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Factors Influencing De—Esterification of Soluble Soybean
Polysaccharide with Solid Base Catalyst

LIU Shaocong, HE Zhiyong, ZENG Maomao, WANG Zhaojun, CHEN Jie"
(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China )

Abstract: The effect of solid bases on de-esterification of soluble soybean polysaccharides(SSPS)
was investigated in this paper. A commercial high-methoxy soybean polysaccharide (SSPS) was used
as the raw material, and a solid base MgO was used as the catalyst. The effects of reaction
temperature, reaction time and catalyst feed ratio on the de-esterification of SSPS were investigated.
The de-esterification effects were estimated by the molecular weight, the degree of esterification
(DE), and the monosaccharide composition. The results showed that the molecular weight and DE of
product decreasedas the reaction temperature increased, while the polydispersity (PDI) gradually
increased. When the catalyst amount increased from 1:100 to 1:5, DE decreased significantly.
However, the changes in the molecular weight and PDI of the product were relatively small. If further
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increasing the catalyst feed ratio, all indicators changed insignificantly. As the reaction time

prolonged, DE of the product further declined and PDI further increased. The degree of esterification

decreased more slowly at the laterreaction stage. The results of monosaccharide composition showed

that the neutral sugars in side chains were removed most quickly, while the main chain breaks and

de-esterification were almost synchronous. Degradation of polyarabinose and polygalactose side

chains was slower than that of the main chain. Compared with the bases de-esterification process, the

MgO de-esterification process achieved products with higher molecular weight, lower PDI, and better

product color if with a similar degree of esterification. The above results indicated that the MgO

de-esterification process would have a good application prospect in future SSPS de-esterification.

Keywords: soybean polysaccharide, base catalyst, demethylation, degree of esterification, molecular

weight
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TS PR Ok 1 — oK U B T 2B, SSPS
SER AR , B R R RS L LR IR (RG) AN
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e AL R B80T i b0 1:2,1:5 1010, 1:25 1 1:100 43
SIS AR, R RE B Fk a8 AT B RO, e
o7 I 43 5 3% B A 80.90.95.100,105,110,120 C
ZRAE T AR R 1 000 r/min S0 I [E]
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R AR 2, S TR A IR B R 7 [ EAE 80~120 CZ A, 4 5 C—A MR FEAT R, f
FE Y SSPS T 4341 5.0% AL MgO Bk 4 JOL 45 5 DN A2 7 MY AR o35 SR (T AR A R PR
Fohy 1:5 LUK SO I ) (4 h) 2500 B B il B 1 ARG, SRR 1 M 2,

x1 REEEX MgO fE4L SSPS BEEE =X 5 FREREN EHNFIT
Table 1 Effect of reaction temperature on the molecular weight and degree of esterification of SSPS catalyzed by MgO

2 1 H s I\ L; /R, hG /\ﬁ'frﬁ:g s / AN
5 LG /Ry ]tnd‘ﬁ%i ARk ’J”fﬂ J{nf Eiis f"%/&nﬁﬁﬁ Sy 0 A1 /%
(x10°) (x10°) (PDI)

% il 9.66 7.87 1.23 77.10
80 5.85 2.29 2.55 42.01
90 5.05 1.94 2.60 35.09
95 4.84 1.85 2.61 29.88
100 4.56 1.71 2.66 27.52
105 4.14 1.53 2.71 25.87
110 3.43 1.24 2.75 22.99
115 3.24 1.14 2.83 21.25
120 3.17 1.06 2.99 20.82

F2 REREX MgO 4L SSPS Bt E& 7= 4 B2 4% 46 A B 11

Table 2 Effect of reaction temperature on the monosaccharide composition of SSPS catalyzed by MgO

2.80 4.20 11.80 36.00 12.10 6.10 4.30 2.10 7.30 0.62
80 2.18 5.23 14.40 40.60 1.91 5.21 0.00 0.00 13.18 0.92
90 2.15 5.31 15.60 44.10 1.88 4.68 0.00 0.00 13.48 0.86
100 2.09 5.40 17.00 47.60 0.80 4.00 0.00 0.00 13.20 0.78
115 2.08 6.09 20.14 53.27 0.00 1.88 0.00 0.00 11.34 0.56
120 1.83 6.22 18.52 49.64 0.00 1.67 0.00 0.00 9.97 0.53

