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NATTANIT PUANPAN : USE OF SOYBEAN HULLSASA
REPLACEMENT FOR GROUND CORN IN DAIRY CATTLE DIETS.
THESISADVISOR : ASSOC. PROF. WISITIPORN SUKSOMBAT, Ph.D.,

117 PP.

DAIRY CATTLE/ENERGY AND PROTEIN REQUIREMENT/SOYBEAN HULLS

The present thesis aimed to study the utilization of soybean hulls (SH) as an
energy source and as a replacement for ground corn in concentrate for crossbred
Holstein Friesian dairy cows. This study comprised two sections. The first section was
conducted to determine the preliminary study of chemical composition and energy
assessment of SH, and digestibility of SH in the rumen of fistulated cows. The results
showed that SH contained nutrients and chemical compositions for using as a

replacement for ground corn in concentrate.

The first experiment was carried out to investigate the effect of different levels
of SH replacement of ground corn in concentrates on milk production, milk
composition and live weight change of lactating dairy cows. Twenty-four Crossbred
Holstein-Friesian cows with the average 16.3 + 3.7 kg milk yield, 84 + 44 days in milk,
414 + 52 kg body weight, were classified into 3 treatment groups (8 cows in each
group). The experimental design was in a Completely Randomized Design (CRD).
Cows were classified, by stratified random balance, into three groups according to
milk yield, days in giving milk, age and live weight before the start of the trial. The

first group was fed 0% SH concentrate, the second group 10% SH concentrate and the



last group 20% SH concentrate. All three groups were fed corn silage as roughage in
the 1% period and grass silage as roughage in the 2™ to 6™ period. The experiment
lasted 40 days with the first 10 days being considered as adaptation period and

measurements were made during the last 30 days in 6 periods of 5 days. Daily milk
yields were recorded. Evening and morning samples of milk were collected in one day
during the 5-day period. Live weights were recorded at the start and at the end of the
experiment. The results showed no significant statistical differences in daily feed
intake, live weight change, milk yield, milk lactose and solid not fat content (P>0.05)
However, the production of milk fat, milk protein and total solid tended to increase
linearly when levels of soybean hulls increased SH in the diet. Besides, rumen
degradable protein (RDP) and rumen undegradable protein (RUP) supplies were

similar in al groups, without significant statistical difference (P>0.05)

The second experiment was carried out to investigate the effect of different
levels of SH in concentrates on rumen ecology. Three Holstein Friesian cows fitted
with cannula were assigned to three treatmentsin a 3 x 3 Latin square to evaluate the
incremental substitution of SH for ground corn in the diet. SH replaced ground cornin
the concentrate to supply 0, 10 or 20% of diet. The rumen pH, ammonia N, acetate,
propionate, butyrate and acetate: propionate ratio in ruminal fluids were not affected

by treatments, and with no significant statistical differences.

To conclude, the present study clearly indicates that the use of soybean hulls
(SH) as an energy source and as a replacement for ground corn in concentrate for
crossbred Holstein Friesian dairy cows could reach the highest level of 20%.

Therefore, it could be used as aternative for lowering the capital costs of dairy cattle



diets and as a replacement for ground corn in concentrate which is more expensive,

without minimizing the productivity of cow milks
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ADF = Acid detergent fiber
ADICP = Acid detergent insoluble crude protein
ADIN = Acid detergent insoluble N
ADL = Acid detergent lignin

CLA = Conjugated linoleic acid
C4:.0 = Butyric acid

C6:0 = Caproic acid

C8:0 = Caprylic acid

C10:0 = Capric acid

C11:0 = Cis-10-Pentadecenoic acid
C12:0 = Lauric acid

C14:0 = Myristic acid

C16:0 = Palmitic acid

Clé6:1 = Palmitoleic acid

C17:0 = Heptadecanoic acid

C18:0 = Stearic acid

C18:1n9t = Elaidic acid

C18:1n9c = Oleic acid

C18:2n6t = Linolelaidic acid

C18:2n6¢ = Linoleic acid

C18:3n3 = Linoleic acid

C20:0 = Arachidic acid

C22:0 = Behenic acid

C22:1n9 = Erucic acid

FCM = Fat corrected milk

NDF = Neutral detergent fiber
NDICP = Neutral detergent insoluble crude protein
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NE
NFC
NPN
NRC
RDP
RDP

req

RDP

sup
RUP

RUP

req

RUP

sup
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Neutral detergent insoluble N

Net energy

Non-fiber carbohydrate

Non protein nitrogen

National research council

Rumen degradable protein

Rumen degradable protein Requirement
Rumen degradable protein supplement
Rumen undegradable protein

Rumen undegradable protein requirement
Rumen undegradable protein supplement

Truly digestibility crude protein
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SOYBEAN PROCESSING AND PRODUCTS

Soybean Storage

GRADING
AND
CLEANING

Soybeans

[EMTE]  Soybean Hulls
Dehulled
Soybeans

PREPERATION

Conditioning

1. Added to soybean mealstream
2. Sold as feed or saved for future use

Miscella Solvent Wet Soybeameal

| Distillation | Desolventizing
Soy Oil Desolventizing
Degumming
| Centrifuges |

EXTRACTION

Degummed Qil Gums

Soy Ol Lecithin Soybeanmeal
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#31: Dale et al. (2000)
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2.2 aaﬂﬂixn’e)mnemmmnﬂaanﬁumaﬂmmaaa (Chemical composition Soybean hulls)
A B 3 o A < Y a o & 3 o
nlaeniuwaanurasuluranase ldannnszuumsnlsgdedaduainnuas 02
A 4 = A Y 3 o A 1 1 (=
Ao o3nlszneumunivea)aeniumaanuaod lasdu v wunulnsue Tagy
Uszua Ao Taguie Tus@uneru 8o levio1y luiiu NDF ADF uagidn Jauniiy 90.58,
12.06, 3.77, 62.49, 46.02, 5.05 148 % 74.05% AN A 191 (Arosemena et al., 1995; DePeters et al.,
[ 1 4

1997; Zervas et al., 1998; DeFrain et al., 2002) 79015197 2.1 uaza1s1uilseueueandseney

~ ' A Y] 3 o A Y] A
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Source
Composition Arosemena DePeters Zervas DeFrain
etal. (1995)  etal. (1997) etal. (1998) et al (2002)
Dry matter (DM) 89.83 NA 90.90 91.0
Crude protein (CP) 14.60 10.62 12.20 13.5
Ether extract (EE) 5.75 3.79 3.90 2.9
Neutral detergent fiber (NDF) 56.51 57.13 66.10 58.7
Acid detergent fiber (ADF) 43.39 49.11 47.30 43.30
Ash 5.52 5.05 4.50 5.4
TDN NA 71.10 NA NA
WAEIHA : NA = not available (1iTdoya)
asafi 2.2 WieuifeuTnsuzssinuldeniundadundeuaz$1 Tna
Composition Soybean hulls Corn
Dry matter (DM) 91 88
Crude protein (CP) 12.1 10
Crude fiber (CF) 2.1 4.3
Ether extract (EE) 40.1 2.6
Neutral detergent fiber (NDF) 6.7 9
Acid detergent fiber (ADF) 50 9
Ash 5.1 1.6
TDN 77 85

31 : NRC (1984)
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2.3.3 nislii/aendumaadamasanaunudninanemsvindeal unszimzvain
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2.3.3.1 anuiunsa-aie (pH)
o S o S ' o
Elliott et al. (1995) 1diin1snaassldldeniumaanamasuiluuvaangs
aunaunud 1 Tnad 2 53Av Ae 0 uaz 18% lugasernis aenszuaumsnilnlagnud pH
HAUMIAY 6.08 uag 6.01 AR 1A F9 luuanaenued i iod 1Ay n19aaa (P>0.05)
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WenSvuieunslfldenuudadundeudunnaindinunaunudiinalugas
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91115119 2 52AL APANEDINUITI891UVD Y Pantoja et al. (1994) 11 Mansfield and Stern

(1994) aauaadluasan 2.4

HAZINASANYIVDY Ipharraguerre et al. (2002b) i laAnyIn151F1laen
v 3 o A I 1 o v A
AuwadadunasuilunraandsnunaunudrInad o, 10, 20, 30 tag 40% lugaso1iis u
@ o 4 4 1 1 1 o o
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NAdA (P>0.05) an1 pH Tunszmizriniuud Iduaaas mwszauvouldondumanna
4 422 . 4
mdesnnIulugase s Awdaalumsei 2.4

2.3.3.2 woulanitalulnsiou (NH,-N)
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L‘WBE‘TQL?‘I?W‘H%QH%S&T‘US@H NNTANYIUDY Elliott et al. (1995) llﬂ‘ﬂ”lﬂﬁ‘ﬂﬂﬂi’]ﬂ%ﬂaﬂﬂ
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% d? 1 = 1 9 A
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v 3 o A & ' o P} a ] Yy 9
ﬁuluaﬂﬂ’Jl‘ﬁa@qyﬂul!ﬁaqwaqqqucﬂﬂllﬂuGU']’JTWﬂﬁluq@3@11’115““’[3@@?]1?]31“16"“5[]“5[]@\1



= @ 1 A v o w aa ] 1 9
pouTufie'lulaslunszmzninanasedisiiivdnynieana (P<0.05) Jaa11d 20.3 uaz 17.2
mg/dl MUFIAY asaasluasen 2.4

2.3.3.3 n3a lvsiusziviela
Y (A v 3 o A Y . 9
HaveIn13 1dlaeniumaadanasanud Inalue1ms Inundon 1wy
9 @ 9 % 9 d' .
Juveansa luiuszmeldlunszimizviin uaael3lua151949 2.4 919519974 Pantoja et al.
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Y 9 o Y ' Y (A 9 3 o A 3 ' o
Wuduveansa luguszve 18 wodimsldldenquwaadumaouiuunamasnunannu
9 T ! = ! Yy 9 % k4 aa
1171 Twa ludananonsasunlasaennududuveansa luduszme'ldsin nsnozdan
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HazdATI@IUVBINIABEENANADNTA TNT NN Huud THugIu tazAnNududuveInTa
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gN301%13 IFUIAYINUII891UYDY Ipharraguerre et al. (2002b) AduaAI1UA131991 2.4
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Mansfield and Stern (1994) 51891421013 1aenRumaanurane lids
wasonsa Insnooin uaaswam lilsuansalviuszmeldsu nsnezdan uazdasiaiu
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ninozFnAnANIA INTNenln INgluedeliodAynieana (P<0.05) uazdanaild

9 @ a
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a Y (A 9 3 o A ) 1 N P a d s H
M131940 2.3 ﬂ131%£ﬂa@ﬂﬂlllllaﬂﬂ’JL‘Wﬂ@Q‘WﬂL!‘WHGUTJTWﬂ‘lu'@”lﬁ”liiﬂull G]’E)ﬂ”liﬂullﬂ NAWNAAHUIUY L!a%@ﬂﬂﬂﬁ%ﬂﬂﬂu”luu

DMI Milk 3.5%FCM Fat Protein
................ (Kg/d)eveverennns TN 7 W
Pantoja et al. (1994) Ct: 16% AS, 24% CS, 34% GC 19.3 29.5 23.6 2.65 2.97
T: 16% AS, 24% CS, 16% GC, 20% SH 17.8 27.3 24.1 321 2.82
Mansfield and Stern (1994) ~ Ct: 14% AH, 6% GH, 32% CS, 28% GC 20.2 28.7 27.9 3.33 2.96
T: 14% AH, 6% GH, 32% CS, 30% SH 20.7 277 26.9 3.33 2.90
Elliott et al. (1995) Ct: 22% AS, 22% CS, 36% GC 19.8 23.8 25.9 4.61 3.93
T: 22% AS, 22% CS, 18% GC, 18% SH 19.3 22.8 25.4 4.83 3.90
Ipharraguerre et al. (20022)  Ct: 23% AS, 23% CS, 40% GC 23.8 29.5 29.0 3.60 3.36
T1:23% AS, 23% CS, 30% GC, 10% SH 24.8 29.3 29.0 3.61" 3.8
T2: 23% AS, 23% CS, 21% GC, 20% SH 24.4' 29.9 30.1 3.67" 3.33
T3: 23% AS, 23% CS, 11% GC, 30% SH 229" 29.3 30.6 3.93" 3.30
T4: 23% AS, 23% CS, 1% GC, 40% SH 22.7" 28.3 29.7 391" 331

N H8LY A : AH = alfalfa hay, AS = alfalfa silage, CS = corn silage, Ct = Control, GC = ground corn, GH = grass hay, HMC = high-moisture corn, SH = soy hulls, T =
treatment.
. Significant linear effect (P<0.05),

! Significant linear effect (P<0.01)



d‘ 9 A 3 o A 9 1T A = o
M3199 2.4 M3 1Flasnwaas urao e Ina lue1ris Iauy aedneInen lunszmizvin

pH NH,N TVFA, C, C, C, Ac:Pr
(mg/dl) (mM/L) ceseeseneseee(mol/100 mol).............
Pantoja etal. (1994)  Ct: 16% AS, 24% CS, 34% GC 6.05 NA 103 57.0" 246" 13.6 2.34"
T: 16% AS, 24% CS, 16% GC, 20% SH 5.96 NA 106 61.4" 219" 12.8 2.82"
Mansfield and Stern  Ct: 14% AH, 6% GH, 32% CS, 28% GC 6.47 20.3" 93" 61.6" 21.6 12.6" 2.86"
(1994) T: 14% AH, 6% GH, 32% CS, 30% SH 6.36 17.2° 100° 64.9° 20.9 11.0° 3.11°
Elliott et al. (1995)  Ct: 22% AS, 22% CS, 36% GC 6.08 14.5 97° 61.6" 23.1° 11.7° 2.74"
T: 22% AS, 22% CS, 18% GC, 18% SH 6.01 15.0 102° 64.9"° 21.6° 11.4° 3.02°
Ipharraguerre et al. Ct: 23% AS, 23% CS, 40% GC 6.11 12.6 123 63.7 20.4 113 32"
(2002b) T1:23% AS, 23% CS, 30% GC, 10% SH 6.00 15.8" 125" 65.0" 19.6' 11" 338"
T2: 23% AS, 23% CS, 21% GC, 20% SH 6.09 15.7" 127" 64.5" 202 10.6" 332"
T3:23% AS, 23% CS, 11% GC, 30% SH 5.96 163" 131" 65.5" 19.6' 10.6" 3.44"
T4: 23% AS, 23% CS, 1% GC, 40% SH 6.09 17.8" 131" 66.2" 193" 103" 348"

HNTA : AH = alfalfa hay, AS = alfalfa silage, CS = corn silage, Ct = Control, GC = ground corn, GH = grass hay, HMC= high-moisture corn, SH = soybean hulls,
T = treatment, NH,N = Ammonia nitrogen, C, =Acetate, C,= Propionate, C, = Butyrate, Ac : Pr = Acetate-to-propionate ratio, NR = not available
*®Means within a column with common superscripts do not differ significantly (P < 0.05)
*®Means within a column with common superscripts do not differ significantly (P < 0.01)

- Significant linear effect (P < 0.05), ISigniﬁcant linear effect (P < 0.01)
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2.4.1 HUIBUBINAINY

52UUUsH I UAMAMNNNEINIUYI01MITHAETE UV T2 UAUADINITEINIT VN

= 19

ﬁﬁiﬁauﬁy@qﬁi%ﬁuagi“lui‘]ﬂi}ﬁumgmaﬁuwmaszuumﬁ NRC (National Research Council)
YDIAN %g DINTN (TDN itaig Net Energy System), ARC (Agricultural Research Council) UD& 11519
911915 (Metabolisable Energy System) d1%5utlszms Inoaaulng 91989910 NRC uag
ARC luansgomsmienldmizeTandsaueg 2 35 Aenu

2411 Tnsuzdon’l@yaniam (Total Digestible Nutrients, TDN) 11809/ @

394UD3 Digestible Protein, Fiber, Nitrogen-free-extract a1 2.25 (Fat)

