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WE. UWEAR (Podophyllum emodi ) RFHEl, FEEUEFRZME ( Podophyllum emodi polysaccharides, PEP ),
Ak 5 R B RR s T & B R AL 1 Y2 1 SR 2% (P-PEP), RAHBAINZ 006 Som i ik i fk T P-PEP Al & T
2o I BB A AR . UV IO . GC-MS, XRD., SEM. TGA. NMR X} PEP Fl P-PEP [\ 3E{L 15
RZERIEAT T RAE, PEM T HPUEALRE I FIRE ARG . 45K, fERNIREE 72 °C. K& pH=9. M H}A]
5.1 h MREET 254 R, P-PEP HIBEERARIUCEE N 11.37%; PEP Ml P-PEP By HIAIXT 40T & 4351k 20898 F
21432 Da, JEHH BZE0E . BUROE . P200E . f%00 4 R AR 2 20, 4 Pl n AR & i B AR
PEP 2V) p-WE TS Mk o £, 3G - BT SR ALY, P-PEP J2 L) a- W15 32 0 NIk i
JEHZHE, P-PEP Lt PEP (45 MIERAL, SAMN G/ NRRABSIRGE LR, R G thitm, 600 °Cok
WM PEP [ 21.27%42 5 2 48.35%, PEP M1 P-PEP X 1,1-— FF 3L-2- =SRR8 A 5 A4 o o vk %
(ICso )53 %14 0.93 1 0.60 g/L, i 2,2"- Bk % - —(3- L F&- A FFBEME-6- T R) — 43R FHES T A HH LMY 1Cso 051124 1.05
F10.67 g/L, F a-FZMEEEBERY 1Cso 209 3.46 1 1.43 g/L, X a-TEWBERY ICso 23579 3.81 F11 0.49 g/L, P-PEP
HPERAHE (Rha) MY (42.31% ) Lt PEP H Rha #XF & i (28.04% ) WEWR, HALEMA Rha 7] LI
PREZWHNEALRE S, 3 P-PEP {KAMEEALIE MR T PEP,
KR RERZHE, BRI T2 MRS, AWiEtE; eIk EoR
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Preparation and bioactivity of phosphorylated Podophyllum
Emodi polysaccharides

WANG Junlong, JIANG Shenggi, LIU Mengyao, YU Xuehui, SHI Wenpan, LIN Yonggang"
( Xinjiang Key Laboratory of Clean Conversion and High Value Utilization of Biomass Resources, Yili Normal
University, Yili 835000, Xinjiang, China )

Abstract: Phosphorylated Podophyllum emodi polysaccharides (P-PEP) were prepared from reaction of
sodium phosphate with purified Podophyllum emodi polysaccharides (PEP) extracted from Podophyllum
emodi fruit, with the preparation process optimized using single-factor experiments and response surface
methodology. The physicochemical properties and structures of PEP and P-PEP were characterized by high
performance gel permeation chromatography, UV adsorption spectrum, GC-MS, XRD, SEM, TGA and
NMR, and their antioxidant capacity and hypoglycemic activity were evaluated. The results showed that the
phosphate ion substitution degree of P-PEP was 11.37% under the optimum process conditions of reaction
temperature 72 °C, pH=9 and reaction time 5.1 h. PEP and P-PEP, with a weight-average relative molecular
mass of 20898 and 21432 Da, respectively, were acidic heteropolysaccharides composed of rhamnose,
arabinose, galactose and glucose. The relative contents of the four monosaccharides in PEP and P-PEP were
significantly different. PEP were polysaccharides mainly composed of pyranose linked by f-glucoside bonds,
with a small amount of pyranose linked by a-glucoside bonds, while P-PEP were polysaccharides mainly

i BEHEE: 2024-08-13; EAHEH: 2024-09-30; DOI: 10.13550/j.jxhg.20240636

ERWA: 2023 FEHEH N HEARR S IKEI LW H ( YYD2023A11 ); 2024 45 2 BL i R 2 AL ) 4 i s T H
(2024HGZDO02 )

{EERN : TRI(1992—), B, 928500, E-mail : 974881461@qq.com BR R A : T AHI( 1984— ), B3, SLER I, E-mail : 869294906@qq.com.



