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Abstract This study examined the potential of bamboo leaf extract, rich in phenol compounds and
flavonoids, as a methane-reducing agent by determining its effects on the rumen fermentation
characteristics, digestibility, methane production, and microbial community. In vitro experiments were
conducted in which bamboo leaf extract was added at concentrations of 0, 21, 42, and 63 mg/L to the
respective cultures and fermented for 12, 24, and 48 hours. The total gas and methane production at
24 h of fermentation decreased as the levels of all bamboo leaf extracts increased. In particular, the
methane production at 48 h of fermentation decreased by approximately 50% at 42 mg/L of PHN. The
total VFA production at 48 h of fermentation time increased with the addition of bamboo leaf extracts.
The population of Methanogenic archaea and Methanobrevibacter sp. AbM4 decreased as the addition
levels of PHB and PHN increased. As a result, VFA production did not decrease with the addition of PHB
and PHN, and methane production decreased as the levels of addition increased. Therefore, bamboo leaf
extract is a potential methane abatement agent, but further in vivo experiments will be needed to
evaluate its safety as an additive.
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Table 1. The general information regarding extracts used in the experiment

Botanical name Scientific name Korea name | Family name Part Solvent Before plant | After extracts
Giant timber Phyllostachys <
bamboo bambusoides (Wangdae) 498 4.00 g
Phyllostachys nigra & ) Methyl
Henon bamboo var henonis (Somdae) Gramineae Leaf alchohol 99.9% 80 g 471 g
. 23
Northern bamboo Sasa borealis (oritsdae) 70 g 476 g
Table 2. Chemical composition of ingredient used in in vitro experiment
Items' Timothy hay Corn grain
Dry matter (g/kg as feed basis) 910 950
Chemical compositon DM (g/kg of DM)
Crude protein 60.0 82.0
Ether extract 14.8 51.5
Crude ash 50.5 17.1
Neutral detergent fiber 780.0 148.0
Acid detergent fiber 443.0 44.0
Neutral detergent insoluble protein 18.4 5.10
Acid detergent insoluble protein 10.4 4.10
Lignin 79.5 6.50
TDN (% DM) 49.9 88.2
'DM, Dry matter; TDN, Total digestible nutrients.
a N a
Sample preparation Sample collection Data analysis
' - T —» VFAanalysis e e - EENCE
I ™ : ]
! ’ s 3.8 ' i E*lzlllill.-iu'l
Y Ji HEN ET T Ty Y T T VT
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/ =1 o ® ) e
4 =
Rumen  McDugall's High performance liquid chromatography
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LE=4 [
™ = > ™~ l — CHy and CO;
39 °C in shaking incubatar
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ﬁ ﬁ ﬁ Gas chromatography - T M
) k|—| Total bacteria !bj B &
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Deep freezer N E Csas
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Fig. 1. In vitro batch culture experiments
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Table 3. Primer sets used for relative quantification of bacterial species in the rumen using real-time PCR

Target species Primer sequence (5'—3)" Size(bp) Reference

F: CGGCAACGAGCGCAACCC

General bacteria 130 [25]
R: CCATTGTAGCACGTGTGTAGCC
F: GAGGAAGTAAAAGTCGTAACAAGGTTTC

Fungi 120 [25]
R: CAAATTCACAAAGGGTAGGATGATT
F: GCTTTCGWTGGTAGTGTATT

Ciliate protozoa 223 [26]
R: CTTGCCCTCYAATCGTWCT
F: GAGGAAGGAGTGGACGACGGTA

Methanogenic archaea 232 [20]
R: ACGGGCGGTGTGTGCAAG
F: TTTAATAAGTCTCTGGTGAAATC

Methanobrevibacter sp. AbM4 ~160 [27]
R: AGATTCGTTCTAGTTAGACGC
F: GTTCGGAATTACTGGGCGTAAA

Fibrobacter succinogenes 121 [25]
R: CGCCTGCCCCTGAACTATC
F: CCCTAAAAGCAGTCTTAGTTCG

