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PR S A TG R TR LA

EES O RS-0 A

SR OO s B85

WefbH s 1128 H21 H  #2HM - 11341 16 H

W B

ForL=E AL AR REAH R - TEMT R R IR AL LL=EERE T 23 BIUAR I 0% ~ 3% AREHT (& 55.3% C18:2) ~ 3% i (&
21.5% C€22:6 » DHA ) 5 3% GHfiithf /i (& 60.7% C18:3 » n-3 ) » BRETEIFEIUALIERE B LB LA B R
B o FLUISEIE 20 B > SEp BT AL MERE ME 1R AEM T BRPUH - fE(E R e 18 Hik > W T
KT ER o W SRR 10 HRFRE RN - YRR 2 HEERERENEY) - oliasi R
o TS FE PR BUR AL BT - 2 =& BRI E COMAE RNV 2 - SFI9 537 Ry 1.63 B 2.33
kg SFERFUMEIRAVREZEE R FRME S BRI A > TAHEE AR 775 R A RN I
4H1Y 3.34 (100%) ~ 3.71 (111%) ~ 3.00 (90%) Kz 3.57% (107%) » KEHEEE m ECHERFLIEE (P < 0.01) - Ff#EH
o A | BB RE e atn o RN s D R (R B A S PR AE A B B 1 AR Rl - S IREH B A 4
PR R 93.7 81 77.1 mM - FESEFLARHIEE T - ARSI T B R LA AN (5 B IRAH 69.6% R IR IIE
65.5% ) » H N2 R RIS RGNS ( E 4.18% AN 6.72% ) R BT i HBELLE] ( H 1.39% N2 3.73% ) » F
BAH AR I o] DABEE S 0 n-3 BERBRELERT (n-6/n-3 [ 6.20 [HKE 2.36) - 47 &sBRds R - Sl eIy
IV - AT4ERFEE R FLIERE - HERDI I (E=E AL AR AL R AT S 3R AU BT
BRdEEA  PaIRRFRINALLLSE « SOH ~ SERUAOm - PLASRGRE -

i

A3 FAMEAR LSRR ANHEENEERR, — RIMEREAE - BYE - $4ZMEESE 2L
FHERL LAV EE AR (Dauber et al., 2021) »

RS PR LR » S A S IR SR (S - BB RSB T - Mk
FH &2 W BRI RS T % 20 B2 S HEEIRT ~ BARsEREE (LRI At O B2 R RE (Noakes er al., 1996) ~ [F#{EAR 5 Z BURK
M R ZE ELAIEPR R E g (Givens, 2015) o S5E-EHTEE 7 ) FL3H B & # 5 (Wisconsin Milk Marketing Board) i
1988 A4 H AT A LSRR 4H Ay st - BIIERIRIAS L (saturated fatty acids, SFA) ~ B GEAIASAE% (monounsaturated
fatty acids, MUFA) Bl 2 °K @] 1 B FJj i& (polyunsaturated acids, PUFA) Y bE 5 5 £y 8% ~ 82% Kz < 10% (O'Donnell,
1989) » M E & —fEA- AL RERBEAH R AIHS 47 HI By 70% ~ 25% K2 5% » GEFIEIEE S - FAAEIBRAE R IREELL » 2B Ry
76% ~ 20% )t 4% (SG5F > 2016 ) o BFFREAR Y IR E K » 4-FLAERHREAH R E o] i 2 A0S » HENE
B R B AR FLAH B B =N P BERYAETS (Grummer, 1991) «

—RE A A PR AR - RV eI AR RE BRI R T Omega-3 AEHiEL (-3 FEHIEE 5 n-3 AERAE% ) BXE - Omega-3
R R T AR o- SHERE (a-linolenic acid, ALA, C18:3 cis9, cis12, cis15) ~ — -7 %M (eicosapentaenoic acid, EPA,
C20:5) Fr — -+ _H Nf% M8 (docosahexaenoic acid, DHA, C22:6) =7f » B fy A\ BE VL EBASHHES - & =& C18:3, n-3 f5H
EEAVIE /) » salikf ol Ry HAUER « BEPA FEE IS R - B IMRIEER K Ufe P - DHA RSB BIRGHES - 17
TIREE 3 I R R AU R S FE - EPA B DHA Fy/K h ERARRSRESART &R - R R ER R - TEAREW

