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TR, IC5u1AA 1.72 42 843 mg/mL. AF L AAKAT AAFSHEORRIL, Wy WA T LM, i
ETHEARBROEAENE, WENESZBEGE—FF RKiom ARE T ZREFEK LH.
FER: B AR S48, F 45 A RBUE, M RAE, RABAE L, B h) iE it
FE4r2KS:TS201.2 SCHRFRIATS: B XEHS:1002-0306(2026)07-0239—12
DOI: 10.13386/j.issn1002-0306.2025030365

Optimization of Semi-bionic Extraction Process of Polysaccharides
from Prunella vulgaris L. and Analysis of Its in Vitro Antioxidant
and Enzyme Inhibitory Activities

PENG Xinyu, SHAO Yuxin, SHA Yixuan, LIU Donglai, YIN Xingfu"

(Agriculture College, Yanbian University, Yanji 133002, China)

Abstract: Using polysaccharide extraction yield as the indicator, this study investigated the effects of hot water extraction
(HWE), enzyme-assisted extraction (EAE), and semi-bionic extraction (SBE) on the extraction yield of Prunella vulgaris L.
polysaccharides. The extraction method with the highest polysaccharide yield was selected for process optimization. The
structure of the polysaccharides was characterized using high-performance liquid chromatography, gel permeation
chromatography, ultraviolet spectroscopy, and Fourier-transform infrared spectroscopy. In addition, the in vitro antioxidant
and enzyme inhibitory activities were evaluated. The results showed that the polysaccharide yields obtained by the HWE,
EAE, and SBE were 5.9%, 7.54%, and 9.87%, respectively. After optimization, the best extraction conditions for the SBE
method were determined as follows: extraction temperature of 85 °C, duration of 2.5 h, simulated gastric fluid (pH2.0) and
intestinal fluid (pHS8.5), and a solid-to-liquid ratio of 1:30. Under these conditions, the polysaccharide yield reached
11.69%. Structural analysis revealed that Prunmella vulgaris polysaccharides were mainly composed of rhamnose,
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galacturonic acid, glucose, galactose, xylose, and arabinose, the molar ratios were 8.89, 41.81, 17.53, 6.85, 14.32 and 7.21,

respectively. Antioxidant activity tests showed that the ICs, values for scavenging DPPH-, ABTS™, -OH and O, - were

0.049, 0.092, 0.085 and 0.062 mg/mL, respectively, while the maximum total reducing power was measured at 0.314 when

the polysaccharide concentration was 1.1 mg/mL. The polysaccharide also exhibited inhibitory effects on a-glucosidase and

a-amylase, with IC, values of 1.72 and 8.43 mg/mL, respectively. This study systematically optimized the extraction

process of P. vulgaris L. polysaccharides, preliminarily clarified their structural characteristics, and confirmed their strong

antioxidant activity. These findings provide theoretical basis and technical support for the further development and

application of P. vulgaris L. polysaccharides.

Key words: Prunella vulgaris L. polysaccharide; semi-bionic extraction; structural characterization; antioxidant activity;

enzyme inhibitory activity
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FH P s M, HER BN M A B 20 (Prunella
vulgaris L. polysaccharides, PVP)ili ‘& &5+ HHY 5%~
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BT 2T 10% LIPS WF5EERH, PVP BAT
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2475 2k 2 B3 (Semi-bionic extraction, SBE) & —Ff
(RN N1 R S £ g2 S N7 I 5 NI (=B el = S LD S i
LB e pH BRI FIEC R, ARG SR B H AR
WA 2O A SG EOR R 2 R R i AR
T HARARN Ve &4, Be L REAE T RisCb BRIt
AR EE FLORARIE M B Sy, B I BRI SR S5 TR F 44k
FKF. HAl, SBE CVEANS | HEESZ B ZhE
FEBCP B PR FAO (B AR A R B O Y
R R BR TR ER R, F T 22800 ie . $REGIL
HI X PVP G5F4-75 PR 520 1 R RGEF5E o

FET U, AR OL A7 A TR IO Al B 22
T 28, 856 UG BR R IS B T 4544
FTAE, RGP A b . B MBS A s R, DA
HH S B R s 22 ) S AR FH AN e ™ o R S
WARYE S5 H AR S
1 HRSE
1.1 MRIEEE