Ruminococcus albus 176 [28]
R: CCTCCTTGCGGTTAGAACA
F: CGAACGGAGATAATTTGAGTTTACTTAGG

Ruminococcus favetaciens 132 [25]
R: CGGTCTCTGTATGTTATGAGGTATTACC
F: GCGAAAGTCGGATTAATGCTCTATG

Prevotella ruminocola 185 [20]
R: CCCATCCTATAGCGGTAAACCTTTG
F: ACCGCATAAGCGCACGGA

Butyrivibrio fibrisolvens 78 [29]
R: CGGGTCCATCTTGTACCGATAAAT
F: TCCGGTGGTATGAGATGGGC

Butyrivibrio proteoclasticus 65 [30]
R: GTCGCTGCATCAGAGTTTCCT
F: TGGGTGTTAGAAATGGATTC

Anaerovibrio lipolytica 597 [31]
R: CTCTCCTGCACTCAAGAATT

1 F=forward: R=reverse; bp=base pair.

contrastse ©o]&sto] L, & U ZGy} ¥
s A4 2 7ka IR mA= Ei’—}(Linear

Quadratic)® 2435t} 3l p.05% 29lgt zjo]
7} e Aow st
3. 24
3.1 B9 pH & 2Lk
U 9 H7l $£ZFo] g2 pH 2 AEAIES

Table 49} Zt}. ¥WaA7to] 71 &% pHE T4
41, IVDMD(/n vitro Dry Matter Digestibility)=
Z7Fetoict. WE 124121014 pHe PHBSF PHNC| 37}
0] @t LinearstAl S7FstAtH(p<0.05). HHEAITE
12A17t)lA IVDMD%: PHBO] 7} 430 w2} 1‘4&%
o] ¥]3] Quadraticd}Al(p<0.05), PHBY] 74 2
mg/LollAl 21802 (p<0.05) #A4st3ict Ha 12*1
7oA pHE PHN 63 mg/L F7IeEolA tizto] Hs)
folHog Z71EIATHp(0.05). Ta 24A1701A pHE
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PHN} SABO] H7F0] et LinearstAl S7Fotth
(p€0.05). & 2447t} 48A|7tof| A IVDMD: PHN
F£89] W71eEo] Wt LinearshAl B4t (p40.05).

3.2 Gas EHzt

AU o H7t 20 W2 gas YAITF Table 59
2t} IR 24A701A F gas EAFS LE RS
FEE9 H7leEo] wet LinearstAl #AsR o

(p€0.05), PHNﬂr SABQ] 42, 63 mg/L A7IolA o
Zo] vlsl oHog FASHHITHp<0.05). 1vt &
F 48A71o A= PHNS] #H71420] W} LineardtAl
%7}6}913} g 24A17001A g g BE vt
250 720 et Linear = Quadratic
438192 H(p<0.05), 1 % PHBY 42 mg/L <t
PHNA 42, 63 mg/L F7IEo)A dizol vls) f2

Hog ATt (p€0.05). R 24A71ol|lA] et 2
ABul&2 PHBS} PHN F&E9 H7le&o| wkel

Linear B QuadraticsHA 745t 2H(p<0.05), 1
% PHNY BE H7l5Zo|A izt H|g) 8980
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Table 4. Additional effects of bamboo leave extracts on in vitro pH and IVDMD

2
Items Inc'ubation Dose (mg/L) Control Treatment SEM? p-value
time (b) PHB PHN SAB
0 6.565
. 21 6.650 6.647 6.603
42 6.657 6.650 6.653 0.036 0.0715
63 6.647 6.757 1 6.650
Contrast* L* L -
0 6.174
pH y 21 6.183 6.263 6.167
42 6.300 6.240 6.333 0.044 0.1233
63 6.263 6.295 6.273
Contrast - L L*
0 5.888
43 21 5.803 5.840 5.863
42 5.800 5.823 5.895 0.038 0.6129
63 5.840 5.885 5.870
Contrast - - -
0 33.72
. 21 28.00t 31.11 35.00
42 29.78 28.56 36.00 1.350 0.0017
63 30.67 29.33 33.33
Contrast Q* - -
0 48.66
) 21 46.33 45.44 49.11
IVDMD 24
42 41.89 42.33 42.67 1.777 0.0543
63 44.78 42.89 46.22
Contrast - L -
0 59.53
8 21 59.67 60.56 60.22
42 59.50 54.67 59.50 1.106 0.0238
63 58.00 56.33 60.89
Contrast - L -

