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Abstract

Objective: The plants, which grow wild in the Eastern Anatolia Region and are known as kari (Arum elongatum; Ae) and
mende (Chaerophyllum macrospermum; Cm), are used for treatment purposes such as pain reliever and wound healing
properties. It is aimed to determine some biological properties of these plants, which are also used medicinally.
Material-Method: Firstly, hexane (H), ethanol (E) and acetone (A) extracts of dried plants were prepared and antimicrobial
activities of extracts against 13 indicator microorganisms were determined by agar well diffusion method. Antioxidant
activities were determined by DPPH and ABTS analyses and the total phenolic component contents were determined by the
Folin-Ciocalteu method.

Results: The maximum extract yield was obtained in the ethanol extracts of the plants (AeE;10.4011% CmE;2.4898%), the
minimum extract yield was obtained in the acetone extracts (AeA;0.8422% CmA;0.3510%). The hexane extract of A.
elongatum has no inhibition activity against E. faecalis and L. monocytogenes, but it has inhibition activity against other
indicator microorganisms. The other extracts of A. elongatum and all extracts of C. macrospermum were found to have
inhibitory activity against all indicator microorganisms. Furthermore, the highest phenolic content was calculated as
54.60+0.486 pg mL* (AeE) and the lowest content as 3.47+0.001 ug mL™* (CmA). As a result of the DPPH method the highest
ICso was calculated as 32.4140 pg mL™ (CmH) and the lowest ICsp as 12.7876 pg mL* (AeA) and ABTS method the highest
ICso was calculated as 10.3203 pg mL™ (CmE), and the lowest ICso as 0.2744 ug mL* (CmA).

Conclusion: These results show that the plant extracts have strong antimicrobial activity and antioxidant activity.
Keywords: Antimicrobial, Antioxidant, Extraction, Medicinal Plants, Phenolic Component.

INTRODUCTION

Plants have ability to produce some phytochemicals
against different environmental conditions or
diseases. However, these chemicals are not always
important to the plant, they have potential to used in
different areas for people.}? Nowadays, in the
treatment of diseases, especially phytochemicals
synthesized by medicinal and aromatic plants attract
attention and studies in this field are increasing. In
recent years, the number of microorganisms with
multiple  antibiotic resistance has increased
considerably. Unfortunately, the effectiveness of
existing antibiotics is decreasing day by day. In this
context, phytochemicals that can be used against
pathogens that are difficult to combat appear as
natural  products alternative to  antibiotics.
Furthermore phytochemicals have fewer side effects
when compared to synthetic drugs.®* It is seen that

many different studies are carried out in different
countries to show the usability of medicinal plants in
the treatment of diseases.® It has been reported that
phytochemicals of medicinal plant generally do not
have side effects like synthetic drugs, and pathogens
cannot quickly develop resistance against these
phytochemicals.*® Today, finding new antibacterial
substances with different chemical composition and
mechanisms of action are essential, as there is a
shocking increase in new and re-emerging infectious
diseases. For this reason, ethnopharmacologists work
to identify bioactive molecule producing plants and
to reveal the properties of these molecules, depending
on modern research. New molecules are sought in
plant biodiversity using ethnopharmacological data.®
There are a growing number of reports regarding the
assessment of antimicrobial effects of medicinal
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plants. The emergence of resistant new pathogens
and the ineffectiveness of chemotherapeutic agents
against these pathogens reveals the need for potential
antimicrobial molecule discovery, and medicinal
plants become the most important element in new
molecule discovery.” However, it is known that some
medicinal plants contain antioxidant molecules that
may have an important role in disease prevention by
reducing oxidative stress.® It is known that free
radicals play a very significant role in the
development of tissue damage in very different
human diseases. Until now, many medicinal plants
have been claimed to exhibit beneficial health effects
such as antioxidant and antimicrobial properties.
However, the potential of many plants as sources for
new drugs remains largely unexplored.®

The genus Arum and Chaerophyllum are among the
plants frequently used for nutritional and therapeutic
purposes in the different regions. Although the genus
Arum (Araceae) is poisonous, it has been used for
centuries for nutritional and medicinal purposes®. It
is known that Arum species are used with traditional
methods in removing the sores and swelling in the
breasts of women, reducing the worms formed in the
intestines, relieving the pains of postpartum women,
treating headaches and treating some internal
diseases.10!

