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:bmJ'itlItlI1 : tJi''lftll1iilllijUWcYi91 

t'l'1'\Jl1'1f1 

" ...fl11tl91 U~fll'f"H'I~nU 

~ .:! ,!"".... " ... ..... " fllll1fl'l,:1 111..1 m ~ 1..1 tl191qtJl:; ff~flL'WUtJl::ltl 1..1 flw fl1'Y11~1fl'lf'l..l :;'lIU~ MtlI1~flNfftlfffl" 

" Brachiaria U,,:;fffl1l1fl111Jy.\'U~fll,'W-n~~1'1..1thMi'U 1fl~'Uliju~ ''YIO mj~lrI'U 3 flllllA"U~ 

fl11'Y1Y1a8~~ 1 : flllffmn'tY1'1..1tJl::fl8UllHLflfl flWflnll~1fl'lf'U:; U,,:;'W-nH1'1..1i'U 

ff1'1..1'l18~iU'lIU~MtY1 Mulato II U"::l1tY1~flNt'I'tlt'l'fl" Brachiaria 15 'lfi'iA ..,U',), ti1l'g~tJ'lIU~ 
tJ'i1JlW191qmr~, 6'1..111;tJ191q, 1tJ,;i'l..l, NDF, ADF U":: ADL flfl11fhou 21.74, 85.82, 13.56, 

61.18, 31.60, U":; 1.55 % 19l1tltiliU fl"tJl:;lij'l..lfhfl"VUtJ'~'lIU~191qU,r~i'l..lff1'U'lIU~iU 
" .1""......" .... 1 'I" .... ,.

'lIU~l1tl11 Mulato II 11Jl(JUllltJunUl1tl11~nNff1Jfffl" Brachiaria 15 '!S'I..IA AtJ l'lflllfl'l..lflq~ '1..1"61..1 

(In sacco techniques) 'WU11 flfl1m~tJ'lI6~fll'V6tJ'~'lI6~1Aq",.r~"l~tlA~ 48 i11tl~ flfl11'VhOU 

75.1 0 % tY111i'Ufl1fl11tlff11J11(ll'UflllV6tJff"ltJ'~"l~tlA (A +B) U":;ti1tJ'itl1W611111~QnvutJ'~ 
\l'i~1'1..1m::l'W1:;1'1J'I..I (Effective Degradability, ED) ~fll9l'lfl11'11"j!h'l..l~ 2 "":; 5 % ~6~11tl~ (0.02 

-I .., .d 'QI . 0 Go' A •
U":; 0.05 h ) tlfl1L~"tJl'YI1nU 75.10 ; 62.56 U,,:; 49.69 % 911tl"191U (p < 0.05) ltlU'Ul 

fl1'Wl'lijL91uf A, B Uti:; c 'tJYi1'1..11tJtJ'i1JlW191qLL,.r~~lflfi'l..l'~(DMI) tJltl1W191qu,.r~~ff~rj' 
'~i'u (DDMI) U"::fl91'lfll'H\llOJL~U 1~ (GR) 'WU111'Uff1'1..1'l1u~iU'lIU~l1tY1 Mulato II U"::l1tY1 

~nNfftlfffl" Brachiaria 15 'lfijA flflll~gtJ'lIU~ DMI Uti:; DDMI l'Vhou 5.04, 3.92 fi1"ni'tl1;tq 

" mr~/1'U U,,:; GR 1,thOU 0.39 n1"ni'tl/1'1..1 \Jl11Jih~U tYll1i'ufll'SYi1'1..110fllYl'lfihh;} (Index 

Value) ~1~'~'Hiliul1;61mVUlntJU'lf.UflnJ1~61111''lIU~,"''6111l'1ffFr)' ...m11 i'Uff1'1..1'l16~ilJ 
" " •• 4 ctt IIV.c:

'lItHl1tyl Mulato II U":;l1qpgnNfftlt'l'fl" Brachlana 15 'If'UA tlfl1l~"tJll1lnU 49.92 



fll'.i lh:aiJufhfll'.iVOtl' ~'\JO.:J OU'VIl tl1~Q U€1~,..il'.:J.:J1U1~tI '1~l'VIfl Uflfll'.i F.Jii~n1CJf 

'W11'l1 iifi1m~ml.:Jqfl'\Jo.:Jfll'.iVOtlL~'\JO~OU'VIltl1~Q (OMO), fi1'Wa~~lU'l~lh~LV'1n.rL~(ME) 

lm~fh'Wil'.:J.:J1uq'VI~ (NE) iifi11Vho'U 54.63 %, 8.351m: 5.26 MJ/KgDM ci1.:Jl~U~,ltj~;"hlUthU 
'I ~" .,.,:It"'1HH l'U'\JfH'I1ty1 Mulato II Lt€1~:11ty1~flF.Jt'l'1Jfffl€1 Brachiaria 15 '!I'UflllJU'I1qJ1fJfl.Ifl1'W"l~ 

m1't1f1t'1fN~ 2 : fll'.i'lh~liJUfJrufi1'V1H Lfl'!l'U~11€1:'Wil'.:J.:J1U~i~lh: LV'!I'U1~iuri1u 

'\J0>1iU'\J0>1'11W1 Mulato II 1H,:'Wil'H1Ui~lh~Lv'nj'L~ Vhfll1'V1~€10~ Lf1vi-N1n'~tJ~10VH.. .. 
;1'~'I11JfI (Total collection) 'm~1f1n1CJfiil'VIU\11flfll'.i''.iOOOfl\11fllhfl'\J0>1ff\P'I'J Lf1vi~ Respiration 

Chamber 'W'U'h 'I1tY1 Mulato II H,r~ Ol~fll1~fl451U iiL'1.h;iu nho'U 7.30 % fi1,aoiv NDF, 

ADF, ADL U€1:'Wil'~.:J1Un1J (GE) iifi11'rilo'U 75.58,42.78,6.62 % H€1~15.58 MJ/KgDM . .. 

~l1Jth~'U t111J1ru1~Qu,r~i1Lf1nu'll iifi11'rilo'U 1.54 % ,11'11'Jfl~1 'I1101'yilotJ 64.64 

0.75 '11) 2' ..,j 'I .... ,... 0 .., 1
glKg BW fll'.itlOV L~'\JO~1tJO LV NDF Ut'l: ADF 1Jfl11'V11fl'U 63.05 U€1~ 53.72 % ff1'11'.i'U fl'!l'U~ 

t " " 

ViVOVLIl;1'.:J'I11JfI (TDN) 'Wil'~~lU'.i11J (GE), 'Wil'.:J.:J1UnVOtJLIl (DE) U€1:'Wil'.:J.:J1uni~t1'.i~ Lv'!I'u1~ 
" gJCSt IQI oQl

(ME) '\JO.:J'I1ty1 Mulato II U'lN 1JfI11'V11flU 58.84%, 15.58,9.59 U€1: 6.77 MJ/KgDM ~llJ€11fl'U 

, .. 

'W"'.:J.:Jlu,Yiom'H\11tyl91'U L~'\Jo~Lf1i uiru..q';wjjo.:J LvltJl'WfI'~ 

fll'.i'VIfl€10.:J~ 3.1 : fll'.itl'.i~LiJufi1f1111J~O~fll'.i'Wil'~.:J1UL;4ofll'Jl\11tyL91tJ L~ (Feeding 

QI ,,~.. ".dltl"~ t QI"QI QI

trial) '\JO~1fI'WU1'WUL1JO~l'WfI'~'VI LfI'.itJm'l1l'.i"'€1~~lUU~fl~l~flU 3 '.i:fl'U flO Tl = 1.3 M, T2= 1.6 M 

• ~ I .. ~. "'L~ I'" ..,j 'I
LL€1~ T3 = 1.9 M ff1U1J'.i~flO'U'VI1~Lfl1J'\Jo~mm'J'\Ju 'WtJ111J 1J'J~U, 1tJO LV NDF, ADF LL€1~ ADL 

nho'U 17.00,28.40, 11.13 U€1: 2.01 % ~l1J~l~lJ 'W"'H1U'.i11J (GE) iifi11Vhou 18.21 MJ/KgDM 

ff1'11i'U'I1tY1,~ 'WtJ'h iiLt1'.i;iU 4.82 % lnoiv NDF, ADF U€1~ ADL lvilo'U 65.42, 47.21 U€1~ 
6.47 % ~11J~1~'U 'W"'.:J~lU'.i11J (GE) iifil1'yho'U 15.52 MJ/KgDM ffl'l1i'tJtll1J1ru1~qu,r~~nu 

L~ 'W'U'h '.i~~'U'Wil'~~lU~ 1.9 M (T3) % iifi1t111J1ru1~Qu,r>1~nuL~"l~qfl3.30 Kglheadld fl~H~U 
)I , ", , 

LtlO{L~U~'lll'11,rfl~1 lvho'U 2.68 '1110 88.95 glKgBWO.
75 fll"-n1J'll1'l1,rfl~1m ~tll U'1h~ 

, , )I • 

12 fftl~n...;' 'WtJ'h '.i~~'U'Wil'~~lun 1.9 M (T3) iifll'Sl-nlJ'll1'11Ufl(011m~tI''l~qfl 71.68 Kg ff1'11i''U 

6~'l1fll'JI\11tyl91tJL~m~tllPio1u (ADG, Kglheadld) 'W'U';), 'J:~tJ'Wil'~~lU~ 1.9 M (T3) ii6~'.i1 
fl1'.il\11tyl91tJ L~tT~q~ LvhotJ 0.85 Kglheadld 

fl1 'J 11f111~...;'fl111Jff1JirU'( 'J ~'I11H 6~ '.i lfllH\11 tyl91'U huu gtllPi 0 1U (ADG, 

glKgBWO.
75 

/d) U€1:;'W"'~~lu~i~t1'J:;Lv'!I',j'L~~nuL~m~vlPio1u (MEl, glKgBWO.
75 

/d) L~tli-N 

ff1Jfl1'HffU~HOV1~~ltJ (Simple Linear Regression) '~ff1Jfl1'.i flO MEl = 34.92 ADG +311.70 

http:glKgBWO.75
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~ ~ . 
(n = 18, Rl = 0.72) ~lf1ff1Jfl1,il vn.rh lfl';h.JlijtHijfl111J~ij-3f1l''VtllHltJt'';ijfll,filH;'Vt t'Vlln'U 

311.70 kJIKgBWO.
7S 

/d 

fIl''VI~aij-3~ 3.2 : fIl".h:::tijtJfl1,vmll~'IJij-31m1tJ:::ua:::l1J~1'UijfitH1J'VtllHltJ'lJij~ lfl 

A.. gJ J", fJ/tw Q.f ,I QI Q,I"
'VttJt1Jij-3t'Vtfffj 'VI L~1'Uijl'Hl''Vta-3-31tJU~fI~HfltJ 3 ':::~'U flij Tl = 1.3 M, T2 = 1.6 M 11a::: T3 = 

1.9 M ~lmh9>i'U vt'U'h ':::~'U""llHltJ~ 1.9 M (T3) ijullJlW1~tjU'\1'-3~lflntJi~ (DM intake) 
~ 

~-3tl~ ijfllt'Vhn'U 4.21 Kgld fl~1~tJ%llT.nrflA1t'Vlln'U 2.22 'Hlij 82.26 glKgBWO.
75 

"fl'Hi''U 

UllJlwijtJ'VIltr)~Q~lflntJi~ (OM intake), m1J1Wlu,~tJ~lflntJL~ (CP intake) Ua:::Ul1J1Wtnij 

'tJ NDF ~lflntJi~ (NDF intake) ....'U11 ':::~'U""ll~~ltJ~ 1.9 M (D) ijfll~-3"1~nhn'U 75.01, 10.17 ""::: 
0.75 

35.55 glKg BW 

.... 1l-3-31tJ'~U'::: ltJ'lftl' (Energy utilization) 'Vt'U'h 'Vt1l-3-31tJ'11J~lflntJL~ (OE intake), 

'VtllHltJtiijtJi~~lflntJL~ (DE intake) U"::: ....1l-3-31tJ ,~U,::: ltJ'Jj'tJ1~~ntJL~ (ME intake) ':::~'U 
Q,I do ~ I J q" 0.75 0 Q.I 

.... "-3-31tJ'VI 1.9 M 1Jfl1~-3tl~t'VIlf1'U 1,416.88, 1,140.05 U,,::: 992.91 kJ/Kg BW ~11J"1~'U 

'" " ..,..,,, I .., .. , "A I 1 ""111"'" "I"fIl'1tflll:::'Hfl111Jff1J'VttJ1i':::'H1H'VtaHltJ'VI 'Jj'u'::: tJ'Jj'tJ L9'I'VIfltJ L~ (MEl intake, 

0.75 .., .. I ... '" "I 1Ii " 0.75 1 , " kJ/Kg BW /d) u":::'Vta-3-31tJ'VI'1-3f1ltJff11J1'flflflU"J'U r J fl (ER retention, kJlKg BW ) ~tJ 'Jj' 

ff1Jfl1'L~tJ~HijVH~ltJ (Simple linear regression) i~ff1Jfl1' flij ER retention = 0.61 MEl ­

l .1 • '''' ",: .. i" " ... " 301.80 (n =12, R = 0.98) ~lf1ff1JfIl'tJ .... 'U111flltJ'VttJl'VttJl1Jij-3 'VItJ1Jfl111J~ij-3f1l'''''''-3~ltJ''Jj' 
A I 1 "WI " .4 0" I... 0.75
u'::: tJ'Jj'tJ L~ (MEm) t.... ijfl1'~lH'lf.... L'VIlf1'U 495 kJ/ KgBW /d 

.... " ...... " • "_1" ...... i" 0.75fIl'11fln:::'Hfl111Jff1J .... tJ1i':::'H1H Lu'~tJ'VIfltJ fl (CP intake, gCPlKg BW Id) U"::; 

lu,~tJ~~HfIltJnfl1~'Ui1i~ (CP retention, gCPlKgBWo.
75 

/d) l~tJ'~ff1JfIl'L~tJ~Hijtil~~ltJ 

Simple linear regression L~ff1JfIl'i flij CP retention = 0.86 CP intake - 2.26 (n =12, Rl = 0.99) 
~ ~ . 

"lf1ff1JfIl,il 'Vt'U111fl..;tJlijij~i'VItJijfl111J~ij~fIlllul~tJt..;ijflllfilH;'Vt (CP ) nhn'U 2.64 m 

75 75
gCPlKg BWO. /d 'Hlij fl~ 'tJ'iU gNlKg BWO. /d ijfll1'Vhn'U 0.42 
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GRASSES I ENERGY REQUIREMENT 

The objectives of this research was to evaluate the nutritive values of brachi aria hybrid 

grasses and the energy requirements for Thai native cattle. This study consisted of three 

experiments. 

Experiment 1 : This experiment examined the chemical composition, the nutritive 

value and energy of Mulato II compared with 15 Brachiaria hybrid grasses (Leaf only), cut every 

45 days. It found that, the average values for all the lines, dry matter (DM), organic matter (OM), 

protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and neutral detergent 

lignin (ADL) were 21.74, 85.82, 13.56,61.18,31.60 and 1.55 %, respectively. The evaluation of 

dry matter degradation of Mulato II grass compared with 15 Brachiaria hybrid grasses (Leaf only) 

was assessed by In sacco techniques. It was found that the highest dry matter degradation was at 

48 hours (average value 75.10 %). The highest potential degradability (A + B) and effective 

degradability (ED) was at 2 and 5 % per hour (0.02 and 0.05 h -I), and the average values were 

75.10, 62.56 and 49.69 %, respectively (P < 0.05). A, B and C values from this study were used to 

predict dry matter intake (DMI), digestible dry matter intake (DDMI) and growth rate (GR) 

according to the multiple regression. It was found that for Mulato II grass and 15 brachiaria hybrid 

grasses (Leaf only), the average DMI, DDMI and GR values were 5.04 ± 0.43, 3.92 ± 0.43 and 

0.39 ± 0.1 KgDMld, respectively. The predict of index value was to compare the nutritive values 

http:13.56,61.18,31.60


of forages. It was found that the Mulato II grass and 15 brachiaria hybrids grass (Leaf only), the 

average values of 49.92 ± 1.63. Organic matter digestibility and energy values were evaluated by 

in vitro gas production techniques. It was found that average values organic matter digestibility 

(OMD), Metabolizable energy (ME), and Net energy (NE) of Mulato II and 15 brachiaria hybrid 

grasses (Leaf only) were 54.63 %, 8.35 MJ/KgDM and 5.26 MJ/KgDM, respectively. 

Experiment 2: The nutritive value and metabolizable energy of Mulato II hay in 

male Thai-native cattle were determined by the total collection method and methane gas test 

measured in a respiration chamber. It was found that Mulato II hay at 45 days cutting, was the best 

quality hay with organic matter (OM) and crude protein (CP) of 93.72 and 7.30%. Neutral 

detergent fiber (NDF), Acid detergent fiber (ADF) and Acid detergent lignin (ADL) were 75.58, 

42.78 and 6.62 %, respectively; Gross energy (GE) were 15.58 MJ/KgDM. 

The average values for dry matter intake (DMI) were 4.75 Kg/d; 1.54 %BW or 64.64 

~gBWO.75. Digestibility of Neutral detergent fiber (NDF) and Acid detergent fiber (ADF) were 

63.05 and 53.72 %; Total digestible nutrient (TDN), GE, DE and ME of Mulato II hay were 

58.84%, 15.58,9.59 and 6.77 MJ/KgDM, respectively. 

Experiment 3 : The energy metabolism and evaluation of energy requirements for 

growth in male Thai-native cattle, were studied by evaluating the energy requirements for growth 

in the first 12 weeks in a feeding trial and evaluating nutrient digestibility and energy metabolism. 

The cattle were allotted into 3 groups, with the treatments being 3 levels of energy intake as 

follow; Tl = 1.3 M, T2 = 1.6 M and T3 = 1.9 M. The chemical composition of Crude protein 

(CP), Fat (EE), Crude fiber (CF), nitrogen free extract (NFE) and non fiber carbohydrate (NFC) of 

concentrate were 17.00, 5.86, 4.82, 70.47 and 42.07%, respectively; Neutral detergent fiber 

(NDF), Acid detergent fiber (ADF) and Acid detergent lignin(ADL)were 28.40, 11.13 and 2.01%, 

respectively; Gross energy (GE) were 18.21 MJI KgDM. For ruzi hay, it was found that CP, EE, 

CF, NFE and NFC were 4.82, 1.46, 32.43, 50.46 and 17.47%, respectively. GE were 15.52 

MJ/KgDM. 

For dry matter intake (DMI), it was found that the level of energy at 1.9 M (T3) had 

7S
the highest values, 3.30 kg/headld, 2.68 %BW and 88.95 g/kgBWO. !headld. At 1.6 M (T2) were 

75
2.64 kg/headlday, 2.35 % BW or 76.46g/kgBWo. !headid. At 1.3 M (Tl) were 2.08 kg/headlday, 

1S 
2.01 % BW or 64.18 g/kgBWo. !headld, respectively. At 1.9 M (T3), the 12 week weight 

http:15.58,9.59


increase was 71.68 kg, level of energy at 1.6 M (T2) was 61.08 and at 1.3 M (TO 51.35 kg. 

The average daily gain (ADG), was highest at 1.9 M (T3) at 0.85 kglhead/d and at 1.6 M (T2), 

and 1.3 M (TO were lower at 0.73 and 0.61 kglhead/d, respectively. The correlation between 

75 75 
ADG (g/ kgBWO. /d) and ME intake (MEl, KJ/ kgBWo. /d) by a simple linear regression, found 

that the correlation was MEl = 34.92 ADG + 311.70 (n = 18, R2 = 0.72). This regression 

75 
equation, found that the energy requirement for maintenance was 311.70 kJ/ kgBWO. /d 

The evaluative values of digestibility of nutrient and energy metabolism of Thai ­

native cattle were studied in 3 treatment levels of energy intake Tl = 1.3 M, T2 = 1.6 M and T3 = 

. k 0.75
1.9 M, DMI at 1.9 M ()T3 had the highest values. 4.21 kglhead/d and 2.22 % g/ gBW /head/d. 