'IVDMD, in vitro dry matter digestibility.
*Treatment : PHB, Phyllostachys bambusoides: PHN, Phyllostachys nigra var.henonis; SAB, Sasa borealis.
3SEM, standard error of the mean
“Contrast : Orthogonal contrasts for L, linear and Q, quadratic effects. The levels of significance were assigned as
follow : -, non-significant; * p<0.050; **, p { 0.010; ***, p < 0.001.
1 Means(n = 10) with different superscripts in the same column differ significantly (» < 0.05).

2 ZASHATHp(0.05). HE 487 oA gt Ay =t
1gulg-2 PHB} PHNO #&&E Hvles
Linear & Quadratics}A] 439 31(p<0.05), Uﬂ

g}\ﬂaqu- HHYE| gL T Ro] vl

%.21(p(0.05), T3t SABE 63 mg/L J7t5%

434—3 HA3HATHp<0.05).

3.3 IRt

ol wet

9ojHo® Zha
oAl
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Fig. 23 Zth. & 12471014 PHBY H7keesol o
2} & VFA(Voltatile Fatty Acid)?} butyrate2] AJAHF
2 LinearsH £7159.2H(p<0.05), acetate AJAIEF
T} AP ratio(Acetate : Propionate Ratio)= Lineard}

Al FASFATHP0.05). A 1241%tl4 PHBY 63
mg/LA7FEo A t2F0]| BIE] acetates THASHIA,
butyrates= S7FFFEHP0.05). ¥HE 1247104 PHNS
A7l el & VFAS} butyrate] AJAFEFES Linear
S| S7FFR2H(P<0.05), acetate@} propionate’JAHEF
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Table 5. Additional effects of bamboo leave extracts on in vitro gas production

. 1
Ttems Ir}[ic;};aao)n Dose (mg/L) Control Treatment SEM? p-value
PHB PHN SAB
0 92.54
21 93.53 89.98 96.21
12 02 89.98 88.37 98.10 1.806 0.0029
63 90.17 86.50 92.43
Contrast® - L Q*
0 136.6
21 140.6 136.2 136.3
Total gas 24 £ 127.0 124.1 t 122.9 + 2377 0001
(mL/g DM)
63 128.8 123.5 1 117.6 +
Contrast e L L
0 173.5
21 179.2 186.3 169.6
48 4 181.9 173.9 168.7 2.668 0.0003
& 183.9 175.4 172.9
Contrast L* - -
0 15.84
21 13.93 14.31 16.25
12 42 13.18 14.84 14.48 1.172 0.4474
63 12.93 13.37 13.02
Contrast - - -
0 27.94
21 21.78 18.24 25.79
Methane 24 42 14.89 + 16.63 t+ 25.29 2.155 0.0004
(mL/g DM)
6 25.65 15.84 + 2056
Contrast Q* L Q* L*
0 30.48
21 17.01 t 15.61 t 25.63
48 i 17.62 + 15.09 1 29.24 0.884 <.0001
63 15.83 t 15.26 t 24.82 t
Contrast e e _
0 17.01
21 14.81 15.86 16.88
12 £ 14.64 16.82 13.20 1.167 0.2792
63 14.33 15.41 14.11
Contrast - - L*
0 20.46
) 21 15.48 13.40 t 18.87
Proportion of 24 4 15.44 13.39 t 20.59 1.192 €.0001
methane (%)
63 19.92 12.83 t 17.58
Contrast Q** L Q* -
0 17.61
21 9.48 1 839 t 15.12
48 02 9.60 + 868 1 17.35 0.562 €.0001
63 7.99 + 949 1t 1435 t
Contrast Ly e _

"Treatment : PHB, Phyllostachys bambusoides; PHN, Phyllostachys nigra var.henonis; SAB, Sasa borealis.

