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Cedar is the largest tree species in Japan, accounts for 18% (4520 kha) artificial forest in the country.

Although cedar forest has contributed to maintaining the relevant ecological (including biological diversity),
economic, and social function, the large-scale cedar forest has brought some worries based on environment for
Japanese, for example, the nationwide cedar pollen allergen and forest devastation and soil erosion caused by a lot
of landslides in cedar forests when they meet heavy rainstorm. A lot of thined wood and discard wood have not
been in use. To relieve the environmental risks and to enhance economic profit of cedar forests, other effective
utilizations of cedar resources besides as the resources for energy or wood industry are desired. The volatile
organic chemicals (essential oil) in the cedar have been reported to have various bioactivities such as antifungal,
antimite, antitermitic and antimosquito, on the other hand, these chemicals induce P450-dependent microsomal

enzyme in laboratory animals, and thus limit the application of cedar woodchips as beddings for laboratory

animals.
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done for the use of SHS as an extraction medium. In this thesis, SHS has been developed as a novel extraction
technique to utilize cedar resources. One is to extract the useful organic substances from fresh cedar leaves, and
another is to convert cedar woodchips into a safe bedding material for laboratory animals by removing those
volatile harmful organic compounds from woodchips. Therefore, this thesis consists of the following parts.

In chapter I, the research backgrounds were described. The aim and research method applied in this study

-

were presented. P

In chapter II, the extraction properties of SHS were investigated comprehensively. Firstly, a novel
continuous extraction apparatus was developed. Then, extraction properties of SHS were investigated by
determining the oil yield from cedar leaves under various temperature-pressure conditions. Extraction mechanism
was investigated in detail based on the analysis of the heat transfer properties of SHS and the effects of water
content in materials. As a result, SHS isolated a higher oil yield than that obtained by conventional steam
distillation. Increasing temperature and pressure were found to improve the oil yield effectively. Analysis of
extraction mechanism has revealed two points: i) because of its high heat transfer efficiency, SHS can transfer the
more energy to a low-temperature material by condensation of water at the surface of materials; ii) because of the
large heat capacity, water content contained in materials would absorb heat from extraction medium, and transfer
more energy to those organic molecules around it leading to assistance of the extraction of those organic
substances. Driving force derived from evaporation of intrinsic water and diffusion of oil itself promote the
extraction of the essential oil in SHS.

In chapter III, because sesquiterpenes were thought to be the dominant compounds responsible for various
bioactivities of essential oil of cedar, in this chapter, we developed the utilization of SHS on the selective
extraction of sesquiterpenes from cedar leaves. In addition, to explore the utilization of the extracts obtained by
SHS, their antimicrobial activities were examined by disk-diffusion method. The properties of SHS on selective
extraction of organic substances were compared with those with hexane and methanol. As a result, the followings
have been demonstrated: increasing temperature and pressure of steam are favorable to improve the yields of
sesquiterpenes. A temperature more than 150 °C
enhanced the extraction of diterpenes significantly. The
extractions of some larger molecular-weight compounds
(diterpenes and alkanes) and polar organic compounds

(ester and carboxylic acid) have been accelerated by

increasing steam pressure. For selective extraction of

sesquiterpenes, a condition of 120~150 °C in

Alternaria sp.

Escherichia coli

temperature and 0.2~0.3 MPa in pressure was 1,2- SHSO' 1,4- SHSO'?
. 3-HEO 2- HEO
demonstrated to be effective. Compared to hexane 4- MEO 3- MEO

extraction and methanol extraction, SHS exhibited
selectivity on extraction of sesquiterpenes and
sesquiterpene alcohols. Compared to organic solvent

extracts, SHS extracts showed high antimicrobial

Figure 2 Determination of growth-inhibiting haro
of two microorganisms by cedar extracts (SHSO'™:
SHS extracts obtained at 170 °C and 120 °C; HEO:

hexane extracts; MEO: methanol extracts.




activity. SHS is proved to be a promising method for selective extraction of some special active compounds
against the growth of fungi, bacteria and mycetes.

In chapter IV, we developed the application of SHS as an extraction technique to convert cedar shaving into
a kind of safe bedding for laboratory animals. In details, the optimum treatment condition was investigated, for
not only effective removal of those harmful compounds for laboratory animals (volatile sesquiterpenes and
aromatic hydrocarbons) from cedar beddiné, also protecting and improving the properties of woody structure. And
then, a large-scale practical apparatus was developed. As a result, the optimal conditions for the improvement of
cedar bedding were 140 °C, 0.35 MPa and for 60 min. Under this condition, the total essential oil in cedar bedding
can be effectively extracted by over 50%, and those volatile compounds such as sesquiterpene and naphathalene-
derived aromatics can be almost removed. Also, under this condition SHS treatment increased the adsorption
capacity of the cedar bedding for ammonia gas. Therefore, the improved cedar bedding is expected to improve the
housing environment by lowering the ammonia concentration. These results indicated that the improvement of
cedar bedding provides the possibilit); of the use of cedar beddings as laboratory animal bedding.

In chapter V, because cytochrome P450s enzymes (P450) play an important role in detoxification of
xenochemicals including therapeutic drugs, countless toxins and carcinogens, in this chapter, we examined the
effects of single oral administration of essential oil of Japanese cedar bedding (EOJC), as well as the effects of the
improved cedar beddings from which partial EOJC had been removed, on the P450 enzyme systems in mice. In
addition, the effects of the improved cedar bedding on the growth and reproductive properties of animals were
examined through a long-term (17 weeks) housing experiment and a 6-week housing experiment of mice. EOJC
was collected during SHS processing of
cedar bedding and was administered
orally to mice. Between days 1 and 2 after 1000

administration, hepatic P450s were
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significantly induced as shown in Figure
3. Histopathological examination showed
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Figure 3 Hepatic P450 protein levels in mice after oral
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beddings increased the levels of

these P450s in mouse liver, whereas administration of EOJC. Male mice were treated with EOJC

mice housed in the improved cedar (2000 mg/kg) and killed at 0.5, 1, 2, 4, and 8 days. The value for
bedding showed significantly lower  control mice (C) was set at 100%. Data represent the mean + S.D.

levels of P450s, indicating that SHS ~ (n=5). * P <0.05, vs. control mice.
effectively removed those harmful organic compounds (volatile sesquiterpenes and naphthalene-

derived aromatics) for animals from bedding. The housing study showed that SHS processing of



bedding did not bring significant effects on the body weight, blood, the litter size at birth and
weaning in mice, indicating no or minimal effect on the growth and reproductive capacity of mice.
The improved cedar bedding was showed to be a kind of safe bedding for animal experiments to
gain reliable data.

In chapter VI, a summary based on results and discussions from the previous chapters is
provided. Superheated steam has been demonstrated to be an effective technique for the isolation of
essential oil from plants. Superheated steam processing promoted the utilization of cedar resources
and recycling cedar wastes, suggesting that superheated steam is a promising method on improving

and recycling biomass wastes.
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