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Abstract: Allium kharputense Freyn Et. Sint. (A. kharputense) was extensively
investigated for analyzing total polyphenol content, antioxidant activity, chemical
composition and mineral and trace element composition. Total polyphenolic content
was determined as 257 mg GA 100 g dried weight by using Folin-Ciocalteu method.
DPPH test was performed for antioxidant activity analysis. ICso values of gallic acid
and Trolox were determined as 0.02642 mg mL! and 0.225 mg mL™, respectively.
ICso value of A. kharputense was found as 2.186 mg mL!. DPPH free radical-
scavenging activity of extract from 1 mg of A. kharputense was determined as
0.01207 mg GAE and 0.1029 mg TrE, respectively. Chemical composition was
determined using GC-MS. 28 compounds were detected in methanolic extracts of A.
kharputense and these compounds were evaluated based on their medicinal and
pharmaceutical effects. 20 minerals and trace elements were determined along with
their levels by ICP-MS using microwave digestion procedure for preparing acid
extracts.
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INTRODUCTION

A. kharputense which is regionally called “Soryaz” is one of the 179 species of Allium
genus that grows up in Turkey (1). These species have been used worldwide for their
economical, nutritional and traditional medicinal benefits for centuries (2-4). Several
researchers have investigated Allium species for their pharmacological and
therapeutic effects including chemopreventive and antitumor activity (5),
antibacterial and antimicrobial (6, 7), antifungal (8), anticoagulant, antihypertensive
and anticancer (9, 10) activity. In addition, mutagenic and antimicrobial effect of
methanolic extract from A. kharputense have been determined in our previous work
(11).

Free radicals that formed during metabolic activities may cause cell ageing, cancer,
mutagenic changes and cardiovascular diseases (12). These health risks can be
prevented through consuming natural foods containing functional ingredients that
exhibit antioxidative properties. Antioxidant compounds protect the organism against
the damage caused by free radicals whom generation based on reactive oxygen
species (13). Also, polyphenols are known as powerful antioxidants. Thus, evaluation
of antioxidants activity, total polyphenol content, and identifying of chemical
compounds of herbs gain great importance. Although, antioxidative properties of
each compounds or polyphenols may vary from each other, it is more expressive to
evaluate total antioxidant power and total polyphenol content due to the difficulty in
the individually separation and quantification process. In addition, cooperative action

of the antioxidants may enhance the benefits for health, too (13).

2,2-diphenyl-1-picrylhydrazyl (DPPH), which is soluble in methanol or ethanol is a
highly stable and dark colored reagent employed in DPPH test (14). Being colored,
DPPH has an absorption maximum at 515 nm, but this absorption came to an end
after discoloration of DPPH when reacts with an oxidant (15). DPPH test is an
applicable and a fast method that is used for investigation of total antioxidant
scavenging activity (16). Folin-Ciocalteu test is widely admitted method for
measuring total phenolic content of food and herbs extracts (17, 18). Also, this
reagent has a characteristic blue color at 700 nm when react with phenolic content of
related matrix (15, 19). To the best of our knowledge, A. kharputense had never
been investigated for its total polyphenol content, antioxidant activities and chemical

composition. In the present study, these properties were investigated for methanolic
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extract from A. kharputense. Hence, two well-known methods such as DPPH free
radical-scavenging activity (13) and Folin-Ciocalteu (19) methods were performed
with some modifications for evaluation of antioxidant activity and total phenolic

content, respectively.