OM intake, CP intake and NDF intake, at 1.9 M (T3) had the highest values of75.01, 10.17 and 

75 
35.55 g/ kgBWo. , respectively. GE intake, DE intake and ME intake for the level of energy at 1.9 

75
M (T3) had the highest values of 1,416.88, 1,140.05 and 992.91 kJ/ kgBWo. , respectively. 

75
The Evaluation of correlation between ME intake (kJlKg BWO. /d) and ER retention 

75 
( kJlKgBWo. ) by a simple linear regression, found that ER retention = 0.61 MEl - 301.80 

(n = 12, R2 = 0.98). From this regression equation, it was found that the energy requirement for 

75 
maintenance was 495 kJ/ Kg BWO. /d. For energy of efficiency, DE/GE, ME/GE and MEIDE, it 

was found that the level of energy at 1.9 M (T3) had the highest values of 0.8, 0.7 and 0.87, 

respectively; and at 1.3 M (TO values were lower. 

75
The Evaluation of correlation between CP intake (gCP/ kgBWo. /d) and CP retention 

75 
(g/kgBWo. /d) by a simple linear regression, found that CP retention = 0.86 CP intake - 2.26 

(n = 12, R2 = 0.99). From this regression equation, it was found that the protein requirement for 

. 264 C /kgB 0.75 d 0.75mamtenance was. g P W / or 0.42 gN / kgBW /d. 
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Q CitI ~ Q.oP' 0 ~ y d ... 1 Q. • 1 " 
1'WtJ~'YH)fitJfl11lJ~6~fl1'HI~mil1 ~11lJ'U~ 6~ lJfl1"ilJ"i:: llJ'U fJ tU fIl'VIH tl"ll''U ::UI:I::fl11lJ~6.:tfl1"i 

... ... ...... , .... 4'1"lIlJl-'" • 11tl 'If'U:: UI:I::'WM ~1'U "6U1~11f1'''i 'lJ J tl ~u~ 1:I::"Il''U fI L'W 6 L 'H L~'lJ6 \jl:lfJtU f11 'VIH mt'U::UI:I~f111lJ 

~6~ f1l"i 1tl 'If'U::UI:I::'Wi:i'~~1'Uff1'H;UL ,*,rJWl'U 1'V1HL'Uf1l"itJ"i~f16U"'lfl"i61'H 1"i~' 'H lJ1~fflJ U1:1:: 

" 
Lf1"'lfltJ~fiutYm'Wfl1"i'nV~~~11f1'1'lJJ n~L'UtJ1::l'VIfI" 'VI V 1'1;'..1 L~V1filJtJ1::l'VIff~H'l L'Uf1 ~lJtJ1 ::l'V1ff 

tY1m'l.J~1'UL1V ~~'l.J ti~f1q'lJ UI:I~61lJ~fl1 
" .

fl1"itJ"i~,ij'UfJtUfhm~1tl"ll''l.J:: UI:I::'Wi:i'~~l'l.J '\l6~m'H11 ,rJ'U'li'Ufltl'l.Jff1fltyl1,yh L ,r'VI11lJ 

-'" ....... ..;" '1"'1 AI 'I"..." ..... 
'lJ6\jl:lfJtUm'W1~ilflU 'VIfl6~ l"ll' L'U m1lJ1::f16U"'l~Hn'H 11 L'HL'HlJ1::tYlJf1Ufl11lJ~ 6~ m"i"6~tY~1 

" " 
L 'l.J f1 1 til " 6 ~ ~~ 11fl tJ 1166 ~ ~ 1'W 1 f1 1 fI 61'H 1 "i 'H tJ 1U (Roughage) ~fI , rJ 'U 61 'H 1 1 'H i:i'f1 ff 1flty 

~~11rJ'U~6.:tiiL'U1:h'l.J tJ 1~f16U"6~ 61'H l"iff1'H;U1fI n16~ ~1f161'H 11 'H V1U ~ 11rJ 'U~ 6f1l'n;,~ 1'U 

.... Q.c::t f'd Q.oP ''I ." 1 0 'I "1
'\l6~m::1'W1::111J'U UI:I::fl1HnH'lf'W"6~~I:I'U'VI1tJ'VImffV6~ L'l.Jm~''W1::tY1'l.J'H'l.J1'\l6~ fI 'VI1 L'H fI 

iim1tl6v'fI"6~ 1tl'lf'l.J~,rJ'UtJf1~ 1f1'fI;U 1tl"ll''l.J~6tl1~Lytv~'W6~6m''i~l''i~;f'W HI:I::m"iL ,rNI:INiifl 

111 " ... ="t • 1 4 AI'" ...... "'1'" 'I " Lfl 61'H 1n1 V11J~f1111'UU 'H I:I~ tl'lf'l.J::nfllQnLlJ6LlJ1V1Jl'VIVUf1U61'H11"'U L'l.J 6f1~1f1lJ~1 m L"Il' . " 
m'H1"i'HV11Jl,"6m"i1nV~1f1~1f1 21L'Hri~L'Hty fl6 (1) ~~'HtY1'Ii"i1lJ'lf1~ (Native pasture) 'fl1Ln 'HtY1 

...... " ..... ...... ,JI ' • .1 " ...
'W'ULlJ6~'lf'UflflH'l (2) 1tY~LfI''lJm'fl6'V11~m''i1f1lJfI''i (Crop residue) ~1tf1 nH'\l11 UI:I~~6CJf~"6~ 

... • ... .s ... ~ " .J .:: • .: ...
'W'lffl1~'lmV'HI:I~~1f1m1mUNI:IN'fIfl1lJ'l.JfI'U CJf~m'H1nW1U~1f1'V1~ 2 U'H'fI~'U lJfl11lJutJ1tJn'U 

i'Ul~6~'\l6~fJtUfI1'W L1'f1~tJ~lJ1tU fl6 fh'U L'Ht1i,jf1iifJtUfI1'W~l U'fl::tJ~1J1tU ,:tJut) 'U 6'l.J Vi1 L,r1 fI 

'\l1f11tl'lf'l.J::~~11rJ'l.J~6f111lJ~6~m"i1~6m"i~lH;f'W U'fI::fl1"iL,rN'fINiifl ~~J'l.J tTf11~tJ\i~ 'fI\hL~l 
.. ..... '.1 .J ... ... ".1... .J.M ...... ... ....;" ......I 

'W'lf61'H 1"i tYfl11l1f1f1HlJ"i::1'VI ff CJf~lJfJ tUfl1'Wflf111'H ty1'W'U llJ6~ CJf~lJ~ ~U'l.J'W"Il'm'H11tY911'V11 ~f1f1'U 

I , JI I " ..; "... ...... I "~I"" ... 'J!U'W"i11'f11V ~Uf1 'Hty11CJf 'Hty1f1'l.JtYlJ1.:t l1ty11'UllJtJ"i 'Hty1'2UI:I'W1tY'W1I:1lJ LL'fI:'Hty1 Mulato II 

1~'Wl::mh~E~'HtY1 Mulato II (Brachiaria hybrid cultivar) 1rJ'U'HtY1m'H1"i~f111"f1f6'Ui'UiL'H:tJ~ii 



2 

~ '" '" ... .Q,:IIo :II.., ~:II .., ~ :II 
flW:::Lfl1:l~lff1ff~11J1111'Y1VU'1VfJUt1n'lfti1lJ 'iH fllJ1L'\J1.... lJll11'Y1611111ff~1t'\J~~6lJ'l0Nff1JfffJt1 

tI 
...... .., ~. :II ~ .1': ... :II ...:11 • 

Unflt1V (Brachiaria spp.) 15 ff1V....lJ1! (Lme) L'\J11J11101:l11lJ1VUL'YIVU'\J6:1qtt1LU'6~~lJ (Screemng 
",:II d... "" d .., ~ , , d ,:II.ok ... ~ :II 

test) OU11'Y'1 Mulato II LflV101INt1Nt1~ LLt1:::tJWm.... t1Hlfl ....lJll vm~ m~l1J01l ~1J1C]1~ .... lJ 1l11\y1 

~l,.rNt1Nii~ Ut1:::tJ wm.... L1Jgfl-nlJi~~~~~ ',j'A'th;fo~tJWtl1'Y1H'6111 n~t~lJth::: lVttftftiu 

lf1v Suriyajuntratong, W.(1978) 'A'UlJ:::'lh':h tJWm .... '61111111V1U ff11J11m.b::aUlJ'A' 

~101.1l1J1Wfl111Jt;j'1J;j'lJ '\J'6~ .... nH1lJ1-N1.1l::: lv'lflJ1A'1lJ1~qU,.r~~nlJ 'A' (MEl) .... n~~llJti'6V'A' 
tI tI 

(Digestible energy, DE) Ut1::: lf1'lflJ::ti'6v'A'i~111JfI (Total digestible nutrients, TDN) lJVO~10il 

tJDltl1'Y11~ lflttflJ: Ut1::: ....n~~llJ llJ'61111111 tl1U iJ~ '61 ~n1J'1.10~ri1lJ1.h:::OVU'YIHLflii 11~'6fl111J 

l;j'1J;j'lJ'\J'6~ lfl'lSlJ::: 1.1'Izff'YIllm .... ontitW'A' Ut1:::th:::ff'YIllm.... onl-N1.1n: lt1ttftf'A''\J'6~ lfl'lflJZ 

... , ... '" d 'i :II ... ~OJ ~ 'i :II , 
1J~fllf1lJ flV ~11t10 l~ttf11Jfl111Jff1J\!lW .... lJll~~ 'YIlJ 11fl 'YIlJUt1'1 Ut1:::'YIlJflVffm.... 01l'\J1f1Uflt1lJ 

".:4 ~ .,I 4. ~ 'QI ~.ct.Qt 

'611111 '~fl 1flV lfl.... lJll .....u t1J'6~ff1lJ i11'Y\!Omtl~ lf1tJt01:lmml1t1VVtI i lJt1 01:l w:: t'UlJ'61 "JS....lffl1J 
tI • tI 

ii01lti'iv~lflUUU111J~~ ',jii01liflO1l~~ lflYil111J1:::ff1J Lfl1:l~lmri1lJi11tY~::1i'itl~ lfluuu1.1n'6V 

d ." .Q A.d '1'!II QJ' Q,.IU'YI:::Lt11J~11J'l~11ty1ti ll1J"JS1~ Ut1::: .... lJ'YI ff1tinw::: L lJ 11:1qt1J1lJ 1.11::: 0'6UOU11lJ 1t1~llJmfllJ Ut1::: 

U01'l110n 'lJ1J1111'Y1t11ntl~h~'l ~H i ,.rfl111J fflJ 1~ft01:l11itlA'llJ 011 Niifllfl-nlJ i~H1.1l::1'YIff 
''i ... ~.: ... , d" :II ...:11 'i P. ' 0 'I !!!"I '''':11 :II 'i

1J10011Ifl.... lJll.... lJL1J'6~ 'YItI 'YI Ll1Nt1Nt1~lJ'6t1 Ut1Z 1~"JJ1011 'YI111111J1J'\JV:lqtt1fl111J~V~01llfl"JSlJ::: 

..,. 'i ... ~.: ... , i I I 0'"

Ut1::: .... t1H1lJ (Nutnent and Energy requirement) '\JV'Ilfl.... lJll .... lJL1J'6"l 'YItI lJU~t1:::"JS1~'61~ff1111U 

.1 ,.ok:ll'''' OJ ... 'I .... 1... 'i .1 .1 ' ''' ~ ...... .<Ii
lJ'I:::L'YIff 'YIV C]1"lU1J1n::1JlJ01"JS101'I IlJ'YI1lJtVt'lfV L1t1::~ 11lJl1t11VlJl::L'YIff ~l'11J01~n01:l11~tJ1~'6~ 

tI • 

l11n1il1J 1Lr1lJn t11lJ llJ iionff::: ff1J;j'V:Iqt t1 tm::: fl111Ji u~O1l'lj,;j''6:1qt t1'Y1 H 1'l1101'I Yi~H 1.1 ~:::L'YIff 
, ~ '1:11i'''' ":11 OJ.<Ii ... :II ... ~ ... ~ ... ~ 

ntl~llJ r~1J1 !'l1t1H'6~ '61\1 1J\!Ofl'6~lJO tlJV"l~10 1Jffm.... u1f1t1'61J .... lJllfffl1 tJwm.... '61111'Sff~1 

tI JI JI 

fl~UlJ O1'Sft01:l1ilJfli'~il ;~ii01~1.1n:tihJtJWtl1'Y1 H lf1ttflJ::'\J'6~11ti1'ln Nff1Jfff}t1 
JI 

U'Slfltl tI UCI::ft01:l1fl111J~'6'101~ .... n~~llJff111i'u lfl-nlJ irllJdj'6~' 'YItI 'tili,.r, ~;j''6:1qt CI'YIH1'l1101'S . . 

... " :II'" 0 OJ.I , .1 ...:11 i "" 'i ...

11~'61LlJ1'Y11~01~ 111'61111~'YII111J1:::ff1Jff111 'IUlJ'I:::L'YIff 'YItI UCI:::lJ'IZL'YIffL.... VlJll1lJ 'lHLflUVlJ IfI~lJ 

• d ... I .d 1\'1 QJ .d!'ll 0' I' ~ , :IIQ,.I A 

1'lflJLfltl10U lJ'IZL'YIffty "IlJ v~oq1:l UCI::'6L1J'I01 C]1"l~Zt'UlJ1.1'I::: lt1'lflJ'6V1~1J10fl'6Lfl1:lfl'Sm 'YI~::: fI 

http:onl-N1.1n
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" iI t • 

'll1 fJ iJiltyty1'V1 N~1\.1fl111iitl~1flli'W {Yl'Wljj6~' 'VI tI fiff~ fflJm\l101.111ff1l1 'W m\ll0l1m11<W1n1.1 

6~flfl11lJrhni~II'W ff 1.1 \l10m1ffn'W 11~tl1 'Wfli~if 1 'WOll'lll 1 ~1~6Hil~1 fl~'WiiftJljj6~' 'VI tJ'~ 
, • .Q~ Q1",1

6t1HlJU1~ ff'VI1i ftlff U-n~~l~~1lJ1~QU l::ff~f1'Uo~m1m tI~ 

• -. '" ~:,.:". -."" ... ..l!'lt All""6t1N l10~llJ 1tJnllnO'W1flH'W UlJ11'1l:: l~'U6l.d-n'VIH1'1f1m1'V1l1JtJlJ1:: tI'1ftJ~ltJ 

ltl'1ftJt U-n::fl11lJ~O~m1ffn~~1'W ffn1l1.1 1 flli'W{if'W ljjO~' 'VIti u~V~fl~ij<WOl.d-n111 ri1ift!otlmn1 tJ 

u1tl'VI"" 'VIti ~~lrJtJ 'H t!l~<I') ff1flty'U o~u01~tI'VI1~<A'1tJff~1",lff~{~~o~ffn'W11~tI ff~ fflJ <W0\l-n'VI1~ 

1'1f1m10dH~Oni6~ l~O1..r'~<W62J-nth~6~~Qn~O~ mJtJih U-n~ijlJ1~lJ1tJlilltl1ntJ ff1mHI'll1 

1~ff1'Hl1.1U1::1'V1",' 'VIti'~od1~iju1::a'VIiftlff1'W lomff~o1 U 

.oio .... ",l". " " 1.2.1 lffO'VI1m1fl~L-nOn'U0\l-nL1.10~~tJ (Screemng test) 'UO~'Htyl Mulato II U-nt'Ht1J1 

\lnNfflJffQ-n Brachiaria (Brachiaria spp.) 15 '1fij~ 1~tl1~ti1tJU1t061.1flHlflij fJtufl1fl1~ ltl'1ftJt 

lrJ'Wmruq!f1tJm1fl~l~On 
.oi AI'" • 1 .... ..l1"AI 1 "-."1.2.2 lff6lJnllJ'WfJtufll'VIH tl'1f'Wt U-n::ffM~l'W'VI '1flJ1~ tI'1f'W l~ (Metabolizable 

energy; ME) 1'WmY1 Mulato II 

1.2.3 L~6ffn'W11lJ~11.16il91lJ'U6~ffnH1tJ U-n::U1:aiJ'Wfl 1fl11lJ~o~m1ff nH1tJ 

1.3.1 th'WU1~001.1'VIHlflij fJtufl1'VI1~ ltl'l1'W:: u-n::ffn~~1'W1'W'HtY1 Mulato II u-nt'HtY1 

\lnHfflJffQ-n Brachiaria (Brachiaria spp.) ijfl11lJU~n~HntJ'H;6hi 

fl'1ftJtU-ntff-n~~l'W'VI..l1"AI'1flJ1t "lIJ"" " 1.3.2 fltufl1'V1Nr 1 '" 1tI'lf'W l~'UO~'Ht1J1 Mulato II U'H~ 

ijl'~ tI~ff O~01:~1.1m1 ,)11 ~'ifff'H;~)fll11MN-nNil~'H;O'li 
1.3.3 fl111J~O~m1ffn~~1'Wl~omnhH'ifff L1-ntm1L\lltyL~1.1 1~ 'UO~ lfli'W~tJiiftJ 

II 

1;jo~1'V1tJLff",~ 'llmun 100 nn. n'hnmhu'Wt'lll'UO~ NRC 'H;ohi 

I 

1"""... I1.4 Nanfl1Vl'l1'ilt Vl111 

'" " tv"" ... ... '" " ff-n~~ltJ 'U6~'Hty1m'H11ff~11'U~16tJ\lnNff1J ffQ-n1.111Lfltl11t1 (Brachiaria spp.) 15 ff1t1ff'Wlj (Line) 



4 

tllllftV1 Mulato II lv70flflLftOfmtV1mlf1'.iff;rll-U"~mJf)Wfll""~ ~ijfffltJfIl""'Um'.ilhlJlri~'a'~lI 
, ..rLflll"·W'.iUt1fl 

1.4.2 YI'.ilmi1uunmOlJYl1~'f1ij f)Wft1YlH 1fl'lfu::: LLft::: .... 5~~lU'IltNlftV1 Mulato II 

"'1 '" .. 1 '1"1 '" .. .l 4 1 " 1 d A '1"1 .., l'QIUl1.:J ,Ua'''1Y1flftO~ fltJ &'If fl .... U~.... ULlIfJ~ YltJl....ffrj'.i::tJ:: "'''1I1tJ ,.... fJ L'If umn"m'.i~lUmlf1' 

1" " .1fI \l fl" fJ~L'H1I1:::a'lIlJl fl-UU 

, 4" QI "QI".c:. .Q 1
1.4.3 YI'.illlfl1'1I"llJ OftCJ$lI .... ft~~1U UftZfl11lJ" O~m'.i .... ft~~ 1UL.... 0 m'.iL ~'f!I'" lJ VI 

'I 1 '" .. .l 4 1 ,,_I '!:II A '1"!1t" .l" 'II

I\J fllU.... Ul.... ULlJfJ~ Ylm....ffrj m~lJ'.i::lJlw 1 lJ (Yearling cattle) ' ....0 ''If'1JU-UO\!ftlllfJ~VlU LUm'.i . ~ 

'ti1U 1tJfl111l~fJ~f1l'.i .... 5.:J.:J1uLvtom'.i~l'.i ~;.... Uft:: m'.i 1~~f!lI91lJ1" 'Il0~1flluliui'vtudhN1YltJ 

L....ff~ fJ1~U'.i::lJlW 1 iI (Yearling cattle) 



, 
<OIl 

'U'YI'YI 2 

~mlJ O1'5~,j '5:::'1$lm 1flliffl.rf~11lJ~'Ufl~,j'5:::t't1f1t~lI~'U u~~ih,'U 1lt!lJ':h~~1~lJ~'\..Iijn''\..I fl'\..llf1~ 
~llJfl1111~fl~m'5 'Ufl~f)~ l~~m:::~1J '51lJ',j il~'\..I1v1J1v'Ufl~i'j 1J 1~ ~~fl~01'5 '~lJfhtl~m'5 J:.I~~ 
'th'lflO'hl~'5mij01'51iv~ 1f1,ifmn'\..lfl1;fft11"'nlJ1n~'\..I l~v1f1,iffl~iAVlJ,itJ~ 'Kuti 1m~''\..Ii1J'51,.f 
'" '" "'i .. 'i '" .. .: "" ~ ~ 'i ' .d 'i '" .. .: "" lJ'\..I Ufl~nff '1$1'5 ~~mtJ U~~ ~flfl'\..llrVl'\..llllfl~ 1lJ'Wf)'\..I ~~tJL'Wfl1~fltJ1~V~ ~flfl'\..l~ft'\..l1lJfl~ lO'hlmn'5 

