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Effects of Dietary Allium fistulosum L. and Tannic Acid on in vitro
Ruminal Fermentation Characteristics and Methane Emission

Lee, Shin-Ja - Eom, Jun-Sik - Kim, Hyun-Sang - Kim, Hyeong-Suk - Lee, Sung-Sill

This study was conducted to investigate for the natural methane emission inhibitor
as a feed additive no adversely effect on rumen fermentation. Five different Control
(Wheat barn (0.05 g), MRA(Methane Reduction Additive)-1 (Allium fistulosum L.
(0.05 g)), MRA-2 (Sodium Lauryl Sulfate (0.025 g) + Wheat barn (0.025 g) mixed),
MRA-3 (Sodium Dodecyl Sulfate (0.025 g) + Wheat barn (0.025 g) mixed), and
MRA-4 (Allium fistulosum L. (0.02 g)+ Tannic acid (0.02 g) + Wheat barn (0.01
g) mixed) contents were used to perform 3, 6, 9, 12, 24 and 48 h incubation for
in vitro fermentation. Ruminal pH values were ranged within normal ruminal
microbial fermentation. Dry matter digestibility was not significantly different
across the treatments during the whole fermentation time. Also, the result of
microbial growth had no adversely effect on during the whole fermentation time.
At 24 h, methane emission was significantly lower (P<0.05) than all treatments
except to MRA-1. Especially, MRA-4 carbon dioxide emission was significantly
lower (P<0.05) than control at 9, 24 and 48 h incubation. In addition MRA-4
propionate concentration was significantly higher (P<0.05) than control at 24 h
incubation. The result of RT-PCR Ciliate-associated methanogens were significantly
lower (P<0.05) at MRA-1, MRA-3 and MRA-4 than control at 24 h incubation.
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Based on the present results, MRA-4 could be suggestible methane emission
inhibitor as a natural feed additive.

Key words : Allium fistulosum L, carbon dioxide, methane, rumen, tannic acid

A7V SUMR A F2dse]l EAle AZEiAaL 3, special report on emissions
scenarios (SRES)T= &% 10dult) ¢F 02CH A9 257 71 A2 AslHor
(IPCC, 2011), FAHEoF A &5 = 247122 o]4kslerd, wgh 9 opikslal 4 7k 27}
A3t Fag dlolth F9-57He] HEFSE RFTIEF A A T EHE Wee
4.4 Y=o 2 1990130l WISt 47.4%7F S7F8Hd(Kim et al., 2016), 3ol HAAEH7}
A|(Patra and Saxena, 2009; Benchaar and Greathead, 2011), S AFSE 3 7FAI(McAllister and
Newbold, 2008), 5874 E(McGinn et al., 2004) ¥ ALZH[3H7]&(Kim et al, 2011) 5= &
&3 HErtaE Solv A7 283 J¥E Uk

Ty T 543 2R AP E Y FTkelA AREo] SR EH o] §lo,
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Ajo] g3t
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A A ke AFEAQ] T4 o|ASRAE THAAA WES A 7HA 7] I(Williams and
Coleman, 1992), -2 HE59u] F3dWd & R G5t Aolxo s duld s FHshe
3 L 134F e a3 YA THIrene, 2006; Waghorn, 2008). %3}, Yang 5(2017)<
cannula7} 2HE AoA ghd-& Fofstd W9 O] ZREZo} 9 wgk A4 Hheglo}
g vk B FFe] Fadty Buste] ghd gos v wgk Azt A olgta
By

wehA, B Ao A A 222l Sodium Lauryl Sulfate (SLS) 2 Sodium Dodecyl Sulfate
(SDS)E oAl & F A+ ARl st} Bdake AElste] wh9] ol wgk A

o
s
e
rRor
(e



Ul S Allium fistulosum L)} M-S o] &8k ALZHTIAT} in vitro WS HEASH Wg B nXE 9 777

i
=2
r o)
%
=
=

AFE M,

AT Har F FAFY AgHE e IHEAAUNS . A e 5A &Y ot 3
Hlow, WA ZY3d NS n o sERSAEANA AFSES 99 cannula”}
A2HE e (AT 450 kg +30 kg)EH-E AAF AT A FEY ASHE = SFA
(A BBVMRO 158%)9} timothy € 6:4%] HIEE AT 2%E 1Y 23](09:00 ¥ 17:00) &
g g3 e £ ruE E5& AF AFES ST e oA AR
A HFE9] cannulaE 53] A F 3] 47 9] cheese clothZ o3} 3F Oh2, 7] E]2] 2 Lo
2ol Fo} APHZ 0|53l 39°C water bath (Lab Companion; BS-21)°l 1A17F A
, AFHEZE AE JAE AASA in viro Nl AHE3FATH

