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Industrial utilization of spent mushroom substrate
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ABSTRACT: Over a million tons of spent mushroom substrate (SMS) are generated as by-products of mushroom cultivation every
year in Korea. Disposal of SMS by mushroom farmers is difficult, therefore, recycling solutions that do not harm the environment
are necessary. SMS consists of mushroom mycelia and residues of fruiting bodies, containing a variety of bioactive substances,
such as extracellular enzymes, antimicrobial compounds, and secondary metabolites. This paper reviews utility of SMS for
bioremediation, controlling plant disease, and production of lignocellulytic enzymes, organic fertilizer, and animal feed.
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U A S 197 of EOR FihAle] 73
WAL 2HEs7t o5 HHA] B Auyrt 3
8 AileR HFE o] Bo], FEl, bF/}E]tﬂHQi
”%‘ﬂ"*-"/l 88% o= 72}1]5}5’— o], =Fgdo
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*ﬂ’&ﬂ I Q2™ (Ministry of agriculture, food and rural
affairs, 2018). YAHMAS FaH|Alo] FFo0 7 Flo]
20184 24,800E H=7| AAE o AAEEYE 9
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3tx]of glt}(Korea Rural Economic Institute. 2019). W
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A A EE AR B, B, M mEgs
5 o] £4o] o) sk glor] WAL £3 s

42 wAlS 428 & wA| (spent mushroom substrate,
SMS)ZaL st WAl el = WAL 1 kgs BAkshe
ol 5 kg% EAY (Williams et al., Kang et al., 2017) =
= AL 78 FY oA giEEdoz ¢k 1005HE o)A
o] At HAL Qe Ao A= "ot =EHA,
A, Sl A o] WAl o] 7% Fuke] HUME
Zo|AY Fy thAl Fx2Ev Wy, Wrle =5
AHE-SFAL AbEst Al o3k R AmE A%
AR A £ £ ujR] o] Fgo] Thssithe ol
ATk SMS7} Aol W& 2 75 o dH AuA
& 5 B Aol % 2 S Uk kA SMSE A
28 Hjte] AAIF R AFuo] LA &gl A=4

=, W 5=

AL

o g Aol k. SMSE ¥R = W AP
2 FHS AFD T 3040989 24 AT 109
o WA AAAR A S v F dolX e pAE W

A% 2 2 slond Aol S, dga 24t
|4 “(l?r"g‘ EZo] of &St 7hdst &

A RIS fEA o2 A9k
1 5 do vd= o f-8=42
2FS- f13ked AAEle] submerged fermentation (SF)-
S o]83l Solid state fermentation

ME}(Subramamyam and Vimala,
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Table 1. Utilization on properties of spent mushroom substrate

Spent mush-

Utilization
room substrate

Land restoration,
Soil conditioner

Reduction of soil compaction
Physical

i Reduction in soil erosion
properties

Improvement of drainage
Increasement of water retention capacity in soil

Feedstock for heat and power production

Addition of macro and micronutrient

Bioremediation

(restoration of contaminated soils and water)
Chemical

properties Organic fertilizer

Soil conditioner

Extraction of lignocellulytic enzymes, cellulase,
xylanase, laccase et al.

Enhanced activity of microorganisms
Plant disease controls

Biological
properties

Antibiotic production by beneficial
microorganisms

Reuse in mushroom substrate

Feeding for livestock

(Suess and Curtis, 2006)
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2012). SSFH ] FH4 &8 2 EH A, 5] A
E5HA WAl fast EZAAS St Beauveria
metarhizium, Trichoderma spp.2] W&} 22 &80
ET Amylase, Cellulase, Protease, Pectinase, Xylanase,
Laccase 59| A& 4, Penicillin 5 3HYEZ A4, Citric
acid, Fumaric acids®| 714 AAF 5o &8 =L Ut}
SSF& SFHUTF ApAghAol] frAafsto] tharst &2 oL A
IS e & dow AujgoR FAgo] ghdsith
(Subramaniyam and Vimala, 2012).

