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Abstract

:

Sweet wormwood (Artemisia annua L.) valorization is gaining importance due to the presence of the health-promoting bioactive compound, artemisinin. Considering the wide possible application of artemisinin drug formulations, new, greener technologies in their production are welcome. In this study, artemisinin was extracted from A. annua leaves using green extraction technologies (ultrasound-assisted extraction, supercritical CO2 extraction, deep eutectic solvent extraction and subcritical water extraction) in combination with green solvents. Artemisinin was present up to 3.21 µg/mgdw. Among the different green extraction techniques, HPLC data revealed supercritical CO2 (SCO2) extracts to exhibit the highest yield of artemisinin due to the solvent non-polar properties. Additionally, the volatile compounds profile of SCO2 extract was determined, with camphor (12.23%), arteannuin b (15.29%) and artemisia ketone (10.97%) as the most abundant compounds. Obtained results encourage the use of green extraction techniques for the separation of artemisinin and are expected to find potential in pharmaceutical, cosmetic and food applications.
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1. Introduction


Recently, there are more and more scientific investigations on the health impact of plant bioactive compounds. Increasing research interest also concerns Artemisia annua L. (commonly known as sweet wormwood, sweet annie or qinghao), which is an annual plant belonging to the Asteraceae family and grows in spring across the world [1,2,3,4]. Sweet wormwood plant has been used in traditional Chinese medicine for over 2000 years as a remedy for many disorders such as fever or inflammation [5,6]. It became even more significant after the discovery of the bioactive, antimalarial compound artemisinin by Chinese scientists in 1970s [1]. Since 2001, the World Health Organization (WHO) has recommended sweet wormwood for therapy against malaria [5,7]. Artemisinin and its derivatives were also reported to be effective in the treatment of other health issues. They are active against cancer cells, viruses, parasites and they exhibit immunoregulatory or liver-protective effects [1,2,6]. Moreover, sweet wormwood yields an essential oil, which is commonly used in perfumery and cosmetics. The essential oil’s antimicrobial and antifungal properties are also significant in treatment of skin diseases [8,9].



The chemical compounds present in sweet wormwood can be divided into volatiles and non-volatiles. In the second group primarily terpenoids, coumarins and flavonoids are present. Artemisinin is a terpenoid, which can be found in both the leaves and flowers (between 0.01% and 1.4%). The amount of essential oil in sweet wormwood ranged from 0.04% to 1.9%dw [3,10]. The chemical synthesis of artemisinin is uneconomic and complicated. Thus, field cultivation of A. annua is currently the only source of artemisinin production. It is cultivated at a large scale mainly in China and Vietnam, but also in several African countries [1,7]. The standard method to obtain artemisinin from A. annua is organic solvent extraction. Due to the risks of procedures requiring significant amounts of volatile flammable fluids, the poor ecological sustainability, and the risk to human health, it is necessary to create alternative procedures that would be competitive in terms of cost and efficiency and have fewer or no disadvantages compared to hydrocarbon solvents [11]. However, obtained extracts could contain a significant concentration of contaminants such as chlorophylls that can have a negative impact on the purification procedure [7]. Different extraction methods are present in the literature. Among the most popular is hexane extraction, which is a simple industrial-scale method and the most cost-effective. However, considering other available techniques (supercritical extraction with CO2 (SCO2), ultrasound-assisted extraction or microwave-assisted extraction), it has a lower efficiency of extraction. Further, its ecological and safety aspects are much worse [1,12,13]. A lot of researchers focus on improving the extraction of artemisinin, thus many innovative techniques are still being explored [7]. There are several reports in the literature comparing the extraction results obtained with different methods. For example, Soktoeva et al. [8] compared maceration, ultrasonic and SCO2 extraction for obtaining artemisinin from Artemisia annua L. They observed that the usage of different solvents (hexane, ethanol) does not affect the artemisinin content in the extracts isolated by ultrasonic extraction and maceration. These methods yielded 0.038–0.040%, whereas the highest amount of artemisinin was found by SCO2 extraction (0.054% of extraction yield). They also pointed out that the minimum compound yield of 0.022% was obtained by ultrasonic extraction with ethyl acetate. Hao et al. [14] compared microwave-assisted extraction, Soxhlet extraction and supercritical fluid extraction for the recovery of artemisinin from Artemisia annua L. They found microwave-assisted extraction superior in the context of better extraction yield (92.1%) and shorter treatment time (12 min). Additionally, they tested several solvents, namely ethanol, trichloromethane, n-hexane, cyclohexane, petroleum ether and commercial solvent oil (SH0003-90, with the boiling point 60–90 °C, and SH 0004-90 with the boiling point 80–120 °C). Commercial solvent oil gave the highest extraction yield (84%), while trichloromethane gave the highest content of artemisinin (0.487%). Vidović et al. [15], however, compared different parameters of SCO2 extraction and their impact on the total extraction yield and compared with the Soxhlet extraction and hydrodistillation results. They carried out SCO2 at 40 °C and different pressures of 100, 200 and 300 bar and also at 60 °C setting the same pressures and obtained an extraction yield in the range 2.23–5.18% and 2.43–3.35%, respectively. Using conventional methods (Soxhlet extraction and hydrodistillation) 10.28% and 0.10% of were obtained, respectively. The authors emphasize that traditional ways of extraction have many disadvantages even though the obtained amount of extraction yield is much higher [15]. In recent years, deep eutectic solvents (DESs), first proposed by Abbott et al. [16], are becoming more and more popular in the extraction of bioactive components due to their low toxicity and good biodegradability [17,18,19]. In recent years, there has been growing interest in the application of subcritical water as an extraction solvent. Water is recognized as an extraction medium that can produce clean and safe extracts without environmental concerns. However, the polarity of water at ambient conditions can decrease the extraction efficiency of less polar and non-polar compounds [20]. There are some suggestions that water under subcritical conditions becomes less polar and more similar to organic solvents, which could increase extraction efficiency of less polar compounds [21].



