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ABSTRACT

The aim of this study was to evaluate the antimicrobial and cytotoxic activities of the different extracts of Musa sapientum L. subsp.
sylvestris fruits. The methanolic extracts of Musa sapientum L. subsp. sylvestris peel (MSPE), pulp (MSPU) and seed (MSSE) were
investigated for antimicrobial activity by disc diffusion method and for cytotoxic activity by Brine shrimp lethality bioassay. Good
antimicrobial activity was shown by MSPU while moderate activity by MSPE against 5 gram-positive (Bacillus cereus, Bacillus megaterium,
Bacillus subtilis, Sarcina lutea, Staphylococcus aureus) and 8 gram-negative (Escherichia coli, Salmonella paratyphi, Salmonella typhi,
Shigella boydii, Shigella dysenteriae, Pseudomonas aeruginosa, Vibrio mimicus, Vibrio parahemolyticus) bacteria and 3 fungi (4spergillus
niger, Candida albicans, Sacharomyces cerevaceae). Antimicrobial activity of MSSE against the organisms was insignificant. The order of
Brine Shrimp lethality was found as Vincristine sulphate > MSPU > MSSE > MSPE. These findings suggest the potentiality of finding novel

compounds with antimicrobial property in the investigated fruit.
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INTRODUCTION

Different species of Musa genus (Family: Musaceae),
commonly known as Banana, are native to the Asian,
Indo-Malaysian and Australian tropics and are now
widely found throughout the tropical and subtropical
areas. In Bangladesh, bananas grow almost everywhere
in the country throughout the year especially in
Rangamati, Barisal, Rangpur, Dinajpur, Noakhali,
Faridpur and Khulna'. Traditionally the banana fruits are
used in diarrhoea, dysentery, intestinal lesions in
ulcerative colitis, diabetes, sprue, uremia, nephritis, gout,
hypertension, ~ cardiac  disease®.  Carbohydrates®,
norepinephrine, serotonin, dopamine’, tryptophan, indole
compounds ® alkaloids, tannin, ascorbic acid, several
flavonoids and related compounds (Leucocyanidin,
quercetin and its 3-O-galactoside, 3-O-glucoside, and 3-
O-rhamnosyl glucoside) have been isolated from the pulp
of plantain’®. Sterols such as B-sitosterol, campesterol,
stigmasterol were isolated from the fruit, peel and
plantlo'lz. Sitoindoside-I, sitoindoside-II, sitoindoside-I11
and sitoindoside-IV possessing antiulcerogenic activity
were isolated'’. An antihypertensive principle, 7, 8-
dihydroxy-3-methylisochroman-4-one, has been isolated
from the fruit peel'’.

Musa sapientum L. subsp. sylvestris, commonly known
as ‘Bichi kola’ or “Aitta kola’, is a treelike perennial herb
that grows 5-9 m in height, with tuberous rhizome, hard,
long pseudostem and big inflorescence with reddish
brown bract. Musa sapientum L. subsp. sylvestris fruit is
used (sometimes with seeds) in the treatment of diarhoea
and dysentery, in excess menstruation'*. The fruit of
Musa sapientum have been found to possess significant
antiulcerant'”, antibacterial'®, wound healing17 and anti-
allergic activity'®. The flowers showed blood glucose
and glycosylated haemoglobin reduction and hemoglobin
increasing property'”. The peel possesses diuretic
property”’ and the juice of the inflorescence stalk
possesses cholesterol and triglyceride lowering activity*'.
The plant also showed antihyperglycemic effect in
hyperglycemic rabbit™.

In the present study, methanolic extracts of Musa
sapientum L. subsp. sylvestris fruit’s peel (MSPE), pulp
(MSPU) and seed (MSSE) were investigated for
antimicrobial and cytotoxic activity in order to justify
and support the folkloric use of the fruit in diarrhoea and
dysentery.
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MATERIALS AND METHODS

Plant material and extraction

Mature and unripe fruits of Musa sapientum L. subsp.
sylvestris were collected from Roypur village in
Jibannagar Upazila, Chuadanga, Bangladesh in January
2009. The botanical identification was done by the
experts of Bangladesh National Herbarium, Mirpur,
Dhaka (DACB: 33833). The separated peel, pulp and
seeds were dried, powdered and then extracted by
Soxhlet apparatus using methanol. The methanolic
extract of the peel, pulp and seed were used for the
experiments.

