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Abstract

Banana sap is currently designated as a waste subsequent to utilization of pseudo stem in pulp and paper industry as well
as other applications which is contributing to the environmental pollution. In the present study, banana sap and its crude
extracts were evaluated for antimicrobial, antioxidant and anticancer properties. The role of oxidized and un-oxidized banana
sap for its antimicrobial potential against a microbial test panel comprising gram positive as well as gram negative bacteria
and Candida albicans using in vitro micro broth dilution assay. The un-oxidized banana sap exhibited a significantly higher
antibacterial potential as evident by a lower minimal inhibitory concentration (MIC) ranging between 15.625 to 62.5 mg/mL.
In vitro radical scavenging activity of dichloromethane (DCM) extract of banana sap by DPPH method exhibited 54.62 +1.09
(ug/mL) ICs, value at the concentration of 1 mg/mL. Dichloromethane extract of banana sap showed maximum cytotoxic
effect with human breast cancer (MCF-7) cell proliferation at the concentration of 100 ug/mL which was 78.37 +0.05% and
the cytotoxic effect significantly increased with increasing concentration of banana sap extract. Furthermore, LCMS studies
revealed the presence of bioactive compounds in dichloromethane extract of banana sap, such as rescinnamine derivative,
dihydrorescinnamine and epimedin A. The present study suggested that banana sap is a promising source of bioactive com-
pounds with relevant antimicrobial, antioxidant and anticancer properties.
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NaCl Sodium chloride Spectroscopy
Na,S,05 Sodium Pyrosulfite ICs, Inhibitory Concentration s
EDTA Ethylenediamine tetraacetic acid Minutes Min
DMSO Dimethyl Sulfoxide Hours H
MH Muller Hinton
SDA Sabouraud Dextrose Agar
EUCAST  European Committee on Antimicrobial Introduction
Susceptibility Testing
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diseases caused by multi-drug resistant bacteria and viruses
apart from curing immunity-associated disorders (Majhi and
Das 2021). Banana is a flowering plant that belongs to Musa
spp. It is grown in the tropical regions of the world primarily
for its fruits and contributes an important food source after
rice, wheat, and maize. Traditionally and scientifically, banana
has been found to contain medicinal properties (Nadumane
and Timsina 2014). Different parts of the banana such as
pseudo-stem, leaves, sap, and flowers have been documented
to possess medicinal or curative properties such as anti-snake
venom (Borges et al. 2005) anti-gastric ulcer (Khamboonru-
ang et al. 2015), antimicrobial (Budi et al. 2020), antidepres-
sant (Kar et al. 2019), antihypercholesterolemic (Dikshit et al.
2016), antioxidant effect (Dikshit et al. 2016), antidiarrheal
(Yakubu et al. 2015) and antidiabetic activity (Sheng et al.
2017). After harvesting the bananas, the plant dies. The dead
plants comprising of leaves, pseudo-stems contribute to huge
agro-waste from the banana farms into the environment (Gupta
et al. 2019). Moreover, the pseudo-stem of banana is finding
application in the paper manufacturing industry along with a
wide range of value-added products such as ropes, mats etc.
However, the immediate concern is the huge amount of sap
present in the pseudo-stem of the plant (Gupta et al. 2022).
Previous studies on the phytochemical composition of banana
sap have indicated the presence of compounds comprising of
hydrocinnamic acids, flavones, and flavonoids (broadly phe-
nolics) (Pothavorn et al. 2010). More specifically, stem juice
of Musa paradisiaca reported the presence of antidiabetic
compounds such as lupeol, ferulic acid, vanillic acid, trans-
cinnamic acid, p-hydroxybenzoic acid, p-coumaric acid, rutin,
catechin/ epicatechin, chlorogenic acid, gallic acid, caffeic
acid, and nicotiflorin (Nguyen et al. 2017). The banana stem
juice is contributing as liquid waste and is an environmental
concern as it is being disposed of in the environment after the
utilization of the banana stem for different applications (Gupta
et al. 2022). Phytochemical studies on banana stem juice/ sap
have been initially carried out by Pothavorn et al. (2010) and
Nguyen et al. (2017) for possible exploitation of the banana
stem juice. Based on this premise, the present investigation
was undertaken to explore the bioactive potential of the banana
stem sap by fractionating with solvents and analysing their
antioxidant, anticancer and antimicrobial activities. Further,
the composition of these solvent extracts were analysed by
LC-MS to find out the phytochemicals which possibly would
be providing the medicinal potential to the banana sap.

