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Comparison of Structural Characteristics and Major Biological Activities of Polysaccharides from Soybean and Natto
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Abstract: In this study, crude polysaccharides from soybean and natto were prepared by water extraction followed by
ethanol precipitation. The chemical compositions, structural characteristics, water solubility, water-holding capacity
(WHC) and fat-binding capacity (FBC) of soybean and natto polysaccharides were analyzed. Their in vitro antioxidant,
hypoglycemic, and lipid-lowering activities were compared and analyzed. The results showed that the content of
uronic acid was significantly higher in natto polysaccharide than in soybean polysaccharide (P < 0.05). The molecular
masses of soybean and natto polysaccharides were 5.256 and 33.532 ku, respectively, and the monosaccharide
compositions of soybean and natto polysaccharides were similar in the types but different in the proportions of
monosaccharide. The surface of soybean polysaccharide was rough, whereas the surface of natto polysaccharide
was smooth and dense. The water solubility of natto polysaccharide was 2.04 times as high as that of soybean
polysaccharide, and the FBC was 2.99 times as high as that of natto polysaccharide. Natto polysaccharide exhibited better
antioxidant activity, with half maximal inhibitory concentration (ICs,) of (0.049 + 0.015) and (2.640 + 0.072) mg/mL
for scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) cation radical, respectively. The ICs, for the inhibition of a-amylase activity by natto polysaccharide was
(3.297 £ 0.395) mg/mL. Natto polysaccharide had significantly higher in vitro hypoglycemic activity (P < 0.05), stronger
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cholate binding capacity and in vitro hypolipidemic activity than soybean polysaccharide. This study has provided an
important theoretical basis for the structural analysis and biological activity evaluation of natto polysaccharide.
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spectroscopy, FTIR) {¢  3&[ENicoletAd; U3000
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W, B, BT37 CRMERIR3 d. REES KR
i BT AR TN, AERTR18h, BT —20 Cik
FATCT R4 FH o
1.3.1.3  FZPERE

Z#7Zhu Yingying 25" 7 ik K K G RIGY Gk
W, 60 B, BRBE, #%1:10 (m/V) IIAARF4
5% LWEVEW, = TR 6 hLAFR 25 A5 I A€ 35 46
J ), Lh4 300X gB5 0010 min, WCEEVIUE, 70 CHEFHHE
To MINZEEEAK (1:20, m/V) , 95 C/KIBHEELG h,
AHFLA4 300X gB 0010 min, UG . NN SRR
3 g/100 mL TCAVEW VAR LB AR, 4 CHESR, L
7700 X gB5.010 min, WA FiEWR . SRSE A2 R AFR
KOHEE, 4 CHEMER, LA7 700X g010 min, YLHEYT
VE, AT 2R, MHME. %X (D A
EZiTeEN

T a2 i g

2 MG /%= BRI /g X100 (1)
132 KYZ PN T 2R RAE

1.3.2.1  ALZd e

DU 4 B AR SR 2R I - R v R R
RS R, SRR RE: y=3.277 1x+0.076 8
(R*=0.996 6) . LIFURERER AbRAE S, SR FH IR P2 L1
SR R R R R R A, 1R A R
y=3.5143x4+0.0477 (R°=0.994 1) . LL4-1f03% 5 A AbR
#E ST, K I Bradford ! A i R R A, S
A5 FE: y=1.3157x+0.1867 (R°=0.9930) .
1322  FTIRYGHERAF

FREXL~2 mghH 2 WERE S Tk, i1 A200 mgiR1k
BRI BESIA) . JEF, i I FTIRAGHAT I, H#TE
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SE 2 BERE AL SRR . (T S RS AR N & -1
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(17:83, VIV) , EFFEWHM, #iE0.8 mL/min; iR
30 °C; #4250 nm; BEFEE10 pl.
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S RER ST, R RS E O
(high performance gel permeation chromatography,
HPGPC) W& 2 BEFE S T &0 A . LA [A) 45 Jie
T b 7 S AH G 4 TR B (MO TR, M,
NEWSTFHE, MJVE S FRE) WX EE R

PAAE bR, DUAR L f 1% 06 1) OR B I A) e S M AR AR, 49
lg My-t. 1g M-t 1g M-t IEMZL: 1g M,=—0.177 2t+
11.090 9 (R2=0.993 6) ; lg M,=—0.168 8¢+ 10.687 1
(R2=0.992 6) ; lg M,=—0.168 5/+10.593 7
(RP=0.9945) . it #izhAH0.05 mol/L NaCli& i,
KO 4% A7 2K 2%, FEER40 °C, Jit#0.65 mL/min,
HEFEE30 uL.
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BUE B Z PR T SRy b, migihr)E, 5T
R T B W . SE TAEHRE10.0kV, W5
LRERELE, T200. 1000, 2000 f5HORKHIE,
133 ZHEA/KEES . FEKBE ST RIAR G 45 & e 210 E

