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Studies on the control of lipid metabolism
by rumen microbes for the production
of functional Hanwoo beef
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I8 E (lipids)> A2 1 53 7159 duA BFAZA, = FHAZE dXT
F o JEY U Aoz gl FAEC A 2 WA e HH

A ARgH o] gtk H 2ol WEThES
conjugated linoleic acid(CLA)S] AAF ¥ &5 xHbabe] g 3o
o CLAE {9 U] v A &9 &3 hydrogenation®] &3t
A7kel frelgk a3E F= Ao WA o] 8o g #4lo] EobAa vk 1
He fFe gy o A oA (Pariza®t Hargraves, 1985), 9xe A=
(Houseknecht &, 1998), W<7]5< 7l (Michal &, 1992) 18] a8t #Ha

(Kritchevsky, 2000) So] Z3gt}

ojf

HEE7E5 ALbEd CLA &858 =oldt tuYdst A|=7h o]FojA] ghr). 1ejsh A
T+ WE(Timmen3} Patton, 1988)°]u} B2 4o A EA 7|5S F98= WUH 5

(Tesfa &, 199D)°le & 4 v}k $Hu 7] U] CLAE 27HX 258 7|98 ta
g 4 J=dl, shvb w9 el Al linoleic acid(Cig2)2] hydrogenation 2} el Al A
5= Aol (Kepler 5, 1966) TFE 3t SAMEE v &3 22 U trans—Cis
2 28] (Griinari®} Bauman, 1999) 7] 9 %= Ao|th.

A 272 AAE CLATE 2o AT QAE giaton o]2ojx Aolw 1 &3}
= o A Aoz IEA Yk 1ey 599 A
w9 vhekalm, o-&o wls) 1 ko] AtiHow uwl$ Yo Aow ouAd ut
(Madron 5, 2002). $-6-9F 2a7)e] 7+ CLA koo xpo]i= k39 o)A
CLA 74 xxlo] Zolop "tk A7 AHd wf, A7 A5 w39 elA A
A8 CLAZF AAE 24 29 AAd] 2x EXHE Ao vlato] o A5 oy
29 CLAZ} §-frel x3s|o] #u57] o EO]D}.
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39 1) A & 9] Hydrogenation Activity £28& E3 7|54 3¢ 17)
Ao B AT (F5M)
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1)
bacteria® ©]&3te 2% Ta Aol Ci-A EXIXHAHE]  hydrogenationd}
T-FA(trans-Cig1 5)2 A mx+= &35 ZASEALAF in vitro WHO R 7% A

g A

Aedste] Aukak 2A4S 2433 I § mixed ruminal

At

4 AAARL A

2) QA RS Fate] 27 AEAE W Cg =X A WA ZH Y trans-Cig fatty
acids®] AA T hydrogenation X0l v XE &3¢ dAY AW hrARHE S xALS}

A opE Wdes s 54 AFEALRE W BEEIAYAY] AW ol && A}

3) AAZ AAZS e kol Al daE A&kl AAY Wl T-FAS &

D 99 W 7l X wAke] A 248 S 13 Tonophore X 7FE 3 1
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2) Ionophore7} RFF5&¢] 7|54 A EAE Aabel] m X = &3}
In Vitro 238S 539 doAx ZAI}E AA A AAA 7L, A FENA L
Ionophore &89 A4 Ww&3 CLA A4 SUgE 93 AXxAS 24
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3. At2 W AWAZt) WE WEA 0 BAE dA BAE 9T (3

1) Batch culture®} Continuous culture® o] &3k A H717F = u] &2 A
of mx&= & A}

(D Batch cultureE o]-&3+ A7 F A E 9 diAlel H X = JE A}

)y
@ Continuous cultureE o] &3 AW 7171 W uAE 2] thAte] v X+= o

S AW WS Al A G 2L
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1. In vitro N3

R upAal Al o] ThE oilo] Z+E g F Ao wE wrEY ol XAl Aol w3t}
trans fatty acid CLA A2l mxEe 32 xA8 7] &) €389 in vitro A Y
= 1

L
b AFAl & I AR E S A A EY
T, T = = AR

D gduk AL @538 A duA FFo] BHEYu QB o
cis—unsaturated fatty acid2% ¥ trans-11 octadecenoic acid(¢11-Cis:1)
A A 7 hydrogenation A= "X = &I}



wAE ol E FAMNE in vitro HORE WG o FFAIE HIFFETol
9 vlelgolo] 93 daEA T c9t11-CLA E total trans-Cig1 A ml A=
2 ZASIA Y. 4 (083, 1.25, 1.67 183l 2.08%, w/v)e FFALE 9} E4
oilseeds(linseed =& rapeseed; 0.83%, w/v)E WFH N3 AFEA S 1I(v/v)E

Sk3l gyl £33 3 stirrerZl AFE wrav)dA dr)AHe wog 39ToA 24
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ol A Bt} rapeseed Bl el Al o vttt

2) AFA&(dut 2ALR) #HI7F £Fo] A B EA 93 cis- unsaturated
fatty acidZ24% ¥ T-FA A4 3 Hydrogenation A =9 "X &3
Rapeseed wWlF Al &3 Ax H7bgFo] w59 v Elolol 93t in vitro W&
EA 3 long-chain A2 24, E3] ¢9,t11-CLA and total trans-Cig1 73l 1] X
E 292 AT 355025, 050 283 0.75%(w/v)e] EE &Fa A%z}
249 rapeseedE WrEY A QAFEA S 1:1(v/v)E EF3 &4 600mlet =3 &

stirrer7b &2HE a7 A F71A1 YO R 39Tl A 24A17F v 3ttt
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3) AZAALY H/AFEHI A A Eo| 9§ cis-unsaturated fatty
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A9 rapeseed® .t} rapeseed oilS H7}F3H 2 3
2o LH(P<0.0001~0.033) CLA 32 23|38 ¢ $w2(P<0.0008~0.0032) ALZE 1}
ST}
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4) iAo pH7F St u| A E o 93 cis-unsaturated fatty acidZ+%H
T-FA A4 3 Hydrogenation =4 "X & &3

Oilseed(linseed =+ rapeseed) Wl <F Al ®jFod o] pH7F w9 vhg glofol <t
BEA, 9t11- CLA ¥ trans-11 Cig1 A A= &35 A 98 in vitro
Algde AASET. FEAIEA%, w/v)et EAE linseed(0.6%, w/v) HE&
rapeseed(0.5%, w/v)E HFE9lda} QA FEINS 1l(v/v)Z &3 &9 600mlet &3
sk & stirrer7b EE HE Tl @71A] WHORE 39ToA 12A1%F vl skt
AA wjE7|zhe] AA wjkde] pH7F 45, 53, 6.1 181 697 FAE F UYL=
H>SO4 =+ 30% NaOHO = 243}t

Hj o] pH7F F7FE ol wel 7 T/ oilseed EFoA gEUol 2 VFA F%
7V S7rE e, pH7F 4591 A vl was dojubx okt F o FRe
oilseed EFolA pH7F S7HE5E wlgde]  acetate(Cy) HE&S AL PAT
propionate(Cs) Hl &2 F715 Aot pHel W$I7F 45 ~ 5321 A% hydrogenation %
=7F wl$ =®HA W 6.1 ~ 69 wo= hydrogenation £=7F AAH o R wE Ao
el 5 E79 oilseed BFA pH7F S A$ oleic acide} t-FA 3F&Fo]
7} 1 21} linoleic acid 2 linolenic acid &% 72 % At} Rapeseed® 7% pH7F
S7hdel wet CLA &%= S7FE A2 linseed®] 747 CLAZF A9 ©A1HA &8k
t}.
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1. Ionophore7} ¥ u] A &9 CLA A4td nx& &3 9+
Ionophore 77} oil Ml Al Wa 5T} Auab 2449 Wslel] vx&= 298 =

Abst AL in vitro A S AAlEATE AYTEE oild} Monensino] H7bE A ko
) =7, Monensing 0.8ppm F+o 2 H7ksh 4 EHT%% 5% H7ket 5+ a3 o
T 5%¢% Monensin 0.8ppm H 7} 5 538 At Zhzbe]l A o] dlgh wj

Foe 0,3, 6 % 943 WAL

Monensin?} W57 #7le= F VFA %0 J&FaA] 2 kATt acetate:propionate



H &S A3 ZAAHH(P<.05) cis Cig, trans Ciz, 2 CLAS =2S F7HAA
o 2 vk Cigo 545 AAAZHT 279 8% Ciss?t Cie HlES HA
Al W (P<.05) Monensin 7= wlYAI ko] AojHo  wE} CiesT  Ciged
disappearanceE A QA AT tfE A Fro 1]l Monenson¥}t tiFf M7= sk
o trans Cisn? CLA §%=7F S7FARA oY Cigo =5 AA3(P<05) o=
2= A5t ¥ Monenson®t Wi 7ol A CLA A o] 7HE =& Ao=
EFut T

t}. Batch culture®} Continuous cultureZ ©]€3 X% H7[7F 9bF9n A E
o] A HAE dT

1) Batch cultureE ©| &3 AFH7I7F F AW EY dAtel v A= FIF
2 A2 4379 WE9 vAEY mixed cultureE ©]83te] 7z ThE ol
source?] linseed oil#} Calcium salts of palm oil (CSPO)S #H7}sle] HEF9 nmAE
DEEAS dolry] 9 in vitro Aldo] A = H DH* A Aol

A AR s FAFH Y pure cultured A AA A o2 thA vre pHS FA8HS
o (p<0.05). mABEGENH FFE AAH SR oil sourcesH B TFAAA TAA fFA
glol #aske 43S Uetldv. 53] linseed oilA 2]l 7= R W AEA 2] oA
CSPOA g7+ Ht} vre A gyt NHz-N 32 Zbzbeo] u] A& A g G- A
Fo)A el Aol veEUIgl e linseed oil# CSPOA 2l F+ol A %= %kal (p<0.05), mixed
culturedl A 53] =& ZA3E Yel A (p<0.05). Total VFASH=H control?oﬂfﬂ

freld oz yoromn (0<0.05), oil sourcex oA acetate o] 7
B o1 mixed cultured| A= AA] X 2] Tl A total VEAST 0] ]%

3}
t}. acetate/popionate H] &< control7-ol Hld] ThA TAstE ATgS WA

acetate/propionate B] &< control -l A oA ZAdtE eSS wHrh  wgE 247
AT o]l AR hEES oilA 2l ol A FAIA o gle]l v 3 FUket
et Cl181, C182 n-6% C183 n-39 &2 TAASC= froleA Sttt
(p<0.05). Mixed cultured] A= oil 2 FollA Feld o=z Auat ko] ZF7)al9)a

E£3] C18:1 cis, transt= control7ol Hl& FoHoz Z7189th (p<0.05). Linseed
oilx] 8] ol A1 biohydrogenation< trans-C18:1 (41.97%) cis-C18:1 (564.97%), C18:2
(68.96%), C183 (50.78%)A 2w, CSPO AT trans-Cl81 (31.58%) cis-Cl18:1
(45.45%), C18:2 (59.92%), Cl183 (66.63%)= YEFAL]. HEEu o o3t
biohydrogenation®] &< C18:3>C18:2>C18:1 =4 = e



2) Continuous cultureE ©|&& AW H7I7F BFH v P E S ALY A 2=
B F

2 A& 4919 Continuous cultureg ©]-&3 A% H7H7F WA &S] oAb
nAE GE Gotry] 98 AAstAth. pHe I 3Ae 523k A3ds Balon, A
AHoz w39 A4 pHE YE AL, control ol Al 7FE skl Oil source* &
Tol A= sunflower oil A& FolA] tha =8 S UET NHy-N &3 A
How oil Aol zpol7b gl o, control 7ol A A4 oA glo] tha v
BES YERdth v AEW A A w71 FF control ol Al tha =2 A

1

kS KA oil sourcex] B Fol A= soybean oil oA FolAQl Aole glo] thAa
=S A3E Jelfdtl. Total VFAS S control -9 soybean oil 7ol A tha =
& AL ®Pa, A/P ratioe= controlTolA FYFHow He AHIFS el

(p<0.05).  Z+zZF A2 oil sourced fatty acidd® = unsaturated fatty acide
sunflower oilA &l 7ol A 7bd Eskvh. WY TS wg mEAE 39 F<te
suspension fluid®} vessel contentol A 2] bacterial cells®] A HAF 22 sunflower
oil ATl C1803 C181¢] FraFo] o4 Aol= glo] 7Hd =mgkon, Cl18:29
4% vessel content] 9] mAETGW A o] C1829] dHdFe Foxo=z o] Eoho
] suspension fluidWl9] PlAEANA = F24 ZFo]glo]l soybean oil# 2] FollA =9k
3, C183%Fs =3 Hls=3 ARS YUtk Biohydrogenation®] #®] &<
sunflower oil 2 FolA 7174 = ] velyk=d, AA A Tl A suspension fluid W
o w9 m LA C1809 T o4 zbel7t gl ey C18:38=Fe] A H]
o] 7MY =& ARE ‘JrE]rlﬂMU}.
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2. WAL AT

7}. Oleic =+ linoleic acid & %] &2 oil 39 A TFAI5 9 AR 9
H &o] Wge w9 Ul 2 A U trans-11 Cign L ¢9,t11 CLA 3§
HXe &%

Oleic ®=+ linoleic acid $F#&o] =2 oil(soybean oil ¥+ rapeseed oil) F9¢ Al &
FAIE S 2AFR Y H[E(70:30 vs. 85:15)¢0] W w9 o 2 A ] trans-11
2 c9tl1 CLA & nxe 33 2As7] &) w59 fistula7b 229 4
o] Wk e ® 4 x 4 Latin square ol o8] AldS AA3T Ol H7t
FFALR S 5% (DM basis)R o ZALE Aoz MATS rye grass AERE



TR HEo] =& A W] pHYE tha wobxl Wk qh

Tha S7Fskith. Rapeseed oile] H7k= Qlshe] pHeF ¢hE Yol =7 tha

o FFALE HE9 F7Hs VFA FEE S7HANA Y ol FFE VFA 5%
9 o

ol d@dFetA skt e, 29, =A%, NDF 3 f71=9 dd4ste

>~1

At vlgo] FrhEd we FUbste AEE Bt w9 A9 oleic acid(Cisi) <
linoleic acid(Cigg) $F#2 oil9] FFol 93 &S ko) transll-ODA 2 cis9,

trans11-CLA $t&Fell= < &stA] @ttt 18y AR "l &o] F7Hge wet & &
F9 oil BFNA transl1-ODA®} cis9, transl1-CLA 3tsfo] Z7lEE= HES HY
ot 3A R Y ZAFR ¥]E& 28 oily FFE plasmad transl1-ODA%}F ¢is9,
trans11-CLA 3ol 2A] QaFshA kvt

. IonophoreZ} 35 &9 A1$ W CLA A4t "X+ a3 4+

HE+9] cannulaZt F2HE 4 5575 o83t Al Oist oy FTF oil(5%,
DM) % Monensin(33ppm) H7F7F w9 W 2E BA, EXsA|HEY
hydrogenation 1#]al CLA Ao m A= &35 ZASAL. 2 A
Square design®.® HAHA=H], o W A= AAG spEael dEare] =
AbR 60%¢F s FALE(TEoA & Hel) 40%= T 7x o}

o] " corn oilo]} Soybean oil 7Fek Atg, 28] Z+2e] oil H7F AR E T
3}3 Monensine 33ppm T2 WHES] FH FsteE 5 F 5AHFIE T
AE4 715y Monensin®  RFE9] W] Fol= A ALY w9
hydrogenations #FA&AIHTHP<.05). 5/ Monensin Fo] 72 13te] HEF$]
§E9 CLA §%o] aA F7FEAT. S5 7159 45 w59 WelA CLA 84
o] Aoy =2 trans-CI81S AAsA =, old gt trans-C1812 Ao =24

A CLA 34e 918 d7E8de o8l 5 de o= vt

o dSAHEE AAEE S T AT HUE w59 W diAbel v X = °§ J

12714 % ] cannulaZb FFE AR EFS o] &kl Azl gk oy FRFe
oil A7F7F w39 W 2 54 B wkRe] mAE oo Ak 240 U]ﬂ% ®
H=2 FAbslgTh B Al E LS 4x4 Latin Square designl 2 AAH =), o] wf AE
AFRE TFARR 60%9F AR Z) 40%2 TAE VI RARE RS 7] 2AFR
linseed oil, soybean oil @ sunflower 0il& 5% FF (A% 71F)0 &2 73 A AR
E Aol 34
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U39 ] m|AAEX AL 28 sunflower oil#] 2] ol Al C18:2% o] 7F4 =9k
C18:13} CI838 %L control BT} SRTHP<0.05). @A dob 1 2
shaFe sunflower oilx @ toll 2] 718 =okth  Oil sourced] uwhel WkE9
EAoE & xo]lE Holx &gror} controlTtol] H | tha 7HAstE AL
ow olgd Ad= A ] AL A AU EE AdAA R R
AET ol o EA5t= C18A unsaturated fatty acid= control 7oA HT} X
A7 el A AA A © 2 hydrogenation©] #=ko ™, 53] w39 YoM 9 mAEE9
9%t biohydrogenations =7} 72 3S Hth

ot 2
@ =
E
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3. AAFAME

7}, 55 A7 3% AWEZF W ¢9,t11-CLA 2 trans-11 Ciga Sl
n2e &3
FH A7 Ao AHkEA W ¢9,t11-CLA 2 frans-11 Cigg el v X += &
= 1/\}3}7] A 1079 WS HAS fFer 125 %O} ALFA A & @*13}91‘:}.
E e R 3 AdT 49 dFFE A5 1.3kg/F/Y, DM basis)2] 5%
(DM basis)e2 F7psto] Folatdnh. AR $FA RS HEL 20% : 80% %
Y, FAEEE rye grass A2E F9

WF9 H7teE B9 plasma W total cholesterol ¥ HDL-cholesterol $F&<&-

_ﬂ

off

Al S7RA A Y. ey T H7ER dske] 2HA S Cisr, Cizo B Cimn $ 0]
A2 P<0.05) HHE Cigo 2 total t-FA gFaFo] F71E A oh(P<0.05). I kx| 9o 7

G- @A Cigo ol tiFe H7EE Qlste] F7FE A -&(P<0.05) o]tk 2A " Oﬂ
Ao = AT "7 Ciso 2 CISIO S F7HAIZI(P<0.05) HHAE Cier 2 t-FA
e AAAHTHP<0.05). HFre F7b= et Sl AW geAwe] CLA §
ZFol tha F7hE Aok

U AFARS HA F4210E& 58 7|54 5179 AL

A2 U oil EFEF monensin 77 I AALe Az bz
cOt11-CLA ol mA= a3ks 2ARstaLA 2479 29 AAS-QONE", Ht
NAIAS 567+18kg)E o= Sl AA AGA TS AAeATt. ATl ot
AAFE 5 AFoR wrdoen, x99 A% AlRe Ad 5444 #igHo=

AbEal & Al ALRE o]gF o AlF T A% linoleic acid(Cigo) o] =2 oil

R



3E(45% soybean oil, 20% sunflower oil, 20% safflower oil 2 15% fish oil, &
A2 9 6%, As—fed 7]15)3¥ monensin(20ppm)S FFALE ] H7lstgd o Al E 9
- AA$-ol oil 3% monensin F7F AFRE(MOPM)E =38} Al7FA] Zhzt 2570
v s 04*‘6}9}@.

57Hé7ioﬂ A7 MOPME] wol2 Qlste] dd5AZda AlRE &l dA3 7ty
ATHP<0.049). MOPM A= AAl 3he-o A F79 S WAe i S71
Al e MOPM H7M s F9T o 2% plasma?l cholesterol & %(TC, P<0.0001~
0.0007), HDL-C & %=(P<0.0001) 3! HDLC/TC(P<0.004~0.03)& <7F*Ztt. MOPM
A7 R Fo & 7%] gh9-9] plasma c9,t11-CLA &S dA3 S7HAHY o2
A 2]l Hls}oi 5 zrel A% MOPM #H7Mbs: dol& <labe] Ul A% (P<0.015),
A HH(P<0.039) B ¥ skAHH(P<0.001)¢] CLA &3 T EXspAAE o] F
7hE lom EsA A S 24 E ATHP<0.008).
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SUMMARY

1. In vitro studies

1) Effect of energy level on the formation of trans-Cig1 acid and the
degree of hydrogenation from cis—-unsaturated fatty acids by rumen
microbes

An in vitro study was conducted to examine the effect of addition level of

concentrate on fermentation characteristics and long—chain unsaturated fatty acids
composition, especially conjugated linoleic acid(CLA) and trans—octadecenoic
acid(t-FA) by mixed ruminal bacteria when incubated with linseed or rapeseed.
Four levels(0.83, 125, 167 and 2.08%, w/v) of concentrate and ground
oilseeds(linseed or rapeseed; 0.83%, w/v) were added to mixed solution of strained
rumen fluid with artificial saliva(l:1, v/v) in the glass jar with a glass lid
equipped with stirrer, and was incubated anaerobically for 24 hours at 39TC.
Addition level of concentrate slightly reflect on pH and ammonia concentration of
the culture solution at the various incubation times when incubated with both
linseed and rapeseed. Total VFA concentration slightly increased with incubation
times and concentrate levels for incubations with oilseeds. Percent CLA had a
clearly decreasing trend with concentrate level throughout incubation times with
significances at 24h incubations when incubated with rapeseed(P<0.031). The
t-FA/CLA ratios was lower for rapeseed with increased proportion of CLA and

decreased t-FA proportion than for linseed.

2) Effect of roughage level on on the formation of trans—-Cig: acid and the
degree of hydrogenation from cis—unsaturated fatty acids by rumen
microbes

An in vitro study was conducted to examine the effect of different level of

alfalfa hay on fermentation characteristics and long-chain unsaturated fatty acids
composition, especially conjugated linoleic acid(CLA) and trans—octadecenoic
acid(t-FA) with rapeseed supplementation by mixed ruminal bacteria. Three levels
alfalfa hay were added to 600 ml ruminal culture at the level of 0.25, 0.50 and

0.75%(w/v), respectively. A semi-continuous ruminal fermentation system was



used in the present study. Addition of alfalfa hay to the culture at different levels
did not affect significantly the pH, ammonia concentration and volatile fatty
acid(VFA) concentration in ruminal culture. Bacteria growth in culture solution had
a decreasing trend with alfalfa hay level at 12h incubation.

The clear increased trends on CLA proportion, while decreased trends on
t-FA/CLA ratio were found from the treatments containing 0.50 and 0.75% alfalfa
addition than those control and 0.25% alfalfa addition which were similar at 3h
incubation. There were decrease trends in Cigo proportion, while the proportion of

Cig2 and Cigs tended to increase with alfalfa hay level at 12h and 24h incubation.

3) Effect of pH in incubation solution on on the formation of trans-Cis:
acid and the degree of hydrogenation from cis—unsaturated fatty acids
by rumen microbes
An effect of pH on the fermentation characteristics and the formation of
cis—9,trans—11 conjugated linoleic acid(CLA) and trans—11 octadecenoic acid (t-FA)
by mixed ruminal bacteria was examined in vitro when incubated with linseed or
rapeseed. Concentrate(1%, w/v) with ground linseed(0.6%, w/v) or rapeseed(0.5%,
w/v) was added to 600 ml mixed solution of strained rumen fluid with artificial
saliva(1:1, v/v), and was incubated anaerobically for 12 hours at 39C. The pH of
culture solution was maintained at close levels of 4.5, 5.3, 6.1 and 6.9 with 30% of
H>S04 or 302 NaOH solution.

pH increment resulted in increases of ammonia and total VFA concentration in
culture solutions containing both oilseeds. Fermentation was not proceeded at pH
4.5. Molar proportion of acetate(Cs) decreased but that of propionate(Cs) increased
as pH increased when incubated with oilseeds. While hydrogenating process was
very slow at the pH range of 4.5 to 5.3, rapid hydrogenation was found from the
culture solutions of pH 6.1 and 6.9 when incubated with linseed or rapeseed. As
pH in culture solution of linseed or rapeseed increases proportions of oleic acid
and t-FA increased but those of linoleic acid and linolenic acid decreased. The
CLA proportion increased with pH in culture solution containing rapeseed but CLA

was not mostly detected from the incubation of linseed.

4) Effect of addition type of oil source the formation of trans-Cis: acid



and the degree of hydrogenation from cis-unsaturated fatty acids by
rumen microbes
The effects of addition type of oil source on fermentation characteristics and
long—chain unsaturated fatty acids composition, especially the formation of
conjugated linoleic acid(CLA) and octadecenoic acid(trans-11 Cig;, t-Cig1) by
mixed ruminal bacteria were examined in vitro. Concentrate (1% of culture
solution, w/v, as—fed basis) with ground linseed(0.6% of culture solution, w/v, DM
basis) or linseed oil as absorbed into the ground alfalfa hay were added to 600 ml
mixed solution consisting of strained rumen fluid and artificial saliva at the ratio
of 1:1 in the glass culture jar. The culture jar was covered with a glass lid
equipped with stirrer and was placed into a water-bath(39°C) and was incubated
anaerobically up to 24hrs. Addition type of oil source did not affect the pH and
ammonia concentration. Decreasing trends in the compositions of Cig2 and Cigs but
increasing trends of Cigo compositions were clearly found from culture contents up
to 12h incubation when incubated with both ground rapeseed and RSO(Table 25).
The effects of oil addition type on FA composition in culture solution were clear
from 3h incubation. The compositions of Cigo, Cig1 and Cige were greater(P<0.000
1~0.033) but CLA were smaller (P<0.0008~0.0032) in a culture solution containing

RSO than those in a culture solution of ground rapeseed.

5) Studies on the effect of Ionophore on CLA production by rumen

microbes

An incubation with rumen fluid was conducted in a 2x2 factorial arrangement of
treatments. Treatments were 1) control, 2) 0.80ppm monensin, 3) 5% soybean oil,
and 4) 0.8 ppm monensin + 5% soybean oil which were added to rumen fluid and
incubated for 0, 3, 6 and 9h.

Monensin and soybean oil treatments decreased acetate to propionate ratio
significantly(P<.05) without changing total VFA concentrations. Monensin and
soybean oil treatements also increased accumulation of cis Cigi1, trans Cigi,and
CLA but decreased that of Cigo in incubation contents. Significant (P<.05)
decreases in Cigs and Cig2 were observed in the control, whereas the monensin
treatment showed delayed disappearance of Ciss and Cise, as incubation time
proceeded. Supplementation of both monensin and soybean oil increased the

concentrations of trans Cig1 and CLA but decreased Ciso significantly(P<.05) in



the rumen contents when compared to other treatments. Yield of CLA in rumen
contents was also significantly(P<.05) higher for the monensin + soybean oil

treatment among all treatments.

6) Effect of oil addition on fatty acid composition of rumen microbes by

batch culture

The present study was to determine the fatty acid composition of four common
rumen bacteria species and mixed culture with additional oil sources on ruminal
fermentation in vitro. pH was optimally maintained but pure culture was lower
then additional oil sources. NHs-N concentration was important factor synthesis of
microbial protein synthesis. However, this result was related to microbial protein
synthesis in ruminal culture. Additional oil sources with mixed culture were lower
NH3-N concentration. Additional oil sources decreased concentration of total VFA
according as acetate content in mediums during incubation time, but mixed culture
was similar concentration of total VFA. A/P ratio was shown amount of propionic
acid lower then decreased amount of acetic acid of four common rumen bacteria
species.

Microbial dry matter was incubated in additional oil sources lower than pure
culture and mixed substrate. Especially, linseed oil treatments of all cultures were
more little microbial dry matter than CSPO treatment. The effect of rumen
microbes in a 24 h incubation showed that the linseed oil was biohydrogenation
trans—-C18:1(41.97%),  cis—-C18:1(54.97%), Cl182(68.96%) and  C18:3(50.78%).
Although biohydrogenation of CSPO was significantly different, the rumen
microbes hydrogenated the trans-C18:1(31.58%), cis—C18:1(45.45%) and C18:2
(59.92%), C18:3(66.63%), there was a corresponding increase in C18:0. C18:0 of
linseed oil was higher than CSPO, which effect of CSPO was protected
hydrogenation by rumen microbes and higher value of CI18 UFA.
Biohydrogenation percent had the highest followed by C18:3>C18:2>C181. The
end-products of C18 unsaturated fatty acid by rumen microbes were stearic acid
and trans-octadecanoic isomers, which is an associated with effects of ruminal

lipolysis and hydrogenation.

7) Effect of oil addition on fatty acid composition of rumen microbes by

continuous culture



An experiment with a 4x4 Latin square design was conducted to determine the
effects of supplemental dietary fat on rumen microbial fermentation in continuous
culture. pH was optimally maintained but pure culture was lower then additional
oil sources and sunflower oil treatment high pH of oil source treatment. NH3;-N
concentration was not significant different lower at control than oil source
treatments. Microbial protein synthesis was not significant different higher control
than oil source treatment. However, this result was related to microbial protein
synthesis in ruminal culture. Additional soybean oil treatment and control increased
concentration of total VFA(P<0.05). A/P ratio was significantly higher control than
oil source treatments(P<0.05). Unsaturated fatty acid concentration of oil source
treatments was highest in sunflower oil treatment. C18:0, C18:1 and C18:3 of fatty
acid composition of bacteria in suspension fluid and vessel content was not
significantly different high on sunflower oil treatment. Biohydrogenation ratio not

significantly different was highest sunflower oil treatment.

2. Metabolism studies

1) Effects of concentrate to roughage ratio on the lipid metabolism in

rumen and fatty acid composition of plasma in sheep

A metabolism trial with four ruminally fistulated sheep was conducted in a 4 x
4 Latin square design to examine the effect of concentrate to roughage ratio(70:30
vs. 85:15) and oil source(soybean oil vs. rapeseed oil) on the ruminal fermentation
pattern and Cis—fatty acids composition including transll-Cigi(trans11-ODA) and
cis9, transl1-Cigo(cis9, transll -CLA) in the rumen fluid and plasma. Oil was
added to the concentrate at 5% level of the total diet(DM basis) and chopped rye
grass hay was fed as roughage.

