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Technological development for quality maintenance by non-freezing
and thermal equalizing process during freezing of foodstuffs
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SUMMARY

Freezing is one of the most satisfactory methods for long-term
preservation of foods. And the purpose of freezing is to preserve the food
by preventing microbial spoilage and slowing down degenerative changes in
the food by means of lowering the temperature. The purpose of this
research were to provide fundamental data for freezing of foods, and to
develope a new method of initial quality maintenance using non- freezing
and thermal equalizing freezing technique. To prevent the major
physicochemical changes that occur during frozen storage are a result of
tissue destruction, weight loss, oxidation of lipids, denaturation of proteins,
discoloration, sublimation of ice and recrystallization were investigated.

The results obtained from this study are summarized as follows;

1. To develop simple and accurate analytical method for freezing time
prediction of beef and tylose under various freezing conditions, freezing
time(Y) was regressed against the reciprocal(Xs) of difference of initial
freezing point and freezing medium temperature, reciprocal(Xs) of surface
heat transfer coefficient, the initial temperature (Xi) and thickness(X2) of
samples which should cover most situations arising in frozen food
industry. As results of the multiple regression analysis, equations were
obtained as follows. Yiylose=3.45X1+7642.84X2+4642.67X3+2946.89X4-431.33
(R?=0.9568), Ybeer=0.68X1+7568.98X2+2430.78X3+3293.26X4-299.00(R*=0.9897)
and Y pork=1.92X,+4593.92X2+3447.63X4-136.67(R*=0.9903).

2. These equations offered better results than Plank, Nagaoka and Pham's
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models, shown in satisfactory agreement with models of Cleland & Earle
and Hung & Thompson when were compared to previous models, and the
accuracy of its was very high as average absolute difference of about 10%

in the difference between the fitted and experimental resulits.

3. Surface heat transfer coefficient, freezing medium temperature, initial
temperature and thickness of material have very significant influence on
prediction of the exact freezing time. And as the product thickness increases,
the influence on the surface heat transfer coefficient and initial temperature
become more profound. Also, as the magnitude of surface heat transfer
coefficient decreases, the influence of product thickness on freezing time
become more profound but the freezing time does decreases slightly as the

coefficients are increased to values greater than 150 W/m'C.

4. Also, when the previous testing data 109 were applicated to each model,
it will be observed that the data of Hung & Thompson approach to the
models of Nagaoka and Pham, and data of Cleland & Earle show in
satisfactory agreement with models of Hung & Thompson and Pham. The
results in materials also indicated that all samples of 5 species agree very

closely to models of Nagacka and Pham.

5. The destruction of tissues by volume change 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 942.17kg/crt for density at —-20°C for beef were shown.

In quick and slow freezing of beef, internal pressure reached to highest point
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after reached to the lowest point at initial of the zone of ice crystal
formation. The internal pressure was approximately 8~10psig and pressure
difference was about 1 psig bigger for immersion freezing than still-air

freezing.

6. During frozen storage of pork, internal pressure of 1.84~2.32psig occurred
repeatedly as a function of sample weight at material temperature difference
of *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.

7. Internal pressure value at thawing was higher than at freezing in most
cases. Internal pressure of beef with thermal equalized freezing was about
1~4 psig, which was lower than non-thermal equalized freezing. Also,

freezing time was shortened to 10~20%.

8. 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 0.39~066 cm/h, average diameter of ice crystal
were about 30~50 im and showed broken tissues or irregular cracks. At
freezing velocity of 1.14~226 cm/h, ice crystals of about 10~30 m 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(m)=4.089+26.83log tc
(r’=0.913).

9. Beef with still-air freezing showed higher drip loss than methods of
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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.

10. The measurement of Freezing point by freezing point depression was
applied to Beckman method. Initial freezing point of cut-vegetable for salad
measured as follows; -1.1C on celery, -19C on red cabbage, -22C on
radish, -2.0C on chicory in 10 w/w% solution of fructose:glucose:sucrose
=2:1:1, and -197C on celery, -2.0C on red cabbage, -2.8C on radish, -2.3C
on chicory in 10 w/w% solution of fructose:glucose:sucrose:ethyl alcohol=
2:1:1:1. And, In case of strawberry paste; -0.65°C in non-treatment, -1.85TC
in 10 w/w% solution of fructose:glucose:sucrose:ascorbic acid =2:1:1:0.5, and
-285C in 10 w/w% solution of fructose:glucose:sucrose:ethyl alcohol=2:1:1:1.
And, In case of raw strawberry; -0.8~-1.0C in non-treatment, -1.2~-15T
in 10 w/w% solution of fructose:glucose:sucrose:ascorbic acid =2:1:1:0.5, and
-13~-20TC in 10 w/w% solution of fructose:glucose:sucrose:ethyl alcohol=
2:1:1:1. Also, In case of agaricus mushroom; -05~-06T on head part and
-10~-1.1C on stem part of non-treatment, -0.7~-1.1C on head part and
-1.0~-19C on stem part of in 10 w/w% solution of fructose:sorbitol=1:1
and -0.7~-1.3C on head part and -1.0~-15C on stem part in 15 w/w%
solution of fructose:sorbitol:ethyl alcohol=1:1:1.
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11. Changes in quality during storage of cut-vegetable for salad, strawberry
and agaricus mushroom treated with various cryoprotectants condition were
investigated. In general, the sample adding cryoprotectants was more
effective than those non-treatment in initial quality preservation during

storage

12. The energy requirement for storage of strawberry paste products adding
cryoprotectants resulted in about 80% cut-down, when compared with

non-treated one.

13. In case of partial freezing, During storage at -3C, changes in moisture
content and drip loss of pork immersed in 10 w/w% solution of trisodium
phosphate were lower than those of NaCl, glycerol and non-treatment after
20 days. Changes in VBN and TBA value of pork immersed in 10 w/w%
solution of trisodium phosphate and NaCl were relatively lower than the

other treatment.
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Mges NFS FENAE AT &AANER olF WA AH F&F

2 Ev HUYZAEdS FANDE Jted AT HY Fol AAE
I Rey HFY FEE Yityog R FHoz2 Fi FgHoz AF
o watMe Fe F53 2EZNI vt FAL MM 227 W)
B7te2d AF 239 YAAE FY £t vAgsE e Rez 99
A Ao 53, d5d: R dagas Fe AL vjAd % F&FH
-20~-30Tol3te ¥FHFA 3%, = HYAF o] FEE=7 6E Ao
€ Y52 FY gRdM FHez FZo] JPHE TX AHE WAAH YR
o vlEAREC FZANA A7l AHBZE AAH=ZA AFHAA A7t
BAE 5 QA =Hol BAY FZse el AFZAA WA TAY= Y
TZ2E 4FY EY Ex Ui #4 EE §717F dojvEe 4L B F 3
o o2 Ad, FEAAN BFEBAE AA HAFdc Atold AMEFHH, PP
59 NAH &4 g5, =Y A, i Ay 5o 9% &4 T 9%
FAAsE WA A

ojfZ L EALHLE ¥F Ao AF U ¥ U2 AW VA &4,
AZzA 4 dExde Wstd B FAH &4 T A F2 ¥ wA
H9 53], £ETF] 80%013<d FAFAAE tS A4E A2 AFHn
Aok BHM TG FFEFAELS ARHo2 FFHY] A YFEFIE2H
zHsHe AR, FFEL 2 %2 24 T FEASE YA F e
27 FARA B AL nFAY A AAFE 4713 FANL 5
A AR7I£Y "sZ e H2AF £ FEFZE ¥ T B 477
443 2 F UAESE HFHY 77 22 @ 4Foq.
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A24d U AA7<9 %A FAH
1. 324 A529¢ o83 AR FA= 43

WES HFY FAREL AF MY IHAA WY T ol AT 4
£3Q WA AFAD 87 AFY AL FA7] 2oz YFd A
F8AQ A7t AP A= B 25~35de AUtA g ez YF
& AFY 2x& ANA 2AU AFTE WEAGES AR 4
22849 JAZ AF9 FAANE FAAIE Aotk wEA HEFS FF
A&E FAsa, AFYE T A&d AN 7HARZE Hdgsr] A3t
o YEAL € YFEEY dFe gud Fad YFEALE YEAF Fo
Feg 44z AR A 4A € F A, o€ AA St A&}
29, #Adte oiAQA B Bdolved AFYFE FAAFA S =} Wz}
v 9EA4A g diyoz FFEHAE A3 ARG JHRZA
A o} 90%9] FEHQA AZE M SAMLE FEFHI low, oF ZA}
A& dgdole Ex AdZdgd gio A BAYES EHF ¥Id
Plank2 9] ez AY=Hn Y& AFolt ol2id AT #MM = Hsieh F
& HFE A B 7EE o83t AgY 272E, YA E R 27
Wad 5 4IAANA FEAANLY xFolE dF33 2, Cleland$} Earles=
FEAEYE o)8sd W, 4% E SHEAY 2Dy F(tylse: 23%
methylcellulose$} 77% water2 ® AAe] Alg)oz X3 o3 Plank4
< 74 gz AYANA 4F9 JuAs P £ RS 43849 FuHE A
289, £=3, Hung® ThompsonE HBHejo] 2 FEd dlste] Plank2] 9]
AR} F AL X7|WEA ol olstelMe] AL HAHY B uF
2 Aez o} e FEFINA 1T FdEIAE FR}ALY, 2=
Aol oy, 4z 2 I9¥ 7S VIS HITIEAR TR EdE K

5:)
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At £, Phame F2AR L Ay, 4ds 2 Y oz ey
271MZ2PEY ¥ WA Polats A¥H AFBAYE AHEstd WFA
e d2dged, 2 9% Cowell, Mascheroni, Nagaoka, Micheli%}
Calvelo 59 olsf BRud vt Ao 22y o]E2 FHAL AFd AEd 4
Y diolele F2 tylose, +% R =50 A= o FAYYE $F4
of o Ho| WFEolojx e AF R FZAYH A BRUAHL YF
Azt 2ol RAAHAE 9T Y dolest uj$ BE2g Aot}

HZ, Y5 =9 5’&*“’*1% B2 d7Ad o3 9F Ruagn g 2
F FAANTY fojo @ AHEY, Longe ¥HAAA(thermal arrest
time), & -1~-5C9 HYYAAFPHUNE FTdstc © e ARz s
2.9, Fennema$} Powriet WEEX9 B-SHE AL-25 WA Foi
2EHHE A8t d FYe A8ANoE HAYIAL, IR(FAEFETE)
A LEF FEFTEAANLS AR 27252 FH A& FHFHAN Fo
A =X FAANIE § de AT, of AL YFL WA HF9
AA HEFART BAHE Rz A a2 FEAAAA Ao s
o] AFH i Ade AFA AN FEFERARZY 7Hdo] AHHA &L
# B/ Aoz, nE AFPF Lo 28 o, EE €983 F4o] od
2T sy gase Aoz u e HFH S Hse Aol A W
‘§°]3}5’- BaE3 gtk ol ol fE TR AHLHI Je HFFAHLES
-5, -10 ¥ -18C o= AAd2 U} ojgtEo] o] FTAAL AFHANA
HZ dosty FALEY HYL FEAA A FEHEe %3 Ad ¥
A Bmotolegt $2 Fo AZZANE FA JLEE HF FHXEY A
e vje F8F Aotk §H, AF WAL dFdc LA, e
Zulsts ddg € uSHAd 24 § o 3} vAdAs sz
7] W&o RF7A Plank7t #A¢d AAF 718AHA 7HFE 71zxdd A+t
ALHT P AAolth YukH o2 Plank & FAAZL & g AgHT
A 2dzA YA AsEAAA dF G4, 7T YEHAMY

¢
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Ad %E, FAWMAE T dFLALY 1A BAA 72E F S 2
2 g3 2 M3E€ T3 o

) N8 dEXAE 52 EE "FE YHAME XA d2AR, d4
UAY Aoz AT,

2) Mg} WA Aloje AGAAHY AR AT 27] YHHAM =
E #Adgo] H&H" dES FAEH. ’

3) 248 NEE AT 2V|SES 712 #gohz AT FAvAE
o o FAH A

4) NEaURe dAgL YA drgAF wet Axd o3 o]Fon
olpre 1A wWEel Plank2Zde o9 2 &9y 7% ¢ AAHE €2
2A=E32 gleh o) Earle$} Fleminge Plank2 92 AAg F37]9 FHAZ
d& AT AIE 27Nexg HFLT AtojdA W FIFLE A
39 d2 ASE FAANY ¢ ddz 2 b vk olgzto] o sty o
Bo 2AsE o4& AL3E7] A48 AI7HA L A7V R Ao
Z3n82 AF7HA Plank2] 9] Wy o3 AF] FAAL 4F 2dE 893
W Table 1-13} Zth

[HF9 ¥z 2 $2d a8 8]

ZAYWSHNA LEY IFEE L ARH BAF fojg LAHEY oS
% Z4q.
(1) 42% 24 F(deep-frozen food)

AAAQA SAYPe ofs) AF9 PFFLL -18CTolFHE Wy, 2 F&2
eAAN PYEYAE FHNELE, deep frozenolHte EEL F552H
22 ouE AgdTH
(2) BT E & (average temperature, equalization temperature)
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Table 1-1. Summary of previous research for freezing time prediction.

Years Researcher Form Comment
1941  Plank t= %'L(P}%D + R}eDz) - The earlist model
-7, s
- P and R are constant:
Slab; P=1/2, R=1/8
Cylinder;P=1/4, R=1/16
Sphere; P=1/6, R=1/24
1955 Nagacka #=(1+0.008T)°= AH( P;‘D + R}eDZ) - Modified Plank's
e Y s
equation to calcuate
freezing time of fresh
fish in air blast freezer
« AH=Cu(Ti-T)+L+Cs(Tf-Tc)
F, 1 , . ) .
1967 Cowell 5= R+ B. - Plank’s equation described in
] H
a dimensionless form
1972 1R t= 0, TAH (P ;ID + R}eDz ) - TIR modification is similar
=T, s
to plank’s model but with
enthalpy factor(AH) between
T¢ and T.
. AH P-D,R-D\ . .. _ .
1979 Cleland t= Tf— Ta . (EHTD) ( 7 + ks ) AH = L+Ce(T¢Te)
& - EHTD : Slab = 1,
Earle P=05 {1.026+0.5808Px+S(0.2296P Cylinder = 2,
+0.1050)} Sphere = 3
R=0.125 {1.202+S5:(3.410P+0.7336)}
o -AH(P-D R‘DZ)
1983 H t= +
ung AT h kg
& M AH =Cu(Ti—Tf)+Cs(Tf_Tc)+(Ma_Mn)L
Thompson « AT =(Ti-T)C/2)-(C/2N(T+TeY

- P=0.7306-1.083P+S;e {15.40U-15.43+0.01329(S:/By)}
- R=0.2079-0.2656U - Ste
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Table 1-1.(continued)

VAN A
1986 Pham t=%(i+ﬂ)-(l+M

AT, AT, dk;

)

- &Hy = Cu(Ty - Tw)

« AHp = L+ Cy(Tp - To)
« ATy = (Ti#Tw)/2 -Ta

+ ATy = T - Ta
* T = 1.8+0.263T:+0.105T,
[/l 44]
A : Surface area (nf) Subscripts
C : Specific heat (J/mT) 1 : Precooling
D : Equivalent length (m) 2 . Freezing, or freezing
EHTD: Equivalent heat trasfer dimension (-) and supercooling
h : Surface heat transfer coefficient (W/m*T) a : Freezing medium
AH : Enthalpy change (J/nf) b : Surface
k : Thermal conductivity (W/m'C) c : Final center (-18TC)
L : Latent heat of freezing (J/nf) f : Initial freezing point
M : Mass (kg) i : Initial
B: : Biot number, hD/ks (-) m : Mean freezing
Fo : Fourier number, a /D% (-) s : Frozen phase
Ste : Stefan number, Cs(Te-Ta)/AH (-) t : Final surfase
P« : Plank number, C (Ti-T:)/AH (-) u : Unfrozen phase
P,R : Shape factor (-)
t : time (h)
T Temperature (C)
AT : Weighted average temperature difference (TC)
U : Dimensionless temperature, AT/{T:-Ta) (-)
I

: Density (kg/nf)
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T2 AF AZFFAdR FAEYEe 2RV dong AFEURd LX)
7t A ol 29F ™z {FXE X7 HYPEHIL so] FLo] U
3 A o] o F2L FAEFLolE s, ¢ FHgEe dus 9 o
Tol MY g HAHE YIHAT AAZ PFYFA dAHe= JEYRY F
0] Azt o] wet ZolAeR o] e LEE PFFLolE o,

(3) =% 43 (thermal center)

27 £ EFE AFY IFEAA F29 A3t AR =g dojve
A& grgd. &, 4 A A= %%*’—;'7-57T* 7t =383t o] 2%
FAEE AF UF FAFCIERE FHDRXER AF87) A¢Y HFEL
Aol dYstA ¥ £EF FAo] EFASFEE U= dX&E gue oY
=3 '

(4)F 3 &4 A ZH(nominal freezing time)

A Eo F2o] LT AHAAN 27I2E7F 0CY 9, o}AE T3 &
EFHAE -15C7HA JEe d 288 ALE %3y, EASELS 10, -1
5C)2 @ch. =8, F23A 9 8L Uehlr] Adteq IAFEAANLE A48T
Aol AFEY ¥, Z7), 4%, EFWY F& AAT 71 FEdof @

(5) #3544 S (nominal rate of freezing)

Z717t AT A F 2EFAHE THee ddAY FAW 1/2& I3
FAANDLE UYE &€ FHTEES=(WVEL 9. F, v=i/t2 YEUY, o
714 L& onZE, v cn/hE ¥},

(6) F &% 4 Al effective freezing time)

FREAZAANT & N hY 9, BE2VXE(TC)Y AFE 28 &
EFAEE FolA T.C7ZAA e o 285 AHE 2dd. F, FEx7)
€% Ti 20C9 4EE& T, -10C7A WE 34, 2 ¢ 285HE AHAAL
< #Eq.

(7) 5% 2% S (effective rate of freezing)
77t AT HEY] FAFASEEE veE 2EFAHHE FTHsE ddA



FEdq o FA LemE FAFEANL .2 Uw Aotk F, veltel(T;, T2
=1, ved] @9+ a/hE gt
(8) FrE Yz A M effective cooling time)

FEYGAZL te= A1 h2 Yelie, 4F9 279 HE2E Tt F9
Ae W olF YA 2=FHFE T.CE & w7tA L285HE Ao,

2. V¥4 AR7=

KB EE partialolBHe Soj7t YE WHT AZAA o8 Hee Az
& Bolz 2718 RE 279 YA, ol9 BAFe] 19859 490 YE WL
E937} wEsgon 1 Astds o 3507 AA7 Ao Yt
2 RFHEFL 51 Ut H2oEs kB ¥ partiale] AEHE 25 9y
e FEEmRD P53 o] LEGY AFEE 716e AT ALsAE 239
ol 2A Q3 glE AHolth,

2

o

DAL= o]§9 wH
O ¥4AZ 4 FEAAZAEFLT €%

AE9 A2AFE AF7A WZAAHZ(cooling storage)st FAAZ
(freezing storage)o2 =T o]gd FEY 7]EL AF o YAARY A
A4 R A2 Atk oA T3 WA G vl FZ(non-freezing) 9] i
oo}, F2AFL FALeolth

B A2 ASE T AHEL t7 -1~-15TH 20 YHoB2 YGAF
A o]gde 2xdlE 0~10T7F YwtHeln FAAFL FHo vlady AA
& -18ToldtE o4z Ut} ol 2=+ FAHLE FUH YFELD
of o]&Hx o HE AFY FAAFL -20~-30ToA FESFAT F2)9



A4 -50~-60C7F 87Hh ol Mo =& 1 ¥ o] dF L 4
d, B, T AR FAAE TFST Yol AF WY ARF AY 2A
HuzH F4o Yt 2X8 B # o

@ 71&€ ¥AAZY <3

Re oy F AYez Ve AFged AW #go FFo AR

' e g8 Y4AF =H99, A =4 F 0T 3331 A ¥Z4A
A g2 e YAAZ Afde AR AZAANL 1~25F2 21 o &
ANFe Rol Z@sth ojgpo] AFol MAFAY A7l FAhE Ao
71&9 BGAG YA Ho dHo|T,

@ 718 52AZ @4

ZA71E -18T olsto] A% FAAZ AAME AF7IEe] 5 7Ll
A RE 14 o)de Arztel2R2 AFAN i B JAFAAg 2
& Bie e floy T2 4% FAAS F, dripD A, @NANA, &3
o &4 2 soldele 3, FriEd Fol dojdrh ol FAE YEUWAl
Zd AFAME @ A/ PIAT FF HFdAAE FAAN F=AA
He d ol FHEECGEREET)SGL Atk agtd HFdA FoH ALY £
gotE A 526 g quAs 2880E Re] M & dPer B &
Ak

2) FREN ol &9 Y
o AR B (FAARS FN(FAADY F7A 25 WA 1449
Ao F71 A%l shedvte A
o kol 7Hed EAA ¥ FE AL UFAIIE 0Tolste 4F
Wad A% & AWPYEZYPYANC-1~-50)F 2 AZFLEE o8
ge 3
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(H2=d A% E7]
Non-freezing(W] 5 4) : HI74H
ey AF AAY P2dE o)Lt WY
A3
HAR ZRPCHEF)
Freezing : partial freezing(¥-2%4)

@ kB
e AR Wil oa™ 0Colsl, & 4F9 WA =gie
g7tx el =& Ban o] LEUIN AFde A& YPolg sk Y&y
e AE A WAFAAY YLUYE o3 AFE AMEF 4F)%
dHoz WARS AIANA WLdde WIAA ol &t WAARIUFE
7+EE)9) 27447 A
o AE Eefo Yug ol &3 By
AEo wARE AAT AAF, B R RANE BF -04~-25T9
Welulo] glon FFHeT o -13C FFolth o WHe EAL YojNE
GsEEE OTA -1TAOl& o] &3te Aoz Ho Yoy AAZ HAAY,
4 2 g o] LEUE FANINE AL A2 oSz QAP L
=@7 279
o WAFZsY
YAYE FaAIE PPoze dnHoz ARFE Fa2AINE Ao
A4 Foh ol YHMAE B4, 23} AsE Q € FF, @9, dvg F
o A7t $ol AUtk AE FAME shg, F, 3F, X2 HAY ¥
Re FFeo Aa Folut A, @A FFo] ¥y WEojh. EF, Ao
g9 YA -26TRZ2E ¢AA & U ot HPE ANAZEA &
2o &}E 2AY BY ol Aol ol T U7 WE YEHZ
&7 2A zHYoh olghzol WANZE A 4§ YL I ALAA
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W 4 QA AFHE AL & A: AWl A WA nlF PAWE
238AY d28d £ god o= L= Ut F& A ¢ & Us
ol g0l Ut WARAEYA AP MERN AFE Fold, /AT, B 2
Q0] 5 tse] AEN Baso glou REHY G2 Fojd N 5%E
A7k 5C, -3C(FL), -0T(EA)Y 371A Lxgddels HgAEe & 2
3 e 5TAR H& 600 AT 423 FEsA st FA=Uch
2y ol Aoz WARARE @ ALolE on AMFo| opd 7}
FEoz WY WE HEF 9% AgYold ¥ & Ut 2yx He
goge] g8E HEAF olge] ofil, BF, ol T WeAx L B wI
o Wesy 5 sk "olH o848 £ & Ao nuHa Utk

