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z

N4 fEE(P<0.10)c HLE* R éf? CLA $4- 542 & 4o Fov
Fms2 gk T 2R EB P A el CLA 34507
C14:0 (P<0.01)%2 C16:0 (P<0.05)"3%f 2z & %2 " 1 Cl6:1 (P<
0.05) ~ C18:2 (P<0.05)% C18:3 (P<0.01)3%p 3z & - [RE * B &

fr? CLAS¥ 349 fgppez £ a5 RE2* ey CLA o
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#r? CLA #7347 Cl6:0 (P<0.0D)% vk g £ % ' i
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Cl6:1 (P<0.01)% C18:0 (P<0.05)% C18:2 (P<0.10)%3"»f4 7 £ -

FEY RE A Y 4 2% CLA Pl D2 F 5 Hh
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+ 4 I -4 pe (conjugated linoleic acids, CLA) & — # X X3 & &
18 Bat > 7 % $= g4 (9, 11-; 10, 12-; 11, 13-octadecadienoic acids)
2 I; b e (linoleic acids, LA) e A B 47 o CLA & & 3% fuftig ~ 2
Ep 2y (it d)? « Rz F 240> CLA L5 i
i 4 % (Cook et al., 1993) ~ 17 7 (Pariza et al., 1983; Ip et al., 1994,
1997; Belury et al., 1996) ~ & <& "% & i* (Lee et al., 1994; Nicolosi et
al., 1997)~ 4% i* 2 p it p F % (Cooketal, 1993)2 #2584 £ £ 2
3c % o

Chin et al. (1994)% 3R > &7 | 7 74 CLA » PP B 3 ege b2 B
i CLA Jk & ° Chouinard et al. (1999)% Loor and Herbein (1998)x
Ao A EG P e r CLA) P N2 BRI L ~ 17 &
2254 § o Bee (2000)3 o &4 F4HE? i 4 2% CLA » 7 11
B gV AR A > @ 1Y Cis-9, trans-11 CLA 2z ## % & § ° Bee
(2000) ~ Poulos et al. (2004)% Bontempo et al. (2004):}F] S A
FE AR Y /,"]‘ e CLA » ¥ et 4= 4 3 2. 4 K i & o Patterson et al.
(2007)% > * FEWRE ¥ 85 % Azdfir? i #c CLA ki *c CLA -

Hod 3 F ik end i % o kit o Corinoetal. (2009) 7% 7. »

bl
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%o o e

-~k L RGN
(= )% 4 5 rid pe2 i

+ 4 I 74 pe (conjugated linoleic acids, CLA) & — # X X33 & &
3= ﬁﬁ%‘{fﬁ%(conjuagated dienoic) ~ 18 B 2. % ~ 7 &7 frigimps » A_
I b e (linoleic acid ) 2. & v &7 i 8 B4 de o L fpid fhenfdt = & 5
3t p AR (COOH) FAz% 92 % 1288 - & BT 2 E8 B
(cis form) ; m CLA 2.7 B4R =3 % 92 11 s~ % 10 2 12 &
A% 112 138 2 29 2 — gk 3% %4 (trans form) (Haetal,
1987) 4B 1 %7 o 3 2 ML AS T2 -% 82 % I0RE 8 >
F-fArEEir Al PE LR Tﬁ;’ﬁv (cis, cis; cis, trans; trans, cis;
trans, trans) 2. % 1 (Eulitz et al., 1999) - F AN A p R
® 11 cis-9, trans-11 CLA % trans-10, cis-12 CLA A % - @ Cis-9,
trans-11 CLA ##75 CLA P #7ibvt &) > 5 8 5. 82% 0 + 6% » &
hp RN T5% A b ik et B 3 50%(Chin et al., 1992) -cis-9,
trans-11 CLA » 4% 3% 5 £ 8 & 3 2 % 12 (Azain, 2003) ©
(= )% b= & b fe 2 %R

CLA i &3 aftig 22 p 24d 0 s+ ¢ (Chin et al., 1992)



trans-10, cis-12 CLA cis-9, trans-11 CLA Cis-9, cis-12 7 b f&
(A) (B) ©)

Bl 1~ R dedr Jppidh e 2 37 Jppid ph 2 1 B g o

Figure 1. Chemical structure of conjugated linoleic acid isomers and linoleic acid.
Fatty acids are trans-10, cis-12 octadecadienoic acid. (A), cis-9, trans-11
octadecadienoic acid (B) and cis-9, cis-12 octadecadienoic acid (linoleic acid) (C)
(Bauman et al., 1999).



(2 1)>a CLA ZE2EBiF hFtr2i v 27015 8 5°
B CLAER * 55 28~7.0mg/g fat» # @ cis-9, trans-11 CLA ¥ i %,
CLA Z #2 90% @ a2 ¢ ¢ 2_cis-9,trans-11 CLA 3 & ¥ k% CLA
B2 TS%  fEd Aot 3w B 5 S £2 CLA> ¥ {544 ¢ Cis-9,
trans-11 CLA 7 & it 4, CLA 150% ™ 7 (Chinetal, 1992) ; 2t5 %
2 p sl EE e Y B CLAER < 5 5 0.6~0.9 mg/g fat o

fe 47 00 12 iz 150 (safflower oil) ®* CLA 72 £ 58 » % 0.7 mg/g fat ; #&%

+ 74 (coconut 0il) ¥ CLA 7 £ & ™ % 0.1 mg/g fat(Chin etal., 1992)-

SRR E S
(= )2y & ies
Ehtds s g ®lx? CLA 7 % #31 & %k (Griinari and

Bauman, 1999) - - BRRELALT AR AR L4 T
(biohydrogenation) # 2 4 ¢ CLA ; % = A X A A # $ = %‘v F1
trans-11 C18:1 & = 7 CLA- ™ trans-11 C18:1 #_7 & frg Whpe 354 4
G v TA - FIMAF AR a5 A NY CLA®RY $4 54
iLigfed & 4 4 4 4p Rk (Bauman et al., 1999) -