The aim of this study was to compare different techniques (SCO2 extraction, subcritical water extraction, ultrasound-assisted extraction (UAE) and extraction with deep eutectic solvents (DES)) for the extraction of artemisinin. Considering that SCO2 is a non-polar solvent, this study also intends to determine the volatile profile of obtained non-polar extracts (SCO2). The main novelty of this paper lies in novel green extraction techniques performed for the first time for the separation of artemisinin (DES and SWE) and the comparison of their efficiency with other green techniques.




2. Results and Discussion


Artemisinin has traditionally been isolated from A. annua using organic solvents including hexane, petroleum ether, dichloromethane, chloroform, propylene glycol methyl ether, isopropanol, and butanol [22,23,24,25,26,27]. There are various extraction methods described in the literature used to obtain artemisinin, in particular from the fresh plant. The methods are typically labor intensive, have a negative effect on the environment, and occasionally do not maximize extractive efficiency. The emergence of an alternative extraction technique for artemisinin and other substances is therefore desired. Those techniques should be compared with existing extraction techniques in terms of costs, environmental impact, risk, toxicity, energy use, extraction efficiency, universality and scalability [28].



Therefore, this study aimed to compare several green extraction techniques for separation of artemisinin from sweet wormwood (Table 1).



The effects of different types of solvents (water, subcritical water, SCO2, and DES) and extraction techniques were investigated to determine the presence of artemisinin in obtained extracts. According to the obtained results, artemisinin content was found to be comparatively high in SCO2, a non-polar solvent, than in polar solvents (particularly in subcritical water where was under the limit of detection). Dogan et al. [29] stated that artemisinin recovery from A. annua depends greatly on the extraction solvent, so the extraction in this study was carried out using a variety of solvents because no single solvent can be ensured to be effective. In the mentioned study, the most efficient solvents for the extraction were determined to be hexane, 95% ethanol, and isopropanol, which produced the greatest artemisinin yield in the range of 0.062–0.066%.



