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Abstract 

 

In this work, the ethyl acetate extract of chemically analyzed by HPLC and Gas chromatography coupled to a mass 

spectrometry (GC/MS), and their antimicrobial activity was tested against seven microorganisms using the well 

diffusion method.  In vitro DPPH assays, conducted on the extract demonstrate its ability to act as an antioxidant. 

HPLC analysis is revealed three major peaks.  Gas chromatography-mass spectrometry results revealed presence of 

5 phytoconstituents showed in ethyl acetate extract.  In vitro antioxidant activities of ethyl acetate fraction were 

showed significant antioxidant and comparable with the standard ascorbic acid. Results of this study show that the 

leaves of C. amada are the rich source of antimicrobial compounds that can play an important role in preventing the 

progression of many diseases. 
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Introduction 

Curcuma amada Roxb. belongs to Zingiberaceae family is known as mango ginger in English; Manghainchi and 

Kathumachal in Malayalam and Suraniyika in Sanskrit 1, 2, 3. It is used in manufacture of pickles, culinary 

preparations and salad as a source of raw mango flavor and high medicinal properties 4. It is traditionally used in 

anti-inflammatory and for the treatment of flatulence, jaundice, menstrual difficulties, hematuria, hemorrhage and 

colic. Curcuma amada can also be applied topically in poultices to relieve pain and inflammation 5.  There is no any 

work going on ethyl acetate leaves extract and comparison of GC-MS and HPLC analysis. The present study was 

evaluated antioxidant activity, antimicrobial activity and identification bioactive compounds from Curcuma amada. 
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Plant material 

Curcuma amada plant was collected from the natural population growing in the Courtallum forest Area, Tamil 

nadu, India, during October 2015. The plant sample was taken to the Botany Research Laboratory and a Voucher 

specimen of the plant was deposited in the Botany research laboratory of V.H.N.S.N. College (Autonomous) for 

further references.   

Preparation of extract 

Plant sample (leaves )  was washed and shade dried at room temperature. The sample was then crushed into 

powder, using mechanical grinding machine. The dried and ground plant part was extracted with ethyl acetate 

solvent by Soxhlet extraction. It was concentrated to dryness under reduced pressure and controlled temperature 

(40-50°C) using rotary evaporator. 

Preparation of the TLC plates 

Thin layer chromatography was conducted to study the number of compounds present in the extract. The adsorbent 

used for thin layer chromatography was Silica Gel-GF 254. The precoated TLC plate (Merck) was heated in an 

oven for activation. 1ml of the methanol leaf extract was applied and dried then kept in the developing tank. The 

chamber was saturated with the solvents for 20 min at room temperature. The plate was developed in Toluene:Ethyl 

acetae:Formic acid (60:40:18) ratio. After the development of the plate, it was air dried then the spots were noted 

and Rf values were calculated.  They same procedure carried three times in plant extract and collect same Rf value 

bands. The Rf value was obtained by using the following formula. 

 Distance Travelled by the Solute 

----------------------------------------- 

Distance Travelled by the Solvent 

Rf =      

 

HPLC Analysis 

 High performance liquid chromatography (HPLC) it was analyzed for selected plant extracts, on Schimedzu 

spectrum HPLC-530 available in the research center, ANJAC, Sivakasi. The results were recorded. 

GC-MS Analysis 

 GC-MS analysis of these extracts was  performed using a Perkin-Elmer GC Clarus 500 system and Gas 

chromatograph interfaced to a Mass  spectrometer  GC-MS equipped with a Elite-I, fused silica capillary column 

(30mmX0.25mm 1D X 1 iMdf, composed of 100% Dimethyl poly siloxane). For GC-MS detection, an electron 

ionization system with ionizing energy of 70 eV was used. Helium gas (99.999%) was used as the carrier gas a at 

constant flow rate of 1ml/min and at an injection volume was 2il (split ratio of 10:1);  The injector temperature was  

250̊ C and Ion-source temperature was 280̊ C. The oven temperature was programmed from 110̊ C (isothermal for 2 

min), with an increase of 10̊ C/min to 200̊ C, then 5̊ C/min to 280̊ C, ending with a 9 min isothemal at 280̊ C. Mass 

spectra were taken at 70 eV with a scan interval of 0.5 seconds and fragments length varied from 45 to 450 Da. 

Total GC running time was 36 minutes. The relative % amount of each component was calculated by comparing its 

average peak area to the total areas. Software adopted to handle mass spectra and chromatograms was Turbomass. 

Interpretation on mass spectrum GC-MS was conducted using the database of National Institute of Standard and 

Technology (NIST) having more than 62,000 patterns. The spectrum of unknown component was compared with 
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the spectrum of the known components stored in the NIST library. The Name, Molecular weight and structure on 

the components of the test materials were ascertained. 

