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BIOCHEMICAL STUDIES ON THE MUSHROOMS — V
PRODUCTION OF MUSHROOM MYCELIUM IN SUBMERGED CULTURE

Kazuya Hashimoto, Nobuaki Isobe and Zenjiro Takahashi

The purpose of this work was to investigate the suitability of glucose -peptone medium
as a source of protein and riboflavin, for the production of mushrooms, Psalliota bispora
Pholiota namako and Cortinelius shiitake, in submerged culture,

The following results were obtained.

1) Higher growth promoting efficiencies were found with the addition of yeast extract
solids. The yield of mycelium almost duobled when suitable amount of yeast extract
solids was added.

2) The protein content of these mycelia of P. bispora, P. nameko and C. shiitake on a
dry weight basis were 35%. 42% and 40%, respectively.

3) The initial optimal pH of P. bispora was at 6.0, but P. nameko and C. shiitake grow
covering a wide range of pH. Yield of latters were considerable at pH 5.0 as well as
at 7.0.

4) The optimum glucose concentration for the growth of P. bispora, P. nameko and
C. shiitake were 2%. 3% and 3%, respectively.

5) The amount of riboflavin of P. nameko was 70 to 90 per gr. during mycelial growth,
but that of C. shiitake was negligible.

6) The composition of organic acids in mycelium were different. The amounts of malic

acid were very small when compared with the fruit-bodies.
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Table J. Effect of yeast extract solids.on the growth of Psalliota bispéra

l

nitrogen | Yeast Nitrogen v Mycelium ‘ Glucose | pH ]rin«;gno—- C: N
. s T e P Crude |~ . . [Consum ! s
source ‘extract Original Ullllzed‘,Dr) Wl Cotein ‘Ongmdl Zed Initiall Final’ E;):'!;{l ratio
4g/L - % | mg_ | % mg % | % “ 7%
— 55.4 72.6 | 288.3| 33.7 41.4 4.64 | 24.0 21
Peptone 0.2 78.5 58.2 | 714.5| 35.9 2.9 | 39.7 | 5.5 4.62| 62.1 15
0.4 108.0 37.3 822.2 | 36.6 40.4 5.29 | 69.7 10
Casamino - 41.8| 55.5 422,8} 33.2 17.3 5.70 | 84.5 28
] 0.2 65.5 | 41.1 | 442.2 | 36.7 2.9 | 28.3 | 5.5| 5.42| 52.0 18
acid 0.4 99.4 | 38.1 | 627.9 38.0 36.1 5.68 | 57.1 12
NH- - 64.1 | 10.0 20.8 | 33.9 6.1 5.18 | 11.6 18
0.2 89.6 | 12.9 | 141.7| 34.2 2.9 | 14.4 | 5.5|5.69| 33.0 13
tartrate 0.4 | 115.9| 17.3 | 204.9 37.9 14.8 5.95 | 47.7 | 10

cell substance

“glucose consumed x 100

#* Economic coefficient=

Incubation time 14 days
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Table JI. Effect of yeast extract solids on the growth of Pholiota nameko

nitrogen | Yeast Nitrogen Mycelium Glucose i pH - Er;?gno— C: N
! .. s i Crude - . i Consu- s
source | extract |Qriginal|Utilized| Dry wt.! protein Originall ©* " |[:¢iall Final 5?:;{1 ratio
4u/L % mg % mg | % % | %
- 55.4 | §7.9 | 463.7 | 42.9 48.5 4.01| 30.3 22
Peptone 0.2 88.1 | 48.1 | 683.3 | 42.4 3.1 | 63.5 | 5.5| 4.26 | 34.7 14
0.4 | 119.1| 4.0 | 869.7 | 42.7 71.9 495 39.0 10
Casamino — 45.4 | 33.7 | 297.91 37.0 18.4 3.84 | 52.3 27
. 0.2 82.8 35.0 488.5 i 37.5 3.1 40.3 3.5 4.03 39.1 15
acid 0.4 | 113.8| 315 | 572.9 ) 38.4 43.5 4.14 | 42.4 11
NH,- - i 63.4 | 17.7 | 212.1| 33.6 16.1 4.01 | 42.4 20
0.2 | 107.3] 20.0 | 367.1| 42.0 3.1 | 27.4 | 5.5 4.27| 43.2 12
tartrate 0.4 | 141.1| 51.9 | 487.9| 42.5 | 38.7 4.23 1 40.7 9
Table [I. Effect of yeast extract solids on the growth of Cortinellus shiitake
: i i -
nitrogen  Yeast Nitrogen ] Mycelium Glucoie”m* pH ]ricitc)n(.h C: N
.. e . Crude . . Consu-- | .
source extract O”gmal‘U“]'ud‘ Dry wt. protein O”gmali med  Initial; Final | g?cerf? ratio
4/l % mg % mg_ | % % % | \ %
— . 645 32.6 | 368.4] 0.0 21.9 3.02| 52.6 | 20
Peptone 0.2 98.5 35.1 485.6 | 42.8 3.2 24.1 5.4 | 3.03] 63.1 13
| 0.4 | 1216| 57.7 | 761.2| 9.0 31.9 3.03 | 74.6 10
Casamino | = | %6.2] 22.6 | 138.2| 40.9 25.3 328 | 171 | 23
) 0.2 ° 93.3 58.0 % 976.0 39.6 3.2 39.1 5.4 3.34| 78.1 14
acid 0.4 | 118.6| 44.2 | 913.2 37.4 38.2 3.22| 47.8 | 10
NHy = ‘ 67.6 88.8 136.0 | 28.5 8.5 3.56 | 50.4 19
0.2 106.1 33.7 | 871.6 34.7 3.2 32.8 5.4 3.26 | 83.0 12
tartrate 0.4 | 142.6 4.2| 19.4| 64.6 9.4 4.82| 6.5 9
1) EH 4k o %k
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Table [V. Effect of initial pll on the growth of mushroom mycelia

| e e ' . . Crude protein of
species Initial | {inal Dry wt. of mycelium | dry wt.

