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Abstract
Senecio vernalis Waldst. et Kit. is an annual herbaceous plant that has phytotherapeutical importance. Its aerial parts have 
been extensively used for healing wounds in traditional medicine. In this study, S. vernalis samples collected from the lakes 
region (Burdur) were examined for the characterization of their phenolic contents, chemical composition and their biological 
activities. The total phenolic contents were determined by HPLC analysis methods. The chemical composition analysis of the 
samples was performed using gas chromatography–mass spectrometry (GC–MS). Antimicrobial screening of the flower–leaf 
extracts was determined by the agar disk diffusion method (inhibition zone) and agar well diffusion method (MIC). In the 
tests, seven bacteria and one yeast known as food pathogens were used. The antioxidant activities of the flower extracts were 
assessed by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) 
methods. The ethanolic extracts of leaf–flower belonging to S. vernalis had antibacterial activity against four bacteria. The 
MIC values of the ethanolic extracts of leaf–flower were 13,000 µg/ml against Escherichia coli ATCC11229 and Yersinia 
enterocolitica NCTC11174, respectively. The methanolic extracts of the flower samples had a 78% DPPH radical scaveng-
ing capacity. The total phenolic content was equivalent to 4.73 mg/ml gallic acid. Furthermore, seven components were 
found in the methanolic extract of the leaves of S. vernalis. The results showed that the various extracts of S. vernalis have 
both antimicrobial and antioxidant activities and consist of sesquiterpenes and sesquiterpenoids, fatty acids and alkaloids.

Keywords 1,1-diphenyl-2-picrylhydrazyl · Antimicrobial activity · Chemical composition · Senecio vernalis · Total 
phenolic content

Introduction

Foodborne microorganisms which include a wide range 
of bacteria, viruses, parasites, fungal and marine patho-
gens, and which are a part of biological features of our 

surroundings, cause some gastrointestinal infectious diseases 
such as listeriosis, yersiniosis, salmonellosis and some seri-
ous complications such as mental retardation, hemolytic 
uremic syndrome, reactive arthritis and Guillain–Barré 
syndrome (Archer and Kvenberg 1985; Mossel 1988). Such 
foodborne diseases are important issues of environmental 
public health (Gutiérrez-Larraínzar et al. 2012; Lake and 
Barker 2018). According to the World Health Organization 
(WHO)’s report in 2010, there are 600 million diseases, and 
food pathogens are responsible for 420,000 related deaths 
(Kirk et al. 2015; WHO 2015). In addition to these health 
impacts, they also impose economic burden on the health-
care and medical systems, food processing and supplying 
systems (Buzby and Roberts 1997) and cause agricultural 
product losses (Yeni et al. 2016).

It is widely known that plants have especially been used 
for treating diseases and preserving foods since ancient 
times. In recent years, these natural sources have received 
great attention because of their antimicrobial properties 
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(Faydaoğlu and Sürücüoğlu 2013) which come from their 
rich antioxidant contents (Gutiérrez-Larraínzar et al. 2012). 
The plant-based antioxidants play an important role in 
reducing the risk of diseases such as cancer, cardiovascu-
lar diseases, Alzheimer’s disease, and in macular degen-
eration by minimizing the damage of free radicals on cells 
(Johnson et al. 2017). The antioxidant characteristics of the 
plant extracts are due to their phenolic compounds (Preethi 
et al. 2010). Plant phenolics are the most common second-
ary metabolites in whole plant organs, which give taste and 
color to the plant. They have attracted a great deal of scien-
tific attention in recent years because of their potential anti-
oxidant characteristics, especially in the realm of medicinal 
treatment and preventive medicine (Dai and Mumper 2010). 
Moreover, studies on natural antioxidants, which are alterna-
tives to synthetic antioxidants utilized to prevent the spoil-
age of foods and extend shelf-life, lead to an increase in the 
interest in plants and phytochemicals (Tawaha et al. 2007). 
Because of their antioxidant and antimicrobial properties, 
volatile oils extracted from plants are extensively used in 
various areas, such as traditional medicine, pharmaceuticals 
and food technology. In this respect, the characterization of 
various antioxidant and antimicrobial potentials of differ-
ent medicinal plants, which have been used for hundreds of 
years for different purposes, is of great importance (Sengul 
et al. 2009; Bagci and Kilic 2012; Idrissi et al. 2015).

Senecio L. is the largest and most complex genus in the 
Asteraceae family (Hamzaoğlu et al. 2009; Albayrak et al. 
2017), with more than 1500 species worldwide. In a Check-
list of the Flora of Turkey (Vascular Plants), the updated 
list of the genus was represented by 31 taxa (Budak 2012). 
Many species belonging to this genus have been subjected to 
numerous investigations because of rich secondary metabo-
lites they possess. There are also several studies in folk med-
icine on the biological activities of Senecio species (Rose 
1972; Mogoşanu et al. 2009; Yang et al. 2011; Albayrak 
et al. 2014), especially their aerial parts, which have been 
used for their antiemetic, antidiarrheal and anti-inflamma-
tory properties. However, note that there are some studies 
reporting that antimicrobial activity may vary according to 
the species of plant, composition of its components, eco-
logical/environmental factors and methods used in the study 
(Marino et al. 2001; Tongnuanchan and Benjakul 2014).

