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FAXA 5 800A By EHL, 7K B T £L K B AL L A7 BR 2
A s PHS-25 4 pH i, bl E A A R A
RE-3000 Ji# #% 78 &AL, 1 W25 AR LA AR T
TDSA-WS AU 2.0 ML, WAL B O UL A R 2
A ;IR Tracer—100 & HL A5 3 27 4h 5 35 .UV -
2550 AN =TI DL SEOE T, HA B A ] 5 S-
4800 &4 & S A BE, H A Hitachi 23 H] s XE-
70 JE ¥ 77 iR, Wi [ Park Systems 23 F] ;PYRIS
DIAMOND TG/DTA #4374, 3¢ H PE 23 #l ;
Rigaku Ultima IV X $F£HHL, H AR B2\ A
Discovery HR-1 Ji 28 4%, 358 TA A+l
1.2 REHZE
12,1 REMEZHER S B R SR A I
(60 H)JE, SRR 40 80% £ BV W% 1:8
CEMB LG ) TR A, 56K 24 b 7E 4 800 r/min 5514 T &
0 10 min, PR TTVE W) I 38 X1k 1, 9K I Fic i
BHELL 1:20 A LB F 7K, 7€ 80 CIK W RE I3 4k
P2 h, FRAEEE, ZRBGI R EL WK, &
FEHEIOP K (R U8 W, 7E 65 °C T Jig % 75 & & AR
(9 2/3, ZEt&MA 3 A5 IARTRE 95% L Bl AL,
FEE R T HUE 12 h, F 65 CHa il T A6 4L 00, 15
PRI KRG Fh M 2B (Water extraction of soy
hull polysaccharide, WSHP).
122 RELFW B 22 05 09 B IR 8% 70 R UCUE L Tl
2%y WSHP K¥EW , 7E 5 000 r/min 2515 &0
20 min, 7E EVEW PSS I AR B , 15 L Wb
Tt 2 460 o e Yk 8 3R 3] 40 mg/mlL #1812 h J5 7E [F]
FERS O 5 T RRR L, WO DLTE IF HEA T i b
(Mw<3 500 u)3 d. FJH B RTCK 2 B R 5
(v wwv pxew=1:4) VERIUIEY . 133 40 mg/mL
T IR 2 73 PR UL TE 14 R T2 b B 2 W Je (ASHP40) , R
FHTRIRE B9 7 1545 3] 60 mg/mL Bt IR £ 73 UL TE 1)
K ST B Z 0 (ASHP60)!
123 ZHEREASRNE KRS -RE
T A i £ OB B U2 DA 2 W A A, ZE D
490 nm AbIE WOLEE

K BCA # vk B 37 & L 03k D 2 A b
048 B A Y ZE PG 562 nm AR I E OB
124 AIXZrF R R & REERE 5 O35 2
%2 WSHP ASHP40 F1 ASHP60 1) A XF 43 F it
i, B 20 mg WSHP ASHP40 F1 ASHP60 43 il %5

fi#F 2 mL 0.1 mol/L. NaNO; %W ', Jf7E 15 000
r/min &0 10 min OB 20 wL FE AT 0.22 m P85,
FF 1 A 300 mmx7.8 mmx2 mm [ Ultrahydrogel™
Linear # , i 4 0.9 mL/min, R R FF 45 °C, F)
FH DextranT Z AR 1E S (1.338%x10°,4.11x10%,2.5x
10°, 1x10% u) #E 7 Aw ifE 2609

1.2.5 HpEd s A & RS F 3% (Carbopac
PA20 column,150 mm x3 mm) 4 ¥ WSHP,
ASHPA40 #1 ASHP6O i 5MEZH B, # 5 mg Z Bk
FES A HIE T 10 mL 19 4 mol/L = 418 , T
100~110 C/Kfi# 6 h, Z U in H s I R FH e e 75
RALEBR , BWRAOR T 5, A8 KRR 20 15,
1.2.6 fHEHAMLSHERE (FT-IR)  FIAHER
HLK: WSHP  ASHP40 i1 ASHP60 43 %I 5 KBr
A, FHEERE A 400~4 000 cm ™4

