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Abstract: In this study, agronomic changes depending on physiological maturity time and changes in essential oil profiles depending 

on harvest time of 3-year-old Artemisia vulgaris L. (W6 32805) and Artemisia ludoviciana Nutt. (W6 47379) plants obtained from the 

USDA were determined. While a total of 56 components were detected in the scent components of the essential oil of Artemisia vulgaris 

L. genotype at all harvest times, 49 components were detected in the Artemisia ludoviciana Nutt. genotype. The main chemical group of 

A. vulgaris L. genotype during the bolting period was sesquiterpene alcohols (38.18%), while during the budding period it was 

composed of oxygenated monoterpenes (31.95%) and during the flowering and maturation periods it was composed of monoterpene 

ketone group compounds (39.04% and 37.58%, respectively). In the A. ludoviciana Nutt. genotype, monoterpene ketone compounds 

(33.94% and 29.76%, respectively) during the bolting and budding periods, oxygenated monoterpene compounds (26.46%) during th e 

flowering period, and monoterpene alcohol compounds (29.58%) during the maturation period. The main essential oil components of 

the A. vulgaris L. genotype during the developmental period were as follows: nerolidol (38.18%) during the bolting period; 1.8-cineole 

(31.95%) during the budding period; β-thujone (33.91%) during the flowering period; and β-thujone (35.5%) during the maturation 

period. In A. ludoviciana Nutt. genotype, artemisia ketone (27.14%) during the bolting period; camphor (14.70%) during the budding 

period; 1.8-cineole (26.46%) during the flowering period; artemisia alcohol (21.47%) during the maturation period were recorded as 

components. Under Isparta conditions, flowering is the optimal harvest stage for maximising fresh herb (876.50 and 662.33 kg/ da) 

and essential oil yield (23.10 and 24.73 kg/da) of both A. vulgaris and A. ludoviciana, whereas A. vulgaris harvested at 

budding/flowering (0.26%) and A. ludoviciana harvested at flowering/seed (0.38 and 0.40%) maturation provide higher essential oil 

contents and distinct chemical profiles for specific industrial uses. The A. vulgaris (W6 32805) genotype may be an alternative source 

of chamazulene. 
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1. Introduction 
Artemisia L. is a genus of small herbaceous and shrubby 

plants found in temperate regions of the northern 

hemisphere. It belongs to the Asteraceae family, one of 

the most populous plant groups, with about 1,000 genera 

and more than 20,000 species. Artemisia L. is known to 

grow mostly in Asia, Europe and North America and has 

more than 500 species in these regions (Bora and 

Sharma, 2011; Abad et al., 2012). Most have an aromatic, 

bitter taste. In some regions, the species is said to be 

named after the Greek Artemis, goddess of the hunt, 

forest, and childbirth (Wright, 2003; Willcox, 2009). 

Artemisia L. essential oils contain various volatile 

components such as terpenoids, phenylpropanoids and 

aliphatic compounds (Sharifi-Rad et al., 2017). The most 

important species of the genus includes A. annua L., A. 

dracunculus Ledeb., A. vulgaris L. and A. absinthium L. 

Some studies have reported that A. ludoviciana species 

are present in camphor and 1,8-cineole rich chemotypes, 

as well as artemisia keton and oxygenated 

sesquiterpenes (Anaya-Eugenio et al., 2016; Baldemir et 

al., 2018; Swor et al., 2024). Studies have identified 

components such as geraniol, β-myrcene, α-thujone, 

sabinene, (-)-limonene, (-)-linalool, α-terpienen, γ-

terpienen, (-)-α-pinene, terpinen-4-ol, camphor, 

camphene, 1,8-cineole and eugenol as the main 

components in Artemisia L. essential oil (Nigam et al., 

2019).  

Artemisia vulgaris is a herbaceous plant growing up to 

2.5 m tall and 75 cm wide. The leaves have an intense 

aroma (Weston et al., 2005) and a spicy flavour 

(Borzabad et al., 2010) that are readily released when 
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crushed. The leaves are 5-10 cm long. They are densely 

arranged alternately, mostly on the upper parts of the 

stem. The short-stalked lower leaves are segmented and 

villus, while the middle and upper leaves are smaller and 

have single or double villuses. The back of the leaf is dark 

green, while the ventral side is whitish and villus. 

(Barney and Di Tommaso, 2003; Anwar et al., 2016). 

Artemisia vulgaris L. (wormwood) is one of the best-

known species of this genus, which has a widespread 

distribution in natural habitats worldwide. (Europe, Asia, 

North and South America, and Africa). For centuries, this 

species has been used primarily in the treatment of 

gynecological disorders and gastrointestinal diseases 

(Holm et al., 1997; Wichtl, 2004). Recent studies have 

proven that this species exhibits antioxidant, 

hypolipidemic, hepatoprotective, antispasmolytic, 

analgesic, estrogenic, cytotoxic, antibacterial, antifungal, 

hypotensive and broncholytic effects (Obistioiu et al., 

2014; Khan, 2015; Ekiert et al., 2020). The presence of 

essential oil in A. vulgaris enhances the significance of 

this species as a culinary spice in the food industry 

worldwide. Today, this species is increasingly used in 

cosmetics production in Europe, as well as in Asia and 

North America (EFSA, 2013; European Commission, 

2025). The chemical group of the essential oil of A. 

vulgaris species consists of monoterpenes, 

sesquiterpenoids and diterpenoids, while the main 

components of these chemical groups are 1,8-cineole, 

sabinene, β-thujone and caryophyllene oxide (Blagojevic 

et al., 2006; Ekiert et al., 2020). 

Artemisia ludoviciana Nutt. is a perennial plant, 30-70 cm 

tall. The leaves are entire or lobed, 3–11 cm long and up 

to 1.5 cm broad, and densely covered with short, matted 

villus. The plant is used in traditional herbal medicine 

throughout its range. In Mexico, people use an infusion of 

the aerial parts of A. ludoviciana to treat diarrhea, 

parasitic diseases, painful conditions, and diabetes (Abad 

et al., 2012; Anaya-Eugenio et al., 2014). In northeastern 

Mexico, an infusion made from the leaves of A. 

ludoviciana Nutt. was used as an antidiarrheal drug 

(Abad et al., 2012). Some Native American tribes in North 

America used its infusion for coughs, sore throats, and 

colds (Moerman, 1998). Artemisia ludoviciana Nutt. 

species monoterpene hydrocarbons consist of 

compounds in the chemical groups oxygenated 

monoterpenoids and oxygenated sesquiterpenoids. The 

main components of these chemical groups are camphor, 

γ-terpineol, borneol, terpine-4-ol, 1,8-cineole, 

lavanderlactone, isoborneol, camphen-6-ol, trans-

sabinylacetate, and bornylacetate (Anaya-Eugenio et al., 

2016; Swor et al., 2024). 

Isparta is situated in the Lakes Region, which features a 

transitional continental climate characterized by 

extended durations of cold and drought. The region's 

soils have a neutral-basic pH and are deficient in organic 

matter and calcium, rendering them appropriate for the 

cultivation of A. vulgaris and A. ludoviciana. The 

cultivated areas in the Lakes Region include Damask rose 

(Rosa damascena Mill.) (4,200 ha), lavandin (Lavandula 

intermedia Emeric ex Loisel.) (2,200 ha), oregano 

(Origanum onites L.) (20,000 ha), fennel (Foeniculum 

vulgare Mill.) (1,500 ha), sage (Salvia officinalis L.) (600 

ha), coriander (Coriandrum sativum L.) (250 ha), black 

cumin (Nigella sativa L.) (200 ha), iris (Iris germanica L.) 

(25 ha), and immortelle (Helichrysum italicum (Roth) G. 