An increased level of concentrate(85%) within supplemented oil slightly lowered
pH but increased ammonia concentration. Supplementation of rapeseed oil relatively
increased pH and ammonia concentration. Higher concentrate level resulted in
increased tendencies of total VFA concentration while oil source did not affect the
total VFA concentration and VFA proportion. Whole tract digestibilities of DM,
CP, EE, NDF and OM in diets slightly increased at higher concentrate level.

Proportions of oleic acid(Cig1) and linoleic acid(Cig2) in the rumen fluid were



influenced by the fatty acid composition of oil source but oil source did not affect
the in vitro formations of transl1-ODA and cis9, transl11-CLA. Slightly increased
trans11-ODA and cis9, trans11-CLA proportions, however, were observed from the
sheep fed high roughage diet supplemented with both soybean oil and rapeseed oil.
The Cigq and Cig2 composition in supplemented oils responded to those in plasma
of sheep. Effects of concentrate to roughage ratio and oil source on transl1-ODA
and cis9, trans11-CLA proportions in plasma were found to be small. Proportion of
cis9Y, transl1-CLA in plasma tended to be increased from the sheep fed high

roughage diet and collection time at 9h post feeding.

2) Effect of Ionophore on the procuction of CLA in the rumen of

ruminants

Five ruminally cannulated rams were used in a bxb Latin square design
experiment to study the effects of plant oil added with or without monensin on
the changes of fermentation pattern and long chain fatty acids including CLA. The
treatments were 1) Control, 2) Corn oil, 3) Corn Oil+Monensin, 4) Soybean Oil,
and 5) Soybean Oil+Monensin. The animals were fed 60 part grass hay and 40
part mixed concentrates. and plant oils were given in a form adsorbed in
concentrate pellet. Monensin—-Na was given at 33ppm through the rumen cannula.

Feeding plant o0il or monensin significantly(P<.05) inhibited ruminal
biohydrogenation of long chain fatty acids fed with concentrate feed. Soybean oil +
monensin treatment showed the highest yield of CLA in the rumen content. Even
if corn oil showed less yield of CLA in the rumen, formed higher concentration of
trans—-C18:1 could later used within the tissue being used as precurser for an
endogenous synthesis of CLA.

It was concluded from the results of in vitro and in vivo experiments that
monensin fed with plant oils increased CLA accumulation in the rumen by
inhibiting complete biohydrogenation of respective Cigs and Cigz to Cigo.
Supplementation of both soybean oil and monensin in a diet will be a useful

feeding practice to increasing CLA contents in ruminants’ products.

3) Effect of oil supplementation on lipid metabolism in Korean native goat



Metabolism study was conducted with four ruminally cannulated Korean native
goats to examine the effects of oil supplementation on fermentation characteristics,
fatty acid composition of rumen microbes and blood by 4 x 4 Latin Square design.
Basal diet consisted of 60% concentrate and 40% rice straw(DM basis).
Experimental diets were basal diet as a control, supplementations of linseed oil,
soybean oil, and sunflower oil at 5% level(DM basis) of basal diet.

Concentration of C18:2 in rumen microbes was significantly highest(P<0.05) for
sunflower oil treatment, but concentrations of C18:1 and C18:3 were lower than
those of control. This results similar to blood fatty acid composition and
unsaturated fatty acid was higher than control. Biohydrogenatin of unsaturated

fatty acid on rumen and blood tend to increased in oil source treatment.

3. Feeding studies

1) Effect of soybean oil supplementation on trans—11 octadecenoic acid
and cis9,trans11-CLA content in the tissues of sheep

A feed trial was conducted with sheep for 12weeks to examine the effect of
soybean oil(SBO) supplementation on long-chain fatty acids composition, especially
trans—11 octadecenoic(t-FA) and cis9,trans11-CLA (c9,t11-CLA) in various tissues.
Sheep were fed either a SBO supplemented diet(5%, DM basis) or a control diet
without SBO. Chopped rye grass hay was fed as roughage. Concomitant increases
in contents of TC and HDLC in the plasma of sheep were observed from the
SBO supplementation, resulting in the increased ratio of HDLC/TC. The
supplementation of SBO reduced(PP<0.05) the proportions of Cigi, Cizo and Cizi but
increased (P<0.05) the proportions of Cigo and total t-FA in the intramuscular fat.
The Ciso proportion only in the subcutaneous fat was increased(P<0.05) by the
SBO supplementation. Proportions of Ciso and Ciso in the kidney fat were also
increased(P<0.05) while those of Cis1 and t-FA were reduced (P<0.05) by the
SBO supplementation. The SBO supplementation slightly increased CLA proportion

in the intramuscular fat and subcutaneous fat.

2) Production of functional Hanwoo beef by the optimal feeding of dietary



lipid

Twenty—four Hanwoo steers(20 months old, 567£18kg body weight) were
divided into three groups of eight animals each  according to body weight.
Hanwoo steers in control group had the commercial concentrate for the late
fattening stage. The other groups of steers were fed the same diet as control
steers, but the concentrate was supplemented with high-Cigs oil mixture(45% SBO,
20% sunflower oil, 20% safflower oil and 15% fish oil) at 6% level of
concentrate(DM basis) and monensin(20ppm). The second and third group of
steers were fed the oil mixture supplemented diet with monensin for last
2.5months and bmonths, respectively, before they were being slaughtered.

Average daily gain(ADG) of Hanwoo steers during the Smonth of experiment
was higher(P<0.049) for 5 month feeding of diet supplemented with oil mixture
and monensin(MOPM) than for the other groups of steers, thus improved feed
efficiency was observed from bmonth feeding group. No difference in ADG was
found between control and 2.5month feeding group of steers.

Fat thickness and longissimus muscle area tended to be greater in steers fed
the diet supplemented with MOPM than in control steers. The MOPM
supplementation for 2.5 months increased the pH(P<0.006), decreased the CIE a“
value(P<0.04) compared to control. Feeding the MOPM supplemented diet for
Smonth improved quality grade while lowered the quantity grade of Hanwoo steers
compared to control.

The MOPM supplementation increased total cholesterol(TC, P<0.0001~0.0007),
HDL-C (P<0.0001) and HDLC/TC(P<0.004~0.034) ratio in plasma after steers
were fed for 3 month and 5 month compared with control steers. Steers fed
MOPM had approximately twice the level of the c¢9,t11-CLA in plasma(0.84% vs.
0.44%) than the control steers.

Supplementation of MOPM for 5 month increased the content of CLA in
intramuscular(P<0.015), intermuscular(P<0.039) and subcutaneous(P<0.001) fat
tissues compared with those of steers fed control diets and diets supplemented for
2.5 months which were similar, respectively. Total UFA was increased, while SFA
was decreased(P<0.008) due to the increased(P<0.001) Cis2 and decreased(P<0.002)
Ciso proportions in subcutaneous tissue when steers were fed diets supplemented
with MOPM for 5 month compared with those of steers fed control diets and diets

supplemented for 2.5 months which were similar.
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i)

<
o
=

[tje]

.
0

—_
=
lo
o
Ho
fru
o
Hd
2

FAFRG ged,. oA A 2
FTEALR S & & gl A ZY(Bauman S, 1999).
<ol FEAY AE Fol CLAY T5F EZoldve d7E 2445 4= Wo|
o] ghrh. e} wEn A Ee] Fosta Ao A Aal dAE k=
g Az A dolg F e A Wste SX2A AR nvA R g E F
dtHBauman 5, 1999). Kelly %(1997)< oleic acid7} FH3 34+,
linoleic acid?} Z=%-3F 3} wvlgl 7] 5, linolenic acid’} FH3F olmfelF = AL
A7vsteo] AW W CLAY % ®WstsE A v ded, /A% W
o

[e]
CLAS &= Y3t A, aivtebrlf, obvbdiw H7F A 13.3%, 24.4%, 18
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16.7% 2 Jety tr7tE £33 A W2HPUFA)S BEF97 A% 0 CLA 5%
s S/l Ao ® YErw

CLA?S] Asts Fd3str] f8iA = Cl82 A Wate] stefo] w2 Alg Ao Hof
7} Aol th(Kelly 5, 1998a), Dhiman 5 (1997)¢] 1o ¢
¢} linolenic acid7}b %3 A5 & wostds Wl A% Wl CLA %7}
ZhE e, SAAEE REuAEC oste Tl Es]v dojd
hydrogenationo] A A 3] dojFo =z, wE &% 7 hydrogenationo] ¥ o}
Fe ARG FAY e CLAY &5 S7HAZ Ao =E HY. Pariza
(1996)2 WHAIZ A7t AFEARE o i v Al FA
CLA® #%7F 19402 F7HEASS B
CLA®2 AT A2 linoleic acidE © wo] 43
222 AT £ gdomg b3 Y AlEEx
9 W v AEE 935 hydrogenationZ¥ & A

Lawless 5(1998)2 AAHWF =& AFTHE

9] &4, linoleic acid

o
P,L
8
Iofo N oo rfr o ofN

_O|L
8
o
—_ rU[O
o
Loy
=)
2L
R
yu|
=)
lo
o2

k)
1y
b
N

o|\
)
i
2
@)
=
>
)

o
o
[
lo
[o
o,
>
o
of H oz

o Y

o] 5} o]

=
E #FS Ay, AT HE vA4FAE "Wol= Als Wl Cis o7 BE A HAE
o) CLA® W@o] HA5Foz APSA @Fonl, trans-11 Cl8:1e A4 %
LEogked, oA AEHY ol& Aol A FUSE ou T o F A4
= At AW Exsrrt SUtE W vUeudes Adow deAd oem Awd
oo og WAE A JA A= FHe] gl Aoz BT
sk, Hawke®t Silcock(1970)& ®WFF9lo A vr7t ExXstAwitE9 ds
hydrogenation= A& YAt RHI AAS YL S =93A0T. A
AE dAESAS AAANZD FH in vitro WMEFES HAA Ay EXIARAE
o] A 3¥  hydrogenatione dojuA  @ZUrt. ol F EXIAWAE 9
hydrogenation®] = A}5 ¢ Abo] F &Aoo Q= REFuAEE 9sto o

oA S AT

FAL W CLA® trans-11 Cl18:119 FEtels =2 A#ABAZ A
(Lawless, 1998). Trans-11 C18:12 A}& W linoleic acid”’} stearic acid®
hydrogenation®] & ¥ = HAHoA AAHHE F7H4Eo]tl. Dhimans (1999)
S AR W J2EFA AYgE F dAdTF AAUEAESE HIF g &
oF Al=we] CLAY &S AE vt ed, dAWHTFE H7F woAA7F A
AUA FoAA BT $F Wl CLAY o] o S7H AT o AL A Ao+ ¢
3 A A S o] AAHA] EEZIFALAE skl wEE9 o
hydrogenation®©] © @o] dojy & & Yetdth, wehA] w9 v Ao o3 &
E 3} A A9 hydrogenation & &°] A WFgdd W gE2A YEES HY
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k. Choulinard 5 (1997)& 120T, 130T, 140TelA & A

F SRRl
o FAe AAWFE in vivost in situ FHA el WEAWEEA
o 2

}1\_]__

ARAEe] =24 WikE BFSAW wh C182 % C18:33% 2 EX AW

52 dA4y HAAFERY FAY AAGTFelA wEA A v. =g
C18:09] 2% trans-11 C18:1 B4 A&7 yed Aoz mFof FAg d
AT T Fx3ATAF A E @233 hydrogenatione] 7] A gk Z o] ofy g}
i ARES AEEA

g+H, Bauman 5(1999)2, CLAS 43 #HAg 7& d4=S T8 i, CLA
A A ThsAd e, AA, TEEhe AFRAEY 24 oste] G £ o,
T e 3 7HA e HEAAES] A S HEAA AT ¢ dnta v &
o §9&5 HEF dF NFFEdd 5851 = Ionorphored] &2 F7
9l W9 y w3 AS WA 7= A #HEo] JqTh. Monensin@t Lasalocid

%)
E wEEEo wo] AMR3tE= IonophoreE A HlH|glo}e] M TS AAA o7 o] 3}
i+ cation gradientE 3o nAlEe 48 WA I = Aoz 4 ghoh(Bergen
S, 1984; Schelling, 1984; Russell, 1987).

Monensin< £ @ Coccidiostat?l Streptomyces cinnamonensisol A A4 =
Aeggdido] 2 SIFEEA, Fs=o 5o A Hdadfds "L F 3l
o= AbAel A 2001 dzbe] wWe AFE Fste dHA e,
Richardson 5 (1976)¢] Aol 9at¥l, Z =3 24k A o] 50% 5 7} st
2B Akl A S HASAT v U HE R e Alsd Ao of
12%7F Wlgtom £20] & 4 ¢l+=1, Ilonophorex= WE MBS 30%7+A 7
2AA dqUAelLEES AT e 714 dAomRE 7[deg kg
= A9 n dygeA AdEHo v HEAAgde] FAHEAS W 99
N ZEI LA Aol ARG FdHor FUHEY. fustd A= F
bRt CHy® Aol ol8¥ e 48 28 1= 9o ¥ =7 wfZo]t}.

T s =

- h

Monensin< 1970t SHF o] W3¢ wg Ao AFS F7] o] AR
o) =

B

I~

A =4, o]l Monensine P AEAE A EXZ intergrityE Wl (33])3t= Ion
carrier2 2}-&3t} Ionophored €WHA <l =& 7] 23 wpz7FX] 2 Monensine

HE AEXTS mg He NE &84 1d 1 wdgAoz FHA7=
antiporterd ¥ E Ao, AMEZL) A Ko H'Y wddS F A3 ch(Pressman
and Fahim, 1982). MonensinS #H7Fat#] & %S wol= AlE Yol H', Na’,
K9 =7} AL YR} =A% Monensing %3] Na', K'9 &2 7153
g, o] A& Eulale Kb Nao tid stz o] 7] uw i o]t} (Pressman
and Fahim, 1982). K'9] % %2 Na o s=anrtt 258 ©f &t K'f&2
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wEoh e AXE ule pHYF AlEZ
of & o]Foztt, R RE S
bovist= pH 549 3F M= -

12l 22 Jonophored &8 W9 Ul g3 Ad ¥WsE Fo=4 CLA
AES S7HAZE 7hsd ol Ao, 4"s ATl A TonophoreEs Abz: ol #H 7}
st A we] 74 E 389 hydrogenation®] Aol Al Hol HiHFJATEH Van
Nevel 5(1995)¢] In vitroA FolA WFQuA & AL FJAANE HI7I=

43 #HAFHJAEH, Lasalocid sodiumeS A dstns  FyAEAES

=}

hydrogenationoll <3S FA & At} Linoleic acid®] hydrogenatio
Ionophore?] H7FE ta ZAEAqow, In vivo®E #E3 b3 Y A
e E FA3 E3 2 B th lonophored Uh#o] B ¥ 3} A HpAF
A woAstR e W A=A FAH BESFA R Frhe =,
Ionophoreo] 93 X ¥ 2] hydrogenation®] Ht} ©@2 FFo =z dojytS &
A3t Aoltk. Fellner S(1997)2 +4C18:2, 69 Nigericin, Monensin,
Tetronasin 5& HF Aoz A% wdAA C18:2,69 hydrogenation A=
E #A =3 v ¢l=4d, Nigericin, Monensin® Tetronasine A 7}33S w o
o Hlste]  C2/C3 M &o] A ASw, CHy butyrate, valerate,
isobutyrate, isovalerate?] &ABAH &= A3} HL, AA A WA methyl
ester SF#Fo] ®jYdd mld 14dmg Z7FsF Y. Nigericin, Monensin¥
Tetronasin® #7Fel] 9 3) C18:09 T+ 44 36%, 32% 181 36%= 3
A2FA=d, AAE Cl82,462 hydrogenationd #HoJstE G(+)FQU B
fibrisolvens®t Ruminococcus albus® 737 o] o] & IonophoreEel <3 A H
o272 FAh Ao TAHUE AR ®HW wEtA hydrogenationd] ©] &
H 5 YdE F2Y TRV 250 2H C182,69 hydrogenation®o] @ <o
W Ao w e A et dl

Callaway 5(1997)2 cellobiose®} Monensing 3 7}slel In vitro WA 714
(L-aspatrtate, fumararte, DL-malate)®] /ol v x|= FFS ZAS Az v =0
gk fr715kel ol gEol FketAth HA VFAQ F%=+& cellobiosed H7Heho =M
718 A, fr7]4ko] whe| gl olo) Al o] &% 7] el Monensin®l ™3dh lag time(<8 h)
o] 9JAt}. Monensin® #H7}= % VFAY HE+ ZF7leg o, 2 AhZ 29241 H]
a8kl om, Monensin?}t cellobioseE &A1l H7FstA & o, f7]4ko] o] &5
Z 2yl Ak Asko]l F71EF ) Cellobiose®t Monensin®] % 7F= ghAof oy
| EANA FF3FH, electron disposalol F3S F02Z MW [n vitro W FA] 1A
F714F wEo 9g3de F2Ar}t. Bergen¥ Bate(1984)%= Monensino] ®HE9

N
&*o.i‘i
fr = o o 1o

L&

M X (R do

Loy 2 rlo
o
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electron acceptors& A #3s}7] 93] HE AEwistttx 3193, Ionophoresi lactate
o] AAES JA st fF7]4ko] lactated] uptakeES AF=3dthar 31 T)

Masaaki 5(1989)] ¢]3}H Monensine W n| A E o] AWAarS W3tz 4= ¢l
thal s Th dRbA Q1 B ot A b 442 C15:0, C16:0, C18:0 1831 Cl18:19]
i, AEZFE Cl16:0, C180, C181 zgla C1822ld, 1 Hd g2 C150, C16:0,
C180 gz Cl81°] Z+7Zr 54%, 214%, 52.7% 18] 95%% UERoH,
Monensins #7FA]ol = C1803 Cl18:12] H|&o] #Ast= s Ao, Cls0 ¥
C16:0¢] vl &°] W= A= LU

&5 Monensing G(+)Q] Mo 1 7]%0o] HaH G-)TAAE 128 2
3l tHRusell, 1989). Hydrogenation5 4 H 78S M mzn) vhg golo A ] &t
SHA dojur g uteglols HolR st AET A Fe] Fx= ubeH ol AW
Zol gy om, oA AWake A s @sA7E AERSe AgH B
-oxidation©. & A HAF thA7E e Wyl wjiEolth(Emmanuel 5, 1974). In vitro
ol A Monensine 49 formateE AAdst= H oS A5 S, succinategt
propionates AJ/dst= wrH ol S wokwmo N wue] A 24ke] A
S FAAA7IHA SR 22922k A S F7HAFH H(Chen 5,1979).

Monensin®] F7}2 <& vy &2 WAtz A]o] W3lel= o], FEHoR w3
9] W hydrogenation®©] Monensin®l] €8] A5 7] wj&Eo]t}. &} Monensino] %
A hydrogenations AAAIZ7]&=A], ofyW FHAOR 4 S FAATIEA
= otz d# A A ¢td Marmer 5(1985)0 9]st¥ Atz ol 73 Monensine Hh¢
= SO A =S MSHAZ AL st = Monensings 5ol 24 Wl A
XA ALY FiFo] Al EH, o3& wE9] Wl hydrogenatione] A 3% A
e orete, w9 Wl wrE ol Aol JAl® A o] 9l

Karl 5(1987)8 Monensin® Lasalocid®] antimicrobial A4S ZA}E7] 98t K
o] TrE ggsua wFEgdoz wgAdS vt B ruminicola, S.
ruminantium 12]3L S. bovis SI> 32 Monensin & %= (40mg/liter) ol A = A &2 o]
gow wkHol| B flbrisolvnes, R albus. R. flavefaciens 183l E. ruminatium>=
A 429 Monensin(<0.16mg/liter)ol A A4 &o] A=A}t Chen 5(1979)¢] €7l
4] Butyrate-, formate-, 12| 11 hydrogen-producing ® |2} o}+= Monensin ©f| <3}
kol A WstE A ekskvh. 42| TonophoreZt wielol] H7HAS W Al E
AP AES FA2A I AY lag timeo] F718F1 3L, Bacteriodes rumincola® 13}
Selenomonas ruiminantium 2% 7 wWUsH S o 99 F Aol BFE ey
ol SHARE o] WAEES] s s AN A= Erh MEFde] K FETh

S7FE (79001 A 23.3mM) lag time =& AlES] A

iy o
o

ol

[
o
o|N
N
>
bl

o
H
=
)
2

(o3

il
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n Q&S] thaA Monensin®} Lasalocid®] &4 AF=(1.3mM)e K& 373 nl
FA A FrrstATE o] AFE B AELS KeErk w9 Ul Ionophore?]
antimicrobial &Aoo J3FS =o] FAxdrt AXL WY K %= protonsd &E3
ABo]l 9low Streptococcus bovisZol UolA Na'€ Monensinol 93 =%t}
(Russell, 1987). AZ 9] o]2% X% WM3E Jonophore? anitimicrobial®] Ao = 7F
FEoh

Van 5(1977)& oAy g5staES
Monensin®] &35 Zolr gttt FA4 o A
2Y 24 AAG Y F7F BEEHA A, Monensmoﬂ gk metgAd el A=
n A E] g S 54 =
uj Folch, AA v AE] A
HelslA] o wAE AT E&ES Lx]'ol'i(,\‘jr. Caselni} SHA| wl A
e s ASkAlA S

=2 = ol o

Bartley 5(1979)2 Monensin sodium, Lasalocid sodium, ~12]i niacin® H7}7}
In vitrol A W59 W ‘ﬂLﬁoﬂ o3t JIS v E=AE ZAFSA Y. Monensind
LasalocidE 11914 66ppmTTo2 H7Fstas w dwde]l o] TAaF Ak
176ppm<>ﬂ/\1—E ol Al s}A D}H”Z‘Q A] niacin A 7MAlo & i
g o] F 718 th. Monensin?t Lasalocid= WFF9 U] Z
AFrEE ZAAH S, Monensin®] 74§l w1t

_i,_
+ Ionophorex 7F2=AA S AdAAIA S niacin®

rulo
12
X
>
o)
o
L

ﬂl-Nnu:

o dAAe AA gy wHFe EIl. Monensing In vitrool Al vl Al HFE 9
A A4 WA vlwA FAF oM, v = 1090l XUrtH A5l 4.5ppm
oY Aol 2.6ppmo E 7433 tH(Donoho, 1978)

4

ANES TFd = #, Ionophore®| 3l Monensine ®F

o] = A n A EAe] WMEE FAL w uAl

i ]

¥ Aol 7bReEfel hydrogenation? £EZ
v o

g0 7)%5AAWA CLAY 44 48 = F 9

l
AlF o EH HP%%%"] HAT AFRAES Akl S

d

[

o} A

=

Ulo

ShA | o fE AR H7ME S FAWe CLA s=7F 7 Atk Zart
(Chouinard et al., 1998). Dhiman %(1999)¢] &2 55% alfalfa silage®} 45%

AIRE FHoFAY 2 AR AFE 3% FEo 2 F7F B+ Monensing 19

Ju L
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sh i o]+¢ Monensings sAlo] H7bste] wodlES w
b AbeE FAE 249 $4 U CLA S 27 94 g @ 53, 86, 68 2 89
mg/gol Akl xSt Zefuh AR AbRl o it o EE Ao mA wHE9
ol A trans-fatty acid®] &=7F 575 &8 (Borsting &5, 1992; Scollan &, 1997),
ol¢} & trans-fatty acid®] o] oluf® FAX W FAd Hld®H Ho=w HTH
(Wonsil &, 1994; Mansbridge$} Blake, 1997).

Trans-FA2] 79 o] w39 oA v Eo] <3  linoleic acid?]
hydrogenation 7oA A 5 =Kepleret Tove, 1967) CLAE A oA u$ o]
2 A4S ste ow dHAdp §, 1994). ¢+ CLA ko] Alm9 T/ %
= A#HA ZF(Jiang 5, 1996, Lawless &, 1996, Stanton 5, 1997), X 7}st= oil®] FE
9} FF(Dhiman %, 1996; Dhiman &, 1997, Kelly®} Bauman, 1996; Lawless %,
1996; Murphy %, 1995; Stanton %5, 1997) 5ol 93] detd 7tsAde] A= Ao=
HAE7|% 3+

kol A AA G e A 7F A Aol Y trans-FA = CLA AFH e @&
FHE dAE dFeR ARG Aoy olE EAE YA SRS AN Ao

ATk 53], olsk wE" A titEo] o= dF HAF HAxl=ol
AN E QS ¥ HbE¢] A E 9 hydrogenation ZH&o #3F 7| Z2AE (S &, 1997;
S H, 1998)5 AQdetars o= 7o AAE bk itk AE(FAE 2 A
NI A AHAL sl il Ado] dAS HAAed AR 47t &3 B
o, olglgt ZAE WAy AT VxdTe =8 ols BEY ANFES A=

71l =l A &3] i ofof gkt
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M 3 & oAprjLrd e 2 At
A1 A In vitro A1 A3

1. 9 A5 : v v A E 9 Hydrogenation Activity ZZo] 3t A (F50)

7F Ak Al o] gheEstE A oy A Fo] W uAEd o cis-
unsaturated fatty acid®%-¥] trans-11 octadecenoic acid(t11-Cig1) A4 3}

hydrogenation A=l 7| X+ &3

D A= 92 U

7h) WhE=$] o4 ¢

190l 5kgol S5 AFL P A(60%) 9 &FALR(40%)E 230 ZA HHETF w59
fistulaZ} %&2¥ Holstein 224 2725 H Alm 59 302 Fo 959 W&ES A5
Atk 1 & A3 oA Waring blender® 20%3F =
1279 7t 2 AHBA A, olw] CO; gasE flushing 3}

H]

MN
:

of
@ o
F

L) kel o) FHl 5owj ek

CO2 gasE flushing A WFE9] S McDougalls 913 EFH(1948)% 1:19] ®]&
2 &3l on, 4 (083, 1.25, 1.67 and 2.08%, w/v)2] 23 FIFALE 9} H3
H(Imm) o} A (linseed, L. usitatissimus) %+ AF(rapeseed, B. napus)E
0.83%(w/v) 22 600ml &3 wj¥No] EoJAd+= 1.8L culture jar(Figure 1-1)9l
gl 1 & 38 AA CO; gasZ flushing st o™, 39CY stirrer’} F2Hd
water batholl A 24A17t7hA] vl sl th(Figure 1 2 2). o]w] stirring &5 & 9
120 31k Ol FFAFR Cig-7Al ABAF 242 Table 1-1014 ®= #he}

= A2 Hg 236 33 wkEste] A H AT

t}) Total viable bacteria 4~ Z=A}
HjFol o] Aololi= ulElglol 42 Hungate(1966)2] 714 wiek ol uwhe} wl
& 12AF F 24N FARE A Imle] wiYFelS FHE TS Bryant and
Robinson’s diluting solution(1961) 2.2 10°~10" 7}#] 384393, non-selective

artificial medium(Scott and Dehority, 1965)¢] £+ roll tubed] 1mlE FHF3}o]
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39°C o] wiF7Iel A 5Lt v sttt

Figure 1-1. Culture jar for the Figure 1-2. Process of in vitro
in vitro study fermentation

Table 1-1. Lipid contents and Cjs—fatty acids of oilseeds and concentrate

Feed Lipid Composition of Cig—fatty acids
Components (%, DM) Stearic acid Oleic acid Linoleic acid Linolenic acid
(Cis0) (Cig1) (Cig2) (Cig2)
Linseed 34.04 2.75 16.9 139 59.2
Rapeseed 43.83 3.22 31.1 22.3 34.0
Concentrate 6.42 477 235 43.1 45

2 AE AR L 2A
wpopele wieF 3, 6, 12 % 2AAZAA 247 5ml 4 AFste]l gEUo}l FE

VFA B40 Ahgstgon, pH 9A 5A8 A SAst dryel Frel 4

=

d
F Fawcett®} Scott(1960) W o2 7 A 2lg th& spectrophotometer(DU-650)E ©]
L3l FTEE BA43AY. VFAS A9 wjgd 4mle} 25% phosphoric acid 1mlE
&3tslal o 7]l internal standard® pivalic acid € 9H4(2%, w/v)< 05ml H7}3 o}
S 15,000xgol A 1587 94523 & gas chromatograph(GC, HP 589011, Hewlett
Packard Co )= #A 3ot gk gk Akl ZHzE 200mle] widd S 4+ s}

[*]



AZE 3 ¥ Folch s solution(Folch et al. 1957)2. % lipidE F&3}
lipid= Lepage2} Roy(1986)¢] #H el wa} methylation A7 t& GCE
ol fused silica capillary column(100mx0.25 mm, i.d.x0.20pm thickness,

2
off
i)
c

ATt
=¥ A
34=3

Supelco, SPTM-2560; USA)< AF&3 2™, injectore} detector %% X5 250T
oA HFAAZH 2™ initial column &%=+ 175C(held for 30 min)P L I o]F = F
3 15C A 220C(held for 40 min) 7}A <Al AT Carrier gas®Z% ultra pure

helium< AH&-3FA

ol

EoAGZRE d2 AL SAS(1985)9 general linear modelsol wz} HA &b
A4S stlow, gzt H# 2= S-N-K Test(Steel and Torrie, 1980) W o2 n
WA Tk

2) A3}

AR FATbeEo] ofe] w AT el A wiFole] pHell A FdFeA= 2%
, linseed and rapeseed?] W% EFolA FIFALE MUl ES4E pHe ¥
2 A3¢S BAY(Figure 1-3). ¥E2 Yol 559 A% linseed and rapeseed E.FollA
At 2ol & HolA erdth(Figure 1-4). Aol Aol we} a2l1 5
5 H7MgEol Eolfd wE VFA s=7F Z7hEE 43S B tH(Tables 1-2 2
1-3). A =e} Zo] linseed(Table 1-2) 2 rapeseed(Table 1-3)cll A ulj &EA] 7o)
T FH7bFEel Eohyd wElk acetate(Cy) W&ol Fraw WHH
propionate(Cs) Bl &2 F7Feke A3dS Btk HE A2zt 7218 Aol JUAA R
7 =S FFAIE HIbFETAA Y Cs HlE&E linseeds 12A]17HP<0.029) B 244]
(P<0.030) 3t9<s w F7le Aoz Yt vl 244 H(linseed, Table 1-2) E&
1241 7H(rapeseed, Table 1-3)ellA &FAtm H7F o] molol whah wjefo) o 4t
glgo} % F7lste A4S Bt

F F7F9 oil source EFoA(linseed, Table 1-4; rapeseed, Table 1-5) ulj %A 7k
o] T7tgel wet vl Cigy, Cige R Cigs Hl&o] fHAaE ¥ Cigo 2 t11-Cisn
&2 7k A3FolAth. LinseedE WYdS 4% TFAIE 72 Cio B Cisa
A gl daetA ko BE wFAZE dolA FFALE Fao] Sl w
2t Cigz M &2 S7Fake A3l ¥ Cigs HIE&2 Wi 6A17HA] 3HAsiohrl 1 o]

T2E 7t A4S B tH(Table 1-4).

o
£ oo

)=

k

_36_



. e

PH

Oh 3h 6h 12h 24h
Incubation times

——A =8-B —=2a—C D

Figurel-3. pH of culture at various sampling times as influenced
by the addition levels of concentrate
(Concentrate levels : A, 0.83%; B, 1.25%; C, 1.67%; and D, 2.08%).