2SEM, standard error of the mean.

3Contrast : Orthogonal contrasts for L, linear and Q, quadratic effects. The levels of significance were assigned as follow,-
,non-significant; * p < 0.050; **, p < 0.010; ** p < 0.001. t Means(nz = 10) with different superscripts in the same column differ
significantly (p < 0.05).
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Total VFA

=3 CON
. PHBL
Em PHBIV
= PHBH
. PHNL
E PHNR
E PHNH

AP ratio

24

Acetate

mol-100 mol*

Propionate

Acetate to propionate ratio

I SABL
 SABNW
B SABH

24h

Butyrate

Incubation time

Incubation time

24k
Ineubation time

Fig. 2. Effects of bamboo leave extracts addition on in vitro volatile fatty acids profiles.

Error bars are standard error of the mean (n=4).

Othogonal contrasts for L, linear and Q, quadratic effects.

The levels of significance were assigned as follow; *, p < 0.050; **, p < 0.010; **, p < 0.001.
+ Means(n = 10) with different superscripts in the same column differ significantly (p < 0.05).

T} AP ratiox= 370l Wt Linear®+ Quadratic
o YFE LUTHp(0.05). EZ PHNO| H7kE 63
mg/L oA tizo] vl & VFAL} butyrate JARFS
FoHog F7etAANE (p€0.05), propionate A4
2 fFoFoE HASIAUTHpC0.05). TE 124 A

AAFS PHNO| HE 7oA diol
vl F94(p<0.05) 22 Aokt SABY A7t
o] W2 acetate®} propionate FAFFI}, AP ratio=
Quadraticst 235 HIHp<0.05).

R 244704 PHBO| 7kp<ol wet & VFASt
propionate “J4Fg0] LinearstA $7FH2m(£0.05),
acetate®t AP ratio®] AFS LineardstAl 7HAsHA
th.(p{0.05) 1 % AP ratiot= PHBY] 63 mg/L H7H
oA thxo] Hls| RelFoR FHASIUTHp(0.05).
PHN9] H7}4=50f w2} acetate®} propionatel] A4+
F2 Linear T+ QuadraticsHA 743+ 1(p<0.05),
butyrate AJAHFT}F AP ratio= Linear T+ Quadratic
SHA| Z71 3FATHp<0.05). 1 % butyrate AFL 63

mg/L F7HlA Hiztol Bisf F-212(p<0.05) 22 5

acetate

7¥8tAtt. SABS] H71eEo] WE butyrate AJARFS
LinearstA Z715F431(p<0.05), & VFA AARRS 21

mg/L FA7FtelA thxTo] Hls] 594 0 =(£0.05) 5
7yt

g 48A1710A &5 PHBY A7leEo] wet &
VFA, acetate 9 butyrate®] AAFEFO] Qudraticst 4

o

FE WITh(p<0.05) 1 F 21 mg/L A7Me F
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VFA, acetate @ butyrate2] AJAFL o ZLof H|3|
FAH(p0.05) FFe LUTE. PHNS H7keEe]
w2} F VFA, acetate 2 butyrate AJAEFS Linear =
Quadraticdt &35 W9ITH(p<0.05). I 3 butyrate
AAEE 63 mg/L FA7FrlA iRl Bls] Koy o
2 Z7FIITHpC0.05). SABS] H7kpEo] wWE F
VFAS} propionate AFFS Linearstl S7Fs3 AL

(p<0.05), acetate AJAFFT AP ratio= Lineardt -
&3FAEH(0.05).

3.4 0O

quF o4 27t 20 2 s R4 ¥dke
Table 63} 73} Zth ¥ 484174 PHBS} PHNS]
71420l W2 General bacteria® DNA%E Linear®
£ QuadraticdtAl ZHAsHATHp0.05). EE 484171
Al PHNQ| 21 mg/L #E7FollA General bacteria
DNA%e| tizol Hls| F715FArHp<0.05).