|

(1) EESER B R B P s 5 26 2781 9% -

Q) BENEEATREESEE -

(3) BEAEEERFTRK -

(4) #EN/EE > E-mail: m3802@mail.tlri.gov.tw ©
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flky o Liu er al. (2016) {E =0 meakE a5 PUFA » 835 0T DU R (RN B AV BDARSITAR TS AR R B 3% K ESE > HLDA
SREER (fOl ) BUEEHEY DHA/EPA SRREARY - B 1970 FE(CHREA - RIWFTEEEE n-6 HafRlE vl 14 RoRiF IR &
(prostaglandin) BA{EAEVUNEREL (arachidonic acid) 5588 KA+ - RILFI R HERSANZE X > 1 n-3 BEAHEZAIFAEE R ]
P28 R R > BLEELA n-6/n-3 PEBIURETAS T - (HEEERYIAZE 830 PUFA NU2 2588476 5% - HRRIHIETEEZ )
A — » William (2018) /2 2 HHT VTSR L - Omega-3 Index (wt%) » 5 ABG4LIMEKR Y EPA+DHA &
s,

ARG IR G TEED A RIS A BSR40 C18:0 Bl C18:1 o] AR KAE[E EE (Parthasarathy er al., 1990) - FLH
HHFLEHEE (conjugated linoleic acid, CLA) ~ fI4%#5H5HS (sphingomyelin) ~ | fi& (butyric acid) ~ s (ether lipids)
B- EHZEEZ (B-carotene) ~ 4E/EZE A BIEAZ D HVEPUERUR (Parodi, 1999) « RZZEIYINIFLELAE H AR CLA &
S EAVAE (Khanal and Olson, 2004) » &A% (C18:2) AYILHE i » 2R 5 e S Laaie R S e fIHEG i
Al Ry 4% C18:0 Hy Y (Kepler and Tove, 1967; Enjalbert et al., 2017) « CLA HYHTIE S5 AT 2 BB IS K4l
FatkisE B R E > A FORINEIEERERY 0.1% > ELETHIH| 3 BRI AL S AERE (Schut er al., 1997) » HAMEER i AL FE
DUAERE ~ BUBEPRIA ~ HUC B E B0 5 R THAE SR (Aydin, 2005) - CLA t BATREIAASRITEE - tHFEERE
B85 Y CLA R 52% WY FLAEER - 6 H & h7E B S-S R AERAE AL 77 (Chouinard et al., 1999) - Baumgard et al. (2002)
fEH - CLA Z{EY)H trans10, cis12 L= o gE&K (R EL 2L HG & B R R AR B M F ZLAS S B TR - 55
SNEREY) C18:1, trans9 & —R5RAV LG & BAIHIREREZ (Gama et al., 2008) -

HIRERE RRE L Ry Y 2.5 % > MV S 8 5 2 e RDHEN T8 - BEsES FEET KeHAEReE
= NEVEERS T  EERNUHEAS B AN S-S FHERES  ERFEYaEFHIENERR=EE S5 — 7% - #
B HBEH S AR AR ER I ALE YRy FLAAE AL - BEE AT EERHE - Noakes er al.(1996) DACREERE FH 48 1Y S H
B M (C18:1 s ) HURE C16:0 B C14:0 fy VR » o DURFEL ZLE ST RE IR IZ 8 RIS 5 70% FE(EE] 51% »
BRI BN PREE DR - LHEEEEAE N (low density lipoprotein, LDL) 5 {E1LI=F i Hh 28 150 ik
KW B ILARIH AR ~ M sERI S RE I R K n-6/n-3 BEHBEALLHI » W40 CLA 81 C18:3 & & (Kholif er
al., 2018) 3 FELLIFFEIRE TR 1.5% ~ 3% B 4.5% KM LURTHF I EBEE - Silva er al. (2020) HE K HATR
oA PR FIRER R R - L H B EE @R IE(ERY C12:0 ~ C14:0 K C16:0 - fFrifseiliiEfad » AL
FHIIE PRI 4.16% HIEE FUMBLILIRUHCRE &) > FRo8@iYEsE R » (AT DA ZLASAL B BRI - (SRR
CLA cis9, trans11 ~ C18:1, trans11 7 DHA & & » RIEA @mNEHE & 5 (Thanh ef al., 2023) -

A BT > Rl b AL FaaiE P REINAN IR M ~ FBUHBEE RO BDL AL E A EERE - Aoy B ALBER IR
SR F2 8 DI T i RS AN s B A AL B SR P A T

