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Abstract Nutrition issues and the increase in food

allergy diseases experienced in recent years have

encouraged part of the worldwide population to seek

foods that, in addition to nourishing, can benefit their

health, such as foods abundant in bioactive com-

pounds. In this context, our objective was to conduct a

review to emphasize the richness of the biodiversity of

the Brazilian flora concerning the presence of bioac-

tive compounds, their pharmacological applications,

and their extraction characteristics. This narrative

review screened the databases and identified 120

research articles published on the topic. These articles

were analyzed to examine associated parameters such

as the availability and applications of these bioactive

compounds. These compounds exhibit therapeutic

properties, such as antioxidant, antitumor, and anti-

inflammatory effects, with multiple benefits to health

and treating illnesses. In addition, the methods for

extracting bioactive compounds must be constantly

improved to increase their purity and yield because

these metabolites are present in complex media.

Addressing these issues is essential for improving

the overall experience of health-conscious individuals.

Keywords Amazon � Atlantic Forest � Caatinga �
Cerrado � Pampa � Pantanal

Introduction

The Brazilian flora is highly diversified. Approxi-

mately 52,598 species are cataloged, including several

plants, fungi, and algae (Flora e Funga do Brasil,

2024). The wide variety of species supports many

studies targeting the Brazilian flora, emphasizing

bioactive compounds with high biological potential

and extensive use (Silva et al. 2020). Bioactive

compounds from Brazilian plants and fruits with

antioxidant, antitumor, and anti-inflammatory proper-

ties are therapeutically and economically relevant.

Understanding the mechanisms of action of these

compounds and their interactions with the human

body is relevant due to their multiple health benefits

(Barbosa-Pereira et al. 2014).

Healthy eating is gaining the attention of the public

and business sectors and supports research to meet
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new food trends (Cadario and Chandon 2019). The

scarcity of nutrients throughout life is a global public

health issue. Therefore, the current supplementation

alternatives must be evaluated and examined individ-

ually (Maggini et al. 2018). Few studies have conclu-

sively demonstrated the application or incorporation

of bioactive compounds into diets and their use as

medicines. Although bioactive compounds have been

widely researched, the complexity of cell environ-

ments can interfere with their activities due to

synergistic interactions and consequent stabilization

(Giaconia et al. 2020).

Improving bioactive compound extraction methods

is a recurrent research approach in which new

techniques that enhance the production yield have

been identified (Sosa-Hernández et al. 2018). In

addition, developing new separation techniques asso-

ciated with strategic sets of purification processes

favors the expansion of knowledge about the mech-

anisms for obtaining bioactive compounds (Ramirez-

Estrada et al. 2016).

This narrative review presents the potential of

bioactive compounds (flavonoids and carotenoids)

from Brazilian flora species for therapeutic use and

their extraction mechanisms. Such a subject favors the

knowledge of new compounds to formulate foods and

drugs and contributes to the discussion on preserving

Brazilian flora biodiversity. Therefore, the main

objective of this narrative review is to explore the

dietary and pharmaceutical applications and extrac-

tion methods of flavonoids and carotenoids found in

the Brazilian flora. The aim is for the reader to feel

invited to navigate this world of possibilities. It is a

topic with great possibilities; therefore, focusing only

on a plant, disease, or biome fails to present these

possibilities.

Methods

A search was conducted for full-text articles to support

the development of a narrative review. Thus, the

selected articles were written in English, and most of

them were published in recent years. These articles

used specific keyword combinations of Brazilian flora,

bioactive compounds, health, extraction mechanisms,

Brazil, flavonoids, and carotenoids in the well-known

international databases Scopus, National Center for

Biotechnology Information (NCBI)/PubMed,

PubMed Central (PMC), Elsevier, Web of Science,

and Google Scholar. Other inclusion criteria were

information on the extraction and use of flavonoids

and carotenoids from fruits of Brazilian biomes. The

selected articles were thoroughly reviewed, and rele-

vant data were extracted for analysis.

Brazilian flora biodiversity

The scientific community has not agreed on the

planet’s biodiversity, but the latest estimate predicts

approximately 8.7 million eukaryotic species, 14.22%

of which are cataloged worldwide. Among these,

314,600 species are plants, and 71.28% have already

been cataloged (Mora et al. 2011). However, only

approximately 20% of these flora species have been

evaluated pharmacologically, and only 6% are asso-

ciated with patents (Simmonds et al. 2020), exploiting

the existence of vast unexplored flora species. In this

scenario, Brazil is a hotspot with a high concentration

of endemic plant and fungal species (Antonelli et al.

2020).

Brazil is the country with the greatest plant genetic

biodiversity on the planet (MMA, 2017; CBD 2020),

with 54,278 species of flora (Flora do Brasil, 2024)

and 116,839 species of fauna (MMA, 2020 cited by

Wosnick et al., 2021). The country is estimated to be

home to approximately 20% of the world’s biodiver-

sity and is the territory with the greatest number of

plant species. Over 50% of cases are endemic (MMA,

2017); they occur only in Brazil. The country has

continental proportions, i.e., 8.5 million km2, covering

different climatic regions (Fig. 1). These climate

zones generated six different biomes: the Amazon,

Cerrado, Caatinga, Atlantic Forest, Pampa, and Pan-

tanal (Table 1). Each biome is a biotic unit with a

dominant vegetation type, characteristic living organ-

isms, and peculiarities due to its biological diversity. It

should be emphasized that 20% of the world’s

freshwater flows into Brazilian territory (Coutinho

2006; IBGE, 2019).

