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Effects of Supplementation of Mixed Methanogens and Rumen Cellulolytic

Bacteria on Biochemical Methane Potential with Pig Slurry
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The study investigated the biochemical methane potential (BMP) assay of pig slurry supplemented with mixed
methanogens and cellulolytic bacteria to improve anaerobic digestion for methane production. For the BMP
assay, 7 different microbial supplementation groups consisted of the cultures of mixed methanogens (M),
Fibrobacter succinogenes (FS), Ruminococcus flavefaciensn (RF), R. albus (RA), RA+FS, M+RA+FS, and
control. The cultures were added in the batch reactors with the increasing dose levels of 1% (0.5 mL), 3% (1.5
mL) and 5% (2.5 mL). Incubation for the BMP assay was carried out for 60 days at 38°C using anaerobic
digestate obtained from an anaerobic digester with pig slurry as inoculum. In results, 5% RF and RA+FS
increased total biogas up to 8.1 and 8.4%, respectively, compared with that of control (p<0.05). All 5% microbial
culture supplements significantly increased methane production up to 12.1~17.9% compared with that of
control (p<0.05). Total solid (TS) and volatile solid (VS) digestion efficiencies showed no relationship to the
increased supplementation levels of microbial cultures. After incubation, pH values in all treatment groups
ranged between 7.527 and 7.657 indicating that methanogensis was not inhibited during the incubation. In
conclusion, the results indicated that both hydrolysis and methanogenesis stages for methane production in
anaerobic batch reactors were influenced by the supplemented microorganisms due to the chemical
characteristics of pig slurry, but only the 5% supplementation level of all microbial culture supplements used in
the experiment affected methane production.
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vt o 7 7Bt (hydrolysis), APIAATA| (acidogenesis),
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2%7 FAPCREE HeE= Zor HuEL QI
(Leslie Grady et al., 1999). o3t 7% HEIAL 7]
Zo] 28 (dhd, A, eeshE 9 gl 5)9 o
W} G748} Fof| WA E= A o) WA o FoF W
=t} (Angelidaki and Ahring, 2000), 3] 7|43} 114
oA ksl e A WA A71F] ZeRke dAEA
vt o ® QAbd e wAY f71E9 &8l 7P &
AlZro] 8415 &5 (Rate limiting step) = 283}
(van Leier et al., 2001), o]&{gt o]f-2 G7]|aTlolA] &
o] aEte, aLEsE B]jo) SAZ Qlom, AA| H7|aske
9] §A o] AX= ZA7t WA} (Gijen et al,, 1986). W
2ha] oy dAtAbEol o8 LEA flES EU4, dlet
Aoz HA 2 5HA (Shin et al,, 1992), W3- ol w|AY
E EGES VM7 HHeE Tl RS XA
A 232 388 SHA7E Wl A =L Qo Eeh
7l kgl /o] & Tl nAES A F
@7]aste] Agsto] F7|ast aeS FHHIe A
Z8Y=| 31 It} (Muller and Trosch, 1986), 4%} -2 Hk
F=9 floll EAclE vEES AER X (Cellulose) 59
IEA 24 a0 R 7EelE 4 1o (Gijen et
al,, 1986), |23k §F5=9] n]gES S8t w4k Hiol el
29 J7]|astag S A7 ARG A, sS4 vl
A g {71 17 E T e R g o] tiFE
o] Aol oA Ar|astaes ST Ao Ha
E31 Ql} (Gijen et al,, 1986).

FEuefoll A F4t Hio| mAS 0] 85l Hfo]27kA
LS 167] Aeoln, o]F tifio] 4= &ddE
YRR ZEskar ok, ey oo ek &
b NAG7E St S2lE] sARRRE st gle
o, 7] ARFAIE Sl AR 7 AR o R &7
o] RS FHIA HF viEsEe g €9 Y
T7lE T 2~6% 9= v 2oL AEA fepasol
A vehds 5/d0] It} (Yoon et al., 2009).