MR T A

KahaBEN EER i a T BE 2 - R BN S EERE T E R e
/NGB AR SRE T 97032 SRHFEIMEAEE
L atBapzd
EEIE B REMERGRENE 2 RS 3 18 > 3 BRI ZEETRERZ R 3% o VURRERAH I B B R ARTIHASHYEIEAE - IR0
3% K (& 55.3% (Y C18:2 » KE AT IRIH ) 45 ~ RHN 3% U (& 21.5% i C22:6 » DHA ) 41 KRN 3%
SEfEEH (2 60.7% /Y C18:3 » J& n-3 f5HJfE » 3567 Barlean organic high lignan flax oil ) 4H -
IL OpFLILFa e el
AR BT R FERDIAFLLLIE 20 §H » BFaERT AR E R FLE ~ FLROT AL T HERAREAERY - MR &Rt i rY SRR
K} - sERBIART SR IR E ~ A& - AN - WAL REERE I B % 60.9 £10.7 kg ~ 2,482 £ 614 g ~ 3.07
10.42% ~ 79 £ 10 KE12.0 £ 0.9 B - “FEMRAEFODFLREEWT A 4 R - s saH1E R - 75—
KR8 KeaEAE - SABEHILEERE 4 X > DURNELE 1 KeEaE—4HAI A N R4 E w5 1 ) - i
AERHVAT 14 R EFEHEEN » Z1RETRAHEREREE AT ~ [Eh-FERaFIRPREE - FLERCHE - AR EN
D%
SRES GRS R S R LB 60 ke - 49 H AR5 2.5 ke HESWIERE S 2.0 ke JEHE » fi NRC (2007) 21
SEYEETREEE TR - RN AE H M 3.2 kg I TMR ( #L& 26.5 kg ) ~ 300 g HFEIRRE
B~ 150 g HRLERZE - 250 g BTEHZE e 400 g BT (BREE ) » OIS = AR S H T 7T 60 g
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fig > AGHF 60 g RS SRTTEL 400 g BBUB DR G122 H (EHERER) - BIE&akE eIt ERFEER
AL EAEITHFLGRE R - B S F R R 2% - B HGAH A eI = B A R T BB 7 7l R i)
& (dry matter, DM) 47.2% ~ 48 0] ;8{L &2 47 (total digestible nutrients, TDN) 68.6% -~ fH%& [1'& (crude protein, CP)
17.0% ~ [ 5 48 4% (acid detergent fiber, ADF) 26.9% ~ d1e4 4 (neutral detergent fiber, NDF) 42.7% ~ fHHgH/j (ether
extract, EE)2.86% - 4 0.84% J Bk 0.44% (&55:) (F= 1) -

F 1. WEFERACRERIS 2 B a7 e g i s
Table 1. Formula and calculated nutrient compositions of basal diet fed to lactating Alpine dairy goats in dietary fat
supplementation trial'

Diet formula Calculated compositions
Ingredient ( g/day/g((?;t?r:sltged basis) (%%113/? E;};is) Nutrient ﬁinﬁﬁtififﬁ
TMR for lactating cow’ 3,200 62.1 DM 47.2
Napiergrass fresh cut 300 2.7 CP 17.0
Bermudagrass hay 150 6.6 EE 2.86
Alfalfa hay 250 11.1 NEI 1.56 Mcal/kg
Grain mixture’ 400 17.4 NDF 42.7
ADF 26.9
Ca 0.84
P 0.44

' Basal diet was formulated to support 2.5 kg daily milk yield with 2.0 kg of dry matter intake.

> TMR: total mixed ration. The TMR for lactating cow included corn silage 22, fresh cut napiergrass 5, pangolagrass hay 1,
alfalfa hay 2, alfalfa pellet 1, soybean hull pellet 2, silage from wet brewer’s grains and corn meal (10:1 w/w) 11, wheat
bran 0.8, and grain mixture 5 kg/cow/day (as fed basis). Dry matter (DM), crude protein (CP), net energy for lactation (NEI),
and neutral detergent fiber (NDF) of TMR were 39.4%, 16.0%, 1.60 Mcal/kg, and 45.5% (DM basis), respectively.

? Grain mixture was constituted from corn meal 40, soybean meal 37, wheat bran 13, molasses 3, salt 0.5, limestone 1.6,
di-calcium phosphate 1.0, sodium bicarbonate 2.0, magnesium oxide 1.2, and vitamin and mineral premix 0.7 kg per 100 kg
amount (as fed basis). This mixture had 23.7% of CP and 77.1% of total digestible nutrients (TDN) (DM basis).

