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ABSTRACT

In this study, multi-elemental analysis and antioxidant activity of samples belong-
ing to two different populations of Helichrysum arenarium (L.) Moench known
as the immortal flower was determined. The results obtained were compared
among themselves. Ca, Mg, Al, Fe, Na, Li, Be, B, Ti, Cr, Ni, Zn, Mo, and Pb
element contents of the sample belonging to the B population were determined
that be higher than that of the other population. The K, V, Mn, Co, Cu, As, Se,
Sn, and Ba element contents of the sample belonging to the G population were
determined that be higher than that of the other population. When the antioxidant
activity results of the species were evaluated; according to the CUPRAC (Cu-
pric Reducing Antioxidant Capacity) method, the sample extracts of the B and G
populations were determined that showed lower activity than the standard BHA,
BHT, and Trolox values at 20 and 40 pg/mL concentrations, and showed close
activity compared to the standards at 80 pug/mL concentrations. The species was
determined that be antioxidant activity even at low concentrations. According
to DPPH (2,2-diphenyl-1-picrylhydrazyl) method, the antioxidant activity of the
extract of the B and G populations was determined as 22.95 and 23.76 mg TE/
mL, respectively.
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1. Introduction

The name Helichrysum is derived from the Greek
words “Helios” meaning sun and “Chrysos” mean-
ing gold [1]. Helichrysum arenarium (L.) Moench
is a perennial herbaceous species belonging to the
Asteraceae family. Among the people, it is known
as golden grass, lasting forever, immortal flower or
never fade flower [1-7]. There are over 600 species
of Helichrysum genus in the world. Species of this
genus are distributed over a wide geographical area,
including America, Scandinavia, Atlantic, Europe,
the Balkans, Russia, Siberia, the Caucasus, Asia Mi-
nor, Central Asia, Mongolia, and China. H. arenar-
ium is a perennial species that grows in the steppes,
on sandy and semi-hard soils, and grows to a height
of 90 cm [8-10]. The genus Helichrysum is com-
monly found in Anatolia and represented in the flora
of Turkey by 27 taxa, 15 of which are endemic [3].

According to pharmacological data, H. arenarium
species flower is rich in phenolic compounds, includ-
ing flavonoids, essential oils, fatty acids, carotenoids,
steroids, polyphenols, vitamins, mineral salts, poly-
saccharides, glycosides, coumarins, catechins, and
proanthocyanidins. Also, it contains components such
as astragalin, luteolin, kaempferol, etc. [1,4,8,11].

Flavonoids are considered the main components re-
sponsible for the antioxidant properties of the plant
[12]. Also, they exhibit pharmacological effects due
to their phenolic structure and inhibition of free radi-
cal-mediated processes. Free radicals play an impor-
tant role in many pathological conditions. The use of
synthetic antioxidants to prevent free radical damage
has been reported to have toxic side effects. Thus,
there has been a growing interest in natural antioxi-
dants and scavenger natural compounds [13]. Syn-
thetic antioxidants such as tert-butylated hydroxytol-
uene (BHT), tert-butylated hydroxyanisole (BHA),
etc. are often not preferred as preservatives in the
pharmaceutical and food industry. Therefore, the use
of safe natural antioxidants gets more attention [12].

The flower of this species has many biological ac-
tivities, especially hepatoprotective, cholinergic, an-
tibacterial, antiviral, antifungal, anti-inflammatory,
antiproliferative, antimicrobial, antiallergic, antioxi-
dant, and antiradical [1,14,15]. It has been used in
folk medicine to treat various ailments such as liver
and gallbladder ailments, lumbago treatment, stom-
ach pain, asthma, arthritis disorders, cystitis and
jaundice, skin infections, respiratory and digestive
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system disorders, kidney stones, and urogenital dis-
orders. It has also been used for many years in the
cosmetic industry for its fragrance [1]. It is widely
used as herbal tea in Turkey [4]. It is used in South-
ern Africa to treat tuberculosis and related symptoms,
and traditionally in Central Europe as antiseptic and
spasmolytic drugs [6,9,16,17].

