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Abstract

The efficacy of extraction from Inonotus obliquus was examined from the points of antioxidative charac-
teristics and some antioxidative compounds. To enhance the efficient extraction for the effective components
from Inonotus obliquus, temperature-stepwise water extraction method was applied. Temperature—stepwise
water extracts were prepared for 8 hrs as follows: the first extract at 80°C, the second extract from the residue
of the first extract at 100°C, and the third extract from the residue of the second extract at 120°C. Antioxidative
activities were determined by electron—donating ability of DPPH - free radical, scavenging ability of ABTS-"
radical cation, and by inhibiting ability of linoleic acid autoxidation. In results, the first extract showed the
least antioxidant capacity, and the third extract showed the highest antioxidant capacity. The third extract
also had the greatest amounts of phenolic compounds and flavonoids. Amounts of phenolic compound from
each extract were almost proportional to the radical scavenging activities and linoleic acid autoxidation in-
hibiting ability (r=0.960~0.980, regression analysis). Furthermore, the effect of the pooled extract of all three
extractions of Inonotus obliquus on the lipid peroxidation reacted with active oxygen species (KOz, H20z, -OH)
and metals (Fe?', Cu®') was evaluated by measuring the formation of thiobarbituric acid reactive substances
(TBARS). The pooled Inonotus obliquus extracts lowered the amounts of TBARS formed by all of the active
oxygen species and metals. Especially, these lowering effects were pronounced in the reaction with -OH and
Fe”’. These results suggest that the pooled temperature-stepwise extract from Inonotus obliquus could be
potential functional materials to reduce the oxidation of lipids and other compounds induced by free radicals.
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A3 A gl A8 g ah odu-o] s vl et -9 2.1 9]
=2} ( @, ¢ -diphenyl-B-picrylhydrazyl(DPPH), 2,2 -o}A]
Eul A -(3-o d-wl el o] &7 -6-3H4H)(2,2' -~azinobis- (3-
ethyl-benzothiazoline-6-sulfonic acid, ABTS), o}34tz&
(potassium persulphate), %-° 3} §] =2 A] EF 9l (butylated
hydroxytoluene, BHT), #® 3} 3| =E A]o}u] & (butylated
hydroxyanisole, BHA), Folin-Ciocalteu A|2F, Z4}(gallic
acid), 2-€] 2 n} 2 8] ©AH(2-thiobarbituric acid, TBA), &3-&
(fish oil from menhaden) 52] 4] 22 Sigma Chemical Co.
(USA)9) A &L A}-4-3}9] 2 linoleic acid(8]=#] 4+ Kanto
Chemical Co.(Japan)9] #|&-& AF&3lgich 22| L3
= (malonedialdehyde, MDA)+ 1,1,3,3-H]| E&} o] S A -2 3
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many)< 7}eEaste] ZAEIg o Lo~z 2 BAKL-
ascorbic acid), ¢ 3}4) o] A (ferrous chloride), ¢ 25 ¥ 2.4
QFAFE (ammonium thiocyanate) 59 A]1¢¥-2 Junsei Chem-
ical Co.(Japan)®] A && Al &-319] 7 7 9] 9] Ak EF-&

Ahg-stgih.
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SN& Etsle] haolA] 124 7F ~ 16412 ¥F-8-A1 A 414 nm
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T3 oo ZTAHL g B3R 10%
mL™ 1M 242F 01 mL 4 4 3588 %9
713 E5t & A3t A Y 248 Al
gk ARt

F F&tU(fish oil emulsion) Z=A|
pH 652 ZA3% 01 M = Ak(maleic acid) €3 16
mLel 100 pLe] E4-20(Tween-20)-8 Y3 kg ¥ 1
mL2] o] f-(fish oil)& ¥ 7 3087} swutstdch =4ksb 2 &
474 @3 wHkslH A 1N 94k 2 pH 657} 52 A

Z3tdch 3L A1gA - k] A3
HSEEE M
HE-2 T 352 o -§ #-3Y 0.5 mLel ZE A4 E {40 mM

H20;, 40 mM KO, 50 ppm FeCls, 40 mM Hx0:+50 ppm
FeCla( -OH), 50 ppm CuSOs} 0.1 mLE 7}sba, 12} 23}
2 33 FEEL L5 T3 AMA FEE 01 mLE S
A7bsle] AA vk-gA e ofo]l I mLyt HEE FHFE 24
sted 23] wEEAE S AAstE Ty EAAEF AT A
Abg}ol] o= A= gL v X =r1E Lol ] § e Aba
Z 4 255 71ste] TBARS £4& #sl¢dt).

