- o B ISSN 1003-5214

Bzl el CN 21-1203/TQ
CODEN JIHUFJ

y= 2y S

=l [N]E, CHEMICALS

s 1 m
2026 F F43FE

MPL | R mERE - @ D IR RIS

CHIC HAOHUA TECHNOLOGY i sworew  Southwest Institute of Chemical Co., Ltd.

IR IEIE

ISSN 1003-5214




5543 B8 1 4 ¥ @ 4t T Vol.43, No.1
2026 4 1 A FINE CHEMICALS Jan. 2026

RHEZERRE, FHRIEREEYEGE

Ao EEE R, mAam Y, ZaET, !
(1. ARG KZE FromAY R S S SR R A0 E, HHim gt 8350005 2. fHALM
PEERE, #im T 835000)

WE . AEIER A LR ( Podophyllum emodi polysaccharides, PEP) [ & 50, KA B Pl L4z
BUML PEP, &K alifb RIS by —20 /0 i PEP- [ F1 PEP- I . 38 i B[R 2% R i 13 e A4k 7 #L PEP
FIIEIC T2, R GPC. XRD. UV-Vis, FTIR. SEM. TGA X} PEP- I fl PEP- [l #£47 T AE, slidkIMi AL
FEMESCI0 5 T HAE e PE . 25538, M PEP $2IU AL A% DL 1- T 36-3-F SEpkms 544E (BMIMCL)
B, R (mL : g) 40 @ 1, 7SR 53.0 °C. AR 91.0 min, B FRMAERE 1.0% (LIEE
FKMARIT), TEIZFEMT, #l PEP MREURN 37.796%+0.17%; PEP- | EH AN 43T BiE " 27.32 kDa 1)
o, B-RBI LI R bk 2o, BT IR ER G, F2 7l B (61.85%, AHXTEE/RAMEL, T ). HEHE(19.36% )
FIBTHIAARE (5.85% ) DRI RE, BN B2 MR ; PEP- TEE AR 4>F i A 33.48 kDa
B o, S-FARIRGMEIR T ER P 20, 20k BZEHE (52.89% ). ACKE (12.63% ) FIFARE (12.99% ) 415, &40
ENE A TR, R 208 AR, B R . PEP- T Ml PEP- T 328 ik 53k AR fh Ay
%, HEA R IEsEt:. PEP- 1 1 PEP- I BT — @ BT AL ARG, X 1,1- 2R3 2- =g 508 0F A
FER IR BN T R (1Cso) 435109 1.832 F110.734 g/L, X 2,2'-BR A (32 HA T HEmkmk-6 - %) — ke £h
FHESF H 3L 1Cso 43314 1.634 1 0.862 g/L, XFFREE I HEEAY 1Cso 20900 1.941 1 0.926 /L, X a-iZiHEH
i) 1Cso 7351 A 3.021 1 2.432 g/L, X a-TEMEEIY ICso 23514 3.242 F12.398 g/L.
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Extraction, structural characterization and biological activities
of Podophyllum emodi polysaccharides

FENG Wei', LI Jingjie?, LI Ziwei', LIN Yonggang'~, WANG Junlong'*, SHI Wenpan'

(1. Xinjiang Key Laboratory of Clean Conversion and High Value Utilization of Biomass Resources, Yili Normal
University, Yining 835000, Xinjiang, China; 2. Yili Prefecture Traditional Chinese Medicine Hospital, Yining 835000,
Xinjiang, China )

Abstract: To facilitate the development and application of Podophyllum emodi polysaccharides (PEP), the
crude PEP was extracted by ultrasonic-assisted ionic liquid extraction which was optimized by single factor
and response surface methods, and PEP- 1 and PEP-1I polysaccharides were obtained by column separation
and purification, characterized by GPC, XRD, UV-Vis, FTIR, SEM and TGA, and analyzed by anti-oxidation
and hypoglycemic experiments in vitro for their biological activities. The results indicated that under the
optimal crude PEP extraction conditions of 1-butyl-3-methylimidazole chloride (BMIMCI) as ionic liquid,
liquid-solid ratio (mL : g) 40 : 1, ultrasonic temperature 53.0 °C, extraction time 91.0 min, and ionic
liquid mass fraction 1.0% (based on the mass of deionized water, the same below), the extraction yield of
crude PEP reached 37.796%+0.17%. PEP- I was a neutral pyranose polysaccharide with a weight-average
relative molecular mass of 27.32 kDa, characterized by a and f configurations, exhibited a triple helix
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conformation, and primarily composed of rhamnose (61.85%, relative mole fraction, the same below),