3) u5ae] 9§ &4
@D Freez-flo
HAE 9o WAHE A3 AFY HEER freez-flo}Fo] Ut
freez-flod] Fol & Aw, 44, d¥l, HEAFAY S+ 23434 T3 93
Az HFo2 -18CH =8 4H7Hx §27FLe L&A dn(F T2
A gede gdu)dA 4R Fede 50l Ao B FEEYl 43D o
A= oed AgEgHo A FRAXNE o= FE BHEHYo] YL ¥
gtolU} 0Tolstoll e 43d BREQNE YR Ao a8 vFZ Aeo]7]
HEo TAEGO R HAE FoH HFo| BEYRIHFEZ oA Hef A
ME 43¢ A7 & Ado
Q@ ERE&
Wege 0~-1Tee 33 F& WA ol &=z 287 o
€ wdd) -1~-5T¢ HIH o]&3y] A& LEUE F83= Aol @Y

£
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4) Partial freezing
Partial freezing(°]3} PFE}l @ch)ol@d AR FEo] dojA Y+ AHE 2
o, RESZolgtn 4T 4 ok dutyez WAYP AF 2=UYE o
£t Aoz 193498 ZF2 ojde] o]§¥ -3C BIU 2ol o7
Bellefon-folliot®}'g o)1} 1964d XL =257 o]A pargo’t o|&% -1~-3T9 3
o] o] pargod4, 19679 ¥F9 -1~-5C9 WAL WA 4¥d A7
g £¥3d -1~-3C7HA AE BF43td FEFEE B+ 12~369 HES 4
2 Bz A A=RAN 7HedRn &Fo] FF oF R AdAME
-3CAEANA dripg ZA&AA F£ A7 A Aoz RaHAY £, d&
o] A%E ATl 4 dd 2x AT By b, 2 Ed%E 953 2o
@ 8 AZEH
BN $98 -3CoAN HEFASS K& FHS 2, 44 7t
AEE WAHeA 193 ooy REFA(-30)dAME 11422 YERT
ol Y ¢4E AZHL A Hgo R RAFANE vlFIHAE YERR
on, B3] 4AE RS FAYYPAME 2Ho) g Fho TEY A
Z BRI e YFoly, -3CoAN REFAT AS /& ARYd wH
A3 EF7 e A2 BaHYY o Yk FEFZE -3CTAME 7148%F
olub Alztol AldEAY Zade EFdE 4€ F AT o
@ AZAE & ¥
g -3Cel AAsE dAHoz FYze YriAT & FEen. 92
A -145C9 APl E 20N B -34CT7AR AFHAIZ 2 Heissd A4
o o3& F F2EF o 57%7 koeE T d5¥ 5 yen Yv|Fe=
ZAH A SAHAEY YR Z PAAol ANETE RS BEY F Uk 9
& 523 1% 2AXYY AFF7 94 43 oA MEWY Fo] F
Z7)1qte] Aol o8 AEE FEdY OA AHZZHN AX9q & IEA
o) AH o] B A AL A9 AfrFolH Fo Ho} YW HEY dFELS
A4 Zo A=A @k 2 23 AX Wl - 7t FA A8 FF0) o
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oqun o] FFE RAAME wAEc] ¥FHI] oY AFG AT &4E
AAYG AEstAl gt olgZ e mnEs FE0 o8 A& 5 U AHEAN 5
% & FH(concentration effect)e} rt. ol F A} FEFE Extopd FZ
§ Aede FZEFAI dojun A2ERe HEo ARY FUd ZA N9
ot

5) FBEM A g tA

HZ v|¥HA AFE (& e F-=4FS $F M A% HAdA
FEL B3 Y AF F9 o @ F-=HA A2z AF
A8, F24 WS¢ vES AdFolnt. ol HAAAM E o, AL=d A
F50] 71€9 ALAZ §3 L UAH&H FE WAL Z JdiHy] gy AR
438 B "ojAw, gid 22 4458 Y3 SEHFE J&F AIFE
At

O &= EAF

2=HEY HLHAN FG. &, H2FFol FoF 0~-1Ts & B¢

' A& 0Tolde] HAY WAA olshrt Hrk 3, FEFZAAE -3
TAA W58 drict $2 2 sFo] HEclgoz2A T4 x3E 234
2. g2t £05TColste] WEE oz AAsA god FHALE B5H + ¢
A = 53], 5l I AL FEFE AYA 94U 2x@Est &7
g0, Fyolu FFolA o] uhie HFo] A% Re LxYd dF 7|e
Ao olelg WEY R GAA, A2 YAFD YN 2@ 2 F5
SAo] gl e FUF exdE 7Ied o3 Bdoids v &x Wol &
£8 Aot zElx YRR Y AF W29 B o= HFA w2} ¥EH
o) 2oz AT AL L FELER IAHRNY F gue Hel 2x#E
Aol oj2 Apgrolt}.
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@ A& AF FALOLEEA &F)
DARZsY 2 FYGEe] Aee 2E AAF HEE £ fen Jl
TFA LY.
F4d g BQ
BREEH -3C AZEY FZ4 dig A3AL 43 HaANDH FA
of 4F< 57, Ju, £ WE FEFZY HEAE WA B3k
Lide
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3. FAWAAN A& ARF7<e

QitF oz FAEL $UF FAE AGAYS A9 5o 5F2L
& A& o, 2 ARAEA A YRe 2287 AR o X Ea
As @4o] deus 24de] s ok o) EEFEL FHLEI B4
225t e wdwgoly) fEo sFFEC) dad PHY TFA] E
&8 A4EA B T A5E UA ZFREL UL 28A = dew
BAE NHANEZ, JFge]l FHY SN2 HEH4AE QHNE 2ERY
W% Zedd 53 A4 UehiEs AEZA o893 Yk TFF L%
A% QuH(LENS 10T gt 33 F718)e $Y9 3% 9wzes
252X AZLEE 10C A2 P B £FES 1254 AE FANZ
& A AN FAEY APE AFH FHE VA Gt WANAN W2R
o 7A7tg LEAN AFEE Ao a7V AAZ -08Te WYL A
A% wle AL 1T YFLEAM AR AFuct o Usigs WEgol o
N%AE AADRE B fu ARIEIRE WA AR 2] o)
ZANY £ A Ao vaHn Jod, $oluA] AP uldY AFelA
E ALARA 149 AEY AZFF S dehiQed -1T $EF 23 AF
A o HNIFET AFEYol ALHE EFAV YA 2HY o9 Be EL
AT B7en YAAF) HPHoz 4T YA R oFE /& A
eAFneY LEMAS £1C FEEA PEAP] 27HE Lo FIYL
288x £% ARZA JEtE A2 SHEAY @Rt I FAEH
2e NEA SASY A A2 FE2 AXdel HAPH FA ARy
57| Yoju AXY 7lE} ATY A7@e] BHo] 45AS 245 i,
AEe] FAR4Y T 2450 =3 dz A¢ FFHS 24344 o
olsh g& EAE HAsy] Astd sigtolt WHANAE o8 WAHe
Zg HyA7dE 77 93 Aoz LHA Utk WAARRAE 9IF,
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o|FF, 7t €3& 2L FUIEF 59 ¥FEIEF(cryoprotectants)S 7}
o YEAZGe HoZA FAYFAFTY dud JHoY FItHLALE 2
o3l 8o Bol dT7Ho Kt ol tiyd ATFEAE Trouts} Scheid7}
AP 10%9 A4S FA7Hstd JIFHE 299 FAARYE FEANE F
on, Badcock < 4 #$#9] 4% ascorbic acidE H7M8td WA F3H
gd¥Ade] A L Awel AHE ox AE 9& £ gdz FqFY. =3
Wakamatu 5& @ 287 NaClg 244 A7tetd YsAA F 5L 3
Qe W ¢33 gelstE XY & Adhn Bud Atk Merymane] &3 4
FHEEAL YEAFA A& 28 IAE FA43%z, A¥FE IMAA @9
ol WAS BHAYL EE 73 AFAE FAANIE 9EE TE oYy
A Fo] YEHIEAE Y Fole 29 e S48%T FA9
WARSERE 4 F Aok Bug vt vk 283 Loved} Eleriane 7
59 WEAZA glycerold #7h3td @A e} Wi dA] &Ito] tisted A3
gden, Doan# Waaren® +#¢ ¥E5WHAl AU4d H7tel o4& +79 =8
H ¢AAA i EFHE, Babcock?t Roser +#9 WEAZA F7 %
glycerold 7ol 23 $-# FAA] AAAA digtd A7 Sterlinge 7
Aol WEo| g1} glycerol, ethylene glycol, propylene glycol, sorbitol, 3%, ¥
JUEF 59 FATAAZAY BiFL B3t HudHoh a2z )
Mt Leest Shindl $#% 2AAF2s YEYAA BAYAAE o8¢ AT
7} 912H, Jeong 59 Tr|EZg EL AuF Ho2EQ YFAFA 9F,
citric acid, dextrose, fructose, sorbitol, ascorbic acid 59 FZRAAE o] &
# Ao) oz HAAFe A2AF FEALAAE ol&d A7+ WS viF
¥ Ao,

a8y olE9 dFE FR YFHIEAEL HF Hrbsd HF T 8
¢ YAFoR AFJAA YEAZSE wRld #itd ATFHAAS. =8 YHD
FAE ol gt Ao WHE XA @1 JHE FHE AR dTER=R
A ZUdA A So] FAYE P X F2 7HFAF iy TR
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Aom, dRAME o] 2047] H, 0] Fo AT AL BaT A&
Foloh, 53] iR W&ol A AFA AL stressol] dstr] 93t
Aol edfFdolyd dFFE ARAHE MEd Fo £F EAFE F7
NA Axde A5G4S £ BAZ YAHo| I3 Ao Bdss g
ot 2§ a8 AA 20471 vle] disled sorbitol, vitamin C, fructose, iodine&
AL | YRS ETE fructose?t 7HE ST AR HelME 4
27t 713 43tz slgen, 20l9 ALddE glucose, alcohol, NaCl,
sodium acetate& AH&@ Z3 20% NaClel 714 $4% Zsg dehlidz
ek v 2047) wiel HE4E HPZRAY F=E 05%2 nPsq A
e BAZ AA A Bt e Aez2 YEistth B¢ NaCle W3
At Ane gou Y @Yo s =P AAgH FAA TE F
o M WslE 433 A FEAC] AHHE EAZ o ojd Hd A
AR A7rt Hol YA & @ AAolth wetA FAEL WAAZFA WHG
Ao NEde AF 54} AAYES FEI nyH L 30 FA HA
yEo ey T dF AAste 77 a7€0

g8, A7 Bnd FEYAAY AFe o) &F g o 7is &4
Table 1-2¢F 2t}
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Table 1-2. Utilization and function of cryoprotectants in foods

Cryoprotectants Fuction Remarks
Mono- and disaccharides
Glucose minimize gelation of egg yolk Lopez et al
minimize precipitation of milk proteins. Lonergan et al
Fructose minimize gelation of egg yolk Jaax, Lopez et al
Sucrose minimize gelation of egg yolk Wakamatu et al

Sucrose syrups &

other sugar syrups

Various mono- &
dissacharides

Polyhydric alcohols

Glucose

Sorbitol
Salts
Sodium chloride

Sodium citrate
Polyphosphates

minimize precipitation of milk proteins.
retard oxidative browning of fruit by
excluding 0;

minimize insolubilization of protein

in fish

minimize gelation of egg yolk

minimize insolubilization of protein in fish
minimize precipitation of milk proteins.
minimize precipitation of milk proteins,

minimize gelation of egg yolk

inhibit oxidative enzymes in furit
minimize precipitation of milk proteins,
minimize precipitation of milk proteins.
minimize thaw-exudate in fish

minimize thaw-exudate in poultry

Lonergan et al
Pointing

Tamoto et al

Lesser

Love & Elerian
Minson et al
Desai et al

Wakamatu et al
Reed

Doan & Warren
Doan & Warren
Meyer et al
Klose et al




Table 1-2. (continued)

Cryoprotectants Fuction Remarks
Other
Ascorbic acid minimize oxidative browning in fruits Reed
by serving as a reducting agent
Citric acid minimize oxidative browning in fruits Pointing

Carboxymethyl-
cellulose, alginates
& other gums
Lactose

by altering pH to a value less suitable for
oxidative enzymes

improves texture of ice cream by promoting
the formation and stability of small ice
crystals, '

minimize precipitation of proteins in milk
by prevention of lactose crystallization,

Doan & Warren

Lonergan et al
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v ZAFC Y v&d AP [AAE Fodn x¥sa AUt IWdNE
A2 BANZAS 2§ AF4Hol 2vkA e 4AH2E, Plank?
e WYzl TAEQ HAH PyPez AR} Fo o dF A7 T¥L
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1. 3ANA=

2 Ay AL A= 23% methylcellulose®} 77% FE 2.2 © geld =
d A29 tylosest $5& AHEsgon, $5& 417 FANS Ado F
7 (Table 2-5)2 9A Z7](10cn X 10cn, £3H:+05m% AYF F 494 2=
2 FAANRA

2. 5344%

Z A8 o]l BAANY AFEE m s AA FEARAAN doAue
AT FALE H99 2P 4P AANEAY FEL 29 FALHY £
Ae $AR(RY; SW- UF 400, ALYLENG)E °] &3t JTU(FREH;
11,850 X W850 X H980am) Z4l1%-o] MX& Edjo] $o] A& ¢ ¥1, -2
0~-50CH oA E2479 $FFoz 258 AU F22xE R A
ZF 238 03m F-228¢ JAUE ARY 788y FHR 25 F
Adexst -18Cd =2¥ w7t AFLE7|5A(Data Logger, Model:
DIGISTRIP I, USA)E ©| 43l 1¥ dez2 A5 AU

3. E4A &34

2gNge $4 A%y Yse 2yd Y I3 H=ZH AFHPod,
sAAHe ASE WFY NRE NFP0) FUs% AALE ¥ o 24
2 SAAQ Fo AR SAAY FFoz TR 27 YAHE Fig 2-2
o 2o] 41 ARE FAE S5l Beckmanndol 93 APy LERE 9
st AREYon, EAGHAGASE Creedst Jamese F2IRGAF 4
22 93 transient temperature methodE &8z, vdL WAH o9
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1. Expansion valve 7. Copper cool ing plate
2. Sample 8. Heater

3. Sample container 9. Refergerant pipe

4. Stirrer 10. Lid

5. Insulating vessel 11. Thermocouple for

temperature control
6. Thermocouple

Fig. 2-1. Schematic diagram of experimental installation for
measuring thermal diffusivity.
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3. Thermocouples 7. Vaccum bottle
4. Sample 8. Insulation

Fig. 2-2. Schematic diagram of freezing point measuring apparatus
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A, d84E SHFAY BAHLE Y3 -5C~-6T9 -17C~-18TAA €9
Ao wE 2xRE A% T FAHX ¢ uE FEHAUH Table 2-1
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2448 23§ 23, Table 2-33 o] Uehuiglch Table 2-30]4 B uis}
Zo] £ZANMHE FIXFA 2057 W/m'C, wrap EZFAIE= 1611 W/m'T,
wrap®} Al-foil2 EZ¢ A$dE 1307 W/m'TE AAH[NL, BF JAAL
szAEY 7L & d445=E00 o 108 o4 ®mE2A delgE H, ol o
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Table 2-1. Comparison between published and measured values of thermal
diffusivity for ice

Material Temperature Published" Measured Di fference
() (mf'/hr) (mf/hr) (%)
4.09%x10° - 6.2
-5 ~ -6 4.36x107° 3.95x10 -10. 4
4.20x10° - 3.7
Ice
4.50x10° - 5.3
-17 ~ -18 4,75x107 4,45x10°° - 6.3
4.40x10°® - 7.4

Yalues from International Critical Tables

Table 2-2. Thermal diffusivity and thermal conductivity of beef and tylose in
unfrozen and frozen state

Material Temperature Thermal diffusivity Thermal conductivity
(T) (mf/hr) (W/mC)
Beef 6 ~7 4.43x10™ 0.447
-10 ~ -12 2.42x107 1.273
-20 ~ -21 2.66x107° 1.399
-41 ~ -42 3.48x107 1.830
Tylose 6 ~17 4.39x10™* 0.424
-10 ~ -12 3.32x10° ©1.663
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Table 2-3. Values of surface heat transfer coefficient and slope of freezing curve

Materials Packaging Air-blast freezing Immersion freezing
combination” m? h® m h

Beef | 0.347 20.57 0.028 25492

1l 0.443 16.11 0.045 158.62

[} 0.546 13.07 0.050 142.76

v 0674 10.59 0.057 125.22

v 0.812 8.79 0.079 90.35

"I : No packing, !l: Wrap, I: Wrap/Al-foil, IV: Wrap/Al-foil/ Polyethylene film,
V: Wrap/Al-foil/Polyethylene film/Urethane board

?The slope of freezing curve

¥The surface heat transfer coefficient

— 49 —



Temperature(°C)

7.5

i @® Measured
i —— Calculated
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i o = 4.43x10“(m%hr)
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6.0 l L1 | -, [ 1 1 1 i l - T [ i
.05 10 15 .20 .25

Time(hr)

Fig. 2-3. Cooling curve of beef for calculating thermal
diffusivity (Tp=0.75°C, Ti=7.2°C)
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Thermal conductivity(W/m°C)
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Fig. 2-4. Thermal conductivity of beef(water content=76.1%).
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Fig. 2-5. Freezing point of tylose by Backmann method
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Enthalpy (kJ/kg)

lllllllilllllllll|lllllll|I1|llll<llfl'<ll

1 L] 1 1 I 1 L | ! | 1 i ] 1 I 1 i 1 L I 1 ] 1 1 l L i

Fig

-20 -10 0 10 20

Temperature (°C)

. 2-6. Enthalpy of beef during cooling from 20 to -30°C.
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Table 2-4. Thermo—-physical data for freezing time prediction

Tylose" Beef Pork
Above? Below® Above?  Below® Above®  Below®

Density(kg/m") 10125 1001.5 1071.4 1051.5 10719 1054.3
Thermal conductivity (W/mC) 0.42 167 0.45 1.43 0.43 1.52
Thermal diffusivity (m?/nr) 439%x10*  332x107 443%107* 272%x10°  431x10* 290x107
Specific heat(J/m ‘C)* 343x10°  1.81x10° 340x10°  1.80x10° 336x10°  1.79x10°
Latent heat(J/m)® 258.00 x 10° 255.69 % 10° 251.00 % 10°
Freezing point(’C) -0.60 -1.20 -1.70
Water content(%) 770 76.1 75.1

« Tylose : 23% methylcellulose®t 77% water2 & geldt 2 AlR

@, @.

“: py Siebel(1982) and Yano(1978)
@ by Woolrich(1966)

means above freezing and below freezing
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2 olgdte HAY SYASE WASAY. 2 23 Q) L 94T $HAE
aA.

Y i = 3.45X ) + 7642.84.X, + 4642.67 X5 + 2946.89X, —431.33--—--—-— ®)
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Table 2-5. Experimental test conditions and results of tylose(T), pork(P) and beef(B)

Run Int. Medium Surface heat Thick, (m) - Dimensionless values Experimental
(#) temp, temp. transfer freezing
(T) (T) coefficient  Weight(g) F, B; P, St time

: (W/ntT) (min)
T-1 15.1 -29.9 20.57 0.013 17.475 0.160 0.157 0.154 60.2
T-2 18.3 -25.0 20, 57 0.028 10.356 0.345 0.183 0.125 171.8
T-3 12.9 -30.1 20,57 0.013 16.878 0.160 0.138 0.159 57.6
T-4 13.7 -30.1 20. 57 0.048 5.044 0.591 0.145 0.158 239.4
T-5 29.6 -30.4 20. 57 0.012 21.898 0.148 0.264 0.137 71.3
T-6 30.2 -29.3 16.11 - 0.047 7.871 0.453 0.267 0.131 396.4
T-7 13.5 -32.4 16.11 0.029 9,321 0.280 0.143 0.170 158.1
T-8  26.3 -29.3 16.11 0.011 30.247 0.106 0.242 0.136 80.6
T-9 29.6 -30.1 16.11 0.045 7.947 0.434 0.264 0.136 365.0
T10 16.8 -30.9 16.11 0.012 23.717 0.116 0.171 0.157 70.1
T11 14.2 -29.4 13.07 0.048 7.822 0.376 0.149 0.153 369.5
T12 14.4 -25.7 13.07 0.011 36.645 0.086 0.151 0.133 90.8
Ti3 30.2 -30.3 13.07 0.010 41.164 0.078 0.267 0.136 . 93.6
T14 4.5 -30.0 13.07 0.048 6.710 0.376 0.057 0.173 321.2
T15 4.4 -30.1 13.07 0.011 27.304 0.086 0.056 0.174 68.6
T16 3.8 -30.6 10.59 0.011 32.711 0.070 0.050 0.178 82.9
T17 18.0 -25.6 10.59 0.044 12.318 0.279 0.181 0.128 501.1
T18 20.9 -34.9 10.59 0.027 15.232 0.171 0.203 0.171 232.5
T19 17.4 -20.1 20.57 0.030 11.833 0.370 0.176 0.100 226.5
T20 17.3 -25.0 20.57 0.027 10.592 0.333 0.175 0.126 161.8
T21 17.3 -24.7 20. 57 0.027 10.713 0.332 0.175 0.124 163.4
T22 17.4 -25.2 20, 57 0.027 10.525 0.333 0.176 0.127 160.6

T23 17.9 -25.1 20.57 0.028 10.271 0.345 0.180 0.126 170.6




Table 2-5 (continued)

B-1
B-2
B-3
B-4
B-5

B-7
B-8
B-9
B10
Bll
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23

B-6

-29.6
-31.8
~-33.1
-32.4
-30.8
-30.6
-32.5
-26.2
-30.2
-28.9
-28.5
-30.0
-26.4

-28.5.

-33.7
-35.4
-36.4
-37.3
-38.0
-32.1
-32.0
-33.8
-34.5

20. 57
20. 57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20. 57
20.57
16.11
16.11
16.11
16.11
16.11
16.11
13.07
13.07
13.07

0.020/26.7
0.019/39.3
0.022/45.7
0.018/31.4
0.022/42.6
0.022/34.6
0.018/21.5
0.030/ -
0.034/61.6
0.032/ -
0.028/39.7
0.029/75.0
0.028/49.3
0.029/59. 4
0.029/59.3

- 0.057/74.2

0.084/95.0
0.055/96.3
0.045/130.2
0.029/59.2
0.028/54.9
0.029/65.5
0.030/96.9

8.680
7.987
6. 951
6.728
7.082
6.905
7.875
6.730
5. 696
5.912
7.189
6.974
8.267
7.464
7.900
4.294
2.897
4.048
4,959
8.236

10.251

9. 446
8.733

0.316
0.301
0.348
0.348
0.348
0.348
0.285
0.432
.0.538
0. 506
0. 443
0.459
- 0.443
0.459
0. 359
0.706
0.946
0.682
0.558
0. 359
0.282
0.292
0. 302

0.108
0.067
0.091
0.055
0.056
0.035
0.038
0. 200
0.166
0.125
0.168
0.202
0.214
0.215
0.207
0.236
0.288
0.207
0.235
0. 205
0.196
0.198
0.180

0.
0.
0.
.186

COOLOLOLLLLLLLLLLeLLLPe”

160
180
183

176
179
190
160
153
153
143
145
125
135
163
165

201 .

181
178
155
156
165

172

94.2
78.7
90.3
89.6
94.8
94.7
71.5

182.1

183.1

166.3

157.2

167.3

188.3

182.0

188.1

407.5

619.2

343.7

290.5

196.5

225.7

222.5

216.0




Table 2-5 (continued)

P-1
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25

15.5
19.7
16.0
13.8
14.0
23.5
18.7
12.5
16.5
17.0
20.0
21.0
11.0
14.0
19.5
22.0
16.9
21.5
23.1
11.1
15.5
21.0
22.5
19.7
18.5

-39.6
-37.

[
()
an

-40.
-39.

