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Abstract

Antioxidant activity of extracts from the submerged-liquid culture of mushrooms was measured using two
systems: linoleic acid and mouse liver microsomes induced by various free radical sources. Mushrooms of
Pleurotus ostreatus (Neutari), Phellinus linteus (Sanghwang), Paecilomyces japonicus (Dongchunghacho),
Hericicum erinacium (Norugungdengyee) and Agaricus blazei (Shinryeong) in 1% mulberry tree powder-
supplemented medium were incubated in a shaking incubator (200 rpm, 25°C) for 3 days. Hot water extracts
of mycelial cultures were freeze-dried, followed by fractioning with hexane, chloroform, ethylacetate, and
butanol in the order. Antioxidant activity of each sample was examined in free radical-induced linoleic acid
oxidation in phosphate-buffered saline (PBS) solution by measuring the amount of malonaldehyde (MA), and
mouse liver microsomal systems by measuring the amount of thiobarbituric acid reactive substances (TBARS).
In linoleic acid oxidation system, hot water extracts from the cultures of Pleurotus ostreatus, Phellinus linteus,
and Paecilomyces japonicus exhibited stronger antioxidant activity than aqueous or butanol fraction and the
combined fraction of hexane, chloroform and ethylacetate, but the hot water extract from Pleurotus ostreatus
culture was the strongest activity. The antioxidant activity of the hot water extract from Pleurotus ostreatus
culture was stronger than any other fractions in mouse microsomal system. These results suggest that hot
water extract of Pleurotus ostreatus culture, and the cultures of Phellinus linteus and Paecilomyces japonicus
could be useful for functional materials to reduce the oxidation of lipids in food systems induced by free radicals.

Key words: submerged-liquid culture of mushrooms, free radical, antioxidant, mulberry tree powders, malonaldehyde

(MA), thiobarbituric acid

AN B2 v obA A FA7F Q3(1-3), in vivodllA 3"‘}1@}’“’3 o] 7+gt

3843 A Q] @ -tocoperol B ascorbic acid $-2 in vitro

I S I e = S ) S B R o P S ol A= g4kt o] Wof = EAl| 7} Qleh(4,5). “5}“4/‘1 okd

3 gled ol= ¥4 343kA|Q) butylated hydroxyto- Aol A7 ga, 7FA el A& AA in vitro B in vivod)

luene(BHT), butylated hydroxyanisole(BHA), propy! gal- A ghatslE o] 743 AdE fa akstEA Ao et
ate(PG) 3} Al sk4kstAQl o -tocopherol, ascorbic acid, A= wo| 3Elga et A =5 9lo6-8).

polyphenol o} A& 2 9o} A 34tst A= 714 o] »b o5 A FAFA = AE v 2R 5o AAdEEY

I E7 sl A EohE g kg e 2ol gle H $%3% &2 Fo0AY 32 - 54 F5ER )=

Corre%pondmg author. E-mail: ytha@nongae.gsnu.ac.kr
Phone: 82-55-751-5471, Fax: 82-55-757-0178



256 ANE - dFA - HAS - AErzod -

N

= EAol = %LL 9,10), Y5l A Eol ghefo)
A AR Sl o FEFFo] o8y A 4 Feks
d& #4712 5 ok ‘ﬂr"%"i Aol A I, A5
el FA7F 5A] ke A A A E ANl
7o) Fasjcel

WA F2 AL o 7iAste] AJ§shHE A o
t}okdl extra-cellular enzymes 24 8}od A} 5o o ofB&
2l A REA Addde SRS AlE 7HsE WA

>r[

f

of A & A5, ix e 2 {27 w2t 7
At Sz ok F EE AR S 98 5 vk
=, AT w Aol AR QRS dgd e e 2
FAHE A2AGE 5 oa, WAl FHE S reS
2 23 AR A X ek o2 4] A gl
w3k 53] B-D-

oW FujorEe] Ak Aol o P ) o,
k7 R Abe) FhE ] g EFo] Bl Alels)
7 4t

Kim S(11)& 257157} "7bm wixol of 2] 714 o)

"iﬂ‘—% v ok &h vk E-o] in vitro A& 4] linoleic acid2] =}
s A A&+l ) o] = linoleic acidE ethanol
#} PBS %—’—5—&"“4 EdFo A WS (37T°CIA A “H"ﬂ ol e]
vz ZHEARHE A g Aol of Abehib-g& A
gie]Zhel o)) ddojuti= Abshul&-3}= Aol 7} g}, ulel A
ol & wlofEo] Al Z {- = 43} systemo] M = &4t3)

