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Abstract

Twenty Nubian lambs having a mean live weight of 40 kg were
randomly allocated in three groups. The lambs in each group were group
fed on of three dietary treatments, designated control ( 0 % ), 2.5 %
soybean oil, and 5.0 % soybean oil. Five months passed away, and they
were at a mean live weight of 60 kg, then it was time to slaughter them.
Slices of the longissimus muscle between the 12" and 13" ribs were
sampled from all lambs at slaughter and analysed for fatty acid
composition of intra-muscular, subcutaneous fat and cholesterol in lambs
meat. Besides, 1 cm sirloin lamb chops were storaged at 2°C for 0, 3, 6,
and 9 days, and study thiobarbituric acid reactive substance ( TBARS )
values, pH value, color ( L*, a* and b* values ), and percent of purge loss.
All of TBARS and pH values increased with storage. 2.5 % soybean oil
of TBARS value was higher than control and 5.0 % soybean oil, and no
significant difference was found between control and 5.0 % soybean oil.
Control of pH value was higher than 2.5 % soybean oil. In general, 5.0 %
soybean oil of a* and b* value were higher than control and 2.5 %
soybean oil, but 2.5 % and 5.0 % soybean oil decreased with storage. In
fatty acid composition of intra-muscular, CLA content were 0.88, 0.9 and
0.92 %FAME (% fatty acid methyl ester) for control, 2.5 % and 5.0 %
soybean oil, and the three treatments had on significant differences. And
then, we found lambs were fed diets containing soybean oil (2.5 or 5.0 %)
can decreased saturated fatty acid in lamb intra-muscular. 2.5% or 5.0 %
soybean oil of polysaturated fatty acid content was higher than control

( P<0.05), especially DHA ( C22:6 n3 ). Monosatruated fatty acid
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content was highest by control, and lowest by 5.0 % soybean oil. In fatty
acid composition of subcutaneous fat, CLA content were 1.00, 1.27and
1.42 %FAME for control, 2.5 % and 5.0 % soybean oil, and on significant
difference was found between 2.5 and 5.0 % soybean oil. And then, we
found lambs were fed diets containing soybean oil (2.5 or 5.0 %) can
increase saturated fatty acid in lamb subcutaneous fat, and control of that
was lower than 5.0 % soybean oil, and 2.5% soybean oil with control or
5.0% soybean oil had on significant difference. Total monosaturated fatty
acid content were lowest by 5.0% soybean oil, and control with 2.5%
soybean oil had on significant difference. Above all, C22:6 n3 was
decreased by 5.0% soybean oil. Cholesterol contents in intra-muscular
were 56.33, 56.24 and 56.12 mg/100g fresh tissue, and the three
treatments had no significant difference ( P>0.05 ). Percent of purge loss
was highest by control, and lowest by 5.0% soybean oil. The percent of

purge loss value were increased during storage.

Key word : conjugated linoleic acid, sirloin lamb chop.

XV






B =
7 5

& I Frid f4 (conjugated linoleic acid » f§ £ CLA) % - ¥ £ 3

18 BAX &+ ~ % #=FE% & (conjugated dienoic) % 7 4 {ofg ¥5spk -

Tras F R AR - I R fe e (geometric) ¥ i ¥ (posotional ) £
4 -CLA A% % & 2 4 Butyirivibrio fibrisolven #-1; ji 4 fi& (linoleic
acid) # it 5 ¥ p& (oleicacid) A& n® B A2 5 > CLA ¥ ¥ 5 23t p
¥Fendgd > UE HEb RSP CLA 2858 0 d 3BT 24 %
Butyirivibrio fibrisolven & ;£ 3% e » H = 4 22K B 5 =
WAE ek g £ ™ (Kepleretal, 1966 ; Chinetal., 1992) - fa#3
Bkt B CLA $Hit B .3 £ chB %> 402 4 Fuk (Ipetal., 1994) -
fud e md v (Leeetal., 1994)~ B8 £ % 3B &5 it (Cooketal., 1993 )
YR VRS R8s & A2 B Se g v ) (Parketal., 1997) o

Jooetal. (2002) 3R ¥ RE >t 7 2 423% & CLA € H 4rvop "hm &
B R ok ferep prgia g e DR e - A g o
BRAER A feib g F TR F Mo ¥ b TR R ES g
AT E o R AR R ¢ R hE o B ARER Y
F ot ks 002540 5.0%% 2 B M-T e fdk % X £ 55 5 R
ML RFHREG AR ERDIED AZERE Y 2 CLAhZ £3 W 8

Ptz BE o E g gogkgfie 4 @45 ¢ 5 12 PVC (polyvinylchloride )



e s T A2CTREFR 0363 9% » 3 L pFEr A iR
&2_ pH & ~ TBARS ( thiobarbituic acid reactive subtances ) & ~ ¢ ¥
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FfE (cholesterol) £ » 3 2 F3t 4 @ ~ S igse 2 K F 2 X 4o
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T ERE R B — A G e fofy sk (saturated fatty acid) %2 7 4@
Fr#5 95 f% (unsaturated fatty acid )» H ¢ 2 e {oiqippe s 7 4 L H = 7
4¢ o7y %% (mono unsaturated fatty acid) & % = 7 & fv?g ¥5f& (poly
unsaturated fatty acid )c ¥ ~ 7 4e{cig ippa 8 7 - B 7 e {rifit2 £ 48
PR b AR ke RSy e 2 BA S B 2 e et
2 B4R RPL o L phF Rt H BAEREAE T Abenm B X A L
®-3~0-62% 09 k7] (2fn-47]) d WEHpWp &L HRCI8: ]
(0-9) 4=~ Cl8:2(w-6) 2 #Cl8:2(w-6) = Cl8:3 (w-3)
fER A FIM -3 B -6 kFiafhEEd R A
Sd AP MR AR B R 2 % F Py sk (essential
fatty acids )o % L e % = 2 &p oy hpk @ 35 0 I Frd fh - =T I R AR >
A A C T FREE - R

FEL RS R R RS A RGES PR o B
H#t (B- ) & e (linoleicacid, LA) 2 & ‘2 =% A | &
9% % I28¢ 2 % 50EN(cis ) & 225 B 4E ¢ “t(nonconjugated
double bond system ) » X @ & #° I b pR AT R fe2. B e R 4

d ANfE 35 & e ek AL (conjugated double bond system ) 2. £



WA orie s o
LTz BEEgETET R AS (9-11)-(10~12) 2

H v

(11~13) g+t > 2 5 9858 (cis) % F ;% (trans) 2.4 >
(cis-9,trans-11) ~ (trans-9,trans-11 ) ~ (trans-10,cis-12) %
(trans-10,trans-12) 2 L gL fre e s L R R HEF B8 > HEE L
b fe S8 22 90% 2+ (Belury, 1995 ; Yangetal., 2000) - % & #72

7

2R ARG R S 5 9, 11-% 4 I e a8 10, 12-% 5 I e ik 5
1087 cisOtrans-11 2 L FE LR ¥ 5d & LHE S BT R4
LI ER A 2 > s X i B S & (rumenicacid ; RA) > 2% & ¢ B
EE A el SRS U STy e SIS o S AR (6 B
2R B wve i 2 a1 (Linetal, 1995 ; Ipetal., 1994) > @

trans-10, cis-12 2. & #= & ffpid fe Pl 5 5 B2 5000 & o 2 4 5 ik e

z_ ¥ 1+ (Parketal, 1999) -



H 0
Linoleic acid
H 123 12 10 9 CiS'g, cis-12 (18:2)
<« n-6—> OH
H 0
HNAMW Conjugated linoleic acid
2 110 9 cis-9, trans-11 isomer
H OH

<« n-7 —»

H 0
HW Conjugated linoleic acid
H trans-10, cis-12 isomer

Bl— ~ I i Bk~ cis-9,trans-11 2 & &= &7 Jppod ik % trans-10,cis-12 2. &

B3 R prenig e -
Figure 1. Structure of the parent omega-6 fatty acid linoleic acid and its

two main conjugated derivative. ( Wahle et al, 2004 )



=~ R R pe2 KR
(=) 2L R RS ¢ &4
(1) 24 & - i¥* (biohydrogenation )

Reiser (1951) % Shorlandetal. (1995) 7 £EF » &E® 7 &
forabppa/s & i 1F* (375 i ¢ g a6 A5 & 34 (trans form)
%##T;u % > Kepleretal. (1967) # 3 % I > % i fic2 4~ Butyrivibrio
fibrisolvens H_r&— & 5 & * 37 firid R &7 =0 &7 fipid e 5 & b &7 fpid ik

2_lm A > Parodi (1977) 7& % cis-9,trans-11 C18 : 2 & _F Hd e 50+ ¥
SR pheni & & 44 - Corl et al.(2001 )4v Griinari et al.( 1999 )
Bt e poA S S cis9, trans-11 & 45 I Fpid fL I 34 P B e
78%~64% > 2_ 15 134% Knight et al. (2003 ) 48 %7 A d 4 q 95 ¢ X = 37
e B A & kg 3t g (vaccenic acid, trans-C18:1) 2 & fri®* @ j&
FoFPr R FEL R RS K R R Bk p i v
k2 B A2 A fefr (£ A 4 & X e I Frod e (Griinari et
al., 1999) 82k ok Hfofr 2 2bp REF T HRP AL SR FT
Ji4 fe (Glaser et al., 2002; Loor et al., 2002; Salminen et al., 1998:
Santora et al., 2000; Turpeinen etal., 2002 ) > e § &5 &4 5 ¢ jicd 4~
L3 Afaitied g EENGd R R RE -F S kehF (Bessaetal,

2000) e FlZ o4 F o prrefIER A KGR T U b 2 1)



FEFEL AR L& U AU SR R R E L N
feenk ik (Adlofetal., 2000; Kraft et al., 2001; Salminen et al., 1998;
Turpeinen et al., 2002 ) -

Dhiman (2000) 7 $; 21 » £ §6 I frib feend 2 L7 & & % ik
SR Y BAL o RPN d A LA P fel fF (stearoyl -CoA
desaturase, f§j - SCD) > F|J* &g ¥s N BREALY - B2 5d £ 5 4]
% L0 fe pr (oleyl CoA ) 38— G4 & foi®® 25 I7 b ik

SR @

“*u

ﬂ

Eay I8 Il I SRR R RLE S o R R R
T e i $odrbifl? 1 B 2 apforgimfie B2 K 2 2 BY LR R
FEERB R L ety P F e i) ik (stearic
acid)» H ¢ B A £ §o I Frid Pe AARLB 3 1T Fla g [ 5P
ST xR B R ORI R 3G ST

ik o K hE iRt pH B¢ BER T MA P B R & R

Soest, 1994) ¥ x P BF % A4 7 F (Baumanetal., 1999) -



\ a-linolerie acid
a-linolenic acid  y-linolenic acid  linoleic acid +linolenic acid

>
‘ | linoleic acid
| i
| | .'
| i cls-9, trans-11 > cis-9, frans-11
kY
kY
\\ ]
\ l / | AS-desatumse
< » \
trans-vaccenic acid >

trans-vaccenic acid

|

stearic acid ——

Rumen Tissues

Bl= ~cis-9, trans-11 X e L fpid fe A o g 14 18 % 2 2T o
Figure 2. Biosynthesis of ¢-9,t-11-C18:2.
( Griinari et al.,1999)
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(2) = I ol fe &k p BN 1*’:“.39_.?%‘;—:?3?“95“ B FE
Vivivai (1970) 325 7+ ¢ S L Ak p3tgs @ 28 » & eh
BLEACT
(a)d X FEL e LR efed i @Ry ¢ FA
o B r &2 A S ML b PP (T ATE 3 ) (Kelly
etal., 1998b) # 4 ;¢ (Chouinard etal., 1998 ) im A v rifg 2 5t
Y R LR £ o
(b)) F0& afgd )82 g dy i (e AARR 8 7 chjied Fo B4t o

BTl AR ot LA G S LR B AL R

Ik

:“I j\ ’ JLET’K;H;Z E]JF:};‘ «E’F"Sl)’ m+ “ﬂ}ﬁ:‘j‘ﬁiﬁbpaﬂ #ﬁa_‘{;

