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Abstract 

Background:  The rhizome of Kaempferia galanga (K. galanga) was collected from Meghalaya, India, and its ethanolic 
extract was obtained by freeze-drying or lyophilization process, which was then assessed for its in vitro anti-oxidant 
activity and phytochemical characterization using high-performance thin-layer chromatography (HPTLC) and gas 
chromatography-mass spectroscopy (GCMS).

Results:  In vitro anti-oxidant activity analysis shows an inhibitory concentration (IC50) value of 1.824 mg/mL and 
0.307 mg/mL for, α, α-diphenyl-ρ-picrylhydrazyl (DPPH) and 2, 2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS) assays, respectively. Total polyphenol content (TPC) of 23.55 ± 0.5 mg gallic acid equivalent (GAE)/g dry weight 
of extract and total flavonoid content (TFC) of 100 ± 1.414 mg rutin equivalents (RE)/g dry weight of extract were 
found. High-performance thin-layer chromatography (HPTLC) analysis shows the best separation of bands at differ-
ent retention factor (Rf) values, when employing the solvent system 2-butanol/1-propanol/water in the ratio of 3:1:1 
(v/v/v). Gas chromatography-mass spectroscopy (GCMS) analysis confirms the presence and identification of various 
phytocompounds, with ethyl p-methoxycinnamate identified as the major active compound.

Conclusion:  Freeze-dried ethanolic extract of K. galanga (rhizome) possesses anti-oxidant activity. Ethyl p-methox-
ycinnamate is present as the major bioactive component (about 94.87% of the total area composition), and since it 
has very important and diverse medicinal properties, a freeze-drying process (lyophilization) can be utilized for its 
isolation and extraction.

Keywords:  Kaempferia galanga, Ethanolic extract, Freeze-drying, Anti-oxidants, High-performance thin-layer 
chromatography, Gas chromatography-mass spectroscopy
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Background
A wide variety of medicinal plants found in the tribal 
regions of the north-eastern part of India have been used 
extensively for generations for medicinal purposes. One 
such important medicinal plant is K. galanga, an aromatic 
ginger belonging to the Zingiberaceae family. The plant 

is widely distributed and prevalent in the tropical and 
sub-tropical Asian regions of southern China, Malaysia, 
Thailand, Taiwan, and India [1]. It is commonly known by 
various local names such as Cekor (Malay), Ekangi (Ben-
gali), Chandramula (Hindi), Kencur (Indonesian), sand/
aromatic ginger (English) or Inchmoh (local Khasi name 
in Meghalaya). K. galanga is a perennial, stemless, mono-
cotyledonous aromatic herb formed by thin, moderately 
branching roots growing from a tuberous stem [2]. The 
rhizome is fleshy, odorous, and has a dull reddish-brown 
external skin. The delicate interior is almost whitish to 
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light yellowish with a tuberous tip, while the leaves are 
deep green to darkish green, radiating horizontally along 
with the ground layer [2]. The flowers on either side of 
the lip are very delicate, fragrant, white with a purple 
spot in the axillary fascicles, 6–10 in number [2], bloom-
ing for only a short duration, usually between August and 
September. In folk medicine, the rhizome of K. galanga 
has utility in the treatment of various common ailments 
such as asthma, rheumatism, indigestion, cold and head-
ache, toothache [3], treatment of phlegm, restoration of 
internal heat, and also in improving blood circulation [4]. 
Furthermore, nasal obstruction can be relieved by simply 
applying the oil prepared from the rhizome around the 
nasal area [5]. In modern medicine, K. galanga has been 
reported to possess different pharmacological proper-
ties like anti-inflammatory [6], anti-apoptotic and anti-
carcinogenic activities [7], sedative effects [8], and wound 
healing activities [9]. The compounds ethyl-cinnamate 
and ethyl–p-methoxycinnamate are the major bioactive 
constituents that have been reported in dichloromethane 
[10], hexane [11], and methanol extract [12].

