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Abstract

This tesearch project aimed to study the effect of rumen-protected fat supplementation on
performance of dairy cows. [t comprised 2 experimental researches including effect of rumen-protected fat
supplementation on performance of dairy cows and effect of 2 different rumen-protected fat on dairy
cow’s performance.

The first experiment was conducted to determine the effect of feeding rumen-bypass fat on
performance of dairy cows. Twenty four Holstein Friesian crossbred (>87.5% Holstein Friesian) lactating
dairy cows in early-mid lactation; averaging 23.3 + 3.5 kg of milk, 85 + 5 days in milk, 60.8 + 5.9 months
old and 464 + 43 kg live weight, were stratified for milk: yield, days in milk, age, stage of lactation and
body weight, and then randomly allocated to two tfreatment groups. All cows were fed approximately 10
kg of concentrate together with ad libitum prass silage and freely access to clean water. Nil or 300 g of
rumen-bypass fat was supplemented to the cows according to the treatment groups. All cows consumed
similar amount of concentrate, roughage and total dry matter (DM) and crude (CP). There were no
significant differences in milk yields and milk composition yields. All cows had similar fat, protein,
lactose, solid not fat and total solid percentage in milk. All cows lost similar live weight, Rumen-bypass
fat supplementation significantly (p<0.05) reduced C4:0 but increased C12:0 and C14:0 fatty acids of
cows’ milk. The present study indicated that supplementation of rumen-bypass fat did not enhance milk
yields, milk composition and live weight change.

The second experiment was carried out to determine the effect of feeding rumen-protected fat on
dairy cows performance. Twenty four Holstein Friesian crossbred (>87.5% Holstein Friesian) lactating
dairy cows in early lactation; averaging 20.5+2.7 kg of milk, 77+9 days in milk, 47+5 months old and
445444 kg live weight, were stratified for milk yield, days in milk, age, stage of lactation and body
weight, and then randomiy allecated to three treatment groups. All cows were fed approximate 10 kg of
concentrate together with ad libitum grass silage and freely access to clean water. Nil or 300 g of
hydrogenated fat or Ca-salt of fatty acids was supplemented to the cows according to treatment groups.
All cows consumed similar concentrate, grass silage and total DM and NE_,. However, cows on Ca-salt of
fatty acids consumed less CP than cows on other treatments. There were no significant differences in milk

and milk composition yields. All cows had similar fat, protein, lactose, solid not fat and total solid




percentage. All cows loss similar live weight. Rumen-protected fat supplementation significantly reduced
short chain fatty acids content of milk {C6:0, C8:0, £10:0, Ci1:0 and €12:0). Cows on Ca-salt of fatty
acids produced mifk containing higher CL.A than cows on the control and hydrogenated fat. The present
study indicated that, supplementation of ramen-bypass fat did not enhance milk yield, milk composition

and live weight change. However, it did reduce short chain fatty acids content of cow’s milk.
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wamovauodlunrsiuldiaguda (dry mater intake) 1 1A Tuo MRy luliy

7 A Y :
ﬁﬂﬂ%’]ﬁﬂﬁWﬂﬁﬁw lumﬁ“ﬂﬂ'ﬁ@%’b{ﬂ% whole cottonseeds, whole soybeans 3D tallow "?x‘]UN
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¥ e
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Wi msduldfaquisszmniu Tuvsauneassfidomsnulaiaguisaan nieui
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18synatmis ez lunideuudas ueeai I nandaihuuAntwantoy d195un 1500 14
o 2 ,:i = = Y = ] - ﬁd‘y o @
mqummﬂaammﬂﬂmnﬂammmm%uﬂummmmmuﬂ'mhmm.mmaﬂﬁﬁmanmi

o
ar o’ @ o iype
Funsizd luaiu 13311430 (Amaral-Phitlips et al., 1997)
ua v lusiud e Sy Tueims Taon2 113 3 wiin 1&uA vegetable fats vi5e oil (3
unsaturated fats ¢ q) animal fats (ﬁ saturated fats Z;N) WAy ruminally inert protected (by pass) R

saaalua1g e 2.1 uag 2.2

3 d 1 w ) .
Mm39n 2.1 ssndsznoumianiiuesras luduasy (dry matter basis)

Crude Acid
Source Fat . Ca P NE,
protein  Detergent Fiber

Ypmmmmmmmennnnes Mcal/lb
Soybeans 18.8 428 10.0 27 65 96
Cottonseed
With lint 200 23.0 34.0 21 64 1.01
Delinted 23.8 25.0 26.0 A2 54 1.01
Sunflowers 44.4 20.0 16.7 - - 1.43
Canola 40.2 21.7 11.9 - -~ 1.36
Animal fat 99.5 2,65
Protected fats
Energy Booster 100 2.70
Megalac 83 2.96

41 : Grant and Kubik (1996)



a1 2.2 nrasvoa luuraiiey (specialty fats, by pass fats) Aarsaldlsz Tenild

Product Ingredient Composition Frat %
Megalac Calcium Salts of Palm Oil Fatty Acids i)
Energy Milk Relatively Saturated Free Long-Chain 99
Booster Fatty Acids - Prilled Fat’
Booster Tallow plus Soybean Meal 90
Fat Treated with Sodium Alginate
Alifet Tallow Mixed with 92
Wheat Starch and Crystallized
Dairy 80 Tallow - Prilled 80
Contains some Phospholipid,
Flavor, and Coloring Agents
Carolac Hydrogenated Tallow - Prilled 98
WUIGIMS : + Prilled Fat -- Fat processed into small spherical pellets.

