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Cultivation Characteristics and Optimal Conditions for Mycelial
Growth of Volvariella bombycina
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ABSTRACT: Volvariella bombycinais an edible mushroom commercially cultivated in Korea and other countries. In this study, the
culture characteristics and optimal growth conditions of milky mushroom strains were determined. The growth temperature and
pH range of V. bombycinawas extensively investigated between 15 and 35°C and pH 3-11. For efficient cultivation, 20 types of
nutrient sources were selected, specifically, 21 carbon sources, 6 organic nitrogen sources, 7 inorganic nitrogen sources, 13 amino
acids, 9 organic acids, and 13 inorganic salts. The impact of each of the selected nutrition sources and their concentration on
growth was investigated. The optimum temperature and pH were determined to be 30°C and pH 8.0, respectively. The optimum
concentration of medium elements required for mycelial growth of V. bombycinawas determined to be as follows: carbon source,
0.7% Soluble starch; organic nitrogen source, 0.7% Soytone; inorganic nitrogen source, 1.0% (NH,),C,H,Og; amino acid, 0.1%
cysteine; organic acid, 0.07% lactic acid; and inorganic salt, 0.07 mM CaCl,.
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Table 1. Optimum culture condition of Volvariella bombycina
0.7% Soluble starch
0.7% Soytone
1.0% (NH,),C,H,O,
0.1% Cysteine
0.07% Lactic acid

Carbon source
Organic N-source
Inorganic N-Source
Optimal medium
Amino acid

Organic acid

Inorganic salts 7mM CaCl,
Induction temperature 30°C
Initial pH 8.0

2 gol®l KMCC04772(Table 1) 755 AFE&IAT).
T wge] A8 WIA|= PDA(Potato Dextrose Agar
24 @)A1&} MOHIA] (Na2HPO4 6.6 g, KH2PO4 3.34 g,
NaCl 0.56g, NH4CI 1.12 g, MgSO4 0.56g, CaCl2
0.012 @)t AFFFE= 4°C dFEB) B F9 +
S PDA HizJol] o]2g & 274 5 mmo] I3 HE
o] 2L wjA el o2&t HEE MAE 25°C &
710l A 7L7F vk & 2 Aol ARE-skTt

Genomic DNA 22|

TR AnEnAS 48t DNAS #2331t
Petri-dish U PDA viA]ol] Z= B &= o] &3 27 5 mme]
TAPARS F7hel ST Bl 14 Fofl FAE A
2 FFsl 4 Az ¥, #AE Speedmill
plus(Analytik jena)® 30 rpm/s, 10% A4 3ske] Ea 3}
t}. Qiagen Genomic DNA Isolation Kit(Qiagen, USA)
£ o]&3te], Kitell AlgH wiwdel wel DNAS FE3t
ATH FAREES °F 20 mg ¥ o] Lysis Buffer 400 ul¢}
RNase 4 plE Bo]F3L 412 5, 65°C water bathell 103 &
o} 83l 5 HoodAAoll A P3 130 plE B 3 4do] F
ok 283 548 & 2ol ofo| 2o Si kol wkgAIZl &
20°C 9A1E2 719 17000 rppm & 9% 7} E¢Fc}. 2
Holl FZHE 500 pl 5 F 20°C L4liE2]71el 17000
mpmlZ 4% 7F 29 &, dEe v Ayl e
360 s FAAEC] A=A G Foste] Al FEI
SAY. 7 Ao AW1 570 uls ¥ vy & 2
Hofl 500 plS %7132 20°C YAEE] 719l 6000 rpmOF
28 7 =9 F YR g9 WYl F A FHo| s}

F 20°C YAEE 79 6000 rppm & 28 7F B3l THA
70% EtOH 500 plE %= HH o2 Soprf o9 22 3
AL 1~29 HHE3it), GAE DNAY B4 50 uls ¥
L Aol SEZFHRS 5 20°C YAEE 7)ol 6000 rpmo-
2 287F EEEn). np 9o 2 AAE DNAS A FHo|
AT #2l¥ DNAE Qiapert (Qiagen)®] 260 nm
dsDNA REoA 3s S5t s=5 S0 4
ol A8}t (Lee et al, 2015).