Frib pe 5 B b T 2 0

(3) § &=

B CE T T R P R B e I e BT P AT 593
* 2 P B4 & B4 cis-9,trans-11 fr trans-10,¢is-12 5 1 -
blacte F o WA 2P L Rwp (CLA) B 47 At Al
cis-9,trans-11 2. CLA it 40.8~41.1% -~ trans-10,cis-12 2= CLA & 43.5
~44.9%11 % trans-9,trans-11 v trans-10,trans-12 2. CLA it 4.6~10%

(Sehatetal., 1999 ; Chinetal., 1992 ; Park etal., 1997 ) -

¥z Chinetal. (1992) 4p iI* F i ~ i & 25006 > &
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f P TR B T e BT

SR R Ry L
A% (ethylene glycol ) %

;F""'B,%'Q\_"T :
10 & 4518 B~ ) o

’“/%;ﬁ ;F m:,‘—*— F:,'T ) l,(/\:yy (%\4“%1(‘_]_ 180C )
i 160C v 2] {d 4e ~ 26gKOH IR
e /64\1?%":[‘}1?_,1_ 180C

10 & 4854 » 50 g 2
& 12 180°C @ /é»‘m_)i =)

Fr i o

7

g ’ _PL I

Ji74 f&(linoleic acid )
o] PE gt P fﬁ/d’ﬁ&)j‘gﬁ RarPi

e Y Ll e

T E KRR LM

Fro faind e frdt B4R TR R 9 Sk ge
Jeod Bh2o 2 LA 3T Y o

(=) P mre frd) (T *

TESE S R

A= 2 HZ Lo ¥ e ARRRT o R
Kb e HRE SN R RE e R g AR R
ARSI B 0 Tt AR 8 ¢ g AL R T LR e e ST ) TRGR PR R Fe
i{,’u“f)]-}u }ﬁ,v’:ﬁ‘r;;;'r_ 4 T8 5 KPR e 4 K IR

e 4e 1L P
(1) EHEs%
| RARE T T

£ 5 R e

wrdld = P AFE
(7,12-dimethylbenz (a) anthracene, f§ f DMBA) #7314z ] & 4
2R

(Haetal., 1987 ; Ipetal., 1991) - &L ¢ ; ] tv 1.0%2% 1.5%:
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L LR pa A drd) ) BA LR aE 4 (Beluryetal., 1996) -
Bougnux etal. (1999) -4+ 360 £ 5B d ¥ E Tk ok > B RE
TR PR R R e R R AR S ek > T R IR R T
FAWEF A EFNS AP o BB % (malignant cells) & F m
*z (normal counterparts ) 7 % % ¥|% i ] (oxidative stress) @ &L
W s § 1 AIfosd (8T R R e 37§ (Hileman et al.,
2004 ) F]tEE F - wiE 12 3 (reaction oxygen species, ROS)
TR B a2z T EM e &g i B RAZE p
d & (superoxide radical ) # % 5 8% * & (hydrogen peroxide) »

T d A RERFA A BTG F pd A4S E 1 (reactive
hydroxyl radical ) f= 4 5 3 % & (4-hydroxy-2-nonenal, 4HNE) - %’%f
d Fig CR RREERE i E PR mie e § (LR R TR
2 L HEs pEE M mre it F M= (apoptosis) ek 'k foik B FERLE
3 fmfe 3 % ahjf ¥ P2 (cytotoxic lymphocytes ) (Das, 2002 ; Gerber et
al., 1996 ; Huwyler et al., 1985 ; Kahl et al., 2002 ) o #3 %5 iz it ?:H#
RGP G R A R PR R i 2 L el d 2

% »4v o- & i id f& (a-linolenic acid ) &7 = - a1 i fiz (eicosapentaenoic

acid, EPA ) 'FKJF Hse e d RS A 0% 5 (Saueretal., 2000) o
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(2) ‘wmPess % R
BRI R F AT b el e HR R Fral 2 K eI R0 o 4

¥ EM 2 J %% (human malignant melanoma, M21-HPB ) ~ & % 7%
tm®z (volorectal cancer cells, HT-29) % ' ‘w®¢ (breast cancer cells,
MCF-7) (Shultz et al., 1992 ) - Yotosumoto et al. (1999) %> HepG2
SR te PAL T T T 1S A B t10,c12- % R T b p B R i
e & 0 BRI tI0,cI2- R R L frid BT B FE M B0 R B

(apolipiprotein B) 4 i > & @ & 3|3rd| 3 Mk w2 2 3 4 - Kim et al.

(2005) 4p &) & & I Jfjrid fe ¢ $r41 5-7a ¥ £ p% (five-lipoxygenase
metabolite, #§ - FLAP) &% Sbfec s 14 5-25 = L gt w i ik

( 5-hydroxyeicosatetraenoic acid, f§ #i- S-HETE) 2 = :&m £ 3|5 e
o et £ oo d 3t 5§ &85 (lipoxygenase) ik #ig

» FFwl g 5-70% & fF (5-lipoxygenase) v 12-7 % & fx (12-

lipoxygenase ) € i = "% n%e 3 4 P & BfE A S R e 3 F 1S
7= (apoptosis ) I PF+ H 4w o ¥ B i 4 & (Tong etal., 2002

Titos et al., 2003 ; Avis et al., 2001 ) -

(=) FFIF e b vk o KA
F L 7LF'32\’I‘~ - B I )fT/d'ﬁx~ Frode PR PR A L

(antiatherosclerosis ) =74 it o Leeetal. (1994) &d 3F5% e md +
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Bt v ot (14 % fat) AT B 5§ 0.5g £ 8% & i i > %478
BRI R GG B o 58 12 % 2 {88 AR R B T R i en i
Gt ¥ RPEFAE - MR R P 39 (low density lipoprotein, LDL ) *%
Ff% 2 = B4 fig (triglyceride, TG) 7 £ % F MM R 2 and 5+ o

FHA&G D 228 FRAGE L LR oL 0 B X B

@y

5 05T 1 e T R PR 1 o

F 3% H 7 4 {v (trans monounsaturated ) "5 "Afk ¢ SAREF V H B

—rf%&

%% & "5 39 (low density lipoprotein, LDL ) "4 &% 2. 7 & 14

L% B & "3 3¢ (high density lipoprotein, HDL ) "2 %A% 2. 7 &
(Katanetal., 1995) - - & oo fo F S ¥ 7% chk b I b ph B 114
i & % cis-9,trans-11 C18 : 2 % trans-10, cis-12 CI8 : 2 » gt %‘i’ag
FoBR B T o BT AR R RALT
25 B ¥e ¢ R &AL 4 it 4 o Nicolosietal. (1997)
Fl* A KRR X 5L ik &R P &L & Téc
FREREmA (HRE) LI%TRa o & F 7V - FR&E 53
EREEAEY 77 0.06% ~ 0.11%2% 1.1%% 4= I7 firid f 7 ¥R it
B BT Z B R R AL ni o FETEIE 6 B E T
21-26% > @ fr iy o Badl et i € 'F 14 8-14% @ B B < KR

& I 14 ocis-9trans-11 C18 : 2 % trans-10, cis-12 C18 1 2 J& & £k & »
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o iH 2&3,;]* v trans-10, cis-12 C18:2 43R/ 3 & ¥ R 5(de

Deckere et al., 1999 ) -

(Z) £F& &R

ARG &S S G I fa™ 0 e 4o & 7 i (Cook et
al., 1993 ; Milleretal., 1994) » 2 {& { iT— H % B L §° I firid pe i =
& (youngrats) #a £ ¥]3 4 4 (Chinetal., 1994 ) - Pariza
(1999) dp ' = o= L Frivh fe £ 7 Frdl g {2 B F 1 18 ~Jriplm 5 It
3 E AR Flty MAEBAL TR o GldcF X B LB LR

EA IR BARR Y bl DA R g BRI G TR S

R
\z‘:\

(

- Mg A 2§18 RiRbrE A T L& & v (Hensleretal.,
1997) o B % 50k R g I frd R A — fo PR B W 9 LAk ALE AR
Fh & T Eeens fE g (catabolic effects ) 24 & F]3 » F]p & %’ﬁé
ST R i -

foB PR > LR ASeime g ol 2 3 FY > I e
e Y WA AR ALEF B izt ime? s AE RS 5L Y
H_"8 % 3% 7+ F]+ -a (tumor necrosis factor-o, f§ #£ TNF-a) % 4 v % -1
(interlerkin-1, f§#C IL-1)o TNF-a £ IL-1 #3488 p A 4 25 € & D

e R bl EEALY B MAEM AR L § 2 LK A
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F1* 0 A4 B mre dF S N R 0 T8 R R 2
feg b B IL-1 4 5’;}%’@ EX ikl ’ﬁ'{% Ey (prostaglandin Ep,
i #i PGEp) ez » i&m ae F #e9v%% 2 (Goldbergetal., 1984 ) -
d % 3 R g o i (linoleic acid, | - LA) ¢ 52 & frir
* (desaturation) fréfizt £ i£% (elongation) A)= {4 v M i
(arachidonic acid, C20:4 ) > @ X F|lm%e B3 L flgis > w4 v ’T“s i
fis (arachidonate) { € fgi®g B+ £ 7 & » Ri2gd kg

(cyclooxygenase ) g & # v = (PGE)) e

(2 ) WFghmeand &

FOORART GIETES o AR R % e R e fF
e EPFEF AR RS ANVPREFLIFARAIE 85 &
B R e A rt gy o AT J 5%_.333_{;[]%1:;;}, ﬁ,‘jf;ég{% 6+ | &S
W is o IR AP R R R D B g et 2 B AR SRR
@ 287 47 e e (Park etal., 1999) P £ & & fjpid fe v 10§ 5 e
v gt b Rereimie A 2 BAR s imie L RERE R kel 2 @ B R
e AP hhg R e ¥ —F SR A NS L AR S RS
A ek % (Duganetal., 1997) o b ¢k X g5 47 }ﬂ,dzfrx,] e 3l R
3T3-L1 #g%rimbe i (7 w2 35 % » 2 % & 77 5 v %59 (lipoprotein

lipase, f§ - LPL) /& 4% € ST+ #° I -9 A v e Aem BRI
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RGN 873?&3’}‘:” R LR Sk (Parketal., 1997)> d P £

I b e B 4 RE R sk A 12 (lipolysis) it 4 o

(1) *g%rme
4 trans-10,cis-12 2. & = &7 firid it (CLA) £ a3z B

% #3 39 %3 (Lipoprotein lipase, fj # LPL) /%% (Park etal., 1997 ;
Park etal., 1999) £ # *; figdif fi= ( Stearoyl-CoA desaturase, i - SCD )
=1+ (Leeetal., 1998 ; Choi et al., 2000 ; Bretillon et al., 1999 ; Park et
al., 2000 ) - Park etal. (2000) & X3EF trans-10,cis-12 £ $° I b i
£ 5 FrdH o et f5(SCD )& M (4- B = )2 4Bl = #7571 trans-10,cis-12
LG i (CLA) £ 5 B el anid it - & %) i iy i
(adipocyte ) #p BF 3% 3% ' Pz w3 qz (lipid filling) £ 5 #r414 7 s
fs (SCD) % *33-9 fg¥» (LPL) FH > Ft fgikd = (lipogenesis)
U L5 few Pp s Pe (preadipocytes ) FF £ 0 trans-10,cis-12 & 5 7
Frib e (CLA) € #rilimez3-F 145 (apoptosis) & im¥e chsr =
T EFIER R AL o BTG A hF gy i
F138 T o trans-10,cis-12 # 4 I i fit (CLA) #7417 3—v #3595 (LPL)
Atte 3 AP R T E RTET AR gt S A Ry el
f¥ (SCD) % %3 3% #3% (LPL) %4> @ # £ £ # & friv it (CLA)

BHEA 2 B TR 2 gk .
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PEFEFT 2 HEKIEF LR R (CLA) 6 & 7 "8 M55
SRS T R P W w7 K] (West etal., 1998 ; Dugan etal., 1999 ;
DeLany et al., 1999 ; Ostrowska et al., 1999 ; Stangl, 2000 ) > Schoenherr

etal. (1999) # = & (adultbeagles) & 7 4v & = I friv fetk @

\73

SR T RS R L R R TR Y R 1H

imve L MR > TN T AEE G LSS (CLA) & 2%

=

(<
N
<y
'8

o R T AR ez e 7R g 4P i enid % & Zambell et al.
(2000) %73 » FELF L5 Ll (CLA) B Ex FRa
) i

