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Thermal Analysis of Food Hydrocolloids

Katsuyoshi Nishinari, Mineo Watase*

Thermal Analysis of polysaccharides and proteins which are used to improve the func-
tional properties of food has been carried out. DSC studies on gelatinization and retrograda-
tion of starch, gel-sol transition of thermo-reversible gels such as gelatin, agarose and
carrageenan, heat-gelation of egg white and some acidic proteins, denaturation of soy-bean
protein, properties of water in starch and agarose are described.
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Fig. 1 Retrogradation kinetics by DSC of wheat
starch gels stored at 20°C; 50% (w/w) (O)
and 40% (w/w) (x). Limiting value: 14
days at 4°C. Heating rate: 10°C/min?).
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Fig. 2 DSC curves of a waxy rice starch at
various water contents. Numbers design-
ate weight fraction of starch. Weight of
starch from top to bottom (mg): 1.10,
1.96, 3.07, 4.02, 499, 5.27, 4.85, 4.57.
Heating rate: 10°C/min. All data files
were normalized to a constant sample
weight of 5.00 mg3.
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Fig. 3 Heating DSC curves of concentrated

agarose gels. Numbers designate concen-
tration of agarose gels in %(w/w). Heating

rate: 2°C/minl?.
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Fig. 4 Heating DSC curves of polysaccharide
gels, extracted from Gracillariopsischorda,
of various concentrations (shown beside
each curve in % (w/w)) pretreated by 4%
NaOH (A) and by 0.7% NaOH (B). Heat-
ing rate: 2°C/min23).
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Fig. 6 DSC heating curves of iota- and kappa-
carrageenan gels of various concentrations.
(A): iota-carrageenan, (B): alkaline treat-
ed kappa-carrageenan. Heating rate: 2°C/

min31),

Table 1

Sulfur content

Sulfur content and enthalpy, —A H,, of formation
of network junctions of carrageenan samples.

~A Hp/KI-mol-!

alkali pre-treated
kappa-carrageenan

kappa-carrageenan
without pre-treatment

iota-carrageenan
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Fig. 7 DSC heating curves of 2% kappa-car-
rageenan gels containing alkali metal
salts, (a): LiCl, (b): NaCl, (c¢): KCl, (d):
CsCl. Heating rate: 2°C/min. Numbers
designate concentration of alkali metal
salt in mol/1.

BNk bDEEZ SN, E'BLUT,, OWINT 54
[FiAsLi, Na A A4 von—7+, Cs, K 44 v 7n—
TTEHMEY B -7, Li BEUNa 44 VIZKOHE
it T structure ordering ions C&H 5D, Cs
BLUVKA A Vi structure disordering ions

ThHbipEEZONS, TH#E, Li BLUNa 12 v
B XA 745 —F v ORBRBOMENRE LD
BEEVNCERT 20, CsBLUKAA v IIRBER & 1
* v EORNCKAFWNTET B ERSENED SN
fbDEELOND, F7z, Tah ) TESBEARN

LIBaicd, B BEU T, 3EL ML, 7
AV IHEBEORNICE 5 P BLUT, OMWAKERNIE

Mg2t=Ca2" > Sr2* > Ba?* DJfic?s - o T DI
344 VEEDRE XOMUTHIGE LT B,
—BBAF s DEE -3,

BBA A VidH wovh 37 —F VR TFHORBEDHE
MRFEESERT I EIRED, ~Y v 7 2DEBREBLY
ZTOBEERETLEELONGD, BA4A VY RFORK
SHCHBEOHEBUNFELWET 5 L EX Sh5,
RESLVERT 7 =0 ViRMOZEY

REBLUERY 7= Y (GuHCARML: Ay

— 178 —

il

WRASH—=-F vBIUTHo -5 0ICH>0TDSCE
S UERREEERIE 21T - 72 (Fig, 8), M&EDKBHE
WREATRMT AL, “VOE’ BLU Tn EHEFOS v
EHET LR, UL, GuHCIAZRMUIES R T a
—AFNWDE BEU Ty (ZET LD, Ay NA o5 —
F YN DBEITE O¥BAME (0.5mol /eGuHC)34
S0t 7z, GuHCl ZminLrzh w57 —F v
D T (2 GuHCT BEOHMINIK >N T SEAICHEE
Ufco REBLUGuHCI BBAERDPOEHERFOI v
F—A—Va vEEL(EASRALTE, REBLTU
GuHCl1 37k irw % open-packed structure
EiET AL LI MONT S, THA—X, &1y
NBIT—F YL ORKIBLU VA B VBN,
INoDOYHEOERMIC L ERDOEERLIZTELD
GuHCl o6, KEZSUMSGRLIOAS Y —F v
ORBEOHEVPCRIGDROLEWEETH 5T &8
HEINS,

L
\’\m

_~—FEndo
——-FEndo

\ [ ! \"‘.
/ f \

Ioosmus i/ ioosm/; Y

S I 2 R

50 70 90 50 70

6/C

Fig. 8 DSC heating curves of agarose (upper)
and kappa-carrageenan (lower) gels con-
taining guanidine hydrochloride (GuHCl).
Heating rate: 2°C/min. Numbers design-
ate concentration of polymers in %{w/w).
Concentration of GuHC1 for upper figures:
(a): 0.5 mol/], (b): 1 mol/1. Concentra-
tion of GuHCI for lower figures: (a): 0.5
mol/l, (b): 1 mol/l, (¢): 1.5 mol/L.
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Fig. 9 DSC heating curves of 4% (w/w) agarose
(A) and 4% (w/w) kappa-carrageenan (B)
gels containing ethylene glycol. Ethylene
glycol concentration is indicated by mf.
Heating rate: 2°C/min.
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Fig. 10 DSC heating curves of egg white contain-
ing glycerin. Heating rate: 2°C/min.
Numbers beside curves designate concen-
tration of glycerin in mol/l. Normalized
to a constant sample weight of 1.00 mg.
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Fig. 11 DSC heatingcurves of egg white contain-

ing ethylene glycol. Heating rate: 2°C/
min. Numbers beside curves designate
concentration of ethylene glycol in
mol/l. Normalized to a constant sample
weight of 1.00 mg.
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Fig. 13 DSC heating curves of gelatin gels (100
g/kg) with and without sucrose. Heating
rate: 0.582°C/min%4).
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fa} 5% metMb

(b} 5% metMb with 0.25% clupeine
{c} 5% metMb with 0.5% arginine
{d} 5% metMb with 0.25% sodium
chioride
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Fig. 14 DSC heating curves of metMb in water
at pH 9. Heating rate: 5°C/min%7).
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Fig. 15 DSC heating curves of potato starch
gel with different storage times. Water
content: 52.4%, treating temperature:
80°C. Heating rate: 2°C/min50)‘
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Fig. 16 DSC heating curves of 40% (w/w) agarose
gels. Numbers beside curves designate
the heating rate in °C/min51.
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