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Abstract This study on dried shiitake mushroom [ Lentinula
edodes (Berk.) Pegler] focuses on the behavior of the aro-
matic lenthionine compound and its precursor, lentinic acid,
during the drying process. Only a small amount of lenthio-
nine was present after the drying process, regardless of the
drying temperature or time; however, the amount increased
during the rehydration process using pH 8.0 buffer. The
lenthionine content after incubation in the buffer was cor-
related with the lentinic acid content in the dried shiitake
mushroom. The lentinic acid content increased significantly
during the drying process at 40°C up to 4 h.The results show
that the characteristic smell of dried shiitake mushroom was
weak after drying, and that rehydration in a mild alkaline
solution was necessary to increase the smell. The lentinic
acid content of dried shiitake could serve as an indicator of
the smell produced by rehydration and would be useful in
screening to select odor-rich strains. Moderate heating
likely caused the increase in lentinic acid content, which
might be related to a reaction to heat.

Key words Dried shiitake mushroom - Lenthionine - Len-
tinic acid - Drying process

Introduction

Odor is an important factor in evaluating foods,"” as in the
case of the famous odorous dried shiitake mushroom [Len-
tinula edodes (Berk.) Pegler]. The causative agent appears
to be 1,2,3,5,6-pentathiepane, also known as lenthionine
(LT),* produced from 15-amino-10-carboxy-12-0x0-2,4,6,8-
tetrathia-11-azahexadecan-16-oic acid-2,2,4,6,8-pentaoxide,
also known as lentinic acid (LA). The reaction is catalyzed
by y-glutamyl transpeptidase (-GT) and S-alkyl-L-cysteine
sulfoxide lyase (C-S lyase), followed by nonenzymatic

M. Hiraide (D<) - A. Kato - T. Nakashima

Forestry and Forest Products Research Institute, 1 Matsunosato,
Tsukuba 305-8687, Japan

Tel. +81-29-829-8341; Fax +81-29-874-3720

e-mail: hiraide@ffpri.affrc.go.jp

polymerization of the resulting thiosulfinate.” The smell is
absent in fresh shiitake mushroom, and the amount of LT
in the dried fruiting bodies increases during the rehydration
and cooking procedure.’ This increase is the result of a reac-
tion between the substrate and enzymes, which is caused by
rehydration of the dried shiitake mushroom. This means
that the drying process plays a crucial role in the production
of odorous compounds.

The amount of savory compound 5’-guanylic acid, which
is present in the dried shiitake mushroom, changes during
the rehydration process.”® The LT and LA contents in the
fruiting bodies may also change during the drying and rehy-
dration processes. However, the relationship between them
and the effects of the drying process are uncertain. This
study investigated the change in LT content with or without
rehydration, and the LA content in the shiitake mushroom
during the drying process, and the relationship between the
LT content at rehydration of the dried shiitake mushroom
and the LA content.

Materials and methods
Fruiting bodies

Fruiting bodies were purchased to determine the analysis
conditions. We used the strain coded F103 (Fujisyukin) for
the drying tests. The fruiting bodies, purchased from a pro-
ducer in Tsukuba City, were inoculated on logs (Quercus
serrata) in February 2009 and harvested in September 2009.

Drying process

The pilei and stipes of the fruiting bodies were separated,
and the pilei were dried at 40° or 60°C. They were sampled
after 1, 2, 4, 6,12, 20, and 24 h at 40°C, and after 6, 12, 20,
and 24 h at 60°C. The weight of pilei and the wet-bulb tem-
perature were recorded at intervals of 15 min up to 6 h and
at intervals of 15 min before and 30 min after sampling
time. Thermal sensor was inserted into the center of the
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pileus and the inner temperature was recorded by a data
logger (TR-71U,T&D Corp). Pilei with water content above
40% were subsequently lyophilized.