1.2 g i e

B g S e LB B (glycolipids) fomk ig F



RS EEE Y S

Table 1. CLA content of various foods

Food mg CLA /g fat Food mg CLA /g fat
Dairy product Meats/fish

Condensed milk 7.0 Lamb 5.8
Colby 6.1 Fresh ground beef 4.3
Butter fat 6.1 Veal 2.7
Ricotta 5.6 Fresh ground turkey 2.6
Homogenized milk 5.5 Chicken 0.9
Cultured buttemilk 5.4 Pork 0.6
American processed cheese 5.0 Egg yolk 0.6
Mozarella 4.9 Salmon 0.3
Plain yogurt 4.8

Custard style yogurt 4.8

Butter 4.7

Sour cream 4.6 Vegetable oils

Cottage 4.5

Low fat yogurt 4.4 Safflower oil 0.7
2% milk 4.1 Sunflower oil 0.4
Mediam cheddar 4.1 Peanut 0.2
Ice cream 3.6 Olive 0.0
Pamesan 3.0

Forzen yogurt 2.8

Based on values reported by Chin et al. (1992), and Lin et al. (1995), & the University

of Wisconsin Food Research Institute (Dr. Pariza, Director).



(phospholipids) » # @ 2 & #g9apk 5 7 & frz = & i iR (C18:3) % Ip
b e (C18:2) o AL #7ie * fagF i P g A 3" A Z Z 4 ¥ fig
(triglycerides) » @ 3 & P AR 2 LT FpW L2 bk o F b f 4k 8 &k
T AR Y NES Bk (Dawson and Kemp, 1970;
Keeney, 1970; Dawson et al., 1977) o #g & & L 8 X F|jic2 4~ f3 5 s
(lipases) 8.1 1¥* 3 findt & (ester linkages)-KjZis » f 412 7 47y
BERARMA P E AR LI o

i ¢ Aoy pph 2 g i Er B mpEpk R B R
4 B 2 i * (Harfoot and Hazlewood, 1988) - CLA 7% % & ¥ 47 =X 4%
I H AP g ivivr 2 ¢ F A $ (Bartlett and Chapman, 1961) °

5 > Kepler et al. (1966)% 3 » &% ¥ 2 & CLA 2z i & jic? % 5

.

Butyrivibrio fibrisolvens < F]pt » & 5 ¢ mpF o 4 I* A g L iEH
A 4 % 4¢Py %% Fk (Harfoot and Hazlewood, 1988) > m Kemp and
Lander (1984)# 7> wmFf|* 2 4 & 5% ZEA A4 & T B
B fF A B mE R E LR R oL e KA S
trans-11 C18:1 ¥ A4 5 % = f&F & Z P A f1* L & A F trans-11
Cl8:1 > m A 4 & % A P H "5 ik (stearic acid) > 4[] 2 #F71 o

I b pa(cis-9, Cis-12 C18:2)5d 2 4 g it 18% » A4 % - faF

& 5 cis-12 fatz B g i (1somerization) o p* £ WFrEEFFERY



Cis-6, Cis-9, cis-12 cis-9, cis-12 cis-9, cis-12, cis-15

(v -linolenic acid ) (linoleic acid ) ( a-linolenic acid )

Cis-6, cis-9, trans-11 cis-9, trans-11 CLA cis-9, trans-12, cis-15

( conjugated octadecatrienoic acid ) ( conjugated octadecatrienoic acid ) (octadecatrienoic acid )

cis-6, trans-11 trans-11, cis-15

( octadecatrienoic acid ) ( octadecatrienoic acid )

\ trans-11 /
( vaccenic acid )

C 18:0

( stearic acid )

Bl2~ %4 I8P Apeie 72 4 a (L 1F% 23 R EJT o
Fig 2. Perdominant pathways of biohydrogengation of unsaturated C 18 fatty acid. (Harfoot and
Hazlewood, 1988).
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o

T R a2 AR MR T Y g L B P B
* o I7Jpeid i R Hp% (linoleate isomerase, EC 5.2.1.5) & #-— & & Jir i
s (a-2 y-linolenic acids)z. Cis-9, Cis-12 B4t % 5 & ¢ P4tz 2 3
(Kepler and Tove, 1967; Kepler et al., 1970; Yokoyama and Davis, 1971;
Kempetal, 1984) - o fis% £.4 407 f & flig > £ 4 (P A A2
it F o @ %= faF BRIE_E-cis-9, trans-11 CLA # it = trans-11
Ci8:1 2B R F o JI* izt i ¢ CLA 24 R2%E5EP -
cis-12 a4t d & i-4;= cis9, trans-11 CLA » I ¥ P-if g 3% =

trans-C18:1 = Trans-11 ¥ % & %y § ¢ £ 7 EPosd 2 5 Ji » F)
trans-11 C18:1 #3750k € % 5 ¢ & 2 % 4% 3 % (Tanaka and Shigeno,
1976; Singh and Hawke, 1979) - @ % C18 # & {fciqdspi A2 4 4 i &
% ¢ >trans-C18:1 Flpt X I g R "UIF|m A 2 3 5 A = = g it ik
e > Flm ARG g ST o 3B AR P SR ) G d Lui’@ﬁ%]i 3t

MR E A Jrg o #r g CLA 3 27 0dEd f4e 31 LA 9

FLREL S G L JE 9 & 2 (Kelly etal., 1998) -

DO
i
S

d st trans-11 C18:1 22 CLA ¥ &5t i+ ¢ afp £ bR g i M3t B
§ P ot ) F gt dap) trans-11 C18:1 7 4¢ #_CLA A5' %5 ¢ am Sgde