Don) (10 ha) (TURKSTAT, 2025). Moreover, numerous 

medicinal and aromatic plants are imported from 

different provinces or foreign countries, and their oils 

and extracts are manufactured. There are 34 operational 

medium- and large-scale aromatic oil factories, primarily 

producing rose oil (2-2.5 tons) and rose water (800-

1.000 tons) through the distillation of Damask rose 

flowers; resin extract (1 ton) via resin absorption; rose 

concrete (10 tons) through n-hexane extraction; and rose 

absolute (3 tons) by ethyl alcohol extraction from 

concrete (Erbaş and Baydar, 2016; Erbaş et al., 2017; 

Erbaş et al., 2023a). A. absinthium is highly suited to the 

regional circumstances, presenting significant potential 

for the generation of aromatic oil or extracts in current 

distillation and extraction facilities. 

There is no study in our country on the harvest time of A. 

vulgaris and A. ludoviciana species. Therefore, it is 

necessary to study the effects of harvest times to have a 

better understanding of the quality attributes of 

Artemisia vulgaris L. (W6 32805) and Artemisia 

ludoviciana Nutt. (W6 47379). Therefore, the present 

study was conducted to determine the effects of different 

harvest periods on the agricultural yield and quality 

traits of Artemisia vulgaris L. and Artemisia ludoviciana 

Nutt., which have been successfully adapted to Isparta's 

climatic conditions. 

 

2. Materials and Methods 
2.1. Material 

In the study 3 years old plants of the Artemisia vulgaris L. 

(W6 32805), Artemisia ludoviciana Nutt (W6 47379) 

were used as plant materials. A. vulgaris L. (from 

Georgia) and A. ludoviciana Nutt. (from Wyoming, United 

States) seeds were obtained from the USDA and sown in 

vials in March 2020. The obtained seedlings were 

transplanted to the experimental research farms of the 

Rose and Aromatic Plants Research and Application 

Center, Isparta University of Applied Sciences.  

2.2. Methods 

2.2.1. Soil and climatic features of the experimental 

area  

Soil characteristics of the experimental area were 

assessed according to the method of Rowell (1996). The 

soil texture was clay loam; lime was 7.2% by Scheibler 

calcimeter and exchangeable potassium (K) was 119 

mg/kg by 1N NH4OAc (ammonium acetate). The organic 

matter was 1.1% by the Walkley–Black method, total salt 

was 0.38%, the pH in a soil saturated extract was 7.5 and 

extractable phosphorus (P) was 3.9 mg/kg by 0.5N 

NaHCO3 (sodium bicarbonate) extraction. The total 

precipitation, mean humidity, mean temperatures and 
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long term means for the experimental area were given in 

Table 1. According to meteorological data, no adverse 

climate event that would seriously affect the growth and 

development of plants were encountered during the 

vegetation period (March-September). While a total of 

582.6 mm of precipitation fell in 2023, 21.5% of this 

precipitation was in January and 19.1% in May. While the 

vegetation period of 2023 was warmer compared to the 

average of the years, there was no significant change in 

the average humidity (Table 1). 

2.2.2. Trial plan 

A. vulgaris L. and A. ludoviciana Nutt. seedlings were 

planted as a randomized block design with three 

replications (150 × 50 cm; 4 m plot length; 3 rows) at the 

end of May. The first-year cultural treatments of the 

plants in the experimental plot were performed as 

follows. Diammonium phosphorus (5 kg/da pure 

phosphorus) and ammonium sulfate (10 kg/da pure 

nitrogen) fertilizers were applied to the experimental 

plots. Half of the nitrogen fertilizer was applied in the 

autumn and the other half in the budding period of the 

plants. Weeds were hoed by hand. A drip irrigation 

system was used to irrigate plants for a 2-hour period 

once in every 20 days to prevent the detrimental effects 

of summer heat and drought. The research was carried 

out in the 3rd (2023) year after transplantation.  

2.2.3. Yield and quality measurements of artemisia 

species 

Plants were harvested at four different periods based on 

the developmental status of the plants: bolting, budding, 

mid-flowering and seed maturation. Plant height (cm), 

leaf width (cm), leaf length(cm), fresh herb yield (kg/da), 

dry herb yield (kg/da), essential oil content (%), 

essential oil yield (kg/da) and essential oil components 

(%) were determined at each harvest period. The 

triplicate plots were harvested at all growth stages 

(repeated measures). Except for the yield of fresh and 

dry herbs and essential oil, other characteristics were 

measured on 10 randomly selected plants from each plot. 

2.2.4. Isolation of essential oil 

The essential oil content was determined in the entire 

plant by blending 10 plants selected from the plots 

(Essential oil extraction was performed using three 

independent biological replicates per treatment. Each 

replicate consisted of a separate plant sample harvested 

from the same plot). Fresh A. vulgaris L. and A. 

ludoviciana Nutt (200 g) parts were placed in a 5 L glass 

flask and 1 L of water was added. Essential oil analysis 

was carried out in a Neo-Clevenger type hydrodistillation 

apparatus for 3 hours with three replications (European 

Pharmacopoeia, 1975). The amount of essential oil 

obtained was measured as % (v/w). The essential oil 

content (%) was measured in triplicate based on fresh 

weight and calculated as the content of the amount of oil 

obtained during hydrodistillation to the fresh biomass. 

2.2.5. Analysis of essential oil 

The compositions of the essential oils were determined 

by Gas Chromatography/Mass Spectrometry (GC-MS, 

Shimadzu 2010 Plus with QP5050 quadrupole detector). 

One hundred µl of the essential oil of each genotype and 

each harvest time was withdrawn and diluted in 1 ml of 

n-hexane and 1 µl was injected into the GC-MS apparatus. 

The operating conditions of GC-MS are given below: 

Restek Rxi®-5Sil MS (50 m × 0.32 mm, 0.25 μm) was 

used as a capillary column, the oven temperature 

program was performed by increasing from 60°C to 220 

°C by 10°C per min and waiting for 10 min at 220 °C. The 

total running time was set as 60 min with the injector 

temperature of 240 °C and the detector temperature of 

250 °C; helium (2 mL/min, split 1:20) was used as the 

carrier gas (Erbaş et al., 2017). 

2.2.6. Statistical analysis 

All properties except essential oil components were 

measured in triplicate. The data were subjected to 

analysis of variance (ANOVA) using the SAS (1999) 

program, performed according to a Randomized Block 

Design. Means were separated by the Least Significant 

Difference Test (P≤0.05).  

 

Table 1. The climatic data for 2023 and for long year averages in Isparta (State Meteorological Service) 

Month 
Total Precipitation, L m2 Mean Temperature, °C Mean Humidity, % 

1950–2023 2023 1950–2023 2023 1950–2023 2023 

January 81.4 125.3 1.8 5.4 75.2 73.3 

February 67.5 5.8 3.0 3.6 71.5 59.3 

March 59.0 73.8 6.0 9.1 65.8 67.1 

April 51.4 69.9 10.8 10.8 61.1 65.0 

May 56.5 111.0 15.5 15.5 59.9 71.7 

June 35.7 47.3 19.9 20.1 52.9 65.8 

July 15.5 8.0 23.5 25.8 45.4 40.2 

August 14.0 3.1 23.4 27.3 46.2 43.1 

September 18.6 29.1 18.9 21.7 52.0 47.0 

October 37.5 9.7 13.4 16.7 62.1 56.5 

November 44.4 53.3 7.9 11.9 69.8 73.8 

December 86.0 46.3 3.7 7.7 76.0 79.0 

Total 567.5 582.6 - - - - 

Mean - - 12.3 14.6 61.4 61.8 
 



Black Sea Journal of Agriculture 

BSJ Agri / Murat MUTLUCAN et al. 108 
 

This work is licensed (CC BY-NC 4.0) under Creative Commons Attribution 4.0 International License 

3. Results and Discussion 
ANOVA results revealed that genotype and harvest time 

effects were significant for all examined characteristics, 

except for essential oil yield for genotype effect (Table 2). 