Kaempferia galanga is found thriving in abundance 
in the tropical forest of Nongpoh, Ri-Bhoi District, in 
Meghalaya, India, where the climate is hot and humid, 
with an average temperature of 21.8 °C and a mean rain-
fall of 2253 mm per year. The soil in this region is low to 
extremely acidic, brownish to greyish brown, medium to 
high in organic carbon content, low to medium in avail-
able N, P, and medium to high in P in terms of nutrient 
content [13]. Traditionally in this area, the rhizome of K. 
galanga, along with the stem of Tinospora cordifolia and 
a small amount of Zingiber officinale rhizome (common 
ginger), is ground into a fine powder and mixed together 
to prepare a herbal remedy, or mixed with some warm 
water which was then consumed for the treatment of 
indigestion, piles, food poisoning, bacterial infections, 
toothaches, fever, and various other ailments. Due to its 
unique taste and distinct texture, it is also commonly 
used in the preparation of various local food delicacies. 
Kaempferia galanga is one of those important traditional 
medicinal plants that are still underused and compara-
tively less known in the list of medicinal herbs and spices 
as issued by the International Organization, despite the 
variety of useful pharmacological properties it possesses 
[14].

Most extraction methods employed for sample prepa-
ration of K. galanga utilized a rotary vacuum evapora-
tor under reduced pressure at a temperature of 40–50 °C 
[15], or by steam distillation [16]. To examine the vari-
ation in phytochemical characteristics and anti-oxidant 
activity of the ethanolic extract of K. galanga rhizome, we 
utilized a different technique of extraction, i.e. a freeze-
drying process at a temperature of − 80 to − 120  °C 

(lyophilization). Differences in the technique of sample 
extraction, contrasting physical and chemical parameters 
of the area where the plant is grown and cultivated, and 
variations in the solvent system used in the preparation 
of the extract of the plant sample may show varied and 
diverse results in its biological activities and phytochemi-
cal constitution. As a result, this research will contribute 
to the understanding and evaluation of the biological 
activity of the freeze-dried (lyophilized) ethanolic extract 
of K. galanga (rhizome), including its anti-oxidant activ-
ity, phytochemical profiling, characterization, and 
identification of bioactive components for potential 
pharmaceutical and therapeutic applications.

Methods
Collection and identification
The rhizome of K. galanga was collected from the for-
est of Nongpoh, Ri-Bhoi district of Meghalaya, and 
was authenticated by Dr. C. Deori, Scientist-in-Charge, 
Botanical Survey of India (BSI), Eastern Regional Cen-
tre, having the authentication no BSI/ERC/Tech/2019-
20/655. The collected rhizome of K. galanga was 
separated from undesirable materials and dried in shade 
and was ground into a powder form. The powder was 
then stored in an airtight container and kept in a cool, 
dark, and dry place until the analysis began.

Plant extraction
Preparation of K. galanga extract: 25  g of fine powder 
of K. galanga (rhizome) was weighed and mixed with 
125  mL of 80% ethanol and was thoroughly stirred and 
aggregated in a magnetic stirrer at room temperature for 
24–36  h, after which the mixture was filtered through 
a No 1 Whatman filter paper. The filtrate was placed in 
ice-cold − 80 °C for 24–36 h and then lyophilized until it 
became completely dry, using a Scanvac cool safe freeze 
dryer (− 80 to − 120 °C internal condenser temperature). 
The dried crude extract obtained was then weighed and 
stored in an airtight container at − 20  °C until further 
investigation.

The weight of the extract was used to determine the 
extraction efficiency (Table  1), and the percentage yield 
was calculated.

Quantitative analysis of flavonoid and polyphenol 
contents in K. galanga ethanolic extract
Determination of total flavonoid content
The basic principle behind the use of the aluminium chlo-
ride colorimetric method is that AlCl3 forms acid-stable 
complexes with the C4 keto group and either the C3 or 
C5 hydroxyl group of flavones or flavonols, resulting in a 
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yellow colour which can then be quantified using a spec-
trophotometer at an absorbance range of 410–437  nm 
[17].

One millimetre of 2% aluminium chloride was added 
to 1 mL of varying concentrations of rutin (0.25–1.0 mg/
mL)/ plant extracts (5  mg/mL) and incubated at room 
temperature for 10 min. As a blank solution, 1 mL of 2% 
aluminium chloride was added to 1 mL of distilled water. 
The flavonoid content of the plant extract was spectro-
photometrically quantified against a rutin standard curve 
at 430 nm. The result was then expressed as mg RE /g dry 
weight of the extract [17].

