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ABSTRACT
Myrtaceae is one of the most important plants families, being regarded as the eighth largest 
flowering plant family. it includes many genera of utmost ecological and economical importance 
distributed all over the world. This review aimed to report the latest studies on this family focusing 
on certain widely used plants including Eucalyptus sp., Eugenia sp. (Eugenia uniflora, Eugenia sulcata), 
Syzygium sp. (Syzygium aromaticum and Syzygium cumini), Psidium sp., Pimenta dioica, Myrtus sp. 
(Myrtus communis), Myrciaria sp. and Melaleuca alternifolia. The extraction of bioactive compounds 
has been evolving through the optimization of conventional methods and the use of emerging 
technologies. Supercritical CO2 was applied for essential oils and ultrasound for polyphenols leading 
to extracts and essential oils rich in bioactive compounds. Advances in the field of encapsulation 
and delivery systems showed promising results in the production of stable essential oils 
nanoemulsions and liposomes and the production of plant extracts in the form of nanoparticles. 
Moreover, a significant increase in the number of patents was noticed especially the application 
of Myrtaceae extracts in the pharrmacuetucal field. The applications of ceratin plants (Pimenta 
dioica, Melaleuca alternifolia, Syzygium aromaticum essential oils or Myrciaria cauliflora peel extract) 
in food area (either as a free or encapsulated form) also showed interesting results in limiting 
microbial spoilage of fresh meat and fish, slowing oxidative degradation in meat products, and 
inhibiting aflatoxin production in maize. Despite the massive literature on Myrtaceae plants, 
advances are still necessary to optimize the extraction with environmentally friendly technologies 
and carry out risk assessment studies should be accomplished to harness the full potential in 
food, industrial and pharmaceutical applications.

Introduction

Plants, thanks to their ability to carry out photosynthesis, 
constitute an indispensable source of nutritious, bioactive 
and cosmetic compounds for humanity (Dildora Iskandarovna 
2021). Thousands of medicinal and edible plants belong to 
certain plant families and these families are of special inter-
est to nutritional, pharmaceutical and cosmotic industries 
(Bondam et  al. 2022; Bouyahya et  al., 2021). The Myrtaceae 
family is a large family of dicotyledonous woody plants, 
taxonomically belonging to the order Myrtales. It comprises 
about 5800 species representing 130 to 150 genera. It is 
regarded as the eighth largest flowering plant family. It 
includes many genera of utmost ecological and economical 
importance distributed all over the world. Myrtaceae plants 
grow in South America, Australia, tropical Asia, Africa and 
Europe (de Paulo Farias et  al. 2020; Govaerts et  al. 2008).

Medicinal and aromatic plants belonging to family 
Myrtaceae are endowed with valuable medicinal properties 

and are highly enriched sources of plants’ bioactive volatiles. 
The large number of plants belonging to this family, encour-
aged us to focus in this review on certain plants with inter-
esting pharmaceutical, food and industrial applications 
including Eucalyptus sp., Eugenia sp. (Eugenia uniflora, 
Eugenia sulcata), Syzygium sp. (Syzygium aromaticum and 
Syzygium cumini), Psidium sp., Pimenta dioica, Myrtus sp. 
(Myrtus communis), Myrciaria sp. and Melaleuca alternifolia. 
These species contain several phytochemicals belonging to 
different chemical classes such as phenolic acids, flavonoids, 
phloroglucinols, terpenoids, condensed and non-condensed 
tannins (Vuolo, Lima, and Maróstica Junior 2019). Several 
factors are responsible for the quantitative and qualitative 
differences in the chemical composition of Myrtaceae plants. 
These factors include the genus, species, geographical origin, 
climate, part used and phenological stage of the collected 
plants (Padovan et  al. 2014).

Phenolic acids and flavonoids are mainly localized in the 
fruits, seeds, leaves, stems and roots. Flavonoids are often 
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found in their glycosylated form and include flavanones, 
isoflavones, flavones, flavonols and flavanols, and anthocy-
anins. The phenolic acids of Myrtaceae plants are derived 
from hydroxycinnamic acid (C6-C3) and are rich in 
p-coumaric, caffeic, hydroxybenzoic, vanillic, gallic, and 
ellagic acids (Ahmad and Fareeda 2017; Celaj et  al. 2021). 
The reported terpenoids are dominated by 1,8-cineole, 
β-pinene, linalool, terpinen-4-ol, β-caryophyllene, spathule-
nol, caryophyllene oxide, β-caryophyllene, germacrene D, 
germacrene B, (2E,6E)-farnesoic acid, germacrene D, ger-
macrene B, 1-epi-cubenol, α-muurolol, α-muurolol, caryo-
phyllene oxide, spathulenol, globulol, α-pinene, limonene, 
γ-eudesmol, (E)-β-farnesene, and β-bisabolol (Cascaes et  al. 
2015; Fábio et  al. 2019).

Carotenoids also exist in myrtaceae plant matrices and 
are responsible for the plants’ colors. They are divided into 
two groups including xanthophylls and carotenes. Several 
carotenoids were identified from this family such as 
β-cryptoxanthin, canthaxanthin, violaxanthin, β-citraurine, 
lycopene, monocyclic, and β-carotene (Donado-Pestana 
et  al. 2018; Khoo et  al. 2011). The richness of this family 
with diverse groups of phytochemical compounds suggested 
their potential wide range of biological activities. Many 
studies showed that Myrtaceae species exhibited several 
activities such as antibacterial, anticoagulant, antidiarrheal 
antifungal, antioxidant, cytotoxic, anti-inflammatory, 
anti-parasitic, and antidiabetic effects (Macedo et  al. 2021; 
Sganzerla and da Silva 2022). The bioactivities of Myrtaceae 
species were attributed to their major bioactive phenolics, 
triterpenes and/or essential oil constituents (A. P. G. da 
Silva et  al. 2022; de Oliveira Raphaelli et  al. 2021; Qamar 
et  al. 2022).

The mechanisms of action of the reported biological 
effects were variable depending on the major chemical com-
pounds (ligands) and the used biological assay (cellular and 
molecular targets involved). The extracts, essential oils of 
Myrtaceae medicinal plants and their derivatives demon-
strated anti-inflammatory, antidiabetic, neuroprotective, and 
antitumor effects via their interactions at the sub-cellular, 
cellular, and molecular levels. For instance, the antimicrobial 
effects are mediated through the interactions of the active 
compounds with bacterial cell wall, penetration, integration, 
interference with microbial replication, and cellular mech-
anisms (da Silva et  al. 2022; Famuyide et  al. 2019; 
Haro-González et  al. 2021).

The diverse biological activities of Myrtaceae species pro-
moted their application in several foods, cosmetic and phar-
maceutical industries. The large scale applications of 
Myrtaceae plants’ extracts and relevant compounds led to 
the development of ingenuous protocols for the extraction 
and purification of their bioactive compounds and volatile 
oils (Benvenutti, Zielinski, and Ferreira 2021). In this con-
text, the aim of this review is to shed light on certain 
Myrtaceae plants widely used in food and pharmaceutical 
industries. We summarized the phytochemical content, 
developed formulations, registered patents, and industrial 
applications of certain Myrtaceae plants famous for their 
economic and therapeutic values.

Phytochemicals

Essential oils

The composition of essential oils from the Myrtaceae 
family varies with the species and the extraction protocol 
(Table 1). Recent experiments reported the variability in 
the composition of essential oils from Eucalyptus species. 
In the essential oil of Eucalyptus citriodora leaves, the 
main components were citronellal, geraniol, β-citronellol, 
and δ-cadinene (Aragão et  al. 2015; Costa et  al. 2015). 
In the leaves of Eucalyptus globulus, certain reports sug-
gested the presence of 1,8-cineole as the major component 
(Boukhatem et  al. 2014; Harkat-Madouri et  al. 2015). On 
the other hand, a recent study reported that p-cymene, 
met hy l  eugenol ,  4 - te r pinenol ,  and  s -met hy l 
3-methylbutanethioate were the major constituents of the 
essential oils obtained from Eucalyptus globulus leaves 
(Hafsa et  al. 2016). The presence of 1,8-cineole as well 
as trans-sabinene hydrate acetate, globulol, and longicy-
clene as major components was reported in another study 
on the essential oil composition of Eucalyptus gunnii 
(Caputo et  al. 2020).

Another important species from this family is Eugenia 
uniflora (also popularly known as Pitanga), which was 
found to contain selina-1,3,7(11)-trien-8-one, germacrene 
D, trans-caryophyllene, and germacrene B as the main 
components of its leaves essential oils (Garmus et  al. 
2014). The essential oil extracted by hydrodistillation 
from the leaves of Eugenia ulcate contained sesquiterpenes 
as the largest fraction (75.6%), while β-caryophyllene 
(18.65%), δ-cadinene (10%) and α-pinene (6.75%) were 
also found in significant amounts (Magalhães et  al. 2022). 
The tea tree leaves (Melaleuca alternifolia) essential oil 
was also investigated and revealed the presence of 
terpinen-4-ol, γ-terpinene, α-terpinene, 1,8-cineole, and 
α-terpineol as the major compounds across different stud-
ies (Liao et  al. 2017; C. de S. Silva et  al. 2019; Zhang 
et  al. 2018). In case of guava (Psidium guajava), caryo-
phyllene and its derivatives were identified by many 
researchers as the main components in the leaves of this 
plant. Other relevant components in the essential oil in 
guava leaves were limonene, 1, 8-cineole, α-humulene and 
α-selinene (El-Ahmady, Ashour, and Wink 2013; Hassan 
et  al. 2020; Soliman et  al. 2016; Souza et  al. 2017; Weli 
et  al. 2019). It is important to mention that plant part 
(leaves vs. fruit without seeds) was suggested as a factor 
affecting the composition of essential oil in Psidium gua-
java (El-Ahmady, Ashour, and Wink 2013).

For Pimenta dioica, the composition of essential oil 
obtained from the leaves varied among different studies 
(Chaudhari et  al. 2020; Dima et  al. 2014; Jiang et  al. 2013). 
Based on the results of these studies, it seems reasonable 
to infer that the variability in the essential oil composition 
can be attributed to the natural variation in the plant (Jiang 
et  al. 2013). Eugenol and different forms of caryophyllene 
were indicated as the major components in the essential oil 
obtained from clove (Syzygium aromaticum) (Fayemiwo et  al. 
2014; Sharma et  al. 2017).
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Phenolic compounds

Phenolic compounds are highly valuable constituents of 
Myrtaceae family. Studies indicated the wide variability of 
polyphenols in this family and investigated the factors 
associated with this variability (Table 2). Eucalyptus glob-
ulus leaves were found to be rich in sideroxylonal A or 
B, cypellogin A or B, cypellocarpin C, and ellagic acid 
derivatives (Gullón et  al. 2019). The residues of eucalyptus 
processing were rich in gallic and protocatechuic acids as 
the predominant polyphenols, demonstrating the variation 
in polyphenol content based on the used plant part (Celeiro 
et  al. 2019).

The main phenolic compounds in Eugenia uniflora were 
quercetin, gallic acid, and isoquercetin (Siebert et  al. 2020). 
The evaluation of the phenolic profile of Myrciaria dubia 
whole fruits (pulp and peel) revealed that gallic acid and 
rutin were the major phenolic compounds (Rodrigues et  al. 
2020). However, when only the pulp was considered, several 
phenolic compounds were reported as the main components 
including casuarictin, myricetin, potentillin, and syringic 
acid (Fujita et  al. 2015). In Myrciaria jaboticaba, ellagic 
acid and gallic acid were found in the peels, seeds and 
juice (Inada et  al. 2018, 2020; Siebert et  al. 2020). Some 

polyphenols were highly abundant in the peels such as 
cyanidin-3-O-glucoside, which provides the characteristic 
purple color of this fruit (Inada et  al. 2020).

Another relevant source of phenolic compounds is 
Psidium guajava. Recent experiments characterized the phe-
nolic profile in different parts of this plant. In the leaves, 
the predominance of flavonoids was highlighted by the 
presence of guajaverin, catechin, avicularin, and quercitrin 
(Díaz-de-Cerio et  al. 2016; Saber et  al. 2018). Pink guava 
peels and flesh were found to contain a combination of 
flavonoids and phenolic acid derivatives (Rojas-Garbanzo, 
Zimmermann, et  al. 2017). Cinnamoyl-O-hexoside, 
dimethoxycinnamoyl-O-hexoside, and quercetin-O-hexoside 
were found in both the peel and flesh. Proanthocyanidin 
B-Type (E)GC-(E)GC and galloyl-O-pentoside were only 
reported in the peel. The investigation of the metabolic 
profile of Pimenta dioica suggested its richness in flavonoids 
(Silva, Yerena, and Necha 2021).

Formylated phloroglucinols adducts

The formylated phloroglucinols is another class of interesting 
natural compounds found in the Myrtaceae family, especially 

Table 1. essential oil components found in species of Family Myrtaceae.

species Plant section/source extraction method Main components ref.

Eucalyptus citriodora leaves steam distillation Citronellal, geraniol, β-citronellol, and δ-cadinene (aragão et  al. 2015; 
Costa et  al. 2015)

Eucalyptus globulus leaves steam distillation p-Cymene, methyl eugenol, 4-terpinenol, 
s-methyl 3-methylbutanethioate, and 
γ-terpinene

(Hafsa et  al. 2016)

Eucalyptus globulus leaves steam distillation 1,8-Cineole, α-pinene, and β-myrcene (Boukhatem et  al. 2014)
Eucalyptus globulus leaves steam distillation and 

supercritical Co2

1,8-Cineole, β-pinene, aromadendrene, and 
globulol

(Harkat-Madouri et  al. 
2015)

Eucalyptus grandis leaves steam distillation α-Pinene, γ-terpinene, and p-cymene (aragão et  al. 2015)
Eucalyptus gunnii leaves and herbaceous 

branches
steam distillation 1,8 Cineole, trans-sabinene hydrate acetate, 

globulol, and longicyclene
(Caputo et  al. 2020)

Eugenia uniflora leaves supercritical Co2 selina-1,3,7(11)-trien-8-one, germacrene d, 
trans-caryophyllene, and germacrene B

(Garmus et  al. 2014)

Eugenia sulcata leaves Hydrodistillation sesquiterpenes, β-Caryophyllene, δ-cadinene and 
α-pinene

(Magalhães et  al. 2022)

Melaleuca alternifolia Commercial product n.i. terpinen-4-ol, γ-terpinene, α-terpinene, 
1,8-cineole, and α-terpineol

(liao et  al. 2017; C. de 
s. silva et  al. 2019; 
Zhang et  al. 2018)

Psidium guajava leaves steam distillation β-Caryophyllene, limonene, β-caryophyllene 
oxide, α-selinene, and β-selinene

(el-ahmady, ashour, 
and wink 2013)

Psidium guajava leaves steam distillation Caryophyllene, d-limonene, globulol, and 
trans-nerolidol

(Hassan et  al. 2020)

Psidium guajava leaves steam distillation trans-Caryophyllene, α-humulene, and 
β-bisabolol

(souza et  al. 2017)

Psidium guajava leaves steam distillation iso-Caryphyllene, veridiflorene, farnesene, and 
limonene

(weli et  al. 2019)

Psidium guajava Fruits without seeds steam distillation β-Caryophyllene, 4α-selin-7(11)-enol, 
β-caryophyllene oxide, and α-selinene

(el-ahmady, ashour, 
and wink 2013)

Pimenta dioica Fruit steam distillation α-terpineol, β-linalool, γ-terpinene, and 
eucalyptol

(Chaudhari et  al. 2020)

Pimenta dioica Fruit steam distillation Methyleugenol, eugenol, caryophyllene, and 
α-pinene

(Jiang et  al. 2013)

Pimenta dioica Fruit supercritical Co2 eugenol, methyleugenol, and α-phellandrene (dima et  al. 2014)
Pimenta dioica Fruit Microwave heating Methyleugenol, eugenol, caryophyllene, and 

α-pinene
(Jiang et  al. 2013)

Syzygium aromaticum Buds steam distillation eugenol, eugenyl acetate, β-caryophyllene (Fayemiwo et  al. 2014)
Syzygium aromaticum Commercial product n.i. eugenol, e-caryophyllene, and α-humulene (sharma et  al. 2017)
Myrtus communis n.i. n.i. α--pinene, 1,8-cineole, linalool, linalool acetate, 

and geranyl acetate
(roozitalab et  al. 2022)

Myrtus communis aerial parts Hydrodistillation Myrtenyl acetate, linalool 
and 1,8-cineole

(ouedrhiri et  al. 2022)

n.i.: not indicated.
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in Eucalyptus species (Figure 1A). The leaves were suggested 
as the common source of these compound in different 
Eucalyptus species (Eucalyptus camphora ssp. humeana, 
Eucalyptus camaldulensis, Eucalyptus cladocalyx, Eucalyptus 
leucoxylon, Eucalyptus sideroxylon, Eucalyptus viminalis, and 
Eucalyptus yarraensis) (dos Santos et  al. 2019). Macrocarpal 
A, J, L, and N and sideroxylonal A were identified in these 
Eucalyptus species.

