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					ABSTRACT  

					ARTICLE INFO  

					Limnophila aromatica, a tropical plant commonly found in moist environments, is widely utilized  

					in Vietnamese culinary and traditional medicinal practices. The plant’s essential oil is rich in  

					bioactive constituents, including limonene and phellandral, which have demonstrated  

					antibacterial, antiviral, antioxidant, and neurorelaxant effects. This study aims to optimize the  

					extraction of essential oil from Limnophila aromatica, analyze it, and identify its primary chemical  

					components using GC-MS. Essential oil from Limnophila aromatica was extracted by  

					hydrodistillation. The extraction conditions were optimized by evaluating key parameters,  

					including the plant-to-solvent ratio, extraction time, distillation rate, and plant morphology. The  

					resulting oil was then analyzed for its physicochemical characteristics using GC-MS. The findings  

					revealed that the optimal conditions for extracting essential oil from Limnophila aromatica were  

					a material-to-solvent ratio of 1:6, a distillation time of 150 minutes, and a distillation rate of level  

					3. Notably, plant morphology significantly affected the yield, with the purple variety producing a  

					much higher yield (0.173%) than the green variety (0.097%). GC–MS analysis identified D-  

					Limonene as the major component (51.76%), followed by 1,3,4-trimethyl-3- cyclohexenyl-1-  

					carboxaldehyde (14.74%), (6,6-dimethylbicyclo (3.1.1) hept-2-yl) methyl acetate (7.34%), along  

					with various other monoterpenes and sesquiterpenes. These results provide a critical scientific  

					foundation for enhancing the extraction process and promoting the application of Limnophila  

					aromatica essential oil in health care, cosmetic formulations, and functional food products.  
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					Li. Several initial studies have examined its chemical constituents and  

					assessed its biological activities. For example, Thuyen et al. identified  

					limonene (46.86%) as the predominant compound and demonstrated its  

					notable antibacterial and antioxidant properties.4 While most previous  

					studies have primarily focused on identifying the chemical constituents  

					and evaluating the biological activities of Limnophila aromatica,5-7 this  

					study provides a novel contribution by optimizing the essential oil  

					extraction process and comparing the effects of plant morphology  

					(green and purple varieties) on the oil yield of Limnophila aromatica  

					cultivated in Can Tho, Vietnam. Furthermore, the chemical  

					composition of the extracted essential oil was comprehensively  

					characterized using gas chromatography–mass spectrometry (GC–MS).  

					With growing interest in the exploitation and application of natural  

					products, the extraction and compositional analysis of Limnophila  

					aromatica essential oil using GC–MS is essential. This study aims to  

					extract essential oil from Limnophila aromatica via hydrodistillation  

					and to analyze and identify its main chemical components using GC–  

					MS. Additionally, it seeks to provide scientific data for evaluating the  

					quality of Limnophila aromatica essential oil and to support the  

					development and utilization of natural products derived from local  

					medicinal plants.  

					Introduction  

					Limnophila aromatica (Lamk.) Merr. is a tropical plant  

					naturally found in countries such as India, Sri Lanka, China, Japan,  

					Vietnam, Cambodia, Laos, and Thailand. It commonly grows in moist  

					habitats, including ponds, ditches, and lowland rice fields.1 In Vietnam,  

					Limnophila aromatica is widely used as a culinary herb to enhance  

					flavor and also holds medicinal value in traditional practices, where it  

					is used to aid in the treatment of kidney stones, measles, colds, runny  

					nose, abdominal pain, and to promote diuresis.2 Essential oil extracted  

					from Limnophila aromatica contains a diverse array of volatile  

					compounds with biological activities, including limonene, thymol,  

					myrcene, β-caryophyllene, ρ-cymene, and α-pinene. These compounds  

					have demonstrated various pharmacological effects such as  

					antibacterial, antiviral, antioxidant, and neurorelaxant properties.3 Due  

					to its natural origin, safety profile, and therapeutic potential, Limnophila  

					aromatica essential oil has garnered increasing scientific and  

					commercial interest in recent years. It is considered a promising  

					alternative to synthetic additives in the food, pharmaceutical, and  

					cosmetic industries. Although Limnophila aromatica is widely utilized  

					in traditional medicine, in-depth scientific investigations into its  

					essential oil composition remain relatively scarce  
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					Materials and Methods  

