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SUMMARY
Conjugated linoleic acid(CLA) is a collective term for a group of
geometric and positional isomers of linoleic acid. The cis-9, trans-11
and, to a lesser extent, the trans-10, cis-12 isomers occur naturally in
food, especially in dairy products and meats. In ruminants, trace amount
of CLA are produced as intermediates in the biohydrogenation of
polyunsaturated  fatty acids. However, animal products from
nonruminants are poorer sources of CLA.
CLA displays a number of biological activities that may be regarded
as beneficial. CLA inhibit chemically induced neolpasia and reduce blood
LDL concentrations and inhibit the development of atherosclerosis, and
reduce catabolic responses induced by immune stimulation, response of
cytokine-mediated and regulated by prostaglandin Ez synthesis.
In otherwise, our basic condition of animal production system is
seriously dependent on foreign imported grains and the trend of
worldwide mutual trade systems drive into open market. So, one way
to get competitive power in our animal product industry is to produce
the high-quality products, such as scientifically verified animal products
with biological effectiveness. It follows from the above mentioned
observations that extensive research of CLA may be a good plan for at
least some animal species and new food resources.
In this study, the major results runs as follows : the determination of
CLA analysis method at acid form and triacylglycerol form, the simple
CLA production method from oil sources at atmospheric condition and
pressure condition, the effective production method of CLA fortified

animal products, and verification of its biological effectiveness.
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A1d. CLAY Fx 2 718 o|AA

Linoleic acid(LA)¢] Conjugated dienoic derivatives® LA(c9,c12-
octadecadienoic acid)9] positional @ geometric isomers® &g E o]
#3398 collective term & 2# CLAW 2719 double bond?} carbon
chain& ‘I}E}/"lﬂ Z2 9 2 11 positione)y} 10 ¥ 12 positionel ] X 8t
o2 dAHN A E conjugated diene ©| T},

£33 o5 o|FAT 4E& cis &2 trans configuration P‘}E}‘é
4 ot WA o2 o g o]EL 871A Y geometric isomer, = 9,
11-octadecadienoic acidol M 47bA (c9, cll-; ¢9, t-11; t9, c-11; t9,
t11-)¢} 10, 12-octadecadienoic acid oA 47}A (c10, c12-; cl0, t12-;
t10, cl2-; tl0, t12-;), ¥ 87FAe] geometric isomer7} ¢S,
c12-octadecadienoic acid(=linoleic acid)®] isomerization®l &3} %
AE & 7t 9ed, ol CLAE AEHETFTA I3 LFojAvt A4
Moz #AS: Ytk 2dx 29 14E CLA% 713 biologically
activedt c-9, t-11, CLA isomerg& Y eI AT}

/\/\/\/"\/9\/\/\/\/ COOH t-9.t-11)
A YA Y 2 Va VA VANVE S (0.1
) N COOH {c-10,c-12)
(c~9,c-11)
{t-9,c-11)
(c-9,t-11)
COOH (-10,c-12)

COOH:  (c~10,t-12)

Fig 1. Structure of conjugated linoleic acids(CLA)
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melA conjugated linoleic acids® A cis/trans-CLAS} trans/trans-CLA
2 78T 7 ok HA7E FE€9 NP A (rumen)ol A B4 CLA
£ WM cistrans-CLAZA F2 cis-9, trans-119) 728§ 2EY
2 B3y v Aok A7 CLAY oldAZe sdid] FE(cs-9,
cis-12)2 78 AYHA F7E oA} cis-11, cis-13 1At Ao,
2ol YuraweczFol ©3 trans-7, cis-97t R4 F, (=, 2u7]9 A
gl #F 2 AN 2HAHUG. gl 8383 108 EE 128
1498 Aol g] oA Fo] wASH BuEH Utk AAACd ESAY
F Ae oA Fe u LHE AXJ Ao 2 HHEPE He
CLAE 2 993 114 =& 1083 129 Abolel o] 47t tiEoletn
Azt

A24d. 3 EA CLA da &

Conjugated unsaturation$ 7}3 A4 19351 Booth Foll &3t £-
FAGAA HE BAHUL, Booth 5(1935)2 1 §F L ALE ANYyxm
ExAd d2E WEHY Frlddn 2§ o]F Mattson(1949)0] A&
spectrophotometer® ©|-& 34 milk fatW conjugated dienoic acid& A
2, 1963d Riel ©] AEMEH} Fukd o5 #FFE& 1 HHAZ 02
4~281% o8 ALL HTF 078% A& 146% @1 sgd. ayx
1966 Kepler < Rumen " AE<! Butyrivibrio fibrisolvens®t linoleic
acid Hl%A] o]E9] biohydrogenation product®4 A9,11-cis-trans(or
trans-cis or both)-octadecadienoic acid ¥ trans-9-octadecenoic acid$}
trans-11- octadecenoic acid®] mixture7} A=A 31, o] MAPE
o 9% LAY WAL biohydrogenation %W&< LA7} cis-trans(or
trans-cis or both)-conjugated octadecadienoic acid® ¢} isomerization ©]
Ak 19774 Parodit milk fat®] F8&% CLAE c¢-9, t-1l-octadecadienoic
acidzt 3. a8y CLAE 1987d Ha S 934 grilled ground beef
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extractol ] £2]¥ ¥ CLA7} anticarcinogenic agentZ Z&3ctis A E
LEW oF BT BAS tael Holgth E¢ 19899 Ha $& Dairy
products®l ¥ CLA #FE ZA1E929 total CLAZF ¢9, t-11; t10,
cl2-; t9, til- % tl0, tl2-octadecadienoic acid7} 90% ©]4& =389
Uz 47t £AFEA A

Chin 5(1992)& 4o ## ¥ CLA §FS A EAed Wi 5E
Ay 17ld& CLAZl 29~56mg CLA/g fat, ¥t 17l= 2.7mg, H,
=& % sea foodl A+ 03~06mg °©lN2 5E3] turkey ZL7]E 25mg
CLAZ Eth ©]& CLAT 76% ©l*e] c-9, t-11-CLA isomer2 #4 5
Attt 283 dairy product® CLA #%°] ¥&4l natural cheese: 2.9~
7img o1, 10749 o4 448 A=E 1 $Fo] H¥s W¥x, 4~8
F 2449 Aol M LS FFE U 2L cow's milkE
P 55mg 22 ¥ yogurtE 1.7~4.8mg, non-fat yogurte= 3]
CLA 3ol 2stth. A& FdA+E plant oile animal fat 2tk CLA
gFol 33 ¥4 0.1~07mg AEeoltt. 9A Chin(1992)2 Ratel
LAE 5% Fdetel 6wk A4A HEFRD CLA B3l 5104 o
FA tissuedl £ HJAEH, o= Rat 3 v Eo] LAE c-9, tll-
CLAZ 98 Az vedx gl

ojgfol= £ R/RAF 7tFAY CLA &3 WsHE B9 Shanta 5
(1992)2 cheese A& A] processing €= W3l ¥ whey fraction ¥ 7}
CLA &%& zAIsged 228 70CoA 90C7A F7HAl 4.75mg
A 518mg CLA/g fat2 S7}8 2, ©lwl unprocessed cheeseol Al
£ 399mg ©lqth. =& whey protein concentrate® 1.5%lA 6% 7t
A H7tAl 5.19mg SlA 6.72mg 2.2 F7lst 4.

1990  Aneja®t Murthie <UAx9 AF A EF<QA Dahilcurd)E
natural microbial L&Al CLA7ZF 1.0~0.9%, desi method(village
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level®] process)ol 9&d clarifying £%& 110~120C7tA A & A
CLAY 25%~28%% %7}8 1, cream- butter Mol 233 1.8~
16% % direct-cream methodol & 0.7~08% At EF oL
1991'd ghee(anhydrous milk-fat; Indian traditional fermented food)
A Z A protein material® A 7FA milk fatE heating 38 CLA F
7453, B Al butter® -2(120C)9lA clarify &l gheeol 4] CLA7H
g€ Z719cvn 3t¥ ot Shantha®t Decker(1992)E cheese AlZA]
hydrogen donors(butylated hydroxytolune, propyl gallate, cysteine,
ascorbic acid) % dairy #7FA(sodium caseinate, sweet whey
powder, nonfat dry milk)& Ar&3 %3 cheesesl CLAZL F7tsteH,
propyl gallate’} test® hydrogen donor2M 714 $43A 3 total
CLA % CLA(Sc, t11)7} 1.5t 3 142+ Z7hstAdh. 28 3 sodium
caseinate 6% H7HAE total CLAZ 1.6 ZF7tst k. ¢ Feliron)
-‘é reduced state oAl active prooxidant 0123 CLA ABA43a4 F
free radical initiatingvsystem o 24 free radical formation& A
712t Fe++ B Fe+++(ferric ion)/ascorbate® X ZAZA 78R €
W 500ppm Fe #7FAl(ferrous ion; Fe++) ¥ CLAZF 1.56¥) F7F 2
Fe+++ 500ppm % ascorbate 0.5% 3 7}Al 1.44W Z7}& Kt}

mgtA Ha $(1989)¢] 9&H zA¢e CLA A4 71dL 9A
linoleic acid radicale] WA &Ad=E3 FAEY radicalel conjugated
diéﬁyl radical® A48 st A wix =z, ol dienyl radicalol
hydrogen donor® % ¥ proton® abstract 3% CLA7l ¥489. ]
proposed mechanismo] & tH, linoleic free radical®l Ax ¥4 4
A & 4 & #HAY, 2d& ¥HYAA FAY FL hydrogen
donorZ #F£3e AL AHEEE CLAY =& F/HNZAF7E AL
o -

ag 3 19929 Werner $& cheddar cheese A ZFA] cheese
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culture, processing ¥ Agingg T2 A& CLA &3 W& A
st o}, Total CLA #3& Ao #slst giddm CLA isomer & 29

= ggazte AolE B Y.

A338. CLA9 Biological Effects
1. CLAS} A%Ate] thA}
CLA: BX3 Agdezs Aite] F2 423 Ak EicoSanoid 4
Mol 2 9ge FE= Aoz Busx 2tk Dietary CLARFAA Yehte
zg' W3l blood, bone ¥ liverdlA PGE:9 A& ZAA71H,-CLAE
liverel Al C16:1, C18:1, C18:2n-6 ¥ Total n-6 PUFAS| =& Z&A7)
At gA4 22789 n-3 PUFAS S  F7HA1719, wWebA total saturated
fatty acidE Z7A 710, T3kxuato] 718t R & desaturation &3
#aAt. CLA 394 F24W3E =2Y liverdlA C18:2410,12 CLA
isomerZ2REE  C20:3481214 % - C20:445812147W4k0]  F7tatn
C1824911 CLA isomer2 ¥Ele C20:1445811,13 A¥ite] Fristng,
o]= CLAS #82% % isomerst oFF ZLHOZ chain-elongation %
desaturation°e] ot & 4 Utk EF natural productsti major isomer
ol C18:249,11 CLAisomer®t} C18:2410,12 CLA isomer?} ©l& ®EH3-9)
A o £ substrate?t vt 22 o]E F7HA isomersl Zzel A
A A4 o d7E ga4o] Utk
a8 CLAS B&3sq] liverdhA WAt =4 ¥32 Hol CLAE 4-9
desaturase activityE QA3 22 PGE; Aol Zaddxn & & U
£ n-6 PUFAE Z4sda ©4F 229 n-3 PUFAY £3°] F7tHE
o2 xo}l CLAY® A¥YAH o2 n-3 PUFAY elongation® #3131 n-6
PUFAS] ¥31& Z7hda & & st |
283 C20:348c, 12t, 14c, C20:445¢c, 8, 12t, 14c R Cl18:2410t, 12c
CLA isomer®] long-chain 5% %<& prostaglandin g4 ofF %9
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g inhibitor2 €33, £ ©E Wo=2E Conjugated dieneA H 9
dctadecatrienoic acid%® prostaglandin §4ol 7 & A& A oln o7&
C18:348c, 10t, 12t ¥ C18:348c, 10t, 12c F°] Zslctngc. £§ CLA,
53] C18:2410t, 12c isomere conjugated octadecatrienoic acid$} F+%3
o2 "% 22 CLAZA 7} eicosancid @42l A&7 € 4 Utt

2. CLA¢ Cancer

Ytz 0 2 jsocaloric dietollA] PUFA%7}A] PUFAE SFART} positivedt
WFLE tumord WAL FW3H, 53] C182 Aite] FRF oilFL
Yty o2 GuAE %ot WA n-3 PUFA(CI8:3, EPA, DHAS)®
LA E AN E BoZ 8L .

CLAx cell membrane phospholipidoll # incorporation®l+ Ho.2 <3 A
Aok, @A CLA7ZE ©h& PUFAs®t uAHA ZAAHOE  oxidative
stress, Eicosanoid ¥4 % signal transduction 5o F#2 93 % W3S
FA HBg olgt BAE oA 7HA effect7t WA E Aol

CLAx Eicosanoid®| 3/del 48& Foz A A& 48L& ¢

Hed F,

Arachidonic acid » PGE; PGF2,,
Cyclo oxygenase PGD:
Lipoxygenase » hydroxyeicosatetr
—aenoate,
Leukotriens

59 tAEEo]l AAEHY, CLAE °]59 A4 H®LRE Arachidonic
acidg #2AA1A cyclooxygenase WAMIEZM tumor inductiong Z33}

T PGE: #4& Z2A7le 242 siAEd
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gAaaFE Y 489S ¥ HMEC(human mammary epithelial cell) 3}
MCF-7 breast cancer cell®] wW{&¥4d @A, Linoleic acide MCF-7 cell
A43& 338924y, CLAE HMEC, MCF-7 cell %% 9Asde
o)2A& 3*H-thymidine incorporation®] HW&l2 DNAS Aol A=
protein® nucleotide A#Aol Wald Zen FJd EF AFXLe 73
$ol= TPA-induced tumor £3& JAste Aoz AR Yed of
A& keratinocytes H) %Al TPA-induced prostaglandin E 43 3} ornithine
decarboxylase 84& A& 7= &4& g

metAs FAAHoz 4l ZAAE HYU EPA, DHASS n-3 PUFASE®
g go] d#AA 2 glovt, CLAY h&H & Fish oile]l F¢EFHE UE
Wyl fstede dutrg oz 10% F&°) 875 CLAE 1% °l3telA 3
dEFA7 AT Utt. DMBAZ # 59 Epidermal tumor @3 E KW
205 % mouse? papillomas?} HZXFAME 302£34~96108F22
B2 CLAFAAME 134+24~3221.19 HA2 UYetAct gl
£ moused] AYFAM LA initiationg AAAEH CLAXZA
FtlH] miced 50% neoplasmZ A A3t E37t AN £F DMBAC ¢
Tl CLA 05%, 1 € 15% #&14 mammary adenocarcinomas®]
F57t 474 32%, 56% L 60%E FAiddHoen, =3¢ CLA 0.05%, 0.1%,
0.25% 05%°lMx Z}ZF 22%, 36%, 50%, 58%< A9 wA&o] AT
A3x Ba=3 Joh. 28 4L chemicald DMBAE A3 oA
o] E7]dd] YALE activationA] 71 = procacinogen®] 8, MNUE carcinogenic

activityoll & F&+= tiAl# Aol 8 FE A ¢+ direct acting carcinogeny &

BN

st

2 o cancer® initiation, promotion, progression &< regress ©WAF

CLAYT initition or promotion G AAA & & 3= Aoz FAEY.

3. CLA¢} ¥stas
CLAS itstaste F3¢ =39 dgez dxu glod, In'vivo R In Vitrool
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A a-tocopherol BTt 288t a, BHTS ¥&d A#7 vk B1Hch CLATS
ironthiocyanate-induced peroxide #4-& A3}, TBARS(thiobarbituric reactive
substances) 848 AA gt gt ik of CLAE
PLPC(1-palmitoyl-2-lineoyl phosphatidylcholine)®} 4t3t& wWaisiA @¥eoz
CLAE antioxidant radical scavenger®] G&& 344 @orvj CLASH cell W %A
lipid peroxide B4do] 2 EA vt Ax= Aok

4. CLA¢} Signal transduction

cell}ol A messageE plasma membrane® E3 4 celld] viZZH o 24 H
otZ 9] npucleus® messageE BUlE ACZ celld differentiation? division
=y gdglony, #HE E enzyme Protein kinase Colt}.

PKCE diacylglycerol A&l ¢|&3o|n) PKC7} activation®d, ®3%
HQl celle) #3837} ¥ojut: tumor promotord] TPAE PKCel Z#3d
activatoro} t}. PUFAsE PKCE activatedtt}, CLA activation Al71A &+
t}.

5. CLAst A%%3 2 71¢

CLAE. mono¥ X 3x|Witg ZAA7IE6, mono-PUFA ZH&Al key
enzyme?! stearoyl-CoA desaturase activity® 4 AlZith olw| Liverell A
= stearoyl-CoA desaturase gene 1(Scdl)mRNAFE3 Ld-E ZAA7]
oz 7oA ALEAdBE gened expressiono] JAHo AYFH FA
axst #AEdn Y. = CLAE liverolA - A¥4te]l B -oxidation
zpsoazN AW £HE YAESFE Yrh o]Yd = CLAE VY
& Z7AN71Ed CLAFA blood 9 spleen® lympocyted R ¥37t
7b8™ natural killer activity”’t Z8€ch ojglel= CLAR A, 43 E,
AR RS9 Z7}2 body compositiond] W37t 2&dH body fat2 30~
50% 7433 body protein, ash 2 water’t F7t8l& A&l Ao A

o i
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& adipocytedl A glycerol® %&& Z7MAlA lipolysis7t 5714 A&
53 ash®] %7}= bone? mineralization®] 73t%7] d@&olzti 3%
=

A4A A7ALY EF3 F9

max ZaTe EXL Arlet 2& 4% JI5AE /A2 e CLA
g 8359 AYPIe 24EL AUsd FIHezeE FY SAE @
d AN 7P £ 238 L grsiuz sdd EdTFdM F9 4@
FUHEY ¥8e g7 2.

@ Conjugated linoleic Acide} &4 AA71&€S &Hstxn

!

@ A FAE H3AH 7I5HLS HFHEEN
@ g 7154 AFE2AYezA CLAY €8 FUiA7led Ao
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Al 2 #. Conjugated Linoleic Acid?9] AJAtE o}

A1d. A&

CLAY 712# 22 linoleic aciddllq WEoIAEZ BATFAME linoleic
acid ol FHE oil& AY3to] Alkali isomerization ¥-§-A19) o8 7}
A 2AE Ao A2Hoz PAUF YT ARTHE Tz AF
3tk ob&8 CLAY o8 71X isomerg& A&&A FHEF e 4
wHs &Yt

dutxd o2 xubibel B4 L2 methylation®dol 2]38tAl19F methylation 4+
$ A& methyl alcohol& AH43tA €t}

a2y CLAEA oA methyl alcohol€ AME&W c-9, t-11 isomer %
t-10, c-12 isomerd &l #v non-active CLAQ t-9, t-11 isomer %
t-10, t-12 isomer, methoxy artifacts7} ®o] WA= E FAlHo] Ut o
B¢ AL free acidsPele] Al& ¥ methyl ester forme CLA ¥4{A]
Z7bstel, TG form 24 A& methoxy artifacts7t A9 4R Feo}.

A24d. CLAY 4%y §d

1. 438345 2 ¥y

7h A¥As

CLARY %y AEA AHEd das QAW JeH=ze As2A AHS
¥ AL ZFRKE 71A 238 alkali isomerization Wyl lsled FAHA
CLA mixture® A}83t9th 223 @Triacylglycerol formsl AEZAE
Acid form¢ CLA mixture® At Ao Foste Pikd Ado d3toA
AWg F&3toq A&t

Y. Az A= gy

D ARL A8

A Feo] AggE BARIIANG FxAst Age dEE des 2
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AL Abgsg R o AA AL Ee 933 Zo] s,
A. Fatty Acids Sample : Alkali-isomerized safflower oil

1) Derivatization Reagent

@ MeOH : H:504 = 230m¢ @ 2me(V/V)

@ MeOH : HzSO4 230m!é. D 4me(V/V)

@ EtOH : HzSO04 = 230m¢ : 2me(V/V)

@ EtOH : HzSO4 = 230me : 4me(V/V)

2) Reaction Conditions

i

- Reagent
@ 0 5 10 20 40 60min
MeOH
@ 0 5 10 20 40 60min
- O 0 5 10 20 40 60min
EeOH
@ 0 5 10 20 40 60min

D
fe—>}- . —]
overnight 80T temp
at room

temp

2) Triacylglycerol forme Al&

TG forme A& Aol A4 A|FE Acid formolM AL&& A%
FYstgen, o HeARE ZAFAG AAE Adxde gEH 2
ok,

B. Triacylglycerol form Sample : CLLA~enriched yolk oil

1) Derivatization Reagent

{D MeOH : HzSOq = 230m : 2me(V/V)

@ MeOH : H;SO4 = 230m : 4me(V/V)
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® EtOH : HsS04 = 230mé : 2mé(V/V)
@ EtOH : HySOs = 230mf : 4me(V/V)
2) Reaction Conditions

- Reagent
@ 0 60 90 120min
MeOH
@ 0 60 90 120min
o)) 0 60 90 120min
EeOH
@ 0 60 90 120min
overnight at 80T temp
room temp
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3) GC& Alm9] Az=why

50me cap tubeol T}

'

Internal standard2# C17:08-4(10mg/1md)E 1mé 3}l Wi
N; gasZ 4 Hexane2 A A

'

40~50mg9] lipid§ ¥ 2}Z}+e] derivatization reagent 15mé-& 37}

|

LEF 24 overnight W& L 80ToIM 2tZe] 2241182 wg

'

2m¢ Hexane, 15m¢ saturated NaCl 898 7}3}] mixing

'

HexaneZ& &3l GC FY & AEZ A1E

9 A APy
AgAr BHF AL

CLA or A7te IS mg X Peak Area

_ - X 100
other fatty acid(mg/g) IS peak Area X A& mg

2 Al
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E¥ yolk lipid EAAl #§f8 4z AW #§FL o33 o] 4%
ot

Exler5(1975)°) 28" <UWMrA o2 TriacylglyceroNeutral lipid) 1g<
0.956g9] A uHAbe §Hf-3tH, phospholipid 1g€ 0.72g9 AWAL §5¢
t}. =% Cow Fat 1g& TGE 0925g PL& 0.07g ¥ Swine fat 1g2 TG
0.945g, PLL 0.05g2 #4319, yolk lipide °]¢}= ©HEZA phospholipid
gFol 53 o F dSH & F4E N1 U

¥ Egg yolk lipid

Lipid fraction a b
Triacylglycerol 66
Phospholipids 28
phosphatidyl choline 73
phosphatidyl ethanolamine 155
Lysophosphatidyl choline 58
Sphingomyelin 25
Lysophosphatidyl ethanolamine 2.1
Plasmalogen 09
Phosphatidy! inositol 0.6

Cholesterol, cholesterol esters and
other compounds
a . As % of total lipids

b : As % of phospholipid fraction

wetA Swine fate 93.94%(TG 345% X 095 + PL 5% X 0.72)9 A4
A BHEHTL omE NBUB(ate) gH)t 394% L e A
A 24 gRe o ANSADD, BAYMS & Lipidi A4
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e TG 66 X 0956 + PL 28 X 072 = 833%7} #fr€ A2 3ot

(Cholesterol fractions L3 X &S).