Senecio vernalis Waldst. et Kit. is an herbaceous annual 
species of Senecio. The species, also known as groundsel, is 
native to Australia, Eurasia, North and South America, and 
Northern Africa (Mogoşanu et al. 2009). The plant, com-
monly found in the Turkish flora, usually grows in sandy 
and waste places, fields and rocky slopes at heights ranging 
from 0 to 3000 m (Davis 1975).

The aim of the study is to contribute to developing new 
antimicrobial agents which will be used against the food-
borne pathogens that cause some environmental public 

health issues. This study is the first to be conducted on 
specimens from the Burdur region, although there are some 
studies on chemical composition and antimicrobial proper-
ties of S. vernalis (Tosun et al. 2004; Usta et al. 2009; Bagci 
and Kilic 2012). In addition, this study differs from others 
in terms of giving place to biological activities and working 
on the different parts of the plant. Also, our study is the first 
in terms of using and comparing the different methods in 
determining the antioxidant activity of S. vernalis.

Materials and methods

Plant material

 Senecio vernalis samples were collected during the flower-
ing season in 2015, 10 km south of Burdur (37°41′27.36′′N; 
030°20′42.66′′E) and at an elevation of 1189 m asl (above 
sea level). The samples were identified according to the 
Flora of Turkey and East Aegean Islands (Davis 1975). The 
specimens were stored under refrigeration conditions (4 °C) 
in the MAKU Biology Department, Botanical Research Lab 
(Voucher no: Balpinar-1501).

Microorganisms

In this study, eight organisms were used in total, and all of 
them were food pathogens. Those pathogenic strains were as 
follows: Bacillus subtilis RSKK245, Staphylococcus aureus 
RSKK2392, Salmonella typhimurium RSKK19, Entero-
coccus faecalis ATCC8093, Escherichia coli ATCC11229, 
Listeria monocytogenes ATCC7644, Yersinia enterocolitica 
NCTC11174 and Candida albicans RSKK02029. They were 
obtained from ATCC (American Type Culture Collection, 
USA), RSKK (Refik Saydam National Type Culture Collec-
tion, Turkey) or NCTC (North Central Texas College, USA). 
Bacteria were obtained commercially from culture collec-
tions. All of the microorganisms were used in logarithmic 
phase and as vegetative cells. All of the cultures were stud-
ied aseptically in laminar flow cabin. Bacteria were grown 
at 37 °C to 24 h; yeast was grown at 25 °C to 24 h.

Extraction process

Air-dried plant organs were shredded in a blender. The fine 
powder was stored away from sunlight at 4 °C until analy-
sis. Dried samples of 40 g each (Seles) were placed in a 
Soxhlet apparatus (Isotex) and were separately extracted in 
methanol and ethanol solvents (250 ml) for 4–8 h. The plant 
extracts were evaporated under a fume hood and transferred 
into sterilized falcon tubes containing their own solvents. 
The concentrations of the extracts were set to 200 mg/ml, 
and they were stored in a refrigerator until further analysis. 

w 
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Both the methanolic and ethanolic extracts were used in the 
antimicrobial studies; however, only the methanolic extracts 
were used in chemical composition studies.

HPLC analysis of phenolic compounds in the extracts

The HPLC analysis (described by Caponio et al. 1999) 
that was slightly modified was used to determine the total 
phenols. Phenolic components were identified at 278 nm 
wavelength and 0.8 ml/min flow velocity. Detector was a 
diode-array detector (DAD); column oven was CTO-10Avp. 
Autosampler was SIL-10AD vp. An Agilent Eclipse XDB 
C-18 (250 × 4.6 mm) 5-µm column was used, and its tem-
perature was 30 °C. The separation was executed by using 
a gradient program with a two-solvent system. (Solution A 
was 3% acetic acid, and solution B was methanol.) Injection 
volume was 20 µl.

The preparation of gallic acid as the standard

Gallic acid was dissolved in methanol, and the stock solution 
(1000 ppm) was prepared. The solution was diluted to vari-
ous concentrations and maintained at − 18 °C during analy-
sis. The calibration curve was drawn based on the amount 
of gallic acid (concentration). Pure solvents were used in all 
HPLC analyses.

GC–MS analysis

In the GC–MS analysis, a Shimadzu GC-2010 gas chroma-
tograph equipped with an MS-QP2010 spectrometer (Shi-
madzu Corporation, Kyoto, Japan) was used. All the analy-
ses were performed using the following conditions: Column, 
Rxi-5Sil MS (30 m × 0.25 mm i.d. × 0.25 µm film thickness; 
Restek, Bellefonte, PA, USA); temperature program, from 
60 °C (1 min) to 280 °C at 2 °C/min; injection temperature, 
280 °C; carrier gas, He; flow, 1 ml/min; injection mode, split 
(10:1); MS temperature, 280 °C. In the analysis, the metha-
nolic extract was used alone because methanol and hexane 
had not formed a homogeneous mixture (Drake 2017).

