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Optimization of Extraction Process, Structural Characterization and Antioxidant
Activity of Polysaccharides from Yejiaoteng( Tuber Fleeceflower Stem)
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Abstract ; Objective To optimize the process conditions for extracting polysaccharides from Yejiaoteng ( Tuber Fleeceflower
Stem) using water extraction and alcohol precipitation method. Method Water extraction and alcohol precipitation were used to
extract polysaccharides from Yejiaoteng( Tuber Fleeceflower Stem) ,and a three — factor experiment was conducted. On this ba-
sis,a Box Benhnken(BBD) response surface experiment was designed , integrating the experimental results and fitting the data. A
fitting model was established for the degree of influence between factors and response values,and its water extraction and alcohol
precipitation process were optimized. And it preliminarily characterized the structure of its polysaccharides and determined their
antioxidant activity. Result The optimal extraction conditions for water extraction and alcohol extraction of polysaccharides from
Yejiaoteng( Tuber Fleeceflower Stem) were a solid — liquid ratio of 1 :22.11(g/mL) ,reflux time of 129 min 36 s,3 times. The
average extraction rate of 5 times was 4.324% ,which was close to the system$ predicted value of 4.313% . After PMP derivat-
ization and HPLC analysis , the results showed that the polysaccharides of Yejiaoteng( Tuber Fleeceflower Stem) were mainly com-
posed of Man,Rha,Glc and Gal,with a molar ratio of 29.87 :3.36 : 51.25 :39.98. The infrared spectrum showed characteristic
peaks of polysaccharides at 3420,1600,1000 ¢cm™'. The clearance rates of polysaccharides( Y —TD) on DPPH and ABTS free
radicals were 78.2% and 85.4% ,respectively. Conclusion Box — Behnken response surface design optimization of water extrac-
tion and alcohol precipitation extraction process is stable and reliable,and can be used to extract polysaccharides from Yejiaoteng
(Tuber Fleeceflower Stem) with antioxidant activity.

Keywords: Yejiaoteng( Tuber Fleeceflower Stem) ; polysaccharide ; Box — Behnken designed (BBD) surface response meth-

odology ; structural characterization; antioxidant
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BT, ) 2 PR 3 B A I AR BOE (R PR R ik
WA S o O B I SR A A B S 0 v
LT S2 35 (BBD) #3 T 1960 45 H1 Box Fl Bebnken 42 ¢,
Box — Behnken Wi 57 {1 T80 43 7 25 T V2 o7 FH T 20458 2R 47 L 1500 40
b Bl RO SRS ASHIT TS AR S HE sk, SR
FHIE A T AR 7= K SR IE 3R R ZC i 20, LIRSS HE 2 1™
RS LE, £ B R 7R &S 3 A KOF, T Box -
Benhnken 0 ji7 [ 5255, @ 37 (K 28 5 ) 1oy (B 22 [R] B4 5% e 22 B 1Y
PAA B, AR AT Z K AR BT 12, AR =15 238 1T
ERRIL FRAE BAE HETTAN , 2T R AR LI AR .

1 #R5FE
L1 g ap

TSR P2 BB VL IS 2 R B 26— R e d it , B
T B 24 R 2 2 2 5 A 2 T 3 D R W R 5 O B R
W 5 Fallopia multiflora ( Thunb. ) Harald. {125
T« S AT 28, RS A 2R A R A W] 5 TOoK S o3 il , R
BRI B AR A MU R R B A Al

DZTW R I v #2 (db a0 i AOG W B J7 A3 A B A
F]) ; DZF - 6020MBE 78 i X T4 4 ( 1 B iR S0k A R A
BT ) ; UV - 1800 B Ak — v] WAr ot B (& He Al
EIABRAF) ;DK - 98 — 1 20 H 2% f5 1 /K VA 4 ( R R TIT 22
FHXASABR A W] ) 5 BSA124S L4347 KF (_EilERFBERF 74X
A BR A ] ) 5 Specac 2T 3 {8 i K- #L ( Specac 23w ) 52695 -
2998 FEBORAH A TEAX (2 EIRFHI) -

