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Cultivation characteristics and yield of Sparassis crispa
according to medium pH, medium moisture content, and
inoculum volume of liquid spawn

Byong-Soo Heo*, Kyu-Hwan Choi, Yeong-Min Jo, and Hee-Jun Kim

Jeollabuk-do Agricultural Research and Extension Services, lksan, 54591, Korea

ABSTRACT: The cultivation of Sparassis crispa in the beginning of the 2000s in South Korea, and the cultivar ‘Neowul” bred in
the Chonbuk Agricultural Research and Extension Service were registered first in 2016. However, there is no manual for the
cultivation of Sparassis crispa, and therefore, there remains a big difference in its harvest rate across farms. Herein, we aimed to
study the primordium formation conditions of Sparassis crispa ‘Neowul’ according to the medium pH, medium moisture content,
and inoculum volume of liquid spawn and develop a stable production technology. We found the annual yield per bottle relating
to the cultivation period, harvest rate, and the weight of fruiting body to be the highest at 363.6 g in the area cultivated at pH
3.8. However, it is thought that cultivation by adjusting the pH to 3.9+1 would be necessary for stable production, considering
that at pH 3.6, the yield sharply reduced to 189.5 g. Moreover, the culture period was shorter at pH 4.0 compared with that at
pH3.8, and the cultivation period at pH 4.0 was the same as that at pH 3.8. No significant difference in the weight of the
fruiting body at different conditions was recognized. Additionally, it is difficult to regulate the pH precisely in practical applications
in the farms. It is thought that 341.8 g Sparassis crispa will be produced per bottle annually if the medium moisture content is
adjusted to 65%, liquid spawn inoculum volume is equivalent to 4% of the medium volume, and the humidity in the culture

room is set to below 50%.
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ZoIH A (Sparassis crispa)ye WFEHAE, £50]

WA}, ZdolmAlLe] ks AR AMRERo = wa
oy} mjAlg H | ZM|SE Hol cauliflower mushroom
SR Bt 52 HRS 4E, S5 o), 4
SollA A (Yu er al., 2010), FHoIAE 899
AL, A, s 59 2FF9dA F2 daEn
(Park et al., 2009). 37 A7z Y3 FE5F5-A W
o] 8034 IHE WEolME 40em HERE TA Aete
Aol AR, EEAE A/ 1.5 me] FHRAME
AT, ZFolwAle] E9dE 1,3-p-D-glucan> %
% &S el ™ (Harada er al., 2004), ¥E}S£371S
AE W75 o= gofst Ay 7]50] Hojd
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Zow EEEM ATHOINO et al, 2002). Z3o|MAl <
WERF 7 S3Fe iR 2Add wet g8 4 dloH,
7t Bk of T"‘oﬂ 23, ol e A 59.5% 7HA] ¢
F3FaL tH(Wang et al., 2014). ©]&gk HﬂE}Jeﬂiﬂ 7
SHoR Qal vl e 20000 ZRHEE Al
£ A&, %141011*% 4% FH7 =] S
9-&0] 2016300 HZ= 250} 9o}, e}, 240)
WAL &k Afuielrd l 0% A3 w7t EE
ztol7t & AR eIk, olof] Fu ZFoHAl F7FE ZHA
AR A, dEEFFH HEo] FE AEiEA AL
o, 2% BF ujdr]7ho] 60~90Y HEE AL, AR
o] okl g F 9P Eo| HA ZAMEUTH. HESH, o)
£o] F3] Yol FHEL 0~10% W2 ZAMEIT. F
< FEAAE o] &g WAAAIA = wigE W Sy
FAE 5ol LPES otz o, wo|go] Az A
= A=A KTt webA] EEolHAl ‘g9 ol
2 sk AL 7S Adetaar 7 AFE
ES

M=z 3 S8

AETFE
B Aol AREE ZEEolw X (Sparassis crispa)e gt
Eresgrleddr S48 U s ANEAEE ARSI
. Y2 PDA(potato dextrose agar) H¥HX]o] H3F
stod 25°CollA] 304 7F viFet 5 AlthuiFshaA Al el
o] 8-kt Y+ 7] 45 mmel 52 FHol 42]E
°] PDB(potato dextrose broth)S Wi HFsle] FH|s}
3L, PR Gl A] wjeke] SEE AlPET 4388 Hit
H PDB 240 mlo] ¥ vt & 42]¢ PDBO| &3}
, 25°COllM 1447E F7] Mg AATHS HTAe=
O]‘g‘ol’/\}\