A significant interaction was found between genotype 

and harvest time in all traits. Properties mean values of 

all the examined traits were presented in Table 3. The 

plant height of A. vulgaris’s and A. ludoviciana’s has 

changed significantly depending on the harvest times. A. 

vulgaris average plant height, which was 54.33 cm during 

the bolting period, increased throughout the 

development period and reached 135.63 cm during the 

maturation period. In a study where A. vulgaris plant 

height was followed for a year, it was reported that it 

could grow from 11.0 cm to 120.4 cm if not harvested 

(El-Sahhar et al., 2011). Our study reveals a parallelism 

with the plant height characteristic, which varies 

depending on the developmental period. Artemisia 

ludoviciana Nutt. is a perennial plant with a height of 30-

70 cm (Swor et al., 2024). A. ludoviciana average plant 

height, which was 61.63 cm during the bolting period, 

increased throughout the development period and 

reached 97.70 cm during the flowering period. In the 

maturation period, the plant height decreased to 78.30 

cm. The plant height of the A. ludoviciana genotype was 

recorded to be shorter than that of A. vulgaris. The results 

obtained for A. ludoviciana were found to be above 

average during the flowering period but returned to the 

average level during the maturation period. 

The leaf width of the A. vulgaris genotype was recorded 

as 1.76 cm at the bolting period, expanding to 3.83 cm at 

full maturity. This was similar to the A. ludoviciana 

genotype, which expanded to 4.15 cm at the bolting 

period and 4.46 cm at full maturity. Leaf length of the A. 

vulgaris and A. ludoviciana genotypes increased from the 

bolting period (3.85 cm and 3.77 cm, respectively) until 

the flowering period (6.12 cm and 6.16 cm). However, it 

decreased during the maturity period (5.10 cm and 5.13 

cm). While A. vulgaris was longer in leaf length, the leaves 

of the A. ludoviciana genotype were recorded as wider in 

leaf width (Table 3). A. vulgaris leaves have a length of 

1.0-10.0 cm and a width of 2.0-8.0 cm (El-Sahhar et al., 

2011), while A. ludoviciana leaves have a length of 1.5-

11.0 cm and a width of 0.5-4.0 cm (Alenazi and Sundberg, 

2019). 

The fresh herb yield means were 624.19 kg/da and 

460.50 kg/da in A. vulgaris and A. ludoviciana, 

respectively. Dry herb yield means were 271.92 kg/da 

and 198.79 kg/da for A. vulgaris and A. ludoviciana, 

respectively. Depending on the harvest times of both 

genotypes, fresh herb yields for A. vulgaris and A. 

ludoviciana increased from 163.23 kg/da and 189.63 

kg/da at the bolting period to 876.50 kg/da and 662.33 

kg/da at the flowering period, respectively. However, a 

decrease in fresh herb yield was observed in both 

genotypes at 727.63 kg/da and 545.46 kg/da at the 

maturation period. A similar increase in dry herb yield 

was observed between bolting and flowering; however, a 

decrease in dry herb yield was observed during the 

maturation period (Table 3). Burillo et al. (2017) studied 

herb yields of two populations of A. absinthium species 

(Granada and Teruel wild populations) from 2007 to 

2014. They reported an annual average fresh herb yield 

of 2.151-3.013 kg/da and dry herb yield of 122.5-420.3 

kg/da after the 3rd year of transplanting.  

Essential oil content in A. ludoviciana was higher than in 

A. vulgaris. The highest essential oil content was obtained 

at the flowering and budding period (0.26%); the other 

periods’ contents were the same (0.20%) as A. vulgaris 

(Table 3). In the study, the essential oil rates of A. vulgaris 

throughout the development period were determined to 

be lower than the essential oil contents of A. vulgaris 

genotypes grown in the Xinjiang region (0.31%), the 

Eastern Anatolia region (0.5%), Croatia (0.61%) and 

Istanbul (0.45%) (Jerkovic et al., 2003; Bagci et al., 2010; 

Demirbolat et al., 2022; Han et al., 2023). In A. 

ludoviciana the highest essential oil content was obtained 

at the maturation period (0.40%). The other periods are 

listed as flowering period (0.38%), budding period 

(0.25%) and bolting period (0.15%), respectively (Table 

3). Swor et al. (2024) determined, involving 12 different 

Artemisia ludoviciana genotypes, with the essential oil 

content ranging from 0.58% to 3.31%. 

It is similar to the essential oil content of the harvested 

genotypes depending on the developmental stage. In the 

studies, the essential oil content of A. vulgaris was found 

to be between 0.1-0.5% (Haider et al., 2003), 0.45% 

(Govindaraj et al., 2008), 0.04-0.61% (Jerkovic et al., 

2003) and 0.1-1.4% (Anwar et al., 2016), while in the A. 

ludoviciana genotype it was found to be between 0.4% 

(Lopes-Lutz et al., 2008) and 0.18% (Anaya-Eugenio et 

al., 2016). The essential oil contents, depending on the 

developmental period of both genotypes are consistent 

with the studies conducted. 

Essential oil yield is the combination of oil content and 

herb yield, and the aim is to reach the highest value per 

unit area in the cultivation of the product. While the A. 

ludoviciana genotype had a lower fresh herb yield mean 

than the A. vulgaris genotype, the essential oil yield mean 

of the A. ludoviciana (15.24 kg/da) genotype was higher 

than of the A. vulgaris (14.81 kg/da) genotype (Table 3). 

This is due to the significant difference in the essential oil 

content. The highest essential oil yield was recorded 

during the flowering period in both genotypes (23.10 

kg/da and 24.73 kg/da, respectively). Studies on the 

genotypes Artemisia vulgaris and Artemisia ludoviciana 

have generally focused on essential oil content. Essential 

oil yields per decare or hectare have not been calculated 

in the literature. Therefore, by revealing the periodic 

essential oil yields of both genotypes, this study makes a 

significant contribution to both the literature and 

producers. 
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Table 2. Variance analysis and significance levels of yield and quality characteristics of A. vulgaris L. and A. ludoviciana 

Nutt. at different harvest times 
 

Source of 

Variation 
DF 

Plant height 

(cm) 

Leaf Width 

(cm) 

Leaf 

Length 

(cm) 

Fresh Herb 

Yield (kg/da) 

Dry Herb 

Yield (kg/da) 

Essential 

Oil 

Content 

(%) 

Essential 

Oil Yield 

(kg/da) 

Mean Square 

Block 2 0.01 0.0009 0.0006 210.45 1486.58 0.0001 0.30 

Genotype 1 3458.40** 3.124** 0.15** 160769.77** 32083.59** 0.028** 1.13 

Harvest 

Time 
3 3895.70** 5.362** 5.46** 392818.36** 121539.73** 0.024** 467.92** 

Genotype 

x Harvest 

Time 

3 1174.09** 3.611** 0.14** 26671.34** 7291.92** 0.019** 58.10** 

Error 14 15.31 0.016 0.003 70.44 389.14 0.0002 0.48 

CV  4.28 3.98 1.21 1.55 8.38 5.74 4.61 

 

Table 3. Variation in yield and quality characteristics of A. vulgaris L. and A. ludoviciana at different harvest times 

Harvest 

time 

Plant Height (cm) Leaf Width (cm) Leaf Length (cm) 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

Bolting 54.33 c 61.63 c 57.98 1.76 d 4.15 b 2.96 3.85 d 3.77 d 3.81 

Budding 91.0 b 79.30 b 85.15 2.73 c 4.40 a 2.06 5.45 b 4.84 c 5.14 

Flowering 132.0 a 97.70 a 114.85 3.27 b 4.46 a 3.87 6.12 a 6.16 a 6.14 

Maturation 135.63 a 78.30 b 106.97 3.83 a 4.46 a 4.15 5.10 c 5.13 b 5.11 

Mean 103.24 79.23  2.90 3.62  5.13 4.97  

 