CUOORHJOUMUNONONU = O~OCOWU i

L L L R A A T L
b B GO Cad G b LD QO QO B D O D e S
= D OT0 WO OWUMUO U WWE=o0N

[4,]

-42.0

I
(753
&
o

-35.5

20.57
20.57
20.57
20.57
20.57
20.57
20.57
20, 57
20. 57
20,57
20. 57
20, 57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20.57
20. 57
20.57
20.57
20.57
20, 57

0. 030/
0. 030/
0. 030/
0. 030/
0.030/
0.030/
0.030/
0. 030/
0. 030/
0.030/
0.030/
0.030/
0. 030/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/
0.015/

5.108 0.464
5.666 0.464
5.688 0.464
4.974 0.464
5.082 0.464
4.597 0,464
5.518 . 0.464
4.746 0,464
5.185 0,464
6.045 0,464
6.044 0,464
5.350 0. 464
5.276 0. 464
10.562 0.232
10.241 0,232
10,428 0.232
11.514 0,232
10.712 0.232
11.946 0,232
8.559 0.232
7.133 0.232
9.965 0,232
10.032 0.232
10.512 0.232
11.177 0.232

0.171 0.201
0.204 0.182
0.175 . 0.178
0.157 0.205
0.158 0.201
0.280 0.243
0.197 0.186
0.146 0.215
0.179 0.198
0.183 0.167
0.206 0.169
0.214 0.195
0.132 0.190
0.158 0.182
0.203 0.193
0.221 0.191
0.182 0.167
0.218 0.184
0.229 0.164
0.133 0.226
0.021 0.251
0.214 0.200
0.225 0.200
0.204 0.187
0.195 0.174

119.5
138.2
135.6
114.2
117.9
130.4
133.2
108.2
122.2
146.1
149.0
130.7
122.2

62.0

. 62,1

64.6
69.3
66.3
75.6
48.5
45.1
60.9
62.2
64.0
67.8




Yieer=0.68X + 7568.98.X; + 2430.78 X3 + 3293.26 X, — 299.00--------- )

(R*=0.9897)
Y jo=1.92X +4593.92X, + 3447.63X, — 136.67-----—---—-———-—-—- (10)
(R*=0.9903)

b F @R 9T A5 A3

SH3EYH S ZA explicit method®} implicit method F 7FA 2 Yozl
o AAE @A e ANE7] H8 71A Y @gue o] &= dnHEFES A
83, £ A FS AQsy] 8 71A9 F Edetdd FR Y Fhl
g8 gL v daYPFoEA ke AYYAHE FAERA Hoj old o
3 Zol7l adHE wyoltt. £§ implicit method?] WEZAHQ WYPoRE
Crank-Nicolson scheme3} fully implicit scheme®] ¢t
Explicit scheme2 f&a2% FolAM 743 Td WPl AT 9 4F
3t z27dd o3 9A FES FaAP0 g AR FELS AF29 JHE G
ZAAsR gow s @do] Utk W] Crank-Nicolson scheme vj$-
g Pioz A oy AR FEol HA}A dod F IAXUE
ntEaz gom £X7 I5L BY $37t Ao Fully implicit scheme
dnZe ST SN AAFY FAAA wF2E WEolAT Az
Zzpo| A& A% SlojH e X3 & Crank-Nicoloson method ¥+ % &3t
2 2% @do] Utk B AFNME HEH R sphere®d A F Ao Wz
A ZF9 N BE HEELE 43387 Hstd FEAEPE o] 8 explicit
¢} Crank-Nicolsong} implicit methods] sl 43¢ ZF#AE &AL olE9
=g AESHAH.
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AA, APEY F292E 93 Chapmans< Fourierdd g3 e o] &3l
FES 43 A4 SA44Le gL 2o,
1 .a_T_ 2T 2 T

a at 9 rz r or TTTTTTTTTTTTTTTTTTTT an

Q71A, o @ AL (m/hr), T : AEY F2(T)
o z7] AAxAL

9T =
ar(0|t)—0

BA2ZI A A4,
ﬂd,t)=tf

o] HFAEYL 4+,

3L (4, 0)= HAT(a,§) = T)) ~=-mermmmmmmmmmmmmmeeme a2

o 27128 Nr,0=T,

1) Analytical solution
Apacis 9l #4s& A oS Fo

o constant surface temperature T(a, = Tf

7(77: t) Tf 20 2&( 1) n+lexp( n n‘zat)sm( n7rr) ________ (13)

O convection boundary

T(r t) T[ 9 sinM,— M, cos M, (- Mzat) sin(M,,%) _______ (14)
= z‘\ M,— sinM,cos M, P a? 7
* a
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M, —1- hoa
tanM, k

FAH (=0 AE

T T sinM,— M,cos M, Mkt
f _2 2‘ cos ) —mmmmm e (15)

M,— sinM,cos M, exp (- cr0 @’

2) Numerical solution

Keume 3IHE9 YR EFSE d3F37 A8l FIAEUE ol &3 explicit
9} Crank- Nicolson®] implicit method& 2713t2 o]E9 A& AFTHHR.
ol #AHE A v A

7}) Explicit method

Fig. 2-7. Grids for single particle of fruits.

ri=(Gi—1)4dr, i=1,2,3,n+1,

o7\A  4r= distance step size (= a/n)

t=0G—-D4t =123,

71N  At= time step size

—63—



ﬂrfv tl) = T

T LI A o 17
ot _ Twyy—2Ty+Tiviy
a 7’2 | [ 2472 (18)
(16), (017, (18)4 & (1)) HYs=a
1 Ti,z'+l—Ti —
a at
2T, ;+ Tiey.; 9 Tiy—Tiy.;
z+11 (%] =15 +1,j i-1-;
47 + (i—1Dar 24r (19)
A9AL T 93 3‘]31‘5’}?3
Ty =G A=A T i+ 2 =D T U+ A T J- - (20)
i=1,2.3,.n
FAAE (=DAA QDS gdS 2oz YeEgd & glad,
1 4T o 8% .
. 5t =3 37 (21)

BAAxAL 9433 2.
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7Y
or I 7=0=0

a3 A i=lo] s FE4E A& JHEA i=02 3 2D WY,

T jn1=T;t 621:20 (T3;— Tj) —————=————mm=m—mmmmmm—moo (22)

8, B9 (r=gq,i=n+t1DAAE 12)4d X2 L H 839 a4

h.dr
K

Tn+1.j+1=“—‘}m (Tn,j+1+ B B (23)

1+

K

1) Crank-Nicolson Implicit method
Fig. 2-89] #H(, j+1/2) i3] &4 S H &34

ATy %____MJ Tid o (24)
_% | U+%=%( T.-+1,21~A—rTi—1,;+ Ti+l,i+212;ri—l.i+l) __________ (%5)
3T | _
ar ity
%( T,’_l'j_jz:;,j-*- Tiv1 " Ti—1,j+1“23i;'2+1+ Ti+l.i+1) __________ (26)

(24), 25 R (26)4& (DA A3t s



o) /~‘[1+ I]T' Liv1—[1+ #]T:;+1+2 #[1+ I]Tx+1;+1—

z—lllT"“-"—[l‘”]Tii°_ [1+- 1]T:+1; ------- (27)

AN = Zfzt 2 59 F44 (=D)AA F24L F83te (14) ]

o 4 &t
541 (i,Jj+1)
(i,j+%)
J (1,3)
J-1
i-1 i i+l i+2
Fig. 2-8. Grids for implicit method
(I+3u)T; 41— 38Ty j1=(1—-3u)T; ;430 Ty ; ———-——=----mm—- (28)

agx, E¥qdME

_[_+hc]Tnp.j+l+—2’% Tap-1j01=—h Ty === (29)
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START

input Data(RI, CS, KS, RHO,
NTPX, TSO, TF, HC, NDR,
DH, TSTOP, TPRINT)

I

Time=0

I

Caliculate AL, DR

|

Initial conditions set
T(i,1) =TSO (i=1, NP)
T(1,2) =TSO

i

Form the Element of Tridiagonal Matrix
MU, B(1), C(1), AGi), B(i), C(i), A(NP), B(NP)

3
Time = Time + DT

Calculate Darray
D(i) (i = 1,NP)

Call Subroutine Tridiagonal Matrix
TS(i,2)=U(i)

|

TS(G,1) = TS(i,2)

Calculate Mass Average Temperature

]

PRINT T, Tsaverage
(R(1), TS(i,2), i=1,NP)
]

Fig. 2-9. Flow diagram for implicit finite difference method

— 67 —



Input Data
(Rl, CS, KS, RHO, NTPX, TSO, TF,
HC, NDR, DH, TSTOP, TPRINT)

l

Time=0

l

Calculate D, DR

]

Initial conditions set
T@i,1) =TSO (i=1, NP)
T@,2) = TSO

Time = Time + DT

Caiculate TS(j,2) (=1, NP)

NO

(Time. GE. TPRIN

YES

/ PRINT T, (R(), TS(.2),
i=1,NP)

/

TS(i,1) = TS(i.2)

J

Fig. 2-10. Flow diagram for explicit finite difference method
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3. 455499 A HE
1) 324942 vdo A8x: HAE

B AYOIN 248 959 $AANTH WY BHANE 2 mdo] HgA
A A& WTE AHE Table 2-69) YERAYTH. Table 2-6614 HEnls} o]
E Ao A1843¥ A8+ Cleland & Earle$t Hung & Thompson®] R @A
YZAYLEA7} 8~10%4E2 Uetou, Plank 2ol SloldE YAy
o @Al d2SE bl ot Plank Ed& AN o2olH ALe LA
e AeolA A4 fEoln, NagaokaRde W@W 4t AL U
Bie QA48 s Aoy Fdo) YWY eEA BF AAUGT AA
#2971 BEe) AYAuc v2d 54 &8}t 1T Phame] 2de
A 71X AWA wel g@ 3 W) wel 20%ol4e] LA TAE A
o2 uehit. @8, 2 dFdA AL 4(QF Fig 211604 BE vishgo]
Jl@e 2ol vlste] 2AA S} &7} MEA FAG RO YERon, of
€32 Table 2-691A4 K ulejzto] AR AU AE 10% FEL2 ol &
o eate J)EY WHAZ A WA AL vkl FHA H2QAQ
+109% WH2A H4A Zde vzd FYBH ojge sEe Rdol usha)
e UL B FYoh

2) T& 432de AYE A&
AART dEFrde FEEE FHUE & U= /M AEs Py ZEys
A% doletst vaste RolPn ez 249 gent, AFANE 3

FyZdd g A87t oly uEFH AAolt Wty B AFAME FAE
Aoz FPANRS YZdE&rdS Fig 2-129 o) dAl 43§ dolelst n
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Table 2-6. Comparison of various freezing time prediction methods

Run Int, Medium Surface heat Thick, (m) Exp. Predicted freezing time (min, )
(#) temp, temp. transfer —_— freezing
(T) (C) coefficient Weight(g) time Plank Nagaoka Cleland Hung & Pham Eq. (9)
(W/nfC) (min, ) & Earle Thompson
B-1 4.8 -31.8 20.57 0.019/39.3 71.4 72.5 90.3 85.8 78.7 99.5 73.9
B-2 3.7 -32.4 20.57 0.018/31.4 70.5 66.7 81.3 78.2 71.7 90.7 63.5
B-3 2.1 -32.5 20.57 0.018/21.5 69.5 66.5 78.6 77.1 70.9 89.3 62.1
B-4 21.6 -26.4 20.57 0.028/49.3 172.0 134.1 223.7 176.3  188.3 202.8 176.4
B-5 20.7 -33.7 16.11 0.029/59.3 162.5 134.9  221.8 177.7  188.1 202.6 186.7
B-6 24.7 -35.4 16.11 0.057/74.2 346.4 271.9° 476.8 374.7  407.5 415.6 396.3
B-7  20.7 -37.3 16.11 0.055/96. 3 302.8 247.3  406.6 333.4  343.7 371.3 373.4
B-8 24.6 -38.0 16.11 0.045/80.2 231.5 193.2  338.3 265.3  290.5 295.3 298.7
B-9  20.4 -32.1 16.11 0.029/59.2 189.0 141.9  232.1 i86. 1 196.5. 212.9 191.8
B-10 19.3 -32.0 13.07 0.028/54.9 208.0 166.4  267.3 215.8  225.7 248.4 218.9
B-11 19.5 -33.8 13.07 0.029/65.5 213.5 163.2  263.0 212.5 222.5 243.7 220.7
+1,54  +46,13  +19.75 +25.49  +39.36 +10.72
Freezing time difference range (%) to to to to to to
-24.92 +13.09 -1.63  +1.70 +12.64 -29.02
Average | difference | (%) 15.92 28.54 8.37 23.22 10.77

10.23




800

i O Plank -
- O Nagaoka
700 B /A Cleland & Earle
+ ¥ Hung & Thompson
[ > Pham 9
600+ — Equation(9)
© |
E [
o 500 -
£ i
U) =
£ -
N 400 -
o l
“—
3 i
© 300 |-
-_a -
© i
a i
200
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Fig. 2-11. A plot of predicted versus measured freezing times of beef
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A HEF}HY. Fig. 2-12004 E& uielgo] &z EWd Qo)A 2xxe
308 Z3A, AFANE 626C, 44 FHX<E 630CEN ok 06%, 1A A
FE 4F 404T, 39T2 F 36%9 248 HolmzH 433 AYTI &8
< B9 FUth 28I WA 1/6R oA Mg 1A £ AN
453TC, FAA 480CEN & 56%E 2o FJ31 FAAHE 4Z 531T,
580C2 84%9 2x& Holm2H EFHMN FHo2 ZFE 249 HHe
F7HEE & & AU o€ <F Bl LA T AR QEAAE 2
E ¥zt #Agol 4RSS £, A8 Ui dAge AT dAGAS
g8 A=He oz 7S s Y7 W&oy, 2 Y= 2AFA T 9
& Aoeg AAAY. 1Y oAF} £E LA JEY YLAL 45 2d
& A¢H¥ Pham (1986), Cleland & Earle$(1982)0] Bu g B33 HAQ 9l
T10%8 9o HR RulXe Aoz HF Ede ul$ FYFPL BHd FAU.
@8, Table 2-7& & d& Rdg o889 {9 Arld) W& A8 UR9
298 Auxg AA ST x99 248 YEd Aol mEA olgge
AYZAZ Bol oY A 1TLEE HIE b 285HE AL YGojAes,
Wz 9 Az e 9% weug Ag 2U|eE ¥ £, ¥F
LT, IUGAGAST 9 MYz vg FAE 7MAE & AL A2 A8
gt

4. 71F 2499 Ax v

£ Aol HE Tyloses} lean beefd] 2F 7 X882 &3 FAAL A4F dl
ojete} MARYY] HEE nA37] 93 7& FAAN EFEdH va
AE&AT. WA, Table 2-8¢] YeEtd 7|E2] FAAL dFo] ALEE 4 o)
o]e} %5 Hung¥ Thompson, Cleland®} Earle, De Michelis®} CalveloZ} A <t3
B4 o] Al 1097] dloletE o83 Z Ede HEH HHAE Table
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Temperature(°C)

22
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—— Computed
® Measured (center)
B Measured (1/5R)

A Measured (surface)
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Cooling time (hr)
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Fig. 2-12. Comparision of measured and computed
temperature profile for layer of citron in hydrocooling

of 3°C.
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Table 2-7. Difference between computed and measured temperature for

hydrocooled citrons

Size T; T. te Bi Computed Mea- Differ-
_— sured ence
W(g) D(em) (T) (T) (min) R(I) T Tav T (%)
115.5 6.10 20.2 3.1 60 1.89 0.0000 531 4.50 4.70 +11.49
= + 0.0075 5.21 -
0.5 0.05 0.0150 4,94 -
0.0225 4.53 -

0.0300 4.04 3.70 +8. 42

95.5 5.50 24.7 4.0 80 1.73 0.0000 4.83 4.55 4.9 -1.45
+ =+ 0.0069 4.80 -
0.5 0.05 0.0137 4.70 -
0.0206 4.56 -

0.0275 4.39 4.50 -2.51

124.3 7.00 24,5 4.0 80 2.21 0.0000 6.3 545 6.10 +3.79
+ + 0.0088 6,24 -
0.5 0.05 0.0175 5.93 . -
0.0263 5.48 -

0.0350 4.96 5.00 -0.81

130.5 7.50 24,2 4.0 80 2.36 0.0000 6.96 580 7.00 -0.57
+ + 0.0094 6.82 -
0.5 0.05 0.0188 6.42 -
0.0281 5.84 -

0.0375 5.15 5.80 -12.62

136.3 7.90 24.3 4.0 80 2,49 00000 7.54 6.12 7.3 +3.18
+ - 0.0099 7.37 -
0.5 0.05 0.0198 6.88 -

0.0296 6.16 6.10 +0.97
0.0395 5.33 -

139.0 8.00 24.5 4.0 80 2.52 0.0000 7.72 6.22 17.60 +1,55
+ + 0.0100 7.54 -
0.5 0.05 0.0200 7.03 -

0.0300 6.27 6.50 -3.67
0.0400 5.39 -

W : Individual weight (g), D : Diameter (cm), T; : Initial temperature (C)
T. : Cooling water temperature (C), t. : Cooling time {(min)
Bi : Biot number, T : Temperature at R(l) (C), Tav : Average temperature (C)
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2-9°) Yelligitt. Table 2-9°1A4 B & ube}o] Hung® Thompsone] 597] ¢
o]e}2 4B YA Nagaoka®t Phame] R ddlA 7.04%, 9.04%2 HIAFLxE B
o], Cleland$} Earle®] 457) d®lol€li= Phame] EdeolA 391%< H#Fe A<
-7.01%~1349%9° 2AWNE Yetsh o9l Hungd Thompson, Cleland
9} Earle®] dHlolEl7} Nagaoka ¥ Pham9 EdolA Hlzd Z H{HE AL
NEg FAH HEA Re2 dddch £, Table 2-10914 2 ANadz 7)
& Rdve] A E 13§ A3}, lean beeft Pham, Nagaoka % Cleland$}
Earle®) 2904, ground beeft Nagaok® @94, 28] mashed potato, ¥
2 Tylosex Nagaoka®} Phame] 2ddA & HIZFES 2 F AUt

5. 4&9do] 4§gS vz AA AE(Fig. 2-13, 2-14, 2-15, 2-16)
Plank2] ol A oj"] &&=z Y& uvie} Zo] FZAAIZL HAHHoE J4F&

uxlE QA= F2 Table 2-11% 2o, 223 A FE 23 ¥ (Y3719 AA)

ZFAM 3zt T FFANZ @ 2 x4 ¥ L FE 242 4EH Tl 9

g 7kA|7F o

Table '2-11; Factors effecting freezing time prediction

Thermal properties of material

Size of the object

Initial temperature of the material

The freezing medium temperature

The surface resistance to heat transfer as defined by the surface heat
transfer coefficient

The geometric configuration of the object

The final temperature at the thermodynamic center at the completion
of the phase change process

moowpe

o=
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Table 2-8. Summary of previous testing data used to freezing time prediction.

Investigators Materials Shape Final center No, of Comments
temp, (C) runs
A.C. Cleland & Tylose Slab -10 43 Plate freezer
R.L. Earle Lean beef Slab -10 6
(1977) Potato Slab -10 6
A.C. Cleland & Tylose Cylider -10 30 Immersion freezer
R.L. Earle Sphere -10 30 Air blast freezer
(1979) Brick -10 72
Hung & Tylose Slab -18 23 Air blast freezer
Thompson Lean beef Slab -18 9
(1983) Potato Slab -18 9
Ground beef Slab -18 9
Carp Slab -18 9
De Michelis & Lean beef Slab -18 5 Plate freezer
Calvelo Cylinder -18 4
(1983) Rod -18 3
Brick -18 17
Hayakawa Lean beef Rod -15 6 Air blast freezer
et al, Lean beef Cylinder -15 6
(1983)
Succar & Tylose Slab Various 9 Air blast freezer
Hayakawa
(1984)
D.J. Cleland Tylose Irregular -10 55 Plate freezer
(1985)e Lean beef Irregular -10 4
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Table 2-9. Comparison of individual datasets for predicting freezing time by

various models.

Model No. of data Average Difference

| difference | range(%)
Hung & Thompson (1) 59 37.80 -53.47 -13.60
(1983) (2) 7.04 -16.09 ~ +15.78
(3) 14.24 -29.04 ~ + 7.61
(5) 9.04 -26.20 ~ +23.89
Cleland & Earle (1) 45 - 29.59 -40.18 ~ -19.31
(1977) (2) 16.69 -28.72 ~ +33.61
(4) 12.40 -18.04 ~ +32.34
(5) 3.91 - 7.01 ~ +13.49
De Michelis & Calvelo (1) 5 36.66 -41.54 -32.92
' (1983) (2) 7.87 - 5.54 ~ +21.52
(3) 3.43 -1.28 ~ +5.7
(4) 19.10 -31.51 ~ + 2,02
(5) 4.88 - 6.79 ~ + 8,43

(1) Plank model
(2) Nagaoka model

(3) Cleland & Earle model
(4) Hung & Thompson

'(5) Pham model
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Table 2-10. Accuracy of freezing time prediction by different materials

Model No.of data Average Difference
| difference | range(%)
Lean beef (1) 20 35.22 -50.68 ~ -19.31
(2) 10. 96 -12.46 +30. 61
(3) 10.03 -23.12 +5.71
(4) 15, 47 -31.51 ~ +25.04
(5) 5.58 -15.65 ~ +15.58
Ground beef (1) 9 36.54 -53.47 -13.60
(2) 7.27 -1.99 +15.78
(3) 13.57 -29.04 ~ + 7.61
(5) 14.03 -26.20 +23.89
Mashed potato (1) 9 37.75 -48.18 -26.16
(2) 7.33 -13.69 +13.71
(3) 15.20 -22.73 - 7.53
(5) 5.63 -12.42 + 9,22
Carp (1) 9 35.81 -49.23 -17.96
(2) 6.98 - 1.60 +12.09
(3) 13.02 -22.73 ~ - 0.87
(5) 9.83 -12.42 +19. 44
Tylose (1) 62 34.53 -52.39 -19.97
(2) 10.99 -28.72 +33. 61
(3) 12.75 -25.49 - 3.78
(4) 12.97 -18.04 +32.34
(5) 5.82 -15.17 +17.12

(1) Plank model

(2) Nagaoka model

(3) Cleland & Earle model
(4) Hung & Thompson

(5) Pham model
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uetd, F2AZL 3o APHo2 YL HAe AR AN8Y A7), 2
AL, FHAACAS, A5 27|2E, AR IEAA(FESS, W9,
9, GAEE F)ol dig IFE 435 JE v 2H, FEAANLLS A A
5o FAo vHdEE FA E5F dF%E F2ATE AT BAGgE
Ag ¢ F JeH, FAALF AR FAle BAE EREAGATY A7)
of 4P wede AL ¢ F ol FLYE FA ASIANHE TR e
grgAso 3 A 2 $ASHT 27125 IS FAAD
a9 2A 9¥E WAA g Aoz yugen, Nge A ¢eTF
271259 gL How FuAHoZE FAN FALETE V2= Q¥
AZL ¢ F Ak 23 FEAMALEY 9F 60Tl e vy
A JehdA @ -20CT~-50CAtol e FZAALA |93 IA vzed, &
§ FAGAGASF FF2 v§ VARG Aoz YeEen, EUdALAT
grol 150W/m' Col el e Hlad W 71&71& YehlAT EAIAGASF
o] ol 50W/m Tolstel ¥& FolMe A& FAd wet 9@ 9FE v
S ¢ F AU wEAN AAFTNAY g% FACY AFAL w& EFAE
o] &% FAAE AdF oz FAAL] 4oA & ¢ F U
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Fig. 2-13. Influence of thickness on predicted freezing time.
(Ti= 15°C, h = 20.57W/m*°C)
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Fig. 2-14. Influence of initial temperature on predicted freezing time.
( Ta =-35°C, h = 20.57W/m*°C)
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Fig. 2-15. Influence of Freezing medium temperature on predicted
freezing time( Ti = 20°C, D = 0.01m).
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Fig. 3-1. Experimental apparatus for internal pressure and temperature.
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Fig. 3-2. Specific gravity - Volume ratio during freezing on beef.
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Fig. 3-3. Changes of pressure and temperature during freezing and
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Fig. 3-5. Changes of internal pressure and temperature during
freezing and thawing on potato
(85.6¢, dia. 5.0X4.4cm, air btast freezing)
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Fig. 3-6. Changes of internal pressure and temperature on beef

without thermal equalized freezing. (1); weight=485g, thickness=6.2cm,
immersion freezing, (2); weight=465g, thickness=6.0cm, still-air freezing.
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Fig. 3-7. Changes of internal pressure and temperature during

frozen storage on pork. (1): weight=351.0g, thickness=4.5cm.
(2): weight=536.8g, thickness=7.0cm
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Fig. 3-8. Changes of internal pressure and temperature on beef with

thermal equalized freezing. (1); weight=65.4g, thickness=1.0cm, immersion
freezing, (2); weight=68.8g, thickness=1.4cm, still-air freezing.
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Table 3-1. Internal pressure and material temperature. during freezing

