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Abstract  The Lemongrass, Cymbopogon citratus (DC.) Stapf, is an important species of Poaceae family 
commonly used in the cosmetic, food and in folk medicines in many countries. The aim of this study was to compare 
the variation of essential oil content and composition of different parts of the plant with the maturity of lemongrass. 
The Essential oil content and composition of different parts of lemongrass were determined using Clevenger type 
apparatus and GC-MS respectively. Essential oil content was significantly higher in leaves (0.91%) followed by 
sheath (0.7%) and roots (0.2%) respectively. Leaf essential oil content was increased with the maturity of the plant. 
The number of constituent’ presence in leaf, sheath and root of C. citratus were 9, 14 and 17 respectively. Moreover, 
out of 20 constituents identified from all 3 parts of lemongrass, only 6 constituents were common for all three parts, 
while the composition of root essential oil was significantly different from leaf and sheath essential oil. The major 
compounds found in leaf and sheath essential oil of C. citratus were geranial, neral, β- myrcene and geraniol while 
root essential oil contained mainly Selina-6- en-4-ol (28.08%) followed by geraniol (10.70%), t-muurolol (9.61%), 
neral and longifolene respectively. Based on results, it could be concluded that in addition to the lemongrass leaf, 
sheath and root also equally important for use in multipurpose industries. 
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1. Introduction 

Cymbopogon citratus (DC.) Stapf (Poaceae), Lemongrass 
in English, is economically important, essential oil bearing 
perennial plant which is widely distributed in Indonesia, 
Madagascar, India, Sri Lanka and countries in Africa and 
South America [1,3,5]. This plant is widely cultivated for 
its high quality essential oil comprising a mixture of an 
array of bioactive chemical constituents which are widely 
used in several industries for the production of an array of 
products all over the world. The essential oil of 
lemongrass has characteristic strong lemony odour due to 
the presence high content of aldehyde citral which has two 
geometric isomers, geranial (citral a) and neral (citral b) 
[18]. In addition to citral, it consists of geraniol, myrcene, 
geranyl acetate, caryophyllene and monoterpene olefins, 
such as limonene [18,20,21]. Due to the presence of large 
number of compounds and bioactive molecules essential 
oils as well as aqueous extracts have been widely used in 
traditional and western medicines for the treatment of 
nervous, gastrointestinal disturbances, pneumonia, coughs, 

fevers, reducing cholesterol, uric acid, stimulating of 
digestion and cleansing of the liver, pancreas, kidney, 
bladder and the digestive tract [13,17]. Moreover, essential 
oil of lemon grass plays a pivotal role in food and 
cosmetic industries [12].In addition to that, constituent 
presence in lemongrass essential oil is highly valued as a 
natural weedicide and recent research revealed that lemon 
grass essential oil is highly effective for the control 
herbicide resistant biotypes of Bidens pilosa and Bidens 
subalternans and inhibited germination and seedling 
growth of Echinochloa crus-galli [7,16]. Furthermore, 
Essential oil of lemongrass can be used as an insecticide. 
It has showed good results against aphids, thrips, red flour 
beetle and larval stages of housefly [9,15]. Meanwhile it 
was revealed that essential oil content and composition 
obtained from different parts of lemongrass is significantly 
varied [6]. Even though, lemongrass is commercially used 
in an array of industries, compositional analysis of essential 
oil presence in different parts well as changes of oil 
content with the plant maturation are scattered or lacking. 
Present study demonstrates the essential oil content and 
composition of different parts of C. citratus and variation 
of essential oil yield with different harvesting stages.  
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2. Materials and Methods 

2.1. Harvesting and Sample Preparation 
Plants which previously authenticated and cultivated 

under the same soil and climatic conditions were uprooted 
carefully without destroying the roots. Then the roots, 
leaves and sheaths of those plants were separated. Those 
separated parts were cut into 2-3 cm pieces with secateurs 
and prepared three fresh samples (350g each) from each 
part (roots, leaves, sheaths) of C. citratus. 

2.2. Oil Distillation 
350g of freshly cut pieces (2-3cm long) of leaves, 

sheaths and roots of Cymbopogon citratus were introduce 
to a 2.5L round bottom flask at the rate of 1/2.5  
(1g of plant material for 2.5mL of water) and  
hydro-distilled in a Clevenger-type apparatus for 5hrs. The 
extracted volatile oils were dried over anhydrous sodium 
sulphate and stored in sealed vials at 4˚C until analysis. 
The oil content in the C. citratus was calculated as 
percentage yield, which is determined as the percent of the 
ratio of weight of oil to weight of lemon grass leaves used 
to extract it. 

