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ABSTRACT

This study evaluated the raw materials for spawning Perenniporia fraxinea, to eliminate
urushiol. The growth rates of spawns on grains of millet, brown rice, and wheat were

'.) 4.92+0.05, 2.20%0.03, and 1.93%0.03 mm/day, respectively, and the laccase activity was
T 0.86+0.02, 0.04+0.01, and 0.01£0.00 U/mL, respectively. These observations revealed
updates

millet as the most appropriate grain for spawn production in terms of growth rate and
enzyme activity. Inoculation of lacquer tree (Rhus verniciflua Stokes) stem bark with millet

a OPEN ACCESS spawns of P. fraxinea resulted in a reduction of its urushiol contents, up to 86.6% on the

Fe’:ggnfgggg:g;g third day and up to 98.5% on the seventh day. The optimal period of cultivation to eliminate
' urushiol was three days with 68% of residual flavonoids and 42% of phenolic components.
Kor. J. Mycol. 2019 September, 47(4): 347-57 When compared to the product cultivated from liquid spawn, the millet spawn reduced the

https.//doi.org/10.4489/KJM.20190040
ttps/jdoiorg/ / cultivation period from 10 days to 3 days for eliminating urushiol.
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B2 ARESII

Urushiol 24

Urushiol-2 HPLC (Waters Co. Milford, MA, USA)E- ©]-8-5}0] 415191t} 2710 2 column Halo
column (4.6 X 100 mm, 2.7 um, Advanced Materials Technology Co., Wilmington, DE, USA)= A2
AT, AJEE2] = 85% methanolS O] SAHO & AFESIYITE HAL AR2o)A] AAEIE CH flow
rate= 0.5 mL/min, UV 7Z7|2] 32 203 nmo| Tt EFE0 2 AFEH C15:3 (pentadecatrienyl
catechol), C15:2 (pentadecadienyl catechol), C15:1 (pentadecenyl catechol)<> Phyto-Lab GmbH&Co. KG
(Vestenbergsgreuth, Germany)°l| 4] -4 5} AFE-51ATE

Flavonoid £

Flavonoid= HPLC (Waters Co.)E o]-&5}o] £A51Ith 2722 columne YMC-Pack Pro C18
RS (4.6X250 mm, 5 um, YMC Co., Tyoto, Japan)= AF8-5+ 11, AJE-E2]= 0.1% formic acid”} &+
= E3}0.1% formic acid”F E-7-H acetonitrile 8-S gradientsto] o] 540 2 A-8-51Qch FA]
2 /g20lA AAISHA 2 H flow ratet= 0.8 mL/min, UV AZE7]2] 5P4-2 270 nm©| it EFEE2
2 AF8-H fustin, fisetin, sulfuretin, quercetin, butein- ExtrasyntheseAH(Lyon Nord, France)] A &= -
nfjsto] ARE-SHRIT.

Phenolic A&

Phenolic /342 HPLC (Waters Co.)S- 0]-8-5}0] £33t 2710 2 column Halo column (4.6 X
100 mm, 2.7 £ m, Advanced Materials Technology Co.)= AH&-5F31 1L, Ad F-&-2]+= 0.1% formic acid”}
S =1} 0.1% formic acid”} $H--¥ acetonitrile &Y gradientsto] 0] 54+ 0 2 ARE-51%IT &2
A2 Ak-eof| A AXEEA 2 H flow rate= 0.8 mL/min, UV AZ7]|9] 542 310 imo| itk E&2E
O 2 AR89 gallic acid+ Sigma- Aldnch/\]‘(St Louis, MO, USA)2] A& AH8-5+% 31, Methyl gallate,

PGG (Penta-O-galloyl-3-D-glucose)= Shul Al EFgtutol|A 2e]- Bt Fold A3 ARES
ACHS]
SAXzE|

EAA 2= §Ol4FE 5% (p<0.05)2 A 5Io] EAHLA (0ne way ANOVAYS AA|G1 00, S5
o] £t A/ d7E ko] A& Yot 7] 91510] Pearson A HEA = AAISHITE B4 T2
138-8 Minitab 17 (Minitab Inc., State College, PA, USA)= AH&-5H3I Tt
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I Zrfjof] B]5ko] Z|) 16.8% =9k RHH, A1 thal 2l sake- 2 46.38) &=A] A5t
124t ZHzho] A 2o Al F A of n]X|= A AI4(Table 1= A%, 88, BHpolE, Tz oN
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Fig. 1. Growth rate of the Perenniporia fraxinea on spawn media with different grain sources.