Mineral and trace element composition of A. kharputense is another point of
investigation that is firstly accomplished within this work. Mineral and trace elements
composition of herbs has been drawn attention due to their medicinal effects and
nutritional benefits (20). Although biogeochemical environment is the major source
of the elements present in herbs, atmospheric dusts, fertilizers, pesticides, industrial
and automobile exhaust constitute other factors that are effecting the levels of the
elements (21,22). Furthermore, determination of elemental content of herbs is
necessary due to playing vital role in the formation of bio-active components and
owing significant importance for metabolic process, such as human growth and
general health of the human (22). Deficiency or excrescence of mineral and trace
elements are essential in various process that may have both beneficial and adverse
effect on human health (23). Thus, the levels of 20 elements that exist in A.
kharputense (B, Na, Mg, P, K, Ca, Co, Ni, Cu, Zn, Se, Cd, Sn, Ba, Pb, Cr, Mn, Fe)

were enlightened owing to this work.

MATERIALS AND METHODS

Materials

Folin-Ciocalteu’s phenol reagent, HCI, HNOs and H20: were supplied from Merck
(Darmstadt, Germany), 3,4,5-trihydroxybenzoic acid (Gallic acid, GA), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, abbreviated as Tr), DPPH and
C7-C40 saturated alkane mixture were obtained from Sigma-Aldrich (St. Louis, MO),
anhydrous sodium carbonate was obtained from Fluka (USA). Helium and argon
gases were supplied by Linde gas (Turkey). 0.45 uL syringe filter was supplied from
Agilent (Wilmington, DE, USA). Aqueous solutions were prepared using ultra-pure

water supplied by Millipore Milli-Q Advantage A10.
Instruments
Soxhlet apparatus, Heidolph Hei-VAP rotary evaporator, Shimadzu UV-1601

spectrophotometer, GC-MS (GC: Agilent 7890A, MS: 5975C), Agilent 7500ce ICP-MS
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equipped with octopole reaction system (Japan), CEM MARS 250/40 microwave
system (CEM Corporation, Matthews, NC).

Plant material
A. kharputense were collected and diagnosed as pointed out in our previous work
(11). The specimens are deposited with deposit number of 7510 in the research

herbarium of biology department of Mersin university, Turkey.

Sample preparation and extraction

Collected A. kharputense were air-dried in room conditions in dark for approximately
1 month and were crushed in a mill. 10 g of crushed and homogenized specimens
were extracted with 350 mL of methanol using soxhlet extraction method for 4 h.

The obtained extracts were concentrated to 50 mL at 40 °C using rotary evaporator.

Total phenol content analysis

Total phenolic content in methanolic extract of A. kharputense were determined by
using Folin-Ciocalteu’s method according to Obanda et al. (19) with slight
modification as follow. Briefly, 1 mL of concentrated extract solution and 1 mL of
Folin-Ciocalteu’s phenol reagent were mixed in a test tube. After 5 minutes, in which
of the mixture was allowed to stand into dark, 2 mL of aqueous Na2COs solution (200
g of solid Na2COs dissolved in 1 liter of distilled water) were added on the mixture.
Then, mixture was shaken thoroughly and final volume of the mixture was completed
to 6 mL by adding 2 mL of ultrapure water. Blue color of the mixture was measured
at 700 nm using UV spectrophotometer after 30 min of keeping the mixture in dark
for completion of the reaction. Results were expressed as milligram of gallic acid
equivalents (mg GAE/100 g dw) by converting UV absorbances of samples into
concentrations using a standard curve (r’=0,997) based on analyzing GA stock

solutions (25-400 ppm) in same way mentioned above for samples.

Antioxidant activity analysis by DPPH

Antioxidant activity analysis of methanolic extract of A. kharputense was performed
via free radical-scavenging activity of the extracts against DPPH according to
modified method by Dziri et al. with slight modifications (13). 1 mL of every
methanolic samples containing different amounts of extract (0.5 to 12 mg A.

kharputense/mL of solution) were mixed with 2 mL of stock DPPH solution (103 M).
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UV absorbance was read at 515 nm for each sample after 15 minutes of standing at
room temperature in dark. The absorbance of blank sample which was obtained
through same way as sample’s except containing extract but 1 mL of methanol
instead, was excluded from the absorbance of related samples. The percentages of
scavenging activity (I) were calculated as reduce in absorbance of the samples (As)

versus DPPH stock solution (Ao), as shown in Equation 1.