mannose (19.36%), and arabinose (5.85%), with an uneven morphological distribution and some portions

appearing mesh-like. PEP-II was a o and p-configurated acidic pyranose polysaccharide with a

weight-average relative molecular mass of 33.48 kDa, predominantly composed of rhamnose (52.89%),

xylose (12.63%) and glucose (12.99%), contained trace amounts of protein and uronic acid, and presented as

a smooth, plate-like film with minimal fragmentation. Both PEP- I and PEP-1I displayed a crystalline structure

coexisting with amorphous phases and exhibited good thermal stability. The maximum half-inhibitory

concentration (ICso) of PEP-1 and PEP-1I against 1,1-diphenyl-2-trinitrophenylhydrazine radical were

1.832 and 0.734 g/L, respectively. The ICsy against 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
radical cation were 1.634 g/L for PEP- I and 0.862 g/L for PEP-1II. For hydroxyl radical, the ICs, were
1.941 g/L for PEP- I and 0.926 g/L for PEP-II. The ICs, against a-glucosidase were 3.021 g/L for PEP-
I and 2.432 g/L for PEP- I, while for a-amylase, the ICs, were 3.242 g/L for PEP- I and 2.398 g/L for PEP-1I.
Key words. Podophyllum emodi polysaccharides; ionic liquids; ultrasonic extraction; structural characterization;

biological activities; modern technology of traditional Chinese medicine

ZME 10 LA E it B o s R iU
RS Y, A T . S HR
AN S AR Y 2 EARIEEE | &
PEAG . TSR AR AL, ETT R AR J7 T HAT AR
KWW, HHT, R R G 2R A
it B AN AT SR A E BRI RS, XK
PR LR A K AR B EEERD, R
B ARF DA 32 TR, (H RN BORERE( i 9 b
BB R, T AR P RERE S AR R AR Y
WEEETEZE A b B SRR R B2 A0 A, SN MR 1k
BV, BE b T N 40 A R BE i D)
fiE, DA 8 2 300 B RG99 O R R

Y (Podophyllum emodi ) J& T IFL, EIFET
W, DAEARR R - HES R RR Ry <\ A 17
PACZY PRI, T 20 B AT B AR
PE, WU . omEE . PR BURST . BRIEE
R . 358 S gs 7 B A i i 450500, 2T se 3
W1, AT E3REUN Z P25 . AL S A T
PEH IR A A

T, 205 $ IO 1 3 B AR ORI R0
R MR K kU R B R R R R
Fittah B U4 Horp, HUKIRAR R SR, (HARERL
) H PR IBOR G s IRMK ik AR IR R T 2
RO, (EXHMAR pH BORE NHTZ1, H W
ATy 5 T B B B A B NS ) 5 e ) o S 1 2
B, RS T AT KM, BARRE . &R
A0, AE A E R 5 Pl B i O P P 30
HIPLARAE P AT 2 AR50, UK 4 O BE AT A0 I,
Rt = 2RO, RIS SRR | I (a]
FIMRREFERY AL H . B T WA — i L AS RO 57D
AR E e« 2RO R B 5 S R A
AEAE A XL AR Y h A Z RS PR o, AR B

e 0B BTG PRI . SR T A S ] Y AR A T
IOR P il B B T R M 2 R U ) 22 4 i )
ZIF . JIANG ZEUDR R 7 4 B B R A vk 4R B
WEME R LA 20, B PR M T i vk L SR e 22
B AR SN B BE i T RO IR B 288 . 22303
2 DV L 1 it e 8 7 A B R 7 A B 8 SR AR AL B
BRI T4, BB R B & Ak
LR R R, RE R TS MR