L ShFLLLE R B
FEE T » RPIERZEN TS NE PR 2 E R A - BE T R e 5 BhakoKm -
FEH R T F R - BHORIA B 7 00 BITRA3 1 30 55, - RS 3 WERMAEE » BFREL
BEEA S BIL R A 8 1 30 (Y 25% ~ R4 2 1 30 /Y 50% KR 9 1 00 Y 25% - a2 E IR & F B H AR
B > FERH EARRLYRBAT 1 HAHREEERN S — 10%  DIETR - B TrFEUR B &Rk
BREE > FIFPHOLALAS TMR (B H 43 3 gt ) A EPREE ( B4Rt ) - BREE (MM SNE 825 (1R
R ) BRI TR R S ARAT -
IV. B 5 M bt
DAWR BE g =5 e 7 Y P B FE R R AL P BREADN AL IR AE ~ RO ~ SEmikFm4E K oM 4R EfE -
HAEEHA 10 X > AT 8 KIENE » B KEERER S NEY) » NERE pH ~ #HEMEASHGEL (volatile fatty acid,
VFA) BR84S (NH;-N) R H#L -
V. HIEHEE
() AUEERILEENE
1 BSE  NWIGRERR R4S S H > R B W H B 10 ¢ 30 BRETR AT -
2. flfEAH AR © NI RENEREE 9 HAL » $R4E 3 B THFIRSRL - JelL 20CHRfF > sBRESH 1% DL 55°C HEEZ 48 /)N
Bf > BFHSHZE R > BEIAERIY 3 ([EFZE R M A ERE DUR &R 1 (ERE S > 48 1 mm Wiley mill
JEEAH 7% ¢ AOAC (2000) 43477 CP Eil EE %5 » 52£2% Goering and Van Soest (1970) 753443 #7 NDF K ADF -
SEHZMEIHEER (in vitro dry matter digestibility, IVDMD) K% J¢ 7 (2007) {E1ETT/EHETT -
. EE  BHEISHMERNFEARIREEHEE T ReRE - NelBaRig 5 HERE =B e KR H @& H =
BRI > ST A RIRF R P EEE  BREE » WARETIERZY)E (L 8 R E R > s EE R
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FE S5 HVPIZERE R -

4.0 E - SEEREART 3 H > HER S E R EEAEWREE R IR A - /E AT ESBEIAEERE - 1
B8 15 HEEE 18 H » #AEY HAE[E R FErNBRFLE - 1Y 16 HE| 18 H 4 = HR(E R EEN -
TR RHALELLS (492 1 1) BREMR—HAE - EAILE A= - LeEEhZIhRETLK
535315 (MilkScan™ FT', Foss, Denmark) 53T —f&ALE 7 - AIEFLAGE ~ AEAE ~ AW - ALLERY L
HFREEF -

(i) ML © RITETE S S R FFREZ A N GRS TR - #E TR K 48 /NIRRT S NS EREE -
PRARHSFE] Sy £4F 8 0 00 (0 h > EREFAT ) ~ 9230 (1.5h) ~ 11200 (3 h) ~ N4 1:00(5h) ~3: 00 (&LETRT > 7h)
4:30(85h)~6:00(10h)~ 7R 730 (11.5h) ~ 9 : 30 (F2EHAT » 13.5h) ~ 11: 00 (15 h) ~ fEELEE 0 : 30
(16.5h) ~3:00 (19 h) k2 530 (21.5 h) » = 13 {EERFERRL - W EIRRETZE - 7P BRIHE2EGE
(2021) -

(i) =FEFLASHHEE 30T © EELFLERRE 2L HL 1 {7 > FFUHE 3 HALBEZH 1386 > DL -20°C )2 IR 1F LAH BE R I 57
7 o AT RIRR IR B KB NI 22 37°C 1% » 227 Chouinard et al. (1999) J77% » DLIEC KT (hexane) f 52 Y g
(isopropanol) 5 #E7T FLASH ML A HU L FH AL g 3 - P AR K @ k00128 (flame ionization detector, FID) /Y
FRAHEHTHEE (Varian CP-3800) 734 AL ASHIBR4H AL » RERGEEAEAE L ELFE C4 — C24 Hailk i =7 CLA HEHilE
(cis9, trans11 ~ trans10, cis12 J% trans9, trans11) » 234 /5752505 (2016) -

VL &iztortf

N B B Ry DU B FE 5 MY 58 4 1% 5 5T (Completely randomized design (CRD) with covariance

analysis) #5704 > DUMBRFEE(ERGIEREZE R  HErMIRERMEIIT L CRD 45t 5 slBaFriS&RLL SAS 4t

sTEAS (2005) H#EFT—fe&RMEEZN (General Linear Model, GLM) 734t » 588 U7 73 M B 72 5OKEE - B LUR /N

J7¥91H (least squares means, LSM) Lh#RERHHAHRARYZZ 52 - AWEAERLL P < 0.05 Ly i3 72 52 /K4 -

e RN B

L G R
s Bg AT e 2 B T (IR ) B BT RN 1 g HR BB TSRS R 2
R4 > R R E st S B A E 17% BELBRFLIFEE 1.56 Mcal/kg » A BT TMR ~ HFERER - HEE
RZEL ~ EfER R HBZEUE L EIE AR IE b ALE TMR - BAIEHR R H B HE AT - B ERE S e B BT
B R E TR - BT S e S S e A T SR E 60 kg FLE 2.5 kg IMFLFERRK - 27 NRC (2007)
et o3 o BRI FLIFRE Ry 6.3 Mealkg » SERAHERSNANN 60 g MAEAEE N REFIEIE S 0.378 Meal JAFLIF

