Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(9):101-107

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Study of antibacterial activity and identification of the most active fraction
from ethanol extraction of Zingiber cassumunar Roxb. rhizomes by vacuum
liquid chromatography

Erna Risnawati', Ahmad Ainurofiq ? and M. Widyo Wartono*

'Department of Chemistry, Faculty of Mathematic &ledural Science, Sebelas Maret University, JISatami
36A, Surakarta, Indonesia

“Department of Pharmacy, Faculty of Mathematic amdukal Science, Sebelas Maret University, JI. Liteé®ni
36A, Surakarta, Indonesia

ABSTRACT

The purpose of this research is to evaluate theébaoterial fractions’ activity of Zingiber cassumamRoxb.
rhizomes against both Bacillus cereus bacteria Etebsiella pneumoniae and to identify the mostvactiaction of
them. The rhizome’s powder was macerated with 9@%nel, then the resulting extract was evaporated a
fractionated by vacuum liquid chromatography witbmparation of hexane : ethyl acetate as eluent. The
antibacterial activities were evaluated using difin method and then the most active fraction waduated by
inhibition zone. The most active fraction was eatdd for Minimum Inhibitory Concentration (MIC) ants’
equivalent value compared to amoxicillin. Thenyis identified with Gas Chromatography - Mass Speuwétry
(GC-MS). The F fraction showed the most activebacterial fraction against two testing bacteria.eTk fraction
had MIC 0.075% against two testing bacteria. Thefr&ction antibacterial activity value was 5.864X20
compared to amoxicillin for Bacillus cereus and®B1810°% for Klebsiella pneumoniae. The GC-MS result sltbwe
that the F fraction contained phenylbutenoid comptsuand phenylbutenoid dimer compounds.
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INTRODUCTION

Application of plants for medical purposes goeskitacthe early human civilization. Ability to forrtate and serve
herbs was hereditary and strongly taught amongniesian family. Biodiversity is a source to explptants with
medical benefit which needs to be dug deeper ieraim be able to be used for the benefit of théespcln using
plants for medical activity, research needs to dmedor accountability purpose to be scientificalsured for both
the benefit and safety of the usage. This will Helpromote the usage of herbs throughout the gocie

An example of plant used for traditional medicatmmmes from Zingiberaceae famiingiber cassumunar Roxb.
is one species from Zingiberaceae family with salveredical benefit out of other purposes. A singlnt might
have different chemical component between eaclttsiret A part of this plant that is used for metaa is its
rhizome. Rhizome is a place where plants store 8pcific metabolism such as essential oils. Eihartract of
Zingiber cassumunar Roxiizomes contains flavonoid, tannin, terpent, assential oil [1]Zingiber cassumunar
Roxbrhizome contains resin, starch, tannin, esseatisl(sineol, pinen, sesquiterpen) [2]. The usagetibanol as
solvent was because ethanol is a universal sobkmathas both polar and non polar group which mikaisle to
solve both polar and non polar compounds.

Several researches already showed #iagiber cassumunar Roxis able to act as anti inflammatory agent,
analgesic, antipyretic, mosquito repellent, cartimeaagent, laxative, anti dysentery, cough medicand used as
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skin treatment [3,4,5,6]. Methanol extract Zihgiber cassumunar Roxthizomes at the level 12.5 mg/20 gram
weight of mice can suppress pain induced by 5%i@eetid solution intra peritonially [7]. Ethanol texct of
Zingiber cassumunar Roxkhizomes has antibacterial activity tscherichia coliwith minimum inhibitory
concentration of 12.5% and minimum killing conceatitbn of 25% [1]. Essential oil frordingiber cassumunar
Roxb rhizome has antifungial activity to the live offangi speciesMalassezia furfurin invitro [2]. 2,6,9,9-
tetramethyl-2,6,10-cycloundecatrien-1-one (60.778af a-caryophyllene (23.92%) were abundant 2ingiber
cassumunaroil, displayed varying degrees of antimicrobialtidty against all tested microorganisms [8].
Dichloromethane and methanol extracts of 13 Zingibeae species from the Alpinia, Costus and Zimgie@era
were screened for antimicrobial activities of mofsthe extracts was antibacterial with only the ma@bl extract of
Costus discolor showing very potent antifungahaistiagainst only Aspergillus ochraceous (MID, 1ad@per disc)
[9]. Most Zingiberaceae plant extracts exhibitetiraitrobial activity against all tested food micrganisms [10].
The essential oil of Zingiber cassumunar (Plai eihibits antimicrobial activity against a wide genof Gram-
positive and Gram-negative bacteria, dermatophgtes yeasts. The minimum bactericidal concentratdBC)
determined by the broth macrodilution method ranfgenh 0.62 to 2.5 vol % for Plai oil and from 5278 mg/mL
for the 5 wt % Plai oil gel [11].

