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W OE. NREREZHHRIE RSN, IR EEZR LR (fermented Sanghuangporus sanghuang polysaccharide, SSP-F)
(ol L2, Jrxt HBAT S5 RAE SRS TP AG . DA TS SO FOb RE,  DABRIPTRE B R B B A, LA SSP-F {42
FFA N JSIAE T B DR FR A L T RS A A 2R, SR v R S A e - PR o 2 A L AR R LA
R R XTI H A MR AT RAE, R HIERR B A NE AT . S5 RR W] AL Z N RN H] 30.3 h, £efp
#9.3%. pH7.0. TEMEAMT, SSP-F (3RS N 3.30%, H/KIEZE LM (water extracted S. sanghuang polysaccharide,
SSP-W) HIIREURFR (2.34%) 5T 41.03%. SSP-W 1 SSP-F ¥ LARL I AFEA 4L, i Fuc. GleN. Glc #1 Man 4 Fift i
BELELRG, (RCEERECA MR AE . Bbsh, SSP-F (¥ H HFZEERAE . £ JH ABTS'H 3G % 5 T SSP-W. AW5
H4 9 Z 0 BHR VB BT RSN LR LR ks .
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Process optimization, structural characterization, and antioxidant
activity of Sanghuangporus sanghuang polysaccharides prepared by

Saccharomyces cerevisiae fermentation
PANG Meng-yu, SUI Xin-yi, LIU Dan, LIU Yang-shan, REN Hong-fei, ZHANG Jing, DU Xiu-ju"
College of Life Science, Liaocheng University, Liaocheng 252000, China
Abstract: In order to improve the extraction rate and activity of Sanghuangporus sanghuang polysaccharide, the fermentation
process of fermented S. sanghuang polysaccharide (SSP-F) was optimized, and its structure was characterized and antioxidant
activities were evaluated. The fermentation conditions were optimized based on single factors and response surface experiments
using Linqing S. sanghuang as the research material, Saccharomyces cerevisiae as the fermentation strain, and the extraction rate of
SSP-F as the response value. The structure was characterized by high-performance anion exchange chromatography-pulsed
amperometric detection, Fourier transform infrared spectroscopy, scanning electron microscopy, and X-diffraction. Furthermore, the
radical-scavenging activities of SSP-F were investigated. The results showed the optimal fermentation conditions were as follows:
fermentation time 30.3 h, inoculum amount 9.3%, pH 7.0. Under the optimal conditions, the rate of SSP-F was 3.30%, which was

41.03% higher than that of water extracted S. sanghuang polysaccharide (SSP-W) (2.34%). Both SSP-W and SSP-F had the pyran



ring as their basic backbone, and both of them were composed of four monosaccharides, including Fuc, GIcN, Glc, and Man, but
their molar ratios were significantly different. In addition, the hydroxyl radical-scavenging rate, reducing power, and ABTS*
radical-scavenging rate of SSP-F were higher than those of SSP-W. The results would provide a scientific basis for the rational
development and deep processing of S. sanghuang resources.
Key words: Sanghuangporus sanghuang polysaccharide; Saccharomyces —cerevisiae; process optimization; structural
characterization; antioxidant activity

3 (Sanghuangporus sanghuang) +&—F KR ZFL UMM ER, BTHFHEN. BEN. ¢
W H. BEILEAL, EREERON ke W, R8s A THRE. BAMEE, gREREREPAC
A 2000 ZAEMHR, FEATEM. ki, (5%, SR RRE, REEHE ARSI,
Horr, ZRERITFEIEMERGy, BADE. DUR . PRI M0 S5 D R

