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Thermal Properties of Polysaccharide Physical Hydrogels
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Thermal properties of polysaccharide hydrogels formed by physical crosslinking are reviewed.
Attention is especially paid for change in gelling mechanism affected by thermal history. The
effect of thermal history on gel-sol transition was investigated with highly sensitive differential
scanning calorimetry (DSC) in order to clarify the non-equilibrium state of k-carrageenan hydrogels.
Thermal histories markedly affect on the junction zone formation. The effect of annealing on
xanthan gum molecules was investigated with DSC and atomic force microscopy (AFM). Oscillational
change in nonfreezing water content (Wyr) observed with DSC suggests that molecular chains
of xanthan gum aggregate and dissociate as a function of time. AFM images provide direct
information concerning oscillational change in the network structure. These AFM images
accord well with variation of Wy measured with DSC. Low-methoxyl pectin forms various
kinds of hydrogels when divalent cations are added. Calcium-pectin hydrogels were prepared
with annealing the sol state of the aqueous solution of pectin. Viscoelastic properties of
calcium-pectin hydrogels are measured by thermomechanical analysis (TMA) in water. Dynamic
modulus (E") of calcium-pectin hydrogels decreases with increasing annealing temperature and

time.
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Fig.1 DSC heating curves of 5 % K-carrageenan

hydrogel around the gel-sol transition temperature.
Numerals in the figure show cooling rate
(‘C min—1). Heating rate was 0.5 C min~!.
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Fig.2 DSC curves of 5 % x-carrageenan hydrogels
annealed at various temperatures for 60 min.
the

temperature (C). Upper curves are cooling and

Numerals in figure show annealing

lower curves are heating curve. Cooling and
heating rate was 0.5 C min—".
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Fig.3 Dependence of the gel-sol transition enthalpy

(AHg ;) on the annealing temperature of 5 % k-
carrageenan hydrogels annealed for 60 min.
@®; AH, , O low temperature side peak
enthalpy (AH, 1), &; high temperature side
peak enthalpy (AH; s2).
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Fig.4 Dependence of the gel-sol transition temperature
(Ty-s), melting enthalpy (AHy) on the annealing
time at 40 C for 2 % xanthan gum hydrogels.
O; T, -5 by falling ball method, @; 3 data were
averaged for each AH, by DSC.
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AFM images of annealed xanthan gum with
various annealing times at 40 C (image size =
2 X 2 um). (a) non-annealed, (b) 1 h, (c) 3 h,
(d) 6h and (e) 24 h.

Netsu Sokutei 36 (3) 2009



SR N a0 OIS

BULHLEFE O TZREZA L A S5 ) WifEE (AFM) CEH:
BIgE L7 o8 v IR R 40 CT 1~ 24 Rl AL
M, ~AHMGETL, %L e Lz, ShEn 1%
DIERETFZRe b Sz, ¥y ¥y 7E— FTHlE
L7z0 Fig 5 I ZHWUIIFE DR 20 5 Vi s Farv
DAFM BEEEZIRT , RELHFH (Fig.5(a)) Tl3, 7>
TN 7 I LTRSS NI, AFM 2 HWTH v
¥ A LGT-OES ETREFHINT 5 Z D TE S, 10 K
FEOSTHYA X Z25H L7225, EIESoE1E %<,
EE, EE DI nm7Zo7z, O, BRICHE SN T
WABXBIZE B 7 U H LT A XDMHEEITIE—FL
THY, 3530 FU ¥ U HLRT I RPBEENZEEZDS
N5o BILPEEE (Fig.5(b)~(e)) 1213, REVLIEURHC
FROONEVER Y b= S ESBER SN, ZOR
N7 o R, BUILERRRRY 1 ERR & BB o AR T
AR — S AE R L, 3MMHBICIZERICAR Y b
T — 7 REEDIEAYY, 6 REMEICIEMI Ay b T — S K
FEDSERGFIIERC S A, 24 R I I3 AR — il
2y NI = HEEDTRSN D, DF D, BSR4
me &bz, KRG, WMEEAEEDRL, 24 REHZIIZE—72
Fy bT— 7RSO E A T L AR L T,

