human pres-
ence, cultivated or in secondary vegetation. The tasty pulp of its fruits is appreciated 
for a short period of the year when it is available. Its ingestion can cause irritation 
in the mouth for some people, due to the rough skin of the epicarp (Lorenzi et al. 
2015; Pedrosa et al. 2018).

An important characteristic of Amazonian fruits is the seasonality of each spe-
cies when they are available in the markets, since most of them are climacteric and 
hard to store unprocessed. This fact helps to understand why, even in locations far 
from the largest urban centers, it is easier to find exotic and imported fruits such as 
orange, pear, or apple than the native ones produced locally.

Despite the immense diversity of edible fruits in the Amazon region, research on 
them is scarce, mainly related to botanical, agronomical, and biochemical studies. 
Only the most well-known species such as cocoa, cupuassu, Brazil nut, and açaí 
have been extensively studied. One of the difficulties regarding the widespread use 
and cultivation of these plants is that most of them are long-cycle trees and have not 
been domesticated or are not cultivated.

3  Roots and Tubers

Many plants that have edible tuberous organs (roots, tubers, bulbs, rhizomes) are 
traditionally cultivated by Amazonian peoples. These plants are the basis of the 
local diet.

Despite the absence of a single Amazonian dietary culture, it is possible to con-
sider that cassava, manioc, or mandioca (Manihot esculenta Crantz) is the main 
edible species in the region. Mandioca was domesticated in the Madeira River 
region (Clement et al. 2010) and had its use broadened throughout the entire Amazon 
and adjacent regions. Cassava is classified into two major groups: mandioca-brava 
(with a high content of hydrogen cyanide acid) and the mandioca-mansa (with a low 
content of hydrogen cyanide acid), and in each group, there are hundreds of local 
ethnovarieties. Its varieties are used in the preparation of at least 14 forms of food 
and 13 different drinks (Kerr and Clement 1980).

The Upper Rio Negro region and the traditional communities of Acre concen-
trate a large number of local varieties, mainly mandioca-brava. Emperaire and 
Peroni (2007) analyzed the case of cassava in the Upper Rio Negro and considered 
that the agrobiodiversity stems from sociocultural criteria that involve selection, 
circulation, denomination, and production norms, leading the varieties of plants to 
be regarded not only as a phylogenetic resource but also as a cultural heritage. 
Products derived from “harsh” cassava in the Upper Rio Negro constitute a central 
part of the indigenous diet and culture. Transformation techniques are complex and 
involve a long operational chain. In this region, more than 70 varieties are grown 
(Emperaire and Eloy 2008), and the derivative products are very diverse: many 
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types of flour, beiju (kind of pancake), porridge, and caxiri (beer), in addition to 
tapioca, tucupi, and maniçoba (leaves of maniva).

The plants of the Dioscoreaceae family are also of great importance in the diet of 
the Amazonian peoples. Among the edible and cultivated species of Dioscoreaceae, 
Dioscorea altíssima Lam., Dioscorea alata L., Dioscorea bulbifera L., and 
Dioscorea trifida Lf are the most used species and with the largest number of local 
types, with purple, white, or mixed coloring tubers (Castro et al. 2012). The purple 
color is due to the presence of anthocyanins with antioxidant action (Kinupp and 
Lorenzi 2014).

Along with Dioscorea and Manihot, sweet potatoes (Ipomoea batatas (L.) Lam.) 
are among the most important roots in the regional diet. In addition to the most com-
mon commercial cultivars, the Amazonian populations maintain local varieties. 
This cultivation seems to be particularly important among the Krahô indigenous 
people, who have an entire cosmology and cultural practices associated with this 
plant (Lima 2017).

The ariá (Goeppertia allouia (Aubl.) Borchs. & S. Suárez) is a tuberous species 
native to the Amazon and traditionally farmed by indigenous and riverside popula-
tions in Tropical America. In addition to food, its cultivation is also for the purposes 
of ornamentation and traditional medicine (Bueno and Weigel 1981). The main fea-
ture, which sets it aside from other tuberous species, is that even after cooking, it 
maintains its crispness quality, rare in other tuberous species.

The species Casimirella rupestris (Ducke) R.A.Howard and Casimirella ampla 
(Miers) Baehni, Icacinaceae, are endemic to the Amazon and naturally abundant in 
terra firme forest. Its popular name, mairá potato, derives from Nheengatu and 
means “liana variety, whose root is edible” (Stradelli 1929; Duno-de-Stefano and 
Amorim 2015). Its starchy tuberous roots can reach over 200 kilos. Ethnographic 
studies and traveller’s reports highlight the importance of the mairá potato for some 
indigenous groups in the Amazon in the past. Spruce (1851) reports in his contact 
with the Tapuya that they consumed it in an identical way to mandioca-brava, 
extracting the starch and producing flour (Ribeiro 2018). Even with this high pro-
ductivity, the mairá potato does not currently have significant cultivation among the 
Amazonian peoples, who show preference for cassava.

In the Lower Uaupés River, a variety of other tuberous species are cultivated 
besides cassava, such as white yams (Dioscorea spp.), macoari (Heliconia hirsuta 
Lf), achira or macoari-doce (Canna edulis Ker-Gawl.), sweet potatoes, and some 
species of Araceae (Xanthosoma spp.) and Marantaceae yai-tutu (Maranta ruiziana 
Korn), yai-comprido (Maranta arundinacea L.), and aria (G. allouia). The con-
sumption of these roots is mostly after cooking, in porridge, or in the preparation of 
fermented drinks locally named caxiri (Gonçalves 2017) (Fig. 2).

For the Kaxinawá people in the state of Acre, tuberous species also play an 
important role in the local diet, especially the taioba (Xanthosoma sagittifolium (L.) 
Schott), with local types consumed, with different color and flavor: Kixtuku (dark 
orange), Atsa Yubi (white), Roxo Yubi (orange with purple edges), Kapa Nawa (light 
orange), Kapa Yubi (light orange with white edges), and Maspa Yubi (light orange 
with green edges). All tubers have, aside from color, different shapes.
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The production of tuberous edible plants can be carried out throughout the year 
in the Amazon. Plants can be left intact in the field for a long period, and the roots 
are harvested gradually, as needed, unlike grains and pulses, which are farmed more 
commonly in temperate regions. This is an important strategy for traditional popula-
tions in the tropics, in response to the problems of sazonality and storing other foods 
in hot and humid climate (Martins 2005).

Unlike fruit species, which are grown in backyards or picked in the forest, family 
farms are the place where the cultivation of tuberous plants predominates. For many 
of the indigenous peoples of the Amazon, these farms and the plants grown in them 
are usually the domain of women, whereas forests and rivers are male domains.

4  Grains, Pulses, and Nuts

With regard to carbohydrate intake, some grains and seeds have taken on an impor-
tant role regionally, along with tuberous roots, with emphasis on cultivated and 
domesticated species.

Maize (Zea mays L.), native to Central America, has been cultivated in the 
Amazon for more than 8000 years (Bush et al. 1989), a period before agriculture 
had even spread in the region (Clement et  al. 2015). During this period, it was 
selected and domesticated again in the region (Kistler et al. 2018). Traditional corn 
grown by the indigenous peoples of the Amazon has farinaceous endosperm (soft 
corn) as oppose to hard and crystalline, like most commercial cultivars. There is a 

Fig. 2 Edible roots and tubers cultivated by multiethnic indigenous communities from the Upper 
Black River. (Source: Gabriela Gonçalves)
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large number of cultivated maize ethnovarieties, each with specific uses by certain 
populations (Teixeira and Landau 2016). The cultural importance of corn is evident 
in the mythology of several indigenous peoples where it is present; in festive food 
preparations, such as caxiri; and in traditional festivals (Pereira 1974).

The Kaxinawa of Acre cultivate two important ethnovarieties of corn for the 
community’s diet, classified as “Nawa Sheki” and “Sheki Kui,” varying in orange, 
dark red, yellow, and whitish colors, which are used to make porridge and different 
types of cakes.

The peanut or groundnut (Arachis hypogaea L.) is another important source of 
carbohydrates and lipids often cultivated by various indigenous peoples of the 
Amazon. The Kawabi, from Xingu, have more than 14 ethnovarieties of this spe-
cies, each with different characteristics and uses (Suassuna et al. 2016). Among the 
Kaxinawá, the peanut is known as tama, where there are six ethnovarieties of differ-
ent colors.

Beans (Phaseolus vulgaris L., Phaseolus lunatus L., and Vigna unguiculata (L.) 
Walp.) are grown in floodplains or in terra firme and are among the most important 
plants for the local population. The “muffled” is a specific system for the culture of 
beans, where the capoeira shrub is cut down so that the branches may provide sup-
port for the growth of the climbing varieties (Sivieiro et al. 2016). The local variet-
ies are quite diverse, such as the purple and butter beans, common in the state of 
Pará, or the red gorgutuba, red Peruvian, rosinha, quarantão, manteiga-roxo, and 
arigozinho in Acre.

Currently, rice (Oryza sativa L.) has become a species of regional importance, 
being grown in large areas in the process of pasture formation or by small farmers 
and indigenous peoples. Among the Krahô, 26 cultivated rice ethnovarieties were 
identified (Rangel and Dias 2016). Studies indicate that there were species of Oryza 
native to Brazil that was in the process of domestication by indigenous populations 
(Hilbert et al. 2019). In the Rio Negro, some riverside and indigenous populations 
still collect seeds of Oryza latifolia Desv. for their own consumption.

Economically, castanha-do-Brasil, Brazil nut, or Amazon nut (Bertholletia 
excelsa Bonpl.), Lecythidaceae, has had great national relevance since the nine-
teenth century, when Brazil nut pickers moved in the region during the harvest sea-
son. In addition to the caloric potential, studies show that Brazil nuts have high 
selenium content, an important element in disease prevention. Although Brazil has 
large areas of Brazil nut forests, associated with human activity in domesticating the 
landscape (Shepard Jr and Ramirez 2011) in regions such as Acre and Southeast 
Pará, deforestation has made Bolivia the world’s largest exporter of Brazil nut 
(Homma 2000; Shanley et al. 2010). Considering the long reproductive cycle of the 
Brazil nut tree, studies have successfully enabled the commercial cultivation of 
selected plants and the use of techniques that reduce the time for fruiting juvenility 
in young plants.

The sapucaia (Lecythis Pisonis Cambess.), another species of Lecythidaceae, is 
consumed by the local population. Its dehiscent capsule fruit opens when riped and 
the seeds fallen on the ground, where the local fauna appreciated it (Mori and 
Prance 1981).
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Guarana (Paullinia cupana Kunth., Sapindaceae) is a shrubby climbing plant, 
whose cultivation technique and selection and domestication process were carried 
out by the Mawé indigenous people, where it is present in mythology and festivities. 
Despite having its use more closely related to medicinal properties due to the high 
content of caffeine and other substances, currently its commercial cultivation is 
done on a large scale for the production of medicines and soft drinks for the industry 
(Tricaud et al. 2016).

In spite of the relatively low number of species that provide seeds and grains for 
the Amazonian population’s diet, they have considerable regional importance, given 
the large volume consumed, the cultivated area, the nutritional aspects, and the exis-
tence of a large number of ethnovarieties and species handled or domesticated. This 
importance is also made evident by the presence of these plants in the mythology 
and culture of some indigenous peoples.

5  Leafy Vegetables

The habit of consuming leafy vegetables is not very common among the Amazonian 
population, especially among indigenous peoples (Katz et al. 2012). Alves da Silva 
(1962) observes in the Upper Rio Negro that “If the indigenous diet lacks vegetables 
and legumes, many are the fruits they consume.” It is likely that the possible lack of 
vitamins and minerals, which could be caused by the low consumption of leafy 
vegetables, is supplemented by the large number of fruit species consumed by the 
local population (Katz et al. 2012).

Of the native vegetables, one of the foremost is the jambu (Acmella oleracea (L.) 
R.K. Jansen), which can also be classified as spice or medicinal. Jambu plant leaves 
are often used sautéed in traditional recipes such as duck in tucupi sauce and tacacá. 
Due to its local importance, there are many studies carried out with this species and 
even varieties improved available for the farmers (Cardoso 1997; Kinupp and 
Lorenzi 2014).

Some leafy vegetables available in the region are potentially toxic and need to be 
cooked for a long time as to lose this toxicity. Cassava leaves (M. esculenta), known 
as maniçoba, have a high level of hydrogen cyanide acid and are traditionally 
cooked for 7 days, before being used in festive dishes. Caruru leaves (Phytolacca 
rivinoides Kunth & C.D.Bouché), of more restricted use in the Upper Rio Negro, 
are consumed only after cooking along with fish or quarry broths (Gonçalves 2017).

The cipó-kupá (Cissus gongylodes (Baker) Burch. Ex Baker, Vitaceae) is one of 
the rare horticultural species that have been selected by indigenous populations 
and is cultivated to this day among Kayapós and Timbira groups. The plant has a 
climbing habit, and its succulent steam is used in broths or roasts, after the use of 
temperature to reduce the action of the calcium oxalate it has (Kerr et al. 1978; 
Dias et al. 2016).
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Taioba (Xanthosoma spp.), Araceae, cultivated for its tubers roots, is another 
important native vegetable whose leaves are appreciated after cooking to reduce 
calcium oxalate (Cardoso 1997, Kinupp and Lorenzi 2014).

The contribution of migrant populations to the consumption of vegetables in the 
Amazon is remarkable. The habit of consuming okra (Hibiscus esculentus L.), cuxá 
(Hibiscus sabdariffa L.), caruru (Talinum paniculatum Jacq-Gaertn), and junça 
(Cyperus esculentus L.) in the eastern Amazon is influenced by African populations 
of the states of the Pará and Maranhão (Cardoso 1997). Asian immigrants were 
important for the development of modern horticulture in the Amazon, with tech-
niques for the cultivation of conventional vegetables such as lettuce (Lactuca sativa 
L., Asteraceae) and black pepper (Piper nigrum L., Piperaceae) (Homma 2009). In 
addition to these plants, it is common to cultivate exotic vegetables in backyards and 
jiraus (suspended location) in the region, such as pumpkin (Cucurbita spp.), cowpea 
(Vigna unguiculata (L.) Walp.), and kale (Brassica oleracea var. Acephala DC.) 
(Cardoso 1997).

The attempt to grow tomatoes, bell peppers, or other conventional farm vegeta-
bles has not been successful in the region due to the lack of cultivars adapted to local 
climatic conditions, difficulty in producing seeds or propagules by the farmers 
themselves, or cultivars resistant to fungal diseases that increase with the high tem-
perature and humidity of the region. Kinupp and Lorenzi (2014) address other 
native species that could be used as farm vegetables in the region, such as caapeba 
(Piper peltatum L.), picão (Bidens spp.), and other spontaneous ones, but which are 
neglected by or unknown to most of the population.

6  Amazonian Condiment Species

Spice plants are those that, when added in small quantities in food preparation, have 
the capacity to modify the perception we have of them (Tomchinsky 2017). They 
are species that, for the most part, have a high concentration of secondary com-
pounds in their composition such as terpenes, alkaloids, and phenols (Lorenzi and 
Matos 2008; Simões et al. 2017).

Due to the high concentration of these secondary compounds, many of these 
plants have multiple uses, such as medicinal, entheogenic, or aphrodisiac (Schultes 
and Hofmann 2001; Lorenzi and Matos 2008; Ratsch 2011). However, for this same 
reason, the ingestion of high doses of some condiments may be potentially toxic to 
humans, such as the myristic acid in the nutmeg (Schultes and Hofmann 2001), 
coumarin in the cumaru (Lake 1999), piperine in the black pepper, and capsaicin in 
Capsicum peppers (Lorenzi and Matos 2008). The use of condiments is also impor-
tant for food preservation, whether because of its antimicrobial action (Ethurk 2008; 
Liu et al. 2017) or in overlapping undesired traits in degraded foods.

The Amazonian culture, of indigenous origin, has adopted as its main condiment 
the hot peppers of the Capsicum genus. There are indications that Capsicum chi-
nense Jacq. was domesticated in the Amazon region more than 4000  years ago 
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(Clement et  al. 2010). Among the dozens of types of hot peppers grown in the 
region, the most common are locally known as murupi, pimenta-de-cheiro, pimenta- 
bode, cumari-do-pará and biquinho (C. chinense), tabasco (Capsicum frutescens 
L.), and dedo-de-moça and cumari (Capsicum baccatum L.) (Carvalho et al. 2006; 
Nascimento Filho et al. 2007; Ribeiro et al. 2008; Roman et al. 2000).

In the Upper Rio Negro, the consumption of peppers seems to be even more 
appreciated than in other regions by the local and predominantly indigenous popu-
lation. The quinhapira, a fish stew typical of the region, is made with a large quan-
tity of hot peppers. In this region, the production technique of the jiquitaia or the 
baniwa peppers is preserved, which mixes up to 78 ethnovarieties of peppers that 
are dried, smoked (roasted), grinded, and added to salt (Silva et al. 2016).

Salt was difficult to obtain in the pre-Columbian Amazon, when compared to 
other coastal locations, and was obtained just through trade with other distant 
regions or derived from vegetables. These vegetable salts have potassium cation 
(KCl), while those of marine origin have sodium cation (NaCl). They are obtained 
through the process of pyrolysis of certain species of plants, mainly from the fami-
lies Arecaceae, Amaranthaceae, and Lecythidaceae. This process has been described 
among several Amazonian ethnic groups such as the Waimiri-Atroari, Witoto, 
Yanomami, and Tupinambá (Martius 1979; Bastos 1987; Albert and Milliken 2009; 
Tomchinsky 2017; Kermath et al. 2020).

The cassava (M. esculenta), a central species in the Amazon diet, is also a source 
of tucupi, an edible yellow broth, but potentially toxic due to its high concentration 
of cyanide, extracted during the production of the flour. After boiled and/or fer-
mented and purified, the tucupi broth is used in the preparation of various Amazonian 
dishes such as tacacá and duck in tucupi sauce, topped on pepper sauces. When 
refined and reduced, it has the appearance of a smoked sweet molasses, black in 
color, known as black tucupi, which is used as a spice, with peppers and citrus-like 
ants (Atta sexdens rubropilosa Forel 1908) (Brazi 2013).

The first reports about annatto (Bixa orellana L.) describe its medicinal use or 
its use in body painting (Tomchinsky and Ming 2019). Currently, it is widely used 
as a red or yellow food dye in homemade and industrialized products (dye code 
E-160b) due to carotenoids bixin (fat-soluble) and norbixin (water-soluble) 
extracted from the aril of its seeds, which also have antioxidant action for food 
preservation (Garcia et al. 2012).

The jambu (A. oleracea), also cited as horticultural, can be considered to be a 
condiment for the anesthetic effect caused by its inflorescences, rich in spilanthol 
terpene, when consumed in broths, stews, or the infusion of alcoholic beverages 
(Cardoso 1997; Lorenzi and Matos 2008; Barbosa et al. 2016).

The chicória-do Pará (Eryngium foetidum L.) is a biannual herbaceous cultivated 
and registered as one of the first species native to Brazil for use in spices (Tomchinsky 
and Ming 2019). The eryngial terpene is predominant in the composition of its 
essential oil, which has aromatic properties similar to that of the coriander 
(Coriandrum sativum L.) (Paul et al. 2011; Kinupp and Lorenzi 2014).

Other exotic and more conventional species are frequent in Amazonian cuisines 
and grown in backyards or found in markets such as chives (Allium shoenoprasum 
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L.), turmeric (Curcuma longa L.), parsley (Petrosilum crispum (Mill.) Fuss), citrus 
plants (Citrus spp.), clove basil (Ocimum gratissimum L.), coriander (Coriandrum 
sativum L.), black pepper (Piper nigrum L.), cumin (Cuminum cyminum L.), onion 
(Allium cepa L.), and garlic (Allium sativum L.). Although exotic, these plants were 
incorporated centuries ago in the diet of the local population and in their pharmaco-
poeia and are of daily use by the entire Amazonian population.

Given the Amazonian biodiversity, the absence of more native species with wide-
spread condiment use in the region is surprising. Some native plants have their use 
restricted to a certain region, such as japura (Erisma japura Spruce ex Warm.) in the 
Upper Rio Negro, whose fermented fruit is used to season fish (Ribeiro 1995; 
Gonçalves 2017); others have been studied as substitutes for the most frequently 
used spices or within a new proposal of fine cuisine that looks for “novelties” within 
the “exotic” Amazonian biodiversity.

The various species of the genus Xylopia (X. aromatica (Lam.) Mart., X. ben-
thamii REFr., X. frutescens Aubl., and X. sericea A.St.-Hil.) are popularly known as 
pimenta-de-macaco or pindaíba, and its dried fruits have aromatic compounds used 
for food and in alcoholic infusions as “drink seasoning” and as medicine by the 
local population (Lorenzi and Matos 2008; Silva et al. 2015).

The canela-preciosa (A. canelilla), a large Lauraceae used as a medicine and for 
timber, has a characteristic odor that may be a substitute for the cinnamon plants 
(Cinnamomum burmannii (Nees & T. Nees) Blume, C. verum J. Presl, and C. cassia 
(L.) J.Presl.). Its essential oil is concentrated in vessels at the heartwood and in a 
lower concentration in the leaves, with a predominance of the compound 1-nitro- 2-
phenylethane responsible for its characteristic aroma (Lorenzi and Matos 2008; 
Kinupp and Lorenzi 2014).

The cumaru or tonka bean (D. odorata), a large Fabaceae, has seeds rich in cou-
marin with multiple uses (cosmetics and perfumery, tobacco fragrance, medicinal, 
rodenticide), as well as timber. The consumption of cumaru illustrates the discus-
sion about the safe dosage of condiment species, since this plant had its use restricted 
in the USA and Europe due to the coumarin’s carcinogenic and hepatotoxic poten-
tial (Carvalho 2009; Rego et al. 2017).

The indiscriminate exploitation of pau-cravo (Dicypellium caryophyllaceum 
(Mart.) Nees) (Lauraceae), a species with high content of eugenol, the same com-
pound found in the clove (Syzygium aromaticum), for timber and medicinal use, 
almost brought this species to extinction, being currently found only in small areas 
and critically endangered (CR) (CNCFlora 2020). Pau-cravo’s endangered case 
raises the question of how important it is to study more about the management of 
native non-cultivated species of the Amazon, before using them.

Several species of genus Vanilla (Orchidaceae) native to the Amazon (V. appen-
diculata Rolfe, V. gardneri Rolfe, V. mexicana Mill., V. palmarum (Salz. Ex Lincl.) 
Lindl., V. planifolia Jacks. Ex Andrews, Vanilla pompona Schiede) have a high con-
tent of vanillin in their seeds and beans and can be used in gastronomy safely. 
Considering the little knowledge about some of these species and their rarity in 
nature, several studies would be necessary to enable their sustainable exploitation or 
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cultivation in agroforestry systems, since they are epiphytic plants with a long flow-
ering and fruiting cycles.

The leaves of the garlic vine (Mansoa alliaceae (Lam.) A.H. Gentry) are occa-
sionally used as a condiment to replace the common garlic, in addition to various 
registered medicinal uses (Lorenzi and Matos 2008). The sulfurous compounds 
alliin and allyl sulfides in its leaves give it its characteristic odor.

Recently, the priprioca or jointed flatsedge (Cyperus articulatus L.), an herb 
native to Africa and naturalized in the Amazon for medicinal and ritualistic uses, is 
being used as a dessert fragrance in fine cuisine restaurants (Trajano 2008).

Aiming to expand the definition of condiment adopted in this chapter, we can cite 
the various species that provide edible oil present in the region, with emphasis on 
the Arecaceae and Fabaceae families (Lorenzi et al. 2004; Tomchinsky 2017) or the 
numerous pulp fruits with high degrees brix that can be fermented and acetified to 
use as vinegar and acidifier.

Other native species of the Amazonian flora have great potential for use as spices, 
but they should be better studied regarding their phytochemical composition, safety 
of use, handling, and cultivation before their use becomes widespread. Of 923 plant 
species with records of condiment use present in Brazil, among native (501) and 
exotic (422), 343 are present in the Amazon region, including plants with records of 
use as aromatic, flavoring, coloring, source of vegetable salt, sweetener, edible oil, 
acidifier, edible gums and resins, meat tenderizer, or food wrapping; as a substitute 
for hop, coffee, cocoa, and vanilla; for aromatic infusions; or as “spice for alcoholic 
beverages” (Tomchinsky 2017).

7  Final Considerations

This chapter provides a brief overview on the knowledge about Amazonian edible 
plants, traditional or unconventional, and general aspects related to them, but does 
not take the topic to exhaustion. The Amazon has a rich food biodiversity, and 
among the different food groups, fruits, grains, and tubers are the most important in 
the diet of the Amazonian population. We can verify that among the cultivated 
plants, there is a great amount of ethnovarieties maintained by the local populations. 
It is worrisome that all this sociobiodiversity is threatened by the deforestation of 
the biome and by other threats to traditional peoples and communities that hold the 
knowledge on the use of these plants. Finally, most of this biodiversity has been 
poorly studied, mainly in relation to botanical, agronomic, and phytochemical 
aspects. This lack of knowledge is due, in part, to the few number of institutions and 
researchers dedicated to these studies in Amazon, in relation to its size.
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1  Introduction

The Pantanal is one of the largest wetlands on Earth, the most part in Brazil, besides 
Bolivia and Paraguay (Adámoli 1982). The vegetation is represented by a mosaic of 
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Cerrado, Chaco, and Amazon Forest (Prance and Schaller 1982), with over 2500 
catalogued species of angiosperms (Pott and Pott (in press)). Hundreds of native 
species have a potential for alimentary use for both human and animals (Pott and 
Pott 1986, 1994; Pott et al. 2004; Bortolotto et al. 2018). Among them, circa 70 spe-
cies were recorded as part of the diet and culture of the human populations living in 
indigenous and traditional communities in the western edge of the Pantanal 
(Bortolotto et al. 2015; Bortolotto et al. 2019). Among them, there are some species 
associated with rich traditional knowledge on their use in the diet, relevant in the 
past, were abandoned, or have low use value now.

Nuts and pulps of fruits, leaves, rhizomes, and other parts of food plants native 
to the Pantanal have relevant nutritional value with high levels of fibers, sugars, 
proteins, minerals, fatty acids, vitamins, and carotenoids (Hiane et al. 2006; Ramos 
et al. 2008; Prates et al. 2015; Arakaki et al. 2020). Besides, they have bioactive 
compounds with antioxidant action, and their inclusion in the diet protects the 
organism from several chronic diseases associated with oxidative stress (Pereira and 
Cardoso 2012).

The consumption of wild foods, free of agrochemicals, is also associated with 
sustainable actions, being beneficial for health and the environment. The inclusion 
of regional foods and native fruits in the diet of the population can be an economical 
and sustainable way of preventing diseases associated with malnutrition and repre-
sents an alternative for consumers, constituting a new source of foods, raw materi-
als, new products, and wealth for the country (Marin 2006; Silva et al. 2010).

Several epidemiological studies indicate that the high ingestion of plant products 
is associated with a reduced risk of a variety of chronic diseases such as atheroscle-
rosis and cancer, effects that have been particularly attributed to the compounds in 
antioxidant activity: vitamins C and E, phenolic compounds, especially flavonoids, 
and carotenoids (Silva et al. 2010). The antioxidants ingested in the human diet, 
such as vitamin C and phenolic compounds, can prevent carcinogenesis for scav-
enging the free radicals and impeding the linkage of the carcinogens to DNA (Valko 
et al. 2006).

Some native food species have edible parts with peculiar organoleptic character-
istics, which make them distinct and can be included in new compounds potentially 
toxic to human beings (Pinela et al. 2017). Thus, the native food plants with tradi-
tional use deserve a distinct value since they offer the necessary security to indicate 
their alimentary use proven over centuries by the people consuming them frequently 
(Pardo de Santayana et al. 2012). Many species with high cultural value have an 
essential role in the human diet for being functional foods, capable of providing 
benefits to health, besides nutritional value, and being strategic for food and nutri-
tion security and food sovereignty (Wittman 2012). The native food plants can also 
be useful as supplementary, seasonal, or subsistence sources in many cultural groups 
and play an essential role in fighting food shortage (Lulekal et al. 2011). Additionally, 
the fruits of native species from Brazil have nutraceutical properties for their char-
acteristics being comparable to commercial drugs (dos Santos et al. 2017).