Euxo] MY pH P
Zgolulsle] wolxd RS Slal AKIA (v, %)

= GHSE P EL X 0k S77(80:15:5)F o83k
ot 7} R ge] 48, FuE A, T8 65%014
9 AR & Hup)E FARZ 3telar
ol &3l FTES 65%=E E
MD} 2019L:l 195E ¥k o2 121°C, 1508 A0
Ha 5 HE iR pH 0] 4.0, 4.5, 5.0, 5.57} =
E% N EEZAHCH0,)F B (CaCO,)S Z 718k
AHZ 241K wigslth. AFEPHI1E o8-8t
920 ml PPl 457+4 g AeHE 72082 Yt A
T 4em A7 B g3t olwo] Wi EEE
0.62 g/lem’ AT}, ¥IA]= *EE‘”HE 0]-§-g Aol A
121°CIA] 15052 B - 17°C2 BZaliTt. 12417¢
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om, o] o B FFIHE T3 AEH 7]
%T}_E WIEE FAeTh. wigo] S5 A+
= ASAT OBAA 1,000x FEOE FEANL,
20X 229715718 oSl 3% 7k, 9 4
Ao2 AAston, 47|17F 4em o) FAEW
F8E AAste] dolE fFEatnh. AHA S g
Al71E Aol Wialr] 2o silon, AHA e A7]=
TE ol 2 ot 7IE, AR, Eo|2 FiEste] A}
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Aol HH gelzd THEE S8 2020 19
3WEO T 121°C, 150% &7401]*1 g 5 HE )
A pH §%°] 3.4, 3.6, 3.8, 4.0, 427} H2E A E24
(CH 0,y Z718ke] AgEE 2417 wjgdsiict. 2
9le] nE WL obx 7)<&st Wl TSk ST}
T3 09 a0 AAS x| pHol| w2 WjIFERS =

o
ofy
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o

A7) S8, 2 wHoR 7 30 mme] AgeE ol
85 569l MAS S0omA YT FF F 1 m¥ I}
31, 54070 WjF F FAMAES EASISIT

MY RIS E X Y S =7

A A4 9ees Mg W SR F3e 9

& 20199 49%E 3uHIo 2 WX LS 60, 65, 70,
T5%=E ZHsaL, HE wiA| pH7t 3.940.57}F H =5 A E
22HCH;0,) S H7sled A= 2470wl
AEUH 7S o835t 920 ml PPl 457+4 g¥ A2
2 72085 YWStaL A4 dem ARH7HA ERY FESFA
o} H2dE wjAE 121°C, 1502 A0 94 ¢ W7
SlaL, AAFHS 30ml¥ JF T 4709 MFLE ol&
£ 50, 60, 70, 80%= AT 2 29
1 7]14%F vl 3 2A5HA kA

Zﬁ? 55 Slall 2020 4Y5E 3
HHX] pH7} 3.940.57} HEE AJE

%—8} 3 4em 21@77}74 Bl °‘Zo}
A= 121°C, 1507 270 da 2L Yzt
star, AMAFEHS A JEF-TQL 740 mle] 2, 3, 4, 5,
6%< 14.8, 22.2, 29.6, 37.0, 444 mIZ 7+ A2 EE F=
k. 2 9o RE WS oA 71&3 W FYs)
7'“ 0]’/\1\
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Table 1. Cultivation characteristics by the medium pH 4.0-5.5

Medium Incubation Primordium Growth period of Cultivation ~ Pinheading Contamination Harvest rate
pH period (days) formation period (days) fruiting body (days) period (days) rate (%) rate (%) (%)
4.0 62 18 31 111 99.0 0.6 98.4
45 77 16 31 124 98.0 49 93.2
5.0 130 1 28 159 46.3 67.9 14.9
55 - - - - - 100 0