The Amazon is the largest biome in Brazil,

covering an area of approximately 5 million km2,

which represents 5% of the Earth’s surface (IBGE,

2019). This biome contains approximately 30,000

plant species (Wittmann 2011), approximately 10% of

known plant species.
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The second-largest biome in Brazil is the Cerrado

(MMA, 2020). This biome contains approximately

4000 fruit varieties that are attractive to wildlife and

5% of the planet’s biodiversity (MMA, 2020;

Kuhlmann and Ribeiro 2016). It is the world’s largest

and most biodiverse savanna and has the richest

vascular plant flora (Colli et al. 2020). Approximately

35% of the trees and 70% of the shrubs and herbaceous

plants found in the Cerrado are endemic (Fiaschi and

Pirani 2009). Its flora is similar to that of the Amazon

biome flora.

Fig. 1 Brazilian biomes (adapted from IBGE, 2019)
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The Pantanal biome has a dry winter and a hot and

rainy summer, which are responsible for its flooding.

These floods can last up to eight months in the lower

regions (Embrapa 2020). The climatic instability of

the Pantanal causes an annual biogeochemical cycle

that feeds great biological diversity (Alho et al. 2019).

Hence, its flora range from hydrophilic (aquatic) to

xerophilic (adapted to soils with low humidity) plants.

The Pantanal biome is one of the most extensive

flooded plains on the planet (MMA, 2020).

The Caatinga biome is restricted to the Brazilian

territory (IBGE, 2019). Its vegetation is adapted to the

hot and dry climate, which varies little throughout the

year. This biome is the most biodiverse semiarid

region worldwide, with an endemism rate above 50%.

It is considered the foremost biological area of

seasonally dry tropical forests and is classified by

UNESCO as a significant reserve (Apgaua et al. 2014).

The Pampa biome has a rainy climate without a dry

period, with an average temperature between 13 �C
and 17 �C. However, it can reach negative tempera-

tures in winter (IBGE, 2024). This biome is home to

forests and cacti (70 types), but its primary landscape

is formed by extensive grassy fields (Embrapa 2020).

In just one area of 1 m2 of this field, 56 different plant

species have already been found, a national record

(Menezes et al. 2018).

The Atlantic Forest biome currently comprises

more than 20% of the original area (IBGE, 2024).

Nonetheless, despite being reduced and fragmented,

this biome still sustains one of the highest quantities of

species per square meter of the planet. Its flora

includes almost 18,000 species with an endemism of

59%. Studies have identified more than 450 tree

species in one hectare of forest, another record (Flora e

Funga do Brasil, 2024).

The coastal marine system of Brazil is a set of

multiple and varied environments, each with specific

characteristics that justify being treated as a single

system despite not being recognized as biomes (IBGE,

2019). The Brazilian coastal marine system occupies

nearly 4.5 million km2 and includes coral reefs, dunes,

mangroves, lagoons, estuaries, and swamps (ICMBIO

2020). Thus, this system represents a vast area with

high biodiversity and suggests high endemism, even

though little has been studied (Couto et al. 2003).

Since 2008, Brazil has cataloged the greatest

number of new plant species, corresponding to

approximately 200 species per year, or 10% of the

global total (Antonelli et al. 2020). This occurrence

demonstrates the biodiversity of the Brazilian flora

and reinforces the need to increase taxonomic and

pharmacological research to maximize the profit from

the multiplicity of tropical flora species. Furthermore,

there is an urgent need to preserve endangered species

of Brazilian flora.

Bioactive compounds from Brazilian flora

The use of native plants to develop drugs is based on

aspects such as biodiversity, acceptability, and eco-

nomic markets. Several studies of disease spread

suggest that a high intake of specific plant products can

Table 1 Geographical parameters and number of known species in the six Brazilian biomes Source: Adapted from Flora e Funga do

Brasil (2024), IBGE (2024) and MMA (2020)

Size/Area (Mha) Brazilian territory

(%)

Angiosperms Bryophytes Gymnosperms Ferns and

lycophytes

Total

O E O E O E O E O E

Amazon 421 (49.50%) 12,225 2612 580 60 16 1 565 57 13,386 2730

Cerrado 198 (23.30% 12,444 7377 489 67 10 3 305 95 13,248 7542

Caatinga 86 (10.14%) 5,003 2694 123 13 2 1 51 6 5,179 2714

Atlantic

forest

111 (13.01%) 15,547 9858 1353 263 11 1 941 418 17,852 10,540

Pampa 19 (2.28%) 2,737 374 121 18 3 1 9 15 2,870 408

Pantanal 15 (1.77%) 1,528 168 162 6 1 0 52 4 1,743 178

Total 851 (100%) 49,484 23,083 2.828 427 43 7 1923 595 54,278 24,112

O: Overall number of species. E: Endemic number
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reduce some chronic diseases because of bioactive

compounds. These metabolites stimulate the immune

system, reduce platelet aggregation, and exert antiox-

idant, antibacterial, and antiviral effects. The main

vegetable bioactive compounds are pigments, such as

carotenoids, and polyphenols, such as flavonoids.