In vitro antimicrobial activity assay

Antimicrobial activity was measured using the methods of 
disk diffusion. Ethanol and methanol were used as organic 
solvents. The bacteria were cultivated in Mueller-Hinton 
agar plates (MHA, Merck), and the yeast was in Sabouraud 
Dextrose Agar plates (SDA, Merck) (Bauer et al. 1966). The 
bacteria were incubated at 37 °C, and the yeast at 30 °C for 
24 h. The turbidity of the active cultures was adjusted to 0.5 
McFarland (1.5 × 108 cfu/ml), and then they were inoculated 
in the plates (0.1 ml) in aseptic conditions. The extracts (45 µl 
from 200 mg/ml concentration) were ingrained into empty 

disks (6 mm) and were placed on the plate surface. The anti-
microbial activity was determined in mm scale by measuring 
the inhibition zones formed after the incubation. Ethanol and 
methanol were defined as negative control groups, while the 
antibiotics tetracycline (30 μg), nystatin (100 μg) and ampicil-
lin (10 μg) were positive control groups. All tests were done in 
triplicate, and the mean of the obtained values was presented.

Determination of minimal inhibitory concentration

The minimum inhibitory concentration (MIC) values of 
the flower–leaf extracts were determined by the broth dilu-
tion method. The active culture concentrations were set at 
0.5 McFarland, and all experiments were conducted in 2 ml 
Mueller-Hinton broth. Serial dilutions of 13,000, 6500, 3250, 
1625 and 812.5 μg/ml were prepared, and the same amounts 
of active cultures (100 μl) were inoculated into each of them 
(CLSI 2003, CLSI 2006). The samples were incubated at 
37 °C for 24 h, and then their MIC values were determined.

Non‑enzymatic antioxidant assay

Antioxidant activity was determined using a 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical (0.004 g) with methanol 
solution (100 ml). The flower extracts (0.1 ml) were added 
to the DPPH solution prepared in methanol (2.9 ml), and 
that mixture was kept in a dark place during the incubation 
period (30 min). Next, the DPPH absorbance of the extracts 
was measured at a wavelength of 515 nm in an UV–Vis 
spectrophotometer (Optizen POP, Korea). The percentage 
of DPPH radical scavenging activity of the samples was 
determined by means of a formula (Brand-Williams et al. 
1995). The methanol DPPH solution was used as the control. 
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid; Sigma) was used as a reference standard. The results 
obtained for antioxidant capacity are given in mM Trolox 
equivalents (TE)/g dry mass.

The other method used for screening the non-enzymatic 
antioxidant activities was 2,2′-azino-bis-3-ethylbenzothi-
azoline-6-sulfonic acid (ABTS) radical cation decoloriza-
tion assay. Main stock solution included 7 mM ABTS+ 
solution and 2.45 mM potassium persulfate solution. The 
absorbances were measured at a wavelength of 734 nm by 
a UV–visible spectrophotometer (Shimadzu UV–1201 V, 
Japan). Trolox was used as a standard. The results are given 
in mM Trolox equivalents (TE)/g dry mass (Re et al. 1999).

Results and discussion

The analysis of total phenol in S. vernalis was performed 
using the HPLC technique. A total of 23 phenolic stand-
ards were used. Retention times of the components and the 
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HPLC chromatogram of the samples are shown in Table 1 
and Fig. 1, respectively.

One of the phenolic compounds found in the leaves 
extracts was gallic acid. In the analysis of total phenolic 
content in the methanolic extract of the leaves of S. vernalis, 
the total amount was specified as gallic acid equivalents. The 
amount in the extracts was determined using HPLC method 
and was 4.73±0.014 (mg/ml extract). The results are given 
in Table 2.

The chemical composition of the methanolic leaf extract 
of S. vernalis was analyzed by GC–MS, and seven compo-
nents were identified (see Table 3). In these components, 
palmitic acid TMS derivative had the highest percentage 
(29.30%) and neophytadiene had the second-highest per-
centage (19.65%). The components in order according to 
percentage are as follows: palmitic acid TMS der. > neo-
phytadiene > ethyl palmitate > ethyl 9,12-octadecadien-
oate > senecionine > caryophyllene oxide > intergerrimine. 
The retention times and the percentage of the components 
forming the chemical composition are listed in Table 3 and 
are illustrated in the chromatogram in Fig. 2.

The ethanolic and methanolic extracts of the above-
ground organs of S. vernalis were analyzed using the agar 
disk diffusion method for determining antimicrobial activity. 
The ethanolic extracts of leaves exhibited activity (7 mm) 
against S. aureus RSKK2392, Salmonella typhimurium 
RSKK19 and E. coli ATCC11229. However, the ethanolic 
extracts of flowers only exhibited activity against Y. entero-
colitica NCTC11174 (7 mm). No antimicrobial activity in 
the methanolic extracts of the leaf–flower of S. vernalis was 
observed (see Table 4).

