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ABSTRACT
Citronellal is a valuable aromatic compound widely used in the fragrance industry and in daily life. The aim of this study is to investigate sources of essential oils with high citronellal content in Vietnam to serve the domestic fragrance industry. The main methods for extracting essential oils were steam distillation and solvent extraction. Analysis was performed using a Shimadzu GC-9A gas chromatograph from Japan with a PEG 20M column. The research results identified 18 sources of citronellal-containing essential oils in Vietnam. Essential oils with high citronellal content include Corymbia citriodora (Eucalyptus citriodora Hook), Cymbopogon nardus, Cymbopogon Winterianus Jowitt, Cymbopogon tortilis (Presl) A. Camus, Elsholtzia winitiana Craib, and Citrus hystrix. The study shows that the sources of citronellal-containing essential oils in Vietnam are abundant and diverse 
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1. INTRODUCTION 
Citronellal is an important organic compound belonging to the acyclic monoterpenoid group, playing a major role in creating the characteristic aroma of many natural essential oils. The molecular formula of Citronellal or rhodinal (C10H18O) is a monoterpenoid aldehyde. Its name is 3,7-dimethyloct-6-enal, and its molecular weight is 154.25 g/mol. Its structure is an unsaturated aldehyde. In nature, it usually exists in two optical isomers: (+)-citronellal and (-)-citronellal.
Citronellal has the characteristic physical properties of a long-chain aldehyde. At room temperature, it is a colorless to pale yellow liquid, very slightly soluble in water, but readily soluble in organic solvents such as ethanol, ether, and vegetable oils. Boiling point: Approximately 201°C – 208°C. Density: Approximately 0.850 – 0.860 g/cm³ at 20°C. Easily oxidized upon prolonged exposure to air or light, converting to the corresponding acid or polymerizing [1-3].
Citronellal has a very strong and recognizable aroma. It has a fresh lemon (citrus-like) scent mixed with a pungent lemongrass scent. Common essential oils containing citronellal that are commercially extracted worldwide include Lemon eucalyptus oil (Corymbia citriodora). This is the most abundant natural source, with citronellal content usually ranging from 60% to 85%. Java citronella oil (Cymbopogon winterianus) contains about 32%–45% citronellal. Ceylon citronella oil (Cymbopogon nardus) has a lower content than Java citronella oil, usually ranging from 5%–15%. Lemon (Citrus aurantifolia) and rough lemon (Citrus hystrix) contain citronellal in the peel and leaves. Geranium oil (Pelargonium graveolens) contains a small amount of citronellal in addition to the main components citronellol and geraniol [4-6].
Methods for extracting and purifying citronellal include: Vacuum fractional distillation. This is the most common method in the industry. It relies on the difference in boiling points of the components in essential oils. Performing the distillation under reduced pressure (vacuum) lowers the boiling point of citronellal, preventing decomposition or polymerization due to high temperatures. Citronellal is an aldehyde that reacts with saturated sodium bisulfite (NaHSO3) to form a solid precipitate complex. After filtering the crystals and washing away impurities (such as terpene hydrocarbons), the complex is reacted with a mild acid or alkali to release pure citronellal. This method is commonly used to recover crude essential oils from plant materials. However, to isolate citronellal from a mixture of essential oils, this method needs to be combined with other purification techniques because the boiling points of the components are often quite close. Supercritical Fluid Extraction Method Uses CO2 in a supercritical state. This method allows for very high selectivity control by adjusting pressure and temperature, helping to obtain citronellal without leaving toxic organic solvent residue. Column Chromatography is commonly used in laboratory scale to obtain citronellal of extremely high purity (standard) for research purposes, using silica gel as the stationary phase and a suitable elution solvent system [7-9].
Citronellal is one of the important compounds in the fragrance industry due to its characteristic fresh scent, and it is a raw material for synthesizing other high-end fragrances. The main application of citronellal in the fragrance industry is fragrance creation. Because of this distinctive scent, it is widely used in the perfume and soap industries. Citronellal has a strong lemon and lemongrass scent. It is used as a main ingredient in household cleaning products such as soap, dishwashing liquid, and air fresheners to create a refreshing feeling. Citronellal is a raw material for the production of menthol, citronellol, geraniol, and hydroxycitronellal. In perfumery, citronellal is used at low concentrations to create the top note in citrus or floral fragrances. Due to this distinctive scent, it is also used as a natural insect repellent. Its distinctive scent disrupts the olfactory senses of mosquitoes and insects. It is used in scented candles, mosquito repellent bracelets, and essential oil diffusers [10,11].