It is important to notice that the formylated phloroglu-
cinol profile varied in different plant parts. In Eucalyptus 
globulus, the presence of diformylphloroglucinol and mac-
rocarpal E, P and Q were reported in the leaves (Chenavas 
et  al. 2015). The fruits of this species contained eucalyp-
globulusals A-J, eucalyptin B, euglobal-III, euglobal-V, mac-
rocarpal C, and macrocarpal E and Q (Pham et  al. 2018; 
Qin, Jin, et  al. 2018). The characterization of Eucalyptus 

Figure 1. representative examples of a: Formylated phloroglucinols, B: selected triterpenoids found in Myrtaceae family, C: Phytosterols identified in Myrtaceae 
family.

Table 2. Polyphenols found in Myrtaceae family.

species Plant section/source extraction method Main components ref.

Eucalyptus globulus leaves Conventional solvent 
extraction, microwave 
heating, ultrasound, and 
deep eutectic solvent

sideroxylonal a or B, cypellogin a or B, 
cypellocarpin C, and glucoside of 
dimethylellagic acid

(Gullón et  al. 2019)

Eucalyptus globulus By-products Conventional solvent 
extraction

Gallic acid and protocatechuic acid (Celeiro et  al. 2019)

Eugenia uniflora Juice no extraction Quercetin, gallic acid, and isoquercetin (siebert et  al. 2020)
Myrciaria dubia whole fruit ultrasound Gallic acid and rutin (l. M. rodrigues et  al.  

2020)
Myrciaria dubia Pulp n.i. Castalagin, casuarictin, ellagic acid, 

myricetin, myricitin glycosides, potentillin, 
quercetin glycosides, syringic acid, and 
vescalagin

(Fujita et  al. 2015)

Myrciaria jaboticaba Peel and seed Conventional solvent 
extraction

Cyanidin-3-O-glucoside, ellagic acid, gallic 
acid and quercetin-3-O-rutinoside

(inada et  al. 2020)

Myrciaria jaboticaba Juice no extraction Gallic acid, quercetin-3-O-rutinoside, ellagic 
acid, and trans-cinnamic acid

(inada et  al. 2018)

Plinia cauliflora Juice no extraction Gallic acid and ellagic acid (siebert et  al. 2020)
Plinia Jaboticaba Fruit Hydromethanolic extract Cyanidin, delphinidin-3-O-glucoside, 

pedunculagin, casuarinin, tellimagrandin 
i, strictinin, casuariin and free ellagic acid

(l. rodrigues et  al. 2021)

Psidium guajava leaves Conventional solvent 
extraction

Guajaverin, catechin, avicularin, and 
quercitrin

(díaz-de-Cerio et  al. 2016)

Psidium guajava l. 
cv. ‘Criolla’

Peel Conventional solvent 
extraction

Cinnamoyl-O-hexoside, guavin B isomer, 
abscisic acid, quercetin-O-hexoside, 
quercetin-O-pentoside, and 
dimethoxycinnamoyl-o-hexoside

(rojas-Garbanzo, 
Zimmermann, et  al. 
2017)

Psidium guajava l. 
cv. ‘Criolla’

Flesh Conventional solvent 
extraction

Catechin gallate, cinnamoyl-O-hexoside, 
dimethoxycinnamoyl-O-hexoside, 
phloretin-C-glucoside, and quercetin 
glucuronide

(rojas-Garbanzo, 
Zimmermann, et  al. 
2017)

Pimenta dioica leaves Conventional solvent 
extraction

epicatechin, isoquercitrin, and 
quercetin-7-O-rhamnoside

(a. v. silva, Yerena, and 
necha 2021)
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robusta leaves indicated the presence of several eucalrobu-
sones (Shang et  al. 2019; Shang, Yang, Jian, et  al. 2016; 
Shang, Yang, Liu, et  al. 2016). Moreover, eucalyprobusals 
A-F, and eucalyprobusone B-F were identified in the fruits 
of Eucalyptus robusta (Liu et  al. 2020). In Eucalyptus tereti-
cornis, eucalteretials A-E were isolated from the twigs and 
leaves (Liu, Feng, et  al. 2018). More recently, some studies 
indicated the presence of formylated phloroglucinols in other 
species of Myrtaceae family. The leaves of guava contain 
guadial A, psiguadial C and D, guapsidial A, guadials B and 
C and anduajadials C-F (Gao et  al. 2013; Jian et  al. 2015; 
Shao et  al. 2012). Littordials A–E were isolated and char-
acterized from the leaves of Araçá-rosa (Psidium littorale) 
(Xu et  al. 2019). Cattleianal and cattleianone were identified 
from Psidium cattleianum leaves (Mahrous et  al. 2021).

Triterpenes

Triterpenoids are present in abundance in the leaves of the 
Myrtaceae family (Figure 1B). In Eucalyptus tereticornis 
leaves, the identified triterpenoids were ursolic acid, olean-
olic acid, and ursolic acid lactone (Acín et  al. 2021; Ceballos 
et  al. 2018). Eucalyptus grandis wood was found to be rich 
in triterpenes including betulinic, betulonic, and ursolic 
acids (Santos et  al. 2017). The main triterpenes in Eucalyptus 
globulus stem were β-amyrin, asiatic acid, arjunolic acid, 
and squalene (Gominho et  al. 2020). In another study by 
the same research group investigating the bark of this 
Eucalyptus species, a different triterpene profile was obtained 
including arjunolic acid, asiatic acid, betulinic acid, 
3-acetyloleanolic acid, ursolic acid, and 3-acetylursolic acid. 
These results also supported previous findings that the com-
position of secondary metabolites including triterpenes dif-
fers in different plant parts.

Among species of the Eugenia genus (Eugenia brasiliensis, 
Eugenia florida, and Eugenia uniflora), the presence of bet-
ulinic acid, oleanolic acid, and ursolic acid was indicated 
in the leaves of these species (Lima et  al. 2015). Another 
triterpene identified in Eugenia uniflora leaves was friedelin 
(Canabarro et  al. 2020). In Pimenta dioica, the following 
triterpenoids were identified including corosolic, maslinic, 
oleanolic, and ursolic acids (Ladurner et  al. 2017).

Psidium guajava is another species from the Myrtaceae 
family that contains many triterpenoids. In the leaves, com-
pounds such as asiatic acid, betulinic acid, corosolic acid, 
guavenoic acid, lupeol, madecassic acid, maslinic acid, ole-
anolic acid, pedunculoside, pinfaensin, and ursolic acid 
were identified (Chao et  al. 2020; Flores et  al. 2015; Li 
et  al. 2021; Lima et  al. 2015). In the flesh, different studies 
indicated the presence of butelin, guavaenoic acid, lupeol, 
madecassic acid, oleanolic acid, quadranoside III, uvaol, 
and 2α,3β-dihydroxyursane (Liu, Feng, et  al. 2018; Zhou 
et  al. 2023). Another species in this genus that contains 
triterpenoids (betulinic acid, oleanolic acid, and ursolic 
acid) is Psidium cattleianum (Lima et  al. 2015).

In Syzygium aromaticum, maslinic and oleanolic acids 
were commonly reported in different studies (Khathi et  al. 
2013; Ladurner et  al. 2017; Ryu et  al. 2016). Another 

triterpenoid found in this species is coumaroylmaslinic acid 
(Ladurner et  al. 2017). In Araçá-rosa (Syzygium cumini), 
some identified triterpenoids were betulinic, oleanolic, and 
ursolic acids (Lima et  al. 2015). These studies indicated the 
diversity of triterpenoids across species of the Myrtaceae 
family and their role as bioactive agents or raw material for 
the synthesis of other interesting compounds.

Phytosterols

Myrtaceae plants also contain phytosterols (Figure 1C). 
Several recent reports characterized this class of natural 
compounds among Eucalyptus species (Eucalyptus botryoides, 
Eucalyptus camaldulensis, Eucalyptus globulus, Eucalyptus 
grandis, Eucalyptus maculata, Eucalyptus pellita, Eucalyptus 
rudis, Eucalyptus sideroxylon, and Eucalyptus viminalis) 
(Arisandi et  al. 2020; Ferreira, Miranda, and Pereira 2018; 
Gominho et  al. 2020; Rodrigues et  al. 2018; Santos et  al. 
2017). These studies indicated β-sitosterol as the most prev-
alent compound, regardless of the investigated plant part. 
The presence of other phytosterols was also reported in 
different plant parts and across different species. Eucalyptus 
globulus wood was found to contain campesterol, cycloar-
tenol, fucosterol, β-sitostanol, stigmasterol, and stigmastanol 
(Gominho et  al. 2020; Rodrigues et  al. 2018). Another study 
indicated the presence of avenasterol in Eucalyptus globulus 
leaves (Correia et  al. 2018).

The phytosterols profile of Eucalyptus grandis wood also 
indicated the presence of campesterol, citrostadienol, and 
β-sitostanol (Santos et  al. 2017). Another relevant phytosterol 
is stigmastanol that was found in the bark, heartwood and 
sapwood of Eucalyptus pellita and the bark of Eucalyptus 
sideroxylon (Arisandi et  al. 2020; Ferreira, Miranda, and 
Pereira 2018). A recent study indicated that Eugenia uniflora 
leaves contained γ-sitosterol (Canabarro et  al. 2020). 
β-Sitosterol was identified in the seeds of this species 
(Lazzarotto-Figueiró et  al. 2021). In Psidium guava, the char-
acterization of phytosterol composition of the seeds indicated 
that campesterol, β-sitosterol, and stigmasterol were the main 
phytosterol compounds (Narváez-Cuenca et  al. 2020; 
Prommaban et  al. 2020).

Carotenoids

Carotenoids are another relevant lipophilic group of phyto-
components in Myrtaceae family, which vary among species. 
Eucalyptus parramattensis leaves contain neoxanthin, violax-
anthin, antheraxanthin, lutein, zexanthin, and β-carotene 
(Dhami et  al. 2020). In the pulp and peel of Eugenia uni-
flora, all-trans-β-cryptoxanthin, all-trans-α-carotene, all-trans-
β-carotene, 9-cis-β-carotene, all-trans-rubixanthin, 
9-cis-rubixanthin, and all-trans-lycopene were identified (de 
Assis et  al. 2020).

A recent experiment characterized carotenoids in different 
parts of Psidium guajava L. cv. ‘Criolla’fruit and indicated 
the presence of 15-cis-lycopene, and all-trans-lycopene in 
the pulp and pericarp (Rojas-Garbanzo, Gleichenhagen, et  al. 
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2017). However, all-trans- β-carotene was only detected in 
pulp. In Myrciaria dubia fruits, β-carotene was mainly pres-
ent in the skin (Azevedo et  al. 2019). This study also showed 
that the ripened fruits had higher content of β-carotene 
than the unripe ones. Finally, the characterization of carot-
enoid profile in Pimenta dioica revealed the presence of 
β-carotene, lutein, and lycopene (Loizzo et  al. 2016).

Optimization of extraction yield/targeted selection 
of bioactive compounds

Optimizing the extraction of bioactive compounds is depen-
dent of the extraction technology and the experimental 
conditions (Table 3). Both extraction yield and activity of 
extracts can be improved when appropriate extraction con-
ditions are applied. The following sections discuss some of 
the key aspects to obtain extracts rich in bioactive com-
pounds with high biological activity.

Essential oils

Regarding the role of extraction technology, the use of steam 
distillation is the most common process to obtain the essen-
tial oils across different studies from Myrtaceae family (Table 
1). Alternative extraction technologies were also proposed 
such as supercritical CO2 and microwave heating. For 
instance, a study on Eucalyptus globulus leaves indicated 
that steam distillation and supercritical CO2 extraction meth-
ods produced essential oils with similar major components 
especially 1,8-cineole, β-pinene, aromadendrene, and globulol 
(Harkat-Madouri et  al. 2015). A similar outcome was 
reported for Pimenta dioica essential oil for the extraction 
with hydrodistillation and microwave-assisted methods (Jiang 
et al. 2013). Moreover, the use of supercritical CO2 extraction 
method was also applied to obtain the essential oil from 
the leaves of Eugenia uniflora (Garmus et  al. 2014) and the 
fruit of Pimenta dioica (Dima et  al. 2014). These studies 
indicated that the yield of essential oils obtained from 
Myrtaceae family varied in terms of the technology applied 
during extraction and the conditions applied, particularly 
the relative proportion among components. Thus, the selec-
tion of extraction technology should be considered when 
targeting oils enriched with specific constituents.

Phenolic compounds

Myrtle berries are widely consumed in the Mediterranean 
areas because of its distinctive flavor and health-benefiting 
antioxidants (Giampieri, Cianciosi, and Forbes-Hernández 
2020). The anthocyanin and phenolic content of Myrtus 
communis berries could be enhanced using ultrasound-assisted 
extraction. The most influencing variables were determined 
by Box-Behnken design (González de Peredo et  al. 2019). 
The highest contents of total phenolics and anthocyanins 
(45 mg EAG/g and 30 mg/g, respectively) were obtained 
using high percentage of methanol (92.8% and 74.1% for 

total phenolic and anthocyanins, respectively), neutral pH 
5 and short extraction time (2 minutes). Bouaoudia-Madi 
et  al. (2019) reported that the optimized ultrasound assisted 
extraction of myrtle pericarps exhibited 2-fold increase in 
the total phenolic content as compared with microwave-assisted 
and conventional methods (241.66 vs. 119.59 and 76.40 mg 
GAE/g, respectively). In another study, the pressurized liquid 
extraction (PLE) was performed to optimize the phenolics 
recovery from myrtle leaves using Box-Behnken design 
(Díaz-De-Cerio et  al. 2018). This optimized technique 
resulted in enriched gallic and ellagic acid derivatives in 
addition to higher total phenolic content compared with 
ultrasound assisted extraction (30 versus 22.4 mg/g leaf dried 
weight).