| =[(A—A)/ A]*100 (Eq.1)

ICso value, which represent the potential concentration of antioxidant to decrease the
absorbance of stock DPPH solution by 50 %, was obtained as mg extract of A.
kharputense per mL of solution using the graph (Figure 1) of the inhibition
percentages against the extract concentration. In addition, ICso value of the extract
was expressed as mg of GAE (Figure 2) and TrE (Figure 3), respectively, per 1 mL of
solution employing inhibition graphs containing curves of both GA and Tr solutions

against stock DPPH solution.

Chemical composition analysis

Gas chromatography equipped with mass spectrometry detector (scanning range:
M*=50-550 m/z) was used to determine compounds present in the extract.
Concentrated extract samples were filtered through 0.45 puL syringe filter and 1 uL of
filtered extract injected to GC-MS injection port (250 °C) in splitless mode. HP5-MS
(30m x 0.25 mm x 0.25 pm) capillary column was used for separation. Helium was
used as carrier gas at flow rate of 1.75 mL min! under fixed pressure of 21.21 psi.

Analysis was carried out according to following temperature program:

Initial temperature of the oven was keep at 50 °C for 2 min then increased to 100 °C
at 5 °C min! and held for 5 min. Then, 150 °C at 5 °C min! and held for 10 min.
Finally, increased to 250 °C at 5 °C min! and held for 15 min. In total, 72 min of
analysis time was applied. C7 - C40 Saturated Alkane Mixture was used as certified
reference material (1000 ug mL! each component in hexane) to determine Kovats

index of each compounds.
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Determination of mineral and trace element composition

Microwave system were used for acid digestion of dried A. kharputense samples via
following operating parameters. 12 mL of HNO3-HCI digestion mixture, H202 and 0.5
g of dried samples were placed into microwave vessels. Then, the vessels were
closed and let for digestion for 20 minutes at 200 °C in microwave oven. Finally,
obtained acid extracts were diluted to 50 mL by ultrapure water. Detection of metal
content was performed using ICP-MS instrument operated under following
conditions: 1500 W of RF power, 15 L min of plasma gas flow rate, 1 L min™? of
auxiliary gas flow rate, 1 L min! of carrier gas flow rate, 0.1 rps of nebulizer pump,
temperature of spray chamber of 2 °C, 8.6 mm of sample depth, 1 mL min? of
sample introduction flow rate. The external calibration method was used for all
determinations using Li, Sc, Ge, Y, In, Tb and Bi internal standard mixture which
prepared in 2 % HNOs matrix. Ten-point calibration curves were employed using

NIST single element reference standards (R?=0.999).

RESULTS AND DISCUSSION

Method of extraction

In general, the method of extraction has major effects on the composition of the
extract. Thus, antioxidant potential and total phenolic content have been
investigated by researchers using soxhlet extraction method (13, 24). In addition,
solvent is another important parameter in the extraction process. For instance,
methanol increases the efficiency of extraction of the polyphenolic compounds and it
can easily be vaporized when comparing to water (25). Therefore, soxhlet extraction
method was performed using methanol in the extraction process due to being

reliable and efficient method.

Total phenol content analysis

The result of total polyphenol content analysis obtained as 257 mg GAE/100 g on
dried weight basis. Kaur and Kapoor (26) investigated some vegetables containing
some most common Allium species such as Allium sativum and Allium cepa to
determine their antioxidative and total phenolic properties. They determined total
phenolic content of the vegetables in the range of 34-400 mg of catechol/100 g on
fresh weight basis and classified all vegetables in three group according to level of

total phenolic content such as low, medium and high. When taking this classification
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into consideration, it can be said that A. kharputense show considerably high total
phenolic content. In addition, Grace et al. determined total phenolic content of two
wild Alaskan Vaccinium berries in range of 350-624 mg GAE/100 g on the fresh
weight basis (27). Karabegovi¢ et al. used different extraction method concluding
soxhlet method for analyzing polyphenol content, antioxidant and antimicrobial
activities of the extracts obtained from dry aerial parts of two Artemisia species.
They were found total phenolic compound as 123.4 and 128.1 mg GAE/100 g on
dried weight basis for each specie, respectively (24). Our results based on dried

weight, so value of 257 mg GAE seems to be significantly high.