Jov Jo ¥

Do
o

A& 9 in vitro A

2 mmlE FH T B EAE 65C dry ovenoll A 24413 AZRAIZ] & FAAEE ARG
7, 3 emx 5.5 cm® ARA] A2 nylon bag (Ankom Forage bag: R1020)° FAIA%E 0.95 g
BE Aol dZF o7 ALREP o, 0.05 g APTEE ek AL 93 9B A}
&3t 2T 271, HE1TF=WMRA-1; IHAllium fistulosum L.) 0.05 g), *227=
(MRA-2; SLS(0.025 g)+H7]L0.025 g)), A1 2I37=(MRA-3; SDS(0.025 g) + 27]10.025 g)),
283 A E4TFE(MRA-4; 3H0.02 g) + BI2H0.02 g) + E7]12(0.01 g))e 22t Y] heat
sealing@ ¥ 125 mL serum bottled]] FoJ3}ATh 1 F W2 A 3 McDougall buffer
(Mcdougall, 1948)E 1:29] v &2 T3 MY 60 mLE 7|3 EN(Ox-free Ny)Z2 5 &
WE3G T 7 A2l vf S 39T 2] shaking incubator (Jeio Tech; SI-900R, 120 rpm)©l| A]
NZFHE (3, 6, 9, 12, 24 2 48 h)E 3HHE O Z jn viro NPS FH3AT FAAE, =
T 9 Ao 383 A2 Table 13 ZTHAOAC, 2012).
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Table 1. Chemical composition of Timothy and methane-reducing feed additives

Chemical composition Timothy Treatments'

(DM %) Control | MRA-1 MRA-2 | MRA-3 | MRA-4
Moisture (%) 8.87 11.15 1121 10.98 11.04 11.07
Crude protein 13.37 14.09 14.90 13.82 14.04 13.94

Crude fat 2.25 7.83 7.55 7.90 7.90 7.34
Crude fiber 21.87 11.45 11.08 11.55 11.76 11.82

Crude ash 8.62 4.60 4.88 4.50 4.78 4.48

Ca - 0.20 0.26 0.18 0.26 0.22
P - 0.65 0.65 0.71 0.71 0.71
NDF? 53.18
ADF’ 30.57 )

! Treatments : Control; wheat barn, MRA-1; Allium fistulosum L., MRA-2; Sodium Lauryl Sulfate and wheat barn,
MRA-3; Sodium Dodecyl Sulfate and wheat barn, MRA-4; Allium fistulosum L., tannic acid and wheat barn.

2NDF : Neutral detergent fiber.

3 ADF : Acid detergent fiber.
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pH =72 Weaton decapper (Weaton Co., USA)E ©]-&3}] serum bottle2] aluminum seal
2 butyl rubberE A AT F 6] FH-ES pH meter (Mettler Toledo, MP230)E- ©]-&3te] =43}
ATt

AE28E2 serum bottle Ul nylon bageS 43t & A& FZFo| ¥il Heidolphs
Rotamax 120 (Heidolph Instrument, Germany)E ©]-83}% 100 rpmollA] 2023t 33] A& 3,
65C 2] dry oven (Jeio tech, Korea)oll Al oF 24Xt AZAA AE JFFS SHIAUTE 1 &

2 A 714 Fe] zpolE 3 F, o] AolE WA A 7E Feo WEEE kst
=435S ALt
N AEGGFE YA 1 mLE AFHT o3, 3,000 rpmoll Al 3&3F A &8st ALE )
A2 AASATE 1 T A5AS 14,000 rppmoll A 387 QLA EE k] m Y E pelletS 3
AAZ F 235N AASH L, pelletel] sodium phosphate buffer (pH 6.5)5 1 mL 3 7}35}]
vortex 2 W RIAI7|= AlF A S 33] dH5 28k & spectrophotometer (BIO-RAD Model
680)Z 550 nmol A optical density (0.D) &< T3] nmAAEAAHFS =H310.

