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Abstract

The objective of this study was to investigate the nufritional composition and antioxidant activity of a mixture
of rice bran and bodies of Sparassis crispa fermented with lactic acid bacteria (LAB). LAB-fermented S. crispa
mixture had higher water, crude lipid and crude ash content than that of S. crispa. Insoluble dietary fiber contents
of the dried powder of S. crispa and LAB-fermented S. crispa mixture were 46.13% and 33.46%, respectively.
B-glucan was higher in dried S. crispa (38.03%) than in LAB-fermented S. crispa mixture (5.44%). Dried S. crispa
contained mainly fructose and glucose instead of containing sucrose in LAB-fermented S. crispa mixture. No significant
differences in the total polyphenol contents were found in between dried S. crispa and LAB-fermented S. crispa
mixture. Total flavonoid content was significantly higher in LAB-fermented S. crispa mixture than in dried S. crispa.
No significant differences were found in the DPPH radical scavenging activity and in the antioxidant index between
dried S. crispa and LAB-fermented S. crispa mixture. Finally, ABTS radical scavenging activity of LAB-fermented
S. crispa mixture was significantly higher than that of dried S. crispa. These results may provide the basic data
for future studies for a better understanding of the biological activities of LAB-fermented S. crispa mixture.
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Hanil Co., Sejong, Korea)Z F43F T} autoclave
(HB-506-4, Hanbaek Science Co. Bucheon, Korea)E ©|-&3}
o] 121°CofA 1583t Bt A7l & Aol ARgaisint. gt

Ao ARES n|7kE 20143 7372 AFslmel A A4k
Z18 W& 20159 ZshehAkn] 34 2] ZH(DY-3000R,
Yesung Co., Ltd., Daegu, Korea)ol| x| =% s}o] A3 wto}
ALt Lactobacillus acidophilus, Bifidobacterium spp.,
Streptococcus thermophilus©-2. 7 %7 fARTA| &
(ABT-5, CHR- HANSEN, Hoersholm, Denmark)Z} &
(Seoul Dairy Co., Korea)= A5 T¢3to] AF&-3F3iTh.

i e

=

Frabt EE oAl EES ofgfjoh 22 AR )

A . & 17 910 goﬂ ZE oAl A A
2 HOFAT, S 10 g8 P WED
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307 vkeEtith 1 & 0.561 N HCl &
£ 715le] pHE 4.0~4.72 27 3}aL amyloglucosidase
300 llLE‘ Y3 3081 wRkskAth mlE] FREE Yo
“E}'j**‘ Tl s fre|o@rld Eaws)] g Al5E ot

F A= 70 & 10 mLE 23] e 3 Al H oL ofdlo
dx] ZAFE THA] 90% ethanol ) acetone ] o 2 Z+zt
15 mLA 23] A|Hg & FA S SHITh o] FAF FellA
ZhAke] 3kt Tl A S ghete] B84 Aol &%
S T3 Th A A2 oJdol= 90% ethanol 200 mLE
7Fetal 60Tl A 1A17F B3t A8t A &S F4417

I REE Yol AT Felo 7|2 o3et & 2=
90% ethanol®} acetone?] 2.2 7+t 15 mLE 23] A& 3t
5 A ZHAL, o B4 A DA 2
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B-glucan &z 24

WA Al59] B-glucan 32 Megazyme kit(Mushroom
and Yeast 3-glucan assay procedure K-YBGL)E 0] &3t
=223tk A& 100 mgell 37% HCI 1.5 mLE 431 30T
water bathol| 4] 4533t WRKE & 33} SR/ 10 mLE 7}a}
31 100C water batholl A THA] 2413t ﬁﬂ&o}mﬂr o] Rk-g-<Y
2 2o 7 23] & 2 NKOH 10 mLE sk &£3ksisich
0] E31&9 0.2 M sodium acetate buffer(pH 5.0)E 7}5}<]
100 mL2 &3 & AAE2](1,500%g, 1033t 5
S Atk A5 0.1 mLol| exo-1,3-B-glucanase(20 U/mL)
+B-glucosidase(d U/mL) - 0.1 mLE 7}5}aL, 40C water
bathol| A 60%-3F §H--A] it} o] ¥Hg-2 o] GOPOD(glucose
oxidase/peroxidase, Megazyme) A <F 3 mLE 2 3L 40°C oA
20571 WHEAIZ1 3 510 nm oM FHEE 4 5)o]
total glucan k] Alikel] AHg-sliTh EgH AlE 100 mgoll
2N KOH 2 mLE 3, ice/water batholl A 2057t wHka}]
t}. o] Wkg-elo] 1.2 M sodium acetate buffer(pH 3.8) 8 mL}
amyloglucosidase(1630 U/mL) +invertase(500 U/mL) -£-<
0.2 mLE 7}38}aL 40C water bathollA] 3047t wwkeh &
A2 (1,500%g, 101)3te] 55 AT 35 0.1
mLol| 0.2 M sodium acetate buffer(pH 5.0) 0.1 mL¢} GOPOD