%TDN = Digestible [CP + CF + NFE + (2.25 EE)] x 100

Feed DM Consumed

1 v

. 3 Aq Yo A
2.4.1.2 Calorie System 1JuszvuN Isianmasauluomis Iagh 1 cal v

Y
S =2

= a Y Y Ay o Y g’ 13 A A [e) a A
9 Usmamasnuanuiounaosmsimilnii 1 nsu HYUNQUINNIU 1°C (Iﬂﬁlﬂﬂﬁlwuﬂ1ﬂ
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14.5°C 1w 15.5°0) MsTandauanuieunseiila lasn1snToaldoNi5en31 Bomb
_ p 4y v 1w da
calorimeter INOINIHAIYDINITNADINMTTAMNAINUTUTAINAY Oxygen
o o 1 o a 4
YszimnalunTednsANeINgY (British Commonwealth) 15U 640 Y HIFUAUA LAz DO
w5188 92 1952 UUn15 Iand 9911 N5 8031 British Metabolisable Energy (ME) 5 UUNA 91U
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1 cal 4.184 joules

1 kgTDN = 3.82 Mcal ME = 19 MJ DE = 16 MJ ME

2.4.2 MINUUNUYSLINNVBINEI9Y (Partition of energy) NN 2.2 LLFAAINITIIUN

4
=1

wasnulszana q lTaelisigazioand
[ 3| o 091’
2.4.2.1 WAINIUIIN 1150 Gross energy (GE) 1T UAMUT NI U0 ING 101U g
A dy A v Al J 1 A Y v 9 '
vua luemsueluiileitevesdaiisesondiudsenevvesosi lindsanuldun
@ = o & Y] (] T W
Tugiu Tdsau vazmslulawsa dalindeueglaolszunauniny 39, 24 uag 17.5 MI/kgDM
o w =K o 1 dy A 1 [ ) 9 ° [ v J
MNE1FY GE 3eiuulsauaiudszneuveailewenis 9 ua laena ldudremsdmsudad
dy dy = 1 1 A v oIa 9 [ = [
1Ae 0z H GE 0gluae 18-19 MI/kgDM iWodainuormmsdlidiuues GE isausdiu
1 09; ) 9 S A 9 dy A 9 a 091’ dyd J
miuazgmit 144z Teniiemsasuilomouaz adrawanaanaibdumaz lusgninems
IAAYUIUNITEDY (Digestion) HAZINUNVOATY (Metabolism) n1eTusanievziinisgude
wasnueauly
g . . I 1 ' [
2.4.2.2 wasuges'la (Digestible energy, DE) 1 uamiana1945¢1319 GE

1
1 =

A o da 9 Y @ Y <3|
ndadnwd lfuwaeanlugeerse (Faccal energy, FE) wasiulugaasziiludiuniinues

v

GE luemsh ligndesmsiandsnulugenszialalasnsialsinagenszidunisesn

U
o Yy 9 [ 9y . ' A
141 (kgDM) LLﬂ%’Jﬂﬂ’J”I?JHJEJ"IJ‘L!“‘IJ@QWﬁN11!11!@‘%]5]1531@]8(16]5 Bomb calorimeter N813IA®

GE Intake - Faecal energy output = DE Intake
%30  DE = GE - Faecal Energy

% d v
2.4.2.3 naanu1¥ sz Taws! (Metabolisable energy, ME) (Jua11v04 DE
A 1 @ A & a dgj 1 v 1 % 1 N
ldsingluileanzuazunalimu Fwaatuszniumsnindos lunsziwiznin) nannoe
DE iiagngadudngsienmeszinanisaaiedivazifednuazingsnuunaiugnivesnnie
wonsnnelagld1d141se Teani lduandanundueonniailaandz (Urinary enerey, UE) tiay

v

o a o A
NWAWTUN U@Bﬂlugﬂuﬂﬁ (Gaseous 1199 Methane energy)

DE Intake - (Urinary energy + Methane energy) = ME Intake
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221U ME intake au150f 129 1d Taen1sdan GE luomisuaziaaings

[z ) Y . a A g
nuluganszilaaniy nag Methane d1%5U UE (Urinary energy) i8¢ ME Taginaaziauilu

Y
v A

o 1 ' D) Ao o = ' Y
AATIUADUVWAINND DE (~18%) ﬂguuﬂQﬁ']N'ﬁﬂﬂﬁgll']mﬂ'] ME Vlﬂﬂqu

ME = 0.82DE

Yy v o A 1 AA A . .-
ANV UUVUUDINAINIU ME ‘V]ﬂﬁxﬂ@u@g‘lu GE W¥aLiann Metabohsablhty

(q) 150 ¥UeDe daduved ME 11 GE vesomsdns
q=ME/GE

2.4.2.4 NAINUGNT (Net energy)
v J a 09; [ ddy dy = 9 [ Y & A
Gluff@lﬁﬂﬂ%uﬂﬁﬁuﬂ\iﬁﬁ’lmﬂ’llﬂﬂﬂ UANUADINTITNAWNTIUIZAUNUN INDNTT
A1TIFN (Requirement for maintenance) WoN1I L‘ﬂ?ﬂlu wula (Requirement for growth) wod %I NHAQ
a N v o o '
Wa# (Requirement for production) uamﬁamsﬁuwuﬁ (Requirement for reproduction) Waui
J @ dy 9 =K o 9 4 . (% a
fuzﬂanﬂﬂuuwu%mumWawm%ﬂsﬂwu (Metabolisable energy, ME) L!a%WﬁﬂﬂTuq‘V]ﬁ
Ao JY A o Yy
(Net energy, NE) NaNINDIN1TINON1TAINA1IUNAY
Y o Aq Y o 9 o
NRC (2001) "I,ﬂ‘ﬂ1ﬂ1553ﬂ53ﬂﬁﬂﬂ15‘1/]‘1°]5‘11!ﬂ1§ﬂ1u3ﬂlﬂ31ﬂ@]@ﬂﬂ1ﬁ/‘lﬂﬂﬂ1u

=1

Tugilvee NE MariuaaeJu (Mcal/day) 130l

e NE = NE,,, + NE,,+ NE,,

LR

Tag NE, , (Mcal/kg) Net energy lactation requirement

NE,,, (Mcal/kg) = Net energy lactation requirement for maintenance
NE, ;, (Mcal/kg) = Net energy lactation requirement for growth
NE,, (Mcal/kg) = Net energy lactation requirement for lactation

1. ANNABIN TN INUNBN IATITN (Net energy lactation requirement

v A 54

v 4 o 4 v o R
for maintenance) ﬂ”J”Illﬂgljﬂﬂﬂ”ITINaﬂﬂTL!Lﬁ@ﬂ”liﬂ”ﬁﬂ%Wﬁu@ﬂﬂUﬂﬁ]ﬂiium@ﬂ@nﬁﬁ? Gﬁﬂﬁﬂﬂ]n\l

U
]

(% @ @ 1 @ o = Y 9
ﬁiJWLl‘ﬁﬂll‘UuTﬂg']J31\1“613'1/‘!1!12?115141 NELMGUB\TI?IL!?J‘VIGLW‘L!EJﬁnJ”Iiﬂ‘W”I]lﬂﬁ]”lﬂﬁiJﬂ”li

0.75

0.073LW " (NRC, 1988) 0813 13Aamluaumsdenanldimsimelufanssuuiadiudn

0.75

£ Y} Aq ¥ A ~ = o =
10% Gﬁﬂﬂxllﬂﬁuﬂ151/]‘1°]5‘luﬂ1ﬁﬂ1 NELM 9 0.080LW (NRC, 1988) UNITANHINUNITIAYY
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Tuvazn Tagiuazdauns TUNTHIANMUABINIT WA IUNDNIS

NE,, = 0.086LW "”  (NRC, 1988)

2.A21HABINMINAINMNNITI3 A DIA (Net energy lactation
o 4 a a a a o dogjl
requirement for growth) AMMABINIINAINUIHEMINTAD TalumsnTaan Tavesdadiiu
v AA Y o A g’ % v o 1 [ A
driintsven ldedrsFanunnoimiind1vesd1da I Moe and Tyrrell (1974) WUIWSIIUR
9 A c’o‘ % a (% c?/‘ a o [ Y £
15 lumslasuntanimiings 1 Alaniy HTULAINEIUNINY 6 Mcal B9 Moe et al. (1971)

Y
[ %

9 9 [ A a a Y 9 c’o‘ a = Aa A
VlﬂﬂigﬂTﬂ‘lﬂWﬁi%Wﬁ\‘l\ﬂu&‘WfJﬂ15&‘ﬂiiUuLﬁ‘iJI@Ihl'J’NﬂWiﬁﬁ%‘luWuiJ 1 nlansu dueeidseans
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Y Y v Y
Alumsldndaanunmiming 82% aaiulunsalasunlanimiinginaaas 1 nlansy
Y 09.: Y [ 1 @ & oA 1w
voalaunluszerms 1r Uy uazdeamTNaINUMINY (6.00)(0.82) FINAUNINY 4.92 Mcal
~ A 2 v o A o o 9 A a v
v nmsnuiimingd 1 0 lansuved lauuiuluszezms Ivuvilssansainveans 19
Y v Y
ME lumisadiaihuy 1 dlansuliauniny 64% uazissa@nsnmueam s uiiimiing
Y Y [ Y
1 alansuvealaunluszey 1duniiu Jauniiy 75% aaiulumsmuiimiinga 1 nlansu
Y 3 9 [ Y & A [
voalaunluszer 1 uniuazAoIMINAINUNINDY (6.00)(0.64 / 0.75) FIUAUNINDY 5.12 Mcal
d! o Y o [ d' 3} o [ 091} A d' ]
FINTAIUIUAMVADINTE M TUNTdeundaaiviindrvea Tauntiv ieoNazyelu
m3tleadumsviandsnuveslaunluszesIdunluszazaiag (NRC, 1988) Tuvazh Iaa
5] 9 @ A a a
202 IANUABININAN WM TTYAD TR

0.75

NE,, = 0.045LW " (LWG/1,000)

1.119

+ 1.0LWG/1,000

ot 13Aamu NRC (2001) IdFualgamstsziliuanudosmsndean
Y {1 o 1 J Y 4 a a <
Tagdanann1iNAYiLIFnInNuAeIMsNasIuenIsns Ay Taaasezilu Body
' 9/31 v o 091’ =2 Y o 1 dy
condition score 41NN31113 1911111TNA2A 1M NRC (1988) nziiuienas launisasae Tl
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NE = Reserve energy x (0.64/0.75)

Lgain

NE = Reserve energy x (0.82)

Lloss
Y 9y
v A
NIUINTE
a A 9 9 g’ a v A [
-1s2@nsnmveean1s 1% NE lunmsasiariuy 1 alansuliauinny 64%
' Y Y Y
-szansmmveamsiniimiinga 1 nlansuvedTaunlusze: Iihumiuiauniy 75%

Y Y
-msadaiuw 1 aTansuaztlszansnmlumslgndsnuamimiinga 82%

1o Reserve energy = (proportion empty body fat x 9.4)+ (proportion of empty body protein

x 5.55)

0.037683 x BCS (9)

Proportion empty body fat

Proportion of empty body protein 0.200886 - 0.0066762 x BCS (9)

BCS (9) ((dairy BCS—1)x2) + 1

3.ANUABINITNAINMINONITA 3193111 (Net energy lactation

. . o [ d’ 9 c’o‘ 9 4 =1

requirement for lactation) Jun1sA LI NAIWNENTE 319t upee 1Feenlsenouniunll
H \ e d M g vl @ a 2 el o

voui 9y esidud luiu iy woesidud ldsauluinm uaznlesiuduan Taalu

7 o o a v o s d @ o 7 v A

My dmsudszdiv NRC (1988) Idaunisaiuraainlos i ud lusiuluiiiuy aail

A9 0.3512 + 0.0962 %Fat

Y 1 ]
wennfdiauisal¥aunisou o Adaudadain Tyrrell and Reid

(1965) Faruzai1 131 NRC (2001) 4t

duranzdimmztlosdua luduluwihunldaumsan i
NE,, (Mcal/kg of Milk) = 0.360 + (0.0969 x %Fat)
sunannesiFud lusiunas Tdsau

NE,, (Mcal/kg of Milk) = (0.0929 x %Fat) + (0.0547 x %Protein) + 0.192



sunanndesiFud vty Tusauuazudalag

NE,, (Mcal/kg of Milk) =

Gross energy (GE)

(0.0929 x %Fat) + (0.0547 x %Prot. + (0.0395 x %Lac)

Fecal energy (FE)

Digestible energy (DE)

Urinary energy (UE)
Gaseous energy (GE)

Metabolizable energy (ME)

o
Heat increment

v

Total heat production Net energy (NE)

Net energy for
maintenance

(NE,)

Net energy for
production

(NE,)

v 4
MNWN 2.2 TUADUMTTWUNNAINUYTZNNA1T 9

i : youdow (2541)

Q9

2.4.3 M3szAunumMManasnueau NRC (2001)

a J 1 [~ { 1 o @
fuiszuumsdszdivauame Inwug Taolda NE aifluszuuing uaiinisialag

v Y = 1 q Y Y Yy A A A o Y '
@Ii\‘]VlﬂﬁnﬂﬁﬂﬂL’c’fﬁll’)ﬁﬂlﬁ%ﬂfl‘]ﬁWﬂN1ﬂﬁﬁ@ﬂﬂuﬁﬂii‘ﬁlﬂi@ﬂhﬂﬂiql\ifﬂﬂ‘ﬂf‘ﬂ“])’f)u ﬂi%mﬁﬁN il

=2 a g Y o Y a 1 @ J =
wanaugumsu lglunsaiiu lasldnmsdsaiumnienasnuanosalszneuniaunail

w5 Tuilsgmeneesiuduiaal NE, 910 GE uag ME Usemaanigamsnia1uingin TDN

' 3 Yy & o 1 o 3 ]
i’]ﬁl”lﬂlliﬂ@niJﬂ”lii]gllﬂiﬂcb'QﬂWIN 9 cll!ﬂ”l'i‘ﬂ1u18ﬂ‘mﬂﬁ/l”lﬂwENQTHmJWﬁ1ﬂ‘ﬁﬂ1fﬁJNﬁ3Jﬂ1i(1“]5

1AMz MTUwiia Y 911139U V1aun3 15 TAmIe U0 IMITHIUIUNTZNT Weiss et

al. (1992) shimsdsudgsaumsiamnsariunldduneamandsnuiue s nateriag

Y 4 [
14 By-products 118 Heat-damaged forages 1agviann13vedaunsioaraniiilnsuzyiiala



Alrnaanulddoninndiuiudls Falaruzaananisznovade Tilsauneru lvsiu NFC
Y Y v
1iaz NDF M3muIsAo90178 True digestibility (td) Y04 Tayuiiu 9 91n1iuaz 14A1 TDN @4
aunsoi ludnama NE,, 14 Tasordoaunisans q aeeglananae 11
a 1 [ v o 1
mstsziiugauamianasauluemisdadaiuszuy NRC (2001) Ao dauisznou
d’ Y [ 9 ) o 091’ o

vod laruzla o luomsnInnasnuaesainndiunmualasdiuiaeenuilugilves

v 4
Tnyuzrndesldnaviua (Total digestible nutrient, TDN) A4a115

TDN, (%) tdNFC + tdCP + (tdFA x 2.25) + tdNDF — 7

o td = Truly digestible

2.4.3.1 Na9914210 NFC
a I . . 1 1 [ 4 o
Tae1n@ NFC 131 Uniform feed fraction N7a1 td U521 0.98 §1d07 1@50
A @ . o % @ J Y = %
91M15752A 1 Maintenance NFC fuaat 14 Iagmiswinauandy Ts@uneru NDF wag iy
~ 9 Y 1 [ 3 A 1 Y = o g‘ v =X 09;
910 100 Ao 91471 NDF, unua1 NDF niite 119 1 5@ unern gnitneondinuie 2 a5