Fresh Herb Yield (kg/da) Dry Herb Yield (kg/da) Essential Oil Content (%) 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

Bolting 163.23 c 189.63 d 176.43 36.36 d 40.47 d 38.42 0.20 b 0.15 c 0.17 

Budding 729.40 b 444.56 c 586.10 285.36 c 161.90 c 223.63 0.26 a 0.25 b 0.25 

Flowering 876.50 a 662.33 a 769.42 403.43 a 263.37 b 333.40 0.26 a 0.38 a 0.32 

Maturation 727.63 b 545.46 b 637.43 362.50 b 329.43 a 345.97 0.20 b 0.40 a 0.30 

Mean 624.19 460.50  271.92 198.79  0.23 0.30  

 

Essential Oil Yield (kg/da) 

 

 

 

 

A. 

vulgaris 

A. 

ludoviciana 
Mean 

Bolting 3.20 d 2.8 d 3.00 

Budding 18.60 b 11.30 c 14.95 

Flowering 23.10 a 24.73 a 23.92 

Maturation 14.33 c 22.13 b 18.23 

Mean 14.81 15.24  
a,b=Values within each column followed by the different letters or letters are significantly different at the 0.05 probability level 

according to Least Significant Differences Test, A. vulgaris= Artemisia vulgaris L., A. ludoviciana= Artemisia ludoviciana Nutt. 

 

The scent components of A. vulgaris L. and A. ludoviciana 

Nutt. genotypes essential oils at different harvest times 

are presented in Table 4. The proportional distribution of 

molecular groups among scent components differed 

according to the developmental periods of genotypes. 

The main chemical group of the A. vulgaris L. genotype 

during the bolting period was sesquiterpene alcohols 

(38.18%), while during the budding period it was 

composed of oxygenated monoterpenes (31.95%) and 

during the flowering and maturation periods it was 

composed of monoterpene ketone group compounds 

(39.04%, 37.58%, respectively) (Table 4). These groups 

were followed by sesquiterpene hydrocarbons, 

monoterpene hydrocarbons, monoterpene alcohols and 

monoterpene esters. Han et al. (2023) determined the 

chemical group of the essential oil of Artemisia vulgaris as 

oxygenated monoterpenes (61.55%), oxygenated 

sesquiterpenes (7.97%), sesquiterpene hydrocarbons 

(4.58%), monoterpene hydrocarbons (2.95%) and others 

(16.53%). In the A. ludoviciana Nutt. genotype, 

monoterpene ketone compounds (33.94% and 29.76%, 

respectively) during the bolting and budding periods, 

oxygenated monoterpene compounds (26.46%) during 

the flowering period, and monoterpene alcohol 

compounds (29.58%) during the maturation period. In 

addition, while monoterpene ketone and sesquiterpene 

alcohol compounds decreased during the development 

period, oxygenated monoterpene and monoterpene 

alcohol compounds increased (Table 4). Swor et al. 

(2024) determined variations of the main chemical 
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groups of Artemisia ludoviciana genotypes, as 

monoterpene hydrocarbons (0.6-29.9%), oxygenated 

monoterpenoids (31.1-80.6%) and oxygenated 

sesquiterpenoids (0.1-49.0%). 

While a total of 56 components were detected in the 

scent components of the essential oil of Artemisia 

vulgaris L. genotype at all harvest times, 49 components 

were detected in the Artemisia ludoviciana Nutt. 

genotype. The main essential oil components of the A. 

vulgaris L. genotype during the developmental period 

were as follows: nerolidol (38.18%), artemisia ketone 

(11.98%), artemisia alcohol (7.28%), and davanone 

(6.49%) during the bolting period; 1.8-cineole (31.95%), 

camphor (12.72%), α-bisabolone oxide A (12.98%), 

artemisia alcohol (4.46%) during the budding period; β-

thujone (33.91%), Z and E epoxy-ocimene (32.25%), 1.8-

cineole (6.43%), and chamazulene (3.49%) during the 

flowering period; and β-Thujone (35.5%), Z and E epoxy-

ocimene (33.7%), and chamazulene (7.23%) during the 

maturation period. Han et al., (2023) reported that the 

main compounds were (Z)-sabinol (15.18%), trans-

sabinylacetate (11.13%), eucalyptol (10.92%) and (E)-

piperitol (8.4%), which represented 45.63% of the total 

oil. The main chemical constituents of the essential oil of 

other A. vulgaris were camphor (39.9%), β-Thujone 

(15.63%), α-Thujone (5.42%); (Z)-sabinol (15.18%), 

trans-sabinylacetate (11.13%), eucalyptol (10.92%) and 

(E)-piperitol (8.4%) (Zhigzhitzhapova et al., 2016; Sbai El 

Otmani et al., 2018). The main component of β-thujone in 

the essential oils of the A. vulgaris genotype used in the 

study during the flowering and maturation periods was 

determined to be higher than reported in the literature. 

In A. ludoviciana Nutt. genotype, artemisia ketone (% 

27.14), nerolidol (% 15.21), artemisia alcohol (10.01%), 

yomogi alcohol (7.92%), 1.8-cineole (7.37%) and 

davanone (7.29%) during the bolting period; Camphor 

(14.70%), nerolidol (13.54%), davanone (10.88%), 1.8-

cineole (8.89%), artemisia ketone (7.76%), yomogi 

alcohol (6.37%) and artemisia alcohol (5.1%) during the 

budding period; 1.8-cineole (26.46%), camphor (% 

16.89), α-bisabolone oxide A (13.18%) and artemisia 

alcohol (12.19%) during the flowering period; artemisia 

alcohol (21.47%), limonene (14.10%), camphor 

(13.16%) and α-bisabolone oxide A (6.79%) during the 

maturation period components were recorded (Table 4). 

A. ludoviciana essential oil, such as antinociceptive (pain-

relieving) activity (Anaya-Eugenio et al., 2016), 

antiparasitic activity against Acanthamoeba, Leishmania, 

and Trichomonas (Baldemir et al., 2018), and broader 

antimicrobial or insecticidal potential summarised in 

genus-level reviews (Abad et al., 2012; Pandey and Singh, 

2017). Essential oil components are used in the health, 

agriculture, and food sectors, either alone or due to their 

synergistic effects (Bassole and Juliani, 2012; Zhang et al., 

2021; Dunan et al., 2023; Pezantes-Orellana et al., 2024). 

Anaya-Eugenio et al. (2016) reported that the main 

essential oil components were camphor (21%), γ-

terpineol (18%), borneol (18%), terpine-4-ol (3.5%), 1,8-

cineole (3.4%), lavanderlactone (3.4%), isoborneol 

(2.4%), camphen-6-ol (2.3%), trans-sabinylacetate 

(2.2%), and bornylacetate (2.2%). It has been reported 

that A. ludoviciana genotypes collected in some regions of 

Mexico, Canada, and the USA are rich in the main 

components 1,8-cineole and camphor (Manjarrez and 

Medina 1964; Blust and Hopkins, 1987; Lopes-Lutz et al., 

2008). 