weba, eEsddo] e FEg "ot e a7t of
HE F715S e ol 8ste] WS ST W
Hol] Fasiel o]zfgl o]f-= Kim et al, (2012)& AlE=
QA BRo| QUi A0 HY|ADt A SR flof 2AtolE-
ettt AE2 e ZhpeEsl Hhgo /o] FHold vk
O] Y] A-eA B[l Mbrobacter succinogenes, Ruminococcus
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flavefacien Y Ruminococcus albus B|FHS AEZ QA
£ 7|2Z2 3lo] HetgAkHEld  (Biochemical methane
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AN E3], £ succinogenes B %N ] 710 S7Fe
5 Hee] Qg TS & 5 Uik aER
2 Aol A= Kim et al, (2012)2] Atol|4] o]-&% 7]E2]
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o] z4tolguehta et & 4= Al MFsto] AMg-
shelom, W] Afrar wollat o] viR Table 29} Zo]

m
T,
1
el
Jo

o
o of
of A
ool Ol
o &l
R

il
ol

=2
=y

—~~ 0Q
=
&

= B

Ut

o &
[Ne}
~
o)}
h\
i

b
l
g
E
Az -

N
ol
o

Sy

o

o
N
2
>
=
iy

;
)
op

el

:

methanogens)-2-

o
-
Mo

Table 1. Composition of the medium for mixed methano-
gens used in the experiment.

Ingredients Concentration (in 1,000 mL)
Solution A’ 10.0 mL

Solution B* 2.0 mL

Solution C* 1.0 mL

Solution D' 1.0 mL

Rumen fluid 300.0 mL

Distilled H,O 686.0 mL

Sodium acetate 41 g
Cysteine-HCl 05 ¢g

NaHCO; 26 g

"was made with NH,Cl 100 g, NaCl 10 g, MgCl»6H,O 10
g, and CaCl,2H,O 5 gin 1 L D.W.

iwas made with KoHPO4#3H,O 200 g in 1 L D.W.

Ywas made with FeCL-4H,0 2 g, H3BO; 0.05 g, ZnCl, 0.05
g, CuC12'2HzO 0.038 g, MHC12'4H20 0.05 g, (NH4)6M07024'
4H,0 0.05g , AICL 0.05 g, CoCl»6H,O 0.05 g, NiCl,-6H,O
0.092 g, ethylenediaminetetraactate 0.5 g, concentraed HCI
1 mL, and Na;SeOs5H,O 0.1 g in 1 L D.W.

‘was made with biotin 2 mg, folic acid 2 mg, pyridoxine
hydrochioride 10 mg, riboflavin 5 mg, thiamine 5 mg,
nicotinic acid 5 mg, pantothenic acid 5 mg, vitamin B12
0.1 mg, p-aminobenzoic acid 5 mg, and thioctic acid 5 mg
in 1 L DW.

‘Rumen fluid was clarified by centrifugation (13,000 x g),
autoclaving and recentrifugation to obtain a clear yellow
solution.



FeslE] e digt v M7t 1051

Table 2. Composition of Dehority’s artificial medium.

Ingredients Concentration (in 100 mL)
Mineral 1 solution’ 20.0 mL
Mineral 1I solution® 20.0 mL
Resazurine® 0.1 mL
Vitamin mixture’ 1.0 mL
VFA solution’ 6.7 mL
Hemin solution’ 0.1 mL
Cellobiose 05¢g
Amicase 02 g
8% NayCOs 5.0 mL
2.5% Cysteine-HCl 0.1 mL

+was made with KH,PO4 4.5g in 1 L D.W.

*was made with CaCl, 0.25 g, MgS04 0.25 g, NaCl 4.5 g,

MnSO+H,0 0.10 g, FeSO4+7H,O 0.10 g, and CoCly6H,O

0.0l gin 1 L D.W.

was made with resazurine 0.1g in 100 mL D.W.

was mixed with:

D pyridoxine HCI 0.20 g, riboflavin 0.20 g, thiamine HCI
0.20 g, nicotinic acid amide 0.20 g, Ca-d-pantothenate
0.20 g, para-amino benzoic acid 0.01 g, and stock
solution 1.0 mL in 1 L D.W.