Carotenoids

Carotenoids are fat-soluble pigments, yellow, orange,

and red, present in numerous fruits and vegetables of

the Brazilian flora. The structural representations of

the most frequent plant carotenoids are shown in

Fig. 2 Chemical structure of the most common plant carotenoids: a b-carotene; b bixin; c capsanthin; d lycopene; e lutein; and

f zeaxanthin (Pubchem. (2024)

123

Phytochem Rev



Fig. 2. These compounds include b-carotene, bixin,
capsanthin, lycopene, lutein, and zeaxanthin. The

chemical structures were obtained from PubChem

(2024) at the National Institutes of Health (NIH).

b-Carotene is considered the most abundant

carotenoid in food. It has provitamin A activity and

can be converted into retinol because of a b-ionone
ring in its structure. Anunciação et al. (2019) and De

Souza et al. (2020) detected b-carotene in native

Amazonian fruits, such as marirana (Couepia subcor-

data; 6,331 ± 410 lg/100 g), inajá (Maximiliana

maripa; 1,371 ± 370 lg/100 g), caranan (Mauritiella

armata; 373 ± 80 lg/100 g) (Fig. 3), moriche palm

(Mauritia flexuosa; 21.6 mg/100 g), and macauba

palm (Acrocomia aculeata; 56.0 mg/100 g). Cardoso

et al. (2011) showed that b-carotene is the main

carotenoid in Cagaita (Eugenia dysenterica) fruit

(50.8%). The consumption of fruits rich in b-carotene
is associated with a lower incidence of cancer,

cardiovascular diseases, age-related macular degener-

ation, and less cataract formation (Meyers et al. 2014;

Sharoni et al. 2012).

Lutein and zeaxanthin are produced from the

hydroxylation of a-carotene and b-carotene, respec-
tively. They are present in various food sources, such

as dark green leafy vegetables, spinach, kale, and corn.

These pigments have provitamin A activity and

antioxidant, anti-inflammatory, photoprotective, and

anticarcinogenic properties, improving skin elasticity

(Woodside et al. 2015). These macular pigments in the

human retina are responsible for two functions:

protecting the macula against oxidative stress and

filtering high-energy blue light, improving visual

acuity (Santocono et al. 2007; Traversa et al. 2012).

Lutein is a carotenoid present in camu-camu

(Myrciaria dubia), a native fruit of the Amazon

region, and comprises 45% to 55% of the total

carotenoids (Zanatta and Mercadante 2007); leaves

of Pariri (Arrabidaea chica), a medicinal plant found

in the Amazon, at 204.28 lg/g (dry mass) (Siqueira

et al. 2019); spinach, kale, arugula, sorrel, chard,

watercress, mustard, and broccoli; and some noncon-

ventional vegetables consumed in Brazil, such as

Lobrobo or equally Ora-pro-nobis (Pereskia aculeata)

Fig. 2 continued
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(78.45%), Serralha (Sonchus oleraceus) (58.30%),

Almeirão (Cichorium intybus subsp. intybus)

(88.77%) and Taioba (Xanthosoma sagittifolium)

(61.05%) (Nachtigall et al. 2007).

Lycopene is a b-carotene isomer with an acyclic

structure without provitamin A activity. It is a natural

fat-soluble pigment from some red or orange fruits and

vegetables. Red guava (Psidium guajava), a tropical

Brazilian fruit, contains lycopene as the primary

carotenoid (83 ± 7 lg/g) (Rodriguez-Amaya et al.

2008). Tomatoes are a primary source of lycopene

(80–90% total carotenoids) (Vitale et al. 2010). Other

sources of this carotenoid include watermelon, red

pepper, and papaya. The presence of many conjugated

diene bonds makes lycopene a natural carotenoid with

a powerful capacity to absorb oxygen and act as an

antioxidant agent. Lycopene extract from red guavas

decreased the viability of human breast adenocarci-

noma cells and had significant effects on normal cells

(Dos Santos et al. 2018). In addition, at physiological

concentrations, lycopene can prevent prostate cancer

mutagenesis and the growth of human cancer cells

without evidence of toxic effects or cellular apoptosis

(Scolastici et al. 2007; Blum et al. 2005).

Capsanthin is a natural lipophilic carotenoid with a

red color. This pigment can represent up to 50% of the

total carotenoids of fruits and vegetables during the

ripening stage, such as the skin of red bell peppers

(Capsicum annuum Group) cultivated in Brazil. Zoc-

cali et al. (2021) and Lekala et al. (2019) reported the

presence of capsanthin in pepper (Capsicum annuum)

and red sweet pepper cultivars, respectively. Despite

not having provitamin A activity, capsanthin is

classified as a functional compound due to its high

antioxidant activity, which is greater than that of b-
carotene (Gómez-Garcı́a and Ochoa-Alejo 2013).