ITS primer2| PCR

TR InggwAle] ExAESH 2RE 99
ITS1-5.8S-ITS2 &g #AeAtk. =¥ DNA=
ITS1-5.8S-ITS2 & FFsh7] ¢18 ITS 1(5-TCC
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4252 7](The PerkinElmer Corp, USA/9600)E PCR
&9 th(Fig. 3). PCRE SZH =9 d7|MEE 245}
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F& glsl7] 913l 2% agarose gel(TAE buffer 1X)ell
PCR AHZo| saft gel stran(IncloneTM) 5ule 78l
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Fig. 1. Phylogenetic position of KMCCO04772 among the Volvariella spp. based on internal transcribed spacer(ITS) sequences.
Numerical values on branches are the bootstrap values as percentage of bootstrap replication from 1000 replicate analysis. Bar =
0.05 genetic distance between samples.
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Fig. 4. Effect of carbon sources for the growth of V.
bombycina in basal medium. 1: Fructose, 2: Galactose, 3:
Saccharose, 4: Soluble starch, 5: Inositol, 6: Glycerol, 7:
Xylose, 8: Dextrose, 9: Lactose, 10: Dextrin, 11: Na-CMC, 12:
Adonitol. 13: Mannitol, 14: Mannose, 15: Maltose, 16:
Raffinose, 17: Cellobiose, 18: Ethanol, 19: Salicin, 20:
Glucose, 21: Arabinose (n = 21; error bar, standard
deviation).
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Fig. 5. Effect of Soluble starch concentration by V. bombycina
in basal medium (n = 11; error bar, standard deviation).

Soytonedl| 4] A&o] E%SH, 0.7% Soytoneol| A o A
o] 7H¢ =%Tth(Figs. 6, 7).
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Fig. 6. Effect of organic nitrogen sources for the growth of V.
bombycina in basal medium. 1: Peptone, 2: Soytone 3:
Casamino acid 4: Tryptone, 5: Yeast extract, 6: Malt extract
(n = 6; error bar, standard deviation).
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Fig. 7. Effect of Soytone concentration by V. bombycina in
basal medium (n = 7; error bar, standard deviation).
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Fig. 8. Effect of inorganic nitrogen sources for the growth of
V. bombycina in basal medium. 1: (NH,),C,0,, 2: NH,H,PO,,
3: (NH,),HPO,, 4: NH,\NO,, 5: NaNO,, 6: (NH,),SO,, 7:
(NH,),C,H,O¢ (n = 7; error bar, standard deviation).
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Fig. 9. Effect of (NH,),C,H,O; concentration by V.
bombycina in basal medium (n = 8; error bar, standard

deviation).
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Fig. 10. Effect of amino acid sources for the growth of V.
bombycina in basal medium. 1: Alanine?2: Tyrosine, 3:
Asparagine, 4: Methionine, 5: Proline, 6: Leucine, 7:
Glutamine, 8: Valine, 9: Aspartic acid, 10: Glutamic acid, 11:
Arginine, 12: Histidine, 13: Cysteine, 14: Threonine (n = 14;
error bar, standard deviation).

(NH,),CH,0,& H7Fst uix|& Aaldct (Fig. 8). A
FTEE Ade] ot +F ASE A A evkel
A& 2WEA 1.0%004 7P S3htt. et NHH,PO, &
1.0% FH7keh wiRlolA # Ase] 7P ESkeh(Fig. 9).
Nannapaneni(2016)2] A4 KNO,, NH,NO,, CaNO,,
NaNO;E AF3FAL, 1 5 KNOOIA A&o] 71 9%
The Ba7t i

Alanine 5 14% ofv|i:=Abe| tste] #5-9] 4SS g
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A g-o] 718 ZUtH(Fig. 10). Cysteine 3RO ofn]
7] Holof| g5 e BE 5 opH| AR T E 3L
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(Fig. 11).
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Fig. 11. Effect of Cysteine concentration by V. bombycina in
basal medium (n = 8; error bar, standard deviation).
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Fig. 12. Effect of Organic acid for the growth V. bombycina
in basal medium. 1: Acetic acid, 2: Citric acid, 3: Gluconic
acid, 4: Lactic acid, 5: Maleic acid, 6: Propionic acid, 7:
Succinic acid (n = 7; error bar, standard deviation).
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Fig. 13. Effect of Lactic acid concentration by V. bombycina
in basal medium (n = 8; error bar, standard deviation).

Lactic acidg 7} wx|olA & A&o] 7P =3t
(Fig. 12). Lactic acid®] FH#sEE <lstr] = 23
st A3, HAFEE 0.07%92H, 1 ol3tE F43] A
&5 Solxth(Fig. 13).

