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Preparation , Characterization and in Vitro
Antioxidant Activity of Selenium Potentilla anserina L.
Polysaccharide with Different Substitution Degrees
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Abstract ; Selenium polysaccharide has multiple functions of anti—metal poisoning,anti—oxidation , anti—virus ete.lts activity is
closely related to its structure.In this paper,the Potentilla anserina L.polysaccharide extracted from traditional Tibetan medicine
potentilla was used as a precursor. Optimizing the preparation process and regulated the conditions by single factor and response
surface design to prepare different substitution degrees of Potentilla anserina L. polysaccharides. The size exclusion
chromatography— laser light scattering spectroscopy, UV spectrometer, infrared spectrometer, thermogravimetric analyzer, and
scanning electron microscopy were used to characterize the structure of the product and evaluated the in vitro antioxidant
activity of different substitution degrees of selenium Potentilla anserina L.polysaccharide in the end.The results showed that the
optimum reaction time of selenium Potentilla anserina L.polysaccharide was 134.84 min,temperature 78.39 °C , catalyst 49.37 mg
and wight ratio PAP: H,SeO; =1: 0.81.Under these conditions, the selenium contents of the product was 8518.81 pwg/g. There
existed Se =0 and Se—O bonds in selenium Potentilla anserina L.polysaccharide with five degrees of substitution, meaning the
selenization of the Potentilla anserina L.polysaccharide was successful.The higher degree of substitution of selenium Potentilla
anserina L.polysaccharide ,the smaller the molecular weight, the lower the thermal stability, and the looser the spatial structure.
The selenium Potentilla anserina L.polysaccharide had significant scavenging ability to O, -, -OH and DPPH- ,and had positive
correlation to the substitution degree of selenium.
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1.2.1.1 SePAP & AL DISEISEIMA S aifh)s
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1.2.1.2 PAREZSLE AR L& iy ik, [ 4
NICNIRBE 75 C FkELE (PAP: H,SeO, =1:0.8) i
L 40 mg, %5 2< R [ 5 B2 I ] (20,40 60,120
300,480 min) X SePAP il & & (¥ 5 mi 5[5 %2 254 M
JZ W B ] 120 min 388 Fb ( PAP: H,SeO, =1:0.8) i
1) & 40 mg, 2B EAN [F] )z b 7 (35 .45 .55 .65 .75
85 C ) XF SePAP fifli & == 19 5 Wi 5 [&] a2 25 A% A 2 Nz )
[6] 120 min JZ W& 75 C fE1LFIHE 40 mg, HEEA
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Table 1 Independent variables and their levels
used in the response surface design
SES
K AR B i D fEALR
]fﬂ it BE C LR, P
(min) (C) (mg)

-1 60 65 1:0.7 40

0 120 70 1:0.8 50

180 85 1:09 60
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Fig.1

Single—factor experiment and results
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Table 2 Response surface design and results
S A B C SePAP fifi & S A B C D SePAP fifi &
(ng/g) (ng/'g)
1 0 0 0 0 8428 16 -1 0 -1 0 6757
2 1 0 0 1 7397 17 0 0 0 0 8408
3 0 0 1 1 7018 18 1 -1 0 0 6645
4 0 -1 1 0 6485 19 0 1 -1 0 7378
5 0 -1 -1 0 7368 20 0 1 0 -1 7724
6 -1 0 0 1 7785 21 0 -1 0 -1 7189
7 0 0 1 -1 7885 22 1 1 0 0 8045
8 0 0 0 0 8418 23 -1 1 0 0 7105
9 0 0 0 0 8502 24 0 -1 -1 6602
10 1 0 1 0 7456 25 -1 0 1 7459
11 1 0 0 -1 7745 26 -1 0 0 -1 6689
12 -1 -1 0 0 7023 27 1 1 0 7689
13 0 1 0 1 7636 28 0 0 0 8247
14 1 0 -1 0 7589 29 -1 0 1 0 7312
15 0 0 -1 1 7925
w3 TENE
Table 3 Variance analysis table
J5 2K 7 A FI 1% 757 F P B
yRiil 9607993 14 686285.2 25.65 <0.0001 * %
A 405536.3 1 405536.3 15.16 0.0016 ®
B 967872 1 967872 36.18 <0.0001 * %
C 4256.333 1 4256.333 0.16 0.6960
D 160083 1 160083 5.98 0.0283 *
AB 434281 1 434281 16.23 0.0012 *
AC 118336 1 118336 442 0.0540
AD 521284 1 521284 19.49 0.0006 ® %
BC 356409 1 356409 13.32 0.0026 * 8
BD 32041 1 32041 1.2 0.2923
CD 1199025 1 1199025 44.82 <0.0001 *
A? 2423259 1 2423259 90.58 <0.0001 * %
B’ 2230983 1 2230983 83.39 <0.0001 ok
c? 2507232 1 2507232 93.72 <0.0001 ® %
D? 1160438 1 1160438 43.38 <0.0001 * %
RE 374536.9 14 26752.63
KRG 346573.7 10 34657.37 4.96 0.0683
afiiR 2 27963.2 4 6990.8
B 9982530 28