The Arum species have been widely explored by
modern research for pharmaceutical discovery.®
Furthermore, it is known that the genus
Chaerophyllum (Apiaceae) is frequently used to
relieve abdominal pain.t? Traditionally, this plant has
been used to reduce chest pains and relieve
abdominal pain.*® Studies were conducted with the
genus Arum and Chaerophyllum in different regions
and the results showed that these plants have the
opportunity to be wused in pharmacology.®
Although, the species of these two plants have
traditionally known medicinal and other uses in
Hakkari (in Tirkiye), their pharmacological
properties have not yet been studied by scientific
research. Based on the knowledge that plants have
different characteristics in different ecological
environments, some biological characteristics of
these plants in Hakkari province were evaluated for
the first time in this study.

In this study, antimicrobial activity assay, antioxidant
activity assay and phenolic content assay of plant
extracts were carried out in order to reveal some
biological properties of Arum elongatum (Kari) and
Chaerophyllum macrospermum (Mendi), which are
frequently used for food and treatment purposes in
Hakkari province.
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MATERIALS AND METHODS

Plants, extraction and percentage yield analysis
The plants were obtained from markets in Hakkari
(April-May 2016). The plants defined with the help
of Prof. Dr. Fatih SATIL (Faculty of Arts and
Science, Balikesir University). The freshly supplied
plants (stem and leaf parts) were dried at 40 °C and
ground into powder. The samples were gradually
extracted with hexane, ethanol and acetone for 24
hours. HPLC grade solvents were used. After each
extraction, the substances were filtered and the liquid
was taken to be evaporated. Evaporation was carried
out at approximately 30 °C at 80-150 rpm. The
percent vyields of the extracts obtained after
evaporation were calculated and were dissolved in
Dimethyl Sulfoxide (DMSO, Merck) at rates of 20-
100 ug mlt. Samples were stored at +4 °C.1516
Microorganisms and culture conditions

In order to define the antimicrobial properties of plant
extracts, the spectrum was Kkept wide and
eukaryotic/prokaryotic pathogens were preferred as
the causative agents of different diseases. In
antimicrobial activity tests, Salmonella
Typhimurium ATCC 14028, Staphylococcus
epidermidis ATCC 12228, Pseudomanas aeruginosa
ATCC 27853, Klebsiella pneumoniae ATCC 13883,
Yersinia pseudotuberculosis ATCC 911, Proteus
vulgaris ATCC 13315, Enterococcus faecalis ATCC
29212, Bacillus subtilis ATCC 6633, Enterobacter
cloaceae ATCC 13047, Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 35218,
Listeria monocytogenes ATCC 7644, and Candida
albicans ATCC 90028 were used. Mueller Hinton
Broth (MHB, Merck) or Mueller Hinton Agar (MHA,
Merck) is used for the cultivation of microorganisms.
Furthermore, microorganisms were cultured at 37°C
for 16-18 h.1"18

Determination of antimicrobial activity

The inhibition activity of the plant extracts was
determined with agar well diffusion assay.'® Firstly,
the indicator bacteria were incubated in MHB for 18-
24 h. After incubation, bacterial dilutions were
prepared at 10® cells/ml and 100 pl was spread on
petri dishes containing MHA. Then, wells (6 mm
diameter) were drilled on the petri dish and 100 pl of
extracts were added to the wells and incubated at 37
°C for 16-18 h. At the end of the incubation period, it
was detected by the zones around the wells.
Antibiotic (ciprofloxacin 30ug/disc, Bioanalyse) was
used as a positive control and DMSO was used as a
negative control.20:2

Antioxidant activity by DPPH assay

Antioxidant activity of plant extracts were measured
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by DPPH (1,1- diphenyl-2-picryl hydrazyl).?*?* BHA
was used as the standard compound. The mixture of
DPPH and methanol was used as the control solvent.
The antioxidant activity was evaluated as percent
inhibition.?*

Antioxidant activity by ABTS assay

ABTS radical scavenging activity assay was
performed using ABTS (2,2-Azino-bis  (3-
ethylbenzothiazoline-6-sulfonic acid)) free radical
according to the method reported by Miller et al.
(1993)% and developed by Re et al?® Methanol was
used as the control solvent and Trolox (500-2500 ug
mL, Aldrich) was used as a standard compound.?’
Trolox is a water-soluble analog of vitamin E.
Studies were repeated twice. The antioxidant activity
was evaluated as percent inhibition.?+?”

