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Abstract

The genus Campomanesia (Myrtaceae) comprises species with broad economic and scientific interests. They produce
essential oils (EO) extracted from leaves, fruits, seeds, roots, and bark. Fourteen Campomanesia species are found in
the Brazilian Cerrado, big Brazilian phytogeographic domain and is a biodiversity and endemic species hotspot. The
objective was to understand the genus Campomanesia of the Brazilian Cerrado, and review species and bioactive
constituents in these oils. We searched Scopus, Web of Science, PubMed, Directory of Open Access Journal, and
Science Direct with the keywords “essential 0il” and “Campomanesia” along with the species found in the Cerrado. In
the resultant 37 publications, we found a variety of potential EO described most of which with antimicrobial and
antioxidant activities. Campomanesia adamantium and C. pubescens were the most often cited species, and five species
in the genus were not included by the search criteria. Compounds with potential biological activities include
monoterpenes as the main constituents of the volatile oils from fruits, while sesquiterpenes are major compounds in the
remaining parts of the plants. Thus, EOs from Campomanesia provide potentially interesting and viable alternatives for
food and therapeutics. The sustainable use of biodiversity, combined with biotechnology, is the path to develop more
natural products or compounds that combine synergistically with synthetic products, reducing the concentrations
necessary to achieve the desired effect. Thus, with the many species of Campomanesia in the Cerrado, conservation of
biodiversity can be combined with sustainable use, and provide benefits, from table to pharmacy, into the foreseeable
future.

Keywords: Volatile oil; Guavira; Biodiversity; Phytochemicals; Natural products.

Resumo

O género Campomanesia (Myrtaceae) compreende espécies de interesse econdmico e cientifico. Produzem 6leos
essenciais (OE), extraidos a partir das folhas, frutos, sementes, raizes e casca. Das espécies de Campomanesia, 14 sdo
encontradas no bioma Cerrado, um dos maiores dominios fitogeogréaficos brasileiros e é hotspot de biodiversidade e
espécies endémicas. O objetivo foi compreender os OE do género Campomanesia do Cerrado brasileiro, revisar as
espécies e os constituintes bioativos desses 6leos. Foram utilizadas as bases de dados Scopus, Web of Science, PubMed,
Directory of Open Access Journal, Science Direct, com as palavras-chave: “essential oil” and “Campomanesia”
combinada com o nome das espécies do Cerrado. Nas 37 publica¢des resultantes, ha uma variedade de OE potenciais
descritos, a maioria dos quais com atividades antimicrobiana e antioxidante. C. adamantium e C. pubescens foram as
mais citadas e cinco espécies no género nao foram incluidas pelos critérios de pesquisa. Compostos com potencial
atividade bioldgica incluem os monoterpenos como 0s principais constituintes dos 6leos volateis dos frutos, enquanto
0s sesquiterpenos sdo compostos majoritarios nas partes restantes das plantas. Assim, os OE da Campomanesia
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fornecem alternativas potencialmente interessantes e viaveis para alimentacdo e terapéutica. O uso sustentavel da
biodiversidade, aliado a biotecnologia, é o caminho para desenvolver produtos mais naturais ou compostos que se
combinem sinergicamente com produtos sintéticos, reduzindo as concentracBes necessarias para atingir o efeito
desejado. Assim, com as muitas espécies de Campomanesia no Cerrado, a conservacdo da biodiversidade pode ser
aliada ao uso sustentavel e proporcionar beneficios, da mesa a farmacia, em futuro préximo.

Palavras-chave: Oleo volatil; Guavira; Biodiversidade; Compostos fitoquimicos; Produtos naturais.

Resumen

El género Campomanesia (Myrtaceae) comprende especies de interés econdmico y cientifico. Producen aceites
esenciales (AE) extraidos de hojas, frutos, semillas, raices y corteza. De las especies de Campomanesia, 14 estan en el
Cerrado brasilefio, un grande dominio fitogeografico brasilefio y hotspot de la biodiversidad y especies endémicas. El
objetivo fue comprender los AE del género Campomanesia del Cerrado brasilefio, revisar las especies y los
constituyentes bioactivos de estos aceites. Usamos Scopus, Web of Science, PubMed, Directory of Open Access Journal
y Science Direct, con las palabras clave “aceite esencial” y “Campomanesia” combinadas con el nombre de las especies
del Cerrado. En las 37 publicaciones resultantes, hay una variedad de AE potenciales descritos, la mayoria tenian
actividades antimicrobianas y antioxidantes. C. adamantium y C. pubescens fueron mas citadas y cinco especies en el
género no se incluyeron en la busqueda. Los compuestos con actividad bioldgica potencial incluyen monoterpenos como
los principales constituyentes de los aceites de frutas volatiles, mientras que los sesquiterpenos son compuestos
principales en las partes restantes. Los AE de Campomanesia proporcionan alternativas terapéuticas potencialmente
interesantes y viables, ademés para la alimentacion. El uso sostenible de la biodiversidad, combinado con la
biotecnologia, es la forma de desarrollar productos mas naturales o compuestos que se combinen sinérgicamente con
productos sintéticos, reduciendo las concentraciones necesarias para lograr el efecto deseado. En fin, con las especies
de Campomanesia del Cerrado, la conservacién de la biodiversidad puede ser aliada al uso sostenible y beneficiarse, de
la mesa a la farmacia, en el futuro.

