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The research was conducted to evaluate the nutritive and feeding values of 4
tropical grass species which consisted of 1) Ubon paspalum grass (Paspalum atratum
cv. Ubon), 2) Jarra digit grass (Digitaria milanjiana cv. Jarra), 3) Purple Guinea grass
(Panicum maximum cv. Purple) and 4) Ruzi grass (Brachiaria ruziziensis, common
Thailand type). The main objectives of this study were; 1) To evaluate the feeding
value of 4 tropical grass species in both hay and silage form, 2) To study the
relationship between chemical composition, nutritive value and milk production and
composition, and 3) To determine the appropriate energy and protein levels for
medium milk-producing cows in Thailand. Two experimental were conducted. In
experiment 1, the 4 grass species were cut to make hay at 30, 45 and 60 days of age.
The hays were analyzed for their chemical composition and evaluated for their
feeding value by both in vivo and in vitro techniques. In experiment 2, Ubon
paspalum grass was cut at 45 days of age to make silage, with 5% cassava meal added
(as grass fresh weight). The silage was analyzed for its chemical composition and
nutritive value. The responses in milk production and milk composition from the
silage were determined in the feeding trial.

In experiment 1, the average crude protein (CP) content of hay from 3 cutting
ages was highest in Jarra digit grass (11.1%) and lowest in Ubon paspalum (8.4%).
There was an interaction between grass species and cutting age, with the CP content
in the higher protein grasses (Jarra digit and Ruzi) reduced more significantly from 30
to 45 days than that of the lower protein grasses (Purple guinea and Ubon paspalum).
Crude protein levels gradually reduced from 45 to 60 days. The 60 day old hay
obtained only half the CP content of the 30 day old hay. The crude fiber (CF) and
Acid detergent fiber (ADF) were highest in Purple guinea grass (33.5 and 44.2%).
Fiber content in every grass species increased as maturity increased, except for Ubon

paspalum grass which was not significantly affected by age of cutting.



In the digestion trial of grass hays, the assumption was, if a grass contained
CP levels lower than 8%, then the supplementation of soybean meal (SBM) to raise
the CP of total diet to 10% would be practiced in order to maintain good health and
normal function of the digestive system of the cows. The soybean meal digestion trial
was run parallel with the hay trial and then the estimation of grass hay digestibility
was calculated by the difference method. Only Jarra digit grass had a high CP content
and did not need supplementation with SBM. The results showed that the digestibility
of CP decreased as the maturity of grass increased. Most of other nutrients were
similar between the 30 day and 45 day old hay, but the 60 day old hay showed lower
(P<0.05) nutrient digestibility and total digestible nutrient (TDN) than the less
mature hay. In the other grasses, SBM were supplemented in 60 day and/or 45 day
old hay age. The supplementation of SBM enhanced grass intake and total nutrient
digestibility (grass and soybean meal). Most of nutrient digestibility values were
raised up to similar levels with the non SBM supplemented group. The SBM
digestion trial showed the digestibility in several nutrients was over 100% and also
the calculation by the Regression method gave the same result which meant an
associative effect between grass and SBM occurred. This is against the criterion of
the calculation by the different and regression method. Therefore, the estimation of
grass hay with the supplementation of SBM could not be calculated.

The evaluation of feed degradation in the rumen using the nylon bag
technique found that the average potential degradability (P value) from 3 cutting ages
of Jarra digit, Purple guinea, Ruzi and Ubon paspalum grass were 80.9, 77.9, 75.8 and
86.6% and the Index value were 47.5, 47.7, 45.7 and 51.8 respectively. An Index
value of 30 is considered high enough to provide nutrients for maintenance levels in
cattle. The estimated values of organic matter digestibility (OMD) and metabolizable
energy (ME) using the Gas production technique were 54.0, 46.4, 51.9 and 49.0%,
and 8.09, 6.93, 7.74 and 7.32 MJ ME/kg DM respectively. The estimated value of
OMD were relatively low (83.6%) compared to the observed values.

In the feeding trials in experiment 2, dairy cows received a mixture of Ubon
paspalum silage, soybean meal and ground corn. In trial 1, energy (TDN) and crude
protein (CP) were varied at 1.0 and 1.2 times the requirements recommended by NRC

(1988). The trial was divided into 2 periods (P1 & P2). In trial 2, energy levels were



reduced to 0.9 of the normal CP levels. The results found that the body weight gain
varied widely (>60% CV), but 4% fat corrected milk (P1=10.5-11.9, P2 = 13.5-14.0
kg/h/d) and milk fat (P1 = 4.05-4.43, P2 = 4.2-4.9%) were not affected (P£>0.05) by
different energy and protein levels in the diet. Also there was no interaction between
energy and protein. Although, the reduction of energy levels to 0.9 in trial 2 did not
affect body weight gain and milk fat, the reduction did affect 4% FCM (12.87 vs.
11.94 kg/d), milk lactose (5.13 vs. 4.87%) and solid not fat (9.43 vs. 9.34%) with
these factors decreasing in cows receiving a lower energy diet. The only exception
was that of milk protein of cows in the lower energy group which produced higher
(3.72 vs. 3.58%) than the normal energy and protein level in the diet.

In conclusion, to obtain a high feeding value, grass should be cut at between
30 days and 45 days of age. The Holstein crossbred medium milk-producing cows
(10-15 kg/d) should be provided with the same levels of energy (TDN) and crude
protein (CP) as the NRC (1988) recommendation.
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ADF = Acid detergent fiber

ADICP = Acid detergent insoluble crude protein

ADIN = Acid detergent insoluble nitrogen

ADL = Acid detergent lignin

AFRC = Agricultural and Food Research
Council (UK)

AIA = Acid insoluble ash

AP = Absorbable protein

ARC = Agricultural Research Council (UK)

BW = Body weight

BW"” = Metabolic body weight

C2 = Acetic acid

C3 = Propionic acid

C4 = butyric acid

CC = Cell contents

CF = Crude fiber

CH,E = Methane energy

CP = Crude protein

CWC = Cell wall constituents

DDMI = Digestible dry matter intake

DE = Digestible energy

DIP = Degradable intake protein

DM = Dry matter

DMI = Dry matter intake

DOMI= Digestible organic matter intake

DOMR = Digestible organic matter in

the rumen

DUP = Digestible undegraded feed protein

EE = Ether extract

FCM = Fat corrected milk

FE = Feacal energy

FME = Fermentable metabolizable energy

FOM = Fermentable organic matter

GE = Gross energy

HI = heat increment

IVDMD = In vitro dry matter digestibility

IVOMD = In vitro dry matter digestibility

MAFF = Ministry of Agriculture Fisheries
and Food (UK)

MCP = Microbial crude protein

ME = Metabolizable energy

NDF = Neutral detergent fiber

NDSC = Neutral detergent soluble carbohydrate

NE = Net energy

NEG = Net energy for gain

NEL = Net energy for lactation

NEM = Net energy for maintenance

NFE = Nitrogen free extract

NRC = National Research Council (USA)

NSC = Non-structural carbohydrate

OM = Organic matter

OMADR = Organic matter apparently
digested in the rumen

PD = Potential degradability

QDN = Quickly degradable nitrogen

RDP = Ruminally degraded protein



SC = Structural carbohydrate
SDN = Slowly degradable nitrogen
TDN = Total digestible nutrient

uCP = Usable crude protein

UE = Urinary energy
UDP = Undegradable dietary protein
UIP = Undegradable intake protein

VFA = Volatile fatty acid
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Jd o o o ] . . a 1 '
YszTonilaTasnsa dsunsaluiuszivnedns (volatile fatty acids, VFAs) sHaa19e 1aun
v Y
. . . . a L ~ % = 1A
acetic (C2), propionic (C3) 148 butyric (C4) yaunidlugmuniovnozniinldanui uainadiulu
[] Y] 1 < a =~ J [] ) a A J 9 A a a
s ldnmin edrelsnamgaunidlugmuhisunsmiinsasunidllldnomsniaanTa

a

vosduiweld TedonlilluilszToniveqaunid dwaaslunin 3

Digested by Organic acids Typical Fermentation Rates
Mammalian Organic acids: 0- 7/h
Enzvme Sugars _
y Potentially gy gars: 80-350%/h
Starches Fermented to
Support Lactic Acid Starch: variable, 4-30%/h
Microbial Fructans Soluble fiber: 20-40%/h
Growth . Decreased .
Pectic Fermentation (exception: soyhulls NDSF
0
B-Glucans at low pH at 4%/h)

M 3 e YA T ¥HIMIVR neutral detergent-soluble carbohydrates

31: dauaaanrn Hall (1998)
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psdain 1l vazluussainsadunidnanalenyil malate 321 ua198 19 aUNT o119
¥1ia11 lactate 115 1uv D1 1517N (uptake of lactate) Hazo19luNVINlUMITFIBAAAIIE

I A = . . . & A o 1 1
mmzﬂuﬂiﬂquummﬂm lactate Glugmumn (lactic acidosis) %4 lactate mgﬂwuﬂmuiwmﬁz

] 1 b4 v [
waeulihilu c2 wie €3 dedadiuaziuagiuemsilnldiude d1lailasuemsdusedy
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FIWUI AR C2 911 lactate lAtfoondnTaf Iasue s neIUTZA UGS Dl lactate 929N
o 9 13 I e Aa A dY
wiinlugmuld uaneziiluilseTeminegaunsdvos
J J 3 J o A A
MnT1eUMInaassluunzwnia 90 1esidua ¥4 lactate azgnusinlugmu Tiiea
1 9 1 Z ~ = Y v A Y % A

daudoamniungadudiiemedailaonss VFAs 7t 1a0nmsniinues lactate fiv €2, C3 uag

Ao 1 ' o o s Y '

C4 idadiuilszanar 1.0:0.57:0.08 1az lactate 104 lamnsath luduasizwilung Inald ua

/3 @ o A < ! ' .
Uszana 10 o315 Y04 lactate ianunazgnilasuiilung Taa Tagr1un1e C3 Aoy Harris
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' I 1 o o Aqy o Aq Yo | o J
(2001) 51891471 VFAs iHuunasdngldmsvounlddmsudunsizn luduluiimy Tae
A sl o o e ' o
RN C2 Lmz‘ﬂi:mm 50 L“]J’f]il‘;]fuﬁ "UENﬂ'liﬁ\‘llﬂi'lgﬂu'lﬁ']ﬁllﬁﬂiﬁﬁcluﬁ’[’]llﬂ'ﬁu
vy o ) A o ¢ Ao & o a o
@3191113 (mammary glands) 3¢ 19nq Inanduasizrunn €3 nduiluiagauman
1mna (Sugars)
3’ A A v ) g’ a .
mmmnwuﬁluwsnmmiﬁmﬂﬁsmumammaﬂmﬂ monosaccharides Lag
. . o [ . oy a 1 ) [ [~ oy
oligosaccharides @11151 monosaccharides w30 MaFuaey  Tunwna lidiulnaiiluima
< y \ . . & J M
glucose L1ag fructose wWuvian du oligosaccharides %Lﬂlﬂﬂ!ﬁf}’dﬂlﬂﬂﬂﬁﬁﬁWﬁﬂ 2 949 20
1T W % gl . . ] I 1 ]
Tmaqammﬂu Fa1lsznoudleriinia disaccaharides 13U sucrose L‘]Juﬁ’mhlﬁiy, Tuno1ing
4 = oy I 4 o 4
MCUUIND glucose, fructose LT sucrose Wussnlszneuran wuwnnelusaa (cell
~ oy YA ] (] 1 A v J 9 1 Y
contents) ummmmiaazawm"lﬂﬂ AIDYNLITU Gluwcvmmiﬁmmmau A UYU NINAY

b

. J Y A o ' 73 o J
(citrus pulp) LAZNTINUINIRITIND DY ﬁ]wmmaag‘ﬂizmm 1-3, 2-8, 20 Lag 60 Lﬂaigmummm
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waamartvn luteng 1dandadiamisadesld lasns uadiulvaudleg
o A A < . % a A J
gnuiininszimzguunazia)aou 1 unsa lactic 1un151in sucrose Yo IgaUNT I lUgUIY
9 a  J = a A Jd . . . £~ Y A
lananaailuTylsaulugaunid (microbial crude protein, MCP), C2 tag €3 #afinulndifos
v Ay Y o ' ] ' o A P = =
fun lannmsniinveautls uavzld C4 1ag lactate ¥1AANTUMIHITAT pH 6.7 dudfSeuiioy
o A 3 v A 3 oA
MININVD sucrose THaMIWN Tl unsANINAUT AN T UNAI9 (pH 5.5 1Az, 6.7) WUIN
\ , a sl &
pH 5.5 3218 lactate 41PN ANANAA MCP vzanadllszuna 34 1o idud wenvintiu C2
d‘ = % Y A (%
ey C4 anad luvazhn C3 Jszaulndifeany
o J 0o q Y ¥ 0o q ¥ ; <
yuaumsuinvesimaazi I lansaun sl pH lugmwuanasediesiaba
a oy Y 1 o Y a Ql d? "9y a [ o 9
maasumnthmaliunla Mlvniseaa €3 uay c4 vy uanuasuluszauge agiln

]
1 =

= = 1 a -4 1 A £ o Y ] 9 A 1
pH Glug;muaﬂmmn 11Wmﬁﬂ@@ﬂﬁu‘ﬂiﬂﬂﬁu‘ﬂﬂ@ﬂ!ﬂﬂﬁlﬂ ‘N‘VIﬂﬂﬂTﬁﬂ@ﬂUlﬂﬂlﬂﬂlﬂﬂﬁlﬂaﬂaﬂ 159}
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' = AY A A a ad A 9 o . o ¥ ¥
ﬂfﬂ\‘]hliﬂﬁ"lll ﬁ]gll“’ll@ﬂﬂ@ﬂf?]ﬂﬁﬂﬁgﬂ%L?ﬁTﬂﬂaumiﬂﬂgﬁﬂJ@uﬁﬂﬂ (lag time) 3@@“14\‘]"1]@\114@1

9 9 E4 i1 d
Y v A A A o

Y = Y Y 3 K a A a 22}
wmmamﬂmmﬂmmw mummummmﬂﬂm‘wmmauﬂizﬁmmgaumﬂclugmuummu
uile (Starch or polysaccharides)
[ 1 ] <] 3’ a g A v J 9
Llﬂﬂi]ﬂ'ﬂ'llﬂullﬂaﬂalﬂiLJiuﬂTi!ﬂ“lJﬁZﬁiJuW]'IQLGHQGHQHGUQQW%E]'IW151’(@]%61]@]5'011!

Y
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c’?awumfflumﬁmﬂujwmmmmﬁﬂﬁa uﬂqﬁwmﬂizﬂauﬁaﬂi‘fwma glucose TIUAINU
(glucose polymer) G?;qﬁ@gi 2 31uuv Ao amylose G]d;uﬂuimaqaawmwm a-(1,4)-linkages
18 g amylopectic G'f;ufluimaqaﬁumm (branch chain) U84 a-(1,4) ae a-(1,6)-linkage ARELLS
imenuved luanang Ineuuy o-linkages Tuutle Lﬂugﬂgmuﬁ%éaamaqﬁ’@i‘gﬂqgﬂﬁ’wl{wuu

Y 9 A o 4 A = Y 9 A
mmsmmmaﬂ"lﬂ Gluﬂlﬂl%‘ﬂ cellulose Gluwmmaammwcv pauzilsznaunie glucose WU
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[ 1 = ] I . = g’ 1 v N 1 9 1
ﬂ‘]JLLﬂQ Lmmﬁﬂmmzﬂuﬂlaﬂmaqngﬂmmu ,B-hnkages G]Nlﬂfl’(’]EJ"UENﬁG]'JVbJﬁ"liﬂiﬂHHEJE]EJ
9 Y 3} 1 a aAd 3 ~ (] Y
llﬂ EJﬂL'Juu1EJ’EJEli]1ﬂ§ﬁll‘1/]iEJWI'IUH'V]%%@'W?H?E]EJE]EJUIQ
% Y a 9y o % g‘ =
muaummmmemﬂﬂugmu i]ghlﬂNﬁwa@ﬂﬁ'lflﬂ‘ﬂﬂ'liﬁhﬂell'E]\‘]uW]Tﬁﬂi’] {1

v
U 1 ~

4 <3| @ = Y ° ' o 7 '
14 lactate 1uwdan wazinurTdundadiuues €2:C3 azdiniimsninvesms lulamsanog
@ J 4 ' a A d { % 1 1 a
Tumiausad (vole) udigaunisnguiminuilsaziinnunumuaensalugwulaanigdun

ad VoA o A 1 a a ] =) v 9 o A =~
sanquivdnwele tamInIyanIatzanauru@eINual pH a1 Tuamwinaelugmuiini
< ' = a ad = 73 7 A~ o =
Wunsaga (pH 5.8) wuNlusaulugaunssd (MCP) anadda 35 ilosidud wareunuanInig
A 9 = I A A A d d v A
wuNAeUINLANMTUNA (pH 6.7) WafiawuIfe MCP niluilszTesinularzanaaiioy
= I~ 4 Y o = : = I~ 0o g Y
wulANNUNIAgY FaTeanandntl NRC (1988) 1131 pH Nanadain 6.7 1y 5.7 irlvms
Aa = J I = AAq Y o ' I3 J
HAan MCP anad04 50 1lasiud Fainvznulunsainlneisneruaindl 40 wlesisudves

[

egj dy A A 1o o Y v A dgl ygd A o Y
FATOINITIIN 1/]Qu@"lﬁ"ﬁVIiJLfJ@GlfJ’E)EJ%"Iﬂﬂ‘VI']Gl,ﬁ‘lJU'JUﬂ'liﬂiJﬂlﬂﬂelJullﬂlﬁ'J llWﬁ“Vl']Glfﬁ pH afaN

U
v
=

[ :JI A Y [ L4 a o A Yo A
i aatuwe lmsdunsierd Mcp inaduluszaunmuizay Taadslasuwels NDF 910
vy s 3 o vy o £ 9 o A °
911 13HIIV0E19T08 20 1DFIFUAVDIIAGURINIHNA FINMINTEAVVUT 1o NDF anadd
A ! a /3 o /3 o A d‘
A WUNWaNAR MCP anad 2.5 osiguaainnng 1 nesisuaveusels NDF Naaas tag
) A a Aa A = P-4
0191115 NTUazIReARarNan MCP 89ananin 3 1esiaua
Y Y
dasmazlSummsdesveuilsuegiviladonaleedis 01 vuraveFU
a [ a % I A
1413 (particle size) ¥UAVOIFYNY N330IT IUMsuLs3l MINTNNY (ensiling) Hudu @
U d” = 1 I J % 1 aq 1
miatvziinansgnuaeanuiluilse Temiveauils dredranssuismsulsgdeomsuuuaies
[l a” o § ' <3
FU MTAAVUIAVBITUD NS Iagmsua msiianelisAunegsouiiauile (disrupt the protein
. 9 9 dy o Y . .. ]
matrix) mﬂ%mmmuuazmm%uﬂﬂmrﬂﬁﬁ;fﬂ (heat and moisture gelatinizes) % U steam
. 1 o Yy A g =2 . an
flaking eeiianelaseadeiiunanvesudls (crystalline structure of starch) NITUID IUMT
1 dy 1 o 9131 ] 3 a S A v o J Y 2 dgl o Y
usgimanil sganeihiliidosneaingaunidnienndadad aunsodidesladedu il
(] 9 09/' a ] A o & A d? 09/’ dy Y]
msdoslavewtlanslugmu vazluszuumaduernsdiudug voeda iy Nefindeau
4 1 o 1 o 1 [l I
w1 1u'lad (metabolizable energy) Tagsaui 1n a5y sz@ngamnuilsgnumiinigmu edralsn
1 [l { o < A -4 I { o
amngelinsdes lavesuthindr Iddanmuuniu TantiTemanaziingIae 'l ldun
dzl 1 = %
VU IFUIRYINY
1 a9 4 0’3 < o Y
@rskov and Fraser (1975) WUIMITLATNUIIVITLASNAUNAA (whole barley) v
1 4 J a 4 4 U {a
msdeylaveuteloanasivsniinmsasulugidnuisiadua (rolled barley) ms1z31TnRAY
D) ¢ 7o 3 ~ = o ' Aa g s o o I o 3
1sadnandaszianuunsa lugmudinnannauinsaiue tazdaIunsnai
1 ti! :j = 1 d’d wvAa 1 9 d’
aeoonuINN e luhaeeziianslsznounen Algaanialumsasaumsnlasumlas
Y

I 1 . . Jya g o J = 09.1, Y o
A UNTA-A19 (buffering capacity) 8@ 91 pH Tugudindt 6.0 simandudinisiiu

a =4 1

[ Y
nazand U szINTUeIaUNIInguNdaaIrag lad (cellulolytic bacteria) UONIINUU N1

Q
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sy ladon lumsveualuemssgsiesne pi lugmuliegluseduilnd1d Snaumanils

A o Y kY A a 4?’ A =1 [ A (Y 9 1 a
mmﬂwmiﬂaﬂ"lﬂmmwa“lﬂmm mmﬂmmumﬂmaJmmmwuwiaumﬂu%ﬂmuzizmwﬂa

=

A d oA VoA . . 4 a =
n3onguideowag laduaznguigesuils (amylolytic bacteria) an1siasugieluenisee
' dy P4
Faroussmilymilla
v 3 Y 3
3) aaautiavesmslulamsalu NDsc dauiiilutioly (Fiber)
A 3 o = Y J
Fructants 150 Fructosans (i uasTuianaveiiinia fructose Nazaisla luii
[ ] o A o 1 dy 9 .
wuegdrumeluveusaaiy (cell contents) A13 10 latasanquiio1ntlsznondis B-(2,1) linkage
1 o 1
130 B-(2.6) linkage TaoTiu1a@Iuue B-(2,1) AT uuvug (branches) darnizogare Tuvgu
1 Y =] o 1 Yy 9 =
ADVQY fructants vzgn il uurasnuazaums lulamsalurnggrunn Tasanududueisl
qul 19 1 = S I 4 dgl [ a A Y
Auatiesnd 1 1auda 30 Wesidua Jusgiuriavesiiaazaninaaon
S Y 4 g’ 13 ]
uindadinesgnaltsunszannsaldlsz Teninniiaa fructose 14 uan Tuidl
:’ 1 o % 1 :JI IS Y C% 9y
desd 115U fructans Nanuaiiizonaz 1s Tadlunszmiggmuainsanln fructan 16
9 a I~ . 1 =) v A a d? A 2 09.1} 9 a S
naz ldmanaamiunsa lactic rwdernuimaduludiesndn vonviniuudigaunidluguu
] < { J . . I A
AWN30808da10 fructan oz vazay 13 lugiAFen11 “Microbial Starch” nioilunilanoglug

a 4 a

£ J (] = 1] a Aad o Y o A

aun3d Fuiu polymers voung Inaswdernuuils nazezgnyaunisinnldnenduiloa
=4
UN30v1A LnwUL
1 @ 3 Y = 9
B-Glucans Wi lua1uv03ANNE (endosperm) vouuaaaz luna Nlasaeadig

WUV (1,4)-B-linkage Y09ng IAaiouny cellulose AN (1,3)-P-linkage 3900GA879%1 19

[ I 4 ] ] a I 1 [ 4
Tuanalanyuziumeldswe metloaruliliinallusdnmiowsu cellulose urasinuuN

A 9

¢ @ v @ A - ' = s2 < S o o 24
ﬂ@ﬂﬂﬁ‘ﬂﬁlammz"IITJI’EJGW]EIWEJ -B-glucans @QgJ'lﬂﬂQ 4-12 !ﬂ@ﬁlcﬁumiﬂﬂu']WUﬂ ﬁﬁalaﬂ\i@jﬂ

Y 1< =Y 091 ] ) [ o a 49} 1 I . o Y
argunn hithidesdmsvdesms lulawsariiatl 0d19150n -B-linkage @1mn1sagnwiin1d

< [ 1 [ [
5210 Mnmsnageumseos lalugaluaeu wudi -B-linkage gndosaarouazniesn lifoin
= S I ) ~ P2 ) ~ o
901ND9 61.4-70.4 1WoT1FUA TUFI TN 0 1Ay 93.8-96.2 1o TIFUA TUFI TNAN 8 HAIDINNT
@ 1 @ . ' 1o Y (a . d?
winlugmu uamsniinues -B-linkage linuiliUsiaveansa lactic gaiu
. I o ] A 3 1 Aa
Pectic substances  (Hua1s 11 laasaaruniianuvainvatenaluuddTuna
4 [ [ ] ] 1 v 4
AN LT ULz 03U ZNDUDE19NN dulvgazwuegaunenszriamiurag  (middle
[~ { g’ YR B~ [ 4
lamella) 3A1UWIN non-starch polysaccharides Naza1viinla lumaniidaindudundoudie
' g ' I ' {
Us529U7n (divalent cations) 15U Ca~ waz Mg 1fludu  $redeananuilunsanioasiay
o o J ) [ 4 g} . . <3|
Maenuse Induaun (covalent bond) fFmsvenilszneuveatiiniaszil galacturonic acid 1wy

o ' : 1 a J o z a J
ununan Tl rhamnose n3neoy Faluisuaazyinvzll pectic uanANAUIIUTINAIOZ 097

4 3 . o { Y v Y a v 9
Usznou tiesnnidlu pectic M3 1ulawsand Inssadndudousainsizildon  Jadidoya



14

1 ' J 3 d 1 o '
Aoutnaties lunghil pectic ogszunm 2-5 wosidua danlunlnziivninnine Uszum 7-14
J I 4 v v o ' 1 a o 4
wesidud waglunidailah (Alfalfa) wulSumues pectic Tud1duazanauiloiasionguin
2
Y
4 = J J A A Y v 9
1109910 pectic HoIAUsznovvoIns lulamsani Inseaiwdudounay
o 1 =< A £ o Y g' 1 v ] Y 9
duianmsgaimzaesluanananainuds i lmihdesvesdadliamsadidesld Tu
g' 1 { a o % . < 1 v % .

yauzihdosveangaunsdlugmuannsandn pectic 10157 Tagnu316a51n151inv04 pectic

v o 1 I3 S o
Tunadailashluvaeanaaos (In virro fermentation) g9 30-40 1JosiFuaned Tue Uaz lignin

s 1 % a d' 9 v A 9 1w 1 1 9J 1 9
lufinagemswin wawdai lavinnmsndnluur Tidundadiuaes €2:C3 AouT g ua la

= I Y A " ¥ 1 a a a =4 1 1 1 A Y
lactate tisatantiosnse 1ildme druilsmumandavesgaunionun liuanareeinildan
% ] <3 ~ [ o' = o Y 1A . ~ ]

myndnudle ed1elsnamnszd pH @1 (5.8) Iwai 145 pectic Ngndesaatvanas uen

A

QSJ‘ a a < J a [
mﬂuuwawamamaumﬂﬂaﬂmﬁq 70 Lﬂ’t’)gl“ﬁuﬂ UAagHaNaAUDY VFAs ﬂﬂﬁﬂﬁ\‘]%ﬂg\}’w slslj’f)!!,ﬁs?l'ﬂ

'
£ A .

