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Abstract 

Aim of study: The essential oil of S. chamaecyparissus (SEO) was isolated by microwave assisted 

distillation system to analyze the antioxidant and antimicrobial activities. 

Area of study: S. chamaecyparissus were collected from Osmaniye province of Turkey in April 2018. 

Material and method: The chemical constituents and groups (by GC/MS and FTIR spectroscopy, 

respectively), antioxidant (by DPPH technique) and antimicrobial activities (by agar disc diffusion method) 

of SEO were investigated.  

Main results: Twenty aromatic compounds were determined and artemisia ketone (39.83%), camphor 

(17.65%), β-phellandrene (8.03%) and β-bisabolene (7.32%) were the most abundant. IC50 values which 

were the indicators of antioxidant behavior of SEO, butylated hydroxytoluene (BHT) and gallic acid recorded 

as 88.301, 0.212 and 0.021 g/L respectively. The antimicrobial activity results showed that all tested 

microorganisms (Escherichia coli, Streptococcus mutans, Bacillus cereus, Bacillus subtilis, Candida 

albicans) were highly inhibited. 

Highlights: SEO could be a good source of monoterpenes especially artemisia ketone. Its herbaceous 

fragrance may provide a new usage area in men’s perfumery.  
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Mikrodalga Destekli Destilasyon ile Elde Edilen Türk 

Santolina chamaecyparissus L. Uçucu Yağının Kimyasal 

Bileşikleri ve Biyolojik Aktivitesi 

Öz 

Çalışmanın amacı: S. chamaecyparissus uçucu yağı (SUY), antioksidan ve antimikrobiyal aktivitelerini 

belirlemek amacıyla izole edilmiştir. 

Çalışma alanı: S. chamaecyparissus Türkiye’nin Osmaniye ilinden, Nisan 2018’de toplanmıştır. 

Materyal ve yöntem: SUY’nin kimyasal bileşenleri ve grupları (sırasıyla gaz kromatografisi/kütle 

spektrometresi (GC/MS) ve Fourier dönüşümlü kızılötesi spektroskopisi (FTIR) yoluyla), antioksidan 

aktivitesi (DPPH yöntemiyle) ve antimikrobiyal aktivitesi (agar disk difüzyon tekniğiyle) araştırılmıştır. 

Temel sonuçlar: Yirmi aromatik bileşen tespit edilmiş olup, artemisia keton (%39.83), kamphor 

(%17.65), β-phellandren (%8.03) ve β-bisabolen (%7.32) uçucu yağda miktarı en fazla olanlardır. 

Antioksidan davranışın bir ölçüsü olan IC50 değeri yağda, bütil hidroksitoluende (BHT) ve gallik asitte 

sırasıyla 88.301, 0.212 ve 0.021 g/L olarak hesaplanmıştır. Antimikrobiyal bulguları da, tüm test edilen 

mikroorganizmaların (Escherichia coli, Streptococcus mutans, Bacillus cereus, Bacillus subtilis, Candida 

albicans) SUY’da yüksek oranda inhibe olduğunu göstermiştir.  

Araştırma vurguları: SUY, özellikle artemisia keton olmak üzere, monoterpenlerin iyi bir kaynağı 

olabilir. Yağın otsu kokusu, erkek parfümlerinde bu yağın yeni bir kullanım alanını açığa çıkartabilir.  

Anahtar Kelimeler: Santolina chamaecyparissus, Esansiyel Yağ, Antioksidan ve Antimikrobiyal 

Aktivite
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Introduction 

Santolina chamaecyparissus which 

belongs to the family Asteraceae is a strongly 

aromatic shrub with yellow inflorescences 

that widely distributed throughout the 

Mediterranean region (Niu et al., 2019). This 

species is called as cotton lavender, santolin, 

lavantin and garden cypress (Derbesy et al., 

1989; Brunke et al., 1992; Pons & Caňavate, 

2000). Besides S. chamaecyparissus, S. viridis 

and S. pectinata are the most common in 

growing areas (Labed et al., 2017).  

