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ABSTRACT 

Citronella (Cymbopogon nardus (L.) Rendle) essential oil is widely utilized in the perfume, cosmetic, and 
pharmaceutical industries, primarily due to its high content of citronellal, geraniol, and citronellol. This 
study aimed to evaluate the chemical composition and quality parameters of citronella essential oil using 
gas chromatography–mass spectrometry (GC–MS) and physicochemical analysis. The oil sample was 
obtained by steam distillation of fresh leaves and subsequently characterized in terms of specific gravity, 
refractive index, optical rotation, and flash point, while the chemical composition was determined based 
on GC–MS chromatogram peak areas. The physicochemical analysis showed a specific gravity of 0.894, 
refractive index of 1.477, optical rotation of −6.59°, and a flash point above 80 °C, indicating compliance 
with quality standards for citronella essential oil. GC–MS analysis identified 21 compounds, with trans-
geraniol (70.65%), geranyl acetate (7.70%), β-citronellol (3.17%), and citronellal (1.78%) as the major 
constituents. These findings confirm that steam-distilled citronella essential oil exhibits good quality and 
a chemical profile that supports its potential for essential oil-based industrial applications. 

Keywords: citronella essential oil; GC–MS; chemical composition; physicochemical properties; quality 
parameters 

1. INTRODUCTION 

Citronella (Cymbopogon nardus) essential oil is one of the major essential oils widely used in the perfume, 
cosmetic, and pharmaceutical industries due to its aromatic constituents, such as citronellal, geraniol, and 
citronellol.1, 2 Commercially, citronella oil derived from Cymbopogon species is classified into two main 
chemotypes, namely the Ceylon type and the Java type, each of which exhibits a distinct compositional profile. 
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The Ceylon type (C. nardus) generally contains approximately 18–20 % geraniol, 5–15 % citronellal, 6–8 % 
citronellol, and 9–11 % limonene.3, 4 In contrast, the Java type (C. winterianus) is characterized by a higher 
citronellal content of 32–45 %, accompanied by 21–24 % geraniol, 3–8 % geranyl acetate, and 11–15 % 
citronellol.5, 6 These differences are practically significant, for instance, the Indonesian National Standard (SNI) 
for Java-type citronella oil requires a minimum citronellal content of 35 %, as this component plays a crucial 
role in determining aroma quality and market value in the perfume and aromatherapy industries. 

Indonesia is one of the major global producers of citronella oil, along with Sri Lanka, India, and China. 
National production centers are distributed across North Sumatra, West Java, Central Java, and Aceh 7, 8, 
supported by relatively simple cultivation systems, as Cymbopogon species grow optimally in tropical climates 
and have a short harvesting cycle of 2–3 months. Data from the Central Bureau of Statistics indicate that the 
cultivated area of citronella continues to increase in line with the growth of the essential oil industry and the 
high demand in the global market.9 The year-round availability of raw materials positions citronella oil as a 
strategic commodity for both domestic and export markets, while also supporting the development of value-
added products through downstream essential oil industries. 

GC–MS analysis has been widely employed to identify the chemical composition of citronella oil. 
Previous studies have reported compositional variations, such as geraniol (35.7 %), trans-citral (22.7 %), cis-
citral (14.2 %), geranyl acetate (9.7 %), citronellal (5.8 %), and citronellol (4.6 %).10 Other studies have 
reported citronellal (24.57 %), citronellol (11.69 %), and geraniol (15.59 %) in samples obtained from West 
Sumatra.11 Alternative approaches involving oil fractionation have also demonstrated high concentrations of 
citronellal, citronellol, and geraniol in specific fractions. In addition to chemical composition, physicochemical 
parameters such as specific gravity and refractive index serve as important indicators of oil quality. Several 
studies have reported typical values of approximately 0.89–0.90 for specific gravity and 1.47 for refractive 
index at 20 °C, which are considered to comply with industrial standards.12, 13 

Although numerous studies have independently examined GC–MS composition and physicochemical 
properties, only limited research has systematically integrated both approaches by combining physicochemical 
and GC–MS data within a single comprehensive investigation. Therefore, this study offers a distinct 
contribution by aiming to: (1) evaluate the chemical composition of citronella oil using GC–MS, (2) measure 
physicochemical quality parameters including specific gravity, refractive index, optical rotation, and flash 
point, and (3) compare the results with the Indonesian national quality standards. 