@ stock solution : folic acid 0.125 g, biotin 0.125 g,
cobalamine 0.125 g in 25 mL D.W.

was made with acetic acid 17 mL (2.9 x IO'ZM), propionic

acid 6 mL (8.0 x 10'3M), and n-valeric, isovaleric and

DL-a-methylbutyric acids, 1 mL each (9 x 10'4M)

" was prepared dissolving with 50 mg hemin in 1 mL IN

NaOH and made to 100 mL with D.W.

§
1

$

D—(+)—cellobiose (No, C7252, Sigma, USA)E HJZ|2] 0.5%
4207 78k ulA] (Dehority's artificial (DA) medium;
Dehority, 1963)5 ©]&3F3itt, 2AMO|E Mgt A8
o g wjFsly] 98 dEReE VAR st F7|sA
oA st HFfste] ZAto|gHgt Aeul]eo] HF
sto] AU Ao R 3 Ahuiet g 5 & v+t Hf
FAow AMgsIGlon, Z}7ko] HhE9] Hfa Follat
DA Hj &Kol 4] 48AI7t vl &FRE 5 1 uljfoll - o] g5ttt &
T wlEht A Bellat e 25 38'C oflA] wlFstaiTt.
BMPA|R]of| vjefols 7het wi= 7} ‘ELLEJ T Are =
3: w|et4t, R albus, E, flavefaciens 4
7}7} 6,34, 2.89, 2.98 @ 3.18 log cfu mL ™" o]2T}.

BMP A3 AJ@E0] APl EatswrE 7R it
(Control) &} ZH21e] mAE viFH S 715k &3 vkt 3
7Vt (M), F succinogenes 7V (FS) R, flavefaciensn
H7VE (RF), R albus A7F- (RA) U RA+FS E3HH71
(RA+FS) 9} MH+RA+FS &3+ A7 (M+RA+FS)ZE & 77))
el 2 Z+ Al gekE o2 sttt u)AE ok
oHo] Hrle AXMy} f=&eidlof 1% (0.5 ml), 3%
(1.5 mL) 9 5% (2.5 ml) & A7} slgom, RA+FSeH

| F succinogenes

MARAHFS E3 H7bPE Wil Watelel 2HIs 50 nL
serum bottleo] ZF nJAUE2] HjoFolLS 10 mLA £ 2R
TR T A7 Lo ALgsiolh, S i
AR S S84 oIS 7]E olgele] 38T lA 60
A7} vjjol 5]—93\11]- (Hansen et al. 2004) élﬁ‘_’ﬂ L oF=Hy
5% Zof| A Aslole
Wi 630 BTN 7] AT, FoAE A
P Alslo] BAISIC dlE A HEde] 25 9]
2A &7)9e-7]+= 120 mL serum bottleS ©]-835}%
on, w71 4el o= £ E VS 71E 2g LT & (Owen
al., 1979) 7@3()&5].0:] Eolsla AlZlo] H7|AslHe 7+

s ] AFst e, of7]of Z+ A2
8 ek Aieks, el S 5 4

&g Apsl] Sl dariiz 2 shHA d714 279
A U, A S Sols02 el 0%
3} ol el A4S ZHsIon, 19 15) S50 W

B2 HE8-7]o 5

_1%

S el 2L 910 82 B
3719 AL $FAY TRAEYIIE ol gl &

AR (Beuvink et al., 1992; Willams et al, 1996). 7}
20 RS TA7EE F 5 mLE 7RSS AP R
2F|5ke] TCD (Thermal conductivity detector)”} ZFZFE
7Y~aZ2utE 789 (GC2010, Shimazhu, Japan)E ©|-&3}
Ak 7EAAEE COp He B CH4 A5k 0m, GCo

Z A8 9% (Injector) 150C, AHE (Column) 90T, A

ZX (Detecter) 200C 0|9l o, ‘:’H%— column< packed
column (Shincarbon ST 50/80, Shimazhu, Japan)S ARE-
3t} o]=A) (Carrier gas) 2 2= He 7}AS ARSI
BMP A1 A3t 5 uaole] A 2] Slstel, pH,
TS W VSE APHA (1998) 9] standard methods®]] wha} 4]
sheic

