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Thermal equalized freezing process

- A basic research on the destruction of tissues by internal pressure during freezing of foodstuffs -
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Fig. 1. Changes of pressure and temperature during freezing and thawing on distilled water (Jeong JW et al,
Korean J Food Sci Technol, 31(3), 682—687, 1999)
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Fig. 2. Changes of internal pressure and temperature on beef (1) immersion freezing, (2) stil—air freezing
(Jeong JW et al., Korean J Food Sci Technol, 31(3), 682—687, 1999)
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Fig. 3. 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 (Jeong JW et al., Korean J Food Sci Technol,
31(3), 682—687, 1999)
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Table 1. Internal pressure and temperature during freezing

Initial Dimensions Max. Min, Differ—

3 0 )
Eﬁf)t' Frze,férﬁ;m ) Vetoris femp. weight Size LP”  Temp. LP” Temp ©nce Free?nﬁ)tm
) @ (cm) (ps9)  (C)  (psig) () (psg)

1 =70 Stil—air Beef 100 3750 100X95%x50 03 98 —1205 -635 1235 933

2 =50 Air—blast 6.0 1750 105X55%x45 002 1.3 671 =359 673 528

3 =40 Immersion 20.1 3249 100X90X50 053 -260 127 1.3 180 107.8

4 =70 Still—air Pork 115 5276 115X100X75 033 115 838 570 871 1895

5 =70 Still—air 120 2686 100X70X45 085 1.1 619 531 704 136.7

6 —40  Immersion 10.1 2424 100x85%x45 051 262 148 -12 1.99 874

7 =40 Immersion 79 1628 120X80%x25 -0.11 73 604 -268 593 2273

8 =50 Ar—blast 6.7 5368 145X78%x70 -0.11 6.7 520 -328 509 104.7

9 =50 Air—blast 65 2541 125X75X30 022 65 -385 322 407 1437
Internal pressure
Time taken for center to reach —1 8C (Jeong \.JW et al., Korean \.J FOOd SC| TeCh nO|, 31 (3), 682_687, 1 999)
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Table 2. Internal pressure and temperature during Frozen storage

Dimensions

Max.

Min.

Expt.  Freezing temp.(C) Malerigls — _ 5 . Difference
No. and methods Weight Size L. P. Temp. P Temp. (psio)
@ (cm) (psig) (0 (psig) ()

1 =70, Stil-air Beef 3750  100X95X50 -1.74 —62.1 -205 —-600 034
2 —50, Air—blast 1750  105X55X45 —-3.46 -31.3 —-6.66 -355 320
3 =40, Immersion 3249 100X9.0X50 053 —260 —-0.97 —268 1.50
4 =70, Stil-air Pork 5276 115X100X75 -819 —-56.8 -838 570 0.19
5 =70, Stil-air 2686  100X7.0x45 —4.96 —57.1 565 -56.0 069
6 =50, Air—blast 5368  145X78X70 305 -30.7 -489 -349 184
7 —50, Air—blast 2541 125X85X30 -0.72 -31.6 —2.74 —347 202
8 —40, Immersion 2424 100X85X45 —-1.74 —62.1 —2.06 —600 031
9 —40, Immersion 1628  120x80x25  -483 -298 —5.81 —29.1 098

Internal pressure

(Jeong JW et al,, Korean J Food Sci Technol, 31(3), 682—687, 1999)

28 570l o Wl AL A ol o) AYEE S A YRRl YR vlg
ole} 2 AuofA mRo] & W AL w2 FEAY FEE sl A7]= AXBAE o
B URIE W 1k 98 L ESOHE oAl AReRA U AAE B & gl Ho
E -70CY BA3714 2 -0 AAAA A Adgste hElo] TFEAAY Wi A
+ AW T2 WEerEHo] WA, A% HAysl7) wtolch, o9t Zo] mFAA| Q] iHof
BO] uta|= o] vlwy & (+)ghe] Ao A EAeh BAYS 52 A FAlo] F7tst]
A 7Hs/d0] e ACE AL o= 2 sA% AFY RN FE E= 717 A=
S wel HEAFY YRoIN FHOR FH  A0R 2257 et gebd 52 Fo WS
Table 3. Internal pressure and temperature during thawing
) ” Dimensions Max. Min, Differ— L
BExpt.  Freezing temp.(°C) ) Initial Thawing time”
Materials Weight . LP? Temp. P’ Temp ence :
No. and methods temp. g LI P LF. P. . (min)
@ =W o ) psg  (0) (s
1 =70, Stil-air Beef 633 3750 100X95%X50 534 504 -1189 -633 1723 136.7
2 —50, Air-blast 319 1750 105x55x45 051 -233 512 -319 563 613
3 =40, Immersion 269 3249 100X90X50 225 52 —-148 58 1705 56.9
4 ~70, Stil-air Pok 570 5276 115X100X75 230 -512 -1048 -91 1278 261.4
5 =70, Stil-air =570 2686 100X7.0X45 381 421 497 570 878 167.6
6 —40, Immersion 277 2424 100x85x45 096 -255 —143 51 1526 1047
7 —40, Immersion -203 1628 120X80x25 -410 -189 683 -09% 273 850
8 -50, Air—blast 307 5368 145x78x70 087 -256 -1063 23 1150 770
9 =50, Air—blast =307 2541 125X75X30 358 237 478 10 8.36 1924

