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Effects of Feeding Organic Diets with Different Fatty Acid
Composition Ratio on CLA and Fatty Acid Contents in Raw Milk of
Holstein-Friesian Dairy Cows

Nam, In-Sik - Lim, Yang—-Cheon - Nam, Ki-Taeg

The aim of this study was to determine the effects of feeding of different organic
diets (based on fatty acid contents) on CLA and fatty acid concentration of raw
milk. Total two hundred and ninety Holstein cows were divided into control,
treatment 1 and treatment 2 groups according to the parity and milk yield. Control
diet was contained higher C16:00, C18:2 and SFA. Treatment 1 diet was higher in
C18:1, C18:2, UFA and treatment 2 diet was higher in MUFA and C18:3 and
PUFA. The results indicated that the C16:0 concentration in raw milk was greater
in the group of treatment 2 than in control and treatment 1 (p<0.05). The concen-
tration of CLA in treatment 2 was higher compared to treatment 1 and control
groups (p<0.05). The ration of n-3/n-6 was higher in treatment 2 group compared
with control and treatment 1 (p<0.05). In conclusion, feeding 100% of grass feed
for dairy cows increases CLA and n-3 content in milk. From now on, basis on our
study, development of functional milk will increase a health of children and old
people.
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7138}8t2 o] H A FE|S YEN = Conjugated Linoleic Acid (CLA)E F& Hl5%
Aol A Aslstzl 2 thALE Fste] Aabdn. tiEzQl ExsiApigieo s o
linoleic acid (C18:2, cis-9, cis-12)<} linolenic acid (C18:3, cis-9, cis-12, cis-15) 5°] T &
Hol A& TFAES} ZAIRE WEEE G A9 w9 Wl rlAEl 93] biohy-
drogenation #8-& AA FUAF 4HE<1 CLA 2 mrams-11 vaccenic acid® W3 IS A
A F HAFH o7 FFAMA stearic acid (C18:0)2 HEHTHKemp and Lander, 1984;
Kim et al, 2002; Nam and Garnsworthy, 2007). T3+ ¥39] W w]AEo) o|ste] AJAke
trans-11 vaccenic acidE= AW E T o] A £Z oA A desaturaseol] 2)ste] AgA 74
< AA CLAZ WE¥th(Bauman et al,, 2001). CLA%IE= o8] F7/2] o|AAA7} &= A
o2 dHA A+=dl, I F cis-9, trans-113}F cis-10, trans-12 CLAV} 71 =2 H] &S 2}X
stal o, AEld o g g Eibslo, QA o] 2% ofg] 7FA] 9&-& = AL
HAAS CLAY & Bk, AAS 4, dAY9AA £31, 59 A3t o, Fdairt
= FoE dAAES Bl RaEa uiLiew et al, 1995; Nicolosi et al, 1997;
Houseknecht et al., 1998; Sugano et al., 1998; Blankson et al., 2000). ©|* ¥ CLA= AA%}
of oA ol Fog J&S FYP3tal e AR FRIF wet o9} FHst B
A7 Mg Eo] itk AF74A BaE AFHEE B WESEoA A4kEE CLAY
7153 CLA A4t B E w59 i) vAES] 983 7|52 4d7E 977 289 A
o2 Yehtar AthiKemp et al., 1975; Hazlewood et al., 1976). ¥t §7]%5 Al52] FH
23 g FA7F 771% dF W CLAY PX&= FF Soll 7+ Bad Zo] A gl
Ao g2 Yeh B dFoAs Aak 240 wE R ¢ CLA
2 AAE Wstel] mA= FHFE 2AEH] AT 53 A9E 7
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717b2 252 st om FoiAtge] wigte] =4 El 3hst
Z4& Table 2, A= 9] A4k 242 Table 30 eI ZF AALEE A4t