Lenthionine analysis

To determine the amount of LT after rehydration, 1 ml
phosphate buffer (0.2 M, pH 6.5-7.5), tris(hydroxymethyl)
aminomethane (Tris)-HCI buffer (0.2 M, 0.5 M, pH 7.5-8.5),
or borate buffer (0.2 M, pH 8.5-10.0) was added to about
20 mg powdered pilei and incubated from 1 to 5 h at 4°,15°,
25°, and 37°C. Meanwhile, the amount of LT without rehy-
dration was measured without buffer. Next, 500 ul of meth-
anol (MeOH) solution of butyrophenone (5 nl/ml, used as
the internal standard) was added to the sample. After cen-
trifugation, the precipitate was washed twice using MeOH.
The supernatant and wash fluid were combined and then
diluted with water until the MeOH content was below 30%.
The solution was added to a 50-mg octadecyl silica (ODS)
cartridge (Bond Elut, Varian), which was preconditioned
according to the instruction manual. The cartridge was
washed using 1 ml 30% MeOH, and LT was eluted using
1 ml 65% MeOH. Next, 20 ul of the eluate was injected into
a high-performance liquid chromatograph (HPLC) system
equipped with an ODS column of 4.6 mm¢ x 15 cm (Might-
ysil RP-18 GP, Kanto Chemical) and an ultraviolet detector.
Analytical conditions were as follows: flow rate 1 ml/min;
eluant, water/MeOH = 35/65; column temperature 45°C;
wavelength 230 nm.’

Lentinic acid standard

Standard LA was extracted and recrystallized according to
the methods described by Yasumoto et al. and Aoyagi et al.
with some modifications."”"" Fresh fruiting bodies were
homogenized with cold methanol and centrifuged. The
supernatant was condensed under vacuum to remove
MeOH, and lipids were removed by diethyl ether extrac-
tion. The resulting solution was passed through an Amber-
lite IR-120B column (H' form) and LA was eluted using
3 N ammonium water. After removing the ammonia from
the LA fraction, the resulting solution was passed through
a DEAE-Sephadex column (acetate form), and LA was
eluted by stepwise elution using acetic acid. To obtain
an LA crystal, crystallization was repeated four times and
the crystal was dried under vacuum. The crystal gave an
MH" ion at m/z 483 by fast atom bombardment mass spec-
trometry (JMS-HX110A, JEOL). The 'H, “C, and two-
dimentional (2D) nuclear magnetic resonance (NMR)
spectrums of the crystal in dimethy sulfoxide-d, were
recorded by a JEOL Alpha 500 spectrometer. 'H NMR &
1.87-1.97 (2H, m, 14-H,), 2.32 (2H, ddd, J = 15.0, 11.3, and
6.7 Hz, 13-H,), 3.15 (3H, s, 1-CH3), 3.25 (1H, t,J = 12.5 Hz,
9A-H),3.45 (1H,t,J = 6.7 Hz, 15-H), 3.66 (1H, dd, J = 12.5
and 3.1 Hz, 9B-H), 4.47 (1H, ddd, J = 12.5, 7.9, and 3.1 Hz,
10-H), 4.55 (1H, d, J = 13.4 Hz, 7A-H), 4.75 (1H, d, J =
13.4 Hz, 5A-H), 4.82 (1H, d, J = 13.4 Hz, 7B-H), 4.90 (1H,

d,J=13.4 Hz,5B-H), 4.97 (1H, d,J = 13.4 Hz, 3A-H), 5.20
(1H, d, J = 13.4 Hz, 3B-H), 8.72 (1H, d, J = 7.9 Hz, 11-H).
BC NMR & 26.77 (14-C), 31.61 (13-C), 43.42 (1-C), 47.54
(10-C), 52.92 (15-C), 53.63 (9-C), 66.12 (5-C), 66.25 (7-C),
69.60 (3-C), 17025 (16-C), 171.69 (1’-C), 172.03 (12-C).
These results confirm that the crystal was LA."""