Some studies reported the optimization of extraction of 
the anthocyanin from Jambolan fruits (Syzygium cumini). 
For instance, a study recovered anthocyanins from the fruit 
skins by applying Plakett–Burman design (Chaudhary and 
Mukhopadhyay 2013). The results indicated that the highest 
anthocyanin yield (763.80 mg) was obtained using 20% eth-
anol and 1% acetic acid. Another study compared the antho-
cyanins extraction using PLE technology and ultrasound 
methods using a non-factorial design (Sabino et  al. 2021). 
The ultrasound extraction method provided the most effec-
tive method by yielding 60.5 mg cyaniding-O-glucoside.g−1 
DF under the optimum conditions whereas other extaction 
methods yielded 47.0 and 54.2 mg cyaniding-O-glucoside.g−1 
DF. The mechanism that explains the increased efficiency 
of ultrasound is related to the cavitation phenomenon, which 
promotes the disruption of vegetables cell releasing enclosed 
components by increasing pores in cellular wall, fragmen-
tation of cellular structure particles, turbulence within sol-
vent, and swelling of the vegetable matrix (Kumar, Srivastav, 
and Sharanagat 2021).

In a related experiment, the effect of solvent (pure sol-
vents and mixtures of water, acetone and ethanol) was inves-
tigated in the extraction potential of polyphenolics with 
antioxidant activity from Jambolan fruits (de Morais Sousa 
et  al., 2022). The authors found that a binary mixture of 
water and acetone (0.5:0.5, v/v) was the most efficient sol-
vent composition, resulting in > 90% of the maximum 
multi-response values.

Response surface methodology was also utilized to enhance 
the antioxidant potentials of S. aromaticum flower buds extract. 
The solid to liquid ratio and ethanol concentration proved as 
significant parameters affecting the phenolic and flavonoid 
contents and consequently the antioxidant properties (Köprü 
et  al. 2020). Recently, Sirichan and colleagues employed 
Box-Behnken design with RSM to optimize ultrasound assisted 
extraction of antioxidant compounds (total flavonoid and phe-
nolic contents) with potential antioxidant properties from maki-
ang seed (Cleistocalyx nervosum) (Sirichan et  al. 2022). The 
effect of temperature, time, and amplitude were evaluated on 
the extraction yield. The optimized conditions for the maxi-
mum extraction yield were: temperature (51.82 °C), amplitude 
(40.51%) and time (31.87 min). Gallic acid was found as the 
major phenolic component of makiang seed extract. In another 
study, different solvents (methanol, water, and ethanol) along 
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with their binary and ternary combinations were tested to 
extract E. punicifolia leaves through simplex-centroid mixture 
design and surface response methodology (Dos Santos et  al. 
2020). The ethanol extract exhibited the highest phenol content 
(412.6 mg GAE/g). A related experiment with Eugenia uniflora 
L. indicated that ultrasound could be applied in the extraction 
of ellagic acid (Assunção et  al. 2017). The optimum condition 
yielded an extract with 26.0 μg ellagic acid/mL. Applying 
emerging technologies and optimizing the extraction are effec-
tive strategies to improve the recovery of polyphenols. 
Particularly, ultrasound can be indicated as one of the most 
relevant strategies.

Phloroglucinol adducts and meroterpenoids

The extraction of phloroglucinol adducts and meroter-
penoids from Myrtaceae involves the use organic solvents 
and take several hours to be accomplished. One example is 
the study carried out with Eucalyptus loxophleba leaves to 
isolate loxophlebals, sideroxylonal and other related com-
pounds (Sidana et  al. 2010, 2011). The proposed extracts 
in these studies involve the extraction of the dried plant 
material in Soxhlet apparatus using a mixture of methylene 
chloride:methanol (8:2). The obtained sideroxylonal (phlo-
roglucinol) enriched extract was further applied on VLC 
column to be fractioned with gradient system of hexane:ethyl 
acetate (100:0 to 0:100) followed by chloroform:methanol 
(100:0 to 80:20) to obtain the major sub-fractions.

Phrologlucinol-based compounds were also extracted 
from the fruits of Melaleuca Leucadendron by percolation 
with CH2Cl2 (Wu et  al. 2020). The fruits extract was passed 
through column using petroleum ether and ethyl acetate. 
The selected fraction was applied on ODS column through 
methanol:water. This led to the isolation of twelve novel 
5-methoxy-4-methyl-benzyl phloroglucinol-terpenoid hybrids. 
This method was further adopted for the same purpose 
using other myrtaceous plants including Psidium cattleianum, 
Eucalyptus cinerea, and Callistemon citrinus (Mahrous et  al. 
2021; El Gaafary et  al. 2022; Saber et  al. 2018; Shehabeldine 
et  al. 2020; Soliman et  al. 2014).

In a related experiment, the air-dried aerial parts of 
Eucalyptus tereticornis were extracted by percolation with ethyl 
acetate. The obtained extract was passed through silica gel 
column and gradients of petroleum ether and acetone were 
used as the solvent system. The obtained sub-fractions passed 
through Sephadex column using chloroform and methanol to 
obtain the bioactive formyl phloroglucinol meroterpenoids 
(Liu, Feng, et  al. 2018). Other authors performed another 
procedure involving the alcohol extraction of Syzygium sama-
rangense, Syzygium austroyunnanense, Baeckea frutescens, 
Melaleuca leucadendron, Leptospermum brachyandrum and 
Psidium littorale. This step was then followed by fractionation 
and utilization of the hexane and chloroform fractions for the 
separation of phloroglucinols aglycones and the ethyl acetate 
for their glycosides (Qin, Zhi, et  al. 2018; Xie et  al. 2019; 
Yang et  al. 2018; Zou et  al. 2018). Both methods (percolation 
and Soxhlet apparatus) seems adequate to obtain phloroglu-
cinol adducts and meroterpenoids due to extensive period to 

maximize the recovery of these compounds, but this charac-
teristic is also an important limitation that has to be overcome. 
In this sense, exploring the use of emerging extraction tech-
nologies (such as ultrasound, microwave heating and super-
critical CO2, for instance) can be seen as a relevant advance 
for future studies.

Triterpenes, phytosterols and carotenoids

The isolation from triterpenes involves the use of different 
technologies and strategies: soxhlet extraction, conventional 
solid-liquid, ultrasound and supercritical CO2. The use of 
organic solvents (such as dichloromethane or methylene chlo-
ride with methanol) is a common choice to extract triter-
penes, especially for Soxhlet extraction (Arisandi et  al. 2020; 
Gominho et  al. 2020, 2021; Okba, El Gedaily, and Ashour 
2017; S. A. O. Santos et  al. 2017). In the case of conventional 
liquid-solvent extraction, different solvents have been used 
and include methanol or ethanol in aqueous or ternary solu-
tions with hexane, NaOH, and formic acid (Acín et  al. 2021; 
Ceballos et  al. 2018; Flores et  al. 2015; Lima et  al. 2015).

The use of alternative methods, beyond the conventional 
solid-liquid and Soxhlet methods, has been reported in some 
studies. Ultrasound seems an interesting option with a 
reduced extraction time (around 15 min) (Ladurner et  al. 
2017). This characteristic can be seen as an important 
advantage in comparision with other methods that can last 
for several hours, especially with Soxhlet equipment 
(Arisandi et  al. 2020; Gominho et  al. 2020). In the same 
line of thought, the use of supercritical CO2 is another 
relevant technology. In this case, limited information exists 
at this moment, to the best of our knowledge (Canabarro 
et  al. 2020). Current evidence suggest that advances in the 
development of technologies and optimization of extraction 
conditions are necessary to obtain extracts rich in triter-
penoids due to the scarcity of studies that comprehensive 
evaluate the extraction of triterpenes from Myrtaceae.

In case of phytosterols, the use of soxhlet extraction is 
the most common method reported in literature for different 
species of the Myratceae family (Arisandi et  al. 2020; 
Ferreira, Miranda, and Pereira 2018; Gominho et  al. 2020; 
Prommaban et  al. 2020; P. F. Rodrigues et  al. 2018; S. A. 
O. Santos et  al. 2017). Conversely, conventional solid-liquid 
extraction method is less reported (Correia et  al. 2018; 
Lazzarotto-Figueiró et  al. 2021). Supercritical CO2 extraction 
recieved attention from researchers as potential alternative 
method to obtain phytosterols from Myratceae family 
(Canabarro et  al. 2020; Narváez-Cuenca et  al. 2020). 
Particularly for Eugenia uniflora leaves, the increase in the 
temperature (from 40 to 80 °C) and pressure (from 15 to 
25 MPa) seems to the reduce efficiency capacity of this tech-
nology and mild conditions seems to be the recommended 
strategy (Canabarro et  al. 2020).

In the case of carotenoids, the use of conventional 
solid-liquid extraction methods applying mainly acetone but 
minimal information exist in terms of alternative extraction 
methods (Azevedo et  al. 2019; de Assis et  al. 2020; Dhami 
et al. 2020; Loizzo et al. 2016; Rojas-Garbanzo, Gleichenhagen, 
et  al. 2017). In this sense, seems reasonable to suggest that 
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further experiment can be carried out to obtain riterpenes, 
phytosterols and carotenoids using innovative emerging tech-
nologies, especially supercritical CO2 and ultrasound, which 
have been accumulating scientific evidence for their use in 
the last decade.

Encapsulation and protective techniques for 
delivery of myrtaceae bioactive phytochemicals

The inclusion of plant nutraceuticals and/or bioactive com-
pounds in innovative delivery systems offers many advan-
tages. These advantages include enhanced bioavailability, 
increased pharmacological activity, sustained delivery, 
decreased toxicity, targeting diseased organ, increased pal-
atability, and improved appearance (Fang et  al. 2006; Khogta 
et  al. 2020; Saber et  al. 2018; Saraf and Ajazuddin 2010). 
Numerous research studies explored the use of plant extracts/
essential oils of Myrtaceae plants to prepare different phar-
maceutical formulae, such as nanoliposomes, nanoemuslions, 
nanodispersion, and multilamellar liposomes. Examples of 
different formulations of Myrtaceous plants together with 
their impacts regarding the industrial or biological impor-
tance are depicted in Table 4 and Figure 2.

One of the possible strategies to deliver the bioactive 
compounds found in Myrtaceae family consist in the pro-
duction of nanoemulsions by mixing an emulsifying agent 
with the essential oil and applying agitation, heating, ultra-
sound or microwave (Aziz et  al. 2019; Magalhães et  al. 2022; 
Roozitalab et  al. 2022; Wei et  al. 2021). The formation of a 
stable system is a great advantage to protect the bioactive 
compounds but the optimization of the process is dependent 
on some key factors. One of the key factors is the proportion 
of essential oil in the nanoemulsion as indicated by recent 
studies (Aziz et  al. 2019; Magalhães et  al. 2022). This variable 
can affect the droplet size, polydispersity index, and viscosity.

The use of surfactant (compounds capable of reducing 
surface tension between two liquids) seems to have a key 
role in the formation of stable nanoemulsions. One class of 
compounds studied is Tween that can be classified in terms 
of fatty acid composing the molecule. Due to this aspects 
some studies explored the use of different Tween and indi-
cated contrasting results about the optimum compound for 
proper formation of nanoemulsion, in terms of particle size 
and thermodynamic stability (Aziz et  al. 2019; Roozitalab 
et  al. 2022). This outcome suggested that the composition 
of essential oil may play an important effect in producing 
stable nanoemulsions.

The use of emerging technologies has also been explored 
in the formation of nanoemulsions (Table 4). For instance, 
current evidence indicates that microwave heating can 
improve the complexation of Syzygium aromaticum essential 
oil into β-cyclodextrin (Hernández‐Sánchez et  al. 2017). 
Moreover, this study also indicated that post-encapsulation 
treatment might be relevant to improve the stability of the 
nanoemulsion, especially with freeze-drying. Another emerg-
ing technology with potential application in the production 
of stable nanoemulsions is ultrasound. In this case, the 
application of ultrasound during the emulsification process 

led to a stabilization for 60 days regardless of the tempera-
ture (-20, 4 and 25 °C) (Wei et  al. 2021).

The production of liposomes seems to be another inter-
esting strategy to deliver bioactive compounds from 
Myrtaceae. Recent studies indicated that it is possible to 
obtain stable solid liposomes but the concentration of bio-
active compounds in the liposome and the proportion of 
components of the encapsulating material are key factors 
that must be evaluated. Regarding the effect of bioactive 
compounds concentration, a study carried out with 
Eucalyptus citriodora essential oil indicated 4 mg/mL as the 
optimum level due to the reduced particle size, particle size 
distribution and low zeta potential. In another experiment, 
the effect of encapsulating material composiotn revealed 
that reducing the proportion of cholesterol in the binary 
mixture with phosphatidyl choline should be be achieved 
to obtain small liposomes (Saber et  al. 2018).

The production of nanoparticles can be considered to 
deliver bioactive compounds from Myrtaceae family. In this 
case, a new composite is formed by heating and stirring 
AgNO3 and Zn(CH3CO2)2 with extracts rich in bioactive 
compounds. Some examples were listed in previous reports 
(Arumugam et  al. 2021; Madakka, Jayaraju, and Rajesh 
2021). The main outcome from these studies was the for-
mation of particles that retain or improve the biological 
effect related to the original extract.

The preservation of biological activity and health-related 
aspects is a key aspect that has been considered in the afore-
mentioned studies and favors the use of encapsulation tech-
nologies and delivery systems to obtain new and stable 
high-added value ingredients for the development of healthier 
and functional foods. For instance, the encapsulated extracts 
and essential oils obtained from Myrtaceae family can  
also exert antioxidant, antimicrobial, anticancer, and 
anti-inflammatory in vitro (Arumugam et  al. 2021; Madakka, 
Jayaraju, and Rajesh 2021; Roozitalab et  al. 2022; Wei et  al. 
2021). Studies in vivo also supported the use of encapsulation 
technologies to deliver activity compounds. Recent experiments 
supported the anti-inflammatory, analgesic, and hepatoprotec-
tive effects (Aziz et al. 2019; Magalhães et al. 2022; Saber et al. 
2018). Moreover, the encapsulation (particularly nanoemulsifi-
cation) can also reduce the oral toxicity of essential oils. This 
effect was observed in vivo for Melaleuca alternifolia essential 
oil (Wei et al. 2021). The collective evidence from recent stud-
ies supports the use of encapsulating technologies and delivery 
systems to preserve the biological effect of the original extract 
or essential oil, but the optimization of process (especially for 
the concentration of bioactive compounds and the encapsulat-
ing material composition) is still necessary. The assessment of 
encapsulating stability and the preservation of biological activ-
ity, especially during long storage periods, is a necessary aspect 
that must be considered in future studies to strengthen the 
progression to larger production scales and the development 
of commercial solutions.

The developments of commercial applications with Myrtaceae 
bioactive compounds has also attracted the interest for patent-
ing products to foster their insertion and commercialization 
in the pharmaceutical and food market. Patents containing 
Myrtaceae plants are listed in Table 5. Nayak and Aithal (2019) 
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registered patent US 2019/0201474A1 of herbal oil formulation 
for the treatment of diabetic gangrene, cellulite based gangrene, 
snake bites, bed sores and other wounds. In this dosage for-
mulation, a blend of plants containing herbal oils including 
Syzygium aromaticum were added to the aqueous extract of 
Heterophragma roxburghii bark. In another patent US 
2016/0367617 A1, Navajas and colleagues described the usage 
of a mixture of Syzygium cumini seeds and Bauhinia forficata 
leaves to control the blood glucose level in diabetic patients. 
For the formulation dosage forms, the seeds of Syzygium cumini 

and the leaves of Bauhinia forficate were pulverized to 60 mesh 
size and were further grinded, dried and both parts homoge-
nized. The obtained product was capsulized and packed 
(Navajas, Pinto, and Maluendas 2016). A combination of tea 
tree oil, green tea extract and mint oil was developed in a 
proper dosage under the patent (US 8.496,914 B2) as antibac-
terial oral rinse formulation for hygiene activities to guard 
against myocardial infarction and other coronary diseases, 
which may result as a complication of bacteremia (Bonfiglio 
2013). Peihong and colleagues registered the patent 

Figure 2. Formulations of Myrtaceae plants-based dosage forms together with their impacts regarding the industrial or biological applications.