& (Bartlett and Chapman, 1961; Jahreis et al., 1997; Jiang et al., 1996;

11



Precht and Molkentin, 1997) - Griinari et al. (1997)3% % » CLA ¥ 2 d
trans-11 C18:1 > (g le ¥ 2 3 & {ofix (desaturase) 7% @ )= o F]pt o
Bartlett and Chapman (1961)i¢ * % iz ¢h k¥ kiplz <~ 2 S 9 A4
S B IRFY P ¢ F 5N 18 B P vs i (trans-octadecenoic acids) 22 & & B
FREZ B LG - W Ak R e

IS T 05 " ¢ trans-11 C18:1 £ cis-9, trans-11 CLA k &
£ M 2 (Jiang et al., 1996; Jahreis et al., 1997; Precht and Molkentin,
1997; Griinari and Bauman, 1999) > #3335 &7 fA 5 & 40 b KR >
WY RHA P AL G IR P AL T P BAS Y
2 RREH e Flm L iB- B ARG ESR T wf S wme? v
s N2 ¢ frfis i it = Cis-9, trans-11 CLA (Holman and Mahfouz,
1980; Pollard et al., 1980) -

Griinari et al. (1997):}% s B hE P rgise 2. CLA #.4 p R
A 4 e )R cis-9, trans-11 CLA #_d trans-11 C18:1 ¢ A3
Lo fofis (T% #pA5 a0 0 o] 3 A7 o MEP L S HaA s K IR
trans-11 C18:1 #& % = CLA 2. B3 - 325 547 3 X 5 baseline #p - #p
PR~ miiggt s Hid 3 % 538% % » #trans-11 C18:1 2 trans-12
C18:1 (1:1) i’ »3rgxte » & X3 » 25 o3t 4= if:] A

R ET RV RA R o BRI BRI g
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Rumen Tissues

Dietary Fat, e. g. Linoleic Acid ) )
cis-9, cis-12 C18:2

cis-9, cis-12 C18:2 >
cis-9, trans-11 C18:2 (CLA
cis-9, trans-11 C18:2 (CLA) > ( )
l T A\’ desaturase

trans-11 C18:1 (vaccenic acid)

'

C18:0 (stearic acid) - Cl18:0 ———» ¢Cis-9C18:1
A\’ desaturase

— trans-11 C18:1

B 3>

\4-@

TASE T oA R e B E b f 2 X R L R e s, trans-11 =
Figure 3. Role of rumen biohydrogenation and tissue /\” desaturase in the production of Cis-9,

trans-11 conjugated linoleic acid in ruminant fat. (Bauman et al., 1999).
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trans-11 C18:1 % trans-12 C18:1 k& 383 5 4c 2 1) > 4a b 4 & fo it
4 & &4 cis-9, trans-11 C18:2 % cis-9, trans-12 C18:2 k&~ F 4p ¢ 3

fr2 A5 0 Fptd ot B F

—~

L ¥ uEF o trans-11 C18:1 7 1488 4%

“\%—

2 CLA -

Corl et al. (1998)4p 41 » # % p = p it » 125 =5 trans-11
CI8:1» 5= X 15 » FIMF P 7 CLA € e 40% 14+ » #1rsjuit 2
EF PR E > CLA &322 54 o [ AN t fofs i CLA 25 &
che & 42 o Corl et al. (1999)4p &1 » @k p /2 » Jg 4 & (sterculic
acid) » o fhde JF eI A2 G fepr L st R M o ARG
it e d CLA 78 0 faplin it 2 ) 5d A3 & fops chp Ris

EAiEr 5 Efepad CLA £& kifz - o A3 & frfis i lo sz
R EFEFP B LR A G TR oo RN e frpr 2 Bk
B RAEY ZF AR FMA 0 A e frpEa B 5 Ay e
S A 2 AR RR 0 A L R AR

(Bickerstaffe and Annison, 1970; Kinsella, 1972) -

N fﬂ’/*ﬁ&’ bl T
TR g A B (F stA 4 CLAZ sl & ki
Bk s Pl E AR T # Ko M CLA £ 5 |7 & (Parizaetal., 1983; Ipetal,

1994,1997; Belury et al., 1996) ~ #i& 4 £ % # & £ % * R (Cooketal.,
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1993) ~ g 7% m i (Lee et al., 1994; Nicolosi et al., 1997) 2 & g
50 2 = (Dugan etal., 1997) 2 # it o 0 F ;I}-U,u CLA z_ 3 & v 38 7 &
A I
(=) Rt
CLAz Fmi®* » 2 B4 5 2 Hg V4] (Haetal., 1990; Ip et

al., 1991) ~ & - & m*¢ % |+ (pro-oxidant cytotoxicity ) (Schonberg and
Krokan, 1995) ~ #r#4% # f 2 v F & = (Shultz et al., 1992) ~ *% i

w?2 i 78 ;%5 14 (proliferation activity ) (Ip et al., 1994) > #r4] DNA-*c =
$ 2. 25 = (Zu and Schut, 1992) 2 #r4| R H 4~ 2 & * 7 M (Ha et
al.,1987; Liew et al., 1995) -

Ip et al. (1991):}15; Do kAP B4 N7 3 0005-1.0 2 1.5%CLA
il {1 DMBA 514 79U 82 5 4 0 3 % % Ak CLA 7 12
ETOREBORR o @ Y EREP Y CLARAR Y a0 o
#73 CLA E 4 ¢ > cis-9, trans-11 CLA & &= § *65; ¥z (Haetal,
1990)% + #g 5" % i mre (Ipetal, 1991)2 girg F % & > @ (7 imre
22 R AR Z TIHrg] > TR G B POl B IR o
(Z) BEALZAGLEF B