++ Hydrogenated Tallow -- Tallow that has been chemically saturated.

117 : Shaver (1990) 81318 Amaral-Phillips et al. (1997)
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LY 2 ' at 9 3 @ ar & A . 1
gadnyuziuandeiuludnmesinseaiavesuiy J9donilsAn degree of unsaturation 131
¥ [
unsaturated fatty acid vz 1UEugans L UIUNITHNREBLNIANT saturated fatty acid AU free
9
o o CY w o !
carboxyl group dzdinnwddglumsdudnszuiumsvdngss (W3 120U UT Y04 fatty acid 15U
1 5
Ca salts of LCFA, fatty alcohols, fatty acyl amides % triglycerides Favgiiwalunsdud
@ r 9 1 . o Y
nszUIUMIndngsoiioond free fatty acid Tugaamnssu laimslddssTemisndeyah 14
[ T o o ar = I
dana1s Tand ldwdadluluiuafuluglueadanmsi tsznendas Ca salts of LCFA, fats
enriched in saturated fatty acid 18 fats protected by encapsulation {Palmquist, 1991)
= as o F oA @ 1 w =4 o 3 a o
wavosmaiasy i lue s dadiiotiuunaandenu Teadmlddsed@ninmlums
] A = o4 o £y A Y X =4 a5 A o Y o
doaitelovesgaunidlunsrmzminanagiiosain luduendh lldamzamiubelovi gl
L4 o 1 o { 3 9 o o 1 3 . .
wnso amisaiie ldeaudun Tnamidseduvealuiiunsemsld (Volatile fatty acid,
P~ 9/ ar 1 ) = o ar & Y w o 3
vEA) Pldnmsudndesve sydunialunszmnzninanns Fadamaldudenuiosldlums
W Ed t
adraiivuanas (W51, 2533) Aaumsiast lniud lusesdaislunsziviz wiin (bypass fats) M)
a A | 4 Y " . - ' . -
MWawisafiumsdesdidoloilasnin bypass fas 32 li8adamnzaisvostals dilvgdum
4 ' g 3 1 o W ! a v as
Staunsadoute laldavy dwwa lnsa luiuszme lan Wanmsvdndes lunszimiendn
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muduau lude
& o Y o a A dA o ¢
uennHe s luliuluzy bypass fats sz idnvaemsiaivesgdunisndunsien
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uhadimy Mildoamaifuwdsau dnavild propionate INBTU (Sklan et al, 1992) &4
o 3 o < 3} P o 1 o
propionate doiflumsdsdulunmsdunsiziiharangTnafldiiuunaawndsaulumsadia
oy a ] =2 a a Y = 1
v 8113 T n1ugUves bypass fais 93 igngadulunszmnzuidn Mldidams narm
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Tufianseimzdn abomasums nazdiuvesdrldibniNodosuazgaduamdidy wasnunld
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Dietary lipids DMI 4% FCM Milk fat Milk protein

(kg/d) (kg/d) (g/kg) (g/kg)

:\nimal and blended fats -(.7* -0.2 | -1.4 -0.6%*

Protected tallow -1.2% +2.5%% +4.6%* -1.8**
Saturated fats 0 +1.8** +0.5 -0.6%

Calcium soaps -0 7%* +0.9% +0.5 -1.0%*
Vegetable oils S1Iex -1.5 -2.8% -0.9

Oilseeds -0.5% -0.2 -0.9% (4%
Protected oils and seeds -0.5 2.0 -1.0 -0.6

MBI *Difference (lipid-consrol) significantly different from zero {(paired t test; P<.05)
**Difference (lipid-control) significantly different from zero (paired t test; P<.01)

17 ¢ Chilliard (1993)

H = o 3 = I3 :f
A15190 2.4 mamsasy lududenanas uagesnlsenoutiiug

Milk (kg/d) Milk fat (kg/d) Milk protein (kg/d)

C T My C T &8 C T AN

Schauff and Clark (1992) 37.6 38.1 +.5 124 131 +07 118 117 -01

Sklan et al, (1992) 30.2 313 +1.1 267 281 +.14 320 313 -07
Holter et al. (1993) 30.6 278 -2.8 3.0% 3.4% +.4 - - -
Sklan and Tinsky (1993) 41.5 42.5 +1 .31 1.39 +.08 1.19  1.19 0

Sklan (1994) 279 32.5 +4.6  0.88 1.03  +.15 088 099 +11
Harrison et al. (1995) - - - 1.39 1.54  +.15 .32 1.20 -.12