Fuc : 7 305 5 Ava: BRI B s Rha: B85 ; Gal . 21 FLBE ; Glu . 4 45 0 5 Xyl s AMH ; Man : H 885 ; Fra: 5285 ; GalA . 2 ZUMRE T
M1 GR AT LA R MO i1k SSPS it AT EABEL B, A5 R a3k 2 TR, SSPS FHE45 1
B , Bt SN EE T, 7 ) SSPS [ AR X 43 - i F2 SR B 2R e LW T IR K B RN 3R OB T R
(M, F1 M) AT FEAR, B AL B2 A BT R AIG . R, ™ SO ARG, I BE A SR AT R AP A R SR P 2L b
VI 22 53 B v (PDL) AL BE & B 1 il 3 1) T s 17 32 ¥ o R FUBEE TR C-3 o7 40 &R 2 ABEAS i, 1 0]
Hahn 33 1 B A v I A AL S A B0 WA X o3 R FLE AT BEAEAE T YRR AS A, A4S e R A A
T HE B A, B S A5 7 3 ST R R X Rl fE X BE ABE RIS (Can &l 1 iR ) . Bk, L
7=y AR AN WHIE R 55 B2 0 L LA S om0 28 W S (AR AE
AH 6 SCHRUSIRG 25 4738 ,SSPS 1) H ik £k B R AIG TR R4S LG b p b 0 & S AR AR, mT DA
HAEBRYE S T o FL A 1 1Y e 0Bk g ; 78 W R Ak fEfb it FE SSPS Z5 M AR fb 1B . AR 2 25 A F
JE 25%UL T I, SSPS TE R PE 2% A1 Fe 2 i 4 1 Y e FUBHRE IR 5 B ZHH LU ) J6 7E 80 CHi B, RJE
JI0T LA e P AR R S (E AR E R, R 1 4 Wit 5 ek ) R 3 i A I i R 2 B R R LT R B
W, R B AL R MO 78 A 1k 71 45 8t & [ T 90%, B J5 22 1% T B T 58 0 AR OBE SR SR AE 80
1:5 DA R R i A] 4 h 25470 T Ak SSPS i T T | i CHEALIT L AN E 45 A2 1 455, s ot # A0
FEAE L 95 °C, M ERALEE A BEAIR T 30% . X5y B G BRI — 2 SR E 2218 T REMIIE L,
B ZH BCRT DU RACHI W SSPS I R o) F 3 B AN AT LAUE B AE 80 CHYMimg i, A E8EMrsd, H2
N DR 2L AR 100 % 1 T R B i A AR A5 1 = 1y i SSPS A5 H g v P 5% 5 B TR B A A 32 %
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W Rhamnogalacturonan : [-4)- a-D-GalpA-(1—2)- a-L-Rhap-(1-]n
OOO Homoarabinan : [-3or 5)-a-L-Araf-(1-]o

00O Homogalactan @ [-4)-3-D-Galp-(1-],

AL

I- Galactan branched by neutral sugars (Araf, Xylp, Fucp, Glep )

Galacturonan : [-4)-a-D-GalpA-(1-Jm

Galacturonan with side chains (xylan)

GN backbone (no-reducing end) — GN backbone (RG linker)
'V[A)- a-D-GalpA~( 1};2)— @-L-Rhap-(1—4)- @ -D-GalpA-(1- 2)- a-L-Rhap-(1£4» a-D-GalpA~( l}i(z)— a-L-Rhap-(1—4)- @ -D-GalpA-(1-

i,

[ B-D-Galp}> a -L»Rr;a,w a-D-GalpA—|
q

RG backbone
with long side chain

— a-L-Rhap— a-D-GalpA

Reducing end

— RG backbone g

O

§ '[-4)- @-D-GalpA-(1-2)- @ -L-Rhap-(1-]

HHHCH

a-D-Fucp «-L-Araf~ a-L-Araf
B -D-Galp— 3 -D-Galp— 3 -D-Galp— 3 -D-Galp— 3 -D-Galp— 3 -D-Galp— a -L-Rhap— a -D-GalpA—
@-L-Araf

B-D-Galp— 3-D-Galp— B -D-Galp— @ -L-Rhap— a-D-GalpA—
— a-L-Rhap— a-D-GalpA

B-D-Galp— 8 -D-Galp— a-L-Rhap— a-D-GalpA—
— a-L-Rhap— a-D-GalpA

a-L-Araf

— a-L-Rhap— a-D-GalpA

a-L-Araf~ 3-D-Galp— a -L-RI'LTap-> a-D-GalpA—
— a-L-Rhap— a-D-GalpA

Fuc: 73 B85 ; Ava . BT H7 A0S ; Rha: BUZEAE ; Gal 2 ZUHE ; Glu 85 250 ; Xyl ABE ; Man . H &80 ; Fru: 05 Gal A FLAEER ,
B 1 SSPSH4&HREREY

