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Abstract

The objectives of the present research project were to evaluate the energy and protein
requirements of the medium producing lactating dairy cows fed total mixed rations containing alkali
treated bagasse or rice straw as a roughage source. To meet the research aims, 6 experiments were
carried out for two years at Suranaree University of Technology.

The first experiment (Chapter 4) was conducted to determine chemical composition and
nylon bag degradability of untreated bagasse and rice straw. Each 9 samples of untreated bagasse and
rice straw was analysed for chemical composition and degradability. Both untreated bagasse and rice
straw were low in protein, fat and degradability values but they are high in CF, ADF and NDF. The
most promising equations to predict DMI and DDMI from degradation characteristics were given. An
evaluation of energy was also given.

The second experiment was carried out to evaluate the effects of different alkali treatments on
the chemical composition and the degradability of bagasse and rice straw. The 9 treatments were:
untreated control; 3% NaOH treatment; 6% NaOH treatment; 3% urea treatment; 6% urea treatment;
3% NaOH + 3% urea treatment; 3% NaOH + 6% urea treatment; 6% NaOH + 3% urea treatment; 6%
NaOH + 6% urea treatment. Ash contents were increased by treatments particularly those treatments
with NaOH. Crude protein contents were increased by treatments containing urea while those
treatments with NaOH alone did not increase crude protein contents. Degradability study showed that
the DM and CF degradabilities of bagasse and rice straw were increased by NaOH and NaOH plus
urea treatments. However, in case of bagasse, the treatments with urea alone did not increased DM
and CF degradability. When ground raw soy bean seed was added, DM degradability of bagasse was
increased.

The third experiment (Chapter 6) was conducted to determine the feed intake and the
digestibility of 6% NaOH treated rice straw, 6% NaOH treated bagasse, 5% urea treated rice straw
and soybean meal using regression method. Twelve Holstein Friesian cross non-lactating cows,
balanced for age and body weight, were assigned into 3 treatments (4 cows each). The 6% NaOH
treated straw was fed with soybean meal at 3 ratios on DM basis of 85/15, 75/25 and 65/35
respectively. The results indicate that the digestibility of CP of the diets significantly increased with
the increasing soybean meal. Regression analysis showed the values of intercepts should be used for
estimating the digestibility of 6% NaOH treated rice straw and further be used for predicting the

digestibility of other feeds.



The fourth experiment (Chapter 7) were conducted to compare nutritive value of untreated
bagasse and rice straw with treated bagasse and rice straw placed in plastic bag and in the small
concrete silo. The treatment improved nutritive value of both bagasse and rice straw in plastic bag and
in small concrete silo.

The fifth experiment (Chapter 8) compared the cost of treatment of bagasse and rice straw
ensiled in the small concrete silo. Because of the different alkali used to treat bagasse and rice straw,
the treatment with urea resulted in less cost than that treatment with NaOH.

The final experiment (Chapter 9) was carried out to evaluate the effects of different level of
protein and energy applied to the treatment groups on performances of lactating dairy cows. In this
experiment comprised of 4 sub-trials. Each sub-trial used 24 medium producing lactating dairy cows
(6 cows in each treatment). The sub-trials I and II, the 6% NaOH treated bagasse were fed with
soybean meal and ground corn as total mixed rations according to the treatments imposed. The sub-
trials III and IV, the 5% urea treated rice straw were fed with soybean meal and ground corn as total
mixed rations according to the treatments imposed. The treatments in sub-trial I and III were 0.9 and
0.9, 0.9 and 1.0, 1.0 and 0.9, and 1.0 and 1.0 of energy and protein of NRC (1988) recommendation
respectively. The treatments in sub-trial IT and IV were 1.0 and 1.0, 1.0 and 1.1, 1.1 and 1.0, and 1.1
and 1.1 of energy and protein of NRC (1988) recommendation respectively. No significant different
between the treatment groups in all performances measured. However, the prediction of NE,, in the
present study was higher (26%) than that recommended by NRC (1988).

The present research project found that the nutrient requirement of dairy cattle in Thailand
should be improved. The cooperation between academic institutes and others is badly needed if the

exact evaluation of nutrient requirement of Thai dairy cattle is required.
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wolown Navuauesrensil5uiiesdiedinmsaieg ( Cabello, 1994) m3sil5uljeguainig

a

Tnyuzvesrudesainisonsei ldnareds o1 38n191/5u1/genienienin (Physical

Y v Y
1 1 o . . o a < .
pretreatments) #20M5YUUF U1 (Soaking/Wetting) A2emswulntivuia¥uanas (Chopping)
v & oy Y .
Aemsvaazoale (Grinding and Pelleting) Aremsoulorinieldnuauga (Steaming under

pressure) 130A20M31¥59FUNUY1 (Gamma irradiation) 35m151/5U1/79mual (Chemical

1 vAa g 1 . . {
pretreatments) #2013 19a15NNnMauTATUA1 (Pretreatment with alkalis) @283 1de3hiinu
ﬁuﬁ’&iaﬂﬁﬁ?m (Pretreatment with oxidative reagents) dremsldarsazarensa (Pretreatment

with acids) 251131/51/39119%2019 (Biological pretreatments) A28n154% N80y (Composting) A0

@ a 4
MINAN (Ensilage) #28M351¥51009%HA (Fungal growth) tazalensidenlssl (Enzyme
.. = ax 1% Y 9 Aan 1 [ 1
additions) 310az19ea18MIUTVUTIRUNNVBIHANADE IANIMIINEATAIBITMIAINAINET
1aimssenu3TasminIserareniu 19 Sundstol (1984) Wanapat (1984) ttag Doyle ef al.
(1986)
am Aa A I ax Aadq Y A va 1 1 =
Admsniennnigaduiimsmaaiinldmsiiquantiaduan wu Tmdeulsasen

4 ~ ¢ X 1 dy o . . o Y
Ulclfﬂ Llﬂm“l)’ﬂllulélﬂﬁﬂﬂvl%’ﬂ HATITNATUIE NS A Hemicellulose (Klopfenstein, 1978) Vl'lﬁlﬂﬁ"li



' LS =S = : o
NgW Free uronic acids 11UNA19 Laze5Ma1101991a1¢ lignin M1F01 hemicellulose H0g1Y cell
wall materials (Theander and Aman, 1984) Chesson 1482 Orskov (1984) U @15 ‘ﬁﬁﬂmﬁ AN
< 1 . . . . o 1 1 1
SR TRRERLEE hydrolyse hemicellulose-lignin linkages a7 8193118 bonds #99) ‘ﬁﬂgﬁlu
[ 9 g’ o o 9 A 1
Tuanaved lignin Huwaliinmiinluanaved lignin anaduaziInnsdsoussning
hemicellulose 40 lignin sauuoad Hamaly 1$1aza1e hemicellulose NMITUINAIVD cell wall
1% microbial enzymes 91413 aN9291i1N580Y Structural carbohydrates.
Av A A 9 Aa 1 13 A =2 [ 1
QWU'J%EJT]LﬂfJ'NI@\WIUJﬂﬁJ5'15]\1']uﬁ'J‘LlGlW@Lﬂu!iﬂﬂﬂWﬁﬁﬂHWﬂWﬁﬂﬁUﬂ‘é\‘]ﬂﬂlﬂWﬂNfJﬂ’ﬂﬁ

[

Y91 19913A283TMINAUAT Wanapat e al. (1985) Anyd/ssuieumsdsulsenaninnhedin

Q- a

A v

s Y A wa o ' an 9 ' ' ya P s &
saddeasnaaautaiiua 16 35 wagldagiinmsdes lasunidiagueshsdninsiad
Q'd%}d o W ~ 1 Aam d'ywdy o q YA dysl ) 4
mnTuTesdwunnmniige awnguasmsnlgasil 1) msilddlenudleTndonleason lae

. . 4 = J .
(Wet treatment with NaOH; 20-22 units) 2) m3at/sdaseTamdenlansen’lad (Dry treatment with
NaOH; 15 units) 3) N3 Gl%’umﬂmﬁaiug 1| anhydrous 118 aqueous (Anhydrous/aqueous ammonia
. Y . ! D) ~ @
treatment; 6-15 units) 4) mﬂ%gﬁa (Urea treatment; 4-7 units) mumﬂmﬂm%ﬂamaﬂ”lcm
o 9 = 3 A [l ya A do
Ysvgequamvhsdnadduannsomumsdes lasunigiagilszunar 8 units (Djajanegara ef
al., 1985)
Doyle et al. (1986) lastusaumaauisems1Fizmsaes iedsulgeaunimasavha
9 a 9 = 4 = 4 9 ~ A ~ 9
17 01 Myl lwdeulsason’led uaadeoulaasonled mslduenTuiloniogss sl
Y
Oxidative reagents M3 l¥ansazatensa MsHinges Msndn M3slFesueria wazmsly
4 1 4 A 1 [
ulyd vagldagdinmsldlxdonleasonleqannsaiunisdosldinguitsuesriedn
' . ¥ ~ s A 1 . P} A A
FENIN 8-39% units M3 1FuARFoN laason laainszning 7-22% units M3 lduonTuiionToy

