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Objective: To determine the bioactive phytochemicals and antimicrobial activity of leaf
and stem ethanolic extracts from Muntingia calabura L. (M. calabura).

Methods: Dried leaves and stems of M. calabura were extracted with 95% ethanol. The
antibacterial and antifungal activities of the extracts were examined using the disc
diffusion assay. The minimum inhibitory concentration (MIC) of each extract showing
antimicrobial activity was determined. The dried extracts were subjected to phyto-
chemical screening to determine the presence of bioactive components. Total phenolic
and flavonoid contents were also determined by the Folin—Ciocalteu method and the
aluminum chloride method, respectively.

Results: Varying degrees of antimicrobial activity were exhibited by the leaf and stem
extracts against Pseudomonas aeruginosa (P. aeruginosa), Salmonella typhimurium,
Staphylococcus aureus (S. aureus), Bacillus subtilis, and Candida albicans (C. albicans),
with minimal activity against Escherichia coli. Based on the MIC, the extracts showed the
highest activity against C. albicans, S. aureus and P. aeruginosa. Phytochemical
screening revealed the presence of sterols, flavonoids, alkaloids, saponins, glycosides and
tannins in the leaf extract; however, no triterpenes were detected. In the stem extract,
triterpenes were detected along with relative amounts of flavonoids, saponins, glycosides
and tannins. Alkaloids and sterols were absent in the stem extract.

Conclusions: M. calabura leaf and stem ethanol extracts are potential sources of anti-
bacterial agents against P. aeruginosa and S. aureus. This study reports for the first time
the high degree of antifungal activity of M. calabura ethanolic extract, especially against
C. albicans.

1. Introduction

to, modern medicine. As a testament to its persistence, over 80%
of the world's population is known to still utilize traditional

Traditional medicine encompasses multiple indigenous tra-
ditions around the world. In Western and other developed na-
tions, its usage is often in conjunction with, and complementary
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medicine for primary healthcare. Most are in underdeveloped
countries, many of which are situated in biodiversity hotspots in
Southeast Asia, Africa, Central and Southern America among
others. Plants are the single largest source for traditional medi-
cines [11. They account for over 25% of new drugs tested for
clinical use [2]. Newman and Cragg noted that in the field of
cancer research, almost 80% of new chemical entities
discovered were derived from natural sources, or semi-
synthetic modifications thereof [31.

Secondary metabolites are the sources of plant natural
products used in medicine. These compounds are broadly
divided into phenolics which include polyphenols, flavonoids,
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tannins and quinones known for their potent antioxidant, cyto-
toxic and antimicrobial activities [4-7]; alkaloids which are
cytotoxic and have a wide range of physiological effects [8-10];
glycosides; terpenes and other volatile compounds, most of
which are endogenously utilized as plant defense compounds
[11]. However, the under-utilization of plants remains a chal-
lenge for developing drugs. The use of plant-derived compounds
and their derivatives is well-established in other medicinal ap-
plications, most notably in chemotherapeutic agents [12.13].
Moreover, antimicrobial agents derived from plant metabolites
have increasingly gained attention in the past few years [7].
The emergence of multi-drug resistant bacteria and the rise of
infectious diseases have led to the reevaluation of the use of
antibiotic agents in treatment, and novel solutions such as the
use of plant secondary metabolites as resistance-modifying
agents. In addition, there is a marked decline in the develop-
ment of new classes of antibiotics since 1960. These factors
underscore the importance of searching for alternative sources of
antimicrobial agents from plants [14.15].

Muntingia calabura L. (M. calabura) is a shrub introduced
from Tropical America to Southeast Asia. It is well-adapted in
areas where it is introduced, often growing as roadside trees
[1.16]. This plant species is heavily indigenized in most localities.
Its leaves are distinctively lanceolate in shape, with margins
irregularly serrate. The plant flowers throughout the year; its
fruits are berries which turn red when mature with lenticularly
shaped seeds [17].

