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 The present study is focused on phytochemical analysis and different biological activities of leaf and floral parts essential oil of Corymbia citriodora.  

 GC/MS analysis was conducted using HP-5MS column. DPPH free radical scavenging, reducing power assay were used for evaluating the 
antioxidant activity, protein denaturation, protease inhibitory assay for anti-inflammatory, Allium cepa assay for cytotoxicity analysis and Vigna radiata 
germination assay for herbicidal activity. 

 GC/MS analysis revealed α-
pinene, citronellal, o-cymene, 10-epi-
eudesmol, α-eudesmol as the major 
compounds in the floral part essential oil 
while citronellal, citronellyl acetate, trans-
caryophyllene, were the major compounds 
in the leaf essential oil. Essential oils 
showed the highest antibacterial activity 
towards Staphylococcus aureus  and 

-1Bacillus subtilis at 500 μg ml  and antifungal 
activity against Aspergillus fumigatus and 

-1Saccharomyces  cerevisiae at 500 μg ml
Allium cepa assay revealed that both the 
essential oils possessed negligible 
mutagenic effects. The essential oils 
showed both antioxidant and anti-
inflammatory activities. C. citriodora leaf 
essential oil showed herbicidal effects of the essential oils. 

 The present study showed that  both leaf and floral part essential oil of C. citriodora can be utilize in different  industrial prospectives .

 Anti-inflammatory, anti-microbial, Corymbia citriodora, Essential oil
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Introduction

Plant essential oils are secondary metabolites, which are 
volatile in nature, these complex compounds are characterized 
by sweet smell and high refractive index (Dezsi et al., 2015). 
Essential oils are usually obtained by steam or hydro distillation 
(first developed in middle ages by Arabs) from various aromatic 
plants localized from temperate to warm countries like 
Mediterranean and tropical countries (Elhidar et al., 2019). 
Corymbia citriodora belongs to Myrtaceae family which consist of 
145 plant genera out of which 5,970 species and subspecies 
confirmed (Bhalla, 1997). It is a group of large trees mainly native 
to Australia, China, Carribean, Ecuador, El Salvador, Honduras, 
Panama, and neighboring islands (Jørgensen and Yenez, 1999; 
D’Arcy, 1987; Linares, 2003; Liogier, 1982; Molina, 1975; Batish 
et al., 2008). Apart from this, the plant has allelopathy activity with 
slow decomposition rate and has the capacity of inhibiting 
germination and growth of native plants in its invaded areas 
(Evaristo et al., 2011). The plants belonging to this species also 
has the capacity to reduce ground water availability, displacement 
of native vegetation, increases soil erosion and also modify soil 
nutrients (Schneider, 2003). Hence, this plant has numerous 
ecological importance with deep environmental impact. 
Economically, this plant has wide application as an ornament, 
timber production and essential oil extraction (Orwa et al., 2009). 
The essential oil of this plant is among the world’s top-traded oil 
(Bakkali et al., 2007). Essential oils are used for treating pain, 
inflammation, viral diseases, cancer due to their potential to 
enhance the penetration capacity of drugs (Adorjan and 
Buchbauer, 2010). Earlier reports have revealed that various 
essential oils possess antioxidant and insecticidal activities 
(Stevenson and Hurst, 2010). The human body needs some 
external source of antioxidants to reduce the level of free-radicals 
present awareness (Siddique et al., 2013). Nowadays owing to 
increased awareness people prefer organic or natural products 
over the chemically synthesized agents because of more safety 
with negligible side effects and the essential oil of C. citriodora can 
be an effective source against free radicals (Bakkali et al., 2007). 
C. citriodora essential oil has been categorized under GRAS 
(generally regarded as safe) by the Food and Drug Authority of 
USA and has been certified as non-toxic (Siddique et al., 2013). 
The plant possess high antioxidant properties (Singh et al., 2012). 
Traditionally, hot water extracts of C. citriodora used as an 
analgesic, anti-inflammatory, and antipyretic remedies for 
treating of respiratory infections, like cold, flu and sinus 
congestion (Shen et al., 2012). This plant has potent antimicrobial 
properties and so it can be used in making creams, soaps and 
toothpaste (Javed et al., 2012). As reported by various 
researchers (Anjana and Thoppil, 2013; Dhifi et al., 2016; Rank 
and Nielson, 1993.) C. citriodora possess a slight cytotoxic effect 
which is observed in their study. Leaf extract of plant can delay the 
loss of climbing ability in drosophila fly (Sharififar et al., 2007). 
Although the floral part is an integral part of the plant, majority of 

