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In the present study, chemical compounds of essential oil of Etlingera elatior leaf and rhizome and its biochemical assays were evaluated to find its 
potential pharmaceutical, industrial applications. 

GC/MS analysis was carried out using HP-5MS column. Antioxidant (DPPH, reducing power assay), anti-inflammatory (protein denaturation, 
protease inhibitor assay) and cytotoxic activities (Allium cepa assay) were also performed for its biochemical efficacy. 

The major compounds present in essential 
oil of E. elatior were estragole (68%), methyl eugenol 
(13.32%) in rhizome and β-thujene (26.89%), α-
pinene (17.08%) in leaf. Biochemical activity of 
essential oil showed free radical scavenging 
activities in DPPH assay; rhizome (IC = 35.83 50

-1ml ) and leaf (IC = 23.07 µg ml ). Essential oil also 50

showed strong anti-inflammatory activity in rhizome 
-1 -1(IC = 151.35 µg ml ) and leaf (IC = 98.66 µg ml ), 50 50

in protein denaturation assay. No cytotoxic effects 
were observed by E. elatior essential oils in the root 
growth of onion and mitotic index (rhizome 22.99% 
and leaf 19.54%). 

 The presence of major compounds 
like estragole, methyl eugenol as well as its 
antioxidant, anti-inflammatory, cytotoxic activities 
revealed potential pharmaceutical, fragrances, 
confectionery, food industrial applications of 
Etlingera elatior essential oils with added advantage 
of no cytotoxic effects.
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Introduction

Now a day’s researchers are targeting traditional 
knowledge, belief and applications of plants for finding and 
formulation of new drugs. Various reports are there regarding 
traditional medicinal properties of plant extracts and secondary 
metabolites including aromatic plant essential oils (Gogoi et al., 
2020). According to a report from the World Health Organization, 
about 80% of population of developing countries are dependent 
on traditional medicines and 85% of traditional medicines are 
extracted from plants (WHO, 2002). Among the plant-based 
secondary metabolites, essential oil is an essence of clustered 
fragrance of volatile oily liquid. 

Though, medicinal plants are found abundantly 
throughout the world, a few have been studied for their 
pharmacological and biological properties. However, discovery of 
new medicinal agents from some plants can combat drastically 
against infectious diseases and used for the welfare of the people 
around the globe. Its validation has been a great interest for 
phyto-pharmaceuticals which reflects its values in healthcare 
(Nair et al., 2005). However, the pharmaceutical potential of these 
medicinal plants is still largely unexplored. The plant-based 
compounds present in various parts of plants are responsible for 
the desirable effect on crop production and other agricultural 
products (Oussalah et al., 2006). Therefore, nowadays a growing 
interest has been increased in the effectiveness of essential oil. 
Essential oil is an essence of clustered fragrance and volatile oily 
liquid. It is used in aromatherapy as alternative medicine in 
ascribing the healing effect (Lee and Choi, 2012).

In the present investigation, aromatic plant Etlingera 
elatior (Jack) R. M. Sm. popularly called ‘torch ginger’ was used 
and this plant belongs to family Zingiberaceae. It is an 
herbaceous, perennial and evergreen plant. This plant grows in 
damp areas and its inflorescences appear at 6-15 feet from the 
rhizome and spreading area of the plant is 4-10 feet. This species 
is widely cultivated in Indonesia, Malaysia, Thailand, New 
Guinea, Australia, and Hawaii. It abundantly grows in north 
eastern region of India (Chan et al., 2007; Larsen et al., 1999). 
This plant has also been used for ornamental, spices, cooking, 
flavouring and therapeutical purposes (Keng et al., 1998; Noweg 
et al., 2003). Traditionally, due to its therapeutic value, the 
rhizomes are eaten raw on daily basis. It has natural therapeutic 
aid as ailment since ancient times. Various parts of E. elatior have 
been used to cure microbial and viral infections. Its fruits have 
been used for itching treatment (Chan et al., 2007). Leaves are 
also used as odour remover of postpartum women by mixing with 
another aroma in bathing and cleaning wounds (Noweg et al., 
2003). So far, there are few reports on chemical compositions and 
antioxidant activities of leaf and other parts essential oil of E. 
elatior has been investigated throughout the world (Jaafar et al., 
2007; Abdelwahab et al., 2010; Wong et al., 2010). The study of 
essential oil of E. elatior is very limited and detailed studies are 