Thiobabituric acid reacitive substances(TBARS) &4

Thiobabituric acid reacitive substances(TBARS)+<= Buege
o} Aust(23)9] W of] uhebA S EFE F A" 22
ot d| 3] = (malonedialdehyde, mg)&-< &4 3ttt 1 mL vk
1 AHA AR 3E 37°C 3o A 147k Fak ub8
Al Zich. yh-g-o] g E=pukat 7.2% BHT 50 nL& &3H&ol
7hsle] AbEabS-S A A A HSEGES A 42 oL,
2 mL®] TCA/TBA AloF< 713t oA £ F #e 2ol
A 4582k 7k A A Rk 7FE F 2ol A 5EAE A7 F 4,000
pme] $EZ 1087 JA 2] P % A459-& 532 nmall A
FEEE Ak 2T AR Al SFTE LS

C F L2
SEHEEo
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of FAHL S AA A BHTE 94 @2 558 A7}
T th& uh-$-& A 71X 3 vl 2 TBARS 42 33l
EAIXE]
2E AY At Statview 512° 54 TR WS 0] L3}

o] Student’s t-test, regression analysis, =+ ANOVA test
2 3} & post hoc Scheffe’ testol]l 2]3le] 7+ AR T2
#2149 3ol <0054 7 Z3hglnt

Z1 9l aF

F=34H 1H2 sk
oAl A& & Fato] ArhAl o 2 R %%Elh IHES
AP TR FEANEHE AES A
F AEdA 7 wE ay R ofo] &
AZPE 2 F2E e 23 ek e!
2 8*17@.4 o] 27 gl 7§ﬂ°—°ﬂ
—Ii'r

i-N °l>4

—]o] A3 =&
Az 80 goll 5 # 700 mLE 7}6}@1 80°C, 100°C, ¥
120°Cell Al d<-3tod 3ate ol 2 A —’?‘—éﬁ}" o, 1 ARE
Table 1ol Webliglet. 12k &4 F 23 E2] 63%7}F
ZZE gy 23 FZ&4 25%, 3% EEA F 12%
AL FEEA). o) ARZ Mol 80°CoA 13 &
g A g uk ojAke] mE o] vhgs & olon FE3S
7} Z7heke] whet md o] k2 AAF AT & F 9
Ak

HxB0is 5F

Zh exd s A %-’I‘—%%
ppm(¥H-§-Eoll A o] AA HF FX2+ 50 ppm) & & ZA| 8o
ﬁz}?ﬁ”(electron—donatmg ab1hty)*°— 223 A3} 14,
23}, 2 33 552 7+7t 56.5+11.9%, 76.7+0.5%, 2 83.9
+0.9%Z vete] 24 UA Z71stdthFig. 1). 019 2
S AL o) e el A FE3 A Bk =2 3o
A &5 A dakslE el o & EAo] 2E2H S A A
gk A e A e EA gl ol AT E B ARS 2 uhy
L2 AYYPE o ot~ FZ 2 HAF50 ppm(HHEEofl A &) A A
#HZ F2E 10 ppm)ol A& 836+04%, 30 ppm(iH-S-Eo)]
A8 A #HF =5 6 ppm)ell A 73812.3%F e
Aok webA 50 ppm 29 29} 33 FEE A B0 AT
A5 o}~ 72 B4 6 ppmol A 10 ppmA X A2
< B O F payoel 7P EE 33 FEEA
¥ RCs(AH7- 2oy kel 50% A A7) =d 875+ 55
o] 2F 30 ppm A = 24] Cho 5(24)0] B33 A A &2 &

YT ARFE 250

r N\°

:1

ood o

i‘?’-a

Table 1. Preparation and yield of water-soluble extraction from Inonotus obliquus

Extraction conditions

1st extraction

2nd extraction 3rd extraction

Extraction temperature (°C) 80
Extraction time (hrs) 8
Solid obtained from extracts (g) 14.3
Yield (%)" 63.0

100 120
8 8
5.7 2.7

251 11.9

YPercentage of each extract solid to total solid obtained (22.7 g).



Az e] eEdA 22250 YA = 143

100
a

ab
=

R b b

X

z

= c

] 60

o

£

©

& 40 |

el

<

g

:8 20

[ro]

0
1 2 3 4 5
samples

Fig. 1. Electron~donating ability of three different water-
soluble extracts from Inonotus obliquus and ascorbic acid.
DPPH free radical scavenging activity for test sample was de-
termined with 0.15 mM DPPH methanolic solution. Each extract
sample was used at the final concentration of 50 ppm in the
reaction mixture. Values represent means = SE of triplicate ex-
periments and those with different alphabet letters are signif-
icantly different at p<0.05 using an ANOVA test and Scheffe’
test. Symbols are as follows; 1, ascorbic acid 10 ppm; 2, ascorbic
acid 6 ppm; 3, 1st extract; 4, 2nd extract; 5, 3rd extract.