AlE 3 mLE Y3l 40T A 2083 ¥F-2-A171 & 510 nm
el FHE=E S4 5t a-glucan 7] A4kl ALE-
sttt 549 total glucan?} a-glucan®] FE == RTE
A9l glucose &9(1 mg/mL)<S GOPOD A] 2k} wH-g-A]71
whgale] FREES ol o] 247 FH@I00 p T
AlLFetAtt. Bglucan 32 total glucan el Al a-glucan
S W oz v
welg &4

FElT A4S v 2ol AAlsksitt. dxd A8S

Baste] A 2slo] 50% EtOH 15 mLet £3H6tsith 80T
- 20)| 4] 2087} sonication 3+ F 387+ S0l A WPzt

A1ZIt}. ShakerE AFg-3Fe] 1587t 2,000 rpmeollA] &3t
% 3,000 rpmel| A 1033F ¥4 SFTE 0.2 um syring
filter2 o3} & HPLC EAA 8 & A3 A5+ 02
um syring filterMillipore, Billerica, MA, USA)Z o] 2}35}¢]
3% A AZvlE A H(Shiseido Nanospace SI-2,
Shiseido, Tokyo, Japan)& ©]-83lo] £33t} o 54
ZE 90% acetonitrileE AFESFI T, 52 0.4 mL/min
©° 2 3o column &=+ 60CE A% 3 TE Shodex
RI-101 detector(Japan) 2 7 &3} 2™, Unison UK-Amino
column (250%3 mm, 3 pm, Imtakt Co., Kyoto, Japan)= A}-&
S} T} Injection volumne 4 yLE FY 35t

Z polyphenol &2f

Z polyphenol €F3-2 Folin-Denis W21l w2t =73
3T} Test tubec]] A|& 1 mL¥} Folin reagent 2 mL-S
e & Lo 3837 H A3 vk 10% NaxCOs 2 mLS
A7Vt aL, ol & &3t T 30CollA] 4083t A5t L
™, UV-visible spectrophotometer(UV-1601PC, Shimadzu,
Kyoto, Japan) & AF8-3}0] 760 nmol| 4| SF=E 5751
t}. X532 tannic acid(Sigma-Aldrich Co., St. Louis.,
MO, USA)9| @AMl ofste] g HEstth

% flavonoid &2t

% flavonoid 3 Davist] €] Wi (22)2 W Este] 5%
SIATE A& 1 mLo] diethylene glycol 2 mL< 718 ths
IN NaOH 20 uL-S %31, 37°C water bathol|l A 1417+ F<t
WES-A]71 & UV-spectrophotometer(UV-1601PC, Shimadzu,
Kyoto, Japan) 2 420 nmol| 4] SF =& =3It 5=
18 rutin hydrate(Sigma-Aldrich Co., St. Louis, MO, USA)
o] Aol oot TFa HESIATH

DPPH radical &2H&4

DPPH radical 22752 Blois®] #'H(23)= WE ] =
etttk WAl A8 %% 1 mLY 02 mM 2,2-diphenyl-
I-picrylhydrazyl(DPPH) 1 mL-Z test tubeol] |3t & &3}5}
of 37°CellA 3083 ¥E-3-A1A UV-spectrophotometer(UV-
1601PC, Shimadzu, Kyoto, Japan)E A}-8-3}o] 517 nmol| 4]
FEE LA S E 2AS(%)S A -
SRR $85) <1000 o]stel =S A
193

e 10, mok

T

ABTS radical &74&4

ABTS radical®] 47242 Roberta 52| WH(24) 0.2
=78FA T 7.4 mM 2,2’-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid; ABTS)®} 2.6 mM potassium persulphate S
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M7 B3t el WA Bt

o] &% 735 nmollA FF%= g,\

buffer2 3|5l ALE8lATE S

0.5 mLell Al & 05 mLE 7}5ked 371 oﬂ/\{ 571wk A
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DY (ARHT FREHITe

