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LEZ LR TWAAY BV BOARRLIE L, KEFAE S Wi FOALORRIREHE O
Ko, MRICIAR Y ) — VRS ¥ OATRTEPEMER B EIRE T & BN O SiGIEREB & Uit
B RETEELALNCLED & LEbDTHD, EHOF R L BEOIRIMRER
LOBE. V) —ABBERe Y /) LVBRERE L BEANICRIT 2IERY /- RE L
OA7 & BAERE L DR, BEJBEL LF0ER ) / — 1Bk L Ol L ORKRE
B 6 hNcd B Lok V., i Sz O F ORI OBEER LTS L
Lbic. BT BIEEY -V EOFSRIERE B E D 5 I OBBRAT

R 5 HBEORTERA T, SHICINOEIBRALESICBITT 2 0ENTOVTD

BEZITO, %ﬁ‘ﬁi%ﬁﬁﬁ‘é?L%%&&@ﬁﬁ%%@ﬂﬁ%’ﬁb:ob YOBRRET LTS,

W %8 M R

MRS 16 B E B @EREXFEEFRED)

SeMERE (A | C (emEd )

B MR E & &
SR 16 SFEE 1, 100, 000 0 1,100, 000
SRR 17 4EEE 800, 000 0 800, 000
M 1, 900, 000 0 - 1, 900, 000
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MRREDOER

W AR S SO P BRI RETREY, IV AEREET e LE
F 5% Y ) — /P (CLA : C18:2¢is9-transll) 72 & & FLIMIHRET LTz,

AR 1 TIRAFEZBRBBED LS iﬂﬁ@ﬁ@ﬁﬁéﬁ(mé#ﬁ&ﬁAﬁﬂ@mm>
BEIE U ERE S CHEE S NEABICB VT, S5 (BE - BEfED B XU
*@h%@ﬁm&4ﬂw6wﬁifl#ﬂh&kﬁ«to%@ﬁ%‘ﬁ%k;mnmmﬁ
BAERAEER DEEE BT/ S < L BOETIZY / L BR(C18:3) DEIG A 65% L EL £ BE
FEHTY 7 —LER(C18:2) - AL A L ER(C18:1) « 7L I F U (C16:0) THEMTMREIE D 80%
ZEDTWE, HLOREHEEMERIE, C16:0, C18:1, I Y AF UER(C14:0) 72 & DEEAF

B3, FEFEREFHOE VT X DEIRD bAoA, BT G A25 10 A)
O CLA BIE I BARUBC> HIFR A > TMR DMEIZ 72 0 | T o CLA BIE T BARE., MR
. BXUTMR TENEN L 5mol%, 1.0mol%, 0.5molhThH-olc, TD LD BRI ED Z

L2 XY CLA BIEOMNT 5 2 L BHER TE S, BEEIRICIST R F 0 CLA HIEIX 6
Eﬁﬁwﬁmﬁbt%\Q%‘Mﬁ¢éﬁﬁ%ﬁbtoWE@%%@&&@%E@%@?
EHEBMN Dol R0, BKA~DEFEHENEE ZICENL TR O CLA e EmE-
Fr b, BEEEICE T AT (LA OEHEAIT, BEERE, Hlal /LB
DERE L EERE W EHE I,

KB 2 TR L ORISR TRLAZFAE L, AP 0EERY / — VEROGHIREF &
RBIEHBCHD ) ) LI EEE Y ) —ABOBREE AT OHREKY ) —LBREIG L OB
FERE LT, TORE. ol ) LUBROBIRE L LFOEEY /) — A EBEE & ORICE
DOHERED RO LT, V) —/VBRERE L LP oK Y ) — 1 EBEE & ORI

BAEBSHEERAD bl ote, Thb 2 &5 b HEEFEERIC %L%ﬂ%)&‘tqﬂﬂ)it’&“ v
— VBB OBEME. oV /) LUBOBREORMC X LRA~D/ 7 & RS RS
MzE2bDTHDB LRSI, ‘

BB 3 T MESTRERICRY 5 - BN OIIER TS L L bic, T
T O ERELSE 2 CTRBENBEOELSRBENTONY £ U BARIC KT TR

SWTHE LT, TORER. +TIHB~0N7 & UV BBTRIIER Y /) — VRO 10 &L
Y., HBEARBIIRBIT ST OHEY ) —LBEAEOEMIEL LTA7 2Bt
B 5bo i En, —F, KBEN TOREMIENBR~DOKRIIMES
R+ THB~ONT EUBBTEIL, TV OREFREOEVCIZERERITICCND
BRI T, '

EHICRE 4 THALIKE TN B Y ) — A EBRLERICBITT 20BN Ritd 57
B, HEAESEEAFOLEFRAVTI—FF—X2RE L, L dCITF—Ahoik



Y —NBEREHIR LI, TORE, AP0 /) —LEECLAEIE & S—FF—Xh
DIHEY ) —NVEEREIE & OBIZITERORBEFAPBO b (r =0.86, P<0.01), Fimo—
 RABPBELNTZ, ZOXNLHAFOHREY /) —VEBEEIEOEMIENF—Xh o) /

F— A1 CLA B4 (%) =1. 01 X &4 CLA BlE+0. 21
—VBREIELBMNT DL L bic, F—XhEY ) —ABEESIE. POy ) —1

BEGEZBRRBR L, #RY /) —VEBREEOEWAFEREERT 2 Ltk #RY ) —
NBREIGDENWT—FF— A WETE D PRSIz,



B 1 BBUPE - BB S L O RS IR ER IS KT R

[B&Y]

ZHE CEMAE I BEIR SN LEORLICIIEY ) A BAEL EEhD T L
REESNTIY ., LEPHEEIESE D2 L0k VY AR ABOREIC & > TH
BRRSEEDAEZEETE S LRENTVS, Lol ARONRIBMRITE« 72
ST E > TEH L, Aho#BEY ) —ABEELHNTITRY, 22 THRE 1 Tl
B b BRI OB WIC X > TALFOREKR Y / —LEBEEN EORELET 5%
T, BBEAESNELCE N RBY /) — A BERCHEYRITER R L,

[#F% 5 1k] p

ILHEE S5 TREE 21T > TV D BERE 12 F5 2005 4F 4 A5 2005 F 12 A% T
D9y AR FEA 1ESA 2 LR L, LONSIRMERN & 7, BEZ 12 5 ORI,
BB ETT > TV D BEBRFE (BREEIX) 4 7. B O 74 O R RH RS % i LT 5 B
B GRIFRACIX) 4 7. 36 X Ocie B P BAER AT (MR) 2165 LTV 5 (IR [X)4 7T
bolz, BERBEBEX, HIREKXEHIZ5 ArD 10 AEA—F ¥ —RKITFRX, FEI—,
TUER—TN—FT TR ARYT 2R uyua—NgEEkl T 5RMBKEHIC
BB L TR, SHafE L L TREY 1 L— Y LRAFRSE 25 LT\, ThISo 4,
11, 12 AI3BEY A L—Ub L BEE L AFAESFEREH/E L T\ e, BEBEKIC
BT 5 1 B OEBRREIIPEILRERE 2 RV 19 R CH Y . HIBRBUBIX O BUBRF R 138 O
HEANP LI FOREALE TORH IBE TH o7, — 8, TR R TIIHEY A L—, hyEn
AP A L=V BIUOESFRELZES LI IR 245 L T\,