HAGE  JTPEBUN, MRS A5 s AR
KGR . Ve B ERIRAACENHA IR A5 Hen
fi . Tris-HC1  [E 2548 A4k 25050 A BR A B 28 .
PR, Ak, BEAeET . oK OlE, =8O, =4

gk BRI AR . i EARE . SRR =1 RIEERHERR
1k 2% 3 30 A BR 2\ W ; DPPH. ABTS. DNS i 7 |
pNPG . 21425 (FEHG =50000 U/g) | a-#ize bt i
(Fifg% =50000 U/g) . o-TEMIE(BETE 4000 U/g) TR
AR AR A
LC-FA2004 BIFHTRF LS RBEANES A

BRZSH]; HM-SY96 HUFEFR{Y . E-201-C #4 pH i+ |k
VERT BB RS A BRAYF]; FDU-2110 B K& THRHL

Atk ek 2t TDZ5-WS RUBLLHL 9
B WA S B F AN AR AT BR 2 7] ; HH-S21-4S RUE R 7K
B VT BRI T RS A BR AN E]; Agilent1100 %Y
= RO AH RS L FEAR R A B F 5 Waters
1525 BB ATEAY  E[E Waters 22 F]; UV-2550
AN MG iR AR R 7] IR Tracer-
100 YAl L np AR $e 2T AR 35 AL HOAS B HE A A
SU8010 WA A i T HASHILANFL,
1.2 SLWHE
1.2.1 FRELTIALEE R AR SN T =, I
o B LR A R, 3 60 B 745 20 T b BRAE 4,
TSR —4 °C vKF T e £Lifss .
1.2.2 BEANEZHEHRE
1.2.2.1 #UKREE  BREC L g AR T8 & Tk
AR, FERNR L 1:30 INAZEEZK, 90 °C $#2H 1 h J5 LA
4000 r/min 5.0 10 min, WEE FVEWR . FEERE PRIz
BHE L 1:30 DK, 90 °C —YREREL 1 h, 8.0 5531
PR FiEW . HRGW I 3 f5KFH 95% LB,
4 °C PP . B0 ZHRUTTE, MR To/K &
P, PN A YRR, FERVRRIRG R R TR, A5
AR T
1.2.2.2 [EEHFEIEEEGE  FREX 1 g EAE TS T
B, AR LE 1:30 BUZEIRZKRT 5% MLT4k T,
55 °C F#2H¢ 1 h J5F 4000 r/min FE5.C> 10 min, £4
B _VES Kesii A R AL IR PR, e i
W B PIIR IS, a8 b9RA] .
1.2.2.3 PrA$REGE  ARIEEOT AR R, SR
N E B8 M55 251, F§ HCI1 1 NaOH 4351 B il
P W (pH1.5) AL W (pHS) o MERFREUE A
BRSNS 1 g, INACKRIEEE 1:30 BB B, 7E 90 C
S TR HREC 1 h, 7E 4000 r/min 5544 F #5.0> 10 min,
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PR IR, FRIE TR TR L 1:30 iU, T
PR, PR B B A TP IS 1 Hn
A 3 AEARFRAY 95% L, WD BE; Bt n sk 20k
ULUE, HIK 20 N Ak o s, 5725 BiE
WHEDLTE, Yo UR T e RIS A RORLZ2 g™ A
B2 R EE S e /NI

HMEZ R R (%) = :/i x 100 A (D

o vy SRR TP EBERTE (g); V, RS BT
(g)o
1.2.3 SBESENE e S®l: maalsE
drrsln A 0, 0.3, 0.6, 0.9, 1.2, 1.5 F1 1.8 mL [y
100 pg/mL 78 26 M AR E W, 25 85 T /K% B iR FL =
2 mL, A 1 mL 5% FEEEH, RSG5 mL ¥
WlR, =& F A 20 min, T 490 nm &bl 5& W 5
(B, BEALPR AR, YAABR T GIE, 234 B
52 y=0.0164x—0.0443, R>=0.9996 .,

B 2 mL AN B Z WA . 1 mL 5% K H
BRI A, N 5 mL ¥RERER, TRl
FIREF FBAKN 20 min, 7F 490 nm ARSI LI,
SCEEE .