 ( )
( )
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Results are presented as means of triplicate and 
standard deviation. 

2.3. Observation for Organoleptic Properties 
of Oil 

The colour, aroma and the oil content was observed of 
each essential oil derived from different parts (Leaf, 
Sheath, Roots) of C. citratus. 

2.4. GC-MS Analysis 
Essential oils derived from different parts (Leaf, Sheath, 

Roots) of C. citratus was subjected to GC-MS analysis. 
The oil analysis was carried out using GC/MS. The GC 
apparatus was Agilent technology 6890 series, capillary 
column of HP-5MS (30 m×0.25 mm, film thickness 0.25 
μm). The oven temperature program was initiated at 50°C, 
held for 5 min then raised up to 280°C at a rate of 5°C 
/min held for 10 min. Helium was used as the carrier gas 
at a flow rate 0.9 ml/min. The injector temperature was 
250°C. GC/ MS analysis was conducted on a HP 6890 GC 
system coupled with 5973 network mass selective detector 
with a capillary column the same as above, carrier gas 
helium with flow rate 0.9 ml/min with a split less injection 

mode, injector and oven temperature programmed was 
identical to GC. The compounds of the oil were identified 
by comparison of their retention indices (RI), mass spectra 
fragmentation with those on the stored Wiley W9N08 
database and NIST (National Institute of Standards and 
Technology) database. 

2.5. Variation of Oil Content with Maturity 
This experiment was designed to determine the 

variation of oil yield of leaves of C.  citratus with the 
maturity of plants. Three months old uniformly grown 
lemongrass plants were selected for this experiment. After 
collecting the first harvest the leaves were allowed to 
grow. Samples were collected after 14, 28, 42, 56 and 70 
days after first cut. The samples were cut into pieces and 
distilled using Clevenger type apparatus for five hours and 
essential oil content was recorded.  

2.6. Statistical Analysis 
Data were statistically analyzed using Analysis of 

variance (ANOVA) and means were compared using 
Tukey test. Statistical analysis was performed with 
Minitab 17 software. 

3. Results and Discussion 

3.1. Essential Oil Content and Organoleptic 
Properties 

Plant materials for determination of essential oil content 
and composition of different parts of C. citratus were 
obtained from previously authenticated healthy 3 months 
old cultivation maintained at institute’s research field. 
Therefore, results presented in this study may exhibit true 
phytochemical variation presence in different parts of the 
plant. As shown in Table 1, essential oil content of leaves, 
sheath and roots of C. citratus were 0.91%, 0.7% and  
0.2% (on fresh weight basis) respectively. The order of 
increasing of essential oil content of different parts of 
lemongrass was varied as leaf>sheath>root. Our results 
are in agreement with previous studies which reported  
that oil content of lemon grass leaves varied from  
0.66-0.90% [5,8,20]. As shown in Table 1, organoleptic 
properties such as oil colour and aroma of essential oil 
obtained from different parts of C. citratus varied 
depending on the parts used. This clearly indicates  
the presence of different constituent in different  
parts of the plant [18]. Moreover, our results of the 
organoleptic properties of C. citratus essential oil are in 
agreement with reference [6] who investigated bioactive 
compounds of C. citratus essential oil from different parts 
of the plant. 

Table 1. Essential oil content and organoleptic properties of essential oil extracted from different parts of Cymbopogon citratus (Mean of 3 
treatments, followed by the same letter do not differ by Tukey test at P < 0.05) 

Plant Part Oil Yield (Fresh Weight Basis) Oil Colour Aroma 

Leaves 0.91 ± 0.29a Yellow Strong Lemony Aroma 

Sheath 0.7 ± 0.05b Yellowish green Strong Lemony Aroma 

Roots 0.2 ± 0.13c Pale Yellow Strong Aroma 
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3.2. Essential Oil Composition 
Composition of essential oils is an important character 

when analyzing the commercial potential and the ability of 
usage in perfumery. 

