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ABSTRACT

This study was carried out to evaluate the antibacterial activity of different solvent extracts (n-hexane, methanol,
ethyl acetate and water) of Ayurvedic medicinal herb Kaempferia rotunda L. against six bacterial strains, i.e. S.
aureus (MTCC 1144), H. influenza (MTCC 3826), P. aeruginosa (MTCC 2474), S. pneumonia (MTCC 655), S.
pyogenes (MTCC 442), and L. acidophilus (MTCC 447) and one fungal organism i.e. Candida albicans (MTCC
227) by the agar well diffusion method. The results of antibacterial study showed that ethyl acetate extract of K.
rotunda rhizomes has potential antibacterial activity against L. acidophilus (17.320.57mm), S pnheumonia
(16.6240.28mm) and S. pyogenes (16.620.28mm). While all extracts showed low antifungal activity against Candida
albicans. Preliminary phytochemical analysis of K. rotunda revealed the presence of alkaloids, steroids, terpenoids,
flavonoids and saponins.
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INTRODUCTION

Plants are the major source of flavors, fragrareoes$ natural medicines worldwide because they cordaivide
variety of biologically active chemicals like alkéds, terpenoids, flavonoids, steroids and sapotimghe past few
decades, a number of medicinal plants have beermsnated by the researcheémsvitro to have antimicrobial
properties against human pathogens [1-4]. Antinliedostudies of the crude extracts of plants hadetd search for
new antimicrobial agenis vitro and to isolate pure chemicals from them. Furtherphytochemical screenings of
plant materials provide a profile of biologicallgtave compounds which have led to discover the nahources of
medicines [5-7]. Recently antimicrobial, antioxittaranti-inflammatory, anti-allergic, anti-diabetjcsanti-
carcinogenic and wound healing have been demoedtest the characteristic properties of phytochdmigal4].
The present study focused on the antimicrobialestng of different solvent extracts &f rotunda rhizomes to
discover the new source of antimicrobial ageKts.otunda is a perennial rhizomatous herbzbhgiberaceae family
which has been described Ayurveda for its stomachic, anti-inflammatory, antitumoantiulcer, wound healing,
emetic and vulnerary actions [1%. rotunda is also known adfBhumi-Champaka, Bhuu-Champaka or Hallakam
and widely distributed throughout India in wet afchded regions [16].
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MATERIALS AND METHODS

Plant material

Fresh rhizomes ofKaempferia rotunda L. were collected from Sushila Tiwari herbal gardéishikesh,
Uttarakhand. The plant was identified by the stdfBotanical Survey of India (BSI), Dehradun, andaucher
specimen (Acc. No. 114817) was deposited at thieanieim of BSI, Dehradun. The plant picture is givefrigure
1

Figure 1.KaempferiarotundaL.

Glassware and chemicals

Clean, dry and good quality glassware’s were usedll tests. They were properly washed with goeterjent,
soaked in chromic acid, and finally rinsed in aoetoAnalytical grade chemicals, reagents and stdwerere used
in antimicrobial and phytochemical studies.

Preparation of plant material
The dried rhizomes of. rotunda were grounded well using mechanical grinder i@ foowder and stored into
airtight glass container with proper labeling.

Extraction procedure

Crude organic extracts n-hexane, methanol (MeOld)athyl acetate (EtOAc) were prepared by soakirggd&Qhe
grinded rhizomes with 200ml of each solvent segdydbr 72 h, whereas the water,(®) extract was prepared by
heating 50g of grinded plant rhizomes with 200mMdddtilled water in a round bottom flask at 30-40®%C 72 h.
Thereafter, the extracts were filtered through Wzatn filter paper and stored in dark colored bete15°C with
proper labeling. These extracts were used for éaréimtimicrobial and phytochemical screening.

Determination of antimicrobial activity

Test microorganisms

Six bacterial strains, i.eS. aureus (MTCC 1144), H. influenza (MTCC 3826), P. aeruginosa (MTCC 2474), S.
pneumonia (MTCC 655), S. pyogenes (MTCC 442), and L. acidophilus (MTCC 447) and one fungal strain i.e.
Candida albicans (MTCC 227) were used in vitro studies. Microorganisms werecpred from Institute of
Microbial Technology (IMTECH), Chandigarh, India.