EE BN RN o

\f“tﬂ

o FIpt AR PR K R I R BR T OGO g A
S BT AL fe RN R s e ¢ K R I R R TRGR G T A R I
R LR e 4 BT B e (B2 ) e M isimie ¥4 B
BOTE R Y o RPN e T el S JAR R n e 3 i A

Z_o Buisonetal. (2000) 4 & 40%% #= I fir-id f¢ (CLA) ** = #

e PR I ﬁ’{{“)’ﬂ—ﬁb e (CLA) & 2 $rd) 75 %% Sodg s o FL

F_k

d BlZF MR AERITIR-A T 2R RIS KL

(CLA) Wl 5 " Milnisg

\f“b
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CLA Effects

| ) [
Evidence ? Strong
{ d evidence

apoptosis differentiation lipid fillin lipolysis
Cell _apop er >® p g= poly @
|
|
|
|
|

death LPL (1)
SCD (1)

lipogenesis (1)

Adipocyte

Bl= -~ trans-10,cis-12 & = & ffrodb fi& &g %5 %2 (adipocytes ) £ 0 #q

35 m% (preadipocytes) A= 2_ B e+ o
Fig.3. A model for the effects of trans-10,cis-12 CLA on adipocytes and

preadipocytes. (Pariza et al., 2001 )
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(2) ¥ #eiw
| RAERAE L R R (CLA) 25 838 2 F 4209 R iphed

# P& (carnitine palmitoyltransferase, fj # CPT) it m 132 G-
F v iv* (B-oxidation) K3 e F FLavP Fpimpeni gy, B F M A 2 £
-0 B2 2 & (Parketal, 1997) % & (Azainetal., 2000 ; Stangl,
2000 )~ 7% (Dugan et al., 1999 ; Ostrowska et al., 1999 ) 2 + #f ( Atkinson
etal, 1999) % & f= &y Jfrid BaidB @ B 305 G A 4oop F - Pariza
etal. (2000) 45 &1 = #= L v fe (CLA) & 7 3 & L 7 i @ ehig
#: 7+ F]+ -0, (tumor necrosis factor-alpha, TNF-a) ~ /i & % -1
(interleukin-1,IL-1) % % 4 % (cytokines) m i = ¥ §29vens 2
X 28+ (catabolism ) o F]p* » ?ui REREEH 2T (e ) XL

PR G RBEE M A LA R LS EB]
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CLA Effects
. | I

Strong ‘ Enhanced 2
evidence | __ CPT activity L

| _

g BLOCKED | anabolism =

E catabolism | BELOCKED ‘ >

2 immune stimulation T =

E TNFq, IL-1), etc. - =

G ( ) dieting =
=

increasing metabolic activity

Flw ~ £ 40 T s i i Rered cnfls 4] -
Fig. 4. Model for the possible effects of CLA on skeletal muscle cell.
(Pariza et al., 2001 )
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bl

() maes
Cooketal. (1993) 2% » X L i ik (CLA) ¥ " Mp 3 3
Arig o end £ REg 0 Flm S84 £ o Giuseppe Bee. (2000) #3H{R A
A+ RRS Z2%E L e (CLA) M2 2% R FR do ot Ao
P At R A Y aRe R BN T8 TS Rk AR R
GG T 0 R (SRR R A AT o 5% AT AP IR T e
e (CLA) fm2 5 B8] ~ B 153 R0 2 AR 3RS S 30pik & T b i
EEE AMMNA KRR A% LR Rt (CLA) A& & 5
R il Mol RIRGE 0 Bor A & A9 2 e fepriEit (A9
desaturases ) fr ¥ § % #E-6-#4fs 2 & ¥ (glucose-6-phosphate

dehydrogenase, f #i- GOPD ) F{:7" A F = » & 77 X o I e i

(CLA) 7 B & f B 38 & 2 ¥ 5z o

(=) 4§ v (72
CLAchA 2 e LAGp § iV F R Z g P HF2 308 5
B oo dd B A RIFEH LA D E IV F RAZE > F LABL & R
P pE PR IHRELI RFILLARY Ko WL LAR- #HA5D
WE PP om LAchpd AABRLT RG> FEEET N T AT
KA RFTZ L FEE o Rm o d Rk TR

FReef md+ CLAER 265 F 4o 4 (monoenoic acid )
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2H e CLAZ 2 T4 8¢ LI b i (CLA)
7R E 0.25%PF H gy it s o T 1% 2 £ ]
B = (Ipetal., 1991 ) B2 2% 5 5% PR 4 ic 59 34 4¢ & 50k 73 #p *2( Farkas,
1998) i Hd *>rfgstg A2 pd Fa B ks itiv* (lipid
peroxidation) % & # i & % i (chemical changes ) ¥ 3k ;2% 8 & v&
(Brankaetal.,, 1992 ; Wongetal., 1995) &2 = ph it g » ¢ ¢ 3
% &7 fergi»pe (polyunsaturated fatty acids, f§ - PUFA) 7 £ % ¥ % 7]
fpofm g 2 F L iE%* o FRL G AT Rk LM & (CLA)
BG o BFIT LR ¢ 5 A defory mpiak & (Duetal, 1999 ;
Meynieretal., 1999) - 7 # % 4p 114§ 7 7 == L ffpw i (CLA) 2

HE AR RS R R T AL S SRR

o~ e TR B A 1 2 B

Dugan et al.( 1999 )#ﬁ DEE AT e 2%% 0 I R fR(CLA)
Y A4S R XA ERER TV o e ARG A EREY §H
HEFE LY (CLA) § £42 825 408 2 (ripening ; aging)

Y% L

(1) #ASL 4 R2§ ¢ 4L it (CLA) 3 89 k5% e
0.205% > & F }J’%n‘ * ﬁﬁ_{?ﬁﬁriv}: fc (CLA) £ 3# 4 1 0.929% (Ha

etal., 1989)- Haetal. (1989) = #& F|## 5* 2 B 42" € B2 5
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(2)

L (CLA) 8 252 59 R & frab it (CLA)
ZEHERF L 0.083%  SMFILE Z B L 0.071% o
Wgigfe o N F P ERRBIRASF 2T BX L
Wt (CLA) 2R EFHA LA Al 29 90CT 4
BOOgEHM 7 F 2L e (CLA) £ 0.52°C (Shantha et
al., 1992)- e & > Chinetal. (1992) 9 % & A% RAEAIL €
LFELRR e (CLA) 227 BERE -
Ped P peies P HFRARE;Y 73 DR LR
(CLA) z 3> R#5 (Chinetal., 1992 ; Haetal., 1989 ;
Wermer etal., 1992) > TDahiy 5 B R X% & % 2 AL 8 & o
RS2 L SR L ik (CLA) 7 £ < Linetal. (1999)
7" $¢ J1 K- L. bulgaricus %P~ I fir o i B 4155 4 B2 50°C -
pH4.5 ~ pH6.0 #2 pH7.5 TR B ™ » &2 Iy Fpid e F s 10 4 4815
M GCFEA - BEFREIR T Rrid pe B HEAFE 1L
W T R PR R S R R I i pr R fEpE S o B Y 2 pH6.0
Bl B R F 2 c9t-11-/49,c-11 CLA § £ 5% 04
G 5 2847 & 1042ug 0 B 0 L Frid R R AR E PR il F 2
F R pH & 5 6.0 84 b » 12 100 KD 3545 %4 3ot i % 5503 >

EXRN 100KD~1£§‘/ ﬁ?—% /é'ﬁ’fﬂ/é'l“i%ﬁ%‘*%*‘%
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A2 JL o
(3) % = (ripening: aging): §cfit = 4~8 TR P F » L frid B ik
WYL EE LR (CLA) > # 7 £ 6 & - it (CLA) 2
B4 FHFR IR L LR (CLA) §i87F
RAPFFEARE B ML frdp (CLA) €% 1 &0
(Chinetal., 1992) -

(4) v 1 R B a%li"ﬁkgi

%ﬁ\:
4y
Pl
18
x
&
44)
i
i
~
o
Q
c
N
o

bond) 7= > dedet F ¢ Wi goph o d EF L IR T
H A 5

ERRASHBA BT

FIS

# 245 T b i (CLA)

v

)
]
F_L
oy

_\%}

£ 4c 178 5 % (Shanthaetal., 1992.) -

(5) Lfpmfad i ®* Fhe@ L fpdfpd Rengd 2 o iem HGER
R B s, - X e % % (Cawoodetal., 1983 ; Haetal.,
1989) -

(6) F=v B R EBE b= & frid fecpd 2 (Garcia-Lopez et al.,
1994) : fepein@lad > 5 iF Bd DR AR R E N R KL
f2 ¥ (Shanthaetal., 1992); 7 x4 6%k 4537 2 Cheese
Whiz™ > B £ e &y g ik (CLA) 2 28w A4 2 & 5%

§
A2— o RFEFFRY 2R H G R R L

i

MEEEE A REFREMAT-H2F Y A RSP
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(7)

£ 40 I b ik (CLA) et 13427 2 #8212 (Chinetal,
1992) o + 2 % & Colbertetal. (1991) 3% d1 4 F £ 4 3t 500~
5,000 2 B gty d-9 o ¥ ki p d A (alkyl radical ) -
T it (LA) 3 1 8% ALIEET > & 3 % = 5 fg Thk 0 ¥y
s RERFEL R AR (CLA) 2 S EH 42 hp it o o
SRRV AT L BT ;—ﬁﬁgﬁf&hm N d Koo iEa A R e
GE M Ra B0 FRIET RERME23 AT mETESL
Frob pefg et v 2 5 g et ¥ (Haetal, 1989)
PRI R R TR ARY R FEL R
fafg 7 £+ B o Ao tir g 2 &P F (polar lipid) $2 >
AR FIR R S 2 AT CLA B ARt
=+ 2 2. CLA £ % (Shanthaetal., 1995) ¢ ¢t 2 F] 5 Rl
Fod ol Er  RE M R TR R RS B2 TR
BEFm 5 @I MIT T BRI S FL AR £
oo e pEr A H B3 ki 4E 1A (Colbertetal,
1991 )~ /i f& 7 B0t (@~ 2 #5355k 2 47 72 44k (Shantha et al.,

1995) 4 ¢ HEA S R L i peng £ o
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ho A RASY L RE R R

Table 1. Conjugated linoleic acid content of various foods.

Food mg/g fat food mg/g fat
Dairy products Meats/Fish

Homogenized milk 5.5 Fresh ground beef 4.3
29% milk 4.1 Veal 2.7
Butter fat 6.1 Lamb 5.8
Condensed milk 7.0 Pork 0.6
Cultured buttermilk 54 Chicken 0.9
Butter 4.7 Fresh ground turkey 2.6
Sour cream 4.6 Salmon 0.3
Ice cream 3.6 Egg yolk 0.6
Low-fat yogurt 4.4

Custard style yogurt 4.8 Vegetable oils

Plain yogurt 4.8 Safflower oil 0.7
Frozen yogurt 2.8 Sunflower oil 0.4
Medium cheddar 4.1

American processed 5.0

(MacDonald , 2000 )
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TR L R 2 TR
(=) b sfiy e

Gp P L LT MR R KR R e R A

a
ol

FdESIPBLHFISREFT B UE hEF ST ERE

M EXR FEEL AR EER S > 9 43~19.0mg/glipid> # = G
4 95 1.2~100mg/glipid » & ¢ ° 4opEp ~ g 2 5 p H L iy
Frd fe g ] 3 Img/glipide VIR ¢ 75 hE LA KRE R E 2~

2.5mg/glipid » # k F]¥ 7 5 #_ (Chinetal., 1992; Fritsche et al.,

1998)« § & FHETA + 4 thik L AT S PE BT EF R G LI

5

[ﬁh

MEE o W BRRE LG LA EE S 1.3~2.1 mg/glipids - 4 7 & %

2.9~4.8 mg/glipids ~ -k £ 7 & 5 1.83 mg/g lipids %2 zebu-type cattle

z £ 5 1.47 mg/g lipids (de Mendoza et al., 2005; Rule et al., 2002 ) - #*

PEER AR S A BRI ERY T A E LR R

—i

Ful® 0 5 38 mg/glipids (Engelke et al., 2004 ) - Maetal. (1999) #=
TER? ZF LR REE > 5 1.2~3.0mg/glipids (£ = )e =+
MG E FEL 2 F L0 7 £ 7 4 cis-9, trans-11 C18:2 & g
24 ( Dufey, 1999; Fritsche et al., 1998; Knight et al., 2004; Ma et al., 1999;
Raes et al., 2003; Wachira et al., 2002 ) » 7R E_%] & cis-9, trans-11 C18:2

ib 3 & e & b f& 809 (Fritsche etal., 1998) -
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A NEPELRARAES FE QST o

Table 2. Mean CLA content in various raw meats.