Cook et al. (1993)#;] 415 CLA ¥ *% M # 2% (endotoxin) #7i% = 2_

4 LR Flm izl 4 £ o Bee (2000) 3 R > ARE * B4R P /7’]‘
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b 2% CLA #1$HRe e dp i > 5% BT7 7+ CLA $133 B3] ~ Ao E

Pt ff > Zogaechd £ 0 0% &L sk ol it o B AR 2

bl

2 WiEsck o Bee (200004 2 0 (AR Z feit A Y Hh 7
kR CLA > ¢ REF e 452 ¥ %52 & 5 ik
AR EHFHE A L 52% EFSZEHBIFHLE S5 I 69% -
CLA 3t LB 23 & > ¥ iy & %% %k (cytokines)2. & 4 F B
(Sugano et al., 1998; Turek et al., 1998; Hayek et al., 1999) » » ¥ i £2
#f - 2 & (eicosanoid) 7 R 4% B if |2 (Bulgarella et al., 2001; Pariza et
al., 2001; Whigham et al., 2002) - § E *% ‘w*2 (macrophage)% H v & %
e X PP € Bdp s iimie g > ek M S LA R B

sk

¥ FE 2o 854~ % 4 48 (hormone-like mediators) o ¢ % {1 i 4%

&=

P A4 23 f8 A8 A B 2 MR B F]1+ —a(tumor necrosis factor-a,
TNF-a) % 4 v 4 -1(interleukin-1, IL-1) e TNF-a % IL-1 € %% & %& ‘w
e ih— g 3k R (Lewis, 1983) » “,’TT TEFARELEF B B
R e €AW AReR it (k2 38 2 (Hotamsligil and Spiegelman,
1994) % 'm#e % & F-v F 2 % (Carlos et al., 1990) » F]p* » £ 44}
& w8 F TNF-o 2 IL-1 52 8 > @ 4 G imie 2 2y ipimiz s € 4
#s it fwmPe gc%  (Hotamsligil and Spiegelman, 1994 ) -

(Z) £ 5o ffe s 2 B3



e E R 1 g Fov 7 (lipoproteins) 8¢ 12 M58 "E B AR 3] 58 5 A0 384
R4l R T SRR 2 AN e B Y 0 PEF R
¥ d ¢ fed fF A (acetyl-coA) & = » LR8P 1 PE AR A E o) 50
d PEL e phid o RPN & Ff% X 5 "% & {* (atherosclerosis)z. 2 &
FlF 5 g S s B oA RERE ¥ F L F AR o TR ERA
X jﬂ% PR R g -0 B P2 F A% (low lipoprotein-cholesterol) 2 3 % A&
#5 30 & "&£ ¥ f% (high lipoprotein-cholesterol) *£ | fi% B - ] 5 M -

CLA i¢ B frds PR AT 1L JE 20 ¥ ae 84 5 R8P FHRP R#FRA 1L 7 3
v B - LDL % &< % & #3 39 ' (very low density lipoprotein) 2 2
4 (Mcleod et al., 2004) - — $x A EZK 7% 2. CLA ¢ % Cis-9,
trans-11 CLA % trans-10, Cis-12 CLA @ f& £ 47 » 7 it 38 "% 4 it }
ER2 B o

Leeetal. (1994)% 35 » &% F B "o &( 2 14% 5% )pF » 49
HrP & p e 0.5 = s. CLA > ﬁ%ﬁﬁ:‘a#\;‘ff ‘e CLA 10 s 5% %
B A&k4d + CLA #5512 21 » B5% %R ® 2'EFAE ~ LDL
2o r BRI RHRELS2 X5 F A& CLA 45
BER e EApE o B fE MHRA L g A 4 2 55 - Nicolosi et al.

(1997)3p &1 » &4 & 7 CLAO~0.06~0.11 & 1.1% CLA &' > 4

A A4~8F 11 FiodRyEE e > HEFRA&SG CLA g Bl ;“Ff{t‘ ’
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Z R fg 2 RCEFIRRAE F S R ML e Bt o R 5 A& CLA TR
RS HHRE L2 A2 o
(B) £ 863 Frid fh e &g e o &

Bt Es% 0 ¢ 35/ R (Park et al., 1997; West et al., 1998) - +« &
(Houseknecht et al., 1998; Sisk et al., 1998) % 7 & (Dugan et al., 1997;

Cook et al.,1998) > &P CLA £ 7 sz ¥ G RR O RER Ll . a4l

e P /,9]‘ 4t CLA ¥ 12 "% 149 5 gk 2. B %8 77 %% (Dugan et al., 1997,
Thiel-Cooper et al., 2001) % 3 4v o & 2 3 2 i¢ & (Ostrowska et al.,
1999) » 7 3 4r LR &E forg iafik 7 £ 2 B F & (Eggertetal., 1999) - 4k
(2006) f| 2 I > A 7 #v CLA 7 My SR TR R R A
te 2 MR FHRT i T R R A o

Park etal. (1999) & -] Bz » # W &R 754 CLA I 7 ¢ 3
du R SR dm e A T o B AR A E;Z,,T v CLA 2 &5 4 3% 18 » BJR %)
Bt R4 CLA &Mirst Rl | B> e rg st i § ¥R > 0 22
Bk A4 7 CLAAE 8 1 » Tl Rl ] &> vy ¥
PR g ipda g o d gt FEP AT 7 A4v CLA gy B0 88 % 953
fh2 2k o

CLA ¥ B E¥righpimie 2 F devcimie g 4 B8 o Po vk me §_
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ERPF G P 0 & et b B ytim e B R ip g (Y end & Bt ¥
ho ] B e CLA 77 & F Hevd BF (v Ap ez p
% 15 I fieAk # #% f (carnitine palmitoyltransferase) 2 /& 14 > I ¥ 14 3 4¢
£ 3o B2 = (Park et al., 1997) - Park et al. (1999)#;] 41 5 trans-10,