Antioxidant activity analysis

The popularity of DPPH assay has been increasing among researchers due to being
practicable, rapid and susceptible method for measuring free radical scavenging
activity (4, 28, and 29). DPPH free radical scavenging analysis was performed to
evaluate the radical scavenging of methanolic extract of A. kharputense. DPPH free
radical scavenging activity percentages, in other words inhibition rates were given in
percentages against concentration of extracts as shown in Figure 1. The ICso value
was found to be 2.186 mg mL! for extract from A. Kharputense according to Figure
1.
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Figure 1: DPPH free radical scavenging activity rates of methanolic extract of A.

kharputense.
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GA and Tr, which are widely known for their strong ability to scavenge free radical
due to show high antioxidative capacity (30) were used as a standard to assess the
free radical scavenging activity of extract. Also, ICso value of extracts were given on
the basis of GA and Tr, taking advantages of Figure 2 and Figure 3. It is clearly
shown from Figure 2 and Figure 3 that inhibition rate percentages increase with the
concentration of GA and Tr, respectively. Figure 2 and Figure 3 showed that ICso
values of GA and Tr were determined as 0.02642 mg mL*' and 0.225 mg mL?,
respectively. Therefore, the free radical scavenging activity of extract from A.
kharputense was found as 0.01207 mg GAE and 0.1029 mg TrE, respectively.
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Figure 2: DPPH free radical scavenging activity rates of gallic acid.
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Figure 3: DPPH free radical scavenging activity rates of Trolox.

Chemical composition analysis

Chemical composition of methanolic extract from A. kharputense is displayed in
Table 1. Compounds’ names were given for all detected 28 components along with
their retention times (tr), chemical formulas, molecular weights (g molt), peak
quality (%), and Kovats indices (KI). KI is the retention index that is used to
standardize the retention times of separated and defined components obtained by
employing gas chromatography system into system-independent constants by using
a mixture of n-alkanes (31). Although parameters of chromatography system
namely, column length and diameter, velocity, pressure and void time of carrier gas
etc. effect the retention times, these parameters do not affect derived retention
indices. In addition, retention index obtained from literature were given in the Table

1 for detected compounds.

Identification of all compounds given in Table 1 were made by computerized
procedure based on matching mass spectrum of obtained compounds with those of
Wiley7Nist05.L and NISTO5a.L which are constitute mass spectral libraries of GC-MS
system. Characteristics of identified compounds vary on wide range. In addition,
these compounds establish the antioxidative activity and total phenolic potential of A.
kharputense one by one or collectively. Thus, some of these compounds were

evaluated and enlightened below, in the light of literature works.
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Mochizuki et al. indicated that Allium sativum L. have medicinal features such as
antibacterial activity, antifungal activity, virucidal activity, etc. based on containing
biologically active sulfur compounds (32). Herein, we obtained two sulfur
compounds, namely dimethyl trisulfide and methyl (methylthio)methyl disulfide

(component number of 1 and 4, respectively in Table 1) in this study.

2-Pyrrolidinone, with component number 3 in Table 1, was previously reported by
Thangam et al. for its antioxidant activity and potential anticancer effects (33).
Another compounds which was reported by Terpinc et al. that has antioxidative
potential was 4-vinylphenol given in table 1 with component number 5 (34). 2-
Methoxy-4-vinylphenol, with component number 7 in Table 1, was reported by Shu-
Feng et al. They denoted that 2-methoxy-4-vinylphenol is one of the major
compounds detected in essential oil which is extracted from Nandina domestica fruits

and exhibited significant antioxidant activities (35).

