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The objective of this experiment was to investigate the effect of
adding sorghum distillery residue (SDR), alfalfa meal, lasalocid,
monensin and methanotrophic bacteria on the methane emission of
Taiwan male black-feather native chickens were in vitro and in vivo. The
test treatment group was feeding 0, 15 and 30% alfalfa meal, and 0, 10,
20 and 30% SDR, and adding different concentration of saponin, tannin,
lasalocid and monensin treatment group, - respectively for the
determination of the study, and the use of methanotrophic bacteria for
various stages of research. The results showed that the addition of alfalfa
meal and SDR treatment group could inhibit on methane emission in
Taiwan male black-feather native chickens (P < 0.05). While the addition
of different concentrations of saponin and tannin treatment group were all
inhibited by higher concentration. The effect of chicken cecal discharge
was better (P < 0.05). Adding SDR and alfalfa meal inhibit methane
production about 49% and 54% compared with the control, respectively.
The higher the concentration of lasalocid and monensin, the better the
effect of inhibit methane emission (P < 0.05). The use of methanotrophic
bacteria capsules to feed chickens has the ability to effectively inhibit
methane emissions from chickens in the cecum. In conclusion, adding
SDR, alfalfa meal, lasalocid, monensin and methanotrophic bacteria have
the effect of reducing methane emissions of Taiwan male black-feather
country inhibit the greenhouse gas production in the environment and

improving the greenhouse effect.
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Table 1. Disaster losses in Taiwan over the years.

#E | # | £® | #R  RmeehmrC | XM | 26 [ 26 | ¥E  [mE

1 |2009| Bifirs 08/06~08/03 091 (619 76 | 33 | ~ | - |EiE164ff
2 | 19%6 | EfE | 07/29~08/01 | 073 | 51 | 22 | 463 | 503 | 880

3 1987 #HE 10/22~10/27 0.59 54 | 9 8 |24 | 277

4 | 2000 | 45 | 09/08~09/19 | 059 94 | 10 265 0 0

5 | 2008 | F#% | 09/11~09/16 | 052 | 15 | 7 26 | 66 | 7 |[RifS(E8896H
6 | 2005 | g% | 07/16~07/20 | 050 | 13 | 2 | 31 | 0 | 0 |EiF4s{E2145%
7 2002 SRl 07/09~07/10 0.49 2 1 10 0 0

8 | 2004 | GEF | oe/28~0703 | o048 | 3 | 1 | 4 [20| o0 |

9 | 2007 | {7 | 10/04~10/07 0.46 |2 | 57 | 4 | 26 |BiR42fES623E
10 | 2000 R 10/30~11/01 | 044 64 | 25 | 65 | 0 0

11 | 1978 | @ [ 10m~1004 | 042 |4 [ 3 [ 8 [ 6| o

12 | 1989 4 | 09/08~09/13 = 041 | 32 20 | 47 | 430 | 760

13 | 2008 | KEZE | 07/16~07/18 | 040 | 20 | 6 8 | 8 | 2 |RiASMEs134F
14 | 2000 | k¥ | 07/28~07/31 | 039 | 111 | 103 | 188 | 645 | 1972

15 | 1973 | 10/07~10/10 039 30 [ 38 [ 8 [1281] 433

16 | 1998 | A | 10/13~1017 | 039 | 28| 10 | 27 | 4 | 26 |

17 | 2008 BE | 09/26~09/29 038 o 1 65 | 0 7 RiR24fE87145
18 | 1990 | % | 08/17~08/20 | 037 | 23| 7 | 15 | 45 | 9% |

19 | 1974 | H% | 10/10~1012 036 14 3 3 [ 264 | 12 [BFFIRA
20 | 1992 & 08/27~08/31 035 6 | 5 6 3 1
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Table 2. Top 10 project and key plan
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Table 3. Taiwan's "Greenhouse Gas Reduction Act (draft)" Framework
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=7 #pEt”  (Chenetal, 2003) > 7% 4 & # 54 + & ®4a7 %5
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Table 4. Global warming potential

Gas Warming effect
CO, 1
CH, 23
N,O 296
CFCs, HFCs, HCFCs' 5700~11900
PFCS' 120~12000
SFe' 22200
'CFC: 4 # i*# ; HFCs: & & i  £4% ;HCFCs: & &’ ; 2>

PFCs' : & i &4 : SFg: = & i Fx o

7R %R ¢ IPCC (2001) -
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Figure. 2. Anthropogenic emission of CH, (IPCC, 2007).
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44 ~ 5~ % 18 kg/ head/ yr (IPCC > 1996) » @ # ~ 'L % 22 fi |
RbmEET FA S B LI BE VM RE 2 0 AL R
F o6 5 1972 2 (49.3/25Kg) > 5L L X 20 E 2 R E L b

1.223 & (60.3/49.3kg) > #cA B % if ¥ % thlic s 0.254 kg/
head/ yr 2 6.1 kg/ head/yr » @ FLA8 £ &8 L X 55100 > 1L X % g
Bz gt (58 5.0 kgl head/ yr e & o 7z g ¥ mptox fhdicd

# (1999) 4 5 41 5 17816 kg/ head/ yr » X Frup iF ® x4

Bk 2o p L MME Gl B EH2 o Ly

|k

R
7.26 12 (13.8/1.9 kg)» Flp+ i 7 e hdic s B 3 1.152x10™
kg/ head/ life cycle » f ®g%5 i ¥ = Pk thdiciz 45 5 % (2003)
8 % 2.071x10°kg/ head/life cycle » 2 38R ik p 1§ 2 3% % #c
BELTUELH o B S L 1.980x107kg/head/ yr 2 &g ik
Chen et al.(2003) 12 ¢ % & #§2_pl% % % 4 3.674x10° kg/head/

life cycle » d % ey & 7 JEE TR 2 eh® dx b 2 X b

Pod fwz Loz p(F 0 2000) 4od 5 A 0 2013 & P

-
jﬁ‘g
v

.
Qe
-

AN SR TR TR LN R R
5178565 et <1207 482 3600 ek o d i
Ry (ktilxGE) SR 2018 E6 R G4 RE R
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AP e 2 40418 AP T s ptc R 0 K2 A 2 16,171
LER S SRS S R R S T RN LR