Research on the most active fraction of ethanalaekifrom Zingiber cassumunar Roxihizome has never been
done before, therefore this research is done tatesoidentify and test the most active antibaateaictivity of
ethanol extract frorZingiber cassumunar Roxhizome. Hopefully, this research can increaseuizge oZingiber
cassumunar Roxand inform the society about applicationzifigiber cassumunar Roxds herb.

EXPERIMENTAL SECTION

Materials

Zingiber cassumunar Roxhizome from around Boyolali area Indonesia, eth&6%, n-hexanerédistilled), ethyl
acetate redistilled), methanol fedistilled), alcohol 70%, dimethyl sulfoxide solution (DMS@)eton (edistilled),
silica plate Merck Kieselgel 60 Gfz0.25 mm, silica gel Merck Kieselgel 60 (0.2-0.5 msilica gel Merck Si-gel
Ggo, ethanol absolut, acetic acid anhydriteSBy, FeCk, HCI, aquades, Nutrient agar (NA), amoxicillin (Mk),
Bacillus cereusndKlebsiella pneumonibacteria (Microbiology laboratory of USB Surakgrta

Preparation and sample extraction

Zingiber cassumunar Roxthizomes was washed, sliced and dried for 5 dayammbient air then put to the oven
(Memmert Model 500) for 3 days at 40°C then grotmdorm powder. 1.5 Kg oZingiber cassumunar Roxb
rhizome then macerated using 4.5 L of ethanol 96p@3%24 jam at room temperature. The resultingaektvas
then thickened using rotary evaporator (Bibby REE)0

Fractionation of Zingiber cassumunar Roxhizome ethanol extract

40 grams of extract was fractionated using Vacuuguid Chromatography (VLC) with the column diametér9
cm. The fractionation was done twice with 20 grasample each. The VLC column was dry prepared wah 1
gram static phase (silica Gel 60 & 20 grams of ethanol extract sample was mixet 4@ gram of silica adsorb
Merck Kieselgel 60 (0.2-0.5 mm), ground until #dract dried, then put above the static phaseshridd with 150
ml eluen which polarity ascends with n-hexane : A&tGcomparison. The resulting eluen then collected a
evaporated to get thicker fraction.

Antibacterial activity testing

The antibacterial activity was tested by diffusiperforation) method t8acillus cereusandKlebsiella pneumonia
bacteria. The media used was perforated gelatmunatvith 6 mm diameter holes. Each hole was fillgth 20 puL
of sample with pre-defined concentration using DM&Osolvent. This step was repeated 3 times, amsample
was incubated in incubator (Hotcold M P-Selecta)1f®-24 hours at 37°C. After that, the inhibitiorea diameter
was measured using calipers.

Minimum Inhibitory Concentration (MIC) and equivale nt value determination

MIC determination was done to the fraction givifhg thighest inhibition to the three testing bactefiae method
used was the same as the previous antibacterigitpadesting method. The MIC determination of timest active
fraction was done with various declining conceibrat 12.5%, 6.25%, 3.125%, 1.0%, 0.75%, 0.5%, 0.25%
0.125%, 0.075%, 0.05%.

