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ANTIOXIDANT ACTIVITY OF WATER EXTRACTS
FROM FRUIT BODY OF LENTINUS EDODES
ENRICHED WITH SELENIUM

ABSTRACT: Shiitake (Lentinus edodes) belongs to medically i lmponant and delicious
fungi. It is recognizable for its healing properties, excellent taste and rich aroma. According
to the traditional Japanese and Chinese medicine, shiitake mushroom significantly increases
the strength and vitality of the body. Shiitake contains immunostimulants, compounds that
lower cholesterol, prevents clogging of blood vessels, regulates the pressure, balances blood
sugar levels, regulates digestion, and improves the performance of respiratory organs by its
antirheumatic and antiallergic activities. Shiitake is to use as food,
and cure, usually in a form of a spice (dried and ground) or tea. It can be consumed fresh, too.

The objective of this study was to test the effect of enrichment in selenium on anti-
oxidant, reducing and free radical scavenging activity of water extracts from fruit body of
Lentinus edodes. The fungus was enhanced by adding organic selenium, zing (II) complex
with the ligand 2.6-bis diacetylpyridine bazon) and inorganic
(Na;Se0;) of selenium in nutritional substrate where the fungus was grown. The total sele-
nium content in fruit body was around 50 ppm for the sample enriched with selenium
originating from organic sources, and 80 ppm for the sample enriched with selenium from
inorganic sources. Samples were prepared by extraction of fruiting bodies in heated water.
The results indicated that water extracts of whole fruit bodies, from both control and mush-
rooms supplemented with selenium, had quite good antioxidant activity. However, there
was no significant difference between the samples supplemented with selenium content and
those that were not.
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INTRODUCTION

Selenium is essential micronutrient for mammals and birds. It is essential
antioxidant, necessary for the proper functioning of hormones and immune
system. The content of selenium in plants that are known as the source of this
compound has been reduced due to the poverty of the land on which they grow
(Jian’anet al,2002; Klapecet. al, 1998; Sanjiv et. al., 2005). Sele-
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nium deficiency can cause many disorders in the body (Gromadzinska
et. al., 2008). Based on previous studies, it is known that the fungi are good
accumulators of selenium (Borovic¢kaandRand, 2007, Savicet. al.,
2009). Selenium content in dry mass of fungi is between 0.57 and 19.46 mg/kg,
depending on the type, age and location of fungi (Falandy sz, 2008). The aim
of the study was to compare the possibility of adoption of selenium in fruit
body of industrial mushroom Lentinus edodes from organic and inorganic
selenium sources. L.edodes is medicinal mushroom originating from Asian
countries. Fruit body of the fungus is used as food, but also as medicine. It
builds up the immune system, lowers cholesterol, helps blood coagulation and
relieves symptoms in the cancer treatment. Mentioned fungi can be consumed
as freshly prepared, concentrated extracts, or dietary supplements (DS). Sev-
eral types of DS are derived from mushrooms L.edodes: dried and pulverized
fruiting bodies, extracts in hot water and alcohol extracts, biomass or extract
of mycelium. Commercial products are available on the market in the form of
tablets, capsules and teas.

The total selenium content in enriched mushrooms is determined by the
optical emission spectrometer with inductively coupled plasma, ICP-OES.
Antioxidant potential, scavenging effect, as well as the reduction potential of
fungi with and without addition of selenium in the form of extract of fruit
bodies in hot water was determined in the experiment.