T p <0.05 FREFWE, =+ p <001 LREFMEE,

PEATECES 4G BT 45 R (W3R 2) , X 4 SR AT e 1y
45T, 45 8] W [\ U9 75 & SePAP 1§ & £ Y =
8450.60 + 183.83A + 284.00B + 18.83C + 115.50D +
329.50AB-172.00AC-361.00AD +298.50BC—-89.50BD
—547.50CD-611.22A% —586.47B> —621.72C* —422.97D,
0 8 e A T2 A4 S 2 e [E] 134.84 min, YR E
78.39 °C , ¥kl Lk ( PAP: H,SeO, =1:0.81) , f# 4L 7| &
49.37 mg B, SePAP Ml & & & =, S 10000 {H N
8518.81 pg/go

Jr 2257 TR W (L3R 3) , F (B R 25.65,p it/ T

194 5192100

0.01, A BT EE 37 19 — Rk 7 BE AR AL S 19, B SRt
RN, KRG Z5Hr R, F{E) 4.96,p K
F0.05(p =0.0683) , YL EHAEL A 530, LRI A B,
AB AD BC .CD . A*> B’ .C* D’ X} SePAP fifi & H: 52 1)
FE 0.01 /K2 D Xt SePAP fifi & w5 52 0\ £E 0.05 7K
- R P E R R = 0.962, JE Bt E R R,
=0.924 , P BH m N (B AR £k 92.0% I IR T T it K1 28,
FERULE RUF; AR R R CV% =2.17% , A8 /Nt BH
AR [ ] A BE &, SCUGEYE A P, T A R A R
LY 15.06 >4, 156 B4R R0 B I 0% 5 (ARG i 2, BE
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Fig.2 Response surface and contour plots showing the interactive effects of two factors on the selenium content of SePAP
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PRIZR B9 I , SePAP fiffi 5 £ 28 87 14, 2415 51— @ (0
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F1 CD R i 45w 2R AR B E | 5 B G DR 3R = (Bl A7 7
B HAF,AC F1 BD AR R 45w 2 ULRDE |,
B — PR TE S — R B AR KX SePAP fiff 5

A R 22 S ORI

2.1.4  wE R G B R TIE S T 56 TE BR BR AT 22 b
il A AR Yy A 4 S B R AT S A B A A AR
FHHATEUE S8, §5 4 = YK, SePAP 1Yl & B S 1
B M (8572 = 136) pg/g, 52 56 (8 5 A B #T I (8
(8518.81 pg/g) MZEEAL K BUMAE ) 0.69% , 7T WLiZ
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¢4 SePAP ffi & &
Table 4  Selenium content of SePAP

T b Se—PAP1 Se—PAP2

Se—PAP3 Se—PAP4 Se—PAPS

i (ug's) 2761 4278

5990 7890 8375

22 A EENKE SePAP Wifig £

B = e A 1) [0 A4 8 59 T 4 Ak 3510 JB 5 % 18 o, +fl
£ H ) SePAP (SePAP1 —5) ARl & i iz Wi 4 =5, 4K
KA 2761 4278 5990 7890 Fi1 8375 ne’g, i B AL

Al F R R SePAP A HC 1Y SR D 3

2.3 A RBRE SePAP pyR1E
23.1 REBUCEE SePAP (5> T8 W35 ixw,
FEFL Y Mw  Mn B A 25 55 00 B9 BRI, X2l T
il 5 i ft p SePAPI Fl| SePAPS e FH (148 4k 571 [ 4448
TR R 22 |, SN BRI R MR R S, TT 22 B AE e P B B vp
AR S KA TR

S5 OAFEHUE SePAP 711t
Table 5 Molecular weight and distribution of
SePAP with different substitution degrees

Mw x 10* Mn x 10*

R ('g/mol) (g/mol) Miw/Mn
Se—PAP1 18.63 6.9 2.7
Se—PAP2 15.7 5.87 2.67
Se—PAP3 13.82 5.56 248
Se—PAP4 10.7 5.04 2.12
Se—PAP5 9.29 4.28 2.17

