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SUMMARY

I. Title

The Study for Development of Ruminal Fermentation-Manipulating

Technique

II. Objectives and Importance of the Study

Feeds ingested by ruminants are fermented to volatile fatty acids, Hs, CO2
and NHs Then terminally CO:; and H: are produced to methane by
methanogens. Methane then become one of factors for global warming. The
production of methane is 25~30% of total gases produced in the rumen and
this causes a loss of 2~15% of total ingested energy.

There have been many attempts to reduce energy loss of ruminant.
However, the research have been done mainly by controlling feeding system,
but results were not significant. Therefore there is a need for methods to
reduce methane production with maintaining maximum rumen fermentation.

Fibrolytic enzymes are not used completely and some are lost, because
above 70% of them in the rumen exist in the microbial cell and cell wall. It
was reported that non-ionic surfactant (surface active agents) and acrylic
acids polymers release enzymes which exist in the cell or cell wall. Therefore
it is highly possible that energy efficiency may be increased by promoting
secretion of enzymes using these material.

The objectives of this study was to develope methods to reduce methane
production and delivery system of enzyme inducer. The development will
improve animal performance by reducing methane production and increasing

feed efficiency.

_12_



IM. Contents and Scope of the Study

A. Development of methan-inhibiting technique in the rumen

1. Isolation of major ruminal microbial population (bacteria, protozoa
and fungi) and investigation of their role on gas production and
composition change by culturing individual microbial populaton or

coculturing microbial populations with methanogens

a. Isolation of major ruminal microbials and investigation of their role on
gas production and composition

b. Estimation of methane production by methanogens

c. Investigation of gas production and composition change by coculturing

microbial population with methanogens

2. Development of technique to reduce methane production through H

gas control

a. Comparison of methane inhibitors such as unsaturated fatty acids,
antibiotics, organic acids, metal compounds and halogen compounds

b. Development of technique to reduce methane production by using

combinations of methane inhibitors

3. Effects of methane-inhibitors on methane production and

fermentation characteristics in a continuous culture system

4. Verification of developed methane inhibitors with in vivo experiment

_13_



B. Development of delivery system of enzyme inducer

1. Development of delivery system of enzyme inducer

a. Development of delivery system of enzyme inducer

b. Experiment verifying developed delivery system

2. Effects of delivery system of enzyme inducer in artificial rumen

fermenter on ruminal fermentation
a. Investigation of optimal level of supplementation through continuous
culture and development of final delivery system

b. Verification of delivery system using cannulated Hanwoo

3. Effects of enzyme inducer supplementation on production and feed

efficiency of Hanwoo (Korean Native Cattle)

IV. Results

A. Development of methan-inhibiting technique in the rumen

1. Isolation of major ruminal microbial population (bacteria, protozoa
and fungi) and investigation of their role on gas production and
composition change by culturing individual microbial populaton or

coculturing microbial populations with methanogens

a. Isolation of major ruminal microbial population and investigation

of their role on gas production and composition

1) Bacteria, protozoa and fungi were isolated from ruminal fluid. pH, total

_14_



2)

VFA, acetate and propionate concentration in bacteria population were

higher compared to protozoa and fungi

Gas and methane production of bacteria population were higher than
other microbials and gas production with corn substrate was higher

compared to rice straw substrate

. Estimation of methane production

D

2)

3)

Methane production was increased, and Hz was decreased by BES
treatment.
As the level of concentrate was increased, the amount of gas and

methane were increased.
20~30mM/g substrate of methane was produced with slight variation

by substrate composition.

Investigation of gas production and composition change by

D

2)

3)

coculturing microbial population with methanogens

Gas and methane production were higher in fungi+tmethanogen (Fm)
coculture compared to bacterial+methanogen (Bm) and

protozoa+methanogen (Pm) coculture

Gas production of Fm was higher than Bm in early fermentation stage.
As the culture time was increased, the rate of gas production in Fm
was decreased and that of Bm was increased, and consequently after 48
hr incubation, the amount of gas production in Bm was higher than in

Fm.

As the level of concentrate was increased, the amount of methane gas

production was increased.

_15_



4)

VFA production in Fm was higher compared to other microbial

cocultures and was increased as the level of concentrate was increased.

. Development of technique to reduce methane production through H

gas control

a. Effects of unsaturated fatty acids on in vitro methane production
and fermentation

1) DM digestibility was decreased by unsaturated fatty acids and the trend
was more noticed as the level of supplementation was increased.

2) VFA was increased by unsaturated fatty acids

3) Gas and methane production were depressed by unsaturated fatty acids
and the effect was more noticed as the level of supplementation was
increased.

b. Effect of antibiotics on in vitro methane production and
fermentation

1) Addition of monensin decreased DM digestibility.

2) Addition of monensin decreased VFA concentration except for
propionate.

3) Gas and methane production were decreased by monensin with higher
effect at higher level of supplementation.

c. Effect of metal compounds on in vitro methane production and
fermentation

1) MnO: and Fe:O3 decreased DM digestibility.

2) Metal oxides did not affect VFA concentration.

_16_



3) MnO; and KMnO, decreased gas and methane production.

d. Effect of organic acids on in vitro methane production and

fermentation

1) Fumarate and malate did not affect DM digestibility.

2) Fumarate and malate increased pH and propionate concentration, but
decreased acetate:propionate ratio.

3) Fumarate and malate increased gas production and decreased methane

production when the level of supplementation was 10mM.

e. Effect of essential oil on in vitro methane production and

fermentation

1) Essential oil increased pH, but decreased NH3-N concentration with
higher effect at higher level of supplementation.

2) acetate, propionate, isobutyate, isovalerate, valerate and total VFA
concentration were decreased by essential oil and the effect was more
noticed as the level of supplementation was increased.

3) Essential oil decreased total gas production and methane production

when the level of supplementation was 1%.

f. Effect of lignosulfonate on in vitro methane production and

fermentation

1) At incubation ®l<%F 0A]7Foll = lignosulfonated] #H7bgao] 713 ula)
pH7} 74389 o1 1 o]F o= lignosulfonate 1% H7} 9 pHE 93
o2 Az

2) Lignosulfonate did not affect gas production after 24h incubation.

3) Generally, 1% supplementation of lignosulfonate decreased methane

production, and lignosulfonate tended to decrease with increasing levels

_17_



4)

of supplementation.
196 supplementation of lignosulfonate increased H: production, and
lignosulfonate tended to decrease with increasing levels of

supplementation.

g. Effect of Chinese herbs on in vitro methane production and
fermentation
1) Cinnamon increased pH, but licorice root decreased. Chinese herbs did

not affect NH3-N concentration.

2) acetate, propionate and total VFA were decreased by supplementation of

3)

clove, and butyrate concentration was decreased by licrorice root,
Chinese pepper and clove.
Addition of clove decreased also total gas production, and Cassia tora

decreased methane production without statistical significance.

Effect of halogenated compounds on in vitro methane production

and fermentation

1) BES and PMDI did not affect DM digestibility.

2)

BES and PMDI increased total VFA, propionate, butyrate and valerate

concentration, but decreased acetate:propionate ratio.

3) Gas production was decreased as the supplementation level of BES was

increased.

4) BES and PMDI decreased methane production remarkably, but increased

H> production.

i. Effect of halogenated compounds and organic acids or unsaturated

1)

fatty acids on in vitro methane production and fermentation

Digestibility and total VFA concentration in treatments containing BES

_18_



were higher compared to treatments containing with PMDI.

2) Digestibility and total VFA concentration in treatments with organic
acids were higher compared to those with unsaturated fatty acids.

3) Molar proportion of acetate in treatment compounded with BES were

higher compared to treatment compounded with PMDI

3. Effects of methane-inhibitors on methane production and

fermentation characteristics in continuous culture system

a. Treatment of BES did not affect pH, total VFA, acetate and propionate
concentration.

b. BES increased butyrate concentration, but decreased acetate:propionate
ratio.

c. BES did not affect gas production, and decreased methane production
with increased H: production.

d. BES decreased 16S rDNA band intensity of methanogens.
4. Verification of developed methane inhibitors in a in vivo experiment

a. Feed intake and nutrient digestibility were not significantly influenced
by BES, malate or their mixture.

b. Proportion of methane and H: production were not affected by BES,
malate or their mixture.

c. Proportion of methane production was increased after feeding ranging
from 8 to 16%.

B. Development of delivery system of enzyme inducer

1. Development of delivery system of enzyme inducer

_19_



a. Development of delivery system of enzyme inducer

1) Enzyme inducer increased degradability of filter paper and gas
production.

2) Enzyme inducer increased activity of CMCase and xylanase.

b. Experiment verifying developed delivery system

1) Liquidization of enzyme inducer increased the growth rate of cellulolytic
bacteria.

2) Liquidization of enzyme inducer increased the growth rate of rumen
anaerobic fungi.

3) Liquidization of enzyme inducer released enzyme from the cell or cell
wall into rumen fluid.

4) Liquidization of enzyme inducer increased in vitro digestibility of rice
straw to more than 45%.

5) Microbial growth rate, total VFA concentration, CMCase and xylanase
activity were increased in Hanwoo when liquid enzyme inducer was
infused into the rumen.

6) Enzyme inducer increased in situ DM digestibility.

Effects of delivery system of enzyme inducer in artificial rumen

fermenter on ruminal fermentation

a. Investigation of optimal level of supplementation through

continuous culture and development of final delivery system

1) Gas production was increased by the supplementation of enzyme inducer
and the effect was more noticed as the level of supplementation was

increased.
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2) Enzyme inducer increased microbial growth rate without statistical
significance.
3) Enzyme inducer increased CMCase activity and degradation rate of

fiber.

b. Verification of delivery system using cannulated Hanwoo

1) Enzyme inducer decreased ruminal pH and NH3-N and increased VFA

concentration.

. Effects of enzyme inducer supplementation on growth performance

and feed efficiency of Hanwoo

a. Enzyme inducer increased daily gain of growing Hanwoo without

statistical significance.

b. Enzyme inducer did not affect blood metabolites in growing Hanwoo.
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of FuE A5t AheHs AdForA WAZES AFEAT]7] wite] 7]
d MAES ATsts ddel A APE 2 EdolARt o3 24 T H 1A
= A7 MAESQ wEe] MR AEES 29y A w=due AMEE &

A Frk webd oed B ALEe wESUelN mae Bulg F0A
5 e

-
R

15

O RA U o] REES VAR FUMAA F Us Aot

wpeba] Ao Hxe 1) v AN dAVIe ALy 2) a8 FA
A2l delivery system /NES F38le] w39 wE Z2AV]|ES JEste] AR o]
L8589 7)Ao &g wjdg 2 uek AT U H gAE B3 )
= AAA e 3 FEE F4ke 7| ES vhdsted Ao
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H2&d =l 7=y &g

gl

Ald 39 WadAAY dA7le A

L =W 7« 8%

7h A el WEAA oA
olH, o} A7t A = ALEAFH T, A l,

o AAAE ol &at] HFS T o] Bt (FAA, 1990).
. H o in vitro gas testE 3 Al® el o}
olile= A7 FAHIAE, o AFoNAE A ARATES] HEAdH
£

datag o]-&sto] WAL S HaATl= BFoes ARE Ed o 483

_Ha
il
o,
ofN
i
SE
S
e ]
o
=2
S
L
i,
rr
e
ofN
=i

2. 79 7e 9%

7F H2 1097 di7lF e v vid 1% o] S7FFAlel lew) 50
We A g2dst dibol oA mEe] AAeh= vl &S 15~17% % oS5
A THIPCC, 1992).

th IPCC(1996)0ll ol shdl A 2Fol A w7k w32 % 500Tg (Teragram,
1Tg=10"g)el™ o]F FEo A BFo] oJair = 65~100Tge] L Hico]
olafj M= 20~30Tg7F w5 = Aoz FAsAth

. HETESel 9d WEHE WErtaE Wil 18Tge s FAHM oA A
TAbel A A methane”t2 WA o] oF 15%E AFX| gktH(Moss, 1993).

g Wg JtaE = FA4, e 2ol AT fYEA &= @714 A
o M RE WAE W Wk JhSe] wiE9lE F owE TAF] 15%E AA|5HA
o 7 A s A FEol7] wWiEe] e mT Ad @ AUt F3E
Aoz 7|ty 9l

ul, 7kl o) AAE = wle A e 97% Fr= wkETbEell o s A H

1

s
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I FAAMNZE 571 5% E ZA 8=l (Crutzen, 1995), %% < 200~
400, &5+ 70~100, AFFS 10~30g/€ el WS WE3 o} (Geschssner,
1994).

vl Methane g% °F 13.15Kcal®] AU AE 7zt Qoma Als F oy ¢
3~12%7} methaneo = &A AT HAE methane 7H5<] FAH ALl
olg&d 4 glo] A= TaT AU E4E st AHE e o
ol methane S HAastho g AL S Foli AF3H S BHE
A A7 28 AFEH o] g

A} Thomas®t Clapperton(1972)%& Fuldge] ofgt wgtygd S Fol7] s 714
AAdzel e WS Wl Al HEEy T

S7HA71E= Blolm o= ouA] o] && &S NAAE & dvkal stk

of, wWgl WAAAE 93te] Al AAle] g B A7 HHo] gk,
Blaxter$}t Clapperton (1965)°] WS o]&3ato] Atm HATF % A3t&=FE
Hzxe WA FS FAHE olF, 7t5¢ FF(Shibata 5, 1992), AtEAF
@Z(Johnson &, 1993), A5} FFALE 9] Y& (Shibata &, 1992), &3}
=9 TF(Moest Tyrrell, 1979) ¥ FA59] 7} (Blaxter, 1989) & %2
gl ofste] gaFs Wtk Haxa 9tk

2 WhEsE o] we TAAAE g ofe] kA el B AUt xad
o] st=d B XA WA (Czerkawski %5, 1966), AW (Van der Horning %,
1981; Haaland, 1987), @2AF(Jones, 1972) 5 wWletAA e AF E Ao FA2E
o] &% F U= stFELH UﬂE“ﬁ”mEﬂE]OV]' g 2ol 7| Aske 22
Exole]l gA|AZA  ionophoredl &AA (Joyner T, 1979; O'Kelly<t
Spiers, 1992), & 2 A13}3H5 (Bauchop, 1967; Wood 5, 1963)3 #o] w &4
durelgotel HA4E& zZta = 3= o A7 A

2k Nollet 5(1996)2 2-bromoethanesulfonic acid®} ruminococcus productus
A7kl o8 Fol YA 7} 36.6%4 F7tstdvkar ®arslks vl

C AR gAY A= sEolu W AEelA 54& ZHA A gl o
2

How Aike] H7b= w9l A nitrite® M $HE o] FES AW
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g A Axe deg Ao Fge] F5"E F Jdow(Son T, 1995),

ionophore A& FAAE A7t FoAstA HW ZmEZFolrl A

AS Yt Wea A JdAawrt #4%EE S (Johnson, 1974; Rumpler %,

1986; Carmean, 1991)9] FAdo] glom o}A 7= olgt}dd g7zl H7}

A7F AEE A e = A Aotk (MaAllister, 1997).
]

v A7k e vES9] Wty Az HUbAE ayvb dAldolan g
AAE wE MAEe 49 ARAA ANAS Adste Aow gey
=5 e A7 9T 4l T - Mo 4P MEE Ageln

A2Ad &AEH 2AA 9 Delivery system? 7id

1. W7 4%

Tloll A 2 AFAELS 91dFYH dAZEA F 40 JHY AT =S
Foto] Wb FFolset drglglol 1Elal g4 #d B ARE =E3

9S 7%, endoglucanasex= Z+7} 1183.6, 362.7,

424.0 2 596.3IU, Glucosidase®= 24 27.7, 17.0, 121 ¥ 6.8IU, Xylanasei=
Zy7}y 1751.381, 528.6, 765.8 2 1572.6IU, xylosidaset™= 2tz 552, 37.5, 22.9
222510 A4 00

L VbR aEae] fgR, AlR B 9 nAE o] i EE¥Rled
CMCase?] 4% 27+ 15, 24 % 61%, Xylanase= 27 8, 13 2 75%<] H]
£olglom gluc051dase—4 S Z}7} 34, 39, 27%, furanosidase™ Z+Z} 43,
33 2 23% k.

t}.  Polysaccharide-degrading enzymes< F& u|AEA o F2xo] gl o

1—‘—]-‘-|4

™ monosaccharide- degrading enzymes< 2 9 Fo BH{5Ho] UQ

oF kA mEEf Tk Eell &4 v (eF 75% ol )0l AR el
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o] g5X Feha g Agolth
@9, F9, ALY L WG WF] CMCaset= ARl 347
ZF 255, 650, 988 % H4RIUZA] =&

o] 7} AT

% 7

Me R s dede B 3

ok @-o] A AbEEel § A ARE O, 3,6 B 9AFke] wE CMCase=

563, 255, 968 % 735IUEA] 6A|ZFHe] 7FF =9koi} Xylanase:
2,261, 2,309, 2,267 = 2266IUZA oA 7tel] FgS wbx] gk},

2}2}

vl Surfactant®} acrylic acid polymers®] &S HFEYAFo] F o9 S

B MEH ZoUdAY AMEW] e AW T4 tiFito] ¢
FToZ FBFHEYE AMES B

Ab. Surfactante o] Fol &7]4d mAES] MEHE Hus FAst] 4
29 FHE Adste a7 wAEY] AHEES AAANGT dEA gk
oy Z AFARELS o] 2HE] WEe UG M= AHES 239
7T AM S st e ole Abae ¥E S AdeA T ddE
e o]Fols A FEFE HAA @7 WEom BZEm old A=
amylolytic bacteria®t HFFololA F=#1 a7t yErst

of. WkE wAEo Axu R4S Z/AIA F dE BEE AXY 84
S5 AEdE BATIE E37F w9 mof A e Ad AR in
vitro 23t&S 45% o Fr|AHom FUMATI= 37 ATkl
1999).