P
HE °

2. [IHAFRAFRENRIIEER Z SRR S8 AR (% > H25 )

Table 2. Nutrient compositions of diet ingredients fed to lactating Alpine dairy goats in dietary fat supplementation trial (%,

dry matter basis)

Ingredients DM' CP EE ADF NDF IVDMD
Grain mixture w/o oil added’ 91.0 23.8 1.48 9.0 18.4 —
Grain mixture w soybean oil 92.5 21.1 16.6 6.6 15.6 —
Grain mixture w fish oil 92.7 20.7 16.7 6.7 16.1 —
Grain mixture w flaxseed oil 933 20.7 15.5 7.8 19.0 —
TMR for lactating cow’ 37.5 18.7 343 28.1 50.6 -
Napiergrass, fresh cut 10.9 12.3 2.54 429 69.4 60.0
Bermudagrass hay 90.9 9.7 1.65 36.0 82.8 48.1
Alfalfa hay 86.1 20.6 2.29 31.1 44.0 63.6

' DM: dry matter, CP: crude protein, EE: ether extract, ADF: acid detergent fiber, NDF: neutral detergent fiber, IVDMD: in
vitro dry matter digestibility.
? w/o: without, w: with, TMR: total mixed ration.
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AFLVERE

ZTARRRETE MBS R I AL AL RE S - BN R 3 - BB R T BRI EEH FUNRER Y
PRREEREA > ARBEERHP - MEBRETERER | Bk - B HEHYEREELPE L SD &
TR > RFP o7 B R R AR $IRAHAY 1,656 + 344 ~ IRAIIKEOMAHRY 1,636 £ 229 ~ JRANFUHAHRY 1,443 £ 382 &
ANIIEERRFTHAHAYT 1,754 £ 336 g - FURMHR B ERVEERHMMHE HA - PHREEERIE LB RERET
12.6% > SHRAT AT AR RS (P < 0.10) » FHEREEIEINRHE RN 106% - KGRI ZEFE
RE  AMBHRFERREERLA > SHRBEMREFE ZRKE - HIRERCYERCEHREE - HEH
"R AT e 2R BT R T =AM RIS ETREHIEE B3T3 By 3.67 ~ 4.16 Jz 3.42% - FURAHARINEER]
ATRE (R ©

T3 RN IIEEE MR B RN LS AL R 2

Table 3. Effects of supplementation of functional fat in diets on the milking performance of Alpine dairy goats

Items' Control Soybean oil 3% Fish oil 3% Flaxseed oil 3% P-value
No. 10 10 9 10

DM intake, g/d 1,656 1,636 1,447 1,754 0.25
BW change, g/d -123 91 -131 -75 0.58
Milk production, g/d 2,294 2,362 2,220 2,409 0.48
Milk efficiency 1.37 1.45 1.50 1.40 0.71
Milk fat, % 3.34° 3.71° 3.00° 3.57% <.001
Milk protein, % 2.78 2.85 2.80 2.79 0.42
Milk lactose, % 423 431 433 432 0.12
Milk total solid, % 11.05° 11.56° 10.83° 11.39* <.001
MUN, mg/dL 29.4 25.8 26.4 27.5 0.18

The least squares means (LSM) are listed.
' DM: dry matter, BW: body weight, Unit for milk efficiency: Milk/DMI; and MUN: milk urea nitrogen.
"¢ LSM with different superscripts differed significantly (P < 0.001).

BRI B BT MR ST 22 - Kitessa er al. (2001) {5 FHSLAYER SUMECR (ReERVER U ER A LU=
( Fol S ETERZYVE 3%) 0 SEF AR ORGE FUHIFR T ERE R 5 Donovan er al. (2000) $5HTERDAALAFRAL 0 ~ 1~ 25
3% BN > BEVVEREE TRy 28.8 ~ 28.5 ~ 23.4 [ 20.4 kg SRR 2% KFRIFHAAEIE G R B Rl
HiZHYEALR 5 Lacasse er al. (2002) t$5 HEREI R IBRBECREN FUl > SREEMFIETAESZE 25% DL E -