Reference Lamb Beef Veal Pork Chicken Turkey  Horse
(in mg/g fat)
Chinetal. (1992) 5.6 2.9-43 2.7 0.6 0.9 2.5
Shantha et al. (1994 ) 5.8-6.8
Dufey (1999) 11.0 3.6-6.2 0.7 0.6
Maetal. (1999) 1.2-3.0
Raes et al. (2003) 4.0-10.0
Badiani et al. (2004 ) 4.32
(in mg/g FAME )
Fritsche et al. (1998) 12.0 6.5 1.2/1.5 1.5 2.0
Rule et al. (2002 ) 2.7-5.6 0.7
Wachira et al. (2002 ) 8.8-10.8
Knight et al. (2004 ) 19.0

FAME = fatty acid methyl ester.

( Schmid et al., 2006 )
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(-) Fauik

XS HaRE Y o ARAITE R AL AR £ T
i 3 B 8F scan= % o Riel (1963) 41 > % 1 5482 o4 E860
REYSFZ2ZERLHBERELNY L E L frd iz £ Jahreisetal.
(1997) % 5k ¥ 1 B fcFcsh 2 2 & 400 br et Bl 40 Fc s 2 &
LR RS B ER gt b SR e s B
PAREALE Ly > ERAte 24 203 F CLA 25 93 & 7
A B TR STITHERY 73 25 05 2 & {cghpriaTR o

Chouinard etal. (1998) 2 % #4# (early heading ) ~ B 7= #p
(flowering) % % = =tz & ¥ (second cutting) = B 7 & = R FFE 2
Hde ¥ (timothy) $4cfl =+ 2 # prfd > kb2 Lt @ CLA 7
PRE B F AN FIEHCLAARZ SRk o 15 R
BRfctl a2 F e AT e b 114 mg CLA/g fat o it 0 % = S {2l #
Pl g2 e G 8.1 mg CLA/g fat > @ B fodp F prfl @ 2 0 5 4.8 mg

CLA/g fat -

(=) & pe
otz g~ (b B s 2 IR R0 e BT P il P g
B fRE & (TR 5 ¥ F Bdded AR fcd (TR B g P by

fergdppc g £ %0 H § #4 (Enseretal, 1998) » Ft Jid &4 & 4

31



o4 3 e BAE AL R §orr e P R s fE4E (Givens etal,

2000) e - &d G o R EEL ML R ER P kg £ AR M TR
(Raes, et al., 2004 ) - Gerson etal. (1985) FEapdl o PR g
FPE EREMAAALfEE VI g F oo d AR B I e iR R I
MESER T R PR S R AR R Y TR
Palpfaz fAREE 7 £ R E Y CLA £ ¢h€ £ ]+ o Dhiman et al.

(1996) 25 bi7 » s B A S5 3 1/3~2/3 2 3/3 3 chp i

B Rl E B A 8.4~22.T mg/g fat> H ¥ 1 E (F L D I

FF R — 3 F Y CLA G R B RS HA A

fate d WERFI 2R FRELFEI R OBT RS A FRIGBRD
gty rER O RRCLAZZAZ2Z R - d MEF ﬁ-%ﬁﬁ"fij‘
R RFERFY R FEL RS
(1) W8 £ e I e e % (feeding of oilseeds )

AUl Y R A e SARET A F OB g ¢ LR LR DS
R e B e T Jﬁ»«“’l&* B e e % o Casuttetal. (2000) 4+
¥t Brown Swiss o> & f &l ¢ ,,9]‘ eF W NERFS R I fﬁq‘%( sunflower

oil, rape oil, and linseed ) ** ¥ — RPEFEF {8 » S E A fdleayep v
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EHEL o R 5 5.0 mg/g FAME » e 5 i iy f o4 2k
Bo» % 7.8 mg/g FAME » i 4 I i i 5 3§ BGEJE & 3 4 (5.5 mg/g
FAME) > fs4c Fsi e € "5 i p ¥ JER (4.6 mg/g FAME) « 8 ¥ 47
TR A 7 b vEFCHFER EH AR P R LR RER

( Santos-Silva et al., 2003 )  * ¢ P?}?ciﬂ ME ALY KA F TN S I
Frft 2 G (O R 6 B Sevul ¢ K 4R T B ik 2 0 Kottetal. (2003)

X ALY e 690/ TR ITIE T TS 0 B R g ¢ e T e

\F‘lﬂ
k

ez & At i ‘v3 BEEF R4 5 9.0 mg/g FAME (354 4.1

mg/g FAME ) » 2 Boteetal. (2002) &S5 4pF o fe 5B B4 /f]‘
e AE R A A Y B Bi4oiep ¢ X R I W AL 7 £ 0 Mardron
etal. (2002) &L¢ & Wk4r 0% ~ 3 F 12.7%* 2 v 25.6%% ¥ &
RET BV B KA g G 25.6% TR B A foRE{ A ¢ K g

I frid pe3t i (25.6% soybeans: 7.7 mg/g FAME; 12.7%soybeans: 6.9

mg/g FAME; control: 3.7 mg/g FAME ) o ¥ #F & X &l @ & 4c 20% %

Sl

42%/E# & (chick-peas) kP~ X 24a% 2 A - L H BT HE 7§ H

|

de @ v ¢ X g IR0 iR R (control:4.9 mg/g FAME; 20%
chickpeas: 8.5 mg/g FAME; 40% chickpeas:8.9 mg/g FAME ) (Priolo et
[.,2003)° B2 &3P ] ’]‘“ Exa e C B Gk L LI LA SR A |

R LA RERERE Y 7 E ’ﬂﬁﬁ#BF&%'b‘_Tﬁ (Collomb et al.,
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2004; Dhiman et al., 2000; Lawless et al., 1998 ) » ¥ s 3 vp B £ = ;7
b BRILAF I F ot A2 faiﬁﬁtiﬁ{,ﬁ fafm,;jwnﬂ PR e — kMmoo X
W E 2 dme 7% cis-9, trans-12 & 4= I Frid fh 7 £ 4 (Raesetal,
2004) e & p ¢ JER € 3 4 (Aharonietal., 2004) > d **j 4+ ¢
L et be o dole g 2 F g 0 ¥ g R e AR p R Y
BT b Pk B o 4R RS A WA L LR R T g e
P is Y g aafa s o 4ok § C18:1,C182 - CIS83 (k& » b P
H ARt RELG R R A e & 1Y TR P Aoy SR 4 ( Casutt
etal., 2000 ) -
(2) §FEFw & s eI e pe b % (feeding of vegetable oils )

e 7 RN BN R P ERBE T A RER 2
AL d e 0% > 3% Fr 6% F T T 0 R AT R g A L
YLz €0 45 % 2.0mg/glipid ~ 2.6 mg/g lipid {- 3.5 mg/g
lipid (Miretal., 2003 ) > y* b & X &L ¢ & 4r 6% % foid § FRVp
B £ = I R B3 4e (Ivanetal, 2001) - @ %4+ (rapessed oil ) &2
ABYEWH F 45 (whole rapeseed ) 7 4o >t 4l & % ;,..E’_]%‘« pogn A5 B
bo & e 37 b ROk & (Stasiniewicz et al., 2000; Strzetelski et al., 2001;
Szumacher-Strabel et al., 2001 ) o f &3k @ 7t < 2o ReFEREG T E

PR LR kR 0 B 8547 240k o Beaulieretal. (2002)
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oA A 3 ALY R4 5% K BRI ;sl:i,;ﬁ ¢ % g%%‘zcis@,

(‘2\’5

trans-11 & 45 37 fipidh vt & 0 e s i p B2 i g ¥ rO IR trans-10,
cis-12 & = I Jprid e 7 & Hf 4o gt f%—g FRP AP APFIRNEI - Ko
Griswold etal. (2003) 2 & e i 4e 4% % 23 fridlie 1 g
e 4% B foipdl e g R F 4% ea e R L
Jrib fe 7 £ $1< (control: 3.1 mg/g FAME; 4%soybean oil: 2.5 mg/g
FAME ) » #* FEx ¥ R—F -l IR 2 S Vaj;‘fj: ‘v 4%Fc 8% = & @
TSR e 8% % B 4 m Y KR T b fRIE R
(4%soybean oil: 2.8 mg/g FAME; 8%soybean oil: 3.1 mg/g FAME ) »
Santos-Silva et al. (2004 ) >t X 373 &5kl ¢ x4 890+ & 4 B2 4] s ia
WRFIR 8% A BN B X I T AT A RERF RN
Pedlie o 2wl i 8%~ & 23.7mg/g FAME ; 4% 5 5.5 mg/g
FAME - Miretal. (2000a) »* X &l ¢ "j‘ 4v 6%k 158 (safflower oil )

7n gix‘g%t.gﬁ_f%\} v #ﬁaﬂﬁﬁﬁ/ﬁ ﬁ’;iij_;f—}‘,‘ o K %’ﬁq*’vﬁ’?#iz\ s % é&”’fr”?a v

2N

PRz GEEN 6 FIR BT AP BRI 2T A P BB L

o Pk R ek R T EFr Al A S B2 T IE Qi e

LR EET A N 2 R4 TS 2 pe I b fe2 S B LG S
FSoo gttt B R B p AR b R A kg RS

(seeds)> m ® g% 9 5 A4 % i i¥* > Aharonietal. (2005) =
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2 A EREF B RO RO RS IR‘)?F feg B AR R 4
2
7 Rb

B F RN e 200 45 I BRid ot Y 0 A 2 R e f B W

& fp %k

‘—ﬁ

F FIRE 5 A Aforn it (PUFA) % 5 B S chie fory ik
(SFA) 2 ¥ 7 4¢4re3 9 (MUFA)» 53 P i L7155 28 2 4 4%
Y P A ERE b A2 Pl e L R i 2 = (Casuttetal,,
2000; Scheeder. 2004 )> ] 3£ #% 78 + I 4o B gL B2 g Kk
EF o

(3) & X e I e e % (feeding of fish oil )

G vk s gt —kp\ - 9° I JfRod B crdtfi o Enser et

al. (1999) & @ o245 P R4 g 99 7 {5 > Zoep ¢ X e I b e
kR €d 3.2mg/g FAME # 2 1 57ng@FAME’w£wﬂﬁﬁnﬁwc
o L FRB AR R L R R AL g MR o VR SR X AR
;‘;‘j:ﬁ AT A RP) R L R 7 £ (324 1 10.0 mg/g
FAME; fish oil . 11.0 mg/g FAME ) » e & & firf5» 5 5 B ¥ ok
(Wachira et al., 2002 ) o i B & & &5 ¢ 74l & 40 fo i Frdr 4k
G BELPERT GV N RN L KR A R IRR
(Demirel et al., 2004 ) - 4.7 mﬂj‘%c CHECFOREE T € W Ao K I R
A B o S U = e & R SLE S LR e A

E n-3 R AAAT ARLERT g PR Mct Rt frd 2 E
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FIU R S R e I R B 28 5 — 9 i& (trans-vaccenic acid ) > Fit

WP R E N3RS AR EIERG A R A L e R E R RS
% #r4]A\9-2 &r{rpFia 12 (Raesetal, 2004) - Chow etal. (2004) #
Pl € 3 hdedr RN B S — b ERR AR A Pl 0 A Ry R e

B oo b i e §H SR B 03 RS H e for ik A 0 78
£ F 5 b § F = I % e (eicosapentaenoic, EPA) fr= - = g%
* p& (docosahexaenoic, DHA )» EPA - DHA ¢ fesfic? & i iw %

Flet € AR iy .E’_%%‘« (Raes et al., 2004: Scheeder, 2004 ) - 4 m =

(w.