BRLI-HIIT A7 o~ s 7T 712K EITEBBERE S5 & & bi, mRARIEIC
X VAN EO—RE S G RIE LTz, OB E FERICEERLIT TR OREHZEER L,
gt ORISR E T2 2 B~ + 7T T R AW TR AT

(% %]
£ 1-1 BEB LG MR T OREEEHRE R LTs, BWEROFERERIX. oV /L
B (C18:3), 7V IF U M(C16:0), U/ — /R (C18:2) TH Y . BEFOIRHERI 5D DT
NEHONSHBEIAIL, 67, 13, 12m01% Th o7, HKERD C18:3 BIA AT DEFTIC L
VKT 2 A 23580 b3, EQWV*-X?%ﬁOD 10 HIZBWTHHEF O C18:3 DF|
AT 63m0l%H V. TMRIZEIT D C18:3 DEIE LV bEVMEEZR Lz, BEF D C16:0 DF
B OEATICEE BN BRI A 2 & - BSHCBIR O E gL, 11. 6~14. Omol%
Tl ote, Ele, C18:2 ORI HBMITH < 72 B S b A BRI O L BRI,



11. 7~12. 8m0l% TH Tz, TD XK HIZ C16:0, C18:2 L HIZFEHMIZL - TEETHZ LA
BOONER, EBRBITTHTN 9.1, 6.2%TH Y MEDERLARNHEAR OFHZSE)
ThENWZ ERRINT,

—JF. MR FOFXELRIERRIL, C18:2, A LA LB (C18:1), C16:0 TH V. TMR FOE
IHERIC 5D A B IEMEE DB, T Th 43, 20, 18mol%. BEMREIIThZh 11, 14,
16% Th oz, E7-. TMR FD C18:3 DEIEIX 13m01% TH o7,

F#1-1 BEB LIRS FR(TMR)H O iE HiFR A B (mol%)
E 8- TMR
MAY JUN. JUL. AUG. SEP. OCT.
Cl4:0 070° 066° 096" 1.14%* 08 °> 096° 0.59
C16:0 11.69 °© 12.62 ™ “13.10.%® 1326 ® 13.16 ® 14.03 ® 18.46
C180 127%° 1.18° 138°% 159% 2042 2192 3.18
Cig:1 1724 218« 223 270%™ 337° 5522 19.98
C182 1193 % 1267 2% 1267 * 1280 * 11.82° 11.65° 42.82
C18:3 69.75 * 68.03 ® 67.08 ™ 66.02 ¢ 66.35 * 62.83 ¢ 13.06

el BB S REICE EEDY (P<0.05)

BRI FIBREBX IS & OV TMR KOFLARRGROHEB 2K 1-1 178 L7e, 2B RIL,

BB T 3.65 225 4.25%. SRS T 3.70 225 4.14%. TMR X T 3.58 205 4.03%

DEFE TH oz, BREBEX CrIIeBaimIc e~ BB M TR R ME T 3 28w 23
KN, BBEEF CIIARICEEREZRRD bR 0T, —F, HIRBERED 5
A DIAEHR 6~10 ADE L Y LEVEBB A SZH, 6 A2H 10 A DIAEHRITIE

BRERBO Lok, TMR KON RITBEEBEXLHBRBKX X v ZERIC
B L, 6 HOIEHRIIBEBKE LY bEVEEZ R L7208 6 A Ao BB o FLAER
T IABHBROENC L BEEIRD b ARbo T, |

450 r -- @ - - REHBBE
| - - - B o-®
*® --{3--TMREX R A
8 i RS
=40 10, 9. 1*. ,
S = 5 (¥ S <4 0
375 . :"” ,":‘;.'ﬁ
.D,
350 4 1 1\ A A A A A ol
4 5 6 7 8 9 10 11 12
A

E1-1 &SEBECEHLEIEDES



# 1-2 ICADIEMBBEKEZ R LTz, BRI, HIRBEEX, TMREOWFRHILFIC
BbEEENBIERIE C16:10 Th Y, 2RO FEHIEIZ 34mol% CThol, T AN 10
Az CTREHRKE DO 7Y VEE(C10:00°F5 7 Y VBR(CI2Z0)DEI&IT T Eh 3.1~
3.8mol%. 3.4~4.3mol% ¢ TMR K® 3.9~4.7mol%. 4.9~5.1mol% X ¥ Hi&< 72 o7=,
e HERERR LD ORI R Y XFUE(CI40)% C16:0 DEIS b BB
TMR R A_RBR X CIRVME Z R SER RS D, DR T T U VEE(C18:0)08 &
B LA VBRCIS DEIG IR 5 2 L ic & BT B ERAH b, BEHKK, HE
XTI 4,11, 12 A OFEHRBEAM L Y © 5 A5 10 A £ TORKKEM T C18:0 & C18:1
| DEAREL Rt

BEBRLARTD 4 A TP OIE Y / — L EBEEIE I BB, HIRR KX L O'TMR
ROBMOZEIIEL . Zh2h 061, 0.56, 0.53mol%Th V. HBWIRKTHD 11, 12
A bEAREROZIL/NE < 0.41~0.55mol% DEF Th o, LaL, KIKBEHBES. B
AR & IBBACKIK 31T B LA OER Y ) — VBB AR ER L, 6 ADIRY /
—VEREIA IR BRI X ORI R Fh 1.79, 1.12mol% & 2> 7=, Zhuicskt
LT6 HD TMR KD%Y Y, —NEBEIETX 0.54m0l% & 4 A LRRBEDETH - 7=, B
HETHB5ANS 10 B £ TOMOEEY ) —VEROEAMEIL BB, IR
TMR X CENEH 1.4, 0.9, 0.4mol% TH Y . HBEHIMZE C TALF LR Y 7 — L
BiE. BEBKE > IR >TMR ROECHR Lz, HLICSEhd368) / — i
(C18:2cisstrans1) DA FAREE L, V /) —NVER(C18:2cisteis1d D3 XA BN TRMALE T THAR S
WNBPBRIN S NHABRICBITT 2K L. a VU VUERE ) ) — VBB BERNTKE
BMESZ T TN B BB(C18 1 transs) £ 72 Y | /NBTRIRS etk HIR CREFI{LEEE D
EREZ=CTHERY ) —NBERIBED2OBH DL VDN TVS, R I1IZRLELD
WCHEDOEERRHRIXa ) / LU THY, TMR OFEEBHRIXY /- VB THoT-, F
7212 R LI X S ICHF 0L Y ) —ABEIE & T B U BEIE & OMICIZIEDER
BIEAERG = 0.920, P<O.ODBFRD DN Z ENBAFOHEY /) —NVBOEES BRI
7B VBB T, IS K2R 0K Y ) —ABREIG ORIt e U /) L BERRE O
MEEBbOLELLNE, ZOX ) CAFERESEDZ LI L VAFOHEY /) —0
BREIE M 2 & &b, KRV ) — A BEEOEMOBREITRBFFMIC L > TRERD
ZERFENE,

BRBEHKX, fREEXKICB T 2P o_KRY ) —LgEAiL 6 A u%@fﬁﬂ‘éﬁﬁ%
AL, 10 BIZiFENZEH 1.01, 0.69mol%E TIETF Lz, Z ORER CIIBERREDOHE
XL TRV, EHAEHIC B CTEEH OEITICEWIILF O i) b O BEBRE
TS LB LBNTRY, BHOMETICH S LHOEY ) — L BEAOE T,
BB DDV ) VOBEREOERTICL b0 TIIRWNEEZ b/, Lock and