Table 5. important registered patents, which explain the different formulations of Myrtaceae plants for pharmaceutical purposes.

Patent no Patent title years Country Formulation usage ref

us 2019 / 0201474a1 Herbal oil formulation 
for topical use and 
medicinal 
applications thereof

4-07-2021 usa a topical herbal oil 
formulation, comprising a 
blend of essential oils 
extracted from bark of 
Heterophragma 
roxburghii, and other 
natural sources such as 
Syzygium aromaticum

For the treatment of 
diabetic foot, 
gangrene, athlete ‘ 
s foot, burn 
wounds, bed sore, 
chronic open 
wounds, and 
snake bite

(nayak and aithal 
2019)

us 2016/0367617 a1 Herbal product for its 
administration to 
diabetic people and 
the process to 
obtain it

22-12-2016 usa dry composition comprising 
dry pulverized Syzygium 
cumini seeds and dry 
pulverized Bauhinia 
forficate leaves

Given to diabetic 
patients to reduce 
the level of 
glucose

(navajas, Pinto, 
and Maluendas 
2016)

us 8.496,914 B2 antibacterial oral rinse 
formulation for 
preventing coronary 
artery disease

30-07-2013 usa Composition of active 
ingredients such as green 
tree extract, tea tree oil 
and mint oil

antibacterial oral 
rinse formulation

(Bonfiglio 2013)

Cn102204962B Preparation method of 
itching-relieving 
mosquito repellent 
aerogel patch

20-03-2013 China Heating of polyisobutylene 
medical hot melt glue 
followed by mixing with 
Melaleuca oil with the 
addition of tourmaline 
powder and sodium 
carboxymethyl cellulose

  itching-relieving 
mosquito 
repellent

(Peihong, 
Xiaodan, and 
Jinan 2013)

us20150352165a1 Clindamycin phosphate, 
salicylic acid and 
tea tree oil 
combinations

10-12-2015 usa Combination of clindamycin 
phosphate, tea tree oil and 
salicylic acid

topical applications 
for the treatment 
of skin infections 
and acne vulgaris

(Pisak et  al. 2015)

Q5
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CN102204962B, which reported the formation of itch relieving 
mosquito repellent. It was prepared by heating the polyisobu-
tylene medical hot melt glue to form the component A. 
Melaleuca oil was extracted through steam distillation to form 
component B. In the next step, tourmaline powder and sodium 
carboxymethyl cellulose were added slowly to the component 
A followed by the addition of component B. Then antipruritic 
glue was obtained which was released on paper or cloth to 
develop the patch (Peihong, Xiaodan, and Jinan 2013). A reg-
istered patent US20150352165A1 reported the inclusion of 
clindamycin phosphate, tea tree oil and salicylic acid for the 
treatment of skin infections and acne vulgaris. For the prepa-
ration of mixture I, distilled water was added to carbomer to 
obtain a homogeneous dispersion then further triethanolamine 
was added for neutralization. Then dimethicone was added to 
inhibit foaming (mixture I). Mixture II was formed by the 
addition of ethanol and water to form a carrier phase for the 
gel formulation. Certain amounts of tea tree oil, clindamycin 
phosphate and salicylic acid were added to mixture II. Then 
poloxamer and glycerin were added. Mixture II and I were 
mixed to obtain gel formulation with constant stirring. Perfume 
was added to the final mixture (Pisak et  al. 2015).

Applications in food production and preservation

The phytochemicals found in Myrtaceae family were used 
to produce functional foods and showed an outstanding 
technological role in food production, safety, and preserva-
tion. The essential oils and polyphenol-rich extracts were 
tested in many foods such as meat, fish, meat products, 

vegetables, and baked foods (Table 6 and Figure 3). The 
importance of using Myrtaceae phytochemicals is mainly 
related to their antimicrobial and antioxidant activity, which 
delay the growth of pathogenic microorganisms and slow 
the progression of oxidative reactions in lipids and natural 
pigments in foods.

One of the main fields of applications of these com-
pounds is the production and preservation of meat, fish, 
and meat products. Pimenta dioica essential oil was used as 
a pretreatment to reduce the attachment of Salmonella hei-
delberg in turkey skin (Nair and Johny 2017). The immersion 
of muscle pieces in an emulsion solution led to a significant 
reduction in Salmonella heidelberg counts. Another study 
explored the incorporation of Melaleuca alternifolia essential 
oil into minced beef and indicated an inhibition of the 
growth of Listeria monocytogenes (Silva et  al. 2019).

The production of active films is an interesting strategy 
to explore the technological value of Myrtaceae phyto-
chemicals. In terms of microbial inhibition, the use of 
liposomes loaded with Melaleuca alternifolia essential oil 
in chitosan nanofiber inhibited the growth of Salmonella 
typhimurium and Salmonella enteritidis in chicken meat 
(Cui et  al. 2018). Another experiment with chicken meat 
indicated a similar antimicrobial effect of Syzygium aro-
maticum essential oil in linear low-density polyethylene 
film against Salmonella typhimurium and Listeria monocy-
togenes growth (Mulla et  al. 2017). The microbial spoilage 
and accumulation of total volatile basic nitrogen containing 
compounds in carp fillets was delayed by using a chitosan 
film with Eucalyptus globulus essential oil (Kootenaie 
et  al. 2017).

Table 6. application of Myrtaceae plant extract in food production and processing.

Food products source effect in food ref.

turkey skin Pimenta dioica essential oil in 
nanoemulsion

slowed the growth of Salmonella Heidelberg (nair and Johny 2017)

Ground beef Melaleuca alternifolia essential oil inhibited Listeria monocytogenes growth (C. de s. silva et  al. 2019)
Chicken meat Melaleuca alternifolia essential oil 

liposomes in chitosan nanofiber
slowed the growth of Salmonella typhimurium 

and Salmonella enteritidis
(Cui et  al. 2018)

Chicken meat Syzygium aromaticum essential oil in 
linear low-density polyethylene film

slowed Salmonella typhimurium and Listeria 
monocytogenes growth

(Mulla et  al. 2017)

Carp fillets Eucalyptus globulus essential oil in 
chitosan film

slow microbial growth and total volatile basic 
nitrogen accumulation

(Kootenaie et  al. 2017)

lamb sausage Eugenia uniflora leaf extract reduced loss of redness and lipid and protein 
oxidation

(de Carvalho et  al. 2019)

Beef burgers Myrciaria cauliflora peel extract reduced lipid oxidation (Heck et  al. 2020)
sliced maize cob Pimenta dioica essential oil inhibited the aflatoxin B1 production by Aspergillus 

flavus
(Chaudhari et  al. 2020)

Maize Pimenta dioica essential oil encapsulation 
in chitosan

inhibited the aflatoxin B1 production by Aspergillus 
flavus and lipid peroxidation

(Chaudhari, singh, das, 
deepika, and dubey, 2022)

Fumigated Maize 
samples

Melaleuca cajuputi essential oil inhibited the aflatoxin B1 production by Aspergillus 
flavus and lipid peroxidation

(Chaudhari, singh, das, Kujur, 
et  al., 2022)

Maize Pimenta dioica and Syzygium 
aromaticum essential oil

inhibited the maize fungus (Fusarium 
verticillioides)

(achimón et  al. 2021)

Barley, cabbage, and 
watermelon juice

Syzygium aromaticum essential oil with 
cinnamaldeyde

inhibited the growth of Bacillus cereus, Yersinia 
enterocolitica, Staphylococcus aureus, and 
Escherichia coli

(siddiqua et  al. 2015)

lemon slices Syzygium aromaticum essential oil in 
chitosan film

inhibited peroxidase and polyphenol oxidase 
activities, and preservation of aroma active 
compounds

(H. li et  al. 2020)

Herbal drink Melaleuca citrolens   leaves  infusion rich in phenolics and improved antioxidant 
potential with high aroma

(nirmal et  al. 2022)

Cookies Myrciaria dubia processing by-products 
extract

improved total phenolic content and antioxidant 
activity

(das Chagas et  al. 2021)

Cookies Psidium guajava seed essential oil similar texture and color to control cookies (raihana et  al. 2017)
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In meat products, the protective effect of extracts 
obtained from Myrtaceae species against spoilage was 
observed in different studies. A relevant example is the 
incorporation of Eugenia uniflora leaves extract in lamb 
sausages that delayed the oxidation of myoglobin, lipids, 
and protein oxidation (de Carvalho et  al. 2019). Another 
interesting natural extract from Myrciaria cauliflora peel 
was used to improve the preservation of meat products. It 
reduced the progression of lipid oxidation in beef burgers 
(Heck et  al. 2020).

The phytochemicals found in Myrtaceae family were 
found to favor the preservation and safety of food of veg-
etable origin. An example of this protective effect was 
obtained from the use of Pimenta dioica essential oil against 
the growth of Aspergillus flavus and the production of afla-
toxin B1 in slices of maize cobs (Chaudhari et  al. 2020). 
The direct addition of essential oils to real foods poses 
serious problems, thereof, Chaudhari and colleagues pre-
pared the nanoemulsion of Pimenta dioica essential oil. The 
essential oil was encapsulated in chitosan nanoemulsion 
through ionic gelation technique. The results showed that 
the nanoemulsion was more effective at low doses against 
Aspergillus flavus, aflatoxins B1 and lipid peroxidation in 
preserved maize samples. So nanoemulsions of Pimenta dio-
ica essential oil could be used as a promising agent to 
extend the shelf life of food products (Chaudhari, Singh, 
Das, Deepika, and Dubey, 2022).

The growth of several pathogenic microorganisms were 
reduced in barley, cabbage, and watermelon juice by com-
bining Syzygium aromaticum essential oil with cinnamalde-
hyde (Siddiqua et  al. 2015). The use of a chitosan film 
containing Syzygium aromaticum essential oil also improved 

the preservation of lemon slices (Li et  al. 2020). The inhi-
bition of endogenous enzymatic activity and loss of aroma 
were attenuated using this active essential oil coating.

Cookies are another interesting food to explore the devel-
opment of functional foods with phytochemicals obtained 
from Myrtaceae species. In case of Myrciaria dubia extract 
(rich in polyphenols), the antioxidant potential of cookies 
was improved (das Chagas et  al. 2021). In a related experi-
ment, the incorporation of Psidium guajava seeds essential 
oil did not affect the sensory properties of cookies (Raihana 
et  al. 2017). These studies supported the use of Myrtaceae 
active compounds in the development of food products due 
to their technological effect. Further research is still necessary 
to explore the food preserving effects of Myrtaceae products 
in terms of extending the shelf life of other food products 
such as dairy products and processed vegetable foods.

Conclusions and perspectives

In this work, we focused on certain important plants of 
family Myrtaceae including Eucalyptus sp., Eugenia uniflora, 
Syzygium aromaticum, Psidium guajava, Pimenta dioica, 
Myrtus communis, Myrciaria sp., and Melaleuca alternifolia. 
Recent studies highlighted the importance of Myrtaceae 
plants as being rich in both phytochemicals and nutritional 
compounds and therefore they are widely implicated in 
industrial and pharmaceutical fields. The encompassed bio-
active compounds in different Myrtaceae matrices constitute 
a remarkable source of lead compounds with potential appli-
cations against infectious diseases, diabetes, cancer, and 
inflammatory chronic diseases.

Figure 3. applications of essential oils and different extracts of myrtaceae plants in food preservation and enhancement of food properties.
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However, there are some major limitations for the phar-
maceutical use of these species and their phytochemicals. 
Firstly, pharmacokinetic studies should be fully investigated 
and validated to reveal the absorption, distribution, metab-
olism, and release rates of these bioactive compounds. The 
major problem of using new bioactive compounds in phar-
maceutical applications is the pharmacogenomic response 
related to human body capacity to metabolize the admin-
istrated natural drugs. Secondly, the safety of main com-
pounds from Myrtaceae should also be extensively assessed 
using chronic toxicity profiling with different doses to com-
ply with nutraceuticals’ risk assessment criteria. The phar-
macodynamic profile of these main compounds should be 
investigated particularly for the treatment of intrinsic dis-
eases such as diabetes and cancer to get precise therapeu-
tic index.

To enhance the pharmacological selectivity, some stud-
ies suggested the use of formulations of Myrtaceae plants 
and their bioactive compounds with promising health 
beneficial or industrial outcomes. However, further efforts 
should be made to evaluate these formulations for the 
mass production to meet large industrial scale. Certain 
formulations were investigated for some Myrtaceae medic-
inal plants like M. communis essential oils and these inves-
tigations should be further extended to other important 
species. The screening of bioactive compounds from other 
Myrtaceae species could allow the identification of novel 
bioactive substances with cosmetic, industrial, and phar-
maceutical relevance.

Finally, some species of this phytochemically enriched 
botanical family such as certain Lophomyrtus sp., Syzygium 
sp. and Metrosideros sp. seem to be endangered due to 
uncontrolled exploitation or ecological threats. In this sense, 
biotechnological investigations aimed at regenerating these 
species using different biotechnological tools such as tissue 
culture, cryopreservation and photoautotrophic microprop-
agation should be considered as an important measure to 
protect the endangered plants of the Myrtaceae family 
(Nadarajan et  al. 2021).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Thanks to GAIN (AxenciaGalega de Innovación) for supporting this 
publication (grant number IN607A2019/01). Paulo E. S. Munekata 
acknowledges postdoctoral fellowship support from the Ministry of 
Science and Innovation (MCIN, Spain) “Juan de la Cierva” program 
(IJC2020-043358-I).

ORCID

Fatema R. Saber  http://orcid.org/0000-0002-5968-1141
Paulo E. S. Munekata  http://orcid.org/0000-0001-5559-1408
Komal Rizwan  http://orcid.org/0000-0002-2011-1600
Jose M. Lorenzo  http://orcid.org/0000-0002-7725-9294

References

Achimón, F., V. D. Brito, R. P. Pizzolitto, A. R. Sanchez, E. A. Gómez, 
and J. A. Zygadlo. 2021. Chemical composition and antifungal prop-
erties of commercial essential oils against the maize phytopatho-
genic fungus Fusarium verticillioides. Revista Argentina de 
Microbiologia 53 (4):292–303.

Acín, S., D. L. Muñoz, A. Guillen, D. Soscue, A. Castaño, F. Echeverri, 
and N. Balcazar. 2021. Triterpene-enriched fractions from Eucalyptus 
tereticornis ameliorate metabolic alterations in a mouse model of 
diet-induced obesity. Journal of Ethnopharmacology 265:113298. doi: 
10.1016/j.jep.2020.113298.

Ahmad, K., and A. Fareeda. 2017. Phytochemistry and pharmacology 
of Callistemon viminalis (Myrtaceae): A review. The Natural Products 
Journal 7 (3):10. doi: 10.2174/2210315507666161216100323.