50
40 /
30

20 = —

Ammonia(mg/1

10 :
Oh 3h 6h 12h 24h

Incubation times

[+—A =B —=+C - D]

Figure 1-4. Ammonia concentration of culture solution as influenced
by the addition levels of concentrate
(Concentrate levels : A, 0.83%; B, 1.25%; C, 1.67%; and D, 2.08%).

a8y rapeseedE MUY wl= wig 6AIZMEA] HFAL
Cig29F Cigs Hl &2 F71sleE Aol tH(Table 1-5). & 3AF

=
L AgHoz 9o} rapeseed? 7

b
4

of AojAle] zto] - Hjeko] 3ol ulz}
t11-Cig1 H] &S ZradE= Aot (Table 1-5). CLA H &9 A4S =3x8 537
= e AFS BYEd], 24417 59 rapeseedS WS A9 M 2o HIAE
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A H]go] A3 2LAH(P<0.031, Table 1-5). RapeseedS vj %3S
FIARE FFo] wE c9t11-CLA H] & 2 Ao]l= Figure 1-3914] H& ule}

Table 1-2. Concentration, molar proportion of VFA and number of viable

Ttems Concentrate level” SEM? Prof?
0.83 1.25 1.67 2.08

3h

Total VFA(mmoles/100ml)
B51.77 57.44 63.02 64.37 6.759 0.586
Molar proportion(mmoles/100mmoles)

Acetate(Cy) 50.87 50.01 49.52 48.35 1.866 0.813

Propionate(Cs) 26.11 27.46 28.41 29.72 0.923 0.178

Co/Cs 1.95 0.83 1.75 1.63 0.126 0.432
6h

Total VFA(mmoles/100ml)
63.48 70.06 73.95 81.14 7415 0.482
Molar proportion(mmoles/100mmoles)

Acetate(Co) 49.81 48.93 47.98 46.76 2.011 0.746

Propionate(Cs) 26.38 27.46 28.93 29.93 1.055 0.247

Co/Cs 1.88 1.79 1.69 1.57 0.137 0.466
12h

Total VFA(mmoles/100m])
74.84 87.34 90.44 97.44 6.323 0.226
Molar proportion(mmoles/100mmoles)

Acetate(Co) 48.55 46.62 46.43 44.39 1.692 0.475

Propionate(Cs) 26.956 27.95 27.84 29.48 0.963 0.335

C/Cs 1.83 1.67 1.67 151 0.116 0.398

Bacteria (x107) 33.15 42.75 48.75 51.40 14.51 0.817
24h

Total VFA(mmoles/100ml)
87.16° 9430 10839 11537% 4276  0.023
Molar proportion(mmoles/100mmoles)

Acetate(Co) 47.62 45.95 44.74 42.46 1.785 0.347
Propionate(Cs) 25.79 26.81 27.59 28.55 0.808 0.241
Co/Cs 1.85 1.72 1.62 1.49 0.116 0.297

Bacteria (x107) 12.55 13.55 14.80 16.80 6.340 0.965
bacteria in culture solution when incubated with linseed

Y Means in the same row with different superscripts differ.
2)
Standard error of the mean.
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¥y Probability levels.
Table 1-3. Concentration, molar proportion of VFA and number of viable

Concentrate level” 2) 3)
Ttems 033 125 167 oog  OPMT ProF

3h

Total VFA(mmoles/100ml)
62.05 63.28 69.99 69.34 3.922 0.503
Molar proportion(mmoles/100mmoles)

Acetate(Cs) 48.62 47.87 47.34 46.41 1.155 0.628

Propionate(Cs) 26.85 28.05 28.96 29.96 0.816 0.189

Co/Cs 1.81 1.71 1.64 1.55 0.088 0.325
6h

Total VFA(mmoles/100ml)
66.71° 7403  81.14*  8360" 2314  0.022
Molar proportion(mmoles/100mmoles)

Acetate(Co) 47.85 46.60 45.60 44.37 1.409 0.443

Propionate(Cs) 26.79 28.02 29.09 30.10 0.683 0.096

Co/Cs 1.79 1.67 1.57 1.48 0.088 0.221
12h

Total VFA(mmoles/100ml)
5.1 92.97 97.08 102.67 6.140 0.354
Molar proportion(mmoles/100mmoles)

Acetate(Cy) 46.79 45.74 44.44 42.92 1.070  0.203

Propionate(Cs) 2658 2757 2850™ 2935 0.393  0.029

Co/Cs 1.76 1.66 156 146 0059  0.087

Bacteria (x10")  56.75 33.65 46.75 4185  21.20 0.886
24h

Total VFA(mmoles/100ml)
99.69 108.13 113.69 121.06 5911 0.216
Molar proportion(mmoles/100mmoles)

Acetate(Cy) 4517 43.80 41.81 40.13 1169  0.124
Propionate(Cs) 26.25° 2718 2751 2858  0.323  0.031
Co/Cs 1.72° 161" 152% 1.40° 0.053  0.054

Bacteria (x10") 12.65 22.25 4415 48.90 13.44 0.309
bacteria in culture solution when incubated with rapeseed

Y Means in the same row with different superscripts differ.
? Standard error of the mean.
¥ Probability levels.
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Table 1-4. Composition (%) of Cis-FAs in culture solution when

incubated with linseed

Concentrate level SEMY ProF?

Fatty acids

0.83 1.25 1.67 2.08

,,,,,,,, 3h [,
Ciso 26.31 27.14 26.67 26.82 1.373 0.967
Cisa 14.92 14.84 14.71 14.94 0.595 0.991
t11-Cig1(T)  6.03 6.72 6.50 6.80 0.855 0.916
CLA(C)” 0.43 0.39 0.41 0.37 0.043 0.811
T/C 14.01 17.44 15.84 18.40 1.881 0.463
Cis2 9.06 9.49 10.62 10.72 0.441 0.128
Ciss 26.27 24.90 24.49 23.59 2.343 0.873

________ 6h ——
Ciso 28.32 27.46 29.19 28.76 3.427 0.984
Cis1 14.33 15.79 15.12 15.60 0.683 0511
t11-Cig: 6.60 6.11 8.14 6.68 0.480 0.138
CLA 0.61 0.47 0.60 0.45 0.256 0.951
T/C 10.86 14.82 15.06 14.84 4.263 0.661
Cig 8.28 9.28 9.08 9.85 0.808 0.622
Ciss 25.35 24.73 21.03 22.10 2.449 0.593

———————— 12h ———————-
Ciso 39.37 38.82 36.10 37.68 5.885 0.978
Cisi 13.90 13.17 13.89 11.84 1.746 0.819
t11-Cis: 10.58 9.35 9.93 10.86 1.808 0.971
CLA 0.66 0.76 0.39 0.34 0.153 0.277
T/C 15.84 12.99 26.69 34.26 4.476 0.081
Cis2 4.94 5.90 6.71 6.42 1.010 0.651
Ciss 12,51 14.65 15.87 15.90 2.646 0.785

———————— 24h ————————
Ciso 41.15 41.03 38.06 41.39 1.295 0.348
Cisa 9.33 12.94 14.02 10.98 2.153 0.501
t11-Cus: 13.48 15.59 16.08 14.25 2.331 0.849
CLA 0.31 0.31 0.32 0.10 0.084 0.330
T/C 49.04 59.94 52.99 80.00 22.014 0.863
Cis2 3.69 3.56 4.13 4.36 0.646 0.803
Ciss 798 777 9.06 10.78 1.877 0.681

Y Standard error of the mean.
¥ Probability levels.
& cis—9, trans-11 isomer of CLA
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Table 1-5. Composition (26) of Cis-FAs in culture solution when
incubated with rapeseed

)
Concentrate level SEM? Pr>FY

Fatty acids

0.83 1.25 1.67 2.08

________ Bh —
Ciso 2747 21.27 30.17 30.16 2.676 0.784
Cis1 20.93 20.46 19.09 17.30 2.589 0.763
t11-Ciga(T) 3.60 3.63 4.96 6.28 0.572 0.077
CLA(C)Y 1.60 1.52 1.29 1.02 0.223 0.382
T/C 2.27 2.38 4.10 6.20 0.738 0.054
Cisz 15.39 15.85 14.58 14.15 1.110 0.715
Ciss 13.10 12.58 10.50 12.37 2.313 0.864

________ 6h R
Ciso 32.01 32.28 30.12 25.711 2.077 0.239
Cisa 20.75 18.88 1941 20.52 1.892 0.875
t11-Cig1 7.01 7.51 7.35 5.88 1.200 0.775
CLA 1.64 143 1.39 1.47 0.241 0.882
T/C 4.44 5.31 5.31 3.95 0.769 0.569
Cisz 10.72 11.35 12.58 16.02 1.019 0.069
Ciss 10.36 9.97 10.03 11.92 3.298 0.969

ffffffff 12h —————-
Ciso 32.29 33.28 32.34 31.66 1.307 0.851
Cisa 19.32 18.83 19.00 17.76 1.085 0.769
t11-Cig1 12.20 9.75 9.11 775 1.934 0.504
CLA 1.81 1.57 1.51 1.32 0.272 0.674
T/C 6.80 6.13 5.99 5.83 0.369 0.378
Cis 7.26 9.10 10.88 11.70 1.065 0.131
Ciss 8.09 8.69 9.13 12.47 3.204 0.775

———————— 24h ——————-
Ciso 35.98 36.18 36.15 33.17 1.078 0.276
Cis1 15.83 16.15 17.57 16.73 0.865 0.662
t11-Cig 13.81 11.92 11.45 9.83 1.515 0.425
CLA 243° 1.96 1.57° 1.28° 0.297 0.031
T/C 5.77 6.15 7.30 7.62 0.513 0.157
Cigz 2.74 5.27 7.16 894 1.180 0.075
Ciss 10.78 10.93 7.34 11.51 1.883 0.476

Y Means in the same row with different superscripts differ.
2)
Standard error of the mean.

& Probability levels.
& cis-9, trans-11 isomer of CLA.
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¢9,t11-CLA (%)

I
[

o

Incubation for 24h

(£0.83% N1.25% E1.67% B2.08%

Figure 1-5. Effect of concentrate level on ¢9,t11-CLA content in
culture when incubated with rapeseed(P<0.031).

3) oz

FEALE 9} oilseed?] 3] 2 Cig-= ¥ 3}A¥AHe] hydrogenation< Bj kel W X2
EXol7t A EAstA k7] witel & dAFelAE iy gbd Eoprte] #g-2l
Aoz Hth wgde pH(Figure 1-3), ¥ X2 Yol 5% (Figure 1-4) 1831 VFA A
A (Tables 1-2 and 1-3)o.&2 H|Fo] Hol HFEXHL F F79 oilseed EFolA &
IAlE o 9% oS wkon vl Tte] WE VFA F%+ rapeseed H.Uhe=
linseedol Al oha =2 Fo =2 Yty oleld A3+ linseedE X33 Hi gl o]
R O Wol o] Folx7] Wil Aow Bl

HjEA Zhol W2 t11-Cigr 2 CLA AAL oilseedES X &3l wjfdo] that %7]9
hydrogenation Aol waZA dojyxgt £& FIARE £ Cigedt Cigsel
hydrogenation Z3 Cige9 isomerizations ZFAAA AfHoezZ fA1-Cis
CLA(Tables 1-4 and 1-5)¢] &S oA 4" (11-Cisn 3 CLA W &2 &
SAlR HIF FFo] FUrEe wiEl ol pH(Figure 1-3) WlEQl Aoz HAt
CLA A%kl 2ol pHY &3+ Hughes 5 (1982)0 <3 vralxl uf &=t o] o
Butirivibrio fibrisolvens®] c9,tll-octadecadienoate reductase activity”’} &2 pHol A
2251 72-829 pH HYA maximum activity® HJthar st o] ¢ Hl <=3
A7} Kelly?l Bauman(1996)0] €3t A|d o2 RHE BESE v ZAE S 554}
F H[&o] 50:509014 20:80L.2 WIEAS 9 CLA 3staFo] WAt 3F
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t}. Chouinard 5(1998b) ¥ Kelly 5(1998a)2 thi-£9 CLAZ}F AlE W9 Ciga=2h-
H fFdlEdn 99 2 AT Aox CLAVF linsed® U+ rapeseed Hl ol A
o =2 4%S 1Y

Ao
AA -

H

L

d], rapeseed®] Cigz Ul & °] linseed E.t} O =Qkth
Aol Ay=E wFojrol WHEgE
t11-Cig13 CLA H| &L oj=

=

A3 Cis-PUFA<2] hydrogenation

4= 53,
&= oilseed®] Tt FFAIE HIbeEed o 9
< W2 Ao Bt CLAE Cise &l %2 rapeseedol X T #o] A4 AT
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L A Ayt 2AR) H7E o] v Al Eo] o3 cis- unsaturated fatty
acid25¥ T-FA A3 Hydrogenation %o v X&= &3

D A= 2 Uy
7h) wkELN el FH] ¢ oin vitro AlE 7FeF s E vk
) wiFeto] Ful 9ok
CO; gasZ flushing stHA ¥EY NS McDougalls ¢1F EF(1948)3 1:1¢] H] &
2 E3ed o, 3 3025 050 %2 0.75%, w/v)e I (Imm) ¢Zd AxE
600ml &% wjgdo] Hrrstdh of&e 43 )M (rapeseed, B. napus, 31.1%
oleic acid, 22.3% linoleic acid % 34.0% linolenic acid) & 0.5%(w/v) 522 8] %l
o] E9]9lE culture jarel 2tk o] Fo AL in vitro Ald 71¢} TAI HH o
2 AYstAn. wrEgde] v 9 g AH S Figure 1-6 2 Figure 1-6914 ¢ %
}.

e

o2 Zn

N

L
i

Figure 1-6. Straining process of Figure 1-6. Process of in vitro

rumen fluid fermentation

t}) Total viable bacteria = ZFA} : in vitro A& 7}e} TA3 W o] &
) A= AFH L BN invitro AE 7o B i ow B4

b)) FA A in vitro ANE 7 e By o] &

2) A3
g St Az H7F 5ol wdede] pHel @ EFshA ‘3}0}2 e
Hlgle] pHE T 95 A2 HAth(Figure 1-8). YEYol %= JA| i #F
of ogh J&gS WA okrh(Figure 1-9). &&3 FFo o 0355% A e Ao
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2 Yepgtoy gAY d3n HUbeEe] SR VFA vE7F thak SUbE A
A THTable 1-6). 6A1ZF7EA ] WA ZF= W& 2o B]ste] 12A]17F 2
247 7kl o] Cp Hl&o] F7FE(P<0.013~0.023) ®HA Cy ¥ &S 745 A vHP<0.02
4~0.049). vl 12A12F9] A9 &d3 FFo| F7HEhel| wep Aolol= BhH Elol
AasE 43S B tHTable 1-6).
Hj FA ko] F7hg ol uwhel il e] Cigo U t11-Cigy HIE©] F7}
o

1w Ce-—=
ESALA e Had AeR YyeistH(Table 1-7). €239 H7F 52 v 3
AlZbel A f11-Cign R CLA Ml tha J&Fstdd=d, ¢339 5o S7tgs5

t11-Cign &t CLA H] & & 723 s ZA3S Bt (Table 1-7).

Oh 3h 6h 12h 24h
Incubation times

—e— control —8—0.25% Alfalfa —&— 0.50% Alfalfa —— 0.75% Alfalfa

Figure 1-8. pH of culture solution at various sampling times

Ammonia(mg/100r

Oh 3h 6h 12h 24h
Incubation times

—e— control —— 0.25% Alfalfa —— 0.50% Alfalfa —%— 0.75% Alfalfa

Figure 1-9. Ammonia concentration in culture solution

at various sampling times

Table 1-6. Concentration, molar proportion of VFA and number of
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viable bacteria in culture solution when incubated with

ground rapeseed

Alfalfa hay level(%, w/v)"

2) 3)
ltems 0.00 05 050 05 OEMT PeoF
3h
Total VFA(mmoles/100ml)
58.26 60.10 65.53 61.13 2.593 0.361
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 4951 49.72 50.16 49.92 0.711 0.922
Propionate(Cs) 29.69 29.66 30.02 30.33 0.301 0.448
Butyrate (Cy) 15.17 14.96 14.39 14.20 0.450 0.464
Cy/Cs 1.67 1.68 1.67 1.65 0.040 0.948
6h
Total VFA(mmoles/100ml)
70.09 74.49 78.62 75.62 3.443 0.461
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 48.42 4891 4890 49.31 0.213 0.164
Propionate(Cs) 29.84 29.98 30.37 30.42 0.300 0.512
Butyrate (C4) 15.99 15.55 15.24 14.95 0.270 0.178
Co/Cs 1.62 1.63 1.61 1.62 0.020 0.908
12h
Total VFA(mmoles/100ml)
80.61 81.80 93.07 82.48 6.044 0.511
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 46.88" 47.78° 48.42° 48.21° 0.178 0.013
Propionate(Cs) 29.40 29.43 29.81 29.93 0.278 0.505
Butyrate (Cy) 1758 1683  1610° 1612”0273  0.049
Cy/Cs 1.59 1.62 1.62 161 0.013 0.411
Bacteria (x107) 63.15 57.80 54.95 47.80 51.45 0.997
24h
Total VFA(mmoles/100ml)
88.76 96.54 104.28 100.31 6.186 0.433
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 45.32" 46.53" 47.01° 47.00° 0.246 0.023
Propionate(Cs) 28.11 28.34 2857 28.77 0.237 0.351
Butyrate (Cy) 1844  1757° 1713" 1706 0199  0.024
Co/Cs 1.61 1.64 1.65 1.63 0.014 0.466
Bacteria (x10") 24.60 17.60 21.45 17.00 13.40 0.973

Y Means in the same row with different superscripts differ.

? Standard error of the mean.
¥ Probability levels.
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Table 1-7. Composition (%) of Cis~FAs in culture solution when
incubated with rapeseed

Alfalfa hay level(%, w/v)

Fatty acids SEM” Pr>F?

0.00 0.25 0.50 0.75

,,,,,,,, 3h -
Ciso 31.31 31.88 32.75 34.39 2.006 0.732
Cisa 17.05 16.80 15.88 15.28 0.639 0.313
t11-Cig1(T) 3.88 4.22 4.14 4.35 0.250 0.642
CLA(C)? 0.68 0.69 1.42 1.14 0.212 0.166
T/C 5.93 6.38 2.99 3.98 0.868 0.133
Cise 13.88 13.90 13.16 13.09 1.055 0.907
Ciss 13.69 12.18 12.89 11.30 1.261 0.623

________ 6h R
Ciso 35.23 35.24 35.30 36.03 1.957 0.988
Cis1 15.78 15.46 15.04 14.57 0.748 0.706
t11-Ciga 9.71 5.69 5.74 5.53 0.491 0.989
CLA 1.43 1.54 1.42 1.38 0.267 0.976
T/C 3.99 3.83 4.20 3.99 0.452 0.947
Cisz 10.27 10.34 10.20 10.20 1.600 0.999
Ciss 12.17 12.00 11.55 11.19 0.856 0.846

******** 12h ————-
Ciso 41.54 41.42 40.14 40.29 1.985 0.932
Cisa 13.75 13.60 1391 13.58 0.888 0.992
t11-Cig1 8.66 8.30 8.06 742 0.793 0.744
CLA 1.30 1.17 1.35 1.22 0.131 0.775
T/C 6.65 7.06 6.05 6.41 1.102 0.926
Cisgz 5.59 5.89 6.66 713 1.669 0.905
Ciss 8.80 8.96 8.96 8.99 0.791 0.997

ffffffff 24h ———————-
Ciso 49.79 49.29 46.94 45.00 3.840 0.803
Cisa 9.31 9.43 11.00 10.75 1.753 0.858
t11-Cisa 10.49 10.48 9.10 11.73 1.862 0.801
CLA 1.32 1.31 1.35 1.17 0.122 0.725
T/C 7.83 7.88 6.75 10.15 1.169 0.343
Cise 1.94 2.14 3.17 3.55 1.007 0.647
Cigs 5.85 5.65 6.03 6.36 0.820 0.931

Y Standard error of the mean.
2 Probability levels.
¥ Cis-9,trans—-11 isomer of conjugated linoleic acid.
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718 A VFA & FoRORE 435 Ax H7begso] S7hgel uE
& 753 EAo %o ik wreel Ao T HolE=d, 1 o]lfE FFALE 9} rapeseed
Fol BRE Aol AA Fdsly] wiolth vl 12417k A 9] FItE Co HE& HA
o .

dEH ol FE HAAZ AoRE YEEon ol A= AR A H Fol
of wel vhgglol Aol FHAFE = B a(Kalscheur %, 1997)9F A =] &} T},
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ol AL A E 7 W= u A 2o o3

5t cis—unsaturated fatty acid®%-E]
T-FA AA 3 Hydrogenation A =0l "X+ &3

7} WhE=9 0—11494 THl tin vitro AE 7Eek TLe W ow i
) wiFeto] Ful 9ok
CO; gasE flushing shH A wHE9 A5 McDougalls €13 EFH(1948)3 1:19] H|&

2 Egstdon, =39 600ml wjFHel 6g° @M FFARONEH 1%, w/v,
as—fed basis)?t 3.6g9] Ed3(1mm) °o}7FA (linseed, BN 9] 0.6%, w/v, DM basis)
T 2.25g9 WE &y dxol] FFAIZ obvukfr(linseed oi)E H7FakSTh o ¥
o MY #FL in vitro AlE 137 L3 oz sty 2 AlFo A= 12417k
Al whE v ekl

iii) Total viable bacteria &= FA} : in vitro A& 719 T3
iv) A8 AFH 2L X invitro A 13 593 W or X

(e}
v) A B4 invitro A1E 13 L3 W o] &

2) 2%

Hj kel H7te FFALE 9] lipid Eko] Eagh ARG A oilel HlEte]
Hog A2(0.18g) Zolet & F Ut} =2 A% 1.8¢9 lipid st gA] &
°H0.04g) €&3 Ax7F BT —Lj:ﬁﬂ‘%dr strjete ol¥l Awe #Fe YAl lipid
metabolismell ZA| F&FatA] ¥ ASRE oA AR Hgk vk o vkE29] R lipid
S A mlg S Aem % Eostal 54w AlFdiol A A
A Also= 29 H7b EdE0] BT 2EEO Qlo] o5 AW
A = Aot

Oile] 7t Fele= vlE £ A4 H7b= st pHE tha S5 v
12X 7kl A kR Yol & tha F7IAH oY AAA o2 wjdd o] pHeE Ry o}
To dgstA Fdth(Figures 1-10 2 1-11). vl A Zte] Ao wpet VFA &
=7b mobdlen, A oil W7k EAF FAN] ABFol Hlge] VFA sx=& #HA
A7l &l tH(Table 1-8). VFA 24 vl &l 3lof oil H7FFejo] e o
Rovt FA ol H7FE 18kl Cp H]&o] A F7FE Wb Gy Hl &S tA Fad
43S HATHTable 1-8).

Oile] #7F Fefell #HA ol mhF 1282744 Cige$t Cigs Bl & o] 74 E WHA Cigy
H &2 S7te 4SS HATHTable 1-9). #3138 AR sl FA4
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 Cigo, Cig1 2 Cigz &S 7M1 2 (P<0.0001~0.033) CLA H]&2 238 v
0} 21(P<0.0008~0.0032) Aoz e

7 -
—o— Rapeseed —— Rapeseed ol
6.75
L 65 -
6.25
6
Oh 3h 6h 12h
Incubation times
Figure 1-10. pH of culture solution.
30
= 25 —e—Rapeseed
= —®—Rapeseed oil
g 20
©
S 15
£
£
< 10 F

Oh 3h 6h 12h
Incubation times

Figure 1-11. Ammonia concentration in culture solution.
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Table 1-8. Concentration and molar proportion of VFA in culture solution

Type of oil source”

2) 3)
Ttems Ground rapeseed RSO SEM ProF
3h
Total VFA(mmoles/100m])
56.00 52.69 9.998 0.836
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 49.71 54.47 4.258 0.511
Propionate(Cs) 24.76 18.69 4.866 0.471
Butyrate 18.62 19.78 0.651 0.335
Co/Cs 2.01 3.49 1.121 0.450
6h
Total VFA(mmoles/100ml)
64.77 64.52 8.602 0.985
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 49.19 50.05 1.660 0.749
Propionate(Cs) 25.13 24.69 1.386 0.843
Butyrate 19.09 18.95 0.207 0.667
Co/Cs 1.97 2.04 0.178 0.804
12h
Total VFA(mmoles/100ml)
75.66 75.15 8.671 0.970
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 4851 49.08 1.479 0.811
Propionate(Cs) 24.83 24.32 1.273 0.802
Butyrate 19.76 19.96 0.115 0.354
Co/Cs 1.96 2.03 0.163 0.803

when incubated with ground rapeseed or rapeseed oil
Y Ground rapeseed, seed-associated oil; RSO, rapeseed oil.

? Standard error of the mean.
& Probability levels.

3) aZ
B AgoA FAF oile] ®3, 28] Cl8-&(E3}AW4Ee] bio-hydrogenation<
oS 124 9] THAR AHAIA 7] o] diFE wh g ole] gl Ao oA
Rtk wFd o] pH(Figure 1-10)¢F 4R yol F%(Figure 1-11) 1232 VFA A4F
(Table 1-8) 0. & n]Fo] Hol MFEAL oile] H7 e o] 93 J3S WA Fe A
o= Btk ey oilo] MR ko] A FUhE G H #AAaE G HEE ol
AN Iy Az FEAQ Ealet BAVE dE Aoz AR
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Table 1-9. Composition (%) of Cis~FAs in culture solution when

incubated with ground rapeseed or rapeseed oil

- T
Type of oil source SEM? Pr>F?

Fatty acids

Ground rapeseed RSO

,,,,,,,, 3h B,
Ciso 34.94° 36.58° 0.214 0.032
Cis 13.56" 32.35° 0.156 0.0001
Cisz 6.19° 8.98" 0.398 0.038
c9,t11-CLA 3.68" 0.89" 0.057 0.0008
t10,t12-CLA 0.38 0.39 0.143 0.966
Ciss 1.80 2.23 0.112 0.112

________ 6h —
Ciso 36.55° 47.80° 1.483 0.033
Cis1 12.37° 23.47° 0.916 0.013
Cig2 5.36° 7.62° 0.268 0.027
c9,t11-CLA 3.40 0.88" 0.100 0.003
t10,t12-CLA 0.23 0.40 0.062 0.193
Ciss 1.44 145 0.104 0.976

———————— 1%h
Ciso 40.99 51.13" 0.256 0.001
Cis1 9.14° 2274 0.415 0.001
Cis 4.12° 7.30 0.278 0.015
c9,t11-CLA 3.52° 0.90° 0.062 0.001
t10,t12-CLA 0.09 0.32 0.064 0.130
Ciss 0.41 1.23 0.214 0.114

Y Ground rapeseed, seed-associated oil; RSO, rapeseed oil.

? Standard error of the mean.

) Probability levels.

*> Means in the same row with different superscripts differ significantly.

