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A series of measurements was conducted to clarify the mechanism for the sol-gel transition of gelatin
in the presence of a variety of sugars that had been added to the gelatin solution. To investigate the
effects due to the difference type and structure of the sugar, we measured the viscosity by a non-
destructive method, the optical rotation, dynamic viscoelasticity, rupture characteristics and " O-NMR
data. The gelation temperature was increased by added sugar. Physical changes during the sol-to-gel
transition occurred in the following order: dynamic viscosity, dynamic elasticity, and then optical rota-
tion each increased. Each gel of the gelatin solution with added sugar was stronger than that of the con-
trol without added sugar. The gel of the gelatin solution with maltose and trehalose added showed
particularly strong ductility. The "O-NMR spin-lattice relaxation time (T3) of the gelatin solutions with
added sugar, suggested that the number of equatorial OH groups (e-OH) in the 3D structure of the
added sugar affected the gelation of the gelatin solution.
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Fig. 1. Program for the temperature change (slow

cooling and slow heating)

Hold at 40C for 30 min, (2] 40—10C at 0.9°C/min (slow
cooling), [3] Hold at 10C for 60 min, [4] 10—40C at 2.0C/
min (slow heating), (5] Hold at 40°C for 10 min.
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Table 1. Effects of adding sugars on the
formation of gels

G, Gr G,

(min) (min) ()

Control 90 9.5 23.7
20% xylose 93 17.1 23.3
20% glucose 84 11.4 24.9
20% galactose 78 15.2 25.9
20% fructose 84 15.2 25.4
20% maltose i 11.4 26.7
20% sucrose 79 13.3 25.7
20% trehalose 82 13.3 25.6

G,: starting time for gelation, G1: gelation
period, G,: gelation temperature, control:
gelatin solution without sugar.
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Fig. 2. Effect of cooling and heating on the specific rotation value for the gelatin solutions

Slow cooling: 40 C~10C at 0.9°C/min, hold at 10°C for 60 min. Slow heating: 10°'C—40°C at 2.0C/
min. The absolute value for the specific rotation is shown. & control, & +xylose, ¢ +glucose,
A +galactose, @ +fructose, O +sucrose, X +maltose, — +trehalose.
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Table 2. Specific rotation values for the gelatin so-

lutions in the presence of a sugar

Sample
A (deg) B (deg) B
(deg)
Control —125.4 —247.2 121.8
20% xylose —125.7 —258.4 132.7
20% glucose —122.2 —244.9 122.7
20% galactose —122.1 —254.0 131.9
5% fructose —128.6 —256.3 127.7
10% fructose —130.7 —259.0 128.3
20% fructose —141.1 —266.9 125.5
20% maltose —118.1 —239.5 121.4
20% sucrose —125.4 —247.8 122.4
20% trehalose —-96.1 —213.1 117.0
1 mol/! (34.2%) trehalose —78.8 —184.1 105.3

A: specific rotation at 40°C, B: specific rotation after holding
at 10°C for 60 min, contorol: gelatin solution without sugar.
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Fig. 3. Effect of cooling time on the specific rotation
value for the gelatin solutions (40°C—107C)

Slow cooling: 40C—107C at 0.9°C/min. Expanded left half
of Fig. 2. & control, & +xylose, ® +glucose, A + galactose,
M +fructose, O +sucrose, X +maltose, — +trehalose.
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Fig. 4 Temperature dependence of the dynamic
elasticity of the gelatin solutions
A control, & +xylose, ¢ +glucose, A +galactose,

B +fructose, O +sucrose, X +maltose, — +trehalose.
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Fig. 5. Temperature dependence of the dynamic vis-
cosity of the gelatin solutions

100 150

A control, & +xylose, ® +glucose, A +galactose,
B +fructose, (J+sucrose, X +maltose, = +trehalose.
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Fig. 6. Effects of cooling on the dynamic elasticity
and viscosity (slow cooling, 40C—10TC at
0.9°C/min)

A control, & “+xylose, ® +glucose, a4 +galactose,

B +fructose, (] +sucrose, X +maltose, — +trehalose.
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Table 3. Change in rupture characteristics of the gelatin gels in the
presence fo a sugar
Rupture strength  Rupture strain Rupture energy
(N/m?) X10° (%) (J/m®) X 10¢
Control 1.33 84.3 2.49
20% xylose 1.74 86.2 3.30
20% glucose 1.78 87.8 3.24
20% galactose 1.49 85.5 3.00
20% fructose 1.75 86.5 3.17
20% maltose — — —
20% sucrose 1.75 86.7 3.30

20% trehalose

— measurement was impossible due to the lack of duetility of the sample,
control: gelatin solution without sugar.

My aREE, 2) WiEOKEDHEERORE L A3
Z2ON5. SHHEOT O —ARBEOFRMICE Y E
ELTHREDKOBEICEZBINDY LOoFmER, &
REOGH T F—F P 3ERMIE D, WEEKOMEELE

MAEBUTTrVIEELENT Y LOWERALNS.

NS RATHIE R S B OFEEE, BiRREsEN K& O
WO R ER R 2 EGbETEZLLE, ¥5F 5
WOTr VKL S 2 AEOEEIT 2) OflE, 7%
bHEBEOKEOMEERORENRKEVEEZ LR
B, FZCHEEFOEDVARBEDENDTFVLIZE
BERIZLTWAEHBL, UTDO"O-NMRIZL S
BERRPOZERET LI EITL.