Table 1> SMS=2]4], 3}, A& &= A3t
Rolch, Be A Ehs EFEAA, Y] FRAM, B
PHAA, EFREHAANN So] FHHAORE FEAG
of EFE 2 glom A ouH BN AT FF
AREM SMSE ARE-sh= 2ol tieh 4eeh Aila A7
7F =3 & v} Ut (McCahey ef al, 2001; Suess and
Curtis, 2006; Williams ef al., 2009). SMSZ Z&3}3}
AEE 7Hdetal A7) sk 98 &€ 3l Al=F
= AHgSte Zlo] EEM siiel def FHIE oyA|
£ AYAF 3k} (Suess and Curtis, 2006). SMS2] 3}5}H4]
BREE HEY FYEE T T U IE ¥R
2 &8, EY, B e Y o EFS =
bioremiadation, SMS®l| &5l ZR & G40 A F

8-S 5 4= AtH(Lim and Kang, 2006). 4 E3H% &3}
2ZA SMS FEE9] 215 WA o8, YA AYakS 9
g FravtS SMSell Al HEete] SSFuiAIE AjghE-, ¥
AuA)e 913k SMSe] Al &8 £ 5 3t} 53], SMS
= 7153 a7 888 9t B A 9 | vt
A th(Braun et al., 2000; Mann et al.,1994; Moon et al.,
2012; Rinker, 2017; Sevilla et al.,1989).

2 =i E WAl 78 3 aR) o] B as £
o]& AEAAEZ &7, Bioremidiation, 2]& H Ht
1EALE] gk #Ee ATe) A AeddS 3
o7 ZHE3l SMSS &3 sHFAE
G8AEE AlFetet F50] A

HA & £ HiX|e] AESMEEZ 1t

SMS+= EWNZAZ o] &= on A2 B
B2 o]&71X7} ETH(Szmidt, 1994) SMSel T4 A
cellulose®} ligninitall AHE= 712291 H]E4JE<] NPK
9} Mg, Fe, Cus PFALE 2361 Qlo] 250 -8
St Yo R Ag T F o BESTRe) 3, 7
HFES M7= T8 28 sto] 2HEe] Ak
& Sl sh Bl T8 28-S s ZloE
B7F Ak (Lohr, 1984; Maher, 1994; Suess and Curtis,
2006).

Zrele] SMS & FE98 BEvlERRY B35 22t
IS F a5 AR uF gz v]ste] 27go]
47% oI ST 4 JEF Hee 15~25%,
A FE 30~40%, BAFO] 85% o), HIWAFE
70% oI’ F7HE = AEAEESNEAE B & vk 3)
(Kwak et al., 2015). =2]o|X = 2F=el2| WA (Pleurotus
pulmonarius)®] SMS7t 232}, EvlE, 1o 4431
< 9st ESREAR o8 E v} 3o (Jonathan ef al.,
2011) SMSH = v Aol vlate] 2EAe] 2%
o] 28 ool AAE EFXINHoH o Fo] A= 2vf
o]t F7tE|o] ofAl AE9 ko] FAS] FUEAT
3 AT S=EEHA £ § wiAE o]&g /1715
H|E Azste] EHu] 95249 o|&7lsdATE 3
3+ v} JTH(Kim er al., 2014). HH]2] Wolse S A
7] 93l Qe], F, 45, uiFE s & dolg
AFE 2AHEACH SMS 100%A 2 FollA 7 &
o} A4S YeRATE. SMSE HAlo] Astkeh= 74
54 73 aAgdoR wix 7} I8lE A #AAI7E oY
3t O & Aatshe ) sl FA QI Ee] Z7t
stal A, i, 2lad, AE2 20t Ao as 2