A 1 (] % o

SNNTEN I 2-35% units M3 ¥ oxidative reagents 1354 Farlos laoon lod ToTow nay Tafow
4 Q’ 1 [] % a a a'

ABe' 139 1INUTZNIN 4-19% units M3 1Fa15azaronsa 15U nsadaiin uaz nsalalasnanin iy

5EMIN 10-19% units @IUMTIFMInLN (Ensilage) luiiumsdos lauamliinamsgapdeing
[ < o a [ A

uie 0819 1sAcmumsniinnatIdremsasu Invuzdszanndsnuuaz Tusauansamuany

Y 9 9 Y o 9 9 [

wutuuea Insuz lunhadnldiisanesuanudesnsvealnld Taammizlugianaunaueiviis

Y '

ey M3 eI AT uMIees Iduearatszina 10% units HazaITnanlsSuuan

U 6% maetiiod 3% uamilpunumsninAeinanmsgadeiaguineszniemsniyues

& g & A o Y v Y =X A

F931 M3 I MFesuivedsuljeaunmaussnanase lanemainuasdidesdnyidnuin Tasmniz

= | Ay Y di’ 3 9 [ Y a A J a v o n’llﬂl awv

msnamem¥en Iimuizay uazi¥esniugszdedlineldinamsnidunviudadla a1mide

1 ~ Y 9 Yy 9 =1 am 1 ~ 1 LY

A1499 Doyle et al. (1986) 1a5705mm 1Fanududuvesansall az3smsaegiuana1any

0 a va 9y A ax A 9 o ' Y
mssziimaaealjiadeudenismsniiuul IWuawnsodsulgeguamenrug launnuay

Auiumsasmu Taemmz lundmsiwnlfialaes wezquiumsamulusussygn



o [ a o 1 9 us/‘ S 9 a o a 9
dmsumsivelsulgequamanudosiuiitossnn msivelulszmeainn Idgniau
1 -4 [ 1 [
59 Tag Cabello (1994) wazagdan msld lmdeulaason |y 6 nSuseo 100 niuiaguitenudos
A 1 9 1 A [ Aq ¥ 1 Aa o 1
AWsNNMIEesld 3-4 11 AN 14.0% 11U 56.2% Tuvmzildnsadaia 10 nfude 100

a

[ 9 9y A o) [ = ' Y A g
nsuiaquisnuoey Ngavgil 130°C Wunar 30 Wi msdos vzl 51.2% Devendra
(1979) srwnunmsdsuilgaganmuesnudeslaonsld Caustic soda aziNuMsdosld uans
Tgi5o-uonTwile himumsdesla guwanyudos linovaussnenislduse-uouTuile
A [ 9 o 1 g ~ 1o I 1 9 1 4 A
midounuvdg s luduinsumide ormtumsiznsudeslutionlsl urease miloulumhg
9 1 I k) 9 A va 1 "o =~ 1 v A = 09)/ A (] 9
91 eg1 lsnawdmnldmsiliquanifiuanargiugEoinsiufasadnunumsdes1a
2 v o w Yas v 3 v o y A '
pazin luTasnulumnudes dmsumsldismseudislorhmelaanuaugaldmamunii
Aunazmseos 1Au091Ud08 (Rangnekar ef al., 1982) M3 19 Caustic soda 13 i385 WAUNMTOU
3} ~ o 1 I A £ [ 9 o
TowhnanuaugaiheziumadenuialumsUsulpaunmsudes msdsvilgeguninau
Y A ax & A 9 = = . . a)dy
9089NITHIIADNT IFYUIUNIINWFINN U350 Bio-fermentation technology 1R85 1513951
o d! v W 1A d' 1 Y Bldy [ 1
39N Pleurotus waz Coprinus B3 Iuilogiuda luiidtmsiaudalums o dinan (Badve
etal., 1987)
9 Y I dy A v A Aav Y A ' dy
m3ldmudesiueivisieslaluiosInedelinisIvedooun e liuruui
wininendemaluladgsuls wnd) swdudninnunsauaivayumsite (@na) 1dims
0 @ A <3| o @ i o ] [l
Anwimsihnudesnldlse TemiioduomsdmsuTaun mudosiiwn 1y luldwuns
[ U as 1 @ [ 9 9 osj dy o Y 9 ! Y
Y5uanunmarelimsaieainandeay Nedmanemsldsulpaunmdeddysnawasaly
[ d! o @ o a 1] Aaov [l zﬂy Y =K o 9 d‘ 9
MedadideduiumsvediuayuuiIteed Minaasudosduinimnudesi lavinlsauga
9
o o Y @ 1w < ) o
awmnssumsinhaaludamiauasswduvesnguisinemnanuia msadniwnlsuljegu
Y a o = Y Y
MNAWBMIATNOITUszNNaIULaz 1150 Suksombat (1997) naaedlsmudes 20% 1u
& 9 @ Y A o Y =
gATOIMIHANUNAN 4 ga3 AT NANVANAaINI nruz liiieanefiunINABINTUBIAAIA
a o o o < gz ~ dy =) 1 Y
unTasmaasududnlends mawadathe mmbaanazge @ealasaunlurinlaeszes1d
1 =S 1 Y a oy ] = 1 A 9}2} A
uy wallsngnlasauunnngumsnaaed lvranaminwedlunaaia nane lvinmas 8.3-
a o 1 v 1w $ o J < { 1
9.3 nlansuaediaeiu Fuiuldwailuinimels msnaassdequn (Suksombat, 1998a, b;
) v o g = IR =
1999a, b; 2000a) 1HIUSBILAUA AU 32% D3 64% Hludrvilsznonluemisnerunaun
a 9y O] o 3 & = Y ' = = Y vy o
suariudlzndwazmawdadho@esInsaunluszes HuwaepSsuiounuvghaa M
1 Y :/I J a @ J 3 = o
Turegarunazgguas Maluvhsvveamimedeuasvhiuveunyasng SIWNIANYINTEONTY
A = Y I~ ' )
YBUNHATNINUABDIMITHIUNaNN NN USoeudulsznon wallsingiimsleermisveny
A 9 < 1 1 @ 1 (% 1 Y Y 913
naruilimudeailudivilsznovegluszauaendinan awsaldnaunundiaaldnug
A = A | ¥ = = Y v 'y Y
Wionandnienilsneannsaldeisnenau@esasauununanaala 100% lagludealsd

nada
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2.1 syuumsilsziivgammandsnulueimsuazanufeimsnasnuvesda Ifa1de s
1 Y
Welszmaeunassunounthildsamalunovg Isdag 1dssunlsziivauaimniangs
U U9 Kellner starch-equivalent system (Kellner, 1905 $19798 van der Honing and Alderman,
1988) 1139321 fodder units ¥4 Kellner 1@ 1#A1819AA 1109/ “starch-equivalent” 31 “HnenaIn
a % 4 3 { 3 a
¥4 1 kg digestible starch Tumswan lugduluTaiomed Tamuiaon” aziivemisezgnilszidu
Gl‘l!gl /U9 net energy for fattening (NE) (18 fodder unit (FU) MUY starch equivalent (SE) U943 1
° [ v J A 4 a o ] 1 ] .
kg barley as fed §M5UoMsTAIvIAdUIZETLIE Iaem3 1¥dAdIuAD SE U94 barley 13 maize
A1 SE WHY 1.07 ey barley aounluseri19nsandng e 1970-1980 Blaxter 183 naue
seuUlsemiunasnuuunltg Ao metabolisable energy (ME) #aM3Ngdd WaddaI1U5IM (gross
energy; GE) #nauaonaaa1uluganse (faccal energy; FE) wasaugaudonisilaang (urinary
@ = [ dy @
energy; UE) Lm3waquny,ﬁﬂ“lugﬂmamﬂﬁumu (methane energy) UONIINU Blaxter (1962) &9
I@auemsfiuIa net energy for growth, pregnancy Laig lactation 919 the measured ME available
. . . & Y A L [ A
above maintenance requirements (ME intake - ME ) Falaanunlu ARC (1965) NA1IND
Efficiency for maintenance (%), k= 1.6 M/D + 54.6
Efficiency for fattening (%), k,=4.4 M/D + 3.0
110 M/D f® ME content/kgDM of feed (MJME/kgDM)
{ (Y v o J [
Tuwaizd k, BAAunls9n 62 83 70% wazlinnuduWUEIUY curvilinear 11 M/D
a o o g o [
Moe et al. (1972) AWUW NE, system 1ag01fofugIudoyas uIumIngInnminaaoii
dy 1 o I 1
energy balance 11 Taun Tuszuuil A1 ME 3A910 production level ttaztiilauilua1 NE, Tagaunis
NE, (MJ/kdDM) = 0.703 ME - 0.795
v Y
lunil efficiency for lactation, k, ﬁuuﬂﬁagﬁgmn 0.59-0.64
NANAMIAUTUNUUDY EAAP Working Group 1111a8 van ES ludunsaamissui 1970
9 9 dy a o (Y 1 9 9 9 o 9
IdadrenugiulunmsdsziiuszuundsanImidenandieau wazldgniildlae The
Netherlands, France, Belgium g Switzerland 1) 1977 mude Germany T3l 1981, Yugoslavia
118 Greece 111 1984
2.1.1 M3IauazmsmuIn ME content 1101911580
a 1 o v Jd A a & aas 9 A A A
MUz UUAINIINGINUYRID I AR I laranile 135N laglnioaien
= 1 . A o 1 Ao Ia 9 A o [
(38771 bomb calorimeter B11M311A1 GE Tuennsidainud luaz luganse ievinaunu

ud29z 1da1 DE shmstaswasaungarde U luilaaizuaz lugiuia methane Tao respiration
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. o 1 9 1 09)1 dyal Yo o A 1as ~
calorimeter 2@ 13139 1UIUAT ME 1A uanstifeslddainaaeunen DE uag ME ugdsmsa
9 = 9 ] Yo Y amA v 9 =\ [ Y [ 9
AapungIToInuMs I¥daInaasuiluIsnganuazsuson @enaazm lsienouiege u
Pagtiuiinidede ldlinnunereumaimsidenazazainenazdsziluguaImanasay
Gl'Nﬁ]Gll’éNmﬁﬁﬁ’ a3 Taon13A11I9 methane energy 910 organic matter digestibility (OMD; Blaxter
and Clapperton, 1965) %30 methane LAz urinary energy NAINNAB 0.19 Vo4 DE (Amstrong,