Cis-12 CLA "% i BURE %555 > H4e -k~ ~ M Fo T2 A~ £ -

o~ AR R R A

A

AREARAS IRFEFAF M- ARAAS AR XTHT
FRAFREZRFAF DT CHRLIAF RIS 41 %
TR AFE ] FEERPERE O RBAA TR RS A

BB FEAL IR % BHA BN 4 R P

ToRBAFEAZS L FREAT BRI REEAI DY Tt LA R

In
o
N
il
=L
=
[l
s
@
oo
b8
&
=
I
o
17,
_{‘
I
-\
N
K
s

¥ 23 PR B o B R
AR R E R R RiRE
oA TR FIP A g A AL e F)p o Pl RA BT EE 326 % s
4283 % ~ X 150 % @114 % > k3 E 7FZHRE P AR o

1w g2 g1
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s B A A T FIRAL o, gl

3

T wIRE A g * 2 imie
EHT RS N SONRE B PR AR 2R AR e

A AW RE 2

—\\

¢

SAARM O RTHY A REEZ
(progesterone, Py) » £ 4R #7247 Py fREHH =B 7 Mg a
FRER > B ii- ¥ €T % (Roberston and King, 1974) -

A RTRIPE > n if: % 5% (estrogen, E,) ik & > ¢ 1V ILEdy
FAEXTROR G KFLRE IWEF 70 X P AT SR 4
3|4 4pF A 4 B+ £ (Roberston and King, 1974) - {8 & w2 #p % @ # »
I jﬂ"’( " % %8 4 £ % (Luteinizing Hormone, LH)Jk & @32 25 2 IR
Z# % 70-90 % > LH kB B 4T "% > T F4F A& %< gyl 25 (Kraeling et
al, 1992) = Flpt » d b T L EIRE B ELFE G A LR 5Py
Frgl LH & i » St (8 - E, € 3 g 8 frf iv % o

2.F g2

F R RPN R REE 2 o 3 A 5+ F & (cornua
uterial ) ~ & ¥ #¥ (corpus uteri) 2 + ¥ 3 (cervix uteri) - + ¥ ¥.d - &
THE - 37 e ERRFLIFTANLEGFT AR oFTER
A S F & A (uterus bicornis) 0 B G S g HME oA L5 S B

|3 % & (uterine horn) » BI48fpm Ay w > £ B 7 iF 4~5 % > fGf 7

e}

E
™

R

TXS
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FEELIRRET O 2 3 P BERG wre  e
Ak 0 A T RS PIEAB LA RS FTIRES I T REY

o3 g Tifvcimie NP0 02 2 R m lEFH L e R R IETE

B M P AR IPERFF ALK ARSI o FFE
Pz itz peans £ a0 BREafdor @52 aaqaas o
(Z)*passin

%2 FEhof & R B 5 7-25°C (Holmes and Close, 1977) © %3
BB T 0 * R & eSO 5 € 3 4o (Lynch, 1977) © Fl3t 0 A8 F
B R PR ARG R ER T £ H AR
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[end
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bz
=
H
oty

A2 G TR R R B i 34°C(Curtis, 1970) > F 14 FE 7
& > B €% = AR T "% (Curtis and Rogler, 1970) 2 "% <4~ 5* &P~
¥ (Le Dividich and Noblet, 1981) » 5 i+ peAfstk ~ 553 » H T 42 7

LHEEEINE N X LS R SR & LS R N R eT
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FREMEAGHA O HERN AT E BRI FREE RO T

WE*FAR G AP RECpQF T2 RE)LT FE LS
g R A RFERNGF PRS2 T LA T T kA A
ORI R ARE 40 Fs 2% T #p-(Ullrey et al., 1965;
Nobletetal., 1990) » # 3 4r = p &4&E 1 25 27

Wi H FERFIA S A & & &y & 4~ (Noblet and Etienne,
1986) » ek x4 B RFRNL2AFELER s PR FRE S kB s
F#LR & (Genest and D’Allaire, 1995) 2 & /?J‘ 4v 75 9% (Schoenherr et
al., 1989) > #4c* iR 8 € > B FHFEL AL T o K
BRI A FANRGE LA Rl H BRI CFFTIRG X

Lz 2 o

I ~CLA® 2 g% Ml

Pao F B CLAY® &R RaRP R 4FL > vipg 4L - CLA
He B g2 P8 A ZHRAEFARBGTH A8 B
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B Ao a0 pEYER 14t 0.5% CLA > ¥Hi4ce i 2 £ 2 & 7
I L R FRELHFRENAFERA1T7E03) 3 AR E(13+
03)% &5t % F #(9.6+£0.3) > P| & & ¥ B 2 (Corino et al., 2009) -
FHEBEHBFT I T - R o Poulos et al. (2004) % Bontempo et al.
(2004):}% Ao g3 & g CLA ¥ &2 (258 3 7 4 £ oPatterson et al. (2007)
FIL O RE F REAEY ] 40 2% CLA (85 = X2 m k) » "z e di 4

g‘ o

=

LA RERES G 2 R 75 *e 0.5% CLA > O e T
AR R o AT T X AT H R a4 CLA I 45 R 4
CLA & f#=* et CLAZ 212 7 2 - A ulf g2 B A1 21
TP on ‘}%“9 ﬂ%’;*j{% BB 30 %2 439% o 3R A /,’]‘ ‘v CLA > $x
F¢ %G & - § B~ 2y 1 #595 Fk (non-esterified fatty acid) ~ IGF-I
% leptin» B A F B4 * F4PHEY 7 4 0.5% CLA > 7 113k § 4= 50
¢ IgG -~ IgA % IgM k& -