& (2

Ko C HARYEROG T Y A s ik
J# (mg/mL); V Sy ZWHE RS (mL) s N A3
BAEEG m oA PVP BURE R (mg) .
1.2.4 FARZESE  HETIPREC—E B A SR, 4
e A 4 DNERACFZEATT, SR 1L AER
I 5 DA K S5, [ 4548 B L
1:30(g/mL), ¥2HBUEE 85 °C, ¥EHUHFE] 120 min, &
W pH2, 17 W pH8. 43 il HCE A L 1:10. 1:20,
1:30, 1:40. 1:50 g/mL, 32HIEE 40, 55, 70. 85.
100 °C, #£HLHf[E] 60, 90, 120, 150, 180 min, 5
pH1.0. 1.5, 2.0, 2.5, 3.0, Im# pH7.0. 7.5, 8.0, 8.5,
9.0 FHAT R ZR S5
1.2.5 ma RS DARA R ZE S0 45 SR S A, S
THRFE PVP 152 (%) 1E e B A (YY) I 520, R
FH Box-Behnken ¥ 3, iz FH 4 Design Expert
13.0.6 FEAT T 3 PRIE 3 K14 i 57 17 43 B3, an
21 iR,

B E %) = x 100

CxVxN
m

F1 R Y P E K

Table 1 Factors and levels of the response surface test
S
SH : N ——
A RN (gmL)  BEHGRAEE(C)  C HHURE] (min)
-1 1:20 70 90
0 1:30 85 120
1 1:40 100 150
1.2.6 BEANEEZBREG  i#id Sevage TAREBREEH R,
P TS > e HE 1) A SO Z2 A, I 1/3 ARFR Y

Sevage G (IE T HE: 5845=1:4), IR G I ¥R 10 min,
#E 30 min. PBE/SAE 4000 r/min K 25.0> 5 min, W48
W, EHGASFA AR . SRR EEERS
FAETC A CTTTE ST, IR 28 R AR 4R, s 22156
i

TP e (0 s [a] B B ) i 2 RIS WP A
1.5%(w/v) By T% L 2%, 1F 58 °C K 514 T~ Bk
20 min, #h9E, TE L, FEAE, B BB AS IR
a0,

BT B IR Y 20 ISR EEA 3500 Da
BHTAE T, FiKENT 48 h, BRFIA PG S HAh /Ny
T 12 h #e—RoK o BHTE RS NG WG
WA T ELZS VR UR T8, A5 AN SRS i 20k
1.2.7 #5265
1.2.7.1 BHELSHT S AERY [k, R
FH 1283 -3-HH JL-5-nh ik bk il (PMP) A3 T35 A= fb 25
B A RO AR 3% (HPLO) AR, 757 1T 14 Fhs
DA S B 1) 53 B 40 AT 7 %, It PMP AERTATT
A R RO A A ARG
1.2.7.2 Sy FHEOMNGE 2 BEalRE S Ao H R
FHEEI B35 (551 (GPC) ,, 5 # AL 1T ikIt
FVER S KA RS N Waters 1525, #:ilIgS A 2414,
{4,354 > PL aquqgel-OH MIXED 8 um. JishAH N
0.2 mol/L NaNOj; 1 0.01 mol/L NaH,PO,(pH7), i
A~ 1 mL/min, &~ 30 °C.
1.2.7.3 S8AMRIOCIE ST BCdil e BESA 1 mg/mL
1) B AN R BRI, T 22 BS TOKFR R LY 30 1%, LLgli
K A As Ll SR A0 R] DLy 66 BE A AE 200~
400 nm YA E P T KA,
1.2.7.4 ZIANRIKGRE S HT B 2 mg TR0y B A o
Z 5 200 mg KBr #RKIEB G /5 WEE 10 min, BGEE
REPE o KR S TR AR LT A R,
I 4000~500 em ' I BBl P D GRE IR,

1.2.8 RS AEARTE

1.2.8.1 DPPH-IFIREE I MMIE S35 8o e 0P
FrIFeE . B PVP AV Bl A R e BERE Sh %
Wio HL 100 puL £ PVP IEW -5 %K F DPPH T.
VERIR ST (A )5 B 100 L Je7k Z 525K F DPPH
TAEWIRZT (A s BL 100 pL JG /K £ B 55 45 A FL
PVP IR I (A,) o #EEGIUN 30 min, 517 nm ik
SflHo LA Vi bndEdh, DPPH IS BRFEAX N :

DppH-i%ﬁézz(%):(l— lgAz)xlOO £ (3
0
Herbs Ay WS AL A, URERRZL A, ot A4

1.2.8.2 ABTS"VEBRAESIMME K PVP F1 Vi B
AN Rl BE AR S o B 50 pL ¥R EE PVP iR
W5 150 pL ABTS" TAEMIESI(A ) ; B 50 pL 76
IKZEEY 150 pL ABTS™ TAEMIESI(Ay); HL 50 pL
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TaIK ZWE S 150 pL PVP IERIR I (A,) o G
[ 10 min, 734 nm MW SGAEPY DL Ve RS,
ABTS 158008
Y Tl 2 A - A,
ABTS" - i& R Z(%) = 1—A— x100 3 )

