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Food Chemical Studies on Dried Shiitake Mushroom
[ Lentinus edodes (Berk) Sing.]

— Method of Rehydration and Taste Components—
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[Summary ]

Food Chemical Studies on Dried Shiitake Mushroom
— Method of Rehydration and Taste Components

To cook dried shiitake mushroom [Lentinus
edodes (Berk) sing. ], it is to required first
rehydrate. However, the fundamental conditions
for the rehydration (soaking temperature, soaking
time, etec) still remain undetermined and widely
vary.

On the other hand, dried shiitake mushroom
contains various components and strong activities
of enzyme participating in the decomposition of
the components remain therein. It is therefore
considered that during the process of rehydration,
various biochemical reactions occur and thus
larger affect the taste of the shiitake mushroom.

In this study, we have paid our attention to
the rehydration of dried shiitake mushroom by
soaking and the following heating process and
attempted to establish the most reasonable
rehydration method by which the taste components
can be accumulated at the maximum level.

It has been considered that 5'-GMP serves as
the main taste components of dried shiitake
mushroom. This study also aims at clarifying how
other taste components contribute to the taste of

cooked shiitake mushroom.

| . Behaviors of free amino acids during




rehydration and heating

During the process of rehydration dried
shiitake mushrooms by soaking and the following
heating process, effects of the soaking
temperature and the soaking time were examined.

The results thus obtained are as follows.

(1) When dried shiitake mushroom were soaked
at 25 €, the protein—-form nitrogen content was
decreased while the amino—-form nitrogen content
was increased as the soaking time was prolonged.

(2) After the rehydration, free proteinous
amino acids were increased. This increase became
larger as the soaking temperature was elevated and
the soaking time was prolonged.

(3) Free non-proteinous amino acids showed
no change due to the rehydration.

(4) Lentinic acid was decreased in both of the

rehydration and heating process.

Il . Aroma components and aroma-relating
substances during rehydration and heating

Behaviors of lenthionine contained in the
rehydrated and heated shiitake mushrooms were
studied to clarify the role on lenthionine in
the formation of the aroma of cooking shiitake
mushroom. At the same time, the 7 -Glutamyl

transferase (7 -GT) activity was examined so as
to clarify the effects of the rehydration and
heating of dried shiitake mushroom on the




mechanism of the formation of lenthionine.

(1) After rehydration, the 7 -GT activity
largely lowered as the soaking temperature was
elevated. In the heating process, it was almost
completely inactivated 5 minutes after the
initiation of heating.

(2) Immediately after the rehydration, a
larger lenthionine content was obserbed at higher
soaking temperature owing to the function of
T =GT.

Namely, the lenthionine content was
lowered with a decrease in the soaking
temperature. After heating for 10 minutes (i.e.
just after boiling), a sample rehydrated at higher
soaking temperature and a longer soaking time,
which contained only a small amount of
lenthionine, showed the smaller lenthionine
content. On the other hand, a sample rehydrated
at a lower soaking water temperature and contained
a larger amount of lenthionine content.

(3) After heating for 20 minutes (i.e., 10
minutes after boiling), lenthionine was not formed
any more due to the inactivation of 7 —-GT but
vaporized and decomposed. Thus the lenthionine
content was rapidly decreased. In the case of a
Sample rehydrated by soaking in water at 5 T,
remaining lentinic acid underwent heat

decomposition and thus lenthionine was formed.

Therefore, it contained a relatively large amount
of lenthionine.




(4 After heating for 40 minutes scarcely
any lenthionine remained.
Il . Effects of changes in shiitake mushroom
taste under components various cooking conditions

on preference

Dried shiitake mushroom were cooked in
accordance with the practical methods. Then the
shiitake mushrooms thus cooked were sensorially
evaluated and, at the same time, the taste
components were analyzed. Then the correlation
between the contents of the taste components and
the scores of the sensory evaluation was examined.
Further, the textures of the same shiitake
mushroom as those subjected to the analysis of
the components were measured. Thus factors
determining the deliciousness of cooked shiitake
mushrooms were examined.
(1) A sample soaked at a lower temperature for
a shorter period showed the larger content of
o '—-GMP. A sample rehydrated at a high soaking
temperature for a long time showed the formation
of little 5'-GMP.
(220 A larger content of the total free amino
acids was observed as the soaking temperature was
elevated and the soaking time was prolonged. h.
Samples soaked 25 T and 40 C for 25 hours showed
each a glutamic acid content about twice as much

as the glutamic acid content of a sample rehydrate

for 1 hour. A sample rehydrated at a lower




temperature for shorter period of time showed the
larger lentinic acid content.

