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Optimization of Fermentation Process of Panax quinquefolius L. by
Schizophyllum commune and Its Antioxidant Capacity in Vitro
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Abstract: In order to improve the economic value of Panax quinquefolius L., this study used Panax quinquefolius L. as raw
material to solid state ferment Panax quinquefolius L. by Schizophyllum commune, increased the content of active
components in Panax quinquefolius L., and optimized the fermentation technology. In this study, the total ginsenoside
content of Panax quinquefolius L. was used as the indicator. First, strain 2 was selected from three strains of Streptomyces
as the solid state fermentation strain for Panax quinquefolius L.. Then single factor experiment was conducted on four
factors affecting total ginsenoside content. The four factors included: fermentation temperature, inoculation amount of
Schizophyllum commune, pH value and fermentation time. On the basis of these results, the technology of solid state
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fermentation of Panax quinquefolius L. by Schizophyllum commune was further optimized by response surface Box
Behnken experimental design. The optimized process conditions were determined as follows: inoculation amount of
Schizophyllum commune 10.90%, fermentation temperature 31 °C, fermentation time 10 d, pH value 5.9. Under the above
conditions, the total ginsenoside content of Panax quinquefolius L. fermented by Schizophyllum commune was 10.28%, the
content of crude polysaccharide was 12.85%, and the content of total flavonoids was 0.67%, which were higher than that of
unfermented Panax quinquefolius L., and the contents of macromolecules ginsenoside Rb;, Rg, and Re decreased, while the
contents of micromolecules ginsenoside Rg,, Rc, Rb,, Rd, Rg;, s-Rh,, r-Rh, and pseudo-ginsenoside CK increased. Among
them, rare ginsenoside Rg;, s-Rh,, r-Rh,, and pseudo-ginsenoside CK were new saponins. In vitro antioxidant tests showed
that the ICs, values of DPPH and ABTS" free radicals scavenging ability of the fermented products of Panax quinquefolius
L. by Schizophyllum commune were 3165 and 10910 pg/mL, respectively, which were stronger than those of unfermented
Panax quinquefolius L.. This study proved that the solid state fermentation of Panax quinquefolius L. by Schizophyllum
commune increased the contents of total ginsenoside, crude polysaccharide, total flavone and rare ginsenoside, and

enhanced the antioxidant capacity, which provided data support for the development and utilization of Panax quinquefolius L..

Key words: Panax quinquefolius L.; Schizophyllum commune; solid state fermentation; response surface; ginsenoside;

ERE, % RREEARITHES L2 RS M AR TR - 143 -

antioxidation
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JRCAATIFR A o XIS ) FH 208 R R B AL R
SRR, 25 RIS R I e S T,

BT, AR LAVETES R JEORE, AR FH 2
FH B R [ R VS VS 0 TR, 22408 TR TS
R S PEPES TR R R S5 A, ro bR NS, 3k
PR 2 NS BT 20 BRSNS MRSy, rr AR
AN E RS R S A Y . B RE R
SZIG FONE 57 T Box-Behnken B 48T, X 2458 B [#
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VUYES BIRTLAR ARG VS P S bRifE
ih: AZSHFF Re, . Re. Rb,. Rg,. Rc. Rb,. Rd. Rg;.
s-Rh,. r-Rh, . #IAS B CK  99.5%, Ligalifitd:
PIRHEARRA T 2 TR R R A
BN oK OB S3ral, T BHIERNE B A BRA
il ; Z4FE B (Schizophyllum commune) 1 S HEER, Y5
336356 A E AR T 2AE TR (Schizophyllum
commune)2 SR (45 SHBCC D11505)F1 3 S5
R (4= SHBCC D61817) _LiGftmi AR
Uos TS IR B g3k . R BN AN
Jeat B R A ARG IR BT AF]; Al R
RIMAFAA BR A A Meilie R+ EEn s b T
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BB P IR ] ; CARY 100 B EEAN-S66RE T
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11 AUfE R VR A Vg — a2 R AT BR A
HZQ-F100 BIYRZILHFRAE  WIRIET R FHROR
T RA BRI T BL-50A RIS R SI78 7 K sy b
2R ) 75 e il i A5 B2 H s TSE240V-ULTS %Y
SERGEAR IR VKA . U3000 B s 20 AH (5L 25 [
FEBR QAT SHB-1I BIEHMOKCEZS IR T
PRI T B )8 1% 8543 RN 71 DYF-500 287 R A AL
WV H SEH LB A FR 2N 7] DHG-9240A I HLHk
TE RS T HRAE 20 PN AR LA il i A B A5
DK-98-11A UL #VER K REETT A= BT e
FHRRA ] QT-1 BUERIR A8 IR
HRRAF]
1.2 ZWHE
1.2.1 T2 WHES W IRT B SH R GE
80 H) —VH¥:Z 8y — K IH > ARH B - B 35 —1%
HET e GL 80 H) —»VHTES A BE =M —ih
Wy o B A
PEVEEE S BV TE SR R TR SR (i 80 HD il
WPGLES Y . FREL 5.0 g PETES YA 50 mL —ff
AP, INAZEMEK 2.5 g 5], AW =SiE M,
FERKBEEH 121 °C KB 20 min, %, & M. 1EJG
PHEREE T, 18] = AP A 6% (w/w) £ i) 2468
PRAN 2.5 g TCHEUK, BEFE AR, 76 25 °C. 80% VR
TSR 8 d, [ AR BE (LR 22 A T = AR, R T
K, Frmet 80 H IR, RS PRV ES A BEY) . Al Pa v