=& B AGIE R EURAE AT AR BE A LE AL E - ANINAE ~ RE0MAH - feomaH B nn Rkl AR fic i
L& 2,294 (100%) ~ 2,362 (103%) ~ 2,220 (97%) K 2,409 g (104%) » 463744 2,321 g/ [/ 58 » [EIH5 1 R g228 [
B ORARCE - AEAERE MR  BEF ARGk EAREEIFE (P <0.01) » VURMAANILAERS
Al By 3.34 (100%) ~ 3.71 (111%) ~ 3.00 (90%) K 3.57% (107%) » fEHEBEEIHIFLAS & A > K MBS
B SRRt AR E A SR R o RURMHARIRAVFFE M — P R R A LA ETYRE - a(E
ZH(UAHFEH R RERI - B R RE R R T FHRBEEMEET] 2 kg SEERY 81% el HPK
oA BT RO R A T R B Ry R AT M IR AR B fROmAH D 35% HYREE (-83 vs. -127 @) ©

Cattaneo et al. (2006) #5H » 15 FLUIEHY IR R NI (R0 fUH S BEE M (R ALAE % - A MR RAVHE
[ ; Kitessa et al. (2001) EREAR &K GALIREZHER TRIER B E > WFEATAE - AEOBENABENES -
El-Nor and Khattab (2012) 7EfgEFRIFH ~ ZXEHOHEEAA S - SFAPWIERT - E0EFEEEPYERE S
HFFEIHS ; Nifez de Gonzalez er al. (2020) 5 HFLILFEE SUHA RHY SEN E FHE X JEHVAE R - SR SURE
o EREFENIIACREN SRR IR SR E R - AR LANT - EEYME RSN E SRR 23R IE R
5 o Martinez-Marin et al. (2011) A FLILEEAYEEBEEINE T 43 BRI S HER S5 TEMOH ~ 8 S ER Wk &
HEUH 48 g » &5 RNIDHAERR TR B8R e R0 - SRRSO A ILE - @2 S sE fk i Rl (2
EFEFLAES » S ERAE FEBLUAR TV GOMAH R ao ok oHAH— 21 © Ali e al. (2019) Ak 72 LU =F G & 4 78 no ik
KoM HEEE 10 ~ 20 530 mL 1% » HLECEEAMRE RN 28 HAEENRNINHES I 14.6 ~ 18.8
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26.0% » FEHG A 19.8% » 86 30 mL SEfEKFH ARV ALIRRE - s &R AT ER i i hAH 5 1 4%
FLEHARE -
1L 87 5 JH1E

BRI T WU S R AR AT (HE PR A EE RIS o SRR R R (G 4ERE
B > WIS E R — T TR B2 FMEAE T (£ 4) - BEHCERGEREUR - HIERNIIERE
5 pH BRIEFEAHNT IR R EEROA MR S NH,-N BYEE S - 45/ N —HNELIEE © (RS VFA J5
A > FURIVR RS AR E » NIIECHRER C2 ~ 8541 C3 K C4 IYSEELELFI - {# C2/C3 LLFIFF(E » Bl
ARG R FERE T - B2 B8 BN BB R - SHES AR INIE B BHEEATHNHE] T 17.8% HY4E VFA 4 A% (93.7 vs.
77.1 mM) > Z RS N KA EEYIN 5 fEZ B2 ARAGTENUH AR B S @4 o R0 i O o B FE R 8
(Enjalbert ef al., 2017) » F.Hf Devendra and Lewis (1974) AR5 2 2 A HHI 404 RV EER » H—AgE2Y)
M RS havhiE e AS S R R RIS S QB o7 R A SR AL (adhesion) 5 ZATT Al er al. (2019)
WEFTHE S DI RR Ol o) (i = 1Y VFA RSB & ¢ SURERY VFA $1EE AL ILEERY L & (Kholif ef al., 2015;
Morsy et al., 2015) - AZERERRILHASHAEER RS VFA (UE4L » (1580 VFA IREEE 250D » HEHLHAS
BT RE A VFA JEREEAVIEL - (A B H s AN IR R B ARV -

4. GRRRIRAE RS R A LR L e

Table 4. Effects of supplementation of functional fat in diets on the ruminal digestion of dry goat'

Items Control Soybean oil 3% Fish oil 3% Flaxseed oil 3%
Ruminal pH
Diurnal wei. avg.” 6.29 6.35 6.52 6.46
Highest 6.72 6.58 6.67 6.78
Lowest 6.01 6.11 6.32 6.19
Ruminal NH;-N, mg/dL
Diurnal wei. avg. 23.9 24.7 19.9 21.0
Highest 37.5 334 26.8 254
Lowest 15.8 17.4 14.9 16.6
Ruminal VFA
C2/C3 3.96 4.30 2.96 3.71
C2, mM, wei. avg. 67.8 56.8 50.9 52.1
C2, molar% 73.0 73.1 65.5 69.9
C3, mM, wei. avg. 17.1 13.2 17.2 14.0
C3, molar% 18.1 16.9 21.6 18.6
C4, mM, wei. avg. 5.93 5.58 7.75 6.16
C4, molar% 6.37 7.23 10.16 8.45
Total VFA, mM, wei. avg. 93.7 78.1 78.4 74.9

' Due to health problem, only one Saanen goat finished the experiment. Observed data were provided for reference, not
statistical analyzed.