The World Health Organization (WHO) states that the
maximum allowable concentration levels in raw plant
materials for cadmium, arsenic, and lead are 0.3, 1.0,
and 10 mg/kg, respectively [18,19]. Various methods
are used to determine element content and concentra-
tions in species samples. These methods are Atomic
Absorption Spectrometry (AAS), Flame Atomic Ab-
sorption Spectrometry (F-AAS), Graphite Furnace
Atomic Absorption Spectrometry (GF-AAS), Induc-
tively Coupled Plasma Atomic Emission Spectrom-
eter (ICP-AES), Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES), Inductively Cou-
pled Plasma Mass Spectrometry (ICP-MS) and X-ray
Fluorescence Spectrometry (XRF) [20-24].

In this study, multi-elemental analysis, antioxidant
activities, and bivariate data analysis of H. arenar-
ium species belonging to two different populations
were performed and compared. Also, the obtained
As, Cd, and Pb metal content analysis results were
compared with the WHO’s maximum allowable con-
centration values in raw plant materials.

2. Material and Methods

2.1. Plant materials

Two different populations of the H. arenarium were
used in the study. These specimens were collected
from Bitlis Nemrut Crater Lake ((38° 37’ 10" N), (42°
14’ 28" E), altitude 2.628 m)) (B) and the mountain-
ous areas of Sebinkarahisar District of Giresun ((40°
23" 34" N), (38° 18’ 33" E), altitude 1.569 m)) (G)
during the flowering period between June and Au-
gust 2020. Samples belonging to the species were
kept in Mardin Artuklu University Herbarium. The
taxonomic identification of the species was con-
firmed by the botanists of the same institution. Spe-
cies were dried in the shade and areas with airflow
and stored for multi-elemental analysis by ICP-MS.

2.2. Reagents and solutions

Analytical purity HNO, (70% (Sigma Aldrich, Ger-
many) and ultrapure water (18.2 MQ) were used in
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the microwave solubilization process. Ag, Al, As, B,
Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo,
Na, Ni, Pb, Sb, Se, Sn, Sr, Ti, TI, V and Zn as the
mixed standard (100 mg/L, Plasma CAL Calibra-
tion solution SCP28AES) in ICP-MS measurements
were used. Calibration standard solutions (1-2000
ng/L) were prepared by appropriate dilution of stock
mix standards (1 mg/L). The linear range, regression,
correlation coefficient (R), limit of detection (LOD),

and limit of measurement (LOQ) values of the cali-
bration chart are shown in Table 1. LOD and LOQ
values for twenty-four metals were calculated using
10 independent blank solutions. Analytical purity
methanol (75%), CuCl,, neocuprin, CH,COONH,,
1,1-diphenyl-2-picrylhydrazyl (DPPH), butylated
hydroxyanisole (BHA), 2,6-di-t-butyl-1-hydroxytol-
uene (BHT), and trolox (Sigma Aldrich, Germany)
was used to determine the antioxidant activity.

Table 1. Analytical parameters of the ICP-MS analysis method

Elements Linear range (ng/kg) y=mx-+n R? LOD (pg/kg) LOQ (pg/kg)
Ca 50-2000 y=8.184x+493 0.9993 6.033 19.908
Na 25-2000 y=365.9x+34175 0.9998 2.947 9.725
Ba 25-200 y=279.2x-45.24 0.9997 0.130 0.430

K 10-2000 y=196.2x-11650 0.9999 0.043 0.141
Mg 10-2000 y=257.9x-334 0.9999 0.380 1.255
Fe 10-1000 y=22390x+289683 0.9998 0.407 1.343
Cr 5-1000 y=7016x-967 0.9999 0.119 0.393
Ti 5-1000 y=118x+91 0.9999 0.406 1.339