Polyphenols

Polyphenols are a class of bioactive compounds that

include flavonoids, tannins, and lignans. Figure 4 lists

the chemical structures of some polyphenols found in

species of Brazilian flora. The chemical structures

were obtained from PubChem (2024) at the National

Institutes of Health (NIH).

Flavonoids represent the largest class of natural

polyphenols and act differently in the human body

(Povh et al. 2012). They are found in seeds, fruits,

flowers, vegetables, tree bark, roots, stalks, and their

derived products, such as wines and teas.

Povh et al. (2012) detected high levels of flavonoids

in four Cerrado species of the genus Hyptis (Hyptis

marrubioides Epling, H. microphylla Pohl ex Benth,

H. lantanifolia Poit, and H. suaveolens Poit), indicat-

ing possible antioxidant potential. Silva et al. (2016)

observed a high content of flavonoids

(85.71 ± 0.30 mg/100 g) in Amazon hibiscus

(Fig. 5).

Flavonols and flavones are the most common

flavonoids in tropical, subtropical, and temperate

vegetables. Most flavonols in some Brazilian fruits

were quercetin in acerola (4.1 to 5.3 mg/100 g) and

Fig. 3 (A) Marirana (Couepia subcordata Benth.), (B) inajá (Maximiliana maripa), and (C) caranan (Mauritiella armata) of the
Brazilian Amazon biome. Source: Anunciação et al. (2019)
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apple (3.7 to 7.5 mg/100 g) and myricetin in cashew

nuts (2.0 mg/100 g). Only quercetin flavonol was

found in fig, guava, jabuticaba, and orange (Hoff-

mann-Ribani et al. 2009).

Anthocyanins are flavonoids present as pigments in

dark-colored fruits. Red araçá (Psidium cattleianum

Sabine), a member of Myrtaceae from southern Brazil,

had a greater concentration of anthocyanins

(36.12 ± 5.56) than did yellow Araçá

(10.69 ± 9.49) and pear Araçá (10.41 ± 1.66). The

concentrations are in mg equivalents of cyanidin-3-

glycoside/100 g fresh samples. Red araçá exhibited a

Fig. 4 Chemical structures of several common plant polyphenols: a quercetin, b myricetin, c lignan, and d tannin. Pubchem. (2024)

Fig. 5 (A) Hibiscus rosa-sinensis L. (B) Hibiscus syriacus L.’ Totus Albus’. Source: Silva et al. (2016)
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high content of phenolic compounds

(668.63 ± 41.32 mg/100 g) with great antioxidant

activity. Thus, such pigments can capture free reactive

oxygen and free radical species, exerting antioxidant

activity and preventing disease (Verma et al. 2013).

Lignans are products of the conversion of lignin

into phenolic compounds, which are metabolized in

the human intestine. They exhibit antimitotic, anti-

fungal, antioxidant, and anticarcinogenic properties

(Brzezinski and Debi 1999). Lignans are found mainly

in cereals, fruits, and vegetables. Brown linseed is

cultivated in Brazil and has antioxidant properties,

probably from phenolic compounds such as lignans.

According to Kinniry et al. (2006), the antioxidant

activity of flaxseed lignans inhibits lipid peroxidation

and the production of reactive oxygen species by white

blood cells.

Tannins are polyphenols found primarily in green

fruits and Leguminosae family plants. These com-

pounds are classified according to their molecular

structure. Condensed tannins are mostly found in trees,

shrubs, and forage plants (Barry and Mcnabb 1999).

In addition to carotenoids and polyphenols, many

Brazilian flora substances have demonstrated human

health benefits. Studies have shown that it is possible

to apply these substances in the prevention and

treatment of diseases such as Alzheimer’s disease,

leishmaniasis, rheumatoid arthritis, depression, dia-

betes, cardiovascular diseases, metabolic syndrome,

viruses, and even cancer, as shown in Table 2.

Techniques for extracting carotenoids

and tocopherols from oils and biomasses

of Brazilian flora species

Selecting suitable extraction methods is crucial for

accurately purifying bioactive compounds from the

flora of different biomes, adding value to their

production chain and making subsequent use easier

in other procedures. Most separation methods are

based on the extractive power of solvents, which must

be carefully selected considering the specificity of the

metabolite to be extracted (Azmir et al. 2013; Belwal

et al. 2018). Similarly, the process yield, final product

quality, and cost of operations influence the choice of

method. Conventional extraction methods, such as

Soxhlet extraction (Krumreich et al. 2018), macera-

tion (Santana andMacedo 2019), and hydrodistillation

(Moura et al. 2016), are still suggested for biocom-

pound separation (Azmir et al. 2013).