Table 1. Correlation analysis of general components of raw material and growth rate for spawning of
Perenniporia fraxinea

Concentration g/100 g dry base Correlation analysis

Millet Brownrice Wheat Lacquertree  Coefficient P-value
Moisture 12.54 14.31 12.76 16.59 0.187 0.813
Crud fat 231 2.67 0.81 0.82 0.071 0.929
Ash 1.19 1.69 1.19 0.65 -0.563 0.473
Carbohydrate 85.79 88.63 84.09 98.24 0.391 0.609
Protein 10.71 7.00 13.90 0.30 -0.393 0.607
C/N ratio 1.28 2.03 0.97 52.44 0.421 0.579
YGrowth rate (mm/day) 4.52 2.20 1.93 3.97

"The growth rate of P, fraxinea mycelium in grain substrates is described in Fig. 1.
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g°ﬂ H]sto] 8.4 o/ AUt 224 EA4Jo] FAlFAlol v|x|= FEFS Ao A (Table 2)

NS, 115 (length), B2 (width), F7AI2ke] /d2Hd o] ZH2E-0.960,-0.990, -0.997, -0.9100 = 2E
L Ao||A A YRt 53], o] FollA] FE9] Z-2F Zojof st i Ale9] PAR2 00482
SAA §9/dE Uetgich 222 27] 9 FE7t A dAR] SAl0l 2 9 vIAl=
Ao & o). F 2= A7)7} Ao} E Ato] 9] o] o] F-2 vhH, Fn|et I Feto] o)A
Zof vlgto] 27| ufZoll FA7F =A FAlohe 202 AZHET eju iEkeh -2 flsiA
= 2243, B A Afo], ST Sof el Boh st HEV destch

Table 2. Correlation analysis of physical characteristics of grain used as raw material and growth rate for
spawning of Perenniporia ffaxinea

Correlation analysis

Millet Brown rice Wheat =
Coefficient P-value
Weight of 1000 seeds 2.8+0.07°  22.67£0.63" 34.57+0.63" -0.960 0.181
Length 1.68+0.09° 525+0.33"  6.39+0.34" -0.990 0.089
Width 1.71£0.15° 2.94+0.13°  3.21£0.25° -0.997 0.048
Thickness 1.37+0.14° 2.09+0.10°  2.81+0.32¢ -0.910 0.273

Values are presented as mean+standard deviation and values with different superscripts in the same row
are significantly different at p<0.05.

27} vl 2ol A 2] Jaccase/d (Table 3)2 & HIYE©] 0.86 UmLE &0 0.04, ' 0.01 U/mLOl|
H]5to] 21,58 o) =A] Ukt 55] 2 i FEC] laccaseZ/ 0] U B HIYES] E4%
3081 UmLETHE &2 7102 IE|]th Laccase urushiolS A|75H= 5 .23F G 4-0|H[5]
2] o] 24 Y i FRo] whef Agakefol] Xfo]7} Qle A0 2 A RUTh12,13]. F4H AL
laccase’JAF Z710f| thafjA = e vi7F EA] kot “Ele] 9] AE21 Pleurotus sajar-cajuS: ©]
2] sAbAkdol| v et At oA =2 laccase YA 1415 UEHIE 2102 FARE| ]I o4
o] A2 HE Al o] #Al/d 7 S 72 1 laccase@/d 0] =0} 20l 27 urushiol A1| 7
o B2 & 4 e 2 E TS FEE A= Aol EFgsigich

Table 3. Laccase activity of Perenniporia fiaxinea grain spawn

Gain spawn
Millet Brown rice Wheat Lacquer tree
Laccase activity (Unit/mL) 0.86+0.02" 0.04+0.01" 0.01£0.00" 0.81+0.03"

Values are presented as meantstandard deviation and values with different superscripts in the same row
are significantly different at p<0.05.

Urushiol &2ke| s}

ZUF 4o oA i A Su-2 FEe T FAIA 22 urushiol®] SHFHSHE o
}@E}(Table 4). D=1 2+ 7420 23HE yrushiol2] EF2 C15:30] 357.9, C15:27} 98.1,

C15:1°] 181.8 mgkg Q& C15:39] Frgo| 714 = 2

¢

3l Al ST} o] & 37FA] congener /3 £2] ¥
1 urushiol F& 637.8 mg/kgo| Ut 2L Z & ol S35 A urushiol Ad+2] $H A<=HA
Ul 327 118,05 mgke ©J5F2 AH|%%0] 81.5%7F ZHAE 0] A B 1733 mgke®] 225