B Ao A g W Cig-EX3AWALe] bio-hydrogenation X+ wil-$ w2
Aoz HAT(Table 1-9). o<} H]=s A A¥7F Ixd v (Song@ Choi, 1998;
Huang &, 1999; Wang¥} Song, 2001) 31t} AFE lipid= Cis-Tha & X 82 H4ke
hydrogenation®l] $tA ZajEojok st7] wiitol oil®] H7F Fej7F CLAS w39
ShAo oFgkst = gl Ao o AZt Kepler 5(1970)2 oileic acidE CLA®E H
A 7]=d &) 988 sl= &49 cl2tll-octadecenoic acid isomerase’} free
COOH radical& Z 8% gvka Baustfled, o83 42 isomerizatione] ¥ ojth7]

o
o

el lipid fraction®] 37} $ddv= AS A& T 2 Aol doix F
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A el vkl M oil Cis2l hydrogenation =& S7HAZow, Aydow
CLA®] #49t Cigo Hl&9 F7FS FEAIZH(Table 1-9). ol21d Ad= ZHT
Aol Hate] oile] HaE&o] HuiA o =oky] wWEel Aom o AT
Bk oy Kim 5(2000)2 Cig2 %7} bio-hydrogenations A &g wE ZFE3]
A &S AS uAEo] AFd Fo CLAS AAshA &2=val AT Ciseol o]
13- Al &3 CLAY sAAQ Aas 24dst7] ol A=8< Ak a9l
o2 BeAY wMF 271d FAA ollZ QIg Cige HE(19.9%)0] =43
Aol B (258%)0) Hlste] A om vrEomA(Table 1-8) 12A1XM7H#] =4
e AoZ WtH(Table 1-9). ZL#1t batch cultureZ4-E el o]
AL oil AYY retention timeel <9ES7] Wil oile] F3|MERE ofy
bio-hydrogenation?| M = & U3tAl UEtE 7 A=Al disiAes & LEA dA
o Aoz ol AY H7F FEIE in vitro CI8-EX A HAke]  bio-
hydrogenation, £3] CLAS] A Jgst= Aoz YeERE, o83 3= oile
Tl & AAVE e AR AAZY. e e FAAe HEE oil FES A
7hell Hlste] CLAS] A3 el A =%

o]
A
#
Els
g}
o
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2h, vjekde] pH7F HEFQu| A Eof gk
A4 7 Hydrogenation %o 1|3

cis—unsaturated fatty acidZ% € T-FA
b

rlr r

CO, gasE flushing '}Uﬂ/ﬂ HE= 9] NS McDougalls 91F EFH(1948)7 1:12] H] &
2 et o, E3E 600ml wlFded 6ge] EHAT FFARONFH 1%, w/v,
as—fed basis)?t 3.6g9] Ed3(1mm) °o}7FA (linseed, BN 9] 0.6%, w/v, DM basis)
T 30ge ¥ AKX (rapeseed, Bl FH ] 05%, w/v, DM basis)g 3 7}st ATt
nj kel o] pH(4.5, 5.3, 6.1 2 6.9+ 30% HySO4 or NaOH &9 8- o] &3}o] 208 3H
o7 s 2 vre] it =74 9 wgAAHL in vitro A8 13 3L Wd

2 AaaE B AN E 1203714 B wFatal

jue)
—
_'H_
offt
e
o
ol
L
o
fr
g
1

) Als A F EA L in vitro A3

@) BA BA nvitro A8 13 293 W o] &

2) A%}

Hj kel o] pH7F F7hg el wel gRYol wEE oA FUFE Ao ofukR Bl f A
A B5FolM pH 6.1914 7FE %S 552 Bt (Figure 1-12). W37} 7W R les]
pH 455 AlQlslile wigFAIzke] AojA ol e o] pH7E ool mel & VFA
s 3A F7rstdei(Table 1-10 and 1-11). o}ep® 2 Fai4] B 5ol A HH‘*C’U
pH7} =olxel wet Co Hl& 2 Cy/Cs ratio’} 74E HHH Cs B &2 S7FH ST

g oilseedE Y-S W vkl o] pHe wiFele] Cig-AAke] A 4
kit ol o] A9 pH ®$7F 45-5.3°1%1S Wl hydrogenating process”} i
ok Wb 6.1-69%9= A% Wi wEA I A=d(Table 1-12), ol g &
S FAM e Afolx= B=EATHTable 1-13). 38, FA4 <9 245 wjeked o] pH
Zobgol wel CLA Hl&o] S7HE o ofmps] mjdel A= CLAZE A9 &AH
o

_54_



8 8 &

Ammonia(mg/100r

(@]

| ‘m
|

Oh 3h 6h 12h 24n
Incubation times

‘—0—A+B—A—C D‘ Figure

1-12. Ammonia concentration in culture solution as influenced by the PH.
(pH : A, 45; B, 5.3; C, 6.0; D, 6.8)

3 1%
kel o] pHE 30% HoSOs or NaOH &9 o] &3te] 208 140z 249 A3
Ad dEd 7o A48 & AUtk EF FFARY lipid FFol stob FFAL
7 oilsced EFehi wleelel Aat 2ol WAL EHE WS 4L Ao v
5
HjF o] kYol s%(Figure 1-12), VFA A4H(Table 1-10 and 1-11) 183
Cis= A1 ¥2ke] 22 (Tables 1-12 ¥ 1-13, Figure 1-12)0.2 "] Fo] Hol Fuy o=

_1

o pH(45 and 5.3)= %4 pH 6.1 and 6.9)° v¥3te] F 79 oilseed 5
o /] W& % hydrogenation AEZE A A AT}t o]¢} o] pHel & s wkre

1

< oln] TxE HuodAk Wz Aow wiln w9 o] pH7F 6.0 ©

e
F S Bago] solm wEe) VAR R¥ P dgvks wa
( is

&

—1

r-{u:

Stewart, 1977). Kopecny ¢} Wallace(1982) T3k &3t dlggjole] vl

A4 pH W97F 55~7.0018a Hadk v ok AW 2 HFA] 6.0 ©]sf
oA ZAad ez &R vk v (Van Nevel# Demeyer, 1996).

C9,t11 CLA isomeri= 7F4 2% CLAZF & 4 A=d(Chin 5, 1992, Sehat %,
1998), 71 CLAE W9 vhg| g o} 9] 1somer1zat1on°ﬂ 3] =2 cis-9, cis—12 Cigo =
B A EY, AEHQ S ZEoll el trans-EE3HA Aol A ®l v (Harfoot 9F
Hazlewood, 1988). 7L CLAY® FAX & X3sk v Fdo A TR = o) ofups] o] Hj
Foaol = Ao BXHA ekgk=d(Tables 1-12 ¥ 1-13), o]2]3 @42 olnfiz o}
R E T ARl A Crge FHEFel O #=3k7] Wil 3o w2 Helth o]¢f zFo] lipid
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A5 C182 grFo] CLA AAte] wi¢ F a3t
A

Kelly &, 1998a). 18iv} 2 AF MM = trans-
AEFdE=, o] Kemp® Lander(1984)7} Z]Z—,fi 2 trans-AWAto] pathway &

2T Cigz 2 Cigz BEFAA AdE 5 A= A

Table 1-10. Concentration and molar proportion of VFA in culture
solution when incubated with ground linseed

o=z ®Helrh

82l #HtH(Chouinard
Fiko]l AR ef olwlx B

=N
o,

pH of culture solution”

2) 3)
Items 15 53 61 69 SEM Pr>F
3h
Total VFA(mmoles/100ml)
3459°  4225° 5270° 5538 0322 0.001
Molar proportion(mmoles/100mmoles)
Acetate(Cs) 55.82%  B177"  49.05° 4979  1.060  0.035
Propionate(Cs) 2765 2914  31.04*  31.30° 0428  0.011
Butyrate (Cy) 15.25 16.86 15.19 14.11 1.093  0.454
Co/Cs 2.02° 1.78 158 159° 0054 0013
6h
Total VFA(mmoles/100ml)
3444° 4968 6489 6845 1590  0.0004
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 56.10° 4829  4724> 4858 1393  0.032
Propionate(Cs) 2744 3081  31.84°  3205° 081  0.044
Butyrate (Cy) 15.18 17.92 15.76 14.11 1104  0.241
Co/Cs 2.05" 1.57° 1.49° 152° 0075 0017
12h
Total VFA(mmoles/100ml)
3495 59.07° 7935 7781 2195  0.0004
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 56.87*  41.83°  4582° 4794 1342  0.006
Propionate(Cs) 2708”3368  3157"  32.12" 1142  0.056
Butyrate (Cy) 14.77 21.49 16.86 14.00 1608  0.094
Co/Cs 2.10° 1.24° 1.45° 149 0053  0.001

b pH of ruminal culture was adjusted with 30% of H>SO; or NaOH
solution. Means in the same row with different superscripts differ.

? Standard error of the mean.
» Probability levels.
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Table 1-11. Concentration and molar proportion of VFA in culture

pH of culture solution”

2) 3)
Items 15 53 61 69 SEM Pr>F
3h
Total VFA(mmoles/100ml)
3728 4660°  5626° 5726 1.135  0.0007
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 54.90 51.14 49.26 4952 1535 0167
Propionate(Cs) 2340°  2593°  2736°  27.86"  0.246  0.0007
Butyrate (Cy) 19.39 19.68 18.09 16.96 1167 0.429
Co/Cs 2.35% 1.97° 1.80° 1.78 0.051  0.004
6h
Total VFA(mmoles/100ml)
34.80°  54.00° 6847  6894° 1141  0.0001
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 54.99 47.89 48.04 48.96 1401 0.061
Propionate(Cs) 2333 27.72% 2775 2865°  0.248  0.0004
Butyrate (Cy) 19.40 20.44 18.89 16.92 1329 0407
Co/Cs 2.36% 1.73° 1.73° 171" 0044  0.001
12h
Total VFA(mmoles/100ml)
3752° 6242 7888 7835  0.877  0.0001
Molar proportion(mmoles/100mmoles)
Acetate(Cy) 56.05°  4226°  4691° 4893  1.102  0.004
Propionate(Cs) 23.04> 3118 2767 2861°  0.760  0.007
Butyrate (Cy) 18.63 22.82 19.75 16.53 1325 0.110
Co/Cs 2.43° 1.35° 1.70° 171> 0044  0.0003

solution when incubated with ground rapeseed

b pH of ruminal culture was adjusted with 30% of H>SO4 or NaOH
solution. Means in the same row with different superscripts differ.

? Standard error of the mean.
& Probability levels.
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Table 1-12. Composition (%) of Cis~FAs in culture solution when
incubated with linseed

pH of culture solution”

Fatty acids SEM? Pr>FY

45 5.3 6.1 6.9
________ Bh -
Ciso 25.05 21.93 24.32 23.33 1529 0.563
Cis1 1425 1553 1532° 16.08" 0.213 0.016
t-FA 2.66° 3.74° 6.67" 8.69" 0.360 0.0001
CLAY ND” 0.03 0.08 0.06 0.052 0.743
Cis 13.05 13.04*  11.03"  10.08" 0.486 0.027
Ciss 2795 2978 2665 2520 0.701 0.038
,,,,,,,, 6h P,
Ciso 25.02 22.82 30.66 28.23 1.793 0.118
Cis 14.44 15.53 15.43 16.87 0.745 0.283
t-FA 277" 4.46° 8.18° 1057 0.785 0.007
CLA ND ND ND ND
Cis2 12.81° 12.49 875" 7.89° 0.376 0.001
Ciss 2755 2820  2153° 18.72° 0.752 0.002
———————— 12h ——————
Ciso 2592”2323  39.95° 28.98" 1.870 0.011
Cis1 13.93 15.09 15.52 17.44 0.632 0.070
t-FA 273" 5.33" 15.19° 16.30° 1.164 0.002
CLA ND ND 0.05 ND 0.027 0.478
Cis2 1271 1154° 4.95° 5.42 0.412 0.0001
Ciss 2721 27.69° 8.22° 11.77° 1.075 0.0004

D pH of culture solution was adjusted with 30% of H2S0O4 or NaOH

solution. Means in the same row with different superscripts differ.

? Standard error of the mean.
¥ Probability levels.
» Cis—9, trans-11 isomer of CLA.

¥ Not detected.
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Table 1-13. Composition (%) of Cis~FAs in culture solution when

incubated with rapeseed

T
pH of culture solution SEM? Pr>F?

Fatty acids

45 5.3 6.1 6.9
,,,,,,,, 3h R,
Ciso 40.08 40.91 36.38 26.44 3.807 0.155
Cis 13.25 12.88 15.07 18.36 1.757 0.252
t-FA 3.95 5.85 553 7.47 0.614 0.066
CLAY 0.80 0.79 1.12 1.48 0.206 0.200
Cis2 12.00 10.39 11.63 13.02 1.675 0.749
Ciss 8.19 7.59 10.68 13.59 1.906 0.249
________ 6h ———
Ciso 4137 4057 39.95" 24.45° 2.596 0.025
Cis1 12.62 12.24° 14.10° 19.87° 1.158 0.028
t-FA 4.08° 6.12° 6.93" 11.12° 0.442 0.001
CLA 0.70° 0.78° 1.18" 1.70° 0.093 0.005
Cis2 11.37 10.40 8.70 9.64 1.222 0.471
Ciss 7.41 7.73 9.62 13.08 1.226 0.090
———————— 12h ——————--
Ciso 40.55 40.29 43.05 32.64 2.194 0.099
Cis1 12.88 12.80 13.29 15.13 0.837 0.303
t-FA 4.04° 7.59° 9.98" 15.18° 0.354 0.0001
CLA 0.71° 0.70° 1.42" 2.01° 0.069 0.0002
Cis2 11.87° 877 4220 3.32° 1.002 0.012
Cig 7.54 7.34 8.54 10.98 1.019 0.181

D pH of culture solution was adjusted with 30% of H2SO4 or NaOH
solution. Means in the same row with different superscripts differ.
2)
Standard error of the mean.

» Probability levels.
by Cis-9, trans—11 isomer of CLA.

2 A7 A= FAN G del A =& pHZF CLA AAHS S7HZH =, 285
A (Figure 1-12, Tables 1-10 2 1-11)o. & w]Fo] Ho} 183 wg EAL wju
o] pHoll ¢e&f &S wol =ZaA oilseede] #al&3 ##Ho] = Ao HQ

D

Wang ¥ Song(1999, 2001)< ©3tE H7b5FTo]l =obge wep vrolxl pH ufit ]

oilseedZHE 9 Cigo WEE0] Yolxitt Btk Van Nevel# Demeyer(1996)

A2l 6.0 o3t 2] pH7} in vitro lipid &S 7FAAZ 2™, hydrogenation® & 91

sto] ¥ 5 Cigo7b 719 ®HAHA vt st =], oleld A4S 7] wFHA
}o

oA X B3| 7F 2 o] 49 hydrogenation®] - =2l Azt 3k
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18 a Incubated with rapeseed
1.6 -
S 14
=
Z L2 f OpH4.5
—
o 1t E pHS5.3
7
~
= 08 7 pHO.1
S 06 L G
e G pH6.9
Lo
04 Lo
’ G
000000004
000000004
0.2 ~ Vs
Lo
000000004
240044
0 9974

6h 12h

Figure 4-3. Effect of pH on ¢9,t11-CLA content in culture when
incubated for 6 and 12h(P<0.0002~0.005).

Ty ARl A el pH 23+ A CeteEXsiAiito=z e e CLAA
Zde]l pHel 93] AgdttE S 9uatA= &=th Romo(1995)E pHE 6.89 4
582 w&Eol Wt transOAWAte] FHAHJY YT Rk olygt Hughes &
(1982)2 Butirivibrio fibrisolvens”} c9tll-octadecadienoic acid reductaseE 3 3}3}
Ao T4 pH WHelelA L utelgole] Hdf #-&o] dojwrta st
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2. AF AE . WwF9 W s AAEASY AL F7HE 938 lonophore H7FE
79 (Zgd)

7}. Tonophore”} ¥HE$n A E 2] CLA A4t vX&= &3 I+

1) Inoculum &¢] &2 Al
A1 ol fistulaZt Als®d A S °F 55+5kge] Corriedale W& () 2
(e}

ol 4R G AERWE AF AL F 5L AL HEES A
SEL

2) In vitro vl A& 1

In vitro W %4 3dE Goering® Van Soest WH(1970)S <

15 WG ahe] A
N Ed, CO gas® MFANE AANT B Al nos WFAd )
NAA g flask(100mDo] CO,E A et Aol wAA oy A&7 vl

FE& N A& Table 2-10] A A nvpof o},

Table 2-1. Composition of medium used in the experiment.

50% =5+
25% macromineral solution (g/L)
NaHPO4 5.7
KH2PO4 6.2
MgSO47H20 0.6
25% buffer solution (g/L)
NH4HCOs3 4.0
NaHCOs 35

2

¥ 94 2% AFoEyE AR ALY WERS L1 EFstel 37

9] cheese cloth® A2 U3 1/AEE Hddg. AFHT YgAL CO; gasE
FAatHEA 38CTE FAAIR thg, B4 WB7E FHE 100w &F g flask
o ¢ A10ml, ¥l 40me et HEld &¢ZFEL(05g)S FY3 ttS, CO: gas

g Adsn WEE B
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3) AR AA 2L A W

In vitro W SA AL FA ARARS st F 2xke 24 b3 Zol
T o 5} Sl .

AR FA AABRAWS 5= H(Corn oiDE 3Fe], A W3 7}, Ionophore
D FHIEFe] 37 AHEE 2Fele] 2x2 aduxHow MHASAY. AP
= 1 dE7+AY F347F) 2) Corn oil H 7, 3) Corn oil+Monensin® 7} 7 2
3INT+E Fu AYY 2 eytE oz wjgS AA st Ionophore: Sodium
Monensine o]l A& = &3 Al A 40ppm+(0.80 ppm/ml HjFH)o =2 H 7}
ga, AMHENE 5%(AEVE) ez Agsdd. 4 AT flasksS 3
8T 150rpmo 2 XA &+ shaking incubatoro] A v kst HA 0, 6, 12, 244
T AR AE dEste] AsE AAGFALH, ARAMH B EAS
A & 6vrEoR FPArt. OAHA MEFEES SR 271CE dF
A daE AAANHOH, 7} AEE wYdE e VFA 2 X}*HX] Ak e
sl AT 2 AP R flaske] BAIWEE do] F7]o] =F A7
2 -27Co A WEAA F/HEEE A A #H P (LaChanda 5, 1998).

g B > N

4) A3}
7}) pH
kol So7k7] del 8% w9 pHe Hd 6548 vEwtow, v
A 53e thSolE 6.88% oF7te A5S Wt

1}) Volatile fatty acids (VFA)
ZE A gz Az d w5 SR A A AR Mol w=H o] W3t
= Table 2-2¢ AA=FAE. A& AW Z/EE Monensin®] 37} VFAQ
= % gt Wang 5(2002)2 B 5 A=

T sk ¥MoE 4Fs vAA
ofufel f HEi= ofmpel FAA LS HIES In vitro WSS AA P =, o
el feo H7ME F VFA T=7F #asdoy, Awad soods o4
Aol 7k vrEbub Al Fkthal Baustdenl, B A dAdE VEA A0 3l
of MuE AolE AT F At
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Table 2-2. Concentration of volatile fatty acids in the ruminal content of sheep
after incubation.

Treatment’
r 0 3 6 9
v
s |5 s |3 s |5 s |5
Tre| C | s M|y |E[C|s|M[g|E|C|s|[M[g|E|C]|s|M[y|E
M M M M

C, |63.3[63.01635(629]| 0.6 |61.0|59.6]60.2 [59.5| 2.6 | 63.0|57.9 [60.3]59.3| 2.8 | 63.4 |55.8|61.7|60.6 4.4

Cs 233[24.01235(23.8]| 0.8 |27.6/128.6/29.2 |28.6] 2.9 | 26.8 | 31.2 [29.7(30.3| 2.8 | 26.0|28.8|32.9|29.3| 4.1

Cy4 [135(131]13.0(134| 0.7 |11.8|11.4| 11.0 {11.9] 0.8 | 10.4] 10.9 {10.0{10.7| 1.1 | 10.7]10.2| 9.8 |10.2| 1.0

Cy/

c 2712612727102 23(21(21(21]|04]24(19120(20]03]20(26(22(21]0.6
3

! Treatment were control(C), soybean 0il(S), Monensin(M), Soybean oil+Monensin.
? Standard error mean.

B, 7t AT MFAE W o

y R

Table 2-30 A A] & ¢ t}.

2
ofy
oX
2
N
o%
=
e
oft
Lo
%
E
rir

t}) Octadecatrienoic acid (C18:3)
s Wl & AWt T C183 Aate]l Adu&= HARkHox dF
Ao Pridﬂ:rl o Mgt F9F Fe FF(P<05)SCE o] e  Monensin*
2 ) FH 92 Monensin® A 3ZFgo] o3 W= o)z ekgkr}. W) %kAH

o4

W FA R Ao FEakg, v ATk Monensin®] & 2E, 2e]an mfFAZE +
9
Z

# ArtTEe

AC)

2" + Monensin® 39435 280 93 CI183 F%H &

WeF 041 ) F I o] C1829] vjeEAl e Aol A g 4ouw oo
[©)

Al Zko] A3tsle] whEl C18:39] F%7F o3 o =2(P<.01) @5\—3}91 o oul A 7R

Aol Ao Ag wjFAIZE + AW + Monensin®] 3¢9 4328 aHELS F940]H

Frel Wk B %A 7 Monensin® A3 282 FoA S AYE HAFHPK05)S
Ak
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Table 2-3. Concentration of long chain fatty acid in dried ruminal incubation
content of sheep.

hr
3 6 9
F
s |3 s |3 s |3
Tt | c|s|M|g|E[c|s|M|[g|E|C|s|M|yg]|E
M M M

Cis0 3212132130434 11(33|11[03]|35]10]|39]09]09

Cigo | 373187360 | 185 | 2.7 [ 325183 | 345 | 185 | 49 | 349 | 189 | 343 | 168 | 4.3

Cigo | 225 [ 11.0 | 264 | 11.7 | 42 | 283|141 | 245 | 11.1 | 52 | 340 | 152 | 270 | 114 | 7.0

Cis

33 | 168 44 {149 ] 19 33 | 156 36 [ 176 | 15 | 31 | 169 | 47 | 186 | 1.0
C18:1
Trans ~
C 1.6 1.9 1.1 2.0 0.6 15| 24 | 37 2.3 1.1 26 | 56 19 | 114 | 25
181

Cigo | 100 | 375|411 | 98 | 22 | 98 [402 (376 | 99 | 22 | 91 | 311|316 91 | 31

Cigs | 89 [ 83129 | 87 | 52 [104]| 80 | 120 | 78 | 21 | 103 | 62 | 11.3| 52 | 28

Copo | 60 | 0813|0529 5710|2410 |22]09]| 1621|1507

con | 40 | 20 [ 49 | 27 | 155021 |62 |19 | 16 | 25 | 31 | 61 | 3.0 | 40

! Treatment were control(C), soybean 0il(S), Monensin(M), Soybean oil+Monensin
(SM).

2«
Standard error of mean.
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Hours after incubation

- C -®m- S 4 M e MS

Fig. 2-1. In vitro changes in C2/C3 ratio in incubation solution
after incubation.

Control(C), Soynean oil(S), Monensin(M), Soybean+mpnensin(MS)

= wj kA 7ko]l A }sto] whEl moenesinA o 9]3Fe] C18:39 72 89°] Monensin
TRl Hlste] Frbeke Aol AUATH 9AF Wi s = A + Monensin3
7ol A B A g el Hlske]  C18:39] FrAago] dASHA Frkeke= AdFol AATH
(P<.05). &Y A1l e] C1829 FT744&S HW Monensin A 27594 Monensin
A=l H]?S‘}O% Tago]l Ytk o= Cl1839 A4S S7het Ao ds X
2 Al g Hog HkE7EE=o] A1¢ " AE 93k C18:39] hydrogenation?]
ToAES CLA7} ol C182=A](Viviani, 1970), Monensin ¥z FE°] H]|s}¢]
Monensin = A g TEA YeEld AgFger e (Cl182 #A&L  Cl1839
hydrogenation ¥4 o] F7FAE<l C18:29] Fdeol =713k 9 7]23 A
2 AR A wGE W F AWAE T C183¢F C182¢] =4dH] hell 94 <l
#A#AA (r=-0.37, P<.05)7} AAJT. Ld¥td o2 Monensing A1 Hell H7e
X3 X H2E 9] hydrogenation®l ¢ 8l= Butyribivrio fibrisolvens 53 %+
o 24 e AES dAlse] Cl839 43t whgo] dAlH e Ao® Hiwo
$Foh(Viviani, 1970). 2241 Novel®} Demeyer(1995)0] A A1g A1 NS o] &3 In
vitro Ao 4 Monensin @ 7Fll &= E3al C18:39 hydrogenation< ™ &l H| 3}
of froAl AolE HolA &ttt webA & HAFeA YERYE Monensinel o] g
C18:39] #A &9 S7F= Monensin®] 280 9g Zlo] ol djFf+Monensin * 2|
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Tolxel dAs Cl83 A4S FT7IE 13l Monensine 37 ZAH7 & AL
2= A2 ¥ (Fig. 2-2).

Change (g/ 100g fat) of C18:3

Hour after incubation

——C ——-S —A—M ——MS

Fig. 2-2. In vitro changes of C18:3 in dried incubation media after
incubation.

Control(C), Soynean o0il(S), Monensin(M), Soybean+Monensin(MS)

2}) Octadecadienoic acid (C18:2)

Fig. 2-3°] =A]" nle} o] wdE W F= A ¥4 F linoleic acide] ZAH|= A
Ao diFf H7ATFEAA T ’i‘% ZbtEe HlEte] fFoHor =2 FF

(P<.01)E A8 21} Monensinx 2] 2 579 Monensin® A5 2&o 2]aA
Walx gEokth. @i WA te] Awate] wel Ao R CIR2 TEH &S §9
Aoz (P05l o= w g Bael mE nAEEo] 9% C18:29
s hydrogenationO] Z7lE 9SS ou st} E3] A TS Hoto] o A
gol o3le] C182 Fwn| &9 Wast fodoz eyt <P<05>, Hj <
gholl wheth o @7HL€A C182 =4M7F Hashs Wi, uiFf 72
e vlud Wsrb wuegdnh vk 0A17F A FE i) C18:29 Az <l
&5 Avny APyt 23P<0) 2 FEAE aA7HP<05) FoHeR v
ot A 7EAL C18:29] Ao tixtol Mldte] A Fskivh. 12

O = Orr‘
oo
I

sLod

i
of
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7 Monensin®] HREA QI 5485 A3 H™ Cl182¢ Fa&o] dFf2 Monensin
Aol A AgkA o m o FF wE A Ftel] Hlsto] vt ow(P<.05) Monensin %
= AT BHoe dAWAoR {93 = FRAN of 7 FUhskE AES ioﬂ‘:}
AP A A S Folgs AuEW wiFAIzte]l ARl wet C1829] F
7t Z:/\(P< 0Dt o ml A ZEa) A wbe] A5 =8 vl A7} Monensin®] 4% 2}
8 7t + Monensin®] 39 4&28S F94
= AY= 7ﬂ"fk(P<0 e Bt 5 txz79 45 Cl829 sk&
g knket Al Srhstohl wiF 9AIZEA Ol FHASar A A g
v WA Ze] Al wel ARlgE T M & FoE AASAT o]
e e d7AEe Bast dAs=d Wu 519Dl ostid C18:2
5 5 %9 3% 6% FTo2 9ol A %045}9?\—%
A9 1H°ﬂ’\1-°4 C182¢] #Za&ol 6% AgFolA FolAoz F7HEA
4 AW (Hussein &, 1996; 3 ), 1998)7 s =AAW (Zinn, 1983)< @7}5}
< w CI18:2¢] hydrogenation®] F7t¥ &S H i T Monensin 48] E3&
HH ™ Monensin @5 2] 1t Monensintt 5 A& FolAle] A Zo] F71s}
At o= oA Cl18: 3—4 74 9-¢} upz7ER] 2 Monensin®l €3 C18:2¢] hydrogenation
o] Sl ET = fFrA g o a3z Bt HAAR AW A o+
Monensin A & 755 HlJLOPME o wjFAIZE Al wE Cl829 FAgol AW
@5 Ay Ao fFodez FUFEATHP<0l). wEA diFf "7 Al Cl18:29
hydrogenation®] Monensin®l ¢]s}o] Zasfdess & 4 Ath(Fellner &, 1997;
Maemer 5, 1985; Zinn, 1988). Monensin< WFE7F=2] A1Y WA E XA HAE

g
G
o

ru,é 3@ > B o o

9] hydrogenation®] #oIst= Gram U T EQ Ruminococcus albus®t Butyrivibrio
fibrisolvens S°l SA4& L& 259 &4 2 AAS A& 5ol (Chen¥t Wolin,
1979; Dawson¥} Boling, 1987) &3 3}#| W45 ol gk hydrogenations < Al gt.

Linoleic acid®?} C18:3¢2] ZAIH| 7} FoH oz ZHasE AoR Hol e A7t in
vitro W Felgt sttt WE7EE Al A Wl mAEECd % EXIAAES
Fast ghgo] ufg- wEA Aoyl S-S BFa gtk oy AFRIE o A
A dFT w5 A AR ThERErE A& doju ExsiA ks
hydrogenation®] W27 At 319 th(Hawke®}t Silcock, 1970; Bates®} Jenkins,
1998).
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-6 1

Change (g/ 100g fat) of C18:2

- 8 T T
0 3 6 9

Hour after incubation
——C ——S —A—M —o— MS

Fig. 2-3. In vitro changes of C18:2 in dried incubation media after
incubation.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)

1l) Octadecenoic acid (Cis C18:1)

Oleic acid®] & AWAF £ Hl&2 AW o=m Ff H7lEdA v+ +
TE9 vty = o U (P<01), Monensin A& % <2 Monensing| 7
o3k W3l ol olA] Fkth(Fig. 2-4). wlFAIZE, wiFAI ) o] s a8 uf

SAIZEH Monensin®] s ztgo] yEe= Aol AAARE wFAIZE + A+
Monensin®] 3¢ 4328 371 F94 0 2(P<.05) YEST S al A ko]l 7 23k
o w2} Monensin A 8l FolA] cis C1&1% WY 6AI A F-E 5718 21 Monensin
FAFEAAE E FEA AR F7HF /e &9 Aol g 94
Aol cis C1819] X7k OAIZF w%¢F Hluste] & w F7Fetql o), o 7m0l A nk
Aaste Aol yEbyt ol trans C18:19 A9 FAFstel A gz el =
ol EX3}A H“}E‘O] stearic acid® 9] hydrogenation®] X3 =1 &S D3] F11
Atk AAZ wiF 9 ATHA tiEFo] Cl1802 F7H&o] EF A FE Hlste] =A
e o] & -ﬂ‘?:‘%]f?ﬂ 1 Y h(Fig. 2-4).
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Change (g/100g fatf) ofcis C18:1
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1] 3 i 9
Howur afier incubaton

——C —|—5 —&—M ——MS

Fig. 2-4. In vitro changes of cis C18:1 in dried incubation media
after incubation.