2 olEd A kol AFd mbel o] HETF AFE] w2 A B4

7l W&o AR HIFAZRA ANty 84 Delivery system?] 7 #o]

443 2750 9
29 Ve A%

7}. Non-ionic surfactants(surface active agents):= AlX=e] T34 S
ARoz2ZA HNEU 545 Axyo=s FuAZIH Hgk AlwWe g4
HAA AEFH HEZEHo Q= 45 E=5A7|= 2347 o$

polymers GA| AIXWY E4AE

o,

(Reese®} Maguire, 1969), acrylic aci
A 715 237 A tH(Reese &, 1969).
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Bol duts FAE7] wiel 2714 A E ]
o

fl 8] ol A
G e FEE AAds
BAES FA0] "Holzmg = 4] 3

3. A

7b @AAAE B RSl g oy A o] & & &e] AN WS FE ALY
I ALE o] AAY Z-olgte thh Ee WRe] o & o gtk

o A e 2dd el S3A ] ELE in vitro %
A RS 45kE SUHE

=7} B7bs

= \T—__’
2}. Non-ionic surfactants®} acrylic acid polymers®] delivery
2 Agave 2YSel Ao $4u

SRS 1og
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t}. Non-ionic surfactants®} acrylic acid polymers: FH =7} 493 Fo}
44 st Ad3F
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TEe

ARG ol =

Cl

F delivery system®] 7R#o] = @ sjc}
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AM3E ATHES

o2t
L
0k

o
N
H

A1 g9 Wegdd JAZIe AL

=

=

L 9oy mAET (e, Z2EXxcr 3 #%0))9 28 R o=

o % Fhx AT ks 24 2A

7} AT ARBE

starak kot

A5 2%(FAE 7Ie)s AFHAN R

A 3

2) Hb8 nAEFe 27 2 v (Figure 1)
7

O fd AF: AL 7 FAFES] WF9 fistulaE

_0|L
2
Ho
2
i)
rE
o

N,
(i
ofo
)
=2
T
i

@ 4 sl(homogenization) : A3 3 9] M-S electric mixers ©]§3to] &
3 A7 g d718 A F 1A AE AXAZ] T vacuum pumpE
ol gsto] FfrE ARdAE AAACH

@ AAEY P AAERLATE AAR ANE FUIGEA 12 A4 =2 (500xg,

53)% te AT AHES Zsddv weEgel, #3o] o

Mo RN

bl

AELE



microbes free fraction(MFF)& #2|3}7] 913t A5 qS 714

Ef
27 AR (12,000xg, 30%)3 TS AF AL FASe] "Ed(121

| RUMEN FLUIDS |

Homogenization
— Standing for Ihour in anaerobic conditions
— Squeezing through 2 layers of cheesecloth

| Centrifuge(500g/15min) |
[

Superatant

Removing of feed particles by vacuum pump

| Centrifuge (12,000g/20min) | Resuspension
| Centrifuge (1,000g/15min) |
:
=1
.............. , 'g E‘E
i | Autoclaving g«
: 2 Filtering(500um)

| Anti-bacterial agents || Anti-protozoan agents| | Anti-bacterial agents | | Anti-bacterial agents |
Anti-protozoan agents
|Anﬁ-pr0tozoan agents| | Anti-fungal agents | | Anti-fungal agents | | Anti-fungal agents

Figure 1. Fractionation of microbial population (bacteria, protozoa and
fungi) from rumen fluid using physical and chemical treatment 1)M,
materials form autoclaved ruminal fluid(MMF); ?WRF, whole rumen

fluid; ’MFF, microbial free fraction (Lee 5, 2000).
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1587H)3%te] MFF®= o] &3l I HdES MFFZ resuspension? 71 o<
fungal fraction®} bacterial fraction®. & ©]&3At}. TR E Fol= H]3}
7] 93t 13 AR T HHES MFFZ resuspensiont] 7] 23}
QAR (B00xg, 158)8t 2™, residues FES resuspension A7)l
protozoal fraction®. & ©o]&3}5t}.

@ S AEAA A o &b g o} Al (antibacterial  agents)Z =
streptomycin sulfate, penicillin G potassium % chloramphenicolS 7}4]
3 100mL% 10mgel v =2 H7Fstga, &= 2 E ZolA (antiprotozoan
agents) =+ copper sulfate, sodium lauryl sulfate %  dioctyl
sulfossucinate sodium saltsE 100mL $19%9 15mg, 1.0mg % 20mg2]
T A A A71sl o 3} & 33 o] A (antifungal agent) 2+
cychloheximide(0.05mg/m¢) 2} nystatin(200U/mé)= ¥ 100mLE Z+2t
5mgF} 20,000unite] FE2 H74akg

© wAELe] wjeF ¢ EElgh Z7be] v AE fractions 71 ES A4 S5
¢} wizxlo]l a#]x wjx|E= Lowe’s medium (Lowe %, 1985; Table 1)°]
wolx & serum bottleo] HF 3L 39T incubatorel 4, 8 12, 24, 1
2] 3L 48] ZHE < wl kst d .

3) A 9 A
D 7}~ BAZE =4 AA 72T ZFES serum bottlet] @] head spacee] =

A 7}~E water displacement apparatusell HFZE FAZ|R F Y5
burrett] o] £& o] Y& & A FoR Qv 19 o5 7b
25 Al Y8t GC(Varian)& o83t 7k A4S AT

@ pH : W gAe pHE pH meter®Z =AYt

@ TP ARE FF FHL Erwin 196D W upt ol kel
3,000rpmel A 1027 YA 832 45 ImlES eppendorf tubed &7
I 25% metaphosphoric acidZ 0.2ml® Y3 3087 AIA AL 1 &
of A8kl A7AA -20TCe] Bt vh7t GCHP 6890) & &4 8ttt

)}

o
o

1—11

4) FARA AQAF ] B FAEA S SAS package(1999)¢] AuHd
2(GLM)= ol &3kith
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Table 1. The composition of Lowe’s medium

Component Amount(/L)
KCl 0.6g
NaCl 0.6g
MgSO4 - TH2O 0.5bg
CaCl; - 2H.0 0.2g
NH,4Cl 0.54¢g
KH.PO, 0.68¢g
Na>COs3 4g
Yeast extract 0.5g
Trypticase peptone 1g
PIPES 1.5¢
Coenzyme M sol'n” 10ml
Fatty acid sol'n? 10ml
Trace elements sol'n” 10ml
Haemin sol’n” 10ml
Resazurin sol’'n (0.1%)” 1ml
Vitamin sol'n” 10ml
Reducing agent sol'n” 10ml

DCoenzyme M sol’'n : 2-mercaptoethane sulphonic acid, 0.4g(/100ml d.w.)

2)Fatty acid sol’'n : acetic acid, 6.85ml; propionic acid, 3.0ml; butyric acid, 1.84ml;
2-methylbutyric acid, 0.55ml; isobutyric acid, 0.47ml; valeric acid, 0.55ml;
isovaleric acid, 0.55ml; 0.2M NaOH, 700ml (/L. d.w.). The pH was adjusted to
7.5 with 1M NaOH.

“Trace elements sol'n @ MnCl - 4H.0, 0.25g; NiCl> - 6H,0, 0.25g; NaMoOLy - 2H0,
0.25; H3BO4, 0.25g; FeSOs - 7TH20, 0.2g; CoCly + 6H20, 0.05g; SeOs, 0.05g; NaVO
3+ 4H20, 0.05g; ZnCly, 0.025g; CuCls - 2H20, 0.025g (/L d.w.).

YHaemin sol’'n : haemin 0.1g (/10ml ethanol), adjusting the volume to 1 L with 0.05M
NaOH.

“Vitamin sol'n : 1,4-naphthoquinone, 0.25g; calcium D-pantothenate, 0.2g;
nicotinamide, 0.2g; riboflavin, 0.2g; thiamin - HCI, 0.2g; pyridoxine - HCl, 0.2g;
biotin, 0.025g; folic acid, 0.025g; cyanocobalamin, 0.025g; p-aminobenzoic acid,
0.025g (/L 5mM HEPES)

“Reducing sol'n : Na,S - 9H,0, 2.5¢; L-Cysteine - HCI, 2.5¢ (/100ml d.w.)
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o 472%

ABA 7 WS pHE AFEW ZHzhe] ST B

7 RART o vepow mbH oyl ZEEZole}
(Figure 2).

Corn

7.5

7.0

—— Bacteria

—m - Protozoa

- -A- - Fungi

6.0

55
0 4 8 12 16 20 24 28 32 36 40 44 48
Incubation time, h
Rice strav
7.0

6.8

pH

6.6

6.4

0o 4 8

12 16 20 24 28 32 36 40 4

Incubation time, h

—— Bacteria

—® - Protozoa

- -A- - Fungi

48

S
et

Figure 2. Change in the pH by rumen microbial fraction (bacteria, protozoa,

fungi) as affected by substrates.
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AEEAYHVFA) S =5 ¥Ry s o E5 vud A 285
= 7148Q SFE VAR ss Wyl HEs VIEE SIS WEY E8ikth
(Table 2). #ZHgol= H-E9 VFA FTL7F protzoatt fungi®th =to v
protozoa®?} fungiitell= W3l T, TVEFA, acetate, propionate, butyrate,
valerate®] FEd A+ 7143 mAE o wE FoF Aol7t e

WU el A wrEl ol TR U 7PE B wiEel T xxolA wi
39S Wl protozoalt fungi Btt ¥ & AEES sHA ¥, o A3 ARk
=% VFAS &7t ¥ =7 dehse Aol

Table 2. Change in the VFA concentration (mM) by rumen microbial fraction

(bacteria, protozoa, fungi) as affected by substrates

Corn Rice straw Significancez'X
SEM'
Bacteria Protozoa  Fungi Bacteria Protozoa  Fungi S M SxM

TVFA 86.0 22.3 26.8 52.4 20.0 194 4.34 wE Kk
acetate 39.3 16.3 20.6 36.0 12.0 132 3.09 w®E L EE IS
propionate 28.3 2.3 44 10.2 25 4.3 0.83 K kR k%
isobutyrate 0.6 0.1 0.03 05 0.1 0.1 0.07 ns ** ns
butyrate 15.3 3.2 15 36 48 15 0.56 K kR k%
isovalerate 0.8 0.2 0.1 1.0 0.2 0.2 0.09 ns k% ns
valerate 16 0.2 0.1 1.0 0.3 0.2 0.10 Ho kk ko
AP 14 7.1 4.7 3.5 4.8 3.1 0.87 ns ok

!SEM, standard error of means
25, substrate; M, microbes; SxM, interaction of substrate and microbes

3*, p<0.05; **, p<0.01; ns, not significant

1S

fo
mU‘.

oL

A v 2 Thad A M = v E g3 7] e A

o)A Aol7h e (Table 3). wHelelob} de vAEZRY b Aol
okow $54% VAR S9e urk WART shawawe] W4 o el
WA s BAF A5, deaguiEelols e wHelol ZHeIA CH,
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Wk eko] =4 YEly il protozoa®t fungi AN E FEE WX 9 CHyol A
AEALt. o7)A ALg3 ke ] o)Al (antibacterial  agents) <!

sulfate, penicillin G potassium % chloramphenicol®] archaea$! W &4 =g g
olg ¢hd3 AAEA KatHe Aoer FHHET 1 AN 7] 2H S F protozoa
o} fungi & 7ol EalE] AAHE Hog CHioZ FATE & glem=z A
A Ho7b 4ol CHhith 5%7F 3

streptomycin

Hir

rlo

(e} =
AE B 5 9

Table 3. Change in the gas production and proportion by rumen microbial

fraction (bacteria, protozoa, fungi) as affected by substrates

Corn Rice straw Signiﬁcance:H
SEM®
Bacteria Protozoa Fungi Bacteria Protozoa Fungi S M SxM
Total gas, ml 27.7 12.2 6.7 10.1 0.6 ND! 0.24 sk sk kok
CH4, mM 5.76 0.9 0.47 2.09 0.05 ND 0.11 LI
H, mM 0.59 2.07 0.55 0.23 0.01 ND 0.02 sk kR

'ND, not detected
2SEM, standard error of means

3S, substrate; M, microbes; SxM, interaction of substrate and microbes
4**, p<0.01; ns, not significant

2. WU Vg E ol MBAF 24§ B39 PAEEH
o EPUIGel Be HaFH st 24 N 24
7} ATy ARBE

Wl wig g g utE Elote] wWe A FS EAea v e A A vhE 2] oo}
Z}zke] WA &g coculture dFRAS A -Fol A= Tt E F UhA

o 24 (CHs, Ho)& Wi FAIZEel whel Abetazh o
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D g gdute o] v g

@ T+ : Methanobrevibacter ruminantium (ATCC 35063)
@ HiA] : ATCC medium 1471 sludge medium

Table 4. ATCC medium 1471 sludge medium for Methanobrevibacter

ruminantium.

Ingredients Amount (/L)
KH2POq4 0.5g
MgSQ;4 - TH20 0.4g
NaCl 0.4g
NH4C1 0.4g
CaCl - 2H20 0.05g
FeSO, - TH2O 2.0mg
Trace elements solution” 1.0ml
Yeast extract 1.0g
Sodium acetate 1.0g
Sodium formate 2.0g
Rumen fluid 50.0ml
NaHCO;3 4.0g
Fatty acid mixture? 20.0ml
Resazurin 1.0mg
Cyteine HCI 0.5¢g
NazS - 9H-0 0.5g
Distilled water 940.0ml

YTrace elements solution : ZnSOy - 7H:0, 0.1g; MnCly - 4H,0, 0.03g; H3BOs,
0.3g; CoCls - 6H20, 0.2g; CuCly - 2H20, 0.01g; NiCl: - 6H.O, 0.02g;
Na:MoO, - H:0, 0.03g (/L distilled water)

2)Fatty acid mixture : Valeric acid, 0.5g; Isovaleric acid, 0.5g;
alpha-methylbutyric acid, 0.5g; Isobutyric acid, 0.5g; Distilled water,
20ml. Adjust pH to 7.5 with concentrated NaOH
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@ HF E
ATCC medium 1471 sludge medium 60ml7} £ serum bottleo] M.
ruminantium<  syringe® HE3 1L, bottled] HEFHZ H, 80%/ COq
20%9 E§7t22 FH3 F bottles #3533l 37C shaking incubatorol A
o kst th vl A 7F B9 A ¥ = turbidity7F YERHAE Al el ek ST

2) WgkAygueejote] R EF AL

D 714 : alfalfast ¥WFAIEE 82 183 289 H &= 3to] 712 200mge
60ml serum bottleol] =ttt
@ " A : McDougall buffer (Table 5)

Table 5. The composition of McDougall buffer

Ingredients Amount (/L)
NaHCOg3 9.80g
NaHPO, - 2H20 4.62¢g
KCl1 0.57¢g
NaCl 0.47¢g
MgSOy - TH20 0.12¢g
4% CaCly solution” 1ml

Y496 CaCl, solution : CaCls 4g (/100ml d.w.)

@ 20mM BES(bromoethanesulfonic acid) solution +H] @ WerA TS g
Aog At so®E ¥zl BESE 20mM solutiono. &2 WHE1l wjj A ¢
A7MA Os-free CO2E bubbling 3} %1 o

@ S1A4AHA: A} FFAIEE 6149 HERE o] FoIAZl 99 fistula
7h ARE E2ERl FAREY obfl Atm Hof Hell fAs AHskAh

® HZE 2 Y A4 McDougall bufferE 1:22(v/v)9 Hl &= & F 3
A 7F5 ¢ Og—free CO» 7FAE bubbling 3F3th o] Y M3} buffer mixtureE
Aol @AZ 60ml serum bottled] 30ml¥ 3t butyl rubber stopper®t
aluminium capl. 2 &3}t I tF2-9 bottle= 39T shaking incubatorel] 4 4,

L

7]
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8, 12, 24, 4847t wj<Fal Aot
® LAAN wYgel HW A ES =AHstn wlE Tt E

vacutainer(Becton Dickinson®)ol B #3s¢lth 18]3 thA] bottleS incubatord
331 4A| A wl k3 S T

@ 43A17F Wi FS 7t A RES SA % pHE 43 mdd e A48
stal A5 2 VFA #4415 9 -20Ce] B3ttt
® In vitro &3&& Fot7] Slete] v dAEYea He AS
suspension*] 71 t}g filter paper(Whatman 541)2 A&t}
© ZAMEE B A
ep 7h B A AA AT A EHLS serum bottle] &) head space°l] =
H¥E 7}~ water displacement apparatusol] HFZE FAVIE E <Y EH
burrettf o] & "ol &Elv ¢S 7tadAFe R . 11 os v
25 A 23t GCE ol &3t 7t =4S A

@ pH : wFAel pHE pH meterZ =45t o

@& IR g =A Erwin (196D)¢] W& w2t wjdd s
3,000rpmell A 1027 HAlE et 45 1mlS eppendorf tubedl & 7]

i 307 BAAAG. 1 v
-20TCol B th7F GCHP 6890) = 4] 3} St
@ 23 : vdFHS filter paper(Whatman 541)2 7 &
60°C drying oven®ll 48A1%F o] HZAIF T 1 s FA
Aol wF A3 o FAAlE Mg 7H FAR G
TS AT

1l 25% metaphosphoric acidE 0.2ml% ¥ il
of #A3%7] A7A

S filter paper%

3) digkgAdute glotel w9 mABEFH EFu|Ud WE Ay stx F
A4 W3}t ZA}

7} Methanogen (Methanobrevibacter ruminantium), protozoa 123l fungi Wi

Sl
s3kuf ksl 7] 9381 Methanogeng ATCC medium 1471
(Table 4)o w3l o™ protozoar Aol A3 Eg]3tsts HWyHozg Hi

sludge medium
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lucoseE ¥ & Lowe's medium (Table 1)ol 24A)7F vjekst & E3tuf kA

HEsH 3L fungi®l A9 Piromyces £90.2 He 3 #FE Lowe's mediumol

ol
=
09

UN T NFH F EFMEA FEA A

o EqeE
O 714 . alfalfa®t MFAIREE 82 22l 2:89 H|E&Z 54 400mgS 120ml
serum bottledl] &k},
@ wiA] @ Lowe’'s medium (Table 1) AF&3F% 2™ serum bottleo] 50ml%
stk
@ fAAH  FAIE F2ERQD FARSE ofd AR Ho ol fAE AF
s
@ dre o} fraction 8] @ HelA AWEI = A URs T3l AT 9
Aol A wre| 2o} fractions 2]t o™ EgHa) Al HF A
©® &3 F(co-culture) @ oA 7127 wjAE ¥ serum bottledl] =HE
of, R EFol agla Fw#olE 47 tml¥ HFea WEAAE T = SmlY
HdEstdeh. 1 o dHPolet WE TS widEt=  bottledd =
anti-protozoan agentg} anti—fungal agentE Yol TREZFolel FFolo A

i)
)
<

o
>,
(

l

]

O

A oA ’\] Atk =3 3 bottleS butyl rubber stopper®} aluminium cap
o2 B3 % 39T shaking incubatorol A 4, 8 12, 24, 48417+ v %43}
® UdAHA WLt T st AdAFS =AHsy LAE Tt Es

vacutainer(Becton Dickinson®)oll R #3tgth. @]z thA]  bottle
incubatoroll ¥ a1 48A17F7FA] wl 93} o
@ 48X 7t WS IS FH et a pHE S5y wgd s

a gEdle VFA BA4S 98 20T Bt

Al
=t

o

2] 5t

Sh
ol

=
D 7} BAHE =4 A4 7F2F AL serum bottle 2] head spaced] =
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¥ 7}2~Z water displacement apparatus®] $&H FAE FY5
burrettl o] =& Ho] SEe dS PR oR gt 2" ts vt
25 A 25k GCE ol &3t 7t 2SS =

®@ pH : wjFAel pHE pH meterzZ =4 sF9 o

@ FTAAALa dF =4 ¢ Erwin (19619 WS wg wjge
3,000rpmel A 10 g 5tal 43 1ImlS eppendorf tubeol & 7|
1 25% metaphosphoric acid® 0.2ml® 91 3087 AX A AT 1 s
of #A] A7kA 20Tl skt GCHP 689002 4] st