Identification of compounds 

 The characteristics of the compounds identified in the extracts were elucidated by the comparison of their 

retention time and mass spectra fragmentation patterns with that of compounds stored  in  the computer library and 

also with published literatures. NIST and Wiley Library were used for matching the identified components from the 

plant material. 

Free Radical Scavenging Ability (DPPH) 

The scavenging ability of methanol extract on 1,1-diphenyl-2-picrylhydrazyl free radicals was estimated according 

to the method of Shimada et al., 1992 6. This method depends on the reduction of purple DPPH to yellow colored 

diphenyl picryl hydrazine. 2ml of various concentrations (10-100 µg/ml) of test sample was mixed with 0.5 ml of 

0.01M DPPH in methanol. An equal amount of methanol and DPPH served as a control. The mixture was shaken 

vigorously and then steadily kept for 30 min at room temperature in dark. The absorbance of the resulting solution 

was measured at 517nm against a blank using UV-Vis spectrophotometer. The experiment was performed in 

triplicates. The DPPH radical scavenging activity was calculated by the following equation; 

% DPPH radical scavenging activity= (Ao-A1)/Aox100% 

Where Ao is the absorbance of the control reaction and A1 is the absorbance of the sample of the tested extracts. 

Percentage of free radical activity was plotted against the corresponding antioxidant substance concentration to 

obtain the IC50 value, which is defined as the amount of antioxidant substance required to scavenge the 50% of free 

radicals present in the assay solution. IC50 values are inversely proportional to the antioxidant potential. 

Statistical analysis 

All the data was reported as mean ± standard deviation of three replicates. The IC50 values were calculated using 

the ED50 plus v 1.0 programme. Statistical analysis was performed using Microsoft Excel.  

Antimicrobial activity 

In the present research work, the antimicrobial activity spectrum of ethyl acetate fraction of C. amada was 

analyzed. Three gram positive bacteria Staphylococcus aureus, Streptococcus faecalis, Bacillus subtilis and three 

gram negative bacteria Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli and one of the fungus 

Candida albicans were used. The test organisms were maintained on nutrient agar slopes and kept in a refrigerator 

at 4ºC. 100ml aliquots of nutrient broth were inoculated with the culture of test micro-organisms using a loop and 

then incubated at 37ºC for 24 hrs. 

Antimicrobial activities of leaf extract of C. amada were carried out using the agar well diffusion method 7. The 

stock was maintained on nutrient agar slant and subculture in nutrient broth for incubation at 37ºC prior to each 

antimicrobial testing. Muller Hinton agar medium (MHA) was used for antimicrobial susceptibility tests. The MHA 

medium was prepared by pouring 15ml of molten media into sterile petriplates. The plates were allowed to solidify 

after 0.1ml of an overnight broth culture of test microorganisms were added to 20ml of cooled molten agar was 

swabbed uniformly on the medium and allowed to dry for 5min.  For agar well diffusion method, four equidistant 
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wells (6mm in diameter) were cut from the agar with the help of a cork-borer. Thee different concentration leaf 

extract (100µg, 150µg & 200µg) was loaded on each 6mm sterile disc. The standard antibiotic gentamicin (10µg) 

was placed on the surface of the plates. The plates were kept for incubation for 8 hrs at 37ºC. The zone of inhibition 

was measured around the well containing samples and standard. The experiments were performed in triplicates. 

Results and Discussion 

HPLC analysis 

Curcuma amada has been used for centuries in traditional medicine and is known to have cancer preventive 8. 

Analytical HPLC was performed to identify the chemical compounds present in this plant. Totally three compounds 

were present in this sample. The greater height and the larger area of the peak show the predominantly available 

compounds in the sample. Hence compound 2 is present in a high concentration (70%), the first compound showed 

(27.2%) and 3 compound 3 showed (2%) (Fig 1). Further spectral studies like GC-MS was followed to identify the 

nature of these active components. 

 

Figure.1. HPLC analysis of Curcuma amada leaf extract 

GC-MS analysis 

GC-MS is one of the best techniques to identify the constituents of volatile matter, long chain, branched chain 

hydrocarbons, alcohols acids, esters etc. The GC-MS analysis of C. amada leaves revealed the presence of five 

compounds (phytochemical constituents) that could contribute the medicinal quality of the plant. The identification 

of the phytochemical compounds was confirmed based on the peak area, retention time and molecular formula. The 

active principles with their Retention time (RT), Molecular formula, Molecular weight (MW) and peak area in 

percentage are presented in Table and Fig 2 & 1. The first peak was indicated using the solvent system of the TLC 

method. The second compound identified the retention time (12.328 min) was stilbene, E-8- octadecacen-1-ol 

acetate (13.829min) , 3-Benzo[g]quinoxalin-2-yl-propionic acid  (14.291min) and Octasiloxane, 
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1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- was the last compound which took longest retention time 

(14.730min) to identify. The phytochemicals identified through GC-MS analysis showed many biological activities 

relevant to this study are listed in Table 2.  