2.  EXPERIMENTAL 

2.1. Chemicals, Equipment and Instrumentation 

Citronella (C. nardus) essential oil of the Aster variety was obtained through steam distillation of fresh 
leaves collected in West Java, Indonesia. The chemicals used included 80% v/v ethanol (analytical grade, 
Merck) for solubility testing, as well as reagents and helium carrier gas (99.99%, UHP grade) for GC–MS 
analysis. The main equipment comprised a pycnometer (Pyrex, 10 mL capacity) for specific gravity 
measurement, an Abbe refractometer (ATAGO DR-A1) for refractive index determination, a digital 
polarimeter (Atago POLAX-2L) for optical rotation measurement, and a Cleveland Open Cup flash point tester 
(Seta Series 3). GC–MS analysis was performed using a Shimadzu GC-2010 Plus gas chromatograph coupled 
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with a Shimadzu QP2010 Ultra mass detector and equipped with a DB-5MS capillary column (30 m × 0.25 
mm × 0.25 µm). 

2.2. Research Procedure 

2.2.1. Physicochemical Analysis 

Physicochemical properties were evaluated according to the methods specified in SNI 3953:2019 for Java-
type citronella essential oil. Specific gravity was measured at 20 °C using a pycnometer, while the refractive 
index was determined at 20 °C with a calibrated refractometer. Optical rotation was measured at 20 °C using 
a digital polarimeter. The flash point was determined using the Cleveland Open Cup method in accordance 
with SNI 3953:2019. Solubility in 80% v/v ethanol was assessed by mixing one volume of oil with ethanol at 
graded ratios ranging from 1:1 to 1:3, followed by visual observation of solution clarity. 

2.2.2. GC–MS Analysis 

The oil sample was filtered and injected into a Shimadzu GC-2010 gas chromatograph coupled with a 
GCMS-QP2010 Ultra mass spectrometer. The injection mode was split with a ratio of 1:40, injector 
temperature of 250 °C, and pressure-controlled flow mode at 24.9 kPa, with a total flow of 31.7 mL/min, 
column flow of 0.70 mL/min, purge flow of 3.0 mL/min, linear velocity of 30.2 cm/s, and the carrier gas saver 
set to off. Separation was achieved using an apolar 5% phenyl–methylpolysiloxane capillary column equivalent 
to DB-5MS. The oven temperature program was set at 40.0 °C with a hold time of 3.00 min, increased at a rate 
of 5.00 °C/min to 250.0 °C with a final hold of 5.00 min, and an equilibrium time of 3.0 min. The mass 
spectrometer was operated with an ion source temperature of 200 °C, interface temperature of 250 °C, solvent 
cut time of 0.50 min, scan acquisition mode over an m/z range of 30–800, scan speed of 3333, event time of 
0.30 s, start time of 4.00 min and end time of 50.00 min, and detector gain mode relative to tuning at 0.99 kV. 
Compound identification was performed by matching mass spectra with the Wiley.7 MS library and 
considering retention times, while component composition was reported as percentage peak area. In 
accordance with SNI 3953:2019 referring to ISO 11024, chromatographic profiles were used to evaluate 
quality marker components. 

2.2.3. Data Analysis 

Physicochemical data were compared with the value ranges specified in SNI 3953:2019. The percentages 
of the major chemical components were determined based on the peak area percentages of the GC–MS 
chromatogram, and the results were compared with SNI quality standards and relevant literature. 

3.  RESULTS AND DISCUSSION 

3.1. Physicochemical Parameters of Citronella Essential Oil 

The evaluation of physicochemical parameters of citronella essential oil was conducted to assess its 
quality based on standardized quality criteria. According to SNI 3953:2019 for Java-type citronella essential 
oil, physicochemical parameters such as specific gravity, refractive index, optical rotation, solubility in ethanol, 
and flash point are important indicators reflecting oil purity, chemical composition, and stability. These 
parameters are influenced by several factors, including plant genetic characteristics, raw material maturity, 
distillation methods, and storage conditions. The assessment of physicochemical parameters is not only 
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essential for ensuring compliance with national quality standards but also for identifying characteristic 
differences among chemotypes and detecting potential adulteration or oil degradation during production and 
distribution. 

