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In this study, the fruits of Pyracantha coccinea, known for their ornamental and medicinal
properties, were analysed to evaluate their antioxidant capacity, mineral content, and heavy metal
concentrations. The antioxidant potential of Pyracantha coccinea was determined using DPPH,
CUPRAC, and ABTS tests. Inductively Coupled Plasma Optical Emission Spectrometry (ICP-
OES), Atomic Absorption Spectroscopy (AAS), and Gerthard Dumatherm techniques were used to
determine the mineral and nutrient composition of the plant. As a result of the evaluation, calcium
(0.25+0.02%), protein (4.29+0.47%), potassium (0.39+0.01%), magnesium (0.197+0.01%), sodium
(0.08+0.01%), iron (0.012pg/g DW), aluminium (138+9.6 ng/g DW), cobalt (0.541+0.11 pg/g
DW), chromium (0.422+0.05 pg/g DW), manganese (20£1.7 pg/g DW), zinc (43.9+4.6 ng/g DW),
% DPPH (76.92+0.48) % ABTS value (77.52+0.39) and CUPRAC values (0.771£0.045 for
100ppm) were determined. In particular, the high levels of chromium (Cr) and zinc (Zn) in the fruits
exceed the thresholds considered safe for medicinal applications and suggest that the heavy metal
content in plants for medicinal use should be critically evaluated within acceptable limits. This study
aims to explore the nutritional value and safety of Pyracantha coccinea by examining its antioxidant
properties, mineral content, and potential heavy metal contamination. The findings will help shed
light on its potential benefits and risks, offering valuable insight for its use in health, nutrition, and
environmental applications.

a%%" gulgormez@hotmail.com

https://orcid.org/0000- 0001—6980—4988'

COnn

Introduction

Pyracantha coccinea, a perennial shrub belonging to
the Rosaceae family, is characterized by its evergreen
leaves and ability to grow up to three meters tall. This
shrub, known as firethorn, thrives in many altitudes in
regions including the Balkans, Europe, the Caucasus, and
Turkey. The fruits of this plant are known for their bright
red color, small size, and sweet taste. They are not only
used to make jam. Still, they are also highly valued in
traditional medicine for their beneficial effects on the
body’s overall health, heart function, and ability to increase
urine production (Kambur & Tilki,2010; Keser, 2014).
Furthermore, it has been determined that Pyracantha
coccinea fruits have cytotoxic and antioxidant effects
(Sharifi-Rad et al., 2020). The infiltration of ambient
pollutants, such as toxic metals, into the world of plants
poses a significant obstacle to the safe utilization of
medicinal herbs. The buildup of metals such as chromium
(Cr) and zinc (Zn) within cells can lead to many health
issues, including the onset of cancer (Rodriguez-Fragosa et
al., 2008). Therefore, medicinal plants must maintain

This work is licensed under Creative Commons Attribution 4.0 International License

heavy metal levels below predetermined safety thresholds.
Heavy metal pollution is caused by industrial activities as
well as the use of chemical pesticides and fertilizers in
crops. These activities contribute to the movement of these
metals into the surrounding ecosystem (Stanojkovic et al.,
2015). In developing countries, medicinal plants have
become an essential resource for over 80 percent of the
population seeking relief from health complications
concomitant with the rise in diseases that include cancer,
diabetes, and cardiovascular disease (Seagel et al., 2019;
Fridlender et al., 2015).

Macro and micronutrients are crucial for plant life as
they are integral to the composition of enzymes that
participate in different metabolic processes. Plants exhibit
numerous morphological and physiological alterations in
their deficits, particularly chlorosis, color changes, leaf
curving, leaf spotting, and leaf abscission. The
concentrations of major and trace elements in plants are
determined by the geochemical characteristics of the soil
and the plant’s capacity for selective element
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accumulation. Furthermore, contaminating plants with
environmental constituents from air or water enables
certain plants to be bioindicators of environmental
pollution (Queralt et al., 2005). The permissible
concentrations of elements in plants are crucial for human
consumption, as these elements can be transferred to people
via the food chain (Peralta-Videa et al., 2009). Examining
medicinal plants has revealed that several sources can lead to
their pollution with heavy metals. Consequently, it is
imperative to recognize these plants’ mineral and heavy metal
composition to effectively utilize their healing properties
while avoiding the dangers of toxicity. The antioxidant
capacity of plants can be accurately measured using
CUPRAC, ABTS, and DPPH methods, which are well-
established methods known for their reliability and cost-
effectiveness (Sharifi-Rad et al., 2020)