Aragão, F. B., M. Palmieri, V. T. Queiroz, and P. Fontes Pinheiro. 2015. 
Phytotoxic and cytotoxic effects of Eucalyptus essential oil on lettuce 
(Lactuca sativa L.). Allelopathy Journal 35 (1):259–72. https://www.
researchgate.net/publication/282902956.

Arisandi, R., T. Ashitani, K. Takahashi, S. N. Marsoem, and G. 
Lukmandaru. 2020. Lipophilic extractives of the wood and bark 
from Eucalyptus pellita F. Muell grown in Merauke, Indonesia. 
Journal of Wood Chemistry and Technology 40 (2):146–54. doi: 
10.1080/02773813.2019.1697295.

Arumugam, M., D. B. Manikandan, E. Dhandapani, A. Sridhar, K. 
Balakrishnan, M. Markandan, and T. Ramasamy. 2021. Green syn-
thesis of zinc oxide nanoparticles (ZnO NPs) using Syzygium cum-
ini: Potential multifaceted applications on antioxidants, cytotoxic 
and as nanonutrient for the growth of Sesamum indicum. 
Environmental Technology & Innovation 23:101653. doi: 10.1016/j.
eti.2021.101653.

Assunção, P. I. D., E. C. D. Conceição, L. L. Borges, and J. A. M. D. 
Paula. 2017. Development and validation of a HPLC-UV method 
for the evaluation of ellagic acid in liquid extracts of Eugenia uni-
flora L. (Myrtaceae) leaves and its ultrasound-assisted extraction 
optimization. Evidence-Based Complementary and Alternative 
Medicine: eCAM 2017:1501038. doi: 10.1155/2017/1501038.

Azevedo, L., P. F. de Araujo Ribeiro, J. A. de Carvalho Oliveira, M. 
G. Correia, F. M. Ramos, E. B. de Oliveira, F. Barros, and P. C. 
Stringheta. 2019. Camu-camu (Myrciaria dubia) from commercial 
cultivation has higher levels of bioactive compounds than native 
cultivation (Amazon Forest) and presents antimutagenic effects in 
vivo. Journal of the Science of Food and Agriculture 99 (2):624–31. 
doi: 10.1002/jsfa.9224.

Aziz, Z. A. A., H. M. Nasir, A. Ahmad, S. H. M. Setapar, H. Ahmad, 
M. H. M. Noor, M. Rafatullah, A. Khatoon, M. A. Kausar, I. Ahmad, 
et  al. 2019. Enrichment of Eucalyptus oil nanoemulsion by micellar 
nanotechnology: Transdermal analgesic activity using hot plate test 
in rats’ assay. Scientific Reports 9 (1):13678. doi: 10.1038/
s41598-019-50134-y.

Benvenutti, L., A. A. F. Zielinski, and S. R. S. Ferreira. 2021. 
Jaboticaba (Myrtaceae cauliflora) fruit and its by-products: 
Alternative sources for new foods and functional components. 
Trends in Food Science & Technology 112:118–36. doi: 10.1016/j.
tifs.2021.03.044.

Bondam, A. F., D. Diolinda da Silveira, J. Pozzada dos Santos, and J. 
F. Hoffmann. 2022. Phenolic compounds from coffee by-products: 
Extraction and application in the food and pharmaceutical indus-
tries. Trends in Food Science & Technology 123:172–86. doi: 10.1016/j.
tifs.2022.03.013.

Bonfiglio, R. P. 2013. Antibacterial oral rinse formulation for preventing 
coronary artery disease. US Patent 8496914B2.

Bouaoudia-Madi, N., L. Boulekbache-Makhlouf, K. Madani, A. M. S. 
Silva, S. Dairi, S. Oukhmanou-Bensidhoum, and S. M. Cardoso. 
2019. Optimization of ultrasound-assisted extraction of polyphenols 
from Myrtus communis L. pericarp. Antioxidants 8 (7):205. doi: 
10.3390/antiox8070205.

Boukhatem, M. N., F. M. Amine, A. Kameli, F. Saidi, K. Walid, and 
S. B. Mohamed. 2014. Quality assessment of the essential oil from 
Eucalyptus globulus labill of Blida (Algeria) origin. International 

http://orcid.org/0000-0002-5968-1141
http://orcid.org/0000-0001-5559-1408
http://orcid.org/0000-0002-2011-1600
http://orcid.org/0000-0002-7725-9294
10.1016/j.jep.2020.113298
10.2174/2210315507666161216100323
https://www.researchgate.net/publication/282902956
https://www.researchgate.net/publication/282902956
10.1080/02773813.2019.1697295
10.1016/j.eti.2021.101653
10.1016/j.eti.2021.101653
10.1155/2017/1501038
10.1002/jsfa.9224
10.1038/s41598-019-50134-y
10.1038/s41598-019-50134-y
10.1016/j.tifs.2021.03.044
10.1016/j.tifs.2021.03.044
10.1016/j.tifs.2022.03.013
10.1016/j.tifs.2022.03.013
10.3390/antiox8070205


CRiTiCAL ReviewS iN FOOD SCieNCe AND NuTRiTiON 15

Letters of Chemistry, Physics and Astronomy 36 (Vol. 17, iss. 3):303–
15. doi: 10.18052/www.scipress.com/ilcpa.36.303.

Bouyahya, A., N. El Omari, N. Elmenyiy, F. E. Guaouguaou, A. 
Balahbib, O. Belmehdi, N. Salhi, H. Imtara, H. N. Mrabti, M. 
El-Shazly, et  al. 2021. Moroccan antidiabetic medicinal plants: 
Ethnobotanical studies, phytochemical bioactive compounds, pre-
clinical investigations, toxicological validations and clinical evidenc-
es; challenges, guidance and perspectives for future management of 
diabetes worldw. Trends in Food Science & Technology 115 
(January):147–254. doi: 10.1016/j.tifs.2021.03.032.

Canabarro, N. I., P. C. Veggi, R. Vardanega, M. A. Mazutti, and M. 
d C. Ferreira. 2020. Techno-economic evaluation and mathematical 
modeling of supercritical CO2 extraction from Eugenia uniflora L. 
leaves. Journal of Applied Research on Medicinal and Aromatic Plants 
18:100261. doi: 10.1016/j.jarmap.2020.100261.

Caputo, L., A. Smeriglio, D. Trombetta, L. Cornara, G. Trevena, M. 
Valussi, F. Fratianni, V. De Feo, and F. Nazzaro. 2020. Chemical 
composition and biological activities of the essential oils of 
Leptospermum petersonii and Eucalyptus gunnii. Frontiers in 
Microbiology 11:409. doi: 10.3389/fmicb.2020.00409.

Cascaes, M. M., G. M. S. P. Guilhon, E. H. de Aguiar Andrade, M. 
das Graças Bichara Zoghbi, and L. da Silva Santos. 2015. Constituents 
and pharmacological activities of Myrcia (Myrtaceae): A review of 
an aromatic and medicinal group of plants. International Journal of 
Molecular Sciences 16 (10):23881–904. doi: 10.3390/ijms161023881.

Ceballos, S., A. Guillén, D. L. Muñoz, A. Castaño, L. F. Echeverri, S. 
Acín, and N. Balcázar. 2018. Immunometabolic regulation by trit-
erpenes of Eucalyptus tereticornis in adipose tissue cell line models. 
Phytomedicine: International Journal of Phytotherapy and 
Phytopharmacology 50:109–17. doi: 10.1016/j.phymed.2018.03.059.

Celaj, O., A. G. Durán, P. Cennamo, M. Scognamiglio, A. Fiorentino, 
A. Esposito, and B. D’Abrosca. 2021. Phloroglucinols from Myrtaceae: 
Attractive targets for structural characterization, biological properties 
and synthetic procedures. Phytochemistry Reviews 20 (1): 259–299. 
doi: 10.1007/s11101-020-09697-2.

Celeiro, M., J. P. Lamas, R. Arcas, and M. Lores. 2019. Antioxidants 
profiling of by-products from eucalyptus greenboards manufacture. 
Antioxidants 8 (8):263. doi: 10.3390/antiox8080263.

Chao, I. C., Y. Chen, M. H. Gao, L. G. Lin, X. Q. Zhang, W. C. Ye, 
and Q. W. Zhang. 2020. Simultaneous determination of α-glucosidase 
inhibitory triterpenoids in Psidium guajava using HPLC-DAD-ELSD 
and pressurized liquid extraction. Molecules 25 (6):1278. doi: 
10.3390/molecules25061278.

Chaudhari, A. K., V. Kumar Singh, S. Das, Deepika, and N. K. Dubey. 
2022. Fabrication, characterization, and bioactivity assessment of 
chitosan nanoemulsion containing allspice essential oil to mitigate 
Aspergillus flavus contamination and aflatoxin B1 production in 
maize. Food Chemistry 372:131221.

Chaudhari, A. K., V. Kumar Singh, S. Das, A. Kujur, Deepika, and N. 
K. Dubey. 2022. Unveiling the cellular and molecular mode of 
action of Melaleuca cajuputi Powell. essential oil against aflatoxi-
genic strains of Aspergillus flavus isolated from stored maize sam-
ples. Food Control 138:109000. doi: 10.1016/j.foodcont.2022.109000.

Chaudhari, A. K., V. Kumar Singh, A. K. Dwivedy, S. Das, N. Upadhyay, 
A. Singh, M. S. Dkhar, H. Kayang, B. Prakash, and N. K. Dubey. 
2020. Chemically characterised Pimenta dioica (L.) Merr. essential 
oil as a novel plant based antimicrobial against fungal and aflatox-
in B1 contamination of stored maize and its possible mode of 
action. Natural Product Research  34 (5):745–9. doi: 
10.1080/14786419.2018.1499634.

Chaudhary, B., and K. Mukhopadhyay. 2013. Solvent optimization for 
anthocyanin extraction from Syzygium cumini L. Skeels using re-
sponse surface methodology. International Journal of Food Sciences 
and Nutrition 64 (3):363–71. doi: 10.3109/09637486.2012.738647.

Chenavas, S., C. Fiorini-Puybaret, P. Joulia, C. Larrouquet, H. 
Waton, A. Martinez, H. Casabianca, and B. Fabre. 2015. New 
formylated phloroglucinol compounds from Eucalyptus globulus 
foliage. Phytochemistry Letters 11:69–73. doi: 10.1016/j.phy-
tol.2014.11.002.

Correia, B., R. D. Hancock, J. Amaral, A. Gomez-Cadenas, L. Valledor, 
and G. Pinto. 2018. Combined drought and heat activates protective 
responses in Eucalyptus globulus that are not activated when sub-
jected to drought or heat stress alone. Frontiers in Plant Science 
9:819. doi: 10.3389/fpls.2018.00819.

Costa, A. V., P. F. Pinheiro, V. T. de Queiroz, V. M. Rondelli, A. K. 
Marins, W. R. Valbon, and D. Pratissoli. 2015. Chemical composi-
tion of essential oil from Eucalyptus citriodora leaves and insecticidal 
activity against Myzus persicae and Frankliniella schultzei. Journal 
of Essential Oil Bearing Plants  18 (2):374–81. doi: 
10.1080/0972060X.2014.1001200.

Cui, H., M. Bai, C. Li, R. Liu, and L. Lin. 2018. Fabrication of chitosan 
nanofibers containing tea tree oil liposomes against Salmonella spp. 
in chicken. LWT 96:671–8. doi: 10.1016/j.lwt.2018.06.026.

da Silva, A. P. G., W. G. Sganzerla, A. P. Jacomino, E. P. da Silva, J. 
Xiao, and J. Simal-Gandara. 2022. Chemical composition, bioactive 
compounds, and perspectives for the industrial formulation of health 
products from uvaia (Eugenia pyriformis Cambess – Myrtaceae): A 
comprehensive review. Journal of Food Composition and Analysis 
109:104500. doi: 10.1016/j.jfca.2022.104500.

das Chagas, E. G. L., F. M. Vanin, V. A. dos Santos Garcia, C. M. P. 
Yoshida, and R. A. de Carvalho. 2021. Enrichment of antioxidants 
compounds in cookies produced with camu-camu (Myrciaria dubia) 
coproducts powders. LWT 137:110472. doi: 10.1016/j.lwt.2020.110472.

de Assis, R. C., de Lima Gomes Soares, R. Siqueira, A. C. P. de Rosso, 
V. V. de Sousa, P. H. M. Mendes, A. E. P. de Alencar Costa, E. de 
Góes Carneiro, A. P, and Maia, C. S. 2020. C. 2020. Determination 
of water-soluble vitamins and carotenoids in Brazilian tropical fruits 
by high performance liquid chromatography. Heliyon 6 (10):e05307. 
e05307. doi: 10.1016/j.heliyon.2020.e05307.

de Carvalho, F. A. L., J. M. Lorenzo, M. Pateiro, R. Bermúdez, L. 
Purriños, and M. A. Trindade. 2019. Effect of guarana (Paullinia 
cupana) seed and pitanga (Eugenia uniflora L.) leaf extracts on lamb 
burgers with fat replacement by chia oil emulsion during shelf life 
storage at 2 °C. Food Research International (Ottawa, ON) 125:108554. 
doi: 10.1016/j.foodres.2019.108554.

de Morais Sousa, M., A. de Lima, B. Q. Araujo, M. dos Santos Rocha, 
E. dos Santos Monção Filho, R. P. de Sousa, A. M. das Graças 
Lopes Citó, J. A. G. Sattler, L. B. de Almeida-Muradian, and N. do 
Nascimento Nogueira. 2022. Multi-response optimization of a solvent 
system for the extraction of antioxidants polyphenols from jambo-
lan fruit (Syzygium cumini (L.) Skeels). Food Analytical Methods 15 
(1):34–45. doi: 10.1007/s12161-021-02087-0.

de Oliveira Raphaelli, C., E. d S. Pereira, T. M. Camargo, J. A. Ribeiro, 
M. C. Pereira, J. Vinholes, G. O. Dalmazo, M. Vizzotto, and L. 
Nora. 2021. Biological activity and chemical composition of fruits, 
seeds and leaves of guabirobeira (Campomanesia xanthocarpa O. 
Berg – Myrtaceae): A review. Food Bioscience 40:100899. doi: 
10.1016/j.fbio.2021.100899.

de Paulo Farias, D., I. A. Neri-Numa, F. F. de Araújo, and G. M. 
Pastore. 2020. A critical review of some fruit trees from the 
Myrtaceae family as promising sources for food applications with 
functional claims. Food Chemistry 306:125630. doi: 10.1016/j.food-
chem.2019.125630.

Dhami, N., J. E. Drake, M. G. Tjoelker, D. T. Tissue, and C. I. 
Cazzonelli. 2020. An extreme heatwave enhanced the xanthophyll 
de-epoxidation state in leaves of Eucalyptus trees grown in the field. 
Physiology and Molecular Biology of Plants 26 (2):211–8. doi: 
10.1007/s12298-019-00729-6.

Díaz-de-Cerio, E., A. M. Gómez-Caravaca, V. Verardo, A. 
Fernández-Gutiérrez, and A. Segura-Carretero. 2016. Determination 
of guava (Psidium guajava L.) leaf phenolic compounds using 
HPLC-DAD-QTOF-MS. Journal of Functional Foods 22:376–88. doi: 
10.1016/j.jff.2016.01.040.

