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Abstract 

Diseases that develop due to microorganisms have become increasingly dangerous today. Especially in the fight against 

resistant microorganisms, there is a need for cheaper, natural and effective methods. Plant materials containing 

biologically active compounds come to the fore in this sense. Therefore, in the present study, the antioxidant and 

antimicrobial activities of the essential oil obtained from H. chionophilum collected from Gümüşhane were investigated. 

The essential oil was obtained by hydro-distillation using a Clevenger-type apparatus. Free radical scavenging activity 

was determined using the DPPH (2,2-diphenyl-1-picrylhydrazil) method. Antimicrobial activity was examined using the 

microdilution method using 17 bacteria and 2 yeasts. According to the findings, IC50 value of the radical scavenging 

activity of the essential oil of H. chionophilum plant was found to be 260.0±0.2 µg/mL. Also, the essential oil of the plant 

showed outstanding antimicrobial activity against Y. pseudotuberculosis (MIC: 16 µg/mL), S. epidermidis (MIC: 16 

µg/mL), and C. albicans (MIC: 16 µg/mL) and C. tropicalis (MIC: 32 µg/mL). The results indicate that H. chionophilum, 

which is an endemic species, and its essential oils can be used as a new and alternative natural agent thanks to its 

antioxidant and antimicrobial properties. 
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Helichrysum chionophilum’un uçucu yağının antioksidan ve antimikrobiyal 

aktiviteleri: Türkiye'nin endemik bir bitkisi 

 
Öz 

Mikroorganizmalara bağlı olarak gelişen rahatsızlıklar günümüzde giderek tehlikeli bir hal almıştır. Özellikle, dirençli 

organizmalar ile mücadele noktasında, daha ucuz, doğal ve etkili yöntemlere ihtiyaç duyulmaktadır. Biyolojik olarak aktif 

bileşikleri barındıran bitki materyalleri bu manada ön plana çıkmaktadır. Bu nedenle, mevcut çalışmada, Gümüşhane'den 

toplanan Helichrysum chionophilum'dan elde edilen uçucu yağın antioksidan ve antimikrobiyal aktiviteleri araştırılmıştır. 

Uçucu yağ, Clevenger tipi bir aparat kullanılarak hidro-damıtma yönteminden elde edildi. Serbest radikal yakalama 

aktivitesi, DPPH (2,2-difenil-1-pikrilhidrazil) yöntemi kullanılarak belirlendi. Antimikrobiyal aktivite mikro dilüsyon 

yöntemi kullanılarak 17 bakteri ve 2 maya kullanılarak incelendi. Elde edilen bulgulara göre, H. chionophilum bitkisi 

radikal süpürme aktivitesinin IC50 değeri 260.0±0.2 µg/mL olarak bulunmuştur. Ayrıca, bitkinin uçucu yağı, Y. 

pseudotuberculosis (MIC: 16 µg/mL), S. epidermidis (MIC: 16 µg/mL) ve C. albicans (MIC: 16 µg/mL) ve C. tropicalis'e  

(MIC: 32 µg/mL) karşı olağanüstü antimikrobiyal aktivite göstermiştir. Elde edilen sonuçlar, endemik bir tür olan H. 

chionophilum ve uçucu yağlarının antioksidan ve antimikrobiyal özellikleri sayesinde yeni ve alternatif doğal bir ajan 

olarak kullanılabileceğini işaret etmektedir.  

Anahtar Kelimeler: Antioksidan, antimikrobiyal, Helichrysum chionophilum  
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1. Introduction 

 

With its 600 varieties, Helichrysum Mill. (Asteraceae) is widely found throughout the World 

(Lourens et al., 2008; Giovanelli et al., 2018). Sixteen of these plants are endemic to Türkiye and 

generally known as “ölmez çiçek (immortal flower)”, “altınotu (golden herb)” or “kovanotu” in 

Anatolia (Baytop, 1997; Güner et al., 2012). The members of Helichrysum species are generally 

perennial and scrub plants and have aromatic properties (Giovanelli et al., 2018; Akinfenwa et al., 

2022). In Anatolia and the rest of the world, it is consumed herbal tea (Ebrahimzadeh and Tavassoli, 

2015; Acet and Özcan, 2022) (and for coughing and respiratory problems, digestive system problems, 

dermal inflammations, wound healing, and painkiller/anti-inflammatory (Lourens et al., 2004; van 