Materials and methods
Preparation of extracts

Fresh banana pseudo-stem of Grand naine cultivar was
collected from Thapar Institute of Engineering and
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Technology Campus, Patiala, India. Banana stem juice was
extracted from the stems with the help of local market.
The sap from the banana pseudo-stem was extracted with
the help of a commercial squeezer in the local market.
Prior to extracting the sap, the squeezer was thoroughly
washed and disinfected. Subsequent to the extraction of
juice, banana sap was concentrated to ten times with the
help of rotary evaporator. The concentrated sap was fur-
ther extracted with dichloromethane (DCM). One hundred
(100) mL of concentrated banana sap was mixed three
times with 70 mL of DCM to obtain the DCM residue with
the help of solvent extraction process at 35 °C (Vasundhara
et al. 2017). Further, the solvent was removed by rotary
evaporator (IKA RV 10) and extract was dried by using
lyophilizer. The obtained dried residue was dissolved in
dimethyl sulfoxide (DMSO). DCM extract was used for the
evaluation of anticancer, antioxidant activities and LCMS
analysis.

Antioxidant assay

The antioxidant capacity of the dichloromethane extracts
of banana sap was carried out via free radical scavenging
effect (Sharma et al. 2017). In 96 well micro titer plate,
50 pL of banana sap extracts in increasing concentrations
(100, 250, 500 and 1000 pg/mL) were mixed with 150 pL of
DPPH (100 uM) in methanol. Ascorbic acid (Stock solution:
100 pg/mL; Working volume: 4uL) was used as the positive
control. The microtitre plate was incubated in the dark for
45 min and subsequently absorbance was recorded at 517 nm
using microplate reader (Tecan infinite, Austria).
The scavenging activity was expressed as:

Scavenging activity (%) = {(A.opirol — Agample) /A ontror } X 100

Preparation of un-oxidized banana sap

80% ethanol containing 100 mM NaCl, 0.2 mM ascorbic
acid, 40 mM citric acid, 0.1 mM Na,S,0s, 0.25% Triton
X-100 and 0.2 mM EDTA was prepared in amber coloured
bottle (Pothavorn et al. 2010). Stems were processed to
make sap. To prevent oxidation, freshly extracted sap was
mixed with 80% ethanol solution in the ratio of 1:1. The
sap was then heated at 80°C for 45 min and subsequently
centrifuged (Thermo Fischer Scientific, Sorvall Legend
XFR Centrifuge, 75004538, Germany) at 11250 x g for
15 min at 25°C. The supernatant was collected and con-
centrated in rota evaporator. Subsequently it was lyophi-
lized and dissolved in 10% DMSO (dimethyl sulfoxide)
and stored at 4 °C until further use.
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Test microorganisms

The microbial test panel comprised of Escherichia
coli ESS 2231, Bacillus megaterium FH 1127, Pseu-
domonas aeruginosa M35, Staphylococcus aureus ATCC
33591 and Candida albicans ATCC10231 used for the
study of the anti-candidal activity. The bacterial cultures
were individually streaked on Muller Hinton (MH) agar
plate and incubated overnight and subsequently transferred
a single colony aseptically to 100 mL of pre-sterilized MH
broth and incubated at 37 °C overnight. In case of Can-
dida albicans, it was streaked on Sabouraud Dextrose Agar
(SDA) plate and incubated overnight. A single colony was
picked from this plate and transferred to Sabouraud Dex-
trose broth and incubated at 37 °C prior to test.