The standard used for comparison was amoxicillith wimilar treatment as testing samples. AmoxitiMIC was

done in various concentration as well: 100 ppm,p2H, 20 ppm, 15 ppm, 10 ppm, 5 ppm, and so on until
amoxicillin MIC was found.
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Gas Chromatography — Mass Spectrophotometry (GC-MS)

Resulting fraction from VLC with the highest antitberial activity was then analyzed and identifiesing GC-MS
(QP2010S SHIMADZHU). The equipment condition indhgl ionizer type EI (Electron Impact), column type
AGILENT DB-1, column length 30 meter, column diaere0.25 milimeter, column temperature 120°C, irgect
temperature 310°C.

RESULTS AND DISCUSSION

Preparation and sample extraction
Aqueous extract acquired was then evaporated usiagy evaporatomresulting 250 mL thick extract. The extract
drying process using desiccators yielded 126 gi@ftisick extract with 8.4% yield.

Ethanol extract separation

40 grams of ethanol extract was then fractionatedet using VLC with the same solvent whichnihexane :
EtOAcC (9.5:5) (2x); (9:1) (2x); (8:2) (2x); (7:32X); (6:4) (2x); (5:5) (2x); (4:6) (2x); and (0:10yhe first and
second VLC result which has similar diffraction teah was combined to get 6 fraction (A-F) with edidction
weigh 0.076 gram (A), 0.305 gram (B), 1.067 gram(CP42 gram(D), 6.674 gram(E), 11.163 gram(F)nktbe
result, we took fraction C to F for next bactetedting because these fractions have sufficienglei

Antibacterial activity testing of fractions from VL C result

Thick fractions from VLC was then tested its antitesial activity usingBacillus cereusandKlebsiella pneumoniae
through perforation method with 6 mm holes in ditaneThe concentration of each fraction in theitgsactivity
was 100%, 75%, 50%, and 25% using DMSO as solJém.concentration was set similar in order to getrhost
active fraction to inhibit the growth of both tewjibacteria. The result can be seen in Table 1.

Table 1. Result of antibacterial activity testing fom fractions of VLC result with the concentration 100% to 25% to 2 testing bacteria

Fraction  Concentration Average inhibition zone diameter (mm)*

(%) B. cereus K. pneumoniae
C 100 11.02 12.36
75 10.85 11.08
50 10.51 10.38
25 9.11 10.29
D 100 11.03 11.41
75 10.72 11.26
50 10.54 11.05
25 9.12 10.56
E 100 11.23 11.74
75 10.85 9.90
50 10.66 9.17
25 9.30 8.06
F 100 13.60 19.13
75 13.56 15.61
50 12.76 13.81
25 10.50 10.81

Remark : pores diameter 6 mm, *data from 3 tests

The result shows that fraction F has the highetstigcin two tests compared to other fractionsnfr&/LC yield. It
shows that the compounds in fraction F has the patsincy to inhibit the growth &. cereusandK. pneumoniae.

MIC and equivalent value determination of fraction F to amoxicillin

Amoxicillin MIC determination

MIC determination was done with various concentragi starting from 1.1®6 to 5.10°%. The amoxicillin MIC
result can be seen in Table 2.

Table 2. Result of amoxicillin MIC testing to 2 teing bacteria

Concentration (x186)  Average inhibition diameter (mm)*

B. cereus K.pneumoniae

100 9.02 11.80
50 8.01 9.78

25 7.12 8.06
12.5 6.86 7.22

10 6.72 6.66

7.5 6.58 6.40

5 6.00 6.00

Remark : pores diameter 6 mm,*data from 3 tests
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Based on the data on table 2, we can get the aiitioxMIC value to 2 testing bacteria. AmoxicilliMIC value is
7.5.10°% toB. cereuswith Inhibition Area Diameter (IAD) 6.58 mm ahd pneumoniavith IAD 6,40 mm.