Internal pressure
2 Time taken for center to reach +1°C
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Fig. 4. Changes of internal pressure and temperature on apple during freezing and thawing (A) still-air
freezing, (B) air-blast freezing, (C) immersion freezing (Jeong JW et al., Korean J Food Sci Technol,

31(3), 682-687, 1999)
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Table 4. Internal pressure and temperature during freezing and thawing by various freezing methods

Freezing Thawing
Material Freezing Max. Min. Diﬂer&_ence Max. Min, Differgnce
T method — Tme. LR Temp, P9 1P Temp, (P9
(psig) {9) (psig) () (psig) () (psig) (‘c)

A2 218 —-123 0.17 40 2.01 2.36 -5.3 1.23 1.0 1.13

Pear B” 3.00 276 0.38 46 2.62 565 234 0.61 1.1 5.04
c? 1.40  —-197 0.04 -0.8 1.36 237 149 1.00 1.0 1.37

A? 197 117 0.28 8.4 1.69 2.96 -8.7 1.26 1.0 1.70

Apple BY 244 414 0.83 2.1 1.61 388 328 0.94 1.0 2.94
c? 1.84 -30.5 0.29 2.6 1.55 3.25 -12.8 1.61 1.0 1.64

A? 1.09 9.1 -053 -17.2 1.62 208 -153 0.10 -8.0 1.98

Melon BY 342 424 0.31 -15 3.11 425 =250 1.39 1.0 2.86
c? 0.70 60 -124 -186 0.54 1.81 -3.7 1.45 1.0 0.36

A2 205 -16.6 0.01 75 2.04 279 130 0.75 1.0 2.04

Watermelon BY 1.66 -304 053 56 2.19 3.70 —14A1 0.83 1.0 2.87
c? 164 -249 -043 3.1 2.07 283 -180 0.94 1.0 1.89

Vinternal pressure,

? Still—air freezing of 0.13~0.28 cn/h,

9 Air-blast freezing of 0.57~0.76 cn/h,
* Immersion freezing of 1.07~1.35 cm/h
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Fig. 5. Changes of internal pressure and temperature on beef with thermal equalized freezing (1) immersion
freezing, (2) still-air freezing (Jeong JW et al., Korean J Food Sci Technol, 31(3), 688—696, 1999)
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Fig. 6. Changes of internal pressure and temperature during thawing on frozen pork (1) without thermal
equalized freezing, (2) thermal equalized freezing (Jeong JW et al,, Korean J Food Sci Technol, 31(3),

688—696, 1999)
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Fig. 7. Changes of internal pressure and temperature during freezing and thawing on watermalon (A)
without thermal equalized freezing, (B) thermal equalized freezing (Jeong JW et al,, Korean J of Food
Preservation, 10(4), 459—-465, 2003)

2 2715 AQYERRAANE TIohe 5> TAAHIOEN FAZY] o]% R HF AT
F43] et T 227 el wet A& RG] A7) oF 1.3 psig FEOE F2A T
ZASTORN AYHste oF 2 psig 2719 & SFA] @2 Aol HIs) Ads] AA vET ®
FO = 7kt Agets AFS Hol FL9le 3L dlEAlof SlojAE d2A S AR WY
ghHo] At ke APk ok = g A7 F2A A ¢ WY A7|Eo
gro] Ae-of vpZbA| 2 YRy o] Ao A AgiFoR A yeRdtt,
AR A2 Al &, 0T, -5, -10T ¥ S| Table 5ollA] B upe} Zro] Az Ao
15T dAHOR dFs 202 YE wE FALANE ATEY A5 AR

Table 5. Comparison of freezing time between without thermal equalized freezing and thermal equalized

freezing
: ——
Semple Initial Freezing temp. °C) ~ Width  Thickness tIAw\i/skrangees(s) Freezing timeimi) difference
temp(C)  and methods (m) (m) Thermal Non—thermal %)
(m) equalizing equaizing”
Beef 10.7 =20 Still—air 0.105 0.095 0.09975 8178 899.83 -912
136 50  Ar—blast 0.05 002 002857 54.7 57.87 -5.48
20.1 =40  Immersion 0.09 0.05 0.06429 107.8 117.91 -857
Pork 13.1 =70 Still—air 0.11 004 005867 1476 155.10 -4.84
10.1 =40  Immersion 0.085 004 005440 874 113.19 —22.78
79 =40  Immersion 0.11 005 005310 1090 146.35 —25.52
6.5 =50  Air—blast 0075 003 004286 838 94.12 -10.96
" By equation (=2w*d/(w-+d), w=width, d=thickness)
@ Computed value by Hung & Thompson(1983) (Jeong JW et al., Korean J Food Sci Technol, 31(3), 688—696, 1999)
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FEATE A e Aol WSt} FHLRAE Rl e el vj3 A A et A4 180
o] O 10~20% Y% A Leht WEAT 29 AR MY B 20,4892, FALTA vlwH w
B oui) ek 9 v wol Qlol AR EIE 2 WA 5 ARLS AY 12097 9,31%,