In vitro antibacterial assay

Antibacterial activity of the oxidized and unoxidized
extract of the banana sap was determined through in vitro
microbroth dilution assay (Jorgensen et al. 1999; EUCAST
2018). Briefly, 96-well microtiter plate was used to evalu-
ate the antibacterial activity and determine visual mini-
mal inhibitory concentration (MIC) determination. The
oxidized and unoxidized extract of the banana sap was
dissolved in 10% dimethyl sulfoxide (DMSO) and tested
in a concentration from 500 mg/mL to 1.95 mg/mL i.e.,
2-fold serial dilutions. Fifty (50) pL of the 0.5 McFarland
adjusted bacterial suspension in saline was added to 125 pl
of MH broth to achieve a final bacterial cell concentra-
tion of 10> cells in the well. Amoxicillin (0.1 mg/mL) was
used as a positive control. The titer plate was incubated at
37 °C for 24 h. After 24 h, 20 pL of 0.02% of TTC (2, 3,
5-triphenyl tetrazolium chloride) was used for the visuali-
zation of the MIC.

In vitro anti-candidal activity

The anti-candidal activity of the oxidized and unoxidized
of the banana sap extract was evaluated by in vitro micro-
broth dilution assay (Jorgensen et al. 1999; EUCAST 2018).
Briefly, 96-well microtiter plate was used to evaluate the
anti-candidal activity as well as to visualize minimal inhibi-
tory concentration (MIC). The banana sap extract was dis-
solved in 10% dimethyl sulfoxide (DMSO) and tested in a
concentration from 500 mg/mL to 1.95 mg/mL i.e., 2-fold
serial dilutions. Fifty (50) pl of the 0.5 McFarland adjusted
suspension of Candida albicans in saline was added to
125 pl of MH broth to achieve a final concentration of 10°
cells in the well. Fluconazole (0.1 mg/mL) was used as a
positive control. The titer plate was incubated at 37 °C for

24 h. After 24 h, 0.01% of Resazurin was used for the visu-
alization of the MIC.

Maintenance of cell lines

Human breast cancer (MCF-7) cell lines were procured from
National Centre for Cell Sciences (NCCS), Pune, India. The
cell line was maintained in complete Dulbecco’s Modified
Eagle Medium (DMEM) in the humidified incubator with
5% CO, in 37 °C in T25 flasks. Complete medium means
DMEM supplemented with 10% (v/v) FBS, 100 IU/mL peni-
cillin, 100 pg/mL streptomycin and 2.5 pg/mL amphotericin.

Cell growth inhibition assay

The growth effect of dichloromethane extract of banana
sap on MCF-7 cells was measured by 3-(4, 5 dimethylthi-
azol-2-yl)-2-5 diphenyl tetrazolium bromide (MTT assay)
(Lohia and Baranwal 2017). 2 x 10* cells MCE-7 cells were
seeded in 96-well microtiter plates and kept overnight in
the incubator. The plate was incubated at 37 °C in a humid-
ified incubator maintained at 5% CO, (New Brunswick
Galaxy; Eppendorf, Hauppauge, NY, USA). After incu-
bation, the extract was added in increasing concentration
(5, 10, 25, 50, 75 and 100 pg/mL) to the wells. After 72 h
incubation of plates, 20 uL MTT (5 mg/mL) was added
in each well and again incubated for 4 h. 100 uL. DMSO
was added to each well to dissolve the formazan crystals.
The absorbance was recorded at 570 nm taking reference
wavelength at 620 nm on ELISA plate reader (Tecan Infi-
nite, Groedig, Austria, Pro ELISA reader). Paclitaxel was
used as the positive control at a concentration of 20 pg/
mL (Working volume: 4 pL). Cell growth inhibition was
expressed as:

Cell growth inhibition (%) = {(Aueaed €l = Ageated)/ Auntreated } X 100

LC-MS analysis

The organic layer of DCM was further rota-evaporated and
stored in vials at 4°C until further use and sent to SAIF,
IIT Bombay, for Orbitrap LCMS (OHRLCMS) analysis.
The column used for orbitrap LC-MS was Hypersil gold 3
micron 100X 2.1 MM with run time 30 min on instrument
(VANQUISH on ITB_QE-PC). 5 ul of DCM sample gradi-
ent was injected for the analysis.

