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Density Measurement Technigue and Prediction Model of

Fruit Juices under Freezing Point

Bae, Dong Ho - Choi, Yong Hee

Dept. of Food Science and Technology, Coll. of Agric., Kyungpook Natl. Univ.

Summary

This study was conducted to predict the density changes according to concentration and tem

petrature changes under freezing point.

This information is needed for the design of freezing equipment and for the efficient utilization

of refrigerating system.

Orange juice, Apple juice, Grape juice and Sucrose solution were used for the measurement of

density in this study at the temperature range from -

from 10 to 40%.

5C to —40°C and at the concentration range

The unfrozen water fraction of samples was determined by lieldman's method.

The density values were determined by measuring the weight of a frozen solution at each tem

perature with a known volume.

Solutions were placed in the thick -walled aluminum tubes. When the solution was frozen, the

excess ice was removed with a razor until the surface of the ice was flush with the top of the

aluminum tube. The tube and ice were weighted immediately. Knowing the volume, tare weight,

and final weight, the density could be determined. With this procedure, the data of density and

unfrozen water fraction for fruit juices and sucrose solution were collected. The density prediction

models of fruit juices and sucrose sojution under freezing point were established by the optimi-

zation computer program with measured experimental data.
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Fig. 1. Schematic diagram for the measurement of
sample temperature.
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Table 1. Values of the density(g/l) for various orange juices of concentration 10 through 40 percent.

Conc. 10% 15% 20% 25% 30% "% 0%
Temp.

—5C 967.4699 1008.4337 10349398 10574163 11051905 11381011 11702128
10T 962.6506 996.3855 10204819  1043.0622  1082.2249  1114.6732  1152.4823
-15C 959.0361 987.3856  1009.6386 10346890  1068.9238  1099.8767  1127.6506
e 957.8313 987.9518  1006.024] 1028.7081  10B2.8779 10024784  1117.0213
~25°C 959.0361 984.3373  1004.8193  1027.5120  1061.6687  108R.7793 11111111
30T 957.8313 9843373 1003.6145  1025.1196  1059.2503 10863132  1109.9291

3¢ 959.0361 9842373 1003.6145 10251196  1050.2503 10863132 1109.9201

-40C 9500361 9855422 10048193 10263158  1059.2503  1086.3132  1109.9291
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Table 2. Water content and molecular weight of
fruit juices and sucrose.

SOLUTION WATER CONTENT MOLECULAR WEIGHT

Orange Juice 89% 194,76
Apple Juice 87% 190.33
Grape Juice 84.12% 193.95

Sucrose — 342.31
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Table 3. Unfrozen water fractions of concentrated and frozen orange juices.

o Cone. 10% 15% 20% 25% 30% B% 10%
emp.

-5C 0.1826052 0.2739078 0.3652104 0.4565130 0.5478156 0.6391182 0.5000000
—10°C £.0873054 0.1309581 (11746108 0.2182635 0.2619162 0.3055689 0.3492216
—15%C 0.0555666 00833499 0.1111332 0.1389165 0.1666999 0.1948319 0.2222665
—20°C 00367193 0.0595789 0.0794386 0.0992982 0.1191579 0.1350175 0.1588772
- 25°C 0.0302296 0.0453444 0.0604592 0.0755740 0.0506888 0.1058035 .1209183
-30°C 0.0239196 0.0358794 0.0478392 0.0597990 0.0717588 0.0837186 0.0056784
—35°C 0.0194274 0.0291411 0.0388548 0.0485685 0.0582822 0.0679960 0.0777097
—40°C 0.0160722 0.0241082 0.0321443 0.0401804 0.0482165 0.0562526 0.0642886
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Table 4. Density prediction model of fruit juices and sucrose solution under freezing poing.

SOLUTION MODEL* S, %. E.(%)

Orange D=358.4 Exp(C)

juice 3.6 Fxp(T/100) 4.32
+20.8 Ln{U) +672.4

Apple D=271.3 Exp(C)

Jjuice —10.6 Exp(T/100) 4,86
+40.1 Lo{UY+922.1

Grape D=258.7 Exp{C)

juice -11.8 Exp(T/100) 5.98
44,5 Ln(U)—966.1

Sucrose D~-311.4 Exp(C)

solution - 6.0 Exp(T.'100) 3.48

+18.5 La(U) - 763.9

* D=Density
C=Concentration
T=Temperature

U=Unfrozen water fraction
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