' = ' ~ v 1 I [ 1 A o Y 3 v
arnuilsdnedianiiefio pectic 1 ligndosaatslugmun liawnsogndesiar ldianvesdas
9 [
1A
ad a U v d .
2.2 Jfﬁmiﬂimuuﬂmmmmm“r‘mﬂm (Feed Evaluation Methods)
2.2.1 nszneumaniivesa1ms (Chemical composition)
' = g A AR Y o Ao I '
grulseneumani luevsitludssmndesdudn emstuianennlunisidluuvas
Tayuglinudatlaundoaiiosla luszrinvuiumsdes msgadu vazmmlvaguluig
[ g Y a = 1 [] = A [} Y =X o Y 1
modaidonvzdeunamsgadelarsuzuidiuledranan@edli’ld e ldquainig
a 1 AAa Y o 3 a [ = I
Taruze3e vesesuanae Iz ld dufumslsaivaanmeeiseansilu
[ o 1 4 v JIa Qa: o 4
T udavasiiaveniudedainuevisiwanly svanusorilnsus 1 1dlse Toaniaw
Y
ANuARIMIUDII1IMe launteaiiodla Juasuusnlumslszduauanieenisne s
Aa Jd = oaj A ) Sldy v = 1 Y A 2 1
Ansizndrulszaeumanil ntwdeiill1ftesdatsziimsdos ldniomsguydomila
& o ] YA I os/' A A 1
Famsiamsdos lanetluduaouideswosvuiumsdsziiugunniee s
v w d
2.2.2 Mmsnageumseeslave101¥sIUAITAI (In vive digestion)
o 1 9 % [ S YA o I 3 ~
Nunaasdianisdoslavedo1risluardadlainisiudunsausni Weende
Experimental Station luuriinerse Goettingen Ussineens iyl (Schneider and Flatt, 1975)
o & Y o ' ) o Yoy A o
nniuiuduinldlimsnaassiuediaunsvatenilan wazlatdsiusivmaiinnunaaesia
38 lalunI1nsau (McDonald ef al. 1995) ag vea01¥ s IzHaazlszan1my Wy
v J . 9 . I 9
2115803 (Minson; 1981, 1990) 1tazW19917 (Cottyn et al.1989; Givens et al. 1989) wudu

[ !

o o w ' YA Ao da 9 Y ' 1y
ﬂWWﬂﬂﬂ’NiﬂJ@\‘]ﬂﬁﬂ@ﬂqﬂﬂﬂ ﬁﬂmummmmwtm’mwm”lﬂua’J‘l:ugﬂﬂmaaﬂmmq

=2 9 2

J 1 qa/l v J 1 1 < a { o @
ya Llﬁ$ﬂ1ﬂ’31?]11415?{’31!1!uﬁﬁﬁ%%@jﬂ%ulﬂlWhlﬂGIUiNﬂWEl ualuanuiuesed@ainduesnuiny
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n YA 1 ~ [l 1 1 usj v A A 1 o A o
yalulatimwizaiuvesemsi higndeaminiu dalidauiuininiwnmevesdaingnivesn
Y ' Y Y )
W IMSoNTUYAAI0 (metabolic feacal materials) IFU 11698 130A1TAANAIAIE TINNULDITD
a A Y o ' k2 A 1 dy 9 k4 o
lumadueniisivgaaoneenu MmuIwINMseosld lngsamerduraiiidnlide vz
9 1 l 9 qs;l ° 1 I~ a AA A 1 (] 9 dy
Timsdszananinsdes laueterisiudininanuiuese vazi¥eisenainisdes lauuil
! . g ey ! 5 a 4 . . ) o
91 “Apparent digestibility” UAS1NNTIATIZH M metabolic feacal materials 1@2%1 1)1inaveen
1 ~ 1 1 Y1 1 Y A J . oy eqe =} 1 1 Y
MndInvesoIms N lugndes 1z lasimsdeslanizonan “True digestibility” #3oA1N3d0e 19

a 1 a vAa 1 [] Y a I~ d‘ d' 1 9 ] = 1 9 1
AN Llﬁﬁlu‘ﬂNﬂQ‘UGIﬂﬁ‘l’ﬂﬂWﬂWiﬁl@ElhlﬂﬂiﬁLﬂuliﬂﬁ‘ﬂﬂ@uﬂlNﬁqlﬁfﬂﬂllﬁmﬁﬁlﬂﬂ%%ﬁlq\‘] aIu

Traitetionldalszana Taes1edeniminisen lanaassuineuntdnsu Minson (1990) 510
4
=1 L%

' a { o a { o oJa § a
9111 15019 metabolic material AUo0NU TUYaTUOgAVUTIIMDIMITAdRIAY Taoilonn
Tugdvewlsuaiaguidsaziiareglurie 0.098-0.129 gkg Vo5 Tnguianiu (dry matter

$ 1 Y ° @ o ' <] a wa
intake, DMI) &asiienunsnii llflanuivemsdainniszian edrelsnaw Tumal)ia

1 { o a I~ 1 . e 1 1 . IR o [
pazari 1198198987 a2 ua apparent digestibility 4193171 true digestibility §1150Y0

a 1 { o o o a 1 v
A5NasuIa1eg dnylunsduidunmsnaaeunisdes ldvesemisuTonyemisdas
Usznounie

HHHNIINAA09 (Experimental design)
A A D) S Yy A =< o A o
minvzipenlsuruminaaswuylaniy gnaserzdesnarsandeingnozi

Y . . 1A o A Y = 1
1119MAaD4 (experimental materials) 1UANUANUANONTOANNTUTIMINNTRENE A 197U

] 1 v o ¢
M3 1HUHUNITNAAB IV crossover design 9z FI8ann1U5159u521119@ T Iag Taun

Y]

(Cottyn et al. 1989) uatiiladeluwGowwewrarneniinaniznuaenIsnAaoUsY 01gUDINYA

A

] Vo A A A 2 2 a 0 Y g A A '
Tdmaaedluminu nande Welvlioguniu Flinaildesdlszneumauniivionmainig
1 1 o J { { ] J
Tnsuzilasull weammsamevesdn’ (physiological stage) N)asundasldlugresening
M1INABDY IFU F2BZUVDINTT 1N U (early, mid, late of lactation) 3952815 YAL TAVD
v J . . A 1 T dy ) Y 1a a 1 F2 A
da73 (actively growing) @90199 tiartie19n1lddSuansnueImis uazmsdeslalaou
k4 2
wasly duiumslFununmsnaaeuy Latin square 9538aanNnuulsdsumariiasld
v v d
szaznanmsdsudn) (Adaptation period)
I { o o v W ] '
WuszeznlidadlalimsUsud lddunsanimnadonlni su nsanTenen
v o d 1 o o v a a
Tadad 0M1Inaasd uazreilidas ANmMITUeIMITANEENAMUAUDINIT AADAIU
v o a = J YA A Y 1 dy Y
Ysudmuilsemnsvesgaunidlugmulnianuaan  mslvormslugiaszesiinaslvly
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DMD, % = DM intake — Faecal DM excreted x 100

DM intake
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T1/5@u (proteolytic activity) anadluszranmsunluszozduinma 6 $21u9

) MsUsziivnamMmelnsuzaeIBMSHANMS (In vitrro Gas Test)
(Y Ao o A ' 1 Y a A dw .
wanmsndngae  midszananimsdes lAuesduniding (organic matter
J @ 4 @ v o d J
digestibility) sazAmmasnumm Iu'lasd (metabolizable energy) Tago oA NUFURUTTZ 1IN
a a o A a 4%1 £ 1 < ) 4 <

Ysmamswaamaiinaduluvasanaass  dedwlugazidlumamsvoulavonlyd  uaz
= { a o 1 . v
tu inennmsiiesliin (incubate) luveumalnnnszimzgwuvesdad (rumen

v Jdo
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1 Y a =4 [ [ ~
Elflﬂulﬂﬂlﬁ)ﬂﬂuﬂiﬂ aguaznasnuluenig asaadlumsen 2.1

Q

Table 2.1 Prediction equation of organic matter digestibility and energy content from gas production

Nutritive value Prediction equation

DOM ration (%) =14.88 +0.889 x Gb + 0.045 x XP + 0.065 x XA

ME ration (MJ/kg DM)" =1.242 +0.146 x Gb + 0.007 x XP + 0.0224 x XL

ME concentrate (MJ/kg DM)” =1.06+0.157 x Gb + 0.0084 x XP + 0.022 x XL—0.0081 x XA
ME roughage (MJ/kg DM)" =2.20+0.136 x Gb + 0.0057 x XP + 0.00029 x XL

NEL ration (MJ/kg DM)” =0.101 x Gb +0.051 x XP +0.112 x XL

ME ration (MJ/kg DM)” =0.139 x Gb +0.074 x XP +0.179 x XL+ 1.55

DOM = digestible organic matter, ME = metabolisable energy, NEL = net energy for lactation
" formula from Close and Menke (1986), * formula from Steingas and Menke (1986)

Gb = gas production, XP = crude protein, XL = crude lipid or ether extract, XA = ash
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2.3 ﬂ{]ﬂim‘i’m‘i%ﬂﬂ\im“rﬂ’i (Associative effects)
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137 (readily fermentable carbohydrate) i’JﬂJVNﬂﬁulgf'i‘]JﬂQIﬂﬁiuizﬂ‘Uqq Mould et al. (1983)

9 ) Y 1 v Y 4 d v <3 @ 1
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2.3.1 MINIVANBATINTHID (control rate of fermentation)

1 ' ' ¢ 7o
m3lFemishuileagnianiaeseenundie (slow release of starch) IFUG 115 1IN
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1 3 3 iy 1 3 o ' o
Toanas g1 lsnammsldmaaian lunlsgiiae (whole grain) N1 msdosldvoantladi
A =\ g A 1 ~ 1 a 1 1
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14 (diurnal variation) TashAunasves pH azogNilszum 6.3-6.4 o813 lsnawi pH szavil
= ~ 1 o a Ad 1 A A ! A a d? a '
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1IAROUNUANUHINL AL



30
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Ysmamsnuldvesemsed198asziani (voluntary feed intake) 1iudsninnudinny
1 1 Aa A a [ 4 v o U a [
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. Iy Y 1 o & A Ao 9y 09.11 dyd' a a
matter intake) 1% ldodrauiuduiludani lasn WetliiiosnnnalnauaudlSinumsiuems
. . = @ 1 Y} A 9 A v ¥ o
(regulation of feed intake) H1J9981 18019V N UNEIVDI 01N DIIIAIUANHULNWNGNTNVDL
91113 auszneumunlinazuaAInN In¥ULUY0I01%13 (physical and nutritional factors)
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uazilideduaisinervesdainnerdosduvuiumsdes msgady nisiilavusldld
s o I % o
UszTomi aasarnANUABINT Inyuzyesdasiaazdszinn (metabolic factors) Failadonnes
ldyd A 9 v o Jdo :jdauwo"lw . . I 1 wegxl
MAIHNANUNGIVRITUNUTIU TIuNINU AU UTABNU (interaction) 1WUBEIIN AATUNT
o 1 1 : o a [ 4 { o
T9iladeiissadnalaodranitanldhinemsnu ldvesemsvatusesnniilden
Poppi et al. (2000) 1891471 HsenTinadenisnruaudSuranisnuld (feed intake)
U52noUAI89nIINT IMaRIUVDI01M1T (rate of passage) NM1T808 1@ (digestibility) LazFnanIN
M3600' 140991115 (potential digestibility, PD) ¥ananedediuvesemisiguynie llvaenn
) a’/‘ ] 3 [ ina a 1 a a
emstuliiulunszmnzgwwiuszeznannu TasildenisninadedSuamsnula
Y 1
Fesdrvuanninldeedane lUil kp>PD > kds> kb > Ip ¥4
kp = Fractional passage rate of small particle
PD = Potential digestibility
kds = Fractional digestion rate of small particle
kb = Fractional breakdown of large particle to small particle
Ip = Proportion of large particle entering the rumen
. [ Aan a a a Y Y
Poppi et al. (2000) t@uaLuzI1 35mslsziindsuiumsnuldvesenisuaznisly
4 A o W [ Y ~ 1
sz Torivealnrue arslauauiadiay 4 Yszmaasil (1) anuaugaved lnsuznilanilasy
A 9 [ 1 = [ <
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2.5 °wmamuaziﬂ‘sﬁﬂumm‘iamtﬁmﬁm

2.5.1 mstlszdiumnasanu

@ 3 Aa 1 A o oa 9 =\ [
Wawmmwmmuagiumms (gross energy, GE) LﬂJ@ﬁ@?ﬂH@Tﬂ"ﬁﬂﬂ‘lﬂ TUNAINY

[

[ ti! ~ 1 9 . . v =) 1 d! d‘ 1 ] 9}::! v
ﬁ’J“L!‘ViLN‘VIEJ@EJ]lﬂ (digestible energy, DE) LLﬁ%WﬁNWH@ﬂﬁ’JUWHQVIEJ?JEJ"lEJ"lﬂ“BQﬁ]SQﬂGU‘]Jﬂi’)ﬂNT

[ F4
N19Y@ (feacal energy, FE) Tudauvoandsauiides’ld (DE) i s19meldaiwisoia 114
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o @ @ 1
UsgTomilananue delimsgapdendsauursaiuldnieilaan (urinary energy, UE) uaz
@ Aa &£ o 0~
nmMsnavuluvuIunIsHTnve 11113 Iunssmiz g mu Taamniz s UMY (methane
@ 1 { { 1 I 1 {1 o o
energy, CH,E) wasniudruinmaenniinanumdrdaiudiunsianiodillidlss Tonila
A A 1 o 4 . o [ Y
N3eFannasnummue las (metabolizable energy, ME) Tunszurumssimdsnu ME T4
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] v Y
A159FN (net energy for maintenance, NEM), ONITINNEINITAAD (net energy for gain, NEG)

A a . £ I Y v dy
HAZINDNITHNAN U (net energy for lactation, NEL) “Nﬁ”luﬁﬂﬁ’::ﬂlﬂum\lﬂﬁulﬂﬂﬂu (CSIRO,

1990)
GE = Gross Energy
DE = GE - FE
ME = GE - (FE + UE + CH,E) %30

= DE - (UE + CH,E)
NE = ME — HI
1 @ 9 1 o =% g [ A 9 qgj

AMNE99U DE asodszuna laanaindaay TDN @Gailundanundes lanaviua
Yo TnyuraIuN 1N NE9971U 1159 total digestible nutrient, TDN) 79 1 kg TDN = 4.409 Mcal DE
AMTUMNEIY ME aeianilszana 80-82 1osidud ¥0andsau DE HIstanuduwusuuy

9 A 1 [l 9 [ 1 1 S I S & o 1 %
iduasuiieainsgos lAveanasa1u DE ogludae 50-88 1o isud FaamisofiuimaIngs
U ME 1891naum3 NRC (1988) 41l

ME (Mcal/kg DM) = -45 + 1.01 DE (Mcal/’kg DM)

AIMME99114 ME luorviisduaindaoda i nuo 115N sed Ui on15a15 95N
(maintenance intake level) Tae ARC (1980) uamwﬁ’wgﬂu q,, = ME,/GE HATAoN Ministry
of Agriculture Fisheries and Food (MAFF 1984) 52m ﬂé"mqmmmmi’amﬂu MJ ME/kg DM
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Snuguugis umelieugulunsdindaifanunieailoa1neI1MANLI (cold stress)
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(maintenance intake level) @IUATNAINIU NEM, NEG ila2 NEL L‘]Juﬂ”lﬁ’lﬂiﬂﬂﬂ”liﬂu]lﬁ}ﬁizﬂﬂ
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TDN = %CP (DCP) + %CF(DCF) + %NFE(DNFE) + %EE(DEE) x 2.25

1a® D = %Digestibility

DE (Mcal/kg DM) =0.04409 x TDN (%)

ME (McallkgDM)  =-0.45+1.01 DE

NEM (Mcal’kg DM)  =-1.12 + 1.37 ME — 0.138 ME * + 0.0105 ME °
NEG (Mcallkg DM)  =-1.65 + 1.42 ME — 0.174 ME >+ 0.0122 ME °

Tasd ME f1u221910 ME = 0.82 DE
NEL (Mcal’lkg DM) = 0.0245 x TDN (% DM — 0.12)

NI ME ey ME ® #unedauavenings

9 4 1
N91A1 NEL MU0 1aun15U09 Moe and Tyrrell (1976 quoted in NRC, 1988) Fau
91NA1 maintenance TDN values 1AgaAA1RA8Y03 TDN 152A 1 production intake level 213 8
/3 o Y o A ' v 3 s A y a yyd £ '
osiyua iﬂﬂsllflﬂWWu@ﬂ’NﬂWiﬂﬂﬂq@ﬁ]gaﬂﬂﬁ 4 Lﬂ@ﬁl“ﬁuﬁm@igﬂ‘Uﬂﬁ'ﬂu]’lﬂL‘WiﬁUu 1 MU

1]
Qv A

[ a 9 A ) =S 1 < [ = 9 A A ° 1
53ﬂﬂﬂ’liﬂuulﬂl‘1/‘|@ﬂ'liﬂ'li\16]5w 'f]Eﬂ\?llﬁf]@l'lﬂJENlllJNQWU?%EWIGI,GK@'IW'lﬁ‘Vlll TDN 9111121 56
s d a v o ¥ = M s o
Lﬂ@ﬁlcﬁuﬂlaﬂﬂiﬂuﬂ ﬂQUUﬂ'lﬁGlGIf@']ﬁ'liﬁEJ’]TJﬂﬂ!ﬂ’lWTJ’]uﬂaW\iﬂ\iﬂﬂ!ﬂ’lW?‘n (TDN 50 Lﬂ@ilcﬁuﬂ
A o ' 4 o [ 1 9y [ o 1 . 2 =
HIDHNINI) Lla'Jﬂﬁliu'lﬁllﬂ']ﬁﬂQﬂ'ﬂ'l'JllﬂﬂlG]f fl]&ﬂﬂﬂ']ﬁﬂ']ﬂ'lmu'ﬂﬂ“b")ﬁ (extrapolation) §N®194
~ a A Yy
ﬂ')']ll!ﬁﬂ\‘lﬁh‘!ﬂ']ﬁLﬂﬂﬂ'l'l‘iJﬂﬁWﬂLﬂﬁ@u‘lﬂ

o

o 1 1 n [ 9 = o £ 9)
M311ea1 TDN drulug lannnmsdrna Teeldaumssnsadsy saindunsls
I % L 1 a A [ [ ~ 9 S ¥ =& " A9 o w
ANUANIIE lunausenIlSinange ledundsnuilalss Temi1d Fawuniidediianars
pgay Ianuaamamasuvesiiiuiegs daulngldldmmziuoenguilszyng uazaw
' ' = ¥ Jda A ' 9 Hq 9 ' [ 9
mydulngunannisersdad iisaa e lglsinammwasnuluemsdu
' v do J [
Wiess and Conrad (2000) 19d@u1lsznoumaniluemisdaiiiuieninaeaiu TDN
TagdsuaimsdosldvesInaus Tuaumsldeglugilaimsdos 18954 (true digestibility) 101l
o A o Y o o ' Ay vt
aums hnagouisluisemisdainazommsduduau 248 @061 nudaumsi laiinn
1o ~ L A o £ Y a o Ay y
HUUYILDZINGIANTI BIUA 1 mean square error IN1NU 61 glkg TDN FalndiReanunlaeinms
v o J . = = o v dy
naaedludIdad (n vivo) Taelis18az@Av0IANNITIIUIBAIL

) TDN,, = 0.98 (1000 — NDF — CP — Ash — IADICP — EE) + k,.,x CP

dCP
+2.25 (EE - 10) + 0.75 (NDF,, — LIG) (1-(LIG/NDF,) *") - 70

(I)  TDN,, =0.98 (1000 —- NDF, — CP — Ash — IADICP — FA - 10) + k,, x CP
+2.25 FA +0.75 (NDF,, — LIG) (1-(LIG/NDF,) *") - 70

TDN,, #1180 INa991U TDN Tuems #93anszauion15@159%W (maintenance)
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daudi 171 0.98 (1000 - NDF, - CP — Ash — IADICP — EE) 1 uA1n&4411 TDN
#'180ndruvenidTulawsaiily 19150 1o (nonstructural carbohydrate, NSC) #3 o1l uduii
azaelduazegneluimad (cell soluble) Fadufivuiu TDN szuuRUADEIMY04 nitrogen free
extract (NFE) 1114184 c’?ﬂmuzdauﬁyﬁmis}aﬂﬁqq wazimAeusaned Taefiaduszang
mstoslae3aszana 0.98

1 NDF,, fiedugile NDF 5 ua1TaerinTusdui liazmenazedlubelodin
NDF (NDICP) t1a¢ ADF (ADICP) oon'lilud) daii NDF,, = NDF — NDICP — ADICP &4fl e
vualinyey gkg DM

115U A1 IADICP 1 41094 indigestible acid detergent insoluble crude protein
wiofludiuveaTdsaulu@els ADF (ADICP) 7 hiam150g08'ld nieuai3onii acid
detergent insoluble nitrogen (ADIN) uafoSand TsAuifinsdnfiannsoses’ld Taoluis
psdaiazgesldmaeiity 034 uazemstumanity 0.66 wieaailudiuiidosls1d
WA 0.7 Az 0.4 Mgy Faviu forages IADICP = 0.7 x ADICP L1ag concentrate IADICP =
0.4 x ADICP

v
[ =

H 1 I~ [ 1 1 1
Ui 2 Ak, x CP 1uamasnu TDN fldandiuvealdsdu amsdes'ld

dcp

a = A [ d L=} L% o [} d‘d
159ved Idsauannsemisdaddiulvgiaidszuia 0.9 tazminiy 1.0 Smiue mIsnil
9 o [ A l 9 a = A o Y Y
pmstuludadiuiige tazmsdesldaiavedlisauszanauiionmsgninldrmiuanuiou
1 v

UsumueelisAu ADICP %50 ADIN iendaslugidadivveslisaunenuniun (g/kg total
[ @ d v o 1 o J o

CP) vzlinnuduiusiugenumsdes ldveTds@uludisemisdad vazawnsariilals
1 1 Aa 4 [ { "o

YszaaunimsdeslaasavesTsauluiremisdadlaa deaasluaunsi (1) uadueIms

[ [ [ J v o 1 v

1 liAeslin U FUWUTAUNIAYA Nakamura ef al. (1994) 1@ Van Soest (1989) 318411316

' Y a = Y A stl = ' . . . T
m3doslaasevesldsduluemisdunioviensusoni adjusted protein digestibility 3&aA04

0.004 ¥iUeABNN 1 WUV ADICP WAL Asudaluaunsi (2)

(1) k 4pr =EXP (-0.0012 x ADICP)
(2) k yp.e =1-0.004 x ADICP
k spr = true digestibility of forages CP

k sop.c = true digestibility of concentrate CP
= ] I [ 2/' 1 Y] ~ 9 ! = =
ADICP iviu7e1ilu g/ke total CP datiuandsniunldanadivvesldsau 94
dszanaldninaunmsi 3)

(3)Ecp = k,,x CP

dcp
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Tumsi1 1149 Taesia Tduuz i 1 19a11)s5 1 ADICP = 85 g/kg total CP LAY

o o A o AN 1 ' B} 9 1Y A
A1k =0.9 ﬁ"ﬂ’fi'ﬂ‘wGIf'fJ'IW'liﬁ'@]'JT]lliJQﬂN'luﬂ'lichﬂ'J'liJﬁﬂu (unheated forage) LLAD TN Y

dCP-F
v o v o o a P a v v a
pIITAAITUENAINS BUIA18A51INMTANTIZH T ADICP A28 1azAls Iaunsh
1 [ 1 (] (Y ] o 1o o3
(1) Tumsilsznmaimsdesld uaemisdudiulngiinlignanudeouiate 39lusuiudes
a 4 1 ] a o ~
UATILHNT ADICP Hazmsdszanaaimsgesldase uuziirld geaunisn )
H [ I~ 1 [ { 1 Y]
a3uA 3 A1 2.25 x (EE - 10) (Huamasa1u TDN #1'ldanaruvealuiiy (ether
{ [l A Jd a CY o {
extract, EE) Tunsain 1 1adnsevivn/sunansalviiy (fatty acid, FA) uuzii I 1daunsn )
1 a 4 a Y 1 U % [
uatimMsnnIervilsnansa lviudends Isaunsn an a1 2.25 vuned e luduldndsanu
[ o [ [ = [ e’q'./ S d‘ ] ]
11nA1AS U latase 2.25 1 uazal —10 ¥uede EE luensdainallaziadiunlilensa
@ [ & I~ ] H [ [ ] Y] [BYI-4
Tyiuegszanm 10 gkg DM Fuiludrundoslailduas lildndsnunndas

.667
]

@il 4 A10.75 (NDF, - LIG) (I-[LIGNDF ] *”) iflusmdsaiu TDN #i'ldan

druveusele NDF amianuainuioily gke DM § 15U LIG A0 acid detergent-sulfuric acid
4 ' A 4 =l [
lignin wazduilsza@nimsdooldaseveadelo NDF (k,,,) fJfauniny 0.75

H ' 1< J @ [ { 1 v
t‘h‘uﬁ 5a1-70 L‘]Juﬂ"lﬂﬁgﬁﬂm‘ﬂ?J\1Wﬁ\‘]\ﬂuﬁnﬂ'J@]QLLﬁJQﬁNTQTﬂﬁUN‘U’EN':TNﬂTfJ

o

ﬁ@jﬂ UOONNUINNIYA (metabolic feacal dry matter) Van Soest (1982) 191 metabolic feacal N1 130
g/kg DM intake Tﬂa”lmga 100, 321seneudae Ash, CP, water soluble-nitrogen-free material
way EE masminy 300, 300, 250 uag 150 n5u awddy dmsuadulszaninmsgesldasa

% o R {
Vol CP, EE ttag NFC (W?@ water soluble-nitrogen-free material FenAoaaaiuinazarslalu

Y i1
7 [ Y =

' 1 v o o o S ' [
llu'ﬁ) ﬁmmmu 0.7,0.32 118 0.98 AU muumammmuamtﬂumwawm TDN U84

=

1 4
metabolic feacal energy (MF,) 92 lani1iu 72 & ldunnnnaswves Inauzdiuaie ail

E, =130x.3x.7=27

E, =130x.15x.32x225=14

E,. =130x.25x.98=31

ME, . =27+ 14 +31 = 72 uatoudaauiuswinudvae 70

TDN

1 1< qa;l 1 1 ] A A @ Aa A
9619 15NAMWUNATINDIT A1 MF,,, 019 LA TmsAuudsawlsuangelelu