This research evaluates the elemental and heavy metal
composition and investigates the antioxidant activity of
Pyracantha coccinea fruits obtained from Van, Turkey. It
aims to explore the nutritional value and safety of
Pyracantha coccinea by examining its antioxidant
properties, mineral content, and potential heavy metal
contamination. The findings will help shed light on its
potential benefits and risks, offering valuable insight for its
use in health, nutrition, and environmental applications.

Materials and Method

Firethorn fruits were collected in July 2023 from the
garden of a site 20km from the motorway at an altitude of
1720 m (latitude: 38°34’47.65 ‘N and longitude:
43°16’18.24 ‘E) in Van, Turkey. The plant was identified
by specialist Dr. Murat Unal and preserved at Van
Yuzuncu Yil University Van F Herbarium with the code
VANF 20555. For 25 days, the fruits of Pyracantha
coccinea were dried at room temperature in a location
shielded from direct sunlight. To inhibit moisture ingress
into the fruits, a freeze-drying procedure was employed
using a lyophilization device, operating at a pressure
setting of 50 millitorr and a temperature of -80°C, extended
over 72 hours.

Treatments Applied to the Plant Material

Two hundred milligrams of dried plant material were
dissolved in Teflon tubes at a temperature of 180°C and a
pressure of 32 bar for 40 minutes using the Milestone Ethos
Microwave digestion system. Following microwave
treatment, the samples were placed into 50 ml tubes and
adjusted with Ultrapure Milli-Q water until they reached a
final volume of 50 ml. The plant samples were evaluated
using atomic absorption spectrometry (ICP-OES icap 6000
series, Thermo Scientific).

Procedure for ICP-OES and AAS Analyses

Concentrations of Al, Ag, Cd, As, Cr, Co, Cu, Mo, Pb, Ni,
Zn, Fe, Mn, and Se were determined by using ICP-OES. Na,
Mg, Ca, and K levels were measured using the AAS
instrument. Analyses were conducted in triplicate. All
elemental concentrations are expressed in mg kg™! dry weight.

Protein Analyses
The fruits were desiccated in darkness at ambient
temperature (224+2°C) and ground using a grinding mill

(IKA, A11 basic Analytical mill). Following the grinding
of the desiccated plant materials, the quantities of nitrogen
and protein were assessed using the Dumatherm Nitrogen-
Protein apparatus (Gerhardt Analytical System, Germany).
Approximately 50 mg of pulverized plant sample was
weighed and composted in aluminum tin cups at 1000°C.

Extract Preparation

The fruits of Pyracantha coccinea were dried at room
temperature and extracted using ethanol. The 1/10 w/v
weighed lyophilized plant sample was kept in a magnetic
stirrer in 80% acidified ethanol at 25°C for 24 hours. After
centrifugation at 8000 rpm for 15 min at 20°C, the
supernatant was evaporated at 110 rpm at 48°C to remove
ethanol. The antioxidant capacity was determined by the
CUPRAC, DPPH (2,2-diphenly-1-picrylhydrazyl), and
ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid)) methods. The extracts obtained were used in
different volumes (25pg/ml, 50 pg/ml, 100 pg/ml, 125
pg/ml, 150 pg/ml) for DPPH, CUPRAC and ABTS assays.
All extraction procedures were conducted three times. The
standard antioxidant (BHT (butylated hydroxytoluene))
and extract were dissolved at a concentration of pg/mL.

Determination of antioxidant capacity by CUPRAC
method

The antioxidant properties of the ready extracts were
assessed at four distinct concentrations using the CUPRAC
method. Cu (II), Neocuprin, and NHsAc (Ammonium
acetate) buffer were added to the prepared samples and
standards at final concentrations of 10, 25, 50, and 100
pg/mL, and absorbance was measured at 450 nm after one
hour (Apak et al., 2008). The absorbance levels of the
samples were assessed in comparison to the standards.
BHT (Butylated Hydroxy Toluene) and a-tocopherol
served as standards, with total antioxidant capacity and
TEAC (Trolox equivalent antioxidant capacity) values
measured in pg/ml for all extracts.

