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An experiment was carried out in Viçosa, Brazil to evaluate the influence of plant age (3, 6, 9 and 12 
months) on the content and chemical composition of essential oils from lemon grass, using a 
completely randomized design with three replications. The plants were harvested between 7:00 and 8:30 
a.m, and harvesting cut made at 20 cm height from the base of the leaf. The collected material was 
immediately taken to the laboratory where the leaves were selected, and subsequent determination of 
moisture content and other chemical analysis done. The essential oil extraction was carried out by 
hydrodistillation. The identification of the chemical components of the lemon grass volatile oil was 
performed by gas chromatography and mass spectrometry (GC-MS). The quantification of the chemical 
composition of essential oils was made by the gas chromatograph in conjunction with a flame ionization 
detector (GC-FID). Based on the results obtained, it can be concluded that plant age did not influence 
statistically, the essential oil content extracted from the lemongrass leaves. However this provided 
significant changes in its chemical composition. 
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INTRODUCTION 
 
Cymbopogon citratus (D.C) Stapf is a native plant 
species from India and is widely distributed around the 
globe in tropical areas, including Brazil, where it has 
different popular names: lemongrass, holy-grass, catinga-
grass, cidrão-grass, cidilho-grass, cidro-grass and ciri-
grass. It belongs to  the  family Poaceae,  also  known  as 

Gramineae, which includes approximately 668 genera 
and about 9,500 species distributed universally, with 
some of them of great economic importance. Brazil is one 
of the countries where this plant is perfectly acclimatized 
(Negrelle and Gomes, 2007).  

Tea from its leaves is  used  popularly  in  Brazil  as  an
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antispasmodic, analgesic, anti-inflammatory, antipyretic,   
diuretic and sedative and its essential oil is widely used 
for perfumes and cosmetics (Carlini et al., 1986). Its 
sedative and antispasmodic actions are attributed to the 
monoterpene citral, while the analgesic activity is due to 
myrcene. Currently, the essential oil of lemongrass has 
been the focus of research in fighting cancer and AIDS 
(Puatanachokchai et al., 2002; Wright et al., 2009). The 
oil from C. citratus were also found to possess anti-
microbial, antifungal, insect repellent and antioxidative 
action (Velluti et al., 2004; Khadri et al., 2010; Singh et 
al., 2010; Sonker et al., 2014). For these numerous 
applications, the essential oil of lemongrass has demand 
in domestic and international markets, and their prices 
are considered extremely rewarding. 

The most important component of the essential oil of C. 
citratus is citral (40 to 80%), while β-myrcene and 
geraniol compound make up the majority of the remaining 
percentage. Citral is a mixture of the isomers geranial (α-
citral) and neral (β-citral) (Lewinsohn et al., 1998). 

According to the United Nations Comtrade statistics, 
fragrance and flavor global market was estimated at US$ 
24 billion in 2011, growing at an annual rate of 10%. The 
major consumers in the multi-billion dollar global 
essential oils market are United States (40%), Western 
Europe (30%) and Japan (7%), with trade in essential oils 
and related products increasing at about 10% per year. 
Brazil has a prominent place in the production of 
essential oil, along with India, China and Indonesia. 
Brazil's position is largely due to her production of the 
essential oils of citrus (orange, lemon and lime), which 
are byproducts of the juice industry (Bizzo et al., 2009).  

The essential oil production in medicinal plants can be 
affected by several factors such as plant spacing, cutting 
height, season, age, harvest time and drying method. 
These factors may influence directly the essential oil 
production and, therefore, its pharmacological properties. 
Some studies have stated the influence of these factors 
in medicinal plants like Cymbopogon citratus (Blank et 
al., 2007), Juniperus excelsa (Shanjani et al., 2010) and 
Mikania Glomerata (Rocha et al., 2014). However, 
studies on plant age of C. citratus are still rare. The plant 
age should be determined not only because of the plant 
mass to be harvested, but also because of the active 
ingredients content, without which the product attracts 
lower prices from end-users.  