Palabras clave: Aceite volatil; Guavira; Biodiversidad; Compuestos fitoquimicos; Productos naturales.

1. Introduction

Essential oils (EOs) derived from plants can often provide benefits from the use of the native flora rather than
manufactured alternatives (Silva et al., 2017; Aradjo et al., 2019; Santana et al., 2020; Nascimento et al., 2018;). Many plants in
the large and widespread family Myrtaceae are rich in EOs (Alves et al., 2020; Jesus et al., 2020; Santana et al., 2020; Nascimento
et al., 2018), which are secondary aromatic volatile metabolites that typically comprise terpenes and hydrocarbons. EOs protect
plants against herbivory and microorganisms as well as attract pollinators and seed dispersers (Raven et al., 2007). Human uses
of EOs include health benefits due to these bioactive compounds. Scents and flavors of the EOs are of interest to the
pharmaceutical, food and cleaning-product industries, along with beauty and aromatherapy applications. EOs derived from the
Myrtaceae have been demonstrated to have a variety of biological activities, including antifungal, anti-inflammatory, analgesic,
antiproliferative, and antioxidant (Alves et al., 2020; Nascimento et al., 2018; Garcia et al., 2020; Menezes Filho et al., 2020; S&
et al., 2018; Viscardi et al., 2017ab). In Campomanesia, EOs extracted from the leaves of C. sessiliflora (Jesus et al., 2020), C.
aurea (Kuhn et al., 2019) and C. guazumifolia (Santos et al., 2019) have antibacterial activities, and they can serve as natural
preservatives to extend the shelf-life and avoid the proliferation of microorganisms in food products.

Essential oils are volatile and are extracted from plants using a variety of methods (Asbahani et al., 2015; Freitas &
Cattelan 2018; Guan et al., 2007). Typical concentrations are low (< 1%, Rao et al., 2019) but in dried plant material have been
reported to reach 5% (Asbahani et al., 2015). Extracted EOs are a composite of 20 — 60 components, of which a few (< 3)
dominate, comprising 20 to 70% of the total (Akthar et al., 2014; Asbahani et al., 2015). The best known and most common
terpenes are monoterpenes (with 10 carbon atoms), comprising limonene, o-pinene and B-pinene, and sesquiterpenes (15 carbon
atoms), including bicyclogermacrene, spathulenol and thujopsene (Simdes & Spitzer, 2000). Biological assays provide evidence
that these chemicals have biological activities, such as against cancer (Alves et al., 2020; Garcia et al., 2020; Vasconcelos et al.,
2021) and cardiovascular disease (Menezes et al., 2010), along with anti-hyperalgesic and anti-inflammatory activities (Chi et

al., 2013; D’Alessio et al., 2013; Piccinelli et al., 2015). Due to these health-related benefits, the global market in EOs is around
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US$15 billion, and the price of a kilogram of EO exported from Brazil was US$5.90 in 2021 (Bueno et al., 2021). The EO
industry is expanding and finding sources of EOs can be important economically.

Approximately 13% of the world’s biodiversity is found within Brazil’s borders (Lewinsohn & Prado, 2005;
Mittermeier et al., 1997), with the Amazon basin having the majority of this biodiversity and ca. 40% of the remaining tropical
forests of the world (Peres, 2005). Next is the Cerrado, the savanna biome of Brazil, comprising ca. 21% of the land area of the
country, nearly 2 million km2. About 44% of the flora of the Cerrado is endemic and is among the most biodiverse in the world
(Klink & Machado, 2005). Despite its biological importance, the Cerrado is quickly losing ground, with ~45% of its original
plant cover already lost, and currently has a rate of loss that is 2.5 times that of the Amazon Forest (Projeto Mapbiomas, 2021).

In the Brazilian Cerrado, the plant family Myrtaceae comprises 15 genera and 245 species, in which the genus
Campomanesia accounts for 14 of those species: C. adamantium (Cambess.) O.Berg, C. aurea O.Berg, C. cavalcantina Soares-
Silva & Proenga, C. costata M. Ibrahim & Landrum, C. eugenioides (Cambess.) D.Legrand ex Landrum, C. grandiflora (Aubl.)
Sagot, C. guaviroba (DC.) Kiaersk., C. guazumifolia (Cambess.) O.Berg, C. lineatifolia Ruiz & Pav., C. pabstiana Mattos &
Legrand, C. pubescens (Mart. ex DC.) O.Berg, C. rufa (O.Berg) Nied., C. sessiliflora (O.Berg) Mattos, and C. velutina
(Cambess.) O.Berg (Flora do Brasil 2020). Many of these species have long been used for their edible fruits, as ornamentals, as
sources of flowers for the production of honey, and for medicinal purposes (Hirschmann, 1988; Macedo et al., 2021; Reis &
Schmiele, 2019). Thus, understanding the potential for benefits and applications of the use of natural products from these plants
is important for the conservation of this resource and the Cerrado. To better understand EOs in the genus Campomanesia, here
we undertake a review of the genus and the analysis of bioactive products that have been found in these oils in the Brazilian

Cerrado.