B 5-500 y=606.17x-4628 0.9998 0.078 0.258
Cu 5-500 y=1947x+3030 0.9999 0.561 1.852
Zn 5-500 y=2825x+10031 0.9998 0.914 3.015
Mn 5-500 y=30880x+5158 0.9999 0.059 0.193
Li 2.5-1000 y=299.8x-529 0.9999 0.473 1.562
Co 2.5-1000 y=7083x+1067 0.9999 0.197 0.648
Be 2.5-500 y=41.36x+19.67 0.9998 0.338 1.118
v 2.5-500 y=113.6x+42.12 0.9999 0.132 0.435
Ni 2.5-500 y=24.35x+16.58 0.9999 0.303 1.001
As 2.5-500 y=10.36x+4.46 0.9998 0.141 0.465
Se 2.5-500 y=8.46x-1.16 0.9999 0.005 0.015
Mo 2.5-500 y=1496x+1949 0.9998 0.146 0.481
Cd 2.5-500 y=8482x+1397 0.9999 0.078 0.256
Sn 2.5-500 y=180.7x+53.84 0.9998 0.172 0.568
Al 1-500 y=12890x+124339 0.9999 0.301 0.992
Pb 1-100 y=4442x+17469 0.9998 0.269 0.888
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2.3. Apparatus

Twenty-four element contents in the species samples
were determined using the Bruker Aurora M90 mod-
el ICP-MS instrument (Table 2).

2.4. Preparation of the multi-element analysis

of the species

Dry samples for multi-elemental analysis of H. are-
narium species were ground in a mortar and brought
homogeneously. Approximately 0.2150 g of the
sample belonging to the G population and 0.2160 g
from the B population were placed in the microwave
teflon tubes. 10 mL of nitric acid was added to the
tube and the solution mixture was stirred. For the
pre-combustion process, the mixture in the tube was
kept for 10 min. Subsequently, the tubes were closed
and burned in the microwave oven.

For the burning program in the microwave oven:
Initially, it was heated to 190 °C for 20 min, then
was kept at 190 °C for 15 min (Pressure 800 psi. and
power was set at 900-1800 watts) and finally was
cooled from 190 °C to room temperature for 15 min.
The mixture in teflon tubes was filtered with blue
banded filter paper, taken into a 50 mL tube, and di-
luted up to 50 mL with ultrapure water.

Table 2. ICP-MS instrument analytical conditions

2.5. Preparation of the species extracts

Approximately 200 mg of each species was placed in
the tube and 5 mL of 75% (containing 0.1% formic
acid) methanol was added to it and homogenized at
2000 rpm. The mixture was then kept in an ultrasonic
water bath at 25 °C for 10 min and centrifuged at
2500 rpm for 10 min. Then, the supernatant in the
tube was transferred to another tube and the extrac-
tion process was repeated 2 times as stated above and
the resulting supernatants were made up to a final
volume of 10 mL with methanol.

2.6. CUPRAC method

Cu*? ion reduction capacity of the methanol extract
of H. arenarium species, Apak et al. were made ac-
cording to the method in 2007 [25]. 0.01 M 0.25 mL
CuCl, solution was added to the falcon tube and
7.5%10° M 0.25 mL of methanolic Neocuproine so-
lution was added to it and mixed. 1 M 0.25 mL of
CH,COONH, buffer was added to the mixture and
mixed. Extracts or standards of H. arenarium spe-
cies at different concentrations (20, 40, and 80 pg/
mL) were added to the solution and incubated in the
dark for 30 min. Then, the absorbance values of spe-
cies samples, standards, and control groups at 450
nm were recorded. The increasing absorbance value

Parameters

RF Power (kW)

Plasma Gas Flow Rate (L/min)
Auxiliary Gas Flow Rate (L/min)
Sheath Gas Flow Rate (L/min)
Nebulizer Gas Flow Rate (L/min)
Read delay (sec.)