9
J o o

a a 9 [ SR o 9 9 Q' a [
9115 uazlSnamanuldvesdad duiuddinsdesmsdoyamuaylumsidsvlisauns
Yt v PR {
IilianugnAvIeuysaigey
2.5.4 mssziivaamusdlisau
a ] 1 v o I
Agricultural Research Council (ARC, 1984) 8511831 T1/s@uh ludedq11d@au191n 2
Ao dIUNE 1114
¢ S d a

1 . . 9 a

qTIUAD ﬁ’;u‘ﬂﬂaﬂﬁaw“lugmu (ruminally degraded protein, RDP) umaﬂfgamﬁ'

o a % a . . . A A
duanzitullsauluwaduos9@unioneu (microbial crude protein, MCP) Az 1o aunid

o

U
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09.:’ [l ' A o Yy 3 o v A [l & A = ~ ' '
wudueenngwu livzgndesiarIdian druisudndiunitens Tusauaneninsi ligndes
o msﬂ,ug 1Y (undegradable dietary protein, UDP n30 escape protein n3o bypass protein) HAYY
' { o [ 091} Y o 4
lilgnasendrldianTasnse Mallszunves ARC lalinmsdiistennudesms TUs@umens
a a a I ( 9 { Y 09: [
nIyauTavesgaunidluguu Fdeemslulasulugdnldlse Ton1dwui uonviniiuds
@ a v { % =
ADINMINAIINBUNTOIAQNAMNT01IN 1R (fermentable organic matter, FOM) 8@ N1511A
v A 1
TsAudrundosdarslugiuu (degradable protein) dzawalionsimsdosldanasnsveutols
v v Y
uazoImsnlidadiuresomstuigs uonvniumskan MCP dagniina Taglsumnmsnu
1 [ Y
1Au0991%15WA9U (dietary energy intake) FaiinazIalulafldmandags aviulunsld
9 o =R == QaJJ a = A Y A 1 Aa A
911113 Inundesdmiiananalsmna TlsaundesaarsTugwulimeanoaelsza@ninimues
7 a = J 9 = =) 1 A ] 1 =1
YUIUMIHINOTVOIaUNIdlugmy tazded Tsaudiun ligndesaaelugmuiisane
o [ A Y a oy
g5y Tasmwizlan liwanaainmgs
Agricultural and Food Research Council (AFRC 1993) ldtausszuuanudeemsldsau
;I { A o Y %
yoelaun Fuduntenl¥iuluans1¥e1a19n5 (The UK metabolisable protein system) #4utn

1 A 1 < ll = A
$%1199110 ARC (1984) @]iQ‘VI3Jﬂ”liLL‘]JQﬂTJTiJLS’J{l‘L!ﬂ1§EJ@EJZ‘TE"HEHJ@QT‘]J?@Hﬂi@ﬁ1§ﬂ3$ﬂ@‘ﬂ

]
= 1

I @ <
Tulasulugwueeniilu 2 szaufie wanfigndesaais1§157 (quickly degradable nitrogen,

Y

Y 1
o =

QDN) lumaljiianelisaudiuiazareluii nazwanfigndesaaisladn (slowly degradable
nitrogen, SDN)
SEUVYDI AFRC (1993) 1aaInmA1v0901113 1ug1a199 Ao 1Ha1ma991u fermentable
. . o 3 = =)
metabolisable energy (FME) 18 metabolisable energy (ME) d1%51 T1saunaalugillsan
W81 (CP) 1A AN IN150 IUN1T808a A8 (protein degradability) NAT1N1T IManIUVDY
011113 (outflow rate) 3 52AU
o o o w {2 J . .
anziauldldasnannuvealusauiiuyse Towd (metabolisable protein, MP) Al
a a 0911 1 & o ) o
USua T sauun (nsaeziilu) Waruangesld sadasainisenirlalse Towiluvuiums
. 1 9 % Lﬂ' 0911 1 =1 9 9 [ @ ,;‘
metabolism A199) lAMaenInTie T ugndosazgaduLdl MP 1Usznouale 2 dIuaAil
Aa P I
- Tos@uuieingaunidfdon'lq (digestible microbial true protein, DMTP) 1]
{ o o a
Tﬂiauﬁmmswﬂmgaw’%’ﬁmﬂ fermentable metabolisable energy (FME) #3991 non protein
. =\ a [ = 1 dy 1 9 s 3 4 o A
nitrogen (NPN) Taefiauyagiunllsaudiuiamnsodos’la 85 wosigud uazlusouiidos
E2
) <
I&tienunsanir 1 19se Tend 1dlszana 75 nlosisud
i { ) < 1 [ { ] ]
-Tdsaundeslandrld@niiuinnemisaiui ligndosaarslugmu
. . . A 3 v = S 3 4 1 ~ 1
(digestible undegraded feed protein, DUP) Tagaz s 0 09 90 1los1Fua maqmum”lug]ﬂ
gooaatelugmu (UDP) awsotszuia ldninarlulaswudiun liazarelunsa (acid

detergent insoluble lignin, ADIN) 130 modified ADF contents (MADF) @411 MP g uvinu
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MP = 0.6375 MCP + DUP
1 = 1 d' o [ Y 1 Y (% 1 A 1
A ldsAua1eg Adian 1Aun QDN, SDN az UDP lau1a1nnisiaal dg Aon1
o a o 1 = . . £ 9
duilseansonsimsdesaarevedJisaulueins (rate of degradation coefficients; a, b, ¢) #a'l&
vinmsihems lalugeluaeu udnillguus 1 lugwu vagiallsaunmellonnganszes
17819199 N1 (Brskov, 2000)
o QS’I ) [ v J J g o
AFRC (1992) M1I0ANNADINT MP Nanuad1msudadinendes Tasmsuensiiuim
[ 1 o [ o 1 o {
uaazaIUveIn13 1952 Tea1i 11519018 (metabolic function) 4Aa11AINITINAY Tasinu
9 oa/' < a @ Yy v = [
@94n15 MP Nanuailudaszoinnasauluemis anuavduveeldsay tazseauves
.. & A J [ U dyd 1 a Ao Yo 1 (=}
1n%Ug (plane of nutrition) FadeNvdemariiinansznuaesuna MP Adad lasy ua hilina
ABANUADINT MP UBITAS
National Research Council (1988) uugii11d 14a1n1udesnis Tdsaulugdisendi
TisAuiigngaduuszuNuALD1M1S (absorbed protein, AP) TASIRNIZBE19BINITAATUNTA

U G

a { o < 5 1 Y] a 1 1 1 . .
pziilund1dian FadeuanaaduszuuauildainmsdeslaveslysAuneny (digestible crude

=1

. 4 = 1 A A a @ A A a3
protein, DCP) <=1NTﬂi@mmumumﬂﬂmﬂmmumsﬁumngﬂmwiugﬂuaﬂmuﬂmgmu N

G

o 1 F2 T dy 1 o a ] 1 =} ~ =< .
gﬂum’mag"lu DCP 9118 u@ﬂmﬁ]x"luummmauﬂumiﬂmumﬂmw (absorbed protein,

G G

= :Il v A o QU 1 = 1 d’
AP) 80993z AP daimsswundadivveslUsauluemisaiuilugndesaarslugmu
. ~ 1M Yo K 1 o 1 @ 09: Y =

(escape protein) 1uvazszuy DCP l'lddieaiudainan aaiunanudesnisldshuves
52UV AP JUMNUNT0A1N 152U DCP 1aUD

National Research Council (NRC 1989) t@ueiuz31 1110391n9eyaneInuaInisges

=3 v A 1 1 o @ [ 3 =R o 9 o 9 =S
aagved llsaulugmudiiedodading auiuddnalsmanivuaniudesmslisauvedln
I 1
wilu 2 szuvde (1) 19anudeens 15AUNe1Y (crude protein requirement, CP) tag (2) 19
1 Y = A . . .
AmauaeIns lsaulugindesaarslugu (ruminally degradable intake protein, DIP) t1a g
Tisaudarunlugndosaaislugiuy (ruminally undegradable intake protein, UIP) Ai1A7213
QSJ’ I 1 { [ o 1 1 (%
A0an15 1UsAuvesia 2 szuy Wuai lawsaswiaudasarld-usenaieduld
(interchangeable) 11sAudui lugndesamelugmuiinnudiaguinlulanegluszeziidias
<3 { a 1
T uaz Tanldwandauuluszauga
3 Y Y =) [ 1 A o
uoNINUUNEI NRC (1989) lansnTUsauvindiuvessraniefiduonnniaya

) 9 Y g
(metabolic feacal nitrogen, MEN) 880910A1ANA0415 1U5AUINONTAI1TITN Nadlified91n
g

a < J a @ 1 1< v o Jdo a @ {1 ] { o Jda

nnsawruInsuna TlsdudenarnduanuduiusfulSinaiaguidendes lilandasnudn
VoA I v o Jdo :j v v '

1/ (indigestible dry matter intake, IDMI) W1nn1f9zilunnuduiusnutimindumilowsu

A v o Y oA ° =~ a A ' A o
bl‘LlngU‘Ulﬂl] @NuUﬂj’lllﬁa\iﬂ’ljiﬂﬁﬁulwaﬂ'ﬁﬂ’liqﬁﬁwi]gﬂﬂlﬂw1$Tﬂ§@um@\151\3ﬂ18ﬂﬂlua@ﬂ
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H a @ Y o o Y 4
neflaan: tagigydsnnmangaaenvodmIMiun i dmsuanudeans lsauinons

Y a Yo I A :/l 9 A a a A A cy
GlﬂWﬁWﬁ@] llﬂFﬂnluﬂ'ﬁ]ﬂﬂlﬂulwaﬂ’ﬁ@\iﬂ@\j LW'f]ﬂ’lilﬂﬁiglﬁUI@ LUAZINDNITHAAUTIUY

o

a = I @ \{dy di’ | A o w 3
i!au‘]/]iElel,uﬂigLWW;LN“LPU’EJQ?(G]’JL?]EJ’JLE]EN nJu@’mmwummmymrmﬂummumi

H Y
wiinuazdesaatse i Iiegluzlveslnyugidaiamisogaduiirllldlse Tenila dnsis

Y I

@ a =4 A ] Ao < 3’ [l v J =3 o
G]’J“ll’EN“l]qﬁu‘ﬂ'H'EJL’ENL?J®W1u®@ﬂﬁ]1ﬂ§jmullﬂﬂﬁ1hlﬁlﬁﬂ ﬂi]%gﬂum@ﬂellf]\'iﬁﬁﬁﬂﬂﬂllﬁ%ﬂﬂ%uquﬂ

9 MY X o 1S 1 Ao o ' £ v J o 3 Y A
Gl“]fﬂigjﬁl‘]fullﬂ UM una InrusNd Ao 19riaresdad asiums le1msnianu

g

a %

=S A [ a Aa a ~ J &~ 1
augaveslnruy Jelimanemanigdulauaznanssumsndnuegaunsdlugmwy Flinane
dailumadoandie

[ d
2.5.5 anudeansnasnuuazllsauvesgaunsd

a

[ dy Y Aa 1 [ o = J A . . .
{Iﬁli]fJL‘]J@\W]UVINWa@@ﬂTiﬁﬁLﬂiTzWIﬂi@]u(IUL“ﬁﬁaﬂlﬂ\iﬂau%ﬁﬂ (microbial crude protein,

a

A [ ~ = Yo [
MCP) A9 Wawmuaz"luTmmumaumﬂiugmﬂmu Llag'EJ@'ISTﬂiillﬁa@ﬂﬂﬁllﬂﬂﬂ”lﬂ"lﬁnﬂz

a

&£ 4%1 Y @ a o 9y @ A o Yo 3 o v Y
WU BIVUDINVISAVVBINIINUDINIT Iﬂﬁlﬂ')vlﬂllﬁ’JWﬁ\‘l\‘ﬂu ME %ﬁ@’ﬂmmmﬂuﬂmwaﬂ

o o

{ o [ L4 3 Y a a a -4 @ @ a
ﬁﬂ1ﬂu¢]ﬂ1§ﬁ'\1lﬂ§1$ﬂ MCP mﬁﬂimmNawammqaum?ﬂ%zﬁmmﬁnwumuﬂimmmm

@)D

un3és mqﬁﬂ"a ol 11,!2 WU (organic matter apparently digested in the rumen, OMADR) Jones et
al. (1996) 111211191 OMADR MU HUNINY 0.67 dIU ARC (1984) LdUDAUNIND 0.65 1AY
aam1asnnemsnumaasy luiy wieminy 0.68 dmsumsIdenisneruvln luvazi
AFRC (1992) @ UDATNWAI91Y fermentable energy (FME) 3111112013l u FME MJ/day %130 FME

a 1 I~ 1 = o £ a =4 o Y
MI/kg DM Tag#i915a191 FME idudiumilauesnasaiu ME gagaunsoamnsoii T4 luns
duasziiraduesgaunidld vazldlimsinanamdsnunnluiunaznsadunidang i

k4 Y
WUHaNANNVLIUMIHIN (fermentable products) Y8401¥1sHELHEN TafliiloaninTasuy
[V 1 I 1 A 12 d a = 1 z dy M Y o 1 o 1
asnarutudiuin lulidss Temiaegaunidlugmu uaned hilddnavamasnuludiuves
Tds@unlugndesaatslugiuu (undegradable dietary protein, UDP) 89191061 FME 399114
a1 lageniimruiuase TaamwzemnsiiiTusAugusuy Uanugaddwdean ME ifou 56
J 3 4 v ' a a = a a A

o319 1d 910 UDP a@91 ARC (1984) Uszuiuannasnanan 1sauangaunson 32 ¢
microbial N/kg OMADR ED)

= 1.34 g N/MJ ME d%i5U91m13nianuaugaued lnyusd

=1.0 g N/MI ME dwi5unamgn

= 1.4 g N/MJ ME dwisungmsdnimnumsasueimsdu

NRC (1989) uu 21114 19 aun 151§ ua 59 (linear equation) 14A151/ 521191 microbial

nitrogen (MN) 13fi® MN (g N/Mcal) = -30.93 + 11.45 NEL
AFRC (1992) t@u8fi1 7.4, 9.0, 9.5 1ag 9.8 g of MCP/MJ ME N5£AUMIAUDINITN 1 D

4 1YBITEAVNITNUDIMITINOMIAITIFN AUA ALY
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Energy value DM (MJ/kg) =0.0124 CP + 17.3 ; (CP Haedlu g/kg DM)
aumstl1daundonanan TUsAuandunsdinafiy 1.5 ¢ N/MI ME 130 9.6 g MCP/
MIME sauazimiuldiiine ARC (1984) ag NRC (1989) lal¥awinnenananlisaunnia
A Y A [
UN3glndneeny
U52ANTNINUINITHNAN MCP N I 1NWAIY FME (M30(38071 YFME) 198 AFRC
(1993) uaasAili g MCP/ MI FME vzgniviua Tasszaumsnuld (L) iszduivemsdisadn
Taude 4.5 1 uazlsz@nsmmmaduniizy MCP azmuaulusainanaimuscaunIsnu
18 unT=N909 4.5 M1 voTzAUMINU IANoNTA1TITN Feanusauaasadszanaluuaay
[ a 9 1 1 9 o t;‘
seavueamsnu ldseradies lagail
Maintenance level of feeding (X) = 9 g MCP/ MJ FME
Growing cattle (2 X) =10 g MCP/ MJ FME

Late pregnancy (3 X) =11 g MCP/ MJ FME

a S 1A o { 3
yaunidnguildms TulamsaniiluTaseadne (structural carbohydrate, SC) luanauns

a A

o 1 I a a a I 1
WUNIFU cellulose 1182 hemicellulose 1HuyaunidnniaanTad ldmonTundoilluunas
o A o J q 9 . . . I U [ 3 i
Tulasounaniemsdunsizd 921414 peptides 11az amino acids 1HuMA10IMIT AITTUIKAY
{ ] ) o . . . ) I z
¥04 N N ldazoglugivewonTuile d1mSy peptides 11az amino acids 92111 1/ 14l uasasdu
a . . £ J o o a a
(precursor) 114n15KW@® branched chain fatty acids QLﬂHﬂ%%ﬂlHﬂﬁL%iﬂJLﬁ‘UI@l (growth factor)

a -4 a '
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Table 2.2 Prediction equation of total digestible nutrient (TDN) content in different type of roughages from

chemical composition in feed

Roughage
(1) -y . 2 (2)

type Prediction equation R RSD N

1 TDN = - 0.534 + .792CP+1.897EE+0.123CF+0.729NFE 0.66 4.74 44

2 TDN = 10.75+0.315CP+7.251EE+0.713CF-0.108NFE 0.78 2.80 15

3 TDN = 111.59+0.560CP+6.852EE+0.936CF+2.375NFE 0.99 1.08 6

4 TDN =49.615 - 1.016CP+0.27CF 0.90 0.27 4
=28.966+0.314NDF 0.68 0.58 4

1 = fresh forages, 2= dry forages, 3 = silage; 4 = urea treated straw

@ RSD: Residual standard deviation

NU: FUAA LAzl (2541)
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mmﬁmmﬂﬂﬁﬁuﬁw Uselerild (usable protein requirement, uCP)

Usable protein of feed (uCP) 11 =[187.7 — (115.4 x (UDP/CP, )] x DOM + 1.03
x UDP (for feedstuff with < 7% crude fat in the dry matter) G‘]?Q

UDP = undegradable crude protein (g/kg DM)

CP,_ , = crude protein without urea (g/kg DM)

DOM = digestible organic matter (kg/kg DM)
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Table 2.3 The estimation of energy and protein requirements of purebred and crossbred of Holstein heifers

Energy and protein requirements Purebred Crossbred ~

NE for maintenance (NEM, Mcal/d) 0.086 BW 7 0.086 BW 7

NE for gain (NEG, Mcal/kg) 0.045 BW “"*(LWG/1000)"""” 0.077BW “"*(LWG/1000) "'
+1.0LWG/1000 +1.0LWG/1000

TDN (kg/d) 1.0 NRC 1.16 1189 NRC

Crude protein (CP, kg/d) 0.12 DMI x 1000 0.125 DMI x 1000
1.0 NRC 1.03 tM1UB9 NRC

Y'NRC (1988),” arufia uagame (2541), LWG = live weight gain (kg/d)
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! . . . v
2150201935109 (micro-mineral solution) sgnounie

13.2 g CaCl, ;2 H,0

10.0 g MnCl, ; 4 H,0

1.0 g CoCl, ; 6 H,O

8.0 g FeCl,; 6 H,O
azaneliiindulsusinas 118 100 v,

A130¥A18UITINNAN (macro-mineral solution) Usznoudae

5.7 g Na,HPO, anhydrous
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0.6 g MgSO, ; 7H,0

Y '
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v
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4.0 g NH,HCO, ttag 35 g NaHCO,
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A o s 4 %
) Inszrvesndsznevveudelelaelda1snen (detergent analysis) 4
Y . . . .
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a 4 1 [ z 4
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dmgdnuiinsnaaeunilsuanisnu ldvesinguits (dry matter intake, DMI)
@ a & ] qﬂll v o J
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Table 4.1 Chemical composition (% DM) of different grass hay species at different cutting age
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Grass species OM CP EE CF
Cutting Age, @ay) 30 45 60 Av 30 45 60  Av 30 45 60 Av N 45 60 An
Jarra digit 90.27 9134  92.07 91.23a 1523 9.77 838 1113a 2.09 2.02 213 2.08a 2471  29.64 29.55 27.97bc
Purple guinea 91.01 9143 9222 91.55a 12.76 7.64 524  855b 1.54 1.42 137 1.44b 2893 3461 3692 33.49a
Ruzi 86.90 90.14 9242 89.82a 15.13 9.41 793 10.82a 1.35 1.18 1.19  1.24¢ 2479 2830 28.57 27.22¢
Ubon paspalum 90.71  89.95 9221 90.96a 1091 7.24 693 836b 0.78 0.80 0.67 0.75d 2844 28.02 2928 28.58b
Average 89.72a 90.72a 9223a ns' 13.51a 852b 7I12¢ x% 1.44a 136b 134b xx 26.72¢ 30.14b 31.08a e
NFE NDF ________________ ADF "“““(_}_I:I-z-/-"""“—“““
Cutting Age, (day) 30 45 60 Av. - 30 _______ 45 ________ 6 0 ______ Av 30 45 60 Av. - :30_ _“““4_5" o 60 _““_/_l_v:
Jarra digit 4824 4991 5201 50.05p 6677 6933 68.71 68.27b 37.03 4149 4189 40.14bp 4133 4150 4150 4.144a
Purple guinea 4778 47776  48.69 48.08c¢ 6157 6941 70.78 67.25b 3935 45.67 47.64 44.22a 4191 4175 4107 4.158a
Ruzi 45.63 5125 54773 50.54b 66.68 7336 7359 71.21a 3845 41.67 4119 40.44b 4055 4018 4170 4.081a
Ubon paspalum 50.58  53.89 5533 53.27a 6489 6556 6877 66.41b 4145 4030 4147 41.07b 4158 3953 4100 4.070a
Average 48.06 ¢ 50.70b 52.69 a * 64.98b 69.42a 70.46a ns 39.07b 42.28a 43.05a ok 4.134a 4.074a 4.132a ns

In a column, means of grass species and in a row, means of cutting day followed by common letter are not significantly different (P>0.05)

" Interaction between grass species and age of cutting: ns = non significantly different; * = P<0.05, ** P<0.01

¥ Mcal GE/kg DM
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Table 4.2 Voluntary feed intake and digestibility of Jarra digit grass hay at different cutting ages

Age of cutting

Parameters 30 days 45 days 60 days % CV

Dry matter intake, 25D Zsp Zsp cv
kg/d 7.87a 082 6.86b 0.63 6.53b 076 8.67
% BW 2.76a 0.19 2.47ab 030 232b 032 9.20
g/BW 7 113a 5.80 101b 11.00 95b 10.83 6.68
Digestible DMI, 490a 0061 437ab 0.15 3.82b 0.3 10.88
Digestible OMI, 470a 047 411ab 045 3.64b 050 9.67

Digestibility, %
DMD 6221a 140 63.70a 191 58.34b 3.27 3.79
OMD 65.07a 134 65.58a 1.98 60.44b 340 3.71
DCP 64.04a 1.03 5822b 1.98 50.15¢ 1.86 292
DEE 31.42b 357 39.99a 439 4354a 540 11.78
DCF 71.32a 184 72.03a 2.86 65.24b .43 5.32
DNFE 65.70a 2.30 64.46ab 171 60.47b 3.30 3.98
DNDF 68.98ab 2.60 70.31a 0.89 65.01b 463 4.56
DADF 62.77b 276 68.12a 1.95 61.84b 445 4.42
DE 59.42a 544 6231a 193 57.06a 3.44 6.52
TDN 55.80ab 138 57.70a 1.81 53.54b 2.59 3.58

e luimsasumndavasalun

a

N0IYMTANVDINT]

In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.



Table 4.3 Voluntary feed intake and digestibility of Purple guinea grass hay at different cutting ages
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Age of cutting

Parameters 30 days 45 days v 60 days Y
No. of cattle 4 Zsp 4 7sD 4 7D %CV
Body weight, kg 286.6 298.6 284.7
Dry matter intake, kg/d
Grass 7.28a 1.06 6.42ab 1.07 538b 0.65 14.89
Soybean - 0.55 0.71
Total intake 7.28 6.97 6.09
Dry matter intake, % BW
Grass 2.54a 050 2.15ab 0.19 1.89b 0.26 16.87
Soybean - 0.18 0.25
Total intake 2.54 233 2.14
Dry matter intake, g/BW o7
Grass 105a 1791 89ab 8358 77b  10.22 15.19
Soybean - 7.7 10.2
Total intake 105 96.7 87.2
Total digestible intake, kg/d
Dry matter 4.16 a 0.83 3.57 ab 0.52 3.01b 052 17.86
Organic matter 4.02a 0.78 3.29 ab 0.47 280b 0.49 17.61
Total nutrients digestibility, % DM
DMD 56.82a 448 55.72a 185 55.61la 286 5.80
OMD 60.36a 431 56.20a 1.97 56.22a 2.88 5.56
DCP 60.98b 2.15 63.05ab 2.06 6532a 3.16 3.97
DEE 46.38a 4.94 4735a 5.13 50.19a 3.83 9.74
DCF 61.86a 6.55 54.66b 2.17 53.11b  2.27 7.42
DNFE 59.75a 4.01 52.08b 1.68 56.36ab 3.0/ 5.45
DNDF 57.88a 35.85 53.0lab 1.25 50.34b 3.63 7.52
DADF 5487a 5.38 59.12a 1.65 52.96a 3.15 6.70
DE 56.64a 3.59 51.89a 2.12 51.77a 3.29 5.75
TDN 55.84a 4.00 5047b 178 52.60ab 2.53 5.52
In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.
vnema " Smsumnsavaesiidasuiidilszneumani (% DM) il
DM oM cp EE CF Ash  NFE NDF ADF  GE”
89.96 92.51 4485 0.97 7.21 7.49 39.48 14.39 9.21 4.635

Y Mcal’kg DM



Table 4.4 Voluntary feed intake and digestibility of Ruzi grass hay at different cutting ages

Age of cutting

Parameters 30 days 45 days 60 days

No. of cattle 4 Zsp 4 Zsp 4 ZsD %CV

Body weight, kg 310.0 316.2 304.4

Dry matter intake, kg/d
Grass 7.44a 0.77 743a 0.82 697a 0.38 9.40
Soybean - - 0.70
Total intake 7.44 7.43 7.67

Dry matter intake, % BW
Grass 240a 0.26 235a 0.24 229a 0.22 10.25
Soybean - - 0.23
Total intake 2.40 2.35 2.52

Dry matter intake, g/BW o7
Grass 101a 891 9a 8.14 9%a 7.59 8.28
Soybean - - 9.6
Total intake 101 99 105.6

Total digestible intake, kg/d
Dry matter 435a 042 439a 0.63 435a 0.29 10.70
Organic matter 385a 0.36 4.12a 0.58 4.15a 0.58 10.62

Total nutrients digestibility, % DM
DMD 58.59b 1.30 5881b 221 62.40a 1.53 2.87
OMD 59.61b 1.51 61.29b 2.07 6442a 1.80 2.93
DCP 62.70a 3.37 5242b 428 64.73a 1.90 5.56
DEE 42.07a 348 3492b  1.57 4448a 2.68 6.65
DCF 67.48a 2.58 61.75b 0.92 59.02b 1.57 2.90
DNFE 50.57b 1.11 5438a 1.59 54.15a 237 3.33
DNDF 6245a 2.07 63.57a 1.86 64.6la 233 3.30
DADF 53.49b 2.96 58.09bab 3.86 62.02a 232 5.38
DE 60.67b 1.66 57.19c¢ 1.53 64.69a 222 3.01
TDN 50.57b  0.65 51.20b 1.03 58.60a 1.34 1.96

In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.