research works on this plant have been done using leaf essential 
oils. The essential oil yield of the plant and its components are 
dependent on climatic conditions, collection time, extraction 
procedure, maturity time etc. (Smaka et al., 1996). Therefore, this 
study aimed to evaluate and compare different biological 
activities, chemical compositions of C. citriodora oils of leaf and 
floral part essential. 

Materials and Methods

Plant material and extraction of essential oils: Fresh leaves 
and floral parts of C. citriodora were separately collected from the 
plants grown at the Experimental Farm of the CSIR-North East 
Institute of Science and Technology, Jorhat, Assam. The plant 
was identified by the breeder of medicinal, aromatic and 
economic plant group, CSIR-NEIST, Jorhat and the voucher 
specimen was submitted in the herbarium of the institute vide 
RRLJ-2176. For extraction of essential oil, 300 g of fresh leaves, 
as well as floral parts, were separately hydro distilled for 4.5 hr 
using 3l capacity Clevenger apparatus. The experiment was 
repeated three times. After completion of the extraction process, 
the essential oil was collected, measured and treated with sodium 
anhydrous to absorb the moisture content present in the essential 
oil prior to storage at 4ºC for further analysis of essential oil. 

GC/MS analysis of essential oil: GC/MS analysis was 
performed with TRACE Ultra Gas Chromatograph attached to an 
ISQ Mass Spectrometer which was connected to a computer 
loaded with software installation, which was a product of Thermo 
Fisher Scientific, USA. The column used was HP-5MS 
(30m×0.25mm; 0.25 µm film thickness). The carrier gas was 

-1helium at flow rate of 1ml min . The temperature of GC oven was 
stabilized at 40°C for 2 min, then the system was programmed to 

-1 -1250ºC at 5ºC min  and up to 300ºC at 30ºC min  and maintained 
the condition for 10 min. One µl of diluted sample (in acetone 
1:100v/v) was injected at a constant temperature of 250°C 
through a split injector (1:20 during 1 min). 

The scan range of GC/MS was 45 to 650 amu. The total 
ion chromatogram showing peak profiles were tentatively 
identified by matching their mass spectra data to Willey mass 
spectral library. The concentration of identified compounds, 
expressed as percentage was directly calculated from peak 
areas. The compound was identified by comparing the retention 
indices on available literature with similar GC condition (Adams, 
2017). The authentications of compounds were also determined 
by the standard samples (Standards were purchased from Fluka 
and Sigma Aldrich, Germany and Hi-media India).

Antimicrobial screening: 

Bacterial and fungal strains: Different bacterial strains 
Staphylococcus aureus (ATCC-11632), Bacillus subtilis (ATCC-
11774), Bacillus cereus (ATCC-10876) and Salmonella 
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typhimurium (ATCC-13311) were used to determine the 
antibacterial activities of essential oils. All strains were American 
type culture collection (ATCC) standard. Four fungal strains viz; 
Aspergillus niger (ATCC-16886), Aspergillus fumigatus (ATCC-
204305), Saccharomyces cerevisiae (ATCC-9763) and Candida 
albicans (ATCC-66027) were used to determine antifungal 
activities of leaf and floral part essential oils. 

Antimicrobial assay: Antimicrobial screening was performed by 
culturing the bacteria freshly in Mueller and Hinton Broth and the 
fungus was cultured in Potato Dextrose Broth for 24 hr at 37°C 
and 48 h at 28°C, respectively. After the incubation period, both 
bacterial and fungal cultures were set with an optical density 
similar to McFarland standard in saline water. The optical density 
was measured with the help of a spectrophotometer at 600 nm 
(Genesis 10UV spectrophotometer). Bacterial susceptibility test 
was performed by disk diffusion technique wherein the inhibition 
zones for different bacteria and fungus were observed and 
measured. The MIC (Minimum Inhibitory Concentration) assay 
was performed using tetrazolium chloride for bacterial strains and 
for the fungal strains both visual and spectrophotometric methods 
were used (Oyaizu, 1986). All the experiments were repeated 
three times to reduce the experimental errors.

