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Abstract— Citronella and palmarosa leaf geranyl acetate 

esterase, GAE is identified and partially purified in vitro. The 

molecular weight of citronella GAE is determined with SDS-

PAGE and with SG-150 column chromatography and it is 40 

kDa. GAE has shown its optimum activity at pH 8.0, with sodium 

phosphate buffer. The GAE enzyme activity of citronella and 

palmarosa crude protein has 1.53 IU/mg and 1.85 IU/mg 

respectively. After the protein concentration/precipitation with 

ammonium sulphate (20-65%) the GAE enzyme activity has 

increased and it was reached to 2.52 and 3.25IU/mg respectively. 

A spectrophotometric enzyme assay for the GAE is developed at 

405 nm maximum absorbance. GAE is showed its optimum 

enzyme activity at 35ºC with a time optimum for 20 min. This 

study has novelty and not mentioned yet in literature. 

Keywords—GAE (Geranyl acetate esterase), Aromatic 

grasses, Esterase, Geraniol, Geranyl acetate. (key words) 

I.  INTRODUCTION  

Esterase is a set of hydrolytic enzymes that breaks ester 
bonds to alcohol and acid by addition of water and are 
universally present in different plants, fungi and animals. 
Different types of esterases such as pectin methyl esterase 
(PME) and acetylesterase (AE) have been identified in the 
organisms. Animal esterases are well studied and are 
catalytically and functionally classified into different groups 
while plant esterases have been viewed heedlessly and noted 
as biochemical markers for morphogenesis and genetic 
characterization of plants etc. Some volatile oil plants 
especially Cymbopogon species constitutively synthesize 
esterases to chop monoterpene esters, geranyl acetate, 
citronellyl acetate and linalyl which are the most common 
acyclic monoterpene esters. The plants synthesize esterases 
and some volatile mono to sesquiterpene to bear adverse 
conditions underneath certain ecological conditions such as 
herbivory, wounding, drought and flood.  

The commercial  use of esterase in plants is to the 
degradation of pectin during ripening of the fruit such as 
Pectin methylesterase  is the most profuse esterase in the 
orange peel which hydrolyses the pectin to methanol and 
polygalacturonic acid during the ripening of fruit.  

In Cymbopogon sp. geranyl acetate esterase, GAE (Shalit 
et al., 2003) has been isolated which slowly hydrolyzes 
Geranyl acetate into geraniol during leaf development. The 
similar report of GAE is found in palamarosa (Cymbopogon 

martinii) inflorescence (Dubey and Luthra, 2001; Dubey et al., 
2003). In this report it has noticed that GAE plays a crucial 
role in the formation of geraniol during leaf development. In 
addition, to leaf development GAE also played different 
regulatory controls at organ, cellular, subcellular and enzyme 
levels for the controlling the balance level of geranyl acetate 
and geraniol. 

In the present study the identification of esterase in the 
Cymbopogon sp. is reported herewith, since Cymbopogon sp. 
is well known aromatic grasses. A lot of secondary 
metabolites have been reported in theses grasses (Sangwan et 
al., 1989, 90, 91).   

All the Cymbopogons grasses are well known for their high 
contents of essential oil, monoterpenes, phenolics etc. Theses 
active biomolecules are widely used in perfumery, cosmetics, 
soaps, detergents, sunscreen, confectionery and in synthesis of 
several vitamins (D. Ganjewala, 2008). Essential oil of these 
grasses was used as a mosquito replants since ancient times. 

 The entire plan of work and objectives of the present study 
is to identification and isolation and of esterase (especially, 
GAE) from the Cymbopogon sps. (Mainly in Cymbopogon 
winterianus and Cymbopogon martini). 

II. REVIEWS AND LITERATURES  

In immature palmarosa (Cymbopogon martinii, var. motia) 

inflorescence with unopened spikelets it has been noted that 

proportion of geranyl acetate in the oil decreased significantly 

with a corresponding increase of geraniol, during 

inflorescence development. An esterase (GAE) activity has 

been reported in the transformation of geranyl acetate to 

geraniol, with the use of gas chromatographic technique. The 

geranyl acetate esterase (GAE), has found active in the 

alkaline pH optimum at pH 8.5. The time linearity catalysis of 

GAE has noted for 6 hours. The GAE enzymatic preparation 

and isolation and its physiological activities has mentioned in 

this report (V. S. Dubey and R. Luthra., 2001). 