AR SCHU SR FH R P A B B T A R O ) &2
(PEP), XHRECHMIZHEIE T 08 | itk R Hfb vk
FROHr S AR FRAE, FEIEAG HBT E AL R R 1
DAIYI A Y 0 R TR BB T e e HL 2 A (e SR P8
SER, R A 2 R A 20 G R BB L L

1 SEEES

1.1 #E. RFSEE

RE, BEERE T oM AR R, &
BUNTYE 2 KR W58 5 T e o 5 52 3 =5 i D
AR IE R IR IR R E B A R B IR AL B HTAE
( # B AT 21 i &k 3500 Da ), 5 [E BioSharp 2
F]; DEAE-650 M ABULF4E R (37 cmx260 mm ),
Sephadex G-750 BIEEEHE (16 mm*800 mm ), [
Whatman 23 7] o

TooK CBE, A . R (B 4R 6% ).
H,0, (it 774k 30% ). WRBLER ( TiE 434K 98% ).
At AEkEN . ETEE. —H PR, SHOR.
FHmE . mee . Wb, srtral, KR
WA BB, 1 1- - SR
( DPPH ). 2,2'-BEZ R (3- 2 K48 I 138 e whk - 6- i 112 )
—& R CABTS), $UIRILER (Ve), LBt
PR e A BR A 7] 5 2,6- A0 T Ji-4- H 3 2
(BHT ), 1-78FE-3-H FE-5-nkmspbkiE ( PMP ), PO T
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Fegy (TYHS), ZFEEE (TYLM ), 1- T 3-3-F 5Lk
MR ER ( BMIMCI ), 1-2.3E-3 H FEBRmER (EMDC ),
L RV 18 (EDTA )., 1-%¢ 3 -3- B 3 ko s 2 £
(EADS ). 1-Z3&-3-H 5k (EMIMBr ), U235
feEREL (TEAC ), U T 3Gk E (TBACH)., 1-kidt
-3- LK me PUBER £ (MSDS ), BEFRIGEENENR . —
WO (TFA) , stral, AR RTHEAF .
SRS RE K, Al

XH-2020 D %Y i e 4K IR 7 0 A AR
1, JEERESRHE AT R/ W] 5 Cheetah T Y Z2 M 4325 41
RS, R SRRBHEARR AR, UV-2550 7
AT WA EEETH( UV-Vis ), HAS Shimadzu 237
7500 F B H 2 6%E (SEM), HA JOEL; D8
Advandace % X $T2E41 544X XRD ), AVANCE 1l HD
G HARPIE (NMR ), {&[E Bruker 2\ F]; Cary 630
T LR B 2T A6 (FTIR ), 6300 BISUH (%
i ( GC ). PL-GPC50 % =5 & ¥t Ik B 5 (0 i 1%
(HAGPC ) , [ Agilent 237]; HS-TGA-102 HU#A
ML (TGA ), EHEFIRANESABRA A,
12 LWAHE
12.1 RGWLE

FRE ARRNT E=EE, e 40 B, 40
B, BkE (FBiaEsaE) N 0.72%. MUK A i |
TR CEE CHRHEE (/L) Y928 2 0 1) TR
AR . WAE 24 h 5, oI CSE IR, AR
BTJE, I BEERE, T4 CUKRMRAA&H.
1.2.2 B -F iR s

3 MIFREL—E /. EDTA. BMIMCI. TBACI.
EMIMBr . TEAC il A 21 2% 2 7K i e a5 9 1R T
HAE1.0% (LLEEFARMARET) BKER, P
KIS AR 28 AXT AR, 8RR B T Ao T2 F
ZHEREBCR I
1.23 #RG S HERR

B, S g RER A AR A A HUY
o, FEIRECRHEE (mL g, FIR) 40 0 1 IMALEF
K, FEHFEEE 53.0 °C, HARE] 91.0 min, BT
TR BMIMCI JFE43%L 1.0% (DL 7R InA &
I, TR AT TG B, KIERUTR
WRERETIZERE, SR RAHZHEER. R
SRORE R E A, EE LK, HE UV-Vis i
T 280 nm &b I @ W e, 28850 (4000 r/min )
AL 8 min, P AE B IRAARRLR) 13, A 3 5%
R TC K B, BT 24 h, VIVEWSE ABHASTE
E BTk ENT (3500 Da, 72 h), L% E T
(=70 °C, 48 h) fHFNRE ALK PEP,
1.2.4 Rv3ZHEay5 B ik