Evaluation of total phenolic component

The total phenolic content of the plants extracts was
determined with the Folin-Ciocalteu reagent. The
amounts of phenolic compounds corresponding to
the gallic acid standard of the extracts were
determined in the study.?® Firstly, the stock solutions
of the standard at a ratio of 1:1 (gallic acid:dH20)
were prepared. Solutions were prepared at different
concentrations (25-100 pg mL™) from the stock
solution, and 100 uL of the solutions were taken and
4500 pL of dH20O was added. Then, 100 pL of Folin-
Ciocalteu reagent was added and after 3 minutes, 300
uL of 2% Na,COj; solution was added and mixed.
The samples were incubated in the dark for 2h. Then,
absorbance was measured at 760 nm.

RESULTS

Percentage yield analysis of plant extracts and
total phenolic component analysis

In this study, some biological properties of the genus
A. elongatum and C. macrospermum were revealed.
The % yields of the extracts obtained from the plants
are given in Table 1. Highest extract yield A.
elongatum ethanol extract (AeE) 10.4011%, the
lowest extract yield was C. macrospermum acetone
extract (CmA) calculated as 0.3510%. While the
ethanol extract yield was the highest for both plants,
the acetone extract yield was the lowest (Table 1).
The total phenolic content of the plant extracts was
defined as gallic acid equivalent (ug mL™). When the
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plant extracts were compared, the total phenolic
content of the extracts was found for A. elongatum as
AeE > AeH > AeA, for C. macrospermum as CmE >
CmH > CmA (Table 1). The maximum amount of
phenolic compounds was determined in A. elongatum
ethanol extract (54.60 + 0.486 ug GAE mL™).
Antioxidant activity

DPPH radical scavenging activities of extracts of A.
elongatum and C. macrospermum were evaluated as
% inhibition and the results were compared with
synthetic antioxidant BHA (Figure 1). Then the 1Cs
value of the extracts was calculated (Table 1).
ABTS radical scavenging activities of hexane,
ethanol, and acetone extracts of A. elongatum and C.
macrospermum were evaluated as % inhibition and
the results were compared with the ABTS radical
scavenging activity of synthetic antioxidant Trolox.
According to the total graphic % inhibition data, the
extracts showed ABTS radical scavenging activity
close to Trolox (Figure 2). Then the 1Csq value of the
extracts was calculated (Table 1).

Table 1. The percent yield of extraction, antioxidant
performance and total phenolic contents from A.
elongatum and C. macrospermum plants.

Yield of Antioxidant activity Total Phenolic

Extracts  Extract (ICs0) Content
(%) (ng GAE mL™)
DPPH ABTS

AeH 2.20560 17.2355 3.84830 20.36 +£0.199

AeE 10.4011 31.5686 1.28930 54.60 +0.486

AeA 0.84220 12.7876 2.87930 12.68 +£0.092

CmH 1.25650 32.4140 8.25350 09.44 +£0.015

CmE 2.48980 22.9518 10.3203 15.33 £0.004

CmA 0.35100 15.6458 0.27440 03.47 £ 0.001

BHA - 4.39670

Trolox - - 5.64650

AeH; hexane extract of A. elongatum, AeE; ethanol extract of A.
elongatum, AeA,; acetone extract of A. elongatum, CmH; hexane extract
of C. macrospermum, CmE; ethanol extract of C. macrospermum, CmA;
acetone extract of C. macrospermum. BHA and Trolox; standard
compounds.
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Figure 1. DPPH radical scavenging activity. AeH; hexane extract of A. elongatum, AeE; ethanol extract of A.
elongatum, AeA,; acetone extract of A. elongatum, CmH; hexane extract of C. macrospermum, CmE; ethanol

extract of C. macrospermum, CmA; acetone extract of C. macrospermum.
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Figure 2. ABTS radical scavenging activity. AeH; hexane extract of A. elongatum, AeE; ethanol extract of A.
elongatum, AeA; acetone extract of A. elongatum, CmH; hexane extract of C. macrospermum, CmE; ethanol

extract of C. macrospermum, CmA; acetone extract of C. macrospermum.
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Antimicrobial activity

