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APPLICATION OF ICE NUCLEATION ACTIVE BACTERIUM FOR
EFFICIENT FREEZE-DRYING OF FOODS
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ABSTRACT

Factors affecting the development of the ice nucleation activity of Erwinia ananas IN-10
were examined, using the degree of supercooling (DS) as a parameter. An aqueous suspension
of the bacterial cells or the outer membrane fraction showed two particular DS values, 1. e.,
near 0°C and 3°C. The development of the DS of 0°C required two conditions: a high cell
population (or membrane concentration) and the presence of a water/glass interface in the
system. Sugars inhibited the development of this type of supercooling. The ice nucleation
activity was stable in the pH range of 5 to 9. On the basis of these data, a possible mechanism
for the ice nucleation activity development was proposed. The application of the ice nuclea-
tion activity of the cells to the freeze-drying of high salt containing foods was attempted. It
led to a shortening of their freezing times and an efficient formation of powdered products.
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Table 1. Effects of the cell population and the outer

membrane concentration on degree of super-
cooling and the freezing incidence!

Population or Degree of Freezing
concentration supercooling (C) incidence
Cells
Cell number in 2 ml Av.ts. e
10%° 0.3+0.2 10,710
10° 0.2+0.3 10,710
108 0.3+0.2 10,710
107 0.2+0.2 10710
108 1.3+0.4 10,10
10° 3.4+1.0 10710
10* 3.6%0.9 10,10
102 3.2+1.0 10,710
102 3.8+0.7 10,710
10 3.7+£1.0 10,710
1 — 7710
101 — 110
Outer membrane
OD at 280 nm Av.ts. e.
5x107! 0.7+0.5 10710
5102 0.840.2 10,710
5x1073 0.8+0.5 10,710
5%107* 2.2+0.3 10710
5X107% 2.4+0.5 10710
5x10-° 3.2+0.2 10,710
51077 3.3+0.4 10,710
5x10-® — 1710

!A Pyrex glass tube was used for the measurements.

Table 2. Effects of the container material on degree of

supercooling’

Container material Degree of supercooling (C)

Av.*s. e
Pyrex glass 0.3%£0.2
Styrol 2.8+0.4

The cell population was set at 10® in the unit volume (2
ml).
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Table 3. Effects of entrapping cells and outer mem-
brane in alginate gel with or without glass on
degree of supercooling*

Degree of supercooling (C)

State of sample

Cell Membrane

Av.ts.e. Av.ts e

Entrapped with glass 1.1+0.8 1.0+0.7
Entrapped without glass 3.5+0.2 3.0+1.0
Dispersed in alginate 0.5+0.5 0.3£0.2
Dispersed in CaCl, 0.4+0.3 0.2%0.2

"The cell population and membrane concentration were
set at 10® and 5X107% in the unit volume (2 ml), respec-
tively. A Pyrex glass tube was used.
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'"H NMR spectra of water protons in the pres-
ence and absence of E. ananas outer membrane.
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Fig. 2. Thermograms observed when E. aranas cells
and the outer membrane fraction were mixed
with glass beads.
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Fig. 3. Changes in temperature of soy sauce samples
with and without E. ananas during freezing
at —457C.
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Table 4. Effects of additives on degree of
supercooling!
Additive Concentration Degreg of o
supercooling ('C)

Av.ts. e.
Sucrose 1M 4.2+0.3
0.5M 2.8+£0.8
Glucose 2M 4.31£0.2
1M 2.7+0.3
Glycerin 2M 3.4+0.1
1M 2.2+0.7
NaCl 2M 1.3+0.5
1M 1.5+0.9
KCl 2M 0.8+0.2
1M 0.740.2
Alanine 1M 0.6+0.1
Serine 1M 0.3+0.1
Glutamic acid 1M 0.8+0.3
Lysine 1M 1.1£0.4
Corn starch paste 10% 0.3+0.5
5% 0.2+0.2
SPI 10% 0.4+0.7
5% 0.4%+0.6
Ovalbumin 20% 0.8+0.5
10% 0.5+0.4

'The cell population was set at 10 in the unit volume (2
ml). A Pyrex glass tube was used.
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Table 5. Effects of the pH of the media on degree of
supercooling’
Degree of supercooling (C)
pH Medium
After 10 min  After 24 hr
Av.+s. e Av.ts. e
0.1M HCI
0.1 M acetic acid 3.0%+1.0 3.4%0.2
3 0.1M acetate 2.8£0.2 2.3x1.1
4 ” 2.5+0.2 3.3+0.3
5 ” 0.3+0.3 0.4%40.2
6 ” 0.4%+0.2 0.5+0.3
7 0.1 M phosphate 0.4+0.1 0.4+0.2
8 ” 0.240.1 0.5+0.3
9 4 0.3+0.1 0.4+0.1
10 0.1 M carbonate 0.3+0.1 2.4%+0.6
11 % 0.5+0.3 >5
0.1M NaOH >5 >5

*The cell population was set at 10® in the unit volume (2

ml). A Pyrex glass tube was used. The cells were
suspended in the respective media, and after 10 min or
24 hr storage degree of supercooling was measured.

Table 6. Freezing and melting temperatures of soy
sauce and soybean paste with or without E.
ananas cells

Freezing Melting

Sample Cells temp. (C)  temp. ()

Av.ts. e
Soy sauce With —20%1 —18
Without —30+4 ”
Soybean paste With —23+4 —15
Without —29+2 ”

'"The cell population was set at 10® in 2 g of the sample.
A Pyrex glass tube was used.
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