Fig. 1 Schematic diagram of SSP structure

r D 2R R 2 R 1 LB T 1R 5 ek R G X o 5 i
R N B = =X 287 N N T | NS s S
T 1R 5 BR 2 LU T AN DR I I > LB 2 S5 AR ey 7
PR B 2 L A W b A5 R e — BB, A
MgO f# 1k SSPS B ER I, 3 6 25 52 2 W% 3K, % - rp
P 2 o 0 53, 0 R T 7 1 M R 28 2 2L A ) AR
B WA 2 L T R R 2R

2.2 fELF MgO Ky B = bk 3t SSPS it Bif & R
80} 5 A b AR 5 ) R [ A AR R Ak AR
EE N R Z 7 S T8 7 Bk e i fE
TR R A [ I SSPS (it & 7041 5.0%) R
I BE (100 °C) LA K B R B[] (4 h) 2540 °F , 43 A

A Bk L E O 1:2.1:5,1:10,1:25 £ 1:100
HEAT R, B g 45 BRI W 5 7™ )RR 6 43 F o i P
Al DL R RO 2 K, AR FE Bk EE R X MgO it i
ORI, S5 R R 3 A4 iR,

IS [E) BB EE 251 F 100 CRZ B 4 h i 45 5
F AL BB B A 1:100 38 A0 2] 1:5, fig 1L
W R R, (H7=4) SSPS M43 F I B Fl 2 43 1l
PEAS A AR X L H /N 5 T E — 25 1 e Ak ) Y 5k
Fb, 7= 0 R R 43 0T o | 2 40 1M R Ak 38 AR
FEAR/IN o 3 B A AR R0 04 B in 2t 38 31— e il
ANBRAR R I R B E ), ANBERE— 2B iR . % 3
SESAB UL, AR R RO 100 CRV 4 h 19 %%
PETR 38 AR A R Bk BT i L AR ME i SSPS Y

B/
7

&3 MgO BB FE Lt SSPS it fis /= ¥ 18 X4 5 F B 8B R B L B B9 2 0
Table 3 Effect of the ratio of MgO and SSPS on the molecular weight and degree of SSPS esterification

— F%Eiﬁ(’iﬁlz)’ﬁ?ﬁi F#@*ﬁzfﬁ(iﬁléf)ﬁ?ﬁi rt%ié;\;ﬁﬁ‘ri
X R 2 9.66 7.87 1.23 77.10
1:100 5.15 1.96 2.62 46.02
1:25 5.04 1.88 2.67 36.15
1:10 4.86 1.80 2.70 33.75
1:5 4.66 1.71 2.72 27.52
1:2 4.60 1.63 2.82 27.27
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&4 MgO = R=E L X SSPS Bt s 7= 7 82 4% 28 B 19 8% iy
Table 4 Effect of the ratio of MgO and SSPS on the monosaccharide composition of SSPS

MgO # £} it 9385/ % m(GalA):
X 21 2.80 4.20 11.80 36.00 12.10 6.10 4.30 2.10 7.30 0.62
1:100 2.31 4.00 14.88 39.46 1.69 4.89 0.00 0.00 9.87 0.66
1:25 225 4.11 15.42 42.56 1.54 4.52 0.00 0.00 10.01 0.64
1:10 2.07 4.02 16.03 45.28 1.06 4.22 0.00 0.00 10.29 0.64
1:5 2.09 5.40 17.00 47.60 0.80 4.00 0.00 0.00 13.20 0.78
1:2 2.09 6.22 18.30 49.10 0.69 3.81 0.00 0.00 14.68 0.80

Fuc: %5 BEWE ; Ara . BUHLA % ; Rha: BRUZEHE ; Gal . 21 FU0E s Glu . %7 25 5 ; Xyl . AW s Man . H & 05 ; Fru . 8 GalA B FUMERERR .