Expt. Freezing temp.(°C) Inital Dimensions Max. Min. Differ- Freezing

No ' and methods Materials temp. Weight Size . P.” Temp. I. P.” Temp. ence time?
] (c) (@ (cm) (psig () (psig) ()  (psig)  (min)

1 =70 Still-air Beef 10.0 3750 10.0%X95%X50 0.3 98 -1205 -635 1235 933
2 =50 Air-blast 6.0 1750 105%x55%45 -0.02 1.3 -671 -359 673 528
3 =40 Immersion 20.1 3249 10.0X9.0%X50 053 -260 -127 13 1.80 107.8
4 -70 Still-air Pork 115 5276 11.5X10.0X75 0.33 115 -838 -570 871 189.5
5 =70 Still-air 12.0 2686 10.0X7.0%45 0.85 111 -6.19 -53.1 7.04 136.7
6 -40 Immersion 10.1 2424 100%x85%x45 . 051 -252 -148 -1.2 1.99 874
7 -40 Immersion 79 162.8 12.0X8.0X%X25 -0.11 73 -6.04 -268 593 227.3
8 -50 Air-blast 6.7 536.8 145%X78X%X70 -0.11 6.7 -520 -328 509 104.7
9 -50 Air-blast 6.5 2541 125X75%X3.0 0.22 6.5 -385 -322 407 143.7

YInternal pressure.
2Time taken for center to reach -18°C.
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Table 3-2. Internal pressure and material temperature during Frozen storage

) 0 Dimensions Max. Min. .
Expt.  Freezing temp.(C) Materials Weight Size . P.”  Temp. I. P." Temp. Dlﬁergnce

No. and methods (@) (cm) (sg) () (psig (c)  PsO)
1 ~70, Still-air Beef 375.0 10.0X9.5%X50 -174 -621 -205 -60.0 0.34
2 -50, Air-blast 175.0 10.5X55X%X45 -346 -313 -666 -35.5 3.20
3 ~-40, Immersion 3249 10.0x9.0%X5.0 0.53 -26.0 -097 -26.8 1.90
4 =70, Still-air Pork 5276 11.5%X10.0X7.5 -819 -568 -838 -570 0.19
5 =70, Still-air 268.6 10.0X7.0X45 -496 -57.1 -565 -56.0 0.69
6 -50, Air-blast 5368 145X78%X70 -305 -307 -489 -349 1.84
7 -50, Air-blast 254.1 125%X85%3.0 -072 -316 274 -347 2.02
8 -40. Immersion 2424 10.0xX85X%X45 -1.74 -62.1 -205 -60.0 0.31
9 -40, Immersion 162.8 12.0%X8.0X%X25 -483 -298 -581 -29.1 0.98

“Internal pressure.
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Table 3-3. Internal pressure and material temperature during thawing

Expt. Freezing temp.(C) Initial Dimensions !\/Iax IMin. Differ- Thawing
No. and methods Materials temp. Weight Size I. P.Y Temp. I. P." Temp. ence time?
] : (c) (s) {cm) (psig)  (C) (psigd () (psig)  (min)
1 =70, Still-air Beef -633 3750 10.0x95%x50 53 -504 -1189 -633 17.23 136.7
2 =50, Air-blast -319 1750 105%x55x45 051 -233 -512 -319 563 61.3
3  -40, Immersion -269 3249 10.0xX9.0%x50 225 52 -148 -58 1705 56.9
4 =70, Stil-air Pork -570 5276 115X100x%x75 230 -512 -1048 -91 1278 2614
5 =70, Still-air -570 2686 10.0xX7.0X%x45 381 -421 -497 -570 878 167.6
6  -40, Immersion -277 2424 10.0xX85x%x45 096 -255 -143 -51 1526 104.7
7  -40, Immersion -203 1628 120X80x25 -410 -189 -683 -096 273 85.0
8 =50, Air-blast -30.7 5368 145X78X%70 087 -256 -1063 23 11.50 770
9  -50, Air-blast -30.7 2541 125X75X3.0 358 -237 -478 1.0 8.36 192.4

"Internal pressure.

®Time taken for center to

reach +1°C.
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Fig. 3-9. Changes of internal pressure and temperature during

thawing on frozen pork.
(1): without thermal equalizing, (2): with thermal equalizing.
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Table 3-4. Comparison between computed and measured values of freezing time by thermal
equalizing

i i Averag Computed“(min) i
Width Thickness ;.. n» Measured mpu min difference
Sample )" () thickness™ Tinin) (%)
: m 1st 2nd 3rd total

Beef 0105 0,095 0.09975 8178 290601 56.051 334.154 6808 16.75
0.050 0.02 0.02857 54.7 16818 4599 17691  39.1 28.50
0.090 0.05 0.06429 107.8 98389 23281 46846 800 25.77
Pork 0.110 0.04 0.05867 1476 47201 19389 27827 945 35.97

0.085 0.04 0.05440 874 6.429 16671 50657 736 1561
0.110 0.05 0.06310 109.0 5937 15886 49168 710 34.87
0.075 0.03 0.04286 83.8 22471 10347 28414 61.2 26.93

' By equation (=2w*d/(w+d), w=width, d=thickness).
@ By equation(3), (4) and (5).
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Fig. 3-10. Accuracy comparison of freezing time by thermal equalizing
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Table 3-5. Comparison of freezing time between non-thermal equalizing and thermal equalizing

Freezing time(min)

Initial Freezing temp. (C) Width Thickness /> eregs, difference
Sample thickness — 2
temp.(C) and methods (m) (m) (m) e’gl},ll:hnzrila"llg Ii((;rlljaltflzfr?égl (%)
Beef 10.7 -20 Still-air 0.105 0.095 0.09975 817.8 899.83 -9.12
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 11791 -857
Pork 13.1 -70 Still—air 0.11 0.04 0.05867 1476 155.10 -4.84
10.1 -40 Immersion 0.085 0.04 0.05440 874 113.19 -22.78
79 -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).
IComputed value by Hung & Thompson(1983).
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7} 3ANA =R

B Ay A4 $8 2 ESS EAF UL FHF FHA2E 2¥F
3 (A71E AN Fulste polypropyleneX g X|oll ol 5T 2=4A 1€
7 2BF RS 9A A7I2 Aaste §2 2 Y YF A% AHEEu

Y. 54349

Nze] FZALYL Table 3-63 o], FEFT % 24 FAE #Asio
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dd £F4 9 AAF/NY FEL 29¥FA2dY 2AXFHIL(RD:
SW-UF400, 49949 ENG.)E AH&8td nu(fFEd3: L1,850X W850 X HI80
m) 4% A Eo] o] ARE A3 0~-0THANAN =279
£E2Poz L5E ZH}EE YL, XY FHL Z2UISYIL A8
o -40C7HA 52sJh 2gdxn F2HY $2L& $FHA(FTSE 114 em/h)
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Pttt o] W 2 24 K-typed 03 m F-2YY AANE AH83
o Ame 7]5H FAR R H3te Hydra data acquisition(Zd: 26254,
Fluke, USA)E AHg3td 944 FA3N.

t. 5AARLEe FAE

SAAFLES AFUTS FLL -0TAA FLEANY AzE 19
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Ztzt 5, 10, 15 % 208 AAHA R, F29 FHAEFL 19 134 AAHA.

. 944 2 =4 4@

28 2Ae 223 A9 AP 9w F25A 23 A3y
271 wgo 2 AANSHY. WA, FEAZX3L 40% formaldehyde 100 mf, &
4 900 m¢, 10% CaCl.2 AZF 10% formal calcium £ A|8E ¥o] 4T
AA 18X T AL AR dE, B2 FEE IT F 4TA 18
A7t F<¢F gum sucrose solution (gum acacia 2g, sucrose 60g, 3F% 200 mL
g E¢® 58 2¥g PN e, 8718 AAsS cryostat microtome
(29; Reichert-855, Germany)& Al-&, W9 2% & -15CsAA 4me] T4
z7 AWML ARste B0 (Zeiss Axioskop, Germany)dtolA #A3A
o. 283, H2d 23L& 4o AYFAAN F2E £2FE camoy S A (&EF
4Z 60m¢, chloroform 30mé, acetic acid 10mE A Z)d A|8E Qo 0CAA
1812t LAAZ ¥ absolute alcoholZ A3 de ThA] 4L FojA 3~
5T, 24N BX¢ A& sgdd ¥4, 26t vlo]22F (Reichert-Jung
2040, Germany)2 AM%, 5mel %7 MWE AFste] hematoxylin-eosin G4
Hol] Gt AL FFHAL.

ul. o] 3}8HA AR
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A A(Volatile basic nitrogen: VBN)E Conway unit® ©)§% 1)Fay,
TBA(2-thiobarbituric acid)&2 %A & Tumer B YL E, E&E Salihy
o2, 123 drip EHE&L % 10g4 ¥F M ANE9 FAE WA FAHS
5 ¢ 3N AoM HER F FEE dripE AAAE o] &3 &AM AA
T F FAE 89 2 FA A2H &£49 dripFE FHsA
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52457 =W £E404 AAF/YME 30~55 m FELE JeRch
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Table 3-6. Average diameter of ice crystals in samples frozen under different
freezing conditions

Freezing Freezing time(min) Freezing D Location
condition x/L rate (m) of

: tc te (cm/h) crystals
T; = 17.0C 0.05 43 82 1.20 31.4 Intercellular
Ta =-20.0TC 0.20 75 - 32.3
L = 6.5cm
T; = 15.0'C 0.45 142 245 0,39 33.9 Intercellular
Ta =-20.0T
L = 6.7cm
T; = 16.4TC 0.40 125 - 0.66 38.2 Intercellular
T. =-20.0T
L = 5,8cm
T, = 17.5C 0.50 55 178" 1.34 42,7 Intercel lular
T. =-20.0C . 39.0 Intracellular
L=71cm
T; = 13.3TC 0.50 78 197 1.14 37.9 Intercellular
T. =-40.0C o 33.0 Intracellular
L = 4. 5cm
T; = 9.6C 0.50 37 105 2.26 30.0 Intercellular
T. =-40,0TC 28.5 Intracellular
L =4.9cm

Ti: Initial temperature of beef (T).

T.: Temperature of the refrigerant medium ().

L: Thickness (cm).

x: Measured position (cm).

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

te: Final freezing time at -18T.

D: Average diameter of ice crystals (um).

UFinal freezing time at -15T,
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(A)

(B)

(C)

Fig. 3—-11. 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 freezing at -20°C, 1.34 cm/h.
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Fig. 3-12. Average diameters of ice crystals(D) as a function of
characteristic freezing time(t_) on beef.
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Table 3-7. Changes of chemical composition during storage of frozen beef by various freezing methods

Storage duration(day)

Treatment
condition 0 20 40 60 80 100 120 140 160 180 200
Drip I 5.10 6.30+£1,20 6.18+1.86 5.18+1.09 6.43+1.97 6.28+2.01 10.25+3.46 8.08+2.65 9.76+3.05 8.29+2.45 9.65%2.15
loss(%) II +0.95 6.81+1.33 7.53%1,23 7.17*1.54 9.74+1,25 7.95+1,98 10.59+2.87 4.46%1.87 15.37+1.80 20.48%4.50 10,54+1.25
m 6.01+0.98 3.42+0.51 6.53+1.38 7.63+0.98 6.05%+1.65 9.31£2,36 3.04£2,50 7.02+2.16 8.74+1.97 9.15%1.85
v 6.63+0,87 7.68+1.03 7.88+1,33 6.12+1.25 9.34+2.13 7.02+2.49 9.38+2.10 9.15%+2.78 8.07+1.96 7.51%1.45
pH 1 5.68 5.67+£0.00 5.74%0.01 5.90%£0.01 5.64%+0.01 6.00+0.01 5.49%£0.00 5.57%£0.00 5.65+0.04 §5.74%0.01 5.63%0,01
11 +0.08 5.77£0.01 5.76%0.01 5.69+0.00 5.94+0.01 5.76%0,02 5,41+0.00 5.56+0.01 5.3540.00 5.40%£0,01 5.44+0.02
m 5.83%£0.00 5.72%0.01 5.76%+0.01 5.74£0.01 5.,72+0.01 5.71+0.01 5.61+0.03 5.48+0.00 5.5310.01 5.60%0.01
v 5.66£0.00 5.74+0.01 5.68%£0.01 5,60+0.01 5,69+0,02 5.53+0.01 5.,61£0.01 5.50%+0.0f 5.63+0.00 5.64%0.01
VBN 1 2.80 2.81+0.00 6.94+0,00 11.01%1.92 13.93+£0.00 12.29%1,93 13.7710.00 13.66+0.00 18.06+1.97 20.86%+1.87 21.02%1.98
(mg%) I +0.00 4.15%1.98 8.29+0.00 12.45%1,96 16.72+0.00 16.32+0.00 18.11%+1.97 18.02+1,96 20.81%1,97 23.77+1.91 26.38%1,97
m 2.83+£1.97 6.87%0.00 9.78%+1.92 14.031+0.00 13.81+0.00 15.20%+1.96 13.894+0.00 16.751+0.00 20.99+1,89 21.78+0.00
)\% 2,77+2.12 4.20%1.98 6.92+0.00 10.98+0.00 12,32+1.94 13.85+0.00 13.90%£0.00 16.610.00 19.111+0,00 19.63+0.00
TBA I 0.152 0.158+0.01 0.176+0.02 0.198+0.01 0.203+0.01 0.214%0.01 0.219+0.00 0.232+0.00 0.237:0.00 0.240:+0.01 0,248-0,01
(mg/kg) H +0.00 0.173%£0.00 0.195%0,01 0,201£0.02 0.2i17+0.01 0,22640.02 0,230+0.02 0.240%+0,02 0.239+0,02 0.242+0,00 0.2511+0.00
m 0.167+0.00 0.188+0.00 0.189+0.02 0.211+0.01 0.217+0.01 0.221%0.01 0,228+0.00 0,239+0.01 0.244%0,00 0.247+0,01
1\ 0.152+0,01 0.187+0,01 0.185%0.01 0.197+0.01 0.207+0.02 0.214+0.00 0.215+0.01 0.235+0.00 0.238:£0,01 0,243+0.00
1: wrapping — precooling at 5C — freezing at -40°C by air-blast freezing method.
I1: wrapping — precooling at 5C — freezing at -40C by still-air freezing method.
[I: wrapping — precooling at 5C — freezing at -40C by immersion freezing method.
IV: wrapping — precooling at 5C — thermal equalizing freezing (0C—-10CT—-20TC—-40T).
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Table 3-8. Changes of chemical composition during storage of frozen pork by various freezing methods

Treatment Storage duration{day)
condition 0 20 40 60 80 100 120 140 160 180 200
Drip I 2.49 3.88+t1.54 7.39+0.98 4.97+1.05 3,83+£0.97 2.95+0.24 4.80+1.15 5.92+£0.98 4.26%+1.01 2,09+0.54 2.8810.85
loss(%) 11 +0.80 6.39%£0.97 7.35+0.54 4.47+1.09 7.59+0.85 5.3910,95 3.31+0.89 2.46+0.74 4.41£0.89 5.59+0.27 9.85%1.45
m 2.96+0.23 4.16+1.04 2.7940.05 2.46%+1.20 5.05+0.84 3.02+0.79 4.80%0.25 3.2910.94 1.88%0.35 4.52+1.00
v 3.58+0.69 5.08+0.87 2.36+0.35 3.89+0.86 4.901+0.86 4.75+0.54 5,11+£0.45 4.18+0.79 1.61+£0.25 5.97%0.25
pH I 5.99 5.68+0.04 5.67+0.00 5.96£0.02 5.62£0.01 6.08+£0.01 5.68+0.04 5,60£0,02 5.921+0.01 5,73+0,02 5.40+0.01
1 +0.01 5.62+0.01 6.07+0.00 5.95+0.01 5.62+0.03 5.82+0.00 6,13+0.03 5,78+0,01 6.08+0.01 '586%0.02 5,79%0.00
m 5.95+0.00 6.26+0.02 5.66%0.02 5.62+0.00 5.78%0.00 5.73+0.02 5.64%+0.01 5,77+0,01 5.57+0.02 5.3910.02
v 5.524+0.00 6.24+0.00 5.6410.01 568+0.01 5.69+0.00 5.65+0.01 5.62+0.00 §5.72+0.01 5,46+0.03 5,3710.03
VBN I 2.78 5.52+0.00 5.53+0.00 6.95+1.97 11,16%0.02 15,29+1.96 16.65+1.93 18.06+2,03 19.54+0,00 22.5310.00 27.851+0.00
(mgx) 11 +0.00 4.18%+1.97 8.23+0.00 9.4810.00 12.42+0,00 16,68+0.00 18.021+1.94 18,10+1.97 19.50+£0.00 22.32+0.00 29.05%1.96
I 4,20+1.98 5,43%+0.00 5.95+1.97 9.74%+1.97 15.30+1.97 1520+1.95 16.64+£0.00 18.04£1.96 21.11+1.99 27,8710.00
v 2.80+0.00 4.11+0.00 9.80%£1.98 11.23+0.00 14.35%1.97 13.90%+0.00 15.23+1.96 16,66+0.00 19.65+0.00 25.18+1.98
TBA I 0.126 0.162+0.01 0.225+0.02 0.231+0.02 0.237+0.01 0.261%0.02 0.285+0.01 0,261+0,00 0.289%+0,02 0.301+0.01 0.315+0.01
(mg/kg) U +0.01 0.156+0.01 0,225+0.01 0.235+0.02 0.249+0.01 0.264+0.02 0.270+0.02 0.279+0.02 0,309+0.02 0.311+0.01 0.30610.01
m 0.192+0.01 0.22810.01 0.227%£0.01 0.228+0.01 0.240%0.01 0.261£0.01 0.270+0.00 0,273+0,01 0.287+0.01 0.297+0.01
v 0.216+0.01 0,2194+0.01 0.217£0.01 0.219+0.01 0,236+0.02 0.249+0.01 0.252+0.00 0.265+0,02 0.278+0.01 0.288+0.01
I : wrapping — precooling at 5C — freezing at -40C by air-blast freezing method.
II: wrapping — precooling at 5C — freezing at -40C by still-air freezing method.
II: wrapping — precooling at 5C — freezing at -40TC by immersion freezing method,
IV: wrapping — precooling at 5C — thermal equalizing freezing (0T—-10T—-20C—-40T).



19656 mg%2 & FALYP ulE o 40 o} AFAFol S & & AU
a3 TN wE AT A A6 nAe 9 ¥y Y43
o Z+ A2 A89 TBAZS 4 23, +5& A2 A2NE AT
B A FAME AF 27] 0162 mg/kgAA A 804A 0200 mg/kgo2 F7t
dmed Z2eAYY NENI i F5@ 28 BIOU AF 2009477
T2 FA%0 AY FAY g YUY BE, E5 dAME 7
LAY NG ANEN7E g Algel] vl G 200¢ A7A JHE Wi =
e A& ¢ 7 AU

a8y, F2EA Be $§ 232 #2¥ ZHE Fig. 3-139A4 2E g
Zo] F2AYF ANBENE JAY T2 MBI Hde Z3ZAlolY NHFE 2
A FAH A& Booly ZAHFEE FIAHAA ¥ PFYPo= ofF
olA Ao T2A ] A& FAYYel & FTAYR v FAA LA
t WEAE e 3338 9AAE 5 ASE A & U

o $AAFLEe FRuFel TAd wAE I

ex9 AJEEL 0T $AF 19T A% AN8E APzAY g
67t P ELe A4 Ex FAY F, A L& -0TE YHUA
HMENRY. ol& HZolstd Lx4s WEY A5E 7% 5 10, 15 £ 203
A AT |
o A3}, $%9 UM Table 3-9914 BE uielge] LEWEF AF7 F
Ag4s pH R $EHFE FA¢ Az ey =y&4¢, VBN U
TBAZE €5 WERS/ 271848 NAE Zrhets A% 2o FRo.
281 eEMERhe] AW AW B-1(-5T—-10C—~-15T)9 A$7t 93
e HE B-2 (-15C>-5C—-10C)0] ¥ated EAAHI i Hee B £
AAD. 2T B4 AS$E Table 3-1004 BE uvishgo] $8¢ F$s
A7t E eEWUE 2AY B dFAST F/4E5E pH R FEUFL

- 130



asee .  15RV. x588 1800w

(A-1) (B-1)

Bear 1S5k 2508, -198ve

(B-2)

Fig. 3-13. (A-1) Cross—section of beef frozen at -40C by immersion freezing method
(A-2) Longitudinal section of beef frozen at ~40C by immersion freezing method.

(B—1) Cross—section of beef frozen by thermal equalized freezing method.
(B-2) Longitudinal section of beef frozen by thermal equalized freezing method.
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Table 3-9. Changes in quality of frozen beef with storage temperature fluctuation

Fluctu Frequency of Drip pH Moisture VBN TBA
-ation fluctuation loss content (mg%) (meg/kg)
condition (times) (%) (%)
B-1" 0 - 5.46%0.04 68.98+0. 40 4,20%1.98 0.126%0.00
5 5.06%£0. 45 5.451+0.01 74.13%0. 08 6.91+1.95 0.167+0.00
10 9.77%0.99 5.80X0.01 70.91%0.01 6.97%x1.99 0.166=%0.00
15 7.96%0.56 5.78+0.01 74.67%0.04 9.56+1.93 0.183x0.00
20 8.61+1.05 5.55+0.01 74.0810.97 9.78+1.97 0.199%+0.00
B-22 0 - 5.46X0.04 68.9810. 40 4.20+1.98 0.126+0.00
5 5.411+0.78 5.44%0.01 72.85%0.93 5.53%0.00 0.164%0.00
10 6.12+0.35 6.0710.00 75.27%1.34 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 71.60x1.56 11.18%0.00 0.228+0. 00

Yfrozen at -20C — -5C — -10C— -15C — storage at -20TC.
Yfrozen at -20C — -15C — -5C— -10C — storage at -20T.
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Table 3-10. Changes in quality of frozen pork with storage temperature fluctuation

Fluctu Frequency of Drip pH Moisture VBN TBA
-ation fluctuation loss content (meg%) (mg/kg)
condition (times) (%) (%)
p-1Y 0 - 5.99+0.01 75.9610. 17 2.78%0.00 0.126+0.01
5 5.15+0.54 5.951+0. 00 76.18+0.19 4,10+1.94 0.180+0.02
10 8.31+0.51 5.43+0.00 76.4710.01 6.81+1.92 0.204%0.01
15 3.86%0.62 5.51%£0.00 75.06%0.05 8.27+0.00 0.24610.01
20 10.96+2.30 5.64+0.01 73.74%0,. 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 4.9130. 48 6.14x0.01 75.62x0. 57 2.74x0. 00 0.189+0.00
10 6.49+0.69 5.85+0.01 76.09%1.59 5.4010. 00 0.21310.01
15 6.17+0.83 6.42+0.01 73.57+0.03 5.58+0.00 0.213+0.01
20 13.31+1.94 5.931+0.01 75.01+0.28 8.12%+0.00 0.231£0.01
p-3¥ 0 - 5.99+0.01 75.96+0. 17 2.78+0.00 0.126+0.01
5 3.40+0.73 5.7410, 01 74.68x0. 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 5.68+0.04 74.36+0.30 12.36%1.94 0.255+0.01
20 5.73%+0.00 75.49+0.11 13.84+0.00 0.249%0.01

6.771+1.05

Yfrozen at -20C — 0T — -10C— -15C — storage at -20TC.
Bfrozen at -20C — -15C — -10C— 0T — storage at -20TC.
3frozen at -20C — -10C — 0C— -15TC — storage at -20C.
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(A) (B)

(C) (D)

Fig. 3-14. Cross—-sections of frozen pork by frequency of temperature
fluacuation” (X 1,000).

