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Abstract

Changes in quality during frozen storage of meat with thermal equalized freezing and various freezing methods
were investigated. When beef were frozen at freezing rate of 0.39~0.66 cm/h, average diameter of ice crystal
were about 30~50 um and showed broken tissues or irregular cracks. At freezing velocity of 1.14~2.26 cm/h, ice
crystals of about 10~30 um was formed mainly inside or between fiber and slight destruction of tissues was
occurred. The average diameter (D) of the ice crystals were related to the characteristic freezing time (t) by the
equation; D(lum)=4.089+26.88logt, (*=0.913). Beef with still-air freezing showed higher drip loss than methods
of immersion and thermal equalized freezing. Also, drip loss of pork was relatively lower than beef and showed
highest value to 7.39% during storage on 40 days at air-blast freezing method. No apparent change of pH during
storage of frozen beef and pork by freezing methods were detected. However, least changes for sample with
thermal equalized freezing was found compare to sample with still-air and air blast freezing in VBN and TBA
value. The fluctuation of frozen storage temperature did not cause noticeable changes on pH and water content.
However, drip loss, VBN and TBA values were increased slowly as frequency of fluctuation increased.
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Table 1. Average diameter of ice crystals in samples frozen under different freezing conditions

Freezing time (min)

Freezing XL Freezing D Location
condition . 4 rate (cm/h) (uum) of crystals
T=17.0°C 0.05 43 82 1.20 314 Intercellular
T.=-20.0°C 0.20 75 - 323

L=6.5cm

T=15.0°C 0.45 142 245 0.39 339 Intercellular
T,=-20.0°C

1=6.7 cm

T=16.4°C 0.40 125 - 0.66 38.2 Intercellular
T,=-20.0°C

L=5.8 cm

Ti=17.5°C 0.50 55 1789 1.34 42.7 Intercellular
T,=-20.0°C 39.0 Intercellular
L=7.1 cm

T=13.3°C 0.50 78 197 1.14 379 Intercellular
T.=-40.0°C 330 Intracellular
IL=4.5 cm

Ti=9.6°C 0.50 37 105 2.26 30.0 Intercellular
T.=-40.0°C 28.5 Intracellular
L=4.9 cm

T;: Initial temperature of beef ("C).

T,: Temperature of the refrigerant medium (°C).
L: Thickness (cm).

x: Meassured position (cm).

t.: Characteristic freezing time defined as the time necessary for a point to pass from -1°C to -7°C (min).

t; Final freezing time at -18°C.
D: Average diameter of ice crystals (um).
UFinal freezing time at -15°C.
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A7) ok, 325 FEEe T F 4°ColA 18417
-9+ gum sucrose solution (gum acacia 2 g, sucrose 60
g FF5 200 mLE £ F8o)el 2L WA

8, 718 A7)3Fd cryostat microtome (Reichert-
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Fig. 1. Cross-sections of frozen beef by freezing method
(X 1,000). A: Still-air freezing at -20°C, 0.66 cm/h, B: Air
blast freezing at -40°C, 1.14 cm/h, C: Immersion freczing
at -20°C, 1.34 cm/h.
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Fig. 2. Average diameters of ice crystals (D) as a function
of characteristic freezing time (t.) on beef.,
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Table 2. Changes of chemical composition during storage of frozen beef by various freezing methods