Statistical analysis

All the experiments were performed in triplicate. The data
were analyzed by one way ANOVA (analysis of variance) and
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Fig. 1 Antioxidant potential of dichloromethane extract of banana
sap. Mean followed by same letter are not significantly different

the means were compared by Tukey’s test at p<0.05 using
GraphPad Prism (GraphPad Software, Inc., San Diego, CA).
Results

Antioxidant effect

The free radical scavenging activity was done to assess the

antioxidant capacity of banana sap extract. With the increase
in concentration of the banana sap extract, scavenging

Fig.2 a) Banana sap exposed
to air. b) Banana sap when not
exposed to air

@ Springer

activity increased significantly. Figure 1 represented anti-
oxidant potential of dichloromethane extract of banana sap.
Mean followed by same letter are not significantly differ-
ent. The highest antioxidant activity was observed to be
54.62+1.09% at the concentration of 1000 pg/mL. Ascorbic
acid (Stock solution: 100 pg/mL; Working volume: 4uL)
which was used as a positive control, had a scavenging activ-
ity of 89.67 +1.53%.

Antimicrobial potential of the banana sap

Banana sap when exposed to air becomes light brown to
dark brown due to the presence of tannins. However, during
the course of antimicrobial potential evaluation two strate-
gies were adopted: (a) evaluation of banana sap exposed to
air (black/dark brown) [(Fig. 2a )] (ii) banana sap remained
green as tannins were chelated and was not directly exposed
to air [Fig. 2b]. It was observed that the colored sap exhib-
ited a higher minimal inhibitory concentration (MIC) against
gram-positive and gram-negative bacteria which was in
range of 125 mg/mL to 500 mg/mL while the green sap
exhibited a much lower MIC in range of 15.625 mg/mL to
62.5 mg/mL (Table 1). This drastic reduction in the MIC in
the tannin chelated (green sap) is probably due to non-inter-
ference of tannins. However, both extracts did not exhibit
any anti-candidal activity. Amoxicillin is semi-synthetic
penicillin that has both gram-positive and gram-negative
activity and therefore has been used as a positive control.

Cytotoxic effect in cancer cell lines

DCM extract of banana sap was tested for their effect on
MCF-7 (breast cancer cell lines) cell growth based on MTT
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Table 1 Comparative in vitro
antimicrobial activity as MIC
of oxidized and unoxidized
Banana sap

Test sample

MIC values against the test microorganisms (mg/ml)*

E. coli B. megaterium P. aeruginosa S. aureus C. albi-
cans

Oxidized banana sap

Unoxidized banana sap

125 250 500 125 -
15.625 62.5 62.5 15.625 -

Positive control (antibacterial) @ 0.1 mg/ml - - - -

Positive control (anti-fungal) @ 0.1 mg/ml - - - - -

*All values are means of triplicate group
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Fig.3 Cytotoxic effect of dichloromethane extract of banana sap
against human breast cancer (MCF-7) cell lines. Mean followed by
same letter are not significantly different

assay. It was observed that extracts inhibit the growth of
MCF-7 cells representing cytotoxic effect which is found to
be significantly increased with concentration. Figure 3 pre-
sented cytotoxic effect of dichloromethane extract of banana
sap against human breast cancer (MCF-7) cell lines. Mean
followed by same letter are not significantly different. The
ICs, value was calculated and found to be 34.15+8.75 ug/
mL. Paclitaxel, an anticancer drug was used as a positive
control where the growth inhibition was observed to be
90.81+4.42%.

LC-MS analysis

The proposed identifications are based on Orbitrap Liquid
Chromatography Mass Spectroscopy chromatograms, mass
spectra and a comparison with previous literature and refer-
ence data from the m/z library compound database.
Compounds such as rescinnamine, dihydrorescinnamine
and epimedin A were predicted based on the mzCloud
results of the LC-MS Library (© Reported with Compound
Discoverer 2.1). Compounds having RT =12.28, 12.83 and