Chemicals and animals

Dimethyl sulfoxide (DMSO) was purchased from Merck;
vincristine sulphate was purchased from Sigma-Aldrich.
The eggs of the brine shrimp (Artemia salina leach) were
collected from a shop of University Market, Katabon,
Dhaka, Bangladesh.

Phytochemical screening

Qualitative phytochemical tests were performed for the
determination of presence of different class of
constituents in the extract following standard
procedures”.

Test for antimicrobial activity

The antimicrobial activity test of the plant extracts were
performed by the well accepted Bauer-Kirby method™.
The activity of the extracts were tested against 5 gram-
positive bacteria (Bacillus cereus, Bacillus megaterium,
Bacillus subtilis, Sarcina lutea, Staphylococcus aureus)
and 8 gram-negative bacteria (Escherichia coli,
Salmonella paratyphi, Salmonella typhi, Shigella boydii,
Shigella dysenteriae, Pseudomonas aeruginosa, Vibrio
mimicus, Vibrio parahemolyticus) and 3 pathogenic
fungi  (A4spergillus  niger,  Candida  albicans,
Sacharomyces cerevaceae). The sterilized Potato
Dextrose Agar (PDA) media was mixed with the
suspension of bacteria and fungi and transferred to
petridishes. The test disc containing the sample was
prepared by incorporating 400 pg of extract in a
sterilized 6 mm metrical filter paper disc (BBL,
Cocksville, USA). Then the test disc, blank disc
(negative control) and the Kanamycin standard disc (30
pg/disc, Oxoid Ltd.,UK) were placed gently on the
previously marked zones in the agar plates pre-
inoculated with test bacteria and fungi. The plates were
then kept in a refrigerator at 4°C for about 24 h. Finally
the plates were kept in an incubator at 37°C for 24 h.
After incubation, the antimicrobial activities of the test
materials were determined by measuring the diameter of
the zones of inhibition in millimeter.

Brine Shrimp Lethality Bioassay

Brine shrimp lethality bioassay was used for exploring
the potential cytotoxic action of the extracts according to
the methods described by McLaughlin (1982)**. Eggs of
Brine Shrimp were hatched in a tank containing 3.8%
NaCl solution. The plant extracts were dissolved in pure
dimethyl sulfoxide (DMSO) and test solutions of
different concentrations (1 pg/ml, 5 pg/ml, 10 pg/ml, 20
pg/ml, 50 pg/ml, 100 pg/ml, 200 pg/ml, 500 pg/ml)
were prepared and were taken in vials containing 10
nauplii in 5 ml of simulated sea water. The toxic effect of
the extract or reference drug on shrimp was observed
after 24 h counting the surviving shrimps. Duplicate
experiments were done for each concentration of
extracts. The percent (%) mortality was calculated first
and then LCs, values were calculated to determine the
toxicity of the extracts. Vincristine sulphate was used as
the reference cytotoxic drug™.

Statistical analysis

LCso of the cytotoxic activity test were calculated by
regression analysis using SPSS 11.5.0 (Statistical
Package for the Social Sciences) for windows (SPSS
Inc., USA).

RESULTS

Phytochemical screening

Qualitative phytochemical analysis of the methanolic
extract of Musa sapientum subsp. sylvestris fruit peel,
pulp and seed revealed the presence of carbohydrates,
alkaloids, steroids and glucosides in all extracts.
Flavonoids were detected in pulp, saponin in peel and
seed and tannin in peel and pulp extracts.