PR (16575 M) e & &g 4 2 BiE 7 g T o

*F LAR(F 6) o
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5. 54r % 2008-2013 &£ K1 & 4§ F AR HE N BF THcE G i CHy#g ik
Table 5. By the end of 2008-2013 slaughtered livestock feed quantity or number only in Taiwan

and gastrointestinal tract coefficient of CH, emissions

P R % 3 CHy 2
A g gt
2008 2009 2010 2011 2012 2013
-------------------------------------------- B L o
Fr4 99,873 101,386 103,649 108,435 108,982 110,195 101.58
K 3,599 3,862 3,844 3,627 3,177 2,511 64
F 4 g e
4 7,236 7,884 8,276 13,099 13,564 14,478 44
b X 165,039 145,871 139,046 132,567 111,765 107,749 5
Foub X 64,484 60,530 57,512 57,873 55,338 53,101 6.1
8 14,775 14,813 17,843 17,223 13,038 11,262 0.254
y:i3 3,283 22,631 22,435 23,485 22,778 21,633 5
5 1,085 1,038 1,094 1,132 1,123 1,120 18
s 6,427,597 6,130,003 6,185,952 6,265,546 6,004,717 5,806,237 1.782
R 37,185,631 36,721,678 36,408,368 36,555,448 36,965,627 36,992,900 1.061x107
39 i’ﬁss 122,835,740 121,004,443 123,705,008 130,837,680 118,759,157 102,973,866 8.482x10”
i 3 178,548,055 190,370,487 191,835,628 200,706,640 186,994,443 185,650,026 1.587x10”
L g 3 279,640 229,629 216,029 248,841 236,504 220,501 1.152x10™
#ong S 29,978,858 27,629,689 28,542,004 28,807,775 27,252,951 32,460,460 2.071x10°
A 8 2,327,534 2,389,435 2,443,376 2,377,173~ 2,194,068 2,130,510 1.980x10°
4 ° 5,149,328 4,593,271 4,699,634 5,130,200 4,928,574 5,159,710 3.674x10°
U pacta i =0 313 @ 3-3t-ke/ head/ yr i Fdi -kg/ head/ life cycle -

23 %R 2 % (2000); ¥ £ 3 (2000): % #(2000); + (1999) ; 5% (2003) ; Chen et al. (2003) ;
IPCC (1996) -

MR R S ICh
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% 6. 24 2008-2013 # 4 H % i g p FpE2 CHy B B &
Table 6. Estimation of CH4 emissions from livestock in gastrointestinal tract

fermentation in Taiwan, 2008-2013

2=
5
"o 2008 2009 2010 2011 2012 2013
______________________________ V#FT e ——————————— ——— ——

F 10,145.10 10,298.79 10,528.67 11,014.83 11,070.39 11,193.61
k2 23034 24747 24602 23213 20333 160.70
F A e

5 31838 34690 36414 57636 596.82 637.03
NIE: 82520 72936 69523 66284 55883 538.75
FIONTE 393.35  369.23 350.82 35303 33756 323.92
g 375 376 453 438 331 286
) 16.42 11316 112.18 11743 113.89 108.17
5 1953 ~ 1868  19.69  20.38 2021  20.16
7 11,453.98 10,923.67 11,023.37 11,165.20 10,700.41 10,346.71
i 39454 38962 38629 387.85 . 39221 39250
44 P 1042 1026 1049 1110 10.10 = 873
i B I 283 302 304 319 - 297 = 295
3 003 003 003 003 003 003
kg 6209 5722 5911 < 5966 = 56.44  67.23
A 38 461 = 473 484 471 434 422
48 1892 1688 = 17.27 1885 ~ 1811  18.96
&3t 23,013 23546 23,839 24631 24088 23,826
B35 N 1 d A 52 B o s =GR ECY ] CHA 2 g
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PlrA L A& R AT RF AR BRET AR B - B
o MRl TR ) T B ARTS 0 A RS RLRTV A 0 Bod N EHER
B EPIFEREAL AR (PR B PR
2 pk¥)s - § is2 & (Chenetal, 2003) - 7 = A~ i 1%
BN AL §F LR d BTk F AR (22
L) B2F hbed (BoRAAG) GNAERETEAZIT R 2
Foatt l RgpEeas B o 6 RAgR A &g REe B G
oM -2003) e P A A R dtr 2 B HE -~ R A

z g iv 5 B (Fk2&x 1996 > 20035 & + 2000 ; IPCC, 1996 ;

Minami and Takata, 1997) o

Chen et al. (2009) % 3| 3§ % E eh? ‘= Bptn | 5 ¥ pk -
PIE = § 8 P padh g b - 5 PR BT F o 8- F R A

L PR S SR LI S St

A4HCOOH —4CO, +4H,
CO, +4H, —CH, +2H,0,

4HCOOH —3C0, +CH, +2H,0,
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Zeikus etal. (1976) 45 1 » 7 =24 = ) § FIE R hic %

BT A RR o LA0CH L REERR(MI) A T4

BHEL 940C e (350 1991) 0 2P =t S FT A

-
o 18 M
ry
10 M
.
(e}
5M

/ /
1 / /"
S

—— L
2530 35 a0 45 0 55 00
TEMPERATURE

H%;\E’F\i% o

n moles METHANE X 104/g SEDIMENT

A

B3 EAREPPEINFF P I2d S -
Figure 3. Effect of temperature on methanogenesis in sediments

collected.
(Zeikus et al, 1976)

(=)pH &

Absfetlenit 25 % pH EAP¥ g3 s 0 P T =g

&
2
¥

EHE (R 4) A APBOif 2 iR 20t )7 e
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sl Ao a4 pH X € T "% > Russell (1998) # !
Fz i pH B3t 5.3-6.5 2 7tz g g o o o4p B Li&ﬁﬁf“ 238 1CH,

= 0.02 + 0.05pH>R*=0.80"- ~ PGB pH AT %

4 g AR o
14
g 12
E .
I
=
. 0.8-
P
= &0'4_
E -
g 0.27
UF | | L | v
5 55 6 65 7T 15

B4 pH E8 A0 KRR AR e L2 R Y M T

w

YRS

5

g5, %
®E e

Figure 4. The influence of pH on the rate of methane production
by mixed ruminal bacteria from a forage-fed cow that
were incubated in an artifical medium.