Genotoxicity test based on Allium cepa assay: To examine the 
anti-mitotic activity of essential oils, Allium cepa assay was 
performed (Babatunde and Bakare, 2006). Both the essential oils 

-1of C. citriodora in the concentration of 1µg ml  were used for the 
assay. Distilled water was used as a negative control whereas 
ethyl methanesulfonate was used as a positive control. The assay 
involved suspension of three onion bulbs in three 100ml beaker 
for 72 h each of which contain the essential oil, EMS and distilled 
water. After 72 hr the total root growth lengths were measured and 
the effects of the essential oils were measured. For chromosomal 
aberration and mitotic index value the roots tips were cut and fixed 
in 3:1 ratio of ethanol and glacial acetic acid. Following fixation, 
the root tips were stained using acetocarmine and slides were 
prepared further analysis. Chromosome breakage, stickiness, 
clumped, chromosome bridge and multi-polarity were taken as 
aberrations. Mitotic index values were calculated as per 500 
observed cells and the chromosomal aberration percentage were 
calculated( Bakare et al., 2000).

Antioxidant assay:

DPPH assay: DPPH method was carried out with six different 
-1concentrations of the test solution, 1.5, 3, 6, 12, 24 and 48 µg ml  

in methanol to make final volume of 3 ml. DPPH was added to 3 m 
of different concentrations of sample. The reaction was set up by 
mixing and incubating at room temperature for 30 min in dark. The 
spectrophotometric reading was measured at 517 nm (Gogoi et 
al.,2020). The reaction was carried out for C. citriodora leaf and 
floral parts essential oil which was compared with the standard 
ascorbic acid.

Reducing power activity: The reducing power was calculated 
according to the standard protocol of Oyaizu et al. (1986). Both 

the essential oils were mixed with phosphate buffer (2.5 ml, 0.2M, 
pH 6.6) and 2.5 ml of 1% K Fe(CN) ,  incubated at 50ºC for 25 min, 3 6

to which trichloroacetic acid was added and the mixture was 
centrifuged at 3000 rpm for 10 min. A 2.5 ml of the supernatant 
was mixed with distilled water (2.5 ml) and 0.5 ml of 0.1% 
aqueous FeCl was added and the absorbance was read at 700 3 

nm. Higher absorbance of test sample signifies stronger reducing 
activity (Guttierez et al., 2008).

Estimation of total phenolic content: Total phenolic 
compounds present in essential oils of C. citriodora leaf and floral 
part were determined by Folin-Ciocalteu method (Fiskesjo, 

-11997). Concentrations ranging from 10-160 µg ml  of gallic acid 
was mixed with 2.5 ml of Folin-Ciocaltue reagent (1:9 FC: 
Methanol) for the preparation of the calibration curve. Similar 
concentrations of leaf and floral part essential oils were taken and 
2 ml of Na CO , was mixed and incubated for 2 hr at room 2 3

temperature. Spectrophotometric reading was taken at 760 nm. 
Total phenolic content was estimated in milligram of gallic acid 
equivalent per gram of the product.

Anti-inflammatory activity : Anti-inflammatory assay was 
performed as per standard protocol of Chandra et al.(2012). The 
reaction mixture (5 ml) consisted of 0.2 ml of egg albumin, 2.8 ml 
of phosphate-buffered saline (PBS, pH 6.4) and 2 ml of test 
concentrations. Similar volume of double-distilled water was used 
as control. The mixtures were incubated at 37±2ºC in a BOD 
incubator for 15 min and then heated at 70ºC for 5 min. After 
cooling, the absorbance was read at 660 nm on Genesis 10UV 
spectrophotometer (Thermo Electron Corporation, USA). 
Diclofenac sodium (Sigma, USA) was used as a reference drug 
and treated similarly for the determining the absorbance. Anti-
inflammatory activity was calculated by the formula:

Where, ‘EC’ and ‘AS’ stands for absorbance of the control and 
essential oils, respectively. The IC values were also calculated 50 

using Graph pad prism software.