5) CLAEA A t& EAWste] v

durd o2 AMEHI Y& WA B4 WY F Acetyl chlorideg AH8-3
= " (Lepage S+ Roy, 1986)% BF3-MeOH £4& AH&3te Wy
(Morrison® Smith, 1964)3% ©] 3% ch. BF:-MeOH AH8-Al= Acid form
o] Al&E 100ToA 3% gAY TG forme A&E AHIstd
methylationg 3ttt

2. 4943 ¢ 13

7}. Conjugated Fatty acids®] &3

24T MAE AAF CLAoAAY XN&UL CLAAA EEFFHY
Retention timeg A& ®¥lx3le 1 HXE FAHAD. otelle] 29 200 A
£ 249 29¢ YBiRed BATAE F2 o A%E AR 2E
peake TAHE AAEHAUH.
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FIDT A, (EXPATIMEOOS4,0)

c-9, T-11

T-10, C-12
c-9, ¢-11

c-10, C-12
T-9, T-11

Unknown

Unknown

[ I R S R R L o

Unknown

Fig 2. Typical fatty acids chromatogram of CDFA mixture by alkali

isomerization
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Y. CLA mixture¥4 o] A Derivatization method®] ¥] 3L

R oz AMLHI e AWS E4o FoHA HYPE HE N AR
g CLAS FLAEA -9, t-11 E t-10, c-12 CLA isomero}®l el ¢ &
isomerdl glAXE WA 4BE o7t APHAUY. WM IY 39
Al B%o] Acetyl chloride, BF3, Methanol-H2SOs, 2 Ethanol-H:50s &
A48 ® CLA isomerd A2ld 840] Yt ALE RIFHI Y&
t-9, t-11 CLA isomer Aol lolA & =tel7t AUY. & Acetyl
chloride A}&A] t-9, t-11 CLA isomer &%l ZLA %7[€A 1, BF: ¥
MeOH-HsSO4 AH&AlE A2 H] %8 1, Ethanol-H:SO4 AHE-Al 71 A
A BEEE 238Ac wekd CLARAAE ethylation Wdol 7+ <t
A3g Pygoz ALEHA
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FID1 A, (026 2701.0)

6w 4

o

B

=
N s~

g

<

e

w1z BBlRE
oz 462 02~
aor6) +

2ZTri4

L S R

6064

®

b

svor
1800 4
<
@] -
o] m e Zive —
2D 100€¢ 4 0 L10°c¢ M
= S v
i g g
Ll
o $ m
m s &
UYR = 8 =
g i
. i et B
Tt T
WTT{
ndlfi2s g | FUEIEE
81002 -LYT Ol SRt
€9€ 64 ——ol 81 J
Eos
L1514
orvs e
L R— aZse -
esze
%064
zxse

Fig 3. Fatty acid chromatogram of CLA mixture by derivatization

method
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t}. Acid form ¥ TG form¢] CLAS 7tH& 434

1) Fatty acid form ¢ ¥A44 ‘

References method2 M4 AL&3H Acetyl chloride ¥ BF3;-MeOH reagents&
A28 ZAxE Table 101 YEhNAT Acid forme CLA mixture 44
Acetyl chloridert8A1E #48tnx 3tE CLA isomer(c-9, t-11 2 t-10,
c-12)7} o] B AR FFHE FFol 4P FHL& Aoz vd
wth 28y BFs-MeOHAMEAlE ¢-9, t-11 isomer §%o] <F 32%‘73 =2
W oHa2H FIF Aoz ARFHA

282 B AgolA F2 A Methanold AHEE AHE Table 2 2 2
o], Ethanolg A}8¥ Z3E Table 4% 5o Yetuisich WA 2#E
B9 methylation 2 th= ethylationol CLA mixture £4A] ©l& <A std
w oz Alg st £3 methylation® ethylation, ©]® AF&3 H,SO4
o vlg 2 ZZe wgAE2Z & o CLA isomerd9| 7|Et ALatd
24 E Mzl 2 Folzk flol By BAHE A¥e Jehud
t}, 22y CLA isomer? BAXole 43§ o]zt R c-9, t-11
isomere] A% HA F 28%cIMF-E HI 35%7HA Wol7t UL ol
2 WFEZL methylationrl B% A3HA JYeldE 44 AR o
AL Fig 4904 2okstel dehiich

watr Yoz e ARE F¢E 9, Fatty acid form® CLA mixture ¥4
A b3 FE@ A Yo ZE Ethanol 3 HyS0.& AR odel §
ol 8l&e 230m¢ I 2~4mee] EFLAoln, gL FLAME over
night %3 % S0TANA 1087 AA 712 Fd 2ae It

aglm 1Y 5 94 E MethylationA] chromatogram ¥ ¥ 6 olA<
EthylationA] chromatogram< WelUR el 2712 Wy EFoA vEgA|
7He 6087 AASHEHE c-9, t-11 B t-10, c-12 isomers]e] o
isomer®] AJ4o] A8t 1 methylationA] % A8A et
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Table 1. Fatty -acid value for acid form sample by Acetyl chloride and
BF3;-MeOH reagents

Methods
Fatty acids, % :
Acetyl chloride BF3-MeOH
Cl16:0 7.46 A 7.13
C18:0 2381 262
Cl18:1 w9 1491 - - 14.08
C18:1 w7 0.78 0.75
C18:2 wb : 1.46 1.36
c-9, t-11 17.75 31.96
t-10, c-12 16.93 : 32.61
c-9, c-11 1.23 1.14
c-10, c-12 1.11 104
t-9, t-11 2892 2.78
unknown 0.34 0.18
unknown 3.28 2.24
unknown 3.04 2.12
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Table 2. Fatty acid and CLA values for acid form sample by
Methanol-H2SOs reagents

Methanol-H2S04 = 230mf : 2mé

Fatty acids, %

0 5 10 20 40  60min
Cl16:0 6.89 7.23 7.21 6.86 6.84 6.99
C18:0 248 264 2.63 246 2.44 250
C18:1 w9 1407 1401 1397 1405 1409 14.19
Cl18:1 w7 0.77 077 077 077 0.77 0.78
C18:2 wb 1.37 1.36 1.36 1.37 1.38 1.39
c-9, t-11 3520 3490 3462 3404 328 3175
t-10, c-12 36.05 3573 3543 3480 3356 32.26
c-9, c-11 1.16 1.15 1.14 116 115 1.13
c-10, c-12 1.09 1.08 1.08 1.08 1.07 1.06
t-9, t-11 0.92 083 089 1.10 157 226
unknown - - - 0.09 0.19 0.28
unknown - 0.25 0.47 117 2.09 2.78

unknown - 0.25 0.45 1.10 1.98 2.64
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Table 3. Fatty acid and CLA values for acid form sample by

Methanol-H:SO4 reagents

Methanol-HoSO4 = 230mf : 4mé

Fatty acids, %

0 5 10 20 40  60min
C16:0 685 721 724 692 692 691
C18:0 245 263 263 247 247 249
Cl18:1 w9 1405 1398 1401 1407 1419 1420
C18:1 w7 077 077 077 077 078 0.78
C18:2 wb 1.37 1.36 136 1.37 1.38 1.38
c-9, t-11 3506 3457 3419 328 3106 2795
t-10, c-12 359 3538 3497 335 3151 2796
c-9, c-11 1.21 114 114 1.15 115 110
c-10, c-12 1.12 1.07 1.07 1.08 106 1.06
t-9, t-11 093 093 1.00 157 300 822
unknown - - - 0.19 033 0.40
unknown 012 049 084 206 321 3.95
unknown 0.11 048 079 192 295 359

-39 -



Table 4. Fatty acid and CLA values for acid form sample by

Ethanol-H2SO4 reagents

Ethanol-H2S04 = 230mf : 2mé

Fatty acids, %

0 5 10 20 40  60min

cCl16:0 724 697 699 701 706 710

- C18:0 264 253 253 264 255 257

C18:1 w9 1402 1404 1408 1412 1420 1429
C18:1 w7 07 o077 078 078 078 079
C18:2 wb 1.35 135 135 1.36 1.36 1.37

c-9, t-11 3491 3514 3512 3509 3497 3483

t-10, c-12 3687 3604 3599 3593 3H79 3563

-~ ¢-9, c-11 L.19 1.16 1.16 1.15 1.16 1.16
c-10, c-12 1.09 1.08 1.09 1.08 1.08 1.09
t-9, t-11 : 092 091 092 095 1.04 1.17
unknown ’ - - - - - -
unknown - - - - - -

unknown - - - - - -
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Table 5. Fatty acid and CLA values for acid form sample by

Ethanol-H2SO4 reagents

Ethanol-H:SOs = 230mt : 4mt

Fatty acids, %

0 5 10 20 40  60min
C16:0 724 698 702 704 712 718
C18:0 265 253 254 254 257 259
C18:1 w9 1398 1407 1413 1418 1432 1444
C18:1 w7 077 078 078 078 079 080
C18:2 wb 134 136 136 137 138 140
c-9, t-11 - 3500 3512 3503 3497 M7 45
t-10, c-12 3587 3599 3591 3580 3550 '-35.19
c-9, c-11 115 116 118 116 116 i.15
c-10, c-12 108 109 109 109 110 108
t-9, t-11 1092 093 096 105 135 172
unknown ' - - - - - -
unknown - - - - - -

unknown - - - -
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M hyl lcohol —o—C182w6 —+-C9,T-11
ethyl alcoho
Fatty acid, % —A—T-10,C12
40 -
| 4 —.. —— A a__ AL
30 - ~- .
25 |
20
15 ¢
10 }
40— —0———¢ ———0———0—o—¢
(] 5 10 20 40 60 0 s 10 20 40 60
<2 SO4 2ml > < HS0« dml-——>
Reaction time, min
—o— Cl8: - -
Ethyl alcohol w6 08T
—&—T-10,C-12
Fatty acid, %
40
35 | Am—A=——d—A—pp Ae—A——A—h——py
30
25
20 |
15 1
10
O———0——06—0—0  ¢6—6————0—0—b
0 5 10 20 40 60 0 s 10 20 40 60
2S04 2ml > < 3 A0 TP 11| ESSE—
Reaction time, min

Fig 4. Change of fatty acid by different derivatization reagent for fatty

acid sample

- 42 -



(FOTA, (I 13010)
]
g
5 .
3 = room temp reaction
o g =R 'i _; 2
3 l 1 2t g
[FIOTA, @1TFI0010)
3
q
§
§
80C - 60min reaction
] 5 2 HE =
: I ik &

Fig 5. Fatty acid chromatogram of CLA mixture by methylation

condition(room temp reaction and 80°C - 60min reaction)
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[FIDT A, (001F0101.D)
L
3

19201 19.583

room temp reaction

o 18.237

PSR 18.707

FHH ,
y26.247

»7.202
m—————— 10,673
1114

192145570

80T - 60min reaction

I 18.724

FHNY

721
}ru 148

= 15.250

Yaem

Fig 6. Fatty acid chromatogram of CLA mixture by ethylation

condition(room temp reaction and 80C - 60min reaction)



2) Triacylglycerol forme] CLA ¥4%

TG form® CLA%H fate] XA FAeolA AE# reagentsT Acid
forme] #AA AAF A FIsgoen it $EARE HI 2A3F
7% ZA}stQth. References Method2M Acetyl chloride ¥ BF;-MeOH
& Al83% ZA3E Table 791 YERU I Acetyl chloride *}%’\]-‘E c-9,
t-11 CLA isomer ol 423 AHULH t-9, t-11 isomer & Fo] A
z7t8qh. 283 TG form9 A& £4A) BF:-MeOHS AH82 Acetyl
chloride® A& A3} W@ $93) FE® F%E el
agv F7hx el A CLA isomer® A|9d the Adite] 4 23
dMe M2z & ztel7t &S YEhlA.

Table 8, 9914 £ methanolg A& -Swe] ZTolw Table 10, 11914 &
ethanol& A& RA&we] 24 ZAsoltt, & methylation & ethylationol
Aol #rgzAE ARolA AAe] %BAAX e Ak AolFe] ol
&< Ut ey, oS meg/g fat® FASAeH ALY FIFee
At Aol7t Utk EE ZHstE CLA isomer F c-9, t-11 CLA
isomerE 7]& o2 st} B o] methylation W¥ol A& 25mgoll A 38mg7hA|
zA= o, Ad oM e BFs-MeOH % EtOH & H.SO.& AHE &
Anuc o WA 23=EQY. o
283 Methanol AF-83 Ethanol& ¥l &A] Ethanolg AH&3hE 2 o) CLA
9] g AWate AT MLzt ol FEIH FadE BIFE
BAY. olstge AFL 1Y 7, 8 ML © L HFAI ¢t At 1
B4 TG forme CLA ¥ o& A¥4g @4 £48zx & de
Ethylationo] 453 Z%% Z2#& UetN 2™ ethanol 3% H:S0.& 230
me L 4Ang EFTF SAE ALEE T ojd e kg AIZEE 80TA 902 HA
FAS o ENAAN 7B FEE AHE YEHUEAT
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Table 7. Fatty acids and CLA values for triacylglycerol sample by
acetyl chloride and BF3-MeOH reagents

Methods
Fatty acids, %
Acetyl chloride BF3-MeOH
%

C16:0 32.00 31.50
Cl6:1 0.39 0.46
C18:0 1715 16.84
C18:1 w9 25.08 24.96
C18:1 w7 0.79 081
Cl18:2 w6 15.00 1490
C18:3 w3 0.38 0.38
c-9, t-11 245 573
t-10, c-12 1.60 2.83
t-9, t-11 4.00 0.44
C20:4 w6 117 1.14
mg/g fat

cCl16:0 20757 215.95
Cl16:1 2.36 3.14
Cl18:0 111.35 115.43
C18:1 w9 162.55 171.09
C18:1 w7 5.17 5.56
C18:2 wb _ 97.08 102.19
C18:3 w3 243 A 259
c-9, t-11 15.62 39.28
t-10, c-12 10.29 19.37
t-9, t-11 26.32 3.06
C20:4 wb 7.52 7.84
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Table 8. Fatty acids and CLA values for triacylglycerol sample byv

methy] alcohol and sulfuric acid reagents

Treatment, min

Fatty acids, %
overnight 60 20 120

Methyl alcohol : H2S0s = 230m¢ : 2mé

C16:0 29.22 31.83 3241 32.33
cCl6:1 0.42 0.44 0.45 0.45
C18:0 1590 17.02 1721 17.08
Cl18:1 w9 24.27 2461 24.91 24.71
C18:1 w7 1.22 1.54 1.36 1.25
Cl18:2 wb 16.87 14.94 1524 15.15
C18:3 w3 0.36 0.35 0.36 0.35
c-9, t-11 6.75 5.50 4.65 5.10
t-10, ¢c-12 3.16 2.70 232 252
C20:4 w6 1.85 1.05 1.08 1.06
mg/g fat

C16:0 111.26 220.48 221.67 217.49
Cl16:1 1.60 3.07 3.07 3.04
Ci18:0 60.58 117.89 11771 114.88
C18:1 w9 92.51 170.44 170.39 166.23
Cl18:1 w7 4.63 10.63 9.28 8.40
C18:2 wb 63.91 103.49 104.22 101.90
C18:3 w3 1.34 243 2.44 2.38
c-9, t-11 25.59 38.12 31.95 34.31
t-10, c-12 11.99 18.73 15.92 16.99
C20:4 w6 6.95 7.30 741 7.15
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Table 9. Fatty acids and CLA values for triacylglycerol sample by

methyl alcohol and sulfuric acid reagents

Treatment, min
Fatty acids, %

overnight 60 90 120

Methy! alcohol | H2SO4 = 230mé : 4mé

C16:0 29.17 32.35 3258 32.64
Cl6:1 0.42 0.44 0.45 0.46
cC18:0 15.89 17.46 17.23 17.16
C18:1 w9 24.09 24.76 24.69 24.83
C18:1 w7 1.09 1.27 1.25 1.25
C18:2 wb 17.08 15.35 15.15 15.33
C18:3 w3 0.36 0.35 0.35 0.36
- ¢-9, t-11 6.78 452 4.80 457
t-10, c-12 © 316 2.30 2.43 233
C20:4 wb 1.95 - 1.20 1.07 1.08
mg/g fat

- C1l16:0 109.84 203.63 232.09 228.89
Cl6:1 1.59 2.78 3.21 3.21
C18:0 59.83 109.32 122.72 120.32
C18:1 w9 90.69 155.68 175.90 174.14
Cl18:1 w7 411 7.97 8.87 8.78
Cl8:2 wb 64.31 96.32 107.89 107.50
C18:3 w3 1.34 2.22 2.51 253
c-9, t-11 25.54 29.50 34.19 32.05

- t-10, c-12 1191 14.90 17.32 16.34
C20:4 wb 7.35 7.38 7.62 7.59
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Table 10. Fatty acids and CLA values for triacylglycerol sample by

ethyl alcohol and sulfuric acid reagents

Treatment, min

Fatty acids, %
overnight 60 90 120

- Ethyl alcohol : H2504 = 230m¢ : 2mé

%

C16:0 32.85 33.26 32.84 3266
C16:1 0.46 0.45 0.46 0.46
C18:0 16.93 17.62 17.31 17.08
C18:1 w9 23.96 23.56 2387 24.02

" C18:1 w7 1.38 1.40 141 143
C18:2 wb 14.30 14.01 14.36 1458
C18:3 w3 0.34 0.33 0.33 034
c-9, t-11 6.00 5.69 5.67 5.66
t-10, c-12 2.84 2.73 278 . 279
C2:4 wb 095 094 0.97 0.98
mg/g fat
C16:0 15727 17105 20697 21827
Cl16:1 2.18 2.34 2.88 3.07
C18:0 81.07 90.64 10909 11416
C18:1 w9 11472 12116 15046 16052
C18:1 w7 6.61 7.22 8.87 9.56
C18:2 wb 68.46 72.06 90,51 97.41
C18:3 w3 . 161 1.69 2.10 2.26
c-9, t-11 28.74 29.24 3574 3782
t-10, c-12 . 1359 14.05 1751 1864
C2:4 wb 453 482 6.08 6.56

- 49 -



Table 11. Fatty acids and CLA values for triacylglycerol sample by

ethyl alcohol and Sulfuric‘ acid reagents

Treatment, min

Fatty acids, %
overnight 60 90 120

Ethyl alcohol : H2SO; = 230mé : 4mé

%

C1#6:0 31.78 3255 32.33 32.66
Cl6:1 0.49 0.47 0.46 0.48
cC18:0 16.09 16.96 17.03 16.75
Cl18:1 w9 24.64 24.04 24.19 24.10
Ci8:1 w7 151 1.47 1.44 1.62
Cl18:2 w6 15.02 14.65 14.76 14.82
C18:3 w3 0.35 0.34 0.34 0.35
c-9, t-11 6.08 5.68 5.59 547
- t-10, c-12 3.03 2.86 2.83 277
C20:4 wb 1.00 0.99 1.01 1.00
mg/g fat
Cl6:0 203.55 220.21 232.60 240.25
Cl6:1 3.12 3.16 3.33 351
C18:0 103.08 114.74 122.53 123.22
Cl18:1 w9 157.85 162.64 174.05 177.26
Cl18:1 w7 9.70 9.92 10.39 11.88
Cl18:2 wb 96.21 99.11 106.23 108.98
C18:3 w3 2.23 2.31 2.46 2.50
c-9, t-11 - 38.97 38.45 40.25 40.23
t-10, c-12 19.39 19.32 20.35 20.37
C20:4 wb 6.44 6.69 7.28 7.34
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Methy! alcohol —-CI60  —+-CI80
—A—C18:1w9
Fatty acid,
(mg/g fat)
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200
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Reaction time, min
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Fig 7. Change of fatty acid by different derivatization reagent for
triacylglycerol sample
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Methyl alcohol -0—C182w6 —+-C9,T-11
Fatty acid, —&—~T-10C-12

(mg/g fixt
120 [

100
.80 t

20 | /M_‘__‘ ‘__'___.___,_‘*.‘

owrnight 60 90 120  owrnight 60 920 120

< S04 2nd > < SOy 4mi- >
Reaction time, min

—o—C182w6 —+-C9,T-11

Fatty actd, Ethyl alcohol

(/g fat) —&— T-10,C-12

120 -

100 | P’__.//*—-""
80 |

60 |
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20 | e kA

‘___‘_‘_‘_,___,_«‘———-—"ﬂ & ’

o i i 1 4 i 1
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Reaction time, min

Fig 8. Change of fatty acid by different derivatization reagent for fatty

acid sample
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1. 4345 ¢ %Y

7. AP A

A2 M safflower oil& AM&3 3 Alkali isomerizationol®l# CLA®A
218 2AE7] skl 8% 500nes FHAIE ASHUD, FLAY
A9 4YAAE ohdel 29 9 o 2ot
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T. ‘—68
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|
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. 48 3y

1) NaOH % KOH #3®3tA CLAS Atz

ZNgwtgzAo2N &= 180TCoA 2hrAAE bubbling 3t®A Ethylene
glycol& 150g 2 safflower oil& 15g0.2 & ZAA t}& o] NaOH
% KOHY &g A 7184 CLABAY &S ZAMEAG.

NaOH, g 31 63|96 |130|16.7(205|244

Ethylene glycol @ NaOH&$]
Z#=% div] NaOH9 %

KOH, g 31163} 96 |130]|167 (205|244

Ethylene glycol @ KOH<
Z%%F dv KOHY %

2) Oil g&3Fd CLASY A4k

Safflower oil &%¥d AP e NaOHE 6%, KOHE 8% AHeT+E A
&F oil §FL 15, 25, 35, 45, 55, 65 R T5g7tA] WBA|F|HAM CLAS A
AeEs v E43YY, olHe Z1EWNEEAL 180C - 20hr, Ethylene
glycol 150g2.2 3t A A3

3) ¥k E WA CLAY A4t

NaOH ¥ KOHE &7 6% L 8% =3l1 safflower oil §%FE 35go 23}
o ¥g2TE 140, 150, 160, 170, 180, 190 E 200T7HA] WA F|HA
CLAY A4&S A
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4) ¥r-gAIZ ¥ 3tA] CLAS AAbse] W3t

NaOH¥E 6%, KOH= 8% =31 safflower oil2 35g, Ethylene glycol<
150go. 2 &9, we-2=& NaOHE 180C, KOHE 190CAA 27 30&,
1A13} 15412, 20A13F, 25717, 3.0A13F 9ESAI71E Aoz AAStA

5) Ethylene glycol &3 W3lAl CLAAALS st

A719] wke-zHo) A Miscible reagent2% Ab83l3 9+ ethylene glycol
e WstA] CLAAARE RAlsQith 71 29ex 1S NaOHE 11.3g, oil
40g, NE = 180TCoM 2A1Zte 2 3, Ethylene glycol ¥3F&
150, 125, 100 2 75me7+x] W3IA| At}

2.9 43 ¢ 23
7}. NaOH 2 KOH %4 CLAAAH
Alkali isomerization ¥H-$-olA 7122 ¢l gZelYe M= NaOH ¢ KOH
g Addsle 4¥sch NaOHol tid CLAS A4 WE= Table 129,
KOHoll t§ 23 Table 139 YJERNATH
NaOH, KOH 2% 2 §%& 2%elM 14%7t2 #stA7|"WA CLAS 44t
S zA}aHTh NaOH® #$E 6~8%9 NaOHE AH&39< @ CLA
o] AAtol Hzol =3 on L ot #FoAMe 2313 CLAY A
Abskol ZAdPel. £ NaOH @ Fo] 8%oldo A= non-active CLAS]
t-9, t-11 isomer F#o]l 5% A HE Az NaOH 14%% 739 15%7t
A F7bete AF¥E BEo wex EFHESGE -9, t-11 R t-10, c-12
isomer?] Aol NaOH 14% A TFAME 47 26% L 24%E Z4 5
At
KOHY 7ZA$E AAq Wsle 7% NaOH & N2 HlzsA Jey
Atk KOH®| #$E KOH #3Fo] o 8~10% A& FolA CLAS B4
o] 714 wch MY KOH AMEAlE 4%9 AFodAME t-9, t-11
isomer #3o] 6%oldoz AAEHJeng B3 CLAY AAHQY 3§
%L NaOH AHEA © F7tete 23S JetUdoh z2]ln "AAA ¥
A 2 CLA A4H3#& NaOH AHSAl ©f E&3Q Aoz Al A
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Table 12. Conjugated

linoleic acid production and

decreasing pattern by NaOH reaction of safflower oil

linoleic acid

Fatty acids, NaOH, %

% 2 4 6 8 10 12 14
C16:0 83 763 842 759 869 806 766
C18:0 265 2.66 268 256 293 263 255
C18:1w9 1320 1323 1339 1311 1300 1313 1320
C18:107 077 077 079 077 076 079 079
C18:206 1941 18 105 091 109 110 123
c-9,t-11 2384 . 3132 3088 3055 2880 2877 2565
t-10, c-12 2324 3069 3035 3022 2826 2843 2427
unknown - - - - - 0.13 0.33
ct9,¢c-11 074 102 121 137 160 144 194
c-10,c-12 075 0% 100 114 117 128 161
unknown 040 036 020 044 047 040 041
t-9, t-11 205 287 363 506 . 723. 774 1464
unknown 039 047 045 025 016 0.1 -
unknown 222 270 326 313 304 302 306
unknown 202 361 271 293 284 300 268
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Table 13. Conjugated linoleic acid production and linoleic -acid

decreasing pattern by KOH reaction of safflower oil

Fatty acids, KOH, %

% 2 4 6 8 10 12 14

C16:0 5638 779 - 749 647 683 653 702
C18:0 18 249 25 1% 237 22 25l
C18:1w09 1325 1307 1301 1352 1302 1303 1284
C18:107 079 076 079 087 079 078 077
C18:2w6 4418 552 114 091 094 110 110
c-9 t-11 1400 2833 3045 3156 3034 2932 29.28
t-10, c-12 1366 2753 2991 3075 2981 2864 - 2876
unknown - - - ~ o012 02 on
¢-9, c-11 049 119 122 103 142 162 194
¢-10, c-12 041 091 111 075 106 133 123
unknown 026 042 041 072 037 042 046
t-,t-11 214 601 564 532 658 861 829
unknown 0.36 - - - - 0.16 -

wknown 175 333 314 333 345 336 316

unknown 1.28 2.70 3.13 2.90 2.94 2.69 291
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Y. Oil 3338 CLAS A%

32 NaOH % KOHY A8 ¥ & 6% % 8%=2 2z A F A143)
€ Oile] &%F& 15golAl 75g7tA M3AZE we] CLA AA4FE Table
149 JYeRHA T NaOHE 79 AH&3E Oil #ao] 25~45g9] HAAE
o CLA 343l 714 #& A%S Jelddn, oA Oil &3 F7HA
RE W CLA ALFE 43 ZaHo wE=HA £% Linoleic Acid &
Fol aA F7tEU. CLAZ WA@HA g3 E&A 8= Linoleic Acid 9
§ZFE Oil 36g 2 46g A TFoAME 2 46% 2L 10%9] FFES deRY
Neez2 HAF Safflower Oile] FFL 25g o]oln 35g vwigrel W7}
HAF Aoz ALHAUG

KOHY ZA$E AAHoZE NaOHY ZA#s} vl&dd F¢E Y.
(Table 15) KOH AM-AI%= Oil &% 35g 7HA] AFEA] ¢-9, t-11 2 t-10,
c-12 CLA isomer@ @Al 713 Weo] 3F7ld A%E dUY. a8z v
HA &3 Folfle Linoleic Acid &§3& Qil 75g ALEFoA T0%AE=Z
A9 ¥hgo] o]fojAA] FSE UYEHHAL, NaOH AHEAle] 2& X7
Al M= Linoleic Acid7} 54% 3 =24 CLA AZA] #&A L& NaOH7}
FEE dehih
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Table 14. Conjugated linoleic acid production and linoleic acid
decreasing pattern by NaOH reaction with different amount of safflower

oil

Safflower oil, g

Fatty acids,

% 15 2% 35 4 5 6 75
Cl6: 0 514 450 496 409 350 650 537
C18: 0 144 128 128 08 079 215 148

Cl8: 109 1378 1363 1356 1363 1364 1169 1329
Cl8:107 08 08 076 079 081 078 079
CI8: 206 084 089 463 1004 2746 4075 538l
c-9, t-11 3218 3308 3171 3002 2288 1564 1042
t-10, c-12 3149 3257 3167 3008 2299 1596 1058
unknown - - - - - - -

c-9,c-11 138 125 113 099 074 053 040
c-10,c-12 122 113 098 099 068 049 031
unknown 0.31 0.26 0.27 - ~ 0.34 0.25
t-9, t-11 447 393 277 244 190 143 091
unknown 041 014 035 027 036 035 0.4
unknown 364 328 284 336 212 176 127

unknown 2.92 3.19 3.11 2.62 2.16 1.68 1.02
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Table 15. Conjugated

hinoleic

acid production and

linoleic acid

decreasing pattern by KOH reaction with different amount of safflower

oil

Safflower oil, g

Fatty acids,

% 15 2% 3 4 5 6 15
Ci6:0 763 1065 774 770 770 808 815
C18: 0 229 333 234 247 253 . 263 265
C18:109 1355 1286 1335 1275 1278 1332 1360
Cl8:107 08 078 08 079 078 082 081
C18:206 08 103 267 1227 3511 5699 69.19
c-9, t-11 3147 3014 3122 2651 1704 715 223
t-10, c-12 3105 3023 3112 2694 1735 728 220
unknown 0.08 0.12 - 0.26 - - -
c-9,¢c-11 138 112 115 148 060 027 020
c-10, c-12 108 096 08 069 060 028 0.6
unknown 039 041 027 019 039 058  0.12
-9, t-11 340 265 259 257 164 070 025
unknown 028 044 043 022 017 036 -
unknown 301 278 272 282 171 08 025
unknown 280 255 277 239 154 072 023
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. 932 % WA CLAS A4

£& NaOH ¥ KOH® AH¢ ¥E5EE 6%, 8%2 s Safflower oil &
e 3BgoZ A Ao WELEE 140CoA 200CT7HA AHAAS
me] CLA BAt%& Table 16, 17¢] Jehiglch.
NaOH Mg 7& B 140CoAN A&ate] 180~190T7HA LEE Z7HA
Ae @ EAst: CAL A4ZE 48 Z718%, Hh2 linoleic acid
gae 43 #a3A 28z 200C HBFAME EeolUE linoleic
acid L 1% Ao t-9, t-11 isomer FFo] A AH+F /M3
22 72%2 JYEhgton waN 2HsE CLA AAFE bzt zase
A%g JeEh A
T3 LEWHA CLA A3 B o 160T olats] LEolME isomerization ¥
go] dgstA YoAtA] &Tirt 170C o)Al M FE] isomerization ¥-&-°] §4 3l
Yolup= AFE BT
KOH A2 oAt weesst Holx 190CAA CLA Aol 713 &
o] F7}8t At
T3 160C7HA £ t-9, t-11 isomer T Fo] A9 FEHA ¥ 2HA=Z &
WE WeA4e NaOHZF o $43tgnt wabs 4gsl A E NaOH
o] %= NaOH 6% oil 35g 2 180T ZZo] ¥33Ux KOHS 2%
= z+z 8%, 35g 2 190C 259 =Ho] HAEA Jeiwdh
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Table 16. Conjugated

linoleic

acid production and

linoleic acid

decreasing pattern by NaOH reaction with different on reaction

temperature.
Fatty acids, Temperature, T
% 140 150 160 170 180 190 200

Cl6:0 3.68 6.41 803 528 573 7.76 7.73
Cl8:0 0.84 2.08 2.66 1.39 173 2.72 2.75
C18: 109 1485 1443 1467 1536 1488 1481 1505
Cl8:1w7 0.73 072 036 077 074 074 037
Cl8 : 2w6 7195 4952 2676 843 119 077 1.05
c-9, t-11 341 1128 2018 2914 3135 3023 2946
t-10, c-12 3.44 1143 2043 2923 3145 3049 28.97
c-9, c-11 - 014 028 08 107 117 158
c-10, c-12 - 015 027 084 099 1.03 1.19
t-9, t-11 043 1.22 1.92 267 361 404 724
unknown - 0.21 0.19 0.22 0.50 0.23 -
unknown 0.36 1.25 2.16 295 352 319 254
unknown 0.34 1.19 2.12 2.91 3.28 2.85 2.11
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Table 17. Conjugated linoleic acid production and linoleic acid

decreasing pattern by KOH reaction with different reaction temperature.