< 72E AAFNeH, F8 W& o3 2T =
(Control)= #] 2] 7ol ®]3}e] C16:00 (Palmitic acid), C18:2 (Linoleic acid)®] %3} Saturated
fatty acid (SFA)| ol A HAHJHHZT C182 FFS AT 13 FAR
F). A8 1(Treatmentl) C18:1 (Oleic acid), C18:2 (Linoleic acid), UFA (Unsaturated fatty
acid) ¥ Mono-unsaturated fatty acid (MUFA) &&s A AASIAT =3 AT 2
(Treatment 2):= C18:3 (Linolenic acid), Poly-unsaturated fatty acid (PUFA)2] &
ARt ob&# n-6/n-3 Bl&2> AT 20014 7P STh AlR s o3 o

~t

< APt om FAFES 42 Table 137 2k & A+ AHSH e &
[e]
o

o

- o ot

Fo A7zt T F 234 37 FHe AE W4T R £ 4/E 44 100 ml
Az 2 A8 ) EF AE) AFAsH] E40l AHESATE =3 mineral block
AHrEA AAES s

Table 1. The condition of experimental dairy cows before feeding trial

Item Control Treatment 1 Treatment 2
No. of Cows (head) 111 124 55
Body weight (kg) 653.86+44.65 642.43+42.56 661.33+42.56
Milk yield (kg/head/day) 28.59+2.57 36.0743.15 29.54+2.09
Milk fat (%) 3.96+0.17 3.47+0.22 3.754+0.18
Milk protein (%) 3.3440.10 3.17+0.14 3.11+0.06
Lactose (%) 4.76+0.08 4.75+0.18 4.77+0.07
SNF (%) 8.77+0.15 8.59+0.28 8.48+0.16
Casein B (%) 2.51+0.08 2.39+0.15 2.35+0.05
MUN? (mg/dl) 14.90+1.56 10.12+1.14 12.63+1.53

SCC? (mlx10%)

244.17+65.25

293.92+81.86

238.25+71.68

MUFA? 1.3240.15 1.24+0.14 1.20+0.11
PUFAY 0.24+0.02 0.2440.03 0.24+0.02
SFA® 2.49+0.07 2.15+0.11 2.41£0.10

DSNF, Solid non fat; ?MUN, Milk in urea nitrogen; 9SCC, Somatic cell count; Y“MUFA, Mono unsaturated fatty
acid; PPUFA, Poly unsaturated fatty acid; ®SFA, Saturated fatty acid
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Table 2. The ingredients and contents of experimental diet (DM basis)

Control Treatment 1 ‘ Treatment 2
Item
Ingredients of experiential diets (%)

Concentrate" 47.39 54.92 -
Alfalfa hay 5.47 12.24 16.67
Meadow hay - 3.50 16.67
Oats hay 10.94 5.25 16.67
Timothy hay 7.29 - -
Tall fescus hay 7.29 - -
Pasture pellet - 5.25 50
Beet pulp pellet 7.29 - -
Italian ryegrass (haylage) - 7.95 -
Oat (haylage) - 1.59 -
Sudan grass (haylage) - 4.77 -
Corn silage 6.63 3.97 -
Cottonseed 7.29 - -
Supplemental feed 0.42? 0.57% -
Total 100.00 100.00 100.00

Chemical composition of experiential diets (%)
Moisture 46.08 38.69 32.15
Crude protein 14.67 15.23 14.97
Crude fat 5.04 4.47 3.40
Crude fiber 23.68 15.95 27.61
Crude ash 7.23 9.15 8.70
Calcium 0.59 0.70 0.49
Phosphate 0.45 0.49 0.38
ADFY 35.44 24.63 38.70
NDF” 62.57 52.01 66.01

D Commercially formulated feed

? Containing 0.31% of multi vitamin (Containing 200 mg manganese, 100 mg cobalt, 4,000 mg sulfur, 150 mg
iodine, 2,000 iron, 100 mg zinc, 100 mg copper, 50 mg nickel, 2,000 mg calcium, 3,000 mg magnesium, 40
1g selenium.), 0.20% of limestone and 0.06% of salt