(A); 20 times, (B); 15 times, (C); 10 times, (D); O times

" p-2:-20C — -10C — 0C
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7t AR

FuiF, FEA, AAY, F&, dd4, AA, A R Dyl AN 2
d Aol FFHo 2 AT RE AL 7IFHAZAN FL8A AHEs e,
ol7te] F2 WAL AF JHA7IR)NA BYE FAF AN8E 5Tz AR
A st gutg NAF ARE AP AT

. AAE 2 A3ey
Ador(AA =) FuiF, FEA, AAY, 7, A4, A, A&
WA ARo] 2% Eo Ao o]& R FZES AAT F d=8d %=
2an 2702 Festd 0ed 2ol Axs WH 2274 BFAAE 97
B3t B (10w/w%)oll 183 AXG F 2~387% 28 dol EW7& 3o &
g2 "hxo)] Yol A7 wat 22 5C, 0C+05 2 -15+05T A%
A
- Sample .I ; Fructose:Glucose:Sucrose=1:1:1(-0.8~-097C)
- Sample II; Fructose:Glucose:Sucrose:Citric acid=2:1:1:05(-1~-1.1TC)
- Sample II; Fructose:Glucose:Sucrose:NaCl=2:1:1:0.5(-1.5~-1.6T)
- Sample IV; Fructose:Glucose:Sucrose:Ethyl alcohol=2:1:1:1(-25~-2.6T)
- Sample V; 1T ¥4A g
() &3¥ 27 YEAY
a8 m, WAZSA Ao o AH By AFE ANEE 9SH 2] Az
g A A10 w/wH)l o 108¢ AAANA £V 4 b 2EHEE FA
gol e 7Ed wa 24 5T % —2°C°l] A&t A .
Sarnple I; Fructose:Glucose:Sucrose:Ascorbic acid=2:1:1:0.5

Sample O; Fructose:Glucose:Sucrose:Ethyl alcohol=2:1:1:1
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- Sample II; 5C ¥+
- Sample IV; A7
EF, By Hol2EY HAYE BUE ZE2E B 4o FAE @ ¥
osterizer2 v ¢ F th&3 2 ¥ ERNEFAY 10 w/wh)E2 EF3S ¥
OJLEE AZF F ETULY ARl "ol ANeTFEd W 5T 2 -1T A
A3t
- Sample I; Fructose:Glucose:Sucrose:Ascorbic acid=2:1:1:0.5
- Sample 0O; Fructose:Glucose:Sucrose:Ethyl alcohol=2:1:1:1
- Sample II; 7371 27] slo]2E
o7t F£ WAL e go] AXH FHe QYARAGSA M) G4 52
AR -EFE O BE AER A AT oM F2 HAE Tked 23
2F utxo] ¥3so HEyde wa #2Z 5C, -05T R -15Co AR
1=
- Sample I: Fructose:Sorbitol=1:1(10 w/w%)
» Sample II; Fructose:Sorbitol:Ethyl alcohol=1:1:1(15 w/w%)
- Sample I; F* g

o. oj388 F297%
1) % 34£8¢ € ¥4
o7tg]f2 WA FF FA2E&L AR AFY FTHFES FAHSNY FA A
o)& %7] FA i H &2 dehliglen, #HLL FHE Ngd FAE
AAe 27 FA) i v &2 BEAGHY.

2) ¥R4x: 9@ ANs

GFAA R AAYY AZE 4o JAAE FEAHZ U A AFHE
o] M} A (Spectrophotometer Color-Eye 310, Macbeth, Japan)& ©]&34 L,
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a, bate 2A34t. olw AL&§ white standard plate®] L, a, bat2 9528,
~097 2 028013t BEEE ot F2 wAd FFFE /T F w3y
10%gd902 AZF o 7000x gollA 208 AAELAE F A4 FBJ=E
420nmel A &4 3o optical density (0.D.)Z YeELHAT

3) &%, pH, 4%, 3% 2 HgHC

A 2 ALY FEFEL o lom 272 A B F 2~3gE 3
105C A4¢ 719 azxgez A9, pHE A8 % 10g FFT 30me
V% %, vtdste] pH meter(Mettler Delta 345, UK)Z A& At =&
HE W A2 0.IN NaOH €422 pH 810 € w71x A3 NaOH &
do] AHE MFE FANLR2 Fse FAY F=( Brix)s 2E BE
Al (No. 501, Nippon optical works Co., Japan)& ©]&349 &A3Ad. 281
Hetel Col #%e AEEE FFYPKS H 21109 3o FAsA.

LT

ko)

4) # =(Firmness)

A e A=A ¢FAAY(puncture test)S T3 FATIAH, ¢F
AYe dAx BA7)(TA-XT2, Stable Micro System Ltd., England)& ©]&3}
o A7 20me probeSE 40m ZHol7tA 05 m/s £E2 AFHAT. =T
gt AP AsFL Ao, d¥AY 2L E 4-1% 20

Table 4-1. Operation condition of compression test for celery

Index Condition
Type Measure force in compression
Distance 4.0 mn
Test speed 0.5 mn/s
Probe diameter 2.0 mn
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23 obhE 2 WA FEE 3 REFH 2V12EL 32 Hejsie) 47
20m¢) H(probe)& YHOZREH 20m Zol 7A 05m/ss =2 YEAA
Adsz e 2339

5) &% %7t

BA=S duokAe AdTd) ne} o), BUAE, MY, Fayre §
dEE G A2 He HF Y F ANHY JZE, B HolAEE o),
A, % % T WA 713, 2r)e o, ¥, 22 5 ANEQ JExE,
o7t T2 WAL WA, 4, 27 NAE, ZAE 5 ANHY 7|5EE 5
H 715 AEYE o)8dtd BEHIIE AU AR e o4 HARe
TAHE A (analysis of variance, ANOVA) ¥ Duncan® multiple range test®

¥t p< 0.05904 FdHA xtolg AAS}HUL

6) a2y ¢ 2x 23
NEe HZ2PL 37t FAEY) thermocoupled A} &3 Beckman®

of o3t WARE AP, 22 L Hackert 59 Wyol wa} 0.3m
¢ copper-constantan FAUE A2 7|8 3H FAR Rase YL
o €% wW7A Hydra data acquisition(2625A, Fluke, USA)& A}&3te] o
£57 Ao & 499 AHEE dAge EEAAE +012Co|)

7 2844 42
F7] Hol2ES A% 28HE AUAE gy & Ao g3 Ads

Atk
q=cTi—= T)+(Wx80)+ cA Ty— T,)
A71A  qleal/g) ; 3 2 FF23
cu(cal/gT) ; WIEZ g v
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cilcal/gTT) ; &4 e v g
TA(T) ; Age 27]1eE
T{T) ; Nge 271 Y33
Ta(TC) ; AF $2Lx
W(%) ; 833
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3. 3%

Ne

g

. 3aA% olg #4

ditdoz AFEe FRULL HEUSY 714H HEL ETPE FE
£dse Aoz AWYD At adY AAE AF4s RS A, 7A
9 xde &4 SE o WAL e BPe) YSHEL 9y uIY1 9
o= 27T AEY 530 BY BAAE AY AL 4 Y Bwohzk
NEe FAWUAE YU 4HY & U= o|EE FYSo] YA Yk F, A
A NEAN2de Sde A Ay, % T YRoz FAH Y= ALl
Eggdolng u$ ud S4e AT BN YAWA |24 A
WAYY e AP T & doh BF, 4T eEs} AR =Yt
$939 420 Ao ¥EHW 2ELAL 3550 WAL L o
Zaach 22 Ao E4¢ FRPTE AL Y ALEANAMN olF
NAY. WARS FAAHR Ajo] LEME NENAYY gaue]l nA s
dae GE8Aol & tx Bhol EAA So] $ALY BAE 47 €
o}, olshgte] AEAN2Ee &9, 539 Sdo] @ WAARsY dojee
AgHoz Faool #AT o)A@ A= HoleHE A g ARl
#9, 924 B8 729 ma D2 BE duHoE e o
2HU4Y 848 FHHR U= FEdH ASe HEHE oo @A
AHE Ao FIAHAA F8A% BAYHZ BEsodol suz g9
HARLE 540, & 49 HZ2HET Wolx A do. ol WAHAs
g d98td A 2 Yo uw& Clausius-Clapeyrone] WAA L 1x2=2
so] 450 Ged go] AHoE el Yok,

—RTT,
AH

714 AT = To-T : YAHZ3HT)

AT= In@, ~==========m=mmm=mmm oo m
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To : €5408 ¥ZB(C)
T : geie AH(0)

R : o]47]444( 831)/mol - K)
AH : Toh TS| A%% BZEHL( - T/mol - K)
aw } FERAE ()

#9, Lewis® Randalle S8 W2A%8E g8 Aoz el

_lnaw RTQ (T fr)

U+l —gad + (T D+ S — o g (To= DY) @)

714 ACE B59 E&8FE W B9 d&Fold. 429 oM =W
7h A& Aede 59 A L FAE F JenE g 22 A

€ 4e F A

AT=="1F
71 K=1000K: (K¢ 1.86kg - K/kg - mol), K¢ B9 WAAZSNA S, Mw: B9
FEBAHE a,E Raoultd] YA ue} §4Fe] 5o EF

A Folth, 4714
Aoz olFgdn AAEde ol 4z te oz AN

£A #AE= A
g 4 o

(o]4 &)

4= 1"X.+EX,
A7 X.E Z2F%E, BEx £ 2I}F Mol g 29 2o

Mo/Molth. mabA olggadel a4 7s $A4e 4@3) 2 4@l g
ge3 2ol ¥,
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K =X .
aT== bl Tl -~ 5)
4A )

—_— I—Xs _________________
Gw= T X FEX,GFeX) T ®

G714 Awee AA £d9 FREAHE, j& HWEAH B8t 45X E Raoultd
H o ui} oA ALARZ dFE AL E Van't Hoff AlFeta FE0 AF ¢
T Fxo o&se Aot HE) UEd EE e dArxe WA
e od 4oz g9,

1-X,
FEXGF X)) T @)

___K
AT_ Mw ln[ l—Xs

T, 2 ce AF (8 HRSE, ol S B3t FHE G Ao
iazd

_ M- AT- (I_Xs)

f_ K)(s _________________________________________ (8)

HeA fmjrcXe2 BT, FE Xl e 92H Bate AZANA T ishe)
BAE 14 HARZZA j9 cE ZHT & U o %ol §AEES WAH
Zetel 4% dolgel 2AsY 3% HAE H=2H Ase WA
AT=Cot C, X+ Cy X2+ C3 X3 —-=-=mm=mmmmmmmmmmmmmm oo ©
4714 Co, Ci, C2 B Cs& AWl 8 78 & Y& ol
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Y. AR A A 53 HE

NES A7 BESY] 4% #2oz ALARYH] AFH zIdEe
F2 A&7 o] FAHoE oJgHAUoY i AREY APdE dF HE
g3 o a3AY ALAZEES 5 EY FANE FAME 2ASYE F
uhate 223 AEs goju AFY oy 1 ol§ "M EAI7F H2
th. olgd @ 2ALAL YT A AEFFY FEo G2 A VA &4,
AFzd L HF52AY WAgd g &4 5o dd F2 4L A o
E3] $80] 80% o4 AAFANE oaF &Fo] A, o @ A&
A& AAS7 AT & F st 2F, HEE, FUIER 59 YHdAs
AE A7tsd ALAZsE PYeld.

AELoz HAY ©9d E= B YA 27 YAHE FAE 4%

Table 4-2, 4-3 ¢ 4-4%} @'\:]— Table 4-2& AF7HA WAZRAZA o] &
7P—‘€f 3R, ¢FH, 4F % HlE}“’-n- 5 Yoz FEE 293y "Jé’ﬁ
& =A% AFoltt. WAZAY Fxd YARFEEE FE BFEANM &
2ol 14 2L Aoz YEYow, 1 & o2E polypropyrene glycol(76.09),
glycerin 2 glycine & olflew, 37 FoAE glucose$} fructose?t ascorbic
acid, sorbitol® FAME WAZSEIAE vebd ¥E, o]FF<QA maltoses}
sucrose® ?}zJ ge yARREEE BAFU. o) T YHASAY FF
W g RsEEe Aol gAFY Sujd Folge 429 molars = H
#0 £32 EFo BAYUDGE Raoultsl B0l AEHIL A& & F AN
t}.

Table 4-3& @9 WAAsA7 WESHD Y& BADE HZ37] A3
Table 4-2¢) WAZAE B¢ Atz WEP AdE AF F5EH
o v A o 7153 TAWHE dAsuA B YHZHAE FEEUE £
A e PWAPS A Aoith YHASAE duHe2 AL FTFoE
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Initial freezing point(°C)

0 - Y=0.1286-0.1667X+0.00321X2-0.000072X> (r*=0.9956)
(4
-2
4 ®
_6 -
-8
'10 T R T T T T T
0 10 20 30 40 50
Concentration(W/W%)

Fig. 4-1. Freezing point of glucose by concentration.
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Table 4-2. Multi regression analysis of

cryoprotectants by concentration

Concentration (w/w%)

cryoprotectants 3 5 3 o 15 0 % % m = Regression Rr?
Citric acid(192.12) -0.45 -0.95 -2.05 -335 -550 -645 y=-0.0945-0.0378x~0.0039x"+0.00004x" 0.9945
Galactose(180.16) -0.15 -0.85 =245 -355 -605 -950 y=0.1611-0.1157x-0.0012x°+0.00005x* 0.9968
Sorbitol(182.17) -0.38 -098 -17 -238 -400 -6.40 -1020 y=0.0891-0.1220x-0.0014x*+0.00006x* 0.9994
Maltose(342.31) -0.25 -055 -1.15 -195 -335 -415 y=-0.0581-0.0205x-0.0021x"+0.00002x’ 0.9947
Erythritol(122.12) -0.67 -1.70 -297 -430 -535 -630 -7.02 y=0.0245-0.1041x-0.0090x%+0.00018x* 0.9997
Glucose(180.16) -0.47 -1.05 -215 -27 -365 -610 -9.15 y=0.1286-0.1667x—0.0032x"+0.00007x" 0.9956
Fructose(180.16) -0.60 -120 -20 -263 -395 -660 -960 y=0.0172-0.1372x-0.0015x*+0.00005x" 0.9986
Propylene glycol(76.09) -1.37 -285 -455 -690 -1347 -2330 -28.85 y=-0.4923+0.0260x-0.2275x%+0.00022x" 0.9958
Glycerin(92.09) -147 -2.20 -56 "-900 -1260 -2243 y=0.2530-0.3978x+0.0109x*-0.00024x" 0.9948
Sucrose(342.30) -0.23 ~-043 -120 -140 -240 -380 -630 y=0.0547-0.0756x+0.0020x°~0.00040x* 0.9931
Sodium chloride(58.45) -2.77 -575 -880 -14.30 -2157 -27.50 y=-0.2262-0.3335x+0.0186x°-0.00003x" 0.9971
Mannitol(182.17) -015 -033 -075 -100 -180 -225 y=-0.0053-0.0073x-0.0139x*-0.00043x" 0.9995
Ascorbic acid(176.13) -020 -040 -090 -100 -150 -215 -3.35 y=0.0354-0.0945x+0.0011x*-0.00002x" 0.9968
Glycine(75.07) -0.75 -110 -185 -245 -350 -4.15 - y=-0.0237-0.1933x+0.0083x°~0.00038x" 0.9989
Sodium citrate(258.07) -0.85 -1.60 -3.35 -535 -820 ~-135 y=0.0764-0.2184x+0.0050x°-0.00012x* 0.9994
Lactose(342.30) -0.15 -045 -095 -145 -165 -225 y=0.0202-0.0240x +0.0033x°-0.00006x" 0.9906
Polypropylene glycol(6000) 0.10 -0.10 -0.70 -235 -58 -845 y=-0.1358+0.0975x-0.0073x°-0.00004x" 0.9934
Polypropylene glycol(200) -1.25 -1.35 -315 -6.80 -12.75 -22.80 y=-0.1687-0.1530x+0.0037x°-0.00019x’ 0.9984

*( ). effective molecular weight



Table 4-3. Initial freezing point of poly-cryoprotectants bybmixing ratio

Mixing solutions

Initial freezing

Super cooling

point(C) temperature(C)

Sor : Ppg = 1:1, 10% solution -2.1 -

Sor : EOH = 1:1, 10% solution -3.0 -9.5
Glu : Ppg = 1:1, 10% solution -2.0 -6.7
Glu : EOH = 1:1, 10% solution -3.0 -

Glu : Fru = 11, 10% solution -1.1 -6.9
Glu : Sor = 1:1, 10% solution -14 -

Glu : Fru : Sor = 1:1:1, 10% solution -1.2 -6.5
Glu : Fru : Sor : EOH = 1:1:1:1, 10% solution ~-2.1 -

Glu @ Sor : EOH = 1:1:1, 10% solution -2.4 -71
Glu : Sor : Ppg = 1:1:1, 10% solution -2.1 -6.0
Glu : Sor : Peg = 1:1:1, 10% solution -1.2 -5.6
Glu @ Fru : Sor : Peg = 1:1:1:1, 10% solution -1.1 -8.1
Sor : Gly = 1:1, 10% solution -19 -838
Sor : Gly = 1:1, 15% solution -24 -7.8
Sor : Gly = 1:1, 20% solution -4.2 -7.2
Sor : Gly = 1:1, 25% solution -5.2 -79
Glu : Fru @ Sor : Ppg = 1:1:1:1, 10% solution -18 -83
Na : Glu = 051, 10% solution -19 =15
Fru : Glu = 1:1, 10% solution -1.3 -7.0
Sor : Glu = 1:1, 10% solution -1.2 -7.3
Glu : Fru : Na : Sor = 1:1:05:1, 10% solution -16 -7.1
Glu : Fru : Na = 1:1:0.5, 10% solution -19 -55
Glu : Fru : Na : Sor = 1:1:0.25:1, 10% solution -14 -6.6
Glu : Fru : Na = 1:1:0.25, 10% solution -14 -5.9

* Sor; Sorbitol, Ppg; Propylene glycol, Peg; Polyethylene glycol, Glu; Glucose,
Fr; Fructose, EOH; Ethyl alcohol, Gly; Glycerin, Na; NaCl.
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Table 4-4. Initial freezing point of poly-cryoprotectants for selection

Mixing solution Initial freezing Super cooling
point(C)  temperature(C)

Fr.Glu.:Su.= 1:1:1 10(w/w%) -0.85
Fr.Glu.:Su= 1:1:2  10(w/w%%) -0.85
Fr..Glu.:Su.= 2:1:1 10(w/w%) -0.90 -5.40
Fr.Glu.:Su.= 1:2:1 10(w/w%) -0.85
Fr.Glu:Su.= 1:1:1 20(w/w%) -2.15
Fr.Glu.:Su.= 1:1:2 20(w/w%) -1.85
Fr.Glu.:Su.= 2:1:1 20(w/w%) -2.15
Fr.Glu.:Su.= 1:2:1 20(w/w%) -1.95
Fr.:.Glu.:Su.:citric acid = 2:1:1:05 10(w/w%) -0.35 -4.90
Fr.Glu.:Su.citric acid = 2:1:1:1  10(w/w%) -0.65
Fr.:.Glu.:Su..citric acid = 2:1:1:15 10(w/w%) -0.75
Fr.Glu.:Su.citric acid = 2:1:1:2  10(w/w%) -1.15 -7.30
Fr..Glu.:Su.:Ethyl alcohol= 2:1:1:05 10(w/w%) -1.15
Fr.:Glu.:Su.:Ethyl alcohol= 2:1:1:1 10(w/w%) -1.45 -5.50
Fr..Glu.:Su.:Ethyl alcohol= 2:1:1:1.5 10(w/w%) -1.55
Fr.:Glu.:Su.:Ethyl] alcohol= 2:1:1:2  10(w/w%) -2.65 -5.00
Fr..Glu.:Su.:NaCl = 2:1:1:05 10(w/w%) -155
Fr.:Glu.:Su.:\NaCl = 2:1:1:1.0 10(w/w%) -2.15 -5.80
Fr.Glu.:Su.NaCl = 2:1:1:15  10(w/w%) -265 -6.70

* Fr.; Fructose, Glu.; Glucose, Su.; Sucrose
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ERF A WHANEAHRE glucosest alcohol®] FF EFEF sorbitolz}
alcohol®] % T/ EA -3.0TH 714 ¥ WAHE dguidoy A4 4
FFM alcoholsl A7t IR Fst aFHm: Qow, =W sorbitolsh
glycerin®] 5% EHES AT 78 & EFEdAE FHE AAY SR
HQ vtd g FAsT IAT. 28 sorbitolF glycerin®] &F EF Sl
A& sorbitol®] @5t glycering] EFUE o= A= FHHEAM F=2id @
steg stat WAcle dgE AL =4 F A A=Y, B¢ vd YAT
Ao HAMR 6§ dRANINE AFERE & F USUT

E3, YAAEAL T/ ©wE EHE XA 1A F7F € v=d #5544
E AANF A, P FEANE 2732 BRE ®eol dehz dned,
ascorbic acide 2A15tg, polypropyrene glycol& &9t 7stAl vehiz A
o1, sucrose$} fructoser @& Z3stA JEMNACE 0199 FRES oFstd
A F=dg dRE BAF3 NI, glycerin & FEE o] =ARA ¥R
oy Bzl A&de =goldtt £ E AP A alcohole 5%
Wyg7s &5 JeEhRov AAES YAAZ A IHEY J7H =
Fol o8 BAsE %2 59 oA H4E WY M40l &Y HEd A
gt A42FE Fste Aol AT Aoz AEH AN (Table 4-4).