'il:;i1tJlJliv~ lJ1n~fI~mlJfJijmfl~1~'1'U fl~,j'5:nlf1' 'tlV 1~fH'il1n1 fllf'\..l ,]jfl~ln'\..l fff)11iv~~ij 
fl11lJthftty'tl1~1f1'5'hljn'il U~:'n~;?~ti1JlO'hl~'5m 'Il'1J'il1nfl~f)~H1'\..1lJ11O'hlf)'5m' '\..I fJijmfl~l~'1 

, .. .1 'i .: "" .1 o.d : .1.,j , ".1 'i .. , ,'Ufl~,jna'tlf1 'tw lJm'51~tJ~ ~flft'\..lllJfl~lJ'5~'il1tl'\..l~1'\..11'\..1lJ1n 'tl~'\..Ilftfl '1$lJ'5~ W'1$'\..I~H'1 '\..I 

;1~,j'5:;~l'l'\..l ,,$'\..1 l'YiVlJ101tJ'\..Iti~mn'\..lfl111'\..1~ ''\..I01'51~'\..I'tl1~ 'i'~H~~'Ufl~1J'\..I~fltJ~~ 'i"tl'\..ll 

11~:::'W 1~~11''\..Iq~fi1'W 11n'\..lm:::~nflfllJff'\..l ''\..Imfl1Jfli'1~~fl~m'5 flfllJ'tli'ftV U~~ 1;j'\..lU11ci~ 
tI " , ., 

fl 1111'51,j'5 ~'\..I 'Ufl~ fI'\..I' '\..I 1lJ'1$'\..I '\..I fln'innii 1flit'\..ll]jfl~iJ~tn'\..lil~fl~01'5 'Ufl~~~ l~ti~mv''\..I,j'5:::l'tlff 

... 1 a" 4 T a.. 4 t" ~ t/Q.I " 001 ~ ,

U~:lJ '5:1'tlfflft fl'\..l 1J1'\..1 Utl 1Jfl '\..I '~'il'\..l 1'\..1 fl~'il1nlJ~~1f)'\..I L'\..I~1'\..1f111lJfflJ\l'5tuft'\..l11 ~~ J:.IfflJft'\..ll1lO~ 
V V 

liiv~\lmti~ i'n\ln i'n~~ fllQV'\..I 'tl'\..l~flffmftfllmf1~fl'\..l~'\..I 'tl'W~fl hfl flV1TI U~:::UlJ~~ U~:::'tl'\..l 

~flffmft01'5'U1~Ufl~'\..I ff1lJ1'5tl 'i'lh~1V'1$,r'il1nJ:.l~ft~flV'K'tl1~m'51O'hl~'5'K~ 'Kuti 'Vh~~11 
.1"" ..... 1 "" 'i 'I"" , .1 ~ ''i''''' 'i'i '" 1lJ~flnff1JlJ:::'5~ f)'U'U11 Lft~ L'1$f)'\..I~'\..I '\..Im'5'~tJ~t1mn11 Lflfl'\..ll1~l~,j'5:a'tlf1 L~V LfI~llJfJlJmfl 

~l~'1'Ufl~ ''tltJ'il:::ij~n'hlW:::'tlH1f1'5'hljn'il~Uf)n~1~ti'\..l ~~~fl\!~''\..I~1'51~~ 2.1 Uff~~~n'hltu:::'tlH 
V V 

lff'5'hljn'il'Ufl~1 flit'\..l1]jfl~''\..IfJijmfl~1~ '1 'Ufl~,j'5~1'tlf1''tlV ft1J'h 1f1'Un1111J'\..Iijih11'1l'nU'Jmn~ 

http:flft'\..lllJfl~lJ'5~'il1tl'\..l~1'\..11
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til, 	 • 

~~q'fI 18 - 20 nlclfli'lJ 'llw::il1fl'ln.Jihht1,rnumLnfl~hllfl 14 - 15 inClni'lJ 1f1tJij~mliitJ fl6 

15 - 16.8 mClni'lJ 
lit' " 

ifl'll11'dl'tl'Wijunlt7muh'WlJil200 1'W ~~llfl 122 niClni'lJ 'llw::iliflCll'Wijul't1t7n 

't1[h'WlJ~l11fl 82 nlC1ni'lJ 1f1tJij~11~~tJ fl6 96.5 n1C1ni'lJ 

61qlrt6i,.r\ln~'m'jn vnrh 1fl'lf'W ij61~lrt6iM'\ln~1U'jm~1~llfl fl6 2.5 iI 'llW::~ 
1flCl1'Wij61Qtrt6'M'\ln~1mn'l~1l~ 3 i11f1tJijmQLrl6'M'\ln~1U'jm~~tJ 2.7311 . 	 . 

0.l" '1 '" ""... 	 ""1""'j::tJ::~lJ't16~ 'W'U11 fl'll11C11\l'W lJ'j::tJ::fJlJ't16~'Wl'W't111fl 290 - 295 1'W ~tJ't1 

<II 'I .... .. ... "" 'I " ... "" <II ... 1'" .l" ..;1 	J fltJlJ'j::tJ::~lJVl6.:1mt'WfI'W'WLlJ6~ l'W.f,JlJ.fl1fl6'W '1lJ'j::tJ::fJlJ't16~ lnClLfltJ~n'W fl6 270 - 275 1'W 

275 2801'W 
: GI A.,.. d ~ '1 0 "lId.: • ..: QJ QIQI .ell

'Wl't1'WmlJ6 l~nfllJ'YI .... 'U11 fl'll11C11\l'Wt....ffFjlJ'Wl't1'WnlJlnn11t'WffllJ(I UCI::lJU1't1'WMI1 
, 	 A -4 " _. )fat: .' QI ctQI 	 <Q

lJ1nnTllfl.... 'WLlJ6~ l'W.f,JlJtnfl6'W '11~m""fft;;1lJ'W1't1'Wn6~'j::m1H 400 - 500 n 1C1mlJ un:a....ffllJtJ 

.. : Q,I ., ,q1 "" 1 ~: Q,I 1 ,l.c!t " .c:t i ... 
lJ'W1't1'Wn6~'j::'t11H 250 - 350 n ClmlJ fltJ't1'Wl11'Wn fl .... 'WllJ6.:11'WffFj 11C1::'.... ffllJtJ 'Wtnfl6tY1'W 

~ 	 , 

1flCll'W 11n::1f1"1$'Wiju1't1t7n~1'n~lfitJ.:Ifi'W fl6 350 450 n1C1ni'lJ UCI:: 236.66 270 n1C1ni'lJ 

~l1lJ'd1~'U 1f1tJijJl't1t7m....ff~ UCl::t....fflijtJ lrt61911~lJ~1~~tJ 362.5 - 462.5 n1nni'lJ 11C1:: 240 290 

n1C1ni'lJ ~llJth~'U 

. 	 " 
fl11Hii 2.1 'i:Yn'llW::'YI1.:11ff'j'lljn\)'ll6.:1 1nW'Wtjj6~''W.f,JiJtnfl~H '1 'll6.:1'lh::l'Y1ff1't1tJ 

a 
1'HU0 mn~...

01:11U ,"" 
('lfU) ("Ul1th't.;jU) (alU) 

j) 

1. 	 Ul11Uml'jmnfl (nn.) ." 2. 	 Ul11Un't1~l'WlJ (nn.) (W6 200 1'W) 

3. 	 61Q1rt6i,.r\ln~1mn (iI) 

4. 	 'j::tJ::~lJ,r6~ (1'W) 

5. 	 'l11~ ..h~m'j'M'\ln (1'W) 

: QI "4 1 c4d
6. 	 'W 1't1 'Wm.... ffFjllJ6 9UfllJ'YI(nn.) 

: "" ..... 1 '" ..;7. 	 'W1't1'Wm....ffLlJtJ1lJ6 flt~lJ't1(nn.) 

14-16 


94 


2.71 


270 275 


395 


350-450 


230-260 


14-15 


88 


2.5 


270 275 


443 


350 450 


230 250 


18-20 


122 


2.7 


290-295 


434 


400-500 


250 350 


14-16 


82 


3 


270 275 


408 


350-450 


250- 300 


. 	 "~ 

nlJ1 : ~flUtlCl~\)lm6ntYl'jfhu'W::U1m'jtii[J.:I ifl-n'Wljj0.:J mlJtll1tlfl1 (2548) 



7 

• ..., V .o!l ..., " 
2.2 tll11Jt1'ltlW'U8~'l1W1'rt'ti81'l1l'nTVll .. v 

., 
'i)lnfffl1~nn 1~V-:j1 tl'\ltHi m1:l~nm t 1,1 11 'i) ~,ju 1~ijnn ft~Hatl nft'lJ i-n'1ftll'l1l'HYVl1 _ v _ v 

flWfI1~fi t 'IftlllffVl11~fJ-:j'\ltl-:jVlU ,;~il nl'.i ,h-n'1ftlTH n ffVl1:an t ~1~V~1 tll1f1Ul1U tl I'll nlff11l t 'lJ ltJ 

" .1 d. ~ 4": I" "" 1" ,.I
fll111'.i'\l'lJ (concentrate) 1I1n'\lUn'i)~11JUl1'lJ111~11'lJ~11'i)~'lrlVftflVlUllUn1'.ifH'ft IjiltlVH1I1n lflfJ 

-n'lrV1'lf1'.iffVl1 (forage crops) ifll~'lJfll'lfn'lfV1'1.mftn~fflfttlJ'\I0~ 1tl~~0~nUlln1'lJ ijnntJQn 

.Q Q,I 4 "A.c:, "o1':Q,lo'~ t d
Uft~1Im'.i 'i)~ m'.il1m1l1~\lnVlO~ 1~01~1IflWtl1111~01'lf l'.i UftlU1 tJ1ftfJ~ ffVl111 '.i OtJ fttl fJU l1~lft 1Iltl~ 

.... .o!l,.,:- 1_1 ~ <!j ,,:,,'1 ~ .o!l ... .. .I <!j

'lr'lJIjil'\ltN~'lr lflfJ111 lJl1J'lJ'n'lr1111 l1J1Iln (herbaceous) fll'i)11JU~'lrtlll1nffVl1~'lJl110~ (Native 
.. Q,I fI Q .4 4. tI_1QI

pastures) ~'lrtll'lfl'.iffVl11i'.i'.i1l'lr1V1 (Natural pastures) 'If'.itl'Yi'lrfll'lfl'.iffVl1lJQn (Introduced pastures) 

" ".1
1f1 fJ-n'lrfll'lfl'.i ffVl1ff1U t 'lft)jirniitl1111utJnh1u1uoA'1U~ft~ilVlUft~ fJwfl1~,;~il '\11,1 o~tl1J11'i) i V 

Yli1~1I'J 1~un fffl1~flnfllmff ~'lJ Uft~ m'.ii~m'.i 1~'lJ~U 1ftv-n'1ffll'lf1'.iffVl1~iJfJ1ItJftm~uli~lu-n'lf 
~ ~ 

fll'lfl'.i ffVl11'UVI fO'lJ~fh'lJm'.iftVllaOn Uft::V01li' 1J'hijf!wfI1~~tJi'1J~11'1l1tlll fffll~U1f1a01l1 ~~1V 

.: Q.I 0' ~ 4 I 4 " 4 
111111::''lJm1tJ\1mftV~ffVl1tJ1:;n01J'i'11V~'lrVl'.i::fJft1'lftlJlI'J 2 VI'.i::fJft tl 0 VI'.i ::fJft'lftlJl (Poaceae 11 10 

Gramineae) llft~ VI'.i~fJfttt1 (Fabaceae 'lf~0 Leguminoceae) 1~uri 'lftYll~ tt181111~1 'lftY1nuil 

" <;;II" .:- ,,~ " ,. <!j .... "'I " 
'lftlJ11UllJfJ'.i 01t11V Uti: l1tlJ1'U'lJ muVlu lflfJ~'lrOl'lf1'.iffVl1l'lJVI'.i::fJft'lftlJ111l'i)ln ffflll (genus) 

I I <!j 'I " 4 _I " 
VlHII'J1I1n1l1fJ 1'1f'lJ ~'1f l'lJVI'.i::fJftl1tyl 9f-:jlJ'.i~n01Jfl1V genus Panicum, Brachiaria, Paspalum, 

Digitaria, Pennisetum, Sorghum L~'lJoA''lJ 1f1fJ'lftY1t'lJff'ltllfiV1tl'lJV~llU~1~U'lfiJft (Species) YliHII'J 

60 1';'lJ 'lftY1 t 'lJ fffltlll llfh;V (Brachiaria) 1~'lJ'lftY1~ijffOVfI1~\l-:j~'i):: 1~1~Ull'lfri~fll111'.i11 fJ11l 

o Q1,.. <t " '4" 0 QI" ".J. 1 " .Q Gt 'lti ' ff1'lf'.i1J ltl IU1'UVIlO'lJ llVl1l'U0'i)10fl tlO l1ty1l9f (B. ruziziensis) l1~ft~tlVI\l~ IU'l'aNUUVI 11I11'lJ 

P" "" .." ..: ..: "... ... ....,. 111"'­un~ VlUl1tylU'lf~VllV'lf1n1lq~UMl1fJ11'lJ1U 'UW::'YI'lftyl9fOU'lJft (B. decumbens) l'i)'.itlJ11Jl1J lVl 'PI~ 

"Id~ -4 Q d 1"'91 Q,I ~ .-.,.Q,t •1'lJ'l~Utl-:jllVl1llJty'lfl tlO Nft~U1lftfl flU OV fI~'lJ'lJ Prof. Dr.Michael Hare 'inn1m ~n1'.i1'i)V~'1f 

...... .. ........ ....e1"·" v '11"
fll'lfl'.iffVl1 tlW~Ln1:lVllff1ffVl1 1I'lf1111fJ1t1fJ~lltlll'lf'fil'lJ 'i)~ ~'lJl'lftyl Mulato I11'U11l1lU 'YIV l~V 

" ,"
'lftYl Mulato II ill~'lJ'lftYl1'lJff'l1l Brachiaria 11\lnui'llu1~rr'lJitli'~mfl1f1v'!I'uilm1:lVl'.il'UVlfou 

'lJ1Ul'1fl~ (Centro International de Agricultural Tropical, CIA T) t 'lJU'.i::ll1ff 1tlft1l1iifJ l~U'lftYl 
...... v ..... I 

01'Hl'.ift'Vl11'UVI'.iOUUnNff1l 3 ft'lfJ~Ull '.i::111H B. ruziziensis, B. brizantha Uft:: B. decumbens 
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~ . 
iitJtlUl1"'~ lH"HtNiifl~ .!l't1lJU"'{1 u~'1i't1'\.nlnhtl'li.!l 't11J tl1'.im1hnHh iY1tl1'.i tltli'u~'U,y1nU 

iYfl1'YtU1fl"'f)tl~ ~lJiifl11tl~fltliY1I\l'.iW'~1,~~ ~ilUil1tl1fl!ilU iifl11tlU 1fllJ ~{I ii1 tl'.i 9i1J l1tI1Uf)g 
, Q,I 0'" jJ 11!144.1 ~,J,J oj} ~4 

'.i:::l11H 1-16 % "f)'l:IW:::iY1flty"il.!ll1ty1 Mulato II flil tl"f)'l:IW:::f)ilfl{lf).!lmiltJ ''If'1Uf)''tl1Y&''tn 
~ ~ 

ii"Uff"11tlf)fl'ltl'rl{11U "1~1J1m:::luii"1J1fltJ11 35 - 50 9f1l. f)~1.!l 2.2 - 2.19ftl. ~m~iif'lU1l1,rf) 

UH.!l 15,535 ±2,558 f)f).IlfJflUfll ~il1~tl1'.i~~ 4511JU,,:::iitl1nl'hlJ~tJ N-P-K (15-15-15) l1".!l~~ 
Q,.I' • tI 0 Q,I 1'" ,Q d t " 1 1 t 

iY~iY1U 200 f)f).IUfflUfl'.i iY1l1'.iUtl1'.i 1l1~"~"f'l1tl"~ 'WU11l1ty1 Mulato II ~:::ililf)lIJj'il~f)f) 1U~1.!l 

.1 .1 a iI .1 ... ' ' '' 'I' , 91 '" 
lJ"ltJ'lt}l1lJ l1 '.i ilfllJ 'It}l1lJl1lJ'.i :::tl1Wl~illJ~"1 fltl ~f)~ ilf)1I"1J 1~ 111 ty 1m :::f)ilf)~il~f)f)'W '.i iltlf)U 

.QI. d.c:! dQ,.lf! dd: Q,I ,d "da '1 
~H1tJf'I ilf11'.i 1f) 1Jlf) tJ 11tl ,,~'Ytu 1! u,,::: ttl" ~ tl 1.1 111 U f) 111 f) f)11ltl" ~ l1 ty 119f1 f) ilU 2 1't11 ~ tJ 

1,000 11lg~ iiJ'll1,rf)~{Iil.!l 8.1 f)i'1I U~l1"n1f)~iim'.iU11,y1tl1t1'lf)vf.!lUflil 'Yt.fl. 2541 il.!lD~'UlJ 
~iitl1'.itl'lm~iltl1'.i~iif'lLtlg~~uill":::litJ.!llflf)tiHU'Yt';l1"ltJ 'YtU11l1tY1Mulato II lrJlJ'HtY1 

'" '''''M 'I A ... d..," a ... d 19191 "" 'il 
tJWfl1'Yt~tl1f) Ufl1llJtyl1111J l'.iil.!l"il{ltl1'.i ~"fl&tl"~'YtlJ 1! flf) ~"fl11l"~ ~lJiltJ 1Infl1flillJ"H~ {I 

1 ' '" . 91 .A M'" .1 "'1'" '" !tl1'YttJ.!l'Ytf)~Vfl11tlflV{lm'.i"V.!lfl" l~9f.!llJ~'UlJ '.i1fl1"ltJlJ'.i:::1I1W f) "mtl,,::: 350 U1't1 ~.!l1J 1.1 

Prof. Dr. Michael Hare ';1tlnU Ulil't1 Grupo ~apalotla t1'.i:::1't1fliYl1i'!Vltlltl1 ;{I1~'\.l1l'~1l1tY1 

il1l11'.iff~1l"fl!VlJ'lf)~iYtliYQ"U'.i1fi(ltJ (Brachiaria) flf) 15 ~ii~ 1~mhf)1'.i1itJtI'.i:;lijlJ~lJi1~tJ 
" " .. " ,., t • 

l1tYl't1.!l 15 ~ii~il'~r-hlJm'.ifl~1~Vf)U":::~WJ1J1iY1tJ~ui-n CIAT 't1{1il1flVl11iY1tJ~1J i-niiflf)tJfl1'Yt 

~.!l' lJm'.i lrJlJU l1rl.!lV1l11'.il1 tJ1U tJWfl1'W~ iY1tl l'.itl ~iifl1tlg~~1.11!1~tl1mm:::iinfl1\j f) 111 tl1:::~ 'i!::: . ~ 

U1tl1ff{lliYltl'Hlm! fl'.imtl'lmflVl~tJ.!l1fllm:;~iiflltlg~~lJi'u 1iltl1iY~V1t11~tJl1tY1il1l11'.i ff~1 . ~ ~ 

1"fl!VlJ'lf)~iYtliYQ"U'.i1fh~tJ -nUW~ltl1't1.!l 15 '1fii~ ii,r{l~f)1tlil 

2.2.1 't'itY1 BR02/1752 

_I Q,I ~ " _I : ~ ~ !IJ .c:i 41Q,I QQ'

,U'W11W ~~11JUl1ty1lJ'.i:::Ul't1f)V~{If).!lmiltJ '.i1f)Uflf)~111"il't1iYtl~iY~1~1J l1lJil 

... ,91'" !II "..,
FUtNQfl l1~"~"~UlJ.Ul1.!l 6,500 7,000 f)f).IUff)Ufl'J ~lf)m'.i~~'tJf) '1 45 - 60 

~ 

11.1 1fltJii'J:::P1U1tl'J9i1J 7 - 13 %, NDF 56 - 64 %, ADF 28 - 35 % l1".!l~~'tJf)fli'.!l'ff~tJ N-P-K 

