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Abstract
The objective of this study was to investigate the effects of freezing rate on ice crystal size and
freeze-drying rate. Our experiments were carried out with self-manufactured freeze-dryer. Gelatin gels
(2 % w/w, ¢ 80X20 mm) were frozen unidirectionally (Neumann’s model) from the bottom at —45,
—30, —20, and —15% and followed with freeze-drying. Under the upper conditions we measured freez-
ing rate and the change of temperature and pressure during freeze drying. Freeze-dried gelatins were
cut horizontally into 5 mm thickness from the bottom and measured their pore sizes. Also freeze-dry-
ing rate(primary drying) is estimated by measuring the temperature of sample and pressure of vacuum
chamber, During freeze-drying, profiles of pressure and temperature were shown constant tendency re-
gardless of freezing temperature and we could expect the end-point of freeze drying by considering
pressure and temperature together. In temperature profiles, the point which temperature increased
significantly was observed during freeze-drying. There is no relationship between freezing temperature
and drying rate of primary drying in our model system, As freezing temperature increased, ice crystal
size(X*) which correspond to 63.2 % of cumulative frequency was increased and at the same freezing
temperature ice crystal size(X*) was decreased with distance from the bottom of the sample. Freezing
conditions have a strong influence on the quality of the final freeze-dried products in freeze-drying sys-
tem,
Key words : freezing rate, ice crystal size, freeze-drying rate.
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Fig. 1. Schematic diagram of experimental apparatus for freezing and freeze-drying.
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Fig. 2. Profiles of pressure during freeze
drying after freezing at —157(a) and —45¢C
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Fig. 3. Profiles of temperature at 0.5, 5,
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ring freeze drying.
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Fig. 4. a) Freezing curves for 2% gelatin
gel at —15°C, obtained by 5 themocouples.
b) Cumulative distribution of ice crystal size
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Fig. 8. Photographs of ice crystal at 15mm from bottom of freeze-dried samples after
freezing at —15C(a), —20°C(b), —30¢C(c), —40C(d).
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Fig. 9. Photographs of ice crystal at 5(a), 10(b), 15(c), 20mm(d) from bottom of freeze-dried

sample after freezing at —15¢C.
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X* : Ice crystal size of 63.2% in cummulative
distribution
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Table 1. Size, slope, standard deviation and correlation coefficient of ice crystal data as a
function of distance from bottom in frozen 2% gelatin solution at 4 different freezing tempera-
ture

Freezing Distance

temp., from bottom X (KM " a S.D. ‘
5 mm 136.22 2.972 —0.425 2.6145 0.9606
~15¢ 10 mm 151.34 1.818 0.145 0.9670 0.9919
15 mm 182.85 2.731 —0.345 2.2982 0.9666
20 mm 198.75 1.983 0.006 1.1189 0.9807
5 mm 134.50 1.798 0.287 0.8976 0.9943
10 mm 147.54 2.020 0.153 1.0818 0.9849
—20T 15 mm 159.80 2.003 0.047 1.1269 0.9838
20 mm 173.80 1.989 0.001 1.1226 0.9804
5 mm 117.75 2.269 —0.165 1.9718 0.9725
—30C 10 mm 134.30 1.871 0.270 1.0007 0.9859
15 mm 143.76 2.711 —0.436 2.2804 0.9845
20 mm 152.25 2.033 0.100 1.0881 0.9853
5 mm 107.20 2.596 0.122 2.0527 0.9834
—45TC 10 mm 117.60 2.939 —0.348 2.5330 0.9609
15 mm 132.25 2.941 0.029 2.4150 0.9823
20 mm 140.05 1.956 0.007 1.0476 0.9841
X*  :Ice crystal size of 63.2% at accumulation frequency (um)
m  : RRSB-equation constant (slope)
a : Intercept of RRSB-equation -
S.D. : Standard deviation
r : Correlation coefficient
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X* = 206.81—124.28 - fr(r = 0.916)
(Eq. 2)

X dSEARA Y A7) (um),
fr: 544 =(mm /min)

SA44x7t $U1ge wet dSARAY =
e #4994 A Z2EL & F AATHPLO.
001).