Y
a % o

Haziiuazilia NFC é111d msfmiuamdaauin NEC suia laaaauns

TANFC = 0.98 (100-[(NDF — NDICP) + CP + EE + Ash]) x PAF 30
TdNFC = 0.98 (100-[(NDFN + CP + EE + Ash]) x PAF
NDF, = NDF — NDICP
NDICP = NDIN x 6.25
Lﬁ"ﬂ NFC = Non fiber carbohydrate
NDF = Neutral detergent fiber
NDIN = Neutral detergent insoluble nitrogen

PAF = Processing adjustment factor



Ad' o Aq o A a . .
Mm99 2.5 Jaden 1 lumsdsumiosnnnszuiumsnan (Processing adjustment factors, PAF)

@115 NFC (NRC, 2001)

Feedstuff PAF

Bakery waste 1.04

Barley grain, rolled 1.04
Bread 1.04
Cereal meal 1.04
Chocolate meal 1.04
Cookie meal 1.04
Corn grain, cracked dry 0.95
Corn grain, ground 1.00
Corn grain, ground high moisture 1.04
Corn grain, steam flaked 1.04
Corn silage, normal 0.94
Corn silage, mature 0.87
Molasses 1.04
Oats grain 1.04
Sorghum grain, dry rolled 0.92
Sorghum grain, steam flaked 1.04
Wheat grain, rolled 1.04
All other feeds 1.00

For feeds not shown PAF = 1.0

2.4.3.2. wasnuanlsau

Tdsau L‘]Q] U Uniform feed fraction tW312 A1 True digestibility (td) ¥®3 Crude
protein (CP) Hufineudranfi luisdimfuusse1ine 0.9-1.0 mae 0.93 Smsvuemissu
ﬁ"laj"lﬁ'vimmm%'au (Unheated concentrate) A1 tdCP 3¢ uA1szuIR 1.0 (Fonnesbeck et al.,
1984) 0115 7igAANLSBUA WdCP 2z iimranas ileannmsdesldves CP uazdnsnsgn
Maedrennusou (Heat damage) HANuTUNY ﬁ'ﬁ"u Acid detergent insoluble nitrogen (ADIN)
ﬁqguﬁﬁmamm tdCP Vlﬁl%WﬂﬂIW ADIN LL@ilﬁfJ\‘mWﬂﬂ’NNﬁuﬁuﬁﬁiu@1ﬁ1i%}ullﬁ$@1ﬁ13

=1 [ - VI—J) [ o d‘ 1 Y] (Y] d"
“ri‘ElTiJiJvliJmWﬂH‘ﬂ\‘lﬂ@Q’fﬂﬁﬂﬁNﬂﬁﬂWH’Jﬂ!‘mmﬂﬁNﬂuﬂ\‘]u



Truly digestible CP for forages (tdCPf)

[-1.2 x (ADICP/CP)]

TdCPf = CP x exp

Truly digestible CP for concentrates (tdCPc)
TdCPc = [1-(0.4 x (ADICP/CP))] x CP

1o ADICP = Acid detergent insoluble nitrogen (ADIN) x 6.25

2.4.3.3 WU luaiu
4
A1 Ether extract (EE) 1491115052 noualensaluiu (59094 Triglycerides)
. A = 3 Y . o 1 a o
Waxes, Pigments LLaZ0U €] 9NaN108 Palmquist (1991) uuzii lunsmydsuna lvdunds
a J . 1 a J c?/‘ dy A <3| A
AUATIZN Fatty acids (FA) NIANIINITUATIEH Ether extract (EE) N915199910 FA 11 uan
. { ] . 1 4 a o a ua 1 1 a3
Uniform Tuvaiz? EE 14 uniform uaniesiiolunisinsiziludesdgiamsdiulvnapiu
A A A 4 9 Aa va 1 1R o a a d ] (] <3
1nT09iUATIZH 11 EE novlfiianmsaiulvaiedenailoning1zvia1 EE og 0619 15na1m
) 1 o 9 o 1 09; dy v A 19 ¢
MIMUIAIA FA a3 1a laemsauianinal BE natimse ludun lils FA aunso
o % o 1 c?/‘ d" o A ] 1 =
B ldTasmssruaaainal EE fiatimse luiiuin lails FA idszanat 1.0% vee DM lueimis

\J QSJ’
MUY

FA

EE-1.0 (Allen, 2000)

tdFA FA  uatlunsdifi BE < 1, FA azfidmiify o

2.4.3.4 WA914210 NDF

NDF Lﬂu?‘i”lﬁ]lij Uniform (1% NDF ﬁauﬁmmdaa"lﬁ' (Potential digestible NDF
130 pdNDF) 151117 uniform Taefin13606' 181171 1.0 LONIINT Conrad et al. (1984) 18
a?19aunsilszifiuat pdNDF Taue i Lignified surface area W351M512 Lignin 69011145
A5 NaeeN11n NDF 1ite 1571471 Lignin-free NDF wonING Lignin &4 14av219m3
6081494 Cellulose 1182 Hemicellulose 34A93A1UIMMIATAAT 1Y 1MUY NDF fignln

1 Y
AQUA2Y Lignin 11l m1inavesn aatia1 pdNDF d1uaa ldnnauns

PANDF = (NDF - Lignin) [1 — (Lignin/NDF)0.667]



1 v A

[ 3 . .oAa J a .
AN NA N U811 1 % Y99 DM 1182 Lignin 3105124 1A835 ADF-Sulphuric

q

=} a

Y
aumsieduil ¥ Idnuisununntia ualu By-product vaewsiia e1aiidauves CP dumnlu
4
1 o 1 a v @ a 4 . .
1 NDF #1n911143A1 NDF qqmu”lﬂmuu?fﬂmmmﬂw Neutral detergent insoluble nitrogen

(NDIN) fnetivef1uimmia1 NDF 71131010 N 1a2 (NDF,) Al

NDF, = NDF — NDICP

v A '

Amndaliviedlu % 1ag NDICP = NDIN x 6.25

4
W&9911910 NDF f1uda IagnaiA1 pdNDF dredulszdninisdon’ld
1 1 o oA @ [ J Y
Yszanamsdes ldveq pdNDF ludainla5ue141351152#U Maintenance JAMIAY 0.75

221U Truly digestible NDF (tdNDF) 92 Uf1@9ain1s
tdNDF = 0.75 (NDF,, — Lignin) [1 — (Lignin/ NDF,)) 0.667]

pd1alsian Junsdiermsdaifiunansuainldaunsindasd wu Tdsdu
nadad Gd]ﬁ‘wvluﬁﬁ IUVDY Structural carbohydrates 1AL EIUYD Neutral detergent insoluble
residue 119 13419515714 11989 Cellulose, Hemicelluloses 138 Lignin Safuaumstanuazle
i unsdiidoalFemadad
TDN,, = (CPdigest x CP) + (FA x 2.25) + 0.98(100 ~CP — Ash — EE) -7

1o CP digest = estimated true digestibility of CP (§113 19912.6)



m319h 2.6 UszaninmmsdeslavesTsauneruie 14lun1silszuan TDN , d 1wy

A o  JAn Y o
pansuan ldandad (NRC, 2001)

Feedstuff True digestibility
Blood meal, batch dried 0.75
Blood meal, ring dried 0.86
Hydrolyzed feather meal 0.78
Hydrolyzed feather meal with viscera 0.81
Fish meal (Menhaden) 0.94
Fish meal (Anchovy) 0.95
Meat and bone meal 0.80
Meat meal 0.92
Whey 1.00

oA v W ~ A o say ¥ v Y J v do o
LGIleLﬂEJ’JﬂLlﬂ'LIﬂimGllﬂﬂwaﬁﬂﬂ!"ﬂ‘lflllﬂil”lﬂﬁﬁil ﬂ”lL']JU@"IW"ISﬁG]'Jﬁ]"IW'JﬂlIGUNH

92 1UIWA1 TDN,, 9103 3AA1 Fatty acid digestibility aauaas 13 lua1siei 2.7)

A13519% 2.7 U5z@nn mnsdee lANen15A159F W (Assumed 8% increase in digestibility

compared with 3X maintenance) ﬁ1ﬁ§ﬂ@1ﬁ1iﬁ’¢l’3’§1W3ﬂqﬂlﬁu (NRC, 2001)

Fat Fat type True digestibility
Calcium salts of fatty acids Fatty acids 0.86
Hydrolyzed tallow fatty acids Fatty acids 0.79
Partially hydrogenated tallow Fat plus glycerol 0.43
Tallow Fat plus glycerol 0.68
Vegetable oil Fat plus glycerol 0.86
Calcium salts of fatty acids Fatty acids 0.86
Hydrolyzed tallow fatty acids Fatty acids 0.79
Partially hydrogenated tallow Fat plus glycerol 0.43
Tallow Fat plus glycerol 0.68
Vegetable oil Fat plus glycerol 0.86

o @ 1 o Aa J
ﬁ1ﬁiﬂllﬁaﬂulﬂluuﬂuﬂﬂﬂﬂizﬂ@‘ﬂﬂlm Glycerol:



TDN, (%) = (EE x 0.1) + [FA digest x (EE x 0.9) x 2.25]
dmFuuras lvsiunliuliesd/seneuved Glycerol:
TDN,, (%) = (EE x FA digest) x 2.25

2.4.3.5 ms1szanum DE
1. m31/523naum DE 930115873 115261 Maintenance 1 Crampton
et al. (1957) Az Swift (1957) A1UINUA1 GE value of TDN IM1A1 4.409 Mcal/kg 8619 15A01%
Tnsuzuaaz¥ia 111501 Heat of combustion ﬁgm NANNY 1Y 4.2 Mcal/kg for carbohydrate,

5.6 Mcal/kg for CP, 9.4 Mcal/kg for fatty acid ta&4.3 Mcal/kg for glycerol (Manynard et al., 1979)

9101157 GE value of TDN lue1misudazwilaiiatldmadu 0113
i TusAmuesdilsznoudaulnglu TDN v2dif1 GE value of TDN 110031 4.409 Mcal/kg
lumandusuemsiias T laasaiueassznoudaulnglu TDN a2 iif1 GE value of
TDN 08031 4.409 Mcal/kg a3 f11IaA1 DE 910 0.4409 x TDN (%) Azt 13y
NRC (1988) 151 Hagriulden@niuda NRC (2001) Taswauinisduiaal DE Tasfiuianin
Estimated digestible nutrient concentration 9 A28 Heat of combustion Y84 10 % U zﬂ?u aquaY
199910 DE 11781910 Apparent digestibility A #UA15811498 TDN 9110 Tnruza1a q 191
True digestibility F11udoaldin Metabolic fecal energy ¥1HIN51S U1 0A0 N5 AIUINAT DE
910 TDN Tag1211)A1 Heat of combustion 489 Metabolic fecal TDN 9%1)52301011017 4.4
Mcal/kg ﬁﬂ‘lj:u Metabolic fecal DE = 7 x 0.044 = 0.3 Mcal/kg
sufusnsadmne DE,, dnnaumsdado i

) o v Jo
fmsuemsdadng q ll

DE,, (Mcal/kg) = [(tdNFC/100) x 4.2] + [(tdNDF/100) x 4.2] + [(tdCP/100) x 5.6]
+[(FA/100) x 9.4] -0.3

9 o = v d
d1sSuems ldsaunndar

DE,, (Mcal/kg) = [(tdNFC/100) x 4.2] + [(tdCP/100) x 5.6] +[(FA/100) x 9.4] 0.3



e lufuiidesdilsenevues glycerol

DE,, (Mcal/kg) = [9.4 x (FAdigest x 0.9 x (EE/100))] + [4.3 x 0.1 x (EE/100)]
dmsuenns luiuii lifiesdilsznouves glycerol

DE,, (Mcal/kg) =[9.4 x (FAdigest x 0.9 x (EE/100))]
tdNFC, tdNDF, tdCP ag FA Hvueiu %

v d 4 [y [
2. ﬂ151.]§$3~l1ﬂ!ﬂ'1 DE ‘Il@\‘iﬂﬁ"ﬂiﬁﬂ]‘ﬁﬁ%ﬂﬂ Actual Intake ﬂ”l'ifli’]ﬂllﬁj
A o a v A & = = o q ¥
@1??13‘11@\11?]14“%%@1@@1\‘1 LN@i%ﬂUﬂWﬁﬂuqﬂLWNﬂlu (Tyrrell and Moe, 1975) G]f\i‘i]%iJWﬁ“Vlfl“ﬁﬂW
Y c?/‘ A a vy A 42‘ =) = 91:?’ '
NWANTUUDNDTHITUU ) aﬂﬁ\‘llllf]ﬂ1iﬂuUlﬂLW11‘11141?’1ﬂlﬂWWziuIﬂﬁﬂuN‘ﬂiﬁuWHNNWﬂ €] YN
] [y, @ £ a 9 = 1 a Qldl % .
L‘Iﬂﬂuﬂ‘ﬂﬂq‘ﬂu G])’\‘lf)T‘l]ﬂUfﬂﬁTivlﬂiﬂﬂﬂx‘l 4 L‘V]WGU’E'Nﬂ1iﬂuvlﬂ°lfli$ﬂ‘UMalntenance NITAADIUDN

v o Jo

X ' 4
Digestibility 1i1® intake INNAUIL TANUTUWUT AU Digestibility of diet at maintenance (Wagner
1 ' 4 v
and Loosli, 1967) tion13nu lae1m 151 1ue1m15 1A Digestibility at maintenance 492 1)
9951N130AAIVD Digestibility NINNI1011 1T NAA Digestibility at maintenance $114 NRC
[ Y
(1988) 19A1A397 4% 11415150 Energy value at 1X to 3X maintenance 811538m31@auiiluns
. da a o 4 4
ATUIU DIHITNY 75% TDN,, 9 UA1 Discount 3% unit multiple of 1X Tuvaei 01150l
60% TDN,, 9% f1 Discount (M 10 1 2.4% 810111350 A1 TDN . 118 U N30 08031 60%

1 Discount 9¥AADUA19108 NRC (2001) tuz1i 197 1daunsti 1un13f1uIa % Discount
TDN percentage unit decline = 0.18 TDN,, — 10.3 (R2 =0.85)

09; dy A o 1 Y1 1 9q 91 09;
Neti0991n TuNIsAIUINAT ME tae NE, 1%n1 DE ”lu”l@“lﬂsm TDN REUUNT

o 1 =< 9 Y . I %
ATHIUA DEp 2389419 Discount factor gﬂum@,m

Discount = [(TDN1X —[(0.18x T TDNIX) —10.3]) x Intake)]/ TDN,
1 I o ]
HUIYUDI TDN, 1Wu %of DM i8¢ Intake ﬁm&lﬁ@mmumwmmﬁ
a 9/::' Q' 42‘ 1 a 9}::' (% . ] a Y 1w .
ﬂu”lﬂ‘wmmluummmﬁﬂu"lﬂmzﬂu Maintenance U miﬂu"lﬂmmu 3X maintenance,

Intake above maintenance = 2



o 1 [l = a A 9 .
Ar08199Y Tn3auuAue1M15N1 74%TDN,, 1411 3X maintenance

F4 1
N1 U Digestibility AI59ZNIAD 0.918 1M1 U4 Digestibility 91 1X maintenance

3. m3yilszanam ME 49901158090 35261 Actual Intake n131)52370
A1 ME at production level of intake (ME,) #iUf142%1910A1 DE, M3A1MI%A1 ME 910 DE 1y
NRC (1988) 141015 ME (Mcal/kg) = (1.01 x DE) — 0.45 8614 15Aauaunsaananilsziiv
d’d Y d' a A d’ @ 3 c?/‘
91011130l seana 3% taziiteannlszansmmmsnasu DE 1nlvsiudly ME 1Ty
Y
1A NB1 100% (Andrews et al., 1991; Romo et al., 1996) A9 UaNAITI19A L5 1UAT ME