0 T B R VR ol 10 @/L 1Y PEP JK VAR, B

J5 FAEZ DEAE-650 M BILF4E 54T, SR AT Al K
ANTRIHR B B NaCl KW (0.2, 0.4, 0.6 mol/L ) i
PR, Wi 1 mL/min, 1 A ShICEE #e il 5 3
WV, B4 10 mL, WEEFFAIFF IRl —415, BT 48 h
Ja, &% H T (=70 °C. 24 h), 553K EH
53+ 0.4 mol/L NaCl I ER Ve 4170 R A 2 b .
W5 , 3837 Sephadex G-750 BUSEIEHE#E—L4lifk
DL 3 AEAEARFR Y 25 B AR, i 0.4 mL/min,
H AR, B4 10 mL, WG I
] —2H 50 1) Z WA o 2800 RV 4 . B 1T (3500 Da,
72 h), BETHE (=70 °C, 24 h) BRIFFE—4
STHZHE, 4Bl A PEP-1, PEP-1I .
1.3 HHRESMHERENIK
13.1 Ra SHREFH
SR FH 2 T A 1 9 UV 5 I B R I 22 4R
F, HAE, 10 mL AR E (0~0.8 g/L) /Y
A PR EROMA S I, BS54 A 1 mL
TR AR 6% PR B A A 5 mL VAR R, TR
ASJJEHHE 15 ming WKW RN 20 min, RHIEE
IR, HEBTKERR 25mL, H UV-Vis il E 5%
WAE 490 nm AL RO, SHIOCREE (y) -H% 0
Pk (x, g/L) tadEfhse, HEE RIE ) 2
J y=0.4725x + 0.1752 ( R*=0.9957 ), %8 bk
AR IRE S, B R A ot ) TR Y BE Y A B
TR R R A 2R TR A . R (1) 3
HRHAZPEHRECE (%),
FECR %=p X N X VIm (1)
Kb p WRHEHZSHEFREERE, o/L; N NHBAEEG
VRFFRAREL, L; m NFERRE, g
1.3.2 AkEnE
VERAFREL 5 mg L PEP, JIA 1 mL Jo/K HI B,
FHRIRERRFN AT E, B2 RIRTARAK D
FE AR B 2 15 51 ) Bhic S ATE A o ARPE R 2)
E KR /%=(V x T)/W % 100 (2)
K Vo HAE R R SRR, Ly TR
IRPARIRFNEERE, o/L; W KL PEP Ffife, g.
133 HZah4®. BRRAE, AAxta-FRENE
FE AR SRR DR et R R
i R FH AR R MRk I R 1Y Mo R
RUBE I 1535 (430 72 20
1.3.4  E¥Emmal g
3 5HL 5 mg 4 PEP- 1 . PEP-T F 10 mL T5i [
A, A 4 mL #JE 2 mol/L i TFA, T 110 °C/k
fit 4h, WHIEZER, A 4mL FE, BAIFEE
Wi Kbk TFA (& 5~6 1K ). M5, MIA 8 mg £k
FRFRMEAN 0.5 mL MEiE, T 90 °C/Ji 40 min, S
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iR JE R EZR, A 0.5 mL ZFREF, F 90 °C
KN 1 he WHIRZERG, A 1 mL 4P EEA 1 mL
FEFRIMATAERL, 355K, IInKE L (4000 r/min )
5 min ( EE 5~6 K ), ik S LAIFIE TR
FH/NIE, 4T GC 4387 BRBEPRUME SR TR A, L
WIS FIRAETEME . GC @i b 544 . i t:
Vondacap df (30 mx0.25 mmx0.25 pm ), 5 THE,
150 °CA34F 2 min, L1 5 °C/min J}F & 250 °C, A%
£ 5 min, A NAS, Wik | mL/min, £ ) 8.7 kPa,
HEAEE 2 uL, SrURE 40 0 1,