£1-2 BAEBEBEMWG), HIBREE R (TG)H LR TMR X (NG) DL DS M AR iR

I C8:0 C10:0 C12:0

WG TG NG WG TG NG WG 1G NG
48 1.08* 1.17* 059° 349 % 396* 371%™  431% 481 * 505
58 1.57* 149 % 134° 447 4.40 4.20 5.05 5.02 4.87
64 1.45 1.40 1.66 439 4.12 4.50 5.00 5.01 4.91
7A 132° 137 167° 377° 413° 4m2° 426° 464° 514
8H L.15° 149° 165° 307 ° 402° 462° 342 ° 446 ° 507
9H 1.25 1.42 1.51 342°  4.02% 463 ° 389 % 455%® 522
104 0.81 0.99 0.95 306 ° 364%™ 390° 393 % 459 % 493
114 1.55 1.48 1.60 438 % 462 505° 4.97 5.23 5.58
124 1.74° 18 % 195°* 423 ° 452%™ 488°* 4.66 4.88 521

C14:0 C16:0 C18:0

WG TG NG WG TG NG WG TG NG
4A 1555 ® 1596 * 1485 ° 3955 * 3808 * 33.78 ° 735° 8.00° 1043
58 1468 1492  14.60° 3117 3236  33.32 10.65 1035  11.04
64 1478 ® 1525 ° 1434 ° 2998 3231 3250 1124 1085  11.09
7H 14.11°% 1505 ° 1471 ® 3107 ° 3397 °® 3345 1204 ° 1070 ° 10.64
8H 1267 1458  14.57 30.57 3330  33.05 13.11 * 1132 ° 1088
98 13.85 1494  15.09 3234 3435 3452 1125 1017 10.10
104 1484 1548 1543 36.09 3640  36.79 9.91 9.30 9.70
114 1640 * 1644 * 1569 ° 4233 * 3971 ° 3507 ° 691° 787° 932
12A 1532 1558  14.85 4035 ° 3991 °* 3472° 822° 854 % 1015

Ci%1 o CI8:1 pomer; C182 qoon

WG TG NG WG TG NG WG TG NG
4A 18.78 ® 1858 ° 2167 ® 2.04 1.96 1.89 1L.11° 135° 280
5H 20.16 2097  21.88 418> 3.04° 146 ° 121°  142° 281
64 2087 2026  21.75 408° 359°* 154° .11 ° 138° 289
TH 2225 2090 2141 417 279° 136° - 1L14° 125° 277°
8H 2498 * 22.14 ® 2188 ° 417°* 263° 131° 132°% 127° 290
98 2355 2220  20.55 3.76 201 ® 138° 1.02° 122% 270
108 2147 2105 2013 342° 236° 150 ° 093° 122% 250
118 1573 ° 1761 ° 1945 * 1I30%® 115° 142° 078 ° 1.08° 241
124 1763 ® 1747 % 2000 ® 1.17 1.29 1.37 123° 106° 244

CLA(CI82 commert)

WG TG NG
48 061°* 056* 053°
5H 137° 086 ° 044 °
64 179 ° 112° 054 °
7H 141 % 097° 045°
8A 129* 073° 039 °
98 127* 079° 039°
104 1.01* 069° 042°
118 049 * 040 ° 041°
128 0.55 045 042

a.b,c. B o B RCA B 25D (P<0.05).
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C18:1(t)E & (mol%)

1-2 FLAERARRIC S bbélﬁ?‘lz‘/ﬁi(m 3:1 O)&H#\E)/—ILB(CLAEIE LD BtR

Garnsworthy (2003)i%, LB OB Y / —ABEEIEIT 6 AICRSMEICE L%, fHRED
5B OB OWIR LT L BE LTV 5,

ZDEICRER 1 THAEIIES b N OB &> CHLFOEEY ) —1ik
EEREOBRELHT 05T, MEARShELICE TR ) — A BERICE
B RETERERN Lz, TORE, LEEBBSEEZLICEVALFOREY /) —n

&ML, BBIC X2 0EBY ) —ABEEOHEMIa ) /LU BEREDH
MCEBbDLEZ NG, £, LPOEEY ) — LB AT R R L - T
BT 52 LIRS, ZOEBICITREMP S0 oV ) L UBEBRECESIC LS b0
TEAVNEEL BRI, | |

EH1-1 ﬁtDﬁﬂﬁtﬂm () : FBEEOFREMD 8 < BB b OREBRENR S,
Bk DHBURT (F) : BTIT RO % PHESTE () TR 5



Ak 2 %%Mﬁﬂ%#ﬂ*m#&)/~w$%Ak&EF%%

(B ]

R 1 CBWTHFEZ BB ESED ZLIC X VAT OHEEY /- LBESPEE D Z EIVR
Eh. BEIC L BHEY ) — A BEIE OBMTEBH» D o V) /L BEREOREMIC
LXB5bOTEHRVNEEZ N, £ THRER 2 TIIBREER X OB EH T2 HE
L, LFoHEY ) —NBOGHRER L R5EBTHDa ) /LB EY ) —NEBOE
Hug L Aot &)/—»@@Akwﬁﬁ%ﬁﬂbto
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HWIEBERFEET 41—V RS 7 —TBESN TV BRIV RZ A L BAERALF
“Gﬁﬁéﬁf—fiﬁb BADICICEL A% 6 BRIBRBI S W72 16. R 1k O METSHE & B A
L—Pr byEmaLh A L—IJIKEI VL 6 BEFAEL, o)/ LIUBEY ) — LB
- BERELAFOHREY) - VEBREIG L OBIRERE Lic BIBGHR P LA E 1 B 19 R,
F—F X —RIFTR, T oF—TN—FFR, ura—NEREmICHESE, 8§
& ORI HHAEE E L TERAFREE Fvsua v A L— VR ERBKE Lz, OHEFA
BtD#e 5 A AT TON ZRED 46% 2 OGN/ O EE L, 46% DN, FUEraly
AL—", BBEFEBLICMyERaTNE, £0FN 10.0, 17.5, 17.5% iS5 X
VCkE Lz, —F, A L—UHREHBTIX, TN ZERED 30. 0% ZEAFEN S, S
HiZ30.0%% FUER AT A L—UNbHEERE L, BETAS L—U2BRERIE,
RS & bAB LI R TAT 0y 7 # HERATES L5 I L,

& £]

% 2-1 I[CHEBREIBIOLER Y 72 b N IR & B2 % UTe, MRS & B ioBoes, B
YA L—VBREZNTNE.8%THY, hUERILH A L—IORAFEHI A 2% BA0IE
E&hotz, ‘

al ) VIS BIBEY A L—, hyEnal A L— BARECEh T 12,0,
1.7, 1.lmg/g THHTDITx LT, HEETIX 22. Img/g LR BBWEEZ R L, KEED
éﬁ%@kﬁbéa)/v/@mﬁéiﬁma%ﬁbb\%%%@H&ﬂb%%%htﬁ&
LOEERBETHo T, —H., U/ — L BERIMyEnay, BEfE, byEoa
A L—TTEREI 24.0, 18.4, 15.2mg/g &, HIKE (4. 38mg/g) RHEH A L—
(3. 8mg/g) X W b FEN TV,

