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Biochemical Methane Potential Analysis of Mushroom Waste Medium
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ABSTRACT: Mushroom waste medium refers to the waste biomass generated after mushroom cultivating. And, the burden
of treatment on mushroom farmhouse is increasing due to the absence of appropriate treatment method and increase of
treatment costs of the mushroom waste medium. In this study, in order to assess the energy value of mushroom waste medium
by an anaerobic digestion, methane potential and anaerobic organic matter decomposition characteristics were investigated.
The theoretical methane potential(By) of mushroom medium(MM) was 0.481 Nm’-CHy/kg-VSaqaea, and the By, of mushroom
waste medium(MWM) was 0.451 Nm3—CH4/kg—VSadded. The biochemical methane potential(By..x;) of MWM was increased
by 18% from 0.155 for MM to 0.183 Nm’-CHy/kg-VS,a for MWM. In the reaction kinetics analysis by the Modified
Gompertz model, the maximum methane production rate(R,,) was increased from 4.59 for MM to 7.21 mL/day for MWM
and the lag growth phase time( A ) was decreased from 2.78 for MM to 1.96 days for MWM. In the reaction kinetics analysis
by the parallel first order kinetics model, the easily degradable organic matter(VS.) content was increased by 5.89% and
the persistently degradable organic matter(VS;) content was 2.03% in MWM, and the non-degradable organic matter(VSyz)
content was decreased by 7.85%. Therefore, it was evaluated that the anaerobic digestion efficiency of MWM was increased.

The anaerobic digestion efficiency of MWM was assessed to be more improved than that of MM.

Keywords: Modified Gompertz model, Parallel first order kinetics model, Biochemical methane potential, Anaerobic digestion,
Mushroom waste medium
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2 “ERRIHA(31.62%), *FoIH A (20.82%), W&ol
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149 A= F7Fste] MAAl = AAF JeFER] ALt
AAZ ZAZkE 21 Jok) WA Huj)= Ao Ask
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Ao] EH] AlzHAA A FREZEAZ ARGl AS
Zola, HA HAEE EHLE 715 AARE o] 83}
ZlollE 471F Baolu AAE] o]Fol| ofE]gol
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A AFAHE Bu3tETh X3 Xiaosha Luo 57
2 JtEEnet WAl Hujx|e WiasE B3l Ut
Ry GEo] F7)43 R 9F 6~61%2] E& Hlo]
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vl (A HEjA)) S| HA wj =] 9] o]5EtH &
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QAste] WA A8 7 HlA)(Mushroom medium, MM)
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HE30%, TH 25%, 7 23%, T 22%= Higt
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2.2. 0|24 OJEIHElE &M (Theoretical

Al F7IFAA o &8l el f7]EH 7k ~E Al
7 3 Fof] A o] g3tk A@ol ARSH T
(Inoculum; 1)2] ©]8}3}4 4342 thS- Table 13} 2T}
2)8}ekA weEtEld BAS 93 3|8 3|k
]~ 160 mL Serum bottle ©]-8-3f] 3HHE0 2
}giOtn] Z¥zre] 3|24 &7) vhe-7)of Az

2+ 80 mL #5315, 7188 7] (Substrate; S)

