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Freeze-thaw damage to Saecharomyces cerevisiae in saccharide solution.

Kivosur

Havaxawa (Kyoto Prefectural Comprehensive Guidance Center for Small and Medium Enter-
prises, 31 Yahata-cho, Nishinanajo, Shimogyo-ku, Kyoto 600, Japan) Hakkokogaku 63:

9-15. 1985.

The effect of extracellular crystallization on freeze-thaw damage of Saccharomyces

cerevisiae in saccharide solution was studied.

First, the behavior of saccharide solutions on freezing and thawing was analyzed
by differential scanning calorimetry and thermomechanical analyses.
Dulsitol and mannitol solutions crystallized at low temperatures and promoted

freezing damage.
. cryoprotective.

Saccharides which did not crystallize at low temperatures were

The viability of yeast cells decreased markedly in dulsitol and mannitol solutions
as well as electrolytes when the crystallization of concentrate occurred in the harmful

temp erature zone.
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Fig. 1. Apparatus for thermomechanical analysis.
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Fig. 2. DSC-and TMA-thermograms of 0.3 M
dulsitol solution. DSC-thermogram : The sam-
ple (30 ul) was placed in a DSC pan, cooled to
—60°C at 3°C/min and warmed to 20°C at 3°C/
min. TMA-thermogram : The sample (50 ul)
was placed in a TMA cell and cooled to —60°C
at 3°C/min. The frozen sample surface was
pressed by 0.5mm¢ pin and then warmed to
20°C at 3°C/min. Around the thawing temper-
ature, the pin sank in the sample.
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Fig. 3. DSC-and TMA-thermograms of 0.3 M
mannitol solution.  DSC-and TMA-thermo-
grams were obtained as described in Fig. 2.

BEEHlET 5L, DSC THE#ML— 7 BELK —22°C
FETR—ERBRIC X 2B{LDEC D, © okt
CEATS. LbL, 3 CIcBLDBRT D, %0T,
REFHICHES BADEE VT 5. EEROCCH
SO DOBIEERTE TRk L, ROT, SBICERgEd
B. V= VBEHDERS - BB LTI, XKIB
5Pk, FEEBIUBEHEBEORCS T &0
A2 NMR 2HNTHEIN, REBBOTEERS
2, BRLTVWE=2Yy=r— DKk 275RE—
~25°C A TREEHRILT B &< v = b —dsERIL
L, ZHiCsE->THHINIKRKSELICERET 5
e LHEAINTEY, SEOEBRERE I (—F
T3, 2= =gl DX D IR EEYRT
23, BHIBLIUREBRO-SORME—I LD < v =

P VIBESERLLTOWB T Edthho T, 138,

o TMA

£ 110 A

2

B

>

Ll

© DSC

q§> I 6.4 mcol /S

£

3

[=

uJ
v L ¢ ! Lo A\ 1 1 1 1 L I

0O 20 -40 \V 40 20 ©

cooling warming

Temperature {°C)
Fig. 4 DSC-and TMA-thermograms of 0.3 M
sorbitol solution. DSC-and TMA-thermograms
were obtained as described in Fig. 2.

Fig. 5. DSC-and TMA-thermograms of 0. 3M glu-
cose solution. DSC-and TMA-thermograms-
were obtained as described in Fig. 2.
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Fig. 6. DSC-and TMA-thermograms of 0. 3M fruc-
tose solution. DSC-and TMA-thermograms
were obtained as described in Fig. 2.
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— Table 1. Effect of freeze-thawing on the
TMA viability of .S. cerevisiae in solutions of
‘é ] 10 um various saccharides.
5‘2 Compound Crystallization Viability
= (0.3M) of concentrate (%)
\ Glucose - 85
o DSC Fructose - 80
§ I 6.4 meal /S Mannose - 76
;‘2 Sucrose - 77
- Sorbitol - 79
e NN Dulsitol + 3.9
~20  -40 o —40  -20 ° Mannitol + 9.0
cocting warming
Temperature (°C) H.0 51
Fig. 7. DSC-and TMA-thermograms of 0, 3 M suc-

rose solution. DSC-and TMA-thermograms
were obtained as described in Fig. 2.
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Fig. 8 DSC-and TMA-thermograms of 0. 3 M man-
nose solution. DSC-and TMA-thermograms
were obtained as described in Fig. 2.

The cell suspension (30 ul) of S. cerevisiae in 0.3
M saccharide was placed in DSC pans, cooled
at 3°C/min to —60°C and warmed.

The cell suspension in DSC pans was resus-
pended in 3ml of sterilized water and each
sample was spread on the nutrient medium to
count survival cells.
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Fig. 9. Effect of repeated freeze-thawing on the
viability of .S, cerevisiae in 0.3 M saccharide.
The cell suspension (30ul) of S. cerevisiae in
H,O (O), 0.3 M sorbitol (m), 0.3 M mannito]
(O), and 0.3 M dulsitol (®) was placed in DSC
Pans, cooled at 3°C/min to —60°C and warmed to
10°C.
The cooling and warming process was repeated
up to 2 or 5 times.
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Y Fig. 11. Relation between the viability of .S. cere-
vistae in 0.3 M dulsitol and the temperature of
the minor exothermic peak which was observed

! 1 1 1\ ! 1 1 ! X X
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Fig. 10. DSC-thermogram of cell suspension con-
taining 0.3 M dulsitol in cooling and warming
process.

The sample (30 ul) was placed in a DSC pan,
cooled at 3°C/min to the indicated temperature
and then warmed at 3°C/min to 10°C.

Counting of viable cells was carried out as in

Table 1.
The number in parenthesis indicates the cell

viability (%)
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cooled at 3°C/min to —60°C and then warmed
to 10°C.

To observe differences in the temperature of
the second minor exothermic peak which was
observed just after the first major peak in the
cooling process, the procedure was repeated.
Counting of viable cells was carried out as in
Table 1.
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Fig. 12. DSC-thermogram of cell suspension in 0, 3
M mannitol in cooling and warming process.
The cell suspension in 0. 3 M mannitol was cooled
and warmed as in Fig. 10. )
Counting of viable cells was carried out as in
Table 1. .

The number in parenthesis indicates the cell
viability (%3).
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