Protease inhibitory activity: Protease inhibitory activity was 
assayed according to the method of Kunitz et al. (1947), with a 
slight modification in the protocol. The total reaction mixture 
consisted of 0.1M trypsin solution and test concentrations (50, 

-1100, 150, 200, and 250 µg ml ) and incubated at 37ºC for 5 min, 
followed by addition of 0.1% of casein solution incubated at the 
same temperature for another 15 min. The reaction was stopped 
by adding perchloric acid. The absorbance of the solution was 
read at 280 nm on Genesis 10 UV spectrophotometer.

Inhibition (%) = 
(EC - AS)

EC
x 100

Percentage of inhibition = 

absorbance of the control-
absorbance of the sample

absorbance of the control 
x 100
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Seed germination assay: Seed germination assay was 
performed as per Paudel et al. (2008) with slight modifications. 
Double distilled water was used to imbibe mung seeds for a 
period of 48 hr. Filter papers stacked in three layers were placed 
in a petri plate and moistened with distilled water, then 2.5, 5, 10, 

-120, and 40 µg ml  concentrations of essential oils were added 
respectively. Acetone was used as solvent for dissolving the 
essential oils at different concentrations. Each treatment 
combinations had three replications. Twenty seeds were kept in 
each plate maintaining equidistance. Plates were incubated at 25 
± 1ºC. The petri plates were examined for germination regularly. 
The germination percentage and radical emergence were 
recorded as per standard protocol (Paudel et al. 2008). The 
seedling growth was measured and compared accordingly. 

Statistical analysis : Statistical analysis was carried out with 
XLSTAT 2019 software and ANOVA results were analyzed.

Results and Discussion 

GC/MS analysis of leaf and floral part essential oils of 
Corymbia citriodora: GC/MS analysis identified twenty-two 

chemical compounds in the floral part essential oil, while in leaf 
essential oil only twelve compounds were detected. The total area 
percentage of identified chemical components of C. citriodora 
floral part essential oil is 85.69 % and in the leaf part, 93.24 % 
(Table 1). The major compounds present in the floral part 
essential oil of were α-pinene (16.44%), citronellal (9.92%), o-
cymene (9.89%), 10-epi-eudesmol (8.32%), α-eudesmol 
(7.85%), citronellol (7.13%), α- terpinene (6.54%), γ-terpinene 
(6.42%) whereas in leaves, the major compounds were citronellal 
(57.57%), dihydro citronellol acetate (9.48%), trans-
caryophyllene (9.10%), citronellol (7.29%) and trans-ocimene 
(6.37%). Other compounds were present in minor quantity in both 
flower and leaves. In floral part essential oil, α-pinene (16.44%) is 
a dominant component which is a monoterpene. It has some 
gastroprotective activity and can be used as a cure for gastric 
ulcer (Pinheiro et al., 2015). The major component found in the 
leaf part essential oil was citronellal (57.57%) but Ghareeb et al., 
(2015) reported that C. citriodora contains 33.52% citronellal. 
Usually, citronellal is a major compound in essential oil of 
Cymbopogon winterianus (Kim et al., 1996) but in this study, the 
essential oil of leaf part contains citronellal as the major 

Table 1 : Corymbia citriodora leaf and floral essential oils GC/MS analysis

* **Compounds RI RI RT  CCF% CCL%

a-pinene 939 938 5.85 16.44 0.88
a- terpinene 1017 1013 8.30 6.54 -
o-cymene 1026 1028 8.59 9.89 -
trans-ocimene 1050 1048 9.42 - 6.37
g-terpinene 1059 1060 9.78 6.42 1.3
Terpinolene 1088 1083 10.98 0.6 -
Isopulegol 1149 1054 13.43 0.18 0.64
citronellal 1153 1153 13.58 9.92 57.57
citronellol 1225 1227 16.80 7.13 7.29
d-fenchyl alcohol 1232 1231 17.09 0.28 -
4-terpinenyl acetate 1300 1300 20.22 2.07 -
dihydrocitronellol acetate 1320 1325 21.04 2.79 9.48
a-copaene 1376 1372 23.49 0.33 -
cis-jasmone 1392 1393 24.26 - 0.17
a-gurjunene 1409 1410 25.00 1.56 -
trans-caryophyllene 1419 1418 25.36 0.29 9.1
aromadendrene 1441 1442 26.27 0.63 -
a - humulene 1454 1455 26.82 - 0.22
bi-cyclogermacrene 1500 1500 28.83 0.43 -
cis-calamenene 1529 1530 30.11 1.49 -
elemol 1549 1551 30.78 1.11 -
caryophyllene oxide 1582 1583 32.16 - 0.14
10-epi-eudesmol 1623 1625 33.77 8.32 0.08
a-eudesmol 1653 1652 34.91 7.85          -
b -farnesol 1714 1712 37.27 1.14  -
hexadecanoic acid 1960 1962 45.95 0.28  -
Total identified percentage      85.69 93.24
Unidentified percentage 14.31                6.76

