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Abstract

Ganoderma lucidum is the Chinese traditional medicinal mushroom-like fungus. The polysaccharide is one of valuable
and bioactive Ganoderma lucidum metabolites, and it has hypoglycemic activity, reducing inflammation and anti-tumor
activity. The Ganoderma lucidum solid-state fermentation operated at different media (wheat or soybean), the ratio of water
to medium, and fermentation were studied. The polysaccharide contents in fermentative products were analyzed by
phenol-sulfuric acid method. The abilities of scavenging DPPH free radicals, reducing power, and chelating effect of ferrous
ion were evaluated as the antioxidant activities of the hot water extracts from Ganoderma lucidum solid-state fermentative

products. The results showed that the one week wheat fermentative products had higher polysaccharide content and the
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soybean fermentative products had better antioxidant activities.

Key words: Ganoderma lucidum, solid-state fermentation, polysaccharide, antioxidant activities

*Corresponding author E-mail: yhcheng@niu.edu.tw

\t

I
l
E Y (Ganoderma ILFJJcinum)fL* Al “ﬁfktﬁ e
FBS & 1 Tﬁé'ﬁuﬁ“ *'Eﬂ v ST
S F,j?]d,gjf:,%,lp” “1 e @Y 2 RIS Ff[“
e FRBIEEA R lﬂﬁ*f’?‘ﬂfﬂf@ LSl
PP @D R R B S
S = 5 O -
%g-»f»;:«(: =75 1994) o
By SR PRI U RS
LR G VAL A
P A (O R R Y
PEEL FSWIR CF » 1996) 7 B e SO
W+ = UL pe1.3 WFJ’%' » B-1,6 GV #E
Pg(glucan)ff*f/\f{f’Jﬁj PR EAR TR TR A
2 H TS T 1 A f’j@ﬂﬁ it
By AP % s A A
ﬁ\@pggnﬁﬁw%@gﬁﬁlg‘ﬁiﬁ‘%*
R 2 S BB £ RS S R G
2005) « & ¥ VEY PR - ROEAN VYT %
P SRS S0C  FARIS G0 it
RIS 30 (FURAED » 5 I Ry g
(FE" > 2004) o

YRI5 BE  BREE R - S
R B R R [P A SR [
SHEE R I B GRY» 2000) « B PEII ]y

Puzpl s (2 JJ/%@;B,Q Iﬂgfﬁﬁ'ﬁ” RISE P
L ~ pHLf e S Pk - RS SR 1 3608 7 28~33°C
[ B o f%l%“%“’ﬁﬁ‘ffw > pHfI 7 4~4.5 » 5] 5 &I 53
Svvm > IL@ISOrpm ’ %[Jii/‘ pﬁﬁ& W(Yang & Hwang,
1998) o jfi| % 52 | Hﬁfkl ﬁiw;}glfjﬁw@ FF RS
K E PRI IR 2 BN R A
TR E}ﬁﬁ*lﬂ ?ﬁflj{ AR F{llwﬂﬁéﬁl
FOEIERE o Y PR R TR
S > HLH BRI 50 (R T S i
PIFREpHI » £751F AR SRR 1% o [T
FEPI30C » 7181 4566%~75% » pHETIRER] 7 5~6.V ] -
B F R pUgUE i k(Hsieh & Yang, 2004 ; Yang et al.,
2003) {172 il FiE ST 48 (U > 5N Yz T A
BEERPSIOATHAZR - b PR" G IS -
W IVEREVE] R PR RS - EI
eI INEES f“‘iﬁ‘[‘f‘f < BURU)Y ~ 35MEDPPHE Tl
=T~ e g gL A s #F A
T R BRI T EE ) (Mau et al,,