(Kessel et al., 1996)
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(2) "
1. =gh g AL
EhA AR LG D g e Ec (Volatile fatty
acids; VFAs) » i E " pe ~ e e~ feE TR E > WA
PRRETAL 24T T OERR g e TR e
gBi §f ez Bt mirdl? Rt Brv
P eeng 4 o g 5 fEid i o] S(Russell and
Wallace, 1997) -
2. P 4hrg VhL
g i ¢ ¢ 4aFgaE: (Medium-chain fatty acids;
MCFA) ~ & & = (» 2 B 5 ficd F F iz e~ hT T e
R 585 P = end s (Machmiller, 2006)° # # % % #&
2 ¥ )5 € FIMCRA < Tifig 1“ F o 2 denk B 2

1LiE e ) T e S () 6) o
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Cellulose

0
Hemicellulose Hexose [2H] :
Starch
\"""F [2H] Formate
v e
Pyruvate - Acetyl CoA
/ CO, [2H] _-4‘
Y
Lactate Oxaloacetate 4
[2H] 2 0 »[2H]
N
S A N
v v
Acryl CoA Malate Butyrate

; i

[2H] Fumarate
' Acetate

------------------------------------------------------- T
.

Propionate 7— Succinate CO,
CO, /

CH,

W5 B P Rd AT 2 PR

Figure 5. Possible fermentation pathways of methane production in
the rumen.

(Russell and Wallace, 1997)
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Host animal |

- Absorption (rumen/lower digestive tract)

Medium-chain fatty acids
- Non-esterified/esterified
-Chain length

- Adsorption onto feed particles - Adsorption onto microbes

- Soap formation with minerals - Absorption into microbes
CH,

Diet components: Rumen microbial community:
- Carbohydrates -Lipolytic bacteria
(structural/non-structural) h - Carbohydrate-fermenting microbes
-Minerals (e.g., Ca) -Hydrogen-utilising microbes
(incl. methanogens)

- Substrates for the microbes
(processes of adsorption/absorption)

B 6. 5 e i AR ¥ T i g 5w o

Figure 6. Possible interactions within the rumen determining
the extent of methanogenesis when feeding
MCFA.
(Machmdtller, 2006)

3. L4hrinpk
£ 4875 %5 2 (Long chain fatty acids; LCFA) ¥ & 238

WR R F AR R ® ke (McGinn et al., 2004) >

3

S G F AT A RBE G B RPET
e4 = (Johnson et al., 1995) -
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4. PEHLFL PR
Prins et al. (1972) # 375337 "»p& (Free fatty acids;

FRAS) § #2

v

f—;]’ FHEIEY 0 BT ETV

hx

AR B2 A2 o B E S e RS e
Redmre > B fEZ B3 @ FFAS € B dedt st lw i
¥ % 2. #&P~(Desbois and Smith, 2010) -

(=) 8% i & ¥

Denman et al. (2007) 4p > &= i £ Feic il B 5 iR
Peh® iz g 4 g 20% 0 F R R FV A T E e
g R AP L PR RPA BT YR b e R T

Wt o ERET P T g 4 B (R 8) -
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Disruption of electron transport chain by:
-direct binding to electron carriers.

-insertion between carriers preventing their interaction.
-complete displacement of carriers from the membrane.

-preventing carrier interactions by reducing fluidity of the
membrane.

2H*

Leakage of cell
metabolites

Cell lysis

Induction
of autolysis

Bl 7. s A A R S LR

Interference with oxidative phosphorylation by:

-preventing correct functioning of ATP synthase by direct
binding or complete displacement from the membrane.

-reducing proton gradient/membrane potential by increasing
membrane permeability to protons or FFAs dissociating a
proton inside the cell and then returning to the extracellular
space.

3H*

Formation of
peroxidation or

auto-oxidation
products

FFAs

Hydroperoxides
Free radical
specles
Aldehydes
Oxylipins

Inhibition of
nutrient uptake

O Fis c '
...j -'} "uuuo . .- \®
Sy RN
Inhibition of o f IH: 'I( 'l ) l\l n' )J | | 0 o Enzyme
FA biosynthesis FO00A6E00000000 inhibition

Figure 7. Schematic representation of possible cell targets and

mechanisms of antibacterial action of free fatty acids (FFAS).
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-
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(1]

=

@

=

-2 6 8 10 12 14

Hours {

B8 HREZ d M & gl 12 FHF gL o
Figure 8. Twelve-hour methane production for steers during the
control (4) and bromochloromethane treatment period ().

(Denman et al, 2007)
(I ) &% 4 dr
1, o pera A L
PomBRcCEE EA22 T F B 5 L REE

m A4

an

o AERERS T ARERS L P SR
Y e IO RAL N kaE F o R PR RS T
& F * E(B 9 mE P Fe? zenst it (Yoshii et al.,

2005)- Sanegkerdsub et al. (2006) © @ P & fér i & 4 %

G ES RS T ERLES EX ¥
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AIP

CH,CH,OH T CH,CO-S-CoA —— CH;COOH

€O,
N

> CH,

NH,

Starch (cellulose) ™  Glucose VFA

B O FME: A e e il SR LABERER
F

Bz d A2 BV o el e

Figure 9. Possible relationships among ethanol utilization, nitrate and
nitrite reduction and methane production in the ruminal

microbiota.
(Yoshii et al., 2005)

2. P K &i+ &5 (plant secondary components)

(1) v % (Medicago Sativa) % & % (saponins)

PREE-BIEAERAKY AR EE PR T

A

2~3%¢ha % (%0 2006) > 2% L - fE AT R

ZRBAF > F AT ISP 0 HE (2008) & AH B
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Hs Iz 2L - 0 £ 88 & S H4c B 10 #757 - William

etal. (1980) #% % 2 % 7 4 #hof fdodoif Lz » i 229k

Juli|
Bl
Sk
HE
N
},\ <

PR RAKAE & o R SRR

Santoso et al., 2004; Pen et al.,; 2007) - ¥ ¢t > o & (2013)
T EHEE oA G0 2 DNA Sk Frdl Ry im e 2
2

i % Chenetal. (2014) - 4 Hi30 4k &3 7 0 7 2 &M%

G2 AvE EvEE 0 Rk AT EMAT A 4 F oo

—
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WA R

HsC CH:

oY
HC  CHOH ,,
A E ZEFA A E BRFB AEBREC

B 10. &% 2 - o4 o
Figuer 10. Structure of saponins.

