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ABSTRACT 

Cymbopogon species can be utilized in various ways. It is applied in cooking, and aromatherapy, among 

others. Essential oil is also used extensively in traditional medicine. From the literature, it possesses 

various classes of compounds, for example, terpenoids and flavonoids. In this study, an unidentified 

Cymbopogon methanolic was subjected to a Reversed Phased-High Performance Liquid Chromatography 

(RP-HPLC). The mobile phase was adapted from the national herbal monograph, comprising 0.3% formic 

acid and acetonitrile. The HPLC chromatograms were recorded, and two major peaks were observed. Both 

signals were apparent in the stepwise gradient when compared to the fast mode. In the absence of the 

standard monoterpenoids, geraniol, geranial and neral could be further investigated from this sample. In 

conclusion, a specimen of C. citratus could be involved in the experimental procedures. 
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INTRODUCTION 
The genus Cymbopogon encompasses approximately 55 species, native to tropical and semi-

tropical regions of Asia. These species are also cultivated in South and Central America, 

Africa, and other tropical countries (Shah et al., 2011). Cymbopogon is commonly known as 

lemongrass or "serai" in Malay. Among its species, C. citratus is particularly popular, often 

referred to as "serai makan." The chemical composition of Cymbopogon species, including the 

essential oil and its citral content, can vary significantly depending on several factors, such as 

geographic origin, plant part used, maturity stage, genetic variations, extraction method, and 

harvest season (Méabed et al., 2018). Therefore, optimal collection at the correct stage of 

maturity is crucial for ensuring high-quality essential oil and minimizing production costs 

(Tajidin et al., 2012). 

 The natural bioactive compounds in Cymbopogon include terpenoids (Figure 1), 

saponins, tannins, alkaloids, phenols, flavonoids, and anthraquinones. Notable constituents 

include citral, geranial, geraniol, myrcene, limonene, citronellol, borneol, neral, nerol, α-

terpineol, elemicin, kaempferol, apigenin, caffeic acid, quercetin, luteolin, geranyl acetate, and 

chlorogenic acid, along with other unidentified compounds (Shah et al., 2011). 

 Various analytical techniques have been employed to study Cymbopogon essential oils. 

For example, an assay was developed to quantify citral in C. citratus volatile oil using normal-

phase High-Performance Liquid Chromatography (HPLC) combined with UV spectroscopic 

detection (Rauber et al., 2005). Additionally, gas chromatography-mass spectrometry (GC-

MS) has been used to analyze these oils (Tajidin et al., 2012; Madivoli et al., 2012). For 

phenolic compound quantification, Reversed-Phase High-Performance Liquid 

Chromatography (RP-HPLC) has been successfully employed (Figueirinha et al., 2008; Costa 

et al., 2015; Méabed et al., 2018). 

 In urban areas of Sabah, C. citratus and C. nardus are commercially traded as medicinal 

plants (Foo et al., 2016a, 2016b), with Sabah Tea products available online in various forms, 

including pot bags and loose tea (Sabah Tea Resort, 2020). C. schoenanthus (camel grass) has 

also been used in Iranian traditional medicine for its purported ability to reduce fatigue 

(Alembagheri et al., 2023). Despite these uses, Cymbopogon species still lack comprehensive 

phytochemical characterization and standardization. 

 Recent studies have explored advanced techniques such as Nuclear Magnetic 

Resonance (NMR) to elucidate the flavonoid profiles of C. giganteus, a wild lemongrass 

species (Bationo et al., 2022). Additionally, a comprehensive NMR metabolic profiling study 
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of five Cymbopogon species was conducted (Otify et al., 2022), where RP-HPLC was used to 

analyze an unidentified Cymbopogon species. This chromatographic approach may prove 

useful for identifying and distinguishing species based on the pattern of their alcoholic extract, 

especially given the current lack of studies focused on RP-HPLC analysis of Cymbopogon 

species. 

 

 

  

Neral Geranial Geraniol 

(Z)-3,7-dimethylocta-2,6-dienal (E)-3,7-dimethylocta-2,6-dienal (E)-3,7-dimethylocta-2,6-dien-1-ol 

C10H16O C10H16O C10H18O 

 

Figure 1 Structures of monoterpenes from the Cymbopogon extract. 

 

MATERIALS AND METHODS 
Sample preparation 

 
Aerial portions of Cymbopogon species were procured from a local market in Puncak Alam, 

Selangor. The plant materials were mechanically fragmented using a mortar and pestle to 

enhance surface area (Tajidin et al., 2012). Dried and powdered samples were subjected to 

ultrasonic extraction using 100% methanol prior to chromatographic analysis. The extract was 

filtered through a 0.45 µm Millipore filter, into the vials. Reverse-Phase High-Performance 

Liquid Chromatography (RP-HPLC) using an Agilent 1200 system was employed to profile 

the extract (Globinmed, 2021a; 2021b).  

 

A 10 µL aliquot of the sample was injected into the HPLC system. The separation was achieved 

using a Thermo C-18 column (250 mm × 4.6 mm, 5 μm particle size) as the stationary phase. 