required to understand the leaf and rhizome essential oil for its 
medicinal and biochemical activities. The present study 
investigates the chemical composition of E. elatior rhizome and 
leaf essential oil as new sources of antioxidants, anti-
inflammatory agents having minimum toxicity level. This plant 
abundantly grows in North East India, and so far few biological 
studies on essential oil have been carried out. Taking in view all 
the information’s available, it can be stated that from North east 
India this is the first scientific evaluation of chemical compositions 
of E. elatior essential oils as well as its scientific validation of 
antioxidant, anti-inflammatory, cytotoxicity studies.

Materials and Methods 

Plant material : Rhizomes and leaves of E. elatior were collected 
from the institutional experimental farm (CSIR-NEIST), Assam 
(India) and authenticated by Plant breeder of MAEP group. The 
herbarium specimen (No RRLJ-EE-0013) was deposited at the 
departmental herbarium and the plant were also maintained at 
institutional experimental farm, Jorhat (India).

Extraction of essential oil and analysis of chemical 
compounds using GC/MS : Essential oil was extracted from the 
fresh E. elatior leaves and rhizomes through hydro (H O)-2

distillation method. Each 300 g of leaf and rhizome was inserted in 
3 l round bottom flask containing distilled water, for 6 hr, using a 
Clevenger apparatus (Paw et al., 2020). The condensed essential 
oil was recovered and kept with sodium sulphate anhydrous to 
remove excess water and stored at 4ºC for further experimental 
purposes.

The preserved leaf and rhizome essential oil was 
analyzed through GC/MS (model Agilent Technologies Gas 
Chromatograph coupled with mass selective detector MSD 
5975C using HP-5MS column; 30 m × 0.25 mm). As a carrier gas, 

-1helium (1 ml min ) gas was used. In the beginning, the oven 
-1temperature was 40ºC for 2 min and set up 300ºC at 30º C min  

and kept for 30 min. The diluted in acetone (1 μl) was injected at 
250ºC without varying the temperature through a split injector 
(1:20 for 1 min). The GC/MS scanning range was 45 to 650 amu. 
All ion chromatograms were identified by matching its mass 
spectra data at NIST/Willey library and authenticated on HP-5MS 
column. KI value was also calculated using alkene C  standard 8-22

and authentication of identified compounds (Fluka and Sigma 
Aldrich, Germany) and it was confirmed by comparing with 
previously reported KI values (Adams, 2017). 

Antioxidant activities of E. elatior essential oil 

DPPH (2, 2 diphenyl 1 picrylhydrazyl )free radical scavenging 
assay : 2, 2 diphenyl 1 picrylhydrazyl (DPPH) scavenging 
efficacy was performed according to the slightly modified method 
of Noumi et al. (2011). E. elatior leaf and rhizome essential oil 

-1 concentrations were prepared ranging from 1.5-48 μg ml in 

R. Loying et al.: Chemical composition and bioactivities of   E. Elatior essential oil
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methanol, to which DPPH was added. The mixer was incubated in 
dark environment at normal temperature for 30 min. The ascorbic 
acid was also prepared in the same concentration as essential oil. 
The spectro-photometric absorbance was taken for both the 
essential oil along with ascorbic acid at 517 nm. Scavenging free 
radicals activity was calculated by the following equation:

DPPH free radical scavenging activity (%) = [E  - E ] × 100control sample

Here, ‘E ’ was control and ‘E ’ was sample, absorbance, control sample
-1respectively. The IC  value (μg ml ) was calculated for free 50

radical scavenging power.