DPPH and ABTS analyses

The DPPH (2,2-diphenly-1-picrylhydrazyl) method
was performed according to the procedures described by
Brand-Williams et al. (1995). For the analysis, DPPH
radical solution was produced in 0.1% (m/v) ethanol and
stored in a light-free condition. The samples tested were
produced at varying concentrations, and 2 mL of DPPH
radical solution was combined with 2 mL of sample
solution. These combinations were incubated at room
temperature (24°C) in the dark for 30 min. The scavenging
capability was evaluated in triplicate. The sample vials
were kept in darkening and exposed to continuing rotation
for thirty minutes. The absorption spectra of the mixtures
at 517 nm were determined using a Multiskan SkyHigh
microplate spectrophotometer (Thermo Fisher Scientific,
USA). Ethanol was utilized for the blank. The DPPH
capacity was measured according to the equivalent:

RSC=[(A0—A1) ~A0] x 100
RSC : DPPH Radical Scavenging Capacity (%)

A0 : Absorbance of DPPH solution
Al : Absorbance of sample and DPPH mixture
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The ABTS method described by Re et al. (1999) is used
to evaluate a substance’s antioxidant capacity. This method
measures the capacity of ABTS™ (2,2’-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)) radical cation to be
neutralized by an antioxidant. The ABTS™ solution (2
mM) was mixed with potassium persulfate K,S,Oz (2.5
mM) and incubated at room temperature in the dark for 4
hours. The prepared solution was diluted with ethanol
before analysis; the absorbance was adjusted to 0.72+ 0.02
at a wavelength of 734 nm. Pyracantha coccinea fruit
extracts were prepared for analysis at 10, 25, 50, and 100
mg/mL concentrations. 20 uL of each solution was mixed
with 200 pL of ABTS™ solution, and the mixtures were
incubated in the dark for 25 min. After infusion, the
absorbance of the mixtures was measured using a
Multiskan ~ SkyHigh  microplate  spectrophotometer
(Thermo Fisher Scientific, USA). The % ABTS capacity
was measured in the same way as DPPH. The extracts’ free
radical scavenging capacity was expressed in both tests as
percentage inhibition. BHT served as the reference
antioxidant for antiradical properties.

Statistical Analysis

The statistical analyses were conducted using IBM
SPSS 25 software. Data obtained from three independent
replicates were summarized as mean =+ standard deviation
(SD). Differences among groups were evaluated using
One-Way ANOVA. When significant differences were
detected, Duncan’s multiple range test was applied for
pairwise comparisons at a significance level of p < 0.001.
For comparisons between two groups, independent t-tests
were applied following Levene’s test for homogeneity of
variances.

Results and Discussion

Mineral, Heavy Metal and Protein Amounts

The acceptable limits of plant elements are essential for
plant growth and human health. Excessive or deficient
concentrations of elements in plants can affect agricultural
productivity and health risks in the food chain. Table 1
presents the acceptable concentration ranges for various
essential elements and minerals in plants, as reported in the
literature (Corlett et al., 2002; Kabata-Pendias, 2010; Taiz
& Zeiger, 2010). These limits indicate the typical ranges
found in healthy plants and are critical for evaluating
nutrient status and potential toxicity. In this study, the

amounts of Ca, K, Mg, and Na are within acceptable limits,
as shown in Table 2. However, the amounts of Zn and Cr
are above acceptable values (Table 3). This result was
attributed to firethorns growing near motorways and being
contaminated with vehicle exhaust gases. Likewise, it may
be due to wastewater pollution and chemical fertilizers
accumulated in the soil (Liu et al., 2023). Further studies
are planned to clarify this result. Toxic levels of heavy
metals in plants intended to be used as medicinal plants
prevent the plant’s therapeutic properties.