HAl, 382 WS NIRITE R ERMOKIZIRES, A& R, (EREEE RER: ioF L
FRPIREUTED, AT R EUE R, (HAAEIREUR & EOR R, SR 2 S AL 2 B, R
RIEFRRUE — B A e A T7i, JL TSR R AR W AE A AR AR b = A A B BE D Re N B2 & AR W
F, WAAERE. RIREES, KOARBEE RV, AT e 2 B HE 310100, B & A REFEAR
GRAE . R ZAFIRAN SRS A FERERR 2 — P W as A s 0, H AT, R P TR e B TR ) 2% 22 8
T F 2, 30, 562005, ¥k 3] TEGFINBCER, K RBHER S ZRENRIE R (17.46%) BE
AT KSR (12.69%) o fH, PRI REA] T 4 5 08 2 Wl I A A

AW I LA RE (Saccharomyces cerevisiae) AR50 FxT g AT R EE, TE N ZIAK0 S mh Bk
THma B R HEA T R B L2k, Hl% RS Z W (fermented S. sanghuang polysaccharide, SSP-F) ,
S R B S A e R kb e BRI L A LT AN R L R AR . XATH AP PR S A s
B ) & K IR 2B 20 (water extracted S. sanghuang polysaccharide, SSP-W) #E4T 45 ¥y A& M 77 THi £
PO . DA S8 SRR 0 & BT R R v 3OF F $ L FE i A 3
1 MR 55%
L1 R 5EM

3 (ik'5: QYZB01240101, LR IGTE TG EAREDEARHEAR AT , WO AR =B
W R B e N (Sanghuangporus sanghuang) TSR, FRA (230201) BLARAE T B4k K 2%
A kb MBI EE (S, cerevisiae S-04) W T I Sl T RRA IR A R] (74 ORI, BURAE T
WA AR 2 A i B 2 2 e S A P 5 6 =5
1.2 W5 5=

WIRIR (ZE]%: >98%, fit5: 20231106, SKPHAFFEARIT A XKML T) D + HLIAIMER (vitamin C,



Vo) (AE: >99.7%, it : 20211108, KA XML Z IR IRA R « BEHE (O pral, #it5: 20181214,
H 2R E ARG R AT o KWy (A0 >99%, b5 20230504, REM KM A D« SRE
I E M R B 953 (potato dextrose agar, PDA) (b5 : 20230706, 75 5w At Lk e it AE M ARG R
NFD s BERRHR LR R A B 953, (yeast extract peptone dextrose medium, YPD) (it5: 20201008,
T E R TR A AT RA D ¢ TKOEE (AiE: >99.7%, fit5: 20220903, HEG 74 AE4H
WIHRAFD .

Nicolet iS50 1 HLIH£L4M 354 . CarboPac PA20 BT 22 #e43 HiAE (3 mmx150 mm) . Helios-G4-CX
BRI HBE . Sorvall Biofuge Stratos =i B 0L (GEEFEER W /REHE AR 5 abonce-150CH {HIR
PEVRAT CREENSEBAFH AR B S A RATD ;3 HNYC-203T B REfHRE F IR 4% (REBRGH AR H
FRA®ED 5 FD-1C-50 W UR TN (LIFLERMGERHIEA R AR ; RE-2 000B Jiefe & kA (LiErRA AL
BRI+ 721 AT (R RMUBCRA R AFD .

1.3 5%
1.3.1 KRFEK S4B & &

S IR S50 5 T IR ) S AR SR I T 208047 SSP-W il %% . A0 R . FREUE R 1.0 g, FREUETH] 2.4
hy $2BURE 95°C. MR 27 11 (mL/g) - B> (5000 r/min, 20 min) ¥ (15~20 pm) , 75 Lk
W, 80 CCHEH: ZERMRAR, N 4 f5KF 95% LI, 4 °CEEST 10h, £5.0r (5000 r/min, 10 min) 3 b,
RURT I, 13 SSP-W.

