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ABSTRACT

This study was performed to develop a useful method for substrate pH adjustment in bottle
cultivation of Grifola frondosa. Four types of organic acid solution—citric acid, malic acid,

'.) tartaric acid, and succinic acid—were added at 0.5% to 3.0% (w/v) into the substrate. The pH
T after the organic acid treatments ranged from 3.8 to 4.8 for the mycelial growth of G. frondosa
updates

after sterilization. Supplementation with succinic acid at 0.5% resulted in a shorter cultivation
a period and higher consistent yields compared to other organic acid treatments. These results
OPENACCESS indicate that the technique we developed is beneficial for higher production of G. frondosa
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Table 1. Mycelial growth of Grifola frondosa by organic acids addition

. A Incubation (days)

Organic acid Concentration (%) 3 15 D 29
Citric acid 0.5 40° 60 78 97
1.0 26 48 74 90

1.5 22 46 68 79

2.0 13 31 45 54

3.0 12 25 38 53

Malic acid 0.5 15 47 71 91
1.0 18 40 60 79

1.5 15 34 49 59

2.0 13 29 43 57

3.0 8 18 28 43

Tartaric acid 0.5 22 54 77 91
1.0 15 40 56 69

1.5 12 33 54 71

2.0 13 25 40 51

3.0 4 16 23 28

Succinic acid 0.5 29 55 81 105
1.0 18 50 82 100

1.5 18 42 65 89

2.0 15 31 50 63

3.0 16 39 56 66

Control 36 49 64 70

* length of hyphae growth on Column
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Fig. 1. Mycelial growth of Grifola frondosa by organic acid addition (29 days of incubation). A, citric
acid. B, malic acid. C, tartaric acid. D, succinic acid

Table 2. Changes in pH of substrates of Grifola frondosa by organic acids addition

- . pEIoE pH of pH of Incubation period (days)
Organic acid Concentration (%) solution substrgtps . substya'tes. 0 15 20 25 30
before sterilization after sterilization
Citric acid 0.5 2.5 5.0 4.8 47 47 48 49 53 52
1.0 2.1 44 4.4 44 44 43 47 46 45
1.5 2.0 42 42 43 41 42 43 47 44
2.0 2.0 39 4.1 41 39 39 41 42 41
3.0 2.0 3.6 43 39 37 37 40 41 40
Malic acid 0.5 2.5 4.8 4.7 46 47 47 49 54 48
1.0 2.3 4.2 4.3 43 43 42 49 50 5.1
1.5 22 4.0 42 42 41 40 41 49 42
2.0 2.2 38 4.0 40 39 38 39 42 41
3.0 2.1 35 3.8 37 36 3.6 37 37 36
Tartaric acid 0.5 2.5 4.7 4.6 47 45 45 47 49 47
1.0 2.3 42 43 43 42 42 42 44 42
1.5 2.1 38 4.2 40 39 38 40 41 39
2.0 2.0 3.6 3.9 38 37 34 38 38 38
3.0 1.9 32 35 35 34 36 35 35 34
Succinic acid 0.5 2.8 49 4.7 46 46 47 46 50 49
1.0 2.6 44 4.5 46 45 45 47 49 49
1.5 2.5 43 43 44 43 44 45 51 51
2.0 2.5 4.2 4.4 43 42 42 44 44 51
3.0 24 39 4.1 41 42 40 41 43 41
Control 7.8 6.1 53 53 53 53 53 51 48
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Table 3. The ratio of primordium formation of Grifola frondosa by organic acids addition

. RN Incubation period (days)

Organicacid - Concentration (%) —¢ 7 g o 10 1 12 13 14 15 16
Citric acid 05 125 25 35 375 375 55 675 615 8 95 95
10 15 15 175 175 25 225 25 325 35 35

15 ; h ] - 5 5 75 75 75 15 15

20 ] ] ] ; i i ) ) ) ) ]

30 ; ; ] - ] ] - ; ] ; ;

Malic acid 05 5 325 45 45 475 25 60 70 725 80 80
10 i A ) 15 15 175 20 225 30 40 40

15 ] ] ] ) ] ] A A ] ) ]

20 ; ] ] ; ; ; - ; ] ] ]