T)x100°] st &g AFESith

00k

e IR

FAk5}A] 9= (antioxidant index, AI)= Rancimat(Metrohm
model 679, Herisan, Switzerland) S ©]&-38lo] 274 dh= M
©.2 Joos} Kim®| W (25)°] °Jate] At &
g dEE FEE LTE Sl E s AAR & =
9] ggFo] 1,000 ppme] ¥ == soybean oil(Sigma Co.,

USA)el H7bela, z25-3117] ](Ultrasomc processor, UCX-
750, CT, USA)E °|-&st 7] &0 =23 /2171 &
E3EEE 5139 Rancimate] &7 2712 A& 3.0 g5
vkg & ]Oﬂ Fsla 75 70 mLE Sg 87 ¥ &
110ClA air flow rate 20 L/hr2 3lo] AH3lerg A2 vl wa}
At FrSA e FEES AR AE T A
FEES HUHA] &2 dxzae] FEARIe R Ui g

Tk

rE 01_4
i o2

1

SAAz|
AN dojzl date] FAA Fod2 SPSS S
package# o] g3lo] AT HF+ATHAZ TS
7} 7 37Re] A BE ALgSte] Ao 33 BHE Algds}
9294‘:'4, t-test9} Tukey’s testol] 2]ale] 7} A& to] HF X
el o= Ad kit

Table 1. Analytical conditions for analysis of sugars with HPLC

Contents Condition
HPLC Shiseido Nanospace SI-2 (Shiseido, Tokyo, Japan)
Unison UK-Amino (250x3 mm, 3 pm, Imtakt Co.,
Colpm Kyoto, Japan)
Mobile phase 90% acetonitrile
Detector Shodex RI-101 (Japan)
Column o
temperature 0T
Flow rate 0.4 mL/min
Injection volume 4 uL

>_>.:

o gl 75.11%, 2993 13.11%, % 4.21%,
AW 386%, Z3|4- 3.71% wol9oH, fakt HE 25
IHAl £35S BH3HE 51 28%, ZA|4} 22.18%, zsﬁrﬂﬂ
A 1119 %, 3% 9.94%, 5 5.41% o)At} Akt
IR ESolHAl TfEo] EFoHAl Edd Blste] &

=~

BN

(]

® 2AN Y 238 FFe felRow B e
(p<0.05)

Table 2. Approximate compositions of fruit body of Sparasis
crispa and LAB-fermented Sparassis crispa

(%)
Composition  Sparassis crispa LAB-fermented Sparassis crispa
Moisture 421£0,01" 5.4120.08"
Crude lipid 3.86+0.12° 22.18+0.11°
Crude protein 13.1140.23" 11.19+0.63°
Crude ash 3.7140.10° 9.94+0.06"
Carbohydrate” 75.11£0.16a 51.28:0.78"

"100-(sum of moisture, crude protein, crude lipid and crude ash contents).
Al values are expressed as meantSD of triplicate determinations. Means within
each row by the same letter are not significantly different (p<0.05).

MolMR4 =4 % p-glucan B

ZEolAl A Y] A= Akt TR ESolH Al
T3] Aol dfa 247 Bglucan T ¥ weh A}
+ Table 37} 2t} ZFo|HA &9 F Aol B8
/\é/j'o]/\q oxdl Zax 2 o]}\q 0.4 0] -@—aok.g_ z}z} 51.71,
46.13 2 559%5 Hoon, fAakt dg ZdolwAl £

2 3495, 3346 B! 1.48% = UEISTE EFoiAl A&

Xlo ]/\4 Q X~ %: 8921%7} E_Q_/H No]/‘\j% ?-/\éﬂo}

=
=T
=
o T
I A
S131, FARE ME 2oln A EFES] B84 Aoldf
2~ [e)
-

e Z Aol 840 95.74% 2 AR TE o]
q

Hal 84 2lo]Ad o] Fare oAl —Er“ewr s
ahg Zgolm Al M 1.5-56 g100 g o2 vi$
Wokth Lim 5(26) EE5oIHA &9 F Holilfa
T B84 Aol fra el 960%= T/dE0] e Ao
2 Huglo] & AFdAe] ZFolusl 4 W =84
Aol fra ool tha vhe AC® Ykt 3 &%
oAl ALA £ 100%E ©] 87 fritd T =]

e
Z Ao 840 96.67%S 225}

i rlr ®

)
B4 Aol favt
[e)

0

T 8%= M7l 7347}?% ﬂﬂfﬁ T8 e vAW 3%
< ioﬂ o, ol ZHoHAlS 8% 2 HkslIH e v
584 Aol fa o= Qs