559

TR, S BERRALE G R 2 Wl #  A= i

© 1995 -

composed of pyranose linked by a-glucoside bonds. P-PEP with irregular spheroidal and rod-like structure

morphology exhibited lower crystallinity and improved thermal stability compared with PEP, with the carbon

residue rate increased from 21.27% to 48.35% at 600 °C. The maximum inhibitory mass concentration (ICs)
of PEP and P-PEP for 1,1-dimethyl-2-trinitrophenylhydrazine free radicals were 0.93 and 0.60 g/L,
respectively, and the ICsy for 2,2'-hydrazine-bis(3-ethyl-benzothiazole-6-sulfonic acid) diamiammonium

cation free radicals were 1.05 and 0.67 g/L, respectively. The ICs, for a-glucosidase and a-amylase were
3.46 and 1.43 g/L and 3.81 and 0.49 g/L, respectively. The relative content of rhamnose (Rha) in P-PEP
(42.31%) was significantly higher than that in PEP (28.04%), and the reducing Rha could enhance the
chelating ability of polysaccharides, resulting in stronger antioxidant activity of P-PEP than PEP in vitro.

Key words: Podophyllum Emodi polysaccharides; phosphorylation modification process; physicochemical

properties; bioactivity; modern technology of Chinese medicine

BE & T [ R SR 24 AR W B 9 1) DRt & Je R BRLAR
REBARRI B, 5 280 D RETS PRI 25 I (B
ZEN R Z R TEN . b2 BT AR A,
1 (R ) (AR ) BaieE. R
FIHA AR RE I L 35 AR AF 2 AL,
W TIRIT 2 RAE B S H A S aE . B
IRBFFER M, RER S M . 20, 2. #2555
sy, DR RIRTE 8 . B T R P,
RAZHRC AL R A PAL . PiR . PUR IR
MR AERE RS, BT R U I AR X 4555
R S SERAB ) 22 B ) LR AR A 2 B, R
A MR SR A E T v . BB B, M 2 b
M B 2 BRI . BiRRIL . Wik . ZBEfe
SRRl Ho, BRI T, 7ER R AR
Wi Py A W AR A SRR T AR
Wi T X e IR PRI TR, S5 2R
B, WRRR LB AT L3 4 T O AR R R Ak
F TS BREE T, Somttb. R A #imRfe
BURAR L, Bk A BT ERAE 1 70 B4R T 45.63% .
20.63%. 94.92%,

BRI e U Z B S5 B ), 2
FOHHME PR Al AARARS 77 i . A
W TS SRS A AL, AR RS 2E
W IR A A8 1 o8 FEA W3 1R B8 2 i AN A ] . H
B, KT REARZHEBMIT AL TR0 B, #
RRAC B X L F R Z LA AL . FEUBE A, LA
Lo ] fE S B AL P I S 25 R AR A i AN T AL

ARSCAVL R B P i Bl i JE O F 2 - e R AL | B
B OTEAE AT L R A ZHE s AR5, B R
Bl Xl Ak R H AT BRI AL B 1, F AL iE i
TN o FAEFM AR AL R 1 2R 20 ) BEA
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BRI RO R AT ST $ B BB AR S IR 3245, o R
FERBIF LR BES%