This chapter compiles nutritional information about 11 traditional native food 
species of the Pantanal abundant in natural plant physiognomies that have great 
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potential for sustainable use associated with food and nutrition security and food 
sovereignty. The species were selected among those with the highest use value by 
two ethnobotanical studies (Bortolotto et al. 2015; Bortolotto et al. 2019) developed 
in the municipalities of Corumbá and Porto Murtinho, in the State of Mato Grosso 
do Sul, in the extreme west of the Brazilian Pantanal, besides one traditionally used 
in the past in this region. For each species, we searched published information on 
their nutritional composition, traditional uses, distribution, and phenological and 
abundance data around the communities.

This region has an altitudinal gradient varying between 80 m on the plain and 
1064 m in areas of the Urucum-Amolar hills (Borges et al. 1997). Besides aquatic 
and wetland plants present in water bodies, riparian forests, and floodplain, there is 
high species richness in the vegetation of Cerrado and in seasonal deciduous and 
semideciduous forest (Prance and Schaller 1982; Damasceno-Junior et al. 2017) in 
more elevated areas. The municipality of Porto Murtinho, in the southernmost por-
tion of the Pantanal, contains an area with Chaco vegetation, distributed in Argentina, 
Paraguay, Bolivia, and Brazil, in Mato Grosso do Sul (Prado et  al. 1992). Porto 
Murtinho has 15,372 inhabitants, being 5313 habitants in the rural and 10,059 in the 
urban zone; the municipality of Corumbá has a population of 103,772 inhabitants, 
being 93,452 in the urban zone and 10,251 in the rural area (IBGE 2010). The study 
of Porto Murtinho includes persons who live in rural and urban area, while the study 
of Corumbá includes only persons of an indigenous community and three tradi-
tional in the rural area.

2  Characteristics, Main Uses, and Nutritional Composition 
of the Food Plants Native to the Pantanal

The 11 wild food species traditionally utilized by the human populations of the 
urban and rural area along the Paraguay River in the Pantanal (Brazil) selected for 
this work are presented in Table 1. We included three species of Arecaceae, two 
Fabaceae, and one representative of Rubiaceae, Sapotaceae, Poaceae, Lamiaceae, 
Malpighiaceae, and Myrtaceae. Except for Byrsonima cydoniifolia A. Juss., men-
tioned only for the municipality of Corumbá, Oryza latifolia Desv. (that was in 
disuse), and Inga laurina (Sw.) Willd only for Porto Murtinho, the other species 
were cited for both municipalities.

Arecaceae
Acrocomia aculeata (Jacq.) Lodd ex. Mart.

Acrocomia aculeata is a palm locally known as bocaiuva or macauba (Table 1). 
It has a wide distribution in South and Central America, except Amazonia (Table 1). 
The drupaceous fruit is rounded with a diameter of 2.5–5.0 cm. The kernel is resis-
tant and dark (black). The pulp color varies from yellow to orange (Fig. 1a, b) with 
a slightly sweetish taste. In the Pantanal, A. aculeata has several traditional uses in 
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Table 1 List of the 11 species of food plants of the Pantanal, Mato Grosso do Sul, Brazil, with 
botanical family, species, local name, edible part used and mode of consumption, fructification 
season, and occurrences

Family/species Local name

Edible parts and 
traditional 
consumption mode 
in Pantanal

Fruiting 
season 
(maturation) Occurrences

Arecaceae
Acrocomia 
aculeata 
(Jacq.) Lodd.

Bocaiuva, 
macauba

Palm heart roasted 
or baked; fruit 
(pulp and 
almonds), ripe pulp 
(mesocarp), used 
to make bocaiuva 
flour, drink (liquor, 
fresh or fermented 
juice), almonds 
eaten raw or 
toasted; used to 
make oil (1, 2, 3)

September to 
December 
(4)

South and Central 
America, from Argentina 
to México (5); Brazil, 
except in the Amazon (6); 
Pantanal: An, De, Sd, Ce, 
Rf (1); Ms

Attalea 
phalerata 
Mart. ex 
Spreng.

Acuri, bacuri Pulp unripe or ripe 
fruits eaten cooked, 
palm heart baked 
(1); ripe pulp 
(mesocarp) used to 
make acuri flour 
(3); almonds eaten 
raw; used to make 
oil (1, 3)

April to 
October (2)

South America, from 
Brazil to Peru (5); Brazil, 
Cerrado and Pantanal (6); 
Pantanal, An, De, Sd, Ce, 
Rf (1); Ms (2)

Copernicia 
alba Morong

Carandá Heart palm and 
ripe fruit (in 
natura)

February to 
May (2)

South America, Brazil, 
Bolivia, Paraguai and 
Argentina (5); Brazil, 
Pantanal, in Rf; Ms

Fabaceae
Inga laurina 
(Sw.) Will.

Ingá Sarcotest seed 
consumed fresh (7)

November to 
March (8)

South and Central 
America, from Mexico to 
Paraguay and Argentina 
(5); Brazil, Amazônia, 
Caatinga, and Cerrado (6); 
Pantanal, Sd, Rf

Fabaceae
Prosopis 
ruscifolia
Griseb.

Algarrobo Fruits to make 
algarrobo flour, to 
prepare breads, 
cakes, and an 
alcoholic drink 
(chicha) (7)

November to 
February (9)

South America, Argentina, 
Paraguay, Bolivia, and 
Brazil (5); Brazil, Pantanal 
and Caatinga (6); Pantanal, 
De, Ce, Ch (1)

Lamiaceae
Vitex cymosa 
Bertero ex 
Spreng.

Tarumã Ripe fruits (pulp) 
eaten fresh (1), 
used to make jams 
(3)

November to 
February (2)

South and Central America 
(5); Brazil, Amazônia, 
Caatinga, Cerrado, Mata 
Atlântica and Pantanal (6); 
Pantanal, Rf, Sd (1)

(continued)
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the diet, utilizing the pulp, heart of palm, and nut (Table 1). The fruit pulp is used 
for consumption in natura and in cakes, ice creams, and flour; the nut has several 
alimentary uses in natura, in preparing coconut sweet and milk mix, and in the pro-
duction of edible oil (Bortolotto et al. 2017) and jams (da Silva et al. 2017). It has 
excellent yield (each bunch produces 6.32 kg of pulp and 1.36 kg of endosperm 
(nut) (Sanjinez-Argandoña and Chuba 2011)). In Corumbá, the flour obtained from 
the dehydrated pulp is commercialized (Dias and Galvani 2017).

The stipe and the roots contain starch (Peña 1976), but their uses were not 
observed in the Pantanal. The flour obtained from the processed amylaceous fibers 

Table 1 (continued)

Family/species Local name

Edible parts and 
traditional 
consumption mode 
in Pantanal

Fruiting 
season 
(maturation) Occurrences

Malpighiaceae
Byrsonima 
cydoniifolia 
A. Juss.

Canjiquinha, 
canjiqueira

Ripe fruits (pulp) 
eaten fresh (1), 
juice (acid) (3)

September to 
March 
(3) and April 
(com. Pess.)

Bolivia and Brazil (5); 
Brazil, Caatinga, 
Cerrado and Pantanal (6); 
Pantanal, Rf, Fl (1); Ms

Myrtaceae
Plinia 
cauliflora 
(DC.) Kausel

Jabuticaba Ripe fruits eaten 
fresh, like a jam 
and vinegar (1), 
liquor

October to 
December 
(2)

South, Central, and North 
America, as well as records 
in Australia and South 
Africa (6); Brazil, Mata 
Atlântica (5); Pantanal, De, 
An

Poaceae
Oryza latifolia 
Desv.

Arroz-do- 
pantanal, 
arroz-do- 
campo

Seeds: galinhada 
(rice and jerk 
chicken) (3)

May to June 
(2)

South and Central 
America, from Brazil to 
México (5); Brazil, 
Amazônia, Cerrado, Mata 
Atlântica, and Pantanal (6); 
Pantanal, Fl (1); Ms

Rubiaceae
Genipa 
americana L.

Jenipapo Ripe fruits (pulp) 
used to make jams 
and liquor (1) and 
juice (3)

October to 
December 
(2)

South and Central 
America, from Argentina 
to México (5); Brazil 
Amazônia, Caatinga, 
Cerrado, Mata Atlântica 
and Pantanal (6); Pantanal, 
An, Rf

Sapotaceae
Pouteria 
glomerata 
(Miq.) Radlk.

Laranjinha- 
de- pacu

Ripe fruits (pulp) 
eaten fresh (1)

January to 
August (2)

South and Central 
America, from Brazil to 
México (5); Brazil, 
Amazônia, Cerrado, and 
Mata Atlântica (6); 
Pantanal, Rf

Sources: (1) Bortolotto et al. (2015), (2) Pott and Pott (1994), (3) Damasceno-Junior and Souza 
(2010), (4) Salis and Mattos (2009), (5) GBIF.org (2018), (6) Flora do Brasil (2020), (7) Bortolotto 
et al. (2019), (8) Pennington (1997), (9) de Matos Alves (2014)
De Deciduous forest, Sd semideciduous forest, Ce Cerrado, Rf riparian forest, Fl floodplains, Ch 
Chaco, An anthropogenic, and Ms monodominant stands
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Fig. 1 Fruits and seeds of wild food plants from the Pantanal. (a) A. aculeata (fruits); (b) A. acu-
leata (pulp); (c) A. phalerata (fruits); (d) A. phalerata (seeds); (e) C. alba (fruits); (f) I. laurina 
(fruit); (g) P. ruscifolia (fruits); (h) V. cymosa (fruits); (i) Byrsonima cydoniifolia (immature fruits); 
(j) Plinia cauliflora (immature fruit); (k) O. latifolia (grains; (l) G. americana (fruit); (m) P. glom-
erata (fruits). (Pictures by Paulo Robson de Souza, except f (A. Pott) and b, d, and m (Ieda Maria 
Bortolotto))
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of A. aculeata stipes was recorded for the Ayoreo people of the Paraguayan Chaco 
(Schmeda-Hirschmann 1994). Women of the Terena indigenous ethnicity in Mato 
Grosso do Sul consumed the heart of palm of Acrocomia spp. after childbirth to 
stimulate milk production (Oberg 1949). In general, the main alimentary uses are 
the fruits and heart of palm. It is the species with the highest use value in rural com-
munities in the western edge on the Pantanal (Bortolotto et al. 2015).

Nutritional Composition Data
The edible portion composed of pulp and nut of A. aculeata represents circa 48% of 
the total fruit weight; the pulp is rich in total lipids, carbohydrates, fibers, and 
β-carotene, with considerable concentration of potassium, calcium, and phospho-
rous, showing to be a fruit with excellent yield and nutritive value for consumption 
in natura or in culinary (Prates et al. 2015). The pulp oil has an intense orange color 
characterized by the presence of carotenoids and high concentration of oleic acid 
(Hiane et al. 2005; Ramos et al. 2007). The nut oil is transparent, with a predomi-
nance of oleic and lauric fatty acids (Prates et al. 2015). The oils of both pulp and 
nut are also utilized for consumption or in pharmaceutical and cosmetic industries 
(Ciconini et al. 2013).

Regarding its nutritional composition, A. aculeata fruit pulp contains 52.99% 
moisture, 22.10% of carbohydrates, 8.14% of lipids, 1.50% of protein, 13.76% of 
fibers, and 167.67 calories in 100 g of pulp. The fresh pulp presents high concentra-
tions of calcium 61.96  mg/100  g, phosphorous 36.70  mg/100  g, and potassium 
766.37 mg/100 g and lower concentrations of sodium 3.74 μg/g, iron 7.81 μg/g, 
manganese 138 μg/g, zinc 6.02 μg/g, and copper 2.43 μg/g. This fruit is also rich in 
β-carotene (49.0 μg/g of pulp), contributing to the enrichment of the regional diet 
(Ramos et al. 2008).

Attalea phalerata Mart. ex Spreng.
Characteristics and Traditional Uses

Attalea phalerata is a palm locally known as acuri or bacuri (Table 1). It is wide-
spread from Brazil to Peru, occurring in several physiognomies in the Pantanal, 
mostly in monodominant formations called acurizal (Table 1). The fruit is an ellip-
soid drupe of approximately 5 cm long, green when immature and yellow when ripe 
(Fig. 1c). The fruits have fleshy mesocarp, yellowish when ripe (Fig. 1d).

The pulp (ripe or green), as well as the nut of the fruits, is edible; the oil obtained 
from the nut, the flour made from the mesocarp, and the heart of palm have tradi-
tional uses in the diet (Table  1). The coco water of immature fruits can also be 
consumed (Pott and Pott 1994). The edible oil extracted from the nut was not men-
tioned in recent ethnobotanical works in the Pantanal but has economic importance 
in Bolivia (Moraes et al. 1996). The use of fruits (nut and pulp) and heart of palm in 
the diet and the utilization of chicha, an alcoholic drink (used only in the past), is 
associated with the Guató and Bororo indigenous culture in the Pantanal (Schmidt 
1942; Hartmann 1967; de Oliveira 1996).
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Nutritional Composition Data
The potential of the nut protein (de Lima Mendes Ramos et al. 2017) and the pulp 
oil (de Lima et al. 2016, 2018) of A. phalerata fruit has been explored in experimen-
tal research. The ripe fruits of A. phalerata have a pulp rich in carotenoid pigments 
(pro-vitamin A), copper, and magnesium (Hiane et al. 2010). Additionally, the pulp 
lipidic fraction presents fatty acids with a predominance of oleic and palmitic acids, 
which can have considerable anti-inflammatory effects with potential nutraceutical 
properties (Freitas de Lima et al. 2017); it also has cytoprotective activity, probably 
for its capacity to inhibit the action of free radicals (de Lima et al. 2018). The fruit 
nut has high oil content and is rich in phosphorous and a source of iron (Hiane et al. 
2010). The oleic and lauric fatty acids were the main compounds found in the nut 
oil (da Silva Baldivia et al. 2018). In Bolivia, the oil extracted from the nut (60–70% 
of dry weight) is rich in lauric and myristic fatty acids, comparable with other tropi-
cal oil crops (Moraes et al. 1996).

Regarding nutritional composition, the pulp of A. phalerata presents 
56.90 g/100 g of moisture, 35.13 g/100 g carbohydrates, 5.97 g/100 g lipids, and 
low levels of ashes (1.25 g/100 g) and protein (0.75 g/100 g) (Siqueira et al. 2016).

Copernicia alba Morong
Characteristics and Traditional Uses

Copernicia alba is a palm locally known as carandá (Table 1). It has occurrence 
in Brazil, Bolivia, Argentina, and Paraguay in South America (Table 1). In Brazil, it 
occurs only in the Pantanal, mostly in monodominant formations called carandazal 
(Table 1). The fruit is globous to ovoid, of approximately 1.2 cm in diameter, green 
when immature and black when ripe, with one seed (Moraes 2014). The fruits have 
a fleshy mesocarp, dark brown or almost black when ripe (Fig. 1e). The fruits ripen 
over an extended period, between April and November; some trees keep fruits until 
January (Silva 2018). The fruit production is considered high, more than 20  t/ha 
(Silva 2018).

The ripe pulp and the heart of palm have traditional uses in the diet in Porto 
Murtinho (Table 1). C. alba is gathered by the Ayoreo of the Paraguayan Chaco; the 
heart of palm is eaten raw or cooked in water or in ashes, and the palm ashes were 
used as a salt substitute (Schmeda-Hirschmann 1994; Peña-Chocarro et al. 2006), 
made from the burned spathe; the heart of palm is also consumed baked or ground 
as a flour (Peña-Chocarro et  al. 2006). The Toba and Whichí of the Paraguayan 
Chaco consume the fresh fruits, and the Lengua-Maskoy ferment them to prepare 
aloja (Peña-Chocarro et al. 2006). The apex extracted from the local palm C. alba 
was mentioned for use by the Chorote Indians in Argentina although unexploited at 
present (Arenas and Scarpa 2007). A liquor was developed from the pulp of fruits 
harvested (Silva 2018).

Nutritional Composition Data
In the pulp of C. alba collected in Corumbá and Porto Murtinho, a moisture content 
of 54.12%; good levels of total carbohydrates (27.92%), lipids (6.03%), and pro-
teins (3.39%); energetic value of 232.8 Kcal/100  g; and considerable content of 
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ashes (3.71%), with considerable potential for food products (Silva 2018). The con-
tents of lipids are around 48% in seeds of ripe fruit and 40% in the immature; in 
contrast, the peel of the ripe has a lower fat level (0.5%) than in the immature fruit 
(0.8%), and in the pulp, both values are very low (0.1%) (Silva 2018). The fruit 
contains bioactive phenolic and medicinal compounds and unsaturated fatty acids 
(Silva 2018). Furthermore, the fruit has high vitamin C content, of 20.5 mg/100 g, 
equivalent in the peel and the pulp (Silva 2018), thus, a valuable raw matter for 
functional foods as an antioxidant source.

In a province in Argentina, the values found in this fruit seem discrepant, consist-
ing in 4.70% moisture, 82.80% total carbohydrates, 24.30% crude fiber, 1.90% lip-
ids, 8.60% proteins, and 6.70% ashes. The fruit was rich in minerals such as sodium 
(31.13  mg/100  g), potassium (856.83  mg/100  g), magnesium (54.96  mg/100  g), 
calcium (98.73 mg/100 g), and expressive levels of iron (1.37 mg/100 g), manga-
nese (0.72 mg/100 g), and zinc (0.29 mg/100 g) (Gorostegui et al. 2011). However, 
because the analyses in the Brazilian study were expressed on a fresh basis and the 
Argentinian one on a dry basis, the discrepant values of nutritional composition 
between the studies are justified and also can be further explained by differences 
between regions where the fruits were collected since factors such as soil and cli-
mate influence its composition.

Fabaceae
Inga laurina (Sw.) Willd.
Characteristics and Traditional uses

Inga laurina, known as ingá, is a tree species widely distributed in South and 
Central America (Table  1). Its fruits are plane to convex pods (flat to convex) 
(Fig. 1f), margins slightly raised or not, glabrous, and yellowish to green-yellowish 
color (Pennington 1997), which varies with the degree of ripening (Martins et al. 
2014). The edible part of the fruit is a white sarcotest, commercialized in El Salvador 
(Pennington 1997), and has sweetish taste. In the Pantanal, they are consumed in 
natura (Table 1). It has potential for various culinary uses (Kinupp and Lorenzzi 
2014), as well as other species of the genus, such as I. vera Willd. (Bortolotto et al. 
2017). I. vera is a species that also occurs in the Pantanal, even more common and 
more abundant than I. laurina, forming monodominant populations especially in the 
riparian forests of the Paraguay River and affluents, with fruits mainly in the flood 
season (Damasceno-Junior et al. 2005). However, nutritional data are yet lacking on 
I. vera.

Nutritional Composition Data
The fruit of I. laurina has the shape of a slightly curved pod; the peel is thin, with 
green-yellow color, which varies with the degree of ripening (Schulz et al. 2014). 
The fruits of I. laurina are constituted by pulp (41%), peel (39%), and seed (20%). 
For industrial use, higher pulp yields are obtained when optimizing the selection for 
more fresh mass and fruit length, once they are good indicators of the high associa-
tion of these characteristics with pulp yield (da Silva Oliveira et al. 2019).
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Regarding nutritional values, I. laurina fruit has high moisture content (85.39%); 
thus, it is more prone to deterioration. It has 81.91 Kcal/100 g of energy value; low 
contents of proteins (0.13 g/100 g), lipids (0.0007 g/100 g), and ashes (0.14 g/100 g); 
and expressive values of carbohydrates (13.52 g/100 g). For containing high levels 
of phenolic compounds (110.67 mg GA 100 g) and considerable quantities of vita-
min C (1.60 mg AA 100 g), the fruit can be considered having a promising antioxi-
dant potential (de Lima and Portari 2019).

When compared with the conventional apple (Malus domestica Borkh.), widely 
commercialized in Brazil, I. laurina contains high levels of phenolic content. 
Moreover, for its functional properties to health, it is advisable to stimulate the 
development of products by pharmaceutical and food industries and to promote the 
sustainable utilization of native fruits in areas with easier access, for both consum-
ers and industries (de Siqueira et al. 2013).

Prosopis ruscifolia Griseb.
Characteristics and Traditional Uses

Prosopis ruscifolia, known as algarrobo, is a tree species, also belonging to the 
Fabaceae family. It has occurrence in Brazil, Bolivia, Argentina, and Paraguay in 
South America (Table 1). In Brazil, it occurs in the Caatinga and in the Pantanal (de 
Souza-Lima et al. 2017) (Table 1). The fruit is a drupaceous loment (Noguchi et al. 
2009) (Fig. 1g) ripe in the dry months (Table 1). The sweetish fruits (Pott et  al. 
2004) have known traditional food uses for production of flour, preparation of bread 
and cakes, and an alcoholic drink (chicha) (Table 1). These were mentioned as food 
when going to the field, for example, and are used sporadically (Bortolotto et al. 
2019). The seeds of P. ruscifolia are edible, roasted, and grinded (Boeri 2016). 
Other three species with edible fruits, P. alba Griseb, P. nigra Hieron., and P. Hassl., 
were also recorded for the Brazilian Chaco in the municipality of Porto Murtinho 
(Sartori et al. 2018). An algarroba beer prepared from fruits of P. alba, the “aloja 
de algarroba” (in local Spanish), is an ancient alcoholic drink of the Whichís 
(Argentina and Bolivia) (Cano et al. 2020) and other indigenous peoples from the 
Gran Chaco in South America (Arenas and Scarpa 2007).

Nutritional Composition Data
The fruit of P. ruscifolia is an excellent source of proteins (12.7 g/100 g) and has 
high content of carbohydrates (78.5  g/100  g), lipids, (4.32  g/100  g) and fibers 
(17.8 g/100 g) (Freyre et al. 2003) (Table 2). It has been shown (Freyre et al. 2003) 
(Table 2) that the pulp flour contains a nutritional complement of adequate amino 
acids; thus, it is a fruit with high biological value proteins as a food and also for 
enrichment of food products. For the digestibility nearly complete in the gastroin-
testinal tract, the flour has a low allergenic potential (Mamone et al. 2019).

Regarding micronutrients, the seeds have an excellent content of iron 
(4.57  mg/100  g), zinc (3.89  mg/100  g), considerable values of calcium 
(1.528 mg/100 g), phosphorous (4.719 mg/100 g), and potassium (5.887 mg/100 g) 
(Freyre et al. 2003). For its high iron content, the fruit can be consumed with other 
foods (lemon, orange, and guava) that have ascorbic or citric acid to increase the 

I. M. Bortolotto et al.



307

availability of iron, thus, helping in an adequate and healthy diet (Bernardi 
et al. 2004).

Lamiaceae
Vitex cymosa Bertero ex Spreng
Characteristics and Traditional Uses

Vitex cymosa, known as tarumã, is a tree belonging to the family Lamiaceae, 
with wide occurrence in Brazil and several countries of South and Central America 
(Table 1). The fruit is a globous drupe, with dark red or purple color at ripening 
(Fig. 1h). Its pulp is mucilaginous and juicy and has a sweetish taste. The fruits are 
abundant and cover the ground at maturity time (November to February) (Table 1). 
Besides traditional uses in the diet, for consumption in natura or as jam (Table 1), 
the ripe fruit has a potential to aromatize salty dishes, especially meats (Damasceno- 
Junior and Souza 2010). Although the fruit has a very strong sour-sweetish smell, 
unpleasant to some people, from it can be produced a syrup with economical poten-
tial for use in the cover of ice creams and cakes.

Nutritional Composition Data
Vitex cymosa fruit has a high moisture content (83.74g/100 g) that can cause fast 
deterioration since the proliferation of microorganisms is favored and consequently 
hinders fruit quality. In 100 g of whole fruits, low content of lipids (0.03%) and 
proteins (0.49%) were observed; however, it presents considerable values of total 
carbohydrates (9.34%) and fibers (4.66%). The fruit of V. cymosa is considered a 
food of low caloric value (36.6 kcal/100 g). However, the fruit is rich regarding 
micronutrients, potassium (287.8  mg/100  g), phosphorous (21.1  mg/100  g), and 
iron (0.43 mg/100 g), as well as vitamin C for children of 1–3 years of age and a 
source of fiber for children and adults (Caldeira et al. 2004). That was corroborated 
by results of fruits analyzed in Ecuador, showing that phosphorous and potassium 
were the main macro-minerals found in natura fruits (Guevara et al. 2020).

Malpighiaceae
Byrsonima cydoniifolia A. Juss.
Characteristics and Traditional Uses

Byrsonima cydoniifolia, locally known as canjiqueira, is shrub or treelet that 
belongs to the Malpighiaceae. It occurs in several countries of South and Central 
America and most of Brazil (Table 1). It occurs in monodominant formations in the 
Pantanal (Pott and Pott 1994) and the Araguaia wetland (Brazil) (Marimon and de 
Souza Lima 2001). The fruits are globose, drupaceous, and juicy and measure circa 
2 cm diameter, with color varying from yellow to orange when ripe (Fig. 1i). Besides 
the traditional consumption of the fruit pulp in natura in the Pantanal (Table 1), it 
can be used to prepare liquor, jam, ice cream, and sweets.

Nutritional Composition Data
The fruit composition of B. cydoniifolia revealed 655.5 g/kg moisture, 47.42 g/kg 
carbohydrates, and 252.6 g/kg de lipids; furthermore, the fruit presented 45.9 g/kg 
carotenoids and 1.82 g/kg ascorbic acid, showing to be a fruit with high antioxidant 
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activity (Marcelino et  al. 2018). These results show that knowing the nutritional 
properties of native fruits allows indicating their consumption in natura or as culi-
nary ingredients; besides, the regular consumption of fruits with a considerable con-
tent of antioxidant compounds, such as B. cydoniifolia, prevents chronic 
non-communicable diseases (Gonzalez 2006).

Chemical analyses of the fruit composition of B. cydoniifolia showed derivatives 
of flavonoids and stilbenes, such as trans-piceatannol and resveratrol as the main 
secondary metabolites, demonstrating their anti-inflammatory and anti- hyperalgesic 
effect and sustaining its potential as a nutraceutical food (dos Santos et al. 2017). 
The fruits of B. cydoniifolia have potential as functional ingredients, and the oil has 
potential for edible uses (Marcelino et al. 2018). The pulp and the seed are signifi-
cant sources of potassium and sodium, the seed having higher concentrations of 
calcium, copper, iron, manganese, magnesium, selenium, and zinc (Arakaki et al. 
2020). Jam is an excellent alternative for the utilization of B. cydoniifolia fruits, due 
to the reduction of antinutritional factors and retention of bioactive compounds in 
processing this product (Prates et al. 2015).

Myrtaceae
Plinia cauliflora (DC.) Kausel
Characteristics and Traditional Uses

Plinia cauliflora (Myrciaria cauliflora (Mart.) O. Berg), the jabuticaba, is a tree-
let circa 6 m tall, of the Myrtaceae family, and occurs in South, Central, and North 
America (Table  1), often grown in home gardens. Many Neotropical Myrtaceae 
have edible fruits. The fruit is a globose berry with approximately up to 5 cm in 
diameter (Fig. 1j), green when immature and purple when ripe. The pulp is whitish, 
soft, and sweet. The fruits have traditional consumption in natura and also as jams, 
vinegar, and liquor (Table 1). The fruits must be harvested fully ripe (soft), but for 
transport and storage, it is necessary to harvest them just before ripening 
(Damasceno-Junior and Souza 2010).

Nutritional Composition Data
 For being widely consumed in Brazil, the nutritional composition of 
P. cauliflora is shown in the nutritional table of UNICAMP (2011); 100 g of fruit 
have contents of energy of 58 kcal, 0.6 g proteins, 0.1 g lipids, 15.3 total carbohy-
drates, and 2.3 g fibers. Regarding micronutrients, the fruit presents a high level of 
potassium (130 mg) and considerable levels of calcium (8 mg) and phosphorous 
(15 mg) (UNICAMP 2011).

Biazotto et  al. (2019) evidenced in P. cauliflora high contents of carotenoids 
(326.70 μg/100 g) and total phenolics (109.65 mg GAE/100 g EF). Thus, their study 
demonstrated that this fruit represents an excellent resource with a technological 
and economic potential of bioactive compounds found in the Brazilian biodiversity 
of unexplored fruits, mainly in the nutritional and pharmaceutical areas.

