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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 -0.9°C, 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
AH; : latent heat of freezing
K; : kinetic constant of freezing (water=1.858°C/m)



440

FLEE ©o|83}o] Blagden’s Law(9)2] ol thdt 524 Ul
d BA ] wet sAAE Altetd

off ol
rx ofl IZ
(N
10

0
lo

c Jm
AL
1

(
-

A A5 HESHE 918 FulAt
7} Table 19 YERHAE 24
A 7ol Ajtsle s 7] ® e
E]r‘ﬂiﬂ Az g gr= Hul—ﬁ]
e JERIh vleS Al s
2 EnlEd A E 90% ©]4e]
5| Ao 5 Brix o]ake] e
TEE YeRjlon, , e, v, Baol, A, 4
A}Jﬂr AT Sl diFE 90% ok
&S Ve vHA g5 7~15 °Brix 72 H| WA
l-r;—ﬂl yelgth skse] 48 ke 98 9 Ak

o
w2 0X
pr to
lr 12 o
fo my T

e
B
=
:>|J—_,‘/
B
r ¢
d
—_
i

66~69%2] &

o] mlsofA &E
214 g9, Qo]
=S 8-S e

K HH ml"
o = W rlo
H_l g —1\1

mii
LN
O

A23d A3E (2016)

Aoehs X2 o] §AT0). A4 FEDAN A AL
sagel 44% 2 AdEe BUrlzel 4 4 glov
A (k) 2 A\ nksh 2 e 2 A7l ole) 2%
HE A4 TP % £ A B7he) AR AHEE
ohLD. ol % FA A E e APLE 20 4ol
FPesichel S BAEe] HEEAY PO el
+ g Flos A,
SME0 54 Y BUn H £4

FALE 24L A% oAU YE1E Fig 19 Vet
QI B9 HA YELmE 40Te|glon], ex 4

ATzl A 9] W7t R 025T/ming e, &5
G2 7] WA= 05C o2 n)$- A %A 7}
Phé}c’ﬂﬁ‘r AE BE71E o] &3 FALE A2 A T
o] A 27 AR EE -11.9409CH o H, TA%
0+()5 Tt vls, tid), Qo] W Ewo] Wz 2! gukE
T ZE Fig 2A°] YERAIH. QWS @7l 7128 n
@A) e, ot eol, Teof Y7} AR e 47

2ZAE A7), EOOE A g uk So] 9glom H7] @ moke -7.7/-1.8, 36 32 % 57T fleH, 524%E -1.6/-1.3,
A2 A RS Bl ARt 7]“%— FEA17171E v -04, 045 B -1.6T= ERAHAT. & AFlA 2ld
Ao B8 54 B4 D A0 GEAAdAe 58 mieel BANL 131602 Pak 5129 F4k v
Table 1. Quality characteristics of Korean agricultural products
Agricultural products Moisture (%) Hardeness (skin/flesh) (N) (Sollér?;) pH

Garlic (southern-type) 66.5:0.6" 34.1438 30:14 597403

Garlic (northern-type) 68.710.4 41.844.3 35.0+19 6.0410.3

Leek 90.4+0.2 31.0£6.4 3.1£0.6 5.92+04

Cucumber 95.5+0.3 323424 4.5+04 62103

Hot pepper 92.3+0.4 21.6+2.2 51404 5.32+0.5

Grape 86.7+0.9 53116 15.310.8 34003

Oriental melon 90.6+0.7 40.5+5.1/18.42.6 14.5%1.1 547405

Netted melon 86.70.7 63.944.8/27.4+2.1 12.51.1 6.13£0.6

Peach (white) 90.6+0.3 24.142.4/13.6%1.0 13.2+0.8 421207

Peach (yellow) 85.1+0.4 17.1£1.6/ 7.1£12 14.1+0.7 463104

Cherry tomato 94.1+0.2 15.612.4 49103 441205

Plum 87.6+0.7 20.8+2.7 13.9104 3.480.6

Daikon 953103 289437 43406 6.08+0.2

Sweet persimon 842103 38.8+4.1 13.840.8 6.00+0.4

Apple 83.9+04 32.744.2/13942.1 15.8+0.6 3.6540.6

Sweet potato (chestnuts) 69.510.4 59.744.5 69£1.1 59004

Sweet potato (pumpkin) 714404 576462 72412 64003

Mandarin (citrus) 90.1+0.3 73436 9.740.8 372404

Pear 82.7+0.5 22.142.5/15.122.1 16.010.8 5.10:0.4

Strawberry 89.7+0.3 22403 9.5+0.5 3.80£0.3

"The values represent meantSD 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 (&fL) (mOl/ktg) Depression” Freezing Super-cooling
Garlic (southern-type) 320 1.778 3307 -14202” 218406
Garlic (northern-type) 350 1.944 3.617 -1.60.2 -1.7£0.8
Leck 31 0.172 0.320 0.540.1 -3.740.1
Cucumber 45 0211 0.465 0.540.1 -3.340.2
Hot pepper 51 0.283 0.527 -0.7104 -49+0.6
Grape 153 1.017 1.891 -1.620.1 57408
Oriental melon 145 0.806 1.498 -1.620.3 -4.6£1.6
Netted melon 125 0.694 1.292 -1.3£0.1 -2.810.2
Peach (white) 132 0.733 1.364 -0.840.1 -3.340.8
Peach (yellow) 141 0.783 1457 0.810.1 -3.340.1
Cherry tomato 49 0272 0.506 -0.320.1 59402
Plum 139 0.772 1.436 -1.1202 4219
Daikon 432 0.239 0.443 -0.320.1 08203
Sweet persimon 1375 0.760 1.413 -1.7403 47402
Apple 1582 0.877 1.629 -1.5102 -3.240.1
Sweet potato (chestnuts) 69 0.381 0.709 -1.5104 3705
Sweet potato (pumpkin) 722 0.401 0.745 -1.60.3 -4.4+0.8
Mandarin (citrus) 97 0.538 1.000 -0.80.2 47402
Pear 160 0.388 1.650 -1.5102 42403
Strawberry 95 0.527 0.980 09102 -3420.1

Molahty 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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