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1.2 NE5E&

SUSO10 %y & FHAsi v 45, H A H 57 = B i
AR FE;DHR-1 AR AL, € E TA {42 A ;D8
Advance T X-SF 07 91 0 Hr (X—ray diffraction,
XRD) 1L, f8 [# Bruker 2% 7] ; Waters 1525 % =5 2L
WA 0351, 26 Waters /A 7 ; TGA8000 $4 /3
B, H A H S7 @ H AR A ]
1.3 REH*
1.3.1 21k SBP il % MERIFRE 10 g SBP, il A
1L EEFK, SRS, 1 mol/L
NaOH 45 SBP # #i pH 5 £ 6.0, #& 2 000 U/g
SBP WM, SRIGAE 45 CRIB B R 0,10,
20,30 min, BJESERIIMA 3 ARG K £ B, 15
1R K IR R A R uk g 50
CHEAE T4 24 h, By i 100 H O, A T4 g b
&, PTAR R AL 43 9l i 44 A SBPO SBP1 SBP2 |
SBP3,
1.3.2 PERFREE R e R BRHE B 23 vk
I 7E SBP Y FE 7R 5T 1M, FREGE S A, I 3 A
FE G VS ik EC ) BT VA B O 0.5 mg/mL VA
10 000xg 50> 10 min, iF 0.45 wm JEMG HEFE .
# Shodex OHpak SB-805HQ #I Shodex OHpak
SB-804HQ W4 AR €& 3 41 AT R R, A shAH K
%4 0.2 g/l NaN; £ 0.1 mol/L. NaCl ¥ , A1 1 K
35 °C, ## A 0.7 mL/min, 2R &R S8 H A7 AR
SBP ) FH I B R 0T A | BRI U R e B AR

133 OIS MU B2 SBP K, R

FH LT 5 H ety [ R AR b, B8 IR0 T X
FE S UEATIE A b FE SRS E 4T A TP RORGE Y
BT L SOUEE , B E s L ok 5 kV

1.3.4 T S BRI ) T 2% 9817 SBP
FES AT 0T, FREE 8 mg 2 A7 BURE S KRR S
M 30 CHn#AE] 600 °C, 45 il TR R 4 10 °C/
min, 8 N, FE AR 5 R 70 ml/
min,

1.3.5  fuiREiH o Hr SR XRD Xt SBP A i (1)
VR ZE K BEAT A0 A, R A HE Cu Ko, B 1R R 40
KV, FH VTl 20 Ry 5°~50°, BEE F 3R N 5.00/
min, 22K 2H 0.02°,

1.3.6 WA ERIE o HIBCH 10 g/L 1Y

AN TR A R B[R] () SBP ¥ ik, BRUIE £ 0 2% 22 3t A2 X
AR MELZR I A b R0 FH S8 ) ) B B 25 22 A it Il
IF I 36 FHOF B B4R 4 40 mm, BEE A B4 1000
pmo
1.3.6.1 FEMEBT MR EE A2 [\ SBP i o
A BERE 43 00 VA RE OB BT ik B O 0,100,300,
500 g/L, M 7 B 5 B EE SR 25 °C, B D) 4
0 0.1~100 s, Tc 5% 1 W 76 5 Bl 5 ) 3 2 1 28 4k
X H Power—Law J5 2 X 2l 36 B8 #E 17 806 0 b
JRIE

7=Ky" ()

A7 BN S (Pa);K PR R
(Pa-s");y BUIH E (s7) 50 Wit BN R AIE F5
1.3.6.2 iR EAYFZ N

1) FHRBEE WE I TP BE Ry 50 s,
FUHG IR B G N 5~85 °C, 10 57 ¥ T 2h i 385 2 A
84k R Arrhenius J5 B2 3 80 AT 900G . TR
mr .

n=Aexp(E/RT) (2)

Kb p—FE (Pa-s);A & w5
E——FR WAL HE (J/mol) ; R—— K H %4,
8.314 J/(mol -K) ; T—— & & (K) .

