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Isolation, Purification and Structural Characterization of Polysaccharides from Semen Astragali complanati

LI Sihan, WANG Junqiao*, NIE Shaoping
(State Key Laboratory of Food Science and Technology, China-Canada Joint Laboratory of Food Science and Technology (Nanchang),
Nanchang University, Nanchang 330047, China)

Abstract: Polysaccharides from Semen Astragali complanati (SACP) were obtained by hot water extraction followed by
ethanol precipitation and separated by fractional precipitation with 20% and 25% ethanol into two fractions: SACP-20 and
SACP-25, which was the major one with higher purity. Their physicochemical properties were determined by colorimetric
methods, and their molecular mass distribution, conformation in solution and monosaccharide composition were analyzed
by size exclusion chromatography coupled with muti-angle laser light scattering (SEC-MALLS) and high-performance
anion exchange chromatography coupled with pulsed amperometric detection (HPLC-PAD). Results indicated that SACP-
25 was a homogenous polysaccharide with total sugar content of 87.40% and was composed of galactose (42.92%) and
mannose (57.08%). Meanwhile, it showed a random coil conformation in 0.1 mol/L NaNO,. Analysis by methylation
combined with gas chromatography-mass spectrometry (GC-MS) and nuclear magnetic resonance (NMR) spectroscopy
revealed that the main chain of SACP-25 was composed of -1,4-linked-mannopyranose (Manp) with galactopyranose (Galp)
side chains attached to C-6 of the Manp residues. This study indicated that Semen A. complanati is good natural source of
galactomannans as a water-soluble dietary fiber. The results of this study may provide theoretical support for the ordered
structure of polysaccharides and also provide a theoretical foundation for the development and application of SACP in the
functional food and pharmaceutical industries.
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V3tiF (Semen Astragali complanati) NS FHEY) 25
T (Astragalus complanatus RBr.) BT piahfh-1M,
FE TR, b, RIS, {E IR EfL G2
B, W sE A B RN E R . MR R S H
ThRL, FIRHE RS 7M. 20024E DA~
A CGRTHE— B RTE O/ & i J5ORHE B R )
DA TR & S 2 ik Wi T
Z M BA VS RER, EEAE RN '
M. 2. WA, =WRUE, HUREM, TR
R PEIMAR. HubtE. i ibER,

Z 2 110 A DAL SO 1 B B R 4L B K
TY . — BMEYHL 8RS ECE AA R YA
PR E R R 2R TR, CAKRTHE
VISR — Pl £ 27 e X N ARAg FRAFVER B 575, 1
AR B R B L(ERE . TR M. P e TR
S g b, YRR BB R R (AL R
BWE. HIH RS A2, mRr s, R
ey BAFTEAS . BEARAE, WA HI 2 b B A ) B
IEHE, WK BRI R PETR.
ERE,

VR 2 BT B T R I T 2 B G AL B AR A
Bl FESERRRERE b, Z4RE > 2 BAA —EFF
fE, WTHHJE B - SRR RS I RS, B a0 R
B BTRAAARTNE . RS, Hik, HRZHERIESS
R, A BRIE AT W] AR N H R SRR R 2 —,
BITR] — A E PR R SR 7 4 22 W 445 K AT e A 6 B v 1) AR ABL A
B, T, SEseariaEnr s, ®E. MJLE. H
oo R ERME AT 2R RUR I SRR 3
RILT BRI H B RpER . Horp, JUR R
FIRE SR i B E CAE N ' RIS IR N H T &5 L
b, PR IEARTR . SR EURS R TS O R
FEBONGTN X Z AT I 2 BRI AR 2 —

R, ASEge B fER R AR N SLRHE Y b7 R IR Vb
SR SRR R A D Re eI AL H B R . E ok
T KSR B DT & K31 2 0, 85 KA O iE
IF RUTTETE TV 96T 2 BEEAT 73 R 2idhe, 1) I LB AL 4
Jis oy R R AR N, FINR A A A RSE
HEFH (-2 A B U (size exclusion chromatography
coupled with muti-angle laser light scattering, SEC-
MALLS) BEHAC. B4R (nuclear magnetic
resonance spectroscopy, NMR) VEANfRHT 22 4 i v k4 G f1
FEMEER o IR AT BT 558 22 00 45 0 AR 10 BE AL BOER A
W I H IR WG 2 B R B TR 77 i T K 6
BT T5 1), (RIS AR Db 56 1 20 0 R R £ A Sk R )
FehRft— 2 BB IRIE .