* **GC/MS= Gas chromatography/mass spectroscopy; RI = Retention indices (literature); RI = Retention indices (reported); RT= Retention time; CCF= C. 
citriodora floral essential oil; CCL= C. citriodora leaf essential oil.
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compound amounting to 57.57%. There has been a report from 
the Réunion Island where citronellal content was found to be 
present as a major compound amounting to 63% in the C. 
citriodora essential oil (Vernin et al., 2004). Recently Pino et al., 
2020, reported that C. citriodora grown in western Cuba showed 
35.6% of citronellol content; this amount is less than present 
study. The difference in percentage is may be due to the 
geographical difference. Miguel et al., (2018) showed that C. 
citriodora essential oil composed 78% of citronellal as the major 
compound. In some studies, it has been seen that α-pinene found 
in C. citriodora floral part essential oil inhibits ethanol-induced 
gastric lesions and can also increase production of gastric wall 
mucus (Paudel and Gupta, 2008). Citronellal is a major 
compound in the essential oil of Java citronella which has 
repellent activity against Aedes aegypti mosquitoes (Timothy et 
al., 2014; Kim et al., 1996). 

Antimicrobial analysis: The essential oil has been known for its 
antimicrobial activity (Chandra et al., 2012). Therefore, the 
essential oil extracted from the leaf and floral parts of plant was 
been tested separately for antibacterial activity at different 

-1concentrations viz., 50, 100, 250, 500 µg ml  by disk diffusion 
method wherein the zone of inhibitions were measured. The 
antibacterial activity was performed against S. aureus, B. subtilis, 
B. cereus and S. typhimurium (Table 2). The zone of inhibitions 
were measured in millimeter and it was found t a leaf 
essential oil possessed antibacterial activity towards S. aureus (17 

-1mm at 500 µg ml ) and was less effective towards B. cereus (9mm) 
-1which was effective at 250 and 500 µg ml  (Table 2). However, it 

showed no inhibition towards B. subtilis and S. typhimurium. The 
antibacterial activity of the C. citriodora floral part essential oil was 

-1also observed for B. subtilis (14 mm at 500 µg ml ), followed by S. 
-1typhimurium (13 mm at 500 µg ml ), S. aureus (10 mm at 500 

-1µg/mL) and B. cereus (10 mm at 500 µg ml ). Different studies 
showed that Corymbia citriodora essential oil has a potential effect 
on different bacteria and it can inhibit their growth (Javed et al., 
2012). But in another study, it has been observed that both the 

hat C. citriodor

essential oils were hardly active against multidrug-resistant 
bacteria (Menut et al., 1995). S. aureus and B. cereus are 
responsible for food borne diseases (Folin, 1927). Mishra, 2010 
reported that report C. citriodora essential oil showed inhibitory 
effects against S. aureus, S. typhimurium, and B. cereus. B. subtilis 
is also a food borne bacteria, which was reported to be inhibited by 
floral essential oil of plant which can be a good antimicrobial source 
for food manufacturing industries (Magiorakos et al., 2012). The 
antifungal activity of C. citriodora essential oil is shown in (Table 3). 
The highest activity was observed against A. fumigatus with an 
inhibition zone of 16 mm in leaf and 20 mm in floral essential oil at 

-1500 µg ml  concentration, in case of S. cerevisiae the floral 
essential oil showed 35mm in the highest concentration used in the 
test (Table 3). There are few reports available on the antifungal 
activity of C. citriodora essential oil. According to a report C. 
citriodora essential oil is capable of inhibiting A. fumigatus (Hadjer 
et al., 2017). The MIC values were calculated for both fungal and 
bacterial strains, the MIC results showed significant inhibition of 
both strains when treated with both floral and leaf essential oils. C. 