Reducing power of essential oils of E. elatior : The reducing 
power of essential oil was estimated by the modified method of 
Oyaizu et al. (1986). Reducing power of rhizome and leaf of E. 
elatior was performed at different concentrations i.e., 1.5-24 (μg 

-1ml ) and compared with ascorbic acid. Phosphate buffer (0.2 M; 
pH-6.6) was used for preparing ascorbic acid (2 ml). Potassium 
ferricyanide (1.1%, 1.25 ml) was added to the mixture and kept at 
50ºC for 20 min and TCA (10%, 1.25 ml) was added to stop the 
reaction. A 1:1 ratio of distilled water was added to the aliquot (1.5 
ml) of the supernatant, 0.3 ml of ferric chloride (0.1%) was mixed 
to the reaction volume and absorbance was read in UV-VIS 
spectrophotometer at 700 nm.

Anti-inflammatory activities of E. elatior essential oil

Protein denaturation assay : Anti-inflammatory activity of leaf 
and rhizome of E. elatior was detected using protein denaturation 
assay (Sangita et al., 2012). Essential oil concentrations (leaf and 

-1 rhizome) were prepared at a range from 50-300 μg ml in saline 
phosphate buffer (2.8 ml, pH-6.4) and then, fresh egg albumin 
(0.2 ml) was added to fill up the total volume of 5 ml. Double 
distilled water was used as a positive control. The reaction volume 
was kept at normal temperature for 15 min and then submerged 
the reaction volume in a water bath at 70ºC for 10 min. The 
standard sodium diclofenac concentrations were also prepared 
as same as the essential oil. Using a UV-VIS spectrophotometer, 
the absorbance of the reaction mixture was measured at 660 nm. 
The following equation was used to calculate the anti-
inflammatory activity of essential oil.

Inhibition of protein denturation (%) = [E  - E ] × 100control sample

Here, ‘E ’ = control absorbance and ‘E ’= sample control sample

absorbance. 

Protease inhibitory assay : A slightly modified method of 
protease inhibitory assay was performed according to Gogoi et 

-1al., 2020. Prepared 1 ml trypsin solution (0.5 mg ml ) with 
phosphate buffer (0.1 M, pH-7) was pre-incubated at different 
concentrations of essential oil (1 ml) of E. elatior at 37ºC for 15 
min. Hammerstein (1%) casein was added and then kept at 37ºC 
for 30 min and again was added 2.5 ml of perchloric acid (60%) to 

stop the reaction and transferred to the centrifuge tube and 
centrifuged the mixer at 10,000 rpm for 15 min to removed protein 
precipitation. The supernatant was measured at 280 nm. 
Phosphate buffer (pH-7,0.1 M) was used as a blank. Protease 
inhibitor activity was expressed as percent inhibition.

Protease Inhibition (%) = [(E – E )/ E ] × 100 control sample control

Here ‘E ’ and ‘E ’ were the absorbance of the control and control sample

essential oil of E. elatior, respectively.

Cytotoxic studies on Allium cepa 

Allium cepa assay : Leaf and rhizome essential oil of E. elatior 
was assessed for chromosomal damage and mitotic index using 
root tips of Allium cepa (Grant et al., 1981). Different 

-1concentrations of essential oil were prepared at 1μl ml . EMS and 
distilled water were used as positive control and negative control. 
The onion bulbs were submerged in solvents (containing distilled 
water and EMS concentration) for 72 hr. After 72 hr, the root 
lengths were measured with the scale. Root tips were excised 
and submerged in fixative solution for 10 min. The water was 
removed from tips by treating with 1N HCl at 60ºC for 15 min. 
Acetocarmine (0.5%) was used for staining the root tips for 10 
min. Stained slides were dislocated and pressed on a glass slide 
by drop wised pouring acetic acid (45%) and observation was 
performed under a confocal microscope (100X level). The 
frequencies of chromosomal damage were also observed either 
by changing the morphological chromosomal structure or total 
number of cells per 50 μM in length (Bakare and Osibanjo, 2000). 
Mitotic index (MI) was counted by the formula (Fiskesjo, 1997). 