& FAZEIY RA.03)S ol83stoH, 3
2 FASIT A o8 AR dd
%] #E4HEA (one-way analysis of variance)2 3+ &
p<0.059] #2]4Fo)A Duncan's multiple range testZ
AREAAEE ST

eI~

=Huix|el ™ pH 7Y

ZFolmAle] ozl THES 3 ¥ix] pHE 4.0,
4.5, 5.0, 5.52 243t Aulg A3, viSFL T+ pH 4.0
AGT7t 629 E 7P &AL, pH 4.5 ATl E 77
A& YePsteH, pH 5.0 A2]7+= 1309 = pH 4.0 thH]
2uf o] =2]Al M= ATH(Table 1). pH 5.5 A&7+
ARl Fe] Ay shaRE AR egken w5
g 9 H=o] ZAPE B718kith(Fig. 1). Heo er al.
(2006)> ZEFo|HA ARG HAZASZ pH 4.08 H
33k up =], ol e AME B ) FyhileA=
7o 270 A3 Aoz FkFETh pH 5.0 A FellA
HjeFo] 50% HAEAS o FARIGRES= pH 3.3~3.4
ZAE WHH ) AL Ago] o] FoiX|A] ke o]
HiA|= pH 6.02.2 S gl we} #AFe] Adxe o
S ofstEo] wjr]zko] AR BRE iz 27| pH 9
Fo] A= AL & F AJTHFig. 1).

o= pH 4.0 2277t 18Y, pH 4.5 H&+7}

it

Table 2. Change in pH in the region of mycelial growth in
growth stage by the medium pH 4.0-5.5

Medium pH
Before Incubation Initial primor- Harvest
inoculation ~ completed  dium formation = completed
4.0+0.05 3.3+0.05 3.3+£0.05 2.7+0.1
4.5+0.05 3.3£0.05 3.3£0.05 2.7+0.1
5.0+0.05 3.4+0.05 3.3+£0.05 2.7+0.1
5.520.05 - - -

1642 HIS=g 2, pH 5.0 MM e 192 YEls=
dl, o= 2@ w77kl wE wjA 2] pH WHSkE uf
FeE A on] 4717t FAH AL o7t AlztE] o] YERdG
A3z Aot A2E 47184 9@ dolrt AlRtEE
A7l A e pHE =43 A3, =¥ pH
3.3~3.42 UEREOH (Fig. 1, Table 2), 58 % wix] pH
2791 27N E 35 A T AHEATE DA == Ao]
2 (Data not shown)g ol wet B WjFollA] ZgolHAl
AP B ool Aghek 242 pH 3.3 o3tz wdd
T}, Park er al.(2009)> FEEoIHA WYX ] ESF pH7F
4.6~5.28F Bargk v} ol ol bk e AdxA,
WA ES] A FA, BEFY S5l o8 Q191Ad
iR o 220] gt 1 At thEA YERd 3
2 gt AS5A5E pH 4.0 A2} pH 4.5 A2+
oA Ll 3142 YERESH, pH 5.0 AgTellA=
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Table 3. Fruiting body characteristics and yield by the medium pH 4.0-5.5

Medium pH Pileus diameter (mm) Height (mm) Weight of fruiting body Yield*
Major axis Minor axis (g/bottle) (g/bottle/year)
4.0 132.7£8.5 94.9+19.4 114.6+£10.3 121.3° 392.5
4.5 133.7+12.4 106.0+10.6 110.3+10.6 124.9° 3426
5.0 125.4+14.9 86.1+6.0 103.9+6.9 105.1° 35.9°
5.5 - - - - 0

*Yield : 365/Incubation period(days) x Harvest rate(%) x Weight of fruiting body(g/bottle)
““Values with different superscript within a same row are significantly different (p<0.05) by DMRT.

AHE] ApA ] A A E R Zhdo] A
2Hgol] whet 5L #A JdERETE e, dold
T, ASYTFE T AMYsE pH 4.0 A7 1114
2 UEREOH, pH 4.5 A& olHth 139 7] 124U =
Uelta, pH 5.0 A2]7E pH 1594 2 Yelstt}, who]
&2 pH 4.0 A2} pH 4.5 A2/ 22 99%S}
98%= UEFOH, pH 5.0 A E]FolXe= 46.3%= e
Wk LHES pH 4.0 AZTOlA 0.6%=E 7P WAL
I3, ¥iA] pH7} EoldFE S7hshe AdelneH,
H 55004 A% QA=A waby, Hol&
AES 7B FFEL pH 4.0 77t 98.4%E 7t
19om, B0 2 pH 4.5 A2 77} 93.2%% 1