15.49 appeared in DCM extracts in major quantities and have
been resolved and detected under the column condition. Fig-
ure 4 represented spectra of the DCM extract of the banana
sap. Figure 5 explained spectra of the RT 12.28 of the DCM
extract of the banana sap, displaying fragmentation pattern
of compounds in DCM extract of the banana sap. Further,
fragmentation pattern of the rescinanmine can be explained
by the loss of the C;sH,,0; Fig. 5a. Figure 5b explains the
fragmentation pattern and products by the loss of C,,;H,,05
whereas Fig. 5c exhibits the fragmentation pattern by the
gain of C;H,N, because of the dimerization of the molecules
and loss of the O; from the parent compound. Figure 6 pre-
sented spectra of the RT 12.83 of the DCM extract of the
banana sap, displaying fragmentation pattern of compounds
in DCM extract of the banana sap. Moreover, fragmentation
pattern of the dihydrorescinnamine Fig. 6a can be explained
by the loss of C,sH,40;, (b) can be explained by the loss of
the C4H,,05 (c) can be explained by the gain of C;H¢N,
because of the dimerization of the molecules and loss of the
O; from the parent compound. Figure 7a represented spec-
tra of the RT 15.49 of the DCM extract of the banana sap
whereas Fig. 7b explained the fragmentation pattern of com-
pounds at spectra of the RT 15.49 of the DCM extract of the
banana sap. Moreover, fragmentation pattern of the Fig. 7b
of Epimedin A (a) can be explained by the loss of C, H3,05
(b) can be explained by the loss of C gH3,0,5 (c) can be
explained by the loss of C;H;¢0; (d) can be explained by
the loss of the H,O,, from the parent compound. There was a
difference of the + 1 in the exact mass and the observed mass
which is due to the loss and gain of the H atom.

Discussions

Herbal extracts or plant extracts have been a part of tradi-
tional and folklore medicines. Medicinal systems like Ayur-
veda, Unani, Traditional Chinese medicine rely on the use
of plant extracts that have been time tested for their medical
potential (Pandey 2021). The interdisciplinary applications
of different plant components such as the flower, pulp, stem,
and leaves enlist the banana plant among the most beneficial
plants (Lopes et al. 2020). The sap from bananas has high
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Fig.4 Spectra of the DCM
extract of the banana sap
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Fig.5 Spectra of the RT 12.28 of the DCM extract of the banana sap, displaying fragmentation pattern of compounds in DCM extract of the

banana sap

medicinal value and is being used to cure a range of ail-
ments, including bleeding, hysteria, fever, leprosy, digestive
problems, epilepsy, hemorrhoids, and insect bites (Kumar
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et al. 2012 and Gupta et al. 2022). Furthermore, banana
sap is an excellent source of the bioactive and antioxidants
phytochemicals, such as phenolic and flavonoid compounds
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Fig.6 Spectra of the RT 12.83 of the DCM extract of the banana sap, displaying fragmentation pattern of compounds in DCM extract of the

banana sap

such as apigenin glycosides, myricetin glycoside, myrice-
tin-3-o-rutinoside, naringenin glycosides, kaempferol-3-o-
rutinoside, quericitin-3-o-rutinoside, dopamine and N-acetyl
serotonin (Pothavorn et al. 2010). Hence in this study, we
explored the antioxidant, anticancer and antimicrobial poten-
tial of banana sap from the pseudo stem. Literature abounds
on the antioxidant activity in different parts of the banana
plant such as fruit (Alothman et al. 2009), pulp and peel
(Sulaiman et al. 2011; Mokbel and Hashinaga 2005; Naga-
rajaiah and Prakash 2011), leaf (Karuppiah and Mustaffa
2013), pseudo-stem and rhizome (Saravanan and Aradhya
2011; Kumar et al. 2014), and flower (Loganayaki et al.
2010). 2, 2-diphenyl-1-picryl-hydrazyl (DPPH) method is
the most commonly used followed by ferric reducing anti-
oxidant power (FRAP), total antioxidant activity (TAA) to
assess the anti-oxidant potential. Moreover, for the evalua-
tion of antioxidant potential, various extracts were prepared
by researchers in water (Alothman et al. 2009; Mokbel and
Hashinaga 2005; Nagarajaiah and Prakash 2011), acetone
(Loganayaki et al. 2010), hexane (Sulaiman et al. 2011), eth-
anol (Nagarajaiah and Prakash 2011), and methanol (Kumar
et al. 2014). Researchers have demonstrated distinct anti-
oxidant activity of various parts of banana and revealed that

solvent-based extracts exhibited higher antioxidant activ-
ity compared to aqueous extracts. Pothavorn et al. (2010)
reported that the banana sap contains bioactive compounds
caffeoylquinic acid or chlorogenic acid which is responsible
for its antioxidant activity. In the present study, the antioxi-
dant potential of dichloromethane extract of concentrated
banana sap has been evaluated using DPPH assay, however,
the anti-oxidant activity was moderate as compared to the
ascorbic acid. The antioxidant potential could possibly be
attributed to non-polar compounds present in the dichlo-
romethane extract.

