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ABSTRACT: Banana (Musa spp.) is a food with high nutritional value. Studies about its compounds have increased considerably due to the
antioxidant and biological activities of the fruit. Thus, this article synthesized and organized data related to the phytochemical constituents, as
well as antioxidant and biological activities of Musa acuminata, Musa balbisiana and Musa paradisiaca, and evaluated the mutual influence
and correlation of these activities. A bibliographic review was performed using the scientific databases Google Scholar, SciELO, Periodicos
CAPES, Scientific Electronic Library Online (SciELO), Science Direct, PubMed and Scopus, applying the following terms: Musa spp.,
antioxidant, biological and phytochemical activities, combined by the Boolean operator AND. A total of 28 articles were selected from 2017
to 2022. The results indicated that bananas are rich in flavonoids, showed good performance in DPPH and FRAP antioxidant assays and
have antibacterial, anticancer and antifungal potential. Previous literature reported that phytochemical constituents improved antioxidant
performance, thereby enhancing the biological activities described.
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Revisdo: atividades biolégicas, antioxidante e fitoquimica de Musa spp.

RESUMO: Banana (Musa spp.) ¢ caracterizada como um alimento que possui alto valor nutricional e, atualmente, pesquisas sobre seus
compostos tém crescido de forma consideravel, tendo em vista a presenga de atividades antioxidantes e biologicas que o fruto possui. Dessa
forma, o objetivo desse artigo ¢ sintetizar e organizar informagdes sobre os constituintes fitoquimicos, as atividades antioxidantes ¢ as atividades
biologicas encontradas em Musa acuminata, Musa balbisiana ¢ Musa paradisiaca e avaliar se tais atividades se relacionam e se ha influéncia
de uma sobre a outra. Para tanto, foi feita uma revisdo bibliografica nas plataformas: Google Académico, SciELO, Periddicos Capes, Scientific
Eletronic Libary Online (SciELO), Science Direct, PubMed e scopus, por meio dos termos Musa spp, antioxidant, activities biologics e
phytochemical intercalados pelo operador booleano AND. O recorte temporal foi de 2017 a 2022 e 28 trabalhos foram selecionados para analise.
Em relagdo a constituigéo fitoquimica foi possivel concluir que as variedades avaliadas sdo ricas em flavonoides. Para a atividade antioxidante
observou-se que Musa spp. apresentam boa performance nos testes antioxidantes do DPPH e FRAP. E para as atividades biologicas as espécies
analisadas se destacaram pelo seu potencial como antibacteriano, anticancerigeno e antifungico. Varios trabalhos revisados apresentaram que
os constituintes quimicos presentes nas espécies favorecem o bom desempenho antioxidante, esse, por sua vez, influencia positivamente no
desempenho das atividades biologicas descritas.

Palavras-chave: banana, moléculas bioativas, caracterizagdo quimica.

Banana (Musa spp.) is a tropical fruit
with specific requirements for humidity, temperature
and well-distributed precipitation for its ideal
development. It is a complete herb consisting of
roots, stems, leaves, fruits and seeds. Banana is a
staple and affordable food that causes satiety, is rich
in nutrients and is easy to reproduce and manipulate.
Notably, the genus Musa is the fourth most important
food commodity in the world (ALVES, 1999;
REVADIGAR et al., 2017).

In Brazil, the per capita consumption of
bananas is 25 kg per year, with the Southeast region
being the largest producer in the country (EMBRAPA,
2021). Therefore, banana is of great importance for
the Brazilian and world economy. Besides its value as
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a nutritional food, this genus is widely used in search
of health benefits. Prior studies reported the existence
of biological and antioxidant properties of Musa spp.
associated with phytochemical constituents, which
play a crucial role in preventing and treating diseases.

Given the benefits of banana (Musa
spp.), this review article synthesized and organized
information about the phytochemical constituents and
antioxidant and biological activities reported in Musa
acuminata, Musa balbisiana and Musa paradisiaca
and evaluated the mutual influence and correlation of
biological activities. The purpose was to assess: 1) the
most investigated biological activities of these species,
i) the most used methods/protocols in each analysis
and iii) the main results obtained in the literature.
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The literature search was carried out in
October 2021 and updated in November 2022. The
following terms were used: Musa spp., antioxidant,
biological activities and phytochemical, combined
by the Boolean operator AND to find the papers
associating the four search terms. The analysis period
was from 2017 to 2022. The scientific databases used,
and their respective number of articles found, were
Google Scholar (281), SciELO (3), Periédicos Capes
(1), Scientific Electronic Library Online (SciELO)
(0), Science Direct (0), PubMed (0) and Scopus (0).