MIC was applied as an alternative antimicrobial test. 
To determine the minimum inhibitory concentrations of 
the extracts, the concentrations 13,000, 6500, 3250, 1625 
and 812.5 μg/ml were tested. Accordingly, the MIC value 
was measured as 13,000 µg/ml in the ethanolic extracts of 
the leaves against E. coli ATCC11229 and in the ethanolic 
extracts of the flowers against Y. enterocolitica NCTC11174 
(see Table 5).

The non-enzymatic antioxidant activities of the plant 
extracts were determined according to the DPPH and ABTS 
method. In the analysis, DPPH methanolic solution was 
used as a control and Trolox as the standard antioxidant. 
The highest DPPH capacity of the methanol extracts of the 
flowers was 78.4%, and its Trolox equivalent was 2.2 mM/g 
DW (see Table 6). The ABTS scavenging capacity of the 
methanol extracts of the flowers is 43.2%, and the Trolox 
equivalent is 1.4 mM/g DW (see Table 6).

In this study, the leaf and flower extracts of S. vernalis 
were analyzed and seven components and their chemical 
composition were determined. Among the components, pal-
mitic acid TMS der. was the major component and neophyta-
diene was the second (see Table 3). Bagci and Kilic (2012) 

identified 39 chemical components in their analyses of S. 
vernalis, in which caryophyllene oxide was the second major 
component, following β-phellandrene. In their GC–MS anal-
ysis of the extracts obtained from S. vernalis, Nori-Shargh 
et al. (2008) reported 13 components in total; among them, 
spathulenol was the most abundant. Mogoşanu et al. (2009) 
examined the extracts of S. vernalis and S. jacobaea and 

Table 1  HPLC analysis of the methanolic extracts of Senecio vernalis 
leaves

GP gradient program, PS phenolic standards, RT retention time

GP

Time Value (B%)

0.01 Start
0.10 7
20 28
28 25
35 30
50 30
60 33
62 42
70 50
73 70
75 80
80 100
81 7
90 Stop
PS RT
Gallic acid 5.2
Protocatechuic acid 8.9
Catechin 12.4
p-Hydroxybenzoic acid 14.2
Chlorogenic acid 15.1
Caffeic acid 18.1
Epicatechin 19.5
Syringic acid 20.6
Vanillic acid 21.8
p-Coumaric acid 25.4
Ferulic acid 29.1
Sinapinic acid 30.4
Benzoic acid 37.5
o-Coumaric acid 42.4
Rutin 44.9
Hesperidin 52.5
Rosmarinic acid 58.2
Eriodictyol 60.7
Cinnamic acid 68.8
Quercetin 72
Luteolin 74.9
Campherol 77.1
Apigenin 77.5

w 
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defined seven compounds that were completely different 
from the components found in this study. El-Shazly et al. 
(2002) determined 37 components in the extracts of Senecio 
aegyptius. The results of this work have shown that S. verna-
lis generally contains sesquiterpenes and sesquiterpenoids, 
fatty acids and alkaloids (see Table 3). The extracts of Sene-
cio platyphyllus, on the other hand, consist of monoterpene, 
sesquiterpene, beta-pinene and (E)-caryophyllene (Usta 
et al. 2009).

In this study, the total amount of phenolic content was 
4.73 mg/ml gallic acid equivalents (see Table 1). Albayrak 
et al. (2008) posited the total phenolic amount was in the 

range of 19.54 and 81.78 mg GAE/g in their study on six 
different Senecio species growing in the Black Sea region. 
Albayrak et al. (2014) discovered the highest amount of phe-
nolic substances (117.45 mg GAE/g) in their analysis of the 
extracts of Senecio cilicius. The phenolic components in this 
study were completely different from the compounds found 
in this study. It appears these results are more inclusive than 
those of the present study. In Albayrak et al. (2015) four 
different Senecio species were examined, in which the total 
content of phenolics was relatively higher than that of the 
present study. A possible reason for this difference is that 
the active components are affected by factors such as harvest 
season, preparation methods and location, including altitude 
and climate (Fogden and Neuberger 2003).

This study demonstrated that the ethanolic extracts of 
leaves of S. vernalis exhibited antibacterial activity (7 mm) 
against S. aureus, Salmonella typhimurium and E. coli, and 
the ethanolic extracts of the flowers had activity (7 mm) 
only against Y. enterocolitica (see Table 4). The values that 
Kahriman et al. (2011) reported were 7, 8 and 0 mm zones 
against E. coli; 18, 15 and 15 mm zones against S. aureus; 
15, 15 and 10 mm zones against C. albicans; 15, 12 and 
11 mm zones against Bacillus cereus; 10, 12 and 10 mm 
zones against E. faecalis in the flower, leave and stem, 
respectively. However, they found no activity against Yers-
inia pseudotuberculosis. Albayrak et al. (2014) reported the 
presence of activity zones for Yersinia sp. (9 mm), Senecio 
inops (9 mm) and S. olympicus (7 mm), but did not report 
any antibacterial activity against E. coli, S. aureus or S. typh-
imurium. This indicated that the results in this study were 
more inclusive than their results. El-Shazly et al. (2002) 
investigated the antimicrobial activity of the extracts of S. 
aegyptius leaves and flowers and detected 7 and 8 mm inhi-
bition zones for E. coli; 3 and 3 mm zones for S. aureus; 7 
and 9 mm zones for B. subtilis; and 16 and 20 mm zones for 
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Fig. 1  HPLC chromatogram of Senecio vernalis 