30 ] ] ) ; ] ) ; ] ] ; ;

Tartaric acid 05 ; 15 30 35 5 55 515 60 65 725 80
10 ; ] ] - ] ] - ] ] A ]

15 ; ; ; ; ; ; ; ; ; ; ]

20 ; ] ] ; ; ] ; ; ] ; ]

30 ] ] ] ] ] ] ] ] ] ] ]

Succinic acid 05 0 35 35 45 575 75 85 925 95 95 95
10 ] ] ] 5 20 20 275 275 30 30 30

15 ; ] ] 5 10 10 10 15 15 15 15

20 ] ] ] i ] ] ) ] ] ) )

30 ; ] ] ; ; ] ; ] ] ; ]

Control - 10 15 20 20 30 35 4 50 575 6

* non-primordia formation
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Table 4. Cultivation properties of Grifola fiondosa by organic acid addition

Orgaicacid  Concentration (%) Incubation period Primordium formation Fruiting body development Cultivation period

(days) (days) (days) (days)
Citric acid 0.5 31 12 11 54
1 36 13 11 60
1.5 38 15 12 65
2 2 - - -
3 - - - -
Malic acid 0.5 31 12 11 54
1 35 14 11 60
1.5 - - - -
2 - - - -
3 - - - -
Tartaric acid 0.5 34 12 12 58
1 - - - -
1.5 - - - -
2 - - - -
3 - - - -
Succinic acid 0.5 30 11 11 52
1 35 12 11 58
1.5 40 13 12 65
) - - - -
3 - - - -
Control 35 13 11 59
* non-primordia formation
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0.5% SHHF0] 529, 0.5% AR AR 2]2] 7171 549, 0.5%2] Al 1962] S )2
T7F 58U 2 UEE oL, 11 9]0 A2t TtiRFH(59Y) it A sl = A o &2 YRt

|74k 7o) W2 QA ZHA] A& B2 flote] 33 Al Al Hat RS ZARSHL
CH(Table 5). th2-29] B 4=2Fo0] 87.5 ¢RIl H3H 0.5% & HAF A 217} 121 g, 0.5% A4t % 2]
71107 g0 2 UER o H, = %] 2]7ke] §-9)/d2 QI T 0.5% AFAF X 2] he e 5
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Table S. Yield of Grifola frondosa by organic acids addition

Organic acid  Concentration (%) ™ el ;grﬁotﬂe) i Average Yield (g/bottle) CVe
Citric acid 0.5 1003 104.7 116.0 107.0" 76
1.0 66.0 75.0 56.3 65.7% 142
15 26 96 476 333" 62.1
Malic acid 0.5 89.9 104.1 93.1 95.7* 79
1.0 72.0 101.0 832 854> 17.1
Tartaric acid 0.5 85.3 584 76.6 7347 187
Succinic acid 0.5 1072 1255 1303 121.0° 10.1
1.0 32.1 523 65.3 499 335
15 62.0 483 472 52,5 157
Control 62.0 90.4 110.0 87.5™ 27.6
“Different letters within a column are significantly different (p < 0.05)
£ Coefficient of variation

Fig. 2. Morphological properties of Grifola frondosa by organic acids addition. A, citric acid (0.5%:
54 days after inoculation, 1%: 60 days after inoculation, 1.5%: 65 days after inoculation, 2 and
3%: non-primordia formation). B, malic acid (0.5%: 54 days after inoculation, 1%: 60days after
inoculation, 1.5 — 3%: non-primordia formation ). C, tartaric acid (0.5%: 58 days after inoculation, 1
— 3%: non-primordia formation). D, succinic acid (0.5%: 52 days after inoculation, 1%: 58 days after
inoculation, 1.5%: 65 days after inoculation, 2 — 3%: non-primordia formation). E, control (59 days
after inoculation).

AN PPUE led ) S A 2 % U AR
2 ol g3t p 27 U 2 WM =2 T Sstel 4 3

P, B AL, SIS A0S, 1,152,250 2 Helefol TAMIAAEE 5
A5 2 8714 0.5% 420l PAMY o] WRton] 1 FolME SHpte] /g S4stelch
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