 

In the lemongrass (Cymbopogon flexuosus, mutant cv. GRL-1) 

leaves it has been reported that the composition of geraniol 

and geranyl acetate in the essential oil varied throughout its 

development (D. Ganjewala and R. Luthra, 2009). The amount 

of geranyl acetate and geraniol in the essential oil has been 

mentioned at day 10 after leaf appearance. The magnitude of  
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geranyl acetate and geraniol had just about 59% and 33% 

correspondingly. Nevertheless, the level of geranyl acetate has 

noted down from roughly 59 to 3% while the level of geraniol 

grown up from something like 33 to 91% throughout the leaf 

growth period from 10 to 50 days. Still, the turn down in the 

level of geranyl acetate was most marked in the early days (10 

to 30) stage of leaf development. The fashion of changes in 

the proportion of geranyl acetate and geraniol has been 

evidently showed the role of an esterase that has been 

concerned in the conversion of geranyl acetate to geraniol 

during leaf development. In this report it has been mentioned 

about the isolation GAE esterase from leaves of different. It 

has reported that GAE activity obviously changed during the 

leaf development.  It had been a clear linked with the 

monoterpene (geranyl acetate and geraniol) ratio during leaf 

development. GAE had been an optimum pH at 8.5 (sodium 

phosphate buffer) and temperature at 30 ºC (D. Ganjewala and 

R. Luthra, 2009).  

 

The essential oil isolated from the C. martini has been 

identified by the use of x-ray diffraction of its 1:1 solvate with 

deuteriochloroform (Bottini et al. 1987). Only immature 

palmarosa (C. martini) Wats. Inflorescence with raw spikelets 

has been accumulated essential oil significantly. Geraniol and 

geranyl acetate together proportion about 90% of palmarosa 

oil. The proportion of geranyl acetate in the oil decreased 

significantly with a corresponding increase of geraniol during 

inflorescence development. An esterase activity has been 

implicated in the conversion of geranyl acetate to geraniol, 

was found from 

 

the immature inflorescence via a gas chromatography 

method. The enzyme, named as geranyl acetate esterase 

(GAE), had found was active in the alkaline pH range with the 

optimum at pH 8.5. The catalysis of geranyl acetate had been 

found linearly far up to 6 hours, and after 24 hours of 

incubation, 75% of the geranyl acetate incubated had been 

hydrolyzed in this report (Dubey and Luthra 2001). 
 

III. MATERIALS AND METHODS: 

The chapter deals with wide metabolic application of esterase 

have impelled to study the in selected aromatic plant citronella 

and palmarosa. It is proposed to carry out the identification 

and isolation of esterase for description of their activity. Since 

some of the technical elements were specific to plant resource 

of citronella and palmarosa to the identification of esterase, 

the materials and methods for their investigation are presented 

in the following deferent sections. 

A.  Plant Material 

Citronella and palmarosa plants were grown at the 

experimental farm of CIMAP, Lucknow (India) following 

standard agronomic practices. Young and mature leaves were 

harvested for the identification and isolation of the esterase 

enzyme. 

 

 

B. Chemicals 

All biochemicals and reagents like chromogenic substrates 

(geranyl acetate), buffers components etc. were purchased 

from Sigma Chemicals Co. USA and Fluka India Pvt.Ltd. etc. 

Other specifically used chemicals/biochemicals, tools and 

techniques were find their description at required place. All 

the buffers and reagents were prepared in triple distilled water 

made in Quartz-condenser distillation unit (M/s Bhanu 

Scientific Co., India). 

 

C. Optimization of enzyme isolation and assay 

To separate optimal extraction of esterase from citronella 

and palmarosa leaf, the enzyme was isolated using extraction 

buffers of different pH- 8.0 mM Sodium phosphate of 100 

mM contained 10 mM -mercaptoethanol, 5 mM thiourea and 

2 mM EDTA. The homogenate was centrifuged at 10,000 x g 

for 30 min at 4 C. The enzyme activity was assayed in the 

collected supernatant and the total protein content was 

estimated to calculate specific activity of the enzyme.  An 

enzyme assays for esterase was carried out under optimum 

conditions with respect to time and temperature. 

 

D. Enzyme extraction  

All the steps of enzyme extraction and purification were 

carried out 0-4 C unless specified otherwise. Leaf tissue (18 

g) (Citronella and palmarosa was immediately surface rinsed 

with distilled water, de-moistened with a tissue paper and 

made powder with liquid nitrogen in a pestle-mortar.  

GAE was isolated and assayed according to the modified 

method as described by Dubey and Luthra (2001). GAE was 

extracted by means of 100 mM sodium phosphate (sodium 

phosphate) buffer (pH 8.0) containing of 50 mM sodium 

metabisulphite, 10 mM each of 2-mercaptoethanol and 

ascorbic acid, 0.25 M sucrose and 1 mM EDTA. Leaf samples 

(18 g) were ground by mixing of insoluble PVPP (50% w/w) 

in extraction buffer (1:1 w/v). The homogenate was filtered 

through four layers of muslin cloth and the filtrate was 

centrifuged at 10,000 x g (30 min). The clear supernatant (10 

ml) was collected. Collected supernatant (crude enzyme) was 

used for enzyme assayed and enzyme activity. 