ANE 2R A7 vt ol

B e A= elgl A (Pleurotus ostreatus)-& Ei}
7L 7R el x] ol Al oFsla 1wk Eo] AbfEiy
Z+ 2 linoleic acidE A8} A] 7]+ systemeol| 4] 3H4F3} &.347)
AR5 dAFstd oo, A3 A (Phellinus linteus), %
WolH A (Her-
icicum erinacium) B A ¥ v XA (Agaricus blazei) W FE 2]
#akst & stel wlm A s}

&z M (Paecilomyces japonicus), x5

Mz o Uy

ad

Mz % Al

Bz gk A Ax)kzA(Jinju, Korea)dl| A 7
s)sted o vl A F(Pleurotus ostreatus, Phellinus linteus,
Paecilomyces japonicus, Hericicum erinacium 3 Agaricus
blazei)2- (F)HKv}lo] 28 (Jinju, Korea) S 2 8E] Zof ub
gk, Abed 4 cellulase®} proteases B3 oF3}3H Ansan, Ko-
rea)oll A 7315t =
f-nicotinamide adenine dinucleotide phosphate(NADPH),
2,2’ -azo-bis[isobutyronitrile](ABIN),

g+ BHT, « -tocopherol, ascorbic acid,

cumene hydroper-

AR - ol - AL - kel

oxide(CuOOH), linoleic acid ¥ ethanol(HPLC grade)
Sigmar}St. Louis, MO) 2 %8 F+418}93 32, thiobarbituric
acid(TBA), 1,1,3,3,-tetra-methoxypropane(TMP), ferrous
ammonium sulfate, phosphoric acid, sodium dodecylsul-
fate, ferrous chloride ¥ hydrogen peroxidet= AldrichA}
(Milwaukee, WD) &5-¥] z-z} F4lsleien 2 9 A18-3
2 E Aoke 19 olgelsinh

AT HsH S

N Al =] : 7] 2w =} (D3} o FE cellulase®} protease s
Aeglste] e Al7)a of 7)ol &k, MgSOs, KH:POs #
7hell BUFAxED 1%(v/w)E Z7HE wix] & 121°Ce
A} 208 %"L 294 F(Jeio Tech, Daegu) 3o A48} H o

uoF 7] 2 Ha g iAol Felek 3 AEE A FE
5L 3—‘3”} 4l § % (Kobiotech, Incheon)E- o] £-3}e] 37k
alj eF s Th(1).

NEZH U £

B AL A wl okl g W F(121°C, 158)%H
Ask g A D A e FAREN
573741€ 3 ga Fig. 13} % AN uoLﬁgg

& o shaje] 4}
(Ilshin, Seoul).
exane, chloro-

gstsict.

= 5

s O
o
==
™
2
[o
r-lm

form, ethylacetate, butanol = <HA

in vitro &dtald £%

MA A : Fenton's reagent B4 (12)el] &38}o] MAY
kg =L sl ¥l 490 mL(2% sodium dodecyl
sulfate, 1 UM ferrous chloride, 0.5 mM hydrogen peroxide)
ol A& 30 mg/100 pL-& H7}sha of 7)ol 25 uM9] linoleic
acid& A 7}sle] 55°CellA 43 71701, 3, 64) ¥H-$-3}e] MA
o ks A3} 05 mLe A& vhg-E-E 373 screw-
capped test tubeell 196 phosphoric acid(3 mL)2} 0.6% TBA
L£-(1 mL)& 7o 1027F 23] "= 471 3 boiling
water bath°ﬂ/ﬂ 40-‘7]' uk-g- /‘] 71 o2 /“9‘01]*1 37}

Freeze-dried sample (3 g-+add 100 mL water)

(3 times, 100 mL}
i v

Hexane fraction Aqueous fraction

l Extd. with hexane

Extd. with chloroform
(3 times, 100 mL)

!