& b ¢ yalues in a row with different alphabet significantly differ at p<.05.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)

v}) Vaccenic acid (Trans C18:1)

Hj S E F AWAE F otrans C18:119] ZAH = Avbg oz dFHf H7FtEdA
Ff TS Bske feo)Ho2(P<il) & S BAt(Fig. 2-5). &9
Monensin A 2]ol] ¢&te] xAR7} S7hE = A3FP<05)S EATh s FA ko] A3t
shol wpel AW o 2 frans C18:19] AW 7| Fold oz F7ted=u(P<01) o=
C18:3¢} C18:29] FastRkgo] T A= o v g ﬁﬁﬁb—i trans C18:19] =
ul= Wi GAIZE + A + Monensin®] 3¢ s A8l oJate] dAA A FIFs W
o (P<.05). 5 Monensin @5 ] Al 8l 6A1ZHR ] trans C18:12] FAd 87}
Ao ol H A FAE B WA & A FEodAe wlg 9A A o FH X
ettt 53] dlFf + Monensin A2 79 A w9 AzkAl] | SE
trans C1819] =720l B} AHg+-5ol Hlste] dAGA S7HE At vigF 0 A HA
T O] trans C18:19] w¥lFAIZHE A4 S3H& E3 wjgAIzE + 2% + Monensin
o] 39 Azzgo osto] dAAI JIFP<05)S Wtk = dEzT9 A trans
Cl819¢ =+ Y 9 AzkAlel 121.50% S 7Fst A aL, o7 A& FolAe= g 3, 6
A zb o] AT 9 Azl g Al 287.79% % Z7}8t9ltl. Monensin &%

32

i)
=

off £
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A Al alF 3 AR trans C18:19] AA7F AR o vl 6 AlHA Ol 176% 2]
7S Bk o + Monensin A2 79 A5 6A1F MY g5 AZMA trans
C1819] #ZHa7F Aoy wiE 9AIZHAlof 662%<] < =
g5f A FEoNAE MY 6A7A trans C18:19] #Aa7F 42 F vl 9 Al
o ¥ F7HES B v AR FAYFEANAE AR E S
A s rme e P<0D). 5 FA gl ME A 6417 F<te trans C18:1
o] kAL Z o] A H4to] C180& hydrogenation®o] & dte] 3w gl
A Al trans  Cl819] tiFZQl  F7h&2 o AWike] CI80=< 2
hydrogenation®] A= A& 4AI%HC) Bates®t Jenkins(1998)&= Wi+
SRS W Ao ALY W trans C1819 T=7F o402 F7tetdas B
atlaL, Wu 5(199D) % -0 Hlate] Ak g #9-2 ALY W trans C18:
o] F7lete= AEF¥e EHausdth olAd v W trans CI819 FA &
sHAl FEH7] wWiol dojuve AoE FEAHA FHY
Cl829 +w%7F 571 A% trans Cl81°] Cl80=¢2 H3lo] AA| ¥ 7] uwjiLo]tt
(Jenkins, 1993).

o

—

iy
AN
o

hydrogenation®] &%

P

—

Change (mg/g fat) of trans C13:1

Hours after incubation
—— —=— 5 —— M —— MS

Fig. 2-5. In vitro changes of trans C18:1 in dried incubation media
after incubation.

% % ¢ yalues in a row with different alphabet significantly differ at p<.05.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)
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2 Ao e g AERE RS W trans C1819 S7F&9 S7Fe ] C18:0
o FUtEe] fAaste AEFS BET 5 AT wEkA oiFf H7bel 9 C18:29
29438 hydrogenatione] ol Aoz ATt Fig. 2-5914 HE ube} o],

Y ¢

Monensin F7FA] Bl 3A] 7 o] 3 trans C1819] Z7}7F YEbd BEH Monensin
FAEFAAE 9 A EF FERAHANE F7HE BT o= & Monensin 7}l
9Jste] (C18:29] hydrogenation®] A AFH U= «]U]{Hﬂr. Monensin @7}l 9]k
Cl18:2 % trans C18:19 hydrogenation®] A AL o] AFAE o5t H L

3 JTH Zinn, 1988; Nevel#} Demeyer, 1995; Fellner &, 1997).

Ab) Octadecanoic acid (C18:0)
C180(Stearic acid)®] Z/AH|= HWrH o2 diFf H7FFEANAN d+F FH/T
Sof H|sle] FoAHoRE =4O (P<0l), Monensin*# % W+ Monensin ¢

doAtgol o7 Wk fIdvh. Stearic acid®] =AW= Wi FAIREo]l FhSkel whel
o8 ow Z7h8h9 IL(P<.05), WFA 73 Monensin®] 4% 2§ (P<.05)9 o te] &
o] A ¢l kS Wkt wjkAzE + A wre] A5 g viAIZE + AW + Monensin
o) 390 JEggol 9@ Wahs AUk WFAITre] F7hgel wek Monensin H7Hs
C1809 =72 oA WA Monensin F3 7ol s C18:09 A &HH el =#o] o

K3

T
=
o
flr
Q
kY

AFAEe] AT AFJEF LAY Neveldd Demeyer, 1995;
Fellner &, 1997). & Monensin®l <2]3ste] B 32| W4FE5 9 hydrogenation®©] & #| %
o] C18:02] AA o] Aste Aol vd 0OAZF Al = thH] C18:09] s A+ Ao
A F7He FolE Ay uEd wjA| ko]l A3t whEl C18:09 Fx7)F folHoer =
7hekd o (P<.05), Wl FAI TE A ko] o ztgol ofste] CI8:09 %7 Fodo=
WA THP<05). 5 -+ H7F Al vleF 6417 o] Foll= C18:09] %7}7]' A4 5 A
Tk o Dﬂﬂ?"oﬂ"it ik 6 AIZI7EA] ZEAsioh wieF 9AIZA el A A SHAl St
AT o] 3 C18:09 F74&9 Weles AHoz EXFXWAHE9 hydrogenation?]
A3 =

Aol mE Aot & Hj A7 + AW+ Monensin®] 39 5289

e
ot
i
i
i
i
B
§2
;9‘
£
£
Q
iY
S

919 C180 F7&2|
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Fig. 2-6. In vitro changes of CI18:0 in dried incubation media after
incubation.

& b ¢ yalues in a row with different alphabet significantly differ at p<.05.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)

o}) Conjugated linoleic acid(CLA)

Fig. 2-7 Z=A]¥ uv}e} Zo] Linoleic acid® hydrogenation®] ¢]&te] A %=
conjugated linoleic acid(CLA, cis-9, trans-11, octadecaenoic acid)2] ®j¥E W =
A A 5 Z“‘ﬂ]b AvbA o2 diFf FHFENA tFf H7bEe Hlste]
Ao R L FEP0)olR e o= tiFi Hrtel o Az ujitol
X4HPZ,QE Monensin A& 234 2 559 Monensin® H32g #yo] 2ot

LA®] zx4n] Wzt il vl Al gto]l Aol wel dwkrdow CLA %44+
nTAZ% Z(P<.05) st = o= CLAZF C181 Al (cis ¥ trans CI81) EX
A YAE I} C18:0=2 9] hydrogenation©] &l &2 oV gkt

Conjugated linoleic acid®] ZAH]+= wl¥AIZF + A ¥ + Monensin®] 39 A5z
(P<.05)ell ofate] AA g Wsts BATh wjgAgbo] Aol wheh x4 A5
AlZE wieF ks 5 CLA Z2A408[7F S7FE ATk 9AIF mieF b5 Alel= 7hash
N7 Aol A= wiFAIZre]l B Fhel whEl CLAS £A4n8|/7F A4 o=
ATt

1

op

319
(EEON

R

<=7t

o
-
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Change (z/100 g fatr of CLA

-3 T !
0 3 6 2

Hour after incubation
—a—C |5 —— M —a—MS

Fig. 2-7. In vitro changes of C18:1 in dried incubation media after

incubation.

& b ¢ yalues in a row with different alphabet significantly differ at p<.05.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)

Lk dlFf 95 A Al CLAS] 248 7F v EA|tho] 7 #pshel whe} F7hsk whd
- + Monensin ﬂﬂ?oﬂ/ﬂ—t— 6A17F Wl S5 A

oo
)
=
o2
>,
Fi
o
o,
=
é
=
AL
olN
N
o
o
of
N
ot
rlr

=
.05 % E‘Rjﬁtq H F A ZE 2} 2 vbe] s A-8(P<.05) 2 v A Monensin
Gl e WSkth A bo]l B el uhet

o= %7} Al CLA«] S7h&ol A& S7HE v diFf FA T EANA = 6AKHA
of #Hie SIS B FH Sbee] ARV Aassin dA AEAE A Hotel
wE AL WelA e CLAY AAd ArE 43 d3do] Bud nprb A C18:27F
FHg ke A obukl - S (Kelly &, 1998) 3% A b+ (Lawless &, 1998) =]

/..B
A
o
)
o
lo,
ol
_&
_L4
_/H'I

A FAW U CLAY B Frbgel Radn ok 9o fAEHAA G4l
F fA% 0 CLA @3l 992 Ve 457 24 oms 4% W CLAY

(

o
i WSk ALfelA A, FaE FAMeRr EHlE Aom Holk: Fgsit
ks FA % W CLAS] S7F2 v]Fo] Kol C18:3 ol =2 AW Hol A Al
Yl CLAS] Aol F7ts= Ao ALsdth. Monensin H7F Al vl gA[ke] 7 73t
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of we} CLA®S s%=7F dAstA F7Fe "FH Monensin FA 2] FE0l 4= oY 64
Ao He FrhEed e H g 3 AR F7HER Ak A tE Monensin
o] 93 CLAS Z7}:= CLASY Cl180&9 ¢33k hydrogenationo] &Aoo =7
o] ® A¥olt}, Fellner 5(1997)° 3l Monensing C18:29} g7 A&ujdS 2

AletR S wl CLAS AA o] F718teh 2 Ao wdkE W C18:29F CLA %4
Hl 7rell oA el R AAdA(r = -04510, P < .001)7F A} 5718 HS  wj

9 A7 &5 Al 71E A FETE PR gE2FoA CLAYE 56.7% H4st
£ CLA°| W3l hydrogenation®] thEZFoAE Sthe vk 7]El A2 FolA e %L
HA5S e Fa 2tk Monensin A2k tlFF A g ol vlste] oiFf +
Monensin A & -l A 22} Fo] Ao A= &A|rt CLA® F7h&o] S7tste= A
B
ZF ks Wl CLAS Al AAbe] S AHEGS u dAvby oz wj A ta
el A AE(P < .008)0] ote] oAl ks wokth S wjFAIte] F7HEH

°

] R A i
of wa} CLAS AMNHFE AEHHow 2 Zow Z73h b tFf FAg FolAe
e S7HES Hoth W% 0 Az div] CLAS 78S vuste] Heks u wj<d

7 el whel CLAS AAtaFo]l F7hehe A 3H(P<05)<s HAT. vl Az
A "o As 2Ag-o gAX T B A7} Monensin®] Abs 2H8-(P<.01)9] ¢lste] CLA
2 Z7HEol fFod ez Wkl th(Figure 2-7).

b AA AR A &2

AE HdAA R HBHs w T+ HIRA AAAEAEY 2ol /YA
(P<01) ®Wete= As dFsHAtH(Fig. 2-8). Wi+ #
C15:.0, C16:0, C18:0 ¥ CLA¢9 -F=H|&o] #Ast HHH s C181, trans Cl181 %
C182¢] ¥ % H| &S F7Felqth ol& dad o= diFf H7HA divf l AgAt
=9 Fwdd oste] wigdE ol AAHAES Ao
C181 wx° F7F= C1829 Fweol F7stds W vehus dnkdel ditolt
(Fellner %, 1995). Monensin A& Al trans C181 ¥ CLA Tx7F F718te HdS
LI

- 74 -



E 10 -

CLA yield, mg/00
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Fig. 2-8. In vitro yield of CLA in incubation media after incubation.

% b ¢ yalues in a row with different alphabet significantly differ at p<.05.
Control(C), Soynean 0il(S), Monensin(M), Soybean+Monensin(MS)

Y. In vitro WA E 10

A22 WA FAA = A AFRAHS WA R (Cotton seed oi)E Fo, A
# -+ = Cotton seed oil, Ionophore ¥ Fd 7} 9 37 A8 & x3sto 2x2
adujA ez AASGAG. AgF= 1) 2+ AW F3H7) 2) Cotton seed
oil A7}, 3) Cotton seed oil+Monensin@ 7} +2 3/ +2 T AgF Z+ 6

wEom Wgs AAGGom, dviA 4PPe ALA G Ash 2k,

1) pH =7
FistulaE &3 HYEFAA AA 9 AES cheese clothE o] &3] o 73
5 pHE Aoy, Ay =33 He wld flaskel|l #5371 #Heo| pHE

2) Bl %A o] VFA(Volite fatty acid)e} XAk 24 =4
VFAS 42 7 AtdE e v & A8 bmle AFHs 1w 25%
metaphosphric acid®} internal standard® 1m¢<] 500ppm cyclohexane< % ¢
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2000xgell A 203 AR A vF A7 NS InE AFH sk FID
7} A2¥ GLC (Hewlett Packard 589011, 2m x 1/8” stainless steel, 4%
CARBOWAX 20M 80/120 CARBOPACK - BDA, SUPELCO Co., USA)E
o] &3t AAFHT, o]u) carrier gas®E NoZ 30psiZ FYA 71 GLCY #
MZAL oven =% 170TC, injector &% 200C, 18 i detector =% 210T
2 A3 FH, 040 ANEE FHIIA

kg Fo AN FAHE fstd -70CE d5 F dAxA2 v5,
1ml9 internal standard(Cigo, 4mg/ml benzene)E <33 % methylations
A A ST Methylations #1éte] Wedz A7 vl AR Igel 1.75%
methanolic H.SO4Z 15mlE 713 tt&, 80T water bathell A 608 7F 7149 A
71 & WA A, o]lo]A 2ml hexane¥ 15ml saturated NaClS 713 3|
2500rpmeoll A 1563 A8 Al71a, 4SS 0.3g9 sodium sulfite A 2 &
Sk tubeo] 10& 7 WA & GLCE vialdl &7 A HAE Ao o] 831

A2k A48 FID7F A #w" GLC (Thermo quest trace2000 series,
Supelco-24082 column)& ©] &3t A At Carrier gas® N2& 80psiz=
92712, Column flow rate® 5ml/min®] 1, injectord 2%+ 2307,
detecterd] &%+ 250TC, oven< initial temp. 50C, initial time 3min, rampb5,

final temp. 210C, run time 50min® ZZ+ A A 3} ¢},

3) TAEA
B g o)A AdojR datad] FAAZE 2x2 298] X H (Factorial Design)ell
o] A3 GLM(General Linear Model)9 repeated measures® SAST(SAS
Institute, Carry, NC, USA)E o] &3} 9 t}.

4) FAALF 9 dukdokaA 2 o xHRAL XA

HjFAl & o] inoculumE AFT W] FoId AR Auidokis BEAANS

>_]
)
o
@)
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A
=
2L
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ofr
32
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ot
fru
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ofo
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o
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Table 2-4. Nutrient composition of various feeds fed to sheep in the experiment.
(%, DM basis)

Items con?eiil(te;elltes alfalfa hay timhg‘;hy corn silage*
Dry matter 90.35 93.0 88.5 33.2
Crude ash 8.98 10.7 5.4 4.50
Crude protein 20.09 23.9 7.80 8.14
Ether extracts 5.16 4.40 2.80 3.10
ADF 19.88 28.7 42.1 28.7
NDF 25.72 39.4 71.3 51.3
5 A3}

O

Boujoka e o] e WA G (cotton seed oil) @ Monensin® H7lEHE BFsla
Zb AAlsk= Aol th Table 2-50 A A€l vpe} o] C18 AlG e A WAtES vl
A Zrol kst Al Ttel whel WMsE el AolE wo]F=9lth Table 2-5 % Fig.
2-9ol A H& vpe} o], C180 A Wabe vk &4 3] F7kete] 641kl #H L
X E Holi 1 o]FoE= A 7HAast7] A&t AW HIF9 Monensing]
7hE obF AR AHTFEHA @t wWste] v Ho, Cl8i1(Fig.
2-10)7} C18:2(Fig. 2-11)] 790l w2 tzTuo Fol A W ahete
538 tix79 Atele C181 % C182 A WAe: viF/HAl 641744 H-5=3]
Hel whHo] C18:0(Stearic acid)7} FthE oz AT 2] o
A=l & 7heEaol FA8NeS BHolFa gl ol WAR(CSO)

Monensin(MON)# W aate]  H7Fgk A el oA Wste] Fo] Fds] A&
7} 9lt}h. Monensin ¥ 2] £ W3} Monensin A 2] £ A2 C18:29]
92 AES HUtE AW JheEsidA fEld Cl83(Fig. 2-12)0]
Aol A C18:3¢] sk AZel C1829] §9lo] Zvlat °] slelg 3
1w, Bl I o= e v ok

ey Aol Monensin® A2 Cl81¥ C182 AWt §k9] FFAido] Aoz
3, AU os CI80 wwe Z7hEo]l = welxi AFoz wgol B o In
vitro’d &2 WA E o] ALRAINE WA 7= 4 AP E<E, Monensin®] &4

HHako 7

£ ARAY AAR et Fa5 WS At FFo

s

m&m

f
=

F

Broox nk
ot & A
o 2o
ol IHCG =N

o
>
il
i

oM.
Ol

N

rr

488 % 9l
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Table 2-5. Changes of CI18 fatty acids during the incubation with cotton

seed 0il(CSO) with or without monensin(MON)’

O

1l

TEI

=

=

(Fellner

C18:0

Oh 3h 6h 9h 12h
CONT 21.7% 28.73" 37.77 30.04 34.21°
CSO 13.92° 21.72° 25.84° 17.75° 24.6°
CSO+MON  12.26° 13.97° 14.9¢ 10.57° 11.92°
C18:1

Oh 3h 6h 9h 12h
CONT 15.28" 11.12° 9.28" 10.43° 6.56"
CSO 27.41° 29.7% 29.52° 32.68" 2717°
CSO+MON  2755° 28.63" 28.34° 2.6 29.08"
C18:2

Oh 3h 6h 9h 12h
CONT 21.44° 14.76° 10.23° 11.97 6.53°
CSO 22.89° 23.21° 20.97" 26.56" 2257
CSO+MON  23.01° 28.89" 28.51" 30.54° 2897
C18:3

Oh 3h 6h 9h 12h
CONT 2.55¢ 3.3 2.6° 1.96° 1.25
CSO 3.33" 1.86° 1.76 215" 247"
CSO+MON 376" 2.21° 2.42° 2.52¢ 2.42°
CLA

Oh 3h 6h 9h 12h
CONT 0.65° 0.87° 0.98" 0.72° 0.64°
CSO 1.34° 16° 1.11° 0.98* 0.7°
CSO+MON  1.69 248" 2.54° 2.75" 2.23"

! Control(CONT), Cotton seed 0il(CSO), Monensin(MON)

A A=A v
AgAE diH] C
FAIZE 6~9A ZbAf ol 74

_78_



13). WAFSM A2 oA ol wiske] 7154 A AL CLAS) Bxel gl &
gHoR we FES fANYOH, TR WP C182% FAF AFS B
o}, |24 Tonophore®] ol WFsIv ARl o3 Clg0Re] F2ArbNee A

= C °]
A7l el A CLAG AR S 72 & d&s & & st

b
% 20 ./;‘;/0\ X /()b

10 o 8

0 3 6 9 12 hr

—— CSO —@— CSO+M —l—con

Fig. 2-9. Changes of C18:0 concentration in incubation media.

;
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0 3 6 9 12 hr

—0—CSO —@— CSO+\ ——con |

Fig. 2-10. Changes of C18:1 concentration in incubation media.
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Fig. 2-11. Changes of C18:2 concentration in incubation media.

C18:3

0 3 6 9 12 hr

—— CSO —@— CSO+HV —l—con

Fig. 2-12. Changes of C18:3 concentration in incubation media.
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Fig. 2-13. Changes of CLA concentration in incubation media.
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3. A7 AL AR W AWH dE B3 f wAE dAd v FF
(T

7}. Batch cultureE ©]-&3F AW 717 obEn| A& diAbe] v x= Jgt
Individual bacteria (Steptococcus bovis, Ruminococcus flavefaciens, Rumonococcus

albus, Prevotella ruminocola brevis, Mixed culture) ©]-& 3+ batch culture 2 &

—

)Nﬁﬂﬂ

A5

ddyl AXE 7|FE2 3t serum  bottled] AL R iiﬂl‘ﬂi FH7
control(Ty), linseed oil(Ts), soybean oil(T3), sunflower oil(T)<S 7} 3 4719 A g
TE T3l 4x4 Latin square®-S ©]-&3to] 33}t Batch culture WH o2 39T
o #7IujFFA A wFES S ‘:} A4 oil A8]E Dong et al(1997)2] il
olste] Imm Wiley mill2 #33F $ 57|15 o]&3to] Atm Fo By FoAh 2o
= H7Mg AlE = 39 B 4TolA AREs7] A7bA Bk 5 A3l AgSkaiT g
o AFArEFy wE9 mAEdA 88 4 3+ Butyrivibrio fibrisolvens,
Ruminococcus albus, Fibrobacter succinogenes, ATCC w5 Z 79}, Holstein &
2o A %3t mixed bacterias 2 & ol Al-g3T}.

2) W9l 21# L Inoculum W]
Ao v AxzE fa B4 A B4 A% RS9 o] EAsta 9

X
WE&ES 449 cheese cloth®Z o33l B2 Hol 39CE #X sl AdA=
]‘jl_

2utsle] oAl @ 47 9] cheese cloth® O%TJr/\] HEZ=2j ol 509% 9 McDougall’s
buffer solution 50%°] ®Z (200g /¢)S &3 & 24A3F < oH] #jFS AT}
7a Wk = E}/\] 87 9] cheese cloth® A& Hj% ‘l—ir" NS FH3Fo] 25000xgol A

15870 458 F o)A wigdor A&ttt 2 wl$S 125ml serum bottleZ
0, 2, 4, 8 12, 24, 48 72 A+ wjgstdth. AFEwiX= Maczulak et
al.(1981)°] o] &3l b A uj kN Zof Mineral mix BE 20% =0 A] A&

WoAIZE (0, 2, 4, 8, 12, 24, 36, 72hrs) LEAA

7H Ag# W pH 54
AMES AFHste] pH meterg o] &3t 431
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) Alg# Y Ammonia-nitrogen (NH;-N) &4
AMES 1300rpme =2 ¥4#8 A1zl ¥ Chaney and Marbach 4] WOz

spectrophotometer& ©|-§-3}le] =73} %t}

o Alge U
B A FEAS A7 A
=

spectrophotometer=

=g
—_—

olin—ciocalteau phenol& 7} %

Z}) A& W Volatile Fatty Acids (VFA’s ) =3
/‘“%% 1300rpme. 2 A E2 A7l & @A A AA | metaphosphoric acidE

7} % Gas chromatography S ©]-&3to] =331t}

b Alg @ U M AEY opr| = 24
50ml test tubed] A& 40~80mgS S ¥ 6N HCIE AE 20mgd bml¥ FHsla
oF 587k Nltrogen gasE FHEAT FA4S TtF ‘1}0}*1 110°C dry ovenoll A 24

7+ A Aot 55C waterbatholl 4] evaporating?d+ § 23] A= SHSFZ HHE3lo]
244 3] Zﬂé’\] ZAth pH 2.2 dilution buffer® $]43}A v}, 18] 1 filterings}al o} =
AHEA 719l injectionsto] S TSR

v}) suspension fluid and bacterial cells®] #|¥AaF E4

R A2 S 913 bacterial  suspension samples 2204 3000 rev/min (2520g)
AAMNEE 9t 5N 7w bacterial cells®] A2 FZ%L Hara and Radin
(1978)2] WHol 7| z3tdth FE% XA ethanolol 2mle] 2mol 1-1 KOHE 7}
Stog A fa AWakd 71 BalE 1 50Co] 308 ¢t 7149389 th. Methyl esters
= 939 A mrthanolel 14% boron trifluoride®} &7 w3 T XA methyl
esters® GC #24& Jiang et al (1996)] o alA HAFE Wi =3t vt (. Jiang,
et al. 1998).

AR AR S] AR 24
Folch et al. (1957)¢] "ol uwe} A AL FZ39ch =% A2 Lepaged
Roy(1986)2] Wl w2} methylation &%tk Methylation® AlZES  GCol

injectiond} 4 ¢}

o}) At& % DM, CP, EE, NDF, ADF, Cellulose 3t# 4]
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A.OAC. (1993)9] W 2 Van Soest®} Goering (1973)¢9] W] =
=3

ol
2
Sh
1
ol
ol
32

4) A3 4
HoAEe 4579 wE9 v AEI mixed cultureE o]&3te] ZHzt g E ol
source?! linseed oil#} Calcium salts of palm oil (CSPO)S H7}ste] w9 wAl&E
of My EAHE dotr7] flste] in vitro A@el AAIH KT pHeF NH;-N3H,
VFAZ S z7] W59 mAE a5 digh A+ v=3 23E Yed At
(Hungate, 1966, Table 3-1). pH= Al Az FolA A4 FE& FAA 2 pure
cultured] A AA Aoz tth e pHS FXA 3G tHP<0.05). o9 #Z2 A¥+= oil
sourced7F7F WHES] wAlEel wEgE AAlste 9SS oA a(Czerkawski T,
1996a), T3k in vitroAl oA wHE A S 9% bichydrogenationZ® o] 743}
U dFA7e dAsE T Demeyer &, 1967, Viviani 5, 1968b; Hughes %,
1982).
nAEGM A ekl AR K o7 oil sourcesH BTl BAAE FAA glo] AT
v AEE YEUATE 53] linseed oilAH 7 EE WA =ZA T4 CSPOAE
Brh 2o AyE yYelygdEsd, o]: unsaturated fatty acidel 93 mAET9]
physic-chemical & #} ¢} 1] A& A ¥ o unsaturated fatty acidel]l ¢]3%F coating effect
of oaf mAEA AxHe JFS WA vAAEENAGAG welE e ow A}
F 5™ (Jenkins, 1993; Luvisetto %, 1987), CSPO° A4 2] v AZctuld g o] tha
7k Caol R AWAte] a3E vetd Ao Atg @ th(Galbraith 5, 1971).
NH3-N §H&e 2740 nAEA e oA o240 Ao]l& HEl e linseed oil
I} CSPOA el A 3= %31 (P<0.05), mixed culturedlA 53] %2 A3E HeEPNS
=d (P<0.05) °]+ inoculumuWlel] EAstE Ao BstEde] EA87] oz
AlEE % (Russell, 1998). Total VFAEZEF2  control oA FoHoz uyiotom
(P<0.05), oil source *#]TolA] acetate §r#Fo] A3 AeFS B A THCzerkawski
, 1975) 23y mixed culturedl A+ AA] x 2] A total VFAS#o] H]5=3F 7
Oﬂl’/} Acetate/popionate H] & & control7-ol H]3) & ZH4stE AIFES B
Ao AFEE WEn|AESo] AfARE e WSCS lactate, succinateZ
IWEFOE Al E o Wu 5(1991)e] ¢3}H long chain fatty acide] 7
Akl ofaf oA o® o]fo] ¥Ho] thiol VFAS COx& AAbst
g o %= B3l linseed oil A2 FolA  protionate?] ko
2wt} okt o] long chain fatty acidel] ¢& | AE g

19, 53 Adfradsdll 545 7 e wEendEse] 44

=

=

N

ok
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ro mlo

rr oo ol
m[o
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fu
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o
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ftlo

e Aoz AlgHErh S o]# et A= unsaturated fatty acide] H7FA]
propionate”} pyruvateol A AALE ] XAl st IFH A 02 methaneJA S J A 5F+=
A3FS Yeldtt(Demeyer 5, 1967, Table 3-2).
W“?ZVP]ﬂ@EW“ﬂ‘WﬂZW“}aa£0WHH%Wﬂ%ﬂ@‘%Q@%P]
o 7 Fheleu €181, C182 n69 CI83 n-39 =& F7FsHATHP<0.05).
MMM<MmmﬂH% oil AgFrolA fFejFowm AW FHeFo] Frlstlal 53
C18:1 cis, trans+= control7-oll H|&] o8 o2 =713 tH(P<0.05). Linseed oil*] &
To| A biohydrogenatione trans-C18:1 (41.97%) cis-C181 (54.97%), C18:2
(68.96%), C183 (50.78%)F o™, CSPO A7+ trans-CI18:1 (31.58%) cis-C18:1
(45.45%), C18:2 (59.92%), C183 (66.63%)S YEIHIATE ol¢} 22 A= HEA
2kl Megalacs A #latls 4 Cl80Fe] F7hstArhs Gulati 5(1997)¢] X
9} dX3d o™, Megalac # 8] A] hydrogenation®] H]&°] 47% AHE2] H|&o|UTH=
Bael vk A4S HAtH(Wu and Palmquist, 1991, Table 3-3a % 3-3b). C18:0
2 CSPOA] =& Aes Hoed ole WEnAdEd 9%k hydrogenation?}
folH HEd AoR AR AvH(Sukhija®t Palmquist, 1988; Ferlay 5, 1992).
HE=8u] A 5o 2] 3k biohydrogenation H]&< CI183>C18:2>Cl81 A2 YEILS
1 (Harfoot®} Hazlewood, 1988), W91 A& <] lipolysis®} hydrogenationel <J3l
FTAHEQl C182 stearic acid®} trans-octadecanoic isomer®] HEIZ EA3FA T
(Dawson¥ Kemp, 1970; Keeney, 1970). Ashes 5(1979)3 Gulati 5(1997)2] A&l
o]8td oil sourceX 7kl 2% in vitroAl B2 in vivoAlH R HFERAYE] <] gh
biohydrogenation?] H|&9°] &2 Ao Z Elv Wil ¥ AldoME e AIE

EFu AT

i
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Table 3-1. Effect of oil sources on pH, NHs-/N concentration and microbial protein
of incubation solution incubated for 24 hours in vitro

Streptococcus RuminOC(.)ccus Ruminococcus Pre\.lotella Mixed L P
bovis 26 flavefaciens albus 16 rum1.nocola culture SEM value®
17 brevis B14
pH
Control 6.51° 6.67° 6.57° 6.52° 6.60° 0.05 NS
Linseed oil 6.74° 6.76" 6.71 6.69* 6.71° 0.06 NS
cspo? 6.70° 6.71° 6.68 6.60" 6.64° 0.04 NS
NH;-N
Control 11.20° 27.34° 15.05° 14.19° 13.34° 5.62 ok
Linseed oil  33.65 33.40° 30.36 28.61° 2575 459 *
cspo? 32.92 31.57° 29.28 25.42° 2468 470 sk
Microbial dry matter (g/100ml)
Control 0.33° 0.13° 0.20° 0.26" 213" 0.31 *
Linseed oil 0.08 0.09° 0.18" 0.17° 1.03¢ 0.29 s
CSPO’ 0.12° 0.11° 0.09° 0.21° 1.05° 0.30 *

!Standard error of the mean.
and *** refer to significance levels P>0.05, P<0.01 and P<0.001, respectively.
Calcium salts of palm oil.

a, h, ¢

Mean in the same column with different superscript are significantly different (p<0.05).
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Table 3-2. Effect of oil sources on concentration and composition of VFA in
incubation solution in vitro

Strept . Ruminococcus Ruminoc . Prevotella Mixed 1 P .
rbe(I)jv(i)sC aEus ﬂave{%aens ural}llarboscOlc6cub ggglréo%)llﬁ cullt):ilere SEM value®
Total VFA (mmoles/100ml) :
Control 71.41° 43.08" 4375 58.37° 89.89 15.69 *o
Linseed oil 30.09 18.82 19.38° 18.60¢ 73.32° 1895 *
CcsSpoO? 21.07 20.71 22.94 21.20° 85.50 23.13 *
Molar proportion (mmples/100mmoles) :
Acetate
Control 60.73" 46.24° 46.47 64.45 36.78" 1075 ek
Linseed oil 21.34° 22.64° 22.70° 27.20 37.19 9.79 *
CcSpO? 34.60 33.90° 36.01° 30.85 35.11¢ 9.39 *
Propionate
Control 31.63" 4345 44.98" 28.88 25.79" 857 *
Linseed oil 77.97 60.57 59.13¢ 55.97 28 90" 14.37 *
CcsSpO? 30.52 4775 4551° 49.10 32.06° 8.16 *
i-Butyrate
Control 0.49 0.81 0.64¢ 0.53¢ 4381¢ 152 *
Linseed oil 5.15 1.28 1.24° 1.08 g-17 072 #x
CcsSpO? 10.28° 478" 3.88° 425 2.90° 1.67 *
Butyrate
Control 454 7.54° 6.19 485 19.29¢ 498 *
Linseed oil 19.59 12.59% 13.05 12.37 19.39 431 *
CSPO? 11.96 10.43° 11.94 12.97° 18.69° 3.61 *
i-Valerate
Control 1.67 1.07° 0.96 0.81° 9.63 306 =
Linseed oil 6.19 1.65° 2.12 1.94 7.42 240 ek
CSPO? 6.54 1.59° 1.31 1.32 7.65° 2.69 *
Valerate
Control 0.53 0.88 1.75® 0.48 3.69 112 #x
Linseed oil 10.31 1.33 1.70° 1.45° 434" 3.25 *
CcsSpO? 4.67 155 1.39° 151 3.60 142 xx
Acetate/Propionate
Control 1.92° 1.06 1.03 2.23° 1.43 061
Linseed oil 027 0.37° 0.38" 0.49° 4-29 037  *
CcsSpO? 1.13° 0.71 0.79 0.63" 1.10° 0.21 *

1a
,otandard error of the mean.