EARM TS 9 vso] B, Adlodo] pHE} -2
H}o| o 7A 9l WElrA o] bk tidle] wRE Aa]7t
3HlE9] dataS 4=X5}0] SAS package (SAS, 1999)E o] &
o] EAHEA (general linear model (GLM) procedure)2-
AABFR o1, Bt Z}oli= Duncan (1955)2] thaA4H
o o3l 95% GOl oz BAEIYT)

Zn W oy
HEH MR Table sl B A 602 U
SejelE /1A slo] @Y1 Se u) S e
B4 Bk ek e ko] T 5 ol o)
e el 19 nAE leRele Arbehee

B oo
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Table 3. Effects of supplementary levels of the cultures of
mixed methanogens and rumen cellulolytic bacteria on
cumulative biogas production (mL) in the BMP assay
using pig slurry as a substrate and anaerobic digestate as
inoculum during an incubation period of 60 days at 38 C.

Supplementation levels (of total volume)

Treatment

1% 3% 5% SEM

mL

Control 12927 12972’ 127.1b 0.89
M’ 127.1 131.3a 134.4ab 1.99
FS* 131.0 133.6a 135.7ab 1.17
RF* 127.0 132.2a 137.4a 2.15
RA' 125.5 131.7a 133.6ab 1.69
RA+FS 125.9B" 127.0abB  137.8aA 2.37
M+RA+FS 1235 124.3b 132.0ab 2.25

SEM’ 0.96 1.06 1.17

"Mixed methanogens

*Fibrobacter succinogenes

SRuminococcus flavefaciens

YRuminococcus albus

f_ Standard error of means

"Means in the same column with different superscripts
differ significantly (p<0.05).

"Means in the same row with different superscripts differ
significantly (»p<0.05).

o K& Aejtitoll fofRt Aol 7k vrehA] gisket 3%
n g WS H7bekelE W s+t (Control), M (Z
&} methanogens A711), FS (Fibrobactor succinogenes
A7), RF (Ruminococcus flavefaciens A7) X RA
(Ruminococcus albus 2715 o)A MARA+FS (23} methanogens,
R, albus?} F succinogenes T 71L) of v|sto] §-2]3&
o8 & F7IARRS UEdo] (p€0.05), 3% m|AYEHl
JAS H7etole F7EAHMERF S7tolls BakE HolX]
o}, SHANE 5% 7ol A= RFQ} RA+FS (RA4FS &
7HH) 7F tztel] Hske] 8.1 9 8 4%= ZhAAY o]
Aoz =t} (p40.05), HIE FAHCZ Fo3F Apo]
= GIUAIRE M, FS, RA 9 M+RA+FS 5% 75X =
ol vlafo] & ZkAYERS ehyold, 2t A2 A
Sszoll W IE FET AT RATS To] HolHo
2 A7l Wk slo] ko] 271sistont (0.09),
2= AlQet e v gE S M7 e 7
O] S7tol| W ZiAEAEo] S7behe RS eI
H AFHo H9h Bjgo] 73t n|PES vlo| e7A
(h2 918k BMPAI ol H71opel o] 271 Ak 0 ek
ARES 271712 AS 2A517] 918 142 celluloseS
F- R Bho] 27 R10] o] @A] ZhdbAEk|| Tist ZAL}
Kim et al, (2012)0] o3 Z@H]lm, 234z @Ako] o] g3t
& Sl 2IE maeb] S FE &S sl

02,

4 &8_’
nN' 32

1]