-1citriodora leaf essential oil showed MIC value of 5µg ml  towards S 
-1.aureus and 10 µg ml  towards A. fumigatus. Similarly, the floral 

-1essential oil showed MIC value of 10 µg ml  towards B. subtilis and 
-15 µg ml  towards S. ceriviaceae. Both the essential oils, thus, 

possess good antifungal as well antibacterial properties.

Genotoxicity assay: Allium cepa model is considered as a good 
model for mutagenic test and generally used to determine the 
cytotoxicity of a drug (Gogoi et al.,2020). The results of cytotoxicity 
assay are depicted in Table 4 and 5, where mitotic index values for 
C. citriodora leaf and floral essential oils were 13.19% and 
12.05%, respectively. Also, the chromosomal aberration 
percentage was low compared to positive control with 3.6% for 
leaf and 2.8% for floral essential oil (Table 6). The cytotoxicity test 
showed reduction in dividing cells which in turn showed root 
inhibition of onion bulb. The mito-depressive effect results in the 
reduction of the dividing cells of onion roots. Mitotic Index (MI) can 
be used as a reliable measure for the cytotoxicity of drugs (Silva et 

Table 2 : Inhibition zone length formed due to Corymbia citriodora leaf and floral essential oil against different bacterial strains.

Essential oil Bacterias                 Inhibition zone (mm) Diameter in (Ciprofloxacin) (mm) 

-1 -1 -1 -150 µg ml 100 µg ml 250 µg ml 500 µg ml

 C. citriodora leaf S. aureus 7 7 9 17 22
B. subtilis - - - - 19
B. cereus - - 7 9 18
S. typhimurium - - - - 25

C. citriodora floral S. aureus 7 8 9 10 22
B. subtilis 7 8 12 14 19
B. cereus - - 8 10 18
S. typhimurium 8 9 12 13 25
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al., 2003). Chromosomal aberrations can a break or exchange of 
chromosomal materials (Table 6). In this study, sticky 
chromosomes, bridges, clump, multi-polarity and breakages were 
observed in this study (Fig. 1). Chromosome stickiness is 
characterized by chromosome clustering during any phase of cell 
cycle, which is postulated to result from defective functioning of 
one or two types of specific non-histone proteins involving 
chromosome organization required for chromatid separation and 

segregation (Timothy et al., 2014). Bridges and fragments are 
clastogenic effects, both resulting from chromosomal and 
chromatid breaks (Stevenson and Hurst, 2007). Although 
essential oils of Corymbia citriodora  leaf and floral parts showed a 
decrease in MI with increasing concentrations of essential oil 
treatment it was found to be negligible in comparison to positive 
control EMS. Therefore, it can be concluded that the essential oils 
of both leaf and floral part possess negligible toxic effects.

Table 4 : Genotoxicity test for Corymbia citriodora leaf and floral part essential oil

Treatments Root length (cm)

Ethyl methanesulfonate (positive control) 0.94 ±0.003
Distilled water (negative control) 6.86 ±0.015
C. citriodora  leaf essential oil 5.18 ±0.013
C. citriodora  floral Part essential oil 4.78±0.009

Table 3 : Inhibition zone of Corymbia citriodora leaf and floral part essential oil against different fungal strains

Essential oil Fungus                      Inhibition zone(mm) Diameter in (Fluconazole) (mm)

-1 -1 -1 -150 µg ml 100 µg ml 250 µg ml 500 µg ml

Leaf A.fumigatus 14 14 16 16 14
A.niger 7 10 13 15 27
S.cerevisiae - 9 11 12 19
C.albicans 6 9 11 15 22

Floral A.fumigatus - - 14 20 14
A.niger - - - - 27
S.cerevisiae - - 30 35 19
C.albicans - 7 10 17 22

Table 5 : Mitotic index calculation for Corymbia citriodora leaf and floral part essential oil

Treatments Mitotic Index (%) Prophase (%) Metaphase (%) Anaphase (%) Telophase (%)

Distilled water (negative control) 16.01 48.13 30.70 11.16 10.01
Ethyl methanesulfonate (positive control) 5.32 95.06 04.94 - -
C. citriodora  leaf essential oil 13.19 49.56 32.71 10.72 7.01
C. citriodora  floral essential oil 12.05 51.05 30.58 11.31 07.06