0

o Ay MES A, A, SRR, A, XTREZ
1.2.8.3 -OH VEBREESIAGMIE  SHalfk S5 1Y

J7 5, KK RE PVP 19-OH WERAE 7. ¥
PVP il V. B A R B AR S W MR A
1 mL &4 PVP %4 . 1 mL 6 mmol/L BREE 42
1 mL 6 mmol/L /KAWL, IR ) 5§ & 5 min, FAIA
1 mL 6 mmol/L i3 48k &(, 37 °C 7/KF /<K 30 min,
510 nm JWSCAE (A o A Ve bR b, ZEmKR
FEREA A AL (A, 28I i b &N M

XFRRZH(A,) . F25E B RS RRR AR
~0Hi%E%$(%)=(1—A‘;A2)x100 ® (5
0
:T:tl—l_l: AO ﬂ‘jgg E[éﬂ, Al %#Fﬁlﬁlgﬂ, Az ﬂ‘jxd‘ﬂg\éﬂo

1.2.8.4 O, -IHFEREESI MM E  H PVP F1 V. Bl
JEAS [FIHR FERE SR . B 5 mL 0.05 mol/L Tris-HCl
2P, N 4 mL - BE PVP ¥, 25 °C ZKIH T
20 min, FHAIA 1 mL 3 mmol/L 4BFE = My (T
20 min), RIS 25 °C X)W 5 min, 1A 1 mL
10 mol/L HC1 Z& 1F JZ )%, 320 nm ] W SGAE (A ) 20,
LAZETR K ARSR AR =i i Xt FEZH (A, ZRARIK
IRERES N ES (A, Ve NhRfEdh . AT
[EREEE SR /N W

O - I 2(%) = (1_%% 100

0

A (6

o Ay MAS L, A, SRR, A, IXTREA .
1.2.8.5 BIRJFESIMIE S SCHTIRPT IRES
MBI, A PVP R Vo B H A AS 6] He BERE R s W o
B¢ 0.2 mmol/L ik 2% 1 ¥ (pH6.6) 2 mL., £% ¥k &
PVP % 2 mL A1 1% MIEEUIBEH 2 mL #2257, 75
50 °C FREL /K% 20 min, 2RI HITA 10% =5 2R
(TCA)2 mL, £t 4000 r/min &5.0> 10 min &, W B
2mL {EW . 2 mL Z2K A ImL 0.1% FeCly, ik
T#E 10 min J5 I E 700 nm &b GRS, DL
HFREBIFERES . LA Ve bRiESh .

1.2.9 FgdlvE

1.2.9.1 o-fHEFEITEFIANGIRME S5 0Eky
P8 K PVP I 1. 3. 5. 7. 9 mg/mL #E W -
KIGLHINA PVP IE WA 1 U/mL B o7 25 58 1 B
B4 50 uL; i 525 4 A PBS il PVP % %
£ 50 uL; XTREZH N A PBS Fll a7 24 Bl Bl 75 W
£ 50 ul; 28 14 A 100 pL PBS W . 37 °C 7K
% 10 min, il A 100 pL 6 mmol/L pNPG, 37 °C JZ
J¥ 10 min, S AIA 1000 pL 1 mol/L /) Na,CO; £

1SN, 400 nm ZBMISCRE . F] A0

I o, [, OD,—OD,
mﬁ%ﬁﬁ%%ﬂiM»{laﬁTai%Mm
XD
b ODy,: 15041 OD,: 5625 2 ODg: X

FEZH; OD,: 25 P14
1.2.9.2 a-JEREFAITIHIZENE S SCHkT IR,
B PVP ECHIAL 1. 3.5, 7. 9 mg/mL i . I
IA PVP A 1 U/mL 1 a-BER B RAS 50 ul;
I as F4H N A PBS Fll PVP I 4% 50 pL; X if
ZHIm A PBS Fll o-40 % B B MR 45 50 pL; 25 4
S A 100 pL PBS & o 37 °C 7K ¥ 10 min, il A
100 pL 1% JEBSAW, 37 °C S 5 min, LA 500 pL
DNS i (.5, 100 °C /K # 10 min, % £ 3 mL,
540 nm WG . WA .
1.3 #IEAIE

A 9286 A TR B 2 — K, R JH IBM SPSS
Statistics 27 FRAAHEA TR 2R Uy 255087, S5 R LY
{HPRE2ESRIR o FIAERAF Origin 2021 #4745 K.
K F Design-Expert 13 4547 mie p7 w2 596 158 31
[ENHHLE S, FEXH TR ST A Rk 222 [n] YA Y 3t
A7) 2850015 i ARG
2 BR5SH
2.1 ZEERBUSEMIE