% Containing 0.21% of prebiotic and 0.21% of salt

Y ADF, Acid detergent fiber; YNDF, Natural detergent fiber
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Table 3. Fatty acid contents of experimental diets in each different treatment group

Fatty acid content of each treatment diet (%)
Fatty acid

Control Treatment 1 Treatment 2

C10:0" 0.32+0.05 0.030.01 0.03+0.01
C12:0? 4.35+0.68 0.15+0.02 0.36+0.05
C14:0 1.88+0.15 0.36+0.04 0.75+0.04
C16:0" 23.98+5.37 16.59+1.30 16.40+2.16
C16:1” 0.38+0.15 0.36+0.05 2.194+0.08
C18:0° 3.14+0.71 2.37+0.11 1.87+0.05
C18:1” 16.95+1.43 23.64+0.98 4214023
C18:2% 37.14+3.24 38.39+1.73 19.70+0.34
C18:3” 7.43£1.26 11.14£1.35 42.25+1.00
C20:2' 0.13+0.06 0.22+0.08 0.07+0.02
C20:3') 0.1120.05 0.12+0.01 0.43+0.01
C20:4" 0.45+0.24 1.10+0.08 0.34+0.06
C24:1% 0.34+0.06 0.34+0.03 0.76:0.01
Total 96.61+1.24 94.80+0.46 88.24+0.89
SFA'Y 33.67+4.64 19.50+1.42 19.93+0.43
UFA'™ 62.94:+4.00 75.30£1.19 69.10+0.53
MUFA'® 17.67+1.61 24.33+0.90 7.22+0.23
PUFA'? 45.2742.54 50.96+1.89 63.26+1.09
UFA/SFA'® 1.94+0.37 3.89+0.34 3.38+0.19
n-6/n-3'" 5.22+1.06 3.5240.45 0.54+0.05

DC10:0, Decanoic acid; 2C12:0, Lauric acid; YC14:0, Myristic acid, 9C16:0, Palmitic acid; YC16:1, Palmiticoleic
acid; ©C18:0, Stearic acid; ”’C18:1, Oleic acid; ¥C18:2, Linoleic acid; ®C18:3, Linolenic acid; '“C20:2, Ecosenoic
acid; '"C20:3, Ecosatrienoic acid; '2C20:4, Arichidonic acid; '*C24:1, Pentadecenoic acid; '“SFA, Saturated fatty
acid; "UFA, Unsaturated fatty acid; 'MUFA, Mono unsaturated fatty acid; '"PUFA, Poly unsaturated fatty acid;
"®UFA/SFA, The rate of UFA and SFA; '”n-6/n-3, The rate of n-6 and n-3
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I 2o AFAE 03 g AP 2l 3 mlY nitric acidE Y F 150C heating block©ll

Al 2~3A12F Bt 7HE 4 v‘i'—’sﬁ—a— AAsEA T AEALETE s EefEm A2
% 32k F/HTE H7ISEA nitric acid FEEF 343t 314E A3 sample filter paper
2 o3 F ICP (6000 Series, Thermo)E ©]-8-3t Cad} P &4 AAIStAS olw Cad} P
A4 4L Ca2 317.933nm, P2 213.617 nm=ZE Z+Z; A3 AFALR
ok 492 Hara®} Robin (1978) WH S o] &3l¥ o 24l B4 &5 9
37 2o B AFE FA 37 BANA AMSEE FATES Hd AT
+ Milkmeter (Waikato mark 5)& °©]&3ton, df W FAEAE F&F
(Automatic IR 4000/5000 Milk Analyzer, Foss Electric)E ©]-&3ta] A1,
A1, 7HAIQ1 B, AAE, SA4HZEA(MUN), MUFA, PUFA, SFAS
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2 A Aag dojzl 79 2709 Aol o) mixE E2El 2ol A A
A AFo CLA & Aabel gk FAA 2l SAS (Statistical Analysis System, 2002)
package®] GLM (General Linear Model)& ©]-&3}o] EAFEA(ANOVA)E AR oW F
o3t zfol7t A= Aol i e TFHA LA S o] 83k p<0.05 FFAA Fol gk 2}o]
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1. el C6:0~C16:10l mIX|= 3k

