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This study investigated methane productions and a degradation rate of organic matters by German standard
method, VDI4630 test. In this study, 4 livestock byproducts from livestock farm were selected for the
investigation. The objective of this study was to estimate a distribution of organic matters by using the double
first-order kinetics model in order to calculate the rate of biodegradable organic matters which degrade rapidly
in the initial stage and the persistently biodegradable organic matters which degrade slowly later. As a result,
all the byproducts applied in this study showed rapid decomposition in the initial stage. Then the
decomposition rate began to slow down for a certain period and the rate became 5 times slower than the initial
decomposition rate. This trend of decomposition rate changes is typical conditions of organic matter
decompositions. The easily degradable factors (k;) ranged between 0.145 ~ 0.257 day'l and persistent
degradable factors (k;) were 0.027 ~ 0.080 day'l. Among these results, greater organic matter decomposition
rates from VDI4630 had greater k; values (0.257, 0.211 day'l) and smaller k; values (0.027, 0.030 day'l) for
dairy wastewater and forage byproduct, respectively.

Key words: Biochemical methane potential, Anaerobic biodegradability, Double first-order kinetic, Organic
compost

The factor of the rapid decomposition rate in the initial stage (k;) and the 10 times slower rate in the later part (k;) were
calculated.

Byproducts VDI4630" £ k' ko' R
% gg' day™ -
Cattle rumen content 29.0 0.51 0.145 0.080 0.9820
Poultry sludge cake 81.4 0.78 0.162 0.033 0.9597
Forage byproduct 72.7 0.86 0.211 0.030 0.9601
Dairy wastewater 40.0 0.86 0.257 0.027 0.9745

TBiodegradabili‘[y by VDI4603method, $Easily degradable VS ratio, *Easily biodegradable reaction kinetic constant,
ﬂPersistently biodegradable reaction kinetic constant.
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Introduction 29l AL ol lE, welAR AR E, e

F7lE® HEE e F5E 4 ok 22y olHdt

Z sp R a7 7| 5Hstel Hi8dt Co0 A #7129 vl &= ek ¥7h= Kang and Tritt
w2 o3 olgle] Z+E H7| & vlo]euA 2o oist 2 (1991)9] Graphical statistic analysis ' Joll&= =l
2o #oMA|aL Qli= FAlelth (Shin et al.. 2011). 1714 A AF-ARE golH 77} fE0], f71ES] #allE st
H71EA Bloleriies AR SAE 2E7], skegeA | + olg] 7HA] ohefgt e o) A5 918) kinetics L E-S- A
ZFE 5ol A= Ao AHAste] {7144 H71E9] s AlSEALAL SHGIE), whebA 2 AtollAl e FAkEokoll A A

7] 240 wE S Al Aol ol |

71E=A Bro|euf e WA B9 of ], oAt W 2
7k0] 71 & el RS 2T ax7t 9l
B3} 2 ofH| 3} ﬂ—i okt WRlEE AYsEa glod,
ol&] W& T3] A oA Mol AR FIEo
Hpo] @ufj 2 ZplE oA = kel g do] A|7]|=ar gl
= Aot} (Yoon et al,, 2011).

Z| Hlo] Qi AE oA R Aeksh= 71& F 4714 )
7EE @7143kE Foke] Hio| kAR BAkHe e
olu] JjAIFC 2 du] B =gt vlo] @ kA AHARS 93t
A7 2371eS f714 Hielem2o) Alg7t ZIa1 Qi
S/l wet 2R EH, 1 {7159 A&7 vk WollA
AA717F ZotF Haju]= Ax = 22 AYES|= (Ultimate
Biodegradability)of] w2} wgHi4tago] AR=A ok
(Kang and Tritt, 1991),

o|&] ek PAlE £785 915F0] Owen et al, (1979)f] 9]
sff 1¢kEl A|E Wb o g 38X (Batch) t"‘»‘37] BRSO 7| & o]

4 7] e o] A

[ RSN

E /\]'E O}-‘_

01910115 7547] V“E' 13 o, HHX]—J
«] -5 7t (Head space)