* Data were expressed as 24-hr diurnal weighed average (wei. avg.). C2: acetic acid, C3: propionic acid, C4: butyric acid,
Total VFA: sum of individual volatile fatty acids (VFA).

IV. gt ~ AR S LA AL BRAE AR
B B i Z BRI RRAH TR R 5 - =TEIMAR A HEFIRHIRERI R AH AL - R EmA AR R T A 55.3% HY
CI8:2 > FUMAER HAF =/ C22:6 DHA &8 > (SHAEHIELHY 21.5% - sdjiff i AIlE H AT S n-3 AEHBRHIAER -
C18:3 Zr L AEHIE Y 60.7% - $ R BIEHA &AL 25% 1Y C16:0 EFIAGHNE - (H1E R BRIAS AL BE4H B 5
AR > SR EEE C18:2 B C18:3 fEHNL > B EH Fy C18:1 8 C18:2 A5HHME 445  FUH R Ea ks
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Table 5. Fatty acid compositions of diet ingredients fed to Alpine dairy goats in dietary fat supplementation trial (% of total

fatty acids)

Fatty acid Napiergrass fresh cut Bermudagrass hay Alfalfa hay Grain mixture Soybean oil Fish oil Flaxseed oil

C14:0 0 3.62 5.59 430 0.06 5.54 0.03
C16:0 28.6 28.9 24.5 22.8 10.8 22.8 5.35
Cl6:1 1.32 0 0 0 0.08 7.11 0.09
C18:0 2.50 4.02 4.01 426 3.96 2.89 3.05
Cc18:1' 5.30 5.16 1.58 26.2 23.0 31.0 15.9
C18:2! 18.0 17.6 17.7 35.5 55.3 1.78 14.5
C18:3' 34.8 24.6 34.1 2.54 5.75 0.80 60.7
C20:5 0 0.60 0 0 0 1.74 0
C22:6 1.62 2.33 1.28 0 0 21.5 0
SAFA? 38.9 49.7 453 35.8 15.7 33.6 8.80
MUFA? 6.61 5.16 1.58 26.2 23.1 39.5 16.0
PUFA’ 54.5 45.1 53.1 38.1 61.2 26.9 75.2
CLA? 0 0 0 0 0.07 0.72 0
n-6/n-3 0.50 0.64 0.50 14.11 9.63 0.09 0.24

"' C18:1, cis 9; C18:2, cis 9, 12; C18:3, cis 9, 12, 15.
> SAFA: saturated fatty acid, MUFA: mono-unsaturated fatty acid, PUFA: poly-unsaturated fatty acid. CLA: conjugated
linoleic acid. n-6/n-3: ratio of omega 6 to omega 3 fatty acid.

= FEMRE MRS IR I S FLARRH R AL R 2 225403 6 AR o EIIA S AH N E FLABRHBR A R A28 AR/ -
{15 29 TE(E IR 26 TE0 i SI4H R = 52 - BLIRAH b0 » = FUHRARAVRII T DAARE(K 6% FZLASHE
BEFIFE (69.6 vs. 65.5%) ~ HA1 60% 25 R EFIFSHHTE (4.18 vs. 6.72%) Bl 2.68 f21 CLA (1.39 vs. 3.73%) ; K&
SHELEE R H BT DA R = B R ERIHS RS 11.6% (26.2 vs. 29.3%) A Sl Es iR NI E A Ui = E AL |
7 n-3 B5HilE (n-6/n-3 6.20 vs. 2.35) » R HBR RIS EEAS AR R 1S 2 A B -
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i1 C6:0 F C14:0 HAG & REAIFIAEATBERE 14% (25.9 vs. 29.6%) » {H A BLan Roff JH 4H AT (R 12.3% (25.9 vs.
22.7%) » [FIHSFFE(E 15% 1Y C16:0 H5HHEE (28.6 vs. 24.3%) 3 FUHIRIITEEZETE(E C18:0 ~ C18:1, cis9 Bl C18:2, cis9,
cis12 HEHAfE &R » AR OH B nRAHAH ol 34 0 28% 1Y C18:0 (10.2 vs. 13.1%) » {H AR GIHANIIH R n-6 ASHTE
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HeMIA T ERERAY C18:1, trans9 A FE 2 i O P = 2 31% fY C18:1, cis9 AEAHEEIE LI 2K » Gama et al. (2008)
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Table 6. Effects of supplementation of functional fat in diets on milk fatty acid profiles of Alpine dairy goats (% of total

fatty acids)