Essential oil composition of different parts (Leaf, 
Sheath and Root) of C. citratus was demonstrated in  
Table 2. As shown in Table 2, major compounds present 
in leaf, sheath and root were identified representing 
90.59%, 95.45% and 88.68% of total essential oil profile 
respectively. Moreover, it is interesting to note that 
number of constituent presence in leaf, sheath and root of 
C. citratus were 9, 14 and 17 respectively. The similar 
observations were showed by [14] where found that number 
of compounds present in different parts were varied as 
leaf<sheath<roots. Meanwhile five major constituents 
were identified from leaf essential oil majoring geranial 
(41.21%) followed by neral (31.13%), β-myrcene, 
geraniol and geranyl acetate respectively. Results on 
essential oil composition of leaf essential oil are in 
agreement with [4] and [19], who investigated oil content 
and composition of leaves of C. citratus and they 
observed that 15.69% myrcene, 34.98% neral and 40.72% 
of geraniol in fresh leaves of C. citratus. 

Richness of the important compounds like geraniol, 
neral, etc. determines the commercial potential of large 
scale cultivation. Geraniol is highly valued as a perfume 
and a starting material for a large number of synthetic 
aromatic chemicals. Citral is used as a starting material for 
synthesis of perfumery grade ionones and vitamin A. In 
the present study, among 20 constituent identified in all 3 
parts, only β- myrcene, neral, geranial, geraniol, and 
selina-6-en-4-ol were observed as major constituents 
present in different parts of C. citratus (Figure 1). 

Table 2: Essential oil composition of Lemongrass 

Order no R.T. Compound 
Compound percentage* 

Leaf Sheath Root 
1 14.93 β- Myrcene 11.17 3.03 1.49 
2 16.457 β-Ocimene 0.37 1.783 ND 
3 18.471 β-Linalool 0.76 0.81 1.32 
4 23.03 Neral 31.13 30.20 7.18 
5 23.694 Geraniol 3.47 2.75 10.70 
6 23.978 Geranial 41.21 45.45 ND 
7 26.276 Geranic acid 0.82 0.39 1.49 
8 26.667 Geranyl acetate 1.48 0.74 ND 
9 27.709 Caryophyllene 0.18 0.32 2.09 

10 29.876 Cuparene ND ND 2.73 
11 30.066 α-Amorphene ND ND 1.30 
12 30.267 δ- Cadinene ND 0.51 2.01 
13 32.268 α- Eudesmol ND ND 2.07 
14 32.695 Selina-6- en-4-ol ND 5.86 28.08 
15 32.955 Calarene ND ND 2.38 
16 33.121 α- Cadinol ND 1.74 5.38 
17 33.204 α- Cubebene ND ND 1.10 
18 33.453 t-Muurolol ND ND 9.61 
19 33.571 Longifolene ND 1.09 6.32 
20 34.353 Juniper camphor ND 0.78 3.37 

Total oil profile 90.59% 95.45% 88.68% 

ND- Not Detected (< 0.05) 
*values are the average of triplicates. 

Out of 5 major compounds, only 3 compounds β- 
myrcene, neral and geranial were common for all three 
parts tested. Our results are agreed with reference [14], 
who compared essential oil composition of leaf, sheath 
and roots and found that β- myrcene, neral and geranial 
were common compounds presence in C. citratus grown 
in Nigeria. Moreover, geranial was observed as major 
compound presence in leaf and sheath, however, these 
were not observed in root essential oil.  

Findings of this study are partially agreed with 
reference [6] who investigated essential oil composition of 
leaf and sheath essential oil of C. citratus. Moreover, 
previous study [5] showed that geranial (40.72%), neral 
(34.98%) and β-myrcene (15.69%) as major compounds 
available in oils extracted from fresh leaves of lemongrass. 
Furthermore, a recent study [10] and [5] showed that  
they have found that geranial (34.8%), neral (30.72%),  
β-myrcene (11.28%), geraniol (5.54%), 1,3,4-trimethyl  
3-cyclohexene-1-Carboxaldehyde (2.20%), citonellol 
(1.34%). Essential oil composition of roots of C. citratus 
was quite different from leaf and sheath essential oil 
composition. It was demonstrated that root essential  
oil is a mixture of 19 individual compounds majoring. 
selina-6- en-4-ol (28.8%), followed by geraniol (10.70%), 
t-muurolol (9.61%), neral (7.81%), longifolene (6.32),  
α- cadinol (5,38%) and juniper camphor (3.37%) 
respectively. Even though, geranial was the major 
constituent of leaf and sheath essential oil, it was not 
observed in root essential oil. Moreover, the content of 
neral and β- myrcene are significantly low in root essential 
oil (Figure 1). 