2. Methodology

Using a literature search for all species of Campomanesia from the Cerrado listed in the Flora of Brazil (2020), we
gathered publications that in some way analyzed the essential oils of these plants. This is an integrative literature review,
including books, in the search in Scopus, the Web of Science, PubMed, Directory of Open Access Journals, and Science Direct,
with attention to more recent publications (from 2000 to 2021). We used the search terms “essential o0il” (in Portuguese and
English), along with Campomanesia, and the 14 species of the Cerrado. If publications included the genus, but did not address
EOs, chemical and biological characteristics, biodiversity, or bioeconomy, we excluded those sources. Studies of chemical or
biological composition of extracts, and not only of the essential oils of the researched species, were also exclusion criteria.
Because the references often reported even traces of essential oil components, generating a variable total of often many
components, we limit this study to the examination of the three most prevalent components in each reference source.

The integrative review brings a broader analysis of the literature, which contributes to the discussion and validity of
methods and results of the studies, besides stimulating future research. This type of review provides a more complete
understanding of the topic of interest, as it integrates studies with different methodologies, both experimental and non-
experimental, and maintains the methodological rigor of the search, analysis, and synthesis of data (Mendes et al., 2019; Casarin
et al., 2020).

3. Results
A total of 37 sources were found in 23 journals that fit our criteria. The two sources with more than one article included
the Journal of Essential Oil Research (10 articles) and the Brazilian Journal of Pharmacognosy (four articles), and the number of

publications varied by year (Figure 1).
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Figure 1 - Distribution of articles indicated by year of publication.
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Nine articles were subsequently excluded because they were found not to provide useful information about essential

oils for our purpose here. In these 28 sources, the species most often cited were C. adamantium (24 articles) and C. pubescens

(8), while C. cavalcantina, C. costata, C. grandiflora, C. pabstiana, and C. rufa were not reported (Figure 2).

Figure 2 — Research flowchart showing the methods of search and selection of bibliographic sources used in the integrative

review.

86 articles found in the Databases

4

37 selected articles (Title, 9 excluded articles
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Source: Authors.

From the research in the databases, the 28 selected articles were analyzed in relation to their content for presentation

and discussion in this study (Figure 3).
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(Myrtaceae) from the Brazilian Cerrado.

Figure 3. Characteristics of the studies included in the review of essential oils and their properties in the genus Campomanesia

Authors and . Reason for inclusion in the study and/or
Title -
date topic addressed
Alves et al., | Antiproliferative activity of essential oils from three plants of the | EO’ Chemical characterization
2020 Brazilian Cerrado: Campomanesia adamantium (Myrtaceae), | Antiproliferative activity

Protium ovatum (Burseraceae) and Cardiopetalum calophyllum
(Annonaceae)

Species C. adamantium

Cardoso et al.,
2009

Fruit Oil of Campomanesia xanthocarpa O. Berg and
Campomanesia adamantium O. Berg

EQO’ Chemical characterization
Species C. adamantium

Cardoso & Ré-
Poppi, 2009

Identification of the Volatile Compounds of Flower Oil of
Campomanesia pubescens (Myrtaceae)

EQO’ Chemical characterization
Species C. pubescens

Cardoso et al.,
2010a

Identification of the Volatile Compounds of Flowers of
Campomanesia sessiliflora O. Berg and Campomanesia
xanthocarpa O. Berg

EO’ Chemical characterization
Species C. sessiliflora

Cardoso et al.,
2010b

Leaf Oil of Campomanesia sessiliflora O. Berg

EO’ Chemical characterization
Species C. sessiliflora

Cardozo et al.,
2018

Therapeutic Potential of Brazilian Cerrado Campomanesia
Species on Metabolic Dysfunctions

Review
Species of Campomanesia

Chang et al,
2011

Essential Oil Composition and Antioxidant and Antimicrobial
Properties of Campomanesia pubescens O. Berg, Native of
Brazilian Cerrado

EO’ Chemical characterization
Antimicrobial activity
Antioxidant activity

Species C. pubescens

Coutinho et al.,
2009

Gas Chromatography-Mass Spectrometry (GC-MS) and
evaluation of antioxidant and antimicrobial activities of essential
oil of Campomanesia adamantium (Cambess.) O. Berg (Guavira)

EO’ Chemical characterization
Antimicrobial activity
Antioxidant activity

Species C. adamantium

Coutinho et al.,
2008

Identification of the volatile compounds of leaves and flowers in
guavira (Campomanesia adamantium O. Berg.)