Its leaves, stems and roots have been documented to have
traditional medicinal usage in various modes of applications. In
Peru, its leaves and bark are used as antiseptics, and to treat
swelling in the lower extremities. Leaf decoctions are also
popular treatments in South America to reduce gastric ulcers. In
the Philippines, the flowers are used to treat headache and for
relief of incipient colds. Its roots are also used as emmenagogues
in Malaysia and Vietnam, although in these countries,
M. calabura is considered as a neglected species [11.

A recent review revealed only thirty published studies on
M. calabura, which focused mostly on leaf ethanolic and
methanolic extracts [1.18]. In consonance with its traditional
usage, researchers have identified several bioactive properties
of the plant. Anti-inflammatory, anti-nociceptive [18-20] and
antioxidant activity of the leaves [19], cytotoxicity against
leukemia cell lines of the roots [21], and antimicrobial activity
of the leaves [22] of M. calabura have been observed and
demonstrated.

This paper presented the antimicrobial activity of the crude
ethanolic extracts from the leaves and stems of M. calabura
against the following bacteria: Escherichia coli (E. coli), Sal-
monella typhimurium (S. typhimurium), Pseudomonas aerugi-
nosa (P. aeruginosa), Staphylococcus aureus (S. aureus), and
Bacillus subtilis (B. subtilis); and the fungus Candida albicans
(C. albicans). The phytochemicals of the leaf and stem extracts
which are responsible for the bioactive properties are also
reported.

2. Materials and methods
2.1. Plant material
M. calabura leaves and stems were collected in April-June,

2015 from Paniqui, Tarlac, Philippines. Leaf and stem speci-
mens were identified and authenticated at the Jose Vera Santos

Memorial Herbarium (PUH) at the Institute of Biology, Uni-
versity of the Philippines, Diliman, Quezon City, Philippines.
Samples were then laid and air-dried for two weeks before
pulverization.

2.2. Preparation of crude extracts

Leaves and stems weighting 100 g each were immersed in
95% ethanol at a ratio of 1:10 (w/v) for 72 h. The mixtures were
then decanted and filtered. The filtrate was concentrated under
reduced pressure using a rotary evaporator (Laborota 4001,
Heidolph) with the temperature set at 40 °C. The crude leaf and
stem extracts were then air-dried for 14 days. After air-drying,
extracts were reconstituted in 95% ethanol, and filtered
through a Whatman No. 1 filter paper for further bioassays.

2.3. Phytochemical screening

Ethanolic extracts derived from the leaves and stems of
M. calabura were subjected to phytochemical screening for the
presence of tannins, flavonoids, alkaloids, sterols, triterpenes,
saponins, and glycosides following standardized methods [23].

2.4. Estimation of total phenolic and flavonoid contents

Total phenolic content of the ethanolic extracts was deter-
mined by the modified Folin—Ciocalteu method [24]. A total of
10 mL Folin—Ciocalteu reagent and 200 pUL of Na,CO3 (2%,
w/v) were added to 100 pL of plant extract solution (1 mg/
mL). Then, the resulting mixture was incubated at 45 °C with
shaking at 120 r/min for 15 min. The absorbances of the
samples were measured at 765 nm using a UV-Vis spectro-
photometer. Results were expressed as mg gallic acid equivalent
(GAE)/g plant extract. The same procedure was used for making
a standard curve of gallic acid with a concentration range of 0—
100 pg/mL.

Total flavonoid content was determined using the modified
aluminum chloride method [24]. One milliliter of plant extract
solution (1 mg/mL) was mixed with 3 mL ethanol, 0.2 mL of
10% aluminum chloride, 0.2 mL of 1 mol/L potassium
acetate, and 5.6 mL of distilled water and kept at room
temperature for 30 min. The absorbance of the reaction
mixture was measured at 420 nm using a UV-Vis spectropho-
tometer. The total flavonoid content was computed from a
calibration curve made with rutin as standard (0-200 pg/mL in
ethanol). The concentration of total flavonoids was then
expressed as mg rutin equivalents/g crude extract.