Although traditional extraction methods are simple

and accessible, some disadvantages can affect the

quality of the extracted product. The toxicity of

solvents, high temperatures, and prolonged extraction

time can degrade some bioactive compounds and even

lead to the loss of volatile substances. In addition, the

difficulty of separating certain solvents from the final

product often leaves unwanted residues in the extracts

(Mejri et al. 2018). In this scenario, alternative

extraction methods have become attractive because

of their more economical and sustainable characteris-

tics, the possibility of extracting bioactive compounds

in less time, and a greater yield than conventional

methods (Barba et al. 2016). Examples of alternative

methods include supercritical fluid extraction (Goye-

neche et al. 2020), microwave-assisted extraction

(Ruiz-Aceituno et al. 2016), and pulsed electric field

methods (Plazzotta et al., 2020). The present review

addresses both conventional and alternative methods

of bioactive extraction.

Soxhlet extraction

The Soxhlet extraction method is widely used to

obtain lipids from solids and essential oils. The

Soxhlet cartridge containing the ground sample was

placed inside the Soxhlet equipment. After coming

into contact with the sample, the extraction solvent

penetrates the plant tissue; the oil-soluble plant

constituents are transferred from the sample to the

solvent. The solvent contacts the sample successively

due to siphoning. Subsequently, the heated solvent is

condensed inside the balloon at the device’s base. The

processes are physical because the oil transferred to

the solvent is recovered without any chemical reaction

(De Castro and Priego-Capote 2010; Azwanida 2015).

Through a relatively simple method, this extraction

method makes contact between the sample and a pure

solvent possible, favoring the displacement of the

chemical balance. However, the long extraction time

and the large quantity of discarded solvents are

obstacles to environmental adaptations (Azwanida

2015).

Krumreich et al. (2018) evaluated the quality of

avocado oil (Persea americana Mill.) extracted using

the Soxhlet method and cold pressing. Although

carotenoids, phenolic compounds, and tocopherols
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were better preserved in the cold-pressing process,

Soxhlet extraction with petroleum ether generated an

oil with better conservation of properties and nutri-

tional value. P. americana Mill. is found in the

Cerrado.

Maceration ? liquid extraction

Maceration is a straightforward method widely used in

homemade preparations. The raw materials were first

ground to increase their surface area, followed by the

addition of solvent in a closed container where they

remained at room temperature for at least three days.

Occasionally, shaking this container increases the

diffusion rate and allows the pure solvent to contact

the solid. Next, the saturated solution was removed.

After the contact time, the liquid is separated by

filtration, and the residues are pressed to collect large

amounts of the desired substance (Azmir et al. 2013;

Azwanida 2015).

Santana and Macedo (2019) separated catechin and

methylxanthine bioactive compounds from guarana

(Paullinia cupana) seeds using hydroalcoholic mac-

eration under hot, cold, and enzyme-assisted operation

conditions. Guarana is an Amazon biome plant. The

highest levels of catechins (80.87 g/100 g of extract)

and methylxanthines (53.01 g of caffeine/100 g of

extract) were detected using hot hydroalcoholic mac-

eration at 60 �C. Furthermore, the pectinase enzyme

facilitated biocompound extraction under the most

studied operating conditions.

Silva et al. (2019a) determined the optimal condi-

tions for obtaining anthocyanins from açaı́ (Euterpe

oleracea), a prevalent plant in the Amazon region. The

authors evaluated the effects of the maceration time

and the ethanol (92% purity) and acetic acid volumes

on the total solid contents and anthocyanin extraction

indices. The volume of acetic acid was the most

influential factor. Higher fractions of acetic acid

increased the amount of anthocyanin extracted. On

the other hand, ethanol volume and maceration time

had opposite effects. Under the optimized conditions,

the anthocyanin content of the dry extract was

61.75 mg/L.

Ferioli et al. (2020) analyzed the effects of macer-

ation and high-pressure extraction in obtaining

organosulfur compounds from garlic (Allium sativum

L.) present in Brazilian biomes. The targeted sub-

stances were more concentrated in bulbil extracts thanT
a
b
le
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in plant stems. However, the type of separated

compound varied according to the extraction method;

maceration favored obtaining lipophilic compounds

and high-pressure extraction of hydrophilic

compounds.

Hydrodistillation

Hydrodistillation is another conventional extraction

method in which an aqueous mixture containing the

raw material is evaporated to separate essential oils

from aqueous vapor (steam). Steam is condensed and

transferred to a decanter to separate the essential oils

and the water solvent. Hydrodistillation can occur in

three different ways: by immersion of the raw material

in water, by direct injection of steam, or by simulta-

neous use of these options. The extraction time may

vary according to the material extracted (Aziz et al.

2018; Rassem et al. 2016).

Oliveira et al. (2017) analyzed the effects of

hydrodistillation time on the yield and oil composition

of Gabiroba do Campo (Campomanesia adamantium)

leaves, a characteristic Cerrado plant. After one hour

of hydrodistillation, 36 distinct compounds were

identified. At longer time intervals, the number of

compounds decreased, indicating the degradation of

the molecules. However, as different sesquiterpenes,

some substances were obtained in higher concentra-

tions at longer extraction times. The authors reported

stabilizing the extract composition after two hours of

hydrodistillation.