Antimicrobial activity

In the antimicrobial study it was observed that the
methanolic extract of the M. sapientum subsp. sylvestris
pulp showed good activity against all 13 gram-positive
and gram-negative bacteria. The peel extract also showed
significant activity against all organisms in the test. But
the seed extract showed virtually no activity against any
organism (Table 1). The standard drug, Kanamycin,
showed 29-31 mm zone of inhibition against the gram-
positive and gram-negative bacteria (Table 1). The pulp
extract showed 19 mm zone of inhibition against
Shigella dysenteriae, 18 mm zone of inhibition against
Bacillus subtilis and Salmonella paratyphi. 1t showed 17
mm zone of inhibition against Bacillus cereus, Bacillus
megaterium, Escherichia coli, Shigella boydii, Vibrio
mimicus and Vibrio parahemolyticus; 16 mm against
Sarcina lutea, Pseudomonas aeruginosa, Salmonella
typhi; 15 mm against Staphylococcus aureus. The peel
extract also showed activity against all the test organisms
with a zone of inhibition of 7-9 mm. The pulp extract
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was also found well effective in inhibiting the growth of
the 3 pathogenic fungi (Table 2).

Cytotoxic activity

The peel, pulp and seed extracts were found lethal to
brine shrimp with a LCsy value of 304.4 pg/ml, 112.4
pg/ml and 212.02 pg/ml respectively, while the standard
Vincristine sulphate showed a LCsy value of 0.66 pg/ml.
The pulp showed better lethality to the shrimps than the
peel and seed extract (Table 3). The order of potential
lethality of the extracts is: Vincristine sulphate> Pulp>
Seed> Peel.

DISCUSSION

The results suggest the wide range of antibacterial
activity by the fruit pulp extract against a number of
pathogenic bacteria, especially those cause diarrhoea and
dysentery. The alkaloids present in the extracts may
contribute to the antibacterial activity”® due to the
inhibition of topoisomerase to intercalate DNA and to
inhibit DNA synthesis®’, cell lysis and morphological
changes®®. The tannin content of the pulp may also
contribute to the antimicrobial activity due to their
astringent property that can induce complexation with
microbial enzymes or substrates, iron deprivation,
hydrogen bonding or nonspecific interaction with
microbial enzymes, toxic action on microbial
membranes, complexation of metal ions”. The
antimicrobial activity may also be due to the presence of
flavonoids®’, saponins’' and steroids™.

The brine shrimp lethality bioassay can detect a broad
spectrum of bioactive principles in crude samples for the
front-line screening. This method is very useful and is
been used in predicting cytotoxic, antitumor and
pesticidal activity of extracts’>. The phytochemicals
present in the extracts such as alkaloids, steroids may be
responsible for the cytotoxic activity of extracts®. The
cytotoxic activity of the pulp and peel extracts further
supports the antibacterial activity of the extracts.
CONCLUSION

The findings of the present study demonstrate that the
methanolic extracts of Musa sapientum L. subsp.
sylvestris fruit possess good antimicrobial activity
against a number of gram-positive and gram-negative
bacteria as well as against pathogenic fungi and affirm
the traditional use of the fruit in the treatment of
dysentery and diarrhoea. However, further studies are
required to study the bioactive compounds and elucidate
the mechanisms of pharmacological activities of the

plant.

REFERENCES

1. Rahman MM, Kabir SMH. In: Banglapedia, 1* Ed. Dhaka:
Asiatic Society of Bangladesh 2003; 1: 403.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ghani A. Medicinal Plants of Bangladesh: Chemical
Constituents and Uses. 2™ ed. Dhaka: The Asiatic Society of
Bangladesh 2003; pp 315, 500-505.

Khare CP (Ed.). Indian Medicinal Plants, Springer
Science+BusinessMedia, New York, USA 2007; p 426.
Anhwange BA. Chemical Composition of Musa sapientum
(Banana) Peels. J Food Tech 2008; 6(6): 263-266.

Waalkes TP, Sjoerdsma A, Creveling CR, Weissbach H,
Udenfriend S. Serotonin, norepinephrine, and related
compounds in Banana. Science 1958; 127(3299): 648-50.
Shanmugavelu KG, Rangaswami G. Tryptophan and Indole
Compounds in Banana Ovaries. Nature 1962; 194: 775-776,
http://www.nature.com/nature/journal/v194/n4830/abs/194775
a0.html [September 18, 2009]

Lewis DL, Field WD, Shaw GP. A natural flavonoid present in
unripe plantain banana pulp (Musa sapientum L. var.
paradisiaca) protects the gastric mucosa from aspirin-induced
erosions. J Ethnopharmacol 1999; 65: 283-288.