 
Figure 1. Percentage major compounds available in all three parts (leaf, 
sheath and root) of Cymbopogon citratus 

3.3. Variation of Oil Content with Maturity 
As demonstrated in Figure 2, essential oil content of 

lemongrass leaves after 14 days from 1st cut is 0.75% and 
it was not significantly different even after 28 days from 
the last cut (0.70%). However, the oil content of 3rd, 4th 
and 5th harvests were significantly increased. (Increased 
up to 1.06% at 5th harvest after 70 days).This results 
clearly indicate the leaf essential oil content significantly 
increased with the maturity of the plant. Previous studies 
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[21] and [11] indicated that harvesting of lemongrass can 
be commenced at 90 days after planting and continue up 
to 5-6 years at 50-60 days’ interval which resulted only 
0.35 to 0.6% of the dried biomass. Our results revealed 
that lemongrass leaves can be harvested after 56 days 
from the last cut for higher oil content.  

 
Figure 2. Variation of oil content of Cymbopogon citratus leaves with 
maturity (Mean of 3 treatments, followed by the same letter do not differ 
by Tukey test (P < 0.05) 

This result is also compatible with the oil yield data 
showed in [2]. According to [2], oil yield of lemongrass 
has been increased gradually up to 62 days from the last 
cut. 

4. Conclusion 

The results of the present study clearly indicated that 
essential oil content and composition of C. citratus are 
mainly depending on part of the plant used for essential oil 
extraction. Availability of the highest oil content of leaf 
clearly validate the traditional claim of using lemongrass 
leaf for oil extraction in commercial level. Moreover, 
results of the current study are vital important for 
understanding of the pharmacological activities of 
different parts of the plant. Further, lemongrass can be 
harvested at 14 days’ interval for increased oil content. 
Since plant materials for all these studies are taken from 
the plants maintained under same soil and climatic 
conditions, observed results reflected the true chemical 
variation. Based on all these it could be concluded that in 
addition to the lemongrass leaf, sheath and root also could 
be incorporated for oil extraction. 

Acknowledgements 

We thank National Research Council of Sri Lanka and 
CIC Holdings PLC for the financial support. We also 
thank staff of Industrial Technology Institute for 
supporting the GC/MS analysis of Essential oil. 

References 
[1] Anaruma, N.D., Schmidt, F.L., Duarte, M.C.T., Figueira, G.M., 

Delarmelina, C., Benato, E.A., and Sartoratto, A., “Control of 
Colltotrichum gloeosporioides (Penz.) Sacc. in yellow passion 
fruit using Cymbopogon citratus essential oil”, Braz. J. Microbiol. 
41: 66-73. 2010. 

[2] Bonnardeaux, J M., Examination and development of an essential 
oil industry in the Ord River Irrigation area of north Western 
Australia, Department of Agriculture and Food, Western Australia, 
Perth. 1989. Report DAW-10A 

[3] Ganjewala, D., and Luthra, R., “Essential oil biosynthesis and 
regulation in the genus Cymbopogon”, Natural Product Commun, 
5: 163-172. 2010. 

[4] Hanaa, A.R., Mohamed, S.Y.I., El-Leithy, A.S. and Aly, S.E., 
“Lemongrass (Cymbopogon citratus) essential oil as affected by 
drying methods”, Annals of Agricultural Sciences 57: 113-116. 
2012. 

[5] Hanaa, M., “Lemongrass (Cymbopogon citratus) essential oil as 
affected by drying methods”, Annals of Agricultural Sciences, 57 
(2), 113-116. 2012. 

[6] Hartatie, E. S., Prihartini, I., Widodo, W., Wahyudi, A., Bioactive 
Compounds of Lemongrass (Cymbopogon citratus) essential oil 
from different parts of the plant and distillation methods as natural 
antioxidant in broiler meat, IOP Conf. Ser.: Mater. Sci. Eng, 2018. 

[7] Krenchinski, F., Albrecht, L., Albrecht, A., Zonetti, P., Tessele, A., 
Barroso, A. and Placido, H., “Allelopathic potential of 
Cymbopogon citratus over beggarticks (Bidens sp.) germination”, 
Austrailian journal of crop science. 11(03):277-283, 2017. 