2. MATERIALS AND METHODS
Fresh samples of essential oils were collected from various regions in Vietnam. Sampling was conducted three times a year: at the beginning and end of the dry season and in the middle of the rainy season (January, May, and September). Essential oils were extracted from the collected fresh samples using steam distillation. The citronellal content in the essential oils was determined using high-resolution gas chromatography and a citronellal standard. Results were analyzed using a Shimadzu GC-9A gas chromatograph from Japan with a PEG 20M column. The chromatography process was performed at 110°C (for 10 minutes), then gradually increased by 10°C/minute to 180°C, with helium gas introduced at a flow rate of 50 ml/minute.
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3.1 The plant with essential oils containing citronelall in Vietnam
We have surveyed and shown that the plant with essential oils containing citronellal in Vietnam is very rich and diverse (Table 1).
Table 1. The plants with essential oils containing citronellal in Vietnam

	N0
	Scientific name of plants
	Family
	%Yield
	%Citronellal
	Part of plants

	1
	Corymbia citriodora (Eucalyptus citriodora Hook)
	Myrtaceae
	0.5-1.5
	60-75
	Leaves

	2
	Cymbopogon Winterianus Jowitt

	Gramineae
	0.6-1.2
	30-45
	Part on the ground


	3
	Cymbopogon nardus

	Gramineae
	0.3-0.8
	10-20
	Part on the ground


	4
	Cymbopogon citratus Stapf

	Gramineae
	0.3-0.4
	1-5
	Part on the ground


	5
	[bookmark: _Hlk41989154]Cymbopogon tortilis (Presl) A. Camus
	Gramineae
	0.3-0.4
	10-30
	Part on the ground


