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ABSTRACT

Wild edible mushrooms can be eaten for health and play an important role in maintaining a healthy life by creating synergy
due to the various bioactive components it contains. However, many species that may contain bioactive compounds have
not been investigated.

The purpose of this study was to investigate the antioxidant capacity of wild mushroom species which are grown in Tokat
region with names Leatiporus sulpherus, Ramaria sp., Cantharellus aerruginascens, Verpa conica, Verpa bohamica, Tri-
choloma terreum, Agaricus sp., Helvella elastica in vitro. In addition, total phenolic compound and vitamin E levels were
analyzed in mushroom samples. In order to determine the antioxidant capacity of mushroom samples, free radical sca-
venging activity (DPPH), reducing power activity and ABTS¢" [2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)]
cation radical scavenging activity analyzes were performed.

The results were compared with concentrations of Butylated hydroxy toluene (BHT), Butylated hydroxy anisole (BHA)
and a-tocopherol. Consequently, the mushroom species with the highest radical removal activity are Ramaria sp., V. boha-
mica and H. elastica, respectively. The highest value of vitamin E, was found in Agaricus sp. (1444.1 mg/kg), C. aerrugi-
nascens (1370.8 mg/kg) and Ramaria sp. (1204.2 mg/kg) respectively. The highest amount of total phenolic contains was
found to be in the Ramaria sp. (6.57 g/kg). These results may encourage further studies to assess nutritional and medicinal
properties of selected mushroom species.

Keywords: Antioxidant activity, wild mushrooms, vitamin E
Tokat Bolgesinde Yetisen Bazi Yabani Mantar Tiirlerinin Antioksidan Aktivitelerinin Belirlenmesi

OZET

Yabani yenilebilir mantarlar saglik i¢in yenebilir ve icerdigi ¢esitli biyoaktif bilesenler nedeniyle sinerji yaratarak saglikli
bir yasam siirdiirmede 6nemli bir rol oynayabilir. Bununla birlikte, biyoaktif bilesikler i¢erebilen birgok tiir arastirilma-
mistir.

Bu ¢alismanin amaci Tokat bdlgesinde yetisen Leatiporus sulpherus, Ramaria sp., Cantharellus aerruginascens, Verpa
conica, Verpa bohamica, Tricholoma terreum, Agaricus sp., Helvella elastica isimli dogal mantar tiirlerinin antioksidan
kapasitesini arastirmaktir. Ayrica, mantar rneklerinde total fenolik bilesik ve E vitamini seviyeleri analiz edilmigtir. Man-
tar orneklerinin antioksidan kapasitesini belirlemek i¢in serbest radikal giderme aktivitesi (DPPH), indirme giicii tayini,
ABTS * " [2,2"-Azino-bis (3-etilbenzotiyazolin-6-siilfonik asit)] katyon radikali giderme aktivite testleri yapilmistir.
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Sonuglar standart olarak kullanilan Biitillenmis hidroksi toluen (BHT), Biitillenmis hidroksi anisol (BHA) ve
a-tokoferol konsantrasyonlari ile karsilastirildi. Radikal giderme aktivitesi en yiiksek olan mantar tiirlerinin sirasty-
la Ramaria sp., V. bohamica ve H. elastica oldugu, E vitamini yliksek olan mantar tiirlerinin ise Agaricus sp. (1444.1
mg/kg), C. aerruginascens (1370.8 mg/kg) ve Ramaria sp. (1204.2 mg/kg) oldugu belirlendi. Total fenolik bilesik
miktariin en yiiksek oldugu tiirin Ramaria sp. (6.57 g/kg) oldugu tespit edildi. Sonug olarak bu ¢alisma, segilen
mantar tiirlerinin beslenme ve tibbi 6zelliklerini degerlendirmek i¢in daha fazla ¢aligsmaya tesvik edebilir.

Anahtar Kelimeler: Antioksidan aktivite, yabani mantarlar, E vitamini

1. INTRODUCTION

A balance between free radical production and antioxidant defense (both enzymatic and
non-enzymatic) is essential for normal organism functions. Products that have antioxidant acti-
vity in nature can help the endogenous defense system of the human body. In this regard, anti-
oxidants in the diet are protective compounds that reduce oxidative stress (Elmastas et al., 2006;
I. Giil¢in, Sat, Beydemir, & Kiifrevioglu, 2004; Oktay, Giil¢in, & Kiifrevioglu, 2003)Family:
Lauraceae.