BRALFEAR T 27%

H A R] A Ak 70 5t 5 A LA A B Y R A5 21 1
SSPS AT BAMEA 43 3 Hr (3R 4), T LA 3L b
B T R0 B2 W T i B A A ) 0 BRI L Y
8T T S T T o TR 2 5 R A A ) 7 AR Rk I
I 1:100 BFSELF TR T 90% , H 8 4 Fi 28w )
LR R 5 2 U % 3 R BT 7 A M 5 2R R T
e D0 i 5 A 70 E B R 4 TSR 1T, 3R 3 AR
P, TR A EOR BT & L 1:100 B AR X 53 T
HHVF R T ILT—2F, bS] RE E T
AHRS 27 Bt T REZee . 3K 3 M4 94 Rt — 2D
HIFIH MgO i fk SSPS RIS, AN £/
FHEEAR 22 BIWE IR, ELNEE b P e B s e (5
SR 0T 7 A1 A 0 2R 2 LM ) B A B A L L 2 B R
fE2EE A, RS R gi B | R RE MeO fii fk
SSPS Mt e, 2B IR SSPS N4 F 3= 4% | (H 2 P af
T A R B R TR 23 S OB R i FE b SSPS )
P A8 Ak e AR TR B RS 3k 55 A TR A AR i 3k 3
— 3 H e, AN AR B i R Bk ), S BE i —
R Y Rk B R — 3 .

2.3 REREX MgO 14k SSPS B R % &£ 59 5 M
S50 RF [] A, 2 5 e Gl [ 4S 44 h 5R) fhe Ab i 7R
MEZEHERZ— 7, FEMEE SSPS I Y I i 7 4k
5.0% . MEAEFIEARE & H 1:5 DL B i 100 °C
ZAET W B R B R4 I E 1.2.3.4.5.6.7 h,
S5 oS 0 7 AR A3 R TR AR D) R SRR A
B, SR WL 5 I 6,

M5 AT LIE H BEE MgO i Ak i il 5 07 s 1]
(3 =) SSPS 1 F iR Ak B R B T B, 22 43 itk
SN TRER 2 A vg=s N i N 5
FE Tl 1 v A B R B R 2 AN 28 5% 1Y TR i 45
Bt — W%, R MgO i 4k 71 4t 4k SSPS it
g, S PR AL EE AR S 30% - 2 25% LT,
PETH RN i 3 R A iR AR

W A T 5 7 B [ 8 Ak JBE FR i 45 21 1) SSPS i#E 47
HRE M (R 6), £ 6 4R 5K S bW —5, 1l
VLA, B B W B[] 48 K| > 20 05 1 2 5 B 2= b
Ll 45 e B s, SRIGHE 4 h J5 2 U AR S5
b L AR R AR /N X 5 3R 5 A o T R R AR AL 2
A5 —Fhy 5 b 0 BE Y A A L

F5 MgO 4L KBt 18 xF SSPS BREE 7= ¥ M3 9 F R E R EEL BRI
Table 5 Effect of the reaction time of MgO on the molecular weight and degree of SSPS esterification

7= ) T A A X oy F
(x10°)

9.66
5.04
4.81
4.74
4.56
4.26
4.18
4.05

S5 N B[] /h

X HE 21
1

~N O L AW

FE B AR X 43 F R B

(x10%)
7.87
1.95
1.86
1.79
1.71
1.40
1.37
1.27

P4

7 W R AL BE %6

(PDI)

1.23 77.10
2.58 39.74
2.59 37.92
2.64 32.95
2.66 27.52
3.04 2723
3.05 26.92
3.19 26.63
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% 6 MgO &1L [z 5z Bt 18] 34 SSPS Bt B 7= 497 8 48 4 B Y 22 T

Table 6 Effect of reaction time of MgO on the monosaccharide composition of SSPS

Iz B ]/ I Bt 52500 % m(GalA):
- 2.80 4.20 11.80 36.00 12.10 6.10 4.3 2.1 7.30 0.62
1 2.49 4.67 13.59 39.64 2.63 5.48 0 0 9.28 0.68
2 2.28 4.86 14.96 41.81 2.04 4.51 0 0 10.43 0.70
3 2.16 5.03 16.22 43.48 1.89 4.18 0 0 12.68 0.78
4 2.09 5.40 17.00 47.60 0.80 4.00 0 0 13.20 0.78
5 2.09 5.40 17.00 47.60 0.80 4.00 0 0 13.21 0.77
6 2.07 5.56 17.74 48.49 0.46 3.86 0 0 13.34 0.75
7 2.04 5.74 18.37 48.69 0.21 3.64 0 0 13.55 0.73

Fuc : 7 3555 ; Ava: BT A s Rha: BUZEWE ; Gal : 2 ZLBE ; Glu . 8 45 05 ; Xyl AKH ; Man: H 2885 ; Fru: 0% ;Gal A2 ZLBEEER .