1.3.2 BRIBBEE KBk H) & & 54800 TEHAL
1.3.2.1 BRIEEE BRI AL

SR PH 2 SR £ 2 4 i R (R TR P P REE A T PDA SRR B 973 1, (51 B T 30 cCIERIEIRAE 3516 2 d,
TS PRI A P TR S R R A T PDA RHETR 7R 2% b, BT 30 °ClEIRERAE T 2d, &H.
1.3.2.2 M7 il 25

BUE AL J5 BOBRI i BE AT YPD WU IR kb, $EIK (180 t/min, 30 °C) #55% 12h, EISFH 7.
1.3.2.3 KEEAREE 2 BEd %

KB INATERE (9 mg/mL) , AT, IINMBEEEEEM 78, THEIK 30 °C. 180 r/min FEAT R EE . P
P3RS > (5000 /min, 20 min) , F#H¥E, JE 100 °C/KIB KB 20 min, 80 °C W4E, NI 4 544
95%Z. M, 4 °CEEYL 10 he BEUUES L (5000 r/min, 10 min) , JUIEAE TR, 13 SSP-F.
1.3.2.4 HHFRRAK

Wit REERT ] (164 22, 28+ 34, 40h) . HFlE (4%. 6% 8% 10%. 12%) F1pH (3.0. 4.0, 5.0.

6.0~ 7.0) =AHREK, RSB E . R, pH X SSP-F #EHUS% (R) KM, #%a% (1) it



5 SSP-F RS R (R) .

R=—x100% (D

b, m WREEWRE, g MNRBTSAMARE, o
1.3.2.5 W [ R B i
FIH Design-Expert.8.05 #f4, 7EHFEZF A -, 51T Box-Behnken H 04 &858, FHIREZE K
FIHEE 1.
R | BN B S AT

Table 1 Response surface design factors and levels

7K # Factor

Level A: RN TE B: M C: pH

Fermentation time (h) Vaccination load (%)

-1 22 8 5.0
0 28 10 6.0
1 34 12 7.0

133 %4tk b2z

S Ren S5 IR 55 I E S0 L S IEMEAN B % &, IR IECEh . EATIbRAE 2623 ) ¥=9.698
6X-0.017 4 (R>=0.998 0) . ¥=0.932 7X-0.053 9 (R>=0.990 1) . Y=8.4129X+0.0422 (R*=0.9922) , IR#itx
2R P R S S TR AR IR (O o« AKX (O WEEHEESE (v EEESE ()
MEASE WD o RIEAX Q) HEZHEE (W .

W= -—"—x 100% (2)
Wi=W1-W, (3)

X, C ARIEAR i AR B RORE SRS RS B AEIRIE, mg/mL; VONFER AT AA,
mL: M HZFE R, mg.
1.3.4 ##ykiz
1.3.4.1 HpEH oM

SR FH GRS 1 A e VR AT R, AR S5 3R 2 Ren 25081,
1.3.42 fHEMHLHMN GG

K BLH£T 416 3#592: - (Fourier transform infrared spectroscopy, FT-IR) #EATHIM, HX 1 mg ZHEFEM
%1 0100 FIELEIIIA KBr #92K, BFSJEFr, 1955 VEH 4 000~400 em™', 2R 32 K.
1.3.43 H#HBG T



IZHERES 1.0 mg, XUHRHATE E, BT E P E— RS, <FRBER#HEE TN
£, {EIEAEERN 10.0kV, 10 000xF1 30 000x 5% FFEATHI4 i 7 BBt W .
1.3.4.4 X-GH AT 44

FEHLE 40KV, HL 30 mA, fAE 5~45°, HEEA 10 °/min BT X-SF AT SO0 E -
1.3.5 H A
1.3.5.1 F2H HETERREES

22 Zhang SEUNRTTIEIFREVE ), 23l Be ) AN R B2 /Y SSP-W Al SSP-F A i (62.5+ 125.0 250.0+
500.0~ 1000.0- 1500.0- 2 000.0 pg/mL) , LAAH[FRIHR LA BE a1 Ve B PEXT R, D 2% M 510 nm 4
B, %A @ HHEEEBEBRE (D