MATERIAL

Possibility of accumulation of selenium from nutrient rich substrate in
mushroom fruit bodies of Lentinus edodes (commercial designation L-31) was
examined. This strain was grown at Department of Microbiology, Faculty of
Agriculture, University of Belgrade. Sodium selenite, Na,SO; was used as inor-
ganic source of selenium, while the organic compound used in the work was
newly synthesized organic complex of Zn (II) with the ligand 2,6-bis-diacetylpy-
ridine (selenosemicarbazon) (H2dapsesc) — [Zn (dapsesc)] (Todorovi¢ et.
al., 2007). The compounds were added in the nutrient substrate where the mush-
rooms were grown in the concentrations of 50 mg/kg selenium and 15 mg/kg
selenium, in the form of inorganic salts and organic complexes. The total se-
lenium content was determined in dry mass of the sample by ICP-OES. The
average content of selenium in the substrate without the addition of supplements
was about 0.2 mg/kg, while this value in the fruit bodies of the control fungi
was 0.4-0.6 mg/kg. This confirms the initial statement that the total selenium
content in the substrate, and fungi that grow on it, was low. The average con-
tent of selenium in the fruit body of fungi that grew on media supplemented
with selenium from organic sources (15 mg/kg Se) was around 50.4 mg/kg. The
content of selenium in fruit body of the fungi that grew on the substrate with
the addition of inorganic salt (52.3 mg/kg Se) was about 81.0 mg/kg.
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METHODS

The antioxidant activity was determined by the conjugated diene method
with slight modification (Turley etal,2010; Yu—Hsiu et. al, 2008). The
negative control was the solution with all reagents but without extract. The anti-
oxidant activity was calculated as follows: antioxidant activity (%) = [(Ag —
A)/ Ag] x 100, where A, was the absorbance of the control reaction and A, the
absorbance in the presence of sample. Ascorbic acid and a-tocopherol were
used as the positive control. Value of 100% indicated the strongest inhibitory
ability.

Test for determination of the potential neutralization of 1.1-diphenyl-2-pic-
rylhydrazyl (DPPH) radical was prepared in accordance with the modified
methodby Bilos(Prashaniet. al, 2005). Binding capacity of DPPH free
radical method was calculated based on the following equation: % scavenging =
[1-(Ai-A;)/Ac] x100, where Ai was the absorbance of 2 mL extract mixed with
1 mL DPPH solution; Aj was the absorbance of 2 mL extract mixed with 1 mL
DMSO solution, and Ac was the absorbance of blank-2 mL of DMSO mixed
with I mL of DPPH solution. Ascorbic acid, BHT and a-tocopherol dissolved in
DMSO were used as the positive control.

The reducing power was determined according to the method of Oyaizu
(Turley etal, 2010). The blank was the solution with all reagents but without
extract. Higher absorbance indicated higher reducing power. Ascorbic acid was
used as the positive control.

Results were expressed as mean + standard deviation of three parallel
measurements. Tests were performed using computer program Microsoft Excel
2007. The data were analyzed using one-way analysis of variance (ANOVA)
and Student’s 7 test at significance level 0.05. The lowest effective concentra-
tion (ECs) was obtained by interpolation from linear regression analysis.

RESULTS AND DISCUSSION
Antioxidant activity

Using a modified method of conjugated diene, water extracts of whole
mushrooms showed strong antioxidant activity at concentrations of 10 mg/ml
(Figure 1). The potential values of fungi L. edodes at the concentration of
10 mg/ml for control samples and of mushrooms enriched with selenium from
selenite and selenium from organic sources were 16.41%, 26.33% and 49.27%,
respectively. The antioxidant activity of ascorbic acid was most pronounced at
concentrations of 2.5 mg/ml and amounted to 71.7%, while for a-tocopherol
this activity was at concentrations of 0.1 mg/ml, and it was 79.7%.

309



—— Conbict
—— Naz5e0)
—— [Eridaprenc]

——— ancoti aci

Arwioxidarn samity (%)

0 2 4 L} [} ] 12
Concensration of extract (mg/mi)

Fig. 1 - The antioxidant activity of hot water extracts of Lentinus edodes L31.
Values are expressed as mean = standard deviation (n = 3).