Preparation of inoculums

Stock cultures were maintained at 4°C on slopasutrient agar. Active cultures for experiments werepared by
transferring a loopful of cells from stock cultutestest tubes of Mueller-Hinton Broth (MHB) for dieria that were
incubated without agitation for 24 h at 37°C.

Antimicrobial study

Antimicrobial activity of different extracts wassted using agar well-diffusion method [1¥. vitro antibacterial
activity was screened by using Mueller-Hinton A¢siHA) medium no. 173 (Hi media Pvt. Ltd., Mumbandia).
0.1 ml of 12-16 h incubated cultures of bacterma@es were mixed in molten medium and poured éagperilized
Petri plates. Plates were allowed to solidify fet®minutes. A cork borer (6 mm diameter) usedungh wells in
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medium and filled with extracts of 45 pl of 200 mgfinal concentration of extracts. Dimethyl sulide (DMSO)
was used as negative control. Efficacies of exdraglinst bacteria were compared with broad spacantibiotic
ofloxacin (positive control). Ofloxacin was dissetvinto double distilled water. Plates were incatlait 37°C for
24 h in BOD incubator. At the end of incubationhiliition zones formed around the well were measuwrit

transparent ruler in millimeter. Each sample wasagsd in triplicate and mean values were obseriée.
antimicrobial activity was interpreted from sizeditmeter of zone of inhibition measured to therestamillimeter
(mm) as observed from clear zones surrounding iksw

Phytochemical analysis
The preliminary phytochemical analysis of all theracts was performed by using following standardcpdures
[18, 19, 20].

Detection of proteins and amino acids
50mg of extract was dissolved in 5ml of distilledter and filtered through Whatman filter paper NdHe filtrates
of each extract were subjected to the followingstes

Xanthoproteic test
1ml of hot nitric acid was added in equal volumesgiract in a test tube. The formation of yellowegpitate which
is changed to a deep orange color by the addifi@mononia indicated the presence of Xanthoproteins.

Biuret test

2ml of filtrate was treated with few drops of 2%pper sulphate solution. To this, 1ml of 95% ethamat added,
followed by the excess of sodium hydroxide pelldig, development of a pink color in ethanolic laiyelicated the
presence of proteins.

Ninhydrin test
1ml of 0.1% alcoholic solution of Ninhydrin solutiavas added to 2ml of filtrate in a test tube dm@dontents are
boiled for 1-2 min in a boiling water bath. Forneetiof a red-purple color indicated the presencanaho acid.

Detection of carbohydrates
50mg of extract was dissolved in 5ml of triple ilistl water and filtered. The filtrate was subjette the following
test.

Fehling’s test
1ml of filtrate was boiled on a water bath with ledch of Fehling solutions 1 and 2. The formatiéra oed
precipitate confirmed the presence of reducingisuga

lodine test
To 2 ml of filtrate, 2 drops of iodine solution afdl of water were added in a test tube. A bluelblar reddish-
purple colored precipitate indicated the preserigmtysaccharides.

Detection of alkaloids
50mg of solvent free extract was dissolved in feWwafdilute hydrochloric acid and filtered. Thetfdte was
subjected to the following tests for the detectidmlkaloids.

Mayer's test
To a few ml of filtrate, two drops of Mayer’s reagépotassium mercuric iodide solution) were adfiteth the side
of the test tube. A whitish creamy or pale yellavloced precipitate indicated the presence of alkalo

Wagner's test
To a few ml of filtrate, few drops of Wagner's reag (iodine in potassium iodide) were added bydide of the
test tube. A reddish-brown colored precipitate e@sfirmed the presence of alkaloids.
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Detection of terpenoids

Salkowski's test

1ml of extract was mixed with 2ml of chloroform atest tube. 2ml of concentrated sulphuric aeid added
carefully from the side of the test tube. Formataira reddish-brown ring immediately at the intexpd of two
liquids confirmed the presence of terpenoids.

Detection of flavonoids

Shinoda’s test

Four pieces of magnesium ribbon were added to xtmat followed by few drops of concentrated hydhocic
acid. A pink or red color indicates the presencéafonoids. Colors varying from orange to red gade flavones,
red to crimson indicated flavonoids, crimson to evetg indicated the presence of flavonones.