Table 2  Total phenolic content for the methanolic leaf extract of 
Senecio vernalis 

GAE gallic acid equivalent

Plant GAE (mg/ml extract)

Senecio vernalis 4.73 ± 0.014

Table 3  GC–MS chemical composition analysis of the methanolic 
leaf extract of Senecio vernalis 

Peak Retention time Name Area Area%

1 42.577 Caryophyllene oxide 40,448 7.94
2 57.498 Neophytadiene 100,128 19.65
3 65.517 Ethyl palmitate 77,227 15.16
4 68.097 Palmitic acid, TMS 

derivative
149,285 29.30

5 73.236 Ethyl 9,12-octadecadi-
enoate

54,408 10.68

6 80.151 Senecionine 52,207 10.25
7 80.490 Intergerrimine 35,815 7.03
Total 509,518 100.00

w 
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C. albicans, respectively. Additionally, the results regard-
ing 1,10-epoxyfuranoeremophilane were as follows: 16 mm 
inhibition zone against S. aureus, 25 mm against B. subti-
lis and 29 mm against C. albicans. Albayrak et al. (2015) 
examined four Senecio species and found no antimicrobial 
activity zones against E. coli, S. typhimurium or Y. enteroco-
litica, but obtained inhibition zones from Senecio fluviatilis 
(7.5 mm) and S. racemosus (9 mm). The differences between 
the activities in these studies may have been caused by the 
different geographical environment, age of the plant, differ-
ent methods for oil isolation, cultivar type and seasonality, 
among others (Zaidi and Dahiya 2015).

The results of the analyses in this study showed that the 
13,000 µg/ml MIC value was measured in the ethanolic 
extracts of S. vernalis leaves against E. coli and the etha-
nolic extracts of the flowers of it against Y. enterocolitica 
(see Table 5). According to Aligiannis et al. (2001), the 
extracts of this plant are regarded as weak inhibitors against 
food pathogens. As reported in Albayrak et al. (2014), the 
MIC value for Yersinia was 12.5 mg/ml. These results have 

Fig. 2  GC/MS chromatogram of the methanolic extract of Senecio vernalis leaves

Table 4  Antimicrobial activities 
of Senecio vernalis against 
foodborne pathogens

TE tetracycline, NS nystatin, A ampicillin, (–) not active, nt not tested

Microorganisms Inhibition zone (mm)

Extracts of plant parts Antibiotics

Ethanol Methanol TE NS A

Leaf Flower Leaf Flower

Bacillus subtilis RSKK245 (–) (–) (–) (–) nt nt 10
Staphylococcus aureus RSKK2392 7 (–) (–) (–) nt nt 10
Salmonella typhimurium RSKK19 7 (–) (–) (–) 14 nt nt
Enterococcus faecalis ATCC8093 (–) (–) (–) (–) nt nt –
Escherichia coli ATCC11229 7 (–) (–) (–) 14 nt nt
Listeria monocytogenes ATCC7644 (–) (–) (–) (–) nt nt 12
Yersinia enterocolitica NCTC11174 (–) 7 (–) (–) 20 nt nt
Candida albicans RSKK02029 (–) (–) (–) (–) nt 7 nt

Table 5  Minimum inhibitory concentrations of Senecio vernalis 
extracts (µg/ml)

LE leaf ethanol extract, FE flower ethanol extract, LM leaf methanol 
extract, FM flower methanol extract, (–) not active, nt not tested

Microorganisms LE FE LM FM

Staphylococcus aureus RSKK23923 (–) (nt) (nt) (nt)
Salmonella typhimurium RSKK194 (–) (nt) (nt) (nt)
Escherichia coli ATCC11229 13,000 (nt) (nt) (nt)
Yersinia enterocolitica NCTC11174 (nt) 13,000 (nt) (nt)

Table 6  DPPH and ABTS radical scavenging activities of the metha-
nolic extracts of the flowers of S. vernalis 

DW dry weight

DPPH (%) 78.4

Trolox equivalent (mM/g DW) 2.2
ABTS (%) 43.2
Trolox equivalent (mM/g DW) 1.4

100 20.0 0.0 40.0 ·o.o 60.0 70.0 80.0 

TIC 

85 
mn 
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some similarities with the results of this work. In their study 
on four different species of Senecio, Albayrak et al. (2015) 
determined the MIC value to be 12.5 mg/ml for S. fluviatilis 
and 1.5 mg/ml for S. racemosus against S. aureus. Overall, 
the results support those from this study on S. vernalis.