Z#Jeddou™. Chu Jiaxi® {771k, FRES0 mg%
BEFESL, IO mLZ&IRK, e A, 25 CHR¥20 h.
12 000 X g5.0210 min, WHEIEH, MA3 fEEFTEK L
B, 4 CHEIER, LL12 000 XgB 0010 min, WA
W, FRTERRBR, BN EIER R AR A YR &,
e (2) HEEKEE . WS LIRE O JE BTTE,
70 CHJE6 h, FrpiaE, %30 (3) IFHEFRKEES. R
50 mgZHEAE S TR EOE Y, MEAHLERE, WA
| mLAE, £S5 minf@ 430, BE6 K, 1600XgE L
20 min, F FIEW, ESOETEIEAC EHRA30 min, FRE L
FhiE, % @ IHHEEHSERE.
bR E R R

TR IKARE 1% = - 5 X100 (2)
N FE MR g
DIERE T 5 2/g
2K Bk H7 /0 = - = X100 (3)
AR % =" B
\ WRE LSRR SRV SR
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2% AU J7 . 0.2 mL & 0 FE 5V
(0.125. 0.25. 0.5. 1 mg/mL) , fIA0.2mL 0.1 mmol/L
DPPHE R (V& T50% LB » IBREE], KR
[Z30 min, F517 nmyE A ALMEROLEE . %3 (5) iHE
DPPH [ &5 &%, DAVCHRHMEXT I,
A,—A,
AO

A 4,90.2 mL H,0+40.2 mL DPPHE W WO
J¥: A,790.2 mLEEFVAR 0.2 mL 50% £ B T WO
FE: A4,090.2 mLEf LA 4-0.2 mL DPPHYE R (WO BE «
1342  ABTSFHE 1 H HEEHRRIG T

% ¥ Teng CongZ5:™ )55 . #47.4 mol/L ABTS[H
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BEVR R % R 4 5]0.70£0.02, 53] T/EW . BX25 pL
ZWEREREW (0.5, 1.0, 2.0, 4.0 mg/mL) , JIA
250 nL ABTSPFHE 7 TAEM A, # )6 E 15 min,
734 nmiE KA EPOLE, % (6) THHABTSH&E T
H ISR E, LLVCNFATERT .,

ABTSHI FHEEIRR%= (1— 1) X100 (6)

3

A 4825 pL H,0+250 uL ABTSPH T TAE W
I FERE s A, 825 pLFE SV +250 uL PBSHIIR OGS
ASH25 WL SRR 4250 uL ABTSBHES 1 TARRUI G .
1.3.43  #E TikJEAE)) (ferricion reducing antioxidant
power, FRAP)

2% Liu XuexiaZ )71k . LAFeSO WK FE J
AR, WOGRE RN, ZeilbraErl 22, fRERPE RN
F2: »=0.689 8x+0.060 0 (R°=0.992 1) . #4300 mmol/L
BERR Eh 22 . 10 mmol/L TPTZ AW A120 mmol/L5 4L
BRVSWOR & (RFRE10:1:1) , B NFRAPTAEWR. HX
0.1 mLEHMERE AW (0.5, 1.0. 2.0, 4.0 mg/mL) , M
0.9 mL FRAP TA{E#i, 37 ‘C/K¥ES5 min, 595 nmik K Ab
WE R, AR PRI 2811 FRAP.

135 o-VE A A i 35 R I

%% Gu ShuangshuangZ5 () 779, 0.4 mL % #
FESAT (0.5, 1.0, 2.0, 4.0 mg/mL) , HIA0.2 mL
JR R B G vE Ky, B 137 CAKMBHIRES min.
TIAN0.2 mL a-VEM A (0.5 mg/mL) , 37 C Rk
10 min, JIA0.4 mL DNSHLHIZ ik &5, kK b
5 min, VKAKBH . 540 nmP K LM E RO BE, 4%
X (D W Ha-TERBEMHIZ, DRI ERE A BT

wERNER= (- ) X100 ()

6

XA 4,80.4 mL PBS+0.2 mL 1% %€ # ¥ W+
0.2 mL a-iE MMM +0.4 mL DNSIHIWR G, 4,4
0.4 mLFE AW +0.2 mL 1%3E R %W +0.2 mL PBS+
0.4 mL DNSHIWOEEE: 4, 90.4 mLAE AT +0.2 mL 1%
K +0.2 mL a-UE K B +0.4 mL DNSHWOLFE .
13.6  KEZHERYNT L HEARIMNERE LI

