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					ABSTRACT  

					ARTICLE INFO  

					Cinnamomum camphora (L.) J. S. Presl is a major source of volatile compounds, particularly  

					camphor which has been shown to possess antiseptic, analgesic, and anti-inflammatory properties.  

					This study aimed to identify the optimal conditions for extracting volatile compounds from C.  

					camphora (L.) J. S. Presl leaves. The volatile compounds from C. camphora (L.) J. S. Presl leaves  

					were extracted using the Microwave-Assisted Hydro-Distillation (MAHD). The chemical  

					composition of the volatile compounds was analyzed using gas chromatography-mass  

					spectrometry (GC-MS). To determine the optimal extraction conditions of the volatile  

					compounds, the Response Surface Methodology (RSM) was applied by manipulating three crucial  

					parameters - microwave power (W), solvent-to-material ratio (w/w), and extraction duration  

					(min). The results demonstrated that under the optimal conditions of 430 W microwave power, a  

					solvent-to-material ratio of 9.3:1, and an extraction time of 77 minutes, pulverized C. camphora  

					(L.) J. S. Presl leaves yielded volatile compounds with a maximum yield of 4.23 ± 0.04%. these  

					findings have provided insights into the chemical composition of volatile compounds from C.  

					camphora (L.) J. S. Presl leaves, and the optimum conditions for their extraction.  
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					The technique known as the Microwave-Assisted Hydro-Distillation  

					(MAHD) combines microwave heating with hydro distillation to extract  

					Introduction  

					Cinnamomum camphora (L.) J. S. Presl belongs to the  

					Lauraceae family, commonly known as the camphor tree, and is a  

					species of evergreen tree native to East Asia, particularly China, Japan,  

					and Taiwan. In traditional medicine, camphor has been utilized for its  

					antiseptic, analgesic, and anti-inflammatory properties. It has been used  

					topically to relieve pain, itching, and skin irritations. Internally, it has  

					been used in small doses as a respiratory stimulant and expectorant.1-4  

					In the past few years, there has been a growing fascination with  

					extracting volatile compounds from C. camphora (L.) J. S. Presl leaves.  

					This interest stems from the fact that these volatile compounds  

					encompass a diverse range of compounds that hold promise for  

					therapeutic and aromatic purposes. C. camphora (L.) J. S. Presl volatile  

					compounds has expanded its range of uses in recent years, finding usage  

					in a number of industries as well as cosmetics, insecticides, and  

					medicines. This versatility may be attributed to the adaptable qualities  

					of the volatile compounds, which make it effective in treating a variety  

					of medical diseases and for a wide range of industrial uses.5-12 There are  

					an increasing number of ways to extract volatile compounds, including  

					steam distillation, supercritical CO2 extraction, and hydrodistillation  

					using a Clevenger-type apparatus.13  

					volatile compounds from plant materials. It offers several advantages  

					over traditional hydro-distillation, including reduced extraction time,  

					improved extraction efficiency, and enhanced product quality. The  

					MAHD has shown promising results in the extraction of volatile  

					compounds from various plant materials, including herbs, spices, and  

					medicinal plants. It offers a faster and more efficient alternative to  

					traditional methods while preserving the aromatic and therapeutic  

					properties of volatile compounds.14-17 The Response Surface  

					Methodology (RSM) is an analytical and mathematical approach  

					utilized for optimizing complex processes and systems. It is extensively  

					utilized in the field of extraction to optimize the extraction of bioactive  

					compounds from plant materials, which exhibit biological activity. The  

					RSM minimizes the number of experiments required while providing  

					valuable insights into the process.18-23 In this study, we used the MAHD  

					method to extract volatile compounds from C. camphora (L.) J. S. Presl  

					leaves and analyzed their chemical composition using gas  

					chromatography-mass spectrometry (GC-MS). To optimize the  

					extraction process, we applied the RSM and selected the MAHD as the  

					preferred distillation technique. This study highlights the MAHD as a  

					green extraction method for volatiles, and focuses on optimizing the  

					process through the RSM to achieve the highest yield and quality of  

					volatile compounds.  

					*Corresponding author. Email: quanghd@vinhuni.edu.vn.  

					Tel.: +84-91-8119583.  

					Materials and Methods  

					Citation: Thanh NT, Khanh MV, Dung DM, Phung PTK, Quang HD.  