Aqueous fraction Chloroform fraction

Extd. with ethylacetate
{3 times, 100 mL)
+ +
Ethylacetate fraction Aqueous fraction
Extd. with butanol
(3 times, 100 mL)
! ' i

Butanol fraction Aqueous fraction

Fig. 1. Solvent fractionation of freeze-dried samples of the
submerged-liquid culture of mushroom strains.
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Table 1. Composition of the mouse liver microsomal lipid peroxidation media induced by various free-radical generating

agents
. Constituent (mL)
’I reatment M . n . a2 3) +rq) -3} 151]
Microsome Tris~HCI Ascorbic acid” NADPH Fe ABIN' CuOOH Total
Control 1 0.5 . . . . 15
Ascorbic acid/Fe 1 . 0.25 . 0.25 . . 15
NADPH/Fe 1 0.1 . 0.15 0.25 . . 15
ABIN 1 . . . 05 . 15
CuOOH 1 . 05 1.5

"Trislhydroxymethyllaminomethane (pH 7.4, 50 mM).
“Ascorbic acid (0.5 mM).

¥B-Nicotinamide adenine dinucleotide phosphate (0.2 mM).
fJFen‘ous ammonium sulfate (1 uM).
f"l,‘Z"*Azobis[isobutyronitri]e] (40 mM).

“"Cumene hydroperoxide (0.1 mM).

Table 2. Fraction ratio of hot-water extracts from submerged-liquid culture of mushroom strains in basal media containing

1% mulberry tree powder”

Fraction ratio (%) Total (%)

Mushroom strain”

Hexane Chloroform Ethyl acetate Butanol Aqueous
Pleurotus ostreatus 0.61 1.38 0.90 4.24 92.87 100
Hericicum erinacium 0.80 0.83 1.18 7.38 89.81 100
Phelilinus linteus 0.51 0.61 0.80 9.92 88.16 100
Paecilomyces japonicus 1.67 0.35 0.62 4.64 92.72 100
Agaricus blazei 1.75 1.35 052 7.54 88.84 100

‘I 'Sample was obtained from the submerged-liquid culture of mushroom strains in BMM for 3 days.
“Mushroom strain identification: Pleurotus ostreatus (Neutari); Hericicum erinacium (Norugungdengyee): Phellinus linteus
(Sanghwang), Paecilomyces japonicus (Dongchunghacho); and Agaricus blazei (Shinryeong).
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Fig. 2. Effects of fractions from the submerged-liquid culture of Pleurotus ostreatus on the amount of MA produced in the

linoleic acid oxidation system induced by Fenton’s reagent.
1, 3 and 6 represent incubation days at 55°C. Bars with same small letters in given treatments and same capital letters between treatments

are not significantly different at p<0.05 by Duncan's multiple test.
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Fig. 3. Effects of fractions from the submerged-liquid cultures of Phellinus linteus (Sanghwang), Paecilomyces japonicus
(Dongchunghacho), Hericicum erinacium (Norugung-dengyee) and Agaricus blazei (Shinryeong) on the amount of MA
produced in the linoleic acid oxidation system induced by Fenton’s reagent.

Data was derived from 1 day incubation at 55°C. Bars with same small letters in given mushroom strains or capital letters between
mushroom strains are not significantly different at p<0.05 by Duncan’s multiple test.
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Table 3. Effects of fractions from the extract of submerged-liquid culture of Pleurotus ostreatus on lipid peroxidation of
the mouse liver microsomes induced by free radical generating agents

Treatment Agent
Ascorbic acid/Fe’ NADPH/Fe' ABIN CuOOH

Control" 016" 0.14° 0.70° 0.87"

BHT 0.05° (63.8)" 0.06™ (57.1) 0.40° (42.9) 0.54° (37.9)
Methano! extract” 0.11° (31.3) 0.05° (64.3) 052 (25.7) 0.69° (20.7)
Crude extract 0.10° (37.5) 0.05° (64.3) 0.48° (31.4) 0.64™ (26.4)
Fractions combined 0.12 (25.0) 0.06™ (57.1) 0.58° (17.1) 0.75" (13.8)
aqueous fraction 0.12% (25.0) 0.08° (42.9) 057" (186) 0.73% (16.1)
Butanol fraction 0.13° (18.8) 0.08" (42.9) 053" (24.3) 0.77°° (11.5)

YTreatment without sample.

“MA nmol/min/g protein. Means followed by the different letter in same column are significantly different (p<0.05) by Duncan’s

_multiple test.

*The number in the parenthesis means the percentage against control.

PMethanol extract of mulberry tree powder.
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