Díaz-De-Cerio, E., D. Arráez-Román, A. Segura-Carretero, P. Ferranti, 
R. Nicoletti, G. M. Perrotta, and A. M. Gómez-Caravaca. 2018. 
Establishment of pressurized-liquid extraction by response surface 
methodology approach coupled to HPLC-DAD-TOF-MS for the 
determination of phenolic compounds of myrtle leaves. Analytical 

10.18052/www.scipress.com/ilcpa.36.303
10.1016/j.tifs.2021.03.032
10.1016/j.jarmap.2020.100261
10.3389/fmicb.2020.00409
10.3390/ijms161023881
10.1016/j.phymed.2018.03.059
10.1007/s11101-020-09697-2
10.3390/antiox8080263
10.3390/molecules25061278
10.1016/j.foodcont.2022.109000
10.1080/14786419.2018.1499634
10.3109/09637486.2012.738647
10.1016/j.phytol.2014.11.002
10.1016/j.phytol.2014.11.002
10.3389/fpls.2018.00819
10.1080/0972060X.2014.1001200
10.1016/j.lwt.2018.06.026
10.1016/j.jfca.2022.104500
10.1016/j.lwt.2020.110472
http://e05307
10.1016/j.heliyon.2020.e05307
10.1016/j.foodres.2019.108554
10.1007/s12161-021-02087-0
10.1016/j.fbio.2021.100899
10.1016/j.foodchem.2019.125630
10.1016/j.foodchem.2019.125630
10.1007/s12298-019-00729-6
10.1016/j.jff.2016.01.040


16 F. R. SABeR eT AL.

and Bioanalytical Chemistry 410 (15):3547–57. doi: 10.1007/
s00216-018-0914-0.

Dildora Iskandarovna, T. 2021. Plants and their role in human health. 
European Scholar Journal 2 (4):437–9.

Dima, C., M. Cotârlet, P. Alexe, and S. Dima. 2014. Microencapsulation 
of essential oil of pimento [Pimenta dioica (L) Merr.] by chi-
tosan/k-carrageenan complex coacervation method. Innovative Food 
Science & Emerging Technologies 22:203–11. doi: 10.1016/j.if-
set.2013.12.020.

Donado-Pestana, C. M., M. H. C. Moura, R. L. de Araujo, G. de Lima 
Santiago, H. R. de Moraes Barros, and M. I. Genovese. 2018. 
Polyphenols from Brazilian native Myrtaceae fruits and their po-
tential health benefits against obesity and its associated complica-
tions. Current Opinion in Food Science 19:42–9. doi: 10.1016/j.
cofs.2018.01.001.

dos Santos, B. M., J. F. S. Zibrandtsen, D. Gunbilig, M. Sørensen, F. 
Cozzi, B. A. Boughton, A. M. Heskes, and E. H. J. Neilson. 2019. 
Quantification and localization of formylated phloroglucinol com-
pounds (FPCs) in Eucalyptus species. Frontiers in Plant Science 
10:186. doi: 10.3389/fpls.2019.00186.

Dos Santos, C., A. L. Mizobucchi, B. Escaramboni, B. P. Lopes, C. F. 
F. Angolini, M. N. Eberlin, K. A. De Toledo, and E. G. F. Núñez. 
2020. Optimization of Eugenia punicifolia (Kunth) D. C. leaf ex-
traction using a simplex centroid design focused on extracting 
phenolics with antioxidant and antiproliferative activities. BMC 
Chemistry 14 (1):1–13. doi: 10.1186/s13065-020-00686-2.

El Gaafary, M., F. R. Saber, E. A. Mahrous, R. M. Ashour, M. M. 
Okba, L. Jin, S. J. Lang, M. Schmiech, T. Simmet, and T. Syrovets. 
2022. The phloroglucinol calcitrinone A, a novel mitochondria-targeting 
agent, induces cell death in breast cancer cells. Food and Chemical 
Toxicology 162:112896. doi: 10.1016/j.fct.2022.112896.

El-Ahmady, S. H., M. L. Ashour, and M. Wink. 2013. Chemical com-
position and anti-inflammatory activity of the essential oils of 
Psidium guajava fruits and leaves. Journal of Essential Oil Research 
25 (6):475–81. doi: 10.1080/10412905.2013.796498.

Fábio, F., A. de, A. N.-N. Iramaia, P. F. David, R. M. C. de, C. 
Gabryelle, M. da, and P. Glaucia. 2019. Wild Brazilian species of 
Eugenia genera (Myrtaceae) as an innovation hotspot for food and 
pharmacological purposes. Food Research International 121:57–72.

Famuyide, I. M., A. O. Aro, F. O. Fasina, J. N. Eloff, and L. J. McGaw. 
2019. Antibacterial activity and mode of action of acetone crude 
leaf extracts of under-investigated Syzygium and Eugenia (Myrtaceae) 
species on multidrug resistant porcine diarrhoeagenic Escherichia 
coli. BMC Veterinary Research 15 (1):1–14. doi: 10.1186/
s12917-019-1914-9.

Fang, J.-Y., T.-L. Hwang, Y.-L. Huang, and C.-L. Fang. 2006. 
Enhancement of the transdermal delivery of catechins by liposomes 
incorporating anionic surfactants and ethanol. International journal 
of Pharmaceutics 310 (1–2):131–8. doi: 10.1016/j.ijpharm.2005.12.004.

Fayemiwo, K. A., M. A. Adeleke, O. P. Okoro, S. H. Awojide, and I. 
O. Awoniyi. 2014. Larvicidal efficacies and chemical composition 
of essential oils of Pinus sylvestris and Syzygium aromaticum against 
mosquitoes. Asian Pacific Journal of Tropical Biomedicine 4 (1):30–
4. doi: 10.1016/S2221-1691(14)60204-5.

Ferreira, J. P. A., I. Miranda, and H. Pereira. 2018. Chemical compo-
sition of lipophilic extractives from six Eucalyptus barks. Wood 
Science and Technology  52 (6):1685–99. doi: 10.1007/
s00226-018-1054-6.

Flores, G., S. B. Wu, A. Negrin, and E. J. Kennelly. 2015. Chemical 
composition and antioxidant activity of seven cultivars of guava 
(Psidium guajava) fruits. Food Chemistry 170:327–35. doi: 10.1016/j.
foodchem.2014.08.076.

Fujita, A., D. Sarkar, S. Wu, E. Kennelly, K. Shetty, and M. I. Genovese. 
2015. Evaluation of phenolic-linked bioactives of camu-camu 
(Myrciaria dubia Mc. Vaugh) for antihyperglycemia, antihyperten-
sion, antimicrobial properties and cellular rejuvenation. Food 
Research International 77:194–203. doi: 10.1016/j.foodres.2015.07.009.

Gao, Y., G.-T. Li, Y. Li, P. Hai, F. Wang, and J.-K. Liu. 2013. Guajadials 
CF, four unusual meroterpenoids from Psidium guajava. Natural 

Products and Bioprospecting  3 (1):14–9. doi: 10.1007/
s13659-012-0102-4.

Garmus, T. T., L. C. Paviani, C. L. Queiroga, P. M. Magalhães, and F. 
A. Cabral. 2014. Extraction of phenolic compounds from pitanga 
(Eugenia uniflora L.) leaves by sequential extraction in fixed bed 
extractor using supercritical CO 2, ethanol and water as solvents. 
The Journal of Supercritical Fluids 86:4–14. doi: 10.1016/j.supf-
lu.2013.11.014.

Giampieri, F., D. Cianciosi, and T. Y. Forbes-Hernández. 2020. 
Myrtle (Myrtus communis L.) berries, seeds, leaves, and essential 
oils: New undiscovered sources of natural compounds with prom-
ising health benefits. Food Frontiers 1 (3):276–95. doi: 10.1002/
fft2.37.

Gominho, J., R. A. Costa, A. Lourenço, T. Quilhó, and H. Pereira. 
2021. Eucalyptus globulus Stumps Bark: Chemical and anatomical 
characterization under a valorisation perspective. Waste and Biomass 
Valorization 12 (3):1253–65. doi: 10.1007/s12649-020-01098-y.

Gominho, J., A. Lourenço, A. V. Marques, and H. Pereira. 2020. An 
extensive study on the chemical diversity of lipophilic extractives 
from Eucalyptus globulus wood. Phytochemistry 180:112520. doi: 
10.1016/j.phytochem.2020.112520.

González de Peredo, A. V., M. Vázquez-Espinosa, E. Espada-Bellido, 
M. Ferreiro-González, A. Amores-Arrocha, M. Palma, G. F. Barbero, 
and A. Jiménez-Cantizano. 2019. Alternative ultrasound-assisted 
method for the extraction of the bioactive compounds present in 
Myrtle (Myrtus communis L.). Molecules 24 (5):882. doi: 10.3390/
molecules24050882.

Govaerts, R., M. Sobral, P. Ashton, F. Barrie, B. K. Holst, L. L. Landrum, 
K. Matsumoto, F. F. Mazine, E. N. Lughadha, and C. Proneça. 2008. 
World checklist of Myrtaceae. Richmond, UK: Royal Botanic Gardens.

Gullón, B., A. Muñiz-Mouro, T. A. Lú-Chau, M. T. Moreira, J. M. 
Lema, and G. Eibes. 2019. Green approaches for the extraction of 
antioxidants from eucalyptus leaves. Industrial Crops and Products 
138:111473. doi: 10.1016/j.indcrop.2019.111473.

Hafsa, J., M. a Smach, M. R. Ben Khedher, B. Charfeddine, K. Limem, 
H. Majdoub, and S. Rouatbi. 2016. Physical, antioxidant and anti-
microbial properties of chitosan films containing Eucalyptus globu-
lus essential oil. LWT - Food Science and Technology 68:356–64. doi: 
10.1016/j.lwt.2015.12.050.

Harkat-Madouri, L., B. Asma, K. Madani, Z. Bey-Ould Si Said, P. 
Rigou, D. Grenier, H. Allalou, H. Remini, A. Adjaoud, and L. 
Boulekbache-Makhlouf. 2015. Chemical composition, antibacterial 
and antioxidant activities of essential oil of Eucalyptus globulus from 
Algeria. Industrial Crops and Products 78:148–53. doi: 10.1016/j.
indcrop.2015.10.015.

Haro-González, J. N., G. A. Castillo-Herrera, M. Martínez-Velázquez, 
and H. Espinosa-Andrews. 2021. Clove essential oil (Syzygium aro-
maticum L. Myrtaceae): Extraction, chemical composition, food 
applications, and essential bioactivity for human health. Molecules 
26 (21):6387. doi: 10.3390/molecules26216387.

Hassan, E. M., A. E. N. G. El Gendy, A. M. Abd-ElGawad, A. I. 
Elshamy, M. A. Farag, S. F. Alamery, and E. A. Omer. 2020. 
Comparative chemical profiles of the essential oils from different 
varieties of Psidium guajava L. Molecules (Basel, Switzerland) 26(1): 
119. doi: 10.3390/molecules26010119.

Heck, R. T., Ferreira, D. F. Fagundes, M. B. Santos, B. A. Dos, Cichoski, 
A. J. Saldaña, E. Lorenzo, J. M. de Menezes, C. R. Wagner, R. Barin, 
J. S, et  al. 2020. Jabuticaba peel extract obtained by microwave hy-
drodiffusion and gravity extraction: A green strategy to improve the 
oxidative and sensory stability of beef burgers produced with health-
ier oils. Meat Science 170:108230. doi: 10.1016/j.meatsci.2020.108230.

Hernández‐Sánchez, P., S. López‐Miranda, L. Guardiola, A. Serrano‐
Martínez, J. A. Gabaldón, and E. Nuñez‐Delicado. 2017. Optimization 
of a method for preparing solid complexes of essential clove oil 
with β‐cyclodextrins. Journal of the Science of Food and Agriculture 
97 (2):420–6. doi: 10.1002/jsfa.7781.

Inada, K. O. P., S. Nunes, J. A. Martínez-Blázquez, F. A. Tomás-Barberán, 
D. Perrone, and M. Monteiro. 2020. Effect of high hydrostatic pres-
sure and drying methods on phenolic compounds profile of jabu-

10.1007/s00216-018-0914-0
10.1007/s00216-018-0914-0
10.1016/j.ifset.2013.12.020
10.1016/j.ifset.2013.12.020
10.1016/j.cofs.2018.01.001
10.1016/j.cofs.2018.01.001
10.3389/fpls.2019.00186
10.1186/s13065-020-00686-2
10.1016/j.fct.2022.112896
10.1080/10412905.2013.796498
10.1186/s12917-019-1914-9
10.1186/s12917-019-1914-9
10.1016/j.ijpharm.2005.12.004
10.1016/S2221-1691(14)60204-5
10.1007/s00226-018-1054-6
10.1007/s00226-018-1054-6
10.1016/j.foodchem.2014.08.076
10.1016/j.foodchem.2014.08.076
10.1016/j.foodres.2015.07.009
10.1007/s13659-012-0102-4
10.1007/s13659-012-0102-4
10.1016/j.supflu.2013.11.014
10.1016/j.supflu.2013.11.014
10.1002/fft2.37
10.1002/fft2.37
10.1007/s12649-020-01098-y
10.1016/j.phytochem.2020.112520
10.3390/molecules24050882
10.3390/molecules24050882
10.1016/j.indcrop.2019.111473
10.1016/j.lwt.2015.12.050
10.1016/j.indcrop.2015.10.015
10.1016/j.indcrop.2015.10.015
10.3390/molecules26216387
10.3390/molecules26010119
10.1016/j.meatsci.2020.108230
10.1002/jsfa.7781


CRiTiCAL ReviewS iN FOOD SCieNCe AND NuTRiTiON 17

ticaba (Myrciaria jaboticaba) peel and seed. Food Chemistry 
309:125794. doi: 10.1016/j.foodchem.2019.125794.

Inada, K. O. P., A. G. Torres, D. Perrone, and M. Monteiro. 2018. 
High hydrostatic pressure processing affects the phenolic profile, 
preserves sensory attributes and ensures microbial quality of jabu-
ticaba (Myrciaria jaboticaba) juice. Journal of the Science of Food 
and Agriculture 98 (1):231–9. doi: 10.1002/jsfa.8461.

Jian, Y. Q., X. J. Huang, D. M. Zhang, R. W. Jiang, M. F. Chen, B. X. 
Zhao, Y. Wang, and W. C. Ye. 2015. Guapsidial A and guadials B 
and C: Three new meroterpenoids with unusual skeletons from the 
leaves of Psidium guajava. Chemistry - A European Journal 21 
(25):9022–7. doi: 10.1002/chem.201500533.

Jiang, Z. T., X. Feng, R. Li, and Y. Wang. 2013. Composition compar-
ison of essential oils extracted by classical hydro distillation and 
microwave-assisted hydrodistillation from Pimenta dioica. Journal 
of  Essential  Oil  Bearing Plants  16 (1):45–50. doi: 
10.1080/0972060X.2013.764178.

Khathi, A., M. R. Serumula, R. B. Myburg, F. R. Van Heerden, and 
C. T. Musabayane. 2013. Effects of Syzygium aromaticum-derived 
triterpenes on postprandial blood glucose in streptozotocin-induced 
diabetic rats following carbohydrate challenge. PloS One 8 
(11):e81632. doi: 10.1371/journal.pone.0081632.

Khogta, S., J. Patel, K. Barve, and V. Londhe. 2020. Herbal 
nano-formulations for topical delivery. Journal of Herbal Medicine 
20:100300. doi: 10.1016/j.hermed.2019.100300.

Khoo, H. E., K. N. Prasad, K. W. Kong, Y. Jiang, and A. Ismail. 2011. 
Carotenoids and their isomers: Color pigments in fruits and vege-
tables. Molecules 16 (2):1710–38. doi: 10.3390/molecules16021710.