The study's results parallel the composition of the 

essential oils at flowering and full maturity. Several 

studies have reported camphor and 1,8-cineole-rich 

chemotypes, as well as substantial variation in artemisia 

ketone and oxygenated sesquiterpenes (Anaya-Eugenio 

et al., 2016; Baldemir et al., 2018; Swor et al., 2024). The 

volatile oil profiles obtained in studies on Artemisia 

ludoviciana genotypes share components in common 

with our study. At the same time, there are also 

components that are not shared. This difference is 

thought to be due to the harvest time, climatic conditions 

and the ecotypes used (Baydar, 2009). Before the 

flowering stage of A. vulgaris L., the main components of 

the essential oil are α-thujone (30.68%) and β-

caryophyllene (22.05%); as the plant matures, 

sesquiterpene hydrocarbons, particularly β-

caryophyllene, decrease while oxygenated 

monoterpenes, especially α-thujone, increase 

(Demirbolat et al., 2022). A. annua L. contains 0.38-1.38% 

essential oil depending on flower formation, with the 

highest essential oil content during seed formation. Its 

essential oils contain 20 different components, with 

artemisia ketone (28.30%-37.15%), camphor (18.00%-

23.30%), and 1,8-cineole (9.00%-10.39%) being the 

main components. The essential oil content of A. annua L. 

ranges from 0.38-1.38% depending on flower formation, 

with the highest essential oil content present during seed 

formation. The essential oils have 20 different 

components, with artemisia ketone (28.30%-37.15%), 

camphor (18.00%-23.30%), and 1,8-cineole (9.00%-

10.39%) as the main components. 
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Table 4. Essential oil composition of A. vulgaris L. and A. ludoviciana Nutt. at different harvest times 

Rt Component RI Class 
Artemisia vulgaris L. Artemisia ludoviciana Nutt. 

Bolting Budding Flowering Maturation Bolting Budding Flowering Maturation 

5.499 Santolinatriene 1555.0 SH 2.17 -  -  -  -  -  -  -  

6.114 Artemesia triene 1557.0 SH  - -  -  -  0.13 -  -  -  

6.168 Tricyclene 923.2 MH  - 0.11 -  -  -  0.12 0.06 -  

6.261 α-Thujene 927.8 MH 0.02 0.11 0.05  - 0.06 0.1 0.11 -  

6.506 α- Pinene 936.1 MH 0.41 1.89 0.68 0.22 0.87 0.93 1.37 0.25 

7.069 Camphene 950.3 MH 0.15 2.27 0.4 -  0.71 2.54 2.18 0.58 

7.888 Sabinene 973.0 MH  2.32 2.87 1.83 2.52 1.07 2.12 3 1.03 

8.087 β-Pinene 977.7 MH 0.08 1.46 0.53 -  0.54 0.59 0.9 0.27 

8.528 Myrcene 989.2 MH 0.09 0.33 0.97 1.14 0.26 0.28 0.16 0.33 

8.803 Yomogi alcohol 996.3 Mal 5.20 0.6 -  -  7.92 6.37 2.54 4.36 

9.246 α-Phellandrene 1004.1 MH 0.20 -  0.14 -  0.39 0.33 0.25 0.12 

9.755 α-Terpinene 1017.1 AM 0.02 0.18 0.07 0.12 -  -  0.28 0.13 

10.090 Cymol  AM 0.11 0.6 0.29 0.28 0.23 0.41 0.48 0.35 

10.307 Limonene 1029.5 M 1.00 1.08 0.5 3.74 0.64 0.48 0.74 14.10 

10.442 1.8-Cineole 1031.8 OM 2.09 31.95 6.43 0.37 7.37 8.89 26.46 18.8 

10.650 cis- Ocimene 1037.8 M  - 0.03 0.57 0.85 -  -  -  -  

11.146 β-Ocimene 1047.7 M  - 0.05 0.06 0.12 -  -  -  -  

11.416 Santolina epoxide  OM 3.75 -  -  -  1.04 1.18 -  -  

11.732 γ- Terpinene 
1059.7 

 
M  - -  0.17 0.16 -  -  -  -  

11.745 Artemisia ketone 1062.0 MK 11.98 2.54 -  -  27.14 7.76 2.69 4.04 

12.391 
cis Sabinene 

hydrate 
1066.5 AM 0.37 2.83 0.26 -  0.52 0.95 2.29 1.62 

12.940 Artemisia alcohol 1083.1 MAl 7.28 4.46 -  -  10.01 5.1 12.19 21.47 

13.169 α-Terpinolene 1086.9 M  - 0.12 -  -  -  -  0.19 0.11 

14.027 Linalool 1099.0 MAl 1.81 2.94 3.15 3.42 3.69 4.54 2.62 2.04 

14.310 α-Thujone  1105.1 MK 0.21 1.06 2.51 1.93 1.37 0.88 0.35 -  

14.950 β-Thujone 1114.5 MK 1.19 0.35 33.91 35.5 0.59 0.34 0.14 -  

15.775 
Z and E epoxy-

ocimene 
 MEp 0.8 0.1 32.25 33.7 1.02 1.46 -  -  

16.332 Myrtenol 1194.1 MAl 0.89   2.77 2.94 -  -  -  -  

16.342 trans-Pinocarveol 1140.0 MAl  - 0.26 -  -  0.23 0.52 -  0.28 

16.604 Camphor 1143.4 MK 0.64 12.72 2.62 -  2.48 14.70 16.89 13.16 

17.544 Pinocarvone 1160.6 MK  - 0.44 -  -  -  0.12 0.28 0.42 

17.745 Verbenol 1144.2 MAl  - 0.29 -  -  -  -  0.25 0.21 

17.860 
trans-para-2.8-1-

menthadienol 
1140.0 MAl  - -  1.28 1.18 -  -  -  -  

17.861 
β Artemisia 

acetate 
1230.0 ME 4.89 4.55 0.27 -  3.71 3.04 0.33 0.85 

18.226 Borneol 1166.2 MAl  - -  -  -  -  1.61 2.9 2.7 

18.754 Terpine-4-ol 1177.1 MAl 0.07 0.91 0.53 0.41 0.31 0.36 1.49 1.34 

19.296 
(+)-

Isopiperitenone 
1200 MK  - 0.1 -  -  0.3 0.26 -  -  

19.706 α-Terpineol  1189.7 MAl 0.2 1.79 0.44 0.56 0.51 0.94 1.98 1.35 

21.253 trans-Carveol 1217.1 MAl 0.28 0.4 -  -  -  0.13 0.63 0.19 

22.737 d-Carvone 1242.0 MK  - 0.36 -  -  -  -  0.23 0.22 

23.218 Linalyl acetate 1255.2 ME 1.01 0.44 0.62 0.88 0.51 0.74 0.16 0.13 

25.377 Bornyl acetate 1283.5 ME 0.70 0.45 0.16 -  0.15 0.55 -  -  

25.556 
Lavandulyl 

acetate 
1289.2 ME 0.26 - -  - 0.31 0.09 -  0.11 

25.749 Sabinol 1139.2 MAl 0.28 - -  -  0.5 0.64 -  -  

29.475 
α-Terpinyl 

acetate  

1347.0 

 
ME  -  -  0.07 -  -  -  0.12 -  

30.419 Neryl acetate 1362.9 ME  - - 0.11 -  -  0.14 -  -  

32.656 
Chrysanthenone 

II 
1210.0 MK 3.95 -  -  0.15 2.06 5.7 -  -  

33.926 
trans-

Caryophyllene 
1420.1 SH 0.41 0.35 0.8 0.8 0.52 0.43 0.29 0.31 

36.174 α-Humulene 1453.1 SH  - - 0.09 -  -  -  -  -  

37.808 Germacrene D 1480.6 SH 0.31 0.52  - -  0.19 0.14 0.44 0.41 

38.270 β-Selinene 1486.1 SH  - - 0.24 0.39 -  -  -  -  

42.098 α-Elemol 1547.5 SAl  - - 0.12 -  0.14 - -  -  

43.164 Nerolidol 1543.6 SAl 38.18 0.94 -  -  15.21 13.54 -  - 
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Table 4. Essential oil composition of A. vulgaris L. and A. ludoviciana Nutt. at different harvest times (continue) 

Rt Component RI Class 
Artemisia vulgaris L. Artemisia ludoviciana Nutt. 

