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Fig. 1 Photographs of gel bead slices entrapping cells.
(1) Before incubation.
(2) After incubation,

Table 1. Experimental Condition.

Heat sink Culture medium 20 cm?®
e () Yeast extract 1%
t
4 Control vessel Poly peptone 2%
@ & Culture Vessel Glucose 2%
Inoculum size 10 cm®

(A) Top view Immobilized yeast cell

T 1x10°% cells/cm® of gel

——— Thermostat Free yeast cell

1%x10°% cells/cm® of 08%
f Culture vessel NaCl solution

Thermomodule (T) Culture temperature 26C

Heat sink Yeast strain Saccharomyces cerevisiae

(B) Cross section

Fig. 2 Scheme of the microcalorimeter.
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MR BERE A B8 Lo BR O — = 77 5 20 & (LA 3

Incubation time (hours)
PR REEOR, O B D ORHREE & 7 v 3 — L ORI AL

LA LT DM Fig 4 TH b, HIRBEETHL 7 v 3 — Fig. 3 Growth-thermograms of immobilized
ZOMBIHE - TIHELRERBE SIS IIL, HbThTH D yeast cells.
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Table 2. Reproducibility of Thermograms. L7zd e ANEREL —FKT 20 &
No.l No.2 No.3 Nod No5 Nob Ave  H&ZA7(Fig.5),

CaQ/K] 021 021 021 020 031 020 02 S ol WIREE S TRT L,
75/h L5 L5 L5 15 L5 15 15 KHEBRAH) 2T BRI 2 & DI
Ta/h 126 126 126 124 126 126 126 (2 RDBYBEDIK D 122, © D
T./h 173 173 173 175 173 173 173 F() —dexp (k) +B  (2)
Hi/mV 052 0.52 0.54 0.53 0.52 0.54 0.53 A, Bl
Yeas't strain ; Sacchromyces cerevisiae B N L0V (3) piE X 75
Medium ; Yeast extract 1%, Poly pepton 2%, Glucose 2%

ENb, (3) Rt -T, Hgicile
1ogU(f+Af>—f(m}

Temperature ; 26°C

é’. = 23C3 f+log Ale#t —1)
& (3
35 [Jf_t*é’;ﬁn# T Lm0 loglf(t+A0) ~f (D) %k
S WTRAIEE £ 1CH LT 0y b L7202 Fig 6 TH D,
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5 0 B CEMTH D,
; . 13“ _I; 1 : 2 ' i 1 : 1 if T
gt = o B Q)
EX LEE K= B
S 38 ; S
L 15129 .
88 ¢ i 20 30 T — © . A
Incubation time (i) 109 —

Fig. 4 Growth-thermogram of immobilized yeast %E“) 108k

cells and changes in cthanol content, sugar ?D,f;

content and cell population. g.% 107k
BT S — N DEDBI SN, 475 AR S8 6l
BEREO B A £ L 726 D Td 5 2 & ASElin s 415, R T
NITh, ¥— %73 4 &ne bEs FOVREGT H — o & s Incubation Time (h)

TS, D ERO DU KT OIS (T) 14 Fig. 5 Heart evolution (£ (1)) obtained from
FC—HLUTHBY, -/ 5008 — 7 115 — growth-thermogram of immobilized
DXBIIIHIIL TH O, H— €7 5 ApsEIC|E yeast.
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Fig. 6 Giiggenheim plots of the heat evolution

7T a5 (1) RICHE - TRHOBMERLL £(£) &K, curve ( f(7)) with growth of immobilized
TOBEDHBRICHIE LI W A LA RO BERE 5 — & & L yeast.
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Fig. 7 Growth-thermogram of immobilized yeast
and free yeast cells.
(1) Immobilized yeast cells.
(2) Free yeast cells.
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Fig. 8 Time dependence of heat evolution (f(1))

obtained from growth thermograms of
immobilized yeast and free yeast cells.

Table 3. Comparison of Parameters from Growth Thermograms
of Immobilized and Free Yeast Cells.

Immobilized Yeast

Free Eeast

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

AQ/k] 023 022 0.22 022 022 021
T,/h 16 15 1.5 1.5 15 16
T,./h 137 135 138 137 137 137
T./h 187 185 185 257 25.6 25.7

H:/mV 049 0.49 051 041 039 0.39

u/h 0.35 0.34 033 0.35 0386 0.34
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Fig. 9 Growth-thermograms of free yeast in the medium

of different sugars.
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g- 10 Growth-thermograms of immobilized
yeast in the medium of different sugars.
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Fig. 11 Growth-thermograms of immobilized

yeast in the medium of different glucose
concentrations.
Glucose concentration:
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(4)2.0%  (5)2.5%  (6) 3.0%
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Fig. 12 Relationship between heat and consumed
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Table 4. Growth Energy of Free and Immobilized Yeast.
AQ Combustion Growth energy
(kJ/mol) heat (kJ/mob)
Free Immo. (kJ/mol) Free Immo.
Glucose 100 108 2831 2731 2723
Fructose 102 108 2840 2738 2732
Maltose 195 197 5675 5480 5478
Sucrose 201 194 5675 5474 5481
Raffinose 102 100 8492
Melibiose 5675 2715 2717
4/ —2A{Gal-Gul-Fru) oB3icix, A ) &4 - X o le
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Fig. 14 Relationship between yeast cell popula-

tion in gel and To.
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Fig. 13 Growth-thermograms of various cell populations

of immobilized yeast.
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