					Optimization of Extraction of Volatile Compounds from Cinnamomum  

					camphora (L.) J. S. Presl Leaves Using Microwave-Assisted Hydro-  

					Distillation Method. Trop J Nat Prod Res. 2025; 9(5): 2214 - 2219  

					https://doi.org/10.26538/tjnpr/v9i5.48  

					Chemicals  

					The chemicals, including sodium sulfate anhydrous (Xilong, China), n-  

					hexane (Merk). All other chemicals used in this study were of analytical  

					grade.  

					Official Journal of Natural Product Research Group, Faculty of  

					Pharmacy, University of Benin, Benin City, Nigeria  

					Collection and identification of plant materials  

					The leaves of C. camphora (L.) J. S. Presl were collected in May 2023  

					from Quy Chau district, Nghe An province, Vietnam (19.438644 N,  

					104.962127 E), and authenticated by the Institute of Ecology and  

					Biological Resources, Vietnam Academy of Science and Technology  
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					(VNMN202308). The samples were obtained from damaged or aged  

					parts, cleaned, and air-dried at ambient temperature (25-30°C). The  

					dried leaves were subsequently sliced to approximately 5-7 mm in size.  

					Each raw material was stored in a desiccant bag and refrigerated at  

					temperature below 10°C.  

					Prior to analysis, the sample was diluted with n-hexane (1/50, v/v) and  

					subsequently injected into the gas chromatograph using the injector in  

					split mode with a split ratio of 1/15. To identify the components of the  

					extracted volatile compounds, their mass spectral fragmentation  

					patterns were compared with those of reference substances in a MS  

					database (NIST17/Wiley library) or previously reported mass spectra.  

					The compounds were also characterized based on their retention times.  

					The proportion of each component was calculated using the  

					normalization technique, where the peak area of each compound was  

					normalized to represent its percentage contribution relative to the total  

					peak area, assuming 100% represents the value of the total peak area.24  

					Microwave-Assisted Hydro-Distillation of C. camphora leaves  

					The Clevenger apparatus, a standard hydro-distillation equipment, was  

					connected to a modified household microwave oven (Samsung  

					MW71E, Malaysia), which had an output power of 800 Watts and a  

					power consumption of 1150 Watts. It operated at a frequency of 2450  

					MHz with a power supply of 250V-50Hz. The microwave cavity  

					dimensions were 306 x 211 x 320 mm. Initially, 50 g dry weight (DW)  

					of C. camphora (L.) J. S. Presl leaves were placed in the distillation  

					flask, followed by the addition of deionized water. Subsequently, the  

					mixture was subjected to microwave irradiation. The resulting volatile  

					fraction from the plant material was condensed and collected in a  

					separate container. The schematic diagram of the extraction system is  

					depicted in Figure 1.  

					Experimental design  

					The three-factor response surface methodology (RSM), employing the  

					Box-Behnken Design (BBD), was used to analyze the parameters of  

					microwave power (W), extraction time (min), and solvent-to-material  

					ratio (w/w) for optimizing the extraction conditions. Table 1 presents  

					the coded values for the independent variables used in the design of the  

					RSM.18  

					In this study, the effect of the extraction parameters was investigated  

					using Design-Expert®, version 7.0.0 (Design Expert Inc., Minneapolis,  

					2005). A second-order polynomial model was fitted to the response  

					variable, as shown in Equation 2 below: 19  

					Condenser  

					풌

					풌

					풚 = 휷ퟎ  

					+

					풊=ퟏ 휷풊 푿풊 + 풊=ퟏ 휷풊풊 푿ퟐ풊  

					+

					∑

					∑

					∑ ∑  

					풊<풋 휷풊풋푿풊푿풋  

					(2)  

					Essential oil  

					In the equation, y represents the anticipated response, 훽0 represents the  

					main regression coefficient, 훽i and 훽ii represent the coefficients of the  

					linear and quadratic terms, and 훽ij represents the coefficient of the  

					interaction term. Xi and Xj represent the coded independent variables,  

					while, XiXj represents the interaction term, and Xi2 represents the  

					quadratic term.  

					Aqueous phase  

					Plant material  

					Microwave oven  

					Table 1: Coded levels of independent variables in the RSM  

					design  

					Low  

					High  

					Low  

					High  

					Factors  

					Symbols Units  

					Actual Actual Coded Coded  

					Microwave  

					power  

					X1  

					X2  

					X3  

					W

					300  

					8:1  

					60  

					500  

					10:1  

					90  

					-1  

					-1  

					-1  

					+1  

					+1  

					+1  

					Figure 1: Schematic representation of the Microwave-Assisted  

					Hydro-distillation Method  

					Liquid-to-  

					material  

					ratio  

					w/w  

					min  

					Determination of extraction yield  

					The volatile compounds were mixed with anhydrous sodium sulfate,  

					and subsequently, the mixture was centrifuged at 6,000 rpm for 15  

					minutes to remove any residual water. In order to evaluate the efficiency  

					of the MAHD in extracting volatile compounds from C. camphora (L.)  