Lewis DA, Shaw GP. A natural flavonoid and synthetic
analogues protect the gastric mucosa from aspirin-induced
erosions. J Nutr Biochem 2001; 12: 95-100.

Ragasa CY, Martinez A, Chua JEY, Rideout JA. A Triterpene
from Musa errans. Philippine J Sci 2007; 136(2): 167-171,
http://philjournalsci.dost.gov.ph/vol136n02/A%20Triterpene%
20from%20Musa%?20errans.htm [September 17, 2009).
Ghoshal S. Steryl Glycosides and Acyl Steryl Glycosides from
Musa sapientum. Phytochem 1985; 24(8): 1807-1810.

Mokbel MS, Hashinaga F. Antibacterial and Antioxidant
Activities of Banana (Musa, AAA cv. Cavendish) Fruits Peel.
Am J Biochem Biotechnol 2005; 1(3): 125-131.

Oliveira L, Freire CSR, Silvestre AJD, Cordeiro N, Torres IC,
Evtuguin D. Steryl glucosides from banana plant Musa
acuminata Colla var cavendish. Ind Crops Prod 2005; 22: 187—
192.

Qian H, Huang WL, Wu XM, Zhang HB, Zhou JP, Ye WC. A
new isochroman-4-one derivative from the peel of Musa
sapientum L. and its total synthesis. Chinese Chem Lett 2007;
18:1227-1230.

Partha P, Hossain ABME. Ethnobotanical Investigation into
the Mandi Ethnic Community in Bangladesh. Bangladesh J
Plant Taxon 2007; 14(2): 129-145.

Goel RK, Sairam K. Anti-ulcer Drugs from Indigenous Sources
with Emphasis on Musa sapientum, Tamrabhasma, Asparagus
racemosus and Zingiber officinale. Indian J Pharmacol 2002;
34:100-110.

Fagbemi JF, Ugoji E, Adenipekun T, Adelowotan O.
Evaluation of the antimicrobial properties of unripe banana
(Musa sapientum L.), lemon grass (Cymbopogon citratus S.)
and turmeric (Curcuma longa L.) on pathogens. Afr J
Biotechnol 2009; 8(7): 1176-1182.

Agarwal PK, Singh A, Gaurav K, Goel S, Khanna HD, Goel
RK. Evaluation of wound healing activity of extracts of
plantain banana (Musa sapientum var. paradisiaca) in rats.
Indian J Exp Biol 2009; 47: 322-40.

Tewtrakul S, Itharat A, Thammaratwasik P, Ooraikul B. Anti-
allergic and anti-microbial activities of some Thai crops.
Songklanakarin J Sci Technol 2008; 30(4): 467-473.

Pari L, Maheshwari JU. Hypoglycemic effect of Musa
sapientum L. in alloxan-induced diabetic rats. J
Ethnopharmacol 1999; 68: 321-235.

Jain DL, Baheti AM, Parakh SR, Ingale SP, Ingale PL. Study
of antacid and diuretic activity of ash and extracts of Musa
sapientum L. fruit peel. Phcog Mag 2007; 3(10): 116-119.

IRJP 2 (8) August 2011

Page 62-65



21.

22.

23.

24.

25.

26.

27.

Imam Mohammad Zafar et al. IRJP 2 (8) 2011 62-65

Gomathy R, Vijayalekshmi NR, Kurup PA. Hypolipidemic
principle of the inflorescence stalk of plantain (Musa
sapientum). J Biosci 1989; 14: 301-309.

Alarcon-Aguilara FJ, Roman-Ramos R, Perez-Gutierrez S,
Aguilar-Contreras A, Contreras-Weber CC, Flores-Saenz JL.
Study of the anti-hyperglycemic effect of plants used as
antidiabetics. J Ethnopharmacol, 1998; 61: 101-110.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic
susceptibility testing by a standardized single disk method. Am
J Clin Pathol 1966; 45: 493-496.

McLaughlin JL. Brine shrimp: a convenient general bioassay
for active constituents. Planta Med 1982; 45: 31-32.

Mazumder MEH, Alam B, Alam MA, Jamila M, Muhsin
MDA. Investigations of secondary metabolites, antioxidant and
cytotoxic activities of the leaf extract of Portulaca oleracea L.
Bangladesh J Life Sci 2009; 21(1): 17-22.