4
[ 1 o v o d 1 o 1
1964) wenINHisenITaYsznammandsnu d lasmsmanuduiusserine GE /U au
{ a 4 a 1 o 1 1
YsznouMmaUniinaINTadlns 1Ly 1991833 proximate HATIEHIN ME nuamimsgesldves dry
matter (DM) N30 organic matter (OM) %39 modified acid dertergent fibre (MADF)
Y] 1 o 1 [ 9 Y o dy
Aegnaumsieamanasu laagy 1Adad
GE=5.77 CP + 8.74 EE + 5.0 CF + 4.06 NFE - 1.05 sugars
A = | [~ =~ ] <
e GE Uwnureilu keal/lkgDM, CP, EE, CF, NFE uag sugars NWU20IU g/kgDM
(Schiemann et al., 1971 91971a8 van der Honing and Anderman, 1988)
o J o ! [ [ 1 1
MIMUIUAT ME Tagduia1nmsn ME Wudadiunsnves DE
ME = 0.81 DE (Amstrong, 1964)
o 1 o S o A A v J =\
M3fuImuA1 ME 910 DOMD Tagiall OM vewwaasyisuazivemsdaizil GE
ogllszinm 19 MI/kgDM; 9NauMII19AY (ME = 0.81 DE) d@m1507192 1% general convertion
factor AIUANUNAN 1G9 1NN digestibility trials (in vivo digestibility) Wag in vitro digestibility
(Tilley and Terry, 1963) i
ME (MJ/kgDM) = 0.015 DOMD (g/kgDM) [Morgan and Barber, 1979]
a A &£ Ay Y o . o . AN Y a s .
Banadentile man 18NN35 digestibility trials ttazwai 1AAMITIATILH proximate
analyses lusmnsdaiuazluyadad aunsodwnadieaumslumsdnnamar ME luemis
v Y
dn314 Taon13 19 regression equations Aeg1eaumsn 19l udlsemanian 1duanadai

AUNISHAN ME = a DCP + b DEE + ¢ DCF + d DNFE + ¢

Country  System Equation
U.K. ME ME (kJ/kgDM) = 15.2 DCP+ 34.2 DEE + 12.8 DCF + 15.9 DNFE
U.S.A. NE ME (kJ/kgDM) = 18.6 DCP+ 41.9 DEE + 18.6 DCF + 18.6 DNFE - 1883

(Eg])NT@EJ van der Honing and Anderman, 1988)

wennHdalaumMsdug MiuIeamnasnudnaeil
ME (Mcal/kgDM) = 3.63 DCP + 8.17 DEE + 3.06 DCF + 3.87 DNFE (Nehring, 1969)
ME (Mcal/kgDM) = 0.044 DMD - 0.599 (Amstrong, 1964)

DE (Mcal/kgDM) = 0.043 DMD - 0.114 (Minson and Milford, 1966)
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DE (Mcal/kgDM) = 0.0418 DMD + 0.219 (Butterworth, 1964)
DE (Mcal/kgDM) = 0.0462 DMD - 0.158 (Moir, 1961)

H U a d
3197 2.1 aums UM IUszanamNaInNuINHaIINI1ZH9Y

Type of feeds (MJ/kgDM) (Mcal/kgDM)
Fresh grass =16.2 - 0.0185(MADF) =3.87 - 0.0044(MADF)
(Givens et al., 1990) =-0.46 + 0.017(DOMD) =-0.11 +0.0041(DOMD)
Grass hay =2.63 +0.0109(DOMD) =0.63 + 0.0026(DOMD)

(Moss and Givens, 1990)

Grass silage =15.0-0.014(MADF) =3.585-0.003(MADF)
(Givens et al., 1989) =291+0.012(DOMD) =0.696 + 0.0029(DOMD)
Maize silage =13.38 - 0.0113(MADF) =3.20- 0.0027(MADF)

(Givens, 1990)

Cereal straws =0.53+0.0142(DOMD) =0.127 + 0.0034(DOMD)

(Givens et al., 1988)

Ammoniated cereal straws =2.24+0.0098(DOMD) =0.535+0.0023(DOMD)

(Givens et al., 1988)

Alkali treated straws =2.54+0.0093 (DOMD) =0.607 + 0.0022 (DOMD)

(Moss et al., 1990)

2.1.2 i;ﬁ;lJﬁz'uuw’Efaa1uﬁ“l%‘luaﬁ51%a1m1€1’nmazaﬁ%’gam‘§n1

1) British metabolisable energy, ME, system used in the U.K.

szuy ME 185019043 1976 T@ﬂﬁﬁ;’ugmmﬂﬂmmmmé’fmmﬂmmwhmmmﬁ’mf
A011599Y84 A R.C. (1965) c?a"lé’ﬂ%’uﬂ;ﬂﬁ’mmmmﬁuwaﬁ”lﬁmﬂmﬁmam feeding trials

Nutritive value

msiual ME s ldanauns

ME (kJ/kgDM) = 15.2 DCP+ 34.2 DEE + 12.8 DCF + 15.9 DNFE

ME = 0.15 DOMD
ME =0.81 DE

N30U32UNNNANATIZHINUAT LAZMIVATIER in vitro
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Efficiency of ME utilisation: maintenance, k, = 0.72; lactation, k, = 0.62; growth, kg =0.0435

x ME/DM

Requirements

Milk production:
Maintenance: (8.3 + 0.091LW) MJ ME
For each kg fat-corrected milk (4%fat): 5.3 MJ ME
Plane of nutrition effects: no allowance made.
Energy value of liveweught change in cows: 20 MJ/kg Change
Efficiency of utilisation of mobilised body energy for milk: 0.82

Efficiency of ME utilisation for gain for lactating cow: 0.62

Requirement according to The Nutrient Requirements of Ruminant Livestock, A.R.C. (1980)

Maintenance and milk production.

Requirement for maintenance = Z/k, where fasting metabolism, Z = [0.53(LW/1 .08)0'67+
0.0043LW] and k£, = 0.35¢ + 0.503.

For milk production, Z is calculated as above.

Energy retention in milk, R = M x (1.509 + 0.0406 F) where F = g Fat/kg

k,=0.35¢ - 0.420
Level of feeding, FL=1+ (R/k)/(Z/k,)
Correction for level of feeding: 1 + 0.018(FL-1)

Total requirement = [1 + 0.018 (FL-1)] (R/k, + Z/k,)

Growth and fattening
Maintenance requirements for castrates and heifers as above, 15% more for bulls.
Energy value of liveweight gain, EV , as MJ/kg
EV,=(4.1+0.0332LW - 0.000009LW)/(1 - 0.1475LWG)
where LWG is liveweight gain as kg/day
Estimate is to be reduced by 15% for bulls and for large breeds, or increased by 15% for
heifers and for small breeds.