It is known that plants have been utilizing 

in folk medicine for many years (Calvo et al., 

2013). S. chamaecyparissus and its essential 

oil (SEO) are also used for various purposes, 

because of their anticandidal (Suresh et al., 

1997), antioxidant (Lόpez et al., 2008), 

antimicrobial (Khubeiz & Mansour, 2016) 

and antifungal (Lόpez et al., 2008; Khubeiz & 

Mansour, 2016; Salah-Fatnassi et al., 2017) 

properties. The great antibacterial potential of 

related plant comes from artemisia ketone and 

dihydroaromadendrene which can be 

effective against Listeria innocua and 

Aeromonas hydrophila (Ruiz-Navajas et al., 

2012; Niu et al., 2019). Furthermore, camphor 

and cubenol contained in S. chamaecyparissus 

were reported as important for decreasing the 

total amount of Klebsiella pneumonia and 

Candida albicans (Djeddi et al., 2012; Niu et 

al., 2019). Until today, volatile components 

(Niu et al., 2019), antioxidant capacity, 

phenolic content (Boudoukha et al., 2019), 

anti-inflammatory and xanthine oxidase 

inhibition activities (Djarmouni et al., 2018) 

and hepatoprotective activity (Messaoudi et 

al., 2018) of S. chamaecyparissus have been 

studied.  

EO components of S. chamaecyparissus 

were investigated by several researchers by 

GC-MS (Villar et al., 1986; Derbesy et al., 

1989; Vernin, 1991; Pérez-Alonso & Velasco-

Negueruela, 1992; Demirci et al., 2000; Garg 

et al., 2001; Salah-Fatnassi et al., 2017, 

Nikolić & Radulović, 2018). But, most of 

them have focused the volatile compounds of 

SEO. However, active components can be 

impacted by climatic and environmental 

conditions (Niu et al., 2019) as well as 

distillation technique. Microwaves enhance 

the rate of distillation, reduce the processing 

time and are able to be combined with 

classical procedures easily. Besides 

microwave assisted distillation, supercritical 

fluid extraction method has started to use for 

recovering the EO of S. chamaecyparissus 

(Grosso et al., 2009). Although there have 

been studies about the EO of S. 

chamaecyparissus, it is required to develop a 

rapid and green (without using an organic 

solvent) distillation method. Up to now, 

hydrodistillation has been used apart from 

supercritical fluid extraction and both 

microwave assisted distillation and green 

technology for obtaining SEO are still 

missing. Best of our knowledge, functional 

groups in aforementioned EO by fourier-

transform infrared (FTIR) spectroscopy have 

not been determined yet. In the present 

comprehensive study, the analysis of volatile 

constituents, antioxidant and antimicrobial 

activities of the EO of Turkish S. 

chamaecyparissus by microwave assisted 

distillation technique with no solvent were 

revealed as well as FTIR. Therefore, a good 

comparison with literature was enabled to 

observe the effects of differences in localities 

of samples and unit operations applied to 

obtain EO. 

Material and Methods  

Plant Sampling and EO Isolation 

Fresh aerial and well-developed parts of S. 

chamaecyparissus were collected by cutting 

with scissors manually from Osmaniye 

province (37o02’28” N, 36o13’14” E, 155 m, 

voucher no FBozok00418) of Turkey in April 

2018 and brought to the laboratory 

immediately to be powdered with a grinder 

(Loyka LKD 100, Turkey). About 2 kg of S. 

chamaecyparissus were obtained from the 

related area, many harvests were made within 

one week as needed. Homogenous sampling 

was done and nearly 300 grams of specimen 

was filled into a 1000 ml bottom flask by 

using a Clevenger apparatus containing a 

microwave oven (Arçelik, MD 574, Turkey) 

(Süfer & Bozok, 2020). Process continued 

during 30 minutes at 340 W until SEO flow 

stopped, and SEO was stored at -18°C in an 

amber glass vial until further analysis. 

Distillation process was performed at least 

five times. The yield of SEO on wet basis was 

determined from the Eq. (1); 
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Yield (%) = 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐸𝑂 (𝑚𝑙)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
 × 100            (1)                                                                

 

Gas Chromatography/Mass Spectrometry 

(GC/MS) Analysis  

The analysis of volatile compounds in 

SEO was performed by a gas chromatograph 

(Agilent 7000 Series Triple Quad) with a 

capillary column (HP-5MS, 30 m length × 

90.25 mm diameter × 90.25 µm film 

thickness). The inner surface of column 

contained 5% phenylmethylpolysiloxane and 

the device also equipped with a flame 

ionization detector (FID) (Thermo Scientific 

Focus). Scanning was carried out from m/z 50 

to 600 in 70 eV. Initial temperature of the 

system was 50°C and reached to 240°C at a 

rate of 3°C/min. The flow rate of helium was 

1 ml/min and split ratio was 1:20. The 

temperature of injector was 250°C. The 

retention indices (RI) which were calculated 

with the aid of a homologous series of n-

alkanes (C8-C20), retention times (RT) and 

current mass spectra (Wiley and NIST 

libraries, Kovats retention index) were useful 

for determining the EO constituents. The 

chromatographic profile of SEO was depicted 

in Figure 1. 