Lentinic acid analysis

First, 1 ml of 0.1 N HCI was added to about 50 mg pow-
dered pilei and was agitated for at least 30 min. After cen-
trifugation, 25 pul supernatant was mixed with 75 pul
acetonitrile (ACN). To the 10 pl solution, 50 pl of boric
buffer (0.4 M, pH 9.0), including 10 nmol/ml homoserine
(used as the internal standard) and 40 pl of 9-fluorenyl-
methyloxycarbonyl chloride solution (3 mM in ACN), was
added and heated at 40°C for 10 min. Then 40 ul of ada-
mantanamine solution (50 mM in 40% ACN) was added;
this mixture was heated again under the same conditions.
The mixture was diluted with 60 pl 40% ACN and 10 ul of
the solution was injected into the HPLC system equipped
with an ODS column (same column as used for the LT
analysis) and a fluorescence detector.”'* Analytical condi-
tions were as follows: flow rate 1 ml/min; eluant (liner gradi-
ent), 0.1 M CH;COOH/Na buffer (pH 3.8)/ACN = 78/22
(0 min) — 69/31 (16 min) — 58/42 (23 min) — 55/45
(37 min) — 20/80 (45 min) — 10/90 (55 min); column tem-
perature 38°C; excitation wavelength 263 nm, emission
wavelength 313 nm.

Proliferation potency against heating

We used the strain coded FMC 140 (stock culture of the
Mushroom Science Lab, Forestry and Forest Products
Research Institute). A mycelial mat on potato dextrose agar
media (Oxoid) was punched using a 2-mm-diameter cork
borer and inoculated into 100 ul potato dextrose broth
media (Becton Dickinson) in a 250 ul tube. The tube was
heated at 30°-60°C for 10-360 min using a thermal cycler
(TP3000, Takara Bio). Mycelial growth was checked after
incubation for 5 days at 25°C under dark conditions.

Results
Lenthionine analysis

In this experiment, quantification of the odorous com-
pounds was performed by HPLC, as the use of gas chroma-
tography requires an extremely high volume of samples. LT
was used as the indicator of smell instead of 1,2 4-trithio-
lane, which was used in previous studies.”'® In the prelimi-
nary tests, the impurity peaks from the fruiting bodies could
not be separated from those of 1,2,4-trithiolane, whereas LT
could be detected as a single peak in the same tests. The
positive correlation between the amount of odorous com-
pounds including 1,2,4-trithiolane and LT was previously
clarified.”
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Fig. 1. Effects of pH on amount of lenthionine produced. The circles,
squares, and triangles indicate the lenthionine content of dried shiitake
incubated in phosphate buffer, Tris-HCI buffer, and borate buffer,
respectively

The amount of LT produced by rehydration was mea-
sured under different pH conditions using the three kinds
of 0.2 M buffer at 25°C after 3 h incubation; the optimal pH
was 8.0 (Fig. 1). The amount of LT incubated at 4°-25°C for
1 h was almost the same, but that at 37°C was a little low.
When the incubation time was extended from 1 to 5 h, the
content gradually decreased. The amount of LT produced
by 0.2 and 0.5 M Tris-HCI buffer was compared, because the
relationship between the pH and amount of LT produced
was similar to that between the pH and y-GT activity, and
1GT activity was influenced by the buffer concentration."
The LT content using 0.2 and 0.5 M buffer was 0.54 and
0.53 umol/g, respectively. Therefore, rehydration for the
production of LT was performed using 0.2 M Tris-HCI
buffer (pH 8.0) at 25°C for 1 h of incubation.

Lentinic acid amount

Five fruiting bodies cultivated on different bed logs were
separated into pilei and stipes, and the amount of LA in
both parts was measured. The amount of LA in pilei was
74.7% (£3.7%) of the amount in whole fruiting bodies. This
shows that the LA content in the pilei can be substituted
for that of the fruiting bodies.

A correlation did not existed between LA content and
drying time at 60°C [correlation coefficient (r) = 0.05, and
P =0.94, Fig. 2]. Moreover, the P value obtained by analysis
of variance was 0.194. These results show that the LA
content was constant during the drying process at 60°C. On
the other hand, there was a significant positive correlation
between LA content and drying time at 40°C up to 4 h (r =
0.97, P =0.03). However, no significant correlation was seen
after 4 h (r = 0.82, P = 0.09), i.e., LA content increased
during drying at 40°C up to 4 h, after which it remained
almost constant.
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Fig. 2. Lentinic acid content change during drying process. The circles
indicate the lenthionine content during drying at 40°C, and the squares
indicate that at 60°C. The correlation coefficient (r) between lentinic
acid content and drying time from 0 to 4 h and for 4 to 24 h at 40°C,
was 0.97 and 0.82, respectively. The P values were 0.03 and 0.09, respec-
tively. The r and P values between the lentinic acid content and the
drying time at 60°C were 0.05 and 0.94, respectively
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Fig. 3. Drying characteristic curve for shiitake mushroom. The circles
indicate the drying rate at 40°C, and the properties of the regression
line (water content < 600) were as follows: y = 0.17 x + 0.70, r = 1.00,
P <0.001. The squares show the drying rate at 60°C, and the properties
of the regression line were as follows: y = 0.39 x + 5.90, r = 1.00,
P <0.001