3} d7‘°“(lnoculum Do WY 1Y E FF HlE
(SN ratio)©] 0.57} H =5 =43t 1

m[o I‘-\N 0(0

15710 E5h
k. E, PENel A WAYSH W} ol ushes

methane potential; Bw) 9] kg BA37] ¢5ke] 80 mLe] HENWE B
ol wEknEld S o8 972 B ue g 324 F7NESTIE HiRAIE o R EhlEkith
& Boyle(1976)9] 718 £3) WHH(Eg. g o] o FINIETIE SUELE FHlsigor, 637]
g510] BllAkR AL 9tAEIg o o] 2A uEky A FEHE FABIEE HES7]o AAN,) 7IAE
He A(Eq 2 o] &ate] AEsh) dste] aFuplE LAz o, 38T 9 Hﬁ%tﬂoﬂ
oF 13097t wioFsldh 7] 7k i o] w15
e 30 e Y Foke 19 18] F712 $50) wikstgon,
CHONS o=y = o 2zte] 7171 SAT HAIT Tk 0
(Lp2oc H_<)op, o} 7hrs g 2R o] F, WlgrIzte] )
e biey3d e ) CO+ ANH, + e HyS ol whet npol o7k MAES aefste] 457
28 s & i) 3184 @71N-E719) o] 97}
el yepe 2204 7l 24718 Agsigon, %
A F7tE Bq 33 2o] R 255 2As)
Bf,h(Nm“/(lZi; Z‘i”é"ﬁ‘f;j,z())/g FEFEOC, 1713hellA o] Az 7hee) 92 &
224 X [ 12a+b-+16¢c+14d+32¢ ] /1‘1’6‘]'0:] l,—_;g]' U’“%‘@’ﬂ"—’"ﬁ g ﬂ’%s}?iQ'.lz)
(Eq. 2)
273 (P—Py)
V"' ’13: I/w(’ as at T° x x
2.3, A4515H DIEHHENA A (Biochemical o et 0T QT34 T) 760
methane potential test; BMP test) (Eg. 3)
Ayslsta] metseld 248 93 HEFHLe 24 HieAE 2A Do
ﬂ]i‘—}ﬂ H}OIE’JP 04?/\]%—_1!(73715 o] 'd AZH)OH/H i
‘6ﬂ7]_:.§}°—‘.’9— 2mm xﬂ(Sieve)—% g97 % 800 (5418 Modid Gmpers ol Pl T
Table 1. Chemical Characteristics of Inoculum
pH TS" vs? CoDc? TKNY  NH#ND TVFASY Alkalinity
mg/L mg-CaCOs/L
Inoeul 8.77 65287 32,607 49,500 8,775 6,004 1,822 38,013
flocuium (0.01) 2219 (2,150) (350) (47) (227) (60) 2,316)

1) Total solid, 2) Volatile solid, 3) Chemical oxygen demand, 4) Total kjeldahl nitrogen, 5) Ammonium nitrogen, 6) Total volatile fatty acids.

F71=2H 3, 30(1), 2022



16

order kinetics model2 ©]-&3ta] HI-g&TE B

At Modified Gompertz model2 2 & st o
2 77 vggsarAd o g Howegakakp), Ao
YA E(R,), AAE-7I(A) e 3719 mi7iH
TE FAsH HAUMegES EE55 YR
A2 ’377(lag growth phase), <=5 7](exponential
growth phase), "3l 4d 77| (stationary growth phase)S
AR & F7nAEo] 3E4] F7INETIA 9] 4%
543 vlo] @7k~ A4 EAE & Ardshs o]
t}. ¥FA Parallel first order kinetics model- 73]k
f71Ee] FEERE F7)48 AN f71E T
& 247t QR34 (Biodegradable), ©1%2343(Easily bio-
gradable), F-3I41&H(Persistent), ‘2343 Non-biodegradable)
o2 FAE 4= Q). Parallel first order kinetics model
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B9 PR WEE B 4G5 el o]
g0l Tk, WEEERHL 918 Bz vl

I+ SigmaPlot(SigmaPlot 12.5, Systat Software Inc.
Newyork, USA)©. 2 3f43}5 "

2.4.1. Modified Gompertz model

Modified Gompertz model-> Eq. 49} 2o, M
2 vk F (mL), t= 79717 (days), P
HZH YA (mL), e exp(l), Ry v eHAY
2RSS (ml/day), A= AIA|/7HAITE (Lag growth phase
time; days)< YERHTE

R’ln
M= PXexp|—exp——

2 (A—t)e+1]

(Eq. 4)

2.4.2. Parallel first order kinetics model

Parallel first order kinetics model-2 (Eq. 5)3 Z2
w419 B AIZE ol Al o] Wik Ak (mL), B.E #
Zrek el (Ultimate methane production, Nm’-CHy/
kg-VSaied), foi= B 12} HES- EHllAIS (ze), ki ks
= 22 ™ 1A} v8<4% A (Kinetic constant)©]Th
(Eq. 5)°1419] &< ki, ky, fi= & ©]-831] BMP Al
oA AL 74 me =l H A staete] T8t

o Aoldk frlEe] £8 £22 f7=Y 74

] Al 7148 AAAA Ball=EE 712

[e)