 

Fig.  2. GC MS analysis of Ethyl acetate extracts of the leaves of C. amada  

Table . 1.  Phytoconstituents identified in the extracts of C. amada leaves using GC-MS analysis 

S.No Compound name 
Retention 

Time 

Area 

(%) 

1. Toluene 1.968 82.66 

2. Stilbene 12.328 4.06 

3. E-8- octadecacen-1-ol acetate 13.829 7.15 

4. 
3-Benzo[g]quinoxalin-2-yl-

propionic acid 
14.291 3.16 

5. 

Octasiloxane, 

1,1,3,3,5,5,7,7,9,11,11,13,13,15,15-

hexadecamethyl- 

14.730 2.97 
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Antioxidant activity 

DPPH radical scavenging activity of Curcuma amada extract compared with ascorbic acid. Fig 3 was showed that 

the C. amada had DPPH inhibition free radical activity was 87.66% at 100 µg/mL and IC50 was 87.39 µg/ml of the 

ethyl acetate fraction and standard IC50 values of 69.59µg/ml.

 

Figure. 3.  Antioxidant potential of C. amada by DPPH radical scavenging assay and Ascorbic acid 

scavenging activity 

Antimicrobial activity 

The results of antimicrobial screening as measured by diameter of zone of inhibition are shown in Table 2. In C. 

amada leaf extract, the antimicrobial activity ranged from (7mm) and (9.5mm). The highest antimicrobial activity 

recorded in Streptococcus faecalis 200µg (9.5 mm), Staphylococcus aureus 200µg (9mm) followed by 

Pseudomonas aeruginosa 200µg (9mm), Bacillus subtilis 200µg (9mm), Escherichia coli 150mg (8.5 mm) and 

Staphylococcus aureus 80µg (8.5 mm). The least antimicrobial activity showed in 100µg/ml concentration against 

all types of cultures.  

Table. 2. Antimicrobial activity of three different concentration extracts from the leaves of C. amada 

Microbial strain 

Solvent Extracts (Zone of inhibition in mm) 

100µg 150µg 200µg Gentamicin 

Escherichia coli 0±0.00 7.5±0.29 8.5±0.29 20.0±1.00 

Staphylococcus aureus 7±0.32 8.5±0.50 9±0.76 22.1±0.23 

Streptococcus faecalis 7±0.53 8±0.23 9.5±0.35 21.9±0.23 

Pseudomonas  aeruginosa 7±0.36 8±0.36 9±0.50 21.2±0.29 

Candida albicans 0±0.00 7±0.58 8±0.60 20.9±0.81 
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Klebsiella pneumoniae 7±0.58 7±0.35 8±0.58 19.3±0.50 

Bacillus subtilis 0±0.00 7±0.15 9±0.29 23.5±0.58 

 

In the present investigation, the compound responsible for antioxidant and antimicrobial properties in Ethyl acetate 

extract of leaves of Curcuma amada was determined by GC MS and HPLC technique. All the Compounds 

possessed some their activity. Three peaks observed in the HPLC spectra showed the presence of various 

compounds in the ethyl acetate fraction. The GC-MS techniques revealed the presence of compounds such as 

Stilbene, E-8- octadecacen-1-ol acetate, 3-Benzo[g]quinoxalin-2-yl-propionic acid and Octasiloxane, 

1,1,3,3,5,5,7,7,9,11,11,13,13,15,15-hexadecamethyl-. Stilbene compounds are used to decreasing cardiovascular 

disease and anticancer agent 9. Quinoxaline derivatives have different pharamacological activities such as 

bacteriocides and insecticides 10, antibacterial 11, 12 . Octasiloxane, 1,1,3,3,5,5,7,7,9,11,11,13,13,15,15-

hexadecamethyl- compound shows antimicrobial activity 13 (Kumaradevan). The compound possessed to have 

strong antioxidant activity with IC50 value of 87.39μg/ml as measured by DPPH assay. In previous studies revealed 

that the rhizome extract showed good antioxidant activity 14. The compound showed potent antimicrobial activity 

against Streptococcus feacalis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Bacillus 

subtilis,  Staphyllococcus aureus, and Candida albicans. Earlier reports suggested that Curcuma amada had 

excellent antibacterial against Staphylococcus aureus 15. 

Conclusion 

It is concluded that this study would lead to the establishment of some valuable compound that has to be used to 

formulate new, different and more potent antimicrobial drugs of natural origin. Further studies are needed to 

identify the biologically active compounds and to evaluate the efficiency of the compound against pathogenic 

microorganisms associated with various human diseases. 
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