,:—L«f‘_—vi Hkk 8 F fﬁ‘zﬁﬁ’x‘«k ﬁ/éﬁ;ﬁ”’/}]‘h kif P4k B

S b 2R A e R
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b = 2
—BEEEEET
RSk XL RRAY FRARE EBARKRT SR AE T
B A o ISE o E8 4 9~12 B 1 4%t I (Nubian)

‘p

BoE s B NEERT > B ISEY VTR I AR
FrAFTEA R L RILRFRR D F ERRILRE L il E
PRTIL A0kg W T PR S 2~3 B > 88 wERKAIYF X

Tyad L 60kg e 5k P HriE B NRC (2001) #8615 % a3

&

\f“b

TREBAI ZFEFGIFFTEZTROBRA AT P IB2 2 2RE
p #r (total mixed ration, TMR) 4=F @ D% F o 0%~ & 59 » b % %t
i QOfFFe Jie 2.5%* % (soybeanoil) Q@#FfLe 72 5%
< B (soybeanoil)o & 2 % 2R & P ffie = o & kA 530
22 cTMR*>Ep 9:00~15:00 &2 fefl- & » & - F et & o

HEMETIEEO60kg e NS AP FEIFEEIREET IR
X ACTIEA 12 P FEEFELA Y BT 5 12 %8 2 H0R s 2 3%
o A G B AEFED AT R T EFI200CA G EEFL AT AR

Bk SPBIFIERE VE LS T Ak 2 o
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Table 3. Composition of experimental diets. (% )

Ingredients 0% 2.5% 5%
( control)

Burmuda grass 30.00 30.00 30.00
corn 55.70 52.80 49.80
Soybean meal 13.10 13.50 14.00
Soybean oil 0.00 2.50 5.00
diphosphate 0.40 0.40 0.40

calcium carbonate 0.40 0.40 0.40

salt 0.20 0.20 0.20

mineral 0.20 0.20 0.20
total 100.00 100.00 100.00
ND,% 75.70 77.90 80.10
CP,% 13.80 13.80 13.80
ADF,% 13.50 13.40 13.30
NDF,% 29.30 29.00 28.70
NSC,% 48.40 46.40 44.40
TEE,% 3.40 5.80 8.20
Ca,% 0.47 0.46 0.46

P,% 0.42 0.41 0.40

40



) L

(1) ¢ ZH

e 4 @45 (polystyrene foam tray, 15cm X 9cm ) » PVC i # 5

(polyvinylchloride » = # it HF k34 g4k > p & )o

(2) » EigE
ARHRBFESPEFFTHRE CE LT F PFRILE P - X

2R s A2 C T R A8 ) FERS Sy B X Rty o f o R

lemz  p > T3a& 3 5 phag r e 4 @4z > W PVC {7 & % o

B2CEEE A M TER03-6-9F TEFMF o
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Nubian lambs
[about 40 kg ]

Add soybean oil
(Remark : 1)

0%

2.5 %

5%

Fatness five months (about 60 kg )

and slaughter.

Take form the rib rack

loin chops of 1 cm thick were packaged with

PVC and stored at 2°C.

0 day

3 day

6 day

9 day

analysis

UESE EESS

Fig. 5. Experimental design.
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Remark : 1
1345 Dhiman etal. (2000) 45 &t F h#s 47 5 ¢ i § s $

( Butyrivibrio fibrisolvens ) #-C18 : 2 2_ &y fr f& (linoleic acid ) #
BRI R Eoe gt C18 1 3 2 = I kb fe (linolenic acid ) e
2 FR 7 7 % A € (National Research Council, NRC) * 2001 # 4+
WA R e R E A (Fw ) B CI82 5 8 &
SR LTS I LA F B A u 5 7415580
515% 51.0g/100 gfat > ok 5 & + i e s & > Fp g

A A S T REARRLD N7 AN e S F T 2 S

~

ERHER Y AR FE LR RERZ P

43



N S D R S

Table 4. The fatty acid composition of different plant oil .( g/100 g fat)

Plant other
oil Cl14:0 Cl16:0 Cl6:1 C180 C18:1 C182 C(Cl18:3 FAs
Rapeseed -- 4.8 0.5 1.6 53.8 22.1 11.1 6.1
corn -- 10.9 -- 1.8 24.2 58.0 0.7 4.4
Cottonseed 0.8 22.7 0.8 2.3 17.0 51.5 0.2 4.7
flaxseed -- 53 -- 4.1 20.2 12.7 53.3 4.4
Palm oil 1.0 43.5 0.3 4.3 36.6 9.1 0.2 5.0
peanut 0.1 9.5 0.1 2.2 448 32.0 -- 11.3
Safflower
0.1 6.2 04 2.2 11.7 74.1 04 4.9
seeds
gingili -- 8.9 0.2 4.8 39.3 41.3 0.3 52
soybean 0.1 10.3 0.2 3.8 22.8 51.0 6.8 5.0
Sunflower
-- 5.4 0.2 3.5 45.3 39.8 0.2 5.6
seed
(NRC, 2001)
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lamb rib chops I

cooked by broiling and cooked by boiling and
internal temperature at 73 °C internal temperature at 73 °C
(dry heat) ( moist heat )

analysis fatty acid composition and
conjugated linoleic acid concentration.

B ~F &K Be

Fig.6. Experimental design.
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o~ FRIT A AT P
A~ - #= & & 47 (composition analysis )
1. k%4 (moisture content )

iZyp AOAC. (1991) =i & 45 -

a) REXA
@O #hb HIHEic% 48 (Risen,RUD-30L, 5 7, - %)
b) F & 3
@O #gpdz iTihie > 2 100 2°C b AHic % 408 Fic% 2~3 /)

PF o 4R APAER S T Ik B (desicator) ¢ 4 £ 30 &

@ FPrm 1053 r e EE Eendrd? > B~ 100£2CHR
TRACE A 16~18 ] P » R PN ARG S PIR0G B

L o

(desiccator) ® 4 ¢ri 3R E > F AL EE

2L 5 N L
SHE DS

(W1+W2)-W3
w2

x100 %

ki (%) =
Wl: 5% (g)
W2: e e £ 8 (g)

W3: F2 RSicf I EEmaalE g (g)
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2. %~ (ash)
% AOAC. (1991) = j% & 47 o
a) - FFE
O @ (B FR%F A 0 300 0F)
b) REXA

O A it % (N/5RL, Nabertherm, Germany )

®

#h EPRic% 4 (Risen,RUD-30L, & 7, - %)

@ “4c#4% (hot plate stirrer ; CORNING » PC-351 » U.S.A)
@ #3337 £ (desiccator ; COORS » US.A. )
c) F & 3

O H#E> 53 10%HFREA RS e 215> LB MmE 4
525 C At 8 ) F » riht AP MBE N RBICREY 4

BEEY P S EEELZ M

ok

fra
@ fB-5gREBE I FEEHM? o~ £ b FHTRICE 12 100

LR 8 BEls » R R B L S BB TR A BT B

®eAAr30 24 fRE T ek o
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K (%) = W3W'1W2 X100 %

Wl:HSEE (g)

W2: iz (g)

W3z st iEE@maiEtd (g)

3. fe 7585 (cure fat)
1 AOAC. (1984) = i A 45 o
a) " FF&E
@© % fi (petroleumether 5 § A #F &4k €4 Ak p &)
@ # F (boilong stone, hi* 1tk €44 > <> p &)
b) REXA
O e Pg 85 -1k B Tk (Tecator, Soxtec System HT6 Extraction Unit
1043 %2 Service Unit 1046, HOGANAS, Sweden )
@ Wiz B (desiccator ; COORS » US.A. )
® F kA (thimble ; schleicher & Schuell » W. Germancy )

@ % P~41r (extraction cup )
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c) F & 3

AR WP 5 Sg i FlFisA PN 2 5 B-4r (extraction cup)

be n 353 T 0 50 100°C B b ETRITR FATTR 12 ) PEIS 0 E B

WAE 1 B 23 B A OE W B rde ik il P TR B AR

S NE RS S S RN S L AR R R Ry L PN S

SCE R LT 30 Ak FEE Xz o

W1

W2

W3

Ik

4. & 3% (cured protein )

el § 282 (Micro-Kjeldahl method) 4 47 -

a) i+ FRE

O @it 4x_ (i 423 5 5 kaliumsulfat, KpSOgq § 5 % 5. selen Se >

tecator > Sweden )

@ # % (boilong stone, A1 ks g4+ S P &)
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® kFips (sulfuricacid s B2 (C x4 AP 0 377 > 5 F)
@ z 3 i 4 (sodium hydroxide; B = it i 5 A2 &> a7
e &)
® 2z (boricacid 3 * LFEE R €440 Ak P A
® #ps (hydrochloric acid ; B i B ik i3 A2 7 > 357 > 5
&)
b) REKXA
@O %9 ¥ i+ B (BUCHI Digestion Unit K-435, Zurich,
Switzerland )
@ & # #®i ® (BUCHI Scrubber Unit B-414, Zurich, Switzerland )
® #4 %% (BUCHI Distillation Unit K-3114, Zurich, Switzerland )

@ #ci~jF T % (Brand, Digital Burtte III, Nertheim, Germany )

c) BEHEKHA

"R AR g R 5 o~ gLag ) it g (digestion glass tube) ¥
0P FER EO L B RAE A~ LR35 %A F 2 20mL
DERLE 0 B BT R0 O IC B > 1 400~450C A e T I o 1 B
v B f& § (protein nitrogen ) 4 fZ 4 % % £ifik 4% (ammonium sulfate ) -

i R IR B AR Y o) M EARY STA 2 SR 0B 1T

R B AR R R REGE S BT g KA S Er S e~ TS5 mL
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AAK O T EAER Lo R A0%E F TR 0 R N i i
aaktE (9T 70 FA ) UEF 60 F A %A i T AL T

# (ammonia) > T & Z4 /& 160mL > & i * 0.1 N B pk 1 i Jf

TEFTLORELZEL R T PR HEE AR Feng R oo
Hal WA S
4o 3w (%) = (A- B)xNxSl4007><625 <100 %
A: f&Frez g (mL)
B: 79 22 g2 & (mL)

N:HCl2 %% £ (70.1)
14.007 : & ~ F &

6.25: % Td#ic (39 F 7 16%% ° # 100/16=6.25)

B~ &~ 177 B (analyze project)
1. fedk & (pH value)

¥ Ockerman (1985) = jx & 47 o

a) REKA
@O =274 (Sunbeam-gster, Mexico )

@ PFadk &3+ (InoLab pH 427, Wissenschaftlich Technische
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Werkstatten, Germany )
® pH44rpH7 2 & & (WTWM 108 708, Weilheim, Germany )
b) % %% %
e 10 g 8 54 100mL 2 F 4Gk o IR 1 A 4 o i
TixA M pHA o pH7 2742 > f #3138 T 4% (glass electrode) &

rME SR 0 5 pH BT L

2. Fr¥ v X @ (thiobarbituric acid-reactive substances values )

%5 Ockerman (1985) #rifz_ = j2 & 47 o

o

) Az pe Yl
@O 4N #@p&3 7% (hydrocholric acid, HCI solution )
Pl Bz 2NERRK (37% > 1 P BEELF3 2o
RToo ) B2 BB L EHERBRAE  BEIB IR AR
AT R e 0 Tenp D gkl ok o
@ 0.02M F== b & fezE&] (2-thiobarbituric acid, TBARS reagent )
B~ 1.442 5. 2-thiobarbituric acid ( C4H4N202S, Sigma hemical
Co. St. Louis, USA) i3 ** 500 mL 2. 90% kfsps (glacial
aceticacid, § A #E SR €4 KK pA) P 5 T HE IR

¢ PIPFL? > 5 TBARS 374 o
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® #wie A (antifoam A emulsion Sigma, St. Louis, USA )

@ % (boilong stone, $h¥HF 1 R\ AL A > p &)
b) &k EX#A

O =754 (Sunbeam-gster, Mexico )

@ s *EFy (PYREX® NO.5420, Raleigh, North Carolina, USA )

® A %% &2+ (Milton Roy, Spectronic® GenesysM 5

Spectrophotometer, Rochester, New York, USA )
c) & 3
FEP~ 10 g @z &3t 7 v Ag? o 4o r S0mL 2 50C 4k > *

IO 2 o ks B R B~ R R I 47.5 mL 50C 4
Rk R 7 TS B o R EHT 0 £ 4 > 2.5 mL 2 4 N HCI ~ i1 e
B A LT EA > ¥t E S0mL 2 FAE R (S 0 B SmL 2 F AR
e (F9 2 5mL FA-KB-HK ) 4e » 5mL TBARS #3#4&] {834k
A A 35 o kAP 10 A4 A KR RIS 538 nm ik £ T
]2 ek & (Optical density, O.D.)