2) fEERAE 20 BE M B 5,25,
45,65 C, BT U1 ARG F A 0.1~100 s, 30 3 W
0 R B 5 U0 R A A2 A
1.4 HiERE

K H OriginPro 2021 x4 2F 17 B4 4k B 5 22
E]8

2 HR59W
21 ZEAIE SBP EERRER

Ty B e g SR A | B RN AE E
PERE R ESH0, SR AL BEXT SBP JEE 7K it i Y
AR 1 i, R 1 Rl LA Y SBP /R i
RIS E BRI B, 228K 10 min J5 SBP
R B2 B R T B AN 1.856x10° g/mol 34115 3.064x
10° g/mol , 1M i Fifi 5 52 3K s 8] F14) JE - 45 2 JBE 7% Jo i
J i REAR , 228 20 min A1 30 min J& 1Y SBP 5 5
IR A3 R 1.670x10° g/mol Al 1.502x10° g/mol ,
W fr H 34 7 YRR IR o e A AR A B BRI
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Pictures of crosslinked sugar beet pectin

Fig.1

solution after centrifugation
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Table 1 Molar mass distribution of crosslinked sugar beet pectin
Haik SBPO SBP1 SBP2 SBP3
¥4 & R E Mn/g-mol™ 1.856x10° 3.064x10° 1.670x10° 1.502%x10°
45 B /R i % Mp/g+ mol™ 1.241x10° 1.718x10° 9.347x10* 8.736x10*
& ¥ B R E Mw/g- mol™ 3.053x10° 1.417x10° 6.762x10° 6.782x10°
7.3 JE IR L & Mzlg-mol™ 1.467x10° 4.487x107 2.929%x107 3.862x107
Mw/Mn 1.645 4.625 4.048 4.514
Mz/Mn 7.903 146.455 175.320 257.030
# 3 3% 4 ¥ %2 Ro/nm 38.4 67.2 53.1 58.8
& ¥ 7% % F 2 Rw/nm 39.7 71.1 54.4 60.5
7 3 3% 5 F 12 Rz/nm 70.2 248.9 188.4 232.8

2.2 FHEAMEXT SBP WM & H 20

&l 2 S ARl A2 R [A] ) SBP 76 5 0 A5 T KA
BB R AT LUE W S8 b BT
53 SBP K IH 4544 A A= A8 Ak o R ASCHK I SBP R T4
R b, BRRBEERNYCRE, X5
Peng S5 (9 25 AL — 2, Bl SR ] A 2B G
SBP (1 Btk 25 F AR 15 W E AL | 2% T2 T S
R SR s ARG R, R LA 5 SBP
TE T M5 4548, SBP S8 BK 5 TE 1 1) 45 45 #4 n]
REAE—EFEEER N T SBP 195K /1, 4% T SBP
W ZE
2.3 X EAMEXT SBP #viarE M HY 200

SBP it B v B a9 A8 AL an &l 3 Bk . A
Bl ml DU Y, SBP 192k B 5 B K B00] 43 50~
150 “CH1 150~400 CHA™ B Bt , 55 — i Be £ 2 0+
b K A O, T A B B X I SR B Y
Wt F , FLrp R S PR S B BE R RO B, X
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Fig.2 Scanning electron micrographs of crosslinked
sugar beet pectin
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2.4 KEEAMIERT SBP &k 45 #5220

A XRD 457 A ] 0 i S 1) A 25 4 R AE
WE 4 ez, AR B SR AL B i SBP A i B
A AHRLEY XRD B 3%, fr A SBP A ah ¥ 7E 20
1200 220 40 4 20 A o B2 1 58 B A3 o e, X 5
Zhang SFHRE B 45 R — B, HAh, TE 20 O 14°H0
3304k 43 A AE — AN R SR B0 17T AN iR B P4 AT S 0
AT R 3 R R R A AR AR 1 /N o R A
PHIL, AT LAHERT SBP EZLLLTC 2 T R AW X
FETE , SEHRAL JAS 25 o A8 L AR 254 SRIETh & A
2 A R E R AW 2 R ZURE TR o ] A
Fr HERUE 45 4548, 5 AR 45 R — B0, R IR T
RREERN NG o it RO SR e B 4 S DL T R
B RATFAE L SR, Yang 25207 38 AHHAR F03E 5
SR A SR e DA ARG T A . R
R NP IO AR A5 1 22 S A AT RE A — o R B b i
JSC G 5 A 25 4 1 2 512
2.5 FEHEXTIREE SBP Bk T F AT