 

The supernatant collected was treated with purified 

amberlite X-AD-4 resin (50% of the tissue weight) for 5 min 

at 4 °C to remove the endogenous phenolics. 

 

E. Enzyme assay 

The esterase activity was assayed by the modified method 

of Sharma et al. (2008) using NADH2. The assay mixture in a 

total volume of 1 ml contained 2.5 mM NADH2 (50ul), 100 

mM sodium-phosphate buffer (pH 8.0) and the enzyme 

preparation. The reaction was started by the addition of 

enzyme and the reaction run at 35 C for 20 min following 

which the reaction was stopped by the addition of 750 μl of 
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1.0 M carbonates and the rate of formation of product was 

detected in terms of increase in absorbance at 405 nm in a 

UV-visible spectrophotometer (Perkin Elmer). The control, 

that enclosed all the assay mixture components but wherein 

the reaction was blocked at time zero, was run parallel to set 

the background absorbance to zero. One unit of enzyme 

activity was defined as that catalyzing the formation of one μ 

mole of geraniol formed per minute, under the defined 

conditions. 

F.  Protein estimation 

Protein estimation was done by the method of Lowry et al. 

(1951) using bovine serum albumin as reference standard 

(0.1mg/ml). 

IV. RESULTS AND DISCUSSIONS  

This section of the dissertation mentions with the results 

obtained and their discussions during the present study to 

gather objectives of the study. The results and discussions 

section are discussed below. 

Identification of esterase activity was done in citronella and 

palmarosa simultaneously with replicates (five no).  Zero time 

control and substrate negative were put parallel with 

experimental one while the experiment.  

In the following table 4.1, GAE enzyme activity of citronella 

and plamarosa leaf is recorded. 

TABLE I.   ESTIMATION OF GAE ENZYME ACTIVITY (IU/MG) IN CRUDE 

LEAF EXTRACT OF CITRONELLA AND PALMAROSA. 

 
Esterase activity in citronella 

crude enzyme 

Esterase activity in palmarosa 

crude  enzyme 

Step 
Protein 

(mg/ml) 

Activity 

(IU/ml) 

Specific 

activity 

(IU/mg) 

Protein 

(mg/ml) 

Activity 

(IU/ml) 

Specific 

activity 

(IU/mg) 

1. 0.67 0.93 1.39 0.53 0.97 1.83 

2. 0.58 0.85 1.47 0.49 0.91 1.85 

3. 0.51 0.78 1.53 0.50 0.83 1.66 

4. 0.71 0.83 1.17 0.47 0.87 1.85 

5. 0.57 0.79 1.38 0.54 0.97 1.79 

 

A. Partition of GAE esterase protein with ammonium 

sulphate  

Crude protein from citronella and palmarosa was partionated 

with the 20-65% of ammonium sulphate addition.  Precipitated 

protein was desalted with SG-20 column chromatography. The 

esterase activity in the active fractions was increased than 

crude protein samples. SG-20 passed GAE enzyme was 

showed greater enzyme activity than the crude protein might 

be due to concentrated of protein. The obtained GAE enzyme 

activity is mentioned in the following table 4.2. 

TABLE II.  ESTIMATION OF GAE ENZYME ACTIVITY (IU/MG) IN SG-20 

PASSED ENZYME OF CITRONELLA AND PALMAROSA. 

 

 
Esterase activity in citronella 

in partial purified (SG-20 

passed) enzyme 

Esterase activity in palmarosa 

in partial purified  (SG-20 

passed ) enzyme 

Step 
Protein 

(mg/ml) 

Activity 

(IU/ml) 

Specific 

activity 

(IU/mg) 

Protein 

(mg/ml) 

Activity 

(IU/ml) 

Specific 

activity 

(IU/mg) 

1. 0.34 0.83 2.44 0.29 0.82 2.82 

2. 0.35 0.86 2.45 0.32 0.95 2.96 

3. 0.42 1.06 2.52 0.40 1.30 3.25 

4. 0.44 0.97 2.20 0.50 1.03 2.06 

5. 0.49 0.87 1.77 0.52 0.91 1.75 

 

The molecular weight of GAE was determined with SG-150 

column chromatography with standard protein markers (BSA, 

oval albumin and Ribonuclease A). The obtained molecular 

weight of GAE was 40 kDa. The native molecular weight 

determination of GAE was done in citronella but it could not 

be done in the case of palmarosa.. 
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Fig. 4.1, SG-150 chromatograph of GAE protein and enzyme in citronella 
leaf.  

