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Changes of Internal Pressure during Freezing,
Frozen Storage and Thawing of Meats

Jin-Woong Jeong and Jong-Hoon Kim
Korea Food Research Institute

Abstract

The destruction of tissues by volume increase at food freezing is accepted as one of the factor responsible for
quality damage. For this reason, the internal pressure developed in meats were investigated with a pressure
transducer during freezing, frozen storage and thawing. Increasement of 6.33% for volume and 942.17 kg/em®
for density at -20°C for beef were shown. In quick and slow freezing of beef, internal pressure reached to
highest point after reached to the lowest point at initial of the zone of ice crystal formation. The internal
pressure was approximately 8~10 psig and pressure difference was about 1 psig, which was bigger in
immersion freezing than that of still-air freezing. During frozen storage of pork, internal pressure of 1.84~2.32
psig occurred repeatedly as a function of sample weight at material temperature difference of 1-1°C. The
internal pressure during thawing of pork was decreased slowly after rapid increase to the maximum for less
than Smin at the beginning of thawing. Internal pressure value at thawing was higher than that at freezing in
most cases. Internal pressure of beef with thermal equalized freezing was about 1~4 psig, which was lower

than that of non-thermal equalized freezing. Also, freezing time was shortened to 10~20%.
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Fig. 1. Specific gravity-volume ratio during freezing on
beef.
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Fig. 2. Changes of pressure and temperature during
freezing and thawing on distilled water.
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Fig. 3. Changes of internal pressure and temperature
on beef without thermal equalized freezing. (1) weight=
485 g, thickness=6.2 cm, immersion freezing, (2) weight=
465 g, thickness=6.0 cm, still-air freezing.
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Fig. 4. Changes of internal pressure and temperature
during frozen storage on pork. (1) weight=351.0 g,
thickness=4.5 cm. (2) weight=536.8 g, thickness=7.0 cm
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Fig. 5. Changes of internal pressure and temperature
on beef with thermal equalized freezing. (1) weight=65.4
g, thickness=1.0 cm, immersion freezing, (2) weight=68.8
g, thickness=1.4 cm, still-air freezing.
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Table 1. Internal pressure and material temperature during freezing
Expt. Freezing temp. ) Initial Dimensions Max. Min, Differ- Fr:aezi;lg
No. ) Materials  temp.  Weight Size L PY Temp. L P Temp. ence  time’
and methods O () (cm) (psig) (C) (psig) (C)  (psig) (min)
1 -70 Still-air Beef 100  375.0 10.0x9.5x5.0 0.3 9.8 -12.05 -63.5 12.35 933
2 -50 Air-blast 6.0 1750 10.5x5.5%x4.5 -0.02 13 671 -359 6,73 52.8
3 -40 Immersion 20.1 3249 10.0x9.0x5.0 0.53 -260 -1.27 1.3 1.80 107.8
4 -70 Still-air Pork 11.5 5276 11.5%x10.0x75 0.33 1.5  -8.38 -57.0 8.71 189.5
5 -70 Still-air 12.0  268.6 10.0x7.0x 4.5 0.85 11.1 -6.19 -53.1 7.04 136.7
6  -40 Immersion 10.1 2424 10.0x8.5% 4.5 051 -252 -148 12 1.99 87.4
7  -40 Immersion 79 1628 12.0x8.0x2.5 -0.11 73  -6.04 -268 5.93 2273
8  -50 Air-blast 6.7 5368 14.5x7.8x7.0 -0.11 6.7 520 -32.8 5.09 104.7
9  -50 Air-blast 6.5 254.1 12.5x7.5x3.0 0.22 6.5 -385 -322 4.07 143.7
Internal pressure.
“Time taken for center to reach -18°C.
Table 2. Internal pressure and material temperature during frozen storage
Freezing temp. Dimensions Max. Min. .
Exp. 0 Materials  Weight Size L P Temp. LP" Temp. D‘ffpzri:)'“
and methods (& (cm) (psig) CO  (psigg (O
1 -70, Still-air Beef 375.0 10.0x9.5x5.0 -1.74 -62.1 -2.05 -60.0 0.34
2 -50, Air-blast 175.0 10.5x5.5x4.5 -3.46 -31.3 -6.66 -355 3.20
3 -40, Immersion 3249 10.0x9.0x5.0 0.53 -26.0 -0.97 -26.8 1.50
4 -70, Still-air Pork 527.6 11.5%x10.0%x7.5 -8.19 -56.8 -8.38 -57.0 0.19
5 -70, Still-air 268.6 10.0x7.0x4.5 -4.96 -57.1 -5.65 -56.0 0.69
6 -50, Air-blast 536.8 14.5%7.8x7.0 -3.05 -30.7 -4.89 -34.9 1.84
7 -50, Air-blast 2541 12.5x8.5x3.0 -0.72 -31.6 -2.74 -347 2.02
8 -40, Immersion 242.4 10.0x8.5%x 4.5 -1.74 -62.1 -2.05 -60.0 0.31
9 -40, Immersion 162.8 12.0x8.0x2.5 -4.83 -29.8 -5.81 -29.1 0.98
YInternal pressure.
Table 3. Internal pressure and material temperature during thawing
Expt. Freezing temp. . Initial Dimensions Max. Min. Differ- Th.awizr)xg
No. Q) Materials  temp.  wyejght S L P’ Temp. L P" Temp. ©nce  time
and methods CC) ®) 1ze (psig) (C)  (psig) CC) (psig)  (min)
1 -70, Still-air Beef -63.3 3750 10.0x95%x50 534 -504 -11.89 -63.3 17.23 136.7
2 -50, Air-blast -31.9 175.0 10.5x5.5%x4.5 051 -233 512 -319 5.63 61.3
3 -40, Immersion -269 3249 10.0x9.0x5.0 2.25 52  -148 -5.8 17.05 56.9
4 -70, Still-air Pork -57.0 5276 11.5x100x75 230 -51.2 -10.48 -9.1 12.78 261.4
5 -70, Still-air 570  268.6 10.0x7.0x 4.5 381 -421 -4.97 -57.0 8.78 167.6
6  -40, Immersion 277 2424 10.0x8.5x4.5 096 -255 -143 -5.1 15.26 104.7
7  -40, Immersion -29.3 162.8 12.0x80x25 -410 -189 -6.83 -0.96 273 85.0
8  -50, Air-blast -30.7 5368 145x7.8x70 0.87 -256 -10.63 2.3 11.50 77.0
9 -50, Air-blast -30.7 254.1 12.5%75x3.0 3,58 -237 -4.78 1.0 8.36 192.4

