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Thermal Properties of Ovalbumin and Ovalbumin Gels in Various Solvents
Masafumi Kiriyama®, Akihiko Takada™, Yoshiko Urabe™ and Norio Nemoto*”

(Received January 12, 1997)

In this study, we investigated thermal properties of native ovalbumin (OVA) solutions as
well as gels prepared by high temperature heat treatment using differential scanning calorime-
try (DSC). The denaturation temperature, fo. and the heat of denaturation, AH, of native OVA
in water were found to take a constant value of 75.0°C and 890 kil mol~! for OVA concentra-
tion C ranging from 5 to 58 wt %, respectively, whereas rising of 1y and a decrease in AH oc-
curred with a further increase in C. Assumption of the closest packing for OVA with bound
water at C =58 wt% gives that the amcunt of bound water on the OVA surface is 0.36 g per
g of OVA with C < 58 wt % and decreases with increasing C. The thickness of the surface lay-
er is then estimated as 0.36 nm for OVA sphere with the diameter of 5.6 nm. Agqueous OVA
solutions with C =10 wt % showed three exothermic peaks at around 140°C, 170 C and 220C,
which may be related to transformation from the randomly aggregated state of OVA to stable
gel network, to breakage of the S-S bond and to degradation of the protein itself, respectively.
Circular dichroism measurement revealed that a decrease in o-helix content at around 80 T was
followed by decreases in the B-sheet and the B-turn contents at higher temperature, which in-
dicate that changes in the secondary structure of OVA play a deterministic role for gel forma-
tion in the temperature range of 100 —140°C and for subsequent transformation to the random
coil form before degradation starts at 200 C. Two organic solvents, glycerin and ethylene gly-
col, and their water mixtures were used as solvent to study the effect of hydrophobicity on ther-
mal behaviour of OVA. Quite complicated changes in o and AH with mixing ratio were ob-
served, and ethylene glycol was found to interact more strongly with native OVA than glyc-
erin did.
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Fig.1 (a) DSC heating curves for OVA/water solutions.
OVA concentration C=5~45 wt%.

(b)DSC heating curves for OVA/water solutions.
OVA concentration C=55~99 wt%.
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Fig.2 Enlarged DSC curve for the 15wt % OVA/wa-
ter solution. A dotted line is one drawn as the

base line for an estimate of AH.
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Fig.3 DSC heating curves for 45 wt %OV A/water so-
lutions and gel prepared at various temperatures
t, as indicated in the figure. Heating time =

10 min.
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Fig.4 CD spectra of 0.0l wt %OV A/water solutions af-
ter heat treatment at various temperatures 1, as
indicated in the figure. Heating time = 30min. A
is the wave length.
Table 1 Changes in secondary structure by heat treat-

ment calculated from CD spectra.

fractions of secondary structure
a-helix | B-sheet | B-turn | unordered
native 0.45 0.15 0.15 0.25
heated at 100°C* 0.15 0.25 0.15 0.45
heated at 130°C* 0.15 0.25 0.15 0.45
heated at 160°C* 0.1 0.1 0.1 0.7

7 CD spectrum was measured in a cell holder at 25 C after
aqueous OVA solution was heated for 30 min at each tem-

perature.
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Table 2 Values of onset temperature 4 and the en-
thalpy of thermal denaturation AH for OVA
in water.

OVA

concentration|  #;/°C AH [ kJ-mof”

/ wt%
5 75.0+0.1 89010
10 74.9+0.1 870+10
15 74.9+0.1 880+10
29 74.920.1 900+10
45 75.0+0.1 890+10
55 75.110.1 910+10
61 76.4+0.1 830x10
75 77.7+0.1 690+10
80 79.110.2 62020
85 82.0+0.3 580+20
91 95.0£0.5 540430
99 1063212 460+40
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Fig.5 The denaturation temperature of OVA, 15 (O)
and the corresponding enthalpy change, AH (@)
as a function of the OVA concentration C.
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Fig.7 DSC heating curves for solutions and suspen-
sions of OVA in mixed solvents of water (W)
and glycerin (G) with various mixing ratios as
indicated in the figure. AH is estimated using a

dotted line as base line drawn in each curve.
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Fig.8 The denaturation temperature of OVA, (@)

and the corresponding enthalpy change, AH (@)
as a function of glycerin content in mixed sol-

vents wg by wt%.

B LT Fig.8127 0 kL, Table 3 (a) (HEEZRT,
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Table 3

Values of onset temperature f¢ and the en-

thalpy of thermal denaturation AH for OVA

in mixed solvents.

(a) 15 wt% OVA in water and glycerin mixtures.

water / glycerin| 1,/ °C AH / kJ-mol”
100/0 74.920.1 880x10
85/15 74.6+0.1 1020+10
70/30 74.5+0.1 122010
60/ 40 74.7+0.1 1290+£10
50/50 76.210.1 140010
40/ 60 77.0+0.1 132010
30/70 77.5+0.2 112010
10/90 74.9+0.2 69010
5/95 73.420.1 470x10
0/100 69.220.1 320+10
(b) 15 wt% OVA in water and ethylene glycol mixtures.
water / t,/°C AH / kJ-mol
ethylene glycol
100/0 74.920.1 88010
85/15 71.5+0.1 980+10
70/ 30 66.8x0.1 960=x10
60 /40 62.8+0.1 96010
50/50 57.6x0.1 850+10
40/ 60 53.520.1 660x10
30/70 46.220.1 490+10
20/ 80 36.2+0.1 100x10
0/100 - -
DT, YR Y EROBINE &b I DBATE

124
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Fig.9 DSC heating curves for solutions and suspen-
sions of OVA in mixed solvent of water (W)
and ethylene glycol (EG) with various mixing
ratios as indicated in the figure. AH is estimated

using a dotted line as base line drawn in each

curve.
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Fig.10 The denaturation temperature of OVA, 1, (O)
and the corresponding enthalpy change, AH (@)
as a function of ethylene glycol content in mixed

solvent wic by wt %.
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