1.2 L7k
121 aafpd&esds SRR - RERRE" #1470
SEE T AR W L RS FR IR 105 °C TR e
HARTEINE 20 mg, B T 500 mL 25 &0, A ZE K W 1
75, 05), BRI A v B R 0. 04 mg/mlL (1) 75 78 BE A o i VT
TRt R Ze 45, 43 3 SEAR UK 25 IR BOZ AR HEVE 1R 0.2.0. 4
0.8.1.0,1.2 1.8 mL, JIZ&ME /KA FE 2 2. 0 mL, Il 6% A
W 1.0 mL B85 AT IR B ER 5. 0 mL, #2510 min,
TEMB K M 15 min, Ui, R HI B FE WL, 53 LIZEIRAK 2.0
ml s 6 R A o it 2k DA 45 B & (mg/mL) S g AL R
AR SGBEE ( Abs ) AALFR o
1.2.2 REBSBERBRILARE ZFNERBLZNT K
TG T2 0 IR RE LA T , BB SSBERLR K 10,00 ¢ BT
[RGBt b, IATE 7 b 491 f 28 488 7K, A8 P 1 Sk A T 4 [
Mo AIFFHRIBUR, ThUE, BEMRIRAA = 20 mL, il A 4 f5E il L
(95% ), seorHitE, T g 12 h, il R UTIEY) ,60 C
FHEONT AT BT 15 2 M A
1.2.3 &l SRS ENNE fike, m Sl T e
RS- Z R 100 mg(W, ), BT THAY 100 mL(V) 7
S AN IR IK B ZE L 53R 1 mg/mL (1 5
VR, TR AE (D) R — MRERER I AL P S T 490 nm Ak
D AR, W' 3 5% I A 1 1l 286 P A5 A3 i VA VR MR (e,
mg/mL) AR E R (W, ¢) , LW (m, g) , THEK
LHELZWERE(Y)
cxVxDxm/W,
W

A Y RECRE B IR E, % ;5 ¢ 32 WG BE ) g b o T 46

A R, mg/mL; D RN IR BAEEG V FRon it

Y(%) = x 100%

TR ART, mLy m FRoR 25 M IORE i, mg s W, 3078 3 3 L
2R, mg; W R RACHEZ M i, 80

1.2.4  FRFFR ()% B0, 2 mL & B ifE
FR VA, I ROV S ,490 nm R IESHNE 6 K.

(2) Ao Mg « 55 T 2% 109 1 3 T 22 WAL ot s YR 8 50
fEEAE R 2 mL, 3% 08 1.2, 1 30 FHR0E, W) — i 1] 7 43 S0
TE IR SR

(3) FE M08 : 6 19 B 3T e 22 M AL S VA, B 2 miLL 4%
R 201 J5F HR A 43 i LR G

(4) e (RT3 R SRR 6 A 1 3 T 22 B I A48 28
RS UE &, INZE IR K OE AR, I 2 mL # MR 1. 2.1 IR
PRAEINAS R OGRE AR5 Mk B, T IR

M55 (mg) =cxVxD,

P e ZHHREE ,mg - mL ™ VAR AR, mL; D
i AR
1.2.5 #RF%E (1) XTRHRIL (g/mL) , [ 5E B
120 min , [& & B B FEOEL, 730 76 55 50 245 64 i) SR B 0 o Ry
1015 20 25 30 mL /K F it

(2) & F IR ] (min ) , [ 7 5 5w 245004 19 $2 I 770 4 R
20 mL, [ 5E PRI B IREL, 43 W AE 60 .90 ,120 150 180 min 7K
5.

(3) KT IR ER , [ B 5w 250 I B IGA 7 524 20 mL,
B [ELA BT ]2 150 min, 23730 IR 1 IR .2 K3 K 4 K.
1.2.6 Box — Benhnken X 3 A8 #i B[R] 25 5206 (19 465 51, ) o/
HF R EL (A) B A (AL (B) [k £ (C) , M N {H Y
(%) FKACTE 2 WA 38, R WA [0 11 3% 1] Design — Expert 13
ATt 3 & 3 7K Box — Behnken i Jif [ iR 5K, SR S fE S
HHA .