2L 5 N\
SEP A

TBARS value ( mg malonaldehyde / kg ment) = O.D. value x 7.8
7.8 kR 0~10 uM TMP (1,1,3,3,-tetramethoxypropane ) %l ¥ TMP &

By m> F—F#KIE-
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3. ¢ & 45 (L*~a*~b* i&) (colorevaluation )
a) REKA

@O ¢ Z ik (color meter ZE2000, Nippon Denshoku Ind., Co., Ltd.

Tokey, Japan )

b) % % %

WPVC B 2 (B lem) ¢ B M4 L RPITHES
2_ ¢ & Pl fesw AR ® g 45 (standard white plate ) & (Y=
93.90, X=91.89,Z=11026) % nF*% kP £ § ¢ (Commission
International del’ Eclairage, CIE) % ¢ % %tz @ B & (L* value) >~ = 4

BiE (a*value) 2 5 ¢ 2@ (b*value) 277 » F a B|= B+ b B>

¥OoRH T e

4. 3F 4 = (purge loss)
Fa2oep P (lem ) 2 T %4518 » B304 @i 10 PVC e
Eow2CAHR#FE0~3-6%2 92 THg ¥isdr o

2L 5 N\,
SRR

;f(,,_h‘\-g:_f—;;k =l T;f_
4% (purgeloss,%) =—— » ;‘E]_j —=x100%
rE
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5. 4‘:1& W},_ g
(1) -k#& (boiling)

I R R i (PE, polyethlene ) & & % » 3 » & k¢
BEIP SR AE G T3C X R et R T 5 % PR (cooking loss,
C/min) » R iE M RBE Fris #-X 3 vop P4 G gL 0 R H 3
F I 4 % (cooking loss, % ) °

il E-L R E

3 E4 4 F (cooking loss,% ) = PR ;Taf —x100 %

(2) % f4+4c# (broiling )

%45 (TMO-V230P > = fr > 2 %) £ A 220C T 34 10 » 48 >
g BN E 30 ARe EE I X 2ep P R T3C F
T I R T A R LR (cooking loss, ‘C/min) » iU ig 1 kL4
FrisaE g P AoG gicfeE 0 P E H 3 #4045 (cooking loss,

%) 3t E 2 Nde b o

6. *y¥pfk e+ A 45 (analysis of fatty acid composition )
(1) g%k ch5 B

ik 35 Folch (1957) #7if = % o
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@ g 1 (chloroform) : Merck KGaA , Darmstadt, Germany

@ 7 f& (methyl alcohol, anhydrous) : HPLC % > Mallinckrodt Baker,

Inc. Phillipsburg, USA.
® ¥ 7 [~ fi (butylated hydroxytoluene, BHT ): Sigma Chemical Co.,

St. Louis, Mo, USA.
@ # 4 (NaCl): § A # sV ¢Ar > <> p & o

@ #-RFipey (Na2SO4): tk H#1 ¥V AL <> p & o
(o g g\ Whatmam No.1 ( Whatman Int. Ltd Maidstone, England )
b) #&p
@ Folchizz : g ptom=2"1Lv/ve
@ 10% BHT : 25 mg 5199% BHT * ¢ #i% (ethanol ) £ 1 250 ml
® 0.88% NaCl : 2.2 mg 7 NaCl * 4 -k & 3 250 ml -
c) RERXA
D & ﬁﬁ’r%}z&, (PROZOS Homogenizer, PEO Scientific Inc., Connecticut, USA)
d) 4 5% 2
Frpe2g e s (A kEEEE) 255 4or [ 4 BHT 40
10 ¥ 22 Folch Bt BT T 30 o1 Whatmam No.1 A
irnsza Folch i ?ﬁi?%ﬁij’iﬁfﬁ ) B R E AR Whatmam No.1
il ber 5EA 088 %oy o guinip s ARIBLFE AL 0 BT R B

R % F FREC o
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(2) P A
¥ Duetal. (2000) #7if > % o

P40 mds o BRI R AR e SEHA L ) 2 A 3 A
FRRARE e EOREEAFR 2P B R BRI
%022 um ] g (filter) #Wifs » &7 GC A5

(3> ?%*"TA\%‘?@;‘“ i+ T o

F % % 47 & : Hitachi G-5000* Gas Chromatograph, Hitachi, Tokyo,
Japan.

ArTERE 250°C
R 1250°C (M4 1 E > Flame ionization detector )
# 4 0 SP-2380 (30m x 0.25 mm i.d., 0.2 pm film thickness,
Supelco Inc., Bellefonte, PA, USA )
B R R R R
150 °C, 4 min, 2 °C/min ; 190 ‘C, 0 min, 0.3 °C/min ;
195 °C, 2 min, 1.5 C/min ; 210 C, 4 min °
FEFEF F, 0.5ml/min-
Lkt 1050

# st g o2l
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7. PEE R R T

% B Folch & (1957) 2.2 2 » B2 R4 5 02¢g 4 » 4ml
chloroform/methanol /& & /%% (2:1» v/v)» 11325 # (PRO20S
Homogenizer, PEO Scientific Inc., Connecticut, USA ) 2% 30 §, {5 » £
" g % (Hitchi, Tokyo, Japan ) 4°C #:# 3000 rpm 2.~ 10 & 45 > 14

Whatman No.1 & g + 75i% > "X ¥ # “,/Tf-i 7oA A B

o

chloroform/methanol /& £ ;3% (2:1>v/v) T8 % 5ml> ¥ % > &%

\

FL ¥ 1 {F & 5 o & Carlcon and Goldford (1979) e & » S B Z B
10uL 4e > Triton X-100 (sigma) 10uL iR &353 > § F wRiz > £ 14

Enzymatic Kits ¥ fi¥ % /2 & 47 2.5 @ "2 B A o

2L 5 N 0 -
R o

ES

Total cholesterol (mg/dL) = Estd x 200

ES: & Ferx ki
Estd: & & & & ez ok (@

200: &&=k B 5 200 mg/dL
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I A &
F R >4 3F % (completely randomized design, CRD ) 2_ 7| %
% 3+ (splitplotdesign)e 1 % kR + B 2 s e % 3 % (main plot)
MEETF R i A% (subplot) o Bl s P oATiE 2 Hedp It Sastistical
analysis system %t 2 % #ic 48 (SAS, 2005) #as 37 0 10— SR A HN
7 ;% (GLM procedure) {77 FF/aJJB 2z £ B M % 4p i MR 2
2 A g L > T 33E (least-square mean ) P EE b e & R T

PEz FLZERFE -

59



P
YN

Rl

Bp

60

I
-nn\.

/7

+4



J-at l"t")d‘,/\
G-

L ESR e 2 & At o X (lamb sirloin chop) 2.7k 4 2

ETTNS

T o igiasdeded 2 AL 0 &85 73.06~73.31 %~ 1.28~1.39 % ~
24.04~24.14 %% 1.01~1.09% > * L w2 Frafgx L3 (P>
0.05)c F ¥ &> éa;&:i;f]:%m FRR <27 ¢ BBE 2 kA
e v Wk de Fod B AcA o F 3 5 2 ph e R0 B R Souci et al., 2000 ;
Favieretal., 1995) -~ # & (National Live Stock et al., 1988 ; USDA,
2002b) fv;®+ (Greenfield etal., 1987 ; Hoke etal., 1999 ) 4-4f4 @
£Bep 2 - A AL AT D ey W 15.0~22.6% 0 & A
Bl & 0.90~1.20 % > e #: Bmpfvﬂ%] % 2.70~16.5% » -k fj:\%[%] & 67.5~
76.5 % #od 11 R FALE AT SR - s g RApi o i o
T AN R GERER A R L A TR B R R AR R

~E ”ﬁiiiléi]?% —dp N E A X e pT EalE > TP ey ik

N
pHE 5 fH P2 p S &2 i o X EFid i R k%L

Jortp EF B EAILE LA F LRIk ERABA S o4



I AR AR RN R R B P 2 s s o

Table 5. Effect of dietary soybean oil on composition of lamb sirloin

chops
Soybean oil (% )
0 2.5 5.0
Moisture
73.09+0.76 73.06 £ 0.61 73.07 £0.71
(%)
Crude protein
24.14 + 0.88 24.04 £ 0.87 21.13+£0.47
(%)
Crude fat
1.28 £ 0.38 1.35+0.34 1.39+0.23
(%) ?
Ash
1.06 £ 0.05 1.02 +£0.09 1.08 £0.12
(%)

Each value is the mean £ S.E. ('standard error )
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Fipiand Sqcft R o e gpHiEd & ks ikt (pHE 7.0~7.4)
F b T e AR P LpH (- e 5L 80 g e iR IpH B5.4~5.5 %
) (Troegeretal, 1987) » —&4t 3 o $£ 5 2 iop e HpHiE 7.4
e FiopHES MR ™ "% 25.6-5.7 BEi524 ] 2 pHiE ) 5.5-5.72 &
(> 1997) > frim™ 0 0ty R At s Z ok F 182 pHiF
F] 2.5.3~5.82 % (Smuldersetal.,1992) « *3Ezk ¥ F 4w 5 #24]
B25%% B0 2{c5.0% =~ 2 B2 pHiE 41 305.70~5.922. F&F (@]
= ) g ¥ poapHE ¥ Doherty etal. (1996) 2 ?)Ele“‘%:—‘ic
iy EANERE R L L AAIHETI BT LA kA R
o SEREEEER AT AACTLRIO] FRIEpHE > H i F &
54~58¢c AiEBk2 X p TR ¥3% > HpHEW KT > @ %649
ZTapHESR P > 2 d WHZIFREFAEFEEREEMP
LBz 4B R FR R B apHE T " & (Lawrie,
1998 ) - Meisinger (1999 ) #-5 & B F o0& # 1 0C A FE K
B o 4400 (2001a,2001b) WL F pogr X 2 giRpk A
% 15.3 g/kg muscle, 14.9 g/kg muscle: @ v ¥=fig & %] 5 17.2 g/kg muscle,
13.1 glkg muscle > o >t 3icpi plgat F A A & T 0 BIERIEIEA
fa o @ oo MREE A H R BT PRI EL o B E € TRTRPE R 4o 12

Poded B fRA R Feo FARS JRSGE L FHRAR > 2 Tk P
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——0 % Soybean oil —8— 2.5 % Soybean oil - A~ 5.0 % Soybean oil

a
a a
5.89 4 a
(]
T ab
] a
> ab
B — _ ab _
T ] T Tm——___ ab = B--———""" —
-->--—----" A
579 b et b
Aveeeiii... D ettt A
_______ LA
5.69
0 3 6 9

Storage time (days)

Bl= ALY AR R RS RE P pH B2 B -
Fig. 7. Effect of dietary soybean oil on pH value of lamb sirloin chops

during storage.

ab Means within a storage period having the same are not

significantly (P>0.05) .
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o ORIz BvREL S B b o FIUtpHIE € SERTRPE R R 4eA 5+ 2
ﬁ%ﬁ‘ o

i

R g B4 ARG > TR pHE € % (K2 0 KRSk 4P 103

/L
g °

Kalscheur etal. (1997a) frYoungetal. (1997) 2./ 3 % 4pin > ©
fys;}% Az F guple -;7114\31 é@—frﬁaﬂ‘pgﬁﬁfg gug MLz g 2 pH
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6.00 a
b C
5.80 -
[¢B]
>
g
o
5.40 -
5.20
0 2.5 5

Dietary soybean oil (%)

BN~ 2Bkt ® (LR L T10@) #4552 ¢ pH

B2 B o

.~ A

Fig. 8. Effect of dietary soybean oil ( pooled date over storage time ) on
pH value of lamb sirloin chops.

a-c Bar with different letters are significantly different (P>0.05) .
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Z ~mT L (TBARS &)