Equivalent value determination of amoxicillin

Table 3. Result of equivalent value determinationrbm F fraction to 2 testing bacteria against amoxiitlin

Bacteria IAD  F Fraction Concentration (%) Amoxicillin concentoat (%) Equivalent value (%)
(mm)
B.cereus  10.50 25 1.466.10 5.864.10°
K. pneumoniae 10.81 25 7.726.16 3.094.10°
GC-MS result

F fraction that showed the highest inhibition apito two testing bacteria was then analyzed u€aMS to find
out the component inside. The GC-MS analysis wlherate 2 data which are chromatogram from GC aagkm
spectra from MS. The chromatogram result shows &kf GC Chromatogram from fraction F can be seen i
Figure 1.
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Fig.1. GC Chromatogram from fraction F of Zingiber cassumunar Roxb rhizome
Further identification was done using MS which vgéinerate mass spectra from each peak in the ctograa.
The mass spectra analysis was basediomliarity Indeks (Sl) value,base peakand mass spectra diffraction
compared to the spectral databas@/itey 229.LIBandNIST62.LIB.

Table 4. GC-MS data analysis oZingiber cassumunar Roxb rhizome

Time Retention

Peak SI (minute) Surface area (%) MW Advised compound Group

3 94 9.319 0.55 151  Vanillin BA

87 10.585 0.28 168 B,0; BA
5 76 13.112 1.40 190 (E)-1-(3,4-dimetoxi phenyl3nigene PB [12]
6 71 14.860 0.83 218 1104 PB [13]
7 62 15.226 142 210 16H1¢05 PB [13]
8 64 15.442 0.60 220 - PB [13]
9 83 15.675 0.63 192 - AC
10 72 16.523 67.09 208  (E)-4-(3,4- dimetoxi phdmyt)3-en-1-ol PB [13]
11 70 17.479 2.30 250 (E)-4-(3,4- dimetoxi phenyt)B-ene-1-il acetate  PB [13]
13 70 26.584 6.95 380 P30, DPBI[14]
14 47 26.708 0.53 382 4Oy DPBI[14]
15 72 27.022 8.80 380 #1350, DPBJ[14]
16 67 27.342 0.63 382 4O, DPBI[14]
18 67 27.792 1.38 378 360, DPBI[14]
21 68 28.465 1.52 - - DPBJ[14]
22 67 28.839 0.48 - - DPBI[14]
23 60 29.057 0.64 383 410, DPB[14]

Remark :Total identified=96.03%, Total unidentife8.97%, BA =Benzoic acid,
PB=phenylbutanoid, AC=aliphatic compounds, DPB=ni&r phanylbutanoid
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The most active fraction dfingiber cassumunar Roxthizome consists of benzoic acid derivative (Manidnd
CgH1¢0s3), phenylbutenoid compounds:(E)-1-(3,4-dimetoxipheiutadiene (DMPBD); GH1¢04; CioH1603; (E)-
4(3,4-dimetoxiphenyl)but-3-en-1-ol; (E)-4-(3,4-ditogiphenyl)but-3-en-1-il acetate, aliphatic compdsnand
dimer phenylbutanoid group:p3504; CogH4004 CoaH3604; CoaH104.

Below are examples of mass spectra analysis fra@rakedominant compounds in the GC-MS result froattion
F of Zingiber cassumunar Roxhizome:

Peak 10 compound

Peak 10 compound has retention time of 16.525 m@uthis compound is the most dominant of all beeaf its
abundance among all peaks which was 67.09%. THe #aompound’s base peak was 177 and moleculayhivei
208.

The compound (E)-4(3,4-dimetoxiphenyl)but-3-en-liroZingiber cassumunar Roxthizome hasmolecular weight
208 and data EI-MS,m/z (rel.int.): 208[M]49),177(100),146(43) [13]. So it's highly possibthat peak 10
compound is (E)-4(3,4- dimetoxiphenyl)but-3-en-lwdlich belongs to phenylbutenoid group. The complo{i)-
4(3,4- dimetoxiphenyl)but-3-en-1-ol is shown onuig 2.

HsCO N OH

HsC
Fig. 2. (E)-4(3,4- dimetoxiphenyl)but-3-en-1-ol

Peak 11 compound
Peak 11 compound has retention time of 17.475 midthis compounds was 2.30% in abundance. Thepeade
of this compound is 159, and molecular weight 250.