Z R RIS YRR NS R ML 2P B R Y
/E\EO

122 AZRBHFSENE ASBEXTEBER
il £« KE B PR PR M i A= B (Rg, . Re. Rb,.
Rg,. Rc. Rb,. Rd. Rg;. CK. s-Rh,. r-Rh,), & TH
BEVE TR, B2, A R AL A IS MM BE RS B, S B ASE
UL

g & (it (Waters-Cg, 250 mm>4.6 mm,
5 pm); IS 203 nm; Fii#: 1.0 mL/min, £ :
40 °C; FshAH Rk 2 NE W W s 16 Ve AR )7 R - 0~
25 min, ZHEPARFRSIECH 20%; 25~60 min, Z 5
RTS8k 20% 39 ZE 40%; 60~90 min, 2R HAARFR
3B 40% B4 ZE 55%; 90~120 min, Al AT 43
¥ 5591281,

PRI 1.0 g PUEES RIHEY), T 50.0 mL 7K
YRANIE T, FRE E A, ZKIEINERENR 1.5 h, 3O 7
PrE B o, FHOKRMRIE T BExh B2 i, #2500
Ve ORI EGEW 25 mL 2=, FRIE N 50% FH s
BT HIAR, BT 10 mL A, 2538, FEA
TR RCRARCOTEASI, $2 1A= A AS B & &
C,xV,xD,
Vi %

K. W, BRAS BT EE, %; C, Rk
AR VR BT B B, mg/mL; V| FoRHEE
IRARTH, mL; D, SRR IE AR BG40 M, O

W, (%) = 100 #® (1)

=1

HL, mgo
1.2.3 MBS mE AT BRSSO A5
A 25 R U Ze B T BRI E T, BR R EE 0.2 mg/mL
o} BV, B85 HH o
R i 22 SR PRI iR, A2 R I
2B B W 0. 0.2, 0.4, 0.6, 0.8, 1.0 mL ik T
20 mL H2E b @iE b, FZEIMKAME 1.0 mL, B
BEL 1.0 mL 5% KRBT L Vs v, FRLABC R
FEENA 5.0 mL ¥RERAR, #8E 10 min, B LSS
FiREIR G e LR T URD, (M Fe 5y IOV, SR )5
IR BB ALK 30 °C F X)W 20 min, T
490 mm P T, UV MR, DU AR R
FEALPR, W CEEIE I AARDR, 2 hilbRiERRZE
VOV 2 R B ) A 22 0 5 B 00 I 2 < S 28 R L
1.0 g VHEES A, INATC/K 205 40 mL, 7£ 280 W,
60 °C . #H75HEHEL 40 min, $EEEZE 8000 r/min K &5
SO 15 min, 2= 3, ZRE D 15 mL AYZK, #HE A HEE 3
YR, BFYR 30 min, B 8000 r/min &.0» 15 min, 53—
W VST 50 mL 59, Ik X220, ¥
), BNASAE SR 2 BRIV o B8 IBORH 22 0 55 T T
0.5 mL, FEARHE T Ze ) 77 200 5 W GARL, H AbriEh
L, THECH R . FE R AT A b 5
Wa(%) = CXVTXD % 100

2

&

Ao W, B, %; C, T s
WP EE U, mg/mL; V, R AR AR, mL;
D, FRN ISR M, FoRBURE i, mg.