2.1. Ultrasound-Assisted Extraction (UAE)


It is widely recognized that temperature significantly affects how much mass is transferred during a chemical reaction or separation procedure. To evaluate its impact on the extraction, the temperature of the extraction was changed from 30 to 70 °C. Raising the temperature up to 45 °C did not have a significant influence on artemisinin content, but a further increase in temperature up to 70 °C showed linear growth of artemisinin content with a temperature rising (Figure 1). With the further solvent/solid ratio increase (from 10 to 30 mL/g) and prolonged time of extraction (15–45 min), there was no noticeable increase in artemisinin content.



A similar result was found in the study by Prawang et al. [30], where artemisinin was separated using UAE and polyethyleneglycol (PEG) as the solvent. They obtained high artemisinin content (up to 15.8 mg/g), probably due to the higher solubility of artemisinin in PEG than in the ethanol/water mixture with the influence of extraction condition (temperature, extraction time and solvent/solid ratio were the same as in our study). UAE is evidently very effective in the extraction of artemisinin from sweet wormwood. The result of sonication is the creation of cavitation bubbles, which have the potential to collapse asymmetrically and produce microjets of solvent that are directed to the plant material surface when created in a heterogeneous system [31]. This resulted in increased cell disruption, which is especially advantageous for artemisinin located in trichome glands at the margins of sweet wormwood leaves. Additionally, the solvent penetrates the leaf substance more deeply, improving the mass transfer and leading to an increase in artemisinin yield [32]. However, Lapkin et al. [33] stated that the ultrasound effect equally affects all other metabolites from sweet wormwood extracted into solvent. Therefore, even UAE is proven to be successful in extraction of artemisinin, the purification of these extracts could be challenging.




2.2. Subcritical Water Extraction (SWE)


In the extracts obtained with subcritical water artemisinin was not determined (its content was below the detection limit) (Table 1). Additionally, previous studies failed to extract artemisinin from sweet wormwood using water, proving its low solubility in water [29,34,35]. Even though SWE was not performed on sweet wormwood material, other techniques using water as a solvent were applied. Lapkin [34] concluded that since artemisinin is barely soluble in water, it is not practical to extract artemisinin using a hot-water. However, artemisinin tea (hot-water extraction) has long been used as a conventional folk remedy for malaria [36,37]. More reliable data on artemisinin solubility and its extraction in hot water under precisely controlled circumstances of leaf particle size, temperature, pressure, and extraction time have been previously published [38]. Although at elevated temperatures, the solubility of artemisinin should increase [32] using this extraction technique (SWE) artemisinin content was under the detection limit probably due to specific water properties under subcritical conditions [39] and possible degradation at high temperatures during SWE. Poor water solubility has already persuaded many research in the development of water-soluble artemisinin derivatives such as sodium artesunate. However, the aqueous solutions of artemisinin derivatives are usually unstable. Consequently, numerous kinds of research focus on the synthesis of stable, water-soluble artemisinin derivatives. Since artemether is more stable than artesunate, it was hypothesized that changing the ester linkage in the artesunate molecule to an ether linkage would make the derivative more stable. Deoxoartelinic acid was created and evaluated in vitro and in vivo in an effort to find stable, water-soluble dihydroartemisinin derivatives that are more effective than artesunate and artelinic acid and have a longer plasma half-life. This substance exhibited greater antimalarial action than artemisinin and has greater stability [40,41]. Considerably more work will need to be performed to determine reasons for unsuitability of SWE for artemisinin separation.