1 SEIgES

1.1 ##, RKFIE5EE

BAR, RAZEARELE RE, LFR
WRFERIR W E S = FAEm G
ANEERL R R B HAEY RAMRS,; B4 (R
B AR 3T JFiiE 3500 Da ), 35 Sigma /A,

ATHE TCK B R AN IR BEFR4N \NaOH |
SO rhral, FARUTRE TRARTEA A
MISRZE . HUIRMLER (Vo). BT-R¥HE ( Acarbose ).
1,1-ZH3E-2- =388 F (DPPH ). 2,2"-BK4-—(3-
LHEFRITHEME-6-BE i) — 4% Eh ( ABTS ). #i %&b
fitf . a-VERIE, SrAral, g s LR B
ARRAT; PO REbRAES . A3 (Fuc), R
Z2fE (Rha), HEWE (Man), PR (Ara), K
B (Xyl). *FFL0E (Gal). #%H (Glu), ¥4,
gL T A AR B e A PR A Fl 5 MgClye6H,0
(JERATECN 47% ). = F2 S 3 e MR B R( 5
HOTEL 98% ). VRAEIR . AHMREL . 1T AL (RS
o30% ), srdral, OFRRRERT A BR 4
DEAE-100 £ 4 Z . Sephadex G-100 #¢fit:,
A RAEYFEARBA A BR AR ek, Al

XH-300A FL i fll i 8 75 38 20 5 45 1/ 26 U, b
AR R K RA IR F]; UV-2550 BYEE5h-A UL 3
YT (UV-Vis ), IRprestige-21 B B A5 2T
HMEREAL (FTIR) . LC-20AB R i 20 AH (3% 4
(HPLC) , HZ Shimadzu /A 7]; JSM-7500F %14
HiHL 7 RS (SEM ), HARHE F#N44k; Spectra
Max M5 BIZ TG FR1L, 35 Molecular Devices
/37); D8 Advance A25 B X AT HHMY (XRD) |
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AVANCE NEO 400 MHz % H AR P %L NMR ),
5[ Bruker /A F ; 7820A B S M A5 {4 GC ).7200B
DU A RATEF S BB (GC/MS ) &Rg, FEH
Agilent /A 7] ; HS-TGA-102 #E 43#71X (TGA ), E
TR A BRA W] 5 LC-10T A i 5 BE I 12 35
k(¢ (HPGPC), FERFHE (HiM) ARAH
1.2 Fi&
121 REOGREZBEBHRR, 2B 54k

BERZL HAAB T, Bt 30 B FERNE

(mg:mL) N2:1MEHT, REAME. JoK

ZEESYHIE . R E 24 h )5, ARX TSR
FURRR, T-5 CrkAame& .

SR FH R 7 J 1 92 7 P il F80 8 P O 2L
AP EPEBCR S Z 0 B 10.0 g RERB K
PR (RBAiK) B (mL : g) 40 1, 7E4REUR
50 °C. AR 500 W 2/F FH#EHL 90 min, FF42
B dUR, 2E, BRI, R =& R
HEACES 4K, K555 5 B2 ORI e 4
Bt (5 °C. 24h), &M (B A 70 & 3500
Da, 72 h), BiHTH (=70 °C. 48 h), fHRHHE
MW, fJn, %4 DEAE-100 £F4E M08, ik
H1300 mL A& 7K, ¥EE 0.05. 0.10. 0.25 mol/L
NaCl ¥R TR, SR FFI 2 i A A vk 142 il e e
2k, 4 Sephadex G-100 B (o ifAt4lifk, F 300
mL 8 27K PE MR [F]— W PR MAE &, DR VR4 | i
Br (3500 Da, 72 h), ¥ T4 (=70 °C. 48 h),
B E MR R AR ZHE, idh PEP, ZHi™

%*EF%/%:”XZXVMOO (1)

K. p HEBREWE, g/mL; N AWmBMEEG V
KRR, mL; M oAREARB AR, g
1.2.2 BB R G R %45 (P-PEP) #9414

Z: B8 HE P05 I R1E B o, H & w1k Y F
WM, ¥ 1.0 g PEP, 2.0 g —ImBmRaN . 5.0 g i
FREH . 5.0 g = REBEMRAN A/ RAE 100 mL H4liK
Wy BEJS, F 1 mol/L A9 NaOH ¥ 8 H: pH=9, Jf
B HAE 70 CRHEFEN 5 h; RN EER, AR
e, ENT R AIXS 73 F B &t 3500 Da, 72 h),
BT (=70 °C. 48 h), MHRT O LLREBERIL
REHRZHE, ¢4 P-PEP,
1.2.3  BRERARBUR B 69 2