Several studies have reported antimicrobial activity from
different plant parts of Musa spp. The most common micro-
organisms used for the studies included B. subtilis, E. coli, S
aureus and P. aeruginosa (Naikwade et al. 2014; Asuquo and
Udobi 2016). Although some researchers have also studied
Micrococcus, Klebsiella and Salmonella (Ehiowemwenguan
et al. 2014; Kumar et al. 2014), in the test panel of microor-
ganisms. The various fungal species tested include Candida,
Aspergillus, Penicillium, Cryptococcus and Trichophyton
(Kumar et al. 2014; Jouneghani et al. 2020). The majority
of researchers have studied the antimicrobial activities of
banana leaves (Naikwade et al. 2014; Asuquo and Udobi,
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Fig.7 a Spectra of the RT 15.49 of the DCM extract of the banana sap, b Spectra of the RT 15.49 of the DCM extract of the banana sap, dis-

playing fragmentation pattern of compounds in DCM extract of the banana sap

2016; Sivasamugham et al. 2021). Apart from leaves, peel
(Ehiowemwenguan et al. 2014), inflorescence (Padam et al.
2012) and sap (Kumar et al. 2014) have also been studied for
the presence of antimicrobial activities. Both aqueous (Ehio-
wemwenguan et al. 2014) and organic fractions (Padam et al.
2012; Kumar et al. 2014) of extracts from different parts
of banana plants have been tested for their antimicrobial
spectrum. It has been observed by researchers in the case
of bananas that the aqueous fraction has poor antimicrobial
potency as compared to organic extracts. The antimicrobial
panel in our studies comprised of both Gram-positive and
Gram-negative bacteria. However, our approach was unique
in the sense that we evaluated the antimicrobial potential
of the oxidized and unoxidized banana sap and proved that
the unoxidized banana sap, which was green in colour had
potent antimicrobial activity as compared to the oxidized sap
in terms of MIC. There was an 8-fold reduction which hap-
pened in the unoxidized sap. The oxidation of tannins leads
to a black color and becomes unavailable for antibacterial
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actions. By chelating, its oxidation is stopped and it remains
active and induces antibacterial action. To the best of our
knowledge the same has never been investigated. Kumar
et al. (2014) reported that the banana sap has little antimi-
crobial activity but no anti-fungal activity was reported since
only oxidized sap was evaluated. However, our results of
anti-candida activity are in agreement with the results of
Kumar et al. (2014).

Moreover, researchers have reported that different parts of
banana such as peel, pulp and seed (Li et al. 2013; Zawawy
2015), fruit (Ampasavate et al. 2010; Dahham et al. 2015),
flower (Nadumane and Timsina 2014), and banana leaf
(Asuquo and Udobi 2016) to possess anti-proliferative activ-
ity when tested on various cancerous cell lines such as A549,
MCF-7, Hep G2, HT-29, U937, K562, HL60, Molt4, CHO,
HUVEC, HCT-116 and swiss albino mice selected from the
different cultivars of the Musa. Mostly MCF-7 cell lines
have been studied by the researchers. The extracts showed
distinct activity with defined ICs, values. For instance,
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Fig.7 (continued)

banana flower showed activity with ICs less than 10 pg/mL
for HeLLa and CHO cell lines (Nadumane and Timsina 2014),
banana peel showed upto 33% antiproliferative activity for
MCF-7 cell lines (Zawawy 2015). Although banana sap
based anti-cancer activity has not been clearly demonstrated
in cell lines or animal models but the presence of flavones
and flavanol indicates its anti-cancer effect (Pothavorn et al.
2010). However, in our studies we have proved anticancer
potential of the dichloromethane extract of the banana sap.