					J. S. Presl leaves, the extraction yield was estimated using the formula  

					below:  

					Extraction  

					time  

					Results and Discussion  

					풎

					(1)  

					(

					)

					푯 %  

					=

					. ퟏퟎퟎ  

					Model fitting  

					푴

					Where, H% is the percentage yield of volatile compounds, m is the mass  

					in gram of the dried volatile compounds, and M is the mass in gram of  

					the dried leaf sample.  

					The intermediate levels of the BBD were established by considering the  

					outcomes of the single-factor studies, where a microwave power of 400  

					W, a solvent-to-material ratio of 9:1, and an extraction duration of 75  

					minutes were employed. The BBD design comprised 17 actual trials  

					with three variables (k = 3), three levels, and five center points. It was  

					employed with response optimization, and Table 2 displays the volatile  

					compounds production from C. camphora (L.) J. S. Presl leaves.  

					The empirical second-order polynomial response models were  

					generated through multiple linear regression analysis using the 17 data  

					points (Table 2):  

					GC-MS analysis of volatile compounds  

					The volatile compounds were analyzed using a GC-MS system (Trace  

					GC Ultra - ITQ900, Thermo, USA) equipped with an electron impact  

					mode (70eV) mass selective detector. The GC segment of the system  

					employed a TG-SQC capillary column setup (Thermo Scientific) with  

					the following specifications: 30 m length, 0.25 mm inner diameter (id),  

					and 0.25 mm film thickness. The temperature program for the oven  

					consisted of an initial hold at 60°C for two minutes, followed by a  

					gradual increase to 200°C at a rate of 4°C/min, and further elevated to  

					280°C at 10°C/min. The injector temperature was maintained at 280°C,  

					and helium gas was employed as the carrier gas at a constant linear  

					velocity of 1 mL/min.  

					푌 = 4.33 + 0.20푋1 + 0.096푋1푋2 − 0.11푋1푋2  

					(3)  

					− 0.058X1푋3 − 0.15푋2푋3  

					− 0.29푋12 − 0.28푋22 − 0.16푋32  

					In Table 3, the estimated F-value for Y was 30.49, resulting in a p-value  

					of 0.05, indicating that the models were statistically significant.  
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					Table 2: The experimental design and corresponding response values  

					Microwave power  

					(X1 – W)  

					Solvent-to-material ratio (X2  

					w/w)  

					–

					Extraction time (X3  

					min)  

					–

					Volatile compounds yield  

					Y (%)  

					RUN  

					1

					0

					+1  

					-1  

					-1  

					0

					-1  

					-1  

					0

					4.11  

					3.39  

					3.93  

					4.33  

					4.05  

					3.82  

					3.61  

					4.35  

					4.32  

					4.24  

					4.09  

					3.97  

					3.23  

					4.04  

					4.09  

					3.83  

					4.41  

					2

					0

					3

					+1  

					0

					4

					0

					5

					+1  

					-1  

					-1  

					0

					0

					-1  

					0

					6

					+1  

					0

					7

					-1  

					0

					8

					0

					9

					0

					0

					0

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					0

					0

					0

					+1  

					0

					+1  

					0

					0

					+1  

					0

					-1  

					+1  

					0

					0

					0

					+1  

					+1  

					+1  

					0

					+1  

					0

					-1  

					0

					0

					Table 3: The regression coefficients of the projected second-order polynomial models for the yield of volatile compounds  

					Y – volatile compounds yield  

					Source  

					Sum of Squares  

					df  

					F- value  

					p- value  

					1.730  

					9

					30.49  

					< 0.0001S  

					Model  

					X1  

					0.330  

					0.320  

					0.074  

					0.046  

					0.013  

					0.090  

					0.340  

					0.320  

					0.110  

					0.029  

					1

					1

					1

					1

					1

					1

					1

					1

					1

					52.04  

					50.13  

					11.76  

					7.33  

					0.0002S  

					0.0002S  

					0.0110S  

					0.0303S  

					0.1908NS  

					0.0069S  

					0.0002S  

					0.0002S  

					0.0040S  

					X2  

					X3  

					X1X2  

					X1X3  

					X2X3  

					2.10  

					14.28  

					54.25  

					51.44  

					17.64  

					2

					X1  

					2

					X2  

					2

					X3  

					Lack of Fit  

					2.59  

					0.1903NS  

					R2  

					0.9751  

					1.99  

					C.V.%  

					Note: S – significant, NS - non-significant.  