o

FUT Y EES 085t BMPAIR O] a8 E}leh 2
oA mAyE E@rﬂﬂ? 2 R, albus®}; R, flavefacie
S 7L Gl ol B albus7h AAke= AR
A=A osl B ﬁavefaciensol A7 o] & AT
o] Aol A= ALleF3ATt (Odenyo et al,, 1994),
= s 71EE T BMPAIR oA wie g+t A
fragsfateejol wikHE H7REE 2 Aol 2
celluloseS 7|2 E3}o] Z-& v o g AlS)S =3)5192
o 1% ulAEuiFl H7te] - Controlo] FS, RA,
RA+FS 51 M+RA+FAC] H[5}o] g2 7k ARES Ueh
e A (Kim et al,, 2012) = o2 AAE UERY ST,
831 5% u|gEujerel-S H71E1eS uls o]5 H7HA|Q
At PGS S A UEb e
cellulose”| A& AF8319S WETkE tfHE o] u)A %ﬁﬂok
N H7prol| A 7hA A RS S AlFT = S E]ollA
o1 cellulose7] Ao HIg|| thRHETE o] =2 7EAUAY
Foll PR A= cellulose”| A& ©]88k= Afole &
% SATENES SHlE Y BE JEeiAge 2EE 2
AL Q= SRR ol T, AA Faelat ELF ok
3k B8-S 236l (Kim et al., 2011) 2r&o] 2 ash ot
et FYAE T FFTeRH H7HE vAEeke o]
aE gL 7EEA7] Aog ABZEEC ESE Kim et al,
(2012)0l|41 2] FHjFAIZTO] 400U Aof vlsto] 2 4
3 o] w7 |71 60U 2 WFES|A Aio] SHs] Wad 4
Ue AFAIO] oA F7HE WatkEES ol-8sto] v
g7t 0] Wigo] Z7bd 4= Qlof nAEA 2] Ayt &
TS S7IA7] Aoz AYZETE ESE Kim et al,
(2012)0] AF A= 5% FS7} 7P 7hAHRlERS Z7kA)7]
Qi W AS o A= 5% RFQ} RAHFS7| 71 32 7140
= Uetdo] 714 9 vjkxrdel whet M7= njgEY
7hAd Aol v 2= A oES E 4= S8l

Table 49|A] BMP A& 602 E9F k= gem% 7=

ﬂ%ﬂ! >,

o 12

9
o rlr

F

st w) B ek @714 el welE ukolel
Aol we A e AN 199)

oS @148} Wkl Alelele s 71
el Aot ol HelTel YTzl Heolrt gis)

8% v)BE|p) 7} wel b} vehgien] 8% FS7h
MHRAFSO Hlsto] 02 Lo ma Ay
ERIEF (p<0.05). 5% uIAYEHlaFel H7bA] 3% H7bolA
£ AL Hold Alo] jaTo] ste] mE n]apzujerey
71T G AR WS IAARRE F7 AR (20,05,
ozt tiste] 5%2] M, FS, RF, RA, RA+FS, 9
M+RA+FS RF7} Z¥ZF 12,1, 12,6, 17.3, 13,7, 17.9 4 14.7%
2 oA Z7PA A B3, B/ A
ook AP 5% RES RA+FS7E 713 S8 g}
SRS Uehgich olefat sisk wale] F7ke A%
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Table 4. Effects of supplementary levels of the cultures of
mixed methanogens and rumen cellulolytic bacteria on
cumulative methane production (mL) in the BMP assay
using pig slurry as a substrate and anaerobic digestate as
inoculum during an incubation period of 60 days at 38 C.

Supplementation levels (of total volume)

Treatment

1% 3% 5% SEM

mL

Control 562  58.8ab’  57.1b 0.87
M 575 60.2ab 64.0a 1.48
FS' 60.0  64.0a 64.3a 0.94
RF* 577B  62.3abAB  67.0aA’ 1.63
RA' 584  61.4ab 64.9a 132
RA+FS 58.8B  59.7abAB  67.3aA 1.75
M+RA+FS 586  56.8b 65.5a 1.81
SEM’ 0.68 0.79 0.96

"Mixed methanogens

*Fibrobacter succinogenes

SRuminococcus flavefaciens

YRuminococcus albus

" Standard error of means

"Means in the same column with different superscripts
differ significantly (p<0.05).

"Means in the same row with different superscripts differ
significantly (p<0.05).

o] 97k WA} AEEAZE 9Lo ), cellulose 714
& ol gelS ueks e AFE £¥I9E olganS T
NGBS} HEy T mo] uAEule]
A 9SS e Qi) M fatsiae] By
=7} vgrts 2SS =71A)7 44> celluloseE 713
2 3l Kim et al, (2012)9] A= EE] 52 5= A
F3t =] 9] ] 27 (cellulose, hemicellulose ¥ lignin
%)9} Z3E (F7]18)9] g0 19.7% 9 6,0%= (Canh et