1.2.7 BiEsiih RGBT LS I 00 5500 1 LR ERAE,
5 IREMHREL, 7 BT MR 118 5 IR TR T3y
{H GRZEFIADS RIS , 5 T0 PR SERE A4 L

1.2.8  S4p24am ot WERFRBURS 2 b 2 5% 1 BoRe
10 mg, A 2 mol/L =JRZ MR MW 2 mL, 5 A N2 34, F
120 CKIB 251 T 7K At 180 min, £5 7K fff A6 T I8 T, TN R B2,
WHET, ZEE 3R, AE-RLBMB T ERE, INFEiEK2
mL 1, RSB I W 0 K fRRE AR 1. 4 mL AR A
700 WL PMP BB R R AR 0. 3 mol/L NaOH %3, 70 °C 7k
VB INFASCNE 40 min, B, FFAE SR ED E R, IA 700 pL.0.3
mol/L Fh @ h A1, FHAF AR & 1R 57 G R VA TR 5T, 40 W T =1 2
B3R, TR RE, AERBIEDT 2L R, FENTEBUZ,
LJEKERGL 0.45 pm K RUERE, fF HPLC 43471,

A3 BIERFRE Man Rha Gal UA Gle ,Gal  Ara %5 B %] R
mi L1 A, 43 A ER AL 1 mmol/ L (ARVE S KIA I . I3RS B AR
B 1T Fpr ot BESHBC ] 1 mmol/ L ¥R A Am v SR K 7 W
53 TN 5 B IR VBB O B IR A BN IR 45 1.4 L,
i RERE 0 00 BUEATT AR AL BRI AT , #-4T HPLC 43477 .

HPLC €85 4500 « = S0 AH € 1% ; DIKMA C 3% 4
TBIHH A:0. 1 mol/min BEFR L% vl , W3 4H B: L i ; Time/
min:0 ~45,A:B =84 :16; i@ N 1.0 mL/min, £ | )% £ . 254
nm, KL 35 °C 3R 10 pl,

1.2.9  $ash ks BUEH A28 B4 10
mg, 43515 2 g TRAEERE 1 : 200 (W LL BRI R &, TR 7, 4393
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JE5.FE 4000 ~ 500 em ™,
1.2.10 %@ RENFERAE S0 Ko It 3.50
DA % B DPPH 5 BRE P 12 4 F ABTS [ Hi BE 3 B i 1
W PP 2 W AT A AL TS 300
DPPH [ 3635 B 23 00 5 0 7008 P 43 B0 ACK [ 3¢ g
J£(0.4.0.8.1.2.1.6 2.0 mg/mL) 75 HEL A 2 mL L) < 250
7% 0.2 mmol/L DPPH % 2 mL, 25 “C /KA JZ I3 30 min, 517 ®
nm ZLIERERIROGREE . ABTS ™ [l JE3E R R E 77k 7Rk 2.00
BRI AR FIHEE (0.2.0.4.0.6.0.8.1.0 mg/mL) AR AE
BEZMEAWE 2 mL LA )% 10 mmol/L ABTS " #5i% 2 mL, =5 i T ikt 20
JEHCE 6 min, 734 nm AAERER ORI . R R EHI(. —_—

2 BR5H9H
2.1 fREH&WET

FE| BTy = 66. 620 9x +0.022 5,1 =0.999 3, ¥
AR VREEAE 0. 001 ~0. 009 mg/mL 158 Bl N , i 36 B8 76
A TR E
2.2 FHRF¥FEE
2.2.1 #ZERE HLFE1,RSD =0.31% FH S HE uv -
1800 X7 B As 2% 1% AT

1 AR R R R A

i 1 2 3 4 5 6 RSD/(%)
WSEREM 0.132 0.132 0.132 0.133 0.132 0.132  0.31
2.2.2 AR Z5HR LK 2,RSD =0.40% FK KR TE 9

h R RIS E
F 2 PHRAah A BOR E M
A/ (h) 1 2 3 4 5 6 RSD/(%)
WOGRE 0.620 0.622 0.622 0.624 0.619 0.617  0.40
2.2.3 EAMKE WHEIRD=1.77% KW Z T ERL
AT
F3 PR E MR
i 1 2 3 4 5 6 RSD/(%)
WEEREM 0.282 0.284 0.291 0.281 0.288 0.277 1.77
2.2.4 maFwk £ HHRELRLFE 4, PHEKE =