7} A S Theodorou 5(1994)2] HH O Z serum bottle?] head spaceol] U= 7F~

WY &F-S detachable pressure transducer 3 digital read-out voltmeter (Laurel Electronics, Inc.,
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CA, USA)E A3l =439, 71 3 9 mL vacutainer®l] 7125 3Z3 3} Gas Chroma-
tography (GC; HP 5890 Gas Chromatography, USA)E AF&-3lo] Wk 2 o]4lslets B SF
< SAs A

LA A AR w1 mLE 12,000 rpmoll A 3E3F A BElHg oz AEJAE A
AstaL, %5 H S 0.20 uM syringe filter® 3 ¥ High Performance Liquid Chromatography
(HPLC; Agilent-1200, Germany)E ©]-&3l ZA3sAth A5 FAHL 20 pLA} L, °lF
A} gBL 0.0085N HoSOE AFE39H o™, §452 0.6 mL/min®] . Columne 300 mm X
7.8 mm Ld. MetaCarb 87H (Varian, USA)E 35C oA AR8-3} T

) AE TR WSS $43H7] $18k] Real-Time PCR #4& AAIBIA T vl | mLE
AFHZ T, 3,000 rpmoll Al 381 AR st ALE YAE AAZ F, NucleoSpin Soil
(Macherey-Nagel, Diiren, Germany)E ©]-8-3}%] DNAE % ¥ Nano-drop (Thermo Scientific,
Wilmington, Delaware USA)= ©] 83} DNAS =5 S4 3 10 mg/uLE EA3} Alg

o A& T AFE3E primer= Z+7} total bacteria (Denman and McSweeney, 2006), Ciliate-
associated methanogens (Skillman et al., 2006), Methanogenic archaea (Denman et al., 2007),
Fibrobacter succinogenes®} Ruminocuccus flavefaciens (Denman and McSweeney, 2006) 2
Ruminococcus albus (Koike and Kobayashi, 2001)0]™, Al@el A8-3}7] A forward primer
(FW)&} reverse primer (RW)E ZH2F 10 pLe} 57 180 uLE 4191 10 pmolE 23] A5} T
0.2 mL PCR tube (PCR-0208-FCP-C, Corning Axygen, New York, USA)°| 10 mg/uLZ 27
3t DNASF S/4E 410 9 uL 5313, primer 1 pL®} SYBR Green (Code: QPK-201,
Toyobo Co., LTD., Japan) 10 uLE 412 pre-mixtureE 11 pL #F3F F 20 uL7} HA 3t
ATt I ¥ Denman¥} McSweency (2006), Denman 5(2007)2] ®H O Z Real-Time PCR
(CFX96TM Real-Time system, BIO RAD)= 4=3§3}% 2., total bacteriaS reference gene 2=,
A4 B8l o Ruminococcus albus, Ruminocuccus flavefaciens, Fibrobacter succinogenes)ﬂ-

Methanogenic archaea 2! Ciliate associated methanogen?] W& &8 =%3}5 3, control =

2 B3 b9E J7HE oAt nAE 2RAsE Bkt
4. SAIA T
B AA 2l SAS package program (2002)2] General Linear Model (GLM) procedure®l w2}

At om, Zt Ael73te] A8 HASES 8 E4HEAS HA] ¥, Duncan’s multiple

range test (Duncan, 1955)2 5% T4 7248 A 3IATHP<0.05).
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Table 2. Effects of methane reduction additives on pH, dry matter digestibility, and
microbial growth rate during in vitro rumen fermentation

Incubation Treatments'

. SEM? P-value Mean
time (h) Control \ MRA-1 \ MRA-2 \ MRA-3 \ MRA-4

pH
3 7.00 7.00 7.02 7.02 7.01 0.01 0.588 7.01
6 6.76™ 6.76" 6.75° 6.81% 6.84° 0.02 | 0.0165 | 6.79
9 6.60 6.62 6.63 6.63 6.63 0.02 | 0.6681 | 6.62
12 6.45° 6.47" 6.48" 6.49° 6.53 0.01 | 0.0004 | 6.49
24 6.30 6.28 6.32 6.30 6.29 0.02 | 07426 | 630
48 6.20° 6.24° 6.20° 6.22 6.22" 0.01 0.1068 | 6.21