Zuo GY, Meng FY, Hao XY, Zhang YL, Wang GC, Xu GL.
Antibacterial Alkaloids from Chelidonium majus Linn
(Papaveraceae) against clinical isolates of methicillin-resistant
Staphylococcus aureus. J Pharm Pharm Sci 2008; 11(4): 90-94.
Lisgarten JN, Coll M, Portugal J, Wright CW, Aymami J.The
antimalarial and cytotoxic drug cryptolepine intercalates into
DNA at cytosine-cytosine sites. Nat Struct Biol 2002; 9: 57-60.

28.

29.

30.

31.

32.

33.

34.

Sawer IK, Berry MI, Ford JL. The killing effect on
Staphylococcus aureus. Lett Appl Microbiol 2005; 40: 24-29.
Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki K.
Antibacterial action of several tannins against Staphylococcus
aureus. ] Antimicrob Chemother 2001; 48: 487-491.

Cushnie TP, Lamb AJ. Antimicrobial activity of flavonoids. Int
J Antimicrob Agents, 2005; 26(5): 343-56.

Avato P, Bucci R, Tava A, Vitali C, Rosato A, Bialy Z,
Jurzysta M. Antimicrobial activity of saponins from Medicago
sp.:structure-activity relationship. Phytother Res 2006; 20(6):
454-7.

Taleb-Contini SH, Salvador MJ, Watanabe E, Ito IY, Oliveira
DCR. Antimicrobial activity of flavonoids and steroids isolated
from two Chromolaena species. Braz J Pharma Sci 2003;
39(4): 403-408.

Mongelli E, Pomilio AB, Sanchez JB, Guerra FM, Massanet
GM. Ent-Kaur-16-en-19-oic acid, a KB cells cytotoxic
diterpenoid from Elaeoselinum foetidum. Phytother Res 2002;
16: 387-388.

Dhar ML, Dhar MN, Dhawan BN, Mehrotra BN, Srimat RC,
Tandon JS. Screening of Indian medicinal plants for biological
activity. Indian J Exp Biol 1973 11: 43-45

Table 1: Antibacterial activity of methanolic extracts of Musa sapientum subsp. sylvestris.

Diameter of zone of inhibition (mm)
Bacteria MSPE MSPU MSSE Kanamycin (30
(400 pg/disc) (400 pg/disc) (400 pg/disc) pg/disc)
Gram-positive bacteria
Bacillus cereus 9 17 - 30
Bacillus megaterium 8 17 - 30
Bacillus subtilis 9 18 - 31
Staphylococcus aureus 8 15 - 30
Sarcina lutea 7 16 - 31
Gram-negative bacteria
Escherichia coli 8 17 4 30
Pseudomonas aeruginosa 8 16 - 29
Salmonella paratyphi 9 18 - 30
Salmonella typhi 7 16 - 29
Shigella boydii 8 17 4 30
Shigella dysenteriae 8 19 5 30
Vibrio mimicus 8 17 4 30
Vibrio parahemolyticus 8 17 4 31

MSPE = Musa sapientum subsp. sylvestris peel extract, MSPU = Musa sapientum subsp. sylvestris pulp extract, MSSE = Musa sapientum subsp. sylvestris seed extract.

Table 2: Antifungal activity of methanolic extracts Musa sapientum L. subsp. sylvestris.

Fungi Diameter of zone of inhibition (mm)
MSPE MSPU MSSE Kanamycin
Aspergillus niger 8 18 - 30
Candida albicans 8 19 - 30
Sacharomyces cerevaceae 7 16 - 28

MSPE = Musa sapientum subsp. sylvestris peel extract, MSPU = Musa sapientum subsp. sylvestris pulp extract, MSSE = Musa sapientum subsp. sylvestris seed extract.

Table 3: Cytotoxic activity of methanolic extracts of Musa sapientum subsp. sylvestris.

Extract

LCso (ng/ml)

MSPE

304.4

MSPU

1124

MSSE

212.02

Vincristine sulphate

0.66

MSPE = Musa sapientum subsp. sylvestris peel extract, MSPU = Musa sapientum subsp. sylvestris pulp extract, MSSE = Musa sapientum subsp. sylvestris seed extract.
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