(%% > 2008)
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2 =% qyilf‘ﬁ% (sorghum distillery residue) % H % (tannins)
BREW AR RFPIAL PRIAY Bk
7 20% ~ ks & 25% 0 A& 1T RG F RG 2 AR (1k
fr% » 1992) - Awika and Rooney (2004) 4741 % % 7 $ ¥
% ~ =& (phenolic acids) ~ i~ # # (anthocyanins) % - H
P27 03%E® (%2002 B ipt &4
(polyphenols)z — » I F gqp b » S 56 L H #
(condensed tannin) % -k fz 4+ ¥ & (hydrolysable tannin) %
AAE (R 1) B 4id sk » D5 EH ¢ 40 7
Fulp ¢ 28 B e i (Boone et al., 1997; Lin and Liang,
2000) - % (2014) *#-H J?F»;‘;‘]t 2e 40 gl(zp o )3 AR Y 1Y
A2 o B prl s (ER 5 A7 % (2012) 45 H ®

2GR FAF A K R o B
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HO

OH
p\OH
OH
“ OH
OH HO \

Bl E B2 54 ((A) FELE R B) kELER -

OH

Figuer 11. Structure of tannin: (A) Condensed tannin, (B)
Hydrolysable tannin.
(Bravo, 1998; Haslam, 1996)
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.42 % - £ %% (Lasalocid) 2 # %% (Monensin)

ot S EL B TR L R R R AR R i

$ & % (Pressman and Fahim, 1982)2 F % % (Agtarap et al.,

1967) 1Ry AR 95 & Frcie B %2 | § 975 7 2 3 FHa
«7‘]‘ v e g *&%%EJ_ A J:f&}%/] et g Al e & E 5 75-125
ppm % 100-120 ppm *+3f 7 Fp3f g 2 3 F R VA RAE (0
2006) = & 7 3K 2 45 21 & * R 3 ,,Q,Téci%”*t% 2 b R 2 fed?

EE Tz g 4 2 sx%  (Varel and Hashimoto, 1982) e

4, v‘g ¥ = f] - (Methanotrophic Bacteria THUA)
PR BRI - AR S EREPAT R 28§ A
FREFAADEPHE ) Rl 2 JRATRTE R 7 2 B

B F RS LT RE Nk R AR RE

)
o
lut

~=h

—h

s
S
havd
T
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e
(w
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s
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|2 F g dode O S g2 2k

# 3 2% (in vivo)

R S SUES 3 E A S S ERE R L LR
g g o PR TR g IR R hg RE R * f 4
R 7 & (gas chromatograph; GC) k| ¥ %=k & (F# »2003) -

G E LA o A P BT

1. Eg

T3 BEREEITA L 0T MR o

2. 4 Bk

(D) FEEF AL RS2 T HRPRG 2 F 5 g

3.1 * =2

cﬁ
* )
-
\\ﬁ’
I
¥

"
et
4
|

-
IS
R
Bz

ARG FED 40 F FTF (pump) #p IR F S R
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S R B PRSI .

KM F R RF BRSO R BERE T F

‘-?,,‘:_:1»-}»‘»‘- ’¢¢ Vg o4

FEE R E poo A SR (R 12) o e F P h IR ERER
ar

PR ERE IR AT 2 FRE G T

R ERN
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=
ad &y

oC
@D

L7

Bl 12. ftretben 3 2 W2 R o

Figurel2.The animal respiration chamber and accessory equipment.
A. fan, B. light globe, C. sample outlet, D. circulation outlet,
E.circulation inlet, F. connected to oxygen tank, G. water trap
(with esiccant), H. flask containing KOH, |. water trap, J.
filtration train, K. pump, L. timer, M. thermometer, N. pressure

gauge, O. pressure sensor, P. inlet for oxygen, Q. power supply.
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) g% (invitro)

Iy

(

PRy B N F 4 15ML LA R &
R & % w7 (Salvadoretal., 1993) » H#t 74 FiE R E 0 %
% 38Cx4#73% 0 %2 4 ) pF (Chen, 2009) - ¢ * § #p

5P| 2 % (pH meter) & 47 5
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ERRI el e

N Y

Ik

2R 5

(= )3 i (invitro) 2B 22 2
R R g 4 R ARE
132 2%

A 15mL £ F R RS S ke > B
ZRAGY RGP BN o LNy R0 R
(Salvador etal.,, 1993; % 7) » o & # 353 B ¥ FHOTE
BA X EX BCHARIEAS 0 2 4 F EREF I
& +7 & (gas chromatography, Trace GC Ultra, Thermo Co., #

F) TERNRERHRFHFZ AL R (P 2003) -
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L7 AR B

Table 7. The composition of nutrient buffer

Component g/l
NaHCO; 9.240
Na,HPO, 7.125
NaCl 0.470
KCI 0.450
Na,SO, 0.100
CaCl, 0.055
MgCl, 0.047
Urea 0.400
FeSO, (mg/l) 36.800
MnSQO, (mg/l) 19.000
ZnSO,4 (mg/l) 4.400
CoCl, (mg/l) 1.200
CuSQy (mgl/l) 0.980

7Lk & ¢ Salvador et al (1993).
2. PRS2 IE R R
(1) f1* GC & * 5 ® 4> 36 » sig? #H B 05mL - /2 » GC i
Todh R 2FRSEE T OERYE ) Tk L IR e
(2 "=z 2R NrREF S TR S SRR
FE D ST
(1)CH4 (ppm )=0.0005 x # 5 % & f# —46.142 o
(2) CH4(mg)=1000 x & J& 5588 4% (M°)x ppm x (16/22.4)

wE

o

|

(3) &2 W 4o (B 13)
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y = 0.0005x - 46.142
R*=0.9999

1200

1000 /

800

600 /

400

Methane (ppm)

200

0 1 T T T 1
0 500000 1000000 1500000 2000000

Area (uV' s )

B 13.7 =l 2 2 %% 4 & (in vitro) o
Figure 13. The standard curve for validation of methane analysis (in

vitro).