232 ¥4h £4MEIE E 3 TN, 7E 200~800 nm
P [l 9 XF PAP, SePAP % Wk #E 4T H##, & B
SePAP 7 288 Fll 335 nm I 1< 4b HS B PG A4~ g, Ho
288 nm I K AD W IAIE  Se— O HE Y 2 L1, 334 nm
WA b fry W I I8 S Se = O 4R AIE W7 il 4, 3X 5 STk
(17 ]#IEH 19 Se = O RRAEW I WEAH W) & . 5 PAP
PRI\ AR LU, 150 1 3R RR Z2 B i Ak 5 s o

44 SePAP-5
SePAP-4
SePAP-3
34 SePAP-2
SePAP-1
<2
1 o
0 PAP ==
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WA (nm)

&l 3 PAP SePAP [ 484t
Fig3 UV absorption spectra of PAP and SePAP
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O-H [h4E PR 8% ,2931.84 cm ' bk C—H {45 5
B g, 1386.17 em ™ Wi ig & O—H 25 g R 31,
1152.33 em ™' WU IE 2 C—H 251 #£ 3, 1025.72 cm ™
Ak Ry W R R 27 iR SR UG ,830.6 em ™' b SR IR B
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Fig4 IR spectra of PAP and SePAP
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HEE ;I HAE 868 cm ™ BT HY B T S Se = O g IR
F 4, 1031 em BT A IR T SeO;” ) O—Se-0
XoF R AR 45 PR 3 W i e SIE B 35 M S Y SePAP
TCUF S AR AR |, T J2AH .45 6 T8 il fh 2% g, Ho 4y
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233 IMESHT WIE S AT, SePAP(1 ~5) 1y TG
TETEARAHAL , 55—k FE IR Ok R B 7K, 24 120 °C
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Fig.5 Thermal analysis of SePAP

with different substitution degrees
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K6 AR SePAP i HLBEIA ( x 11.60k)
Fig.6 SEM pictures of SePAP with different substitution degrees( x 11.60k)

B, SR LN 10% |, KR SePAP TEi 45 5 28t
TR TR A B 2 AT 2 W BRE— 35 43 K 053 5 320 ~
430 Cla],SePAP(1 ~5) HELEE — A~k E g, 2k &
ZIIRE| T 50% , WL} SePAP H 5 & A R B 11 43 it I
B 5600 °C LLG , 2% 8 M A % , SEAS 15 21 0E 5T H 5 A
DTA W] LA 340 3 b RS S il A 7, £ i
B0 BT, SePAP TR 43 i 1 18 3 i Sl s 1%,
1o G B 2 A v 174 R AR 22 4 17 FR B s MR BTG, AT
AEDE N C—O B4 A A2, AN 5y 246, 24 Z2 Bl 10 2 S vk
WA B A IS , C— O S B 2= [m) I A o 3k A 4 7%
WER T Se = O SELE G M, HIFH T C-0 S & &
7 A A PR e AT il 7 ) e LA R e de
AR L A1 5| T 285 19 2 5 43 fl =2 N, M i
SePAP [ %46
234 HHEEEE WK 6 H B BIE TR, SePAP
PRy SN s v W S VNIl T e LU O N = i v 6 =
R, I G FLIRA , W R SR T 2 4 F a4 T A A
PEAEFHEE T 80, UL 205 5y 1 [ A B A7 e HET® 77,
S FIEI L B 7488 ok 55 /NP5 T Bl 2 BOF BE B 3
SR A /N 85 MR AA B, 3t 5 H A i KON SR AR
eI =g
2.4 AEBREHR SePAP 3t O, -, -OH #1 DPPH-
ViERIER

r 7 0] 0, AR R B G EE A SePAP Xf O, - - OH
I DPPH - #3545 78 BRAE FH , 15 B B8 77 it 2 B 1) 1
N s, 24 SePAP (14l £ = M 5990 peg/g HE 0 F|
7890 wg/g HF, XF O, - 14 ¥ B& R M 28.64% 14 Jin F|
32.45% , %t - OH 1 %5 55 2 M 60.33% 1% Jil %] 65.8%
% DPPH - [ 35 s 28 M\ 42.61% 38 3] 64.51% . %t
O, - Fil-OH 143 B HE 77 $2 55 i B2 AH X P22 , X DPPH
F FH 2L A0 77 [53 f  t v 8 L
3 #Hig

A 5 3 Ak B PR 2 R B 1T T AR SY SePAP [
FAEH £ T 220 i a] 134.84 min & 78.39 °C 4%

40-

3
SePAP(1-5)Ff ik

B 7 REBURE SePAP % 05 - |
-OH 7l DPPH - (3% R i /1 4%

Fig.7 Scavenging capacity of SePAP with different substitution
degrees against O, -, +OH and DPPH free radical
L (PAP: H,SeO, =1:0.81) i fb 5] & 49.37 mg; 7
P S5 - AR [RUBUPCEE ) SePAP , J% JLAS A 7