LA PVP 13 PPN FE bR, FLARAS IR HE By %
PVP 15 RAYFEI, L5 UNE 1 Fion . 205 A B EGE
i PVP 1835 55 (9.87%+0.72%) , i35 & T a4 Bl
PEEL (7.54%+0.36%) FIME G K £ (5.9%+0.37%)
(P<0.05), iX— 225 FEIF T A RIFEBO a0 LEE 2
5t 25 A SRR AR AR T AR (1 R S
AR, GEAS T FE 4 M SAR ) AR 2544, DA TR
ZIN RN TR Y. AT, B BB AR HE
EEE e g o (BN R e S K S NS 2 N A 2
AT R U RELH Sy RAEAE I, FLF 2 s das il
Hitgfi S5 AF, SRS Z BIBR T . ARGk L)
SR RS B A AN B, AR BGHCR A BR, 1 7T g
BRI MRS . I T IR SIS LE NS, ARSI

12

10 -

a
gl b
c
6+
4t
2+
0
HokBeftn:  EEEIFEMOE 05 ek
K1 RFESEEOER PVP 1R
Fig.1 Yield of PVP by different extraction methods

e [l — 38 R4 4 2 RIFR AN A AR e 25 7 18 35 (P<0.05)
& 2~ 6 [A],

R (%)
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B LR PE WA R b i 0 P AR PR O T /S 2 T
ZARALIIFFE

22 BREZRIWER

2.2.1 KR HXTZBES R hIE 2 a1, B
FEXF 2 BEAS2R S ) S B S ST e e BRI AR i 34
ORI MG LA 1:10 8 = 1:30 B, 2815 H 5.43%
WEPTITE 9.81%+0.23%(P<0.05), ik 3] H KE .
X AR A BT YT PR TR S S By R T
B il EAR, BRI IRAL T8l 1, DA 2 28 53
T E AR LR BRI Y RO . SR, R
oL 1:30 J5, WSRO 2 TR, ke
JE TR E RS, s iRl e S 80E 2K
R PEZL TS Y TR RS AR PN ZE AR B RIS, AN F
FZWEIA BIRE . FETF LIRS LE R AT, 3%k
P& 1:30 /4 PVP FUERACIREBCEIE L .

11

10 |

MR (%)

1:10  1:20 1:30 1:40 1:50
BRE L (g/mL)
K2 RHE T PVP A3 3RA52 00
Fig.2 Effect of solid-liquid ratio on the yield of PVP

2.2.2 FREUREXTZ RS R e ARYEE 3 PR,
TE 40~85 °C IREEIEEIN, PVP 15 R 5L IR S8
W IEAHC O R . MIRBUR)EIA S 85 C B, ZhE
15K BN S 10.55%+0.24% ., 18 T2 GE g1
SRRSO T 5K ST 2Z Rl B EH, et 2 hE
PP o YR R T B, B R RS e
22 BINEIR, S B NE I AR ARD 3 s PE
85 °C V£ PVP HIRAIEIIE T

ZHIER (%)

40 55 70 85 100
HPEHGREE (°C)
F 3 REUREEXT PVP 155K 5200
Fig.3 Effect of extraction temperature on the yield of PVP

2.2.3 RHUST A X Z B R A0 i 4 s,

PVP £33 5 [ $5 U] [E] 30 L2 Bl e BT He T R4

B R EUNTE] S 120 min B, 22854533k Sl
11.06%+0.26% . M IJ24FA 50T, $EECwIH, pEE
AFTEEE 1S, PVP AW S0 rh i i 2435 %)) 120 min
B, PVP 9% H B2 RLIRAS, 4ks e K PR B R 3
AREEHEISR, M, K AE A T n] e S 2 bl
5T KA BARSERI RN, [FISZR AP, 25
|, %4 120 min ¥E PVP M AR BUn A 947 75

Zfifk.
11+ a b
10 1 ¢

60 90 120 150 180
FEHURITE] (min)
4 SRIURTES PVP 14385200
Fig.4 Effect of extraction time on the yield of PVP

2.2.4 HIHIEW pH X ZHE R ARRIE IR
pH X PVP 15352 0 R B0 A Je T+ Jo AR A A 34
(Bl 5). %7€ pH2 B, 1554815 (9.18%+0.17%) , &
BH AT B2 A TR P A 10T 3 A 4 i S AR e P v 1
RO SR, LSRR TE T BT BRI R T2, AT
BRI AIH— T, Beah, Bt 551 (pH2) 5
AR TIEEeaifb T2 AR UTEE, a2
PR, DI, TELEG 5 BRI 5 e 2 T 2 il
I, PR pH2 A AR N TS B [ 2 K. e SR
SRl BE— RIS pH BYAE B AR, LM LA
BT 2.