Table 4.5 Voluntary feed intake and digestibility of Ubon paspalum grass hay at different age of cutting

Age of cutting

Parameters 30 days 45 days v 60 days Y

No. of cattle 4 Zsp 4 Zsp 4 ZsD %CV

Body weight, kg 289.5 294.0 302.0

Dry matter intake, kg/d
Grass 692a 0.43 626a 1.18 6.19a 0.67 13.15
Soybean - 0.59 0.70
Total intake 6.92 6.85 6.89

Dry matter intake, % BW
Grass 239a 0.18 2.13a 0.35 2.05a 0.26 12.99
Soybean - 0.20 0.23
Total intake 2.39 233 2.28

Dry matter intake, g/BW o7
Grass 99a 6.12 88a 14.15 85a 9.68 11.77
Soybean - 8.3 9.7
Total intake 99 96.3 94.7

Total digestible intake, kg/d
Dry matter 4.09a 0.11 3.69a 0.70 37la 027 11.49
Organic matter 387a 0.11 3.50a 0.68 3.63a 0.27 11.64

Total nutrients digestibility, % DM
DMD 59.20a 0.74 59.15a 1.24 60.03a 2.11 2.49
OMD 61.65a 0.99 6231a 1.02 63.76a 2.18 2.40
DCP 53.74b 223 57.20ab 3.22 59.45a 2.65 4.80
DEE 4441b 228 5247a 3.19 3585¢ 2.26 5.90
DCF 6791a 1.77 60.93b 3.63 65.19ab  4.42 5.34
DNFE 59.61b 1.58 6420a 1.10 6427a 1.35 2.16
DNDF 6l.16a 245 57.14b 1.43 61.99a 288 3.88
DADF 55.66a 1.79 52.70a 2.18 53.08a 2.69 4.18
DE 58.58a 1.07 5822a 1.02 60.24a 225 2.64
TDN 56.10b 1.07 56.74b 0.89 59.12a 2.02 247

In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.
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Table 4.6 Chemical composition (% DM) of Jarra digit and Purple guinea grass hay and soybean meal

1/

Grass spp. DM OM  CP EE CF Ash NFE NDF ADF GE
Guinea 90.98 93.66 9.83 125 3228 634 5030 6576 4398  4.156
Jarra digit 8722 9262 1378 193 3203 738 4488 63.16 4110 4.061
Soybean 88.77 9243 4665 078 658 757 3842 1229 939  4.527
" Mcal/kg DM
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Table 4.7 Voluntary feed intake and digestibility of Guinea grass hay at different levels of soybean meal

supplementation.
Percent of soybean meal supplementation
Parameters 0% 10 % 15 %
Number of cattle 4 +SD 4 FSD 4 +SD  %CV
Body weight, (kg) 325.7 3143 306.4
Dry matter intake, (kg/d)
Grass 6.22a 0.49 713 a 0.71 6.71a 0.80 10.22
Soybean - 0.80 1.18
Total intake 6.22 8.03 7.89

Dry matter intake, (%BW)

Grass 191a 0.16 230a 0.16 2.19a 0.36 12.18
Soybean - 0.25 0.39
Total intake 1.91 2.55 2.58

Dry matter intake, (g/BW 0’75)
Grass 8la 5.43 9la 6.23 86 a 13.51 11.04
Soybean - 10.7 16.1
Total intake 81 101.7 102.1

Total digestible intake, (kg/d)

Dry matter 3.26b 0.35 435a 0.48 4.05a 0.48 11.41
Organic matter 3.19b 0.33 423 a 0.45 394 a 0.47 11.17
Total nutrients digestibility, (Yo DM)
DMD 52240 2.23 60.17 a 1.82 60.42 a 0.97 3.04
OMD 54.63b 2.18 6243 a 1.76 62.73 a 0.99 2.86
DCP 60.47b 2.40 7323 a 1.76 75.47 a 0.55 2.50
DEE 41.03b 6.81 53.60 a 3.26 54.73 a 5.81 11.1
DCF 54.59b 2.99 60.03 a 2.06 5827 a 1.00 3.77
DNFE 53.58b 1.70 61.67a 2.25 61.61a 1.50 3.13
DNDF 5244 b 3.55 5727 a 1.92 54.37a 1.42 4.52
DADF 50.94 b 2.74 57.95a 1.58 56.62 a 1.11 3.51
DE 50.15b 2.72 58.57a 2.60 59.83 a 1.50 4.17
TDN 51.67b 2.11 59.44 a 1.63 5943 a 0.98 2.89

In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.
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Table 4.8 Voluntary feed intake and digestibility of Jarra digit grass hay at different levels of soybean meal

supplementation.
Percent of soybean meal supplementation
Parameters 0% 10 % 15 %
Number of cattle 4 £sp 4 £sp 4 sp %CV
Body weight, (kg) 342.0 322.5 338.8
Dry matter intake, (kg/d)
Grass 6.60b 0.31 7.03 ab 0.72 7.86 a 1.02 10.38
Soybean - 0.78 1.39
Total intake 6.60 7.81 9.25

Dry matter intake, (%BW)

Grass 1.93b 0.23 2.18 ab 0.16 232a 0.14 8.39
Soybean - 0.24 0.41
Total intake 1.93 2.42 2.73

Dry matter intake, (g/BW 0'75)
Grass 83b 7.94 93 ab 6.50 100 a 6.50 7.58
Soybean - 10.2 17.6
Total intake 83 103.2 117.6

Total digestible intake, (kg/d)
Dry matter 4.02b 0.29 4.55 ab 0.55 5.53a 0.76 12.02
Organic matter 3.89b 0.24 4.37 ab 0.51 528a 0.72 11.70

Total nutrients digestibility, (Yo DM)
DMD 60.83 ¢ 1.79 64.70 b 2.26 70.35a 0.90 2.67
OMD 63.62 ¢ 1.24 67.10b 1.90 72.48 a 0.95 2.10
DCP 66.38 ¢ 3.60 7424 b 3.61 79.45 a 1.24 4.13
DEE 46.47b 3.76 49.68 b 3.53 57.78 a 3.40 6.95
DCF 67.30b 3.83 70.38 b 1.61 75.76 a 0.57 3.40
DNFE 56.96 b 5.22 62.86a 2.46 68.06 a 1.46 5.49
DNDF 60.41b 3.74 61.95b 1.72 68.65 a 1.21 3.89
DADF 60.73 b 3.66 68.14 a 1.64 69.33a 0.60 3.55
DE 56.38 ¢ 3.40 65.11b 2.26 7236 a 0.99 3.75
TDN 58.28 ¢ 3.72 63.25Db 1.83 68.39 a 0.93 3.88

In a row, means followed by a common letter are not significantly different (P>0.05) by DMRT.
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meal as increased the rates of soybean meal supplementation
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Table 4.11 Dry matter digestibility of different grass hay species at different cutting ages using the nylon bag

technique.
Grass Cutting a b c L A B PD
Species Age(d) - S (fraction/h) (h) %
Jarra digit 30 1789 63.97°  0.038°  2.1°  2335° 5851  81.86™
45 1717 61.13™  0.038" 23° 23.08° 5522™  7830™
60 19.97™  62.38"  0.031° 29° 23.01°  59.46% 82.46™
18.34 62.49 0.036 2.43 23.15 57.73 80.88
Purple 30 2239 61.84"  0.036"  35°  29.74™ 5449 84.23%
guinea 45 1877 56.22°  0.029° 33 2384° 515%™ 7499
60 19.85™ 5470 0.025° 3.5° 2438°  50.17° 74.55
Average  20.34 57.59 0.030 3.43 25.99 51.94 77.92
Ruzi 30 19.80"  6227"  0.036" 32° 2438°  57.69™ 82.07"
45 13.47°  59.75°  0.048° 2.6° 20.88°  52.34™¢ 73.22¢
60 1822"  5393°  0.038° 26° 23.47°  48.67° 72.14¢
Average  17.16 58.65 0.041 2.80 22.91 52.90 75.81
Ubon paspalum 30 15.63%  71.64°  0.030° 38 2335° 63.92° 87.27°
paspalum 45 23.93°  6275"  0.033° 33" 3037 56317 86.68"
60 23.84° 6198  0.025° 3.0° 28.36"  57.46™ 85.82°
Average  21.13 65.46 0.029 3.37 27.36 59.23 86.59

In a column, means followed by a common letter are not significantly different (P>0.05) by DMRT.
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Table 4.12 Predicted value of dry matter intake, digestible dry matter intake, growth rate and index value of

different grass hay species at different cutting ages.

Grass Cutting A B ¢ DMI' DDMI'  Growth’  Index’
Species Age(d) .......... D YO fraction/h (kg/d) (kg/d) (kg) value
Jarra digit 30 2335 58.51™ 0.038" 457 3.11° 024" 4812
45 23.08° 55.22™°  0.038" 415" 277 022™ 4557
60 23.01° 59.46" 0.031° 4.44°¢ 293 022" 47.64°"
Average 2315 57.73 0.036 439 2.94 0.23 47.46
Puple 30 2074" s449™  0036"  583° 414" 032" 5286"
guinea 45 23.84° 51.15™ 0.029° 378 241° 017 45197
60 2438° 50.17° 0.025" 3.76° 2.35¢ 016 45117
Average 25.99 51.94 0.030 4.45 2.96 0.22 47.72
Rui 300 2438° 760" 0036 4™ 32" 025" 4807
45 20.88¢ 52.34™ 0.048° 346" 2.31° 021 4395
60 2347° 48.67° 0.038% 3.60" 2.35¢ 0.19°  4452"
Average  22.91 52.90 0.041 3.92 2.62 0.21 45.72
Ubon 30 2335 63.92° 003" 498 334 025" 4064"
paspalum 45 30.37° 56317 0.033% 6.11° 434° 033" 53.94°
60 28.36°  57.46™ 0.025" 557% 381" 028" 51.89%
Average 2736 59.23 0.029 5.55 3.83 0.28 51.82

In a column, means followed by a common letter are not significantly different (P>0.05) by DMRT.

DMI' (kg/d) =-8.286 + 0.266A + 0.102B + 17.696¢
DDMI (kg/d)  =-7.609 +0.219A + 0.080B + 24.191c
Growth rate’ =-0.649 +0.017A + 0.006B + 3.87¢
Index value' = A +0.38B + 66.6c

k4 a o

4.4.2 wan151J§z!ﬁuqmﬂ'm1&é)m1wmmj’mﬁ’emﬂ?ﬁnnwaﬂn1615
mﬂmi‘ﬂﬂﬁﬂuﬂimﬁuﬂmﬂ'WlNE)WI”IT’UENﬁtflljmﬁjﬁﬁjfﬁ%mimﬁNaﬁfcﬁ“}i (In vitro,
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1 1 3 4 o w o
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Table 4.13 Gas production (Gb) in 24 hours, OMD and ME predicted value of different grass hay species at

different cutting ages.

1 2

Grass Cutting Gb CP Ash EE OMD ME
Species Ages (d) (ml1/200 g) (%) (%) (%) (%) (MJ/kg
Jarra digit 30 45.81° 15.23 9.73 2.09 56.92° 8.52°

45 40.99" 9.77 8.66 2.02 52.32"%  7.83"%

60 41.62™ 8.38 7.93 2.13 52,78 7.91™
. Average 4281 i3 877 2.08 5399 . 809
Guinea 30 36.25"¢ 12.76 8.99 1.54 48.26™° 720"

45 34.12% 7.64 8.57 1.42 46.11°° 6.88°

60 32.94% 5.4 7.78 1.37 44.90° 6.71%
. Average 3443 855 845 144 4643 693
Ruzi 30 34.85% 15.13 13.10 1.35 47.40™° 7.03%%

45 44.03" 9.41 9.86 1.18 55.09" 8.24"

60 41.99™ 7.93 7.58 1.19 53.06™ 7.96"
. Average 4030 1082 1018 124 51.85 774
Ubon 30 39.62"¢ 10.91 9.29 0.78 5120 7.5
paspalum 45 40.15" 7.24 10.05 0.80 51.55%C 770

60 32.18° 6.93 7.79 0.67 44.31° 6.62°

Average  37.32 8.36 9.04 0.75 49.02 7.32

In a column, means followed by a common letter are not significantly different (P>0.05) by DMRT

'OMD (%) = 14.88+0.889Gb+0.045XP+0.065XA
"ME (MJ/kg DM) = 2.20+0.136Gb+0.0057XP+0.00029XL"

roughage

Gb = gas production, ml (Standard hay = 44.94 ml and standard concentrate = 65.10)
XP =% crude protein

XA =% Ash

XL = % ether extract
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Table 4.14 Comparison of methods of feed evaluation among in vivo (total collection), in vitro (gas test) and in

sacco (nylon bag)

Grass Cutting OMD. % _______. _ DMLked DDML ke/d . _._.
Species Ages (d) 1 2 % 1 3 % 1 3 %
Jarra 30 65.07 5692 8748  7.87 4.57 58.07 490  3.11  63.47
digit 45 6558 5232  79.78  6.86 4.15 60.50 437 277  63.39
60 60.44 52778 8733  6.53 4.44 67.99 382 293  76.70
Purple 30 6035 4826 7997 728 5.83 80.08 416 414  99.52
guinea 45 - 46.11 - 6.42 3.78 58.88 - 2.41 -
60 - 44.90 - 5.38 3.76 69.89 - 2.35 -
Ruzi 30 59.61 4740 7952  7.44 472 63.44 435 322  74.02
45 6129 5509 89.88  7.43 3.46 4657 439 231 5262
60 - 53.06 - 6.97 3.60 51.65 - 2.35 -
Ubon 30 61.65 5120 83.05  6.92 4.98 7197 409 334  81.66
paspalum 45 - 51.55 - 6.26 6.11 97.60 - 4.34 -
60 - 4431 - 6.19 5.57 89.98 - 3.81 -

Average 62.00 _ 50.33  83.86 6.80 4.58 68.05 4.30 3.09 73.05

1 A o =) = 9 Y 4 oAy 1A a o A
HUNYWA NN in vivo WLﬂlﬂl,‘]JiEliJmEliﬂ"])'LﬂWW%TiﬂJﬂL!TNﬂE]lW]Ililllﬂﬁlﬁiilﬂ?ﬂﬂ’llm’ﬂ@ﬂ
1 = In vivo, 2 = Gas test, 3 = Nylon bag
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Table 4.16 Dry matter and digestible nutrient intake of dairy heifers fed Ubon paspalum grass silage
with and without supplementation of concentrate feed

Silage Silage + Conc.

Feed intake Average +SD Average 1 SD % CV

R:C Ratio
Silage 100 - 62.27 2.18
Concentrate - - 37.73 2.18

DML, kg/d
Silage 3.78 a 0.83 4.19a 1.14 11.81
Concentrate - - 2.52 0.58
Total DMI 3.78 0.83 6.71 1.70

% BW
Silage 1.27b 0.08 1.52a 0.14 6.38
Concentrate - - 0.92 0.01
Total DMI 1.27 0.08 2.44 0.15

o/BW 0.75
Silage 53b 4.40 62 a 7.58 7.58
Concentrate - - 37 2.11
Total DMI 53 4.40 99 9.18

Digestible nutrient intake, g/’kg DM
DM 472b 22 648 a 22 3.35
oM 438 b 21.8 621 a 20.2 3.33
CP 24 b 3.0 68 a 3.1 5.60
EE 7b 0.6 18 a 1.2 8.80
CF 179b 9.9 139b 10.7 8.45
NFE 248 b 13.2 409 a 11.9 2.55
NDF 270 a 11.1 246 a 22.2 6.87
ADF 126 a 17.5 114 a 17.5 16.36
DE, Mcal/kg DM 19b 0.15 2.69 a 0.09 3.33
DE, MJ/kg DM 7.98b 0.64 11.24 a 0.36 3.33

In a row, means followed by a common letter are not significantly different (P>0.05) by F test
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Table 4.17 Nutrient digestion coefficient (% DM) of Ubon paspalum grass silage with and without

supplementation of concentrate feed

Silage Silage + Conc.

Nutrients Average +SD Average 7 SD. % CV
DM 4723 b 2.17 64.80 a 2.18 3.29
OM 47.89b 2.39 66.30 a 2.21 341
Cp 36.95b 4.71 62.02 a 2.60 5.29
EE 49.96 b 4.31 77.88 a 4.62 8.02
CF 57920 3.20 6738 a 3.56 6.80
NFE 47.16 b 2.52 68.28 a 2.28 3.09
NDF 41950 1.72 52.65a 3.86 6.18
ADF 3042b 4.24 40.72 a 521 14.67
ADL -6.42 a 5.40 -2.09 a 6.09 -24.30
ADIN -397a 4.00 -41.4b 8.32 -118.8
TDN 46.74 b 2.00 64.00 a 2.12 3.20
DE 47.08 b 3.77 6533 a 2.12 3.42

In a row, means followed by a common letter are not significantly different (P>0.05) by F test
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Table 4.18 Feed formulation and nutrient requirement determination of dairy cows

receiving 1.0 or 1.2 of energy and protein level as recommended by NRC (1988) (trial 1)

Total digestible nutrient TDN 1.0 TDN 1.2
Crude Protein _ CP1.0 CP12  CP1.0 CP1.2
Treatment (T1 (T2) (T 3) (T 4)
Cows information
Cows weight, (kg) 432 396 424 395
Milk yield, (kg/d) 12.51 11.74 12.36 11.71
Milk fat, (%) 3.92 3.82 4.04 4.18
Daily nutrient requirements
DM intake, (Kg) 12.15 11.42 13.58 12.83
% BW 2.81 2.88 3.20 3.25
TDN, kg 8.09 7.43 9.48 9.09
CP, (kg) 1.73 2.02 1.77 2.08
ADF, (%) 23.64 25.51 20.51 19.60
Feed provided, kg/d (as fed basis)
Silage 30.00 30.00 28.00 23.50
Soybean meal 2.00 3.00 1.70 2.70
Ground corn 4.80 2.90 7.20 6.30
Roughage :Concentrate ratio 49:51 53:47 41:59 37:63
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Table 4.19 Feed and nutrient intake of dairy cows receiving 1.0 or 1.2 of energy and protein level as
recommended by NRC (1988) (trial 1)

Feed GE DM oM CP EE CF NFE NDF ADF  TDN*
Silage 4050  26.51 9149 6.48 1.42 3097 5262 6432 4134 46.74
Soybean 4620  90.05 9321 45.10 0.85 9.37 37.89  17.34 1243 80.00
Corn 4240  89.13  96.86 8.37 3.96 4.10 80.43  14.55 4.92 85.00

*TDN of soybean meal and corn were estimated from X-RATION
T1(E:P,1.0:1.0)
kg fresh kgDM  OM CP EE CF NFE NDF ADF TDN

Silage 28.00 7.42 6.79 0.48 0.11 2.30 391 4.77 3.07 3.47
Soybean 2.30 2.07 1.93 0.93 0.02 0.19 0.78 0.36 0.26 1.66
Corn 4.00 3.57 3.45 0.30 0.14 0.15 2.87 0.52 0.18 3.03
R:C=57:43 Total, kg 13.06 12.17 1.71 0.26 2.64 7.56 5.65 3.50 8.16
________ % in ration 100.00 9323 13.12  2.02 2021 57.88 4328 26.81 6246
T 2 (E:P, 1.0:1.2)
Silage 28.00 7.42 6.79 0.48 0.11 2.30 3.91 4.77 3.07 3.47
Soybean 3.40 3.06 2.85 1.38 0.03 0.29 1.16 0.53 0.38 2.45
Corn 2.00 1.78 1.73 0.15 0.07 0.07 1.43 0.26 0.09 1.52
R:C=61:39 Total, kg 12.27 11.37 2.01 0.20 2.66 6.50 5.56 3.54 7.43
________ % in ration 100.00 9270  16.39 1.65 21.67 5298 4536 28.83  60.60
T 3 (E:P, 1.2:1.0)
Silage 28.00 7.42 6.79 0.48 0.11 2.30 3.91 4.77 3.07 3.47
Soybean 2.00 1.80 1.68 0.81 0.02 0.17 0.68 0.31 0.22 1.44
Corn 6.00 5.35 5.18 0.45 0.21 0.22 4.30 0.78 0.26 4.55
R:C=51:49 Total, kg 14.57 13.65 1.74 0.33 2.69 8.89 5.86 3.56 9.46
________ % in ration 100.00  93.67 11.95 2.28 1844  61.01 4025 2440 64.89
T 4 (E:P, 1.2:1.2)
Silage 23.00  6.10 5.58 0.40 0.09 1.89 3.21 3.92 2.52 2.85
Soybean 3.20 2.88 2.69 1.30 0.02 0.27 1.09 0.50 0.36 2.31
Corn 5.20 4.63 4.49 0.39 0.18 0.19 3.73 0.67 0.23 3.94

R:C=45:55 Total, kg 13.61 12.75 2.08 0.29 2.35 8.03 5.10 3.11 9.09
% in ration 100.00 93.68 1530 2.16 17.25 5897 3743 2282  66.81
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Table 4.20 Body weight change, milk yield, milk composition and milk constituent yield of dairy

cows receiving 1.0 or 1.2 level of energy and protein as recommendated by NRC (1988) (trial 1).

Energy (E) TDN 1.0 TDN 1.2 Significant Level
Protein ()  CP1.0  CP12  CPLO cPl2 v
Treatment (T1) (T2) (T3) (T4) E P E*P (%)
Number of cows 4
Body wt. change =+ Zsp 75D Zsp
Initial weight (kg) 419 47 378 91 414 56 391 48
Final weight, (kg) 444 56 414 89 433 49 399 47
Weight gain, (kg) 25 11 36 6 19 18 8 19
Daily gain, (kg) 0.88 0.39 1.26 0.20 0.68 0.64 0.29 0.68 * ns ns 64.2

Milk yield, (kg/d)
Milk Yield, 1158 29/ 1140 213 1173 098 981 137 ns * ns 82
4 %FCM 11.64 296 1180 103 1190 239 1046 1.65 ns ns ns 147

Milk Composition, %

- Fat 4.05 042 431 0.91 4.09 1.03 4.43 0.13 ns ns ns 18.9
- Protein 3.30 0.20 343 0.39 3.46 0.55 3.63 0.24 ns ns ns 5.9
- Lactose 515 025 483 0.31 4.73 0.42 442 0.39 * ns ns 6.6
- Solid-not fat 9.14  0.07 9.01 0.65 8.95 0.76  8.90 0.31 ns ns ns 5.8

Milk Constituent, (kg/d)

- Fat 047 012 049 0.12 047 0.09 0.44 0.07 ns ns ns  21.1
- Protein 038 0.07 039 0.07 040 0.04 036 0.04 ns ns ns 13.0
- Lactose 0.60 0.18 0.55 0.12 0.55 0.04 0.44 0.10 ns ns ns 14.3
- Solid-not fat 1.06 030 1.02 0.20 1.05 0.04  0.87 0.13 ns ns ns 11.8

ns = non significant, * = (P<0.05), ** = (P<0.01), CV = coefficient of variation

v v
w
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Table 4.21 Feed formulation and nutrient requirement determination of dairy cows receiving

1.0 or 1.2 of energy and protein level as recommended by NRC (1988) (trial 2).

Total digestible nutrient TDN 1.0 TDN 1.2
Crude Protein  CP1.0  CP12  CP10  CP12
Treatment (:Fl_) __________ (_T_2)__ (T3) (T4)

Feed formulation

Cows weight, (kg) 421 417 454 427

Milk yield, (kg/d) 13.63 12.57 12.12 14.43

Milk fat, (%) 4.36 4.34 4.60 4.09
Daily nutrient requirements

DM intake, (kg) 12.40 12.12 14.12 14.72

% BW 2.95 291 3.11 3.45

TDN, (kg) 8.42 8.08 9.94 10.37

CP, (kg) 1.94 2.20 1.85 2.35

ADF, (%) 22.47 23.96 19.98 20.02
Feed provided, kg/d (as fed basis)

Silage, (kg fresh) 28.00 29.00 28.00 28.00

Soybean meal 2.50 3.30 1.80 3.00

Ground corn 5.00 3.60 7.70 7.10
Roughage :Concentrate ratio 45:55 48:52 40:60 38:62
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Y '
v A

Ay v Y] ' A 9 o Y
msnaasdluasen 1 niedealdoristuninni esnnladesns Insuzuinnndeldnan
2 ui’i’a d‘wu’ﬁlw 1 =1 Y A wd’o Y ~
vdr uanatdsua Insuzndas lasuluneaziusianulodfesdunsimualyd @15199
4.22)
: A -
wanemstlasunilasvesrimvingd
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m3nsaal Tamasao Tureala (m15199 4.23) Bnns linundUgduiusszrineseduveanas
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ez Tlsdudednvazaingn Fateyavesmanlasumlanimindrveslanaasansail f
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Table 4.22 Feed and nutrient intake of dairy cows receiving 1.0 or 1.2 of energy and protein level as

recommended by NRC (1988) (trial 2).