An analysis of two cultivated varieties of P. cauliflora in Minas Gerais (Brazil) 
showed high contents of minerals, 2.75  g/100  g in Paulista and 3.82  g/100  g in 
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Sabará; in both, the component of insoluble fibers of 2.57 g/100 g and 3.30 g/100 g 
is higher than the soluble ones (de Lima et al. 2008).

Poaceae
Oryza latifolia Desv.
Characteristics and Traditional Uses

Oryza latifolia is an emergent aquatic herb, approximately 2 m tall, perennial, 
belonging to Poaceae, the grass family (Pott and Pott 2000). This wild rice occurs 
in several countries of South and Central America (Table  1). In the Pantanal, it 
occurs in monodominant stands called arrozal in the floodplain of the Paraguay 
River (Bertazzoni and Damasceno-Júnior 2011). The grains are of the “agulhinha” 
type, small and reddish (Fig. 1k), with almond-like flavor. The rice ripens at the 
flood peak in the Pantanal (Table 1). Its cultural alimentary value is associated with 
indigenous people (Guató) from the Pantanal, but it has no longer been used in their 
diet (Bortolotto et al. 2015).

It is a species that can occupy extensive areas over the floodplain of the Paraguay 
River in years of more intense flooding. There are other four species of Oryza in the 
Pantanal: O. alta Swallen, O. glumaepatula Steud., and O. grandiglumis (Döll) 
Prod. (Filgueiras et al. 2015; Flora do Brasil 2020). Among these, O. glumaepatula 
presents high levels of total fractions of protein, albumin, and glutelin (protein, 
albumin, and glutelin fractions) (Santos et al. 2013).

Nutritional Composition Data
Its whole grain contains 9.62% moisture, 2.05% lipids, 9.83% proteins, 64.51% 
starch, 13.15% fibers, and 315.81 kcal of energy; these values are similar to Oryza 
sativa L., the commercial rice, a staple food in Brazil (Barbosa et al. 2017).

Rubiaceae
Genipa americana L.
Characteristics and Traditional Uses

Genipa americana, jenipapo, is a tree belonging to the Rubiaceae family 
(Table 1). It has a wide distribution in Central and South America, including most 
of Brazil (Table 1). It is a dioecious species, i.e., only the female plant fructifies. The 
fruit is an oval berry (Fig. 1l) circa 8 cm, brownish when ripe. The pulp is spongy, 
juicy, and sweet, traditionally consumed in natura and as for sweets and juices 
(Table 1).

For being an easily perishable fruit, with peculiar sensorial characteristics that 
reduce its acceptability in natura, thus, aiming to avoid losses and increase the 
potential of its consumption, strategies that help its conservation and acceptance are 
searched, such as drying by osmotic dehydration using an osmotic agent, such as 
sugar, increasing the shelf life, palatability, and acceptance in comparison with the 
in natura fruit (Andrade et al. 2003).

Nutritional Composition Data
Regarding chemical composition, G. americana presents 70% moisture, 22.1% car-
bohydrates, 0.0% lipids, 0.5% proteins, and 6.3% alimentary fibers, besides 
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2.0 mg/100 g de vitamin C, 176.3 mg/100 phenolic compounds, and 70.2% of anti-
oxidant capacity (Pacheco et al. 2014). Another nutritional study that also assessed 
the G. americana fruit found 80.42 g/100 g moisture, 14.57 g/100 g carbohydrates, 
1.60 g/100 g lipids, 1.59 g/100 g protein, 1.09 g/100 g fibers, and total energetic 
value of 76.92 kcal/100 g (Hamacek et al. 2013). Thus, G. americana is a fruit with 
considerable nutritional values, besides high antioxidant capacity, and its inclusion 
in the regional diet is indicated. The fruit contains essential oil, tartaric acid, and 
glucose (Prance 1989).

Sapotaceae
Pouteria glomerata (Miq.) Radlk.
Characteristics and Traditional Uses

Pouteria glomerata is a tree of the Sapotaceae family, locally known as 
laranjinha- de-pacu (Table 1), in allusion to its use as fishing bait. It occurs in sev-
eral countries of South and Central America, frequently found in Pantanal riparian 
forests (Table  1). The fruits are fleshy, globose berries, with green peels when 
immature and yellow when ripe. It can present the shape of a squash pumpkin 
(undulated), and so it also receives the name of moranguinha (Fig. 1m). The edible 
part is the pulp, with a pleasant acid taste, traditionally consumed in natura (Table 1). 
For its acidity (presence of tartaric and malic acids) and pectin content, it forms a 
gel, being excellent to prepare jams. It has been utilized for the production and com-
mercialization of frozen pulp for juices, popsicle, ice cream, and jams (Bortolotto 
et al. 2017) or sold in natura (Damasceno-Junior and Souza 2010).

Nutritional Composition Data
The pulp of this fruit contains 85.22% moisture, 10.93% carbohydrates, 0.32% lip-
ids, 0.69% proteins, 0.64% ashes, 4.94% tilted acidity, and 3.19 pH (Nogueira et al. 
2018). P. glomerata, besides vitamin C (34.87  mg/100  g), can be considered an 
excellent source of bioactive compounds, with antioxidant potential attributed to its 
phenolic compounds, anthocyanins (0.65 mg/100 g), carotenoids (0.93 mg/100 g), 
and flavonoids (9.63 mg/100 g), with beneficial effects on human health (Teixeira 
et al. 2020).

3  Discussion

The results show that the selected food plants in this work have rich nutritional val-
ues, wide geographical distribution, and abundance in the native physiognomies, 
with available nutrients spread over the year (Table 1). These species have been the 
target of projects that incentivize their utilization in communities of various munici-
palities. The combination of vast populations of the native species here presented 
with high production of fruits and high nutritional value offers support to nutritional 
security most of the year.

Food Composition Data: Edible Plants in Pantanal
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3.1  Nutritional Value

The three species of the Arecaceae family, A. aculeata, A. phalerata, and C. alba, 
have abundant fruits over a great part of the year and wide distribution in the 
Pantanal (Table 1), besides the heart of palm, little used. The endosperms of the 
A. aculeata and A. phalerata represent excellent sources of calories and edible oil 
for the local diet (Table 2), especially of the oleic and lauric fatty acids (Hiane et al. 
2005; da Silva Baldivia et al. 2018). A. aculeata is rich in Mn, Cu, P, Mg (nut), Cu, 
and pro-vitamin A (pulp) (Hiane et al. 2010), what certainly justifies its broad use 
by the human populations, with the highest value of local use among the native food 
species, either in the present or in the past (Herberts 1998; Bortolotto et al. 2015).

Vitamin A is an essential component in the diet, and its deficiency still is a public 
health problem in several places in the world (Greiner 2013). Its availability to the 
rural human populations is a relevant health factor. A recent study evaluated the 
deficiency of vitamin A (DVA) in children and the associated factors, including all 
Brazilian regions, including the Central-West where the Pantanal is, in both rural 
and urban areas (Lima et al. 2018). Those authors found that DVA prevailed in the 
urban zone, even that the population resident in the rural zone presents a higher 
vulnerability to nutritional deficiencies at the world level. Considering that the pre-
cursors of vitamin A, mainly β-carotene, are found in the fruits of A. aculeata and 
A. phalerata, their continuity in the diet ought to be stimulated. Moreover, the fatty 
acids found in nuts of A. phalerata are important regulators of the metabolism and 
are frequently associated with a reduction of serum cholesterol and body fat and a 
lower risk of developing cardiovascular diseases (da Silva Baldivia et al. 2018).

In general, the fruits of V. cymosa, G. americana, I. laurina, and P. glomerata 
present nutritional compositions with reduced values of lipids and considerable 
quantities of ashes, moisture, and carbohydrates. B. cydoniifolia has slightly higher 
contents of lipids than those fruits. O. latifolia contains a higher protein level, and 
the palms A. aculeata and A. phalerata show significant values of proteins and lip-
ids, plus other constituents. Besides these nutrients, all fruits exhibit phenolic com-
pounds and vitamin C and carotenoids, especially the orangish fruits, which contain 
bioactive compounds with antioxidant properties. For the antioxidant action to 
occur, it needs to inhibit or impede the auto-oxidative process caused by free radi-
cals, besides having stability about their intermediate compounds formed (Finco 
et al. 2012). P. ruscifolia fruit has a high alimentary and technological potential for 
the traditional communities of the Chaco since its nutritional composition is rich in 
several nutrients that help in the human body organic functions, besides the food 
security of communities more susceptible to nutritional deficiencies.

It is known that a diet containing essential nutrients and with the addition of 
substances of nutraceutical potentials, in a healthy lifestyle, can exert a fundamental 
role in prevention and or treatment of non-communicable diseases (Pereira and 
Cardoso 2012) and other illnesses, e.g. severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) caused by the coronavirus 2019 (COVID-19) (de Faria Coelho- 
Ravagnani et al. 2020).
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The nutritional status of people infected by SARS-CoV-2 is indispensable to 
indicate a better prognostic and can influence the severity of the condition. The 
supplementation from a diet rich in probiotics, vitamins, and minerals does not act 
preventively neither in the treatment of the infection by COVID-19 but can improve 
the immune response in an auxiliary way. As such, the intake of vitamins C and D, 
zinc, and selenium is beneficial to individuals with or under risk of viral respiratory 
infections (de Faria Coelho-Ravagnani et al. 2020).

In Brazil, the most immediate consequence of the health crisis caused by 
COVID-19 pandemic is the worsening of food insecurity due to income restrictions 
limiting food access (da Silva Filho and Gomes Júnior 2020). Thus, incentives are 
needed to the consumption and valuation of native fruits available locally since 
most contain considerable quantities of vitamin C and other vital nutrients. With the 
social distance to slow the spread of COVID-19, the search for local products is 
being driven by economic reasons in evaluating the consumption of seasonal and 
regional foods, once these fruits are available to the local community.

3.2  Geographic Distribution and Abundance of WFP 
in Native Vegetation

Most food species of this chapter occur in several phytogeographic domains in 
South and Central America (Table 1) and are part of the food culture there, besides 
the Pantanal. That is especially evident in the neighboring countries Bolivia and 
Paraguay, with similar recorded uses to the mentioned for the Pantanal for species 
such as A. aculeata and A. phalerata, with production of oil, flours, and other prod-
ucts (Schmeda-Hirschmann 1994; Moraes et al. 1996). The fruits as the most impor-
tant species culturally can be obtained over all months of the year (Table 1), what is 
strategic in terms of food and nutrition security and food sovereignty for the local 
populations.

Moreover, several species mentioned here as the most important culturally have 
high nutritional value and are abundant in the Pantanal. B. cydoniifolia, A. phal-
erata, C. alba, and O. latifolia grow as monodominant formations (Table 1), besides 
the occurrence of Inga vera. Monodominant formations are vegetation types char-
acterized by the dominance of a single species, generally over 50% of the individu-
als or the cover (Hart 1990). One of the causes of monodominance in wetlands is the 
flood (Hart 1990). The names of these formations are associated with the local 
names of the species names: canjiqueiral, the formation of B. cydoniifolia, acurizal 
of A. phalerata, carandazal of C. alba, and arrozal of O. latifolia (Damasceno- 
Junior et al. (in press)). B. cydoniifolia is a pioneer species with high capacity to 
colonize open environments such as grasslands, a process called encroachment 
(Barbosa da Silva et al. 2016). Many ranchers control such species that take over 
native grasslands, e.g., B. cydoniifolia is cut before the flood or pulled down by 

Food Composition Data: Edible Plants in Pantanal



314

tractors (Pott and Pott 1994). The occupation of A. phalerata and the abundance of 
A. aculeata are also associated with disturbed areas.

Indeed, all these species seem monocultures for the characteristics of their occur-
rence. Given their nutritional value, they constitute a great opportunity for utiliza-
tion as a source of alternative income for rural properties and for local communities. 
Every year these species produce tons of products such as fruits and grains without 
an associated productive chain yet. As an aggravating factor, stands of valuable 
plants are eliminated in favor of grasslands. The use of these species by traditional 
communities and rural properties can configure an excellent opportunity for conser-
vation of these ecosystems, as well as can offer unique products and could receive 
the denomination of origin, for example.

3.3  Products and Services Associated with Conservation 
(Sustainable Use) and Innovation

The use of wild foods, especially in low-income rural communities, which still have 
access to the biodiversity and detain knowledge on how to use it, is a strategy that 
can be very important for the food security under risks of climatic changes (Smith 
et al. 2019) and to improve health in the face of the COVID-19 pandemics, as men-
tioned earlier. Knowledge on the nutritional value of these fruits gives support to 
public policies that promote the sustainability for their subsistence, mainly in the 
aspect of food security of the Pantanal riverine communities.

Despite abandoning the use of traditional (O. latifolia) or neglected species (e.g., 
oil of palms), considering their abundance and wide distribution, they can still sup-
ply the daily dietary needs of the populations, especially those under food shortage. 
The situation of neglected food species and the need for initiatives to improve the 
acceptance of wild foods is under discussion in ethnobotanical studies (do 
Nascimento et al. 2013). In Brazil as well as in other South American countries, 
there are already advances aiming to conserve the culture and biodiversity associ-
ated with incentives to the use of native flood plants (May and da Vinha 2013; 
Depenthal and Meitzner Yoder 2017).

The Universidade Federal de Mato Grosso do Sul and several partners have proj-
ects in this line such as the program “Sabores do Cerrado & Pantanal” (Bortolotto 
et al. 2017) to strengthen technological practices to aggregate value in the income 
of traditional riverside communities, besides promoting knowledge in the academic 
area, qualification of the external community, symposia, and courses on the valua-
tion of food plants of the Cerrado and Pantanal. Research and extension actions 
were developed in the last 15 years to incentive the consumption of native species 
abundant in the Pantanal, with cultural bound and with potential to improve the 
income of small communities (Damasceno-Junior and Souza 2010; Bortolotto et al. 
2017). Thereby, the utilization commercialization (to obtain income) in small com-
munities of the Pantanal was awakened and started a process of cultural rescue with 

I. M. Bortolotto et al.



315

incentives to the use in the local diet that has to be associated with the conservation 
of biodiversity and sustainable development (Candil et al. 2007).

Although neglected in the past century by the big market and without attention 
from public policies aiming their scientific study until the middle of the 1980 
decade, the native species have gained importance over the last years, following a 
worldwide movement related to the use of wild food plants (Termote et al. 2011; 
Menendez-Baceta et al. 2012; Molina et al. 2012; Smith et al. 2019; Cano et al. 
2020). However, they still need to be better explored in the nutritional aspect. Most 
are present in preparations of flours and oils or are tasty ingredients of ice creams, 
preserves, and other products. Thus, they deserve more attention as potential sources 
of nutrients, mainly in natura, and also as an income source for the population. The 
production of flours and oils is an essential strategy of the local populations to store 
foods for periods with low availability of the resources and for commercialization 
and to improve income.

The pulp flour A. phalerata, for example, is utilized for cakes, bread, and sauces; 
from the nut can be made coco sweet and extract edible oil. The pulp flour arises 
high interest for its nutritive value, consistency, taste, and flavor of excellent quality 
(Damasceno-Junior and Souza 2010). Recent studies showed that the pulp and the 
nut of A. phalerata are adequate ingredients for the formulation of müsli since they 
demonstrated improvement in the characteristics of color, texture, and nutritional 
and energetic value of the product compared with the analyzed commercial granola 
(Mendoza et al. 2016). I. laurina has functional properties for health, being impor-
tant to stimulate the development of products in pharmaceutical and food industries, 
with sustainable use of the fruits (de Siqueira et al. 2013). Similarly, P. ruscifolia as 
well as other species of Prosopis have a high potential for food utilization (Boeri 
2016). C. alba fruit has an excellent nutritional value with high vitamin C and rep-
resents a great potential for new food products (Silva 2018).

Despite this potential for traditional utilization in the Pantanal and potential for 
innovation, the products are still not conventional in the big markets and somehow 
neglected, called unconventional food plants (UFP) (Kinupp and Lorenzzi 2014). 
An UFP can be exemplified by B. cydoniifolia, with relevant nutritional and nutra-
ceutical value, but has been neglected. With adoption of sustainable technologies, it 
will be possible to innovate and to valorize the use of traditional wild food plants of 
the Pantanal and to conserve both biodiversity and culture. The identification of 
challenges and solutions able to influence practices in the chains of local supplies 
can favor the sustainability of the global production ecosystem (Tomas et al. 2019). 
The collaboration of scientific research represents an important role to play, besides 
actors outside the academy encompassing local communities, indigenous groups, 
manager agencies, non-government organizations or NGOs, big transnational cor-
porations, and governmental actors. The consumers can also be influent in the pro-
motion of sustainability, guiding their purchases with sustainable thinking (Nyström 
et al. 2019).

The market trend for growth of sustainable production and consumption stands 
out, besides some emergent questions ending up to insert, influence, or press for 
transformations in the ways of relationship with the environment, the form to 
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produce, transform, and consume the foods (da Veiga Dias et  al. 2015). Some 
actions were suggested to strengthen the initiative “Plants for the Future” of the 
Ministry for Environment: the incentive to actions that stimulate people to consume 
products from the native biodiversity, creating demand for new products and diver-
sifying the diet of the families; the increase and promotion of the use of these spe-
cies, also in school diets; and stimulation to higher participation of components of 
the native biodiversity in strengthening the national gastronomy (MMA 2016).

Family agriculture is conceived as the guardian of the biological diversity, being 
responsible for the introduction of new species of products from the native biodiver-
sity in the commercial circuits of the agro-alimentary system, as well as supplier for 
cosmetic and pharmaceutical industries (Mendes et al. 2014). From the utilization 
of fruits of the Pantanal, new rural family enterprises and the traditional and extrac-
tivist communities can stand out in food production and increase their income, with 
increased quality of life and the potential of regional sustainable development. The 
socioeconomic and cultural potential of native plant species of the Pantanal is valu-
able, and it can contribute to the supply of new products with nutritional and func-
tional quality, bringing benefit to consumer health.

The combination of large populations of the species with the high production of 
fruits with high nutritional value offers nutritional security in most part of the year. 
Considering only these 11 species (Tables 1 and 2), it is noticeable that the avail-
ability of fruits over the year can provide essential nutrients in nearly all months.

4  Final Considerations

Until recently, most morphotypes of bocaiuva palms were identified as A. aculeata, 
while A. totai was considered a synonym. Later, both species became valid again, 
with occurrence in Central Brazil (including Pantanal) (Lorenzi 2010). However, a 
morphometric and molecular investigation showed the species occurring in the 
Pantanal is A. totai, besides the very rare and newly described A. corumbaensis 
(Vianna and Campos-Rocha 2020). The scientific works about nutritional data com-
piled in this chapter refer to A. aculeata, most times to an herbarium voucher, but 
that has not been updated in herbaria, to differentiate A. aculeata from A. totai.

The botanical collection of palms is not a simple task, demanding a specific 
training; however, there is a strong recommendation that a voucher shall be depos-
ited in herbarium to allow tracking the data. Studies on food plants or with food 
potential included in genera such as Oryza, Hymenaea, Campomanesia, Passiflora, 
and Arachis (Bortolotto et al. 2018) represented in the Pantanal by various species 
ought to fulfill this requirement. O. alta, for example, is considered a synonym of 
O. latifolia, but it is still accepted as a distinct species. Such taxonomic controver-
sies are frequent until they are settled among specialists. Since many native species 
have gained visibility recently, by a function of the results of studies on the nutri-
tional value of wild food plants so far neglected, there is still a need for taxonomic 
revisions of species with doubtful identification. Also, care should be taken when 
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searching a plant in the literature since it may have been reported with a name that 
became a synonym and so is not retrieved, e.g., Scheelea phalerata, now Attalea 
phalerata.

However, such situation is not restricted to palms either to our work. Many 
reports on nutritional value did not indicate a herbarium specimen, despite the rec-
ommendations. The use of wild plants for food and nutrition requires precise data, 
reliable and  accessible about their composition as the data users must be sure about 
the reliability of the identification and naming of flood plants (Nesbitt et al. 2010). 
Those authors analyzed the identification and nomenclature of plants in 50 articles 
referring to 502 sampled species, each one associated with one or more nutritional 
data. They noted that from the 502 sampled plants, only 36 followed the best prac-
tices for plant identification and recommend that researchers should identify, name, 
and publish the species correctly.

Given the relevance of the Central-West native species destined to food and 
health, generally produced and commercialized by small farmers and local com-
munities, we suggested to research funding organs to direct resources and incentives 
to the priority native species in the scope of the initiative “Plants for the Future,” 
including public policies, as well as to maximize the application of resources in 
multidisciplinary and multi-institutional network efforts (MMA 2016). We point 
out that among the 11 species selected for this chapter, only A. aculeata, P. cauli-
flora, G. americana, and O. latifolia were included in the proposed “Plants for the 
Future,” demonstrating the need to improve knowledge about species of the 
Pantanal, which also have widespread occurrence and high food potential.
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1  Introduction

In the last few decades, we have seen a tendency toward homogenization in human 
diets (Khoury et  al. 2014). Diets that used to be composed of a wide variety of 
plants and animals have gradually shifted to include a limited number of species, 
focusing on very few crops and breeds. It is remarkable that while an estimated 
30,000 edible plant species are available to humans, more than half of global food 
energy is currently met by only four crops: rice, potatoes, wheat, and maize 
(FAO 2010).

This tendency toward homogenization is problematic since low biodiversity can 
negatively impact human and environmental health (Willett et al. 2019). Broad evi-
dence shows that food systems which neglect locally available nutrient-rich foods 
face the effects of simplified energy-dense diets, various forms of malnutrition, and 
a growing incidence of non-communicable diseases (Khoury et al. 2014; Herforth 
and Ahmed 2015). Agricultural biodiversity also increases food production resil-
ience, especially in the face of sudden climate changes, disease outbreaks, and 
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market price fluctuations (Zimmerer 2015). Wild plant diversity, such as in uncon-
ventional food plants, is a strong component of food sustainability in many com-
munities worldwide, especially during drought (Powell et  al. 2015). The proper 
management and use of biodiversity can help to restore ecosystems and assist in 
resolving diet problems, such as micronutrient deficiencies in vulnerable popula-
tions (Ruel and Alderman 2013). However, it is worth mentioning that dietary and 
ecological indicators to assess the complex relationship between food biodiversity 
and quality of the diet must improve to provide greater accuracy (Lachat et al. 2018).

When assessing the impact of diet on human and environmental health, analysis 
of what people eat is crucial. In this chapter, our focus is on biodiverse food plants. 
The definition of biodiverse food plants (BFP) involves the agricultural diversity of 
conventional crops cultivated locally (e.g., varieties of beans, rice, corn, banana), 
together with unconventional food plants (UFP), (usually native, neglected, and 
rarely available in the marketplace) (Jacob and Albuquerque 2020). Despite the 
potential of these plants to promote sustainable food systems and diets, when we 
review the literature in dietary assessment studies, we notice a gap in methods for 
gathering and assessing the intake of these plants. This information gap is even 
more evident in studies developed for food systems with higher degrees of complex-
ity (e.g., urban).

In this paper, we discuss certain challenges in assessing biodiverse food plants in 
dietary assessment and present (how to) proposals for step-by-step development. 
Finally, we summarize the actions needed to bring biodiverse food plants in dietary 
assessments mainstream. We hope that the debate concerning these limitations can 
help us to understand the real dietary contribution of these plants to the sustainabil-
ity of the greater food system.

2  An Overview of the Challenges Involved in Biodiverse 
Food Plants’ Dietary Assessment

To evaluate diet in free-living human beings is a complex task. Incorporating food 
biodiversity into dietary assessments creates an additional layer of complexity. 
Through field research, studying people of all life cycles, using the most varied 
dietary assessments, and analyzing the available literature, we noted the challenges 
seen in distinct phases of food composition studies that focus on biodiversity. In this 
topic, we will address these challenges in the three stages of dietary assessments: 
definition of goals, study design, and analysis.

A first critical step is to define the dietary assessment objectives. Usually, the 
dietary survey participants, especially in urban settings, are unable to even recog-
nize the different varieties of vegetables they consume. In this sense, including pho-
tos of different food items might help the participants to accurately report the food 
they consume (FAO 2017). A photo book (or other kind of visual aid) containing 
food (and its varieties of interest), with different local names, might be a useful 
dietary assessment tool (in the next section, we will explore this in more detail). 
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However, to map biodiversity is not simple. For this reason, in determining the 
extent of information on biodiverse foods which might be included in this visual 
tool, the assessment objectives must be clear. The team should develop a priority list 
based on the criteria set forming the survey’s objectives.

As an example, we bring a pilot study that was performed in ISA research 
(Inquérito de Saúde de São Paulo, in Portuguese) in 2013, where our goal was to 
assess the diversity of food intake in São Paulo. In this study, we verified that the 
population presented dietary inadequacy for vitamin A, vitamin C, iron, and folate. 
Therefore, these were our target nutrients. By consulting the data of a previous sur-
vey, we listed all of the fruits, legumes, and vegetables that contribute to the intake 
of these nutrients consumed by the target population. Subsequently, we crossed the 
list with data supplied by the Ceagesp warehouse, the biggest supplier of these food 
items in the city, to identify the species in at least three different cultivars (see Fig. 1).

A second principal step is to define the study’s layout. For this task, there are 
currently a variety of manuals and guidelines on dietary assessment available. 
However, these same manuals highlight their own cross-cultural limits and the need 
for personnel with professional capacity in biodiverse food plants, culture, and eat-
ing patterns (FAO 2018). In a nutshell, current dietary assessment methods present 
limits in approaching the nutritional contribution of biodiverse food in diets (FAO 
2017). Diets themselves embed cultural and environmental factors. Analysts of diets 
with a focus on biodiversity must be doubly aware of this. Biodiversity is linked to 
cultural practices and the given landscape (Kuhnlein 2014). In the same way that 
ethnography helps to build contextual understanding about a people and their 
 culture, it can support us in building a more robust dietary assessment design (see, 
e.g., Tumilowicz et al. (2016)).

Fig. 1 Example of three varieties of bananas (Musa acuminata Colla x Musa balbisiana Colla) 
and apples (Malus domestica Borkh.) Available at the Ceagesp market in São Paulo. From top to 
bottom, left to right: banana-nanica, banana-ouro, banana-maçã, and maçã-gala, maçã-red- 
delicious, and maçã-golden. (Source: Ceagesp 2020)
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Here we note that an ethnographic diagnosis, when focused on food and nutri-
tion, is an ethnonutritional assessment. Ethnonutrition is the study of diets in the 
context of food systems of differing peoples and cultures. An ethnonutritional 
assessment functions as a useful way to rapidly calibrate tools and prototype dietary 
assessments while considering cultural and environmental peculiarities of the local 
food system (Jacob and Albuquerque 2020). For example, in a classic ethnonutrition 
study in Cameroon, de Garine (1972) shows us how dishes and table utensils influ-
ence eating practices. People in many traditional societies often eat together from a 
typical dish, and the amount of food eaten by each person varies according to sex, 
age, or other situations. Thus, an ethnonutrition assessment can help us to define the 
best strategy for data-gathering and help to prepare domestic utensil manuals and 
inventory meals and beverages that are part of local culture. It is also important to 
identify local culinary processing techniques that may produce nutritional modula-
tion in food composition and nutrient bioavailability. For example, when reviewing 
studies concerning BFP in the Brazilian Caatinga, one of us identified local con-
sumption of an UFP (mucunã), considered toxic because of chemical composition 
studies (Grant et al. 1986), (Dioclea grandiflora Mart. ex Benth) (Jacob et al. 2020). 
Mucunã seeds likely contain small molecular weight components that cause its tox-
icity and which can be eliminated through exhaustive dialysis (Grant et al. 1986). In 
the community we studied, people empirically knew this. For this reason, they per-
formed specific culinary processing, washing the flour several times (they use the 
expression in Portuguese lavar em várias águas) and eliminating the plant’s toxins. 
By revealing the contextual culinary processing, previous ethnonutrition assessment 
permitted us to avoid misinterpretations that might lead to wrong conclusions in the 
dietary assessment.

The third step is analysis. Data on biodiverse food plants are scarce (FAO 2017), 
especially for plants identified below the species level (e.g., variety, cultivar). This 
lack of information is problematic, because when considering composition data for 
a specific variety, it promotes misinterpretation of the nutritional contribution of 
foods (FAO 2012).