Water content and temperature in the drying process

The water content of pilei decreased exponentially along
with the drying time at both drying temperatures. Constant-
rate drying was not seen, and clear decreasing-rate drying
was observed in both drying processes except in the early
drying stage at 40°C (Fig. 3). The regression lines between
water content and the drying rate during both drying pro-
cesses were highly significant (r = 1.00, P < 0.001 at 40°C;
r=1.00, P <0.001 at 60°C), and the gradients of the decreas-
ing-rate drying (K,) for 40° and 60°C drying processes were
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Fig. 4. Inner temperature of pilei during drying process. The solid lines
show the temperature change during the 60°C drying process, and the
broken lines show that during the 40°C drying process

0.17 and 0.39, respectively. The average wet-bulb tempera-
tures for the 40° and 60°C drying processes were 27.6° and
33.0°C, respectively. The drying characteristic curve shows
that the drying of the shiitake mushroom was dominated by
capillary desiccation.”

The inner temperature of the pilei rose rapidly from
room temperature in the early stages of both drying pro-
cesses (Fig. 4). The temperature in the 40°C drying process
reached 32°C after 1 h, slowly rose to around 36°C after
6-11 h, and reached 40°C 2 h later. The temperature in the
60°C drying process increased to 43°C after 30 min, rose to
around 52°C after 3-6 h, and reached 60°C 2 h later.

Proliferation potency against heating

Mycelial growth was detected in all tubes up to 360 min at
30°C, 240 min at 35°C, 120 min at 40°C and 20 min at 45°C
(Table 1). However, growth was not detected after heating
at 45°C for 40 min or at 50°C for 10 min.

Relationship between lenthionine and lentinic
acid contents

The amount of LT in pilei at 40° and 60°C for 0-24 h was
measured with or without rehydration. The maximum
amount of LT without rehydration was 0.20 umol/g, but the
average was about 0.03 umol/g. These results show that the
amount of LT produced by drying was vary small. The
amount of LT on rehydration was relatively larger than that
without rehydration, and there was a highly significant posi-
tive correlation between the amount of LT on rehydration
and the LA content of the dried shiitake (r=0.80, P <0.001,
Fig. 5). The average conversion rate from LA to LT was
46 mmol/mol. The LA content could serve as an indicator
of the degree of smell developed by rehydrated dried shii-
take mushroom.

Lenthionine contents (umol/g)
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0 . . . . .
0 10 20 30 40 50
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Fig. 5. Relationship between the amount of lenthionine produced on
rehydration and the lentinic acid content in dried pilei. The correlation
coefficient and P value between lenthionine and lentinic acid contents
were 0.80 and <0.001, respectively. The equation for the regression line
was y = 0.046 x + 0.833

Table 1. Proliferation potencies of shiitake mycelia

Temperature (°C) Heating time (min)

10 20 30 40 60 120 240 360
60 0
55 0
50 0 0
45 100 100 0 0
40 100 100 100 100
35 100 100 100
30 100 100 100

The values indicate the percentages of tubes in which mycelial growth
was detected among 16 tubes

Discussion

The dried shiitake mushroom is well known for its charac-
teristic smell, which is absent from the fresh mushroom.
Odorous compounds were produced in the drying process,
but the amount of LT without rehydration was very small
at around 0.03 pmol/g. The smell of the dried shiitake mush-
room was assessed as weak in the sensory evaluation done
in the same manner as in previous studies.'”"® To supply
dried shiitake mushroom adapted to consumer preference,
the amount of odorous compounds produced by the drying
process alone was insufficient.