					Response surface analysis  

					The quadratic regression model for volatile compounds production (Y)  

					were subjected to ANOVA analysis, which revealed its significance (p  

					< 0.05). The models accounted for more than 97.51% of the variability  

					in the response, as indicated by a coefficient of determination (R2) value  

					of 0.9751. The lack of fit for Y, with an F-value of 2.59, was not  

					significant compared to the pure error, demonstrating the sufficient  

					accuracy of the polynomial model.  

					The relationships among microwave power and solvent-to-material  

					ratio (at a fixed extraction time of 75 minutes), microwave power and  

					extraction time (at a fixed solvent-to-material ratio of 9:1), and solvent-  

					to-material ratio and extraction time (at a fixed microwave power of  

					400W) were illustrated using three-dimensional response surfaces. The  

					X- and Y-axes represented the varying levels of the respective  

					parameters, while the Z-axis represented the yield of volatile  

					compounds.  
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					Response surface analysis of volatile compounds yield  

					ratio, but declines when the ratio exceeds 9.5:1 and reaches 10:1 w/w.  

					Figures 3a and 3b demonstrate the interaction between the extraction  

					time and microwave power. The volatile compounds production  

					increases initially as the extraction duration extends from 60 to 80  

					minutes, but then starts to decrease. Similar to Figure 2, the yield of  

					volatile compounds shows an increasing trend with higher microwave  

					power.  

					The influence and interaction of independent factors on volatile  

					compounds yields are illustrated in the 3D surface and contour plots  

					(Figures 2-4).  

					Figures 2a and 2b illustrate the interplay between the solvent-to-  

					material ratio and microwave power when the extraction duration is 75  

					minutes. It can be observed that the volatile compounds yield increases  

					as the microwave power ranges from 300 to 450 W, but decreases when  

					the power exceeds 450 W. Similarly, the yield of volatile compounds  

					rises within the range of 8:1 to 9.5:1 w/w for the solvent-to-material  

					(b)  

					(a)  

					Figure 2: The 3D plots showing the effect of microwave power and solvent-to-material ratio on volatile compounds yield - (a) Surface  

					plot and (b) Contour plot.  

					(a)  

					(b)  

					Figure 3: The 3D Plots showing the effect of microwave power and extraction time on volatile compounds yield - (a) Surface plot and  

					(b) Contour plot  

					(a)  

					(b)  

					Figure 4: The 3D plots showing the effect of solvent-to-material ratio and extraction time on volatile compound yield - (a) Surface plot  

					and (b) Contour plot  

					2217  

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

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, May 2025; 9(5): 2214 - 2219  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Figure 4 illustrates the combined effects of the solvent-to-material ratio  

					and extraction time on volatile compounds yield, following the same  

					methodology as Figures 2 and 3. As shown in the 3D surface plot  

					(Figure 4a), the yield increases with both parameters up to an optimal  

					point before declining. The contour plot (Figure 4b) further highlights  

					this trend, indicating a peak yield region. This suggests that excessive  

					extraction time or an overly high solvent-to-material ratio may reduce  

					efficiency, reinforcing the importance of optimizing these factors for  

					maximum yield.  

					were determined as follows: a microwave power of 429.24 W, a  

					solvent-to-material ratio of 9.27:1 w/w, and an extraction time of 76.81  

					minutes. Under these optimal conditions, the anticipated yield of  

					volatile compounds in the extract fluid was 4.39%.  

					To ensure practical feasibility in actual manufacturing, slight  

					modifications were made to the ideal conditions, resulting in the  

					following adjusted parameters: 430 W of microwave power, a solvent-  

					to-material ratio of 9.3:1, and  

					a

					77-minute extraction time.  

					Experimental production of volatile compounds under these adjusted  

					conditions yielded 4.23 ± 0.04% (Table 4).  

					Optimization and model verification  

					The optimal extraction parameters for obtaining a high yield of volatile  

					compounds from C. camphora (L.) J. S. Presl leaves in the extract fluid  

					Table 4: The experimental values, optimum conditions and predicted responses of C. camphora (L.) J. S. Presl leaves extraction  

					Dependent  

					Independent variables  

					Optimum value  

					Experimental (*)  

					variables  

					(Response)  

					X1  

					X2  

					X3  

					Predicted  

					430  

					(W)  

					77  

					9.3:1 (w/w)  

					Y (%)  

					4.23 ± 0.04  

					4.39  

					(min)  

					Note: X1, microwave power (W); X2, solvent-to-material ratio; X3, extraction time (min);  

					Y, volatile compounds yield (%), (*) Mean ± standard deviation (SD).  