Feed kg fresh kg DM OM CP EE CF NFE NDF ADF TDN
T1(F:P.1.0:1.0
Silage 28.00 7.42 6.79 0.48 0.11 2.30 3.91 4.77 3.07 3.47
Soybean 2.80 2.52 2.35 1.14 0.02 0.24 0.96 0.44 0.31 2.02
Corn 4.00 3.57 3.45 0.30 0.14 0.15 2.87 0.52 0.18 3.03
R:C=55:45 Total, kg 13.51 12.59 1.92 0.27 2.68 7.73 5.73 3.56 8.52
] %inration 10000 9323 14.19 198 1985 57.21 4242 2633 _ 63.04
T 2 (E:P, 1.0:1.2)
Silage 28.00 7.42 6.79 0.48 0.11 2.30 3.91 4.77 3.07 3.47
Soybean 3.70 3.33 3.11 1.50 0.03 0.31 1.26 0.58 0.41 2.67
Corn 2.50 2.23 2.16 0.19 0.09 0.09 1.79 0.32 0.11 1.89
R:C=57:43 Total, kg 12.98 1206  2.17 0.22 2.70 6.96 5.68 3.59 8.03
] % inration 10000 9285 1672 171 2082 _53.61 _43.72 27.67 _61.84
T 3 (E:P, 1.2:1.0)
Silage 26.00 6.89 6.31 0.45 0.10 2.13 3.63 4.43 2.85 3.22
Soybean 2.20 1.98 1.85 0.89 0.02 0.19 0.75 0.34 0.25 1.58
Corn 6.80 6.06 587 051 0.24 0.25 4.87 0.88 0.30 5.15
R:C=46:54 Total, kg 1493 14.02 1.85 0.35 2.57 9.25 5.66 3.39 9.96
__________ %inration _ ___100.00 _93.90 1237 238 1720 61.95  37.89 2272 66.68
T 4 (E:P,1.2:1.2)
Silage 24.00 6.36 5.82 0.41 0.09 1.97 3.35 4.09 2.63 2.97
Soybean 3.50 3.15 2.94 1.42 0.03 0.30 1.19 0.55 0.39 2.52
Corn 6.50 5.79 5.61 0.48 0.23 0.24 4.66 0.84 0.29 4.92
R:C=42:58 Total,kg 1531 1437 232 0.35 2.50 9.20 5.48 3.31 10.42
% in ration 100.00 93.88 15.15 2.26 16.35 60.11 35.81 21.60 68.07

U : U = ;’
waselSananihamazaauilszneumaniilinihum
Y [
VINHAMINAADINDI NeszAunaenunazszauTUsaunlnlasyuluiionsna
Y Y 4
apmananiiuy uazliinuuy 4%FCM uazdivilsznoumanii iy sauniwandaves
1 1 3} [ ~ 1 <3 = a o ] 4 1
drutlsznouaie Turhuy dwaaaluaisien 4.23 sdrelsnmununiljduiussznig
v Y

sgavveanasnuLaz Tsau (P<0.01) Askandniimy wanambhvatanlad LazHANAAYD
' [ ] o c?/’ dy ' 1 A @ 2 <
dauve i lisamdume (P<0.05) Mefinuan msasuaussaemaiyszau Tdsauziull
Tunansiuanasiuszrelanguit lasundnudmazngui ldsundsnugenandae Tan

o

sy ¥ v o o A Yo = v 4? o Y a 3’ [
111/]11@ UN Nmamumma'lmﬂﬂi@mim‘quu%mﬂwmﬁwammumﬂm Tumenseanu

A Yo @ @ A Yo = dgl o 9 a g’ A dgl 9 £
T Iﬂﬂﬁll hlmuwawmimuqumﬂmﬂﬂiﬁquuﬂzﬂﬂwmiwaﬂmumwmuma BN

q

2o oD



99

a 3’ a 1 <3 ] o <3
HAN1IAOUAUDIVRIRANAR AR Iad uazwaNammmuﬂjmumﬂm’;mumﬂ (SNF) n

Y
Wulugtu@erdufumsnaaing

Table 4.23 Body weight change, milk yield, milk composition and milk constituent yield of dairy
cows receiving 1.0 or 1.2 of energy or protein level as recommended by NRC (1988) (trial 2).

Energy (E) TDN 1.0 TON12
Protein(P)  CP10  CP12  CP10 CP12 Significantlevel CV
Treatment (T (T2) (T3) (T4) E P FP (%
Number of cows 4 4 4 4
Body wt change (kg) Z£sp Z£sD Z£SD Z£sD
Initial weight 414 28 405 67 446 96 424 32
Final weight 428 23 429 65 462 89 430 38
Weight gain 14 11 24 4 16 10 6 12
Daily gain 0.51 038 086 0.15 060 037 021 044 ns ns mns 755
Milk yield, kg/d
Milk Yield 1279 253 1219 157 11.60 211 1315 262 ns ns ** 43
4 %FCM 1403 211 1332 096 1318 191 1353 285 =ns =ns ns 7.8
Milk Composition, %
- Fat 471 062 467 049 496 074 420 0.1 =ns =ns ns 112
- Protein 365 044 363 018 373 038 334 035 =ns ns ns 105
- Lactose 4.83 0.46 493 0.34 473 037 502 035 ns ns ns 5.9

- Solid-not fat 9.21 0.21 9.30 0.24 9.24 0.60 9.07 0.40 ns ns ns 43
Milk Constituent, (kg/d)

- Fat 060 009 056 003 057 009 055 012 ns =ns ns 115
- Protein 046 006 044 006 043 003 044 008 ns ns =ns 79
- Lactose 062 015 060 010 055 008 067 018 ns ns * 9.0
- Solid-not fat 1.18  0.21 1.14 017 106 0.13 120 027 =ns ns * 5.7

ns = non significant, * = (P<0.05), ** = (P<0.01), CV = coefficient of variation

(3) wamsnaaegee 2 (trial 3)
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Table 4.24 Feed formulation and daily nutrient requirement determintion of dairy cows

receiving 1.0 or 0.9 of energy level as recommended by NRC (1988) (trial 3).

Total digestible nutrient TDN 1.0 TDN 0.9
Crude Protein CP 1.0 CP 1.0
Treatment T1 +SD T2 +SD

Cows information

Cows number 6 6

Cows weight, (kg) 445 9 471 5

Milk yield, (kg/d) 13.59 0.58 13.15 0.35

Milk fat, (%) 491 0.12 4.84 0.08
Daily nutrient intake

DM intake 13.63 0.26 12.69 0.16

% BW 3.06 0.04 2.69 0.09

TDN, (kg) 9.34 0.22 8.44 0.12

CP, (kg) 2.01 0.04 1.97 0.03

ADF, (%) 21.95 0.31 23.58 0.19
Feed provided, kg/d (as fed basis)

Silage 30.00 0.00 30.50 0.19

Soybean meal 2.38 0.05 2.55 0.06

Ground corn 6.09 0.25 4.62 0.10
Roughage : Concentrate Ratio 44:56 49:51
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Table 4.25 Feed and nutrients intake (kg/d) of dairy cows receiving 1.0 or 0.9 of energy level as
recommended by NRC (1988) (trial 3).

Feed fresh DM oM Cp EE CF NFE NDF ADF TDN
T 1 (E:P, 1.0:1.0)
Silage 30.00 7.95 7.28 0.52 0.11 2.46 4.18 5.12 3.29 3.72
Soybean 2.80 2.52 2.35 1.14 0.02 0.24 0.96 0.44 0.31 2.02
Corn 4.80 4.28 4.14 0.36 0.17 0.18 3.44 0.62 0.21 3.64

R:C=54:46 Total, kg 14.75 13.77 2.01 0.30 2.87 8.58 6.18 3.81 9.37
% inratior 100.00 9334  13.63 2.06 1949 58.17 4186 2584  63.52

T 2 (E:P, 0.9:1.0)

Silage 30.00 7.95 7.28 0.52 0.11 2.46 4.18 5.12 3.29 3.72
Soybean 3.00 2.70 2.52 1.22 0.02 0.25 0.23 0.47 0.34 2.16
Corn 3.30 2.94 2.85 0.25 0.12 0.12 1.71 0.43 0.14 2.50

R:C=58:42 Total, kg 13.60 12.64 1.98 0.25 2.84 6.13 6.01 3.77 8.38
% inratior 100.00 9299  14.56 1.86 20.87 45.07 4422 27772 61.63

Table 4.26 Body weight change, milk yield and milk composition of dairy cows receiving
1.0 or 0.9 of energy level as recommended by NRC (1988) (trial 3).

Total digestible nutrient TODN1O TDNOS9
Crude Protein _ CP1.0 CP 1.0
Treatment (T1) Z£SD (T2) Z£SD %CV

Body weight, (kg)

Initial wt., (kg) 442 313 466 80.8

Final wt., (kg) 458 36.8 482 82.7

Gain/Loss, (kg) 16 11.7 10.17 5.08

Average daily gain, (kg/d) 0.57a 0.42 0.36a 0.18 79.32
Milk yield, (kg/d)

Milk yield 12.87 a 1.50 11.94b 2.60 6.03

4% Fat corrected milk 14.69 a 1.92 13.29b 1.92 5.92
Milk composition, (%)

- fat 495a 0.52 4.89a 0.74 3.68

- protein 3.58b 0.36 3.72a 0.25 2.32

- lactose 513a 0.13 4.87b 0.25 1.69

- Solid not fat 943 a 0.31 9.34b 0.28 1.06
Milk constituent yield, kg/d

- fat 0.64 a 0.10 0.57b 0.06 6.29

- protein 049 a 0.04 0.44b 0.07 6.58

- lactose 0.66 a 0.08 0.58b 0.14 6.68

- Solid not fat 1.21a 0.12 1.11b 0.23 6.30

In a row, means followed by a common letter are not significantly different by F test
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A5 U5 63-65 10T IFUA HTONAIU ME N1 2.2-2.3 Mcalkg dIuszaU1UsAU (CP) A25

A P A G a A ) s o
og 13-14 wesidua NaiadsiiTlsAundosaarsldlunszmnzguuilsznm 65-70 Wosidud

'
a

A g 1 o o a = a a A 1 Aa a
ioduuvasuTaswudmsvgaunidlugun TumsnSayaula vazmesiomuilszdnsaiw
vosvuaumsnine e lugu F5vay Insuzdenannziussauiianumunzay
@ 9 o 1 A 9 ° @ @ A o dsl =
nuaNudoImsvedlatazsendanleiieaiuening dmivszau lasusiuuziii Jany
Indifeaaz doandpenuseauves naod (2546) uazlndifesnuaiiuuziiiIng Promma et al.
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J 3 I o 913 a g’ J :l ' [ 3 = A
esisua Uwamhldinimandaminwtazesdilsznouluthunralsedianas AUiUITINeNIE
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a3l18n Tauniuggowanv-a ludszmalned 1duuszauihunais (10-15 nn.asdu) T

Y @ = ' v o A ) = Y v 9
ﬂ'J”Ill@]f]\‘]ﬂ']iW'ﬂQ\i']ullagIﬂiﬁulﬂ]ﬂﬂizﬂﬂﬂllu$u1198 NRC (1988) %Qﬁﬂ@ﬂaﬂﬂﬂﬂﬂlﬂﬁﬁqﬂ
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Table 4.27 Summary of feed intake and milk production from silage feeding trial (3 trials) and average of Thai

dairy cows
Brergy: | 09: | L0:1.0 L o2 1200 0 122 Y
Tral ! 3 0 1 2 3 Avi 1l 2 vl 2 Avi 1 2 Av | o
Feed intake an_d_ p}l_t{i_ent concentration,% DM
Body wt., 470 53 4 44 43 39 41 40 39 45 42 39 42 41 38
DML, 13, 13, 13. 14, 13. 2. 13. 12, 13, 14. 14, 13. 15 14. 12.
DML (% | 28 {30 32 33037031 3113134 323334 353532
Roughage 58 57 55 54 55 61 57 59 51 49 50 45 4 4 46
42 143 45 46| 45139 4304149 51150055 58571 54
CcP D14l 13 140 1300030160 16116 1120 120012 015 15115 | 13,
NDF 44, 43, 4. 41 12. 45. 43, 4. 40. 37, 39. 37. 35 36. 51
ADF L 27.0026. 26, 25026 128 27028 |24 22,023 122 21122} -
NFC 32. 34. 34, 35, 35. 29, 30. 29. 39. 4l 40. 38, 40. 39. -
TDN L 61} 62. 63. 63.) 63 |60. 6.} 6L |64 66| 65 | 66. 68. | 67. | 63.
Y ME, 122022 22 23022021 22122023 24123124 24124023
Milk yield and milk composition
Milkyield, | 101 | 11. 12, 12,472 011 120 72 i1 11 %70 098 13. ! 11} 10.
4% FCM, 13. 1. 14, 14, 13. 1. 13. 12, 1. 13. 12, 0. 13. 12 10.
%Fat | 48 140 47 49| 45143 46| 4440 49| 45)44 4214338
%Protein | 3.7 |33 3.6 35135134 36135134 37136136 3334133
% Lactose 48 50 48 5.1 5.0 48 49 48 47 47 4.7 44 50 4.7 44
%Solid | 93 191 92 94:92i90 93:097:89 92:97:89 9089 12
ProteinFat | 0.7 | 08 07 070708 07 .07:08 0708 08 0808 08

106

" dauilainin aand (2546), 7 ME = (0.04409 x %TDN) x 0.82, from NRC (1988), * = Total solid, Av. =

Average
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a ] ) a a o o 1 o
nnsauiun ldasimatenateyiau N e nsnsasus Ny
a o o o 1 1
msanszisnsasuldergnsdanal (age) nazadiudsznouniunil 1&un DM, Ash,
< @ a . . .
OM, CP, EE, CF, NFE, NDF, ADF ita¥ GE Wuanlsease (independent variables, predictors)
FMTUA 371 (dependent variables) AvdTuan13auld (kg DML, %BW, /BW""™) uagns
F
dou'ldvesInruza1eg 1d1A DM, OM, CP, EE, CF, NFE, NDF, ADF (a2 DE 5I0AaN8441U
a o o a 4
TDN m3ansznsnsasuIaelyllsunsuneuiunes SPSS 11.5 (Statistical Package for Social
Science, fiagn 2546) maitianl¥aaaendinilsdasstiaun13R1u18 (fitted model) 3 4 35
Aas a 4 o d‘ [
U32N0UAIYIT enter, stepwise, backward 11ag forward NAMIAATITHUATANMITIIMIENTA 3
q' d! 9 1 o 1 1 1 :é d'
paraeluasnuani 4A4 dsndoyalumsiawun lumsinuneaednlaegimils aumsi
9 a 1 ~ 9 o = @ a 9 = :/l A 9 A 3 @ 1 [
I@nnmaiiaaieg Alsaadendiudssasadnauns I laaumsfdginutazuanaiany
a A o 1 = a J o
iU UMNANANANNITHINIONINAIT 1 @UN1T (model 1,2, 3) Taslinani1sInsIeHags1e
v
azipeane l1il
= Q =Y Q(
Ysuamsauld wuhaumsdunelsuamsauldlugl gBw'” imdulszans
madadulaNisuuda (coefficient of determination, adjusted R® 30 R’a) ganai11/5ummmsnu
181131 kg DMI 118z %BW (1519%UINN 4) FINUIUNALA stepwise 1A forward 1aoNAMIS
Ash 981918819 1aun1s uazlial Ra m1dude 0.719 Tasliainaianasuvyedn1niuieg
. . 1w A A =2 1 S A W A
(standard error of estimation) (N1NU 6.87 LiJ?JWiﬂ‘imeﬁﬂuﬂizﬂfJiJ‘l/]NLmJﬂiﬁJ@l’Juﬂi‘ﬂQﬂ
' Y [l
@onu1dluaunisaieg vainfigane A1 EE, ADF 1azWawauianua (Mcal GE) anvoglu
HaeaNNS
o o o 9 A =) Y Aa 2 A A
dunzihlumsihaums Il 1daude asidenldaumsniia R% qa salinigaun
wiolndnu 1 wnmhla mneanundulssaszignidendnluaumsiiuneiioninase
@ A 1 o [ 1 2 I A v Ao 1 9 1
awtlsmunionniiuienin winuiea R sondu 2 nguiio nquidind1 0.5 laun aums
Rureainsges ldvesinguis (DMD), Bunsoiag (OMD) 1o lo CF, NFE, 150 1g ADF, nas
971 (DE) 1agW@sa1u TDN dmsvaunmsiiuiediial R’ gandt 0.5 1dun nisdesdveq
Tals@u (cp), lviiu (EE) wag (8ol NDF
Tunsainaumsiiieedelaedanianivaisaumsldiaen asdenldaumsniian
2 A 1 A Ao @ a Y 1 09/‘ o =R ==K v 1 FI
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lawvesmaalsdaszudazaidie mu msldar Ash Tumsiinelsumamsaulalugl
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HATNAI1Y TDN 910aun15N 14 1uaunaaatiial R Ao u41981 (0.3-0.4) Nati0191110910
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1R ldgaiiagg sawivhldmaaanaouvesaninngg

(outliner) 0on 11§ 3991971114
dal a9
FIUUBNAY
o Ay v = z dyw 1 A A ' ..
aumsiien lannmsane luasetisainduaunsysenniizenin empirical model
A g Ay Y Ay & & A o . A
niofuaumsnlannaunaaeedse Fuduaumsneaalamans (mathematics model) A7
ogluaums lulatinnunuielun1esd13ne (biological meaning) 1sod191a Poppi ef al. (2000)
o 1 Aay o o ¥y A I Yo gy
uuzihn aumsdszaniiiidedinalunsldaune awnsald ldanummzemsnianyue
Y A Y = Sq 9 ' g A A a v A !
Ad19150 Indinese1m1snlslunisnaass iy Wunrvemsyia@meIny Uelguazdiu

a

A = @ < ¢ A o A d A
Uszneumauaiinlndifoenu ifudu Feraduaunslszinn mechanistic model Milueaunisf
4 4
a$iiuTagerdedoyannuansalumsldlse TonildvT e lavuz lusunmedad duiu
1< A 1 1 o o v
uiluaumsnldauldninenanhwumsiszaanusn nanneaunsailuldiuernsas
a A 1 Y v Y= '
wiia neaNdnMIIAdouiu laan
4.6.3 M3f3auNsUNANIINAARIVDIBM AN azaumsineInmelszima
A =) ~ ' Y @ Y AN Y v o J qs: dy
mmﬂifmmfmmifmﬂ“lmmmmmm (%DMD) 1 ldanaunaaedludrdaiagail (n
vivo) fuaumMsiuen1sges lavesinguiteio %DMD = 88.9 - (0.779 x %ADF) Miduo Ing

Harris (2001; available online:www.forages.orst.edu) Adutaad1ua15199 8.1 wu A ldianulnd

Ao UUIN (97.25 + 4.77%) uaadliifiui1 %ADF luemisianumneaduinag 14i1ue
%DMD 'l¢a
: ) 1 ~ 09;’ dy o a 4

911491011311 %ADF taza1 %DMD 7 laainmanaasaluaseiiuinmsiniiziaie
ana ) Y £ v ) 1 AN 1A a M A
B5nsadu Taglda1 %ADF 11nna e 9 @aed19ainaunaassi bilimsasuninguraes

Y

1ALA1 %DMD M1 TATIUIU 4 FIN30 4 41 (replications, n = 36) INNANITUATILHNUI &
m3tneansdes lduesiaguita (%DMD) N ldTiawnny

%DMD = 89.936 — (0.761 x %ADF); R2 =0.232, Std. of residual = 2.89

Y 9 ] Y1 A1 A Y A @ . I 1

NAAUMIVIAY dzmu I nTan1ndiResduaun1suea Harris (2001) 1 UBE1ANTN
1w a A < . . A g ¥ dy A v o w
mauilszansansaru (regression coefficient, V391 b) w"lﬂmmmmamu uuﬂﬁmaﬂumﬂ

o

Aaa £ 1 1 A A dgl A d A 9 1 9 [ 9
AA (p<0.05) FINWIBANI A1 %ADF NuaY 1 nlosidud Inashlimsdesldvesiaguia

v Yy 9
o v A

TR < ' Y Yo 1 4
Tungudeanas 0.76 wesisud od19lsnam a1 R’ #lddedoudiedt Metionailownan do



110

J

yambhwnlFlumsdnnudadisuaudesnnll Juiegldaiminaaond vioilinizsd
] ' o A ' A o = A
doyaswnununaassoululszmelng aasasununasssludlszmanimsdnuluiy
o J 9

M dalvaseou Taamnie

myineandanunges 1@ (digestible energy, DE) RINAUNINIUIOVD Harris (2001)
i DE = 10.027 + (0.0428 x %DMD) w131 Larganimidunad lavinnisnaaesludadas
ADUTNN (126.82 +6.71%) TuvaznmsiueaInadau DE Tasldaunisvod NRC (1988)
A9 DE = 0.04409 x % TDN laa1nianulndifesnuaidananinnii (98.80 + 6.20%) d14s1
AuMIN 1AnNNUNAaIATIAe

(1) DE=2.165+(0.94 x % DMD); R’ = 0.708, Std. of residual = 2.29 g

(2) DE =25.387 +(0.591 x % TDN); R’ = 0.478, Std. of residual = 3.719

o ' 7 ' 9 9 ' FI A 9 A A 2

1NAUMINIUA1 DE sanandedunan’lan arsdenldaums (1) 1ilosa1niial R
fgana 8nnemnhaumsi ) 1ldau Faiia %TDN sauegareiy ervtianugaenluy
N1 R1A nanfe deslinisTanisdos’laveslnruzdudae (CP, EE, CF uaz NFE) 9992
AusoauIuA a1 ToN 1 Auuaieziirlldiinege11snngual TDN 1d? ®asn
A'ldainne DE udy Sseuisniiia DE 4 lvneaimasaunldlse Towdla (metabolizable
energy, ME) 10 11U'188n Tael¥aun15ves NRC (1988) A ME = 0.82 DE 1130 ME = - 0.45 +
1.01 DE @anaaeaumsnuin Tawnalndifeaduun (99.96 + 1.45%) dariunainlain aunso
donlFaumslaaumsniiaiiieaIngssu ME A ld (@13199 4.28)

AMTUMIMIUIeAINEIUgNTINONI1THAAUY (net energy for lactation, NEL) WU

AN 180411929 0.4-0.7 Mcal NEL/kg DM %30 1.67-2.93 MI NEL/kg DM ontiulungnufid

A1 Ao 1 alad'
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UND1Y 40 IUUMNAINNHAITUADUNIN (11919N 4.28) Lummmﬂuﬂﬁﬂ’e‘]ﬂhlmlmmqumm

o

Sld'dl A

NIMANFIADY dIunaINTA1 NEL gagafo wo1915351a9M01g 45 Tu Tauiiiv 0.73 Mcal

d! <3| [ A 9 [ =1 o 1 a Ad @ R~ d o
NEL/kg DM gatuszaunlandsnuisanedmsumsnaauuni vy 4 losiFud 1uu 1
4' = = 1 [ d' Y o = U O'
nn. (NRC, 1988) 1H011/ToneunInasa1u NEL n1d91naun15i1uIguss NRC Wi Ja1dn
v Y Y ¥
AMIIIeNtaue 1ag Martens (2001) 11N (AT WHUIN 1A) Nato1ato9w191n AU
=}

1 a v a
goulavesdunidin f) (organic matter digestibility, OMD) 1035 In vitro cellulase method U4

E4
Martens fimganaidunavesniunaaesi Jedanalianinnendsau NEL geaw'lide
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Table 4.28 Comparison of DMD and energy concentration between observed and predicted value of grass hays

Grass species & Invivo Predicted Relative Observed Predicted Rela-
cuttingage () %ADF DMD,% DMD" %  McalGE DE,% McalDE MIDE MIDE? tive %
Jarra 30 37.03 62.21 60.05 96.53 4.133 59.42 2.456 10.275 12.69 123.50
45 41.49 63.70 56.58 88.82 4.150 62.31 2.586 10.819 12.75 117.88
60 41.89 58.34 56.27 96.45 4.150 57.06 2.368 9.908 12.52  126.41

Guinea 30 3935 5682 5825  102.51 4191 5654 2370 9914 1246 125.67
Ruzi 30 3845 5859 5895  100.61  4.055  60.67 2460 10293  12.53 121.77
45 4119 5881 5681  96.60  4.018  57.19 2298 9614 1254 13047
Ubon 30 4145 5920  56.61 9563  4.158 5858 2436  10.191 1256 123.25
Jarra 40 4110 60.83  56.88 9351 4061 5638 2290  9.580  12.63 131.85
Guinea 40 4398 5224 5464 10459 4156  50.15  2.084 8720 1226 140.62
Mean 40.66 5897  57.23 9725 412  57.59 237  9.92 1255 12682
Std. 206 330 161 477  0.06 344 014 059 014 671
(Equation from www.forages.orst.edu.) DMD = 88.9 - (0.779 * %ADF), DE > = 10.027 + (0.0428 * %DMD)
Table 8.1. (cont’d.)

2/ 3/ 5/

Grass species & Observed DE" Relative ME ME Rel. % NEM Y NEL

cutting age (d)  DE, % DE, Mcal TDN, %  Mcal % Mcal Mcal ME™” Mecal Mecal

Jarra 30 59.42 2.456 55.80 2.460 99.82 2.014 2.030 100.82 1.181  0.618
45 62.31 2.586 57.70 2.544 101.65 2.120 2.162 101.95 1.303  0.730
60 57.06 2.368 53.54 2.361 100.31 1.942 1.942 100.00 1.097  0.540

Guinea 30 56.54 2.370 55.84 2.462 96.25 1.943 1.943 100.01 1.098  0.542
Ruzi 30 60.67 2.460 50.57 2.230 11034  2.017 2.035 100.86 1.185  0.622
45 57.19 2.298 51.20 2.257 101.79 1.884 1.871 99.29 1.029  0.478
Ubon 30 58.58 2.436 56.10 2473 98.48 1.997 2.010 100.64  1.162  0.600
Jarra 40 56.38 2.290 58.28 2.570 89.10 1.877 1.862 99.20 1.021  0.470
Guinea 40 50.15 2.084 51.67 2.278 91.49 1.709 1.655 96.84 0.817 0.279
Mean 57.59 2.37 54.52 2.40 98.80 1.94 1.95 99.96 L10 0.54
Std.  3.44 0.14 2.87 0.13 6.20 0.12 0.14 1.45 0.14 0.13

Prediction equation from NRC (1988)

" DE = 0.04409 x TDN (%),” ME = 0.82 DE, * ME = - 0.45 + .01 DE
YNEM =-1.12 + 1.37 ME - 0.138 ME’ + 0.0105 ME’,
¥'NEL =-1.65 + 1.42 ME - 0.174 ME’ + 0.0122 ME’



112

4.6.4 Auuzinlumsisznaugaserrislauu
=< ' 9 ) v o s & A ° o
NNHAMIANYIAUAM DM VoI WAz nan Tuasail wenvzagiliwida
o a3 o o o 1 [ tal v o o
Audludwuzai lumsih ) ldszneugaserns Tnunedieiie Taslszgndsuiufuuzih
Y
910 NRC (1988) ladia7l
o [} 9 ) 1 dy % I A 3 A
#na20819 AvIn1slszneugasormisdmiuasalany 267 Taolulan Ta@un
Y
(mature cow) 1182 H11M1InA7 450 nn. ogluTzezH19NA19UBINITTAUY (mid of lactation) 1Az
o v o v A a 2 Vo P o - 4
Maedanos Tagladin 1 Imanantiiug 9.1 nn.aoiu (20 Yous) 1'luiuluuy 4.0 Wosidud
Y d' A o d' A 1Y 1 Y a g} A LY L4
taz IndN 2 TanvazNwideuny ualdnananiiiuuuinniine 13.6 nn.aeu (30 Yaua) 910
Y
Muuz1i1ved NRC (1988) WU Iasiaaeadiiinnudeamsenvisuas Insuzaien aauaasly

d' = A a FY d'
113190 4.29 (@518@31!@EJﬂLWJJLGIﬂJﬂi?JﬂE]U]’lﬂSLHGlTiNNu’Jﬂ‘ﬂ 51ag 6)

1 ¥ Y ' v
M19197 4.29 AUADINT TAFULINONITAITIFN MIAIN0 taztemskanuunszay vy

/2o 3 A4 3d  w w
U 4 L‘]J@i!ﬁ]fuﬂ ﬂlaﬂﬂuﬂﬁmu‘ﬂ HINUNNI 450 NAN.