3. pH 2 5 5pl &

& * it i 18 7] <_k(pH meter, PL=700, RBS) 4 4 s i# %

NERRZ pH E .

(= )1 ¥ et ex % (invivo) 2 p] %3 2
Bofrrlel g 2 3F 2 B0 P Rl R .
L#dred e 3 2 3K35

fodr et e F X AR B U efex 3 (respiratory chamber) 5 A
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ZEPEE LR E SY M (2003) SR L AR 0 F Av 0B i

o B et g 2 MFF 5 60cm x 60 cm x 90 cm (@] 14) -

T
?‘H\

B g 2 BRI 2 Covtafes EREF F 5 (O
HEOFEFERFTP LG BRMEN - S FREF §5d B4 A
(pressgauge) MRz AL F waE i £ 2 RS > Fferten
E2 7 4 R (pump) e RSk @ B ek g po2 - § 0
B (COy) % k%4 (HO) BlA % 10N & § it 49 (KOH)

=R & (% L ﬁﬂ;)vxlj{ °

2.7 mik S 2T 2RI
1 Bl o pEFrers gz I otk

Jof 100mL > FREE AT FHERY B o

ah«

\f"b

2. &% GC f4p & 7 kPl 2 B &2 9 2% 3
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Bl 14, #odr etz 2 2 b o

Figuer 14. The exterior appearances of respiration chamber.

A: g o BliEg T o

7 —~ |

44



(1) 2% %27 th B 448 B 130°C»i1 » ¢ (injector):§ & 200
C » 1 ¢ B (detector):g & 200C -

(2)2% %% #+ 7 %8 (carriergas) % # &4 % Skglem® > jn

() % F # (Np) /&4 % 4kg/lcm® > 75iE % 5mbL/min -
(4) % %4 # (Hy) B4 % 2kglem® s jrig % 5mL/min
(5) ¥ += & Rt® -Alumina BOND/Na,SO » 30 meter x 0.53
mmIDx 10 z mdf (Restek Co.)
4. #58
(1) % & 3 " % (CH, 95.5%) 2 § # (Np 98.5%)ie
@ A S 8 B2 CH 22 Ny Bt
s ¥gP o e #8.1000 ~ 500 ~ 200 ~ 100 2 1 ppm » B~
¢ SrE R 2B R 05mL it a GCo &d RE
RITATE 25 fifi e 2R R EF v~ 17 R R
Rofed PEEYAREFHESY cn7 2R (F203
2000 ; » 2003) > FHIFT =i R (B 15)
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900000
800000 y.=78.922x + 33051 &
R*=0.999

700000

'E 600000
Q.
o

3 500000 /
S 400000
e
[}
£ 300000
200000
100000 /
. /

T T T T T 1

0 2000 4000 6000 8000 10000
Area (uV' s )

Bl 15. 7 =Pl 2 &4 & o (invivo)
Figure 15. The standard curve for validation of methane analysis.

('in vivo)

(1)CH, (ppm) =78.922 xit &= % & f# + 33051
(2) CH, (mg/kg BW)=1000x #> 4 e+ w3z 48 4% (M°) X ppm

x(16/22.4),/ % & 4 £ - (kg /BW)

=~ B Rk

(- )idB- B AMOBRINI RGP FH T
Pocg 2 P
1.4k & kiR
KRR PR BB SV P R AR GG

TR AT SHRT AR B ERER
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;‘51% A0 E NS BA R AR EY T HRFET
235 ik B
2P H R FIEHENE R L L IR G
AR FELY oIS AT BRI T B 2 L
0.0125% ~ 0.025% ~0.05% ~ 0.1% ~ 0.20% % 0.4% z_ 2 %
RIL 8 o B ) B AT
(DR #03ga%Pr 7H3TmML2L R REEH
/% (Salvador et al., 1993) *z » & F3gp » W E Y
(butyl rubber stopper) % GFgrT > & @ * 4uF 3 B
4r3k (@luminum clip) %3t > v & 100% CO, it (7R3
g%’ﬁ%%tg%%,g%4¢%’g%%¢%@
40.0.2mL 2 10% HQCl, ik fo A2 iE & 14 B B &
(gas-tight syringe) <P~ #8ip| % 7 22 k&R (& B
BaxE - BEEFRE PO0B 4P L5 3E4HR
) e
(Qa Fritle : #0397 5P FE3TMLLEARE
% te% (Salvador et al., 1993) *x » i FHLP 2 k4 2 fA
kB2 82 %% (4% 5 00125005~ 0.0625 ~ 0.12 ~
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0.25 2 0.5%) % % % (butyl rubber stopper) % Gy
v X% * 4R E 4T B4tk (aluminum clip) @ 4t

23 100% CO 27 /kE B & > B3 38CE R §8 0 B
& 4o ERER ,9,,9]‘ 4v 0.2mL 2. 10% HgCl, i i+

w2 E b LB B AL (gas-tight syringe) 4B~ 48

%

d

PlE P 2 kR e (F BRI es 25 - BRERFE; F0
BALEES L5 3EAHRS)
BFRE - 70 RBRLAGF AR T LN H e 37 mL

L RR LB R R IS L L2 AT S e

EEERE VIS £ 1 RS FAREE L SR

1.tk & %R
Pipsk- & kiR kg SV F BT GG
TIMEEEFL SFREZ LG
2. 385 th w3k B
FEHBERKH- T RO AL ER R

]4c05 1-15~2-~252% 3% %2
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(Z)#%= D FaPER: TR AHPRLIN IR GG
PP 2 P
1.8 & Kk
Fipgk- o hih o Fkp o7 p ZEXH BGW
TEO1Akds B S 5 g o
2.5k b f
BRAFBERH TR PRI R 5 R ey o 5w
Zad R 0225 g #2045 g e #2039 06 g 2

0.225 ¢ 42 fF et 03¢ & #2045 9 FjEk 060 F

AR AT hbade B0 BN KRR T 2
SRl 208 T RERBERR TR
Bk RRAHAE(R I 30 T keal/%) 1-4 i
T 5 3260/22 5 5-9 k4 £ 5 3300/20 ; 10-16 ¥4
W s 3400/19 5 %6 AL L 3460/19 0 iEim s £ 8o

R SEPME T L2 38Xk 10p
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He > 5w 7P 2R 2 5 R3%kdH5%8 12 ) L&