FIEHERE 2K 2-2 1T LTS, HBOM OB E RIS 182¢/MBS/H TH Y . £ DK
S OEHEIEIL 103g/MBS/H Th o7 Dzt LT, FREHBOEHBEREIT

10



17£;g/MBS/’EI “C“&*bof:o eV VroBBREITAEIE. FERBIRTERER 2.38,

1.03g/MBS/ B L 72V | FEMBEARIC L ~HBHIBI T V / VU BREBIRES 25 EZh o
7re —H. U —VEREREIIEBIRE. FERBEIE TN T 1.96, 1.94g/MBS/H &7z
V. MEORICHEBREIRD bR h T, Fio, F LA VERERE S HBENR & kK
KM & ORCIIA R 22RO bR o Te s, NAVIFUBBLITAT T U VRN
BIIIERCBORE L 0 b RBAHR T L a0 T,

2o-1 KHE, YAL—T, BERS, bYEOIL QLEESELUIEIRER
wpa B E FIEOIY magwoEnay

_ HAL—Y HYAL—
LR, Brh% A

HitH 90.4 90.0 94.4 94.5 98.8
HE DB 23.1 139 7.9 205 - 841
s : 5.8 5.8 39 38 47
NDF" ‘ 33.7 62.7 36.2 147 8.3
B S =, mg/eDM
INILVEFUB(C16:00 548 352 437 5.88 430
AT T E(C18:0) 0.65 0.39 0.90 0.90 0.71
AL A B(C18:1) 0.71 0.63 9.58 12.31 13.24
1) /—ILEE(C18:2) 438 3.77 15.17 18.39 24.03
al) /L BE(C18:3) 22.06 1202 1.73 1.12 0.78

NDF:Neutral detergent fiber, BT 4— T Mk

#2-2 BB FERBUMICET2ENESVIERERBOLE

_ BRHAR  SERM PR P-{&
EZPENE, ¢/MBS/H

BBE 1035 NF
WEHAL— NF 74.2
FoEOASHAL—D 25.1° 4682 <0.000
ERafas 290 ° 51.7 = <0.000
FyEQOY 24.7 NF
& &t 182.2 172.6 0335
fgphERIEEEE, s/MBS/H
INLEFUEE(C16:0) 095 ° 077 ®* 0003
AT7Y) U EE(C18:0) 0.13 @ - 012 ®* 0031
AL A E(C18:1) 1.00 1.13 0.024
1) /—ILE&(C18:2) 1.96 1.94 0.841
a') /LU EE(C18:3) 238 ® 103 * <0.000
NF: #5879 !

. @ ESREICHEEEZHYP0.05)

11



k23 WCHER LIRS O R LR Lz, ALER IO FOM B3 HUBEM I ~FERAK
BB CIEL RBEAERLER, ZhRFOAHOETICL 2 b0 L Bbhd, HlE
J S 1 3k BB R B~ BOIR CARV M & AR o 7228, FUARIGAREE B OB . FRARER
2 hEh 976, 950g/ B L ITIFRBE DM & /2o fc, HLARRBERRELIIIFHBI
R o~ e O ME &R L7223, SUBE, SN & B ORI R 72221338 b7z
Do Tz,

F£2-3 MBGHME S UE H&ﬂl’a‘ikd’aﬁéﬂl&ﬂﬁﬁﬁ
BRI ERREE P-{&

g8, ke/H 28.9 24.8 0.089
FCM"Z.2, ke/H 26.2 24.1 0.320
FLRkS, % . :
FLAE WA ; 338 ° 383 * 0023
LA NDE ' 3.20 353 0.112
ZL9E 472 451 0.159
SNF? : 8.94 8.96 0.891
IPREEEE, me/d 175° 140 ® 0.478

DECM:Fat corrected milk, A IEEL
DSNF:solids non fat, EASE R
- A EmL A ERICHEEEHY(P0.05)

% 2-4 [CHOEHBERORERE YR L, LLHIEHBON. &bEE OROIEERILK
B . SERCECEIR & I CL6:0 TH Y . KT C18:1, C14:0, C18:0 DUETH 543, C14:0
L C16:0 OBEAIIIEREEIRE TL£ < . C18:0, C18:1, C18:2 DEIGIIHKBEIE OF TR El
A%rbto#&)/~W@kl0Aﬁt/@®@ X, Wfﬂ%ﬁ%@ﬁfﬁwﬁ%ﬁ
L7z,

F2-4 BB S SUEBBHRMICE 157 OISR Rk
_ BRI JEmBOaE P&
BERnER R, ¢/100g

S RAFUEE(C14:0) 13.18° 15.16*  0.035
INLEFUEE(C16:0) 2754° 3696 <0.000
RT 7Y E8(C18:0) 11.69° 8.17° <0.000
AL A B(C18:1) 26.66 2 23.12°  0.037
NG BE(C18:1 ,err) o117 023° <0000
1) /—)LEE(C18:2) : 2672 1.74> <0.000
41/ —IVBE(C18:2 i 01ans11) 2.21° 096° <0.000
al) /LB 0.81° 066° 0043

b B 2 ERICHEEESHY(PL0.05)

12



M 2-1 iZital / VOBEBIRE L APEIRCED 23K /BB LU 28
HEHLOBEBRER L, oV /) VUBREBREL Y ) V8 - AR UBEIEOWTH
L ORNCH EDOMHEBENED HiL(r=0.896, 1r=0.934), oV / L UEREREOHEMIEVE,
FDIFY - NVBEESSEMT A2 AR LN, LML, U/ —LBEIRELAF
DRV ) —LBBEIE L ORMICIIAEERHEBIIR® bh R ol

230 r  oBBUAM 30 r @RI
S AEBBHE @ g A JERBRE
e ® e S
g 20 } ® ¢ @20 }
& %
I& A % ®
, . .
Q10 } S0} ® e
& A 2
K e
& O QQA
= 0.0 . . d 0.0 . d
0.0 10 2.0 3.0 00 10 20 30
ay /L EENR, ¢/MBS/H ay/LvEERR. ¢/MBS/H

BH2-1 aY/LVEBRERBEADO(E)/—LVBELUNIEUBREIESEORR

TOXSICHE 2 Tl IEIBRIERE & AP S0 DR Y ) —VEREIE & OB
BIZOVWTHREH LT, TORER. oV / VVBOBRELAFOHLEY ) —LBEE LD
BICEORBEARED bzt LT, U/ —ABERELLFOHREY / —LBEE L
ORICITEERMERRD bRt 2 b, BEABHICALNDLFOHEY /
—ABEEOEME, ol /) LU BOBREORMIC LD HLE~D Y & B B
MzE2b0ThsLEZ NI,
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B3 AEREERRICEIT 5+ ZHRIBNEY OISR

(B my]
THECORBROBEN D, KHERIFIC % 51 5 LIRS 51 5 38 Y ) — L&
FEOWMIT, oV ) L BEBREORIMIEVIEY ) — LA BOMBERE CH 57 &
VRO~ DHEIGESEMT D720 TH B EHESNT, bL., NI BOMEED
WIMZ X > THARTORRY /) —VBOSRESENTE0R5, +ZHBEB~BTT5HN
BT OIRKRY ) —NBEE LV AN BV BOBEDOFREL 2B RITER SR, —
T RN BIIRBENTe Y / LUBS LIRY J — VBB AT & 5 Bt (a2
TERICKFBEIMEZ T TEREIND D, BECARRMOBE IR BENEEIC L -
THBEZTDENTRIND s TZ THER 3 Tik. BREFAERICB T3+ BEBNA
YIORRMBRR TR D L L biT, T T ORERELE X TRBENREOE SR
BENTONY & U BRAERIC RIET B>V TR L,