Yo01411501 lugugadunull NRC 2001) ungih i Faumstiuny
ME, = [1.01 x (DE,) - 0.45] + [0.0046 x (EE - 3)]
dio  DE, iiviaeilu Meal/kg 1oz EE Ivviaeidlu % of DM

v v Y
ME, 499011159 198/ un1nn31 3% 92 WA U 0.0046 90 9 % unit
. . dd‘ =1 Y 1T @ A Y 1 9Jq Y a d'
increase in EE above 3% 11!ﬂiﬂl‘i/]ﬂ11’i”l'§3J"l‘lliJuL1/]1ﬂ‘].|1’i'§61!i’]flﬂ’ﬂ 3% le“lsmumimummx
11113 NRC (1988)

@3V Fat supplements,
ME,(Mcal/kg) = DE, (Mcal/kg)

2.4.3.6 M313z3NUMNAINUGNT (Net energy, NE,)

1. mylszanamI NE, V090 M15TA 528 Actual Intake NRC (1988)
14feums NE, (Mealkg) = 0.0245 x (%TDN) — 0.12 Tumstszuas NE, aunsii 143015aied1a
11NIN31819111135 TDN 40% (DE = 1.76 Mealkg) filsz@ngamnisu/den DE fu NE,
1R 0.49 ud 5 TDN 90% (DE = 3.97 Mealke) 13 AnEamazifiu 0.53 gariuitond 1y
fyvidena1Inistszunan NE,, 910 ME, NRC (2001) idonlFaumsfiaue Tas Moe and
Tyrrell (1972) unuaumsaui Iz 131 NRC (1988)

NE, = [0.703 x ME, (Mcal/kg)] — 0.19 (Moe and Tyrrell, 1972)



<q v aa = @ o oAy 1 Y =
aumsi g lunsainennsil lvduminuvseesnin 3% a1e1vs i
o ' Y o o ' . . o 4 a A
lusiuunnat 3% 124991117150 SR metabolic efficiency of fat Iasialdud tlseansan
A @ < A A [ -2
As1lasu ME 910 Tusiuilu NE, 3¢UAURa8N1NY 0.80 (Andrews et al., 1991; Romo et al.,
1 =) [ (% 1 % t:' 1 9 d‘ Q' dg’ a a
1996) 1uIReIN N5 U5UA1 ME, vo4 lusiuiinanuiuda esasemsiuiuveslsz ans
{ o I 1 [ A
mwlumsnlaeu ME 910 lusfudu NE, v¢ 1daun10v [0.097 x ME,) +0.191/97 Tun1siiy

NE, @D % unit increase in feed EE content above 3% ngiiuaunsnly Ao

NE,, = ([0.703 x ME, (Mcal/kg)] - 0.19) + ([(0.097 x ME, +0.19)/97] x [EE — 3])

A = ] | = ] S

e ME, U118y Mcalkg tlag EE ¥M181u % of DM
@3V fat supplements

NE,, (Mcal/kg) = 0.8 x ME, (Mcal/kg)]

2. Mmyszanam Net Energy of Feeds for Maintenance and Gain @l

M3 lumslszunmal NE, ag NE,, v 15aumsitaualag Garrett (1980) d15n Tattlofiugy
111311 NRC (1996) NE,, tag NE, Tuermsiiflunmsdszmaiiszdunsnuldemis 3x

. 0 ' A qu Ay a R v
maintenance LAZATUIUAT ME LW@i%iuﬂNﬂWi‘mﬂﬂWiﬂﬂl DE (Glchﬂhlﬂ’E]ﬁ‘iﬂflvl’Jﬂﬂuﬁu1u)

1 J <} 1
@20 0.82 uUNUA1 ME auaumiveannag lamn NE,, 1ag NE,

NE,,=1.37 ME - 0.138 ME2 + 0.0105 ME3 — 1.12

NE;= 1.42 ME - 0.174 ME2 + 0.0122 ME3 - 1.65
A = ] [~
o ME, NE,, tiag NE, Uvi1e1)u Mcal/kg

[ <3 1 o [ o J
0619 lsnamaunistnedu ldmngdmsuldduaua NE, uaz NE,
9 Y1 Aa A = I [ %
Y04 Fat supplements 123 19 ME, = DE, uag 1da11lszaninimnisnlaou ME iilu NE, imny
1 ] < ' ! I~ ' Aa a : J
0.80 tor)asu ME 1iu NE,, ualumsnlaeou ME iilu NE, Idanlsz@nsamlumsnlagumn

N1 0.55



Y =
2.5.anunamsllsaululauy
[ ad" d" = 9 = A a 9 1 1 1 A
dadnenvealnudeanis ldsauma@suasaa1ua199 Y93 19N IBLATIiBNIT
a a Y a dy 9 = A J =Y Y
iganTamsTinanaaluglvesiiouaz uy anudesms TisAumenisane Tanyuzadie
[ 9 Y] A 9 = d' o = 9 = d'
AUANUABINITNEINY AD AUADINT TUTAWNDNITAITITN ANNADINT TUsAUND NS
a a 9 = d’ a g’
wsan Tauazanudeans Isawiomsnaniium
2.5.1 msannalilsauluerrs
masua Tlsdulusimisezansoinld lasmsnidszaniannsoos 1dvoq
211115 115AU91nITNT Nylon bag technique
2.5.2 maminannNdeansldsauluailau
NRC (2001) 1dUSulasumsdszmiuanudosnis TlsauvealaunTasinauo v

Glug 1)u99 Metabolizable protein (MP,)

AITNNT MP, =MP,, + MP, + MP,

Tag MP, (g/d) = Metabolizable protein requirement
MP,, (g/d) = Metabolizable protein requirement for maintenance
MP,, (g/d) = Metabolizable protein requirement for growth
MP, (g/d) = Metabolizable protein requirement for lactation

1. Metabolizable Protein requirements for maintenance (MP,,)

MP,, (g) = MP,, + MPg, + MP, .,

MP,, A9 ANVABINT MP a1 Endogenous urinary protein (UPN)

MP, = UPN/0.67
UPN (g/day) = 2.75 x (Live weight)
MP, = 4.1 x (Live weight) "’

MP, A9 ANUADINIIMP 8113V Scurf and hair (SPN; skin, skin secretion, hair)

MP,, = SPN/0.67
SBW = 0.96BW
SPN = 0.2 x (Live weight)"*

MPg, = 0.3 x (Live weight) "



MP, . 9 ANUABINTT MP §1M3U metabolic fecal protein

MP,,., = MFP - (bacteria + bacterial debris in cecum, large intestine + keratinized cell

MFP
+ others)
MFP (g/day) = 30 x Dry Matter Intake (kg.)

MP, .= [(DMI x 30) - 0.50((Bact MP/0.8) - Bact MP)] + Endogenous MP/0.67

MFP

2. Metabolizable Protein requirements for growth (MP)

MP, = NP /EffMP NP,
e NP, —  SWGx (268-29.4 x (RE/SSWG)))

RE = 0.0635 x EQEBW *” x EQEBG "

EQEBW = 0.891 x EQSBW

EQEBG = 0.956 x SWG

EQSBW = SBW x (478/MSBW)

MSBW = 500 kg

Y

8111170 Tn EQSBW (Equivalent shrunk BW) $/08n3113 0101 478 ke 14

EffMP_NP, =(83.4-(0.114 x EQSBW))/100

Y

819111170 In EQSBW (Equivalent shrunk BW) 810031 478 kg 14

EffMP_NP, 0.28908

3. Metabolizable Protein requirements for lactation (MP, )

MP, (g/d) = (Y Protein/0.67) x 1000



n13A MR AIN15 15 uTug1ve Metabolizable protein (MP,) 11i
@ 9 =< 9y . .
ﬁxmﬂumiﬁmmimummim"lﬂumiu,mmﬁlugﬂeum Crude protein requirement (CP,)

c?/‘ =2 9 o <
aziufedefuamn Mp, ilu cp,

9
&Y

MP, v 1d01n TisAun Tauulasudga TdsaunlasuiulsenoudleTusaun
goadar1elunszin1zvin (Rumen degradable protein, RDP) tiaz 1Usauan laidesaarslu
NIZIWIZHUN (Rumen undegradable protein, RUP)

Y
v

Wuflo MP, = MP,, + MP

R

+ MP

Bact Endo

1 1 o 9 A a a a =1 4
d71uv03 RDP Tagilszuanazgmirllldmemsniy@yu Tavosqauiisd
{ o
(Microbial crude protein, MCP) 85% U9 RDP tas MCP nagiluTds@uud (Microbial true
protein, MTP) 80% U931 MCP uazﬂzmmsaéaauaxsﬂﬂfmll?f (Digestible microbial true protein,

DMTP) 80% Y93 MTP

MCP = 0.85 RDP (NRC, 2001)
MTP = 0.8 MCP

DMTP %30 MP,,, = 0.8 MTP

MP = 0.64 MCP

Bact

MIAUIUNANNARINT MCP TuTauuaunson 1danauns NRC (2001)

Tavfi McP - 0.85 RDP (NRC, 2001)
RDP, = MCP/0.85
RDP, = 0.15294 x TDN,_,
nnaums  MP, = MP,,+MP,_+MP,
30 MP, . = MP, - MP,, - MP_
MP, = 0.64 MCP

Bact

MP = 04x19xDMIx 6.25

Endo
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MP,» = MP, - (MP .+ MP, )
0.8 RU = total digest RUP

0.66 x total digest RUP = MP,»

total digest RUP = MP,,, /0.66

RUP, = MP,,/0.528

Y
[

UL TINNTOATUIU CP requirement 9190 RDP aig RUP 9107 UN1T

Cp, = RDP, + RUP,
Lﬁi’] NP, = Net protein requirement for growth
EffMP_NP, = Efficiency of use of microbial protein for growth
SWG = Shrunk weight gain
RE = Retain energy
EQEBG .= Equivalent empty body weight gain
EQSBW = Equivalent shrunk body weight
EQEBW = Equivalent empty body weight
SBW = Shrunk body weight
WG = Weight gain
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Glucose + ATP hexoginase > Glucose-6-phosphate + ADP

Glucose-6-phosphate » phosphoglucomutase Glucose-1-phosphate
Glucose-1-phosphate + ATP— UDP-glucose pyrophosphorylase PUDP glucose + pyrophosphate
UDP -glucose » UDP -galactose-4-epimerase » UDP -galactose

UDP -galactose + Glucose —————» lactose synthetase ———»  Lactose
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dg=a+ b(l-exp )

Lﬁ"ﬂ dg = effective rumen degradability
a = water soluble N extracted by cold water rinsing (0 hr bag)
b = potentially degrade N, other than water soluble N
c = fraction rate of degradation of feed N per hour
t = hour

o 1 a 1 = d'ay Y 1 ! o
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dg=a+bc/(c+k)

o dg = Effective protein degradability
a = water soluble N extracted by cold water rinsing (0 hr bag)
b = potentially degrade N, other than water soluble N
c = fraction rate of degradation of feed N per hour
k = Fractional outflow rate of digesta per hour

e a 1dan dg udransarh lddszunum Tdsauidesaarsld lunszimiy
% . = A T 9 %
1A (Rumen degradable protein, RDP) tiae 1Usau ludesaatslalunszimizvain (Rumen

undegradable protein, RUP) lamuaumsaail

RDP = CP x dg
CP = RDP + RUP #38 RUP = CP — RDP
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% o ) o J M)
Usznoulugaseis @ Twavua Sudu minfudilzuds mnthdy madavaes) wagms
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Toa lain5iFouoomiu 3 ngunisnaaowaziin1sdAnguILD Stratified random balance
YA Y o a Y :’ Y 3} A
group Taglnimlndmesnumulsunamsldiu sseznarlumslnin e1g (how) uay
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3.2.4.4 Mm3fnwesnlszneutazUSiname Fatty acid
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(FAME) 118 1 3n31247153na Fatty acid 111§ unTaeinTeq Gas Chromatography (GC)
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[ 1 (24 a)
NaOH/MeOH laluviaoa udrlasmaluvaoadrsdrounalulasmu Jarkvasanaaosld
a Y Y A [e) = 1 c?/‘ 1 1 3
aun uazlinnudoun 100°C Tu Water bath W11 5 19 52U NNTUAITVEIDE1TI 1-2 AT
Y o v < = Ay A o . . A ¢ o v
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A A Y 3 o v
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1 I [ o ' <} @ ] 1
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1 S o ] . a 1 a
qUINUAIDE19 rumen fluid Y5195 20 ml ldnasanaassyiiaidignuuna
F4 U v 1
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y - 2 . ST RE L d
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D ' QA
!ﬂ@ﬁmjuﬂgﬂq!!ﬁq nlaeniudndauriag PTna mniud)zras mndmaes Vud)enas mmhax
ﬁﬁqllﬁq 95.89 £0.03 89.43 £0.70 89.40 £ 0.07 88.32 £0.01 89.00 £0.10 94.84 +0.09
Tilsau 10.25 £0.03 9.21£0.13 4251025 48.950.00 3.38+0.23 14.62 £0.20
Vo 1.29+0.01 2.6510.01 0.16 £0.01 2.03 +0.03 0.46 £ 0.00 8.50 £0.06
187 4.6410.04 1.61%0.05 8.07 £.0.06 6.50 0023 2.35%0.00 4.0810.03
aoly 34.14+0.07 2.6910.13 13.32+0.45 6.42+0.28 3.62+0.13 23.40 % 0.73
NDF 64.86 +0.05 11.48+0.32 37311021 16.62 £0.03 20.86 +0.26 61.92 +0.20
ADF 46.41 +0.13 2.76 % 0.15 19.58 £0.09 10.470.56 11.50 £ 0.42 34.64 +0.30
ADL 3.63 £0.00 1.60 + 0.60 3.70£0.10 0.75£0.07 1.17+£0.04 12.67 £0.30
NFC 18.97 £0.07 75.05 + 0.06 50.22 +0.63 25.91+0.00 72.95 +0.50 10.87 £0.04
NDIN 0.61 £0.02 1.10% 0.01 0.13£0.01 1.3110.07 1.30+0.10 1.301+0.17
NDICP 3.79 £0.00 6.96 £ 0.04 0.79 £0.06 8.16 £ 0.47 8.3510.60 8.13£1.03
ADIN 0.16 £0.13 0.88 £0.00 0.11 £0.01 0.88 £0.02 0.84 £0.02 0.74 £0.02
ADICP 0.99 £0.01 548 £0.10 0.70 £0.01 5.51%£0.10 524%0.12 4.62 +£0.09

N NYIH A : ADF = Acid-detergent fiber, ADL = Acid-detergent lignin, ADIN = Acid- detergent insoluble nitrogen, ADINCP = Acid- detergent insoluble crude
protein, NDF = Neutral-detergent fiber, NDIN = Neutral-detergent insoluble nitrogen, NDICP = neutral detergent insoluble crude protein, NFC = non

fiber carbohydrate
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M19519N 4.2 ﬂﬂlﬂﬁ/]”NWa\?\i”lu"llﬂﬂlﬂa@ﬂﬂlllllaﬂﬂ'Jlﬁaﬂﬂlmxjﬁﬂﬂﬂ@TW”ﬁﬁﬁ'J (Mean + SE)

AnaU
d « du t% ; 1 -
!ﬂf’)i!muﬂgﬂq!!ﬂq ilaenfunidaduraes LT mpNualzrag MDA Nualzvias mnthdu
1/
TDN (%) 62.33 £0.06 82.94 10,54 66.22 £ 0.40 80.020.10 80.71 £0.20 60.36 £ 0.70
2/
DE , (Mcal/kg) 2.75£0.003 3.58 £0.02 2.83T0.12 4.01 £0.00 3.41 0,01 2.70 £0.03
3/
DE, (Mcal/kg) 2.67£0.00 3.18 £ 0.01 2.69£0.00 3.60 £0.00 3.05 £ 0.00 2.65T0.02
4/
ME , (Mcal/kg) 2.25%0.00 2.76 £0.01 2.27%0.00 3.18 £0.00 2.63 £0.00 2.26T0.02
5/
NE,, (Mcal/kg) 1.390.00 1.75 £ 0.00 1.41 £0.00 2.050.00 1.66 £ 0.00 1.41 T0.02
HINEIT) : ! TDNIX (%) = tdNFC 4+ tdCP + (tdFA X 25.25)+ tdNDF — 7)
"DE y (Mcal/kg) = [({ANFC/100) x 4.2]+[(tdNDF/100) X 4.2] X [(tdCP/100) X 5.61+[(FA/100) X 9.4] —0.3
*DE, (Mcal kg) = {[(TDN x —[(0.18 X TDN 1) = 10.3]) X Intake}y TDN ,} x DE |
*ME, (Mcal/kg) = [1.01 x (DE ) - 0.45] + [0.0046 x (EE — 3)]
5NELP (Mcal/kg) = [0.703 x ME p] —0.19 (Moe and Tyrrell, 1972), (EE < 3%)
*NE,, (Mcal/kg) = ([0.703 x ME ] - 0.19) + [(0.097 x ME )/97] x [(EE — 30}, (EE > 3%)
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U b4