¥ ERBE G 0 0 FAOMY e 0.5% CLA > 7 54 7 5
wF? IgG2 kR WA AL 13X &4y CLAZ & &8 2
v o R B4 F AL G IgA 2 1gM & & (Corino et al., 2009) -
EARE H}%“ﬁ’\% LI S EA LA A LD - T I b A AR o

B & = oH 4o 5L £ (Tucker, 1985; Cabell and Esbenshade, 1990) » #< ¥
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HORASHIGOLT A 2 FORE RN A7 2 £ (Tucker, 1981) > i3
EER -

3" CLA#% 3 IgGIgA 2 " IgE & = e - 4 mAp§ 7
P o e Yang and Cook (2003):}}3 B K CLAZ3 22 IL -
BF IL2 o IL4 s 47 Ao gt ok Al % - # = 3%
(isotype-specific lymphokines) > Fr £33 & Ig & 2 FE & ek & o
Coffman et al. (1986)4+ Pene et al. (1988)7‘“3‘% $ o IL-4 B+ Bqe A
SRR T 4] IgE & & o ¥ ¢b > Kawano and Noma (1996) IF 4p
N IL-27 4 A4 IgG IgAfrIgM B R » st a® i 2 A 55 & TR
P OIL2 L4872 5 7y imA & Bcell 2 23R4 i iT% chd d
(Itoh et al., 1994) o Tyt » & _F it = /F*J%i’gtiﬁ'l 415 CLA ¥ & %%‘d =4 IL-2
foll-4chA 2 443 £ % [gGIgA fr IgM BB 2 &5 & & IgE B & o

Eite 759 2%CLA> Bt E %iﬁﬁhﬁfﬁ AR RFIZHT B
BN Xy RSN R SRR T o SRt > BV CLA
W EHRB S 0 G RS S - P - Bee (200004 11 fif R feit
FUHp* R AT /,"j‘ v kR CLA B CLA A L #4 5 < 9 53%
T 63%; ¥ S EMS T S55% 3 69%-CLA HiE* Fuie ~ i N

TR rERTrRLIAEE LR Hefin o DEE-HFT o
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Table 2. Basal diet composition (%)

F L Ingredients %
% 3% Yellow corn 77.70
=~ 244 Soybeanmeal (43.8% #v F) 14.00
# A Wheat bran 5.00
#if& & 47 Dicalcium phosphate 1.15
= % F# Limestone 1.55
&®  Salt 0.40
4 %3pR & Vitamin premix® 0.10
P BIER A Mineral premix’ 0.10
£ 3+ Total 100.00
3+ & & Calculated value

#2 39 &, Crude protein, % 13.15

i, 4/ 7 ME, Keal/kg 3197

4, Ca, % 0.83

i, P, % 0.65
& 471 Analyzed values

#2 39 &, % Crude protein, % 12.55

‘E oo éﬁﬁﬁ‘/fl‘ v 4 £ A 12,000 IU; &4 % Ds, 2,400 IU; 24 2 E, 25
IU; 24 % Ks,2mg; 224 % B,2mg; 24 % B, 6mg; 24 % Bs,2mg; &
4 % Bip,0.02mg; #kps,25mg; 2@, 15mg; £/%, 1ng; 24 2%,0.12
mg; e Y&, D mg e

*Provide per kilogram diet: vitamin A, 12,000 IU; vitamin D3, 2,400 IU; vitamin E,
25 IU; vitamin K3, 2 mg; vitamin Bj, 2 mg; vitamin B,, 6 mg; vitamin Be, 2 mg;
vitamin Bi,, 0.02 mg; niacin, 25 mg; pantothenate, 15 mg; folate, 1 mg; biotin, 0.12
mg; antioxidant, 5 mg -

b g SO 4o 48, 120 mg; 4%, 100 mg; 4&, 50 mg; 4F, 30 mg; £, 0.3 mg;
45,0.3 mg; 4%,0.2mg; #,0.4 mg -

® Provide per kilogram diet: Fe, 120 mg; Zn, 100 mg; Mn, 50 mg; Cu, 30 mg; Se, 0.3
mg; Co, 0.3 mg; Cr, 0.2 mg; [, 0.4 mg -
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Table 3. Fatty acid composition of experimental fat

P <2 £ I R ik
[tem Soybean oil CLA
5 0 %
Fatty acid, %
k& & ps Myristic Cl14:0 0.15 -
1 Fc Palmitic C16:0 11.97 4.70
A P& Stearic C18:0 4.72 2.20
@ px Oleic C18:1 22.28 10.00
I frid e Linoleic C18:2 9c 54.28 1.80
95 & e iR
Conjugated linoleic
C18:2 9c, 11t - 38.20
C18:2 10t, 12¢ - 38.40
Other CLA Isomers (t,t) - 4.00
=t &7 b pe Linolenic C18:3 6.59 -
Total 100.00 100.00
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B~ % 11 43 CLAfr® 12845 < 27 ~ % 21 5245 CLA
fod 22543 X 2~ % 31 545 CLAAc® 32843 < 8~ &
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oo ] & g :ffc s AR oM etk 10 BER FE 0 A WLPF > PUp 3 5
Il mL g 20CREad 2807 ) A1 E S50 4] 4 bps
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M P B 10 % (KB 2P @ SY ) TEEHE(ED A

FEER NS 0 LB G L) o

S &S
A
4 FEqe 39 P2 Kjeldahl 52 SUEFepe A fats » B I des § 547

# ¥ (kjeltec system-1002, Foss Tector) Z 4§ » i 2.t > BlTHR &7 ¥

Ik

ik e A e 0 B 2 £ (N% x 6.38)(A0AC, 1984) o #3714
Babcock i - JU* JRaRfL 4 28 Fg 50 FAIS o £ SRR T R s
Ak R > R AR E o
2. m R = A