127 HA BB (SEM)  HUK % )5 9 WSHP,
ASHP40 F1 ASHP60 # /it % 1 mg, W 4> 15 min, 7E
0.5~30 kV 7K 400 £ .10 000 £5 VL 5¢ Z M FE i
() B W25 4

1.2.8 JiF 7 BB (AFM) ¥ WSHP ASHP40
H1 ASHPOO it i it T 25 B 7K BL i A 5 mg/mL
VW, WS wL ZHEF bR L R PE R R
T WS Z W 5 TR (5 pumx5 pum)!
1.2.9 Mo (TG) 4 —wH WSHP ASHP40
F1 ASHP60 it AHH s 7E A #2450 mL/min
FIFREE T, FHE R N 10 °C/min £1040F , K AL
Al 7E 25~800 CHu [ A /Y 2k FEAF 7,

1.2.10  WAE2EFEME % 120 mg WSHP, ASHP40
1 ASHP60 %5 it 76 6 mL 255 F /K FE 3l F (8
FHE AR 40 mm B9-F47 4, [ B 0.5 mm , 59 ) 3 %
0.1~100 s™ [ Z5 A4 T il s L A% 22 R R0

1211 geitsrtr ik ES 3k, FH
Origin 9.0 {2 &l >R FH SPSS 20 # kit 472 %
W FE VST, W E PER I bR ME R P<0.05

2 ZHR55W
21 RBEEARSERBENSYFRE

WSHP ,ASHP40 Fll ASHP60 1) £ #% & & | &
IS & B A o F I g SR L 1, ha& 1]
1, ASHP40 H Y SOE & ff &, ATk 55.67%,
K2 ASHP60 , S8 & it ol 38.47%, Lt WSHP ) £
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PR A - B K B AP R 5 4B 20 A UL 45 M) B4R AT R 29

S T 25.60% 1 8.4% B R B 4 G 41 43 1Y
WO, T LB 1 T o 0 3 IR (P<0.05)
HLBE B R B T BV BE RGN, 4 4 T R T
Bz FEA%, 1t sh, WSHP  ASHP40 Fil ASHP60 i
AT A0 k2 031.1,1 1404 ku A1 1 103.3
ku, 156 BH 28 5 B R B 43 SR UTUE i 22 B8 I AR X 43 T
R AR . 5, ASHP40 1 W, i &, 1l ik
13.82, KW 23 40% 8 1R i 73 DT UE 1 K LT Bz
ZWEA sy H 2wtk i
2.2 HBIEAR

WSHP ASHP40 1 ASHP60 1 Bk 20 1 I 35
2, IR 2 AT 3 b 2 HE S A R FLRE RN R
FLERE IR | BTRLADME |5 s A AN | s
] 25 W I IR RO W 45 O R U ZH B, WSHP &
ZLh 2 FLME (25.40% ), H 88 4 (22.40% ) , B 25 b
(17.10%) FIEFLBERERR (14.44%) AL, R0,
ASHP40 1 ASHP60 7 3 2 iy A B8 F1 2= FLHE 4 A%
HPREH & e nl W, K SR i 20 200
R &L/ RUTTE ST, 45 2 WE 24153 1) FROME 24 A & A= B
784k . ASHP40 1 ASHP60 Ay A B & 2 73 51l Ho
WSHP %5 48.36% 1 50.31% ; FFLBE & & 23 5 Lt
WSHP 5 5.05%#1 3.53% ; H. B[ hi471 2 855 5243 5
It WSHP 1% 1.719%H1 1.61%., Xt B BR e 7 92 it
VE R KD 2 22 0 AT R o W A A L R A
JC, 7 X AR U 285 A R R AR 5 T
2.3 WMo