 

The following chromatogram (4.1) was obtained from the gel 

filtration chromatography (SG-150) of GAE in citronella 
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Fig. 4.2, Coomassie stained SDS-PAGE gel the citronella and palmarosa  
GAE enzyme preparation in crude protein. Lanes: 1, standard molecular 

weight marker mix; 2, crude enzyme of citronella; 3, crude enzyme 
preparation of palmarosa; 4, Partial purified GAE enzyme of citronella. 

     In overall conclusion, this study provides basic biochemical 

analysis of a vegetative esterase from aromatic plants 

(Cymbopogon winterianus and Cymbopogon martinii). GAE 

governs the proportation of several acyclic monoterpenol such 

as citronellol and geraniol nerol etc in plants. To obtain a 

defined image and role of the esterase in aromatic grasses, and 

its regulation, additional studies in intensity is required. 

V. SUMMARY AND CONCLUSIONS 

        Geranyl acetate (ester) breaking esterase (GAE) activity 

is noticed in the leaf extracts of the Cymbopogon winterianus 

and Cymbopogon martinii. The esterase enzyme was partially 

purified and separated on SDS-PAGE showing several bands 

on gel. GAE is showed its highest enzyme activity in the 

palmarosa leaf than citronella. The molecular weight of GAE 

in citronella was found 40 kDa.The activity pattern of GAE 

evidently suggests its participation in the monoterpene 

composition on developmental and growth phages of the leaf.  

Identification and partial purification of GAE in citronella and 

palmarosa is a novel finding not reported in literature yet. 

Further investigation, purification and characterization of 

GAE are requires deep study to known the exact role of GAE 

in citronella and plamarosa. 

ACKNOWLEDGMENT  

Author (Anil Kumar) is thankful to the Director, CSIR-
CIMAP-Lucknow, for giving permission and support to 
facilitate this research. 

 

REFERENCES 

 
[1] Dubey V. S. and Luthra R., (2001) Biotransformation of geranyl acetate 

to geraniol during palmarosa (Cymbopogon martinii, Roxb. 
wats. var. motia) inflorescence development, Phytochemistry, 57 (5), 
675-680. 

[2] Ganjewala D. and Luthra R., (2009) Geranyl acetate esterase controls 
and regulates the level of geraniol in lemongrass (Cymbopogon 
flexuosus Nees) mutant cv. GRL-1 leaves. Z Naturforsch C., 64(3-4), 
251-259. 

[3] Ganjewala D., (2008) RAPD Characterization of Three Selected 
Cultivars OD-19, GRL-1 and Krishna of East Indian Lemongrass 
(Cymbopogon flexuosus Nees) Wats,  American-Eurasian Journal of 
Botany, 1 (2), 53-57.  

[4] Gupta A. K.,  Ganjewala D.,  (2015) Purification and Characterization of 
the 1-Deoxy-D-Xylulose-5-Phosphate Reductoisomerase From 
Cymbopogon flexuosus Leaves, J. of Pharmacy and Technology, 8(3). 

[5] Vijaya S.N., Udayasri P.V., Aswani K.Y., Ravi B.B., Phani K.Y., Vijay 
V.M. (2010 ) ‘Advancements in the production of secondary 
metabolites’, J Nat Prod., Vol. 3, pp. 112–23. 

[6] Davidovich-Rikanati R., Lewinsohn E., Bar E., Iijima Y., Pichersky E., 
Sitrit Y. (2008) ‘Overexpression of the lemon basil a zingiberene 
synthase gene increases both mono and sesquiterpene contents in tomato 
fruit’,  Plant J., Vol. 56, pp. 228–238. 

[7] Ververidis F., Trantas E., Douglas C., Vollmer G., Kretzschmar G., 
Panopoulos N. (2007) ‘Biotechnology of flavonoids and other 
phenylpropanoid-derived natural products’,1111 Vol. 2(10), pp. 1214–
1234. 

[8] Das, K., Tiwari, R.K.S. and. Shrivastava, D.K. (2010) ‘Techniques for 
evaluation of medicinal plant products as antimicrobial agent: Current 
methods and future trends’, Journal of Medicinal Plants Research, Vol. 
4, pp. 104-111.  

[9] Sharkey T.D., Wiberley A.E., and Donohue A.R. (2008) ‘Isoprene 
emission from plants: why and how’, Ann. Bot., Vol. 101, pp. 5–18. 

[10] Schnitzler J.P., Zimmer I., Bachl A., Arend M., Fromm J. and Fischbach 
R.J. (2005) ‘Biochemical properties of isoprene synthase in poplar 
(Populus xcanescens)’, Planta, Vol. 222, pp.777–786. 

[11] Hyatt D.C., Youn B., Zhao Y., Santhamma B., Coates R.M., Croteau 
R.B. and Kang C. (2007) ‘Structure of limonene synthase, a simple 
model for terpenoid cyclase catalysis’, Roc Natl Acad Sci,  Vol. 104 
(13), pp. 5360-5365. 