pH f pH mg/100ml | %

3.0 ‘ 3.10 no growth ! —

4.0 ! 3.98 + -
Psalliota bispora } 5:0 5.29 150.3 42.83
’ ' 5.5 5.39 302.4 42.73
6.0 5.67 764.7 42.02
6.5 5.70 613.2 ‘ 40.18
| 3.0 2.42 47.4 40.52
4.0 3.07 483.0 50.78
Pholiota nameko 5.0 3.09 1048.6 45,38
5.5 3.57 1121.7 42.03
6.0 4.33 1296.5 38.67
6.5 4.46 1447.1 33.75
3.0 2.90 41.7 60,00
4.0 3.16 389.6 36.65
Cortinellus shiitake 5.0 3.23 413.9 38.28
3.3 3.22 429.1 38.53
6.0 3.24 407.9 38.26
6.5 3.33 371.7 36.69

Incubation time 14 days. Average of three flasks.

BEEO pHit<» v —4a, Faz, 243 57DOJEFTETL, F4 6, 6.5 5.5 CESE
pH #5L, 4 =2 Tit 5.0~6.5, >4 25 Tit 4.0~6.0 Oy pHIREH T 5.
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Table V. Effect of glucose concentration on the growth of Psalliota bispora

glucose nitrogen glucose ’ dry wt. of ! crude pros pH C:s N
content utilized consumed | mycelium tein of dry ‘ .
% % % 1 mg 7100m] wt. % initial ‘ final ratio
1.0 37.3 95.0 628.2 40.90 | 6.36 4
2.0 43.4 61.5 791.8 39.66 ( 5.21 8
3.0 44.6 39.7 730.5 40.08 6.0 5.12 12
5.0 14.6 20.0 173.6 43.33 I 5.62 20
7.0 14.0 3.6 287.7 37.52 | 5.69 28
10.0 17.9 1o | 51.2 47.70 r 5.40 40
Incubation time 14 days. Nitrogen content 101,3mg/flask
Table V[. Effect of glucose concentration on the growth of Pholiota namcko
glucose nitrogen glucose dry wt. of | crude pro- pH C: N
content utilized consumed mycelium tein of dry A
% % % mg/100ml wt. % initial final ratio
7 7 1 7
1.0 35.6 100 495.6 35.73 5.95 4
2.0 72.9 95.0 885.6 35.52 5.54 8
3.0 75.2 67.7 1171.5 42.51 6.0 4,37 12
5.0 61.2 22.6 901.1 42.06 4.01 20
7.0 62.0 11.4 929.0 38.21 4.39 28
10.0 19.5 8.6 275.2 31.45 4.92 40
Table V. Effect of glucose concentration on the growth of Cortinellus shiitake
glucose nitrogen glucose dry wt. of | crude pro- pH C: N
content utilized consumed mycelium tein of dry - N
% % % mg/100ml wt. % initial final rato
. 1.0 56.9 93.3 358.1 40.05 3.15 :
2.0 37.2 51.0 520.8 41,16 3.26 8
3.0 46.5 34.9 559.2 35.89 6.0 3.14 12
5.0 42.7 23.8 549.8 32.16 3.22 20
7.0 35.6 18.9 378.6 32.83 3.42 28
10.0 34.2 12.4 286.3 33.44 3.57 40
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Table V.

Change in oranic acids during cultivation of mushroem mycelium

1 Incubat.

Uniden: | acetic | pyruvic ! fumaric Succinic| Uniden:| oxalic malic

species | ion time tified R Raahtia R U fified J ) _
(days) acid acid acid ‘ acid acid acid acid acid

4 0.08 | 0.13 - — 1.9 3.74 0.48 | 0.63

Psalliota 8 0.05 ’ 0.33 - - 1.29 5.55 f 1.28 | 1.69
) ;12 016 i 0.60 : 1.06 , 0.66 = 3.95 | 117 | 4.78
bispora 15 0.07 - - 050 ' 076 | 5.21 277 | 1.3
20 0:11 ‘ - - 1.8¢ | 0.78 | 4.85 ’ 3.92 1.46

4 0.00 | ~ -, 082 | 145 - | 108 | 047

Pholiota 8 0.08 1.40 - 0.40 | 0.79 2.01 1.62 | 0.87
. 12 0.16 1.74 - 0.40 0.33 | — 1.38 | 0.72
nameko 15 0.17 ‘ 5.82 - . 045 | 3.25 « — 1768 | 1.39
.20 0.45 05 . - , 0.75 } - } - 2.80 | 1.25

a 0.17 - | - 1 oz | 152 | 213 | 3am -

Cortinellus 8 0.10 - | - |62 | 117 | 316 | .06 | 0.92
- ‘ 12 014 . = . - . 078 0.51 3.29 71.60 | 1.02
shiitake 15 0.14 - ' - 0.3 0.97 3.47 75.59 | 0.74

20 0.14 - - ‘ - = 3.5 67.86 -
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