Because phenolic compounds are one of the most effec-
tive radical scavengers, they may be responsible for the 
strong antioxidant activities of the S. vernalis methanolic 
extracts together with the other phenolics. Albayrak et al. 
(2008) report that S. hypochionaeus var. ilkasiensis exhibited 
the highest free radical scavenging activity (89.9%) among 
the species of S. pandurifolius, S. trapezuntinus, S. integ-
rifolius subsp. aucheri, S. hypochionaeus var. argaeus, S. 
hypochionaeus var. ilkasiensis and S. lorentii. In this study, 
the DPPH scavenging capacity of the methanolic extracts of 
the flowers is 78.4% and the Trolox equivalent is 2.15 mM/g 
DW (see Table 6). These values show that the results of this 
work are close to those in the literature.

Conclusion

In all, the study showed that the extracts obtained from S. 
vernalis have both antioxidant and antimicrobial activities 
and they consist of macro-components, such as sesquiter-
penes and sesquiterpenoids, fatty acids and alkaloids. In 
further studies, examination of the phytochemicals in detail 
is needed, including isolation of their components, determi-
nation of their chemical structures and investigation of their 
various biological activities in in vivo and in vitro studies.

Acknowledgements This study was partially supported by Burdur 
Mehmet Akif Ersoy University Scientific Research Projects Coordina-
tion Unit (No. 0338-NAP-16). HPLC analysis of phenolic compounds 
in the extracts was conducted in Experimental–Observational Research 
Center at Suleyman Demirel University (Isparta, Turkey).

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

References

Albayrak S, Aksoy A, Hamzaoğlu E, Ekici L, Budak U (2008) Anti-
microbial and antioxidant activities of Senecio species growing in 
the Black Sea region, Turkey. Acta Bot Gallica 155(3):447–456. 
https ://doi.org/10.1080/12538 078.2008.10516 124

Albayrak S, Aksoy A, Yurtseven L, Yaşar A (2014) A comparative 
study on phenolic components and biological activity of some 
Senecio species in Turkey. J Pharm Pharmacol 66(11):1631–1640. 
https ://doi.org/10.1111/jphp.12288 

Albayrak S, Aksoy A, Yurtseven L, Yasar A (2015) A comparative 
study on antioxidant and antibacterial activities of four Senecio 

L. species from Turkey. Int J Second Metab 2(2):26–36. https ://
doi.org/10.21448 /ijsm.24070 5

Albayrak S, Aksoy A, Yasar A, Yurtseven L, Budak U (2017) Phyto-
chemical and biological activities of five Turanecio hamzaoglu 
(Asteraceae) species from Turkey. Curr Enzym Inhib 13(1):49–
55. https ://doi.org/10.2174/15734 08012 66616 08080 95059 

Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou IB (2001) Com-
position and antimicrobial activity of the essential oils of two 
Origanum species. J Agric Food Chem 49(9):4168–4170

Archer DL, Kvenberg JE (1985) Incidence and cost of foodborne 
diarrheal disease in the United States. J Food Prot 48:887–894. 
https ://doi.org/10.4315/0362-028X-48.10.887

Bagci E, Kilic O (2012) Chemical composition of essential 
oil of Senecio vernalis Waldst. et Kit. (Asteraceae) from 
Turkey. J Essent Oil Bear Pl 15(3):399–404. https ://doi.
org/10.1080/09720 60X.2012.10644 067

Bauer AW, Kirby WMM, Sherris JC, Turck M (1966) Antibiotic 
susceptibility testing by a standardized single disk method. Am 
J Clin Pathol 45(4):493–496

Brand-Williams W, Cuvelier ME, Berset C (1995) Use of a free 
radical method to evaluate antioxidant activity. LWT Food 
Sci Technol 28(1):25–30. https ://doi.org/10.1016/S0023 
-6438(95)80008 -5

Budak Ü (2012) Senecio. In: Güner A, Aslan S, Ekim T, Vural 
M, Babaç T (eds) A checklist of the flora of Turkey (vascular 
plants). Nezahat Gökyiğit Botanik Bahçesi Yayınları, Istanbul, 
pp 199–201

Buzby JC, Roberts T (1997) Economic costs and trade impacts of 
microbial foodborne ilness. World Health Stat Q 50:57–66

Caponio F, Alloggio V, Gomes T (1999) Phenolic compound of virgin 
olive oil: influence of paste preparation techniques. Food Chem 
64(2):203–209

CLSI (Clinical and Laboratory Standards Institute) (2003) Methods 
for dilution antimicrobial susceptibility test for bacteria that grow 
aerobically; approved standard M7-A, 6th edn. National Commit-
tee for Clinical Laboratory Standards, Philadelphia

CLSI (Clinical and Laboratory Standards Institute) (2006) Performance 
standards for antimicrobial susceptibility testing, 16th informa-
tional supplement M100-S16. National Committee for Clinical 
Laboratory Standards, Philadelphia