Gas
Purge Gas
Repeat /Sample Reading
Scan replicate
Scan mode

Hydrogen Gas Flow Rate (mL/min)

1.40

1.5
0.11
0.95
40
Argon
Hydrogen
3
5
Peak hopping

80
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of the reaction mixture indicates the Cu*? ion reduc-
tion capacity.

2.7. DPPH method

DPPH free radical scavenging activity of the plant
extracts was measured by the method described in
Makhlouf-Gafsi et al. [26]. 0.1 mL of the plant ex-
tract was added to the tube. 3.9 mL of DPPH (in 60
pM-methanol) solution was added to it and mixed.
The mixture and standards (0.125, 0.25, 0.50, 1.00
and 2.00 pg/mL) were incubated for 30 min and
absorbance was read at 517 nm. The results were
expressed in mg TE/1000g Trolox equivalent. All
measurements were done in triplicate. The radical
scavenging activity was calculated as a percentage
of DPPH discoloration using the equation:

Acontrol — Asample
= x 100
Acontrol
A is the absorbance of the control reaction mix-

control
ture, A is the absorbance of the sample.

sample

2.8. Statistical analysis

The analysis of the species was performed in three
repetitions and the mean values of the data were used
in the statistical analysis. The correlation between
the metal contents of H. arenarium species belong-
ing to different populations was determined using
linear correlation with the SSPS 21 statistical pack-
age program (2012).

3. Results and Discussion

3.1. Multi-elemental analysis results of the

species

K, Ca, Mg, Al, Fe, Na, Li, Be, B, Ti, V, Cr, Mn, Co,
Ni, Cu, Zn, As, Mo, Cd, Sn, Ba, and Pb element con-
tents of the sample belonging to the B. population
of the H. arenarium were detected as 251827, 5994,
1204, 395, 354, 60.53, 0.67, 0.13, 24.62, 59.64, 0.53,
5.95,37.74,0.24, 18.34, 3.58, 18.56, 0.01, 2.56, 0.19,
0.11, 2.54 and 0.62 mg/kg, respectively. In addition,
Se metal content could not be detected in the sample
belonging to the B population (Table 3).

K, Ca, Mg, Al, Fe, Na, Li, Be, B, Ti, V, Cr, Mn, Co,
Ni, Cu, Zn, As, Se, Mo, Cd, Sn, Ba and Pb element
contents of the sample belonging to the G population
of the H. arenarium species were detected as 281092,
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5108, 1073, 314,245,49.92,0.38,0.11, 18.48, 52.15,
0.71,3.34, 46.30, 0.35, 12.90, 6.30, 14.14, 0.05, 0.08,
1.04, 0.19, 0.19, 4.89 and 0.51 mg/kg, respectively
(Table 3).

Very little attention has been paid to the content of
macro-and microelements in H. arenarium species,
herbal drugs, and extracts. To the best of our knowl-
edge, only three reports were done and partly stud-
ied this subject. In a study by Lemberkovics et al.
in 2002, the macro and microelement content of /.
arenarium species has been determined using inflo-
rescences and water extract. The element content of
this species, which was grown in Hungary (Soroxar)
in 2000 was determined as Al; 134.0+6.1, As; <1.0,
B; <2.5, Ba; 8.1+2.0, Ca; 5309+46, Cd; <1.26, Co;
<0.15, Cr; 3.1+0.5, Cu; 11.7£2.8, Fe; 31.1+9.7, Hg;
<0.5 K; 1594241587, Li; <0.15, Mg; 1661£62, Mn;
129.4+6.5, Mo; <0.05 Na; 46.3+7.6, P; 28304198,
Pb; <1.26, S; 2171+143, Ti; 1.6+0.4, V; <0.5 and Zn
28.0+1.2 mg/kg [27].