20194 551288 197



I@%sﬂﬁﬁi

Science and Technology of Food Industry

FRHNIRAE, Sz BLHACRE IR 1 SePAP 19 735 H /)y |
PR E PRI |23 R S5 A0 AN 1, IR AP S A 52 86 3
B ,SePAP Xt O, - .- OH F1 DPPH - {13 R 5g 7 . 35 J1
Wit 5 0 AR 398 0 Ty 4 5 o AS AT U g G R R RR
ZWEAHLEE 5 W45 19 SePAP J2 8 22 4 F35E i PL AR
i SHIT % SePAP 1 S 5 A 1Y P it B i B9 5
BRI AL AL, [R] 0 £ FE 7Y 6 RR R R B IR A TR i T
I

S ik

(1] mAz, 3K B A F AT IR AR S iR AT ].
£ A52,2002,23(10) . 134-137.

(2] sk, ik, 2w, 5 A m S AT RE[T].F
¥ % 2% & ,2018(15).

[3]Surhio M M, Wang Y, Xu P, et al.Antihyperlipidemic and
hepatoprotective properties of selenium modified polysaccharide
from Lachnum sp [ J ] .International Journal of Biological
Macromolecules ,2017 ,99.

[4]Ferreira I C,Heleno S A,Reis F S, et al.Chemical features of
Ganoderma polysaccharides with antioxidant, antitumor and
antimicrobial activities| J ].Phytochemistry,2015,114;38-55.
(51405 Bk % 4 xT 45 80 5 i an h) /s B89 S 53R 3 AL 22 A
[ D] 20 20 k% ,2016.

(6% ¥ 1d, KA, IFARYE 3 FR 5 48T 8 B AR5 AN
Bk P B tm R kg R 47 AR R oL [T] .0 & B 25,2017,57(5) :
8-11.

[(TIRAH, B3, DT, 5 FRRBRS R AW R
ST HAG a9 AE A ALEI LT ] 2 M K F SR (EF ) ,2012,38
(1) .49-52.

[8] Zhao B, Zhang J, Yao J, et al.Selenylation modification can
enhance antioxidant activity of Potentilla anserine L.polysaccharide
[J] .International Journal of Biological Macromolecules,2013,58
(2):320-328.

[9] 2R R, ahatd, ZMA, ¥ RTRAZAZLME AR
Rp eyl a [ ] AR5 % mE 524 ,2018(1) :80-83.

TEHM

[10] Ding W, Zhou J, Zeng Y, et al.Preparation of oxidized
sodium alginate with different molecular weights and its
application for crosslinking collagen fiber [ J ] .Carbohydrate
Polymers,2017,157 :1650-1656.

(0] 3%, T8, 28, & 230 5 4B a) L AAL B A&
Mo T]. A mA5,2016,37(12) :19-24.

[12] A, &k, i G5 B AR B R A4 5
ERRT A RMBAE[]] T B4R, 200,28 (2)
162 -167.

[13]EA, BRSO RE S BRANEEAL]] A A
3,2015,40(2) :239-242.

[14] Sr b, BRaE A )L &35 € Fenton 3% = A9 A A d
AL ABF S A2tk ,1996,23(2) :184-186.
[I5] R, 2B, I, 5 a8 @ik hA2H I % MR
RIZBRENFE A [T]. £ &H5,2018,39 (4):
275-281.

[16] &4, 3830, Y4k 45 .Box— Behnken vé & @ 4% 4L & &5 -F
WG BRI T EH R[] 25 AR, 2017,35(2):
121-126.

[17] M %%, 23K . BAR S M0 AR AL BT R[T]. R
M5 A4 ,2016,37(15) :10-13.

[18] Wang D,Sun S Q,Wu W Z, et al.Characterization of a water
—soluble polysaccharide from Boletus edulis ,and its antitumor and
immunomodulatory activities on renal cancer in mice [ J ] .
Carbohydr Polym,2014,105(1) :127-134.

[19] 25—, 8, R4, 5 oL BMmBREHNELL
HRAACK I A 5 AT )] A e A5 ,2016,37(10) :40-46.
[20] ZFAA 33k, FhmaF, 5 AL AN E S M0 F & T LR
A4 MR A BF [ )] A T kA3 ,2014,35(8) :276-280.
[21]R 23 A3 5 W6 & mA LD ERFZ[D]. T M.
% dy X 5 ,2006.

(2] & LE, 2B B, RGO, F .5 2T M6 6 &
BARAE[T]. 24 A % & ,2012(7) :1222 -1226.

(23] 532 44 A Kiz H4E S MR B4 T].
WL 75 R kA5 2010,38(3) :6-9.

A PR R v A & By iR
(CRIGER . Jedl. W4 . BahZumbl
HoAb g M 55 055X ) B AFR ARSI -

198 20194 51241