1.2.4 RIEERSENE SR RS A
KEERRBOST T AU T, 1T 60% JBEEAW T, B
#ill 0.1 mg/mL HIXTREEW, 25 o

FruE i 2 i R FH AR IR EN- IR R, P
T XIS 4 A2 B 0, 0.5, 1.0, 1.5, 2.0, 2.5,
3.0 mL LA 10 mL b4, Tl 60% £ B 2 Sk
U5 mL. A 0.3 mL J5i 5 53 80°h 5% ) NaNO,,
BRI, B S 8 min, BN 0.3 mL i &= ECN
10% 1 AI(NO;) 5, I FE 45, #E 10 min, &5
il 4 mL SRE5ECH 4% 19 NaOH ¥, H 60% L1
FEZY, FEAIEE 10 min J&, £ 500 nm F KR <
MW CRERO 22 2T R SO G bR £k .

VU V-2 R ) S 0 T 2 00 I A < G 2% PR L
1.0 g VHEES R BEY), I 60% Z B 30 mL, 7£
280 W. 50 C 414 F, S HEEL 3 YK, AKX 40 min,
£FYR 8000 r/min BS.0» 15 min, & IF =W LIHFR T
100 mL ZEI A, /il 60% ZEEERE R B Z)E, 17
57, RIASAE S S A I VA o K 3 R TS 1 A< 0
W 1.0 mL, REAREp 2R A0 07 75 D0 5 WG AR, 75 A bR
Hephgerh, AR RE . #2225 S TR
it
C,xV;xD;, «

3

W, (%) = 100 # (3)
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o W, TR BB & i, %5 Cy Tt s
WIS, mg/mL; Vy Fon AR SIS AR, mL;
D, RN RGBS My FoRBURE i, mg .

1.2.5 ZUERBEERATRZE  #IEH TIRRAE T
SARMZRETA 1 SRR (ZR5 336356) . FHTFRMFA:
7R LSER R E 25 F Ak (48 5 SHBCC
D11505) FIH T 43 i AR5 22 10 248 T 3 5 B kR (Ji
5 SHBCC D61817), LIIHiET 1 SRR EA K EE
71, 2 SRR L3RR AN 3 5 PR AR SRR 5
EAEJIRFALVIES T NS BT . fH 2 WH R B R 45
WY o 2 1.2.1 J5 k43 il 2 VS R I -
FRIZFE T | SRR TFES RIRY) . 24080 2 5
FARPETES KRN . 2408 3 S HRRVT RS LY
MA L BEPEES T B NS B & & 2N
e LB 5 B, SEBGE A Ak

1.2.6 FARZESES  RIT 1.2.1 ik, HERFRRE
80%, HEHXAESRAF pHT, HeFlid 8%, K 8 d, BHEAN
[F] %% BEETELRE (20, 25, 30, 35 Fl1 40 °C) X A& 4y b s
NSRS R, B2 5% pH7, IREER 30 C,
ZURE T 2SR B TEVES: 8 d, N [E) 2408 B iy 2e gt
(4%, 6%. 8%. 10%. 12% Fl 14% )X K& By b i
NS B & m e B 54 A BEEE 30 °C, #2
P 10%, K2 8 d, ZEEAIE] pH(4. 5. 6. 7. 8 Fl
9) X R EEY) Hh BN S WA B B S [ e SR
pH7, RIS 30 °C, i 10%, 5N A] & Bzt
[E](2. 4. 6.8, 10 fl 12 DX EE T EANS B
B

1.2.7 M TEOLAES AT S SRR B R TP
WS T 24 EZE M52, AR 2R S aa gl SR 22La
I+, 3= FH ) B T KA Design-expert 8.0 # 1T Box-
Benhnken {3651 FEEFRIL 5.0 g FEEESHA
50 mL =, DAZSRE B M = (X)) . KERIREE
(X,) . KEEEIEN(X,) FABE pH(X,) 2 A28, BA
SR EECY ) NN, KA 4 Bz 3 Km0
TR T . B ZAK gt I3 1.