Maiga and Schingoethe 333 36.4 +3.1 1.13 1.21 +.08 1.02  1.03

(1997) +.01
Perez alba et al, (1997) 46.7 44.6 -2.1 342 3.67 +.25 204 194 -1
490 5470 +57 634 694 +6 257 267 +1
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3.1 U

ugheduszes I Tauudaudeanmfarudiemsas iwiazfomsniar
i mdenud Taun 1459100143 (Goff and Horst, 1997) fiuTaunianuiuiufiedos
waoutholvid sz anludodeemouiiteldifivanefuanudeamsdandn Sronud
HERI prilled saturated fatty acids UAY calcium salt of long-chain fatty acids Hszaninmlu
ﬂ”l‘ﬂ‘]’ﬁ')lﬂu ruminally inert fat sersuiou Tauwy (Grummer, 1988; Palmquist, 1991) rumen inert fat
191 Ca salts of long-chain fatty acids w39 rumen-bypass fat 1ugﬂ§uﬁ1 mmamf]mmﬁmﬁ:w
w18 TnuuilorinisiaTu nanouaueees IAUABAISIESY rumen-bypass fat AoUTA4
funls endedruru I5snunsEsy rumen-bypass fat tA U518 fat-corrected milk (FCM)
Lﬁﬂ‘ﬁu (Erickson ef al., 1992), Wa wﬁmﬁymmmz FCM rﬁw’ffiu (Klusmeyer et al., 1991a; Rodriguez
et al., 1997), Wo s udluiuiyay (Kiusmeyer er al,, 1991a.b; Sklan er al,, 1992; Elliott ef al,

1996) Taehifinansznurenisdes]d Inyugdus (Kiusmeyer ef al, 1991a) Tagilszasfuoanis

¥ 8
[

14
pA3IHABAITANHINAYDINTHEATH rumen-bypass fat TUF1RU-a9Tzee I uLAONaNER
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o

¥
Tunazeflsznotve iUy

Za

3.2 ginsaluaz3Ens

dninaney 91113 HOLMTINURUNITNAADY

W Inuuganan Toaa lmin5idou (>87.5% Holstein Friesian) lussdu-naraszez iy
Adinmeis 23335 0.5y, svesiRun 8sss i, 1Y 60.8+5.9 1ADY LAZ aminga
464+43 1.0, 91U 24 A7 ﬁwm%’ﬂﬂfjumuﬂ?mmfmu Suii Ty 01y seoe Wy wazthmil
i i 2 nau nduay 12 @1 uwunisneasuiiuiuuy ttest simple comparison 15znouAIE 2
ngumInaaes Tavlannda185uemisdutuas 10 oo/ uasngmsindud fhazernid
Tafunasaan Tangud 1 (ngunaugs) TaiaSy rumen-bypass fat 91 Tangud 2 103y rumen-
bypass fat (Bergafat T 300, Berg&Schmidt (M) Sdn.Bhd.,Malaysia) 1uag 300 ASU/A7 s2823M

¥ 3
MInaasanady 10 Flat @ Fdamiusndluszezlsudl amdiuszoenanny 8 dlanh)




MAUAIREN nar My iaT Iz n Al

‘Imgﬂﬁngmﬁyaﬁatﬁlmiuﬂammm 2 x 3 maeues wazldsvennsduiuaz 10
aTandy Taowriadly 3 o A0 07.00, 11.30 nar 16.30 u. TufinmsAuldemisaisesnaay
) udiesied duffufedemmstouasimdondenuiu duneufigamgl eocc
J2HIR1 36 F2Tua d i uaruezn T 1 Tasmmsg ﬁw"lﬂ?miwﬁ'ﬁﬁwquﬁq (dry matter;
DM), it (ash), Tansiu (ether extract; EE), Tals@u (protein) (AOAC, 1995) neutral detergent fiber
(NDF), acid detergent fiber (ADF) 1% acid detergent lignin (ADL) (Van Soest et al., 1991)

niann ldnadnneiludosd§ifims  dimsdsudiuguameandanuauduush

a
494 NRC (2001) Taaldaunizaiae fafl

TDN,, = total digestible nutrient at maintenance level

X
= tdNFC + tdCP + (1dFA x 2.25) + thDF -7
where tdNFC (truly digestible non-fiber carbohydrates)
= 0,98 (100-[(NDF ~ NDICP) + CP + EE + Ash])
tdCPf (truly digestible CP for forages) |
~CPx exp[-l.?. % (ADICP/CP)}
tdCPc (truly digestible CP for concentrates)
=[1- (0.4 x (ADICP/CP))] x CP
tdFA (truly digestible fatty acid)
=FA where FA=EE - 1.0, IfEE<1.0 then FA =0
tdNDF (truly digestible neutral detergent fiber)

4.667

= (.75 (NDF,, - Lignin} [1 — (Lignin/NDF} ]
DE, (digestible energy at production level)
=DE,, x [(TDN , ~ [(0.18 x TDN,,) - 10..3]) x intake))/TDN,,
where DE,, = [(tdNFC/100) x 4.2] + [(tdNDF/100) x 4.2] + [{(tdCP/100) x 5.6] +[{(FA/100) x 9.4] -0.3
Intake = intake above maintenance
ME, (metabolizable energy at production level)