AAE 24 vlgo] & f71E AR 97 9 W C6:0~Cl6:19] PR = ¥ Table
40 YA A4k 240l & AlEgo7E 9/ C6:0, €8:0, C10:0, C12:0, C14:0,
Cl4:1, C15:0 & Cle:loA= 24 A3 Fo S TdskA Xtk whe] C:16:0¢1
palmitic acid= 2] 2014 FolF oz =713 th(p<0.05). AHE W palmitic acid$HF-S
2ol A 23.98%, A 2T 1914 16.59%, 1213l AT 204 16.40% Tl Ao} vES
29 mAEY] AYAAE S F5ke] tiETolA 31.81%, AT 104 28.36%, 18]aL
AT 2004 33.5%% AT 2> 2T > AT 1 €22 YERTh A 2T 29014 C:16:0
o] B Aol sty feojHoz FUk A2 YEREH ol& 100% FHEe] HAx=E
o] Fo AbZ O] WHFQ] WtE EA wj&EQl Aow AGHET it AT 19 A9 A
Ul WiFALE Bl&o] 27t 47.39%, 5491%2 AT 29 ke wignE&S Ho Fa
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Atk 53] AxFA R Fo4T A4 w59 U pHE WA REG HFZA 02 FA7Hs
shm, E3h FEol ZAIRE W] W ARAEE BtEH ol S243 &Adol 7)ot
VFAZ oA acetic acid®] T 55 F3HFE =Y T Utk £ A7 A3 A+ 2014 Cl6:0
o ¥=7F B A FMET, ATl rlste fFolHor 713 olfe FEY AR
w2 st w9 Wl pH7F HFA 02 FAHO B AT tHl =2 F59| acetic
acid7} A4bg ol whel ¥h9] U] VFA de novo @A G o] A&H o8 dojytr] wjE<l
Ao Z A TH(Knight et al., 1979; Palmquist and Jenkins, 1980).

Table 4. Effect of feeding of organic diets with different fatty acid composition ratio on
fatty acid contents of raw milk produced from Holstein-Friesian dairy cows

Fatty acid contents in raw milk (%)
Fatty acids SEM
Control Treatment 1 Treatment 2
C6:0" 1.65 1.58 1.63 0.30
C8:0? 1.27 1.31 1.27 0.19
C10:0¥ 3.30 3.62 3.36 0.43
C12:0" 4.55 426 4.04 0.44
C14:0” 1.72 1.72 2.07 0.13
Cl14:19 1.72 1.72 20.7 0.13
Cl15:0” 1.06 1.19 1.52 0.05
C16:0¥ 31.81° 28.36° 33.5° 0.43
Cl16:1” 1.36 1.39 1.48 0.07

Standard error of the means (n=4).

**Means with different letters within the same row differ significantly (p<0.05).

DC6:0, Hexanoic acid; 2C8:0, Caprylic acid, 9C10:0, Decanoic acid; YC12:0, Lauric acid; >C14:0, Myristic acid;
9C14:1, Myristoleic acid; C15:0, Pentadecanoic acid; ¥C16:0, Palmitic acid; *C16:1, Palmitoleic acid

2. 959l CLA 2 A4 3ol vl A& 93

NEE G 7% AT EF2ER] RS0l g Y

Al HAkel C18:03 B 3FA el C18:1, C18:2, C18:3 &
4 Ao g7 BuEa Qe F 7R FEY CLA (cis-9, frans-113} cis-10, trans-12)
FEES ZARBIATH A WA C18:02 thzTek AT 1elA 42 1139% 2 10.88%
B el MElF 27.92%) R0 £ 2102 Yepdth 44 W C18:1 T AT 19
6.28%= 7H¢ wokom, oAl 24.38% LE]al AT 20014 20.13%=2 YEFSTH