I

h

The Korean Journal of Mycology 2019 Vol.47

352



Efficiency of elimination urushiol from R. verniciflua by P. fraxinea

Al 29t 124 8 3 o] FRE= urushiol®] A4 ZEo] A L v 4UR o] A=
2 36.81 mgkg2 2 UERHTE Urushiol 2] £ I 44 A 87.3%, BN 6 LA 90.9%, BIF 7L 4]
94.7%7A| Z1 =4t

Table 4. Changes in urushiol on the seventh day of cultivation by spawn volume

Non-cultured Cultured (mg/kg)
Compounds
(mg/kg) 10% 20% 30% 40% 50%
Cl15:3 357.94+1.06" 19.04+0.06° 16.30+0.00° 4.75+0.06° 9.67+0.28°  9.44+0.46°
Cl15:2 96.8442.31*°  0.23+0.05° trace n.d. 0.79+0.10° n.d.
Cl15:1 179.11+£0.10°  14.82+0.08"° 14.71+0.04" 4.61+0.08° 10.15+0.11° 5.51+0.16°
Total 637.9+1.35" 34.09+0.19" 31.01+0.00° 9.36+0.14" 20.61+0.49" 14.95+0.45°

Values are presented as meantstandard deviation and values with different superscripts in the same row
are significantly different at p<0.05.
n.d.: not detected.

Tt A&l wh2 vl 78 A 2] urushiol FHEFS AT E ZAIK Table 4) 10% HE7= 34.09,
20-40%7HA)= Z+2} 31.01, 9.36, 20.61, 14.95 mg/kg Q-2 30% 3] 2] 7Lol| A urushiol A7 &7} 7}
7 =9k 1 o) Yol APt Eol B Aol Ut T 30% H7FsIS 7% v 72 A
urushiol A 782 98.5%=2 LFERSTE Choi 5{512 013 7oA Fbt 54 Sd-2 AR&-5 vl
T 73 v 28 LA 93%2] urushiol A& E AT Kim 58] H£3t A4=HAl Mol HA|E:
T2 0|83t AlollA] i 138tel] 93.6%71A] A A ] o] & v F-2 AH-5H= 20| urushiol
A Aol Z1FA 0] i}, o] = 2L o vl 73S 20% 410141 B S 739 vl 1524 2F 98%
o] AAE[51E Eolil Qlo] 2o A 5 JFUe B4 & 49 viFEE 2t urushiol
AAEo] S7t]= A= o]t 4= Ut ohek, 2ol TR urushiol e 98%7HA] THAA|
71t dels AlRbo] vl 7ok AR Zoll HiAZ] S-S AHEshe 2ol 15Ul
A 7R S9SN £ Qe A o= YT o] 29| JFARI SHI} S A ZAl0] YAk
laccase(Table 3)7} BRY Z-0| urushiol A A E- =22 71 0 2 A7t

Flavonoid, phenolic A&£2| g2k tHs}

2L 7o) Aol ZA1E B E2] flavonoid AJE2] HIgtE A2 02 Baslct
(Table 5). Y=< 2L 742 of| S fustin, fisetin, sulfuretin, quercetin, butein®] $H-2 212} 13 4,
38.5, 189, 203, 17.2 mgkgo| itk o] 5 A 22] 32 1083 mgkgo| oM, A4=rAlo] ZA5t
of mha} Zrash= 7 0 & UERG THFig. 3).

HI Y 32 A floavonoid A} -2 TS 7374 mg/kg O = AAGF thH| 32947} ZHASHA L vl
717tol| 2]&2 0 & ZhAsilrh ulloF 7UH) 4333 mgkg 2 E 60%7HA] ZHAE| QT A Zekol| et
M FE7Fo] S71sPH A 4333 mgkgollA] 32.09-2047 mgkg 22 flavonoid SHHE2] FEf T
Lropx|= 710 @ ZALE|QIT), 7 AR 2= 10% 7ol A] fustin, fisetin, sulfuretin, quercetin,
butein®] Z}ZF LETHH] 90.7%, 60.3%, 63.5%, 49.5%, 44.1% 72> 0] fustin’d 2] Zh4-80] 714
=R butein’dH2] HA-go] 7P ol JRE & I THE A 0 &2 AL QLY

SHH phenolic /35-2] SHFE <Al B ol 2JsiA] ZHAshe S I THFig. 4, Table 6).
AEo] 21} 7o ZZHE gallic acid, methyl gallate, PGG] 3H-& ZF2} 112.30, 5.28, 52.09 mg/
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Table 5. Changes in flavonoid compounds on the seventh day of cultivation by spawn volume