In addition to their nutritional value, many edible mushroom species have long been used
for medical purposes in many countries of the world. In addition, many non-edible and poiso-
nous mushroom species have been found to have important medicinal properties (Sharma et al.,
2018). It is observed that the use of mushrooms against various diseases has become widespread
as a result of the development of mushroom production possibilities in culture conditions. Mush-
rooms have antioxidant, antiinflammation, antidiabetic, antiviral and antimicrobial effects as
well as immunological and anticancer properties (Elsayed, El Enshasy, Wadaan, & Aziz, 2014;
Friedman, 2016; Gallego et al., 2019; Singh, Walia, & Kennedy, 2019; Su et al., 2019; Wu et al.,
2007)sustained antiviral responses vary in different cohorts, and high costs limit the broad use of
direct-acting antivirals (DAAs.

The purpose of this study was to search the antioxidant activities of L. sulpherus, Rama-
ria sp., C. aerruginascens, V. conica, V. bohamica, T. terreum, Agaricus sp., H. elastica, which
are wild mushrooms grown in Tokat region, and to determine the amount of vitamin E.

2. EXPERIMENTAL

2.1 Collection of Mushroom Species

The mushroom species used in this study were obtained from Tokat-Merkez, divided into
small pieces and dried in the shade. The dried samples were stored in the dark until antioxidant
studies were performed.

2.2. Extraction

The dried 8 different mushroom samples were milled in the blender and pulverized. Ap-
proximately 5 g of each mushroom species were sampled and extracted with methanol-dichloro-
methane solvent system at a rate of 1:1. Solvents of the crude extracts were removed and quanti-
fied (Table 1). Stock solutions were prepared with a concentration of Img/mL from each extract.
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Table 1. Amount of mg of crude extracts obtained from mushroom samples

Mushroom species Quantifications (mg)
Leatiporus sulpherus 622.8
Ramaria sp. 843.3
Cantharellus aerruginascens 973.3
Verpa conica 1099.9
Verpa bohamica 576.8
Tricholoma terreum 557.1
Agaricus sp. 883.4
Helvella elastica 647.5
2.3. Antioxidant Activity

2.3.1. Scavenging DPPH' Radicals

The free radical scavenging activity of the mushroom extracts was measured using 1 mM
1,1-diphenyl-picryl-hydrazyl/(DPPH-). Samples were prepared from stock solution in concentra-
tions of 10, 20 and 30 pg/pL. Then 1 mL of stock DPPH solution was added to each sample tube.
After that the absorbance was measured at 517 nm in spectrophotometer. Mushrooms extracts
were compared with BHT, BHA and a-tocopherol. % Free radical scavenging activity of the
samples was calculated by the following formula.

Abs__ )/Abs__ 1x100

control sample

% Result = [(Abs

contro

2.3.2. Scavenging ABTS<" Radicals

ABTS " removal activity was determined according to the study in literature (Re et al.,
1999). First, a 2 mM ABTS- " solution was prepared. To this solution, twice the volume of 2.45 M

potassium persulfate solution was added to give ABTS** solution and incubated in the dark for 6
hours. The test tubes were taken from stock solutions at concentrations of 40, 80 and 120 pg/mL

respectively, 1 mL of ABTS"* solution was added and the total volume was completed to 4 mL
with phosphate buffer. After that the absorbance was measured at 734 nm in spectrophotometer.

2.3.3. Reducing Power

The reducing power of mushroom extracts was determined by the method of Oyaizu
(Oyaizu, 1986). 40, 80 and 120 ng/mL of the stock solutions were taken into test tubes, respec-
tively. 0.2 M phosphate buffer (pH:6.6) and 2.5 mL of 1% potassium ferricyanide [K,Fe(CN),]
were added to each test tube to a total volume of 2.5 mL and mixed. The mixture was incubated
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at 50 °C for 20 minutes. 2.5 mL of 10% trichloroacetic acid (TCA) was added to the reaction
mixture and centrifuged at 3000 rpm for 10 minutes. 2.5 mL of the supernatant was taken and
0.5 mL of 0.1% FeCl, solution was added. After that the absorbance/was measured at 700 nm in
spectrophotometer.

2.3.4. Determination of Total Phenolic Compounds

Total phenolic compounds were determined by Slinkard and Singleton methods (Slinkard
& Singleton, 1977). 1 mL (1 mg/mL) was taken from each sample and placed in 50 mL flasks.
40 mL of distilled water and 1 mL of Folin Ciacalteuse reagent were added. After 3 minutes, 3
mL of 2 % Na,CO, solution was added and incubated for 2 hours. After that the absorbance was
measured at 760 nm in spectrophotometer. Gallic acid was used as the standard for the calibra-
tion curve.