INQUAY
o Aa /6

AnAY 0 2 4 6 12 24 48 dg
Falug Falug Falasg TRIETR Falug Falug TRIETR

Degradability of DM (%)
nlaentuniaatumiaes 17.1 24.9 26.8 27.1 36.5 58.8 74.0 455
917 Tna 257 32.1 33.1 34.7 46.4 58.5 75.3 502
NNOAHADA 24.9 41.8 44.8 493 65.5 85.2 93.9 68.1
Fudlz s 48.0 61.8 65.6 69.2 81.3 84.9 93.0 787
mMnsudlenas 20.7 27.8 30.9 353 47.1 65.6 79.6 571
mnhdu 20.2 23.4 28.4 33.2 40.4 47.0 66.5 43.0

HUNHR ° *Effective degradability of Dry matter
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A15197 4.4 Midesaats Tlsauveu)donfuaadunasaaz INgALDIMITAAI IUNTE = usin

(Y] 4

AYUNI

(Y] a 17
ngaAw 0 2 4 6 12 24 48 dg
¥4 ¥In9 ¥In9 ¥4 ¥4 ¥In9 ¥In9
Degradability of CP (%)
A 9 3 o A
1 ARNTUINAADIUNADY 29.8 38.6 39.5 41.6 56.3 63.2 78.1 56.1
9
13 1na 39.1 40.9 42.2 44.4 52.2 61.7 76.7 55.9
AMNOANADA 21.8 26.3 31.6 413 51.8 79.5 89.9 59.3
4

mnthay 39.7 41.1 43.2 46.4 49.1 66.3 76.5 56.8

HINENTin ¢ "Effective degradability of Crude protein
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M9 4.5 Wosuansdesaate Inguiaazsdesaals llsauvesingaue1sdad

M9AL
Disappearance (%) g
nlaenumidndumaes Milna mndvides  swdnlinde  mndudnlenda  mnthaw
DM Disappearance (%)
A 171 25.7 24.9 48.0 20.7 20.2
B 21.0 69.4 74.0 44.9 68.5 69.4
c 0.026 0.026 0.059 0.079 0.042 0.021
A+B 98.1 95.1 98.9 92.9 89.2 89.6
Effective Disappearance (%) 455 50.2 68.1 78.7 52.1 43.0
CP Disappearance (%)
A 29.8 39.1 21.8 - - 39.7
B 56.6 60.7 74.8 - - 52.2
c 0.038 0.021 0.056 - - 0.027
A+B 86.4 99.8 96.6 - - 91.9
Effective Disappearance (%) 56.1 559 59.3 - - 56.8

Hanentig) **Outflow rate (fraction/h) = 0.05



- = yﬂd Y 3 o A g VY oA o
4.2 Manaaedn 2 MsAnyIMy 1yt apnuNannAnan )y nasingaunasau
Y

91 v y o2 :
NAUNLU INA Ty 919115 VHAO s Wpandanin HASAMNINVYBDIUTUY
d
4.2.1 2994/szpaumaniivesgasermisuazmsdszfiundsnulagmsmiuaamn

v yu
aums NRC (2001) ﬁiﬂ““"lﬂsumﬂqmmmmazmmsmm
a Jd 1 { c?/‘ J
Han1sansIzddIulsznoumunlivese1misnlglunisnaaseiie 3 gas wun
4 A A 1 @ 9 Y A Y
D11 NAARIANTT 1 NOTATDIHITNUNMINAUNULKAINAINUIINT 1 Inadren)aeny
3 o o Y { {
waadunaeslusedn 0% MATOIMITVU 8 1M13nan0agnsii 2 Aogasemsiiininag
' o ¥ ¥ A ¥ 2 o A o v
UNUUHAINAINUINTM Tnaden) denumdad waod lused (oo, THgATRIMITTY ag
4 A A~ ' @ 9 Y A Y
91113 NAABIAATH 3 NP FATDIMNITNUMINAUNULHAINAIIUINT1I Tnaaei)aaniy
& o o ¥ ! 4
wiadamaesluszdy 20% MEATOTHITVY WU 520 1UNIAANUBILINITNAABITAT
# 1 Gariaguite Todsaunern Tudu i vagwanTaseadeiy 1dundSusvedels NDF
ADF ;5 ADL iAWY g1 48, 19.70, 2.69, 6.00, 12.23, 31.43, 18.16 1y 3 489, VDIIAQUN S
o w 1 { 1 4 @
MR FIUDMIINAADIZATN 2 NUNBRUTZNOUMUATIVEIIAQUA Te/sauney Tusiu
Y 9 A Y 1 [ A A 1w
1 wazwan Inssad iy laun seauveudele NDF ADF ;2 ADL AU o g5, 22.38,
2.67,6.22, 13.94,31.85,20.9 g2 3.21% ¥09IAquie A8 19D dIueIMITNAaDIgAsTh 3
1 s = [ Y = % Y Y A Y 1
wuNesndsznoumuniivesinguie Tdsaunery lviiu b1 uazwinTaseadeny 1dun
5e&Uupioly NDF ADF ;jqe ADL HAUN 91 g3, 20.5, 2.43, 6.37, 16.15, 35.74, 25.12 ;3=
3.430, WDIIAQUI AWy danaaslumsei 4 6
d o 1 J 3 o 1
Woiha1e9AlsznouN19Alve9e1H1TNAAING 3 FATUIMIUINHNIA T ey
1 [ 1 o o
dou'ld (TDN) ndsaudes’ld (DE) nasnuldseTovi'ld (ME) qendesiuans (NE)
4
o ' 1 o 1 9 Y
amaums NRC (2001) Sanaaslunisaii 4.4 Minsuzdesld veteninaasais 3 gas
HAWITY 74,72, 75.44 118z 72.56% MWE WL WRITUNGIdes A Faliaiiiy ;3 g9,
o 1 @ 9 Y YA 1 W
3.12 uae 3.04 Mcal’/kgDM a1ua1ay daunasnulslsy Teai 18 Gauninu 2.67,2.73 uag

2.63 Mcal/kgDM 13§16 1ay Ma4UgNT A unify 1.69, 1.73 uag 1.66 Mcal/kgDM

ANAIAY



3197 4.6 09AUTZNOUMUATIVEIGATOINTNAZDINITHYI (Mean T SE)

o A v & o A
5$ﬂU!ﬂﬁ@ﬂﬁN!Nﬁﬂﬂ’JWm@Q

nlodigussnguity WaHn Ilnaniin 0% 10% 20%

Sag!iig 26.49 130 29.41 0,40 91.48 £0.05 91.65%0.05 91.83 £0.04
Tusdu 7.51 £0.03 7.76 £0.15 19.70 £ 0.004 22.38%0.10 20.50 £0.20
TusTu 1.07 £0.04 1.30 £0.03 2.6910.07 2.67%0.02 2.43%0.06
ol 41.6%0.20 65.27%0.20 12.23 £0.50 13.94 £ 0.40 16.15 £ 0.40
i 9.57£0.00 14.12£0.20 6.00%0.03 6.22%0.01 637%0.10
NFC 8.49%0.10 12.05 £ 0.10 40.190.20 36.89 £0.60 34.98 £0.20
NDF 7337 £0.04 66.09 £0.02 31.43%0.20 31.85 £ 0.40 35.74%0.07
ADF 43.59F0.01 40.09 £0.30 18.16 £0.20 20.90 £0.30 25.12%0.60
ADL 4.17% 045 3.74%0.20 3.48 £0.00 321 %0.07 3.43 %010
NDIN 0.71 £0.00 0.66 £0.00 237%035 2.72%0.30 2.21%0.03
NDICP 4.44%0.02 4.14%0.03 14.83 T 0.22 16.79 £ 0.40 13.83£0.20
ADIN 0.53 £0.03 0.56 £ 0.04 0.82£0.00 0.85£0.00 0.73 £0.203
ADICP 331%0.20 3.49 0 260 5.15%0.06 534%0.15 4.53%0.20

naenyia : ADF = Acid_detergent fiber, ADL = Acid_detergent lignin, ADIN = Acid- detergent insoluble nitrogen, ADINCP = Acid. detergent insoluble crude
protein, NDF — Neutral_detergent fiber, NDIN — Neutral_detergent insoluble nitrogen, NDICP = neutral detergent insoluble crude protein,

NFC = non-fiber carbohydrate,



' . o o ~ Yo o
M13199 4.7 MIuunnaanu Iagmsmuiaaunsved NRC (2001) ﬂﬂ"lmumﬂqmmmsummmswam (Mean £ SE)

o A Y 3 o A
Sxﬂﬂlﬂa@ﬂﬂﬂlﬂaﬂﬂjlﬁaﬂq

sﬂeégcﬁuﬁéjﬂquﬁ’q wanvan  4lnanin 0% 10% 20%

W& 3911 TDN (%TDN) " 52974080  51.58%0.25 74.72 £ 0.30 75.44 £0.70 72.56 +0.04

Wa99 608 14 DE (DE,) Mcal/kgDM * 2314003 2251001 3.38 £0.001 3.4510.00 330 10.00

wasldlse Tond ME (ME ) Mcal/kgDM® 1952002  1.90+0.01 2.6710.01 2.73£0.01 2.6310.00

W&aamg3 NE (NE, ) Meal/kgDM 118001  1.14%0.01 1.69 £ 0.01 1.73 £0.00 1.66 £ 0.00
mingmg:  TDNjy(%) = tdNFC 1 tdCP 1 (1dFA X 2.25) + tdNDF 7

’ DE, (Mcalkg) = DE  x Discount

DE y (Mcal/kg) = (tdNFC/100) x 4.2 + (tdNDF/100) X 4.2 + (tdCP/100) X 5.6 + (FA/100) X 9.4 — 0.3
Discount = [TDN ; + ({0.18 X TDN ) - 10.3] x Intake)[/ TDN )

*ME , (Mcal/kg) = [1.01 x (DE,) — 0.45] + 0.0046 x (EE — 3) (541 EE > 3%)

*ME , (Mcal/kg) = 1.01 x DE (Mcal/kg) — 0.45 (5561 EE < 3%)

*NE, Mcal/kg) =0.703 x ME, — 0.19 + ([0.0097 x ME , + 0.19)/97] x [EE — 3] (551 EE > 3%)
*NE, (Mcal/kg) =[0.703 x ME , (Mcal/kg)] - 0.19 (54 EE < 3%)
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9 Y A Y 4 o A o
msmmmumﬂwﬂmmﬂaannmmﬂmmaaﬂusmu 0,10 8% 20% 11!?(9]3@11415

¢ N S @5 U /6 /57 WIS Sl @ s ot
HAAIRINTIN 4.8 aati)TunanisnH R iaghti @/ du 1Wsmamsak 9 5agitiayeg

9) ! { ! a % -7 9} ! % - o % a a
P13V unad 8.23, 8.25 1Az 8.26 1 laniuiagM%/a7/5u awddy Ysumnisnu

yw 9) ! { ! % a % % 9} U %
"lﬂamlmwmmmswmuﬁﬂwmﬁﬂmmu 6.87, 6.76 11a% 6.95 ﬂTaﬂimmqimq/m/aumu

Q

o w

a a yw Y ! $ ! o
21A1 uazﬂimmﬂ1'5ﬂu”lﬂfmq!mwmmmﬁwﬁﬂuaﬁammu 15.10, 15.01 uag 15.21
a U o 9) QU o o U H ! H % o U aa o o
Alansuiag! My Sumudidy WiinNuuanaeed  figeddynadda ©>0.05) dmiu
a aq 12 y oy 0.75 d {oal o 0.75
ﬂiuwmmsnuhlﬂmqlmmaumuﬂm (&/keW™ ™) §AuRadMfy 166, 163 ag 172 gkeW
audigy NN gANuIanaNed g TTedisameasa (P>0.05) WeszaumMInauMudIY
Ay S o o AR
nJasnyuwaanAnaD ANV
a a 9} ! % ! U ! a a 9}
Usmnamsat M Tlsanaagidias1 NUl5anamsat M llsauanermsvenn 7
! d’ ! 3 -9 -9 4 % % o 3 a a Vlﬂ/ =S
AunddMidy 514, 501 uay 526 nTuIAY M y/d uaud1ay Ysuansnu M ldsauain
4 = ! ti' ! cv 3 Y 4 % Y o 3 a a U‘lﬂ/
21113V [YMAY 1620, 1846 1Az 1693 NTUIAQHIY/AY Tuaudiay Usuanmsnt 19
! H ! U L% (=% 9} % =" o U
Tsaua1n91113 590U URAIMAY 2134, 2347 1Ay 2219 nTUIAYHTY/EY U aud 1Al tag
Aa a -4 ! g‘ o o 0.75 ! { ' o
Usuramaa¥ M Tsaudaimgng, (g/keW™ ™) 1A adNny 23.40, 25.57 uag 25.09
0.75 o w ! H ! H v o w aa ) o Aa
gkgW™ " aydau) W°UﬁﬂﬂﬁmmllﬁﬂmwawﬁuamﬂﬂmNaaﬁ (P>0.05) dmsvlsunans
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Tsauapriming @keW' ™) uan U 5yramsat 1M Tisaunnemssawsanua UG
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ANULANANOE g ThTadRmeaaa (P<0.05) WeszAumMsnaunudan)donumaaduraed

A 4 % 1 @ U v o d o w .
T FemanuuanaaenaniianuduiusiuuduIfamaeaes (Quadratic contrast)

ﬂ?mmﬂwsﬁuwwﬁmquﬁﬁiaﬁ?@ia‘iu WU Ig5uramsab Mudsannemsney
fifmasiagy 8.1, 7.89 ;jae 8 20 Mealg/fu aud ey Usmnamsa® Pnganunnems iy
fifunativiay 13.92, 14.72 wag 13.72 Mcal/gy/Ju enuanau Usinamsat Wwganuanenns
521 TR Aoy 22.03,22.25 wag 21.92 Mealigy/Au auaiau wazdlSamsid Angaau
qﬁ@iaﬁywwﬁﬂﬁu (gkgW' ™) ARy 0.24, 0.24 1182 0.25 ZkeW*” a18161 w3 laidl

9 v a

ANVLANANNUBI NN BT AYNNADA (P>0.05)



ms19h 4.8 Usunamsnuldvesauui ldemnsgasnaaes

sziunldenumdndamie Contrast’
Psanamspula 0% 10% 20% SEM  Ppvalue L Q
Banamstulddeguds (KgDM/d)----—-----r--
_o1matu 8.23 8.25 8.26
- 911N 6.87 6.76 6.95 0.35 0.9360 0.8795 0.7443
-39 15.10 15.01 15.21 0.35 0.9304 0.8362 0.7539
g/kgW"” 166 163 172 4.71 0.4344 0.3815 0.3442
YSanamsnulalysau (g/d)
_MIiY 1620 1846 1693
- 9IMITHEY 514 501 526 26.82 0.8156 0.7674 0.5765
-5 2136 2347 2219 18.20 0.0924 0.7374 0.0327
g/kgW'” 23.40 25.57 25.09 0.74 0.0831 0.0937 0.1265
Bunamstulandsaugns 00— (Mcal/d)-----------------
_mIiY 13.92 14.27 13.72
- 91IHEN 8.11 7.89 8.20 0.42 0.9371 0.8832 0.7454
- 37 22.03 2225 21.92 0.42 0.8539 0.8639 0.5971
g/kgW'” 0.24 0.24 0.25 0.01 0.5679 0.3610 0.5955

v [ @ 4 . .
HINYLHe : ‘FruMeuaNuuAnAINNANNTURU LU Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean
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ANuan 1IN uddaldediagnisana P>0.05)vealauuia30a¥NTnaae
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A19197 4.9 1531 HNLaEDIN )5 nouveItiIUL

sziunlfentumdadamises Contrast”
0% 10% 20% SEM P value L Q

Ty T H— QLT b ) mmm—

- J5inaninm 14.77 15.47 14.25 0.95 0.6965 0.7196 0.4459
- J5inaninumnl3u s 4 % 14.82 16.47 15.67 0.82 0.3919 0.4789 0.2435
R0V — (k1 T LT)