612 [P e r B B F MR

RS L R - IS PR T A R S B
R ER S REP AR BEP D £ F 2 PR
4 A e 1 p#es > Sy (Marek's Disease;
MD) Ld4 >4 p&&pF > v BRPR 3 58 e dB 745 5 (Newcastle
Disease; ND)+i# 2 |+ £ & & X (Infectious Bronchitis; 1B) 33 &
Fw 8 p#em > MEWT S A RAREAY 162 21
PdbpEs 1 BLE S N3 dd ND+IB 5 & 7 w5 & %0 21 p &6 p% >

EETE A ABED T BE L (S BUE
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% 8. A#H L2 B

Table 8. The composition of the experimental diet

. Period .
Ingredients — Laying feed
Starter Growth Finishing
Yellow corn 53 50 47 47
Soybeans meal , 44% 18.5 15 6 5
Full fat soybeanmeal 6 8 145 12
Broken rice - 6 7 10
Fish meal, 60% 5 1.5 1 2.5
DDGS 4 % 8 10
Rapeseed meal - 3 2
Wheat flour middling 4 - 3.5 -
Poultry byproduct meal 3 2 2 2.5
Soybean oil 1.5 - - 1.5
Top white butter - 2.5 3 2.5
Other 5 5 5 5
Total 100 100 100 100
Caculation value
Crude protein, % 22 20 19 19
Crude fat, % 6 7.5 8.5 0.5
Calcium, % 0.94 0.87 0.87 3.30
Phosphorus(Available
0.42 0.32 0.35 0.36

phosphorus),%

ME, kcal/kg 3260 3300 3400 3460
Lysine,% 1.35 1.2 1.2 1.1

DDGS: Distillers Dried Grains with Solubles.
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% 9. el ZFHOPEZ R IR FF T %A T 2 FE(in vitro)

Table 9. Effect of saponin on methane production of caecum content in
Taiwan male black-feather native chickens (in vitro)

0 Hour 4 Hour

in(o
Saponin(%) Methane (2 g/g)  pH Methane (1 g/g)  pH

Control 43.08+4.46 7.42+0.04 324.56+3.52° 7.36+0.03
0.0125 43.13+1.75 7.45+0.07 309.23+6.74% 7.34+0.01
0.0025 43.38+4.33 7.43+£0.03 296.36+7.31°  7.38+0.04
0.05 44 57+3.73  7.43+0.03 282.11+3.04°  7.44+0.06
0.1 45.08+3.63 7.41+0.01 207.68+2.51% 7.47+0.01
0.2 46.03+1.63 7.45+0.08  190.98+3.99% 7.50+0.07
0.4 43.40+4.52 7.45+0.05 176.37+9.33°  7.50+0.03
linear NS NS 8 NS
gudratic NS NS NS NS
cubic NS NS NS NS

*¢Means within the same column without the same superscript differ
significantly (P < 0.05).
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R g 2 2 5R(in vivo)

au’sl

% 10, AbPa ¥ g2l 1 o

Table 10. The effect of saponin on methane production in Taiwan male

black-feather native chickens (in vivo)

. Treatmemts 1
Time (hr) Control Saponin 1.5%  Saponin 3% Q C
-------------- Methane (mg/bird)------------

0 0.018+0.003* 0.018+0.003% 0.018+0.003® NS NS NS
0.3 0.040+0.001° 0.035+0.001° 0.030+0.001° *** NS NS
1 0.069+0.002°  0.056+0.002° 0.049+0.002° *** NS NS
2 0.181+0.001% 0.145+0.003® 0.116+0.001% *** NS NS
3 0.308+0.003* 0.203+0.001%®® 0.164+0.001%° *** NS NS
4 0.384+0.003" 0.286+0.001™ 0.236+0.002 *** NS NS
5 0.443+0.004%*  0.304+0.002%® 0.249+0.001°° *** NS NS
6 0.500+0.003%* 0.318+0.002%® 0.261+0.003% *** NS NS
L *kk *kk *k*k
Q NS NS NS
C NS NS NS

#9 Means within the same column without the same superscript differ

significantly (P < 0.05).

A B.C Means within the same row without the same superscript differ
significantly (P < 0.05).

'L: Linear; Q: Qudratic; C: Cubic.
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Fo11 BRSSP0 3 F Y e § 2 B4R (in vivo)

Tablell. The effect of alfalfa meal on methane production in Taiwan male

black-feather native chickens (in vivo)

. Treatments 1
Time (hr) Control Alfalfa meal 25% Alfalfa meal 50% Q C
---------------- Methane (mg/bird) ---------------
0 0.018+0.003%°  0.018+0.003" 0.018+0.003* NS NS NS
0.3 0.052+0.002°"  0.048+0.002°®  0.021%+0.001°°¢ *** NS NS
1 0.116+0.008%" = 0.091+0.003°®  0.028+0.008°¢ *** NS NS
2 0.203+0.007%  0.161+0.006"®  0.035+0.003C *** NS NS
3 0.358+0.010%  0.307+£0.012°®  0.056+0.001°¢  *** NS NS
4 0.414+0.012" = 0.254+0.013®  0.065+0.002 *** NS NS
5 0.445+0.016%*  0.398+0.012®®  0.106+0.008% *** NS NS
6 0.465+0.016™  0.415+0.008™  0.160+0.008"° = *** NS NS
7 0.479+0.004”  0.448+0.006™  0.194+0.003'C *** NS NS
8 0.508+0.005"" = 0.465+0.007®  0.208+0.007¢ ~*** NS NS
L *k*k *k*k **k*
Q ***k *kxxk **k*k
C NS NS NS

*I Means within the same column without the same superscript differ
significantly (P < 0.05).
A B ¢ Means within the same row without the same superscript differ

significantly (P < 0.05).
'L: Linear; Q: Qudratic; C: Cubic.
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Table 12. Effect of tannin on methane production of caecum content in
Taiwan male black-feather native chickens (in vitro)