(15-15-15) 200 f)f).Il0f)Ufl'.i (Phengphet, S., Personal communication) " 
2.2.2 't'itY1 BR02/1747 

~ 

.1 ..,!'It!ll .1 '" 0 !II '" l' ""'" '" '" ,uW11W \1fll1J1Jl1ty1lJ'.i:::lfl't1f)Vfl.!l "U1Uf)"tl lm:;tl"1J1fl l1qJ tliYl"tJ1 "lJiY . ~ ~ 
.1 .., ... 0 !II , "'''' '" iI .1 !'It 0 .,!II 'I .., ,

"11lJf)fl"tl't11't1{1"lRlJ UtliY'''tJ11"11 ,,1.1 lJf) fl"tl l1J 1.1 \111.1 11.1 til f) 't1.!ll11J 1111U"::: l1 ".!l U ,,1.1 1~ 

'" d '" .1tl 5 - 8 raceme 1tl"~1I"UlJf)fl'ltl 
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... "'" ...: "" '" 	 <fNaNa,. t1Hf~Hftfa'Ul'tf'UflU'tf-ll 5,500 - 6,000 flfl.lHJflUfa1 ~lflfll19lfl'V.lfl '1 

"" 1'" "'.., 1tl ..45 - 60 1'U ~tJUflWfllfllHn'tfl1fl{) 1:::fl1.l 1fa'U 6 - 13%, NDF 56 - 65% UCI::: ADF 29 - 36% 

-4.., "" .:: 1 't! <fctr'l'tfMfll1fafllJflflH CI' '-ltJ N-P-K (15-15-15) 200 flfl.lUJflUfa1 (Phengphet, S., Personal 

communication) 

2.2.3 	 'lUYl BR02/1718 

• III 
" 91 4Q.1 _.ct" tl ~" GI " Gl .cl~0" 	 Q.I

~:::'1WltJ{){)fl~l'U 'lJl-ll Cllfat.lUClfl'i;lW:::flClU Cl'1'IJtJ11'IJU flfltlU;l1tJ'IJ'U ~1'U1'U Ulfl'Vl1'Vl'lfa'U L1.lUCI 

Q Q 	 "4 t 'ill .... ,
1'IJtJ1Ufl11UtJ1130 - 34 ctru. UCI:::fl1H 1.8 - 2.2 ctru. U'IJ'Ua'IJ11tlflflt)Ul'H'tf'U1 1.lUCI:::11C1'1l1.l'l16 

fl6mri'UU1.l1.l panicle tJ11140 - 148 ctru. ii 6 - 9 raceme 1ugflii'IJ'Ua'IJ11tlflflt)U 

q q: GI " 	 (/ Q,I

NaNafi HClHftfa'Ul'tf'UflU'tf'l 4,000 4,500 flfl.ll8flUfa1 ~lflfll1fa~lJfl '1 45 60 
III 

1'U ii1:A1.l 1tl1~'U 6 - 11 %, NDF 56 - 64% UCI::: ADF 28 36% m'-II9lfl'V.lflfli''1'ff~tJ N-P-K 
<f 

(I5-15-15) 200 00.l18flUfa1 (Phengphet, S., Personal communication) 

2.2.4 	 't'ItYl BR02/1245 

"" ...... 1 .:: .. ~ '"0 '" .. '" Itl'WllW Clfl'i;lW:::fll1l~'jtylfa1.l fa111.l1.l06fa'l Cllfa'UflClU l'StJ1lC10 U'lJ6UCI::tlCl6'1 
III 	 III 

Ll1'U1~'Uifi th9\''UiHh;JtJ1 u~1~ii'IJ'Utlflflt)U,"-IIth9\''UUCl::~6tl~{)'1 '1.liia,;JtJ1 1~ii'IJ'UtlOflt)U,"'1 
"'1 """ .. , .. 	 .. l! •0 ""l1'Ul 1.lUCI:::'tfft-ll L1.l ctr'l 1.lUfl11UtJl1 37 - 45 ctru. UCI:::Ufl11Ufl'Jl'l 1.5 - 2.2 ctru. Cl'11111.l'lf6f1{)0 

c:it • 0 .. ~.. tlllJ'UU1.l1.l panlcle tJ11 2 5 - 215 ctru. U 3 - 5 raceme lUClflU'IJ'U flflt)U 

4C!l 4: QI " 	 ~ GINaNa,. HftHftfa'Ul'tf'UOU'tf'l 5,400 - 6,500 flo.lt8flUfa1 ~lflm'jfafllJfl '1 45 60 
III 

1'U ii1:::~1.l 1tl1~'U 6 12%, NDF 58 - 68% UCI::: ADF 29 - 39% l1n'l~fll'Jflfli''1 lff~tJ N-P-K 

(I5-15-15) 200 00.ll~flUfa1 (Phengphet, S., Personal communication) 

2.2.5 	 't'ItYl BR02/0771 

ltJ'Wl1W tn'UmYl~iim'j&~~tyt~1.l1faU1.l1.lfl6''1 iil9\''UoClu (;tJ11gfl ii~6tl~6-11 
Q 1ilw 4. d" 4 o"...s Q,I '1 4.cd 4 Q 	 AS .~ 

l'tf'U 	 fI'lffl U'IJ'UlCIO'U6tJ1.l'U1WCllfa'U Cll'tf'j1.l L1.lUCI't'IJtJ1Ufl11UtJ11 43 - 50 ctru. UCI:::Ufl11Ufl'JH 
III 

1.9 -	 2.4 ctru. 1J;nw'tfullml:::U'IJ'Uff'U '1 ~1'U1'U1JlfltlOflt)1J u~'tfn'll1J1~u'1f6'16mn'UU1J1J 
Q 	 d 4 ~ 

panicle tJl1 155 	 160 ctru. U 5 - 7 raceme IUClflU'IJ'UCI''U '1 tlOflt)U 

• .Q: Q,I SI 	 fI GI

NaNafa HftHClfa'Ull1'UOUlH 5,200 6,000 flflJumUfa'j ~lflm'jfafll'Jfl '1 45 60 
III 

1'U ii,:::A1.l 1tl'j~'U 8 - 13%, NDF 59 - 67% UCI::: ADF 29 - 39% 'tfn'l~flllofli''1'ff~tJ N-P-K 
<f 

(I5-15-15) 200 oO.lUmUfal (Phengphet, S., Personal communication) 
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2.2.6 'H~l BR02l1718 
" 

3,lrn1w ihim:autnl'H'il;tyl1i1J l~u1J1Jnil~~ iioi1ilU~il~ilth~l~'U-i1fl fflld'1J 

''1 ,... I 1 0" 0" 4:1. d dd , 4 ..:1 .... 1 .c."
'I1'Uil 'I1!IJlnlfllt'l111~m1J 1J1U'1ttll~'U m~'UnmJ lltl1U'1n ffl'IJV1ilil'U !IJ'IJ'Uff'IJl1untHl!IJ1Jll1W'lJil 

.1" '1 """""" "".1 "" " "1 ....utlil~ 1J!lJffl'IJV1 Vl111V1utllVU'I1tl!IJ !lJfl11!IJVl1 37 - 42 C)j'!IJ. Utltn11~ 1.7 - 2.2 9f!IJ. 'I1'U1 1J'ilt!IJ 

~ t.1 ~ 1 111 ."" ~ • !'It " •'IJ'U{I'lJl1ff'U'l unflq!IJ l1tl~ 1.1 L!IJ!IJ fln1:JWt'J1illflilnllJ'UU1J1.1 panicle C)j'~'J1illflvnVl1 118 - 125 C)j'!IJ. 

"" !IJ 4 d "" "" "" .15 raceme 1!IJtllflffl'IJV1 !IJ'IJ'Uunflq!IJ 

Q .<t::t -: GI " 

fU'lNQ~ NtlNfI~'Ul11'UnUl1~ 6,500 ­
tI QI

7,000 nn.lteJnU~l 'illnml~Ifl'VJn '1 45 - 60 

" 
1'U ;ht~1J 1ul~'U 8 - 13%, NDF 58 - 66% 11tlt ADF 27 - 36% l1li~~\iI'VJnfli'~'1ri~v N-P-K 

.. 

(15-15-15) 200 nn. / umU~l (Phengphet, S., Personal communication) 

2.2.7 "'~l BR02/1372 

'" ...... o",x,,: '" " 
3tJ'ftl1W tln1:JWtmll'illtylPl1J1P1 fll~'UU'lilVn~flil~~ nfl'iltl'illtyililfl1l1'illfl'IJil 

Ufltih~'U'iltUN'lJtJ1Vililfl ih~'Uflfl!IJ 1;V11~n ii'IJ'UUnflq!IJff'IJ11 ih~'Uiiffl;jV1 nl1111.1'1.1iiffl;jV1 
. " 

llfJ1Vl1 iifl11!IJfJ1137 - 43 C)j'!IJ. Ufl:::n~H 1.5 - 2.0 C)j'!IJ.li~mrl'1JUf1:::11n~'1J ii'IJ'Uff'IJ11unflq!IJ 

lin'l!lW:::';illflilnl~'ULl1J1J panicle 'l1VlflilnVl1 120 - 129 C)j'!IJ. l!IJglfliiffl;jtI1Vil'U ii'IJ'UUnflq!IJff'IJl1 

Q:Q Q1 " tI cv 
NQNQ~ NtlNfI~'Ul'11'UnU'lH 5,000 - 5,500 fln.lleJflUPIl 'illnml~Ifl'VJn '1 45 - 60 

" 1'U ih:::~1.1 1ul~'U 7 - 14%, NDF 59 - 68% 11tl::: ADF 29 - 39% 'I1n~~\iI'VJflfll~1ff~v N-P-K 
.. 


(15-15-15) 200 flfl./leJnU~l (Phengphet, S., Personal communication) 

2.2.8 'H~l BR02/1728 
" . 

ltJTtlUU lin1:JWtmll'il;tyl1i1J 1~ ih~'Uu1J1jnil~~ Utl:::U~fllln~llJoi1il.y;ff!lJf7ff 
. " 

~'U iioi1iltJ~V~l~'U-i\il ~l~'Uflfl!IJ llv11gn ffl;JfJ11oi1lJ ih~'Uij'IJ'Uff'IJ11li1li~~'U '1Jiiffl;JtJ11oi1!IJ '1.1 

llfJ'ltJ11"" C)j'~!lJfl11!IJtJ1149""" - 55 C)j'lJ. 11f1:::!lJfl11!IJn11~ 1.3 - 1.8 C)j'lJ. 'H'Ul 1.1'ilt!IJ'IJ'Uff'IJ1111'U1U'U'U.... "" ,""" ", 
cv QI"d r 4 .... 1 d iI QI t ~ •'QI,.cI

ff1JNfflfffl\.j!IJ!lJil U~'Htl~ 1.11J'IJ'UUnflq!IJU'lfl'UVV tln1:JWt'lfVf!VnllJ'UU1J1.1 panicle 'J1il\ililflVl1 120 

.I:P d """".... "" "" .1 - 130 C)j'1J. ultnil1.1~l1tJ 3 - 5 raceme 1!IJf1\i1!IJffL'lJtJ1lJ'IJ'Uff'IJl1uflfltl1J• 
Cl ~: QI " tI QI 

NQNQ~ NflNfI~'Ul'H'UnU'H~ 5,500 - 6,000 flfl.lLeJflUPIl 'illnm'.i~Ifl't'Jn '1 45 - 60 

" 1'U ij't~1.11U,;i'U 6 -13%, NDF 61 - 71% Utl::: ADF 31 - 40% 'Hli~~\iI't'Jflfll~'ri~fJ N-P-K 
.. 


(15-15-15) 200 nfl./leJnU~l (Phengphet, S., Personal communication) 

2.2.9 'H~1 BR02/0465 

!'It" :",x .,,""'" ,
ltJ'ftlliU llJ'U'HtylUl:::Ul'flnil~~mU'lilV m~'U1Jtlfl1:JWtnfl1J'IJ'Ulf! l11ty Uflflq1J 

" ... !'It. • " """" "" , "" :P1fl1V'IJ'Uff'IJ111lJ'U 'ill'U1'UlJlfl tll~'U!lJffl'IJtJ1 1JlJfl11lJtJl1 35 - 45 C)j'1J. Ufltfl-n~ 2.5 - 3.0 9flJ. 
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" ij'U'Wff'U11tJmr'llJ6d1~11'W1UU'W n~m!l1 'UU'1::,",;~1 'U fflJNff~lJii6 1 'Uijff!;itJ1 ffl't1i''U'1i6fl6fl 

~ ... cI ... d" 
!lJ\U1'U'U panicle tJ11 120 - 145 t)$lJ. lJ 3 - 6 raceme !lJ'1fllJ'U'WtJl1U'1fl'WfltJ 

• Q:QI" tI Q#

JI'CIJI'CIA N'1N'1fl'W111'WflUl1~ 7,000 - 8,000 flfl.lUJflUfll ~lflfll1flfl'tJfl'l 45 - 60 

" 
1'W ij,::~'UltJ1;)'W 7 -13%, NDF 63 - 69% U'1~ ADF 32 - 40% ,",;,:j~fl'tJflfl;,:jld~tJ N-P-K 

(15-15-15) 200 flfl.lUYflUfll (Phengphet, S., Personal communication) 

2.2.10 '"t.Yl BR02/0768 
. " 

3tJ'Vt11W 1"'W l1tY1Viijfllll~~qJl~'U lflu'U 'Ufl6~~ !Lvi ~ij fll1Uflfl11flfl1lJ.,r6 

. " 
VifflJNff~'W ih~'W fl'1lJl; tJ1L~fl ffL;itJ1 ij ~1'W1'W.,r6tJ~6~Lif 'WLfiwi1fl 'liij'U'WtJflfl'llJn~ih~'Wu'1~ 

" 'U~nW.,r6tJ~6-1 tlTtf;'Ul 'U\l:;t; tJ1tJl1tJ'11tJUl1 '1lJ m!l1 'Uij'U'W ff'U11ff'W 'l U~,",;-11 'U 'liij'U'W 

,c:::t "QI ,~ I

lJfl11lJtJl1 45 - 52 t)$lJ. U'1:tl11lJfl1H 2.5 - 3.5 t)$lJ. '1fl1!lW::'l16A6flLlJ'WU'U'U panicle 'l16f16fl 

... .1 JI cI "'5'" • ,.'" ... .1lJfl11lJtJl1 150 - 189 t)$lJ. lJl:fl6'U'I1tJ 4 - 6 raceme LlJ1'IfllJ-C1L'UtJ1flfl'W lJlJ'U'WfI''Ul1lJflflfllJ 

.. 4: QI " tI Q.t

JI'CI''''A N'1N1'Ifl'W111'WflUl1~ 5,000 - 6,500 flfl.lL8flUfl1 ~lflfl11~fI'tJfl'l 45 60 
. " 

1'W ih:~'U ltJ1;) 'W 8 13 %, NDF 61 - 67 % U'1:: ADF 30 38 % l1a,:jifl"lflfl;~1d~tJ N-P-K 

(15-15-15) 200 flfl.lL8flUfl1"(Phengphet, S., Personal communication) 

2.2.11 '"tYl BR02l1794 

... 1 ~" ! 0" .1d" ~ 'Go' d Q

3lJ'Wl1W LlJ'Wl1qJ1tJ1:lfll'lfl6fl~ '11fl 'W tJ ~lJ'U6tJrt6~!fI'W'l1f1 U'1:lJ 1 1 flL1jl 1 qJ 

. " 
66fllJn1n~6VifflJNffA'W "h~'WijffL;itJ1 fl'1lJ ij'U'WtJflflfllJl1'W1UU'Wff'U11 n~'U~nw~mL'1:ihtX'W 

" 
l'UtJ11iltJ1tJ1'I1tJIL11'1lJ n,:j11111l'U U'1::l1a~1'Uij'U'Wff'Ul1tJflflfllJ6d1,:j11'W1UU'W tJ11 42 - 48 t)$lJ. 

" QI' 5It. .e:l
U'1::fl11~ 1.7 - 2.2 t)$lJ. 1'Ifl1!lW::'l16f16flLlJ'WLL'U'U panicle "Jf6f1flfltJ11 150 - 175 t)$lJ. lJ 5 8 raceme 

" LlJ~flijffL;itJ1t:i6'W ij'U'Wff'U11ff'W 'l tJflflfllJ 

• 4: Q,I " tI Q,I

JI'CIJI'CIA N'1N1'Ifl'W111'WflUl1~ 5,500 - 6,000 flfl.lL8flLLfl1 1jl1flfll1flfl"lfl 'l 45 - 60 

" 
1'W ij,:~'U ltJ1;)'W 7 - 12 %, NDF 57 - 65 % U1'I:: ADF 30 36 % l1a~ifl"lflfl;~1d~tJ N-P-K 

(I5-15-15) 200 flfl.lUYflLLfl1"(Phengphet, S., Personal communication) 

2.2.12 '"tYl BR02/1485 

.1'" .,. ... '::..i A, " " 
llJ'Wl1W 1'Ifl1!lW::fll1L~lqJLfl'U lflu'U'Ufl6fl~fl,:jL'16tJ UN'UtJ1tJ66fll'lHfl1U'UH 

o " ... cI...... ... ..." .IJI d .., "....1 .1 ~• '" '"0

'11fl'Wfl1'llJ lltJ111'lfllJffl'UtJ1lJ'UfllJrt6,:jm'W!fI'W"Jffl1'l1flUlJ'UUlJflflfllJlJ1'Wfl1'l1~ L'UlJ1'Ifl1!lW:U'UU 

... .., ",,,.4 I 4 ~... ... ... ... jI " ~ 
L1tJ'U fflJNfflfffl"1lJlJ{I L'U11tJ1tJ11 fl'L'UtJ1lJfl11lJtJl1 47- 54 t)$lJ. U1'I::fl-JH 2.0 - 2.3 t)$lJ. If'W1 L'U 

u'1::l1a~1'U ij'UUff'U11tJflflfllJ ff111;'U'!fflfl6flL"UU'U'U panicle ,f6f1{1fltJ11 195 - 215 t)$lJ • 

•1" • ......... ... 5 .1

lJ1::fl6'Ufl1tJ 3 6 raceme fl6fltJ6tJlJffL'UtJ1lJ'U'W-C1'1J11lJflflfllJ 
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.. 4 -: G.I " t/ Q.I

NaNa", Ff"AfI~'Wl't1'WfUnN 3,500 - 6,000 flfl.ll~flU~'i ~lflfl1'i~~'Vlfl" 45 - 60 .. 
1'W ihz~u11h91'W 8 - 14 %, NDF 59 68% UfiZ ADF 30 38% 't1"''IIIll'''Vlflfll'lirl~u N-P-K 

(15-15-15) 200 flfl.lL~flU~{ (Phengphet, S., Personal conununication) 

2.2.13 '"tYl BR02/1452 
5't" Z jI a. d ad • 0 9J d0 d 

lU1111tl1 LlJ'W't1tyllhzlfl')1flV~'I fll~'Wflfl1J L'itJ11f1fl ffL'lJtJ1VV'W fll~'W1J'IJ'Wff 

d " 1'" ....... "...... ... , tI 4 ......'lJl11f1fl'WVtJ U1Jflfl1:lWZl'iU1Un U't1f11J'flflltJl1flfl1JffL'lJtJ1VV'W 'Wt't1f1V'I CJf'l1Jfl111JtJn 35 - 40 

" " .. t d" I ... ~... I
CJf1J. UflZfl1H 1.6 - 2.0 CJf1J. 't1'Wl1U1J'IJ'Wff'W ., tlflfHl1Jlf1fl'WfltJ ff1'W't1lH1U11J1J'IJ'W 'lfV~Vfl1lJ'W 

I tI" d 444 , ". tI
11UU panicle "lfV~OfltJl1 180 - 210 CJf1J. 'iZflVU"1tJ 3 - 5 raceme l1JfI"1JffL'lJtJ1VV'W 1J'IJ'W flfHl1J 

- Q: j/ "Go'Q,I

NaNa", AflAfI~'Wl't1'WflU't1'1 4,000 - 6,000 flfl.ll~flU~'i ~lflfl1'i~fl'Vlfl" 45 - 60 .. 

