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INTRODUCTION 

 

Murraya koenigii, belongs to Rutaceae is most widely distributed in tropical and 
subtropical countries. It is commonly represented as curry leaves in India 

(Akanksha Rani et al., 2017). It has been used as a traditional medicine for 

treating rheumatism, traumatic injury and snake bites due to the presence of 
important bioactive compounds (Ashokkumar et al., 2013).  

Leaf essential oil of M. koenigii contains monoterpenes as predominant constituent 

which has antioxidant, antibacterial property and also plays an important role in 
cosmetic industry (Lal et al., 2005; Mini Priya et al., 2014). Several studies have 

reported the chemical constituents of essential oil extracted from various parts of 

M. koenigii such as fruit, seed cotyledon, leaf and flower. Very few reports were 

dealt with the volatile analysis of M. koenigii raw fruit but not concerned with its 

medicinal values (Mallavarappu et al., 2000; Walde et al., 2005, 2006). 

According to our knowledge the present work is considered as the first attempt 
which focused on volatile constituent analysis and biological properties of essential 

oil extracted from M. koenigii fruit.  

 

MATERIALS AND METHODS 

 

Collection of fruit and oil extraction  

 

Raw fruit of Murraya koenigii (Linn.) Spreng was collected in the months of June 

and July from Coimbatore, Tamil Nadu, India. Essential oil extraction was carried 
out using Clevenger apparatus through hydrodistillation process for 2 hours. 

Sodium sulphate anhydrous was used for separating oil from water and the purified 

oil was tightly sealed and stored at 4 ºC for future studies. 
 

GC/GCMS analysis 

 

The extracted essential oil was analyzed by Gas Chromatography. The Perkin 

Elmer Clarus 680 GC (Waltham, Massachusetts, United States) employed had 

Elite-5 MS capillary column (5% biphenyl, 95% dimethylpolysiloxane, 30 m × 
0.25 mm, 0.25 μm film thickness) and a flame ionization detector. The temperature 

was set at 260 °C during injection of 1 μL of oil. 10:1 split ratio was maintained. 

Initial oven temperature was set at 60 °C for 2 min. At the rate of 10 °C min-1, the 
oven temperature was increased upto 290 °C and maintained for 6 min. Separation 

of compounds was done using helium gas at a flow rate of 1 mL/min. The 

percentage of oil constituents were measured by chromatographic peaks.  

Gas Chromatography/ Mass Spectrometry analysis of essential oil was done in a 
Perkin Elmer Clarus 680 GC (Waltham, Massachusetts, United States) with Elite-

5 MS (5% biphenyl, 95% dimethylpolysiloxane, 30 m × 0.25 mm, 0.25 μm film 

thickness) interfaced with Clarus 600 Mass Spectrometer. The conditions used for 
GC were same as for MS analysis. For mass detector, the temperature for transfer 

line and ion source temperature was set at 230 °C. The ionization mode electron 

impact was set at 70 eV. Based on retention indices and mass spectra, the 
chromatographic peaks were identified and analysed using NIST spectral library 

(NIST 2008).  

 

Antioxidant assay 

 

Different concentrations of M. koenigii fruit oil was prepared using 10% dimethyl 
sulfoxide (DMSO) and used for antioxidant studies. Butylated hydroxytoluene 

(BHT) was used as standard.  

In vitro antioxidant activity of M. koenigii fruit oil was evaluated by scavenging of 
DPPH (Mensor et al., 2001) and hydroxyl radicals (Zhao et al., 2006), chelation of 

metal ions (Singh and Rajini 2004), inhibition of linoleic acid peroxidation (Choi 

et al., 2002) and prevention of deoxyribose degradation (Halliwell et al., 1987). 
The percentage of inhibition was calculated as follows: % Inhibition = [(AB - AA)/AB] 

x 100, where AB, blank absorption, AA, sample absorption.      