=
714 wES) nFgess 3
4

i oy N

@ S o

]

o > ]
N

OS2 EFTTH BEYS STl EGXEARE 2
% AtH(Suess and Curtis, 2006). SMSE ©]-&3F Z-=EA4Y
2k FIMAF oAl SMSE o]&-3le] ErntEs ¥



Al A8 3 uk gler gFo] SMSE ol&ste A
7, AHE 5 BAe] /1712 BlEE AR ® bt At
(Uzun, 2004, Zhu et al., 2013). & ¥ SMSZF-E<] v
Far wE WHF 18R FEE HAETE0
A Ao vl {83 mEe s B ER e 5

o4 Ye Aoz Ay Hrk.

HA 2t SHIX2RE SE 2ligase

o] mho] Qufj o] A= 70% ©]/Fo] cellulose<t
hemicellulose 52 H-FAZ A= o oF 30% 4
%7} lignino 2 g o] A-fraet AarsiAl AetE o] 9l
o] Af-AEsE Wsl et (Buswell ef al., 1996). HFo] L
o] Bl wE}l FAKE cellulase, xylanase & o=
lignin F3 84S FH|et FES FIHAIT|A = 24
S 2 WA= & 2 HE-SF (Brown rot fungi), ¥4
o2 AT E A& WS (White rot fungi)olz}
s}, A2 MAFAR 7 ligning AA] #3l|3Ho =2
G = ol A =L WAL FAR] 7} lignin
LS vhg Arlste] WA o7 WAlsh= Ao 7 A7}
F3 JtHLim and Kang, 2016). Cellulases2} t]H-E2
xylanase= glycoside hydrolases 152 4= L&A )
o FHZol= 2,5005F ©1/3] glycoside hydrolases”t
115 families® 5/ =o] B 73 th(Sanchez, 2009). Lignin
H3] G4 laccase, manganese peroxidises(Mp), lignin
peroxidises(Lp)7t ¥&4  th(Saranyu and Rakrudee,
2007). o2fg EAR EA0E ARArY, vholom 2] B
sh, 7157k, A, FERA ol E857) =

AU o] 2FEstol] fldol B Ajui7t de] o]-8= L
o SMSE Qo] A9 1AL wARSF adido] &
Estal o] HATELBAS 918w =2 AlEo|
th(Fig. 1). ¥Alo] BH|3F T2 ksl Holol] Akl
o7 A8 Uk A HE 3L FIPHA] A 24E
Ak = qlol BAA 7RA7F - okl & 5 Sl
HA SMSEHE HAEs g4 A= aHA, o
e, &Fol, WA, =ERHAL, HolHAl Fol
A =Y = At} (Ayala et al., 2011; Ball and Jacson, 1995;
Lim et al., 2013; Lim et al, 2012; Lim and Kang,
2016; Ko et al., 2005; Singh et al, 2003). Lim &
(2012)& Triton-X, 0.05 M sodium citrate(pH4.8)E /3
sk= F% bufferel] wE =Ele|HAlZ solHAl SMS ¢ o-
amylase, cellulase, B-glucosidase, xylanase, [-xylosidase,
laccase®] BATAXE FAlsle] SMSE HE|Q ZZ R3]
20 HH FE2E AR vk 3ok =ElE] SMS
A amylaseZd 2 F&2 0.025% Triton-X buffercll A =
& 248 YeRZ, cellulase®} Xylanasee 0.05 M
sodium citrate(pH4.8)°14 7Fd =& A4S HYoH
Laccase®] 739 & T2 7P =& &) = A
o2 B A cellulase= 50CIM €4 24 pH7E

@ (b)

8% Hemicellulose
18%

Nonfibrous
carbohydrate
10%

WNIPeW UO[RAI}NI-UON
8}eJisgns Woolysnw juads

Component of spent mushroom substrate

Fig 1. Characteristics of spent mushroom substrate compared
to non-cultivation medium (a) and component of the spent
mushroom substrate of Pleurotus ostreatus (b)