The inclusion criteria were the use of bananas
as an object of study and evaluation of at least one of
the following aspects: (i) antioxidant activities; (ii)
analysis of phytochemical constituents; (iii) biological
activities, such as cytotoxicity, anticytotoxicity, antiviral,
antimicrobial and other properties; and (iv) description
of the species/variety used in the study. At the end of the
literature search, 30 full-text articles met the inclusion
criteria and were analyzed.

Several studies were excluded, as they
provided an incomplete description of the research
object. This fact may be related to the lack of
understanding of terms such as: “genus,” “type,”
“variety,” and “genotype.” In general, the authors limit
themselves to describing the genus (Musa) without
specifying the genomic group or the variety and rarely
use the popular name of the chosen variety. This is an
essential point to be observed in future publications.

The articles refer to the species generically,
using terms such as: “Musa acuminata Colla,” “Musa
paradisiaca,” “Musa spp.,” and “Musa balbisiana

Table 1 - Extraction solvents used in the studies included in this review.

Colla.” It is believed that these generic terms are
often used because the studies included in this
review described activities of interest for human
health promotion and, therefore, did not detail the
characteristics of the fruits. Thus, most research was
carried out with bananas already used in food or that
have some traditional use by people. Importantly,
most studies investigated more than one variety of
bananas and compared them.

Twenty-seven works opted for the extract
to prepare the plant material, and maceration was the
most used extraction method. The maceration time
ranged from a minimum of 12 hours to a maximum of 3
washing cycles lasting 72 h each. One of the studies that
did not use an extraction procedure applied the method
of spraying the fruit pulp in liquid nitrogen, and this
material was used to carry out the experimental tests.

Among the studies that prepared extracts,
solvents with different polarities were frequently used
to compare the influence of polarity on the results.
Table 1 displays the solvents used. When the study
involved only one extract, it was common to use
methanol, ethanol, or water.

The most used solvents were ethanol and
methanol, respectively. These solvents are commonly
considered due to their characteristic of carrying
a great number of chemical constituents without
selecting certain groups. Numerous studies compared
banana extracts with solvents of different polarities.
AMRI & HOSSAIN (2018), for example, used
methanol to prepare the crude extract, followed by
a partition with n-hexane, chloroform, ethyl acetate,

Solvents References
KIBRIA et al., 2019; MOLINA-SALINAS et al., 2019; PERUMAL et al.; 2020;
Ethanol UMAMAHESWARI et al., 2017; VALSALAM et al., 2019; SONIBARE et al., 2018;
THAWEESANG, 2019; BASUMATARY & NATH, 2017, EVBUOMWAN et al., 2018;
REVADIGAR et al., 2017; OYAWALUJA et al., 2020; and PANDA et al., 2020
Methanol KIBRIA et al., 2019; AYOOLA-ORESANY et al., 2019; BEHIRY et al., 2019; DAIMAR*I &
SWARGIARY, 2020; AMRI & HOSSAIN, 2018 and UMAMAHESWARI et al., 2017 .
Aqueous KIBRIA et al., 2019; VALSALAM et al., 2019; PANDA et al., 2020 and FERRERAS, 2021
Hexane MOLINA-SALINAS et al., 2019; NOFIANTI et al., 2021 and PANDA et al., 2020
Acetone KIBRIA et al., 2019 AND PANDA et al., 2020

Ethyl acetate
Pseudostem exudate
DMSO

70% ethanol

MOLINA-SALINAS et al., 2019 AND NOFIANTI et al., 2021

ABDEL-GHANY et al., 2018
BASHIR et al., 2021

CHIANG et al., 2020; GHAFAR et al., 2019; BARROSO et al., 2019;

LOYAGA-CASTILLO et al., 2020 and DEWT et al., 2019

Sap
Stem juice

ABDEL-GHANY et al., 2018
NGUYENet al., 2017
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n-butanol, ethanol and water. After the experimental
tests, the authors concluded that all-polarity banana
extracts showed potential medicinal applications and
exhibited antioxidant activity by the DPPH method.

Different parts of the plant were used in
the studies: fruit, leaves, bracts, inflorescences and
pseudostem exudates. The fruit was the most used,
and the pulp and peel were analysed separately. The
authors highlighted that banana peel extracts showed
more promising results for antioxidant and biological
properties than pulp extracts. The other parts are
described for more specific activities, which will be
explored in the following sections.

Phytochemical constituents
The phytochemical profile was evaluated
by 23 of the 28 selected articles. Table 2 depicts all

the groups found in these works. The most frequent
compounds were flavonoids, phenols, tannins and
alkaloids, respectively. Few studies have mentioned
the concentrations of each compound, evidencing
flavonoids as the most abundant phytochemicals.

GOBBO-NETO & LOPES (2007)
described the influence of edaphoclimatic factors
on the secondary metabolism of plant species and,
consequently, the phytochemical groups found.
Such variations can be due to plant location, altitude,
temperature, precipitation and management, in
addition to the age of the plant, fruit maturation
after harvest, the season of the year, whether it
is flowering or non-flowering and other factors.
Despite the importance of these characteristics, the
articles did not explore their relevance and rarely
described them.