[12] Kolewe M.E., Gaurav V. and Roberts S.C. (2008) ‘Pharmaceutically 
active natural product synthesis and supply via plant cell culture 
technology’, Molecular pharmaceutics, Vol. 5 (2), pp. 243–256. 

[13] M.S.,  Fareed S.,  Ansari S.,  Rahman M.A.,  Ahmad I.Z. and  Saeed M. 
(2012) ‘Current approaches toward production of secondary plant 
metabolites’, J Pharm Bioallied Sci., Vol. 4(1), pp. 10–20.  

[14] Foudil-Cherif Y.,   Boutarene N.  and Yassaa N. (2013) ‘Chemical 
composition of essential oils of Algerian Myrtus communis and chiral 
analysis of their leave Volatiles’, Journal of Essential Oil Research, Vol. 
25(5), 401–407. 

[15] Augusti Boligon A., Cassel Feltrin A. and Linde Athayde M. (2013) 
‘Determination of chemical composition, antioxidant and antimicrobial 
properties of Guzuma ulmifolia essential oil’, American Journal of 
Essential Oils and Natural Products Vol. 1 (1), pp. 23-27. 

[16] Yadav B., Bajaj A.,  Saxena M. and Paliwal G. (2013) ‘Influence by 
physical properties of coal combustion residues (CCRs) on dry root 
productivity of Withania somnifera grown in black cotton soil’, Journal 
of Pharmacognosy and Phytochemistry, Vol. 2(1), pp. 130-136. 

[17] Yu F. and   Utsumi R. (2009) ‘Diversity, regulation, and genetic 
manipulation of plant mono- and sesquiterpenoid biosynthesis’, Cell. 
Mol. Life Sci., Vol. 66, pp. 3043–3052. 

[18] Wany A., Jha S., Kumar Nigam V. K. and  Pandey D.M., (2013) 
Chemical analysis and therapeutic uses of  citronella oil from 
Cymbopogon  winterianus: a short review’, International Journal of 
Advanced Research, Vol. 1(6), pp. 504-521. 

[19] Barkley S.J., Desai S.B. and Poulter C.D. (2004) ‘Type II 
isopentyldiphosphate isomerase from synechocystis sp. Strain PCC 
6803’, J. of bacteriology, Vol. 186 (23), pp. 8156- 8158. 

[20] Hunter W.N. (2007) ‘The non-mevalonate pathway of isoprenoid 
precursor biosynthesis’, J. Biol. Chem., Vol. 282, pp.21573-21577. 

[21] Dhifli W., Jelali N., Mnif W.,  Litaiem  M and  Hamdi N. (2013) 
‘Chemical composition of the essential oil of  Mentha spicata L. from 
Tunisia  and its biological  activiteis’,jJournal of Food Biochemistry, 
Vol. 37, pp. 362–368. 

[22] Hog D.T., Webster R. and Trauner D. (2012) ‘Synthetic approaches 
toward sesterterpenoids’, Nat. Prod. Rep., Vol. 29, pp.752-779. 

[23] Vogt T., (2010) ‘Phenylpropanoid biosynthesis molecular plant’, Vol. 3 
(1) pp. 2–20. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fareed%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ansari%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20IZ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saeed%20M%5Bauth%5D


Intl  J Engg Sci Adv Research 2015 Sep;1(3):57-62                                    

 

61 

 

[24] Campos N., Rodriguez-concepcio M., Sauret-Gueto S., Gallego F., Lois 
L.M. and Boronat A. (2001) ‘Escherichia coli engineered to synthesize 
isopentenyl diphosphate and dimethylallyl diphosphate from 
mevalonate: a novel system for the genetic analysis of the 2-C-methyl-
D-erythritol 4-phosphate pathway for isoprenoid biosynthesis’, 
Biochem. J., Vol. 353, pp. 59-67. 

[25] Dudareva N.,   Pichersky E., and Gershenzon J. (2004) ‘Biochemistry of 
Plant Volatiles’, Plant Physiology, Vol. 135, pp. 1893–1902. 

[26] Crespo E., Graus M., Gilman J.B., Lerner  B.M.,  Fall R., Harren  
F.J.M., and Warneke  C. (2013) ‘Volatile organic compound emissions 
from elephant grass and bamboo cultivars used as potential bioethaniol 
crop’, Atmospheric environment’, Vol. 65, pp.61-68. 

[27] Lange B.M., Rujan T., Martin W., and Croteau R. (2000) ‘Isoprenoid 
biosynthesis: The evolution of two ancient and distinct pathways across 
genomes’, PNAS, Vol. 97(24), pp. 13172–13177. 