 

 
Figure 1. Chromatographic profile of SEO (1: Santolina triene, 2: α-Pinene, 3: Camphene, 4: 

Sabinene, 5: β-Pinene, 6: β-Myrcene, 7: Yomogi alcohol, 8: o-Cymene, 9: β-Phellandrene, 10: 

Artemisia ketone, 11: Artemisia alcohol, 12: Terpinolene, 13: Isopinocarveol, 14: Camphor, 15: 

Borneol, 16: Myrcenone, 17: Myrtenal, 18: Germacrene D, 19: (E)-α-Bisabolene, 20: β-

Bisabolene) 

 

Antioxidant Activity 

The antioxidant potential of SEO was 

estimated by 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) method modified from Viuda-Martos 

et al. (2010). Firstly, the specific methanolic 

concentrations of EO (10, 20, 40, 50, 100 g/L) 

and both butylated hydroxytoluene (BHT) 

(0.075, 0.150, 0.225, 0.300 g/L) and gallic 

acid (0.006, 0.012, 0.025, 0.050 g/L), which 

were selected as reference synthetic 

antioxidants were prepared and 100 µl sample 

reacted with 2 ml DPPH solution (0.025 g/L). 

After the incubation in dark place for 30 

minutes, the absorbances of mixtures were 

read at 517 nm by a spectrophotometer 

(Shimadzu, UV 1800, Japan). The inhibition 

percentage of tested samples was specified 

from following formula (Eq. 2); 

 

Inhibition (%) = 
𝐴𝐷𝑃𝑃𝐻−𝐴𝑆𝐴𝑀𝑃𝐿𝐸

𝐴𝐷𝑃𝑃𝐻
 × 100        (2) 

 

where ASAMPLE and ADPPH were the 

absorbances of sample and DPPH solution, 

respectively. The concentration required to 

scavenge 50% of DPPH called as IC50 and it 

was determined from the graph which was 

plotted by the data of the inhibition 

percentages against concentrations. The 

analysis was performed in triplicate. 
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Antimicrobial Assays 

The agar disc diffusion method was used 

to determine of antimicrobial activity of SEO 

(NCCLS, 2003). The following gram-

negative bacteria were used: Escherichia coli 

(ATCC 35218), as well as the gram-positive 

bacteria: Streptococcus mutans (ATCC, 

25175), Bacillus cereus (ATCC 11778), 

Bacillus subtilis (ATCC, 6633) and the 

fungus: Candida albicans (ATCC, 10231). 

Bacterial species (E. coli, S. mutans, B. 

cereus, B. subtilis) were cultured overnight in 

Müller Hinton (MH) medium, while fungal 

strain (C. albicans) was grown on Sabouraud 

agar (SDA). The inocula prepared from 24-48 

h broth cultures, and suspensions were 

adjusted to the turbidity of a 0.5 McFarland 

standard. Aliquots of 100 µL (suspension 

containing 106-107 CFU) were spread over the 

surface of growth medium. Filter paper discs 

(Whatman no.1, about 6 mm in diameter) 

were impregnated with 30 μL of the samples 

and placed on agar surfaces. The absolute 

methanol, absolute ethanol, water and ethyl 

acetate without SEO were used as a control. 

Standard antibiotics (ampicillin (AMP), 

gentamicin (CN), penicillin (P), nystatin 

(NYS)) were used in order to control the 

sensitivity of the tested microorganisms. 

Inoculated petri dishes were kept at 4ºC for 1 

h and were incubated at 37ºC for 18-24 h for 

bacteria and at 28-30°C for 36-48 h for fungal 

strains. The diameters of the zones of 

inhibition were measured in mm after 24-48 h 

time periods. All assays were replicated three 

times.  