5.0-6.0°]™ laccase= pH 3.0-5.0%1 HOZ w]Fo] Ho}
50 mM sodium citrate buffer (pH 4.5)7} =& F&
bufferz shtE A% E v Aok, WALS] A7 vix] pH7}
5-7 ]2 tF-E2] FFo]F2] laccase= pH 49 2HIZ
Aol 7148 & Bk, cellulase, xylanase, #3271
© IR pH 4.5¢] bufferol 4] &e] Ao =t BIAL
Wi = A A A AXHEA] viR] A S el BkaL
F710F 5o AdsE Adito]l AatEo] A EA o AFAA)
FA7olle AT ELe] TS Fuis & F 2
= A o] Ho aagHo] 343 T8t &
2l g3t 943 dofvhe AR A7t E S
SMSe] w2 pHE ¢ &4 HA w7 734 a4
&S Ao A7t At

Ball 5 (1995)% k0] SMSEYE FZ buffer'd &
423488 ZAF A3 0.5 M phosphate buffer (pH 7.5)
Ho} B8 F7)sla E818 22 blendingdt SMS oA 10
i ©]/%e] xylanase &40] EUTEAL STt cellulase,

:olgl
>

Ao g ARY skt vhgdt WAl FellA A SMSe]
EAE gy 548 Ak flste] U o84t
HARI =ete], =t Wolot =g o], =g T,
e, A, MESelS AR g B lTh(Fig. 2,
Lim et al, 2013). =E}2]HA SMS+= amylase (2.35 Ulg),
cellulase (1.6 U/g), xylanase (90 U/g), laccase (2.5 U/g)
2 & WAl F9 SMS| Hlate] 1E A4S B
o FLElISMSE e WAl 9 SMSET} laccase

2
o2 By HYrh ZLElE]SMS9 =L JaccaseTAS AF
AA o2 ALAS HZ37] 95k remazol brilliant blue
R (RBBR)3} congo red$} 722 QlFAlio] g@Algis
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Fig. 2. Productivity of enzymes in spent mushroom substrate (SMSs) of different mushroom species. a, Pleurotus cornucopiae; b,
Pleurotus ostreatus; c, Pleurotus eryngii; d, Hericium erinaceum; e, Lyophyllum ulmarium; f, Agrocybe cylindracea; g, Lentinus
lepideus; h, Flammulina velvtipes. The results are mean (+S.D.) of three replicate samples. (Lim et al., 2013)

ZAL gk glom o2 WAl o] SMSETE E4do] €%
o] & Zow ®Wy H v Jth(Lim er al, 2013).
Laccase®] EA S flatod FAF A 2Fell < st A+,
%ol 5 HAES o8 I I wWe] Al H u}
Ao}, AR lignin #3)] A] YA EIAHE S
HEgite] vAE S Asle] Ao fiEkyLl
AYEo] vt 3k tH(Couto and Toca, 2006). E3F &
LERHMA SMSE thE] lignin peroxidaseE 5,969 Ulg
(SMS)E AY2Fste] laccaseE E&5te] T2 lignin #3
w47t 23 Hol e A o2 79 HAH(Lim ef al,
2012). Wb E2=E}2] SMSE HE¢] lignin 3] &4 3]
Sl F-&3 FAAAT A2 AGopa oj@aatel] 9
3 AdE ggo] s & Aoz AWHED Lim T
(2012)S Zxelg¥Al 57125 E SMSE A3k
F7PE SMSUl¢] EASAS AT B7PE a4
Aol & xtolE K]l Ao & Yelth 53] Xylanased
2ro] H7PE SMSOA] 280l 4ufe]Rto]S Kol S
om 25 U/gollA 86 U/gZ7HAl thekaiAl LFelstth. Laccase
o] ASLE 24 U/gollA 128 U/gl 2 7F SMSEE thoF
Al YERS ™ Lignin peroxidase2] 73-F%- 5969 u/gollA