Fungi®] DNAYS ZE uF o &5 7t
o wet Linear ¥+ QuadraticdHd J7Fsrth
(0.05). 71 % PHN} SABS] BE 7l 2T
of Hs| foFor F7FHAUTHp<0.05). Fungid
DNAYZ PHBY 21 mg/L H7HtollAl thzxTtof Hls|
A3 3U(p<0.05), 63 mg/L H7HFoA Hiztol vl
3 S7FtATH(p<0.05).

d= =g Het

Ciliate protozoa®] DNA%2 LE iUt 9 &
E9| A714=%0| W2 Linear ¥+ Quadratic 3+ %3F
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Table 6. Effects of bamboo leave extracts addition on microbial abundance (Log copy number of DNA/mL of

rumen fluid) of general bacteria, fungi,
incubation time

ciliate protozoa, and methanogenic archaea at 48 h

Dose

Treatment'

Items (mg/L) Control - N A5 SEM? p-value
0 11.27
21 11.32 11.57t 11.40
General bacteria 42 11.15 11.37 11.33 0.054 <.0001

63 11.06 11.33 11.09

Contrast® L Q* Q* -
0 7.745
21 7.575t 7.8981 7.998 1

Fungi 42 7.662 7.932t 8.0711 0.022 <.0001

63 7.925t 7.980t 8.0781

Contrast L L Q* Qe
0 7.185
21 7.559t 7.715t 8.063

Ciliate protozoa 42 7.329 7.161 8.066 1 0.064 <.0001

63 7.476 7.286 8.2111

Contrast L*Q* Q* LreQe
0 8.131
21 8.104 8.008 7.866 1

Methanogenic archaea 42 7.9261 7.896t 8.023 0.039 <.0001

63 7.855t 7.687t 8.155

Contrast L L Qe

"Treatment :
2SEM, standard error of the mean
3Contrast :

Orthogonal contrasts for L, linear and Q, quadratic effects.

PHB, Phyllostachys bambusoides; PHN, Phyllostachys nigra var.henonis: SAB, Sasa borealis;

The levels of significance were assigned as follow,-

,non-significant; *, p < 0.050; **, p < 0.010; ** p < 0.001. T Means(n = 10) with different superscripts in the same column differ

significantly (p < 0.05).

< ko m(p<0.05), I ¥ PHBZ PHNQ 21 mg/L
A7RtolA Hixo] Hs) foFer  Frlslltt
(p€0.05). E3t SABQ| RE HrlpEoME gz
Hs fojdoa JF7FstAtHp<0.05).
Methanogenic archaea® DNA%2 PHB%} PHN 3
7k wet LineardtA ZHASHY S H(p<0.05), 1 F
429} 63 ml/L F7HollA izt Bls] f-jHos 7+
25T (p(0.05). EF SABOIAE H7hpEel ulet
QudraticdMAl G E4A(p<0.05), L % 21 mg/L
oA HizTof vl3] felFog asie adE Bt
(p<0.05).
PHBY A7}=&

AbM4, Ruminococcus albus, Ruminococcus Havetaciens,

ol WE Methanobrevibacter sp.

Butyrivibrio proteoclasticus, Anaerovibrio lipolytica

9] DNA %2 LineardtAl #4389 tHp<0.05).

PHNS| H7lpso WE Methanobrevibacter sp.
AbM4 9] DNA %2 LineardlA 7A351310(X0.05),
Fibrobacter succinogenes, Ruminococcus albus,
Ruminococcus flavefaciens, Butyrivibrio fibrisolvens,
Anaerovibrio lipolytica® DNAYS PHNQ| A7l
o Wat Linear TX Quadraticdt &35 EPJth
(p€0.05).