WAL Tisau 1I519)
HaNaA U NE ME DE  TDN CP Ca P
nn./ U Mcal Mcal Mcal kg kg g g

Y A o = 3 9/
ﬂ’J”IiJ@]@QﬂWiTﬂ‘BH%LW@ﬂﬁ@ﬁQ%W LAY NITANIND (1)
786 1320 1517  3.44 0.35 18.6 132
Y A a
mmwmmﬂmumwamiwa@un (2)
1a6 1 (9.1 AAY) 661 1122 1282 645 1.80 64.1  40.1
593 (1+2) 1447 2442 2799  9.89 2.15 827 533
151NuUMInUeIMIT 14.1 nN.AU (3.1% BW)
% Tasuzluemissay  1.03 1.73 1.99 70.1 15.2 0.6 0.4
9 A A
mmmmmﬂmugmamﬁwa@mm (3)
TadaNn 2 (13.6 AN.AY) 988 1676  19.16  9.64 2.69 958 599
593 (143) 17.74 2996 3433  13.08  3.04 1144  73.1
153NUMIAUINIT 16.3 NN.AU (3.6% BW)

% Tasuzluemissiy  1.09 1.83 2.11 73.7 17.1 0.7 0.5




113

' 4
910 1u11v09 NRC (1988) Wua1 Tadaf 1 uaz 2 desmisnueivis lugiveai

o o I3 J 3’ v w 1w T W
Wuﬂllﬁﬁ UL 2.5 1as 2.9 wosiFuaveimiing (%BW) Ti?’f]l“l/ﬂﬂll 11.3 1ag 13.1 nN.aA0IU

[ = g

o o 1 Y dy ] Pl Y ~ @
ANAIAY %QﬂWWWﬂu1ﬂ11ﬂ1"ﬁ@nNulﬁﬂ %zmu"lmwmmwmuwawm TDN Uszuias 100

1 1 E4 F4

e A o yygA gy A o A A o
wosidua Falinenezildfedeuan luduaslllugasemiamniu Metierndioauaing
nugiues NRC mmnzaudmsvenns luwaougu 2 laonaliudremsverviiguainig

U Y 2 Qs}l o 7 9 Q‘ U a a d? =
puisganNluwadounn auiudmsvluwaiountamualSinamsaveis Tnaullsn
J 3 s A 09/’ ds’ ' A a o Y Y

Uszune 25 nlesisud eannwamsnaassluasiing Woanliunaeimisas Mmlvlaln

Y v ¥ [
HARNAAUNAAAY (trail 3) DANAIASIAIVITONUDIMIT IANINATT 3% BW Fuiiomiyalsuians

' o a a

a 4 a sd 7 4 2 g
AUDINITUUDN 25 Lﬂ’ﬂﬁmﬂ!@] ANNAI 1/1ﬂﬁﬂ’i111111miﬂummimaﬂmwmmmﬂu 14.1 uag

[ Y E4
v %

16.5 nn.aoTu @115 TAd7 1 uaz 2 mudny netidensdn InldsuTaruzdwaugniae ju

A\

ALY

S 1y ' Yy B o Ao v o 1
ﬁWﬂﬁ‘Uﬂﬂ!ﬂWlN’E]']ﬁﬁGUENﬁiLﬂLm%LﬁzTTQJﬂﬂiJﬂﬂuﬁJﬂ%L‘ﬂuﬁ’J@EJNGl,uﬂ']ﬁ‘]J'ixﬂmJ

dyd 9 ' A Y Y 1A nmy a o A nﬂ:
gATDINITUAD Vlﬂi]1ﬂﬂ1mﬂEJ"’UEN‘HELH!L‘VNmﬂNUVIﬂﬂﬂﬂﬂjﬂﬂqu‘ﬂ‘lllllmﬁiMﬂWﬂﬂ’JL‘l’iﬁ@Q‘V]Q

a A0

S A o A @ c?/’ dy Y o 1 9
nua Iﬂﬂllﬂ'llﬁaﬂﬁ]1Qﬂ1ﬁﬂﬂ“l/]“]J'i%N"lﬂ! 38 U mu"lﬂ@]ﬂmmﬂmymuuamﬂmmmamm

[ 9 a d' ]

msdes lduesmniunaesesn i 1ilesninliaimsgesladinimanyiaduunn druvavin

o

] 9
= Y o

TananasnnunaasInNagoUMINU lauazns0s 1d FInaNNIaeIriaaanaInlal

= 1 A o Y @ dy
nay (%DM) mw1$mu%umﬂ%ﬂizﬂwqmmmimu
CP

NDF  ADF  TDN  ME, Mcal/kg

WANLNS 120 670 400 550 1.99
WamIIn 70 640 410 470 170

Y

@ 1 3| o . v o

dregnnidiil Wumaimghudallsznougaionn13sau (complete diet) Tnodada
1 ~ J <3 J A av 09.:1 dy M Y o
A7U01M1518107 20-60 1o idud Tugasemissan eaanauivens il lulasing
a d o v o 1 4
ANTIZHUTFIY Ca uaz P i uauomstndadiuvese lo NDF 1ag ADF unu

o o A =) o A < P A Y 9y
vinwamsfuIn aaaasluasied 430 Tunsaivesladan 1 azwiulan Weldwa

I @ o A A <
whailuemisweruawisolflaluszduge uazszduimngauon 50 1Wosidud wazdoq

[ @ H @ s @ 4 5 o < 1
%5900 U01115TUNTWA91U TDN 85.7 o5 1dud (Faormisdunaldludszmealneniiaiod

U

1 S @ 4 o [ 1T @ s I 4 [
Tugradszunm 75-85 Wosidud) dmsuldsauluemsduminy 18.5 losidud szduna
2 Yy A qw o 4 2 ) Py )
wnlan iweldemsnenludanigaiu anududuvesInruzidoansluersdurzgs

£ v A A , s Q@ A
leuijllﬂﬂ’JEJ !,W'E-](’]ﬁ’]ﬁffﬁ]']ﬂﬁ'guwell']ﬂulﬂclu@'lﬁ'ﬁﬂﬂ']ﬂ ﬂﬂnulﬂ@ﬁlcﬁuﬂﬂl@\uﬂ@iﬂ NDF oy

v
=1

=54 o ) o v ' v A
ADF Wﬂﬁﬂymgiuﬂiﬂﬁiﬂﬂusﬁlﬁlﬂ ﬁﬁlﬁiﬂﬂﬁlicl%ﬁﬂj'lﬁilﬂlﬂuﬂ’]ﬂTiﬁﬂTUWﬂT\ ITAUNUNIE



114

A A sl @ ¥ Y1 o Y Ao Yy v o a £
quaaNn 40 Lﬂ@jl“ﬂu@] !!azﬂENGlflﬁ'gilﬂU@1W’liGlluVlllﬂ'JWNLGUIJ"’U‘Hm@QWﬁQQTullﬂgiﬂiﬁuqqmu

2 2 9 A Ao Yy 9 9 A o oA o
anianties Woreunums v uianszaufeiny
IS o A £ Y a A 421 < 1w ~
Tunsalvealadan 2 dalvmanaauuminiuain 9.1 1y 13.6 nn.dedu Tnaziiaiy
Y 2 2 ' D] A A v a4 1A 1
avams Insuzivnyuedann lumsldoninsvensiameriuiiaslanudn 1augen
: < ' o 1
Tumsisznougasermsun mndeyalumisen 430 wwiuldn ulaadadiuveserriisas
o= 73 ¢ Iao ¥ Y1 Y dAa o = 73 o =
A199 20 losidud ndansdeeldsaunuermisduningsan TDN qada 100 woesigua Tunsal
[l d” 9 9 C = 1 J 3 J =2 o Yy @ @ =
wutinadoald lviiududiumaniszana 5-7 wesidua sz ldtiseaunasnu TDN gads
@ dy 9y A 19 o A a = 1 < ~
sgavuilla nazime ludesanszaviweloasuinmulyl sulinansznuaennuiunsanga
1 { o o a o @ { a 1 I3 J
(acidosis) ualveNnIssziasyisne maaiuluiluszavigunu’lyl winndt 7 nlesidud)

a

@ % A o 1 4 =~
vdavevuIumsulnvesgaunsdlunszmzguu dilinsdesldveuseloanas uazil

a

[y &% = 9 1 dy Yo = A 1 A [
ﬂtgm“lwuumﬂammmaﬂ mmﬂiﬂmmu“lmﬂmux”lumwmwa TAgR NIz 19EINEa

= Iy d' 3 o ] ] dy d' & d' Ja v .
NTU Iﬂ‘ﬂ3ﬂ\ilﬂ'lWﬁ\N']uVlLﬂ‘Uﬁ&’ﬁllﬁTﬁﬂﬂslui'anfJ LY U Lu@&ﬂ@hlel]NUVﬂﬁN'Jﬁux‘] (adipose
tissue) m“l%'zﬁamswﬁmuu ‘v‘iﬂﬁﬂ,ﬁﬂﬁmazmsmmmmauqammwﬁwm (negative energy
Y 1
balance) 1Az g MinAIuIn F9zdIHAITOADIUAIN HANAAUN HAZTUTION NN
A @ g9 A Y Yy A v Ao y g
5$UUﬁUWU‘ﬁ‘1uV]Q’ﬂ HINITNUULLAD @1%@]@\1‘1/1i]15’(1!"Ii"]f@TVT15ﬂiJﬂfanHliJ"’llusll@QIﬂﬁlfuz'QNNW
1959ud0 150 Tls@uidiunssuistlesdunisgndesdatslugiuu (protected protein H30
. ]
bypass protein) Audu
Y [ = Y 9 a = @ 09//
uaﬂmﬂimummwmmmmzIﬂmuum Ed‘l]ﬁgﬂﬂﬂﬁ;ﬁiﬂ']ﬁ'lﬁﬂ'ﬁWﬂ']ﬁm”lﬂ\ﬁZ@‘U"UH
° A v 4 Ay oy ' 73 v A o
Gl']"ll'é]\?!ﬂ@hlﬂ ADF a7¥ G]Nﬂ')illlliluﬂﬂﬂ')'] 19!1]@5&"111!@11!@:@5@']1’?']553“ LWT]‘S'E‘I']W'Iﬂ!U@GlfJﬂ\T

= 1

1 = a <3 o t% 1 dy
ﬂaTJZJ‘LTEJEJLﬂ‘Hll‘IJ mimwaﬂiz1/1m6anJ5;%u¢1"lmuuummzszuumsﬂaﬂmmmaxmsmm

=

& Y Ao & W 9 Y] o a N a ¢
wosvedlala lunsdinduiudedldomnsduluszavge arsimaduTxdeuluasvowa

(NaCO,) 3omay ludns1 10 n§u aee1misdu 1 an. azgaetlesinlildifanuiunsaly

v A

nsznzgugunull uasiddydnisznmanilede ArsasavaeulTunss1g Cauaz P

o

a a = YA i Y = Y ! v
aneAIUIMILY 1 1Az & Iilednasudiuiioanedeuii
v Y 4
nndoyadnedu nan'lan guawensveiuTaemasninaunaasnseil dgaunin

o 1 @ v e = o v S o & v A )
Taoglunanasudndaudaiiunan lumsihunldasdavuindudeudivenisduly

a = Y 1 o [ A v 3 09/‘ Aq ¥ a gl
‘]Jiiﬂﬂ!?ﬂﬂ GﬁﬁllﬁﬂﬁiﬂlﬂuﬂﬂNﬂfﬂﬁlu’ﬂ IﬂuﬂJ‘VI‘JJ"UHWﬂW'JLaﬂ numiﬂﬂwwawa@muwm

=1 S I o o I T oAA 9 129 o w A
paziin)osiud lviiulunuge Wulanquiiinnudesnis lasuzuin uaiidediiane In
a Y Y Y ° oA 5 o
aunsanueImislaes nisldenisneauamdlulamartiszianudivinlums
Usznougasors Tunassdudiy dmvinldomsneiuguama msiszneugasenis

° v 2 A o v 4 A o 1 9 Y
ﬂgﬂ'lulﬂ\ﬂﬂsuu ’fﬂlﬂﬁﬂlw1]ﬁﬂﬁjumﬂ\i'ﬁnﬂ'ﬁﬁﬂ']ﬂhlﬂu']ﬂsuu Wﬁﬁ]aﬂﬁﬂﬁﬁuﬂlmmﬁﬁﬂluaﬂﬂ



115

Y
wonNIINTU deausoaannuanduIarue Taamwizszaunasanuuas Tdsauluermsdu

Y= [ uall = v =R o w 9 ddy
a\i]’lﬂﬂﬂ ﬂ\iuulﬂ‘]ﬂ@]‘iﬂii]Qﬂ’)iGli3‘Huﬂﬂ\iﬂ’ﬂllﬁ"lﬂil{lji‘l!ﬂ'lﬁi%ﬂ1ﬂﬁﬁﬂ?ﬂﬂmﬂWWﬂLﬁﬂQIﬂuu

[

4 < A o A a g’ a J @
wedlunuamaiddylumaiuranaaing uazasdunumssaaluduaionnsdns

M3199 430 MITAFATIUOIMITHIIUADIMITIN tazANUTUTUved Inruzlue Iy
Weldswnuennsvaudaasvanvmin Nszauae

FUADIHITHIN
O WHA wanvin
Tadaii 1 Afuw 9.1 nn.deiu)
AATIUDIMITHEY, (%) 30 40 50 60 40
91M1TNYL, (NN.) 4.3 5.7 7.1 8.5 5.7
215U, (AN.) 9.8 8.4 7.0 5.6 8.4
anududuvealnauziidesnsuemsdu
WAI1U TDN, (%) 76.9 80.1 85.7 93.3 85.9
WS99I ME, (Mcal/kg) 278 291 310 337 3.11
T1ls@u, (% CP) 16.7 17.4 18.5 20.1 20.8
g1y, (% NDF) 282 217 126 * 23.7
itlo e, (%ADF) 184 148 98 22 14t
Tagad 2 (1 13.6 nn.dedu)
dadIuIMIIHeL, (%) 20 30 40 - 20
91MITHEL, (PN.) 3.3 4.9 6.5 - 32
91TV, (AN.) 13 11.4 9.8 - 13.1
anduduvealnauzidesnsluemisdu
W&991U TDN, (%) 1003 1055  112.5 - 102.6
WA ME, (Mcal/kg) 3.63 3.82 4.07 - 3.71
T1l5@u, (% CP) 235 249 267 - 25.0
g1y, (% NDF) 206  14.0 7.3 - 21.7
idale, (%ADF) 13.7 10.0 6.1 - 13.6

4 o [ S 3 d o [ 4 o [
nuea 8ele NDF mvuali 1851 40 vag 30 losidud dwvisueele ADF sivuald 1asy

sd o o A o w =2 Yy A
25 g 19 Lﬂﬁ]ilcﬁuﬁ mﬂﬂq%ﬁ@'lﬂ'lii'lll GL‘L!I?W]’WI 1uag 2 auaay * ﬁiJ'lfJﬂ\?ulﬂi‘ULWﬂQWﬂ

AN IMTHEL



116

v

=
Unn s

1J a v %
aIvNanIIveasUdaHILUS
a Ay v =2 av 3 dy A = = v W J av ,:'3
mstlszdiunai laninmsanudseluasell wenSeuisunuiagilszaadmsisenda
9 Yy A
133 o i
(1) wiensudedInsznoumualinasnuAININeIMITVBIHA 1WA NIaNgUa 1Az
v v ¢ a A o A o Yy v Y o
WaeMsdairiiaduon 3 vila Nelugivgwdaazvamvn
A =2 v o d 1 = 1 A
(2) wiensudnnuduiusvesdiulszneumaniinazguaniee s nlinensnew
Y a 3‘ J = 3’ Ay Yo
aueens Muananihy nazesdlsznoumauaillinhuwveslauui lasugasemsnauasy
1 = 9 [ 3 o
dauTaelingnamavgualiiueiisneruvan
] [ v 9
(3) e 1# 1dga501111559W (complete ration) NTUsz@NTAMdMSUTATAUNATHTIILY

szavilunanvesdszmelne

9 [ o { 1 @ s z I a3 o
dmsuiaglszasdludon 1 wud ldwamuinglszasanaeld edrelsnaw &l

Hlynnalszmsie ldaunsadmiamnsdesldvesghunriaiidailoeiy 45 uazmse
60 Tu AmsS UMY IHADS Lﬁmmmﬁﬂﬂﬁﬁ?miw (associative effects) 52 MI1901M1T 34
fa larnderimua (assumption) veamsfiuia wagmslsziiunun1vee11IRe3ITMIdoo
Tugeludon wazmsnanmy &AAd1n A dana (underestimate) 9107 189 1nAMINARD U
frdad Faagl1ddesazidealuiiden 5.1

druiaguszasddei 2 uas 3 wud Gl,umiﬂﬁzﬂauqmmmiﬁm%ﬂﬂ?ﬂuumﬁl{w
uuszavdIunals (ﬁymu 10-15 nn. e i) veelszmalng HA1uAean1INae1u (TDN)
Ta/5@u (CP) 016 CF, NDF t1ag ADF Sudumhfufuginn NRC (1988) Fauseeuse
1¥¥oyan1n NRC ldas o619'15Aa 1w YSuransAuemisuesln (dry matter intake, DMI) i

o 1 Yy o a 9 o A o o 9 = o & °
ﬂ’]ﬂu@Tﬂﬂ NRC ﬂ@uell'NG]']Lﬂullllﬁ'lﬁTUWGBE]'H’T']ﬁﬁﬂ'J!GU@ﬁ'ﬂu ﬁ]’]ﬂﬂ’liﬁﬂ‘]&lﬁlaluﬂﬁ\iu LUSUN

ad o o

Y A d? = J I 4 1 Aa Y o 1 v W 1T A
1@1ar5y DMIAudn 25 esidua ualsualnsuzgnindadlaiuaoudinunuay
) [ o 1 =] a '3 [ @ d v 4 =\
Fvsumsiiaivlszneumanii luems WAamsgvmanuduiusnuenlseneunanil

g} . . 1 [ [ o . 1 [ a = M)
111319 4 (milk constituent) 1A8HIAITHTUNUT (correlation, r) AT NUTLANTINT & H U

4
(regression coefficient, b) wazamdulszansnmsaaaule (coefficient of determination, Rz) NUN

9 a

v o 1 9y Y v o Jdo o VLR o a 3 dy A
Ma38a9nanUAUNANNTURUTIUM uazﬂm”lﬂ”lmmmuamﬂmmmm MNUBDIUUDII

g

9 a J

@ 1 A o a A o = z qgj ~ n Yo o v
m’Jaem1/1umnmﬁwmmmuﬂﬂmu"lﬂ aﬂmqmmammm‘lu‘lﬂwuuﬂﬁmmmmu

1 Y { o v @ 4 a
dsznoumaaiiluoming uaguduinmsdunlsszaunasnuuaz Tlsauluems eodlsziu



117

Y o S 3 o w < Yo o
e desmandsnunag TlsduvesTauy Wuilssdudiay Feaglldaeioazidealuiy
S 4
U0 5.2

5.1 QUIAINIDIHIIVOIHEA WA

)

1 . 9 v 9
i]’lﬂﬂ’liﬁﬂ‘]&l’lﬂmﬂ'lﬂ'l\iﬂ'lﬂ'li (feedlng value) VDINYIDINITAAUVUATOU 4%URN

~ A

9y Y J__2a .. Y a
1senouaie 1) 191391990 (Jarra digit grass, Digitaria milanjiana cv. Jarra) 2) TN UUN

U 29 (Purple guinea grass, Panicum maximum cv. Purple) 3) ¥ @) 13 G?f (Ruzi grass, Brachiaria

~

9 o
ruzizensis) Qg 4) TUIWITNIANQUA (Ubon paspalum grass, Paspalum atratum cv. Ubon) Tag

' F4 1
WauAazsiadaf Mg iaNe1ga1eny 3 s3ezfe 30,45 1ag 60 U WunAIINIUAAATIN

e

17 (regrowth) wamsanuagy 1l
5.1.1 aauilsznoumani

P
Y a o ' 4 aa
YSanadisiiu (CP) Yusgnuaiinvosnawazelgnisan Iagnual ©g191531AaN

2 ' a aaa 9y

Y A A 9 o o Y A
!Lﬁgﬁillu'lgclf ﬂﬂmuqmm (P<0.05) wagmuu N LLa$WiLJ'IW']ﬁW'IﬁiJQUa ﬂ'liﬁﬂﬁﬂlu']‘ﬂ'ﬂ'lq

(% = = ! g d' % [ = 1
30 Tuae TlsAugandn (P<0.05) M3AaNeIy 45 uaz 60 Tu sz T1sANIZaAaININIING I

u

[ Y o 5 5 Y Ao 4
01 30 11/ 45 Ju waznae1g 60 Tu TisAurzanaundomis)szanuniaisvesnannaaiie

a ] 9 = 9 [

% 1 { 4 an aA
019 30 71 Aunde TsAuveang 191551890 vannuilduag wghgd wazugawaugua
v o o 1w s & o o
INDWYMIAANT 3 ATUNINY 11.1, 8.6, 10.8 1Az 8.4 1Wlosiyud amday
USanautiely CF, ADF naz NDF §1%5118® CF uag ADF WU Nanyazadignufe
Y Aa AaA a A qﬂll a 1 9 a A J 3 4
naNUH Ul lona 2 ilagandn (P<0.05) Ha1wHiadY (CF = 33.5 1Jo315Ud ag ADF =
S I 4 Y T A 4‘ A dgl A A tg A dgl 1
442 nlosiud) nandInasunangelevzimuyumueignmuay TagazsmuuULINING I

p1gM3ana1n 30 1) 45 Ju drwsudFunangels NDF wud wahyaiilSunantels NDF ganin

A

9 A A = = [ qﬂj Y S I 4 E) A o
(P<0.05) vanwiadu Tasliaundenineigmsaand 3 szezminy 71.2 osidua nannaal
o A (A A 1 9 @ 9 9 @ A
019 45 az 60 TuaziiUsuranbele NDF gandvaiony 30 T4 sndungwiamiduguani
[ = A Qsll =) d‘ LI ) = d’
anvazAmnizae Nelsuiaudele CF, ADF uag NDF liseelinisulasuuilasaiveny
= 9 A A =) = a A qgj a @ qgj (%
mieuluvanwiadu Taslinundovesdsuawelons 3 ¥1iaane1gnisaany 3 szegning
S 3 4 o o
28.6, 41.1 1L 66.4 1193 1HUA sy
5.1.2 Banamstulduazmsdedldvo snauis
v d
wamsankluanInaaed (In vivo digestion trial)
Y d Aaa I Y A Aa ~ 1 A o
@) nanasnaan Hunauiisssiamedn idinsasunmnaraslugneigns
Y
aa Usuamsnuldvesiaguids (OMD) saunsmsdes ldves DM, OM, CF, ADF tag DE an
9 A A d? a a 9 [ Y a Aado 1 A 9
aspueguesnanuay USunamsnuldvesinguits (DDMI) tagdunidiagaunden 1a

(DOMI) UpIn A1 NAALLDDIY 30 LAY 45 JUFINI (P<0.05) 1191y 60 T1 daunsdosldveq



118

= U 9 d' A dgl 1Y = d' Y d'o./ d'
Tas@u (CP) NUNMAAAINUDIYM ITHUININUVY LAZWANNIU TDN umqmqﬂiuwmmmma
[ S < J =& ] 1 Y Ao A Y] S < o 1
018 451U (57.7 1Wossua) cmllml,mﬂmqmﬂwtymmmamq 30 31 (55.8 10T IHUA) naga
' {o A o /2
mmtﬁﬁ@mﬁamq 60 Ju (53.5 nlosidue)
Y a A A A M A Y Ao A o
(2) HUINUUANIY uﬂﬁmsumﬂmma@ﬂuﬂﬂgmﬂﬂmamg 45 10 60 U
a a Sld'a 9 Y QaJJ 9 A o A
ﬂiinmmiﬂu”lﬂﬂﬂmawwwﬂummq 37UN4 DDMI ttag DOMI Y94H A 1NAAN0918 30 32UN
1 9 d' % d' [ a o‘/ A 1 [y 1 9 c?/’
1721 (P<0.05) HA1NAALLDD1EY 60 IU mﬁ!fdﬁ3Jmﬂﬂ’Jma@mz%jﬂ‘ﬂﬁ‘uﬂjﬂﬂﬁﬂ@ﬂu},ﬂﬁ%ll N3
P} M A A A a ° y o A 2 Y a o Y A
wﬂyuazmﬂmmam)ﬂjaﬂmmmeunﬂwa %mJWamflmzﬂmwmuuﬂnamamuwmﬂm
o A [ £ = a o A 1 o Y [] 9 A
AALNDD1Y 30 IU #a lutinsasumndunaes uairldnsdes lavestels CF uaz NDF anag

d A INasau TDN veenagidailioolg 30 Tuluuanaesonuandaiiionig 60 Tu (55.8

[ [}

Y J

I o [ ] Aov A o L
uaz 52.6 WosIuA) uagenImannaalioniy 45 Ju (50.5 1Wesidug)
Y d' =\ a o'/ A 9 d'w d' [ d! = o
@) vy Imsasumnoandssnwz lungifdaiiesiy 60 7u Felinan
Y v
1dUSmmsnuldves DMI, DDMI az DOMI gevu aulinana1a (P>0.05) fungud la'la
o a o A o o o 9 ' Y A a Y A
Sums@sumnoanasy uenvniuduildnmsdeslauesInrvuzineunnyia (eniuibelo
1 9 d’w d‘ 1 d! = a Q'I A 3 1 [
CF) 110071 (P<0.05) vighndatiioniy 30 uaz 45 Tu 49 lulimsidsunnnunans saunaInas
I o ] = o = A [ S 2 4 Y Ao
97 TDN niidnsaizu@eniu Tasliaundominy 50.6, 51.2 uag 58.6 1lesisud lunghngda
d‘ [ o w d‘ = = 1 d’a 9 d‘ = a o‘/
11991g 30, 45 1Az 60 Tu awdwy eonSeuieuszuinIannunann biinsaSuningd
WapIR8iUNYI1 N1sgee ldves CP, EE, CF uag DE voang1idaiionly 30 Tuazganii
(P<0.05) e 101g 45 Tu
4 Y] = a o A 9 d' [ d'
@ ngnwanangua Insidsumnaurdeslungndaiioniy 45 uag 60
[ A 1Y Y a aa & o Y a a Y [l
T wmdleununainuiiduag Felinakil¥lsuamsiuldves bmi, Domi wag bomr liiuan

v
1 @ @ o [l <
19N U (P>0.05) 1unﬂawqﬂ1iﬁ@maqwmi'1 59u9n1sges’lduea DM, OM, ADF uag DE Nl