Carabineiro et al. applied aromatization process to synthesize 2-phenylpyrrole
(numbered as 12 in the Table 1). They referred to the importance of such
heterocyclic organic compounds (such as polypyrroles) and their roles in the natural
products, synthetic pharmaceutical, etc. (36). da Silva et al. detected 2,6-Dimethyl-
3-(methoxymethyl)-p-benzoquinone (numbered as 14 in the Table 1) in the GC-MS
analysis of Bulbophyllum (Orchidaceae) which KI value is coherent with our findings
(37).

Horton et al. pointed out that norharmane (B-carboline) (numbered as 20 in the
Table 1) showed significant antioxidant activity against peroxyl radical which is
reported as one of the naturally occurred reactive oxygen species. They recommend

norharmane for its potential role in the treatment of Alzheimer’s disease (38).

Lalitharani et al. identified the components of ethanolic extract of Pothos scandens L.
leaf using GC-MS. They revealed that palmitic acid (numbered as 18 in the Table 1)
has antioxidant activity potential and Linoleic acid (numbered as 22 in the Table 1)
has anti-inflammatory and antiarthritic properties where Linoleic acid ethyl ester
(numbered as 21 in the Table 1) was detected in our study, too (39). Additionaly,
Park et al. verified the anti-inflammatory activity of Linoleic acid ethyl ester

extracted from Allium sativum (component number of 21 in Table 1) (40).
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y-Tocopherol and a-Tocopherol which are known as types of bio-active compounds,
vitamin E (41-42), (numbered as 27 and 28, respectively in the Table 1) were
reported as endogenous antioxidant by Rice-Evans et al. and they also mentioned
that a-Tocopherol has properties as being chain-breaking lipid peroxyl radical

scavenger (43).
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Table 1: Components detected by GC-MS obtained from methanolic extract of A. kharputense.

C. tr Compound Name Chemical Molecular Weight Quality KI RIL Ref.
NO Formula (g/mol) (%) No
1 8.57  Dimethyl trisulfide C2HeS3 126.26 94 975.64 972 44
2 12.56 [1,3]Diazepan-2,4-dione CsHgN;0> 128.06 83 1084.27 nd nd
3 12.89 2-Pyrrolidinone C4H7NO 85.10 90 1092.39 1077 45
4 13.38 methyl (methylthio)methyl disulfide C3HsSa 140.30 74 1205.77 nd nd
5 18.54  4-vinylphenol CgHsO 120.15 80 1257.55 1229 46
6 21.31 1H-Indole CgH7N 117.15 91 1323.27 1327 47
7 22.04 2-Methoxy-4-vinylphenol CoH100:2 150.17 96 1338.79 1330 48
8 24.85 L-Glutamic acid CsHoNOg4 147.13 72 1398.32 nd nd
9 25.12 L-Proline CsHoNO> 115.06 80 1405.33 nd nd
10 28.49 3-Methyl-thiophene-2-carboxamide CsH7;NOS 141.19 72 1495.50 nd nd
11 28.72 Diphenylamine Ci2HiiN 169.22 84 1501.74 1567 49
12 30.33 2-Phenylpyrrole CioH9N 143.19 93 1546.83 nd nd
13 31.08 2,5-Cyclohexadiene-1,4-dione CsH402 108.09 86 1567.79 nd nd
14 31.13 2,6-Dimethyl-3-(methoxymethyl)-p- Ci0H1203 180.20 86 1569.10 1573 37
benzoquinone
15 31.76 1,2,3,4-Tetrahydro-cyclopenta[b]indole CjiHiiN 157.21 87 1586.89 nd nd
16 40.97 Thiazolo[3,2-a]pyridinium CsHgNST 136.19 70 1763.97 nd nd
17 47.03 2-Methyl-3-ethylthiopyrazine C7H10N2S 154.23 72 1954.52 nd nd
18 47.15 palmitic acid Ci6H3202 256.42 98 1957.32 1957 50
19 48.30 6-Butyl-2,2'-bipyridyl Ci4H16N2 212.29 90 1984.19 nd nd
20 48.79 Norharmane C11HsN2 168.19 91 1995.63 nd nd
21 50.28 Linoleic acid ethyl ester C20H3602 308.50 99 2112.22 2144 51
22 51.41 Linoleic acid Ci8H3202 280.45 99 2221.26 2179 52
23 51.84 2-Hexadecen-1-ol Ci6H320 240.42 76 2273.51 nd nd
24 53.09 9-Tricosene Ca3Has6 322.61 97 2312.38 2298 53
25 56.93 Z-12-Pentacosene CasHso 350.66 99 2328.41 nd nd
26 62.30 1-Dotriacontanol C32HesO 466.87 87 2860.58 nd nd
27 69.43 y-Tocopherol C2s8Ha450; 416.68 93 3112.41 3074 54
28 71.69 a-Tocopherol C29Hs500; 430.71 99 3156.61 3149 54