When the hexane extract of A. elongatum are
evaluated, it can be said that the hexane extract has
high antimicrobial activity against microorganisms
such as E. cloaceae, S. typhimurium, S. epidermidis,
P. vulgaris, Y. pseudotuberculosis, S. aureus, P.
aeruginosa, K. pneumoniae, B. subtilis, E. coliand C.
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albicans (Table 2). Furthermore, it was determined
that ethanol and acetone extracts of A. elongatum
showed inhibitory activity against all test
microorganisms. It was determined that all three
extracts of C. macrospermum had inhibitory activity
against all indicator microorganisms (Table 2, Figure
3).

Table 2. Antimicrobial performance of the extracts from A. elongatum and C. macrospermum.

Extracts / Inhibition zones (mm)

Microorganisms AeH CmH  AeE CmE AeA CmA CPFX  DMSO
E. faecalis - 07.5 12.5 21.0 17.5 18.0 29.0 -
S. Typhimurium 24.0 215 13.0 20.0 21.0 23.0 36.0 -
K. pneumoniae 22.0 20.5 25.0 24.0 235 24.0 36.0 -
E. coli 06.5 18.5 06.5 16.5 06.5 16.5 35.0 -
P. vulgaris 15.5 15.0 15.0 14.0 15.5 14.0 36.0 -
L. monocytogenes - 07.0 19.0 21.5 16.5 115 30.0 -
Y. pseudotuberculosis 17.0 18.5 17.0 19.0 18.5 18.0 26.0 -
P. aeruginosa 16.0 16.5 06.5 06.5 06.5 16.5 29.0 -
S. epidermidis 17.5 115 18.5 22.5 17.5 12.0 20.0 -
S. aureus 14.5 13.0 17.5 19.0 13.5 12.5 30.0 -
E. cloaceae 20.5 19.0 09.0 08.0 11.5 13.0 35.0 -
B. subtilis 14,5 14.0 14.5 13.5 15.0 17.0 38.0 -
C. albicans 24.5 26.0 19.0 20.5 19.0 20.0 - -

CPFX; Ciprofloxacin, DMSO; Dimethyl Sulfoxide

K. pneumoniae

C. albicans

Figure 3. Antimicrobial activity analysis. 1;AeE, 2;CmE, 3;AeA, 4,CmA, 5;DMSO, 6;AeH, 7;CmH,

8; Streptomycin
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DISCUSSION

Due to their increasing traditional uses and in daily
life, the medicinal plants attract great attention and
also gain global importance due to their low side
effects. Herbal medicines, which in many cases are
more cost-effective than synthetic medicines, are
promoted by most of the developing countries. In this
context, many studies are carried out on medicinal
plants and their derivatives.?® The plants of the genus
Arum (Araceae) and Chaerophyllum (Apiaceae) have
become a source of trade for the people of the
different regions in Tiirkiye due to their intense use
for food and especially for medicinal purposes. In
this context, the plants of A. elongatum and C.
macrospermum distributed in the Eastern Anatolia
region, have also attracted the attention of some
scientists, but there are few studies on these plants.
However, there are no studies on the biological
activities of C. macrospermum and A. elongatum
distributed in Hakkari. In this study, some biological
properties of the genus A. elongatum and C.
macrospermum were revealed.