- T , C
Fatty acids, emperature

%

140 150 160 170 180 190 200

Cl6:0 7.43 7.26 7.32 7.74 6.44 7.81 7.55
C18:0 264 2.56 2.58 260 221 2.75 2.69
C18:1w9 1410 1434 1416 1428 1435 1401 1431
C18:1w7 035 0.36 0.711 0.72 0.71 0.77 0.72
Cl8:2w6 7243 6534 5235 2580 1482 149 0.76
c-9, t-11 151 5.04 9;87 2071 2691 3022 3061

t-10, c-12 1.55 512 997 2072 2565 3090 3047

c-9, c-11 - - - 0.60 0.88 1.25 1.29
c-10, c-12 - - - 0.59 0.83 1.08 1.09
t-9, t-11 - - 1.05 1.99 2.46 3.37 4.10 -
unknown - - - 0.24 0.45 0.46 044
unknown - - 1.03 2.07 2.7 3.08 3.16

unknown - - 0.98 1.98 1.56 2.83 2.85
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2. WAz st CLAAAZ9 W3

Table 18, 199l = wW&L=E NaOHE 180C, KOHE 190T& A3z
BgAE BN 307N WHAAESHS CLA AUFE YU
oh,

ANFoz BFEHYLS @ WAL F/HA CLARAFE F7HEUAR o}
€8 t-9, t-11. CLA isomerd A4FE F7iEe 2L YA
NaOH 2 Foll A& 180TAA ok 2413t £ KOH A&t 241l 1t
eA AAdg Roeg o 23y KOH HFaAMe FHA &2
linoleic acid g2ko] NaOH A xRt 4534 =4 FAHHJLE==
CLAAIZA] KOH®| AHg& E&dhe vehiid

v}l. Ethylene glycol &% W3tA] CLAAZZ9 W3

ANAA Y AExAGNA Dol 71 B§EAL NaOH 11.3g, oil 35~
40g, H-&L= 180ColA 2413t R Ethylene Glycol2 150m= HERSE AT
wal iz AAA] ethylene glycold) 713 E 433 n7lol2E 713 &
294 gl wete AAZL a7 B AYPME ethylene glycol &
& 57 R ZAANZHE W CLAS A3 H3tE Table 2001 Yebl AT
Ao REo| ethylene glycol AHEE 150meol X 75me7bR] ZHAA| A
e A 7S o AAEE CLARFSAME o7t e Aoz E4FA
t}. thut ethylene glycold o]l Ztagel wetA weF g8 23
A Ael7} sticky?t FElE JERARATH
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Table 18. Conjugated linoleic acid production and linoleic acid
decreasing pattern by NaOH 6% and oil 35g reaction with different

reaction temperature.

Reaction time at 180T, hr

Fatty acids,
% 05 1.0 15 2.0 25 3.0
Cl16 : 0 7.26 725 705 587 710 792
CI8 : 0 260 2,62 248 119 251 264

Cl8 : 1w9 14.18 1415 1421 14.60 14.26 14.49
Cl18: lw7 0.71 071 0.72 - 073 0.72 0.72
Cl8 : 2wb6 200 5.63 1.50 0.88 0.71 0.66
c-9, t-11 22321 29.09 30.89 31.68 31.03 30.68

t-10, c-12 2351 . 2955 31.30. 3192 + 3141 © 3084

¢9,c-11 077 010 115 121 12 Ll
c-10, c-12 0.74 0.92 1.09 1.10 .10 - 1.09
t-9, t-11 199 2.60 2.94 3.25 3.36 3.58
unknown 0.41 0.47 0.49 0.50 0.48 0.46
unknown 239 - 309 3.17 3.29 3.16 3.06
unknown 2.28 296 3.04 3.09 297 -2.78
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Table 19. Conjugated linoleic acid production and linoleic acid
decreasing pattern by KOH 8% and oil 35g reaction condition with

different reaction temperature.

Reaction time at 180T, hr

Fatty acids,

% 05 1.0 15 2.0 25 3.0
Cl16 : 0 754 887 776 854 6.40 476
C18: 0 251 274 247 258 197 138

Cl8: 109 1411 1396 1428 1447 1459 0.76
Cl8:1w7 071 0.69 0.71 0.73 0.73 0.73
Ci8: 206 358 1750 9.28 6.41 3.00 1.82
c-9, t-11 1645 2337 2735 2827 3072 3194
t-10, c-12 1641 2332 2723 2819 3054 3178
c-9, c-11 052 0.79 0.88 091 1.13 1.20
c-10, c-12 051 0.73 0.85 0.86 1.04 1.09
t-9, t-11 175 2.73 3.12 2.95 3.50 3.65
unknown 0.34 0.41 0.45 0.44 0.46 0.50
unknown 1.70 2.54 2.87 2.94 3.03 3.30

unknown 1.62 2.38 2.78 2.73 293 3.12
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Table 20. CLA production by different ethylene glycol volume

Ethylene glycol, m¢

Fatty acids,

% 150 125 100 75
Ci6: 0 7.43 7.46 7.38 748
Cl8:0 4.25 4.23 4.15 4.24
Ci8 : 1w9 26.50 26.54 26.56 26.52
Cl8 : 17 1.16 1.17 117 ‘ 117
Cl8 : 2wb 1.06 1.29 1.39 1.58
c-9, t-11 23.20 23.33 23.13 23.13
t-10, c-12 23.47 . 2382 23.85 24.11
c-9, c-11 0.95 0.93 0.90 0.88
c-10, c-12 0.88 0.88 0.86 0.86
t-9, t-11 4.96 4.60 4.62 435
unknown 1.10 0.98 1.05 0.96
unknown 2.60 247 2.55 2.44
unknown 2.44 2.31 240 2.29
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A 43 48 H§A CLAY ALAZF W3}

1. 28 As 2 9y

b AEAR

CLA AZxA ¢8urg A2 otdl 28 1094 BHKo] 7Hadt ZA
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a3 10, FHWE A

1. N2 cylinder 2. on/off value 3. thermocouple 4. Reactor

5. oil bath 6. Temp controller P. Presure gauge
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U A9 3 2 A9

gdAuS AYPA ¥rgEol 7] H]&2 Ethylene glycol 315m, oil 85g
NaOH 25g¢] H] &€& A3l AR HE2EE 180TE .
ag)n AgxNEEAe @ &8 50, 100, 150, 200 2 250psiZ 3R Z
zbo] teolA] WAL ZHZE 05, 10, 15 2 20 ATE FAen @ 2
Az AN gHAFANAE 4FL 10, 20, 30, 40 £ S0psiZ2 AL 33
i1, Z4zhe] el A wEAIZEE 05 10, 1.5 2 20422 HAAEA.

2. 4949 ¢ 13

7F. 250psi e 7AA S W3t

oM R A Yoz HAme YR WAE Foluwmz 250psiztA

dge HdAsgth 4E AP Table 219 HetiAdt.

= qtalubgA] ¢¥e 50, 100, 150, 200 X 250psi2 3tn A #Hzt

05 10, 15 2 20 Alto 23t CLA A4 AFS =AEAY 238 B

8 u)ut2 ¥ linoleic acid®] T WHEAIZE 1AIZE o) Fol= Mzt &

zpol7b glol 1.3%olat2 Uehgony, WAzt 308 A A e S0psiolAl

79%2 7% B¢z e 4 FUHA A Fadte 250psidl A 2.8%

7} 2439}, non-CLAQ! T-9, T-11 isomer HAAGE AT 308

dE 30~37%2 g FHBE Aozt god, AR £ 4¥HFIL

A Z718tE AL YEhdol 49%7HA Z43td . Active-forme 2 oA

A C-9, T-119] BAAFL A2 vgAL ¢ AFHF/HA] 2 ¥de

At

meba GHEE2A] CLAY AAFFE 50psi ¥ 30 ~1A1 W& EAAAM T
2523 AN AT Ao MEs HAF g ARe] 2ANYE H
org w Ag3 HEANE dE5 s YU
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. 50psi¢te7tA o W

50psiol A 250psigtEEslel Azl HgkFol SpsigHolBoNE ¢
33200 Aol7h ARNOEZ Sopsioldte] GPM ARse 4P 2
3E Table 220) UehAATH ATolH BFo] WeAoZ HYl 1047
¥HEAl 7] ¥E8-E linoleic acide 1.0% F£&o2 EAgon C-9, T-11
isomer ¥FE A9 H3 T TEEE AFFo|Att. 281m 308 ¢HE
Ne g5z BAe 1 WS linoleic acid7t AFE(T5~40%)E
ASn YA,

E¢ AAHoZ B o 9gtel 5242 FNulfo) Zoem, weA|
o] AoxW Aol polymer 44ES EANOT B o, wsgge
30psi(&L 40psi ol3h) L WSAE 1A A=W 2B Ao AR
Ak
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Table 21. CLA formation at different pressire and reaction time

Reaction time, hr

Pressure,
psi 05 1.0 15 2.0
Cl82w6
50 79 2.1 1.3 1.3
100 8.3 1.3 16 0.7
150 42 16 1.4 0.8
200 5.0 1.2 06 0.6
250 2.8 1.2 0.7 0.7
C-9. T-11
50 23.7 237 236 24.3
100 22.1 23.0 229 246
150 232 239 238 1240
200 22.8 236 24.3 24.2
250 24.0 23.0 24.2 236
T-10, C-12
50 24.2 24.1 24.1 24.8
100 22.3 232 232 248
150 236 24.3 24.3 24.4
200 23.2 239 24.7 24.3
250 243 233 245 24.0
-9, T-1
50 37 39 4.1 43
100 30 46 49 44
150 35 39 39 42
200 39 43 44 45
250 36 41 49 47

- 71 -



Table 22. CLA formation at different pressire and reaction ‘time

Reaction time, hr

Pressure,
pst 05 1.0 15 2.0
182w
50 753 0.71 0.63 0.57
100 4.08 0.71 0.79 0.56
150 4.34 0.80 1.12 0.45
200 6.37 1.11 1.02 1.20
250 7.21 1.69 0.54 0.76
C-9, T-11 isomer
50 20.96 23.39 22.73 22.69
100 22.12 23.08 23.01 23.03
150 20.87 23.69 23.13 23.22
200 20.29 23.56 23.71 24.00
250 21.81 2357 2372 23.68
T-10, C-12 isbmer
50 21.26 23.60 22.96 22.89
100 22.42 23.23 23.95 23.22
150 20.95 23.99 23.35 23.85
200 20.36 24.18 24.15 24.36
250 22.02 23.98 24.28 24.20
T-9. T-11 isomer
50 218 421 445 475
100 3.26 450 415 464
150 573 359 4.19 448
200 5.38 3.69 4.09 4.15
250 272 3.29 381 413
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Al 5 A. Conjugated Dienoic Fatty Acid9] AA T

2

LA e

CLA: & 2 tojdE &3 59 AyH fFol IFHA HS
F wn e AHBAH EFEA Ad EAste A FFHN
= linoleic acid:® ©1ZZ&ol 9N T 12¥ gaio) EAsAL ndojy W
2229 rymend] &3+ linoleic acid isomerased] €3t o 7}
Heje] Tty 8y = CLAZ TEAL A olgHez wEE
& Q& CLAY #FF/E 8%3o2 224 oy o8 T Y&H2E B
2248e 239 ¢ 2 tololE AFE YellEe AL cs-9,
trans-11 CLA 9 Re2 gelA lo9 trans-10, cis-12 CLAC W@ <
7= AgFoltt v IeHe A AuterINFZRE alkali FHE o1&
3ty CLAS AAtste] A& ez Ad=zn ok ol e B84y
7147t AR E Aol A dtgo] o] Fo|x|7] WEd F7] EA FoA w
28 o Hmrh Agukgo] fulaA dourie FAT HuE N FA E
A3 linoleic acid® 90% ©l4 CLAZ AFAF7] QsiMe g2 =7}
BE 200 C A=Y & 2E0A Holx 2A1Z o]4Fe] HhgAIZto] E
g5 mebA s AL 9 7k Ak deEA & dFdMe @
vla}7) W2 2 E alkali isomerizationE: §3t9 #A4 € CLAE F537
g% Wi FARAY F AANY AIEL AASE AR A T
7t N=EAT AA s2wge oA, soap 2AH, urea FFY T
g o] £ Wio] AL FANYPE YA o]ikste i (Supercritical
Carbon Dioxide) 5& 3§ ©] &3 Lo A=HAUH

L
=

lo

- 73 -



2. 45 2 3y

7}, As

2 A¥AA AHEE utebrlife ARED A A AuldfE AL
dAen 1 o] Ate FFol4de AE AL

. CLA 4%

AWE form TG forme CLASH i@ o3 712 2444 2 gz
ol A v LEHT YUt £ CLA F 7154 ¢ 21 de F83
cis-9, trans-11 R trans-10, cis-12 CLA 9 E4 4] o]59]
chromatogram Alolol = A9 & T & oA/l EAjttes KT Qo
U, AU #dFE 4AFE HAED dgdy B APME  akali
isomerization] A4d¥ CLAE o]&3t9 dodFHY AEY cis-9,
trans-11 R trans-10, cis-12 CLA #3& vz A48 GC B4z
2 injector 240C, detector 260°C, column 200C o™ A2 ¥ column

< omegawax-capillary column(supelco co.)& AH83t ).

. &l JAYE o8 CLATS

A FFoA da A8 EHe &7 JAY Ee FAYL o)Ly
CLA ¥5¢& AN=39q Bt ojf Alg&d £vl2E Acetone, Methyl
ethyl ketone(MEK), Petroleum ether, Ethanol, Methanol, Ethyl acetate ©]
Reon gyl Zoste]l FAHE CLA FAS(Y 43%)e 4] Lujol 20
% TE2 EFT® F -20 CTolA 24 A ¢x8F AAYstd £ Y (solid
fraction)® ZARHA &S AWd R ¥(liquid fraction)o2 UFE
CLAZ} 5% ZAFHA &L AP 2IY(liquid fraction) o2 ¥l
gt ¥ZEAE Hl2dd B
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2}, Soap AAYE o] 4% CLA 5F _

St N 4 25 H alkali Fei3to] $48 CLA EHES ol&3td CLA
$%2% 97 915 soap AWl ol &G CLA EF2ol 20% >
7} HA acetone® H7M8t1 ¥ 3 LiOHE&YS H7lete pHE ZAF
4T WAnN AL AA U AAY ARE FLARINE o435
o ReF FAHX YL AYREL 6N HCIZ acidifying @%
n-Hexaneg ol &3t A4 BEQ sl4atdnh 848 AWaAe o2

58% GCE ol g3t £

o 297 4 BLE o188 CLA ethyl esters] 3

ZYA oL FEZRAE o]85 CLA EFEZHE A3EL A
A7l A Az S 2AEY Bt 229HFY 2EZHL 60T
g dAsgon A gy 2dgN 24P 439 CLA 8= o
2 By A3EY FEAEE vluste B old & F£E9 A3
ETHFE AOCSH A W} silica gel columng o] €3t &AHsget. o2 %
A FEzxdeo2 H3FHE F¥x=PdAM FFA(Florisi)e} FFE8L =
Absted Hgkch

v}, Urea adduct& ©]4 & CLA 5%

et 7l A 25 alkali Zo]E o] &3t §AHE CLA EFE 43 F
o] &ulg o] 83 urea adduct A& AAEHYt 2 FFL O3}
teh. Algell diste] urea® 1 - 6 vl9] urea® 7}l YA U] &ujE
7HEF urea’t FA3 LHAHT LAY EFE(NE+Erl+urea)e 4Tl
A 24N L BA AT AGAAIIE o83l 2AE uread AA
1 de YR E F Non urea adduct £3& 3 F387] st

n-Hexane¥ 7}3l9 ureadll adduct¥ X €& 2L 34319,
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AL. CLA AFAAZA 4

CLAZ &3 ATAHANAL A7) 915+ Lipozym(Novo co.), lipase
PS, lipase AYS, lipase LAX, Lipase AS(Amano Co.)59 &AAE ol &3
o AAsgen AR 71ZzE duErIANREREH $A4E CLAS Cs
# Cpol E¥E MCTE ol &3td AxAHU}. CLA AFAE F44A
< Akoh 59 Wiel wat 4A Ao

3.25% R 33

7b. 0] AP L o] §¥ CLASSH

A sEAA el ASHE 89 AWY Ex AU olgstod
CLA ¥%¢& AN=so Btk ojf Argd Svl=2L Acetone, Methyl
ethyl ketone(MEK), Petroleum ether, Ethanol, Methanol, Ethyl acetate o]
oo wzel Zulsel YA CLA YHE(F 43%)8 A2tel golel 20
% T2 EFF F -20 TolM 24 AP #XFF Z2A Y FH(solid
fraction)? FASHA e AUy ¥ H(liquid fraétion)?.i Uy %
CLA7} 249 ZAASEA e Ak 28(liquid fraction)e] A4t =
e =AS ¥ A3} Table 134 2 A%E AdUch 2 AHR=RE CLA
%ol Acetoneol 7H¢ AFAHQA &uizA dEdoy & FFEAHAE o
A s

_76;



Table 23. Fatty acid composition of liquid fractions obtained after

crystallization with different solvents at -20 C

Solvent 16:0 18:0 18:1 182 CLA 1 CLA Il others

Raw 69 37 25.7 24 216 217 18.1
Acetone 2.7 06 28.0 26 234 23.8 188
MEK 39 13 278 26 228 231 186
Pet-Ether 31 10 279 26 229 232 195
Ethanol 53 23 266 26 222 223 188
Methanol 32 06 281 26 232 237 184
Ethyl Acet. 30 09 282 26 229 233 191

CLA1:9 11-CLA, CLA II : 10, 12-CLA, MEK : Methyl ethyl ketone
Pet-Ether : Petroleum ether, Ethyl Acet. : Ethyl acetate

1}. Lithium soap acetone AW o] &3 CLA 5

Apatel A EFAWAold EXIEIE @R ALY Ffde
acetoned| &A1 E . ¥ 3} lithium hydroxide2 73 £ F3A2 3¢
EX3Est ¥ A% acetone £uld IFAHA Fede AFEA A
o ¥ A¥eMe 2Ze Fuistd ¥4€ CLA A F4243%)S
20% 52 acetoned] £3]A)Z1FE X3} lithium hydroxide2 pHE 65 -
gO7t2l WEAA FAFA ¥ IAFE(liquid fraction)e] AW 24 &
ZAbske] Table 2 @2 Z#HE Y& + ANUTH pH Wsbol whet acetone
goo] AAGYA & JARE AP 2P 2 WiE ek
a2 424 pH Z7bd w2} biological acitivity’t ¥ Rez & g,
11-CLA 3% &%} 7572 #&8A $7HE€ 2% S 2R 28y pH
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BOAIME 1 o] FaHE AYS YHWon Fold FYd So4ua
ol vlatel CLA 520l soap MWo] 958 AAHA Aoz vy
=

o 294 ot GAE ol §@ UHFEAA € S A}

Z2YA oldgtgae HZ Fd F2EE 712 o8 FollA Az
2 ged AH g & R EA FTH T F2EY Vg dA® £
Qe 7€z AA=HT Ak B AFANE AutdHF2 H alkali &
wi3tel] Az AWAE YAt Es

Table 24. Fatty acid composition of liquid fraction obtained by

lithium soap acetone method.

pH 16:0 180 181 182 CLA 1 CLA Il others
Raw 6.9 3.7 25.7 24 216 217 181
6.5 45 15 264 2.6 237 243 17.0
7.0 2.8 0.5 234 3.0 247 273 183
75 24 0.5 179 35 250 310 20.0
8.0 5.3 2.3 26.6 25 222 223 188

CLA1:9 11-CLA, CLA I : 10, 12-CLA

2 3% 298t AN &8 2 &R F 4 Y AE #$FS
ZAtste] B9kt Figure 1& Aate] L8=8 ZAs7198 Algd %
dA F&329 diagramelth. §illE ZAE Y ALEE 2EE 60 Tol
A Fgsden 9432 4500 psi, 5000 psi, 5500 psis 37FA ¢F 270
A #YP A Figure 28 37HA] GHRANA o)idslgar ALgFd wa
Aate] &% & Jdegd AR2A F& 4ol S/ wE L=
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7438 FrtEe 238 By FQh Table 4o X g} o] FZ ¢+ o] 500
psi & F7Hete] wet A EE 24 olg FrEE AHE Hol FAL @

Zt FH 2PN F234Y T Ao 289 A3E FFE ARG F
7 Table 5, Table 6, Table 73} Zo] &<t o] F7tghell uhe} 2| utite]
4dEE F7IEAAY FEEHY A EFFES AYLFE I F§Fol ¥
< A2g gy ¢4 Ftd @& Aty falx FrHEw ofye} A3t
29 8ikE F7HHE BF¥S B9 FUY. ol AA: FE& F 33
71 deAE & FEHA &S A8 ASE FFL vaPL o 2o
BEeA YHElo. & 4500 psid] Ao FEHA &S A8 AAsE
P ol 342% I 5000 psisl Aol 214% Ao 5500psie] H 5l
T 3.0%2 23813 AHgdE d8 At ASEFFGEERETG *e #
Fg JehhAT. meMd Bo anHe 43E AAE A3t9q F&719%
#A ABEL FHNYS Ue FABL HANE £ F3 3 (adsorbent) 2
A florisil& AHE-3l] §Y FE2HANA AW S8 € F5E9 4
38 FFE FAEY B2t FEzde FolA g 2ol 60 TS 37HA
U 2(4500 psi, 5000 psi, 5500 psi)ll Al F&0] A== os Fiae
A2 dgkE Ao vady FE40 tdad olAE AHS HA
FXH(Figure 3). W2t FAAE AXs7] Az vmstd LT G4
g4 "olxle AAE Eod FAo. 22y Table 8, Table 9, Table 10 9
At 2ol 4500 psigt 5000 psiclA &€ & oA AsHEo] #
A gstom 5500 psi®] A$olE 05% oldte] Lo AstEgte] A
Z5AH. §H FHAAZ ALLE florsile AYPel BY F EF L
(Chloroform : Methanol = I'NZ F&#E-& F&3 F A3E ¢FS 24
e A3 gREY AsEo] FAAZ AL flodsiled] FHHAAYSLS QA
g+ AU
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Table 25. Solubility of CLA riched fatty acid in SC-CO: at 60 C

"and various pressures

Pressures(psi) Solubility I (g /COz L)  Solubility I ( g / CO2 kg)

4500 ' 0039 - 22
5000 0.132 5
* 5500 0.300 170

ol 4ol AF=HE ZYAFA FFBL HAso CLAZ F€ A%
Aoz BE A3EL AAsE A systeme CLA $4 4ate] 98
Azo) o9 EHHA HFa PyPez diadd B AFE 539 ol
2YA oA FLE o] & AHALHL vlf AHHY WYPo2 YER
a2 M A8AFHdA HEo] 5000 psidEe ¢HLEHAME vl$-=
& g=E vehWen triglyceride®] & 31% (beef tallow @ 2g/kg CO2)%t
i ated. 30 - 408) o9 ¥ &I EE JelUUY A B dA79
AgdAnz Ry zdAZARez HA7 SESIH metr YA olits
g2 3237 2R o2 AREOY AANE FEE Aoz d4d
o,
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Table 26. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-CO: at 4500 psi and 60 C without florisil

column

Fractions Used CO; (L) Weight of extract(g) xidized matter (%)

1 50 0.958 16

2 100 = 5.505 13
3 100 4769 12

4 100 4.098 2.0

5 150 5508 1.7

6 200 6.441 17

7 200 5453 2.8

.8 250 3811 . : .45
Unextracted 2.074 34.2

Table' 27. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-COQO: at 5000 psi and 60 T without florisil

column

Fractions Used CO: (L) Weight of extract(g) Oxidized matter (%)

50 4.685 58

1

2 50 9.104 25

3 50 6.720 3.1

4 50 4,643 3.3

5 100 6.066 34

6 100 5144 53
Unextracted 1.711 214
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Table 28. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-CO: at 5500 psi and 60 T without florisil
column