Sodium hydroxide test
To a few ml of extract, 10% aqueous sodium hydrexiés added in a test tube. The development adwetblor
which becomes colorless on addition of dilute hgtitoric acid indicated the presence of flavonoids.

Detection of steroids

Salkowaski’s test

2ml of concentrated sulphuric asics carefully added to a 2ml chloroform solutioregfract, the chloroform layer
shows a reddish-brown color and the acid layer shegreen fluorescence.

Keller-Kilani test

2ml of crude extract was mixed with 2ml of glacgaktic acid containing 1 drop of 5% Feg&blution. The mixture
was then poured into another test tube containinigd® concentrated sulphuric acid. The formatioradfrown ring
at the interphase indicated the presence of steroid

Detection of saponins

Foam test

2ml of extract was diluted with 6ml of distilled tea in a test tube. The mixture was shaken vigdyoughe
formation of persistent foam indicated the presefaponins.

Froth test
5ml of extract was diluted with 20ml distilled waia a graduated cylinder and shaken vigorousiy tivas left to
stand for 10 minutes. The persistent of about h3ayer of froth confirmed the presence of sapanins

Detection of phenolic compounds and tannins
100mg of crude extract was dissolved in 10ml ofiltesl water in a test tube and filtered. The &t was subjected
to the following tests for the detection of phen@ompounds.

Ferric chloride test
To 5ml of this filtrate, few drops of neutral 5%rfie chloride solution were added. The appearariGdark green
color indicated the presence of phenolic compounds.

Gelatin test
To 5ml of this filtrate, 2ml of 1% solution of géila containing 10% sodium chloride was added t&drmation of
a white precipitate indicated the presence of pliesompounds.

Detection of anthraquinone glycosides

Born trager’s test

1ml of extract and 1ml of dilute sulphuric acid wasled in a boiling tube for 5 minutes. The comtesas filtered
while hot. The filtrate was cooled and shakes weitjual volume of dichloromethane or chloroform. Thganic
layer of dichloromethane or chloroform was separated again shakes with half of its volume of amiaoA rose
pink or cherry red color is immediate producedhie ammoniacal layer indicates the presences ofamimone
glycosides.
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RESULTS AND DISCUSSION

Antimicrobial activity

The results of antimicrobial studiesof different solvent extracts showed thiét rotunda possess significant
antimicrobial activity against respiratory tracttipegens Table 1). Among the four solvent extracts tested, ethyl
acetate extract showed maximum zone of inhibitigairest thelL. acidophilus (MTCC 447) (17.3t0.57mm),S.
pneumoniae (16.6:0.28mm), S. pyogenes (16.6:0.28 mm) andP. aeruginosa, (15.3+0.28 mm). The methanol
extract exhibited moderate activity agaiRstaeruginosa, (15.6+0.28 mm)S. pneumoniae (15.3t0.57 mm) and S
pyogenes (15.3t0.28mm). In addition, methanolic extract f rotunda reportedly showed potential antiplatelet
aggregation (Jantast al., 2008), antihyperglycemic and antinociceptiveperties (Sultanet al., 2012).

Table 1. The inhibition zone diameter ofvarious extracts ofK. rotunda L. against respiratory tract pathogens

S.No. Pathogens Hexarl]);amete’\;lsegfdnhlbltlclér;ézge mm)HZO Positive Control (Ofloxacin)

1. S. aureus (MTCC 1144) 8.6+0.28 | 10.3+0.57 14.3+0.2B 13.3+0.57 33.0+0.50
2. H. influenzae (MTCC 3826) 9.0£0.50 | 12.0+0.50 13.6+0.5f 13.3+0.57 35.3+0.28
3. P. aeruginosa (MTCC 2474) | 10.6+0.28| 12.3+0.2§ 15.3+0.28 15.6+0.28 34.3+0.57
4. S. pneumoniae (MTCC 655 11.6+0.2¢€ | 13.2+0.57 | 16.6+0.2¢ | 15.2+0.2¢ 32.6+0.57

5. S. pyogenes (MTCC 442 9.340.2¢ | 12.€+0.2¢€ | 16.6£0.2¢ | 15.540.57 32.€+0.57

6. L. acidophilus (MTCC 447) 10.3+0.28| 12.6+0.2§ 17.3+0.57 14.3+0.57 34.3+0.57
7. Candia albicans (MTCC 227) | 7.3+0.28 | 11.0+0.50 11.6+0.5f 11.3+0.76 27.0+0.50