SEO dissolved in 5% dimethyl sulfoxide 

was diluted to the highest concentration 

(20480 μg/mL) and then, serial two-fold 

dilutions were made in concentrations ranging 

from 20 to 5120 μg/mL in MH broth. The last 

DMSO concentration was 5% (v/v) and this 

solution was used as a negative control 

(MIC3). The evaluation of MICs was done 

using the agar dilution methods with slight 

modifications described by the National 

Committee for Clinical Laboratory Standards 

(NCCLS, 1990). The strain was cultured 

overnight in Mueller Hinton Broth and 

Sabouraud dextrose agar, the cultures adjusted 

to inoculum density of 8 log CFU/mL and 

used to 96-well plates including serial 

dilutions of EO (5120-20 μg/mL) on medium. 

Positive (containing the bacterial culture) and 

negative (broth without the EO) controls were 

performed for every test. On the basis of the 

previous studies, the inoculated microplate 

was incubated at 37ºC for 18-24 h for bacteria 

and at 28-30°C for 36-48 h for fungal strains 

(Barros et al., 2007; Zore et al., 2011; Tran et 

al., 2020). The MIC was defined as the lowest 

concentration of the SEO that showed no 

growth. The MBC (minimum bactericidal 

concentration) was determined by 

subculturing 100 μL from each showing no 

turbidity tube onto agar plates. All 

experiments were replicated three times. 

 

FTIR Spectral Test 

FTIR spectra of SEO was studied using a 

FTIR spectrometer (Perkin Elmer spectrum 

65, USA) and obtained in the wavenumber 

range of 4000-600 cm-1. Average curves from 

16 scan were recorded and a drop of SEO 

(nearly 2 µL) which was put into the sample 

cell of equipment was enough to conduct the 

test. Also, an attenuated total reflectance 

(ATR) sampling accessory was equipped with 

device. 

 

Results and Discussion 

Chemical Composition of SEO 

The yield of SEO obtained by microwave 

assisted distillation was calculated as 0.60% 

(v/v) and its colour was greenish yellow. The 

EO contained twenty aromatic compounds 

(Figure 1) and these were demonstrated in the 

order of elution with their percentage areas 

(Table 1). Twenty constituents represented the 

93.14% of the total SEO. The prevalent 

volatiles were artemisia ketone (39.83%), 

camphor (17.65%), β-phellandrene (8.03%) 

and β-bisabolene (7.32%). The SEO was 

composed of 61.17% oxygenated 

monoterpenes, 21.33% monoterpene 

hydrocarbons and 10.62% sesquiterpene 

hydrocarbons. 
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Table 1. EO compounds of S. chamaecyparissus collected from Osmaniye, Turkey 
No RT RIa RIb Compounds Area (%) 

1 5.56 906 906 Santolina Triene 0.93 

2 6.30 917 932 α-Pinene 0.43 

3 6.74 933 946 Camphene 3.04 

4 7.54 935 969 Sabinene 2.53 

5 7.64 938 974 β-Pinene 1.83 

6 8.15 953 988 β-Myrcene 2.87 

7 8.46 999 999 Yomogi Alcohol 1.25 

8 9.33 1021 1022 o-Cymene 0.18 

9 9.49 1026 1025 β-Phellandrene 8.03 

10 10.83 1061 1056 Artemisia Ketone 39.83 

11 11.67 1080 1080 Artemisia Alcohol 1.10 

12 11.83 1087 1086 Terpinolene 1.06 

13 13.87 1136 1135 Isopinocarveol 0.19 

14 14.10 1140 1141 Camphor 17.65 

15 15.01 1146 1147 Borneol 1.15 

16 16.14 1152 1161 Myrcenone 0.92 

17 16.34 1176 1195 Myrtenal 0.43 

18 28.15 1483 1484 Germacrene D 2.04 

19 30.63 1504 1506 (E)-α-Bisabolene 0.36 

20 35.80 1506 1505 β-Bisabolene 7.32 

    Oxygenated Monoterpenes 61.17 

    Monoterpene Hydrocarbons 21.33 

    Sesquiterpene Hydrocarbons 10.62 

    Total 93.12 
RT: Retention time, RIa: Retention indices in the present study, RIb: Retention indices in the literature 

 

Table 2 summarized some previous 

researches focused on the EO content of S. 

chamaecyparissus. Artemisia ketone was 

dominant in Turkish (Demirci et al., 2000) 

and Indian (Garg et al., 2001) specimens and 

these findings were compatible with our 

research. The free radical scavenging capacity 

of related aromatic constituent was stronger 

than other monoterpenes (Berechet et al., 

2017), the antimicrobial activity of that was 

known (Billia et al., 2014) and it could be a 

part of fragrance and perfumery (Haider et al., 

2012; Liu et al., 2021). The amount of 

artemisia ketone in EO is able to be variable 

due to geography and harvest time (Liu et al., 

2021). In Spanish (Villar et al., 1986) and 

Algerian (Djeddi et al., 2012) samples, 

camphor was the superior. Its antimicrobial 

and anticarcinogenic activity enables 

camphor to be used in cosmetic products and 

medicine formulations (Saeidnia et al., 2011). 