. A9 Asd 324 A

duidoz FAEL £8F FT APANL Gy Hdtd £FHE
g A&sn Yon, 1 /A2 A 4B AR87] BB FFA: 5 o
4 7% EAAS @4l YEhtE 9e] Hu Yok of ZFAEL FHLE
7t Be4E 2APE e NGl B TFFAE i 449
s3de] g A AT F& A4 OA EAES HS A
de odag BAE AHEZ, MAREol FHY FAEY AEFAE ANHA
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E =87t wi$ Fash 53 A4HAEE Yehile AEEA o] §HI 9l
EEFY REASF Qui(FELSF 10T tid 3&FF F718)L A4 73
S Yutxog 252N AFLEE 10C AA A wet SFEE 1/254
AT Z2AE F At g FAEY AZde 7tFH FHE A ¥ H
Yol A WA 7t M AFsE Aol aTFEY. AAZ WRT
-08T9 WeddolAM v ANAF ZS 1T YA L=AM AZE FFro
olatgtgta wiE o) o 0%AE AAIRL B o} ARMEIIRE o
ZAZE AR 20) ol FAANZ F e AL2 BRI H UG

wetA B AYoMe daAd, A4 27 € B7] HojXE, ob7hel T2 ¥
NFe] AN AEQF) dF M5 A §dmA 4 Nee WA
234 HYzPd e BAPE 2Astd 2 Zo|& vt BT & Al
859 9§ WZHFL Beckman methodd] we} &AE 23, Ao E
£)o] A9 fructose:glucose'sucrose=2:1:1¢] 10 w/w% F&do 12T JA$
7% Fig. 4-29} zo] Adgge -11T, A -19TC, ddde -22T, ¥ulF
E -21C, AAYE -20T= JEow, fructose:glucose:sucrose:ethyl
alcohol=2:1:1:19] 10 w/w% F& %) 183 JAAF F 5 QoAMe APs
-19T, A -20C, AdHAE -28C, F¥iFE -23TC, AAHE -23Tol4.
agn Fx2d @7 sHol2EE -065T, fructoseiglucose:sucrose:ascorbic
acid=2:1:1:059 10 w/w%E H7ts A9 AoiAE -1.85T, fructose: glucose
‘sucroseiethyl alcohol=2:1:1:19] 10 w/w% & H7}s A $€ -28TE Ugse
o, BAF A=7)E -08~-107T, fructose:glucose:sucrose:ascorbic acid=2:
1:1:059) 10 w/w%e F&dol 183 AAF BfolE -1.2~-15T, fructose:
glucoselsucroseiethylvalcohol=221:1:194 10 w/w% s8¢ 183 JAT 3+
dx 4z -13~-20C2 JelsthFig. 4-3 R 4-4).

Eg olrtaF2 B Agde FAAT A5 YZHL head¥ -05~
-06C, 271 -10~-11T%=, fructose®} sorbitolE EFHF 10 w/w¥% &4
g @ ABE head -07~-11C, E71& -10~-19CT2 Yestes, fructose,
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Temperature(°C)

2 1 — Celery
------- Red cabbage
14 ' — — Radish
—— - Cabbage
0 - —— Chicory

Freezing time(sec)

Fig. 4-2. Initial freezing point of vegetable for salad
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71 —— Sample il

-8 1 T
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Freezing time(sec)
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7000

8000

Fig. 4-3. Initial freezing point of strawberry paste (legend as in Fig. 4-13).
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Pressure(psig)

156

® Pressure . 20
Temperature
'3 T T T ¥ T ’25
0 2000 4000 6000 8000 10000 12000

Time(sec)

Fig. 4-4. Changes in Pressure-Temperature of strawberry adding

cryoprotectants during freezing and thawing(fructose:glucose:

sucroseethyl alcohol=2:1:1:1, 10 w/w9% solution).
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Internal pressure(psig)

5 -\ —— Temperature

internal pressure

Fig. 4-5. Changes of internal pressure and temperature during freezing

i T T 1 T 1 T '25
1000 2000 3000 4000 5000 6000 7000 8000

Freeiing and thawing time(sec)

and thawing of raw agaricus mushroom with non-treatment.
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- Temperature(°C)

—— Head(-0.6°C)
........ Head(-05°C)
—— Stem(-1.1°C)
— - Stem(-1.1°C)

Freezing time(sec)

T

0 1000 2000 3000 4000 5000

T

6000

Fig. 4-6. Freezing curve of agaricus mushroom with non-treatment.
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Temperature(°C)

—— Head(-0.7°C)

2%+ Head(-1.1°C)
| - —=— Stem(-1.0°C)
04" — - Stem(-1.9°C)

T

0 1000 2000 3000 4000 5000 ‘6000

Freezing time(sec)

Fig. 4-7. Freezing curve of agaricus mushroom treated with cryoprotectant
(fructose:sorbitol=1:1, 10wiw%)
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Temperature(°C)

—— Head(-0.9°C)

Head(-1.3°C)
Stem(-1.0°C)
Stem(-1.5°C)

0 1000 2000 3000 4000

-Freezing time(sec)

T

5000

6000

7000

Fig. 4-8. Freezing curve of agaricus mushroom treated with cryoprotectant

(fructose:sorbitol:ethanol=1:1:1, 15 wiw%).
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sorbitol ¥ & EFT 15 w/w¥% S99 AT AR A$ head? &
-0.7~-1.37TC, €71+ -10~-15C=Z Yeld(Fig. 4-6, 4-7 L 4-8)

2. ABEA Al & AT FA8

1) A H2
dedoz YAFAEL £ Al b 0~05%) FEE T AM
£8 #X54 $8 FoE s29 BFo AV 5FH AL o3
Fiol gastel FF2% SA 29840 Yot AFAE Fasol W
Ak ol AMEY] 9% Wt Uz §EA A4Y 2Zdo) HHoz &
g 2F4E 497 23 Ak E ATNNE £2FFH oled eEe
J¥ FYRETE AR P02 WARAAS ETFE AN Y59 P
ggsmes Qo=g Budad A% F FAUsSE vns) A8 FpE
% pH, A%, A" Ax 2 AFHAE AASAY A F+= . fructose:glucose

:sucrose=2:1:1(sample 1 ), fructose:glucose:sucrose:citric acid=2:1:1:0.5(sample I

it

), fructose:glucose:sucrose:NaCl=2:1:1:1(samplelll), fructose:glucose:sucrose:
ethyl alcohol=2:1:1:1(samplelV)9] 10 w/w% & 1¥¢ JXAN DAL
o} YA M2 F(sampleV)E 2T 2 &%t

7H sE8ZF ¥
WAZEA HeEe & =8 DAL T AF4 AAdA A AZ
F FEYRF wugE AEY ZH, FFS AAYY 27 FERIES 44
96.8510.01%, 93.79£057%°1H, &9 AZ7Iztel wWe sEFF W3e
Fig. 4-9¢14 B uiezte] dtx oz WHPZeA Y77t Y534 Mg
FEY A% 3973H F FEF 1~2% FE FLE FYE Ho FAoY
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Moisture content (%)

100

99 -

931 —o— Sample |

—O— Sample Il
—w— Sample lll
—— Sample IV
911 —m— SampleV

92 -

90 . —

Storage time (day)

Fig. 4-9. Changes in moisture content of lettuce during storage at -1°C
(legend as in Table 4-5).
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olF A& NUAZRE A9 Wt Qe Aoz ved Wdd PHFAS
A7heA @41 WEuAd JATE oa AEE g4 A R FYch o
e e WIRSA F&o we FEFFY Hl&o] AP WoiH
7 dEe2 gAY 2831 A FEFF BHE A5 vpRHAZ Y
Bt

) pH 2 dx9 W

WAZsA AUE § dycg AdAx F AAGA qd AF F pH
2 Axe W3E FEF 4, Fig. 4-10014 HE upgzdo]l AAYY %7
pHE 60101l ey FHol ¢& 2 & A7 sampleV R samplell® ¥
Wzt s sampleVE AR x7)9) pHIF 623, 608 2 6.052 F53tHctrt #ast
don, FF R BFI citric acid® F7tE sample | R sampled & AR =7]
o} pH7} 590 ¥ 57622 ZAsHAUI A4dtd A% 74 ojFdE RE H
g 77b 271X AEdte 24%E 2eu a8xn, Axe] ¥sE Fig. 4-119404
B dlgjgol A %] AEE 0118%F o AFxr]d FRe] ¢ &
g2 FH7IE sampleV ¥ samplell< W4HZ4E sampleVET WA YERe
U 28 2 289 citric acid® H71¥ sample] R sampled = W¥4#
sampleVET EL & Yt =% HHFF BRA 4S Ao
samplello] A& 1094 A= 0.144%2 7HF Q22 2.

) SUAE W3
YARsA AAE @ drse AeAL F A5 L AAd dg A
3 3 EAME L a @ batel @HE Teble 4-59 uehigich 439 A$
EAAEY W3 A7 A n AvHoz Lge APz e
gagd A= ARey A AR NAL FAHET daste BEd
agte Mg AFolE BARATA AR GF A8 Frhshe AR
sel 99, 2, W18 deue Le B 42 2 98 A7HE samplelV
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pH

6.2

6.1

6.0

59

5.8

5.7

—e— Sample |

—O— Sample Il
—w— Sample ll|
—v— Sample IV
—&— Sample V

Storage time (day)

10

Fig. 4-10. Changes in pH of chicory during storage at -1°C

(legend as in Table 4-5)
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Acidity (%)

.20

A8

16

A4

A2 5

10

—e— Sample |

—O— Sample
—v— Sample il
—v— Sample IV
—a&— Sample V

'Storage time (day)

Fig. 4-11. Changes in acidity of chicory during storage at -1°C
(legend as in Table 4-5). _
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Table 4-5. Changes in L, a and b values of lettuce and chicory during storage

Storage time {(day)

Sample Initial
3 5 7 10 11

L 6762+732 6644*465 68421401 7338%+422 8142%214

I a -223%£375 -278%278 -161%£303 -085*t336 -211*%1.75
b 21255641 1830*6.89 21.37+544 13.80*449 1576472

L 74691362 7365%t187 6875£470 7686*+3.08 70.88+6.47

O a -482+216 -1.77£275 -3.09+£339 -287*128 -1.17*354
b 27157%+9.13 1567+898 20.72*+821 17.19%£747 16.12%+508

L 6662f291 81.88+082 7657£2.00 6924187 7531237 7591%3.08
Lettuce M a -182+133 -379£050 -060+081 072058 -173%*187 -2.05*1.31
b 1879+467 1720%£253 1452+£178 16.10%£163 1839+369 21.23*511

L 78.10£169 73.00%1.11 73.00%225 73.00£371 66.02+0.88

V a -521+x212 -280*105 -1.05%236 -3.09%194 -0.26%+2.20
b 2334+593 1675356 21.46*237 21.06L656 15321+1.32

L 73.00£3.01 73.00x189 73.00x686 73.00£230 7223%+9.17

V a -2.85+098 -192*077 115209 -145*281 1.14+370
b 15971168 13761106 1488+491 1672+486 1381+7.23

L 4955+187 50.04%£188 51.37t1.36 50.88%£2.01 51.07x3.02

I a -852+028 -7.75*t073 -711%X061 -844+030 -760%+0.81
b 2508+1.83 2856*231 2265283 26841323 24.82*181

L 4974£131 5031%+08 5246*174 51.20%x233 4831%223

O a -837+0.13 -851*t061 -619t0.70 -874*080 -6.95*+026
b 2513*+155 26701104 21281288 29.24*+238 24.77*+3.73

L 5086076 4969+126 50.03*168 4955+3.02 46.11+t365 48451358
Chicory I a -868*+046 -792%040 -874+079 -721+£027 -834+£022 -8.88*0.36
b 2650%£157 2484+365 24.21F0.90 2322+126 3069+£330 27.43*1.65

L 4897*+1.21 5163+237 5098+t2.00 4740%X257 4816*1.46

IV a -920x068 -935+t058 -7.48+0.79 -791%X027 -762*103
b 2827+£206 30.17X3.06 2524+263 26.71£1.02 29.50%+4.42

L 4970164 5172+131 4844+1.44 4940%+139 51.23*1.06

V a -8.06+0.11 -794*054 -808*+1.28 -844+062 -7.10£048
b 28061254 2482%163 27911484 29121252 23.72%2.29

*Each data is means of triplicated measurements.
Sample I; fructoseiglucoseisucrose=1:121(-0.8~—0.9°C)
Sample II; fructose:glucose:sucrose:citric acid=2:1:1:0.5(-1.0~-1.1T)

Sample HI; fructose:glucose:sucrose:NaCl=2:1:1:0.5(-15~-1.6 C)

Sample IV; fructose:glucose:sucrose:ethyl alcohol=2:1:1:1(-25~-2.6C)
Sample V; hydrocooling at 1T
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2 samplellol A A8 AF 7B A4 Jdeixtoyd A7 Z e we A
£33 Z42E BRAow, YL AP sampleVeE AF 11474x] WA
g Ho) oy e NEJt AR 29 2EdolEg REFE €
A, 28n FHHE AT sample] & B M T wdE2 AF27)
BE Lzt € agtol MM F71ste wide bge #dAase ML E Hole
Aol ERFoIT. A, A A= AP 3¢ F L ¥sies A7
of wet thd e Fole dou AL {FAEHA dEwten, A7 F
of W& ZFRA %F, 9 ¢ citric acidg 7MY samplelV, samplell ¥
sample ol A& Lge MA3 gastgoy ¥4z A sampleV & 357
e AT sample] & ViR Lgko] AA3 Frhste 4L 29 FUd
ol}zro] Lt E batel W3/l AL AL AL o3 T22Y I 2
Faed B0 & A2 F5E0

) A= A3

AYgzAde W dy=g AdAL F A ARV dE 7
=84 AFYE Fig. 4-129] JERRh F, AA7100] 5,7, 10, 114 W 3=
= samplei o] 79 5064, 498.1, 4839, 422.0, samplell & 542.5, 506.3, 4745,
459.4, samplell 5535, 519.8, 4929, 4505, samplelVE 4575, 456.2, 446.6,
4380, sampleV ¥ 4814, 450.2, 438.0, 40828 el o, ol AA7|3to] F
Jtgtel wat Aele A= Fide RS ¢ F A AP B2t A%
717k0) Z7tgtel el Zase AgS Jdehdle AL ZE AFTFAA Fdst
A vetgey Ha7d i £& g2/ JdeEygd 2 d7dAde AgTd
AR A7 wE FEY Aol EAsna EAEAH(ANOVAE 4
A&de. BarAe EAzZ2adQd SAS 6118 AHEsR o AR o
g 7AxAolel AL Duncan methodE AH&3tdc. E4EY ZAFAE Table
4-601 JEIA ul}zo], samplel 9 A $ F@< 2722 et en 3713t
1040 AFFIAN HAx9 ze]& Heolr] AREHAL, sampled ] B F
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Hardness

580

560 - —e— Samplel
K\ - O-- Samplel]
540 - SIS —v— Samplelll
\\ —zz.. SamplelV
520 - '-.._..\‘\ —a— SampleV
500 -
480 -
460 A
440 -
420 -
400 T T ] T Ll T T
4 5 6 7 8 9 10 1 12

Storage time (days)

Fig. 4-12. Changes in hardness of selery according to storage at
-1C(legend as in Table 4-5).
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Table 4-6. Changes in hardness of celery during storage at -1T

Storage time (day)

Sample F value
5 7 10 1
Sample 1 5064+t47.6° 49811462° 4839+994%™ 42201851° 2.72
Sample I p4251+720° 50631501 4745%755°  4594+48.3° 345
Sample I 5535+64.2° 519.8+51.3" 4929*81.7%° 4505+97.9° 420
Sample V 45751597 456.2+695" 4466%36.0° 438.0+53.2° 0.27
Sample V 481.4%90.0° 450.2+819%™ 4380%41.2™ 408.2%438" 1.99

Mean of 10th replication * standard deviation
Means with the same letter in the same row are not significantly different(p<0.05)

ab,c)

by Duncan method
*legend as in Table 4-5.



gl 3452 deigton A7t 7dAM #F9HQA ol YEhNJAT. sample
Mo 7Z$oe Fae 42022 delgon A&7l 1084 23 Q 219
& Yeigleon, sampleV ] Afele Fat& 192 A7 7442 +
93 Aol Bo|W, sampleVe Z Sl Fztol 02724 AR/ 119 5
doe A= FAAHA Aol YehlA gt

) g% F4 43

AgzAd ARF7I0d BE A=4 dadie FZd nAE 9FL
Yolr 7] 3t FFHAE AA® AAE Table 4-73 2t} o]H 5 7/ 3
ol dig HAHLS Agdd we gizre zole oy dAder 3GF
R FHA L ADREE EFF 10 ww% £ A2l A E(sample I,
42 V)7F X3t A E(sampleV)d] v A% 54A7AE i £43 A%
HAE A3 Ao A8 5% FEANA FAAPol A Ao gy
a8, YA A AF 7947 FAHYFE AT ZE YFAEA A
YT E2 HAE Aol samplell 7} 7HE $5§ Aoz Jelhgon 79
2 AN 22209 B4 B AR v R PSS EFE 10w/wH &
Ao A& sample N7t A 7~94A7AA $58%93, AHAA 715 EA
= A% 7947+ sample V7 743 S5 84 YEhso
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Table 4-7. Changes in organoleptic characteristics of cut-vegetables during storage at -1TC

Storage time (day)
1 3 5 7 9 11
5.00% 4.70°° 478 4.40° 3.60™ 2.80°
5.00% 4.90° 4.44° 4.60* 3.60* 3.10*

Sample

Off flavor 4.78* 5.00° 456° 4.00° 3.85° 3.40°
461° 4.40° 467 4.10° 3.30* 350

489 4.85° 4.44° 3.80° 3.00° 1.70°

467 4.90° 4.00° 4.30° 320  3.10°

Browning 478 3.80° 394" 450° 3.70° 3.00°
of 478 450° 417 360° 350" 2.90°
cut surface 483 4.60° 4727 470° 4.20° 4.00°
4.83° 4.50° 3.78" 3.40° 3.00° 2.20°

478 470° 3.89%* 4.40° 2.90° 3.10°

Change 433° 3.90° 3.78° 4.10° 3.00° 3.10°
of 456 420" @ 422%™ 350° 3.20° 250°
color 489" 4.65° 4.44° 440° 4.20° 4.00*
4.89° 4.80° 3.56° 3.20° 2.60° 1.80¢

467 4.45° 433 430° 355° 3.10™

Softening 478" 4.40° 4.00° 3.80° 370  3.00°
of 467 4.20° 411* 3.80° 350° 3.20®
texture 478" 4.70° 4.44° 400° 4.30° 3.80°

4.89° 4.75° 433° 3.80° 340°  350™
478° 4.60° 411° 4.30° 350™ 350®
467 4.00° 378 410° 310°  300™®
467 4.60° 4.33° 3.80° 330®  3.10®
4.89° 5.00° 467° 4.40° 410° 3.80°
489° 4.80° 411° 4,00° 340  270°
489° 4.70° 411° 4.40° 380°  3.40%
4.89° 3.90° 378" 460 3.10° 2.90°
478 4.60° 4.00° 420 350® 350%™
489 5.00° 478 465 3.90° 370°
5.00° 4.65° 3.89° 4.20° 340®  3.10®
478 4.80° 4.44° 460 390®  350™
467 450° 4.00° 4.20° 3.10° 3.10°
467 4.80° 400° 4.20° 370 3.10°
5.00 4.90° 4.44° 460° 4.30° 400
5.00° 4.90° 4.22° 470° 370®  3.10°
467  455®° 400  400® 3.35° 2.80°
467 3.50° 367 4,05 3.00° 2.90°
478° 415° 400* 350%™ 3.30° 3.00°
4722 4.75° 4.67° 4552 4.15% - 3.70°
478" 4557 3.55° 3.20° 3.00° 2.00°

* Each data is means of 10 sensory evaluation values.

Browning & lesion
of
yellowish leaf

Yellowing of green
leaf

Darkening of green
leaf

Overall acceptance

<ZEH—|<ZEHR-|<ZHE|<ZHE-l<THO-|l<TEE~|l<ZHE <z 8o~

* 2P<¢ Means with same superscripts in a row are not significantly different (p<0.05).

* legend as in Table 4-5
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2) 471 R @702

7 g xdd] g 47] Ho|j2E9] FAEA

%7] Hol2E9 7144 TYE( ‘Brix)S 24 ZI}(Fig. 4-13), ¥
AARAE A7RA }L FAHATY 271A& 89~90 “Brix FIEE vheh
o A% Fox A9 Wyt YRy WAAFAE A7 AYFE 10w/w%
9] fructose, glucose, sucrose & HA7/IFo2 M 174~184 °Brix A= 9] %%
BEE R FAW AZFT /1A 1Y E9] ¥ste AF 7IARY " 3
2 A% Jetgoy A% 15494 ¢ 01 Brix 3=7t 4oz 7144
LPEY e A9 e Re2 JEur Fig. 4-14& pHe ¥3lE Y
A Aoz E7] Hol2E9 FAHe|Fe pH £7|A& 408 %2 Jedouy
sample I {fructose:glucose:sucrose:ethyl alcohol=2:1:1:1, 10w/w%)S] A$ Al
MEl ¥ AAAoE Frhstd AR 494 41622, AR 744 dAHez
Fadte %S 22U OA Frkstd A% 1594 € 4178 bl
sample I (fructose:glucose:sucrose:ascorbic acid=2:1:1;05, 10w/w%)< AF =
7188 MA 3] ZAstd A 159 AdE 4048 Jebdo. A2 Fe pHE A
795 4167HA FAH L2 FIHA Tt ol F FHS @A AR 1594
o 4.01& vEch A
oz AE(Fig. 4-15)% AT 2, FAHA 79 samplell = AF 44974
2zt 0687 064%2 F2FAH BAl AAHoE Fhsd AF 15UA
4277} 0.80, samplelI & 0.69%& veld o] sample I € ascorbic acid
2 A#) AxUl x7) 0.73%AM 098%2 T3 FsAen A% 109 o %
MM s F7HsE 1.0% o139 e e Ao Jeinth £, vER CE &
Mg 2F(Fig. 4-16) FAHFE 2714 21 % FEE Yedoy FHYF
% samplell®] 34t AF7|To] FHsAM MA3 Fiste] A 1594
= 74817t 7.3 me%, sample 7} 63 m% AEE JeElRY. o9z F
AT Fa 3EE FABIR Y vER Co 3L sampled 7t FA T
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Soluble solid(°Brix)

20

—0

Q
C
¢

—e— Sample |
—O— Sample li
—w— Sample Il

v— — v——
8 ¥ I 1 | T 1 T
0 2 4 6 8 10 12 14 16
Storage time(day)

Fig. 4-13. Changes in soluble solid of strawberry paste during storage
Sample [; fructose:glucose:sucrose:ascorbic acid=2:1:1:0.5 (wiw%),
Sample li; fructose:glucose:sucrose:ethyl alcohol=2:1:1:1 (Ww%),

Sample il; non-treatment.
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4.16 -

4.14 -

412 A

4.10 -
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4.02 -
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—O— Sample I
—v— Sample I

4.00

¥ T T 1 L) I T

2 4 6 8 10 12 14

Storage time(day)

Fig. 4-14. Changes in pH of strawberry paste during storage
(legend as in Fig. 4-13). '
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Acidity(%)

1.10
1.05 -
1.00 -
95 -
.90 -
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80 -

75 4
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65

T

—e— Sample |
—O— Sample I
—w»— Sampile IlI

.60

Fig. 4-15. Changes in acidity of strawberry paste during storage

(legend as in Fig. 4-13).

