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Abstract

This study was performed to determine the optimal freezing point for the reliable cold storage of Korean agricultural
products, and to provide basic data for determining the storage temperature based on the quality characteristics.
Additional supercooling temperature analysis was conducted to explore the possibility of supercooling storage. To
determine the effects of quality characteristics on the freezing point, the hardness, acidity, moisture and sugar content
were analyzed. The crops were frozen using customized cooling unit and their freezing and supercooling points
were determined based on their heat release points. The freezing temperatures of garlic, leek, cucumber, hot pepper,
grape, oriental melon, netted melon, peach, cherry tomato, plum, daikon, sweet persimmon, apple, sweet potato,
mandarin, pear, and strawberry were -1.6, -0.5, -0.5, -0.7, -1.6, -1.6, -1.3, -0.8, -0.3, -1.1, -0.3, -1.7, -1.5, -1.5,
-0.8, -1.5, and -0.9C, respectively; otherwise, supercooling points were -7.8, -3.7, -3.3, 4.9, -5.7, -4.6, -2.8, -3.3,
-5.9, -4.2, -0.8, -4.7, -3.2, -3.7, -4.7, -4.2, and -3.4C, respectively. These results suggest that the ideal freezing
temperature of crops could be estimated through freezing point depression because of their sugar content, and this
technique should be used to maintain an optimum storage temperature. However, cold storage is complicated and
further study is required because of the effects of long-term cold storage on the crops.
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ATy : the freezing point depression
R : gas constant (joule/mol K)
Ty : freezing temperature of the solvent
M; : molar mass of the substance dissolved
m : molar mass of the solvent
4H; : latent heat of freezing
K; : kinetic constant of freezing (water=1.858C/m)
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Table 1. Quality characteristics of Korean agricultural products
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Agricultural products Moisture (%) Hardeness (skin/flesh) (N) (Sf,l%ggx) pH
Garlic (southemn-type) 66.5£0.6” 34138 320t14 597403
Garlic (northern-type) 68.740.4 418443 350419 6.0403
Leek 90.4+02 31,0464 31406 5.92+04
Cucumber 955403 323124 45404 621203
Hot pepper 92,3404 21622 5.1404 532405
Grape 86.709 5316 153+0.8 340403
Oriental melon 90.640.7 40.55.1/18.4£2.6 145t1.1 547405
Netted melon 86.740.7 63.9+4.80274%2.1 12511 6.13£06
Peach (white) 90.6+03 24.1£2.4/13.6£1.0 132408 421207
Peach (yellow) 85.10.4 17.1£1.6/ 7.1¢1.2 14.120.7 46304
Cherty tomato 94.102 156424 49403 44105
Plum 87.610.7 208+2.7 13.9+04 348406
Daikon 953403 289437 43+0.6 6.08+02
Sweet persimon 842403 38.8+4.1 138+0.8 6.00+0.4
Apple 83,9404 32.7+42/139:2.1 158406 365406
Sweet potato (chestnuts) 69.540.4 59.7+45 6.9:1.1 5.90:04
Sweet potato (pumpkin) 714204 57.6162 72412 640403
Mandarin (citrus) 90.103 73436 9.7+0.8 372404
Pear 827405 2.1225/15.1£2.1 16.0£0.8 5.10+0.4
Strawberry 89.7403 22403 9505 38003

"The values represent mean+SD for six experiments.
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Fig. 1. Schematic diagram of the customized freezing system (A) and the temperature properties of the freezing chamber (B).
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Fig. 2. Representative freezing curves of garlic, leek, cucumber, and grape (A); strawberry, hot pepper, cherry tomato, plum, and oriental
melon (B); sweet potato, mandarin, sweet persimmon, and daikon (C); and apple, peach, pear, and netted melon (D).
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Table 2. Freezing point depression depends on the sugar contents and nucleation points of the agricultural products

Temperature (C)

‘ Molality”
Agricultural products Sugar (g/L) (mol/kg) Depression” Freezing Super-cooling
Garlic (southemn-type) 320 1.778 3307 -14£02” 78406
Garlic (northern-type) 350 1944 3617 16402 774038
Leek 31 0172 0.320 0.540.1 37401
Cucumber 45 0211 0465 0.540.1 33402
Hot pepper 51 0283 0.527 07404 49406
Grape 153 1017 1.891 -1.6:0.1 57408
Oriental melon 145 0.806 1498 16403 46416
Netted melon 125 0.694 1292 -1.340.1 28402
Peach (white) 132 0733 1364 0.840.1 334038
Peach (yellow) 141 0.783 1.457 0.840.1 33401
Cherty tomato 49 0272 0.506 03401 59402
Plum 139 0772 1436 -1.1402 42419
Daikon 32 0239 0443 -0.3%0.1 08403
Sweet persimon 1375 0.760 1413 17403 47402
Apple 1582 0877 1629 -1.5402 32401
Sweet potato (chestnuts) 69 0.381 0.709 -1.5404 37405
Sweet potato (pumpkin) 72 0401 0.745 -1.603 44408
Mandarin (citrus) 97 0.538 1.000 0.8402 47402
Pear 160 0.888 1650 -1.5402 42403
Strawberry 95 0.527 0.980 09402 34401

l)Molah'[y was obtained from the molecular formula of fructose (FW: 180.16).
')The molal freezing point depression constant value for water is 1.858 C/m.
IThe values represent meantSD for three experiments.
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