	6
	Cymbopogon pendulus Stapf

	Gramineae
	0.3-0.4
	1-1.2
	Part on the ground


	7
	Ocimum basilicm Linn
	Lamiaceae
	2.5-3.0
	2-8
	Part on the ground


	8
	Litsea cubeba (Lour.) Pers

	Lauraceae

	2 -3.0
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	Fruits

	9
	Elsholtzia cristata Hyland

	Lamiaceae
	0.3-0.4
	0.5-1

	Leaves

	10
	Elsholtzia winitiana Craib

	Lamiaceae i
	0.8-1.2
	20-30

	Leaves

	11
	Melaleuca alternifolia
	Myrtaceae
	1-1.5
	1-2
	Leaves

	12
	Citrus aurantifolia
	Rutaceae
	0.5-1.2
	20-25
	The peel of the fruit

	13
	Leaf oil of Citrus hystrix
	Rutaceae
	0.6-1.3
	60-70
	Leaves

	14
	Peel oil of Citrus hystrix
	Rutaceae
	1-2
	15-25
	The peel of the fruit

	15
	Citrus medica Linn.

	Rutaceae
	0.1-0.3
	2-8

	The peel of the fruit

	16
	Citrus sinensis (L.) Osheck
	Rutaceae
	0.5-0.9
	0.5-2.

	The peel of the fruit

	17
	Citrofortunella microcarpa Wijnands
	Rutaceae
	0.2-0.4
	0.3-1
	The peel of the fruit

	18
	Citrus grandis (L.) Osbeck
	Rutaceae
	0.3-0.5
	0.5-1
	The peel of the fruit



In Vietnam, plants with high citronellal content (such as Corymbia citriodora (Eucalyptus citriodora Hook), Cymbopogon nardus, Cymbopogon Winterianus Jowitt, Cymbopogon tortilis (Presl) A. Camus, Elsholtzia winitiana Craib, and Citrus hystrix) are usually found in areas with specific ecological conditions. Citronellal is a monoterpenoid compound that determines the characteristic aroma and antibacterial activity of essential oils. 
The weather, climate, and topography are factors that help these plants thrive.
Citronellal is synthesized most vigorously in hot, humid tropical climates. Temperature: The plants prefer high temperatures, ideally between 20°C and 35°C. If the temperature drops below 15°C, essential oil synthesis is inhibited. However, moderate temperature differences between day and night help increase the accumulation of citronellal in the leaves. These plants are extremely light-loving. Direct sunlight promotes photosynthesis, thereby converting precursors into citronellal. Plants grown in shaded areas often have low essential oil content and less pronounced aroma.
Abundant rainfall (approximately 1,500-2,500 mm/year) is required, but it must be evenly distributed. High air humidity (above 80%) is very favorable for the development of leaf biomass, where the essential oil secretory sacs are located. 
Topography directly affects drainage, a crucial factor for essential oil plants. Low and midland hills are the most ideal areas (such as Tuyen Quang, Phu Tho, or the Central Highlands). Gently sloping terrain facilitates good drainage, preventing root rot during heavy rains. In coastal areas, some lemongrass species are drought-tolerant and adapt well to sand dunes or coastal areas in Central Vietnam.
The plant prefers loose soil with a thick topsoil layer. Red-yellow ferric soil in hilly areas or sandy loam soil is most suitable. The plant thrives in slightly acidic to neutral soil (pH 5.5 to 7.0).
In Vietnam, species containing citronellal are mainly concentrated in the following regions: Northern mountainous areas (Lang Son, Vinh Phuc) and the Central Highlands, Tuyen Quang, Nghe An, and the central provinces. It is also widespread throughout the country, especially in the plains and midlands.
Weather conditions at harvest time greatly influence the citronellal content. Harvesting should be done on sunny days. Harvesting after a series of sunny days will yield the highest citronellal content. Avoid harvesting in the rain, as rain dilutes the essential oil sacs in the leaves and can easily cause mold during transportation to the distillation plant.
When light intensity exceeds the plant's tolerance threshold, it can become oxidized. At this point, the plant tends to synthesize terpenoids, not only for essential oil production but also as antioxidants to protect its photosynthetic machinery. Their activity typically peaks at midday (when light is strongest) and gradually decreases at night. This explains why essential oils harvested in the early morning often have a different chemical composition compared to those harvested in the afternoon.