1 MeSTh%

L1 MRS

VI T B T T .

EHAS (> T ES 000~14 000 Da)
R AR AR A #ERE (Gle) « FHifA
B (Ara) BB (Fru) . RZ5FF (Rha) . FF b
(GaD) . A#EWE (Fue) . HEHEETE (GlcA) . A
PSR (GalA)  HK. WAbeN S5 [E PuAk FS B4l
HAaAad; AFE (XyD o HEERE (Man) . LT
(dimethyl sulfoxide, DMSO)  (99.7% @ T%#)  Jbi
HRBEHEAERAT; = L8R (trifluoroacetic acid,
TFA) &8 BB T AR R A PR A A
NaNO, EZERMLFHRFERAF: 95%EH L.
TKCEE . W &5 & F k. IETEE. MM, 2K
By, B BE. TCKBRIREN . UKESIR . ZRET Y A
DRI
1.2 s 5iss

e2695 FARA ik A FEE Waters’A 7] ; Dawn
Heleos-111 )\ f E#FH S FOLLEU AL X EWyatt
A#]; Dionex ICS 6000 F R, LYNX 4000 25
AL ZE[EThermo Fisher Scientific/A ] ; 7890-7000A
S EE-RREECAC EE R A RA A
Ascend™ 400 NMR{X  Z[EBrukerA#]; FreeZone 12L
SAGE TN EELabconcoAF; SpectraMax 19043
KBfbR1C 35 [EMolecular Devices’A &) ; EYELA N-1300
e ZE AL HARHEARB MK S DL-5CE
Ol iSRRG HH-4fEEKE S E M
EEHEIRAIRAT; XS205H 7R MR- FER 24X
(Bl HRAHE.

1.3 Hik
1.3.1  PIiT 2 hERIS 4t

KK SEEE TR AT 2 PRI L. FREX100 g¥b i+
BERY, F2HE1:10 (g/mL) B LLBITE80% L BE i i Hh iz ity
12h, 4 000 r/minB.015 minfRIFVPIEFHRE . 6 THE
M OBE, HEEEME2 R REHEEEREEL1:10 (g¢/mL) ,
95 CHIKIZE2 h, W&k BiEw, FEERL &K, &3
2 WHEHUH o W 45 2 A & AR AR S 218 AN 95% . 1%
W, VR R SRR HON80%, BT .
4 000 r/minf& 0215 min/5 WCEETTHE, HUTE Z ¥ T500 mL
gk, WMNBEHEE T HRKESIFEN2 d, ZEKEN
Ldo HEN G Z IR RE R RG G, BEHT R,
RPSRISHL 2 . K22 B R FH Sevagik it b 85 A JG 15 A5 £
W, 4% NSACP.

K W5y R IE iE X SACPHEAT 4> B 4tk . SACP
BETK, ZEMN CWEAEENMER BRI E N
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20%, BEEENR, 12 000Xg. 4 CHEEEAHE O
15 min/a 3RAFUTHE, A ERTFRIF2120% SACPEEITA 77,
4 NSACP-20. k&t i SN OB, Fix
L LR BB 25%, 13 B HIUTIE N25% SACPREYTAL
4y, 4 NSACP-25.

132 HPPERE. BEREER. BEAS BIE

CAGICAFRAE S, R 28 - A R v s 22 i g v
WS B LAGIcANARHE S, R FH B - v ey O 2 Wi
TP IR & & . LA I (B & A o bR, RABCAL!
WE R EERE E.