Bolting Budding Flowering Maturation Bolting Budding Flowering Maturation 

44.021 Davanone 1650.0 SK 6.49 0.29 1.61 1.39 7.29 10.88 -  -  

48.277 
α-Bisabolol oxide 

B 
1682.8 OS  - 2.54 -  -  -  -  1.53 1.57 

49.816 
α-Bisabolone 

oxide A 
1682.8 SKO  - 12.98 -  -  -  -  13.18 6.79 

50.155 α-Bisabolol 1685.3 SAl  - 0.68 -  -  -  -  0.29 0.34 

52.331 Chamazulene 1726.7 SH  - 1.05 3.49 7.23         

Total 99.81 99.99 99.99 100.00 99.99 99.9 99.99 99.98 

Sesquiterpene Hydrocarbon (SH) 2.89 1.92 4.62 8.42 0.84 0.57 0.73 0.72 

Monoterpene Hydrocarbon (MH) 3.27 9.04 4.60 3.88 3.90 7.01 8.03 2.58 

Monoterpene (M) 1.00 1.28 1.30 4.87 0.64 0.48 0.93 14.21 

Aromatic Monoterpene (AM) 0.50 3.61 0.62 0.4 0.75 1.36 3.05 2.10 

Oxygenated Monoterpene (OM) 5.84 31.95 6.43 0.37 8.41 10.07 26.46 18.80 

Monoterpene Alcohol (MAl) 10.81 11.05 8.17 8.51 15.25 13.84 22.06 29.58 

Monoterpene Epoxide (MEp) 0.80 0.10 32.25 33.7 1.02 1.46 - - 

Monoterpene Ester (ME) 6.86 5.44 1.23 0.88 4.68 4.56 0.61 1.09 

Monoterpene Ketone (MK) 17.97 17.57 39.04 37.58 33.94 29.76 20.58 17.84 

Sesquiterpene Alcohol (SAl) 38.18 1.62 0.12 0 15.35 13.54 0.29 0.34 

Sesquiterpene Ketone (SK) 6.49 0.29 1.61 1.39 7.29 10.88 - - 

Oxygenated Sesquiterpene (OS) - 2.54 - - - - 1.53 1.57 

Sesquiterpene Ketone Oxide (SKO) - 12.98 - - - - 13.18 6.79 

 

Chamazulene (C14H16) is found in a limited number of 

plant structures worldwide. Chamazulene is an 

important compound used a key compound utilized as an 

anti-inflammatory agent in herbal medicines and 

cosmetics. Chamazulene is not a natural product derived 

from plants; the decomposition of the plant matrix forms 

it as a result of exposure to heat. Chamazulene imparts a 

blue color to the essential oil, depending on its 

concentration. The most widely produced plant source of 

chamazulene worldwide is German chamomile 

(Matricaria recutita L.). Other chamomile-containing 

plants include Roman chamomile (Chamaemelum nobile 

L.), yarrow (Achillea millefolium L.), blue tansy 

(Tanacetum annuum L.), Scots pine (Pinus sylvestris L.), 

wormwood (Artemisia arborescens L.), and Northern 

Cyprus pine (Callitris intratropica L.) (Erbaş et al., 

2023b). In addition to these chamazulene is not a 

“typical” monoterpene or sesquiterpene; it is usually 

formed as an artefact from proazulenic sesquiterpene 

lactones (such as matricin) during steam or hydro-

distillation and is a major contributor to the blue colour 

and anti-inflammatory properties of chamomile and 

some Artemisia oils (Ramadan et al., 2006; Şahin et al., 

2023). In the A. vulgaris L. genotype used in the study, it 

was determined that chamazulene, which started to form 

in the budding period (1.05%), reached 3.49% in the 

flowering period and 7.23% in the maturation period 

(Table 4). Chamazulene is a compound derived from 

proazulenic sesquiterpene lactones (such as matricin) 

during the hydrodistillation of plant material. This 

chemical is a metabolite generated after the oral intake of 

pure matricin. Numerous research have documented the 

anti-inflammatory properties of matricin and 

chamazulene. Therefore, we can say that the amount of 

matricin increases during the development of the A. 

vulgaris species (Ramadan et al., 2006; Şahin et al., 2023). 

The 3-hour hydro-distillation in a Neo-Clevenger 

apparatus can enhance the conversion of matricin-type 

precursors to chamazulene, and direct quantification of 

such precursors (which was beyond the scope of the 

present study) would be necessary to fully disentangle 

biosynthetic versus distillation-derived contributions. 

 

5. Conclusion 
In this study, the harvest time of A. vulgaris L., which is 

used in traditional medicine for digestive problems, 

menstrual irregularities and as a spice in aromatherapy 

and has antispasmodic, antimicrobial, antioxidant and 

antifungal properties, and Artemisia ludoviciana Nutt., 

which is used in perfumery and cosmetics sectors and 

has anti-inflammatory, antimicrobial and insecticidal 

properties, was determined. However, while there is a 

considerable amount of information about A. vulgaris L. 

and A. ludoviciana Nutt. essential oils and their 

constituents present, there is very limited literature on 

their cultivation. In our study, the highest fresh and dry 

herb yields and essential oil yield of genotypes were 

obtained at the flowering period and the highest essential 

oil content at the bolting period at different harvest 

times. While a total of 56 components were detected in 
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the scent components of the essential oil of Artemisia 

vulgaris L. genotype at all harvest times, 49 components 

were detected in the Artemisia ludoviciana Nutt. 

genotype. The main essential oil components of the A. 

vulgaris L. genotype during the developmental period 

were as follows: nerolidol (38.18%) during bolting 

period; 1.8-Cineole (31.95%) during the budding period; 

β-thujone (33.91%), during the flowering period; and β-

Thujone (35.5%), during the maturation period. In A. 

ludoviciana Nutt. genotype, artemisia ketone (27.14%) 

during the bolting period; camphor (14.70%) during the 

budding period; 1.8-cineole (26.46%) during the 

flowering period; artemisia alcohol (21.47%) during the 

maturation period were recorded. The other studies on 

the genotypes Artemisia vulgaris and Artemisia 

ludoviciana have generally focused on essential oil 

content. Essential oil yields per decare or hectare have 

not been calculated. Therefore, by revealing the periodic 

essential oil yields of both genotypes, this study makes a 

significant contribution to both the literature and 

producers. For both genotypes (A. vulgaris and 

A.ludoviciana), the highest fresh herb yield (876.50 and 

662.33 kg/da respectively), essential oil yield (23.10 and 

24.73 kg/da respectively) and essential oil content (0.26 

(budding and flowering periods) and 0.38 % 

respectively) were obtained during the flowering period. 

Under Isparta conditions, flowering period is the optimal 

harvest stage for maximising fresh herb and essential oil 

yield of both A. vulgaris and A. ludoviciana, whereas A. 

vulgaris harvested at budding/flowering and A. 

ludoviciana harvested at flowering/seed maturation 

provide higher essential oil contents and distinct 

chemical profiles for specific industrial uses. 

Chamazulene is an important compound used as an anti-

inflammatory in herbal medicines and cosmetics. The A. 

vulgaris genotype may be an alternative source of 

chamazulene. 

 

Author Contributions 

The percentages of the authors’ contributions are 

presented below. All authors reviewed and approved the 

final version of the manuscript. 
 

 M.M. S.E. S.Ö. 

C 35 35 30 

D 35 35 30 

S  100  

DCP 35 35 30 

DAI 35 35 30 

L 30 35 35 

W 35 35 30 

CR 35 35 30 

SR 35 30 35 

C=Concept, D= design, S= supervision, DCP= data collection 

and/or processing, DAI= data analysis and/or interpretation, L= 

literature search, W= writing, CR= critical review, SR= 

submission and revision. 

 

 

Conflict of Interest 

The authors declared that there is no conflict of interest. 