6907 U/gZAd o2 viwd A3k 448 HAdtt. o]+ A
vl vz o] TFAE = vy, 228, Adus A3

m 2 EN0] 50-80%°] ¥ Hl&S AAET. 2y
iR R o] Frkekth @stom 48] xlole &
27140l H= wiA] AAE 200 7IRlE Aoew A7t
A=

nto] omj2o] Fslg v Tkt Coprinus comatus
JEEWA), Auricularia auricular(Z-°19), Pleurotus
ostreatus (=EFIHA), P citrinopileatus (= =E}2]),

Agrocybe cylindracea (8} L%:°]), Hericium erinaceus

(&FFd o)), Hypsizygus marmoreus (=EITt7V), Tremella
Sucifomis (BE-°]) SMSZH-E] Xylanase®] &/3-& &3t
o] 3 Zol7} 71 & 393 UmLE T2 SMSFEEH
o} 308 o]ide] Ao e Zo® ByE vl 9t} (Lin
et al., 2018). WetA g &Eo] SMSEHRE the] Xylanase
£ £ DEAE-cellulose®}  Gel-filteration  column
chromatography2 A5t &47le]2 A A2d 47
o Z3tell Hgstd 75%7HA &S S7HIZE. Lim
5 (2013)& Zx=Elg] SMSFEES ©|&3l9 Filter
paper®] 3l 8L nlo]enj FSE A9 celluclast
1.5 (Novozyme Aot &S vl gk vf glom JA =
FXo|A] filter paperg &3l sttt o= SMS®E A7) b
olemj28] B3l o] §d & Ue AS AL kAL 9
AEHOE SMSell= vhie] BT asrt 2]
frABIAL ZEl low o] F st Hio] Qmf it
T OIS 9] Adas LS flEiA Bl
7le Tol et E8A7IATL & Ao=E A}

A},

of

1=}
Rl
s

1l oii 2 o

Al =8t SFHi{X|29| Bioremediation 1}

Bioremediation> Hf€|g]o}, #3Fo] L= &I 7H2
dopdle F7IAE AFSst 371, EY e =04 9
s e o9 =4S AAs= 2SItk SMSe $
HeAEES AA= Fag AS= Frt Hof git).
&Eo] SMSE 37159 &4H(Shojaosadati and Siamak,
1999)3 324 71/ (Mohseni and Allen, 1999) <
A A= Fa3 o2 RIFST H4= theFst 4k
4 oA A AF ZAFolM ves FE5, A



= Eepny Ao A EE PR EE 5Yo9E
]

A= U
271 84S HYHH(Chiu er al, 2009). Regan
(1994)0] A5A FAES SMSAHE R #aleS Al
ol = t}ek3lt SMS7} bioremediationol] AR Fof gt}
Pentachlorophenol (PCP)= SAIWRAZ ] AMEE= 4
ZA191 chlorophenol A2 ThF-F-2 7oA FAH E&
o|t}. Chiting H7Fsh AR=€l2IWAl (Pleurotus pulmonarius)
SMS 1g9 15.5mge] PCPE £3l| sl Aoz HiH
vl Qo™ (Chiu et al., 2009), SMSel| ¥3teo] U&=
laccase®} 72 lignin #3847t 23 kS dl= o
2 A7 932 Yok (Law ef al., 2003). T3 =3 —El2]H|
A SMSFE=S 83t A4, chlorothalonil (2mg/L)
5 100% &3 HATL ST, FEo] SMSe] Hef{=
e YA, A EE, 5024 A o] v} 2o
™ (Chen, 2005), =E}2] SMS& F-2]o]- &3} 3| A 54| 7
o o]-& ® uv} AtH(Gasecka er al., 2012; Rinker, 2017).
A7 o2 = el SMSE o] &3 ESd ARshet
% di(2-ethylhexyl) phthalate (DEHP)®] 9157} &) ®
A=