					Plant Collection and Identification  

					Fresh stems and leaves of Limnophila aromatica were collected in Can  

					Tho city, Vietnam in December 2024 (10°00'20'' N latitude and  

					105°40'12'' E longitude). The identification and authentication of the  

					medicinal plant were performed at the Department of Pharmacognosy,  

					Faculty of Pharmacy, Can Tho University of Medicine and Pharmacy.  

					The specimen was deposited under the code I012025. After removing  

					damaged or diseased parts, the plant material was thoroughly washed  

					with water, drained, cut into segments of approximately 1 cm, and used  

					within 6 hours.8  

					Citation: Phat NT, Ni TTT, Ngoc HK, Dat NT, Lan NVP, Tuyen NTL, Lien  

					PTT. Extraction Conditions and Chemical Profiling of Limnophila  

					aromatica Essential Oil Using GC-MS in Can Tho, Vietnam. Trop J Nat  

					Prod Res. 2025; 9(10): 4820 – 4824 https://doi.org/10.26538/tjnpr/v9i10.17  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					University of Benin, Benin City, Nigeria  

					4820  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, October 2025; 9(10): 4820 - 4824  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Extraction parameters for essential oil using the hydrodistillation  

					method  

					Table 2: Chemical composition of Limnophila aromatica  

					essential oil  

					Approximately 185 g of Limnophila aromatica samples underwent  

					hydrodistillation using distilled water in a 2000 mL Erlenmeyer flask  

					with a Clevenger-type apparatus. The obtained oil was then dried using  

					anhydrous sodium sulfate and stored in an amber glass at 2–5°C.9,10 This  

					research investigates the parameters affecting the essential oil  

					extraction process from Limnophila aromatica, focusing on the  

					material-to-solvent ratio (1:5, 1:6, and 1:7), extraction time (120, 150,  

					and 180 minutes), distillation rate (levels 2, 3, and 4), and plant  

					morphology (green and purple Limnophila aromatica), in order to  

					determine the optimal conditions for maximizing essential oil yield.11  

					The essential oil yield from Limnophila aromatica is calculated using  

					the following formula (1):  

					Relative  

					content  

					(%)  

					Retention  

					time (min)  

					No. Component  

					1

					α -Pinene  

					5.628  

					2.11  

					2

					3

					2-Nitrohexane  

					5.715  

					5.870  

					6.345  

					1.51  

					1.35  

					1.97  

					3,3-Dimethyl-2-hexanone  

					1-Octen-3-ol  

					4

					5

					β -Myrcene  

					6.509  

					0.87  

					∗ 100  

					(1)  

					6

					(+)-4-Carene  

					o-Cymene  

					7.025  

					7.166  

					7.249  

					7.481  

					7.730  

					10.136  

					0.37  

					0.58  

					51.76  

					1.55  

					0.46  

					5.23  

					=

					Where a is the volume (mL) of essential oil obtained from Limnophila  

					7

					aromatica, and  

					b

					is the weight (grams) of raw Limnophila  

					8

					D-Limonene  

					β-cis-Ocimene  

					γ-Terpinene  

					Phellandral  

					aromatica material.  