[28] Chaurasiya N.D., Sangwan N.S. Sabir F., Misra L. and Sangwan R.S. 
(2012) ‘Withanolide biosynthesis recruits both mevalonate and DOXP 
pathways of isoprenogenesis in Ashwagandha Withania somnifera L. 
(Dunal)’, Plant Cell Rep, Vol. 31, pp. 889–1897. 

[29] 28. Dorothea T. and Lee S. (2011) ‘Terpenes specialized metabolism in 
Arabidopsis thaliana’, American society of plant biologist, e0143. DOI: 
10.1199/tab.0143. 

[30] Webb H., Carsten K., Rob L., Hamill J., Foley W. (2011) ‘The 
regulation of quantitative variation of foliar terpenes in medicinal tea 
tree Melaleuca alternifolia’, BMC Proceedings, Vol. 5(Suppl 7), pp.1-3. 

[31] Grienenberger E., Besseau S., Geoffroy P., Debayle D., Heintz D.,  
Lapierre C., Pollet B., Heitz T. and Legrand M. (2009) ‘A BAHD 
acyltransferase is expressed in the tapetum of Arabidopsis anthers and is 
involved in the synthesis of hydroxycinnamoyl spermidines, The Plant 
Journal, Vol. 58, pp. 246–259. 

[32] Balbontin C., Gaete-Eastman C., Fuentes L., Figueroa C.R., RAU´ L 
Herrera R.L., Manriquez  D.,  Latche A., Pech J.C. and Moya-Leo’n 
M.A., (2010) ‘VpAAT1, a gene encoding an alcohol acyltransferase is 
involved in ester biosynthesis during ripening of mountain papaya fruit, 
J. Agric. Food Chem., Vol. 58, pp.5114–5121. 

[33] Zheng Z., Qualley A., Fan B., Dudareva  N. and Chen  Z. (2009) ‘An 
important role of a BAHD acyl transferase-like protein in plant innate 
immunity’, The Plant Journal, Vol. 57, pp.1040–1053. 

[34] Yu X., Gou J. and Liu C. (2009) ‘BAHD super family of acyl-CoA 
dependent acyltransferases in Populus and Arabidopsis: bioinformatics 
and gene expression’, Plant Mol Biol, Vol. 70, pp. 421–442. 

[35] Tuominen L.K., Johnson V.E. and Tsai C. (2011) ‘Differential 
phylogenetic expansions in BAHD acyltransferases across five 
angiosperm taxa and evidence of divergent expression among Populus 
paralogues’,. BMC Genomics, Vol.12, pp. 1-17. 

[36] Lima G.M.,  Quintans-Junior L.J., Thomazzi S.M., Almeida E.M.S.A., 
Melo M.S., Serafini M.R., Cavalcanti S.C.H., Gelain D.P., Santos 
J.P.A.,  Blank A.F.,  Alves P.B., Neta P.M.O., Lima J.T., Rocha R.F., 
Moreira J.C. and Araujo A.S. (2012) ‘Phytochemical screening, 
antinociceptive and anti-inflammatory activities of Chrysopogon 
zizanioides essential oil’, Brazilian Journal of Pharmacognosy, Vol. 
22(2), pp. 443-450. 

[37] Iijima Y., Wang G., Fridman Y.,  Pichersky E. (2006) ‘Analysis of the 
enzymatic formation of citral in the glands of sweet basil’, Archives of 
Biochemistry and Biophysics, Vol. 448, pp. 141–149. 

[38] Tajidin N. E., Ahmad S. H., Rosenani A. B., Azimah H. and Munirah M. 
(2012) ‘Chemical composition and citral content in lemongrass 
(Cymbopogon citratus) essential oil at three maturity stages’, African 
Journal of Biotechnology, Vol. 11(11), pp. 2685-2693. 

[39] Chagonda L.S., Makanda C. and Chalchat J. (2000) ‘Essential Oils of 
Cultivated Cymbopogon winterianus (Jowitt) and of C. citratus (DC) 
(Stapf) from Zimbabwe’, J. of essential oil research, Vol. 12, pp. 478-
480. 

[40] Chen F., Tholl D., Bohlmann J. and Pichersky E. (2011) ‘The family of 
terpene synthases in plants: a mid-size family of genes for specialized 

metabolism that is highly diversified throughout the kingdom’, The 
Plant Journal, Vol. 66, pp.212–229. 

[41] Gurjar M.S., Ali S., Akhtar M. and Singh K.S. (2012) ‘Efficacy of plant 
extracts in plant disease management’, Agricultural Sciences, Vol. 3(3), 
pp. 425-433. 

[42] Petrussa E., Braidot E., Zancani M.,  Peresson C.,  Bertolini A., Patui S. 
and  Vianello A. (2013) ‘ Plant Flavonoids Biosynthesis, Transport and 
Involvement in Stress Responses’, Int. J. Mol. Sci., Vol. 14, pp. 14950-
14973. 