Ep R T AR 6 paF LM AS L b i
dfspEiang iE R RERTEFELES A 2y
ti#§42 ¢ 5 7 = f¢ (malonaldehyde) fre HEFE (acetal) 2% i+ 2 4
# % (Caldironi et al., 1982)° TBARS & & 73 § § f* fh Az & 2 45 4% -
AR AR F 2 B R o s A
Y- = FE o B4 BT & RJE 2. TBARS (& % SE 6% P 3 e i 3
fvo FEHEA 2T g Adndle 2 TBARS B % K0 A Bl o BLERRET R
H 36409 % 025%* B 22 TBARS &% >t dleer 5.0%
“EME BFUARTRI Y 61 25% &4 22 TBARS E#ir
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R G I R T o R B H B e BTt 4CT 5 00183
5407 % jp|# TBARS & » %% % 3Rz +4] 22 TBARS &% § * &2
B P 25%% I rod fe ez TBARS B %3 1 %% 5.0 %% 5 & fr
Mk P RP Y ety A g BAR S ¢ I TBARS -+ j&
H € E M ¢ P iaEpo4p F B 7 £ 2 C20:5n3( eicosapentaenoic

acid, EPA ) ~ C22:5n3 (docosapentaenoic acid, DHA ) % H is % & {r 7y
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—o— 0 % Soybean oil —8— 2.5 % Soybean oil - A- 5.0 % Soybean oil

TBARS ( mg malonaldehyde/kg )
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Bl ~@Of Y B BRI T LT B
Fig.9 . Effect of dietary soybean oil on TBARS value of lamb loin chops

during storage.

ab Means within a storage period having the same are not

significantly (P>0.05) .
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Ba25%% 20 5 R BN pr P rinfhs L P HF (P
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Fig.10. Effect of dietary soybean oil ( pooled date over storage time ) on

TBARS value of lamb sirloin chops.

a-b Bar with different letters are significantly different (P>0.05).
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Storage time (days)

Bl - o B BRI PR (LYE) 2858
Fig. 11. Effect of dietary soybean oil on L* value of lamb sirloin chops

during storage.

ab Means within a storage period having the same are not

significantly (P>0.05) .
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35.00
0 2.5 5.0

Dietary soybean oil (%)

Blbo R maph R (BERPRL e $30 PR

Fig.12. Effect of dietary soybean oil ( pooled date over storage time ) on

L* value of lamb sirloin chops.

a-c Bar with different letters are significantly different (P>0.05) .
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A - A 5.0 % Soybean oil
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CIE a* value

16
0 3 6 9

storage time ( days)

-
R

Btz ~&d < 20 ??Jtﬁ*?i%i:}é%j@: ¢ & (aXim) 2
Fig. 13. Effect of dietary soybean oil on a* value of lamb sirloin chops

during storage.

abc Means within a storage period having the same are not

significantly (P>0.05) .
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Fig.14. Effect of dietary soybean oil ( pooled date over storage time ) on
a* value of lamb loin chops.

a-c Bar with different letters are significantly different (P>0.05)
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Fig. 15. Effect of dietary soybean oil on b* value of lamb sirloin chops

during storage.

ab Means within a storage period having the same are not

significantly (P>0.05) .
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Fig.16. Effect of dietary soybean oil ( pooled date over storage time ) on

b* value of lamb sirloin chops.

a-c Bar with different letters are significantly different (P>0.05) .
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Table 6. Effect of dietary soybean oil on purge loss (%6 ) of lamb sirloin

chops during cold storage

Days
Diet 3 6 9
0 % Soybean oil 3.31+0.37a 3.87 £ 0.49a 4.96 £0.33a

2.5 % Soybean oil 3.14+0.88ab 3.78+0.79b 4.84 +0.31a

5.0 % Soybean oil 3.09+£0.41b 3.68£0.57b 4.68 £0.23b

Each value is the mean £ S.E. ('standard error )

a.b Means in the same column with different letters are significantly

different (P<0.05) .
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Bz kA g B X300 TRIER SREZT N T4
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e ¥t s (Lietal, 2006 ) -
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RN S L R R R S e A L R
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min) $E 0§ F B 3.29~4.01 A48 0 @ VAT R g R A 7.60~
806 248 LA E BOEA 7 b0 g HFLHBTfod § o o
MRS o £ BERE K056 Wm'C) > 7§ (0.024 Wm'C)
STILE YR g B F Y Rk kR E R 2P g

B i T3C2 3 FFF#RE &7 2 8% FE (cooking rate, C/min) »

,\

#F 4 20.83~21.03°C/min ; g4 X p 27 #l?] + 7.97~
9.55 -
¥ 344 5 (cookingloss, %) & » uip#lEe (0%+ &

M) AT o kEE R 2 R EIA L 2077 % > eI pop] s

\rn

21.32%;%é‘%ﬂﬁi“‘z”FﬁZ.S%"‘E'}rﬁ. TAEA 55 2020% >

'

iR AP RL 2064% 0 E5.0%% Bk E L 2R

84



2~ ARIDEHEIE TARFEFAFAF2PE
Table 7. Cooking loss and cooking rate of sirloin lamb chops as affected by cooking method

Boiling Broiling
0% 2.5% 5.0% 0% 2.5% 5.0%

Soybean 01l  Soybean oil  Soybean oil Soybean 0il  Soybean oil  Soybean oil

Cooking time (min ) 3.60£0.70 4.01+£048 3.29+0.12 8.06 +0.60 7.64+0.65 7.60+048

Cooking rate (‘C/min)  21.03+0.63 21.00+0.49 20.83 +0.45 7.97 +0.48 9.55+095 9.10+£0.72

Cooking loss (%) 20.77+0.55 2020+0.99 20.61+047  21.32+0.87 20.64+0.57 21.19+0.75

Each value is the mean £ 1 standard deviation.

Internal temperture : 73 ‘C
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1

(2) "kE e fate s X 4 5
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N E s ROEATA FRE o PR 14T72~1573%F > K E R EAR
%GRS 418~59800 0 ¥ pdn 1A p P brfory A GIF 4 0 B
Fa¥AH B € ¥4 (Smithetal., 1998) > 4 i}k‘{ﬁu”q BN Aoty 5
faAk § HpEbmax g (Kingetal,2004) > » 9 %™ 5 417 95d K

BN e N 3 ¢ B R T73°C O R 2 (0% soybean oil )

SEBEE IR X U s A A (&) Bl oy Bk
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Table 8. Cooking loss and cooking rate of lamb fat as affected by cooking method

Boiling Broiling
0% 2.5% 5.0% 0% 2.5% 5.0%

soybean o1l  soybean oil  soybean oil

soybean oil  soybean oil  soybean oil

Cooking time ( min ) 5.62 +0.46

Cooking rate (‘C/min) 14.86+0.50 14.72+0.70 15.73+0.77

Cooking loss (%) 528 +0.91

Each value is the mean + 1 standard deviation
Internal temperture : 73 ‘C

87

562+0.79 493+0.73

4.18+0.06 5.98+0.46

583+£0.65 551+£045 537+0.88

11.93+0.76 1256 £1.32  12.36 £ 0.65

1486 +£0.50 14.72+0.70 15.73+£0.77



N N R

Fhdoded 305 e Fepg i EREP fod f Bicp @
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Fig. 17. GC chromatogram of standard fatty acid.
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Fig. 18. GC chromatogram of standard fatty acid.
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(2004) i%iﬁéﬂa% E é‘?’n‘ijj‘ e+ B > Bessaetal. (2005) 4k & % ¥
T~ ML 2 Kottetal. (2003) M40k e Z4c i X 1 B 2 ede
TR BA R P AT G RO B ARERZ R B AR R oo
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a. * ¢ (sirloin lamb chops )

Fhtb o e Qe FL L frn b ph o] % s jo
F17 02 A mN M e d be e it kA 2 K 4R T b fhen
N9-2 & frfis (A\9-desaturase ) » Flpt @ rT K o I il B VR e
]%k ¢ et 4 (Griinari et al., 1999 ; Griinari et al., 2000 ; Corl et al.,
2001) » AFHF kRS B FAe (2505.0%* 2 ) i
A Iovp P R R (CLA) BR A A Y alg¥ £
B(EA4 ) #HHE25% 22 50%% 2= 22 CLA LR
8l A 0.88%0.93 %22 0.92% > 2 vV LR IANERY X B m/,"j‘
o g A4 CLAABE 2 25 % 5.0%* 2+ 27 § B ¥ CLA
WfF kR 0 AF %2 Beaulieuetal (2002) 7 4 > i i 2 Aol
D S0% 2R AT 28 3 HEE A A 25§ HT PP
= 37 R L ’ﬁtﬂ%‘a AR 0 R@m B pe (veccenic acid, C18:1 t11) 3%

Apsk? ERAd B 3 MA B L Ede (0%soybeanoil )~ 2.5% + B
MAr5.0% A B s Fp G T S RS A e fory ek I
f& (linolenic acid) fr=t & fri# fx (linoleic acid) 7% 5 ic2 4 ¢ i@
ST WRMA L Er GBS R B 3 (Beaulieu et at.,

2002 ; Scollan et al., 2001 ) » #= 4% ¢ < & /4 7 e EH A - LEH
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Table 9. Fatty acid composition (% fatty acid methyl esters ) and total cholesterol (mg/100g

fresh tissue ) of raw lamb sirloin chops among dietary selectively soybean oil

Dietary

Fattyacid o vbeanoil  2.5% Soybeanoil  5.0% Soybean oil
C14:0 15840232  1214029b  1.49+0.08a
C15:0 446+0.63a  439+028a  3.26+028b
C16:0 18.02+0.77b 15.47+0.83¢c 19.19+0.73 a
C16:1 240+0.11a  1.9040.14b  2.30+0.30a
C17:0 1.02+0.05a  0.66+0.18b  0.69+0.06 b
C18:0 0.480.69b  11.17+0.58a  9.06+0.89 b
C18:1t11 0.62+0.12a  03940.06b  0.26+0.05 ¢
C18:1 19 41164099a 37.17£097c¢  39.90+0.70 b
C18:2 11.1840.59b  1320=091a 12.62+0.92a
C18:3 044+0.03a  0474008a  0.31=0.04b
CLA (Ciso. 1) 0.88 +0.14 0.93 +0.19 0.92 £0.09
€22:0 0.50+0.14a  046+0.09a  0.29+0.07 b
C20:3n6 0.48 £0.16 0.43 £0.04 0.45 £0.12
C20:4n6 6.57+1.09b  8.66+045a  6.96%0.76 b
C20:5n3 054+0.11a  0474027a  0.25+0.04 b
C22:4n6 0.64=0.12b  0.74+0.14b  1.01%0.16a
C22:6n3 0.68+0.11b  349+063a 29140704
Sum SFA 35074042 33354037  33.96+0.35
SumMUFA  44.18+0.55a 39.46+0.55b 42.46+0.50 a
SumPUFA  20.54+031c 27.46+036a 24.52+039b
Total cholesterol ~ 56.33 £1.33  5624+1.02  56.12 £1.14

Each value is the mean = SE.  ('standard error )

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids ( CLA excluded) ;

PUFA, polyunsaturated fatty acids.
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Thromboxane (TXA2)
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Prostacyclin (PGI2)
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(cis9trans-11 C18:2) ~gm——— (trans-11C18:1) — > Stearic acid (C18:0)
/\9-desaturase

Oleic acid (cis-9 C18:1)

Bl 4~ B~ 2 AR

Fig.19. metabolism of 18 carbons.
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B dleES50% e E B ERRFEFLE o XX g

cima? (£ L) #-C18:0~Cl18:1t11 ~ Cl18:1n9 ~ C18:2 - C18:3 fr
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Table 10. Fatty acid composition ( % fatty acid methyl esters ) of raw lamb

subcutaneous fat among dietary selectively soybean oil.