N O A S e S TS

Table 1 Response surface test factor level coding table
KT M
KT
X, (%) X,(C) X,(d) X,
-1 8 25 9 5
0 10 30 10 6
+1 12 35 11 7

1.2.8 S48 B 8] 285 A B VU 9 2 01 MR 1l i) 52
TEDCA S TR [ 25 A 1 1200, A 28 TR U2k
B rhas NS 02 ML 20l iy 28 Ana
B RS A, B SRR R I A A P RS A
XA ST BRI

1.3 RSMRE SRR

1.3.1 DPPH H HILWHFBRFRE it DPPH HH

FLIF BRI TEN R A BRVE RS . VHEES R B
Ve XTRESBUTEBR A 2R 8877 430l FRE 10.0 g
RKEEFVEHESFPE S R 100 mL 40% .15
HEFFHEI 1 h, 50 C EIEZE R LEE, R T . =
2% Bai 850! YIRS AR, 4300 BCHiT (62.5. 1000,
2500, 5000, 10000, 20000, 40000 F1 80000 pg/mL)
e AR R TR VE VE S FNVE VP2 R B R T R s,
B (62.5. 125, 250, 500, 1000, 1500, 5000,
10000, 20000, 40000 F11 80000 ng/mL) ¥k J& ¥ V.
Xof B SR, BURE SRR 1.5 mL B bt e, FInA
ZAFIEY 0.1 mmol/L DPPH 95% Z BV, 1875, 2
WEIRESG N 30 min, 517 nm 3% K N A GAE, %
AR DPPH H HENH G

DPPH H H 275 R (%) = (1 - Aﬁ)x 100 =& D

. A 2y DPPH e DUAE S I OGAE ; Ay s
PR S T G AE
1.3.2 ABTS'H HIERRLE  #Eid ABTSVEIE
AR KREEPEHS . TS R I Vo R IR I R
U ZERYRE J1 . 32 1.3.1 AREREES, B Ve X85,
IR S AT, T35 ARTS 2502 107 B A &
M, ECHIAE 734 nm PR BIIRSGE SR 0.7020.02 11
ABTS FRAL, 5 AR R BEY V o X BRSO
FEMEIR 4 0.1 mL 5 4.9 mL ABTSH BRI IR 4,
HOUE T REYEIZ Y 6 min, 7E 734 nm PR R S
{B. FARITE ABTS' A HIE7ERR.
A,— A,

A,

b Ay A FIRESRIIROGAE; A, i ABTS'#F
TN & RS
1.4 #IEIE

IRSEESIE S 3 U, IO E S LR At R
FIFH DPS Bk 545 Design-Expert 11 {4, Ori-
gin 8.06 Fil 1Cs, T ARI X SLB A RBE T5eHH 700
B VEE . i a5 AT AP S AL SE B8 1 1C s, (BT 5.
2 RS9
2.1 GEMYIBRARERNZRAIE ST

AN Z %2 Rg,. Re. Rb;. Rg,. Rc. Rb,. Rd.
Rg;. s-Rh,. r-Rh,. I AZEH CK. H PR
i g2tk I R WL 2. |3 2 nl N, & M
Z B BE TR 4 AH 5 R R YRKTF 0.999, U5k
SIHESR 2 FEE MMV FEIN, ZPEC R RAT.
2.2 HBEEKIFIELSR

R 3 Fh 2400 B VE RS R IR R R IREVE S
POTEPE RSy, G5 ANEE 3 R BAS B S Eh R
FHTE 2 S RER>2AE T 1 S TRAR>Z24AE T 3 5 B bk
>R BEVUTE S FH 0 & it v 28 S 3 S Bk
FETA 2 5 MRS R R BEVE VES> 2408 TR 1 S TRk
W S TP R B 2 S M RE R 1 S AR

ABTS" H HEEF R (%) = x100 I (5)
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B 3 SRR AR R IEIT RS . B, 2485 2 S bk
HIEG TAASEH, 28 3 SEREES T
ARyl TR R E S TR, DI
KA 2 SRR R SRR B

2 MY bR

Table 2  Standard curve of active substance

% B Eyryi R M (mg/mL)