7 Aolo] e} TebA A
= Eole 9 e ] AFETE 2
o]t} (Angelidaki et al,, 2009; Shelton and
Tiedje, 1984), watAl Qo)A S-7| 2] HEYALHE

A @714 G718 Belg SAS 99 BEEAWS 3

Yool 295t ik, BAZHA B4 whgRe] X
FAE = A4S —.—]OH Serum Bottle Test, BMP (Bio—
chemical Methane Potential) Test ¥, Cartesian Plot H
50 AREE o] ot o] HES f7lEe] 2F E8ie
2 spefshed] X3 e, 718 BalE o) 270
G wAT £ FojErt dAAIRe] A ekt
} A FEE B wA =, ols dvk vdE o

!
?__'_]
UG}, o] vlFolE uf §71Ee] At
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Table 1. Chemical properties characteristics of inoculum.

3= 4%F9] H7|E vHlo|eu|AE AASF}al, Shin et al.
(2011)0] a7fSt v} Y= =Uo] HEI WY = sl
VDI4630 (2006) §& o|-§3to] wighAlgS 5to] H7]
& Heflee AEsich aeln Reld 7|83 Bajrt
27 E f71E9 vES e F vReEEAlY] SRl

Double first order kinetics HE-2 F3}o] HAl Hlo]2nj

29| o' f71E, EIATA frE REE O
sh=dl 1 538 Folt)
Materials and Methods
AR 2 AFfofMe AME AEAEE 2 59
ZAF AAAAAS 22 5

gtz slol, EETA TrjRe
AaRelol ot 02 BEE] ofele A SelAFE 7]
T 430 A RE AT RS9I (Cattle
rumen content)< 20104 59 AL ZAo| A3 |71
374 AA w7k 3 (FD A AlwE AFEAe
), A& A (Poultry sludge cake)= A &4 =A%
ol AlzE AFeIict. 71 €] AfikE (Forage byproduct)
I §71E 94 (Dairy wastewater)+= 20104 690 2} 33}
of & Aol ARgSEAATE

HEHYATEIA A|& (Biochemical methane potential
et Ak el Aol AR M
N (Inoculum; )<= Z7]%= QHdoll §1A|}= g thsta vE
O|Q7FA AFR3} ATLA| Ao A YRS &7 AFNE A
Fotglom 1 4/ Table ll]r &kt QFE @714t
Mo 9 mm A S EFA|Z] B, 38°C R wljokr] oA wjok
slof A3}l Fo OITOH**J 7= o7 A s S
AABI] AEN o= AMEEIATE EQ17|A (Substrate; S)
= 7149 A P E e FEAe U 1¥E
O] HlE (S/1 ratio)o] 0,57} == 2AsIo] 3HHE O
2 dA7hrer)2 Zujskact wekgalgEAe] 23

st 3]E4] 79571 160 mL serum bottle2 ©]-8-51%1

assay; BMP assay)

] O
o=

o

+

Division pH TS VS TKN NH4 -N Alkalinity
gL
Inoculum 8.4 17.0 £0.5 10.6 0.4 5.1 0.2 3.4 0.1 6.9 £0.2
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CAFEZRL N, 7PAS 2208k 277} g AFeolA] 9
o A|A S (38°C)of| A 5047t vjFsict E=oF

ek olETkAS wAe] $iste] 1o T
QI3 suko] 7] WhSTlE Almol BT 2ol A

S22 F7ES719] vlo] 071 WA 24 50212 15
Slof| A4 HHE o 2 AFE I8t F 2% Al resazurin
0.1%8 BHoRz S T 21 AMEsiALe
(Willams, 1996; Beuvink, 1992), Ho] 9 7}A~0] 7pAREE
A8 TCD (Thermal conductivity detector)”} 2ZH=l Gas
chromatography (Clarus 680, PerkinElmer, USA)E ©]-&
39tk AH-8 HayesepQ packed column (3 mm X 3 m,
80~100 mesh size)2 ©|-&35}Gon ILE0] of=2aL (Ar)
TIAS o]EAko 7 AR5} flow 30 mL min_194 o7 AF
ol A F=UE (Injector) 2= 150°C, Z
90°C, AEX (Detector) 150°Cof|A] ‘:'/5,6} At} (Sorensen
et al,, 1991), &1 E (Total solid; TS), 3|4 IHE
(Volatile solid; VS), ¢rzuofe] A4 (NH, -N), Z&A
(Total nitrogen; TN) 5 Standard methods (APHA,
1998)¢] whe} 3HHR o 2 FASHRIT), FAEAlS SAS (ver,
9.2) ZFE 1S ARE3}0] Duncan multiple range testS
Bolo] 5% 4202 FO4S TS,