[
1 =3

anbazwRedny uansdeslaves P uay NFE luTangui ldsumsiasunnauvaesaz il
1 1 1 d'Q 9 d! " Yo a q'/ A 1 < 1
Agand1 (P<0.05) Tanguitnuvgeny 30 ¥ T 1dsumsaSunndaumaes ed1lsnamnni

a o'/ A = o Y L] 9 d' A 1 dd’ a
mstasumnauiaeslinailinisdes laveusels CF waz NDF anas millowsulunsdiiime

4

=<
YU

e

ungauiidne dmsumImasaIu TDN vesnandaiiooty 30 Tu'linanaeonugna
o

[
@

)

%

o s 3 o 1o 1 = A [ I3
291¢ 45 U (56.1 ag 56.7 Lﬂaitcﬁuﬂ) HANINIHAINAANDDE 60 U (59.1 Lﬂ@i!ﬁlﬂm)

g

b))
e

' Y v v A
5.1.3 mmsgegldveamndauriass
' v o A A o @ ' ' v 9y Y
mynadeumsgos ldvesmnaunaes iwera liinavainainisdes lavesna i
TunsaiAimsasunindurdesvosunaasluna WRIaINa1I9 194U 41073 by difference
method WAMINAABINDI MfuIumsdeslaves Inruzineunnedislumndundesdinuiu

- ' a o 0 9.9 ; v y_ Y {
100 wlosiFua uaaedn maasumnnanasslinailimsdos laves Insuz lundwiaildou



119

v v Y
uilaslornnsdif lulinisaSuninaunaes niomal§n3e139u (associative effects) V1
1 Y
5Y1I9911115 FAa 11/a1nYoinuarean1smIuIuAI83T by difference HONINITY MDY
Y @ Y o = Ay Y o aa . < 1T AT A
1dvosTaquisluninanraesn ldannisa1uia1aeds regression NWUIITAUAY 100
S I d = [ [ Qs: = 1 1 (] 9 9 Y Aa A o
wosidud wwdednuy auiude bisunsolszmnuaimsdes lavesnawisniimsasuning?
A 3 dy 9
maodlumineasensilla
o [ o 1 1 9 9 Y d'd a o = 9 an
dmsumssumiaimsees ldvesra wiadiinsasunIng1any 1873 by
. 1 U ' o [~ 1 ! U a
difference method i1 191 sene ldusamndurasuiluainan (¥aminenaissivs) uds
° Y} o ' ' ] Y} Y} A g o Y} v any Y &
Aadounaulimaimsdeslavesnaiuie nelumsfuiuasiuiuIzIedY Fany
1 ' 1 ] 9 Y Y 3 a ' o ' <
1 mmsges lavesnawisinng IndiResnniusiawnnniimssuianuuesn 961910
[ 1 o 9Yq Y dy A A o ] VA Y Aa (] 9
a3 luennsauuzin il uvaeild esnnda lunuamnuiasvesmsdes ldueann
) A v o = = = Aw 8 A A a
danaoaludszmalneg daiudeasinmsanyIseludsz@uiimu@y
5.1.4 MLV IBVDIDIIF I UNIZINIZ JINY
MINHAMINATeUNIEase1113 Tunszimzgulasldgeluden (nylon bag technique)

v
a ] 1 9

YOIHGWHING 4 ¥ila Aanandeduny mdnenmmsgosldgaga (potential degradability)

{1 0 A Yy A

' y_ A ° 73 2 9 o
WU HUMNUAANTAUATYITAND NYI1TY (75.8 Lﬂ@i!cﬁu@)LL@&W‘EIJ'IWWETW'I@?JQUEI (86.6

L} QU Q 9 g

'
J 9 =

I3 J. o w 1 9 Y a AaAa A 1 dy
nosiud) mudiay Tagaulvguainyn vangsuasnanauiailnauraIiazanadny
A A d? ~ 9 (% 9 4 ana % 1 (B = A
prgmnIy Tuvazivghwnaniduguatazngnassamnaunun lasslimslasunila
WIMin
zﬂ' o 1 d' 9 dy 1 o a a 9 [ Y
oA lavinaumaaesi ldumuam luaunsinnelsmamsauldveaTaguids
(oMD) Ysunamsnuldvesinguits (DDMI) 1aga1 Index value AWANNTNIEAUD 1A Shem et
1 1" o a a 9}09/’ U A 9 A 1 d'c'
al. (1995) Wy Aviinedsnamsaulaien DMI uag DDMI @i lda1naun1siandinin

s A v

a g J 3 @ 1 a J o o 1
Tﬂﬂﬂmﬂmﬁm 68 uaz 73 1osigua !JJ'E]LﬁfJ‘]Jﬂ‘].lﬂ"l’i]ﬁ\‘iﬂ'lﬂﬂ']ﬁﬂﬂﬁ@ﬁiﬂﬁﬁ? A1 IUAT Index

D

= IS 1

value ¥OIHGINTTIAIN Hannuildnag vansd wazvghwamdugua Iaundomiiny 47.5,

U

' ]
A 1A = [ 4 =)

o a R [
47.7,45.7 uag 51.8 muday laonamnwiaiinunu 30 Fdeiuiuszauniindsnuiisane
1 o = :JI dy 1 9J [ S J 9J Y 1 9 a d’
ABN1TAITIBNYRATA NIUWUIT HYIMIFNIANRUANAININ VNAUFINIHA ¥ ADY
o [ = = Q' a o 1 1 d' Y [
dmsuludszmalneaisiimsanunuanlumsiiimaieg #1ldnmsnaaeunisdesaaiy
! Y A Y o a a Y Yy ]
Y0301115 1 ludeu unldweasaumsinnedsunumsnuldvesomsdtianugndes
o A Z
UGV
5.1.5 M3dsziaiugamues01m1s0nU31numsuant 1 (Gas test)
Y v
2105117206190 1M1 H T WHINS 4 via Uy (incubate) Aui1gmuLAz E1TAZATY

dunan 24 $2Tue hanSunamswaaman ldswsudulszneumaniiluonns luiue



120

4%

' ' 9 a o ' Y J__Aaa 9
ﬂ’lﬂ'ﬁﬂ@ﬂllﬂell@\‘]ﬂuﬂgﬂjﬁq (OMD) UAZWANIU ME HaN1TNATDUNUIN NYI1T3199IN YY"

a ] 9 { 9 v J { @ :/l 1 v
AUBTUN HYI3T vasna IMENIaugUa YAy OMD 91001gMIAANY 3 DIYNINT 54.0,
4,

) o

46.4,51.9 1z 49.0 o5 UG S1MSVAINEINIY ME DAURGeINY 19.4, 1.65, 1.84 uag 1.74

Y E4 1
v A

o w 1 o A Y = 1 9 ° ] 4
Mcal ME/kg DM aua1ay N9UAINIUI8 OMD ‘V]hlﬂfl]'lﬂﬁllﬂ']iﬂﬂ'lﬂf]uelﬂ\?@n (83.9 !ﬂ@il%u@])
A ~ [ 1 a v J
Lil@Wlﬁl‘Uﬂ‘Uﬂ’ﬁ]i\i%’lﬂﬂWiﬂﬂﬁ@\ﬂUﬁﬂ?
5.1.6 AUMIHNEAVAINIINTVDIH 10 1HISTAS
o 9 1 =] [} 9 1 9 o an
mﬂmimﬂlayjamuﬂﬁzﬂ@mlmﬂu LLaZﬂWﬁﬂ@ﬂqﬂﬂlﬂQIﬂTu$@1ﬂﬂ 11&14@_]']‘0133']@%1/]
o & 9 B 1 a M A a J Y 9
'f]"lq 30, 40, 45 L1ae 60 YU "]NL‘]JUﬂﬂJUTTlﬂﬂ@\i"]fQ]llliJﬂ1ﬁLﬁﬁﬂJﬂWﬂﬂ’JLﬂa@ﬂ NTULﬂiTSW"U@Hﬁﬂ’JEJ
TUNIT regression HUAT (linear regression) wanamua ldaunisiiue (prediction equation)
J

' 9 09}/ dy AN o Aa A v A A [ U 9 .
AUATNINOTHITUDIVIY nammzaumsnimdulseanimsanaulonysuaan (adjusted

9
Y o

coefficient of determination, Rza) ﬁquﬁuﬂ'jw 0.5 Wiaummmmmmmﬁaummgmmmﬁu

Y
N15N1U18 (standard error of the estimation, +) fraao 117l

Intake / Digestibility Ra +SD
DMI, g/W"" =-5.435 + (12.262 Ash) 0719 6877
=-524.101 + (-4.111 ADF) + (191.094 Mcal GE) 0.700  7.110
DCP, % = 143.066 + (-1.459 NFE) + (-0.279 Age, day) 0.890  2.255
=299.828 + (-71.764 EE) + (-2.317 ADF) 0.890  2.253
DEE, % —-543.156 + (6.372 OM) 0.660  4.085
=224.767 + (2.507 ADF) + (-69.272 Mcal GE) 0.626  4.286
DNDF, % =-150.454 + (-55.997 EE) + (3.656 DM) 0583  3.196
DMD, % =89.936 — (0.761 ADF) 0232 2.890

5.2 wamsnouauesdeszaunasnumazldsaululai

oni1INAaesdilfie mfjmﬁﬂcﬁaﬁwmﬂwﬁmmwé’uQuaﬁﬁmﬁamqﬂizmm 45
Tagniing muiudlendsnalusaii s ulosidud Tﬂ&ll‘imﬁﬂmﬁmﬂ wmgnidn lwandy
mndundeaazdnInava Wiauuiulugdvesemsnauasudin (TMR) Taoiuudlsnda
a1 (TDN) wraz T1l56u (CP) fissdu 1.0 az 1.2 Wi m1nduuzi1ves NRC (1988) uazdnns
naaesniiaIdanssAundsnnaunie 0.9 :1nAuzhves NRC (1988)

namsuneHaulsneumani lunaviinnuil i1 DM, OM, CP, EE, CF, NFE,
NDF a2 ADF 11111 26.5, 91.5, 6.5, 1.4, 31.0, 52.6, 64.3, a2 41.3 1losidud amdwy 9103

1 ' % a <3 Y 1 0911 1 l
°I/Iﬂﬁﬂﬂﬁ?ﬂ'lﬂ']iﬂ@ﬂllﬁ‘l]ﬂ\iﬁﬂjﬁﬁﬂﬂ TAeISINUA0E1NTNITINA (total collection) WL NI1TEDY



121

TdvoaTnsusdana @ uiaunaeminy 47.2, 47.9, 37.0, 50.0, 57.9, 47.2, 42.0 uag 30.4
s 3 4 o w qu = = (] 9 @ o " W
o IFud Mud1ay HonINTULAIRAINITI08 IAUDINEINY (DE) HaZWad914 TDN W1nU
AR~ 4 o w
46.7 uag 47.1 o Fua aud1e
o dy 1 Q’ (% 2 A
Tun1311191%15 TMR TUnagoui@ealauynuil SN IEaUNaNIY 1AL /M50
g P o o \ ' A 4
Tos@uauldn 20 nlosidud andwuziiives NRC (1988) lulinasonsmsnlasuualaiin
v a J A (o o A 3 .
windlvesla warnantiiuundsuaiuiassiuludun 4 o5 Gud (fat corrected milk, 4 %
sd o o ' ' 4 Aa ' '
FCM) tag wosidud lugduluun ualiuua Tdudewnsid ldsaugunull endwaidono
Y [ v
mawamiuuazmImniviindlvedladndls dvsumsanszaundsnulueimisan
A 3 @ R o S A 0o q ¥ a 2 R
11189 90 1oTIFUA 1INAUULINVDI NRC (1988) 1y Wmanilviniswanitiiuy nlosisuaiii
<3 ol 1 § @ [
aauanlaa uazvyeduddluuy (SNF) anad (P<0.05) anTanlasundanunaz Tdsdulu
o A o o (& S A s 3 A s 2 oA
szaullna dmsulsuatudveutels CF (17 lesisua) uaziwele ADF (22 nlosisua) N
o [ L I [ { [ o o
fualilalasuluaunaaesil Fuduszaulndifesiudwuziiwes NRC (1988) 91n9n
v ) Y
NunAaInD N Nszavveuteleasnanlugasermssin (lemstuazemsveny) il

wansenuaomMInan luiuuuvealaunogiala
5.3 YolaUANUL

5.3.1 MUz gMsfanaIazAINABINS I N UV AUN

1 v a { o 9 4 1 v A 1 1
VINRAMIANYINUAINNOIMITVOING 4 FHANAAKE LD 1YA199 Asfina1Iun weoh

Y o o Y [ 9 4 o 4 o JZ Y { a
wagluieldawuziilan lumsdanguieirldidesdadiu ldeiasinsunlsznoy

v Y
fu 2 152msne ANAININEIMNITYOINE taznananiuIinUeIna uAdNYUEAINa1Il

~ 9

=\ v o Jdo A Y A =\ J 1 Y A Aa °
tanduiusiulunsavae lundnitiengdesazligauamaetmisge uana inanaad
| 9 = £ ' = a A & A
NNATINUTINLONEIT NI UAININIMNITIZaNaA IUVBZNIRANAAIZINLATY T
J @ : 1 < { 0911 1 a
namdntenilene lidinaiullldanee1d ldnsguamsemisuaznandagegalunandon
[ 2 = o o 9 1 a 9 9 [ o A
fuld Funvasnssuudessonanguamvemisuaswananasnihelvegluszduiming
09/} [ o d‘ﬁ} a = 1 & A 9 v
ay wennniudliiladendesioisanseneudnedlanilafio ANUABINT InyuzveIda ]

d‘ Y a Y 1 1Y 1 ] d' Y a 3‘ A [
Taolanldnandagalaun gnlaszezvasndiuy vazmilanldiwandmiuunnnionas

[~ 1T A Y =K A Y = 1
ﬂﬁ@ﬂiﬁu nJuﬂqwummmmmﬂmuzqq ﬁ]\‘mﬂ’JHJ@]i’Nﬂﬁ61ﬂ1§ﬂ81ﬂﬂﬂlﬂ1WﬂN1ﬂﬂ’Jﬂﬂ

Y a

1 ' A o A I ' = [ 09}1 ' ya
su Taan wilanldnandaundimiesdlugiessesrgaiaun auiulanguusnalslinuy
9 d' LY d‘ T Aa [y o [ U [ Ja 9 d’ LY d‘ T a [y
wanaaioay L 30 Su dwmsulanquuainis linunandailoniy lumu 45 Ju
9 @ 9 qﬂjl dy Y o J
dmsuanudoms Insuzvedlauy nnwansnaaosluasetazylain Tauuiug

a

Y =

o Aq ¥ a cy @ A J
QﬂWt’f‘JJ"lJ'l'J-ﬂ1Glu°]J§3L‘Vlﬁll‘]/lﬁl ‘vﬂwwawaﬁummmuﬂmﬂmaﬂa 10-15 NN.ADIU WA

' 1 Y 1
d0ansndenu TDN Tals@u (cp) 1wele CF viSeiwele ADF ag NDF Yuduninufnuziii



122

k4 9
o A

1 o a a A dg’ = - 4
Y94 NRC (1988) tandiinsdsuilsuanisnue1ris (DM muyudndszuim 25 1lesisua

Y
A A

o A v ¢ ¥ aA " A o o v ¥y a "o
natliiloanniiremisdaduaseuiiive logen e msdadua d1inld Iadueniisminy
Auuzihves NRC o 1 1asu Tnrue lilisane wiedsaasuestululsuaiunmnu
2 0 9 ¥a 2 A Y o o q¥ : s &
1 Fauenvinvzirliinaanudunlaewds deildszuumsdesemsuazmsinondosin
Anlnd wazdwaln luiuluuvasasluiga
v d
5.3.2 MIANBINUAINIDIHITVOINTO1413dA I (Digestion trial)
A a M) = = o Y 1 Y 9 Y =
iesanmsasumnaandesiinamlimsdes Idves Tnsuz lundwduldsuuilas
4 1
W30InAURNTe139W (associative effects) YUTzIN0IMIT Fada londedmuavesmsfiuin
Y aa . 3 o J 1 9y [ Y o A an
A107375 by difference 52UNINITRIUIUAINITEDE IAVDITAquAalunINO A0 TAEAT
. ' ' ' ] v Y Aa A M A Y Yaw o
regression 1@ W130szmaIMsdos lavesnguianimsasunindurassla 4ol
< [ A P 9 = ~ ° 1 < I3 o o A
ANUIAUD WIndoeUnUNNN S1911sneuil TsAudInI 12 1Wesidud arsiimsesy
A g ' 2 A Yy 2 =~ 1 9 a A 3
psiitluunaslsau el TilsAusanensanudeinsueslanazgaunsolugmuiy
A a = I a 9 v J 9 T = 9 a Ao A
Wennsantsnnuilueswesanommsdadwadousznun unu lifivghsialaweidaie
a [ 4%1 = S R J v ' [ Qg: [ = 3 o o 1% 9 o
pgnu 30 Juiu I diTdsAudunumiaenan daiuszauTdsaudumdmsunaiomsda?
{o & a o { s o o & v A
wadounsuudeuaiullsiu mssmuan 7 osidud mizlaona lludrdedudusydun
=} 1 o <)
INEANOADNITAITITNYDI 1A
J a a Y [l 4 Yo o .
nmsnaaeuria1lsuiunisnu lduaznisdos1a laglddainaaos (n vivo, total
4 Y 1 H
collection) Tumsnaasenssiild Inarunaieo Fanvilymindeszialilddaanzdildu
dy <] 1 v N 1aa A ' Aa a 9
Aoulumanuya 1INMIasTINENEITHUN Nevedad idnsnanedsuansaulduas
(] @ QBJ} [ f 1 I o J
msdee lduin deaiunmsnasesludnvauziiluTomanell aisldlamadiludainaass
mszamnsouenilaaizuazya ladionii

9
dmSumsdsziduguamie s luiewl §iiams (n viro) u m3ldmaiansdor

Y
l [

14 o L4 .. . 3 A ax & A Yo a A I
AYU1YBYTUNTISH (enzymatic incubation) !‘]_]Ll’t’)ﬂ?ﬁﬂu\iﬂﬂﬂillﬂiﬂﬂ1§1ﬂ|§]1§m1 gy
Aan A 1 1 Y Y ~ t?j [ 4
ATNFIYAALINT LIINTU L!,ﬁgﬂflslﬁl"lflvlﬂﬂﬂﬂ i’)ﬂ‘VNEN?"IQﬁﬂﬂJﬁﬂTWLlﬁﬂﬁ@NLLﬁgaﬂﬂ'J"I?JLL‘]JT]J

1 v o Y Y1
57]1!5351(?31\19’]'3ﬁ91311ﬂ\ﬂﬂ

v d
5.3.3 ﬂ"lﬁﬁﬂ‘tﬂﬂ]ﬁﬂi’)ﬂﬁui’)ﬂﬂ'ﬁi’nﬁ]ﬁsﬂﬂﬂﬁﬂj (Feeding trail)

av 3 dy a A Y Y Y Ao Y @ I 1
U lunsel LﬂiJ‘VIi]%i“h”l’ii}}ﬂlm‘Q‘V]‘Vﬂiﬂﬂ'ﬁﬂluWWWﬁWWﬁNQUﬂLﬂU’OTﬁﬁﬂﬂﬂ@Q Le

v 9

A A A A 1 Ao Y Y o q¥ Y A 1 a
IUBDNIMNULTIAVUAUDIAD Nﬂuﬂﬂ‘ﬁﬂiu%ﬂﬂﬂﬂWﬁinlﬁﬂ ‘Vﬂclflfﬂ’i@1!ﬁ8ﬁ18%1ﬂﬂuuluﬁ11ﬂiﬂﬂﬁﬁ

q

Y Y Y = v o v = Y (v 9 £ o =
WiUU'ILH’T\TllﬂLWENW’E')ﬂ‘Ui]Wu']uaﬁ'Jllaxigﬂgna'ﬁqﬂa@\i i]\?llﬂTJ'ﬂJL!WHNWGlGD'WiUU'IWMﬂLLWu g

D} o Aq Y " Yot = = a A 1A o Y Y R o q9
wﬂgmuﬂwclwmm"lullmeiﬁﬂmaﬂmllﬂ“luiwam’at’m mmuwuwmﬂu*ﬁtynmq Eﬂ\ﬁ/]ﬂﬁ'

9 0

1 4 [
msudanateyadiild luauysaiviiians duiululemadeld asldudwteiviannd



123

[ I 1 Y % A
wmwmnqumﬂummimam G]af]ﬂi]uﬁﬂ‘ld1518@3!ﬁfJWU?NﬂmﬂﬂﬂNEﬂWﬁ%ﬂﬂﬂ%ﬂﬂNﬂLWN
a an o ] o A Y Y Y A ] o ]
[{2p\} Ll,ﬁ3’)‘]5ﬂ1§ﬂiﬂﬂ§ﬁﬂmﬂ1W6UEN’ﬂiy'lﬁiJﬂ Lwaiw“lﬂeumga‘wmummmzmmmuﬂﬂh

sz Tl Idedeauysaisaeli)



318N1391999



125

Y

o a Jo a d
e NSy (2546). M31F SPSS for Windows TumisInszHApYa. NTUNNA: FITUAS
536 N
a [ 1 a 4 :’
2004 IPINNING. (2546). N1TIANTAIUDINI InLUAOHaNAALAZ0IA TN VUL, toNa1S
Uszneunisdszyuiainis: muanlaguainggduilan. (1111 14-32). Juh 23-24
a g 1 1 a o
UNTIAN 2546, B T5IUTURTYH LT U 9. VOULNL. YOULAUMTTUN.
a @ 4 4 @ 1 A a <
yadou Fizdasena, wnanyal uduniiuen, dunun umuda uaz lnsans qiiiny. (2541).
o ' 9 E) = A aa Bldy 9 adq Y
mytnenuamMeeIsveshedn napgduaz lunszaunienlHaes Tnunae3s 149
[ a v Y 9 9
9 ludou. wanuIdamsnianuaesnslaruzvedauang (i 1-15). Tag §
o o o 1 Y] a v
dszaulasinisemisuag Insumaasdad d11nOUneINUalUaYUMNTIY

a [ J 4 a @ ]
(@N.) MAIFITAIFNTANT AUSINHATAINNT UINAaoITe9 nl.

P2 v
=

5235 gam, Algun mauuau uaz gnidng uAunuiuns (2546). amunmessiizneuit
undvludszmalne. wnaisdszneumsdssyuinms Tauu: svwsdaguningd
w3Tnn. (1111 7-13) Sufl 23-24 unsau 2546, o Tsausunsy il VS ua 9. vounA.
Wan. YOUUAUMTAUN,

a ) { [ Q( 4 a a v A 4 [
wuwns wawey, $1lns lufles, n3dna Fudian, Talugn amFun uaz J5uns yydng.

v A9

2543, M3ANYIAUAIMI INFULYBINBATENADITUAY 3 ¥HiaTasITNIIA1 Y. 318
av o Y v d v d
NurauIdeszdtl 2543 (111 167-183). eI AR NINUgaR) nIENIINNYAS
d
Hazavinyol.
v o J a a b A
W51 sTaia 1ag pand 1310105, (2533). IMatansIReIMIsIaanaz AU NTAUNNA:
Hutivuara.
¢ A o A o d a o ¢ ¢
25WIH T89UNIIN0. (2535). walaluermisdad. n1ndImdalmans auzinbasmans
UMINGIABQUATIFH I
a a & a o ¢ a a 09:
auAn wInuN, Agns dunsan way yaden Fzddszna. (2541). mlszidiududuienn

a a v ¢ o
ﬁ’@ﬂﬂwﬂmmmaﬂﬂuﬂm. mﬂmiﬂizne‘umsﬂ'sz1;m‘mmﬂﬂuwmzwaﬂﬂmmma

v [

a = 2 v A A o P P
1 2: malulagms@eddauy Uil 3-5 .0, 2541, Anzdamnemdaas  JWIaInNTol
YHIING1RY.
[ 4 9 A a 9 9 ~ Y Aa A 1 1
ranyal nduniuen. (2541). maasudntasna3satelunssduninanenisdos
amelunszmnzgmuialagldmaiingeluaou. (53 wih). amimelSyanin. na

a o 4 4 a 1% ]
FITAINTAT AULINBATAITAT UH1INO1aLTF 114,



126

AFRC. (1992). Nutritive requirements of ruminant animals: protein. Technical
Committee on Responses to Nutrients, (Report No. 9. Nutr. Abs & Rev., Series
B, 62,12: 787-835.). Wallingford, Oxon, UK: CABI International.

AFRC. (1993). Energy and protein requirements of ruminants. An advisory manual
prepared by the AFRC Technical Committee on Responses to Nutrients.
Wallingford, Oxon, UK: CABI International.

AFRC. (1998). Responses in the yield of milk constituents to the intake of nutrients
by dairy cows. Technical Committee on Responses to Nutrients, (Report No.
11). Wallingford, Oxon, UK: CABI International.

Aldrich, J.M., Muller, L.D., Varga, G. and Griel, L.C., Jr. (1993). Nonstructural
carbohydrate and protein effects on rumen fermentation, nutrient flow, and
performance of dairy cows. J. of Dairy Sci. 76:1091-1102.

AOAC. (1990). Official Methods of Analysis of the Association of Official
Analytical Chemists. (15th ed.). AOAC., Arlington, Virginia.

ARC. (1984). Report of the protein group of the Agricultural Research Council
working party on nutrient requirements of ruminant: A supplementary
report to chapter 4 of the nutrient requirements of ruminant livestock. London:
The Gressham Press.

Bliimmel, M. and Orskov, E.R. (1993). Comparison of in vitro gas production and
nylon bag degradability in predicting feed intake in cattle. Animal Feed Science
and Technology. 40: 109-119.

Broderick, G.A. and Cochran, R.C. (2000). In vitro and In situ methods for estimating
digestibility with references to protein degradability. In Theodorou, M.K. and
France, J. (Eds.). (pp. 53-86). Feeding systems and feed evaluation models.
Wallingford, Oxon, UK: CABI International.

Broderick, G.A. and Merchen, N.R. (1992). Marker for quantifying microbial protein
synthesis in the rumen. J. of Dairy Sci. 75: 2618-2632.

Cherney, D.J.R., Patterson, J.A. and Lemenager, R.P. (1990). Influence of in situ bag
rinsing technique on determination of dry matter disappearance. J. of Dairy Sci.
73:391-397.

Chenost, M. and Demarquilly, C. (1982). Measurement of herbage intake by housed
animals. In Leaver, J.D. (ed.). (pp. 95-122). Herbage Intake Handbook. British
Grassland Society, Hurley, UK.



127

Close, W.H. and Menke, K.H. (1986). Selected topics in animal nutrition. A manual
prepared for the 3™ Hohenheim course on Animal Nutrition in the Tropics and
Semi-Tropics. (2™ ed.). University of Hohenheim, Stuttgart, Germany.