MI (%) = {Total number of cell at mitosis / Total number counted 
cells}× 100

Statistical analyses : Date were statistically analyzed using 
Graph Pad prism 6.0 software and values were measured as 
mean with standard deviation. Pair wise analysis between the 
groups were statistically significant at (P>0.05).

Results and Discussion

Essential oil yield and GC/MS analysis of E. elatior essential 
oil : Colourless, pleasant-smelling essential oils were extracted 
from the leaves and rhizomes of E. elatior using hydro-distillation 
method (Sarma et al., 2020). The essential oil yielding percentage 
of fresh leaves and rhizomes were 1.10% and 0.33%, 
respectively. GC/MS analysis of essential oil of leaves and 
rhizomes of E. elatior revealed that monoterpenes and 
sesquiterpenes were more dominant than other compounds. The 
major compounds were estragole (68%), methyl eugenol 
(13.32%), beta-phellandrene (4.96%) in rhizome essential oil 
whereas β-thujene (26.89%), α-pinene (17.08%), eucalyptol 
(8.56%) and linalool (4.64%) in leaves (Table 1). An earlier study 
of GC/MS analysis of leaves and rhizome with roots essential oil 
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of this plant showed that major compounds were myrcene 
(13.50%), α-humulene (11.80%), β-caryophyllene (10.70%), α-
pinene (8.50%), terpinen-4-ol (5.00%) and camphene (18.00%) 
and β-pinene (16.90%), respectively (Wong et al., 2010; Jaafar et 
al., 2007). Abdelwahab et al. (2010) reported that β-pinene 
(24.92%) and 1-dodecene (24.31%) were major compounds in 
the essential oil of whole plant, however, area percentage of 
these compounds vary with the present study; it may be due to 
geographical locations, climatic conditions, genetic makeup of 
the plant and harvesting season etc., (Borah et al., 2019). The 
major chemical compound in leaf essential oil was estragole 
which is an isomer of anethole and methyleugenol, a member of 
alkenylbenzenes group consisting of benzene ring with methoxy 

and allyl group (Fahlbusch et al., 2003). Both the compounds are 
predominantly used as a flavouring agent in confectionery items 
and foodstuffs and it did not show any mutagenic effects in Ames 
test (George, 2009; Zeiger et al., 1987). However, some studies 
showed that estragole and methyleugenol have hepatotoxic and 
carcinogenic effects at high dose (Newall et al., 1996). Mono-
terpene class of compounds are dominating than the other 
classes of compounds present in the rhizome essential oil. These 
compounds are mainly used for fragrance purposes in perfumery 
industries. According to a report, α-pinene is used for aiding 
memory (Russo, 2011), and acts as a benzodiazepine binding 
site (Yang et al., 2016). Essential oil analysis reflects the 
presence of terpenoids and phenylpropanoids compounds which 

Table 1 : Chemical composition of rhizome and leaf essential oil of E. elatior

Compounds RT (min) EOREE (Area %) EOLEE (Area %) KI reported KI literature 

a-pinene 7.187 17.08 2.92 939 940
camphene 8.548 - 2.31 953
b-thujene 8.667 26.89 - 966
sabinene 8.678 0.55 0.27 973
b-pinene 10.727 2.27 - 978 979
b-myrcene 10.745 1.26 0.21 981
a-phellandrene 10.787 6.14 1.22 1003
b-phellandrene 10.796 - 4.96 1026
eucalyptol 10.808 8.56 1.01 1038 1046
linalool 13.734 4.64 0.82 1104
camphor 15.686 0.20 0.04 1127
levomenthol 17.166 0.08 - 1165 1169
terpineol-4 16.948 0.65 0.84 1172 1177
estragole 17.569 0.28 68.00 1196
piperitone 18.121 0.35 - 1268 1268
b-elemene 19.486 3.03 0.18 1391
methyleugenol 27.170 1.76 13.32 1400 1403
b-maaliene 30.294 - 0.23 1411 1413
caryophyllene 30.300 0.30 0.07 1417 1423