In the study to determine the gold and silver content
of H. arenarium plant grown in Turkey, roots, stems,
and flowers of the plant were used for Ag and Au
contents. Ag and Au contents of the root part of the
species were determined as 16.24 and 1.77 ppb (ng/
kg), respectively. The element contents of the stem-
leaves part were determined as 8.50 and 4.39 ppb
(ng/kg), respectively. The element contents of the
flower part were determined as 4.00 and 2.82 ppb
(ng/kg), respectively [28].

In another study, the main and trace element con-
tents of the root, leaf, and flower of H. arenarium
have been investigated. The Ca, Mg, Na, Al, K, Fe,
Mn, P, U, Sr, Rb, Ba, Ti, La, Ce, Zr, Cr, W, and Hg
values in roots, stems, and flowers of the plant have
been determined in the range of 0.46—1.4, 0.57—1.43,
and 0.27-1.43%; 0.072-0.37, 0.1-0.286, and 0.098-
0.147%; 0.001-0.04, 0.02-0.049, and 0.02-0.022%;
0.04-0.35 and 0.03-0.18%; 0.41-0.83, 0.97-2.24,
and 1.37-1.98%; 0.065-0.5, 0.02—0.27, and 0.01-
0.08%; 45-372, 34-227, and 21-83 (mg/kg); 0.062—
0.13,0.089-0.3, and 0.16—0.3 mg/kg; 0.01-0.15 and
0.001-0.1 mg/kg; 18-64.8, 17.3-64.8, and 4.8-19.3
mg/kg; 1-8.6, 1-11.5, and 2.4-14.5 mg/kg; 4.8-
118.6,4.2-116.8, and 0.9-24.9 mg/kg; 10-142, 4-86,
and 3—-16 mg/kg; 0.22-5.22,0.13-3.7, and 0.02—1.09
mg/kg; 0.4-10.35, 0.2-7.13, and 0.05-2.33 mg/kg;
0.08-1.03, 0.08-0.8, and 0.02-0.38 mg/kg; 5.40—
100.8, 3.1-88.2, and 2-13.1 mg/kg; 3.8-93.7, 2.6—

Umaz et al.
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Table 3. ICP-MS results of examined species (mean concentration+ SD, n=3)

Elements B (mg/kg) G (mg/kg)
K 25182+506 28192+969
Ca 5994+188 5108+54
Mg 1204+31 1073+2
Al 395+11 314+2
Fe 35412 245+5
Na 60.53+2.45 49.92+1.05
Li 0.67+0.11 0.38+0.05
Be 0.13+0.03 0.11£0.00
B 24.62+2.26 18.48+0.87
Ti 59.64+2.21 52.15+1.56
\% 0.53+0.08 0.71+0.14
Cr 5.95+0.14 3.34+0.20
Mn 37.74+1.34 46.30+1.08
Co 0.24+0.06 0.35+0.09
Ni 18.34+0.77 12.90+0.36
Cu 3.58+0.55 6.30+0.34
Zn 18.56+0.43 14.14+0.19
As 0.01+0.00 0.05+0.00
Se N.D. 0.08+0.00
Mo 2.56+0.19 1.04+0.13
Cd 0.19+0.07 0.19+0.06
Sn 0.11£0.02 0.19+0.01
Ba 2.54+0.11 4.89+0.20
Pb 0.62+0.24 0.51+0.33

N.D.: Not detected < LOD

100, and 1.7-100 mg/kg and 2—-14 and 1-12 pg/kg,
respectively [29].