Fractions Used CO: (L) eight of extract(g) Oxidized matter (%)

1 40 10.815 48
2 20 8.675 43
3 30 6.829 44
4 50 5.789 4.7
5 100 4.832 39
Unextracted 1.711 3.0

Table 29. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-CO:; at 4500 psi and 60 C with florisil
column

Fractions Used CO: (L) Weight of extract(g) Oxidized matter (%)

1 310 3.298 ND
2 200 6.489 ND
3 200 5.847 ND
4 200 5.757 ND
5 250 5.127 ND
6 200 3.753 ND
7 400 3911 ND
Adsorbed 3.487 60.3
Unextracted 0.756 243

ND : Not detect
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Table 30. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-CO; at 5000 psi and 60 T with florisil

column

Fractions Used CO; (L) Weight of extract(g) Oxidized matter (%)

S O b W N

7
Absorbed

Unextracted

100

838888

1
150
150

6.315
7.721
5.293
3.938
5.249
4.356
2.730
2.873

0.543

ND
ND
ND
ND
ND
ND
ND
40.6

370

ND : Not detect

Table 31. Oxidized matter content of selected fractions of CLA riched
fatty acid extracted by SC-CO; at 5500 psi and 60 C with florisil

column

Fractions Used CO; (L) Weight of extract(g) Oxidized matter (%)

Gl bW N =

Adsorbed

Unextracted

60
20
30
50
150

3.298
6.489

5.847
5.757
5.127

2.839
0.854

05
0.4
0.4
0.4
0.2

36.7
33
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2. Urea adduct® ol &% CLA ¥5

gztz] Zu) sol AuiB INFZEH FAHE ALad 9, 11-CLA%
10, 12-CLA #3& hepdecancic acid(Ciz0)& W EFEAEZ 39 gas
chromatography2 548 A3 Zzb 286 mg/g¥ 300 mg/go 2 A4
dxele AL A e FFE Uehiidt. Figure 4& At o
BEg olfsd 82F0 WE CLAYS AHE ARG 22 A AW
of tale 8 Aol 4 MY o 7MY L FHE BAFILH olq
dojx CLA $2E89 9, 11-CLA &3 335 mg/gelles 9 11-CLA
g} 10, 12-CLAS] #Fe &8 F CLATSH LS 733 mg/ge 2 Yoy
olwj 9, 11-CLAY] 3$g&e 72 % °olen 9, 11-CLA% 10, 12-CLAE
42 % CLAY 31488 82 %2 Uehath(Figure 5). Figure 63 Figure
o R uAte) 4 Hle] 8AE J8ta 846 a4 vels HUMEFE €
3912 W 9, 11-CLASH % CLA(9, 11- CLA + 10, 12-CLA)S} $% &%
2 35Ee RAG AFEA 840 dido 8wl HleEsg AVEAS
o 7t} £L 55 AFGE Bo FUTH

ol4tel AFZRE CLA¥Z JYAME AWats urea ¥igol 4 o &
g Y £ ¥ZEHE YUY dies FAFe oAM= ureadl o
3o guld W 71 £& 55 2 &S YA

ut. CLA AT+4A2 ¥4

CLAZ 58 A7AAAL A3 d3d Lipozym(Novo co.), lipase
PS, lipase . AYS, lipase LAX, Lipase AS(Amano Co)w-J BEAE o83}
o ArNsgen A4 71A2E eI F2EE 49 CLA% Cs
3 Cpel 8" MCTE °) &3t AAI= et Figure 8& 5% 79 &l
% CLA incorporation E3}& BAF3 Qo). Al§d &4 F Lipozym
7} lipase LAX7} 73 E#AQA Roz Jetwen lipase PS-CE H&
=& incorporation E#& uelldth ¢l2A Lipozyme 7€ MCT



ol incorporation® CLA7} 36%2 74 &< %€ Ueen 1 tgo=
+ lipase LAXZ 33%, 183 lipase PSE 21%& Wetdiith. &4 lipase
AYSE 6%E ThA incorporation A7 "olAE AEF¥E veEbd widd
lipase ASS ZA$olE 0.32%¢] incorporation FETE HAT wWEbA
CLAZ ##% ATFHAD A4l 7173 &3HHQ Z22 Lipozymeo] 473
P A=Y
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Figure 11. Supercritical CO; extraction apparatus
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Figure 12. Supercritical carbon dioxide of CLA riched fatty acid at 60C

and different pressures
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Figure 13. Supercritical carbon dioxide of CLA riched fatty acid at 60C

and different pressures with florisil column
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9, 11-CLA
777 9,11 and 10, 12 - CLA

il
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|
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Content ( mg/g )
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2.0 2.5 3.0 3.5
Urea/Fatty Acid (w/w)

Figure 14. Changes of content of conjugated - linoleic acid in the
non-urea crystalline fraction after urea crystallization with various

amounts of urea
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9, 11-CLA
1 9,11and 10, 12- CLA
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Figure 15. Changes of yield of conjugated linoleic acid in the non-urea
crystalline fraction after urea crystallization with various amounts of

urea



19 11-CLA
9, 11 and 10, 12 - CLA
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Figure 16. Changes of .content of conjugated linoleic acid in the
non-urea. crystalline fraction after urea crystallization with various

amounts of methanol
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19 11-CLA
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Figure 17. Changes of'yield 'of conjugated linoleic acid in the non-urea

crystalline fraction after urea crystallization with various amounts of
methanol
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Figure 18. The effect of different lipases on CLA incorporation into
MCT
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A3 FL715A4 CLAFHRIT S48 A4

A138 A&

AEF HAdYo2 EAste CLAZZE T3 2Fold, olAx F=2
A Fo) gREA Utk FAAFAA CLAY A7AFE 2F 19364
Boothell 2|5t S/ FollA Mg LHE F 1963 Riel 5& FF A
ol Total CLARHS 024~281%<2 Helelw HE HId 0.78%, A&
HFL 146%n B st 1966'3 Kepler 5 sl w35 &9 A1
9] w| A E<¢l Butyrivibrio fibrisolvens?} Hydrogenation 332 tiAlAFE 2
A gk 2 ¥ 19879 Ha $°] Ground beef& grillingA] CLA
§Hako) 2.05mg/g fatol Al 9.03mg/g fat® 7130, ol & &3 FTEA
Pe 23 4L g £ Joe 2%l BaHANRE CLAC #¢ £
A ATt AlFHAG

Chin $(1992)2 2o &#f 8 CLAZZF S ZASIA Tl HFFEANAML
3719E CLAZF 29~56mg CLA/g fat, $olA27]& 27mg, &, =& 2
sea foodol A& 0.3~06mgol i 5¥3| turkey 271 25mgCLAZ %
t}, o] CLAYE 76%°l4o] c-9, t-11-CLA isomer2 EAFHIY. zgx
dairy product®™ CLA##o| 24l natural cheese® 29~7.1mgel 1, 10
MY o4 48 A=2E 2 §Fo] 5¥3 21, 4~-8F £4E Rl 7t
A 52 AF¥S JelUAD. a2l cow mikE HF 55moz ¥R
yogurts 1.7~4.8mg, non-fat yogurte =3] CLA% Zo] 23te}

A& fol e plant ol animal fat®th CLAgZo] 33 w¥&d 01~
0.7mg AEolth, Al Chin & (1992)2 Ratdl LAE 5%d 3t 6wk A
A dz2FHc CLAgHol 5~108 o &4 tissued] FHHJE, ol
Rat FW vl &0] CLAE c-9, t-1l CLAZ ¥& A17& Jeldzn g,
o] oA AHE uie} Fo| FAAFAN HAHoE FiHd CLARZS
sy 2Folug CLAY 48 AAZITAE 7IdE +#71 gdd. F, A
A Auate] M2 BE BAZ 01~06%FECIT, o #FE TOA A%

O
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93, 44 202 VAT YHF SOT BAHKY o}F nlFo Wk w
A4 1718 FAoz st A% ASE HFo] FF Aol 03~
04g A2 RaFD Itk £ CLAY B 7154¢ 471 Astde
s2o] 2g~35g A5e BAF] 2ANT Yok EF CLA FFo] T
@ 292 ANHY, 2S4S B/WA 47 24 FINE A2

CLAZ 43% 471 A& Aol
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A24. @71 CLAE A Ad AL 49

1. 48A= 2 3y |

7t. A9 FE ¢ A

Aitd CLAmixtureE 455 %] olAtE ety AdAd Fo8den, CLA
FYTEE 25% B 5.0% HAJtT=E g Azde a4 1578 HA
93, AdEE ATe 3UBAe £PHeH F uYD ANAHT
U 2AMgE 2 E4

AdEE AL 39 BHeE #3%o, e Ade ¢ B
&3 FEOT = egg weight, shell weight, shell %, breaking strength
2 shell thickness%& A3t Specific gravitys NaClZ H]ZFo]
106014 1100721 0.005unit2 &H-& #=F F flotation methodell <]3}
%3, breaking strengtht texture analyzer® o33, ojd punching
meedle diameter= 2mm, head speedt 0.5mm/sec® 39t}

28 AAdEge AZY d8e daez AW =24, ANEFH,
cholesterol3 3 & F713 o2 B3t S8 49 Atge APt 24
< Table 329 YeliAth
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Table 32. Fatty acid compositions of experimental diets for laying hen.

Treatments
Fatty acids, %
Control CLA 25% CLA 5.0%

C16:0 14.15 10.17 9.58
Cl16:1 0.37 0.22 -
C18:0 3.16 334 3.65
C181, 9 21.77 25.62 26.29
- C182, w6 51.28 2834 20.59
C183, w3 3.29 193 - 114
C-9, t-11 - 11.24 14.38
T-10, C-12 - 11.22 14.37
C-9, C-11 - 0.48 0.60
C-10, C-12 - 045 0.57
T-9, T-11 - 3.24 4.07
unknown - 0.77 0.82
unknown - 156 2.07
unknown - 145 : 1.89
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2. 4343 2 13

7. CLA §9A Ade 44 2d vA:= 4% .

@1 ASAE ZFAF 3@ nAe &I Table33dl dvehlld
. CLA 894 &¢%F, HF SdAT Aztd o7t gl Rz YyE
wd oy, shell thickness, breaking strengthollAl= CLA F9A #931A
gasle 2#4E Jehio. dutoz @A Alsd AW 5%AE
Arhstd 59 GZde] BFdgdo] HdeA BAsE Aoz gy an
Ao, CLA F9AE 238 F4E= £ 284S Jehdidd. o8 s
ZAgE olvtx CLA 94 AU ZEAL Zgo] & JgS A £
Ve Aoz F&2FHAY.

U. CLA 394 dae A% 28o] njxe 4%

24dA e ARe FA%Y ALEE ¥ silisic acid columndl N AP
2a39e 9 triacylglycerol #3#S 27, CLA 25% % CLA 50% A
gl Foll A Z+z} 70.19%, 68.77% %L 65.97%E Yolxe A2 YElU L,
Phospholipid B &2 Z+Z} 24.75%, 285% ¥ 2967% % T At F7lsle 7
&S Bty 1223 Table 3491A B %o TG ¥ PL fraction® AWtz
e Nzt BE soldo]l wAHUCH, CLA FA47e TG 2
PL fractiono] &9 ¥ c-9, t-11 isomer §FE & o] QXA BN =
A Z7sAE W3t
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Table 33. Effect of egg shell quality by feeding of experimental diet

added with conjugated linoleic acid

Treatmerts
~Items SEM
Control 25% CLA diet 5.0% CLA diet

Egg weight, g

61.64 61.35 60.36 0.93
Shell weight, g

5.46 551 5.39 0.09
Shell thickness, mm

0.369" 0.384% 0.372% 0.001
Specific gravity

1.080 1.001 1.091 0.001
Breaking strength, kg

2.601*  2841° 2.856° 0.093

* A B P<05
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Table 34. Fatty acid composition of lipid fraction separated- from- total

yolk lipid
Lipid fraction
Fatty
acids, % Control 25% CLA diet - 50% CLA diet
. Triacylglycerol fraction
Cl16:0 25.07 34.86 34.96
Cl6lw7 3.56 1.07 0.92
C180 6.44 18.47 1890
Cl81w9 46.01 23.19 23.40
Cl8lw7 2.11 1.08 1.05
Ci82w6 16.80 15.13 11.89
Cl183w3 - - -
*C-9, T-11 - 4.02 5.40
T-10, C-12 - 2.18 273
C-9, C-11 - - -
T-9, T-11 - - 0.75
C20:4wb - - -
Phospholipid fraction
C16:0 32.61 31.74 29.19
Cl6lw7 1.04 0.44 0.36
C18:0 14.79 18.98 20.01
Cl81lw9 28.35 20.36 20.51
Cl8lw7 - 1.28 0.53 : 053
Cl82w6 16.34 19.04 17.14
C183w3 021 0.15 0.15
*C-9, T-11 - 293 4.98
T-10, C-12 - : 1.68 278
C-9, C-11 - ' 0.57 ' 0.76
T-9, T-11 - 0.46 0.71
C2014w6 537 3.11 2.87
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. 3% AYgF L cholesterol §Fe] W3 (Table 35 ¥ 1E 19)
AVR7IZE AEA G AR BE d2F 2 AR A
o] 36.7%°1A 219 Z#A CLA 25% % 50% AT+ 325%, 312%=E
A BT 13% Z=] GBAY §FE FAAZTG £ cholesterol § ol
M A AAA fresh yolk 1g% cholesterol #%°] 13.08mg ¥ 9.7mg
o2 22%, 26%9 cholesterol &% A3t A/ #FHUYG melr CLA
FAA AZd2HE T/ ATE AATF e hsAHE FRI}AG F
12 ZF ARdY 2E S 4F A AMEAl A”d #{E
cholesterol §F& ZaxA7le EARE 15% HE9 #A47F HUYXZ AA
H3 A

gt g8 F8 AYAN 24 ¢ FF9 v

G o] AW 249 WsE Table 3691 AASAR AF 100gF ol
e FoAUA §F e Table 37 € Fig 209] el CLASHA
Auakel BlAE $8% WHZE Stearic acid7t 1% Alztatod 18%
7hA 718t A, Oleic acid 36%°lA 20%2 ZAd%h. £& Linoleic
acid ¥ Arachidonic acid?l ##¥ 8= CLAY FAFE L AYLR 73
FAl M2 Fold ZAFE EAth weEtd CLAFHAIY AW A3 dg
2 FE gAMEES] oig AT 433 FH2e AoeE FHHE
a8l EAsE C-9, T-11 isomere| #FW3LE Table 36, 37 ¥ 213
2012 CLAFASE F$7H wetd F7HH3 &S 88 AMYY¥
o] 6ol 9YAPE A9l peakoll =gt AT YWy o2 DHA &4 7
d BAANE BT 1569 ol Auvopt &% DHA &3 =234 o
A ol¢d AiE CLAZE AYdA 2 o]&E85 &S Yeuy Qo
Boz CLA 25% S92+ A= 100gW C-9, T-11 isomer’t ¢ 250mg,
CLA 50% St o 400mg A= FHE AdL VTS AUth @t
A CLA 7Zsta Ad AAAY 94 7154 2Hd5e] HERE 9A 87
¥t
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Table 35. Fat and cholesterol content of fresh egg yolk

Treatment
Feeding time :
day 2.5% CLA diet 5.0% CLA diet
Total fat content, %
0 36.72£3.76 36.72+3.76
3 36.25*1.17 34.04%1.59
6 36.04 +227 34.23x1.30
9 3495+1.83 34.88+1.17
12 35.93+0.98 3437t1.10
15 3357+2.09 31.12+0.80
18 32231242 30.70£1.20
21 36.54+2.12 3120154
Total cholesterol olk
0 13.08+0.98 13.08+0.98
3 13.84£1.67 11.24%+0.69
6 11.75+0.99 13.45%0.92
9 13.95%+0.38 12.21£0.99
12 12.19£1.00 12.83%0.71
15 11.57%0.53 11.63x0.97
18 9.14£0.58 10.78+1.14
21 10.30+0.45 9.66*+0.95
+ Mean = SD
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Table 36. Fatty acids changing pattern of egg yolk fed by laying hen
diet added with conjugated linoleic acid

Feeding period, day

Fatty
acids, % 0% 3 6 9 12 15 18 21

Cl14:0 1) 037 035 048 047 058 058 054 056
2)037 033 042 045 049 043 053 061

C16:0 2950 3018 3167 3171 339 3303 3256 33.23
2950 2938 2945 3158 3150 3075 31.87 3397

Cl6:1 w7 326 261 147 070 068 069 072 066
326 286 067 052 048 057 054 060

C18:0 1092 1291 1682 1739 1903 1901 1859 17.98
1092 11.77 1777 1889 1918 1938 19.08 18.00

Cl81w9 3623 3315 2445 2218 1998 2009 20.77 2022
3623 3454 2301 2054 2010 2135 2011 1966

Cl8lw7 208 169 105 08 069 069 - 073 072
208 181 095 074 071 076 071 070

Ci182w6 1423 1489 1630 1751 1557 1603 1639 17.30
1423 1515 1466 1410 1417 1478 1497 1468

Cl183w3 028 026 036 037 035 034 037 033
028 035 076 031 031 025 033 033

C-9, T-11 - - 257 347 373 378 38 371
- 052 539 605 615 552 560 544
T-10, C-12 - - 159 19 .206 214 215 200

- 0.43 328 359 355 298 321 304

C-9, C-11 - - 045 055 070 069 071 062
- - 066 084 08 078 087 078

T-9, T-11 - - 047 058 058 0.73 057 052
- - 079 091 105 074 0.78 0.53

C20:4w6 337 406 252 251 217 233 200 216
337 347 218 1.78 143 1.71 149 148

* 1) CLA 2.5% diet and 2) CLA 5.0% diet
3) Control group and pre-feeding time of experimental diet
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Fatty acid
2000
2500 —8—C 18:0 CLA 25% diet
o "
S —&—C 180 CLA 5.0% diet
2 ™ —#—C 18:1w9 CLA 2.5% diet
S 1500 —3¢—C 18:1w9 CLA 5.0% diet
? 1000 —%—C 18:2w6 CLA 2.5% diet
—@—C 18:276 CLA 5.0% diet
S0
. Feeding time, day
Fatty acid
S00
2 40 —o—C9, T-11 CLA 25% diet |
:; 20 —8—C-9, T-11 CLA 50% diet
€ 20 —&— C 20:4w6 CLA 25% diet
2o —3—C 20:4w6 CLA 5.0% diet
[+] + + +
o 3 6 o 12 15 18 21
Feeding time, day
Lipid fraction of yolk fat
& W19 g5y -
= — 6597
R S 2067
285
o 2475
15 +
Phosphiipid
( B Cortrol 1:2.5% CLA diet D5.0% CLA diet

Fig 19. The major fatty acids changing pattern and lipid fraction of
yolk fat of egg produced with CDFA added diet
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Table 37. The mjaor fatty acids changing pattern of whole egg fed
by laying hen diet added with conjugated linoleic acid

Feeding time, day

Fatty acids,
mg/100g Egg 0¥ 3 6 9 12 15 18 21
C18:0 1) 7954 9356 12076 12140 13680 12765 11981 1323.0

2) 79%.4 8001 12121 12953 13185 12056 11715 13833

Cl81w9 2672.7 23999 17632 15545 14327 13466 13384 1487.8

267277 23507 1569.1 14354 13782 13269 12334 15336

Cl182w6 1031.0 10787 11686 12235 1117.1 1071.1 10589 12723

1031.0 10254 9984 9829 9747 9195 9198 11280

C-9, T-11 - - 1846 2407 2677 2528 2502 2731

- 470 3694 4204 4212 3431 3432 4184

C2014 w6 2445 2942 1804 1755 1558 1564 1294 1593

2445 2457 1482 1241 987 1066 913 1139

* 1) CLA 2.5% diet and 2) CLA 5.0% diet group

3) Control group and pre-feeding time of experimenta diet
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A3A. FHAEZ Z7] CLA 44 3947154 Ad P4+
B4 2 FEAE §F VA= 9F
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7 4% 58 2 7%

A4d CLA mixtureE 265% 2 A3 & 80%9 olAtBz2g AdAE A
gt 2+ A2ld 5074 wixsle 1008 $<¢ CLA 3o 4¥& s
4¥ JHAIF 39 A2 93 APE AHSA ojAE HIIANER 4
I, A8 FEHCEZRE 39 BFez 83 M AHF NaE F7)
Ne2 st

Y. 49 Ag

AY AHYTEE dFET, CLAE 1%, 3% 2 5% H7/se Aoz 8y
th. CLA mixture®] A7P$HLE Al@ AdAANEE FY8t FA v o
2 CLA 28%& H7tstdch wekd Table 3814 HXo] APALg9
Aot Y2 24 F ALFHFAMe FAHoz Frsigon, 4PAlE
o zHAk 24 Table 3991 YeERHRAT

o EZALEE

CLA mixture 594 AA=HE Ao d4Ad vxe 43S AES D
A GF, @5, ¢4 &, FIBE GG 5FA 5 2AEAY £ A
deo BUAY dAFAEE ANSI] Astd, A#9] surface area:
39782 xegg weight*’™®o2 8o Uxt2 surface areas A4BF F A
(shell weight X 1000)/surface area®Z AHAFE L SWUSA, = shell

weight per unit of surface area® 3} t}.

- 107 -



Table 38. Chemical components compositions of experimental diets

unit:as fed basis

Treatments
Items :

Control CLA 1% CLA 3% CLA 5%
Moisture, % 11512080 11.72£098 1103066 11.07£0.63
Crude protein, % 16921099 1620%165  1649%0.72 16.27+1.67
Crude fat, % 359%0.34 4781054 6.38+0.40 865045
Ash, % 846083 8.62*0.72 877£0.95 9.04+0.59
Calcium, % 357£0.18 3.42+0.40 347023 3.47%£0.27
Phosphorus, % 0.49%0.10 0.48%0.11 0.45+0.07

0.44+0.08
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Table 39. Fatty acids composition of experimental diets for laying hens.

Treatments
Fatty acids, %
v ' Control CLA 1% CLA 3% CLA 5%
.C 140 0.47%£0.04 0.43£0.05 0.29+0.01 0.29+0.03

C 16:0 15461037 1466048 1279+0.77 1258%0.44
C 161 0.57%0.05 0.53£0.07 0.36+0.02 0.36x0.04 |
C 180 498%0.21 5.04+0.17 5.20£0.50 5261041
C181 w9 31.09£084 31.73+£0.72 3225%141 32.10%1.32
Cl181 w7 1.14+0.03 1.23+0.05 1.25+0.05 1.30£0.05
Cl182 w6 4368087 3536+0.71 27.14*173 21.78+1.37
C183 w3 262%0.21 1.86£0.15 1.52+0.07 1.11%£0.11
c-9, t-11 - 4.64%0.66 970181 1266*1.28
t-10, c-12 - 45210.76 931233 1256%=154

2. 49 A5 4 &

7. CLA S99 A3 444 2 F4o v 9%

AT Add 2 FAZo "X ¥W3ls Table 409 YAk A2
Aagg B d2FdaM & 8B%EA 7t 9oy, CLA 3979
H Al CLA 39X & % 2~6% AX #23sE %S 2399 CLA 39
T % CLA 3% S49A A Aigol 81%=Z4 7H4 ¢T3t 28x
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Table 40. Effects of CLA supplementation in laying hen feeds

Treatments
Items
Control CLA 1% CLA 3% CLA 5%
Egg production rate, %
82851641 7654*+547 8115502 78531483
Egg weight, g
1) 63.85¥1.02 6223£15 6161+1.02 63.92%1.31
2) 6549182 6527*+1.10 6393041 65.80+0.77
Shell weight, g
5.87%0.36 570+038 576029 6.00t0.27
5.82%0.31 596+0.28 5951020 592x0.15
Shell, %
9.19+0.50 917053 937036 9.45%+033
9.11£0.25 9.16+£0.35 931027 9.09+0.20
Breaking strength, kg '
3.075£0.257 3.037£0.330 3.101+0.217 3.308*=0.210
2965+0.152 2913%£0.202 3.007t0.371 3.045%=0.092
Shell thickness, mm
0.385+0.021 0.379+0.024 0.384*0.017 0.393+0.017
0.394%=0.010 0.395%+0.012 0.396*0.011 0.395+0.007
SWUSA
7850+441 7760*x457 79151326 80.48+2.94
7832+234 7863+321 7952+t240 78.03%x1.74

1)the former term

2)the latter term
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Table 41. Change of fatty acid composition of egg volk by different CLA mixture feeding

Feeding day
Treatment 0 3 6 9 2 15 21 24 o7 30
C160 .
Control 2656 2650 2956 2748 26,55 2658 2580 2580 2580 2656
CLA 1% 2666 2666 3100 3149 3209 3117 3087 3085 2946 3053
CLA 3% 2658 2610 2025 3142 31.90 3143 3039 3044 2982 3101
CLA 5% 2817 2720 3008 3029 3051 3071 2926 2948 2857 2881
Ci6lw? o
Control 319 298 309 282 301 3.05 260 271 236 3.03
CLA 1% 317 295 1.51 1.36 1.56 1.22 1.18 1.15 0.92 1.23
CLA 3% 326 269 1.21 0.81 0.6 0.71 0.71 065 065 0.76
CLA 5% 319 292 073 079 0.46 053 041 0.41 042 040
L '
Control 908 997 828 1133 1078 1099 1129 1074 1099 1058
CLA 1% 907 1000 1373 1634 1473 1598 1598 1650 1513 1538
CLA 3% 956 988 1527  17.19 17.41 1772 1840 1776 1768  17.70
CLA 5% 958 942 1687 1692 1890 1921 1796 1750 . 1679  17.79
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Table 42. Change of fatty acid composition of egg yolk by different CLA mixture feeding

Feeding day
Treatment ——---~-— - - "~ T s T s e - T T T e
0 3 6 9 12 15 21 24 27 30
18l w9
Control 3678 356 307 3336 3610 3616 3565 3552 3531 3683
CLA 1% 3606 3512 2162 2547 2%6.23 2531 2560 2559 2640 2631
CLA 3% 3488 3395 258 295 2238 2294 2371 2312 2379 22.09
CLA 5% 3549 17 2328 2377 22.03 2209 295 2311 2427 2201
CI81 w7
Control 191 1.83 191 165 1.94 1.76 171 1.72 1.50 170
CLA 1% 189 185 108 088 1.04 08 084 09 091 091
CLA 3% 205 18 115 085 0.84 075 076 083 081 0.73
CLA 5% 1.84 179 084 099 0.76 068 067 081 0.75 0.80
C182 w6
Control 1562 1574 1772 1544 15.06 1486 1541 1626 1665 1384
CLA 1% 1613 1588 1738 1585 16.55 1758 1698 1682 1922  17.00
CLA 3% 1600 1785 1658 1561 16.28 1599 1565 1683 1667 1607
CLA 5% 1490 1698 1519 1480 14.59 1387 1520 1590 1644 1620
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Table 43. Change of fatty acid composition of egg yolk by different CLA mixture feeding