R
)
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(p<0.05). Wi FALZ A FH3A FHHEo] A= CI18:2 FFOZ Aste] AT 1914 3.48%,
2ol A 2.67% 1813 AT 20014 1.53% o2 WA YERGTHp<0.05). HF 2 XA}
Tof & rEY e C18:3 TS AT 2004 1.42%, A2l 1914 0.75% 18]t
2Tl A 0.53% =2 FALE 0] (p<0.05) Table 3] AEALF ] A F=71 Ufol ¥
S nz Ao Fokdr)

Table 5. Effect of feeding of organic diets with different fatty acid composition ratio on
long chain fatty acid and CLA contents of raw milk produced from Holstein-
Friesian dairy cows

Fatty acid contents in raw milk (%)
LCFA and CLA SEM
Control Treatment 1 Treatment 2
C18:0Y 11.39* 10.88* 7.92° 1.00
C18:1? 24.38° 26.28" 20.13° 1.01
C18:2% 2.67° 3.48° 1.53¢ 0.09
C18:3% 0.53¢ 0.75° 1.42° 0.03
CLAY b b .
Oe11) ND! 0.03 0.25 0.01
CLA” 0.01 0.03 0.01 0.01
(10c,12t) ) ) ‘ )

Standard error of the means (n=4).

**Means with different letters within the same row differ significantly (p<0.05)

DC18:0, Stearic acid; 2C18:1, Oleic acid; C18:2, Linoleic acid; “C18:3, Linolenic acid; >CLA, conjugated
linoleic acid (cis-9,trans-11); “CLA, conjugated linoleic acid (cis-10,trans-12)

7154 Aato 2 M E I QJE CLA (cis-9, rans-11) 55 hEZ2TFoNA HAEFHA &
kot AT 1014 0.03%, e T 2004 025%2 FZAET 100% FoIg X2 2004
43 7138 Aoz ZAEAY. vhA cis-10, trans-12 FE|] CLAE 22 A3 o
A Ae fFARE FEo 2 ZAEIT witAtR] B FiE e C182& W] 7
AE] A&l JFFS PR EE H5F9] v =2 biohydrogenation 2t-8-& S3t CLA
2 trans-11 vaccenic acid (C18:1, trans-11)S AA HFHOZE C18:00.2 HIA|A 7] Y
Aol et ol HFEsE MFAEE O 59T Z9 A LA C18:0 5
7} a71ell F7 skeE olfel71E Sttt

Biohydrogenation &%} CLA A34te]] #3F A= WA E A& F3 CLA A4t
o 3t A+ (Nam and Garmsworthy, 2007), AFEZ2H S &5 CLA AY4te] g A7+ 2wt
9 A1 E B3 CLA AY4to] B3k A (Chilliard et al., 2001) 5 ThAFsHAl Y= o
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AT AT 28, cis-9, trans-11 CLA =7 AT 2014 F438HA F713 A
ATk 9] A =2 C18:2E CLAR W37 E4F J24 C18:38 CLAR
N2 4 A= A E471 Qltk(Harfoot and Hazlewood, 1988). 12U C18:29} C18:3&
B oale] TYU3A C18:1 frans-11S A A C18:00.2 HSHAT} o|uf v A
=gl C18:1 trans-119}F C18:02 HEF9] BlS F3sle] JHS Fdlo] 2A9]
N Z7A] o] 24 Bt} Z 49 FAAZA= A'-desaturaseZh= E47F O EA)3th
(Bauman et al,, 2001). BXx3 a4 2 AdHZ A’-desaturase2] 7|5 C18:02 C18:1 (cis-9)E