When the multi-element content of two different
populations of the same species was compared, the
element content of Ca, Mg, Al, Fe, Na, Li, Be, B, Ti,
Cr, Ni, Zn, Mo, and Pb of the sample in the B popula-
tion was determined that be higher than that of the
other population. The element contents of K, V, Mn,
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Co, Cu, As, Se, Sn, and Ba of the sample in the G
population were determined to be higher than in the
sample from the other population (Table 3). The ele-
ment content of the samples belonging to two differ-
ent populations of the same species is different; it can
be said that the species changes depending on genetic
factors, geographical location, climatic factors, vege-
tation period, air pollution, and environmental factors.
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When the detected multi-elemental content of the
species and the element contents found in the lit-
erature studies are evaluated, the macro, micro and
toxic element contents were determined that be dif-
ferent from each other. As a result, the multi-element
content of the species has been determined that vary
depending on the geographical location of where the
plant grows, climatic characteristics, air pollution,
and environmental factors.

When the As, Cd, and Pb metal contents of H. are-
narium species were compared with the maximum al-
lowable concentration values in WHO raw plant mate-
rials; It was determined that the samples of the species
belonging to two different populations were lower
than the value determined by WHO. Thus, it can be
said that the use of samples belonging to two different
populations of this species in cosmetics, herbal medi-
cine, and tea does not pose a health hazard.

3.2. Antioxidant results of the species

3.2.1. CUPRAC results

When the antioxidant activity results of H. arenari-
um species were evaluated; the Cu™ reduction capac-
ities of the sample extracts belonging to the B and
G populations of the species were determined that
were lower than the BHA, BHT and Trolox values
used as standard at 20 and 40 pg/mL concentrations.
It was determined that the Cu™? reduction capacities
of the sample extracts of both populations of the spe-
cies showed activity close to the BHA, BHT, and
Trolox used as standard at a concentration of 80 pg/
mL (Figure 1, Table 4).

The Cu™ reduction capacity of the sample extract be-
longing to the G population of the species was deter-
mined that be more active than BHA and BHT used
as standard at a concentration of 80 pg/mL. When
the sample extracts from two different populations of
the same species were compared, the sample belong-
ing to the G population was determined that show
higher activity (Figure 1, Table 4).

Stankov et al. determined by the method of CUPRAC
for antioxidant activity of 70% ethanol extract of H.
arenarium (L.) Moench from Turkey and reported as
159.46 mM TE/g dw for the antioxidant value [30].

There are few available data regarding in determi-
nation of the antioxidant capacity by the CUPRAC
method of H. arenarium species. In this case, a com-
parison with the results of other researchers is not
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Figurel. Cu*? reduction capacities of samples and standards from
different population of H. arenarium species

possible. In contrast to this, there are various studies
regarding in determination of the antioxidant capac-
ity by the DPPH and ABTS method of H. arenarium.

3.2.2. DPPH results

DPPH radical scavenging method was used to evalu-
ate free radical scavenging ability by H. arenarium
extract belonging to different populations. The an-
tioxidant activity of H. arenarium extracts tested
by DPPH assay is presented in Table 4. The results
obtained from the DPPH assay were presented as
Trolox equivalents. The percentage of DPPH radical
scavenging activity scavenged ranged from 3.85 to
36.60% (B) and 3.64 to 39.98% (G) for the H. arenar-
ium extract (0.125 — 2.00 pg/mL) belonging to two
different populations, respectively (Table 4). The ob-
tained results indicated that investigated belonging
to two populations samples act in a dose-dependent
manner. A significant difference was not observed
between the percentage of DPPH radical scavenging
activity of the species belonging to different popu-
lations. However, the percentage of DPPH radical
scavenging activity of the sample from population
B was higher than that of population G at almost all
concentrations. Also, the DPPH radical scavenging
activity percentage of the extract belonging to the
G population at a concentration of 2.00 pg/mL was
determined that be higher than the other population
(Table 4).

Previous data concerning the antioxidant activity of
aqueous tea infusions of species were obtained by
Kulisic-Bilusic et al. using the DPPH assay. These
authors indicated that DPPH inhibition of aqueous
extract of the H. arenarium in 0.5 g/L concentration
possesses a value between 90 to 100% [31].

