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Changes in Internal Pressure of Frozen Fruits by Freezing Methods

Jin-Woong Jeong, Seong-Won Jeong and Kee-Jai Park
Korea Food Research Institute, Sungnam 463-746, Korea

Abstract

This study was carried out to investigate the changes in internal pressure according to various freezing methods, as basic
research to protect the destruction of tissues when fruits and vegetables are frozen. The rate of weight loss, caused by the
freezing of fruits and vegetables, was found to be the least (0.44~1.38%) when the immersion freezing method was applied.
The difference in the rate of weight loss was the highest when freezing methods were applied to watermelon, and the freezing
rate of watermelon whose moisture contents were greater have relatively greater influence on the weight loss. The difference
in internal pressures was the least and caused by the volume increase and decrease, when pear, apple, and melon were
frozen using the immersion freezing method, while the difference the greatest when the air-blast freezing method was used.
As the freezing rate was greater, the internal pressure was less. However, the internal pressure of strawberry and watermelon
was the greatest when the immersion freezing method was applied. Frozen without using the thermal equalizing method, the
change in internal pressure of fruits was about 2 psig. In contrast, the internal pressure of watermelon applied with the
thermal equalizing method was changed in a way similar to that of watermelon not applied with the method, but the former
generated a certain level of internal pressure and maintained a significantly low level of internal pressure (about 1.3 psig).
When thawed, the internal pressure of samples to which the thermal equalizing method was applied was less than that of
what the thermal equalizing method was not applied to. In comparison with the application of multi-step thermal equalizing
method, 3~4 times of application of the thermal equalizing method to the freezing resulted in the decrease of fluctuation
range of internal pressure.
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Fig. 1. Weighting loss rate of fresh fruit and vegetables by
freezing methods.
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Fig. 2. Freezing curve of fresh strawberry.
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Fig. 3. Changes of pressure and Temperature during freezing
and thawing on distilled water.
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Table 1. Changes of internal pressure and temperature during freezing and thawing by various freezing methods

Freezing Thawing
Materials  Freezing Max. Min, Difference Max. Min. Difference
method 1 pV  Temp, L P Temp. (psig) LP Temp. LP Temp. (psig)
(psig) () (psig) (T) (psig) () (psig) (C)
A? 2.18 123 0.17 40 2,01 236 5.3 123 1.0 1.13
Pear B’ 3.00 27.6 0.38 4.6 262 5.65 234 0.61 1.1 504
(o 1.40 -197 0.04 0.8 1.36 237 -14.9 1.00 1.0 137
A? 1.97 -11.7 0.28 8.4 1.69 2.96 87 1.26 1.0 1.70
Apple B’ 244 414 0.83 21 1.61 3.88 328 094 1.0 294
c 1.84 305 0.29 2.6 1.55 325 -12.8 1.61 1.0 1.64
A? 1.09 9.1 053 -172 1.62 2.08 -15.3 0.10 8.0 198
Melon BY 342 424 031 -15 3.11 425 250 1.39 1.0 2.86
c 0.70 6.0 124 -186 0.54 1.81 37 145 1.0 0.36
A? 2.05 -166 001 75 2.04 279 -13.0 0.75 1.0 204
Watermelon ~ B” 1.66 304 053 56 2.19 370 -14.1 0.83 1.0 287
(ol 1.64 249 043 3.1 207 2.83 -18.0 0.94 1.0 1.89

" Internal pressure 2 Still-air freezing of 0.13~028 cwh
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D Air-blast freezing of 0.57~0.76 cyh ¥ Immersion freezing of 1.07~1.35 cmh
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Fig. 4. Changes of internal pressure and temperature on
apple during freezing(still-air freezing method) and thawing.
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Fig. 5. Changes of internal pressure and temperature on
apple during freezing(air-blast freezing method) and thawing.
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Fig. 6. Changes of internal pressure and temperature on
apple during freezing(immersion freezing method) and thawing.
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Fig. 7. Changes of internal pressure and temperature on
watermelon during freezing and thawing.