SRS ) AR AT SRy o ke L 9 PR () 2 2
B, Z AR oy F iR R G YW pH H A
L T A5 22 AR FAMEE TR 2252 > AR ) 32
X SBP AR A PE R R an el 5 s, A
AT RLE Y, BT B SBP ¥ T S B B V) FG 1L
YIRS, b B2 1 B A B D) 380 24 (00 185 o v 13 4k A1
X EZ R SBP 4 F A g g AN R BB, YAz
F AN F BT U FH I, SBP 43 1 Fb ) B A2 B 5 B
I 3 R T L A B Y X R AC R
SBP, By YR AAT Jhy 32 ke AR A AR B 1) R ]
(<1 ™), T XF T 22 BE Y SBP, 78 464~ 55 1) 3 35 [l
AT SR B 2k H W 2 BT I AR AT, Lk
S5 R AT RE 2 Hh T RE & 5Y U R A hn,SBP 43 1
FE B O 1) LR HES A AR o TR =2 ] A X R
Py EAE D, MACHR AL S 38 T SBP 4 F
) A AH ELAE PRI T AR 458 5 1) B9 1) o %31
DAL 22 381 5 B AR (AT o S IR FE , SBP %G
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TG curves of crosslinked sugar beet pectin
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Fig.4 X-ray patterns of crosslinked sugar beet pectin
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Fig.5 Effects of sucrose mass concentration on the flow behavior of crosslinked sugar beet pectin
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Table 2 Power—Law parameters for crosslinked sugar beet pectin at different sucrose mass concentrations
. FEHERE . V-3
Ff o . K/Pa-s" n R? Ff oo . K/Pa-s" n R?
K g1 K g 17!
SBPO 0 10.62 0.7007 0.8436 SBP2 0 83.50 0.7405 0.9906
100 13.99 0.7166 0.8702 100 86.20 0.7431 0.9918
300 18.57 0.7224 0.7811 300 95.28 0.7796 0.9893
500 26.81 0.7442 0.6903 500 112.19 0.8277 0.9874
SBP1 0 63.71 0.7212 0.9814 SBP3 0 96.07 0.7855 0.9908
100 73.32 0.7347 0.9842 100 98.34 0.7896 0.9926
300 85.62 0.7480 0.9843 300 106.32 0.8059 0.9951
500 97.50 0.7962 0.9723 500 123.22 0.8331 0.9972

FHEETE 5~85 CHLHE A, Bl & R B2 Y T 1 5 2
R a3, M2k 2 R/ NHEY 46 44 SBP3>SBP2>
SBP1>SBPO., 7T ¥ i S E W 58 K U8 T 1475 K2 (A%
it SR 9L A5 2 B A, S 0 86 B a8 o i AR A1
IR . K Arrhenius SBIAF5E T SBP W FEHK
e LG AR S5 3R 3 B R ¥HE 0.922 LU

b, RWNZEAE R GidE . AR AT LUE Y SBP
(WG AL BE E, b 1.097x10*~1.659x10* J/mol , 55
HIE 1Y) SR 2 WE ) B, (HE R IR, E A8 K/NA]
AR B 685 5 A8 Ak o) Yk B85 1 BB S 1Y) E, (B R
W 3t 20 286 B8 A T U RO i S R I [R] ) HE
1 ,SBP 1 E, & #iBEALA S, R LK SBP
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Fig.6 Effects of temperature (variable mode) on the flow behavior of crosslinked sugar beet pectin