The elements identified in the medicinal plants
examined in this study are essential and recognized for
their significant physiological and biochemical functions
in humans. Mn, Zn, and Cu are known for being very
important for keeping the body’s redox balance because
they can eliminate harmful reactive oxygen species (Silva
et al., 2019). Mn was detected below the values reported
for realizing metabolic activities in plants. Iron is a crucial
element of hemoglobin (Vogt et al., 2021). The low levels
of Fe and Mn, which play an essential role in synthesizing
primary and secondary metabolites in plants and
participate in the structure of enzymes, may be associated
with geographical, physiological, and genetic factors
(Grace et al., 2003; Ozay & Pehlivan, 2024). The lower
than expected amount of Fe and Mn may also reduce the
antioxidant capacity of the plant during its use as a
medicinal plant. Cobalt is a component of vitamin B12
essential for red blood cell formation (Osman et al., 2021).
Cadmium (Cd), copper (Cu), chromium (Cr), and zinc (Zn)
can accumulate in the cells and cause health problems
when they are at toxic levels (Rodrigez-Fragoso et al.,
2008; Liu et al., 2023). Magnesium (Mg) and Calcium (Ca)
are the predominant metallic constituents in numerous
plants, as they are integral to chlorophylls,
metalloenzymes, and secondary metabolites (Olukayode et
al., 2003). Potassium (K) is crucial as a cofactor for various
enzymes, particularly in maintaining cell turgor pressure
and electroneutrality (Taiz & Zeiger, 2008).

The composition of the soils in which the plants are
grown determines the heavy metal and mineral contents.
Plants such as Pyracantha coccinea can accumulate heavy
metals and minerals depending on environmental
conditions and soil quality. The amount of accumulation
may also differ based on the pollution level of the plant’s
growth location (Zhang et al., 2022). The protein amount
(% 4.29) is determined with previous studies (Song et al.,
2023).

Tablel. The acceptable limits for some essential elements and minerals in plants

Elements in plants

Acceptable limits

Alum(inu;n (Al) 210—2000((pg/ ;g))
Zinc (Zn -150 (ng/g
Nickel (Ni) 0.1-5 (ng/g)
Chromium (Cr) 0.006-18 (ng/g)
Cadmium (Cd) 0.05-0.2 (ng/g)
gobalt (%))) 0(5)238(5 (p/ggg)
opper (Cu -30 (ug/g
Iron (Fe) 50-250 (ug/g)
Manganese (Mn) 30-300 (ng/g)
Calcium (Ca) 0.2%-1.0%
Potassium (K) 1.0%-3.0 %
Sodium (Na) 0.01%-0.2%
Magnesium (Mg) 0.1%-0.5%
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Table 2. Percentage (%) Values of Elements in Pyracantha coccinea Fruits

% Amounts of Elements and protein Mean £SD (%)
Protein 4.29+0.47
Ca 0.25+0.02
K 0.39+0.01
Mg 0.197+0.02
Na 0.08+0.04

The data were analyzed over three replicates. Values are presented as mean (Mean) + standard deviation (SD), representing the percentage composition
of elements and protein in Pyrachantha coccineae fruits. The values presented in this table are based on descriptive statistics.”

Table 3. Mineral and Heavy Metal Concentrations in Pyracantha coccinea Fruits (ug/g)

Minerals and heavy metals Mean £SD (ug/g)

Fe 0.012+0.03

Al 138+9.6

Co 0.44+0.11

Cr 20+0.05

Cu 6.5+1.02

Mn 20+1.7

Zn 200+4.6

The data were analysed over three replicates. Values are presented as mean (Mean) = standard deviation (SD), representing the percentage composition
of elements and protein in Pyrachantha coccineae fruits. The values presented in this table are based on descriptive statistics.”

Table 4. Percentage (%) antioxidant (DPPH and ABTS) values of Pyracantha coccinea Fruits

Method P.coccinea (Mean + SD) BHT (Mean = SD)
DPPH 76.92 + 0.48° 9427 +0.21%
ABTS 77.52 +0.39% 93.36 + 0.41*

Values are represented as mean + standard deviation (SD) for three replicates. Letters (a,b) denote significant differences between groups ( p < 0.001)

according to the independent t-test.