YInternal pressure.
?Time taken for center to reach +1°C.

Foll whE WERHATL 7P = vehed, -40°C
FAAA 7P AA deht FALE0 FEFF Y
W49 27le avke A& & 5 Asch =T, E5
A% 53 vprA R 270, -50 % -40°Ce] o8

Wstel AlolE Beirh. =3 Table 304 ¥ H, 4%
2 E59] dEA ARl & F45FHEAE A
27t A GA W $5o og sk x7) o
ez "o} 27 Jehde sle] 5AA 00, ¥4



686

A ETA A 31 A 35 (199)

Table 4. Comparison of freezing time between non-thermal equalizing and thermal equalizing

i . . ) Average Freezing time(min) .
Sample nitial Freezing temp. (°C) Width Thickness thickness”  Thermal  Non-thermal Difference
temp. (°C) and methods (m) (m) . 3 (%)
(m) equalizing  equalizing”

10.7 -20 Still-air 0.105 0.095 0.09975 817.8 899.83 -9.12

Beef 13.6 -50 Air-blast 0.05 0.02 0.02857 54.7 57.87 -5.48

20.1 -40 Immersion 0.09 0.05 0.06429 107.8 117.91 -8.57

13.1 -70 Still-air 0.11 0.04 0.05867 147.6 155.10 -4.84

Pork 10.1 -40 Immersion 0.085 0.04 0.05440 87.4 113.19 -22.78

7.9 -40 Immersion 0.11 0.05 0.05310 109.0 146.35 -25.52

6.5 -50 Air-blast 0.075 0.03 0.04286 83.8 94.12 -10.96

YBy equation (=2w*d/(w+d), w=width, d=thickness).
?Computed value by Hung & Thompson (1983).
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equalizing, (2) with thermal equalizing.
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