SABO] #H7t&0l WE Buryrivibrio fibrisolvens,
Butyrivibrio proteoclasticus, Anaerovibrio lipolytica
9] DNAYL Linear =+ Quadraticst 75 RO
(X0.05), Methanobrevibacter sp. AbM4, Fibrobacter
succinogenes®] DNAS] F2 Quadratictt 35 E
FHp€0.05). L 5 Prevotella ruminocola®] DNA
FZ EE diubF o FE29 7ol Wt Linear
FELE Quadraticst 23 R HtH(p<0.05).
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Table 7. Effects of bamboo leave extracts addition on microbial abundance (Log copy number of DNA/mL of
rumen fluid) of selected bacteria species at 48 h incubation time

Treatment'
Items Dose (mg/L) Control SEM?  P-value
PHB PHN SAB
0 7.270
21 7.299 7.074 7.480
Methanobrevibacter sp. AbM4 42 7.149 7.029 7.598 0.044 <.0001
63 7.081 6.821 7.222
Contrast® L L Qe
0 10.06
21 10.26 10.28 10.48
Fibrobacter succinogenes 42 10.04 9.976 10.14 0.058 <.0001
63 10.19 10.61 10.25
Contrast - Qe Q*
0 8.809
21 8.790 8.596 8.843
Ruminococcus albus 42 8.342 8.340 8.959 0.066 {.0001
63 8.384 9.025 8.775
Contrast L Qi -
0 8.712
21 8.737 8.279 8.596
Ruminococcus flavefaciens 42 8.351 8.360 8.777 0.041 <.0001
63 8.351 8.821 8.672
Contrast e Qo -
0 10.50
21 10.59 10.53 10.74
Prevotella ruminocola 42 10.46 10.54 10.78 0.029 <.0001
63 10.42 10.85 10.62
Contrast e L Qe
0 8.298
21 8.217 7.913 8.177
Butyrivibrio fibrisolvens 42 8.266 7.924 8.270 0.056 <.0001
63 8.253 8.376 8.114
Contrast - Qe L
0 10.87
21 10.76 10.88 10.68
Butyrivibrio proteoclasticus 42 10.81 10.77 10.72 0.026 <.0001
63 10.78 10.86 10.72
Contrast L* - LQ*
0 8.769
21 8.410 8.248 8.553
Anaerovibrio lipolytica 42 8.531 8.245 8.510 0.057 <.0001
63 8.195 8.601 8.389
Contrast L Qe L

"Treatment : PHB, Phyllostachys bambusoides; PHN, Phyllostachys nigra var.henonis; SAB, Sasa borealis.

SEM, standard error of the mean

3Contrast : Orthogonal contrasts for L, linear and Q, quadratic effects. The levels of significance were assigned as follow,-
.non-significant; *, p < 0.050; **, p < 0.010; ***, p < 0.001. T Means(n = 10) with different superscripts in the same column differ
significantly (p < 0.05).
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Yol & 2L 23 A 258
4, nF
U 9 &80 Flgzol Fokel wet gz

of #lsl IVDMD+ #43t%3, pHE 715t
(Table 4). ol= iz Bl F7H+9] 481&0] Wt
= AQY], Askgo] ZASK= Z2 phenol SFHET}
flavonoid7t AEASHEO] IS vIXE bacteriaf)
FE AA2AF7] GzoltH36].

2 A Ziold= PHB 37kee] S71Rlell Wik general
bacteria®| 7|A7t AASHAAIRE, AE A%kgol= &
JF]l S wXA] Lot Cushine S[37]°] W=
™ phenol 31HE0] Hgt A4 de|g]otbs A A7
ol & el £7F A4 F2 4 JTHL s
HH5=9] pHi= 50lstollA] §H5=9] u]dEo] FAg Q1 93
2 o g9A QtH38]l. SHAITE 2 dAFoA=
5.800~7.757 Aol RAISHA7] wizol pHHSl] <
o g TEel R e vIAA Ltk

quR 9 2220 Arlezel kel Ut 3
VFAQ] ¥hjefo] A= k9ko W (Fig. 2), acetate
= 74519 butyraters F7F6I3ATE o3 Aik=
A A, Moss 139101 EH, acetate 3 I F
Fa7t AgEET, R 2259 A7kl s
acetate BAFZ AAAFL |2l HHY] A=
ARl faT) aEo] AR} O R wgko] FAE NS &
At F WA, Goell40] 5ol WEH Hgto] BHE of
ARESHL 2 FRH= NADHE A1, acetoacetyl
CoAx gh® NADHel 9Jsf butyl CoAZ 2
butyrate®] 4TS S7F AIXITL SkQic}. wetbA o
UEQ FEE9] A7t Q) butyrate B8%F 7=
QIsl wgto] ZrAEYUS 4= Stk