SR AHEE e k% ) P-PEP B MR AR & e hrifE
I

Tris 2% MR YLl < K5 200 mg MgCl,+6H,0( i
BB 47%) M 6.0 g =R R EIFET

300 mL @Bk, FHMREE 1 mol/L hi s H pH
27,

ERSXFAECE . B 1 mL ¥ 0.05 mol/L Y
Ve /KW . 2 mL HARZ . 2 mL R4 3%4H R
B WIR G5

i T ) AS [ BT v B Y B IR AR b o S W
(10~100 mg/L ) 4% 2 mL, KA 3 mL Tris Z& o
(0.2 mol/L .pH=7).5 mL EBHLH], EAZE 10 mL
i, T 45 CFRM 1 h, AHE=ZERE, T
UV-Vis & HAE 580 nm AFSEE, 158 AR =
W (x, mg/L) -WOLE (y) trfEM& T #A
y=0.32x+0.0832 ( R*=0.9989 ),

¥ 0.5 g P-PEP & TH{Harh, SREHIA 1 mL ¥
TR A | mL WRASER , I E = A (RS, A 1 mL
HEAE, BEmk, HE FREREE R AR
A, B EE R, KR Y A & 10 mL
Faiih, MK ER . H UV-Vis e Bl AE
580 nm A BB, AR AARIEIN L 21T P-PEP
BRI R E (p) (mg/L), =X (2) &
P-PEP HYBERRARIUREE (D, %) M.

DI/%=[5.23p/(100-3.32p)]x 100 (2)

1.3 REAEAEFMEEEMIK
13.1 E¥mEaFmE (M) 9mT

PEP. P-PEP /) M, K HPGPC!" k415 .

KRG B e B2l 2.0 /L # PEP. PPEP /K
W, LUBaiAK s, W 0.6 mL/min, [AE
5L, i%H N TSK gel-3000 PWXL (300 mmx
7.8 mmx7 pm ), Kl#s AR 2Z KRG, SR AR A
X4 i B EE R B (5. 10, 15, 20, 25, 50
kDa ) MpnifEdt, 4341l PEP. P-PEP [ M, 1%
Mgk, JfFEr bR g 5 y=—0.0175x+0.01587
(R*=0.9989), Hh, x REEEHE, min; y HH
XF 53 ot R R
1.3.2 s egm e

PEP. P-PEP WA EfLAbFE . GC-MS /21
AP AT ik AT MR GC-MS {4 B i
LTI Ry R e S S e TR 2 I
1.3.3 UV ROk k % agm) X

W RN 0.2 g/L () PEP., P-PEP /K KE
T eI, SR SR AR RT UL 236 6 BE %o Headt A 1
W, ARPEEK 200~400 nm,
1.3.4 XRD 4%

¥fifi it PEP. P-PEP B kA, ¥5) F4i7E
FESL G 0 M Cu, B HE 40 kV, B HIT 40 mA,
K, 54K 0.1541 nm, HHFHEE 6 (°)/min, 26=
5°~80°,
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1.3.5 SEM Ml

il FH 5 #0743 K i PEP. P-PEP [H 27
LTS B L 5 = 1 7 K VL e < A £ A v/
F (LED) #5X, T/EHJE 20 pA, HEFII#EE
15.0 kV, JRAEEL 500 £ .

1.3.6 TGA 0

3 51% 10 mg PEP. P-PEP & T4AHIH T, N,
FAETFLL 10 °C/min FHEHE A, M 25 Chnz
600 °C.,

1.3.7 FTIR #4X,

KRB0 i, %L 4000~800 cm ™', 43k
Kdcem', FHIWKEL 32 K.

1.3.8 NMR @l

¥ B4R 30 mg i PEP. P-PEP 43 BIiAf1E
0.5 mL jiftk (D,O) ., MifF & TE T, X
FH NMR i ZE FE 5L A9 'THNMR , °'PNMR.