[8] Maiti, S., Raju, S., Geetha, K., Mandal, K., Good Agricultural 
Practices for Patchouli, Geranium and Lemongrass, National 
Research Centre for Medicinal and Aromatic Plants, Boriavi, 
Anand-387310, Gujarat, India. pp. 16-17. 2006. 

[9] Manonmani P., Rathi G. & Ilango, S., “Toxicity Effect of 
Cymbopogon Citratus (Lemon Grass) Powder and Methanol 
Extract Against Rust-Red Flour Beetle, TriboliumCastaneum 
(Herbst) (Coleoptera: Tenebrionidae)”, International Journal of 
Applied and Advanced Scientific Research, Volume 3, Issue 1, 
Page Number 70-77, 2018. 

[10] Mohamed Ali M., Yusuf M.A., Abdalaziz M.N., “GC-MS 
Analysis and Antimicrobial Screening of Essential Oil from 
Lemongrass (Cymbopogon citratus)”, International Journal of 
Pharmacy and Chemistry; 3(6): 72-76. 2017. 

[11] Nair E.V.G., Nair K.C., Cinema M.P., “Field Experiments with 
micronutrients on the yield of grass, oil and central content of oil 
of East Indian lemongrass (C. flexuosus var. OD-19)”, Indian 
Perfumer, 23, 55-58.1979. 

[12] Nambiar V.S., Matela H., 2012. Potential Functions of Lemon 
Grass (Cymbopogon citratus) in Health and Disease, International 
Journal of Pharmaceutical & Biological Archives 2012; 3(5): 
1035-1043. 2012. 

[13] Ojo O.O., Kabutu F.R., Bello M. and Babayo U., “Inhibition of 
paracetamol-induced oxidative stress in rats by extracts of 
lemongrass (Cymbropogon citratus) and green tea (Camellia 
sinensis) in rats”, African Journal of Biotechnology, 5(12):  
1227-1232. 2006. 

[14] Olayemi, R.F., “Comparative Study of Root, Stalkand Leaf 
Essential Oilsof Cymbopogon Citratus (Lemon Grass)”, Chem 
Search Journal, 8(1): 20-28. 2017. 

[15] Pinheiro, P.F., de Queiroz, V.T., Rondelli, V.M., Costa, A.V., de 
Paula Marcelino, T. and Pratissoli, D., “Insecticidal activity of 
citronella grass essential oil on Frankliniellaschultzei and 
Myzuspersicae”, Ciênc. agrotec., Lavras, v. 37, n. 2, p. 138-144. 
2013. 

[16] Poonpaiboonpipat, T., Pangnakorn, U., Suvunnamek, U., Teerarak, 
M., Charoenying, P. and Laosinwattana, C., “Phytotoxic effects of 
essential oil from Cymbopogon citratus and its physiological 
mechanisms on barnyard grass (Echinochloa crus-galli)”, 
Industrial Crops and Products, 41, 403-407. 2013. 

[17] Santin, M.R., Dos Santos, A.O., Nakamura, C.V., Filho, B.P.D., 
Ferreira, I.C.P. and Ueda-Nakamura, T., “In vitro activity of the 
essential oil of Cymbopogoncitratus and its major component 
(citral) on Leishmania amazonensis”, Parasitol. Res. J., 105,  
1489-1496. 2009. 

[18] Shahi, A., Kaul, M., Gupta, R., Dutt, P., Chandra, S. and Qazi, G., 
“Determination of essential oil quality index by using energy 
summation indices in an elite strain of Cymbopogon citratus (DC) 
Stapf”, Flavour Frag. J. 20, 118-121.2005 

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

[20] Weiss, E.A., Essential Oil Crops, CAB International, Wallingford, 
UK, pp. 86-103. 1997. 

0

0.5

1

1.5

14 28 42 56 70

O
il 

C
on

te
nt

 %

Days from last cut

Age wise oil content

b b c

a a

c

 



 World Journal of Agricultural Research 5 

[21] Zheljazkov, V.D., Cantrell, C.L., Astatkie, T., and Cannon, J.B., 
“Lemongrass Productivity, Oil Content, and Composition as a 

Function of Nitrogen, Sulfur, and Harvest Time”, Agron. J., 103: 
805-812. 2011. 

 

 
© The Author(s) 2020. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