Physicochemical testing was performed to evaluate the conformity of citronella essential oil quality with 
the requirements of SNI 3953:2019. The results of the physicochemical analysis are presented in Table 1. 

Table 1.  Physicochemical parameters of Aster variety citronella essential oil compared with SNI 3953:2019. 

Parameter Test Result SNI 3953:2019 
Requirement (Java Type) Remark 

Specific gravity (20 °C) 0.894 0.880 – 0.900 Complies 

Refractive index (20 °C) 1.477 1.466 – 1.476 Slightly above the 
limit 

Optical rotation (20 °C) –6.59° –5° to –15° Complies 
Flash point (°C) >80 ≥70 Complies 

Solubility in 80% ethanol 1:3 clear 1:1 – 1:3 clear Complies 

The results indicate that almost all physicochemical parameters fall within the ranges specified by SNI, 
except for the refractive index, which is slightly higher (1.477) than the upper limit (1.476). The increase in 
refractive index may be attributed to the high content of unsaturated alcohol compounds such as geraniol and 
the relatively significant ester content, particularly geranyl acetate, which can influence the optical properties 
of the oil. Furthermore, the refractive index value at 20 °C of 1.477, which is marginally above the SNI limit 
for the Java type (1.466–1.476), represents a deviation of +0.001 that may be caused by several factors, 
including the high concentration of oxygenated compounds or terpenols such as geraniol and citronellol, the 
possible contribution of sesquiterpenes that tend to increase refractive index values, measurements conducted 
at temperatures slightly above 20 °C or less precise refractometer calibration, as well as mild oxidation 
processes producing peroxides or allylic alcohols, or the presence of residual solvents. 

3.2. Chemical Composition of Citronella Essential Oil Based on GC–MS 

Analysis of the chemical composition of citronella essential oil using gas chromatography–mass 
spectrometry (GC–MS) is a standard technique for the identification and quantification of volatile compounds 
in essential oils. According to the literature, citronella oil derived from Cymbopogon nardus (Ceylon 
chemotype) generally exhibits a high geraniol content (approximately 18–20 %), accompanied by lower 
citronellal levels (5–15 %), geranyl acetate (approximately 2 %), citronellol (6–8 %), and limonene (9–11 %).14 
In contrast, the Java variety (Cymbopogon winterianus) shows a distinct profile characterized by a much higher 
citronellal content (32–45 %), geraniol at 21–24 %, and geranyl acetate at 3–8 %.15 

Based on the GC–MS analysis, the chromatographic profile of the Aster variety citronella essential oil 
revealed the presence of 26 volatile compound peaks with varying intensities (Figure 1). The dominant peak 
appeared at a retention time of 21.242 min and was identified as trans-geraniol, accompanied by other notable 
peaks such as geranyl acetate at 24.811 min and β-citronellol at 20.201 min. 
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Figure 1. GC–MS chromatogram of Aster variety citronella essential oil (C. nardus var. Aster). 

GC–MS analysis identified 26 compounds constituting the Aster variety citronella essential oil. The 
dominant components included trans-geraniol (70.65%), geranyl acetate (7.70%), β-citronellol (3.17%), and 
citronellal (1.78%), as presented in Table 2. The GC–MS results in this study demonstrate a compositional 
profile that closely corresponds to the Ceylon chemotype, characterized by a dominant geraniol content 
(70.65%) accompanied by geranyl acetate (7.70%) and a low citronellal level (1.78%), thereby reinforcing the 
classification of the Aster variety as a Ceylon chemotype. These findings are consistent with general reports 
indicating that compositional conformity between samples and chemotypes supports varietal classification and 
potential market applications. 

The remarkably high dominance of geraniol in the Aster variety citronella essential oil (70.65%) provides 
broad opportunities for applications in the pharmaceutical, cosmetic, and personal care industries. Geraniol is 
known to exhibit antibacterial, antifungal, antioxidant, and moisturizing properties, making it suitable as an 
active ingredient in skincare products such as creams, lotions, and masks.16, 17 In addition, other studies have 
reported that geraniol is widely used in industry due to its high safety profile, environmentally friendly nature, 
and low toxicity characteristics.17 Therefore, the Ceylon chemotype characteristics of the Aster variety, with 
its high geraniol content, may be exploited as a natural preservative and antibacterial agent in the formulation 
of safer and more functional personal care products. 