(5 ] ;
FBBBIOT BN =2 — L 23E L R84 3 BIoHN Y RE 5T L L
bITUVTIURELTEYERa Y b LEET ML T A L—UR 5 Lz, HXY
BB T B — BN S ANV iMoo b D%, KK L b AKER 0.8k OAIHIL
TXRLX—ERED 0% BEHE Lz, FMYKEDOMIZT 7L EE LT hyERI Y
ZATHET=RNF —ERED 10%EE5 L7~ CORN K, CORN K & 5o 7L ERENE L
723 X DICRT MV TH A L— D% 5 LTz PPSL K, PPS1 KD 2 f5BDHEF kL7
YA L=V %faE L2 PPS2 RO 3R Z#IT 7z, REBIT. 116 BNHARBE3X3DF55
FRIBICESOTER Lz, + BN EDBTREIEET 5D AMBERYE & LT
HEERED 0. 1%ICHY T 2L 7 n A%, 1 B 2 EICATTRE Lk, ks x
+:%%W§%®%%@ﬁ&%ﬂﬁ#ékk%KJ%%%Wﬁ%&LTMLﬁ%ﬁ%%@\
7V%:7§%$Bl@ﬁ$%é&§%wibtbéBK\ﬁﬁﬁwﬁmﬁk+lﬁﬁm
DBATEDEZ AW CRBERNICE T 5 REMEHBR~DOAZBRNES VN OEETH S
Biohydrogenation (BH) Z&t& L7-,

BH(%) =100— (D18:1+D18:2X2+D18:3 X 3) /’(D18:0+D1821+.D18:2+,D18:3) =
(118:1+H8:2X2+118:3><3)/(I1820+118:1+118:2+I1813) X100
I: BBE(/H), D:+THBBITR@H), 18:0 277 Y V&,
18:1 FvA VBT 'R, 18:2 U ) —AEE+HIEY ) — LR
18:3 aV /L
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[ £l

F 3-1 ICHRAFAEIOLER Y 72 O RITERE &2 R LTc, MBS EIXFN W HET
4.4%, FPTEODITT 2.6% THOEDIEHLTRT bV TH A L—JITidiFE AES
FhTWAahok, 77 VERIIIUERIVT 62%LHRHEL KT b IATHA L
e AV LCED L T e

BEOMENBERIXe Y / VU BERED 18ng/eM LHEDBEL, KONT/VIFUR, Y
) —NVBDIECE o Tz, A—F % — KT TR, U EvX—TN—TFF72BI0vrY
o — NEREEMA IR LR 2 OREOEBE EICHS, FEV—Lirsun—E
BEHD SRR L ARBROBEDOIEEE S &3/ MEVEZ R U7chs, TEIBEHE R 3
BORICEIRA DN oTe, P UED L OEERRRILY ) —ABTHY . ol )L
VRS EIT0.3Tmg/eDM LEN LGS ER TP, —FH, BT bV T A L—TT
T TFhOBEFBRLENLPEETLTEL T, C16, C18 ROEHBRIZEITVTY
0. 2mg/gDM B FCb o 72,

#&3-1 HHFANOLERSGOVICENSSE =~
#uygE roEoas TV

L=
L2/ S, E2Pd %
8D 89.0 98.6 96.9
L] 44 26 05
Z % 26 1.3 0.7
FoTw 0.9 61.7 30.8
IEEE S &, mg/gDM ‘ :
INLEFUER(C16:0) 405 311 0.16
ARTTVEE(C18:1) 0.81 . 045 0.05
AL A2 E(C18:1) 1.46 7.05 0.00
1) /—ILEE(C18:2) 3.65 16.16 0.05
al)/LE(C18:3) 18.93 0.37 0.04

3 3-2 ICFBHERBE O R 2R Uiz, EWEEREIL PPS2 KTEL ko, BXY B
OFERE T CORN KX PPS1 KIZHA_TAH 2L 25 Em %R Uiz, HIEHERES, CORN X
<2 PPS1 KIZHAPPS2 R CA 2L Mo fe, —H7, T v 7 U BEUEIL PPS2 K TR H %< | PPS1
X. CORN KDNEIZ A 72 < Ir o Tz, BREBMEIINIEMICHRRZEITA BT, 1108/ HAlHE
ThoTz, ‘

RN EUR TR b 205 ISR FROK S o U/ LB Th -T2 25, FX 0 K
EOERENDVRVPPSZ K Ta Y / LUBERE D2 RIBEMER L, )/~
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BT CORN KIZHA~T PPS2 R CARVMAZ R LT,

% 3-3 IIHRBEAOD o, MRIIEVBRE R, 7o ©=7 BERRES L CBERAR
BxR LI, T UEREICABEBICERA LN b DD, REENEIO pH XA
WWERLBNT 6.7 Hitt ThHoTo, KEENCRKT 2ERMENIIR S BEiX, B, B,
FuvrtrBgnTnb s oL UEREDE ) 7 PPS2 lXT*i?%i« MEZRL, AEDRBRESR
SHED PPS2 KCRb ST, —OZLhEF U BREOR LS PPS2 KT
X, KBBABED~DZ RN —HEENL . CORN KiZHREMERPEANATD
nonwizZ tHEIhT,

£3-2 Y. AEN. ZR, ToIUBSIUVEIRERE

_ CORN PPS1 PPS2
Ems, ¢/H
)

CBMYKE 4038 4059 3466
kyEOad 388 0 0
RFrISNTHAL—D 0 1057 2100
& 8 4426 ® 5116 2 5566 2

HAs 188 @ 184 ° 163 ®©
2 % : 110 112 105
FoIy ' 277 °© 364 ° 680 °
INIVEFEE(C16:0) ' 2.15 2.15 181
AFF7V)ER(C18:0) 343 3.28 2.98
ALABE(C18:1) 8.56 5.74 5.18
1) /—ILE(C18:2) 21.09 @ 15.05 12.70 ®
al) /LU EE(C18:3) ‘ 77.09 77.90 64.44

abo BB HE M- A BEHYP.05)

£3-3 RABAEROpH, ERMEVMRER,. 7VE_7ERERRE
BIURABRICETAMEMEERSHE

, ‘ CORN PPST1 PPS2
pH 6.82 6.67 6.66
B IEHEE, mmol/l
B+ BREE 878" 91.7 % 112.1°2
JaEA i 162" 186° - 236°
FUOETREEZEREE, mg/d 932 6.2° 6.8°
WMEDEZEREHNE, o/H 153° 204" 28.8°

R HHBEISABESY(PO.05)
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% 3-4 [0+ BB~ OIIRRBATE L KA E IS BIT 3 RS EE ~ DA S H g
T % Biohydrogenation DE% 7R L7z, +HBICBITT 2K LW IEERITY YFHhoX
HbRTFT YV UBTHY, ROTAFTORZEBHB CHI N INVIFUBTHoT, /*‘7‘12 v
BB L UMY J —ABOBITEIZ, WTRbABEMICERLONR o8, R
—ABRO+ IR RII A L BOBTRED V10 BETh T, =0T & ittt
KFIC 351 RO CLA B4 ORI, KBENTARSNS CLA LY bR T 7 &Y
BhroEKI D CLA DFIFWENE NS RER 2 £ TCOWBLEMITHLDOTH S,

R4 BN TOREFIENEE~DKRHRMOIEE TH 5 Biohydrogenation DfE & ALERRIZ
SEEIRD LT, 82~84% DRIE Th o, K 3-3 IR Lk & 5 IR AN ORI
BE BN A REITT L 7 BREOENC L > TEEBRZ IR, Z0L > RES
B N OHER OZG TSR B IS T 5 RAFIEIEE~ DA BTN+ I~ OIS IS
TRICHEBERIES 2o T,