=[1.01 x (DE,) - 0.45] + [0.0046 x (EE - 3)]
NE, =[0.703 x ME, (Mcal/kg)] - 0.19
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d gt AT s resnatay 2 Sufadafuioh i Finswiludea fiama
ﬁ?ﬁiadﬁl{?quﬂ’?mi 129191 fat, protein, lactose, schd not fat {SNF} and tota! solid (TS) At
#3599 Milko Scan (Foss Electric, Denmark) v‘hmi%’qﬁymﬁﬁﬁﬂmﬁméuﬁum‘mﬂamsmzzﬁa
§uq¢1mwmm

o
5 ' o o 1 ] i

¥ L1
mseafaduamimy v leeduduareiiniiuuen Inuuhtinsmeaselusreszee

!
o 5 dg o

¥ 3 5
gamvesmsnaans vindninhusidudy - dhasauiuludadiuauSuaini

o & . 2 y H A o 1 { o
Huiin snduininim T umes (Centrifuge) inm157 3000 soudew A figanail 4 °c

L) L1l

3
@

(e 15 W1 el (Fat cake) ﬂmzaﬂaémuuumaﬂfmu uonduvesluseenydterili
afaluude ldaudFmsued Kelly et al. (1998) Y09 1N aAAgaY Hexane —
Jsopropanol (3:2 USum5/A51195) 18 Wa/n. Fat cake 3971 181 (Vortex) nuRy 6.7%
Na,S0, Turndu 12 waJn. Fat cake $1999 Hexane vzponoonu1agauuy 1¥uon Hexane
sonuitdluvasananosfifiu NaSo, 1 . uazial3 30 il udthenszidin ineld N, gas i
auind 20 °C Atz Methylation i Tinnzvinsa lufuse
MitaszveadilsznounazlSuand faty acid iagnmsazanved CLA Usznou'hl

&0 2 Funou Ao Fuasumsii saponification 8% N15%1 methylation #3RANlasa1nItveq
Ostrowska et al. (2000)

1. A9 saponification

Feetadinninmineunemsinnziusinemesluiuanitues Folch e
al. (1957) uag Metcalfe et al. (1966) Uszanm 30 Naaniu lalunasanaassdunderviie 15
T0RanT 9niuidy 1.5 Haddas ¥09 0.5 N NaOIMeOH lalumasa ufoldnmamelumasa
Moufalulasion Jarhwasaneassldaiiniaslfnnudoud 100 esrmuwadoe Tu water bath
W s wfl sewdefiaosmietuess 12 % udmhldfuaceudguugilng meh
saponification Uy Iaidanaenms Wensazaole ifimemiiumieng

2. N1 methylation

W&4INAITH saponification 1a39ududn 2 Tadfns Uss 14% BF, /McoH 1d
lumasananesfivhng saponification fiewysel laemnnislunasedioufalulasou &
AoansuniTaia CLA #2035 514 internal standard 19 lala 1 Jadfasves ¢, nrundudy
1181 2.00 me/nl 11 hexane) tag Wami¥ouft 100 oeuyaiiva Ty water bath w1 5 W1t
sewinfindsiietase 1-2 s udrihiiiduasoudegungiilni

sniufhomsazats 118N methylation a4 luraeauaTHISH NG

= = y a P ) = d 1
e 50 Hafans Tumdesngunni 10 esmeaiee ANN5I 5000 TeURINT U 15 WA
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3

Y e 6 Y . . . ey e g g uv = -
o1l liquid-liquid phase son laRMLLAYAINITHETY hexane (FULY) uay dry ¥ioinde
¥ 3 ] \ = W o ¥ g
9ONNIAIY Na,SO, MIUAUHAI5AZa1 CLA methyl ester 1WWIA8%) 10910 WA 0UAT
T Tnsiau Lﬁasamﬁamwﬁﬁw gas chromatography ol
FEnmsasnansiernse vl Insaies GC fu HP6§90

11A10819NHIUATHT methylation At unTes 6C lasian1izusunios

Column: GC column 484 Supelco 2560 %1ia fused silica capillary column §IM51U
Fn512¥ isomer Y9059 103734 & dimension 100 m x 0.25 mm x 0.2 pm film thickness

Carrier gas: Helium 18 cm/sec 1.0 ml/min. constant flow

Injection: Split 30:1, volume 1 ul, Injet 240°C

2 ‘ s
Temperature program: 38% 70°C Win 4 wR uaziiudu 13°cAand suds
a o ul:v P k| P o P ] -~ To) o

20y I757C Lasad i3 U1K 27 317 20UHIWY 47 C/ANN TUNYUNIY 2157°C Lm%ﬂﬁhh HIY

3110

g
3.3 MIUATISHADA
4
v

ihieyad Idviavnualinszineada TeensTnsizd ANOVA TaoldTisunsy SAS

(1996)