0 Hour 4 Hour
i 0,
Tannin (%) Methane ( 1 9/g) pH Methane ( 1 g/g) pH
Control 45.66+2.98 7.42+0.04  312.89+11.19* 7.37+0.05
0.5 46.06+5.66 7.44+0.02 302.64+0.01® 7.36+0.05
1 49.66+1.89 7.44+0.12 298.69+8.03°  7.27+0.02
1.5 47.42+5.90 7.45+0.05  274.40%£19.64° 7.22+0.03
2 48.10+4.14 7.46+0.03  258.73+67.65" 7.20+0.01
2.5 48.66+5.94 7.42+0.02  232.58+20.39% 7.19+0.01
3 46.67+2.39 7.39£0.03  206.97+16.32° 7.23+0.06
linear NS NS ol NS
qudratic NS NS NS NS
cubic NS NS NS NS

*® Means within the same column without the same superscript differ

significantly (P < 0.05).
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Table 13. The effect of tannin on methane production in Taiwan male

black-feather native chickens (in vivo)

. Treatments 1
Time (hr) Control Tannin 0.15% Tannin 0.3% L Q ¢
---------------- Methane (mg/bird) --------------
0 0.018+0.003°  0.018+0.003°  0.018+0.003® NS NS NS
0.3 0.054+0.001°  0.045+0.001°  0.028+0.001°" *** NS NS
1 0.118+0.002°  '0.111+0.002°  0.039+£0.001%* *** NS NS
2 0.252+0.001%"  0.165+0.001%  0.116+0.003%C *** NS NS
3 0.372+0.004%"  0.234+0.003*®  0.162+0.001°¢ *** NS NS
4 0.448+0.003"*  0.267+0.002™  0.229+0.002 *** NS NS
5 0.500+0.007%*  0.307+0.011%%  0.244+0.002%¢ *** NS NS
6 0.504+0.004%*  0.311+0.012%  0.255+0.002%¢ ~*** NS NS
L *kk *k*k *kkx
Q NS NS NS
C NS NS NS

*9 Means within the same column without the same superscript differ
significantly (P < 0.05).
A B € Means within the same row without the same superscript differ

significantly (P < 0.05).

'L: Linear; Q: Qudratic; C: Cubic.
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Table 14. The effect of SDR" on methane production in Taiwan male
black-feather native chickens (in vivo)

Treatments
Control 10% 20% 30%

Time (hr)

0  0.019+0.001* 0.019+0.001% 0.019+0.001% 0.019+0.001* NS NSNS
0.3  0.056+0.002° 0.058+0.006" 0.057+0.006" 0.059+0.006° NS NSNS
1 0.098+0.002° 0.100+0.004° 0.094+0.007° 0.068+0.004" ** NSNS
2 0.174+0.006" 0.165+0.015" 0.177+0.017° 0.142+0.031° *** NS NS
3 0.274+0.015% 0.295+0.011% 0.18520.021% 0.180+0.007° *** NS NS
4 0.332+0.013™ 0.384£0.025" 0.189+0.042°° 0.196+0.020° ** NSNS
5 0.430+0.013%* 0.417+0.015™ 0.198+0.007°° 0.200£0.003% *** NS NS

6  0.447+0.005™ 0.418+0.012™ 0.235+0.004 0.205+0.011° *** NS NS

7 0.448+0.009™ 0.425+0.014% 0.256+0.010% 0.226+0.029" *** NS NS
8  0.457+0.053" 0.460+0.019™ 0.266+0.004% 0.232+0.006™ *** NS NS
L *kk **k*k * kX **k*k
Q *% NS NS NS
C NS NS NS NS

'SDR: sorghum distillery residue.

! Means within the same column without the same superscript differ
significantly (P < 0.05).

A BMeans within the same row without the same superscript differ
significantly (P < 0.05).

'L: Linear; Q: Qudratic; C: Cubic.
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Figure 16. The comparison of SDR*and alfalfa meal on methane
productionin in Taiwan male black-feather native chickens. (in
Vivo)

'SDR: sorghum distillery residue.

2b.°Means within the same row without the same superscript
differ significantly (P < 0.05).
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Hashimoto (1982) & * &% b # B 4 2 R R 2 AL it 75
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#2 2%(in vitro)

Table 15. Effect of lasalocid and monensin on on methane production of
caecum content in Taiwan male black-feather native chickens (in

vitro)
0 Hour 4 Hour
Methane Methane
Item H Percentage

(1 9/9) P (1 9/9) of descent
Control 8.17+0.20 ~ 7.44+0.03 285.14+3.83% 7.36+0.02 -
L; (1x) 8.03+0.10  7.31+0.09 243.59+39.76° 7.21+0.04  14.6%
L, (2x) 8.00+0.22 = 7.24+0.06 174.56+21.96° 7.14+0.03 38.78%
M; (1x) 8.11+0.31 7.30+0.03 222.33+4.14° 7.36%0.03 22.03%
M, (2x) 8.37+0.19 7.25:+0.04 127.80+16.68° 7.36+0.06 55.18%
L:M; (1x) 8.22+0.22 7.27+0.03 63.68+18.19" 7.27+0.05 77.67%
LM, (2x) 8.16+£0.27 = 7.14+0.03 11.43+8.00° 7.11+0.04 95.99%

L;: 0.225 g lasalocid; L,: 0.45 g lasalocid; M;: 0.3 g monensin; M,: 0.6 ¢

monensin; L;My: 0.225 g lasalocid + 0.3 g monensin; L,M,: 0.45 g

lasalocid + 0.6 g monensin.
#9 Means within the same column without the same superscript differ

significantly (P < 0.05).
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Table 16. The effect of lasalocid on methane production in Taiwan male
black-feather native chickens (in vivo)

Treatments
Control 75 ppm 125 ppm

Time (hr)

0 0.023+0.003*  0.033+0.003* 0.023+0.003* NS NS NS
0.3 0.071+0.003° 0.84+0.010° 0.082+0.003" NS NS NS
1 0.303+£0.010** 0.309+0.012°* 0.194+0.003°® * NS NS
2 0.476+0.015"* 0.486+0.014™ 0.303+0.021% ** NS NS
3 0.655+0.023%* 0.593+0.016** 0.462+0.020° *** NS NS
4 0.787+0.017™ 0.808+0.008™ 0.506+0.016 ** NS NS
5 0.872+0.028% 0.841+0.017%" 0.527+0.013"C *** NS NS