 

Antiacetylcholinesterase activity  

 

According to Ingkaninan et al. (2002), the enzymatic activity was measured. The 
reaction mixture contained 500 µL of 3 mM DTNB, 100 µL of 15 mM AChI, 275 

µL of 50mM tris-Hcl buffer (pH 8) and various concentrations of essential oil. 25 

µL of buffer was added in the blank and it was replaced by 25 µL of solution 

containing 0.28 UmL-1 of enzyme in the sample added wells. The reaction was 

observed, and absorption was measured at 405 nm for 5 mins at different time 

interval. Physostigmine was used as standard. 
 

 

 

 

Plant derived essential oils are easily available source for healthcare purpose and it creates increased attention due to undesirable effects 

of chemically synthesized drugs. Murraya koenigii (L.) Spreng. raw fruit oil was extracted, and its chemical constituents was analyzed. 

Antioxidant and acetylcholinesterase inhibitory effect was tested under in vitro. MTT assay for evaluating cytotoxic effect on HeLa cells 

was done. β-phellandrene was identified as major compound in the extracted fruit oil. Scavenging of DPPH radical, inhibition of lipid 

peroxidation and protection of deoxyribose were found to be excellent. A dose dependent antiacetylcholinesterase activity of oil was 

observed with IC50 value as 448.12±0.02µg/mL. A significant growth inhibitory effect of oil on cervical cancer cells (HeLa) was measured 

with an IC50 value of 194.1±0.03µg/mL. Overall, the essential oil extracted from raw fruit of Murraya koenigii (L.) Spreng exhibited 

several biological properties, and it could be considered for plant-based medicine preparations. 
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Cytotoxicity 

 

Cell culture 

 

HeLa cell was purchased from National Centre for Cell Science, Pune. For 

cell line maintanance, DMEM containing fetal bovine serum (10%), L-
glutamine (1%), streptomycin (1%) and penicillin (1%) was used and 

incubated at 37 oC in a moistened incubator (Nectarnova, Canada) containing 

5% CO2. 
 

MTT assay 

 

To each well of 96 well plate, 1x104 cells/100 μL medium was added and was 

incubated for 24 hours. The cells were treated with 25-200 μg/mL of essential oil 
for 48 hours. After adding 20 μl of MTT (5 mg/mL) in phosphate buffered saline, 

the plate was kept for incubation at 37 °C for 4hours. Medium was removed and 

100 μL of DMSO was added. The plate was kept for incubation at 37 °C for 10 
min and absorption was measured at 570 nm (Lau et al., 2004). Doxorubicin was 

used as standard. % of cell viability = ([AB − AA]/AB) x100, where AB, blank 

absorption, AA, test absorption. 
 

Statistical study 

 
In vitro antioxidant, antiacetylcholinesterase and cytotoxicity data were analyzed 

using the statistical package for social sciences (16.00, SPSS Inc. Chicago, IL) for 

IC50 calculation. 
 

RESULTS AND DISCUSSION 

 

Essential oil extraction and chemical composition analysis 

 

Hydrodistillation of 100 g of Murraya koenigii Spreng raw fruit yielded 250 μL 
transparent pale yellow oil with strong aromatic smell. A total of three compounds 

constituting 100% were identified. β-phellandrene, a monoterpene was identified 

as the major constituent which accounts 92.83%. The oil was mainly comprised of 
monoterpenes (Table 1). 

 

Table 1 Chemical composition analysis of Murraya koenigii fruit essential oil 

S.No RTa RIb Compoundsc %d 

1 4.874 928 α-pinene 5.747 

2 6.830 1029 β-phellandrene 92.832 

3 13.363 1188 Terpineol 1.421 

Total 100 
aRetention time of compound  
bRetention indices in reference to n-alkanes series on the Elite-5MS column 
cIdentification of compounds based on MS NIST (2008) library data 
dPercentage of compound in total oil  

 

α-pinene and β-phellandrene were found to be dominant constituents in leaf 

essential oil of M. koenigi (Rajeswara Rao et al., 2011). Similarly, the present 

work regarding essential oil composition analysis of M. koenigii fruit revealed the 
presence of two compounds. Mallavarapu et al. (2000) reported the presence of 