The objective of this study, therefore, was to evaluate 
the influence of different harvest dates on the quantity 
and quality of essential oil from lemongrass. 
 
 
MATERIALS AND METHODS 
 
Site selection and C. citratus cultivation 
 
C. citratus leaves from plantations located in the experimental 
irrigation and drainage section of the Federal University of Viçosa, 
Viçosa-MG, Brazil, were used. The cultivation was carried out in a 
greenhouse measuring 52.5 m2. The seedlings were propagated  by  

 
 
 
 
cuttings and transplanted in spacing of 0.30 m between rows and 
0.30 m between plants as recommended by Blank et al. (2007). 
The greenhouse cover was constructed in semicircular shape, with 
7.5 m length, 7 m width and a central height of 5 m and covered 
with low density polyethylene film of 150 m. 
 
 
Irrigation 
 
Different irrigation treatments were used. The treatments were: 
  
1. Treatment 1 (T1) = 50% of ETc;  
2. Treatment 2 (T2) = 75% of ETc;  
3. Treatment 3 (T3) = 100% of ETc;  
4. Treatment 4 (T4) = 125% of ETc.  
 
Where ETc = crop evapotranspiration 

All treatments were irrigated twice a week. The applied irrigation 
were calculated by the software IRRIPLUS® with the registration of 
daily data through a weather station, installed inside the 
greenhouse. The data obtained from weather station were relative 
humidity, maximum, average and minimum temperature, air velocity 
and solar radiation. Through these data, the daily evapotrans-
piration, the irrigation to be applied in each treatment and the time 
of irrigation were calculated. This was subjected to chemical 
analysis, but for only treatment 2 (T2 = 75%) because it obtained 
the greatest essential oil content. For this treatment of irrigation (T2 
= 75%) the effect of plant age (3, 6, 9 and 12 months) in the content 
and quality of the essential oil was evaluated.  
 
 
Statistical analyses 
 
The design was completely randomized with three replications and 
results subjected to analysis of variance (P ≤ 0.05). The treatment 
means were compared by Tukey test at 5% probability. 
 
 
Sample collection 
 
The species to be used were collected between 7:00 and 8:30 am 
and the cutting height was set at 20 cm from the basal end of the 
leaf. After harvesting, the fresh materials were transported to the 
appropriate laboratory where the leaves were selected, removing 
diseased and damaged parts and other extraneous plant parts. 
Three samples were randomly selected to evaluate the moisture 
content and perform the chemical analysis. Because of non-
availability of a standard methodology for the determination of me-
dicinal and aromatic plants in Brazil, the determination of moisture 
content was performed by gravimetric method as proposed by the 
ASAE (2000) for forage and similar plants. This was done by 
placing 25 g of the in natura leaves in a stove with forced air 
circulation at 103 + 2°C for 24 h, each done in triplicate. 
 
 
Extraction procedures, analyses and identification 
 
The extraction and analysis of chemical components of the 
essential oil of lemongrass were performed at the Laboratory of 
Analysis and Synthesis of Agrochemicals (LASA), located in the 
Department of Chemistry, Federal University of Viçosa. The 
essential oil was extracted by hydrodistillation utilizing clevenger 
equipment (modified). The flask was loaded with 90 g of in natura 
leaves of lemongrass. One litter of distilled water was added, which 
was the volume sufficient to cover the material. To facilitate the 
extraction, the leaves in natura were transversely cut every 2 cm. 
The extraction time was 90 min, counted from the moment of boil-
ing, as determined in preliminary tests. The analysis of the chemical 
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Figure 1. Content of essential oil of Cymbopogon Citratus obtained as a 
function of plant age. Mean of 3 treatments, followed by the same letter do 
not differ by Tukey test (P < 0.05). 

 
 
 
chemical components of the essential oil of lemongrass consisted 
of identifying and quantifying the active ingredients of essential oil 
and followed the methodology described in Adams (1995). 