1.3.5 UV-Vis %

KA BC I R R E M 1.0 g/L #9 PEP-1 . PEP-
7KW . A4 BRG] 200~400 nm.,
1.3.6 XRD @i,

#UAF Cu, BHLE 40KV, FHIT 40 mA, K, 4t
2k )=0.1541 nm, #1 0.02°, FHHHEHEZE 10 (°)/min,
HFHEVEFE 50~80°121
1.3.7 SEM #lX

FEmMBE 4, IR0 W H T (LED) X, T1EH
Wi 20 pA, HEFINEAEE 10.0 kV,

1.3.8 TGA 0K

3 FREL 5 mg 1Y PEP- [ \PEP- [ & T4AHH
N, 50, FHR 2 10 °C/min, FHE G Fl 25~600 °C,
1.3.9 FTIR @4,

KA KBr KR, PG 4000~500 cm ™,
SPER 4 em !, HREUCE 32 K.

1.3.10 NMR #%,

A3 HIFREL 30 mg A PEP- 1 . PEP-TT¥T 0.5 mL
B D,O W, MFETRG RS EEMIRE, NMR %
I FE PEP- 1 . PEP-11 ) "THNMR . “CNMR 3£,
1.3.11 =34 Mm

SR HINIELLT 225087 PEP- T PEP- 1T —I2E4544
S 1 mL R 4 g/L 19 PEP- 1 | PEP- 11 Ki%
WM AA mL HEE 0.2 mmol/L FIRISRLT 7 .3 mL
AN[RI ) NaOH 7K (0~ 0.5 mol/L ), 1R fe
SN 25 min, F UV-Vis MllE#HAE 400~600 nm i
WITEE, IR RIS (A )o
14 BEHEZXE

Fie I8 1.2.3 RO R ER , o 5125 S0k}
e (30:1,40:1,50:1, 60:1, 70:1), #p
R (30, 40, 50, 60. 70 °C), #HALE (30,
60. 90, 120, 150 min ) F1 55T A& 3 & 5341 ( 0.5% .
1.0%. 1.5%. 2.0%. 2.5% ) X% ZHHRBCER K5
Mol BRAR B — 5 RR, AR R4 IR 1.2.3 kAT,
58 1 MR REFRMRACE NG, SRR AT R
B2 ANHESLE, KK EERRNRLBL R, H1
SLEEAE 3

1.5 a7 ESEE8

MR AE L R 25 R, IWCRHEE (4), H5R
B (B), #ERE (C) BRIk RS2 (D)
S HA R, DURHEZEERECE I FE IR, X 4 4>
25 s 3 K, B “—10 00 +17 R, W
BLEE . AR AR R S SRR S YRR B BUIR
i B R 2 SRR A5 R b S A (3R 1),

1 m N EH R S K

Table 1  Factors and levels of response surface design
- K
-1 0 +1
A WCELE/(mL < g) 3001 40 : 1 501
B #F L /°C 40 50 60
C 75 1) [B] /min 60 90 120
D & TR T 53 HU % 0.5 1.0 1.5

1.6 ESMRERML. PEFEREANIE

A3 S o B Bl 0.25. 0.50. 1.00. 2.00.
4.00, 6.00., 8.00 g/L iy PEP- 1 . PEP- 1l /KW, LA
Ve BB BRTEXT IR, S BBCHk[231 7%, &
S5 PEP- 1 . PEP-1I % DPPH H 3, ABTS H
PR3 . R 1 PR SR T R R ) Rk i i g
DAY o= K53 T - 40 280 W T 1 305 10 o1 7
S R BT R (1Cs )o

2 HR5WR

21 BFRIEEEXIHERH SRR EAZM
P 1 DA ) BS FIAX R I 2 B R (fRfR
REZHHRICR ) B

2

S

¥
.