3.2 Plant Species with High Citronellal Content Growing in Vietnam
3.2.1 Eucalyptus citriodora
This species is of particular importance in the chain of citronellal-containing species in Vietnam. A common characteristic of the Myrtaceae family is the presence of scattered oil glands in the leaf tissue, visible to the naked eye when the leaves are examined under light. Unlike other species of the Citrus or Zingiber genera, Corymbia citriodora is the richest source of citronellal among essential oils in Vietnam. Citronellal accounts for 60% to 75% of the total essential oil content. Due to its high citronellal content and low levels of complex impurities, this essential oil is often used as a raw material for extracting pure citronellal for pharmaceutical synthesis.
Citronellal in Eucalyptus citriodora is the main component of natural mosquito repellent products. When oxidized or metabolized into (p-Menthane-3,8-diol), its mosquito-repelling properties last much longer than the original citronellal. Although safe at low concentrations, due to its high citronellal content, pure Eucalyptus citriodora essential oil can cause severe mucosal irritation and neurotoxicity if accidentally ingested in large doses. Studies have shown that this essential oil strongly inhibits foodborne pathogenic fungi such as Aspergillus and Penicillium. In Vietnam, Eucalyptus citriodora was introduced and cultivated in the 1950s and 1960s. Due to its good adaptability to the tropical climate, this species is now found in many regions throughout the country. Its main distribution area is the Mekong Delta and the Central Highlands. It is commonly grown in the deltas from North to South for shade and essential oil extraction.
In the North, it is grown in provinces such as Vinh Phuc, Quang Ninh, and especially Phu Tho (where there are concentrated cultivation models to serve large-scale essential oil production.
In the South, it is grown sporadically in provinces such as Long An, Dong Nai, and areas around Ho Chi Minh City. In the Central Highlands, it is also grown in Lam Dong (Da Lat) due to its drought tolerance and adaptability to nutrient-poor and rocky soils.
Depending on the region, Eucalyptus citriodora is cultivated for specific purposes, such as essential oil extraction, which is the main purpose in Vietnam. The leaves contain a very high concentration of Citronellal (over 70%), which is used in the cosmetics and pharmaceutical industries (as a respiratory antiseptic) and as an insect repellent.
Eucalyptus citriodora is used for environmental cleanup. Due to its straight, beautiful trunk and pleasant aroma, the tree is often planted along roadsides, in parks, or as a protective forest.
The flowers of the lemon eucalyptus are a source of high-quality nectar and pollen for the beekeeping industry. The tree thrives best in areas with altitudes from 0 to 1,600m above sea level. The temperature average is from 20°C -30°C. Soil is quite adaptable, tolerating dry, rocky, or nutrient-poor soils with good drainage.
3.2.2 Cymbopogon winterianus
Cymbopogon winterianus Jowitt, commonly known as Java citronella Grade 1, is a species of citronella with exceptionally high economic value in the global essential oil industry. Cymbopogon winterianus is considered superior in both quality and essential oil yield compared to Cymbopogon nardus. 
Cymbopogon winterianus grows in dense clumps, with leaves that are wider and longer than those of common lemon lemongrass. The leaf blades are a vibrant green, and the leaf sheaths often have a characteristic purplish-pink hue. It has vigorous growth and tolerates hilly areas and hot, humid tropical climates.
What makes Cymbopogon winterianus more expensive than other species is its high content of aromatic compounds. Essential oil content usually ranges from 0.7% to 1.2% (higher than Cymbopogon nardus). The main chemical components are Citronellal (30–45%), Geraniol (20–25%), and Citronellol (10–15%).
This is the main raw material for the production of inexpensive perfumes, soaps, detergents, and personal care cosmetics. Due to its high content of Geraniol and Citronellal, it is an important precursor for the synthesis of other high-grade aromatic compounds such as Hydroxycitronellal.
Cymbopogon winterianus essential oil is a key ingredient in mosquito repellent sprays, insect repellent bracelets, and scented candles due to its ability to disrupt the sensory organs of mosquitoes and other parasites. It has antifungal and antibacterial properties and is used in products for treating fungal skin infections and disinfecting minor wounds. Cymbopogon winterianus is commonly grown in Tuyen Quang, Lam Dong, and Dak Lak provinces. This is the main source of citronellal production in Vietnam.

3.2.3 Cymbopogon nardus
Cymbopogon nardus (commonly known as Java citronella) is a herbaceous plant belonging to the grass family (Poaceae). It is an important plant in the fragrance and pharmaceutical industries due to its high essential oil content and distinctive aroma.
Java citronella grows in clumps, reaching a height of 1.5 to 2 meters. The biggest difference compared to lemon citronella (Cymbopogon citratus) is that the rhizomes and leaf bases are usually dark purple or red. The leaves are long, narrow, and have sharp edges. When crushed, the leaves release a strong, pungent aroma, more intense than lemon citronella.
The economic value of Cymbopogon nardus lies in its essential oil. The main compounds are Citronellal, Geraniol, and Citronellol. Compared to lemon citronella, Java citronella contains more Citronellal, giving it a stronger and pungent smell, making it less commonly used in food but superior in the cosmetics industry. Cymbopogon nardus is a highly valuable plant, particularly well-suited to tropical climates like Vietnam. Cultivating this species not only serves domestic essential oil needs but also has significant export potential for the global cosmetics industry.
Cymbopogon nardus is a key ingredient in scented candles, natural mosquito and insect repellents. It is used in soaps, detergents, shampoos, and household products due to its strong deodorizing properties. It is also a source of pure Geraniol and Citronellal. In medicine and therapy, its essential oil has antibacterial and antifungal properties, helps clean the environment, and supports the treatment of fungal skin diseases.