1'W iht~U ltl'i91'W 8 - 15 %, NDF 57 - 66 % Uflt ADF 29 - 38 % 't1"''IIIll'''Vlflfll 'Ilff~tJ N-P-K 

(15-15-15) 200 flfl.lL~flU~{ (Phengphet, S., Personal conununication) 

2.2.14 '"til BR02/1423 .. . 

lU11':i':itlll~'W't1 ~lUUUflVlIll'l 'nfl1~ltyflVfl1Jl~lmlflnff1Jflff~'W lil~'WtJl1 

d.. .... .. .. .. d" ... "tl JI 1" tI .... .. 2 

"... ""1 1 1'" tI • 

flfl1J lflfl1'iU11Jffl'IJtJ11J'IJ'Wff'IJ11Lflfl'WVtJU'il1W'lJV nV'I UL'W1tJ11 fllfHt't1f11J 1JffL'lJU1L'U1J .. 
'".. ...1Jfl111JtJl1 36 - 41 CJf1J. Ufl~fl11'1 1.3 1.9 CJf1J. ')1'1't1'Wl tUUfl~'t1M U 1J1J'IJ'W flfHl1J flfl1:lWt'lfV 

~ I tI" d ........ ... tI
"VfUU'WUUU panicle 'lfO"VfltJl1105 - 120 CJf1J. 'i~flflU"1tJ 3 - 5 raceme L1Jft~1JffL'lJtJ11J'IJ'W fl 

"il1J't1'W1Ull'W 

... ...:..." .t ... 
NDNa", AftAfI~'Wl't1'UflU't1'14,000 6,000 flfl.ll~flU~'i ~lflfl1'i~"'Vlfl" 45 - 60 .. 

1'W ih~~ultl'i91'W 7 -13%, NDF 58 ~ 66% Ufl~ ADF 29 - 37% l1"''IIIll'''Vlflflr!llrl~tJ N-P-K 
.t 

(15-15-15) 200 flfl.ll~flU~'i (Phengphet, S., Personal conununication) 

2.2.15 '"til BR02/1263 .. . 

lU11':i1tl1 "'fl1:lW~fl1'iL~lt'\lL~U hmUUflflllll'l UflZ'nfl1~ltyflVfl1Jnlfl~vn 

t11JHffft'W iioU'mJflv\ln1'WiA''ift lil~'Wflfl1J l~fl ffL~tJ1tlV'W 'YiU'IJ'WUlnwoU'vtlflv'I i Uiiffl;;U1 1;tl1 .. 

.. .."....... tI ..." 1 ... '1
tin 1Jfl111JtJl1 37 - 45 CJf1J. UfI::1Jfl111Jfl11.!j 1.3 2.1 CJf1J. 11J1J'IJ'W flflft1J')1'1't1'Wl U11f1::11f1\1 U• 

"'fl1:lW~'11V"VfU~'W11UU panicle 'lfV"VflUl1 200 - 225 CJf1J. tI'i~flVUA'1U 3 5 raceme l1J~"iiff 

L;;tl1 ii'IJ'Wtlflfl'11J 

'" Q -: QI " ~ Q.f

NDND'" AflAft~'Wl't1'WflU1H 6,000 - 9,000 flfl.lL~flU~'i 'iJlflfl1'i~"'Vlfl" 45 - 60 .. 

70% Uft: ADF 31 - 37% l1"''IIIll'''Vlflfll'llff~U N-P-K 

.t 
(15-15-15) 200 flfl.ll~fUl~'i (Phengphet, S., Personal conununication) 
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~ 	 ~. 
'HtY11'Hrl1il1Ti~i~'W1ff1t1Yr'Wlhnj iJ~ 11Jijn1'.i1~tI Htl~ mHY~lff~lllNtlLltl~1l1' 

In'l:l~m'nJ~n\l~iJ~ 11Jij-i1~1Jtl~l'WflWfh'Yl1~1f1'l1'W:; 

91.1'" I 1 1 4 , • ....... I
m'.ilJ'.i ~lll'WflW fl1V1H fI'l1'W~ 'W~1'H1'.i ltl6 'H V1'J1U1161'H 1'.i 'H'.i 6~16t1H61'H1'J 

d~ '" 1 91 '" 1 ~ 1'JgI ..."' .... r 1'J.IJ'IV1l'ln'l:llllflWfl1V1H fI'l1'W:;1l1n'W6mtltl~ fl ff11l1'.ifll'1n'l:l1 Lfl'Htl1t11tifl~~6 LlJ'W• 
2.3.1 	 nl1Rnlmi1-u'lh:;n8U'fIHltlil (Chemical Composition) 

1i~ijtlll'~mh~u'W~'H1ntl fl6nn1'JUUU Weende 'H16 Proximate Analysis 

~fl~tif'W 1flmrn1V1tJ1f11ff~!'l111W6'.i11'W ~6 Henneberg Utl~ Stomann U11'U:ij6~ Gottingen 1im'.i 

J' ... ~ !'11 .I 91 1 '" 1'J""" ,I

'1.1 1f1'l1'W:;1'W61'H1'.i~:;\ln1lfl'.i1:;'H66m1J'Wff1'W'tI6~ fl111l'l1'W 1m 1I'.i~'W'.i11l L'tIlI'W W6 U Utlt 

nitrogen-free extract 1fltliJ~1U'WiJ~fl~ijtlll1~tl'Wmh~utl~'Hmtl lltl~ 1~ijm'.iuA'1 'tI1I;mJ1~1in1'.i 
, 'JJ Q,I A ..... J.c1~ ,~~ A 1 Q rI .. I (II

'H 1'11111:; ffllnUlf1 'H)~1l61V1 tl1f11ff~'.iVl1l6Q V1~'ULtl6fl111lff:;~1f1 'W mnlm1~'H lJ'.i:: 'H tlfll1tl1 

. 1'" 'QI Vi Jld QI 4 Q II .. 	 ~44 	 4Q

fl1 'l1~1t1 H~tI~fl~ t1Cl'Jf~'Htlnm·Hfl1l1tim'.i11m1~'HUUU Weende 'H'.i6 Proximate Analysis llJ'W1ti 

~ijtllI1rt'Wn1'.i11m1~M"h'W1I'I tn6U'YI1~lflij'tl6~m'H1'.i -i1'W ( Concentrate) ulPi ij 1fl ci~'W1l1n1'1.1 m'I 

Q tI t J; 1 .4 ~ , ~ tI ... 14 1 ... 1 QI 

11f1'I1t'Hfl1't16~W6 tI (Roughages) I'W 6~~ln Lllff11l1'Ifl11f1'.i1t'H'H1lJ 'I1l1Wff1'WlJ'.i:;n6U'tI6~N'W ~ 
~ 

lCl'Jftltl1mCl'Jftl~ ltlff Utl~ iim1'W'~ 'W6mnniliJ~ijiinij'W1J1~ri1'Wff11l1'.ifltl~tl1t1'~'W~h~ln?lm'I'lty 
t Q a'.4 1 1'" ..... ~ 1 GI!0 	 'JI • 

'H1t1'.it'H11~mn1fl'.i1:;'HLtl6 til'll 'Hfl1V1 Lfl LllfJn~6~ fl~'W'W Goenng, V. and P.J. Van Soest. 

~ " QQ4 tI A 1'" 1 Q4Cl " II 	 • Qd

(1970) Lfllff'W61ti11f111:;'HW61m11Ju 'H1l1'Itln111tifllV16'Il~'WVI (Detergent Method) 'H'Hl1ti 

... ~o4 1 1 , 91 1 ~ 4• .1 	 "'''''.11LfI'I1~'HW6 tI ~W 'l1ffnl'f6n (Detergent fiber Analysis) ~W1l1~QlJ'.itff~fl1'WmWnUtlt 

th'W1I'Itn6U'tI6~NU~1Cl'Jftl1~tl61fftl'H llnn1'.i~'h ~iJ~1Cl'Jftltl'l111'I~n6U 1 1I~1t1 1Cl'Jftltl1 tlff l~ij.. 
lCl'Jftl~ hff utl:;iinij'W LllPitl~"h'Wijn1'.iV6t1'~1Pi1~tl'W 16'1.1 1Cl'Jf11~ln9i1ff~1'v6t1NU~1Cl'Jftltl'l1hj'~ 

t "I ,Q cJrI, ." tI~ A frI 	 QI

U~L6'W LCl'Jfll ~ln1tl'WVI'.i tI '1.1 m ~ltl1:;ff1'W'H'Wl'tl6~ff~1Lfltl1m 6~ ff11l1'I fltl6t1fftlltJLCl'Jftl~Iflff Lltl ~ 
~ 	 ~ 

l~ijLCl'Jftl~ ltlff1~ ulPiv6t1iinij'W '1J1~ ~~U'W 1l11'.i1V1'I1u1I~1l1W'tI6~ri1'W1I'Itn6u1'I1rl1ij~~.yh1,r 

.1'" I ...... ~ ... : 1'J1' 91 .1 91 '" ... 
lJ '.it11l'WflWfll'Yl1 ~61'H l'.i 'tI6 ~tI'l16l'H1'I ff~1'l1'W fl'W '1.1'1 L~ \! n~6~llln 'tI'W ('4tytl61l 'l11t 6ff'.it fltl, 

2540) 

2.3.2 	nl1Rn",lfl11d8t1'v\' (Digestibility) 

v Q"I 	 Q"I 11_ 
2.3.2.1 fl11'f1"QMnUVl1"Vl1;)1~ (In vivo) 

~ 	 ~ 

~1t11im'.i 1~U9i16VH'ti~'H llfl(Total collection) utltn1'.i1~9i':I'U~; 

(Indicator Method) 1fl'W1im'.i~~ ulPiij-i16~ltlfl''W14~~ fh1~~1t1~ff~ 1~ntllVlfltl6~LLtl~U'.iHl'W... 

llln 1Pi~1l1'~ijm'Iffn'l:llm'.iti6t1'~'tI~~m'Hl'.ii'Wm~Ltl1~111l'W lfltl1i Nylon bag technique (In 

http:1l11'.i1V1'I1u1I~1l1W'tI6~ri1'W1I'Itn6u1'I1rl1ij~~.yh
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sacco) ~~'~i'tJt1111liimJul't;'lH'I1vl'U1J~~u'U ldvnlmrl'U111011~ffl1l1'Hn;,'~~lV iifh1~~1t1 
01. 	 • 

'1i~~,rfl fflllllmhw!vlln'U '~iit'l:::m'l1V~1Vfh~1'Ul1t'11ff'U'1 Ul1'hfhii'A'vn '1i~HntJ111 ii 

't1f1t'1V~ntJ~1ff~1~1~ (In vivo) U~~lrl'U111fll'i~~ ffl1l11fJ'lh1l1flfllaVflVl'lfl1 (Screening test) 
01 

'1l'l'lfaV~1VU1~'t1f1ff61.J'U'6V'lfiifl o6'U'lh'tl't1f1ffVUnU~1ff~1~6 'tl111011ihh'~1f1Vth~1mh~ 

61'lfl1~~6~011't1f1ff6U 'rit'l~''UQ~ ''Uft6'U th'tlU'Jf'~l 'U m:avn:::llll'U ~~ffm:mrlufI'Umflfi6 . 	 . 
Quin, 1.L, et aI. (1938) 1f1vi~q~iilinlfl~1''lf1l (Cylindrical bags) YilO11't1f1t'16~lUUfl:::iirh~fI 

01 	 • • 

N.:J rumen fistula U111wm:::l'Wl:::111l'U 111fll'iihrlu111ii'~i'ufl111liJV1l6UHU'W;'lft'llt1 ,j'6lJt'lii'~ 
01 	 • 

~lfl111UUtJ In sacco ilffl1l11mh'tl'~6iulV~m:IW:::011U6Vfft'llV'lJ6~1~6iv (lCJft'ltJ1t'1ff) 11t'1:: 

1tl1~'U1'U 61'lfl'i'~ Ut'l:::ij'~ 1~flflla6fl1f1Q~UVl'lfl'ifffl1fJWn 1'W~1'Ufll'itl1:::fl6u~m61'lfl1'~ 

~1V (Huntington, 1.A. and D.L Givens, 1995) 
01 	 • 

11101'WUU In sacco il ii'nVt'I:::16VfI'lJ6~1't1f1iJflUt'l:::111tl5U91ii11f1fl~H 

n'U 'A'uo 'lJUlf1'IJ6~'1f6~'lJ6~1ff'l~1,*YilQ~ ~fl'MW:::'lJ6.:J~16Ul~61'lfl1~1~ffm:n fl111laiU 011 ill' 

11fl1l:::lf1l1,tllvuliivun1Jfh~'~~lfl111UUU In vivo ~1V 1~61'n1li011~\lfl~t1~~~fI 

t1Ul~'1~fllll 011 fffl'MlflllUVfJ'~'lJV~Vl'lflli'Um:::''Wl:::llllU1f1fJ1n 

l't1f1iJflQ.:J 'Uft6'U (In sacco technique) U11111):::lrlU111011~~ 11t'1::: '~i'Ufl111liJVll6th.:Ju'Wl'lft'lltl 
u~1J~~uu '~ii011 6Vflfltl'flW~1~V1nu~'j'jV1U1HU 011 1~fffl1't1f1t'1t1~~1,j'1l.:J1f1 Yi1ill'0111'* 

OJ .. , .I.,: .. '~d ..., ,91 'I 91 
fffl1't1f1t'16~Q~Vlfl'IJ'U fI~UU U ~llfl111l'WfJlfJl1l1f1011VtlV fI'lJ6~61'lfl1 L'U'H6~'YIf1t'16~ (In vitro) 

0 .... Q~ .c:I Q..1 GI Q QI fI Q..c:t ~ cl t1fltI'lt'l6~1JnmVl't1lflfl'IJ'Umtl L'U't1Hlfl'U61'Hl1'IJ6~fffl111i01muu'U llVfl11 In vitro technique 

~~,ru1ug~iifl111l ~y,fl1lJUt'l:::ii011i~'U1111 011 ill" ~fh~iifl111lifl-Klfltl~ nUfl11 't1Plt'l6~nu~i1 
fffl1~1~ l'lf1l1::ffl'Hi'U011'flth~U61'Hl1 (Ranking) 'Hl6011flflla6fl61'Hll (Screening test) ill' 

l'lfam!6t1'lfiJfl06Uth 'tl't1f1t'16~nU~1fffl1~1~ ffl1l11fJ't1f1ff6U~16th~ 'A'flf~t'I:::'Ht'llt1 '1 ~16th~ 
• 	 01 

l'Ul1t'11ii~lnfllil'll'tl1:::'H8'flfhi~~lV l1t'11 Ut'l::: UH~l'U'~ 1n0111'lfftlil 'A'uo O11tl1:::11iU 

fJwfh't1H 1n'lf'U:::iull'6~'t1f1t'16~ (In vitro technique) 

2.3.2.2 	fll"i1.h:::&ih,tJwfil'rn~1.fl'ti'U:::1'U'I1'iWRlIRiUN (In vitro technique) 

O11't1f1t'16~'lflO11U6V'~'U~1fffl1 (In vivo) lrlU011 't1f1t'16~~i'Ultla6~ 



•
" 9J r.~
'\1f):JJtrvH}-~t:1J QJ'(1 q ~ 111 . "-. ..;~.< 15 

~J .._.~ .. 
Io.~~ ..; 

"11c)1~~~? . 

",A Jt ........ " .d" .1. 1"'" " • 111" .1flt] L fliU CfI L'W fhJ lJ fI 'HlH11ff!fl fll'W ff;}1 'VI;} 'CHFI 'VI L'U1N1;}1J1fl 'U 'U 'VIl 'H f11 'l 'Ifff;} 1 'VI;} ,UH'VIl l;} til fl 'U 'U 

(/ Q141 t QI tid 1 " 1 QI" .... 1 Q , 1 1";}{I'U'U 'Ufllfl'lf'U:::fI'lff;}'ff;}1~{I 'Hfl11lJff'U ~fl1Jf11'llJ'l:::LlJ'Uf.!iUfll'VIH fl'lf'U::: 'U'Hfl{l'VI~HnH 

.1 "," .d"l"..... " I "I"(In vitro technique) lJlfl'U'U UlJ11'Ufl~i;l'VIl;}~:::Lflfl~lflf11'~1i;lfl{lffm'Uf11'liUf11'tlfltll;} 
» • 

'Ufl{lm'Hl'f11t11'U'VI1{lL~'Um'H1,ri1'U~l{l'1'Ufl{lff;}1 u~~l,jl~ti{l;O{l~lU'HU{l'Ufl{lml11'Jn\1flVfltl 

1~'U'VIH1~'Uml11'Jri1'U~l{l'11m:::m111''H;fllfl'lf'U::~\1fl~flct1lJiiu~'U 'VI1{1 (Kinetics of digestion) 
• » 

1'Uf11"hL tJ1 ~tJ'f:: lt1'1f'U1~lJlfl,rflmv.tI{I1!fl ffll1i'1J1i n l~i'1Jfl11lJijtllJ91{lU~fl~;}~'Uo{lll ~ ~oU'U 

L~uti 
» 

1) 1if11'f 2 oU'U;}fl'U (Two - stage method) 'Ufl{l Tilley, J.M.A. and R.A. 

Terry (1963) 
» » 

1ii11~i'1Jfl11lJijtllJU'W~11 i;lltl 1 fI tloU'U ;}fllJU'mrllJ f11'f11,j fl911flVH 

m'Hl'.i'lh::lJliU 0.5 fli'lJ n1J'Ufl{ll'Hi;l1~lflf1'.i:::L'Wl:::'llJ'U (Rumen fluid) ~1'U1'U 10 iji;l~~;}'f Ui;l:: 

ffl'li;l::i;lltloUyh'rJfl{ ~llJ1'U 40 iji;l~~;}'l 1lJ flask 'U'Ul!fl1gfl mtll~fffl1nUflflflcUlll'U (Anaerobic) 
~ f • tI, " 

tilJ(Incubate) iifliU'HfJij 39°C 1rl'U11i;l148 i11lJ'I oUlJ;}fl'Unfffl{l Vilf11'l,jll:gflU1Jfliii~tll!fltll~ 

f1'.i!flLf1afl (HCl) utl'1lifltl~fllf1t1tilJ~1mfl'ULClf,JlntJcU'U1rl'UL1i;l148 ~11)J'1 ri1'U~L1i\1fldfltl~:::\1fl 
" 1"".4• .<V" » 

o~ ... 1 IQ Q#0 <V ctfl'.i fl{li;l HU i;l::: fl1J 11 UlH1 'Wflfll'U 1iU 'Hlfll1;}q Lil1 {I 11 1fl'U 'U 'U 1 llJUn~::'VIn1JfIl fl'U 'VI'.i tl1;}q 
• JI ,tI t 

(Organic matter, OM) thfhiil~i11tJ11'flflflfl~lflri1'Unii1 'U fll'H l'.i~{lU~l;lJ~'U 1I:::'VI'.i11Jfi11;}q 

ufl''1~dfltl'~ (Digestible dry matter, DDM) 'm:::v'U'VIlt11;}q~vfltll~ (Digestible organic matter, 
» 

DOM) utl'1rll'U1iUflnvfltll~'Ufl{llfl'lf'U:::';{lfffl{l~flltJ 

2) 1ivfltllSoW!fl'ULClf,J1ntJcU'U (Pepsin) 1m::: 1Clfi;l'l1i;lff (Cellulase) 

lfl'U lClf,JL'WtJcUlJ lrl'Ulfl'U lClf,Jff'llml:::li' ~ffnfl~lfl~1Jt)fl'U'Ufl'llf1 ri1'UlClfi;l'lli;lff 

~lfl~~'U'VIlV;}llJ"h~1J Vil '~n!fltli{l~1mjHm111'.i~~fl{lf11'.i'VIflfffl1J111rllf11'l VfltlL~tJ'.i:::1J1 w 
» • 

0.3 flllJ i;l{l1'U11i;lflfl'VIfli;lfl'l lri HCI - Pepsin solution u'lilll'Ui),{I,.hnflWl1fJij 40°C lrl'Ul1i;ll 
,)I • , 

24 i11lJ{I ~1f1'lrlJ1~lJ Cellulase - Acetate buffer L-nflVilf11'.i vmJr·nl''11Clfi;l Vilf11'ltilJ~flnflWl1fJij 
... ... !'It .:.. 1 ~... ... !'It I ~ I 111 '111" ,A 0 ,