Vuuren et al., 2006; Viagas et al., 2004), diarrhea (Benelli et al., 2018), antimicrobial and sedative 

(Kurti et al., 2019), anti-diabetic (Aslan et al., 2017), diuretic and passing the kidney stone (Yeşilada 

et al., 1995; Süzgeç-Selçuk and Birteksöz, 2011). In order to confirm the traditional uses of 

Helichrysum species and to emphasize the potential uses, many studies have been carried out on the 

extracts and essential oils of the plants (biological activities) (Albayrak et al., 2010; Kürkçüoğlu et 

al., 2019; Viegas et al., 2014; El-Olemy et al., 2005; Giuliani, et al., 2016; Afoulous et al., 2011; 

Judzentiene and Butkiene, 2006; Jokić et al., 2016; Özcan and Acet, 2018b). 

The essential oils are defined as the natural herbal products consisting of volatile secondary 

metabolites characterized with complex ingredients and strong odor (Kurti et al., 2019). Some 

Helichrysum species and the essential/volatile oils gaining them pharmacological properties were 

reported to show chemical differences depending on the vegetation, environment, and geographical 

origins (Bianchini et al., 2009; Furlan and Bren, 2023). For this reason, it is thought that the plants in 

Gümüşhane region, which have different climates and heights, might be rich in secondary 

metabolites. 

In literature, there are few studies on the biological activities of Helichrysum chionophilum, 

which is an endemic species. Tepe et al. (2005) investigated the antioxidant activities of methanol 

extracts of H. chionophilum collected from Kayseri region at different times, whereas Albayrak et al. 

(2010) analyzed the in vitro antioxidant, radical scavenging, and antimicrobial activities of this plant’s 

methanol extract. In a study carried out recently, the composition of the oil obtained from H. 

chionophilum collected in Kayseri was determined (Kürkçüoğlu et al., 2019). Besides that, in our 

previous studies, the antioxidant and antimicrobial characteristics of different solvent extracts of this 

plant collected from Gümüşhane with certain antibiotics were reported, as well as its synergic activity. 

And, the phenolic profiles, fatty acid compositions and biological activities of H. chionophilum were 

evaluated (Özcan and Acet, 2018b; Acet et al., 2019). The fact that some extracts showed more 

effective biological activity when compared to the extracts obtained from other regions suggests that 
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the essential oil of the plant should be investigated. In the present study, antioxidant and antimicrobial 

activities of essential oil obtained from the endemic plant collected from Gümüşhane region were 

investigated. In this study, the radical scavenging effect and antimicrobial activity of the oil of this 

plant are reported for the first time.   

 

2. Material and Method 

 

2.1. Plant Material 

 

H. chionophilum plants were collected from the heights of 2800-2900 m from 

Artabel/Gümüşhane in August 2018 during the flowering period. The identification of the plant was 

performed according to “Flora of Turkey and the East Aegean Islands” (Davis et al., 1988). The 

voucher specimen was prepared (TA1601) and kept at Gümüşhane University. 

 

2.2. Oil Extraction 

 

After drying and powdering the H. chionophilum, the essential oil was obtained from 200 g of 

the sample with the hydro-distillation method by using a Clevenger-type apparatus for 3 hours. Then, 

the water content of this oil was removed by using Na2SO4 and then kept at -20 °C until analysis. 

 

2.3. DPPH.-Scavenging Activity 

 

The radical scavenging activity of the essential oil was determined by using DPPH method 

(Özcan and Acet, 2018b). The results were expressed as IC50, which refers to the oil concentration 

scavenging 50% of DPPH radical, and Trolox that is a standard antioxidant. 

 

 2.4. Antimicrobial Activity 

 

 2.4.1. Test organisms 

17 bacteria [8 Gram (-) and 9 Gram (+)] and 2 yeasts were used in antimicrobial activity 

experiments. The standard strains used are; Enterococcus faecium DSMZ 13590, Enterococcus 

faecalis ATCC 29212, Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC 

12228, Bacillus cereus RSKK 709, methicillin resistant Staphylococcus aureus (MRSA) ATCC 

43300, Enterococcus hirae ATCC 10541, Escherichia coli ATCC 29998, Listeria monocytogenes, 



Karadeniz Fen Bilimleri Dergisi 13(2), 680-689, 2023 683 

Klebsiella pneumoniae ATCC 13883, Listeria innocua ATCC 33090, Pseudomonas aeruginosa 

ATCC 27853, Salmonella typhimurium CCM 5445, Vibrio parahaemolyticus ATCC 17802, Yersinia 

enterocolitica ATCC 27729, Yersinia pseudotuberculosis ATCC 911, Proteus vulgaris ATCC 13315, 

Candida albicans DSMZ 5817, Candida tropicalis NRRLL YB-366. 