Results of the studies, the maximum extract yield was
obtained in the ethanol extracts of the plants
(AeE;10.4011% CmE;2.4898%), the minimum
extract yield was obtained in the acetone extracts
(AeA;0.8422% CmA;0.3510%). As a result of the
DPPH method the highest 1Cso was calculated as
32.4140 pug mL? (CmH) and the lowest ICso as
12.7876 png mL* (AeA) and ABTS method the
highest ICso was calculated as 10.3203 pg mL*
(CmE), and the lowest ICso as 0.2744 pg mL*
(CmA). In a study conducted by Zengin Kurt et al.,*°
the biological abilities of Arum maculatum
distributed in Ordu were evaluated. Similar to our
study, hexane and ethanol extraction of the plant was
performed in this study, and the antioxidant activities
of the extracts were evaluated by ABTS method.
When the results of this study are compared with the
results of our study, it is seen that there is a very low
extraction efficiency and a very low antioxidant
capacity from our results. An extraction efficiency of
0.08% was obtained with hexane in this study,
whereas an extraction efficiency of 2.21% was
achieved with hexane in our study. In this study,
0.29% extraction efficiency was achieved with
ethanol, and 10.40% extraction efficiency was
achieved in our study. Accordingly, it is seen that the
ICso Of our exracts values are considerably higher
than in this study. Although A. maculatum and A.
elongatum are members of the same genus, it is
possible that both species differences and the
environment in which they are distributed may have
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revealed these results.*® In another study carried out
by Alaca et al., some biological activities of 12
different types of edible plants, including Arum
conophalloides, distributed in Hakkari and VVan, were
evaluated. It was observed that the results of the
DPPH study were similar, especially due to the
similar habitat with this study. However, considering
the ABTS results, it can be said that they found a
lower ICso value than this results.® In another study
conducted in 2022, the antioxidant activity of the
essential oils of the Chaerophyllum libanoticum were
determined. In this study, the ICso values of different
extracts of the genus C. macrospermum calculated as
0.27440-10.3203 mg mL™. In this study, the ICso
value of essential oil was calculated as 0.027 + 0.008
mg mL13 In this case, it can be said that the
antioxidant activities of essential oils are higher than
the antioxidant activities of plant extracts. Essential
oils contain components with phenolic hydroxyl
groups and therefore show strong antioxidative
properties.

As a result of total phenolic analysis, the highest
phenolic content was calculated as 54.60+0.486 ug
mL? (AeE) and the lowest content as 3.47+0.001 ug
mL1 (CmA\). In another study published in 2021, it is
observed that the antioxidant properties of the Arum
italicum plant grown in Trabzon were evaluated. In
this study, the total phenolic contents of different
extracts of the A. elongatum were determined as
12.68+0.092 - 54.60 + 0.486 pg GAE mL™. In 2021,
the total phenolic content of the inedible parts of the
A. italicum plant was determined as 164 pg GAE mL-
1 It can be said that the phenolic contents of inedible
plant parts were found higher than the phenolic
contents of the edible parts in this study.®

The hexane extract of A. elongatum has no inhibition
activity against E. faecalis and L. monocytogenes, but
it has inhibition activity against other indicator
microorganisms such as S. Typhimurium, S.
epidermidis, P. aeruginosa, K. pneumoniae, Y.
pseudotuberculosis, P. vulgaris, B. subtilis, E.
cloaceae, S. aureus, E. coli, and C. albicans. The
other extracts of A. elongatum and all extracts of C.
macrospermum were found have inhibitory activity
against all indicator microorganisms such as S.
Typhimurium, S. epidermidis, P. aeruginosa, K.
pneumoniae, Y. pseudotuberculosis, P. vulgaris, B.
subtilis, E. cloaceae, S. aureus, E. coli, E. Faecalis,
L. monocytogenes, and C. albicans. When the hexane
extract of A. elongatum is evaluated, it can be said
that the hexane extract has high antimicrobial activity
against microorganisms such as E. cloaceae, S.
typhimurium, S. epidermidis, P. vulgaris, Y.
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pseudotuberculosis, S. aureus, P. aeruginosa, K.
pneumoniae, B. subtilis, E. coli and C. albicans.
Furthermore, it was determined that ethanol and
acetone extracts of A. elongatum showed inhibitory
activity against all test microorganisms. It was
determined that all three extracts of C.
macrospermum had inhibitory activity against all
indicator microorganisms. In a study conducted in
2018, ethanol and water extracts of Arum elongatum
plant collected from the Mus Province in Tiirkiye
were obtained. As a result of the study, it was
determined that the ethanol extract has low
antimicrobial activity against microorganisms such
as B. subtilis and S. aureus, E. aerogenes, E. coli, P.
aeroginosa K. pneumonia, S. cereviciae. It is seen
that the antimicrobial activity results are
considerably lower than the antimicrobial activity
results obtained in this study. In addition, in 2018, it
was seen that the A. elongatum plant had a good
antioxidant activity capacity as in our study.'* The
other study conducted in 2009, leaf extracts of the
Arum maculatum plant distributed in
Kahramanmaras (Tiirkiye) were obtained and it was
determined that the extracts have high inhibition
activity against different microorganisms such as
Bacillus cereus, Micrococcus luteus, Pseudomonas
phaseolicola, Yersinia enterocolitica, Enterobacter
aerogenes and Aspergillus niger.3* In this study, the
extracts of the Arum elongatum were found E.
faecalis, S. typhimurium, K. pneumoniae, E. coli, P.
vulgaris, L. monocytogenes, Y. pseudotuberculosis,
P. aeruginosa, S. epidermidis, S. aureus, E. cloaceae,
B. subtilis and C. albicans have been found to have
high inhibitory activity. When these results are
evaluated, it shows that the extracts of the genus
Arum have broad-spectrum antimicrobial activity. In
another study, antimicrobial and antioxidant activity
studies of the extracts obtained from the Arum
hygrophilum plant collected from the Jordan region
were carried out. The extracts were found to have
high antimicrobial activity against S. aureus
ATCC29213, Listeria monocytogenes ATCC7644
and methicillin-resistant  Staphylococcus aureus
(MRSA).* It is promising that the extracts have high
activity especially against MRSA. In this study, there
were no resistant pathogens as an indicator for the
determination of the efficacy of the extracts, but it
will be important to study the effectiveness of such
resistant pathogens in future studies.