=

o 2
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(Substrate) 59| & 77 1E(VSD= (Eq. 6)2F 20] 714
3} Il A vERO R A 3kE]= A3l /d(Biodegradable)
F71E(VSp) T (Eq. 7)2F o] Wgke = 3] A] eh=
ZHE5)] A (Non-biodegradable) +71&(VSxp) 2 g &3}
o, AR F7]E(VSp) (Eq. 8)9F o] d7]
&3t A 7)o A EallE= o]l A(Easily
biodegradable) -F71E(VS,)3 3l A1aHdo] 3o 7]
&3} S0l 3| HallE= w4 (Persistently
biodegradable) -71=(VS,)ZE “g2lstA k"
Bad1—fe " —(1—£)e '}

B, = (Eq. 5)

VS, = VS,+ VSyy (Eq. 6)

VS, : F A TFE(VS; volatile solid)2] 3 (g)
VS, : 314 (Biodegradable) VS| & (g)
BU
VSyp = VS, X (1— ) (Eq. 7)
B th

VSy : THi-sll”d(Non-biodegradable) VS| ¥ (g)

B, : HZ e e 4 (Nm’-CHy/kg-VSadded)

B, : o] v e 'l (Nm’-CHy/kg-VSaaied)
VSy= VS, + VS, = f. X VSz+(1—f.) VS, (Eq. 8)
Vs, @ o] &3 A(Easily biodegradable) VS2] &+ (g)
VS, : w3 A 2 (Persistent) VSO 3 (g)

f. : ©]&3)4d(Easily biodegradable) f+71& A<=

VS,
( VS, g/g)

243, FAEH

WAL A A A o] A v AL 22
Modified Gompertz model®} Parallel first order kinetics
model & ol 31e] HZsksgom, T 5 malef
o3t HAH == Al F T HAHRMSD; Root mean

square deviation)2]-S #-A13te] Blw ST

RM.S.D= \/ %XjﬂB(t) - B () (Eq. 9)
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2.5. A[E2M (Analysis) AL iR 9} WA HElR] 2] VS/TS BlE-& 742} 92.2%
Hlo] @ 716] 7h AN & TCD(Thomal conductivity = 50.0%% HEREOT, Aol P e
detector)”} A1) Gas chromatography(Clarus 680, Perkin ~ (VS)S] w37k & loful= 202 viehst 1:}, BEN
Flmer, Massachusetis, USA) - O} 831900} AL HatesepQ - 1 ot M (g D2f f71 82 NEeA2
olgate] (Eq. 29 ol2x vERuLS 4EF 2

packed column(3 mm x 3 m, 80~100 mesh size)= ©]-&
3t om, IS ofEF Ar) 7HAE O 5 GO ARE
1] flow 30 mL/min2] &7 JEfoll A 9]+ (Ingector)

<% 150C, Z5F(Column oven) 90C, 74§Wtwor)
150C ol A BABHATE? AlFe] i it

23 71(EA2000, Thermo Finnigan, Califonia, USA)% A}
2319 th 5 318 E(Total Solid, TS), 34 1 E
(Volatile Solid, VS), 3F314] 4kA~ Q7= Chemical Oxygen
Demand, COD), ¥ Z'& Z2(Total Kjeldahl Nitrogen,
TKN), &=Yod &y (Ammonium Nitrogen, NH,-N),
U2 E(Alkalinity) 52 EFEEAHol whet 33] wb
o=z Fastcty

al
=

3.

2

o U ozt

1. A Al A= OleketA]

0| EFIH &I

B ol ZAE WA HjX| =
o) 537(30:25:23:22) 2] &M= A
A AR ZAHA BA]; MM S(HAL =
o] o]z}t EA) o|23 v|ely el L Table 29}
2t} WA ElR) 9} WA FHHlR)e) pHE 712} 8.89, 8.79,
FUFE(TS) T2 317,241, 372,020 mg/kg, 3184
THE(VS) TS 292,401, 331,066 mgkg, FLE
ZA(TKN) g 1,024, 1,696 mg/kg 0 & YERGTH