@ 23hg 0 WA S filter paper(Whatman 541)2 A& th& filter papers
60C drying ovenoll 48417t o] A=A 1 v FAE FAH3 7]
Ao wjeF HI Fof FARlE wigAe] 71E FAR ol A5ES

T8kl

N
>~
-
ol
-
Q

T

!
N
N
j“_),
>
™

o a7 43

D Wgdutegote] Mgy dF =A

HEF 2] ] EHA A vl | 2] o} 2] A A S zx
BES(bromoethanesulfonic acid)#zt+= HEAEH oS Add oz A

E4E ol g3t g g s

>~
o

off
o
)
R
2

off
o
rie

Femade vy BES Az el Ael waex gter] i
A ARE AQY (Table 6). 21812 BES AZdl o gyl oxnw
A H7b o897 %an HAHo] BES A2 TE tETNT Wl $EI} Ee
AL B 5 otk yFARY FEd WE AolE wW sFAbme FFo] kol
A5E AA2MAEL CH BAFo] gtk ol mAZel o8] 47 ol g

!
e 7149l ol Wl Wil 7 BjAIER ks CHiel %% BE A

g %

oftt. vgt g utE elotel MRk TS W o] weh e o} 714 7]
Aol 24¢ gelste] 2AE A3 714 A% gd 20~30mMe] vlge] BAH Y
o,
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Table 6. Effect of BES and concentrate level on in vitro gas production

BES 23
Significance™
No addition Addition 1
SEM
High Low High Low
B L BxL
concentrate concentrate concentrate concentrate
Total gas, ml 44.0 36.6 37.6 285 1.08 sk Hk ns
CH4, mM 5.6 3.8 0.2 0.1 0.66 s * *
Hs, mM 0.07 0.10 2.86 1.02 0.10 ok Hk Hk

!SEM, standard error of means
2B, BES; L, level of concentrate; BxL, interaction of BES and level of concentrate
3*, P<0.05; *+, P<0.01; ns, not significant

2) vggyerE Zolsl wEe) A EHY) ERMP) WE ArwH x
4 a2

ol A iAo w By wALETS wEg & 474 o5 uwjste] spawF
S A e ojWd e 2t MAETI wedguH Eols EFM AT OEN
el Zhd Ay g Al wgts A 9

WA AA 7t22 S B3-S w] (Table 7), fungi®t methanogen®] = 3gHnj
FEFEmNA 7 Bol EAGRL 1 tFo R vrH g olBm)7t, wHA o R
R2EZoHPm)et wWgAAutH glolE SR g AR DAY vF Ay
= wAitel Aol glAIRE CHy 74 %= Fmo] BmEth =8k

Bm &3] 713 Zo] 7tAE dAE Aoz AR Figure 30 A
Be AAE e gotet et o} g w G 7] Tpad A ol
o= wElgolrt FFF AMEE wiAlel A &35h= lag timeo] AU

itk A vl gFR7] kA el Ao dAH o R Thad A ol
tH o] F3olE= lag timeo] WE|E ol Tl Fol wjkZz7] Al Eko)
ki v AAH o R spadAlFe] g XEu =gt ENNTE =
v g op et Fgolo A o] Fhad Al gFo] Bl szst v whH Eloke] Fo] T &S A

o= oddEd. 2 o= HrElE ol ARko] Aol wel iAol ot

[kl

Pk

rEOHE o

r
o

p‘L
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Table 7. Effect of coculture of methanoges with bacteria, protozoa or fungi on

gas production at two different levels of concentrate

High concentrate' Low concentrate Significance™
SEM®
Bm Pm Fm Bm Pm Fm L M LxM

Total gas, ml 40.3 8.3 54.7 31.8 64 484 4.3 0k * ns
CHy, mM 1.2 0.3 1.8 1.0 0.2 1.7 0.19 #k NS ns

Hs, mM 09 003 02 05 003 14 0.26 ok s

'BM, coculture of bacteria and methanogen; Pm, coculture of protozoa and
methantogen; Fm, coculture of fungi and methanogen

QSEM, standard error of means

SL, level of concentrate; M, microbes; LxM, interaction of level of concentrate and
microbes

4*, P<0.05; *+, P<0.01; ns, not significant

60

—<—BmH = -l~ -BmL
———PmH = =X= =PmL
50 [ |=¥——FmH = -@= =FmL

40 .
/,0 - / l
30 2 -

Gas production, ml

18 24 30 36 42 48
Incubation time,
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and
BmH,

coculture of bacteria and methanogen in the high concentrate level;

3. Effect of

methanogen

Figure coculture between bacteria, protozoa, fungi

and concentrate level on gas production.

BmlL, coculture of bacteria and methanogen in the low concentrate
level; PmH, coculture of protozoa and methanogen in the high
concentrate level, PmL, coculture of protozoa and methanogen in

the low concentrate level, FmH, coculture of fungi and methanogen

in the high concentrate level, FmlL, coculture of fungi and
methanogen coculture in the low concentrate level.

Figure 4% 7t v AZ7 g guteelole] Eguda sFAR 57

WE Hsh CHy /b8 348 nelFm gk el S5t 5FAR v&o]

oA fungi®t methanogens coculture st91< =A YEbY. 283 12

AAAE vE A b=
fungi7h AR F-F3 § AR
Aoz AZEAY. CHi= Hp$F Hl=d
7HE =gkl 2 v o' diH e ZREX

selnh ol

=} O
deks

7 olF CHiSl WAZe] = FAstgon FFARY
CH,9] A &o] =3ttt
16
4
12 e -
_ 10 e
€ 08 - A
T 06 ’ /
04 ‘ /_,.".
02 -
00 X
0 4 8 1216 20 24 28 32 36 40 44 48

Incubation time, h
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21
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15 = —¢+—EBmH
: - -B- -BmL

12 /« ‘ /I —&—PmH
09 - ———=7 |7 X" -PmL

)‘(' / —k—FmH
06 f ) -

- -~ -FmL

CH4, mM

03

00
0 4 8 12 16 20 24 28 32 36 40 44 48

Incubation time, h

Figure 4. Effect of coculture between bacteria, protozoa, fungi and
methanogen and concentrate level on H; and CH4 production. BmH,
coculture of bacteria and methanogen in the high concentrate level;
BmlL, coculture of bacteria and methanogen in the low concentrate
level; PmH, coculture of protozoa and methanogen in the high
concentrate level;, Pml, coculture of protozoa and methanogen in
the low concentrate level;, FmH, coculture of fungi and methanogen
in the high concentrate level, FmL, coculture of fungi and

methanogen coculture in the low concentrate level.
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ol
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__)&l
iy
o
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<
oo
>
ox
oX,
of

A x|k acetate:propionate  Hl&<  E=A  yEhYY. W2 Fmol
acetate:propionate H|&°] 7} Yok=d], o]= Fmeo] Y& uwAELHT

propionate A4 Hl&o] =& HoFE= Holth
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Table 8. Effect of coculture of methanogens with bacteria, protozoa or fungi

on pH and VFA concentration

High concentrate’ Low concentrate Signiﬁcance3‘4
SEM?
Bm Pm Fm Bm Pm Fm L M LxM
pH 65 68 65 6.7 6.7 6.6 0.03 sk ok Hk

Total VFA, mM 351 128 367 218 133 266 212 kR kx
acetate, mM 170 85 183 136 85 153 1.21 CEI ns
propionate, mM 109 25 145 50 21 58 0.86 soE ek sk
isobutyrate, mM 05 02 08 04 0.5 1.0 0.03 sk Kok Hk
butyrate, mM 42 13 21 19 12 33 0.45 ko oNs ok
isovalerate, mM 10 02 08 05 05 08 0.06 koS Kk
valerate, mM 14 02 03 303 0.5 0.4 0.02 sk Kok Hk

AP 16 35 13 28 40 26 0.19 kR

1BM, coculture of bacteria and methanogen; Pm, coculture of protozoa and
methantogen; Fm, coculture of fungi and methanogen

*SEM, standard error of means

3L, level of concentrate; M, microbes; LxM, interaction of level of concentrate and
microbes

%, P<0.05; #x, P<0.01; ns, not significant
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3. FAII2ANE B3 We AA oA 71E AL

7L dTe ARER

HasEr TAEE FavtAE e vE Yokl d et ol &
J= 22E AMEste]l adH o Muadds AT # e Ves N

EREE

D 3| Ate] e gt BFo vA= FF

) BESA YA FFH

. oleic acid, linoleic acid, linolenic acid

) #A7beE 0 7189 5 10%

th 714 : 05g (Tall fescue : concentrate = 6:4)

2}) #l#] : McDougall buffer (Table 5)

uh) BFAIZE 0, 6, 12, 24, 48A1%F

Hh) B85 : gas production, CHy, Hz, pH, VFA and DM digestibility
Ab) i FR

@D 160ml serum bottlee] 714 05g< U}t o] W EH3 tall fescuedt &%
ALEE 6:149] BlE =2 st

@ McDougall buffer A%

@ 9d AH ok Atr Fol Hell AHS L 4789 cheese cloth® 2 Th

@ AHZ YA McDougall bufferE 1:42 v &= 431 3027 Or-free CO
2 bubbling 34t

® Y HF} buffer mixtureE 60ml¥ bottled] 2 3L, oleic acid, linoleic acid,
linolenic acid® Z+Z} 712 9] 5, 10%% bottleol] At}

® butyl rubber stopper®} aluminium seal® bottle2 23 39T incubatorol] 48
Al ZE vkt AT e Al & 6, 12, 24, 48] %tel| incubatorell Al bottles 7

Y gas productiong =A3t3 ALa| A incubatorol] vl %3t th.



ob) EA Y

D gas production : AA 7F~A L serum bottle] 2] head spaceo] 4%
7}2~Z water displacement apparatus®] ¥&H FAIE FYste] burrettd
o] & Yo Z¥e doE FIrh

@ CHy and Hp : 7h=2 A @S 4% th Tml vacutainerel]l H¥#3F3ith7}
gas chromatography(Varian)& ©| &3] CH,3 H.E& #2438t

® pH : pH meter (Mettler Delta 340)= =43} 9t}

@ VFA : pHE =43 % wjddS 3,000rpmol A 1023+ FA 2 st 45
1mlS eppendorf tubeol 7] 25% metaphosphoric acidE 0.2ml® ¥ 1 30
B2 ARG 2 ggol BEAE7] AzA 20T R#AsG s GCHP
6890) &2 #4134

® DM digestibility : #]¥dS LA & (3,000rpm, 10%)3le] 5 RS HA
filter paper(Whatman 541)2 A& t}2 pelletS °FFA 2 filter paperol] =41

o
th. ZHTE tube?tS 7ol sFaL thA filter papero] Z# . 1 tFE filter
paperE 60C drying oven®ll 48|13t o] XA 7| FAE A 71&

of gt mFFol FA Aolm Astes ekt

2) A WG B Y} wEo vAE= FIF

71 @A A 2] FF : monensin, nisin

) #7455 - 0, 5, 10ppm

o H7P3H © monensin® nising 27 95% ethanoldl] %<l & wjokole] 5
10ppm ¥ =5 7}

Z}) 714 1 0.5g (Tall fescue : concentrate = 6:4)

n}) ®j %] : McDougall buffer

uh) wiFAIZE 10, 6, 12, 24, 48A1%F

AL 4385 1 gas production, CHy, Hs, pH, VFA and DM digestibility
oh) wiFy : Ad DI T

b A A DY v

_50_



71 #4289 F5F ¢ MnO;, KMnO4, FeyOs

) "7k - 0, 500, 1000ppm

o) F7FEY 0 MnO,, KMnO,, Fe:O32 Z+7z: mj ko] 500, 1000ppm 2 7}
2}) 712 : 05g (Tall fescue : concentrate = 6:4)

n}) #j %] : McDougall buffer

uh) wiFAIZE 0, 6, 12, 24, 48A1%F

AL B4 38E 1 gas production, CHy, Hs, pH, VFA and DM digestibility
oh) wiFy : Ad DI T

b A A DY v

4) fr7)4ke] WG A} wEo) A= FIF

71 f714Fe] 5 : fumarate, malate

W) H7bEE 10, 5, 10mM

o) A7 bottleo] YA buffers Y2 b2 fumarate®t malate®] H=7}
7}7} 5, 10mMo] ¥ =2 FAE Ao bottled] ¥ ATt

2}) 714 1 0.5g (Tall fescue : concentrate = 6:4)

n}) #j %] : McDougall buffer

uh) wiFAIZE 0, 6, 12, 24, 48A1%F

AL 24385 1 gas production, CHy, Hs, pH, VFA and DM digestibility
ob) iR @ A DY v

b A A DY v

5) Essential oile] W E A g X+ F3

7h A7vew L 71489 0, 1 28l 10%E H7Fskdoh

) 714 0 1AL tall fescuedt AT HIALEE EHste] A& g on], o5
Hl &5 2:83 82F ato] 0.5g% widol A-&3t3

t}) ®#i#] : McDougall buffer
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j=r)
==
o2
>
)

10, 6, 12, 24, 48~ 7F

n}) BEX 352 1 gas production, CHy, Hz, pH, NH3-N, VFA

v vy s A DI wY

AD A YA s AE DR FYske NH-N 242 wjgas A4 &
3t & A=HS eppendorf tubed] 1ml® &7]1 B£A1817] A7bA -20Co] R
39t 7} Chaney ¢t Marbach (1962)¢] Wil whe} 22 &19i ).

6) LignosulfonateZ} WEtAAAd 7 HFo] WX &= I3

7h) H7beEE 0 7149 0, 025 05 183 1%E A7k
W) 714 0 712 Al 5FALRE Basle] 0.25gS vl ko] AM&3STh

th) H##] : McDougall buffer
2h) Wi FAIZE 10, 3, 6, 12, 2441 %F
np) EA35 : pH, gas production, CHs, H»

vh) ik 60ml serum bottleS A3 o, 14ANV/VIE AL 9
buffer mixtureE 30ml FF3ste] AP oy, yA= 29 1)3 L3

A BAE DAY DI} FY

D FAATE AG I HE) P = I

7h) @ekAl el FRF o AR, AY, ) Az, 4

W) HrbeE 0 7129 0 18la 5%E H7bskd

b 714 - B8 alfalfa 200mgS v %ol AR89 T,

Z}) A : McDougall buffer

o) W FAIZE 24413

Hl) B35 1 gas production, CHy, Hz, pH, NH3-N, VFA

AL w0 60ml serum bottles A& oW, LAV/V)E A2 Ay}
buffer mixtureE 30ml HF3sto] Adstd o, yrAe= A4 1)y A3t
oh) AT ¢ U AE AF DI $Ysh NH3-N 242 S dAE
3t & AZ=HE eppendorf tubed] 1ml® 27|31 BAs17] A7bA -20Co] BT

39t 7} Chaney ¢t Marbach (1962)¢] Wilo] whg} 22 &19i ).

_52_



8) =gt Eo] WAMAHI TFo] A= JTF

7h) 2 A3 g E o] £5HF : BES(bromoethanesulfonic acid), PMDI(pyromellitic
diimide)

) #7300, 15, 30uM (BES) and 0, 5, 10ppm (diimide)

th) H7F o bottleo] 91943 buffers ¥ o fumarate®t malate®] &x=7}t
7}7} 5, 10mMo] ¥ =5 FAE Alo] bottled] & ATt

Z}) 714 1 0.5g (Tall fescue : concentrate = 6:4)

n}) H#j %] : McDougall buffer

Hh) wiFAIZE 0, 6, 12, 24, 48A1%F

AL 24385 1 gas production, CHy, Hs, pH, VFA and DM digestibility
oh) wiFy : Ad DI T

b A A DY v

rr

9 YA FFEH BETHAWL T
Bao AL 4%

o125 2dAEst WaAAdT

7h) gzAsstE e F © BES, PMDI
W) E¥x A Hake] FF : oleic acid, linoleic acid, linolenic acid

o} f714ke] #F5: fumarate, malate

2}) "7+ 5% (oleic acid, linoleic acid, linolenic acid), 10mM (fumarate
and malate), 30uM (BES) and 10ppm (PMDI)

n}l) 714 : 05g (Tall fescue : concentrate = 6:4)

H}) ®#l %] : McDougall buffer

Ab) B EAIZE 0, 6, 12, 24, 48417}

o) £X43d5& : gas production, CHs, Ho, pH, VFA and DM digestibility
Zh) g AE DY v

2 A AY DY Y
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. 4T A

D EXspAurito] WgA st wao] WA= g3

EXS A Wb AE45ES AAAF oM (P<0.05), oleic acide Al 93+

Z &3bgo] At (Table
9). pH+= linolenic acid 7}l A 7}% Yo AT o3¢l 1)
o= At LAY HVFA)S %ﬁii‘ﬁ Bt Aol ofs] A=
78ttt acetate k== AAE Aol ola) FrteAAIRE Fo Al Apol=
3L, propionate &%=+ AMAE Aol o5 FrFeR o™ 10% AWAF A
T Fodez =g (P<0.05). 5% oleic acid H7H= VFA sXxol A9 Jae
FA Fkoy 10% oleic acid 7} propionate, butyrateE A 02 F71A|
Ztt (P<0.05). Linoleic acid A e]7olA= H7bg3tal VFA ko] Zpel7t
1tk Linolenic acide 10% H7F17F 5% H7FFEY A2 =gkon E3)
propionate$} A/P W& H7lFE7k ol 7F yElRY Y (P<0.05).

b A FES AR EESAGAE A o8 diAR rhadAde] &3
ow, EXSAWA HFEo] ESTE US AASAT (P<0.05). Linolenic
acid H7F17F g2 B ¥ x bl vle shad Al wko]l A9l oW linolenic acidZ=
10% H7etas wrk 7k=d el 7 Aok (P<0.05). BxsA stk AT
B et o] Aastgl o oleic acids A9l AWAk Aol M7t
TFo] BSFE Wy o] 74319, linolenic acid 10% A 7F-7F W g A
B

74 gkt (P<0.05). Hy 7F=E thz9 A 3aF A2l Alold] xfo| 7}t

Ao ok Wgte] Fhae o] 7)ol ot ottt o r]eE B A AL
9] 7} 4 ubS-(biohydrogenation), propionate A Z7F 218 = =
(protozoa)®] <Al o] At HEFLU A Hee T2 COx¢ CH,o.29 %
(48%), VFA &4 (33%), 12lan wreefol Al §4d(12%)l o8+ =234

h
ft

hun

Wake]l b ankgol ol 85 = Hool 42 AAl Ha9l 1% el =X 7] ol
A ire] ZhpEadtSol o8k wetAA s SRS A E A E3tH(Czerkawski,

1986). Henderson(1973)9] w= ™ A" propionate Aol 7|osl= 18 SA T
of & 7AA Feviar Hiasged, ol A 7El €3¢ propionate A
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4 7 mA=e Fge] obd e adld o3 AYS AHsie Ao W

=
olt}, w3l X Hke whE2| ciliate protozoadl & 74 A7t} ciliate protozoa

il

methanogens®] F-2tE o] = S £ 4 =4, o5 ciliate protozoa©l

B-235le] 23 9l methanogens< A w39 wgwr gl 37%E A g}

St F71E 249 43E golmgl=d(Zinn, 1989), o] A&

[e]
22 g e 71Ee Fol Eof MEAAde] VAR Fasks Zojur Ax v

Table 9. Effects of unsaturated fatty acids on in vitro CHs production and

fermentation
Oleic acid Linoleic acid  Linolenic acid
Control =550~ ~Hoz 1005 mor 10%6  OEM
Digestibility, % 54.9°  496™ 510" 452™ 420° 469%™ 40.7° 204
pH 6.40 641 642 640 642 648 652  0.03
VFA, mM
acetate 334 402 450 453 453 385 455 310
propionate 10.8° 13.0™ 146" 144%™ 152® 130 175° 112
isobutyrate 0.7 08 09 1.1 09 0.8 0.9 0.09
butyrate 6.9 87" 96° 104" 102"  83™ 105" 076
isovalerate 1.3° 15 17" 190 1.8 15 18 0.13
valerate 1.0 1.3 1.4 1.5 15 1.2 1.5 0.11
Total VFA 54.1 654 733 746 749 632 717 527
A/P 3.1%" 31* 31" 31° 30" 300 15 0.04
Total gas, ml 981" 963" 955 986" 939" 935" 90.0° 068
CH,, mM 6.4° 60" 58 61"  54° 519 47 0.08
H,, mM 0.15 016 016 016 015 015 015  0.003

'SEM, standard error of means
abedenfoans with differerent superscripts in the same row differ significantly (P<0.05)
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Figure 5= ] YA 7k
=2k A3t Aol
WA wgkAd o] 7hg wEekar, 24417 RE = tlE& T4} oleic acid A ], linoleic
acid 5% A 2] F3ke] B]52akd o™ linoleic 10% A 2] 2} linolenic | 2] -0l A
H gAY g gFo]l Zol &3l

7.0
6.5

o0 —@ -L5
25 ¢ —%—Lil0 —4 - L5
20 —4—1Ln10 |
1.5 L !