					9

					Physical analysis  

					10  

					11  

					The physical properties of Limnophila aromatica essential oil were  

					evaluated according to standardized methods established by the  

					International Organization for Standardization (ISO), including  

					organoleptic (ISO 9235:2021),12 density (ISO 279:1998),13 refractive  

					index (ISO 280:1998),14 and non-volatile residue (ISO 124:1997).15  

					1,3,4-Trimethyl-3-cyclohexenyl-1-  

					carboxaldehyde  

					12  

					10.235  

					14.74  

					13  

					14  

					15  

					cis-Shisool  

					11.264  

					11.327  

					11.484  

					1.47  

					1.93  

					1.98  

					GC-MS analysis  

					Perilla aldehyde  

					trans-Shisool  

					The analysis of Limnophila aromatica essential oil was conducted using  

					a GC-MS system (GC-MS-QP2010, Shimadzu, Japan). The separation  

					was achieved with a DB-5MS capillary column (30ꢀm × 0.25ꢀmm,  

					0.25ꢀμm). The sample was introduced in split mode, and ionization was  

					carried out using electron impact at 70ꢀeV. Helium was employed as the  

					carrier gas at a steady flow rate of 1.0ꢀmL/min. The oven temperature  

					was initially set at 50ꢀ°C for 3 minutes, then increased at a rate of  

					3ꢀ°C/min to 260ꢀ°C, and held at this temperature for 18.33 minutes. The  

					injector, ion source, and interface were maintained at 260ꢀ°C, 220ꢀ°C,  

					and 260ꢀ°C, respectively. Mass spectra were scanned across an m/z  

					range of 35 to 500. Identification of components was based on  

					comparison of their retention indices and fragmentation patterns with  

					data from the National Institute of Standards and Technology library.  

					(6,6-Dimethylbicyclo (3.1.1) hept-2-yl)  

					methyl acetate  

					16  

					17  

					18  

					13.264  

					13.501  

					13.555  

					7.34  

					1.23  

					1.93  

					β-Caryophyllene  

					(4-Isopropenyl-1-cyclohexen-1-yl)methyl  

					acetate  

					19  

					20  

					β-Farnesene  

					13.766  

					14.003  

					0.62  

					2.00  

					α-Caryophyllene  

					Limnophila aromatica essential oil is a complex mixture of highly  

					bioactive volatile compounds that have found broad applications in  

					health care, cosmetic formulations, and functional food products.  

					Several extraction methods have been developed; among these, steam  

					distillation is preferred due to its high efficiency, ability to preserve the  

					chemical structure, avoidance of organic solvents, and suitability for  

					both laboratory- and industrial-scale production.16-19 In this study, the  

					essential oil extraction yield from green Limnophila aromatica was  

					0.097%, whereas the purple variant showed a higher yield of 0.173%.  

					These results are comparable to or slightly exceed those reported by  

					Thuyen et al., who achieved a maximum yield of 0.105% under optimal  

					conditions (material-to-solvent ratio of 1:2 and a distillation time of 120  

					minutes).4 Furthermore, the extraction yields obtained in this study were  

					higher than those previously reported, with yields of 0.095% using  

					distilled water and 0.09% using a 2% saline solution.3 Variations in  

					extraction yields among these studies may be attributed to differences  

					in material-to-water ratio, distillation time, and morphological  

					characteristics of the raw materials, with the purple Limnophila  

					aromatica demonstrating superior potential for essential oil  

					accumulation.  

					Results and Discussion  

					The essential oil yields obtained from Limnophila aromatica are  

					summarized in Figure 1. Figure 1 shows that the extraction was  

					performed using a raw material-to-solvent ratio of 1:6, an extraction  

					time of 150 minutes, and a distillation rate at level 3. The purple variety  

					of Limnophila aromatica yielded the highest essential oil content. The  

					physical properties of the extracted Limnophila aromatica essential oil  

					are presented in Table 1, while the chemical composition of the  

					essential oil is presented in Table 2 and Figure 2.  

					Table 1: Results of the physical properties (n = 3)  

					No Parameters  

					.

					Results  

					1

					Organoleptic  

					A

					light yellow liquid with the strong,  

					characteristic aroma of Limnophila aromatica  

					GC-MS was employed to evaluate the chemical composition of the  

					extracted essential oil comprehensively. This analytical technique is  

					highly effective for the qualitative identification and characterization of  

					compounds within essential oils with great accuracy. GC-MS analysis  

					not only provides detailed information on the quantity and  

					concentration of major components but also facilitates the assessment  

					of chemical variations under different extraction conditions, thereby  

					supporting process optimization and improving the quality of the final  

					product.20,21  

					essential oil  

					0.894 ± 0.001  

					2

					3

					Density  

					Refractive  

					index  

					Non-volatile  

					residue  

					1.525 ± 0.001  

					4

					3.516 ± 0.002  
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					0.076  

					0.080  

					0.070  

					0.060  

					0.050  

					0.040  

					0.030  

					0.020  

					0.010  

					0.000  

					0.088  

					0.086  

					0.084  

					0.082  

					0.080  

					0.078  

					0.076  

					0.074  

					0.072  

					0.070  

					0.086  

					0.065  

					0.054  

					0.081  

					0.076  

					120  

					01:05  

					01:06  

					01:07  

					150  

					180  

					Material-to-solvent ratio  

					Extraction time (min)  