EO’ Chemical characterization
Species C. adamantium

Jesus et al., | Antimicrobial Potential of Essential Oils from Cerrado Plants | EO’ Chemical characterization
2020 against Multidrug-Resistant Foodborne Microorganisms Antimicrobial activity

Species of Campomanesia
Kuhn et al., | Antibiofilm activity of the essential oil of Campomanesia aurea | EO’ Chemical characterization
2019 O. Berg against microorganisms causing food borne diseases Antimicrobial, antibiofilm activities

Species C. aurea

Kuster & Vale,
2016

Leaf histochemistry analysis of four medicinal species from
Cerrado

Histochemistry characterization
Antimicrobial activity
Species C. adamantium

Limberger et

Aromatic plants from Brazil - Chemical composition of essential

EO’ Chemical characterization

al., 2001 oils from some Campomanesia species (Myrtaceae) Species C. aurea

Species C. guazumifolia
Oliveira et al., | Chemical composition of essential oil extracted from leaves of | EO’ Chemical characterization
2017 Campomanesia  adamantium  subjected to  different | Species C. adamantium

hydrodistillation times

Oliveira et al.,
2016

Rendimento, composicéo quimica e atividades antimicrobiana e
antioxidante do 6leo essencial de folhas de Campomanesia
adamantium submetidas a diferentes métodos de secagem

EO’ Chemical characterization
Antimicrobial activity
Antioxidant activity

Species C. adamantium

Pacheco et al.,
2021

Chemical characterization and antimicrobial activity of
Campomanesia aurea against three strains of Listeria
monocytogenes

EO’ Chemical characterization
Antimicrobial activity
Species C. aurea
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Pascoal et al., | Essential Oil from the Leaves of Campomanesia guaviroba | EO’ Chemical characterization
2011 (DC.) Kiaersk. (Myrtaceae): Chemical Composition, Antioxidant | Antiproliferative activity
and Cytotoxic Activity Antioxidant activity
Species C. guaviroba
Saetal., 2018 Phytochemistry and antimicrobial activity of Campomanesia | EO’ Chemical characterization
adamantium Antimicrobial activity
Species C. adamantium
Santos et al., | GCXGC/qQMS analyses of Campomanesia guazumifolia | EO’ Chemical characterization
2019 (Cambess.) O. Berg essential oils and their antioxidant and | Antimicrobial activity
antimicrobial activity Antioxidant activity
Species C. guazumifolia
Silva et al., | Essential oil composition of the leaves of Campomanesia | EO’ Chemical characterization
2009a pubescens Species C. pubescens
Silva et al., | Fruit Oil of Campomanesia pubescens (Myrtaceae) EO’ Chemical characterization
2009b Species C. pubescens

Stefanello et al.,
2008

Essential oil composition of Campomanesia adamantium
(Camb) O. Berg.

EO’ Chemical characterization
Species C. adamantium

Teixeira et al., | Edible fruits from Brazilian biodiversity: A review on their | Review
2019 sensorial characteristics versus bioactivity as tool to select | Several Campomanesia species
research
Vallilo et al., | Composi¢do quimica dos frutos de Campomanesia adamantium | EO’ Chemical characterization
2006b (Cambessédes) O.Berg Species C. adamantium
Vallilo et al., | Identificacdo de terpenos no Oleo essencial dos frutos de | EO’ Chemical characterization
2006a Campomanesia adamantium (Cambessédes) O. Berg - | Species C. adamantium
Myrtaceae
Viscardi et al., | Seed and peel essential oils obtained from Campomanesia | EO’ Chemical characterization
2017a adamantium fruit inhibit inflammatory and pain parameters in | Anti-inflammatory, antinociceptive

rodents

activities
Species C. adamantium

Viscardi et al.
2017b

Anti-inflammatory,  and  antinociceptive  effects  of
Campomanesia adamantium microencapsulated pulp

Anti-inflammatory,
activities
Species C. adamantium

Yousuf et al.
2021

Incorporating essential oils or compounds derived thereof into
edible coatings: effect on quality and shelf life of fresh/fresh-cut
produce.

Review of EO
Species C. velutina

Table 1 presents the essential oil components of the Campomanesia species researched and the parts of the plant from

Source: Authors.

6

which the EO was extracted. Plant parts used for extraction of the essential oils, when and where they were collected, were quite
variable. Consequently, yields were variable, sometimes for the same species and plant parts. Also, the units of measurement
varied and were either weight by weight, or volume by weight and the parts may have been dried or not. Some examples include
the leaves of C. adamantium, the most often studied species, in which monoterpenes accounted for 27%, sesquiterpenes for 68%,
and other hydrocarbons (5%) of the EO components identified (Sa et al., 2018). Limonene (13% in fruit skins, 21% in seeds),
thujopsene (7% in the fruit skin), and B-pinene (11% in seeds) were also found (Viscardi et al., 2017a). Sesquiterpenes
predominate in extraction from fresh flowers (Coutinho et al., 2008) while monoterpenes are more common in dried flowers (Sa
et al., 2018). EO components in C. pubescens tended to include bicyclogermacrene, germacrene-D and eucalyptol (Chang et al.,

2011). Also, in that species, at different phases in the phenology, other EO products found included spathulenol, caryophyllene

antinociceptive
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oxide, and a-macrocarpene (Costa et al., 2021). Bicyclogermacrene (sesquiterpene) was also prevalent (15%) in C. guazumifolia

(Santos et al. 2019).

Table 1. Essential oil components, source species, and plant parts, in which they were found, range of relative

yield, and references for Campomanesia spp. cited in this review, in the Brazilian Cerrado.