(3) The total free sugar content showed an
increase as the soaking temperature was elevated.
Regarding each sugar, trehalose, which was
contained in a large amount, showed a decrease,
while glucose showed an increase. Sugar alcoholes
were not affected by the soaking temperature.

(4 The total organic acid content was about
2.4 26 per dry matter and malic acid amounted to
the largest content (60 to 70 2&) therein.

After the rehydration by soaking and cooking,
no change was observed.

(5) As the results of the sensory test, a
sample rehydration by soaking for 5 hours or
longer was preferred among those soaked at 5 C.
Among samples rehydrated by soaking at 25 C,
those soaked for 5 to 15 hours were preferred.

On the other hand, samples soaked at 40 C got
low scores in general. Among these samples, those
rehydrated by soaking for shorter periods were
preferred.

The evaluation of the taste related to the
intensities of fruit body taste and bitterness.
That is to say, a sample having an intense fruit
body taste was highly evaluated, while one having
an intense bitterness was poorly evaluated.

The evaluation of the intensity of the fruit

body taste of cooked shiitake mushroom correlated
to the intensity of the fruit body taste based on




the synergistic effects of 5'-GMP with glutamic
acid.

When rehydrated at high temperature and
cooked, shiitake mushrooms contained hydrophobic
amino acids in a sufficient amount to express
the bitterness.

A sample rehydrated for a short period get a
low score in texture and not preferred because
of the insufficient rehydration.

(6) A preference test was performed with the
use of a sample soaked at 5 C for 15 hours and
cooked and another sample soaked at 40 C for 25
hours and cooked. As a result, the former one
was preferred to the latter.

(7) The texture were measured with the use
of a sample soaked at 5 T for 15 hours and
cooked another sample soaked at 40 C for 25
hours and cooked. As a result, the latter one
showed a soft texture.

Now difference was observed in juiciness.

Based on these results, it is assumed that
the deliciousness of dried shiitake mushrooms
depends largely on the taste components relating
to the taste and aroma rather than the texture.

IV. Taste components of cooked shiitake
mushroom

Based on the results of the analysis of the

taste components contained in the highly
evaluated shiitake mushroom which had been




soaked at 5 C for 15 hours and cooked, the
taste was recomposed. Then the components
largely affecting the shiitake mushroom-1ike
taste were identified by an omission test.

(1) According to the evaluation in the
omission test on the synthetic extract, a
sample lacking S5'—-nucleotide showed a weakened
deliciousness, one lacking sugars and sugar
alcohols showed a weakened sweetness and one
lacking free amino acids showed weakened
sweetness and bitternes in general.

(2 On the other hand, a sample lacking
lenthionine and lentinic acid, which is a
precursor of lenthionine, partipating in the
expression of the characteristic aroma of
shiitake mushroom had no shiitake mushroom-1ike
aroma.

(3) A sample lacking potassium and
phosphoric acid showed a taste different from
the shiitake mushroom-1like extract.

(4) Based on the correlations among the
evaluation items, it was concluded that the taste
components of shiitake mushroom contributed to
the elevation of deliciousness and preference.

(5) As the results of the analysis of the
main components, it was found out that
5'-nucleotide, amino acids having the fruit body
taste and sugars closely related to the shiitake
mushroom-1ike taste.

These results suggested that the main taste




components of dried and cooked shiitake mushroom
involved 5'-GMP, free amino acid (glutamic acid,
aspartic acid, glycine, alanine, ete), sugars
and sugar alcohols. It was further found out
that inorganic ions were also important

components.