Table 6 : Chromosomal aberration result (the chromosomal aberrations are observed in 72 hr time period)

Treatments Chromosome Multipolarity Breakage Sticky Clump Chromosomal 
bridges chromosome aberrations (%)

Ethyl methanesulfonate (positive control) 43 37 15 13 9 23.4±0.87
Distilled water (negative control) 5 3 3 7 4 4.4±0.15
C. citriodora  leaf essential oil 5 1 - 8 4 3.6±0.15
C. citriodora  floral essential oil 3 2 1 6 2 2.8±0.1
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Antioxidant activities

DPPH assay and reducing power: DPPH is more reliable and 
easiest method to determine the antioxidant activity of any drug. 
When DPPH (dissolved in methanol) was added to the essential oil 

sample, the color of DPPH changed from purple to yellow which 
showed good radical scavenging activity with 96.41% inhibition in 
leaf and 53.31% in floral essential oil at 48µg/mL (Table 7). Earlier 
the antioxidant properties of C. citriodora leaf essential oil was 
studied where essential oil in 80% concentration exhibited 79.55% 

Fig 1 : (a) Negative control (b) Positive control (c,d,e) Corymbia citriodora floral and leaf essential oils showing  clumped, sticky, multi-polarity and 
chromosome breakage.

(a) (b)

(c) (d)

(e)
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Table 9 : Anti-inflammatory activity of Corymbia citriodora leaf and floral essential oil

Concentrations Diclofenac sodium(%) Leaf Floral 
-1 -1 -1 -1(µl ml ) ±SDIC =800.6 µl ml IC =223 µl ml IC =257.5 µl ml50 50 50

50 70.59 ± 0.265 44.04±0.258 47.80±0.581
100 80.67 ± 0.023 48.18±0.234 61.59±0.540
150 86.04 ± 0.098 ** 16.29±0.233 30.01±0.292
200 81.05 ± 0.003 61.82±0.245 60.44±0.587
250 80.13 ± 0.653 73.25±0.234 68.49±1.009
300 77.76 ± 0.213 90.80±0.242 83.44±0.676

Values are mean ± S.D. 

Table 7 : DPPH free radical scavenging activity of Corymbia citriodora leaf and floral essential oils

Concentrations Ascorbic acid% inhibition Leaf Inhibition percent Floral Inhibition percent 
-1 -1 -1 -1(µl ml ) ±SDIC = 1.483 µl ml ±SDIC =1.058 µl ml ±SDIC =0.2379 µl ml50 50 50

1.5 26.8 ± 0.004 35.38±1.17 2.71±0.21
3 27.5 ± 0.210 49.23±0.79 8.73±0.22
6 29.9 ± 0.003 62.05±0.49 11.14±0.72
12 32.6 ± 0.118 88.97±1.13 18.37±0.34
24 42.7 ± 0.389 95.89±1.01 38.25±0.79
48 45.2 ± 0.074 96.41±1.09 53.31±0.63

IC = 50% inhibition concentration, ;Values are mean ± S.D.50

Table 8 : Reducing power of Corymbia citriodora leaf and floral essential oils

-1Concentrations(µl ml ) Control Absorbance (nm) Standard Leaf Floral

1.5 0.132 ± 0.003 0.194±0.001 0.278±0.003 0.292±0.001
3 0.201±0.001 0.303±0.001 0.313±0.001
6 0.247±0.001 0.410±0.002 0.331±0.001
12 0.331±0.001 0.526±0.001 0.364±0.001
24 0.444±0.001 0.707±0.0015 0.391±0.001

Values are mean ± S.D.

inhibition which is almost similar to the present study (Table 7) 
(Mishra et al., 2010). The reducing power of the C. citriodora leaf 
and floral essential oil was determined by capacity of essential oil to 
reduce the ferricyanide complex to ferrous form (Chouhan et al., 
2017). The reaction showed a light green color. The 
spectrophotometric analysis was done at 700 nm and compared to 
the standard ascorbic acid. It was seen that higher the 
concentration of the essential oil of C. citriodora higher the reducing 
power (Table 8). Previous reports also confirm that C. citriodora 
possess strong antioxidant properties (Siddique et al., 2013).