Treatment Storage duration (day)
condition 20 40 60 80 100 120 140 160 180 200
| 510 630 6.18 5.18 6.43 628 1025  8.08 9.76 8.29 9.65
+095 +1.20 +1.86 +1.09 +197 +201 +346 +265 +3.05 +245 +215
. I 6.81 7.53 7.17 9.74 7.95 1059 446 1537 2048 1054
?"P +133 +123 +154 +125 198 +2.87 +1.87 +1.80 +4.50 =£1.25
S
(‘,’)2) - 6.01 3.42 6.53 7.63 6.05 931 3.04 7.02 8.74 9.15
+098 +051 +138 +098 +165 +236 +250 +2.16 +197 +1.85
v 6.63 7.68 7.88 6.12 9.34 7.02 938 9.15 8.07 7.51
+087 +103 +£133 +125 +213 +249 +210 +£278 +196 +1.45
I 5.68  5.67 5.74 5.90 5.64 6.00 5.49 5.57 5.65 5.74 5.63
+0.08 +000 4001 4001 4001 +001 +000 4000 +004 +001 001
I 5.77 5.76 5.69 5.94 5.76 5.41 5.56 5.35 5.40 5.44
- +0.01  +001 +000 +001 +£0.02 +£000 £001 =+000 001 £0.02
P p 5.83 5.72 5.76 5.74 5.72 5.71 5.61 5.48 553 5.60
+0.00 +001 +001 +001 +001 +001 =£003 +000 =+0.01 +0.01
v 5.66 5.74 5.68 5.60 5.69 553 5.61 5.50 5.63 5.64
+0.00 +001 +001 -+001 002 +001 =+001 +001 +0.00 +0.01
| 280 281 694 1101 1393 1229 1377 1366 18.06 20.86  21.02
+0.00 +000 +000 +£192 +£000 +193 =+000 +000 +197 +187 +£198
I 4.15 829 1245 1672 1632 1811 18.02 2081 2377 2638
VBN +198 +0.00 +£196 +000 +0.00 +197 +196 +£197 +191 =+1.97
(mg%) - 2.83 6.87 9.78 1403 1381 1520 1389 1675 2099 21.78
+1.97 +£000 +192 +0.00 +000 +19 +000 +000 +1.89 =+0.00
v 2.77 420 692 1098 1232 1385 1390 16.61 1911  19.63
+212 +198 +0.00 =000 +194 +000 +000 -+£000 =+0.00 +0.00
[ 0.152 0.158 0.176 0.198 0203 0214 0219 0232 0237 0240 0.248
+0.00 +001 +002 +001 +001 +001 +£0.00 +000 000 =001 +0.01
il 0173 0195 0201 0217 0226 0230 0240 0239 0242  0.251
TBA +0.00 +001 +002 +001 4002 £002 £002 =+£002 £0.00 £0.00
(mg/kg) - 0.167 0.188 0189 0211 0217 0221 0228 0239 0244 0247
+0.00 +000 +002 +001 +001 +001 =+000 +001 000 001
v 0.152 0.187 0185 0197 0207 0214 0215 0235 0238 0.243
+001 +001 +001 +001 +002 +0.00 +001 +000 001 +0.00

I: wrapping — precooling at 5°C — freezing at -40°C by air-blast freezing method.

II: wrapping — precooling at 5°C — freezing at -40°C by still-air freezing method.

ITI: wrapping — precooling at 5°C — freezing at -40°C by immersion freezing method.
IV: wrapping — precooling at 5°C — thermal equalizing freezing (0~>-10-—-20—-40"C).
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Table 3. Changes of chemical composition during storage of frozen pork by various freezing methods

Treatment Storage duration (day)
condition 20 40 60 80 100 120 140 160 180 200
I 249 388 7.39 4.97 3.83 2.95 4.80 5.92 4.26 2.09 2.88
+0.80 +1.54 098 105 +097 +024 +1.15 +098 +1.01 +054 -+0.85
) I 6.39 7.35 4.47 7.59 5.39 331 246 4.41 5.59 9.85
?"P +£097 +054 +1.09 +085 +0.95 +089 +0.74 +089 +027 +145
(‘,’;i - 2.96 4.16 2.79 2.46 5.05 3.02 4.80 3.29 1.88 452
+0.23  +1.04 +005 +£120 +084 +0.79 +025 +094 +035 +1.00
v 3.58 5.08 236 3.89 4.90 475 5.11 4.14 1.61 597
+0.69  +0.87 +035 +086 +086 +054 045 +079 +025 +025
| 599 568 5.67 5.96 5.62 6.08 5.68 5.60 5.92 5.73 5.40
+0.01 +£004 000 £002 +001 4001 +0.04 £002 +061 -+0.02 +001
I 5.62 6.07 5.95 5.62 5.82 6.13 5.78 6.08 5.86 5.79
H +0.01  +£000 +£001 £003 4000 +003 4001 +001 +002 +0.00
P - 5.95 6.26 5.66 5.62 5.78 5.73 5.64 5.77 5.57 5.39
+0.00  +£0.02 +£002 000 +000 +002 +001 +001 =002 +0.02
v 552 6.24 5.64 5.68 5.69 5.65 5.62 5.72 5.46 5.37
+0.00  +0.00 4001 +001 000 +001 +000 -+0601 4003 +0.03
I 278 552 5.53 695 1116 1529 1665 18.06 1954 2253 27.85
+0.00 +0.00 000 £1.97 +002 +1.96 +193 +203 +000 =+000 +0.00
- 4.18 8.23 948 1242 1668 1802 1810 1950 2232 2905
VBN +1.97  £000 £000 +000 +000 +1.94 +197 +0.00 +000 +196
(mg%) - 4.20 5.43 5.95 974 1530 1520 1664 18.04 2111 2787
+1.98 +£000 +£197 +£197 +1.97 +195 +000 +196 -+199 +0.00
v 2.80 4.11 9.80 1123 1435 1390 1523 1666 1965  25.18
+0.00 +000 +198 4000 +197 4000 +1.96 -+0.00 +000 +198
I 0126 0162 0225 0231 0237 0261 0285 0261 0280 0301 0315
+001 +0.01 +002 £002 +001 +002 +001 +000 =+002 +001 =+001
I 0.156 0225 0235 0249 0264 0270 0279 0309 0311 0306
TBA +001  +001 002 +001 +0.02 4002 +002 £002 001 +001
(mg/kg) - 0192 0228 0227 0228 0240 0261 0270 0273 0287 0.297
+001 +0.01 +001 +001 +£001 +001 000 +001 001 +0.01
v 0216 0219 0217 0219 0236 0249 0252 0265 0278 0288
4001 4001 001 +001 +0.02 4001 +000 =+002 +001 +001

I: wrapping — precooling at 5°C — freezing at ~40°C by air-blast freezing method.