In a study conducted in 2021, it is observed that only
the essential oil compositions of the aerial parts of
Chaerophyllum macrospermum collected from Bitlis
and Hakkari in Tiirkiye are detected.’ In a 2018
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study, the antioxidant and antimicrobial activity
properties of methanol, ethanol, and acetone extracts
of some plants, including the genus Chaerophyllum,
were investigated. Antioxidant activities of the
extracts were determined by DPPH and ABTS
radical methods and antimicrobial activities were
determined by agar well diffusion method. As a result
of this study, it was seen that the extracts of plants
can be wused as natural antimicrobials and
antioxidants in food processing.*® The results of this
study support our study. In another study, local
cheese (VVan herbed cheese) containing more than 60
plant species belonging to 9 different families,
including the genus Chaerophyllum, were examined.
As a result of this study, it was determined that the
local cheese was enriched in vitamin C, crude fiber,
macro and micronutrients due to the plants used, and
also these plants gave the cheese antimicrobial and
antioxidant properties due to the bioactive substances
they contain.®” In a study conducted in 2005, the
inhibitory activity of Chaerophyllum crinitum, one of
the plants added to herbed cheese, against some
pathogenic bacteria was investigated and this plant
has been described as having inhibitory activity
against K. pneumoniae, P. aeruginosa and S.
aureus.'® In a study by Hayta et al., the antioxidant
and antimicrobial activities of the extracts obtained
from the Chaerophyllum crinitum plant grown
around Bitlis (in Tirkiye) were tested. When the
result of the study was evaluated, it was observed that
the DPPH activity could not be defined. While it was
determined that the extracts of the genus
Chaerophyllum had inhibitory activity against E.
faecalis and S. aureus, it did not have inhibitory
activity against E. coli.® However, when these
results are compared with the results of antimicrobial
activity studies performed in this study, it is seen that
our C. macrospermum extracts have much higher
antimicrobial activity against all bacteria, including
E. coli. In 2016, the antioxidant and antimicrobial
activities of the plant extract of Chaerophyllum
aureum were determined.®® When the results are
examined, it is seen that the extracts have a very high
antioxidant capacity, as in this study.*® However,
inhibition activity could not be detected against
Bacillus subtilis ATCC 6633, Staphylococcus aureus
ATCC6538, Escherichia coli ATCC 8739,
Pseudomonas aeruginosa ATCC9027, Salmonella
abony ATCC6017.% On the other hand, the extracts
of Chaerophyllum macrospermum obtained in this
study seem to have high antimicrobial activity.
CONCLUSION

In this context, bioactive molecule extraction of the
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A. elongatum and C. macrospermum grown in
Hakkari for the first time, and then antimicrobial,
antioxidant and total phenolic component analyzes of
these extracts were performed in this study. As a
result of this study, which was planned to reveal the
scientific importance of these plants, which is
frequently used and very valuable in Hakkari and the
surrounding provinces, it was determined that the A.
elongatum and C. macrospermum each showed good
antioxidant and antimicrobial properties. However,
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biological properties of which were investigated in
the study, more detailed studies are required.
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