22 Qin Hana% "' 79, B2 mL AR £ & Filhx
WM CEHE IR H90.03. 0.06. 0.12, 0.18. 0.24,
0.30 mmol/L, FH#EAHER%40.05. 0.10, 0.15. 0.20.
0.25. 0.30 mmol/L) , JIA6 mL 60% H,SO &, 70 C
1B /K 540 min, YK/KIES min, 387 nmi K40 5 G
B, A3 RN 2R M (91 )5 75 R Sy =0.126 9x+0.061 5
(R*=0.995 4) , HZMHERNL I 1)1 7 2 Ny =
0.161 1x+0.050 0 (R*=0.999 2) ., H{0.2 mLZ pHteE 5
W (0.5, 1.0, 2.0, 4.0 mg/mL) , JIA0.2 mL & AR
(10 mg/mL) H10.6 mL HCII#F# (0.01 mol/L) , 37 °C

THIRIRY, BIVE PB4 he FH0.1 mol/L NaOH i
P pHME E6.3, MA0.8 mLEEEEEF (10 mg/mL) , %
WE AL he IIN0.8 mLIEER £h (& H & I ER
0.4 mmol/L. 4-T#HE4M0.5 mmol/L) Wfk1h, LL6 500X g
B0 10 min, WHEBFR, WEHRESE. 5 5%

R ®) (9 T H AR BB 4 & %
HRUHBREAL 25 %/% = X 100 (8)
AT L £ 5% ==X 100 (9

X e AHEEER I E/umol; o, N H R HIR
BN AR i /umols o AR IR EREA NN & /pmol; ¢ i
JHR 8N 42 2/pmol .

14 H¥Eabsm

i mE3 Rk, SR CFHME SR ER
Ne KHISPSS (version 25.0) #Ah#E4T BN & 5 24>
#r, P<0.05%K W EA 5% %R, f#HOrigin 20215 4F
2K,

2 ZRS5H

2.1 HEHEARS5WEAES ST

MR R, KE 2PN G 2RISR 5N
(1.834£0.57) %. (2.49+0.54) %, KRESETHE
AT AR R GBS R ) R e, Nk 2 R R
W, G 2R RE T RE 2, BAR T 6
ZHERINAERY . MU ZHENAESEL KRG 2N
142 1%, —H2EEREE (P<0.05) . Y52t
MRS EEESTRKG2H (P<0.05) . Zhang LiliZ?”
TR, 9N S FOAT 1R e 0 Wb B I K R AR A T, i
HHRSERMK. Fik, RSP EARS2EE%
ik (P<0.05) , ZHEAERERER. o250 7 R B,
BB T I 2 BRSO S SR P AT TR A
B, Rk, KGN G RRL 2 PR B e T AT S
SRR A .

#1 KREDHRMANEEHRR Sy

Yields and chemical compositions of soybean and natto polysaccharides
%

SR ES S BMEREESS EAREs N

KEZH  1.83+0.57 16.24+1.21° 435+0.15° 19.08+1.21°

YNE LR 2.49+40.54° 23.09+1.07° 5.1240.18° 2.774+1.06°

VE: FVNSEREAFIFRRZE R EE (P<0.05) . R4,

22 KEZHERMAN G 2 HE S RAE
22.1  FTIRJGi% 4R

BB R, KO 2PN S 25 2L A AL 2 5
REAE R IS U, AEL IR WA 5 FE AN TR, 3R BH A0 5 28 FRAT 1R K
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T 2 R R AR K G 2 RS i . (H R SRR KR AL
IKAR AL FIE Ji 55 22 P OB, 35 AT RE RS IR K 5 2 B I
SERY, TS BOK T2 W94 T 2 08 1) 25 M R AE A7 AE 22
S, Hodr, 3500~3 200 cm BT IR IR IE A —OH
R4 4R ST, 3 000~2 800 cm ™ "Bz f MR Wi g C—H
B A FRAR 43R 2. 1 160~1 000 cm W i g
X B C—O—CHMC—O—HE I FifF IRz, FHHZHEH
AAEME IR AR 830 om ™ 'BRHIT H B UG, R EAK G
%2 FE RGN 5T 22 W5 10 P 38 45 K rh 38 17 1 o TOBE AF B
1665 1450 cm™ ' Pf T [ W ISC e 43 1) of 2 %ot R A0 S 36 B
C=OhHikzh, R ZHEPTRES AR L PR,
1 740 cm ' B3 f0 MR AT U8 2 O S TR (R R AL, FH TR
fEZHEMER L AR Y, KRG 2 HEAEL 740 cm 'L
Wi, g S 2 REAED 746 e b RRAE I, 1 B 44
2 FERREBSFR T BE A i BR AL A1 . Li XiaoliZ5 2t
FRI, GBREREE G 4L PE R0 7 22 0 0 PR R 5 =N
(25.62£0.64) %, RALSIFIFZHER5.04 £5, BELEE
bS5 2 B R KT PR R AR A PR S 8 S B . SR PR B
PR 10 AN U R - e VA 1 R AR 2 0 5 B ™, LUK
FRSRAIA BT, TTRE= AT RITE R e R B,
HAB I 2 8 6 b e A VR