- fo: BRI AR A B3 BE (isopropyl alcohol) 2 & =
(heptane) % B~ i ”ff( BoRgiERL s e 7 2L @ § 1 4%(tetrabutylammonium
hydroxide)if % %5 "#f& - & * 33 % B~ fix (thmolphthalein) % & JF 2 % 2
2_4p 7 #| (Ko and Royer, 1967) - 1 fo( PHEMEEREF AR F
¥4 17 £ # (GLU-0056, e 13t » £ 8 57 )% K EF 3§ A1k 2
(BUN-0156, 5= *c f2» & 8 & @ )i gz3% o i 4 47 R (DT60II System,

Vitros Chemistry System, Ortho-Clinical Diagnostics, USA) | #_2.
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RN A LR E o BB N L RA TR 2k
5 0 M B T > T390 (least squares means) % ot 2 o | ALt 47k
u(Statistical Analysis System; SAS, 2000) & g4 » 12 — SR M fi 5t

#%2 % (General Linear Model Procedure, GLM ) i& {7 582+ 4 45 o 4o ¥ 5%

Tk F (P<0.05) Pl T2 T30 % PlE D dLoff2 L8 o
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WA=t CLA MR TR B8k 4 %07 o [RE 2
i CLAV# 3 N4 5z 14 55 £(P<0.10) o [ * 48

fr? CLA M3 g 5 & ~ GpTd & FRIHELE « G

e AR TRCE AR S EE A B S TR I

N A A A
IRE# gratr? CLA #4512 & st a2 B 84ed 5977 o IR
A gt CLAM P22 b Fomm2 it T8 &

= Y B 4
MEd L

ER A AT LR SR

W2 pafir? CLA $t4- 37 e e £ 2 B2 B4r 4 6 77 o 1L
Z4 petfr? CLA> #3457 Cl14:0 (P<0.01)% C16:0 (P<0.05)
ke B oo A2 Y CLA - ' M4~-5t ¢ Cl6:1 (P<0.05) -

C18:2 (P<0.05)% CI8:3 (P<0.01)% "t s & « 2 * 7 tfir?
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CLA $4-54 ¢ C18:0 2 CI8:1 "q'sfk 5 £ AN FR T WA * Bé0
Brd CLA$H4 545 wsfk 04 2 8 Bdok 7457 o2 = F 4 CLA

iy Cl4:0-~Cl16:0~Cl16:1 ~C18:1 ~C18:0~C18:2 2 CI18:3 #5 %

\F‘lﬂ

5

e 2

7 LJ]%.B_:,&
M2+ 5 CLA $ha 42 R 8 4m A= 7
e CLA ¥ f’f&“‘ DEMERFF 2R PREE AT

75 8%
- S

T~ e el e

WE* Y CLA $i i ppeie s 2 B o d 9 9057 o it
B4 g CLA 3 %7 Cl6:0 (P<00D)% 7 £ - 1%
# péefic® CLA - ' i %7 Cl6:1 (P<0.01) ~ C18:0 (P<0.05)%
C18:2 (P<0.10)%3 %+ § £ < 1R % * &fi® CLA #i 3t C14:0 >

Cl8:1 % CI83 "yt s & » A F BT
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Table 4. Effect of CLA in gestating diet on litter performance of sows

A o “EBH EELRAER i P i
Treatment Soybean oil CLA SEM P-value
B S 25 25 e s
No. of litters

A gEE, o 14.43 15.54 0.45 <0.10
Litter weight at birth, kg

WiFRE, o7 36.92 38.31 2.52 0.70
Litter weight at weaning, kg

FRTaLdE, o7 1.37 1.37 0.04 0.96
Avg pig birth weight, kg

FrTogprd, o7 4.88 4.81 0.20 0.81
Avg pig weight at weaning, kg

FREPHE, Sn 166.88 164.00 8.80 0.82
Avg pig daily gain, g

G NES I 11.44 12.60 0.45 <0.10
No. of pigs born/litter

GHCPCRES I 10.56 11.44 0.41 0.14
No. of pigs born alive/litter

;AR E 0.88 1.16 0.27 0.46
No. of stillborn/litter

RS, D 7.24 9.07 1.96 0.52
stillborn, %

R R S 7.60 7.96 0.45 0.58
Litter size at weaning

M2 AN FEF, % 84.96 84.76 3.51 0.97
Piglet survival within 3 d, %

A FEE, b 73.49 72.10 4.06 0.81

Piglet survival at weaning, %
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Table 5. Effect of CLA in gestating diet on colostrum and milk
composition in SOWS

v BaiLy < 2 £ o A R e i P B
Treatment Soybean oil CLA SEM P-value
A
Colostrum
s % 5.20 5.40 0.603 0.822
Fat, %
Ao d—o B % 12.95 14.25 1.012 0.394
Crude protein, %
o E % 22.93 22.81 1.325 0.905
Dry matter, %
ER
Milk
gk o0 % 7.68 5.94 0.910 0.213
Fat, %
Fe d-o % 5.68 6.10 0.383 0.457
Crude protein, %
FTa o 18.39 19.05 0.880 0.610

Dry matter, %
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Table 6. Effect of CLA in gestating diet on colostrum fatty acid
composition in SOWS

% E < &3 £ L i i P i
Item Soybean oil CLA SEM P-value
C14:0 1.70 2.05 0.06 0.004
Cl16:0 24.26 30.64 1.62 0.024
Cl6:1 2.58 1.24 0.33 0.022
C18:0 12.27 17.45 2.47 0.176
Cl18:1 23.28 21.47 2.75 0.654
C18:2 33.56 25.82 1.73 0.013
C18:3 2.35 1.33 0.14 0.001
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Table 7. Effect of CLA in gestating diet on milk fatty acid
composition in SOWS