Dai J, Mumper RJ (2010) Plant phenolics: extraction, analysis and their 
antioxidant and anticancer properties. Molecules 15(10):7313–
7352. https ://doi.org/10.3390/molec ules1 51073 13

Davis PH (1975) Flora of Turkey and East Aegean Islands, vol 5. Edin-
burgh University Press, Edinburgh

Drake M (2017) Solvent miscibility table. California State Univer-
sity Stanislaus. https ://www.csust an.edu/sites /defau lt/files /group 
s/Chemi stry/Drake /docum ents/solve nt_misci bilit y_table .pdf. 
Accessed 08 Dec 2018

El-Shazly A, Doral G, Wink M (2002) Chemical composition and 
biological activity of the essential oils of Senecio aegyptius var. 
discoideus Boiss. Z Naturforsch C 57(5–6):434–439. https ://doi.
org/10.1515/znc-2002-5-605

Faydaoğlu E, Sürücüoğlu MS (2013) Tıbbi ve aromatik bitkilerin 
antimikrobiyal, antioksidan aktiviteleri ve kullanım olanakları. 
Erzincan Univ J Sci Technol 6(2):233–265

Fogden E, Neuberger J (2003) Alternative medicines and the liver. Liver 
Int 23:213–220. https ://doi.org/10.1034/j.1600-0676.2003.00843 
.x

Gutiérrez-Larraínzar M, Rúa J, Caro I, de Castro C, de Arriaga D, 
García-Armesto MR, del Valle P (2012) Evaluation of antimi-
crobial and antioxidant activities of natural phenolic compounds 
against foodborne pathogens and spoilage bacteria. Food Control 
26(2):555–563. https ://doi.org/10.1016/j.foodc ont.2012.02.025

Hamzaoğlu E, Budak Ü, Aksoy A (2009) New taxon of Senecio 
(Asteraceae) from Turkey: Senecio inops Boiss. & Balansa subsp. 

w 

https://doi.org/10.1080/12538078.2008.10516124
https://doi.org/10.1111/jphp.12288
https://doi.org/10.21448/ijsm.240705
https://doi.org/10.21448/ijsm.240705
https://doi.org/10.2174/1573408012666160808095059
https://doi.org/10.4315/0362-028X-48.10.887
https://doi.org/10.1080/0972060X.2012.10644067
https://doi.org/10.1080/0972060X.2012.10644067
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.3390/molecules15107313
https://www.csustan.edu/sites/default/files/groups/Chemistry/Drake/documents/solvent_miscibility_table.pdf
https://www.csustan.edu/sites/default/files/groups/Chemistry/Drake/documents/solvent_miscibility_table.pdf
https://doi.org/10.1515/znc-2002-5-605
https://doi.org/10.1515/znc-2002-5-605
https://doi.org/10.1034/j.1600-0676.2003.00843.x
https://doi.org/10.1034/j.1600-0676.2003.00843.x
https://doi.org/10.1016/j.foodcont.2012.02.025


5212 International Journal of Environmental Science and Technology (2019) 16:5205–5212

1 3

karamanicus Hamzaoğlu & Budak. Turk J Bot 33:285–289. https 
://doi.org/10.3906/bot-0812-3

Idrissi FEJ, Ouchbani T, Ouchbani S, Hourch AE, Maltouf AF, Essassi 
EM (2015) Comparative chemical composition and antimicrobial 
activity of essential oil and organic extracts of Senecio leucan-
themifolius Poiret. J Essent Oil Bear Plants 18(1):29–35. https ://
doi.org/10.1080/09720 60X.2014.97756 7

Johnson OO, Adeyemi DK, Adeusi O, Ayoola GA (2017) Evaluation 
of the phytochemical constituents and antioxidant activity of the 
stem of Senecio biafrae (Asteraceae). Niger J Pharma Appl Sci 
Res 6(2):19–23

Kahriman N, Tosun G, Terzioğlu S, Karaoğlu SA, Yaylı N (2011) 
Chemical composition and antimicrobial activity of the essential 
oils from the flower, leaf, and stem of Senecio pandurifolius. Rec 
Nat Prod 5(2):82–91

Kirk MD, Pires SM, Black RE, Caipo M, Crump JA, Devleesschau-
wer B et al (2015) World Health Organization estimates of the 
global and regional disease burden of 22 foodborne bacterial, 
protozoal, and viral diseases, 2010: a data synthesis. PLoS Med 
12(12):e1001921. https ://doi.org/10.1371/journ al.pmed.10019 40

Lake IR, Barker GC (2018) Climate change, foodborne pathogens 
and illness in higher-income countries. Curr Environ Health Rep 
5(1):187–196. https ://doi.org/10.1007/s4057 2-018-0189-9

Marino M, Bersani C, Comi G (2001) Impedance measurements to 
study the antimicrobial activity of essential oils from Lamiaceae 
and Compositae. Int J Food Microbiol 67:187–195. https ://doi.
org/10.1016/S0168 -1605(01)00447 -0