Feeding day
Treatment -
3 6 9 12 15 21 24 27 30
C-9, T-11
Control - - - - - - - - - -
CLA 1% - 0.16 1.10 156 1.46 1.59 1.48 1.57 1.44 1.32
CLA 3% - 0.23 291 4.04 419 3.89 3.47 4.03 3.73 405
CLA 5% - 0.13 5.08 468 581 5.84 6.01 5.86 5.79 6.01
_T-10, C-12
Control - - - - - - - - - -
CLA 1% - - 051 0.73 0.63 0.72 063 0.68 0.57 052
CLA 3% - - 1.48 2.05 2.13 1.89 1.66 1.96 L77 1.98
CLA 5% - - 2.92 259 3.08 299 2.95 2.82 2.62 2.99
o Le04 w6
Control 2.81 3.22 3.82 375 2.82 3.58 3.56. 3.46 3.61 350
CLA 1% 2.87 3.18 253 2.70 2.46 2.48 2.87 274 2.86 3.17
CLA 3% 3.19 3.20 2.79 2.28 181 2.05 2.57. 2.12 2.52 2.38°
CLA 5% 275 311 2.31 2.36 1.83 1.85 2.09 2.09 2.31 2.13
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Table 44. Change of fatty acid composition of egg yolk by different CLA mixture feeding

Feeding day
Treatment o T - . o T
. 0 3 6 9 12 15 o1 24 27 30
_ - C225 wb )
Control 08 101 130 142 1.33 131 141 126 118 138
CLA 1% 076 0% 079 09 078 073 0% 079 074 115
CLA 3% 093 092 069 046 0.30 040 045 033 055 034
CLA 5% 088 09 048 059 0.35 033 040 036 034 033
C22:6 w3
Control 180 167 156 139 120 130 115 112 128 114
CLA 1% 190 175 11 A 087 074 08 080 08 094
CLA 3% 214 181 121 083 0.54 060 059 050 065 054
CLA 5% 179 200 100 092 053 044 044 042 053 048
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Table 45. Change of fatty acid composition of triacylglycerol fraction in yolk lipid

Feeding day
Treatment
0 3 6 9 12 15 21 24 27 30
C16:0
Control 2575 25,74 26.33 28.27 29.13 29.34 2599 24.98 24.19 26.31
CLA 1% 25.73 2490 33.32 3761 37.57 36.84 34.23 34.04 3152 33.32
CLA 3% 25.84 23.80 33.51 3764 36.52 35.21 3531 34.08 3412 35.22
CLA 5% 2567 27.26 36.55 36.19 35.51 .34.76 33.14 32.81 32.24 32.28
Cl6lw7
Control 4.87 491 . 513 4.85 431 420 3.90 397 3.20 431
CLA 1% 4.86 4,35 272 2.17 0.95 1.79 1.56 1.55 1.12 1.71
CLA 3% 548 4,06 191 1.05 0.72 0.86 1.00. 0.86 0.86 0.87
CLA 5% 484 522 1.24 1.04 1.73 0.62 0.52 0.50 0.52 0.52
C180
Control 4.46 4.69 450 5.94 8.06 8.05 6.14 557 6.03. 6.85
CLA 1% 4,78 545 11.05 13.78 16.34 14.10 14.34 14.60 13.89 13.31
CLA 3% 4.34 491 12.52 15.44 1697 16,59 1505 14.97 14.78 16.23
CLA 5% 523 6.66 15.08 1554 13.38 - 16.96 1525 14.86 13.70 16.84
Ci81w9

Control 45.40 45.38 43.66 41.65 41.18 40.09 4274 43.56 39.74 43.60
CLA 1% 4431 44,68 30.89 26.32 22.19 25.76 2691 27.05 28.26 28.81
CLA 3% 43.83 44,34 27.72 22.73 23.01 23.97 25.09 24,56 25.08 21.40
CLA 5% 4337 43.07 2474 24.77 27.23 23.34 2431 24.97 - 25.98 25.02
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Fig 20. Change of fatty acid composition of egg yolk by feeding day
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Fig 21. Change of fatty acid composition of egg yolk by feeding day
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Table 46. Change of fatty acid composition of triacylglycerol fraction in yolk lipid

T Feeding day
reatment 0 3 6 9 12 15 21 24 27 30
Cl8lw7
Control 2.27 2.18 213 2.01 197 1.86 432 410 3.83 425
CLA 1% 2.26 2.22 1.39 1.06 0.87 097 2.48 2.17 251 2.28
CLA 3% 2.57 2.23 1.35 0.87 0.80 1.73 2.16 1.72 2.28 1.40
CLA 5% 2.23 2.27 1.03 097 1.02 1.71 1.73 1.49 1.88 1.72
Cl82w6
Control 15.82 15.63 16.66 15.79 14.01 15.09 15.80 16.55 17.89 13.64
CLA 1% 16.54 16.61 17.16 15.09 1457 16.70 16.88 16.72 18.38 17.45
CLA 3% 16.50 18.74 16.98 14.77 12.72 15.17 14.65 15.94 16.11 1365
CLA 5% 17.30 13.32 13.18 13.52 13.05 13.16 14.69 15.26 16.24 15.82
C-9, T-11
Control - - - - - - - - - -
CLA 1% - 0.15 0.82 115 227 1.35 1.40 151 1.40 1.18
CLA 3% - 0.23 1.38 2.80 354 3.97 3.00 3.82 3.36 3.25
CLA 5% - 0.37 2.99 3.22 487 4.49 507 476 517 562
T-10, C-12
Control - - - - - - - - - -
CLA 1% - 0.11 0.32 052 0.93 0.82 0.56 0.61 0.52 0.42
CLA 3% - 0.19 1.14 135 1.94 1.72 1.38 1.77 1.59 1.59
CLA 5% - 0.21 1.47 1.53 1.78 2.33 2.67 2.34 2.46 2.44
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Table 47. Change of fatly acid composition of phospholipid fraction in volk lipid

IF‘eeding day

Treatment
0 3 6 9 12 15 21 24 27 30
. C16:0
Control 31.87 3043 32.09 3272 3457 34.80 29.31 29.4% 30.03 29.09
CLA 1% 32.06 29.73 35.08 34.72 36.08 34.54 31.29 30.92 3295 31.34

CLA 3% 32.95 30.02 34.32 34.24 31.59 30.26 27.49 28.89 28.98 30.58
CLA 5% 34.31 32.64 34.92 33.99 32.40 28.69 28.16 28.49 2775 27.70

Cl6lw?
Control 1.36 1.29 1.40 1.44 151 1.45 1.15 1.15 0.97 0.86
CLA 1% 1.46 1.28 0.89 0.93 0.51 0.7 0.65 0.63 0.44 0.60
CLA 3% 1.58 1.18 0.90 0.55 0.30 0.43 0.30 0.33 0.31 0.43
CLA 5% 1.38 1.4] 0.79 0.63 0.62 0.29 0.24 0.22 0.22 0.16
Cl18:0
Control 14.40 15.10 15.15 15.31 15.55 18.11 16.34 16.24 16.53 17.29
CLA 1% 13.54 15.28 14.25 16.72 18.63 17.09 17.07 17.51 16.28 17.09
CLA 3% 14.91 14.74 16.37 17.65 18.93 18.74 19.82 19.04 19.22 18.17
CLA 5% 14.00 13.46 16.04 17.48 16.02 20.50 20.31 19.30 19.95 20.62
Cl81w9
Control 2513 26.302 2478 25.28 25.93 24.70 26.58 2505 25.05 26.11
CLA 1% 24.64 2567 2331 2389 20.19 22.68 24.16 24.00 2275 23.34
CLA 3% 25.28 2473 22.83 21.93 20.65 21.23 21.51 21.55 21.62 21.43
CLA D% 24.63 - 2567 21.55 22.00 21.56 20.62 20.85 2117 21.29 20.23

- 123 -



Table 48. Change of fatty acid composition of phospholipid fraction in yolk lipid

T T U Feeding day S el

reatment 3 6 9 12 - 15 2 - o 27 30

. Cl81lw7

Control 1.35 1.32 1.24 1.21 1.33 1.25 1.78 1.90 1.79 1.51
CLA 1% 1.36 1.37 0.73 0.61 0.48 0.57 0.96 1.00 1.00 1.00
CLA 3% 164 1.39 0.79 0.59 0.47 0.74 0.88 0.90 0.97 0.76
CLA 5% 1.36 1.36 08 - 067 0.59 0.70 0.74 0.77 0.85 0.77

C182w6

Control 1488 1525 1654 1521 14.03 1283 1551 1603 1583  14.69
CLA 1% 1485 1497 17.46 1556 15.98 1698 1706 1720 1853  17.00
CLA 3% 1461 1674 1590 1591 1555 1731 1734 1774 1732 1785
CLA 5% 1572 1490 1583 1446 15.31 1647 1599 1635 1654 1677

C-9, T-11

Control - - - - - - - - - -
CLA 1% - 0.20 0.88 113 271 1.28 1.43 161 1.42 1.26
CLA 3% - 0.50 2.38 3.56 3.34 376 418 431 3.83 3.83
CLA 5% - 0.66 451 5.23 5.70 5.19 554 6.30 5.74 5.83

T-10, C-12

Control - - - - - - - - - -
CLA 1% - - 0.54 0.63 151 071 064 072 063 057
CLA 3% - 033 1.15 1.81 1.87 1.88 2.00 2.02 1.68 1.81
CLA 5% - 0.45 254 2.20 255 2.46 257 278 2.45 2.63
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Table 49. Change of fatty acid composition of phospholipid fraction in yolk lipid

Feeding day
Treatment
0 3 6 9 12 15 21 24 27 30
C22:4w6
Control 5.36 532 5.56 5.08 429 4.30 5.45 559 581 6.34
CLA 1% 5.35 575 3.97 3.14 2.36 3.30 3.90 3.80 399 471
CLA 3% 4.92 550 357 2.83 254 3.10 391 3.20 3.7 3.12
CLA 5% 450 485 321 292 319 2.86 2.94 3.03 3.40 3.33
C225w06
Control 1.48 1.65 169 1.63 1.49 1.46 1.88 1.80 1.65 1.85
CLA 1% 1.20 1.72 0.9 1.08 0.48 0.88 1.14 101 0.76 1.19
CLA 3% 1.37 152 0.76 0.44 0.5 0.48 0.58 0.39 0.64 0.46
CLA 5% 1.36 1.40 0.88 092 0.94 0.42 0.38 0.44 0.39 0.48
C226w3
Control 321 2.68 2.04 1.70 125 1.32 150 1.55 1.65 157
CLA 1% 312 3.09 1.46 111 0.67 0.85 1.00 095 0.90 113
CLA 3% 2.90 2.92 1.40 0.95 0.66 0.74 0.79 0.63 0.74 0.54
CLA 5% 261 2.88 157 1.00 0.75 0.58 053 0.53 0.60 '0.56
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Fig 24. Change of C-9, T-11 CLA component of triacylglycerol and
phospholipid fraction at yolk lipid
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Table 50. Fatty acid compositions of experimental diets

Treatments
Fatty acids, %
Control CLA 25% CLA 5.0%

C 140 1.83 1.34 1.06
C 16:0 1941 1563 14.11
C 1611 1.40 1.05 0.82
C 180 9.44 7.42 6.87
C181 w9 34.22 2951 26.11
Cl181 w7 2,07 1.75 1.53
C182 w6 29.94 22.90 18.35
Ci83 w3 1.70 1.27 0.97
c-9, t-11 - 9.49 14.89
t-10, c-12 - 9.64 15.28
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Table 51. Feeding trial and slaughtering data

Treatments
Items
Control CLA 25% CLA 50%
Final BW, kg  12238+1057  112.00+3.87 115.38+3.59
Feed intake,
eed intake 3411028 3.18+0.42 305%0.38
kg/day
Dressed
esSed carcass  g338+963 84.00+3.87 85.38+4.31
Wt) kg ‘
Deboned
eooned carcass  1673+8.07 67.13+3.49 69.83+4.11
wt, ke
Trimmed fat
rimmed 4 1658 +2.85 1035+1.21 11.25+2.15
wt, kg
k fat
Back fat 31.25+6.40 24.25%2.06 24.00+2.94
thickness, mn
Fat wt/deboned  21.58%250 15.41+152 16.23+375
carcass wt, % (-28.6%) (-24.8%)
Defatted meat, 60.15+6.24 56.78+ 294 58.58+5.66
ke (-5.6%) (-2.6%)
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Fig 26. Picture of pork loin section
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Fig 26. Picture of pork loin section
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Table 52. Fatty acid compositions of pork meat(loin area)

Treatments
Fatty acids, %
Control CLA 25% CLA 5.0%
C 140 1.50£0.09 2.86%+0.26 266*0.25
C 1610 25.86*0.62 28.60x0.47 2549159
C 161 2.06%£0.40 1.30+0.18 1.16+0.07
C 180 1494+1.42 2059t1.4 18.34x1.76
Cl181 w9 40.92*1.38 26.190.99 25.60x0.93
C181 w7 2.71%0.32 1.90+0.06 1.88%0.11
C182 w6 9.921+1.26 11.03+0.27 11.85+1.24
C183 w3 0.55+0.10 0.56+0.04 0.61£0.07
c-9, t-11 - 3.39%0.12 6.21*0.69
t-10, c-12 - 2.26%0.23 4.67%+0.58
C20:1 w9 0.90£0.13 0.84+0.04 1.00£0.16
C20:3 w9 0.47£0.01 0.48%+0.03 0.48%£0.04
C2014 w6 0.17£0.02 - 0.04£0.08
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Table 53. Fatty acid compositions of kidney fat

Treatments
Fatty acids, %
Control CLA 2.5% CLA 5.0%
C 14:0 1.62%0.08 297045 2.98+0.26
C 16:0 27.32%0.31 29.66+0.86 2861+0.86
C 1611 2.03x0.31 1.30£0.18 1.09%0.11
C 180 17.23+1.40 20.37+2.18 19.31+0.44
C181 w9 38.45*0.79 25.29+2.08 23.33+0.57
Cl181 w7 2421021 1.77£0.16 1.63=0.05
C182 w6 9.131'0.46. 11.39%0.73 11.19%+0.58
C183 w3 0.53%£0.04 6.64 +0.08 0.63*+0.03
c-9, t-11 - 3.25%0.30 5.73+0.78
t-10, c-12 - 2.18+0.29 4.29*0.66
C20:1 w9 0.72%0.10 0.64x0.03 0.75%0.09
C20:3 w9 0.37£0.03 0.38£0.02 0.35£0.02
C20:4 w6 0.17£0.02 0.13%£0.02 0.13+0.01
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Al 4 F. CLA 2 CLA &5 &4 394 8¢ 71544 vA= 4%
A 1A CLAZF AA 9] DMBAY @ FAYge A= 4

On this study, animals were exposed to CLA before and after
DMBA treatment in order to maximize the probability of a positive outcome.
The objective of this study was to investigate the effects of CLA-rich oil as

an anticarcinogen.
1. Al ¢ 34

7}. Animals

Female Sprague-Dawley rats at 3 weeks of age were purchased and
raised in a room with a 12-h light/12-h dark cycle. They were acclimated
immediately to the AIN-76A diet. One week later, the animals were
randomlzed to 5 groups (15 rats/group) and given their CLA- containing diets:
Group A, basal diet with no CLA-rich safflower oil; Group B, 05%
CLA-rich safflower oil (by weight); Group C, 2.5% CLA-rich safflowe_r oil;
Group D, 5.0% CLA-rich safflower oil. The AIN-76A diet contains 5% corn
oil. which was replaced with CLA-rich safflower oil and mixed with the
other ingredients of the diet (Table 54). Water and food were available ad

libitum throughout the experiment.
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Table 54. diet

Ingredients A B C D
casein 20.0

'DL-methionine 0.3

corn starch 15.0

sucrose 50.0

fiber 5.0

corn oil 0 45 25 0
CLA-rich safflower oil 0 05 25 50
AIN mineral mix 35

AIN vitamin mix 1.0

choline bitartatrate 0.2

total 100.0

Three weeks after the start of the CLA-supplemented diets, rats

were given an oral intubation of 20 mg of DMBA dissolved in com oil for

induction of mammary tumors. All animals were palpated weekly to

determine the appearance and location of tumors.

The experiment was

terminated 24 weeks after DMBA administration; the CLA-containing diets

were fed continuously during the entire period(28 weeks).

schedule was drawn in Figure 27.

The experimental

Termination

‘|= CLA Feeding d
DMBA
Initiation Administration
‘ | }
Adjustment |
} i | g |
3 4 5 6 7

Age of rats, weeks

Figure 27. Outline of the experiment.
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Food consumption and body weights were recorded weekly. Blood
samples were collected from animals after overnight fasting. Liver was

obtained at autopsy and was analyzed for incorporation of CLA.
v}, Preparation of CLA-rich safflower and purity determination

CLA-rich safflower oil was prepared in batches at Korea Fobd
Research Institute. Safflower oil was added to a 3-neck flask conta_ining
NaOH dissolved in ethylene glycol. The apparatus was equipped with a
mechanical stirrer, a thermometer, a reflux condenser, and a nitrogen inlet.
The mixture was heated at 180°C under an inert atmosphere for 2 hr. The
reaction mixture was cooled to ambient conditions, and concentrated HCl was
added. After 15 min of stirring, the pH was adjusted to 4 with additional
HCl. The reaction mixture was transferred to a separatory funnel and
extracted with hexane. - The combined hexane solution was extracted with
5% NaCl, and placed in a evaporator. After the removal of hexane, the
remaining oil was cooled.

Total lipids were extracted from tissues with chloroform
methanol(2:1  v/v). Aliquots of the lipid extracts were separated into
non-phospholipid and phospholipid fractions using a silica gel Sep-pak
catridge(Waters, Associates, Milford, MA) eluted with 25 ml chloroform and
30 ml methanol, respectively. Heptadecanoic acid as an internal standard for
GC was added to the lipids and interesterified with methanol-H2S0O4 solution.
GC analysis of the CLA methyl ester derivatives, extracted with hexane, was
carried out with a Hewlett Packard 6890 model fitted with a flame ionization
detector. The percentage of each isomer was then calculated from the total
peak area.

The fatty acid composition of diets was reported in Table 55. Corn
oil was replaced by CLA-rich safflower oil and total CLA(c9, t11- and t10,
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cl2- CLA; The amount of other CLA isomers was negligible.) was 0%,
058%, 165%, and 2.58% respectively. Palmitic acid(C16:0) decreased and
stearic acid(C18:0) iﬁcreased upon CLA increasing. So, saturated fatty acid
ambunt was steady between diets. Since the amount of monounsaturated
fatty acid(both C181w9 and Cl81w7) decreased and the amount of
polyunsaturated fatty acid(C18:2w6, C183w6 and CLA) decreased, the
amount of unsaturated fatty acid was the same. Octadecadienoic acids(C18:2

w6, and CLA) were more ‘than 50%.

Table 55. Fatty acid composition of diets

Fatty acid A B C D
Ci60 12.07 11.82 10.15 881
C180° 1.97 275 3.89 5.08
C181w9. . 2618 | 27.02 28.98 30.68
Ci8lw7 0.63 0.81 1.07 1.34
Cl182w6 59.23 4533 22.64 241
C18:3w6 : 0.92 0.68 0.34 -
C9-, tl11- CLA - 5.80 1646 25.88
t10-. c12- CLA - 5.79 16.45 25.80
SFA T 1404 1457 14.04 "13.89
MUFA . 2581 27.83 30.05 32.02
PUFA 60.15 5760 | 5589 54.09
4.28 395 3.98 3.89
P/S 0 026 | 145 21.44
CLA/LA . 59.23 . 5692 . 55.55 54.17
C18:2
Total CLA
(g/100g_diet) 0 08 16 258

2. 43 € EE-

7}. tumor incidence
Sixty rats were blocked into 5 different groups (15 rats/group) and
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given their CLA-containing diets. Three weeks after the start of the
CLA-supplemented diets, rats were given an oral intubation of DMBA. The
experiment was terminated 24 weeks after DMBA administration; the
CLA-containing diets were fed continuously during the entire period.
Although fifteen rats per each group were raised some rats were dead and
only forty rats were survived until the last of the experiment.

The effect of CLA on mammary tumor of the in female rats is
shown in Figure 28 and 29. CLA treatment significantly elongated latency of
period which is the day when the first tumor appears. However this effect
was not dose-dependent. 05% CLA-rich safflower oil diet delayed the
appearance of tumor by 285 days, whereas 1% delayed 199 days and 5%
delayed 22.7 days.

80
65
50 — : .

control 0.5% 2.5% -5.0%

~
v

latency period (days)
=
S

8

Figure 28. Latency period of tumor appearance

The cumulative appearance of mammary adenocarcinogenesis in rats
a function of time after DMBA administration was shown in Figure 30.

CLA affected the tumor volume of DMBA-treated rats. The feeding of CLA
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{Control group)

Figure 29, Tumor appearance of control and CLA feeding group
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{Control group)

Figure 29, Tumor appearance of control and CLA feeding group
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group)

(CLA 2.5%
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(CLA 2.5% group)
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produced an immediate inhibitory effect. During the first 12 weeks after
DMBA administration, the incidence was always greatest in no-CLA diet
group and there was not much of a difference in the efficacy of the levels of
CLA. Increasing the dietary level of CLA-rich safflower oil to 1% did not
appear to offer further protection against. All three CLA-containing diets
resulted in a decrease in the total volume of mammary adenocarcinomas
compared to that found in the control group. Also, the dose of CLA didnt
give significant difference. 0.5% CLA-rich safflower oil diet group inhibited

90% of tumor volume.

1000000
100000 +
4
10000
—e— control
——0.5%
——2.5%
——5.0% .
lom A i i I\ A 1 I A i i 1

o 1 2 3 4 5 6 7 8 9 10 11 12

Figure 30. Cumulative tumor volume

1}, growth
There was a significant difference in the final weight of rats
between treatments. However, the difference was not CLA-concentration

dependent at all.’” Group B showed the lower body weight than the control
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group whereas the body weight of Group C was not different from the
control group, Group A. Although it was reported that CLA reduced body
fat content and increased lean body mass, the reports that showed the
weight change by CLA were not found. The numbers of rats survived in
Group A and C were relatively smaller(7 and 9) than those of Group B and
D(12). In Group B and D, rats survived may include very weak ones which

affects the final weight.

Table 56. weight.

CLA (%) N weight
A 0 7 303.7+26.4°
B 0.58 12 265.9%35.3° -
C 165 9 303.6+38.2°
D 2.58 12 278.0+24.4%

The weights of several organs, heart, liver and kidney at autopsy
were measured and the relafive weight of the organs(gl organ/g body weight3
were also calculated(Table 57). Unordinarily, the weights of organs in Grouﬁ
B were significantly lower than the other Groups(A, C and D) in terr_ns. of
heart, liver and ki‘dney. Although the relative weights of liver in .Group B
were significantly lower than the other Groups(A, C and D), the relative
weights of kidney didnt show any difference between groups. The relative
weights of heart showed statistical difference between .groups, and the
relative Weights of heart Groub Alcontrol) was higher than the others. Ip et
al(1991) raised the rats with CLA(O to 1.5%) for 26 weeks and they didnt
find any differences in body weight and organ weights(liver and kidney).
These results are incompatible to -our‘results, but our results could not tell

the cdnsistency in the concentration effect of CLA.
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Table 57. Organ weight

treatment ((:;j N heart (g) liver (g) kidney (g)
A 0 7| 1.207£0.154° 12.22£197 2.42+0.17*®
B 058 12| 0.933+0.139° 7.70+1.56° 2.10£0.54°
C 165 | 9| 1.018%0.108° 1143+264° 2.53+0.39°
D 258 | 12| 1.044+0.128° 1053+1.91° 2.25+0.29°
treatment CLA N heart (g/100g liver (g/100g kidney (g/100g
(%) body) body) body)
A 0 | 7] 0398+0.051° 401%0.45° 0.802+0.091"
B 058 |12 0.351+0.029™ 2.88+0.38° 0.785+0.130
C 165 | 9| 0.337£0.027 3.74%0.60° 0.834+0.086
D 258 | 12| 0.377+0.043" 3.81£0.75° 0.813+0.127

t}. biochemical results of serum

The lipid composition of serum of rats were followed(Table 58).
The concentrations of HDL cholesterol and total cholesterol in serum between
groups were not significantly different and the metabolism of cholesterol was
likely to be unaffected by CLA supplements. However, Ha et al presented
the effects of CLA on cholesterol content of egg yolk and feeding 5% CLA
diet for at least 4 weeks suppressed the cholesterol content by 5% when
compared with controls. If the cholesterol contents of egg yolk reflect the
cholesterol contents in chicken serum, this result was opposed of ours.
Unfortunately. they didnt show the cholesterol levels in chicken serum.

Triacylglycerol{(TG) concentrations in serum were different between
groups and increased by CLA supplements. Especially group D showed the
significantly higher TG concentration than the other groups. Pariza et al

represented that CLA reduced body fat which is mostly TG. CLA seemed
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to increase serum TG via deduction of TG from body fat. There was
significant difference in phospholipid contents in serum and Group B showed
lower value than the other groups. Like the results of final weights and
liver weights, only group B showed the significance. However, we could not

link possible connection between these phenomena at this point.

Table 58. Concentration of HDL, cholesterol, triacylglycerol, and phospholipid

of serum
Treatment Ch HDL Total Triacylglycerol | Phospholipid
olesterol Cholesterol
A 66.3+522™ 84.3+596™ 108.6+24.66° 195.2+7.58°
B 64.3%7.45 879x14.1 170.8+16.88" 138.4%20.92°
C 56.3+£5.32 83.41+558 169.0+29.90 1865+ 11.60°
D 523%333 | 744%520 | 2853+5067° | 1932+927°

mg/100 ml serum

The concentrations of GOT and GPT in serum were presented in
Table 59. There v&;as no significant difference between groups which
suggests CLA supplement does not affect the function of these éﬁzymes. In
spite of no statistical significance, GPT concentration of Group B lookéd
lower than the other'group‘s. GOT and GPT are usually used as the indices
of liver function and theée resulté may'indicate that CLA does not influence

the function of liver. Even a certain amount of CLA decreases the liver

function as seen abdve, CLA does not decrease the funcﬁon of liver.
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Table 59. Concentration of GOT, and GPT of serum

Treatment GOT GPT
A 13.71£0.96™ 34.9+235"
B 12.9+1.63 26.5%6.10
C 17.5£2.74 34.7%£2.52
D 1431299 37.9%4.28
Karmen

The fatty acid composition of in serum was shown in Table 60.
The saturated fatty acid amount was almost constant between diets. The
increase effect of CLA content by CLA supplement was very small, and even
Group D which diet had more than 509 of CLA among fatty acids showed
271% CLA in fatty acids from serum. Also, the ratio of c9tl11-CLA vs.
t10,c12-CLA were 2.38(Group C) and 2.71(Group D), unlikely 1 for diets.
Animals seemed to uptake ¢9,t11-CLA selectively. Group B showed a unique
pattern also in fatty acid composition. A very low content of oleic
acid(C18:1 w9) and an exceptionally high content of arachidonic acid(C20:4 w6)
were shown in Group B. This unusual fatty acid pattern of Group B may
relate the pattern of body weight, liver weight and phospholipid content in
serum.