, and  refer to significance levels P>0.05, P<0.01 and P<0.001, respectively.

*Calcium salts of palm oil.

P “Mean in the same colum with different superscript are significantly different (p<0.05).
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Table 3-3a. Fatty acid composition of bacteria in medium C added control, linseed

Rumen microbes

gglt(% Source LS. < . R. . . N P. Mixed Q 1 .
rumlﬁ%lftum S.bovis 26 ﬂave{z}?mens R.albus 16 glérerglréo%)lli culture SEM value?

Control 0.16 326 0.49° 0.07 0.14 014> 110 *

C12:0  Linseed 0.27 427 0.83 0.20 0.24 032" 141 *
CSPO’ 0.22 3.96 0.75 0.20 0.24 028" 130 *

Control 0.93 591 1.24° 3.40° 462° 1.34 2.65 *

i-14:0  Linseed 115 761° 173" 4.90° 6.61° 171° 327
CSPO? 1.10° 0.85° 147 1.60° 1.93 1.39 1.05 NS

Control 0.77° 3.26° 278" 2.09 4.86 975" 365 *

C14:0  Linseed 1.15° 427 3.04° 2.32 5.43 1335 457 *
Ccspo? 1.43° 474 248" 173 4.86 12.34 4.33 sk

Control 5.32° 2.80 372 6.66° 7.8 397 178 s
i-C15:0 Linseed 6.58" 3.34° 5.04° 9.41° 13.03° 550" 312 *
CSPO’ 5.98 2.64 1.13° 7.32" 1071 476" 310 *

Control 1.70 3.42° 3.65° 6.80° 7.03° 591  1.88 *
a-C15:0 Linseed 2.36° 412 541° 9.80° 8.92° 892 2.90 *
CSPO’ 1.86 365" 489 8.20 7.69° 7.90 2.63 o

Control 9.98 357 4.36° 4.21° 5.05" 9.38 3.18 NS

C15:0  Linseed 10.91 15.85" 6.88" 5.72 8.31 1151 357 NS
CSPO’ 713 13.75° 6.09” 5.65 7.83 9.84 3.13 *

Control 115" 047" 248" 268 2,69 171 127 *
i-C16:0 Linseed 8,06 12.35 7.44 6.17 363" 628" 298
CSPO’ 757 10.10 6.73 5.36 2.93" 550° 269 *

Control 6.58° 13.60° 552 764 245 633" 354 *

C16:0  Linseed 18.31° 22.22 876 15.06 13.03 13.26 453 *
Ccspo? 11.46° 20.82 8.42 13.03 11.75 11.14 4.40 sk
Control 267 354° 167 2.31 1.08° 467 1.36 *
a-C17:0 Linseed 2,68 721° 2.89 364 4.04° 475" 202 *
CSPO? 347 5.31° 341 2.81° 6.14" 6.21 154 *
Control 178 408 2.84 1.76° 207 531 143 *
i-C17:0 Linseed 2.47 7.21° 247" 218" 403 795 253 NS
CSPO? 462° 364 3.04 2.83° 6.72° 5.27 1.37 NS

btandard error, of the mean.
and refer tq_ significance levels P>0.05, P<0.05 and P<0.01, P<0.001 respectively.
@lglugn salts of palm oil.
Mean in the same column with different superscript are significantly different (p<0.05).

oil and CSPO after incubation for 24 hours(g/kg DM)
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Table 3-3b. Fatty acid composition of bacteria in medium C added control, linseed
oil and CSPO after incubation for 24 hours(g/kg DM)

Rumen microbes

Fatty

. Source S. R. P. :

acids rumiﬁell)nftum S.bovis 26 flave%ciens R.albus 16 rtégzliinsocola Mﬁiﬁ% SEM! Vaﬁlez
Control 347" 5.31 341° 2.81° 6.14 621" 154 *

CI17:0  Linseed 7.46 13.05 6.73 7.22 10.85 10.12° 335 *
CSPO? 4.82 894 451 467 3.45 12.15" 3.35 sk
Control 554" 785" 545 7.02 717 12.34° 2.80 NS

C180  Linseed 14.42 2152 11.35" 1254 14.91 18.62 3.70 *
CSPO? 13.65 2051 10.64™ 12.48 13.64 17.10 317 NS
Control 6.41° 256" 293" 1.40° 7.88" 915"  3.08 *

CA8 1 Linseed 1321 11.89 737 5.78 1255' 1682 405 =
CSPO? 12.77 11.34 6.46 5.13 11.18™ 15.39 4.14 *
Control 5.81° 9.09 241" 1.96 0.19" 693" 436 o

gsl 81 Linseed 13.87 15.15° 7.10 6.08 11.28 16.59 4.20 o
CSPO? 13.32 11.03 6.35 5.42 10.57 15.16 3.69 ok
Control 2.14 715 1.62° 1.67 1.79° 439" 194 *

C18:2 .

5 Linseed 2.36 9.79 3.72° 3.40 345 813 2.69 *

n- -
CSPO? 225 9.32 256™ 2.81 3.16 7.99 2.79 *
Control 587 12.82 143" 0.95 2.31 425" 406 *

C18:3 . .

5 Linseed 15.68 29.84 361 2.32° 5.00° 9.20 9.30

n- -
CSPO? 14.64 28.90 331 1.99 3.16 7.99 9.21 ok
Control 0.99 0.70 0.26 7.48" 0.85 425 253 *

C20:0  Linseed 1.32 0.85 0.53 10.09* 1.04 8.46 3.83 *
CSPO? 1.04 0.62 041 9.02™ 0.66 2.96 3.09 *

‘I)Stangagg error of the mean. )

;NS, ., and refer to significance levels P>0.05, P<0.05 and P<0.01, P<0.001 respectively.
“Calcium salts of palm oil.

& > ¢ ®Mean in the same column with different superscript are significantly different (p<0.05).
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. Continuous culture® ©] &3k A H717F W9 u| A& thAale] vl X &= F gk

il
FU= 2 Iy = 24*]@ A& H O}U% w2 1293 AAE A Wik 9L 7kA

L AL te g sta, 10958 1297FA = main sampling period® 3Fo] #4 23}

S
= Ab&etaith mhA R 3 FQb 09:0000 A FTFe] EAell ARSI AU R A2
Wa2 F71el control(Ty), linseed oil(Ts), soybean oil(Ts), sunflower oil(T)E %7}
3 47§e] A2l7E ol 4x4 Latin square™ & °]83to] 33}l

2) B9l A3 E Inoculum FH]

AR Mg AxE el =AM =4 A5 w9 el EAsta U
WEES 489 cheese cloth® o] #}alal, B2Wo] ol 39TE fAdte] PR
=REete] thA]l gkl 44 9] cheese cloth® o] Al A AL YRS A A & 6l Fg=] <]
/7] ol ¥o] HAFS HAAsHA

3) Continuous culture system <&

E Ao A83 wdS dual phase flow rate incubation system 2 =2 A particle
phage®} liquid phage?] flow rateE 60:409] W] &= Z43} 2™ peristaltic pumps
ol &) &7 ¥rog wiEAZItk % buffer?] flow ratets A7 5% % ZA33
Buffer+= 60:402] W& = 343 McDougal buffer (1948)5 A3}, 70ml/hE &4
3t al, 30ml/hE filtered effluentdtth. & A+ 2389 Imm screen® =

FA & HAAZ metyl cellulose (10g/kg)E o] &3t How WE 3 ALE
sttt AtrE dE AR 28¢ DM/dayS s #o71E o] &dto] &7] ¢tem Fol
s

8 A5712t 2 main samplingZb4] " oF 09:00¢ FAR1E AFE-3F

Fole AEYste] FHSA (48 19 AFUHER FUY
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Continuos culture AlgS 3 Alz2e 229 AW H7F F pelleto 2 31o] ALE-3
A THTable 3-4). pHE= I #A¢ Hl=d A3dS Bom, HAFozE w39 A4
pHE YEMHA L, control oA 7 w9kth Oil source # & oA & sunflower oil
A FAA i =& BFS HERA=(P<0.05), sunflower oil®] 4% ©& oil
source H.T} unsaturated fatty acid £ C183% %ol 7] wjFE oz AlgI oz}
(Harfoot and Hazlewood, 1988, Figure 3-1). NH3-N 32 HAA A o2 o1l A& Tl
A Zpol7b gl o, control7roll A EAIA FolAd glol vAa =2 A4S HEUA S
o (Figure 3-2), I ZAIolA oil source H7A] AAH oz Wt uAE Ao 7
Aol o8 NHy-N3+Fo] tha S7hste Aael vjszgh 43S vYeddo. mAdsd
WAs e AA wjd717E F9F control ol A A ¥ AEFS Bl oil sourceX
oAM= soybean oil 7oA 942 Aol= glo] YA =2 AFRE YR Y
(Figure 3-3). ©]9} & A= soybean oilo] Aol AFEE tFE oil source®.t} Tt}
2 =2 C18:29] shaFo] AT AAH oz thE oil sourceR Ul WU A& A
ol Wato] & GFS v wkFe] o] ofd Ao AsEHKelly 5, 1998b).
Total VFASHHLS control ¢} soybean oil 7oA t4h &2 AdgdS B (Figure
3-4), A/P ratiox control7-olA FYFHow o FIFS e AEHE(P<0.05,
Figrue 3-5), °]+ Madron 5(2002)2] HAAQFE o] &3 AlFAA REFAH|AE |
9]¢l biohydrogenation B]-&3} wAZ T a kA gFo] FrtstAvts Riael dAsA
I, T HA N il 7F &3 v)szsk des et 2-2 A2+ oil source
9] fatty acid$t= % unsaturated fatty acid:= sunflower oil * 2] oA 7F4 =9ko
W (Table 3-5), AAALE 9 fatty acidd= T3+ v]Z=3t AxE el it (Table
3-6).

g 5 & vl upxr 39 F<k] suspension fluid®} vessel contentoll /\1Q
bacterial cells®] A ®4tF 3&F2 sunflower oil A2 FolAl C1803 C18:19 F&Fo]
oA Aol §lol 7MH o, C1829 74§ vessel content] o] W A&kl
9] C1829 &L FogH oz =tom suspension fluid e vl ENAHE F29 %<
ZFo] §le] soybean oil A FellAl Eokil, C18:3%% wek Hlzeh AdS ettt
(Table 3-7). °o]¢} 7Z& ZA¥+= C1827F Wol] A3l U+ soybean oil A&7 o
& oil source A g|7-oll H|gto] whEeiu| Azl o3 C182¢] oh&Fol FofsiAl Hast
A &= v} Enjalbert 5(1994)¢] H ¢t A X 3t%t}l. Biohydrogenationd W&
sunflower oil A2l A 714 =A debge=d, dA A oA suspension fluid
el rEF9] mA=ol A C18:09 e oA Afel7b gllou CI833de] #H4

ol
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Table 3-4. Formula and composition of experiment diets

Ingredients Treatments
Control SBO RSO SFO
,,,,,,,,,,,,,,,,,,,,,,, % e
Rice straw 55.00 55.00 55.00 55.00
Beet pulp 3.00 3.00 3.00 3.00
Wheat bran 13.20 7.20 7.20 7.20
Corn ground 3.00 3.00 3.00 3.00
Soybean meal 21.00 23.00 23.00 23.00
Soybean oil 5.00
Rapeseed oil 5.00
Sunflower oil 5.00
Wheat ground 4.00 3.00 3.00 3.00
Dicalcium phosphate 0.11 0.11 0.11 0.11
Limestone 0.49 0.49 0.49 0.49
Salt 0.20 0.20 0.20 0.20
Total 100 100 100 100
Calculated composition
Dry matter 91.71 92.22 92.22 92.34
Crude protein 13.80 13.64 13.59 13.61
Ether extract 279 6.59 6.59 6.54
NDF 48.8 459 45.7 47.2
ADF 26.6 25.8 26.4 26.9
Crude ash 10.12 9.76 9.76 9.76

U Abbreviations used: SBO, soybean oil; RSO, rapeseed oil; SFO, sunflower oil.
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Figure 3-1. Changes in pH by the addition of oil

in continuos culture system

20
—@— Control

— 184 —O— SBO
_EI —¥— RSO
o —/— SFO
o 16 4
=
=]
E 1]
c
k]
=
g 12 4
c
8
g 10
o
(8]
z 8y
o
I
4 6 -

4 T T T T T T T 1

Incubation Time (Days)

Figure 3-2. Changes in NH3-N concentration by the addition of oil

in continuos culture system
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Figure 3-3. Changes in microbial protein by the addition of oil

in continuous culture system
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Figure 3-4. Changes in total VFA by the addition of oil

in continuous culture system
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Figure 3-5. Changes in A/P ratio by addition oil
in continuous culture system
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Table 3-5. Fatty acid composition (% of total FA) of rice straw and oil sources

Fatty acids Control SBO RSO SFO SEM'
C8:0 (caprylic acid) 7.04° 0.01° 0.00 0.03" 351
C10:0 (capric acid) 2.35" 0.01" 0.01° 0.02°" 1.17
C16:0 (palmitic acid) 29.98" 9.87" 467 6.39" 0.38
C12:0 (lauric acid) 0.80° 0.01° 0.01° 0.12" 0.59
C14:0 (myristic acid) 1.26" 0.09" 0.06 012" 11.70
C16:1 (palmitoleic acid) ~ 3.02° 0.10° 0.14° 0.12 1.45
C18:0 (stearic acid) 6.90° 3.92% 0.35" 3.68" 2.68
C18:1 (oleic acid) 25.77%" 21.51" 57.93° 26.16" 16.86
C18:2 (linoleic acid) 12.76" 56.02* 2489 61.76" 23.77
C18:3 (linoenic acid) 0.94" 7.45° 9.92° 0.38" 475
C20:0 (arachidic acid) 4.05° 0.40 1.34% 0.27° 1.76
C22:0 (behenic acid) 3.22° 0.41° 0.34 0.69" 1.38
C22:1 (erucic acid) 0.00 0.02" 0.16° 0.04* 0.07
C24:0 (lignoceric acid) 1.92° 0.18" 0.19” 0.22° 0.86

' Standard error of the mean.

® Means in the same column with different superscript are significantly
different(P<0.05).

Table 3-6. Fatty acid composition(% of total FA) of experimental diets

a, b,

Standard error of the mean.
4 b abNfeans in the same column with different superscript are significantly

different(P<0.05).
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Fatty acids Control SBO RSO SFO SEM!

C80 (caprylic acid) 0.79° 0.19% 0.18% 0.12° 0.31
C10:0 (capric acid) 157 0.43" 0.40™ 0.21° 0.62
C16:0 (palmitic acid) 0.21° 0.04" 0.03 0.05" 0.09
C12:0 (lauric acid) 0.45° 0.16™ 0.15" 0.16™ 0.15
C14:0 (myristic acid) 176" 12.46% 8.84" 9.32" 4.03
C16:1 (palmitoleic acid) 0.89" 0.37 0.46™ 0.32" 0.26
C180 (stearic acid) 3.92° 3.89" 259" 3.40™ 0.62
C18:1 (oleic acid) 20.72 21.05" 46.14* 20.76" 12.65
C18:2 (linoleic acid) 45.74" 53.41% 32.59" 61.90 12.44
C18:3 (linoenic acid) 5.64° 6.86" 6.97" 2.27° 2.19
C20:0 (arachidic acid) 0.96" 0.53" 0.74* 0.43" 0.24
€22:0 (behenic acid) 0.66" 0.46" 0.44° 0.59° 0.11
€22:1 (erucic acid) 0.30° 0.06 0.17* 0.11° 0.10
C24:0 (lignoceric acid) 0.54° 0.09" 0.30°" 0.36™ 0.19
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Table 3-7. Fatty acid composition(% of total FA) of bacteria cell on sampling

days and vessel contents

Fatty acids Control SBO RSO SFO SEM
C8:0 S 0.13 0.08° 0.07° 0.10® 0.005
A 0.07%8 0.08* 0.06° 0.04° 0.0008
C100 S 0.17 0.13 0.13 0.14 0.009
A 0.12% 0.08% 0.09" 0.05° 0.001
C12:0 S 1.13 1.08 1.15 153 0.065
A 0.95* 0.83* 0.79* 037" 0.008
C14:0 S 2.92 2.27 2.32 2.52 0.141
A 2.79% 1578 1.55° 0.95° 0.008
C160 S 22.04 21.08 19.28 20.17 0.435
A 292,204 15.53% 14778 15.128 0.089

Cl61 S 0.44 0.42 0.49 0.52 0.200
A 0.36" 0.30% 0.35" 0.17° 0.002
C180 S 62.74 63.59 67.63 67.05 0.958
A 62.468 74.66" 75.07% 75.13% 0.339

C181 S 2.69 3.85 3.41 3.56 0.292
A 2.24 2.08 2.92 4.16 0.436

C182 S 4.74 5.18 3.02 3.74 0.278
A 5.60% 3.07° 1.90° 2.95¢ 0.004
C183 S 0.46° 0.49° 0.34 0.13° 0.037
A 0.46° 0.10° 0.19 0.16° 0.023
C20:0 S 1.23% 0.94 1.28° 0.63° 0.060
A 1.33% 0.68° 1514 0.80° 0.002
c22:0 S 0.64° 047" 0.44° 057" 0.019
A 0.61* 0.61* 0.40° 0.47° 0.001

c22:1 S 0.04 0.01 0.04 0.00 0.009
A 0.02% 0.00 0.05° 0.00P 0.03
C240 S 0.63 0.41 0.39 0.35 0.080
A 0.77% 0.41% 0.35" 0.35% 0.005

S: sample for last 3days, V: vessel contents of last day
AB)\eans in the same row with different superscript are significantly different (p<0.01).
Means in the same row with different superscript are significantly different (p<0.05).
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A 2d A A

1. A7 A& AAARY Fg2d & EX3A L3 hydrogenation 3
T-FA 43 o5 EAY AW o834 & A7 (F5W)

Ll F9] Corriedale <= W A(HF AT 62+6kg)S AT FTEE
ol &l ols Wdel ARG FFALE HlEo] tE(8515 and 70:30, DM
basis) AlEE FH|aIA L o}&# ¥ (soybean oil, SBO) = 2 Z 5 (rapeseed
oil, RSO)E & AtiRe] 5% FEoz FH7teto]l Holsts 5, F 4579 AMRE &
SFATE 2 tHARAI 2 4x4 Latin square W o2 AAISATE A 7R E<F 2b2t e
HFE thALE A AbFa L, Al 2AE @ FFAE Hl&3 Z; oile] H7HE A
HE NRC(1985) ®Wge dda a7 wet stFo F9 1.3kg(DM)S 23](0800
and 1800h)= o] Hostglon, 7} periodi= A& HS7I3F 74, AF 717 44 =
TAEU}. &3 mineral blocke AHfrRo] AHEE vt 2AIEE AAE rye
grass AZ2E o] &3Act. 4749 oilzt FFA R AWAE ZAL Table 1-194 ¢

[e)
2, F5AE S rye grass A% 9 UHRAIE 2 Table 1-20 4 ¢ #t}.

mk:m

Table 1-1. FA composition(% of total FA) of oils and concentrate

Items Ciso Cigo Cis1 Cis Cigs
Soybean oil 12.3 6.1 23.8 51.0 54
Rapeseed oil 51 2.3 61.5 20.0 7.6
Concentrate 25.7 5.9 255 31.0 1.7

2) AR AF W B

7t periode] 10¥ A ¥ 2d7te] AH AFALsES ALY Y& AlR
& abeha wMAEE e FAsATh ARl QugEe AOAC(98Y el et
223193, NDF 322 Goering¥ Van Soest(1970) ol s=3le] X351tk A
A $ 8Y EHH 293t AAH AFAIE §o 01T 5o $ 2, 4 2 7hit
of WS AFHSY FA pHE FAHIILoH, oy 1 dFE o] §3HY
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Fawcett®} Scott(1960)2] W] whel 22 wk&-& AlZl s spectrophotometer
(DU-650)2 R UYol =g AT T3 4mle] strained WF9 Y3} 1mle
25% phosphoric acid 28] 1 internal standard®4] 05 ml pivalic acid -8 (2%,
w/v)s E3Feta 15000 x gollA 15%3F A4 e v A5 A VFA F:E
gas chromatograph(GC, HP 589011, Hewlett Packard Co.)& ¥213}¢t}. Hk39] ol o
AdX = WF AZ3 142 Folch €% (Folch 5, 1957) 2 % lipidE %3 'S Lepage
2} Roy(1986)e] Hrwo] 3¢ methylation Al#H oW, VFAS 7

chromatograph® A WAHS A48 th o] wl fused silica capillary column(100mx
0.25 mm, i.d.x0.20 pm thickness, SPTM-2560, Supelco)& o]-&3tgom, %719
column 2% 175CA 30E3F FA3 vg &9 156TCTE 220CT7H4 &° 5 40%
¢ A A A o] ul carrier gas® ultra pure helium< AF&39i ).

1094 5= d5y 29 d5ox2 s Fo] A7 d 2 5o $ 347kl sodium
heparin®] 9] 9)¥ vacutainer® o]&ste] AAMo2HE ¢k 30mle FAES 23 st
em, 3000 rpmoll A 10+ 3t A4 skt 4 A7A S A(plasma)S W
=(-40C) AFAsFF e, 71 T AW FZE3 methylation, 28 a1 A WA EA18 2}

Els

2t 9lo) 5o B3 FAG PPo R APsAT

Components Concentrate Ryegrass hay
Crude protein 16.04 5.43
Ether extract 3.75 0.89
Neutral detergent fiber 40.64 74.84
Ash 7.67 3.08
Ca 0.75 0.16
P 0.35 0.25

Table 1-2. Chemical composition of diet(%, DM basis)

3) A BA : Invitro N8 7FeF Wy 54
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e A7 oile] FFl me vEA vehsd, gAZ 3
Mol ¥ 4 (85%) WESe] pHAE tha vobdl 4 mgom (Figure 1-1),
o}l BEE i ZARAG(Figure 1-2). BTl 490l watel A4 17
2 Aste] pH @ gl ¥E7t HoE FANUG. e £Ee) FFAR 7
o VFA ¥EE 747 Agelglont 2 Awate] 24 uge BFARS 24
o o] W&ol % Jge wA ¢ Aow YedrhTable 1-3). Ol $7: %
VFA 2k Aua 240 JFaha et

pH

Prior to 0.5h After 2h After 4h After 7h
Sampling times

—e— Soybean 0il(85:15) —@— Soybean 0il(70:30)
—&— Rapeseed 0il(85:15) —%— Rapeseed 0il(70:30)

Figure 1-1. pH of rumen fluid at various sampling times

N
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—
o

Ammonia(mg/100m!)

(@]

Prior to 0.5h After 2h After 4h After 7h
Sampling times

—e— Soybean 0il(85:15) —B— Soybean 0il(70:30)
—A— Rapeseed 0il(85:15) —%— Rapeseed 0il(70:30)

Figure 1-2. Ammonia concentration in rumen fluid

at various sampling times
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Table 1-3. Concentration(mmoles/100ml) and molar proportion(%) of VFA

Concentrate to roughage by oil source”
Items SBO RSO SEM?  Pr>F”
85:15 70:30 85:15 70:30
2h post feeding

Total VFA(mmoles/100ml)
56.88 48.43 62.51 54.94 6.970 0.602
Molar proportion(mmoles/100mmoles)

Acetate(Co) 39.94 39.19 41.69 40.55 0.492 0.088
Propionate(Cs) 38.18 38.46 33.57 38.30 2.378 0.478
Butyrate 15.94 17.28 18.92 16.35 1.678 0.638
C/Cs 1.05 1.03 1.25 1.06 0.066 0.217

4h post feeding
Total VFA(mmoles/100ml)

62.07 52.69 58.06 41.61 4.304 0.098
Molar proportion(mmoles/100mmoles)

Acetate(Co) 44.22 42.91 40.94 44.14 1.534 0.480
Propionate(Cs) 34.55 36.20 31.89 34.92 2.599 0.711
Butyrate 16.25 16.62 21.39 16.72 1.928 0.329
C/Cs 1.28 1.21 1.29 1.27 0.111 0.955

7h post feeding
Total VFA(mmoles/100ml)

43.62 41.27 41.39 37.04 1.218 0.074
Molar proportion(mmoles/100mmoles)

Acetate(Co) 44.65 44.43 43.55 46.13 1.124 0.511
Propionate(Cs) 31.15 34.03 30.27 31.47 2.236 0.690
Butyrate 18.90 17.45 21.71 17.23 1.620 0.317
Co/Cs 1.44 1.33 1.45 1.48 0.118 0.819

9.5h post feeding

Total VFA(mmoles/100ml)
30.79 25.71 30.32 26.72 4.898 0.844
Molar proportion(mmoles/100mmoles)

Acetate(Co) 48.60 50.02 47.42 49.76 2.617 0.886
Propionate(Cs) 28.31 29.66 2542 28.35 1.323 0.282
Butyrate 17.03 16.93 19.97 18.53 1.485 0.501
Cy/Cs 1.73 1.72 1.97 1.67 0.155 0.592

in the rumen fluid
D SBO, soybean oil; RSO, rapeseed oil.
? Standard error of the means.
Y Probability levels.
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AL, zawd ZAW, NDF 9 {7129 A% Age&e
o =

d o g
FEFAR HEl =5 W, 22a 9T Fol &A= AFFE HUHE AT
[e]

Table 1-4. Whole tract digestibility(%) of dietary components in sheep

Concentrate to roughage ratio

. 1
by oil source”

Components SBO RSO SEM? Pr>FY
85:15 70:30 85:15 70:30
DM 69.02 64.86 72.19 68.12 2.541 0.363
CP 65.56 59.41 69.93 67.18 2.297 0.116
EE 90.59 90.01 93.25 92.26 1.527 0.494
NDF 51.61 48.56 60.20 57.41 5.342 0.482
OM 72.46 66.94 74.42 69.63 2.743 0.360

}) SBO, soybean oil; RSO, rapeseed oil.
? Standard error of the means.
» Probability levels.

2) A A ) A 24

BE AT As FHo 447 FolA wrEgde]l Cigy, 11-Cigg 2L
c9t11-CLA H]&o] v F7hd W Cise R Cigs W& v 25 tH(Table
1-5). WFF A9 Cigy 2 Cige HIE2 H7Fe oile] A WA 246 ok &S vt
ot 111-Cign B c9t11-CLA H &2 oil FFol o3 JFs
79 oil 7 EFolA RANR
oA S7FE AEE BTh

A7 oil9 Cigr R Cigo WYY @ W A3 AAk 2400 % d3s st
Ant FEA RS} 2AFES] H[E 2 ol TFE 849 11-Cig1 2 c9,t11-CLA H]
of AA JFsHA & AR YEHTHTable 1-6). 181 Als 5o 9AIZE §
°f 4 W aA1-Cisn B c9tl11-CLA v &2 v}

A
FolHel @4 v Otl-CLA W& & sFAkn FEel B 0 F7hshs ggelsit
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Table 1-5. Composition(%) of Cig—fatty acids in rumen fluid

Concentrate to roughage ratio by oil”

Fatty acids SBO RSO SEM”  Pr>F?
85:15 70:30 85:15 70:30
———————— 2h post feeding————----
Cigo 49.73 48.65 64.83 4951 5.004 0.243
Cis1 12.14 10.90 7.99 10.24 2.649 0.184
t-FA 7.63 8.45 6.20 8.27 1.620 0.763
CLA" 0.24 0.38 0.33 0.39 0.241 0.964
Cisz 10.62 7.54 7.76 6.94 2.944 0.330
Ciss 0.59 0.89 1.18 0.63 0.352 0.653
ffffffff 4h post feeding———-—--—-
Ciso 53.89 50.70 65.71 55.29 3.200 0.102
Ciga 11.23 15.37 7.62 14.99 2.088 0.155
t-FA 9.76 11.14 7.08 10.61 1.738 0.191
CLA 0.32 0.59 0.38 0.49 0.174 0.460
Cis2 5.85 3.45 2.69 2.61 1.338 0.291
Cigs 0.35 0.47 0.98 0.75 0.177 0.196
******** 7h post feeding-————----
Ciso 56.02 58.04 65.70 57.39 2.932 0.229
Cis1 9.68 10.43 8.01 14.92 2.347 0.326
t-FA 10.27 10.17 6.52 8.47 1.653 0.435
CLA 0.29 0.40 0.16 0.30 0.091 0.423
Cis2 3.25 3.46 1.74 2.46 0.423 0.131
Cis3 0.81 0.60 1.10 1.32 0.377 0.591
———————— 9.5h post feeding———-----
Cigo 69.28 61.91 65.05 67.09 1.853 0.168
Cis1 5.48 5.59 8.50 6.51 1.906 0.679
t-FA 4.18 6.48 497 4.02 0.508 0.079
CLA 0.04 0.36 0.11 0.14 0.271 0.553
Cisz 1.92 2.26 1.40 1.49 0.316 0.322
Cis: 0.26 1.17 0.93 0.63 0.300 0.299

Y SBO, soybean oil; RSO, rapeseed oil.
? Standard error of the means.