& 7tA ST W AR R ==9]
A7FpEo] F715tel wet A4St Table 4). U5
¥ FE2Eo= T, FAS E291 phenol RMED
flavonoidZt & =o AtH16]. PHBO+= catechin,
chlorogenic acid, caffeic acid, 3-hydroxy benzoic
acid, ferulic acid, homoorientin 5{18,41], PHNoJ=

isoorientin, vitexin, cis-coumaric acid, p-coumaric

=1
4

acid, luteolin 6-C-(6"- O-trans-caffeoylglucoside),
vittariflavone, tricin 542, I3 SABO= syringaresinol,
tricin, tricin 7-p-B-D-glucopyranoside, luteolin
6-C-a-L-rhamnoside, apigenin 6-C-8-D-xylopyranosyl
-8-C-D-glucopyranoside 5°] JtH43-45]. & A+
ZA7+= PHBSF PHNO| 37t& vety4 Be2jors &
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AAROH, caffeic acid 2 chlorogenic acid®] Hgk
2373 dre|gots At Aot SUsitH46,47].
Phenol $FHET} flavonoid+ bacteria®] AlZ2H 4]

Ee YA G AAIE B3l vAES 5 HaAR
THal 3HeH29). 7o) #3f =W w]AEo] VFAS 4

£ /352 methanogenol 25l Hgto] B/=7] o)
Zoll48], RAFES] 71 a0l T 7hA WA F H|
& o] Aastals A=t A4t

E3EPHB 2 PHNQ] 37192004 methanogen archaea®]
WG A4St Table 5). SAB #71M9= methanogen
archaea® 7457 S7F SHAAINE wiet 72 4
5F3ith. SAB A7} methanogen archaea®l thAF A
Sto| AL m|BES] 24 g0 HPE0][49], HiEt A3
o] AT AoZ AZrELE  Flavonoids I8 44
bacteria®] i3t FH#aTE 7HA L JATH29]. T
A FEEY J7t 0] SR wet 17 Fud
Methanobrevibacter sp. AbM49] /A= 4 51
31, VFA RBARFS S7YsttHTable 6). M. sp. AbM4
= % VFA 5= 29 AHAR, M sp. AbM49] 7
A=7b FAskal, VFA AJAsgo] 7ikitel= Zate}
SY5IH50]. Cato SI51100 WEH Ha4 23 74
B9 Fibrobacter succinogenes= 45 TAYSIA|
OF=rtar slirt. PHNO| 7hollA A4 £3 bacteria
Q| £ succinogenes 7+ 37 SIGAR, Hg Age) BT
E2Q A7t ESH] QIokr] whiEe] Higt /o] Azt |
Aoz A Hid Eofl vHElgel)] Ruminococcus
albus, Ruminococcus Aavefaciens= 444 EA]
45 WAsl=T, PHBY H7RtolA Adad Edi
bacteria 1 R albus, R. flavefaciens’t 431371
oo vigt B/go] Az € AoE A7 "ok

5. 4E
g, Fdi, 25H 9 FEE0E phenol SRHED
flavonoid7} &6l @t715S 7ML Sl & AT
2o &

- O

Aol A TR o & VFARARFS 744514
FSIATE methanogens 243} Hgk Aol A
o} U o EES Arlehe AL Wiw Ao /-8
S HA7HAPE 2 5 S2 g9l sioinh shAeE A4 bt
Z919} in vitro A A= A tE2A Y £
QomE bR o FEES Z8olo BEEEY In
vivo A8 otz F7F A7 E8 o[t}
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