L 199N & A8 B dEo] 0] 83 4= 9= gokAav) o
O‘:”]-.Ti 3 A-5-219] 2571 cellulose ©]2]9| %= hemicellulose
7F qlem, 53] ligning BMPA| ol A] wehg/d ] S-a3t
AEAAE LA U} (Triolo et al., 2011), ©]ef o] 4
Ao 2 T% th27] dhizo] AfaE Edfisks vid=
=9 #ai54ol t=7] gz e AfaiddhiEel o
et WA LA (VFALE HoE AAbste] Hghs 714
7= 9 Bt Aow MAZECY F o osuccinogenes, R,
flavefacience 9 R, albus = 781_, xylan % 1 cellulose®} Z-
2 tgHFE 43} XA (Bryant et al., 1958), FA (acetic
acid), <A1} (succinic acid), 7)u|AF (formic acid), Hs, ©]
Bk W KA} (lactic acid)2 AT} (Ayers, 1959; Dehority,
2003). °]& WaAikE = actate, formate I Hy S 7]X‘E
sfol gk REe] Heke BHTe R vehee o
ZETE SV 4= QSlE Ao A7 53], 2 A

s

3:0

>E
flo

Table 5. Effects of supplementary levels of mixed methanogens
and rumen cellulolytic bacteria on total solid digestion
efficiency (%) in the BMP assay using pig sluny as a
substrate during an incubation period of 60 days at 38 C.

Supplementation levels (of total volume)

Treatment

1% 3% 5% SEM
%

Control 28.1ab’ 257 28.8a 1.45
M 29.5a 26.9 25.3ab 1.25
FS 24.4bc 29.1 23.6ab 1.58
RF 21.8¢ 21.8 23.7ab 0.88
RA' 23.1c 25.4 21.3b 1.00
RA+FS 19.9¢ 20.7 21.3b 0.45
M+RA+FS 20.1¢ 20.5 21.6b 0.79
SEM’ 0.88 1.05 0.78

"Mixed methanogens

*Fibrobacter succinogenes

SRuminococcus Sflavefaciens

YRuminococcus albus

¢:Standard error of means

" Means in the same column with different superscripts differ
significantly (p<0.05).

FolAt Mol Hoele A7ae e g

of) HI3) & Hlsk7k WAES Ureho] RalgA) B
g obet st ARAIA HekEe] W7t WEdS
Z7ME 5 e dehiolth THEE gE Lejes
O[5 B7)4:Bloll A 48t 7] AL o] g3k 3 Mk b
S B Aot ek WIS dlof 2 Aol
ol8H MAEES AW} o £ & 4 Urk

It

T

-

TS VS Eallg BMP Alg AJ2F A3t 22 5 ulS] yj
TS 2ARt] 2 A2]H 8 TS 28&-S Table 5] LE}

Ak 1% = vlgHS F7FsES W Mo] Control ¥}
FSE A5} oh2 njAlE wjokol Hrbnct fojHom
& B UeRfElct (p0.09). 3%e) wIgE vyl
A7IE 39S ul= FSolA TSEES0] 714 = Ak
HAA R A2t Folgh Afol= ¢l 5% njdE wig
M-S 71512 W= Controlo] RA, RA+FS W M+RA+FS
o HIgl] foJo® =2 TSRS YeRfRITH (p<0.05).
AukA o 2 u| Y& Hjokoo] Hrleko] ZrlsleelE TSH

e mE A2l glolAl o)t gigint Ak

BMP /\]61 HjoFE ol oFE &8 7|4 R Y-S o TSE
e e X oA 19.9% ~ 29.5%= A Fe
&2 Bk ol olfi= & AdolAe dHEslE
et 2R E AAl= SHA] Eskl e, ARgE 71

e Ao] Agta] Wol 9leg |AlshaL glet,

Shij
:?_L',
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el
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Table 6ol VIEHIAT @ AlgatalE Hopolo] A7t
9 ko] e VSEaRS Uehglch 2 nlas
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Table 6. Effects of supplementary levels of mixed methanogens
and rumen cellulolytic bacteria on volatile solid digestion
efficiency (%) in the BMP assay using cellulose as a
substrate during an incubation period of 60 days at 38 C.