Coblentz,.W.K., Fritz, J.O., Cochran, R.C., Rooney, W.L. and Bolsen, K.K. (1997).
Protein drgradation in response to spontaneous heating in alfalfa hay by in situ
and ficin methods. J. of Dairy Sci. 80: 700-713.

Cottyn, B.G., De Boever, J.L. and Vanacker, J.M. (1989). In vivo digestibility
measurement of straw. In Chenost, M. and Reiniger, P. (eds.) (pp. 36-46).
Evaluation of straw in ruminant feeding. London: Elsevier Apply Science.

CSIRO. (1990). Feeding standard for Australian livestock: Ruminants. Robards,
G.E. and Radcliffe, J.C. (eds.). Melbourne: Victoria: Print Advisory Service

Demarquilly, C. (1973). Chemical composition, fermentative characteristics,
digestibility and amounts eaten of silage, modification by the proportion of the
original green herbage. Proc. of Nutrition Society. 32: 75-76A.

Egan, A.R. (1970). Nutritional status and intake regulation in sheep. VI. Evidence for
variation in setting of an intake regulatory mechanism relating to the digesta
content of the reticulo-rumen. Australian Journal of Agricultural Research
21: 735-746.

Forbes, J.M. (1995). Voluntary food intake and dietary selection in farm animals.
Wallingford, Oxon, UK: CABI International.

Forbes, J.M. (1999). Natural feeding behavior and feed selection. In D. van der Heide et
al. (eds.). Regulation of Feed Intake. Proc. of the 5th Zodiac symp, 22-24 April
1998, Wageningen, The Netherlands. Wallingford, Oxon, UK: CABI
International.

Givens, D.I. (1990). The effect of growth stage and season on the prediction of
metabolisable energy content of herbage. PhD thesis, University of Newcastle
upon Tyne, UK.

Givens, D.I. and Moss, A.R. (1990). Effect of breed, age and body weight of sheep on
the measurement of apparent digestibility of dried grass. Animal Feed Science
and Technology 46: 155-162.

Goering, V. and Van Soest, P.J. (1970). Forage Fiber Analysis. Agriculture Handbook
379, US Dept. Agriculture, Washington DC.



128

Grant, R. (2000). Evaluating the feeding value of fibrous feed for dairy cattle.
(Online available, http://www.ianr.unl.edu/pubs/Dairy/g91-1034.htm.)

Hall, M.B. (1998). Making nutritional sense of nonstructural carbohydrates. (pp. 108-
121). 9th Annual Florida Nutrition Symposium.

Hare, M.D., Tasapong, P. Lunpha, A. and Wongpichet, K. (2004). Effect of plant
spacing, cutting and nitrogen on production of Digitaria milanjiana cv. Jarra in
north-east Thailand. Tropical Grasslands, 38 (in press)

Hare, M.D., Thummasaeng, K., Suriyajantratong, W., Wongpichet, K., Saengkhum, M.,
Tatsapong, P., Kaewkunya, C. and Booncharern, P. (1999). Pasture grass and
legume evaluation on seasonally waterlogged and seasonally dry soils in north-
east Thailand. Tropical Grasslands, 33: 65-74.

Hare, M.D., Wongpichet, K., Suriyajanytratong, W., Thummasaeng, K. Suwanlee, S.,
Booncharern, P., Tasapong, P. Lunpha, A., Saipraset, K. and Intisaeng, W.
(2003). Ubon paspalum: Management and Utilization. Faculty of Agriculture,
Ubon Ratchathani University, Thailand.

Harris, B. Jr. (2001). Non-structural carbohydrates. (On-line, Available:

www.forages.orst.edu.).

Huntington, J.A. and Givens, D.I. (1995). The in situ technique for studying the rumen
degradation of feeds: a review of the procedure. Nutritional Abstracts and
Reviews (Series B) 65: 63-93.

Jones, B.B., Kellaway, R.C. and Lean, 1.J. (1996). Protein requirements of dairy
cows. Dairy research and development corporation. Department of Animal
Science, University of Sydney, Australia.

Kalmbacher, R.E., Martin, F.G. and Kretschmer, A.E. (1997). Performance of cattle
grazing pastures based on Paspalum atratum cv. Suerte. Tropical Grasslands.
31: 58-66.

Kaufman, W. (1976). Influence of the composition of the ration feed intake in
ruminants. Livestock Production Science. 3: 103-114.

Kearl, L. C. 1982. Nutrient requirements of ruminants in developing countries.
Utah State.

Kennelly, J.J. (2000). Feeding and management systems to optimized milk
production. (Online available, http://www.afns.ualberta.ca/drct/dp472-50.htm.)


http://www.forages.orst.edu.)/

129

Lin, C. and Kung, L.Jr. (1996). Heat-treated soybeans and soybean meal in ruminant
nutrition. American Soybean Association. Technical bulletin, MITA (P) No.
044/11/96.

MacGregor,C.A., Stokes, M.R., Hoover, W.H., Leonard, H.A., Junkins,
L.L.Jr.,.Sniffen, C.J and Mailman, R.W. (1983). Effects of dietary concentration
of nonstructural carbohydrates on energy and protein metabolism and milk
production of dairy cows. J. of Dairy Sci. 66:39-51.

Madsen, J. and Hvelplund, T. (1994). Prediction of the in situ protein degradability in
the rumen. Result of a European ring test. Livestock Production Science. 39:
201-212.

MAFF. (1984). Energy Allowance and Feeding Systems for Ruminants. HMSO,
London.

Martens, Siriwan. (2001). Yield, feed value and ensilability of 4 tropical grasses in
Northeast Thailand. Diploma Thesis, Department of Agroecology, University of
Rostock, Germany.

McDonald, P., Edward, R.A., Greenhalgh, J.F.D. and Morgan, C.A. (1995). Animal
nutrition. (5th edn.). Harlow, UK: Longman Scientific and Technical.

Menke, K.H. and Steingss, H. (1988). Estimation of energetic feed value obtained from
chemical analysis and in vitro gas production using rumen fluid. Animal
Research and Development 28: 7-55.

Menke, K.H., Laab, L., Salewski, A., Steingss, H. and Schneider, W. (1979). The
estimation of the digestibility and metabolizable energy content of ruminant
feeding stuff from the gas production when they are incubated with rumen liquor
in vitro. J. of Agricultural Science (Cambridge) 93: 217-222.

Meyer, J.H.F. and Mackie, R.I. (1986). Microbiology evaluation of the intraruminal in
sacculus digestion technique. Applied and Environmental Microbiology. 51:
622-629.

Minson, D.J. (1981). The measurement of digestibility and voluntary intake of forage
with confined animals. In Wheeler, J.L. and Mochrie, R.D. (eds.). Forage
evaluation: Concepts and techniques. Australian Forage and Grassland
Council, Melbourne.

Minson, D.J. (1990). Forage in ruminant nutrition. San Diego, USA: Academic Press



130

Mould, F.L. (1988). Associative effects of feeds. In Orskov, E.R. (ed.). (pp. 279-292)
Feed Science. (Series: World Animal Science, B4.). London: Elsevier Science
Publishers.

Mould, F.L., Orskov, E.R. and Mann, S.0O. (1983). Associative effects of mixed feeds.
1. Effect of type and level of supplementation and the influence of the rumen
fluid pH on cellulolysis in vivo and dry matter digestion of various roughages.
Animal Feed Science and Technology 10: 15-30.

Moe, P.W. and Tyrrell, H.F. (1976). Estimating metabolizable and net energy of feeds.
In Fonnesbeeck, P.V., Harris, L.E. and Kearl, L.C. (eds.). (pp. 232-237). Proc.
1st Intern. Symp. on Feed composition, animal nutrition requirements, and
computerization of diets. Logan, Utah State University.

Nakamura, T., Klopfenstein, T.J. and Britton, R.A. (1994). Evaluation of acid insoluble
nitrogen as an indicator of protein quality in non-forage protein. J. of Anim. Sci.
72:1043-1048.

Nocek, J.E. (1988). In situ and other methods to estimate ruminal protein and energy
digestibility: A Review. J. of Dairy Sci. 71: 2051-2069.

NRC.(1988). Nutrient requirements of dairy cattle. (6th ed.) Washington, DC.:
National Academy Press.

NRC. (1989). Nutrient Requirement of Dairy Cattle. (Sixth revised ed.). Washington,
D.C.: National Academic Press.

Omed, H.M. (1986). Study of the relationships between pasture type and quality and the
feed intake of grazing sheep. PhD thesis, University College of North Wales,
Bangor, UK.

Orskov, E.R. (1992). Protein Nutrition in Ruminants. (2nd ed.). London and New
York: Academic Press.

Orskov, E.R. (2000). The in situ technique for the estimation of forage degradability in
ruminants. In Givens, D.I., Owen, E., Axford, R.F.E. and Omed, H.M. (eds.).
(pp. 175-188). Forage Evaluation in ruminant nutrition. Wallingford, Oxon,
UK: CABI International.

Orskov, E.R. and Frazer, C. (1975). The effect of processing of barley based
supplement on rumen pH, rate of digestion and voluntary intake in sheep. Brit.

J. Nutr. 34: 493-500.



131

Orskov, E.R. and McDonald, 1. (1979). The estimation of protein degradability in the
rumen from incubation measurement weighted according to rate of passage. J. of
Agricultural Science, Cambridge 92: 499-503.

Poppi, D.P., France, J. and McLennan, S.R. (2000). Intake, passage and digestibility. In
Theodorou, M.K. and France, J. (eds). (pp. 35-52). Feeding systems and feed
evaluation models. , Wallingford, Oxon, UK: CABI International.

Promma, S. (1999). XRATION (computer software, version 1.0). Chiang Mai Animal
Breeding Station, Department of Livestock Development, Ministry of
Agriculture and Cooperative, Thailand.

Promma, S. Patcharin, J. and Tawatchai, 1. (1998). Production responses of crossbred
Holstein milking cows fed urea-treated rice straw at three different fiber levels
and the preliminary estimation of nutrient requirements. In Cheva-Isarakul, B.
and Promma, S. (eds.). (pp. 43-54). Recent Research for the Development of
Nutrient Requirements of Thai Dairy Cattle. Faculty of Agriculture, Chiang
Mai University.

Roger B.W., (1983). Feeding experiments with dairy cattle. In Ternouth, J.H (ed.). (pp.
70-97). Dairy cattle research Techniques. Queensland Department of Primary
Industries Miscellaneous Publication 82017. Brisbane, Australia.

Russell, J.B., O’ Conner, J. D., Fox, D.G., Van Soest, P.J., and Sniffen, C.J. (1992). A
net carbohydrate and protein system for evaluating cattle diets: I. Ruminal
Fermentation. J. of Anim. Sci. 70: 3551-3561.

Rymer, C. (2000). The measurement of forage digestibility in vivo. In Givens, D.I.,
Owen, E., Axford, R.F.E. and Omed, H.M. (eds). (pp. 1-14). Forage evaluation
in ruminant nutrition. Wallingford, Oxon, UK: CABI International.

SAS Institute. (1985). SAS User’s Guide: Statistics. SAS Institute, Inc., Cary, North
Calorina.

Schnieder, B.H. and Flatt, W.P. (1975). The evaluation of feed through digestibility
experiments. Athens, USA: University of Georgia Press.

Shem, M.N., Orskov, E.R. Kinambo, A.E. (1995). Prediction of voluntary dry-matter
intake, digestible dry-matter intake and growth rate of cattle from the

degradation characteristics of tropical foods. Animal Science 60: 65-74.



132

Silva, A.T. and Orskov, E.R. (1984). Effect of the three different rumen environments
on the rate and extent of rumen degradation of undegraded straw, ammonia
treated straw and hay. Proc. Nutr. Soc., 43: 11A.

Statistical Package for Social Science. (2002). (Computer software SPSS, version
11.5). SPSS Inc.

Stokoe, J. (1983). The design of experiments. In Ternouth, J.H. (ed.). (pp. 1-21). Dairy
Cattle Research Techniques. Queensland Department of Primary Industries
Miscellaneous Publication 82017. Brisbane, Australia.

Stern, M.D. and Illg, D.J. (1990). Full fat soybean use in ruminant. American Soybean
Association. Technical bulletin, MC (P). 8/1/90.

Tilley, J.M.A. and Terry, R.A. (1963). A two stage technique for the in vitro digestion
of forage crops. J. of the British Grassland Society. 18: 104-111.

Uden, P. and Van Soest, P.J. (1984). Investigation of the in situ bag technique and a
comparison of the fermentation in heifers, sheep, ponies and rabbits. J. of Anim.
Sci. 58: 213-221.

Van Soest, P.J. (1982). Nutritional Ecology of the Ruminant. O & B Books, Inc.,
Corvallis, Oregon, 374 pp.

Van Soest, P.J. (1989). On the digestibility of bound N in distillers grains: A reanalysis.
Proc. Cornell Nutr. Conf. p. 127.

Van Soest, P.J., and J.B. Robertson. (1985). Analysis of Forages and Fibrous Feeds:
A laboratory manual for Animal Science 631. 381 pp. Cornell University.
University, Logan, Utah USA.

Vanzant, E.S., Cochran, R.C., Titgemeyer, E.C., Stafford, S.D., Olson, K.C., Johnson,
D.E. and St Jean, G. (1996). In vivo and in situ measurements of forage protein
degradation in beef cattle. J of Anim. Sci. 74: 2773-2784.

Waldo, D.R., and Glenn, B.P. (1984). Comparison of new protein system for lactating
dairy cows. J. Agric. Sci. 93: 553-562.

Wanderley, R.C., Huber, J.T., Wu, Z., Pesarakli, M. and Fontes, C., Jr. (1993).
Influence of microbial colonization of feed particles on determination of
nitrogen degradability by in sifu incubation. J. of Anim. Sci. 71: 3073-3077.

Weiss, W.P., Conrad, H.R. and Pierre, N.R. St. (1992). A theoretically-based model for
predicting TDN value of forages and concentrates. Animal Feed Science and

Technology. 39: 95-110.



133

Wilkerson, W.A.. Casper, D.P. and Mertens, D.R. (1995). The prediction of methane
production of Holstein cows by several equations. J. of Dairy Sci. 78: 2402-
2414.

Winkins, R.J. (2000). Forage and their role in animal systems. In Givens, D.I., Owen,
E., Axford, R.F.E. and Omed, H.M. (eds.). (pp. 1-14). Forage evaluation in
ruminant nutrition. Wallingford, Oxon, UK: CABI International.

Woods, V.B., Moloney, A.P., Mulligan, F.J., Kenny, M.J. and O’Mara, F.P. (1999). The
effect of animal species (cattle or sheep) and level of intake by cattle on in vivo

digestibility of concentrate ingredients. Animal Feed Science and Technology.

80: 135-150.



MANUHIN



Table 1 Feed value of 4 grass species (adapted from Martens, 2001)

1/

2/

3/

1/

2/

Day of DM CF CP Ash OMD ME NEL : Day of DM CF CP Ash OMD ME NEL
growth % % % % % Ml/kg DM i growth % % % % % MJ/kg DM
Digitaria milanjiana (Jarra digit) : Panicum maximum (Purple guinea)
20 12.7 25.6 14.9 9.1 76.8 10.5 6.3 : 20 17.6 29.0 13.9 6.1 76.3 10.7 6.5
30 20.3 30.7 9.0 7.1 68.8 9.5 5.5 : 30 222 32.9 8.0 4.7 70.6 9.9 5.9
40 25.0 329 6.0 5.7 61.2 8.4 4.8 : 40 233 36.5 6.6 49 63.1 8.8 5.1
50 27.2 33.7 5.5 6.0 57.5 7.9 45 : 50 239 36.2 5.7 55 54.2 7.5 42
60 33.6 30.6 3.4 3.9 61.0 8.5 4.9 : 60 25.8 36.8 4.8 5.9 60.7 8.3 4.7
70 30.1 30.6 43 6.7 60.3 8.2 4.7 : 70 29.0 36.0 4.0 49 59.4 8.2 4.7
80 25.1 323 4.1 6.0 58.2 7.9 45 i 80 30.5 38.6 35 4.6 56.7 7.8 44
_____ 9 _ 403 38 32 67 573 77 44 | 90 314 390 38 49 499 68 38
Brachiaria ruziziensis (Ruzi) : Paspalum atratum (Ubon paspalum)
26 21.1 24.0 9.9 6.2 77.0 10.7 6.5 : 26 16.7 29.2 8.4 7.9 65.2 8.9 5.1
36 21.1 26.3 7.7 5.7 72.9 10.1 6.0 : 36 17.4 29.4 6.5 8.2 64.8 8.7 5.0
46 23.6 27.4 6.1 5.4 71.6 9.9 5.9 : 46 19.6 30.1 4.8 9.1 61.9 8.2 4.7
55 255 30.7 5.0 4.5 65.2 9.1 53 : 55 21.0 30.8 4.2 5.8 64.3 8.8 5.1
65 28.1 30.5 43 3.8 67.2 9.4 5.5 : 65 21.2 30.4 3.9 5.8 62.0 8.5 49
75 30.8 333 35 4.0 62.6 8.7 5.0 : 75 21.7 323 3.8 6.0 64.1 8.8 5.1
85 33.8 323 3.6 3.4 62.3 8.7 5.0 : 85 21.9 31.0 3.6 5.8 65.8 9.0 5.2
98 37.3 33.5 3.1 3.4 59.2 8.3 4.7 : 98 24.9 30.5 3.3 4.8 63.7 8.8 5.1

. Organic matter digestibility estimated by In vitro cellulase method. ¥ MJ ME = 0.0146 digestible OM — 0.0004 indigestible OM + 0.0026 CP (in g/kg)
*MINEL =KL * MJ ME, where KL = 0.24 UE + 0.463, KL is the coefficient factor or the metabolizability of the energy (UE) results from the division of the

metabolic energy (ME) by the gross energy that is relatively constant at 18.43 MJ/kg DM for nearly every feed stuff (Van Es, 1978)
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Table 2 Range of chemical composition and apparent digestibility of Ruzi, Jarra digit and Purple

guinea grass (adapted from Martens, 2001)

Chemical composition, % DM Apparent digestibility, %

DM DCP CP EE CF NFE Ash CP EE CF NFE TDN

Ruzi

Min 18.3 6.9 39 1.6 25.2 37.2 8.5 42 38 58 57 -
Max 36.4 9.6 16.9 23 394 476 9.0 72 60 76 77 -

Jarra
Min 15.0 - 3.7 2.3 272 431 9.2 56.4  41.0 68.1 60.1 -
Max 21.8 - 20.1 - 372 46.8 13.7 - - - - -
Guinea
Min 21.4 1.9 52 0.8 21.1 40.0 8.3 34 13 41 48 38.2

Max 30.6 6.0 20.5 2.8 39.6 50.1 14.7 80 66 76 74 60.7

Table 3 Chemical composition and apparent digestibility of Guinea grass hay in Thailand

Wet season Dry season

6 wk 8 wk 10 wk 12 wk 6 wk 8 wk 10 wk 12 wk

Composition, %DM

DM 83.4 86.9 87.3 86.5 88.6 90.8 89.7 91.1
DCP 2.4 2.7 1.1 1.1 7.4 4.1 2.4 2.6
TDN 48.1 48.2 43.5 43.6 53.6 46.5 48.0 48.5
Cp 6.8 7.7 5.5 5.5 11.9 8.3 6.6 7.2
EE 1.8 1.6 1.6 1.4 3.2 2.0 1.8 2.1
CF 36.3 39.0 40.1 40.1 31.7 35.7 35.5 36.4
NFE 43.8 40.8 42.0 42.6 41.2 41.0 429 41.8
Ash 11.3 10.9 10.8 10.4 12.0 13.0 13.2 12.5
Apparent Digestibility, %
Cp 35 35 20 20 62 49 36 36
EE 45 45 38 38 61 53 47 47
CF 57 57 52 52 58 56 58 58
NFE 53 53 48 48 57 49 54 54

Adapted from Holm (1971, Quoted in Martens 2001)
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Table 4 Prediction equation of feed intake and nutrient digestibility of Jarra digit grass hay by SPSS with Adjusted R2 (Rza) and Standard

error of the estimation (+ S.D.)

Parameters Methods Model Fitted model R'a *S.D.
DMI, kg/d Enter =-37.493 + (-4.127EE) + (-0.240ADF) + (14.495 Mcal GE) 0.555 0.448
Stepwise =58.374 + (-0.592 OM) 0.614 0.418
Backward Model 1 =-37.493 + (-4.127 EE) + (-0.240 ADF) + (14.495 Mcal GE) 0.555 0.448
Model 2 =-18.417 + (-0.207 ADF) + (7.505 Mcal GE) 0.515 0.468
Forward =58.374 + (-0.592 OM) 0.614 0.418
DMI, %BW Enter =-22.221+(-0.991 EE) + (-0.109 ADF) + (7.518 Mcal GE) 0.615 0.223
Stepwise =32.318 + (-0.327 OM) 0.621 0.228
Backward Model 1 =-22.221+(-0.991 EE) + (-0.109 ADF) + (7.518 Mcal GE) 0.615 0.230
Model 2 =-17.639 + (-0.101 ADF) + (5.839 Mcal GE) 0.630 0.223
Forward =32.318 + (-0.327 OM) 0.621 0.228
DMI, g/W" " Enter =-712.207 + (-40.700 EE) + (-4.433 ADF) + (260.019 Mcal GE) 0.696 7.156
Stepwise =-5.435+(12.262 Ash) 0.719 6.877
Backward Model 1 =-712.207 + (-40.700 EE) + (-4.433 ADF) + 260.019 Mcal GE 0.696 7.156
Model 2 =-524.101 + (-4.111 ADF) + (191.094 Mcal GE) 0.700 7.110
Forward =-3.435+ (14.262 Ash) 0.719 6.877
DMD, % Enter =-154.290 + (-46.167 EE) + (-0.704 ADF) + (81.990 Mcal GE) 0.395 2.207
Backward =-154.290 + (-46.167 EE) + (-0.704 ADF) + (81.990 Mcal GE) 0.395 2.207
OMD, % Enter =-101.470 + (-43.679 EE) + (-0.838 ADF) + (69.894 Mcal GE) 0.415 2.169
Stepwise =70.135 + (-0.148 Age) 0.291 2.388
Backward =-100.470 + (-42.679 EE) + (0.162 ADF) + (69.894 Mcal GE) 0.415 2.169
Forward =70.135 +(-0.148 Age) 0.291 2.388
DCP, % Enter =349.991 + (-65.121 EE) + (-2.267 ADF) + (-15.928 Mcal GE) 0.884 2.316
Stepwise Model 1 =168.873 +(-2.239 NFE) 0.773 3.233
Model 2 =143.066 + (-1.459 NFE) + (-0.279 Age) 0.890 2.255
Backward Model 1 =349911 +(-65.121 EE) + (-2.267 ADF) + (-15.928 Mcal GE) 0.884 2.316
Model 2 =299.828 + (-71.764 EE) + (-2.317 ADF) 0.890 2.253
Forward Model 1 =168.873 + (-2.239 NFE) 0.773 3.233
Model 2 =143.066 + (-1.459 NFE) + (-0.279 Age) 0.890 2.255
DEE, % Enter =329.008 +(22.554 EE) + (2.685 ADF) + (-107.467 Mcal GE) 0.617 4.337
Stepwise =-543.156 + (6.372 OM) 0.660 4.085
Backward =329.008 +(22.554 EE) + (2.685 ADF) + (-107.467 Mcal GE) 0.617 4.337
Forward Model 1 =329.008 +(22.554 EE) + (2.685 ADF) + (-107.467 Mcal GE) 0.617 4337
Model 2 =224.767 + (2.507 ADF) + (-69.272 Mcal GE) 0.626 4.286
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Parameters Methods Model Fitted model R'a *S.D.
DCEF, % Enter =-246.021 + (-57.437 EE) + (-1.186 ADF) + (116.454 Mcal GE) 0.288 3.733
DNFE, % Enter =-325.602 + (-31.762 EE) + (-1.240 ADF) + (121.852 Mcal GE) 0.471 3.405
Stepwise =400.058 + (-3.693 OM) 0.479 3.382

Backward Model 1 =-325.602 + (-31.762 EE) + (-1.240 ADF) + (121.852 Mcal GE) 0.471 3.405

Model 2 =-178.804 + (-0.990 ADF) + (68.063 Mcal GE) 0.421 3.564

Forward =400.058 + (-3.693 OM) 0.479 3.382

DNDF, % Enter =-464.815 + (-44.565 EE) + (-1.013 ADF) + (160.770 Mcal GE) 0.561 3.276
Stepwise Model 1 =-150.454 + (-55.997 EE) + (3.656 DM) 0.583 3.196

Model 2 =-87.753 + (1.700 DM) 0.425 3.752

Backward =-464.815 + (-44.565 EE) + (-1.013 ADF) + (160.770 Mcal GE) 0.561 3.276

Forward Model 1 =-150.454 + (-55.997 EE) + (3.656 DM) 0.583 3.196

Model 2 =-87.753 + (1.700 DM) 0.425 3.752

DADF, % Enter =-393.664 + (-56.311 EE) + (-0.221 ADF) + (140.888 Mcal GE) 0.417 3.065
Stepwise Model 1 =9.240 + (0.808 NDF) 0.197 3.598

Model 2 =-28.173 + (2.836 NDF) + (-2.019 NFE) 0.434 3.019

Backward Model 1 =-393.664 + (-56.311 EE) + (-0.221 ADF) + (140.888 Mcal GE) 0.417 3.065

Model 2 =-385.892 +(-52.714 EE) + (135.061 Mcal GE) 0.449 2.979

Forward Model 1 =9.240 + (0.808 NDF) 0.197 3.598

Model 2 =-28.173 + (2.836 NDF) + (-2.019 NFE) 0.434 3.019

DE, % Enter =-302.208 + (-45.864 EE) + (-5.120 ADF) + (115.282 Mcal GE) 0.171 3.768
Backward Model 1 =302.208 + (-45.864 EE) + (-5.120 ADF) + (115.282 Mcal GE) 0.171 3.768

Model 2 =-284.165 + (-37.514 EE) + (101.753 Mcal GE) 0.172 3.765

Model 3 =-97.147 + (37.817 Mcal GE) 0.570 4.017

TDN. % Enter =11.392 +(-36.797 EE) + (-0.274 ADF) + (31.812 Mcal GE) 0.270 2.537
Stepwise =102.337 +(-22.525 EE) 0.308 2.470

Backward Model 1 =11.392 +(-36.797 EE) + (-0.274 ADF) + (31.812 Mcal GE) 0.270 2.537

Model 2 =21.057 +(-32.325 EE) + (24.556 Mcal GE) 0.291 2.500

Model 3 =102.337 +(-22.525 EE) 0.308 2.470

Forward =102.337 +(-22.525 EE) 0.308 2.470
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