3.4 napmsnaasdaze flsewa

pertlszneumaniiuazesdlszneumie Tnvuzveso st I lunsnaasuaas 13y
o a ¥ as b = o a oA o e
13199 3.1 msnu I8 Taguide Tlsfuneu vazndeaugnimemsndnimuveslnlums
1 o
naaosagd 1 lum198 3.2 Tansaoangqumismanesiu i dnguds Tdsauneunazndanu
1 3
gnien sHanIuY ¥0901115TU 01151 uaze1M1IT N luuana1e U (p>0.05)
Rodriguez et al. (1997) s101umsiuIdinquitsvasIniug loaalnianas 6% disimsiasy
rumen-bypass fat (Calcium soaps of fatty acid (CSFA)) Tuemns vinueameanullsisaiu
= ar f-'z o - . ‘;
minulainguitsluemisaaauiierhinmsiaiu CSFA Tusmis (Kim ef al., 1993) luvazd
Ut ue luwunnuuanaisyesmsiulainguis (Schneider er al., 1988; Erickson ef al.,
= oo 3 dy [} 1 L) 9 1 = o 3 dy
1992) 1arun1sdtendaii linuanuuandisusanisfu ldemsiswidordu Neflers
X F
II941191nHAY09 metabolic control (NRC, 2001) w51z3m350u 18 NEL imdoudunisana
1 oo ) Y T I3 Y ar o o @ A'l L 1 9/
nguMsnaaes aniwavesmsiasy lududenisiulddnozidu iddado Tnogludraduyea
' it ' &

svos I mnn Infiegludasnarsuaztlaneszos 1¥uu (Grummer er af., 1990) $1141u

¥
NMSNARDIILL
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£ ¥ ¥
s 1 b = o ~ a G’
Tanaaoangunisnaase Idnanaaiug sandeesndseasuiing eeddsznauves
id ¥ q Qy | us' ar  w 1 1 a
gy dndnduds Fuganmiinanss uazmaldouudasiiming ) biuana19iu (p>0.035)
o < a2 o Ay A Ay v -
(135199 3.3) Msfimamantihulumsnaasensai lumninlulaf 1A3Tun 191850 rumen-bypass
[} i ¥ 1 v
fat o ouHondu Tan WATumM a5y rumen-bypass fat Wuorntisanvinlnfilelunis

3 2
naasiniaiioglugaanmevesszoy 1wy uazagluaniiz positive energy balance 34 A W159

¥ '
o =y

a | = 4%’ =y 1 3
AN IITIHANAA U TUN IS UBHIINATTTTY rumen-bypass fat?]ﬂ"iﬁulﬁﬂﬁﬂ‘u Erickson et al,

A Y . ] . . s ¥
(1992) Wi Ian 1ATY caleium salts of long-chain fatty acid Tugrduszoz Iduninandaiuy

) 1
= A

wnni11nf 181851 caloium salts of long-chain fatty acid 151991133801 Awumanaain
Lﬁuiﬁi’mﬁeulﬁ?umi ALY rumen-protected fat (Schneider er al.,, 1988; Klusmeyer et al.,, 1991a;
Erickson et al., 1992; Wu et al., 1993; Tomlinson et al., 1994; Rodriguez ef al., 1997) Tuma
AT9RUA I West and Hill (1990) lsvunamumne 19999013 Wnandn 1uiioiasy calcium salt
of fatty acids (CSFA) 98141579113 Skian et al. (1989) 10UIHANAR fat corrected milk (FCM)
Lﬁuﬁmﬁmﬁ?u CSFA ﬁ"’ac} Auandaihmasoffudludulubu uand ety

fihin3sunanoviufinimsdsydiunauesnsiasy rumen-bypass fat ADBIRUSENBUVDA
Sy Lmziwamﬁmiwﬁg’wU'jmﬁﬂﬁxﬂ@maa”lmﬁ'mmzTﬂiﬁuiuﬁwuuaﬂaa (Erickson et
al., 1992; Sklan ef al., 1992; Rodriguez et al., 1997) °lummsﬁﬁm§"uq WU109A5ZNe LD
"lmﬁmﬁmﬁu (Klusmeyer et al., 1991ab; Sklan ef al, 1992; Elliott et al., 1996) 1uﬂﬁiﬁﬁ
aedlsznovveslusiuluiunanasfueeduifesnain nandn ls@uningdunid
(microbial protein) 884 (Rodriguez et al., 1997) Ve mmﬁmmmnTﬂuu'lﬁ’%’uﬂmﬂxﬁ’Iuﬁ
§711 (essential amino acids) Lifanedeninudesnsnde TsAuluri i (West and Hill,
1990: Kim ez al., 1993: Wu ef al., 1993) 8813 158011 {51891 3150 CSFA Tuens lifina
sonasdlsznonTusau Ty (Schneider et al., 1990) sueudpafulsrsaudug Aliwy
mmmeshaﬂumwawﬁmﬂkumﬁmmﬂﬂmﬁ%‘u rumen-protected fat (Schauff and Clark, 1989;
- Skarr et al., 1989; Klusmeyer et al., 1991b; Sklan et al., 1992; Elliott et al., 1996) or milk fat
contents (Atwal et al., 1990; Garcia-Bojalil et al., 1998a)

f

Fd F
IR TeTiNII17151a50 rumen-bypass fat 117 C4:0 fatty acid arnasedainivd g

o

=]