On the other hand, the differences in locations 

caused significant variations in major 

compounds of EOs. For instance, α-

amorphene was dominant in Syria (Khubeiz & 

Mansour, 2016), however it was not accepted 

as an important volatile in other EOs as well 

as in current research. 

 

Table 2. Comparison of the main constituents of SEO collected from several locations at different 

times 
Country Season Major Compounds (%) Reference 

Syria 
June 

2016 

α-Amorphene (12.11) 

β-Phellandrene (10.63) 

β-Myrcene (7.42) 

Nootkatone (6.97) 

Khubeiz and Mansour, (2016) 

Tunisia Flowering Stage 

1.8-Cineole (12.94) 

β-Eudesmol (10.49) 

Terpinen-4-ol (6.97) 

Salah-Fatnassi et al., (2017) 

Algeria 
June 

2005 

Camphor (31.1) 

Cubenol (17.0) 

p-Cymene (8.3) 

Sabinene (4.0) 

Djeddi et al., (2012) 
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Table 2 (Continued) 
Country Season Major Compounds (%) Reference 

Turkey 
February 

1997 

Artemisia ketone (38.1) 

Camphor (11.7) 

β-Phellandrene (9.2) 

α-Bisabolol (6.6) 

Mycrene (4.3) 

Demirci et al., (2000) 

India 
July 

1999 

Artemisia ketone (31.8) 

1.8-Cineole (15.6) 

Mycrene (14.2) 

Germacrene-D (8.8) 

Garg et al., (2001) 

Spain 
June 

1983 

Camphor (25.19) 

Allo-aromadendrene (19.04) 

1.8-Cineole (9.99) 

Villar et al., (1986) 

Antioxidant Activity 

The inhibition percentages at definite 

concentrations and IC50 values of SEO, BHT 

and gallic acid were shown in Table 3. EO and 

reference samples did not possess the same 

antioxidant capability, because the sample: 

solvent ratio of solutions were different. The 

radical scavenging activities of both natural 

and synthetics were concentration-dependent. 

The IC50 value of SEO was the highest 

(88.301 g/L), followed by BHT (0.212 g/L) 

and gallic acid (0.021 g/L). The results stated 

that gallic acid exhibited the strongest DPPH 

scavenging capacity compared to other 

synthetic antioxidant, BHT and SEO sample, 

while the antioxidant potential of BHT was 

greater than SEO. The weak antioxidant 

behavior in an SEO could be attributed to 

sesquiterpene and monoterpene hydrocarbon 

contents (Ruberto & Baratta, 2000). In this 

paper, the 31.95% of SEO comprised of 

aforementioned organic groups, hence the 

inability for donating hydrogen with respect to 

BHT and gallic acid may be due to both 

monoterpenes and sesquiterpenes.  

The EO of S. chamaecyparissus depicted 

lower DPPH scavenging activity than 

Moroccan Cladanthus mixtus EO (0.342 

mg/ml) (Elouaddari et al., 2020), the EOs of 

Citrus sinensis (63.43 mg/ml), C. grandis 

(33.01 mg/ml), C. aurantifolia (7.11 mg/ml) 

peels (Chi et al., 2019) and Johreniopsis 

stricticaulis EO (18 mg/ml) (Feyzi et al., 

2019). This obvious low IC50 value of SEO 

might be directly related to distillation process 

and microwaves can have harmful effects on 

bioactive compounds of SEO, because of 

rapid heating process. The percent DPPH 

inhibition of fresh sage EO by microwave 

distillation were reported lower than 

conventional hydro and steam distillations by 

Boutebouhart et al. (2019). Similarly, a study 

conducted by Albi et al. (1997) stated that, 

microwave mechanism caused more loss of 

polyphenols than convection in olive oil. 