ZEl SMS= tE HAl & SMSHET} laccase$} lignin
peroxidase 9] lignin {3 E40E tgAsk= 02 B
IEUSH (Lim ef al, 2012) ©]& TSt 59 &4 5
o -4 ¥ v} JTH(Lim ef al., 2013). bromophenol blue}
remazol brillient blue REE A Z}Z} 93.7%<} 88.7%<]
2 2aHE YepAT. 2 99 Congo rede
72.13%2 ESl vhdd HEHEE 60% el 2HadE
e, 53] HEFM o] A== Rit (red)} Rit
(blue)= 51.6%2} 30.4%2] A g3E Hol AEYF
gl fasty AFH AgA AR Fo=ETH
THE A H dEE F=ERSMS FEEE AP 819
90%°]/de] SRS vehfo] dREe] Ak
245 AASFATH(Lim et al., 2014). Laccase®= T~
ol &S xFsl= Atgta g A FAo| Q= ligning T+
3= phenol &S E3llshy FFolRF, A, A&
Aol FE3FL = AR dHA dom, Hxo] gl
2EFolyg Hpdd EAlste fEl dHEdEs AlASE
Bioremidation®l] -3-& & 4 Ut}(Couto and Toca, 2006).
Singh 5 (2011) Lentinus polychrous®] laccases=
remazol brilliant blue RE &340 2 GAsl=d 53+
AL o= A= KA o AF=Eg (P sajor-
caju)SMSZFE FZ3 lignin peroxidase®l| 2|3t 8FF
9] Y& (tryphan blue, amido black, remazol brilliant
blue R, bromophenol blue, crystal violet, methyl green,
congo red, methylene blue)e] €Al A8 s v} Qlr}.
ool dxel gAlsl= SMSe dHrE o] S lignin &

ol

=ik

H6E Reolgle B ohlet SHL 7
KX

o
s

o W & o

B 53 F w4 s 28 89

3| 491 laccase®} lignin peroxidase®] &4EA]3 SMS
2 9] 284 §57F 83 9L sk Ao dEA
A TH(Saranyu and Rakrudee, 2007). WA 2 &9
lignin 3l @47 3 sk E=Elg]SMSE AH|&, AL
E&= Bioremidation®} X137 @A 2 Thst AR
ofel] &8 7Fs & F US AR 7| €t

HA 2t £ x| &8 ZE HaliS 22|
Suay 5(2000)2 GAE 204%F 317dFES o]&3te] A
7ol thgt At AE FAske] 109 species”t A+t &
ol A4S Aslishe ddgdo] Ue AR B g
vl low, Gate] APA HAR frefl dtEEe] &
g, st Hal sglov e A7 oA #Hd
ool HF Fo] gtk (Alves et al., 2012). = 2 HA
el A A S o] gate] Al EH AL FBole} A=
HAGA L] QAo Bgh 1A B gAel| A
43 A7F 2% vl JoH(Chen and Huang, 2010). 2
o} FAR vl S EAel] A&at7] P+
e wjF 2 5= Al2d T FER 388l 8
o] A &g EAge] 2 4 Utk S=elEA
(Pleurotus eryngii), .M (Lentinula edodes), AN
A (Grifola frondosa), M E%°1MA (Agrocybe cylindracea)
ixpzRo] WAl (Clitocybe nuda) & 21-&HA el A}
WA vt S o]85 AE WY X E Aol of
gk tgAo] EAletL A FoHo] gk A= Aol
245 v} A} (Chen ef al., 2010). L2} FAR] B e
B o] g Al2glt avte] FE7W] 5ol dast
o FHAe= &g3prldle AAA Fo] Aot A
AAERZ SMSE ZHd 5 3lom Hxe] o v T
glo] = 8 Hrhie = e FEES SR
U AW L T EERE F8 7HX|7F =T
FEol, FASMSFEZES &8ato] WA F3ol f
Aol IS Enfe Ay ErnlE AJESH
AT AE Waje} Al Al adrt Ba 9 vt
ItHRinker DL, 2017). AP (Lyophyllum
decastes) SMS 9] & FEE2 B2 ZApEolgA|
TAPEE] FEFE 71AA = FAT W LAITE 70%0]%
o2 F& AEW WHEH U AR BRIEHIY
(Parada et al., 2011). ©]= 2EA|9] EA3t= chitinase
and b-1,3-glucanase 52 ¥ A3 F42 ddS F=
2 A8 543 (systemic acquired resistance)ol] ] gk
Ao g AA FUTE. Zhu 5(2012)2 RIHASMSZH
Y 3% 784 oAl (PL)E o8& 3 Al S
ZA} el vh A E =Tt (Staphylococcus aureus) T
At 59 Alatol] &+t 2ol = AeE & 2l st
AR A 3 FERISMSE] & FE9S 0|85t
Q0] BV F (Podosphaera xanthii), Q.18 3} Al
TR E o (Pseudomonas syringae pv. lachrymans)<]