SR ARS e AlE71Ae] 2 e
4 (Ultimate methane potential; B,)-2 Modified Gompertz
model (Eq. 1)=& ©]-&5to] 4H=3F3ATt. Modified Gompertz
model |4 M- 2] wgt AT (ml), P= 2o Hg A
A% (L), R, g A = (mb day ), As AAA
ZIA|ZF (lag phase time, days), t+ E7|W|FAIZE (day), e

= exp DS YJu]shct,

Y (Column oven)

M= Px exp|—

3t TR =
2ok TR g4Ao] A8 Holgkon], 13 Modified
Gompertz model ¥} Exponential model®] AWF{Q1 Z|tfjr]
ebyatef 24 mdolct I Exponential model% 3

7] n|REQ] tlZz2]y)o] AR EA sjaol= s}z]\ﬂ}
71 ARAA7E 71X ugEo] AEA 9 HP 9]
sl Aoll= ojg)Lo| 9t} 1] H|3] Gompertz model-S A]
A|4A7] (Lang growth phase), 4=Z=2]7] (Exponential
growth phase), JA|4*A7] (Stationary growth phase)E&

_,d
el
N
e

m

2
tlo

AX e Er|ujgEo] FALAL & sjj4sl= EX]o] Qlo]
H HFLof| A= Modified Gompertz @2 3fj4] &
et al., 2010),

= =252 (Anaerobic biodegradability)
1% W71H HelgS e o8 =
9 VDI4630°ﬂ oo} Eafes 4HESHRITE VDI4630
(2006) =LA Ak E714 7l Edlles ALt
F= WO m]=9] ASTM (2008) 2} 917 Ee] 2:0]aL §)
4 % sholet,

ol

fr

SAT20| M2 27|29 A XX (Double first
order kinetics) w|EHAbHEIA (BMP) 2A4HE &4
A7IRES71E olgste] HgHor H7]ast BpAoA
Ehbs Y 9= F7] ndEol tiet 54 9 As =
= slofalu, gRHen f71Ee] A% deyanay
(Ultimate methane potential, B, ZAA3}7| Ydte] 1ot
gk H o),

Hehb el 4L 71=2 714 nides et
ol 27E Fal JleER, {rlee] d7|aste] vA=

theFet QRIS T F71EY] sl webs 27
oF vty atui g ] Heteol vyt ke t”o@l
a4 ek JeEpx|A| Hot whebd, B Aol e
o 2 f7E TS 5] $igte], oAl BMP/\]?‘%‘
< 5ot dojzl Hafed B el AR (Vow)=
T, Bal7Hsst 4718 (Ve F Bl 4718 (VSy)
I} o] BRI (VS AFESIIA} T3t o] £afj4]
< Hfste] &2 Ato] o] 8stgirt,

vlolomjA F F I uFPE (VS Fr|ast S
sl ol R (V)T Gl AR (VS o2 T
3 €} (Ea. 2).