On the basis of the results of this study,
we have concluded that it is the most desirable
to rehydrated dried shiitake mushroom by soaking
at a low temperature(25 T or berow) for the
shortest period of time required for sufficient
rehydration.

It is considered that a synthetic extract is
usable as a shiitake mushroom-like extract and
contributes to the improvement in the taste of a
food with a shiitake mushroom flavor.

It is further expected that the date
obtained by this study are usable as an
indication in the evalution of the qualities of
dried shiitake mushrooms produced by different
method, for example, the wood cultivation method
and medium cultivation method. It is furthermore

expected to give inducations in the evalution of

the qualities of other fungi from the viewpoint
of taste.
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Fig. 1 Effect of soaking on protein nitorogen
content and amino nitorogen content
(Jyokoshin)

Soaking temperature : 25°C

% : Crude protein content

B : Protein nitorogen content

A : Amino nitorogen content
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Fig. 2  Effect of soaking on free protein amino acid
content of dried shiitake mushroom (Jyodonko)
* : Not soaked
@ : Soaked at 5C
A : Soaked at 25°C
! M : Soaked at 40°C
| Hydrolyzed in 6N HCI at 110°C for 24h
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Fig. 3 Effect of soaking on free protein amino acid
content of dried shiitake mushroom (Jyokoshin)
% : Not soaked
@® : Soaked at HTC
A : Soaked at 25°C
M : Soaked at 40C
Total : Hydrolvzed in 6N HC1 at 110°C for 24h
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Effect of soaking on lentinic acid content of
dried shiitake mushroom

* : Not soaked

® : Soaked at 5C

A : Soaked at 25°C

MW : Soaked at 40C
Hydrolyzed in 6N HCI at 110°C for 24h
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Fig. 7 Ratio of amino acid contents of
soaked dried shiitake mushroom
before and after cooking

Values were average and S.D. of Jyodonko
soaked for 1, 3, 5, 15, 2bh respectively

® : Soaked at 5C

A : Soaked at 25°C

M : Soaked at 40C
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'— 50 m! hexane t“ 50 m{ hexane
Homogenize Shake
Centrifuge Centrifuge
0°C 12 000 rpm 0°C 12000 rpm
(x3) (x3)
[

Combined extract

Concentrate
0.5ml 0.1% dibutyl disulfide
hexane solution

Make up to 10 ml
'» Sodium Sulfate, anhydrous

(3. O
G.C conditions

Model : Shimazu GC12AFPD

Detecter : FPD

Column : 256 mx0.25 mm(1.5df) OV-1
Column temp : 100~200C(5°C/min)
Detector & injector temp. : 240C
Carrier gas . N, 60 ml/min

Fig. 8 Scheme of isolation of lenthionine from
dried shiitake mushroom




Fig. 9
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Heating time (min)

Change in internal temperature of dried
shiitake during cooking mushroom

@®-@® : Soaked at 5°C then cooked

A-A : Soaked at 25°C then cooked
B-M : Soaked at 40°C then cooked
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Fig. 10 Effect of soaking time on 7-GT activity
of dried shiitake mushroom
@-@® : Soaked at 5C
A-A : Soaked at 25°C
M-M : Soaked at 40C
Dried shiitake mushroomw as soaked in 20-vol
water, then the mushroom together with the
soaking water was homogenized. The homogenate
was separated by centrifugation, and the
resulting supernatant was used for the enzyme
preparation. For the enzyme activity, 0.9ml of
a substrate solution containig 3.4moles of
r-glutamul-p-nitroanilide in 0.5M Tris-HCI
buffer (pH7.6) was incubated with 0.1ml of
the enzyme solution at 37°C for 1h. The reac-
tion was terminated by adding 3ml of 1.5M acetic
acid. The amount of p-nitroaniline released was
determined by measuring absorbance at 410nm.
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Fig. 11 Effect of temperature on y-GT activity
of dried shiitake mushroom
Two grams of powdered dried shiitake mushroom
soaked in 20-vol.of the buffer(pH7.6) reached
to the intended temperature for 3min and was
maintained for 10min. 7r-GT activity assay was