0 6 12 18 24 30 3% 4 48

Incubation time, h
Figure 5. Effects of unsaturated fatty acids on CHy production. O, oleic acid;

Li, linoleic acid; Ln, linolenic acid; 5, 10, supplementation level of

fatty acids(%)

2) FRAAZE GBI dEo v E FIF

l

A F ow, pHE S7FA1ZH (P<0.05) (Table 10).
A EAS BW, nisin A E= VFA A FFS FA FRAN
monensin #| 2]+ propionateE A2 dF VFAS AAS ZaAA o (P<0.05)

A
A1 Aol AW H7beEe] =& E AT monensing AP

o

_56_



acetate™= 74 A]7]3 propionate™ F7FAA A/P H]&0] 38~442 ETFHTH
Stk A bR v 7EA = monensin A 2= PR A RS oA 2
2 frAaAZ o, HrleFEo]l =S5 VMBS AAAFH oY (P<0.05),
nisine  tixz7¢ Zolzb gldth. CHy 7h2% 7hadrAd =y mizrpA =
monensin A ol o8] AR, H7} ES5E Aoy nisine

=
s FA ZUth Hy 7= A HE monensin A2l &3] 7FAsHA o

B
A
9

nisine 4&FS T4 &

Table 10. Effects of monensin and nisin on in vitro CHs production and

fermentation
Monensin Nisin
Control Sppm 10ppm Sppm 10ppm SEM*
Digestibility, % 44.3° 34.3° 33.3° 42.0° 40.8 1.02
pH 6.5 6.7° 6.7 6.5 6.6° 0.004
VFA, mM
acetate 49.4° 375" 31.4° 47.9° 44.6™ 2.39
propionate 79 8.8 8.2 75 7.0 0.52
isobutyrate 0.4* 0.1° 0.1° 0.3" 0.3" 0.04
butyrate 75 46° 4.1° 6.5" 6.7 051
isovalerate 0.6° 0.3° 0.3° 05" 0.5 0.02
valerate 0.5 0.2 0.2° 0.5 0.4* 0.06
Total VFA 66.3° 51.6™ 44.3° 63.2° 59.5% 3.38
A/P 6.2° 4.2° 3.8 6.4° 6.4 0.06
Total gas, ml 79.4° 56.4° 54.44 80.1"° 81.1° 0.41
CHy, mM 6.0° 25" 2.2 6.0 5.9° 0.05
H,, mM 0.13° 0.10° 0.09" 0.13* 0.13° 0.003

'SEM, standard error of means
abed\feans with differerent superscripts in the same row differ significantly (P<0.05)
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Figure 6914 X+ wlel Zo] vl %7]5E monensin A& 77} FalstA H|
et o]l AN nisin Aol o= mlErg Aol A A eFar tj=T-¢f

W] 2:5h9

7
. —— Control - -@- - M5
| [—A—MIO0 —m-N5
5 | |—%—N10
% 4
g 3
2 PR
1
0

0 6 12 18 24 30 36 42 48

Incubation time, h

Figure 6. Effects of monensin and nisin on CHjy production. [M, monensin;

N, nisin; 5, 10, supplementation level of monensin and nisin(ppm)].

BAAEAAZN E= 4
nHt (Van Nevel#
Demeyer, 1992). o]E9] web@ Aol nx= JFF A A o, FRA7IAY
SR Yy, Aol A&ets o2 delxl avoparcin 12] il
ionophorest® ®l& A A gyrt EHstgow FAlo VFA A4 g7}
acetate®} butyrate:= <3l propionate: =7}t Weko 2 W3 E QI

H] %o gy AMEE3 9+ ionophored A monensine W gk S
ok  25%7+A AN A THWedegaertner®  Johnson, 1983). Van Nevel3}
Demeyer(1977)% in vitro 917E %3] monensin®] ¥F¢ wetA AT 2 H A
o7 ZAo] 9l Aol olyal formate lyaseo] 93] formate?} CO.¢t H,0 &
AW = MAES Al Aelgbal Walstgith

Ionophorel @A Ao ek mAEE] WSS Fo uwel t=2u. uelA
ionophore] A Ao o]t w3 Wty Wil= v ABE 3 9] ionophoreo] U3l

A9} ionophores = A
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AaAdel e HAE SR vy 7] Witd Feoli o]E «HS propionates
o AAetE Aol dE Aotk (Henderson 5, 1981). 23y B3 A=
monensin?} lasalocidel] ]t WA AdAEHRrE o A&HHA K
Johnson 5 (1991)> monensins & 3k#] oF 2550 -9} v g o] H
S28HA HJokar ®arskdth. 2% X9k ionophoreol] €& wFH VFA A W] &2
AbEAIF o] B wj7bA] AL E Ak B sl th (Richardson %, 1976). H] %9
o A ionophoreZ] @AAel sl &4 ATl FUFsHAIE= FAN Ul AR A A
o] fraste] AlR &S FgET

3 =

Jl->

Asigo] et Had WA= FIF

MnO:¢t FexOs= BT A=243t&S FaAZoH (P<0.05) H7brE
o] E&FE U=AastEo] FASHAT (Table 11). pHE tixT-9F A2 4-1ke]
FA o]zt flAth VFAS AAFS »i g8 5] TR MUk
o] VFA A Fol+= d&FS T4 &%t (P>0.05). A/P H]&& KMnOs A el
o8] zHAsklal (P<0.05), MnO: 500ppm A gell ¢ s A= F71akeith (P<0.05).

A 7kt A FL FeO3 500ppm A F+E5 AlQfgh Uwx] F&5AsHE A g
| A #o] 7Had el 0™ (P<0.05), Mn029F KMnOs&= A el450] £&
stk (P<0.05). WgdyHs Bl thx 79 FeOs A8 & nlss)
n0z% KMnO, A7 g7tz dAFS Farzon Agssol =
ATt (P<0.05). Ho7b=o] A FE MnO29F KMnOs A el <3|
skt (P<0.05).

-
K3

32
I
il = n\‘

o e
B W
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Table 11. Effect of metalic oxides on in vitro ruminal fermentation and CHy

production
MnO; KMnOy4 Fex03
Control (ppm) (ppm) (ppm) SEM'
500 1000 500 1000 500 1000

Digestibility, % 62.1° 50.0° 434" 686% 59.3™ 561 53.0° 179
pH 65 65 65 65 65 65 65 005

VFA, mM
acetate 39.2 415 408 397 359 418 389 135
propionate 113 117 119 122 134 120 111 045
isobutyrate 05 06 06 06 05 05 05 001
butyrate 5.7 60 58 56 5.3 60 56 0.19
isovalerate 0.9 0.9 0.8 0.9 0.9 0.9 0.9 0.03
valerate 0.8 08 08 08 08 08 08 3003
Total VFA 58.3 614 607 596 569 620 577 204
A/P 35" 36° 34 330 2T 35° 35" 002
Total gas, ml 89.1° 82.8° 768"  832° 734° 889" 87.0° 044
CHy, mM 5.0% 45 38 46° 36 50 49" 0.04
H,, mM 0.13* 011" 011" 011" 010° 013" 013"  0.003

'SEM, standard error of means

abedeiNfoans with differerent superscripts in the same row differ significantly (P<0.05)

4) fr712ko] WG g Wao HAE FF

Fumarate® malate A&+ AELs&S A7 Aol Holxl aA
F oA zol= §ldth (Table 12). pH fumarate®t malate A 2]ell <] 3]
S7bstdlom, HrteEo] 545 ST (P<0.05).

A A uakS Ay B total VFA, acetate, butyrate, isobutyrate 18] L

isovalerate &%+ fumarate®} malate 2ol ol& FaFS wkx] kg T8}
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propionate F %= 714 A & FrFsF o™ AHyFEides= Aol
1A}, propionate =2 Z7FeF A A/P H &S fumarate®t malate # 2ol
3] AR AgFFo =S5 AP HELS ¢ AT (P<0.05).

Table 12. Effects of organic acids on in vitro CHj production and

fermentation
Fumarate Malate
Control SEM!
5mM 10mM 5mM 10mM
Digestibility, % 46.1 44.8 43.3 42.8 42.8 115
pH 6.63° 6.66° 6.69° 666° 670 0.002
VFA, mM
acetate 382 389 36.6 39.0 39.2 1.77
propionate 7.8 10.7% 11.6* 104*  121° 0.76
isobutyrate 0.3 0.3 0.3 0.3 0.3 0.01
butyrate 6.6 6.1 56 6.5 6.6 0.28
isovalerate 0.5 0.5 0.5 0.5 0.5 0.03
valerate 0.5" 0.5% 05" 0.6™ 0.6" 0.03
Total VFA 53.9 57.0 55.0 57.2 59.2 2.81
A/P 4.9° 37" 3.2° 3.8" 3.3 0.10
Total gas, ml 73.3¢ 78.1% 78.9% 76.7° 80.1° 0.51
CHs, mM 3.0 3.0° 2.8 2.9% 2.6° 0.06
H;, mM 0.11 0.12 0.11 0.11 0.11 0.002

'SEM, standard error of means

abedNleans with differerent superscripts in the same row differ significantly (P<0.05)

AA Zp=d A gL 714 Al oa Frhst e (P<0.05), malate # 2]
T AdgEe] EeTE ST (P<0.05). HEddgs dynd
fumarate®} malated] @] FFo] S5SmMY o= w gl ko] tfZ=9f A} o]
A kAR A o] 10mMYE wofl & wgb A ko] 7HAS T (P<0.05).
Malate 10mM A 2] el A wlebdb g gFo] 743 vkokry, Hy 7h2=o A2
714F A2l ot zkel7t glolth. Figure 7914 R& wlel o] vk 12413
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7HA EZTeE Aol wEAge] M=o 12417 o=
fumarate®} malate 10mM =] 2] Fol A Hx} Wt A o] Fo] 5T

T3 AA= FHol FAAE WA A =d2A 547 A

FAA = S mAES FEo] WS 2 Ha, FAEd IRd ¢ U=
wAR el glol FAA AlEd g AvF 2] JAPEa ok F71AE AA

T l
ionophoreAd A A =4 lactate®} W e 7+A, propionate ¥
A ol® Qg AR EE A T BV o] FAAAE AT
(RussellZ} Strobel, 1989).
ol A wgk @A el A= H%E propionate BA e F7H7F BHlEE AL B
AA et ol g} propionatette] e #AE ©]-&&to] propionate®]
Z el fumaratet} malateZ ©]-&3}o] propionate A4S S7IA A HES A

badt s,

e

o

of

32
28 /

2.OW//
o

CH4, mM

1.6

1.2 —e—Control —o—F5 L
—A—F10 M5

0.8 - —¥—M10 =

04

0 6 12 18 24 30 36 42 48
Incubation time, h

Figure 7. Effects of organic acids on CHj production. [F, fumarate; Ma,

malate; 5, 10, supplementation level of organic acids(mM)].
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6) Essential oilo] W B AT dgd vX = F

Essential oil A7} pHE S7FA1 A ow, 7148 A A3#%lo] essential oil
o] A7bsEol S7tESE pHZF S 7kl (P<0.01) (Table 13). NH3-N9| &
E FT3AIR F£Fo] B2 o] E%oH, essential oild HIlgEo F71E
23kt (P<0.01). acetate, propionate, isobutyate, isovalerate, valerate
12]al total VFASl FEE NHy-No FEel w3 AFE HIou,
butyrate®} acetate:propionate ratiox essential oil®] H @ ¢ wWE zol=

sl

Table 13. Effect of essential oil and level of concentrate on in vitro methane

production and fermentation

High concentrate Low concentrate Signiﬁcance2

SEM! —m—————

0 1% 10% 0 1%  10% E C ExC

pH 6.61 6.63  6.66 668 670 6.75 0.01 0k Kk S

NH;-N, mg/dl 326 331 290 302 298 253 0.86 I T
VFA, mM

acetate 546 533 504 50.1 514 473 1.39 CE I S
propionate 145 141 142 138 141 120 0.41 LI
isobutyrate 1.2 1.2 1.0 1.1 1.1 0.9 0.04 T I o TS
butyrate 120 117 114 8.5 8.7 8.3 0.32 ns **% ns
isovalerate 2.3 2.3 2.0 2.0 2.1 1.7 0.07 sk kNS
valerate 14 1.4 1.3 1.2 1.2 1.1 0.03 Hk sk ok
TVFA 86.0 840 803 76.7 786 714 2.19 wx o HE NS
A/p 378 377 356 364 366 394 0.05 ns ns Rk
Total gas, ml 1243 1255 1176 1054 1006 94.6 2.82 #x wE NS
CHs, mM 137 138 123 110 105 95 0.25 wE k% IS
H, mM 022 022 023 019 019 018 0.01 ns k% ns

ISEM, standard error of means
’E, level of essential oil; C, level of concentrate; ExC, interaction of essential oil and

concentrate; *, P<0.05; *x, P<0.01; ns, not significant
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o) A~
2
=3ko essential oil®] H7lgFFo] =L 10%9A HAsFT. 28y, Hy 2

A essential 0il®] H7FFEFEl wel xhol 7t ¢lglth

Wl FA Zholl w2 wEhd A S AR wdzr| Y sFAIE FE0] =
& AY 7t et o] =9ko W essential 0ile] HFIFFEETF 2ol HjUYE
12A 7 YERU 7] Al 2R A s FAIZEe] Hojd a5 1 Aozt AA AR
(Figure 8). Wi gAIZtell W& Hy BHAFE $FA R FFo] & A TodA =

gkrom aEFIFAlT oA essential oil 10% H7F17F Ho LA Fo] ko) A
FEAL B A= essential oil 10% H7F7-7F Hy WA 2ko] vrolr AA3 HS

Holx] gkt

16

14

12 - = -H-0
2 10 —B— H-1
€ —&—H-10
3 8 - X -L0
© 6 —¥— L-1

4 —e—L-10

2

0

0 6 12 18 24 30 36 42 48
Incubation time,
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0.25

0.20 - - -H-0
—m— H-1
2 0.15 —H-10
o - X =L-0
T 0.10 — Lot
—e—L-10
0.05

0 6 12 18 24 30 36 42 48
Incubation time,

Figure 8. Effect of essential oil and level of concentrate on in vitro methane
and H: production during 48h incubation. H, high level of concentrate; L,

low level of concentrate; 0, 1 and 10, level of essential oil (%)

7) LignosulfonateZl /B A} 2 5o v 43

Hl&F OA]ZFoll= lignosulfonate®] M 7bFFo] F71E4E pH7F AT
(P<0.05) (Table 14). 1 o] 3%+ lignosulfonate 1% H7} 171 9402 A

sF 3 0.25%9F 05% H7Fe &9k ALl zkel7h gl
Lignosulfonate®] #7F= wldz7] 722 A ZFS FTIAH AT v FA]7Eo]

oAl Aok iz Atelo] ko7 it (Table 15).
3AZE w s debd A 22 lignosulfonate®] X 7FEol wel @kt (Table
16). Lignosulfonate 0.25% 7} wlgbd Aol iRt =9kon, 1%
Zhs dET R Bgta (P<0.05), H7heso]l S7hedes vedAdde] Ha
SFA Y (P<0.05). 9% 64173} 1241 7F% lignosulfonate 1% A 7FF+%F 94 o=
dastdon (P<0.05), H7bsol S7hgtell whel wjghd A sko] Zask= 4
o AATh Z AL vl 24X 7FF ol = 05%9F 1% H7Foll A wghd Ay o] 7+
A

fem (P<0.05), A HZbesol S7hgrel wel werdg ko]l zHas)

i
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(P<0.05). detdAzFa= vbdj2 H, @A 2 lignosulfonate 3 7Fell 23] 57
3k T (Table 17). Wi Z¥bA4 © & lignosulfonate 1% 3 7Foll A Hy WA o]
7 E=dkem (P<0.05), H7brwel S7hed s Hy S Fol 7k o]

AT

Table 14. pH as influenced by lignosulfonate

Incubation time Lignosulfonate )
Control SEM
(h) 0.25% 0.5% 1%
0 6.83" 6.77° 6.75° 6.71¢ 0.005
3 6.62° 6.62° 6.60° 6.59" 0.010
6 6.53% 6.52° 6.52° 6.49" 0.008
12 6.42° 6.42% 6.40° 6.40° 0.010
24 6.52° 6.51 6.50° 6.46" 0.012

1SEM, standard error of means

abednleans with differerent superscripts in the same row differ significantly (P<0.05)

Table 15. Gas production as influenced by lignosulfonate (ml)

Incubation time Lignosulfate 1
Control SEM
(h) 0.25% 0.5% 1%
3 18.2° 19.6% 19.5° 18.9% 0.43
6 31.4° 33.4° 32.5% 31.0° 0.68
12 40.1° 425" 43.8" 439" 1.21
24 514 53.62 53.39 53.34 0.92

