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Ice Nucleating Activities of Ice Nucleation-Active Bacteria
Sterilized with Heat, Pressure and Irradiation,
and Their Thermophysical Effects on Water
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Abstract

Four ice nucleation-active bacteria (INA-bacteria), Pseudomonas syringae, Xanthomonas campestris, Escher-
ichia coli IM109/pEIN229 and Gluconobacter oxydans/pKIN230, were treated with heat, pressure and gamma-
irradiation to compare viability and their ice nucleation activity (INA) after sterilization. Gamma-irradiated INA-
bacteria showed the least decrease in T90 value (the temperature at which the 90% of drops are frozen). Ac-
cording to cumulative INA spectra, gamma-irradiated INA-bacteria showed little decrease in class A ice nu-
clei (nucleate H,O at higher than -5°C), pressurized INA-bacteria showed more than 90% decrease in class A
ice nuclei, and heat-treated INA-bacteria barely showed class A ice nuclei. Differential scanning calorimetry
(DSC) was used to examine the effect of INA-bacteria on the thermophysical properties of water at freezing
temperature. Freezing peaks were appeared at about 11~15°C higher on thermograms and enthalpies of phase
change were decreased for the water containing INA-bacteria compared with the pure water, while melting
peaks were not shifted. INA measured by DSC method were significantly correlated with INA measured by
drop freezing method (R*>0.993, P<0.0001), indicating that DSC can be used as a new, simple and precise
method for measuring INA.

Key words: ice nucleation-active bacteria, sterilization, differential scanning calorimeter, thermophysical pro-
perties
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Pseudomonas syringae AL (KCTC 1832; P. syringae
2 A4h: GLB vj#|(3.3 g Bactopeptone, 2.7 g Difco
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pH 7.2)% 23°Cell 4] 24A] 7t ufjoF3lodrt.
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coliZ #)3%}H): LB ulx] (1 g Bactopeptone, 0.5 g yeast
extract, 1 g NaCl/1 L, ampicillin 100 pg/mL, pH 7.3)=
30°Coll A Auokdt F 23°CollA] 24417 2ufFatad
o}, Bulok] FAxr} 0.4~0.60] =192 o isopropyl
thiogalactosidase 250 uM-& 2 7}3}gict.

Gluconobacter oxydans/pKIN230 (KCTC 1091; G.
oxydans . 1¥}): Mannitol ¥ %] (5 g yeast extract, 3
g Bactopeptone, 25 g mannitol/1 L, kanamycin 50 pg/
mL)E 23°Cel|4] 2427} ufekabsict.

WHEMel 53 U 24

(=3
Wagae) 23 9 2AE Vali™o] o3 3
A

=

d
ol B 2 o 2

ool; [S)

drop freezing methodoll we} A A3ldet. il
cell =57} 10° cells/mL7} %2 0.85% Q12
2 3AM3E F 10%)71x) 1:10 A 3] ste] 2 3
A Z aluminum blocke 5 puL2] drop2 7}
drop®) "ojredl o}-& aluminum blocke] x5 £
02°CH 0°CollA] -12°C7hA] F 3 A 2hzhe] szt
A el $AR dopsl +F Adsidch Cu-
mulative ice nuclei®] 3= o}l e} o] Vali®] Ao
A gs}ol A bsteich

L

)&

o

A2

N(T)=[In(1/F)]10°/V
N(T): cumulative number of ice nuclei
F: fraction of droplets unfrozen at temperature T
V: volume of each droplet
D: number of dilution
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Differential scanning calorimetry (DSC)
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Fig. 1. Temperature determination from DSC curve.
T1: temperature at which DSC curve leaves the baseline,
T2: peak temperature, T3: temperature at end of peak.
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Fig. 3. Viabilities (cells/mL) and ice nucleation activities (T90) of four ice nucleating bacteria after heat treatment.

E—W: Viability (cells/mL), O—O: T90 (°C).
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Fig. 4. Viabilities (cells/mL) and ice nucleation activities (T90) of four ice nucleating bacteria after pressure treat-

ment. 81— Viability (cells/mL), O—C: T90 (°C).
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Fig. 5. Viabilities (cells’mL) and ice nucleation activities (T90) of four ice nucleating bacteria after gamma-ir-

radiation. B—M: Viability (cells/mL), O—O: T90 (°C).
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Fig. 6. Comparison of cumulative ice nucleation activity spectrum of four ice nucleating bacteria after heat, pressure,
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Table 1. Effect of four ice nucleating bacteria on the thermogram of water

Freezing Melting
Sample Tf1" Tf2" T3" AHfY Tm1® Tm2" Tm3" AHm"
('C) "C) (§9)] (mcal/mg) ('C) ‘C) 0 (mcal/mg)
P. syningae -0.0 -1.8 -8.5 63.5 =25 9.0 20.6 57.0
X. campestris -1.8 2.1 -8.6 63.8 0.6 9.4 19.9 59.1
G. oxydans -4.8 4.6 -13.9 67.6 -1.2 1.6 21.2 61.6
E. coli -0.8 -1.5 -10.9 57.4 0.4 10.4 20.7 50.7
Water -15.6 -16.0 -29.3 70.3 1.9 8.0 12.3 68.2
"Temperature at which exothermic curve appears.
“Peak temperature of the exothermic curve.
“Temperature at which exothermic curve disappears.
“Enthalpy change of freezing.
5}l"empcramre at which endothermic curve appears.
“Peak temperature of the endothermic curve.
?Temperature at which endothermic curve disappears.
“Enthalpy change of melting.
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Table 2. Ice nucleation activities” of four ice nu-
cleating bacteria measured by two different methods
(DSC and drop freezing method)

Sample Ti1*('C) T507(°C) T90“("C)
P. syringae -0.0+0.0 -3.3+0.1 -3.7+0.1
X. campestris -1.7+£0.2 -4.7+0.1 -53403
G. oxydans -4.5+0.3 -6.7£0.1 -7.1+£0.1
E. coli -0.7£0.2 -3.5+0.1 -3.9+0.1
Water -15.1+0.9 -17.7+0.3  -18.1+0.3

“Average value + standard error of mean.

“Temperature at which exothermic curve appear in thermo
gram measured by DSC.

“Temperature at which 50% of drops are frozen in drop
freezing method.

“Temperature at which 90% of drops are frozen in drop
freezing method.
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Fig. 7. Effects of four ice nucleation-active bacteria on
thermogram of water.
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Fig. 8. Relationship between Tfl (the temperature at
which exothermic curve appears) and T50 (the tem-
perature at which 50% of drops are frozen) of the
four ice nucleation-active bacteria and water.
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Fig. 9. Relationship between Tfl (the temperature at
which exothermic curve appears) and T90 (the tem-
perature at which 90% of drops are frozem) of the
four ice nucleation-active bacteria and water.
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