Fatty acid Control Soybean oil 3% Fish oil 3% Flaxseed oil 3% Sig.
C4:0 2.99* 3.00" 2.75° 3.31° *

C6:0 2.41° 2.33° 2.56" 2.41° *

C8:0 2.57° 2.44° 3.04° 2.44° ok
C10:0 8.13° 7.39% 9.66" 7.15°¢ ok
Cl12:0 3.07° 2.63¢ 3.73° 2.55¢ ok
Cl14:0 9.67° 8.04° 10.58" 7.98° ok
C16:0 28.6" 25.0° 30.0° 23.5° ok
Cl18:0 10.2° 12.2° 3.27¢ 13.9* ok
Cl18:1,t9', n-9 221° 557 9.34° 4.45° ok
C18:1,¢9', n-9 23.2° 23.0° 14.5° 24.2° Tk
C18:2,¢9,12, n-6 2.38° 2.55° 1.65° 2.14 ok
C18:3,¢9,12,15,n-3 0.41° 0.36° 0.55° 0.96 ok
C18:2, c9t11 (CLA) 1.16° 2.87° 4.89 2.05°¢ Hokk
C18:2,t10c12 (CLA), n-6 0 0 0 0.01 NS
C18:2,t9t11 (CLA) 0° 0° 0.0007° 0.025" *

C20:5 (EPA), n-3 0° 0° 0.069* 0° ok
C22:6 (DHA), n-3 0.021° 0.024° 0.57* 0.012° ok
Saturated fatty acid 69.6" 64.6° 67.0° 64.9" ok
SAFA' < C14:0 28.9° 25.9¢ 32.4° 25.8° ok
MUFA' 26.2° 29.2° 25.0° 29.3° ok
PUFA' 4.18° 6.17° 8.10° 5.88" kK
SAFA/USAFA' 2.32° 1.83¢ 2.06° 1.86° ok
CLA' 1.39° 3.24° 523" 2.72° ok
n-6/n-3' 6.20° 7.69° 1.77¢ 2.94° ok

" SAFA: saturated fatty acid, MUFA: mono-unsaturated fatty acid, PUFA: poly-unsaturated fatty acid, USAFA: unsaturated
fatty acid, CLA: conjugated linoleic acid, n-6/n-3: ratio of omega 6 to omega 3 fatty acid, c: cis, and t: trans.

Sig. : Significance. *: P <0.05, **: P <0.01, ***: P<0.001, and NS: P> 0.05.

4 1 SM with different superscripts differed significantly (P < 0.05).
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Abstract

To enrich the fatty acid profiles of goat milk for health, three functional fats, soybean oil (contains 55.3% C18:2),
fish oil (21.5% C22:6, DHA), or flaxseed oil (60.7% C18:3, n-3) were added into diets at 3% dry matter level to study
their effects on milking performance, rumen digestion, and milk fatty acids profiles of Alpine dairy goats. A total of 20
head lactating goats were evenly assigned into four groups after the covariate period and raised individually 18 days. And
reassigned to repeat once. Two rumen-cannulated dry goats were sequentially fed these four diets for 10 days each. Rumen
content was continuously sampled during the last two days. Results indicated the daily dry matter intake (total average 1.63
kg) and milk yield (2.33 kg) of goats among four groups were similar, not affected by three dietary fats with their specific
characteristics. However, the high variation in acceptance of fish oil diet of goats was observed. Meanwhile, percentages
of milk fat were influenced. They were 3.34 (100%), 3.71 (111%), 3.00 (90%) and 3.57% (107%), respectively for control,
soybean oil, fish oil, and flaxseed oil groups (P < .001). Fish oil inhibited milk fat synthesis, while soybean oil stimulated.
Due to health problem, only one rumen-cannulated goat provided the ruminal digestion data. Supplementation of fat to diets
obviously suppressed the production of volatile fatty acids (VFA) in the rumen. The total VFA of control and fat-added
groups were 93.7 and 77.1 mM. For the enrichment of fatty acids profiles of goat milk, it was found addition of fats in diets
could decreased the saturation level of fatty acids from 69.9 in control group to 65.5% in fat-added groups; increased the
polyunsaturated fatty acids level from 4.18 to 6.72%; and conjugated linoleic acids level from 1.39 to 3.73%, respectively.
Addition of fish oil and flaxseed oil also significantly promoted the level of n-3 fatty acids, n6/n3 ratio decreased from 6.20
to 2.36. It is suggested flaxseed oil supplemented diet is palatable to lactating Alpine goats and supports well performance.

Its addition could improve the milk fatty acid profiles to fit modern health expectation.

Key words: Alpine dairy goat, Fish oil, flaxseed oil, Fatty acids of milk.
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