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Table 1. Effect of dehydration by freezing- thawing processing on water content of high-moisture unutilized

resources (%)

Treatment
Sample Survey item Dehydration b
No processing Dehydration Freeze-thaw ¢ y ration .y
freezing- thawing
Cut lower  Processing previous water content 94.0x0.2 94.3+0.7 94.2+0.9 94.0=1.0
portion of  Water content after treatment 94.0+0.2° 93.6x0.7* 92.5+0.4° 89.2+0.7°
asparagus Moisture removal rate 0.0x0.0° 0.8+0.4° 1.8%0.6° 5.1x1.0°
Processing previous water content 77.0+x1.2 78.7+1.1 78.5+1.6 77.6x0.6
Potato Water content after treatment 77.0+1.2° 72.5+1.2°  70.5%1.0° 60.5+1.3"
Moisture removal rate 0.0+0.0 7.9x1.0° 10.2=2.1° 22.0x1.7°
Processing previous water content 76.2x1.5 77.0x0.9 77.2+1.4 77.3+1.3
Tofu Water content after treatment 76.2+x1.5° 74.1%0.8" 70.8+2.1° 60.8+0.8"
Moisture removal rate 0.0+0.0° 3.8%0.6° 8.4+1.8 21.3x1.5°

Note : n=7 of each sample
Values are shown as means * standard deviation.

Different alphabetical superscripts within a line indicate significantly different (p<<0.05)
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Table 2. Effect of dehydration by freezing- thawing processing on drying time of high- moisture

HIK &S

59 %

Treatment (h)

Sample Dehydration by

Freeze-thaw

No processing Dehydration : .
freezing- thawing

Cut lower portion of asparagus 53.9+3.1% 51.4+2.4* 26.0+1.7° 24.3%2.1°
Potato 47.6+1.8° 48.3+1.8° 23.7+1.5° 23.4+1.7°
Tofu 47 9+2.1° 49.8+1.6° 23.4%1.9 22.9+1.6

Note : n=7 of each sample
Values are shown as means = standard deviation.
Different alphabetical superscripts within a line indicate significantly different (p<<0.05)
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Table 3. Effect of dehydration by freezing- thawing processing on nutritreint contents of high-moisture

unutilized resources (%)

Sample

Treatment

Survey item

No processing Dehydration

Dehydration by
Freeze-thaw . .
freezing- thawing

Crude protein 18.6+1.4°
Cut lower portion Crude fat 3.1=0.2°
of asparagus Crude ash 9.3+0.9°
Carbohydrate 68.9+0.8°
Crude protein 8.4+0.7
Potato Crude fat 0.6x0.0°
Crude ash 4.6£0.3
Carbohydrate 86.6+0.8"
Crude protein 54.9+1.7
Tofu Crude fat 30.0=1.2
Crude ash 4.4%0.1
Carbohydrate 10.7+2.3

18.2+1.3% 15.7+2.5 13.1%1.0°
3.2£0.4° 4.8+0.7° 5.3%0.4°
8.7+0.4 6.3£0.4° 4.7+1 .4
69.9%1.1° 73.1%2.0° 76.9+2 2
6.2=1.0° 5.2+0.4° 4.2%0.5°
0.5+0.0° 0.3%0.0° 0.2%0.0
4.0£0.3° 3.4%0.5° 1.8+0.1¢
89.3+x1.2° 91.2x0.8 93.9%(.3°
54.7+1.4 53.9+1.4 55.0+2.3
30.7+1.3 30.5+2.5 31.7+3.0
4.4%0.1 4.3+0.1 4.2%+0.2
10.3+1.8 11.4%3.7 9.1%5.0

Note : n=7 of each sample

Values are shown as means * standard deviation.