As an example of this, consider the banana varieties Musa acuminata Colla x 
Musa balbisiana Colla, both available in the principal food composition table used 
in Brazil, the Tabela de Composição de Alimentos (TACO/Unicamp). Considering 
the data from this source, we find 32% more potassium in banana-figo than in 
banana-maçã; we also find 62% more vitamin C in banana-da-terra than in banana- 
nanica. The genetic diversity of foods affects nutrient profiles. In the past, generic 
food composition data were considered sufficient for most research purposes, but 
now the need for cultivar-specific composition data is increasingly being acknowl-
edged (Toledo and Burlingame 2006). When nutrient contents are significantly dif-
ferent in varieties of the same species, the foods should be reported independently 
in food composition databases and in other printed materials (such as food labels), 
presenting their unique nutrient profiles (Burlingame et al. 2009). The information 
should also be shared with the community in health and agriculture programs and 
food and nutrition education initiatives and incorporated as well into national health 
and agriculture policies.
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Food composition also varies with agro-ecological zone (soil, climate, manage-
ment techniques) and seasonality (Hunter et al. 2019). For example, some studies 
show that foods grown in agro-ecological or organic systems present higher abso-
lute levels of micronutrients (Hunter et al. 2011) and bioactive compounds, such as 
polyphenols, phenolic acids, isoflavones, stilbene, and anthocyanins (Barański 
et al. 2014).

The lack of food composition data for UFP is another challenge. Recently, we 
performed a systematic review of biodiverse food plants in the Caatinga (Jacob 
et al. 2020), and from 15 studies, we built a list of 65 plants. To date, of these 65 
plants, only 3 have accessible nutritional data in the Brazilian Food Composition 
Table – TACO. We have data for another four in the Tabela Brasileira de Composição 
de Alimentos (TBCA/USP), and the nutritional data of six other plants are available 
at the Information System about the Brazilian Biodiversity (SiBBr, in Portuguese). 
Yet we still lack nutritional data for 80% of the biodiverse food plants consumed by 
people in Caatinga.

One explanation for this lack of information is the cost of generating food com-
position data. During dietary assessment analysis, the process of determining the 
nutritional value of biodiverse food plants not covered in national food tables com-
mences with a literature review and continues with laboratory studies to generate 
new data (Nesbitt et al. 2010). We recommend defining priorities and securing reli-
able identification of food plants before performing the analysis. Food matching 
strategies that relate data available in the food composition table and other sources 
lacking food data are an option in cases where proper analysis is not available 
(FAO 2012).

In addition to these challenges as related to biodiversity in dietary assessments, 
we bring others. For example, food systems in peri(urban) areas tend to have a 
higher degree of complexity than in rural areas, considering both (1) the intricate 
supply chains of retail outlets and urban markets and (2) the higher contribution 
of processed foods to diets (Lachat et al. 2018). These represent real challenges to 
mapping biodiverse food chains and to developing the dietary assessment itself. 
Another difficulty is how to embed this complexity into methods and research 
presuppositions. We already know that there is a relationship between the number 
of species consumed (species richness, a biodiversity indicator) and the quality of 
the diet (mean adequacy ratio, a nutritional indicator) (Lachat et  al. 2018). 
However, we still need to better understand how this diversity translates into 
health indicators, especially in urban areas, where the dietary matrix changes due 
to the significant contribution of industrially processed foods. How do these foods 
interfere with the bioavailability of nutrients in biodiverse foods? We do not as 
yet know.

The fact is that we need methods of dietary assessment that address the complex 
set of continuous interrelated variables involved in epidemiological investigations 
(Sampson 1985; Beaton et al. 1997; Willett 2013; Mumu et al. 2020). Thus, meth-
ods normally recognized as the gold standard in clinical research, such as random-
ized controlled trials (RCT), are not the most suitable to evaluate the effect of dietary 
intake in epidemiological nutritional outcomes (Zeilstra et al. 2018). For example, 
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one of RCT’s presuppositions is uniformity, which in nutrition research in general 
is difficult to achieve. Consider that the composition of foodstuffs can vary substan-
tially across the research setting, and consider the effect of population non- 
uniformity (where the non-uniformity might also be unknown). Complex interactions 
influence nutrient consumption and thus physiological exposure. Bad assumptions 
can lead to ambiguity in similar experiments, yielding results that are non- 
reproducible. Here, we are not discussing the RCT method. However, we can see 
that in nutritional research, the critical step is to verify whether a presupposition can 
be considered valid. We must understand both the culture and environment as being 
critical factors for food biodiversity analysis and as potential modifiers of the inqui-
ry’s presuppositions.

3  Assessing Biodiverse Food Plants in Dietary Intake 
Surveys: How to Do It?

The United Nations Food and Agriculture Organization recently released guidelines 
to assess biodiverse foods in dietary surveys. In Fig. 2, the flowchart summarizes the 
main steps for dietary assessment with a focus on food biodiversity. In this section, 
we will address certain critical steps for this task: elaboration of a tool to support 
dietary inquiries, generally a photo book (step 6), and the selection and adaptation 
of a dietary intake instrument (steps 7–9).

To elaborate a photo book, the main recommendations are (1) build a multidisci-
plinary team, composed of an anthropologist, a nutritionist, food composition 
experts, and a photographer; (2) analyze food intake patterns, nutritional problems 
in the studied population, and the available biodiversity; (3) define which biodiverse 
foods to include in the survey; and (4) ensure correct identification of the biodiverse 
food plants. The final food list in the dietary assessment tool must combine all foods 
and varieties of interest and all of the different local food names used. With the food 
list, vernacular names, correct scientific identification, and photos in hand, we have 
the material to start production of the photo book.

One of us recently developed a photo book to support a dietary assessment in a 
Caatinga community (the process is summarized in Fig. 3). We started by building 
a plant list with plants of interest in the semiarid region, which is mainly in the 
Caatinga Brazilian biome. We performed a systematic review of biodiverse food 
plants in the region (Jacob et al. 2020), focusing on UFP. To include conventional 
plants, we consulted data from national research concerning food consumption 
(Instituto Brasileiro de Geografia e Estatística 2011). And finally, to gather data on 
agriculture biodiversity, we visited some local markets. With a plant list ready, 
together with botanists and photographers, we selected photos. At this stage, we 
only included photos already identified by specialists, and we also performed two 
additional identification processes, one with local experts and another with two 
independent botanists to ensure the accuracy of the images. Our final plant list 
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contained 135 items. We chose a minimal design for our photo book, with the 
plants organized by their vernacular names to easily register the data during the 
interviews. With this first version in hands, we went to the field to test our tool in 
an ethnonutrition assessment.

Through mapping of the biodiverse foods available in our study scenario, we 
started with a list of 135 plants and yet finished the ethnonutrition assessment with 
156 plants. The new plants added were mostly agricultural varieties of beans, man-
ioc, orange, mango, and corn (for correct identification of plants, see Nesbitt et al. 
2010). We did not include new UFP species since new species were not mentioned 
in the assessment. On the contrary, we perceived that the community might well be 
facing lessened UFP consumption, with an increase in highly processed foods. 
Further, with the community’s feedback, we changed certain pictures (giving greater 
attention to botanical identification keys such as flowers and fruits), and we updated 
vernacular names to the more common names used in the community. For example, 
when we asked if people consumed cumaru (Amburana cearensis (Allemão) 
A.C.Sm.), they told they did not, because they only recognized this plant, the same 
plant, as amburana-açu. Such vernacular name adjustments were more significant 
for agricultural varieties than in other plant species. For example, banana-da-terra 
(Musa acuminata Colla x Musa balbisiana Colla “terra” (AAB)), one kind of 
banana reported in the Brazilian national Pesquisa de Orçamentos Familiares, is 

Fig. 2 How to assess biodiverse food plants in dietary intake surveys? The flowchart summarizes 
the main steps for dietary assessments with a focus on food biodiversity. (Adapted from FAO 
(2017))
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Fig. 3 Steps to prepare a photographic guide of locally available biodiverse foods. The final prod-
uct, the photo book with images and names of food resources, is a supportive tool that assists in 
accurate identification of foods informed during dietary intake surveys. (Source: Authors’ 
elaboration)
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known locally not as banana-da-terra but as banana-comprida. Thus, after the eth-
nonutritional assessment, we had a more precise guide (quality of pictures, varieties 
of food, and proper ethnotaxonomy) to proceed with the dietary inquiry. In the case 
of Brazil, even considering the complexity of populational dietary assessments in 
urban settings, we suggest that a similar approach can be applied to samples in all 
Brazilian biomes.

Another step during dietary assessments focusing on biodiversity is selection and 
adaptation of a dietary intake instrument. A common approach used in extensive 
epidemiologic studies has been the application of two instruments: the Food 
Frequency Questionnaire (FFQ) and the 24-hour Dietary Recall (applied to a sub-
sample to evaluate and calibrate the FFQ). Calibration consists of adjusting the FFQ 
to be more like the Recall results and thus (presumably) be less biased. Another 
example is administering one or more 24-hour Dietary Recall instruments to the full 
sample, as a principal instrument in combination with the FFQ, a tool that better 
sheds light on foods consumed less frequently, such as seasonal plants and meals 
(Thompson et al. 2015).

We can describe a population group’s usual intake with the 24-hour Dietary 
Recall instrument if we apply it more than once. Since it is an open method, it is 
effective in cross-cultural contexts, allowing the participant to name a mealtime, a 
food item, or a local recipe (FAO 2017). Nevertheless, this method has weaknesses. 
It has a low capacity to recognize food patterns over time. For example, if a food 
item is sparsely eaten, there is a high chance that the item will not be cited if the 
survey is performed only once or twice. Many survey days might be needed to 
register the consumption of certain items, making the research costly and increas-
ing the participant’s burden.1 On the other hand, a traditional FFQ, being popular 
in epidemiological studies, relies on a finite list (covering 80–90% of nutrient 
intake) of research interest (Mota et al. 2019). The FFQ is used to rank nutrient 
intake, biocomponents, groups, or food group present in the diet.

Another recommendation for food intake surveys it is to combine the 24-hour 
Dietary Recall with a Food Propensity Questionnaire (FPQ), with the aid of a 
photo album or including photos in the platform used to collect the dietary intake 
data. The FPQ aims to complement information from the 24-hour Dietary Recall 
instrument to minimize biases related to daily variations in food consumption, 
which are present if we obtain only a single observation, or the observations are 
made in short intervals, affecting estimated habitual consumption (Subar 
et al. 2006).

Finally, we note the process of adapting tools. Adapting 24-hour Dietary Recall 
involves adding two new columns: one to accurately identify the biodiverse food 
mentioned by the interviewee and another to match each plant identified with its 
code in the photo book (FAO 2017). In the case of the FPQ, researchers should 
use the plant list as elaborated in the photo book development process.

One of us had the opportunity to test both the 24-hour Dietary Recall and FFQ 
instruments in an ethno-national assessment in a Caatinga community. After testing 

1 Currently, the 24-hour Dietary Recall instrument is supported by digital platforms, with an ample 
(but not exhaustive) list of foods.
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these tools in the field, we decided to add two new columns to the FFQ. The first one 
concerned seasonality (yes or no). We added it to quickly identify seasonal plants 
during interviews and to accurately convert the consumption frequency for dietary 
analysis. We also added a column to identify plants that act as food and medicine at 
the same time. In our analysis, the participants presented to us certain plants of 
medicinal value (e.g., jatobá, Hymenaea courbaril L.) that they consumed as a tea 
at breakfast or dinner, even if not being sick, which characterizes a food medicine 
continuum (Ferreira-Júnior et al. 2018). This (non-binary) system of food classifica-
tion is different from ours, and our first instinct in the field was to exclude such 
plants from our food plant list, due to our own biases. However, we re-analyzed our 
wrong presuppositions and decided to adapt the FFQ. We added a new column to 
register every plant that possessed a local non-binary identity (food medicine con-
tinuum, yes or no). This measure allowed us to identify natural resources that act as 
both food and medicine. It also prevented undesirable dietary interpretations that 
result from excluding plants that might have a nutritional impact on the diet. 
Depending on each investigation’s purposes, the research team may find it neces-
sary to develop new adaptations. In every case, we highly recommend previous 
ethnonutrition assessment of instruments before use in dietary assessment at the 
populational level.

4  Fundamental Actions to Mainstream Biodiverse Food 
Plants in Dietary Assessments

At this point, it is clear that mainstreaming biodiverse food plants in dietary assess-
ments involves several challenges. How to overcome them? Jacob and Albuquerque 
(2020) enumerate four main gaps that may help us to design an interdisciplinary 
research agenda for nutritionists, ethnobiologists, anthropologists, and other scien-
tists to consider biodiverse food resources and the cultural and environmental fac-
tors attached to them in our dietary assessments.

The first gap is the lack of accessible food biodiversity data. Brazil has an esti-
mated flora of 48,771 species, including algae, angiosperms, bryophytes, fungi, 
gymnosperms, ferns, and lycophytes (Instituto de Pesquisas Jardim Botânico do Rio 
de Janeiro 2020), and we still do not know much about the edible potential of this 
flora. Due to the accelerating process of biodiversity loss that the world faces 
(Bongaarts 2019), we must act quickly. The second gap is the lack of culinary data 
in ethnobiology studies. Ethnobiology studies offer nutrition science-relevant data 
on food biodiversity and its impact on local food systems (Kuhnlein 2014). However, 
many studies in this area fail to present how food is prepared before being eaten, 
which we call ethno-culinary data. Actions such as washing, soaking, and peeling, 
to mill, to heat, to roast, to boil, to infuse, to germinate, to ferment, to cure, to 
 preserve, and to dehydrate, or combinations of these increase nutrient bioavailabil-
ity and inactivate or reduce anti-nutritional factors. These need to be collected. 
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Without such registration, we cannot use ethnobiological data to determine whether 
higher biodiversity consumption correlates with better quality diets and food and 
nutrition security. The third gap is the scarcity of nutritional data, which we already 
explored in this chapter. Finally, the authors highlight the need for interdisciplinary 
methods and interprofessional research teams.

We see the cross-disciplinary gap mentioned by the authors as a starting point for 
action. Cross-disciplinary approaches favor construction of methods that resonate 
with the dialectic between nature and culture in food plants. Classic works by nutri-
tionists such as Harriet Kuhnlein (1991), biologists such as Nina Etkin (2006), and 
anthropologists such as Audrey Richards (1948) remind us that high-level scientific 
dietary assessment research is not a matter of a single science. Multidisciplinary 
academic efforts must begin in the undergraduate years (FAO 2014). Nutrition stu-
dents must think about food as more than just nutrients but as landscapes, as biodi-
versity, and as cultural products. Ethnobiologists must think about dietary processing 
and diets. Anthropologists must think about nature, diets, and ecology. Agronomists 
must think about traditional systems and how their decision-making as profession-
als affects people and nature (Powell et  al. 2015). All of these professionals are 
invited to understand the complex biocultural factors of diet and to embrace food 
systems thinking (IPES-Food 2015). Professors need to face the contemporary chal-
lenge of fragmentation in science and create the space for interprofessional action 
to advance biodiverse food plant science.

Finally, we wish to highlight the window of opportunity that “Citizen Science” 
opens for us to gather data on biodiverse food and its associated traditional knowl-
edge. Citizens can participate actively in the advances and discoveries of science. 
This participation should be informed, conscious, and voluntary. Some steps toward 
success in this endeavor will be (1) the enhancement of tools for gathering and pro-
cessing data, (2) the appreciation of projects with real effects in people’s lives, and 
(3) the creation of research consortiums (Bonney et al. 2014; Heigl et al. 2019). To 
win the respect of participants, scientists, and policymakers, citizen-based science 
projects need to be responsibly planned and executed with precision. One example 
of how this might happen is the CONECT-e initiative,2 an interactive platform, in 
wiki format, where people can consult and provide traditional knowledge as related 
to plants, animals, fungi, and traditional species varieties. The primary mission of 
CONECT-e in Spain is to preserve and spread traditional ecological knowledge. 
Similar approaches to map food biodiversity, using participatory methodologies 
with the support of family farmers, rural communities, and others, can be applied. 
For instance, the use of geographic information (Fast and Rinner 2018), volunteered 
from crowd-mapping services, might well be an appropriate solution.3 We see 
 citizen science as strategic, because it offers new approaches to realize the biodi-
verse food plant research agenda.

2 See the CONECT-e platform at https://conecte.es/
3 See, for example, this experience to map food markets using community participation in a munic-
ipality from Brazil: www.nutrir.com.vc/mapa
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5  Conclusion

In this chapter, we offered various reflections involved in the effort to include cul-
tural and environment variables in nutritional analyses and a set of methods and 
tools to do so in the field of food consumption studies. We are conscious of the 
enormous challenges to application in research practice, principally in urban set-
tings and in populational studies. However, we are also aware of how urgently we 
need to act. The ongoing pandemic outbreak of COVID-19 reinforces the necessity 
of integrating nutrition research with the environmental challenges imposed by food 
systems. Within the ecosystem, the nutritional environment is not separate from the 
biological environment. In other words, human health and environmental health are 
intrinsically connected, a fact we cannot ignore.
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1  Introduction

The world is facing a continuous process of food homogenization and simplifica-
tion, as only three crops (corn, wheat, and rice) account for 51% of the world’s plant 
food production (FAO 2019). Such a process may lead to nutrient deficiency and 
excessive energy consumption (Johns and Eyzaguirre 2006).

For this reason, current policies need to focus on the diversification of food sys-
tems, and the popularization of wild food plants (WFPs) can be a promising option 
to achieve this purpose. This group of plants is widely consumed in many rural 
communities throughout the world and may play a crucial role in providing food 
security for these populations (Neudeck et al. 2012). Moreover, its dissemination to 
novel consumers, for example, in urban areas, could have enormous potential to 
account for many of the Sustainable Development Goals proposed by the United 
Nations (UN 2015).

First, studies have shown that wild food plants play an important role in meeting 
people’s nutritional needs (Turan et  al. 2003; Flyman and Afolayan 2006); 
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therefore, their consumption could improve the nutritional quality of diets in urban 
areas. Second, as they grow spontaneously in anthropic, agricultural, forest, and 
other environments, WFPs are usually free from conventional agricultural manage-
ment based on the use of pesticides and fertilizers. This issue is especially important 
in countries that still strongly rely on unsustainable food production, such as Brazil 
(Soares and Porto 2009). Finally, the spread of WFP consumption can increase the 
income of small producers and extractors around the world (Delang 2006), as they 
are placed near these resources and have knowledge about WFP management 
techniques.

Several investigations have demonstrated the WFP potential for sustainable har-
vest (see, e.g., Holm et al. (2008) and Emanuel et al. (2005)) and human well-being 
(Kusters et al. 2006). However, this expected contribution may prove wrong under 
some circumstances, especially in contexts of overharvesting and harmful manage-
ment techniques.

By adopting a biocultural conservation approach, we discuss the main arguments 
favorable to the maintenance and increase of WFP harvesting, as well as threats to 
their sustainable use. We present some examples that are specific to WFP use and 
others that consider the broader concept of non-timber forest products (NTFP). We 
also examine the case of the Brazilian açaí to discuss challenges to WFP 
popularization.

2  Wild Food Plants and Biocultural Conservation

Ethnobotanical literature has provided arguments favorable to the maintenance of 
WFP collection practices, especially in forest environments. These arguments are 
aligned with the concept of biocultural conservation, which has well-established 
principles and approaches (Gavin et al. 2015). Its central premise is to consider not 
only biodiversity maintenance but also the whole body of knowledge, practices, and 
symbols associated with it (Gama et al. 2018).

The most common hypothesis is that WFP (or, in most cases, general NTFP) 
harvesting by local communities may contribute to forest conservation since its 
domestic or commercial importance prevents the suppression of forested areas 
(Ros-Tonen 2000; Lowore 2020). The central idea is that the practical and economic 
values generated by the extraction of such resources are more relevant than the ben-
efits that could be produced with deforestation and land-use change. Some studies 
use the term “conservation by commercialization” to refer to this hypothesis (Evans 
1993; Lowore 2020). The main challenge related to this hypothesis is how to effec-
tively test it, which is why most studies can only make inferences or provide anec-
dotal evidence on the subject.

Another source of relevant information concerning the importance of wild food 
plants comes from domestication studies. Whether dealing with current manage-
ment strategies or trying to recover domestication paths of cultivated plants, some 
investigations have suggested that people may either tolerate plants with desirable 
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characteristics (e.g., edible species) during deforestation, promote them in other 
areas, or protect them from herbivores, parasites, and competing plants (Casas et al. 
1997). This means that the importance of a species for food purposes may contrib-
ute to its own maintenance in the environment. However, little is known regarding 
the protective effect that food use may have on other (more harmful) plant uses (e.g., 
wood uses).

In this regard, there is evidence of the protective effects of other non-timber for-
est products. A study developed with medicinal plants in a semiarid area of north-
east Brazil has shown that controlling for the species’ availability and perceived 
efficiency, the most popular medicinal plants are less used for wood purposes 
(Silva et al. 2021). This phenomenon is even stronger for the top five medicinal spe-
cies. It is possible that the domestic and commercial importance of wild food plants 
also prevents species from being harvested for wood purposes, but this hypothesis 
needs to be formally tested. To date, a previously established association between 
use categories in another community from the Brazilian semiarid region has not 
found a correlation between the importance for food and wood purposes and that for 
medicinal and wood purposes (Barbosa et al. 2020). However, this study was not 
planned to test the protection hypothesis but rather to find associations between use 
categories and local perceptions of the decline in plant populations (mostly based on 
multinomial variables from participatory workshops).

An eventual protective effect of food uses on wood uses, together with strategies 
to achieve the sustainable use of wild food plants, would contribute to the mainte-
nance of WFP populations. Moreover, the continuity of harvesting practices may 
also have a protective effect on the whole set of forest species, including those with 
little or no edible importance. This may be the case since studies have suggested that 
the abandonment of WFP harvesting may negatively affect income generation 
in  local populations, thereby leading to a higher dependence on other forest 
resources, which is often more harmful to plant populations than the food use itself 
(Delang 2006).

In addition to the arguments concerning a protective effect of WFP harvesting, 
these species may play a fundamental role in reducing the vulnerability of social- 
ecological systems to climate change. This hypothesis is based on evidence that 
agricultural and livestock practices, especially those related to small-scale agricul-
ture, are being particularly affected by scenarios of climatic uncertainties since 
small farmers often rely exclusively on rain-fed agriculture (see, e.g., Gbetibouo 
et al. 2010). Several wild food plants, in turn, typically occur in natural environ-
ments, especially native forests, which are far more efficient than agroecosystems in 
regard to retaining water (Perry 1994). However, as is the case for the previously 
introduced hypothesis, although some studies make inferences about the potential 
contribution of wild food plants in contexts of climate change (Gradé 2012), we 
need to employ proper research designs to test this hypothesis.

Concerning the human dimension, the popular claim that WFP commercializa-
tion may be responsible for positive social, financial, and human assets has been 
proven correct for several social-ecological contexts. By analyzing 61 case studies 
(15 with food plants/spices), Kusters et al. (2006) found that, for almost all of them, 
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trade has a positive impact on local livelihoods. The main challenge in this case is 
to ensure that significant increases in the popularity of certain WFPs also revert to 
socioeconomic improvements.

Another common argument favorable to the dissemination of WFP knowledge is 
that it may contribute to the cultural valuation of the societies that possess knowl-
edge about their management and preparation techniques. This may be even more 
important under certain circumstances, considering that, in several communities, 
the consumption of WFP is associated with “tribalness,” poverty, and difficult times 
(Narayanan et al. 2004; Nascimento et al. 2012; Cruz-Garcia and Howard 2013).

3  The Other Side: When WFP Consumption 
and Popularization Do Not Achieve Sustainable 
Development Goals

Although WFP harvesting has the potential to conciliate biodiversity conservation, 
income generation, and human well-being, under several circumstances, overhar-
vesting, together with harmful harvesting patterns, may lead to structural alterations 
in plant populations (see, e.g., Sinha and Bawa 2002). A study developed in the 
Brazilian state of Pará showed that chronic anthropogenic disturbance in forest 
areas could be as (or even more) harmful as deforestation in terms of biodiversity 
loss (Barlow et al. 2016). Therefore, the naive general notion that NTFP harvesting 
is always sustainable must be avoided, and proper diagnostics of social-ecological 
systems need to be conducted to aid sustainable harvesting.

The conciliation between biodiversity conservation and human well-being may 
not always take place. The previously mentioned investigation of NTFP performed 
by Kusters et al. (2006) using 61 case studies (15 with food plants/spices) found 
that, under certain circumstances, higher livelihood outcomes are associated with 
lower environmental outcomes. The authors also found that the commercial extrac-
tion of NTFP may lead to resource depletion, especially in cases of natural areas 
without further management strategies (e.g., seed propagation, protection of the 
target species from competitors, etc.).

The obvious conclusion is that WFP harvesting needs to be accompanied by 
target species management in natural areas to help achieve sustainability, especially 
in contexts of commercial use. However, a “management dilemma” may occur. On 
the one hand, management strategies for the target WFP could help maintain its 
population. On the other hand, when management is intense toward a single (eco-
nomically important) species, this may lead to the restructuring of the other compo-
nents of the community (e.g., floristic and functional simplification of natural 
environments). We will further use the case of açaí as an example of this phenom-
enon. Such dilemmas indicate that finding the best strategy may be more challeng-
ing than what is commonly stated in studies with WFP.
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Furthermore, population maintenance itself may not always mean that harvesting 
strategies are sustainable. When species have dual reproductive strategies (clonal 
and with seeds), intense fruit harvesting may decrease recruitment and cause clonal 
reproduction to gain importance. Gaoue et al. (2018), for example, found that the 
proportion of clonal offspring was higher for moderately and heavily harvested 
populations of Pentadesma butyracea Sabine (Clusiaceae) when compared to those 
in more lightly harvested areas. Although the population is being maintained, the 
predominance of clonal reproduction may lead to a decrease in genetic diversity 
and, consequently, affect the population’s ability to cope with environmental change.

In terms of the socioeconomic benefits of WFP extraction, a critical constraint 
has to do with land use and tenure. Data from communities in 24 developing coun-
tries concerning wild foods (including animals and mushrooms) showed, for exam-
ple, that state land is the primary source of income derived from wild food harvesting 
in forests (Hickey et al. 2016). Therefore, as they are not private lands, local har-
vesters may face challenges such as competition with “outsiders” for resource col-
lection and a lack of control under the harvesting area, especially when wild foods 
are gaining in popularity.

Moreover, some researchers have challenged the general idea that WFP harvest-
ing may increase resilience in social-ecological systems and decrease vulnerability 
to climate change. A study developed in two South African villages, for example, 
found that, according to local perceptions, wild food availability suffers seasonal 
variations and decreases with extreme events (Paumgarten et al. 2018). However, 
the authors also indicated that some specific fruit species are drought-resistant and 
perceived as essential when coping with extreme events.

Finally, many studies on NTFP have pointed out challenges for commercializa-
tion beyond the local level. Belcher and Schreckenberg (2007), for example, dis-
cussed that (1) production is often spread, and markets are poorly developed; (2) 
markets are faddish, and some “fashion” products may gain and then lose space; (3) 
sustaining supply could be a problem since volumes are typically small; (4) some-
times high technology is needed to benefit certain products; (5) each destination 
industry has its own marketing requirements, and it may be difficult to meet all of 
them; (6) certification (e.g., environmental, health, etc.) requires a high level of 
social organization, as well as technical sophistication, which may be costly and 
difficult to acquire; and (7) there is a growing concern with intellectual property 
rights (e.g., how to compensate the holders of local knowledge about a product in 
case they are not involved in the commercialization).
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4  Challenges for WFP Biocultural Conservation: The Case 
of Açaí (Euterpe oleracea Mart)

Açaí (Euterpe oleracea Mart.) is an outstanding example of how a wild food plant 
can reach overseas popularity. Açaí is a palm species endemic to South America. 
Brazil is the country that possesses most of the açaí populations, and the Brazilian 
state of Pará is the leading producer in the country. Although the systematic cultiva-
tion of açaí is increasing, approximately 80% of fruit production comes from its 
natural ecosystems (Vaz and Nabout 2016), with different management intensities.

Açaí has only recently reached national and international markets. In terms of 
consumption spread, it began as an indigenous food in pre-Colombian times. It then 
became a rural staple food, an urban staple food (in regional urban centers), and an 
urban fashion food (nationally spread) and finally reached the status of an interna-
tional fashion food (Brondízio et al. 2002). It is currently the most collected NTFP 
in Brazil (IBGE 2017).