2.5. Antimicrobial assay

Potential antibacterial and antifungal activities of the plant
extracts were examined using the disc diffusion assay. Organ-
isms used to test the antimicrobial activity of the plant extracts
were E. coli, S. typhimurium, P. aeruginosa, S. aureus,
B. subtilis (bacteria) and C. albicans (fungus). Microbial sus-
pensions in 0.1% peptone at 0.5 McFarland were inoculated on
nutrient agar plates for bacterial samples, and glucose yeast
peptone agar plates for fungal samples. For each agar plate, three
equidistant wells, one for each replicate, were drilled using a
cork borer. Then 200 pL of each plant extract (10 mg/mL) was
aspirated into each well. In addition to the plant extracts, ethanol
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diluted in 0.1% peptone water was prepared as negative control.
The plates inoculated with microbial samples, and supplied with
extracts, were then incubated at 37 °C and observed after 24 h.
The average diameters of the zones of inhibition of the extracts
against the tested organisms were then measured in order to
evaluate the antimicrobial activity.

2.6. Minimum inhibitory concentration (MIC)

The MIC of each extract showing antibacterial and/or anti-
fungal activity was determined following the protocol described
by the Clinical and Laboratory Standards Institute [25]. The MIC
is defined as the lowest concentration of the crude extract that
does not permit any visible microbial growth. The MIC of
each extract was determined by dilution of each bacterial and
fungal strain in liquid culture medium, measuring the optical
density after 24 h of incubation, and then visually inspecting
the turbidity of each inoculated well.

3. Results
3.1. Phytochemical screening

The phytochemical profiles of the leaf and stem ethanolic
extracts of M. calabura are presented in Table 1. The leaf
ethanolic extract was found to contain a greater number of
secondary metabolite classes when compared to the stem etha-
nolic extract. Sterols, flavonoids, alkaloids, saponins, glyco-
sides, and tannins were detected in the leaf extract while
triterpenes were not detected. In the stem ethanolic extract, tri-
terpenes, a class of volatile metabolites, were however, detected.
Alkaloids and sterols were not detected in the stem extract.

Table 1
Phytochemical profiles of leaf and stem ethanolic extracts of M. calabura.

Constituents Leaf extracts Stem extracts
Sterols + -
Triterpenes - ++
Flavonoids +++ ++
Alkaloids + —
Saponins +++ -+
Glycosides ++ +++
Tannins ++ s

+: Constituents present in little amounts; ++: Constituents present in
moderate amounts; +++: Constituents present in abundance; —: Con-
stituents not detected.

3.2. Total phenolic and total flavonoid contents

The total phenolic content of M. calabura was (75.7 = 5.4) mg
GAE/g crude extract for the leaf extractand (91.5 = 6.4) mg GAE/g
crude extract for the stem extract. On the other hand, the total
flavonoid content was (112.8 + 6.6) mg rutin equivalent/g crude
extract for the leaf extract and (55.3 = 7.5) mg rutin equivalent/g
crude extract for the stem extract.

3.3. Antimicrobial activity
Both stem and leaf extracts demonstrated varying degrees of

antimicrobial activity against P. aeruginosa, S. typhimurium,
S. aureus, B. subtilis, and C. albicans, while minimal activity

was observed against E. coli based on the results of the disc
diffusion assay (Table 2). Furthermore, MIC values in the range
of 0.625-10.000 mg/mL were obtained for P. aeruginosa
(2.5 mg/mL for leaf and stem ethanolic extracts), S. aureus
(1.25 mg/mL for leaf and stem ethanolic extracts), and
C. albicans (2.5 mg/mL for the stem extract). The MIC values
against S. typhimurium and B. subtilis were both higher than the
maximum value at the range tested (10 mg/mL) for both ex-
tracts. The MIC value of the leaf ethanolic extracts against
C. albicans may be 0.625 mg/mL, or lower than the concen-
tration range tested.

Table 2

Diameter of zones of inhibition for M. calabura leaf and stem ethanolic
extracts against bacterial and fungal strains from University of the
Philippines Natural Sciences Research Institute Culture Collection.