β-phellandrene in M. koenigii fruit oil which accounts 23% but it was found to be 

increased to 92.8% in present analysis report. The percentage of α-pinene found in 
present study was comparatively less when compared with previous findings which 

was reported to be 46.32% and 48.1% in M. koenigii raw fruit oils respectively 

(Mallavarapu et al., 2000; Walde et al., 2005). The variations identified in 
essential oil constituents of M. koenigii reported earlier and in present study may 

be due to the difference in geographical location, climate and soil. The similar 

statement has been concluded by Padmakumari (2009). 
In vitro antioxidant activity 

Antioxidant potential of M. koenigii fruit oil was determined by various in vitro 

tests and their IC50 values were calculated (Table 2). Oil was found to be more 
efficient in scavenging DPPH, inhibiting linoleic acid peroxidation, preventing 

deoxyribose degradation when compared with standard antioxidant butylated 

hydroxytoluene (BHT) whereas it was less effective in chelating metal ions and 
scavenging hydroxyl radicals. 

 

Table 2 In vitro antioxidant activity of M. koenigii fruit oil 

Assays 
*IC50 (µg/mL) 

Oil BHT 

DPPH assay 95.858±0.03 140±0.02 
Hydroxyl radical scavenging 289.25±0.04 140±0.02 

Metal chelation 550.66±0.05 120±0.02 

Inhibition of linoleic acid peroxidation 27.83±0.06 145±0.02 
Prevention of deoxyribose degradation 

assay 
27.05±0.02 75±0.02 

*IC50-inhibitory concentration 50% value expressed as the mean ±standard deviation of three 

replicates 

 

The leaf essential oil of M. koenigii possesses good antioxidant potential as they 

contain monoterpenes as predominant constituents (Mini Priya et al., 2014). From 

the evidence of the literature, monoterpenes identified in this study may play a 

major role in scavenging free radicals. Gunathilake et al. (2016) supports the 

antioxidant results of current work by reporting M. koenigii as a good antioxidant 

supplement among other green leafy vegetables. 
 

Antiacetylcholinesterase activity  

 
According to cholinergic hypothesis, the therapeutic approach for treating 

Alzheimer’s disease should overcome the deficiency of acetylcholine by inhibiting 
acetylcholinesterase (Hasselmo and Giocomo 2006). The essential oil showed a 

dose dependent inhibition of acetylcholinesterase. A minimum inhibitory 

concentration required for inhibiting acetylcholinesterase was calculated to be           
448.12±0.02 µg/mL and it was found to be less effective when compared with 

positive control physostigmine which showed IC50 value as 143±0.01 µg/mL. 

The important effective compounds namely β-Phellandrene and α-pinene were 
reported as strong AchE inhibitors by Marco et al. (2010) and Miyazawa and 

Yamafuji (2005) respectively. The combined antagonistic action of β-

Phellandrene and α-pinene might be responsible for the AchE inhibitory effect of 
M. koenigii oil in the present study. 

 

Cytotoxicity 

 

The cytotoxic effect of M. koenigii fruit oil in HeLa cells was determined by MTT 

assay. The oil showed considerable growth inhibitory action with an IC50 value of 
194.1±0.03 µg/mL. The positive control doxorubicin showed IC50 value of 

10.5±0.01. 

Hakkim et al. (2015) has reported two important terpenes such as α-pinene and β-
Phellandrene in frankincense oil which showed a significant cytotoxicity against 

breast cancer cell (MDA-MB-231). In agreement with the literature, the 

cytotoxicity of M. koenigii fruit oil may be due to the synergistic action of β-
Phellandrene and α-pinene. Since, α-pinene has been reported to be a good 

anticancer agent against different cancer cells it might have contributed to the 

observed cytotoxicity even though at less concentration in this study (Aydin et al., 

2013; Wang et al., 2012). 

 

CONCLUSION 

 

The present study revealed a detailed report for the first time on medicinal 

importance of essential oil extracted from raw fruit of Murraya koenigii (L.) 
Spreng. The present study results suggest that oil could be used as effective 

candidate for preparing herbal based medicine for treating various diseases.  
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