The species’ popularization was strongly influenced by mediatization, and it was 
one of the first examples of how an Internet-based market can help to spread local 
products on a global scale (Heinrich et al. 2011). The national spread of açaí has 
also been related to the history of Brazilian Jiu-Jitsu and the Gracie clan, a family of 
practitioners (and the creators) of this sport (Vanni 2018). As Brazilian Jiu-Jitsu 
became internationally famous, the association between açaí consumption and 
sports practicing also spread outside the country. The species boom in North 
American markets also had to do with the mention of its claimed nutritional proper-
ties in a popular TV program, The Oprah Winfrey Show (Marcason 2009; Heinrich 
et al. 2011).

As the fruit is highly perishable, it cannot travel significant distances if traded in 
natura. Therefore, frozen fruit pulp has gained market value. Moreover, açaí has 
been popularized in a mixture with guarana syrup as part of a strategy to overcome 
food neophobia (aversion to eating unknown foods) by adding popular ingredients 
to novel foods. This mixture leads to a sweet preparation and removes the “earthy, 
dense, slightly metallic flavor of açaí” (Vanni 2018), thereby increasing its accep-
tance among new audiences.

Such a process raises the first issue in terms of biocultural conservation: a loss of 
connection between açaí and its cultural inheritance and significance. Therefore, 
the rise of the açaí national and international markets did not contribute much to the 
valuation of local cultural practices, as new consumers hardly know its biocultural 
origins (e.g., that it is traditionally consumed with tapioca flour and fish (Oliveira 
and Schwartz 2018)).

Açaí is also not the best example of how WFP popularization may contribute to 
sustainable development goals. Current management systems are located at some 
point between wild gathering and systematic cultivation. Several studies have found 
that species management intensification has had negative impacts on Amazonian 
floodplain ecosystems. The studies have suggested, for example, that management 
practices (e.g., açaí planting in natural environments, the suppression of competing 
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species, and stem cutting to increase fruit production) are converting native flood-
plain forests into açaí-dominated forests that are quite similar to systematic planta-
tions (Weinstein and Moegenburg 2012). Specific processes include the loss of 
species diversity, as well as functional and phylogenetic diversity (Freitas et  al. 
2015; Freitas 2019).

In terms of local livelihoods, açaí harvesting intensification has given local 
dwellers (known as ribeirinhos) access to the market economy and increased pen-
etration in the urban-industrial society. Local communities in the state of Pará, for 
example, have experienced several changes in their livelihoods as a response to the 
increased market interest in açaí. The amplification of their economic gains has led 
to significant changes in their house and boat structures, thereby making them more 
modern (Silva 2019).

Although this process has had several positive outcomes, especially regarding 
poverty reduction, there have been some negative consequences of açaí populariza-
tion on local livelihoods. Remarkably, the commercialization of a product whose 
main marketing argument has to do with health claims has led to unhealthier eating 
behaviors in some contexts. As the açaí economy became predominant in several 
local communities, people abandoned or reduced the cultivation of vegetables that 
were once important for their subsistence (Silva 2019). Instead, they use their 
increased economic power to buy industrialized products, which can have negative 
implications in terms of food and nutrition security and sovereignty.

5  Final Considerations

The different and sometimes contrasting views of whether WFP harvesting can help 
to achieve sustainable development goals indicate that success and failures are 
context- dependent. Therefore, the outcomes may be influenced by a set of variables 
(e.g., natural stocks, biological profile of the target species, ecosystem characteris-
tics, management practices, demand and market dynamics, characteristics of the 
value chains, land tenure, social organization, public policies). All these factors 
need to be deeply studied and considered to diagnose whether popularization strate-
gies toward certain WFPs are welcome.

Additionally, to better understand the social-ecological role of WFP, the central 
hypothesis related to the benefits of these species needs to be addressed with proper 
research designs. Such analysis would help to strengthen arguments favorable to 
WFP harvesting or even point out which ways not to pursue.

Finally, most of the concerns regarding WFP popularization have to do with the 
eventual incorporation of these species into conventional (and unsustainable) agri- 
food systems, which, in some cases, may have negative environmental, cultural, or 
socioeconomic outputs. Therefore, we believe that attempts to popularize WFP may 
not be unrelated to strategies for changing our relationship with food, agriculture, 
and consumption in ways that help us search for ecological-based alternatives and 
socially just food economies.
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1  Introduction

The sale of wild food plants, among other biodiversity products, is a topic of multi-
disciplinary interest. In the field of ethnobiology, for example, efforts have been 
made to understand the influence of commercial demands on the collection behav-
iors of local human populations as well as their impacts on biocultural conservation 
(Albuquerque et al. 2019).

Undoubtedly, commercial relations around biodiversity products are an exciting 
topic, mainly for their practical applications (Belcher and Schreckenberg 2007). 
Existing experiences usually indicate the potential for promoting these commercial 
relations as a strategy to reconcile the conservation of biodiversity with the genera-
tion of income for local populations (Angelsen et al. 2014). However, in order to 
understand this potential, greater efforts are still needed in studies that address these 
commercial relationships in the broader perspective of the value chain.

The relevance of studies on the value chain of wild products is acknowledged 
(Booker et  al. 2012; Sardeshpande and Shackleton 2019). By analyzing all the 
stages involved in the production of a good or service, from its production to final 
consumption, these studies have helped to reveal recurring weaknesses in the chains 
of wild food plants (Gomes et al. 2010; Ingram et al. 2012; da Silva et al. 2017). 
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These weaknesses refer to organizational and/or institutional characteristics that 
represent obstacles to sustainable production and marketing and therefore have 
social, economic, and environmental implications.

In general, the organizational characteristics of a production chain refer to the 
circulation of information, associations, agreements, management, and production 
techniques among other factors. The institutional characteristics include the legal 
apparatus, control bodies, customs, and traditions among others. Together, these 
characteristics interfere in the relationships between the actors involved and, conse-
quently, in the functioning of the chain (da Silva et al. 2014). In this sense, a central 
issue in studies on the value chain of wild products consists of the power relation-
ships between the different members of the chain and between them and the produc-
tion environment (Booker et al. 2012). From this perspective, the vast majority of 
value chain investigations focus on well-known products or products with a consoli-
dated market – characteristics that do not apply to most of the so-called unconven-
tional food plants (UFP).

In Brazil, the acronym UFP (PANC in Portuguese) became popular when men-
tioning wild food plants or the food use of unusual parts of widely consumed plants 
(Kinupp and Lorenzi 2014). In this sense, UFP can vary from herbaceous species to 
arboreal and palm trees, as they comprise food consumption both of whole plants 
and of fruits, tubers, and leaves among other edible parts of plant species.

Although the acronym UFP is open to criticism for its subliminal message of 
ethnocentrism, it is under this label that many species of wild food plants are gain-
ing notoriety and arousing market interest in the Brazilian context. Despite this, 
little attention has been given to their value chains, as they are generally little 
known, as well as short and unstable.

Evidently, the consumption and commercialization of UFP in local geographic 
contexts makes it difficult to identify their value chains and analyze their potential. 
However, some of these species have proven their value and aroused the interest of 
the markets (Steward 2013; Guariguata et al. 2017; Gomes et al. 2020). This is prob-
ably a path of no return, which leads to scenarios of risks and opportunities.

In this chapter, we will discuss the potential of the production chains of uncon-
ventional food plants in Brazil. We understand this terminological and geographic 
scope as interesting due to the emerging behavior of its market, which allows us to 
establish relationships with the broader experiences of selling wild food plants in 
different parts of the world.

2  Evolution of Ideas About the Strategic Role of Value 
Chains for Wild Food Plants

Conceptually, the sale of wild products always constitutes value chains. However, 
these chains can vary immensely in terms of geographic scope, volumes sold, val-
ues, number of links and institutions involved, and technological development 
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among other relevant and dynamic aspects, both temporal and geographically. In 
this way, ideas about the strategic role of value chains for wild food plants have been 
changing over time and in the geographic space where they are inserted.

For example, in Brazil, the strategic view on the value chains of wild plants has 
been strongly influenced by the logic of commercial relations and ideas prevalent 
worldwide. For centuries, the consumption and commercial exploitation of wild 
plants has played an important role in the country’s colonial culture and economy 
(Dean 1991; Medeiros and Albuquerque 2014; Tomchinsky and Ming 2019). It can 
be argued that during this long period, the prevailing idea in Brazil and in the world 
about the strategic role of chains of wild plants was predominantly exploratory. In 
other words, the commercialized products were extracted from natural environ-
ments with the objective of generating profits for explorers, leaving local popula-
tions relegated to the role of sources of information and labor, and natural 
environments as mere stocks of resources for extraction.

Over time, ideas about the economic relevance of the value chains of wild food 
plants and other biodiversity products matured. The insights came from broader 
discussions about environmental problems, such as pollution and deforestation, 
which started to be guided by international debates. In this context, the first United 
Nations Conference on the Human Environment, held in 1972  in Stockholm, is 
considered an important milestone.

During this conference, the document “Stockholm Declaration on the Human 
Environment” was prepared, which established a set of criteria and principles to 
guide peoples and countries in their relations with the environment. The fourth prin-
ciple listed in this document highlights “(...) when planning economic development, 
importance must be given to the conservation of nature, including wild flora and 
fauna.” In this sense, from the 1970s onward, actions aimed at the preservation of 
charismatic species, usually animals, and the delimitation of protected areas, usu-
ally due to their scenic beauty, gained strength. In this period, local human popula-
tions and the components of biodiversity consumed and/or traded by them did not 
yet assume a prominent position in conservation policies.

From the 1980s onward, the economic importance of biodiversity products 
gained greater political notoriety, due to the rapid technological development and 
increased biopiracy, patenting, and privatization of biodiversity components. The 
vulnerability of local populations in poor countries was evident. In light of this, the 
pressure and the articulation of different sectors of society and governments grew in 
favor of mechanisms that would ensure the conservation of biodiversity and the 
rights of traditional populations.

The articulations culminated in the Convention on Biological Diversity (CBD), 
signed during the United Nations Conference on Environment and Development, 
which took place in 1992 in the city of Rio de Janeiro, Brazil. The CBD defined the 
main conditions and legal bases for regulating the sustainable use of biodiversity, 
which would influence government programs. The Brazilian Federal Senate 
approved the final text of the CBD in 1994. Since then, more and more biodiversity 
products have come to be seen as a strategy to generate income for local 
populations.
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Although there is no unanimity, there is a widespread understanding that the 
economic relevance of value chains for biodiversity products, such as wild food 
plants, grows on smaller geographic scales. That is, even if they have a secondary or 
irrelevant role in the global economy, at the local level, situations in which entire 
communities depend heavily on the marketing of these products to guarantee their 
livelihood are recurrent (da Silva et al. 2017). This understanding has a strong influ-
ence on ideas about the potential of UFP as a strategy to generate income, conserve 
biodiversity, and strengthen food security.

Within Brazilian policies, some UFP can be identified as a product of sociobio-
diversity, an expression adopted by a public policy implemented in Brazil in 2009 
(Brasil 2009). The concept of sociobiodiversity represented an advance, as it recog-
nized the social and economic importance that certain products of biodiversity have 
in Brazil. This allowed these products, as well as the human populations economi-
cally and culturally associated with them, to receive special attention from govern-
ment programs to strengthen their value chains. Examples of policies associated 
with sociobiodiversity products include access to the Food Acquisition Program 
(PAA in Portuguese), which allowed the government to invest in these products for 
inclusion in social programs to fight hunger (e.g., school meals, popular restau-
rants). Another example is the National Minimum Price Guarantee Policy, which 
opened the possibility of a public subsidy to extractive communities that may be 
affected by the drop in the price of sociobiodiversity products below the minimum 
value defined by the government control body. However, these policies favored the 
most consumed and known sociobiodiversity products, leaving out many UFP 
whose value chains are not well known or are not sufficiently developed.

This lack of visibility of many UFP with economic potential, as well as the orga-
nizational limitations of many extractive communities, paved the way for another 
idea of the strategic role of biodiversity-based value chains. This aims to generate 
commodities from biodiversity and seeks to promote these value chains inspired by 
the agribusiness model, with a focus on the final product and the optimization of its 
production process. The biocultural complex in which these “raw materials” are 
inserted is not taken into account or is used only as a marketing strategy. Under the 
logic of agribusiness, extractive communities tend to be relegated to the role of 
labor of companies interested in raw materials for their products.

This demonstrates that a relevant feature of the strategies that seek to promote 
the UFP value chains should be, in addition to the popularization of these products, 
the empowerment of the local human populations associated with them, whether 
extractive, agroextractive, or traditional farmers. This empowerment is one of the 
most challenging goals for the promotion policies of these chains, as it means the 
role of these communities in defining objectives, rules for the collection, process-
ing, and negotiation of products. In addition, it is necessary that these strategies 
ensure land security and resource control for communities, which often represents 
one of the greatest institutional obstacles. In addition, many communities demand 
support to develop articulation and negotiation skills with the government, compa-
nies, or final consumer.
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3  Contributions and Gaps of Value Chain Studies to Income 
Generation and Biodiversity Conservation Strategies

One of the main goals of many studies on biodiversity-based value chains, such as 
the UFP, is to suggest strategies to promote and strengthen these chains on a sustain-
able basis. For this, many studies seek to emphasize the social, economic, and/or 
environmental weaknesses in the dynamics of production and commercialization of 
these products.

The situations of social fragilities are verified in products that are not able to 
consolidate themselves in the market because they do not have institutional support, 
even though they present a notable commercial potential. In many cases, the lack of 
promotion policies, contracts, and regulations hinders production and access to 
markets willing to pay a fair price for the product, causing the chain to operate in a 
precarious context of informality (da Silva et al. 2015). This is the case of the pequi 
(Caryocar coriaceum Wittm.), a wild tree species whose fruits are commercialized 
in the south of the state of Ceará, northeast of Brazil. In this context, da Silva et al. 
(2015) found that pequi collection represented the most profitable productive activ-
ity carried out by local extractivists. However, the commercialization of the fruits 
occurred in a logic of competitive entrepreneurship among the families. This sce-
nario, according to the authors, stimulated the adoption of inadequate collection 
practices, that is, in which families aimed to increase the amount of fruit extracted, 
resulting in damage to the natural populations of plants. In the search for greater 
individual return, extractivists obtained collective losses.

Economic flaws are highlighted in situations where there is a marked asymmetry 
in profits along the chain, where extractivists are generally the least benefited 
(Gomes et al. 2010). Among the examples is the case of Schinus terebinthifolius 
Raddi (aroeira), a tree species very abundant in the region of Baixo São Francisco 
(Northeast Brazil), where its food use is still little known and unconventional. 
According to de Jesus and Gomes (2012), the demand for aroeira fruits, marketed 
under the label of pink peppercorn, came from processing industries that are located 
distant from the production sites. After processing, the industries exported pink pep-
percorn to several countries in the European Union, the United States, Canada, and 
Argentina. According to the authors, the commercialization of “pink peppercorn” 
for the international market reached an export value of up to U$18.00/kg (2008). In 
the same period, the processing industries paid extractivists up to U$0.95/kg at the 
collection sites.

On the other hand, environmental weaknesses are related to situations in which 
risks of negative impacts on the structure of populations of exploited species are 
present due to overexploitation pressures (Ingram et al. 2012). In the Congo basin, 
for example, the leaves of wild lianas of the genus Gnetum are consumed and mar-
keted for food purposes. Ingram et al. (2012) found that more than half of the pro-
duction of Gnetum spp. is collected unsustainably in forest areas. According to the 
authors, the lack of adequate regulation and increased collection pressure led to a 
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decrease in the availability of leaves and increased prices, resulting in unsustain-
able trade.

Although urgent and highly relevant, the emphasis of many studies on identify-
ing flaws may not be the most appropriate for many UFP chains, whose potential is 
still poorly understood. In view of this, it is necessary to direct efforts toward under-
standing the potential of UFP’ value chains.

4  Potentialities to Promote and Strengthen Sustainable UFP 
Value Chains

In Brazil, countless species that are considered unconventional food plants (Kinupp 
and Lorenzi 2014) had their production chains expanded due to the increase in 
demand. Açaí (Steward 2013) and Brazil nut (Guariguata et al. 2017) are examples. 
These Amazonian products generate income for local communities and contribute 
to forest conservation. To have an idea, in 2018, the production of açaí yielded 
R$592 million (U$ 152,774,193.55) and Brazil nuts R$130.9 million (U$ 
33,780,645.16) (IBGE 2018).

It is likely that there are species of great economic potential in the different 
Brazilian biomes. In the northeastern region of Brazil, for example, scientific evi-
dence indicated various native UFP tree species (e.g., Genipa americana L, 
Myrciaria floribunda (H. West ex Willd.) O. Berg, Attalea funifera Mart., Syagrus 
coronata Becc., Schinus terebinthifolia Raddi, Spondias purpurea L) with high 
commercial potential in areas of coastal vegetation called restinga (Gomes et al. 
2020). Also according to this study, although these UFP do not constitute the nutri-
tional base of local communities, they are widely consumed locally due to the pleas-
ant “taste.” This evidence suggests that these products have the potential to please 
the palate of different consumer markets.

However, most UFP are represented by wild species acquired in an extractive 
manner. This reality has implications for the conservation of its natural populations. 
One of the ideas that circulate about extraction indicates a fateful trend that the 
growth in demand generates a disorderly increase in collection, resulting in the 
depletion of resources (Homma 2000). However, the accumulated experiences have 
indicated that the sustainability of extractive activities results from the interaction of 
several factors of an ecological, social, economic, and technological nature (Fig. 1).

In some cases, easily accessible information such as the part of the plant used is 
essential for assessing the sustainability potential of extractivism. There is a ten-
dency that the collection of certain parts of the plant that cause no lethality to the 
plant, such as fruits, causes less damage to the conservation of wild populations 
(Emanuel et al. 2005). It is evident that, even in these situations, extraction requires 
monitoring and adequate management as a way to prevent damage in the near term 
(Murali et al. 1996; Ticktin 2004; Ndangalasi et al. 2007).
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Many UFP species are fruitful (Kinupp and Lorenzi 2014). If, on the one hand, 
this generates positive expectations regarding the sustainability potential of fruit 
extraction, on the other hand, it results in serious problems in the production pro-
cess. Fruits are highly perishable food products that require careful storage, han-
dling, and rapid transportation to the processing or fresh consumption site. This 
means that the extraction of UFP must be limited to sufficient volumes for eco-
nomic viability of the stages after collection, avoiding losses. Therefore, the extrac-
tive production of perishable food products must be of low intensity, considering 
not only the conservation of wild populations but also the quality of the products.

In cases where the extraction of wild UFP populations is not sufficient or ade-
quate to promote the value chain, it is recommended to evaluate the viability of the 
cultivation (Fig. 1). One of the first steps in this direction is the identification of the 
best propagation techniques for the species, which requires investments in agro-
nomic and forestry experiments. Following this, other obstacles will need to be 
overcome, such as access to credit and technical assistance for incorporating the 
species in the cultivated areas. However, it should be noted that cultivation alone 
does not always represent a strategy capable of reducing extraction and contributing 
to the conservation of wild populations (Trauernicht and Ticktin 2005; Williams 
et al. 2014).

The fundamental difference between cultivation and extractive production is the 
need for the existence and conservation of wild areas in the extractive production 
process. In this perspective, depending on the context of production, the promotion 
of a UFP value chain may be associated with the strategy of reconciling income 
generation with biodiversity conservation or with the generation of income from 
new agricultural commodities.

Regardless of the motivation of the production base driven by commercializa-
tion, the necessary relationship between products and the market represents the 

Fig. 1 Flow of basic information to promote UFP productive chains on a sustainable basis
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point of convergence between extractive and cultivated production. It can even be 
considered that the success of the UFP value chains on a sustainable basis largely 
depends on the balance of this relationship (Belcher and Schreckenberg 2007). In 
general, various storage, processing, and transportation strategies are verified, 
between and within extractive and cultivated production systems. These variations 
occur due to the production environment, the intrinsic characteristics of the product, 
the degree of processing, and the profiles of the producer and the consumer among 
other aspects. This reinforces the need to understand the relationship with the mar-
ket from a broad perspective of the value chain, in order to involve the entire UFP 
commercialization route, from the production environment to the final consumer.

5  Final Considerations

The experiences with value chains of biodiversity products make it possible to enu-
merate three main goals for reaching its potential: (1) to generate income for the 
populations that produce UFP, (2) to conserve biodiversity, and (3) to empower 
populations that produce UFP. It is possible to expect excellent results whenever 
these three goals can be achieved together.

The vast majority of value chain investigations focused on well-known products 
with an established market, which does not apply to most UFP. Generally, these 
investigations highlight the relations of power between the actors and institutions 
involved in the chain, addressing their weaknesses. Despite the great relevance of 
this approach, studies on UFP production chains require methodological adjust-
ments in order to direct the focus toward the identification of the potential for pro-
moting these chains on a sustainable basis.
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1  Introduction

Modern agri- food systems have been based on favoring monocultures and increas-
ing productivity, under the hegemony of transnational companies that trade seeds 
and inputs. Such productive model demands high energy consumption and exces-
sive use of agricultural inputs and agrochemicals and stimulates deforestation, ero-
sion, and soil, water, and air pollution and, above all, loss of biodiversity (Beltrame 
et al. 2016; Hunter et al. 2016; Tutwiler et al. 2017).

The concern with the environment and quality of life of the population has stood 
out in discussions on sovereignty and food and nutrition security, human right to 
adequate food, and foodstuff productive systems (Tutwiler et al. 2017). Food system 
activities appear as one of the main factors responsible for climate change, with data 
showing that between 2010 and 2050, the increasing world population and income 
will cause a 50–90% raise in adverse environmental effects as a result of the current 
food system (Springmann et al. 2018). Several options for reducing the environ-
mental effects of the food system have been pointed out, including shifts from the 
current diet to healthier, more plant- based ones, improvements in technology and 
management, and reductions in food loss and waste (Springmann et  al. 2018). 
Springmann et al. (2018) found that no single measure is sufficient to maintain these 
effects within all planetary limits simultaneously and that a synergistic combination 
of measures will be needed to sufficiently mitigate the projected increase in envi-
ronmental pressures.

In this way, redirecting the agricultural productive system toward more sustain-
able activities, rescuing the use of biodiversity foods, and reconnecting the rural and 
urban communities become a priority to boost the commercialization and consump-
tion of these products (Ferigollo et al. 2017; Félix et al. 2018).

Generating discussion and actions on the topic of organic and agroecological 
production and consumption of biodiversity foods in the scope within public poli-
cies can help mitigate the impacts of monoculture, favoring the sustainable use of 
natural resources and the current or potential value of biodiversity foods (Scott 
2017). As such, it would be possible to stimulate the production and consumption of 
healthy and nutritious foods, minimizing deleterious effects on the environment 
(Scott 2017). Biodiversity is the lifeblood of what we eat. Biodiversity – both wild 
and cultivated – underpins the sustainability of agricultural production by providing 
the genetic diversity and material needed to drive innovation and adaptation, as well 
as essential ecosystem services and processes (Fanzo et al. 2013).

The Brazil National School Feeding Program (PNAE), through regulations, 
encouraged the use of organic and agroecological foods by instituting that at least 
30% of the National Education Development Fund (FNDE) be invested in the 
acquisition of products from family entrepreneurs and/or family farming, prioritiz-
ing organic and agroecological foods (Brasil 2009). The PNAE also encourages 
acquiring a diversity of foods (Brasil 2018a), obtained by planting or extractivism, 
either fresh or as derivatives. This strategy for promoting natural resources comes as 
a facilitator for a differentiated market, since it enables commercializing these foods 
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at a national level, serving around 42.6 million basic education students and young 
people and adults in Brazil (Brasil 2013).

The encouragement by public policies for sustainable production, the use of 
Brazilian biodiversity, and the social inclusion of family farmers can alleviate the 
impacts of globalization and hegemony of the agri- food system, as well as the stan-
dardization of the menus offered to schoolchildren, guaranteeing food and nutrition 
security in childhood (De Paiva et  al. 2012; de Sousa et  al. 2015; Beltrame 
et al. 2016).

However, implementing the use of these foods in the Brazilian school menus can 
face numerous challenges, such as the regional particularities of these foods, which 
require developing an entire distribution chain and recipes so that food handlers 
know how to take advantage of the nutritional value of each biodiversity ingredient. 
Reason why, we believe, biodiversity foods are rarely present in Brazilian 
school meals.

Considering, therefore, the biological and genetic diversity existing in Brazil and 
the policies that encourage trade and consumption of biodiversity foods as a key to 
mitigate environmental, social, and nutritional problems, this study aims to evaluate 
the use of food species from the Brazilian biodiversity in school feeding and to 
discuss the main challenges for expanding the use of such foods as a strategy to 
guarantee student food and nutrition security.

2  Methods

This is a cross- sectional study developed in two stages: first, the analysis of the pres-
ence of biodiversity foods in school feeding meals from all Brazilian regions and, 
second, interviews with nutritionists (technical managers of the municipalities of 
Southeast Brazil) about acquisition of biodiversity foods.

2.1  Analysis of the Presence of Biodiversity Foods in School 
Feeding Menus from All Brazilian Regions

For analyzing the presence of biodiversity foods in school feeding menus from all 
Brazilian regions, we used the Efficient Manager of School Lunch Award database. 
This manager award, created and coordinated by the Non- Governmental 
Organization (NGO) Zero Hunger Action, aims to evaluate and classify how execut-
ing agencies (municipal governments) managed school meals in Brazil (Zero 2012). 
Launched in 2004, the last year of the award was 2013, referring to data on school 
feeding management in 2012.

Our study included the municipalities enrolled in the award, which sent the 
school feeding menus and a description of the food used. Using the 2011 School 
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Feed Manager Award database, we compiled the foods mentioned in the menus sent 
and identified the presence of organic, regional, and biodiversity foods.

Food was classified as organic when this information appeared on the menu 
itself, as regional when included on the Ministry of Health list of regional foods 
(Brasil 2015), and as biodiversity foods when included on the Ministerial Ordinance 
No. 284 (Brasil 2018a), which lists species that can be acquired for school feeding 
as fresh or derived products.

Additionally, data on the acquisition of these foodstuffs were compiled from 
family farms, and we analyzed the relationship between purchase from family farm-
ing and purchase of organic, regional, and biodiversity foods.

Analyses also related city size of the cities, region of Brazil in which the city is, 
and use of organic, regional, and biodiversity foods. Cities were grouped according 
to the number of inhabitants: small size 1 (up to 20,000 inhabitants), small size 2 
(from 20,001 to 50,000 inhabitants), medium size (from 50,001 to 100,000 inhabit-
ants), and large size (over 100,001 inhabitants), adapting the Brazilian Institute of 
Geography and Statistics (IBGE) classification (IBGE 2018).

Data appear as relative and absolute frequencies. In order to evaluate the rela-
tionship between the variables, the chi- square was used, considering p < 0.05 as 
significant. Analyses were performed in SPSS software version 17.0.

2.2  Interviews with Nutritionists About the Acquisition 
of Biodiversity Food Products

Data collection occurred from August 2014 to December 2015, involving munici-
palities of the four states of Southeast Brazil. All the cities of the states of São Paulo 
(n  =  645), Rio de Janeiro (n  =  92), Espírito Santo (n  =  78), and Minas Gerais 
(n = 853) were included in the sample, totaling 1668 municipalities.

The questionnaires were sent electronically to nutritionists and/or the school 
feeding department of each municipality using data from the Nutritionists 
Registration System (SINUTRI) of the Ministry of Education/National Education 
Fund (FNDE).

This semi- structured questionnaire addressed general topics about the acquisi-
tion of products for composing school feeding menus in the municipality using 
FNDE resources and also specific topics related to the acquisition of biodiver-
sity foods.

The variables analyzed in this stage were number of municipalities that pur-
chased food from family farming, reasons for not buying from family farming, agri-
cultural mapping (municipal census on agricultural production), factors prioritized 
by the nutritionists when preparing menus for school feeding (regional dietary hab-
its, variety of foods in the menu, presence of biodiversity foods, and production 
sustainability of foods included in the menu), and description of biodiversity foods 
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included in the school feeding menu and the types of preparations served using 
biodiversity foods.

The study was approved by the Research Ethics Committee under opinion num-
ber 1,069,621/2015.