The 49 desaturated fatty acids were increased with CLA except
Group B. Nam et al. reported that CLA reduced monounsaturated fatty acid
in rabbits fed 0.5 g CLA/rabbit/day and the CLA inhibited 49 desaturation
in human hepatoma cell line, Hep G2 However, our results did not go along
with their findings except Group B. The percentages of w6 except Group B
decreased by CLA since decrease of linoleic acid and arachidonic acid mainly.
Octadecadienoic acids(C18:2w6, and CLA) were less than 16% of all fatty
acids and decreased with CLA supplement except Group B
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Table 60. Fatty acid composition of lipid in serum

fatty acid CLA 0% | CLA 05% | CLA 25% | CLA 50%
C14:0 1.726° 0.353° 0.984™ 1.295%
C16:0 25.498™ 22.882 23,609 26.425 .
C16:1 2.428" 1.093° 3.013° 5.049
C18:0 10.978™ 12.823 12.273 10.401
C181w9 17.668" 10.314° 19.819° 25.500°
Cl8lw7 1.164° 0513 1.878% 2.689°
C182w6 15956 16.012° 12.109° 6.254°
Cl83w3 0.486"™ 0.322 0.321 0.204
c9-, t11- CLA 0° 0° 1.200° 1.994°
t10-, ¢12- CLA 0° 0° 0.505 0.737°
C20:4 w6 21.836° 31.932* 20.190° 16.260°
C225w6 0.588" 0.653 1.253 0.402
C22:6w3 0.522™ 0.764 1.093 0.943
n 5 10 8 11
SFA 38.202 36.058 36.866 38.121
PUFA 39.388 49,683 36.671 26.794
P/S 1.031 1.378 0.995 0.703
CLA/LA 0.000 0.000 0.141 0.437
C16:0/C16:1 10.502 20.935 7.836 5.234
C18:0/C18:1 0.621 1.243 0619 1.408
49 desaturated FA 20.096 11.407 22.832 30.549
w6 21.38 12.60 23.55 31.92
C18:2 15.10 16.01 13.81 8.99

2}. Incorporation of CLA in liver

Total lipids were extracted from liver tissues and phospholipid and
non-phospholipid were separated. Lipid contents of liver ranged from 3.0 to
39. Around 20% of the lipid was phospholipid fraction. CLA incorporation

of non-phospholipid fraction in the liver was investigated and reported in
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Table 61. Alterations in the fatty acid composition of liver tissue did occur.
The rationale for studying CLA incorporation into the liver was to
investigate the utilization of CLA in a normal nontarget tissue such as liver.
Al'so, there was a difficulty to get fat from target cell because of its serious
tumorigenesis.

The saturated fatty acid amount was almost constant between
groups. Likely sefum, the increase effect of CLA content by CLA
supplement was very small, and even Group D which diet had more than
50% 6f ‘-CLA among fatty acids showed 2.80%6 CLA in fatty acids. Also, the
ratio Of‘CQ.tll-CLA vs. t10,c12-CLA were 2.05(Group C) and 1.8(Group D).
Group- B showed a unique pattern also in fatty acid composition of
non-phospholipid fraction of the liver. A low content of oleic acid(C18:1w9)
and a high content of linoleic acid(C18:2w6) and arachidonic acid(C20:4 w6)
were shown in Group B. Group B also showed unusual fatty acid in liver.

~ Overall there was no marked increase or decrease of fatty acid
contents bt-lpon CLA supplement. The 49 desaturated fatty acids were
decreased with CLA only in Group B. Octadecadienoic acids(C18:2w6, and
CLA) were less than 17% of all fatty acids and decreased with _ CLA
supplerriept except Group B. T he C16(C16:0 and C16:1) content of control

group was relatively high(29.75) éompaﬁng with other group§(22.51. 24.48,
and 22.48).
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Table 61. Fatty acid composition of non-phospholipid fraction in liver fat

fatty acid CLA 0% CLA 05% | CLA 25% |CLA 5.0%
C16:0 25.28 20.92° 22.32° 19.94°
c161 447 1.59° 2.16° 2.59°
C180 11.84° - 1662° 17.53° 19.16°
Cl81w9 23.90° 14.29° 18.95° 21.18%
Cl8lw7 2.71% 2.07° 2.25° 4.02°
Cl82w6 ' 13.87° 16.58° '10.33° 5.60°
c9-, t11- CLA - 0.15° 1.17° 1.80°
t10-, c12~ CLA - 0.01° 0.57° 1.00%
C20:4 w6 12.18° 19.59° 15.80° 14.27°
C22506 228 3.69* 4.42° 321
C22:6w3 2.23° 427 3.40° 5.22°
SFA 37.12 37.54 39.85 39.10
PUFA 19.44 29.86 27.98 30.01
P/S 0.82 1.18 0.90 0.80
CLA/LA 0 0.01 0.17 0.50
C16:0/C16:1 27.2 65.2 42.7 155
C18:0/C18:1 6.59 7.04 7.63 460
49 desaturated FA 28.37 15.88 21.11 23.77
C18:2 : 1387 16.74 12.07 8.40
w6 28.33 39.86 30.55 23.08

The addition of CLA resulted in substantial increases in the content
of CLA in the total lipids and phospholipids in the liver. CLA incorporation
of phospholipid fraction in the liver was investigated and reported in Table
62. Although rats were fed a CLA preparation which contained a mixture of
isomers, the increase effect of CLA content was very small, and even Group
D which diet had more than 50% of CLA among fatty acids showed 0.49%
CLA in fatty acids. Especially, CLA incorporation to liver tissue was
selective, which means CLA concentration was higher in non-phospholipid

fraction than phospholipid fraction. The major fatty acids, ie stearic acid,
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oleic acid, etc did not follow any discernable trend. Some studies suggested
that prostaglandin pathway has been implanted in various stages of
carcinogenesis and CLA replacing linoleic acid inhibits prostaglandin pathway.
However, incorporation of the ¢9, tl1- CLA isomer into phospholipid didnt
produce a gross disturbance in the phospholipid oleic and linoleic acid content
in this result. The ratio of ¢9,t11-CLA vs. t10,c12-CLA were 0.27(Group C)
and 0.23(Group D). The ratio of ¢9t11-CLA vs. t10,c12-CLA were higher
than 2 in serum and non-phospholipid fraction and contrarily the ratio of
c9t11-CLA vs. t10,c12-CLA was around 0.2 for phospholipid fraction.

The saturated fatty acid amount was relatively constant across
groups. Even Group B still showed a pattern out of tendency in
phospholipid fraction of the liver, and the peculiarity was not so attentive.
Again there was no marked increase or decrease upon CLA supplement.
Stearic acid(C18:0) increased upon CLA increasing, so saturated fatty acid
amount increased by CLA supplement. Outstandingly, the amounts of
arachidonic acid(C20:4w6) was very high and dependent upon CLA
supplement. Around half of PUFA consisted of arachidonic acid and PUFA
contents also decreased upon CLA. The amounts of w6 fatty acids

decreased upon CLA noticeably.
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Table 62. " Fatty acid composition of phospholipid fraction in liver fat

fatty acid CLA 0% | CLA 05% | CLA 25% | CLA 50%
C16:0 14.83° 16.84° 14.29° 14.15°
C16:1 0.544* 0.258° 0.334° 0.913°
C18:0 23.38° 22.09° 27.17° 30.15%
Cl81w9 3.55° 3.14° 356 6.56°
Ci81w7 1.01° 117 1.12° 1.74°
Cl82w6 8.27 9.34° 6.41° 6.18"
c9-, tll- CLA - - 0.03™ 0.09™
t10-, c12- CLA - - 0.11° 0.40°
C20:4w6 ‘ 37.30° 34.94 33.07 24.88°
C22:5w6 5.46° 534" 7.56° 493°
C22:6 w3 6.01° 6.83" 5.93° 756
SFA 38.21 3893 41.46 44.30
PUFA 50.01 4837 48.23 40.31
P/S 1.49 1.45 1.28 0.99
CLA/LA 0 0 0.02 0.80
C16:0/C16:1 212 6.52 427 155
C18:0/C18:1 6.59 7.04 763 460
49 desaturated FA 409 3.40 3.89 7.47
C18:2 827 9.34 6.55° 6.67
w6 51.03 49.62 47.04 3599

The levels of CLA used in this study are much higher than would
normally be attained through the consumption by humans of CLA-containing
foods in the diet. A 300 g rat fed a 1% CLA-rich safflower oil diet will
consume about 0.075 g of CLA/day. In a direct extrapolation to a 70 kg
person, this is equivalent to a daily CLA intake of about 17 g, a figure
considerably higher than the estimated consumption of 1 g/person/day in the
US. However, because of certain constraints in the experimental design
(high dose of carcinogen, short duration of exposure before carcinogenic

insult. and limited sample size), it is necessary to use a generous quantity of
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CLA in these feeding studies.

Ha(1990) study showed that CLA effectively reduces BP-induced
forestomach neoplasia. The results indicated that the ¢S, til1- isomer of CLA
was preferentially incorporated into the forestomach membrane phospholipid.
They suggested this ¢9, t11-CLA isomer may be the most important isomer

in terms of biological activity.

A 2 A. CLAZ} AA el MNNG & 1%l nlx= 9%

¥ A7F%F Conjugated dienoicfatty acid(CDFA)S] #¢a & HZs7)
A 4¥9 Y¥ 24, CDFAY F&¥ 97 49524 YA Aga 44
g sty Ee ARG old d¥LU EERY FAdEFH AHAE
in vivo % in vitro}go] o}& # F UeH, & A7 CDFAY A
% AFE A%t in vivoddE AT d¥FE9 AlgW CDFA %7t
TEL 0, 025, 05 ¥ 1.0%2 3ed, TLAZE AY Fol LIAZ 73
de g2 AA AHEET = MNNGE 5o ¥, CDFA % 944
el 712E oldEty] At A7 sHA] ALY AF F& AFAG F, F
71($), A&, 7H)lA SOD, GPX, Cytochrome Pso, NADPH cytochrome Psso2
CDFA#®o] £ ¥5S 4z ddgsto xALSIY .

L As R

7h ANEEE

A% 35%9 xA AFH(Sprague-Dawley) 10092l & 1F:UF¢ AlY
#873 #H§A1Z tS (-)Control, Control, 0.25% CDFA7} 7Z3td AFHF H7}
&, 05% CDFAZL 73td AEH 7ML, 1.0% CDFAZL Z3e AT H #7e
of z+z} 20mte ¥, o wiA A AT
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Table 63. experimental design

Treatment

A B C D E

(-)Control Control 0.25%CDFA 0.5%CDFA 1.0%CDFA

No. of Animal 20 20 20 20 20
0.25% CDFA O.5%CDFA 1.0%CDFA
Diet Normal Normal enriched enriched enriched
safflower oil safflower oil safflower oil
MNNG . + + + +
PMC + + + +
U, Al EAg

2 Algel] AHg-g CDFAT @5 A& AY F7dA Azsidend,
AtEE AIN-76(Table 3)& AM&3tAt. CDFASl #7be CDFA7 Zshd

3
AZ4E A2AEN SFEFG WARGOY, wAY L A FE2S KA

Table 64. AIN-76 Purified diet

Ingredients ' A B C D E
casein 20.0

DL-methionine 0.3

corn starch 15.0

sucrose 50.0

fiber , 5.0

corn oil 0 45 25 0
CLA-rich safflower oil 0 0.5 25 5.0
AIN mineral mix 35

AIN vitamin mix 1.0

choline bitartatrate 0.2

total _ 100.0
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o NEEEe B

 NgEES AULE 2-23C, RABAS/2ATATY AYEE AS
AW metal cagel Al cage@ 27tE|d TAAIIH, AtE S B2 AFEA HEE
a0 718 G Bes 9dUST AYFE AHSA BYe] wa AA o

g ANgAETY 2 2dA o

CDFAE 43 ANIFARE AIETEY AP ELF AF 453 7H
Fo939t.  $¢Al¢)l N-methyl-N’-nitro-N-nitrosoguanidie(MNNG ; sigma
Chemical Co., San dieg , USA)2 2 &7l 713 #Hojudz ¢z AF 65
ol 10% DMSO& ol ¥of AZF ke? 200mge A&Fok &4 L12 S
3 AT B934t MNNGFHF, (-)Control& Add A9 Al
Cancer promotor24 p-methylcatechol(PMC)& &3t F93 A

o, AdFER

MNNG 59 ¥ 16549 253 AP Fdey, NIFE A
ether2 vt A7l Aejold ARt AY FB BF, A £ AZE duo
A A4 AR F FAE FHR 24 dq7A YF2(-70T)o Zas
Act AL R gF oA Hetd BA dztx §Fa(-70T) 2a3A
E a7 AAAJA AFMLE 29 31% 2o

Initiation MNNG Administration Termination
i 1) !
I A N I R B |
T Tt ]
3 4 5 6 22

| CDFA Feeding

Age, Weeks

Figure 31. Outline of the experiment
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uh, gty 4
@ microsome® cytosol&

F71Fe BEL8AHE A3 Hslo 3} A=A 025¢F 025M
sucrose 1me(pH75)& A& 718te ®WuWslolA glass teflon homogenizer2 &2
HAAT o] #AY £AE 4TolA 10000xg2 20837 A2} AH. o]
27 sl dojA AZ AL thA] 4THA 105000XgZ2 1AHEL LA £ 8o
Glutathione peroxidase, Superoxide dismutase &4 #3%-& $3l cytosolic fraction
Zuletch,  E£§ microsomal fraction® <PojA Tris-HCl buffer2 ¥ {AA
Cytochrome P450% NADPH-cytochrome P450 Reductase 848 337 93l
microsomal freaction& FH|&dch Zzte] 2L FAHAZRA -70CA BA3H
g4
@ Glutathione peroxidase®@4 % Superoxide dismutase®@4d &4,

vt 9z A 9] cytosold 0.25M sucrose 1mé (pH 75)8§de g 7zt A¥
Z740) A HgEs] FAsld FH]slth.  Glutathione peroxidase(GPX)9 &4
< GSH, H:0: 2 NADPHE 7|32 Alg33 GRE 2 39 GPXAXAE
¢} A 25CelA ‘?l‘%"s']“r‘_“: <ol GSHE Hx0:0 93 glutathione(GSSG) 2
4853 o] Ro] thAl glutathione reductase(GR)% NADPHel €8 GSHEZ &
95" NADPH: 4stsledl oWl NADPH”} NADP'2 A=z A=E
340nm A time scang 3t 2R Lawrence$t Burk(1976)¢] W& ol &
& AUt

Z, vz Fulg & 3719 cytosol 100ulel 2mM EDTA, 2mM NaNs
¢t 374 &%¥¥ 100mM potassium phosphater buffer(pH7)0.5m¢, 2mM NADPH
0.1lm¢, 10EU/m¢ GSSG-reductase 0.1m¢10mM GSH 0.1m& cuvetted] HolA &
3 g 52FQG HAste 25mM He0:& /M@ ¥ 340nmeolA FFE= 3
g 258 ¢ 71239t B4 84T+ NADPH7F NADPE AHgsHE I
g F3x Wste 71878 53 uml NADPH oxidized/min(NADPH ##+& %
A%, E™=622mM 'en ) 2.2 AstAct.

3 9 2AF9 Superoxide dismutase(SOD)EAE  superoxide
radicalel 28] #Y=HE pyrogallole] SODo| o3l AAHAE A& o] & Wy
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o2 Markland}¥ g 4% $E& ol &stAth v Euld 4 2~5uldl
5mM Diethylenetriamine pentaacetic acid(DTPA) 0.2m¢, 200ug catalase 0.2me,
100mM Tris-Cacodylate buffer(pH85)05m¢€ %3 13mM pyrogallol 0.1mé&
go] £t 420nmol A 28 B¢ FEE ASE g

©) SRR Prostaglandin E; ¥ Leukotriene Bs % &3

239 specific Aol thal unlabelled PGE:9} labelled PGE23t9] 73
Pe o] £ Ao M BiotrakAFe) kit assayAl 2H(Amershan In. plc. )& ©]&38}
o 450nmol A =Asdth.  LTBs specific @&Aol oisl unlabelled LTBs %t
peroxidase’t 2" LTBs o) A4 o] 8% RO =M BiotrakAte] kit assay
Al ¢k (Amershan In. ple. )& ©l&39 450nmelA &A3AH

@ 9927 %9 NADPH-cytochrome Pso Reductase &4 % Cytochrome
Pwo &F 573

9] %2 microsome %¢ NADPH-cytochrome P450 Reductase &4
& Briangl Wz =A3sart o)A A43d (ferric) Cytochrome c7t &<
©(ferrous) Cytochrome cZ A#dE RS Hd 5AHY FIX=E& UHehds
550nmol A =434tk 9 %3 microsome 9 Cytochrome P450 332
Briane] #H o2 #38 Carbon monooxide complex 450nm$} 490nmol A1
spectrophotomer2 & A 3ttt '

2. 2% 4 EE

7}, 2+3} QoA Superoxide dismutase 84 &3
CDFAE ©& $£%o2 F93o MNNGS PMCY 42 fxd
ote] mlxlE AHE BF e BeA SODEAEZAEE T LotEgth 2 Z
#& ¥ 659 JEtHU '
SODEA L 7t Yold 2F #-QA zolE A &t Y
CDFAZX 7} §Fo] 271842 SODY #Fol F7hste e 7 233
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FAHCE FoHd AolE HolXEe AAAR 17 ¢ EFolM 1.0% CDFA
A e CDFAAZIZ HM 2T 8L Aolg dehdsit ol A&
2o} 0.25% CDFAY 05%CDFART} 1.0% CDFAd7ZI7L of &stdelgtn oA
A

Table 65. Enzyme activites of stomach and liver in experimental rats.

Superoxide dismutase
(E.U/mg tissue)

Treatment
Stomach liver
Control 0.97 * 0.09 411 * 042 .
(=) Control, 092 * 0.12 386 = 037
0.25% CDFA 096 = 0.07 425 * 046
0.5% CDFA 100 £ 023 4.54 E: 0.25
1.0% CDFA 1.16 £ 0.13 443 £ 046
p-value 0.18 0.

* Means with the same letters inthe same column are not 31gmf1cantly
different among groups at the @ =0.05 determined by Duncan's range test

U, 23 $elA Glutathione peroxidase 84 73

7t3 $1olA =A% glutathione peroxidase BAL E 6691 LYeEb Aot
SOD#4el 3k HelA Hl&d Fge e AR: 28 GPXEA 3e I 9
dA thx O& ZAfde JHt 9A BN GPXEAES AFEE  1.0%
CDFAZ L2 tizZ% H=3 e 3ied YHAZdME dzdad @&
#E Edo. adu F3HY A& HolAE @t HAdAte tIde 2
gegle ‘gAEZS BT, CDFA §95F wetA 025% CDFATAAE
zE xolst gl 05% CDFA®H 1.0% CDFAT oAM= GPX&4e) F
7batdeh. ol AL MNNGS PMCol ojs) =€ f¢tel CDFAX 27t F¢a s
7} o™ 1.0%A4 73 £37t 2ctn AzrEd
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Table 66. Enzyme activites of stomach and liver in experimental rats.

Glutathione peroxidase

Treatment (um NADPH/mg tissue * min™")
Stomach liver
Control 056> * 0.13 1.35 * 061
(-) Control, 0.48° * 0.09 0.72 * 057
0.25% CDFA 0.64™ * 0.13 0.89 * 0.49
05% CDFA 075+ 011 073 * 065
1.0% CDFA 087 * 0.08 143 = 0.81
p-value 0.005 0.12

t}. Aol A Prostaglandin E; ¥ Leukotriene Bs 5% &3

Yo A Lol Prostaglandin Ez ¥ Leukotriene B, $E2 Z7E ¥
671 JelAct A olA 9 Prostaglandin Ex3 5+ WHZT# CDFAS &3
g 28 F43% AgTdel A AolE UERNA &t o9 miAsiRE
Leukotriene B4 ¥ =M E £zt A ztol& HolA &Rt

Table 67. Concentration of LTB4, PGE: of plasma in experimental rats.

Treatment Prostaglandin E: Leukotriene Bs

Control 208.2 = 63.7 4474 * 1542

(=) Control, 202.1 = 620 2978 £159.7

0.25% CDFA 1828 = 484 401.2 * 1506

0.5% CDFA 1494 = 629 348.7 £ 104.1

1.0% CDFA 2005 £ 850 4309 £ 806
p-value 0.13 0.35

- 160 -



2. 91%32 %9 NADPH-cytochrome Pso Reductase 4 ¥ Cytochrome Puso &

3 2%

NADPH-flavoprotein®. 2 FAD$ FMNE& 42 @&8x4 2tz gley
AZAE NADPHOIAM cytochrome Pgo2 AGste 20 98g 3i:
NADPH-cytochrome Pso Reductase 84S £4% A 2 AW EL7 9%
o o7k X EFS V1EE a9 Ast@durged #A3= Cytochrome
P450 %S BEAG AFde ® 689 YEURIT

NADPH-cytochrom Pso Reductase 84S CDFAY &3S €3 39
3 Fgel FAHQA zelE GErA FRA T dzTH vt 1.0% CDFA
W72l AE ot F7hse Z¥e BTk NADPH-cytochrome Pe
Reductase @743 vta7tA 2  Cytochrome P ZFoll A= #Fo4QA Aol & )
o F 2 ekttt 2y di2Tol vla 1.0% CDFAAZIZAAM o F7hs 3%
S HAFY. a8ln CDFAY &3FE& dEA & 4oz C% DTS xR
O 238 ¥ e HAFA

Table 68. NADPH-cytochrome Pso Reductase, Cytochrome Paso contents in

rats stomach.

NADPH-cytochrome

Treatment Peso Reductase Cytoshrome Paso
Control 0.025 = 0.002 0.075 * 0.025
(-) Control, 0.029 = 0.002 0.084 = 0.01
0.25% CDFA 0.024 = 0.002 0.062 = 0.01
0.5% CDFA 0.023 = 0.004 050 = 0.03
1.0% CDFA 0.028 = 0.006 0.088 £ 0.01
p-value 0.07 038"
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Al 3 A, CLA &8 4ol RoAe MNNG] o & $idtel v 9%

2 A= conjugate dienonic fatty acid (CDFA)Z} incorporate® &%
o] F47} HoH MNNGS promotordl o3 58 4g AAst= AFA7}
Ae7te 387 A% Aok

1. g R 44

7t AEEE

| A% 3739 %237 (Sprague-Dowley)1127t21 & 4% $& 234l
A 7T 12Y5% PAEZ 87 AN £ 4FYRE g oy
£ 693 ol Yz 4xA T2 UE te ANPAEE 2zt FAuYT. AE
4 TFE Urn T AT MNNGS promotorZ A4S Aoz FdAl
i 2 F #HATFE ¥ Gy Asd FrhEn UeA @ HYFe
CDFA incorporated ¢ %< 7. dz23E At Algdd 4& =8 A
B 7o Ywk ¥y HBrh AR F€ FEAVNA @ ATBTFE dF A

Table 69. experimental design

# of .animal Egg Yolk MNNG+promotor

A 32 CLA-incorproated egg yolk : +

B 30 Normal egg yolk +

C 18 Normal egg yolk ‘ -

D 30 No egg yolk +
U, Al ¥ALR

CDFA7} incoporate® ¢3& CDFAE At@A Atz 43t AdW
o] A WAl AL modifyd GBS AE3lgth. CDFA7VL incorprate® &9
YU R BAH L g E 709 o
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Table 70. Chemical composition of CDFA incorporated eggs

w93 A%
14.75 28.17

Mz

2
T

% 51.

!

CDFAZ} incorporated® 333 43 d&& FuH|dn Zzte] xural
z24 & vustdet. o] Jd¥F AL 2817% W™ o] ¢33 Aupe] x| HpA
AL e ¥ 33 2t}

PN

Table 71. Fatty acid profiles of CDFA incorporated eggs

Fatty acid %

C14:0 : 0.53
C16:0 30.13
C16:1 0.60
C180 17.80
Cl81w9 24.48
Cl8lw?7 0.80
Cl182w6 15.85
Cl183w3 0.34
C-9, T-11 4.24
T-10, C-12 1.97
C20:lwll 0.75
C20:3w6 027
C20:4 w6 2.06
C20:5w6 0.19

7|ZAPRZAQ L AIN-76& A8 AW AP E9 A -9 t-11
CLAZF AlE%F 0.25%Y o stgdanst 7413 Eqtooz olg 71&e g 39 A}
B8 ZAsAT.  025% c-9, t-11 CLAE %37 98 Alg 100g 2
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2094g(wet basis)®l F&e] @7bt Wastth wed @ o FA¥E @
W43 Aol AR B £Fo) YEE 2P A 24dl ot
% ARE zA%AT F AR 5% fate] MES s:, AR AAF o9,
t-11 CLAZ} H:E & 0255% A X HEE A5 € vdsadg.