= 1—;0 x 100% 4

A, Ao NAATRARE R BLIBOGIE, A FE BG4 RTEK ZREARE K R S ST 45
AR -
1.3.5.2 )R 73 5E

22 Liu FWI TS, 70 i BCHIAN R BE ) SSP-W Al SSP-F FE i (62.5. 125.0+ 250.0.
500.0. 1000.0+ 1500.0v 2 000.0 pg/mL)> , LUFH [FRFERE FETE K Ve P PEXT /], I & B 700 nm 4k
LK RIER
1.3.5.3 ABTS"H Hi L% B g

2% Liu T M SEl, 70 i BCHIAS R BE ) SSP-W Al SSP-F FEM (62.5. 125.0. 250.0.
500.0. 1000.0- 1500.0v 2 000.0 pg/mL)> , LUFH[FERFEREFETE R Ve AFEYEXTIE, @ & B 734 nm 4t
MR, A (4 THH ABTS H BEERZE. b, Ao WA R BTG AE,  Ai AR
MR ICAE, A AR ABTS RN ATFWOGIE .
1.4 BEATE

SIGHARER 3K, SRUBMMEEbREE (v +s) TR, BIERH Excel. SPSS Statistics 19 il Origin
2021 BTG b
2 BRESH
2.1 BRRIREL

RIS [ SSP-F #&HUA3 A (520 W 1A . REEIS [ 7E 16~28 h I, SSP-F fRIAFHAMiRE, HAE
28 hIA IR KRG, BHJETFAR TR, JRIA AT RE R R IR R K, B59R B E R =, MR RERE A 4R34
Ko, VHFE TR T RRE O S A FRY SO (R, EHK 28 h N dc R IR )

FERR RS SSP-F R IS A HIF2 M LI 1B, A EAE 4%~10%I, SSP-F 2SR AWk s, HAE

5



10%IE B RAE, BEJRITIR T FE. SRR RE 2 em il bnt, wWidkom D, R EiR, SEEie s
i TAEL 2N, BREPNERACUMREELERK, SERAEZ A, iR T, B TSt

RN, ML, 10% iR AR .

pH X} SSP-F $2EUE R K500 1L 1C. pH 7E 3.0~6.0 i, ZHHREERZH LT, pH N6 B, ZHE
S e, BEE BB TR X ] A2 RN BRI B BHE B AW A A K, pH i & B KA &5
M G i R 6 A B P R R AR SR AR e D7) R, 3B EX pH 6.0 Ay pHe.

@

HEHUA} 2 Extraction rate (%)

334
2.504
;\; § 324
°
E 2454 g
8 5
2 g 304
% 2404 2
B 3 29
@ o
2351 /} =28 i/
e =
i
2.74
230 T T T T T T T T T T T
15 20 25 30 35 40 4 6 8 10 b
K% [] Fermentation time (h) $%&Fit Vaccination load (%)

B 1 REEEXT SSP-F BB KL

3.4

—_—
"

3.2

f
2.84
5 ‘//
. .

Fig.1 Effect of different factors on SSP-F extraction rate

2.2 Wi g

ma T 17 RIS ZH A A A5 R LR 2, [BIHTFEN: ¥=3.15+0.027 54-0.023 8B8+0.121 2C+0.017 54B+0.072

54C-0.105 0BC-0.124 542-0.177 05>-0.022 0C>,

R 2 N ERB BRI SER

Table 2 Experimental design and results of response surface

iy Az KBRS A] B: HAE C: pH v $REUSR

No. Fermentation time Vaccination load Extraction rate
(h (%) (%)
1 -1 0 -1 2.92
2 0 0 0 3.20
3 0 0 0 3.02
4 -1 -1 0 2.93
5 0 -1 1 3.21
6 -1 0 1 2.96
7 0 1 1 3.00
8 1 0 1 3.24