14 P-PEPHIEIEZMEE
1.41 $FHREZRE

K 1.2.2 AR, [ HAb A AR,
N E (50, 60, 70, 80, 90 °C ) Xf P-PEP
W R AR A B A 52 )

K 1.2.2 AR, [ HAb A A AR,
ZEAKZ pH (6, 7. 8. 9. 10) Xf P-PEP WifRHIHL
REER M

KA 122 TR AL ER, e HoAth S AR
ZEI ] (2, 3. 4. 5, 6h) XF P-PEP #fRAR
B EE B3
1.42 & o @ 5

FEER A R SCge iy LAt |, >R Design-Expert 13.0
BAE, ARNRE (4). pH (B). EE (C)
ANZE, P-PEP MR ARHUCE AN e, it = HN&R
KSR R TSRS, PR 5K 1R

1R S TR R K

Table 1  Factors and levels of response surface experiment
S
KF -
SR LEE (4)/°C pH(B) SR B ] (C)/h
-1 60 8 4
0 70 9 5
1 80 10 6

15 mEML. PEmEFENK

A3 S ) B BE A 0.25, 0.50., 1.00, 2.00.,
4.00. 6.00. 8.00 g/L ] PEP, P-PEP /K&, Lk Vc.
BT s R BHAE X IR, 2 IR A A i Ty
351 %€ PEP ., P-PEP %} DPPH H i3k . ABTS FHE
T (ABTS") HHIEEBREES, VLRI a-JE ) I

o) A WY Tl S PRSI AR BE T, A TR R R
Tﬂ]fﬁﬂm@'z (IC50, g/L )O

2 HR5WR

21 RHRZEHMSBANLSH
CRWAVASER B2 b AR

0.30
0.25
020 5
: g
=i 015 <
P i
. 010 ¥
) =
X o. 0.05 &
-0.05

. . . . . . . ~0.10
80 120 160 200 240 280 320 360

BEBHATYmL

YR /au.

4IO 8IO 1‘20 1I60 2l00 2I40 2'80 3I20 360
VA mL
K1 454 (a) FIBER OIEHE (b) BYJZHTEEL 2
Fig. 1  Chromatographic elution curves of cellulose
column (a) and gel column (b)

ME T ATLLE S, RERM R4 RN
B2tk . NaCl 3R vEL S, a2 i s (K 1a),
2B g — 2 aifb )5, S B X R
i (18 1), 235, 10.0 g W F S M SR 2 2 4
R B ik aifb )5 7= R 0 Bk 25.78% Al
59.25%, 13512y 1.1 ¢ B PEP, EH%N 15.27%,
22 BEZEIWRERSWN

B 2 RN . RKZR pH ., KW B [E] %} P-PEP
MR AR U BE I 52

ML 2a 0T LA Bl 5 B N i B 9 7, P-PEP
F14) Tl P R A 22 ST 388 o i sl /N ) e 3 2 RO
PEP WMk 5 b 75 2 — @ WG AL RE, 7EMKIE T,
G3F [ R AR R, (A D4 PEP GBS 5 IR
FOSR o (ERLEE S i, i R AR S AR FR P AR e
PEREAL, SN WP BiEs, M35 P-PEP [R5
PEEUR BERRARD . M R 70 °CHE, P-PEP
P BERRAR U B K, T 11.23%,
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2 SRR R SIS R, BRI AR R
Hr WEREE 70 °C. MK F pH=9. JZ ] 5 h.
10F 2.3 MR EEWERSH

