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Multiple Metastable States of Biomaterial-Water Systems
Produced by Heat Treatments

Toshiharu Takizawa

(Received July 29, 2003; Accepted August 5, 2003)

Heat treatments produce the ubiquitous endothermic transitions in the differential scanning
calorimetry of biological substance-water systems. The transitions appear at the temperature
ranges from 20 to 600 depending on both of the temperature and the duration of the heat
treatments. The transition enthalpies per gram of water in the sample lie between 2 to 20 Jgot
for the systems containing not so much water. These ubiquitous phenomena are explained as a
memory effect of various kinds of weak hydrogen bonds formed in the biological substance-

water system by the heat treatments.
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Fig.1 DSC curves of lysozyme solution (16 wt%,
pH4.65, 0.1M Nacl). (a) first scanning, (b) second
scanning soon after the first scanning.
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Fig.2 DSC curves of lysozyme paste (prepared by
addition of equal amount of 0.5M NaCl solution).
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Fig.3 DSC curves of lyophilized lysozyme powder
(water content: 10.2 wt%). (a) first scanning of
original powder, (b) second scanning, (c) third
scanning after heat treatment at 200 for 20 h,
(d) 300 for 16 h, (e) 300 for 5 days, (f) 200
for 18 h, (g) after drying, (h) after water
regaining.
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Table 1 Thermodynamic parameters of the small
endothermic transitions in lysozyme-water
systems as a function of water content.

Table 2 Thermodynamic parameters of the small
endothermic transitions of globular protein-
water systems.

Water content AHp AHy
(wlw %) (kdmolo? protein) (J gt H20)
7 9.3 8.7
10 20 12
13 25 11
solution 11 O

—— - Endo.

Fig.4 DSC curves of lyophilized ribonuclease (water
content: 11 wt%). (&) first scanning, (b) second
scanning, (c) third scanning after heat treatment
at 200 for a day, (d) denatured sample after
heat treatment at 200 for a day.
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Water content T, AHp AHy
(w/w %) u] (kJmolot protein)  (J gt H20)
Lysozyme 10.2 40 20 12
Ribonuclease 11.1 42 11 8.9
Chymotripsin 135 46 22 55
Myoglobin 14.9 42 28 9
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Fig.5 DSC curves of starch (water content: 20.3 wt%).
(a) first scanning of original powder, (b) second
scanning, (c) third scanning after heat treatment
at 40 for 6 days, (d) 200 for 20 h, (e) 0 300
for 3 days, (f) 40 for 18 h, (g) 40 for 5 days,
(h) 200 for 3 days.

Table 3 Transition enthalpies of starch-water systems
as a function of water content.

Water content (w/w %) AH,, (Jgot H0)

20.3 (fully wet) 25
14.6 (original sample) 18.5
7.8 (partialy dried) 20.0
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T/D

Fig.6 DSC curves of amylose (Mw O 2800). (a),(b) first
and second scanning of the sample with water
content of 9.5 wt%, (c),(d) water content: 11.7
wt%, (e),(f) water content: 13.8 wt%.

Table 4 Transition enthalpies of amylose-water systems.

Molecular weight ~ Water content (w/w %) AH, (Jgot H20)

2800 9.5 13
11.7 13
13.8 5.1
21.6 0.7

15000 9.4 21
13.0 23
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Fig.7 DSC curves of maltotriose (water content: 4.4
wt%). (a) first scanning of original powder, (b)
second scanning after heat treatment at 200
for 5 days, (c) third scanning soon after the
second scanning, (d) forth scanning after heat
treatment at 40 for 15 h, (e) fifth scanning

soon after the forth scanning.
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Fig.8 Water content dependence of the endothermic
peaks in DSC curves of maltotetraose-water
system heat treated at 300. Water content; (a)
4.7 wt%, (b) 7.8 wt%, (c) 9.4 wt%.
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Fig.9 Effect of heat treatments on DSC curves of a
gelatin-water system (15 wt% water). Heat
treatment; (a) quenched sample, (b) 450 /3 h,
(c) 200 /27 h, (d) 100 /19 h.
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Fig.10 DSC curves of gelatin-water system (1/1 wt/wt).
(a) quenched sample from 1000 , (b) heat treated
at 300 for 22 h.
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Fig.11 Effect of periods of heat treatments at 200 on
the endothermic peak temperature of a lysozyme-
water system (water content: 13.8 wt%). (a)
239 h, (b) 96 h, (c) 29 h, (d) 2h, (e) Oh.
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Fig.12 Effect of periods of heat treatments at 300 on
the endothermic peak temperature of a lysozyme-
water system (water content: 13.8 wt%). (a)
166 h, (b) 97 h, (c) 43 h, (d) 3h, (e) Oh.
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Table 5 Thermodynamic parameters of the novel
endothermic transition of a lysozyme-water
system (13.8 wt% H,0).

Heat T T AH, AHy,
eat Treatment (0)  (kJmolot lysozyme) (Jgot Hz0)
Virgin Sample 47 23.1 10.1
With no heat treatment 0O 0 0
200/ 29h 40 8.7 3.8
96 46 11.6 51
239 48 12.2 5.3
300/ 43h 50 11.4 5.0
97 53 12.6 55
166 54 14.2 6.2
o
he)
c
wm
d
B
20 30 60
T/O

Fig.13 Effect of periods of heat treatments at 300 on
the DSC curves of gelatin-water system (26.5
wt% water). (a) 1 h, (b) 2h, (c) 20 h, (d) 40 h.

i

T/O

Fig.14 Effect of periods of heat treatments at 300 on
the DSC curves of gelatin-water system (50 wt%
water). (@) Oh, (b) 1 h, (c) 3h, (d) 22 h, (e)
169 h.
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Fig.15 Peak temperatures of the endothermic transitions
versus periods of heat treatments in Fig.13 and
Fig.14. (a) gelatin with 26.5 wt% H,0/300 , (b)
50 wt%/300 , (c) 50 wt%/200 , (d) 50 wt%/100 .
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Fig.16 Vogel-Fulcher plots of the peak temperatures
of the transitions. 0,0,0 ; gelatin with 26.5 wt%
H20, heat treated at 283 K, 293 K and 303 K,
0,8 ; gelatin with 50 wt% H2O, heat treated at
303 K and 313 K.
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Fig.17 Effects of multi-step heat treatments on a gelatin-
water system (1/1 wt/wt). (a) quenched sample,
(b1) 100/6 h to 300/26 h, (b2) 300/116 h to
100/168 h, (c1) 200/20 h to 300/3 h, (c2)
300/3 h to 200/18 h.
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