10

11

12

13

14

15

16

17

-1

291

2.81

3.13

2.87

3.15

2.70

2.80

3.26

291

1 3 W40, iZE T P=0.014 0<0.05, &3, J<HLI0 P=0.450 0>0.05, AN &2, MBS BT R=0.884

7, U 5 S PRI A BEALUT: Raa?=0.736 4, T W IZ I Y BEREMRRE 73.64% 1M NIAH AR 1L, B %A

BB A HER I .
R 3 HEGERIM
Table 3 Analysis of variance results
Ji ZERYR SEJ7 H 7 F1H P1H BEM
Source of variance Sum of squares  Degrees of freedom  Mean square Fvalue P value Significance
B Model 0.408 4 9 0.045 4 5.97 0.014 0 :
A 0.006 1 1 0.006 1 0.795 4 0.402 1 -
B 0.004 5 1 0.004 5 0.5932 0.466 4 -
C 0.1176 1 0.1176 15.46 0.005 7 -
AB 0.001 2 1 0.001 2 0.1610 0.700 2 -
AC 0.0210 1 0.0210 2.76 0.140 4 -
BC 0.044 1 1 0.044 1 5.80 0.046 9 *
A? 0.065 3 1 0.065 3 8.58 0.0220 *
B? 0.1319 1 0.1319 17.34 0.004 2 -
C? 0.002 0 1 0.002 0 0.2679 0.620 7 -

5% 7% Residual 0.0532 7 0.007 6 - - -
AT Lack of fit 0.023 9 3 0.008 0 1.09 0.450 0 A3 Not significant
4l 7 Pure error 0.029 3 4 0.007 3 - - -

KR 7 Cor total 0.461 6 16 - - - -




R? 0.884 7 -

Rag? 0.736 4 -

TECERRE (P<0.05) 5 TEFREE (P<0.0D) .
Note: "Differences are significant (P<0.05); “Differences are highly significant (P<0.01).
Mg 7 1T A 2 S8 v S T ZE 4 SR BT v ) A S AT AR D A I o5 R 3R S8 LA P SR 55 B b v o 0 2 T A 2k

BREE. SEmsoiia TR, FEMOK, BRIRFSSOAA MBS, RoMmgg. mE2 &k FEATUEL: BC
ZHAEM R, ACZHAFRIRZ, AB L HAFH 555 .

77
S27 2SS N
27 775K 7K ROSIRIRINSN
722277 755758
7 te OIS

Q
90 0:9%9:8%
IR

0020605020
LR

EaEE RS

RIS H
Extraction rate (%)
PG
Extraction rate (%)

FREUF % PRI PR
Extraction rate (%) ¥ ExtractionTate, (%2

Extraction rate (%)

B: %Al
Vaccination load (%)

5
£ 3

A: REET . A REENHE

Fermentation time (h) Fermentation time (h)

3 u i

B: #E&fhi

Vaccination load (%)

B 2 AFERZEAERRN SSP-F #I AR KM
Fig.2 Effect of different factor interactions on SSP-F extraction rate
M 57 T T e e T 2006 A RS T] 30.265 hy E2fi & 9.311%. pH 7.0, TMIFEHUAS 2 3.294%. Tl
PR EERS [E]) 30.3 hy #EME 9.3%. pH 7.0, SEFrfEHUfS 2 (3.300+0.105) %, 5TMIMERZH 0.18%.
2.3 BPEE S FIIRLIMERR
Ml 3 7750, SSP-W Al SSP-F I 5L bl Bl A 0% (Fue) R & (GIeN) | H#i& B (Glo)
FHERE (Man) , BE/RELARI0IN 40.17 & 32,96 & 74.97 © 43.09; 32.87 : 35.59 : 70.83 : 45.85, SSP-W Fl

SSP-F [f) 5t 2 73 AR IR, (B HLRE IR 43 HAT WS ANIR] o 3dh BRI T i 22 Wil SRR 2 R 222 S 14 D IR T e A R I 7
G 2/ H D



3% 4 nf%0, SSP-F abis |, BEMESE. ZHSENEASEL ST SSP-W, HiZhs& it
T 14.37%; &R RS RS, (HAE 3 A LLE H, SSP-F [ HH B s W A 06 i v T SSP-W o