» Probability levels.

v Cis-9, trans-11 isomer of CLA.
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Table 1-6. Composition(%) of Cig—fatty acids in plasma

Concentrate to roughage ratio by oil source”

Fatty acids SBO RSO SEM? Pr>F”
85:15 70:30 85:15 70:30
———————— 3h post feeding——------
Cigo 31.98 33.22 36.56 35.99 2.399 0.499
Cis1 15.04 15.06 18.32 19.47 2.620 0.543
t-FA 2.90 1.82 2.22 1.60 0.372 0.124
CLAY 0.38 0.27 0.35 0.25 0.079 0.600
Cisz 23.08 20.71 19.92 18.97 2.998 0.794
Cigs 1.52 1.07 0.97 1.09 0.144 0.081
******** 9h post feeding————-—-——-
Cigo 37.06 36.04 36.94 34.64 2.635 0.907
Cig1 15.85 14.69 16.43 19.47 2.489 0.482
t-FA 1.79 2.06 1.56 2.99 0.474 0.213
CLA 0.44 0.68 0.44 0.80 0.253 0.682
Cigz 17.35 19.65 16.20 16.68 2.152 0.540
Cis:3 1.09 1.05 1.83 1.19 0.265 0.178

D SBO, soybean oil; RSO, rapeseed oil.

? Standard error of the means.
Y Probability levels.
Y Cis-9, trans—11 isomer of CLA.

CaE

B3 EA(pH, Figure 1-1; 92 4o} 5%, Figure 1-2 18] VFA, Table 1-3)&
A2 FFAE S} AR O] H[ & ojgh J&Fs w2 Aog Bt olygt A=
Wang¥ Song(2001)°] A A3 in vitro A& AHAES Sk =d, s 7t
H BsE FFo] 2575 pHZE =oAL VFA % A4 S7Hs Aol 28u
o+ AEFe] AP 2] A FE @SdE Bt wE9 U wae

0%1 oll 79 B¥+= Aoz At (Table 1-3). Jenkins(1987)& oild] +&

Sl =S5 W59 U AbRe] wavt Hadna skt

Oile] H7Fe =2 AR 585 gF g Wk do A FE A Bl
t11-Cig1 2 c9t11-CLA H| &2 ZALE F50 z7}rﬂoﬂ w}a} JE= 9o pH
Z7tg) 7] Wil Aow mATH FALE F
A77F FE A AAE ko Kelly$t Bauman(1996)° 2] shd /‘}Eoﬂ A A 7tst
i, ZALRSE FFAR S l%% 50:5091 4 20:800.2 & A5 $-frol CLA ##ol

Wi

ot

-
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$HH, Kim o(2000)° Ab= W 9h59) BhE ol S AslE AERE Cigo O
=5 W CLA AAF =3 F7hdtal gqlom, CLA Aol Jdste= sas &
ol& Atz U Cig29 5= 3t tHChouinard 5, 1998; Kelly 5, 1998). & -0l A
T woAA R 5% FeoR HUbE T 094 Cigz H]&(51%)2 AEF2 4-5-(20%)
B o =9 (Table 1-1). 28y o+ AEF 7 c9t11-CLA B]&oll X2 Aol
= 719 gle Aew yEyth

HeFol A U Cign B Cige HE2 0ile] TH 93 JFS & w59 de 4
$-9} mlzEtg o}, B AFoME cOtll-CLA ko] g&stx] 9kt Looret
Herbein(2002) JA] Aol Azebfet dirfE wods AdolA @49 cot11-CLA
kol Qlo] ofFdl AolE AT £ vk Bagk vk Qv Yy AbR H o
T Aol AHT A A AR FFol SUEFAS Wl cOtl1-CLA F&Fo] tha

7hd AEgdS BT

01

o

BoAge Ayz wFo] wol ARl oild H7IEIIS wWl HFALRS AR
Hl&o] cOtl11-CLA #&Fell mA= a3e A4 Fodoh v & b

b A3 o] oilell 93 JEgFS WekgolE Estal ¢9t11-CLA ol A= oile] &3
7b A9 Yl AR YErgt ol#d Ade olutk A sFAE L AR S

wolul&o] stal obz e oil H7beE A=A kY] W]l AoE AAZIH
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2. 4T AE : Ionophore’} W55 59 A19 W CLA A3 mxEe &3 94+

(el d)
CE BRI L
D eAsE 2 AAAA

ALS o]l Aled Hit AT 5045kge] b 2419 & WY 5FF 5x5 Latin
Square design® & w3} o ol A& v Pk
7h) ® 27 (CON)
) Corn oil7(CO),
t}) Corn Oil + Monensin +(COM),
2}) Soybean Oil T(SO)
u}) Soybean Oil + Monensin 7-(SOM)
ZF Al 7IEe AAlsd H87|He X3 F 1692 A% HF 2d B¢

AR WEE 2 B At

2) &A1 A& % Ionophore = ¢
FAFES MAEZ QAN E FE835
20g)ell &FHE SR FFEH, 2FHE 604

, 0
@b Axg Adstel Felsta, FFARE FHok
pas

Co,

< AFAste] 2HANHA AlRE WUE
Bastdtt A&e pH 542 AE 9L AFH SA A8 en, VFA A A
sS4 AAE v CI8AIE At 48 AEs EF Ys R §F HSF
period A& ol TxHI Al 3WRow EAsAT GC o =12 Al 49

o A o} 2t
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Table 2-1. Fatty acid profiles of alfalfa hay, grass hay and
(g/100g fat)

concentrates.

Fatty acids alfalfa hay Kleiﬁairass conrcneig‘fr Calltes
C16:0 22.25 27.56 17.95
C18:0 591 3.93 4.01
C181 20.08 20.91 25.90
C18:2 36.77 34.46 4718
C18:3 1212 10.69 453
Other 2.86 2.46 0.43

Table 2-2. Fatty acid profiles of plant oils used in the experiment (g/100 fat)

Fatty acids Corn oil Soybean oil Cottogh seed
Ciso 15.84 11.80 8.91
Cigo 2.99 477 2.54
Cisa 25.25 18.99 38.04
Cigz 55.27 52.81 41.93
Ciss 0.64 5.74 2.34
Other 0.42 5.89 6.24

71E ATl oetd, HAE A FolA] pH Wsd o= fFo] 2l ko] 7h vERLA]
o2 BuEo] Eri(Jenkins &, 2003; Bateman & 1998; Maurizio &, 1997).

3) ¥kE$1 Ul VFA #d
Table 2-3°14 B kel o], & VFA AAZHS iz AWad 3ho f2ol3
QI Zpol & HolA gkt ofel H]3] Monensin H7F= A WRE Fod Aol H
AME e Aas yehiilen, & VFA A S gz, A3l +(CO, SO),

COM, SOM <=C 2 ERyT)

o
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Fig. 2-1. Effects of fat source and/or Monensin on the change

of ruminal pH.

a8y VFA d=2 & o, 7|£9 AFE(Jenkins &, 2003; Bateman, 1998 -5,
Bartleys 1979)° ¢3t™ Monensin w1 In vitro®}t In vivodll Al &3] #|19] Ul =
AEEE FAAATAL ZRIZA FEE /MG Bastded, 2 A@dAe
Z4ke] molar %0l dolA = A F-3tel] fro Al zpol7p #EE A ko Z =
kel ol =tz R AW AT oA o2 (P<05) =4 YErstew, A
3} Monensin®] W3 Aol A= ARt Hgd FE o & S ey
ATt ool whaf HA4HE SO A thxTte HuE Aolrt glsla, COY AF= ¢
vrorom, thgedl&= SOM, COMS] o & vhe zhs YE AT

AutA © 2 Monensing AR H7F Folshd AH2 A3E&o] AstEo] C2/C3

| 23+ 7ol d=vHRusselld} Strobel, 1987), £ AFo| = ulztr}x] €]
Aol vEtEth C2/C3(Ee AP) H &2 RE A7t d2TRd 9e s Bl
ow Ak g3k o= SO7F COXRT f kA9, Monensin A 8 #+7F 2]
of oA i, Ant A2k 49K k= Monensind A& W& Fog -9
A C2/C3 W&ol ¥ WA YERETHp<.05). olEle AdE tE 7|Ed el Had
A dAsh= AL, Jenkins$t Jenny(1992)= Zr-5-2] AbRolA 73 3FA W (Prilled
fat)& canola oil® WA FoIstdS wf X FFol wel C2/C3 Hl&o] HFF3] vto}
S #AFsAT

O

Table 2-2. Effects of fat source and/or Monensin feeding on VFA poduction
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in the rumen.

co COM SO SOM con
Total VFA (mM) 69.822 50.23° 63.752 58.35P 65.22
Acetate(A)* 41.33 40.88 39.57 39.4 43.36
Propionate(P)* 28.6° 35.842 28.93b 36.76% 24.82°
Butyrate* 19.89° 16.914 23.85% 18.11°¢ 23.032
A:P ratio 1.45° 1.1449 1.37¢ 1.079 1.632
* Molar %
a, b, ¢ d

Values in a row with different alphabet significantly differ at p<.05.

oA vEbd W59 W VFA FXE 50~69 mMel W99, C2/C3 v&Le

1.07~1.63& 4Yetdiglesd, o] FAEL 7|Ed Hid AEA%E(Vasquez—Anon

S, 2001; Fellner 5, 1997l #l&| tfx W& grolth =

A7Fe - F VFA FEE 54~56 mMe HYZ o529 Axpru}; o7k wigton]
~2.09 W= e (Fig. 2-2), ol C2/C3

E & gt 2Bus Be] dum, AR FFS Folgael Folz

Monensin¥} soybean oil<

, ol Al E HHE oF 12A17F 391 FEAFE o 4 %_“V—igfu éﬁ%ﬂ% A
7o wE HErt dojyrmz xEHEo] 60140 oYL= EEta, vk FFALR
5 FFoR Foq Ao 2L vEo] UgkS oz A Hr). Bateman 5 (1998)
S, Aol nxAEY HFEFE F9% AP A4S 5% FEoE AWS Wt F
o3tdS wl Al19 Wl pHE 9IS WA kil F VFA v5% 935 B4 I
om C2/C3 v&L Aasted, ol AW T 24 TR giE:T v F)

M Aolsh glglovt, ZE¥eA $Esb F/HEeR <8l C2/C3 H&e] Welnta
@k Auhel/ ]R8 Fol9 Ivan Q00D AFAANE AW Fbe VFA $3S =
olm EEv &N G F/MAIPORA CC3 HMES AL EAF BAE Y
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Fig. 2-2. Effects of fat source and/or Monensin on the change of
C2/C3 ratio produced in the rumen.

& b & d\glues with different alphabet significantly differ at p<.05.

4) Octadecadienoic acid (C18:2)

Cl182 AEe Aakd 2 7FA9 o dAE EFetal Jdon, GCE St
A R U AW FEWEE Y Fig. 2-3¢ Z=AIE vkel 2ok S
A 1AIZE Bste] C182 AWabe Zhpits = Qe vhEes Fdsksion, o
ZFRTG 28 w2 1wl g AAF ZastE ¢S YEMY In vitro A3 A

AR Mgt A S Ho T AdAgEEs S5 2 U5 F77 =2 F
5 X3, Monensin® Hagozn Fo8o0z2(P<05) ¢ =

%!

oF 427k A%} Fol: 1 Aol 7t AlehA T,

¢

2

E

0

5) Conjugated linoleic acid (CLA)
U39 Yol A C18:2 A Wik dRpH o2 cis-9, trans-11 2] CLAZR o] 3} F
I hydrogenations AA HE=d, AYd A4S JEllE CLAE cds9,
trans-11 oA ZA 2k 80~90%E A3t} (Chin 5, 1992; Sehat 5, 1998).
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Fig. 2-3. Effects of fat source and/or Monensin on the change
of C18:2 in the rumen.

& b e d yalues with different alphabet significantly differ at p<.05.

Fig. 2-4914 H+=
ﬂﬂ:ﬁoﬂ 310}04 o] A
gz HteE =

(P<05) =2 #&9 CLAS A4t S55#el 74

o} 2ol, ¥HFE Monensin®} B3 Foldt A 77t YA
o
< FEE Yeddloy, dFfeE 22, Monensin * gl

Fol =
o5 4

6) Trans Cl1813} Cis C181
WAL E9ko]l W 3l= Fig. 2-5°] YERdA nf

A
of o], 1A A3 FHE FFd] AsFTozAN Cl82 A4t hydrogenation o =

O
=
oo
—_

A4kl &3l o)A Al (geometric isomer) F ol A, Cis—9 C18:1 A WAHOleic
acid)2 A¥FH o2 Almy T84 A vk EASA W, Trans-11 C18:1 A W4k
A eiabel o Esk= REES wbElgole] Al fdte]  C182  AAte
hydrogenation #7304 Edst= HFA=Eolgta & 5 Ath(Kemp® Lander, 1934).
EX3IA e o)k hydrogenation T A AAAH o2 FHSIE o] AWk A 99
s XA oA &XH TS AFEs AxE ZLde $X8& A9
Alo] =7 % goH(Griinari 5, 1998).

==
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Fig. 2-4. Effects of fat source and/or Monensin on the change
of CLA produced in the rumen.

& b e d yalues with different alphabet significantly differ at P<.05.
* Values significantly differ at p<.05.

o .5 V

|——CO ——COM —0—S0 —A—SOM ——con

Fig. 2-5. Effects of fat source and/or Monensin on the change
of C18:1 in the rumen.

& b ¢ yalues with different alphabet significantly differ at p<.05.
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L ]
€O =2 cis-9, trans-11 B CLAZ AFAFHO FTFHo=2 HF:olA F }iﬂi
A=l FaE= CLAS mRzzbAe] Aelz &5 #3d + o
FTQ3 9uE zZr=tH(Bauman %, 1999).

Fig. 2-6° #AA" wpe} o] C18:1 A4t Cis-9F Trans— &3] &4 A %2

= AWl m R

AR A Torxow, AWFAo FHol TAGe AFRAFA 4N FAA cis-
C18:19 =7} =3 F71E B wrdd Trans— C18:11 A WAES 1A17F Fo F

AgE B F Ax ZAE YEdSdTh o3> B’ dreEH glotdl o8] A7 2344
hydrogenation®ll ©o]&% o] FZF# oz (Cl1802 ¥3A|Wstoz AdAsyr] wFolgla
g 4 9 th(Harfoot®} Hazlewood, 1988).

trans-C18:1 ciz—C18:1

0s )‘3______‘3 15

VARSI g =%
o 1B 7 b % 1 - -

04
< ¢ 0s
oo | B c % |
0 : : : 0 ' ' '
0 1 2 4 hr 0 ! z 4 hr
[——co ——comM —a—con | | ——C0 —e—cOM —8—con |
tranz-C18:1 cis—-C18:1
1 2 S
o A a 12 i
5 a
% 0, /f el W % h b
04 — 1y b 1 a b
02 05— m o o W
0 . . . b C 4 u
El L L L
0 1 2 4 hr 0 1 2 4 hr
[——350 —+—soM —8—con | [e—50 ——sOM —8—con |

Fig. 2-6. Comparison of changes in ruminal trans- and cis- C18:1

concentrations affected by oil source and monensin.

P ¢ Values with different alphabet significantly differ at p<.05.
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$tH, S5 15 Monensin® 4 Fold A5, trans Cl81°] 2] A 22 (P<.05)
0 =& 52 BoaH Monensin#e] %302 (cis Cl8:10] 9% o 2 (P<.05)
o =4 YEhd

=
o H7FHESOM)SE tjxE Heli lFe v Aol
Bauman 5(1999)¢] 733t nie} o] 4%
A el CLA $4do] dojdnta & A4
ANA dFfFEY o 9% FF 5
Este]l diFfet disd Feo] Ay
ol

7) Stearic acid (C18:0)

C18:29] FAax7Mbgol A AA == trans-11 C18:19] stearic acid(C18:0)% 73]
hydrogenation®] o] Fo]#| x| && Ao, W9 dol 450} aFrj#oz o
g Aol AR FFEH(Dawsond Kemp, 1970). Polan 5(1964)2 Cl182% 4
S FroF i Al C1800] AAENLH CI82E IFToR wjdAAS W=
C1809] 237do] #ra4d b&“ﬂ, C18:1¢] AAo]l =7ttt oA Cl18:29] conjugated
dieneo 2 9] ¥F&-3} C18:19] C180%29] hydrogenation Aol A C18:2¢} Cl81°] F4&
st wkgel dagh Faol2d tiste] Aol LAY wWEor EMT £ vk
Nobel 5(1974)2 CI18:2%& In vitro W$Al, C1807tA €3] sty = HA=7F 74
stgom, 18 ZA o frans-11 Cl819 =2 o] Z7189 &S Bty

Fig. 2-7°14 ®Hi= nvpe} Zo] Ag Y trans—11 Cl181 Hxo W3l= mpx2 A
9] hydrogenation®| 2t WA CI&0 & W3ld WdES B ¢ e, »AA4
&7 Cl81 w&=e Hla) #w2 2 wAEe] o8] oiabEA ol AFAITE
(retention time)o] ¥ %1 W+ o= Aorer}

8 T A&
A AN S Fate] dojxl C18 Al A4k WistE olsfistr] fate] &A
& Fig. 2-8& W5+ Monensin® HWdEHE HolFe AR, AEd AWy 3

Al F913 Monensine AA X2 CI8 A€ ASEE AAAFDS B = dom,
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Fig. 2-7. Effects of fat source and/or Monensin on the change
of CI80 in the rumen.

% b ¢ yalues with different alphabet significantly differ at p<.05.

. I 1
1
H 11 " . N T
ur ] I 1T 1
1 ! N ]
o B M ; _ _ J-:
TEN I S| | e &
[ ] 1 ] - - L] 1 £ L [
| poum nowm  ooue v | | ICHE} 'CHEl OCECE ll:l.l-l
Soybean oil Soybean oil + Monensin

Fig. 2-8. Effect of feeding soybean oil with or without Monensin on the
changes of C18 fatty acids in the rumen.
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3. 47 A5 ALY HALHE S T AW HIM7F F 9 Wl diAlel
A= F (FLH)

s

}H

7F AR <}

)
1) sAs=E 2 A2

2M45e gAY itFS FYEH] metabolism cagedll A-8A171aL, A 19]e 9
A 02 cannula® H2s9t} Cannula® rubber stopper® ol 9B F77F &
AZMAl FreF she] wEE9] Wo A HHE FASESE sk k= A 4k
&S Al cage (130 x144 x 55 cm)oll A-&AI713L, AlE Atgel g vh59] Wl WA
o AS7IE flste]l of 14 3 Al@A RS EdE ALRE Folsslth AR
FEA AR HES 642 At AWYEE AHEE FH7EA control(Ty), linseed
oil(T2), soybean 0il(T3), sunflower oil(Ty)& Foste 4719 A FE& T 7 A
vk 1554 wjx18ke] 4x4 Latin square® & ©]-&3te] A& 38kl

) 959 Wl Ammonia-nitrogen (NH3-N) 574

oh) HEE9] U] 9] mAE a9y ek 54

2}) ¥F=9] W Volatile Fatty Acids (VFAs ) =74

v AArE v A (SEM: Scanning Electron Micrographs)

¢

v}) TEM (Transmission Electron Microscopy)
A @y Ak 244 24

ool Hgd FAZIE olgste] RS AFH A "J’%kﬂ AR A oF
10mle] EH& AdeArt. o Wl AdAE 2RSS flste] dAS AFH =4 4T
oA Hastdh df AES AR 7E ol &3ste 4T, 220X10g°ﬂ/\1 1527 w8
st o] % A& skl Folch et al (1957)9] Bl wel (A& 5
H A AL Lepage and Roy(1986)2] Wl w2} methylation st Methylation$

A2 ES GCO injectiond} ]
2
AE717F F 99 W pHE 129 % AF in vitro AY 39 7Rl A oil source g
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of 23k pH¥H3}S} in vitro A8 39 Yol e Z+2te] oil sourced ] 23k Ao} v|S:
A delidlen, control el A A4 pHE A8kl o™, oil Ag7rollA tha
=2 AYgESE HYa 53F], sunflower oil AHZFolA 7 =qd=dH, o+
continuous cultureE ©]83 1xA% in vitro A1E 39 o} 22 234 tH(P<0.05,
Figure 3-1). ¥59 W NH3-Ng &2 control ol A 7 gk o™ (P<0.05), 7—}7—.‘4
oil AZFoNAE v AdS B, ol 12 % in vitro A8 39 ye} 2
ZE Yl o (Figure 3-2). B9 U] Q59 v A E @ d $k2F control 7ol A 7}
& =X o (P<0.05), ZhzHe ol A TolM= 94 Aol floy 1AEE in
vitro A 39] well A ek o] soybean oil H7bgelM v S A¥S HERAAT
(Figure 3-3). ¥+5¢1 W VFASI=2S control 7oA 7=k (p<0.05), oil = 2] -9l
= soy bean oil A FolA 7 =g ol 1A9EE in vitro A8 39 vy 7
& Aot} (P<0.05, Figure 3-4).

7.0 -
6.9
(]
32
S 6381
T
o
—@— Control
67 4 —O— SBO
’ —w— RSO
—/— SFO
6.6 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 3 5 7 9 10 11 12 13 14

Incubation Time (Days)

Figure 3-1. Change in pH by addition of oil in the rumen

of Korean native goat
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AA Aoz 1AA % in vitro A8 3¢9 7F 2 ¢} v
g AEFS vetllon, vAgEdndgtgro] Ayite] W= oy va w2 4
S B, control b A& G3kel] Aot tha A E=d, Ashes 5(1979)3
Gulati 5(1997)2] Algol ©&t¥ oil source? 7tell €&t in vitroAl @2 in vivoAl 3
woh Agyzte] uAdE HaEAo] v & oFojxvE Rt U &
SEM(Figure 3-5)3 TEM(Figure 3-6)& ©]&3 HAdAvZd #FZNHE= 1AEE in
vitro Ald 32 7} 2 o Ao Aol zho] oil H7bol| &) whEe ) wEA Aol 7
a%te As vAE "%%k-o/] HaeA B o gom Fg olyg A HAE W

Agate] ARAAE B 5 Ak,

20

—@— Control
18 —O— SBO
—¥— RSO
—/— SFO

16

14

12 4

10 A

NH,-N Concentration(mg/100mL)

Incubation Time (Days)

Figure 3-2. Changes in NH3-N concentration by addition of oil
in the rumen of Korean native goat
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Figure 3-3. Changes in microbial protein by addition of oil

in the rumen of Korean native goat
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Figure 3-4. Changes in total VFA by addition of oil

in the rumen of Korean native goat
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Figure 3-5. Changes in A/P ratio by addition oil

in the rumen of Korean native goat

W39 U] P AEA YA g2 sunflower oil # ] Ftoll Al C182% o] 71 E%e
t C18:1% C18:3% &2 control Bt} wreb=dl, ¢k #& Ais 1ahd= w9
W omAdE TEsEde A 3

5 AR o2 12A% in vitro A1F 39 7 9 vpeb vl szd
= detdlow, mAsa Aol Ao W= glloy v =2 A4
A3, control -9} A g F7bel Zpol7t tha FAdEl =, Ashes 5(1979)% Gulati &
(1997)9] Al&ol 9olstd oil sourced 7ol 93 in vitroAl @ in vivoAd BT} A g
TR WA E FEEAC] T & o]Fott= Bael A5ttt SEM(Figure 3-5)
3 TEM(Figure 3-6)& ©|-&3 Axdnd #&olM = 129 % in vitro A1Q 39 7F
L ovol Ao Aol o] oil H7bel ofs] wES Wi HEANo] HAaTe= A v
AE e i & dow w3 olgfd A= wAE Wl AEARe X F
M= B 5 AN

g A Ak do W AEAl 3hEF e w9 R A E o AWAr e vz
7Aee B =d(Table 3-2), sunflower oil 2] Foll A2l Axpel AX Gt} webia
sunflower oil 2] Fol A WES9 v o3t Ex3 X4kl C18:30 4 C18:19]

biohydrogenation Z}-8o] &3] dojd Aoz AgFHojxw, B3] "wAT AHZH
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control7-X.t} oil source & T-olA AA| A S & bionydrogenation 2} = 1
Admel 22pd e A ddte = w FEE A= oil sourceol uwhel w9 W 2
g EAd e & AolE HolA ggtoy controlToll HlE| thA TASE AEFS HY
o W (Palmquist®} Jenkins, 1980), o]ejst Azp= A U A4t 243 A A
e AR FoR wERAuAE dd Yo =45 Cl8A unsaturated fatty acid:=
control-oll Al Bt} AW H7Fgol Al A A A o2 hydrogenation®] E¢kow 53] db
F9 ol v AYEEo 93 biohydrogenatione F7F= 43S H

Table 3-1. Fatty acid composition(% of total FA) of rumen microbes

Fatty acids Control SBO RSO SFO 'SEM
C80 (caprylic acid) 0.34° 0.23" 017" 0.09° 0.11
C10:0 (capric acid) 167 0.35" 0.25" 0.15 0.71
C12:0 (lauric acid) 0.27° 0.08" 0.05 0.04° 0.11
C14:0 (myristic acid) 0.56" 0.18" 0.11° 0.15" 0.21
C16:0 (palmitic acid) 19.46° 1557 756 8.14° 581
C16:1 (palmitoleic acid) 0.67° 0.15 0.24° 051" 0.24
C18:0 (stearic acid) 4.42° 2.56™ 1.35" 1.45° 1.43
C18:1 (oleic acid) 2235 2353 3156 18.40° 5.52
C18:2 (linoleic acid) 35.36° 35.26° 29.09 3859 3.97
C18:3 (linoenic acid) 4.25" 6.36" 5.36" 345 1.27
C20:0 (arachidic acid) 0.46™ 0.32" 0.33" 0.56° 0.11
C22:0 (behenic acid) 0.79° 0.32" 0.31° 041" 0.23
C22:1 (erucic acid) 0.25" 0.05 0.13" 0.09" 0.09
C24:0 (lignoceric acid) 0.51° 0.03 0.42° 0.31" 0.21

Abbreviations used' SBO, soybean oil;, RSO, rapeseed oil, SFO, sunflower oil
Standard error of the mean

4 b aNfean in the same column with different superscript are significantly different (p<0.05).
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Table 3-2. Fatty acid composition (% of total FA) of blood sample

Fatty acids Control SBO RSO SFO 'SEM
C80 (caprylic acid) 0.34° 0.11% 0.07° 0.03 0.14
C10:0 (capric acid) 2..35" 0.86™ 0.76"™ 0.35° 0.87
C12:0 (lauric acid) 0.32° 0.05° 0.03 0.04° 0.14
C14:0 (myristic acid) 0.33° 0.18" 0.18" 0.20™" 0.072
C16:0 (palmitic acid) 19.08" 11.35% 754° 8.32" 5.27
C16:1 (palmitoleic acid) 0.97° 0.41% 0.32" 0.31° 0.31
C180 (stearic acid) 452 367" 2.75° 3.08" 0.78
C181 (oleic acid) 25.45° 19.97° 23.45° 18.76" 3.84
C18:2 (linoleic acid) 32.54" 35.73° 29.41° 36.25" 3.17
C18:3 (linoenic acid) 4.24° 5.36 5.24° 3.01% 1.09
C20:0 (arachidic acid) 0.88° 0.34° 0.61" 0.07° 0.35
€22:0 (behenic acid) 0.74° 0.32" 0.65" 0.39" 0.20
C22:1 (erucic acid) 0.26° 0.07° 0.26° 0.17* 0.09
C24:0 (lignoceric acid) 0.45° 0.07° 0.23" 0.12° 0.17

Abbreviations used’ SBO, soybean oil;, RSO, rapeseed oil, SFO, sunflower oil
!Standard error of the mean

3 b aNfean in the same column with different superscript are significantly different (p<0.05).
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(A) (B)
Figure 3-5. SEM of non-treated (A) and sunflower oil treated (B) of rice straw

(mid-portion) incubated for 24 h in rumen of Korean native goat

(A) (B)
Figure 3-6. TEM of sunflower oil treated (A, B) of rice straw incubated

for 24 h in rumen of Korean native goat
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Z7Fskel wel oil source A& TolA C18:3, C18:2, C18:17F Cl18:08. 29 W3lr} o}

A= AL BF T ¢ U=, o= AR ol EFA)8E= unsaturated fatty acid®

St w9 U9 2 g 2 nASTaNde] g EAo Be JS vxa E
P

!
2o

1
o Yol M2 unsaturated fatty acid $r#e| W3lel ofF HHI
Ho o]y 3 HbEFEo ukE9 o A2 biohydrogenation®] F+=

)
N
S

__,i__

5 AR 2 H-H FF5oZ unsaturated fatty acid ¥FF9 W v]AE dag A dl
g
=

stk A} o
AE 54, 58 WES U vAEE 9 CLAZE 7154 BA4S ey,
How CLAZ F#3hu gl W 4Bl o Qzre A4 FoRe A3
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A3 A ArSEAA A

1L @7 Ag : AAY H77k AXS T-FA R A 24 wA= &%

% 1059 Corriedale & ¢ A (HT A5 58+54kg)E AldE5E = ol &5 IE
g, ol W i%/\}ﬁ@r AR B &S 80 @ 200% 3o &35S l(control),
S F AR 5% FroE HUtst Fof s th(Al