For LT production, the substrate, LA, and enzymes
related to the synthesis, -GT and C-S lyase, had to be mixed
and afterwards they had to react. -GT might be present in
some subcellular organelles and be separated from the LA
and/or C-S lyase, since the -GT in shiitake mushroom was
present in the microsomal fraction during the purification
process and could not be solubilized by ordinary methods."
Allicin synthesis compared well with odorous compound
synthesis of dried shiitake mushroom; alliin and alliinase, a
C-S lyase, were present in the cytoplasm and the vacuole,



respectively, and allicin was synthesized when the vacuoles
were disrupted by physical damage.”"** LT production might
also involve some type of physical damage, and the shiitake
cells would be damaged in terms of LT synthesis initiation
during the drying process, since the smell was recognized at
that time. K, is influenced by the difference between dry-
bulb and wet-bulb temperature (7,.,).” The K, of the dried
shiitake mushroom was 0.17 at 40°C drying (7T, = 12.4°C)
and 0.39 at 60°C drying (7., = 27.0°C). When the T, was
12.4° and 27.0°C, the K, of other agricultural products, such
as oats, ranged from 0.4 to 5.5 and from 1.0 to 15.7, respec-
tively.” These results show that the shiitake mushroom dried
at a slower rate compare to the other agricultural products.
This shiitake cell disruption is seemed to proceed slowly, that
consequently causes a small amount of LT production while
water remained in the cells. Rehydration causes the mixture
of LA, ~GT, and C-S lyase and the consequent activation of
the LT synthesis system with sufficient water.

The pH value of the rehydrating solution affected LT
production, and the optimal value was 8.0." The cytoplasmic
pH value of shiitake mushroom was thought to be around
neutral, because a neutral value has been reported for many
organisms, e.g., that of Neurospora crassa ranged from 7.1
to 7.4.7* With regard to the pH value, LT production
occurred in live cells and was found during the drying
process; however, only a small amount of LT was produced
when the dried mushroom was rehydrated in water, because
the pH value was 5.5 in 50-fold water and was reported as
6.0-6.3 regardless of the rehydrating conditions.” These
results show that rehydration of dried shiitake mushroom
should be conducted in mild alkaline solution. In home
cooking, sodium hydrogen carbonate is a good reagent
because it is used as a food additive and it is the main com-
ponent in baking powder; the pH value of its solution is
around 8.3.

The amount of LT incubated in pH 8.0 buffer was cor-
related with the LA content in dried shiitake. LA is a pre-
cursor of LT, and not only LT but also other sulfur-containing
compounds such as 1,2.4-trithiolane are produced from
LA.***»? Thus, it is reasonable that the amount of LT pro-
duced increased as the LA content increased. Interestingly,
these results show that the enzyme activity was maintained
in the drying process, and the amount of LT produced was
defined by the LA content. LT content is a suitable indicator
of the rehydrated dried shiitake mushroom smell; the LA
content is higher than the amount of LT produced and could
be quantified without incubation. Moreover, the amount of
LT increased along with the LA content for other fruiting
bodies cultivated on sawdust media (data not shown); thus
the LA content in dried samples could be used in the pre-
liminary screening to select odor-rich strains.

The decreasing water content and/or the heating may
affect the increase in LA content in the drying process.
The water content in the 40°C drying process changed
from 89.6% to 79.3% after 4 h, when the LA content
stopped increasing. If the decrease in water content was
a factor in the increase in LA content, then the LA content
dried at 60°C would have increased up to 2 h, because
the water content reached 79.8% after 2 h. Therefore, the
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water content decrease did not affect the LA content
increase.

The drying process usually started at 40°C. One reason
was that the growth of shiitake mushroom must be stopped
as soon as possible, because a live fruiting body scatters
spores, which result in a soiled appearance.”’ The exact tem-
perature at which the shiitake cells die is not known. In this
experiment, proliferation potency was not lost at 40°C at
least up to 120 min, but it was lost when heated at 45°C for
40 min or at 50°C for 10 min. Proliferation potency is theo-
retically lost at 50.4°C after 10 min; the growth of hyphae
stopped at 35°C and rapidly decreased above 30°C.*** The
average inner temperature after 4 h in the 40°C drying
process reached 33.5°C. On the other hand, it took 13 min
to reach the same temperature in the 60°C drying process.
Afterwards, the temperature of the pilei reached 35°C after
18 min and 45°C after 2 h. Then, the cells in the 60°C drying
process would be damaged, in as much as the growth was
stopped instantly and the proliferation potency was defi-
nitely lost at around 2 h 40 min. An increase in LA content
would have been detected in the 60°C drying process rather
than in the 40°C drying process if it were caused by random
reactions originating from the break in cellular homeostasis.
Therefore, moderate heating to just below the point at
which mycelial growth stopped might be a factor in the
increase in LA content,and LA production might be related
to the response to heat.