Y

ol

ll

o bo il

O

o >~
T

HiA] pH = AAAE st 2ARE A3, pH
4.5 A7t 1249, pH 4.0 H2)7}F 1213g0.2 et
ot fro e R %L, pH 5.0 Aol A
105.1 g© =2 A7 YEPgth(Table 3). whehr] Aujd<e,
ol &3 5L e £ pH 4.0 A TF7} 392.5¢g
o7 7P =gl w, ZoliiAl Aluldl A wx
pHE 4.00.2 Fdgt),

a2 olske] ZANAME AuiEA FEe] ot
of wa}l 20200 ¥lA] pHE 4.2, 4.0, 3,8, 3.6, 3.4% %
z%g].oj' &/\Vg;@ =i} ZHHHE/H‘Q- 74;@—3} Q;z} ]z‘ﬂ:ﬂr q]
WAL= pH 4.0 A2 771 549 ¥ £ 69.3 mm= 7}
& 39, U2 2 pH 4.2 2771 68.6 mm= ¥

fb‘hio‘/]' o] 7re] folAde QA eoktH(Table
4). pH 4.0 o]3} Z27elM= BlA] pH7t R&FE wjdS:

Table 4. Hyphal growth and changes in medium pH by the
medium pH 3.4-4.2

Medium pH Hyphal
Before After 54  growth
inoculation  days (mm)
4.2 3.28 68.6"
4.0 3.19 69.3"
3.8 3.19 65.9”
3.6 3.16 63.4°
3.4 3.11 56.6"

“UValues with different superscript within a same row are signifi-
cantly different (p<0.05) by DMRT.

E AZlM pH 3.28 olakned, #
1718 o] AFE Ao BEEe] nE
e

B WA pHE 2
2]
Rl [

Aoz 0T How F5Y

T HARE
Azl TolA] wel=
T })\AA]_:I'

WA A3, widde pH 4.0 257t 58U E 7
B om 202 pH 4.29 3.8°] z+7} 63U 64
Z AU} pH 3.6 A2 7= 762, pH 3.4 A7 80
2 wjFd g7t 4A vebdel wel, pH 3.6 olslellAE
TARYF o] ol e Ao = FE ] th(Table 5). WolU4
= pH 3.8 A7} 11YE 7P &#%om, oo 2 pH
4.0% pH 3.6°] 22+ 1793} 18U 2 F2ol wel, 3
HHo‘pzﬂ o] HHookm/\g_ u)—o]ol/\o] rsLo] 7501; 7]_11. %}3

2 pH 4.03} pH 3.8 270 AdHT A °°‘*% RE

= =g yebsth Al Wel 54l i = 5 ATl 3192 sdel mEt A pH 4.0
Table 5. Cultivation characteristics by the medium pH 3.4-4.2
Medium Incubation ~ Primordium forma- ~ Growth period of Cultivation Pinheading Contamina- Harvest rate
pH period (days) tion period (days) fruiting body (days)  period (days) rate (%) tion rate (%) (%)
4.2 63 20 31 114 98.0 27.6 71.0
4.0 58 17 31 106 99.0 16.6 82.6
3.8 64 11 31 106 99.0 15.0 84.2
3.6 76 18 31 125 99.0 443 55.1
3.4 80 20 31 131 99.0 76.4 234
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Table 6. Fruiting body characteristics and yield by the medium pH 3.4-4.2

Medium pH Pileus diameter (mm) Height (mm) Weight of fruiting Yield*
Major axis Minor axis body (g/bottle) (g/bottle/year)

42 130.549.5 95.0+10.2 112.048.5 117.3% 266.7°

40 132.248.1 105.246.5 114.6+7.8 125.8° 357.8°

3.8 131.747.2 105.2+6.0 114.5+7.1 125.4° 363.6°

36 125.249.0 102.2+7.4 109.0+8.1 117.8° 189.5°

34 125.049.2 101.5+8.2 105.5+8.3 114.0° 7434

*Yield : 365/Incubation period(days) x Harvest rate(%) x Weight of fruiting body(g/bottle)
“Values with different superscript within a same row are significantly different (p<0.05) by DMRT.
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Fig. 2. Contamination rate by the moisture content of medium and the relative humidity of culture room.