Kootenaie, F. V., P. Ariaii, D. Khademi Shurmasti, and M. Nemati. 
2017. Effect of chitosan edible coating enriched with eucalyptus 
essential oil and α-tocopherol on silver carp fillets quality during 
refrigerated storage. Journal of Food Safety 37 (1):e12295. doi: 
10.1111/jfs.12295.

Köprü, S., R. Say, K. Karaman, M. M. Yilmaz, and M. Kaplan. 2020. 
Optimization of processing parameters for the preparation of clove 
(Syzygium aromaticum) hydroalcoholic extract: A response surface 
methodology approach to characterize the biofunctional perfor-
mance. Journal of Applied Research on Medicinal and Aromatic Plants 
16:100236. doi: 10.1016/j.jarmap.2019.100236.

Kumar, K., S. Srivastav, and V. S. Sharanagat. 2021. Ultrasound assist-
ed extraction (UAE) of bioactive compounds from fruit and vege-
table processing by-products: A review. Ultrasonics Sonochemistry 
70:105325. doi: 10.1016/j.ultsonch.2020.105325.

Ladurner, A., M. Zehl, U. Grienke, C. Hofstadler, N. Faur, F. C. Pereira, 
D. Berry, V. M. Dirsch, and J. M. Rollinger. 2017. Allspice and 
clove as source of triterpene acids activating the G protein-coupled 
bile acid receptor TGR5. Frontiers in Pharmacology 8:468. doi: 
10.3389/fphar.2017.00468.

Lazzarotto-Figueiró, J., A. P. Capelezzo, M. S. Z. Schindler, J. F. C. 
Fossá, D. Albeny-Simões, L. Zanatta, J. V. Oliveira, and J. Dal Magro. 
2021. Antioxidant activity, antibacterial and inhibitory effect of 
intestinal disaccharidases of extracts obtained from Eugenia uniflo-
ra L. seeds. Brazilian Journal of Biology 81 (2):291–300. doi: 
10.1590/1519-6984.224852.

Liao, M., J. J. Xiao, L. J. Zhou, X. Yao, F. Tang, R. M. Hua, X. W. 
Wu, and H. Q. Cao. 2017. Chemical composition, insecticidal and 
biochemical effects of Melaleuca alternifolia essential oil on the 
Helicoverpa armigera. Journal of Applied Entomology 141 (9):721–8. 
doi: 10.1111/jen.12397.

Lima, A. M. B., A. C. Siani, M. J. Nakamura, and L. A. D’Avila. 2015. 
Selective and cost effective protocol to separate bioactive triterpene 
acids from plant matrices using alkalinized ethanol: Application to 
leaves of Myrtaceae species. Pharmacognosy Magazine 11 (43):470–
6. doi: 10.4103/0973-1296.160453.

Lin, L., W. Chen, C. Li, and H. Cui. 2019. Enhancing stability of 
Eucalyptus citriodora essential oil by solid nanoliposomes encapsu-
lation. Industrial Crops and Products 140:111615. doi: 10.1016/j.
indcrop.2019.111615.

Li, H., Y. Shui, S. Li, Y. Xing, Q. Xu, X. Li, H. Lin, Q. Wang, H. Yang, 
W. Li, et  al. 2020. Quality of fresh cut lemon during different tem-

perature as affected by chitosan coating with clove oil. International 
Journal  of  Food Proper ties  23  (1) :1214–30.  doi : 
10.1080/10942912.2020.1792924.

Liu, H., M. Y. Feng, Q. Yu, H. Yan, Y. Zeng, X. J. Qin, L. He, and H. 
Y. Liu. 2018. Formyl phloroglucinol meroterpenoids from Eucalyptus 
tereticornis and their bioactivities. Tetrahedron 74 (13):1540–5. doi: 
10.1016/j.tet.2018.02.020.

Liu, H., X. Z. He, M. Y. Feng, R. Yuan-Zeng, T. J. Shao, L. D. Ni, W. 
Yan, H. Porco, A. J, X. J. Hao, et  al. 2020. Acylphloroglucinols with 
acetylcholinesterase inhibitory effects from the fruits of Eucalyptus 
robusta. Bioorganic Chemistry 103:104127. doi: 10.1016/j.bio-
org.2020.104127.

Liu, X., X. Yan, J. Bi, J. Liu, M. Zhou, X. Wu, and Q. Chen. 2018. 
Determination of phenolic compounds and antioxidant activities 
from peel, flesh, seed of guava (Psidium guajava L). Electrophoresis 
39 (13):1654–62. doi: 10.1002/elps.201700479.

Li, Y., J. Xu, D. Li, H. Ma, Y. Mu, D. Zheng, X. Huang, and L. Li. 
2021. Chemical characterization and hepatoprotective effects of a 
standardized triterpenoid-enriched guava leaf extract. Journal of 
Agricultural and Food Chemistry 69 (12):3626–37. doi: 10.1021/acs.
jafc.0c07125.

Loizzo, M. R., V. Sicari, M. C. Tenuta, M. R. Leporini, T. Falco, T. 
M. Pellicanò, F. Menichini, and R. Tundis. 2016. Phytochemicals 
content, antioxidant and hypoglycaemic activities of commercial 
nutmeg mace (Myristica fragrans L.) and pimento (Pimenta dioica 
(L.) Merr. International Journal of Food Science & Technology 51 
(9):2057–63. doi: 10.1111/ijfs.13178.

Macedo, J. G. F., J. M. L. Rangel, M. de Oliveira Santos, C. J. Camilo, 
J. G. M. da Costa, and M. M. de Almeida Souza. 2021. Therapeutic 
indications, chemical composition and biological activity of native 
Brazilian species from Psidium genus (Myrtaceae): A review. Journal 
of Ethnopharmacology 278:114248.

Madakka, M., N. Jayaraju, and N. Rajesh. 2021. Evaluating the anti-
microbial activity and antitumor screening of green synthesized 
silver nanoparticles compounds, using Syzygium jambolanum, to-
wards MCF7 cell line (Breast cancer cell line). Journal of 
Photochemistry and Photobiology 6:100028. doi: 10.1016/j.
jpap.2021.100028.

Magalhães, B. Q., F. P. Machado, P. S. Sanches, B. Lima, D. Q. Falcão, 
N. v Ranke, M. L. Bello, C. R. Rodrigues, M. G. Santos, L. Rocha, 
et  al. 2022. Eugenia sulcata (Myrtaceae). Nanoemulsion enhances 
the inhibitory activity of the essential oil on P2X7R and inflamma-
tory response in vivo. Pharmaceutics 14 (5):911. doi: 10.3390/phar-
maceutics14050911.

Mahrous, E. A., A. M. Al-Abd, M. M. Salama, M. M. Fathy, F. M. 
Soliman, and F. R. Saber. 2021. Cattleianal and cattleianone: Two 
new meroterpenoids from Psidium cattleianum leaves and their 
selective antiproliferative action against human carcinoma cells. 
Molecules 26 (10):2891. doi: 10.3390/molecules26102891.

Mulla, M., J. Ahmed, H. Al-Attar, E. Castro-Aguirre, Y. A. Arfat, and 
R. Auras. 2017. Antimicrobial efficacy of clove essential oil infused 
into chemically modified LLDPE film for chicken meat packaging. 
Food Control 73:663–71. doi: 10.1016/j.foodcont.2016.09.018.

Nadarajan, J., K. van der Walt, C. A. Lehnebach, H. Saeiahagh, and 
R. Pathirana. 2021. Integrated ex situ conservation strategies for 
endangered New Zealand Myrtaceae species. New Zealand Journal 
of Botany 59 (1):72–89. doi: 10.1080/0028825X.2020.1754245.

Nair, D. V. T., and A. K. Johny. 2017. Food grade pimenta leaf essen-
tial oil reduces the attachment of Salmonella enterica Heidelberg 
(2011 Ground Turkey Outbreak Isolate) on to Turkey Skin. Frontiers 
in Microbiology 8:2328. doi: 10.3389/fmicb.2017.02328.

Narváez-Cuenca, C. E., M. L. Inampues-Charfuelan, A. M. 
Hurtado-Benavides, F. Parada-Alfonso, and J. P. Vincken. 2020. The 
phenolic compounds, tocopherols, and phytosterols in the edible 
oil of guava (Psidium guava) seeds obtained by supercritical CO2 
extraction. Journal of Food Composition and Analysis 89:103467. doi: 
10.1016/j.jfca.2020.103467.

Navajas, J. C. A., F. M. Pinto, and E. W. B. Maluendas. 2016. Herbal 
product for its administration to diabetic people and process to obtain 
it. US Patent 20160367617A1.

10.1016/j.foodchem.2019.125794
10.1002/jsfa.8461
10.1002/chem.201500533
10.1080/0972060X.2013.764178
10.1371/journal.pone.0081632
10.1016/j.hermed.2019.100300
10.3390/molecules16021710
10.1111/jfs.12295
10.1016/j.jarmap.2019.100236
10.1016/j.ultsonch.2020.105325
10.3389/fphar.2017.00468
10.1590/1519-6984.224852
10.1111/jen.12397
10.4103/0973-1296.160453
10.1016/j.indcrop.2019.111615
10.1016/j.indcrop.2019.111615
10.1080/10942912.2020.1792924
10.1016/j.tet.2018.02.020
10.1016/j.bioorg.2020.104127
10.1016/j.bioorg.2020.104127
10.1002/elps.201700479
10.1021/acs.jafc.0c07125
10.1021/acs.jafc.0c07125
10.1111/ijfs.13178
10.1016/j.jpap.2021.100028
10.1016/j.jpap.2021.100028
10.3390/pharmaceutics14050911
10.3390/pharmaceutics14050911
10.3390/molecules26102891
10.1016/j.foodcont.2016.09.018
10.1080/0028825X.2020.1754245
10.3389/fmicb.2017.02328
10.1016/j.jfca.2020.103467


18 F. R. SABeR eT AL.

Nayak, D. U., and R. Aithal. 2019. Herbal oil formulation for topical 
use and medicinal applications thereof. US Patent 20190201474A1.

Nirmal, N. P., R. Mereddy, D. Webber, and Y. Sultanbawa. 2022. 
Biochemical composition and aroma of Melaleuca citrolens Barlow 
(Myrtaceae) leaves from different regions of Australian Northern 
Territory. South African Journal of Botany 145:78–84. doi: 10.1016/j.
sajb.2022.01.037.

Okba, M. M., R. A. El Gedaily, and R. M. Ashour. 2017. UPLC–PDA–
ESI–qTOF-MS profiling and potent anti-HSV-II activity of Eucalyptus 
sideroxylon leaves. Journal of Chromatography. B, Analytical 
Technologies in the Biomedical and Life Sciences 1068-1069:335–42. 
doi: 10.1016/j.jchromb.2017.10.065.

Ouedrhiri, W., H. Mechchate, S. Moja, S. Baudino, A. Saleh, O. M. Al 
Kamaly, A. Grafov, and H. Greche. 2022. Optimized antibacterial 
effects in a designed mixture of essential oils of Myrtus communis, 
Artemisia herba-alba and Thymus serpyllum for wide range of ap-
plications. Foods 11 (1):132. doi: 10.3390/foods11010132.

Padovan, A., A. Keszei, C. Külheim, and W. J. Foley. 2014. The evo-
lution of foliar terpene diversity in Myrtaceae. Phytochemistry 
Reviews 13 (3):695–716. doi: 10.1007/s11101-013-9331-3.

Peihong, Q., Z. Xiaodan, and J. Jinan. 2013. Preparation method of 
itching-relieving mosquito repellent aerogel patch. China Patent 102204962B.

Pham, T. A., I. Shair Mohammad, V. T. Vu, X. L. Hu, C. Birendra, A. 
Ulah, C. Guo, X. Y. Lü, W. C. Ye, and H. Wang. 2018. Phloroglucinol 
derivatives from the fruits of Eucalyptus globulus and their cyto-
toxic activities. Chemistry & Biodiversity 15 (6):e1800052. doi: 
10.1002/cbdv.201800052.

Pisak, I. M. I., M. N. Pisak, M. L. Selamoglu, and S. Bingol. 2015. 
Clindamycin phosphate, salicylic acid and tea tree oil combinations. 
France Patent 2014042604A1.

Prommaban, A., N. Utama-Ang, A. Chaikitwattana, C. Uthaipibull, J. 
B. Porter, and S. Srichairatanakool. 2020. Phytosterol, lipid and 
phenolic composition, and biological activities of guava seed oil. 
Molecules 25 (11):2474. doi: 10.3390/molecules25112474.

Qamar, M., S. Akhtar, T. Ismail, M. Wahid, M. W. Abbas, M. S. 
Mubarak, Y. Yuan, R. T. Barnard, Z. M. Ziora, and T. Esatbeyoglu. 
2022. Phytochemical profile, biological properties, and food appli-
cations of the medicinal plant Syzygium cumini. Foods 11 (3):378. 
doi: 10.3390/foods11030378.

Qin, X., J. Jin, L. Y. Yu, Q. Liu, H. Khan, A. Yan, H. Hao, X. J. An, 
L. K, and Liu, H. Y. 2018. Eucalypglobulusals A-J, 
formyl-phloroglucinol-terpene meroterpenoids from Eucalyptus glob-
ulus fruits. Journal of Natural Products 81 (12):2638–46. doi: 
10.1021/acs.jnatprod.8b00430.

Qin, X. J., Y. E. Zhi, H. Yan, Y. Zhang, H. Liu, Q. Yu, S. Wang, Q. 
Zhao, L. He, X. Ma, et  al. 2018. Baeckfrutones A–L, polymethylat-
ed phloroglucinol meroterpenoids from the twigs and leaves of 
Baeckea frutescens. Tetrahedron 74 (46):6658–66. doi: 10.1016/j.
tet.2018.09.050.

Raihana, A. R. N., J. M. N. Marikkar, I. Jaswir, A. F. Nurrulhidayah, 
and M. S. Miskandar. 2017. Effect of pink guava oil-palm stearin 
blends and lard on dough properties and cookies quality. International 
Food Research Journal 24:355–62.

Rodrigues, L., C. M. Donado-Pestana, M. H. C. Moura, R. R. e Silva, 
E. V. M. Pessoa, and M. I. Genovese. 2021. Phenolic compounds 
from jaboticaba (Plinia jaboticaba (Vell.) Berg) ameliorate intestinal 
inflammation and associated endotoxemia in obesity. Food Research 
International (Ottawa, ON) 141:110139.

Rodrigues, P. F., D. D. Evtyugin, D. V. Evtuguin, and A. Prates. 2018. 
Extractive profiles in the production of sulfite dissolving pulp from 
Eucalyptus globulus WOOD. Journal of Wood Chemistry and 
Technology 38 (5):397–408. doi: 10.1080/02773813.2018.1513037.

Rodrigues, L. M., E. B. Romanini, E. Silva, E. J. Pilau, S. C. da Costa, 
and G. S. Madrona. 2020. Camu-camu bioactive compounds ex-
traction by ecofriendly sequential processes (ultrasound assisted 
extraction and reverse osmosis). Ultrasonics Sonochemistry 64:105017. 
doi: 10.1016/j.ultsonch.2020.105017.

Rojas-Garbanzo, C., M. Gleichenhagen, A. Heller, P. Esquivel, N. 
Schulze-Kaysers, and A. Schieber. 2017. Carotenoid profile, antiox-
idant capacity, and chromoplasts of pink guava (Psidium guajava 

L). Journal of Agricultural and Food Chemistry 65 (18):3737–47. doi: 
10.1021/acs.jafc.6b04560.