Energy retention (ER) = EV /k,, where k.= 0.78g + 0.006
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2) Net energy lactating cow, NE,, NR.C. (1978)
Net energy lactation, NE,, expressed as Mcal/kgDM, calculated from TDN, DE or ME values
Nutritive value
NE, (Mcal/kgDM) = 0.703 ME - 0.19
NE, (Mcal/kgDM) = 0.710 DE - 0.51
NE, (Mcal/kgDM) = 0.0245 %TDN - 0.12

(assumimg 1 kgTDN = 4.409 Mcal DE)

Requirements

Milk production:
Maintenance: 0.08 LW"" Mcal NE,
For each kg fat-corrected milk (4% fat): 0.74 Mcal NE,
For each kg liveweight gain: + 5.12 Mcal

For each kg liveweight loss: - 4.92 Mcal

2.1.3 msdszdivpammanasnunvivauelv
= 9 a 1 FIl I Aa 1 o @
dudszuumsdsziiuauamilnsus Taglda NE szifluszuuind uaiimsialaoas
9 ) = Vq Y ] ¥y A A A o Y ' = a v
1den doadonauagzarldnienn anenaudssldinieslongeendudou dszmeaaisndeaadu
o a 1 I 4 ]
aumsnIFlumssrnnn Tasldmsdsaiummandanunnesdlsenoumanil wuludsemer
v o 1 o a o 1 <3
wostuAIUIUAT NE, 910 GE uag ME Uszmaansgominmaiuimen TDN o1 lsnaiunsoe
5 1 [ o 1 o < a
laungaaiangg lumssnneguamandsaunlvanuale veaums 19 ldmmgomsuetia
U 91HITVU VAN I lAmmziuesneny aunsenalull 1992 Weiss azame (Weiss er
al, 1992) duhmsdsvlgeaumsnannsnibunldinemimamdanuiuemsnanesiiag
A v v v
M4 by-products 118¢ heat-damaged forages ba ¥anMIveIauMIHaarani Inyuzaiialanld
waau 1ddeuinnduadie s lasuzainaiilsenoudie CP, Fat, NFC tag NDF MIf1u0al
4 A 1
#9991 true digestibility (TD) Yo Inyuziiug mniuaz Iaa1 TDN deenunsari ldviamm
NE ldTagordoaunmsais aaaz lanaiae 1)

Wada 1910 11/5au

Tals ﬁuﬁ’]u uniform feed fraction MN31ZA1 true digestibility (TD) ¥®4 crude protein (CP)
Fuanaouingnei Tuisad uuniafiunlsssning 0.9-1.0 1Ay 0.93 (Holter and Reid, 1959)

dmsvoisduila'lddiun1udou (unheated concentrate) A1 TD., dzdifnszum 1.0

IS

(Fonnesbeck et al, 1984) 8113fignauseu A1 TD,, szliAranas iilesnnmsdosldves Cp

[

nazdaTIMIgniiarenienuiey (heat damage) UAWAUWUSHY acid detergent insoluble
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. [ QBJ} = o 1 9 1 1A [ @ o’tﬂy
nitrogen (ADIN) A3UUIITINITOAIUIUAN TD, llﬂ‘ﬂ']ﬂﬂ'] ADIN HAHDIINANNTURUSH 11
9 = T v KR 9 [ o A 1 YY) dy
ﬂ?ﬁ?ﬁﬂlullaﬁﬁluﬂ']ﬁ'ﬁﬁfJ']‘UllthWl']ﬂu WPWADIDIAYTUNITATUIUNUANA WA UAIU
Concentrate: TD, . = 1 - 0.004 ADIN (Nakamura et al., 1994)

a df o 1 Qaj a d o @ 1
I@]ﬂ ADIN Aattludadiuved N Mvua N15IAs1eva1 ADIN ﬁ]%‘]ml,ﬂW”I%luﬁ'JﬂﬁlN

1 Y
IS TUNFAIUANLT D UMY

-0.012 ADIN

Roughage: TD, .= ¢ (Weiss et al., 1983)

A < . 1S o 1 ™
1110 e 11ug1UUD4 natural logarithm 118 ADIN unuaniudadiuues total N Taena 11
dadauve9 N lu ADIN vesiwd lugnanudeuszininy 0.07

A Y Y X o ! @ @ dy
e 'laa1 TD,, 182 TR IUIUANEINUVE CP (E ) Al
E., = TD,, x CP

Wadd 1910 Juai

Y

M ether extract (EE) luemsdsznevdlsnsaludiy (59509 triglycerides), waxes,

. A a a3 9 . o 1 a @ a 7
pigments 1AZdUDNLANYBY Palmquist (1990) it lumsvidTinalviuaisinsey fatty
. 1 a L4 o dy A <3| A . A 1 . 1
acids (FA) ¥1001M31AT1EH EE 19111199910 FA 151A¥ uniform Tuveszh EE 13 uniform ue

A A a o 9 Aa wva [l [ A A A 4 Y Aa va 1

ingealie lumsuns iz lunesliamsaulvgihuaiesiolinaizin EE veulgianmsdiu

] o a a S [} [} < o 1 o )
Inajdedansiondnaiziian EE og 0619 lsnammumasnumal FA awnsoi lalasmssiuim

91081 EE Mathwgz lvafun luley FA Haszana 1.5% v DM lusimismniiu
FA=EE-15

1 4? L a Q'J = 1
A1 TD 04 FA Yuagiuilsinaves FA Tuoms oms TauwTaena liil FA egiszunm

3% wazlia TD Uszanar 0.94 81A1 FA WINATY 1% A1 TD U9 FA 92aaad 0.03 (Palmquist, 1991)

Y
o

ASUU
E,, =[1.03 - (0.03 FA)] x 2.25 FA

1 1< J [ o A 1 o '
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2.2.2 szuumsilszdivldsaulna: nanmsuazmisinannu

Gl ae 1977 Sudhan 185maaue protein requirement system 14§54 6 5301 A9
Tunnazls $Lﬂﬁﬁﬂ§ﬁ@ (1) the British RDP/UDP system (Roy ef al., 1977; subsequently published
as A.R.C., 1980 and revised A.R.C., 1984); (2) the French "Protein Digested in the Intestine" N30
PDI system (IN.R.A., 1978; revised 1987 $191A8 van der Honing and Anderman, 1988); (3) the
Swiss "Absorbable Protein in the Intestine" #1358 API system (Landis, 1979; 1984 $191A8 van der
Honing and Anderman, 1988) derived from the French PDI system; (4) the F.R.G. "Crude Protein
Flow at the Duodenum" system (Rohr et al, 1986); (5) the Nordic AAT-PBV system, based on
"Amino Acids Truly Absorbed in the Small Intestine" (AAT) 8¢ "Protein Balance in the Rumen"
(PBV) [NKJ/NFF, 1985); (6) the U.S. N.R.C. "Absorbed Protein" (AP) system, based on absorbed

true protein requirements (N.R.C., 1985)
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Y0119 71 1931/ 13 Tae Waldo and Glenn (1982)
(a) Degraded dietary crude protein, rumen degradable protein; RDP
9 1
Crude protein muﬁﬂzgﬂ metabolise A28 rumen microbes 19 peptides Li1¥ ammonia 9
1 ] o J 3
dulnaazgnduns1zyiilu microbial crude protein (MCP)
(b) Microbial crude protein;, MCP
a A o 4 . . . dg’ (5 a [ A A
UszanENWUoINsaUATIZH microbial crude protein ﬂlu@gﬂﬂﬂiuWﬂ!Wﬁﬂﬁu‘ﬂLWﬂ\iWﬂ
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o a 4 9 1 1 1 Y
dmSugaunid Fedrulunaldenmsdosdaisves carbohydrates luom1s MCP fidwnso
#1u1018910 energy intake lugdues ME ¥30 NE (MJ/day) 130 111118910 digestible organic
A = v o IR o o £ A ™

matter (DOM; keg/day) ME %30 NE tiag DOM Nanduiiusseiuuaziv saaunaes lagiieg 11
182 1 kgDOM aztiiou 1Ay 15.6 MJ ME 130 9.4 MJ NE,

(c) Efficiency of conversion of RDP to MCP, MCP/RDP

A o 1 a a 9 =\ A [ 4

Lﬂ'ET]J‘1/!ﬂi$‘]J°]JﬂTWuﬂﬂTﬂigﬁﬂ‘ﬁﬂWWiuﬂTii% N iﬂﬂj‘ﬂﬁ@uluﬂTﬁTi!W@ﬂTﬁﬁﬂmﬁTgﬁ
microbial crude protein LANNINY 1.0 We CP intake Qﬂﬁiﬁufﬂ gA3U the U.S. N.R.C. system g
o 1 d‘c: A A . a 1 9 Aa a =) v 09/’ dy
NMUUAAINAINIT AD 0.9 1D CP intake NUNITIANNUADINIT Uszaninimazinmnsgni 1.0 MU
msdunszd MCP azgniinalaeSaunawdsany Uszaniawlums capture NPN gasivuald
=W =
UAUWES 0.8 (A.R.C., 1980)

(d) Undegraded dietary crude protein, undegradable protein, UDP

. 1 dyd . A 1 Il o a ~
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(e) Proportion of true protein in microbial crude protein, MTP/MCP
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NAN fida liannsoldalse Tomiitomsduns1i tissue protein 139 vim'ld
(f) Digestibility of microbial true protein, DMTP/MTP
MTP azgnéootazgadulu intestines lauana1aiuiunliogsz1319 0.80-0.85
(g) Digestibility of undegraded dietary protein, DUDP/UDP
drmszneutarmstosld 11 abomasum Lag intestines Y99 UDP Tuemsdaluaazyiia

Yy Y

1 o o (K% v J A qul o’/’ 1 <} 1 1
WUANANNDU mﬁ%uaﬂﬂummiﬁmwuﬂuuquazmﬁ treat 91T UUN ’E']fJNuliﬂgniJﬁ'Juﬁlﬁﬂuléﬂg

U

1¥A1n9NAD 0.8 N3 0.85
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(h) Efficiency of utilisation of absorbed amino acids
Usz@nSnmnms1e amino acids NgngATuIzgNiLAUUANYATINAI absorbed amino