Fatty acid . pietary . .
0% Soybean oil  2.5% Soybean oil  5.0% Soybean oil
C14:0 293 +0.21Db 2.21+0.30 ¢ 341+0.38a
C15:0 1.04 £0.23 ab 0.81 £0.12b 1.10+0.22 a
C16:0 26.15+0.99a 21.97+1.37c¢ 23.73£1.41b
Cleé:1 1.34+£0.34 b 2.17£0.30 a 2.28+0.27 a
C17:0 1.90+0.20 a 1.45+0.30b 1.76 £0.34 ab
C18:0 19.11 £1.97b  21.87+0.62a 19.29+1.70b
C18:1tl1 0.53+0.12 b 0.57 £0.09 b 0.89+0.12 a
C18:1n9 39.02+1.18b 40.74+1.34a 40.62+0.98 a
C18:2 3.17+0.10 b 390+0.33 a 4.07+£0.39a
Cl18:3 0.47+£0.10b 0.63+0.15a 0.57 £0.10 ab
CLA (cis9,mans-11)  1.00 £0.10 b 1.27 £0.36 a 1.42£0.10 a
C22:0 ND ND ND
C20:3n6 0.76 £0.11 a 0.65+0.12 a 0.80+0.12 a
C20:4n6 ND ND ND
C20:5n3 ND ND ND
C22:4n6 ND ND ND
C22:6n3 ND ND ND
Sum SFA 51.12+0.72a 48.30+0.54c¢ 49.29+0.81b
Sum MUFA 40.89 £0.55¢ 43.47+0.57b  43.79+0.45a
Sum PUFA 4.40+0.10b 5.17+0.20 a 5.444+0.20 a

Each value is the mean + S.E. (standard error )
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids (CLA excluded ) ;
PUFA, polyunsaturated fatty acids.

99



S m o v iHETI B X

a3t

o ﬁ‘},"‘ltﬂ

6
G fory ik i P (C16:0) € F15 4

\w

(E’7 m/T4tm &P—*mg f‘ﬂ )
He 25%*% 2 i3 50% 2 o B § o h 7 & e
Fo Bk AP T P i § Frd] C16:0 £ = o Loughetal. (1992) »+ 2 &

3P 4eid E 45 (canolaseeds) #% 7 {5 7% € "F M A g P Ao IREL

g&:‘{

R EHEBRMA B MRLIET o

Fhtwm A p mRE I F g h B (CI8:1t11) & % & I b
it (cis-9,trans-11 C18:2) 2. ' {& » # R3T 4]~ 2.5% % 2 20 5.0
Yo Bib BB X P 20 BEAEL 0.70 % FAME ~ 0.42 % FAME -
0.28 % FAME ; X # 32 1t @ (& B & 5 0.53 % FAME ~ 0.45 % FAME
20.62 % FAME- d 7 svipil e 5 p k2 B pes £ 5 b ik

W EBWEF o i B Aa25% %8028 50% 26 2frf X%

OB E R e Jap R e f&«fr,‘ﬁr?)ﬂ,@ fe B iep B2 A g @ il g

ﬂ

FA5F 0 A e rrik e MR B e h skl e %\,J ek B EEBR AR
BRI e fez v E I E R * X 4?5 o Griinari etal. (1999 )
dp - REFTREELSIRE L FL AR E AL TRy

him kT A ep ko

100



(2 ) Zp 2 Frg 5 s FURdD S enig SRk I A i

LR Y SRR AR A RCR A R NS g
Fdrd L -Jri Lo o TR g RN RS T R AR E R
AL X oo Xz st et (Cl8:1n9) 2 E &
B Sz X gt 30~34 %FAME ; % $a4c £ F Fg b 39~41
%FAME » # = % 1 4f 2 (C16:0) > % fa4c# X £ | 13~15 %FAME ;
Frad 24~26 %FAME © H &2 o ipsps o b Bz A5 I R

i (C18:2) & 14~15%FAME ; “% i 4c# 2. % 75 & 2~5 %FAME >

2 E o5 A e (C18:0) & 11~13 %FAME ; # 73 ¢

—-A-v

13~22 %FAME -
a. % p

IR SRRSO E LR RER I 25% 2 EL &
BRI EHEAEA F5.0% B2 ST RIER LA
ML= e VR FEIP AR I 2 L FEL R RER
gl (R4 e L- ) Tairdles g SR RE > £ EL R
MR R I F %0 d 0.88%FAME 1% "% X 1 0.80 %FAME > # 2.5
Yr B2 TP SRR A ELFRRER €4 093
%FAME # % & 1.14 %FAME- @ 5.0 %= & %2 £ po I Fro ek B

EANE A E DR d 092 %FAME '3 iK1 0.58 %FAME -

101



2L SR AL B ;‘;"F%\:iﬁ;—}‘{%ﬁﬁ%@i B2 Pg APl e o

Table 11. Fatty acid composition (% fatty acid methyl esters ) of broiling

lamb loin chops among dietary selectively soybean oil

Fatty acid 0% Soybean oil 2.5%D§)§/abre{;1n oil  5.0% Soybean oil
C14:0 0.74 £0.06 b 0.67 £0.09 b 0.99+0.31 a
C15:0 6.96 £0.58 a 6.53 098 a 5.06 £0.39 b
C16:0 14.98 +0.49 13.80 +0.91 14.79 £2.77
Clé6:1 1.66 £0.23 1.75 £0.18 1.64 £0.36
C17:0 0.84 £0.11 0.74 £0.08 0.88 £0.22
C18:0 11.50£0.37b  12.55+0.76 a  11.58£0.85b
C18:1t11 1.07+0.14 a 0.81 £0.10b 0.84 £0.14 b
C18:1 n9 3426 +0.88a 30.73+0.89b 32.33+1.93b
C18:2 14.33 +£0.82 14.11 £0.77 14.39 £1.35
C18:3 0.48 £0.07 b 0.57 £0.14 ab 0.65+0.12 a
CLA (cis9.trans-11) — 0.80 £0.08 b 1.14£0.21 a 0.58+0.10 ¢
C22:0 0.83+£0.10a 0.78 £0.21 a 0.33£0.07 b
C20:3 n6 0.71 £0.07 a 0.51 £0.14 b 0.41 £0.05b
C20:4 n6 7.83 £0.65 b 11.04£1.03 a 7.41 £0.60 b
C20:5n3 0.50+£0.04 b 0.47£0.10b 0.66 £0.06 a
C22:4 n6 0.76 £0.08 b 0.89+0.15a 0.73+0.02 b
C22:6 n3 0.93 £0.14 ab 1.03+0.13 a 0.85+0.10 b
Sum SFA 35.85+0.28a 35.07+0.50ab 33.63+0.77 b
Sum MUFA 36.98 £0.56 a  33.30+0.54b 34.81 £1.14 ab
Sum PUFA 25.53 +0.27 28.62 +0.35 25.10+0.33

Each value is the mean + SE (standard error )

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids ( CLA

excluded ) ; PUFA, polyunsaturated fatty acids.
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Table 12. Fatty acid composition ( % fatty acid methyl esters ) of boiling

lamb subcutaneous fat among dietary selectively soybean oil

- " Dietary
Fatty acid 0% soybean oil  2.5% soybean oil 5.0% soybean oil

C14:0 3.02 £0.30 ab 2.59+0.49b 3.32+041 a
C15:0 1.11 £0.09 1.15+£0.22 1.22 £0.17
Cl16:0 24.17 £0.79 24.72 £0.57 25.99 £2.41
Cle:1 1.69 £0.42 a 0.92+£0.17 b 0.72+0.12 b
C17:0 1.64 £0.44 1.30+0.33 1.51 £0.38
C18:0 13.11 £1.52b  2231+£2.23a 14.45+1.24b
C18:1tl1 0.32+0.15b 0.37 £0.08 ab 0.56 £0.26 a
C18:1n9 41.22 £2.34 39.57 £1.85 39.54 £2.21
Cl18:2 5.13+1.13 a 2.36+0.47b 2.52+1.56Db
C18:3 0.55+0.10 a 0.32 £0.39 ab 0.22+0.06 b
CLA (ciso.trans-11)  1.91 £0.84 a 1.20+0.24 b 1.32 £0.31 ab
C22:0 ND ND ND
C20:3 n6 0.57 +0.06 b 1.00 £0.18 a 0.53+0.18 b
C20:4 n6 ND ND ND
C20:5n3 ND ND ND
C22:4 n6 ND ND ND
C22:6 n3 ND ND ND

Sum SFA 43.06 £0.63 b  52.07+0.77a 46.48+0.92b
Sum MUFA 4323+097a 40.85+0.70b 40.82 £0.86 b
Sum PUFA 6.25+043 a 3.68£0.41Db 3.28 £0.60 b

Each value is the mean £ S.E. (standard error )

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids ( CLA

excluded ) ; PUFA, polyunsaturated fatty acids.
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Table 13. Fatty acid composition ( % fatty acid methyl esters ) of boiling

lamb sirloin chops among dietary selectively soybean oil

Fatty acid . pietary . .
0% Soybean oil  2.5% Soybean oil  5.0% Soybean oil
C14:0 1.23 £0.16 a 0.89 £0.06 b 1.28+0.40 a
C15:0 4.78 £0.49 5.49 +0.37 499 £1.18
Cl16:0 1736 £0.75a 14.50+1.01b 17.25+1.38a
Clé:1 2.50+0.28 a 1.13+£0.12 b 2.01+0.70 a
C17:0 0.77 £0.06 a 0.61 £0.05 b 0.80+0.10 a
C18:0 9.46+0.48 b 12.64+095a 10.08 £1.26 b
C18:1tl1 0.84 £0.05 a 0.51+0.08 b 0.72 £0.09 b
C18:1n9 40.76 £1.30a  36.89£1.21b 3593 +£1.20b
C18:2 1223 £1.34b 1323 £1.28b  15.36+1.27 a
C18:3 0.32 +£0.05 0.38+0.10 0.33 £0.07
CLA (cis9, trans-11) 0.67 £0.12 0.82 £0.07 0.77 £0.15
C22:0 0.51£0.11Db 0.65+0.11 a 0.36 £0.07 ¢
C20:3 n6 0.48 £0.15 0.61 +0.12 0.63 +0.13
C20:4 n6 6.50 £0.89 b 9.56 £1.23 a 7.08+1.45Db
C20:5n3 0.19 £0.06 b 0.39+0.21 a 0.28 £0.10 ab
C22:4n6 0.71+0.14 b 1.04 £0.18 a 0.82+0.18 b
C22:6 n3 0.46 £0.09 b 1.04 £0.19 a 0.93+0.18 a
Sum SFA 34.10£0.34 34.79 £0.43 34.77 £0.73
Sum MUFA 44.10+£0.79a  38.52+0.66b  38.66 £0.68 b
Sum PUFA 20.89+0.39b 26.25+047a 2544+0.48 a

Each value is the mean = SE ( standard error )

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids ( CLA

excluded ) ; PUFA, polyunsaturated fatty acids.
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Table 14. Fatty acid composition ( % fatty acid methyl esters ) of boiling

lamb subcutaneous fat among dietary selectively soybean oil

Fatty acid . pietary . .
0% Soybean oil  2.5% Soybean oil  5.0% Soybean oil

C14:0 3.78 £0.21 a 3.18+0.41b 3.69+0.50 a
C15:0 0.90+0.13 b 0.81 +0.09 ab 1.05+0.21 a
Cl16:0 2243+195¢c 25334+2.60b 34.15+1.09a
Clé:1 2.65+0.31a 1.29 £0.16 b 1.19+£0.14 b
C17:0 2.04+0.16 a 1.69 £0.10 b 1.58 £0.34 b
C18:0 19.50+0.97b  22.04=+1.83a 16.54*1.56¢
C18:1tl1 0.44 £0.05 ¢ 0.70 £0.06 a 0.57+0.13 b
C18:1n9 38.00£1.08a  37.58 £1.55a 31.15%1.62b
C18:2 3.82 +£0.60 3.80 +0.35 3.45+0.62
C18:3 0.35+0.03 a 0.35 £0.06 a 0.27 £0.07 b
CLA (cis9,trans-11) 2,31 £0.36 a 1.55+0.16 b 1.12+0.26 c
C22:0 ND ND ND
C20:3 n6 0.63£0.10b 0.79 £0.07 a 0.33+0.10 ¢
C20:4 n6 ND ND ND
C20:5n3 ND ND ND
C22:4 n6 ND ND ND
C22:6 n3 ND ND ND
Sum SFA 48.65+0.69b 53.04£1.01ab 57.01 £0.74 a
Sum MUFA 41.09+048a 39.57+0.59a 32.92+0.63Db
Sum PUFA 479 £0.24 b 493 +0.16 a 4.05+0.26 ¢

Each value is the mean + S.E. ( standard error )

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids ( CLA

excluded ) ; PUFA, polyunsaturated fatty acids.
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