Determination of total polyphenols
The Folin–Ciocalteu assay works on the principle of 
reducing the Folin–Ciocalteu reagent (FCR) in the pres-
ence of phenolics to produce molybdenum–tungsten 
blue, which can then be measured spectrophotometri-
cally at 740 nm. The colour intensity rises in direct pro-
portion to the amount of phenolics in the reaction 
medium. An oxidation/reduction reaction is the basic 
mechanism. Sodium carbonate was used to adjust the 
pH, and an incubation time of 120 min at room tempera-
ture is required for the reaction to be completed [18].

One millilitre of the plant extracts (0.5 mg/mL)/stand-
ard (0.25–1  mg/mL) to 5  mL of diluted Folin–Ciocal-
teu reagent (10:1) was added, and ~ 5 min later 4 mL of 
sodium carbonate (7.5%) was then added in the mixture. 
The test tubes were then thoroughly vortexed mixed and 
incubated at room temperature in the dark for two hours. 
The blue complex formed was then spectrophotometri-
cally quantified against a gallic acid standard curve at an 
absorbance of 740 nm [18]. Results were expressed as mg 
GAE/g dry weight of the extract.

In vitro free radical scavenging assay

DPPH radical scavenging activity
Two millilitres of DPPH solution (0.004% in methanol) 
was mixed with 1 mL of varying concentrations of plant 

extract (–  0.1-1  mg/mL)/standard ascorbic acid (0.02 
- 0.1  mg/mL). The solution mixture was incubated for 
30 min at room temperature and allowed to stand in a 
dark environment. Two millilitres of DPPH added to 
1  mL of methanol was used as a control. The absorb-
ance was spectrophotometrically estimated at 517  nm 
against a blank according to the method of Brand-Wil-
liams [19] with slight modification.

ABTS radical scavenging activity
Two millilitres of ABTS radical cation working solution 
was allowed to react with 1  mL of varying concentra-
tions of standard ascorbic (0.02- 0.1  mg/mL) or plant 
extract (0.1- 0.5  mg/mL) and incubated at room tem-
perature in the dark for 4  min. The control was pre-
pared by adding 2 mL of ABTS radical cation working 
solution to 1 mL of distilled water. The absorbance was 
spectrophotometrically quantified at 734  nm against 
a blank according to the proposed method of Re [20] 
with slight modification.

HPTLC profiling analysis

Sample preparation and application
1  mg/mL of standard reference compound and 10  mg/
mL of ethanolic crude extract were prepared in metha-
nol of chromatographic grade and then filtered through 
Whatman filter paper No. 1. Prepared extract/standard 
was applied on a TLC aluminium sheets silica gel 60 F 
254 (Merck). One microliter of standard reference in the 
order of ascorbic acid, caffeine, gallic acid, pyrogallol, 
quercetin, rutin, and 10 μL of plant crude extract were 
applied to a 200 × 100 mm plate, each with a band length 
of 8.0 mm using a Linomat 5 sample applicator set at a 
dosage speed of 150 nL/s.

Solvent system development
For the separation of compounds in the extract, a variety 
of solvent system combinations were tried, but a satisfac-
tory resolution and a maximum number of spots were 
obtained in the following solvent system comprising of 
2-butanol/1-propanol/water in the ratio of 3:1:1.

%Inhibition = Abs(control)−Abs(Sample)

/Abs(control)× 100

%Inhibition = Abs(control)−Abs(Sample)

/Abs(control)× 100

Table 1  Extractive yield (%) obtained from the ethanol extract of 
K. galanga (rhizome)

Plant name Part used Dry powder 
weight
(W′) g/mL

Dry weight of 
crude extract
(W) g/mL

% Yield 
(W/W′)

Kaempferia 
galanga
(Ethanol 
extract)

Rhizome 25 g in 125 mL
(0.2 g/mL)

1.82 g from 
125 mL
0.01456 (g/
mL)

7.28%
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Development of the chromatogram
The plates were developed in a twin through glass cham-
ber of 20 × 10  cm and saturated with the above solvent 
system combination for 20 min at room temperature up 
to a distance of 80 mm. The plate was then allowed to dry 
at room temperature for 5 min. The Rf values and colour 
of the resolved bands were noted.