Dry matter digestibility (%)
3 34.03 32.89 36.49 34.77 33.12 230 | 0.8047 | 34.26
6 40.28 40.98 4351 38.94 40.93 2.14 | 0.668 40.93
9 45.12 44.10 45.20 46.34 45.43 1.57 | 0.8955 | 4524
12 48.58 47.18 43.94 45.60 44.10 1.96 | 03371 | 45.69
24 53.49 53.30 52.79 52.05 53.81 1.17 | 0.8403 | 53.09
48 56.49 56.99 56.45 56.90 56.00 0.83 | 09165 | 56.57

Microbial growth rate (O.D 550nm)
3 0.07 0.06 0.06 0.08 0.08 0.01 | 06134 | 0.07
6 0.33 0.27° 0.30" 0.37% 0.43° 0.02 | 0.0081 | 034
9 0.37° 0.42% 0.43% 0.39" 0.46" 0.02 | 0.1216 | 0.41
12 0.44 0.46 0.42 0.49 0.55 0.05 | 03669 | 047
24 0.38 0.34 0.36 0.44 0.40 0.04 | 04525 | 038
48 0.55 0.58 0.47 0.49 0.49 0.04 | 03353 | 0.1

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

! Treatments : Control; wheat barn, MRA-1; Allium fistulosum L., MRA-2; Sodium Lauryl Sulfate and wheat barn,
MRA-3; Sodium Dodecyl Sulfate and wheat barn, MRA-4; Allium fistulosum L., tannic acid and wheat barn.

2 SEM : Standard error of the mean.
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(P>0.05)%1 2ol & Holx] §gith wAE ARTFL LHE 6, A MRA-4TA =
of vla] o] (P<0.05) 0.2 ESkoW, BE HIUFTolA 12417 9f 484K T ol A H T X
of =&tk ol Axts v vhdAke mAE A A A4S YEhA] o=
AL AT F AT B Ao AMg-d gt} ghd4ke F4 M99 pH HHIE FAA7]

, AELSE 9 uEAT T FAHHA &S VA gorng F vtx 9 ek
= A7 A o] 7ol A gstta AR H T

3} g ghdako] g viro WS U] Zh2d A ol n A= Y& Table 33 24 & 7k~
A &S T aAITEo] A3 et BE AP FAllA FUFsEA AL, A 3, AT MRA-4
Toll A tiEzTol vl §292(P<0.05)2.2 WA SH AT vk DATFS BEAITRo] A
ol wel BE A TolA F7eA L, TE 24470 MRA-2, MRA-3 2 MRA-4-7-0l| A
ol BIsl] 23 (P<0.05)C.2 wekom, 53] MRA-3TOA th& A&l B8]
o H(P<0.05) 0.2 WA ZAHHJTE o]iksterA WA AA] dE 2447k o] MRA-2,
MRA-3 ¥ MRA-4TOIA thxTol Hl8] EF F22(P<0.05)22 A SAHEHUT 53
U E 4841 MRA-4T-o| A o]4kstgba WA EFo] 213 (P<0.05)C.2 BA YERG 2
g df A E FEFES o] 83 oxiate s WA H AFAAS FASITHTan et al,
2011; Lee et al., 2015). WebA o] Aol ARE-H 1t} ghd4ke A HTIA 9 FAREE H
g A7 835 B, 53] oiksteta A7t ade PV ET A& WA -5
g A0 & JERTH
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Table 3. Effects of methane reduction additives on total gas, methane and carbon dioxide
emissions during in vitro rumen fermentation

Incubation Treatments'
time () | Control | MRA-I | MRA2 | MRA-3 | MRA-4 SEM? | Pavalue | Mean
Total gas emission (mL/g DM)
3 180.35° 178.02 | 173.59° 175.01% | 17639 | 1.12 0.0133 176.67
6 213.35% | 211.23° | 210.39° | 217.89" | 214.03" | 1.50 0.0392 | 213.38
9 259.28% | 25517 | 255.48" | 244.61° | 24329° | 3.67 | 0.0392 | 251.57
12 274.12 280.83 270.11 274.70 270.53 3.19 | 0.1996 | 274.06
24 337.64° | 33141 | 32391® | 311.14° | 316.73* | 696 | 0.1225 | 324.17
48 304.59" | 300.68° | 302.58™ | 320.17° | 303.69® | 532 | 0.1437 | 306.34
Methane emission (mL/g DM)
3 1.53° 1.56™ 1.65% 2.15% 3.49* | 0.57 0.1539 2.08
6 6.04" 6.34" 4.62° 7.83% 10.07* | 0.91 0.016 6.98
9 17.88 15.34 14.79 1431 15.47 142 | 04770 15.56
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Incubation Treatments 5