1.33  FREAL R &

SEARTR KM WERGAREURE & T R ZERE H, fEIK
WHEM T M AN0.5 mL 12 mol/L H,SO V&, T /1%
F£30 min, MAN2.5 mLB4iK, WAHIHRSERESE
100 CimisH/KE2 ho KIFETERIGFRBEE —EMRAEL o
0.22 pmE L34

i &S e %" Jj7%: Dionex ICS-6000
BT AR i, R kb e B AN B B A Ik AR
CarboPac™ PA20 (3 mmX30 mm) {## #:FICarboPac™
PA2073 M4 (3mm X150 mm) ; AEIR30 °C; # 2R
35°C; BHFEEI0uL; JEIAH: AN250 mmol/L NaOHIE i,
BAH,0, CA1 mol/L NaOAc#; TIRFEF IR TR

#1 HTRRATEEIERR Y

Table1 Gradient elution procedure for high performance anion-
exchange chromatography
N TRANA AR B %
i [i]/min — —
A 250 mmol/L NaOHE W BH,0  C 1 mol/L NaOAcV&
0.0 0.8 99.2 0
20.0 0.8 99.2 0
20.1 0.8 94.2 5
30.0 0.8 79.2 20
30.1 80 20 0
50.0 80 20 0
50.1 0.8 99.2 0
55.0 0.8 99.2 0

1.34  SACPH T ESHERME AT

K FISEC-MALLS-Vis-RIJ 5 SACP % T Jii &
oA e SR W R R 2 AR R BO6 ES R .
B R DN A8 R OR ZE KD 45, i A N OHpak SB-
806 HQ (300 mmX 8.0 mm) 5OHpak SB-804 HQ
(300 mm X 8.0 mm) HHE; RN H0.1 mol/L NaNO, %
T FEURAR AR DN SR M35 Cy BERER100 pL; Y
0.6 mL/min; SKFERT 180 min. ¥ 22 B AE & U sh AH ¥
fif, WCAR1.0 mg/mLIEH, 110.45 umIEHE S5 HERERI, ff
FHASTRA 6. 154K A A0 53 5 «
1.3.5 HEALSHT

A LAY 5 V2 Pettolino 25 R 77 1 . TR TR 1

ZHERE S T RO T, IMAZ1 mLAEKDMSO, I f#
JEIMANaOH# K, Z i FHFE3 ho UK F 2218 m A\ fil
ke, RS HR G KR R, &P RER. F
155 I 4 mol/L TFATE 100 ‘C/KM#E6 ho Hf Fr 15 /K fif
PRI TN IR SR, CERIEATAE, 15 EE 2 AL A B
T OPREERTAEY) (partially methylated alditol acetates,
PMAA) , i$0.22 pmA HLIE B O35 - B i (gas
chromatography-mass spectrometry, GC-MS) 43#T.

GC-MS%f: SP-2330f4i 4 (30 mX0.25 mm,
0.2 um) ; #FHS NHe; BFARL pL; FHEEF:
160~210 C, JHE#E 2 C/min; 210~240 C, JHid
HAES C/min; B TR 7FREE, &§7m%
HT0 kV.
1.3.6  NMRAHT

FREUSACP-254150 mg, W T EKE, T,
HEZR, REHEMIEKEEREKLN. KA
Bruker Ascend™ 400 NMR{CREFE 1D, 2D NMR
PR, ARG THAITC NMRUE 5 A% A 25 A7 58 A 56
(correlation spectroscopy, COSY) . FA%HL & FAH K1
(heteronuclear single quantum correlation, HSQC) . 5
% Z AL (heteronuclear multiple bond connectivity,
HMBC) . &AM (total correlated spectroscopy,
TOCSY) FIELCAZ N AH I (nuclear overhauser effect
spectroscopy, NOESY) %/, MG A 4298 K.
1.4 HEhts

JIT A3 H 4 UAx £s80x k7R, SRAISPSS 25.0. OriginPro
20198 AT HdE Ge it 0 Hr S5 1E . K] Chromeleon 7.0
AR BT E R, SRHASTRA 6. VA 70 T 70 1 & 4%
i S G535, K FHMestReNova 12.0% 4 73 M1 1% 1
.