The drying of shiitake mushrooms usually starts at 40°C;
the temperature is raised to 45°C after 3-5 h, 50°C after
6-8 h, and finally to 58°-60°C after 12-16 h, and the final
water content is about 8%. Water content must be below
13% according to the Japanese Agricultural Standard (Min-
istry of Agriculture, Forestry and Fisheries of Japan, Notice
No. 1416, 1996), and the dried shiitake mushroom is highly
hygroscopic.” These procedures were set to produce dried
shiitake mushrooms of excellent quality in terms of color
and shape. To increase the LA content, drying at 40°C for
4 h in the early stage is recommended.

Acknowledgments We would like to give special thanks to Dr. Naohiro
Kuroda, a division director of the Department of Wood Processing,
Forestry and Forest Products Research Institute, for his beneficial sug-
gestion and Ms. Ritsuko Ohno for her helpful assistance.

References

1. Anonymous (1988) Flavor (in Japanese). In: Hasegawa Co. Ltd
(ed) Science of smell. Shoukabou, Tokyo, pp 89-118

2. Tachikawa K (1997) Function of fragrance, and physiology and
psychological action of fragrance (in Japanese). In: Amada K (ed)
Fragrance technology. Ohmusha, Tokyo, pp 47-79

3. Yoshikawa S (1994) Smell of foods and cosmetics (in Japanese). In:
Takagi S, Shibuya T (eds) Science of smell. Asakura, Tokyo, pp
233-240

4 . Morita K, Kobayashi S (1966) Isolation and synthesis of lenthio-

nine, an odorous substance of shiitake, an edible mushroom. Tetra-
hedron Lett 6:573-577

5. Yasumoto K, Iwami K, Mitsuda H (1971) Enzyme-catalyzed evolu-
tion of lenthionine from lentinic acid. Agric Biol Chem 35:
2070-2080



482
6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sasaki H, Sakai T, Aoyagi Y, Sugahara T (1993) Changes in
y-glutamyltransferase activity and lenthionine content during rehy-
dration and heating of dried shiitake mushroom (in Japanese).
Nippon Shokuhin Kogyo Gakkaishi 40:107-112

. Hashida W, Mouri T, Shiga I, Teramoto S (1964) Studies on nucleic

acid-related substances in foodstuffs (II). Distribution of 5’-nucleo-
tides in edible mushrooms (in Japanese). Hakkou Kougaku Gak-
kaishi 42:434-441

. Aoyagi Y, Sugahara T (1986) Studies on the rehydration of dried

shiitake mushroom (in Japanese). Nippon Shokuhin Kogyo Gak-
kaishi 33:244-249

. Chen C-C, Ho C-T (1986) High-performance liquid chromato-

graphic determination of cyclic sulfur compounds of shiitake mush-
room (Lentinus edodes Sing.). J Chromatogr 356:455-459
Yasumoto K, Iwami K, Mitsuda H (1971) A new sulfur-containing
peptide from Lentinus edodes acting as a precursor for lenthionine.
Agric Biol Chem 35:2059-2069

Aoyagi Y, Sasaki H, Sugawara T (1980) On peptides in dried shii-
take Lentinus edodes (in Japanese). Nippon Nogeikagaku Kaishi
54:253-261

Hofle G, Gmelin R, Luxa HH, N’Galamulume-Treves M,
Hatanaka I (1976) Struktur der lentinsdure; 2-(y-glutamylamino)-
4,6,8,10,10-pentaoxo-4,6,8,10-tetrathiaundecansédure. Tetrahedron
Lett 36:3129-3132