Moura et al. (2016) produced leaf extracts of two

species of Angicos, red (Parapiptadenia rigida) and

white (Piptadenia gonoacantha), which are found in

the Caatinga, Cerrado, and Atlantic Forest regions.

Bioactive compounds were separated from leaf

extracts using hydrodistillation and CO2 supercritical

fluid extraction methods. The extract compositions of

both methods presented differences. Hydrodistillation

afforded compounds with lower molecular masses,

such as m-cumenol, cis-pulegol, and ionones; super-

critical extraction produced compounds such as

3-methyl-5-propylnonane, n-tetradecane, and n-oc-

tadecane; and benzenesulfonamide was present in the

oil from both methods and provided antifungal

activity.

Supercritical extraction

An extraction system reaches the supercritical state at

specific temperature and pressure conditions. It pre-

sents gas properties, such as diffusivity, viscosity, and

surface tension, and liquid properties, such as density

and solvation power. The extractor is filled with plant

parts and inert porous material. After reaching the

operating temperature, the supercritical fluid is

pumped at a defined flow rate under controlled

pressure (Azmir et al. 2013; Mejri et al. 2018). Carbon

dioxide is the solvent most commonly used in

supercritical fluid extraction due to its critical tem-

perature close to room temperature and moderate

pressure (74 bars), making the process highly appli-

cable and preventing the degradation of thermosensi-

tive molecules. Although the low polarity of this fluid

can make the extraction process difficult in some

cases, this problem can be solved through small

additions of solvents, such as ethanol and methanol,

called cosolvents (Azmir et al. 2013).

Goyeneche et al. (2020) obtained beetroot (Beta

vulgaris L.) extracts rich in polyphenols using CO2

supercritical fluid and ethanol as a cosolvent. The best

conditions for polyphenol extraction occurred at

35 �C and 400 bar. The antioxidant capacities were

1454.0 lg TE (Trolox equivalent)/g of dry matter and

3370.8 lg of total phenolics/g of dry matter. An

increase in polyphenol content was associated with

increased antioxidant capacity. Beetroot is found in

diverse Brazilian biomes. Cardenas-Toro et al. (2014)

compared the performance of supercritical fluid

extraction and subcritical hydrolysis for oil separation

from pressed palm fiber (Opuntia ficus-indica), a

typical Caatinga plant. The supercritical fluid method

at 45 �C and 15 MPa led to an oil fraction rich in

carotenoids with 0.81 mg of b-carotene/g of extract.

On the other hand, subcritical hydrolysis produced

extracts with a high content of fermentable sugars.

Benito-Román et al. (2019) used CO2 supercritical

fluid as a solvent and ethanol as a cosolvent to separate

oil from rice bran (Oryza sativa), a plant of the Pampa

biome. The quality of the oil obtained with the CO2

solvent was superior to that obtained using the Soxhlet

method concerning the antioxidant activity, fatty acid

profile, and bioactive compound composition. How-

ever, the bioactive extraction yield was lower than that

of the Soxhlet technique. The best conditions for

extracting flavonoids, tocopherols, and c-oryzanol
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phenolic compounds were 40 MPa, 40 �C, and 5 to

10% ethanol.

Microwave-assisted extraction

Heat is supplied to polar compounds through ionic

conduction and dipole rotation mechanisms in micro-

wave-assisted extraction. The synergistic effect

between the transfer of heat and mass accelerates the

extraction, increases the extract yield, and reduces the

thermal degradation of the material. First, the solutes

present in the active sites of the sample are separated

under increasing temperature and pressure. Then,

solute diffusion occurs across the matrix, and finally,

the solute is released into the solvent (Barba et al.

2016; Zhang et al. 2018).

Pongmalai et al. (2015) evaluated the separation

yield of bioactive compounds from cabbage (Brassica

oleracea var. capitata L.) using the Soxhlet extraction

method, assisted by microwaves and ultrasound, and

simultaneously assisted by microwaves and ultra-

sound. Soxhlet extraction assisted by microwaves

significantly reduced the extraction time and the

amount of solvent and showed the highest energy

efficiency compared to the other methods. Combining

microwaves and ultrasound techniques led to greater

damage to the cabbage leaves. The Soxhlet method,

without assistance, extracted more bioactive com-

pounds, even though it had a considerably lower

extraction rate due to the high time needed.

Ruiz-Aceituno et al. (2016) compared microwave-

assisted extraction with the pressurized liquid method

to separate the bioactive carbohydrates inulin and

inositol from the outer bracts of artichoke (Cynara

scolymus L.) found in the Atlantic Forest. Extraction

with pressurized liquid provided the highest inulin

content, 185.4 mg inulin/g dry sample. However, the

microwave-assisted technique promoted the collection

of more inositol, reaching 11.6 mg inositol/g dry

sample, which required less time to extract the

bioactive compound—just 3 min. Nevertheless, the

27 min required for pressurized liquid extraction is

acceptable. Backes et al. (2018) compared the effi-

ciency of maceration, microwave, and ultrasound

extraction methods in obtaining anthocyanins from fig

(Ficus carica L.) pell found in the Atlantic Forest and

Cerrado. The optimized conditions produced 5.78,

7.43, and 9.01 g anthocyanin/g residues using macer-

ation, microwave, and ultrasound techniques,

respectively. Although ultrasound-assisted extraction

is slightly more efficient, the other methods performed

similarly.