Total phenolic and flavonoid content: The total phenolic 
content present in leaf essential oil of C. citriodora was 2.56 mg 

-1 -1ml  and floral essential oil was 2.38 mg ml . The total flavonoid 
-1content of leaf essential oil was 4.52 mg ml , while in the floral  

-1essential oil it was 60.23 mg ml . Previous reports revealed that 
the plant possess appreciable quantity of phenolic and flavonoid 
compounds (Dey et al., 2014).

Anti-inflammatory properties: The anti-inflammatory 
properties of the C. citriodora essential oils were studied using 
several pharmacological methods (Shen et al., 2012). According 
to a study on anti-inflammatory tests performed on Wistar rats, 
use of this essential oil increases the capacity of rats to keep their 
tails in hot water (50ºC) for a long period (Gaulden, 1987). In the 
present study the anti-inflammatory activity of C. citriodora leaf 
and floral essential oil were studied in-vitro using fresh hen’s egg 
albumin for which anti-inflammatory property was the highest in 
C. citriodora leaf essential oil with 90.80% inhibition towards 

-1protein denaturation at 300 µg ml  and 83.44% in C. citriodora 
floral essential oil (Table 9). No other reports on the anti-
inflammatory activity of C. citriodora are available till date.

Protease inhibitory assay showed prominent results in C. 
-1citriodora leaf essential oil (IC 47.64 µg ml ) and for floral (IC50 50 

-12.59 µg ml ) (Table 10), which concludes that with increasing 
concentration the protein degradation rates slow down and the 
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flower essential oil is more effective than leaf part essential oil. 
According to a report, citronellal possesses strong anti-
inflammatory activity and may strong anti-inflammatory activity of 
leaf essential oil (Marselo et al., 2015). No previous reports have 
been found in the research domain.

Seed germination assay : Seed germination assay was 
performed to determine the dose-dependent effect of the 

essential oil on the germination rate of Vigna radiata, seedlings 
over 48 hr of exposure. The results showed that the essential oil 
effectively inhibited germination rate of the seeds and the effect of 
essential oil changed with oil concentrations (Table 11). Total 
inhibition was not observed for the essential oils. However, in leaf 
essential oil, a good inhibition of the seed growth was observed at 

-120 µg ml  concentration. A study by Anjana and Thoppil, (2013) 
showed similar result. 

Citronellal is extensively used in mosquito coils whereas 
trans-caryophyllene is used in antinociceptive activities in murine 
models of acute and chronic pain. A compound found in small 
amount named oleic acid is used in the production of soaps as an 
emulsifying agent. C. citriodora essential oil has propitious effects 
on other fields also; the results mentioned above showed great 
effects of C. citriodora essential oil on antimicrobial tests. 

Nowadays antimicrobial finished flame retardant textile 
materials are also a possibility to use this essential oil as an 
antimicrobial agent. Both of the C. citriodora essential oils 
showed antioxidant as well as anti-inflammatory activity with 
negligible genotoxicity, making the essential oil pharmaceutically 
important. Herbicidal activity further paves path to use the plant 
essential oil as a potent natural weed controller. Altogether these 
characteristics of plant ensure a future research prospect.

Table 11 : Seed germination assay for Corymbia citriodora leaf and floral essential oils 

-1Concentrations Floral essential oils (µg ml ) Number of seed germinated Number of seed not germinated

2.5 18 2
5 17 3
10 15 5
20 13 7
40 9 11

-1Concentrations Leaf essential oil  (µg ml ) Number of seed germinated Number of seed not germinated

2.5 16 4
5 15 5
10 13 7
20 12 8
40 7 13

µg= microgram; ml = milliliter

Table 10 : Protease inhibitory activity of Corymbia citriodora leaf and floral essential oil 

-1Concentrations (µl ml ) Leaf essential oil inhibition             Floral essential oil inhibition (%)                
(IC  = 47.64) ( )50

1.5 2.497 38.59
3 9.242 79.74
6 19.05 82.51
12 22.23 84.12
24 28.64 91.23
48 49.1673 95.54

IC = 50% of inhibition, µl = micro liter, ml = milliliter50

(%) 
IC  = 2.5950
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Fig. 2 : Mean chart on effect of C. citriodora essential oil on Vigna radiata 
seed germination. 
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