= °f 2.3.1 k@A
S8 K H Design expert 13.0 #{4xF 3% 2 A iy %5k of
i 7T G, JERHRREAT 7 224007, 438 30
o1 KA H N D=11.310+0.5874-0.056B+0.131C+
ST . . , 0.2104B-0.1204C-0.152BC-1.5604*-0.616B*~1.040C*
00 e 0 ( P<0.0002, R*=0.9664 ).
2 Fe 2 WL I S0 A A 185 S PR X R
1y Table 2 Comparison of coding values and actual values of
10} response surface
8 g R i . DI%
S ol A B C JNEEFC pH  AEfE/A
1 0 0 0 70 9 5 11.23
T 2 0 1 1 70 10 6 9.45
6F 301 0 -1 80 9 4 8.89
5 L 4 1 1 0 80 10 5 10.15
6 : 8 B 10 5 1 0 1 80 9 6 9.17
pH
e 6 0 0 0 70 9 5 11.34
1l 7 -1 0 -l 60 9 4 8.02
10k 8 0 0 0 70 9 5 11.29
9l 9 0 -1 1 70 8 6 9.87
S gt 10 0 -1 70 10 4 9.75
Sl 1 -1 0 1 60 9 6 8.78
6 12 -1 1 0 60 10 5 8.01
5h 13 -1 -1 0 60 8 5 8.54
4t 4 0 0 0 70 9 5 11.37
37/, 3 4 5 6 15 0 0 0 70 9 5 11.32
ARl /M 16 1 -1 0 80 8 5 9.84

B2 RRORE (a), (KR pH (b) FUZRAE () % 7 o4 7w 5 ! 236

P-PEP HB R AR B BE A9 52 1) 232 ﬁ;ﬁi_ﬁ]\*ﬁ

Fig. 2 Effects of reaction temperature (a), pH of system (b)
and reaction time (c) on substitution degree of
phosphate

M 2b ATLLE ), BEE 1A &R pH 134K, P-PEP
)Tl T AR LA 88 A, S22 S B D S I/ N i 3. X T
7, PEP BERRALACRIE # 5 HWRE S VIM O, 7Eik
4 pH YU, H AT DR SEBE BRIk S N T pH 2
I, HYEREE ST, PEP FRSEW R 71k, $3%
R TR REAG , BERRARBUR EERRAL; pH 2 i,
HWR AL, SN R, AR pH=9
¥, P-PEP HYBEMRARBUICEE K, H 11.08%.

M 2¢ AT LLE Y, Bifi 5 S g s B 1 48 4K, P-PEP
A R AR IBUA B2 SE S /N . XSl OB
] 74 ] {F PEP SRR AR 784045 Mk, M4 1 s 1o
A7, EREHAAAE SR . BRIESET, PEP 54
A KR, 3L P-PEP RUBERRAR B BERRARTY, 4%
NEF[E) A 5 h B, P-PEP RYBERRARBUCER K, N
11.27%.

23 NI ESHT (ANOVA ) 45
3 BIEBRr =00

Table 3 Regression model analysis of variance

FERWE P AME ¥ FE PHE  WEME
LAY 21.21 9 236 2235  0.0002 ok
AR 2.76 1 2.76 26.19  0.0014 *
BpH 0.03 1 0.03 024 0.6391
C [ NiBtE] - 0.14 1 0.14 131  0.2905
AB 0.18 1 0.18  1.67 0.2369
AC 0.06 1 0.06  0.55 0.4839
BC 0.09 1 0.09 088 0.3789
A2 10.23 1 1023 97.03 <0.0001 ok
B 1.60 1 1.60 15.17  0.0059 ok
C 4.52 1 452 42.88  0.0003 ok
5% 0.74 7 0.11
KRz 0.73 3 0.24 8499  0.0624 o
aliiR 2% 0.01 4 0
BiR%E 21.95 16

e o FOREFWEFE (P<0.01); “*” FREFBFE
(P<0.05); “o” FKREFAEE (P>0.05),
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MWFE 3 ATLIAEW, B F{Ek 2235, P1HN
0.0002, P<0.01, 253, KIRET PEH A
0.0624, FIIZARIAG R, I HIRZER /N ; BRI
KFZH(R?) =0.9664, PLIIZIERL 96.64% 154
AL RIS RS R f R 5 RAg oM 0.9231, B T
H5i{E B 92.31%MM M, RIS
BERr S BRIAR SR R (CV) A 3.31, KX
BERUA 78 12 115 5 R i R
233 AR ESH S BIE R