The essential oil components of lemongrass was identified using 
a gaseous chromatograph system coupled to a mass spectrometer 
(Shimadzu GC-EM, GC-17A/QP-5000) and equipped with a 
capillary column DB-5 (30 m × 0.25 mm (ID) × 0.25 μm film). 
Helium was used as the carrier gas at a flow rate of 1.8 ml/min, split 
ratio of 1:5 and the solvent cutting time of 5 min. The temperature 
of the injector was 220°C and that of the detector, 240°C. Initial 
temperature in the oven was kept at 40°C for 2 min, and was 
increased at a rate of 3°C per minute until 178°C. This temperature 
was maintained for 2 min, with total time of analysis of 50 min. Only 
ions at charge mass (m/z) ratios between 30 and 700 were 
detected by the mass spectrometer. The sample volume injected 
was 1 μl, at a concentration of 10,000 ppm with hexane as a 
solvent. 

The identification of components was conducted by comparing 
mass spectrometer obtained experimentally with those from the 
equipment database and comparison of the Kovats index for each 
component. Calculating this index required the injection of a mixture 
of hydrocarbons (C8 to C24), using the retention times of these as 
base for the calculation of Kovats index of the components of 
essential oils. For quantification of constituents of essential oils of 
lemongrass, we used the gas chromatograph coupled to a flame 
ionization detector (GC-FID), manufactured by Shimadzu, model 
QP 5000 and SPB-5 column of 0.25 mm thick, 30 m long, 0.25 mm 
internal diameter. Nitrogen was used as carrier gas at a flow rate of 
1.8 ml min-1, split ratio of 1:30, the solvent cutting time 5 min, 
injector temperature of 220°C and temperature in the flame 
ionization detector 240°C. The temperature of the column was 
programmed to start at 40°C and remain for 2 min, after an 
increase of 3°C per minute up to 178°C, when again it was 
maintained for 2 min, with a total analysis time of 50 min. The 
volume of sample injected was 1 µl at a concentration of 10,000 
ppm, using hexane as the solvent. The chemical constituents 

present in the essential oil were quantified based on normalization 
method. The calculations were computer programmed and 
connected to the GC-FID. 
 
 
RESULTS  
 
Essential oil content  
 
Figure 1 shows the percentages of essential oil and the 
statistical analysis obtained in different plant ages. It 
appears that plant age did not significantly influence the 
amount of essential oil extracted from the leaves of 
lemongrass. 
 
 
Quality of the essential oil 
 
Identification and quantification of the main chemical 
components of the essential oil from the leaves of lemon-
grass was performed to evaluate the influence of plant 
age on the quality of this oil. Figure 2 shows only one 
chromatogram of essential oil from lemon grass leaves, 
because no variation was observed in the presence of 
the chemical components identified in the oil, only va-
riations in the concentrations of same. Table 1 presents 
the retention times and Kovats Index (KI) calculated and 
tabulated of the main chemical components of the 
essential oil from the leaves in natura of lemongrass. 
Statistical analysis of the main components of the essen-
tial oil of lemongrass for the plant age is show in Table 2. 
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Figure 2. Chromatogram of essential oil of Cymbopogon citratus leaves in natura, obtained by gas chromatography. 
Compounds: 1 - mycerne; 2 - neral; 3 - geranial.  

 
 
 

Table 1. Main components of the essential oil from the leaves in natura of Cymbopogon citratus, with their retention times 
and Kovats indexes calculated and tabulated. 
 

Peak Components Retention time (min) 
Kovats Index 
(calculated) 

Kovats Index 
(tabulated) 

01 Myrcene 12.53 988 991 
02 Neral 25.01 1242 1240 
03 Geranial 26.43 1272 1270 

 
 
 

Table 2. Concentration of main chemical constituents of the essential oil extracted from in natura leaves of Cymbopogon 
citratus, depending on the plant age. 
 