The peak 11 compound does not comply with the filata WILEY229.LIBandNIST62.LIB The compound (E)-4-
(3,4- dimetoxiphenyl)But-3-ene-1-il acetate dimgiber cassumunar Roxihizome extract has the following data:
EI-MS, m/z (rel. int.): 250 [M], 190, 159 [13]. The peak 11 compound is (E)-4-(8jtetoxiphenyl)But-3-ene-1-il
acetate which belongs to phenylbutenoid groupssaonevn in Figure 3.

HoCO N OAc

H,CO
Fig. 3. (E)-4-(3,4- dimetoxiphenyl)But-3-ene-1-il eetate

Peak 13 and 15 compounds

The peak 13 compound has retention time of 26.5BRit@s and 6.95% abundance, while peak 15 hastiaten
time of 27.025 minutes and 8.80% abundance. The pask and molecular weight of these two compoanelshe
same which are 190 and 380. Looking at the SI numpeak 13 and 15 compounds are not comply with
WILEY229.LIBandNIST62.LIB The dimer phenylbutenoid group isolated frémgiber cassumunar Roxhizome
has the following data: EI-MS m/z 380 [M]1L90, 175, 159. This phenylbutenoid compound haecalar formula
Cy4H3g0,4. Several compounds that belong to this groupg#greis-1,2-bis[(E)-3,4-dimetoxystirilcyclobutene)(1
(+)-cis-3-(3,4- dimetoxiphenyl)-4-[(E)-3,4-dimetoxy#icyclohexene (2); (Ftrans-3-(3,4- dimetoxiphenyl)-4-[(E)-
3,4- dimetoxystirillcyclohexene (3) [14]. The pdslty of compound 13 and 15 is shown on Figure 4.
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Fig. 4. (9-cis-1,2-bis[(E)-3,4-dimetoxystiriljcyclobutane (}; (+)-cis-3-(3,4- dimetoxiphenyl)-4-[(E)-3,4- dimetoxy#illcyclohexane (2);
(+)-trans-3-(3,4- dimetoxiphenyl)-4-[(E)-3,4- dimetoystirillcyclohexane (3).

From the previous research, it was known that plemgnoid group is analgetic, anti inflammatoryti dever and
insecticide. The phenylbutenoid compound isolatechfCHC} extract ofZingiber cassumunar Roxthizome has
inhibitor cyclooxygenation activity (Han et al., ). The phenylbutenoid compounds fraimgiber cassumunar
Roxbrhizome (E)-4-(3,4-dimetoxyphenyl)but-3-en-1-olE]-4-(2,4,5-trimetoxyphenyl)but-3-en-1-ol]; ancEj¢4-
(3,4,1-trimetoxyphenyl)but-3-en-1-ol] have pagasisoeffect that has immunostimulant activity to nopbhage cell
in mice’s peritonium [15]. The dimer phenylbutenaidmpound fromZingiber cassumunar Roxthizome has
cytotoxic activity [16], and also act as antioxitdaamti inflammatory and anti cancer [17]. The doanit compounds
from F fraction ofZingiber cassumunar Roxthizome both the phenylbutenoid or dimer phenyhaotd can resist
the growth ofBacillus cereusandKlebsiella pneumoniaPhenylbutenoid was isolated fratn cassumunawhich is
a derivative from phenol with one or more hydroxgdbstitution [15]. The hydroxyl compound from the
phenylbutenoid group is the one that possibly attr with the bacteria.

CONCLUSION

Fractions ofZingiber cassumunar Roxinizome from VLC separation has antibacterialaistito Bacillus cereus
and Klebsiella pneumoniaThe most active fraction to those bacteria is Ehéaction. The identification of F
fraction component from rhizomeZifgiber cassumunarRoxb.) with KLT test contains trepenoid and
phenylbutenoid group. The GC-MS analysis showetghanylbutenoid and dimer phenylbutenoid compoards
the most dominant.
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