Polyphenol content is almost correlated to 

antioxidant behavior; therefore extraction 

procedure of EO is a key factor to get highly 

active natural material depending on the 

structure of substances.  

 

Table 3. Antioxidant activity of SEO and synthetic antioxidants 
Sample DPPH Inhibition (%) IC50 (g/L) 

SEO 10 g/L 20 g/L 40 g/L 50 g/L 100 g/L  

 14.264 ± 0.002 19.074 ± 3.509 28.478 ± 6.446 36.771 ± 1.431 60.133 ± 5.478 88.301 

BHT 0.075 g/L 0.150 g/L 0.225 g/L 0.300 g/L   

 27.135 ± 0.001 40.323 ± 0.001 61.470 ± 2.363 75.341 ± 14.711  0.212 

Gallic Acid 0.006 g/L 0.012 g/L 0.025 g/L 0.050 g/L   

 24.204 ± 0.012 39.212 ± 0.003 58.767 ± 0.010 92.420 ± 0.001  0.021 

SEO: S. chamaecyparissus essantial oil, BHT: Butylated hydroxytoluene, DPPH: 2,2-Diphenyl-1-picrylhydrazyl, IC50 : Inhibitory 
concentration required to recover 50% of DPPH solution 
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Antimicrobial Activity 

The in vitro antibacterial activity of EO of 

S. chamaecyparissus was qualitatively 

assessed by the presence or absence of 

inhibition zones. According to the results 

given in Table 4, SEO showed antibacterial 

effect against E. coli, B. subtilis, B. cereus, S. 

mutans, with their respective diameter zones 

of inhibition of 11.0, 14.1, 13.5, 10.4 mm and 

showed antifungal effect against C. albicans, 

having diameter zones of inhibition which 

was equal to 15.2 mm. On the other hand, 

regarding the findings of the agar diffusion 

method, B. subtilis (ATCC 6633) was the 

most susceptible microorganism which was 

strongly inhibited by SEO. The present study 

also revealed that the EO of S. 

chamaecyparissus showed a similar 

inhibitory type of activity to that of standard 

antibiotics.  

The variability in the concentration of the 

main components present in SEO led us to 

evaluate the antimicrobial activity. As shown 

in Table 4, the MIC and MBC values for EO 

of S. chamaecyparissus were found in the 

range of 0.5–2.0 mg/ml and 1.0–2 mg/ml, 

respectively. Among tested bacterial species, 

the MIC value of EO was the least (0.5 

µL/mL) for S. mutans and B. cereus. 

 

Table 4. In vitro antibacterial activity of SEO 

Microorganism 

 Growth Inhibition Zone Diameter (mm)a 

GN P AMP NYS (-)C SEOb MIC 
MBCc 

MFCd 

E. coli 14.2 NA 19.5 NA 0.0 11.0 
1/8 

2mg/ml 

1/8c 

2mg/ml 

B. subtilis 18.3 NA NA NA 0.0 14.1 
1/16 

1mg/ml 

1/8c 

2mg/ml 

S. mutans 18.8 35.2 36.1 NA 0.0 10.4 
1/32 

0.5mg/ml 

1/16c 

1mg/ml 

B. cereus 19.9 7.2 9.8 NA 0.0 13.5 
1/32 

0.5mg/ml 

1/16c 

1mg/ml 

C. albicans NA NA NA 17.6 0.0 15.2 
1/16 

1mg/ml 

1/16d 

1mg/ml 
a: Inhibition zones including the diameter of the paper disc (6 mm), b: 20 µl of essential oil/disc, c: MBC (minimum bactericidal 

concentrations), d: MFC (minimum fungicidal concentration), SEO : S. chamaecyparissus essential oil, GN: Gentamicin, P: Penicillin, 
AMP: Ampicillin, NYS: Nystadin, (-)C: Negative control, NA: No activity. 

 

The EO of S. chamaecyparissus and its 

constituents were reported with their 

antimicrobial effects against several bacterial 

and fungal species such as B. subtilis, 

Streptococcus pyogenes, Micrococcus luteus, 

Salmonella typhimurium, Klebsellia 

pneumonia, Proteus vulgaris, and Vibrio 

parahaemolyticus (Khubeiz & Mansour, 

2016), E. coli, Pseudomonas, aeruginosa, 

Proteus mirabilis, Citrobacter freundii, 

Enterococcus faecalis, Staphylococcus 

aureus, Trichophyton rubrum, Microsporum 

canis, Epidermophyton floccosum, Candida 

albicans, Scytalidium dimidiatum, 

Scopulariopsis brevicaulis, Aspergillus 

fumigatus (Salah-Fatnassi et al., 2017). Our 

data have perfectly matched with previous 

studies and small differences in the inhibitory 

effect of SEO on some microorganisms may 

arise due to changes in the amount of SEO 

components and extraction technique. 