. 3 9 A o = Y] 1 1 qul M 99 ¥ A d‘ a
acids Nanunazgnlemsazaunsizi lUsauluedorzaeamniv lulaldnonsous 01l ns

[ r'd v
Faungzet lvaju

o 1 v = v d &' A
2.2.3 mydammsgesaasvedlsauluerisdaifases
msiasimsgesdatsvesllsauluieiamsdiulngjinegldmsiadimsazain’ld
w01 115AY (protein solubility) 11 buffer solution (Burroughs et al., 1975; Crooker et al., 1978) 1@l
v A 1< { o l 4 o
Tuilagtiutenlduaziluieonsvedianieunedems s in si dacron bag technique Fauugiin
Y v [
Tae Orskov and Mehrez (1977) M33Ati92 IAd11V04 nitrogen 1011150118 11910 dacron bag 9
g g
1 1 I 1 =2 ) 1 . A A o
g unTZINg rumen 1Wuszeza19199 3UDN 72 2139 dIUVD nitrogen Nn1e'l1AaT 0 42
@ Y Y g’ < [ Ay Y A ) Y
Tueialdninmsdgalutiudusssuar dauanlannnadug i wudiauns exponential
a p

INOHIAINSEDYARI0VON nitrogen (degradability, dg) A9HAD (Orskov and Mehrez, 1977)
dg =a + b(1-e*)

1o dg = degradability; a = cold-water-soluble N; (¢ + b) = asymtote of curve, the potential
maximum degradable N; ¢ = rate of disappearance of N per hour; ¢ = time in hours
Y '
uenniiluszezaont Orskov e ol (1979) lavimsdAnyniuanlaenstia outflow
. ' ° A o . Yq _ Y
rate U094 feed particles 1UNFZIM1E rumen W15 TUMsAIUIBNDUSUAT degradability 14 IndtAag
. . A d?} & o A o Yo o
in vivo study 89UU F4A1 outflow rate AULLTIN 0.02/h Wedaslasue s lusTay
. = A o M Yo 1 Aq ¥ a o Y
maintenance DY 0.08/h odadlasuomsmngrululaunilinandags masualday
MIU19819 a1 degradability 111813001 effective degradability (p) 1ag outflow rate 19dnyay
o 4
anval k

p=a+bc/c+k)
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Table 2.2 Factors in the utilisation of protein by ruminants

Factor Protein system
AR.C. N.R.C.
Microbial crude protein/degraded dietary crude protein 0.8-1.0 0.9
Microbial crude protein/digestible organic matter 0.130 0.14
Microbial crude protein (g/MJ metabolisable energy) 8.4 9.6
Microbial true protein/microbial crude protein 0.80 0.80
Digestible microbial true protein/microbial true protein 0.85 0.80
Digestible microbial true protein/microbial crude protein 0.68 0.64
Digestible undegraded dietary protein/undegraded dietary protein 0.85 0.80

Tissue protein (amino acids)/absorbed amino acids

Maintenance 0.79 0.67
Lactation 0.80 0.65
Growth 0.80 0.50

2.3 agiszuumsiszdivllstunlluansverandnsuazanigonism

1) Degraded dietary crude protein/undegraded dietary protein, RDP/UDP, used in the U.K.

Crude protein (CP, g/kgDM); degraded dietary crude protein (RDP, g/kgDM); undegraded
dietary protein (UDP, g/lkgDM)

Nutritive value

From the in sifu dacron bag measurements of N loss from feed with time, Orskov and Mehrez
(1977), corrected for outflow rate, Then RDP = p CP (g/kgDM), and UDP = CP - RDP (g/kgDM)
Calculation of dietary specification:

RDP (g/day) = 8.38 ME intake (MJ/day)

UDP (g/day) = 1.47TP - 10.32 ME intake (MJ/day)
where TP is tissue protein (g/day)

CP (g/day) = RDP + UDP

Degradability of dietary protein required, p = RDP/CP.
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Requirements

Milk production
Maintenance protein, TP=23 g/kgLWQ75 (g/day)
Milk tissue protein, TP = 3.3 (g/kg milk)
Liveweight gain or loss, TP = 150 or 112 (g/kg)

Growth and fattening

Maintenance tissue protein, TP = 2.3 g/kgLW" " (g/day)

Liveweight gain tissue protein, TP = 100 - 220 (g/day)

Sources: (A.R.C., 1980; 1984)
2) Absorbed true protein, AP, system used in the U.S.A. (N.R.C., 1985)

Absorbed true protein (AP, g/day)

Nutritive value

The AP value of a diet is calculated from:
(1) microbial crude protein (MCP) calculated from the NE,, TDN, or ME content::

MCP (g/day) = 7.16 NE, (Mcal) - 193

MCP (g/day) = 10.6 ME (MJ) -193

For diets with less than 40% forage, an alternative function is suggested, with a term for
forage and concentrate intake as percentage of liveweight (see N.R.C., 1985)
(2) undegraded protein content (UDP, g/day) calculated from in sifu dacron bag measurements,
corrected for outflow rate, as in the U.K. system.
(3) metabolic faecal protein (FCP, g/kg of indigestible dry matter, IDM) calculated from TDN value
of diet: FCP =90 (1 - 0.92 TDN) [g/day]

The following values have been taken, in calculating the digested microbial true protein,
DMTP or AP in this system, and digestible UDP, DUDP: MTP/MCP = 0.8; DMTP/MTP = 0.8;
DUDP/UDP = 0.8. Then AP (g/day) = 0.64 MCP + 0.8 UDP - FCP.

Requirements

The efficiency of capture of RDP by the microbes in the rumen is assumed to have a
maximum value of 0.9: MCP/RDP = 0.9. Allowance is also made for the proportion of recycled
protein N, RP, with the function RP = 1.22 - 0.012 CP + 0.0000324 CP2, which for CP levels of 100,

120, 140, 160 g/kgDM gives values for RP of 0.34, 0.25, 0.18 and 0.13, an alternative function is
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suggested, with team for forage then CP (g/day) = (RDP + UDP)/(1 + RP). Or assume value for
recycled protein (RP) is 0.15, then CP (g/day) = (RDP + UDP)/1.15.
Milk production

Maintenance AP (g/day) = (EUP + DPL)/0.67 + MFP, where EUP (endogenous urinary

0.5C 0.60

protein) loss = 2.75 LW : (g/day); DPL (dermal protein loss) = 0.2 LW "~ (g/day); and 0.67 is the
value for k , the efficiency of utilisation of absorbed amino acids for maintenance.

Milk AP = milk protein 0.65 g/kg milk = 50 g/kg milk; where 0.65 is the value for k , the
efficiency of utilisation of AP for milk protein synthesis.

Liveweight loss AP (g/day) = 160 g/kg, assuming an efficiency of 1.0 for mobilisation and

utilisation of tissue protein.

Growth and fattening
Maintennce AP (g/day) = (EUP + DPL)/0.67 + MFP.
Liveweight gain AP (g/day) = tissue protein in gain/0.5 (g/day)
where TP is 140 - 160 g/kg liveweight change, depending on liveweight, LW, and 0.5 is the value of

k_, the efficiency of utilisation of AP for lean tissue deposition.

ng’®



24

~
UNh 3
EMsaudumMIIdY

Yy Y 1
[

M390ATeilszneUAIIMINARBIA1eYANINAADY e luuAazMINAaeIN DA N
a o 1 [} = AaA o a Ao Y 1 oaj 1 d‘ =
msweuananull  swaziBeaisduiumsiteszszy I luudazminanes awauni 4 9
~ [l < av dydado a av 1 9 & 9 Qg: ax
un?l 9 egnlsnan TasamsdITeliiisauiumsiteeduinineg alszneusieiunounazis
b4
AUHUNTAE AN
= ¢ = Y Y Ay ge o Y ax
3.1 Anwresddszneumaniivesmnudes/vhednai lasumsdsuleauninaieisns
1 ] Y yJas =~ 1 9 A . . =] U da'
a139 Tagaaiums 19350 3manl 191413 1% NaOH, urea 139 combination Y8a15IANHAI
) a 4 J a
3.1.1 M IAIIEHioInlsenoun1anil 811 DM, Ash, N, EE, GE, NDF, ADF,
A A
ADL, ADIN 11az NDIN $29msgeeaas 1nsuza1e9s in sacco 1993 1udoe/v19d1mnenou
gaznaamslsulgaqamn ierinssuITMslsvlgsaan vtz ay
[ A as (% 9 9 d' =\ as d'
3.12 fadenIsnslivlisnummmudesmiaunnmingauiies 1 35 e
=< 1 9 . . Y o 1 1 Y
Animsges 1ALy in vive Tulauunignsziwng Taglddadiuemanoruaeo1nisdu (nn
ﬁllﬁam) 35201 (regression analysis)
=2 an a 9 9 o (3 o
3.2 AnYINTINAITMINAATIUE08/HM19U1IUT DY J9aun M uTEAY large scale taziiimu
{ (o a @ a o A d 1 M)
soo/vhaimnlSulgenaamudnnasudioingavensdaindluuvasllsdu (madaunae)
[ [ ] 4 . . {
NAINU (6i’f1ﬂwwjm) LAZUIDe (mmgﬂ) ol 1de 1M1 (Total mixed ration, TMR) G AL
IS '
sooasdnaunmailudiilszney
3.3 dsziuamasnunazgunmllsanlaglddoyasinmsnaaes
= ¥ a 4 q 9
3.4 152noUgAI0IMITTINLALANEINITADUAUBIA UM INANIIULYE Iauun Ty
unan
@ < @
3.4.1 Usznougaseniasin TaeldudeshsdnySuljnunmilundn Tag
@ @ I
YsuTsAumazndsnuliidlu 90, 100 uag 110% ¥ NRC
= Y 9 ! g’ =
3.4.2 fAnyinmseeuauesnumsliun aalsznevvestihuy tazmanlasu
:’ v Aq ¥ Ay Yo 1 [ Y
ulaaihmindrvesInuniTiunhunansd lasuemsgasaisgdednedu