Plant age 
(months) 

Components of essential oil (%) 

Myrcene  Nera Geranial Citral 

3 14.15b 33.04b 41.74b 74.78b 
6 7.80a 36.74a 52.98a 89.72a 
9 9.98a 37.41a 51.12a 88.53a 
12 9.59a 35.67a 50.74a 86.41a 

 

Means followed by different lowercase letters in the same column differ significantly by Tukey test at 5% probability. 
 
 
 
DISCUSSION 
 
Essential oil content  
 
Opposite results were found by Leal et al. (2003) who 
observed gradual decrease in oil content of lemongrass 
with increasing plant age. Koshima et al. (2006) while 
evaluating different plant ages (6, 9, 12 and 15 months) 
on the amount of essential oil extracted from the leaves 
of the same medicinal species noted that the harvest, 

when the plant age was 12 months, produced the least 
amount of essential oil. On the other hand, at 6 and 15 
months, greater quantities of essential oils were 
produced. The authors were of the view that increased 
production of essential oil at 6 and 15 months was due to 
lower rainfall in samples taken in winter and autumn.  

Most probably, irrigation was one of the reasons the 
results of the present study were different from those 
reported by Koshima et al. (2006). This study was con-
ducted  in a greenhouse with the same irrigation provided 



 
 
 
 
throughout the year. 

The appropriate plant age varies according to the plant 
organ, stage of development and the time of year. 
Analyzing the effects of two plant age on the content of 
essential oil from the leaves of Melissa officinalis, Meira 
et al. (2011) found that the essential oil content showed 
no significant difference between the periods evaluated, 
and the average oil content in the two cuts was 0.018%. 
Similarly, May et al. (2010), while evaluating the 
production of essential oil of Rosmarinus officinalis at 
different plant ages, found that the yield of essential oil 
was not affected over time. The variation in oil content 
depending on the age of the plant appears to be a factor 
that varies with the species. In a study of two plant ages 
(60 and 120 days after transplanting) of L. alba, Santos et 
al. (2004) reported that the most essential oil production 
occurred at 120 days. However for C. citrates a reduction 
in oil content with plant age was observed (Leal et al., 
2003). Mint Innecco et al. (2003) have also observed that 
essential oil increased between 80 and 95 days after 
planting. 
 
 
Quality of the essential oil 
 
It can be observed in Table 2, that at the age of 3 
months, the mycerne component was significantly higher 
compared to the other treatments. However, for the major 
component, citral (geranial + neral), the plants aged 6, 9 
and 12 months showed higher concentrations compared 
to younger plants (3 months). Possibly the plant age 
influences the quality of the essential oil of medicinal 
plants because they have a higher concentration of active 
ingredients in certain periods of the year. The increase 
over the harvest dates may be due to the aproximation of 
such a period. This variation can be also attributed to 
physiological and environmental factors. These results 
indicate that for the range of 1 year after the transplanting 
of lemongrass seedling, the ideal age to plant to harvest 
in order to produce the most important component of the 
essential oil of this species (citral) may vary between 6 to 
12 months for growing conditions studied. According to 
Koshima et al. (2006), the concentration of citral essential 
oil of lemongrass varied depending on plant age (6, 9, 12 
and 15 months), and is produced in higher concentrations 
at 6 and 15 months of age. Similar results were observed 
by Bezerra et al. (2008), who noted changes in the 
chemical composition of the essential oil of Egletes 
viscosa according to the plant age. Santos et al. (2012) 
studied the plant age (3, 6, 9 and 12 months) on the 
chemical composition of the essential oil of A. zerumbet 
and verified variations in chemical composition of this oil 
between six and nine months. However, May et al. (2010)  
evaluated the quality of the essential oil of R. officinalis, 
and concluded that the concentrations of active ingre-
dients of essential oil of this species were not affected by 
the plant age. 

Rocha et al.          1125 
 
 
 
Conclusion 
 
The content of essential oil extracted from the leaves of 
C. citratus did not change significantly when measured at 
different harvest times, but there were statistical changes 
in its chemical composition. 
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