K FT-IR WH5% 3 #h 2024 7 (0 4540 22 5%,
WSHP  ASHP40 £ ASHP60 214N 6% WL 1, i
FEIRTEIAE 3 410 em™ B3 A4 5 17 56 10 W 1AC 0g 51
T O-H Wfiffiksh, tboh, ML s ik & o] LUAE
i, ASHPA40 Fl ASHP60 7£ 3 410 cm™ B} 3t 47 %]
AT A R BB T IR S X R
T P2 A LS A Y T 7E 2 930 em™ FiFE
F14) 28 11 559 174 W A e 2 % B B 5 CHL, CH, A CH; (1)
C-H Ay3LHRE RS, WSHP ASHPA40 1 ASHP60
7E 1 550,1 400 em™ F1 1 320 em™ &b 2454 W i i |
I3 B0 N=H 28 f PR 3, C-0 fiffiJk 30 # O-H 2&
AR B = A BT SR, ASHP40 FI ASHP60 7
1320 cm™ Wb LLRE MG 1 B, X2 2 W4 FIE
SR AR A5, B AR AR B R SR T
S [FEF, WSHP . ASHP40 11 ASHP60 7£ 1 423,
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& 1 WSHP.ASHP40 #1 ASHP60 Ky#E Xt 5> F R = .
BEREMEQSE

Table 1 Relative molecular weight, polysaccharide
content, protein content of WSHP, ASHP40
and ASHP60

I8 AR WSHP ASHP40 ASHP60

M /ku 2 031.1 1 140.4 1103.3

M, /ku 581.94 82.49 175.14

W, 3.49 13.82 6.30

EHESE/% 30.07 £2.45" 55.67£2.21" 3847 +3.16°
EAEE/% 238+1.12° 1.69+1.25 138x1.51°

TE M, R B 0y 1 i M, B 0 T B Wo=MJUM,, R 2
ARG [ — AT A [ = R AR 22 ] A7 18 k25 122 57, P<0.05

%*& 2 WSHP . ASHP40 1 ASHP60 I B ¥EH X (%)
Table 2 Monosaccharide composition of WSHP,
ASHP40 and ASHP60 (%)

3 4R, WSHP  ASHP40  ASHP60
% 34 (Fuc) 0.99 0.07 0.10
17 3548 45 (Ara) 2.18 0.47 0.57
R % # (Rha) 17.10 6.42 6.00
A HH (GleN) 1.75 0.81 1.79
F 5L#E (Gal) 25.40 30.45 28.93
# 4% (Gle) 7.82 4.86 322
A (Xyl) 7.53 55.89 57.84

H % #& (Man) 22.40 nd nd

5L AE BS BR (GalA) 14.44 0.98 1.46
# & ¥ 8B (GleA) 0.39 0.04 0.09

1 143 em™ A1 1 082 em™ A Ay IE{E 4L B A C-0 $i1
¥Rsh, XAlER C-0-C # 5 —-COOH Ay HH1E
WU e A | DN 22 W 1 i i R X8k T 0 5%
F| ,WSHP . ASHP40 FlI ASHP60 it i PR 2 74 ) J2:
ML A, BL7E 810 em™ b4 a—D—2F FLBE T B FRAE
WS U, SR, WSHP 7€ 894 em™ 4b 45 B-D-H #%
B BE T A9 R AE U 05 0%, ASHP40 FiI ASHP60 7
871~875 cm™ Ab 1 B T B I 7Y 2 36 1y W i U | 3
JE a=D- AR BEHEF YRR AE 620 S A 20 i )
Wi 5 Lk s gl s B —80 (% 2), B2, WSHP,
ASHP40 Fl ASHP60 & & A 2 5k R 5L | 24 55 Al ik
S a—D-ML I ZLBE , 1 WSHP 5 ASHP40 F1
ASHP60 % H#E 14) JE B AR BB B 1 25 28U A% AN [ 1] i
Xif 22 M43 F IO SOUL 5 4 7 A R )
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Fig.1 Infrared spectrum of WSHP, ASHP40 and ASHP60
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F T HE— BRI 2 AL B OO R 25
¥ H T 4 B W % T WSHP ASHP40 #l
ASHP60 % Mg W25+ (WL 2) , NEl 2(a,d) AT LA
WL E]  WSHP SRR iR, 2 1 45 /) 3505 | W
AR o & T REE i T RUK R R R ik
AGIALEMEHEFEZ R, X R mRR
SERE P A WERAE /N SR, WL 2(b Fil e, ¢ I
f)snl LLE Y, ASHP40 F1 ASHP60 5 52 A A1 I B
REYIEZS , ASHPA0 2 AL HLIA 7T UL Y 99 2% 45