F-lﬂio

)

V5= VSp+ VSyp (Ea. 2)
A7|A, VS,= & 3 1P & (total volatile solid) 2]
A (@), VS 33 (Biodegradable) VSO 3t (2), VSyp
= Tr‘:_'— 3143 (Non—biodegradable) VS| 3F (g)o]|t}.
] B AdEL o] A] (Easily degradable, VS,)d}t
HA A=A = oA E(Persistent, VS,) 0= -
I VS = VS, 5 49 HE (f)S
A}A|SFAL (Eq 4) VS= VSy & VS.7F AAISk= H5(f,)
o ASF SRS AT (B, 5. Tk, VS, Hq, 6
2} 720] vpehdl %= 9k,

% op
A,
HE

(Eq. 3)
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VS, =[x VSp (Eq. 4)
VS, =(1-f,) VS, (Eq. 5)

Sp= f. X VSz+ (1—=f,) VSy (Eq. 6)
7|4, VS, &= o34 (Easily degradable) VS2| &=F

(®), VS, &l A (Persistent) VSO < (2), f.+=
o] 2314 (Easily degradable) VS| H]E (%, g g Ho|t}.
S VS oh Vs, o] 12} MRS SIS By, 73 82 Liehd

% oo
—d[Vs.]
T: kl[VSE] (EQ. 7)
—d[Vs,)]
T: kZ[VSp] (Eq. 8)

AZVA Ky, ky= Z82E VS, 9L VS, O W71A ik &
T A (Rate constant), t—= A|7F (day) [Vs.]o2t [ =
Z79REAIZE (0)2t tAIZFA 9] WgE2] < (g)olTh,
Eq. 72} 8& AE35t0] Eq. 39 EH?JG}EE Eq. 93} 2t}

[VSg], = [VS. lee [VS loe
. Eq. 9
= [VSB]O{, fe M (1—f)e ’”} (Eq. 9)
FolEb A (B)2 HRS27IAZE ()T vRAIZE ()

Apololl AT dgiko 2 ol 27] (VS,))2t Azt
(Del] B3l vse] B (VS,)Ql [1VS,), 1ke] 2ol of

L uERBAIS (B9 HEHARE (B)0] Bo® golat
4 9Ie} (Bq. 10).

[VSplo—1VS,l,= Bp B, (Eq. 10)

7| A, Bp + HEAIAIS (Methane yield constant),
B ARE to A9] webgARE (mL)o]T,

Table 2. Chemical properties characteristics of livestock byproducts.
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SHH ¢t —co A W, [VSyl, > 0, B— B, 7} E|°o] Eq.
19} Zro] vepd 4= it

(VSyl/ Bp (Eq. 11)

71X, B, FHZHeAYAEF (Ultimate methane pro—
duction, mL)o]t}, o]} Zro] Aojxl Eq. 109} 112 Eq. 99|
QeAsh A7 ol el BlEbBAIRe HEue A
vs,eF vs,o Belnleat zzte] g7]4 Hafukgitsol
=3 ez 324 Ariashty 5 Ashs e
Y o Aot (Eq. 12). o] AHERE SAHARES
7|E 2549 4] 7hssith

e

P i

(1—f)e ™} (Eq. 12)

B=B{1-fe "~
7|4 B= A7t to| A Q] HEAAEF (mL), B, 25

SHAJAFEF (Ultimate methane production, mL), f.+= 9]

qL =

314 (Easily degradable) VS9] H]& (%, g g ), k2
Vs ol 87124 HEaHks- &AM (Kinetic constant)®d &,
L vs,9) B e A o,

§4

Results and Discussion

SA=L| olatetd 2 Ao FAARS] ol2shd
2 Table 23} 2t} 49| EE1MA o)A uwa&_ EIEXeIPAT
B2 ZUFE (TS) 3heko] 267.2 g kg ', AL FE S
(VS)o] 2331 g kg & AFRAO & =071 AFREANEL TS
Fheka} vsghgol 27 832,79 771.3 g kg ' 0& 7P &
el 4359 4 ke F e
83.2%2] WIS Hol= 1At (Soild) F= &S22At (Slurry)
o2 WsEIer, ofs kas AR g7148) shaxt 5t
© A I B A4 @TastES AQElsor she 54
ol A3iet. T miErda F W] WAE ARFAES]
o}l (Zn) FHko) 72 40,3, 85.8 mg kg 'O H[FAFH o8
=& e Bl ol 7Y okddde WA S
Adslorad el ALA7kEol o3t FEl Aom Al

ool 111~

¢
o

Byproducts " vs§¢ TN NH,LN K Ca Mg Na Fe Co Ni Mo Cu Zn

g kg'I mg kg'I ----------------

Cattle rumen content 2672 233.1 72 09 09 34 04 17 03 03 37 14 84 403
Poultry sludge cake 1782 1418 795 39 01 07 0 0 01 0 18 0 34 94
Forage byproduct 8327 7713 82 04 24 03 07 02 10 1282 67 0 158 858
Dairy wastewater 1152 914 497 174 01 01 01 0 0 0 09 0 05 17