6 8 10
Storage time(day)
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Vitamin C(mg%)

500

450 -
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350 -
300 / /
4
S0 —e— Sample | /
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—w— Sample Il
30
20
10 —
0 ) ) 1 1 1
0 6 10 12 14 16
Storage time(day)

Fig. 4-16. Changes in vitamin C of strawberry paste during storage

(legend as in Fig. 4-13).
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o Wla tta wWol #FisE Aoz Y. ¥H sample I £ ascorbic acid
7t oF 1% o4 AtHNeEz AF z7lde & 470 % BE9 ¢
32 Jetiazt A% 79A8 o 90 ng%rt AT 2 o) F e AA
3 ZAastd AP 159AE 4 340 me%e LS 7HAE AoE2 eyt
¥, 27| Hol2E 9 o]H(off-odor), M(color), #(flavor), Sttaste) T2 Axt
HQ 71ZEE 53 713 A=YE o8 #ATH/NE AANE ZFA(Table
4-8), A% 194 ol3, A, &, % 5 AT F94HA Aol7t dE A
o2 Jebhgtn, A 7)EXE samplell > sample] > samplell®] $02
gtk A% 9QAA o), M, ¥, %, AHA JIZE EF samplell
sample I toll& FAQ o)zt Qv A2 Yegen £, FATE ©
Ao v R o, A, F o, ANHQ VZE BEF 2 Aoz Yyg
woh A% 1A 49 A9 sampled 7t 74 $3, 3 thgo] samplel,
22X o2 Jeigon 1 9 FEL samplell 9 sample I 3t oA
o7t Y Ao YRR, 94 FAY /M B Aoz HrHAY. A
ZF 139ARE FAYFE ok AZ Fust AP AFTHE AAE &
gdeom A 1597A samplell 9 sample I }EF olle BE FEA4 #
JHA ezt Qe A2 Jehpth AAAA 71Z=E AHE W samplell
7} A% 1597HA 7 & H93& 9L Rz JEyT

W) Azgd & 2719 FAEA

g71e] 7HEA YRS AT 2, Fig 4-173 2ol ¥ABAE 3
7Vetx) & BHEFY Z7)XE 109~11.0 “Brix IEE Jeld A 24
ARAE B5Y¥z AP samplelMolX T ¢ 05 “Brix FE7F Rollz 1
9 APFE 27X dAzds A} 2 FHFE A% 4946 104 °
Brix2 Z7]|xd) uls] ¢ 06 ‘Brix A% #4Adq A 8dAE o 96 °Brix
2 JetlQdch. 359 ascorbic acid® &3 samplel & A% 49A 94~95
‘Brix2 73 #4207t A Frkstd A% 6¥A+= 104~105 “BrixE
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Table 4-8. Changes in organoleptic characteristics of strawberry paste during
storage

Storage time (days)

Sample
4 7 9 11 13 15
I 500° 480  430° 420°  430° 390° 360°
Off-odor O 490° 470° 420° 410° 365° 380" 3.40°
m 500° 390" 260° 210° 215° - -
I 480° 450> 460 430  440° 360° 3.70°
Color 0 450° 440° 360° 340° 330" 320 2.80°
m 450° 370°  310° 260°  260° -
I 410° 460  430° 390° 370° 340*° 3.10°
Flavor O 430*° 460> 430° 400° 370° 380* 3.30°
m 380" 360° 270° 210° 210° - -
I 410° 430> 430" 350" 360° 330 270°
Taste O 430° 430° 420° 400° 400° 370° 3.20°
m  380°* 310° 220° 170" 170° -
I 430™ 440°  420° 380 370° 330° 3.00°
ac(z;';:llce 450°  430° 410° 38"  380° 370° 3.05°

m 3.70°  290° 2.10° 2.10° 2.00° - -

Each data is means of 10 sensory evaluation values.
ab\Means with same superscripts in a row are not significantly different(p<0.05).
I :fructose:glucose:sucrose:ascorbic acid=2:1:1:05 (10 w/w%), storage temp.. -1.0+£057,

I :fructose:glucose:sucrose:ethyl alcohol=2:1:1:1 (10 w/w%), storage temp.: ~2.0+0.57T,
IM:non-treatment. storage temp.: 5.0£0.5TC.
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Soluble solid(°Brix)

—e— Sample |

—O— Sampile I
—w— Sampile lil
—v— Sample IV

11.5 1

10.5

10.0 -

9.5 1

90 T L 1 I T ! L T ! -1

Storage time(day)

Fig. 4-17. Changes in soluble solid of strawberry during storage
(legend as in Table 4-9).
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el oen HF 8dA Al 95~96 ‘Brix BE2 Rolx A 10¥ 7R
XA FiHe Aoz et a8z 3He ethyl alcohol ege
samplel € A% 4dA7 A= %% FrHsiviz dAl Zasld A3 sYAE
96~9.7 ‘Brix2 ¥73] #AsAIt 2 o) F 43t Filste Roeg Yyt
Wy A8 @ samplellS A% 49A871A Zastg7t 695 2715 ®Br}
Z2F Eoliloy A 333 #Asd 97~98 ‘Brix2 WolA. otz e
2oz £ 9 7184 ZFEL RE AYTFAAM AR 84A FF3 RolAE
Ao g2 Y. pHe W3+ Fig. 4-18% o] %71X7} 431~433 A&
Hetdleyd AN 27188 ZE A FA pHZt Relzlen ZAHE Ay
FARHA YEtgt 2 F 3F eSS EFF samplell 7} /M gorg 7
4§ R, ascorbic acidE EFE sample ] & AF 9N 10 Apojo] F
AY FAE R 367~3692 wolxloy F AT e B5LYRE AT
FAY T vE i £ pHE FAE Ao ey o d Age @
717y A sdo mEtM = pHZF F718ta AR ZAEHY 97 E AZEE ¢
z7)X 9 H]8] pHE F¥o2 A= Martinez-Javega, J. M5 A3}
o g & F Utk AEE Fig. 4-199 Zo] %7)x71 0.78~0.79% &
velgon A 2945 sample I 3 samplell & 0.79~080%2 %7]1xs} A}
& &S vetloy samplel & 064~065%2 Be ZAE 1 ¥ 22X
¥ samplelVE 090~0912 7|9 vlsf BE F718 BTl samplelE A
3 2dAFEHE 9A HA F7EATIE A 8YA Y FAHA LD sample
12 A% 6EATH MM st A% 8YALE F3F 228 2y
samplell& FA T Z¥+E A% 69A7A Z2&dQc7t A3 8o o
Al F7hete B3-S Bt @, 2r19 XHFF vEd Co AsE EAF &
3, Fig. 4-203 o] 27X & 72~73 %2 vy F& §Fo2 vehygr
E%F sample I & ascorbic acid’7} A7IHJASBRE AF x7de= 238 F/1E
Byen o 9 HYFodes EF ZAHJAEH FAHAY Wi HIdFe
o Fid dgeg EFY MHFANAN © F4¢ #F4E B2y 2y wE
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4.2 -
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3.9 4

3.8 -

3.7 1

—e— Sample |

—O— Sample li
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—v— Sample IV

36

Storage time(day)

Fig. 4-18. Changes in pH of strawberry during storage
(legend as in Table 4-9).
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Acidity(%)
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Storage time(day)

T T T
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Fig. 4-19. Changes in acidity of strawberry during storage

(legend as in Table 4-9).
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Vitamin C(mg%)
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—e— Sample |

—O— Sample |l
—w— Sample llI
—v— Sample IV

35

T 1 i J I !

1 2 3 4 5 6
Storage time(day)

8 9

Fig. 4-20. Changes in vitamin C of strawberry during storage

(legend as in Table 4-9).
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U Ce F€&A4ol22 ARl FFAEe et Y+¥d A2d samplell&
A&EHA FAE B9 F 2m%7tA Zastgen FAETE AF 2UA
o 6~7 mg%e FAE Holuslt 2 ojFet A9 #FAHA gv ALz e
5o samplell® AR Z7]d F4F Z4AE BHoy tA] o FFo] F7ts)
o] A 10¥] & 61 mg%E A28 sample] & A% 9YA7A 27X
#FE adE FAFAG. ‘

a3 g7]9 g7 (strawberry-odor), ¥ & 3 (fermented odor), 3(flavor),
Z 2 ZH(texture), St(taste) 59 ARHQ 7|55 E 53 715 A= YPE o439
#5HtE HAAE ZI(Table. 4-9), AF 19AE ANAQA 7|38 A
BEE ¥EA4AM #F93HQ Aozt fle Aoz dEHRO WA J3xE
sample I >samplelll > samplell > FA 2]+ &£2o2 YElyt, A% 24dARE &
7189 1o xto]E Kol sample I >samplell > %48 F>samplelll £22 Y
gyton], AwH JEEE 9A samplel o] 713 =& Aoz Yegyr o
9ol FEL Fo3Q o7t gl Aoz JEgd A% 44RRHE 2AY
€ A EE FEAM A7 Aolg BY=H ZE FEA sample]
o] 7t} F& Aoz UERT A 64ANE AR AT RE FEA
A Fgo) AolE HAed HA samplel o] 71} £ Aoz Yeiwtg 2
ojFole ¥+ LE AT FAYTE A A= ¥} 1Yo FF H
7+ AAstrlel RAFEA. oY dHR=2 E o), FFo ascorbic acidE
T8 samplel ©] A% 109742 wlal 74 A} BE 5N #53H 3
Aol A Yebsto

9) &8 AuA FE v

47] Hlol2EQ] AR L8FHE AdUAE ALY AHE Fig 4-215% Zo.
Fig. 4-21914 R¥ uvphgo] 27|25 10CY B7] Hol2E(WEFZ R T2
o] HlYg; 0696 ka/kgTC, 0.262 k/kgT)E A&t WHFZY A 2=7HR
A2AZE A5, WAAZRA AYTE -3C~-13C Y37} =} 91 cal
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Table 4-9. Changes in organoleptic characteristics of raw strawberry during
storage

Storage time (days)

1 2 4 6 8 10
460°  470°  440° 450  340°  380°
450° 420 390° 370° 280° 280°
480° 380> 320°  3.40™ - -
420° 410  310° 280° - -
500°  470° 470°  430° 360° 390°
450° 380° 400" 3.10° 3400 270
500°  420° 400  3.70® - -
470°  440° 350°  340° - -
500°  470° 490°  430°  4.00° 390°
470°  450°  460° 360  340°  3.00°

Sample

Strawberry odor

Fermented odor

Flavor 490°  410°  340°  3.20° - -
480° 430° 330° 3.20° - . -
490° 420°  410° 380 350 340°

Texture 420* 310° 320° 230> 190° 2.00°
430° 4100 370°  4.00° - -
430° 410° 340°  3.60° - -
440°  410°  440° 400° 320° 360°

' 410°  400° 380" 3.10° 240* 270°
Taste

400° 380° 310 3.30% - -
380 370°  300° 290 - -
480°  460° 4200 390° 345°  380°
430® 380° 345" 270 270" 250°
460° 325° 270° 315° - -
375°  360° 275  250° - -

Qverall acceptance

2L EHEHR~2EHBH~2EHER~2HAR~2HH—~|ZHH~-

1: fructose:glucose:sucrose:ascorbic acid=2:1:1:05 (10 w/w%), storage temp.: -1TC
I: fructose'glucose:sucroseiethyl alcohol=2:1:1:1 (10 w/w%), storage temp.: -17T,
II: hydrocooling, storage temp.: 5T,

IV: non-treatment, storage temp.: 5TC.

Each data is means of 10 sensory evaluation values.

abe)feans with same superscripts in a row are not significantly different(p<0.05).
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Heat capacity(cal/g)
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e °
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80 ® o o
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A
/
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O o}
O o
°© o
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0 T 1 1 T
-14 -12 -10 -8 6 2

Initial freezing point(°C)

Fig. 4-21. Heat capacity of strawberry paste treated with cryoprotectants.
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/ghA 160 cal/gQl W] WAHASRAE AR Fe FAEYTFE 785 callg
A 85 cal/gel 47 AL HATE wapA WHRSAE o] L3H AZAY &
2R E 81.3%~885%] HAIAAE A& + UL Ao AN, o)y %
AB}E Ithacas AHHE 18CAA -155CT2 HLAFZeE o WARsAE o
38 F 45%9 duA HIEHE & & Ydn Bm F A, eclair
filling(Z Y& o] §& AFHARY dF)e §Y 2Ao2 A2AZY o & 5%
o R ALGEAE d& 4 Y Bud AJE dAFE ¢ 5 Uk 2
#1 Fig. 4-22& 7] #lo]2E9] WAGS ] ©E 48 A9 AHfaAs
el Aoz dAY 2rlexdMe WAl HeZdsE 428 duA d%R
e AddE A€ & F A}
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Saving rate of heat capacity(%)

90

®

88 -

{

®
86 [
o
o
84 - °
{
[ J
82 ®
®
80 - . . T T
-14 -12 -10 -8 6 4 -2

Initial freezing point(°C)

Fig. 4-22. Saving rate of regirement energy by freezing point depression
in strawberry paste.
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3) ob7tE T WA

7H FFF2 &9 W

duHoz MARE $4T SEER Ao A8 APl A
9 e F522 @A AACdAME dFEE AFH R F8F o xS
AR BuiE7] @& HHFrr Bdeldy IrtHezE B FAH &4&
Zesn Qe AAoith waA E AFAME ARl ulg 4 ot F &
Al AZAY S FAANIY] A7 Bt FUR obrtgdF& MRS fructosest
sorbitol® & 10w/w% &9, fructose, sorbitol ¥ &S EFE 15
w/w% &9 247 583 AA - €5 S BE NEZ A EFE o7t
F2 AL lkg A 2A2ZE vrao) XAse HARE -05CoA, F2E -1
5ColA AZAYL FyPstgen, ETFEHNE FAAT A8E 9 ¥
o2 ¥AE F 1T AFsAAN YA Ad4E vla £43%d. otrte
F2 HAe JAR F FTFELE ¥t Fig 4-23% 2o FAA
1Te AL ART olgdF2 WAL AR 14F 01% T4 AH 49 A
7R FA3 F718td 03%9 FFLEEE B WA fructosest sorbitol€
e 10 w/w% €96 2§ A8 fructose, sorbitol R @SS EFF
15 wwo% ¢ M N2t ARF 3YARA 01% FZold, 53,
fructose, sorbitol R &L S EFE 15 w/w% &9 A Age FFHF
A28 AR 794 015% FELE YERT. olgo] WHASHAE &
oA gk AXAZRY FHFAALES o 2~34 o A= AAE
‘4&3&2“4, olglgt ATE 2xRdld mE TF L FAAE Tl s o
ojut= Aol7] i FFFLEEL AT F USE ot F2 HAg A
E4ZaHt W $5EE & & AH

}) pH 2 =9 A3
ol7te)Fel v WARSA A ¥ ARFT FAWUSE AR
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Weight loss(%)

—&— Fructose:Sorbitol=1:1(10w/w%) _
—O— Fructose:Sorbitol:Ethyl alcohol=1:1:1(15w/w%)
4 4 —v¥— Non-treatment
0.0 T T —
0 2 4 6 8
Storage time(day)

Fig. 4-23. Changes in weight loss of agaricus mushroom during storage
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A8 pH R 4=E FA3 A0 WAZAAE N A 89 pH Wi+ Fig.
4-24% 2t & AT A2E %7]A 59244 AF 494 5672 pH ¥
= A9 gley, fructoses} sorbitol2 E&AI 10 w/wk% £ HYF AgE
A 794 56022 tax A Jehd e fructose, sorbitol ¥ gL E
EFE 15 w/wk% §9¢ Mg Azd] dodME AF 2715H @ AT
H18 pH7F o @A UEhyd AR 3dAed s 5208 §AY FAE o F3
o 283z APz ot T wAe 4= WaE Fig 4-26% Zo] WA
A AYFAME AF 79A7A Az dgE A9 ge wdd FAY
TFAME A 1494 °1F7H etxe 7o v g4 A deiygd.

o) Zuixe @ FHAE] A3 _
gwgez WAL FA& 29 AE 2 23} 459 BY, 2AFo2A
gastA g€k 2 F HAY 9 Axe AFoIA FEFFH JIAE B3
Za¢ AE7 b B g Fo TR 4 BAFH BE V2@ e
ZX 8 2 £% F 9 A7 A Al Z2EE FAAFL A
ZWMe =3, AFAd T g8 dojtmz o] AP HAL FAol Yy

my FHF 2 AR et EFEES Jegd Eoh
op7bEl F2 WA WA AZZF FAHMY W FAEE XA st A=
g 2usd 08 1 W20 U FYE ASE F43e Fig. 4-26% 2ol
U QT olstEl R 2 WAl ZWE XFE 271X 0456910003704 A A
Azrel Z7heel et AEA BARC] ASAY FAEEE Bolm Utk
APHWPEZE fructosest sorbitolS EFF 10 w/wk% &q) A A&7}
FA32 ¥ fructose, sorbitol ¥ AL EFT 156 w/wk S AAF M=
vt} 2A&ers w24 Jevdn ey fructose, sorbitol 2 &S EF
g 15 w/wk £ A Age A 49 A7A dFE FFE JeEdd
7l o)EREE MM F7tste AFoIUTt. olgFL AL oprtfdFL WM
o) ERAE HSNE ARz AR Aol me AvHes Lge
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6.5

—&— Fructose:Sorbitol=1:1(10w/w%)
—O— Fructose:Sorbitol:Ethyl alcohol=1:1:1(15w/w%)
—v— Non-treatment

4.5 T T
0 2 4 6

Storage time(day)

Fig. 4-24. Changes in pH of agaricus mushroom during storage
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 Acidity(%)

.60

.65

.50
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.35

—e— Fructose:Sorbitol=1:1(10w/w%)
—O— Fructose:Sorbitol:Ethyl alcohol=1:1:1(15w/w%)
1 —w— Non-treatment

T
T

i I 1

0 2 4 6 8

Storage time(day)

Fig. 4-25. Changes in acidity of agaricus mushroom during storage
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.70

—&— Fructose:Sorbitol=1:1(10w/w%)

—O— Fructose:Sorbitol:Ethyl alcohol=1:1:1(15w/w%)
—v— Non-treatment

.65

Browning index(0.D)

.40 L I 1 1
0 2 4 6 8

Storage time(day)

Fig. 4-26. Changes in browning index of agaricus mushroom during storage
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AP zA0) w azty Aoe AYeY YAZ FasE AL Yehd 8
Wol agte AA7Izte] we} Frhse AYE B FUTHTable 4-10). 28 m
A8 ARANA L, a b2 JAx F A2 AMAYE FAHE Y7(AE)
e vlms BE, THa Agel o) head®: AR 30 AANE ALTIZ
2AE A= o8 nPoy AP 4AAolE AERC) 63002 AAE o]
£ 29 W, 271%E AP 194 A514, A3 3°9A 26942 Uehgt W
Wl fructose, sorbitol ¥ &L EFF 15w/wk £dd HIAF ABE
headol] Qo] A& 3UAMAE A24602 AN AES 0|8 wGow A
% 49 Aole AEROl 5052 TR0 ws) ta FsaA e wad),
N8E A 1974 A488, A 3UA A4122 UEY oprlEl R HAL 27
o] Wao| head®ol B8 Tha WA APPTE RS T 4 ARod
WA ZEe AAHoz APPE Ro| ohyz} F712RE W] WA B4
gode & & AN

) Az v

ot Fa MAY PAAEA Aol mE 2N WHE YpuR 3
E(hardness)& FA3th. WA, AR @E oprte]F& WA headdl
i ZEEA FAE Fig. 4-279 HERR biebgo] oprtgl£2 ¥ A head?
27|13=€ 5897, Agxade e NF 1, 3, 4 % 7949 FAx dAstE
HH fructose$} sorbitolE EFE 10 w/w% &dd A2 ANaANE1)9 7
§- 4140, 3433, 3304 ¥ 287.82 YE}RSH, fructose, sorbitol R AEEE &
F& 156 w/w% S99 AT ANRAEDNNE AZ7Idz ZZF 5781,
4980, 2909 2 59622, adn FAHI} AFANEIE AP 1, 3 € 44A
Ztz} 5676, 4703 2 450.12 JEbgth ol AA7Iztol Frtdtel wet ofrtE
F2 BA head® 9 ZE7 Zaxdte AL & F Ut oHFE HAY A=
7} AA7IzEe) 4ol wet gAaste AF%E JdEhiE AL 2E A TN
FY8A Jdetg oy Htd i £ A% 34A7AE fructose, sorbitol
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Table 4-10, Changes in L, a and b values of agaricus mushroom during storage

Storage time (days)

Sample Initial
1 3 4 7
L 5385%X960 51.28+358 5023+458 50.17£4.00 4953%220
I a 799t136 793138  1223+238 1239%031 14.99*1.15
b 2247674 1965*219 3051209 3097189 37.30*+1.14
L 6178t448 61.75%362 6057218 56.87f124 47.70£5.69
Head 0 a 7.81X1.64 8.08£2.16 8.68+0.46 8831038 13.80%1.60
b 2596+147 2882*213 2792+109 2658*1.70 35921381
L 6010X406 6097+X406 5854+t594 5562268 56.94+3.34
ma 8191062 8.43£0.62 766+09 1078115 10.78*+1.18
b 2545+160 2576160 25.01+240 29.05%f280 29.75%291
L 66.46*t414 6491+187 6266+£377 57181136 53.63t6.46
I a 532%1.21 8.96+0.28 919+337 11.32%x061 12.84*341
b 2889*3.07 3362*t183 376216.04 33.26+283 3840%x538
L 7248%t131 7095+301 70.76%£3.74 66451408 57471445
Stem O a 264%0.13 3.89£153 465+ 1.46 6291267 1045%1.86
b 2436%155 2882*+460 2752%t421 3194+136 41.63+457
L 6970£250 6952+121 71.82+t447 72.18%t38 7061+2.72
Ma 369+254 2.22*0.68 449+2.12 401£0.78 4700561
b 7469%362 17.39x2.06 2870£521 27.87x233 2796%*1.10

* [ : fructose:sorbitol=1:1 (10 w/w9%), storage temp.: -057C,
1I: fructose:sorbitol:ethyl alcohol=1:1:1 (15 w/w%), storage temp.. -15T,
II: non-treatment, storage temp.: 5C.

* Each data is means of triplicated measurements.
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Hardness

700

600

500 -

400 -
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Storage time(day)

Fig. 4-27. Changes in hardness of agaricus mushroom(head part) during
storage (legend as in Table 11).
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2 olgee TR 5wwk S0 AU A8 ARl T T v
v g R2A tx A deigtoyd AF 4494 ool o7 wA Ve
o E%, & d7dME A7 ot T2 A e Agr)ze] be A
£2| Aolg EMsuz BEAEA(ANOVA)S AA &gt BAZMHE A
239 SAS 611& AHgdgen ARrIRe wE FEeld AL
Duncan methodE AH&3t%ith 2484 A Table 4-119) Velgich A
219 A% Fa2 12722 Jeigten A% 144%EH fod Az Xl &
Bol7l NASAL, NENY FRe 50912 AF 4dA ] 44 Holg Y
Bglen, ABMY Fge 83342 A% 3YARE Ho8Q zoj8 v F
Qch. zElm, ARV ME ofrlEFa WA 27l WE A=EN AR
£ Fig. 4-28°) UEhd vis} o] opielFA wA 27l 27ARE 61102
2, A7 1, 3, 4 @ 7949 FEWSE vy AE1 F$ 5291, 4292,
415.3, 393.1, AlB2& 5153, 4734, 404.2, 2733, A1B3LS AF 1,3 € 444 &
27} 5847, 5800 L 56982 Uehgdh. ol AFrizte] Adghd wig ofrlyF
2 HA 2719 A=st AasE 22 ¢ £ At o3 AdE RE AT
A4 YA deidou Hapd A £& Mg Tl wet gz vey
o A% 3YAAANE AgPgo] }E & Ao]& Bolx| go} XA o
& St atx g Aoz oA T BAENE 23, Table 4-129)
Uebd ulstgo] A8 19 F$ Fad 89602 yeiton AAr|zte] 3Yo]
A AA T Pz HolF Holr] AlFsALY, AR 2& Fito] 27.56
o2 veen A7z 19494 F49 olg Y}z, A8 3& Fit
o] 1026224 ARz 44 Tol: AT KA Yol UetA ¥k
o.