&34 + 5B~ DK 87817 R LBiohydrogenation

o B CORN PPS1 PPS2
IEEB®EITE, «/H

INILEFEE(C16:0) 17.71 18.40 15.61

AT TP EE(C18:0) 57.21 56.34 44.44

AL A B(C18:1) 1178 1342 11.07

NG EE(C18:1trans11) 407 4.04 406

1) /—ILE&(C18:2) 3.21 312 3.36

H %) /— LEE(C18:2¢is9trans11) 0.42 0.50 0.39

al)/LoB 2.46 253 2.97

Biohydrogenation(%) ‘ 84.4 84.5 81.8

SOESICRER 3 CIAEBERIHC B 5+ B0/ R VB E KR Y ) — VRS
(TRELET S L L bIC, 727 ORGROBNC L 5 KBHAREOELI KBTI
TOAY TV BERICRIETHBICOVTRI L, LOME, +HB~0 7 £ B
BATRIZSER Y /) — VB0 10 < bV . HBERERICE T DRHOIKRY / — A EEe
OHEMIEEL LT EVBEHREORMC L 2 b0 LAl shiz, —FH. RBENTO
FERIRNRE~OARIME R+ B ~0 17 C v BBTRIZ, 77 ORE&
DENT L BHEERIFIC VI LTSI,

17



Rep4 F—AREBRBITBITHIHEY ) — L BOERE

(B ]
#%Y ) NBEROBVWARGEANTTI —XE2ER L, LTEEhHHEY ) —1
BNRF— X BATT 2B D0EH, B0 RO ARREEO TR LR 5,

(5 #] ~ ,
JbEE B AT CRE B b N RFEIHIBRS R EfE L CW A BERThTh | FCA
FEESN-HERWVWT, 200544 A D 2005 4F 12 AT CREA LE, 2—F %1 SF—
XEAER LTz, BEEBRICBITSHHEMBIZS ANS 10 HETTHY, 4 ABL 1L - 12
ARG T oTo, 1 B OKRBERIL, BRKEES. BEHREBEE cenT
., 19, 8EFRITH Y, MRE L bICKREY A L—Y L BEMEZEE LT\, BB
BRI, MERLbAI—TF ¥ —FIFI9R, FEV—, FU ¥ vF—TN—TTABX
Bvur7a—nN"THY, MBI X > TEIZBBEFIA L Wz, BAZEBFEO ANV
% T0kg IR L. L 3 SIEALICHIA LT T—FF— XMW LIz, T—FF—XD
BETRIITRICRLZEBY THY ., 3 » ABEOBEE. FBUBERO ST L,
JEEBRD BHTIIHT A v~ b5 7 4 —ETITo T,

O —FF—XBETHE
DEEIEL - ZARRICIIE, B, pH 2 HIE
2DFH - 63C - 30 %
3) A Z — & —¥MN : Streptococcus lactis & Streptococcus cremoris DIEEH
DFHE : 15~30 231
5)L > Xy MRIN : BNE - 0.02%
6)FHiE
TPIHEER : 15 5L
v T 47 WIHEEEREX25 Ty b 5mm A
9)iE#: : 10 HFIGEP B ILRT)
10) A= —HERR : FLED 38% ,
1D/NE : $LED 50%LL -DIR/K T 839°C E THIR(1°C/3 53/
12)8# : 30 £y E |
13—k - 28
1) HE |
15)7 V7 VA 1 10~15 43/ - EY 28 ¥V — ROk Z <y PRICT D

(
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1@@%:$gm%~wF@%w@)

17 VA 4BELLE, & TEpH 5.20
18)/ki& : 10C - —#t

19818 : 10°C, Be’21, pH 5.20, 8kg T 48 EFfE
20)8 %D : 10°C, RH : 85~90%, 1 AR
o1k : EZEEEE, FiEY v A
22)BR@ : 10C, 2 » A

23)#%ik - 5'CHItE

20 % v M MER U T v b - BEZEGE
25)HIERE - KIGE#

27) 7

(% Xx]

BRI b N BRERIBIR A £ 1T > TV B AFOUN D RIE L e T —F F—XDfF
B A E 4-1 1R L, e I’E]i%&:f~?<‘¢'C“%%é?ﬁ%ﬂléﬁi‘éi#o7‘::5’3575@%&1 C16:0
ThHY., BRI - BREHIEAB O WFHICRW T b B OB VIO C16:0 BiE
R TF Lz, ZHICK LT C18 ROMBHBEIS I ORIV L, Bio sy
2 (C18:1trans1l) OHEMEIGAE < . BRBBEXOKKRTO 4 A Tik 391mg/100g TH o7
DIZx LT, EBEfE%E R L7 8 HTIE 1,652mg/100g & 72V 4L LM LT, 72, F
—XHROHBEY ) —LBEBLRBUC X > TEIML., BKBETO 4 A TIEERBE. R
R CENER 164, 208mg/100g ThHho7=DIIx L THREEEZ R LTZ 6 A TIXEhEh
532mg/100g, 450mg/100g & 72V . BUKBRLARIIZ L~ P TidF —Ahodki ) / —
NBRERIT 2~3fEM LTz, ZOZ L LBBERE SN DAEESHIEALZHAVD
ZLICK VR AR EOMBEEEE T OENIRE S BT —A2RETELZ LB
RENT,

Lo, 1 WZRLEED &:3“~—7<“EPOD¢E%£U ) —NVEBE X U7 & VRE B DFEHE
BILERRLOZE & FIC K < BES L ERICHT THMLE 0%, BT 5EME
AL, BREEEZE T E L TRERTET A EDICETAB L UOF—AF ok / —
NBEROEBERIC SN TE HIRT LTV RERDS ),

AhokEY ) — L EBCLAEIEG L I—FF bk ) /) —NVEEEIE L OBREZR
4-2 TR Lz, Wi ORICIXERN 2 BEERI7D i (r =0.86, P<0.01), FRRO—KHAA
Bohiz, ZOXPOATOREY ) —LEBEIEOBIMIENF — AR DHE ) J —/VIR

F— X CLA B4 (%) =1. 01 X FL.H CLA H&440. 21
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) L0 ¢ —8—-CLA— B
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- f\ / —e—trans-11 C18:1-B1%
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Summary

Four trials were carried out to investigate the factors affecting fatty acids composition,
especially focused on CLA (conjugated linoleic acid, C18:2 cis9-transll), in milk of cows
grazed on temperate pasture.

In experiment 1, fatty acids composition in Holstein’s milk collected from whole day grazing
dairy farms (WG), time restricted grazing farms (TG) and non grazing farms (NG) in northern
Japan were measured from April to December in 2005. The cows in WG and TG were grazed on
temperate pasture from May to October and were offered some supplements. The cows in NG
- were offered total mixed ration (TMR) throughout the season. The most abundant fa‘&y acid in
the herbagé and TMR were linolenic acid (C18:3) and linoleic acid (C18:2), respectively. In
contrast, the most abundant fatty acid in the milk from all farms was palmitic acid (C16:0),
representing abciut 34 mol% of total fatty acids. From July to October, the cows in WG had
lower proportions of capric acid (C10:0) and lauric acid (C12:0) in milk ‘compared with thdt in
NG. The proportion of C18:d and C18:1 in the milk tended to increase when the cows grazed
herbage. Across the grazing season, proportions of CLA (conjugated linoleic acid, C18:2
cis9-transll) to total fatty acids in milk of WG, TG and NG were 1.4, 0.9 and 0.4 mol%,
respectively. The proportions of CLA in the milk from grazing farms were highest in June, but
decreased gradually with progress of the season.