100. 52% ,RSD =1.95% , Ui Wiy 1 DR A, W] T3R8
THE 22 W B 5 H D o
4 ZHERIEE o
FEAEL AR AR IR/ SEEEYL RSD/

L
T e (e (m (%) % (%)
1 10 2 11.97 98.31 100. 52 1.95
2 10 2 11.99 102. 06
3 10 4 14.02 99.82
4 10 4 14.07 103.57
5 10 6 15.92 99.07
6 10 6 16.01 100. 32

2.3 BERLBRFRLER

(1) RTFRHBEL, fi P 1l UL, BHR A4 R s 1225
e T AL S R . s 25 I R TR 10
mL HEINE] 20 mL i, 2B R 5L B IES, nT R 4
IR I, S 2 B RN 5 7K T8 03 M, 22 W e 32 46
I, G . MAERHR LR F) 1230 (g/mL) )5, B2
RS TR T SR
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Bl R [EPRHR LR 22 BRI A
(2) KT ml et 1a] ey P 2 n] D, [ 95 s [ )G A 45 8 S
120 min RS ZAERF R et . SR IURE ] 60 ~ 120 min N, 52
TR 22 WA B [ AT () Ey 38 T 005 78 120 min Ji5, 75 50T 46
TR YAREU R T 150 min B MG RAR LT 22

LW/ (%)
PN W
5 8 B

N
=
=3

o
S

o
S

60 90 120 150 180
=] 7 I 1]/ (min)
[ 2 [l G e [ %o 22 AR J R 5 g

(3) KFRERKEL, i & 3 7] 0L, |9 R Bk A 45 2R R
B 3 PR Mo TS e 22 M 1 2 BB 238 I T 0 50 P 344 g 3
e 756 2 RIS , FEAR BRI N A R , 7555 4 O $
R R, BRI TR R R A £ 5 &, Box -
Behnken 0 Ji7 18] 20 40 5 3 56 T W OB 16 4% 1 1R \2 1K
3 e

4.00

2.00

1.50

1.0 15 2.0 2.5 3.0 3.5 4.0
[E]3AE R B (1K)
3 TRl B AR IR 5 1
2.4  Box — Benhnken X 31 L2 ;L T 7,
2.4.1 Box — Benhnken iX %45 % DURHRE LL (A) | 813 B (8]
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(B) \BIEUEL (C)3 A B PR 38 52 560 1 25 R A0 45 D1l 1B IR 3
ANIKSE o 78 Design — Expert 13 2144 H13% /7 Response Surface i
"N #% Box — Behnken {3 [K & 3 7K Box — Behnken M i/ [ 56
wit. WakS.
25 Box — Behnken i35 [H % 5K F
K FREIL/ (g/mL)  BHRR ] (min) - [EHERCEL

-1 1:20 90 1
0 1:25 120 2
1 1:30 150 3

BBt M AR B 17 YO IO T 3, R A5 14 4 A 5 e
6 RN AT A R

o BH L 07/ 15 AR U7 & G 2 5

(g/mL) (A)  (min)(B) (€) (%) (Y)
1 25 150 3 4.02
2 25 120 2 3.89
3 25 120 2 3.71
4 25 120 2 4.27
5 25 120 2 3.80
6 20 150 2 3.63
7 30 90 2 1.96
8 30 150 2 3.43
9 30 120 1 1.89
10 25 120 2 4.19
11 25 150 1 2.27
12 20 120 3 3.95
13 30 120 3 3.35
14 25 90 3 2.33
15 20 120 1 2.05
16 25 90 1 1.64
17 20 90 2 2.24

2.4.2 ¥ FEHHAE)A4E TE Design — Expert 13 iy ANd i
TSI 45 2R, AT A iU 7 225047 R T 3 R R i
Gy A B C R STHEZ S (Y) I PEM 46 bR 18
T, 37T A, F=29.4156,P<0.000 1;F=0.9531,P =
0.495 5 >0.05 , B 35 AT 555 B 15292/, B ff
S3HT AT, 25 R AT AL 2 BRI T,