N9EDA (p<0.05) uatinani1 ¥ C12:0 ag C14:0 fatty acids iy Tuvariinga lufuailadug
Wiinswasunlas (p>0.05) (137197 3.4) Tumansedrsdan3 ol Blliot er ol (1996) WU
84A1/5¢NOVYD4 short and medium-chain fatty acids aﬂmsﬁmﬁ?u rumen-bypass fat Tuﬂjmzﬁ
long-chain fatty acids A saanumanii1dnans iiufeni3oue (Paimquist ef al,, 1993)
AraLanAvesesmlssnouvesnsa luiuhaiunamnnnuandue 0l sznoUves

nsaluewisnlaldsu
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Weldeyaveswanamiiuy uazthmdnds Tnfd Bvwwasninsandsusu az
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gunTalTeueusaveen LIANA19YB98 M1 1A Ie uaents Iatss Towd lAvaawd s
4 PR-¢ d = = ¥ i -
aniienismaatiufi Innwd il (NB,, inake) (113799 3.5 Taveasinguin'ld NE,
M v e @ ¥ w4 ¥ s o -4 - v
misauiu dsdums wdanumiems Weasdad il andouiy
«3 i 9 ar [ o - 1 = °y 5 | = A
Innaaeangu 185y NE,, TulSinaiuinwe wa lduandaiudiniiaaseniuie
wiiswAsuny NE, NAud 1y nstiuld NE, 24.3 uaz 25.7 Mcalid o3 lnlungunanes uaz
] ¥
NGUALATH rumen-protected fat AWAAY Tuniengu] arsszanuso TuendmihuyldTuas
=) o o o a iy ¥ 1 ar = 1= 9/

24.5 1@ 25.2 N landy awddu n1sh lnliuissnniimanianndFun mstula NE,, 819
W zn1sdsruianuds amsnd99nen1541593W (net  energy  requirement  for
. o 1 < = s @ 3/ R g a? T ¥
maintenance; NE, ) 10310 110dus7e d1miu Inluwndou (ropics) Methiwaz i ialuwvadou

Yo )t o 1 " a 9 o4 o &
T&suommisiillguamana Iatuansyomini mildounminnuziilas NRC (2001) Wuo1e
T et ] [ ] o o
Tamuizan AAC (1990) unzihiyIaf 15 ue s Afindssiuldlse Tod (metabolizable
. . - ¥ 14
energy; ME) 108011 10 MJ ME/kg of DM @a4nsndsnuion1saisednindy msdnuindadl
=Y r:a‘{ [ P 2 ﬁi‘ . 9 hd o
I¥mdudsz@ninnudesmsnasnugniinon1sais 15w 0.08 Mcalkg BW"" dmisusing
= o) [ = i .
ANADING NE,, B18UNAT 1109 AAC  (1990) tiluass mndeauudgiuinnanniouss
¥ ] £
waanugnt linbhunuazman)doundanimidnda luiimansgnumangunwaee1mis
wuiReadulunsdlves NE, ardulszdnivesanudeniswasnugniiiensdissinnas
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Table 3.1 Chemical and nutrient compositions of feeds used in the experiment

Composition Coneentrate Grass silage Rumen-bypass
fat

_];r“y—matter (%) 90.3 “ 37.0 . 965 ”
Crude protein (%) 21.3 6.5 -
Crude fiber (%) 13.6 36.0 -
Ether extract (%) 36 1.4 99.0
Ash (%) 9.5 10.6 -
Neutral detergent fiber (%) 364 60.0 -
Acid detergent fiber (%) 139 299 -
Acid detergent lignin (%) 2.1 5.1 -
Neutral insoluble nitrogen (%) 1.4 0.7 -
Acid detergent insoluble nitrogen (%) 1.2 0.6 -
TDN,," 70.1 52.9 182.3
DE," 2.98 2.43 5.75
ME," 2.56 1.99 5.75
NE,, 1.61 1.21 4.60
dg of CP 0.68 0.48 -

" TDN (%) = (dNFC + tdCP + (1dFA X 25.25) + &INDF - 7)

"DE, (Meaikgy = [(tINFC/100) X 4.2]+[(dNDF/100) X 4 2]X[(:dCP/100) X 5 61+((FA/100) X 9.4] - 0.3
"DE,(Mal/kg) = {{(TDN,, ~[(0.18 X TDN ) - 10.3)) X Intakel/ TDN .} X DE

ME (Mcallkg) =[1.01 X (DE, ) - 0.45] + [0.0046 X (EE - 3)]

"NE, {Mcalikg) =[0.703 X ME ] - 0.19 (EE< 3%)

j'NEI_p(McaL"Rg) =([0.703 X MEP] -0.19) + [(0.097 X ME )97} X [(EE - 30] {EE> 3%)
TDNlx = (olal digestible nutrient at maintenance level, DE, = digestible encrgy at production level. ME, = metabolizable energy at

production level. NE, , = net energy for lactation at production level. dg = degradability.




16

Table 3.2 Intakes of dry matter, crude protein and net energy for lactalion at production level of

conirol and rumen-bypass fat supplemented cows

{tem Control Rumen-bypass fat Pr=F SEM
EDM Intake (kg/d) )
Concenirate 9.03 9.03 - 0.00
Roughage 8.07 8.12 0.82 0.31
Rumen-bypass fat - 0.30 - -
Total 17.10 17.45 0.82 0.31

CP Intake (g/d)
Concentrate 1,896 1,896 - 0.00
Roughage 686 690 0.87 .24
Rumen-bypass fat - - - -

Total 2,582 2,586 0.87 8.24

NE,, Intake (Mcal/d)

Concentrate 14,5 14.5 - 0.00
Roughage 9.8 9.8 0.985 0.18
Rumen-bypass fat 7 1.4 -