Organisms Average inhibition zone MIC (mg/mL)
diameter (mm)
Leaf extract Stem extract Leaf extract Stem extract
E. coli 12.3 10.0 - -
P. aeruginosa 20.0 15.7 2.500 2.500
S. typhimurium 19.0 19.0 > 10.000 > 10.000
S. aureus 37.7 24.7 1.250 1.250
B. subtilis 17.0 16.0 > 10.000 > 10.000
C. albicans 18.7 19.0 0.625" 2.500

#: MIC may be 0.625 mg/mL or lower.

4. Discussion

Phytochemical analysis of M. calabura revealed the presence
of sterols, flavonoids, alkaloids, saponins, glycosides, and tan-
nins in the leaf ethanolic extract and triterpenes in the stem
ethanolic extract. These plant secondary metabolites have been
reported to exhibit medicinal and physiological activities.

Our study provides significant additional information on the
antimicrobial activity of this plant. There are very few studies on
the antimicrobial properties of M. calabura [18.22]. The results of
our study indicate that M. calabura is an alternative source of
antibacterial agents against P. aeruginosa and S. aureus. The
high degree of activity against C. albicans is one of the
significant findings that have not been reported in other
previously published The antifungal activity of
M. calabura is indeed promising, thus would warrant further
investigations through the inclusion of more isolates of fungal
species. It has been known that the occurrence of pathogenic
fungi may have exerted selective or evolutionary pressure on
plants to produce antifungal compounds as a first-line defense
system [26.27].

The divergent bioactivities of plants belonging to the same
species may be due to a difference in phytochemical profiles
across geographical regions [28.29]. It is known that variations in
the growing conditions are major contributors to the differences
in secondary metabolite profile. may
emphasize the production of one metabolite over another in
response to the various needs of the plant. Variations in
altitude, carbon dioxide levels, insect and pathogenic presence
are all known to affect the composition of the metabolite
constituents [30]. A slight variation in the secondary metabolite
profile might be expected for M. calabura plants grown in the
Philippines.

studies.

Different stressors
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Polyphenols, especially the flavonoids are typically impli-
cated in antimicrobial activities. In one study [22], four types of
flavonoids (three flavones and one chalcone) isolated from
M. calabura leaf ethyl acetate extracts demonstrated antimicrobial
activity against methicillin-sensitive S. aureus and methicillin-
resistant S. aureus, but not against P. aeruginosa, B. subtilis, Ba-
cillus cereus, and E. coli. Following the MIC results of this study, it
is interesting to note that the leaf and stem crude ethanolic extracts
exhibited inhibitory activity against P. aeruginosa and C. albicans,
which have not been previously reported even for fractionated
extracts. Antimicrobial assays to determine the effects of
M. calabura extracts on multi-drug resistant bacteria are currently
underway.

In conclusion, M. calabura leaf and stem ethanolic extracts
can serve as new and alternative sources of antibacterial agents
against P. aeruginosa and S. aureus. This paper is the first report
on the high degree of antifungal activity of M. calabura leaf and
stem extracts against C. albicans.

Conflict of interest statement
We declare that we have no conflict of interest.
Acknowledgments

The authors would like to acknowledge the Office of the
Chancellor of the University of the Philippines, Diliman, the
Office of the Vice-Chancellor for Research and Development for
the Outright Research Grant (Project No. 151516 PNSE) and the
Natural Sciences Research Institute for funding support. The
Institute of Biology is also acknowledged for the use of research
facilities.

References

[1] Mahmood ND, Nasir NL, Rofiee MS, Tohid SF, Ching SM,
Teh LK, et al. Muntingia calabura: a review of its traditional uses,
chemical properties, and pharmacological observations. Pharm
Biol 2014; 52(12): 1598-623.

[2] Ullah S, Khan MR, Shah NA, Shah SA, Majid M, Farooq MA.
Ethnomedicinal plant use value in the Lakki Marwat District of
Pakistan. J Ethnopharmacol 2014; 158: 412-22.

[3] Newman DJ, Cragg GM. Natural products as sources of new
drugs over the 30 years from 1981 to 2010. J Nat Prod 2012; 75(3):
311-35.

[4] Pahari B, Chakraborty S, Chaudhuri S, Sengupta B, Sengupta PK.
Binding and antioxidant properties of therapeutically important plant
flavonoids in biomembranes: insights from spectroscopic and
quantum chemical studies. Chem Phys Lipids 2012; 165(4): 488-96.