10}
2 b
o C
< st
= d
N 7t
61 i/
5

1.0 1.5 2.0 2.5 3.0
BB (pH)
K5 HHUE W pH 4 PVP 8RR
Fig.5 Effect of simulated gastric fluid pH on the yield of PVP

2.2.5 G pH X 2SR HIE 6 Al
5, PVP 19 R UIZ MR pH B2 39056 e R R
kAt MU pH S 8.5 B, AT Sk F %
1B 10.38%+0.25%, o3& /& T HAlL pH 54 191542
(P<0.05) . TERLMERIRT, BEZE pH ATHE, BEAG
N EE S T S, T AESE 2B H o (H24 pH
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id—REERE, R AT BE S EGT r 2hE
TR B AR A A IR, BT S B A T R, 25 b
e pH8.5 AF g b7 TR SS A AU R Y pH 2547
15

11

710 715 810 815 9;0
AW (pH)
E 6 MK pH X PVP 15 3R K501
Fig.6  Effect of simulated intestinal fluid pH
on the yield of PVP

23 M EIRELER

TE R 2S00 3 Al [, AR 48 BBD 050 I, 13
=T = KEEE, W 2. #dEiE i Design
Expert 13 M) 5 187 [51U= 5347, 44529 0 o (B 125 P22 1R]
Ay IR Z IR B RN Y=—20.9636+0.946483 A+
0.191494B+0.123719C—0.00133333AB—0.0021 AC+
0.000905556BC—0.0094025A2—0.00154556B>—
0.000425278C%, ‘&ML Ionl TR Jr 220014l
UL 3, X EUE B R AT 5 22 45 A - i AR A
P<0.0001, % BHZ UG 7 2 HAT AR 0 1) 4 =8 PR Fn s
GFRIEIEIBECR . RIS ZREL RP=0.9846, KIEFREL R 4=
0.9648, T R, =0.8973, 2 5 R L C.V.=1.90%<
10%, Ui BHZAS AL [ )3 )y AT 8 I TS 3, REAS 4R

2 WA T 5 Mg R

Table 2 Response surface design test scheme and test results

- M= LHEIE

P TR (gmL) BEBGRIE(C) CRET (min) (%)
1 1:20 70 120 9.35
2 1:40 70 120 10.21
3 1:20 100 120 9.77
4 1:40 100 120 9.83
5 1:20 85 90 7.87
6 1:40 85 90 9.35
7 1:20 85 150 11.42
8 1:40 85 150 10.38
9 1:30 70 90 9.85
10 1:30 100 90 8.86
11 1:30 70 150 11.02
12 1:30 100 150 11.66
13 1:30 85 120 11.35
14 1:30 85 120 10.82
15 1:30 85 120 10.94
16 1:30 85 120 11.19
17 1:30 85 120 11.09

3 ARRTT 220 b
Table3 ANOVA for regression models

FEKRE FHM ARE ¥ F1H PfH  BEME
F5R 17.06 9 1.90 4976 <0.0001 ok
A 0.2312 1 02312 607  0.0432 *
B 0.0120 1 0.0120 03154  0.5919
C 9.14 1 9.14  239.92  <0.0001 o
AB 0.1600 1 0.1600 420  0.0796
AC 1.59 1 1.59 41.68  0.0003 o
BC 0.6642 1 0.6642  17.44  0.0042 o
A? 3.72 1 3.72 97.74  <0.0001 o
B? 0.5092 1 0.5092  13.37  0.0081 o
c? 0.6168 1 0.6168 1620  0.0050 o
BB 0.2666 7 0.0381
R 0.0943 3 0.0314  0.7300  0.5856
4R 0.1723 4 0.0431
MR 1732 16

R’=0.9846 R*,;=0.9648 R, =0.8973 Adeq Precision=26.0474
CV%=1.90%

T R 22 T .3 (P<0.01); *FR 27 B4 (P<0.05)