AZBIF Rg,  y=38.056x+0.7341  0.9999 0.28~2.22
AZ A Re  y=49.251x+0.8111  0.9999 0.24~1.89
AZRBHFRb,  y=38.056x+0.7341  0.9999 0.29~2.22
ASHEH Rg,  y=67.803x+0.0279  0.9998 0.06~0.56
AZ B Re  y=46.459x+0.1264  0.9999 0.05~0.56
AZBIFRb,  y=43575x+0.1734  0.9999 0.05~0.56
AZBH R y=49.523x+1.1788  0.9998 0.21~2.13
AZHERg;  y=59.902x+0.0276  0.9999 0.03~0.27
PASBE CK y=91.097x+0.232  0.9999 0.05~0.60

AZRE s-Rhy  y=93.638x-0.0038  0.9995 0.002~0.014

AZRIFr-Rh,  y=84.055x+0.0455  0.9994 0.002~0.021
ek y=4.9367x-1.2955  0.9992 0.04~0.20
KR y=0.0469x—0 .0011  0.9994 0.05~0.30

K3 VS EEY SR KBRS TR TR ) LU
Table 3 Comparison of active components between fermented
and unfermented Panax quinquefolius L.

Fh MAZBHTE%) MHEHEEE) I E%)
1S 7.14+0.15 3.94+0.08 0.310.01
SAHB2 5 9.30+0.13 12.5240 .12 0.60+0.07
ZUHH R3S 6.68+0.08 24.7240.23 0.25+0.01

FivES 6.03+0.09 11.83+0.06 0.17+0.01
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23.1 KREHREXBASETSEMEE HIE 1
AN, R EEXT B S B S B W R
(P<0.05), Z4FH A B2 Z BEVE VS IREAE 20~30 C
T, BAS B S ESIERIN, 4 30 °C Bk
B RAE 9.2%+0.1%, TE 30~40 °C 414 F, B ASE
FeEmPuE N, XOEHESA 30 C DL LM EAEK
2%, 35 °C DL 2RI 1R 2R K, 40 °C 240 B
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Fig.1 Effect of fermentation temperature on total
ginsenoside content

e Rl —48Pr AR ING R 225 B3 (P<0.05), & 2~& 4 [F],

FET-, RNREA AU A NS BITER . iUl R IR
FEBEEA 30 C,

2.3.2 ZEBEEEA R B AS B SR h
& 2 AT, AR E MR A S RS EEA R
FH M (P<0.05), 2R R A T 7E 4%~10% A,
Bl 2R R RSO, BAS B SR W Hig i, 24
R EIAE] 10% BB A B ERA, 1A
9.3%=+0.1%; MR == T 10% B, B AS 2
T E BB R BO&E Sy B e B3 =
T EE R WA R P AR TR G S, PR T R ERCE;
MR E T 10% B, Al = A AR R R o
Z, FrAESE RIS, S PRI A AR, ES T R
SO [FB 2sTHARRR o NS 11 A T IR F 00, [IG
HAAREPY, BEEaEEPPEIEREN 10%.

10 -
— b b 2
Sol o A—+
i § d
4
=
P 8 -
prc|
7
4 6 8 0 12 14
SURBRAERNEE (%)

E 2 ZAREREZEMEX SAS BT S =I5
Fig.2 Effect of inoculation amount of Schizophyllum commune
on total ginsenoside content

233 pHX S ASREHEEMEW  HIE 3 05,
pH XS AZS BT EEA W TEFZ M (P<0.05), 2
R B [ AR R BEPUTES pH IE 4~6 51, B AS I
EE BTN E pH6 B ik B B KAE 9.4%+0.2%.
e pH6~8 5514, B AS B & 18 T F¥; pH9
B, BAS RIS RN PR, SO0 2R R
ERTEEE, 224K pH IE BN 5~670) KRR A
F i, ZURE TSI S AR A pHO6~8 Z [H]EL
B EAFRTETER . Tl A 19 pH 8RR 6.