FAZIAY Cl18:1 (trans-11)2 CLA (cis-9, trans-11)2 WA 7= &S 3o} ulabA
Table 5914 C18:1 (cis-9)°] A& ALE W(Table 3) C18:1 (cis-9) THRT F7}3F o]+ HH
% WollA VFA de novo A&7 37 (Knight et al., 1979)3 FA A Zo) A= A%-desaturase
w22 Aoz FHE H(Bauman et al., 2001). PRI IAZ C18:3 o] FHSE AT 20
Al CLA o] &2 olfr W9 "I =9 biohydrogenation ZH-8-°= WHIHE CI8:1
(trans-11) FAAE U] A°-desaturase?] 2H&-ol 23] CLA (cis-9, trans-11)Z A= o]
AF=Z wiEEh 79 Ul CLA Astol] Zlo] ot FAME W A-desaturase”] 5
SR} oA Eohal 3 TH(Chin et al., 1992). Lock3} Garnsworthy (2003)2] X
sti, A W CLA % A=, Ax2ALYA), vigdA R ool ntet =29 4
o o A W CLA ol 7Hd =dow vMigAEE F3tH CLA &5l 7t
g st B AT A} A

2 rE o 3
X ok i ot
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3. Al F AYAE FA B vlEd vA e 9%

AR W AAEE 712 Sto] A WRkE f71% AARE E2E Aol 59
ArE Qe F AR T4 2 el vlAE YT Table 601 JERAITE SFA F

EHZ?OM 68.98%, 8] 1914 65.25% 13 AT 20014 69.27%= 2+ AHF
frolge BAT 5 AT BESAL FFE AT 133.68%)014 M w33, o)
TolA 30.67%=2 ZAHE oM, 2T 2014 27.02%E 7 Sk Th(p<0.05). E-ESA W
9l MUFAS} PUFA S5 A2 1904 22k 29.38%, 4.29%2 7Hd =30 M(p<0.05) th=
Tl A 27.46%, 3.20% “LE] T X BT 200 A 27t 23.68%, 3.21%% 71 @itk 9 U &
65 XHPAF = UFASF SFA HI &2 TS5} 7t} UFA/SFA H|89] 713 =2
T 12 0.52% oloH, E2TE 045%= ZAE AT 184 100% ZAREY
g7 2+ 039% = 7HE STt =S 069 n-39] HIE-2 X 2004 1.09%, =T 190
A 4.67% 283 Z2TNA 5.05%2 ZAFE O] X 8] 204 n-3 TEFo] 71 =2 A
ZAFE QA THp<0.05). N-3 A HHake] k9] G0} omega-3 X|HH4bolTh 2]Eo] 9lo]A] n-3
AL e FoAd B A7 AEKH 0w FYPHO YTk 03 AL 74, A,

Fl PN B o ok

f



228 Jola]. Qlokx .

frob7l T A% & dagh 4 Astolth =g n-3 AR A A o
W, 1FSE o, Futel2s A o, A W Aol A, H(REet, e AW 5
o] &7} Y= AR BuE 3 QrHWilliam et al., 2000). Table 6914 2] 29| n-33-2F
o] =+ % AT 19 vlgte] =L o] f= n-3 AatgaFo] AR Wol FHEof9)

7] W& Ao FdHT) ol U AAF 2FE HHA n-39) 3T E = a-linolenic acid
5ol iz 2 AT 19 Bsly %7] W2 Aoz AaEny THFENA n3 A4
L 52 == ARE 535t 43 7Ms 3t (Barcelo-Coblijn and Murphy, 2009). TH37FA] 2
W55 S n-3 AW de novo AFA ] E7FS3IERZ Wf = 37] W n-3 A4 5
< Fo]7] #1841 linolenic acid (C18:3)3 o] FH ZALEE OFF Folstedof gt

Table 6. Effect of feeding of organic diets with different fatty acid composition ratio on
total fatty acid contents and the rate of fatty acid of raw milk produced from
Holstein-Friesian dairy cows

Fatty acid contents in raw milk (%)
Total fatty acid SEM
Control Treatment 1 Treatment 2

SFA" 68.98 65.25 69.27 1.40
USF? 30.67° 33.68° 27.02° 0.87
MUFA? 27.46° 29.38° 23.68" 0.84
PUFAY 3.20° 4.29° 3.21° 0.08
UFA/SFA 0.45° 0.52° 0.39° 0.02
n-6/n-3 5.05° 4.67° 1.09° 0.25

Standard error of the means (n=4).

a-c Means with different letters within the same row differ significantly (p<0.05).