"Total solid, *Volatile solid.
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| B A EI A

(Ultimate methane potential; B,)

SAAEL] e YA -2 Gompertz RS ARG
om A2 A= 8l e g, 1of] wet Altkehlal 1At

+= Table 39} Zqtom], A7 alof| whE 2 wehriAteR2
Fig. 13} 29t EA& A7} 0,520 N’ kg '~ VSaaea 02
P o ARE Hgon AFRFEANEO] 0,397 Nm’
kg '~VSaiaea, S7HE |57} 0,236 Nm® kg '~ VSagaea, HFE
REAEC] 0,220 Nm’ kg '—VSasea 2= O] ITH HF=S1AY
E—J 7:! uﬂE]»AﬂA]—a'ko] 7}?@ L]—O]—OL]_ oh:]— nﬂE]—}\H X} E
18,0 mL day ‘& 7 Ech 1 9} ARRALE
7H] AR BE 0~0.3Y Ato]2 AL GIAY mi$-

2 A} ghE B9k AlRFARES] A9 SshdAts B

4
1k
=~
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TSe} VS &Fefo| o} 714 m|et i Alo] Ehilst
o) E|ent, Tsek VS Fagol Az

A7} el o Be 2
ARgo] AdHoR He 2
4] gho} Lpeht Azke]
A3}F0] AR C/NH[E= 12~162] 2
7128t S IFE =
sulphydryl group} Hh-g-5to] TA0] 285 =EAA
2A nE A Ee AR o R nES AFES} A
7= Ao dHA Y= 2F4EF (N, Cu, Co, Zn)9] &
2Fo] (Mosey and Hughes, 1975) =& g|A] 7|¢ldt Ao =

et

Ao

Table 3. Parameters of methane production curve estimated by the modified Gompertz equation in the livestock byproducts.

Byproducts B.' p' Ro N

Nm’ kg"-VSadded mL mL day'I day

Cattle rumen content 0.220 49.1 3.8 0
Poultry sludge cake 0.520 116.1 12.4 0.3
Forage byproduct 0.397 84.7 12.5 0.3
Dairy wastewater 0.236 50.0 8.2 0.1

"Ultimated methane potential, *Methane production, “Specific methane production rate, ‘Lag phase time.

140 1 Cattle rumen content
120 4

100

80

40 A

Cumulative methane production (mL)

20 1 ® Cumulative methane production

Modified Gompertz model

30 40 50

Fermentation time (days)

140 1 Forage byproduct
120 4

100

(X}

heH

80

60 -

20 A

Cumulative methane production (mL)

® Cumulative methane production
Modified Gompertz model

0 T T T T 1
20 30 40 50

Fermentation time (days)

140 1 Poultry sludge cake

120 A

100 A

80 ~

60 -

40

Cumulative methane production (mL)

20 ® Cumulative methane production

Modified Gompertz model

0 . T T T :
40

20 30 50

Fermentation time (days)

140 1 Dairy wastewater
120 -
100 A
80 -

60 4

40 4

20 1

Cumulative methane production (mL)

@® Cumulative methane production
Modified Gompertz model

0 T T T T 1
20 30 40 50

Fermentation time (days)

Fig. 1. Cumulative methane productions of livestock waste biomass.
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HSEEE0 IME 77|22 78 8 (Double first
order kinetics) 2 A-oflM #7]= e A @7
23} AR BMP AdE 53t £ #7lE0] 2al
© HlEE ket webA ARESE Eefeel] =3EA
&2 YAl FEelA 712 (Non—biodegradable) 2 73

3

1, BE3iEe B3 §7]1E= (Biodegradable)