SETE Y3 At A3 el BobE HHAE A

)& T o b A4l B ol 8]Ele] ArPE|A 2 Eo] Y53

e abshd e ebagl

ABTS 20|2(ABTS-") &7 =1}

Miller 5(25)& ABTS- "l wlH oz vEn] 0 F2
4l (metmyoglobin)¥] #+4F3}F & 4 (peroxidase) & A48} 1
o)7le] # Qv 2.F &9 (ferryl myoglobin)¥} ¥F-$-3}o] A A3
& ABTSE 650 nm, 734 nm, 820 nmoll 4} #Hdl F33 e =
vebll= A& o] 4313it}. ©]F Roberta 5(26)= ABTS
43} A A F S0 S WA A A= ABTS+ 415
nm, 645 nm, 734 nm, 815 nmol| A & H el FRE=E el
ol lgl =o) 2 A ol A& Leong® Shui(19)2] ¥ ol ub
2} 414 nmel| A Ao FF =5 vehfE 21E o] &3

A7 A 14 22 2 33 FEEe] AR ES FUT
250 ppm FE 2 ZA|5te] Al 22 AF&3le] ABTS:" 27 %

% 543l cH(Table 2). ABTS o1-2(ABTS-")ell W3t o}
2328230 £7%L 108 2 o 54559 13, 234 2
33} &% Ztzh 0.237£0.001, 0.388+0.005 ¥ 0432+
0.003%} ABTS %°]2(ABTS"") 24 %5& vehll gl x, ke
DPPH A4 2tz 27 &3} rhabzbA| =2 13 289
G S AdA oz 58 x4 F25E 27, 33
5] gatgH el viste] 4538 F5E & ¢ At
71 F 7pRl ol W o] kst & vl B 3% 5
745- DPPH R ol )8 53X 3 7 0] of Az ALY gt
313 9} oF 2091 ¥ whsled, ABTSH ol oJ3b < 43%7}
vtel ABTS) ojg Wi o2 4% datstzol o 54
vhgteh. o] A& el ol gk A ollA= 2 DPPH 7%
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Al FF55 A7k 22 2d A 34
B 129 71%] H4atztEo] A 3] S71ghd| whate ukg- £
Eol| 4] #% 5=~} BHA 10 ppm, 100 ppm, 23] 3. 7} 27}
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Table 2. Relative scavenging activities of ABTS:" free radical in water-soluble extracts from Inonotus obliquus and L-

ascorbic acid

Samples

L-Ascorbic acid

1st extraction

2nd extraction 3rd extraction

RAEAC" 1.001 £0.008%%

0.237+0.001°

0.388+0.005° 0.432£0.003°

YRAEAC (relative ascorbic acid equivalent antioxidant activity) was expressed as a value compared to antioxdant activity of ascorbic

acid and calculated using following equation:

AEAC—= Caa < 4A
R C_AIAaa Cs

4 Aaa is the change of absorbance after addition of ascorbic acid, 4 A is the change of absorbance after addition of extract samples,
Caa is the concentration of ascorbic acid standard solution, Cs is the concentration of extract samples.
PValues represent means = SE of triplicate experiments and those with different alphabet letters are significantly different at p<0.05

using an ANOVA test and Scheffe’ test.
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Fig. 2. Antioxidative activity of water-soluble extracts from
Inonotus obliquus and BHA 1n linoleic acid system mea-
sured by the thiocyanate method.
Asterisk means a significant difference between control and the
other group. ¢-¢: Control, 88 Inonotus obliquus 1st extract (50
ppm), @-®: Inonotus obliquus 2nd extract (50 ppm), a-A: In-
onotus obliquus 3rd extract (50 ppm), v~¥. BHA 100 ppm, x-x:
BHA 10 ppm.
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Fig. 3. Lipid peroxidation inhibitory activities of each water-
soluble extraction from Inonotus obliquus by ferric thio-
cyanate method.

Values represent means £ SE of triplicate experiments and those
with different alphabet letters are significantly different at p<0.05
using an ANOVA test and Scheffe’ test. Concentration of test
solution in the reaction mixture is 10 ppm.
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Table 3. Total phenolic compounds and flavonoids in water-soluble extracts from Inonotus obliquus

Compound Samples 1st extraction 2nd extraction 3rd extraction

Phenofics” Concentration (hg gallic acid equivalent/mL)” 263+5.8% 372+6.6° 217+164°
Total contents (g)” 3.76 2.12 1.13

Flavonoids? Concentration (Mg quercetin equivalent/mL)” 15715 224+17° 329+18
Total contents (g)” 0.24 013 0.09

1)Sample was analyzed using gallic acid as a standard.
A . .
‘)Sample was analyzed using quercetin as a standard.

3)Sample was dissolved with distilled water at the concentration of 1 mg/mL and value was expressed as mean=SE for the triplicates.

PContents in total solid extract recovered.

values represent means = SE of triplicate experiments and those with different alphabet letters are significantly different at p<0.05

using an ANOVA test and Scheffe’ test.
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Fig. 4. Inhibitory effect of Inonotus obliquus water-soluble
extract reacted with active oxygen species and metals on
lipid oxidation in fish oil emulsion.

The final concentration of each element in the reaction mixture
is as follows: 4 mM KOgz 4 mM H2O2; - OH, 5 ppm FeClz-4 mM
H:O2; 5 ppm FeClz: 5 ppm CuSOs: 200 ppm Inonotus obliquus
extract. Values represent means*SE of duplicate experiments
and those with different alphabet letters are significantly different
at p<0.05 using an ANOVA test and Scheffe test. Large and small
character are expressed in Inonotus obliquus extract absence and
Inonotus obliquus extract presence, respectively. Asterisk means
a significant difference between extract absence and presence
determined by Student’s ¢-test: "p<0.05, “p<0.01, ""p<0.01.
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