Table 5. Trolox Equivalent Antioxidant Capacity TEAC (umol TE g—1 DW) of P.coccinea, BHT, and a-Toc determined

by the CUPRAC method

Concentration (ppm) P.coccinea (Mean+SD) BHT (Mean+SD) a-Toc
10 ppm 0.246+ 0.005¢ 0.95+0.007* 0.35+0.005°
25 ppm 0.495 +£0.005¢ 1.48 +£0.0032 0.69 + 0.004°
50 ppm 0.989 +0.03¢ 2.35+ 0,006 1.17 £ 0.004°
100 ppm 1.791 + 0.04¢ 3.28 +£0,007° 2.18 +0.004°

Values are represented as mean + standard deviation (SD) for three replicates. Letters (a, b, ¢) denote significant differences among groups (p<0.001)

according to One-way ANOVA and Duncan’s multiple-range test.

Conducting is crucial for evaluating the capacity of
plants to remediate polluted soil through bioremediation.
Investigating plants’ mineral and heavy metal composition
is essential in environmental science, botany, and ecology.
These studies help us better understand how plants react to
environmental stress, how they play a part in the natural
detoxification process of pollutants, and how they
ultimately affect human health. The formulation of
medicinal herbal concoctions necessitates employing
botanicals harboring heavy metal concentrations below
specified safety thresholds. Consequently, the surveillance
and control of hazardous metal quantities in medicinal
vegetation and their derivatives are imperative for
preserving both the effectiveness and security of
phytotherapeutic agents.

Antioxidant Capacity

A critical factor in assessing the health benefits
attributed to dietary components is their ability to yield
antioxidative agents. Multiple assays, such as CUPRAC,
ABTS, and DPPH, are conducted to determine this
potential. All three assays are recommended as
uncomplicated, rapid, reliable, and affordable techniques
for evaluating the antioxidant activity of plant-based herbal

medicines. The capacity of antioxidants depends on
numerous external elements, similar to the chemical profile
of plants. These factors include inherited potential,
preservation, soil composition, agronomic techniques,
weather conditions, stressors during the growth season, and
industrial procedures.

A common technique for evaluating the antioxidant
capacity of natural extracts is the DPPH method, which is
based on the reduction of DPPH by an antioxidant solution.
According to the DPPH method obtained, the antioxidant
activity value of Pyracantha coccinea in our study is 76.92
+ 0.48 % DPPH (100 pg/mL), the % ABTS (100 pg/mL)
value is 77.52 £+ 0.39 (Table 4), and CUPRAC is 0.77
TEAC (umol TE g! DW) (for 100ppm) (Table 5). In
acccordance with our study, the DPPH antioxidant activity
of Pyracantha coccinea collected from different locations
and extracted with different solvents was reported as 78.73
pg/mL (Keser, 2014), 500 pg/mL (Kerasioti et al., 2019)
and 36.53 pg/mL (Semerci et al., 2020) in previous studies.
In another study (Tiysiiz et al., 2020), the CUPRAC value
of Pyracantha coccinea was 2.871 pmol TE g' Dry
Weight, DPPH antioxidant capacity as % 83.13 and ABTS
as %79.34 TEAC (umol TE g 'DW) are reported. These
differences in results could be explained by differences in
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the geographical origin of plants, the time it takes to collect
them, and the condition of extraction. Such factors, like
temperature, time, and extraction methodology, are known
to significantly affect the levels of antioxidant activity
measured, which could explain discrepancies in these
studies. The safe use of Pyracantha coccinea fruits
depends on reducing heavy metal absorption. With proper
precautions, they may serve as a significant resource for
both dietary and medicinal purposes. Given the
corroborative findings consistent with existing literature,
our research recommends further research to thoroughly
evaluate the medicinal effects of Pyracantha coccinea fruits
for dietary applications.

Conclusion

Increased concentrations of certain heavy metals,
especially chromium (Cr) and zinc (Zn) that are higher than
recommended safety thresholds may make these plants less
viable for use as medicinal plants. However, because of its
high phenolic content, Pyracantha coccinea is well known
for having vigorous antioxidant activity. This emphasizes
its usefulness as a healthy dietary component. In
conclusion, Pyracantha coccinea is promising in cytotoxic
and antioxidant applications and has proven uses as a
heavy metal biomonitor. However, there are still a lot of
uncharted territories for future research. Notably,
molecular identification and enhancement of bioactive
compounds and broader pharmacological assessments are
warranted.
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