 

 2.4.2. Minimum inhibition concentration (MIC) 

 

The minimum inhibition concentrations of the samples were determined by using the 

microdilution method (CLSI, 2017) on 96-well microplates. The oil was diluted with DMSO and the 

obtained serial dilution concentration range (512-1 µg/mL) was used for determining the MIC values. 

In sum, the samples were added into the wells at predetermined concentrations and the test 

microorganism solutions (0.5 MacFarland) were inoculated. The microbial growth was determined 

after the incubation for 48 hours at 37 °C. The MIC value was specified as the lowest oil concentration 

preventing the microbial growth. The chloramphenicol, novobiocin, nalidixic acid, and nystatin were 

used as positive controls. 

 

2.4.3. Minimum bactericidal concentration (MBC) 

 

The minimum bactericidal concentration values were determined by taking 10µL from the 

wells, in which the MIC test was performed, and then inoculating them into fresh agar for 1 day at 37 

°C. The concentration, at which no growth was observed, was determined to be MBC. The MBC 

value was expressed as the lowest oil concentration killing the microorganisms (Özcan and Acet, 

2018b). 

 

3. Findings and Discussion 

 

The radical scavenging activity of the oil was determined using DPPH method and expressed 

as IC50 value and Trolox-equivalent (Table 1). DPPH method is one of the stable, easy, fast, and 

accurate methods used in order to determine the radical scavenging activities of the plants 

(Ebrahimzadeh et al., 2010; Özcan and Acet, 2022). Although the antioxidant activities of the oil of 

this plant were examined in the present study for the first time, the radical scavenging activities of 

oils of different Helichrysum species were also investigated by using DPPH method. The IC50 value 

of the oil of  Helichrysum microphyllum subsp. tyrrhenicum collected from Sardinia was reported to 

be 2.060 mg/mL (Ornano eta l., 2015). Kladar et al. (2015) investigated the radical scavenging activity 

of both ethanol extract and essential oil of Helichrysum italicum plant, which they have collected 
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from Montenegro, by using DPPH method and they reported the radical scavenging effectiveness 

(IC50: 1.37 mg/mL) of the oil to be lower than that of ethanol extract (IC50: 0.99 µg/mL). Afoulous et 

al. (2011) used the DPPH method and reported the radical scavenging efficiency of the essential oil 

of Helichrysum gymnocephalum species to be IC50>126 mg/mL. The radical scavenging activity 

(IC50: 0.26 mg/mL) of H. chionophilum oil, which we analyzed here, seems to be clearly stronger 

than the oils of similar species. Moreover, the antioxidant activity of the H. chionophilum extracts 

collected from different regions were investigated by the researchers and, by using DPPH method, 

the antioxidant activity was reported to be IC50 values of 40.5 µg/mL (Tepe et al., 2005), 53.10 µg/mL 

(Albayrak et al., 2010), and 67.44 µg/mL (Özcan and Acet, 2018b). 

 

Table 1. Antioxidant activity of H. chionophilum essential oil 

Sample 

 Radical Scavenging activity 

 

 
DPPH (IC50 value, µg/mL)  Trolox Equivalent (mg TE/g oil) 

 

Essential oil 

  

260.0±0.2 

  

34.82±0.03 

 

Trolox 

  

9.5±0.01 

  

- 
*TE: Trolox equivalent 

 

The antimicrobial activity of the oil on Gram (-) (Table 2), Gram (+) bacteria (Table 3), and 

yeasts (Table 4) were determined. The MBC values are presented in Table 5. The MIC values against 

all the microorganisms, which were used for investigating the antimicrobial activity of the oil, were 

at a remarkable level (16-64 µg/mL) (Tables 2-4). The lowest MIC value (16 µg/mL) was found in 

Y. pseudotuberculosis, S. epidermidis, and C. albicans. While the oil showed activity against Y. 

enterocolitica, S. epidermidis, S. aureus, and MRSA similar to the positive control 

(chloramphenicol), the activity against C. albicans was equivalent to the positive control 

chloramphenicol and nystatin. The results obtained here were found to be similar to or higher than 

the antimicrobial activity of the H. chionophilum extracts reported in the previous study (Özcan and 

Acet, 2018b). However, although no anticandidal activity was reported for the extracts (Özcan and 

Acet, 2018b; Albayrak et al., 2010), a high level of anticandidal activity was detected in oil in the 

present study (Table 4). 