4
s

W ..
W.....
ik
W
ik
3

<
<
S

is
I

EDTA BMIMCI TBACI EMIMBr TEAC %%
Bl 1 ARSI B PR RT PEP 42 BRI 52 00

Fig. 1 Effect of different ionic liquids on extraction rate of
PEP

M T ATLLE 1, AR AR Y 2 R
B E AR HEF & . BMIMCI (36.94%+1.17% ) >
EMIMBr ( 30.33%%1.21% ) >EDTA (24.31%+1.11% ) >
TBACI ( 19.62%=%1.13% ) >TEAC ( 14.25%1.12% ),
P TX IR (251, 12.28%+0.26% ). X 1] g &
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P28, BMIMCI J&—Fh B SEmRms e s P fac, H:
BRIEIA | 2 f S IR T R A (pK,=18.6 ), HH#
TIHANE TR E SRS, SRR RMRES R,
AT AR ST B2, 4R T A 2R EUR
KL, 2k H BMIMCI A 25 AR 47 5 220 A S 5 o
22 BEELELER

B2 MRk (a) | HEFSTEEE (b)), MR (]
(c) MEFHARTRTE (d) X E 2R REE
52

M 2a FTLLE W, BEE R (30 1 1~70 : 1)
HSE I, Y 2 W4 BOR SE BR Se 3 n s s/ 1 22 Ak
B, CUWORH R 40 0 1 B, R F 2RI F|
K, N 37.50%+0.32%, X Al Ny, WOk HE
RSP RREAMKSE AR EZMER, HRE
ZRET R BB, (RO Had KA, 53 24
YA, MOMASHF A ZHE T

M 2b AT, BEE A RE (30~70 °C)
HSE, Y 2 W4 IO St R S in s s/ 1 22 Ak
B, B AEIREY 50 CCHE, W ZBEREERL
PR, H 34.92%+0.17%., XA RESEHH, & 24T
R, TSR T Gz g, (TR E 2
VS o 17T I BE A AR S T R S R R 2 Y 45
FEFEOLAKSRE, DTG i AR IOR

I 2¢ ATLLE H, Bl 5 48 75 B[] ( 30~150 min )
FIE, YR F 22 BE 4R EOR S B S in s s/ 1 A5 Ak
i, YA E A 90 min B, VR F 2R BRI
R, 5 36.12%+0.21%, XA REZ K, #EH Ik
23 AAE AT LR A A 0 A0 L B, (L2 B 2 B [ A
R P A R IR R T SR R 2R

40

a

30:1 40:1 50:1 60:1 70:1
Wkl H/(mL : g)

NS
[=]
T

—

30 40 50 60 70
RE/C

e

20 40 60 80 100 120 140 160
fit{E]/min

0.I5 l.IO 1.I5 2.I0 2.IS
BT R SEII %
K2 WORHE (a). MEAIREE (b)), BARE (c) FE
TR S5 (d) X PEP $2 LRI 0
Fig. 2 Effects of liquid ratio (a), ultrasonic temperature (b),

ultrasonic time (c¢) and ionic liquid mass fraction (d)
on extraction rate of PEP

M 2d FTUAEH, BEE B 78R & 5050
(0.5%~2.5% ) 3, 9L ZPEHE IR 2 A
TSN AR A, Y B TR T & 350 1.0%
B, SR ZPRBCRIRBIR K, 5 37.23%+0.15%,
XA RESE R Dl A a0 R R AR A AR
RO I M R | 12 S 200 R RE 0 1 i RN 24, R
Ik A B A B B MR ORI BE B 2E B 4
MOBERRH 7, DT YR 208 B
23 MMMEEELER
231 EBLER

K H] Design Expert 8.06 #1:%) 3 2 H (1) B g ik
1 IS, R T 22508, A9 2] 0
KA TN
Y=37.480+0.6594+3.390B+0.075C+0.300D—0.3804B—