Upper : without thermal equalizing
Lower: with thermal equalizing

o2x20) et WseH

=
gele Qidos £EYE §F 244E % 5

] =
el 9o} 22 SEEFe) B $AN FAS 4

30 g 30
© Intemnal pressure ! 4
25+~ Intermal temp. :
B Freezing & thawing temp. 4 2
20 e}
410
=3 : 9
S . &
@ 4 2
2 ;.
2 g
& {10 §
i
—H-20
—4-30
1.0 = I — P
0 10000 20000 30000 40000
Time(sec)
3.0
O  Intemal pressure
-—— Intemal temp. e~ o 30
25 et Freezing & thawing temp.

Pressure(psig)

Temperature(°C)

0 20000 40000 60000 80000

Time(sec)

Fig. 8. Changes of internal pressure and temperature on
melon during freezing and thawing.

Upper : with 3 step thermal equalizing
Lower : with multi-step thermal equalizing
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Table 2. Changes of internal pressure and temperature of materials treated by various conditions during freezing and thawing

Freezing

Treat- Max. Min.

Difference Max. Min.

teri
Materials ments L PY  Temp. 1P Temp.

(psig) (C) (psig) ()

Thawing

Difference
(psig) L P Temp. 1P Temp. (psig)
(psig) () (psig) (©)

AY 241 24 0.06 9.7
B? 125 2.8 385  -150
Pear” c’ 035 15.8 -158  -156
D 2823 3.1 0.09 27
B 0521 159 07718 170

A 266 235 047 29
B 0.63 156 970  -282
Apple” C 0.11 151 352 292
D 4967 25 0188 02
E 0123 151 2048  -302
A 2.00 -1.8 028 0
B 1.04 116 087 -8.8
Melon” C 046 114 124 29
D 4205 -1 0486 0
E 0.467 87 0655 -1
A 2.08 238 027 77
B 1.03 -13 519 -182
Watermelon”?  C 033 119 204 203
D 2.557 10 1726 -180

E 0.341 6.3 -0.907 -204

2.35 2.15 -8.1 0.48 1.0 1.67
5.10 2.67 -12.1 117 10 1.50
193 035 1.0 0.77 -147 1.12
2729 1414 -159 0.864 1.0 0.550
1299 1.186 5.0 0.566 1.0 0.620
313 4.12 =232 0.69 1.0 343
10.33 372 -18.3 0.04 1.0 3.68
3.63 046 210 023 1.0 0.69
5.155 4.785 -15.5 0.636 10 4.149
217 0.494 -3.7 0.488 1.0 0.006
228 246 -84 0.64 1.0 1.82
191 1.99 -10.3 0.56 1.0 143
1.70 0.00 1.0 0.42 -147 042
3719 2.115 -14.7 0.800 1.0 1315
1.122 1.712 24 0.386 11 1.326
235 2.74 -153 049 1.0 225
622 403 -164 0.93 1.0 3.10
237 0.26 1.0 -0.35 -18.7 0.61
4.283 2.109 16.2 0.612 1.0 1.497
1.248 1.489 -3.6 0.365 1.0 1.124

" with multi-step thermal equalizing freezing
¥ with 3 step thermal equalizing freezing

2 with immersion freezing of 1.07~135 cw/h
“ Internal pressure
% Dipping by solution(0.75% malic acid+1.0% ascorbic acid+0.75% CaCl)

9 Heating at 40°C after dipping by solution(0.75% malic acid+1.0% ascorbic acid+0.75% CaCly)
g Dipping by solution(0.1% lysozyme+0.75% malic acid+1.0% ascorbic acid+0.75% CaCly)
® Heating at 40°C after dipping by solution(0.1% lysozyme+0.75% malic acid+1.0% ascorbic acid+0.75% CaCl,)

) Non-treatment
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