3.5 Usziumanudosmandsnuuas Tusauves Tauun Iununais



25

UN 4

=2 d = 'Y Y ' fp
ﬂ”liﬂﬂ‘leni’)\‘lﬂ‘iJ‘i%ﬂﬂ‘].I‘VlN!ﬂN5]]?3)\‘1‘51‘L!f:)f:)f_llmg‘i/‘lﬁﬁll”I’Jﬂﬂuﬂiﬂﬂj‘ﬂf’]mﬂ”lw

4.1 a1

Y Aa o 9 g =) a 1A A a
Na‘Wﬁ'f]EIU],@W]NﬂTil,ﬂ‘]elﬁi1/]‘LlEJZJHHHGL“]SHJ‘L!'E)WW13ﬂlﬂiiﬂullll’ﬂaﬁﬂfu@] l,mwu“luﬂimm

Y v Aav o

' A Y] Y £ = = I = o
lﬂﬂllagunlﬁu(li] 1R G]ﬂu@’ﬂﬂuagcl/\h\isln') G]fﬂnlﬂjJUﬂjﬁ]fJVl1ﬂ15ﬂﬂ'}:lWﬂQ@QﬂﬂﬁgﬂﬂUWWQLﬂﬂJEU@Q@?

=

' Y Y 1% ' 9 Y ;/ o aw A 1 v
281995 1U008/3119U1IA9NA 1T “VN‘VHﬂ"Iiﬁﬂ'HTJi]EJGlLlLll’tN]lTlElllazclu@nﬂﬂi%mﬁ 15212SRIGN]

=1 o =\ 9 9 dy A < 1 o [ 21}
ﬂ"liﬁﬂieﬂi‘]\i‘ﬂﬂﬁgﬂi’)‘]J‘V]NLﬂllEUE’NGH"IL!@i’)flLLﬁ%‘V‘INEUTﬂUL“II@]WUTW]N‘] ﬂi]glmﬂﬁﬁﬂu]lﬂ aatiu Tu

=2 qﬂzj dyd 1 Y A =2 4 =} k4 9 A 1 o [
ﬂ"liﬁﬂblTﬂiﬂuﬁ]\‘lll\‘lluu‘ﬂi]%ﬂﬂ“kﬂﬂ\iﬂﬂizﬂi’)‘]J‘VINL‘ﬂll“]J’t]Q"Iﬂui’)ﬂfJLLa%V\INEUTJTIQQGlHL“II@]%QVVJﬂ

a

UATTIFTNN

[ J
4.2 Wgilszaan

A = 7 = Y Y o
eAn1vIAszno MBIV IUDBEa 19U INe U T U J9nmn N

a

d
4.3 gilnsamaziEms

) 3w 1 - Ao o [ Y 1 0
‘1/11ﬂ1‘il,ﬂ°U§l'J'E']81\16]511!?9]1@8&!1131"]1\1%}1’3114lmﬂﬁuﬂﬂﬂﬂ’)ﬂuﬂiiT’]ﬂﬁNW PYNAL 9 AIDYIN M

=

@ 1 gl o a IS o @ uBJI o
AIVYWAL 2 K1 ué’ammauﬁlﬁ}uﬁ’w UMY 60 ’E]\iﬁ““]iﬁl“?fﬂﬁ Wunan 36 GI)"JIiN UAIIINUUNN

]

] a A < 1 a =
MIVANTUASUNTIVUIA 0.1 Lag 0.2 Uaaluag wannulamyuzwaradnduinge?
o w l @ J 9y 9 o a J 4 = 9 aa .
118298190908 179194 1 11915 AATIZHNIe9AYsEno UMIAANAI87T Proximate
. a 4 4 Y d A ad .
analysis (AOAC, 1990) 1Az N 121109Al 5z N UV IHITSsaa Ny 1neT T Detergent analysis
E4
. o a J . ' Y
(Goering and Van Soest, 1970) 3IUNIUATILH N Gross energy (Bomb calorimeter) wazmseesla

a1033m3 1999 Tudeu (Nylon bag technique; Orskov and McDonald, 1981; Lindberg, 1985)

4.4 NaN1INAAdY
A J ~ a 1 o Y Y
A NN 1 uaasesnlszneumunl tazmsdsziumnasnuuossIuoostaz el

@

[ ] £ 4 = 9 Aa S Y Y 2 v AN YA av
ﬂf)uﬂﬁﬂ‘iﬂﬂb:ﬂﬂﬂ!ﬂ1w G]N’E]\‘lﬂﬂigﬂ’f]‘]J‘V]NLﬂﬂJ"lJfJ\W‘h\‘l"’llTJ‘Vl’JLﬂiWﬁllﬂclﬂalﬂﬂﬂﬂ“]J‘ﬂhlmJuﬂ’JEﬂfJ

=

A ¥ ¥ = 1 < a ¢ ¢ N oY

mudu lasiean’ld (s1eh 4.2) e lsnauraiinsiziilesisua lusiu 181 NDF uag ADF
~ D, NN - S A I v A 0  w v ¢ s
Hluvhednlumsiseasstiaoudedinnnnenu i luamsen 42 dmSunudesilosiyud

Aa A o 1A { 1 <

T1/5@U NDF taz ADF fnsizsd latsdininiagydluamsei 4.2 edlsAamaisduaimma
a 4 A a Y 1 da'l ~ = = 3 dy =~ ~ 3

AnszrnenunaylnnnhiineunzagluSeuiion Neimszliseauaueiiion 2 udg

"o
INMUU



26

mysziundsnuIaemmie %TDN UTeiiuan Weiss ef al. (1992) Faldamnasnunou
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Treatment Bagasse Rice Straw
%DM 555+15 91.8+0.26
%O0M 98.3+0.01 87.1+0.34
%Ash 1.71 +£0.10 12.94 +0.34
%CP 1.40 +0.01 2.79+0.14
%EE 0.47 +0.06 1.24 +0.06
%CF 41.7+0.26 32.5+0.18
%NDF 87.6 +£0.24 71.6 +£0.65
%ADF 54.6 £0.19 40.9+0.35
%ADL 9.45 +0.28 520+0.13
%NDIN 0.157 +0.01 0.260 + 0.02
%ADIN 0.130+0.01 0.129 + 01
GE (Mcal/kgDM) 421 +0.004 3.59+0.012
%TDN 48.4+1.90 52.9+1.67
DE (Mcal/kgDM) 2.13+0.08 2.33+0.07
NEL (Mcal/’kgDM) 1.07 £0.07 1.18 £ 0.07
% dg
DM (0 hr.) 6.7+0.15 12.8+0.35
DM (6 hr.) 10.1 £0.21 14.2 +0.56
DM (12 hr.) 13.2+0.78 157+1.14
DM (24 hr.) 19.5+1.62 18.1+0.78
DM (48 hr.) 31.0+0.92 23.3+2.50
DM (72 hr.) 352+3.19 37.3+1.60
DM (96 hr.) 37.7+2.74 46.0 +1.20
CF (48 hr.) 22.1+0.83 31.3+1.58
CF (72 hr.) 33.3+1.63 45.6+1.63
NDF (48 hr.) 33.7+1.12 31.8+2.12
NDF (72 hr.) 38.4+2.29 39.7+2.09
ADF (48 hr.) 409+ 0.51 343+2.34
ADF (72 hr) 48.3+2.01 46.0 +2.81

QLI (Mean % SE, N=9)
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%TDN AMuIANMIUssiuamasnuntinaue 11y (Weiss et al., 1992)