Table 2 - Phytochemical constituents reported in the studies included in this review.

Phytochemicals

References

KIBRIA et al., 2019; VALSALAM et al., 2019; BEHIRY et al., 2019; DAIMARI &

Flavonoids

SWARGIARY, 2020; OLIVEIRA et al., 2020, BASHIR et al., 2021 BASUMATARY & NATH,
2017; EVBUOMWAN et al., 2018; UMAMAHESWARI et al., 2017;

REVADIGAR etal., 2017; GHAFAR et al., 2019 and DEWI et al., 2019

Glycoside flavonoids
Aglycone flavonoids

BARROSO et al., 2019
BARROSO et al., 2019

KIBRIA et al., 2019; BEHIRY et al., 2019; SWARGIARY, 2020; BASHIR et al. 2021,

Phenols

THAWEESANG, 2019; BASUMATARY & NATH 2017, AMRI & HOSSAIN, 2018;

REVADIGAR et al., 2017 and GHAFAR et al. 2019

Tannins

KIBRIA et al., 2019; VALSALAM et al., 2019; BASHIR et al.,2021; UMAMAHESWARI et al.,

2017 and DEWI et al., 2019

Alkaloids
Steroids
Polyphenols

Carbohydrates
Saponins
Glycosides
Cardiac glycosides
Anthraquinone
Terpenoids
Cinnamic acids
Proteins

Reducing sugars
Phytosterols
Quinones
Coumarins

Fatty acids
Phenolic acids
Catecholamines
Long-chain aliphatic compounds

KIBRIA et al., 2019; VALSALAM et al., 2019, BASUMATARY & NATH,2017;
EVBUOMWAN et al., 2018 and UMAMAHESWARI et al., 2017

VALSALAM et al., 2019; BASHIR et al., 2021 and REVADIGAR et al., 2017
SONIBARE et al., 2018; OLIVEIRA et al., 2020; UMAMAHESWARI et al., 2017
and BARROSO et al., 2019
KIBRIA et al., 2019; DAIMARI & SWARGIARY, 2020 and BASHIR et al., 2021
KIBRIA et al., 2019 and UMAMAHESWARI et al., 2017
KIBRIA et al., 2019 and BASHIR et al., 2021
VALSALAM et al., 2019
VALSALAM et al., 2019
KIBRIA et al., 2019 and BASHIR et al., 2021
OLIVEIRA et al., 2020
VALSALAM et al., 2019 and DAIMARI & ESWARGIARY, 2020
KIBRIA et al., 2019
KIBRIA et al., 2019
EVBUOMWAN et al., 2018
UMAMAHESWARI et al., 2017
REVADIGAR et al., 2017
BARROSO et al., 2019
BARROSO et al., 2019
BARROSO et al., 2019
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AYOOLA-ORESANYA et al. (2020)
reported a significant variation in total phenolic and total
flavonoid contents among different Musa spp. accessions.
The authors discuss the importance of characterising
genotypes already used in food to recognize other
properties of commercial banana varieties.

Regarding the phytochemical constituents,
only four researches used mass spectrometry-based
techniques to determine functional groups and
metabolites inbananas. NGUYEN etal.,2017 reported
the presence of p-hydroxybenzoic and gallic acids.
REVADIGAR et al. (2017) identified 22 compounds,
mainly steroids, fatty acids and long-chain aliphatic
compounds. Remarkably, the researchers attributed
the antioxidant and cytotoxic activities found in the
experimental results to these secondary metabolites.
OLIVEIRA et al. (2020) verified the predominance
of flavonoids and cinnamic acids, of which 20
polyphenols were detected. PERUMAL et al.
(2020) revealed the presence of Z-2-tridecen-1-ol,
nonadecane-2,4-dione, a-ketostearic acid, 2,5-furan
dione and dihydro-3-(2-tetradecenyl), which were
reported as potent antioxidant substances.

Antioxidant activity

The antioxidant potential of the extracts
was mainly determined by enzymatic and non-
enzymatic methods. Table 3 describes all the
tests carried out by the researches. The DPPH
(2,2-diphenyl-1-picryl-hydrazyl) assay was the most
recurrent and showed the best performance, followed
by the FRAP (ferric reducing antioxidant power)
assay. Other non-enzymatic tests, such as ABTS
[2,2°-azinobis  (3-ethylbenzothiazoline-6-sulphonic
acid)] and nitric oxide radicals, were also performed

Table 3 - Antioxidant assays performed in the reviewed studies.

Antioxidant assay

but showed fewer promising results, suggesting that
this is one reason they were less used in experiments
with Musa species.