OIS EeA e
S+ F71E (Basily
degradable) 1} E3[A1&}A] (persistent degradable)S 2=
f7lEel A Hol s o 57t Sk, waEbA] o] &sl g
F7lE EeARER71ES #2E TelskalAl Double
first order kinetic model-S Z-835}0] o347 = (fo),
o] 7= WS EAS (k), oA E W
SELT (k)5 212 E5ke] Table 40 UrERHSACH
A= L] BMP TestE &5l 92| VDI46300] =A%k
97|& E38 (Anaerobic biodegradability; AB)2 HH =
A A7t 8L4%% 7V =UAL, AlRFAREC] 72.7%,
7R 40%, REERIREEC] 29.0%2] HitE Hols

k. olF HEAES] Eafeel dAfs] Wikl &
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s

(Lignin), 3|HAEZ 22 (Hemicellulose)s A-549]
al4d ZHgol oJste], F7IAd axdhtol f71ES wolsh
HFH o= et} oiksletAE S| 7HA] w71 A
7S @58kt B a1 vf Qlok (Li and Noike, 1992).
A gt BMP Al Auket ohA E&3 HallgS
Double first order kinetics O & 7| EaEE A (k)
= ebdal, 2 AollA] ARGEE BRo] QU A B ZRko
v A e &8 Ja = ozt 28l SE7F "ojR]7] Al
Ashe L7 AR Bal& et 2] vlal 5ul o)Ak kA
k= O R olojx]= AP AR FS B on Kang
and Shin (2005)9] Axete FAF sFGITh, whebA 2719
w2 & 0] BalA (k)2 2ol 719 Eall&ert vl
LA Bl (k)5 212 tsto] yehd Zx), vhs=9)
AAEL- 0,145, 0,080 day |, EAEHA= 0,162, 0,033
day ', AFREARZL 0211, 0,030 day |, 97FEEl4s
0.257, 0,027 day 9] A5 KHoiF=gict, o] F B9
=9 A ke A7t T AR HlE) w2 3hE Hol=t,
O] A2 WA= A B4l thE ARt o=
AEE e AA FARERl Zlo] HQle R FolHrt,
FAAE dtiste] 714 W {71 F ke & vl
A w27 o7t 2= vE) ko] =9 £ g Ea

2

25)7] 219 E2o] 43} 7| WA ek Ewn Tt He HlE&S AMEste] 1R S AT Ais
olgl® AERAA, 2dA 5 ks ol &2 it Table 59} 7t} dubzom Mg o A BHL 244
AEo] Exol Ao WekE|giTh. A ATolHE o o] o} Wy $7123 RejAa §71%0] viF
o AEA orEe AE Amwo TAEel oy & ACE dEEgi=l B ATAT} oA Aato] i
Table 4. Parameters of methane production curve estimated by the double first order kinetics model on livestock byproducts.

Byproducts VDI4630 £ ki’ ko' R’

% gg' day™ -

Cattle rumen content 29.0 0.51 0.145 0.080 0.9820
Poultry sludge cake 81.4 0.78 0.162 0.033 0.9597
Forage byproduct 72.7 0.86 0.211 0.030 0.9601
Dairy wastewater 40.0 0.86 0.257 0.027 0.9745

1'Biodeg_g,radability by VDI4603method, 1EEasily degradable VS ratio, §Easily biodegradable reaction kinetic constant, ‘“Persistently

biodegradable reaction kinetic constant.

Table 5. Composition of organic matter based on the biodegradability by livestock byproducts .

E
i VSe $
Byproducts VSr 5 7 VSxs
VS VS,
%

Cattle rumen content 100 14.9¢ 14.1a 71.0a
Poultry sludge cake 100 63.2a 18.2a 18.6b
Forage byproduct 100 62.7a 10.0b 27.3b
Dairy wastewater 100 34.2b 5.8b 60.0a

"Total volatile solid, iEBiodeg.;radable VS, §Easily degradable VS, '”Persistently degradable VS, ! Non-biodegradable VS, Letters

mean Duncan multiple range test 5%
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