Table 72. experimental diets

(49 : g/100g)

Ingredients Control Al& CDFA egg A&
Casein 20 16.9
Corn starch 15 15
Sucrose 50 48
Fiber 5 5
Egg yolk 10.19(DB)
Corn oil 5 -
Mineral Mix 35 35
Vitamin Mix 1 1
Methionine 0.3 | 0.3
Choline bitartrat 0.2 0.2

* dry basis

o AYEEe B

NYFEL AYLE 22~237C, 12413 AE/12/% A259 AYSE A
424 metal cageol A cage? 278l TAAZH LY, AlE 9 22 AHFA H
T 39t AFL 159 Fez2 vF F2Y 10:009 EFAsH I, o] 4
Hue 2~3d BALE s 7 SHA

2 A8 Alg Fo 2 w2etA
32ee) 718 177 YWAREZ BF AU Fo 4FIREE A
Algs G989t 2@gAel N-methyl-N’-nitro-N-nitrosoguanidie
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(MNNG ; sigma Co)& I &37} 71 Holuda &2z AF 653 10%
DMSO& ] = AF kgd 200mge 27 Fostdch. 2E#H2E 189
MNNGE9E 3 g+ AHadFE 10% DMSOEHL AT T8t MNNG
g 5o AZIEH 4old 9 @A promotord] PMCE Aol 4o} Fois}
At

ok, Alg F 84

AGAE F 127 AR E W Y AH FEE FFEx
promotor¢]l PMC9 3F9712+& ZAAs7] 93l MNNGF S A+ HE ¢
oz 2vutgd FAANZT =3 AIY JRA F 28F Fo HF S A
54 AE fastingIAA ether2 PHANZ ©he 4 AT FEL P
AEs) ¢ AAEEL QREOZ BT 99 AAFAARES ojgRRo
st 91E do] d F A7k Adgd] @b Zel 22 dg AARG oF
Ztzt Qo] ERE S Ag Rt 5% formaldehyde-saline €9 10m2 9%
WAS BET 10% formaling o] 1087 $70] 92X TANY Be o
BRE At ¥R F HoeR uAY AY AYPAEE FFEHUT. & 4
o AAANA AP e 29 329 o

o

Figure 32. Experimental design

initiation MNNG%-< 3 A HF 34
i ) ! l
0 1 2 3 - 10 11 12 - 28
{ | | | | N | | { | |
[ [ | | | | N | | | [ N |

CDFA feeding

PMC feeding
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v}, histological observation

MEF Z+ 79 9o MNNGS promotorol] o8] € ALAYAT

g Sctoz AAF UL UL 77 AFH sl UREAEQ hematoxylini eosin
Ay es BaAsy] 98 sampled AT  golvt CDFAUALY] A7
AT AAXE Z2 7 e FAE 2AHHAG

AL EAAA )

57 A& SAS F A package programE °] 83t E43 . 4F
A%e HEY BE BAE ALK, & T HIAY vlae 24 248
g & A2 73te #2942 Duncan’s multiple range test2 ZFA& A

2. 2% R EE

7} AR
AaAZE M AANE FARHLE ojFolF Holg AFFLY
Ao MY & ndte vf 3FFALR MEA AHESIAT. Aol ¥E
nAstgon AlgEA e FHHAEL ol E 59 YUY FEL2 egg yolk
7t W EAES AARRT egg yolkZF MiZtE AlBOA feoHozm e S
By R ALRuIFAl pelletE WE7] A F7ME FE ol #ANN]
Foln, ojRAL Ay E 4F L FA Fuoh

Table 73. Chemical composition of diets

AL B(%) T ¥ A o ow o
A 1364* £ 0.33 779 * 345 1753 = 067
B 12.22* £ 318 642 * 0.36 1719 = 050
C 12.07* £ 307 6.28 = 057 17.20 = 0.84
D 576" = 168 497 = 055 1848 * 1.04

p-value 0.015 0.351 0.231
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U AR R AF

AYSEY 1Y 713 FE AR AFFS 29 339 YEhAS. A
2L CTE AYE UniA FolA gAY MNNGE 5983l promotor
?l PMCE Atzol 4ol AFHAAF7] Ad Fol dAHoE FAY AolE BEA
. 28y o F 7F% FEHE ZAAHQ AHAFo2 RFH CEY AEAHFH
23 bv&d AW ol 23 CE AEO:E o B2 HIAFES 2N
IR& MNNGEA 9§ stresset PMCol & 7]Ext0l2 A8 153 Aol
HA#H ol 228 Ae2 AZ4EHY 1 gFgee 238 CTLe AT e
FolM BaZgoz s o BE Hojg AHAY Aoz AZdd As AHFH
Fo = MNNGS} PMC 59 #7b7F 9%& F2 5% #olud CDFAY It
egg ydlk 5o Holul "7 94 Alx AP ¥ FA ¥E Aoz 4G
gt

Feed intake

Weeks, Age

- A2 —— B8 ——C2 —— D

Figure 33. Feed intake per day per animal in experimental animal
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NYEE $% BT AF 27 TAZE 39 30l Ui A
9529 T3 AFWRE MNNG AT7F% PMC 4#AA77] A+ Fo C
3% Unx Azl #o89 HoE HelFYch adu 4FH HE
Ho) yABAE el AZF IABL 127 5% AW 4@ AT AE Hu
AAA R ARAA Fohshs Age wad

600
500
400
R
b=
o 07
[0]
S
>
o 20
o
@
100
(7/2) (7/Q) (7TN6) (7/23) (7/31) (8/1) (8/14) (8/21) (8/28) (9/04) (9/11) (9/18) (8/25) (10/02)

Feeding periods

i --A2 -=B2 ~aC2 ~2-DZ

Figure 34. Growth curves of rats fed experimental diets

AlEEE S F 749 YeEtiAY. MNNGE 275 A3A && ColA
Aol F7HFL & T zolst ANREH W AFSFL AT Aol Y
Ellio] & Ao M & Alg A&E BRAFAUT AF Fae ASd
T MNNGE FoH2 A3 Zo€ AaAHZLE U A2 9AANZ 2 ©
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& FAHTe 2802 Z4ad AFES AU FY AF dHEoE FHEFAT
A 2% Aoz Az 2dA CZol GETd HaAH HS 2 AREEE
2E AE o WEolztn AT,

Table 74. Body weight gain(g), Food intake(g), FER

Group Body weight gain(g) Food intake(g) FER
A 340.5" * 427 1744.2° + 1725 0.20° + 0.03
B 3295° = 3638 1774.3* + 106.2 0.19° £ 002
C 4107 + 406 1775.3* * 2305 024° + 0.04
D 334.2° = 281 16602° + 852  0.20° * 0.02

A : CLA Yolk+ MNNG, B : General Yolk + MNNG, C : General Yolk -
Yolk D : General diet + MNNG

o S HA
7 84 % MNNGS Promotord %oz uUthd AYEEY
stomach tumor®} VAAEE FIs7] At G setdy St 7‘:‘142— d
Natgs. AHEF CTE ANE A MFHT A 9] % (foresomach) ol A §¢+.
2 ¥XH Y fFF(papilloma)S #EY F QAT T2tk ok H7A A RANE
543 Ay g Fotz P gtk =g 2go A4E AolN o Wy HEE
2 a7] o A
7zt #¥2 JUyo 2 g3 2. MNNG® PMCE $438H# &2
Cee A$ o gk fdoz HLHA A9 HuHg BAgE vt AToME
FA9R ey #¥8A F5F°] MNNG® PMCol & AR €S
2 £ g, vl3AstA 2 BRAAE FAYA 93 A9F AAd gAY A
FFE 92 F U DTAME A¥e FHEA FRedt #FFo A
A A= AT ZdTdE AA M Fojd RES #2E £ AN
ZFEL g RolE RYgoey CEE AYstae 94 Hg AY JPe
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urobale] MNNGS PMCEA2 §5¥ $19tol ulX: CDFAS &%g
BRs s FQou MNNGEY ¥ 2% 2de 2331 AErne B4
7171 Y18 4% PMCZ U3t g W 534 E 2}AT CDFAS 9%
2 4442 Aoz BYHo pomotord FAAI L Ao AL VYHE 3
oA Alge] M7l CDFAS A7E golry] 98 28F AIF371=2 st

NG 28 & AY 28F0 B2 ¥ %A 2AL HAYRe
e wEse 91, 271 2ol B WA E: PN §54 23
ol E7)Eo] g4 AAste E250 AYT. YR WS FARE B3
7 mfoz FEY U, HERY Y $nEo) BRIV E FFYY. ®
% CLA T9% egg yolkE 298 HeTolMe HAHOZ o} o4 B2
AN 4s gstd 2402 ARE HJoY AP WAHoEE ftow
o BAAEs 1 FAo] Asgonz, odd 24 ¢ AT CLAY &
), B717+ $48 PMCY AFAXNE FAd717t ST Ty 2 4
de] AW 234 ollE PMCY $o7b Boista) 282 CLAY EHE A4
}9e 5ol Ak Aoz AlRHAT)

g dwazzgy 274
AY 2850 BEFY zF Fof uAYRAA 2T YA (hyperplasia),
$ 5% (papilloma), ¥ H YA A X ¢F(squamous cell carcinoma:scc)e] LA§dl

£59 WAzt 274 ¥ 759 2k
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Table 75. Histopathological findings of tumor incidence in rat forestomach
induced by MNNG and PMC

Treatment No. of vmeons Papill
rats | Normal |Hyperplasia| Papilloma| SCC aprfoma
+SCC
CLA yolk | 21 - 3(143) | 20286) | 12(57.1) | 18(85.7)
General | - 2(9.5) 3(143) | 16(762) | 19905)
yolk
Al
§Gt76 23 | 267 | 287 | 8348 | 11478 | 19(26)
Normal 5 | 5(100) - - - -

%% (papillpoma+SCC)2 7% CLA yolkaF9T2 85.7%(182/217}
g)), general yolk& & 90.5%(1981/21vt2)EN Fod xo]& LA &
Ak, FH FHFYd APAJHEYFSY AS(SCC) CLA yolkFHA
57%(12%1/217}2]), general yolk3FAl 76%(16&/210te)2 N B33 ZHids
Bge Jetuden, FHFIA FFFY Be$E CLA yokdsdg Tl
28.6%(23/2172]), general yolk@ Al 14.3%(3#/21F)24 232 CLAG A
o F7hste A¥E B4Y. =8 44T F(papilloma)dll X A FFHESCO22
o] AYPAEE BH CLA yolkF I 286%M 57%F 28] F7+3l % 3L, general
yolkF oAl ¥ AYPLEE 4338 #E F Je Aoz Azdd. adx
a9 35oME 285 & 4 Hdz Y EH = Rat stomach ALRE YER AT
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ot 37) A,

N 529 e FAE E 760l YAk e BAE AAE
o) zo|g Holx) Uk BA AFZrish ARAIF 718 B CTo) TE
Aol Hls) el BAZE Z7he ARE HAAT FANA FolE 2A ¥
o.

Table 76. Weight of liver

A B C D
liver 138 + 116 129° £ 1.7 16.62° 11.73%+ 1.48
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Al 4 A. RatE& o]|43 vglvl E AYA o] 2do] 3ojA CLA
o] A3} ZAL( in vivo)

in vitro A8elA CLAY a-tocopherol®tlx: 733 BHASE fFAH
#4158 JAcn 209 ol CLAS #Fitstsd @Hel IAFH &
t}, dermde] glojA CLAE TBARS #3F& Z2A7lE ALZ Ry
3 YR B dFHAgME FeSO4E F =% microsomed] XAHASE 7
A AP Rusdgt.EF CLAE F9¢ A%, €& FA4EY A
FAE EFol Hste $430 CLAY a8 7Ase Aoz F
253 gtk a2y CLAY #dsigdd daixe 7248 2AE 2@
o o}A =ge] dide] H1 Ao
geld] B AdojAls CLAY in vivo oA A8 xnE HESY) 938
o} CLA7} Hlel?l E Zg4yol& AAFT " UM AN TBARS %
AAGF AW G P& WA FAEAC

1. As 2 3y

7l 2945

B Ay ol4% CLAE Al 237 Zo] zASdALn £ %A
vitamin E- free cormm oil, vitamin E-free casein, mineral mixture,
vitamin mixture(vitamin E free), choline chloride, = DL-mehionine,
cellulose® TekladA}2  HE FY3A 32 tocopherol acetatex Sigma
chemical Co.(st Louis, USA)Z2%E T3 om yma] A 18 o4
o Aete AHgsth |
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Y. Ao =4 2 FEAS

AYETELS 5589 SDA =A EAE NFLYFE(SA, Korea)F
H 78t & Aolxe] & vteld Yo YFUX WA A 42§02
Yol FgAoelZ, HlelRl E 29 U2 F, 05%LATE, 15% CLAT 22
&tk A¥4ole AIN 76 dieto]l A3t Table 773 & 2oz =
A#AD. &, caseing 20%2 YL ANFYLEZME comn oil & ]88
Heov old comn oil# casein, vitamin mixturet vitamin E free type2
o]-&3t%ich 4T HE E AYAoldl tocopherol actateE 3713t
A3, CLA 37122 dleldl E Z¥4olel CLAZF &2 05%, 1.5%5 Al
A7kt A¥Aolgt B uf AYE Fo AREA HAES I%x
At AAFS bl AY, AFL dFYd & U4 FAHANNL 225EH 4
o] & & (food efficiency ratio, FER)& At&3 o9 553 AL&3 4.
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Table 77. Diet composition

' N Control 05% CLA 15% CLA
Casein* 200g 200g 200g 200g
Corn oil*) 70g 70g - 50g 10g
Mineral mix 35g 35g 35g 35g
VItamin* 10g 10g 10g 10g
Cholin Cl . 2¢g 2g 2g 2g
Methionine 3g _ 3e 3g 3g
| Cellulose 50g 50g 50g 50g
Sucrose 100g 100g 100g 100g
Corn starch 530g 530g 530g 530g
CLA - - 20g 60g

* Vitamin E free casein
Vitamin E free corn oil
Vitamin E free vitamin mix.

g. ¥4As9 A

AbSol By oS 12A1% F¢ AN H ether vhH AN AEdHA
BRggwoz 2 AYF F 2500mmolA 1083 d4Es AL
A}t 2, AP, vMFL A& timmingF FAE FFE OGE B
MA AR -70CAA B@agnt. '
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g NAEF B4 | :

843 2% AAEFL ELUL 018 229 P4 LitEiken, Japan)
g o839 2AHsdct &, FAHALL Triglyzyme-V, FEH2EHELS
Cholestezyme-V, HDLE #l|2 €] &< phosphotungstic acid-MgCl., I Ay
g olg3d AL FF FALE Folchiez2 F&3d ¢
i FAE A FAF FE FIAIL FAZF FAAAEA F24
HE ¥3e g3 sdaA 24

lo

N

ul. 23 %] TBARS ¥4

A3 ARe] TBARS(TBA reactive substance)® Ohkawa®ol] we} ¥
Matgon, BAE ANEe 3T A% 1gd 1.16% KCI ¥& 9 9mle 7}
3} Potter-Elvehjem homogenizer2 F23 3 t}& 600golAl 1087
AEstd FEde AL F, A& 0.1mlo} 81% SDSE9 0.2ml,
acetic acid buffer 1.5ml, 0.8% TBA£ <% 15ml& ¥ WE& Yo FHF
g 713 4mie AET F BTAA 10 HeAAT dees 47 ¥
Iml®] Z5F %9 butanol-pyridine(15:1, V/V) E¢4 9 5mlig 7l8lq 8
3 ¥ F 4000rpmolA 1083 ALY 43 AL 532nmel A F
FEE AU oW BEF 22 1,1,33,-tetraethoxy propaned AH&
R

N

o g3 #9 8549 84 ¥4

Superoxide dismutase 4 £+ Marklund®} Marklund®g ol wel 24319
t}. & z+23 post mitochondria supernatant(PMS)E E4A Yo Z 3PS
o 41988 PMS 00lmlol 29ml Tris $% £ H(50mM Tris-cacodylate
buffer/10mM  diethylenetriamine  pentaacetic acid, pH 85 %
catalase(mg/mE) Ouges P31 25CoM &3 F 39mM pyrogallol
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0.ImlE 7}8t9 420nmoll A pyrogallol®l AF4t37F A=l AEE F
sl ol SOD lunit® pyrogallol®] AFAME £ & 50% AA=d
Ze s SODY goz Aostgr}.

Catalase @A EE Abei 59 WHo=g 2A439d. F, 10% 3+ &
50mM phosphate buffer(pH 7.0)2 5008 34§ ¥ 2mlE FH 3ty g
Wiel Ho02(30mM)e] AEE 240nmolA F3 =9 A2 FAAH

(0}
2
filo

Glutathione peroxidase &4& Lawrence® Burkd] ®ol mtet S48
t}. &, Liver 1g& 50mM phosphate buffer(pH 7.0)- 10ml2 33} F,
105000g1 4 112b5¢t 4225 4& microsomed EAULE AH§
349t} Reaction mixtures 1.4ml 0.1M phosphate buffer/imM EDTA,
0.3m! 10mM NaN3 , 0.3ml 10mM GSH, 0.Iml 2mM NADPH, glutathione
reductase 1 IU/mle2 FAHJLew, 7]|ZE 16mM  cumene
hydroperoxideZ Al£ 393 340nmolA FZ =& FAHsAH.

A ey g
Eade gl FFe Lowrydog HAsgor] EEFLZE bovine

serum albuming AH&3 At

ot. BAA

Agaold o ZAde HF: EFLAE JEUden FAAGE
SASE olgst§n 7 o WE FoAs £A4E4 F Duncan® ©FH|
agoez BAsYr)
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2. 4% R n3

7t AF, Hoag 9 FUFA

Ab&F AFdsl, Aol HFAF, Holggd vXE CLAY ¥ Table
78 YEMUY. AFFT7HHE FATEY HER EAY dxTdAAN F7t
e A%S Bdov CLAMZIES HER E Z2Y¥ dxTd Hlstd 9
A Ao CLAC 93ty HAFo] Faste Ao Ueuo 4ol4H

2 Tl Hlsle vlElYl EZATANME CLA¥/Fs R @Agle =
F gL e YR AP dde Aozl AT HE Aeli g
CLAZ 7 ol "z vlety dAsA ¥ &g Jdetldt. Parks &
ICR micedl 05% CLAE T 23 AAWo] ZAs8ti lean body
mass?7} 713t ev ols CLAZE ZS5AX 2 WA XolAe zwitst
7 2 AP EAA e AR F2o 7Tt BT £
ZolE AHEE ddez 3 AdGAFANME CLA HdH odt AlFol
fFostA Zrsdun Baxo] o ratg ol & 2 AyPdAxE CLA
o} " gt A 7hsAdol AAEHAT ZF A7I1FAC UAME ZHdel
Folazt gllen ALSF 9# #F 92 HEaAeE Hol CLA F94
GE Rage gl Ao2 B UK Table 79).
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Table 78. Body change, food intake and food efficency ratio of the

experimental rats

A B C D
Initial weight .

o 21242081 212+1401 212+1044 212%16.18
F”(‘;i weight 00 4067 366+2691 3275074  322+44.00
Weight gain 145 154 115 111

(g)

Food intake 1561 17.36 1745 17.09
(g/day)
FER 0.18 0.17 0.13 0.13

A: Normal group, B: Vitamin E deficient- group
C: vitamin E deficient+0.5%CLA, D: vitamin E deficient+1.5%CLA

Table 79. Organ weight

A B C D
Liver 228+026 230014  363+103  283%037
Kidney 057005 060006  071%0.17  0.67+006
Heart 028+0.02  023+008  026%006  0.26+0.02
Spleen 0.23£0.06 0.24£0.08 0.23+0.08 0.23%=0.08

A: Normal group, B: Vitamin E deficient group .
C: vitamin E deficient+0.5%CLA, D: vitamin E deficient+1.5%CLA
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U, 84 2 39 AAYF

HElYl E 2 #8Fo AN FAF FAHAAY, FEd2HE, HDL-Z24
2HE, I A FFel v X Y-S Table 800 Yep it ¢4, &
Aol g3 2W vER EAE TS AT vdo FAF F95
' oy ozt Fvkste AE%S Jelidd. 28y 05% CLA A7
dlMEe vetyl EZAY iz vlstd @A A #FA}AR 15% CLAH
ZENelE dizTo vlgtd fodtA ¥ g& Jetdio] CLAXIE 8F
FRAAGEFE FAAIE A7 Je Ao 2 Ve Total Fa2H
& g UdoAME 1.5% CLAHIZAA = iz H3le {o3tA z
A&t IAd ¢ HDL-2d26H&E #§Fole FAA7E AR o2
A3 CLAZE nEd2HE 2og AHIAT EZ dF FAAAY %
total ZA2HE TFE Fol8A ZAAATDE Lee 59 BT, B2E o)
AolA HDL-ZHAHES Frole W7t Qlo] total Ed2elE R F
A Rgbo] ZABHATHE Nicolosi §9 H 19 Uxjgct

Table 80. Effects of CLA on concentratipns of serum lipids in

experimental rats

Total
Triglyceride © HDL cholestrol  Phospholipid
cholesterol

A 96.15x2.16° 84.891+354° 58.74+2.84™ 157.64+6.59™
B 100.07426* 92.41+321* 60.23+2.20 14428 +4.35
C 91.70+3.80* 88.36+4.60° 61.24+352 142.83+5.96

D 80.50+ 3.40" 74.97+3.80° 52.56*2.57 146.95+5.95

A: Normal group, B: Vitamin E deficient group
C: vitamin E deficient+0.5%CLA, D: vitamin E deficient+1.5%CLA
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t}. GOT, GPT &4 ¥ TBARS #%F

Table 8lelE zTol W& VHZF GOT ¥ GPTEAHEE uehgich
GOT, GPT 2% Hgdl E ZBHo|ZolAE A4Tol Hsted 25
Z7bstth. 28U GOTS Z$olE 05% CLA B7A tz2o Hlste
AAFA Z2SAL 15% FHNE FAHLZ HsA Pk
GPTS #A%olE 05% #7HAE dzTa Ae o)k ge) 15% A
e FasE ATe dehit,

Table 81. Activiies of GOT and GPT of serum in experimental rats

GOT(Karmen) GPT(Karmen)
A 50.70%1.20%° 32.62*1.56°
B 63.45+0.89° 37.68t1.59°
C 42.20+2.32° 37.62x1.69°
D : 33.25+1.39" 36.47+1.54"

A: Normal group, B: Vitamin E deficient group
C: vitamin E deficient+0.5%CLA, D: vitamin E deficient+1.5%CLA

245 A% R Y439 TBARSHFS Table 8201 vehhch ¢4, 4
%] TBARS ®2¢ n9 vlety ERQY dlxTe F4To st &9
stAl Z7bsted wiebul EFPel oldted marsh AW 4ol HEHUSE
¢ % QAT 32 CLA 05% A7He Z7+E TBARSH#Zol @438
A AR 15% A7ANAE FANCE o84 Zastd CLAR
7 MlEt E 2Rl 9@ #s AW RS Ao vt
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T3 olgg @NL CDFAZRZIEel F7Md4E Fsgdod B 48
ol g% AFEA 15%HNZAME BATY FF AT FLIHA dsich
4o TBARSHSE AZI AL vz FFS Jepdud. &4, 3
TBARSE AA4T uHlstq Hlelyl E 2YTAA FodstA Frtstdoy
CLA 7t olg wste gk Ha$2 in vitrod dol A CLAY 3its)
2 3E a-tocopherol, BHTS} ®vlx3d Z3 CLAE a-tocopherol® ot dHit
stgo] 3932 BHTSE Hlsxd 34d8E 7Hzda BRusgow
CLAEEZ Fog A% & 5932 @2 dxTd vgd 27159
TBARS7} #-9l&tA #2sdcty 2austgo vEer E 29 x4
olg% E dA¥dMmE ¥H GOT, GPT &4 ¥ 233 413 TBARS
gBE3E n]Fo] B u CLAE in vivodlA £3], 2259 TBARS 4
A& AAste A FA4s 8ol e 2 woEdY. &8, €%
CLA% o] Z718 42 ¥F a-tocopherol 3ol Z=718¥4 = B, in
vitrodl Al CLAZF 728 % 3413 838 Yeldtds H1508 nFo &
o, Hlelrl E ZY 2 dolA CLAE a-tocopherold WA &E#H7I A& 715
BE AALE AT

=
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Table 82. The contents of TBARS in kidney, liver and serum of

experimental rats

Kidney Liver Serum
Group
(nmol/g) (nmol/g) (nmol/me)
A 107.1 = 7.81° 132.7 £ 5.35° 3.8 * 0.49°
B 176.3 £ 831° 2889 = 812° 78 = 1.08°
C 151.1 + 3.42* 2121 £ 169° 77 = 0.25°
D 127.1 £ 598° 1762 + 931° 81 * 056°

A: Normal group, B: Vitamin E deficient group
C: vitamin E deficient+0.5%CLA, D: vitamin E deficient+1. S%CLA

¥

g3 B BAGHE
2HAZE 3Ars BdE EAQ SOD, catalase ¥ glutathione peroxidase
(GSH-Px)®} @40l mAE CLAS 9%& Table 839 vehiich %
Z SOD ¥4 HEetxy E Ayl st A3 Fragn CLA d7HE
dAe BlEtY EthzFol vlsted #iste %S BYo. SODE AW
o] 22219 superoxideZF ¥ %3 4tA9l hydrogen peroxide€ 41733t
v Alolt B AyA HEl E ARl ¥ SOD €49 F7H= HlE
9l E Ao o8] Z719 superoxide radical® &AE7] 4 Rl 71
$otm A€ok £ CLA 72 izl ®ldted SODEA4ol %
Zaste A8gS YR en catalase@BA S Zhaol @& Aol7t AT
GSH-Px @4 Hlgql E dzzdA Zdastdeud CLAAZ e 2std
fol8tA Frbetdet. &3 GSH-Pxt AAue] QoA glutathiones ¥
AAZA ol gt AAU i} $4 F AAAUNGESENSGE HE

o
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Zojsts Ailolth. ATl HEA HER E AFLolN Ao #Fast
Fey CLAE AH7Hgo wet @A3A F7hstged, ol ®&? E 2
ol oJate] AEY A4E T2 Faol 2u]E glutathioned A4
371 98kl GSH-Px7t Z7hsteha A8

Table 83. Concentration of SOD, catalase and glutathione

peroxidase(GSH-Px) of liver in experimental rats

Catlase GSH-Px
SOD

Group (umoles of Hx0O: (nmol NADPH
(Unit/ mg protein)
/min/mg protein) /min/mg protein)

A 75 * 035 189.3 * 3.98 2994 = 114
B 9.3 + 0.20 183.8 = 4.06 2164 £ 136
C 79 * 0.22 1833 = 3.04 2545 * 848
D 78 £ 027 1874 * 807 266.3 = 954

A: Normal group, B: Vitamin E deficient group
C: vitamin E deficient+0.5%6CLA, D: vitamin E deficient+1.5%CLA
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Al 53. CDFA six171¢] MNNG#% $1g9Al &%
A% AE

1. As 2 34
7t A9A= |
Age] o]§% CLA Fo SA7IZCLA-TGE A 3% A5 AR 279 5
g A4, Free fatty acid type &) CLA-FFE A 234 248 &=
3% R ol43tdem MNNG (N-methyl-N'-nitro-N-nitrosoguanidine)&
Aldricht2 %€ FYstgich. 8% A 2 GOT, GPT54 4 kite Eiken(Tokyo,
Japan) 2 2R E FUHAT YelA AFe BF dFoldY A& Mg

b 2848 2 FEAS

NYEEL Wistard]l £2 8F 573 < RIAIFE(S4, Korea)2H
B 7sted @AolXe F wigd Wol AYsAch I4FYL BF
2N § g7 256ukay 47o2 UFe], FEE(0% CLA-TGT)LE2AM
= CRFAIES] CLARH7F Al22 AR HAx7] $A%E, 015%
CLA-TGZ< 25%CLAY/MAMRZ AHSE six 5AWE CLARZoZ
0.15%% Al A st 3, 03% CLA-TGT2 5% CLAM/IMEZR AbSE S
A Z=AWL CLATF 03% HA #srsded, 03%CLA-FFTZ < 35%
CLA il 03%3A #7tstn UnlR 0% CLA A SAFez AWdF
& SY8A =daA

A% 74 Y MNNGE 200mg/kg BWE $iuio]l £o8tn 29AFH 39
Aoz IHAGLE ImVratdA FF T8 o, 4¥ 254 2%
MNNG(200 mg/kg BW)E Fostgon ZAag4os 489ANL2RH
Zo] 0% ASEHAT AHFL 2E5E L 1243 9 cycleAtS Ao A
Atge BES ASEA AAA S AFL uF auUd AR4AFTLS
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fAde SA3AH.