the same as in Fig. 10
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Fig. 12 Effect of heating time on 7-GT activity
of dried shiitake
A:Not soaked
B:After soaked
@®-@® : Soaked at 5C
A-A : Soaked at 25°C
H-B : Soaked at 40°C
r-GT activity assay was the same as in
Fig. 10.
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Fig. 13 Mass spectrum of lenthonine obtained
from soaked dried shiitake mushroom
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Fig. 14 Gas chromatogram of soaked at 5°C for 15h
of dried shiitake mushroom (Jvokoshin)

peak 1 : Hexane, peak 2 : [.S,

peak 3 : lenthionine
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Fig. 15 Effect of soaking and cooking process of
lenthionine content of dried shiitake mushroom
A:Not soaked, B:After soaked
0 — 0: Soaked at 5°C,5h then cooked

[ JREREI 9 : Soaked at 5°C,15h then cooked
A —— A: Soaked at 25°C,5h then cooked
A e A : Soaked at 25°C, 15h then cooked
B —— B: Soaked at 40°C,5h then cooked

--------- - Spaked at 40°C, 15h then cooked
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Table 1 Sensory test of lenthionine solution

Concentration  0.07 0.13 0.27 0.54 1.06 2.13 4.25 8.50
of lenthionine < —+— — ppm —— >

Smel led
number of panel 0 3 1 16 16 16 16 16

Lenthionine was dissolved in water

The number of panel was sixteen persons.
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Table 3 Contents of reducing sugar by somogyi method
in cooked dried shiitake shiitake
(g/100g Dry matter)

Soaked Soaked
solution mushroom Total then cooked |
- _

N 2,13

JK| 5T, 15h 2.36 1.47 3.83  3.69 |
| 25T, 5h 2.1 2.28 4.45  4.31 |
N.S 1.50
| 5T15h 2.93 2.74 5.67  4.15

25T, 5h | 2.98 3.56 6.54 4.76

JK:Jyokoshin, JD:Jyodonko, N.S:not soaked
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Fig. 18 Gas chromatogram of TMS-sugars obtained from
soaked at 5°C, 5h and then cooked dried shiitake
mushroom

STD:standard, JK:Jyokoshin

1:1.S.. 2:Arabitol, 3:Fructose, 4:a-Glucose

5:Mannitol, 6:8-Glucose, 7:Trehalose
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Table 5 Contents of organic acids of cooked
dried shiitake mushroom

(mg/100g Dry matter)

B Jyokoshin
Not soaked 5C,15h " 25C, 5h?
Lactic acid 80.4+ 2.6 93.5+ 22.8 116:0x= 7.3
Oxalic acid A1 2100 6T 1.7 8.1 3.6
Fumaric acid 267.0% 57.8 183.4+ 54.6 208.6+ 57.6
Malic acid 1697.4+442.5 1620.6+324.9 1778.5+433.7
o-Keto-glutaric acid‘ 182.6+ 49.0 100. 1% 41.5 192.3+ 59.4
Pyroglutamic acid 159.2+179.5 188.8+ 88.8 203.6+119.5
Citric acid 23.7+ 10.9 28.7+ 19.6 30.9+ 7.3
Total J 2414.4+106.2 2221.8+ 80.6 2548.0+ 98.3
. __Jyodonko
Not soaked 5C,15h " 25'C; 5h?
Lactic acid 100.9% 15.4 303.0+ 64.7 5.6+£105.2
Oxalic acid 35k 0.1 6.5+ 1.8 10.5+ 0.3
Fumaric acid 206.8+ 35.6 170.1x 18.8 160.7x 60.7
Malic acid 1340.4+232.8 1736.9%+180.8 1417.7+455.5
o-Keto-glutaric acid 224.5+ 69.4 213.1x+ 19.0 187.6+ 39.9
Pyroglutamic acid 314.4+224.3 224.91+122.6 294.5+203.9
Citric acid 56.2+ 27.1 54.6+ 13.1 52.4%+ 13.0
Total 2246.7+ 86.5 2709.1% 60.1 2379.0%125.5

Values were average and S.D. of 4 determination.
1 Spaked at 5T.15h and then cooked.
2) Soaked at 25T, 5h and then cooked.