Scanning and detection of spots
The air-dried plates were visualized using CAMAG® 
TLC Visualizer in the ultraviolet (254 nm and 366 nm) 
and white light. Spots were visible without derivatiza-
tion at 254  nm (Deuterium lamp, absorption mode, 
filter K320) and 366  nm (Mercury lamp, fluorescence 
mode, filter K320) wavelengths, but the best results 
were observed when the TLC plates were derivatized. 
Anisaldehyde sulphuric acid (derivatizing agent) was 
sprayed, and the plates were heated at 100  °C using 
CAMAG® TLC Plate Heater 3.

Spectrum scanning of the developed plate was per-
formed on a CAMAG® TLC Scanner 4, using a deute-
rium lamp at 254 nm wavelength and a spectrum speed 
of 100  nm/s. Baseline correction of the lowest slope 
with noise of 0.05, peak detection-Gauss (legacy) with a 
sensitivity of 0.1, a threshold of 0.1, and separation of 1 
was used. The chromatogram peaks with their Rf value 
were noted.

GCMS profiling analysis
Chemical profiling analysis to find out the bioactive 
compound present in the freeze-dried ethanolic extract 
of K. galanga (rhizome) was performed using GCMS 
analysis. The study was performed on the Clarus 680 
Gas chromatography/Clarus 600 Mass Spectrometer, 
PerkinElmer Turbo Mass Spectrophotometer (USA) 
model (GC having a Liquid Autosampler). PerkinElmer 
Elite Elite-35MS capillary column with a length of 
60 m and an internal diameter of 0.2 mm was used. An 
electron impact technique of 5.0  mV was used. A car-
rier gas of pure helium gas (99.99%) with a flow rate of 
1  mL/min was used. At 280  °C and 0  °C, respectively, 
the temperatures of the injector and detector were pre-
served. The oven temperature was initially set at 60 °C 
with an initial holding time of 1.0 min, at an equilibra-
tion time of 2.0  min, and then gradually increased to 
350  °C (maximum) with ramp rate 1 of 7.0  °C/min to 
200 °C and a holding time of 3.0 min, and ramp rate 2 
of 10.0  °C/min to 300  °C and a holding time of 5 min. 
1.5 μL of the plant extract (diluted in 1% methanol) 
was injected (normal velocity) and a split injection 
technique was used (10:1:1 split ratio). The analysis 
was conducted and permitted to run for 40  min with 

a sampling rate of 1.5625 pts/s. Data were assessed for 
compound identification and quantification using a 
total ion chromatogram (TIC). The identification of the 
compound was based on the comparison of their reten-
tion indexes (RI) and retention time and also verified 
by comparison with the library spectra of the National 
Institute of Standard and Technology (NIST) and pub-
lished literature data.

Results
Extractive yield (percentage)
The percentage of extractive yield obtained from the 
freeze-dried ethanol extract of K. galanga (rhizome) was 
found to be 7.28% (Table 1).

Total flavonoid and polyphenol content
The result obtained shows that the ethanolic extract of 
K. galanga contains total polyphenol content (TPC) of 
23.55 ± 0.5 mg GAE/g dry weight of the extract, while the 
total flavonoid content (TFC) is 100 ± 1.414 mg RE/g dry 
weight of the extract as detailed in Table 2.

In vitro anti‑oxidant activity of the ethanol extract 
of K. galanga
In vitro anti-oxidant activity of the ethanol extract of K. 
galanga shows that the inhibitory concentration (IC 50) 
value as summarized in Table  3 was 1.824  mg/mL for 
the DPPH assay (i.e. a maximum % inhibition of 28.05% 
at 1 mg/mL extract concentration) and 0.307 mg/mL for 
the ABTS assay (i.e. a maximum % inhibition of 50.2% at 
0.5 mg/mL extract concentration), respectively, while the 

Table 2  Quantitative analysis of total flavonoid and polyphenol 
content

Components Plants
K. galanga (Eth)
(mg/g)

Polyphenol content
(mg GAE/g dry weight extract)

23.55 ± 0.5

Flavonoid content
(mg Rutin equivalent/g dry weight extract)

100 ± 1.414

Table 3  IC50 value of DPPH and ABTS of the ethanolic extracts of 
K. galanga 

Plant name/standards IC50 (mg/mL)

DPPH ABTS

Kaempferia galanga (Eth) 1.824 0.307

Standard (Ascorbic acid) 0.013 0.011
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IC 50 value of standard ascorbic acid is 0.013 mg/mL and 
0.011  mg/mL for the DPPH and ABTS assays, respec-
tively (Figs. 1 and 2).