2.3. Deep Eutectic Solvent Extraction


Depending on the components used to prepare DESs, they differ in physicochemical properties and the ability to dissolve and extract certain components. Therefore, fourteen different DESs were used to test the efficiency of artemisinin extraction from sweet wormwood, of which only choline chloride: lactic acid (1:2) and choline chloride: levulinic acid (1:2) proved to be effective at temperatures of 30 and 50 °C, respectively. According to the literature, using conventional solvents for the extraction of artemisinin requires a certain degree of purification of the extract, while if DESs are used, the extraction method could be developed as a separation-free process [42]. Therefore, the efficiency of DESs in the extraction of bioactive components, as well as their cytotoxicity, is being increasingly tested, and DESs are being developed. In our case, the best results were achieved with choline chloride-based DESs with acids that show slightly higher cytotoxicity compared to choline chloride DESs with alcohol, sugars and urea. Nevertheless, according to Popović et al. [43], among acidic systems, the choline chloride: lactic acid (1:2) with 20% of water showed the lowest cytotoxicity to all four cell lines. Lactic acid itself represents an essential component of the bioresorbable and biocompatible polymers (polyesters) in order to make nanocarriers more compatible with human cells. However, it is important to note that in high concentrations it can lead to an increase in acidity in the extracellular space and increase the concentration in the cells surrounding the tumor. On the other hand, choline chloride: levulinic acid (1:2) had among the highest toxicity towards Gram-negative (E. coli and S. enteritidis) and Gram-positive (S. aureus and L. monocytogenes) bacteria among tested DESs. Nevertheless, because of their low toxicity and good biodegradability compared with traditional solvents, they can be considered green solvents [44]. Additionally, to the best of our knowledge data on the cytotoxicity of choline chloride: levulinic acid (1:2) for comparison with choline chloride: lactic acid (1:2) are not available.



Considering the growing popularity of using DESs in the extraction of bioactive components, new solvents are being developed every day, so comparison with literature results is sometimes demanding. In the available literature, it is evident that both hydrophilic and hydrophobic solvents were used for the extraction of artemisinin. According to Cao et al. [45] a hydrophobic DES named N81Cl-NBA that was tailor-made from methyl trioctyl ammonium chloride and butan-1-ol at a molar ratio of 1:4 showed the highest extraction yield in artemisinin extraction. On the other hand, l-carnitine and isosorbide (CaIs) at a molar ratio of 1:2 was also found to possess the best extraction efficiency [42]. As for the more frequently mentioned and common DESs, choline chloride: glycerol (1:2), but with 50% added ethanol, proved to be successful in the extraction of artemisinin [46]. However, artemisinin extraction with the mentioned solvent and the addition of 20% water was not successful, so there is a possibility that ethanol itself affects the extraction efficiency than this specific mixture due to favorable polarity and viscosity properties.




2.4. Supercritical CO2 Extraction (SCO2E)


From the results presented in Table 2, it can be seen that the most abundant volatile compounds in SCO2 extract were arteannuin b (15.29%), camphor (12.23%), artemisia ketone (10.97%), 1,8-cineole (5.37%) and artemisic acid (4.95%). It is known that artennuin b co-occurs with artemisinin in A. annua and artemisinin was found by GC–MS in SC-CO2 extract with 1.39%. The sesquiterpene lactone artemisinin derives from amorpha-4,11-diene through the pathway artemisinic alcohol → artemisinic aldehyde → dihydroartemisinic aldehyde dihydroartemisinate → dihydroartemisinic acid hydroperoxide → artemisinin), while arteannuin b is derived from artemisinic aldehyde and artemisinate [47,48]. Our research confirmed the previous findings that camphor is among the most abundant compound in A. annua extracts [3,4]. Other study conducted by Dobreva et al. [49] found 28 different compounds in the subcritical extract of A. annua detected by GC–MS analysis of the supercritical extract obtained with 1,1,1,2-tetrafluoroethane and the major ones were artemisia ketone (26.2%), camphor (10.7%), and eucalyptol (9.1%) followed by artheanin B (3.7%) and arteannuic acid (3.7%). High variability of A. annua volatiles obtained by hydrodistillation was reported and the existence of several A. annua chemotypes were found [50]: camphor and camphor/1,8-cineole types; artemisia ketone/α-pinene/1,8-cineole and artemisia ketone/camphor/1,8-cineole types; camphor/artemisia ketone/germacrene D type; germacrene D/β-caryophyllene and germacrene D/β-caryophyllene/1,8-cineole/artemisia ketone types. In vivo and/or in vitro toxicity (including hepato- and nephrotoxicity/protection), antinociceptive, antioxidant (DPPH, ABTS and superoxide radical scavenging activity assays), antimicrobial, and enzyme-inhibiting (protein kinase A and α-amylase) potential of A. annua oil and its constituents was evaluated [51]. The results revealed that the beneficial properties of A. annua are not limited only to their antimalarial properties. According to research conducted by Hu et al. [51], arteanuin b successfully inhibits the activity of the SARS-CoV-2 virus. In conclusion, SCO2E seems to improve artemisinin content in extracts, but some volatile organic compounds are co-extracted. However, some of those compounds could contribute to artemisinin medicinal properties.