2 ZR55H

2.1 WIET Z RS T AR R

X Vb SR 2 0 B o A ) SE AR B R A AT
AT, WR2FTR, SACPIRZH5.96% (KT UK i
BIME) , & RS RUTESS, SACP-20f1SACP-25
15 73 5 N 6.66%A153.74% (3£ TSACPRETH) .
435 SACP. SACP-20FISACP-251) L bE . H % R
MEARSE, WR2FR, SACPHIEFEAHEE R & &
7 N80.81%H13.47%, BEH61TREAR. LitlE
UUJE, SACP-20 4 & &K (56.20%) , TMSACP-25
NS BT (87.40%) , HSACP-25A&EE .
w s E e B R PP BT, AT DABRE A B S B
Wi Z .
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#2 SACP. SACP-20. SACP-25[134 SAULPER 0 (n=3)

Table 2  Yield and physicochemical properties of SACP, SACP-20 and
SACP-25 (n=3)
%
B2 g MbESE WERSE  EARSE
SACP 5.96" 80.81+£3.33 3.47£0.05 6.17+0.59
SACP-20 6.66" 56.20+£3.38 1.671+0.16 6.15+0.42
SACP-25 53.74° 87.40£2.63 1.06£0.05 nd

¥: a. SACPT3%/%=SACPJii &/ Jf B} & X 100; b. SACP-20132/% =
SACP-20J#i fE/SACPJii & X 100; c. SACP-2513 % /% =SACP-25Jii &=/
SACPJF & X100, nd RATWE], NE. bRk y=0.511 6x+
0.0519, R*=0.998 9; ik bRHE 2 Ny =0.556 9x+0.042 1, R’=
0.999 3; & 1R bRiE 2 Ny=0.710 6x+0.106, R*=0.997 8.
22 VBT ZHEN R A AT

K 5 ik o 22 55 Ao 0 4 1) 25 - €4 3 43 73 R SACP
SACP-205SACP-25 i L il it 47 o b, IR 3w,
SACPHEk T GalfiMan4t, &8 /b @EAra. Xyl. Glcbh
MGleA. &1 O RUTTESS, SACP-20HISACP-25H
Xyl. Ara. GlcAZFHBES & B, Man? &30,
R =3 1 32 B R R 2R 2 Gal fllMan,  {HGalfIMan
SEEAR, 25N1:1.03 (SACP) . 1:1.17 (SACP-
20) . 1:1.33 (SACP-25) . SACP-205SACP-25 ¥k
H AL, HAESACP-20H {75 B AL I 2 5 & 1 Ara i
Glc, TMSACP-25{{ %7 GalfliMan, 5 5537 842.92%F1
57.08%, VST B 20 TR — R AL
H R TN, [ R B R AP RO e ) B9 A 2
diEm A RN, Bar, e SRR,
Wl MR R BERR . R EIRAE R, HGalh
ManZ B H M4 914, 123, 1280121, ARESRER
AL H R R A PR AR DRt . TR XS
VDT 2 HES ACP-25 31T K& 41 45 MY R AL

#3  SACP. SACP-20. SACP-25% 5 it ki AL I o 25 Je

Table 3  Monosaccharide composition of SACP, SACP-20 and SACP-25
LB RE %
Gal Man Xyl Gle GlcA
SACP 330£0.10 45574019 47084040 176009  0.29%0.11  1.99£0.66
SACP-20 trace 4598£278  54.02£2.78 nd trace nd
SACP-25 nd 4.92+007  57.08%0.07 nd nd nd

VE: trace RN R B T0.1%.

2.3 SACP-25[JSEC-MALLS/3 7

S5 A BALE T 2 BT R BLBE A R AT A R, IR R
SACP- 253 AT VA &5 0. 15, RHSEC-MALLS
RIEZHER 2 TR RMHEFE (gD HEXRE
(R TR S (R %55 E1NSACP-25
FESEC-MALLS-Vis-RIMF EE 5. WOLE SHRERFS
MIPEfi B, RoRIZAE SR B — I il . SACP-251114
BIrfmE (m) « EHSTFHRE (m) | 90 FHE
(m)) 20587.190X10°, 1.121X10% 1.650%10° Da.
SRICPIIRIE IR B, MR T B IE 35 1 vk 7 Ak

T TR A B o £ TP 12271 5 11 70 7 K/, MALLSfE
i AL ML R AL K 7> T4 4 T e . 2R
77 PR R DU A E—E VLN, SACPHIZ 70 Hds
e (mym,) 91559, RYUPLAENREWRATEE
iR