Pulsed electric field extraction and ultrasound-

assisted extraction

Pulsed electric field (PEF) treatment increases the

extraction yield by breaking down plant cell mem-

branes. The starting material is placed between two

electrodes and subjected to an electrical pulse of less

than 1 s. Due to their dipole nature, this potential

electrical causes the membrane molecules to separate

according to their charge and form pores that make the

structure more permeable. In addition to increasing

yield and decreasing extraction time, this method

favors the obtainment of heat-sensitive compounds, as

occurs at temperatures close to ambient temperature

(Azmir et al. 2013; Barba et al. 2016; Zhang et al.

2018).

Rajha et al. (2019) evaluated the separation of

polyphenols from pomegranate peel (Punica grana-

tum L.) from the Atlantic Forest and Caatinga using

conventional extraction, extraction assisted by infra-

red irradiation, ultrasound, PEF, and high-voltage

electrical discharge (HVED) methods. These last two

methods proved to be highly efficient: PEF selectively

extracted ellagic acid, reaching approximately

740 lg/g of dry matter, and HVED stimulated the

selective obtainment of gallic acid, reaching values

close to 345 lg/g of dry matter. Although PEF was

less effective, it was more selective than HVED.

Plazzotta et al. (2020) studied the recovery of bioac-

tive compounds from peach (Prunus persica) bagasse

found in the Atlantic Forest and Pampa biomes by

applying PEF and conventional heating. The authors

proposed a kinetic model for PEF extraction and

reported a significant reduction in the PEF extraction

time of only microseconds. The thermal treatment

required 40 min to extract the target biocompounds.

However, optimization is needed to increase the

preservation of the obtained anthocyanins, flavonoids,

and other compounds.

Medina-Meza and Barbosa-Cánovas (2015) used

water extraction assisted by ultrasound and PEF to

separate bioactive compounds from plum and grape

skins (Prunus domestica var. Casselman and Vitis

vinifera L.) from the Pampa region. The extraction

yield was greater when using the two-assisted methods

123

Phytochem Rev



than when using water extraction at 70 �C for both

fruits. However, each method extracted different

compounds. Ultrasound-assisted extraction was noto-

rious for extracting anthocyanins and flavonoids; PEF,

in turn, stood out in the extraction of phenols. These

techniques increased the extraction of anthocyanins

and phenols from plums, and the flavonoid content

increased for grapes.

Challenges and perspectives

Some species of Brazilian flora have potential unex-

plored novel bioactive compounds because they are

known or used only by specific human groups and are

underused in many other regions, as is the case for

unconventional food plants (UFPs). Bezerra and Brito

(2020) described UFP species with high levels of

flavonoids, phenolic compounds, and tocopherols that

could be studied and have their benefits disseminated

in the scientific world. Among the many plants

mentioned by the authors, Spondias purpurea (Jocote)

andOpuntia ficus indica (Palm) are found in Caatinga,

and Eugenia stipitate (Araçá-boi) is found in the

Cerrado due to its high flavonoid content.

Gonçalves et al. (2019) evaluated the levels of

carotenoids, phenolic compounds, flavonoids, and

anthocyanins in the edible flowers of five plant species

(Fig. 6) in the Atlantic Forest and Cerrado biomes.

Purple cauliflower (Brassica oleracea var. botrytis)

and green cauliflower (Brassica oleracea var. italica)

are conventional food plants. The UPPs include

yellow-ipê (Tabebuia serratifolia), pansy Rosalyn

(Viola x wittrockiana), nasturtium (red and orange,

Tropaeolum quinquelobum), and Ora-pro-nobis (Per-

eskia grandifolia) flowers. The yellow-ipê flowers

stood out for their total carotenoid content

(1,443.3 lg/100 g fresh sample), and the pansy and

orange–yellow flowers exhibited higher levels of

phenolic compounds (2.9 and 3.2 g gallic acid equiv-

alents/100 g fresh sample), flavonoids (294.2 and

106.4 mg/100 g fresh sample) and anthocyanins (45.1

and 58.9 mg/100 g fresh sample).

The diversity of the types of fruits and vegeta-

bles and the type and levels of their bioactive

compounds are unexplored when considering the

great promise of Brazilian flora (Brasil 2016). Several

Fig. 6 (a) Purple cauliflower flowers, (b) green romance cauliflower, (c) pansy, (d) red and orange nasturtium, (e) yellow ipe, and

(f) ora-pro-nobis. Source: Gonçalves et al. (2019)
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fruits from Brazilian biomes are slightly diffuse and

disseminated, and their potential for application in the

food and medicine sectors is regionalized. In the

Cerrado biome, fruits such as Marolo (Annona cras-

siflora), hog plum (Spondias mombin), Cagaita (Euge-

nia dysenterica), Moriche palm (Mauritia flexuosa),

and Araçá (Psidium Cattleianum Sabine) fruits are

well known. Nevertheless, few studies have shown

their potential in food and medicine.