3  Results

3.1  Database Analysis: Presence of Biodiversity Foods 
in School Feeding Menus

Of the 1082 Brazilian cities that registered to compete for the 2011 Efficient 
Manager of School Lunch Award, 229 submitted their menu and were included in 
this study. Of these, we excluded eight cities for lacking information on food pur-
chase from family farming, thus totaling 221 cities.

Table 1 Regional distribution and classification according to city size considering the purchase of 
family farming foodstuffs and the presence of organic, regional, and biodiversity foods in school 
feeding menus. Brazil, 2011

Variables
Family farm purchase

p*Yes – n (%) No – n (%) Total – n (%)

Regions of Brazil 0.003

North 3 42.86 4 57.14 7 3.17
Northeast 21 63.64 12 36.36 33 14.93
Midwest 10 62.50 6 37.50 16 7.24
Southeast 76 65.52 40 34.48 116 52.49
South 45 91.84 4 8.16 49 22.17

City size 0.009
Small 1 79 76.70 24 23.30 103 46.61
Small 2 41 68.33 19 31.67 60 27.15
Medium 22 75.86 7 24.14 29 13.12
Large 13 44.83 16 55.17 29 13.12

Presence of organic foods 0.008
Yes 13 100.00 0 0.00 13 5.88
No 142 68.27 66 31.73 208 94.12

Presence of biodiversity foods 0.151
Yes 50 75.76 16 24.24 66 29.86
No 105 67.74 50 32.26 155 70.14

Presence of regional foods 0.072
Yes 150 71.43 60 28.57 210 95.02
No 5 45.45 6 54.55 11 4.98

Total 155 70.14 66 29.86 221 100
*p < 0.05 (Chi- square)
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Table 1 shows the regional distribution of cities according to food purchase from 
family farming, classification according to city size, and presence of organic, 
regional, and biodiversity foods in school feeding menus. We found a significant 
difference when analyzing purchase from family farming by region. Thirteen 
(5.88%) cities reported buying organic food from family farming, a notably low 
number considering the relation between family farming purchase and presence of 
biodiversity and regional foods, especially when obtained by extractivism. It should 
be noted that the menu of 210 (95.02%) cities mentioned regional foods, while only 
66 (29.86%) menus reported using biodiversity foods.

Table 2 describes the regional foods on school menus by region, with the 
Southeast presenting a greater diversity of foods, followed by the Northeast and the 
South. The Brazilian biodiversity species mentioned in the school menus were 
cashew (Anacardium occidentale L.), cupuaçu (Theobroma grandiflorum K. Schum), 
yerba mate (Ilex paraguariensis A.St.- Hil.), passion fruit (Passiflora edulis Sims), 
taioba (Xanthosoma taioba E.G. Gonç.), and umbu (Spondias tuberosa Arruda).

Table 3 summarizes the data on the distribution of organic, biodiversity, and 
regional foods according to the cities’ region. We found a significant difference 
between the Brazilian regions on the presence of organic and regional foods, with 
the South region having 11 (21.57%) cities that purchased organic foodstuff, 
whereas in the North, Northeast, and Midwest regions, no city purchased such 
foods; moreover, all cities from the South region bought regional foods.

3.2  Interviews with Nutritionists’ Results About Acquisition 
and Use of Biodiversity Food

We contacted all cities (n = 1668) from the Southeast region, and 180 participated 
in this study – 62.78% (n = 113), 31.68% (n = 57), 2.78%, and 1.67% (n = 3) located 
in the states of São Paulo, Minas Gerais, Espírito Santo, and Rio de Janeiro, 
respectively.

Table 2 Regional foods present in the respective regions. Brazil, 2011

Brazilian regions
North Northeast Midwest Southeast South

Banana 
(pacova), 
cupuaçu 
(2)

Barbados cherry, 
dwarf banana, 
cashew, papaya, 
passion fruit, umbu, 
pumpkin, beans, 
string beans, 
cassava, cassava 
flour, tapioca flour, 
chives (14)

Passion fruit, 
pumpkin, 
cabbage, 
manioc, 
green corn, 
parsley, 
onion (07)

Avocado, persimmon, 
guava, orange, mango, 
zucchini, watercress, 
chayote, kale, spinach, 
bell pepper, okra, 
cabbage, arugula, 
taioba, pod, arracacha, 
corn, parsley (19)

Banana, fig, apple, 
tangerine 
(bergamot), grape, 
chicory, beet, 
cabbage, tomato, 
lentil, potato, sweet 
potato, cinnamon, 
clove (14)
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Of the contacted cities, 78.33% (n = 141) reported acquiring food directly from 
family agriculture, showing low compliance with Federal Law No. 11,947 (Brasil 
2009). The cities reported spending between 3% and 76.9% of the funds earmarked 
by the FNDE for acquiring foodstuffs from family farming.

Agricultural mapping is an efficient tool for aiding PNAE municipal managers to 
find suppliers of local products (Monego et al. 2013) and should include a descrip-
tion of local products, quantity of production, and time of harvest and/or collection. 
Our study found a significant difference when analyzing the relation between pur-
chase from family farming and agricultural mapping: 58.8% (n = 106) of the cities 
have access to agricultural mapping, of which 15 reported not buying food from 
family farming. Lack of information on what is regionally produced may be one of 
the main constraints to acquiring local production.

Nutritionists attributed the 30% non- purchase of food from family farms to the 
farmers’ lack of interest in selling their products for school feeding, difficulty in 
regularizing the necessary documents, the logistical operation of delivery directly to 
schools, and lack of dialogue with other sectors of the city council directly involved 
with family farms.

Sixteen cities (8.89%), 5 of them from the state of Minas Gerais and 11 from the 
state of São Paulo, reported purchasing the following biodiversity foods: “cajú,” 
cashew apple (Anacardium occidentale Linn); “maracujá,” passion fruit (Passiflora 
edulis Sims); “pequi” (Caryocar brasiliense Cambess); “pitanga,” Brazilian cherry 
(Eugenia uniflora Linn); “mangaba” (Hancornia speciosa Gomes); “jabuticaba,” 
Brazilian grape tree (Plinia cauliflora Kausel); “juçara” (Euterpe edulis Martius); 
“cupuaçu” (Theobroma grandiflorum Willd. ex Spreng. K.  Schum); “pupunha,” 
peach palm (Bactris gasipaes Kunth); and “urucum,” achiote (Bixa Orellana Linn).

The current National School Feeding Program (Brasil 2013) norms require that 
the responsible nutritionist considers regional habits, variety, biodiversity, and sus-
tainability while developing the menu. Table 4 shows how nutritionists observe this 

Table 3 Distribution of organic, biodiversity, and regional foods according to the regions of the 
country. Brazil, 2011

Regions 
of Brazil

North Northeast Midwest Southeast South Total p*
n % n % n % n % n % n %

Presence of organic foods
Yes 0 0 0 0 0 0 3 2.46 11 21.57 14 6.11 0.000
Not 7 100 33 100 16 100 119 97.54 40 78.43 215 93.89

Presence of biodiversity foods
Yes 2 28.57 14 42.42 7 43.75 32 26.23 12 23.53 67 29.26 0.220
Not 5 71.43 19 57.58 9 56.25 90 73.77 39 76.47 162 70.74

Presence of regional foods
Yes 1 14.29 32 96.97 16 100 118 96.72 51 100 218 95.20 0.000
Not 6 85.71 1 3.03 0 0 4 3279 0 0 11 4.80

Total 7 3.06 33 14.41 16 6.99 122 53.28 51 22.27 229 100
*p < 0.05 (Chi- square)
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requirement. Although biodiversity foods can participate in regional habits, thus 
contributing to a varied menu, nutritionists interpreted these concepts as 
disassociated.

All biodiversity native fruits listed in the questionnaire feature in the 
Interministerial Ordinance No. 284 (Brasil 2018a), but other species could be 
included in the questionnaire, provided the city was making the purchase. The cities 
reported acquiring these fruits directly from family farming, with eight claiming to 
have access to agricultural mapping; thus, having access to the mapping tool allows 
nutritionists to know the location of family farmers and buy from them.

Nutritionists pointed out that biodiversity foods were offered on school menus as 
simple preparations, or only in fresh form, reducing the possibility of frequent 
inclusion by its use in creative and tasty recipes based on regional cuisine (de 
Santiago et al. 2012). Among preparations cited by nutritionists, we highlight rice 
with pequi and carne de sol (sun- cured meat), a traditional dish in cities of Minas 
Gerais (Monego et al. 2013) but also the use of some little- known fruits such as 
juçara, offered as a juice with banana and lemon, whose pulp is often consumed in 
several recipes in caiçara cuisine, typical of fishing communities (IPEMA 2012; 
Beltrame et al. 2016). The information on the frequency of purchase of food from 
the biodiversity and the supply of preparations for schoolchildren reported by study 
participants was incomplete.

Some municipalities offered PANCs non- conventional food plants (Plantas 
Alimentícias Não Convencionais) and exotic fruits (Figs.  1 and 2, respectively). 
PANCs have limited distribution, restricted to certain localities or regions, exerting 
great influence on the food and culture of traditional populations, with no produc-
tive chain organization, unlike conventional vegetables (tomato, cabbage, lettuce, 
etc.), not arousing commercial interest by seed, fertilizer, or agrochemical compa-
nies (Brasil 2010).

Table 4 Priority factors listed by nutritionists for planning the menus offered to schoolchildren. 
Brazil, 2015

Priority factors in menu 
development Yes (% – n) No (% – n)

Did not answer 
(% – n)

Regional eating habits 90.0% 
(n = 162)

1.1% (n = 2) 8.9% (n = 16)

Variety of food 88.9% 
(n = 160)

2.2% (n = 4) 8.9% (n = 16)

Biodiversity 38.9% (n = 70) 52.2% 
(n = 94)

8.9% (n = 16)

Sustainability 60.0% 
(n = 108)

31.1% 
(n = 56)

8.9% (n = 16)
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4  Discussion

As evidenced in the literature, the present study found a prevalence of purchase 
from family farming in the South region, as well as smaller municipalities (Saraiva 
et al. 2013; De Amorim et al. 2016), while the purchase of organic food had a posi-
tive relationship with the purchase from family farming, and thus organic food was 
also more present in the South region. However, there was no difference between 
the presence of biodiversity foods and Brazilian regions.

Despite the incentives in Brazilian legislation for school feeding regarding the 
purchase and use of biodiversity foods and the biomes rich in plant species of the 
Southeast region (REFLORA 2020), such as the Atlantic Forest and the Cerrado, 
our results reinforce the lack of knowledge about native regional products, reaffirm-
ing the tendency to standardize eating habits and low varied menu without local 
reference (de Sousa et al. 2015). This last data concerns the dissociation observed 

Fig. 1 Organic vegetable plantation including PANCs – non- conventional food plants
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on the nutritionist’s understanding of biodiversity foods, regional foods, sustain-
ability, and varied menu.

Another limitation often pointed out by nutritionists for not including biodiver-
sity foods in the menus is the low acceptance by schoolchildren; but (da Cunha et al. 
2014) have shown that all preparations developed with regional foods, including 
carambola cake, green soup, jackfruit preserve, and persimmon jelly, had an accep-
tance of over 85% in both urban and rural schools.

The Organic Law for Food and Nutritional Security (LOSAN) proposes expand-
ing access to food, highlighting traditional and family farming as contributors to job 
creation and income redistribution, identified as participatory and sustainable strate-
gies (Brasil 2006). In parallel, PNAE requires that food be purchased from family 
farmers and encourages organic, agroecological, and biodiversity foods, which rep-
resents a step forward in consolidating sustainable food systems, considering the 
premises of the National Policy on Food and Nutritional Security (PNSAN). 
Moreover, it has contributed to increase the diversity and supply of quality food and 
to ensure the lowest transportation cost while respecting local culture and food tra-
dition (De Sousa et al. 2009; Ferigollo et al. 2017; Schwartzman et al. 2017). The 
use of biodiversity foods has also proved to be efficient for sustainable food produc-
tion in other parts of the world, such as the semiarid West Africa, where local man-
agement offers opportunities to collect a vast diversity of nutrient- rich species year 
round, supporting domestic nutrition associated with crop diversification (Félix 
et al. 2018).

Food purchases from family farmers have increased over the years, but a number 
of acquisition bottlenecks still subsist, such as bureaucratic barriers, late payment 

Fig. 2 Exotic fruit, 
pitaya – Hylocereus 
undatus Britton & Rose
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for farmers, limitations imposed by health, and tax legislation (Bandoni et al. 2014; 
Gonçalves et al. 2015). Gonçalves et al. (2015) reported that 74.1% of the cities 
studied in the state of São Paulo bought foodstuffs from family farmers in 2010 and 
2011. We see, thus, a slow progress on procurement of family farming products for 
school meals between 2011 and 2015, highlighting the need to adopt new strategies 
such as supplying food of the biodiversity and improving the articulation between 
PNAE actors.

Studies addressing the acquisition and use of biodiversity foods in school meals 
are virtually non- existent. Amorim et al. (2016) reported that the analysis of 122 
public calls made in the state of São Paulo in 2013 allowed to identify only one 
biodiversity species – cambuci (Campomanesia phaea Bergen).

Large cities and those located in urban centers have encountered additional dif-
ficulties regarding the logistics of receiving, storing, and distributing these foods, 
especially fresh produce; additionally, larger cities require larger amounts of food, 
which only big cooperatives can offer (de Sousa et al. 2015; De Amorim et al. 2016).

To meet future food security and sustainability needs of the world’s population, 
food production must grow substantially; however, losses from agricultural intensi-
fication have been shown in many organisms and ecosystems, leading to their deple-
tion and/or species extinction. As food production is the economic activity that most 
contributes to climate change (Springmann et al. 2018), society pushes for the con-
sumption of food produced in systems with less environmental and human health 
impacts. Thus, organic and agroecological agriculture has gained space, since they 
supposedly reduce the negative effects of traditional agriculture, being based on the 
dynamic interaction between soil, plants, animals, and people, the ecosystem, and 
the environment (Foley et al. 2011; Winqvist et al. 2012). The correlation between 
family farming and organic foods corroborates other literature findings, highlight-
ing how the inclusion of family farming in public policies involved with food secu-
rity is beneficial and might serve as a model for other countries. The PNAE can 
strengthen food systems based on agro- ecology principles and this should be valued 
and referenced (Guerra et al. 2018).

Family farming food production is essential for basic food crops, representing 
83% of the production of cassava, 70% of beans, 58% of milk, and 45% of corn, 
which are strategic for the local economy but do not contribute to increasing biodi-
versity food consumption (Maluf et al. 2015) since the production/extractivism of 
such foods is low when compared with the basic food crops. To overcome this sce-
nario, the Ministry of Social Development and Hunger Control launched the 
National Plan for the Promotion of Socio- Biodiversity Product Chains in 2009, aim-
ing to develop integrated actions for promoting and strengthening biodiversity prod-
uct chains, with added value and consolidation of sustainable markets (Brasil 2017). 
One of its main actions was the development of the Minimum Price Guarantee 
Policy for Socio- Biodiversity under the coordination of the Ministry of Agriculture, 
Livestock and Food Supply, aimed to reduce income oscillations and ensure a mini-
mum remuneration for producers by a direct subsidy, acting as a marker of product 
supply. Between 2009 and 2017, the plan invested 47 million reais (US$12 million) 
in subsidies for extractive producers throughout Brazil.
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Interministerial Ordinance No. 284 (Brasil 2018a) instituted a list of biodiversity 
species, for marketing as fresh or derivate products, in operations conducted by the 
Food Acquisition Program (PAA) and the National School Feeding Program 
(PNAE). This facilitates purchasing food biodiversity, following the specific rules 
of each program. The published list of species is an important guideline for PNAE 
managers who often claim lack of knowledge to justify noncompliance with the 
norm requiring that 30% of the resources passed on to school feeding by the federal 
government be used to purchase family farming products.

The nutritionists often cited lack of knowledge of species and ways of preparing 
biodiversity foods as a crucial factor limiting their offer in the school meals served. 
To fill this gap, the Ministry of Environment published a cookbook named 
Biodiversidade Brasileira: Sabores e Aromas (Brazilian Biodiversity: Flavors and 
Aromas), which presents biodiversity species as ingredients of preparations and can 
significantly assist nutritionists in planning the school menu (de Santiago and 
Coradin 2018). Given this context, training for nutritionists, school food handlers, 
and school feeding managers is fundamental for the introduction and/or improve-
ment of all actors about the importance of buying family farming foodstuffs, as well 
as acquiring organic, agroecological, and biodiversity foods.

Another difficulty reported by nutritionists is access to data on the nutritional 
composition of biodiversity food in traditional nutritional tables, which is another 
obstacle to the dietary calculation of menus. In 2018, the government released a 
digital database called “Biodiversidade & Nutrição” (Biodiversity and Nutrition) 
(Brasil 2018b), with data on the nutritional composition of Brazilian biodiversity 
foods, as well as recipes using these foods as ingredients. Indeed, facilitating the 
access to knowledge about nutritional composition is a strategy to encourage the 
consumption and use of such foods.

5  Conclusion

Although most cities buy foodstuffs from family farming, including regional foods, 
biodiversity and organic foods are still rare in some regions, suggesting a needed 
incentive to increase consuming such foods.

Brazilian ministries and universities jointly conducted institutional actions to fill 
gaps that could represent limitations for using food biodiversity in school meals. 
These actions, implemented by laws, financial subsidies, and the development of 
teaching materials, allow all actors involved with the Feeding Policy and School 
Meals to play their roles in ensuring adequate and healthy food for Brazil’s 41 mil-
lion schoolchildren. Like links in a sustainable chain, providing healthier food and 
preserving the environment are effective ways of guaranteeing the food and nutri-
tional security of this population group.

To strengthen institutional actions, we must carry out interventions aimed at 
improving the knowledge of nutritionists and school feeding managers, the 
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nutritional value of biodiversity species, and the different preparations in which 
these foods can be served to students.
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1  Introduction

“People care about what they know” (Balmford 2002). For this reason, species lit-
eracy, which involves species identification skills, is a pillar of projects engaged in 
biodiversity conservation (Aldhebiani 2018). There is evidence that species knowl-
edge is associated with positive attitudes toward both fauna and flora conservation 
(Hooykaas et al. 2019). Within the biophilia hypothesis of Edward Osborne Wilson, 
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biodiversity teaching projects find a good argument: human beings have an innate 
desire to catalog, understand, and spend time with other forms of life (Wilson 1984). 
However, studies in many countries where biodiversity education has been in place 
for decades (e.g., Finland, Sweden) reveal that people, even when involved in such 
projects, do not always perceive plants well or identify species (Randler 2008; 
Salatino and Buckeridge 2016; Yli-Panula et al. 2018). A probable explanation is 
that as industrialization and urbanization reduce our direct interactions with nature, 
our species’ biophilic potential is redirected toward human artifacts (Balmford 
2002). Technological devices, for example, are seen as reducing interactions 
between humanity and the environment, with the resulting consequence of little or 
no species literacy (Neves et al. 2019).

Some authors argue that technology can be a solution (instead of a problem) in 
biodiversity education projects (Rogers et  al. 2004; Pfeiffer et  al. 2009; March 
2012; Sung et  al. 2016). They understand technology as a means of teaching 
biodiversity-related topics and arousing the interest of generations more engaged 
with technology. One application in education technology is “mobile learning” or 
“M-learning,” a modality of e-learning in which learning occurs through mobile 
devices, such as cell phones or tablets (Pfeiffer et al. 2009). In these cases, mobile 
devices are seen as tools which support the learning process, reducing the gap 
between the real world and classroom experiences, by transporting the information 
used in the room to the outside world and vice versa. M-learning initiatives, such as 
the “Encyclopedia of Life,”1 can involve new audiences outside the scientific 
community and allow them to contemplate the richness, beauty, and relevance of 
biodiversity in our lives (Wilson 2003).

M-learning has proven to be more successful than traditional learning methods 
in producing educational outcomes (Sung et  al. 2016). Some researchers have 
already tested M-learning in the field of biodiversity education. As an example, 
Yvonne Rogers et al. (2004) designed an outdoor learning experience, in the forest 
with teenagers, to encourage contextualized scientific biodiversity research. The 
study confirmed that this type of exploration promotes interpretation and reflection 
and has better results than traditional methods. Technologies involving direct 
interaction between subjects (e.g., Crowdmap, using volunteered geographic 
information) enable construction of complex collaboration networks between 
individuals while simultaneously stimulating connectivity and cooperation 
(Hemingway et al. 2015).

Tools that combine the use of mobile devices with artificial intelligence (AI) can 
also be powerful instruments in biodiversity education. “AI is a branch of computer 
science, and is concerned with construction and deployment of intelligent agents as 
computer programs and with understanding the behavior of these artifacts” (Feldman 
2001, p. 792). AI already has several applications in education, such as adaptive 
platforms (e.g., Khan Academy, Geek, among others), that recognize student 
learning patterns and use them to improve strategies that increase student motivation 

1 See at: https://eol.org/
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and engagement (Gatti 2019). For biodiversity, in addition to engaging young 
audiences with nature, AI apps address practical problems related to biodiversity 
conservation, such as rapidly identifying species menaced by extinction (Kwok 
2019). The data processing potential of AI is crucial in responding to the current 
biodiversity loss crisis, guiding on-time decision-making.

This chapter discusses our development of a web-based app, trained with artifi-
cial intelligence to identify nine unconventional food plants (UFP) in a community 
garden in Northeastern Brazil. During their activities in the garden, participants 
were encouraged to visit a website, choose a plant, take a picture with their mobile 
devices, and submit them for identification to learn more about the species;and then 
to evaluate the classification provided by our model. We named this app NEIDE 
(NEural IDEntifier) in honor of Neide Rigo (also an author in this book), one of the 
Brazilian women who inspired us with her vast knowledge of UFP.2 To build 
NEIDE, we used a convolutional neural network (CNN), an architecture that has 
successfully applied AI in a wide range of image classification tasks (including 
plant image identification), performing in state-of-the-art models, as well as human 
experts. Before presenting the elaboration of NEIDE, we will provide a narrative 
summary of the main ideas that supported our product’s idea. Finally, we will finish 
our chapter by discussing the implications of using innovative products in education 
projects – in both formal and informal learning spaces (e.g., schools, school gardens, 
and community gardens).

2  Why Did We Create NEIDE?

2.1  Biodiversity Decline and Lack of Species Literacy

The current data concerning biodiversity losses are alarming. A recent report by the 
“Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services” (2019) has revealed that biodiversity is declining more rapidly than at any 
other time in history, with the average abundance of native species in most major 
terrestrial habitats dropping by at least 20% since 1900. The report also shows that 
more than 1,000,000 species are currently under threat of extinction. It is unlikely 
that scholars will be able to describe even a small part of our biodiversity before it 
is extinguished. In Brazil, the leading causes of this loss are intensive agricultural 
activity (da Silva 2018) and unsustainable extraction of forest products (Lima et al. 
2012; Nunes et al. 2012; Feitosa et al. 2017). In the Cerrado biome, agricultural 
degradation increases biodiversity loss and food insecurity (Cunha et al. 2008; Lima 
et al. 2012). The Caatinga (after the Atlantic Forest and the Cerrado) is considered 
the third most degraded biome in Brazil, with 80% of its vegetation modified by 
deforestation (Souza et al. 2015).

2 Code and data available at https://github.com/eliasjacob/neide
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The lack of interactions between people and nature is both cause and conse-
quence of this rapid decline in biodiversity (Soga and Gaston 2016): cause, because 
when we interact little with biodiversity, we learn little about it (Hooykaas et al. 
2019), and thus, the greater tendency toward alienation concerning the problem of 
environmental degradation and its consequences (Rozzi 2013), and consequence 
because the reduction of green spaces caused by deforestation reduces people’s 
opportunities to interact with plant, animal, and fungi species and even with other 
human beings (in parks, for instance) (Celis-Diez et al. 2017).

Biodiversity education projects aim to break this harmful cycle. A primary objec-
tive of many initiatives of this nature is to increase species literacy. Species literacy 
involves a broad and deep knowledge about species, starting with identification 
skills (Aldhebiani 2018). Yet, species literacy also involves awareness of species 
diversity (species richness), positioning in the ecological food chain (trophic level), 
natural life environment (habitat), lifecycle knowledge (e.g., insect egg-larva-adult 
metamorphosis), knowledge of origins (whether native, exotic, or cultivated), and 
conservation status (abundant, threatened, or extinct) (Hooykaas et al. 2019).

2.2  The Need for a Better Approach in Biodiversity Education

As already mentioned, even in countries where biodiversity education has been a 
topic for decades, species literacy lacks much. The EU has had legislation on 
biodiversity conservation and education since the 1970s. Yet in the “Attitudes 
Towards Biodiversity” (2013) survey, assessing the population’s knowledge of 
biodiversity, the European Commission interviewed roughly 25,000 citizens over 
the age of 15 across the European Union (EU), and the results revealed that after 
more than 40 years of effort, 44% of Europeans did not even know what the term 
“biodiversity” meant. Three out of ten knew the term, but did not know what it 
meant, and a quarter of the interviewees had never even heard of biodiversity. Other 
research (Bebbington 2005) has demonstrated that even among A-level students in 
biology, the ability to recognize and name common wildflowers, for example, tends 
to be low; the students thought that naming organisms was not an important ability 
and showed little interest in learning identification skills.

Teaching methods are a contributing factor for low engagement in developing 
biodiversity skills. Teachers who coordinate biodiversity projects frequently simply 
reproduce the model they know from their own training yet without contextualizing 
the topic to the student’s reality (Silva 2013). Subjects involving botany, for example, 
are often taught in a mnemonic and annoying way, where the students do not 
recognize applications in their daily lives (da Fonseca and Ramos 2019). 
Consequences for a society that does not recognize its plants are drastic, and thus 
there is an urgent need to break this vicious cycle in science education. Ignorance of 
the importance of trees in rural and urban environments leads a society to stop 
caring about its environment and thus toward destruction of its own ecosystem 
(Salatino and Buckeridge 2016).

E. J. de Menezes Neto et al.
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In a literature review, Navarro-Perez and Tidball (2011) identified inadequate 
communication as a principal obstacle toward achieving biodiversity educational 
outcomes. Textbooks, still considered the primary tool in the teaching and learning 
process, reveals this low capacity to communicate and attract the public. The content 
presented in such materials does little to contribute to a comprehensive understanding 
of biodiversity at either global or local levels, as well as not stimulating a critical 
understanding of nature conservation (de Fonseca 2007). As a result, student 
engagement is low, and despite growing public concern, environmental issues still 
rank below many other problems, such as terrorism, health, economics, and family 
values (Novacek 2008).

2.3  Use of Technology and Innovative Methods

The United Nations recommends development of platforms that allow young people 
to positively connect with biodiversity conservation (United Nations Environment 
Programme 2019). They argue that in biodiversity projects, the use of technology 
may expand young people’s interaction with nature and, consequently, their 
engagement and learning outcomes.

Costa Rica, for example, internationally recognized for its biological diversity, is 
a reference country in promoting educational strategies for biodiversity conservation. 
Jiménez et al. (2017) report that significant progress toward biodiversity conservation 
has been achieved through programs that implement innovative teaching 
methodologies, where technology plays an important role. Virtual learning 
communities, such as the project “Cibercolmenas” (CyberHive, in English), 
promote innovative use of science and technology in the classroom, the field, and 
cyberspace, aiming to generate practical experiences and projects that stimulate 
student learning of biodiversity in both primary and secondary schools (Zamora and 
Calvo 2012). Another innovative way to teach biodiversity is through the use of 
robotics. Ruiz Vicente et al. (2020) developed an application using robotics as a 
teaching tool in a project involving “sustainability,” which presented promising 
educational outcomes and demonstrated how technology is a potentially active 
learning tool. In the context of undergraduate education, the tool “CROPVIEW” 
(Comprehensive Resources for Observing Plants in a Visual Interactive Enhancement 
Window) through interaction and simulation on a website has the potential to 
increase students’ understanding of global foods, production systems, agricultural 
practices, plant biology, geography, and climatology. Evaluating the tool, Lori 
Snyder et al. (2012) argued that “CROPVIEW” used to complement the teaching of 
environmental sciences appears promising.