2 20 wk
Treatment  '0- of 0

rats >

MNNGHSNaCl
alone

SIS HLAL/ M S) 2MH
SEEE: 65" £33 Wistar rat (100 Oi2l)
ZMESE: 0,15, 0.30 % CLA-TG: 0.3% OLAFF in (R—1 (203=2)
EIOHEE!: MNNG(Mmethy|-A- nitro-Mnitrosoguanidine, 200 ma/kg), 28l fILH £¢
SNaCl: ESI8M (2352} 48| AAS0, &8 AlIEZE 3221H)

o 2M AR =4

20737 Abgol B¢ ¥ 1242 5¢ AN £ oHZ whH s A
Q BRgsdeziy AYY oe AVEe BT P, A, WL
AEagc gL B00mpmelA 1087 QARAF Y3 AU 327
& trimming3ted FAE Ax -70CAM B

. 49589 3 2 =3 Qs B

ARYAN F 207 229 2L £l formal saline®2 913U
e BEYTL 9ol TRE we Wl WA F WMoz mAsRET
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g WP MYRE SgHoz HAY F z2AAYE 79
10% F4L¢FE22d S0 nAsAt. 2gE AFol st S
Hoz o JHWE Holv RS FHoRZ AAY F A7 242 70%
dIELZHEH FFEE LA 4 GAEE €5 A4 AR xylenel
2 HY3 ¥ A HA(paraffin) A FE AAH Evl(embedding)dtd AHZ 7))
A= s¥ch. Hetd ¥olgd =AE  microtome (Reichert-jung,
Reichert-jung co. Austria)o] Z&3 ¥ 3-5um FHE ZFYFEL UE ¢
< Hematoxylin-eosing 43l dv|F oz @&

vl, B3 AAFF 2 GOT, GPTEHA w3
¥y FAAWL, Zd26HE, HDL-Z2d2HEEZFS 49 HAF kit
(Eiken, Tokyo)E o|&3l¥x ¥3d GOT, GPT#A 2 Reitman® Frankel

L

Wol e 2AE.

uh. FAA =

AyHolel o Ade FHF: EFLAE Uguded FAXNIE
SASE ol &3t 4 T ©BE Fdxs E4EA F Duncand ©FH|
aYgoz HAsAG
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2. 4% ¢ 1%

7. AF 2 F7NFAL A%

AY7I1rELe AFAE Fig 3600 JeEtHAS. 03%-FFE& 43 25
ARE AFZF7HFo] el visted ZAsr] AFRs AS ¥e ATE
FAEE HETZQU 0%-TGEL 8F%H Ast7] Al 49 205
£ 03%-FFZ# vl<stgt. &8 0.15%-TGT 2 03%-TGT L ©& 2
To Hae & A¥E vdehgo] AN dede AFFLE AN
AN E A BIod A fodxe AU EF datacls ERH
A gstou HolHAFole Aol wE Aolrt AN oY@ HIA}e
benzolalpyreno.2 HFE% ul$2 SAY 2l A7ADe} FAEG
7 gold.

Zt A7 ZAE BE, 0%-TGE 2 03% -FFAZS 7v%, A%, uvj@e] 7
A7F 015%-TGT 2 03%-TGTl Hlgta e ¥ B AT
YA 3t S JERHATHTable 84).

600

—0%TG

| = 0.1%TG
—-0.3%-TG
| +-0.3%FF

500

400

300

200

100

0 2 4 6 8 10 12 14 16 18 20
week

Fig 36. Body weight changes during experimental period.
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Table 84. Organ weight

Treatments Liver(g) Kidney(g) Spleen(g)

MNNG

—0.15% 12.45+0.71" 2.45+0.11° 0.94+0.08™
CLA-TG

MNNG

—0.3% 11.86+0.45 2.84+0.13 1.02%0.05
CLA-TG

MNNG

—0.3% 11.94+0.53 2.43%0.16° 0.90+0.11
CLA-FF

MNNG

—0% 11.58£0.38 2.23+£0.09° 0.87+0.07

CLA-TG

Values with different superscript within the same column are
significantly different(p<0.05)

Y. A3 Sa22
AY 2050 BEF A% SAH A4S AR FFL v FH Q)
i, ZA7)¢ Bokol T WY e FHMg] FF& AHoY F7E]
F AAste EEH AU dF AHEY] FHFE BT RYe=
FEHO Uz, FERY Qg AAHYE SFHH(Fig 37).

o A3 WA £
gore zAYHFAHor EFIA HAHJYYALF(SCO, F
(papilloma), 3 A (hyperplasia)2 &2 B F3l=d 0§ A= o

A1 4E(SCC) > 5 F(papilloma) > #3A (hyperplasia)o.2 F

eo©

3
g 5

- 191 -



Fig 37. Gross findings of cancer observed in the forestomach of rat
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Fig 37. Gross findings of cancer observed in the forestomach of rat
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AT oo F3dlY AP & UPYHLGFT Y HAES JA s R
2 ARTYE ARG B F Yo 2HTA BRo| F4H AP
HgFe THES 4 25X vZHRE AL JAREE FNE 5
At

AY 205 #BF FF AARAN LT HWE FyA
(hyperplasia), 5% (papilloma) ¥ HHPAZIMEYLFE (squamous cell
carcinoma : SCC)2.2 EFstH oy 1 HANEE A3 ¥ HFig 38).

HYFT A UHAAHLFTY H$ 03% CLA-TGRAZNME & o
wAEte] 4% HAES 2o, 0.15% CLA-TGFH9E, 0.3% CLA-FF
FAE, dE2TYU 0%-TGFA dzFAAE 4 27%, 35%, 36%2 HA
€< 2o 03% CLA-TGFATAA 713yde SAES Bl TS
1 §5%F9 ZALdx 03% CLA-TGFAZAME 12%2 LAES 1Y
o, 015% CLA-TGS9T, 0.3% CLA-FFR4T, dZTA 0%-TGZl
M 22z 23%, 24%, 32%9] HAES Ko YT AAE BY. o|A9
SRz wE AFAE AW Table 859 #on Fig 39 2H4e
A 27 WE YYNEE aHdZ2 et

HYY, FFF, VIANULFTA YAEd 92 FTAHIAY 03%
CLA-TGF97F dizzd vls] A 2L FogHez JAsE Res
UYelgon gFHo2% 015% CLA-TGO vl foHoz $jduae
AAste o2 YERTHP<0.05). Sigedo) dojux ge& AYzxAx
03% CLA-TGFATdAM e 56%Z HzxToly e EAFAZ H5A
FA4UA AT E At

ol9o] CLA-TG FHTL T &A=z JPLAE 94 slge
M 0.3% CLA-TGF2°] MNNGHZ dEdodA FodA de 94d
Al A€ ENH. e CLA-FFFAT& 0%-TGFo tixTd vl3A
FALUA H49E A AE Uk 2EH o2 CLA-TG e A
AA Eeol HYE ALz BTG

2]

l"
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Fig 38. Histological changes of the forestomach section

Legends for figure
1. Normal non-glandular stomach (forestomach). H&E x50
2. Hyperplasia of non-glandular stomach (forestomach). Note the
proliferation of keratin layer and down of rete peg(arrow heads).
H&E x50
3. Papilloma of non-glandular stomach (forestomach). Note the
proliferlating epithelial fronds with branching connective tissue co
(arrow) containing capillaries ; projects into lumen of stomach.
H&E %200
4. Squamous Cell Carcinoma of non-glandular stomach (forestomach).
Note the invasion by single or nests of neoplastic cells and having

many mitotic figures, hyperkeratosis, keratin pearls(KP). H&E X200
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Fig 38. Histological changes of the forestomach section

Legends for figure
1. Normal non-glandular stomach (forestomach). H&E X350
2. Hyperplasia of non-glandular stomach (forestomach). Note the
proliferation of keratin layer and down of rete peg(arrow heads).
H&E x50
3. Papilloma of non-glandular stomach (forestomach). Note the
proliferlating epithelial fronds with branching connective tissue co
(arrow) containing capillaries ; projects into lumen of stomach.
H&E X200
4. Squamous Cell Carcinoma of non-glandular stomach (forestomach).
Note the invasion by single or nests of neoplastic cells and having

many mitotic figures, hyperkeratosis, keratin pearls(KP). H&E %200
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olde] A#E £ 9 CLA-FF¥d:s dzTd AYSH4ES vad
W FoHQ A7t AAHA Fob AV gl Aoz AFHUG

o

Table 85. Histopathological findings of tumor incidence in rat
forestomach induced by MNNG

No. of
Treatments © ¢ ° Normal Hyperplasia Papilloma SCC
rats
MNNG . ; . ;
—0.16% 2 (18) (32) (23) @7
CLA-TG
MNNG 14%° 7 3 1
—03% 2 (56) (28) (12) (4)
CLA-TG
MNNG
—0.3% %5 3 4 4 6
Nl (18) (24) (24) (35)
CLA-FF ,
MNNG
o5 ”s 2 5 7 8
° (9) (23) (32) (36)
. CLA-TG

SCC : Squamous cell carcinoma
2 Significantly different from the values of MNNG alone at p<0.05
® Sjgnificantly different from the values of MNNG+0.15% CLA-TG at

p<0.05
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60 Incidence (%) O Normal
] B Hyperplasia
 Papilloma
EmSCC

0.15%CLA(TG) ‘0.3%CLA(TG) 0.3%CLA(FF) MNNG alone

Fig 39. Histopathological findings of tumor incidence in rat forestomach

3. 94 GOT 2 GPTE®A W3

MNNGE Soistdl 98 247 BAel Yo)d ¥H GOT, GPTEAHS
Table 8691 UEIART. M GOT B4e B¥® 0% CLA-TGZH
0.3%-FFAZ°] 0.15% CLA-TG ¥ 03% CLA-TGRET 2 %S BY
o EA4MY AL T GPTRAL ZF 2% A9 v4e &g
Geule] CLASdol me #olr gidich £ dgd olew sEel
MNNG 54+ 3879 75de o4& FA gon FAd CLAE ¥
FHAE Prlsols JBL nHA FE RO Uehdoh

- 198 -



Table 86. Effects of CLA on activities of serum GOT and GPT in rats

with MNNG
Treatments GOT GPT
(Karmen¥&9)
MNNG ns ns
84.88+4.02 2068+ 1.69
—0.15% CLA-TG
MNNG .
83.95+4.90 31.71%+1.26
—0.3% CLA-TG .
MNNG '
92.09*£6.68 30.77£1.77
—0.3% CLA-FF
MNNG
01.89+5.12 20.42+150

—0% CLA-TG

o 24 2 Y39 AARURE W

A AHABE L FAAA, free radical 5o &t AL EX3
}abo] #akslo] dojues WMSAPERZA w3t 2 g A, %%‘l <ol
o3tn gelxd JYom TBARSY ®¥ae ol AARAstEe] W3
24 9l markerd 3hi}olt} Table 8701 MNNGE Fostd <
SaAz AF ¥H ¢ A, AF 329 TBARSS ¥3E YU
ok, &N ¥AHF 9 TBARSE 0.15%-TGTol 0%-TGY dizT# A9
v)28 e el n 03%-TGT# 03%-FFa2 U x| 23 b3l
#9187 Z7bskel MNNGSS 87l ¥4 TBARSE CLATHo 93t
238 Z7tste AL Jehidd a8y 3EF 0%-TG izl Hl

ok,

T

o
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3t CLARAQZS @AsA @2 e dehideyd EAgHc2 fo
A QAT o) E A= DMBAZ 458 fA4¢ 83 =2dd A CLA
E 6709 o) A BAFe TBARSE Za: AL BIoY £4
9l oxte Udm BI# Ip 59 A dNBE Aot AZF
9] TBARSE ®¥ TG F9F2 015%-TG, 03%-TGTo] 0%-TGW =
Fol Hlate] FolsA Rezhe Udedo] BN B o g AnE
B9t a2u FF B F & 0%-TGHRZol wste fostAd & gt
UJetdle] MMNG #% $id=doA = FF type 2t TG typee CLAZ
o 2#%Q Rog Jegtt

(o

Table 87. Effects of CLA on TBARS contents of serum, liver and
kidney in rats with MNNG

Treatments  Serum TBARS Liver TBARS Kidney TBARS

(nmol/ml) (nmol/g.) (nmol/g)

MNNG
—0.15% 1.46%0.06° 73.4+1.15™ 118.7£2.64°
CLA-TG
MNNG
—0.3% 2.08+0.07* 66.3=2.89 119.63.15°
CLA-TG
MNNG
—0.3% 2.25+0.15° 72.2%4.23 294.4%6.3"
CLA-FF
MNNG
—0% 1.45+0.08" 83.2£3.34 186.41 253"
CLA-TG
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v, @3 AAFF A3

Table 889 MNNGZ #:d ¢d=Ed #Fo dH 2 E 3 4
Ao uAe CLAY 4%S Uit CLA-TGT S TA4ARE
Fe dizTd vt @e s e, 53] 03%-TGTS dxd
of Hlgted fFolstA FAsHAH(p<0.05). CLA-FF &2 dzTd Hsid
Fe A BAod FAAA FAdE A FUASHE FFl Ao
Me FAAER FAE 28-S 2R ed 53] 03%-TGTELS 2T ol
st} FANAH R FoAdA H2HARH(P<0.05). LeeTES LEHLHE
2olg AT E7AA CLAE 33 ZAF} A% 12F%H F FA4A
B3 Zd2E gl FddA ZadHdn Bustn o 24 PAA
T MNNG #% AYdEddAME CLAY FdE F ANATFE ZaA71
Ziﬁi'”&%g‘kiﬁfﬂ ol21g AAFF HAE CLAY ?Jq]“o‘;’ﬂ 714
st Ao AtREU old disiM s AWM diate] @79 A o A
3 A7 8 7E

rle
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Table 88. Effects of CLA on serum lipid contents in rats with MNNG

. ) Total HDL
Treatments Triglyceride
cholesterol cholesterol
(mg/dD)
MNNG
—0.15% 12657+ 1257° 64.57+3.22" 57.98+3.10°
CLA-TG
MNNG
—0.3% 87.21%6.11° 59.21+2.79° 42.00+1.93°
CLA-TG
MNNG
—0.3% 13291 +7.11° 63.27+2.49 51.12x2.60°
CLA-FF
MNNG
—0% 15255+ 13.84° 67.38+2.82% 56.96+2.37°
CLA-TG
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A5%. CLAAASI = v A E 9 screening
A1d. 48 As 2 4y

1. CLAZ A=A

CLA ®4 vAdE=2 98 Butyrixibrio fibrisolvens 233 %
Aerococcus viridons#F& ATCCEZEEH Tdd CLAYZAS #Qlsixn
CLAZZE Eol7] 913 = AA SFulAE ST

2. CLAZA mAE9 &, A
7h 284

CLAZA vl Eeo B, W& probictic AHE 7Hs TFZ2 £A7H
ol B&5o] Q& bifidobacteria®t WFFE9 14, 24, 39, 39-1, 391-2,
49, 2%, A& AHEQ vYES £ dHe2 U

o, kY

NEZ 20 Ay wAE EaE BLUAE A48 @714 6l TS %
MRSHIA & Al2g 3714 wjFez AAsALoH P74 sAH4L s
ol ZAol wet EHA B A Yelle A resazurin¥ 7Hete] =
T2 A7 g AL AR oH autoclaverl F2E HFAT Pt
A28 AAR ¥ autoclaveF e $74<& & A7k A4 £ Fun.

713 wjQl A$ 1-29, ¥ A AS 2-3Y 5 37CAAM W)
Fstel Ao YHE 7|FoE ©E FF2 BUSHe TFE By
CLA“E}E&:—% A3t

714 wl%L Microprocessor controlled Anaerobic chamber& ©]-8&3

2

At Chamberel ¥7] A Vacuum—Nitrogen—Vacuum—Nitrogen—Vacuum—

Mixed Gas(80% Nitrogen, 10% Carbon dioxide, 10% Hydrogen)2 X]#3te] j
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gt

3. X¥Ate] CLA M & _

Linolic acid®] CLA AgL& E o #F& MRS wix|ojA w3t A
g 343l9 0.1M Tris-HCl €590 @EAIZ] ¥ linoleic acid(15mg/ml
1,3-propandio) & #7tsled #gAI & CLAEZE FAsAo A4ty
%22 Folchdg AHEaTh

¥ 89. Linoleic acid9] CLA ALY 45

Lactobacillus acidophilus ATCC 4356
Lactobacillus brevis ATCC 8287
Lactobacillus lactis KCTC 2184
Lactobacillus casei ATCC 393
Lactobacill ué plantarum
Lactobacillus delbruckii ATCC 9830
Leuconostoc mesenteroides ATCC 9135
Leuconostoc mesenteroides subsp. mesenteroides
Pediococcus acidolactic
Bifidobacterium infantis ATCC 15697
Bifidobacterium brevis ATCC 15700
‘Bifidobactérium longum DSM 20097
Bifidobacterium bifidum ATCC 15696

4. nlETAS CLA ¥4
7}. HCI-MeOHE ©°]| &% ZAAHA £4

BL, TS 2 MRS A2 714 £& 718 1002 v Plate
A ZAE loopE 100mg (loopZ 4 FE)AE WA test tubed] Tuteh

o] 7)1 NaOH-MeOH 1m¢ H7}3la H72& & 2o} & 43 100THA
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2587 v)38sl HCI-MeOH 2mé 3 71ste] 80ColA 1023t methylationA)
71 ¥ hexane 1.25m¢E A WA methyl ester® 343t 10%NaOH £ 2
2 AHsD T4+ NaSOE 2439 GC2 2A3 g
U, NaOMe-MeOHE o] &% A AHAk £4

BL, TS ¥ MRS A& 3714 ®& @714 1022 vId Plate
A #ME & lg A= dAFdd AFFZEIZE MY F 025M NaOMe
MeOH:Ether 5ml& 7}3te] 3023t @FAIA ¥4 F 3 ml9 iso-octane
3 TS 16miE 7Hetn F awstan AFFe §dE Ieetd GC
Z 243t

A2d. 243 % n&F
1. CLAZY =7

CLA &4 v|AE2 28R Butyrixibrio fibrisolvens 27% 9} Aerococcus
viridons 2% & ATCCZ¥E FYstel CLA4AS #4823
Butyrixibrio fibrisolvens ATCC 191713%F ¢l TFAALAbA 09
CLA(021%)7} HE=UHZY 40).  Butyrixibrio fibrisolvens ATCC
19171759 CLAZZE Eol7l 9% HHxH 43& ¢ 478 ¢+
g A8l FYstgon 1 A dF AHS FFe ¥ e
THE 90).
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R 90. Butyrixibrio fibrisolvens ATCC 191713 F $H wlgde] x|k
Z/3 (Area%)

Retention time o = 7 v} of of
7.63 526 4.16
10.61 1.24 0.95
10.86 15.72 1324
12.09 0.35 0.29
12.31 0.77 0.63
12.98 1.16 1.05
14.62 0.37 031
15.21 241 2.10
15.93 23.10 271.27
17.54 0.44 0.40
17.85 0.70 0.63
18.07 0.31 0.28.
1872 0.40 0.48
21.77 35.24 32.60
21.88 2.30 2.05
22.01 0.64 0.50
22.36 6.28 10.20
22.92 0.71 0.67
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FIDT A, (027F0101.0)

Butyrixibrio _ fibrisolvens ATCC 191715

yoL's

croeTd

creze
&%
o'z
668°02 — 3

rT

C-9, 1-11 CLA Lorsid
' TAN 12an

f+i3

geov

Fig 40. Fatty acids chromatogram of Butyrixibrio fibrisolvens ATCC

19171
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2. CLARHv| B &9 #4

CLARATIdE EEE A% ¥HFFE FUAE Bde 4
=AM AH}HUes HAENEE 3Y E5E 59 19, 29, 39,
391-1, 391-2, 491, &%, WF WL EoAt.

Ul 8E EdE BLHAE AHES ¥713 g3 TS 2 MRSHIAE A
% 5713 wjgez dAdgen 5714 WIdd AL 1-29, 14 u)
FA BE 2-3Y T VCAA wigsn JH] Y& vFo2 e 7
T2 ddHe JHo2RE SFEYstd dd@FYE A AR X
gt o] YFrIMEF 237 F 9 VY FF 268F F F 497FF7F 2eHA

2ed | @42 27184 |
=2 (BLHIRA) | (TSHIA) Z}; MRS )

19 1 2 - 3
24 1 4 1 6
39 2 3 - 5
49 3 2 1 6
2% 4 3 1 8
o3 4 3 1 8
39-1 4 2 - 6
39-2 4 2 1 7
Al 23 21 5 49

ML

gdaF T CLAZ FAHFE 14849 A3 g B 5 97F F
2 2% HNx0 o 2gton CLAARNTEFE RAXe 278FE A
WA HHe R Hol @ £o £3e Aoz B HAKIY 41).
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Lactobacillus reuteri % RA7T= CLAE §Adde R3d uset
BN BaFA vEH RAAF 40F ¢ Bifidusd 607F 2 UEH
Bifidus £3F 204259 dAAFAE &M AN B infantis(1Y 42
), B. longum, B. breve #3% 871 @FlA v e CLAV AE=HJoH
u %34 Bifidus 49 #F%°E CLA £& DMA(Dimethylaceta)2 33

T B39 ##ol 4-17%2 TLCS GC-MSEZ CLAQA &A% #AH
DMAEZ FHAHAHIH 43).
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Fig 43-1. Identification of DMA in the Bifidus species
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Fig 43-2. Identification of DMA in the Bifidus species
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Fig.43-3. Identification of DMA in the Bifidus species
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3. At CLAAE

#F& MRS uioA vjFatn FAE 343t 0.IM Tris-HCl &35l
Q4713 linoleic acid(5mg/ml 13-propandio) @ H7ste] gAY F
linoliec acid®l CLA M&ZA 7= F 919 2

Lactobacillus acidophilus ATCC 4356¢ Lactobacillus brevis ATCC
8287¢ AW linoleic acid ##F°] 37.7% % 346%°IR 2™ CLA ¥
zZtzt 0.8, 0.6%°lA. Lactobacillus casei ATCC 393, Lactobacillus
plantarum,  Lactobacillus  delbruckii  ATCC 9830,  Leuconostoc
mesenteroides ATCC 9135, Leuconostoc  mesenteroides  subsp.
mesenteroides, Pediococcus  acidolactice CLAZF  H&5IR ¥t
Bifidobacteriums: FZE linoleic acid #3o] 45%ol4olem CLA &
gx 0.3%°)4do|le™  Bifidobacterium brevis ATCC 15700 CLA &
Fol 157%2 AdaF F /M Edoh

¥ 91. Linoleic acid®] CLA A&AY A7

GC Area %
# 7 3 -
Linolic acid CLA

Lactobacillus acidophilus ATCC 4356 37.7 0.80
Lactobacillus brevis ATCC 8287 34,6 0.60
Lactobacillus lactis KCTC 2184 12.8 ' 0.03
Lactobacillus casei ATCC 393 30.0 -
Lactobacillus plantarum 9.6 -
Lactobacillus delbruckii ATCC 9830 21.4 -
Leuconostoc mesenteroides ATCC 9135 18.3 -
Leuconostoc mesenteroides subsp. 16.0 -
mesenteroides

Pediococcus acidolactic 26.8 -
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Bifidobacterium infantis ATCC 15697 47.6 0.43

Bifidobacterium brevis ATCC 15700 44 .4 1.57
Bi fidobacterium. longum DSM 20097 54.1 : 0.30

Bi fidobacterium bifidum ATCC 15696 55.3 0.41

CLAAASEo] 714 $43 Bifidobacterium brevis ATCC 15700 & F <]
#AE 2% HANZ ¥ AT o] linoliec acid® F7Hstn 4TAA
2N ZF BFSA1 A F 92014 9 o] 0.39%2 CLAZF AU

® 92 AZW miel o¥ CLAAS

Area(%)

AT
Linolic acid CLA

2mé Cell Susension+100 #1 linoleic
acid+2m¢ buffer

50.05 0.39

omt Cell Susension+2m¢ bufffer 3.18 -

4n¢ buf+1001 linoleic acid |~ 5262 | -
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A34d. 8 %

Butyrixibrio fibrisolvens ATCC 19171¢ %9 CLA®ZE =°l7] 9@
27 44 A7 A 3 23 tsAde FdsdE
AR 40%7 Bifidusd 6075 % WEA Bifidus £3F 20o9¢F F
B. infantis, B. longum, B. breve @#5% 8/ #FolA " CLAZ A
z59ow, ©EA Bifidus &9 #FF 8FFAA CLA ==
DMA (Dimethylacetal) 73 Z39 o] 4-17%Z Fot TLC% GC-MS
2 #11¥ Z3 DMAZ 294,
MxzgaRE CLAYAZF Bt 49 14, 29, 39 3, 49, &%,
5 839 Podeozyy ¥/14 7F BIFY IIHTF 6FF
£ 49 #3& 2o CLA 44
#Z & screening3tF ovt CLA d2 FAFFE ALstA R3A L.
Bifidobacterium brevis ATCC 15700 #5¢ #AE EF AZANA F
AE @l linoleic acid® F7Fti 4TolA 2A #HEAA 0.39%]
CLA #4<& #dsta=.

xol.

£
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