Two approaches were employed to compare the extract profiles between a rapid and a non-

isocratic, stepwise gradient (Table 1, Figure 2) elutions in RP-HPLC methods. The mobile 

phase consisted of various compositions of 0.3% formic acid in water and acetonitrile, with a 

flow rate of 1 ml/min. A diode array detector (DAD) monitored the eluent at 254 and 360 nm 

and the column temperature was maintained at 36°C throughout the experiment. The running 
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time was set at 30 and 50 minutes for the rapid and stepwise gradient modes, respectively. The 

data acquisition was performed by using ChemStation software. 
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Table 1 The solvents for the stepwise gradient elution. 

 

Time 

(minutes) 

Aceto-nitrile (%) 0.3% Formic Acid in 

Water (%) 

0 10 90 

5 10 90 

20 40 60 

22 40 60 

30 70 30 

32 70 30 

40 90 10 

45 90 10 

47 10 90 

50 10 90 

 

 

 
 

Figure 1 The composition of the mobile phase for the HPLC run (stepwise gradient mode). 
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Figure 2 The chromatogram of Cymbopogon methanolic extract (fast gradient). 

 

 
 

Figure 3 The chromatogram of Cymbopogon methanolic extract (stepwise gradient). 

 

 

 

 

 

RESULTS AND DISCUSSION 
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The lipid- and essential oil-free infusion of Cymbopogon can be prepared by adding boiling 

water to the plant material (Figueirinha et al., 2008; Costa et al., 2015). In contrast, the essential 

oil can be extracted using methanol in this study. If a more nonpolar solvent, such as n-hexane, 

is employed for extraction (Rauber et al., 2005), normal-phase HPLC would be suitable for 

detecting compounds in the volatile oil. Figure 2 shows the chromatogram of the methanol 

extract under a fast gradient, while Figure 4 presents the chromatogram using a stepwise 

gradient. In the fast-gradient method, the compounds elute as two overlapping peaks at 

retention times (tR) of 11.909 and 12.012 minutes for peak 1 and peak 2, respectively (Figure 

2). In the stepwise gradient mode, the peaks are better resolved, with tR values of 27.284 and 

27.995 minutes for peak 1 and peak 2, respectively (Figure 3).  

 Baseline separation was achieved when the mobile phase composition approached a 

50:50 ratio of acetonitrile and 0.3% formic acid. This setup is consistent with previously 

published data, which used an acetonitrile (70:30) system in isocratic flow at 1 mL/min for RP-

HPLC. In that system, the order of elution was neral (tR = 7.276 minutes), followed by geranial 

(tR = 7.689 minutes). While Cymbopogon species can contain geraniol, it is typically present 

in trace amounts (Gaonkar et al., 2016). 

 In this study, the inclusion of formic acid increases the acidity of the acetonitrile 

mixture, which in turn lengthens the retention time. The protonated solvent interacts with the 

monoterpene aldehydes (Figure 2), helping to retain these molecules on the C-18 column. In 

the stepwise gradient mode (Figure 3), both compounds are retained longer in the column due 

to the gradual decrease in the mobile phase’s polarity. 

 Optimization of the RP-HPLC mobile phase was conducted using acetonitrile and 

water, though the specific 50:50 acetonitrile 

mixture was not previously reported (Gaonkar et al., 2016). As expected, both compounds 

eluted at retention times above 12 minutes, as shown in this experiment (Figures 2 and 3). It 

was found that acetonitrile (70:30) provided the best resolution for separating the neral and 

geranial peaks, along with other citral components (Gaonkar et al., 2016). Using a higher 

acetonitrile concentration (e.g., 90:10) resulted in faster elution and lower peak resolution (tR 

around 4.5 minutes), as seen in Figure 3. For C. citratus, a more complex RP-HPLC method 

has been described, using ammonium acetate and 0.1% formic acid in water as the first solvent, 

and methanol as the second mobile phase (Globinmed, 2021a). The elution order remained 

similar to that in Figures 3 and 4, with neral (tR = 16.850 minutes) eluting before geranial (tR 

= 19.006 minutes). A simpler RP-HPLC method for C. nardus has also been documented 
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(Globinmed, 2021b), using a mobile phase of 0.1% formic acid in water and acetonitrile, with 

a major peak corresponding to geraniol (tR = 11.2 minutes). 

 In comparison, C. citratus has been found to be particularly enriched in neral and 

geranial, which are the primary characteristic metabolites of this species (Otify et al., 2022). 

This is in contrast to other Cymbopogon species such as C. flexuosus, C. procerus, C. martini, 

and C. nardus (locally known as "serai wangi"). Additionally, Kaur et al. (2021) reported that 

the essential oil of C. nardus is primarily composed of citronellal, citronellol, and geraniol. The 

chemical composition of Cymbopogon essential oils can vary based on factors such as 

geographic origin, environmental conditions, developmental stages, harvest time, and genetic 

differences (Kaur et al., 2021). Furthermore, an HPLC study of Cymbopogon ethanolic extracts 

from Pakistan revealed additional phytochemicals, including flavonoids and phenolics (Lin et 

al., 2021). Given these variations, the C. citratus specimen selected for this study can be 

sourced from retail vendors (Globinmed, 2021a). 

CONCLUSION 
The identification of monoterpenoids was suggested by comparing the retention times and 

HPLC data of each compound of the peaks in this random Cymbopogon sample to those of the 

published chromatogram. In short, geraniol, geranial and neral could possibly be introduced in 

this chemical investigation due to the absence of any standard compounds.  
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