Pl 3 Ay g {55 AN ] PRI 28 A i o T 2R =, [ 4
FARTE R ZE ST P-PEP (14 R HR U B8 52 1l 110 45 1
LA,

D/%

”@ﬁksmow b

P 3 S [ DR 2R B AR A 52 e 134 o ) T b 2k ]
Fig. 3 Response curves of effects of different factors on
substitution degree of phosphate

DI%

a 10.0

9.5
= 9.0
8.5
8'060 65 70 75 80
A: IREIC
b DI/%

<
=
=
S
60 65 70 75 80
A: 1BBE/°C
DI%
¢ 6.0
5.5
<
=
=50
G
45

4.0
8.0 85 9.0 9.5 10.0
B:pH

Bl 4 R Z X P-PEP i AR I B i 45 o5 2k
Fig. 4 Contour plots of effects of different factors on
substitution degree of phosphate

M3 FTUE H, ASFE RS BAE 2 E
ST, R P-PEP MYBERRAR UL
FE—ARE, S5 K 4, RNEPFEXT P-PEP
F1A) Tl T A LA, B ) 52 e U # R B/ Sy 2 s o
R (4) >RBEHE (C) >/KFZR pH (B ). MR
EIAF B A A5 OV IR B 71.848 °C .pH=8.978.,



= 2000 *

A% 4m 4 T FINE CHEMICALS

42

SR ] 5.054 h, BERIFUN P-PEP (1) R AR UL
K 11.368%, Nl JE LS4 AE, XIS B 52
Y5 25 PF RS . OVIREE 72 °C. pH=9. J JNH[A]
5.1 h, fEMAM FEE 3 LK KIE, P-PEP IR
FRAR IR FE B RPN 11.37%. 5 TINAE 22 8] Y
224 0.004%, SEYG 255 FUNE T, D%
RIRTEE ARSI TATIY .
24 BUYMREEHSH
241 M, 5

& 5 >4 PEP # P-PEP 1) HPGPC [l .

a
16.288
12 16 20
LR B B} []/min
b 17.130
12 16 20
3 BR 5} &) /min

K15 PEP (a) il P-PEP (b) /) HPGPC %4
Fig. 5 HPGPC chromatograms of PEP (a) and P-PEP (b)

ZHE—1E . XS o B i 34 255 e 2 EAE
IR s e, dEm A . KL S
A LAE M, PEP (& 5a), P-PEP (& 5b) A HAUE
1 AN, UEBA P Rh 228 0 AR X o B A SR R L
¥)— o 5 B MR XS 43 o i W 00 0 SRR AR 7 i % R
PEP .P-PEP [ M,, 43 %} 20898 #l1 21432 Da,P-PEP
B M, Y& AT RE I K F 51 A BB AR AR I A A X 437
iR, HAR M 2 0 ol 6% = ] SC B sl 7R I T
TR A AN, xR 3IESE T PEP (W RR 1L 161
B
242 BHEURHSH

¥l 6 & PEP., P-PEP FIHBHEFRAY GC %A,

MK 6 \TLIA Y, PEP, P-PEP £% & Rha,
Ara. Gal il Glu )%, JFH WA 2 E&H D Em

Fuc fil Xyl, 5 PEP MItt, P-PEP [t Bl 2l iR & A
Ak, {H Fuc, Rha, Glu Py EIE A, W
Ara, Xyl. Gal PYFHXTE SN FRIH —EBRERNT
Wé, XU, PEP MR 1181 3 28 K A= 7e M & ifi
KRS, I HMEE P 22 Ara, Xyl, Gal
3 FhURRLA AL . (HAF R AYSE, P-PEP ' Rha AYAH
Xf e (42.31% ) b PEP 1 Rha A% 2 ( 28.04% )
WA, XIEHN, BHAREYER Rha o] LI R
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Fig. 6 GC spectra of PEP, P-PEP and mixture of standard
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Fig. 7 UV spectra of PEP and P-PEP
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Fig. 8 XRD patterns of PEP and P-PEP
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Fig. 9 SEM images of PEP (a) and P-PEP (b)
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Fig. 11 FTIR spectra of PEP (a) and P-PEP (b)
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