In experiment 2, six milking cows were kept under grazing and non-grazing condition to
investigate the effect of linoleic acid and linolenic acid intake on the conjugated linoleic acid
content in the milk. There was a positive linear relationship between linolenic acid intake and
the proportion of conjugated linoleic acid to the total fatty acids in milk, but there was no
significant relationship between linoleic acid intake and conjugated linoleic acid in milk. These
results suggested that the increase of conjugated linoleic acid in milk under grazing condition
was due to the increase of vaccenic acid supply, which was synthesized form linolenic and
linoleic acids in the rumen, to mammary gland rather than increase of conjugated linoleic acid
supply.

In experiment 3, three steers fitted with rumen and duodenum cannulae were offered fresh
herbage to investigate the fatty acid composition in duodenum digesta and the effect of starch
supplement on vaccenic acid production in the rumeh. The steers weré also fed corn grain or
potato pulp silage as an energy source. The amount of vaccenic acid flow to the duodenum of
steers fed fresh herbage was about ten times more than that of conjugated linoleic acid flow to

the duodenum, sugges;tiﬁg that the conjugated linoleic acid in the milk of grazing cows are
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mainly synthesized from vaccenic acid produced in the rumen. Volatile fatty acid concentration
and bacteria synthesis in the rumen were enhanced by increase of starch supplement, but there
was no significant difference in vaccenic acid flow to the duodenum among the treatments. This
results suggested that hydrogenate to unsaturated fatty acids in the rumen and the amount of
vaccenic acid flow to the duodenum were not affected by starch supplementation.

In experiment 4, a semi-hard type of cheese was made from the milk of the grazing cows to
test whether the conjugated linoleic acid in milk could remain in the cheese. The cheeses were
made once a month from April to December using the milk collected from grazing dairy farms.
The proportion of conjugated linoleic acid in the cheese increased when the milk was yield from
grazing cows. The proportion of conjugated linoleic acid to total fatty acids in cheese increased
linearly by increase of the proportion of conjugated linoleic acid in milk, suggesting that it
could be possible to make a cheese containing high level of conjugated linoleic acid using the

milk produced from grazing Cows.

24



e
—emem— —
—e e

BRI B EADHF R LT HAL—SORESNLBEL VIS REAR R ETRE

— et e A T e e ———
e ]

B &)
BF NP FA— (PPS) b3 ‘ WHE~DORERI?
| AR —& 1k 12M)/kgDM 0% o
A kR (DM kIRD1.6%) . ,
o LREEOMHR ARSI
i 2T -V OETREBR IR

HHEIUARK]

BHE RO 5 23 (TDNESRBIZHHT 588 %)

PEREE: SRS WA 125

BB A —Fr— R FAEAE , ROR e |
“ — l/"“‘ X X 1
B t:: RERBHE BBORM/ B, BAEE0 | | mamp iy e |
BHESIN: TDONESRROA5% (5%0) AL 125 )
ﬁgé] ; A
B1. FROIEDBE RS SUER £2. DM, BB ENE & LU RIAE O IBIERE K
B RC = PPS RCIK PPSK  HEE
RER;5HR S I (e/keDM) 345 431 4.2 DM R(kg/ B) 21.3 229 NS
: RaRsme & I (g/kgDM) 0.74 0. 61 **
HER5MRRARY. (a/100gHERIAR) :
RENSERAE Y (2/100gRE D BR)
<C16 14 02 121
C16:0 142 98 342 o Y 22 =
C18:0 19 16 212 180 21 29 -
Ci8:1 2.1 30.7 9.0 C18:1 13.5 10.2 ok
C18:2 127 558 83 C18:2 26.9 20.8 -
cig3 63.9 1.3 2.9 C18:3 ' 37.0 2.0 has
RC:EH MyER=y s PPSIRT b VS YA — © NSIP>0.05, #:P<0.01 |
23 AR ARASICHABGOEGRESR 000 | Re mmER o o
‘ RCK PPSK HEE RCK PPSK #HE=
ik (ke/B) 29.0 29.2 NS Bar 27— (mg/dl) 212 197 NS
FCME (kg/ B) 27.0 26.5 NS HDL-aV A7 — W (mg/dl) 113 103 NS
RS &N (mg/dl) : 4.7 5.7 NS
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ABSTRACT

Fatty acids composition in Holstein’s milk collected from whole day grazing dairy farms (WG),
time restricted grazing farms (TG) and non grazing farms (NG) in northern Japan were measured
from April to December in 2005. The cows in WG and TG were grazed on temperate pasture from
May to October and were offered some supplements. The cows in NG were offered total mixed
ration (TMR) throughout the season. The most abundant fatty acid in the herbage and TMR were
linolenic acid (C18:3) and linoleic acid (C18:2), respectively. In contrast, the most abundant fatty
acid in the milk from all farms was palmitic acid (C16:0), representing about 34 mol% of total fatty
acids. From July to October, the cows in WG had lower proportions of capric acid (C10:0) and lauric
acid (C12:0) in milk compared with that in NG. The proportion of C18:0 and C18:1 in the milk
tended to increase when the cows grazed herbage. During the grazing season, proportions of CLA
(conjugated linoleic acid, C18:2 cis9-transll) to total fatty acids in milk of WG, TG and NG were
1.4, 0.9 and 0.4 mol%, respectively. The proportions of CLA in the milk from grazing farms were
highest in June, but decreased gradually with progress of the season.
Key Words: cow, grazing, milk, fatty acids

INTRODUCTION
Recently, an interest for fatty acids composition of cows’ milk has been gained prominence due to
the beneficial effects of some fatty acids such as CLA, C10:0, C12:0, myrstic écid (C14:0) and
C16:0 to human health. It has been reported that the proportion of CLA in milk increases when cows
graze herbage on temperate pasture. However, the proportion of CLA in milk of the grazing cow
varies with the grazing season according to the fatty acid composition of the milk as affected by type

of diet, level of intake and physiological state. However, little work has been conducted to assess
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seasonal chahge in fatty acid composition in the grazing cows’ milk under Japanese condition. The
object of this study was to investigate seasonal variation of fatty acid composition of cows’ milk

produced from grazing and non-grazing farms in the northern Japan.

MATERIALS AND METHODS

Milk samples were obtained from 12 dairy farms: 4 for cows grazing for a whole day (WG), 4 for
cows grazing during daytime (TG) and 4 offering TMR to cows without grazing (NG), respectively,
to measure fatty acids composition in milk from April to December in 2005. All farms were located
in the northern Japan, and were milking from Holstein cows. The cows in WG and TG were offered
grass silage and/or hay and concentrate in Apfil, November and December, and were grazed on -
temperate pasture from May to October with grass silage and concentrate supplemeﬁtation. The main
species of the pastures were orchardgrass (Dactylis glomerata L), timothy (Phleum pretense L.),
K«entucky-bluegfass (Poa pratensis L.) and white clover (Trifolium repens L.). The cows in NG were
fed TMR and kept in the barns throughout the season. The TMR consisted of grass and corn silages
and a concentrate. Milk samplé:s were collected once a month and kept at -30°C until analyses. Feed
samples from the herbage, TMR and concentrate in each farm were also collected once a month. The
feed samples were freeze-dried and ground to pass a Imm screen. Fatty acids compositions of milk
and feeds were determined by gas chromatography. Fat and lactose contents in milk were measured
using an infra-red spectrophotometer. ]Bﬁ'eéts of type of farm and season on fatty acid composition of
diets and milk were tested by ANOVA. Mean separation was performed using the Least Significant
Difference procedure when the treatment effect was significant. Significance was declared at P <

0.05.