Table 2. Chemical Characteristics of Substrate

I+ A Hix| 9} AL HEiR)E 22F 0.481, 0.451 Nim'-
CHY/KE-VSaiaea O & AHEH AT

EHA o

—=

al

=

o
00

3.2. t

‘YoterA Of| ety
£ siM

Toll A WA vjR| 2} Hul=| o] Aslshz wgk
AE-E 7Y} 21, Modified Gompertz model
arallel first order kinetics model-S 2}-8-3}o] w3
= AT Akt migtsElE Alg-s 530
A wgAst A0 2 RE 79 HFu e
& Table 33} 2t} WAL w2 ¢} Huj=| o] AYs}st
S eld-& 742} 0,155, 0.183 Nm’-CHy/kg-VSadded
2 Yeht, WA FulR] o] Asted migs o] of
18% F7Feh= A2 YET] o] 22 wetseld
(Bp) tHe] AB3Feh wetHelld(B,)2] vIE&= 75 &
713 F71= Bl S(VS)2 HA vl x| &} Huf =] ol A

Z17F 32.22, 40.57%% 4HEE] 2;15}.

f

Hr

/=

r

re
2

A
L
Z] 8]
il

e
ild

o
=

B &
FIO M

2 a2 J
i

=2

F

176.4, 214.6 mL, ¥ o) vﬂ%@ﬁ%*(mt 459, 7.21
mL/day, AAAZA7IAZHA)E 2.78, 1.96 day©| AT}
oluf], A&}sta weky] el L 0.143, 0.173 Nm’-CHy/
kg-VSaiied2-Z S+ % A THTable 3). Parallel first order
kinetics model®l] &J3+ HIS-&= B gl FH o)

o W
S B, ©123E 7 1=7(f), 131 W<

pH TS" vs? TKN? VS/TS C H 0 N S  Ash By
Sample 3
P mg/kg (w/w, in dry weight) Pww) % (Wiw) ------- NmCHy
1k9-VSagged
8.89 317,241 292,401 1,024
5) > 9 s
0.01) 2546 @739 (54) 922 4484 575 3775 194 0.00 248 0.481
8.79 372,020 331,066 1,696
) > 5 )
0.01) 800) (1562 (35) 89.0 4207 521 3619 266 100 4.10 0.451

1) Total solid, 2) Volatile solid, 3) Total kjeldahl nitrogen, 4) Theoretical Methane Potential 5) Mushroom medium, 6) Mushroom waste medium.
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= k), AR 718(VSe), delA 1=
(VSxp)8] HIZHGFE o] Fox] glom, mi7fHE o]
831 o BINAFTIEH(VSe), BT F71E(VS,),
FENA 71 E(VSae) S TSFA T Parallel first order
kinetics model®l| 2]3F WHS-& = FE Ao A Al v x| 2}t
Hulz) o] ol 7 1EATE)E 27t 0.536, 0.577
ol oH, o] F7IE(VS,) TS ZH2t 17.61%,

23.50%, w3 ATA F7I=H(VS,) T 22 15.22%,
[e)

]

17.25%, FEa14 F71E(VSw) TS 2 67.17%,
59.25%% 3= ATKTable 4). WebA, WAL wj=| 2}
Hlwate] FujR]elA] o] el F71E(VS,) T ©

5.89%, WA FAE F71E(VS) TFEFE °F 2.03% 5
7fehe Ao 2 YeRgor, G f71E(VSw) T
& 9F 7.85% Ftadhke o0 E e o3 Ay
= WAL ZgellA 3k v Ee] Bajjol e o
oJul= PR T4 SR sle] F== A HilA] U]
of EAstd FHESNAG f7]1=o] £l Boldt FE
o] f71ER A%E= A o2 4%} Shirkavand &
(2016)2 WA K& White rot fungi)o] 2] IxAER
Q7 EHo) B 2898 B gk vl 900, Shim
5(2015)8 T Actinomyces)©l] 2|3+ 718l Faf 2820
5= Hargk vk glo] Al uiRoll A IR o] F]
EE9| 7183} dojuh= Ao & AT It o2