1f1t11fl'ULlJ'UL1i;l1 24 'lf1 lJ{I f11fl'VIl'Hi;lflt1flllJlJff1'U'VItlfltlllJ l!fl 1I:::\lflf1'.ifl'lUi;l:::fl1JlnflflllJ1iU111fll 
» • • 

1;}qUfl'{I 11 1 fl,r'U illlJllNl L-n flrll'U 1W111rll V'U 'VIl tl1;}q ffll1 i'1J 1;} qufl''I Ui;l::: V'U 'VIl tl1;} q ii'~ 
tI 1 J t, 

I .:::t 4 QI '44" 4, Q" 0 1 " 'QI ", Q 4. Q,I1'U ff1'U 'UllJfll1 flflflfl1l lfl ff1'U'VIlJ l'U fll111'.iUW;}fl'Ul'.i lJ;}'U 'VI1 11 'VI '.i11Jfl11;}qU11 '1Ui;l::: OlJ 'VI'.i tl1;} q 

~VfltlLIi' 
........ AI" <d ~ .. .l 


3) I'll 1f1lJ'.i1J1iUf11Clf'VINi;l;}'U'U (Gas production technique) 

..... .1 ... .1 1 AI ... 1
11i'U\1fln~'Ul'UlJ 'UlJ'l:::l'VIfl'Wfl'llJlJ fltI Menke., K.H., et al.(l979) 

4! Q til" ... fQ~ ~"l" 0"1" d .Q;./q,I t

1l'U'U;}fl'Uf11'.i1LflnZl1 'Ul1fl-3lJt]1J;}f11'.i'VIllJQ-3t11fl 'VIll!flff:::!fl1f1'.i1!fll'l1 ffllJl'lt11Lml:::11;}1flflH 

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle
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'l{~lU1U lJ1flhm~a::f1 i~ lflfJfl1ffV1'n;flfl"i~"h mnn'1m.l1111':i 'Ufl~ ,aUl'l;V'mfJ 1 Um::l'vn:: 

o 1"'" <:'I "l .Q I'" <:'I..;....J a""l, '" ., "A 	 IV

11lJU1'11 111fl~ fll9f'U U 9f~lJ '!i lJ1Wm9fl'llflfl'UU ~::lJ1fl11'!iflU flfJ 'UU {lgmJ {lfl'!i 1 m '!i VtW ~ 

.. 0 'A I'" <:'I..;..."l... • IV" lA 1 ... 1
'U{l~61111':i llJ{lU1f11lJ'!ilJ1Wm9fl'llfl~'UUlJ1'Yt~1':iW1nlJfll.Jm1ua:: lJ'!iflU U61111n::tY1lJ1Hl 

thlJ1Vi1U1tJfhfl1':iU{ltJ'~'U{l~6Ul'l;fJ1f1Q (Digestible organic matter, DOM) ua::'Yta~~lU1'* 

u,::ltJ")fu1~ (Metabolizable energy, ME) 11im'!iVi1'~1~fJ1l1~1{lU1~{l1111'!i~~{l~m'!il'lfltY{ll.JlJ1 

UlJ (Incubate) l1lJtimJ{l~l11a1~lflm::l'Yt111lJU (Rumen fluid) ~'~~tYlJtil.JtY1'!ia::a1fJ,j',"n'{lf 
I 	 ..;, ~.I'" ", 1 " .., 0

ua::U'!i1il91 (Rumen fluid + Buffer media) l'l i'llJ'!il.JtYtl1'YtU1'H'I{llJfl1~"1 11111lJ1::tYlJfll.Jm'!il'lH1U 

'U{l~~aul'l;V' fl{l '!{l{lflCil'1'luua::qw11fJij 39°C 1ri~1{lU1~ 200 ijaafli'lJ1f1Qu~~ua:: Media 

mixture U;lJ1f1, 30 ijaaafl' a~1U11a{lfln~1'UU1~1mli afl'J;lW::f1"'ltJ11a{lfl;S~fJ1 ij;Jfll.Jtlfl .. 	 , 
U;lJ1f1'!i~lU.u'H11atlfl Ua1fJ11atlfl~t1til.JtY1tJtJH-d'U "1 ijflau (Clip) ti111i'1.J11l~ -11~ 1~t11H 

'U{l~111a1Ua::61mf1'11a,hul.u'1 t1t1fl'~ 1l111atl~ 'UtYtlfI'~1'UU-llU11~U (Rotator) tl1fJ1U~t11.J 

(Oven) ~Ui'l.JqW11fJij'~~ 39°C lriuna1 24 -i1llJ~ U"'1fhuu;lJ1Wnl9f~~afl~'U 1l1th~'~ 
lJiUl'lu~1utYlJm'!i~ui'l.JU1~ lf1tJ Merike, K.H. and Steingass, H. (1988) Vi111fl'l'!i11.Jfhm'!iti{ltJ'~ 
'UtI~6'Ul'l; fJ1f1Qua::'YtaH1U 1 cNu'!i::lfJCJfu1~1Um111'!i 

2.3.2.3 	fl1'.1n~afHlfie"1~fl1'.11~1'Y'Plulfl (Feeding trials) 

fl1'!iHI;OJ1~1.J1f1 (Growth) 11lJ1fJO~ m'!il~lJ~lU1UI9fa (Hyperplasia) .. 
ua::m'!i'UfJ1fJ'UU1~'UtI~19fa (Hypertrophy) 1U'::lJ::~16{lU (Early embryonic life) l~fJ'ti~ 

:: .! ... "l .., • '" ,J.., "1 Q ..,,, ... • !'II .12 'UUfI{l'UU'I'l::lflfl'UUfll.J'lfl19fa 11f111a~'\'llfll'ltYfl1 fllfllJ1lJUa1 'I'l::lJm'!iUl.J~l9fal1JU 3 lJ'!i::lfll'l 

'~un .. 
1) Permanent cell '~un 19fa,.h::tY11'11~lJ'I'l::11Q'lUU~~1~~U~ntlum' 

Q,f tI 0 , ~ 
f1atlflUfl'U{l~tYfl1 'I'llU1Ul9fa~::t1gfl~1'l 

2) Stable cell 'I{un t11tJ1::~1~"1 ~::ijm'!iUU~~1~t1'U1'U'::11"h~m'!i 

.. 
3) Labile cell ,h::fltll.J~1fJ Epithelial ua:: Epidermal tissue 'Yt1flU 

· "',1' ...... 1 .. '" "1 oS .!., ... ... .,J,J 	 ~"l 1 I
'\'l::Ul.J~fl1 flflatl~CJf1f1 flllllJtltYfl1 fllfllJl'l 19fa'Yt1fl'U'I'l::lJ~lJm'!itYl1~'U'U 11lJl'Yttl9ftllJU9flJtY1'Ul'l 

fffl11'!itl 

.. 	 . 
'UtI~1l111irfl~1~t1,h~na1 '~un t1f1'!i1m'!il'\'l;0J1~1.J lf1mz;lJ~t11'U (ADG; glday) t1f1nm'!i 

1'1'l;OJ1~1.J lf1m~fJ~t1-d'u~llf 11;t1UtY~~lri'U%'UtI~J111irml~~lfJ~tJtl111irfl1~lJ~'U~'~ 'Utlfl'l'llflrl' 
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'" ....,. "'.. 0 1" '" ,,~ 11' • ..;. ;itfll'I1f1 fll'H;) Hyl~ 1J 191'\l fNff~1 'nl 11 1llffl111HHfl1Jl11J'I111'\10~1'1 L,,0 tlH916l'IJ O.:J l1J1.n:: tI:: 

111'11'IJ 1'IJ ff~ 1'rlrl1'10.:Jtli'1J~11,rln1Jffm .... u1t;J~011~1111i ll11'iJl~'1I~1t1 ffl11 IImllN1'1flU 'rlrl1'1O.:J 
~ ~ 

, t1t1l::t,lfl~1~n1J'Vhf11L~tI.:J ff~i1 'IJ ffm .... flll L~tI.:J~l11t1fl~'\IO.:J lfl1:J~ l m'~ U9iri1'IJ 111qjflll 

'rlt;J 1'1 O.:J 11..1fl ij,ro~lnrl fio~o.:J~tylffmh'~~1t1~1'IJ61111l'rlt;J1'10.:JflO'IJ,rH\1.:J l~Onntl1Jl;;tI'Un'U 
U.... ::Ufl::~.:JL~'IJ Pilot animal '\IO.:J lfllnffl111HlU~;]ty111'lIlrltl flll11.:JUN'lJflU'rlt;J1'10.:J 

...; ,... "''' ;it '" • "''' ;it. ,. ,'rll11111::fflJ l ~W'IJ tllJ1f11J'\I0~1'11Wm'U'lJntl~1111flf111flll1f1'U'\I0~1'1l1J'IJ flq11 fllllWfl l fl'rl t;J1'10.:J 'IJ 

flOfl.u.:Jl~tl1 U~1"nfln'IJ61111l'rlrl1'10.:J6t.h~l~11~ (Add lib) 'Yll1lfffl111l(rjrltl1111iUol111l~n'IJ 
~ ~ ~.. 

'~';~l111rl (Voluntary feed intake) U1'1Z091nfllll\;11'\10.:JU111Ufl~11fl ;)lfl"r'IJU1fh;;'~'t1 

fll'IJ1iUrhtllZff'rlim.... flU1~t1l::lt1'iJ'li\llfl6111U (Feed conversion ratio, FCR) It;JtI flq91'W1'1 

ff11111~6 (2550) 'Ill::1l'll rhtllZff'rlim.... flll 1~t1l:: lt1'iJ'li0111 U ijfl1111thTlty hWlltll::tij'IJ 

t11111iU lf1'iJ'IJ:: 1 'IJ 61111l 'rlrlff01J9i Off911u9i1'1::~1 01111l~n'IJU~1ij091nflllL \l7 f\JL~'U1~\1~;~;j 

t1l::ff'rlim.... \1.:Jf1'll 11111t10.:J 0111U~ff~1'1Ii'1Jijflll'~t1l:: lt1'iJ'lil~oflll ~lH;S""~ lu9i1~l'rlo 
. " "t 

flUl\;11Ull1"rfl\1.:Jf1'1l ~~U'IJ ff~1;;ijo~nfllll\l1tyl~1J l~\1~\l::ijtll:;ff'rl im.... flU ''*6111U\1.:J 

" . '" t;J1t1&'iJ'lJfl'IJ 

flr;h .... nHl'IJ 111\llflm1:Jlfl1fl 2 fll fio En utl1'1'h in 111'1:: Ergon utl1'1".h work 

11111t10~ fl1111ffl111liI1'IJflU'Yl1.:J1'IJ (Ability to do work) ....n~~1'IJijfl1111~hflty~0'\l1J1'IJflll9i1~"1 
...;.. ,1 1 · '" .. ~ 11'" All 0 ~_I'Y._I ,. ..'rl1f1rl'\l'IJ 'lJn~flltl'\l0.:Jff~1 Li'lllfl flllfl'IJ01111l flllt]t;JCJ111 U1'1Zflll'IJl L1J 'lJ1Jl:: W'iJ'IJ 

'Wn~n'IJijl11'1lt11tl '~uri ....n~.:Jl'IJfl1111fO'IJ ....n~~l'IJ\l1'1'li .... n~.:Jl'IJUff.:J U1'1z.... n.:J.:Jl'IJ 

Lflij'~'lJII'IJ ul1·:h .... nHl'IJ \l::ijl11'11tl1tlU1J1J u9iln '1iffl111H'rlt;J .... n~~1'IJ '~lt;JtI~H ,dO.:J\llfl 

.... n~.:Jl'IJ ffl111l tutlgtl'IJ \llfl1 t111'd~ , t1l~'IJfifl1 t111 ~.:J'111 t;Jtlllfllt1\l::Lt1g tI'lJl~'IJ .... n~~ 1'IJfl1111! 0 'IJ 

'~~ltllt;JtIL~ .... 1::6th~t~ .... nHl'IJLflij\llfl61111lff~1 Lllffl111Ul'jt;J '1I1'IJ1tl'\l0~fl1111fo'IJ (Heat) 

~\lfltl1'1rltlftOtlOOfl111\llflfll~lNl'11l16111U6th~ff11\!lW' 11 tlw.h th....n.:J.:Jl'IJl111 (Gross energy, 

GE) ijm..btIL~'IJ Ufl1'10~ (Calories) It;JtI.... 5.:J~1'IJfl1111fo'IJ 1 Ufl1'10~ 11111t10~ .... 5~~1'IJfl1111!0'IJ 
Q,I C\ Q,I QI,J"';0,,,: d J.. 5't Q,I"

'rl'rll 11'IJ11 m11 11'fliUl1-t111~~'\I'IJ 1 °c flO 14.5 °c l1J'IJ 15.5 °c \llfll11'1flflU''iJ.... 1'1Hl'IJ''lJff~1 
tI ~ 

l~tI~ffl111nlLLt1.:Jfft;Jri1'IJ'\I0~ .... 5~~1'IJ~111flU ''*t1l::lt1'iJ'lJ111~~9i0,t1u 
.., 

2.4.1 't'n:'I.II.II1'Unu (Gross energy, GE) . ~ 

fio 'Wn~.:Jl'IJ'I1111 'IJ 01111~ ;;ff~1n'IJL,r1' tI thULnfl \llflflU U16111U111LNl 

. 11'" ~ ...; ... ,1 ........1'IJ Bomb calonmeter Uu11rlfl111110'IJ'rlLflrl'\l'IJLL1'1::61\lLltlflOfl'iJ011'IJnl Heat of combustion 
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. .,. 

fI 'W 1'Wn'W f11l ~f\I!fftlHlVt-n lJ fl11lJfV'W til 'ln1fl fl1'Wfl'Wthv~~ ~Vflnll1 t-W v 1 M'fl11lJfv'W m~~lt1 

~1ff~mYlJV !!~:::til'.l v{llJiJ!~V{d1H i'1J1flf11l ttJ~tI'W QWHt.;IiJ VlH 1l~~V~f11l1fl'Wtr~,n'W ~:::\lfl 
.:, lit "'t ~ ..l ''t 0' 't ']I .. «!\ 0 QI 

'H~ 11~ n ~'Wtntl11V~ ~'W1JVlJ1J ~'HVVflCJft~'W 25 - 30 Atmospheres tYUlf11ltN1VlHll 111f11l1fl 

QWHt.;IiJJ'l ~lfl,f'WtN1V1H ll1fltll,*''''~1 ~~fl1'W~ 2.1 fl11lJfv'W~tnfl~'W~lflfl1lff'Wfl1tJ~:::\lfl 
'J/ 1 JI 'JI if 

t11t1t111 M'flml1 tijvv~1'Wfl11:::fflJt.l~U~11flQwH t.;IiJ'Uv~th flflfli'~ ~1 fltT'W fl1'W1W H1tJ'ilJ1W 

<V : Q.>:"it ~ ~ d ~ J ~ 0 : ~ 
'W~~~1'W ~lfl'W1H'W fl'W 111 ~ '1f fl11lJl V'W 11t'WlJ'tJ'W H~::: ~lflfl11m V'W ~lt'W 1:::'tJV~'W1Hfl:::'tJV~1JVlJ 1J 

~1vd1~fh Gross energy 'tJV~VlH1lt!fl::: lf1'1f'W:::1J1~'HUfl !!fffl~Hl'WYl1l1~~ 2.2 

+----t--- Motorized stirrer 
+ - Electrical leads for 

Igniting sample 

Thennometer in water bath 

Insulated container 

O:zinlet 
Bomb 

(reaction chamber) 


Cup holding food sample 

Water 
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ITEM Kcal. ITEM Kcal. 

Cabohydrates Nitrogenous compounds 

Glucose 3.74 Average proteinsource 5.65 

Sucrose 3.94 Beefmuscle 5.30 

Starch 4.18 Casein 5.90 


Cellulose 4.18 Egg albumin 5.70 

Glycerol 4.31 Gluten 6.00 


Alamine 4.35 
Fat, fatty acids Glycine 3.11 

Average fat 9.45 Tyrosine 5.91 
Butter fat 9.10 Urea 2.52 
Beef fat 9.40 Uric acid 7.74 
Com oil 9.40 Ethyl alcohol 7.11 
Coconut oil 8.90 Methane 13.30 
Acetic acid 3.49 
Propionic acid 4.96 Feeds 
Butyric acid 5.95 Com grain 4.40 
Palmitic acid 9.35 Wheat bran 4.50 
Stearic acid 9.35 Grass hay 4.50 
Oleic acid 9.50 Oat straw 4.50 

Soybean meal 5.50 
Linseed meal 5.10 

..; 
't11J1 : Pond, W.G., et al. (2005) 

"1 ..; .~ ... "",,, I "1~ tI~lfl'UfllJa tJfl1'fHVl2.2 'W1.J11 L'UlItJlI'Wa'H1tJq~fl11f11'f 1.J L€M1'ffl 'fZ1I1W 
", II • • 

2.25 l'Vh 'ti~\Mjfl~ ~lflfl1f11.J '3Lfl'fflii 111mQa'UmflflflCMl ~tJl~tJ~Yl flii\lzihtlijili tJ1fl1.J '31fl'f 1 ~tJ 
QI • t/" ~ : QI: .d... ~ d _ -=- QI _ QI t:

hT llJtJtJ 1 fl~tJtJ Yl a~~ltJVI Lflfl'UtJ ~~Lflfl ~lflfll'fflflflCJflfl'trtJ 'f:: 'I111~flflflCJfl~tJ fl1.Jfl1'f 1.JfltJ1V11tJ tJ 

uy.)''U~tJiiflflflCM1~tJ1 tJ 1111aQa.JflfJ tJfl~1fllh~ fll'flm fJ1.JliitJ1.J'fz'l1-h~mfl ''U~tJ l'lftJ Oleic acid 

" (C1SH)402) fl1.J fI1f11.J'~HfI'ffl l'lftJ 111fl1a Glucose (C6H I20 6) ~zliltJ'~-h Oleic acid iiflflflCM1\ltJ 

14 t/..diZ .. d QI t .Q' t/ ..=t " 
2 flZflflllUflllfl1'f1.JfltJfl~ 18 flZflflll'l1'fflllffflff1tJ'Ufl~flflflCJfl~tJflflfl1'f1.JfltJ (O:C = I :9) \l~flfl~ 

. " 
11 Tf.lflflCMl~ tJ ~1 flfl1 tJtJ flfll ~11J1L-nflfll 'f flflflCMlflitJ 'ti~fl1.J '31fI'f 1 \ltJua Zfl1f1.JfltJ ,1fI tJ1 tJ fll'f !f·n ." 
Na1qJ (Oxidation)'31f1'fl~tJ 1 fli'll ~z'~Ylti'~~ltJ1I1flfl··hLN1Na1qJfI1f1.JfltJii111'11Ufll'rhfltJil~ 

1 4 _ II f OJ .. dQ,l • Qd: 
41't11 'UWZ't1tJ1fl1a glucose lIflflflCJfl~tJlm::fl1'f1.JfltJ 6 fl::flfllllVl1fltJ'I1'fflllffflff1tJ'Ufl~flflflCJfl~tJ 

y.)fltnf1.JfltJ (O:C = 1:1) 1f1tJii111mQa'Ufl~flflflCML~tJ1TffJ~Yl fl1tJfllnhtlijili tnflflflcilflitJ fl1.J 

1111 1J/!'fj·" ....... " 111 ..... " ........ ....... 1"
L3 fI'f l~ tJ 'I1l1JtJ tJ 1 fI ~tJ tJ m fI L'U1I tJ ~~fI fl~fll'f fl flflCJfl~tJ LYlflfll'f fl fl flCJfLfI 'trtJ 11a Zff1111'f fl '11 

... ,2 QI d ~ I,: f "df 001

Yla~~ltJ t11J1flfl11tJ1fl1a Glucose ~lflfl1flfJHVlfla111J1tJUfffl~1'111'l1tJ 11Yla~~ltJ'f111 (Gross 
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Qi A QI tI r .Q" • t Q.f .. • J.. . 4)
energy) 'U 0~111QA'U01'" l'U'I'1I1UlInZ 'l1'U AlJ fl1llll fl9l1~ fl'U CJf~1H'l1tNmfl11lJ ff1lJ 1HI l'U fll'HH1 .. . 
,,., ~,.,;Ofll'.i 00 flGVLAci'U ',h'UtJ'.iZ flO'U'U0~ff1'.i01'"1'.iil''U ;h'H;~ -IIl'UU9lfl~H n'U~1 tl 1 Atl-n 11tJ 

m11'U'sLA'.i1l 1'U~'U mn: ltJ'l;l'U ~~)jVH;H1'ULU~tltJ'.i~lJ1W 4.10 9.45 un:: 5.65 kcaVfli'lJ 