2 <

2 Age 522740 4243 AY 29}
TEARERY MAe & A2} A
Aletgth B AYEe A4 AFE TEAARNE
ojg3tad t&e FALx(—-45T, -—30T,
—20C, —15C)dA 2% Aete A (4 80 X 20
mm)-g& Neumann’s model®4 o2 ZZAA3]
F AxAZG A9 =AM FHAsE, &
FAAZ 5 2x9 ¢4HHE 233 YT. B
AAzd AL AEIGeRHY 0~5 5
~10, 10~15, 15~20mmH¥£& +PAI3 &
39 278 239, FHAZRAR A=)
&5 AR &x9 AFAu Y g o3
23 = A

TAA2HY F 229 4¥ e A7k g



174

EAL5d 94RF AAHAAE YEgHLY 2
To ¥ A negoeny AR &
828 28 £ Ak 52AZAR T
3 2x o] Ao #AHY oW o] F3H 1A
Az)Y 488 FEoiy ol AR U=
2 7+e] Aoldt dA T o9 AoloA 7|2l
Ity AR dT B¥ 5ELEE TEARE
#3123 Az SEHA A9 94FE vlH
A 2t FH2E 2&5E FHES
Z 4844A9 aNxHe F7raden,
FYs FALTAME Eagr]d skESs
2 xre ZFgith B AgoM e =3t FAEE
7t AxEE 9L v AL AL & F A
et

ZAte| &

B ATE 19969 @58l 3T A
H) ] Yol ofF) FHHASA 4L AHE EF
Yo

ines

1. Flink, J.M. : The influence of freezing
conditions on the properties of freeze
dried coffee. In Freeze drying and Ad-
vanced Food Technology (Edited by
Goldblith S, A., Rey L. and Rothmayr
W. W.). Academic Press, New York,
(1975).

2. McPeak, D.W., Idziak, E. and Symrl,
T.G. : The effect of freezing rate on
the retention of volatile fatty acids dur-
ing freeze drying of solutions containing
high molecular weight solutes, Can.
Inst. Fd. Sci. Technol. J., 20, 176 (1987).

3. Koerber Ch. : Phenomena at the ad-
vancing ice-liquid interface: solutes,
particles and biological cells. Q. Rev.
Biophys., 21, 229 (1988).

4. Franks, F. : Improved freeze-drying: an
analysis of the basic scientific princi-
ples, Process Biochem., 24, M-I, (1989).

5. Ho, N.F. and Roseman, T.J. : Lyo-
philization of pharmaceutical injectio-

10.

1L

12.

13.

14.

15.

16.

FFE AN 83 A 218 Al 25(1998)

ns: theoretical physical. model. J. Ph-
arm. Sci., 68, 1170 (1979).

. Flink, J.M. and Karel, M. : Effects of

process variables on retention of vola-
tiles in freeze drying. J. Food Sci., 35,
444 (1970).

. Park, N.H., Kim, B.S. and Bae, S.C. :

Prediction of sublimation drying time
for carrot in freeze-drying. Korean J.
Food Sci. Technol., 25(4), 313 (1993).

. Dyer D. F. and Sunderland J. E. : Bulk

and diffusional transport in the region
between molecular and viscous flow. J.
Heat Mass Transfer, 9, 519 (1966).

. Dyer, D.F. and Sunderland, J.E. : Heat

and mass transfer mechanisms in subli-
mation dehydration, J. Heat Mass Trans-
fer, 90, 379 (1968).

Lin, S. : An exact solution of the subli-
mation problem in a porous medium, J.
Heat Transfer, 103, 165 (1981).

Lin, S. : An exact solution of the subli-
mation problem in a porous medium,
part II-with an unknown temperature
and vapor concentration at the moving
sublimation front. J. Heat Transfer, 104,
808 (1982).