II: wrapping — precooling at 5°C - freezing at -40°C by still-air freezing method.

III: wrapping — precooling at 5°C — freezing at -40°C by immersion freezing method.
IV: wrapping — precooling at 5°C — thermal equalizing freezing (0—-10—-20—-40°C).
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Fig. 3. Cross-section (A-1) and longitudinal section (A-2) of beef frozen at -40°C by immersion freezing method.
Cross-section (B-1) and logitudinal section (B-2) of beef frozen by thermal equalized freezing method.
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Table 4. Changes in quality of frozen beef with storage temperature fluctuation

Fluctuation Frequency of Drip loss H Moisture VBN TBA
condition fluctuation (times) (%) P content (%) (mg%) (mg/kg)
B-1" 0 - 5.46+0.04 68.98+0.40 4201198 0.126£0.00
5 5.06+0.45 5.45+0.01 74.1310.08 6.91+£1.95 0.167+0.00
10 9.77+0.99 5.80+0.01 70.914+0.01 6.97+1.99 0.166-+0.00
15 7.96+0.56 5.78+0.01 74.67+0.04 9.56+1.93 0.183£0.00
20 8.611+1.05 5.55+0.01 74.08+0.97 9.78£1.97 0.199+0.00
B-2? 0 - 5.461£0.04 68.98+0.40 4.20:+198 0.126-+0.00
5 5.41+0.78 5.44+0.01 72.85+0.93 5.53:+0.00 0.164£0.00
10 6.1210.35 6.07+0.00 75.27t1.34 6.87+1.94 0.172£0.00
15 7.25+0.59 5.76:+0.02 74.62+3.37 11.10:£0.00 0.199+0.00
20 10.27+1.45 5.51+0.01 71.60+1.56 11.18+0.00 0.228+0.00
Pfrozen at -20 — -5 -+ =10 -+ -15°C —» storage at -20°C.
Yfrozen at -20 — -15 -— -5 — -10°C — storage at -20°C.
Table 5. Changes in quality of frozen pork with storage temperature fluctuation
Fluctuation Frequency of Drip loss H Moisture VBN TBA
condition fluctuation (times) (%) P content (%) (mg%) (mg/kg)
p-1" 0 - 5.99+0.01 75.96+0.17 2.78+0.00 0.1261+0.01
5 5.15+0.54 5.95+0.00 76.18+0.19 4.10+1.94 0.180+0.02
10 8.3140.51 5.43::0.00 76.47+0.01 6.81+£1.92 0.204+0.01
15 3.86+£0.62 5.51:4:0.00 75.06+0.05 8.2740.00 0.246-+0.01
20 10.96+2.30 5.64+0.01 73.7410.54 8.19+0.00 0.237+0.01
p-2? 0 - 5.99::0.01 75.96+0.17 2.78+0.00 0.126+0.01
5 4.91+0.48 6.14+0.01 75.62+0.57 2.74+0.00 0.189+0.00
10 6.49+0.69 5.85+0.01 76.094+1.59 5.401:0.00 0.213+0.01
15 6.17+0.83 6.424-0.01 73.57+0.03 5.584:0.00 0.213+0.01
20 13.31+1.94 5.93+0.01 75.01£0.28 8.124:0.00 0.231+0.01
P-3> 0 - 5.99:+:0.01 75.9640.17 2.78£0.00 0.126+0.01
5 3.40+0.73 5.7440.01 74.68+0.54 2.73:£0.00 0.204+0.01
10 9.90+0.96 5.51+0.00 73.87+0.39 6.89:£1.94 0.237+0.01
15 10.09+1.76 5.6840.04 74.36+0.30 12.36:+1.94 0.255+0.01
20 6.77+1.05 5.73+0.00 75.4940.11 13.84:+0.00 0.249+0.01

Pfrozen at -20 - 0 — -10 — -15°C — storage at -20°C.
Pfrozen at -20 — -15 — -10 — 0°C — storage at -20°C.
Yfrozen at -20 - -10 - 0 — -15°C — storage at -20°C.
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Fig. 4. Cross-sections of frozen pork by frequency of temperature fluacuation” (X 1,000). "p-2: -15 — 10 — 0 —

-20°C, (A): 20 times, (B): 15 times, (C): 10 times, (D): 0 times
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