%3 THMERRBEL Arrhenius TR XS

Table 3  Arrhenius equations and their parameters of crosslinked sugar beet pectin solutions

H Arrhenius 7 #2 A E/J-mol™ R?
SBPO 7n=28.164x107 exp (1.659x10YRT) 8.164x107 1.659x10* 0.9789
SBP1 n = 1.469x10™" exp (1.280x10YRT) 1.469x10" 1.280x10* 0.9948
SBP2 7n=2.662x10" exp (1.216x10YRT) 2.662x10" 1.216x10* 0.9224
SBP3 7 =6.488x10" exp (1.097x10YRT) 6.488x10" 1.097x10* 0.9878
262 fHIEM KB SBP 7 5,25,45,65 C4% SBP A n (HAS/NT 1, HMHRENTE 0

Fr, ZEERE U R TR e, Wik 7 i
o AR SCHRFE Y SBP 78 i A7 I A5 18 T R 3%
B T BT UIRE AR R, HAEARIR A B B
o X EEE W TN T SBP 201
GEZE R 25 Sk TR AR T AR 2l g BB, AR
— B PIECR TR l BE R 2SI SBP A 6 BB
S5 5 AR AN E 45 2R — B, th3k 4 an SZ

50
45t —ea—s°C
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= 30f
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= 42 25
S 20F
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Effects of temperature (constant mode) on the flow behavior of crosslinked sugar beet pectin
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Table 4 Power Law parameters for crosslinked sugar beet pectin at different temperatures
o B E/C K/Pa-s" n R? A S B E/C K/Pa-s" n R?

SBPO 5 21.07 0.8217 0.9846 SBP2 5 139.60 0.6847 0.9967

25 14.53 0.8236 0.9194 25 85.92 0.7583 0.9744

45 6.55 0.8531 0.8635 45 66.49 0.7479 0.9738

65 5.17 0.9164 0.8615 65 55.61 0.7685 0.9769

SBP1 5 79.22 0.7307 0.9806 SBP3 5 293.80 0.6651 0.9687

25 57.88 0.7637 0.9637 25 191.50 0.6911 0.9803

45 32.69 0.7780 0.9554 45 131.60 0.7065 0.9798

65 28.30 0.7881 0.9056 65 111.30 0.7357 0.9849
3 Zit Chemistry and uses of pectin—A review[]J]. Critical
Jﬁ Reviews in Food Science & Nutrition, 1997, 37
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Effects of Crosslinking Treatment on the Structure and Rheological Properties

of Sugar Beet Pectin

Xu Huan, Huang Linxi, Wang Zicheng, Chen Xiaoming, Xu Lei
(School of Life Science and Food Engineering, Huaiyin Institute of Technology, Huaian 223003, Jiangsu)

Abstract In this study, sugar beet pectin (SBP) with different crosslinking time was prepared by laccase, and its struc-
ture and rheological properties were studied. The results showed that the molar mass of SBP increased firstly and then
decreased with the increase of crosslinking time. Scanning electron microscopy (SEM) observation showed that the bulk
structure of SBP gradually became fluffy after crosslinking treatment, and obvious linear and honeycomb structures ap-
peared on the surface. The thermal stability of SBP was enhanced after crosslinking treatment, and the mass residue rate
increased from 32.37% to 42.20%. However, X-ray diffraction (XRD) results showed that the crystal structure of SBP did
not change significantly after crosslinking treatment. Rheological analysis showed that SBP solution exhibited a pseudoplas-
tic behavior, and the influence of shear rate on the viscosity was greatly modified by the presence of sucrose. Moreover,
the higher the temperature in the whole shear rate range, the lower the viscosity of SBP. With the extension of
crosslinking time, the apparent activation energy E, of SBP increased from 1.659x10* J/mol reduced to 1.097x10* J/mol,
indicating that the effect of temperature on the viscosity of crosslinked SBP is weakened. These results of this study can
provide a theoretical reference for the further development and utilization of SBP.

Keywords crosslink; sugar beet pectin; structure; rheological properties