Different alphabetical superscripts within a line indicate significantly different (p<<0.05)
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Table 4. Effect of dehydration by freezing- thawing processing on digestibilit in dry matter and crude
protein of high-moisture unutilized resources (%)

HURE RO B & OIS & 2 K57 B2 HIR&EE 59 % 3%

Treatment

Sample Survey item

. . Dehydration b
No processing Dehydration Freeze-thaw v v

freezing- thawing

Cut lower portion Dry matter 52.0+4.8" 53.6+4.7° 33.1%5.1° 29.2+5.2°
of asparagus Crude protein 30.4+7 .4 31.3£7.6 31.3+£7.9 30.2x7.0
Potat Dry matter 31.6*+3.1° 29.8+2.8" 19.7x2.0° 18.1+1.0°
orato Crude protein 57.7+5.9  61.4%6.1  57.9%4.2 58.7+7.2
Tofu Dry matter 50.5+6.0 47.7+£2.0 50.5+4.5 50.0+3.9

Crude protein 56.8%+9.0 49.5+2.8 51.6+7.4 47.8+2.5

Note : n=5 of each sample

Values are shown as means * standard deviation.

Different alphabetical superscripts within a line indicate significantly different (p<<0.05)
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Effects of Freeze-Thawing and Dehydration of High-Moisture Unutilized
Raw Materials on Water Removal, Nutrient Values and Dry Matter
and Crude Protein Digestibility Using an In Vitro Method in Pig

Michi Yamapa!, Hiroto Nisurrusr', Masahiko Yamanaka', Yousuke TAKEDA,
Mayumi IxkenarA® Kouji Yamapa® and Hiroki NagaTsur?

'College of Agriculture, Food and Environmental Sciences
Rakuno Gakuen University, Ebetsu, Hokkaido, 069-8501, Japan
“Faculty of Dairy Science, Rakuno Gakuen University, Ebetsu, Hokkaido, 069-8501, Japan
3Faculty of Living Science, Koriyama Women'’s College, Koriyama, Fukushima, 963-8851, Japan

The effect of freeze-thawing and dehydration on water removal and nutrient changes in high-
moisture unutilized raw materials and digestibility were investigated using artificial digestion
experiments. In this study, the cut lower portions of asparagus stalks, non-standard potatoes and
waste tofu were used as typical unutilized raw materials with a high water content. Four treatments
were studied: a control treatment - using the raw materials as received; a dehydration treatment -
using a dehydrator; a freeze-thawing treatment - thawing after freezing; and a freeze-thawing
dehydration treatment - dehydrating after freezing and thawing. For asparagus, the moisture content
and rate of moisture removal after the control (raw materials) and dehydration treatments were not
significantly different, but after the freeze-thawing and freeze-thawing dehydration treatments, the
moisture content was lower and the rate of moisture removal was higher compared with the control
(raw materials) and dehydration treatments. In contrast, the moisture content of the potato and tofu
was lowest after the freeze-thawing dehydration treatment, followed in increasing order by the freeze-
thawing, dehydration and control (raw materials) treatments, with the rate of moisture removal from
highest to lowest being in reverse order. The times required for drying in the freeze-thawing and
freeze-thawing dehydration treatments were approximately half those required for the control (raw
materials) and dehydration treatments. The contents of crude protein and crude ash in the asparagus
and potato decreased in the order of control (raw materials), dehydration, freeze-thawing and freeze-
thawing dehydration treatments, with the contents of carbohydrate increasing in both asparagus and
potato. The crude fat content of asparagus increased in the order of the control (raw materials),
dehydration, freeze-thawing and freeze-thawing dehydration treatments, and decreased in potato.
There was no difference in the nutrient contents of tofu between the four treatments. There was no
difference in digestibility of crude protein measured by the artificial digestion experiments between
asparagus, potato and tofu. The dry matter digestibility of asparagus and potato after the freeze-
thawing and freeze-thawing dehydration treatments was lower than that after the control (raw
materials) and dehydration treatments. The dry matter digestibility of asparagus and potato after the
freeze-thawing and freeze-thawing dehydration treatments was lower than that after the control (raw
materials) and dehydration treatments, but there was no difference in tofu between the four
treatments. These results suggest that freeze-thawing or freeze-thawing dehydration treatments
effectively removed water from the raw materials thus shortening their drying times, although these
treatments affected the nutrient content and dry matter digestibility.

Jpn. J. Swine Science, 59, 3 : 157-166
Key words : freeze-thawing and dehydration, water removal, drying time, nutrient content, artificial
digestion experiments
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