30.923 0.05 - 1452 1452
d-amorphene 33.573 0.50 0.11 1455 1455
2-Octen-1-ol, 3,7-dimethyl- 34.252 0.11 - 1463 1463
Germacrene-D 34.294 2.99 - 1485 1487
bicyclogermacrene 35.300 1.50 - 1491 1499
4,4-Dimethyl-2-cyclopenten-1-one 36.515 0.24 - 1510 1511
nerolidol 36.773 0.38 0.05 1531 1535
diethyl phthalate 36.995 2.65 0.19 1591 1597
T-cadinol 37.515 0.58 - 1639 1644
methyl palmitate 37.677 0.44 - 1926 1928
phytol 38.594 0.08 - 2105 2114
1-chloroeicosane 51.508 0.15 - 2261 2264
Monoterpene hydrocarbons 62.75% 12.90%
Oxygenated Monoterpenes 05.92% 01.70%
Sesquiterpenes Hydrocarbons 05.48% 00.11%
Oxygenated Sesquiterpenes 04.46% 68.46%
Others 05.10% 13.58%
Total area percentage 83.71% 96.75%

RT (min) = retention time (min), Area (%) = peak volume percentage of compounds, EOREE=essential oil of rhizome E. elatior, EOLEE= essential oil of 
leaf E. elatior, KI reported= kovats index reported, KI literature= kovats index literature. 

954
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Table 2 : DPPH free radical scavenging activities of leaf and rhizome essential oil of E. elatior

-1 -1 -1Concentrations Ascorbic acid EOLEE EOREE IC  (µg ml ) IC (µg ml ) IC  (µg ml ) 50 50 50
-1(µg ml ) (% inhibition) (% inhibition) (% inhibition) (Ascorbic acid) (EOLEE) (EOREE)

1.5 16.28 17.44 18.60
3 20.60 22.67 22.09
6 22.55 25.00 24.42 43.73 23.07 35.83
12 28.96 30.23 31.98
24 38.64 50.58 43.60
48 51.22 88.37 58.14

EOLEE=essential oil of leaf E. elatior; EOREE= essential oil of rhizome E. elatior; IC =inhibition concentration at 50.50 

R. Loying et al.: Chemical composition and bioactivities of  E. Elatior essential oil 

show good sources of antioxidant, anti-inflammatory and other 
biochemical syntheses.

Antioxidant activities of E. elatior essential oil : Antioxidant 
activities of E. elatior leaves and rhizome essential oils showed 
strong effect in DPPH assay (Table 2). The effect of essential oil 
was calculated based on percent inhibition and 50% inhibition 
concentration (IC ) values. The highest percent inhibitions were 50

88.37%, 58.14% and 51.22% in leaf, rhizome essential oil and 
ascorbic acid, respectively. In both cases of essential oil, the 

-1percent inhibitions were more than 50 % at 48 µg ml , and it 
showed inhibiting potential on DPPH free radicals. Strong 
antioxidative potential of E. elatior leaf and rhizome essential oil 

-1showed IC  values of 23.07 and 35.83 µg ml , respectively. 50

Earlier studies of DPPH activity of essential oil showed lower 
-1activity (IC =77.20 µg ml ) than the current investigation 50 

(Abdelwahab et al., 2010). A study of E. elatior alcoholic extract 
also showed the activities in both the extract of ethyl acetate (IC  50

-1 -1= 68.24 µg ml ) and methanol (IC  = 21.14 µg ml ) against free 50

radicals but lower than that of the present study (Maimulyanti and 
Prihadi, 2015). From the percentage of inhibition value as well as 
from IC  values, it is clear that leaf essential oil has stronger 50

antioxidant activity than rhizome essential oil. As we compared 
with extracts and aforementioned essential oil, studied essential 
oil has the stronger DPPH free radicals scavenging potential. 
Both leaf and rhizome essential oil showed reducing capability to 
reduce free radicals. The highest reducing capability of essential 

