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Effect of formation of eutectic mixture on freeze-thaw damage of yeast. Havaxawa,
K. and M. Saro (Kyoto Prefectural Comprehensive Guidance Center for Small
and Medium Enlerprises, 31 Yahalacho, Nishinanajo, Shimogyo-ku, Kyoto 600)
Hakkokogaku 58 : 415-421. 1980.

The effect of formation of a eutectic mixture of NaCl and HsO on the freeze-thaw
damage of Saccharomyces cerevisiae suspended in NaCl was studied. The survival
rate of the yeast decreased markedly, when the suspension was frozen to the tem-
perature of the formation of the eutectic mixture. Freezing to temperatures above
the eutectic point hardly affected the survival rate of the yeast in NaCl at concent-
rations of 0.1 to 4 M. The maximal death occurred just before the completion of
formation of the eutectic mixture. KCl, disodium succinate and L-alanine showed
the same effect as NaCl on the freeze-thaw damage of the yeast. On the other hand,
formation of eutectic mixture did not damage the halotolerant yeast Saccharomyces

rouxis.
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Medium a Fig. 2. Change of temperature during cooling
\P and thawing of NaCl solution.
NaCl solution (7 ml) in concentrations of
OM (—), 0.3 M (evee ), 1M (—-), 2M
X A":!“L"":" ~ (—=) or 4 M (——-) was cooled to —50°C in
Polystyren cylince - the apparatus and then heated by 2 W heater.
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Fig. 1. Apparatus for cooling and thawing. L UTHmEEREERET S C ik, TORHOREEA
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Fig. 3. Relation between the concentration of

NaCl solution and the required melting time
for the eutectic mixture.
When 7 ml of NaCl solution in concentrations
of 1,2 or 4 M was cooled to —50°C in the
apparatus, the eutectic mixture was formed
in proportion to the concentration of NaCl.
Then the eutectic mixture in the frozen
solution was thawed by 2 W heater to measure
the required melting time.
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Fig. 4. Survival of S. cerevisiae as functions of
storage time and temperature.
Cells of S. cerevisiae were suspended in
0.9% NaCl and cooled in the freezer held at
ODC (@)! —IOOC (G)’ _‘20°C (O)’ _30°C (.)1
—40°C (O) or —70°C ((]). After each inter-
val, the suspension was thawed at 30°C and
the number of surviving cells was counted.
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Fig. 5. Effect of cooling on viability of S.
cerevisiae in 1 M NaCl.
The cell suspension of S. cerevisiae in 1 M
NaCl was cooled to indicated temperature in
the apparatus and thawed at the time shown
with arrow by the heater. The figures in
parentheses indicate viability (%%).
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Fig. 6. Survival of S. cerevisiae as functions of

NaCl concentration and cooling temperature.
The cell suspension of S. cerevisiae in various
concentrations of NaCl was cooled in the
apparatus to the indicated temperature, then
thawed by the heater, and the number of
surviving cells was counted.
QO : The cell suspension was cooled slightly
below the eutectic temperature (about-32°C) ;
@ : slightly above the eutectic temperature
(about-26°C) ; @ : storaged at 5°C for 2 hr.
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Fig. 7. Survival of S. cerevisiae as functions of
storage time and cooling temperature.
The cell suspension in 1 M NaCl was kept
at 5°C (@), —21°C (@) and —24°C (O). After
each interval, the suspension was thawed by
the heater and the number of surviving cells
was counted.
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Fig. 8. Effect of amount of eutectic mixture on
the viability.
The cell suspension in 1 M NaCl was cooled
in the apparatus for various times at —50°C,
then heated. The amount of eutectic mixture
formed was determined by measuring the
required melting time.
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Fig. 9. Effect of repetition of freeze-thawing

on the viability of S. cerevisiae in 1 M NaCl.
The cell suspension of S. cerevisiae in 1 M
NaCl was cooled in the apparatus at —50°C.
When the formation of eutectic mixture was
completed, the frozen suspension was thawed
by the heater.
When eutectic mixture only (Q) or both
-eutectic mixture and ice crystal (@) had
melted, the cell suspension was cooled again.
This freezing and thawing process was
repeated up to 3 times.
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Fig. 10. Effect of cooling on viability of S.
cerevisiae in several other compounds.
The cell suspension of S. cerevisiae in 1 M
KCl1 (A), 0.5 M disodium succinate (B) or
1 M L-alanine (C) was cooled in the appara-
tus to the indicated temperature in —50°C
freezer, then thawed by the heater. The
figures in parentheses indicate viability (%).
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Fig. 11. Effect of cooling on viability of S.
cerevisiae in CaCls.
The cell suspension of S. cerevisiae in CaCls
was cooled to the indicated tempetature in
an alcohol bath held at —80°C, transferred
immediately to the apparatus, then thawed
by the heater. The figures in parentheses
indicate viability (%).
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Fig. 12. Effect of cooling on viability of S.
rouxit in 1 M NaCl.
The cell suspension of S. rouxis in 1 M NaCl
was cooled to the indicated temperature in
the apparatus, then thawed by the heater. The
figures in parentheses indicate viability (%).
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O#F ORI RIIR R EICE L 7ok, MRRN SRR
KERT2E0S5 60T, MlRoEE, #BE KxX
S K& BI-DIEH B, S. cerevisiae TEHNT
LEROBRENRBC > T3S HZ. LL,
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ArftRERic kb kbh, ZORESHREHLTD
RT3 T ORPBEBPREETCX 209 AT
BEIh3E03607T, BMlAEH T 28ROB
ACREEE LS.

S. cerevisiae » BE L1- 1M O&HEKEHN1°C/
min THHAIL T &, T — 3 CEmATKIKE
L 30, CORRRTREORERIZIZEALRECD
W ot BEOTRERTIE> THEROBEILIE
e, BRI ofEMARKOERNC X TREI LT
HREBMTECECXOERET BH8, FHEKRERD
DT -1 (Fig. 6, 7). PUETHEMAEADOR
BRI ThHHIND L, AELKEORBBHITHLLE
iz, HOXBLSBICET 501, T DH_FEERD
B8 TdH - 7= (Fig. 5). FHBERDOTTEINCHERAS
#ELz L (Fig. 8) I3, %OHEICERRICEL 3
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FATERR O AENBEC X > Thb 3 (Fig.
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BRickb BEAETEBELUB (Fig. 12) O, 0D
BOERICR LTI EBESBEL T2 1cn & EL
bh 3. F{EORMEEE~OMKE RRREERT
ORMR) « BRBEBRVEL TS, FrEEizs
AEELRROEVIRER (Fig. 9 &, 43 L3R
DOER - MR L 2EORBEEET 2 SOTIRIE.
Thbb, RERMASE U ANAEKIRBEOER
TERHELTIIE L ICEBER_RGEERT 2 - DB K
FLOBELFFIR VT ED, HBERIKE - TE
Ur-BESMBICES BEEOETICX - THARIH
HAEFIERBc s R ENELOND. HFEERDORT
BB TEREERBBI T 2 ML LTI, AHOD
fic, LAV UL, a~IBR2F LY DA, TF=
VILENH o1, BALA N VY AEHEROELD
li&ﬁ/gﬂgﬂf&@?k (Fig. 10, 11). zhix{tA
MiT & - THEA DL 512 59 U RIERHER
S LRBR SN T E AR T, BEAERO
BB BOERBIREE, WEHIRE, SFBET
LR DEMPFETICEDELIONS.
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