(4) "O-NMR O A ¥ -7 EMEH (1) Dflz

MR

5T, BOWEDENDV TS IVLIIRIZT
FEELT, RITHIRY 2BFC L.

—RICHBHRICL > TIT VA E LS IANTF—%
TS LR 0355 F O MR G EE) T A
F—2BE LTSN THEITEZ L. ZhH 2
YU -HEMER (1) Thh, BRPTIISFE
BB L b & A - RBIER (1) bEL
% HEAICH DY, RIFFETH A E V-1 T-BAEEHE
(r) #REL, 8EKTFOGTESOMTH % B
HEDORIE 2 RKA720%, "HNMR (2 & 2 EMEER (1)
DPETIEELRFERIBONLZVY Z&hb, 40
ERARFEALD/NZ W0 THIE L 72

HEOEY T ) — ARORFRT EHEE L TV 5 KER
EOFAIZIE, @EAMERVTVWAET X T IVES
(a-OH) &, FEHAZENT WL KEEHEES (e-OH)

8/
-7

zH 5

54

(164)

ED2MEENRH Y, BET D 2O0OFKEEGOBERE
FREIBE#E 0.286 nm (X, KD MY V<A bEFEEOEE
FIE T EHE 0.290 nm 12D THE L, REHEEOHK
BEVHEITEKOBELRENT AERAPKREVEE
ZAoNTWBR?Y  EE, FRiEfEE (eOH) oL
WOEEHLEOBBREZEL, WLKEOHMEEHIIHE
FTOREY OKFFORME (n) CHESTFICELT
WA IKGF & MK OKGF & DEELOME IR E O M
(rch/z’) &0 b, BIRAFE (o) DfEICEDWV
THETLEAHENTHALE LT, KNBETET DL
FREFEE (e-OH) O EEHAFE (hom) & DR
2, FEHEOHNELZVITEKOHEE R TELT A1E
HARKEWZERZRELTWAEY, T2bb, BIFK
HEIIAFB AN O 2K FOBEE) & HAKPOREED
KGFOBESHOHMIELEL R T L EINTED
BED T EARGFOEMEMERIEZ ORI X
T B EDHMEPRBOLNTVS?,

Fig. 7 i Uedaira et al® OF— % #5|H L, EEH
PERL7-bDTHA. TOML Y ABEEOKREES
(e-OH) DAL VIV b — RBHR A 7 0 — AEH
BEARBDOESE L Lo TWAE I EPHLNTH
5. £ TEABEMEOHEMIE T F »H BBV
TOESTEBRT 5 KEEORERES (eOH) @
BHKOBELORE LBENHLOTE RV L
2L L2al, REHEE (eOH) OHOELIIS
@R o 72D T, Sato and Miyawaki® A0
B (1) EHREHKES (e-OH) O & OBIZHHED
HHIEERELTVEDEBEICBRMNER (1)
DRDPENEZITV, LELOBHIARMEOME & BA1EE R

NI | -El ectronic Library Service



Japan soci ety of Home Economics

REERINE T F Y BROTF VLI RIZTER

(T) LDMBBEEAR7-DH Tabled TH 5.
INEDETF UERIHEL ML 72358 OB
B, OISR ERTEL 2D, HEEEE
B ORICOEDPEZICALNS, T2, FOHER
BHBHOPICARE TR RD, BERE HEH
EORICOEDNFEZEIZAON. INLOER LB
KHBDEEHLETEZLLE, AKSFOHHELY
WO FREIICENH LI EVPHEHLNE R T, Tb

30
Mah:ose.

~ 25 F Sucrose @
£
c 20 I
-3 Fructose @ Glucose
s [} .‘ Galactose
T 15+ Xylose
£
L
£ 10
g
5 5 L

0 . . .

00 20 40 6.0 80
n(e~OH)

Fig. 7. Hydration characteristics of each sugar in an

aqueous solution at 25C
Relationship between the dynamic hydration number
(nonv) and n (e-OH) (Taken from Uedaira, H., Ikura, M., and
Uedaira, H.: Natural Abundance Oxygen-17 Magnetic
Relaxation in Aqueous Solutions of Carbohydrates, Bull.
Chem Soc. Jpn., 62, 1-4 (1989)). Illustrated by the present
authors.
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Table 4. Relationship between the spin-lattice time (71) and the
dynamic hydration measured by "O-NMR in the pres-

ence of a sugar

Water solution

Gelatin solution

. Spin-lattice  Spin-lattice Correlation
Dynamic . . .
hydration time (7\) time (7))  time (<)
(ms) (ms) (X107%5s)
Control —* 8.0 9.5 1.52
Xylose 15.5 7.2 7.1 2.03
Glucose 18.6 6.9 7.4 1.96
Galactose 16.6 6.8 7.0 2.07
Fructose 16.5 6.8 7.1 2.03
Maltose 27.2 5.2 4.4 3.27
Sucrose 25.2 5.3 4.8 3.03
Trehalose —* 5.2 4.7 3.08

* measurement was impossible.
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