3.2.4 Cymbopogon tortilis (Presl) A. Camus
The essential oil of Cymbopogon tortilis can contain citronellol ranging from 10% to 25%. The essential oil of this species is usually pale yellow to colorless, with a characteristic aroma, but somewhat milder than that of Java citronellol. In addition to citronellol, Cymbopogon tortilis essential oil often contains a large amount of geraniol (up to 30-40%) and citronellol. The citronellol content is usually highest when the plant is harvested at the end of the dry season.
Due to the average and unstable citronellal content compared to standard Java, Cymbopogon tortilis is rarely exploited on an industrial scale for commercial essential oil production. However, in medicinal research... It is considered a potential source of raw materials for breeding or exploiting secondary compounds, possessing antibacterial and insecticidal properties comparable to Cymbopogon nardus. Its habitat differs from Cymbopogon citratus or Java (Cymbopogon winterianus), which are often grown in large concentrated areas in the Southeast or Central Highlands of Vietnam; twisted lemongrass typically grows scattered among weed communities.

3.2.5 Citrus hystrix
For Citrus hystrix, the most distinctive component is citronellal, which creates a strong and unique aroma unlike that of common lemons. This content varies greatly between essential oils extracted from leaves and peels:
a. Essential oils in the leaves
Lemon leaves are the richest source of citronellal. Content: Usually accounts for 60% to 80% of the total essential oil. This high concentration of citronellal creates a fresh aroma and has strong deodorizing properties. Other components include citronellol, linalool, and isopulegol.
b. Essential Oil in the Peel
Essential oil from peels has a completely different chemical composition compared to leaves. The citronellal content is very low, usually only about 1% to 10% (depending on the ripeness of the fruit and the extraction method). The main components are Limonene (approximately 30-40%) and Terpinen-4-ol, Sabinene. Scent: The fruit peel has a warm, spicy scent, more similar to traditional citrus essential oils than to the scent of leaves.
With a high citronellal content, the essential oil of Citrus hystrix leaves has very strong antifungal and antibacterial properties. In daily life: The mosquito-repelling ability of fresh Citrus hystrix leaves or leaf essential oil is very high, far superior to lemongrass. The high concentration of citronellal in Citrus hystrix leaves makes this plant an extremely valuable natural source for extracting pure citronellal in the laboratory or on an industrial scale.

3.2.6 Elsholtzia winitiana Craib
This species is particularly well-known for its very high content of aldehyde compounds, giving it a strong lemongrass-like aroma.
Citronellal content is high, usually ranging from 20% to 50% depending on the sample studied. In addition to citronellal, this species also contains high levels of citral isomers (geranial and neral). Due to its high citronellal content, E. winitiana essential oil is often studied for applications in antibacterial properties, insect repellent, and industrial fragrances.

4. CONCLUSION
From our experiments, we found 18 types of essential oil plants containing citronellal in Vietnam. This research shows that Vietnam has many types of essential oils with high citronellal content, such as Corymbia citriodora (Eucalyptus citriodora Hook), Cymbopogon nardus, Cymbopogon Winterianus Jowitt, Cymbopogon tortilis (Presl), Citrus hystrix, and Elsholtzia winitiana Craib. These are excellent raw materials for the fragrance industry. From these raw materials, citronellal can be extracted to synthesize more valuable substances such as citronellol, hydroxycitronellal, and menthol for the fragrance industry.