DSFA, saturated fatty acids; ?USF, unsaturated fatty acids; YMUFA, monounsaturated fatty acids; “PUFA,
polyunsaturated fatty acids; “n-6, omega-6 unsaturated fatty acids and n-3, omega-3 unsaturated fatty acids.
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2 d7e A g iiEaae 248 NS 712E 3 fU0% AR Fo
ekl a%—% oA AR U5 CLA B A Sl vlAE ATE A 9
dAISATH & 29079 E2ER] AR5 Ak gl frakel] whet 371 group &

Oll

. TIETE C16:00, C18:2 1813l SFAES =4 AAS Y, A&+ 12 Cl18:1, C18:2
UFA 38 =7 AASHoH 8T 25 MUFA, C18:3 181 PUFA &S =
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A ARG 2HE 2okt 23 2o f7% 47 W Cl6:0 S 2] 20014
71 =2 A oE YERGTHp<0.05). 1 o]fr= W9 Ul vAES] de novo AEA W&
Aoz AHY, AT 29 C18:0 TFS 7.92%Z thET(11.39%)2 A 217 1(10.88%) =
o} =94 TH(p<0.05). CLA % A7 27F AT+ 1014 tizTof Hlste] L A0 R
ERtThp<0.05). A1+ oA AEE tlFE9 CLAE -9 4229 A’ desaturasel]
olste] FAE Aoz FTHHY. n3m-6 HIEE AT 2004 M e Zo 2 YEtt
(p<0.05). & AT AFHE T3 A, 2AFoA &F 5% 5 399319 CLA, n3 &
7FstH C18:0 35+ WRolAl= Ao g2 ZAEIH. & L 7% o=1 =A}

FARE ol g3 ANE = g 171

oy
off ol

o Jo H i

[Submitted, January. 13, 2017 ; Revised, January. 30, 2017 ; Accepted, February. 2, 2017]

References

1. A. O. A. C. 1995. Official method of analysis (16th Ed). Association of Official Analytical
Chemists Washington, D. C.

2. Barcelo-Coblijn, G. and E. Murphy. 2009. Alpha-linolenic acid and its conversion to longer
chain n-3 fatty acid: benefits for human health and a role in maintaining tissue n-3 fatty acid
levels. Prog. Lipid Res. 48: 355-374.

3. Bauman, D. E., L. H. Baumgard., B. A Corl, and J. M. Griinari. 2001. Conjugated linoleic
acid (CLA) and the dairy cow, In: Garnsworthy, P. C. and J. Wiseman. (Eds.). Recent
Advances in Animal Nutrition. Nottingham University Press. Nottingham, pp. 221-250.

4. Blankson, H., J. A. Stakkestad., H. Fagertun., E. Thom., J. Wadstein, and O. Gudmundsen.
2000. Conjugated linoleic acid reduces body fat mass in overweight and obese humans. J.
Nutr. 130: 2943-2948.

5. Chilliard, Y., A. Ferlat, and M. Doreau. 2001. Effect of different type of forages, animal fed
or marine oils in cow’s diet on milk fat secretion and composition, especially conjugated
linoleic acid (CLA) and polyunsaturated fatty acids. Livest. Prod. Sci. 70: 31-48.

6. Chin, S. F., W. Liu,, J. M. Storkson., Y. L. Ha, and M. W. Pariza. 1992. Dietary source of



230

10.

11.

12.

13.

14.

15.

16.

17.

18.

dienoic isomers of linoleic acid, a newly recognized class of anticarcinogins. J. Food

Compos. Anal. 5: 185-179.

. Hara, A. and N. S. Radin. 1978. Lipid extraction of tissues with a low-toxicity solvent.