pH 3.8 |71 106¥= LA 7P &A%, thao
2 pH 4.2 X771 1144 2 Yepslth, @o]&-2 pH 4.2
A7t 98% AL, WA AglTe BT 99%= JEbd
o wWe}, pH 4.0 o|3lollA= o]} P F o2 o] Foix]
= Zog ddEn. 2HELS pH 3.8 X2 FolA 15.0%
2 7P 9k, o2 pH 4.0 A7t 16.6%A T
pH 3.6 A2l e @& 443%=E IA S7H8IAL
pH 3.4 AT FE 76.4%% QGE°] 7P E9UTh. o2
ANZ 2 u) vjz] pH7} 3.87HK] Sold 4= Lo wAl
o] MR W #AMES Foste] QHEC] Wolxl Zo=
s, 2 oo)stE WE 7P Aol e wid]
Zro]l AR el 2H9E ggo] A Fvkele AL
2 A wepx dolgd Q9ES IE g w9
A pH 5 pH 3.8 ~ 4.0 ATH T}

A pHE WY A FHE pH 4.0 ZA0A
125.8 g, pH 3.8 271914 1254 g0 2 Yelgtoy, ol
7k o)A de A EA] U TH(Table 6). pH 3.4 =710
AE 114.0g22 1319479 7HE 71 Ajd o= &+
tar 7P AA vebsth. e, e AHEA F
S 13 S pH 3.8 A7} 363.6g0 2 71 =
UERo W pH 3.6 20X = o] 189.5¢0 2
h= A, pH 4.0 2710] WiFds7F Fom, pH 3.8 &
I Blacste] A daTE 2aL, AHA S 2kl &

of

A

X, ol

(UM

5% 7HH o= st WX E ZASHAL, Wi W $5
£ 50%%5E 80%71A 10% 7HA o2 Z2-ste] wjket 4
= v At BE A olA s miAlgrEe] =5
T=, YgFET EE4E 29E] ST, 53
57} 80%Y wWE 2E Aol 2dE°] 100%
2 Yehdol el vl s 50% o3tz A ste] wjf
she Zlo] 4ad Zow ATFHETK(Fig. 2). YT
50% ¢ o] SHES mAITTEo] 75%Y ® 62.8%=
7P =4 EREe ™| 70% ZANME 2.2%E F435H
otk 3 v &8 60~65% e LG E°] w$-
vrol Fa ettt kA, SHETS IS = vis
HFEZ 50% o]3t= WFE wiATFES 70% o|FtE B
o] wjksor & oz dAE). Hdsre e )
FUre] zpol= Ao, wiRFrEEo] 75% 4w wj
FAdFE 519 7P AU, O Z 70%, 65%, 60%
7t 242F 604, 614, 6442 WX g0 HETE vk

i
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Table 7. Characteristics of culture by the moisture content of the medium

Moisture content of Incubation Primordium Growth period of  Cultivation period Pinheading
medium (%) period (days) formation period(days)  fruiting body (days) (days) rate (%)
60 64 30 31 125 99.0
65 61 32 31 124 99.0
70 60 32 31 123 99.0
75 51 7 31 89 99.0
400

Table 8. Characteristics of fruiting body by the moisture
content of the medium

Moisture  Pileus diameter (mm) Heicht Weight of
content of Major Minor (I:lgn) fruiting body
medium (%) axis axis (g/bottle)
60 121.5 101.7 106.9 124.7°
65 112.4 92.2 110.1 125.2°
70 127.6 95.7 113.0 116.5°
75 95.5 79.5 101.2 77.2°

““Values with different superscript within a same row are signifi-
cantly different (p<0.05) by DMRT.

717ke] AojR)= 7 &Fo]Ath(Table 7). L&} vA E&
75% BT W 9] AHOE Hols FAMY Ux
7 GA Bdel wel, wix AR Bohs W 3] w
E AR agdgrt At AE & JdoH, R
o] FAPTEAEE ot 9 Zo 7 dAgtEr), wold
FE MRS 60%4 302, 65%2 70% ZAA
3242 FY3IAL, 75%AA 742 7HF BA YERT
75% BASHEE Aol g T A W =2 F
oo 2 QlE| Wolrt 7] o] olet e AdE
Uehd Zlog F5HE. Aujdas wiAgTEe] 75%
o of R9YE 7P A@tow, WS 70%Y W 123
Aol AL, HiA & 60%7HA] 5% Holdrs 194 4
b

iR S AR FHS 60%SF 65% 2] T-ollA]
717} 124.7g, 125.2g01o4 ol 7] frolAd 18
] 2FSkTH(Table 8). 70% A 2]FolA= 116.5 gl oH,
75% WA EgFEE 772go® 7 AAl Vel
ol oA AWdl niel vRVIAZ wjA] ] w& FEF