10 1

BITEE (%)

Q@ g

pH
K3 pH X EAS BT &R A
Fig.3 Effect of pH value on total ginsenoside content
2.3.4 REREXTBAS B SR HhE 4
RIFSIAY-alai IPOPSWNE L=y S aire = SR ERTE R A1)
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(P<0.05), Z4FEBA 2 R RV PEZRTE] 2~10 d, BLA
2 AT SR RES N, 7E 10 d IS EIEME 10.3%+
0.3%. Kl# 10~12 d, B AS BT S EEW M., X
S R R 7R 4RE TR R BRI, R AP SR s e
JE, ZUE TR, A AT A S AT sk BE]
T, EIRYTTIEAESE, 2 RTEFE A BT H
F PR S, AR KR ARV E A N AR R R T ek B
TP, W RE A T AR 10 do
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Fig.4 Effect of fermentation time on total ginsenoside content

24 MEEKEKAERTIZ

2.4.1 Box-Behnken {51t ARYE R SCHe 45
5, R FH ui B 1 Box-Behnken 125 DL 28 68 B 425 7 5
(X))« BB E (X)) . REEETR] (X)) DL R & 1%
pH(X,), 4 NHZFE Ny A48 E:, LB AS B & (YY)
S AR, Bt 4 PR EE 3 KPR A . BT
FARBGLE R I 4,

i 1 Design-Expert 8.06 #4:X%f % 4 & @i 56
a2 o0 Rk Wi REBIE, SR B AS B
23 AQ'QICIEYy i ?

Y,=10.22+0.51X,+0.62X,—0.43X,—0.37X,+0.51
X, X,—0.54X,X,+0.41X,X,+0.34X,X,+0.029X, X ,+
0.39X,X,—0.89X,*—1.29X,>~1.01X,>~1.03X

e 5 nl A, BAS B SR OY) B ALY
P {H<0.01, % 3, BEW] X~y [ml )9 J7 R A A a)
FEo IR H, Y, BRI SRR 25 (P>0.05), Ud A
Y, BRIRIA, G 5. BYoE 25 R°=96.50%,
TR E /AL R, 4=91.20%, DLW 91.20% 141 W (B
AT AR ] AR IZAR IR, ZATRS R A, Ry
FZELE R, Y, BT LIET A N R S B AS
BHETEM LR, AP EER XX X5, X,
X, X5 X X5 X2 X2 X2 X2 XA S B
TERE AR 25 (P<0.01), RIF X, X, Fl X3X, XTE A
2 B R IR 38 (P<0.05), HEATRNE AR E .
L FAER/INATAL, 45 P =X A S AT & i 52
SR 5 I A X, (& B il ) > X (248 P B i)
>X, (CREERD>X ,, CE T pH) o
2.42 FHERAZHAERSHT Nl 5 Fos, 2408 iz
Fbim (X)) PR TR (X)) o SR8 B AP (X)) F
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2% 4 Box-Behnken #3177 % K45 5%
Table 4 Design and result of Box-Behnken
IRty
R Y, (%)
1 XZ X3 X4
1 0 -1 1 0 6.22+0.12
2 -1 0 1 0 7.70+0.18
3 0 -1 0 1 6.81+0.14
4 1 0 1 0 7.78+0.23
5 0 0 0 0 10.29+0.18
6 0 -1 0 -1 7.55+0.26
7 -1 1 0 0 7.50+0.17
8 0 0 -1 1 7.97+0.22
9 -1 0 -1 0 7.62+0.21
10 0 1 -1 0 8.95+0.18
11 0 0 -1 -1 9.15+0.14
12 1 0 0 1 8.65+0.25
13 0 0 0 0 10.80+0.24
14 0 -1 -1 0 7.90+0.17
15 0 1 1 0 8.62+0.28
16 -1 0 0 -1 8.77+0.19
17 0 0 0 0 9.82+0.22
18 -1 -1 0 0 7.8240.13
19 1 0 -1 0 9.87+0.21
20 1 0 0 -1 8.96+0.15
21 0 0 1 1 8.15+018
22 0 0 0 0 9.99+0.27
23 1 1 0 0 9.4240.13
24 0 0 0 0 10.19+0.12
25 1 -1 0 0 7.70+0.23
26 -1 0 0 1 6.81£0.15
27 0 0 1 -1 7.78+0.16
28 1 0 1 8.15+0.24
29 0 1 0 -1 8.78+0.15
£S5 HEMER
Table 5 ANOVA of test results
e SRR ARE ¥ FE Pl WM
e 34.75 14 2.48 21.73  <0.0001 ok
X, 3.16 1 3.16 27.69  0.0001 o
X, 458 1 458 40.10  <0.0001 o
X, 227 1 227 19.87  0.0005 o
X, 1.66 1 1.66 1450 0.0019 o
X, X, 1.05 1 1.05 9.15  0.0091 o
XX, 1.18 1 1.18 1031 0.0063 o
X,X, 0.68 1 0.68 596  0.0285 *
XX, 0.46 1 0.46 401 0.0651
XX, 3.27x10° 1 3.27x107°  0.029  0.8682
XX, 0.61 1 0.61 531 0.037 *
X,? 5.19 1 519 4541 <0.0001  **
Xy 10.84 1 10.84 9491 <0.0001 o
Xy’ 6.56 1 6.56 57.44  <0.0001 o
Xy 6.84 1 6.84 59.90 <0.0001 o
G2 1.6 14 0.11
AU 1.05 10 0.1 0.75 0.6743 AR
4R 0.55 4 0.14
BE2Z 3635 28