ISEM, standard error of means
a"\eans with differerent superscripts in the same row differ significantly (P<0.05)
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Table 16. CHy production as affected by lignosulfonate (mM)

Incubation time Lignosulfate 1
Control SEM
(h) 0.25% 0.5% 1%
3 1.1° 1.4° 1.0° 0.5° 0.08
6 3.1 3.1 2.7 1.2 0.26
12 55 5.8 5.3 3.2° 0.22
24 3.6 8.7 7.7 55° 0.29

'SEM, standard error of means

b\ leans with differerent superscripts in the same row differ significantly (P<0.05)

Table 17. Ho production as affected by lignosulfonate (mM)

Incubation time Lignosulfate
Control SEM
(h) 0.25% 0.5% 1%
3 0.05° 0.06™ 0.07° 0.19° 0.008
6 0.07° 0.09” 0.14° 0.8 0.069
12 0.09" 0.08" 0.13" 1.03° 0.081
24 0.08 0.07° 0.10° 0.41° 0.056

!SEM, standard error of means

b\ eans with differerent superscripts in the same row differ significantly (P<0.05)
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8) A7t WG HF] WA= FIF

pHE= A¥(cinnamon) A7}77F 6472 7F4 =kow, 7+% (licorice root)
H7F7F 6.45%= 7R sgkTh (P<0.05) (Table 18). NH3-N©| &X=:= A 2] -3kl
2ol 7k A T

acetate®} propionate?] F%= A (clove) H7F % 42 56.3mM, 17mM=Z
b wgkew  (P<0.05), W& A gteds dixzT¢ Aol glith
isobutyratet™= A9 H7F7F 7HE =9kow (P<0.05), #Hx HI7F7F 7R whek
3 (P<0.05), 1 o9 Ayt Akol7b itk butyrate® HE, Az
(Chinese pepper) 183 A3F HA7}FolA diz2FrR @A et (P<0.05).
Total VFAS] sl A H7bwk froldo s vgka (P<0.05), WA A2+
Zrolli= Aol 7k fAAth WUl E acetate:propionate ratio= Hd HI7bRE o R
Hrh vk (P<0.05). AA ZhadAdwe A H7bw 2R w9k
(P<0.05), W™= Aeg= iz Aelzh fidoh vigddge A9
(Cassia tora) H7H7F 7F& SEdAwt i z+-9F o] A<l Ztol7} glolvh Hy &
A iz A3kl 2ol 7k glleth
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Table 18. Effect of Chinese herb on in vitro methane production and

fermentation
Chinese herb'
Control SEM?
Ct Ci Lr Cp Cl
pH 6.45" 6.47" 6.47° 6.45 6.45" 6.46% 0.01

NH;3-N, mg/100ml 19.28 19.28 19.20 18.87 19.27 19.50 0.30

VFA, mM
acetate 61.6° 61.8* 62.0° 591" 583" 563" 1.88
propionate 19.0° 19.5° 19.0* 181" 178" 17.0° 0.65
isobutyrate 1.4° 1.3 15 1.2 1.3 1.2 0.05
butyrate 8.6% 8.7 8.8" 79" 79 76° 0.27
isovalerate 2.5° 2.6% 2.8 2.3 2.4° 2.4° 0.13
valerate 17" 17" 1.9° 16° 16° 16° 0.06
TVFA 94.7* 95.6" 96.0° 90.1" 892"  86.0° 2.97
A/P 3.2 3.2° 3.3% 3.3% 3.3% 3.3 0.02
Total gas, ml 364" 37 368 3507 345" 34.2° 0.74
CHy, mM 45® 42 5.0° 45" 45® 4.4" 0.23
H,, mM 0.03 0.03 0.03 0.03 0.04 0.04 0.005

1Ct, Cassia tora; Ci, cinnamon; Lr, licorice root; Cp, Chinese pepper; Cl, clove
2SEM, standard error of means

b\ feans with differerent superscripts in the same row differ significantly (P<0.05)
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8) H=7 spEo] WANYA HF WA= FIF

g2 31gE BES/F AE438S AAAIE AEFE BAAT gz
Fo Al o= 9, PMDIE AEA3Eo G FA &Uytt (Table

19). pHE Ag-7bell A Aol= AT =7 & Ao o F7ts
Atk (P<0.05).

SPEAA LS AR, total VFAS] & BES PMDI A 2ol 2l <7F
A THP<0.05). T2AETLE] acetate?] FEolE JFES FA ko
propionate, butyrate 12 il valerate®] TE=% 57
A AT (P<0.05). FEAZA el A 233t =o T/ A7hed wE 3
o= fLATt.

Table 19. Effects of halogen compounds on in vitro CHs production and

fermentation
BES PMDI
Control SEM!
15uM 30uM S5ppm  10ppm
Digestibility, % 54.9 496 50.7 53.7 53.4 1.34
pH 6.40° 6.42°" 6.42" 6.44* 641" 0.01
VFA, mM
acetate 334 39.6 44.1 40.6 40.4 3.00
propionate 10.8° 17.9° 18.1° 187*  196° 1.26
isobutyrate 0.7 0.8 0.9 0.8 0.8 0.07
butyrate 6.9" 105° 10.7° 1220 127 0.80
isovalerate 1.3 1.5 1.6 1.5 1.5 0.13
valerate 1.0° 1.5 1.5% 1.6% 1.6% 0.10
Total VFA 54.1° 7.7 76.9° BA 76T 4.99
A/P 3.1° 2.2 2.4° 2.2 2.1° 0.15
Total gas, ml 98.1° 93.0° 91.1¢ 96.3" 993 0.45
CHs, mM 6.4" 0.2 0.1° 06" 0.2° 0.05
H,, mM 0.15° 2.70° 2.54° 306" 369 0.10

!SEM, standard error of means

abedNeans with differerent superscripts in the same row differ significantly (P<0.05)
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A 7b=dAFSs Aoy BES AE e AEsEoel /b wet i
AR (P<0.05), PMDI®| 7% 5ppm AT 7h=dbA ko] hashel o,
10ppm A= F7hste] AgFFel wE AFo] vz ok vighd Ay
2S5 Ay R BESS PMDI A go] & wehkay ek
(P<0.05), PMDI= 7ol £S5 b o] Hassitt (P<0.05).

kA Hy 7k BES$ PMDI Aol o8 S7Fatgitt. PMDI A2 7t
BES A FHth Hy 7h2=9] WAl aFo] =om HI7M4Eo] 255 Hel A
Zo] Z7}sklth. Figure 9% wikA|ztol we wigtst Hy, 7b29 S e
W o wd 27|FE FERASGE o5 FIEA Wego]l A E
Ho 7b2=o] HAFE Frksts 21s & F At

Bauchop(1967)< chloroform(CHCls), carbon tetrachloride(CCly) ¥ methylene
chloride(CHxClo) 7} W't S A s E24U0S dasdt 1 Fo daw

AFEo] 93™ chloral hydrate, methylene bromide, di- 9} trichloroacetamide,

bromochloromethane, hemi-acetal of chloral and starch (HCS), trichloroethyl
adipate ¢} -pivalate 59 €24 FFET WEIA 77} ATt

T3l coenzyme-M<e] Br FAFAQl  2-bromoethanesulfonic acid(BES)%=
methyl coenzyme-M reductaseE JATFOoZH WEAAFS A By
v o th(Balchet Wolfe, 1979). 18y 9]¢ & =273} 31E FTole HAA &
NAl AT & e e dow, A7 FEolA wostds W, w9 v
ol olg FFEo AEAY HME sto] wigdAmIATE HA A
(Cole?} McCroskey, 1975). ©] 9ldx =273} s}gEe] ot weAyd oA
B9l 4 54 (Table 15), 7149 o] &4 3 mAEA duld g A

ARAAF B2 EAE 2 AeE aeEof gk

d

20
oo

rr
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Figure 9. Effecs of halogen compounds on CHs and H: production. [B, BES;

D, PMDL

15, 30, supplementation level of BESuM), 5, 10,

supplementation level of PMDI(ppm)].
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el

A SFEL AL S AsEaY F48 Ut B2 29 5 9

#7 ALgE ook @ Aol

9 =7 JFEFH EISFAYN EE {FUAHY EdA7 dAH@BA
nA e 9

Aerstes A9Ed, BES 58457 PMDI 53442 25480
= vEbE g (P<0.01) (Table 20). 28]ar, 714k A2 77F A2t A2 75
o} 4£3}80] ¥ (P<0.01), linolenic acid 2] 7-® .t} linoleic # & +¢ %3}
o] ¢ E=th (P<0.01). pHE fumarate$} malate * 2 7-7F Bl oA fumarate
Ao pH7F frolA o=z =4 vERa (P<0.01), 2 ¢ A2 71k vl
M feodol fllth. PMDI+fumarate A 77F 6.58% pH7F 7 =9kl
PMDI+malate # & 77} 6362 7H4 Skt

LA AYAS AR, BESSH 714, =AU B9A e 7 PMDI
E@¢A TR total VFAS] w7t wow (P<0.01), 714k Ag 57k A4k
A2l 2t total VFAS] F&=7F =7 YEE G (P<0.01). BES+fumarate # 2|
T7F 719mM=E 7} =32, BES+linolenic acid & 77} 53mM=Z 7} ko)

acetate®] molar proportione X', BES E3x 2] 77} PMDI &4 g F+ 5
1= (P<0.0D), EFstAY A7 {715 AdaRd aea
fumarate A 277} malate A&7 H®t} acetate molar proportion©] =t}
(P<0.01). propionate®] molar proportion< 7]4Fa EE 3} HAE 22 Aol
oAl ZFol 7} yEl=d, 714t A2 Fl A propionate?] molar proportion®]
= t}h. butyrate® molar proportion® acetate®}+= 2], PMDI E3-A g +7}
BES &#3stx g FHtt 2o (P<0.01), fumarate #2715t} malate #] 2] 7ol A]
=g, 283 f714F A TR EXSAW4E A2 T2 butyrate molar
proportion®] =¢kth. A/P H]&-& propionated H]&o] =& {74 ATt

w ESA A AR shokt
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A
AAAAEDARZE G238 E BES, f7]4F fumarate?} malate

h=}
A AE linoleic acid7} d+=dl 1 FolA %= BESZF WedAd oA 5

A& Tax AYS T WERAAAAA Y Wi yF L 712 &23518,

AT AREE

At wg A o Ael gk A B

|

oX
1
2
N
)
i
ol
>
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filo
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>
ol
38
ui

TAANR: AddE wHeg A JAAE FAStY Tax (Figure 10) 291 &
=
O

substrate
pump

—_— E—
{ X} 1 effluent
& ;

Medium Heating stirrer

Figure 10. continuous culture
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2) d&dEx =4
@ 714 : 12g/d (alfalfa : concentrate = 6 : 4)
@ buffer : McDougall buffer (Table 5)
@ buffer flow rate : 50ml/h
@ wpFe% 1 39T

.
® WHFEL 0 25rpm

3) i

@© St 2AF ok AbE Foldol A=kt FHE Holstein & 2 5-E Al
FHstA L, 289 cheese cloth® ZAgom Qo] £ bottles 39T
water batholl 30i7F AX AT 2eiWd ALEYAZE 912 A =
o5 ARAAE AT A FES uiEFT uf ARSI

@ 2L culture flaskol McDougall buffer 500ml¢}t 9o 500mlE ¥
Oy-free CO2 gas® bubbling 3+ t}.

@ 714 12g% culture flaskell 2 ATt o wf 3t d&a}e} FFA
649 Hl&® stom 7]dL vlgFAIA § ahFol] g 24413 3F
2z FAU

@ Rubber stopper® flask=S 91 7tgugtr]o] o8 39TCTE %7} 23
7 water bathol ¥il 25rpm =2 WA A v ks T},

® buffer= peristaltic pump®l 23] buffer bottleol]l 4] flask® A|7+G
50ml¥ E017t2 2 syt w3 peristaltic pump® flask 255 sl o A
= AP S0ml¥ Uox=E SFqith

® ®IF T 2A7F ZHAow JtAYgEe E=AHs 3y JFAE vaccum

containerol] HobA 7hAEA S wj7hA] B skl

o

N

ol

@ WF F 4xzF pA o= vk o] pHE F45tal S A= s
o] VFA E2X o o]&3sdr}t. w3 mjdAS 743 methanogen? 3

WhE 2Abeg

1) ZAFE D EAPY

(D gas production : 7} A L HgFz Ao HXHo Q= gas vl E
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9] head space®l
st SAsta ol &

4
D
>
o
>,
o
fru
AN
ol
ol
Au)
i3
HHU l:olt
BN
ol:o ;’:

WuE Bl HawgRe TaAh

@ CHy and Hy : 7} ¢8-S 543 Y3 7ml vacuum containero] H ¥
39 th7t gas chromatography(Varian)E ©]-&3 CH,3 H.E £431%
=

@ pH : pH meter (Mettler Delta 340)% =743}

@ VFA : ¥lFals 3000rpmell A 1023 A4 Egsta d5d Imls
eppendorf tubeol] %7]3 25% metaphosphoric acidE 0.2ml% %31 30
3 BAANAG. 1ovgel EAE7] A7bA 20Tl Bakst oot
GC(HP 6890)% 43}t

O_\_;

® methanogen % W3} =%
ek Bhe g o= M2 xRt 73S AN ED v 2Eh Al Ed

peptidoglycan®] §l+= S5A& 7FA 3 vk =3

=2

AFAel Belshs FAREL AR FA4S} AL AU 9
o el vl AgutEEol 165 DNARA NS o] 83 Bl

}7 34| f (archaea bacteria)oll 43t} 16S rRNAs 241 Ww o] u}p
SAA T &9 A i F(thermophiles) 2 &9 A 7 F(halophiles) 7} 12
ol EFFE T 16S rDNA @7 G Bl ofstd vwigAd vregfol=
A Y&} Eubacteriash= A8 & 97IMDS AYa dvh webA
PCR(polymerase chain reaction)¥} RFLP(restriction fraction length
polymorphism) 7|¥& ©]| &3 FHARE gstozyn H59u wgAy
’gutelglote] G meEAAd A A L] wEAg wH e ole] A&} H AL

B 5. 2~
"ol 9g 2AF 4+ 9

2 1o
ofr

7. EFAG AH R DNA F

Aol AT MFA AL ASMPLA oA 37t e A

e
of
2



F4QAE RStk MY 49 ¥ JAEAHE Agete] o ns
Boge MEANE Agsgnh wEA Y £gHe 9 wiu

&
A
oy
_0|L

DNA+E Genomic DNA extraction kitGNTRON)Z A}-&-3}

S kg Aol A 3Ut AU whxl = Y F 1241 7kwfT} )
< 2  Genomic DNA extraction
DNAE FZ33th %3¢ DNAv IATE
o] primerE AF&3Fe] PCREZS vzl &, 15% agarose gelE A&
st H7lgEsS AAsh Aol DNAE A7) flste] image
analyzer(Biorad)& ©]&3to] w25 ALY

o

©—. PCR amplification

AAT 16s tDNA 4o &uke F7)2] universal primer® Al %+
s SlR=s primer 2] T LS 1Af
(5'-TCYGKTTGATCCYGSCRGAG-3") <} 1100Ar
(5'-TGGGTCTCGCTGGTTG-3") ZA] A< 16S rDNA°] ©] &=
+ primer®]t} (Whitford 5, 2001). PCR TZ*x712 % 30cycleZ 9
CollA] 40z, 55Tl A 1, 72Tl A 222 REGAIZ T v & &
5l DNAE 7719 Algtai(Hhal /Hae IDE A5 Aok go] 2

=z
= =
oo wE WolE &<2lsl7] 938l 3% metaphore agarose gelE A&
stel DNA3 S #HAFsFS T
o AT 43
o] 7HA] WeEB A A ] wetAd A sES vuste] 7Hd Holurt
3 BPEE = BESE d&5Hax d3d FAERor dAHdax AFS FI
batch culture®.t} ©]2 W3¢ W& F3k =704 BESY WEAA A S

FA
gde YR aa sl E3 BES Aol o3 wig g dute ot o3t
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L v E gk

pH= thET9F BES A 2|7k W s2skslth (Table 21). A& axs A44
o2 pH 8% McDougall buffer’} T4 22 pH7F AAA Q1 wHF9) o A4 2] pH
o =4 Uesis Aotk

Total VFA$®} acetate, propionate= WhZ7 < BES A8 37k 94 < =
o7} glo] WE&F7F =9%omH, butyrate= BES A7 Fo¥eoz =t}
(P<0.05). ®3 A/P H]&-2 BES A7} WA Rt (P<0.05).

Table 21. Effect of BES (30uM/d) on 24h CH, production and fermentation in

the continuous culture

Control BES SEM'
pH 73 7.3 0.02
VFA, mM
acetate 49.6 419 5.43
propionate 14.7 144 1.51
isobutyrate 1.1 1.0 0.11
butyrate 71° 9.4 1.00
isovalerate 2.53 3.08 0.33
valerate 1.7 1.7 0.18
Total VFA 76.7 714 8.31
A/P 3.4° 29" 0.18
Total gas, ml/d 3499 3056 226.2
CH,, mM/d 24.7° 176" 1.88
H., mM/d 0.2° 2.8 1.02

1SEM, standard error of means

a"\eans with differerent superscripts in the same row differ significantly (P<0.05)

Zhedb A g &b el 3499ml, BES A 2] 7F 3056mlE BES A @]
7b Tpd Aol HARE Foj Al Aol fIATh aEu, WEThAe] A FS
BES Azlel o3 #Astdon (P<0.05), Hy 7k AAFEL F7HAA
(P<0.05) &=AE] in vitro A A A &AT).
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Figure 112 24X 7F&QF HASE ety 49 dAy Z24FS e
Aol W FAIZAZHOh) O 71H S Yol Fi wjEFS ot wigFx7] WA
o] =okth7F 10h o] = Hak fHAists AFS HATE BES Al oA
g7bzo] Aol AAHHA vl 8hel =
w7l A& v Hy 7h2=e] s s A
0.ImMeolst= AL FAFHAAT BES A7+ wSFE7IFE He 7F27F 54
HHA HH Frtste Ees B

H
e
(2
=
B
-
rr
jan
~
[>
Lo,
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&

9 | |IEEM Control [—]Treatment
8 —A— Control Treatment 1 25
7 120 %
% 6
5 I
v
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Figure 11. Effect of BES(30uM/d) on 24h CH; production and H: production

in the continuous culture
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1

27 AT A Be AolE HAtHFigure 12). ¥k 49
A% 9279 16S rDNA w3 7} % (band intensity)™ 1664
Fov wetdAAE 2 F DNA 93 & 1200014 867= Alzke] A&
= Zasdh

Image analyzer

1.0 kb
0.7 kb

Figure 12. 16S rDNA fragment with universal archaea primer. DNA ladder
was 1.0kb.M, Marker; a, control Oh; b, control 12h; ¢, control 24h; d,
control 36h; e, control 48h; f, ~ BES-treatment for 12h; g,

BES-treatment for 24h; h, BES-treatment for 36h; i, BES-treatment
for 48h.