R SEM P-value Mean

time (h) | Control | MRA-1 | MRA-2 | MRA-3 | MRA-4
12 24.52 24.70 20.58 23.74 25.53 2.45 0.6636 23.82
24 56.89 55.12° 40.49° 28.42° 4291° | 458 0.0051 44.77
48 57.68" 57.17° 43 47 35.63° 37.52° | 3.99 0.0276 46.29

Carbon dioxide emission (mL/g DM)
3 9.88° 9.62° 0.65° 3.31%® 234" | 257 0.0857 5.16
6 33.98%® 33.45%® 36.58° 34.32% 31.88° 0.95 0.0618 34.04
9 49.11* 46.66" 39.56° 34.55° 34.69° 1.98 0.0009 40.91
12 50.67 50.28 55.50 58.23 50.08 3.27 0.3382 52.95
24 90.63" 81.89% 69.95% 60.40° 73.06* | 4.41 0.0063 75.19
48 89.95° 97.52° 93.68" 89.79° 74.84° | 3.84 0.0175 89.15

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

" Treatments : Control; wheat barn, MRA-1; Allium fistulosum L., MRA-2; Sodium Lauryl Sulfate and wheat barn,
MRA-3; Sodium Dodecyl Sulfate and wheat barn, MRA-4; Allium fistulosum L., tannic acid and wheat barn.

2SEM : Standard error of the mean.

L ghd4bo] in vitro RFFS W LA A A m R = GEFol thet A= Table 49}
L F AT S-S T E 2447 MRA4TOI A T 2ol HlE] 2] F(P<0.05)
2 =Y Z4HAcetic acid) S BHE 6, 947 MRA-47-ol| A T =70l w3l F2] &
(P<0.05)0.2 A 74 =om, IR 48417 24 T332 MRA-17oll A th 27 13|
212 (P<0.05) 0.2 wokth. 23] 22K propionic acid) $HFS LE 24417 MRA-4T77}
2T HlEl 19 H(P<0.05) 0% 4T W9 i ZE23] 242 Wgke] A=
AE o] &3l YAEE AOZ (Grobner et al., 1982), ERdAto] w39 U] =4S o] &3}
of We AHE FodFE AR ARHT

g gdikol in viro WS W P E RSk X Gl the A+ Fig |
% 2o}, A4 &3l vrEl gl okl Ruminococcus albus$t Fibrobacter succinogenes< T8 12
AR BE Aol A tizToll vl 7o 2(P<0.05) 0= SEekal, & 24 A Rumino-
coccus albusi= MRA-1, MRA-2 % MRA-37ollA] tZ7o H]3] 2] 3(P<0.05)0.2 =3FS
W, Fibrobacter succinogenes= MRA-2, MRA-3 % MRA-47o|A tlZTol HF F%
(P<0.05)0.2 =it B A Ao} Fol24d ARG AAQ] SLS+= w2l W9 carboxy-
methyl cellulase enzyme®] &4} ciliate protozoa] 5 ZFAAA F71&EF dF4 Eill&
< Z&AT)E Santra 5(2007)9] A3t FAFSA. AN, AMDYA L =S wolY
Algol EAo] HAES W) sk McAllister 5(2000)2] 2ol AFo]stAth Tan 5(2011)
2 Leucaena leucocephala®| ¥l FZ3 ghdo] R W T2 EZxol 9 g A4 v o}
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oo g3 vt RslEnh B Ao A vE 244171 MRA-279l A ciliate-associated
methanogens©] T 7ol H&) 2] #(P<0.05)2. 2 k3l MRA-1 2 MRA-47-o| A =3 of
7ol Bl Fo] A (P<0.05)0.E W& A0 2 YERY vhef Bd4be FAA A 9] wig A
7He] Al B50] e AoE AlsHT

Table 4. Effects of methane reduction additives on total VFA, acetic acid and propionic
acid concentration during in vitro rumen fermentation

Incubation Treatments'

time (h) Control MRA-1 MRA-2 MRA-3 MRA-4

SEM? | P-value | Mean

Total VFA (mM/L)