Schiassi et al. (2018) characterized some Brazilian

Cerrado fruits concerning their bioactive compounds

and antioxidant capacity, as determined by DPPH

(2,2-diphenyl-1-picryl-hydrazine) values. The highest

DPPH value of 1,310.23 g fresh weight/g DPPH was

observed for the hog plum (Spondias mombin). The

ascorbic acid content of the hog plum was 42.96 mg/

100 g fresh weight, which was greater than that of

fruits such as oranges, which are known as a vitamin C

source. Marolo (Annona crassiflora), also known as

Panan or Araticum, presented a high content of total

phenolics (728.17 mg GAEs (gallic acid equivalents)/

100 g fresh weight). Nascimento et al. (2020) chem-

ically characterized Araticum (Annona crassiflora),

moriche palm (Mauritia flexuosa), jelly palm (Butia

capitata), Cagaita (Eugenia dysenterica), and hog

plum (Spondias mombin) from the Cerrado. The

antioxidant potential and micromineral profile of the

pulp, such as calcium and magnesium levels, were

analyzed. All analyzed extracts of the fruits showed

great potential for mineral nutrients and bioactive

compounds. However, araticum and jelly palm had the

highest percentages of phenolic compounds, with

values of 433.80 and 173.5 mg GAE (gallic acid

equivalent)/g, respectively.

Biazotto et al. (2019) highlighted the lack of

research on the bioactive compounds of some Brazil-

ian species. Fruits such as jatobá (Hymenae coubaril),

Brazilian grapetree (Plinia cauliflora), Cambuci

(Campomanesia courbaril), and Araçá (Psidium cat-

tleianum) are excellent sources of carotenoids and

phenolic compounds that could gain prominence in

national consumption. Araçá was also reported by

Denardin et al. (2015) to be a little-explored variety

that contains 660.19 mg GAE/100 g fresh weight of

total phenolic compounds and has a carotenoid content

of 6.27 lg b-carotene/g fresh weight.

The high nutritional levels of bioactives do not

favor society in some Brazilian biomes. For example,

people frequently associate carotenoid sources with

carrots containing 572.7 mg of carotenoid/L fresh

juice (Stinco et al. 2019) and not with native Atlantic

Forest species, such as Uvaia (Eugenia pyriformis),

because some cultivars contain 4.41 mg of carote-

noids/g fresh weight (Silva et al. 2019b), which is 55

times greater than the carrot value. The same is true for

vitamin C; citrus fruits such as orange and lemon are

commonly considered primary sources of vitamin C,

containing 58.30 mg/100 g fresh sample and

43.96 mg/100 g fresh sample, respectively (Fatin

and Azrina 2017). Camu-camu (Myrciaria dubia), a

member of the Brazilian fruit flora of the Amazon

region, produces 1,882 to 4,752 mg of vitamin

C/100 g fresh weight, depending on its origin (Neri-

Numa et al. 2018).

Waste generated from agro-industrial processes can

disturb environmental equilibrium if it is incorrectly

disposed of or handled. Moreover, if these residues

contain high-value nutrients, their discarding will

represent a loss of biomass with valuable nutrients.

Therefore, waste reuse is an alternative for obtaining

nutraceutical compounds. Shirahigue and Ceccato-

Antonini (2020) evaluated the potential of agro-

industrial residues as natural antioxidant sources and

their applications in the food and fermentation indus-

tries. The authors highlighted the identification of

baking bioactive compounds from acerola bagasse

(Malpighia emarginata), such as quercetin, p-couma-

ric acid, gallic acid, epigallocatechin gallate, catechin,

syringic acid, and epicatechin. Different uses of agro-

industrial residues from the seeds and peels of mango

(Mangifera indica) and avocado (Persea americana

Mill) have been suggested. They are rich in phenolic

compounds and can be applied to inhibit microbial

activity. Therefore, Brazilian native biological diver-

sity is neglected regarding nonnative species, causing

their devaluation or loss of species. Thus, the discov-

ery of food ingredients and drugs would contribute to

species preservation by revealing their nutritional

potential and the possibility of their use on scientific

and commercial scales.

Concluding remarks

The Brazilian flora is a rich source of bioactive

compounds, such as flavonoids and carotenoids, which

have not been explored for their potential to produce

differentiated food ingredients, cosmetics,
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pharmaceuticals, and medicines to prevent and/or treat

various diseases. It should be emphasized that most

species of the Brazilian flora have not yet been

evaluated for their technical and economic capabilities

due to their enormous biodiversity. The processing

and application of Brazilian flora can boost the

development of diverse industries. However, methods

for plant processing should also consider the nature of

the raw material, the process yield, the quality of the

final product, and the operating costs to guarantee that

the technological impact of using such flora should be

accurately evaluated to prevent adverse impacts on

environmental biomes. Several actions for species

preservation can be intensified if society claims to use

original biodiversity resources to safeguard natural

biomes in an environmentally friendly way. Species

preservation is essential for keeping our planet’s

ecosystems in equilibrium.
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