t. Retention times, C. No: Component number, KI: Kovats index, RIL: Retention Index obtained from literature, nd: not detected
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Determination of mineral and trace element composition

Table 2: Total content of metals (ppm) in dried A. kharputense.

B Na Mg P K Ca Co Ni Cu As
0.0017+ 108.0 1282.4 4071.0 4455.0 5419.7 1.4+ 11.2+ 19.1+ nd
0.0001 +4.8 +8.6 +19.7 +12.3 +11.1 0.08 0.84 0.65

Zn Se Cd Sn Ba Pb Cr Mn Fe Al
67.7+1.2 nd nd 0.64+0 5.4+0. nd nd 54.8+ 703.6 474.2

1 .07 71 3.45 +6.58 £5.11

nd: not dedected

Total content of metals in dried A. kharputense were demonstrated in ppm
concentrations in Table 2. According to this table, the maximum concentration was
found for Ca (5419.7 ppm) and the minimum concentration was found for B (0.0017
ppm), where Ar, Se, Cd, Pb and Cr were remained under detection limits. As clearly
shown from Table 1, trace elements which have reverse effect for human health or
have toxic potential for plants and animals, especially in high levels, were not
detected (As, Cd, Pb and Cr) or at least found in considerably low levels (Cu, Co, and
Ni) (23). For instance, cadmium is known as carcinogenic for humans (55). Besides,
phosphate based fertilizers is responsible of lots of trace metals including Cd (56).
Thus, fertilizer applications must be controlled by authorities and fertilizers which are
devoid of toxic heavy metals should be suggested. Nevertheless, nutritional trace
elements such as K, Na, Ca, P, Fe, Mn and Zn were found comparatively in high

levels.

CONCLUSION

Belonging to Allium genus, A. kharputense is worth investigating due to the fact that
Allium genus have been used as a food herb for centuries and it has medicinal and
economical properties. Thus, comprehensive analysis including, total phenolic
content, DPPH free radical scavenging activity, chemical composition and mineral
and trace element composition were performed in this study. Considering obtained
results, it can be said that, levels of total phenol content and antioxidant activity,
based on DPPH radical scavenging activity, were found to be higher than lots of
herbs reported by various researchers. In addition, on the basis of the importance of
the chemical compounds in the pharmaceutical and medicinal process, chemical
composition was determined and numerous obtained compounds were evaluated

comparing literature work. It was demonstrated that A. kharputense is a substantial
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herb based on containing lots of valuable compounds in terms of medical and drug
effect. Moreover, 20 elements and their concentrations were determined using ICP-
MS. Overall, A. kharputense should be evaluated for being potential source of
microelements for human and its probable bio-chemical effects should be

investigated in further studies.
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