2.3.5. Determination of Vitamin E

Mushroom samples in methanol were extracted with petroleum ether. The supernatant
(petroleum ether phase) was used. The solvent was removed in the evaporator. Stock solutions
were prepared from the solvent-extracted extracts to 1 mg/mL. Standard solutions of a-tocophe-
rol (vitamin E) in different concentrations were prepared from this stock solution. Measurements
were performed at 295 nm wavelength on HPLC device.

3. RESULTS and DISCUSSION

Mushroom extracts at different concentrations (10-30 ug/uL) were compared with BHT,
BHA and a-tocopherol at the same concentrations. As can be seen in Figure 1, Ramaria sp. has
been found to have the best radical scavenging effect among other mushroom species.
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Figure 1.Comparison of DPPH activities of mushroom samples against standard BHA, BHT
and a-tocopherol.

Like DPPHe- free radical scavenging activity, ABTSe" scavenging activity is often used
in the radical scavenging activities of aqueous mixtures, beverages, extracts or pure substances
(IThami Giilgin, 2010; Miller & Rice-Evans, 1997). Figure 2 shows that Ramaria sp. has the hi-
ghest radical scavenging activity according to the ABTS test.
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Figure 2. Comparison of ABTSe* radical scavenging activities of mushroom samples against
standard BHA.
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According to the principle of this bioanalytical method used in antioxidant studies, the
yellow color of the test solution turns into green in different shades due to the reducing activities
of the antioxidant substances in the medium (Ilhami Giilgin, 2006). It was found that the redu-
cing capacity of some of the mushrooms extracts used in the study correlated with increasing
extract concentrationThe reduction potential of each mushroom extract was determined by mea-
suring the absorbance at 700 nm of solutions of different concentrations (40—120 pg/mL) (Figure
3). As can be seen from the Figure 3, a-tocopherol used as a standard showed higher reduction
capacity than extracts. Ramaria sp. mushroom extract has the highest reduction capacity among
other mushroom samples.
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Figure 3. Comparison of total reducing power activities of mushroom samples against standard
a-tocopherol.

Gallic acid was used as the standard phenolic compound for the quantification of to-
tal phenolic compounds in mushroom extracts. For this purpose, firstly a standard graph was
prepared with gallic acid. From the formula obtained from the standard graph, total phenolic
compound amounts in each extract were calculated as gallic acid equivalent (GAE) (r*: 1). The
standard gallic acid graph is given in Figure 4.

Absorbans ,=0.0014 x [Gallic acid]

(X730 nm
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Figure 4. Standard graph using gallic acid for determination of total phenolic compound

The total amount of phenolic compounds in 1 kg of mushroom extracts is given in Table
2. When the total phenolic contents of the extracts were evaluated, Ramaria sp. was found to
have the highest value.

Table 1. Amount of phenolic compounds in g/kg of mushroom samples

Mushroom species Phenolic Component (g/kg)
Leatiporus sulpherus 0.24
Ramaria sp. 6.57
Cantharellus aerruginascens 0.81
Verpa conica 0.79
Verpa bohamica 1.79
Tricholoma terreum 0.59
Agaricus sp. 1.00
Helvella elastica 1.90

Table 2. Vitamin E content of mushroom samples in mg/kg

Mushroom species Vitamin E (mg/kg)
Leatiporus sulpherus 851.2

Ramaria sp. 1204.2
Cantharellus aerruginascens 1370.8

Verpa conica 7.26

Verpa bohamica 576.8

Tricholoma terreum 1127.9

Agaricus sp. 1444.1

Helvella elastica 16.7
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The artificial antioxidant a-tocopherol was used as a standard for the determination of
vitamin E in mushroom samples. The amount of vitamin E contained in the samples is shown in
Table 3.

The highest value of vitamin E, was found in Agaricus sp. (1444.1 mg/kg), C. aerrugi-
nascens (1370.8 mg/kg) and Ramaria sp. (1204.2 mg/kg) respectively (Table 3).

CONCLUSIONS

In this study, methanol-dichloromethane extract of 8 different mushroom species were
studied. In our study, antioxidant capacity measurements and vitamin E determination were per-
formed. When the experimental results are evaluated, especially Ramaria sp. was found to have
high activity in all tests. According to the results of our experiments, it is predicted that the Ra-
maria sp. species has a strong antioxidant effect and therefore may have a good therapeutic ef-
fect. But further studies should be done on the isolation and characterization of new compounds
from mushrooms, which are responsible for antioxidant and activity.
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