[5] Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their

antioxidant and anticancer properties. Molecules 2010; 15(10):

7313-52.

Wong IL, Chan KF, Chen YF, Lun ZR, Chan TH, Chow LM.

In vitro and in vivo efficacy of novel flavonoid dimers against

cutaneous leishmaniasis. Antimicrob Agents Chemother 2014;

58(6): 3379-88.

Cushnie TP, Lamb AJ. Recent advances in understanding the

antibacterial properties of flavonoids. Int J Antimicrob Agents

2011; 38(2): 99-107.

Kulkarni SK, Dhir A. Berberine: a plant alkaloid with therapeutic

potential for central nervous system disorders. Phytother Res 2010;

24(3): 317-24.

[9] Panis C, Lemos LG, Victorino VJ, Herrera AC, Campos FC,
Colado Simao AN, et al. Immunological effects of taxol and

[6

[t

[7

[

[8

—_—

adryamicin in breast cancer patients. Cancer Immunol Immunother
2012; 61(4): 481-8.

[10] Zhang X, Oh M, Kim S, Kim J, Kim H, Kim S, et al. Epi-
mediphine, a novel alkaloid from Epimedium koreanum inhibits
acetylcholinesterase. Nat Prod Res 2013; 27(12): 1067-74.

[11] Mithofer A, Boland W. Plant defense against herbivores: chemical
aspects. Annu Rev Plant Biol 2012; 63: 431-50.

[12] Pan L, Chai H, Kinghorn AD. The continuing search for antitumor
agents from higher plants. Phytochem Lett 2010; 3(1): 1-8.

[13] Cragg GM, Newman DJ. Natural products: a continuing source of
novel drug leads. Biochim Biophys Acta 2013; 1830(6): 3670-95.

[14] Abreu AC, McBain AJ, Simdes M. Plants as sources of new an-
timicrobials and resistance-modifying agents. Nat Prod Rep 2012;
29(9): 1007-21.

[15] World Health Organization. Antimicrobial resistance: global report
on surveillance. Geneva: World Health Organization; 2014. [Online]
Available from: http://apps.who.int/iris/bitstream/10665/112642/1/
9789241564748 _eng.pdf?ua=1 [Accessed on 20th December,
2015]

[16] Ragragio EM, De Padua A, Datuin K, Sia Su GL, Sia Su MLL. Air
pollution tolerance index of trees in selected areas in the
Philippines. J Appl Phytotechnol Environ Sanit 2014; 3(1): 17-22.

[17] Bayer C, Chase MW, Fay MF. Muntingiaceae, a new family of
dicotyledons with malvalean affinities. Taxon 1998; 47(1): 37-42.

[18] Zakaria ZA, Sufian AS, Ramasamy K, Ahmat N, Sulaiman MR,
Arifah AK, etal. In vitro antimicrobial activity of Muntingia calabura
extracts and fractions. Afr J Microbiol Res 2010; 4(4): 304-8.

[19] Zakaria ZA, Mohd Nor Hazalin NA, Mohd Zaid SNH, Abdul
Ghani M, Hassan MH, Gopalan HK, et al. Antinociceptive,
anti-inflammatory and antipyretic effects of Muntingia calabura
aqueous extract in animal models. J Nat Med 2007; 61(4): 443-8.

[20] Zakaria ZA, Mohd Sani MH, Cheema MS, Kader AA, Kek TL,
Salleh MZ. Antinociceptive activity of methanolic extract of
Muntingia calabura leaves: further elucidation of the possible
mechanisms. BMC Complement Altern Med 2014; 14: 63.

[21] Kaneda N, Pezzuto JM, Soejarto DD, Kinghorn AD, Farnsworth NR,
Santisuk T, et al. Plant anticancer agents, XLVIII. New cytotoxic
flavonoids from Muntingia calabura roots. J Nat Prod 1991; 54(1):
196-206.