[43] Laere S. D. M.V. , Saerens S.M.G., Verstrepen K.J.,  Dijck P.V., 
Thevelein  J.M. and Delvaux F. R. (2008) ‘Flavour formation in fungi: 
characterisation of KlAtf, the Kluyveromyces lactis orthologue of the 
Saccharomyces cerevisiae alcohol acetyltransferases Atf1 and Atf2’, 
Appl. Microbiol Biotechnol, Vol. 78, pp. 783–792. 

[44] Yeats T.H. and Rose J.K.C. (2013) ‘The formation and function of plant 
cuticles’, Plant Physiology Preview, Vol. 13, pp. 1-45. 

[45] Lardizabal K.D., Metz J.G., Sakamoto T., Hutton W.C., Pollard M.R., 
and Lassner M.W. (2000) ‘Purification of a Jojoba embryo wax 
synthase, cloning of its cDNA, and production of high levels of wax in 
seeds of transgenic Arabidopsis’, Plant Physiology, Vol. 122, pp. 645–
655. 

[46] Davidovich-Rikanati R., Sitrit Y., Tadmor Y., Iijima Y., Bilenko N., Bar 
E., Carmona B., Fallik E., Dudai N., Simon J.E., Pichersky E. and 
Lewinsohn E., (2007) ‘Enrichment of tomato flavor by diversion of the 
early plastidial terpenoid pathway’, Nature biotechnology, Vol. 25(8), 
pp. 899-901. 

[47] Iijima Y., Gang D.R., Fridman E., Lewinsohn E., and Pichersky E. 
(2004) ‘ Characterization of geraniol synthase from the peltate glands of 
sweet basil, Plant Physiology, Vol. 134, pp. 370–379. 

[48] Shri F.R., Panchal V., Sharma N., Singh B. and Mann A.S. (2011) 
‘Scientific basis for the therapeutic use of Cymbopogon citratus, stapf 
(Lemon grass)’,  J. Adv. Pharm. Technology Res., Vol. 2(1), pp. 3–8. 

[49] Young C.A., Tapper B.A., May K., Moon C.D., Schard C. L. and Scott 
B. (2009) ‘Indole-diterpene biosynthetic capability of Epichloe 
endophytes as predicted by ltm gene analysis’,  Appl. Environ. 
Microbiol., Vol. 75(7),  pp. 2200–2211. 

[50] Gfeller A.,  Laloux M.,  Barsics F., Kati D.E., Haubruge E.,  du-Jardin 
P., Verheggen F.J.,  Lognay G., Wathelet J. and Fauconnier M. (2013) 
‘Characterization of volatile organic compounds emitted by barley 
(Hordeum vulgare L.) roots and their attractiveness to wireworms’, 
Journal of Chemical Ecology, Vol. 39(8), pp 1129-1139. 

[51] Srivastava R.,  Ahmed H.,  Dixit R.K., Dharamveer, and  Saraf  S.A. 
(2010) ‘Crocus sativus L.: a comprehensive review’, Pharmacogn Rev., 
Vol. 4(8), pp. 200–208. 

[52] Lee S., Km Y., Choi H.K. and Cho S.K. (2011) ‘Determination of the 
volatile components in the fruits and leaves of guava plants (Psidium 
guajava L.) grown on Jeju Island, South Korea’, Journal of Essential Oil 
Research, Vol. 23 (6), pp. 52-56. 

[53]  Biester E.  Hellenbrand J. and Frentzen M. (2012) ‘Multifunctional 
acyltransferases from Tetrahymena thermophila’, Lipids, Vol. 47, pp. 
371–381. 

[54] Tzin V. and Galili G. (2010) ‘New insights into the shikimate and 
aromatic amino acids biosynthesis pathways in plants molecular plant’, 
Vol. 3(6), pp. 956–972. 

[55] Llusia J., Penuelas J., Seco R. and Filella L. (2012) ‘Seasonal changes in 
the daily emission rates of terpenes by Quercus ilex and the atmospheric 
concentrations of terpenes in the natural park of Montseny, NE Spain’, J. 
Atmos Chem, Vol. 69, pp.215–230. 