Total 243 257 0.894 0.72

SEM = standard error of the mean,
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Table 3.3 Milk yield, milk composition yields, milk composition, initial weight, final weight and

body weight change of control and rumen-bypass fat supplemented cows

Item Control Rumen-bypass fat Pr>F SEM
#;ilk yield {kg/d) 20.93 20.42 0.78 1.78
3.5%FCM 20.59 20.97 (.83 1.67
Fat yield (g/d) 718 766 0.56 68
Protein yield (g/d) 571 598 0.70 36
Lactose yield (g/d) 921 896 0.85 85
SNF yield (g/d) 1681 1685 0.95 132
TS yield {(g/d) 2401 2454 0.87 186
Milk fat (%) 3.43 3.75 0.33 0.31
Milk protein (%) 2.73 2.93 0.15 0.13
Lactose (%) 4.40 4.39 0.93 0.10
Solid not fat, SNF (%) 8.03 8.25 0.20 0.16
Total solid, TS (%) 11.47 12,02 (.23 0.44
Initial BW (kg) 461 467 0.84 26
Final BW (kg) 455 462 0.77 22
Body weight change (g/d) -171 -89 0.10 43

SEM = standard error of the mean.




Table 3.4 Effect of Rumen-bypass fat supplementation on fatty acid content of cow’s milk

ltem Control Rumen-bypass fat Pr>F SEM

- ” % of total fatty acid o
o C4:0 B 1.93;;“_ " 1.083" 0.0461 0.3627
Ca:0 [.526 1.102¢G 0.1430 0.2527
C8:0 0.998 0.928 0.5988 0.1193
C10:0 2.137 2.254 0.6038 0.2022
CiLo 0.354 0.337 0.6788 0.0369
C12:0 6.661° 7.551° 0.0171 0.3093
C13:0 0,324 0.326 0.9680 0.0448
C14:0 11.548° 13.300" 0.0057 0.5095
C14:1 2,442 2.030 0.2267 0.3005
C15:0 1.072 1.024 0.8614 (.2474
Cl6:0 27.946 26.450 0.1781 0.9746
Cl6:1 5.046 3.725 0.1503 0.8026
C18:0 4.871 5.889 0.1590 0.6324
C18:1n9t 2.389 2.165 0.4089 0.2418
C18:1n9c 27.697 29.184 13926 1.549¢
C18:2n6t 0.171 0.171 0.2667 0.0215
C18:2n6¢ 1.741 1.614 0.4215 0.1409
C20:0 0.235 0.084 0.3544 0.1450
C18:3n6 0.18% 0.607 (0.2837 0.1493
CLA' 0.531 0.421 0.1678 0.0699
C22:0 0.012 0.019 0.3529 0.0067
C20:3n6 0.142 0.130 0.3077 0.0104
Short chain fatty acid 13.931 13.582 0.7760 1.1030
Medium chain fatty acid 48.054 46.530 0.5185 2.1125
Long chain fatty acid 38.015 39.889 0.4178 2.0628
Saturated fatty acid 59.615 60.349 0.5385 1.0686
Unsaturated fatty acid 40.3835 39.651 0.5385 1.0686

" values with no common superscript differ significantly (p<0.05) when tested with Duncan’s Multiple Range

Test. SEM = standard error of the mean. ! Conjugated linoteic acid (cis 9, trans 11 octadecadienoic acid)




Tabled. 5 Estimates of the partitioning of net energy intake {Mcal/d)
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Contrel Rumen-bypass fat Pr>F SEM
NE, , intake 243 257 0.894 0.72
NE, 7.9 8.0 0.985 0.02
NE 4 -0.7 0.5 0.927 0.03
NE,, 13.4 13.9 0.946 0.10
NE,, 20.6 21.4 0.893 0.38

NE, ,: net energy for lactation at production level.

NE, . net energy requirement for maintenance = 0.08xLW""

NE, : net energy requirement for gain = reserve energy x {0.64/0.75)

NE,, : net energy requirement for lactation = 0.0929x% fat + 0.0547x% CP + 0.0395x% lactose.

NE, . net energy retention. SEM = standard error of the mean.
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Table 4.1 Chemical and nutrient composition of feeds used in the experiment

Composition Concenirate (irass Hydrogenated  Ca-salt of fatty
silage fat acids
Drymater 90.3 37.0 99.9 o 99.9
Crude protein 213 6.5 - -
Crude fiber 13.6 36.0 - -
Ether extract 3.6 1.4 99.5 84.0
Ash 9.5 10.6 - -
Neutral detergent fiber 36.4 60.0 - -
Acid detergent fiber 13.9 29.9 - -
Acid detergent lignin 2.1 5.1 - -
Neutral insoluble nitrogen 14 0.7 - -
Acid detergent inscluble nitrogen 1.2 0.6 - -
TDN,,, 70.1 52.9 182.3 153.3
DE,” 2.98 2.43 5.75 4.84
ME,” 2.56 1.99 5.75 4.84
NE,,' 161 121 4.60 3.87
dg of CP 0.68 0.71 - -

" TDN, (%)

"DE,(Mecal/kg)
YME (Mcal/kg)
“NE, ,(Mcal/kg)

NE, (Mcal/kg) = ([0.703 X ME ] - 0.19) + [(0.097 X ME, )/97] X [(EE - 30] (EE> 3%)

RDP = rumen degradable protein

RUP = Rumen undegradable protein.