 

FTIR Fingerprints 

FTIR spectroscopy has been utilized for 

getting reliable information about the 

identification of biochemical molecules 

(Sivakesava & Irudayaraj, 2001; Tulukcu et 

al., 2019). Figure 2 indicated that the 

components of SEO intensified in the 

waveband of 3439.70-668.06 cm-1. Alcohols, 

hydrocarbons, esters, terpenes, carboxylic 

acid, ethers, aromatics and inorganics 

(sulphates) were the functional groups 

detected in SEO (Table 5) and these 

matchings were done with the aid of studies 

conducted by several researchers (Baba et al., 

2012; Sheny et al., 2012; Oliveira et al., 2016; 

Chan & Wang, 2018; Taraj et al., 2019; Yuan 

et al., 2019). The FTIR results were also 
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supported by GC-MS analyses. For instance, 

characteristics bands at 1681.94 and 1620.98 

cm-1 pertained to bicyclogermacrene (derived 

from germacrene) and pinenes (α and β) 

(Yuan et al., 2019). In addition, the 

constituent specified at 3439.70 cm-1 was 

remarked as phenols (Vanitha et al., 2019) 

which may be contributed the antioxidant 

activity of SEO. 

 

 
Figure 2. FTIR spectra of SEO (1: 3439.70, 2: 2965.46, 3: 1742.20, 4: 1681.94, 5: 1620.98, 6: 

1446.52, 7: 1377.50, 8: 1222.21, 9: 1101.16, 10: 1021.73, 11: 915.69, 12: 877.29, 13: 784.74, 

14: 668.06 cm-1) 

 

Table 5. Chemical view of FTIR data 
Peak 

No 
Vibrational Motion 

Wave Number 

(cm-1) 
Functional Group Reference 

1 O–H Stretch 3439.70 Alcohols Yuan et al., (2019) 

2 C–H Stretch 2965.46 Unsaturated Hydrocarbon Chan and Wang, (2018) 

3 C=O Stretch 1742.20 Esters Yuan et al., (2019) 

4 C=C Stretch 1681.94 Terpenes Taraj et al., (2019) 

5 C=C Stretch 1620.98 Terpenes Taraj et al., (2019) 

6 C–O–H Bend 1446.52 Carboxylic Acid Sheny et al., (2012) 

7 C–O Stretch 1377.50 Carboxylic Acid Sheny et al., (2012) 

8 C–O Stretch 1222.21 Phenyl Alkyl Ethers Chan and Wang, (2018), 

Baba et al., (2012) 

9 C–O–C Stretch 1101.16 Ethers Baba et al., (2012) 

10 C–N Stretch (Alkyl) 1021.73 Amines Baba et al., (2012) 

11 C–H Bend 915.69 Aromatics Chan and Wang, (2018) 

12 
C-C Stretch 

C-H Stretch 
877.29 Aromatics Oliveira et al., (2016) 

13 C–H Bend (Mono) 784.74 Aromatics Baba et al., (2012) 

14 C–S Bend 668.06 Inorganics (Sulphates) Chan and Wang, (2018) 

 

Conclusions 

The present work gives new information 

about microwave assisted distillation of SEO 

without using an organic solvent. Based on the 

above observations, the EO of S. 

chamaecyparissus could be a good source of 

monoterpenes especially artemisia ketone. Its 

herbaceous fragrance may provide a new 

usage area in especially men’s perfumery. 

Also, antioxidant and antimicrobial properties 
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will benefit to related SEO in pharmaceutical 

industry. Optimization researches in 

microwave system are recommended to 

recover more bioactives which can affect the 

amount of antioxidant molecules and 

accordingly to enhance the ability of 

scavenging free radicals. For this goal, a 

gradual microwave program or lower process 

powers than 340 W might be useful in 

obtaining heat sensible polyphenols as well 

and/or decreasing the degradation rate of 

valuable constituents. 
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