-



90 73|¢t

W WA g 32 89l S8 th(Parada et al., 2012). ¥31H
A SMSE o] &3 IaAElEgey WAl ZrE By
oM (Lyu ef al., 2018), Kwak 5(2015)& =230
FEAHAL L JAHAL, “ETFE SMS B FEHRE o] §
st AAGFEHTE, 2FETHE, ¥ AdeEE, &

o, B BHEHE 5o ATy Tl e o
F BAT O SuiEEe dRSRES 2} @

=

vl 2tk Lee 5(2015, 2016)S =FZHWo|SMSFZE o
S35ty AAEFS A3k Ralstonia solanacearum®l 2
aff sk ErtE 3 rhgHol] g 7oA o] WUAlE
5 ZAS vE ), B3], =R FHo|SMS & FEES
A EAGS FXleta BEntE 3 vl tig 85%9]
WA EA7E AT shiTh. B A=A (elicitor)
= 71FAIEN ] FEAe 212 F|IL salicylic acid (SA)
1} jasmonic acidJA)S} 722 W A = AsHAGE
AS A= st ¥ A FA2 S =gt =
Aede HAEEA ) (systemic  acquired resistance,
SAR)} induced systemic resistance(ISR)°] 12 SAR
2 SA O|EZH O 2 PR-las XEFSH= pathogenesis-related
(PR) A7Fe] IS =3P ISR Jasmonic acid
(JA)2} ethylen(ET)2]&=4 Q1 2SN AZ Plant Defensin
1.2 (PDF 1.2)3 2 b2 PR FAAE fFEslesioz
A A ATH(Kang er al., 2017). =FFHoISMS & 3=
5 EvtE §RHO A sis o SMS A= thE
T ¥]&te] SAR71%59] aPR-4 (GluAd)F-AA$} CaBPR-
I (PR-1a)FAA= 380X sufje] HAYS Hof =73
Jol SMS= ¥ A F& Awol de AS=E AA &
Atk FAHAISMSE pH 4 olste] stz HH o]=
oxalic acid®} phytic acids F7]14Fe] ThEFAYAE o] Hlj<]
o] A3l 71Q1EE Ale® AAEHATHKwak et al.,
2016). oxalic acide= 300 ppme]’gollA] EvlE E w54

S HES 11 T AER AT degido]l vERt
oxalic acid7} &84l Fa3 95 o= Zle= A
Al BT ZAHAISMS = FEE IF9H WA g
o thste] AF+E 9 & vF Uth(Kang er al, 2017). &
IASMS & FEE-S IFAH A (Phytophthora capsici)2]
TARIES 60%017F oA st on I 5o WA a7t
65%= YERTE. A3l oxalic acidE A &%
< o 100 ppmTEH IFHEHEY] FARIG] A E o]
400 ppmelA  60%017Fe] HAMEEAA EFE Ko
oxalic acid7} &2/ Fa Al AeE 4 HSY
o ER, BISMS & FEES ILFH Asia
Quantitative real-time PCR (qRT-PCR)Z ® A3 /-3
Ape] WAES AL g vp a1 W A3 {-AA} CABPRI
(PR 1 protein), CaBGLU (B-1,3-glucanase), CaPR-4 (PR
protein 4), CaPR-10 (PR protein 10)2] @& o] a2k
o] S7F ¥ Zlo] &<l | w vk 2y EILSMSU
o ojw gk Aol B AT FEAIA WA okt