Umaz et al.
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Kladar et al. (2015) has been reported the radical
scavenging activity of the EtOH extract (0.25 — 1.25
pg/mL) of the H. italicum subsp. italicum using the
DPPH assay that is ranged from 13.26 to 61.42% [12].

Kramberger et al. (2021) the radical scavenging ac-
tivity of the infusions of the H. arenarium using the
DPPH assay has been obtained as 4.4% [32].

A significant difference between the radical-scaveng-
ing potential of the B population extract (IC, = 2.57
mg/mL) and the G population (IC, = 2.48 mg/mL)
was not noticed. However, the radical-scavenging
potential of the B population extract was determined
that be higher than the G population. When the
DPPH antioxidant results of species extract from two
different populations were evaluated, the B and G
populations were determined as 22.95 and 23.76 mg

TE/mL, respectively. Also, DPPH antioxidant results
in 1000 grams of sample were determined as 1148
and 1188 mg TE/1000g, respectively (Table 4). The
antioxidant results of the species belonging to both
populations were determined that were close to each
other. Thus, the antioxidant activity can be said that
does not change in different populations of the same
species from a regional perspective.

Babota et al. (2018) has examined the antioxidant
capacity using several extract methods for H. are-
narium. The antioxidant results of the MeOH, EtOH,
and EtOH 70% extracts of the species have been in-
dicated as 4.91, 7.21, and 17.88 mg TE/mL, respec-
tively [33]. In another study, the antioxidant result of
H. arenarium leaf extract has been indicated as 19.13
mmol TE/L [34].

Table 4. Antioxidant activity results of the examined species (mean=SD, n=3)

CUPRAC
Samples 20 (ng/mL) 40 (pg/mL) 80 (ng/mL)
B 0.642+0.035 1.190+0.031 1.554+0.056
G 0.766+0.043 1.273+0.026 1.637+0.063*
BHA 1.354+0.006 1.611+0.011 1.621+0.011
BHT 0.998+0.003 1.598+0.007 1.613+0.008
Trolox 0.953+0.024 1.573+0.015 1.661+0.050
DPPH
DPPH radical scavenging activity (%) (P?g'/ltffL) 0.25 (ug/mL) O.i)égtg/ 1“:28)@/ 2.00 (ug/mL)
B 3.85 6.78 16.21 24.02 37.60
G 3.64 6.97 11.48 20.32 39.98
Samples IC,, (ng/mL)
B 2.57
G 2.48
Trolox 0.059
Samples DPPH Results (mg TE/mL) DPPH Results (mg TE/1000g)
B 22.95+0.34 1148+38
G 23.76+0.61 1188+62

(*) was used to show that the antioxidant capacity at a concentration of 80 ug/mL of the species is higher than that of stand-

ards such as BHA and BHT.
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When the DPPH antioxidant results detected in this
study and other studies in the literature are evalu-
ated together, H. arenarium extract has determined
that has antioxidant activity. The antioxidant activity
results of H. arenarium belonging to different popu-
lations were determined that were close to each other
and the antioxidant capacity of the species has been
high. Also, the antioxidant capacity of the species in
the literature has been reported that is high by using
different extraction methods. Thus, the results deter-
mined and the results of the antioxidant in the litera-
ture can be said that are compatible with each other.

3.3. Bivariate Analysis

The Pearson correlation coefficient (r) is a measure
of the linear relationship between two columns of
data. Having a coefficient close to +1 or -1 of the r
worth be indicating similarity between the two items
(indicating positive and negative correlations). Hav-
ing a value close to 0 indicates that the two items are
weakly related or possibly unrelated.