The use of innovative methodologies in education is not a new topic. In the 
1970s, the behaviorist B. F. Skinner defended what he called “progress in teaching” 
based on the complementary use of mechanical and electrical artifacts. These 
artifacts – called “teaching machines” – contained carefully planned material with 
adaptive characteristics in which the next learning problem would depend on the 
previous answer (Skinner 1972). The constructivist Seymour Papert also defended 
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the computer as a teaching and learning resource. However, differently from 
Skinner, he argued that in place of a computer-aided instruction methodology, the 
learner should be the one to program the computer (Papert 1985). He presented a 
futuristic view of education, believing in the 1980s that we should be taught to 
communicate with computers (via programming language) to transform the way we 
learn. Papert was a pioneer in the field of artificial intelligence in education (AIEd).

In the past 30 years, researchers in this field of knowledge have investigated 
teaching and learning environments along three principal lines of research: (a) 
intelligent tutoring systems, which provide adaptive and individualized instruction 
to the learner (e.g., Duolingo); (b) intelligent support for collaborative learning, 
which supports and enhances group learning processes (e.g., eBird, see below); and 
(c) intelligent virtual reality, which generates 3D environments to make education 
more efficient (e.g., Blippar) (Luckin et al. 2016).

AIEd knowledge has also been explored in biodiversity projects that use human 
and computer learning networks (HCLNs). Such projects leverage networks of 
volunteers who act as intelligent sensors to collect immediate observations. These 
are filtered and improved by AI processes to compose aggregated databases capable 
of providing immediate feedback on the accuracy of the information collected. This 
in turn contributes to the advancement of the observer’s experience, and 
simultaneously, as the quality of the observer data improves, the training data in 
which the AI processes make their decisions also improves. The idea is to have 
robots (by receiving help from a human collaboration network) to perform their 
tasks, to learn, and to become more autonomous. The eBird initiative, for instance, 
is a citizen science project that takes advantage of human observational capacity and 
machine learning methods in a biodiversity conservation and research HCLN 
(Kelling et al. 2013). eBird engages a global network of bird watchers to identify 
birds and report their observations to a centralized database. The eBird database 
content, together with that of other AI-based biodiversity conservation projects, 
provides scientists, students, and amateur naturalists with data concerning species 
distribution and abundance across varying spatial-temporal extensions, raising both 
awareness concerning biodiversity and the potential to increase species literacy.

2.4  The Idea to Create NEIDE

Some of us are part of an open-air laboratory, LabNutrir,3 which provides a com-
munity garden project based at a Brazilian public university. In this space, we 
develop biodiversity education activities focused on unconventional food plants 
(UFP) through guided visits, joint projects, and culinary workshops. Each semester 
we receive up to 500 visitors (primary schools and higher-education students, 
teachers, and nutritionists among others) interested in learning more about our more 
than 50 UFP in the LabNutrir.

3 See further information at http://www.nutrir.com.vc/
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Our primary purpose is for the laboratory to serve as an education space. The 
great majority of the signalization (sign posts) within it identifies plant species, 
which is significant. At the first moment, we fabricated signposts from wood to 
identify the UFP but, due to the exposure to weather (rain and sun), they did not 
lasted. So, wanting to boost our teaching practices with “tech,” we engaged our 
students and visitors using active methods such as M-learning. And thus, inspired 
by the ideas presented in this section and by our practical need, NEIDE was born.

3  How Did We Elaborate a Web-Based App to Identify 
Unconventional Food Plants?

3.1  The Dataset

Our entire dataset consists of 2561 photos of 9 species (Bidens pilosa L., Bixa orel-
lana L., Clitoria ternatea L., Commelina erecta L., Costus spiralis (Jacq.) Roscoe, 
Oxalis regnelli var. triangularis Miq., Peperomia pellucida (L.) Kunth, Plectranthus 
ornatus Codd., and Portulaca oleracea L.), which were split into 2040 (training) 
and 521 (validation) labeled photos.

Initially, we took 997 photos for our training dataset. To avoid overfitting (i.e., 
when a model memorizes a dataset, instead of learning its general characteristics), 
we designed our training dataset to capture as many plant features as possible. We 
took photos on 28 different days to capture the plants’ attributes during their 
lifecycles (i.e., with and without flowers) and under several lighting conditions (i.e., 
cloudy and sunny days, at noon, and sunset) and with different angles and zoom. 
When collecting our data, we tried to simulate (as much as possible) the final users’ 
behavior, making the model results more robust for small differences in pictures 
taken by different people, with varied equipment.

Even though we collected photos with differing characteristics, they were natu-
rally similar to one another. To mitigate this problem and to add more diversity to 
our training dataset, we manually collected and labeled additional 1043 photos from 
various sources on the Internet. We decided not to use the traditional training/valida-
tion random data splits, since this might result in a validation dataset that was artifi-
cially similar to our training dataset and undermine our ability to assess our model 
generalization capabilities accurately. To tackle this issue, we waited 6 months from 
the first collection to create our validation dataset (composed of 521 labeled images). 
We hoped that by waiting (due to seasonality), the general landscape and plants 
would change enough to make our validation dataset substantially different from 
our training dataset.

We conducted all experiments using the fast.ai library (Howard and Gugger 
2020), which provided us with many data augmentation techniques, a critical step 
toward regularizing computer vision models, since simple changes in the images 
can result in poor deep neural network performance (Engstrom et al. 2019). With 
these image transformations, we managed to artificially increase our model’s 
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exposure to differing target representations by applying several affine transformations 
and light changes. The following image transformations were randomly applied to 
our training dataset:

• Horizontal and vertical flipping
• Rotation changes, up to 45 degrees (both to right and left)
• Zoom level changes, up to 1.3x
• Symmetric warping; i.e., tilting the image on all four directions (left, right, top 

and bottom)
• Contrast and brightness changes
• Resizing and cropping only parts of the full image

All image transformations were applied in tandem, with a probability of 80%. 
Afterward, we resized them for each training to fit a square, which was then 
gradually upsampled, allowing our model to capture more information about 
the target.

3.2  Architectures Used and Results

We tested the ResNet (He et al. 2016) and VGG (Simonyan and Zisserman 2015) 
architectures at varying depths. ResNet is arguably the most used architecture, and 
newer models generally present the same basic ideas (residual connections between 
convolutional layers). We decided to use CNNs because they are broadly used for 
flower (Thanh et al. 2016) and plant identification in the natural environment (Sun 
et al. 2017). Bodhwani et al. (2019) have successfully used ResNet to identify plants 
from the LeafSnap dataset, providing a reasonable feasibility baseline.

The models were pre-trained on the ImageNet dataset (Deng et al. 2009), start-
ing with a model already trained for another image classification task and then 
fine- tuning its weights to our desired goal. This approach is called transfer learning, 
and it results in better models with far less data than would be required if we had 
started with randomly initialized weights (Shaha and Pawar 2018). Although 
Mehdipour Ghazi et al. (2017) have used transfer learning between similar datasets 
(from one plant identification task to another), we show that one can apply this 
technique even when the target classification task is intrinsically different from the 
pre-trained model.

Based on previous tests on other datasets, we added an extra batch normalization 
to all models, just before the output layer; this slightly improved their accuracy. We 
also set the learning rate of each parameter group in accordance with the one-cycle 
learning rate policy described by Smith and Topin (2017). This policy leads to what 
they describe as super-convergence, which allows neural networks to train much 
faster than with standard learning rate schedules, boosting the performance in cases 
like ours, where labeled data is limited.

Our best model achieved an accuracy of 96.35%, with an apparent correlation 
(R2  =  0.56) between the model’s capacity (expressed as its number of trainable 
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parameters) and performance, where larger models (in general) achieved better 
results. This is evident when we compare the error rate of the smallest ResNet 
(10.75%) with the largest (3.65%). In Table 1, we present the final error rate for each 
architecture/size.

Despite our good results, we were dissatisfied working with a black-box model 
alone, especially considering our educational goals. This led us to look deeper into 
the model and understand its decisions better. From the work of Selvaraju et al. 
(2020), which uses gradient-weighted class activation mapping (Grad-CAM) to 
create visual explanations for a model’s output, i.e., the gradient of a label to map 
important regions of an image, or what is influencing its final decision. We 
randomly sampled examples from our validation dataset, which enabled us to 
verify that our model (to classify plant images) was correctly targeting flower and 
leaf structures. We present two examples below, where relevant areas are seen as 
brighter spots (Fig. 1).

3.3  Safety Considerations for Model Deployment

Our model is readily available for anyone who visits our website, where anyone can 
submit a sample image for analysis.4 Currently, no machine learning model can 
provide results for a category it is not trained to predict: it will always transform any 
input into one previously known label. In simpler terms, the model cannot say by 
itself “I do not know.” Any implementation must take this into account.

The model’s final layer output (logit scores) consists of an array with one raw 
score for each class. A softmax function converts these scores into numbers between 
zero and one (and which sum to one). This can conveniently be interpreted as the 
probability distribution of potential outcomes for a given input. For the predicted 
result, the model will choose the label with the highest probability. The limitations 

4 See at http://nutrir.com.vc/neide

Table 1 Final error rate for each model architecture, considering the number of trainable 
parameters (better model in bold)

Model architecture/depth Error rate (%) # of trainable parameters

ResNet 18 10.75 11,709,019
ResNet 34 4.60 21,817,179
ResNet 50 8.83 25,619,547
ResNet 152 3.65 60,255,323
VGG 11 8.06 9,758,473
VGG 13 9.79 9,943,369
VGG 16 7.49 15,255,643
VGG 19 7.87 20,567,881
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pose a challenge for the deployment phase, especially for the user interface, which 
needs to account for user out-of-context submissions. As an example, in one case, a 
child took a selfie and submitted it for analysis. A plant label was assigned to 
her photo.

During our beta test, we implemented three measures to mitigate such problems. 
First, we informed users regarding how the model is trained to identify only listed 
species. Second, a threshold level before showing results for final use was selected, 
such that the user interface refrains from showing any results if the maximum 
probability for a given class is below the threshold. Finally, we provided differing 
interpretations for each probability interval, which was easily achieved with color- 
coded results. In this case, we decided to hide results with a p  <  =0.6, display 
progress bars in red (0.6 > p > 0.7), yellow (0.7 > p > 0.85), and green (p > = 0.85), 
and always provide a warning concerning the intrinsic uncertainty of the model. 
This caution is especially important since we are working with food plants, and we 
need to avoid any risk of undesirable consumption.

Fig. 1 Mapping the regions of the image used by AI to identify plants. (a) Grad-CAM visualiza-
tion for C. ternatea, highlighting its leaves and blue flowers. (b) Grad-CAM visualization for P. 
pellucida, highlighting its leaves and inflorescences
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Any final implementation must also possess other security checks, like collecting 
GPS metadata from the photo itself, to ensure it comes from a plant inside the 
garden. Alternatively, if a WiFi connection were available in the garden, the service 
could be rendered inaccessible to those outside of the local network. Such security 
measures may reduce misuse and guide users to understand the tool’s 
limitations better.

4  Educational Implications of NEIDE and Other Innovative 
Methods

All considered, educators seeking to foster species literacy in their own projects will 
value tools like ours since they may stimulate spontaneous and autonomous learning 
concerning plants. If applied in proper pedagogical proposals, people of different 
age groups can benefit from projects using apps like NEIDE, whether individually 
or collectively.

Community and school gardens are environments that create unique opportuni-
ties to increase environmental awareness and biocultural diversity (Vandebroek 
et al. 2020). For this reason, they are also strategic spaces for developing and using 
plant identifiers with pedagogical purposes. We highly recommend that educators 
use tools as trained for in controlled spaces, where they can count on a well-known 
plant inventory. A plant list can increase the educators’ ability to prepare and 
invest their students (and other users) with species literacy. Tech is a tool to facili-
tate the learning process. The educator’s role remains irreplaceable: to foster 
debates, to provide context, and to enhance user’s and students’ capacity toward 
thinking in broader terms, particularly about the presence or absence of UFP 
in local markets.

During the web-based app activities, the user can collaborate to improve the 
model even as the tool allows active information searches. If the tool is used only 
locally, data generated concerning improvement of the model may also foster both 
discussions and the students’ potential to instruct the model. Students can also be 
stimulated to take notes and/or print-screens of the processing results, or of other 
observations made in the field to debate in class. Details in pictures, for example, 
can serve as kick-starters for discussing various science education topics, from 
botany to tech.

In Brazil, biodiversity is one of the themes included in the “National Common 
Curricular Base” (Marconces 2018). One of the main challenges for implementing 
technological innovations in addressing the theme is the scarcity of physical 
resources and qualified personnel in schools. According to data from PISA, the 
“Program for International Student Assessment,” Brazilian schools average 22.1 
students per computer. The country is second only to Turkey and Tunisia, 
respectively, with 44.9 and 53.1, and is well behind the average of the countries in 
the “Organization for Economic Cooperation and Development” (OECD 2015), 
which is 4.7. The same report has demonstrated that one in four Brazilian teachers 
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reports needing professional training in information technology to improve their 
teaching skills. Finally, data from the 2018 “Brazilian School Census” reveal that 
only 44% of schools possess a science laboratory (Instituto Nacional de Estudos e 
Pesquisas Educacionais Anísio Teixeira 2019), an essential space for 
experimentation, hypothesis testing, and consolidation of ideas (Krasilchik 2008; 
Alexander and Mar 2017). Our proposal, which uses mobile devices and community 
gardens, may thus be adequate for the country’s scenario. The problem regarding 
teachers’ low capacity to deal with information technology can be addressed 
through multiprofessional initiatives, involving support of extension projects from 
the university.

5  Final Considerations

In this chapter, we argued that using technology and innovative methods may pro-
vide a better approach to biodiversity education. We also revealed a practical how-to 
example of developing a web-based app with AI to identify UFP, which may be 
useful to guide those supporting biodiversity projects in education. We have also 
demonstrated that there is no need for large datasets when training deep CNNs. This 
is due to the ease with which one can apply completely unrelated classification tasks 
through transfer learning.

The use of NEIDE, or another similar tool, may open opportunities to build 
knowledge, not just in biodiversity but also in AI.  We believe that even data 
collection (the most involved arduous step) can become part of the educational 
activities, where participants engage with the environment to better understand how 
computers themselves learn. Educating people to comprehend the basics in AI will 
also increase the likelihood of a more diversified societal debate – including diverse 
gender, social class, and ethnicity. As in biology, diversity in AI will be critical to 
building a more comprehensive portrait of our plants (including the neglected ones), 
animals, landscapes, ethnicities, and cultural diversity.
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1  Introduction

The global agenda for sustainable development (emphasizing the United Nations 
Agenda for 2030, UN 2017) points to the need for investment in training of 
professionals ready in their practice to recognize and address the impacts of food 
systems1 (Jacob and Araújo 2019). Among such professionals, the nutritionist 
stands out, since his practice (the task of thinking about diet) integrates relevant 
aspects of human and environmental health (Lang and Barling 2013). In view of 

1 Food systems deal with all actors and their interrelated activities in “production, aggregation, 
processing, distribution, consumption, and disposal of food.” They consist of several subsystems, 
such as agriculture and food supply, and, with the multiplicity of participants and dimensions 
involved in the systems, have impacts on the social, economic, and environmental scales on a 
global scale (FAO 2013).
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this, by working toward sustainable diets, the nutritionist might lead in the 
construction of sustainable food systems. According to the Food and Agriculture 
Organization of the United Nations (FAO), sustainable diets present low 
environmental impact: they contribute to a healthy life for present and future 
generations, are protective and respectful of biodiversity and ecosystems, are 
culturally acceptable and accessible, are economically fair and accessible, are 
nutritionally adequate and safe, and optimize natural resources (Burlingame and 
Dernini 2012).

In addition to that, if on one hand, excessive fragmentation of knowledge in 
nutritionist training, in most cases, favors an approach focused only on nutrients 
(Azevedo and Rigon 2016), neglecting social, environmental, and economic 
contexts, on the other hand, it has also presented a slow evolution toward 
incorporation (into curricular structures) of new concepts and questions 
concerning sustainable development. The official Brazilian document in force for 
higher education in Nutrition dates back to 2001 and when dealing with the 
contents to be covered during training explains environmental themes only once, 
as part of understanding “ecological” determinants (Brasil 2001).

However, the 2013 “Consensus document concerning skills and competency of 
nutritionists in the field of public health,” being relevant to the entire field, 
incorporates the dimensions of sustainability and biodiversity, as being based on 
four professional competencies that must be contained in training courses, being 
intrinsic to delineation of the new professional:

 1. Identify and value aspects related to sustainability and food consumption and 
incorporate them into Food and Nutrition Education practices;

 2. Promotion of a sustainable food supply;
 3. Identify and analyze the relationship between behavior, eating habits, culture, 

territoriality, sustainability, and food diversity.
 4. Promotion of water quality in the context of the Human Right to Adequate Food. 

(Recine and Mortoza 2013)

It is with this formative concern that the Community Garden/Horta (LabNutrir) 
emerges, seeking to incorporate and strengthen the topic of sustainability in 
nutrition training. The vegetable garden laboratory brings an agroecological 
perspective to growing food, of teaching, and of research and extension aimed at 
learning about food and nutrition with a focus on the biodiversity of unconventional 
food plants (UFP). The applied methodology is garden-based learning (GBL), 
which uses vegetable gardens as teaching tools (Desmond et al. 2004).

In this chapter, we will present the experience at LabNutrir to exemplify  
how UFP can be approached based on GBL as we share instruments and ideas  
we developed with our students. Also, we will explore the perception of  
Nutrition students with respect to the potential knowledge, skills, and attitudes  
that they observe and experienced in GBL strategy considering their living in 
LabNutrir.
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2  Materials and Methods

This study is qualitative and describes the GBL method, analyzing the effects of 
teaching nutrition with plants; and we will use the case study approach 
(Creswell 2014).

In this case, we intended to evaluate the learning process at LabNutrir with the 
starting question: how can teaching and learning of sustainability and biodiversity 
be developed though the GBL method? This starting point is the motivation for us 
to present the outcomes of using UFP as a learning and teaching tool with 
undergraduate students of Nutrition and their perspectives concerning knowledge, 
abilities, and attitudes developed in LabNutrir. It should be noted that the authors 
are members of the study site/locale, which is why the text takes the form of an 
experience report. The data were obtained through two combinations:

 1. Collection and examination of data sheets produced during 2019, on the eight 
non-conventional food plants studied, being available on the Project website.2 
These data sheets systematize information concerning the UFP – scientific name 
of the plant, photography, vernacular names, origin, occurrence biome, food 
uses, indicators of nutritional composition (macronutrients, micronutrients, and 
bioactive compounds), and references. In this way, we choose this tool to 
systematize UFP information based on the idea that it materializes the 
transdisciplinary approach applied through GBL method, as the students 
involved in this data collection have to connect production and consumption of 
the species thought ethnobotanical interviews and research, and thus it supports 
for the education development in food and nutrition, focused especially on 
biodiversity during the conception of it, and the product is a tool of easy, 
accessible, and democratic scientific dissemination.

 2. Semi-structured interviews carried out with four students by telephone. In 2019, 
of the ten students directly involved in the project, four had joined this year. 
Thus, it was decided to choose these students to assess the potential of GBL 
method in a short period of time in comparison to other students of the project. 
The interviews were conducted in late 2019 by telephone. The conversations 
were recorded, and their content was transcribed. A floating reading allowed 
first contact and organization of the material. Students’ speeches will be used in 
both sessions, firstly, as basis to emphasize benefits from the GBL method. For 
categorical aggregation in the three items of capacity building (knowledge, 
skills and attitudes), we opted for direct interpretation of students’ responses 
(Creswell 2014).

Conceptually, competencies are structured cognition modalities, that is, they 
refer to the relationships between people, objects, situations, and phenomena that 
one desires to understand. Skills, on the other hand, stem from the competencies 
acquired by the individual and refer to immediate “know-how.” Thus, through 

2 See at www.nutrir.com.vc/blog/biodiversidade/
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actions and operations, skills improve and articulate themselves, aiming at a new 
(re)organization of competences (Brasil 2000). Strictly speaking, capacity building 
is not carried out in isolation. For the future professional, thinking, doing, living, 
and being are intrinsically linked to competencies and skills development. Thus, in 
each answer from the academics, all from the nutrition course, we obtain an example 
necessary for construction of categories of analysis with respect to the development 
of knowledge, skills, and attitudes.

Thus, it is of extreme importance to say that it is not possible to “teach” compe-
tencies. According to Perrenoud (2008), from the perspective of the subject of edu-
cation, instead of a “teaching” process, there is a mobilization of his mind from 
resources, skills, and knowledge with the starting point of any demand (i.e., needs 
and new or unforeseen situations). Thereby, capacity building emphasizes the peda-
gogical method and the learning situation, overcoming the false theory-practice 
dichotomy.

3  The GBL Proposal as Developed in LabNutrir

The Community Garden-Based Laboratory (GBL) (LabNutrir) is located on the 
central campus of the Federal University of Rio Grande do Norte, in the city of 
Natal, Northeastern Brazil. Natal is the capital of Rio Grande do Norte and has the 
largest population in the state, with more than 800,000 inhabitants.

LabNutrir covers an area of 1200 m2 divided into different growing beds, scat-
tered plantings, an orchard, a pollinator garden, compost space, seedling nursery, 
bee houses, two circular areas for group conversations, and a space for tool storage. 
In accordance with agro-ecological practices, no chemical-based fertilizers or 
pesticides are used. We have more than 131 edible plant species in LabNutrir,3 
distributed over 55 different botanical families; half of them are UFP.

Opened in November 2017 as the Community Nutrition Garden (HCN, in 
Portuguese), as a result of the need to incorporate local biodiversity into the 
curriculum, it was institutionalized in April 2019 as a laboratory of the Department 
of Nutrition of the Federal University of Rio Grande do Norte (UFRN) (Fig. 1).

Institutionalization of the first open-air laboratory in Brazil guaranteed the main-
tenance of the space, greater fundraising, and autonomy, with recognition of the 
legitimacy of the garden as a structure of excellence in teaching and learning, within 
a perspective that links biodiversity to nutritionist training in both content and skills.

Thus, an approach was sought that dealt with differing fields of knowledge in a 
transversal way, an active and transdisciplinary methodology where students are 
invited to deal critically and reflectively with the problems and solutions involved in 
the themes worked experientially, from the physical space, and in management of a 
vegetable garden (Desmond et al. 2004; Jacob 2020).

3 Check our inventarium at http://nutrir.com.vc/horta/Completo.pdf
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Thus, to put the GBL method into practice, the creators of the then HCN sought 
a theme (to guide their pedagogy) that reconciled the integration of curricular 
components of different teaching departments at UFRN: Agronomy, Botany, 
Ecology, and Nutrition. In this way, we came to the topic of UFP, the main axis of 
the GBL method. UFP are characterized as edible plants, exotic or native, which 
are often hard to identify or inaccessible to a certain population to buy. Their 
definition varies in time and space, depending on whether these plants are part of 
the usual diet of a given community, and thus, it offers the potential to contribute 
with food and nutrition security, health, generation of income, and ecological 
integrity (Jacob 2020).

At LabNutrir, planning each semester, the UFP that will be studied in the follow-
ing term are selected in a wide debate involving the Garden/Horta members. In 
2019, the laboratory-garden had 5 teachers, 3 assistants, 10 student monitors, and 
20–30 volunteers, including students from various courses at UFRN and residents 
of the metropolitan region of Natal-RN.

Fig. 1 The LabNutrir physical space. (Source: LabNutrir)
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The following sections present our results and discussions. We start presenting 
the result of a data collection instrument developed at LabNutrir to study the UFP 
during the year of 2019 among our students, as a training strategy for the promotion 
of environmental sustainability based on the valorization of local biodiversity. In 
the next section, we explore the perceptions of impacts on the teaching and learning 
process based on the potential of acquisition of knowledge, skills, and attitudes 
involved in the GBL method with their experience in the garden lab.

4  Unconventional Food Plants: An Axis in Education 
to Promote Biodiversity and Sustainable Diets

It is known that Brazil as a country presents the greatest biological diversity in the 
world; its flora represents more than 20% of the total species existent on the planet 
(Martinelli and Moraes 2013). However, loss of food biodiversity is a global reality 
and affects large reservoirs of biological diversity on the planet, noting that more 
than half of the energy currently consumed globally comes from only four crops: 
rice, potatoes, wheat, and corn (FAO 2010).

In this panorama, there is a huge amount of edible plants’ species underexploited, 
and thus they are classified as unconventional. Even so, their use in traditional com-
munities is rescued, thinking cultural heritage and local ethnoculinary are distant 
from and less influenced by the urban globalization process. Also, these plants are 
of great ecological and economic importance to local communities (Kinupp and De 
Barros 2008; Kinupp and Lorenzi 2014; UN 2017). To this matter, UFP are a 
medium for several lines of study, including Ethnobotany, Agroecology, Biodiversity, 
Sustainability, and Nutrition.

UFP can well function as a tool for multidisciplinary studies with biocultural 
perspectives. They fit in as plants which strengthen food biodiversity, being 
essential for construction of sustainable diets. The sustainable diet has been 
characterized according to Willett et al. (2019) and Forouhi and Unwin (2019), as 
one based on plant diversity and, occasionally, moderate amounts of animal 
protein. To fill gaps involving (1) accessibility of data on food biodiversity, (2) 
lack of data on culinary use in ethnobotanical studies, and (3) lack of data on 
nutritional composition, Jacob and Albuquerque (2020) reveal the need for this 
perspective.

Elaboration of sustainable menus or diets by nutritional professionals has been 
limited, this considering that the principal tools involving nutritional assessment do 
not consider culture and, for the most part, do not contain data that relate biodiversity 
between species and subspecies (Fao 2017; Jacob and Albuquerque 2020).

LabNutrir seeks to overcome these limitations with the implementation of activi-
ties for the development of UFP. The data sheets serve as instruments of scientific 
dissemination that allow simultaneous analysis of the plants, the people, and their 
diets, in addition to corroborating the dialogue between nature and food plant cul-
ture. The instrument assists in design activities involving Food and Nutrition 
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Education within the community, whether in practical classes, culinary workshops, 
or agricultural management (Etkin 2006; Tumilowicz et al. 2016; Jacob 2020).

For this, the data sheets were developed: for compiling data related to food bio-
diversity, assisting in the propagation of their content, and bringing knowledge of 
the nutritional and cultural nature of the plants. They serve as training instruments 
for nutrition professionals and contribute to an education that overcomes the barriers 
of nutritionism.4

Each semester, four UFP are chosen for research among students, project team, 
and community. Favorable conditions for plant development, functionality for 
recipes, and seasonality are considered when choosing which UFP to work with. 
The variables selected for collection are representative photos of the species, popular 
names and uses, morphological characteristics, origin, ecology of the species, 
propagation and cultivation, food uses, nutritional information, toxicity, and a 
recipe, once they are the main gaps for access and recognition of these species by 
the population. This activity is associated as main research of the four curricular 
components associated with LabNutrir: Socio-anthropological Aspects of Human 
Food, Food and Nutrition Education, Principles of Agroecology, and Sustainable 
Food Systems. In this way, students of this component carry out research in scientific 
databases, by culinary practice and through ethnobotanical surveys carried out with 
the local population.

After their collection and interviews, the information is compiled and edited by 
student monitors linked to the project, who structures the final product of the data 
sheets. The teachers perform a review of the material, possibly indicating more 
in-depth searches and aligning the information. Finally, the sheets are made available 
in the Project website,5 as a tool for scientific dissemination of easy access. This 
workflow of how the data sheets are made is being represented in Fig. 2.

By 2019, 131 species of plants were identified in the garden space, where 64 
were characterized as unconventional and/or medicinal and 35 as native, such as 
Jurubeba (Solanum paniculatum L.), Cariru (Talinum triangulare (Jacq.) Willd.), 
Taioba (Xanthosoma taioba E.G.  Gonç), and Couvinha (Porophyllum ruderale 
(Jacq.) Cass), among others. In 2019, eight species plants were cataloged. Table 1 
presents the data for scientific name, origin, distribution/occurrence, and food uses 
of the eight plants cataloged by LabNutrir in 2019, represented in Fig. 3.

With the aim of demonstrating education outcomes specially related to sustain-
able food systems, food biodiversity, and food and nutrition education achieved 
through the elaboration of UFP data sheets, we have made explicit here some 
speeches from students included in the project that denote in a clear way how this 
process is operationalized in practice.