911lJih~'U Oth~"~1I1lJ U~':hVH1~~1'U'.i1lJ (GE) 'U0~111Q~'U01"'l'lff9l{u~n::'l1iiA''U1I1'l1~~ 2.2 

)jVU1~~1'U U9lfl~HO'U U~lAtlvr1'tJ191Q~'U61'" 1'.i ff91 {rid'1..1 , ,.,qj~ij rh'U tJ'.iZflO'U ,.,tlmrl'Uvnfl 

,,~ ... .., , :P....., ',/! ..: ... ~ '" , ~ "" :.., ok ... 
fl1'l l'U LSLA'.i9l~::lJ'WnH1'U'.i1lJ fl"lfltl~fl'U tlflL"J'U'W1fl'YIlJ l'UlJ'U~~ 'W'U 'UllJnA'W'l1'U1lJ'UCJf~lJ 

tid 'UtJ '.i Z flO'U 'UO ~ fl'lA 1 'U~'Uod~n::'* 'W d'~~ 1'U ~~ un Z'W 1fl~ ijwi 'D 1fJlJ 1fl~::'* 'Wd''H1'U ~1 .. 
111Q~'U61"'l'lff9l{tJfl~~z)jfi1'Wd'~~1'U'.i1lJtJ'.iZlJ1W 18.4 kJ,.,;O 4.4 Kcal/fli'lJ191QU*~ 'UOfl~lflil 

LrI'U ~\.hff-:JLfl9l':h 'Wtl-:J-:J1'U '.i1lJ (GE) 'U0-:JyJ1-:J.,r11~-:Jl~'U 191Q~1J01"'1'l ffll {fJwm'W~11jfi1'fll{lfltl~ 
O'U.,r11 1 'WtiI~-:Jlr1'U111Q~1J01"'l'.ifJWm'W~ lrl61h111Q~'Ui-:JffO~")fiiAlJ11if'tJ-:Jff9l{.,r111'WA~:: 
ff1lJ1Hl' *'Wtl~-:J1'U~tiOtl1"'tl~fl ..;hyJ1-:J.,r11 (flq9l'Wn fflJ lJ 1916, 2550) 11 ffA-:J '*lif'U 'hti1'Wd'-:J~l'U 

'.i1lJ''U61,., 1 '.i (GE) 1li1"'~-:J'UOflO~'Wd'~~1'U~lrl'UtJ'.i:: ltJ'l1t.J~Offllfl~oti1-:Jll~111-:J 

2.4.2 YfD~HUdf)r.J'~ (Digestible energy, DE) 

'W d'~~l'U'.i1lJ' 'U 61,., 1'.i 1li1~~~1JOflil-:J'Wd'~ -IIl'U ~ lr1'U tJ'l:: ltl'l1t.J~fl ffll{otiH 

u~~1 -:J ,,10-:J 111fl 1li1~fhi1-:Jil-:J'Wd'~ -IIl'U ~~tlllUtl1 tJ, 'U fll'l tiOtl u n::fl1'.i1lJ1I1'UtJ 1 n~fl1"'1 '.i 

lAtl'UWZff9l{il'U61,.,1'.i 'Wd'-:J~1'Utb'Umfl~~qJ"'ltJ1tJ flO 'Wd'~-:J1'U''UlqIn (Fecal energy, FE) 
, II JI II • 

'Wd'~~1'UVitlfY'" 1tl 1 tJ,'UlqIn il''U ff9l{lfltl1160~i1011''lqJlUtllJ1flVi"1'AtJ '.iZlJ1W 40 - 50% (1,jtlll{OlJ 
.. . 

=ihz6ff'.iZQn, 2532) ~~,r'U ,.,lmh'Wd'·N1'U'.i1lJ''U61,.,l'l lJ1..rfln'U"'1tl'Wd'~-:J1'UVi"Ity"'ltl1tJ''UlqIn 

~ 1"'" '1" .1 ... 1" 4 '" •fll1:: A'Wn~~l'UtlOtl til (digestible energy, DE) L'.ilff1lJ1'.it:llJ'.i::LlJ'U A111flfll'l'YIAnO-:J1'W01ti1fl1fll'.i .. 
tiOtl1~ (digestion trial) ~~fflJfl1'.i~01tJil 

Digestible energy (DE) = Gross energy intake (GEl) - Fecal energy (FE) 

11~"h'Wd'-:J-:J1'UtiOtl1~ (DE) ~zijfl11lJ\lfl~0-:Juli'Uih u~th~1"'v-:Jfl-:J~lfl11 

'Wd'-:J-:J1'U~' ~tJ'.i Z ltl'l1'U1 ~ ,,1tH~lfl1li1~fhi1~il-:J'W d'-:J~1'U~ "I'll LU tJo OfllJ1'Y11~ l1ffffn:: (Urine) 
Jlt JI II 

un:: fl1CJfijL'YI'U (CH4) ~-:Jil''ULij61h'Wd'H1'U-n-:J 2 ih'UillJ1..rfln1J00fl~lfl'Wd'-:J-:J1'Utitw1"'~::1~ 

'Wd'-:J~l'U~'ftJ'.iZ ltJ'l1'U1~ (Metabolizable energy, ME) 

2.4.3 YfD~~l'Uih",h::lr.J"'U'~ (Metabolizable energy, ME) 

.., "... ... '" ,.1 M ." ...
ff9l1lJfl1'.i"lqJLfftl'Wn-:JHU 'UllJ'Uo-:JlqIn (Fecal) lJffffl1~ (Urine) UnZfllCJflJL'YI'U 

(Methane energy) ~-:J,f'U'Wd'~-:J1'U~'~tJ'.i:: ltJ'l1'U1~ ~-:JLrI'U'Wd'~-:J1'U~'~L'vtOfll'lil'hH;'Wun::vh 

http:Wd'-:J~l'U~'ftJ'.iZ
http:h'UtJ'.iZ
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n\lfl'.i'!ilJ~h~'1 (Metabolizable energy for maintenance: MEm) lh:aih/l~\llflfllnhYH;Hl'WnlJ 

(GE) 11m"J~':IVYH;-:J-:J1'W~\ltylffVVl1-:Jm'!i;rtl~lVlJ~ (FE) fll1;rtl~lvi1ffffl1:: (UE) U~:: nlCJfikVl'W 

(CH,J ~-:JfflJfll'!i ME = GE - FE - UE - CH4 1flVff~rd1'W1::w.iHth ME:GE vhhf'VI'!ilt1tlltl11lJ 

loU'lJoU''W'UO-:Jfhvf5-:J-:Jl'W~14th:: 1V'ti''W1~1'W01'Hl1 (Metabolizable energy concentration) mu: 

ffflff1'W1::'WllUh ME:DE Yhhf'VI'!ilt1 fhvf5-:J-:Jl'W'Yia-:J-:Jl'W~i4th::1v'ti''W '~i'Wonf11 ii 

tl11lJff1J'n'Wi'ntl'Yia-:J-:Jl'W~r.iOV'~\l-:J1flv ARC (1980) U~:: NRC (2000) '~,h::1J1t.l.1ffflff1'W 

1::1111-:J ME:DE 1'W1f1f.J~t1011111fffl1l'IJfllf'W11 iit'hth::lJlt.l.1 0.82 dllfrtl1f1f.J~t101lfl1fffl1 
11 	 ....1 .I.. "I VA I .... I • ... I A I

l'IJfllO'W O'W'W'VI L'ti'111tl10 u~::tlf.U:: (2551) LfllJ1::lJlf.Uffflff1'W1::lf11-:J ME:DE lJtlllJ1::lJlf.U 0.82 

Or.il-:J'1~flllJ ril'YiaHl'W~14u1::1V'ti''W1~ (ME) ij-:Jtl-:JiioU'O~lnfli'Wfll'nh'ui4 

U1:: 1v'ti'U' flO fffl1hjffllJ1Hnh'YiaHl'W~i4u1:: 1V'ti'U"~'ui4u1:: 1V'ti'U"~0r.iHu-n'\l;-:J 
ldo-:J\llfl'1i'~fhi1-:Jil-:Jfll'!i\ltylffV'YiaHl'Wi'W1U'lJ0-:Jtl11lJ~0'W'lJf.U::~fffl1n'W(Heat increment, HI) . 	 ~ 

u~::fll'!iiii4u1:: 1V'ti''W1~011111 ~-:JU'W i-:J'~iifll1'V1f1~0-:Jlflril HI 1flV01flV Animal calorimetry 
~ . 


\llflU'Wl1fl~t1ril HI 'lJ0-:J01lfl100fl\llfl'Yia-:J-:Jl'Wiii4u1:: 1V'ti''W1~ (ME) \l:: '~'Yia-:J-:Jl'Wt!'VIi (NE) 

.k ~ ... :: "..;. 0 'I v ... .10 "I.li"-1 ,. .lW(jI I "....... 

CJf-:J11J'W'Yi~Hl'W'IJ'Wt!fI'VI1V'VI\l::Vl1 Llffffl1'Wl LlJ 'ti'lJ1:: LV'ti''W Li10Vl-:JU'VI\lH MfflJfll1 NE ME­

HI 

2.4.4 	 tlll".t8Utllflfl11nUUD::fl1"~'..rtJ1::1U'I..1'U8-181,"11 (Heat increment, HI) 

'lJf.U::~fffl1\ltylffV'Yia-:J-:Jl'W~i~U1:: 1V'ti'U"~ (ME) I~OflnFilH;'Yi mnh 

... • "... .....1....... ....... "IAli AI 11

fl\lfl'.i1lJflH'1 U~::ff11U·m~~fI fffl1V-:JlJm'!i\ltylffV'Yi~Hl'W LlJ 'WllJtl111Jl O'W (Heat increment, 

HI)'~fl 
~ 11..;.... .I 'I' ..." ..;....... I";'i v 


HI llJ'Wtl11lJ10'W'VIlflfl'IJ'W &'W11-:JmVfffl1'IJf.U::'VIlJfll'!ifl'W01lf11 flllVOV fll1'V1 'ti' 

U'!i:: 1V'lf'W1~ U~::fll1~flcHlJ 1flv HI ,j'ml'WUU1'UflllJ'lfUfI'lJ0-:Jfffl1 U1::Ul'VI'IJ0-:J01111'!i 1::~t1 
.... ..;..... ~ jI.... 	 ,. i d lo!" I ... .I 

'Yi~-:J-:Jl'W'VIfffl1 Li11t1 Ll~::tl11lJfflJ~~'lJ0-:J L.fl'lf'W:: 'W0111n \l::m'W Lfl11 80% 'lJ0-:J HI lflfl'IJ'W\llfl 

01tn::.fl1vi'W ~mnOOfl20% ,nfl\llfl Peripheral tissue dllfrmYfl11nOfl~'Wi'Wl'IJfllf'W11 ~O-:Jfll'!i 
HI lfio'tiltl11lJOtl~'Wi,fntl;1-:JfllV u~1'W''lJfI!0'Wfffl11,j~0-:Jfll1i..rii HI \l-:J ldo-:J\llfH'lJfI!O'Wij 

f2f.Ulf.Qii'IJ0-:Jtl1'!iVlfllffll-:J HI ',jijUl:: 1V'lfU'~offfl1 ,dO-:J\llfl'Ul~lJtl11lJ!0'W i,fntl;HfllVfffl1 

.k ~It ........ ... .1 ..;. " ... 11 1"... ..:. "" 
(Heat load) CJf-:JLlJ'W.fl11::fltlfl1fffl1LO-:J'VI\l::flO-:JlJfll11::tI1Vtl11lJ10'W lffltlff-:JU1f1~OlJ LflV'VI1-:JflH 

,. 0 	 .......... ,. jI,. : ...... 

L~Wfll1'Wl fll1'Yil U~::fll1U~Hff 1110 LflV'VI1-:JvOlJ IflV fll1'!i::m V'Wl (Evaporation) l'YiOlfllll 

1::~tIf,lf.U11.Qiiil-:Jfllvi..rm~ 
... 	 ... '1.1 ... .1.. 'I " ..;.

fflLlf~'lJO-:Jflll\lty'ffV'Yi~Hl'W L'WllJ HI Iflfl'IJ'WL'WO-:J\llfl fll'!i LlfOllf1'!i'VI 

',jfflJ~~ (Imbalance diet) 'til1,f'IJtl1'Wfll'!i~i4tJ'!i::1V'lf'W1~.fl'lf'W:; i'W 01lfl1 ,fioi..r'~'Yia-:J-:Jl'W1'W 
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, " , 
·.h~flltlih.l':iZii'Ylifl1'Yi~l 1Hlfl'lllflUl'Ufll':iVVlJ61'Ml':i (Work of digestion) lUfl{l'lllfl'Yia{l,n'Ulflij 

, • II I I 

iil~l,"flflln;,n'U1'U lHfllt.J '~url fll':in'Ufll'M 1':i fll':ilflt.J1 Ui'lZfll':ilflt;fl'Uii'Ufl.:Jfll'M luh'U 

... ..; !'II... "0 l"'" ~ ~.l 1 1 ... ",.1 .:'Yll.:Jli'l'Ufll'Ml':i 'IIzQmtli'lv'U11J'U'Yii'l.:J.:Jl'Ufl1111':ifl'U'Yll 'M lflYlfl1111 '1 fl'Ul'Yill'll'U Yltl 'U fflij 11flt.J11flfl~ 

'II::ijfl1111!fl'U ~lnYl'lllfl'lllJ1'Ufll':i'M,j'fl (Heat of fennentation)1i'lv,ii'U'Yl; vl'U m::l'Yil::,lll'U 

tl':iZlllW 5 - 10 % 'litH GE (l.lty~flll ;b::6ff':i::f./i'l, 2532) 

v ... 
2.4.5 't'fIH-Ifl'Uqn'Ji (Net energy, NE) 

... .,. !'II ..;..." 0 ,.1'''.1 "...... 1'YiM.:Jl'Ut'{'Yl1J11J'U'Yii;H{ll'U'Ylfflij1'Ul lJ 'lflJ':i:: V'lf'U l'Yiflfll':ii'llH'lf'Yi (Net energy 
... .,. ,,,. 0'" 

" ... 
for maintenance: NEm) lli'lZ 1'Yiflfl1':i~i'l1ij (Net energy for production: NEp) flflVl.:JU'Yl'llH fll':i'Ml 

fh NE 'tll '~1fltlfll':i'Ylfli'lfl.:J'M;fl'tllfl1':ifil'U1Wl~f.l1.h::lllWfh ME rlfl'U U~1'tllfl1':i'Ylfli'lfl.:J'Mlth 
" ,

HI 1flt.Jf.l1~t.J Animal calorimetry '111fllr'UMflfh HI 'Ufl{lf.l1'Ml':iflflfl'lllf1fh'Yi-n.:J{ll'Uiil~1.hz 1v'If'U1~ 

(ME) 'IlZ1~fh'Yia{l~1'Ut'{'Yli (NE) "{lffllfl1':i NE = ME - HI Ui'l::fl1'Yi~ 2.2 

ft-n.:J.:Jl'Ut'{'Ylil'r7flfll':irllH=M'Yi (NEm) l~'U'Yi-nHl'Udl':ifl.:J~fflijfl~i'lJ'Illflfll':in'U 

fll'M 1':i tY1'U''M tY ll.:JfllV1.hhn~ 'U'UlJ1'Ufll':i 1111ij llJflii~ll,f'Ulf''U! l'U'Ufl.:Jll.:JfllV~ ~ 11~'U~ fl=M11ij 

" ... " 1~url fl1':f'tll.:J1'U'Ufl.:J Membrane ion balance 'Ufl.:J1UflWfl11.:J'Mllfl (All tissue)(30-40%) Protein 
" , " 

turnover 'IIfl{l1UflLVf.l't1{1'Mllfl (15 • 20 %) Heart work (10%) Respiration (6 %) eNS (Brain)(15%) 
• 0 ~ ... 04:& J 

Kidney (7%) lli'lZ Muscle tone (3-4%) fl1':i'Yll~l'U'Yl{l'Mlli'l'llfl.:Jn.:JflltIL'Yiflfll':ii'llH'lf'Yi (MEm) 'U'II:: ... ~...,.I" ... .1 ...
llfl1':itlt:yll1V'Yii'lHl'U 'UllJfl1111':ifl'U (HIm) lfli'l'U'U fl.:Jffllfll':i MEm= HIm + NEm(Net energy for . '" 
maintenance iiQf11h1tll~) ff1'Ufl1':i'tll.:Jl'U11{1'Mllfl'Ufl.:Jll{1fllm,"flfll':i~iilij (MEp) 'IIzijfll':i~tylffV 

ft-n{l{ll'U 1'U, tlfl1111!fl'U (Hlp) Lnfl~'U'';'U fl'U ".:J,f'U ,rlmhfta.:J{ll'Ufl1111 !fl'U~ tlty Iff tI1 tll~flfll':i 
fllH=M'Yi (HIm) 111':i 111fllJft-n.:J.:Jl'Ufl1111!fl'U~tltlJ'ffV hh~flfll':i ~iilij (HIp) 'liZ 1~fhfll':itlt:ylff6 

" ft-n{l,n'Ul'Ultlfl1111!fl'U11~'MlIfl (HI) "~ffllfll':i HI = HIm+ HIp 

http:Ufl{lf.l1'Ml':iflflfl'lllf1fh'Yi-n.:J{ll'Uiil~1.hz
http:fll':ilflt.J1
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Total Heat Production 

1+__ Metabolizable Energy (ME) ---1"'1 

Digestible Energy (DE) -----.......1 

Gross Energy (GE) 

. 	 ~ 
.ct 	 (UQlt/, QI 1.Q, 04JQlQI Q QI 

.fI1'rtYl 2.2 	fI 1111ffll'VfW 1i ':i ~11 11{1'W(1 Hl'WUfI (1: 'If'W flflll1 (11 flU'll 'W f1Uf11':i 'i\ltyLfftl'W (1 {I {I 1'W fltlf1 'illf1 

~l{1f11t1 U(1~f11':ifffl{1N(1Nilfi (~flU'll(1{1101f1 Pond, W.G., et aI., 2005) 

'W"'{I{ll'W~'VliL~Vf11':iNilfi (NEp) !1jm'f"'{I{ll'W1~Vf11':iL'il~tyl~U!f1 !~Vff~ffll 

1'11:iJ'W I~Vfffl{1!if'V 'W1I 1,; U(1:'II'W 'il~\lf1tim~u Hl'W~l{1f11tJ11~VVVf11'll1'Wl'll'Wn{l{ll'W!f1iJ~iJvd 
l'WN(1Nilfi 'll~1I1w'Wn{l{ll'W~1.n'Wf11':ifff1{1N(1Nilfl~~f1~11 !~tJf1'h Energy retention !fltI'W"'H1'W 

~'Vli!~Vf11':i~lH;'W (Net energy for maintenance, NEm>U(1~'W"'H1'W~'VliL~Vf111"1lfN(1Nilfi (Net 

energy for production, NEp) ffl111HUWmltJ(1~!vtJfl1~ fI1l1'1fUfI U(1~i'llUUUf11':illfN(1Nilfi 
QI <I'll) d " t QI A.'!:!U=S " , 0 '4" 0 QI Gt " 

'IIV~fffl1 tlfn-:J L1"f1f11l1 U1I11'W(1{1-:Jl'W ~'Vl1illfl1111\lf1f1V{lU(1~Ull 'Wtl1'i\l{I ~fI Ufl 11'11 V'il1f1fl L'W fl1'W 

~.cl I ,. 4~.cl (LI QI "d ~ J ~ <t " ,. tIA .Q

11if11':i 1J1"~LlI'W tfltl1l11if11'i'1f1'W(1~~1'Wfi 11111" V'W 'VlI'WlI'II'W 'ill f1f11':if1 'W U(1~ f11':i I 'If'll ':i~ ttJ'If'W'illf1 

Vl11 11" niV{I'il1m1j'W11f1l':i ~ (1-:J lJ'W 'i\l-:J~V-:J VlfftJ'l!f11'VltJ lf11 fffl1~ iJfI 1111':i VU{!~tl1tiU !'YlflUfI 

11f11':i'Ylfl (1V~ f1(1VfI 'il'WiJfl1111'lf1'Wltyl'W f11':i 1cf!f1~v-:J 2jf)~iJfl1111(1:iaVtlfI'i\l ~ iJ Nml11 lfilI01-U'W 

1J1-:J'll':i~!'Ylf1 !'If'W 'll':i~!'Vlf1ff11':il'1fVlW1~m U(1~f)Vff!f1':i !~tJ V-:JfI~1 cf':i::UU'W"'Hl'W 1 cf'll':i:: !tJ'If'W1~ 
" ~ 0 .... 0 	 QI <I: ~ 

(ARC, 1980 ; AFRC, 1993; Vl-:JV{I'illf1 f1W~'Vl1-:Jl'W'ilfl'Vl1111f1':i!1'WVl'H1':ifffl1!f1t11LVV{I'IIV-:J 

'll':i ::1'Ylf11'YltJ, 2551) ffl'Hi'U~Vl.J(1f11':i'll1"~dj'W 'W"'{ln'W'IIV-:J1f1Q~UVl11 11" afl11'W 'll ':i:: L'Yl f11 'Yltl V-:JiJ 
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tJd1!tJUlJ1f1 ui1~:;ijf11,'.;'1i'utJth,!j~tJ,dtJ,!j ,dtl,!j~1f1f11,tI,:;&ihJth~~,!j,!j11.1'Utl,!j1~Q~1J1L~a:;~ijA 

ij~tJ~1tiA ~11.1 ~1JtI,tlJ1W til1~~1U~1~'l fltl1.l ~1~~~ 
.... !, .. 1"i"" ..:.,J ell tI .. .... 1 1-. lid.A~1.I1.Il~tl l1 A'Ut:nJal~1J'U1.I~~ lfl1Jf11' 'tl1J1.I~aH11.1 1.Iml11' ArJf11'.. 