3. Materials and Methods


3.1. Materials


Plant material (Artemisia annua L.) was purchased in dry condition from herbal pharmacy store Vextra d.o.o. (Mostar, Bosnia, and Herzegovina) in January 2021. The plant material was milled to a particle size of less than 3 mm using a laboratory mill (MRC Sample mill C-SM/450-C, Holon, Israel). The grounded material was stored without light exposure on 4 °C.




3.2. Chemicals


Ethanol was obtained from Carlo Erba Reagents (Barcelona, Spain). CO2 used for the supercritical extraction was obtained from Messer (Osijek, Croatia) with indicated purity of 99.97% (w/w). The standard compound artemisinin (98.0%) (Sigma Chemical Co., St. Louis, MO, USA) was used for the HPLC analysis. All solvents and chemicals used for DESs synthesis were of analytical grade.




3.3. Supercritical CO2 Extraction (SCO2E)


Supercritical CO2 extraction (SCO2E) was carried out in a custom-made extraction system that was explained in detail previously [52]. An amount of 100 g of the plant material was placed into the extraction vessel, and separation of the extract was conducted under 15 bar and 25 °C. Extraction was performed at a pressure of 300 bar, a temperature of 40 °C and a CO2 flow of 1.4 kg/h according to optimal conditions determined by Vidović et al. [15]. Obtained extracts was kept at 4–6 °C until analyses.




3.4. Ultrasound-Assisted Extraction (UAE)


UAE was carried out in an ultrasound bath (Elma, Elmasonic P 70 H, Singen, Germany), at three different temperatures (30, 50 and 70 °C) during the three treatment times (15, 30 and 45 min) and the three solvent/solid ratios (10, 20 and 30 mL/g) with a nominal power of 50 W and a frequency of 37 kHz. After the extraction process, extracts were filtrated through filter paper, evaporated on SpeedVac (SPD1030, Thermo Scientific, Waltham, MA, USA) and stored in +4 °C until analysis.




3.5. Subcritical Water Extraction (SWE)


SWE was performed in a batch-type high-pressure extractor (Parr Instrument Company, Moline, IL, USA). The extraction procedure and apparatus were described previously published paper [39]. An amount of 10 g of plant material and 200 mL of distilled water are mixed and placed into the extractor. Afterwards, the obtained extracts were filtrated through filter paper under vacuum and kept at 4 °C in a dark place until analysis.




3.6. Deep Eutectic Solvent Extraction


The preparation of the choline chloride-based DESs was performed in accordance with our previously published article [53]. In this study, fourteen different choline chloride-based DESs were prepared including choline chloride: lactic acid (1:2), choline chloride: levulinic acid (1:2), choline chloride: urea (1:2), choline chloride: N-methyurea (1:2), choline chloride: thiourea (1:2), choline chloride: glucose (1:2), choline chloride: fructose (1:2), choline chloride: xylitol (1:2), choline chloride: sorbitol (1:2), choline chloride: butane-1,4-diol, choline chloride: ethane-1,4-diol, choline chloride: glycerol (1:2), choline chloride: acetamide (1:2), and choline chloride: malic acid (1:2).



Ground and dried sweet wormwood (50 mg) was mixed with 1 mL of the solvent mixture of DESs with ultrapure H2O (Millipore Simplicity 185, Darmstadt, Germany) in an 80:20 ratio (v/v). Extraction by mixing and heating was performed with all 14 prepared mixtures of DESs. The prepared samples were mixed at 1500 rpm in an aluminum block (Stuart SHB) on a magnetic stirrer for 60 min and at different temperatures (30, 50 and 70 °C).