- U5una Tvsiuu 594 686 667 34.65 0.1252 0.1199 0.1753
- Tsauuw 476 513 472 27.56 0.5652 0.9360 0.2925
_Snditifa Tag 697 763 692 52.34 0.6239 0.9536 0.3380
- USinaive Wi gq sy 1275 1383 1263 85.96 0.6103 0.9270 0.3281
- 1Snaveandasnluuw 1859 2069 1930 114.07 0.4637 0.6763 0.2474

1 v o d
HNBNHA : “fSeuieuanuuAnAAINANNENRUS LU Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean
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M13199 4.10 LAY 52 noYve T IUY

o A v < o A d
§$ﬂﬂlﬂﬂ®ﬂﬂmmﬂﬂﬂilfﬁﬂﬂﬂ Contrast
0% 10% 20% SE M P value L Q

nlostdun 0/

\%I
Y 4.04 451 4.87 0.25 0.0608 0.0196 0.8495
~Talsavun 3.22 3.33 3.36 0.06 0.0972 0.0345 0.7491
18 Tag 471 4.89 4.84 0.09 0.4166 0.3387 0.3621
_yoaus NI g gl 8.63 8.91 8.90 0.34 0.1040 0.0691 0.2527
oSl uuy 12.59" 13.42" 13.77" 0.11 0.0081 0.0027 0.4354

1 v o d
HINYLHe : “5suMeunNULANAANANNTNRUT LD Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean

v
A o v A

* naaennuuanaegeltied Ay

INA0NA (P<0.01)



M3199 4.11 taaathniinduazihvinaanasuuilas

seduldenfumdadumae Contrast”
0% 10% 20% SEM P value L Q
Yimiinéa (Rlansa)
- ABUMINARDA 417 417 410 18.59 0.9575 0.8007 0.8841
- HAINS A 415 419 398 18.08 0.6968 0.5115 0.5965
smindninldeunlas (05 -63 50 -156 177.09 0.1884 0.1849 0.2014

1 v o J
HINYLHA : ¢ SeuneuaNUUANA A NANNFUNUT UL Orthogonal contrast; L = linear; Q = quadratic; SEM = standard error of the mean
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4.2.5 aanisznevvesnsaluiiulugaserrsuazluin
{ a s 4 o
M13197 4.12 neraanan1sanzedlszneuvesnsa lviiuluenisweuuas
Y
Tueisnaaeaina 3 gas nudinsa lviiuuedr lugasensluuaazgaszuanany
' a Y A Y 3 o A ¥ o o ¢
mszlundazgasinig lgnldenunaaduvasaaz i Inaluszaunuanaieaniueen
Y Y 1
Usznovveansa luiuluihuuvese1misne 3 gas uaasluasian 4.13 nud lidian
1 o aa ] =) o a A @ A Y < o
UANANAUNINTAA (P>0.05) 151A8INVUTNIY CLA toszauveulaonuuani?

Y
uag C,., Juihuuiaanag

18:3n3 22:4n6

v Ed
maedlugasermsmuduildlsmm c,,,, C

18:2n6°
SIS (%

AuBENNNeFIAYNINEDA (P<0.05)

9

M9197 4.12 narasesnilsznouvesnsa luiulugasernis

Fatty acid profile  ¥1Iwanin  waNwAN szé’mﬂﬁanﬁmuﬁﬂé&amﬁm
0% 10% 20%
(% of total fatty acid)
Cso - - 1.39 1.30 1.39
C,, . . 1.52 1.53 1.57
Cpo 1.35 2.25 26.24 27.17 26.07
C.., 1.38 1.33 9.67 10.02 9.45
Cieo 1.95 2.55 - - -
Cioo 26.45 24.13 18.53 20.33 18.46
C,, 5.41 3.81 3.83 423 3.98
Coyrnoe 7.64 3.67 2257 23.65 20.88
Comee 21.04 20.32 14.96 17.03 15.84
C,, 1.78 2.14 0.33 0.00 0.00
Cpuns 24.50 35.03 0.97 1.80 2.37
Cpo 2.30 1.60 - - -
C 6.20 3.81 - - -

N
by
S




a 9 v A9 S o A ¢
M1519N 4.13 Llﬁﬂ\‘lwaﬂ13‘1/]ﬂLWI‘L!GIJ”I’JTWﬂﬂ’JEJIJJa@ﬂﬂmuaﬂﬂ?maﬂﬂﬁ@@ﬂﬂﬂizﬂ@‘].l“]]i’N ﬂiﬂ"lelj

Sl
Fatty acid profile  szaun/doniumiadaunies Contrast
0% 10% 20%  SEM P value L Q
------ (mg/g milk fat)-------

C,, 804 8.89 9.69 0.11 03351 0.1460  0.9554
C,, 669 8.09 7.87 0.74 03508 0.2566  0.3692
C,, 4.23 5.21 5.01 046 02788 02270  0.2909
Cioo 10.07  12.56 11.48 1.10 02539 03445  0.1722
Ciio 1.31 1.47 1.52 0.15 0.6261 0.3635  0.7707
Cho 2939 33.74 31.94 230 03985 02740  0.4264
Ciao 1.02 1.16 1.12 0.13  0.6328 0.5242  0.4826
Ciio 72.71  80.13 7839 078  0.5046  0.3946  0.4278
C,.. 7.50 7.80 9.25 0.93 04769 02610  0.6678
Ciso 5.11 5.93 5.85 0.33  0.1238  0.0910  0.2313
Cieo 204.64 207.02 22673  11.16 0.3495 0.1913  0.5445
Cio 10.54  10.60 1676  2.09 03959 02369  0.5103
Ciso 44.17 4745 46.83 425 0.8809 0.7052  0.7480
C oo 6.99 4.83 8.32 139 0.1727 04632 0.0854
Cronpe 10392 11663 12606 937 02751 0.1152  0.8916
Cranee 030" 0.3 0.54°  0.08 0.0435 0.0263  0.2116
Cramne 5.90 7.11 7.36 0.64 02462 0.1209  0.5476
Clom 074" 1.06" 1.16°  0.13  0.0377 0.0146  0.4484
C 0.76 0.75 0.71 0.07 09167 0.7077  0.8675

20:0

1 v o d
HINYLHA : ‘WFruMeuaNuuAnANENANNTNRU DY Orthogonal contrast; L =linear;
Q = quadratic
SEM = standard error of the mean,;

[

* uEaInNULANANee 1NNTs AN NARA (P<0.05)



! ] Y A Y 4 o A ' 7
ﬂ]iN‘ﬁ 4.13 Llﬁﬂﬂﬂaﬂ”IS‘VIﬂLmuGIJ”I’JT‘Wﬂﬂ’JEJLﬂﬂ@ﬂﬂmluﬂﬂﬂ]tﬁﬂ@ﬂﬁ@@ﬂﬂﬂi%ﬂ@ﬂ"l]i’]ﬂﬂiﬂ

4 1
Tuafuluiu 99)

Fatty acid profile  szaun/doniumiadaunies Contrast
0%  10% 20%  SEM Pvalue L Q
------ (mg/g milk fat)--—--

CLA" 280 250 263 035 07737  0.6353  0.5996

Coponns 035 049 045 005 02236 02207 02141

Coovne 075" 1.08°  097° 0.0 00421 00805  0.0539

C,.o 0.72  1.09 055 022 0.1918 05780  0.0863

1 v o d
HINYLHA : ‘FruMeuaNuuAnANNANNTNRUS DY Orthogonal contrast; L =linear;
Q = quadratic; SEM = standard error of the mean;

° Cis-9, trans-11-Octadecadienoic acid

[

® AN NULANA1DE N TTEF AN AR (P<0.05)

g
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4.2.6 ﬂmJ533“'5“‘"ﬂﬂ5?1mmzwaN1wumiﬂuuﬁulﬂ%““mmﬁ‘“uqmmam
1 9 o H T 9
naveellsansosaa1w 1Aty nsymzniin (RDP,,) g Tals@ud desaaieldl,,
U { yq-/ 9) Qsj ! -
nszimzniin RUP,) ypqTauud 1950910011138y gasnaaesia 3 gas Sawduemsvny

A A a vl a a ' - 4 = aa
nanelluased 4.14 Tasfiamsa3inetse gngnmmsdesaats 1dyeqTosiulasis
Nylon bag technique W17 RDpsuleﬂHTnﬂil 1325, 1541 (132 1410 ASY/IY AINAAD LLaY RUPsup

AU 828, 829 g 823 a%u/5u mudiey MnRamInaaosny lgauAna19E, 95y

[

anwana (P>0.05) m 3 NAyMsNAaed
AMNAgqnns Tl sanEeeaa1t 18y n sz miin (RDP ) wazlalsAui Wossaarelu

o 2 . v v 4
nsznzvun (RUP,) fannsadiIn 1 nauaisues NRC (2001) a1y mit 4.14 W

Lf

1 Y 1 9 o 1 '
NANVAensTelsanbeeTa1e 8y a5 mznain (RDP_y voslaunlungynisnaaesdi 14
1 1 % Ll ! =S 1 % Ll
AU 1498 0 5/50 Tauy HNAymMsnaaesii 2 IANAY 1500 /a4 tazTauulungyng
ﬂﬂa@\‘]ﬁ 3 ﬁﬂlncﬂIWﬁJU 1480 A5/ éqﬂduﬂ]jﬂﬂa@qﬁ 1 L!agﬂ'@:uﬂ'ﬁﬂﬂﬁ@\‘]“ﬁ 2 Ul?’g]jgfu RDPsup
T3, 090 ABAMNADINITINSY —172 nax -70 NSU/Su aud1ey MHEIUVIANUA g3
] ' Y o [ 1 4 1
Tal5duii oesaaw 18Ty aszmzniin RUP_y wu Iaunlundynisnaaesii 1 1avulungy
{ ! { ﬂ}w ! [ [

mInaasdi 2 uaz TaunluNdunsnaaosi 3 1951 RUP, My 759, 854 uag 772 nSN/AU a1l
srn gmunlaunlungynismaaesd 2 W RUP lifivananonudgens Mgy —2s ﬂ%’u
Au auddunaransann AN liganunand19e e dd nwana (P>0.05) Gumm 3
NAYNIINAADY

(% a S

EJ H 9 ' o (% (%
wonni 1A 1AZunneaun3dldsan Whsy 1273, 1275 uaz 1258 Au/A%U a1y

Q
=S 1

o 7 4 091’ ! [ (% 7 o cv !
a1 uuazNINNAg9n15 TalsAunariua YA Y 1287, 1338 uaz 1285 NS/ Iu auaiay WU

{ 9}0./ a g 4 091} H ! H v
Tdsauf 195u91n9aun3 01dsAuuazAWApents Tosauranua higanuuan19ed,ggiiy

[

4 U
diagniana (P>0.05) 4991 3 MAumsnaaos
myimuanatnuldlse Tondanssueg o vaqlauuii 185 uermsildulden

Wlll;llﬂﬂﬂ'JL‘Waﬂ\uﬂull‘ﬁﬂ\i‘wﬂQQAIUVIﬂLW]ueln”JTWﬂT]Q 35y a1y auauni1s NRC (2001) C]N!,!ﬁﬂﬂ(lu

31971 4.16 WU hms Y Iy andearugns (NE, intake) Auviiiy 22 02, 22,25 g 21.92 Meal/
Su awddy ludmvesgaaugniiiomsdsedn NE,) Y040 1MIT I 3 qas Nrwii 7.36,
7.38 uag 7.20 Mcal/Jy gud1ay wasnugns itemsndarinm (NE,) Hiiiy 10,96, 12.13
wag 11.51 Mcal/gy; gnydren wémmqm%zﬁamszﬁm‘imﬁﬂﬁa (NE, o) B i 0.9, 0.68 nag

1.43 Mcal/3y g dy ndearugniazan NE) UAUNIAY 19.30, 20.18 15 20.13 Mcal/3q,

ANAINY Bazlssanian



mM3197 4.14 M3 185U TsAudesaaelunszimigyin RDP) Tdsanlidesaarslunszmiznidn (RUP)

seduldenfundadundes Contrast”
0% 10% 20% SEM P value L Q
------------ 1 TR Te 1T
Tilsaudesaaglunszimeniin (RDP,) 1325 1541 1410 36.47 0.9854 0.8432 0.7243
Tisdu Widesamiglunszimnzmin RUP,,) 828 829 823 13.44 0.9421 0.7806  0.8435

1 v o d
HINYLHA : “5suieunNULANAANANNTNRUT LD Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean



v
=

v Aa ~ Yo Y
197 4.15 YsinavesTisauilésunnemsuas Taundeans

seduldenfundadundes Contrast”
0% 10% 20% SEM P value L Q
-------- 1 TG RTe]T) —
ANADINTS RDP , 1498 1500 1480 28.78 0.8768 0.6779 0.7706
RDP_ 910914113 1325 1541 1410 36.47 0.9854  0.8432 0.7243
VI/ANY -172 42 -70 35.46 0.6233 0.6254 0.5473
TUsaui 185uanedunss Tsiumcp) 1273 1275 1258 24.46 0.8708  0.6699 0.7650
ATudeans Tlsaunamua (MP,) 1287 1338 1285 50.39 0.7324  0.9843 0.4356
AUABINIT RUP,, 759 854 773 74.58 0.6652  0.9015 0.3767
RUP,,, 91911113 828 829 823 13.44 0.9421 0.7806 0.8435
VIR 70 25 50 68.85 0.6361 0.8516 0.3566

1 v o d
HINYLHA : ‘FruMeuaNuuAnANNANNTNRUS DY Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean



! [ A Y A a ' A Yo
M15197 4.16 WAL TauuABIMIENINTTNA1Y tazh Taun IdTUINe M

szduldenfudadunde Contrast/"
0% 10% 20% SE  Pralue L Q
M
--------------- (71175 1Y) S —
msnulawdsaugns (NE, intake) 22.02 2295 21.92 0.42 0.8539 0.8639 0.5970
wﬁ’wmqm%gﬁamiﬁﬁﬁw (NE) 7.36 7.38 7.20 0.24 0.8554 0.6497 0.7521
wﬁ’muqm%zﬁamiwﬁm‘imu (NE.p) 10.96 12.13 11.51 0.33 0.4220 0.5362 0.2495
W5@@1uﬁ%§tﬁﬂﬂ1ilﬁuﬁ‘1ﬁﬁﬂﬁﬁ (NE, ;) -0.99 0.68 -1.43 0.57 0.2400 0.3371 0.1816
wasnugnsazay (NE) 19.30 20.18 20.13 0.80 0.6851 0.4701 0.6373
Usg@ndamms l9nasanu Efficiency) 0.82 0.86 0.8 0.04 0.5158 0.2660 0.8082

1 v o d
HINYLHe : ‘FruMeuaNuuAnAINNANNTURU LU Orthogonal contrast; L = linear; Q = quadratic

SEM = standard error of the mean



4.2.7 MIYOYTNBVDITINGUAY
= H @ Y , H llyw Y ¥ 091}
ﬂ]jﬁﬂBTﬂ1§ﬂ@ﬂﬁa]ﬂq}@qg@quﬂq 1azeNINNTYBYTANY ﬂg@]ql!‘ﬁﬂﬂl@ﬂ@TﬁTﬁﬂlumq 3
[ 1 1 ' P Pl '
Ndun1snaaes HAZOIMTHIN WU dyieTi 720210 unszmzninunuid eI ty5is 3 Ndy