Supplementation levels (of total volume)

Treatment

1% 3% 5% SEM

%

Control 422 44.33'{ 45.1a 2.13
M 439 45.1a 42.8ab 1.84
Fs* 42.1 44.7a 42.2ab 1.09
RF' 47.1 40.6ab  44.4ab 1.50
RA' 423 46.7a 40.3ab 1.39
RA+FS 39.9 417ab  38.6ab 0.85
M+RA+FS 41.6 36.8b 37.2b 1.28
SEM’ 1.16 1.02 0.87

"Mixed methanogens

*Fibrobacter succinogenes

SRuminococcus Sflavefaciens

YRuminococcus albus

¢:Standard error of means

Means in the same column with different superscripts differ
significantly (p<0.05).

N HA7brE VSRS &S TSEal&} fARRE FaFE |
ERRIEE 1% mE widS H7lskals o VSiEahae
HITHE 39.0%~43 0% A2) 7 Holet Aol gk 1
2} 3% n|E vigHS H7EE w= Control, M, FS
9 RAZ} M+RA+FSe] tfiste] 20.4, 22.6, 21.35 9 13.3%=
VsEahEo] FolA o EUTtH(p<0.05). 5% H7HtolA=
Control FFo] M+RA+FSo]| tfale] fojz|og =0 VSES|
&S UEHATH<0.05). & BMPAIE AT} A A2
2ol 2t 77159 HolE- 3% RACIA] 46, 7%= LEFLTE

1970t SRERE in vitro 7EAHAYREY] S4E AGE
o] a3kg W WaEALS AYshe Fa% A= dEA
2¥t} (Theodorout et al., 1994; Theodorout et al,, 1998),
ST i AROIAE TS W VS BahEo] B uolei
Ao} e A} 90A) Qs oliat 71
CEPIRES, BAISH W A1gol o 88 ARe] W 4
o} o] dfet ARE AT 4 AT, T A= o]§
= Az wet 8 4% 9t} (Rymer and Givens,
2002). VSO Fage dRbHom =& (loiA
40~60% A== &4HA ) (Andreadakis, 1992; Hashimoto,
1984; Hill and Bolte, 1984; lannotti et al,, 1979; Safley
and Westerman, 1990), ©]&|3t ZF5-2 F2 H XA &9
i AjRo) AR Aokl mhet oS % 9lek. Lannotti
et al. (1979 & F7|asixo| o]gEE= OJ%QHE'M 4%}
sl o, FRAJES trdkEol
Ad 9 g Aol shglen

WSl =A<l 2ladoe] #7144 Esflol AsiEd
olUe} cellulosef} -2
F3t AJRolglal 519it} Stanogias et al, (1985)% 01
FRe) AR AR (U0, S, 2us, 84
o, o, Wls, oy W el g Folat
WA B9 R o] §ofo] B/14TE ANHES
VsialEo] dautels golgt Aol 45%01 o
TrYE 3ot AbRolA = 80.4%% At Zpol7t QL
= A Ao, o]} o] & AFollA HE Aetolk
= TS 9 VSEa&S B A Foltt AlR=RE
3fl/d o] Wol 2JE Q7] it o= A7,

ru9
iz

DO i

2 4R ol gH FhAY

£

)

Az AT oo _I}o

¢

2|Z pH &} @7]40t Pl pHE i F87 <)
S P

+=°17] 98l pH 6.0~8.0 A&=5 fFAIsloF s}aL, pH
6.0 oJak7h =%l Wby T o] HHHES ke Ao
2 A A QItH(Speece, 1996), Table 7 60U A|HZRA|
oA S43r 7+ Ael-d pH gk AlAIskITh AA] uiek
ko] et 2 Aol 15107 7 Hehe 75277 6
olick. 1% WoFel AIOIAE RAHFS 8 M+RA+FS7}
7.630 W 7.657% Control, M, @ FSoj| H|3}o] {-0]x o7
EQEo L (p<0.05), THE Ag]to] tfstel= 2ol 7t gl
3 BMPAI ROl A 21 24 prie] el 87148y
of g prgol Eztelol prol ofgt nbESe] 4%

Table 7. Effects of supplementary levels of mixed methanogens
and rumen cellulolytic bacteria on the final pH in the BMP
assay using pig slurry as a substrate during an incubation
period of 60 days at 38C.