Uz AR AR, AR ARV = A% 14097 9.38%= LIE}
wom, A% 2009 sl o] Bt EYEAE
T AR 9 VoA 27k 6,54% 3 7.63%% A

LMz Ao ot 219] 9.61%] vls) A7 vepgeh, 12w 3z
29 MG F SEHY o] ohE pHHIE FH3 AolS UehfA] ¢

okout AA7|zte] Aakgte] whel 7)o tha
AAE 248 2 52 S5 A% T & 7RI AR 1009 o] $HE = thA] fhadhe
A AHE7] 98] drip loss, pH 2 AXE & AoE UgyTh o|et 72 ZAil= g Hilof ¢
Asl7] 9at AREA FHAAYG7| AL (volatile  FHH, AL WEAY 27|o= pHIL F7tsict
basic nitrogen, VBN)S} A|9o] Alwl} A= & A 7} fhaske A2 FEAY € YEYA 3 54
7] $13) thiobarbituric acid(TBA)E £4%t 2 Ho| 2 AMJAT dZedo] HEH o] wid
I Table 69 Yetfidch WA, 54 ‘%“ﬂoﬂ o 9 o] &AL ¥k 5o 91?'5} %"—i B/ 12kl
2 SRRAES B4 28 By, 52457 Qo) @

H

=8 A7 AR At AIEHL Z% =V

Table 6. Changes in quality during storage of frozen beef by various freezing methods

Storage duration(ciay)
20 40 60 80 100 120 140 160 180 200

[ 6301120 618+18 65181100 643£197 6281201 10251346 808+265 976+305 829245 965+215

Diplss Il 510+ 681+133 753+123 7172154 974126 7954198 10591287 4461187 15371180 20481450 10541125
(%) [ 0% 6012098 3424051 653+138 763098 6051165 931£236 3044250 7024216 874+197 915185

I} 6631087 768+103 781133 612+125 9341213 7024249 038+210 915+278 807£1%6 7511145

[ 567000 574+001 590£001 564001 600001 549000 557+000 565004 5741001 5631001
I 588+ 577001 576+001 569+000 594001 5761002 541000 55001 535+000 540001 5441002

Sample‘

oH [ 008 58+000 572001 576001 574+001 5724001 571+001 561£003 548+000 553+001 5601001
v 5661000 574001 568001 560001 569+002 553001 561£001 550001 5631000 564+001
[ 2811000 6941000 1101£192 1393+000 1229+193 1377+000 1366+£000 1806+£197 2086+187 21.02+198
VBN [l 280+ 41562198 829000 1245+196 16721000 1632£000 1811£197 1802196 2081+197 2377+191 2638+197
(mg) I 000 28£197 6871000 978+186 1403£000 1381£000 1520+196 13891000 1675+000 2099£189 21.78+000
I} 2771212 420198 632£000 1098+000 1232+194 13851000 13%0£000 1661+£000 1911000 1963+000

[ 0158£001 0176+002 0198+001 0203+001 0214£001 0219000 0232+000 0237+000 0240£001 0248+001

TBA [l 0152+ 0173000 019%5x001 0201002 02174001 0226002 0230+002 0240£002 0239+002 0212+000 0.251+000
(mafkg) I 000 0167000 0188+000 0189+002 0211001 0217£001 0221001 0228+000 02390+001 0244£000 0247+001
I 0152001 0187001 0185+001 0197£001 02072002 0214£000 0215001 0235+000 0238+001 0243000

*| - wrapping — precooling at 5°C — freezing at —40°C by air—blast freezing method
[I: wrapping — precooling at 5°C — freezing at —40°C by still-air freezing method
Il wrapping — precooling at 5°C — freezing at —40°C by immersion freezing method
IV: wrapping — precooling at 5°C — thermal equalizing freezing (0°C——10'C—-20C——407C)

(Jeong JW et al., Korean J Food Sci Technol, 31(3), 688—696, 1999)
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Fig. 8. Cross—section(lll-1) and longitudinal section(ll—2) of beef frozen at

2 43 Alofle F2YHA #AJel A frARE

3he Hernole,

T3 FAY hE o5 2AS WA A
3He Fig, 8o 4] e vlelgo] FLALT AR
£ AN 52 Ahamoﬂ Hlatel 22240]) 212
= 295 FAE0] 9 Btolyet 2HH
& F7e7) g B2 olpold 9ol 2E
Helo] olg FAY ol B T2 vlste]
AN WS YRS 45| AN 4

(V=2)

—40°C by immersion freezing

method, Cross—section(lV—1) and longitudinal section(V—2) of beef frozen by thermal equalized
freezing method (Jeong JW et al., Korean J Food Sci Technol, 31(3), 688—696, 1999)
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