(d)WSHPx10 000

(e)ASHP40x10 000

H, T ASHP60 EA i b 2 L HLiE Wi 1) 22 )2 MR
S RE D DR AT O B A IR B o R R A G I, &2
Wb e Sk 5IHEE G IFAE BT IR Y R
HRE R 2, DA T 3 B0 2 W 3 T OV 435 ) 1) REL RS
BEHEMRY X 5 ASHP40 F1 ASHP60 (1) AH X 43 F 5t
AT WSHP 25 AW & (3 1), SR, FEA T
e, BRGNS R T LB (R 2),
ASHP40 F1 ASHP60 11 >F ZLHE R & & 35 & T
WSHP, B 5741185 & 5 AIK T WSHP, Z 841 5 rh i
%) 5 A8 A Al T B X 2 M 2% T RELRS R AR Y
M, [R) B, Peng S5 B 5t 1iF B AT 20 B 42
Y- 27 4 22 00 10U 45 48 5 SO 2H B U0 AH G
ELAIRSE A B0 1 2 %) B 7 A W 0 75 20 27 4 K 454
TR, X T BT R T LS5 3 A B
AU, MRN8 RTRE R B A R B T A VR B 1
i, S B RELLS o3 F PR SR RN, £ L 4%
SR W AT UL, X SETIAR AT FT-IR 145 8 AT
PIAH B EDE (E 1), Hou P FE th & B, £ 4
THOULES #4 1) A8 Ak = 2L B F 4 F [ A4 7 R A
HEIE R, LARBFR S IE 5 A SRS G A —
B, ik, ZHEEOWEE AL I AR S AR X 5
i OB BRI R A A U Y AR AL S
B,

(¢)ASHP60x400

(£)ASHP60x10 000

2 WSHP ,ASHP40 #1 ASHP60 #1355k &
Fig.2 SEM of WSHP, ASHP40 and ASHP60
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PR e i B R LAY R % M

TR 2% A Bt M 5T 31

25 HFHEHR

R T RAIR IR B 43 PR K ST Je 22 HE Gl
WEZEAE 52, ASAF ST R B 07 W U AR T
ZHE TS B W B R 5 mg/mL 1) WSHP
ASHP40 1 ASHP60 £ = £ i b T 1 J5 Bt L4251
(1) Z BEEER 2 OB SR AN R 3 i o B/ 3a ] LALEE
FI| WSHP 1) 22 46 2 25 2 2 iy B0 0] L2 1 6 1)
BRORAR A A, HEBRR AR 19 K B 2928 220~659 nm,
To BE 2 R 293~366 nm, = 2N 40~120 nm,
ASHP40 (& 3b) i Z 0t 5 2 3L A NDEZ , H

FPHUBE EE XS I, ASHP60 (9 2 Wi £ Unid 3¢ fr
N, HRM R HIE SR, X5
WSHP ,ASHP40 11 ASHP60 £ 314 i 555 45 4 —
., WA, K 3b Fl e tha] LLOUEE £ ASHP40 Fil
ASHP60 1) 15 £ 4351 8 20~40 nm F1 25~50 nm ,
filX F WSHP, XAl fig /& B T ASHP40 F1 ASHP60
) 21 LM T 2 R A RARAIG, R R R B 1y A
T 52N AR TR A, 20
RSN Anna P FE A K B, BRI R 5 A X
ZHER S MR LA B E