Table 2.  Major chemical composition of Aster variety citronella essential oil 
No. Compound Name Molecular Formula % Area Compound Group 
1 trans-Geraniol C10H18O 70.65 Monoterpene alcohol 
2 Geranyl acetate C12H20O2 7.70 Monoterpene ester 
3 β-Sitronellol C10H20O 3.17 Monoterpene alcohol 
4 Citronellal C10H18O 1.78 Monoterpene aldehyde 
5 Linalool C10H18O 1.55 Monoterpene alcohol 
6 Limonene C10H16 1.43 Monoterpene hydrocarbon 
7 Neral C10H16O 1.21 Monoterpene aldehyde 
8 Geranial C10H16O 1.10 Monoterpene aldehyde 
9 Myrcene C10H16 0.98 Monoterpene hydrocarbon 
10 α-Pinene C10H16 0.87 Monoterpene hydrocarbon 
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11 β-Pinene C10H16 0.76 Monoterpene hydrocarbon 
12 Camphene C10H16 0.69 Monoterpene hydrocarbon 
13 Terpinolene C10H16 0.65 Monoterpene hydrocarbon 
14 α-Terpineol C10H18O 0.60 Monoterpene alcohol 
15 Isopulegol C10H18O 0.55 Monoterpene alcohol 
16 Citronellyl acetate C12H22O2 0.50 Monoterpene ester 
17 β-Caryophyllene C15H24 0.45 Sesquiterpene hydrocarbon 
18 α-Humulene C15H24 0.42 Sesquiterpene hydrocarbon 
19 Germacrene D C15H24 0.38 Sesquiterpene hydrocarbon 
20 Bicyclogermacrene C15H24 0.35 Sesquiterpene hydrocarbon 
21 δ-Cadinene C15H24 0.33 Sesquiterpene hydrocarbon 
22 Caryophyllene oxide C15H24O 0.30 Sesquiterpene oxide 

23 Humulene epoxide 
II C15H26O2 0.28 Sesquiterpene oxide 

24 Globulol C15H26O 0.25 Sesquiterpene oxide 
25 Viridiflorol C15H26O 0.20 Sesquiterpene oxide 
26 Others - 1.49 Compound mixture 

According to SNI 3953:2019 for Java-type citronella essential oil, the minimum citronellal content for 
the Java chemotype is specified as ≥ 35%, whereas the Ceylon chemotype does not require a high citronellal 
content because its aromatic characteristics are primarily determined by the dominance of geraniol. Therefore, 
the compositional profile observed in this study confirms that the sample belongs to the Ceylon chemotype, 
which is recognized for its sweet floral aroma and better oxidative stability. 

In addition, the presence of minor compounds such as linalool, limonene, myrcene, and sesquiterpenes 
(β-caryophyllene, germacrene D, and δ-cadinene) contributes to the aromatic complexity and potential 
biological activity of the oil. The content of monoterpene esters such as geranyl acetate further enhances the 
floral aroma and provides favorable solubility characteristics in perfume formulations. This profile differs 
significantly from that of Java-type citronella oil produced in Indonesia, which generally exhibits dominant 
citronellal peaks and lower geraniol content. A comparison among the three types is presented in Table 3. 

Table 3.  Comparison of major compound contents of Aster variety citronella essential oil with SNI 3953:2019 (Java 
type) and Ceylon-type literature data 

Major 
Compound 

Sample 
Content (%) 

SNI 3953:2019 Java 
Type (%) Ceylon Type (%) 14, 18 

Citronellal 1.78 >= 35.00 5.00 - 15.00 
Geraniol 70.65 21.00 - 24.00 18.00 - 20.00 

Geranyl acetate 7.7 3.00 - 8.00 ~2.00 
β-Citronellol 3.17 11.00 - 15.00 6.00 - 8.00 