HPTLC analysis of the ethanolic extract of K. 
galanga
Fingerprinting profiling and separation of the phyto-
chemical components of the ethanolic extract of K. 
galanga (rhizome) were performed using HPTLC anal-
ysis along with standard reference compounds, namely 
ascorbic acid, caffeine, gallic acid, pyrogallol, quercetin, 
and rutin.

In various solvent systems, different phytochemicals 
have distinct Rf values. This difference in Rf values of 
phytochemicals provides an important clue in deter-
mining their polarity, as well as aiding in the selection 
of a suitable solvent solution for the separation and iso-
lation of pure analyte [21]. To measure the movement 
of the materials along the plate, the Rf value is noted, 

which is a measure of the distance travelled by the sol-
ute divided by the distance travelled by the solvent. 
Several combinations of solvent mixtures were used 
and tried (error and trial method). However, the best 
separation of the bands was achieved when using the 
solvent combination of 2-butanol/1-propanol/water in 
the ratio of 3:1:1 and derivatizing it with anisaldehyde 
sulphuric acid. The bands of the standard compound as 
applied on the TLC plates in the order of ascorbic acid, 
caffeine, gallic acid, pyrogallol, quercetin, rutin, and K. 
galanga ethanolic crude extract (Fig.  3) can be visual-
ized under UV (254 nm and 366 nm) and white light.

The plate scanned at 254  nm for K. galanga (Fig.  4) 
shows 4 peaks, with peak 1 having an Rf value at 0.359 
(2.63% area composition), peak 2 having an Rf value of 
0.510 (11.58% area composition), peak 3 having an Rf 
value at 0.556 (8.13% area composition), and peak 4 hav-
ing an Rf value at 0.776 (having maximum 77.65% area 
composition) as detailed in Table 4. The plate scanned at 
254 nm for standard reference compounds shows ascor-
bic acid having an Rf value of 0.469, caffeine having an Rf 
value of 0.544, and pyrogallol having an Rf value of  0.765, 
whereas the other reference compounds, namely rutin, 
gallic acid, and quercetin, did not separate in the above 
solvent system.

Chemical profiling analysis of the ethanolic extract 
of K. galanga by GCMS analysis
Identification of the compound using GCMS analysis 
was based on the comparison of their retention indexes 
(RI) and retention time verification by comparison with 
the library spectra of the NIST and previously published 
literature data. The GCMS chromatogram (Fig. 5) shows 
various peaks. The major active compound was identified 
to be ethyl p-methoxycinnamate, which had a peak at a 
retention time of 28.79 (mins) and accounted for up to 
94.87% of the total area composition of the plant extract. 
Various other minor compounds were identified, namely 
dodecane, 1-fluoro (0.918% area composition and peak 
retention time at 8.038  min), 3-methyl-2-(2-oxopropyl) 
furan (3.339% area composition and peak retention time 
at 8.819  min), trieicosane, 1-bromo-11-docosenyliden- 
(0.033% area composition and peak retention time at 
9.879  min), dotriacontyl isopropyl ether (0.049% area 
composition and peak retention time at 10.409 min), rho-
dopin (0.023% area composition and peak retention time 
at 33.673 min) and (1R,4AR,4BS,7S,10AR)-1,4A,7-trime-
thyl-7-vinyl-1,2,3,4,4A,4B,5,6,7,8,10,10A-DOD (0.068% 
area composition and peak retention time at 36.30 min) 
as detailed in Table 5.
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Discussion
The traditional medicinal herbs of India’s north-east-
ern area are abundant and with a growing interest in 
the identification of natural chemicals for possible 

pharmaceutical uses; it is critical to objectively assess the 
medicinal potential of these plants. Phytochemicals are 
biologically active, naturally occurring chemical com-
pounds found in plants that have medicinal and nutritive 

