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Effect of Freezing Conditions on the Formation of Ice Crystals
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Abstract

The reaching time to the freezing point was to be fast in the order of 2% agar gel, 5% agar gel, 20% gelat-
in gel, pork, respectively. The freezing time and the passing time through the zone of the maximum ice crys-
tal formation had linear relationship with the coolant temperature. The average diameter dp of ice crystal in
a soybean protein gel and the moving of freezing front were represented an inverse proportion, and the
moving velocity of freezing front was shown as 3.4 X 10¢ cm?/sec from predicted theoretical formula. This
value was very close to experimental results. The storage temperature did not give any influences for the
growth of ice crystal in inside soybean protein gels during freezing conservation. The relationship between
freezing condition and structure of freezing front was as follows : (moving velocity of freezing front) = (mass
transfer rate of water at freezing point) x (surface area of freezing front).
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Fig. 1. Schematic diagram of main part of experimental in-
stallation.

AYE Skl Qe E e
2y a0 AL A3
Y PE 7hsted A 89 AT FelE 5422 3
& o, 5o obelalel oo A & re WAL
Al el Aslol 7hs st

-2Try cosf=nrP 4

AN

’

r=-2y cosg/P ©)
7 5229 EHAAE (dyne/cm)
§ : psh Al 4 ey

(g}, =07 2 Avjelel] Q)el A, ¥y =484 dyne/cm,
g =130°)

ME Y Y

AB

2 8A AAERA 2%, 5% & ZAl(agar gel), 20%
Aulel Agelatin gel) ¥ A EA A g2 B
(ground pork) A9} TAZ Wk o2 Fujslgl o
o, g5 efd AL Az FE £F s AA
AA B 5Fake] o 130 oFo] BL F4A7 &
£ ssiel A4S UAZ BATN] FHE BED,
of F/E <k 3 A%ttty WEZ I F WA
sto] 70°C 7} & W, CaCl®] F=7} Ff/F<lA 0.
01Mo] H 2 CaChZ 7}alx 5417 A A A A 2H A
7% qtatste] £ 28 A A3 HEL T

EATA &4 89 A 2471E Fig. 10 ekl vls}
¥°] 90mme] o}zY YF
= FA 2mm, AA



AE FAF A4EHE

QO 2% agar gel
A 5% agar gel
003 A 20% gelatin gel

. ground pork

0.01-

1 1 1 1 Il
0 1 2
Freezing time, hr

Fig. 2. Change of the moving distance of freezing front with
freezing time in the foodstuffs ( Tt = 5°C, Tc = -10
°Q).
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Fig. 3. Influence of coolant temperature on the moving veloc-
ity of freezing front in the groun fork ( Tt = 10°C).
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Fig. 4. Influence of coolant temperature on transition time of
the zone of maxium ice crystal formation (-1°C ~
-5°C) at each point in the ground fork ( Tt = 10°C).
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Fig. 5. Pore size distribution for the samples of agar gel taken
at different positions after the freezing at -20° C.
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Fig. 8. Relationship between mean ice crystal size and mov-
ing velocity of freezing front.
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