					(a)  

					(b)  

					0.087  

					0.086  

					0.085  

					0.084  

					0.083  

					0.082  

					0.081  

					0.080  

					0.079  

					0.078  

					0.086  

					0.200  

					0.180  

					0.160  

					0.140  

					0.120  

					0.100  

					0.080  

					0.060  

					0.040  

					0.020  

					0.000  

					0.173  

					0.097  

					0.081  

					0.081  

					Level 2  

					Level 3  

					Level 4  

					Green  

					Purple  

					Distillation rate  

					Morphological variation  

					(c)  

					(d)  

					Figure 1: Factors influencing essential oil extraction yield (a) material-to-solvent ratio, (b) extraction time, (c) distillation rate, (d)  

					morphological variation  

					GC-MS analysis of Limnophila aromatica essential oil revealed that the  

					major component is D-Limonene, accounting for 51.76%, followed by  

					compounds such as 1,3,4-Trimethyl-3- cyclohexenyl-1-carboxaldehyde  

					(14.74%), (6,6-Dimethylbicyclo (3.1.1) hept-2-yl) methyl acetate  

					(7.34%), and Phellandral (5.23%). These results are consistent with the  

					study of Thuyen et al., in which D-Limonene accounted for  

					approximately 46.86%, β-cis-Ocimene for 24.10%, along with other  

					monoterpenes and sesquiterpenes such as α-Pinene, β-Pinene, Myrcene,  

					and Perilla aldehyde.4  

					Meanwhile, the study reported a greater diversity of chemical  

					components. However, the content of D-Limonene was lower, reaching  

					only 30.71%.3 This difference may be attributed to variations in  

					extraction conditions and the source of raw materials used. Overall,  

					despite discrepancies in the detailed composition percentages, all three  

					studies agree that D-Limonene is the predominant compound in  

					Limnophila aromatica essential oil, playing a key role in both its  

					chemical properties and biological activities. The differences in  

					essential oil composition among these studies are primarily attributed  

					to factors such as geographic location and harvest time. Specifically,  

					samples from both the current study and previous research, collected in  

					Can Tho, exhibited a high Limonene content (46.86-51.76%). In  

					contrast, the sample from Do Quy Diem’s study, collected in Ho Chi  

					Minh City, showed a lower Limonene content (30.71%) but was rich in  

					Pulegone (21.82%). Furthermore, variations in harvest time also  

					contributed to changes in essential oil.3,4  
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					Figure 2: GC-MS chromatogram of Limnophila aromatica essential oil  

					aromatica essential oil on brain wave activities and  

					emotional states in healthy volunteers: randomized  

					crossover study. J Res Pharm. 2020; 7(4):1–9.  

					https://doi.org/10.22127/rjp.2020.230400.1586  

					Conclusion  

					a

					The study identified that a material-to-solvent ratio of 1:6, a distillation  

					time of 150 minutes, and an extraction speed set at level 3 are the  

					optimal conditions for extracting essential oil from Limnophila  

					aromatica. Notably, morphological factors significantly affected the  

					extraction yield, with the purple variant exhibiting a markedly higher  

					yield (0.173%) compared to the green variant (0.097%). GC-MS  

					analysis revealed that D-limonene is the predominant compound in the  

					essential oil, accompanied by several other monoterpenes and  

					sesquiterpenes. These findings provide an evaluation of the biological  

					activities of key compounds and the development of value-added  

					products for applications in healthcare, cosmetic formulations, and  

					functional food products.  
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