Fig. 3  HPTLC band chromatogram of the ethanolic extract of K. galanga 
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properties. Phytochemical studies of medicinal plants are 
critical for both research institutes and pharmaceutical 
companies in the development of novel drugs [22]. The 
rhizome of K. galanga was selected for these studies due 
to its common and important usage in local traditional 
medicines and potent and diverse medicinal proper-
ties. Ethanol was used as the extraction solvent since it 
can dissolve and attract both polar and non-polar com-
pounds. Because of its hydroxyl (OH) group and the high 
electronegativity of oxygen, it is a highly polar molecule 
that may form hydrogen bonds with other polar com-
pounds and can also attract non-polar molecules due 
to the presence of an ethyl group (C2H5). It is also less 
toxic, inexpensive, and readily available. Freeze-drying 
or lyophilization removes the solvent at a very low tem-
perature, while retaining the compounds that are pre-
sent in the original state in the plant, concentrates the 
product, increased their potency compared with their 
natural form, and limits oxidative changes of metabo-
lites because the oxygen concentration is very low under 
vacuum [23]. Extraction techniques involving heat such 
as Soxhlet apparatus, steam distillation, or rotary vacuum 

evaporator may affect the plant’s biological composition 
and activities since the rate of chemical changes involv-
ing thermochemical reactions usually doubles with every 
10  °C increased in temperature. As a result, the higher 
the temperature more probable chemical changes or 
chemical shifts can be formed [23]. Thus, preparation of 
plant crude extract using a freeze-drying process or lyo-
philization (cold extraction) would be considered to most 
probably be an ideal method. Using the above method of 
extraction, the percentage extraction yield of the etha-
nolic extract K. galanga (rhizome) obtained was found to 
be 7.28%. Polyphenols and flavonoids derived from vari-
ous natural sources have sparked increased interest in 
research because they can be used as anti-oxidants in the 
food industry and have a variety of health benefits. Their 
beneficial effects on human health could be attributed to 
their free radical scavenging properties, which prevent 
free radicals from damaging cells [18, 24]. Polyphenols 
and flavonoids have redox properties that contribute to 
their anti-oxidant activity [25]. The result obtained shows 
that the ethanolic extract of K. galanga contains TPC of 
23.55 ± 0.5  mg GAE/g dry weight of the extract, while 
the TFC is 100 ± 1.414 mg RE/g dry weight of the extract 
which indicates the plant-rich source of these phenolic 
compounds. The in  vitro free radical scavenging activi-
ties of the ethanolic extract of K. galanga were evaluated 
using the conventional and frequently used DPPH and 
ABTS model assay. DPPH is a stable synthetic free radical 
that accepts an electron or hydrogen radical to form a sta-
ble diamagnetic molecule [26]. It is widely used to assess 
the compound’s ability to act as free radical scavengers 
or radical hydrogen donors and to measure anti-oxidant 

Fig. 4  HPTLC spectrum peak chromatogram of the ethanolic extract of K. galanga 

Table 4  HPTLC fingerprinting of the ethanolic extract of K. 
galanga 

Peak# Max Rf value Max height Area Area%

1 0.359 0.0466 0.00192 2.63

2 0.510 0.2106 0.00845 11.58

3 0.556 0.1795 0.00594 8.13

4 0.776 0.7085 0.05666 77.65
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activity. DPPH changes colour from purple to pale yel-
low, corresponding to the reduced form of DPPH, 
2,2-diphenyl-1-picrylhydrazyl (DPPH-H) after receiv-
ing an electron from an anti-oxidant molecule, which 
can be quantified using absorbance changes at 517  nm 
[26]. On the other hand, in the ABTS assay, pre-formed 

radical monocation (ABTS* +) is created by oxidation of 
ABTS with potassium persulfate, resulting in a green–
blue ABTS chromophore whose intensity decreases 
when hydrogen-donating anti-oxidants are present [20]. 
This change in absorbance intensity can then be quanti-
fied at an absorbance of 734 nm. From the above analysis, 

Fig. 5  GCMS peak chromatogram of the ethanolic extract of K. galanga 
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the ethanolic extract of K. galanga (rhizome) shows 
improved inhibitory free radical concentration with 
increasing plant concentration, and when compared with 
standard ascorbic acid taken as control it shows potent 
anti-oxidant activity. The important information about 
the chemical components is typically supplied by the 
qualitative phytochemical screening of plant extracts for 
the pharmacological and pathological discovery of new 
medicines [27]. In recent years, chromatographic and 
spectral fingerprints have grown in importance in the 

quality control and standardization of complex herbal 
medicines [28]. The application and implementation of 
various chromatographic techniques during the scien-
tific analysis of a plant is a very efficient and effective tool 
for phytocompound characterization, separation, and 
identification. A technique for separating compounds 
in the mixture, HPTLC is a sophisticated instrumental 
technique that relies on the full capabilities of thin-layer 
chromatography. The benefits of automation, scanning, 
full optimization, selective detection principle, minimal 