). AlF7I3E Bt A 2131 F WFGFH) A penol A AMEEII AL, £ A
o 79 13kg(DM)oi Aste] 19 23](0800 and 1800h)= Yo Fo3s}
AR 1253 AAEglen, AR Al rye grass A2 E o] &E L
TJr mineral blocks b Eo] HHAES stlvh. 2442+9] ol sFARE S AWAE %

Table 1-191 A48} 231, 5=IFALE 9} rye grass A% WA E S Table 1-291 A

ol
2
T

o

rlo

ifl O_u m'{ﬂ ;R ﬁm

.
o

Table 1-1. Major fatty acid composition(% of total fatty acid) of soybean
oil and concentrate

Items Cigo Cigo Cig1 Cig2 Cigs
Soybean oil 12.3 6.1 23.8 51.0 54
Concentrate 25.7 5.9 255 31.0 1.7

2) &9l cholesterol & 4

Ald A F 3,6, 9 1256 AldEsES] W] BAANORRE FAE 2 F 3}
Fed, T oAFH HHES AE SddAet sdstAth dd A3 = 3000rpmol Al 10
Zot gAEE 3 T Spotchem ™I cholesterol reagent strip(ARKRAY, Inc. Japan)
© & Spotchem Analyzer(SP-4410, KAK Corp.)E o] &3l A=H(dH) U total

cholesterol(TC) 5% % I % lipoprotein cholesterol(HDLC)9] HEE #4435
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Table 1-2. Chemical composition of diet(%5, DM basis)

Components Concentrate Ryegrass hay
Crude protein 16.04 5.43
Ether extract 3.75 0.89
Neutral detergent fiber 40.64 74.84
Ash 7.67 3.08
Ca 0.75 0.16
P 0.35 0.25

4) EA BA 1xAE Invitro A8 719 1) HEY o

L} A3

AR U g dJrEe dixzTed vlste] A9 FAEES oA S7FAIF 29 (Table
1-3), @4 TC9 HDLC FEE Aol S7FAZATHTable 1-4). @] total
cholesterol(P<0.034)® HDL cholesterol %X (P<0.013)o14¢] ZFol:= A" WAl 65

ol AT WA o 2 Aew yeuth dF+e H7ME et W ZuA
W] Cigr, Ciro 2 Cizn o] HAE(P<0.05) ¥HA Cigo 2 t11-Cigy ?:}%k% =71
ATHP<0.05). Hst(E)ARe] AF dFF H7M=E Jﬁ}oq Cigo & wro] F7t¥l A
o2 UERTHP<0.05). AAM(Table 1-5)¢] 2% 5§ @747} Ciso 2 Ciso 3%

S l A THP<0.05). 18 ¥

S S/ A U (P<0.05) Cigr ¥ t11-Cigg gFS 7
A7 = c9t11-CLA ¥ Cizp 82 AA3] S7/HAFIRA = &%)

Rl cholesterol FE=¢ WA ZAL oil H7FR Qste] AU A HAE dALe)
Aol Wsts FASHE AXR ARREH itk 2 AldolA diFf H7tE et &
o] TCe HDLC7F S7FH A =d(Table 1-4), 4% o] Keys 5(1965) % Hegsted
5(1965)2] AT 4] oil AF, 53] F= FAWale] TC 2@ HDLC ¥:25 =7}
AN ZHokar Badk bb 9l 3 Nestel 5(1992) 2 Wood %5(1993)2  t11-Cigy 7} &
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A TC $EE 2702 F 9T ddth gea B AdelAe 78 TC
SE QA in vitro AW D AAEL Fohel B v} o] WE BE Al
guare] we OFAE FolAd auaE MR A uAdZd o4

hydrogenation®©] S7}d Cigo $dd 2 34 Foll AdE t11-Cigg WEA o=
o AF T},

Table 1-3. Growth performance of sheep as influenced by soybean oil

Item Control SBO SEM” Pr>F”
Initial BW, kg 59.2 57.8 0.412 0.786
Final BW, kg 66.7 66.8 1.622 0.447
Total body gain, kg 7.05 9.00 1.285 0.395
Average daily gain, kg 0.08 0.11 0.015 0.394
Daily DMI, kg 1.30 1.36 - -
DMI / ADG 15.51 13.22 1.909 0.486

supplementation

Y Standard error of the means.
% Probability level.

i H7FE Qlete] AW 24 el A F7FE Cige el taixs 3k
(Mir 5, 2000) == &34 (Kott &, 2003)5 A A=
dl, ofe] AgzAolA F7tE Cise ﬁ%ab o) 7 <]
ojg} & F Utk EF Ciw’t AbHY] A FoA B 4 = F83F n-6 PUFA©]
1 AW LDLC FEE YFE zﬂ%— 7t 3 e Aoz dEAd e
(McPherson¥ Spiller, 1996), ©]&]3F WA E Atof =

A W Cige A F7hs wilg vighA s 21lox welth & A|gdA] diF
HA7FE Cigs ol tha Folbxled, olde A3 AlRd 6% T2

Z7b8F Ivan 5(20001) 2 15% F&o& Z3HNS H7FE Kott 5(2003)2 A8
deb= tfxzA oAtk A4 Wl Cigs T S7hs 1 AWAbe] sW 453 w9
93S =9 = Adth=(Roche, 1999) Hol A upekz g dojt},

T H7tR Qste] AWl A A F7E ¢9t11-CLA 2 t11-Cigy t-FA
ke CigeZt W59 ol c9t11-CLAS] AF+EHolgh= Zolth. Mir 5(2000)
S bk Yo A Cige9 isomerization® 2 MAE CLAZF AxA9 CLA TFHE
S7HA 7= ol ARl Woelet skt ob& el f(Kelly &, 1998a; Mir &,

2
R
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1999b) T Wekel A (Ivan %, 2001; Kott %, 2003) We] CLA %<& Cigo o
o] ¥ ol AYE FAFoRA FUHEJT. 2y ZUAY 2 T A
cOt11-CLA & 084% 5 Z¥#stA] &kom(Mir 5, 2000), = t& doA=
TsFE 7L wodd WA FskA el ¢9t11-CLA o] 1.69% A thal K.l
¥ ¥HBanni &, 1996) )t}

Table 1-4. Effect of soybean oil supplementation on total- and HDL
cholesterol(mg/100ml) in plasma of sheep

Items Control SBO SEMY  Pr>F?
............. 3 week .............

TC(T)” 1185 1425 22896 0535

HDLCH)"  67.0 83.5 24405  0.679

H/T 0.56 0.57 0.085 0.957
............. 6 week ............

TC 111° 155.5° 10920 0.034

HDLC 255" 99.0° 6.174  0.013

H/T 0.35" 0.64 0.058  0.037
............ 9 week ............

TC 98.0 143.0 12529  0.126

HDLC 49.0 100.5 12.869  0.104

H/T 0.50 0.70 0.062 0.147
........... 12 week .............

TC 97.0 154.0 13.601  0.097

HDLC 43.0 102.0 13.892  0.095

H/T 0.45 0.66 0.055 0112

Y Standard error of the means.

? Probability level.

¥ Total cholesterol.

& High density lipoprotein—cholesterol.

*> Means in the same row with different superscripts differ significantly.
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Table 1-5. Effect of SBO supplementation on fatty acid composition(%) in
Contrasts
Fatty Control SBO SgM?  (Control vs. SBO)
S g, Sub. Kid Intra. Sub. Kid, Intra. Sub. Kid.
Cuo 354 495 413 247 477 376 121 NS” NS NS
Cui 020 NDY ND 005 ND ND 010 NS - -
Ciso 037 037 068 031 041 155 012 NS NS &
Csi 004 ND ND 005 ND ND 002 NS - -
Ciso 2514 2671 2734 2518 2860 2605 178 NS NS NS
Cie1 263 250 28 202 184 158 046 * NS *
Cizo 076 143 137 063 118 159 0.15 * NS NS
Ciza 059 091 102 038 054 148 0.14 & NS NS
Cigo 11.64 1299 1625 1532 2324 3491 198 * * *
t-FA 236 721 823 420 750 544 081 * NS G
Cigino 3729 4154 37.04 3222 3064 2454 362 NS NS NS
CLAY 033 023 ND 042 035 ND 003 NS NS -
Cizzns 659 128 105 829 138 159 081 NS NS NS
Cigans 019 ND ND 028 ND ND 004 NS - -
the intramuscular, subcutaneous and kidney fat
" P<0.05.

U Standard error of the mean.

? Not significant.
¥ Not detected.
v C9Y,t11-isomer of CLA.
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r9:

(T
2 EFs9 . xF(contro) ] vl $7]9] - A= Oe] Al -8 ) AL
55 vodom, Cige o] =2 A8 T/ oildb% o7, 20% sivtetr]f 2
20% &)t o+ (15%) = %ﬂﬁ HHW}EA 6% Froz wFAbzel] H7pg
S REulAl(Monensin)g 20ppm o2  #H 7}t (mixed oil plus Monensin,
MOPM) E53t7] A7bA 25709 E== 57093 5okl
5 x 8m 2719 pendl 452 & 4833 HZAI & 9 mineral blocke A= 9|
AAES 3tk iz AMgol dol Al 7HA Z7]ell= &Feol F9 96kg
(as—-fed bhasis)d HIFAIEES FoJgow, I o|Fo= HiFAIE Fous gz
0.15kg® Z7FAI A 257193 = 57193 MOPMS 371k A 825 Fo3 AA
= Aol TaE wWzbA] dxT9 o Hlete] wFAEE 13% HA Fols
Atk EE oA FoA #FY widA R E 2382 vro] wostdlth & AP E
THTYE TN RAIG Aol A AAIEAT. ET AR MOPM A2l AR 9
lipid &3 247 403 2 9.91%(DM basis)Ath. 7} oile] A W4k 242 Table 2-19
Al B vkl 2o wigtAbm el W] ARk AR S Table 2-2 o A9 2t

oL
=
_>.L

% 2459 107493 AMTE 20443 AE, 567+5.8kg)E Aol et
1=

2) At AR AT S48 2 AR 24

AtE AH S FEHE ZAFE Sl oH, ghe-9 AT 4—Zr 7J7—ﬂ.
Atgel HzZe 1Y tF 0w AQFHEe] AOAO19™4) M
st o™ AlE el NDF 32 Goering¥ Van Soest(1970
T AF JHA L 3 B SR Fol thARA el eE 2 IR oRE RE AIFOR
FH s QAR o, AT A AAl oA et A7 I
t}S cholesterol 29 X WhAalS B A 3519t}

5714 7te] *P"o’qﬁﬁo] TERE ¥ =259 AEFdA 5F 2 54 T 2
o] =4 EA(dressing percent, fat thickness and Longissimus muscle area)
Abstoh, ¥wk ofyEl 54 (Longissimus muscle)®] pH, B3 (WHC), dd#
(Shear force) 2 4 & ZAbetqth o wf ®B4#2 Miller®t Harrison(1965)¢]
W o R, Hdeb# 2 Rheo meterg ©]-&3to], 18]l §A41& CIE Lxa*xb*(1976) ' o

=343t =3 Longissimus muscle?] €dF AR AOAC(1984) HHo uwle)

va
E_,
1 o |o
gL_t‘
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wA AT Sl (longissimus dorsp) A R Ik e] Aal 2L oA AA

H AW FE9 A WAke] methylation B A HaF B4 3ty FAsA AAEHS)

1}, A

D SA % =4 54

Sl AR A7 FF AA o] A" FAFS vE Aol ulskd]
MOPM H7Mts & 57049 &<t AHg AgFoA ¥ =2(P<0.049) o2 YEW S
™, o] w}a} AR 28 9 9 AT (Table 2-3). 184 MOPMA7HA &5
b5 Atolel A9 FAl o] zbol= fAATH
AL Ak zol7k Aoy, AW
of H]dle] MOPMS AFH3 3hf-olA tha =9k
283 Add ggu 719 gy 2 e A Ao Fekd Ao
MOPM®| H7tell oJ& d3ks Wz ggtor} 257§€7ke] MOPM wo& tix
S wlste] wjHA pHE #7}/\17J(P<0.006) WH CIE a° #S 9@
(P<0.04, Table 2-4). L3} , S 2 2A0E MOPME H7F 2
of ogt JFL WX ‘E%a’kWTable 2-4). 28y o2 Ao Hlete] 54YL7+e
MOPM 7} HolZ ¢lsle] &4 SFo] 7MAd v &3 S5 Yol Ax= B
% tHTable 2-4).

X]UT?A_FJ_’Jr SAH F7
of Mg Gy
H(Table 2-4). X

f
r
=
N
II.
Pﬂ ol

) Aol cholesterol 3% @ A HHAF %A

HH%A}:@MI g MOPM #7l= TC(P<0.0001~0.0007)¢+ HDLC (P<0.0001) %=
2 HDLC/TC(P<0.004~0.034) Hl&S ZF7FAZtH(Table 2-5). E=3 MOPME A¥
WA 178D Fol glo} Cuua(P<0.004)3 & F 314 WHAHUFA, P<0.03), 1281 E3HA W
AHSFA)ol g Ex3A04HUFA)9 vl &S 7R 2 1H(P<0.03) Ciro(P<0.01) 3
SFA(P<0.03) &&= A& 1 itk MOPM< HAT AAl g-9-9 dH o c9t11-CLA
3 (0.84%)L tET9 A$(044%)B T oF 28] E=our Cgp
MOPMS A#H3g 457+ rﬂ Toll Hlste] ohAh E=RARE F Aol §lATH(Table
2-6).

Cigs T2

=
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-

3) AgzAe CLA ¥ o2 Aate] g

571 ztell 2 MOPM #H7MALR 9 HAH = SR #(P<0.015, Table 2-7)3 <317
H(P<0.039, Table 2-8), 12|31 ¥ &2 ¥(P<0.001, Table 2-9)¢] CLA &#&F& 74

o} 257047k ol B ogixT trell= Afolzk ASdvh Wk A el lo] 574
Y7 A7 MOPM #7MAbgEe] HHZ <Qldte] Cigs®t heptadecanoic acid(Cizo) 3 ek
o] 7% A2 1(P<0.003), pentadecanoic acid(Cis0)¢} palmitoleic acid(Cig1) &2
aE 3 ljr(P<003 Table 2-6). ¥rF ofyel st ol glo] A7t Ao AW

ZA oA F UFAg o] S7Hd ¥hH SFA 32 74 H A =d(P<0.008), o=t A
= Clg;g—J Z7HP<0.001) % decreased Cigo T#F2] 72 (P<0.002)9F #H#Eo] 9=
Aoz Helth zEy 257097ke] MOPM At: 3tz = xfol7t e 3o
2 e

3) zz
57§ ztel]l 2z MOPM #H7F, wo&2 13 49 SAZFY] /Id a3 Ay s
Monensin® 3421 Az=E o AZ} dF=Z 3 ALZ o lipidE 4% 7}
AL u AR E&o] MAE At BaE v 9oH(Krehbiel %, 1995). Vonghia 5
(1997) % Kott 5(2003) A £ 3 25 A#3 feedlot WA LT
SAFL ArREgge MA anE A st a8y Zinn(1992) 2 Mir 5
(20000 lipid H7H7F 29F Wk A5 §88 A IAT g FA el Aol 2o
= gAgx At Palmquist®t Jenkins(1980)& lipid H7F= <lste] /fAw AR
g&o] oluA ghFo] =L lipid7t AFAT AFRS dyA] HEE FUHAIAY] wEol
2} shleh Rk olyel Monensine H] 5% 9ol C3 / C; Hl&S 5L (Russell,
1987) U A] T&S =At}i(Spearset Harvey, 1984) B ¥ v} it}
2 A g A MOPM Atz o] HFH7F Azt =4 5o FFstA sk, ol gt
Vonghia 5(1997) ¥ Kott 5(2003)8] Alg Ay} dAetAt =, 1E0] AF

‘{N oN

At %
59 5% FEoZ FNE FAsA o =4 HE—Oﬂ—L— Ao dgkatA ekokrh 1Y
U 2 Age] 9lo] ded g HDLC % HDLC/TC #e +7H7F i3 H7H6%), F
oJst WeF ALYAE AT}l H| s AFE HS L—tﬂ, o3t A= Cl182 &&o] ¥
Heo] HDLCE S7HA71E T8%8 adle] ¥& oz drkdr,

=9 k9ol Hlste] MOPM H7HAEE 571493 AF S sk oA 2u)
BAr 7 OtlI-CLA $& 2 7|ek AAE FFoew mFo Hol FUHE
c9t11-CLA 3t#o] 433 MOPM so EX3AHrte]l E¥3wrt F7k37] wjiEel
Aoz FAHAT ol #As ] 54 AWAte] A EHAI 7] d(substrate) o] H &S
o] #AE FAME 7 dv O ZE DID activity7} e, HHEFEEES] A d & 4F
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T F8 DID activity AHEHCl A= Aowm dEAL k. =, Locket
Garnsworthy(2003)°ll €]3}HA Cis1, Cig1, Cigr9 282 c9,t11-CLAOC] Z
Cigo 2 t11-CignZ5FH B EHaL st

ditdeow Hur] We CLA 32 AW g B 1.7 - 85 mgel¥, 24 == o
2 017 - 0.85%°]tH(Shantha &, 1994; Mir %, 1999a). 284 Lawless 5 (1998)2
cis-9,trans-11 CLA 3g&Fo] AW g & 6.894 25.77¢]2} &%t} Bauman 5 (2000)
2 HFHOoZ cis-9trans-11 Cigo7F HAA CLAS 80 - 90% AHE "oz o
7] e 1 FFe we Aok 2 AFelA MOPM< AFHTFo=A AM -9
CLA &tFo] S7HE AT 1 St = AI7E U= A o= Bt

B AFoA o] f(HA oile] 15%)¢ Monensin(20ppm)©] 3712 H7lE Q=] o]
& oo H7FE ko] w9 el tllCiiol FAETE sl & ¢4y
H (Borsting &, 1992; Scollan 5, 1997), o] A2 Aol A< ¢9t11-CLA S I3
B714 9l substrate’} 2 4 e Aoz Hlth Lol of= UE AEA olEY
FArolA O e 4o CLAE A4 4 9e 2oz Biud #t% It (Chouinard
S, 1998a). 3H, Monensin® UFA®Q] hydrogenation2 A& & domw o2
CLA &3S S7INZ & gl A= 2ud v= th(Fellner 5, 1997).

ok A7)k CLA 3ol lojAl o] Aol wka9] o] o] Mz t=
7] Y T AT S, AASY] A AR gEe] sFAIREE AT oA v
FolHe] pH7F wrobx|ar vhe|glofe] 3ol Atker Wyl dojd & Aok Holr)
olm] ¥ A (Kalscheur 5, 1997) "= wEH Aol pHE HHE9 Wi UFAY
hydrogenation®} ##H ¢ F Q3+ Q@<2lo|t} Griinari 5(1998a)dl 2]&tH vj A=
FTAe w7t WA pHE FFAAR F trans A A A= WEE Ao
sttt 28U 258 trans ABAFY profileo] €818 1 trans-10 Cigr©l 7V 5
trans—Cig1 isomerA Yt B st} o]9F & frans—Cign profiled A2 W 3}=
Afra o] il oil gl ¥ A8 E AT u Wo] AU FAW
CLA #o] w& AL t11-C181 &AM e Ha H frans-10 Cisa® F7Fe}
| At 3 M (Griinari 5, 1999).

Bauman 5(2000)2 9 Wl CLA st&Fell d&ste a<lo] AFste w59 A
A W CLA 3ol d3Fste a3 2oha shlth. 2y AAl &% AA =
2l ) CLA &#oll ojAxe] MOPM &= $-fo vlsle] Aoz gk, o
S Atolell A el 1edk Apol= Aol Aol Al 2HE3 A 2§ Wil Ao
BATh F, W59 UdAe]l CLA AL AFS#HE S} ol Ho9F 5
Z|EA o8 v&9-e Ak 7 Zpol7h flovt AR Ahe AS St

el AuA et AT AnEE W WS F718] HS-0] A Aol AW

2} 7} Ciao, Cigo,

AL

A Ao
o

o

N
=

L > o
=

e £ 12 fo R

o)
o
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Table 2-1. Composition(% of total fatty acid) of major fatty acids of oils

Items Ciso Ciso Cisa Cisz Ciss Coos Coz6
Soybean oil 12.3 6.1 23.8 51.0 54 - -
Sunflower oil 8.7 2.6 31.1 51.6 0.7 - -
Safflower oil 94 3.3 17.8 62.5 04 - -
Fish oil 23.6 6.3 28.2 3.2 1.0 1.7 3.0

Table 2-2. Chemical composition of diet(%, DM basis)

Components Concentrate Rice straw
Crude protein 13.03 3.92
Ether extracts 4.25 3.15
Neutral detergent fiber 35.95 80.96
Ash 6.43 10.73
Ca 0.75 0.16
P 0.36 0.25

Table 2-3. Effect of mixed oil plus monensin supplementation on growth

QOil + Monensin D 2
Items Control SEM Pr>F
2.5 month 5 month

Growth performances :

Initial BW, kg 566.6 568.7 566.6 4.906 0.939
Final BW, kg 652.9 646.5 657.6 8.402 0.649
DMI, kg 10.3 9.81 9.62 - -

ADG, kg 0.48" 0.43" 0.62° 0.051 0.049
DMI/ADG 21.6° 25.1° 16.5° 1.925 0.018

performance of Hanwoo steers
V" Standard error of the means.
? Probability level.

*> Means in the same row with different superscripts differ.
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Table 2-4. Effect of mixed oil plus monensin supplementation on carcass
characteristics, chemical composition of longissimus muscle and beef

Oil + Monensin

Items Control SEM"  Pr>F?
2.5 month 5 month
Dressing percent, % 67.04 66.31 66.57 0.839 0.912
Fat thickness, mm 13.25 15.25 15.50 1.953 0.677
Longissimus muscle
; 83.38 86.75 89.13 2.561 0.300
area, cm

pH 5.24 5.29% 5.24° 0.011 0.006
WHC, % 65.54 70.41 71.25 1.280 0.645
Shear force, g 3144 3572 3308 307.9 0.618
Cooking loss, % 29.10 28.34 27.92 0.711 0.506
CIE L* value 35.04 33.87 35.61 0.702 0.228
CIE o' value 18.19° 16.30 1763 0502  0.040
CIE b" value 8.31 7.64 8.54 0.450 0.359
Marbling score 3.50 3.25 413 0.733 0.690
Meat color 4.88 4.88 5.13 0.125 0.285
Texture 1.50 1.75 1.63 0.178 0.620
Chemical composition:
DM 31.81 31.39 33.03 0.773 0.317
CP (% of DM) 58.79 59.85 58.68 2.078 0.904
EE (% of DM) 37.34 37.71 36.25 2.489 0.911
Ash (% of DM) 3.02 2.97 2.82 0.138 0.582
Grade, heads :
Quantity, A : B : C 3:2:3 2:1:5 1:4:3 -
Quality, 1:1:2:3 1:2:3:2 2:0:5:1 3:1:3:1 - -

grade of Hanwoo steers
Y Standard error of the means.
? Probability level.

*> Means in the same row with different superscripts differ.

- 138 -



Table 2-5. Effect of mixed oil plus monensin supplementation on total- and

HDL-cholesterol(mg/100ml) of plasma in steers

Items Control Oil + Monensin SEM"  Pr>F?
............................ 1 month feeding......cccceevveveenrnnnnn.

TC 145.31° 182.56" 6.701 0.001

HDLC 89.44 102.63 6.782 0.190

H/T 0.61 0.56 0.028 0.201
............................ 3 months feeding.......ccccccooveeeevnenn.n.

TC 119.00" 235.25° 18.84 0.0007

HDLC 54.50 128.25° 9.967 0.0001

H/T 0.44° 0.55 0.034 0.034

Y Standard error of the means.
? Probability level.
*> Means in the same row with different superscripts differ.
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Table 2-6. Effect of mixed oil plus monensin supplementation on

composition(%) of fatty acids of plasma

Fatty acids Control Oil + Monensin SEMY Pr>F?
ffffffff 1 month feeding ————--——-

Cra0 1.08 0.82 0.119 0.132
Cura1 0.20° 0.407 0.044 0.004
C14:1/Ciao 0.21° 0.50° 0.045 0.001
Ciso 0.25 0.26 0.032 0.938
Ciso 17.25 16.44 0.392 0.143
Cie1 0.51 0.79 0.142 0.160
Ciro 1.04° 0.72° 0.078 0.008
Cigo 31.84 30.60 0.813 0.281
Cig1n-9 15.86 15.93 0.958 0.960
Cig2n-6 30.62 32.42 1.302 0.384
Cigan-3 0.81 0.75 0.109 0.736
c9,t11-CLA 0.44 0.84 0.128 0.065
t10,c12-CLA 0.09 0.14 0.010 0.071
Total CLA 0.53 0.98 - -

SFA(S) 51.47° 48.84" 0.681 0.029
UFAU) 4853" 51.16% 0.681 0.029
u/s 0.94° 1.05% 0.026 0.028

******** 3 months feeding ———-—-——-

Cra0 1.15 1.02 0.073 0.234
Cra1 0.28" 0.49° 0.066 0.049
C14:1/Ciao 0.25° 0.48 0.058 0.013
Ciso 0.31 0.42 0.058 0.237
Ciso 18.70 17.66 0.491 0.172
Cis1 0.25° 0.76 0.035 0.000
Crro 0.80 0.95 0.049 0.061
Cigo 30.88 31.60 0.688 0.467
Cigin-9 17.98° 14.12° 0.832 0.004
Cig2n-6 28.31 31.23 1.595 0.203
Cigsn-3 0.71 0.73 0.147 0.933
c9,t11-CLA 0.50 0.85 0.123 0.060
t10,c12-CLA 0.11 0.17 0.081 0.062
Total CLA 0.61 1.02 - -

SFA(S) 51.85 51.64 0.974 0.901
UFAU) 48.15 48.36 0.971 0.911
u/s 0.93 0.94 0.036 0.844

Y Standard error of the means.

2 Probability level.

*> Means in the same row with different superscripts differ.
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Table 2-7. Effect of mixed oil plus monensin supplementation on fatty

Oil + Monensin

Fatty acids Control SEM" Pr>F?
2.5 month 5 month

Cua0 2.71 2.64 2.90 0.172 0.563
Cra1 0.88 0.80 1.03 0.109 0.346
Ci41/Cia0 0.32 0.30 0.35 0.027 0.386
Cis0 0.54° 0.43" 0.37° 0.041 0.033
Ci60 29.39 27.70 28.27 0.597 0.689
Cis1 4.66" 439" 387 0.198 0.031
Cizo 0.66" 0.53° 1.11° 0.039 0.0004
Ciso 11.71 11.99 11.21 0.390 0.412
Cigin-9 41.00 41.42 41.92 0.830 0.901
Cigzn-6 891 9.47 9.09 0.878 0.902
Cis3n-3 0.23 0.25 0.33" 0.020 0.003
c9,t11CLA 0.30 0.32" 0.37° 0.012 0.015
t10,c12-CLA 0.00" 0.07° 0.10° 0.002 0.041
Total CLA 0.30 0.39 0.47 - -

SFA(S)? 44.01 43.30 43.87 0.719 0.783
UFAU)” 55.99 56.70 56.13 0.719 0.783
u/s 1.27 1.31 1.28 0.038 0.807

acid composition(%) of intramuscular fat

Y Standard error of the means.
" Probability level.

¥ Saturated fatty acid.
Y Unsaturated fatty acid.
ab¢ Means in the same row with different superscripts differ.
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Table 2-8. Effect of mixed oil plus monensin supplementation on fatty

acid composition(%) of intermuscular fat

Oil + Monensin

Fatty acids Control SEM” Pr>F?
2.5 month 5 month

Ciao 3.46 3.40 3.37 0.224 0.958
Cra1 1.17 113 1.07 0.143 0.833
Cia1/Ciso 0.37 0.33 0.32 0.055 0.746
Cis0 051 0.43 0.43 0.025 0.059
Cis0 28.38 26.39 26.94 0.644 0.101
Cig1 4.99 5.17 460 0.317 0.438
Ciro 1.09 0.95 1.05 0.048 0.132
Ciso 13.13 1253 13.19 0.674 0.765
Cis1no 44.65 47.48 46.66 0.947 0.117
Cigon-6 2.16 1.96 2.14 0.111 0.398
Cigan-3 0.07 0.06 0.02 0.017 0.148
9,t11-CLA 0.36 0.41% 0.44 0.020 0.039
t10,c12-CLA 0.03" 0.08" 0.08" 0.001 0.028
Total CLA 0.39 0.49 0.52 - -

SFA(S)? 46.57 43.70 44.98 1.134 0.233
UFA(U)”Y 53.43 56.30 55.02 1.134 0.233
U/s 115 1.29 1.22 0.053 0.256

U Standard error of the means.
2 Probability level.
Y Saturated fatty acid.

Y Unsaturated fatty acid.

*PMeans in the same row with different superscripts differ.

- 142 -



Table 2-9. Effect of mixed oil plus monensin supplementation on fatty

Oil + Monensin

Fatty acids Control SEMY Pr>F?
2.5 month 5 month

Ciao 4.04 357 355 0.193 0.152
Craa 171 1.45 2.01 0.270 0.361
C141/Cio 0.42 0.41 0.53 0.063 0.324
Cis0 0.59° 0.47" 0.62° 0.033 0.010
Cis0 28.78 2758 27.35 0.568 0.186
Cis1 6.41 6.18 754 0.476 0.120
Ciro 1.04 0.91 0.94 0.038 0.066
Ciso 8.78" 9.29" 6.69" 0.467 0.001
Cis1no 45.99 48.06 47.87 0.882 0.207
Ciszn e 2.21° 1.95° 2.74° 0.129 0.001
c9,t11-CLA 0.41° 0.43° 0.59° 0.031 0.001
t10,c12-CLA 0.07 0.11 0.10 0.001 0.063
Total CLA 0.48 0.54 0.69 - -

SFA(S)” 43.20° 41.82° 39.17° 0.822 0.007
UFA(U)” 56.80" 58.18" 60.84° 0.822 0.007
U/S 1.31° 1.39 1.55° 0.049 0.009

Y Standard error of the means.
2 Probability level.

Y Saturated fatty acid.
Y Unsaturated fatty acid.

acid composition(%) of subcutaneous fat

*> Means in the same row with different superscripts differ significantly.
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