T OBAJ; 20T

JiERH Fifof HH O FE PHE

HE Model 137956 9 1.5328 29.4156 <0.000 1 f# Significance
BRI A - Material Liquid ratio 0.1900 1 0.1900 3.6884  0.0963

[T 35566 B - Reflux time 33541 1 33541 643648 <0.0001

[ C - Reflux frequency  4.2050 1 4.2050 80.6947 <0.000 1

AB 0.0016 1 0.0016 0.0307 0.8659

AC 0.0484 1 0.0484 0.9288 0.3673

BC 0.2809 1 0.2809 53905 0.053

Y] 0.8987 1 0.8987 17.2464 0.0043

B 21046 1 2.1046 40.3882 0.0004

Q 21345 1 2135 40.9614  0.0004

% 0.3648 7 0.0521

PR 0.121 3 0.0507 0.9531 0.4955 A5 Not significant
Uiz 0.2127 4 0.0532

B 141604 16

ARSI v S B R 2R 3R 1 D i T ARk 00 45 A IR

TR TN . RACHEZHRFE 3 IR EE 2 [
AHABE T RN

Y = -23.571 00 +0.921 000A +0. 189 117B +3.063 00 C +
0.000 133AB - 0. 022 000AC + 0. 008 833BC - 0. 018 480A2 —
0. 000 786B2 - 0. 712 000C2

Y = WS ES WS % , A = LK L, B = [ 37 i ],
C = [ E .
2.4.3 HAEZRZAEA>H L) Design — Expert 13 {45 H
MR DRI R J AR AE OriginPro 2021 Hflifk, DAKE [ 47 51 Bk
B MPRZE A XY BB B A VB, A LG, B C A x v,
B EAEAT )T R IO A B 5L, L x oy T F0 80 A
FRACERBHI AR, S A SRS 5 N E, 15 8] 3 4~ MBOOK, B af
i AB AC BC XT Y 155 = £ 18 K 3D i [ 17 /&

(L)A 5 BXFY W38 BAEM, HAF S £ B F 3D mi i i &
DA TUXLIE 4, [ UECh P Uk, [ FiE s 8] A 90 ~ 150 min, 4
A LA R R 20 ~ 30 mL, 7E C =2 K, B =120 ~ 150
min,A =1:21 ~1:28(g/mL) B 514~ , AT ARG I KL
TEZWEIRE ST 3. 94% ; S MK BRI 2 METE, B A B A H
A FH 5 e 17 T pHT 286 1) B il sty 56 V96 2 i) [ 3 (] B B2

(2)A 5 CXFY W38 BAEM, FAF S £ R 3D mi v i 5]
AR TUXLKEL 5, B 24 120 min, BERKECH 1 ~3 K, G5
2iF BB N 20 ~30 mL, £ B =120 min,C =2 ~3 X,
A=1:21~1:28(g/mL) &M, AT LIRS I RIS
PR, ST 4.03% . SFEZ2METE, R A CH—EMK
AR 5 vz T G 4R SR IO, U [ I B0 R S I 2 A R
IR ER

(3)B 5 CXY W38 HAE R, FLAF = £ B A 3D i Jy 1 (5]
WAGTIXLXIE 6, 55 50 25 B4 19 42 U 71 54 25 mL, LR BN
1 ~3 ¥, [F A/ 7 90 ~ 150 min, 7E A =1 :25(g/mL) ,B =
120 ~ 150 min,C =2 ~3 R HFM T, 7] LIRS I R LS
W2, T 4.31% , FE%EME, 2RV B.CHEBERL I
H,B 5 C XA Z AR I L AB (AC (B2 5 i o 1T il
LB C AU K Ty 1 25, 156 B [0 3 vk 8 EL IS i) X 7R 38
T Z WEAR B MR

PAF N RS G R SRR T 24 F # &
HAKFZHGE I Design — Expert 13 #4453 50 15 51— Fif
BISEUE, AT HEAERMAE R RE RS R i T
BHE LK, FERTAH X & i 4L & BRI L 12 22,105 2(g/
mL) | [EJE AT [E] 129. 604 min [BHRRECH 2. 692 7 WK, ILA&4E T
T )3 T 2 WA =4.313%
2.4.4 EHER BRI AR REC AL
22. 11 (g/mL) \B:129 min 36 s.C:3 ¥, M 5 Yikue Frig o 51
4.286% , 4.427% , 4.228% , 4.348% , 4.333% ., AVG =
4.324 4% , S50 A B ACTHE 22 AR R 4. 313% Z [l i iR 2
0.264% ,RSD =1.71% , 25 A1, UL B Box — Behnken M i
TSR KRB TR S T 2 5 T AL = AT AT
2.5 % HE G B4R T

