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Field Storage of Vegetables in Cold District (II)

——Artificial Inducement of Freezing Damage——

Taisei OKAMURA, Masashi HIRQTA, Kazunori HIRONAKA. and
Ken’ichi ISHIBASHI

Abstract

The freezing damage to the vegetables far four sorts being investigated under an artificlal atmo-
sphere in winter of Obihiro using drip as a criterion, multiple regression of drip on item Cor initial
moisture content)), temperature (minimum) and time were calculated.
temperature and time showed linearity from the orthogonal polynomials for Chinese cabbage and
radishes, while quadratic curves on temperature were obtained for cabbage and carrots. The decreas-
ing order of freezing damage is as follows : Chinese cabbage, radishes, cabbage and carrots, and this

- fact agreed much with the resulis reported in previous paper.
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Fig. 1 Typical change in atmospheric temperature
of a day at University’s farm cooled down
to the corresponding temperature, calculated

 {rom the data in 1969-76.
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Table 1 Percent drip of initial samble weight of

the vegetables frozen under artificial
atmosphere similar to that of winter at

Obihiro

. Minimum temperature (°C
Vegetables a‘g‘e )
—15 -1 -5

2 58.82 26.59 27.1%

59,44 32.67 30.12

Radishes " 58.10 52.13 33.35
57.31 50.62 40.38

” 5527 49.53 43.29

57.45 49.03 50,28

2 34.42 11.20 8.2

36.47 §.80 18.64

Carrots " 32,38 21.24 13.84
37.06 20.56 20,81

72 27.23 i5.32 18.02

42.89 18.30 18.78

80.53 86,15 74,40
79.18 75.09 78.52

T7.92 84.74 82.33
79.06 82.63 83.2%

79.88 83.86 84.52

24

Chinese cabbage 48

& 80.66  BL59  86.82
24 0.9 1255  I17.67
9.5 1675  1d.04
6.67 2210 252
b
Cabbage 48 63.42  10.87 2204
2.3 ' :
" 62.30  18.36  27.63

61.97 33.32 28.61
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Fig. 2 Correlation of percent total solids loss with
percent drip of vegetables frozen at-§ to —15
°C for 24 to 72 hr,
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Fig. 3 Straight-line shows the increase in percent
drip of frozen vegetables with the initial
moisture content
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and [time] in each curve of Fig. 1 and percent drip of frozen
vegetables.
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Tahle 2 ANOVA of percent drip of frozen vegetables

(1) RADISHES

Source 55 d.f, MS Fo R2
‘Temperatures {8 | 1305.07 2 652.54 T7.17%*
1b (a) 1236,17 i 1236.17 78.Bg** 0.529
qela) 68.94 1 68. 94 4.40
Time () 462.52 2 231.26 27, 35%*
18 310.23 1 310.23 18.80** 0.126
ais) 54.02 1 54.02 3.45
AXB 450,24 4 112.56 13.31%*
TWXT1M 436.48 1 4326.48 27, 85%* 0.181
Errord ' 76.10 9 8.46 .
error 188.09 12 15, 67 0.164
Total 2293.93 17 1.000
(2 CARROTS
Source 85 | d,f ! M5 Fo R2
Temperature (4) 1457.04 2 728.52 28.65%*
1) 1048.25 1 1048. 25 38.70** 0.548
Q) 408,79 1 408,79 - 15,004+ 0. 205
Time (B 87.55 2 43.78 172
AXB $9.95 4 22,49 0.88
Error 228,82 9 25.42
error 406.32 15 27.09 0.247
Total 1863. 36 17 1.000
(@ CHINESE CABBAGE
Source 55 l d.f. | MS Fo
Temperature (4) 28.12 2 14. 06 1.63
Time (8} 49. 07 2 24.53 2,84
AXB 55.09 4 14,02 1.62
Error 70.72 9 B.64
Total 211,00 17
(4 CABBAGE
Source S | ac | MS Fo R?
Temperature 4) 6438.37 2 3219.18 209,95**
1@ 4577. 44 1 457744 294, 18%* 0.665
q) 1860. 23 1 1860. 93 119.60%*% 0.269
Time (8 222,38 2 1111, 89 7.25%
18 215,17 1 215.71 13, 86%* 0.029
ais 6. 66 1 6.66 0,43
AXEB 64.30 4 16.07 1.05
Error 138.00 9 15,33
error 202.31 13 15.56 0.037
Total 6863.05 17 1. 000

4 : Minimum temperature, b:linear, ¢:quadratic, d: Temperature (), Time ()
and AXB were tested with Error, while 18, 4 1), a(p) and 1@x 1)
tested with error. :

+ : Significant at p<0.05, **: Significant at p<0.01
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