F719% KCl 5 13914 CaClold 7P 2 Aske
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Fig. 14. Effect of inorganic salts for the growth V. bombycina
in basal medium. 1: KCl, 2: BaCl,, 3: CaCl, 4: CoCl, 5
Li,SO,, 6: MnSO, 7: MgSO,, 8: ZnSO,, 9: FeSO,, 10: AgNO,,
11: Na,MoO,, 12: KH,PO,, 13: FeCl; (n = 13; error bar,
standard deviation).
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Fig. 15. Effect of CaCl, concentration by V. bombycina in
basal medium (n = 10; error bar, standard deviation).
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Fig. 16. Comparison of the optimum condition medium(A)
and PDA(B) in the growth of V. bombycina ’s growth(mm,
7days).
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Fig. 17. Comparison of the optimum condition medium(A)
and PDA(B) in the growth of V. bombycinds growth(mm,
7days).

B AFANME V. bombycina 1]"‘]?1]94 YA
Aol 71Nk = FFAQ0 AR ABARS f1s HA ulg
215 st sk v bombyczna %L/\]-ZJI-J as
A HFe 9k 21 HA w2 EE 30°C, pH 8.0,
29 0.7% Soluble starch, §712 4% 0.7% Soytone,
F71429 1.0% (NH,),C,H,0,, o742t 0.1% Cysteine,
712 0.07% Lactic acid, 28|32 F7]9%E 7mM
CaCl, 27101t MZe] W s SSNA V. bombycina
o] HA WA= FF V. bombycina® Aol 2] &&=
T U Ao wgEnh, B A Aol wEl A )
Fx7o R udEmAe] RS S-S A 37 mm/
7daysZ 24 mm/7daysZ ¥ 2l PDA vl Rk
AR So] Wtk (Fig. 16, 17). SnjdEmAale] 7]27
1 A ASIES 2AFste] ERlE AF HolEle M
A A S st -4‘:‘]”%3% 1] A&-S
galed 719d Aoz dekdr)

ANl 25

J FATARE °J°415W13ﬁ
T ‘uw %% M gk FAA E8AA 75
(PJ01437002)> A 2] of| 2k x| xdo} = AF T

REFERENCES

Ahlawat OP, Singh M. 2014. Cultivation of Volvariella
bombycina, a temperate mushroom species. [CAR News
20:1-3.

Badalyan SM, Gasparyan AV, Garibyan NG 2003.



SR (Volvariella bombycina)?] W2 £24 2 dAF vl =4 4% 21

Investigation of the antioxidant activity of some basidial
macromycetes. Mikologiya i Fitopatologiya 37(5):63-68.
Bangyeekhun E, Sawetsuwannakul K, Romruen U. 2020.
UV-induced mutagenesis in JVolvariella volvaceato
improve mushroom yield. Songklanakarin J Sci Technol

42(4):910-916.

Chang ST, Yau CK. 1971. Volvariella volvaceaand its life
history. Amer J. Bot 58(6):552-561.

Clustal W, Thompson JD, Higgins DG, Gibson TJ. 1994.
Improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Res
22(22):4673-80.

Kim BK, Kim JH, Kim HW, Choi E. 1986. Cardiotoxicity
of CI-937, an anthrapyrazole anticancer drug candidate.
Saengyak Hakhoechi 171:39-48.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. 2018.
MEGA X: Molecular evolutionary genetics analysis
across computing platforms. Mol Biol Evol35:1547-1549.

Lee CJ, Moon JW, Yoo YM, Han JY, Cheong JC, Kong
WS. 2015. Optimum cultivation conditions for mass

production of antagonistic bacterium Pseudomonas
azotoformansHCS  effective in antagonistic of brown
blotch disease caused by Pseudomonas tolaasii. J
Mushroom 13(2):97-102.

Min GJ, Park HS, Lee EJ, Lee CJ. 2020. Culture
Characteristics and Optimal Conditions for Mycelial
Growth of Calocybe indica. Kor J Mycol 48(3):273-284.

Nannapaneni KK, Subbiah AK, Damodarasamy A. 2016.
Studies on the influence of carbon and nitrogen nutrition
on the chlamydospores production of Volvariella volvaceae
(Bull. Ex Fr.) sing. and Volvariella bombycina(Schaeff.)
Singer. Int J Current Res 8(07):34618-34623.

Saitou N, Nei M,. 1987. The neighbor-joining method: a
new method for reconstructing phylogenetic trees. Mol
Biol Evol 4(4):406-425.

Senthilarasu G, Sharma R, Singh SK. 2012. A new species
of Volvariellafrom India. Mycotaxon, 119(1):467-476.

Stanier RY, Palleroni NJ, Doudoroff M. 1966. The aerobic
pseudomonads: a taxonomic study. Microbiology 43(2):
159-271.