2005a) - Mau(2005b) 53 |1 FIFRAIEAF TS 5 Ey
SR Al &Y FoR ARG o T A R
'FJ\"’JJ ° Ei}g?*@*ff Q'%MFE' N ;’»jyj{ﬁ‘—‘?” Bfﬁf[irfz}:‘r J\j’ ‘Jvf[ﬂ %
SEURC) Ik P SRR B ‘Eﬁﬁ%?ﬁ'glw P JY Pk
(5 BRIV VG DPPHRS e P IR VP 5y
BB U T Y BRIV VET £ RS
=B IR S s ILI‘L%G?PEM“E& RRED
7J‘<i‘;' ?fo’J I/*‘Sr Eﬁ%g@ F J@T o
=il ij}fﬁ;a [~ PIRT > b j‘F'Mau%T(2002)7'} P
F i’ va[w SHPRE I*ﬂl Kz EC LU ﬁ &Y I"J‘i%*
T]_L”_ED—E _'"‘J [\LgFJFIJ{ﬁﬂfEEIE[IEL IJ Sk E

2006) Y EE e pu= ﬂj}ﬁﬁ” ,‘}7*‘u$n| [4®F(Zhu et

l., 1999) ; &5 Fﬁﬁ%ﬁ#ﬁ‘ﬁ'ﬁg’lglglfaéﬁ[@zElﬁaﬁfﬁgJ
j?f},(You & Lin, 2003)F5 8 Il [ (e 3 1T =
PE(MDA)FEEBE [ Fsflye [ PTF| il QB iE > 2002)
B BRI I 2 A R R A “%?pa?u R
(“‘@’L;T(SOD)EMF',‘I‘%*DB RE[ST) T RO ED 0 PR il LR
B R S T A5 % R [ AR (A
2006) » AP 1Y - SRR ﬁl’?”r‘%%*fm%éﬁﬁf
&k 2pEVRE > TOH MRS VEED [WRER R
73 Pl g l’“?plé °

IR
- WY RER R
U H AR S 2 Pl (s H’[PIZI:’H I-.& Ganoderma
lucidum BCRC36123(?FF#,1 3\’5@%&?&“’5’? FriT) iF[{E‘J
PDA (Potato Dextrose Agar)~ T’?’?ﬁ%ﬁl ) [ R Fﬁ'lﬁlj
*ﬁ%g » L FE 75 Ganoderma lucidum BCRC36123 Rk
28C™ PDA T ﬁ%%ﬁlflliﬁé’%* B AT S e
TR o
- EY HERFE R
A W%%L” &Y Fﬁ'l*ﬁjﬁﬁé% » i “13EA T PDB
(Potato Dextrose Broth)f?ﬁ%ﬁz » HEE RIS PUSETEC
%ZEEE@ISO rpm > I 30°CHE ljSWFUWf%% [ ﬁ'f*
o AT ER200 g % [EEL) ﬂW:*?ﬁ%E ' 7] HU[
061’071’081’091’117111*“{'121”’}‘7;*{'
BRI 205 P BRI A R
FUEPHE < I (= V10 mL o> o S @A
BT AL H U B RS R -2 B S« 7[R 60 C R 7
AT 98 | [F) » HZR  PTT OFE 5
[k P = s (A5 fT -

= FE b’p%]i“nﬁ
2

—v—v

ERLF B | E’[}"’Hi (Dobuis et al., 1956) »