Plants are the key sources of natural phenolics, such
as different types of phenolic acids, including a group of
hydroxybenzoic acids (Sarker and Oba 2020a) and hydroxy-
cinnamic acids (Sarker and Oba 2018), flavonoids, includ-
ing flavonols (Sarker and Oba 2019), flavones (Sarker and
Oba 2020b) flavanols (Sarker and Oba 2020c) flavanones
(Sarker et al. 2020) isoflavones, anthocyanins, chalcones,
and nonflavonoids, including tannins, lignans, and stilbenes
(Gonzalez-Sarrias et al. 2020). Major phytochemicals
compounds reported from the banana sap can be grouped
as alkaloids, phenolics, saponins, lignins, coumarins and

cardiac glycosides (Onyema et al. 2016; Pothavorn et al.
2010). Furthermore, phytochemical analysis of banana sap
varieties such as Musa balbisiana, Musa laterita, Musa
ornate and Musa acuminate shows that sap is rich in fla-
vones and flavanols (Pothavorn et al. 2010). HPLC based
identification has shown that apigenin glycosides (which
inhibits many types of cancer cell lines by promotion of
cell cycle arrest and apoptosis), naringenin glycosides are
very abundant in sap. Flavanols such as myrecetin glyco-
side, querecetin glycosides and kaempferol are also detected
in high amounts in sap. Other than flavanols and flavones
components such as dopamine and N-acetyl serotonin are
also detected in sap. Flavanols and flavones are known
anti-cancer compounds (Pothavorn et al. 2010). Nguyen
et al. (2017) reported several antidiabetic compounds such
as lupeol, ferulic acid, vanillic acid, trans-cinnamic acid,
p-hydroxybenzoic acid, p-coumaric acid, rutin, catechin/
epicatechin, chlorogenic acid, gallic acid, caffeic acid and
nicotiflorin from the banana stem juice of M. paradisiaca.
In our study LC-MS data detected the presence of alkaloid
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and flavonoids as major compounds such as rescinnamine
derivative, dihydrorescinnamine and epimedin A in DCM
extract of banana sap.

The presence of rescinnamine has not been reported from
any banana plant or cultivar previously. Alkaloids are largest
group of secondary chemical constituents comprising nitro-
gen-containing naturally occurring chemicals that have been
shown to have antibacterial effects owing to their tendency
to intercalate with genetic material of the microorganisms
(Ramu et al. 2015; Ogbonna et al. 2016). Furthermore, alka-
loids have analgesic, anti-spasmodic and bactericidal effects
and this is the basis for their use as basic medicinal agents
(Okwu 2004). Rescinnamine is an anti-hypertensive drug
which inhibits coronavirus binding to a receptor in the cell
surface of human cell (Wu et al. 2020). Based on this, we can
say that observed antimicrobial activity of banana sap in our
study is due to the presence of the alkaloid compounds such
as rescinnamine, dihydrorescinnamine. Likewise, epimedins
have not been reported till date in banana. In fact, there are
no reports on presence of glycosylated flavonoids in banana.
Moreover, flavonoids are powerful antioxidants with anti-
inflammatory, anti-neoplastic, anti-cancer, anti-allergic, anti-
viral and hepatoprotective properties (Lewis et al. 1999; Xi
et al. 2014; Xie et al. 2015; Ogbonna et al. 2016). According
to data from in vitro and in vivo investigations, epimedin
compounds have strong anticancer effect against a wide
spectrum of cancer cells via a variety of pathways includ-
ing apoptosis, cell cycle regulation, anti-angiogenesis, anti-
metastasis, and immunological modulation (Tan et al. 2016;
Lone et al. 2018). In another investigation on E. koreanum,
all four Epimedium species markers, epimedin A, epimedin
B, epimedin C and icariin showed high anticancer potential
(Yasukawa et al. 2016). As a result, Epimedium herbs might
be beneficial in cancer prevention. Our study reported the
epimedin A in banana sap and also showed the presence
of anti-oxidant, anti-cancer, antimicrobial activities in the
banana sap. Therefore, our study is in agreement with the
findings of Yasukawa et al. (2016).

Conclusions

Our present study has provided an insight on the potential
of banana pseudo-stem sap as a good source of bioactive
compounds which may possess a host of pharmacologically
relevant properties beyond antioxidant, antimicrobial and
anticancer activities. These bioactive properties may be
associated with the presence of rescinnamine derivative,
dihydrorescinnamine and epimedin A. Our study is a primer
of opening up metabolomic studies under non-oxidized state
of banana sap with a possibility of their applications in the
herbal cosmeceutical and nutraceutical preparations thereby

@ Springer

valorising the banana sap which is currently attributed as a
waste product.
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