Haynes PA, Sheumack D, Greig LG, Kibby J, Redmond JW (1991)
Applications of automated amino acid analysis using 9-fluorenyl-
methyl chloroformate. J] Chromatogr 588:107-114

Heems D, Luck G, Fraudeau C, Vérette E (1998) Fully automated
precolumn derivatization, on-line dialysis and high-performance
liquid chromatographic analysis of amino acids in food, beverages
and feedstuff. ] Chromatogr A 798:9-17

Hiraide M, Miyazaki Y, Shibata Y (2004) The smell and odorous
components of dried shiitake mushroom, Lentinula edodes 1: rela-
tionship between sensory evaluations and amounts of odorous
components. J] Wood Sci 50:358-364

Hiraide M (2006) The smell and odorous components of dried
shiitake mushroom, Lentinula edodes I11: substances that increase
the odorous compound content. J Wood Sci 52:265-269

Hiraide M, Yokoyama I (2007) The smell and odorous components
of dried shiitake mushroom, Lentinula edodes 1V: survey of trends
in consumer preferences and changes in sensory evaluation. J
Wood Sci 53:458-461

Hiraide M, Yokoyama I, Miyazaki Y (2005) The smell and
odorous components of dried shiitake mushroom, Lentinula edodes
II: sensory evaluation by ordinary people. J Wood Sci 51:628-633

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Iwami K, Yasumoto K, Nakamura K, Mitsuda H (1975) Properties
of yglutamyltransferase from Lentinus edodes. Agric Biol Chem
39:1933-1940

Tawarazako S (1966) Studies on drying methods of agricultural
products with heated air (I) (in Japanese). Bull Fac Agric
Kagoshima Univ 17:307-390

Jones MG, Hughes J, Tregova A, Milne J, Tomsett AB, Collin HA
(2004) Biosynthesis of the flavor precursors of onion and garlic.
J Exp Bot 55:1903-1918

Ankri S, Mirelman D (1999) Antimicrobial properties of allicin
from garlic. Microbes Infect 1:125-129

Legerton TL, Kanamori K, Weiss RL, Roberts JD (1983) Measure-
ments of cytoplasmic and vacuolar pH in Neurospora using nitro-
gen-15 nuclear magnetic resonance spectroscopy. Biochemistry
22:899-903

Yang Y, Bastos M, Chen KY (1993) Effects of osmotic stress and
growth stage on cellular pH and polyphosphate metabolism in
Neurospora crassa as studied by *'P nuclear magnetic resonance
spectroscopy. Biochim Biophys Acta 1179:141-147

Morita K, Kobayashi S (1967) Isolation, structure, and synthesis of
lenthionine and its analogs. Chem Pharm Bull 15:988-993

Chen C-C, Ho C-T (1986) Identification of sulfurous compounds
of shiitake mushroom (Lentinus edodes Sing.). J Agric Food Chem
34:830-833

Nagao S, Takahashi H, Ohmura I, Nami M, Sawayama K, Morita
M, Honda S, Shimizu J, Otani M, Utiyama M, Yamauti Z, Tada T
(1991) Development of multi-functional dryer system for agricul-
tural products using fuzzy control (Part I). Development of fuzzy
control system and application to optimum control of agricultural
products (in Japanese). Hokkaido Ind Res Inst Rep 290:139-
155

Ishikawa H (1967) Physiological and ecological studies on Lentinus
edodes (Berk.) Sing. J Agric Lab 8:1-57

Yoneyama S, Takizawa N (1993) Effect of temperature on sawdust
cultivation of shiitake, Lentinus edodes (Berk.) Sing., in a con-
trolled room (in Japanese). J Hokkaido Forest Prod Res Inst
7:22-26

Anonymous (1992) Physiology and ecology of shiitake hypha. In:
The Mushroom Research Institute of Japan (ed) How to cultivate
shiitake mushroom (in Japanese). Rural Culture Association Japan,
Tokyo, pp 28-35

Anonymous (1992) Cultivation and drying methods of shiitake
mushroom. In: The Mushroom Research Institute of Japan (ed)
How to cultivate shiitake mushroom (in Japanese). Rural Culture
Association Japan, Tokyo, pp 94-106




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