FORWEAES I SO 1 h, BUL-PBEER R 4 h )=, 24 B MgO 54 st SSPS B FRER SR A LL i
R S AR/ EIREERBEIIAE 100 °C UnRG TR, SSPS B g, H AT Tl b 3 A H]
A2 F T MgO Xf SSPS fitfb B i 72, K w4, LR ROT A BEATINER , th T pH 12 DU AR MER B 1)
B 1 h LAPY, D05 rb At ok i 5 7 e e, 3 T 2R HIR AL BE AR T 25% 19 2R, — R T pH 12.0~12.5,
FBETE JLF- 2[5 25 1) B8 A B L I TR SE G, B4 2~4 IREE 70~95 “CAR B HYV R, =2 i LA SR B8 iy i
h 22 18], 5 5 W7 24 B2 e T I P -5 23 £ 400 39 v JEE i FHY I, PR O B e R T S 4 B AR
ARIEBR Y HP PERE A W 2E4T 54 b LUS BT A O AR B s TR ME B, S SN T PEAR 25

Getg o IR BT AFUBE AR~ LRI BE AR B [ figp 2 HE K AL B 18R 5 MgO A A I8 1 X FFY 1 1 5 L %
TR N2, FEMAX o R BEAT HBE, RO R A A g

F7 MgO LM R EE 5w %M BB R B &%t SSPS BREE MNP FRERELENES

Table 7 Comparison of the molecular weight and degree of esterification for the MgO and NaOH catalytic reaction

1 4 1 F%Elﬂffﬁxw\%ﬁ F%%ﬁﬁtl‘iﬁﬁﬁf%‘?!ﬁ 7= 22 43 Wk 7= 1) i

& (x10%) & (x10%) (PDI) TR 1%

Xt R 4 9.66 7.87 1.23 77.10
BorbF L 125, )N E 100 °C, HHE 4 h 4.56 1.71 2.66 27.52
BORLT A L 105, 2 BB 120 °C B [E] 4 h 3.24 1.14 2.83 21.25
pH10.5, 5 B 36 100 °C, it ] 4 h 5.95 2.85 2.09 43.86
pH12.5, R i B 90 °C, it 4 h 3.33 1.01 3.30 21.87

M E SSPS JE BN 5.0% ,MgO £ BT el TESE , MgO JBifiE .20 5 ik i g T2 A, 7Rk 5
1:5 B, AR R pH R 10.5, 45 - a1k 7 iR, AL TS AL BE RT3 R, MgO B T 25 7= A 85

FEAR TR SN pH 2544, AR FE 100 CI )V 4 h (AR 43 0T o, AR Y 22 43 IR DA KRR - 19 7 )
J& ,MgO Mg T. 25 5 i i fie T 2 A0, 7= 47 AH B, XA A5 MgO JB R 7= P78 56 B i B A 3R 1Y
X 43 0T A RO 43 IO R O S R AR T T Y 3

BA BFELHmH pH 10.5 &40, 4 JLF ik : I

PR 3 =

LB T 30% 7K, ) pH 200 1, 3X 255 ok 7= FE SSPS [ 4 7= A 5 h, SSPS it g & — A~ T
Y (o n 3 A (N E 2 FER ), bR g Rk — BT, — R IE ] A% Y SSPS e B B )
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YR F D K2 S ABEARAEA BLEE AR P e B &

MgO(100 C)

MgO(115 C)

NaOH(pH 10.5)

NaOH(pH 12.5)

2 tHEBEELER MO B IR R =Y SHUE M R B~ W&
Fig. 2 Color of demethylation products catalyzed by MgO and bases with the same degree of esterification

BEALBE , AT SSPS A1 iy Tl P9 SEBR A .
WA & B 5E 1 A 1 A B8 MgO i Ak & iR 1k B2 1Y
SSPS JiiHi T 24X My e AL A X 20 Jo e A
FRORHZH 0 AF SRR PR B R IR 25 R T TR MgO
R AL AR R e P AECHE SSPS BEAT IR, S A B

BEAL AR T 30% , M XS 20 F i M>3x10°, 5
BRE LR T2 A E, 7k EIAH LA ER AL BE AT T,
MgO M i 125 7= 4 FL A o i A AR G 43 7 o o B
1) 22 53 WU DL B G 1 P ) B, AR BT SSPS
J R T2 B TR A ST MO iR T EAE K

AL 5.0% AL MgO BOBHET it LU AE 1:5, [ L R T

L 100 CR L L I T4 h KL P4 SSPS
S % 3k
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