HA 2t £ HiX|2] 7IFALE 0|8

AR o] FARE VIS AlRYER] & ZE, v,
U7, WA, v EF X Fo|i WA oA ul]
AFde] oF 15-25% H=T WAlel] 9Jg] o] g% v
2] 75-85% AEE SMSe Holslr] wjiol| 71E=ALE At
doz 8ol =uh. T3 HAFAALE AA] A
2 v s o] 917] wiel| wEEEol
UAA 9] v Ee] T FFYPORE o]§E T
AT =ElE] SMS7F &, EEE, |, 94, G UEAE
A= 7 wol ARE- Ho] 2O 1 (Rinker, 2017) E2H
ASMSE WHEEE9| Al =88 F= ASE 37t E
vl )t} (Braun e al., 2000). = Yol B3} v} 9lo
2 iR & A8t 7S Volvariella volvacea (EWA)
SMS7F o] AFEE A &8 A7t 73 € vk 2o
(Sevilla et al., 1989) Coprinus fimetarius (EHA) 7Y
g W o) 24 wAYE AT SMSE |94
AtE3t A7F 9 E vk QlthMann et al., 1994). =
oM ZxElg] SMSE 2asly 7l ARYIHE &
£ g ub glom Wiyl b Rl Fye] FEe] 4s)
of A3 a%leg g sh= ZloE U4 FThH(Moon et
al., 2012). I7|AE 25 Fo] SMSE o83 Jojrls
2 28 ¥ v} 3ltk(Sehgal et al., 1993).

24 B

Al 8§ A (SMS)E Z3H, B3 52 ol
w]AE- vj Solid state fermentation(SSF)H =} F-A}
548 7 wAle] Aikele et SRR a4
o|xftAMHE 0] EFSIAL AT, FUe] WALkl AE
3} Alzd"o] =RlEHA SMSE F#dog Il 7ls
sto] g z18HAQl Rk EdFE0] frasitt. 13]
T & HHA|7] wtol] el EA] 2 ohdeh wiR AR
o] ZA3}H cellulose, hemicellulose, lignin®] 80% ©]*+
o] T A FaL ol o] wiA ] A SHAA uf
&3t} & I oA = WAl 78 £ vl (SMS)2] &
S ai 72 o]E, AEAFEZ &3, Bioremidiation,
W A, 7EEARE] ik e At kA A
IS TPHOE HE 3o APHO=E wfe f
st 52 H7F F = AATE =llellAl SMS7F 1005
A A He 202 34 HA JJom WAL
FeA AR A8=HA B 3712 Ae= A 9
.2 SMSE ARIEA o= S0 HH AEA
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e 5 o GU4S v F o mEbA] SMSe] 7H
s 2520 AA 2 APz 2 FrEA 2k

AR Gg3orA A7t YER I R APS

49) deoz FRuolol & olth, x|
SMSE WES 5 A2 A5 $71544 5
= 5 5974 28 Al 2Y=Eo] A otk A
SMSE SIS} 9% AEARE e Al Ee TR
SR AL Al A1 Fr et

SMSE AL Aol BB 09 glo] wARE e
s TSP S4E Be Pla R
A3 Holo} @}, I T sMse] nA A=A 55
o 18 A4 71AE ol ThF Folol 2 ¥ B
22 9% DA B8 @ 5 U212 /e
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