Yield(g/bottle/year)

a
a
b a
60
300
b
250 m6s
a
200 e b
70
150 c
c
100 d 75
50 d
0
50 60 70

80
Relative humidity(%)

Fig. 3. Yield by the moisture content of medium and the
culture condition. Different small letters in each bar show
significant difference each treatment (p<0.05 by DMRT).
*Yield : 365/Incubation period(days) x [100-Contamination
rate(%)] x Pinheading rate(%) x Weight of fruiting body(g/
bottle)

Foz e 7] Wo|2 FEI i F5 W AA @
Aol W2 T ddEn, wAgeEE wixEA
I ARAA 35S AR A3, wiRAgEe] 65%Y
1 SAUEE 0.62 g/em’P2H, 70%L wWE 0.72 g/em’
ATHTable 9). ol= A W TR 2o]2 BE j
Agrgd AP AEFTE 160g &2 FUsIt). o]
AR FFEe T 7l WATETFE] 60%Y W
31.2%= 7Y =% ou, AESS 7IFo R d19S v
65%°N4 783%= 7FF =5l mel AHA Aitage
HATE 65%Y W 7FE 5 Aes deE
Park er al.(2011)2 EEolHAl 2] HAuA D=7} 0.76 g/
em’C 2 BYE vk Qe olE 65% WA 28t
MM AL S Gejdt A=, & AP wjAgrEel
w2 el Zpol7h ok vl Ul ddls=

A FEo] e QHE, AT, Eol &, ALATHE

Table 9. Characteristics of medium and productivity by the moisture content of the medium

Moistur? content of  Density of ngedium Fresh weight (g) Dry weight (g) Productivity (%)
medium (%) (g/em’) Weight basis (%)  Dry weight basis (%)
60 0.54 400 160 31.2 77.9
65 0.62 457 160 27.4 78.3
70 0.72 533 160 21.9 72.8
75 0.86 640 160 12.1 48.3
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Table 10. Yield and cultural characteristics by the inoculum volume of liquid spawn

Inoculum Incubation Primordium Growth period Cultivation _. . L Weight of Yield*
. . o, . Pinheading Contamination Harvest .
volume  period formation of fruiting period rate (%) rate (%) rate(%) fruiting body  (g/bottle/

(%) (days)  period (days) body (days)  (days) ’ ° ° (g/bottle) year)

2 70 35 31 136 99.0 20.5 78.8 119.4° 252.5¢

3 70 35 31 136 99.0 5.7 93.5 131.6" 330.2%

4 61 36 31 128 99.0 6.1 93.0 128.9° 341.8"

5 56 43 31 130 99.0 5.7 93.4 127.5 334.4°

6 58 42 31 131 99.0 5.7 93.5 124.8° 325.1°

*Yield : 365/Incubation period(days) x Harvest rate(%) x Weight of fruiting body(g/bottle)
“YValues with different superscript within a same row are significantly different (p<0.05) by DMRT.

S 13 FHFE AUFE 50% ZA0A wiR|gHEEo]
65% w 364.5 g0 & 7P 9451903, SO E 60%Y
w 357.2 golR o, ol AAHA kot 2y
FHEFE 60% 27N A ErEo] 65%d o T
337.6 g°]3L, 60%< W] 252.4 g0 & FA 7tA3te] ula},
FHEE 50% olah, WiAETE 60~65% 710 EE0]
WAL Ao H4 2oz dhdEh(Fig. 3). 712 &
AlE-2 920 ml WS o83t 65% WA ETE 7oA
iR W aFo] 457 ¢ ] 125.2 g2 AAFEII oL, Bt
N F=2 AREsh= 1,100 ml HE o]&-ste] A Aol
= MAYEF STt mE 5 ST oo

HH ST MY T

WA A HEF 782 fls) viA pHE pH 3.9
2 s miA PRI 2%AM 6%7H] 1% 142
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