015 0047 — o

TEREE &
> 0037 / — FEEE 2
0.10 - = &
L2X 1075
=
c

000 - T T T T T T T T T T T T T 0

5 10 15 20 25 30 35 40 45 50 55 60 65 70

I 7] /min
P11 SACP-254£0.1 mol/L NaNO,# il *P ISEC-MALLS 4% %l
Fig.1 SEC-MALLS chromatogram of SACP-25 in 0.1 mol/L
NaNOj; solution

HR, EBIAEE . JEHUN 255 S HAE0.1 mol/L
NaNOJE W H I R 454E . Mark-Houwink 5 #2438 7 m,,
CIES 3

[(n]1=Km, (D

b K5ady ¥k AMark-HouwinkZ %, &5
THRELRME S, HBERRTREDRE., &
FRRII B R R R Y, B S 2R TR
IR R G . K2R, llgm, REAARE, 1g[n]h
PNAAAR AT R ERL A, WRIEWEG L TR Ra=
0.568 7, FHZZFEE0.1 mol/L NaNO, VAW H &M
TR IR -

3.5+
y=0.568 7x—0.596 1
R*=0.967 4
3.0 1
=
=
2.54
2.0 T T T 1
5.0 5.5 6.0 6.5 7.0
lgm,

K2 SACP-25M[ykkm, (F R0 Bl 2k
Fig.2  Double logarithmic plot of molecular mass versus intrinsic
viscosity for SACP-25

seAk, R MRS ZHEY THAEBERTHESH
Ko HR MR 5 m 008 EOC R W R S,

X2 . (3 Prs:
R,=Km," (2)
R,=Km" (3

A Ko v, 5n BN 570 T AR KR IES 4
wmE3. 4pTR, B IgR MIgR K gm, LA, £3%]
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(LA 2B R 53 51520.991 0£10.995 3, R I K 4 Ik
KR HUWELE R, v 480483 1510.5149, &
/RSACP-25 £k Ak, 5 18 FlMark-Houwink 75 12 7)
Bl R —H

257 $y=0.483 1x—1.0137
R=0.991 0
% 2.0
15 T T T 1
5.0 55 6.0 6.5 7.0
lgm,

FEl3  SACP-25[R fm, [HBUR Bt 2%
Fig. 3  Double logarithmic plot of molecular mass versus radius of
gyration for SACP-25

2.4 -
y=05149x—1.4116
204 R=0.9953
&
b
1.6
1‘2 T T T 1
5.0 55 6.0 6.5 7.0

lgm,,

P4 SACP-25[R, Afm, B0 B0 2%
Fig. 4  Double logarithmic plot of molecular mass versus hydrodynamic
radius for SACP-25

2.4 SACP-25[1 H 34050 #T
N T HESACP-25 Ml H B R AL, 4 208 B AL
J&, FHRKAEAATEIRESPMAAT Y, EGC-MSH
MoyHr, S5 RIFEAFR . SACP-25 T8 H3 FEA
B K, 35—4,6)-Manp-(1—. —4)-Manp-(1—F
Galp-(1—~, FHAH & &5 51832.02% 27.67%- 32.76%
HEMSACP-25 £ 5 = /& i 1, 4-E B IManp L i, 08
NGalp, X5GFHEDFFHARIE, WIS, JUR
o il S A R R 2 R A R AR b,
SACP-25+ ik & /b I —4)-Galp-(1—~+ —6)-Galp-
(1—>f1—3,4,6)-Manp-(1— . R ZE= CRuiMEE
SR CEEIRE SR/ ORI S B+
PR B B R A S R, ITHEA R EN
0.687 5, H ARUHEE: 570 MR AL LBl 12 1. 3L
TR R —Fr v 20, ANF L R R R S
AN, W B AR, B aGal il EE o) fE 25
W o F W 466, AT 3N 2 WE ROV RS . A SCHRER B,
7L H 55 FWE Y B IR 4 SR AR i 5 3 A

o TR LA — AR BE AL T SR T s R

%
SEFE NG T A S SRR B, X SACP-2513E 47 NMR 2 # .