ZHEZ 2 mol + L™ = 55 2 FR Y UK Ak BB , 22 PMP A5
HeE A SR S NGRS AR B A B R E A HPLC 3T
ST, SR A BT HE S PMP A7 2R S5 £ B A ) 1 A5 % L, 25
RILE 7,455, Z 0% 3252 1 Man, Rha, Gle, Gal 411, H
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0.28] 024
028 0.22]
0.24] 0201
0.22]
0184
020
ased 016
a.1e] 014
2014 3 °12]
0.12] 010
0104 0.08
00z i
0.08] 0.06
004 0.04
0.02] 0.02]
oou--—J 0.007
1500 2000 2500 2000 2500 2000 2500 50,00 5500 000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 600
min min

K7 IBAbr eSS (E a, .1 - Man,2 - Rib,3 - Rha,4 - Gal UA,5 - Fuc,6 - Glc,7 - Gal,8 — Xyl ) f1Z## (& b) BR/K it f5 HPLC

BE/RHE A 29.87 :3.36 :51.25 :39.98,
2.6 HZRELOS KGN

ZLANETE WL 8, A& Jir 7 329 ) DL 22 Bl ) Ak e, 7 3420
em ™ ZE AT WS 0 R Z MY O - H IR 3 i ; 2930
em ™ ZE A (UGS C — HR R S0, 220 10 R AE IR AU 7 1%
[X35:1600 em ™' 247 S € = O (b4 S Wi 1000 em ™' 4k
I W5 A7 C - O — C S5 4, SR Wl BEZS A v 35 A7 ik
MR

1107
%T 3
105
100
05}
90
854
80
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

E 8 IRl

2.7 FAME W E 2R

W AR X ABTS, DPPH [ H 3 ¥ B R 1 52 i 32 Ko
MUREEN 1.6 mg/mL B, 28 (Y - TD) %} DPPH H i & 13
BRE K 79. 1% ;i ERK T 1.6 mg/mL [, %} DPPH H 5L
T BR AL 52, W BREE ) R B A R PR . ¥ 0. 8 mg/
mL B, 285 (Y - TD) %F ABTS H tH BT BR 2K 86.3% ; 4k
ERTF 0.8 mg/mL B, %F ABTS [ H 2 A I BR R Z 22, 3
FrBe ik B i il B . 28X ABTS \DPPH B i 3EH — 19
THBRAER, R BRI PTAALRE ST TARTL L &9,
3 Tt 54t

WA Z MR T2 M b, 2 B35t ASSCHE
PRI SLIG 3RS I, R A T Box — Behnken I 7 T8 15 LA {4k
TS AR R RS 2R BT 3R, 3R15 T i fe
S0 A:1:22.11(g/mL) (B:129 min 36 s.C:3 ¥,5 KIGIE
SRR SRR AVG =4.324 4% ,RSD =1.71% , 5 il
HI S T 2 M5 2R 25 AT, Box — Behnken M i T 2% RE & FH
TR KRR L ZES5 b, & PMP fij/f j5 HPLC
0T, GRS HE 2 32 22 i Man Rha Gl (Gal 41 %,
HEEJR H R 29. 87 13.36 :51.25 :39. 98, T4l nl Il £ pE
34201600 .1000 cm ™" J{FEUE, ZHEXT ABTS .DPPH [ H1 34
—EMIERIER , R BRI PUALRE ) . ABFR AT K ZE
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i Z2 BEAS AR VAR AL R, O FOTT A A 3R — 5 1) i
e o
&% 3k
(1] EZRZHMERL pEARIAEZG M —3R[S]. Jbat. EE
2R Rk, 2020 :277.
(2] FvfMe, BIT, Jr g, 4. BT HARZ I (R AR B ) W AR T A
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