=7 »}EM Ao® Atndth
B AFo A =4 E WAl 95| Bglucan TS 38.03%
° 2 Ytk 1f Bof| A AuE Zo|mAl 2 A
= 9F 40 g/100 g0 S a Qiths Haue7et & AT
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AYRE v ud s u FARE Aoz Uehyt) fAakt ikg
EEoAl E8=9 Bglucan T2 544% 02 HAL ¢
£9] B-glucan FHgel Hlgte] Fold 0w WA vebsitt

Table 3. Dietary fiber composition and B-glucan content of fruit
body of Sparassis crispa and LAB-fermented Sparassis crispa

(%)

Composition Sparassis crispa LAB-fermented Sparassis crispa
Total dietary fiber 51.71£145" 34.95:0.16°
Soluble dietary fiber 5.59+0.57" 1484057
Insoluble dietary fiber 46.13:0.60° 33462049
B-glucan 38.03£1.75" 5.44£036°

DAl values are expressed as meantSD of triplicate determinations. Means within
each row by the same letter are not significantly different (p<0.05).

Felg g

Lol Al Ao B Ak g Edo]HAl
E3E0] el SRS Table 49 2t Z5o|Al &
A& 7218 Z gucose 4.96%2} fructose 1.77% % eh-7-a}aL
o, fakt Bhg oAl EFES sucrose‘?_ 5.17%
=iy NE AL

fr
M
3:
i >
Q7
O
>
)
2
(e}
fr
o,
ot
>

oAl &= gl WAl YEolX= sucrose”} A EEA|
2T, Cho SO 418 % Ul TR 2 o3
dEFE A% ?ﬂ‘?‘@#oﬂ’ﬂ ZHo|HAY dRFe
glucose 9} fructose & & 27} ghafo] 895 g/l.o} 223 g[LO&
Huxo] & A7 Aake] EFolmilel e tha =
ek, S8, oA B AR D ¢
Fiol MARCIA o7l 2 FEA Btk Huslsle

, oAl A lactose T2 3.38 g/Lo|2hal H.as}
04(27) = AFA IS} Apol 7} AT o] & EFoIH A
A, FE, A A Sl wet felg gkl 2holzt
= AR & Ao A fakd R o ]‘ﬂ}‘q
Szl A sucrose”t HE H oM, o]H3 A= K
WS AT o2 TREAIZ A3, AT F453
7} AATH= Song

HHN' fol X2 r.

599 ATA e} FAFSIA . o

Table 4. Free sugar contents of fruit body of Sparassis crispa and
LAB-fermented Sparassis crispa

(%)
Composition Sparassis crispa fruit LAB-fermented Sparassis crispa
Glucose 4.96:0.15" ND”
Fructose 1.77+0.50 ND
Sucrose ND 5.17+0.24
Lactose ND ND
Maltose ND ND

DAll values are expressed as mean+SD of triplicate determinations.
’ND, Not detected.

nAEo] By F UGS BAYo R o] 835197 wiEQl
Aoz AtgHt.
& polyphenol ¥ & flavonoid &gk

FEo WA ALA 9] dE3 ikt TR ESo WAl

Z3HE29] & polyphenol ¥ % flavonoid 3H&F-2 Table 51|
UEFSITE % polyphenol 3HE E&olHAl AET AT

LE FFoHA EFElA Tr«lﬂ ol 2ol YER}A|
o9k}, % flavonoid S AT WE EgolnAl £33
oA EFoHAl dEo Blsie] frelH o =A yehkk
THp<0.05). Seo S(30)S TAW Inj 2 TS o] &3]0
LRNE AT F polyphenol gfo| Zrlskl o, Song
FEHE AHY '71:%%«] %7] % polyphenol &=F°] 0.54
mg/100 gol Ao, ikt WE £ 2.79 mg/100 g = oF
5uf A= %—7}5—}%;}1 Eg—wu} B AT A 240l

SR U PR e £REd §
Ao zAEgon,

ol Ak Wl <& LgolwAl 8% LTl Tt
3} 29& 7Pl B0 L2 polyphenol BHiHEo] A4
H Aolgka AhAT) 8, Leed} Hong(32)S S7ue) S
GAS 0] 8-5le] W3l TS = flavonoid ko] F-aHg
B2ug]d vl E& &3S JeR) Oi‘ﬂr-l——’ Histe] 2
AFATE FAFE Aoz e o
ola] gelet gatkal Bxo] AAH 7,4\9_E /\]—4,_9»]01 Ztt,

polyphenol 3 2to]= AA §l
]
2

Table 5. Total polyphenol and flavonoid contents of fruit body
of Sparassis crispa and LAB-fermented Sparassis crispa

Total flavonoid”

Total polyphenolz)

1)
Sample (mglg DW) (mglg DW)
Sparassis crispa 133.64£0.96™ 5212026
LAB-fermented Sparassis crispa 124.72+3.68' 19.03+0.15"

"The concentration of all test samples was 2,000 ppm (2 mg/mL).