S

—— SSP-F
600 — —— SSP-W
—— bt Standard substance

500 - E

Q
=
2
z
3 400
k=
5 .
2 3004 2 3 o .
= - g 9 =
Q 4 < © i
Y . R W S, —
s} <
K= 1 < 3
:E’IS o £ =z 59
100 - £ €283 2 = 8 S =
| § Gy %34 u
0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

Y 18] Time (min)
A 3 SSP-W I SSP-F [f] HPAEC-PAD &3 &
Fig.3 HPAEC-PAD chromatograms of SSP-W and SSP-F
# 4 SSP-W Fl SSP-F [yF (LR 5 B4 A

Table 4 Physicochemical property and monosaccharide composition of SSP-W and SSP-F

FE b SSP-W SSP-F
Sample
SPE-S B Total sugar content (W% ) 30.73£1.19 34.03+1.50"
& 5 RS 5 Reducing sugar content (W%) 9.42+0.22 9.67+0.17
Z ¥ B Polysaccharide content (W%) 21.31£1.33 24.36+1.47
K H & & Protein content (W%) 9.71+0.22 12.08+0.04*

FEREES Uronic acid (W%) - -

RRLEIR Fuc (M%) 21.01 17.75
Carbohydrate composition

GIeN (M%) 17.24 19.22

Glec (M%) 39.21 38.26

Man (M%) 22.54 24.77

HE: WORRRE 2 M%RREE/RE L “-7 Zon Rl "5 SSP-W AL, ZFEFE (P<0.05) .
Note: W% indicates mass percentage; M% indicates molar percentage; “-” indicates not detected; “Indicates significant difference

compared to SSP-W (P<0.05).
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SSP-W #il SSP-F f] FT-IR £5 5 UL 4. SSP-W Al SSP-F £ 3 415 cm! Al 3 412 em! &b % T8 (1) 5 W i 1
9 OH MiZ#REN; 2 923 cm M 2 923 e (RIS IE N HI 3 C-H 4IR30 1 644 cm™ A1 1 644 cm™! W REA
-CHO ' C=0 4i#k5): 1390 cm™ H1 1401 cm™ Jy-COOH H4EHREN: 7E 1240 cm™! H1 1244 cm! Jy SO4*
H S=0 HIHSCIE ;. 7E 1079 e A1 1080 e MR WA e 2 BT Lt IR 3 HO A7 AEY . P BEER B SSP-F HA4FAE IR Ui
W% SSP-W A KA IR AL, WEH BRI T RE ], X UL R BRSO WA F 0 2R A

;Jlgo

——SSP-F ——SSP-W

100 +

& (o) [ele]
(=] (=] S
1 1 1

i# it # Transmittance (%)

[3S]
S
1

0 1 1 I 1 1 1 I
4000 3500 3000 2500 2000 1500 1000 500

B Wave number (em™)

& 4 SSP-W Fl SSP-F ] FT-IR &
Fig.4 FT-IR spectrum of SSP-W and SSP-F

2.5 FHEEER

SSP-W FI SSP-F FJZRTHI A &5 #4 LI 5. 7E 10 000 {5 A4 T, SSP-W B ik BB H 5 4 i B HIR
&, RIMHBHE M NAE, T SSP-F BAAE ML RinA M (ALK 5AL 5B) 5 fE 30 000 fif & ok
EF, ATRLB R %3] SSP-W R IMAFAESLIA, HALE R KA —IRHE, S5t Hifa, 1 SSP-F K
AREBRR M, HP%% (WK SC. 5D o T fe R R RS T R 2 HIES, 25 SSP-W f71E
ZES, BRMSUE T RSO S EE R AR,

