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Table 2 Stability of trehalose in high humidity condition
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Critical relative humidity: the hygroscopic parallel curve in-
creases rapidly at certain humidity, and significant changes
are not seen below that humidity.

sugar type —
100°C,pH4-180 min. | 120°C,pH4-30 min. Critical relative humidity
- Category =
Lactitol 0.6% 0.6% 37°C 30°C 25°C
Trehalose 0% 0.1% Lactitol (monohydrate) 85% 85% 85%
Sugar(Sucrose) 66.4% 82.4% Trehalose (dihydrate) 95%
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Fig. 6 Cross-sectional shrinkage of archaeological Zelkova

wood (Umax=600%) treated with lactitol and
trehalose in different final impregnation concentra-
tions of 40% at 20°C, 55% at 50°C, 70% at 70°C and 83%
at 80°C (only for lactitol). Concentrations are given
for anhydrous lactitol and trehalose.
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Fig.8 Final trehalose impregnation concentrations

(41% at 20°C, 58% at 50°C) and dimensional
stabilization for needle-leaved trees
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Since the 1980s, an inexpensive method for conserving degraded wood with sugars such as su-
crose has been conducted mainly in Europe. Around the middle of the 1990s, we developed a
lactitol, followed by a lactitol + 10% trehalose, and most recently a new trehalose method for the
conservation of archaeological wood. The lactitol method required drying after impregnation at
50 °C to avoid the formation of lactitol trihvdrate, which undergoes high volumetric expansion
upon crystallization and may damage highly degraded, weak archaeological wooden artifacts. In
the lactitol + 10% trehalose method, trihydrate formation can be avoided by adding a small
amount of trehalose to the lactitol impregnation solution. As a result, heat drying can be replaced
by air-drying, which is simpler and more economical. Trehalose crystallizes as a stable dihydrate
and exhibits an intensive and fast crystallization behavior. Because of its low molecular weight,
the penetration of trehalose into wood structures is rapid, and trehalose can also penetrate plant
cell walls. Trehalose can be extracted easily from treated wood by water, making the conserva-
tion treatment reversible if necessaryv. Recently, however, strengthening energy conservation
policies and the rising price of lactitol compelled us to develop the new trehalose conservation
process, which uses as little energy as possible and is faster, safer, and less expensive than previ-
ous treatments.

An aqueous solution of trehalose is extremely stable against acid and heat and does not decom-
pose like sucrose. In addition, precipitation of trehalose can be easily controlled by varying the
temperature of a saturated solution. Trehalose crystal becomes a stable dihydrate at about 10%
water uptake. Trehalose dihvdrate does not absorb moisture in a high-humidity environment
(relative humidity <95%), which makes it suitable for use in environments prone to high humid-
ity in East Asia. The expected performance of trehalose impregnation is at least equal to, but
likely better than, that of sugar alcohol impregnation in terms of stability, workability, and the
high-dimensional stabilitﬂr of the impregnation or storage environment. Moreover, energy sav-

ings due to the reduced heating impregnation period and lower temperatures can be expected.
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