O vigtAdgutegfote] Adas Heg & Ws}

R

Tl A E L Hhal/Hae ME A2 F AFELZo|thad 84

.

i=]
restriction fraction length polymorphism)e] ¢33 DNAZHAY HHWH3t=
Figure 133} zt}.
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AEa AT PP AAE Aele DNA F
o 47t @43 gretgom DNA $E E§ gas
wheba], WA A S ol 31ele W Wl WE e 2ote] Ew

3 5T 5 Ak

Figure 13. 16S rDNA that was digested with Hhal and Haelll
Marker; a, control Oh; b, control 12h; ¢, control 24h; d, control 36h; e,
control 48h; f, BES—-treatment for 12h; g, BES-treatment for 24h; h,
BES-treatment for 36h; i, BES—treatment for 48h.

5. in vivo A3 E3 He A JA e AF
7h AT NEER
in vitro®} continuous cultureE §3 A" e A JAAE FAI5HA

()
B e B vAE GFS invivo AR O F3E ASE

w7} g,
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AT g

1) FA5E  cannulaZt 2% Holstein 4 4+
2) Ag
@ Control
@ BES : 30uM (0.3g/d)
@ Malate : 10mM (67g/d)
@ BES + Malate : BES 30uM+Malate 10mM
©® H7le+ A Martin 5(1999)¢] %S wel JdAS 48kg steer?
HE9] EHS S0LE FAsta AlAte o, Aele o AR ALRF Al AL
Sl top-dressing 3ke] A skt

& aAs

3) A& =Rel @ 4x4 Latin square design

4) FAALR ¢ timothy®t FFAIRE FAAER AHE5d e F9 o= 6
4 9 HgRE AT 2%E sFFol 23] (0900, 1800)= Yo FHoskitt.

5 AtR A&713F 1 10

6) EAAZIHAIEAF) 1 3911 ~13LA4E)
@ & AF 1L, 12d9Ag 21 AFE oA
@ 7bx AF -

1HIAY oA Alg

1294 oA AR
® A9 A=A

1BYAE 2 Als Fo24d (0A1hH# F3o$ 1, 3,5, 7, 9, 10, 12417+

, 5, 7,9, 10, 12711t
, 5, 7,9, 10, 12A]1 %t

@O A& -3 (feed intake) @ A g 7|ZHFote] T Al5 9 73S 1 o)

&2 2@ ArE F9del FAS ] 105T drying ovenol A 12417t o]
A=A F FAE S48 A5 A3 %S Ardssin
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8)

o},

25 60C drying oven ©l 48

AL & FAE SAG] 2o AEFEFS Tkl g

CH; & Hy 5% @ 24 A3 Fo% 1, 3, 5 7, 9, 10, 12A] %]
10ml syringeE ©|&3te] et FAo=ZHEH 725 AFHST ths Tml

vacutainerd] R #3397 GC (Varian 3800)2 241391t}

pH : 24 AlgFoHd3 F993% 1, 3, 5, 7, 9, 10, 12413t 44 2] cheese
clothZ Z# 9gAE AF3ste] ¥lZ pH meter®Z pHE =439t

2 =243 & 9AE 50ml corning tubedl %713 3,000rpmol A
1587 dAesta 459 eppendorf tubedl Iml¥ &71al 25%
metaphosphoric acid(HPO3)E 0.2ml%® ¥ i1 3087 AX A7t 1 o239
A7) A7kA] 20Tl BaAstA iz GCHP 6890)= 4] 8t %t

NH;-N : @l dAE23 4342 eppendorf tubedl] Iml¥ 7] &
Ast7] A7EA] 20T R#AEAY7F Chaney$t Marbach (1962)2] W o
upet 4 ekt

EAEA: AdAG fd EAEALS SAS package(1999)o] EAHEA

3
(ANOVA)E o] &3, 7 A+ o4 HAL Tukey's testE o] &3St}

a7 2%

BES® malated H# &7t in vivodl e in vitrosts 2 Zol7t
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UER A gttt (Table 22). AFEA A, 9%¥2 238, VFAY
4 283 CHat Heo AAHE EF gz AT Abo
ol zpol 7} flo] M=k A e tE (Table 23). @A7A e vetgA

AAZY FEAAAGN WA= G B AFAHE wrh FRAE FFE
BCM, HCS9 A= AlsAdHZES darzon, dGSAES S7HAA AR
&0l 12~13% F7tstdth. 18y fFAReE @223t 319E<l amicloral'=s 9
2l Aol YAAAT, A BCM¥ HCS9F v 5:3ak3lth Malate A2l A=
AA e Fe] Ao, dFFA LGS AAREES A7 4%, 8%H FIHAIA

o,

Figure 14%= 2 AEFAFH oF ArEHoF 347704 CH4¥ He
o AW LS HFE Aotk CHy 7h2aE AHEHAF T7hsd #as
T AEE HoWA 8~16%7F CHy 7F=2 AAHAT. 2 A s F93)
A 9A L F O] AFEE Fod W tAl CHy 7h27t Z7kste A do] Kol
BEA g E R A oAl 2ol UEbyA gkt Hy 7~ A4
M &S A¥EW, Hy 7h2% AAEFY 1A & 333 Z7Fstd st 34
ol F 01~02%9 AW &S FASA Aok A 2F AIRE Fo
A =W 04~05%7bA AR EG. 28y Hy 7h2% AgEE § 94
el Aol 7k YERUA] oF okt

Table 22. Effect of BES and malate on in vivo nutrient digestibility

Control BES Malate BES+Malate SEM'
DM intake, kg 8.1 8.5 8.0 8.2 0.42
Digestibility, %
DM 65.0 67.4 67.6 66.9 2.10
Ccp 60.9 62.2 63.4 61.6 1.65
EE 57.0 59.9 60.6 60.6 5.15
CF 58.4 60.2 60.1 61.7 6.71
Ash 31.4 37.9 34.4 35.7 6.35
NDF 50.8 55.9 54.9 55.9 5.52
ADF 43.4 49.8 47.3 48.7 6.30

'SEM, standard error of means
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Table 23. Effect of BES and malate on in vivo fermentation

characteristics and gas proportion

Control BES Malate BES+Malate ~SEM!'
pH 6.60 6.64 6.39 6.71 0.186
NH;3-N, mg/dl 7.2 6.2 7.2 6.5 0.89
VFA, mM
acetate 90.3 86.1 86.1 86.1 8.01
propionate 25.2 22.4 22.9 24.4 3.36
isobutyrate 14 1.2 14 1.2 0.16
butyrate 16.3 14.8 16.0 16.0 2.31
isovalerate 2.1 1.7 2.1 19 0.42
valerate 1.6 1.5 1.6 1.5 0.22
TVFA 136.9 1277 130.0 131.0 14.02
A/P 3.6 3.9 3.8 3.6 0.21
CHy4, % 11.7 13.1 124 12.7 1.46
He, % 0.2 0.2 0.2 0.2 0.04

'SEM, standard error of means
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—— Control
—B— BES
- -A- - Malate
—> = BtM

0 3 6 9 12
Time after feeding, h

0.5

—e— Control
—B— BES
- -A- - Malate
—X = B+V

H2, %

0.0

Time after feeding, h

Figure 14. Effect of BES and malate on CH; and H: proportion in

Holstein steer.
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A2d F4EH 2249 delivery systeme 7]t
1. 34284 R4 9 delivery system® 7l 2 in vitro W3] v
4

7t 3488 2249 delivery system® 7@

) AR AREE

EAEREAA NES 9ste] A3 &2 non-ionic surfactants®} acrylic
acid polymers= HAE7} 433 =2 Eo]7] wited] A5 H/MAR o] &3]

A A= delivery system® 7Rro] Bttt 71 HHE L E& A O0R o] g
\REY

F Qe Wue 495 91ste] delivery systemEol WU AR o Hfa
Bae, WAy, AR 44E, Arrdase B nA: 9Fe 7

wEe] AEest FHE A5 2FE FAS in vito BEL A 9 A

4
A9 donor= o &3tk FAERE ARG FFARE T4 HER sl
AFel 2% FEow Folstdrt

3) Delivery system(==%EA] FE)Q F Al 37} T/ £HA FeE I8
=

7}) Delivery system(2HtAl Fel)o] FA: 37k T/ 94 FHE A
(1) H3}5PH:
|

=N
4CE FA 38t 157t sonicationA] A A%

(2) F3AZAZY: 22802249 sodium caseinateE =F59 1:135E &
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&3ato] homogenizer® F3}A1% F FAAE72 X

(3) Premix®: 27|25 o] &sto] dAH oz EFAA A=

) AR AT

(1) thz wba=9] nAdE + 05g 27]<

(2) AR 959 mABE + 05g D7) + A3HAIZ 0.005% &

B
Sh
=
Jp

(3) FaAAZY: vF vAE + 05 LIS + FIAE 534171 0.005%

(4) Premix¥: ¥59] nAE + 05g 27 + 27| & premix® 0.005% &

N
i
Ll
£z
o2
2
ofy
2,
off
=
1%
frt
—m
0
ok
ui
oo
>,
Y
lo,
o

%+ (0, 3, 6,9, 12,

48 AIZhell Wl in vitro HEAY, in vitro A4 23, 7R

7V In vitro "2 &%

In vitro 7gollA 7 2 wjges AFs] EYoly A
(NH3-N) 2 34 A4k (VFA)S] w55 437 e Alm= AFEshAd
o R Uole] HAe] FEE H (6,000 x g, 156%) 3 ¥ A

HS o] &3}o] Chany$ Marbach (1962)¢] WH o g BA3l¢ct. VFASHE
< Erwin 5 (1961)¢] ®¥oll we} A els $ gas chromatography (GC)E

goko] BT

f
>
)
=
M

==
(7
2
lle}
o,
o>
Sh
A
—~

ol

o

W) In vitro g4 &2%HE

% %S Wheaton filtering apparatuss ©]-83Fe] o 3}A] 7 o},

wA 60T dag= 3 AHE & FHF=E F W AFES]

e e TRTAAA 12A17F S AAS F A2 A 2412 AFRAY
(e}

=
B FRE B4 R ARFH ol B FAgom o FolgE T Aw
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ZErNoZ AE3FY T CMCasesl 42 7| A& NS 0.1M acetate buffer
(pH 5.0)°1 1%(W/V) CMCE&do]l A stof, =2a49 05ml7 CMC 713

& 05mlE 413, 55ColA 1AZE whgAl7]aL, A4 &2 E 5, &5 0.2ml
of DNS 0.6ml& t3alal 100ColA 527 JERESAIA 3
%S DNS (Dinitrosalicylic acid)®} < o]-&3te] 550nmoll A &%
WS &9tk CMCase? 1 unitE 1% 5<¢F 1 u mol glucose:
2o o7 dtt Xylanase®= CMCaseo] =AW HU3 Wy o

=
gt o EAHe Miller 5 (1960)¢] CMCase=AWH ¥ L&)

2h) Gas A 2 A E

19

s
A= 7t S8 st 2 Al
A E 3 F, /ME3 gas productions ZA3Fal TA paraffin # 2] &
fox]
AR

r:i

i 2 wjekE w Aol paraffin
!
. Bl %E serum bottle2 gas production =4 Ao ko] 23 7f~ =
Aol o F/FE WAE7] Ydte] Aol 2087 WA FHAo fﬂ], gas production
o] =42 William 5 (1996)¥ Beuvink (1993)& WH S Z3H4A3le] A&
stttk ZF At R wigde § AlE 3mLS AF, 9AEE6,300xg, 153,
4C)3}e] bacterial fractiong #3F9] cell pelletS 0.1M potassium phosphate
buffer(pH 6.8)= A A3ttt 1831 WA spectrophotometers ©]-83te] I
ZF 600nmel A optical density® A 3sle] A& AAES SHs9 T

1ru
Oll

5 474+

Table 24914 delivery system W@ 93lo] 3714 delivery system= ©]-&
sto] grEf) M M B EES in vitro W EA filter paper®] 3l &S A5
EadHEHAA F9A delivery systemell we} zpo]7p §lo] el Ml
filter paper w3all&°] S7FElomn oo} AAHo=w It IFE FE

_&

Olr

OSL‘
rulo
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H AT (Table 25). vl S 18AI17 o BE HE T mAEALGE] Ao =
gslgon RE A FrtdE 2 Aol §ltt (Table 26). 25 delivery
systemEo] o H|ste] uj dE Yo} wAlFFo] 2844 R0%AHE =
T3 2 Ael7h ATk (Table 27).
|

o

tow  F IEAAYAL AT A
Acetic acide RS A g oA wf g Tto 2
propionic acide= HJ A IFo] A #3te] Frleles AEgS HAS. ZF g A WAt
X AgFol A FE A Zolrt gl =

A CMCaseYt xylanase &=o] ZF7tatem™ CMCase® Z#H-2  delivery
system?toll= ZA Zo]7F gl oY xylanase & A

=/ S0l STk (Table 24).

Table 24. The effects of delivery systems of the enzyme inducer (Tween 80)
on in vitro dry matter degradabilities (%) of filter paper in mixed rumen

microorganism cultures

Ingﬂﬁﬁ()m Control Liquidization =~ Emulsification Premix
0 12.76 10.22 15.79 10.87
3 13.62 14.14 17.17 17.62
6 16.22 17.75 19.46 20.69
9 19.89 24.43 26.43 23.38
12 22.38 30.16 28.46 28.96
18 32.87 41.29 38.26 36.93
24 35.06 42.66 43.30 40.68
48 42.77 50.10 48.10 48.10
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Table 25. The effects of delivery systems of the enzyme inducer (Tween 80)

on in vitro gas production (ml) in mixed rumen microorganism cultures

Int(i:;;beazg?n Control Ligidization Emulsification Premix
3 5.87 5.07 5.60 493
6 16.10 18.33 17.07 18.07
9 21.64 25.80 25.00 25.40
12 26.78 32.93 32.33 31.60
18 34.45 40.93 44.10 40.57
24 40.54 46.43 46.53 45.33
48 45.33 49.00 51.27 50.20

Table 26. The effects of delivery systems of the enzyme inducer (Tween 80)

on cell growth (OD value) in mixed rumen microorganism cultures

Inc.ubation Control Liqidization = Emulsification Premix
time(h)
0 0.48 0.46 0.44 0.48
3 0.75 0.76 0.83 0.80
6 1.11 1.14 0.99 1.03
9 1.15 1.31 111 1.10
12 143 1.59 1.53 147
18 1.50 1.7 1.7 1.69
24 1.08 1.23 1.14 1.09
43 1.18 1.28 1.31 1.29
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Table 27. The effects of delivery systems of the enzyme inducer (Tween 80)
on the concentrations of ammonia-N, total VFA and the molar proportions of

individual VFA in in mixed rumen microorganism cultures

Control Liqgidization Emulsification  Premix

NH3-N (mg/liter) 133.7 137.4 144.3 140.7
Total VFA(mmol/liter) 41.2 41.1 42.4 42.2
Acetic acid (mmole/mole) 596.7 600.4 601.3 603.7
Propionic acid (mmole/mole) 281.2 281.3 278.2 279.4
Iso-butyric acid (mmole/mole) 9.2 8.8 7.4 7.7
Butyric acid (mmole/mole) 103.0 102.1 102.2 99.5
Iso-valeric acid (mmole/mole) 4.7 4.2 4.3 4.9
Valeric acid (mmole/mole) 6.2 6.0 5.6 4.8
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Table 28. The effects of delivery systems of the enzyme inducer (Tween 80)
on CMCase and xylanase activities (umole/min/ml) of the supernatant of the

medium incubated with mixed rumen microorganisms

Incubation time(h) Control Ligidization Emulsification = Premix
CM Case
142.29 161.20 146.05 162.44
50.30 59.66 56.21 53.34
30.76 37.71 41.27 37.33
12 37.63 47.52 49.41 45.08
18 30.84 43.44 44.12 42.01
24 27.47 34.27 33.32 38.87
43 22.39 29.58 26.83 27.832
mean 48.81 59.05 56.75 58.84
Xvylanase
216.61 206.56 226.26 210.25
210.94 233.46 251.51 213.66
192.95 198.81 232.02 199.95
12 116.34 111.48 120.72 99.36
18 70.09 74.83 59.61 76.45
mean 161.39 165.03 178.02 159.93

ol A=z Hol 7+ delivery systemztol] & xFo]7} gl A T F31A)

ARA oz $5% AFS woln EI B HS oA
=
o
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L}, /i delivery system® AF 43

1) g AREE

BAENEAAE AR A 717] $93F delivery systemS 98] AAlE Ald1
(B30 FA Y delivery system®] 719 AFA3RE Ediz Ads 9ol
in vitro FollA EAEEAA v A= FES FHS AL in vitro R in vivoD E
= Fsto] AgtEe wAE g v mAAES] E4EH] & vAE 9

$2 zAsE Aot

7H Add FAEUERA delivery systemo] 83 | AEY A FEo n

(1) sAlE=: W39 Hedrt F"E 5 155 A8kl in vitro 2=

S 9ol Al donerz ol &gl

(2) FAMAE: AHA B vABE 4 2 (cellulolytics: F. succinogenes, R.
albus, R. flavefaciens 2 B. fibrisolvens), ¥l A2 #3] vAE 4 ZF(nhon-
cellulolytics: B. amylophilus, M. elsdenii, P. ruminicola and S. ruminantium), ~LZ]
3l polycentric W9l @714 F3%9] 2% 3 monocentric W9 714 FFo]

2% 5 F 1239 ¢4 " E(pure strains)S F A8

(3) FAAE E F% : Tween 802 Ald1olAe dstE IS Ak F A5}
Fa Fo] TE=E F X Fol 0.000(F37F), 0.001, 0.005%=2 3 FFoleH
FHANTE SHTE A A

(4) WAL wjek : wteElgol= oo Table 29914 ¢k 2ol modified
Dehority medium (Scott and Dehority, 1965; modified by Weimer et al., 1990)
o A wFetHal FFol= Table 30914k #Zo] Lowe & (1985)0] o] &gk =
B(medium B)olA wigFatsict. wAEe] 259 HF 92 e d A
anaerobic gassing systemdlolA] @7]1H o2 FaE gt vlE ol 385T oA
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4, 8, 12, 16 % 204zt

boFgol= 1,2, 3 4 3 543k 7zt w

Table 29. Modified Dehority medium for incubation of rumen bacteria

Amount Amount
Components . Components )

contained contained
Mineral soln. I' 75 ml VFA solution 6.7 ml
Mineral soln. II° 75 ml Hemin solution” 0.1 ml
Cystein—HCI - H.O 0.05 g Glucose 05 ¢
NaxCOs 03 g Cellobiose 05 g
0.1% resazurin 0.1 ml Soluble starch 07 g
Vitamin mixture’ 1.0 ml Distilled water 100.0 ml