Rojas-Garbanzo, C., B. F. Zimmermann, N. Schulze-Kaysers, and A. 
Schieber. 2017. Characterization of phenolic and other polar com-
pounds in peel and flesh of pink guava (Psidium guajava L. cv. 
‘Criolla’) by ultra-high performance liquid chromatography with 
diode array and mass spectrometric detection. Food Research 
International (Ottawa, ON) 100 (Pt 3):445–53. doi: 10.1016/j.
foodres.2016.12.004.

Roozitalab, G., Y. Yousefpoor, A. Abdollahi, M. Safari, F. Rasti, and 
M. Osanloo. 2022. Antioxidative, anticancer, and antibacterial 
activities of a nanoemulsion-based gel containing Myrtus commu-
nis  L. Chemical Papers  76 (7):4261–71. doi: 10.1007/
s11696-022-02185-1.

Ryu, B., H. M. Kim, J. H. Woo, J. H. Choi, and D. S. Jang. 2016. A 
new acetophenone glycoside from the flower buds of Syzygium 
aromaticum (cloves). Fitoterapia 115:46–51. doi: 10.1016/j.fito-
te.2016.09.021.

Saber, F. R., G. A. Abdelbary, M. M. Salama, D. O. Saleh, M. M. Fathy, 
and F. M. Soliman. 2018. UPLC/QTOF/MS profiling of two Psidium 
species and the in-vivo hepatoprotective activity of their 
nano-formulated liposomes. Food Research International (Ottawa, 
ON) 105:1029–38. doi: 10.1016/j.foodres.2017.12.042.

Sabino, L. B. d S., E. G. A. Filho, F. A. N. Fernandes, E. S. de Brito, 
and I. J. d S. Júnior. 2021. Optimization of pressurized liquid ex-
traction and ultrasound methods for recovery of anthocyanins pres-
ent in jambolan fruit (Syzygium cumini L). Food and Bioproducts 
Processing 127:77–89. doi: 10.1016/j.fbp.2021.02.012.

Santos, S. A. O., C. Vilela, R. M. A. Domingues, C. S. D. Oliveira, J. 
J. Villaverde, C. S. R. Freire, C. P. Neto, and A. J. D. Silvestre. 2017. 
Secondary metabolites from Eucalyptus grandis wood cultivated in 
Portugal, Brazil and South Africa. Industrial Crops and Products 
95:357–64. doi: 10.1016/j.indcrop.2016.10.044.

Saraf, S., and Ajazuddin. 2010. Applications of novel drug delivery 
system for herbal formulations. Fitoterapia 81 (7):680–9. doi: 
10.1016/j.fitote.2010.05.001.

Sganzerla, W. G., and A. P. G. da Silva. 2022. Uvaia (Eugenia  
pyriformis Cambess–Myrtaceae): An overview from the origin to recent 
developments in the food industry–A bibliometric analysis. Journal of 
Agriculture and Food Research 10: 100369. doi: 10.1016/j.jafr.2022.100369.

Shang, Z. C., C. Han, J. L. Xu, R. H. Liu, Y. Yin, X. B. Wang, M. H. 
Yang, and L. Y. Kong. 2019. Twelve formyl phloroglucinol mero-
terpenoids from the leaves of Eucalyptus robusta. Phytochemistry 
163:111–7. doi: 10.1016/j.phytochem.2019.04.008.

Shang, Z. C., M. H. Yang, K. L. Jian, X. B. Wang, and L. Y. Kong. 
2016. 1H NMR-Guided Isolation of Formyl-Phloroglucinol 
Meroterpenoids from the Leaves of Eucalyptus robusta. Chemistry 
(Weinheim an der Bergstrasse, Germany) 22 (33):11778–84. doi: 
10.1002/chem.201601732.

Shang, Z. C., M. H. Yang, R. H. Liu, X. B. Wang, and L. Y. Kong. 
2016. New formyl phloroglucinol meroterpenoids from the leaves 
of Eucalyptus robusta. Scientific Reports 6 (1):39815–9. doi: 10.1038/
srep39815.

Shao, M., Y. Wang, Y. Q. Jian, X. J. Huang, D. M. Zhang, Q. F. Tang, 
R. W. Jiang, X. G. Sun, Z. P. Lv, X. Q. Zhang, et  al. 2012. Guadial 
A and psiguadials C and D, three unusual meroterpenoids from 
Psidium guajava. Organic Letters 14 (20):5262–5. doi: 10.1021/
ol302423b.

Sharma, A., S. Rajendran, A. Srivastava, S. Sharma, and B. Kundu. 
2017. Antifungal activities of selected essential oils against Fusarium 
oxysporum f. sp. lycopersici 1322, with emphasis on Syzygium aro-
maticum essential oil. Journal of Bioscience and Bioengineering 123 
(3):308–13. doi: 10.1016/j.jbiosc.2016.09.011.

Shehabeldine, A. M., R. M. Ashour, M. M. Okba, and F. R. Saber. 
2020. Callistemon citrinus bioactive metabolites as new inhibitors 
of methicillin-resistant Staphylococcus aureus biofilm formation. 
Journal of Ethnopharmacology 254:112669. doi: 10.1016/j.
jep.2020.112669.

Sidana, J., R. K. Rohilla, N. Roy, R. A. Barrow, W. J. Foley, and I. P. 
Singh. 2010. Antibacterial sideroxylonals and loxophlebal A from 

10.1016/j.sajb.2022.01.037
10.1016/j.sajb.2022.01.037
10.1016/j.jchromb.2017.10.065
10.3390/foods11010132
10.1007/s11101-013-9331-3
10.1002/cbdv.201800052
10.3390/molecules25112474
10.3390/foods11030378
10.1021/acs.jnatprod.8b00430
10.1016/j.tet.2018.09.050
10.1016/j.tet.2018.09.050
10.1080/02773813.2018.1513037
10.1016/j.ultsonch.2020.105017
10.1021/acs.jafc.6b04560
10.1016/j.foodres.2016.12.004
10.1016/j.foodres.2016.12.004
10.1007/s11696-022-02185-1
10.1007/s11696-022-02185-1
10.1016/j.fitote.2016.09.021
10.1016/j.fitote.2016.09.021
10.1016/j.foodres.2017.12.042
10.1016/j.fbp.2021.02.012
10.1016/j.indcrop.2016.10.044
10.1016/j.fitote.2010.05.001
10.1016/j.jafr.2022.100369
10.1016/j.phytochem.2019.04.008
10.1002/chem.201601732
10.1038/srep39815
10.1038/srep39815
10.1021/ol302423b
10.1021/ol302423b
10.1016/j.jbiosc.2016.09.011
10.1016/j.jep.2020.112669
10.1016/j.jep.2020.112669


CRiTiCAL ReviewS iN FOOD SCieNCe AND NuTRiTiON 19

Eucalyptus loxophleba foliage. Fitoterapia 81 (7):878–83. doi: 
10.1016/j.fitote.2010.05.016.

Sidana, J., S. Singh, S. K. Arora, W. J. Foley, and I. P. Singh. 2011. 
Formylated phloroglucinols from Eucalyptus loxophleba foliage. 
Fitoterapia 82 (7):1118–22. doi: 10.1016/j.fitote.2011.07.009.

Siddiqua, S., B. A. Anusha, L. S. Ashwini, and P. S. Negi. 2015. 
Antibacterial activity of cinnamaldehyde and clove oil: Effect on 
selected foodborne pathogens in model food systems and water-
melon juice. Journal of Food Science and Technology 52 (9):5834–41. 
doi: 10.1007/s13197-014-1642-x.

Siebert, D. A., F. de Mello, M. D. Alberton, L. Vitali, and G. A. 
Micke. 2020. Determination of acetylcholinesterase and 
α-glucosidase inhibition by electrophoretically-mediated micro-
analysis and phenolic profile by HPLC-ESI-MS/MS of fruit juices 
from Brazilian Myrtaceae Plinia cauliflora (Mart.) Kausel and 
Eugenia uniflor. Natural Product Research 34 (18):2683–8. doi: 
10.1080/14786419.2018.1550760.

Silva, C. d. S., H. M. d. Figueiredo, T. L. M. Stamford, and L. H. M. 
d. Silva, 2019. Inhibition of Listeria monocytogenes by Melaleuca 
alternifolia (tea tree) essential oil in ground beef. International 
Journal of Food Microbiology 293:79–86. doi: 10.1016/j.ijfoodmi-
cro.2019.01.004.

Silva, A. V., L. R. Yerena, and L. L. B. Necha. 2021. Chemical profile 
and antifungal activity of plant extracts on Colletotrichum spp. iso-
lated from fruits of Pimenta dioica (L.) Merr. Pesticide Biochemistry 
and Physiology 179:104949. doi: 10.1016/j.pestbp.2021.104949.

Sirichan, T., I. Kijpatanasilp, N. Asadatorn, and K. Assatarakul. 2022. 
Optimization of ultrasound extraction of functional compound from 
makiang seed by response surface methodology and antimicrobial 
activity of optimized extract with its application in orange juice. 
Ultrasonics Sonochemistry 83:105916. doi: 10.1016/j.ult-
sonch.2022.105916.

Soliman, F. M., M. M. Fathy, M. M. Salama, A. M. Al-Abd, F. R. 
Saber, and A. M. El-Halawany. 2014. Cytotoxic activity of acyl 
phloroglucinols isolated from the leaves of Eucalyptus cinerea F. 
Muell. ex Benth. cultivated in Egypt. Scientific Reports 4:5410. doi: 
10.1038/srep05410.

Soliman, F. M., M. M. Fathy, M. M. Salama, and F. R. Saber. 2016. 
Comparative study of the volatile oil content and antimicrobial 
activity of Psidium guajava L. and Psidium cattleianum Sabine 
leaves. Bulletin of Faculty of Pharmacy, Cairo University 54 (2):219–
25. doi: 10.1016/j.bfopcu.2016.06.003.

Souza, T. d. S. d., M. F. d. S. Ferreira, L. Menini, J. R. C. d. L. Souza, 
L. A. Parreira, P. R. Cecon, and A. Ferreira. 2017. Essential oil of 

Psidium guajava: Influence of genotypes and environment. Scientia 
Horticulturae 216:38–44. doi: 10.1016/j.scienta.2016.12.026.

Vuolo, M. M., V. S. Lima, and M. R. Maróstica Junior. 2019. Chapter 
2 phenolic compounds structure, classification, and antioxidant pow-
er. In Bioactive compounds ed. M. R. S. Campos. Cambridge, USA: 
Elsevier. 33–50. doi: 10.1016/B978-0-12-814774-0.00002-5.

Wei, S., X. Zhao, J. Yu, S. Yin, M. Liu, R. Bo, and J. Li. 2021. 
Characterization of tea tree oil nanoemulsion and its acute and 
subchronic toxicity. Regulatory Toxicology and Pharmacology: RTP 
124:104999. doi: 10.1016/j.yrtph.2021.104999.

Weli, A., A. Al-Kaabi, J. Al-Sabahi, S. Said, M. A. Hossain, and S. 
Al-Riyami. 2019. Chemical composition and biological activities of 
the essential oils of Psidium guajava leaf. Journal of King Saud 
University - Science 31 (4):993–8. doi: 10.1016/j.jksus.2018.07.021.

Wu, L., X. Xie, X. B. Wang, M. H. Yang, J. Luo, and L. Y. Kong. 2020. 
Diverse benzyl phloroglucinol-based meroterpenoids from the fruits 
of Melaleuca leucadendron. Tetrahedron 76 (28–29):131326. doi: 
10.1016/j.tet.2020.131326.

Xie, X., L. Wu, Z. Cui, M. Yang, Y. Yin, J. Luo, and L. Kong. 2019. 
Melaleucadines A and B: Two rare benzylic phloroglucinol-terpene 
hybrids from Melaleuca leucadendron. Tetrahedron Letters 60 
(14):1011–3. doi: 10.1016/j.tetlet.2019.03.014.

Xu, J., H. L. Zhu, J. Zhang, W. Y. Liu, J. G. Luo, K. Pan, W. Y. Cao, 
Q. R. Bi, F. Feng, and W. Qu. 2019. Littordials A-E, novel 
formyl-phloroglucinol-β-caryophyllene meroterpenoids from the 
leaves of: Psidium littorale. Organic Chemistry Frontiers 6 (10):1667–
73. doi: 10.1039/C9QO00174C.

Yang, J., J. C. Su, X. P. Lei, X. J. Huang, D. M. Zhang, W. C. Ye, and 
Y. Wang. 2018. Acylphloroglucinol derivatives from the leaves of 
Syzygium samarangense and their cytotoxic activities. Fitoterapia 
129:1–6. doi: 10.1016/j.fitote.2018.06.002.

Zhang, X., Y. Guo, L. Guo, H. Jiang, and Q. Ji. 2018. In vitro evalu-
ation of antioxidant and antimicrobial activities of Melaleuca al-
ternifolia essential oil. BioMed Research International 2018:1–8. doi: 
10.1155/2018/2396109.

Zhou, G., J. Zhao, C. Gong, J. Xu, C. Song, and D. Meng. 2023. 
Chemical constituents from the leaves of Psidium guajava linn. and 
their chemotaxonomic significance. Natural Product Research 37 
(2):348–53. doi: 10.1080/14786419.2021.1963245.

Zou, Z. X., G. S. Tan, Q. Huang, H. H. Sun, L. Q. Huo, W. Q. Zhong, 
L. Y. Zhao, H. X. Liu, and H. B. Tan. 2018. Brachyanins A-C, 
pinene-derived meroterpenoids and phloroglucinol derivative from 
Leptospermum brachyandrum. Fitoterapia 130:184–9. doi: 10.1016/j.
fitote.2018.08.026.

10.1016/j.fitote.2010.05.016
10.1016/j.fitote.2011.07.009
10.1007/s13197-014-1642-x
10.1080/14786419.2018.1550760
10.1016/j.ijfoodmicro.2019.01.004
10.1016/j.ijfoodmicro.2019.01.004
10.1016/j.pestbp.2021.104949
10.1016/j.ultsonch.2022.105916
10.1016/j.ultsonch.2022.105916
10.1038/srep05410
10.1016/j.bfopcu.2016.06.003
10.1016/j.scienta.2016.12.026
10.1016/B978-0-12-814774-0.00002-5
10.1016/j.yrtph.2021.104999
10.1016/j.jksus.2018.07.021
10.1016/j.tet.2020.131326
10.1016/j.tetlet.2019.03.014
10.1039/C9QO00174C
10.1016/j.fitote.2018.06.002
10.1155/2018/2396109
10.1080/14786419.2021.1963245
10.1016/j.fitote.2018.08.026
10.1016/j.fitote.2018.08.026

	Family Myrtaceae: The treasure hidden in the complex/diverse composition
	ABSTRACT
	Introduction
	Phytochemicals
	Essential oils
	Phenolic compounds
	Formylated phloroglucinols adducts
	Triterpenes
	Phytosterols
	Carotenoids

	Optimization of extraction yield/targeted selection of bioactive compounds
	Essential oils
	Phenolic compounds
	Phloroglucinol adducts and meroterpenoids
	Triterpenes, phytosterols and carotenoids

	Encapsulation and protective techniques for delivery of myrtaceae bioactive phytochemicals
	Applications in food production and preservation
	Conclusions and perspectives
	Disclosure statement
	Funding
	ORCID
	References