Y WEAER Y1y SR M AT

IR SR 5 A PRI
%fﬁﬂ““éb%ﬁ@ﬁﬁ& VAREGSYEEETAT - AREZ

BRVEED JEERPRES 100CEVFH IV > S IVkEE~
(5000~g, 10 5354, 4C) » 2V_FIphfle L mL 1 g
95% 1A ([l 2 PEVCPRL s o RS HEES 15 J) EA
(10000rpm) » [ & 787 | 75%]F1kE 5 mL Feifie- 5 > 52
WIHZEES 15 53E8(10000rpm) » L ER{FFE > 07 1 mL
NaOH ??\’ﬁfiﬁﬂ?ﬂ > [ 80°C ’MF‘TQF‘%I%PFL\‘EJR S|
mL f lJfﬁiif[! M1 mL S%HER] 5 mL R > H S
fiFl mf 2~3 TR Ao 1153 A X G 488 nm
U -
P~ (L3RRS 5 LR
PRk B I*EF( Ko & Lin (2004);3#77 4y » ']
Curdlan ,E{[IE%Y‘*FF# o [ESYEHIGSG F R ED SR 1
F IV %pﬁﬁ %] IN NaOH gifﬁf?ﬂﬁ% » IRE ST
R e SRR SV 0.3 mL i S F
* 30Ul 6N NaOH Fobfi ™ 80 cﬂ\yﬁa@% 30 554
{JJ‘YF‘, %017 aniline blue ZIHHFS 50°C ~ iz 30 75 &4
R I ‘{? '\Jﬁf\ TR e A 398 nm M K
K 502 nm 1? [J'F' ﬂ@FJ@
- Y ISR RE PR Uik
0.4 g ik | 5 AL R *ﬁ%ﬂmu%ﬁ fii iz 3%
ﬁ%@%w@wfp 40 mL fUZEEf 0 &5 100°CEVRS
U FIFEAS A S 10 mg/mL 2 Uik > Ty g
T T s ['“‘fj‘I‘ZEElfl IIFT e
4~ L 1,1-C E 32 BR3L(1, 1-diphenyl-2-
picryl hydrazyl, DPPH)FJ‘:‘] e
{* Shimada 37(1992)% %7 1/
mg/mL & [HIREFE Y SRS Tk & [iﬁz{_ﬂﬂ ’
Y[ 1 mL 02 mM DPPH-f! [k » 15 iiifi Fi T R
FIP e 30 Siddes » o7 AR BES 517 nm JHIE Rk
fiff > 1) 10 mg/mL fYffutge” [&(ascorbic acid) I BHA

=

» JUL

°J 4 mL fv 10

mFI

(butylated hydroxy-anisole){ % ﬁaff [! FVSAFRRAE o ek [y
[SF T
Scavenging effect (%) = [(As17 um 0f control) — (Asy7 um
of sample)] /(As17 um of control)x100 %
 BURUTEE
{4 Oyaizu (1986) FE - » 2V 1 mL iV 10 mg/mL
Y TR R VB S VPr > nt 1 mL 0.2 M pH

6.6 phosphate buffer » 1 mL 1%% "'[& (potassmm
ferricyanide, PFC) » %% 50°C h’F‘ 20 55 S 1o F,
St 1.0 mL 10% trichloroacetic acid (TCA) 7?*11‘2 iﬁi

2] 3000 rpm EES 10 min > HVE J—ﬁ%?rﬁz mL > & 7
2 mL #&88-% 0.4 mL 0.1% ferric chloride | 'F~ f-l b=

5 10 558~ e 0 1) 55K R S 700 nmwﬁuﬂpb

A fifi o 20110 mg/mL [ L (ascorbic acid) !
BHA [=ERASIIUSHEAT © o il S8R dg s -

111

BB VR
f&~ Dinis £7(1994) LD - 0.5 mL i 10
mg/mL 8 [H RS 58 eV B 2V > pt 1.85 mL
F 'ﬁﬂv 0.05 mL 2 mM FeCl,*4H,0 » 5% 30 F[{EH]: &H p
* 0.1 mL 5 mM ferrozine » 7 Z RE10 si iR o b
A3 BF T 562 nm JEESL il - 221 10 mg/mL
pofdsE% (citric acid)» EDTA ll':tf,ﬁiif [,[ P o A
A ISRT B & W Vi -
Chelating effect (%) = [(Asgoum Of control)-(Asern, of
sample)]/(Asgznm 0f control) x100%
Je s ST
CUINERCTE ﬂ%?ﬂ I U E A
Ry SR SRR A ) 2 IR AR R 1 2 B-(1.3)
AP A [ Ifbﬂl‘ﬁ B ANOVA Hip=
R AT i o TJBITE T A 5 Ak T [ iifﬁ
Fegl - PR BOTSAS R S S B-(1,3) AR
PEIELS, (ORYZA [ S AN BRI RS B IS
Pes MUY (P<0.05) «