Fig.6 |[ZAFM CEHll L 7= > % » F A 5FOms B L0
g & BMIRRE R OISR A RS KV ¥ Y AL TOEE B
L ORI AH, & RIS, ZRVLEREIIICHIN L, ZORET
L, EREIICZL L — IR S 5o REVLEGOR
CHIRLT, SEEEOEICIRIESDEPRENI END
DFMOEEIZLE DAY VT = HERENR T LI L%
TR LTV 5, BULEEIHRIC AHL 2SEEIN L 7201, 40188
DEREIZEY, HFHEEICHE SN LK TP b
e, REKBEORLERL, 0%, *v NT—27 9%
RIS ENA 720, AH BB TL, ~v T —7%
FEFIZ B AR FHIHE E N5 72O RBALECE & ) b Al
REDHEML TWDB I EE/RL TV A, BILECE 051
DIEB L VE SO, RELHEEFHIILE LT, E52
EHFKEVDS, 2L, FHAIERTICE D, KAELTWES
THESRLE D720 E2 5N, &y bT— 2 RO
R LT h, AFM OFERIE, DSC OFER % ILHEFY
AT 2R E 572039

P EOFEBRFEEL LIS, BULELER I B 5 A fkED
R ZA LA B CTE X, JHT 52 LA TET™

LR ¥ DR SR S, AR Tl A
EINTWET I/ EHETHre T VO VL, Yoy
A EEPOBE B E NG, b7 vn L ERIETER TV
{LLARWEH E SN TEZ, LarL, 7 Uk
i x IVIREET40 ~ 60 CTEMLEL,, W 5 &l
WO FOr Vb s, 313 FERECHllE Lz 7

Netsu Sokutei 36 (3) 2009

153

4 . 20
2 :

E 3| /! width $ £
-~ T \\‘ 6 10 -~
= i 3 T k=
2h ! =t
o = z
L IR ] Seaed
) 2 =
o =
5 g
2 ] — 10 =
g 19 Height 3

0 I ! | | _10

0 5 10 15 20 25

Annealing time / h

Fig.6 Dependence of the measured height on the

calibrated width of xanthan gum molecules by
AFM and annealing time at 40 C. @; 11 data
were averaged for each measured height, O;
calibrated width.

VO VB FOZIVOT, (&, SULEIRRHOBEINE &I
RN 50 60 CTTI15 BREL LB 2 &, T,
HMET 3255, 70 o BRI BLELZ X 2 55164
DOYIWIAE LR T WEHED 720, 60 CTREFHZLIET %
ERTHOUMABEL, T, METFTLZEELZONS,
DSC 2 & A ARFUKEDOHIE T, AdkEIT ) VIREETD
HULFR I O Be B CLE BULERRE R o B & & b IR L,
ZOEMINL, FETT 2RI S Nz, 20
BRI, PR E D O SERICEI S, R
HORED T 5 £ TORR Y, BB ATE >
bOEBERD o7, TNOLDORRNOF 8 v 774 LTk
12, BULHIC X B ORESEZEAE L Tn b 2 2R L
Twa,

4. 14 RIS HEE KO IVERICRIZT
HAURDFE

VOVIRRE T OB FIRFERE S I L VIR E b %
e FOr V2T Cidnd, A3 Y Z2EBICLkhERENnS
ZHie P bR RIET,

RY T IR L R ST A ST H Y, K
BHEEHL T T MEL v, R F 2 E AT 7 yay
HBO—HDBAF VI AT ML L7AbE S LTB Y, A
FINVEAT MLEIZ L DD 5,38 AF VT ATV
LEDRNRZ F ¥ (KA MR F V) UE, ALY
T LEUMi A FA AT R LD Yy v s a vy
— VR 563940 BRI, CaZUBICL VR ENE Y Y
Y vary—=VI3IFEICEGHEETH Y, egg box firE



2008 4 H AR 2 508 ) E

0.40 |

0.35 »
w0
A 0.301 .
0.25
_______ -0.30 A
%6 10.25
%%
2 %, 10
% 150 :
% 2o o 8o 10
® 20 40 6 =
Annealing temperature

Fig.7 Three dimensional plot of the degree of
substitution (DS) of calcium pectin hydrogels
against the annealing temperature and the

annealing time in the sol state.
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Fig.8 Three dimensional plot of the dynamic modulus

(E'") of calcium pectin hydrogels against the
annealing temperature in the sol state and the
measured temperature.
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Fig.9 Dependence of the swelling ratio on the annealing
temperature at sol state of Ca-pectin hydrogels.
@; swelling ratio by TMA, O; swelling ratio at
60 C by tea bag method.
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