HCEZ

INEEZ

= 2
ES “

662.21

4 OIOO 3 5:00 3 600 2 SIOO 2 600 1 SIOO 1 dOO 5(I)0
PeH/em™!
1 KEZHMY L5 MFTIRIE
Fig.1  FTIR spectra of soybean and natto polysaccharides

222 HOEAM

HE2FME207 50, K& 20T 2 I 5 pE
M AL, HI NI Z . KRG 20 E B R
BN H ZVE (mannose, Man) (22.72%) . 5% Hl
(glucose, Gle) (17.26%) . (-F¥# (galactose, Gal)
(22.68%) , 5 2B EHRFEH R NGle (35.52%)
MGal (27.49%) o 995 Z FEhMan., 305 % 2
(galacturonic acid, GalA) . % (Fucose, Fuc)
MR E ST, WA A FE (D-glucosamine
hydrochloride, GleN) . Gle. Gal. A (xylose,
Xyl #FIE S EIE . 905 2F FAF o 1 AR & At
2> 24028 22 B b B MR EE R AP0 g ST & R
FORI, G452 N1 O 4 R S ) i ) & L N Fue: R
PEEE :Man:Gle:GalA=1.04:1.53:1.57:1.19:4.68., HL}f
A RRAT DA S W M 2 R Ay A5 s B K E 2R
T ZHERIR MEEN, REFLLMEX S ERE, 8
BER) SRR RS . RS 2R G 2 ME IR E 55,

KHRG- 1T R & NI ZHEPIRAE (4.36) mT K
ZWE (2.65) , KU EZHEMRG-THMIEE S L& T K
T2 M. Mao GuizhuZP "W R KL, ERG-IE &N
a3 ¥ 5B 1) M A 22 SR A R T i T AR A S R
Zhang Shikai% ™ 7 K, & SRG-IMKELHEEA R
UFI AL RE AP AL RE

2344 A

156 4

mAU

78

T T T T
18 24 30 36 42 48 54
£ B B 1] /min

mAU

T T T T
18 24 30 36 42 48 54

£ B I 1] /min
C
699 1
46
joo]
z 2 5 7 10
23 11
0_
723 T T T T T

18 24 3IO 3I6 42 48 54
LRFE IR 1] /min
AbrdER: BANGZHE: COREZHE. 1~1173sMan, GleN,
M2k (rhamnose, Rha) . M & iR (glucuronic acid,
GlecA) . GalA, FHE: IR EL (D-galactosamine HCI,
GalN) . Gle. Gal. Xyl. FUFiffih (arabinose, Ara) FliFuc.
Pl 2 K2 2R o 200 00 SOl AL 5 O € el

Fig.2 HPLC chromatograms of monosaccharide compositions of

soybean and natto polysaccharides

A2 K DRGNS 200 TORE AL R IR 5y B
Monosaccharide compositions of soybean and natto polysaccharides
%
HME Man GlN Rha GleA GalA GaN Gle Gal Xyl A Fuw HG RGI R R R
KELHE 2272 140 1252 057 10.64 000 1726 2268 0.17 1056 147 —1.88 5830 0.2 11§ 265
WELHE 077 499 846 037 786 202 3552 2749 226 943 084 —0.60 5384 0.16 108 436
VE: A APEREER (homogalacturonan, HG) ¥ BI85 ¥/ % =
GalA—Rha; RG-IY))H 7 %0/%= (GalA—HG) +Rha+Ara+Gal;
R,=GalA/ (Gal-++Rha+Xyl-+Fuc+Ara+GleA) , RIEHGTEZHEF &
HEEK; R, =Rha/GalA, IRRG-IZ5M & & EK; Ry= (Ara+Gal) /
Rha, JPERG-IZEFIE P i 25 S

223 HTFRESA

B3O, 995 2 hm, N33.532ku, BT K5 %
B (5.256 ku) , KRG R INT RS20 Im,.

Table 2
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e W R P g G 2E AT B 20 A PRl T LA 22 N 23 1 3
s E A, M e AE 2 pE o 7R R . 27
TARKERE, BENMIRS) UL R 5T E/ER I E
R, FRRRERYEZ PR D A R R T R A

fER LB T REM M™Y. Liang JingjingZ&"""Hf 7t &
B, KRBT 21828 K M id 72 vh & 15 2 W8 4> 1 i = i
11.6 kul§ i 2118.7 ku, H. R B B 4 2 W ) S 5 U 15 75 14
. Gu Jinyan5 PR LB, IR R IR ) K 15 £ B
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