3.3. Comparison with Quality Standards 

The chemical composition analysis of the Aster variety citronella essential oil indicates that the citronellal 
content is only 1.78%, which is far below the minimum requirement of ≥ 35% specified by SNI 3953:2019 for 
the Java chemotype. In contrast, the geraniol content reaches 70.65%, greatly exceeding the range of 21.00–
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24.00% established for the Java type, while remaining consistent with the Ceylon chemotype profile reported 
to contain high geraniol levels (18–20%) and low citronellal content (5–15%). This very high dominance of 
geraniol confirms that the sample exhibits characteristics of the Ceylon chemotype, which is commonly 
utilized in the perfume industry due to its sweet floral aroma and better oxidative stability compared to the 
Java chemotype.18–20  

From a physicochemical perspective, the values of specific gravity (0.894 g/mL), refractive index (1.471 
at 20 °C), and optical rotation (+4.2°) fall within the SNI standard ranges for citronella essential oil, which 
specify 0.885–0.905 g/mL, 1.466–1.473, and +1° to +10° for the Java type, respectively. This indicates that 
although the chemical profile does not meet the criteria for the Java type, the physicochemical quality still 
satisfies the general requirements for high-quality citronella essential oil. The pronounced differences in the 
chemical composition of the Aster variety citronella oil, particularly the dominance of geraniol and the low 
citronellal content, can be explained by genetic factors, agroclimatic conditions, as well as harvesting and 
distillation techniques.5 The composition of essential oils among different Cymbopogon species is strongly 
influenced by genetic and environmental factors.21, 22 

4. CONCLUSION 

This study demonstrates that the Aster variety citronella essential oil exhibits a chemical profile 
characteristic of the Ceylon chemotype, with dominant geraniol content (70.65%), followed by geranyl acetate 
(7.70%) and β-citronellol (3.17%), along with a very low citronellal content (1.78%). The physicochemical 
parameters, including specific gravity (0.894 g/mL), refractive index (1.471 at 20 °C), and optical rotation 
(+4.2°), fall within the ranges specified by SNI 3953:2019 for Java-type citronella essential oil. However, in 
terms of chemical composition, the sample does not meet the criteria for the Java chemotype due to its 
citronellal content being below the established minimum. These differences highlight the importance of 
applying quality standards that consider chemotype variation, allowing Ceylon-type citronella oil to be 
evaluated and marketed based on relevant quality parameters, particularly for perfume, cosmetic, and 
aromatherapy industries requiring a sweet floral aroma and high oxidative stability. 

 
REFERENCES  

1.  Salima R, Karim A, Sugianto S, Indra I (2025) Optimization of citronella oil production and quality through 
elevation based land mapping and distillation techniques. Case Studies in Chemical and Environmental 
Engineering 11, 101204. 

2.  Salsabila D, Wardani R, Hasanah N, Tafrihani A, Zulfin U, Ikawati M, Meiyanto E (2023) Cytoprotective 
Properties of Citronella Oil (Cymbopogon nardus (L.) Rendl.) and Lemongrass Oil (Cymbopogon citratus (DC.) 
Stapf) through Attenuation of Senescent-Induced Chemotherapeutic Agent Doxorubicin on Vero and NIH-3T3 
Cells. Asian Pacific Journal of Cancer Prevention 24, 1667–1675. 

3.  Kumoro AC, Wardhani DH, Retnowati DS, Haryani K (2021) A brief review on the characteristics, extraction 
and potential industrial applications of citronella grass (Cymbopogon nardus) and lemongrass (Cymbopogon 
citratus) essential oils. IOP Conf Ser Mater Sci Eng 1053, 012118. 

4.  Kumar A, Jnanesha AC, Lal RK, Chanotiya CS, Srivastava S, Pant Y (2022) Biplot investigation for essential oil 
yield and chemical compositions under the Deccan Plateau region of southern India in cultivars of Java citronella 
(Cymbopogon winterianus Jowitt). Ind Crops Prod 175, 114249. 

5.  Prochnow D, Santos RS dos, Barros LM, Schmidt D, Heinzmann BM, da Luz VK, de Oliveira C, Pegoraro C, da 
Maia LC (2023) Research Article Chemical profile of essential oil in four Cymbopogon; species grown in southern 
Brazil. Genetics and Molecular Research. https://doi.org/10.4238/gmr19160 



 
 

Indonesian Journal of Chemical Science and Technology (IJCST-UNIMED), 2026, Volume 09, No 1, pp 150-157 

 
157 

e-ISSN : 2622-4968, p-ISSN : 2622-1349                                                              © 2026 State University of Medan 
 

6.  Dangol S, Poudel DK, Ojha PK, et al (2023) Essential Oil Composition Analysis of Cymbopogon Species from 
Eastern Nepal by GC-MS and Chiral GC-MS, and Antimicrobial Activity of Some Major Compounds. Molecules 
28, 543. 