					20  

					21  

					22  

					23  

					24  

					25  

					26  

					27  

					28  

					29  

					Valencene  

					β-Selinene  

					Torreyol  

					β-Neoclovene  

					γ-Gurjunene  

					δ-Cadinene  

					Junipene  

					Isospathulenol  

					γ-Himachalene  

					21.66  

					22.78  

					23.67  

					23.83  

					24.17  

					24.98  

					26.14  

					26.69  

					26.88  

					0.61  

					0.81  

					0.18  

					0.93  

					1.86  

					0.15  

					0.16  

					0.4  

					Chemical composition of C. camphora (L.) J. S. Presl leaves volatile  

					compounds  

					The maximum yield of 4.23 ± 0.04% for volatile compounds was  

					achieved by optimizing the microwave-assisted hydro-distillation  

					process. The volatile compounds extracted from C. camphora (L.) J. S.  

					Presl leaves were analyzed using gas chromatography-mass  

					spectrometry (GC-MS), resulting in the chromatograms depicted in  

					Figure 5. The corresponding chemical composition is presented in  

					Table 5: The leaves of C. camphora (L.) J. S. Presl were found to  

					contain significant amounts of α-pinene (5.84%), eucalyptol (22.44%),  

					and camphor (41.28%), along with other compounds such as sabinene  

					(3.12%), α-humulene (3.11%), camphene (2.7%), α-terpineol (2.31%),  

					β-terpinene (2.3%), 2-β-pinene (1.96%), γ-gurjunene (1.86%), (+)-4-  

					carene (1.49%), α-phellandrene (1.33%), and γ-terpinene (1.1%).  

					0.18  

					0.14  

					98.32  

					(-)-Spathulenol (CAS) 27.67  

					Total  

					Table 5: Compounds identified in the leaf volatile compounds  

					of C. camphora (L.) J. S. Presl  

					No Compound  

					RT  

					Percentage composition  

					1

					2

					3

					4

					5

					6

					7

					8

					α-Thujene  

					α-Pinene  

					Camphene  

					Sabinene  

					β-Terpinene  

					2-β-Pinene  

					l-Phellandrene  

					γ-Terpinene  

					o-Cymene  

					5.12  

					5.31  

					5.72  

					6.42  

					6.53  

					6.92  

					7.35  

					7.73  

					7.99  

					8.23  

					8.75  

					9.12  

					10.14  

					10.52  

					12.19  

					12.89  

					13.28  

					13.75  

					17.19  

					0.61  

					5.84  

					2.70  

					3.12  

					2.30  

					1.92  

					0.50  

					1.10  

					0.93  

					22.44  

					0.21  

					1.33  

					0.72  

					3.11  

					41.28  

					0.28  

					1.49  

					2.31  

					0.71  

					9

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					Eucalyptol  

					3-Carene  

					α-Phellandrene  

					α-Terpinolene  

					α-Humulene  

					Camphor  

					endo-Borneol  

					(+)-4-Carene  

					α-Terpineol  

					Endobornyl Acetate  

					Figure 5: GC chromatogram of volatile compounds of C.  

					camphora (L.) J. S. Presl leaves  

					Conclusion  

					The extraction of volatile compounds from C. camphora (L.) J. S. Presl  

					leaves was performed using the Microwave-Assisted Hydro-Distillation  
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					(MAHD) technique. Through the utilization of the Box-Behnken  

					Design (BBD) and the Response Surface Methodology (RSM), the  

					study successfully determined the optimal conditions for microwave  

					power, solvent-to-material ratio, and extraction time, along with other  

					experimental variables. The findings revealed that the ideal extraction  

					conditions were achieved with a microwave power of 430 W, a solvent-  

					to-material ratio of 9.3:1 w/w, and an extraction duration of 77 minutes.  

					Under these optimized conditions, the yield of volatile compounds was  

					measured at 4.23 ± 0.04% (w/w). These findings contribute to  

					enhancing agricultural productivity by facilitating the production of  

					therapeutic herbs. In addition, they provide valuable insights into the  

					chemical composition of volatile compounds from C. camphora (L.) J.  

					S. Presl in Nghe An province, Vietnam.  
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