3 28.71° 31.17° 30.93% 29.97® 30.05% 0.70 | 0.1882 | 30.17
6 37.36" 34.35% 31.68% 33.54% 30.72° 1.69 | 0.1263 | 33.53
9 43.85° 40.81" 35.45% 32.43° 33.92° 2.06 | 0.0132 | 37.29
12 3145 43.67° 39.84° 61.61° 59.29° 133 | <0001 | 47.17
24 74.56° 7377 72.24° 7431 78.73° 1.50 | 0.1009 | 74.72
48 83.65" 78.02° 84.63° 87.02° 84.93° 149 | 0.0165 | 83.65

Acetic acid concentration (mM/L)

3 19.75° 22.60° 22.55° 21.94° 21.59% 0.60 | 0.0419 | 21.69
6 25.69° 22.85% 21.02° 21.53° 19.71° 1.17 | 0.0405 | 22.16
9 26.43" 24.15% 23.49% 20.67° 21.08° 1.51 | 0.1146 | 23.16
12 19.82° 25.87° 23.24" 33.25° 33.21° 1.15 | <0001 | 27.08
24 40.70° 39.96® 37.82° 39.97% 42.99* 1.16 | 0.1101 | 40.29
48 4521° 40.51° 4337% 45.81° 45.36° 1.05 | 0.0269 | 44.05

Propionic acid concentration (mM/L)

3 6.98° 6.77" 6.66" 6.37° 6.75® | 0.13 | 0.0661 6.71
6 9.85 9.17 8.78 10.05 8.97 0.55 | 0.4422 | 937
9 14.70° 14.25% 9.62" 9.83 10.76 0.59 | 0.0002 | 11.83
12 9.52¢ 15.12° 14.22° 25.19° 22.57° 0.44 | <0001 | 17.33
24 29.06° 29.07° 30.84% 30.32% 31.42° 0.58 | 0.0568 | 30.14
48 35.64 35.20 37.67 38.36 36.38 140 | 0.4949 | 36.65

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

! Treatments : Control; wheat barn, MRA-1; Allium fistulosum L., MRA-2; Sodium Lauryl Sulfate and wheat barn,
MRA-3; Sodium Dodecyl Sulfate and wheat barn, MRA-4; Allium fistulosum L., tannic acid and wheat barn.

2SEM : Standard error of the mean.
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b

Relative expression fold

Relalive expression fold

Fig. 1. Relative quantification analysis of rumen microorganism population in vitro ruminal
fermentation by methane reduction additives 12 h and 24 h fermentation time.

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

Control; wheat barn, MRA-1; Allium fistulosum L., MRA-2; Sodium Lauryl Sulfate and wheat barn,
MRA-3; Sodium Dodecyl Sulfate and wheat barn, MRA-4; Allium fistulosum L., tannic acid and wheat
barn.

R. albus; Ruminococcus albus, F. succinogenes; Fibrobacter succinogenes, R. flavefaciens; Ruminocuccus

flavefaciens, M.archaea; Methanogenic archea and CAM : Ciliate-associated methanogens.

V.2 o

2 AT R EY W i a3Vt s FAFVHAIE tA & A= AR
£ zZax AFE AASATE H7MAIR] MRA-1(3}), MRA-2 (SLS), MRA-3 (SDS),
MRA-4(FHEHA S BhEo] Btg A7) d (3 6,9, 12, 24 2 48 h) in virro N@S A A
ot pHE LEAIZFESE AR Ao, 548182 B SRANNE BE A TollA
279 §92(P>0.05)%1 zolE EOW R, MAELTFAE T YIS 1
XA k) wigh WA He vhg 2440t MRA-1T-S A28 YA Xz ol A o=
of el Fo A (P<0.05)0% SHA SAHHJCH, 53] ojqtstes WA FS MRA-4 H7F
ol A WE 9, 24, 48N T A -2 A (P<0.05) 0.2 SkTh WEY A 7hAol] FEFo] Qe
Z 224 S W 244 MRA-4Tol A thE2Te Hls] {9 (P<0.05) 0% =%
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t}. Ciliate-associated methanogens< & 24 A7t MRA-1, MRA-3 2 MRA-4-T-oll A O =+

of Hlal f+22(P<0.05) 0.2 A FAEHIJTE weba e} ghdike w9 o we A3t
BN7F e FEAHTMAE A & o o] HiFsEE A W AAAEA Y 28 T
dol & Zo=E AtsHH.
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