R 0.965
R 0.912

I * PR ZE R B (P<0.05); **FRZF W EE (P<0.01),
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2.4.3 MIRIGUFLER  ARYE R A7 72, #5244
PR EAS R BEPEVE S T A5 g . mlipefb 1.2
SNy, ZARE B RE RN 10.86%, K IFEIRE 31.40 C .
KR E] 9.69 d, & WBE pHS.85, B A S B & &
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Fig.5 Contours and response surface plots of the effect of various factors interactions on the influence of total ginsenoside content
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120, ZURETREIERTE 10.9%, KBHERE 31 °C. A BT
[E] 10 d, K¥ pH5.9, S AZS B & HE 10.28%+0.2%.
PRIZTE 2.0% Z N, B N TETHLG 19 L 2SR HERA
GIET

2.4.4 ZIRHVE S R 1 U PE S X TE R LA A R i 4
W HEREWERESREEFES I T A4 R
PV R, 45 R ANER 6 i, AS 1 Rb, Ml Rg, &
ERIE TR, AR Re & /MM R ASRBF
Rg,. Rc. Rb,. Rd & &Y FFF, Hi AZ 1 Rd &
R IE I FF; Rgs. s-Rh,. r-Rh, FI#L A S B CK
ShET BT . X ULIAPE RS A A S B Rb, .
Rg, 1 Re & 2R WA W 40, 53% 4 Rg,. Re.
Rb,. Rd. Rg;. s-Rh,. r-Rh,. Il AZE1F CK, Hrf
ANSEAT Rd R EZSE W) FEE, WSR2
BHEE N 11.83%=+0.06% TR 12.85%+0.05%, 15t
U248 TR P T S R v A 20 VS B
S 0.17%+0.01% T+~ 0.67%+0.01%, iHH Y
FE A R B PU e S A e A RS T

6 AT SR VS 0 P23 1 5
Table 6 Effect of solid state fermentation of Panax
quinquefolius L. by Schizophyllum commune on active

components

D% REWEPTES (%) R (%)
AZRBTRD, 3.31+0.03 1.4140.05
NS AR, 0.4120.01 0.21%0.01
AZ 1 Re 1.310.05 1.24+0.06
NS B 1R, 0.11+0.01 0.14+0.01
AZEHRe 0.43%0.02 0.65+0.01
AZ B 1Rb, 0.44+0.02 0.69+0.02
AZ 2RI 0.58+0.02 4.17+0.02
AZEiRg, 0.000.00 0.36+0.02
AZ: g 1s-Rh, 0.00-0.00 0.02+0.01
AZ B ifr-Rh, 0.00+0.00 0.04+0.01
PASEIFCK 0.00+0.00 0.43+0.01
biEZ 11.83+0.06 12.85+0.05
SR 0.17+0.01 0.67+0.01