Component! Species? Part Yield (%) Reference®
Monoterpene
Limonene a., p. flower, fruit, leaf, seed 10- 26 3,11, 14,15
Sabinene a. flower 20 11
Verbenene a. leaf 14 11
a-pinene a., p. fruit, seed 8-11 14,15
a-thujene a. flower 9 11
(2)-B-ocimene a. fruit 9 14
B-pinene a. seed 11 15
Eucalyptol p. fruit, leaf 8-25 3
Myrtenal g. leaf 27 10
Myrtenol g. leaf 25 10
Trans-pinocarveol g. leaf 16 10
Terpinolene au. leaf 4-10 7,9
Linalool au. leaf 6-9 7,9
Geraniol a. leaf 18 13
Sesquiterpene

Globulol a., p., s., gu. flower, fruit, leaf 5-9 1,5,6,12, 13
Spathulenol a., p., s., gu. fruit, leaf 1-43 2,4,6,8,12,13
Ledol a., p., S. flower 19-21 1,5,12
Bicyclogermacrene a., p., s., gu. Leaf, fruit 5-22 3,4,6,15
Cryptomeridiol p. fruit 14 12
Thujopsene a. fruit 7 15
a-cadinol a., au., p., S. flower, leaf 7-13 1,5,9,12
a-macrocarpene p. leaf 2-22 4
B-funebrene a. leaf 12 11
Germacrene-B a. leaf 9-27 8
Germacrene-D p., S. leaf 8-15 2,3
(E)-Nerolidol au. leaf 56 7
Caryophyllene oxide a., p. leaf 1-30 4,8

1Three most prevalent components in the studies.
2Species codes: a. - C. adamantium, au. - C. aurea, g. - C. guaviroba, gu. - C. guazumifolia, p. - C. pubescens, s. - C. sessiliflora.

3Reference: 1 - Cardoso et al., (2010a), 2 - Cardoso et al., (2010b), 3 - Chang et al., (2011), 4 — Da Costa et al., (2021), 5 - Coutinho et al.,
(2008), 6 - Santos et al., (2019), 7 - Kuhn et al., (2019), 8 - Oliveira et al., (2016), 9 - Pacheco et al., (2021), 10 - Pascoal et al., (2011), 11 - S&
etal., (2018), 12 - Silva et al., (2009b), 13 - Stefanello et al., (2008), 14 - Vallilo et al., (2006a,b), 15 - Viscardi et al., (2017a). Source: Authors.

Most studies (25 articles) included chemical analyses of the composition of essential oil (Table 1), and some studies

examined therapeutic effects and possible applications for the EOs, especially of those species found in the Cerrado. In those

few, antimicrobial (11 articles) and antioxidant (eight articles) were the most cited uses (Table 2). Only three articles were found

that reviewed uses, including ethnobotanical and pharmacological, of Campomanesia in the Cerrado.
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Table 2. List of species in the genus Campomanesia, the plant part from which it was extracted, and the potential

biological applications of their essential oils as stated in the study, studied in the Cerrado of Brazil.

Source species Part Biological application Reference?
fruit, seed inflammation, nociception 10
leaf, flower antimicrobial 9
C. adamantium
leaf antioxidant 2
leaf antiproliferative 1
C. aurea leaf neoplasm, antibacterial 6,7
C. guaviroba leaf leukemia 8
C. guazumifolia leaf antioxidant, antibacterial 5
C. pubescens leaf, fruit, stem, root antibacterial 3
C. sessiliflora leaf antibacterial 4

'Reference: 1 - Alves et al., (2020), 2 - Coutinho et al., (2009), 3 - Chang et al., (2011), 4 - Jesus et al., (2020), 5 - Santos et al.,
(2019), 6 - Garcia (2020), 7 - Pacheco et al., (2021), 8 - Pascoal et al., (2011), 9 - S4 et al., (2018), 10 - Viscardi et al., (2017a).
Source: Authors.

4. Discussion

Campomanesia has both common (within the genus), and species-specific, characteristics of compounds, nutritional
properties, and biological potential. Phenolic compounds are most widespread in the form of anthocyanins, chalconoids,
coumarins, and tannins. Fruits are the most commonly used for extractions, yet leaves, flowers, seeds and roots are all used for
food and medicinal purposes (Cardoso 2021; Duarte et al., 2020). Campomanesia adamantium was the most frequently studied
species which seems to reflect interest, or perhaps local abundance.

The fruit of the guavira (Campomanesia spp.) in 2017 was declared to be the fruit symbol of the state of Mato Grosso
do Sul, which reflects the regional importance given to these species. Consequently, research and integration with communities
and agrobusinesses have addressed preservation, sustainable use, product development, and improvements in the production and
supply chain (Cardoso, 2021). Fruits tend to be flavorful, sweet, with ample pulp, and an agreeable aroma (Teixeira et al., 2019),
and are eaten fresh, or in ice creams, juices, jellies and liquors. Studies suggest that there are many benefits associated with the
fruit, including the pulp, which when reconstituted, after being dried, in juices retains high quantities of vitamin C (Breda et al.,
2012; Oliveira et al., 2018). Vitamin C in the pulp can reach 279 mg 100g™* (Breda et al., 2012; Oliveira et al., 2018; Ledo et al.,
2017). Minerals are also in relatively high concentrations (Lima et al., 2016), as are phenolic compounds (Alves et al., 2017,
Duarte et al., 2020) and fiber (Alves et al., 2013). Even the seeds are used in the production of vegetable oils, with yields around
80%. The most common oils tend to be palmitic (53%) and oleic (34%) acids (Machate et al., 2020).