(a)WSHP

(b)ASHP40

(¢)ASHP60

B 3 WSHP ASHP40 1 ASHP60 K& F /1 B iR E
Fig.3 AFM of WSHP, ASHP40 and ASHP60

26 MBTEH

A W 5% K #E 2 A A 43 B T WSHP,
ASHP40 Fi1 ASHP60 1y #Fa ML, W& 4 iR ,3
Fh Z BETE 30~800 °C 1Yt 2 BN 34 3 A~ H
MR ER B, 8 1 AR E M BUR AETE 30~200 C,
RERN 10% LA, XA B EERR T 2T
W Y Y G N G R R Y 1y
BUETE 200~400 °C, 2 fe 32 2209 2 55 [ B, BE i
MR ERKL 60%, F2BIEZ 456 Kb
FEP S 1A B B AE 400~800 °C L S £ b
HEOR A2 7 A Y R AR ATE 20% . KL 4
ATULE I, K H i 2 ASHP60, (IR 1) /2
WSHP, 15 B B 2 £ 73 90 19 22 W5 4 oy IR P
2%, ZREry R e PR S RO 2 T 45 4 BB

DRSO L B (&1 2) AR O S OB (181 3) Y
g AT S0 ASHP40 FlI ASHP6O FY 45 ¥4 55 M i A
1M WSHP (1) 3% T i 0 45 #4 30 h B0, X2 38
WSHP . ASHP40 #ll ASHP60 #fa 5 M 22 & iy 32 %
2.7 REFHM

AR A 3 A T B YD AR ARG T R[]
o R R ) TR e 3 2 K T R Bz 2 W A 4 1 i AR
b WNE S Fr s WSHP  ASHP40 I ASHP60
(B VR B R 20 mg/mlL) Y5 J2 B8 Pk AR 7R AIG
YR LM (0.1~1 ™), WSHP  ASHP40 #i
ASHP60 (1) UL 75 5 147 [ 5 7] 3 58 1 185 I g B A
A RS AT F IR A, 220 W v 1) T 45 46
Fa WM IR L B 22 8 531 1) R 2 7 1) T HES) A
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Fig4 Thermogravimetric of WSHP, ASHP40
and ASHP60
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Fig.5 Steady shear flow curves of WSHP, ASHP40
and ASHP60
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ELAR X 43 F o e K, T3k 2 0311 ku, € T 73008
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Studies on Microstructure and Characteristics of Polysaccharides from Soy Hull Fractionated
by Ammonium Sulfate

Wang Shengnan'?, Qu Danni', Liu Jun’, Yang Lina'?, He Yutang'?, Liu He'*
('College of Food Science and Technology, Bohai University, Jinzhou 121013, Liaoning
’Liaoning Province Grain and Cereal Food Bio—efficient Transformation Engineering Research Center, Bohai University,
Jinzhou 121013, Liaoning
*Shandong Yuwang Ecogical Food Industry Co. Ltd., Dezhou 251200, Shandong)

Abstract This study was analyzed the structure and characteristics of soy hull polysaccharide by ammonium sulfate
graded, which used by molecular weight, monosaccharide composition, Fourier transform infrared spectroscopy (FT-IR),
scanning electron microscope (SEM), atomic force microscope (AFM), thermogravimetric analysis (TG) and rheological
analysis. The study found that the water—extracted soy hull crude polysaccharide (WSHP) was mainly composed of galac-
tose and mannose, while the polysaccharide fraction graded by 40% and 60% ammonium sulfate (ASHP40, ASHP60)
was mainly composed of galactose and xylose. In addition, ASHP40 had the highest polysaccharide content, reaching
55.67%, and its relative molecular weight was lower than WSHP. The surface structure of ASHP40 and ASHP60 was
loose, and ASHP60 had an obvious network structure. However, ammonium sulfate grading reduces the intermolecular in-
teractions of polysaccharide components, resulting in low apparent viscosity and poor thermal stability. Therefore, this
study proved that soy hull polysaccharides graded with ammonium sulfate had different compositions and microstructures,
making these thermal stability and rheological properties significantly different.

Keywords ammonium sulfate fractionation; soy hull polysaccharide; microstructure; SEM