3.7. Gas Chromatography Coupled to Mass Spectrometry (GC–MS)


The GC–MS analysis was performed using an Agilent Technologies (Palo Alto, CA, USA) gas chromatograph system, model 7890A equipped with a mass selective detector (MSD) model 5977E (Agilent Technologies) and HP-5MS capillary column. The GC–MS procedure was used according to the method described by Jerković et al. [54]. The SCO2 extract was dissolved in hexane (0.002 g/mL) prior to the analysis. The compounds percentage composition was calculated by comparing the average peak area to the total areas using the normalization method (without the correction factors). The component percentages were calculated as the mean values from duplicate GC–MS analyses of all extracts. Interpretation on the mass spectrum was conducted using the Wiley 09 MS library (Wiley, New York, NY, USA) and NIST14 (Gaithersburg, MD, USA) mass spectral database and by the comparison of GC retention data relative to C9-C25n-alkanes for HP-5MS column.




3.8. High-Performance Liquid Chromatography (HPLC)


The HPLC system Agilent 1260 Infinity II (Agilent Technologies, Santa Clara, CA, USA) consisted of a quaternary pump (Paris, France) coupled to a variable PDA absorbance detector operated at 216 and 254 nm. A Cosmosil 5C18–MS11, 5 µm, 250 × 4.6 mm was used at 25 °C. The solvent system consisted of water (A) and acetonitrile (B) at a ratio of 15:85%. The system remained isocratic within 10 min. The flow rate was maintained at 1 mL/min while the injection volume was 20 μL. The chromatographic data were processed on ChemStation software (Agilent Technologies). The content of artemisinin in the extracts was determined by external calibration and was calculated as mean values from triplicate analyzes of all extracts. A standard stock solution for artemisinin was prepared in methanol and calibration was obtained at six concentrations in the range of 9.8–147 mg/L. The linearity of the calibration curve was confirmed by R2 = 0.99993





4. Conclusions


Results from the present study demonstrate that A. annua is an important source of artemisinin with large variations between different green extraction techniques used for its separation. SCO2 seemed to be most effective in terms of artemisinin yield. However, SCO2 as a non-polar solvent co-extracted the volatile organic compounds including camphor, arteannuin b and artemisia ketone. Combining all obtained results, SCO2 extraction and UAE could have a slight advantage over DES and could be successfully used for the recovery of artemisinin in less time and consuming less solvent as well as operating at lower temperatures. However, some limitations have to be mentioned, including cost of supercritical CO2 equipment and possible co-extracted contaminants including pigments. Future research on artemisinin extraction might extend the explanations of the interaction of some extraction parameters on extraction yield. Additionally, this research provides a good starting point for discussion and further research on the purification procedures of sweet wormwood extract.
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Figure 1. Influence of temperature on artemisinin content during UAE (red dot represents the central point of used parameters—temperature 50 °C). 
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Table 1. Artemisinin concentration of sweet wormwood extracts obtained by different extraction techniques and analyzed by HPLC.
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	No
	Extraction Technique
	Extraction Conditions
	Artemisinin Content (µg/mg)