DE = 0.04409(%TDN)  NEL = 0.0245(%TDN) -0.12
d
4.5 ayuazinisel

=2 J = Y 9y ' @ 1
ﬂTﬂﬂ'ﬁﬁﬂH'I'E'J\‘]ﬂﬂ5$ﬂ'ﬁ)'ﬂ‘ﬂ1\1!?]1]"1]@Q%1u@@ﬂlla$w1\‘lﬂl13ﬂ@uﬂ15ﬂiﬂﬂ§\1ﬂmﬂ1w NWUN

a o ~ J

=~ =~ &% 1 9 o a ~

aziSuna Tsauvas luiuasuined uaziieanlsenoudmin CF, NDF uag ADF JuaSunam

P Y o = Av A A Y o Y Aa Yy v Y} Y, A

99 FedeanasenumsAnIIteMneITosnumudeentiogaoudniios wagldagl 13 lumseh
{ ] v P ° 4 ' { P &

42 mynnudesuazvindniowntlszneusminbelvegge Tuvazinlesisud lusAumazms

1 Yo o A " o v Y g P Ay ¥ A A
Elflﬂhlﬂ@n ‘VN‘L!HJulW‘i’l%ﬂTNﬂﬂuf]ﬂUlm%W’NﬂlTJ!,‘]J'HWaWﬁ'EJEJVlﬂT]'Nﬂ'l'i!ﬂ’]el@]'i‘l/lulﬂll'ﬁ]'lﬂWﬂfﬂT@

Ed

3 A 9 A A ] 1 A ] ' A )] A A =
WUNLAT NIDUBDIYUINLLAT (lﬂﬂﬂ'ﬂ 10 mauiua@ﬂuazmﬂﬂ’n 4 mauclmln) NWENUDWUINVU

a

=1 a d' a a 421 = [ 4 o =1 ] Y
i]ZlIﬂﬁTﬁ'$ET?J‘]Ji3J1mlﬂf]18llﬁ$ﬁﬂuuu1ﬂ"llu “lueumzmmﬂugﬂaiwumiﬂmmmzmiﬂﬁ)ﬂ”lmzaﬂ

o av A Y A awv 3 dyd 1 1Y 9 s
A1 \1']1!3%81/]?(21]1’31HGH§1\11/1 4.2 ngF\Iﬁiﬂﬂﬂﬁ’Jﬁ]ﬂﬂiiuuﬂ’ﬂmmﬂ@]1ﬂﬂu1uﬂ1uﬂ\1ﬂﬂ58ﬂﬂﬂ

A o =2

= o &4 a 9y Y Y oA ' v
NNANNDTUANIT mmﬂmwawc}ﬂuaaﬂLLa$W1W1mu1mﬁﬂm"lﬂummtmmmmmnﬂu ag
~ ' y A A o o 9 H 3 A <3
mwmmgmﬂmﬂumuauq 21N WUF NTAUATNYI ﬂ'liblﬁﬂiﬂ NITIIUITIY NTNULNYT BIYLNU

A £ 9 4 A o Y a 1 [ 1 I I Y
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= A Y Y [
anuAtuu Tundeny
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M9199 4.2 99a1lszneumaanveavhatnysudesn 1duseau'’ld

CP CF EE NFE Ash NDF ADF Lig. OMD Reference
et
2.20 34.0 2.0 49.0 13.0 . . . . Vijdnilata and Sanpote (1982)
2.30 38.0 2.0 40.0 17.0 86.0 63.0 5.0 . Cheva-Isarakul and Cheva-Isarakul (1984)
2.40 . . . . 85.0 57.0 7.0 . Tinnimit (1985)
2.60 . . . 15.0 77.0 52.0 5.0 . Wanapat (1985)
2.80 38.0 2.0 32.0 15.0 . . . 50.5  Promma et al. (1985)
3.10 423 22 . 16.4 . . . . Promma et al. (1985)
3.12 29.7 1.3 428 16.3 72.1 493 5.9 . 2% (2541)
3.40 . . . 17.2 . 43.5 5.8 . Sriwattanasombat and Wanapat (1985)
3.50 35.0 . 47.0 15.0 . 49.0 4.0 . Wanapat et al. (1982)
3.50 . . . 15.0 . 49.0 4.0 . Wanapat ef al. (1984)
3.50 . 2.3 . 14.1 82.4 56.4 . . Cheva-Isarakul et al. (1998)
3.80 . . . 17.0 . 56.0 . . Wongsrikeao and Wanapat (1985)
4.00 . . . 18.0 74.0 53.0 5.0 48.0 Cheva-Isarakul and Cheva-Isarakul (1985)
4.11 . 1.9 . 18.0 75.9 56.7 5.1 52.0 Cheva-Isarakul and Potikanond (1985)
4.20 40.0 . . 16.0 . . . . Suriyajantratong and Wilaipon (1985)

3.24 36.7 2.0 422 159 78.9 532 5.2 50.2 MEAN

v
F1UODY

2.12 31.9 0.7 55.3 1.7 70.2 37.6 6.9 . 2% (2541)
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2.50 48.0 . . 3.2 70.0 . 12.0 . Rangnekar (1988)

2.31 40.0 0.7 55.3 2.45 70.1 37.6 9.45 . MEAN

aumstsziiuamandsnu Iaelssiuusiii lag Weiss e al. (1992) @11150811IUA
v Y Y 1w s o o W P
TDN w043 1U808uazn19912 ARy 48.4+1.90 uaz 52.9+1.67 Wosibud mudwy uazilor
MIMUIUIA DE uaz NEL vodmnudesuaziiainn azldaumsy 2.13+0.08, 2.33+0.07,
o w % VoA yl I o
1.07+0.07 tag 1.18+0.07 Mcal/keDM aud1dy Faai ladvinag Isdluuuamalumsiila1s
Aurugaseiisae 1
) 2 = 1 9 9 9 an 9) 1 1 ]
dmsumsAnyImsgesaatsvesrIusooaz 1991241035015 1999 luasuguus
o ' Y A 1 Y1 Yy o & =
nszimzndnveslamiznszing  wadsingrdeslimsdosaatsldnoudiedr Faneaznlion
~ o aw . £ = 1 Y Yy Y an
REUANUIVEUBY Tbrahim and Pearce (1983) FeAnu1nstoe lavesmnuUseeal1es in viro LAz
1 [ ya A do [ & J VAo [] = Y] Qle dy Y =
$189UAIM 3608 IdoUNT I (IVOMD) tMny 32.8% Fuilumfduswdoanu niflsudood
[ a A A [} = [} = qu 1 dyd Z [ 9
dauilsznevvesaniutaziwag laaeglugiUnaneggs Fsnsdesduiiiguauiatiostunmsdn
1 PETPN a ~ I @
govaaoveuon lminwan Tnegaunidlunszimzuin
Orskov et al. (1988) 1¥ma199 1annasms loge ludeulumsinnedsuamsnu’la
o Y . a @ Y 1 YA o Yo . . .
QLN (Dry matter intake, DMI) ﬂiuwmmqgmwaﬂ%ﬂﬁmﬂmu (Digestible dry matter intake,
o a o = ) a ) ¢ Jo
DDMI) HagdasIminiyvedlagnrauaou Tasiimsaneluvhednaauazihednnumsadng
nhidSudssnanimuazasulgenmnInaie 3% anhydrous ammonia WUAHB11AT &, b 1Az ¢ N
ad 1 v o J Y] " o 1
1a91n35msldne ludeounudiauns multiple regression dgliandniusganumaInaedn
Taadisn R = 0.88, 0.95 taz 0.95 awaay Fanevzagl lanaminldanismsldge luaeuawnso
T¥inneaidanan 1aa
= o = [ Ya 9 1 a 1
MIANIR U AR Shem er al. (1995) 1935m5 1994 luaeuilseiliuguamise s

A H 1 9 J e
VDIDIHITNYIY 18 YUA ﬁlﬂ‘H@]iﬂii'lflfl’f]Eﬂf]ﬂaﬂﬂiﬂuﬂiuﬂiglﬂﬁllﬂucﬂuﬁﬂ WUIIAT a, b AT ¢

'
o v o @ 1

9 ad 9y ' =) Y [ 9y
m‘lﬂmmﬁmﬂ%qﬂuaau UDNIINITUATI TN u‘ﬁqqmm DMI e DDMI a1 mmmsa%ﬁ
o 7 a a 1 ya Y . . A o
“I/H‘LHEJ’EJG]ﬁﬂﬁ!ﬁ]iﬂlu!ﬁﬂiﬁﬂlﬂﬂiﬂzuulﬂﬂﬂﬂﬂjﬂ Iﬂﬂl’ﬁu@’cﬂmﬁ multiple regreesion fINBNITNIUY
[ dy
ANU

DMI (kg/d)

-8.286 + 0.266A + 0.1028B + 17.696¢ (r =0.90)

DDMI (kg/d) -7.609 + 0.219A + 0.0800B + 24.191¢ (r=10.93)
Growth rate (kg)= -0.649 +0.017A + 0.0060B +3.87¢  (r=10.93)
Lﬁ@ A =washing loss, B=a+b—-A
HONINRA A, B 1o ¢ Sallanduiusodeg (- = 0.98) ﬁuﬁwmifiaa”lﬁ’maﬁmquﬁ’qﬁ
NAAEITURIEAS (apparent in vivo digestibility) 878 nazilerim A, B uaz ¢ ilFlumssniw

v J

A1 Index value (= A + 0.38B +66.6¢) ANUNTARFURUTTUAT DMI (0.90), DMD (0.75), DDMI
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v a a 1 A 9 1 Y d‘ o a
(0.92) wazeasIMIayaIa (0.89) uaasnismsldgeluasuaunsaldmminnlsziiugu
U YA 9
AN T IAAIUAY
[ <] 4 o A J o Aav
pea lsnenuielimsidsHn leiuanideluiieaIneg (Cheva-Tsarakul er al., 1998) WU
V1 Ao 9 ° A < QBJ} dy < J Ay
nmfduwld (DML, DDMI tag Growth rate) Anifnsaziilu Metiormdumsizanuide
:/' Y dﬁlc o A d‘ 1 d' 9 a o
ASIMAIUMAVNFNANA199107 195 1114 T8V9 Shem ef al. (1995)
= 1 [l [ Y v 9 an Y !
HavINMsANEIAINMIgosdateiaguitelunszmzuinaleismsaldge ludenvesru
9 9 uaj ~ nm 9y (o ~ (% 9 an 1 3 A o
ooauazadng e lildUSulsesnmnn tagfdsulgenunmareiimsaen sawmadoinn