[22] Sufian AS, Ramasamy K, Ahmat N, Zakaria ZA, Yusof MIL
Isolation and identification of antibacterial and cytotoxic compounds
from the leaves of Muntingia calabura L. J Ethnopharmacol 2013;
146(1): 198-204.

[23] Evans WC. Trease and Evans' pharmacognosy. 15th ed. Edin-
burgh: WB Saunders; 2002.

[24] Rameshkumar A, Sivasudha T. In vitro antioxidant and antibacte-
rial activity of aqueous and methanolic extract of Mollugo nudicaulis
Lam. leaves. Asian Pac J Trop Biomed 2012; 2: S895-900.

[25] Clinical and Laboratory Standards Institute. Performance standards
for antimicrobial susceptibility testing; twenty fifth informational
supplement. Wayne: Clinical and Laboratory Standards Institute;
2015. [Online] Available from: http://shop.clsi.org/site/Sample_
pdf/M100S25_sample.pdf [Accessed on 20th December, 2015]

[26] Bednarek P, Pislewska-Bednarek M, Svatos A, Schneider B,
Doubsky J, Mansurova M, et al. A glucosinolate metabolism
pathway in living plant cells mediates broad-spectrum antifungal
defense. Science 2009; 323(5910): 101-6.

[27] Bednarek P. Chemical warfare or modulators of defence responses-
the function of secondary metabolites in plant immunity. Curr
Opin Plant Biol 2012; 15(4): 407-14.

[28] Ramakrishna A, Ravishankar GA. Influence of abiotic stress sig-
nals on secondary metabolites in plants. Plant Signal Behav 2011;
6(11): 1720-31.

[29] Deng SX, West BJ, Jensen CJ. A quantitative comparison of
phytochemical components in global noni fruits and their com-
mercial products. Food Chem 2010; 122(1): 267-70.

[30] Pavarini DP, Pavarini SP, Niehues M, Lopes NP. Exogenous in-
fluences on plant secondary metabolite levels. Anim Feed Sci
Technol 2012; 176(1-4): 5-16.


http://refhub.elsevier.com/S2221-1691(15)31037-6/sref1
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref1
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref1
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref1
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref2
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref2
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref2
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref3
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref3
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref3
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref4
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref4
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref4
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref4
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref5
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref5
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref5
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref6
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref6
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref6
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref6
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref7
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref7
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref7
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref8
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref8
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref8
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref9
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref9
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref9
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref9
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref10
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref10
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref10
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref11
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref11
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref11
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref12
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref12
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref13
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref13
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref14
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref14
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref14
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/112642/1/9789241564748_eng.pdf?ua=1
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref16
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref16
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref16
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref17
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref17
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref18
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref18
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref18
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref19
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref19
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref19
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref19
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref20
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref20
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref20
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref20
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref21
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref21
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref21
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref21
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref22
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref22
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref22
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref22
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref23
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref23
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref24
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref24
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref24
http://shop.clsi.org/site/Sample_pdf/M100S25_sample.pdf
http://shop.clsi.org/site/Sample_pdf/M100S25_sample.pdf
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref26
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref26
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref26
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref26
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref27
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref27
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref27
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref28
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref28
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref28
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref29
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref29
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref29
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref30
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref30
http://refhub.elsevier.com/S2221-1691(15)31037-6/sref30

	Bioactive metabolite profiles and antimicrobial activity of ethanolic extracts from Muntingia calabura L. leaves and stems
	1. Introduction
	2. Materials and methods
	2.1. Plant material
	2.2. Preparation of crude extracts
	2.3. Phytochemical screening
	2.4. Estimation of total phenolic and flavonoid contents
	2.5. Antimicrobial assay
	2.6. Minimum inhibitory concentration (MIC)

	3. Results
	3.1. Phytochemical screening
	3.2. Total phenolic and total flavonoid contents
	3.3. Antimicrobial activity

	4. Discussion
	Conflict of interest statement
	Acknowledgments
	References