According to the results of the bivariate analysis of
the sample belonging to the B. population of the H.
arenarium species, the Pearson correlation coef-
ficient (r) at p < 0.01 confidence level, Na with Al
(r = -0.888), Na with B (r = -0.778), Co with Zn (r
= -0.878) reveals that there is a strong negative re-
lationship between. When the Pearson correlation
coefficients of the sample belonging to the B popula-
tion of the species were compared, it was determined
that the strongest correlation at p < 0.01 confidence
level was between Na and Al. When the P < 0.05
confidence level of the Pearson correlation coeffi-
cient (r) of the sample belonging to the B population
of the species is examined, V with Ba (r = -0.763),
Na with Ti (r = -0.709), Na with Co (r = -0.705) and
Fe and Cu (r = -0.668) reveals that there is a strong
negative relationship. It reveals a strong positive cor-
relation between Al with B (r = 0.763), Al with Ti (r
=0.747), B with Co (r = 0.740), and Mg with Cr (r =
0.648). When the Pearson correlation coefficients of
the sample belonging to the B population of the spe-
cies were compared, at a confidence level of p <0.05
it was determined that the strongest correlation was
between Al and B and between V and Ba (Table 5).
In addition, when the p < 0.01 and 0.05 confidence
levels of the sample belonging to the B population of
the species were detected, the strongest correlation
was found with Na and Al. A significant correlation
between two or more elements indicates a similar
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ability or presence of the same source for H. arenar-
ium species. The dependence between the elements
with the strongest correlation above can be explained
by the common origin of the metals.

According to the results of the bivariate analysis of
the sample belonging to the G population of the H.
arenarium species, the at p < 0.01 confidence level
reveals that there is a strong positive correlation be-
tween Al with B (r = 0.844) and between Al with Ti
(r = 0.841). It reveals that there is a strong negative
relationship between Ca with Mn (r =-0.827). When
the Pearson correlation coefficients of the sample be-
longing to the G population of the species were com-
pared, at a confidence level of p < 0.01, it was de-
termined that the strongest correlation was between
Al with B. When the P < 0.05 confidence level of
the Pearson correlation coefficient (r) of the sample
belonging to the G population of the species is exam-
ined, it is revealed that there is a strong positive cor-
relation between Fe with B (r = 0.636) and Na with
Cr (r = 0.632). When the Pearson correlation coef-
ficients of the sample belonging to the G. population
of the species were compared with a confidence level
of p <0.05, it was determined that the strongest cor-
relation was between Fe and B (Table 6). In addition,
when the P < 0.01 and 0.05 confidence levels of the
sample belonging to the G population of the species
were examined, it was determined that the strongest
correlation was between Al and B.

By looking at the correlation coefficients of the sam-
ples belonging to two different populations of the
same species, information that can show only the
same source or behavior for two or more items can
be obtained, while information about the differences
between samples taken from different regions cannot
be obtained.

4. Conclusions

Multi-elemental contents of H. arenarium species
belonging to different populations were analyzed
and compared. It was determined that the metal con-
tents of two different populations of the species were
different from each other and some element contents
were higher than the other population. Thus, it has
been determined that the multi-elemental content
of the samples from different populations will vary
depending on geographical location, climatic factors,
air pollution, and environmental factors.

Umaz et al.
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The Cu™ reducing capacities of H. arenarium spe-
cies at 20 and 40 pg/mL concentrations have been
lower than that of standard compounds BHA, BHT,
and Trolox. Thus, the difference between samples
at these concentrations became clear. The Cu™ re-
duction capacity of the species sample at 80 pg/mL
concentrations has determined that be close to the
standards. In addition, the Cu™ reduction capacity
of the species sample at 80 pg/mL concentration
determined that be higher than the BHA and BHT
standards.

The CUPRAC and DPPH antioxidant results of the
species belonging to different populations have been
determined that be close to each other. It has been de-
termined that the species had an antioxidant activity
with both methods and there is no regional difference
in the activity results. Consequently, H. arenarium
reveals that the species has antioxidant activity and
its usability in the field of health.

According to the results of the bivariate analysis of
the species, information on the differences between
the samples belonging to different populations could
not be obtained. Thus, it has been determined that
more complex analysis systems should be used to
determine the difference from a regional angle.
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