*Values are means of three replicates, Cork borer diameter: 6 mm

Phytochemical analysis

The phytochemical study df. rotunda revealed the presence of alkaloids, steroidsetesiols, flavonoids and
saponins which are important pharmacologicallyvactompounds. Alkaloids and flavonoids were fouadbe
present in all solvent extracts while proteins, raoracids, carbohydrates and phenolic compounds fearel to be
absent in all the extracts. Terpenoids and stenviele found in bulk in hexane and ethyl acetateaeid whereas
they were found absent in methanolic and wateraetdr Flavonoids were found in bulk in hexane, metiic and
water extracts whereas saponins were more prominevdter extract. Anthraquinone glycosides wernfbabsent
in hexane and methanolic extracts, while they weesent in ethyl acetate and water extraBtevensoret al.
(2007) reported seven compounds including six polgenated cyclohexane derivatives i.e. (-)-6-azetyenol
(1), four acylated derivatives of 1-benzoyloxyméthys-epoxycyclohexan-2,3,4,5-tetrol (3-6), a Diéllsler adduct
of 3-benzoyl-1-benzoyloxymethylcyclohexa-4,6-digB-giol (7), and a triacylated derivative of sali¢9), and a
cyclohexane diepoxide, crotepoxide (8), in meth@nektractK. rotunda rhizomes. Recently three flavanones
namely 5-hydroxy-7-methoxyflavanone, 7-hydroxy-5thoxyflavanone, and 5, 7-dihydroxyflavanone haveoal
been isolated from the methanolic extract Kf rotunda by Atun et al., 2013, which showed significant
antimutagenic activity.

Table 2. Results of phytochemical studies of rhizoes extracts oK. rotunda L.

Phytoconstituent Hexane MeOH EtOAC HO
: Xanthoproteic test - - — _
Prqtems gnd Biuret tes - - _ _
amino acids Ninhydrin test - - — —
Fehling's test - - - -
Carbohydrates Todine test — — - ~
Alkaloids Mayer’s’ test + + + +
Wagner's test + + + +
Terpenoid Salkowaski's te: ++ + I+ _
Flavonoids Shin_oda’s test _ ++ ++ + ++
Sodium hydroxide test ++ ++ + ++
. Salkowaski's test ++ + ++ _
Steroids =
Keller-Kilani test ++ + ++ _
Saponin’s Foam tes - + - ++
Forth tes - + - ++
Phenolic compounds Ferriq chloride test - - — _
Gelatin test - - _
Anthraquinone glycosides Born Trager's test - - +
[++]= more prominent, [+] = present, [-] = absent
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Phytochemicals variation present in different sotgeas shown iffable 2 might be expected due to the different
polarities of the solvents. Many evidences gathénedarlier studies which confirmed that these pblgemicals
exhibiting potential antimicrobial properties [24]2 Saponins were found in methanolic and wateragxs which
demonstrated detergent like property [25] and antimbial activity [26]. Phytochemicals reportedlysved several
medicinal and biological properties like alkaloidshibit analgesic [27] and anti-inflammatory prapes [28],
terpenoids exhibit antifungal [29] and antitumooperties [30], whereas flavonoids exhibit antioxitjaantiviral
[31], anti-inflammatory and anticancer actions [3Pherefore, the antimicrobial activities of extractsght be
assigned to a number of small terpenoids phdnolic compounds which in pure form also demastrhigh
antibacterial activity.

CONCLUSION

The results of antibacterial screening suggestttteethyl acetate and water extracts have sigmifiantibacterial
activity against td_. acidophilus, S. pyogenes and S. pneumonia, suggesting that thK. rotunda rhizomes can be
significant to cure respiratory infections, pneumagrskin and mouth diseases. The phytochemicalystfidthe
different solvent extracts df. rotunda rhizomes revealed the presence several bioactiymgemicals including
alkaloids, steroids, terpenoids, flavonoids andaaps having significant antimicrobial potentiala@igst respiratory
tract pathogens. Further, the isolation, purifaatind identification of these bioactive constits€nom the extracts
would be highly recommended to get the effectivitnainrobial agents.
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