	1.
	UAE
	30 °C, 45 min, 20 mL/g
	BDL*



	2.
	UAE
	50 °C, 30 min, 20 mL/g
	0.554



	3.
	UAE
	50 °C, 45 min, 30 mL/g
	0.350



	4.
	UAE
	70 °C, 45 min, 20 mL/g
	0.916



	5.
	UAE
	70 °C, 30 min, 10 mL/g
	2.001



	6.
	UAE
	70 °C, 15 min, 20 mL/g
	BDL*



	7.
	UAE
	50 °C, 15 min, 10 mL/g
	0.565



	8.
	UAE
	30 °C, 30 min, 30 mL/g
	0.256



	9.
	UAE
	70 °C, 30 min, 30 mL/g
	0.204



	10.
	UAE
	30 °C, 15 min, 20 mL/g
	2.232



	11.
	UAE
	50 °C, 45 min, 10 mL/g
	0.444



	12.
	UAE
	30 °C, 30 min, 10 mL/g
	0.516



	13.
	UAE
	50 °C, 15 min, 30 mL/g
	BDL*



	14.
	SWE
	125 °C, 15 min, 20 mL/g, 30 bar
	BDL*



	15.
	SWE
	150 °C, 15 min, 20 mL/g, 30 bar
	BDL*



	16.
	SWE
	175 °C, 15 min, 20 mL/g, 30 bar
	BDL*



	17.
	SWE
	200 °C, 15 min, 20 mL/g, 30 bar
	BDL*



	18.
	SCO2E
	40 °C, 15 min, 1.4 kg CO2/h 300 bar
	3.210



	19.
	DES
	Choline chloride:lactic acid (1:2) with 20% water (v/v), 30 °C, 60 min
	1.026



	20.
	DES
	Choline chloride:levulinic acid (1:2) with 20% water (v/v), 50 °C, 60 min
	1.417







BDL*—below detection limit, UAE—ultrasound-assisted extraction, SWE—subcritical water extraction, SCO2E—supercritical CO2 extraction, and DES—deep eutectic solvent.
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Table 2. Chemical composition (area percentages) of sweet wormwood extract obtained by SCO2 and analyzed by GC–MS.
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	No
	Compound
	RI
	%





	1.
	3-Methylbut-2-enoic acid
	<900
	0.04



	2.
	α-Pinene
	942
	0.76



	3.
	Camphene
	958
	0.48



	4.
	Sabinene
	980
	0.14



	5.
	β-Pinene
	983
	0.30



	6.
	β-Myrcene
	993
	0.30



	7.
	2,5,5-Trimethylhepta-3,6-dien-2-ol (Yomogi alcohol)
	1000
	0.32



	8.
	p-Cymene
	1030
	0.08



	9.
	Limonene
	1034
	0.08



	10.
	1,8-Cineole
	1037
	5.37



	11.
	Artemisia ketone
	1066
	10.97



	12.
	trans-Sabinene hydrate
	1072
	0.36



	13.
	Artemisia alcohol
	1086
	1.45



	14.
	cis-Sabinene hydrate
	1100
	0.34



	15.
	Nonanal
	1106
	0.10



	16.
	trans-p-Mentha-2,8-dienol
	1124
	0.16



	17.
	α-Campholenal
	1130
	0.48



	18.
	trans-Pinocarveol
	1143
	1.63



	19.
	Camphor
	1148
	12.23



	20.
	Pinocarvone
	1166
	1.63



	21.
	Borneol
	1169
	0.12



	22.
	Terpinen-4-ol
	1180
	0.44



	23.
	α-Terpineol
	1192
	0.26



	24.
	Myrtenol
	1197
	0.72



	25.
	Verbenone
	1210
	0.16



	26.
	trans-Carveol
	1221
	0.14



	27.
	trans-Anethole
	1286
	0.32



	28.
	p-Cymen-7-ol
	1292
	0.08



	29.
	Eugenol
	1360
	0.28



	30.
	α-Copaene
	1376
	1.87



	31.
	β-Bourbonene
	1384
	0.08



	32.
	β-Cubebene
	1389
	0.28



	33.
	trans-β-Caryophyllene
	1417
	2.68



	34.
	α-Humulene
	1452
	0.24



	35.
	trans-β-Farnesene
	1459
	1.23



	36.
	α-Selinene
	1475
	0.12



	37.
	Germacrene D
	1480
	1.09



	38.
	β-Selinene
	1484
	4.39



	39.
	δ-Cadinene
	1523
	0.08



	40.
	Dihydroactinidiolide
	1526
	0.06



	41.
	Spathulenol
	1576
	0.32



	42.
	Caryophyllene oxide
	1580
	3.86



	43.
	Methyl jasmonate
	1649
	0.28



	44.
	Artemisic acid
	1847
	4.95



	45.
	Nonadecane
	1900
	0.48



	46.
	Hexadecanoic acid
	1967
	2.05



	47.
	Contrunculin-A
	1996
	4.93



	48.
	Arteannuin b
	2054
	15.29



	49.
	Phytol
	2107
	2.23



	50.
	(Z,Z)-Octadeca-9,12-dienoic acid (Linoleic acid)
	2128
	1.49



	51.
	Artemisinin
	2187
	1.39



	52.
	Tricosane
	2300
	0.91



	53.
	Tetracosane
	2400
	0.93
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