Many potentially important food and therapeutic uses of this group of plants are indicated by the nutritional, mineral,
and bioactive compounds found therein (Alves et al., 2013, 2017; Lescano et al., 2018, 2019; Lima et al., 2016; Souza et al.,
2019). We suggest that additional and standardized scientific studies should examine more species in the genus and examine
ways to develop and use their products. Clearly, the genus contains many primary metabolites that provide nutrients, along with

secondary metabolites (phenols and essential oils) that may have important biological activities and healthcare uses. Thus,
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developing this source of products that can be used from food, to cosmetics and pharmacology, may also be the means by which
sustainable use of the plants involved can offer protection for the Brazilian Cerrado.

Products that are obtained from natural sources in the Cerrado, such as the infusions (Catelan et al., 2018), essential
oils (Jesus et al., 2020; Viscardi et al., 2017a) and extracts (Fernandes et al., 2015; Lescano et al., 2018) can often be natural
alternatives for therapeutics, in addition to food that the fruits provide. While some of these uses already figure largely in the
local pharmacological folklore, developing standardized formulations and applications is a challenge, because of the chemical
complexity, instability, and possible toxicity (Armendariz-Barragan et al., 2016; Lima et al., 2016) that must be resolved to bring
these items to market.

Bioactive compounds tend to be chemically unstable due to light, oxygen, humidity and heat, which can cause
undesirable consequences for the activity or flavor of the products to which they are added. Additionally, solubility and
bioavailability also limit their use in foodstuffs or pharmacological applications, and which may also influence their
attractiveness to the consumer (Ariyarathna & Karunaratne, 2016; Shishir et al., 2018). Thus, surmounting these difficulties will

be required to bring these products to market in a useful, beneficent and stable way.

4.1 Chemistry of Campomanesia essential oils

Plants in the Myrtaceae have secretory cavities that produce lipophilic compounds (Santana et al., 2020; Hanif et al.,
2018; Siddique et al., 2020). For example, in C. adamantium the idioblasts were shown to produce the essential oils (Kuster &
Vale, 2016). But, other parts of the plants, those that are typically discarded (skins, seeds) may also contain EOs and so, if
extraction methods can prove cost-effective, can add value to the use of these plants for these products (Alves et al., 2013;
Lescano et al., 2018; Medino et al., 2019; Schneider et al., 2020; Viscardi et al., 2017a) (Table 1).

Various parts of the plants do indeed have EOs and components which seem to vary by species, as well as in the same
species. For example, in the leaves of C. pubescens bicyclogermacrene, germacrene-D and eucalyptol (Chang et al., 2011), or
spathulenol, caryophyllene-oxide, and a-macrocarpene (Costa et al., 2021), or limonene, a-pinene, and sabinene were dominant
(Silva et al., 2009a). Also, in this species, when examining the effects of phenology, spathulenol, caryophyllene oxide, a-
macrocarpene and z-caryophyllene were also dominant at times (Costa et al., 2021). Bicyclogermacrene (15%, a sesquiterpene)
was dominant in extractions from leaves of C. guazumifolia (Santos et al., 2019), while caryophyllene oxide (29%) and
spathulenol (28%, both sesquiterpenes) were predominant in C. aurea and C. guazumifolia (Limberger et al., 2001). In C.
adamantium, caryophyllene-oxide and spathulenol are dominant (Oliveira et al., 2016). The variable nature of all of these
constituents both among species, plant parts and studies are complex. The lack of standardization in all of these areas is likely to
be responsible for some of this variability, and thus a first step in making these products commercially available would be to
resolve that issue. First, controlled studies should examine few plants of selected species and over time, to discover when, and
in which plant part, EO concentrations are at their peak.

This variability is demonstrated in Campomanesia where fruits tend to yield monoterpenes while flowers and leaves
yield sesquiterpenes, and both specific mono- and sesquiterpenes can vary by species and part. The monoterpenes are the source
of the citric aroma of the fruits (Vallilo et al., 2006b). Also, occasionally sesquiterpenes can be more dominant than monoterpenes
in fruits (Cardoso et al., 2009; Silva et al., 2009b). Seeds (1%) and fruit skins (0.5%) usually contain smaller quantities of EOs
than leaves which are easier to work with. However, in some cases, leaves have similar, low, yields (0.016 — 0.4%) (Santos et
al., 2019; Pascoal et al., 2011; Stefanello et al., 2008), yet limonene, often the dominant EO, can yield 13 — 21% (Viscardi et al.,

2017a). To add to the complexity, while most studies used dried materials for extraction, drying the material, and the extraction
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methods themselves as they were used, may not be important (Silva et al., 2019a; Silva et al., 2013). We reiterate the need for
standardizing all steps in the process of extracting EOs.