(5) MgFAe] sl @ mAE +H 4 i Fd2 Bryant®t Burkey (1953)7}
A}8-3F & 7] 3] A 9 (anaerobic dilution solution)& AF&3e] AHFAHoZ 10
"~1074A FM sk, FEFE 1010 849, FgelE 10°~107 4

2 gFdow o gsdrh

Table 30. Components of medium B for enumeration of anaerobic rumen

fungi

Components Medium B Components Medium B
Trypticase Peptone 0.10 g Trace mineral soln B 1.00 ml
Yeast extract 0.05 g VFA B 1.00 ml
Glucose 025 g 0.1% Hemin soln. 1.00 ml
Cellobiose 025 g 0.1%Resazurin 0.10 ml
Agar 020 g dH-O(distilled water) 100 ml
Mineral I 7.50 ml NaHCO3 0.30 g
Macro mineral soln B 5.40 ml Cystein—HCI - H.O 005 g

_96_



W) A3 24&EHEZAAY &3 HIFAE (in vitro A E)

(1) TAs=

W9l Aeebrb FFE 9 275 FASe] in vitro AEE fg A A
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@ Polysaccharide-degrading enzyme: A& 12] CMCase®} xylanase® <7}

DXL R DL

@ Hexoside-degrading enzyme: a-arabinofuranosidase, B-glucosidase, B

-glucosidase, B-xylosidase 53 & hexoside-degrading enzymes 2] &
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7}=5782  Kohchi®t Tohe (1986)°] ®Hol we} ZHZ} p-nitrophenyl
(p-NP) a-L-arabinofuranosidase, p-NP glycopyranoside % p-NP
xylopyranoside 53 #Z<& 7]|d=2 50 mM9 acetate buffer (pH 5.0)9]
Img/mlo] H A tg 7|ZE&H] 49 05mloly 0.2mlE & &3]
Imlo] | Aste] 55CelA 30E7F WA 712 2mle] 1M NaxCOsZ HHg-S
AAAZ T, 400nmell A F3 s SAT 2489 @9 (1 unit)= 1

¥ 5t lumol®l p-NPel 44 %g falste] EASIT

AL

@ Protease: Hazen (1974)2] ®HM o] walA] azocaseing 25mM potassium
phosphate buffer (pH 759 1.25mg/ml(w/v)e]l %A &3 &
azocasein solution 4ml¢} &4 1 mlE E37ste] 39TAA 2A1F &<
HE-EA1 713 30%9] trichloroacetate (w/v) 1mlE 7bste] whE& A A A|
2t 6500xg4TC)ol A 52 A4 EEd & A5 2miol 0.25N
NaOH 2ml& #7bste] 450nmelld F3%=5 433Ut Standard curve
= 0.25N NaOHo9ll azocasein 0.6, 0.5, 0.4, 0.3, 0.2, 0.1 ¥ 0.0 mg/mle] =
L st FAekn

25 A5 AE (AAAE)

>
Juv)
x
S
folr
ML
=
e
&
2
o

il

(1) Trle= 2 AFEA

WS fistulah AFE B9 6Tl sFAbme Fel@de ngsn A
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5 39" (A Fo% 3, 6 2 9AI e Y AES AF s A
2 AAFH ZA 489 cheese cloth® o333 pHE =HHst1 dEY
ole] A4 (NH;-N) 324 X4k (VFA)Y &5 SASA G

£

AH 3 el pHE Digital pH-meter (Wheaton 120)E ©] 83}

A3l e NHs-N9 FZ=& w39 das d4d7+E (6,000xg, 15%)3
T AZzANS o] g3te] Chany9t Marbach (1962)¢] WH o2 R2A3)
gtk VFA9 & #H& cheese cloth® o#3t 99 5mlE # 3l
Erwin & (1961)¢] WHel we} dA sk $, gas chromatography
(GO)E o] g3t A8t}

(W) v v E s 0 AY 19 5Y

(th) REEY 7hedal a4 97 v Al 13 5

() AFE9] in situ 2%FE: 7 Ao WELdd Fo AR T
T AR Y] FXHE YdE 9w (Mononylon H, 71&37] : 25u
m-< 0, 3,9 12, 24, 48 =L 72A17F A FA| A wEA 7o) wWE W39
H%Oﬂ A A -2 9] disappearance rateE Mehrez®t @rskov (1977)e] W

o2 FA48H, wF Aol AY UE 28 E2 AEE FHFEHU
’\1 Wl A 71 2] o ] AlF e ot AE EATS FAHste] AL
=
2) A+ 235

(1) A=

EAEYEZAA delivery systemo] 83 wlAEo] A&

v X 9
Afa ol ABE 4 = (cellulolytics: F. succinogenes, R. albus, R.

flavefaciens

amylophilus, M. elsdenii, P. ruminicola and S. ruminantium), L2]iL

=i}
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39 WAE] s WA= dFS Figure 15, Figure
16 ¥ Figure 179 77 YR At

] mAE 4 F(cellulolytics: F. succinogenes, R. albus,

4

Figure 156 A4 &
R. flavefaciens 2 B. fibrisolvens)®] “37¢ES e ZAH], Tween 809 #7}ol
o8 FAIF 4T WA= AFEC EF v Frtske Ao uEu
Figure 16> A& 28l wAd=o] ofd Aot} dAdRFE F2 Falste v
AE T 4 ZF(noncellulolytics: B. amylophilus, M. elsdenii, P. ruminicola and S.
ruminantium)©ll W3 35S ekl Aom A4 8 wE ol A ek e

Tween 808 M7/} &A% 4F9] R A& 2 &S HeEtA skt

Fibrobacter succinogenes Ruminococcus flavefaciens
0.1 1.2
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Figure 15. The effects of the liquidized enzyme inducer (Tween 80)

administrations on the growth rate of rumen cellulolytic bacteria
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Bacteroides amyloohilus Megasphaera elsanii
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Figure 16. The effects of the liquidized enzyme inducer (Tween 80)
administrations on the growth rate of rumen amylolytic and proteolytic

bacteria
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Figure 17. The effects of the liquidized enzyme inducer (Tween 80)

administrations on the growth rate of rumen anaerobic fungi

AF7HA HEEfell A e - F4E d714d #FolddlE 5%(genera)(Neoadllimastix,
Piromyces, Caecomyces, Orpinomyces 2 Ruminomyces <5)°l 16&(species)e] &%9]
7F 9ot vjHkE 22552 oM % 2% (Piromyces € Caecomyces 7)° 4%9 &
o7t B - FAZEUY. o]5S =LA zoospore, sporangium 2 rhizoide] 370 H-
2 FAEAA ded olHd A 8RIEY] AT xR FH B AV £33 T2 7
F-2A%E FE/ Ja o stak B 39 sporangiume] U =0l S
monocentric &3°] 7 7§ o149 sporangia’t 9CH polycentric =Fo]atal s}
Figure 1714 H&= wpe} o] wb39] 7|4 F8o] A Afra &3] 2t
olo A ¢} v 7FA 2 Tween 802 H7lstH FFole] A AHo]

Ao Z yehlth o]2fdt AR monocentric &3°]¢) Neoadllimastix®t Piromyces 4 B
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vk o}y e} polycentric =202l Orpinomyces 2 Ruminomyces(Anaeronyces) <oA%

AR EAAE NFAAF FolSAe AS Amwel olgAu
AZW FH5lel 9d mhe el Ao FOE FHECE A B

Table 31. The effects of the liquidized enzyme inducer (Tween 80) administrations

on the distribution of enzymes in rumen fluids of Korean native cattle

Enzyme activity (umol/min/ml) distributed in

Enzymes TWN8)  0.000% TWN8)  0.005% TWN8)  0.010%
C-bound C—free C-bound C—free C-bound C—free
Cellulase 846.61° 352.69° 626.18° 456.76° 744.70° 473.54°
Xylanase 1,691.88° 463.42° 1427.47° 874.724 1924.39 1023.61¢
Pectinase 460.36 586.96 531.14° 607.24° 565.29% 471.10°
Protease 45.49% 90.69" 40.09¢ 141.85" 64.38° 147.72°
Amylase 114.43¢ 377.63° 52.324 584.14° 67.57 706.14%
Glucanase 1279.53" 501.73¢ 112481  111534°  1211.15® 1101.47°
Tk o] EAES HAol mol mAEMEYH Hus YAsle] iAo
THE st a7 vAEY AZES JAAZIGT dEHAd go 2 A
TolA= o] EFEC HFS U4 vAEe AFEES 3ddH FT7MAINITE
AL S BASGEY ole A4 FHEHES AUsiA| g JUdEAe o]FoE A
S HAA 7] WEoeR AZETh g wbE nAE] MExd FyASs
Z7INZ F de BES AEZY 2405 AXeE ErAYE 2347 f$ =
o} Ay & A ZALEY in vitro 23&ES 45% ol FU|FR o7 ZTIA
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712 &97F A (Figure 19).

RFE

TWN 80
(30 min)

Figure 18. The effects of the liquidized enzyme inducer (Tween 80) administrations
on the distribution of enzymes in rumen fluids

80 ZRice straw 80- % Ri

ce stra ?Ag |

70[|NAlfalfa hay 704 |NAlfalfa hay %/\
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40 : % \7 TWNB8O jg i/ﬁi\ 7/\7
2l T = B
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* Rice straw digestibility 56 ~ 647% t Alfalfa hay digestibility 47~52%

Figure 19. The effects of the liquidized enzyme inducer (Tween 80) administrations
on the distribution of enzymes in rumen fluids
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Figure 20. The effects of the liquidized enzyme inducer (Tween 80)
administrations on cumulative gas production (ml/g substrate) in the
head space of culture test tubes grown on rumen anaerobic mixed

microorganisms
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Figure 21. The effects of the liquidized enzyme inducer (Tween 80)
administrations on CMCase activity (mmol/min/ml) in the culture

supernatants of mixed rumen anaerobic microorganisms
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Figure 22. The effects

administration on xylanse activity (mmol/min/ml)

supernatants of mixed rumen anaerobic microorganisms
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Microbial cell growth
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Figure 23. Influence of the emulsified enzyme inducer (Tween &0)
administration to the rumen of Korean native cows on microbial cell

growth rate.
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Figure 24. Influence of the emulsified enzyme inducer (Tween &0)
administration to the rumen of Korean native cows on ruminal pH

value.
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Figure 25. Influence of the emulsified enzyme inducer administration to the

rumen of Korean native cows on rumen total VFA production
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Figure 26. Influence of the emulsified enzyme inducer(Tween 80) administrations to the
rumen of Korean native cows on CMCase and xylanase

activities(mmol/min/ml) in the rumen
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In situ degradation rate
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Figure 27. Influence of the emulsified enzyme inducer administration to the

rumen of Korean native cows on in situ degradation rate (25)
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TEoR
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bacterial fractionS #3}t¢] cell pelletS 0.IM potassium phosphate
buffer(pH 6.8)= A& 3ttt 18|31 }A] spectrophotometers ©]-83}¢]
34 600nmoll A optical densityS &4 3sle] nAEY AHLES AN
o}
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WHoR EaRN A heuAge] Rl vs] SUHEom, B3] 0.001%

S} 0.006% Z74olA 7 =2 de YERIY (Figure. 29).
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Figure. 29. Gas production as influenced by enzyme inducer
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TR 7 FEE ARRHESAA FolTeh AEashes ] BE A
TolA ARl SRl weh AEReEo] Sk Ao AEReEc] &
THIEZAE H7Eel w2t of 60%7H4] S7Fske] Aashgo] v Hidolret: 3
o o]gA Eafgel Ttk e L5 e HrEEd
0.001%2} 0.006% 7oA -2k 0.01%3 7Rk &34 (Figure. 30).
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Figure. 30. Dry matter digestibility as influenced by enzyme inducer
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Table 31. Cell growth as affected by the levels of enzyme inducer

Incubation Supplementation levels of the enzyme inducer
time(h) 0% 0.001% 0.005% 0.01%
0 0.49 0.46 0.44 0.48
6 1.11 1.16 0.99 1.03
12 1.43° 1.49% 153 1.46™
24 1.08" 1.23° 1.26° 1.10°
48 1.18° 1.26™ 1.31° 1.29°
72 1.22 1.31 133 1.25

Table 32. CMCase activity (umole/min/ml) as influenced by the levels of

enzyme inducer

Supplementation levels of the enzyme inducer

Incubation
time(h) 0% 0.001% 0.005% 0.01%
6 2345 331.4° 356.7° 306.8"
12 4235 4465 457.4 387.7
24 678.4° 896.1° 967.7 799.2
48 326.5° 620.7" 653.4% 563.3
72 301.7 420.9 469.8 475.9

Y. AEg A3 3F$E FA 3 Delivery systemd AE A3
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Table 33. The formula (%) of compound feed

for Hanwoo steers

Ingredients

Yellow corn, ground
Wheat bran
Soybean meal

Fish meal

Corn gluten feed
Soybean hull
Molasses

Limestone

Salt

Lasalocid sodium

35.12
28.00

12.60
1.00

10.00

8.00
3.00
1.76
0.50
0.02

Table 34. Chemical composition of compound feed and rice straw for Hanwoo

steers
Compound feed Rice straw
Dry matter 87.78 87.07
Crude protein 16.68 531
Ether extract 2.95 1.24
Crude fiber 6.62 21.72
Crude ash 5.95 13.16

A I3 WHez Ik
=]
i=]

protease= Hazen(1974)¢] =

phophate buffer (pH 7.5)°] 1.25mg/ml(w/v)o]

M
ol

1
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2:9)

#ee YA

o] wetA azocaseing 25mM potassium

Sl o=

azocasein solution 4ml¢} 4N ImlE &3] 39CoNA 2417+ =<t

WS- A1 7131 30%9] trichloroacetate(w/v) 1mlE 3 7}&}o]
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- 121 -

1t 6,600xg(4TC)oll A 5E3F AR F

T



NaOH 2ml&

curver= 025 N

A 73] 450nmol A
NaOHo9l| azocasein 0.6, 0.5, 04, 0.3, 0.2, 0.1 % 0.0

FFw=S =A%k Standard

mg/mle FEE o] AU}
(4) In vitro, in situ 2 in vivoA3&

In vivo 23X 8 H7HAE wog F 10Y¢ st A&A7]aL 54 &
b E& AFsHRem AF wixutd w9 NS AFH AT In situ &
sh&e ZF AT wEfd wo AR w3 TR AR
o] =x1d Yd& 9 (Mononylon H, 7]&=7] : 25um)< 0, 3, 9, 12,
24, 48 B 2N ZY AFAIA wFEAIZEe]l mE WSl ol A Al R4

disappearance rateZ Mehrez®} @rskov (1977)¢] W oz =3ty

w0 ZEell A €]

3 oRA AHe o @ A%

RSl M v FA 71 A

A2 2488 B2
&AW Hgste] A

ety
oX,
o,
Hir
(o3
L
=y
ox,
il
=
I
SR
a4 =
K ety
o 2

2

ofN
N
>
N
I P
rie

- 122 -



Table 35. Ruminal pH as influenced by enzyme inducer

Incubation Supplementation levels of the enzyme inducer
time(h) 0% 0.001% 0.005%

0 7.02 6.86 6.93

1 6.68 6.64 6.70

3 6.69 6.51 6.41

6 6.65 6.48 6.47

9 6.89 6.76 6.71

Daily mean 6.79 6.65 6.65

Premix®oll o3t T AU XA FofA] w9 uie] A IR A
(VFA)Q] AtgFoF A 7to] wE W3}lE Figure 300141 YEFAAT. 2 E VFA
ol Abmwo] 3A7F Foll HuXo sl on whE9] pHOl WslelA BT
of FHZMF7F H7bH ol Hlal e Aol A W& FEdS dEhdo] 4

F3A el os @ T Agako] AAFE AT

]

Acetate
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75

E ——0%
s 0 A —=-0.01%
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©
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Figure 30. VFA concentration as influenced by enzyme inducer
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Table 36. NHs-N concentration as influenced by enzyme inducer (mg/100ml)

Incubation Supplementation levels of the enzyme inducer
time(h) 0% 0.001% 0.005%

0 8.49 4.68 6.22

1 11.98 9.71 8.56

3 8.49 4.35 6.02

6 12.29 9.82 8.56

9 4.08 3.54 3.10

Daily mean 9.07 6.42 6.49

Microbial cell growth

2.50
2.40
2.30
2.20
2.10
2.00
1.90
1.80
1.70
1.60
1.50

——0.00%
—=-0.001%
—— 0.005%

Microbial growth (OD)

0 2 4 6 8 10
Time after feeding (hr)

Figure 31. Microbial growth as influenced by enzyme inducer
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Table 37. Rumen fermentation characteristics as affected by enzyme inducer

Supplementation levels of the enzyme inducer

Incubation time(h)

0% 0.001% 0.005%
pH 6.79 6.65 6.65
NH;-N (mg litre ') 90.7 64.2 64.9
Total VFA (mmol litre ') 69.2 78.6 84.3
Acetic acid (mmol mol ') 771.1 755.2 752.2
Propionic acid (mmol mol ') 150.6 160.9 157.6
Isobutyric acid (mmol mol ') 10.8 10.7 10.8
Butyric acid (mmol mol ) 36.0 42.8 45.8
Isovaleric acid (mmol mol %) 19.0 17.0 18.6
Valeric acid (mmol mol ') 12.5 134 15.0

3. E&EHSAA A7 &% S48 MG R AR oS4 W

D AdEs % AEEA

NgZe 9A7 28 2aE vhete] QA A ASHA oW, ZARE

& AR AFAN A
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104178 &&Alol @71 & ol&ste] ASstAt. A
q o

Fu9 A s
3) AFA AR 4
AgAz el AZe A8 7F vigtE wivit A FH s WARS & B o] &
stgom, AlFALZ o 33 2L AOAC 4 (1990)dl o) 3te] B4 = ¢,
Y. 4743

D ABAES] %L T

Al AR AL Table 3894 H= npel 231 wighala el g da stk
G 16%, TDN 70%= 5te] FAb7]&d 74 AFRFFel A Al xste] Al § ol

AHgH

Table 38. Formula and nutrient composition (Unit : %)

Ingredients %

Flaked corn 35.00

Wheat bran 28.00

Soybean meal 12.60

Fish meal 1.00

Corn gluten 10.00

Soybean hull 8.00

Molasses 3.00

Limestone 1.68

Salt 0.50

Lasalocid 0.02

CP(%) 16.00

TDN(%) 71.00
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A A7 Sk (221Y) g5 S AFWstE 2 (Table 39), 7HAIA
AFL FdaA 139%kge 2 A Fsgon, £84A AFLS xz77F 321.0kg <!
HhHo] EARHENA FolTE 3200kg o ®, FE5A ] FLFIT 182.0kgel %
i, FolF 190.0kgo® Wy dRFTAFEF FFolF 0.82kgdl WA, Foli:
0.86kgo = Hat dFTA 7L tx7ol Hluste] 5%4%= S7ketl et Age u