MU1eA19199 TasaunNI3Y84 Shem ef al. (1995) uaad 13 1lua13199 4.3 uaza1319 4.4

4' [ 1 [ Y 9 Y a 1 9 ]
M1319N 4.3 LLE‘T@Nﬂ"IﬂﬁﬂﬂﬂﬁﬁTﬂ’J@Q!Lﬁﬂﬂlﬂ\iWN‘U13/%1“698%1&&%@]1\1‘]i]WﬂﬂﬁGl,GI)'fNUluaﬂu

a b c A B A+B
Untreated rice straw 5.69 68.28 0.023 10.44 63.52 73.97
6%NaOH rice straw 29.15 59.87 0.023 32.47 56.54 89.02
Untreated bagasse 1 4.27 50.52 0.020 6.49 48.30 54.79
Untreated bagasse 2 8.65 40.65 0.012 10.06 39.24 49.30
6%NaOH bagasse 23.38 57.11 0.022 26.74 53.75 80.49
5%Urea bagasse 8.46 54.32 0.0096 10.32 52.46 62.78
5%Urea + SBM bagasse 6.41 57.41 0.0115 8.68 55.14 63.82

A15131 4.4 Observed DMI and DDMI compared with calculated DMI and DDMI.

A B c Observed Observed Calculated Calculated Index

DMI DDMI DMI” DDMI"  Value

Untreated rice straw ~ 10.44  63.52  0.023 7.61 3.97 1.39 0.33 36.11

6%NaOH rice straw  32.47 56.54 0.023 6.11 3.92 6.53 4.59 55.49

Untreated bagasse 1 6.49 4830 0.020 491 2.26 -1.27 -1.83 26.18

Untreated bagasse 2 ~ 10.06  39.24  0.012 491 2.26 -1.39 -1.97 25.77

6%NaOH bagasse 26.74 5375 0.022 4.74 2.89 4.69 3.07 48.63
" DMI (kg/day) = -8.286 + 0.266A +0.102B + 17.696¢
DDMI (kg/day) = -7.609 + 0.219A + 0.080B + 24.191¢

Index value = A +0.38B + 66.6c

(Shem et al., 1995)

(] Y1 o1 oAy Y o = o
’ﬂgﬁfiullﬂ”J"IﬂTVlllﬂi]"lﬂﬂ?ﬁ‘ﬂWl!”lfJIﬂfJﬁllﬂ'ﬁaUﬂﬂ Shem et al. (1995) Nﬂ??ﬂJWULLﬂﬁq@MTﬂ

aruntialndineany Observed DMI tiag Observed DDMI Htitedmmizlunifiued 6%NaOH
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DMI (kg/day) = -1.205 - 0.010A + 0.251B — 305.254¢ r=0.95

DDMI (kg/day) -1.746 + 0.030A + 0.142B - 157.572¢  r=0.96
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1. Untreated control 7
2. 3% NaOH 7
3. 6%NaOH 7
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8. 6% NaOH & 3% Urea 7
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9. 6% NaOH & 6% Urea 7
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Treatment T1 T2 T3 T4 TS5 T6 T7 T8 T9 SEM
%DM 550° 6065 635" 613  60.0° 636 639" 632" 635 09
%O0OM 98.5'  924° 868" 956° 970" 937 939 8887  89.4° 1.1
%Ash 157 765 1328 44 307 639 61 112" 106 11
%CP 145 120 135 344" 861" 635 1326 7.77° 1394 038
%EE 035" 010" 019" 040° 076 095 105 035 076 02
%CF 41.7° 418" 402" 425" 425°  405°  39.1°  39.0°  39.9° 09
%NDF 88.5" 828" 758° 87.1" 872" 870" 80.1° 73.9° 722° 21
%ADF 551 542 520°  57.6° 5657 53.8°° 525 519 493" 10
%NDIN 014 010" 011% 012 016 013 016 013 015  0.006
%ADIN 0.13°  0.16° 0.19° 020" 021" 0.9 023" 019" 022"  0.02
GE(Mcal/kg) 42 4.1 3.9 42 42 4.1 4.0 3.9 3.8 NA
%TDN 480  46.6 433 487 591 543 657 537 645  NA

DE (Mcal/kg) 2.12 2.05 1.91 2.15 2.60 2.39 2.90 2.35 2.85 NA

NEL (Mcal/kg) 1.10 1.0 0.9 1.10 1.30 1.20 1.50 1.20 1.50 NA

Dg (%)

DM(0 hr.) 6.7 111 175° 61 83 118" 1170 185 164" 1.4
DM(6 hr.) 1019 148" 228"  82°  11.1° 149" 141" 228% 201" 1.3
DM(12 hr.) 132° 168" 23.1° 1370 131" 148" 168" 246" 225" 21
DM(24 hr.) 195 242 379" 197%  222¢ 226% 221% 336" 288" 29
DM(48 hr.) 31.0° 445 515 202°  32.1%  364%  409% 483" 404> 38
DM(72 hr.) 352 5160 6120 3277 405° 4159 471 502" 506 2.8
DM(96 hr.) 377 522°  66.3°  39.6%  41.6% 446°  506° 591" 540 2.8
CF (48 hr.) 221 25.6° 360" 296" 284" 196  21.1% 272" 301" 2.6
CF (72 hr.) 333°  31.6° 486 327 364 254 327 416 34.0° 3.2
NDF(48 hr.) 337 251" 364" 214" 2307 349" 204" 289 279 25
NDF (72 hr.) 384" 273" 453" 272° 382" 360" 368"  41.1°  319¢ 34
ADF (48 hr.) 409"  244° 346 2265 227 291 275 300" 281 26
ADF (72 hr) 483" 285 442" 299° 387" 208 349 421™ 317 36

8T T1-T9 9INA199 5.1

%TDN MuIanMslszuamnasnuninaue v (Weiss et al., 1992)
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DE = 0.04409(%TDN) NEL = 0.0245(%TDN) —0.12
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Treatment T1 T2 T3 T4 T5 T6 T7 T8 T9 SEM
%DM 92.0°  735% 720 73.6° 724" 702 722 734 744 11
%O0OM 89.2°  81.7°  804°  833° 850" 826" 83.0° 8L7° 823 0.6
%Ash 10.8° 183" 196 167°  150° 174 17.0° 183" 17.7° 06
%CP 23 27 23 34" 865 97 159" 87 140° 07
%EE 1.02°  087° 059° 058° 063" 044° 034 116 112' 0l
%CF 325" 341 335" 3360 325° 314 303°  303°  308° 07
%NDF 705" 669  59.9° 701" 683" 645  60.9° 59.0° 5868 17
%ADF 398" 387" 367 402 410" 398" 371 367 369 09
%NDIN 026 029 025 029 031 033 029 029 031  0.03
%ADIN 0.10° 020 0.9 0.17° 0.18° 018 021 022" 0.18° 0.0l
GE(Mcal/kg) 360 334 318 344 349 336 328 324 320 NA
%TDN 543 477 473 493 603 605 711 600 703  NA

DE (Mcal/kg) 2.39 2.10 2.09 2.17 2.66 2.67 3.14 2.64 3.10 NA

NEL (Mcalkg)  1.20 1.0 1.0 110 140  1.40 1.60 130 160 NA
Y%dg

DM(48 hr.) 39.9°  544° 573 543° 465 319° 363" 486" 53.0° 24
DM(72 hr.) 435° 595" 632" 554" 578" 4965  489° 634 586" 25
CF (48 hr.) 3120 529" 511 55.4° 457 204° 3150 352 403 3.0
CF (72 hr.) 479° 598" 672" 464 499" 514 477 567 509" 54
NDF(48 hr.) 319 50.1° 4828 27.9° 3045 474 348" 319" 390" 4.1
NDF (72 hr.) 3520 561 53.9%  473°  46.7° 4645 483" 559" 489" 3.1
ADF (48 hr.) 33.0° 4970 4670 2865 32.8°  49.0" 345" 376 443 32
ADF (72 hr) 39.9°  563° 534 521™ 504 522 467  57.9° 504 32

T8I T1-T9 91NN 5.1

%TDN MuIanmMslssiuanasnuninaus v (Weiss et al., 1992)

DE = 0.04409(%TDN) NEL = 0.0245(%TDN) —0.12