Typically, extraction of EO and other organic chemicals is carried out through hydrodistillation or steam distillation,
and so methods are similar across studies. The duration of time the plant parts are exposed to the procedure can vary among
studies, but nonetheless, evidence suggests that yield is fairly constant at economically viable values (Table 1). For example,
with leaves from C. adamantium, yield after two hours of extraction (0.3% w/w) was similar to that after 2 — 5 hours, but at
longer time intervals, more compounds were extracted (Oliveira et al., 2017). In contrast, with dried leaves of C. adamantium,
the yield after four hours 0.5% v/w (Oliveira et al., 2016) was half that after two hours in another study (1%, Sa et al., 2018).
Extraction can be with wet or dry material, and the difference between yield of EOs of the two methods was around higher 15%
using dry leaves of Myrtaceae (Silva et al., 2019b). Also, yield and composition of the EO can be influenced by a variety of
factors, including climate, soil type, genetics, species of interest, timing of harvest, phenology (Coutinho et al., 2009; S et al.,
2018), and plant part (Sa et al., 2018).

4.2. Potential uses of the Essential Oils
4.2.1 Antimicrobial

Essential oils comprise terpenes, terpenoids, phenylpropenes and other constituents that are antimicrobial agents
(Hyldgaard et al., 2012). EOs extracted from C. guazumifolia leaves had effects on Staphylococus aureus, Escherichia coli, and
Candida albicans (Santos et al., 2019), while leaves and flowers of C. adamantium were active against Trichophyton
mentagrophytes (Sa et al., 2018). EOs from C. pubescens (all plant parts) were effective against both aerobic and anaerobic
bacteria, and were recommended to be used as a mouthwash (Chang et al., 2011). EOs from C. sessiliflora were active against
Salmonella Typhi 905, which is antibiotic resistant (to clindamycin, penicillin and oxacillin (MIC = 500 pg-mL1). The primary
component of those oils was a-pinene (39%), a monoterpene already approved by the USA Food and Drug Administration (FDA)
as a food additive (Jesus et al., 2020).

The mechanism of antimicrobial action of these EOs is typically through disruption of the cell membrane, in which
permeability changes causing problems with cellular respiration, cytoplasm coagulation, protein denaturation, and enzyme
deactivation (Akthar et al., 2014; Khorshidian et al., 2018). Lipophilic components of the EOs (terpenes) interact with the lipids
of the cell membranes, thereby causing the antibacterial effects (Oliveira et al., 2016). Because this damage is mechanical,
resistance (as with antibiotics) does not occur, and so these EOs may be useful in situations in which antibiotic resistance is a
problem, such as in hospitals (Mourabit et al., 2020).

4.2.2 Anti-inflammatory, antinociceptive
Essential oils from the skins and seeds of C. adamantium had anti-inflammatory and antinociceptive actions in rodents,
without apparent toxicity (Viscardi et al., 2017a). The anti-inflammatory action of the EOs from seeds was due to the inhibition

of leukocyte migration and edema.

4.2.3 Tumor prevention

Myrtenal and myrtenol, extracted from the leaves of C. guaviroba, were demonstrated to have cytotoxicity (ICsp = 19.31
pg-mL-1) with several lineages of human leukemia cells (Pascoal et al., 2011). Spathulenol, germacrene-B, B-caryophyllene, B-
caryophyllene oxide, B-myrcene, and a-pinene (only the latter two are not sesquiterpenes) from the leaves of C. adamantium had

antiproliferative effects against human tumor (GMO07492A, pulmonary fibroblasts) cells (Alves et al., 2020). Spathulenol,
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typically a dominant constituent of EOs in the leaves of C. adamantium (Oliveira et al., 2016) and Psidium guineense (81%) was
effective against a tumor causing cell lineage (MCF-7) (Nascimento et al., 2018). Essential oils from C. aurea reduced cellular
viability and the ability to form colonies in human cervical cancer cells (SiHa), possibly due to the important sesquiterpene
constituent a-cadinol (11%). That constituent was demonstrated to inhibit viability by 97%, with and 1Csp < 0.045 pg-mL* which
was shown to essentially only affect tumor cells, leaving healthy cells intact (Garcia et al., 2020). Finally, antimutagenic and

anticarcinogenic effects may be due, in part, to the antioxidant properties that attack free radicals (Freitas & Cattelan, 2018).

4.2.4 Antioxidant properties

Secondary metabolism is responsible for the production of compounds, including antioxidants, with biological activities
in plants (Duarte et al., 2020). Antioxidant activity is attributed to the hydroxyl group in phenols in essential oils. Phenols are
oxygen reducers and can act as chelating agents and to eliminate free radicals (Freitas & Cattelan, 2018). While antioxidant
activity is often attributed to the primary constituents of EOs, such activity may also be synergistic among the components of
EOs (Andrade et al., 2012, Marin et al., 2008). Antioxidants work by transferring a hydrogen atom (HAT) or an electron (SET)
and by chelating transition metals; these methods are used to quantify antioxidant activity (Santos-Sanchez et al., 2019). To
evaluate EOs, typical methods use the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), the radical 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP), inhibition of peroxidation using the
[-carotene/linoleic acid method, and the oxygen radical absorbance capacity (ORAC) (Alves et al., 2017; Schneider et al., 2020).