Supplementation levels (of total volume)

Treatment

1% 3% 5% SEM
Control  7.527¢’ 75276 7.537d 0.0024
M’ 7.560bc 7.590a  7.597c 0.0083
Fs* 7.550c 7.580a  7.610bc  0.0165
RF® 7.620ab 7627a  7.613abc  0.0060
RA' 7.617ab 7607a  7.617abc  0.0055
RA+FS  7.630aAB’  7.613aB  7.650aA  0.0063
M+RA+FS 7.657a 7.630a  7.640ab  0.0114
SEM’ 0.0117 0.0088  0.0084

"Mixed methanogens

*Fibrobacter succinogenes

SRuminococcus flavefaciens

ﬂRuminococcus albus

’_ Standard error of means

'Means in the same column with different superscripts
differ significantly (p<0.05).

"Means in the same row with different superscripts differ
significantly (p<0.05).
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Jbelie w wEiAel Ik 9lg Rolehe el
BMPAIEO] +AEI, AEH O iy vfeelAl 5%
ek ARl ARk vl 9 ol Eat)
ol wipol| A HErIA S F7HAIA celluloses 7| E 2
3t A3 (Kim et al,, 2012) oA £ succinogenes v]]%FH 2]
A7¥go] S7rdas et AdeE 7RI R 7
SHA7F a8t on, & Adois e SulEe] A
Jo g Qlsl 7hpRsia ALt Wit ddeA 2Rl
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AlQlstar W2 M7zl e H7tanrE vehbA] o
T Tt B4 s )] whie] $Fe
A7|astabgol A mAgE d7Ee] Aol oigh A+
2 A7k ol ekl ofust QAbvl B
Aol et 271 477} BRF Ao Az,

r Hr
r

m
"

F
J
o:

N
-
r_|_"

=]

g &
o8 iz
re

ot 32 de
I
ot

o]

b
fr

o (o]
I =

B AT WA AHA 0 Polsks B3 vekE
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Fibrobacter succinogenes, Ruminococcus flavefaciens 2

Ruminococcus albuss  biochemical methane potential
(BMP) Alelol 37Fstls off wigt whof mjA= J3= =
ARl 48E|Qitt BMPAYS WHgz=is 27)sh
control2} Zk7Fe] wYE wiopole ket B ek A
7Vt (M), F. succinogenes J7V (FS) E, flavefaciens 3
7V (RF), R albus 7F+ (RA) H RA+FS E33719t
M+RA+FS &3t M7= & 770 Ae|atz 2 At sut
Bom YL, v HjeFle] Bl Az of
=&¢gel 1% (0.5 mL), 3% (1.5 mL) H 5% (2,5 mL) 4
A7 Sk, BMP AIES SI8) 6022t o] A1Elgin
F2a3HE 98l 38C 9] ujekr]ollA =t A9
A3} % o] @7k WIS 5% RFS} RA+FS7} th7o]

Hjste] 81 9 8.4%= ZRAHMYRo] fojHos =9kt
(€0.05). HRHEAYTEE: 3% n & vl M7 5 MARA
+ FSE Al¢JetaL tzto] Hlsto] S7H71= AFE 23l
o, 5% YN H7IoHE Wl sl tiste] 5%9]
M, FS, RF, RA, RA+FS, ¥ M+RA+FS RF7} Z}Z}; 12.1,
12,6, 17.3, 13,7, 17.9 & 14,7%% wgb7 YRS S7F
AFHTE (p€0.05). TS 9 VS K& 7k
glo] W& A2|toll A nE wieree] Hrkeke] F7tsid
2t ko] 7F gloich BMP E&A] HiFAY] pHi= W& A2
7t 7.527~7.6579] RIQIR vghdaol & P FA &
At AEAoE, & AFolde g &ulge] 4EEA
o7 Q3f ZhpEad AR}t He A ol H71gE v]
e vijerele] Azt Ale, 5% H7beEs Akl
W2 A7krEelAe A7haar ehRl= Qi
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