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Abstract

A computer program in Visual-basic 4.0 was developed to analyze the zone of maximum ice crystal for-
mation in food freezing. Boundaries(temperature and time) of the zone of maximum ice crystal formation
could be estimated by the program, although they are shaped as curves rather than certain points on the graph
of temperature vs. time during freezing, being vague to spot. The temperature profile was differentiated by
the freezing time up to 2nd order and the maximum and minimum points of the 2nd derivatives were re-
garded as the boundaries. The program was evaluated with several foods of different size in freezing, and
proved to give the same results of the zone of maximum ice crystal formation for the same kind of food, re-
gardless of the sample size. Furthermore, the condition of much less than +5°C/min of temperature change
was required to analyze the phase transition in food freezing by DSC.
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Fig. 1. Schematic diagram for analyzing the zome of
maximum ice crystal formation. Temperature”: Ist deriva-
tive, Temperature”: 2nd derivative, A and B: Points with
max. temperature change.
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Fig. 2. Flow chart of computer program for analyzing
the zone of maximum ice crystal formation.
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(2) Event for selecting menu
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(b} Event for executing the seaching of the zone of max. ice crystal formation.

Fig. 3. Examples of monitor screen shown during ex-
ecuting the computer program.
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Fig. 4. Freezing curves of potato at -60°C of ambient
temperature. Diameters of potato 1, 2, 3 are 14, 21, 27
mm, respectively.
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Fig. 5. Freezing curves of apple at -60°C of ambient
temperature. Diameters of apple 1, 2, 3 are 14, 21, 27
mm, respectively.
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Fig. 6. Freezing curves of radish at -60°C of ambient
temperature, Diameters of radish 1, 2, 3 are 14, 21, 27
mm, respectively.
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Fig. 7. Freezing curves of beef at -60°C of ambient
temperature. Thicknesses of beef 1, 2, 3 are 14, 21, 27
mm, respectively.
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Table 1. The zones of maximum ice crystal formation
analyzed by the computer program

Zone of max ice crystal formation

Size*
Sample (mm)  Start temp. End temp. Interval
) (°C) time (min)
14 -1.43 -5.43 16.5
Potato 21 -1.69 -9.19 27.0
27 -141 -9.01 355
14 -2.23 -9.73 13.5
Apple 21 -2.29 -10.19 19.5
27 -2.11 -9.61 27.5
14 -0.73 -15.14 24.0
Radish 21 -0.59 -13.49 39.0
27 -0.71 -15.08 51.0
10 -1.83 -10.13 14.0
Beef 15 -1.79 -8.79 17.5
20 -1.61 -9.11 21.0

*Diameter for potato, apple and radish; thickness for beef.

DSC thermogram ©. 2 H-g] APH3ZLE A6 2 Ax}
(Bl VEMA = e39k), WEe] A9 BE AR
hate] d=gs FE peake -10°Co|slol|l A YEbRtL
W, 3)E2 A5 e FE peakw 0°Co| 9] 3¢
£ R ZFsIA e o] Adte dvrdoen &
HA e WE 9 a5y sl 2 g dod
Aolth &% W3E +£5C/Mminel A-$-E 4 10°C/min
Ho} dighyd] peakr) ©] ZA® A3 A7l 38k
WeRsith o] A2 2xskgo] Ui AM do 2k
o WH-o AlE2%7} ulA whejrka] £ated A &
A gh dol 2xo)r] wj ol g atvt o A
o Aztge) B A¥d AL DSCe gybEel
Aoz B3ln 2% WEEE A Alofshe=
ol o] oerz, 2xHIEE A AdAE ¢
e 3459 DSCrlo] 2]Fel W, &Ee 2zl
Ao AEEg o U

AnpAR oz, /Mad TIPS PJEIA AdA
sl FaR9)o] ool B A Exgtw It
Ay Aol AdgAdoe A s Fade &x
g AIZHE AEE 4 i BE B HES A
FHE o] flsiMe st Hag =2
doluA & 4 &= WE F2do| 875, 53] 4]
9 S Izt 2Lt ok g} v 2
AT Afe YRl 4848 BE71E AHEEiIA e

@A e gEEe] AN AFIYNE $HT 5

slched] 1 7441 3ol & % 9t £ Lxvs
$o] W $ 2 Ao}l DSCuro] WE, sEe] B4
o Hge Aoz Aad

2 %

21 &9 Ao AFH YA E BN T F de HFE
Z2OWE Aot Y7l X8 2% o
H4ARAx e g 13 /ies 38 Visual basic 4.0%
AHgStE T AEe WERM G 23592 Ve
ve HdAR A AR FaHE B8
At 228 A7t thsle] 23} vjREted o Ho ¢
i E AR FEHoR TF3lo] HUWES
AR L] AA =9 01 phe] ARAILE AEd
T At AEHIE Hal FA N MR OE ARE
YEsle] B8 A3, e F7/o AFd dsiMe
Al d% A AFPANE etk E=g
HAHE DSCe AAegaer ¥A3r] Yalde +
5'Cmin®2o} o] & 2xwslgo] z7io] dags
ek 5 Ut

ZHAR 2

B dTE (FPUPY A9E wob FPE A

Arie) G2 ol Al=el vy,

=

HO

A, 1985. 4% BBt 71%. FAEAA).

2] #} 20(6): 827-833.

g% HAE. 1992 2 Aot SlE o] 2. X%},

A2, 8. 1997 A NE FFEL HY RS

ol x| 2. 1990. 4| F 38}, =84l

7141975, 52 F) 0 2 el 2. 245
gt gkl HALE R =B

g5 Eaheke. 1993 4 F 38 A EUAL

Heldmann, D. R. 1982. Food properties during freezing.
Food Technology. 36(2): 92-96.

Microsft. 1996. Microsoft Visual Basic Professional Fea-
tures (Menual). Microsoft.

Tompkins, W.1. and J. G. Webster. 1992. Interfacing Sen-
sors to the IBM PC. Prentice-Hall Inc.