= tdNFC + tdCP + (tdFA X 25.25) + tdNDF - 7)

=[1.01 X(DE )~ 045} + [0.0046 X (EE - 3)]

= {[(TDN,, ~{(0.18 X TDN ;) - 10.3]) X Intakel/ TDN .} X DE_,

=[0.703 X MEP] — (.19 (Moe and Tyreell, 1972) (EE< 3%)

TDN = total digestible nutrient at maintenance level, DE, = digestible energy at production level; ME, =

metabolizable energy at production level; NE |, = net energy for lactation at production level; dg = degradability.



Table 4.2 Intakes of dry matter,

supplemented cows
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crude protein and net energy for lactation of control and

Hydrogenated Ca-salt of

Ttem Control Pr>F SEM
fat fatty acids
DM Intake (kg/d)
Concentrate 9.2 9.2 9.2 - 0.00
Grass silage 7.6 7.5 7.2 0.421 0.24
Rumen-bypass fat - 0.30 0.30 - -
Total 16.8 17.0 16.7 0.417 0.24
CP Intake (g/d)
Concentrate 1960 1960 1960 - 0.00
Grass silage 494° 488" 468" 0.001 7.8
Rumen-bypass fat - 2 - - -
Total 2454° 2448 2428" 0.001 7.8
NE_, Intake (Mcal/d)
Concentrate 14.8 14.8 14.8 - 0.00
Grass silage 9.2 9.1 8.7 0.528 0.28
Rumen-bypass fat - 1.4 1.2 - -
Total 240 253 24.7 0.819 0.71

SEM = standard error of the mean.
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Table 4.3 Milk yield, milk composition yield. milk composition, Initial weight, final weight and

body weight change of conirol and supplemented cows

Hydrogenated Ca-salt of
ftem Control Pr>F SEM
fat fatty acids
Milk yield (kg/d) 17.2 17.5 17.2 (.937 0.95
Fat yield (g/d) 636 672 599 0.199 37
Protein yield (g/d) 470 488 453 0.988 23
Lactose yield (g/d) 781 779 766 0.183 42
SNF yield (g/d) 1371 1390 1341 0214 71
TS yield (g/d) 2007 2062 1939 0.565 104
Milk fat (%) 3.70 3.84 346 0.240 0.21
Milk protein (%) 2.73 2.79 2.62 0.753 0.10
Lactose (%) 4.54 4.45 4.43 0.718 0.08
Solid not fat, SNF (%) 7.97 7.94 7.75 0.300 0.19
Total solid, TS (%) 11.67 11.78 11.21 0.361 (.39
Initial BW (kg) 440 447 447 0.935 23
Final BW (kg) 417 421 430 0.813 21
Body weight change (g/d) -410 -46() -300 0.566 226

SNF = solid-not-fat; TS = total solid

SEM = standard error of the mean.




Table 4.4 Effect of Rumen-protected fat supplementation on fatty acid content of cow’s milk

Hydregenated  Ca-salt of fatty
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[tem Control Pr>F SEM
fat acids
% of total fatty;cid

C4:0 3.29 3.24 3.10 0.294 0.13

C6:0 1.94" 178" 1.57° 0.022 0.12

C8:0 1.06' 0.93" 0.77" 0.007 0.08

C10:0 2.09° 1.75" 1.49" 0.010 0.17

C11:0 0.26' 0.24° 0.15° 0.002 0.03

C12:0 6.05" 5.22° 5.05° 0.005 0.28

C13:0 0.17 0.17 0.36 0.476 0.17

C14:0 10.32 10.11 831 0.362 1.40

Cl4:1 1.28 1.21 0.91 0.246 0.21

C15:0 0.84° 0.69" 0.68° 0.024 0.06

C16:0 29.61 30.57 29.24 0.798 1.9

C16:1 2.63 3.15 2.52 0.245 0.37

C18:0 7.90 6.19 7.22 0.437 1.26
C18:1n9t 2.62 1.95 2.07 0.770 0.95
C18:1n9¢ 26.83 29.15 31.41 0.176 227
C18:2n6t 0.15 0.14 0.17 0.490 0.02
C18:2n6c 1.4 1.79 2.14 0.070 0.27

€20:0 0.38 0.09 0.13 0.344 0.21
C18:3n6 0.14 0,03 0.07 0.270 0.06

CLA' 0.66" 0.70" 1.96' 0.003 0.19

€22:0 0.06 0.55 0.12 0.418 0.83

€20:3n6 0.06 0.22 0.09 0336 0.38

Short chain fatty acid 14.68 13.17 12.14 0.005 0.11
Medium chain fatty acid 44 86 45.82 42.02 0.185 3.01
Long chain fatty acid 4043 41.01 45.84 0.404 3.0t
Saturated fatty acid 63.54 60.82 57.96 0.227 1.93
Unsaturated fatty acid 36.46 39.18 42.04 0.227 2.07

*® vatues with no common superscript differ significantly {p<0.05) when tested with Duncan’s Multiple Range

Test; SEM = standard error of the mean.

i Conjugated linoieic acid (¢is 9, trans 11 octadecadienoic acid)
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