10



10 000x

30000~ [

& 5 SSP-W A1 SSP-F 43 $ ein 45 B it
Fig.5 Scanning electron microscopy atlas of SSP-W and SSP-F
2.6 X-fi5t
SSP-W FlI SSP-F (1] XRD £ U1l 6 Fizr, SSP-W 7E 30 o/ A5 fE1E AN IRBLIIAT I I, R B H Py 2
WA, SSP-F ARRIUARBIATHNWE: BLAh, IXWFh 2 M R UK kg, XRITHLATESAHE
= INTCE TR, LRI, SSP-W 2 LL4E AR AWML AR EWIIEAILAE, M SSP-F 2 LAIE
SR AWM A

m

>
w

1600 1600 4 ——SSP-F

=

=)

S
1

1400
1200
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1000

1 1000

800
1 800

600

600

AT4F5E ) Diffracted intensity (CPS)
7538 % Diffracted intensity (CPS)

400
1 400 +

200 T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
75} #7126 Diffraction angle 26 (°) #7544 #4126 Diffraction angle 20 (°)

&l 6 SSP-W Fl SSP-F [] X 54375+ &l

Fig.6 X-ray diffraction diagrams of SSP-W and SSP-F
2.7 EMIE M

SSP-W A1 SSP-F B ¥2 [ B 300 45 F i 18] 7A 15K S iR, LA Ve BHPEXTHR, Bl 5 B il ok B2 AN i

BN, EBEREAWTE, EREIRIE N 2 000.0 png/mL B, SSP-F [FiEFEFE N 90.94%, b SSP-W (84.27%)
$erm 1 7.92%, H. SSP-W Ml SSP-F i) # KA E ECso {5 (concentration for 50% of maximal effect, %
7~ H G R RIA B S0%HT FFE TR EED 3 A 488 pg/mL A1 408 pg/mL, 585 SSP-F B A # 50 K1#E H
FLERRRE .
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R A0 3R55 5 OGA K S AR BT B, RPosau {8 (reducing power, FRWBOGAEILE] 0.5 I HORESH KD
FRARIE [ k5 . 38 S5 e iR B 45 R A 7B B, BEE A SR AT IN, i8R AN T . SSP-W
H1 SSP-F ) RPosau fE 7> A 654 pg/mL F1 587 pg/mL (W% 5) o Uil SSP-F EAHHR AR 1.

i 7C A2 5 (Ve AR D |, B RE IR WIS, SRR AWTH i, ERIEN 2 000.0 pg/mL

i} SSP-F f] ABTS* [ H13:T5 B 44T Ve, H SSP-W A SSP-F #J ECso {23 %9 75 pg/mL 1 64 ug/mL.

iRH SSP-F B A £ 1 ABTS'H H3&7E
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Fig.7 Antioxidant activity of SSP-W and SSP-F

2 5 SSP-W # SSP-F MIHi & 4biGHE ECso{E

T T T T
500 1000 1500 2000

FE VRIS Sample concentration (pg/mL)

Table 5 ECso values of antioxidant activity of SSP-W and SSP-F

ECso (pg/mL)

FF i RPosau
FEH i3 ABTS"H &
Sample (pg/mL)
Hydroxyl radical ABTS" free radical
Vc 499 1 -
SSP-W 488 75 654
SSP-F 408 64 587

3t 55iR

ASHIE FC CABRI 1o B D i s, PR K B SR Sh il 46 1 SSP-F, kB T 208 IR IA] 30.3 h,

BEFP R 9.3%. pH 7.0. fEMLZAMHEN, REUEFRN 3.30%. BASLI AT SSP-W 2 HUE R (2.34%) #2
i 1 41.03%. SSP-W Al SSP-F #4J52& LAML IR IA B A B ZLH 2 & 28, 1 Fuc. GleN. Gle Al Man 4 Fft L%
ARG, (HILEERECE IR AR, BN, SSP-W AW RMFLIA, HEFIBik; SSP-F KA FBRR MY
2, HPRE . XATTE IR, SSP-W 245 iSRG W AL A REMILA M ZHE, 1 SSP-F 2 LUk
AR R . PURMIEPESE R W], SSP-F (5 EEiE R R . IEJ5 1 J ABTSH 3%

Z ) ET SSP-W.
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