-1oil, as well as standard (ascorbic acid) showed at 24 µg ml  (Fig. 
1). As compared to rhizome, leaf essential oil of E. elatior showed 
the highest reducing capacity. Interestingly, the reducing capacity 
of both the essential oil has a strong reducing capacity than the 
standard. The presence of monoterpenes and sesquiterpenes 
and other antioxidant compounds in essential oil of E. elatior 
reflects strong free radical scavenging activities.

Anti-inflammatory activities of E. elatior essential oil : The 
essential oil of leaf and rhizome of E. elatior displayed anti-
inflammatory activities. Both leaves and rhizome essential oil 
showed potential activity against inflammation with respect to the 
standard sodium diclofenac used in the study. But percent 
inhibition in leaf and rhizome essential oil was significantly less 

than the standard sodium diclofenac. As compared to standard, 
rhizome essential oil showed the least percent inhibition capacity 

-1(33.33%), followed by leaf essential oil (44.19%) in 80 µg ml  
-1concentration. The IC values (98.66 µg ml ) for leaf essential oil 50 

-1and (151.35 µg ml ) rhizome essential oil showed less activity 
-1than sodium diclofenac (39.17 µg ml ) (Table 3). Moreover, in 

protease inhibitory activity assay, the percent inhibition of rhizome 
(69.10%) showed a higher inhibition power than the leaf essential 

-1oil 48.17% at 48 µg ml . The IC  value also revealed same leaf 50
-1 -1EO IC  (44.87 µg ml ) and rhizome EO IC (27.34 µg ml ) (Table 50 50 

4). However, till date no scientific report of egg albumin 
denaturation and protease inhibitory assays is available on this 
aspect on essential oil of E. elatior. In the current study, both the 
essential oil showed moderate anti-inflammatory activities but it 
was less than sodium diclofenac. The moderate inflammation 
inhibitory activity can be positively co-related to the presence of 
inflammation inhibitory agents i.e., alpha and beta-pinene and 
other terpenoid compounds (Russo, 2011). Furthermore in-vivo 
and deep clinical trials are required to fully validate the findings.
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Fig. 1 : Reducing power of leaf (EOLEE) and rhizome (EOREE) essential 
oil of E. elatior and ascorbic acid.
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Table 4 : Protease inhibitory assay of leaf and rhizome essential oil for anti-inflammation 

Concentrations EOLEE EOREE Leaf  (% inhibition) Rhizome (% inhibition)
-1(µg ml ) (abs in nm) (abs in nm) IC = 44.87 IC = 27.3450 50

1.5 2.98±0.05 2.69±0.04 1.00 10.63
3 2.78±0.04 2.47±0.06 7.64 17.94
6 2.51±0.01 2.12±0.02 16.61 29.57
12 2.28±0.03 1.89±0.03 24.25 37.21
24 1.89±0.04 1.39±0.05 37.20 53.82
48 1.56±0.02 0.93±0.03 48.17 69.10

EOREE=essential oil of rhizome of E. elatior, EOLEE= essential oil of leaf of E. elatior; Values are mean S.D. ± 

Table 5 : Root length of Allium cepa after treatment of leaf and rhizome essential oil of E. elatior and  EMS

Concentrations Before treatment After treatment Root length on 72 hr 
-1(µg ml )

Distilled water 6.21±0.010 8.21±0.012 1.80±0.010
-1EMS (1 µg ml ) 6.11±0.014 6.38±0.013 0.27±0.012

-1E. elatior (1 µg ml  REO)
-1E. elatior (1 µg ml  LEO) 5.45±0.011 7.12±0.013 1.67±0.010

REO= rhizome essential oil, LEO= leaf essential oil, EMS= ethyl methansulphonate; Values are mean ± S.D. 