REFERENCES 
1. Aldino N Venancio, Marcio Jose da Silva, Luciana A Parreira, Armanda Júlio. (2019). Citronellal a natural aldehyde with important properties View supplementary material Citronellal. Natural Product Research, 39,5. DOI:10.1080/14786419.2024.2332949
2. Pilanthana Lertsatitthanakorn, Suwimol Taweechaisupapong, Channarong Arunyanart, Chantana Aromdee. (2023). Effect of Citronella Oil on Time Kill Profile, Leakage and Morphological Changes of Propionibacterium acnes. Journal of Essential Oil Research, 22(3), 270-274.   DOI:10.1080/10412905.2010.9700322
3. Ana M Dzamic,  A. Rancic, Marina Soković, M. Ristic (2008). Essential Oil Composition of Cymbopogon winterianus and Carum carvi and Their Antimicrobial Activities. Taylor & Francis. Pharmaceutical Biology, 46(6), 437-441. DOI:10.1080/13880200802055917
4. Aakanksha Wany1 , Shivesh Jha2 , Vinod Kumar Nigam1 and Dev Mani Pandey. (2013). CHEMICAL ANALYSIS AND THERAPEUTIC USES OF CITRONELLA OIL FROM CYMBOPOGON WINTERIANUS: A SHORT REVIEW. International Journal of Advanced Research, 1(6), 504-521.
5. I R Hibatullah, R Hasbullah, A Sutejo. (2025). Essential Oil Yield and Quality of Citronella (Cymbopogon nardus L .) Distillation at Various Harvest Ages and Chopping Material. IOP Conference Series Earth and Environmental Science, 1477(1), 012046    DOI:10.1088/1755-1315/1477/1/012046  
6. Tran-Thi Nhu-Trang & Hervé Casabianca &  Marie-Florence Grenier-Loustalot. (2006). Authenticity control of essential oils containing citronellal and citral by chiral and stable-isotope gas-chromatographic analysis. Anal Bioanal Chem, 386, 2141–2152.                      DOI 10.1007/s00216-006-0842-2
7. R. S. Vermaa, S. K. Vermab, S. Tandona, R. C. Padaliac, and M. P. Darokar. (2020). "Chemical composition and antimicrobial activity of Java citronella (Cymbopogon winterianus Jowitt ex Bor) essential oil extracted by different methods." Journal of Essential Oil Research, 32(5), 449-455.
doi: 10.1080/10412905.2020.1787885.
8. P. S. Andila, I. P. A. Hendra, P. K. Wardani, I. G. Tirta, Sutomo, and D. Fardenan. (2018). "The phytochemistry of Cymbopogon winterianus essential oil from Lombok Island, Indonesia and its antifungal activity against phytopathogenic fungi." Nusantara Bioscience, 10(4), 232-239.    doi:10.13057/nusbiosci/n100406.
9. A. Wany, S. Jha, V. K. Nigam, and D. M. Pandey (2013). "Chemical analysis and therapeutic uses of Citronella oil from Cymbopogon winterianus: a short review." International Journal of Advanced Research, 6(1), 504-521. 
DOI: https://doi.org/10.34238/tnu-jst.4897
10. Dewa Ayu Ika Pramitha, Agung Ari Chandra Wibawa, Nyoman Budiartha Siada, Gde Nyoman Astika. (2023). Cultivation and Analysis of Citronella Essential Oil Compounds for Traditional Medicine Development. Jurnal Pengabdian Masyarakat, 4(2), 407-416. DOI:10.32815/jpm.v4i2.1234
11. Eder J Lenardao, Giancarlo V. Botteselle, Francisco de Azambuja, KU Leuven, Gelson Perin. (2007). Citronellal as Key Compound in Organic Synthesis. Tetrahedron 63(29),6671-6712.    DOI:10.1016/j.tet.2007.03.159






