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Fig. 1 High pressure food processor (Dr. Chef).
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Fig. 7 Cryo-scanning micrographs of untreated tofu and tofu pressurized at room temperature.
UT : untreated tofu, S-7 : small sample pressurized at 700MPa, L-6 : large sample pressurized at 600
MPa, L-7: large sample pressurized at 700MPa.
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Fig. 8 Cryo-scanning micrographs of tofu (S : small sample) high pressure frozen then thawed at 0.1MPa.
UT : untreated tofu, 1:pressurized at 100MPa, 2:200MPa, 3:340MPa, 4:400MPa, 5:500MPa, 6:
600MPa, 7:700MPa at ca -20°C.
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Fig. 9 Cryo-scanning micrographs of tofu (L : large sample) high pressure frozen then thawed at 0.1MPa.
O: outer part; C: central part. 1-7:see Fig. 8.

ARET B L U100MPa THE L TEOKE  WkERCEET 3720, GBS VvOxy b7 —
f OKTh, #E0.92g/cm®, AH&ER)YREL, I BEMESNECRY, BEISHSEL, 77X
BERIOKER IR LIRS A SNz, ¥V Fr—»ELZokeFz o5,

DB %72 LT 2 KDMEREIZERE L 2455 K & 200MPa LA F TR L 72 SE 0K IAL



174 T e

Vol.5 (1996)
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Fig. 10 Cryo-scanning micrographs of tofu (L: large sample) frozen in freezers at 0.1MPa.

U : upper part, M : middle part, B: bottom part. 20 : frozen at

80°C.
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Fig. 11 Pore size of frozen tofu image-analyzed by a Mac-scope.
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Fig. 13 Cryo-scanning micrographs of tofu (L:large sample) high pressure frozen then thawed at

high pressure.

O: outer part ; C: central part. 1-6:see Fig. 8.
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Texture and Fine Structure of Tofu Frozen at High Pressure

Michiko Fuchigami (Faculty of Health and Welfare Science, Okayama Prefectural University)

The objective of this study was to research the effect of high pressure on the improve-
ment in quality of frozen tofu. Texture and structure of kinu-tofu (soybean curd) frozen at
100MPa (ice I), 200MPa (liquid phase), 340MPa (ice I), 400, 500, 600MPa (ice V) or
700MPa (ice VI) at ca. -20°C were compared with tofu frozen in freezers (F: -20°C, -30°C
or -80°C) at atmospheric pressure (0.1MPa).

The 8 pieces (S:1cmXlecmX1lcm) or 3 pieces (L:3cmX3cmX1.5cm) of tofu were
sealed, put into a pressure vessel (6cm ¢ X20cm) kept at -20°C, immediately pressurized
for either 45 min (S) or 90 min (L) at 100 ~ 700MPa, reduced pressure, stored in a freezer
(=30°C), and then thawed at 20°C. When tofu was frozen at 0.1MPa or 100MPa, ice I
formed, and stress and strain of thawed tofu were greatest to least : -20°CF >100MPa > -
30°CF>-80°CF, respectively. Texture of tofu frozen in -20°CF was the worst among frozen
tofu. This was due to an increase in the volume of water during freezing at 0.1MPa.
However, stress and strain of tofu frozen at 200MPa or 340MPa were almost the same as
untreated tofu. When pressure was reduced after pressurizing at 200MPa at -20°C (liquid
phase), tofu froze rapidly. Therefore, texture was good. As pressure rose above 500MPa,
stress and strain increased, and texture became worse. Also, the ice crystals in tofu frozen
at 200MPa ~400MPa were smaller than in tofu frozen at 100MPa and 700MPa, and those
on the outer part were smaller than in the center (L). Ice pores in small size tofu (S) were
smaller than those in large size (L). It was found that freezing caused ice crystals to form
in the gel network causing it to contract. Tofu with a tight network was firmer than tofu
with a loose network observed using cryo-SEM. It seemed that the shrinkage which was
due to the growth of ice crystals affected the firmness, while the size of the ice crystals
affected the frozen tofu strain. Thus, high pressure-freezing at 200MPa ~ 400MPa was
effective in improving the texture of frozen tofu.

To determine phase transition of ices during reduction of pressure, high pressure-
frozen tofu (L) was thawed at high pressure, and then reduced pressure. The pore size of
tofu frozen at 200 ~ 500MPa was the same as untreated tofu. This suggested that phase
transitions (ice VI = iceV — ice I — liquid — ice I) occurred during reduction of pressure

at -20°C or storage in a freezer.