= {1 =




Table 6 Mineral contents of soaked at 5T, 15h
and then cooked dried shiitake
mushroom (mg/100g)

Jvokoshin | Jyvodonko

] - | i
wet wt. | dry wt. wet wt. | dry wt.

— i

Il
|

Ca | 1.99 | 16.58 .83

l
0.9 7.83
P | 45.5 | 377.7 | 45 | 376.8 |
CFe | 0.59 4. 90 0.43 | 3.51
o Na 9.0 4.7 | 208 | 172.6 |
K[ 269 12233 | 97 | 805
Mg | 16.3 135.3 | 13.9 | 115.4
CIn | 0.39 3.24 | 0.43 |  3.57
CCu o 0.07 0.58 | 0.18 |  1.49
19 | 1.58

' Mn | 0.19 | 1.58 | 0.
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Table 8 Result of analysis of variance

Temperature Time
[ tem :
v JK? N
Color Intensity *x % n.s
Impression n.s n.s n.s
Flavor lntunsi@y n.s .3 n.s
[mpression n.s n.s n.s
Umami Inlcnsi@y ‘ n. s n. s ¥
[mpression |  ** ok ok
Bitter [ntensity ! ¥ ¥k *%
Taste Impression | * *k *k
Texture Intensity * n.s *
[mpression n. s n.s n. s
Overall | * *¥ kk
" Jyodonko, * Jyokoshin
n.s : non slgnlflcanl
* . sienificant at 5% level

*x . significant at 1% level
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Table 10 Texture characteristics of the cooked of
dried shiitake mushroom

|

bCil5h ™ 40°C, 25h?

| Hardness 8.20+0.988  7.29+2.166
| Cohesiveness i 0.68+0.140 0.63%0.213

Gumminess 5.06%1.206 4.97+1.859
| Springness T i=E0. 133 1.16£0. 191
‘ Chewiness | 5951195 5.81x2.170

Sample:Jyokoshin

Values were average and S.D. of 15 determinations.
" Soaked at 5T.15h and then cooked.

) Soaked at 40T, 25h and then cooked.




Table 11 Effect of soaking on juice release. (cni)

| | _ Chew No. .

1 2 3 Total

‘5°C” 22.14+6.09 16.98+3.91 14.26+3.57 53.4+10.90

iaotﬂlizo.sgis.sg 16.73+3.17  14.27+4.19 51.9+11.05

Sample:Jyokoshin

Values were average and S.D. of 10 determinations.
" Soaked at 5T, 15h and then cooked.

2 Soaked at 407C, 25h and then cooked.
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—~ 10} _U:"8.1‘+ 2.1z — 10} — 105 y= —5.541 . 8
T2 34 LG S L 1SR 5 EG
Glutamic acid® (%) Glutamic acid*(%) Glutamic acid*( %)

Fig. 19 Interrelationship between synergistic taste effect of Glu-GMP

a

mixture and score for intensity of Umami

: Calculated according to Yamaguchi's equation
" . Significant at 1% level
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Fig.20 Total amounts of bitter taste amino acids in cooked
mushrooms

Bitter amino acid = Arg + Pro + Val + lle + Leu + Tyr + Phe + Trp
®—@® : Soaked at 5°C then cooked
A----A : Soaked at 25°C then cooked
M- M : Soaked at 40°C then cooked
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Table 13 Effects of soaking and cooking on free sugar and sugaralchol
compositions of shiitake mushroom (%)