Essential oils from C. guazumifolia leaves inhibited by 50% the free radical DPPH (ICsp = 26.06 pg-mL™), like the
synthetic antioxidant butyl-hydroxytoluene (BHT, ICso = 18 pg-mL™?) and ICs = 68 pg-mL™* through the inhibition of whitening
of B-carotene, similar to the quercetin control (ICsp = 80 pg-mL™). Greater activity of the B-carotene method was attributed to
lipophilic antioxidant compounds in the EOs (Santos et al., 2019). Low antioxidant activity using the DPPH method may be due
to use with hydrophilic compounds (Andrade et al., 2012). Essential oils from the leaves of C. adamantium and C. guaviroba

may have low antioxidant capacities due to the DPPH method (Coutinho et al., 2009; Oliveira et al., 2016; Pascoal et al., 2011).

4.2.5 Foods

Essential oils in foods can maintain or improve colors and flavors of the food, increase shelf life, and substitute synthetic
antioxidants or antimicrobials. To date, despite the analyses of EOs in Campomanesia, studies that examine their application are
few. Nonetheless, EOs from leaves of C. adamantium inhibit growth (MIC = 31.25 pg-mL™) of the bacteria Listeria
monocytogenes (Sa et al., 2018) and from the leaves of C. aurea inhibit biofilms (> 90%, at 4 mg-mL™) of L. monocytogenes
and Staphylococcus aureus, and these bacteria are often associated with food-related illnesses (Kuhn et al., 2019, Pacheco et al.,
2021). Also, leaves of C. sessiliflora have EOs with antibacterial properties (MIC = 31.25 pg-mL?) for S. aureus, which produces
enterotoxins and can cause alimentary tract infections (Jesus et al., 2020). Studies of other species in the Myrtaceae (e.g.,
Melaleuca) also have antioxidant along with bactericidal activities against S. aureus and may also provide a potential source of
food preservatives (Siddique et al., 2020).

Antimicrobial activities, along with agreeable scents, have been cited in a variety of studies (Silva et al., 2018; Freitas
& Cattelan, 2018; Rao et al., 2019). Flower buds in clove (Syzygium aromaticum, also Myrtaceae) inhibit and kill bacteria
(Staphylococcus aureus, Escherichia coli, Listeria monocytogenes and Salmonella typhimurium) and can be added to foods as a
preservative (Hassine et al., 2021; Radiinz et al., 2019).

Essential oil compounds (sesquiterpenes and monoterpenes) combined with moderate heat (54°C) or pulses of
electricity, can have even better antimicrobial properties against gram-positive bacteria, such as Listeria monocytogenes and

gram-negative bacteria such as E. coli. These combinations may allow the use of smaller quantities of the EOs to conserve foods.
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These methods have been shown to be effective with extracts of other species, such as Citrus sinensis (Ait-Ouazzou et al., 2011;
Bento et al., 2020), in which limonene is the primary component (Bento et al., 2020), and is also common in Campomanesia
(Chang et al., 2011; Séa et al., 2018; Viscardi et al., 2017a).

5. Final Considerations

Essential oils and their constituents are ubiquitous in the genus Campomanesia. Here, in this review we provide ample
evidence for many uses of those EOs as therapeutics with a variety of applications and addition to food products to increase shelf
life. The abundance of species of Campomanesia in the Cerrado of Brazil supports our suggestion that this region can become
an important source of these products. Conversely, by using plants in this genus, we may develop a more sustainable and natural
way to develop health-related products as we conserve the Cerrado. Additionally, better understanding of the species and their
associated EQ, their phenologies and how they interact with the production of these compounds, can provide a new and safer
source of therapeutic products that can replace the more commonly used synthetics. As food additives, these natural products
might be more harmless and more agreeable to consumers because they are natural. Also, because these products are collected
from live plants, as leaves, flowers and fruits, they are a renewable resource.

While the Campomanesia spp. is somewhat well-known, the many species and their products are not. Many species of
the Cerrado, including C. cavalcantina, C. costata, C. grandiflora, C. pabstiana and C. rufa have received almost no attention.
The focus of study is C. adamantium in the vast majority of studies. Yet even this species has lacunae with respect to the potential
essential oil components it produces. Clearly with the species diversity in the Cerrado, chemical analysis of all of these species
should be carried out. All parts of the plants may have EOs that are useful, and so even after fruit collection for food, leftover
products, including fruit skins and seeds, can also be used for the extraction of potentially useful EOs.

Brazil, due to a combination of factors, including size, geography, topography, and evolution, has extreme biodiversity.
With our review, we suggest that conservation of the Cerrado can, in part, include development of the use of the many species
in the genus Campomanesia, from fruit on the table to medicines in the hospital.

Thus, these plants, and their EO products, should continue to be studied. Research programs should include an
examination of the phenology and parts of the plants with respect to concentrations of the EOs. Next, better, experimental, and
standardized studies of the EOs components and their potential uses should receive more interest. Furthermore, the potential for

cancer inhibition of the analyzed species has extreme importance and should receive more attention in research.
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