[56] Pellati F., Orlandini G., Leeuwen K. A.V., Anesin G., Bertelli D., 
Paolini M., Benvenuti S. and Camin F. (2013) ‘Gas chromatography 
combined with mass spectrometry, flame ionization detection and 
elemental analyzer/isotope ratio mass spectrometry for characterizing 
and detecting the authenticity of commercial essential oils of Rosa 
damascena Mill’, Rapid Commun. Mass Spectrom., Vol. 27, pp. 591–
602. 

http://link.springer.com/search?facet-author=%22Aur%C3%A9lie+Gfeller%22
http://link.springer.com/search?facet-author=%22Morgan+Laloux%22
http://link.springer.com/search?facet-author=%22Fanny+Barsics%22
http://link.springer.com/search?facet-author=%22Djamel+Edine+Kati%22
http://link.springer.com/search?facet-author=%22Eric+Haubruge%22
http://link.springer.com/search?facet-author=%22Patrick+du+Jardin%22
http://link.springer.com/search?facet-author=%22Fran%C3%A7ois+J.+Verheggen%22
http://link.springer.com/search?facet-author=%22Georges+Lognay%22
http://link.springer.com/search?facet-author=%22Jean-Paul+Wathelet%22
http://link.springer.com/search?facet-author=%22Marie-Laure+Fauconnier%22
http://link.springer.com/journal/10886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dixit%20RK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dharamveer%20%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saraf%20SA%5Bauth%5D


Proceedings of National Conference on Signal Processing & Computing (TSPC’15)                              ISSN NO: 2395-0730 

19
th

-20
th

 September 2015, FET, Rama University, Uttar Pradesh, Kanpur, India 

                                       

 
[57]  Dam N.M.V., Samudrala D., Harren F. J.M. and Simona M Cristescu S. 

M. (2012) ‘Real-time analysis of sulfur-containing volatiles in Brassica 
plants infested with root-feeding Delia radicum larvae using proton-
transfer reaction mass spectrometry’,  AoB Plants,  pls021; 
doi:10.1093/aobpla/pls021. 

[58] Cheng A., Gou J., Yu X., Yang H., Fang X., Chenc X and Liu C.  (2013) 
‘Characterization and ectopic expression of a Populus hydroxyacid 
hydroxycinnamoyltransferase’, Molecular Plant Advance Access, Vol. 
14, pp. 1-16. 

[59] Lussier F.X.,  Colatriano D., Wiltshire Z., Page W.Z., Martin V.J.J. 
(2012) ‘Engineering microbes for plant polyketide biosynthesis’, 
Computational and Structural Biotechnology Journal,  Vol.3(4), 
2012e201210020. 

[60] Rana V.S., Juyal J.P. and Blazquez M. A. (2002) ‘Chemical constituents 
of essential oil of Pelargonium graveolens leaves’,  The International 
Journal of Aromatherapy, Vol. 12(4), pp. 216-218. 

[61] Kumari R. and Agrawal S.B. (2011) ‘Comparative analysis of essential 
oil composition and oil containing glands in Ocimum sanctum L. (Holy 
basil) under ambient and supplemental level of UV-B through gas 
chromatography–mass spectrometry and scanning electron microscopy’,  

Acta Physiol Plant, Vol. 33, 1093–1101DOI 10.1007/s11738-010-0637-
0. 

[62] Pino J.A., Rosado A. and Fuentes V. (1999) ‘Essential oil of Mentha 
citrata Ehrh. grown in Cuba’,  J. Essent. Oil Re., Vol. 11, pp. 413-414. 

[63] Chowdhury J. U., Nandi N. C.,   Uddina M. and Rahman M. (2007) 
‘Chemical constituents of essential oils from two types of spearmint 
(Mentha spicata L. and M. cardiaca L.) introduced in Bangladesh’, 
Bangladesh J. Sci. Ind. Res., Vol. 42(1), pp. 79-82. 

[64] Padalia R.C., Verma R.S., Chauhan A., Sundaresan V. and  Chanotiya 
C.S. (2013) ‘Essential oil composition of sixteen elite cultivars of 
Mentha from western Himalayan region’, Maejo Int. J. Sci. Technol., 
Vol. 7(01), pp.83-93. 

[65] Robert C.A., Erb M., Hiltpold I., Hibbard B.E., Gaillard M.D., Bilat J., 
Degenhardt J., Cambet-Petit-Jean X., Turlings T.C., Zwahlen C. (2013) 
‘Genetically engineered maize plants reveal distinct costs and benefits of 
constitutive volatile emissions in the field’, Plant Biotechnol J., Vol. 
11(5), pp. 628-39.  

[66] Conde R., Valeria S.C. Correa V.S.C., Carmona F., Contini S.H.T., 
Pereira A.M.S. (2011) ‘Chemical composition and therapeutic effects of 
Lippia alba (Mill.) N. E. Brown leaves hydro-alcoholic extract in 
patients with migraine’, Phytomedicine, Vol. 18, pp.1197– 1201. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Robert%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Erb%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiltpold%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Hibbard%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaillard%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Bilat%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Degenhardt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Cambet-Petit-Jean%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Turlings%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed?term=Zwahlen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23425633
http://www.ncbi.nlm.nih.gov/pubmed/23425633