Y ' Y o A 2
NMINADDY LLAZDINITHEY ﬁammﬁﬂ@fJﬁmethLuﬂimwmemwﬁumm’;m Tagy deDM
9 3 oA ' L o o A 9
VBIDIMIIVq 979 3 NANNAYRFIMIAY 60.0, 61.6 1A 60.6% AINAIAY LiazDIITHIIU AD U7

% 1

. 9) { ! U o QU
Tnamiin uagnamiin §Aypa0vhfy 38.4 1A 38.5% AU

A ) Y Y A v Ao 1 dy o ~
werhaiaguidsiaaiedifngr Tuea q 1lddwaTaeTisunsu NEWAY gayaunisi

1 1 a 4 { { 1
iaueIag Orskov and Mcdonald (1979) wummisiimesnuaadlua1siei 4 17 An1sazane
o :" A 1 @ o w ] d'lfl 1 [
(A) 499709 u03gNT01113919 3 TAT NAUMINY 377,348 yay 33.8 ANAWU @IV LuaaI8UA
a ] [ a o ] c?: 1 LY
AUNTNANTZUIUNTHINGDo TABRAUNT (B) YOITAQUNRI YDIDINITNG 3 ggg SANNINDY

444, 54.8 uaz 51.7 NNAIAU Midnennlunsaaisds (A+B) veeingquita TA i g1 89,6

o w o o [ Y A | -Y

1AL 85.5 MUAIAY HAZDATINTEA19A (€) VYOIIAYUNI UAUNINY (031, 0.027 uag 0.033 AW
2191

4.2.8 M3aaenIvadllsnusIu

a ~ A o A v A ¥ < o A o
ﬂsmmTﬂmmawaawm”lﬂmmmmsmaamwaummﬂaaﬂnmuaﬂmmamm 3
7 Q'J 1 d‘ o ) % d' 1

seau a9 Taaa19 9 e lunlunszmnzrinvedlaneaes uaasluaisien 4.18 WUIDINS

naaedits 3 qas eaimadesaaeldllsAusw (dgCP) HAUNIAY 65.3, 68.9 1A 67.2% A1

AL
] 1 [l 4
e TUsausiwiaatsdngr Tueans q 1 lddwaTaeTlsunsu NEWAY gy

aunsiiaueIay Drskov and Medonald (1979) wunmmwinidmesnuaasluasiesi 4 17

Q’,‘ IS 1 v
msaza1y (A ypaTUsausInvesgain1nisiie 3 0T UAUNINY 362 44.8 waz 50.0 a1

[ ]

o ~ 1 1 a o (] Aa =4
REHT muw"luammmmmmmﬂﬂizmumiwuﬂ&l@ﬂiﬂaﬂauma B) yo9T15auT1WUD 9
v ] T o o w 1 @ @
91415979 3 A3 UAUNIAY 40.0, 34.0 @z 29.0 ANAIAY adnen 1 lunsaa1967 (A+B) g
S 1w o w o o (% Y A 1
Tdsausan ¥AUNINY 76 2. 78.8 A 79.2 MNAI0U LaLdaIIMTEa1a7 (€) YBIIAQUII UAUN

11 0.060, 0.069 L1 0.057 AINAIAL



M3197 4.17 Migosaate laTaguitauazdasinmsdesaais 1A InguUII090 1M HITDUAZDITHEN 3 gas

INQUAY
NYAY 0 2 4 6 12 24 48 72 96 dg"
TR 2[R 2 FYRRE 00 Y% Falug Hlue e Flw Falue

Degradability of (%)

DM

912 Tnanain 19.9 - - 27.5 36.5 42.1 51.2 66.4 71.6 38.4
EATE 154 - - 27.9 37.8 4.6 56.3 60.3 67.5 38.5
0% SH 37.7 48.5 50.1 52.0 58.2 64.7 74.2 - - 60.0
10 % SH 34.8 47.2 50.2 52.7 59.9 64.8 78.0 - - 61.1
20 % SH 33.8 47.0 49.8 50.5 58.5 66.4 77.0 - - 60.6

HUHN - * Effective degradability of DM



d' v F2 = o v F% =
M15197 4.18 M3vevaa1e 1d lsaunazdnsimsdosdaisla lUsAuveso1msHeuLaZoMITHEN 3 ga5

aguita
gAY 0 2 4 6 12 24 48 72 96 dg’
Falua Falua Flue e e dlue dalme e

Degradability of CP (%)

T Tnaniin 352 - - 44.5 49.9 57.4 62.8 73.5 74.3 52.2
vigjmain 26.0 - - 48.9 49.2 51.9 56.3 60.5 62.9 51.1
0%SH 36.2 51.1 60.7 61.9 63.1 69.0 75.6 - - 65.3
10%SH 44.8 54.8 62.9 66.4 68.5 70.8 79.6 - - 68.9
20%SH 50.0 53.3 60.2 64.2 65.1 712 78.3 - - 67.2

HINeNtin ¢ " Effective degradability of CP



! J 2 4 v @ v
M3197 4.19 osIFUAMsdosaaIs TaquitaayMIdooda1s TUsAUVDID TN as 1S HEY 3 65

YAV
Disappearance (%) IInansin "r'imiﬁ?‘iﬁﬂ 0%SH 100, SH 20%SH
DM Disappearance (%)
A 19.9 15.4 37.7 34.8 33.8
B 70.4 56.4 44 .4 54.8 51.7
c 0.013 0.023 0.031 0.027 0.033
A+B 90.4 71.9 82.1 89.6 85.5
Effective Disappearance (%) 38.4 38.5 60.0 61.0 60.6
CP Disappearance (%)
A 35.2 26.0 36.2 44.8 50.0
B 45.6 56.2 40.0 34.0 29.2
c 0.020 0.006 0.060 0.069 0.057
A+B 80.8 82.3 76.2 78.8 79.2
Effective Disappearance (%)x 52.2 51.1 65.3 68.9 67.2

Hanenrig * * Outflow rate (fraction/h) = 0.05



A = 9}1Jd Y 2 o A < Yy A o
4.3 MINAABIN 3 MIANEINS Iy IADNNINAADANADI ]y unasTngAUNaIY
NAUNUIN INAY g 3iqs TURD AN luns Lz nain

J S| U o
43.1 MAMndunsans pH) yagvoamarlunszimsriin
Y (A ) 2 o A ' o ) A o
ms3lsulaeniumaadunaoutluunaandsnunaunuin Inanszau o 1o was 20%
lugasomstu Inasomsulasunilasal pH vosveuradlunszimznidn fnaia 9 was
o3 0, 2, 4 waz 6 ¥ 1u8 Tungunisnaaesii | AR 6.99, 6.92, 6.76 uas 6.71

=S 1 1

a1 A1AU NGUNITNARD .4 2 DAY 7,01, 6.94, 6.82 Ay 6.77 MWAIAY wazlungunis

2

] o ' o Y] Y
naaee 3 UAMIINY 6,94, 6.99, 6.79 az 6.77 MIa1 0, 2, 4 uaz 6 T IwandaeleInIs
o w T A A = =} 9 A Y <3 o A I 1 o
aauay LWILN@W%13m1lﬂiﬂﬂlﬂEl’l]ﬂ'lii“]fgﬂﬁf]ﬂﬂumﬁﬂﬂ’Jlfl"iﬁ@ﬂlﬂul!ﬁaﬂwaQQWHﬂﬂllﬂu
9 I 09; o [} 1 ﬂd‘ 1] 61 o (% 1 d‘ o d‘
VN Inang 3 3eAY nuMIaguudad luseaun1nagvel pH grglunszmizvininmnan 0,

o o a

2, 4 yay 6 P wamaslienng nudh lulianuuanduiuedeiivedidgnieada P> os)

Auanalum13en 4.20
Yy Y =
4.3.2 ANUTNTuve weNlnHeTUInI0U (NH,-N) yasupamalunszimznn

= d' [ = %
nnmsanymaassmsasunlasszavunen Tuiie lulasmunelunsziwizvuidn
{ o 2 o < ' o
luTamiznszmzlasuesgasnaaes lagldy dondumasnuraouiluuvaindeau
9y = @ 9 A A = ~ Y A
NAUNUINI INANTZAY ¢, 10 yaz 20% IHFATOIMNTTU WeNTAToUREuMT 19 500

Y <} M A I 1 @ Y c?/‘ 1 J a
ﬂ;muaﬂmmamgﬂmmmwawm‘ﬂmmuﬂnﬂm]m 3 NAUNIINAAD wuNUsuw

A @

Tuaie'lul TunsnIz 1T v ¢ Mifinnuuanaeiued1ilY
wonTuie luTaswunelunszmigniininal 0,2 uay 6
MRameaan (P>0.05) wanuNe 4 ¥ TuanaensIie s fanuuand 9oty

aa A o v A v s & & 2 4 2,
SFamaana (P<0.05) WoszdumInaunudlenlaen fumaad unas uinuvL ¥y

1 o 1 v o J o w . !
uanaeAsnaianuduLsiuudu IR 1aa09 (Quadratic contrast) §queraslums1ai 4.20



! ) Y A D) 2 o A ' A o
GﬂiN‘ﬁ 4.20 Wﬁﬂﬁ“ﬂﬂlmuﬂﬂ’ﬂwﬂﬂ’)ﬁllﬂaﬂﬂﬁhmaﬂﬂ’Jm’a’E]\WI'EJﬂﬁlﬂaﬂuuﬂa\‘lﬁzﬂ‘ﬂﬂ’ﬂu

I 1 v
Wunsa.a1e (o) yavuenTanileluTasnu NHN) gglunszmnznsindinal
@14 9 vdans 1 es

fnamdamsl¥  szdufendumdadamies Contrast"
0113 (H2T9) 0% 10%  20% SEM  Pvalue L Q
pH
Hour 0 6.99 7.01 6.94 007 07792 0.7600  0.6550
Hour 2 6.92 6.94 6.99 0.05 06724 04523 03970
Hour 4 6.76 6.82 6.79 0.15 09622 0.8818  0.8456
Hour 6 6.71 6.77 6.77 0.10 9278 0.8293  0.9005
NHN e (mg/dl)-------------
Hour 0 7.98 8.14 10.16 0.58 08149 0.1178 0.3119
Hour 2 13.47 1256 1396 087 06016 0.7243  0.3941
Hour 4 182" 913" 271" 043 00511 02675 0.0276
Hour 6 8.93 8.16 9.24 0.18  0.0970 0.2934 0.0552

1 [ [ 4 N
HU@Lna : dnﬁamﬁsmmmummmmmmauwumm‘u Orthogonal contrast; L = linear;
Q = quadratic

SEM = standard error of the mean

4.3.3 anududuveansaluluszimeld (Volatile fatty acid; VFA ) vovoatviadlu

NSSIWIZHND
[ 9 9 @ 9 o = =

seauaNutTuveInsa lviiuszme ldvesvouradrlunszmizniin Faazuaaana
1I5aveenIaeLEan n3a INTNioeNn NTANINTNUALOATIAIUDLFANAD INTNBOUN MDA
' 4 3 o 3 ' o o
a1 9 e ldlaenuaatundeuduunasndsniunaunudnInalusgdu 0, 10 1oy 20%
naad 131ua151990 421 NUNMTLAUANUANTUYBINTADLTAN NIA TNINOOIN NIATINTD

Y

HazdasdIuezEAnAe INTWooLn 119210, 2, 4 1Az 6 ¥ U 1a1n13 191115 Y9I 3

[

nguMInaass WM lianuuananiuedalitsdidynieana (P<0.05)

g



HATEAUANUTUTUVDINTA TNTNODUNUAZTATIHIUVDINITADETANAD INTNODIN
d‘ u‘a d' [ Y = J [ L] =K o @ ana [
N TN9N 6 1aIn13 1191113 UAwana AU WAy ada (P<0.05) Adtdadlu
~
A15199 4.21
A 9 I Y ﬂd Y 3 o A ' ]
M5197 4.21 LAAINANTNAUNUTI TNAAI AN UINAAD I ABINBANNIVNTUVBINTA

lusiuszve 18 (volatile fatty acid; VFA) vosueamal lunszmngniininaini o

naIns 1o1ms
finamdansld  szdunldenfuwiadamdes Contrast”
0113 (#3Tug) 0%  10% 20% SEM  Pvalue T, Q

Acetate; C, = (mol/100mol)--------
Hour 0 76.17 76.62 77.45 0.67 0.1331 0.3112  0.8420
Hour 2 75.19 74.87 76.40 0.56 0.2114  0.2635 0.4376
Hour 4 76.16 73.75 75.39 0.74 0.1935 0.5408  0.6008
Hour 6 77.23 75.55 76.07 0.48 0.1706  0.2258  0.3957

Propionate; C, - (mol/100mol)----—--—---
Hour 0 15.14 16.01 15.61 0.59 0.6086  0.6300 0.4720
Hour 2 16.77 16.59 16.98 0.12 0.0548 0.7073  0.5602
Hour 4 15.13 16.61 16.26 0.61 0.4589  0.3229  0.3433
Hour 6 13.76 15.30 15.09 0.19 0.0928 0.0377 0.0633

Butyrate; C, - (mol/100mol)---------
Hour 0 8.94 8.51 7.36 0.61 0.1749  0.2104 0.0872
Hour 2 9.43 9.19 8.07 0.55 0.2420 0.2254  0.3882
Hour 4 9.17 9.52 8.55 0.12 0.6595 0.7313  0.6817
Hour 6 8.70 8.34 9.09 0.29 0.0507 0.4376  0.2568

C,:C,

Hour 0 5.04 4.99 5.27 0.39 0.7024  0.7063  0.5406
Hour 2 4.54 4.95 4.53 0.14 0.117 0.9863 0.6785
Hour 4 5.07 4.48 4.64 0.24 0.4908 0.3394 0.4042
Hour 6 5.63 5.00 5.04 0.06 0.0609 0.0222 0.0412

1 o Y 4
RN : ‘WSsuMeunNuAnA1aaINANNT NN UT LU Orthogonal contrast; L = linear;

Q = quadratic; SEM = standard error of the mean

SIS (%

® HAAINNULANAINPINUTEF AN ADA (P<0.05)
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1. MSAIUNaIN U U113 (Energy from feed) (NRC, 2001) (A20€14)

v = Y & W A
1. Wﬁ\‘iﬂ%‘llﬂﬂ!ﬂﬁ@ﬂ?;iﬂJ!Naﬂﬂ’J!ﬁﬁ@Q

WAIIUDIN NFC

Truly digestible NFC (tdNFC)

WK A1 PAF HAWH 1

Nadun lsau

True digestible CP for Concentrate (tdCPc)

WA U0 Ty

True digestible FA (tdFA) =

WANIUDIN NDF

True digestible NDF (tdNDF)

True digestible NDF (tdNDF)

TDN ,, (%)

DE 1x (Mcal/kg)=

0.98(100-[NDF,, +CP+EE+Ash]) xPAF

0.98(100-[61.07+10.25+1.29+4.64]) x 1

22.30 %

[1-(0.4 x (ADICP/CP))] x CP
= [1- (0.4 x (0.99/10.25))] x 10.25
= 9.85 %

EE-1.0
1.29-1.0

0.29 %

0.667

0.75x(NDF, — Lignin) [1-(Lingin/NDF,) "]
0.75x(61.07/3.63) [1-(3.63/(61.07) "]
36.53 %
= tdNFC + tdCP + (tdFA x 2.25) + tdNDF — 7
22.30+9.85+ (0.29 x 2.25) + 36.53— 7
62.75 %
[(¢(dNFC/100) x 4.2] + [(tdNDF/100) x 4.2]
+ [(tdCP/100) x 5.6] + [(FA/100) x 9.4 - 0.3