Table 5  GCMS library search of the ethanolic extract of K. galanga 
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sample preparation, and other features make it a power-
ful analytical tool for providing chromatographic infor-
mation of complex mixtures of pharmaceuticals, natural 
products, clinical samples, food products, and other sub-
stances, as well as in the analysis of the compound purity 
[29]. The best separation of the bands was achieved when 
using the solvent combination of 2-butanol/1-propanol/
water in the ratio of 3:1:1 and derivatizing it with anisal-
dehyde sulphuric acid. The plate scanned at 254 nm for 
K. galanga showed 4 peaks having different Rf values, 
with peak 4 whose Rf value is at 0.776 having a maximum 
of 77.65% area composition. GCMS analysis was used to 
investigate the chemical profile of the ethanolic extract of 
K. galanga, which is a very sensitive, efficient, and pow-
erful chromatographic technique for the identification 
and quantification of unknown compounds present in a 
sample. The GC component of the instrument separates 
the chemical mixtures while the MS component identi-
fies the components at a molecular level. GCMS analysis 
confirms the presence and identification of several com-
pounds with ethyl-p-methoxycinnamate found as the 
active constituent and present abundantly in the freeze-
dried ethanolic extract of K. galanga (rhizome), compris-
ing about 94.87% of the total area composition of the 
plant extract and a peak retention time of 28.79 (mins). 
Ethyl-p-methoxycinnamate has been previously reported 
to have anti-tuberculosis activity [30], anti-nematicidal 
activity [31], mosquito-repellent and anti-larvicidal activ-
ity [32], anti-neoplastic [7], anti-microbial potentials [3] 
and sedative activity [12]. Ethyl-p‐methoxycinnamate is 
also found to be highly cytotoxic to HELA cells, which is 
a type of cancerous cells [33]. Thus, with ethyl-p‐methoxy 

cinnamate having very important medicinal properties 
and being found to be present in such a high amount, 
a freeze-drying process can be utilized for its isolation 
(Fig. 6).

Conclusion
Traditional herbal medicinal plants are important 
reserves and treasures of valuable phytocompounds 
which can be exploited for their potential use in phar-
maceutical and therapeutic purposes. Collected from 
Meghalaya, India, the ethanol extract of K. galanga (rhi-
zome) obtained by freeze-drying process shows quite a 
high percentage yield. In vitro anti-oxidant analysis was 
accessed, and when compared with standard ascorbic 
acid as a control, it shows potent anti-oxidant activity. 
Sufficient polyphenol and flavonoid contents were found 
to be present. Preliminary HPTLC fingerprinting analy-
sis shows the best separation of bands when employing 
the solvent combination of 2-butanol/1-propanol/water 
in the ratio of 3:1:1 and derivatizing it with anisaldehyde 
sulphuric acid. Four distinct peaks were observed with 
peak 4, whose Rf (retention factor) value is at 0.77 shown 
to have maximum 77.65% area composition. GCMS 
chemical profiling analysis identifies ethyl p-methoxy-
cinnamate as the major bioactive component, accounting 
for approximately 94.87% of the total area composition 
of the plant at a peak retention time of 28.79 (mins), as 
well as the identification of other compounds. Although 
the anti-oxidant activity may be attributed to the syn-
ergistic effects of all the compounds that are present in 
the ethanolic extract of the K. galanga rhizome, however, 

Fig. 6  Kaempferia galanga rhizome and crude ethanolic extract
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since ethyl p-methoxycinnamate is present in such high 
abundance in the freeze-dried ethanolic extract, it may 
be proposed that ethyl p-methoxycinnamate may have 
contributed significantly towards the anti-oxidant poten-
tial to an extent. Also, since ethyl p-methoxycinnamate 
has various diverse medicinal properties, a freeze-drying 
process (lyophilization) can be utilized for its isolation 
and extraction.
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