HE <2 5 T i ik i P i
Item Soybean oil CLA SEM P-value
C14:0 3.04 3.57 0.20 0.102
Cl16:0 33.13 33.07 1.01 0.974
Cl6:1 9.40 10.86 0.64 0.146
C18:0 12.58 10.32 0.77 0.070
Cl18:1 25.57 26.44 1.68 0.721
C18:2 15.37 14.80 0.51 0.455
C18:3 0.91 0.93 0.07 0.828
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Table 8. Effect of CLA in gestating diet on plasma composition in sows

Jee 2 CEWN RN WA P B
Treatment Soybean oil CLA SEM P-value
¥ 5 4 > mg/dL 84.00 83.30 3.10 0.88

Glucose, mg/dL

Fk% % > mg/dL 10.10 8.90 1.30 0.53
Urea nitrogen, mg/dL

2Ly - #a 9sE 0 mmol /L 1.37 1.34 0.21 0.92
Non-esterified
fatty acid, mmol/L
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Table 9. Effect of CLA in gestating diet on plasma fatty acid composition

In Sows

R < g £ 45 T b e e P &

Item Soybean oil CLA SEM P-value
C14:0 2.75 3.13 0.46 0.5676
Cl16:0 45.92 51.26 0.53 <0.0001
Cl6:1 1.74 1.16 0.10 0.0040
C18:0 36.60 33.38 0.80 0.0217
Cl18:1 3.88 3.43 0.48 0.5243
C18:2 8.36 6.78 0.59 0.0976
C18:3 0.76 0.85 0.11 0.5710
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Effect of Dietary Conjugated Linoleic Acid in Late-Gestating Diet
on Reproductive and Litter Performances of Sows

Ching-Jr Lin

Abstract

The study was conducted to investigate the effect of dietary
conjugated linoleic acid (CLA) in late-gestating diet on reproductive and
litter performances of sows. 30 Landrace, 12 LandracexYorkshire sows
bred with Duroc boar and 8 Taiwanese black sows bred with Taiwanese
black boar were randomly allotted to two treatments at 30 days before
farrowing and were fed diets supplemented with 2% of soybean oil or
CLA until farrowing. Number of pigs born, number of pigs born alive,
pig birth weight, number of stillborn, litter size at weaning (21 day), litter
weight at weaning and pig weight at weaning were recorded. Blood were
sampled at day 110 of gestation and their composition were analyzed.
Milk were sampled at farrowing and 7 days after farrowing and their
composition were analyzed. Results showed that dietary supplementation
of CLA did not affect litter weight at weaning, average pig birth weight,
average pig weight at weaning, average pig daily gain, number of pigs
born alive, number of stillborn, litter size at weaning, piglet survival
within 3 d after birth and piglet survival at weaning while increased
number of pigs born and litter weight at birth (P<0.10). Supplementing
CLA in late-gestating diet did not affect colostrum and milk crude protein,
fat and dry matter contents. Dietary CLA did increased colostrum C14:0
(P<0.01), and C16:0 (P<0.05), but decreased C16:1 (P<0.05), C18:2 (P
<0.05), and C18:3 (P<0.01). Dietary CLA did not affect milk fatty acid
composition. Dietary CLA did not affect plasma glucose, urea nitrogen,
and non-esterified fatty acid. Dietary CLA did increased plasma C16:0 (P
<0.01) fatty acid, while decrease C16:1 (P<0.01), C18:0 (P<0.05), and
C18:2 (P<0.10). In conclusion, supplementing 2% of CLA in late-
gestating sow diet could increase the number of pigs born, litter
weight at birth, and colostrum C14:0 and C16:0 and plasma C16:0.

Key Words: Conjugated linoleic acid, Reproductive performance,
Gestating sows
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AR s 24

(4) £ 4 r 60CHEA K Pt 2 27 L3R F A £ 4
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(5) #-B <#gicr 60CER -KiE® 544011 > R{EES B

T,
o

(6) = T FEHrRE Mg AT iR R 0 TR BT E o
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Ko, H., and M. E. Royer. 1967. A submicromolar assay for
nonpolar acids in plasma and depot fat. Anal. Biochem.
20:205-214

D41 * B3 pg (isopropyl alcohol) 2 A& *= (heptane) ¥ B~n. % P g

fe > 1w 7z § 1t 4%(tetrabutylammonium hydroxide) jF 2 %5 "%

fi& o i * 74 4 f fix (thymolphthalein) 1% & JF 2 % Bh2_4p 77 &l o

. (1) Heptane

(2) Acetone

(3) Isopropanol

(4) 0.01% thymolphthalein in heptane-acetone (10:1, v/v)

(5) 0.01N tetrabutylammonium hydroxide (TBAH) in isopropanol

(6) Stock Standard solution

(1) 04mL i > 5% 15mL § £2 pagdps § 9 o

(2) 4 > 3 mL extraction mix (40/10/1, v/v/v, isopropyl alcohol/

heptane/1.0N H,SO,) > 1 mL heptane # 2.6 mL water °

(3) 2 vortex rotary shaker | 7] /& &
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(4) AT R U FEHE -

(5) =P~ 1mL K% ¥ g #4179 > 4 r 0.1 mL 3557 3 -

7 TBAH jf % 1 p W% EI -

62



f"t‘—%"";&g\];!‘z]72-/& 01 % 25p 414 ’%L/%E’,ﬂ-,—rg,/f’k 051"4%;_-1'#—_%“

FRRLA T B AR EY AT RS RE e AR 92 &5

e
e

Pl AAERA A 4 EREEREIE -, ¥ Y ET L

~

VAR
7

&

PLEHAE AL A AR I ML Y 435 £

63