When compared to Gram (-) bacteria, Gram (+) bacteria were reported to be more sensitive to 

the essential oils obtained from the plants (Djihane et al., 2017; Cantore et al., 2004; Kladar et al., 

2015). Moreover, it was reported in many studies that the oils have a high level of antifungal activity 

(González, et al., 2012; Djihane et al., 2017). 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kladar%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=25766915
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Table 2. Antimicrobial activity of H. chionophilum essential oil against Gram (-) bacteria 

Test organisms 

MIC value (µg/mL) 

Essential oil Chloramphenicol Novobiocin  Nalidixic acid 

S. typhimurium  64 8 1 256 

V. parahaemolyticus 64 2 1 4 

P. aeruginosa  64 16 4 4 

Y. enterocolitica  64 64 128 32 

K. pneumoniae  64 32 1 64 

E. coli  32 4 1 256 

Y. pseudotuberculosis 16 8 4 128 

P. vulgaris 32 16 2 256 

 

Table 3. Antimicrobial activity of H. chionophilum essential oil against Gram (+) bacteria 

Test organisms 

MIC value (µg/mL) 

Essential oil Chloramphenicol Novobiocin Nalidixic acid 

E. hirae 32 8 1 256 

B. cereus 32 2 1 4 

S. epidermidis 16 16 4 4 

S. aureus 64 64 128 32 

MRSA 64 32 1 64 

E. faecium 32 4 1 256 

E. faecalis 64 8 4 128 

L. monocytogenes 64 16 2 256 

L. innocua 32 32 2 128 

 

Table 4. Antimicrobial activity of H. chionophilum essential oil against yeasts 

 MIC value (µg/mL) 

Yeasts Essential oil Nystatin 

C. albicans 
16 16 

C. tropicalis 
32 16 
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Table 5. MBC value of the essential oil against test microorganisms 

 

 

Test organisms 

MBC 

value 

(µg/mL) 

 

Test organisms 

MBC 

value 

(µg/mL) 

S. typhimurium  128 E. hirae 64 

V. parahaemolyticus 64 B. cereus 64 

P. aeruginosa  64 S. epidermidis 32 

Y. enterocolitica  128 S. aureus 128 

K. pneumoniae  64 MRSA 64 

E. coli  64 E. faecium 64 

Y. pseudotuberculosis 16 E. faecalis 128 

P. vulgaris 64 L. monocytogenes 128 

C. albicans 32 L. innocua 64 

C. tropicalis 32 E. hirae 64 

 

4. Conclusions and Recommendations 

In conclusion, the essential oil components of H. chionophilum, which is endemic to Türkiye, were 

identified and the antioxidant and antimicrobial activities were analyzed. The results clearly revealed 

that the essential oil of this plant showed significant inhibition activity against various 

microorganisms (especially S. epidermidis, Y. pseudotuberculosis, and C. albicans). Furthermore, it 

can be stated that the antioxidant activity of the essential oil was at a higher level when compared to 

those of extracts. It is thought that the biological activity that was detected might be explained with 

the presence of some component of the essential oil. In recent years, the awareness of the risks of 

synthetic additives and medications on the organisms has arisen throughout the world and the interest 

in natural sources has also increased. For this reason, benefiting from the herbs used in folk medicine 

is thought as an alternative method. From this aspect, the results obtained in the present study showed 

that the essential oil of H. chionophilum, which is widely used in folk medicine, might be used as a 

natural agent thanks to its antioxidant and antimicrobial properties. Besides that, it would be 

beneficial to carry out further analyses on the plants collected at different seasons and from different 

regions, which have different ecological characteristics, and to determine the most effective season 

for this plant. Moreover, in order for this plant to be used as a food additive and to be evaluated from 

the pharmacological aspect, the biological activities should be validated by using further tests in in-

vivo settings. 
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