Uf-Hb 7 e ECSEAE . ARYE F RIS R BN, 45 R X
Z SR IFEIRIF A C>A>B, —IRKI A X451
PR i R R TR 21 i 25 /KO- (P<0.05), — IR C, 38 H.
I AC. BC DI ¥RIN A2, B2, C? AU4h Xt k1S
SR N R A R B B 25K (P<0.01) . K55
ADP=26.0474>4, — i\ N> ADP#ELT 4.0 B9, A58
5530 A PG VT B AR A, Wi o T R IRl ) R )
oG BE AR AR A, U W2 ASE TR 38 FH - T80 153 BT
PVP [HEEUT 25254

LR TR AT L Bz B ] 26 RI 38 BLAFE FH 58 59, i
FIE S RIE R R BAEH PR & 575P, = 4K
LU, 2 BHAE N PR 28 X ni) B B W E BT, [ 7 B
TN, 22 BEAS ER B R R B (A) B3 in 2 e s Bk
e, MIRBGEEE (B) B AN R, Jr 225081 ieR P
(AB)>0.05, RUIPIE L HAEA W . 2SR HUNTH]
(O b TR B K, 2875 R BERFE EE (A)
FIARAL R FAASTR], EURRAE B (A) FEA/K SR 7K B+,
ZBEAS SR AR ] (C) A AS AL RLEAR LY, DA P
A EAEHRE . FZESPTER P(AC)<0.01, EMERE
Ko FELE RN, 5B A S 1:20~1:35 g/mL.
FEEEFE] C 24 130~150 min B, 28150405 24
FRBGERE (B) AR, 2015 ZRBEHE A (C)
PR IITZ 2L T SR BUREE (B) TR 8 /KA,
FEFZELE ] (C) XN, 15452 e s, (H iR
HATF G, Wi R BE s BAEH . 25 LA,
A& H.IGU AC Fl BC X Z WA 500 520 ik 3, 11 AB
B M 4 /0N o A8 LI A% S W IRE A7 AC>BC>AB.
2.3.1 FREAGHHIE £ Design-Expert 13 AR5
BRI SR RZSEE R L 1:29.549 g/mL,
PEHUEE 83.512 °C ., HEHUAS[E] 148.904 min, T LE
WA R 2B RN 11.731%. SEPRERAE RIS 2474
FEARI L 1:30 g/mL., $2IUREEE 85 °C . HEHHTH]
150 min, #4T =R PHESLE, 19 8 P38 205195
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Fig.7 Effects of two-by-two interaction of material-liquid ratio, extraction temperature, and extraction time

on polysaccharide yield

11.69%+0.12%, 5 WUHNAE FEA— 2K, 5 58 XU 450
38 I K BREEUTAS 2 ) B A B 2 A 3R (5.39%) Ak
A 25 PO S O TR B B B Y A R 2 AR R
(5.28%) bb g, A 56 15 3 55 A 5 2 W15 R 1 i
E7at =i
2.4 BEEARSHR

anpE 8 nIAS, EAN R VS ISR . H b
PP | T R0 . AR A . bl . B . AT
P | P FLPERE R . 2L . AR . EELEE . K
WL BTRLANE © S SR B, LEE SR E A3 b (%) SR
0.14, 0.2, 1.58, 0.32, 0.45, 8.89. 1.16. 41.81,
0.43.17.53. 6.85, 14.32, 7.21. 0.84. BB ZKF
R HURE RS0 | R ZUBERE R | AR . bR
A B BT RIATBEFA . 5 A RGO IS 4 SR AR
—3. 3R 4 W15, PFUBEEEIR S SN 41.81%,
H R EEAANE R 17.53% . 14.32%.
25 SFERINE

UnE 9 Fion, BA R ZHEM) GPC AL R HAg
—A-Eplg, JCHA B A2 g B . X0 E TR
B, AR BFESEES /T3 (Mn) 28 27811 Da, E45
FH (Mw) >N 52180 Da, #I4rFiafE¥ /16
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Fig.8 Ion chromatograms of the mixed standard products (a)
and PVP (b)
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Table 4 Monosaccharide composition and liquid chromatography retention time of PVP
5 U Rl ES ARG 47 B ] (min) JEEIR T 43 (%)