ZA 3= Parallel first order kinetics model®l 2|3k ¥-3-
&5 FA R0 o3 mAA ) ARS- H 3t Fof] A3}
312 WgksAwldo] 0.1589114] 0.184 Nim’-CHykg-VSaudded
2 Z71F A}l JdXgtk Fig 12 74 w4t
AYAFF3t Modified Gompertz model & ©]-§35F] % 2]
kgt 72 we4E S-S Below, PeAlE<H
ZHRMSD)= WA vliA] e} #Huj A4 ZH2E 0.006,
0.030°.2 YEeR}om, Fig 2+ 72 w4k A4k
&3} Parallel first order kinetics model & ©]-83}o] %
Azl 74 WAL A BYor, HA S
HAXHRMSD)= WAL w9} WAL HufjR| oA 22t
0.007, 0.009.0= e whebs, AL Huj =] 2]
BRI B34 5 B2 o)l A= Parallel first order kinetics
model®] 80| HF Wt E ] oS} w354
o] Aol 83 o= UERTE It o s wA
HujAl= 549 59 &3l AP S 7= frlES
tgo s Z3ketar lof, @748t HA oA A &4
Q1 wgAAke] XY= SAd0] ok webA, F i
o] 12 HHS& 532 o] F0]7 Parallel first order
kinetics model©] ¥HE-AIZE F7]o| A A <&H Q1 gk
LS Hole HAl HujA| @r]ast EAS O
5z sl Aow dAekEnh

Table 3. Ultimate Methane Potential and Modified Gompertz Model Parameters

Modified Gompertz model

Bu-exp1 )

Sample Bu-Gompertz” p? Rt R RMSD®
NM®-CH/Kg-VSagues NM®-CHa/kg-VSagied mL mL/Day day ()

MM 0.155 0.143 176.4 4.59 2.78 0.006

MWM 0.183 0.173 214.6 721 1.96 0.030

1) Ultimate methane potential obtained by cumulative methane yield, 2) Ultimate methane potential obtained by the modified Gompertz model,
3) Maximum methane production, 4) Maximum methane production rate, 5) Lag growth phase time, 6) Root mean square deviation.

Table 4. Ultimate Methane Potential and Parallel First Order Kinetics Model Parameters

Parallel first order kinetics model

1
Bu-exp ) fe3)

Sample Buparale” kq®) k?  Vvs? Vs VSw® RmsD?
NM>-CHy /Kg-VSadges NM>-CHy /kg-VSadeq % ()

MM 0.155 0.158 0536 0.027 0026 1761 1522 67.17  0.007

MWM 0.183 0.184 0577 0040 0032 2350 1725 5925  0.009

1) Ultimate methane potential obtained by cumulative methane yield, 2) Ultimate methane potential obtained by the parallel first order kinetics
model, 3) Distribution coefficient obtained by the parallel first order kinetics, 4, 5) Reaction rate constants, 6) Easily biodegradable volatile
solid, 7) Persistently biodegradable volatile solid, 8) Non-biodegradable volatile solid, 9) Root mean square deviation.

J. of KORRA, 30(1), 2022
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®  Mushroom medium
O Mushroom waste medium
Modified Gompertz

Methane potential(Nms—CH4/kg-VSada=d)

0 20 40 60 80 100 120

Fermentation time(days)

Fig. 1. Methane potential curves of mushroom medium and
mushroom waste medium optimized by the modified Gompertz

model.

3.3. B HBiR[ef ofHA] AT &4

U BAAIAREES 201913 715 152,853 B doR

drbH o7 WAl lkge Aatshed BAYshE WAl
Hul| A= oF Skg FEOE BHAE Jom, Fuf] Ml

Huj x| o] WA EEL oF 764,265 B/ F 02 FHHT)
WAL Huj R o] Ay ol {712 FE(37.2%)= 11
3= 79, Az Bl #HujR|oll A Z1R1sHE Rl Eo
oS oF 284306 B/ d 02 FAHHUT =3 A3}t
2 v ek €143(0.184 Nm’-CHy/kg-VSaaied) S 283
AR AL ARl oA Bl 4= e AR 2
A FL 52,028 HANm’/do| ATt wigke] A eadsF
(8,560 kcal/Nm’)& 1ei3h= 75, WAl Fu)=]of| A
71918k= vlo] @b oA ZA|EFE 450,043,100
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Fig. 2. Methane potential curves of mushroom medium and
mushroom waste medium optimized by the parallel first order
kinetics model.
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