The  investigations  that  assessed
antioxidant activities commonly related them to
phytochemical constituents and biological activities.
This relationship is because bananas have antioxidant
properties through different mechanisms of action.
In the case of DPPH, the mechanism of action is
free radical scavenging. The FRAP mechanism acts
by reducing iron. The mechanisms of action can be
easily applied in the human body, as they would
participate in primary metabolic reactions for the
organism’s survival. Thus, the antioxidant potential
is positively associated with the biological activities
that will be subsequently explored. In turn, according
to the authors, the antioxidant activity described here
is directly related to the predominant phytochemical
compounds of the studied species.

Biological activities

The search for natural substances already
consumed on a large scale and with biological
activities is growing and accelerating. Accordingly,
numerous studies have been conducted to confirm
and elucidate the active properties of bananas and
other foods widely used by traditional medicine
throughout the world. Indeed, the traditional use
is pointed out as a justification in various papers
included in this review.

Table 4 presents the biological activities
reported in the studies. Most of them confirmed
an activity previously described by the region’s
population where bananas were harvested or
purchased. The most tested and promising activities

References

KIBRIA et al., 2019;VALSALAM et al., 2019, DAIMARI & SWARGIARY,

DPPH

2020; THAWEESANG, 2019; BASUMATARY & NATH 2017; AMRI &

HOSSAIN, 2018; CHIANG et al., 2020;
REVADIGAR et al., 2017 and NOFIANTI et al., 2020

SWARGIARY, 2020; SONIBARE et al., 2018; BASUMATARY & NATH

FRAP

ABTS

Nitric oxide (NO) radical
Total antioxidant
Superoxide radical inhibition
Ferrous ion chelating ability

(2017), CHIANG et al., 2020; REVADIGAR et al., 2017 and

GHAFAR et al., 2019
KIBRIA et al., 2019 and REVADIGAR et al., 2017
PERUMAL et al., 2020 and OLIVEIRA et al., 2020
VALSALAM et al., 2019
PERUMAL et al., 2020
CHIANG et al., 2020
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Table 4 - Biological activities described by the reviewed studies.

Part of the plant Biological activity
Leaves, peel, pulp and bracts Antibacterial
Peel and inflorescence Anticancer
Peel Antifungal
Leaves Toxicity
Leaves Antituberculosis
Leaves Mycobactericidal
Fruit Chemopreventive
Peel Antihyperglycemic

Stem juice a-Glucosidase inhibition

were antibacterial, anticancer, antifungal and
antitoxic activities, both for healthy and cancerous
cells. The confirmation of such properties indicated
that ethnobiology is a key tool for guiding the
development of basic research.

Regarding antibacterial potential, DEWI
et al. (2019) documented a significant difference in
the zone of inhibition of Vibrio sp. and reinforced
the importance of prospecting for new antibacterial
compounds, given the discussion on bacterial
resistance. Noteworthily, the anticancer property
is another well-recognized bioactivity of great
interest since the number of cancer cases has been
increasing over the years. BARROSO et al. (2019)
investigated this activity using four distinct cell
lines: hepatocellular carcinoma HepG2, malignant
melanoma A-375, breast carcinoma MCF-7 and
human colorectal adenocarcinoma Caco-2 cells.
The findings revealed that banana extracts induced
cell death in all cell lines tested through multiple
mechanisms, including increased reactive oxygen
species (ROS), apoptosis and necrosis.

CONCLUSION

In conclusion, the banana varieties
evaluated in the studies are rich in flavonoids, show
good performance in DPPH and FRAP antioxidant
assays and exhibit antibacterial, anticancer and
antifungal potential.

The phytochemical constituents present in
the species contributed to the antioxidant profile of

References

AYOOLA-ORESANYA et al., 2020; VALSALAM et al., 2019;

BEHIRY et al., 2019; EVBUOMWAN et al., 2018;
UMAMAHESWARI et al., 2017 and DEWI et al., 2019
VALSALAM et al., 2019; REVADIGAR et al., 2017 and
BARROSO et al., 2019

BEHIRY et al., 2019 and LOYAGA-CASTILHO et al., 2020
AYOOLA-ORESANYA et al., 2020; VALSALAM et al., 2019 and

GHAFAR et al., 2019
MOLINA-SALINAS et al., 2019
MOLINA-SALINAS et al., 2019

OLIVEIRA et al., 2020

NOFIANTI et al., 2020
NGUYEN etal., 2017

bananas, positively influencing the performance of
the biological properties described by the authors.
Despite the number of publications devoted
to this topic, the experimental tests carried out did not
show great variety. Additionally, the descriptions of
the material used and the extraction method make it
difficult to compare the results, requiring the filtering of
most works. Thus, further in-depth studies are needed
to more accurately identify the varieties used and better
specify fruit maturation levels and the parts used, as
these characteristics directly affect biological activities.
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