To begin, the following sentence of Student 2 “I’ve learned about UFP and non 
UFP, discovered that there are specific ways to photograph plants, about plants’ 

4 Refers to ideological discourses employed by food industry, based on nutrition dietary rationality 
that reduces the dimensions of food, disconnecting the act of eating of food, diet, environment, and 
the world (Scrinis 2008).
5 UFP data sheets are available at http://nutrir.com.vc/blog/biodiversidade/
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families (…)” illustrates the importance of this notion. In this way, it is possible to 
infer that the recognition of plants’ family and common characteristics between 
species, such as the photography that allows distinguishing details, facilitates, for 
instance, the comprehension of similar preparation techniques among those species 
of the same family.

Moreover, when it comes to plants, it is commonplace that there are confusions 
in the moment of recognition of species, particularly with popular names. With that 
in mind, acquiring the knowledge about origin, place of occurrence, and scientific 
name of species helps the understanding about food utilization and proper handling. 
To this matter, Student 1 says that “I did not have notion about the amount of food 
available in an easy, economic and biodiverse way,” which can be related with Food 
Uses column of Table 1. This statement exposes a gap around preparation techniques 
and uses of UFP, once the student reveals that his experience in LabNutrir promoted 
an amplification of his food perspective and thus made it possible to see new 
possibilities of preparation and consumption of plants that can enrich local market 
and contributes with healthier and sustainable food habits, since they encompass 
biodiversity through UFP.

Furthermore, experiential education obtained through the process of making 
UFP data sheets, illustrated by Fig.  1 (flowchart), allows us to recognize 
LabNutrir’s importance of broadening the comprehension of Nutrition as social-
environmental science, once the inclusion of outcomes from the promotion of 
ethnobotanical surveys with locals brings up the biocultural commonly neglected 
in this field of knowledge. In this case, food biodiversity comprehension requires 

Fig. 2 Workflow for UFP data sheets. (Source: Authors)
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the understanding that plant species are incorporated via appropriation of uses and 
customs attributed to historical moments that transmits the culture of traditional 
communities and people. This idea is reflected by Student 3:

Inside the Garden you are able to see food as a whole, from his genesis to end (...), the 
principal is related to Food Biodiversity, which is very well placed in practice (...), both 
inside the gardens’ discourse and in task force with community, such as in curricular 
components associated with it (…), it is also exercised the thing about contact with the 
earth. I used to see Nutrition in a more closed way.

Table 1 Data from the UFP studied at the Garden/Horta Comunitária Nutrir (HCN) Laboratory 
in 2019. Natal-RN, Brazil

Scientific name Origin Distribution/occurrence Food uses

Moringa 
oleifera 
Lamarck

India Africa, Central America, South 
America, Sri Lanka, India, Mexico, 
Malaysia, and the Philippines

Flowers and leaves, 
raw or cooked. 
Fruits, cooked

Eugenia 
pyriformis 
Cambess

Brazil Cerrado and Atlantic Forest Fruits and leaves, 
raw or cooked

Cyperus 
rotundus L.

Brazil Wide distribution in temperate 
tropical and subtropical climate. 
Cerrado, Amazon, Atlantic Forest, 
and Caatinga

Rhizome, raw, 
cooked, or roasted

Momordica 
charantia 
L. “Goya”

East India and 
South China

All regions of Brazil Fruits, blanched, 
brine, preserved, 
fried, or cooked. 
Raw flowers and 
leaves

Acmella 
oleracea (L.) 
R. K. Jansen

India or South 
Americaa

Tropical regions close to the 
Equator in Africa, Asia, and South 
America Atlantic Forest and 
Amazon

Branches, leaves, 
and flowers, raw, 
cooked, sautéed, or 
roasted

Clitoria 
ternatea L.

Indonesia, with 
reports in Asia, 
South America, 
and the Caribbeana

All tropical areas of the globe. 
America, Asia, and Australia

Flowers, raw. Pods 
and leaves, cooked

Coccinia 
grandis (L.) 
Voigt

East Africa Tropical areas India, Philippines, 
Cambodia, China, Indonesia, 
Malaysia, Myanmar, Thailand, 
Vietnam, eastern Papua New 
Guinea, Australia, and the 
Americas

Cooked fruits, 
leaves and stem

Oxalis regnellii South America Tropical zones of South America Leaves, stem, 
flowers and bulbs, 
raw or cooked and 
bleached

Source: Authors
aPossibly originating from these locations, as there is no consensus in the literature on this 
information. The most recurring locations are listed as being origins
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That speech justifies that education with plants inside Nutrition Science widens 
up closed visions to sustainability, biodiversity, and soil care. In this manner, from 
the point of view of Nutrition formation, the data from Table  1 represents the 
culmination of an experiential learning process with studied plants and, to that 
point, points out proper attention by students to an integrated sight between food 
and ethnobotanical dimensions, which can be strategic to fight against nutritionism 
ideology.

Also, there is to say that LabNutrir is the first open sky laboratory in Brazil, and 
it enlightens a unique perspective for those who are involved with it. In this way, this 
aspect can be measured by Student 4’s: “I believe that all of us from Nutrition had 
to pass by the Garden because it is an experience that they would not have in a 
conventional lab. There are primordial knowledge that can only me acquired with 
this method.”

Fig. 3 UFP studied in 2019. (Source: LabNutrir collection)

J. Y. M. De Araujo et al.
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Thereby, LabNutrir promotes necessary dialogue between Nutrition, 
Ethnobiology, and Anthropology with the elaboration of UFP data sheets. Besides 
that, it enables the improvement and reformulation of food assessment tools, 
complement studies in Ethnobiology and compiles data for inclusion of these plants 
in food and nutritional security within the local economy and biodiversity 
conservation (Reyes-García et al. 2019; Kasper-Pakosz et al. 2016; O’Neill et al. 
2017). However, there are still limitations. Food composition data reveals significant 
differences related to agroecological zone, management techniques, soils, 
seasonality, and genetic diversity (Hunter et al. 2019).

On top of that, the data sheets encourage nutritional composition studies with 
these plants and combat harmful notions attributed to the condition of resistance 
and spontaneity of such plants, such as “scrubs”, or weeds or even “famine foods.” 
The data sheets also prioritize the spread of knowledge of the plant’s nutritional 
character in a reliable manner (Jacob and Albuquerque 2020; do Nascimento 
et al. 2012).

The negative denotation “famine foods” refers to the memory of hunger and/or 
extreme poverty, in which ethnoculinary resources were essential to enable 
consumption of wild species during drought; this was revealed in research carried 
out on Pereskia aculeata, known as “the poor people’s meat” in northeastern 
Brazil.6 Thus, culinary use is analyzed and compiled to enable an understanding of 
what are the difficulties and practical potentials of working with the species (do 
Nascimento et  al. 2012). However, over time, the practices of collecting and 
preparing these foods have fallen into disuse, in a scenario of privilege given to the 
ultra-processed fruits of the industry lobby and UFP consumption associated only 
to the memory of hunger (Lang and Barling 2013).

To overcome the negative meaning of “famine foods” and to value plants from 
the local biome, LabNutrir’s GBL method, by linking curricular components to the 
production and dissemination of UFP data sheets, brings these subjects closer to the 
student, in an effective theory-practice relationship based on the singular work 
involving each component and its problematization set.

In this scenario, the focus of working with plants develops contextualized learn-
ing, in which theoretical contents are experienced (agroecological management, 
botanical classification of plants, seasonality and plant development, methods of 
culinary elaboration of plant parts) and finally systematized (scientific name, origin, 
distribution and occurrence, nutritional information, and food uses).

In effect, the data sheets become instruments for scientific dissemination and 
support and development of educational activities in the community in free classes, 
cooking workshops and agricultural management (Jacob 2020).

We suggest that the active GBL methodology applied in LabNutrir is a positive 
strategy for incorporating knowledge of ethnobotany as a pillar of Nutrition, which, 
in addition to being biological, is socio-environmental. In turn, the GBL methodology 
mitigates botanical blindness (the inability to perceive plants in the environment) 

6 For the data P. aculeata, see in http://nutrir.com.vc/horta/Ficha_Pereskia.pdf
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(Salatino and Buckeridge 2016). Rediscovered and valued plants become new 
references for the promotion of biodiversity and sustainable diets, a reconciliation 
between nature and culture.

5  An Answer for the Future: GBL for Professional Training 
of Nutritionists

Reformulation of Nutrition curricular structures in Brazil, contemplating the com-
plexities of knowledge and practices of SFS, is much needed. In view of the win-
dow found in interdisciplinary and interprofessional training of Nutrition 
professionals in knowledge, skills, and attitudes for the development of SFS, Jacob 
and Araújo (2019) proposed summarizing the conclusions of Brazilian experts 
concerning gaps in nutrition education and outlined aspects that limit the 
professional’s performance, formalizing desires not yet addressed in the curricular 
structures of most courses. Among the recommendations for the proposed training 
paradigm, attention has been drawn to “pedagogical gardens structured as 
laboratories.” It is in this sense that LabNutrir is placed. Recognizing the urgency 
of implementing a holistic approach to food, its practical scenario aims to 
strengthen the topic of biodiversity in Nutrition training (Jacob 2020).

Table 2 presents a systematization of the students’ responses. We prioritized 
those promoting dialogue both for sustainable food systems and for food 
biodiversity.

These fragments from students’ interviews are reflections and potential positive 
outcome indicators for the implementation of GBL method supporting capacity 
building toward sustainable food aystems.

Applying the lens of capacity building in education with respect to the demands 
of global agendas for achievement of Sustainable Development Goals, authors have 
been presenting capacity building as a critical point in training systematization. 
Capacity building refers to the process in which individuals strengthen and maintain 
the attitudes, skills, and knowledge needed to develop their goals over time (Baillie 
et al. 2009; Delisle et al. 2017).

The cognitive structure for knowing or for “learning to know” refers to the 
domain of knowledge acquisition instruments, whose foundation is the pleasure of 
understanding (Delors 2013).

As an example of that, Student 4 sayings allowed us to infer that “Composting” 
is a content of knowledge developed in our laboratory garden. In 2019, as part of the 
training activities, a course was being held in which one of the modules involved the 
proper environmental management of organic waste, with a focus on composting. 
The process was conducted by professors from UFRN, specialists in soil management 
and conservation, and included implementation of composting in our vegetable 
garden. In the words of our student, the “most sensational” experience refers to the 
“use of the composter.”

J. Y. M. De Araujo et al.
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These excerpts suggest the importance of the strategy, using gardens as a teach-
ing method for acquisition of practical knowledge. Perhaps, the concrete experience 
mediated by the vegetable garden is the motivation necessary to learn a given 
subject, situation, or phenomenon with pleasure. A pleasurable form of learning, in 
addition to memorization, is situated as contextualized and meaningful learning, 
taken home from the institutional garden, as revealed by Student 4 above.

The construction of meaningful knowledge, through concrete experiences, 
echoes in the reports of students from another project, previous to ours, and very 
close to our ideals, the Garden/Horta of the Faculty of Public Health (FSP) of the 
University of São Paulo (USP):

After my participation in the project, I became even more concerned with the issue of the 
environment, with the reuse of organic waste, building a compost bin at home, and helping 
with the maintenance and care of plants

It was in the vegetable garden that I learned what a composter is, and an earthworm, and 
the importance of both in preserving the environment, mainly related to the issue of 
accumulating garbage (Higino et al. 2018, p. 27–9)

Table 2 Mastery of skills for the interviewed students

Capacity building Fragments of interest

Knowledge
Composting
Sustainable diets 
and/or menus

“I understand the impact in relation to waste that would be dumped in 
nature and the importance of composting.” (Student 4)
“I think that for me the [experience] that was most sensational, and I was 
very interested in learning is the use of the composter. So much that we 
had there in the garden, that we always did the ‘turning’ and using leftover 
food from the laboratory and from home as well.” (Student 4)
“I learned what UFP is. [...] benefits and methods of preparation. I would 
never imagine that a certain plant, like purslane - [Portulaca oleracea], 
could make a souffle” (Student 2)

Skills
Identify plants, 
develop sustainable 
diets and menus 
with UFP

“I discovered that there are specific ways to take pictures of plants”; “Now 
I know how to pass on the street and identify” (Student 2)

Attitudes
Awareness of food 
biodiversity

“There are seedlings here at home that I brought from the garden, purslane 
[P. oleracea] and ora-pro-nobis [Pereskia aculeata], I [...] have it here at 
home and always use it in my food [...]” (Student 4)
“Now I see that places in disuse can become urban gardens.” (STUDENT 
1)
“Close to my house, I see that many people take out the chananas [Turnera 
subulata], today I even asked them not to start. Whenever I can and I see 
people destroying for lack of knowledge, I [...] try to talk and talk a little 
more about them.” (Student 2)
“[The vegetable garden] mainly changed the way I looked at the plants. 
Before, I just looked at the color, [...] fruit. I see today with different eyes, 
I observe more specific details. I have a new view on plants [...] now it is 
mainly the role of the nutritionist to instruct on [UFP] [...]. It is a 
differential for nutritionists who know and those who do not know the 
project.” (Student 2)

Source: Authors
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The history of the FSP/USP Garden/Horta begins in 2014. As a teaching labora-
tory, it aims to be a space for observation, research, and teaching with the conviction 
that production and consumption of food from the garden contributes to healthy 
eating practices, promotes interaction with the environment, and encourages inter-
disciplinary studies (Higino et al. p.8).

The two Brazilian vegetable garden/laboratories present other similarities, such 
as acquisition of knowledge concerning UFP:

There was a UFP tasting, like Peixinho tea and mint leaves, it was very tasty. It was also 
really cool to be able to plant seedlings, have this contact with the land, and all of this is part 
of our involvement with food, isn’t it? (Higino et al. 2018, p. 21)

In the previous section of this chapter, if our case study presented and discussed 
the relevance of lessons learned from data sheets, in which the UFP are studied in 
the biome in which they are located, for sustainable and socio-environmental 
nutrition, then the responses of project students provide evidence for the importance 
of rediscovering and valuing plants, making them new references for promotion of 
biodiversity and sustainable diets: “[...] I learned that [...] that we can insert UFP at 
times with more benefits than traditional [food]. Now I know that UFP open up a 
new range of options in the form of consumption” (Student 1, from LabNutrir).

In the wake of these experiences sharing an expanded proposal for a laboratory 
garden, a stage for contextualized learning, we are able to argue in favor of building 
skills and abilities for the nutritionist to act in the pursuit of sustainable food 
systems (SFS).

But, how does learning about composting relate to SFS? Our student replies: 
“Today, I understand how food can impact sustainable development, from when we 
produce, to when we will discard” (Student 1). Learning about composting makes it 
possible to concretize the notion of complexity in food systems, where care for each 
constituent element (environment, people, inputs, processes, infrastructure, 
institutions, markets, and commerce) is fundamental for the balance of the whole of 
its related activities (production, processing, distribution, and consumption of food) 
and the results of these activities (including social, economic, and environmental 
results).

Boff (2012, p.153) teaches us that one does not learn inside classrooms or closed 
into laboratory libraries, or even on Internet search sites. Students “must be led to 
experience nature, to discover biodiversity, to learn about the history of these 
landscapes [...] it is a plunge into the real world, to find Mother Earth.”

The experience of learning mediated by mother nature “alive” in vegetable gar-
dens reveals that in the immediate plain of “know-how,” the acquisition and 
improvement of skills (identifying plants, preparing diets, and sustainable menus 
with UFP) are renewed in capacity building, necessary to become a professional 
capable of working in sustainable food systems.

Worldwide, other experiences have demonstrated the formative importance of 
this change toward sustainability of the food system.

At Appalachian State University, in the North Carolina, USA, university students 
from the Nutrition and Dietetics course (n = 12) participated in a program providing 
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practical learning and service opportunities in vegetable gardens. The results relate, 
among the main benefits, greater vegetable intake, local food purchasing, and an 
increase in vegetable literacy (Gartman et al. 2016).

At the Sunshine Coast University, Queensland, Australia, a study with eight stu-
dents from the Nutrition and Dietetics course in the universe surveyed (n = 14), 
revealed that, of the motivations of these university students to remain in volunteer 
work at the university community vegetable garden, the most common factor was 
the desire to learn and gain knowledge, particularly in themes related to vegetable 
gardens, sustainability, and healthy eating (Anderson et al. 2018).

Certainly the most powerful initiative is in Canada. The traditional University of 
British Columbia (UBC) has enjoyed the UBC Food System Project (UBCFSP) 
since 2001, with a series of courses at various levels of training, whose teaching- 
applied learning initiative aims to promote knowledge, skills, and experience in 
students so that they can serve as agents of change, as community leaders and as 
responsible global citizens. Despite its short time in existence, we can say that 
LabNutrir’s experience also seeks to “offer students opportunities for applied 
learning, research, and professional development, to bring a positive impact to 
ecological and human health” (UBCFSP 2020).

The importance of the work articulated, between the dimensions of knowledge 
and doing, in capacity building for Sustainable and Socio-Environmental Nutrition, 
is realized. This is made possible by the fact that the GBL learning method 
transcends formal teaching and takes place through a unique experience in which 
the construction of knowledge and the development of skills are linked in a 
contextualized way, which is fundamental to the pursuit of Sustainable 
Development Goals/SDGs, leaving the rhetorical plane and facing in the garden, a 
starting point for problems of a transdisciplinary nature, and stimulating new 
learning paths.

As to development of attitudes and thoughts linked to ways of acting, feeling, 
and positioning oneself in relation to tasks in social life, the responses obtained 
suggest a certain degree of internalization of the concepts, behaviors, and facts, 
derived from the pedagogical experiences in the LabNutrir vegetable garden.

[The vegetable garden] mainly changed the way I look at plants. Before I just looked at the 
color, the fruit. I see today with different eyes, I observe more specific details. I have a new 
view on plants [...] now it is mainly the role of the nutritionist to teach on [UFP]. [...]. You 
can take your knowledge about UFP with you. It is a differential between nutritionists who 
know and those who do not know the project. (Student 2)

The professional training that acts for the transition of SFS necessarily passes 
through an awareness of food biodiversity (Table 2). As “learning to be,” it becomes 
part of the person’s total development – spirit and body, intelligence, sensitivity, 
aesthetic sense, personal responsibility, and spirituality (Delors 2013).

An inseparable development in the cognitive and “knowing how to do” dimen-
sions, by changing “my worldview” (Student 1), can change the local context: 
“Now I see that places in disuse can become urban gardens.” (Student 1); “Near 
my house, I see that many people remove the chananas [T. subulata], today I even 
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asked them not to. Whenever I can and I see people destroying... for lack of knowl-
edge, I [...] try to talk and say a little more about them.” (Student 2).

Biodiversity becomes an incorporated attitude. Learning that promotes decon-
gestion of botanical blindness. It is discovery that leads to attitudes supported by 
an awareness of food biodiversity: “There are seedlings here at home that I 
brought from the garden, purslane [P. oleracea] and ora-pro-nobis [P. aculeata], 
I [...] have it here at home and I always use it in my food [...]” (Student 4).

Although the number of students is not significant when considering the uni-
verse of Nutrition students at UFRN, it should be noted that all attended the proj-
ect for 1 year. The results show that teaching and learning experiences focused on 
plants promote capacity building in food biodiversity. GBL is an answer that deals 
with the questions of the present and, in passing, strengthens bridges of the future 
for sustainable environments and food systems.

6  Final Considerations

The pedagogical method employed by LabNutrir, insofar as it establishes a con-
textualized teaching-practice-reflection relationship with food plants in the biome 
of their territory, advances the training of nutritionists able to promote sustainable 
diets. We understand that studying, disseminating, and enhancing UFP are an 
important strategy to expand and reframe food plants that are culturally acceptable 
and accessible, economically fair and accessible, and nutritionally adequate, safe, 
and healthy; and it is also fundamental to protecting and respecting biodiversity 
and ecosystems while optimizing natural resources. Basing capacity building in 
science that sees itself as sustainable and socio-environmental, and in which the 
teaching of food biodiversity can be performed from theory to practice in gardens, 
becomes an important pillar for the new professional profile, trained to work in 
sustainable food systems: a sensitive and proactive view from ethnobotanical and 
biocultural perspectives.

Although the universe of our case report is limited, we understand that our results 
and their implications contribute to the debate on training human resources in 
Nutrition toward having the competence to promote sustainable diets, in which 
biodiversity plays a central role.
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My interest in edible plants is an old one, and I have always dedicated myself to 
being aware of the edible landscape around me. I like taking walks with the purpose 
of discovering edible plants in the urban space, either planted or spontaneously 
sprouted. In 2012, I wanted to do something special for December 10, when the 
Slow Food movement celebrates Terra Madre Day internationally. So, I decided it 
would be pleasant and productive to share my experience with other people. I gath-
ered friends and strangers through an invitation on my blog,1 and equipped with 
bags, scissors, and paraphernalia for gathering plants, we were 12 people roaming 
around the streets of my neighborhood. We walked for about 3 h, and the result 
could not have been any better. We brought home fruits, edible flowers, leaves, and 
roots, as well as aromatic plants, which were all prepared collectively for lunch. 
When eating, each with their own plate on their lap, the feeling was of enchantment 
for understanding oneself as part of a system surrounded by good and free food that 
no one notices in the rush of everyday life.

I repeated the experience a few more times, whenever I had the time. Many of the 
people who took part in these sporadic foraging events were insistently asking for 
more gatherings, and I myself found the activity much more exciting when I had the 
company of others who shared the same interest, so I decided that I could turn these 
outings into a job. In 2016, PANC na City was officially born as a guided foraging 
tour to observe, identify, and possibly harvest every kind of unconventional food 

1 See at www.come- se.blogspot.com. See also my Instagram account @neiderigo.
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plants (UFP) that we found along the way. It happened in the City Lapa neighbor-
hood, located in the western part of São Paulo. It was initially planned to be a 
monthly event, and for a long time, I was able to do so. Over the past 2 years (since 
2018), I tried to keep the project alive with at least six tours a year. Forages were 
always preceded by a talk and an exposition of dozens of forgotten, unknown, or 
neglected edible species. After that, our lunch was prepared using several of the 
plants observed, some found in the streets, other cultivated in my yard. Having dif-
ferent people signing up for each forage is a source of enjoyment, but besides that, 
it is great to have the opportunity to observe the changing of the species throughout 
the different seasons in the year, a fact rarely noticed in a world used to just a few 
mainstream vegetables artificially available at all times in the market. One of the 
stops of the tour is at Horta (kitchen garden, in Portuguese) City Lapa, a space full 
of perennial species, either edible, aromatic, or medicinal.

Our community garden was born in 2014 from a group of neighbors outraged by 
the sad fate of a small piece of land of about 170 square meters (Fig. 1). This corner 
looks like it was a remnant of the block, and although sitting between two wide 
streets full of trees, it was used as a disposal point for rubbish, pruning remains and 
broken furniture. All this waste was thrown amid high grass, lacking proper mainte-
nance by the neighborhood council, and because of these features, the place was 
considered dangerous, and residents would avoid passing by.

Trying to transform that idle and poorly maintained space, one other neighbor 
and I started to plant useful species and organize ideas and actions to make that 
space more friendly. We set up a meeting and invited as many people from the 
neighborhood as we could, but only the two of us attended. So, without much sup-
port from the community in that first moment, we went to the neighborhood council 
to ask for help to clean the space. In that same week, a truck of workers removed the 
garbage and mowed the overgrown grass. We preserved the larger plants and left 
everything ready for planting.

At first, we started working on it ourselves. Overtime, other neighbors joined us, 
and soon we won the trust of some who shared our desire for recovering and revamp-
ing that space. There was no planning on what to cultivate, but as I had many aro-
matic seedlings at home, these were the first species to be planted, clove basil 

Fig. 1 Horta City Lapa in 2014 and in 2019. (Photos by Neide Rigo)
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(Ocimum gratissimum L.), manjericão- anis (Ocimum carnosum (Spreng.) Link & 
Otto ex Benth), ruby leaf (Alternanthera brasiliana (L.) Kuntze), lemon grass 
(Cymbopogon citratus (DC.) Stapf), and sweet- scented geranium (Pelargonium 
graveolens L’Hér.), in addition to more common species such as rosemary, kale, etc.

Some of the plants proved unsuitable for the space we had, so we gradually 
replaced those. We came to that conclusion during our first winter. Summer rains 
were beneficial to our kitchen garden, as we never had any water source, but when 
the cold dry winter arrived, the garden suffered and lost a good portion of the spe-
cies. Another decisive factor for the choice of plants that we would grow there was 
the interest aroused by some species. The garden is open and located in a place with 
considerable pedestrian traffic, so many of the plants were uprooted and taken away.

A natural selection slowly took place and defined the current configuration of the 
garden. At the same time, we had to deal with angry neighbors who did not want a 
public garden close to their homes. Their arguments were flawed and full of preju-
dice, but it was their best shot. They said that the work groups for the garden would 
attract strange people to our area; that the place had bad soil; that people who came 
and went to the nearby train station would take everything away; that what we were 
growing was not a garden as they knew it; that it was something of such bad taste it 
could not even be called a garden; that we did not have authorization from the city 
government to mess with public gardening; that people who eventually ate some-
thing grown there were at great risk; that we did not have technical knowledge to 
work with plants; and that we destroyed the sidewalk (which has never existed, it 
used to be just high grass), among other empty accusations. We were then called to 
the neighborhood council, where authorities tried to convince us to formally care for 
the garden (sort of an adoption). Our group was larger at that point, and we agreed 
to remain informal. After much nuisance and dried plants by the drought, summer 
rains calmed the spirits and outlined what would remain in our garden. By that time, 
our space received a plaque with a name honoring the neighborhood: “Horta City 
Lapa.” Figure 2 shows some gardeners of our group.

It was then that we realized that although we did not plan it, the plants that today 
are part of the garden are those we call UFPs. They were the ones who could resist 
all bad weather, both meteorological conditions properly said and bad tempers, and 
they keep on firm and strong, come rain or sunshine.

As I write, we are still in quarantine due to COVID- 19 pandemic and in the midst 
of a winter drought. Still we have perennial and rustic species that cross the seasons 
and also some very resistant annuals harvested in winter. In addition to the two 
types of Ocimum sp. already mentioned and various spontaneous seasonal species, 
we have chaya (Cnidoscolus aconitifolius (Mill.) I.M.Johnst.), moringa (Moringa 
oleifera L.), cinnamon (Cinnamomum verum J. Presl), bay leaves (Laurus nobilis 
L.), curry leaves (Murraya koenigii L.  Spreng), banana (Musa sp.), elderberry 
(Sambucus nigra L.), Turk’s turban (Malvaviscus arboreus Dill. Ex Cav.), leaf cac-
tus (Pereskia aculeata Mill.), spiked spiralflag ginger (Costus spicatus (Jacq.) Sw.), 
boldão (Plectranthus grandis (L.H. Cramer) R.H. Willemse), boldinho (Plectranthus 
ornatus Codd.), arrowroot (Maranta arundinacea L.), turmeric (Curcuma longa 
L.), and sweet potato (Ipomoea batatas (L.) Lam.), among others.

Teaching and Learning About Unconventional Food Plants in an Edible Urban…
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After all these years, the vegetable garden has become a reference on our street, 
and during normal times, it is a pleasant place to take children and maybe pick some 
herbs. I know that our garden is not an example of an urban agriculture with vast 
food production, but it certainly is an example of how a degraded space can be 
transformed into a useful garden that, in addition to providing a little food and aro-
matic and medicinal plants, also serves the purpose of reconnecting people with the 
ground and the cycles of nature. It also connects the local community, uniting them 
around a common will to make cities more humane, safe, and friendly.

The few neighbors who were unfavorable to our initiative are still around, but 
their voices were silenced in the face of the unquestionable benefits that a public 
garden brings to the neighborhood. Nowadays, daily care is given spontaneously by 
community volunteers and more intensely during task force days, when we join 
neighbors and people from other areas who are interested in helping.

I believe that the success of these experiences strengthens the idea that citizens 
occupying the public space make any city a safer and more pleasant place to live in, 
nourishing everyone’s physical and mental health. And that any idle space can be 
transformed into a useful and low maintenance garden, if only we choose rustic and 
appropriately adapted species, the majority of which will surely be among the 
UFPs group.

Fig. 2 Gardeners of Horta City Lapa after planting sweet potatoes. (Photos by Neide Rigo)
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Finally, below I provide a list of references that can be useful as education 
resources to people interested in starting community- based projects with Brazilian 
UFP  (Brasil 2019; Kinupp and Lorenzi 2014; Ranieri 2017, 2018; Rigo 2017). 
These references provide helpful guidance in identifying and cooking these plant 
species.
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