 

Ethical Consideration 

Ethics committee approval was not required for this 

study because of there was no study on animals or 

humans. 

 

References  
Abad, M. J., Bedoya, L. M., Apaza, L., & Bermejo, P. (2012). The 

Artemisia L. genus: a review of bioactive essential oils. 

Molecules, 17(3), 2542-2566. 

https://doi.org/10.3390/molecules17032542 

Alenazi, M. F., & Sundberg, M. D. (2019). Phylogenetic Tree of 

Artemisia Species (A. campestris, A. carruthii, A. dracunculus, A. 

filifolia and A. ludoviciana) in Kansas Based on Morphological 

and Anatomical Characteristics. Transactions of the Kansas 

Academy of Science, 122(1-2), 29-38. 

Anaya-Eugenio, G. D., Rivero-Cruz, I., Bye, R., Linares, E., & Mata, 

R. (2016). Antinociceptive activity of the essential oil from 

Artemisia ludoviciana. Journal of Ethnopharmacology, 179, 

403-411. https://doi.org/10.1016/j.jep.2016.01.008 

Anaya-Eugenio, G. D., Rivero-Cruz, I., Rivera-Chávez, J., & Mata, R. 

(2014). Hypoglycemic properties of some preparations and 

compounds from Artemisia ludoviciana Nutt. Journal of 

Ethnopharmacology, 155(1), 416-425. 

https://doi.org/10.1016/j.jep.2014.05.051 

Anwar, F., Ahmad, N., Alkharfy, K. M., & Gilani, A. H. (2016). 

Mugwort (Artemisia vulgaris) oils. In essential oils in food 

preservation, Flavor and Safety; Academic Press. 

Bagci, E., Kursat, M., & Civelek, S. (2010). Essential oil 

composition of the aerial parts of two Artemisia species (A. 

vulgaris and A. absinthium) from east Anatolian region. Journal 

of Essential Oil Bearing Plants, 13(1), 66-72. 

https://doi.org/10.1080/0972060X.2010.10643792 

Baldemir, A., Karaman, Ü., İlgün, S., Kacmaz, G., & Demirci, B. 

(2018). Antiparasitic efficacy of Artemisia ludoviciana 

Nutt.(Asteraceae) essential oil for Acanthamoeba castellanii, 

Leishmania infantum and Trichomonas vaginalis. Indian 

Journal of Pharmaceutical Education and Research, 52(3), 416-

425. http://doi.org/10.5530/ijper.52.3.48 

Barney, J. N., & Di Tommaso, A. (2003). The biology of Canadian 

weeds. 118. Artemisia vulgaris L. Canadian Journal of Plant 

Science, 83(1), 205-215. https://doi.org/10.4141/P01-098 

Bassolé, I. H. N., & Juliani, H. R. (2012). Essential oils in 

combination and their antimicrobial properties. Molecules, 

17(4), 3989-4006. 

https://doi.org/10.3390/molecules17043989 

Baydar, H. (2009). Tıbbi ve aromatik bitkiler bilimi ve 

teknolojisi. Nobel Akademik Yayıncılık. 

Blagojević, P., Radulović, N., Palić, R., & Stojanović, G. (2006). 

Chemical composition of the essential oils of Serbian wild-

growing Artemisia absinthium and Artemisia vulgaris. Journal 

of Agricultural and Food Chemistry, 54(13), 4780-4789. 

https://doi.org/10.1021/jf060123o 

Blust, M. H., & Hopkins, T. L. (1987). Gustatory responses of a 

specialist and a generalist grasshopper to terpenoids of 

Artemisia ludoviciana. Entomologia Experimentalis et 

Applicata, 45(1), 37-46. https://doi.org/10.1111/j.1570-

7458.1987.tb02253.x 

Bora, K. S., & Sharma, A. (2011). The genus Artemisia: a 

comprehensive review. Pharmaceutical Biology, 49(1), 101-

109. https://doi.org/10.3109/13880209.2010.497815 

 



Black Sea Journal of Agriculture 

BSJ Agri / Murat MUTLUCAN et al. 114 
 

Borzabad, R. K., Sudarshana, M. S., & Niranjan, M. H. (2010). In 

vitro plant regeneration from leaf explants of Artemisia 

vulgaris L. a medicinal herb. Modern Applied Science, 4(9), 130-

134. 

Burillo, J., Coloma, A. G., Tapia, J., & Rocha, J. N. (2017). Principles 

of Medicinal and Aromatic Plant (MAPs) Propagation, 

Production and Collection; Artemisia absinthium L. In 

Medicinal and Aromatic Plants: The Basics of Industrial 

Application (pp. 134-162). Bentham Science Publishers. 

Demirbolat, I., Inal, E., Ulusoy, S., & Kartal, M. (2022). Variations 

in chemical compositions and biological activities of Artemisia 

vulgaris L. (common mugwort) essential oils at different 

growth stages. Journal of Essential Oil Bearing Plants, 25(2), 

393-402. https://doi.org/10.1080/0972060X.2022.2084348 

Dunan, L., Malanga, T., Benhamou, S., Papaiconomou, N., 

Desneux, N., Lavoir, A. V., & Michel, T. (2023). Effects of 

essential oil-based formulation on biopesticide activity. 

Industrial Crops and Products, 202, 117006. 

https://doi.org/10.1016/j.indcrop.2023.117006 

EFSA. (2013). European Food Safety Authority. Artemisia 

Vulgaris Basic Substance Application; EFSA Supporting 

Publications: Parma, Italy. 

Ekiert, H., Pajor, J., Klin, P., Rzepiela, A., Ślesak, H., & Szopa, A. 

(2020). Significance of Artemisia vulgaris L. (Common 

Mugwort) in the history of medicine and its possible 

contemporary applications substantiated by phytochemical 

and pharmacological studies. Molecules, 25(19), 4415. 

https://doi.org/10.3390/molecules25194415 

El-Sahhar, K. F., Nassar, R. M., & Farag, H. M. (2011). 

Morphological and anatomical studies of Artemisia vulgaris L. 

(Asteraceae) II. Anatomical characteristics and volatile oil. 

Australian Journal of Basic and Applied Sciences, 5(6), 56-68.  

Erbaş, S., & Baydar, H. (2016). Variation in scent compounds of 

oil-bearing rose (Rosa damascena Mill.) produced by 

headspace solid phase microextraction, hydrodistillation and 

solvent extraction. Records of Natural Products, 10(5), 555-

565. 

Erbaş, S., Erdoğan, Ü., & Mutlucan, M. (2023a). The Scent 

compounds of immortelle ecotypes (Helichrysum italicum 

(Roth) G. Don.) grown in Türkiye and its new products 

(absolute and concrete). South African Journal of Botany, 158, 

301-311. https://doi.org/10.1016/j.sajb.2023.05.029 

Erbaş, S., Kucukyumuk, Z., Baydar, H., Erdal, İ., & Sanlı, A. (2017). 

Effects of different phosphorus doses on nutrient 

concentrations as well as yield and quality characteristics of 

lavandin (Lavandula× intermedia Emeric ex Loisel. var. Super). 

Turkish Journal of Field Crops, 22(1), 32-38. 

https://doi.org/10.17557/tjfc.301797 

Erbaş, S., Mutlucan, M., Erdoğan, Ü., & Özer, M. (2023b). 

Chamazulene kaynağı bitkiler ve üretimi. In ISPEC 11th 

international Conference on Agriculture, Animal Sciences and 

Rural Development. 

European Commission. (2025). CosIng-Cosmetic Database. 

https://ec.europa.eu/growth/sectors/ cosmetics/cosing_en 

(accessed on 13 August 2025). 

European Pharmacopoeia (1975). Maissonneuve SainteRuffine. 

3, 68.  

Govindaraj, S., Kumari, B. D. R., Cioni, P. L., & Flamini, G. (2008). 