MacKenzie, A.P. : Factors ffecting the
transformation of ice into water vapor
in the freeze-drying process. Ann. N.Y.
Acad. Sci., 123, 522 (1965).

Chauffard, F. : Microscopical examin-
ation of freezing and freeze-drying.
Nestle Res. News, 1971, 78 (1971).

Flink, J.M. and Geji-Hansen, F. : Two
simple freeze drying microscope stages.
Rev. Scient. Instrum., 49(2), 269 (1978).
Pikal, M.]J., Shah, S., Senior, D. and
Lang, J.E. Physical chemistry of
freeze-drying : measurement of subli-
mation rates for frozen aqueous solu-
tions by a microbalance technique, J.
Pharm. Sci., 72, 635 (1983).

Nakamura, K., Kumagai, H. and Yano,
T, : Effect of freezing conditions on fr-



17.

18.

19.

20.

21.

22.

23.

29 N2goA A& g2 95 ARA Y A7) & ARREEY W

eeze drying rate of concentrated liqu-
id foods. Fd. Engng. Process Appl. Transp.
Phenom., 1, 445 (1986).

Kochs, M., Schwindke, P, and Koer-
ber, Ch. : A microscope stage for the
dynamic observation of freezing and
freeze drying in solutes and cell suspen-
sions, Cryo-Letters, 12, 401 (1989).
Kochs, M., Koerber, Ch., Nummer, B.
and Heschel, I. : The influence of the
freezing process on vapour transport
during sublimation in vacuum-freeze-
drying. Int. J. Heat Mass Transfer, 34(9),
2395 (1991).

Luyet, B.]J. and Rapatz, G. : Patterns
of ice formation in some aqueous SOl-
ution, Biodynamica, 8, 1 (1958).

Luyet, B.]. : Effect of freezing rate on
the structure of freeze-dried materials
and on the mechanism of rehydration,
Freeze-Drying of Foods. F. Fisher(Ed.),
National Academy of Sciences-National
Research Council, (1962).

Riehle, U. and Hoechli, M, : The the-
ory and technique of high pressure
freezing. EL. Benedetti and P Favard
(eds) Freeze etching techniques and
applications. Paris Societe Freancaise
de Microscopie Electromique, (1973).
Bald, W.B. : On crystal size and cooling
rate. J. Microsc., 143(1), 89 (1986).
Jones, H. : Science and technology of
the undercooled melt. NATO ASI
series Lancaster Martinus Nijhoff. 156
(1986).

175

24, Farkas, B.E. and Singh, R.P. : Physical

25.

26.

27.

28.

29.

30.

properties of air-dried and freeze-dried
chicken white meat. J. Food Sci., 56(3),
611 (1991).

Min, S.G. : Untersuchungen zur Rekri-
stallisation wvon Eis in gefrorenen
Lenbensmitteln, Dissertation. Univ. Ho-
henheim, Stuttgart, Germany. (1994).
Lombrana, J.I., Elvira, C.D. and Vill-
aran, M.C. Analysis of operating
strategies in the production of special
foods in vials by freeze drying. Int. J.
Food Sci. Technol., 32, 107 (1997).
Litchfield, R.J., Liapis, A.l. and Farh-
adpour, F.A. : Cycled pressure and
near optimal pressure policies for a fr-
eeze-drier. J. Food Tech., 16, 637 (1987).
MacKenzie, AP, : Collapse during fr-
eeze drying-qualitative and quantitative
aspects, In Freeze drying and Advanced
Food Technology (Edited by Goldblith S.
A, Rey L. and Rothmayr W, W.). Aca-
demic Press, New York. (1975).

Flink, J. M, and Karel, M. : Retention
of organic volatiles in freeze-dried solu-
tions of carbohydrates, J. Agr. Food
Chem., 18(2), 295 (1970).

Kuprianoff, J. : Some factors influen-
cing the reversibility of freeze-drying of
foodstuffs. Freeze-Drying of Foods. F.
Fisher (Ed.), National Academy of Sci-
ences- National Research Council. (1962).

(19983 84 54 H<)