5.61±0.013 7.14±0.011 1.53±0.011

Table 6 : Mitotic index and different stages of dividing cells in root tips of Allium cepa treated with leaf essential oil of E. elatior and EMS.

-1Concentration (µg ml ) Mitotic index (%) Prophase (%) Metaphase (%) Anaphase (%) Telophase (%)

Distilled  water 28.16 61.22 24.49 10.20 4.08
-1EMS (1 µg ml ) 8.62 53.33 26.67 20.00 0.00

-1E. elatior (1 µg ml  REO) 22.99 57.50 30.00 7.50 5.00
-1E. elatior (1 µg ml  LEO) 19.54 61.76 23.53 11.76 2.94

REO=rhizome essential oil, LEO= leaf essential oil, EMS= ethyl methansulphonate

Table 3 : Protein denaturation assay of leaf and rhizome essential oil of E. elatior

-1 -1 -1Concentrations EOLEE EOREE SD IC  µg ml  IC µg ml  IC  µg ml  50 50 50
-1(µg ml ) (% inhibition) (% inhibition) (% inhibition) (EOLEE) (EOREE) (SD)

5 24.42 16.00 13.38
10 27.91 18.67 39.37
20 35.46 25.33 51.97 98.66 151.35 39.17
40 37.21 28.00 58.27
80 44.19 33.33 65.35 

EOREE=essential oil of rhizome E. elatior; EOLEE= essential oil of leaf E. elatior; SD=Sodium diclofenac; IC =inhibition concentration at 50.50 

R. Loying et al.: Chemical composition and bioactivities of  E. Elatior essential oil 

Cytotoxic activities of E. elatior essential oil : The present 
investigation also tried to evaluate the short term contact toxicity 
of both leaf and rhizome EO of E. elatior. The short term 
interaction of essential oil of rhizome and leaf of E. elatior was 
investigated with respect to positive control ethyl methane 
sulfonate and negative control (distilled water). Mitotic index 
value, chromosomal aberration tests were used for the 
quantitative evaluation of possible toxicity. The normal root 
growth test showed 1.53 cm, 1.67 cm of total growth by EEREO 

and EELEO in 72 hr duration. These growth values are close to 
distilled water (1.80 cm) but far from EMS (0.27 cm) (Table 5). 
Negligible length difference was observed in negative control. 
Mitotic index value of rhizome essential oil (22.90%) showed less 
toxic effect than leaf essential oil (19.54%). Both the essential oils 
mitotic index value is close to distilled water 28.16%. Table 6, 
showed that the dividing cells at different stages of cell division 
where the highest percentage of dividing cells were found in 
prophase stage; followed by metaphase and anaphase, and the 
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least in telophase stage. In the positive control, no cell division 
was observed in the telophase stage. Earlier, no cytotoxic activity 
of essential oil of E. elatior was checked on onion roots, but 
recently few cell culture and animal base toxicities studies have 
been reported. The rhizome and inflorescence of this plant did not 
show toxic effect on cell lines and animal models (Habsah et al., 
2005; Lachumy et al., 2010; Sungthong and Srichaikul, 2018). 
Interestingly, a probable toxic effect was not observed on onion 
roots as compared to the ethyl methanesulfonate. 

Etlingera elatior leaf and rhizome essential oil is of great 
importance due to the presence of major industrially importance 
compounds estragole, methyl eugenol, β-thujene, α-pinene and 
eucalyptol. These, compounds are of utmost importance in 
beverage, food and aroma industries. Furthermore, both the 
essential oils possess strong antioxidant activities, with immense 
potential applications for the formulation of antioxidant drugs. 
From the toxicology study, E. elatior leaf and rhizome essential oil 
showed negligible toxicity. Due to the aforementioned capacities 
in essential oil of E. elatior, an intense study is required to 
commercialize the essential oils in the field of food, spice, 
beverage and fragrance industries. However, in pharmaceutical 
industries, some regulatory in-vivo test has to be performed for 
clinical studies and utilization of essential oil for future prospects.
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