Reducing power

Reducing power of hot water extracts from fruit bodies of L. edodes in-
creases with higher concentration. At concentrations of 20 mg/ml, the reducing
power of control mushrooms L.edodes and samples with selenium from inor-
ganic and organic compounds was 1566, 1645, 1156, respectively (Figure 2).
Reducing power of ascorbic acid was significantly higher in comparison to the
samples and it amounted to 3.956 at the concentration of 1 mg/ml.

Scavenging activity

Absorbance of DPPH radical binding is shown in Figure 3. Hot water
extract of fruit body showed a strong ability to bind DPPH radicals. The ability
of radical binding of ascorbic acid, BHT and o-tocopherol at concentrations of
0.1-10 mg/ml, was 80.6-87.7%, 1.13-55.23% and 79.9-78.4%. Scavenging activ-
ity of L. edodes at concentrations 0.1-10 mg/ml without addition of selenium, with
the addition of inorganic and organic selenium was 83.21-108.39%, 89.11-108.31%
and 79.01-106.8%. ECs,

The antioxidant activity of hot water extract from whole mushroom is
summerized in Table 1. Results are expressed as ECs, values for easier com-
parison of the results. ECs, is the lowest effective concentration related with
antioxidant activity.
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Fig. 2 - Reducing power of hot water extracts of whole mushrooms L.edodes L31.
Each value is expressed as the mean + standard deviation (n = 3).
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Fig. 3 - The possibility of binding DPPH radicals of hot water extract from whole
mushrooms L.edodes. Each value is expressed as mean + standard deviation (n = 3)
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Table 1- ECs values for the antioxidant activity of hot water extract from whole mushroom
enriched with selenium

ECy" (mg/ml)

Antioxidant Reducing Scavenging

activity power effect

Ascorbic acid 1.63£0.25" <0.1 <0.1
a-tocopherol <01 NA <01
BHT NAC NA 8.4940.03
Lentinus edodes L31, control 12.0240.09 20 <01
Lentinus edodes L31 with
inorganic selenium (S0mg/kg Se) 51£0.06 20 <01
Lentinus edodes L31 with
organic selenium (15mg/kg Se) 379004 =20 =01

a ECs value: The effective concentration at which the antioxidant potential was 50%,
the absorbance was 0.5 for reduction power, the power of neutralizing the DPPH radical
was 50%. ECs, value was obtained by interpolation from lincar regression analysis.

b Each value is expressed as the mean + standard deviation (n = 3).

¢ NA: not analyzed

CONCLUSION

Mushrooms enriched with selenium are potential dietary supplements.
Samples enriched with selenium from the organic sources showed significantly
higher antioxidant activity than samples enriched with selenium from the in-
organic sources. The results indicated that hot water extracts of whole mush-
rooms enriched with selenium showed good antioxidant activity at higher
concentrations (10 mg/ml), regardless of the presence of molecules in the aqueous
extract. The results of other studies indicate that the samples that have under-
gone dialysis showed higher antioxidant potential than extracts of whole mush-
rooms (Yu—Hsiu, 2008). From the results presented in the previous chap-
ter, it is obvious that the reducing power of the control sample was 20-50%
higher than the power of the enriched samples. Values of the samples enriched
with inorganic selenium were slightly higher than those obtained from the
samples enriched with organic selenium. Results of the previous studies show
significant reducing capability of the aqueous extract from whole mushroom
compared to the polysaccharide extracts (Yu—Hsiu, 2008). It is assumed
that this is due to the presence of small molecules in the extract of whole mush-
rooms. Scavenging ability of both control and enriched fungus compared with
positive tests was higher. Ascorbic acid and a-tocopherol showed the scavenging
activity similar to that of fungi samples, while the BHT showed significantly
lower activity, which differs from the results of the previous studies (Turley
et al., 2010). It can be concluded that the hot water extracts have very good
ability to bond DPPH radicals, similar to samples that passed the dialysis
(Yu—Hsiu, 2008). Further research should include dialysis of the samples
in order to remove small molecules from the extract. It is assumed that the hot
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water extraction degrades polysaccharide molecules to smaller molecules that
can later cause problems during sample analyses.
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AHTHOKCUJIATUBHA AKTMBHOCT BOJIEHOI' EKCTPAKTA
TJBUBE LENTINUS EDODES OBOIAREHE CEJIEHOM