Mass propagation and essential oil analysis of Artemisia 

vulgaris. Journal of Bioscience and Bioengineering, 105(3), 176-

183. https://doi.org/10.1263/jbb.105.176 

Haider, F., Dwivedi, P. D., Naqvi, A. A., & Bagchi, G. D. (2003). 

Essential oil composition of Artemisia vulgaris harvested at 

different growth periods under Indo-Gangetic plain 

conditions. Journal of Essential Oil Research, 15(6), 376-378. 

https://doi.org/10.1080/10412905.2003.9698615 

Han, C., Zhang, G., Mei, Y., Shan, Z., Shi, K., Zhou, S., & Shao, H. 

(2023). Chemical profile of Artemisia vulgaris L. essential oil 

and its phytotoxic, insecticidal, and antimicrobial activities. 

South African Journal of Botany, 162, 20-28. 

https://doi.org/10.1016/j.sajb.2023.08.058 

Holm, L., Doll, J., Holm, E., Pancho, J. V., & Herberger, J. P. (1997). 

World weeds: natural histories and distribution. John Wiley & 

Sons. 

Jerkovic, I., Mastelic, J., Milos, M., Juteau, F., Masotti, V., & Viano, J. 

(2003). Chemical variability of Artemisia vulgaris L. essential 

oils originated from the Mediterranean area of France and 

Croatia. Flavour and Fragrance Journal, 18(5), 436-440. 

https://doi.org/10.1002/ffj.1246 

Khan, K. A. (2015). A preclinical antihyperlipidemic evaluation of 

Artemisia vulgaris root in diet induced hyperlipidemic animal 

model. International Journal of Pharmacological Research , 5, 

110-114. 

Lopes-Lutz, D., Alviano, D. S., Alviano, C. S., & Kolodziejczyk, P. P. 

(2008). Screening of chemical composition, antimicrobial and 

antioxidant activities of Artemisia essential oils. 

Phytochemistry, 69(8), 1732-1738. 

https://doi.org/10.1016/j.phytochem.2008.02.014 

Manjarrez, A., & Medina, F. (1964). The analysis of the volatile 

oils of the leaves of Artemisia mexicana and Artemisia 

klotzchiana. Canadian Journal of Chemistry, 42(9), 2085-2088. 

https://doi.org/10.1139/v64-307 

Moerman, D. E. (1998). Native American Ethnobotany, Timber 

Press, Incorporated. 

Nigam, M., Atanassova, M., Mishra, A. P., Pezzani, R., Devkota, H. 

P., Plygun, S., Salehi, B., Setzer, W. N., & Sharifi-Rad, J. (2019). 

Bioactive compounds and health benefits of Artemisia species. 

Natural Product Communications, 14(7), 1934578X19850354. 

https://doi.org/10.1177/1934578X19850354 

Obistioiu, D., Cristina, R. T., Schmerold, I., Chizzola, R., Stolze, K., 

Nichita, I., & Chiurciu, V. (2014). Chemical characterization by 

GC-MS and in vitro activity against Candida albicans of volatile 

fractions prepared from Artemisia dracunculus, Artemisia 

abrotanum, Artemisia absinthium and Artemisia vulgaris. 

Chemistry Central Journal, 8(1), 6. 

https://doi.org/10.1186/1752-153X-8-6 

Pezantes-Orellana, C., German Bermúdez, F., Matías De la Cruz, 

C., Montalvo, J. L., & Orellana-Manzano, A. (2024). Essential 

oils: a systematic review on revolutionizing health, nutrition, 

and omics for optimal well-being. Frontiers in Medicine, 11, 

1337785. https://doi.org/10.3389/fmed.2024.1337785 

Pandey, A. K., & Singh, P. (2017). The genus Artemisia: A 2012–

2017 literature review on chemical composition, 

antimicrobial, insecticidal and antioxidant activities of 

essential oils. Medicines, 4(3), 68. 

Ramadan, M., Goeters, S., Watzer, B., Krause, E., Lohmann, K., 

Bauer, R., Hempel, B., & Imming, P. (2006). Chamazulene 

carboxylic acid and matricin: a natural profen and its natural 

prodrug, identified through similarity to synthetic drug 

substances. Journal of Natural Products, 69(7), 1041-1045. 

Şahin, H., Tunç, R., & Subaşı, F. Ş. (2023). Chamazulene Content 

and Hypoglycemic Potential of Matricaria chamomilla L. 

Samples Collected from Six Different Localities of 

Diyarbakır/Türkiye. Commagene Journal of Biology, 7(2), 107-

112. https://doi.org/10.31594/commagene.1351365 

SAS Institute (1999). INC SAS/STAT User’s Guide Release 7.0, 

Cary, NC, USA. 

Sbai El Otmani, I., El Jaziz, H., Zarayby, L., Ousaid, A., Elbakri, W., 

Montassif, S., & Ait Haj Said, A. (2018). Chemical composition 

and antioxidant activity of the essential oil of Artemisia 



Black Sea Journal of Agriculture 

BSJ Agri / Murat MUTLUCAN et al. 115 
 

vulgaris from Morocco. Research Journal of Pharmaceutical 

Biological and Chemical Sciences, 9(3), 1524-1529. 

Sharifi-Rad J, Sureda A, Tenore GC, Daglia M, Sharifi-Rad M, 

Valussi M, Tundis R, Sharifi-Rad M, Loizzo MR, Ademiluyi AO, 

Sharifi-Rad R, Ayatollahi SA, Iriti M. 2017. Biological activities 

of essential oils: from plant chemoecology to traditional 

healing systems. Molecules 22(1):70. 

Swor, K., Poudel, A., Satyal, P., & Setzer, W. N. (2024). The 

Essential Oil Compositions of Ambrosia acanthicarpa Hook., 

Artemisia ludoviciana Nutt., and Gutierrezia sarothrae (Pursh) 

Britton & Rusby (Asteraceae) from the Owyhee Mountains of 

Idaho. Molecules, 29(6), 1383. 

https://doi.org/10.3390/molecules29061383 

TURKSTAT. (2025). Turkish Statistical Institute, 

https://www.tuik.gov.tr (accessed 20.11.2025). 

Weston, L. A., Barney, J. N., & DiTommaso, A. (2005). A review of 

the biology and ecology of three invasive perennials in New 

York State: Japanese knotweed (Polygonum cuspidatum), 

mugwort (Artemisia vulgaris) and pale swallow-wort 

(Vincetoxicum rossicum). Plant and Soil, 277(1), 53-69. 

https://doi.org/10.1007/s11104-005-3102-x 

Wichtl, M. (2004). Herbal drugs and phytopharmaceuticals: A 

Handbook for practice on a scientific basis. Medpharm. 

Willcox, M. (2009). Artemisia species: from traditional 

medicines to modern antimalarials and back again. The Journal 

of Alternative and Complementary Medicine, 15(2), 101-109. 

https://doi.org/10.1089/acm.2008.0327 

Wright, C. W. (2003). Artemisia. Medicinal and aromatic plants. 

Industrial Profiles. CRC Press. 

Zhang, X., Ismail, B. B., Cheng, H., Jin, T. Z., Qian, M., Arabi, S. A., 

Liu, D., & Guo, M. (2021). Emerging chitosan-essential oil films 

and coatings for food preservation-A review of advances and 

applications. Carbohydrate Polymers, 273, 118616. 

https://doi.org/10.1016/j.carbpol.2021.118616 

Zhigzhitzhapova, S. V., Radnaeva, L. D., Gao, Q., Chen, S., & Zhang, 

F. (2016). Chemical composition of volatile organic 

compounds of Artemisia vulgaris L. (Asteraceae) from the 

Qinghai–Tibet Plateau. Industrial Crops and Products, 83, 462-

469. https://doi.org/10.1016/j.indcrop.2015.12.083 

 

 