SR
- s ﬁ'ﬂ?ﬁf@%%ﬁ% PpEk BIPURYE
TP )] R RS PRI > ST AT S
FUETHOEHE 17 0.6:1 - % 30°C MPELA - ST ATED il
TR SRS 2 Pl B POsyA (1) - S B 2]
FESTL BB A F{fug_a‘jsxﬁgﬁlt il B
B 2 Bt 28 b o D [ TR AR R 7R

35

"\

A EL
e &

30

[ 3 [ 3
> n
T T

HilH

—
n
T

Polysaccharide (%)

—
>
T

n
T

<
<
S
EN

6 8 10 12 14

Fermentation (day)

'l &Y IR R R 2 ;,F’*,_ﬁi N2l

Fig. 1 Polysaccharide content changed during
Ganoderma lucidum solid-state fermentation
(n=3, mean + S.D.)
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Table 1 Effect wheat and soy bean medium on polysaccharide content in Ganoderma lucidum solid-state
fermentative products (n=3, Mean + S.D.)

Medium Fermentation time Polysaccharide
(week) (%)
(A) Wheat + CaCOs 1 17.58+1.92
(B) Wheat + CaSO, 1 16.93+1.83
(C) Wheat + CaCO; 2 18.20+1.80
(D) Wheat + CaSOy, 2 13.51+1.54
(E) Soy bean + CaCO; 1 3.55+1.44
(F) Soy bean + CaSO, 1 2.03+0.67
(G) Soy bean + CaCO; 2 2.40+0.83
(H) Soy bean + CaSO, 2 1.66+0.72

2 PR PVEY WERETER P R TR 50T
Table 2 Analyses antioxidant abilities of Ganoderma lucidum solid-state fermentative products with wheat and
soy bean medium

Medium Scavenging Chelating Fe*? Reducing
DPPH ability (%) ability (%) power (Abs)

A (wheat+CaCO3 1week) 27.934+0.12 29.96+0.34 0.44+0.02*
B (wheat+CaS0O4 1week) 28.94+0.17 28.49+0.13 0.54+0.01%*
C (wheat+CaCO3 2week) 25.15+0.79# 27.29+0.24 0.94+0.05*
D (wheat+CaS0O4 2week) 16.74+0.10# 29.07+0.28 1.3340.01*
Wheat 38.19+1.0 25.00+0.38 0.20+0.01
E (soybean+CaCO3 lweek) 28.09+0.60 70.51+0.22 1.26+0.02*
F (soybean+CaSO4 1week) 41.36+0.52 62.94+0.17# 1.47+£0.01*
G (soybean+CaCO3 2week) 50.15+0.78%* 63.78+0.23# 1.20+0.01*
H (soybean+CaS0O4 2week) 51.08+0.39* 60.85+0.47# 0.90+0.02*
Soybean 29.94+0.36 86.88+0.42 0.37+0.01
BHA 94.21+0.62 69.39+0.53 4.44+0.01
Ascorbic acid 62.11+0.93 5.25+0.01
EDTA 87.06+0.61

BHA and ascorbic acid/EDTA as control
T AR SR ! F B 1 (=3, T p<0.05)

o = *pﬁfﬁ%ﬂu@ﬁ§%94ﬂ§wm%ﬁﬁﬁy
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HT*“%%ﬂiﬁwmﬂﬁﬁ”nﬂﬂﬁ”F FH o S BRI B A Y BB A i s
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550 B BRI S E Y 2 goﬁwﬁﬁﬁﬁ
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