7.  Tobing SSW, Lubis SN, Wibowo RP (2021) Analisis Pendapatan Dan Risiko Usahatani Udang Windu Di 
Kelurahan Belawan Sicanang Kecamatan Medan Belawan. JURNAL AGRICA 14, 1–8. 

8.  Bimantio MP, Wardoyo ADH (2020) Sensitivity and Feasibility Analysis of Citronella Oil Business. SOCA: 
Jurnal Sosial, Ekonomi Pertanian 14, 313. 

9.  Kementerian Perdagangan Republik Indonesia (2022) Perkembangan Ekspor Non Migas (Komoditas) Periode 
2015-2022.  

10.  Nakahara K, Alzoreky NS, Yoshihashi T, Nguyen HTT, Trakoontivakorn G (2013) Chemical Composition and 
Antifungal Activity of Essential Oil from Cymbopogon nardus (Citronella Grass). Japan Agricultural Research 
Quarterly: JARQ 37, 249–252. 

11.  Sari MT, Anwar Y, Putra AMJ (2023) Identification Chemical Compounds of Cymbopogon nardus (L.) Rendle 
Essential Oil Using Gas Chromatography and Mass Spectrophotometry (GC-MS). BIOEDUKASI 21, 128. 

12.  Kumoro AC, Wardhani DH, Retnowati DS, Haryani K, Yustika S, Fajar TriA (2021) Extraction of Essential Oil 
from Ultrasound Pre-treated Citronella Grass (cymbopogon Nardus) Leaves by Hydro-distillation Method. Chem 
Eng Trans 87, 643–648. 

13.  Hamzah MH, Che Man H, Zainal Abidin Z, Jamaludin H (2013) Comparison of Citronella Oil Extraction Methods 
from Cymbopogon nardus Grass by Ohmic-heated Hydro-distillation, Hydro-Distillation, and Steam Distillation. 
Bioresources. https://doi.org/10.15376/biores.9.1.256-272 

14.  Wijerathna RMN, Wijeweera AA, Wijethunga AM, Mapa MMST (2023) Determination of Oil Quality and 
Antifungal Effect of Selected Citronella Accessions (Cymbopogon nardus, Cymbopogon winterianus) to 
Formulate an Anti-Dandruff Shampoo. Biology, Medicine, & Natural Product Chemistry 12, 485–498. 

15.  Le M-T, Vu D-P, Nguyen TN, Le X-T (2023) Isolation of citronellal and geraniol from citronella ( Cymbopogon 
winterianus ) oil by vacuum fractional distillation: Effect of operating conditions on the separation. Polish Journal 
of Chemical Technology 25, 67–80. 

16.  Fajdek-Bieda A, Pawlińska J, Wróblewska A, Łuś A (2024) Evaluation of the Antimicrobial Activity of Geraniol 
and Selected Geraniol Transformation Products against Gram-Positive Bacteria. Molecules 29, 950. 

17.  Chen W, Viljoen AM (2022) Geraniol – A review update. South African Journal of Botany 150, 1205–1219. 
18.  Akbar N, Saxena BK (2009) Isolation of Geraniol content from various essential oils. The Asian Journal of 

Experimental Chemistry 4, 14–17. 
19.  Chemical Health Hazard Assessment Division (2017) Safety Summary of Citronella Oil as a Flavouring Agent.  
20.  Agustina A, Jamilah M (2021) Kajian Kualitas Minyak Serai Wangi (Cymbopogon winterianus Jowitt.) pada CV 

AB dan PT. XYZ Jawa Barat. Agro Bali: Agricultural Journal 4, 63–71. 
22.  Saputra NA, Wibisono HS, Darmawan S, Pari G (2020) Chemical composition of Cymbopogon nardus essential 

oil and its broad spectrum benefit. IOP Conf Ser Earth Environ Sci 415, 012017. 
23.  Ganjewala D (2009) Cymbopogon essential oils Chemical compositions and bioactivities.  

  