Anal. Biochem. 90: 420-426.

. Harfoot, C. G. and G. P. Hazlewood. 1988. Lipid metabolism in the rumen. In The rumen

microbial ecosystem (Ed. P.M. Hobson). Elsevier Applied Science. London and New York,
pp.- 285-322.

. Hazlewood, G. P., P. Kemp., D. Lander, and R. M. C. Dawson. 1976. C;s unsaturated fatty

acid hydrogenation patterns of some rumen bacteria and their ability to hydrolysis xogenous
phopho lipid. Br. J. Nutr. 35: 293-297.

Houseknecht, J. M., J. P. Vanden Heuvel, C. P Moya-Carnarena, L. Portocarrero, L. W.
Peck., K. P. Nickel, and M. A. Belury. 1998 Dietary conjugated linoleic acid normalizes
impaired glucose tolerance in the zucker diabetic fatty fa/farat. Biochem. Biophys. Res.
Commun. 244: 678-682.

Kemp, P. and D. J. Lander. 1984. Hydrogenation in vitro of a-linolenic acid to stearic acid
by mixed culture of pure strains of rumen bacteria. J. Gen. Microbiol. 130: 527-533
Kemp, P., R. W. White, and D. J. Lander. 1975. The hydrogenation of unsaturated fatty
acids by five bacterial isolated from the sheep rumen, including a new species. J. Gen.
Microbiol. 90: 100-114.

Kim, E. J,, J. G. Jun.,, H. S. Park., S. M. Kim., Y. L. Ha, and J. H. Park. 2002. Conjugated
linoleic acid (CLA) inhibits growth of Caco-2 colon cancer cells: Possible mediation by
oleamide. Anticancer Res. 22: 2193-2197.

Knight, P., J. D. Sutton., J. E. Storry, and P. E. Brumby. 1979. Rumen microbial synthesis
of long chain fatty acids. Proceedings of the Nutrition Society 38: 4A.

Liew, C., H. A. J. Schut., S. F. Chin., M. W. Pariza, and R. H. Dashwood. 1995. Protection
of conjugated linoleic acid against 2-amino-3methylimidazo[4,5-f] quinoline-induced colon
carcinogenesis in the F344 rat: a study of inhibitory mechanisms. Carcinogenesis 16: 3037-
3043

Lock, A. L. and P. C. Garnsworthy. 2003. Seasonal variation in milk conjugated linoleic
acid and A°-desaturase activity in dairy cows. Livest. Prod. Sci. 79: 47-59.

Nam, I. S. and P. C. Garnsworthy. 2007. Biohydrogenation of linoleic acid by rumen fungi
compared with rumen bacteria. J. Appl. Microbiol. 103: 551-556.

Nicolosi, R. J., E. J. Rogers., D. Kritchevsky., J. A. Scimeca, and P. J. Huth. 1997. Dietary

conjugated linoleic acid reduce plasma lipoprotein and early aortic atherosclerosis in



19.
20.
21.

22.

23.

td

At 24 vlgo] B f71% AR 397 28Rl 989 CLA B AW o vAE 9 231

hypercholesterolemic hamsters. Artery 22: 266-277.

Palmquist, D. L. and T. C. Jenkins. 1980. Fats in lactation rations. J. Dairy Sci. 63: 1-14.
SAS. 2002. SAS User's Guide. Statistics, Version 8.0 Edition. SAS Instute. Inc. Cary, N. C.
Sugano, M., A. Tsujita., M. Yamasaki., M. Noguchi, and K. Yamada. 1998. Conjugated
linoleic acid modulates tissues levels of chemical mediators and immunoglobulins in rats.
Lipids 33: 521-527.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis, B. A. 1991. Methods for dietary fiber,
neutral detergent fiber and non-starch polysaccharides in relation to animal nutrition. J. Dairy
Sci. 74: 3583-3592..

William, E., M. D. Connor, and L. Sonja. 2000. The importance of N-3 fatty acid in health
and disease. IIFET Proceeding.