Arabitol Fructose Mannitol Glucose Trehalose
(Jyokoshin)
Not Soaked 10.3 0.4 26.6 1.9 60.6
5T, 15h Soaked 10.0 1.0 23.9 16.9 47.9
Soaked then cooked 8.0 0.9 26.8 14.0 50.0
25%T, 5h Soaked 8.8 3 25.0 19.7 44.9
Soaked then cooked | 9.2 1.3 23.4 18.9 46.9
[ 407, 15h Soaked then cooked 1.9 0.8 20.7 38.2 32.1
[ — -
(Jyodonko)
Not Soaked 10.9 0.2 26.7 10 60.9
5T, 15h Soaked 9.9 1.0 21.4 22.2 45.2
Soaked then cooked 9.7 1.3 23.6 17.0 48.2
. , ,E
257, 5h Soaked 1.9 1.1 24.0 23.1 43. 7
Soaked then cooked 9.0 102 24.1 20.9 44.5 i
| 40T, 25h Soaked then cooked | 9.4 1.3 23.2 32.0 34.0




Table 14 Composition of extract simulating
cooked dried shiitake mushroom*

s ,
mg,/100m¢ | me,/ 100mg

! Flavor Nucleotide
i Lentinic acid 51.63 5" -GMP 17.43 |
Lenthionine 0.027 5 -AMP 11.02
Amino acid A-group Sugar-Sugaralchol
Glutamic acid 54.9 Glucose 470
‘ Aspartic acid At Trehalose 1670
Glutamine 46. 18 Arabitol 270
Glycine 6.46 Manni tol 890
Alanine 22.10 Fructose 30
Ornithine 52.28
Organic acid
Amino acid B-group Pyroglutamic acid 28.13
Valine 14.37 Citric acid 28.55
|  Leucine 21.7 Fumaric acid 27.33
’ Isoleucine 12.20 Malic acid 241.47
Tyrosine 6.26 |
Phenylalanine 15.28 Mineral
8.33 P043- 138.7

L

Tryptophan

¥ The concentration of component is equivalent to 100g of
dried shiitake mushroom soaked at 5T, 15h then cooked.
The pH of the extract was adjasted to 5.90 with KOH.
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Fig. 22 Suitable condition for soaking of
dried shiitake mushroom
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Fig. 23 Taste test of synthetic extract using
natural extract as reference(n=16)




Table 15 Paired differences test of cooked
dried shiitake mushroom

‘ No.of correct ‘ Level of
| | identifications significance®

| Omitted Component (No. of panel) l 1

5 -GUP ’ 1 (n=14) | . |

| 5" -AMP i 5 (n=14) ‘ - |
| Amino Acid A-group | 13 (n=14) ok
| Amino Acid B-group | 6 (n=14) =
iOrnithine i 6 (n=14) -
Sugar : 13 (n=16) *
Organic Acid ; 8 (n=14) | -
| Lentinic Acid 7 (n=14) -
| Lenthionine 7 (n=14) -
4 (n=16) =

‘POH . Kt

| , |
a: %;p<0.05 *x;p<0.01
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Fig. 24 Profile of cooked dried shiitake mushroom
by sensory evaluation
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Table 17 Correlation among descriptors

' Descriptor 1 2 3 4 5
B _ !
|1 Umami
2 Sweet % —~
3 Bitter | - -
| 4 Total Taste k% -
‘5 Flavor B - = =

' 6 Overal!| Impression i x - % % -

Level of significance : **,0.01; %,0.05;
—,insignificant at 0.05;
[ 1,negative correlation.
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Table 18 The principal component analysis of
results of omission tests

|
! Eigenvectol

|

| I I i
Umami 0.458 -0.066 -0.053

| ‘ Sweet | 0.248 0.845  -0.364 |
| - Bitter | 0.406 -0.191 0.399
( " Total Taste | 0.478 0.177 0.227
| | Flavor | -0.289 0. 449 0. 795
' | Overall Impression | 0.501 -0.114 0.147

! Eigenvalue 3.7 0.89 0.77 %

| R — 1

| Contribution ratio(%) 61.8 14.8 12.9 |

|
|
|
|
|
|
i

Cumulative |

| Contribution ratio(%) | 61.8 76.6 89.5 ‘
! -
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Fig. 26 Factor scores for the principal components
| and Il of the test solutions lacking in
‘ the indicated components

Amino-A : Amino acid A group
Amino-B : Amino acid B group
Organic : Organic acid
Len.A : Lentinic acid