Mogoşanu GD, Pintea A, Bejenaru LE, Bejenaru C, Rău G, Popescu H 
(2009) HPLC analysis of carotenoids from Senecio vernalis and 
S. jacobaea (Asteraceae). Farmacia 57(6):780–786

Mossel DAA (1988) Impact of food borne pathogens on today’s world, 
and prospects for management. Anim Hum Health 1:13–23

Nori-Shargh D, Raftari S, Deyhimi F (2008) Analysis of the essential 
oil of Senecio vernalis Waldst. & Kit. From Iran. Flavour Fragr J 
23(5):357–359. https ://doi.org/10.1002/ffj.1860

Preethi R, Devanathan VV, Loganathan M (2010) Antimicrobial and 
antioxidant efficacy of some medicinal plants against food borne 
pathogens. Adv Biol Res 4(2):122–125

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C 
(1999) Antioxidant activity applying an improved ABTS radical 
cation decolorization assay. Free Radic Biol Med 26(9–10):1231–
1237. https ://doi.org/10.1016/S0891 -5849(98)00315 -3

Rose EF (1972) Senecio species: toxic plants used as food and medicine 
in the Transkei. S Afr Med J 46(30):1039–1043

Sengul M, Yildiz H, Gungor N, Cetin B, Eser Z, Ercisli S (2009) Total 
phenolic content, antioxidant and antimicrobial activities of some 
medicinal plants. Pak J Pharm Sci 22(1):102–106

Tawaha K, Alali FQ, Gharaibeh M, Mohammad M, El-Elimat T (2007) 
Antioxidant activity and total phenolic content of selected Jor-
danian plant species. Food Chem 104(4):1372–1378. https ://doi.
org/10.1016/j.foodc hem.2007.01.064

Tongnuanchan P, Benjakul S (2014) Essential oils: extraction, bio-
activities, and their uses for food preservation. J Food Sci 
79(7):R1231–R1249. https ://doi.org/10.1111/1750-3841.12492 

Tosun F, Kızılay ÇA, Şener B, Vural M, Palittapongarnpim P (2004) 
Antimycobacterial screening of some Turkish plants. J Ethnop-
harmacol 95(2–3):273–275. https ://doi.org/10.1080/13880 20049 
05054 65

Usta A, Üçüncü O, Cansu TB, Terzioğlu S, Yaylı N (2009) Chemical 
composition of the essential oils from flowers of Senecio ver-
nalis and Senecio platphyllus var. platyphyllus. Asian J Chem 
21(8):6369–6374

WHO (2015) WHO estimates of the global burden of foodborne dis-
ease. World Health Organisation, Geneva

Yang Y, Zhao L, Wanga YF, Chang ML, Huo CH, Gu YC, Shi QW, 
Kiyota H (2011) Chemical and pharmacological research on 
plants from the genus Senecio. Chem Biodivers 8:13–72. https ://
doi.org/10.1002/cbdv.20100 0027

Yeni F, Yavaş S, Alpas H, Soyer Y (2016) Most common foodborne 
pathogens and mycotoxins on fresh produce: a review of recent 
outbreaks. Crit Rev Food Sci Nutr 56(9):1532–1544. https ://doi.
org/10.1080/10408 398.2013.77702 1

Zaidi S, Dahiya P (2015) In vitro antimicrobial activity, phytochemical 
and total phenolic content of essential oil from Mentha spicata 
and Mentha piperita. Int Food Res J 22(6):2440–2445

w 

https://doi.org/10.3906/bot-0812-3
https://doi.org/10.3906/bot-0812-3
https://doi.org/10.1080/0972060X.2014.977567
https://doi.org/10.1080/0972060X.2014.977567
https://doi.org/10.1371/journal.pmed.1001940
https://doi.org/10.1007/s40572-018-0189-9
https://doi.org/10.1016/S0168-1605(01)00447-0
https://doi.org/10.1016/S0168-1605(01)00447-0
https://doi.org/10.1002/ffj.1860
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/j.foodchem.2007.01.064
https://doi.org/10.1016/j.foodchem.2007.01.064
https://doi.org/10.1111/1750-3841.12492
https://doi.org/10.1080/13880200490505465
https://doi.org/10.1080/13880200490505465
https://doi.org/10.1002/cbdv.201000027
https://doi.org/10.1002/cbdv.201000027
https://doi.org/10.1080/10408398.2013.777021
https://doi.org/10.1080/10408398.2013.777021

	Biological activities and chemical composition of Senecio vernalis growing in the lakes region of Turkey
	Abstract
	Introduction
	Materials and methods
	Plant material
	Microorganisms
	Extraction process
	HPLC analysis of phenolic compounds in the extracts
	The preparation of gallic acid as the standard
	GC–MS analysis
	In vitro antimicrobial activity assay
	Determination of minimal inhibitory concentration
	Non-enzymatic antioxidant assay

	Results and discussion
	Conclusion
	Acknowledgements 
	References