Tannic acid equivalent.

IRutin equivalent.

ALl values are expressed as meantSD of triplicate determinations. Means within
each row by the same letter are not significantly different (p<0.05).

%L 2] DPPH 2 ABTS radical 2424 & Table 63}

5
Zt} DPPH radical 2745 £45oiiAl A& §40F
=]

1 ?%Ol‘ﬂﬂ Z3HEClA Tr«] Al Aol = YERAA]
HIER Col| B]siA= oA e s v
DPPH radical iﬂ —o—g UEFSTHp<0.05). ABTS radical 2

& ikt B8 ZHolHAl E3kEo] EHowAl A&
o vl fejdez =2 Ao= Yehgon, gzl v
B Cob= o] AQl Aol & Hol#| O‘LOL‘;}- Lee 5(10)=
S5 Ak 28 EolA] DPPH 2 superoxide radical
DAY o] kg EFu ol vl3l] Sttt sk
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o, Lee 5(9)< b HEE B3 A4Ene] oz
gkl ol thet AFollA] ik LE JIMEr| FEES
PR FEE vlE gkt o]

3Tt <lA W9 free radicalS A&, ¢hild =3} wkg-
AA Q] =315 31T F e FAZ free radicale AAZ
T AE AAEA UH 05?7} giks] Zgfe]al glow,
0] 3} free radical= LA ]ﬂ‘/}”éﬂ*]ﬂ sgol A
l:";_—\(_)_ 6]—/\]—§]. ﬁ—/\‘] \Zﬂ ﬁ—%‘] /\]— ]}\ L]_- ]q_t_ radlcaloﬂ
sto] A G 71U »)\‘ﬂr. 2 AT A= radical
;ﬁ_.%e_:]'.% DPPHQr ABTS l:ﬂ—l:ﬂ o7z Z;H-a}oﬂ ou:] O]E
W 2% radicald] S9EH S =H3= Ador A=
S23pAEE <k7te] Apo) 7t 9t} ABTS radical 47 %<
FAI HFA AR aAS e BT g1 5 o,
DPPHE H|57] S4dARE gR1e = Sloke HelA] 2fo]
7} 9t} &3k DPPHE free radical, ABTS: cation radical®l|
Hkg-ste] 713 e] 5o A2 Th2ER ABTS fel7] &7
ol DPPH frel7] &R Eot 28 Hel7F §rk33). o]t
2o i A 5tiel G5 W A £ie

E,OEEEFE

Faksl &S =23 A3 DPPHS} ABTS radical 272
Qo] BF &50] e Ae=Z YEyon, ol fikt
g % 2 polyphenol¥} flavonoid 35 Z71E <laf aHakst
FAo] F7ksk= Aoz Alrd)

Table 6. DPPH radical scavenging activity and ABTS radical
scavenging activity of fruit body of Sparassis crispa and
LAB-fermented Sparassis crispa

(%)
Sample” sca]\)lfrlljglgn; glci?\llity scaéglgisngaglc?\llity
Sparassis crispa 71.99+1.65" 88.320.52"
LAB-fermented Sparassis crispa 79.840.33 92.42+0.94°
Vitamin C 91.14£0.82" 93.750.75"

"The concentration of all test samples was 2,000 ppm (2 mg/mL).
Al values are expressed as meantSD of triplicate determinations. Means within
each column by the same letter are not significantly different (p<0.05).
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Table 7. Antioxidant index of fruit body of Sparassis crispa and
LAB-fermented Sparassis crispa

Sample P’ AP
Control” 7.010.15" 1.00°
Sparassis crispa 12.13:082° 1.73+0.02°
LAB-fermented Sparassis crispa 13.02021° 1.8620,03"
Vitamin C 15.32+0.84° 2.19+0.01°

"Control, Soybean oil without Sparasis cripa ethanol extracts.
)Inductlon period (IP) of oil was determined by test of Rancimat at 110°C.

9 Antioxidant index (AI) was expressed as IP of oil containing sample/IP of soybean
oil.

YAl values are expressed as mean+SE of triplicate determinations.
IMeans within each column by the same letter are not significantly different (p<0.05).
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