L s M R ¥=9.20509 x+15.21008 0.99463 11.14 0.14
D- 1 I R y=8.51694x+18.34239 0.99401 11.94 0.20
D- 1 #H y=5.23410x+13.12779 0.99061 13.01 1.58
D- S A y=11.70794x+20.33993 0.99466 14.79 0.32
D-1% Mk y=5.34370x+8.28668 0.99596 15.63 0.45
L- 2=k y=12.27376x+22.4697 0.99397 16.04 8.89
D-Hij 4 Wi E IR y=6.88387x+12.38855 0.99423 17.58 1.16
D-ZL MR y=12.55296x+17.47096 0.99631 19.05 41.81
D-Z 7 y=8.76168x+17.78057 0.99458 20.37 0.43
D-H %5 y=11.26089x+1.49701 0.99446 21.01 17.53
D-F bk y=7.61458x+15.8602 0.99424 22.43 6.85
D-AMk y=6.83493x+14.35306 0.99355 22.95 14.32
L-BufrAr bl y=6.01494x+10.45809 0.99548 23.42 721
L- bk y=5.13040x+13.73783 0.99219 24.76 0.84

4 dRsl, 2937 em™' 4b2h C-H fih4aiiksh, FRIFF1E

5y AP 1744 em ! Ab K C=O I 4H IR Bl I 1

THHEERR; 1617 cm™' &bl O-H Zih¥R3), 1417 cm™

z 4k C-H 25 RS, 7T AEk LS5 1250 em

hbh C-O 45 RSN, 1099 cm™ &b N C-O-C 45 PR

St 3y, RIIFFTEmEEE); 894 cm ™! AL T B B A BB

BRI AR R AT 0, 33X A IR AT I 1 DA Sy e S T R Y

0 P 5 0 B AIERICIHEZ —; 767 cm™ ZbTTRES C-C B4

Fisf 1] (min)
B9 EhiE 2 s akE

Fig.9 Gel permeation chromatograms of PVP
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Fig.10 UV scan image of PVP
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Fig.11 Infrared scan diagram of PVP

2.8 IMAENIEMEMR

2.8.1 DPPH-JEERAEE J143 47 DPPH Lk Ak T
H \ 2 BRI At d 75 DPPH H i 2R e T, fiff
JH 28 (0 B I S 2 517nm b W76 BE FRATG, 122 [5G A4
FES H i IEERRAE I AIE FE IR 12 AT, B
PVP JFEUE K, Xt DPPH - i BRAE J1 2 Wi,
FLAT I B A AR e o 2 B IR B e RS e i
0.7 mg/mL i}, PVP BYIEFRZFEN 87.36%, 5 V. iEE
FIHZEA KR, THARAGR], HMEXTE Vol PVP XT
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DPPH- ¥ ICs, {H 4351 0.023 mg/mL Fl1 0.049 mg/
mL, PVP (35 BREBCRES RIS T Vi, 530k [10]
% 38 F) B fi 22 B (1C5, 0.062 mg/mL) A 7K fif 22 4
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Fig.12 Scavenging capacity of DPPH-
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“h PVP #5B5 ABTS 6271, PVP Xf ABTS™ V5[5 %4]
WP b T, B S O R TR, e v T R R IR

95.44%, Xt ABTS™ HUTERRZR 5 PVP W B2 7 &=
HEf P . 2 Hk BE IR F] 0.3 mg/mL B, W5 R R AT ik
86.83%, F2T FHEXT RR A /K, 388 1L 751 - 500 2R 43
B9 ICs, B 0.092 mg/mL. 5 SxlaEHs) mrii
T A B HR I W A5 0O AN B 2 XS ABTS 15 SRR
ZEHL(1C, 0.231 mg/mL)AH bk, R84S

100 R

x
(=]
T
\
\
\
\
HH
\
\
\
HH
\
\

F

/

(=)
(=]
T

S

/

IS
(=]

/
]

]
-=-PVP
{

ABTS™H R (%)

[3*)
(=]
T

"'V(t

(=]

0:1 0..2 0:3 Oj4 0:5
WP (mg/mL)
K13 ABTS -ikkfE
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2.8.3 -OH ¥EMAESI4MHT  Fenton ¥ (Fe*'+H,0,)
77 A -OH, R AAL R 5 i R EH KA IR S8 4 4

G -OH FRFPE, 38 3k I 7 W 't B A A ke S T A il 11

EEREE IO HIE 14 WIS, fE— e R EE VR R N B

PVP WREEMIIE I, X -OH 197 B3R L BWT T+

B MU N 1.0 mg/mL B, IEER K 84.02%, £
T, PVP F Vi 19 1Cs, {H 43 5128 0.085 mg/mL Fl1
0.053 mg/mL, SZ6 28 A Tt e 7457 F] Fenton
TRGRIIAS i BN 2208 1C s, {8 13.24 mg/mL.
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AR AL ER TP Y Fe? i JFO R JFAS Fe?', Al o
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2] 9 mg/mL B, F 5 S 20 B b I E RV e &R,
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Fig.17 Inhibitory rate on a-glucosidase
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