) #%%3 54 W3

KN zAE AA7 A g oyt FA WAl FA uie IFE &
olr7l 98t BLHAAE HAF ZFHE Table 4-137% 2. ANFo=
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Table 4-11. Changes in hardness of agaricus mushroom(head part) during storage

Storage time (day)

Sample -
initial 1 3 4 7

Sample I 580.7+48.4° 4140+96.7° 343.3+102.8™ 330.41+1404™ 287.8%+116.9°
Sample @I 589.7+484° 5781%752*° 4980*1757° 2909+1024° 59.6+%31.4°

Sample I ~ 580.7+t484* 5676*117.1> 4703%119.1° 459.1+645° -

Mean of 10th replication £ standard deviation
2bSMeans with the same letter in the same row are not significantly different(p<0.05)
by Duncan method
*Sample 1; Fructose:Sorbitol=1:1(10 w/w%)
Sample II; Fructose:Sorbitol:Ethyl alcohol=1:1:1(15 w/w%)
Sample HI; non-treatment



Hardness

500 -
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250 : : . : : [ !
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Fig. 4-28. Changes in hardness of agaricus mushroom(stem part) during
storage (legend as in Table 11).
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Table 4-12. Changes in hardness of agaricus mushroom(stem part) during storage

Storage time (day)

Sample
initial 1 3 4 7

Sample 1 611.0£705° 5291+105.1° 4292+985° 4153+89.3° 3931%+115.8°
Sample I 611.0+705" 5153+847° 4734%190.3° 4042+823° 2743t418

Samplelll 611.0+705* 584.7+1015" 580.0+102.7° 569.8+92.0° -

Mean of 10th replication * standard deviation
abNfeans with the same letter in the same row are not significantly different(p<0.05)
by Duncan method
*Sample 1; Fructose:Sorbitol=1:1(10 w/w2)
Sample II; Fructose:Sorbitol:Ethyl alcohol=1:1:1(15 w/w?%)
Sample III; non-treatment



fructose, sorbitol ¥ A &L& EFEF 15w/w% £ X2 Al B(sample )
7t 2AE @ A&(sampleldl #l3) A% 3~4AAAAE tx: $58 B I
g 43 YReH 5% FEAM A8l F4) A= A2 YEEt 2
g1, YA A AF 3YAARAE sample | I FHIATFE LA & F
He do] sampleI Bt} $48 Aoz Uegygon ANz P ¥z AHSE
B} X 2o "3 sampled7} AZ71te] Ao FAY $34AxL, 2HHFL
A% 3GAARNE ATl FAYRCl FAFRAY A 44A samplel 7t o
& g dehgeh
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Table 4-13. Changes in organoleptic characteristics of agaricus mushroom during
storage

Storage time (days)

Sample

1 3 4 7
I 4.60° 4.10° 3.60° 3.00%
Odor o 4.10° 3.60° 3.30° 2.30°
m 4.60° 4.10° 3.20° 2.80°
I 4.00° 3.70° 2.10° 2.60°
Color a 4.80° 4.20° 3.70° L.70°
m 4.40® 3.80° 3.00° 2.70°
I 4.60° 4.40° 3.20° 2.80°
Texture i 4.70° 450° 3.90° 2.10°
I 4.70° 4.30° 3.20° 2.20°
I 4.10° 3.70° 2.40° 2.40°
Freshness i 490° 4.20° 3.60° 1.70°
I 4.60™ 3.90° 2.70° 2.10°
I 3.90° 3.60° 1.90° 2.40°
Browning I 4.80° 4.20° 3.30° 1.70°
m 4.40° 3.50° 3.00° 1.90°
I 4.10° 350° 2.20° 2.70°
ac(c);’;;arllle I 470° 4.10° 3.50° 1.80°
m 450° 3.80° 2.90° 2.50°

* | : fructose:sorbitol=1:1 (10 w/w%), storage temp.: 05T,

II: fructose:sorbitol:ethyl alcohol=1:1:1 (15 w/w%), storage temp.. -15%C,

I: non-treatment, storage temp.: 5C.
*Each data is means of 10 sensory evaluation values.
#bNeans with same superscripts in a row are not significantly different(p<0.05).
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4. 8 <

(1) A A=sd 923 =24

O 4 Alg€e did WZ3S Beckman methodd] wet &A% A3 Ag
o (M =-8)ell 1o fructose:glucose:sucrose=2:1:19] 10(w/w%) 4L 4d| 1
=3 AAE B¢, A (celery)e -1.1C, A A(red cabbage)= -1.9C, 4
(radish)& -227C, %¥¥l3(cabbage): -2.17T, 7 8 (chicory)e -20CZ Y&
% em, fructoseiglucose:sucroseiethyl alcohol=2:1:1:19] 10(w/w%) S8 <o) 1
3 AAT 5ol dejMe dee -19T, A -20C, HddE -28C,
Fuj == -2.3T, AAYE -23CY.

O FAH=Es G7] Ho|2EE -065T, fructoseglucose:sucrose:ascorbic
acid=2:1:1:059 10 (w/w%)& H7/Ig ZASd AN E -1.857T, fructose:
glucose:sucrose:ethyl alcohol=2:1:1:12] 10 (w/w%)E H7}3 A$E= -285C=E
vetgton, FAE3 AEriE -08~-1.0T, fructose:glucose:sucrose:ascorbic
acid=2:1:1:059] 10(w/w%)9] &9 183 HAF H$de -12~-157T,
fructose:glucose:sucrose:ethyl alcohol=2:1:1:19] 10(w/w%) $=&Ho 1837 A=
& ASoE 47 -13~-20C2 YEus.

O o7t F& ¥R ZFede FAHT A5 YAHYLE head® -05~
-06C, 7] -10~-11TCZ, fructose®} sorbitolE EFE 10 w/w% £
Mg A& head® -07~-11TC, €7l -10~-19CTE Yoy
fructose, sorbito]l ® ol@&E& EFIF 15 w/wH% £qo] HIAF Age AH$
head%#+=-07~-13TC, £7]1¥ -10~-15T= YE 3}
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(2) BAZSA Ao A AZFT F243

O WAZsA A og HdopAle AZFT FAWUSRE 4RI A3
FEEE, pH, A%, A", 3= R FTHAE AAFE 2, AZ7|% gE
AR A FEYF A3 AE wste A 1L1AARAA A9 Hol&
Bolz ggteny FFol citric acidE H7FE Aol oA pHE ®stE g
ATl vl FdHoZ FA YHEtgen, 4= Hde FUFHeR A
LERd wbde] A7t e mE ¥Ee A Aen, #5HA 23, A
Fz7de AT Aolg E & YAy AR 5AAFEHE FHA AL
&g HJM A7 & AT vistq 433 FL A2 YEES.

O WAAsA Ao 4T Zrlse|2EY NAF FIAWSE H4¥ry] H
& 7HE4n¥EE, pH, A%, HER C, R #53AE AAE 2, @] ol
2E9 7144 n¥R L PAFEAE AseA gL BHIYTY 27N E 8.
9~9.0 °Brix°lY} 10 w/w%$9] fructose, glucose, sucrose 5& H7H3d 174~
184 “Brix A= ¥ BEE B9 Fov, AZFT ALY ES A
A 79ARE vn g ZA AgE dedoy A% 15949 °F 0.1 “Brix 3
£} ZastEzA FE4RYEY WsE Ael gNth pHe WaE RAYT
9] pH 271xE 408 #F°lY4 samplell (fructose:glucose:sucrose:ethyl alcohol
=2:1:1:1, 10w/w%)el A$ A8 APF FxHoz F7rdte AR 159AdE
417¢ JeEden, FXEFE 4018 YEAY 281 d=E FAYTE A
Z 4974A 0682% TSIt AF 159A ¢ 080%E UEhd
ascorbic acid J7tF& Z7] 073%AA 098%= HZA3 F7tste] A% 10d
o]FZolE 1.0% ol e ZE Aoz uehytdt HER Ce FXATFY %
ANH 21 mg%AA FAEFY samplel & AA7|Zte] AHsHEA MA3I] A
e AA 159N 73 % 2L 63 m% AEE Y on samplel &
ascorbic acid7} o 1% °]d HrtHqernz A z27|de oF 470 m% A=

s
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to

o

e 2 FFE UEATI A% 1595 oF 340 %S gFo2 e
%ot B5HLE AAE A, A% 1948 olF, A, F, %t & A 77
FoFel zel7t Qe Aoz JEg, AHQ 713 EE samplell > sample
I > samplell®] €22, A& 15YA T samplell ¢} sample [ 23 Ztol] =
€ FFdA FHA A7t gl Aoz YEigoy AWz JISEE AY
£ o samplell7} A% 154971A 7} =& FHE ANS.

O g719 7184 1P E ¥sts WHASAE A7MeA &L FAHE T
£713% 109~110 “Brix 3EE Yetioy AT A3 8YUA < 96 °
Brix®, 2§ °l ascorbic acid® EZE ABT 95~96 °Brix BE, FFH
ethyl alcohol& E&% A &F 96~97 “Brix2 ZAs4t. pHY WHis =
71217} 431~433 &Y ascorbic acidg& T ANEe A 94 53T
ZAE B9 367~3692 Holxth AZF et Co W= 271X 72~73
mg% 2 ascorbic acid’t F7HE AEgFe AF 7= L33 FHE HAL
o A 9YAAR 271A FFE adZ FAFHRL, eSS EFT HYF
T AZ 2714 F4F FAE BAoYU WA 2 FFol F7HEq A 109
o 61 m%E FABHAT. ATHE AT 23, AR 1954 AdHA 7
35+ sample I >samplelll >sampled > F AT €22 Yelyton A% 6d
Hole 2A7AE AT BE FE4A samplel o] 7M1 F2 A2 ey
3ol ascorbic acid® &g A2 F(sample 1)7F A 10474x] HAHo] 73
EA e S

A, 27]LE 10Ce 7] dHo|2EE WHASFNAE ol &3 AFAI 48
AUAE 813%~885%2 HFaIAE A& & AN, WAHAAS wE A8
A Haaes WHo YWEFEE 28449 A AYREAV AXde A&

¢+ ANS.

O FHsted 1T ALAZY o7t F2 vAle SFF2EL A% 44
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A F43] 718t 03%9] FFZAES B v fructose, sorbitol ® o
BEe THE 15w/wk §9d AT Age AF 74H 016% FELR U
By ALXNFEY FFHAEE F 2~34 ol A= AUt JEiten,
A T9A7HA pH ®3tE thh WA, Az ¥3E A9 A adx ot
YF2 vAY WS XFE 271X 0456910003794 A F 7]kl BT
wret AP zde] FAR ASHA FHEFE EHLT fructosedt sorbitol &
T3 10w/we Eqo) A2g Al87F 48 2 fructose, sorbitol B &
& EFF 15w/w¥% &9 AHEd AsERY ZHUESEIE BE2A YeEdg £
@, EUAE WgdME ulANE A7 I w2 dwHes L
< AHzAd we iz HAeole YRoyd dAZ Fade FF¥FE UEd
FA o agte A7 e Frhske BEE Bo FAC ot Fa WA
Z719 W¥Ao] head®ol Hl& thx wW2A APAve AL ¢ T ANLH,
HMe Aoz AYPHE ol olvdt 725 E WHe] WA WAHF
ot & It obrtElF2 WAlY viERe AEe ARV TR o
28t %S Yehle AL BE AT FL3A veEtey A
Fd #A2d & AP 3¢ AZRAE fructose, sorbitol R @SS EFFE
15w/w% S4o] M Age A= gol FAHF ] HHF A=A o
2 =4 vegth 22z 279 A:E EE AHTFAAA Fae F2 AR 3
AR 74 & HolE& HolA Ut B|EHA AFAE AWHSZ  fructose,
sorbitol 2 l@2L E¥E 15 wwk &9 A A8st B AT ¥
A AF 3~49A7A ¢ S U
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=
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A2ARESA Ao] 4F £E9) T A

1. A &

FEFHolgts 471 d8id AL 196530 HEE Tomlinsond] B o
93, ¥ 9849 pacific salmond WA FAS o LAHE dUA 23
Ead) 9% belly-burn(ffg) @33 A A9 ¥Ao] 25°F(-38T) B 29°F(-1.
7C) Aoz HAY EHAE dAvhE ATFED o]FRE QY. Qutyos B
% d(partial freezing, PF)2 F& -3CoA AEL AFss Wios o &
oM dFEY AFAMAE WEA 7R @&x: wEZA A (partial
frozen)E Wt ol Mg FEFAYolF 9, AFAAE AF U 4
534 & HAAYFE, 53] oF7t F U Z Hu Qlon, o 2 A

< AAHFAME WA LSS NPHon2 WMFEAFHE He Re
A2 FE2 Ho AN ol AZ7A WZAA LMo AX 94 A=
£ F, 408 nF2H FAO 4T 2854 A A A= HEL £
AT Bis oy o] e A5 ok Biud wrt iyl WEeln, 2
Bho] £& -3CoME 2§ @9FE (v 24)9 ATPase@A o] B+ 2% gl
oy A Fol £F9 WUl diF gFEY dFE YEAY Bt AAR
o #F Aol2g old g UA4o] v BEH HAHo|th
=3, FEFAY oFozE FZ HE Wl 28HE duUA 49
Z 2 5o golditde AL E £ Yoy dHo2E AFAo) F3 o] &
Ed F9 F2AME YZARY AAA0l A A4H, £ YEHo| F
A2 Fo vd Aoz HF EF4 FLo] eyl A9 AF, @l 2 &%
F9 eEBol 58 FAg gt wrke A Fol Ak
H, AL FAIE Fuid BFEAE Ad YAEE 47 AdMAE AFA
o 3] dolg & & ¥4, Ay € R, =LA Tl dE 29
&g HagsAn =Y AN AL HHAAZEHNA T2 € YAsHx

i
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Mgr\zre] Aol wet EAY ke FAPoT WolXA ok Hapy &
AFNAE 5D Age A48L 71E9 Y=L wBEA(1~-1T $F)RY

& 3C 420 AFsa A%e] EAANE FasaAnA o X AR
S}AE AbEstel TTe A Es
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2. A 2 9y

7h As

B AP A4 5 ZAFE 24M4T FAE FAHSES 2¥AF(E
71= gl Fuldte polypropylene filmell go] 5C &xoA 1493 x4
¢ AL 4A 271 10X10x1em)2 AdE F FAYE AAG AL 4¥
3o

v AAE 2 A3y

AEE 10 w/w¥% NaCl, 10 w/w% trisodium phosphate 2 10 w/w%
glycerolzt Z& 3% 9 WYAASA S0 42 2087 JAAG F E712 W o
£ polypropylene ¥R Wo] -3Ceo] AAdHon, A Mg £33
o 2zt 0C 2 -20Col AZd 272 AHEsAh

. o3& gy FAH

dAgFe] ANBE AP I ES AOACHLZE, pHE pH meter(No.
345 Metter Delta. UK.), #7118l da(Volatile basic nitrogen: VBN)=
Conway unitE o]&% v F&34, TBA(2-thiobarbituric acid)#-& Salihi2
2, 383 drip &4&2 & ANREE AAYAN AW E71& W F "y
FAE 23 F RAFAUAST o] 594 TF22 AY HFAL F AHAA=R
2718 AAZNY A FAE SHPLEN HFA &4&S 7

|
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3.43 ¢ 3

FESZQ -3TC9 #29 AFLEdA WARSA AN zAdd & &
o AT 2L AHEY] 98 £EEF, drip £4&, pH, 2 A=E ¥A
371 AE ANEEZA FAAHF 7 A X2 (volatile basic nitrogen: VBN)2} xHte]
s AEE A HE7] Y3 thiobarbituric acid (TBA) #& M43 A= o
<% 2o

7b. RS Fe s

Fig. 4-20% WR7%8 10 w/w% §do] A4@ E%9 -3T] A7
o A/ WE FEFHY WIS AHRE Roz FAHYF AR ulE
WA Ay AgE AZRY FFHd ©E FaFo] W FA YEe
9, 1 FNAE 10 w/w% trisodium phosphate A2 F& A% 25¢ T AY
%27] FEFZHR WMFo] e Aoz JElgd £ 10 w/w% trisodium
phosphate A& F9 AF LT wE FEEF ¥ 0C AFZA7N 7HF
Fouy -3C AZAAE AFx7ldgt 0C AN w8 oF 02% =T Ao
g Bgon, O ojFoE fAE #OE Yehd UEd 20T ¥EEF Al
e AZx7 4 16% FFY FEFAEE B9 FUAH(Fig. 4-30).

Y. Drip loss9| #3}
Fig. 4-31 WAZA&A 10 w/w% &%) AT EK -3Col AZst
o HA7|e] WE drip EAEY WS AWE oz FAHYEY Agd H
3 10 w/w% glycerol Ad Al87F AF7|tY ZFge] wE =g &40 7HF
2A Jelgten, 10 w/w% trisodium phosphate ¥ 10w/w% NaCl X 2T+
A% 259 T FHEHT v =9 &4do] di HA YEEt I FAME
10 w/w% trisodium phosphate H&TE A% 208 A7RAE =d&Ho] 27
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Moisture content(%)

80
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74

72

70

—e— 10% NaCl
—O— 10% trisodium phosphate
| —%— 10% glycerol
—7— Non-treatment
¢
£
0 5 10 15 20 25

Storage time(days)

Fig. 4-29. Changes in moisture content of pork during storage
at-3°C.
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78

774

Moisture content(%)

74 - —e— Storage at 0°C
—O— Storage at -3°C
—w— Storage at -20°C

73 T _ T T T
0 5 10 15 20

Storage time(days)

Fig. 4-30. Changes in moisture content of pork treated with 10 wiw%
trisodium phosphate solution during storage.
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Drip loss(%)

14 -

12

10

—&— 10% NaCl solution

—O— 10% trisodium phosphate solution
—w— 10% glycerol solution

—v— Non-treatment

//‘.r O 0 () O

1 I T i i

5 10 15 , 20 25
Storage time(days)

Fig. 4-31. Changes in drip loss of pork during storage at -3°C.
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o vl3 ¢ 1% 3 B39t 281 Fig 4-32& 10 w/w% trisodium
phosphate A& 78 APLEde] Be SP&A We Uehd Aoz FE
gae wWatsh BATAZ 0T AFAZF A% Fou -3C A% AT AF2
olg 0T Aol Hs ok 1% 29 olg BRoH, 1 oFolE FA
oz Uehd wee] 20T YEYR AdE ABxs1RH &Mz of 2%
79 P& B} FYh

t}. pH W3}
Fig. 4-332 WAZAsA Ao @ A5%9 pH ¥HE Hed Ao
E A Fo glo] pHES AZZ7 G Zadost Frtstes 3%E 2R
on o)#d AFL TAF, 10 w/w%2 NaCl ¥ glycerol A3+ 597~6.03
ZZd ¥]# 10 w/w% trisodium phosphate 2 F& 597~6.82 F =9 pH ¥
82 Bd g HFol us di ¥& pHIE #A%D 3o pH Aoz
3 p4gel FFE Aoz JdEHJY. a8 Fig. 4-34c 10 w/w
trisodium phosphated] A =59 HFLxdd & pH AFE Yed A
o2 ARLEToE BAYC FAIE A9 pH ¥eE ASHLE o F
o

#. TBA 2@ VBN #39 uis

WAREA Azdd e AF Fo ALA A vlAe 9FE &
Hr7 gsad z A8 TBA#S ¥4F A3, €58 0CARAME #
A2 A Z71% 0110mg/kgol A AF 104A7AAE F7HE AL 0497
ng/kg2 ¢k 4¥) o)A Z7td ke 10 w/w%< NaCl 2 trisodium phosphate
2 Hae ARE o 3 HE2 Z/bAtFig 4-3). 21T 3T R -2
0Ce AR ARE AFo BAYCl A BYANA TBA & R F7HEE
7} A #AG ATFES Rolm Yoy WHARA AHAFFT 10 w/wX
trisodium phosphate @ NaCl M2 77} £48 Tl vls] szt HA dof
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Drip loss(%)

—e— Storage at 0°C
—O— Storage at -3°C
—w— Storage at -20°C

Storage time(days)

Fig. 4-32. Changes in drip loss of pork treated with 10 w/w% tri-
sodium phosphate solution during storage.
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7.5

—o— 10% NaCl

—O0— 10% trisodium phosphate
704 —¥— 10% giycerol

—v— Non-treatment

5.5 1

5.0

0 5 10 15 20 25

Storage time(days)

Fig. 4-33. Changes in pH of pork during storage at -3°C.
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pH

74

7.2

7.0

6.8

6.6

6.4

6.2

6.0 g

58 -

i} —e— Storage at 0°C
—O— Storage at -3°C
—w— Storage at -20°C

T 1 ! I T

0 5 10 15 .20 25

Storage time(days)

Fig. 4-34. Changes in pH of pork treated with 10 w/w% trisodium

phosphate solution during storage.
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600.

500 A

400 -

300 -

TBA ( x10° mg/kg)

—o— 10% NaCl

e ——— —

---0-- 10% trisodium phosphate
—v— 10% glycerol
—v-- Non-treatment

T T

8

10

Storage time(days)

- T

12 14

Fig. 4-35. Changes in TBA value of pork during storage at 0°C.
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ge B & UtHFig. 4-36, 4-37). 2L Hzdd B& AFF A= A
¥2X VBNS 4% Z7x TBAS "ta/tAR 0CAZAAE FAH
S z271% 420 me%AA AF 159 AR E F71E A& 22.2me%E & 5
Wl o] Z7He wbdo] WHAFARZ AT NETE & 4] A=2 T
THFig. 4-38). g3 -3T B -20T AZT ANEE ATl AR A
Z 26YA7LX VBN & B F7t& =7 A FAR FEE Holn oy ¥
A A TF 10 w/w% trisodium phosphate @ NaCl X & 77} A& F ol
Hi3 NE ®3F i =gA dojdg £ F AN (Fig. 4-39, 4-40).
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TBA (x10 mg/kg)

600

—e— 10% NaCl
-0+ 10% trisodium phosphate
—v— 10% glycerol

—v-- Non-treatment

500

400 -

300

1 1

10 15
Storage time(days)

25

Fig. 4-36. Changes in TBA value of pork during storage at -3°C.

—225—




TBA (x10™ mg/kg)

350

—e— 10% NaCl

-0+ 10% trisodium phosphate

3004 Y 10% glycerol

—v-- Non-treatment =¥

100 + . T T T

0 5 10 15 20 25

Storage time(days)

Fig. 4-37. Changes in TBA value of pork during storage at -20°C.
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VBN(mg%)

24
22 -
20 -
18 -
16 -

—e— 10% NaCl
—O— 10% trisodium phosphate
—v— 10% glycerol

—v— Non-treatment

T T T I T I T
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Storage time(days)

Fig. 4-38. Changes in VBN value of pork during storage at 0°C.
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59 1 —®— 10% NaCl
—O0— 10% trisodium phosphate
20 1 —w»— 10% glycerol

—— Non-treatment

T I 1 T 1

0 5 10 15 20 25
Storage time(days)

Fig. 4-39. Changes in VBN value of pork during storage at -3°C.

—228 —



VBN(mg%)

20
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14 -
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63 —e— 10% NaCl
1 —O— 10% trisodium phosphate
4 - —v— 10% glycerol
—v— Non-treatment
2 T 1 1 T T
0 5 10 15 20 25

Storage time(days)

Fig. 4-40. Changes in VBN value of pork during storage at -20°C.
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4. 8 ¢

ro,

REZFAQ] -3CH 729 AF2zoN WAZSA Az de & =
£ AFFT FAL 4HE 2, WHAEA 10 wwk & AT EF9
-3TColl A&std A7 & FETFY WIS 4¥IE Aoz FAYY
Agol w3 FAZsA H Nge AR7IRE ZHe] wE FaFo] wWe
2 A) L}E}‘Xli’-“ﬂ; I FME 53] 10 w/w% trisodium phosphate 8 F&
A7 254 % AL 27 FEEETH AT 9 AR Yo, =¥ &
Aol WElk -3C A Az HFxAT 0C AFAld v ok 1% +Fe
AolE BYTh a3 BRE AP 3ol pHE AF27d Fd Fiaqt
Z7lsle 2L B29o, 10 w/w% trisodium phosphate X2 F& 5.97~6.82
HEo pH ¥FE Ho B AT v8 ¥2 pHEAL FAHAT £F, -3T
2 -20Tol AFE MEe ZE AzgFAM AZ 25487 TBA & R S7t
257 A9 fAFE AL Bolm gley I FeA 10 w/w% trisodium
phosphate 2 NaCl A g F#7F FxgFel vlal ALzt A dojutrt. VBN
= TBA#S sl37FA=Z € A7) 3] 10 w/w% trisodium phosphate R
NaCl 277t A= A3yt i =4 doistt

H
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