[(22.30/100) x 4.2] + [(36.53/100) x 4.2] + [(9.85/100)



x 5.6] +[(0.29/100) x 9.4] — 0.3
2.75 Mcal/kg



Discount = [(TDN,, - [(0.18 x TDN,,) — 10.3)] x Intake)]/ TDN
= [(62.75-[(0.18 x 62.75) —10.3)] x 2)] / 62.75
= 0.97

DE, (Mcal/kg)

DE,, x Discount
= 2.75x0.97
= 2.67 Mcal/kg

ME, (Mcal/kg)

1.01 x DE (Mcal/kg) — 0.45
= (1.01 x2.67)—0.45
= 2.25 Mcal/kg

NE, , (Mcal/kg)

[0.703 x ME, (Mcal/kg)] - 0.19
= (0.703 x 2.25) - 0.19

= 1.39 Mcal/kg



2. MIRUIUANINABINITNAINY (Energy Requirement) GRIGELIEY (NRC, 2001)

= Yo % U U U U Y U )
Iﬂiﬂ‘mﬂﬂi‘IJ?‘iiy]‘Vi?Jﬂ!‘IJu!maflﬁllﬂﬁmﬁﬁﬁﬂ1‘]]‘5’33Jﬂ‘ljf:)1ﬁ1‘iﬁlm (MI984)
Tasauuiimiinmas 415.69 keLW 1 uumasiuaz14.77 kg viuud lusiu 3.41% uag
g g
Tas8u 3.22% Tasauuiniiindunuauiuag 0.06 1 lansy UAIBCS 3.5
NE,, =NE,, +NE _+NE,,
NE,,, (Mcal/kg) = 0.08 x (Live Weight)"”
0.75

= 0.08 x (415.69)

= 7.36 Mcal/day

NE, ., (Mcal/kg) = Reserve Energy x (0.64/0.75) x [Loss or Gain (kg/d)]
NE,, ... (Mcal/kg = Reserve Energy x 0.82 x [Loss or Gain (kg/d)]
Reserve Energy = (Proportion of empty body fat x 9.4)+(Proportion of empty

Body protein x 5.5)

Proportion of empty body fat = 0.037683 x BCS(9)
Proportion of empty body protein = 0.20086 — [0.0066762 x BCS(9)]
BCS(9) = ((Dairy BCS-1)x2) + 1

= ((B5-1Dx2)+1

= 6
Proportion of empty body fat = 0.037683 x 6
= 0.23
Proportion of empty body protein = 0.20086 — (0.0066762 x 6)
= 0.16
Reserve Energy = (0.23x9.4)+(0.16 x 5.5)
= 3.04
NE, (Mcal/kg ) = 3.04 x (0.64 /0.75) Mcal/day
= 2.58 x0.06
= 0.15
NE,, (Mcal/kg) = (0.0929 xFat%) + (0.0547 x Crude Protein%)

0.192) x kg of milk
= [(0.0929 x 3.41) +(0.0547 x 3.22) + 0.192]
x 14.77(kgmilk/d)



= 10.12 Mcal/day

NE_ r =7.36+0.15+10.12

=17.63 Mcal/day

Y
v

o d 2L Y ] o 1 o ] A v o
ﬂQUUIﬂSﬂHNGﬁQVlﬂSUWﬂJTVFEJﬂi’J?Jﬂ‘]Ji’]”lW”li"lJi!il%iJﬂ”ﬂ?J@]@\iﬂTiWﬂ\N”IuGLug']J"U@QNE
4

NIHUANINY 17.63 Mcal/day



3. ANNAIN31UIAU (Protein Requirement) ¥9alp3Au (NRC, 2001) Insanallasy

21HITHENUIINAUDIHITUU (AI98149)

Tasauunihminmae 415.69 keLw lduumasiuaz14.77 kg il lviiuz.41% wae

Y [ Y
Tis8u3.22 % Iasauunimindunuauiuag 0.06 0 lansu 1aA1 BCS 3.5

MP,
MP,, (g/d)
MP,

UPN(g/d)

MP,

MP.
SPN
MP.

MP =MFP —

MFP

MFP(g/d)

MP

MFP

il Endo MP(g/d)

MP,, + MP,, + MP,
MP_+MP, + MP,.,
UPN/0.67

2.75 x (Live weight)”
[2.75 x (415.69")1/0.67
83.55

SPN/0.67

0.2 x (Live weight)o‘6
[0.2 x (415.69"%)1/0.67

11.12

(bacteria + bacterialdebris in Cecum, large intestinekeratinized Cell + others)

Bact MP(g/d)
MCP
RDP_(91113%811)
TDN, ;.. (01¥13%8711)=

RDP__ (21¥113%1811)

req

RDP, (9111391)

TDN (GRUREREN

Act Total

RDP, (9111391)

30 x Dry matter intake (kg.)

[((DMI(kg) x 30) — 0.50((Bact MP/0.8) — Bact MP)]
+ EndoMP/0.67

0.4 x 1.9 x DMI (kg) x 6.25
04x19x1510x6.25

71.73

0.64 MCP

0.85 gRDP,,,
0.15294 x TDN,__,
DMI(kg) x %TDN x 1000

0.15294 x (7.31 kg x 0.5297 x 1000)
592.2 g/d
0.15294 x TDN,,_ ...,

DMI (kg) x %TDN x 1000
0.15294 x (8.23 kg x 0.7472 x 1000)



Tag

RDP

req

MCP

MPBact (g/d)

MP, , (g/d)

PMFP (g/ d

MP,(g/d)

P.(g/d) =

P (g/d)
RE(Mcal)
EQEBW
EQSBW
SBW

MSBW

EQSBW

EQEBW

940.50 g/d

RDP, (81115%811) + RDP,_ (8111591)
592.20 + 940.50

1532.70 g/d

0.85x 1532.70

1302.80

1302.80 x 0.64

833.79

04x(1.9x15.10x 6.25)

71.73

[((DMI(kg) x 30) — 0.50((Bact MP/0.8) — Bact MP)]
+ Endo MP/0.67

[(15.10 x 30) — 0.50((833.79/0.8) —833.79)] + 71.73/0.67
455.84

MP, + MP, + MP,

83.55+11.12 +455.84

550.51 g/d

NPg/EffMP_NPg

SWG x (268 — (29.4 x (RE/SWQ)))
0.0635 x EQEBW""’x EQEBG""”’

0.891 x EQSBW

SBW x (478/MSBW)

Shrunk body weight

0.96 x BW

0.96 x 415.69 kgLW

383.10 kgLW

Mature shrunk body weight

500 kgL W (InuugnuauHolstein friesianluilszmet Ing)
383.10 x (478/500)

366.24 kgLW

0.891 x 366.24



= 326.32 kgLW

EQEBG = 0.956 x SWG
= 0.956 x 0.06
= 0.057 kgL W

RE (Mcal/d) = 0.0635 x 326.32"7x 0.057"""
= 0.21 Mcal/d

NPg = 0.27 x (268 — (29.4 x (0.21/0.06)))
= 44.58 g/d

EffMP NPg = (83.4— (0.114 x EQSBW))/100
= (83.4—(0.114 x 366.24))/100
= 0.79

MP . (g/d) = 44.58/0.79
= 56.43 g/d

MP, (g/d) = (Yprotn/0.67) x 1000

Yprotn (kg/d) = Milk production (kg/d) x (Milk true protein/100)
= 14.77 (kg/d) x (3.22/100)
= 0.48 kg/d

MP, (g/d) = (0.48/0.67) x 1000
= 720 g/d

MP, (g/d) = 550.51 +56.43 + 720
= 1326.94 g/d

MP, = MP,_ +MP, ., +MP,
MP,, = MP, — (MP,, +MP,)

= 1326.94 — (833.79 + 71.73)
= 421.42 g/d

0.8RUP,, = total digest RUP

0.66 x total digest RUP = MP, »

total digest RUP = 421.42/0.66

= 638.52
total digest RUP = 0.8RUP,,

RUP = 638.52/0.8

req



req

2
%31191%13 RDP_ (01M113%1¢11)

RDP__ (21M1591)

sup

RDP

sup

CP,,., (@113 811)

P, (01M1511)

CPT

Total

RUP

sup

798.15

RDP,_ +RUP,__

1449.10 + 881.68

2331.08 g

Total DMFed x 1000 x Diet CP x CP_RDP
8.23 x 1000 x 0.0775 x 0.51

328.29 g/d

Total DMFed x 1000 x Diet CP x CP_RDP
6.87 x 1000 x 0.197 x 0.65 g/d

879.70
RDP

sup

328.29 + 879.70

(911M11311) + RDP_ (91113591)

1207.99 g/d

Total DMFed x 1000 x Diet CP
8.23 x 1000 x 0.0775

637.83 g/d

Total DMFed x 1000 x Diet CP
6.87 x 100 x 0.197

1353.39 g/d

CP ., (1111311811) + CP (’éJWﬂiGlgllu)

Total

637.83 + 1353.39
1991.22 g/d

CP RDP

Total sup

1991.22 — 1207.99
783.23 g/d



MANUIN U



a a s s a P Ay v )
AN 1 memiamiwmmauwmmiﬂu"lml@ﬂﬂuu‘w”lmummwuqmmam

Source DF Sum of Squares Mean Square F Value Pr>F
msnuldTnguisermnsnenu(mn./fia/ )
Treatments 2 0.1398 0.0699 0.07 0.9360
Error 21 22.1204 1.0533
Total 23 22.2602

R’ =0.05062 C.V.=14.96 %
Source DF Sum of Squares Mean Square F Value Pr>F
mspuldTaguiesin (nn./fu)
Treatments 2 0.1526 0.07631 0.07 0.9304
Error 21 22.14250 1.0544
Total 23 22.2951

R’ =0.0068 C.V.=6.80%
Source DF Sum of Squares Mean Square F Value Pr>F
msnulaTnguiesin (kg W'
Treatments 2 312.7500 156.3750 0.87 0.4344
Error 21 3783.7500 180.1785
Total 23 4096.5000

R’ =0.0763 C.V.=8.05%
Source DF Sum of Squares Mean Square F Value Pr>F
msnulaldsAuerisvienu(mn./a )
Treatments 2 2478.5833 1239.2917 0.21 0.8156
Error 21 126443.3750 6021.1131
Total 23 128921.9583

R’ =0.0192 CV.=15.11%




- \ a J ~ J a 9 A 9y
M1319N 1(MD) uﬁmmiamswmmau«nsumﬂ15ﬂullﬂsumTﬂuw"lmummiwqmmam

Source DF Sum of Squares Mean Square F Value Pr>F

msnulaldsausanmn/a i)

Treatments 2 14167.1801 7083.5901 2.67 0.0924
Error 21 55637.5027 2649.4049
Total 23 69804.6828
R’ =0.2029 C.V.=241%
Source DF Sum of Squares Mean Square F Value Pr>F

msnulaldsAusan g/kg W)

Treatments 2 20.6593 0.3296 2.81 0.0831
Error 21 77.2707 3.6795
Total 23 97.9300
R’=0.2110 C.V.=7.77%
Source DF Sum of Squares Mean Square F Value Pr>F

a v o o U
ﬂ1§ﬂ1ﬂﬂ1/‘lﬁx‘lx‘]11!’01‘i’i1§‘l"iﬂ1ﬂ (NN./A/IN)

Treatments 2 0.1911 0.0956 0.07 0.9371
Error 21 30.7914 1.4662
Total 23 30.9825
R’ =0.0061 C.V.=14.96%
Source DF Sum of Squares Mean Square F Value Pr>F

MU lANAINUITIN (PN 7)

Treatments 2 0.4660 0.2330 0.16 0.8539
Error 21 30.7408 1.4638
Total 23 31.2067

R’ =0.0149 C.V.=5.48%




- \ a J ~ J a 9 A 9y
M1319N 1(MD) uammi:}mswmmﬂu«mmmiﬂu“lmjmTﬂuw"lmummimuqmmam

Source DF Sum of Squares Mean Square F Value Pr>F

M3 IANAINHIIN (g/kg W)

Treatments 2 0.0004 0.0002 0.58 0.5679
Error 21 0.0073 0.0003
Total 23 0.0077

R’ =0.0524 C.V.=6.76%




H a J 4 a g’ J g‘
ﬂ151\1ﬁ 2_l,mmmmmawwmﬁﬂummmﬂiu1mmumta$@Qﬂﬂixﬂ’e)mlmumu

Source DF Sum of Squares Mean Square F Value Pr>F
WSananim
Treatments 22 5.9852 2.9926 0.37 0.6965
Error 21 170.7707 8.1319
Total 23 176.7559

R’ =0.0339 C.V.=19.23%
Source DF Sum of Squares Mean Square F Value Pr>F
4.0 % FCM

Treatments 2 10.9594 5.4797 0.98 0.3919

Error 21 117.44696250 5.5927
Total 23 128.40639

R’ =0.0853 C.V=15.14%
Source DF Sum of Squares Mean Square F Value Pr>F
WSanadlviu (pFu )
Treatments 2 37694.9468 18847.4734 2.30 0.1252
Error 21 172232.8786 8201.5656
Total 23 209927.8255

R*=0.1795 C.V.=13.95%
Source DF Sum of Squares Mean Square F Value Pr>F
YSanadisaiu (nSu/Tu)
Treatments 2 8121.3384 4060.6692 0.59 0.5652
Error 21 145441.7021 6925.7953
Total 23 153563.0405

R’ =0.0528 C.V.=17.09%




H a J 4 a 2’ s g}
M9 2_(ﬂ"ﬂ) HEAINISAATIEH NS suFUalSuaihuuazesnlsenevve i

Source DF Sum of Squares Mean Square F Value Pr>F
USainawdalaa (nFu/3u)
Treatments 2 25140.2494 12570.1247 0.48 0.6239
Error 21 547070.5395 26050.9780
Total 23 572210.7889

R’ =0.0439 C.V.=2251%
Source DF Sum of Squares Mean Square F Value Pr>F
PSnawesndansodluaiu (n3u/ )
Treatments 2 70107.4759 35053.7379 0.51 0.6103
Error 21 1455788.1093 69323.2433
Total 23 1525895.5852

R’ =0.0459 C.V.=20.14%
Source DF Sum of Squares Mean Square F Value Pr>F
PSunawesluiiusiu (n3u/Tu)
Treatments 2 182750.3330 91375.1665 0.80 0.4637
Error 21 2406273.8380 114584.4684
Total 23 2589024.1710

R’ =0.0735 C.V.=17.33%
Source DF Sum of Squares Mean Square F Value Pr>F
lostdua luifu
Treatments 2 2.8050 1.4025 3.21 0.0608
Error 21 9.1755 0.4369
Total 23 11.9805

R =0.2341 C.V.=14.78%




- v a 7 A 7 ¢ ~ J
M19194N 2 (7Md) LLﬁﬂ\‘]ﬂ”lﬁ'JLﬂﬁ”l%W’ﬂﬁﬂucﬁﬂlﬂﬂﬂﬂﬂﬂigﬂ@ﬂﬂ?ﬂlﬂum@ﬂu1uﬂﬂlﬂﬂiﬂuﬂ

Source DF Sum of Squares Mean Square F Value Pr>F
wlesidualisau
Treatment 2 0.1268 0.0634 2.61 0.0972
Error 21 0.5101 0.0242
Total 23 0.6369

R*=10.1990 C.V.=4.70%
Source DF Sum of Squares Mean Square F Value Pr>F
nlesiduandnlfa
Treatments 2 0.1389 0.0694 0.91 0.4166
Error 21 1.5972 0.0760
Total 23 1.7361

R’ =0.0800 C.V.=5.73%
Source DF Sum of Squares Mean Square F Value Pr>F
wesifudveaudansosluiiu
Treatments 2 0.4203 0.2101 2.53 0.1040
Error 21 1.7468 0.0831
Total 23 2.1671

R’ =0.1939 C.V.=327%
Source DF Sum of Squares Mean Square F Value Pr>F
nlesifuavandasau
Treatments 2 5.9106 2.9553 6.11 0.0081
Error 21 10.1508 0.4833
Total 23 16.0615

R’ =0.3680 C.V =524%
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