2.5 RIMREILEEISEIRLER

2.5.1 DPPH &AM EALSIIGZER  aniEl 6 Fios, XT
B V. SRR R BEPEFESXT DPPH H H
FERTA I BRAEFH, B 7S VR0 B B i B e 7 o,
o Vi IR I 62.5 ng/mL 5] 1000 pg/mL
B, X DPPH F FH % 19 38 Bk 2 M\ 37.23% 3% i 2]
89.95%, JGLLME V. O DPPH H HiREAYIR R
IRE] 100%; PHIES RPN R D 62.5 pg/
mL ¥4 1%] 80000 pg/mL Bf, X} DPPH [ i 3 19 i
4N 1.52% B H13] 86.65%, TEAH [FIHE T A & 1%
PETES AR MR DPPH H HHIEAIIE R 1.24%
HINE] 80.55%. Hi45 R AH S XHN I mOAc B, 4351
W ICs, THEA A A h AT I3 . 4528, Ve
ICs, B 134 pg/mL, PE¥ES KW Y 1Cs, 1H H

31365 ng/mL, KA BEVHIEZM 1Cs, {H R 44169 ng/

mL. i, 35ER DPPH [ FHEEGETI USRS M V>TE

TESRIEY>RRIEVEIES . X S 2469 TR PE 7

Z R h BT E AL RE JISR I P RS 20k . R B AN

A B SRS T AR RS, L 2R TR

VHPES R DPPH [ HHALRE 1T R & vy
100 f

g
380 o
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= 60 A
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40 1
z T
& 201 - REREHES
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Fig.6 DPPH free radical removal curve

2.5.2 ABTS"ASMICSAMLSZEGLEE  aniEl 7 s, %
M V. TOHES REEY AR KPR ST ABTS A Hi
FERE W RVEF, B G O BE X I R A T 1 i,
Hirp Vo BN 62.5 ng/mL HEE] 1000 pg/mL
B, X ABTS"H Hi 3k 1% 7 & 2 M 29.83% 144 Jiin £
97.86%, S LR IE V. IR ABTS F LAY R
IRE 100%; PUHES R FRNEE AR BE N 62.5 pg/
mL 341 %] 80000 pg/mL B}, X ABTS™ [ H H: 11475
BAR M 3.22% HAHNF] 89.71%, FEAH[EIH)E T R & W
PHEES AR RS ABTS' H I 3EATEGHR M 2.42%
W] 82.57%. KA R AH S5 X IR, 4351
WA ICso TR T . 4528, Vo 1 1Cs,
{Eh 87 pg/mL, PHEEZSEIEYIN 1Cs, {E-~ 10910 pg/
mL, K& EEVE S0 1Cs, {H N 18713 pg/mL.
I, 7B ABTS' H HILBE J1 MR ES R : VS TETES K
BE>A R IHEVE S . BARVETE S R FIR K T
PEAE S Ve BITE R ABTS A L0088 A7 1F 22
B, (HVE S R B AIR R BEVE TS B b fbie
Jio HT, R ABTS A 5k )1 55k DPPH H

~ 100 ¢
e P
g 80 -
i AT
& 60 e
= /
{_* 40 -V,
4 201 - KRGS
2 —— ZUHTEPE S L)

0 T r T T
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Fig.7 ABTS" free radical removal curve
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FH 3L RE ) 2 ) S IEAH IR, T LA RS B VU RS R T
Yk ABTS H LM RE S0 TR R REVE RS
3 #Hig

ASBIFE AVETES: R JEURE, i 15638 6 2408 TR TR R,
388 A AL PR] 2R R 7 T R PG A SR PR R IR PR VRS T
25 A3 BRI RS TR I 10.9%, & BRI
31 °C, & FERTE] 10 d, KB pH5.9, 455 Wos: 2464
HPEES RIS AS BT S ER 10.28%, M2
BHE BN 12.85%, BB &8 0.67%, AR KRV
FESH=FEEaRe. FERGFASBEIT
Rb,. Rg, fl Re ZmfEAI%, /NMrF AZSE1 Re, . Re.
Rb,. Rd. Rg;. s-Rh,. r-Rh, AL A S B CK & &
FHE . Hoi, #ifA AT Rg;. s-Rh,. r-Rh, Fif)
ANZSBA CK ARt . BT bscsiiEi . 246
HIOHES A WY DPPH 1 ABTS H R 05RAE ST
Y ICs, {EL53 518 31365 Fl1 10910 pg/mL, HJUfF 34
RIFEVEHES, (BN T Voo RIS R HZIE R AL
PR VS RE e A S BT R s B ER AAA
NS BATI & i, B AT ALER 1, MPEES T
KA R R SR
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