RESULTS AND DISCUSSION

Fatty acids composition of herbage and TMR are shown in Table 1. The major fatty acids in
herbage were C18:3, C16:0 and C18:2 and the proportions of these fatty acids to total fatty acids
- were 67, 13, and 12 mol%, respectifze]y. The ]proportibn of C18:3 in herbage decreased with progress
of the season and was lowest in October, but still much higher compared with that of the TMR. The
most abundant fatty acid in the TMR was C18:2, which amounted to 43 mol% of total fatty acids.

Milk fat content of cows in WG, TG and NG ranged from 3.65 % in June to 4.25 % in November,
from 3.70 % in August to 4.14 % in November, and from 3.58 % in August/ and 4.03 % in November,
respectively. Lactose content of 4.37 % for WG and 4.40 % for TG were lower than 4.57 % for NG
(P<0.01). | |

Fatty acids compositions of the milk are presented in Table 2. The most abundant fatty acid in the
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milk obtained from all farms was C16:0 representing about 34 mol% of total fatty acids in the milk.
From July to October, the cows in WG had lower proportions of C10:0 and C12:0 in milk compared
with that in NG. The proportion of C14:0 was relatively constant across the season in WG, TG and
NG. Decreases in the proportions of C16:0 in the milk collected from WG were observed in summer,
but there was no significant difference in C16:0 between WG and NG during the grazing season.
When the cows grazed fresh herbage, the proportion of C18:0 and C18:1 in the milk tended to
increase. Increases in proportion of C18:0 and C18:1 in milk and decreases in proportion of C10:0
and C12:0 have been also reported in cows grazing pasture as opposed to cows fed a total mixed diet
(Kelly, et al., 1998).

The proportion of CLA in the milk did not differ among farms when the cows did not graze any
herbage in April, November and December. However, increases in the proportion of CLA in the milk
were observed in WG and TG when the cows were switched to patsture in May. During the grazing
period, cows in 'WG and TG had higher proportions of CLA than those fed TMR. The proportion of
CLA in WG, TG and NG from May to October averaged 1.4, 0.9 and 0.4 mol%, respectively. The
high CLA proportion in WG compared with TG suggested that the proportion of CLA in milk of
grazing cows was affected by the consumption of fresh herbage containing C18:3 as the most
~ abundant fatty acid. The proportion of vacce;m'c acid (C18:1 ;uns1;) showed a pattern similar to that of
CLA, and there was a positive relationship between the proportions of C18:1 gansi1 and CLA (r =
0.920, P<0.01). The proportion of CLA in the milk of the grazing cows peaked in June and then
decreased gradually. In contrast, cows in NG had relatively constant proportion of CLA across the
experimental period. One of the reasons for the seasonal variation in the proportion of CLA in the
milk was probably due to decrease of herbage intake from pasture in agreement with several
researchers who reported the decrease of herbage intake of cows grazed on temperate pasture with
progress of the season. Lock and'Gamsworthy (2003) also reported the proportion of CLA in grazing
cows was highest in June but decreased with increasing buffer feeding level given as the summer

progressed.
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Table 1. Fatty acids conpositions (mol% to total fatty acids) in herbage and total ; .
i mixed ration (TMR) SEEL EERE
Herbage TMR '
MAY JUN. JUL. AUG. SEP. OCT.

C14:0 - 070 ¢ 066 ° 096° 114°* 08 ° 096° 0.59
C16:0 11.69 © 12.62 ® 13.10 ® 13.26 ® 13.16 ® 14.03 * 18.46
C18:0 127° 118°% 138°% 159° 2042 219°* 3.18
Ccig:1 1724 218« 223 270% 337°% 552 19.98
C18:2 1193 ° 1267 * 1267 * 1280 * 11.82° 11.65° 42.82
C18:3 69.75 * 68.03 ® 67.08 > 66.02 © 6635 *° 62.83 ¢ 13.06
abed.-Means in the samg row of Illerbage with different superscripts differ (P<0.05)

Table 2. Fatty acid composition (mol % to total fatty acid) of milk produced in whole day grazing farms (WG), time restricted grazing farms (TG) and non-grazi
—2
Month - e

C3:0 Ci0:0 Ci12:0 Cl14:0

WG TG NG WG TG NG WG TG NG WG TG NG WG
APR. 108 L17* 059° 349° 306 ° 371 % 431° 481 ° 505° 1555 T 1596 * 1485 " 3955 *
MAY 157° 149% 134° 447 4.40 420 5.05 502 487 1468 1492 1460 3117
JUN. 145 1.40 1.66 439 412 4.50 500 . 501 491 1478 ® 1525 * 1434 % 2998
JUL. 132° 137® 167° 377° 413° am*® 426 464° 514° 1411° 1505° 1471 % 3107°
AUG. 115° 149 ° 165° 307° 402° 462° 342° 446 °, 507° 1267 1458 1457 30.57
SEP. 1.25 1.42 1.51 342° 402 %® 463 ° 380 % 455 522° 1385 © 1494 1509 3234
OCT. 0.81 0.99 0.95 306 % 364 390* 393 % 450%® 493° 1484 1548 1543 36.09 : 7
NOv. 1.55 1.48 1.60 438° 462 ® 505° 497 5.23 5.58 1640 * 1644 * 1569 ° 4233 * 3971 ° 3507 %
DEC. 174°  182% 195° 423 % 452 488 ° 4.66 4388 521 1532 1558 1485 4035 ° 3091 °* 34712°%

C18:0 CIo1 oo ) CI81 a1 Ci82 com CLA(CI82 copmet)

WG TG NG WG TG NG WG TG NG WG TG NG “WG TG NG
APR. 735° 800° 1043 ° 1878 ° 1858 ° 2167 * 2.04 1.96 1.89 1L11° 135° 280° 061 * 056 053°
MAY 1065 1035 11.04 20.16 2097 2188 418° 304° 146° 121% 142% 281° 137* 086 ° 044°
JUN. 1124 1085  11.09 2087 2026 2175 408° 350° 154° 11 ® 138° 28 ° 179* L12® o5 °
JUL. 1204 ° 1070 ° 1064 ° 2225 2090 2141 417* 279 136 ° 1L14° 125° 277° 141° 097" o045°
AUG.  13.11° 1132° 1088° 2498° 2214 ® 2188 ° 417* 263° 131° 132° 127° 290" 129° o073 ® 039°
SEP. 1125 1017 - 10.10 2355 2220 2055 376 201 ™ 138° 102° 122% 27° 127* 679° 039°
OCT. 991 930 9.70 2147 2105 2013 342 236° 150 ° 093°® 122° 250° 100 069° o042°
NOV. 691° 787° 932° 1573° 1761 ° 1945 ° 131 115° 142° 078° 108°® 241° 049* 040° o041°
DEC. 822° 854 % 1015° 1763 °. 1747 ° 2000 * 1.17 129 137 123° 106° 244 ° 0.55 0.45 042

a,b,c:Means in the same row of each fatty acid with different superscrips differ (P<0.05).
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