1.9104C+0.2704D+0.990BC+1.650BD-0.610CD—

5.2504*-7.5308°-2.270C*-3.290D°
(P<0.0001, R*=0.9414)
232 FEHH

T 2ETEE RN 3 iR, N kA
GEHORTE, BRI P<0.0001, FHZILAHR AT
B, R P>0.05, BERIHISE RS R*=0.9414,
Vil Rk 20 AR S B A AR e, iR
AN, RERIATERE AR A B 22 R I 43 B AR
B, —WKI B, WKW AC. BD XY F L BHEEE
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%1 oo g, G REZEERIL, SRR K ILA Y © 137 -
AR (P<0.01), MILTTH, #BMHEZ  MEKNERN B>4>D>C,
F 2 me D I ST R 48 K ) o
Table 2 Response surface experimental design scheme and response values
BT E4N(T]
=) - o H i 29
LR 5 c (ﬁf tz/) wrmre mn IR P
1 0 0 0 0 40 : 1 50 90 1.0 37.43
2 0 1 0 -1 40 : 1 60 90 0.5 27.54
3 0 0 -1 1 40 : 1 50 60 15 33.24
4 0 -1 0 1 40 : 1 40 90 1.5 22.35
5 0 -1 -1 0 40: 1 40 60 1.0 26.32
6 -1 1 0 0 30: 1 60 90 1.0 29.78
7 0 0 0 0 40 : 1 50 90 1.0 37.52
8 -1 0 1 0 30: 1 50 120 1.0 30.23
9 1 -1 0 0 50 : 1 40 90 1.0 20.32
10 0 0 1 -1 40 : 1 50 120 0.5 31.78
11 0 1 0 1 40: 1 60 90 1.5 32.24
12 0 1 -1 0 40 : 1 60 60 1.0 29.31
13 0 -1 0 -1 40: 1 40 90 0.5 24.23
14 -1 0 -1 0 30: 1 50 60 1.0 26.32
15 -1 0 0 -1 30: 1 50 90 0.5 29.38
16 1 0 0 -1 50 : 1 50 90 0.5 30.23
17 0 1 1 0 40: 1 60 120 1.0 31.22
18 0 -1 1 0 40: 1 40 120 1.0 24.28
19 0 0 0 0 40 : 1 50 90 1.0 37.60
20 1 1 0 0 50 :1 60 90 1.0 28.37
21 0 0 -1 -1 40: 1 50 60 0.5 30.12
22 1 0 1 0 50 : 1 50 120 1.0 29.62
23 1 0 -1 0 50 : 1 50 60 1.0 33.37
24 1 0 0 1 50 : 1 50 90 1.5 29.25
25 -1 -1 0 0 30: 1 40 90 1.0 20.22
26 0 0 1 1 40 : 1 50 120 1.5 32.45
27 0 0 0 0 40 : 1 50 90 1.0 37.52
28 0 0 0 0 40 : 1 50 90 1.0 37.33
29 -1 0 0 1 30: 1 50 90 1.5 27.32
R3 ESIER
Table 3 Results of variance analysis
TRk CFAM AmE ¥WHE O FE P BEMW| TRKE PR HBE H0E FE PHE  BEMX
fRiY 653.51 14 46.68 29.60 <0.0001  ** CcD 1.50 1 1.50 095 03459 O
A VR 5.21 1 5.21 331 0.095 O A2 178.84 1 178.84 113.41 <0.0001  **
B 138.31 1 138.31 771 <0.0001  ** B2 367.75 1 367.75 233.20 <0.0001  **
C AR 0.07 1 0.07 0.04 0.8391 O C? 33.41 1 33.41  21.19  0.0004  **
D BTk 1.06 1 1.06 0.67 04256 O D? 70.03 1 70.03  44.41 <0.0001 **
B 43 4L
AB 0.57 1 0.57 036 05573 O B 22.08 14 158 — — —
AC 14.67 1 14.67 930  0.0087  ** KM 22.04 10 220 20690 0437 O
AD 0.29 1 0.29 0.18 0.6737 O gl 0.04 4 0.01 — — —
BC 3.90 1 3.9 247  0.1381 O BIRZE 675.59 28 — — — —
BD 10.82 1 10.82 6.86  0.0202 **
Er o FIRERFMBE (P<0.01) ; ¥ XREFBF (P<0.05) ; “O” FRERABE (P>0.05) .
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Fig. 3 Effect of interaction of factors on extraction rate of crude PEP
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Fig. 5 Analysis of monosaccharide composition of PEP- |
and PEP- Il
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Fig. 7 XRD patterns of PEP- I and PEP-1I
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Fig. 8 SEM images of PEP- 1 (a, ¢) and PEP-1I (b, d) at
different magnifications
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Fig. 9 Triple helix structure determination curves of PEP- [
and PEP- 1l
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Fig. 10 TGA and DTG curves of PEP I (a) and PEP-1I (b)
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Fig. 11 FTIR spectra of PEP- I and PEP-1I
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Fig. 13 In vitro antioxidant capacity of PEP-I and PEP-II
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