Munena [I. Casuh, Anuta C. Kiayc, Maja C. Kosapekn, Muomup I1. Hukmih

MHCTHTYT 32 npexpamMbeny TeXHONOrHjy i Guoxemujy, [Tosbonpispennn pakynrer,
Vuusepsuter y Beorpany, Hemarsnna, 11080 3emyn, Beorpaz, Cpouja

Pesnme

Shiitake (Lentinus edodes) npunajia rpyru MEJIMINHCKH 3HAYAJHUX H JITHKaTE-
CHHX IJbHBa. [Ipeno3Hat/buBa je 1o cBOjoj ICKOBUTOCTH, H3BAHPEIHOM YKyCy i Gora-
T0j apomit. [Ipema TpaJHIIHOHAIHO]j jallaHCKO] M KHHECKO] MENLIMHH, IJbHBa shiitake
3HauajHo nosehaBa cHary um BUTanHOCT opranusMma. Shiitake campike HMyHOCTHMY-
JIaHCe, CaCTOjKE KOjH CHHKABajy XOJIECTEPOII, CIIPeYaBajy 3auerjbere KPBHUX CY/10Ba,
peryJmuny npuTHCAK, yPaBHOTEXKYjy HHBO iiehepa y KpBH, peryimury npoGasy, mo-
GosblIaBajy paj IMCAjHUX OpraHa, Jelyjy aHTHpeYMaTCKH i anTHaneprijcku. [Ipermo-
Ppyka je na ce shiitake kopucTe kao ykycHa XpaHa, IpeBEHTHBA H JIeK, Hajuemhe kao
3a4HH (CYILICHE M MJICBEHE) HIIH -«a_] Mory ce KOH3yMHPATH H K0 CBEIKE IIPHIIPEMIBCHE.

Tlnsb pazta 6uo je 1a ce pasjacHu Jia 1M CeJeH 10/1aT y CYTICTPAT 3a rajerse rIbHBe
Lentinus edﬂdes yTHUE Ha PEIYKIHOHA CBOjCTBA EKCTPAKTA, AHTHOKCHIATHBHY aKTHB-
HOCT EKCTPAKTa, Kao H MPOLEHA PEaKTHBHOCTH €KCTPAaKaTa MpeMa PaIuKajICKUM BPCTa-
Ma. [bKBa je oboralicHa CelIeHOM J0/[aBabeM opraHckiX, Zn (11) KoMIuieke ca Juras-
JIOM 2,6-1ManeTHINNPHINH GHC (CelleHoCeMHIIapOa3oH), M HEOPIaHCKUX je/IMbeHha
(Na,SeO;) cesteHa y XpaH/BUBH CYIICTPAT Ha KOjeM je IJbHBA y3rajaHa. YKyIaH cajpikaj
CcelleHa y MI0JIOHOCHOM Telly KpeTao ce oko 50 ppm 3a y3opak oborahen cenenom u3
oprasckor u3sopa i 80 ppm 3a y3opak oborahieh celleHOM H3 HEOPIaHCKOT H3BOpA.
Y30piH ¢y IPHIPEMIbEHH EKCTPAKIIHjOM IUIOJIOHOCHHX TeJIa y 3arpejaHoj Boau. Jloou-
jeHH pe3ysITaTH yKasyjy Ha TO 1a BOJEHH €KCTPAKTH LETHX IJbHBA, KAKO KOHTPOTHHX
TaKo M ca JI0[IaTKOM CelleHa, MMajy J00py aHTHOKCHIaTHBHY aKTHBHOCT. MehyTum,
Huje npumehena 3HauajHa pasiuka n3mely y3opaka ca i 6e3 cajpikaja celeHa.
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