EAEHSIAAE AbRd H7MA g S0 ARRAF F AbR]8 A
& Table 400 YeEbideh AP F AbRo]& M=

M SAA e A bel] o3k G2 (T

o

Table 39. Growth performance as influenced by enzyme inducer

Items Control Enzyme inducer
Intial weight (kg) 139.0 139.0
Final weight (kg) 321.0 329.0
Total weight gain (kg) 182.0 190.0

I Average Daily gain (kg) 0.82 0.86

Table 40. Feed intake and feed conversion as influenced by enzyme inducer

Items Control Enzyme inducer

Feed intake (kg/d)

4.04 4.04
Concentrate

2.64 2.58
Roughage

Feed conversion (intake/gain)

493 4.70
Concentrate

3.22 3.00
Roughage
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Table 41. Blood constituents as influenced by enzyme inducer

Items Control Enzyme inducer
Glucose(mg/dl) 80.5 83.1
Total cholesterol(mg/dl) 1445 141.0
BUN(mg/dl) 14.1 14.1
Albumin(g/dl) 4.3 4.3
Calcium(mg/dl) 10.2 10.3
Phosphorus(mg/dl) 75 7.2
LDH(U/1) 940.5 891.8
GOTU/M) 70.3 69.4
GPT(U/1) 235 22.1
Alk. Phosphate(U/1) 176.3 186.8

Table 41 S
Agdel gHe 2A4% A%E dehiged, Aeld ostelqt Aot
o el G MAAE Qo ¥
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A
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1. 71238 A& WFuAE g v, methanogen2] coculture, ™ &84

2. 44A A2 2 Ve AT A4S vigRY gAA G AEEE, U

’

3. =% ¥¥

it

1) s WHE

=

D Effects of various methane inhibitors on in vitro methane production

and fermentation (AlA «4)

@ Inhibition of in vitro methane production by halogenated compounds,

organic acids and unsaturated fatty acids (A4 <73)

2) [ois ‘] al

= =

=

@ “Effects of essential oil on in vitro gas production and fermentation”
(The 4th Joint Symposium of Korea and Japan on Rumen Metabolism

and Physiology, 2002)

@ “Effects of essential oil on in vitro gas production and fermentation”

(The 2nd Joint Colloquium on Agricultural Genomics, 2002)

@ “Effects of wvarious methane-inhibitors on methane production and
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3)

fermentation in vitro” (3= & x4 ¥sks] 2003)

s/ A T ek Az vbREEe] AT

(A103] AtR7Fe 7] 344)

A2-d E4AEH 249 delivery system?] 75

1 ¢

7|ZA R AF : E42EY] system, EAEH] X149 2E71A

D Effects of surfactants and acrylic acid polymers on the distribution of

ruminal enzymes and the growth of ruminal microoranisms (A #])

@ Effects of Non-ionic Surfactants on Enzyme Distributions of Rumen
Contents, Anaerobic Growth of Rumen Microbes, Rumen Fermentation

Characteristics and Performances of Lactating Cows (A #})

@ Influences of Surfactant Tween 80 on the Gas Production, Cellulose

Digestion and Enzyme Activities by Mixed Rumen Microorganisms (7

)

@ The effects of non-ionic surfactant on the fermentation characteristics,
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microbial growth, enzyme activity and digestibility in the rumen of

korean native cows. (A& <A)

2)

£

5]

=

@ “Influences of surfactants on the enzyme distributions in the rumen
compartments and the growth of pure cultures of rumen microbes”
(The 3th Joint Symposium of Korea and Japan on Rumen Metabolism

and Physiology, 2000)

@ “Effects of Non-ionic Surfactants on Enzyme Distributions of Rumen
Contents, Anaerobic Growth of Rumen Microbes, Rumen Fermentation
Characteristics and Performances of Lactating Cows” (International
Symposium on Recent Advances in Animal Nutrition, 2002)

N2

@ “BaEH =449 delivery system©] #A3H9-2o] wrFE9 wtgEA %
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Fa 23Eo] vA= 4F @=Eeardaets], 2003)
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ZEA 7F A E QLA whE=9] AL
9 wEe 2EEHelE WE AAA, FAA, dmA Fa qAAG
deamination inhibitor, defaunation agents, "] ¥ & &4, A = 22 Fo,
W3] A, artificial saliva, propionate 4 7, yeast culturel’} mold H&EFEE&

S £33 non-bacterial direct-fed microbials(DFM) So] ¢l

surfactant Tween 80> ol2] &7]A #FFololA Ao RulE FA7+=
d 2349 surfactant® & &4 At} (Reese and Macquire, 1969; Schewale
and Sadana, 1978; Deshpande et al., 1987; Hung et al., 1988; Long and Knapp,
1991). Yazdi & (1990)%= <7]4 ascomycetes fungus Neurospora crassa2]
cellulase complex®l] #3+ A5 E3l surfactant Tween 800 &9 Fr2of &
& A=shed &34 olgtes As S9atth Yazdi & (1990)8 N. crassa®l
ol cellullolytic enzymes 1l & Alxute] Ak A3 LA FAE <l
e AS SHstd. S, Axg Ade] 2xstert Stk xR R
Aol wial, Ao Bu7F F7FeAth surfactante] &3 A Al HAE B
T Aok DA Ege] 2838le] F3-& (permeability) 571 (Reese and Macguire,
1969), 2) A= e Tao ¥ F3, aea 3) Atk ¥59 fgaE Qg
A5 7+ (Hulme and Stranks, 1970).
Lee & (2003)2 du] 2o Tween 80°] ilFFALRE Hog oA wt
"] A & 9] succinate?} lactate ©]&-&& =7 A7), polysaccharide &3l &4 9]
deS FAATIE e HAEAT. 1 al wA W Tween 809 %7} 0.05%
(v/v)4 w ¥+39 ule g ot} fungiel AAE, & 4318, succinate®} lactate
dehydrogenase &3 18] 3l polysaccharide %3] &4 9] &3 o] %‘7]-3}03 =5

NIS7F o8] 57]4 H+%0]9 cellulase complexesEZHE &4 9 EHE =3

i)

oZ;

e
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A71=d 718 239492 surfactant® el A AT (Deshande et al., 1987,
Wittenberger et al.,, 1987), W59 7|43 v A =o gk g3+ o}4 HFElskA
B WA sk aRAN, S MAES o83 Y AFES Fdl
Tween 802 ALRH7IAIZA 9 7FeA S HolFQa, ol A A Y ionophoreol

B AEEE FUAE FE Rk

o
-
>
o

F, AbE ol A EAE

AAAANA FAEHE WErtA~E H, foramate, acetate, methanol 12| il
mono-, di-, tri-methylamine® #-2 t}%3+ 7@ S0 o]g 5o A E tH(Wolin¥}
Miller, 1987). =% Jd <, st A& 22 d7|FA4dM = BE f7129 &
27 CO¢F CHio 2 AgteT) o] A= F7]Ee] 9 + = 2 & 52t
W&z gl7] wEo| syntrophic hydrogen—producing acetogens, acetotrophic
methanogen®¥ 22 A&7 =9 dhg o}l ++% (doubling time > 3¥)o] 4|
2 F glo] o] ube|glole] 2]8] acetate, propionate L] il butyrate’} CO»9t
CHio. 2 ¢hds] Adgdt ey viFflolA = #7129 o] dAlgto] 1~2Y¢]7]
g Fo] F71E9 B4t CO9b CHioZ ¢ Aatr] o= YE w2t (Hobson
I} Wallace, 1982). 2822 HFE9od= F2 Hy/CO, formates 7|22 3}
W Eko] A E W acetate, propionate L I butyratex ¥rE oA =2 ¥ vkt
Twe| astdolA F4HAL o] R

e groll olal] COx7b CHyo 2 7 3hd w) 479 A= dS AX =,
o} 7)o = formyl, methenyl, methylenyl ZL#] 3 methyle] Ut}h. A F7k2] CO.7}F
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CHie. 2 3%+ #Ao 6719 ZFA(coenzyme)’} ToldtE Aoz 3w g
om, o #FAA}PFL THAR hdk (DiMarco 5, 1990). MFR, HU/MPT 1] it
HS-CoMell 98] 471 ¥E™ npxuto 2 CH3-S-CoMe] methyl-coenzyme
reductased] 93 CH o2 Sd¥HA Euyxut o] ¥k3-2& CO.7} MFR¥ ZAg
&te] formyl-MFRS @74dsh= wh&e 243tA7IHA ths CHy ARSI <
A% o] 2dtF(Romesser® Wolfe, 1982).

HedATFe =53 ®HZF9A(coenzyme M, HS-HTP, F420)¢F A=
(isopranyl glycerol ethers)<S 7FAaL Qlo] FEo] FW 3t wAEo|th weAyA
Rie) A EH 2 pseudomurein, A gk =
heteropolysaccharides o] Fo]x gt} e FL wjdZzHol 72 7]
A et gleolz, 2tetEd A9t -300mVelste]  FHAo At A tH(Stewarto}
Bryant, 1988). W&t 2 e 7] AAA A ZHA=d dA7HA 665
o] #2l¥ A tH(Mackie &, 1992). o] FollA 5Frto] Rk 2HH &2 H Ao m(
McAllister &, 1996), Methanobrevibacter ruminantium® Methanosarcina sp.i=
9ol mLE 1x10° o2 EAGTH(Miller 5, 1986). vWEA TS W90
Ao 7 BA FAN vkl A AZstHA (550, od el S
30417 o)) HEFS] mAET ] 7] EA 0 AL A7 Pk (Morvan 5, 1994).

oA ds HAHEW W] wEAAdTS F2 Ha80%)9 formate(18%)&
71A 2 olgdte] wWErS AAIY. auY, Methanosarcing= & H o ®
methylamines, methanol, ¥+ acetateZ2% 8 wWeS A A3 ch(Pattersont
Hespell, 1979).

FEo] AAT AFETE WEdA R EHol HITAES A AHAHVEFA),
CO., 18]l CHsE st HAolA vigo] BAHZI7HA BE nAESe] &

Al

A (glycoprotein) =

o

[o

ARUTHE A B 5 Qud, $4 weecl, ZEEzol Tela F%elE ¥
& 13 wEelgEe] Wy, AR w3 4% AT BEL ARl @
93 opulate AART olF W BASS ) 149 24 MENATE

o o8] WaHoe] VFA, Hy 183 CO7}F AAEW, Ho9t COzx= methanogensell
oa) WA o] &9ttt MethanogensS TE Ht3n| A& & YAE H. 2
W= e gde] o] g3Fo A W Hy %5 1uM WIRro R WA {4
AlA  Fe=d, olF F7FAAol(interspecies hydrogen transfer)ebar ko)

methanogens & 229 FrFazols  AFAEs v gl o (Ruminococcus  albus,
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Ruminococcus  flavefaciens) Y¥RF  ofyglt B4 A8l 4 2] oF(Selenomonas
ruminantium), #+3°| 183 T R2EZFo} HFRRE dojdr}t methanognes<
TT IS F3dlel NADHSF #2 #9¢¥ nucleotide®] F4& o=z
A& 23 AstE F3 A7t (Williams, 1994).

_%4
EEeol A vigks #7171 AsiA= A methanogenss 24 4 &

rlm

 AEdAF] FALRE 4

=
(o
i3
ox
rlo
T
ll
X
AN
ol
A
12
Lo
ri
X
N
X
%0,
o
_11N

3 AlRY vigbdA o] HAsgitta B st (Johnson S, 1993). Lelal
a et s Frbe vkl ®ars)
AT}t (Blaxter®} Clapperton, 1965). £3l&0o] Z71d42 wele] 7|do] wo]
Aozl ool wehd g SrtekA |
DEHE grsEe] FHe Weddgd s Fed, ols FE VU
pHe WAETHe d&Fs F7] wed Aot FxukslE(cellulose,
hemicellulose, pectin)¢] H| T Z&t4=3}E (soluble sugars, fructosan, starch)X.t} W
EhS- Eﬂ A (Moeot Tyrrell, 1979), vl FZ2&53E% ¢S Uvd 584
Fol AirEoh Wes o NG Bustdth Orskov 5(1968)% & FALS
o] & °] S/t E e S HA gadte] wHlEol 20809 we] wHg
HAFS 100% A% 78S o] AMAEH Rt sFAIEE &
s mEhdAge] Fol=s AE WESUelA FEARIE wE7] EE o
lactate, VFA®} 22 ZgilEo] ZHAHWA  WEF9 pH7ZE "ozt
Methanogens< St pHolA  <fAl¥ 7] wiio] wighdgo]l Fol=x= Zeoltt
(Demeyer® Henderickx, 1967). ®3%At&7} S71gel| wel propionate W] & ©]
17%°1 A 31% 2 ZF7}8t =), o]= e} propionate A Alolol ME o =
Aol A&& BHeF= 3otk (Van Nevel &, 1974). o] #AE AR 3she, AL
529 2 s xAst] WEAUA VFA £4S WA 7Y mee] 84S
g}, &, acetate:propionate(A/P) W] &9 ZHAE HEZAS =

iy
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1) ZTEE X0} A7 (Defaunation)

HE9) o] ZREZol(protozoa)= STFEEolAl BFAolA = ARt dubAQl
WS At A Fad 93 = e EWsith. T2 EXolE dhg o}
S At whEgdlel A MdelH o ol oA mAAEA wElE g &
&3 e AaATIM, oA Ak uhel Fo] TR E Folo= e A ke 2
op7b F-Zmo] A 9l7] Wi ZREZol= WA Fadk 9¥s v
o] Qo= EREZo7E w9l st HEgdY ol MAE TS A ET
Al wEFLfol M ZrEZxolE A= ©] AL defaunationo] 2t Tt

2, WY, Abdel A9 defaunationAl71H A0 FEol s gAY ol
2050% 4= AEHY e (Kreuzer 5, 1986), Kreuzer(1986)%= defaunations
ol TAHFAANUAT wgeme] o] EAHo] 787%A 549% % Fo]EAT
2 Bt AW in vivo 23S Fd E ], defaunationo] ]33+ w2
Tate Als A0 98 AAHAT 2AETS F9938S u: defaunation©ll
olgh Wik ZrA7E fIAARE FFAIRE A Fdsdoiy wiwe] HAE ATt

(Itabashi 5, 1984).

Defaunationol] 213 WetdA 7ZHarE Z2EFold Ry e gAduby o}
o Fa, AR A& HA, g ZREZold o3 IAHYE Hé
formate®] A2 A" @ H(Van Nevel?} D

WQo A ZREXols: A7y faiAe 2 WHe] A"A, aad A&
Aolojof afar, Aol folsfoF o, FEA Fa|stolof A, oA A=

o] 2 wkEA)7)E= H o] Qltd (Van Nevel# Demeyer, 1995). LR EXolE A7

emeyer, 1995).

o

7] 913k ek A A 2 copper sulfate, dioctylsodium sulfosuccinate, sodium
lauryldietoxysulfate, calcium peroxide & ©] 2UTh defaunation® &&& #3}7]
AsA = AHEES 47 H3 o2 =3 Agstolol g oHwE AS Ao

.
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2) Acetate A (acetogenesis)?d] %=

Ay

=3 3o o A= acetate AA HFEH 2| o} (acetogens)’t CO29F Hs

_ﬂ_
o] &3} acetateE A3t

Ll

2C0O2 + 4H; — CHsCOOH + 2H20

o] ZA & reductive acetogenesiszhil F-E2H, I T FA Fat Hy A
og8ts sta k. WEOIME  acetogens’t EEEHJEH, oS COE
acetate2 9] BYAA7|= THE 7FA A9 formate, glucose, cellobiose, 12| il
fructoseE X385t thE J|HAEZFE acetateE A= Y (Greening 9
Leedle, 1989), w®hE9jolA 2O R2%  methanogens®t WsahAl  EA o
(Leedle®}t Greening, 1983). ®EF9lelA o] HbgS FHHAZ F dod
methanogens®t 7124 AS slo] HeEdAA#S Fd 5 S B oz
o os A A der o]&H T U= acetate’} AP HERE oA &
=4 5 dS Aot} (Weimer, 1998). AWk acetogens= Hooll w3t 213}
methanogens Bt} 293 w7 wjfo] w39 oA acetogenesists & o]
%=1} (Mackie®t Bryant, 1994).

Weimer(1998)& acetogens®] theFst 7]d o] 858 ool Hyol tigh H3=
7b vk Aolgba ®al ARl WE9) 9] methanogens®t &Aoo w2 7| H
S st o 3 Mslert w2 AT ARl acetogensE WS ALY A F g}
A AU S AAsAA sebA oA gaetd o% 23Ut s Aol
2 sk Nollet 5(1997)& BE Aelate] dg gt gobE o AlstaL
acetate’d 4 WrH|2lobE H7bsto] wgbe] ZHA Rk ofudt VFA AE S F3IIAIA
oF 13~15%9] A ol&a& FT7taxE AUtk B st

AA7EA TxE AR AAA T FEAA v A= el
= B gl 2438 8359 BCM, HCSY AHels ALRAA TS HAaAA
o AdIFAFE FTVHA AlREEO] 12~13% F7FstAth ey fAbe &

23 3gE< amicloral® 9 A ¢l Aol:= gIAA W AFELS BCMI HCS9

w
i

2
re
-4
y

HlS2ekith. Malate Al 2] AFRAF ol daFol glolon, dTTATF) ALRE
&5 77 4%, 8%H SI7FAI
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Sauer $(1998)& FolA tER Aelol ofd weelAsh ¥, YR Wl
g Avngth g Aes eEgPe 424714 FRA, COCHE b
g foHoR kol AAl AMAAA Wwel vgol Aasdes o
o AARAATE RO FAYS Fuvae FYdE 9L A4 2

k. 1Al o AR Ao A = A4 A AR linoleic acid
ZENZ T 13y, Casper?t Schingoethe(1989)+= 5o A& H7Fshd #49
A om Ak FETE HAaste] fold ko]l A Adtia &9ew, Sutton¥
Morant(1989)= A E X3} AS A7sldA X4 shako] F235 A 743}
A Bk wEpa F9ol Al do] AW HIbe fFARe A d¥E = o

oug HWEAdAES 93 A Hrls Ao

p]
ofd
ftlo
ofN

Tﬁ
e
Y
o
i)

ol u& gAAete] wWastelor 1 At ‘JrF/}‘Jrﬂll:— shth fr7lake
propionate A& ZZFA7|HA WEFAA S A St HASI dUA E&HO
= outgrAsiA e g8 S Hlal] megd Azt 24

BAAAA = 2 2ol FolF, AEHHolojof stal, FEolAE
/g o] glofof shH, A4k
7] Yl A= shve] e EE JEAY, 23 stgEY acetogenesisE &
Aol Aelske W I 2ol o

o] & oz B H

o)Ak ol el

Aol A I ghdsor @ Aol o] A& w=s
o

A S WAE R FAF Y MEFA(1997)= A= E)
SRV WE RS 200895 2012970 A 90 e R 52% FolAb= )
T8 8XREA, o AT vt 4 e ATt desit seuets

[ i e P e R e A ke

e
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