6 0.949+0.013™ 0.850+0.011™® 0.533+0.016™M *** NS NS

7 1.003+0.032"" 0.855+0.028™F 0.536+0.028™C *** NS NS
8 1.080+0.022"* 0.890+0.037%% 0.558+0.033% *** NS NS
L *kk *kk *k*k
Q *k ** *k*k
C NS NS NS

I Means within the same column without the same superscript differ
significantly (P < 0.05).
A8 CMeans within the same row without the same superscript differ
significantly (P < 0.05).
'L: Linear; Q: Qudratic; C: Cubic.
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#2 (invivo)

Table 17. The effect of monensin on methane production in Taiwan
male black-feather native chickens (in vivo)

Time

Treatments

1
(hr) Control 100 ppm 120 ppm L Q C
----------- Methane (mg/kg BW) -------------
0  0.022+0.001% 0.022+0.001*  0.022+0.001° NS NS NS
0.3  0.056+0.002° 0.098+0.012° 0.043+0.001> NS NS NS
1 0.098+0.002° - 0.121+0.006> ' 0.100+0.007° NS NS NS
2 0.174+0.006% 0.185+0.013° 0.210+0.025° NS NS NS
3 0.293+0.022*" 0.274+0.015"® 0.231+0.018%C *** NS NS
4 0.332+0.013"™ 0.333£0.015°" 0.234%0.011® *** NS NS
5  0.430+0.013%* 0.350+0.009%® 0.242+0.020%¢ *** NS NS
6 0.447+0.005™ 0.353+0.021%®® 0.260+0.019°¢ *** NS NS
7 0.448+0.009™ 0.388+0.020® 0.277+0.018°C *** NS NS
8  0.457+0.053" 0.418+0.019%® 0.304+0.022C *** NS NS
L *x ** **
Q ** * i *%*
C NS NS NS

Control: Fasting 8 hour, after refeeding 8 hours.
*'Means within the same column without the same superscript differ
significantly (P < 0.05).

A B CMeans within the same row without the same superscript differ
significantly (P < 0.05).

'L: Linear; Q: Qudratic; C: Cubic.
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Figure. 17. Effect of methane degradation to add methanotrophic bacteria
in Taiwan male black-feather native chickens cacum content

(in vitro).
THUA: Methanotrophic bacteria THUA.

2. Means within the same time point without the same
alphabet differ significantly (P <0.05).
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Figure. 18. Accumulative methane emissions on of chicken different
feeding methods in respiration chamber during 4 hours period.

%b.¢Means within the same time point without the same
alphabet differ significantly (P < 0.05).
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Figure. 19. Effect of dietary methanotrophic bacteria on accumulative
methane emissions of chickens with different feeding method
during 4 hours period.

Control: Fasting 12 hour and refeeding 12 hour.

Trt B: Fasting 12 hours, infusion methanotrophic bacteria
before refeeding 12 hours.

Trt A: Fasting 12 hours, infusion methanotrophic bacteria after
refeeding 12 hours.

Methanotrophic bacteria concentrations: 20 mL 10° cells /mL.

b€ Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure. 20. Effect of methanotrophic bacteria injection on accumulative
methane emissions of ceca in Taiwan male black-feather
native chickens during 6 hours period.

THUA: Methanotrophic bacteria THUA.

Methanotrophic bacteria concentrations: 10° cells /mL.

2P Means within the same time point without the same
alphabet differ significantly (P < 0.05).
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Figure. 21. Effect of methanotrophic bacteria injection on accumulative

methane emissions of ceca in Taiwan male black-feather
native chickens during 6 hours period.

THUA: Methanotrophic bacteria THUA.

Methanotrophic bacteria concentrations: 10° cells /mL.

2P Means within the same time point without the same
alphabet differ significantly(P < 0.05).
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Figure. 22. Effect of infusion methanotrophic bacteria on accumulative
methane emissions in Taiwan male black-feather native

chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour and refeeding 12 hour.

Infusion methanotrophic bacteria after refeeding: Fasting 12
hours, infusion methanotrophic bacteria after
refeeding 12 hours.

Methanotrophic bacteria concentrations: 10° cells/mL.

P Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure. 23. Effect of infusion methanotrophic bacteria on accumulative
methane emissions in Taiwan male black-feather native
chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour, infusion water after refeeding 12
hours.

Infusion methanotrophic bacteria after refeeding: Fasting 12
hours, infusion methanotrophic bacteria after
refeeding 12 hours.

Methanotrophic bacteria concentrations: 10° cells/mL.

2P Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure. 24. The effect of infusion methanotrophic bacteria on
accumulative methane emissions in Taiwan male black-feather
native chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour and refeeding 12 hour.

Infusion methanotrophic bacteria before refeeding: Fasting 12
hours, infusion methanotrophic bacteria before
refeeding 12 hours.

Methanotrophic bacteria concentrations: 10° cells /mL.

%P Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure 25. The effect of infusion methanotrophic bacteria on
accumulative methane emissions in Taiwan male black-feather
native chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour, infusion water after refeeding 12

hours.

Infusion methanotrophic bacteria before refeeding: Fasting 12
hours, infusion
methanotrophic bacteria
before refeeding 12 hours.

Methanotrophic bacteria concentrations: 10° cells/mL .

2P Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure. 26. Effect of oral does of freeze dried methanotrophic bacteria on
accumulative methane emissions production in Taiwan male
black-feather native chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour, infusion water after refeeding 12
hours.

Infusion methanotrophic bacteria: Fasting 12 hours, oral
methanotrophic bacteria after refeeding 12 hours.

Methanotrophic bacteria content: 2 L methanotrophic bacteria

(10% cells /mL) freeze dried.

%5 Means within the same time point without the same

alphabet differ significantly (P < 0.05).
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Figure. 27. Effect of oral does of freeze dried methanotrophic bacteria on
accumulative methane emissions production in Taiwan male
black-feather native chickens during 8 hours period.

THUA: Methanotrophic bacteria THUA.

Control: Fasting 12 hour, after refeeding 12 hours and infusion
water.

Infusion methanotrophic bacteria: Fasting 12 hours, after
refeeding 12 hours-and oral methanotrophic bacteria.

Methanotrophic bacteria concentrations: methanotrophic

bacteria (10° cells /mL) freeze dried.
%P Means within the same time point without the same alphabet
differ significantly (P < 0.05).
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