Non-cultured Cultured (mg/kg)
Compounds

(mg/kg) 10% 20% 30% 40% 50%
Fustin 13.40+1.02*  1.25+0.00°  0.38+0.00™ 0.46+0.00* 0.51+0.02™ n.d.
Fisetin 38.50+1.02°  15.30+0.02° 10.99+0.02° 11.89+0.05° 9.94+0.00° 6.68+0.22°

Sulfuretin 18.90+0.04"  6.90+0.04"  6.23+0.02* 5.78+0.11° 5.54£0.29° 3.33+0.28"
Quercetin 20.33+0.07"  10.26+0.00°  6.74+0.01°°  6.94+£0.01°  6.52+0.01  5.89+0.06°
Butein 17.20£0.80°  9.62+£0.00°  7.75+0.02°  6.43+0.07°  6.50+0.07° 4.57+0.00"
Total 108.33+0.69"  43.33£0.05" 32.09+0.08° 31.50+0.22° 29.01+0.18° 20.47+0.32°

Values are presented as mean+standard deviation and values with different superscripts in the same row
are significantly different at p<0.05.
n.d.: not detected.

ke O] AL} 0|5 AE-0] T2 169,67 mgkeO] P21} B 3220l 7126 mgkg Q-2 58.1% ZHAE]
T HF 7Ll 27.91 mgkgZHA] A4S ATk AR FT-S AREFH Kim 5{8]2] AolA =
¥ 102210l A flavonoid SFEHE-S 56.2%, phenolicAdE-2- 70.7% ZHAsto] & 1Lo] Ao} &
AFekZl0 2 ElE] et

Flavonoid $}3HE 2 phenolicd 22 & &/J[15], FAIEL] F419A|[16,17] 59 71548
71213 9lo] 2ol §lo} Fe3t JREo|h mehA o)5 RS BESKT wrushiol & AEH 0
Table 6. Changes in phenolic compounds on the seventh day of cultivation by spawn volume
Compounds Non-cultured Cultured (mg/kg)

(mg/kg) 10% 20% 30% 40% 50%
Gallic acid 112.30£0.30°  14.57+0.14° 11.34+0.36° 16.92+0.15" 14.09+0.11" 14.95+0.00
Methyl gallate ~ 5.28+0.22° n.d. n.d. n.d. n.d. n.d.
PGG 52.09+1.01" 13.34+2.11° 10.44+£1.72° 10.13+£1.52" 11.88+0.20° 13.92:+0.82°
Total 164.67+6.69"  27.91£2.19° 21.78+2.14° 27.05+1.35" 25.97+0.21° 28.87+0.77°

Values are presented as mean+standard deviation and values with different superscripts in the same row
are significantly different at p<0.05.
n.d.: not detected.

g 0% eeffim)0% e—p—300% e—l0%  e—g—50%

w
=

Urushiol (mg/kg)

wn
=Y
il

2 3 4

Culture period (day)

Fig. 2. Change in urushiol content during the cultivation of Rhus vemiciflua stem bark by inoculation
volume of Perenniporia fiaxinea millet spawn.
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= 10% (% e300 e—0 5%

Flavonoid {mg/lkg)

w
L

Culture period (day)

Fig. 3. Change in flavonoid content during the cultivation of Rhus verniciflua stem bark by inoculation
volume of Perenniporia fraxinea millet spawn.

Phenolic compounds (mg/kg)

1 2 3 4 5 6

Culture period (day)

Fig. 4. Change in phenolic compounds during the cultivation of Rhus verniciflua stem bark by
inoculation volume of Perenniporia fiaxinea millet spawn.
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2=t 109 71l 428 W, Zof] vifH S5 30% ARESHH 86.6% A4Al7| =T 39
2 @EZ2AZ(Fig 2) 4 U= FHo] et o]0l - flavonoid AJE-2 ;ﬂ' £ 50%C1A 68%=,
phenolicA9] 28 2 30%0ll A 4092 B715ISAk ROFHE, 28 0] 88 TAFEE AL
29| e 27] 22 urushiols A 75h=T £ &= 7 |7He TBEFAIZI o1, o] 2 Qlgh

TS| 2 Q% oA 4 2 Ao 2 WeEr

U] wrushiol AIAE 25t/ 75‘1?_‘ Hjg7 |t tisto] H EskQint. A Al o] = #]

2 21} 74 & of| 2581 9] E-2 1 100°CollA] 8AI7H B33P 3.61 mgkg?] urushiol°] A&
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