4 SACP-25MWILAL Sy B &

Table4  Methylation analysis of SACP-25
w S d
59 i A8 " A
1 146 T-Manp 71,87,102, 113, 118, 129, 145, 161, 162, 205 242
2165 T-Galp 59,71,87, 102, 118, 118, 129, 145, 161, 162, 205 3276
3024 14-Manp  59,71,87,99, 102, 118, 129, 131, 142, 157,162, 173,203 27.67
4 Nl 14-Galp 59,71,87,99, 101, 118, 129, 143, 173 0.65
50049 1,6-Galp 59,71,87,99, 102, 118, 129, 143, 159, 162, 173, 189 293
6 216 14,6-Manp 59,85, 102, 118, 127, 142, 159, 162, 187, 201, 231, 261 3202
7300  1346-Manp 59, 87,97, 118, 139, 160, 171, 187, 259 1.55

2.5  SACP-25[JNMR%

AR B A AL A BT 5 S, WP HEMISACP-252
— R A H . @I X SACP-25/1D 52D NMRi#
Bl b, 46 CkaE r o 20 H 55 R NMR % B 3T 7
PTELE™), % R BRI L B i T B 45 R 3R S
Fs .

#5  SACP-250 FHHEIRIE TR CIL iR I g
Table 5 'H and “C chemical shift assignments of SACP-25
5 TR H-1/C-1 H2C2 H3/C-3 H4/C-4  HS/C-5  He6/C-6
A 1=4)p-D-Manp-(1~ 470110024 4.06/69.60 3737127 3747704 34817504 3826121
B 1-46)-f-D-Manp-(1= 470/100.00 4.06/69.60 3.73/71.27 3T4TT.04 3.69/73.19 3.90/66.40
C e-D-Galp-(1= 49419872 3.74/68.53 3.88/69.81 3.91/69.26 3827118 3.67/6121

'H NMRAJREE] (E5) 1, T-a-Galpi LS55t
B, AR N4.94, KA LEE S 5HEMERE
SEHS, MEAGESHABESEEMIEEHES. BEY
(IR FEH, E323 KIS FHEAR A & S kg Rete o0 oF . (A
&, fEPC NMREE (E6) rFigR ki X, LAk
M 3123 3% H198.72. 100.00. 100.24iX3 ME5, I H.45
GHSQCHEE (E7) , REBH Rt 73 #¥3 A F ) 573k A5
S, A RIE4.7/100.24. 4.7/100. 4.94/98.72, R Rifir 44
BRIEA. FREEBRIFRIEC, A COSYRER (K8) , #k7
BRHECHIH-215 5 L5 A8 83,74, H-3[115 5 43.88,
WX BEHEHH-4ZH-6 S A5 5 kA B2, 4051
723.82M13.67. FEAMRIEHSQCIE R, KRG 5 pHkEE b Am
SR AER SR AR, RS H-2/C-2. H-3/C-3.
H-4/C-4. H-5/C-5. H-6/C-6[11# & 155 73 7l /& 3.74/68.53
3.88/69.81. 3.91/69.26. 3.82/71.18. 3.67/61.21, #HEWiikHE
CAT-a-Galp. R, BilCOSY %K AHSQCHE K,
SEASCHR[31-321 0 B FEAFIBIUH-2/C-2, H-3/C-3.
H-4/C-4. H-5/C-5. H-6/C-6[ b2kt AT IH)E, HizkHE
A5 4.06/69.69. 3.73/71.27. 3.74/77.04. 3.48/75.04.
3.82/61.21, TitEs%IEB N4.06/69.69. 3.73/71.27.
3.74/77.04. 3.69/73.19. 3.90/66.40.
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#15 SACP-25[f"H NMRi¥%[ (298 K )
Fig. 5 '"H NMR spectrum of SACP-25 (at 298 K)

6000
L5000 =X
-4 000
-3 000 %
B
-2 000 K&
1000

T T T T T T T T
110 100 90 80 70 60 50 40
f1 (&)

{16 SACP-25["C NMRi%Fl (298 K)
Fig. 6 C NMR spectrum of SACP-25 (at 298 K)
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