';11.11U~n~~11.1~d{Ju'~ (DE) 1Lat~n~~11.1~1~tI'tlu~1.I1~ (ME) ~~UffA~11.1~"1~~ 2.3 lAm~a 

Sources 	 Equation
11 R2 RSn

2i 
P-Value 

Kaewpila,C., et aI. 
(2008) 

(1) 	 ME = 0.19130M + 0.0956EE- 0.63 0.27 < 0.001 
0.0992 ADF 6.1887 

(2) ME = 0.1586 TDN -1.0738 0.74 0.16 < 0.001 

(3) 	 ME = 0.0865 OMD + 0.2355EE- 0.73 0.23 < 0.001 
0.0445 ADF + 4.0362 

(4) ME 	 0.9613 DE - 1.2276 0.93 0.07 < 0.001 

(5) DE = 0.1663 TDN + 0.1401 0.79 0.12 < 0.001 

McDonald (2002) ME = 0.160 OMD NA NA NA 

NRC (2000) ME= 0.2413 DE-0.1076 NA NA NA 

NRC (2000) DE = 0.1845 TDN NA NA NA 

liME, metabolizable energy (MJlkg) ; DE, digestible energy (MJlkg) ; TDN, total digestible 

nutrients (%); OMD, organic matter digestibility (%)j OM, organic matter (%)j EE, ether extract 

(%); ADF, acid detergent fiber (%); 

21RSD, residual standard deviation; NA, not available 

~1J1 : f1t.Ut';1~11.1i'A';11J1~'!11.1fl1l11'ff~1'U{J~tI't''VIffhw (2551) 

http:0.2355EE-0.73
http:0.0956EE-0.63
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~1~11 ~t ltlGJ'lJ'~n"tllHfI1tln~1ff1lJ1~m11~tl'lJ lfiGJ'lJt' 'IJ]j'lJ fl111tI '@fl" ~~ "lit111~;i'lJ'111~ 
_I" tlA 0'" A 1'J1 .... "''JI
1J~::: itlGJ'lJl'VWfl1~"l~-3'trn "":::n'ff)fI1~ lf~lI~lI~ Ifl 

fI1~1f11~t ltlGJ,r1l1n'n~.:/·n'lJ1'lJ onn~~n'lJ Ull:::~ttltl'na-3-31'lJ U fffl':/ 1 'lJfi1'n 

.J d QI tl4 .. QI I • ~ 1"_1 ,. "1 '" '" tI
'VI 2.3 ll:::m'lJ fffl1lJfI1~~tylfftl'nll':/':/1'lJtlHff1'lJ ~:::lf1H'IJ'lJ~O'lJfI1~ GJ1J~::: LtlGJ'lJ 'lJ~1ff~1 

fi1tllf~.:/1l1n~n~1n'lJ61lf1~'n~.:/.:/1'lJ'~1'11 'n~':/':/l'lJ~~ty,atl '~uri 'n~'N1'lJ1'lJl:dll (Faecal energy, 

FE) 11~:::lJ1W 30 %, 'n~':/':/1'lJ1'lJtlffff11::: (Urinary energy, UE) 11~:::lJ1W 5 %, 'n~H1'lJ1'lJl11n1C]f 

~'nfl1l1fifl1~lf]jn~Otl (Gaseous energy) 1.h:::lJ1W 5% Ull:::'n~':/':/1'lJf111lJ!O'lJ (Heat increment, HI) 

l.h:::mw 20% 
OJ .ct 4 4 4 t OJ ~ ~tV tI 

'nll':/':/1'lJ'VIllfl101l1nfl1~~tylfftl 1~tln11 'nll':/':/l'lJ'q'VIti (Net energy, NE) 'VIff~1 

1l:::1h'111~11~::: ltlGJul\4ofl1nhH;'n (Net energy for maintenance, NEm) 11~:::lJ1W 20 % ""::: 
QI Q,. ,'J1 .... '" 

'nll':/':/l'lJ'q'VItil'nOfl1~ lf~lI~lI~ (Net energy for production, NEp) 11~:::lJ1W 20 % fI':/Uff'i'H1'lJfi1'n 

..l 
'VI 2.4 

'''Id, .c:l "Q,I Glrll"QI

Otl1.:/ L~n~llJ fl1f11~ ~tyU'Ytl'nll':/':/l'lJUll :::f111lJ~il.:/m 'J 'nll':/':/l'lJ 'lJil':/ffA 1f10'lJ 'lJ1':/ 

... _I.r .'" '" tI ....... ,. ... ... 1'J1 

~'lJU1J~ 'IJ'lJO~ntl 'n'lJll'nff 61Q 'J:::tl:::m~'ll'Jty'fltI i~ GJ\,\fI'lJO.:/61lf1'.i 'J:::"tlm~ lffJ1lf1'J UlI::: 

'J:::~tlm'.i1,\'~lI~f;~ (Pond, W.G., et aI., 2005 ; 1Jty~t)lJ ;f1:::61.Y'.i:::flll, 2532) 
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Gross Energy ofFeed (GE) 

(Heat ofCombustion) 

1----+ Fecal Energy (FE) 
1. Undigested feed 
2. Enteric microbes & their products 
3. Excretions into the GI tract 
4. Cellular debris from the GI tract 

Apparent Digestible Energy (DE) 

I 
Urinary Energy 
Gaseous Products ofDigestion 

(primarily methane) 

Metabolizable Energy (ME) 

t-- Heat Increment (heat ofnutrient metabOlism)} 
Heat Production 

Heat ofFermentation ----110­

(from the rumen, cecum large intestine) 

Net Energy (NE)

•
Maintenance Energy (NEm) 
+Productive or Recovered Energy (NEp) 

1. Basal Metabolism 1. Tissue Energy (muscle, fat) 
2. Voluntary Activity 2. Lactation (milk), Egg Production 
3. Thermal Regulation 3. Conceptus 
4. Product Formation 4. Wool, Hair, Feathers 
5. Waste Formation and 5. Work 

Excretion 

.. 

Heat Production 

~ ~ tI 1 ~ OJ OJ

.fI1Tt'rl2.3 'lJhI~()hlfl1"'Y1.h:::: tJ'Yhl61'Hl''VH'I>1>11h1 (~~utJM~ln Pond, W.G., et al., 2005) 
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Fecal Energy 

Heat 

Increment 

30% 	 5% 5% 20% 20% 

'". 	 ." 1 _I ... i"".a. ,In'rU12.4 ffflff,)'U 9UllJ1::1JlW'tl6~fll'HltyLfffllL-n::fll1 'l1'W-n~~l'UL'WOfllHll~'1 

('4f.1l~611 y')::nff1::Q-n, 2532) 

Li46fll11>l11 ~Y...m-n::fll1 i ..rN-nN~~ 

2.5.1 	 tlllll~f)~n11'Wa'.Hl'U 


ff11JlHlLLti~ '~LrI'U 2 ri')'U fl6 


" 41 o.c::l 	 •.A2.5.1.1 tl1111~6~flll'W-n~~1'UL'W6fllHllH'l1'W (Net energy for mamtenance, NE )m

.ct _1- ., .4 Q.I ~ d QI tI" 0 , i"i
'Hll1f1fH lJ1111W'W-nH1'ULtl1l1::fl1J~1f{fI'Ylff~1~6~fll1'U1 11 'l1 'U 

~ ~ 	 A 
'tI1J,)'U flll Lll~11J6~Ci111'li'U~'Uj1'U'tI6~11~fllfl '~un fll1;'fill 1f2W'H iJij'tl6~1Hfllfl fll1 Ltl-n6'U''H ') 

'tI6~11~fllfIL'rh~~lLrI'U (,r6f1~f{fI) fll1cVOlllLCJ111L,16L~6~i1f1'H10 (i'U1Hfllflijfll1ff-n1f1~hLL-n:: 
" .1 i" 	 ..: 0 =it. 0 -1"'1' 'i " ""......ff1H'tI'U 'Hll~-n6~H'l-n1 u-n::fI1::1J'l'UflU~H'1 'Yl~lL1J'U~6f11Hl1L'U'U'l1'l~~111lJfI~ ~w 11 'H 

~ . . 
N-nN~~){'4ty~611 Y1::nff1::Q-n, 2532) fll11f1fi1'WaH1'Uri'l'Uil~6~1f1i'U'tIw::;hY~1'U6t.Jii~ '1 

'Ha~~flCi111m'H11 ijfll1,"m16t.JL~1l~ ,1iLtllflfl '1iff'4f1ff'U1'U f2W'H iJij~1f1'~~6~ '1if6'U'Hl6Lg'U 

Lo'U'lI fi1~1f1'~fiflLrI'Ufl1'Wa~~1'ULi46fll11>l1H;'W~61'U 6A61'H11 Llflfl'h Basal metabolic rate 

(BMR) 'H~O Fasting metabolic rate (FMR)(,"'Un'W1 'WufLii4f1i'U'Yl{ 2539; VliY'Ylt f{'l'nWl'l1ii, 

~ 

2547; f1f}~'W-n ffllll1~(I, 2550) 

" ... A i" ...2.5.1.2 tl1111~6~fll1'W-n~~1'UL'W6fll1 'HN-nf.l-n~ (Net energy for production, NE~ 

'H1Jl(ln~ lI~1JlW'Wa~~1'ULtlij~ff'~1ih , lIi~i 'U fll1ff'~ Ltl n::11''Hl6fffH 

Ld'6La6 U-n::f1UL'"'~f.1lLii1J 1~i~;l'H1Jl(ltl'llm'llln~'Wa~~1'U~i~i'Ufll1fff1~N-nN~~ '~un L,16 'Ull 

''Ii 'tI'U UH~l'U U-n::N-nf.l~~g'U '1 L'lf'U 'Wa~~1'U~i~i'~6fll1ffr1~LCJ1-nnU'IJ,"'Ui' 86{111'UL'WflLL-n:: . 	 ~. 

'Wa~~l'UVii~i 'U fll1 L~~f.1lLii'IJ 1~'tI6~91'l60'U'tIW::91~~6~ 1I'ill1w'Wa~~1'UVi1Hfllflff1111Hl i.f 

_I 1 ~''' ... J'=it. ... "" ..: ... d '''i''i " ... "" · lJ1:: 	 fI'l1t.J A~H'U11J'Uff'l'U'W-n~~1'ULtlll,",1f1m'H11'Yl\lflflfILfl1J 'l 'l1 'UfI11fflHf.I-nN-n~ Llf1f1'll 
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'Vfl;'H1U~ff1lJ1'It'lflfll~tJ'~ (Energy retention, ER H;O Recovered energy) (ml~'rH'I fflJ1J1~V, 

2549; McDonald, P., et al., 2002; Pond, W.G., et at, 2005) 
Sl4ItI QI d' 'lSi .- Q,.IId'~ 
tl1ff~1 '\J HI 'Vi ~-3 -31U~:: lJN~~O~'\Jtl1'ViUn::fln L H NnNn~'\JO-3ff~1 L'lJ U 

OVHlJlfl l"liU lU~fllfl U~:: lfl1U ~::ihl..r"lf::~flfll'Il~lf.lll~tJl~ U~::'I::v::nn1fll'Il.;r1~1V1~lf.ll ..... 
'Wu..q (Puberty) H10 flnl~UH~lJ -1~Uff11;;100flhJ ..r-3illilon1flfll'Il.;r1~1VL~lf.ll'WU..q~:: 

~uodtitJli1mrfl~1L~u~htit'V (ti-311U 1i'I'IlJUff-3, 2546) 
... ... ..,,,,, ... 

~lflfll'I'.i1tJn1lUn::~'I1~10flff1H1U1~V'\J0-3 OUUfl 1"lf111fl'I0 un:: 

" .It "I" "... ..1'1 " , ""I " '" 0'"flq~'Vin ff1l1J1~W (2551) ctt-3 L~nV-31Ufl1111~0-3fll'I'ViM-31Ufl L"lftl'I:: lV"lfU l~l'ViOfll'I~lH"lf'Vi 

1 ' ..I J 1 . I" ... ", ..., ... 1"I ...(MEm) U lflflLnV-3 Uu'I::lflflL'\J~'IOUU~::L'II9IHU11 'VitJ11 'ViUlllfl 'I::V::flnl~'It'VL9ItJ I~H'IO H 

... 'P ..I I..,..., " Go' ..1'1 ".1 , <!"'I 'P 
N~N~91 (Stage) u~:: fffll'ViU1~n01lYlU~fl9l1-3flU 1IN~~Ofl1111~0-3fll'I'VinH1UYll"lfu'I:: lV"lfU L~ 

'" 0'" .1'" ... 'I Yo. I ,,, ... ..1'1 Yo. I , <!"'I " ... ...
l'ViOfll'I~lH"lf'Vi un::u'.i::ffYl1ifll'Vifll'I I'DU'I:: IV"lfu'\J0-3'Vin-3-31Ufll'DU'I:: IV"lfU L~ (x.:;..) 1Ifl1111NU .. .. .

• 1 I... 'I .,. ... • .., , .,. ... ... "1.1 
Uu'IU~fl~l-3flU IU IfllUO Bas indicus U~:: Bas taurus ff1H'ItJfll MEm '\JO~ IflL'IJOfl1 LU (Beef 

, ,II • , 

cattle) iiijOUti1Lij~ un::liiiv-31ul'\J~~OUU~::l'\J~HU11 ijfhmftv 491 kJ/Kg BW o.7s/1U9hfl'h lfl 
, II", 

u1IiiijfinhtitJ 571 kJ/KgBW O.7S/1U UOfl~lfliHh'VitJ'h lfl1ilo Bas indicus ijfil MEm ~lfl'h . .. 
tl'I::mw 12.3% djmmvtJ1iivtJtitJ lfllilo Bas taurus floijfi11lhtitJ 443 un:: 505 kJ /KgBW 0.75/ 

... 0 '" 

1U ~111~1~tJ 
.1.... y ..,.. .,. ..; 

2.5.2 fl11u1::L2JUfl112Jlll8.:tfl11'Vi a.:t.:tnuulfllU8 

.1 ..s Go' ... "" 11.,. ... " fll'I u'I:; fl 0 U~~'I0 1H1'In 1H'I tJ ff~1 910-3Y1 'I1tJ fl11lJ ~O-3fll'I Ifl"lfU:: '\J fN ff 911LL~:: 

... ... ... ..I 0 'I ". I A 'I"... .,. 'P'" " 
l~Ofl191QAtJYlU11111"lfu'I ::flOtJ ~91'I O1Hl'I 1'Vi0 IH1I Ifl"lfU::~H~ 111fl1111 ~0-3fl1'I '110 ~ ff~ 1 

.,.... .,. ,...::it Go'.6.,..I"''' .,. ..1"1 "... '" ...... " 
IAV"~1'IW1 ImfU::U~n::"lfUA11JUnV~1 ctt-3 IAVufl~Un1Ifl"lfU::YI L~'ItJfl1'I'Vi~1'IW10'U~tJ~U~ 

flO "1fl~hr'Vi~-3~lU (fl1tJ~H;0'I0-3~lflltl'I;iu) l;jO-3~lfl (1) l~U lfl"lfu::H~fl H~11(0-3fll'I 
lJl1l1W1Ilfl (2) 'V'f~H1'U,jfl~:;'\J1AUfl~U luflnNii9lH~1 (3) 'Vi~-3-31'\..JL~UI('Ufl'U rhulHW'U

• u 

O1Hl'I ti'11'IlfllU1W ~91'I01Hn1~vVl~1'IW11fl"lfu::gunou lrlO'VitJ'.h'Vi~Hl'U~llflU'tllnOl~ .. 
~O-3U~~~'I 01Hl'I1mj..r-3HlJ~ , UYlH9I'I -3.u'llJ ti'101Hl'Iij'Vi~~~lUL~tH'ViOU~'\Jl~1~lijuH1md 

...:. "I 'P'" 'I "... .1'" d" J.,. ..I"..,
1ililJ l'Ilff1111HlL'V'f1l L'I'J I~V~H l'V'fn:: I"lfL'ViV-3u'IlJ1WlaflUOv UOfl~lflU Ifl"lfU::YI'H'V'fn-3-31U 

Ll~fl,hnlfllfl"lfu::tuluu4~H~1~OtJffU0-3~Otll1l1W'Vi~-3-31U~LYilJ~U 1~vfll'ILYi1l,flmrmi1 
.It" ..

ctt-3'~U~h1h;NaNii~,~ 'Vi~-3-31U1 UOlHl'Iffl111'If:ltl-3;'I(HalVfl1-3 l~vL;V-3ih~tJ ~lflfll'I 1~UtJtJ 


41V1tlH1tJ1fl flO ~lfl'V'f~-3-31U'I1lJ (Gross energy. GE) 'tl~U~-3'Vi~-3-31U~fli (Net energy, NE) 

O1ffOH~flfl1'I~';h 'Vi~-3-31UnlJ1U01Hn~H~1flU H~1ffllJl'Imh'V'f~-3-31U'tll;;tl'I::1 V"lf u,I( .. . 
tJluhUL'yhtrU til0-3 ~lflijfl1'I ~tylffv~lflflntl~~tl"oV'V'f ~-3~lU OOfl~lfl;Hfl1vlU IlJ'\JO-3lJ~ 

http:U~::'I::v::nn1fll'Il.;r1~1V1~lf.ll
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c1.." d.J, ..QI ~ 
il"U1'l1:: fllC}flJ1Vl'U ml::fl11lJHI'U (Heat inclement, HI) fl~tll'VfYI 2.3 C}f~U'(1'fl~'U'UIPlV'UfllHlqJl'(1'tl 

'Vf"Hl'UU'(l::"'~H l'U~i¥lPlfl ~i'tl' 'U flll,ll'11'~l~vn~mllJ';H'l 'UV~ -i H flltl 1 fltlfl11lJ UlPlfl'; l~ 
l::'w:h~"'~Hl'UnlJ (GE) , 'UVl'H1H;tlfllHlqJl~tl"'~~~1'U~''U11lUtltl~flrll1~H~'U lh'M' 

'(1'llJll\l1l1::1ij'U"'~Hl'U~i¥lPlfl~i'tlml:: ~lU'Ufl'lfijfl'UV~"'~Hl'U' 'U-i Hflltl'~'H '(lltl11lUtltl 1'lf'U 

"'~Hl'U11lJ (Gross energy, GE) "'~~~l'UtiVtl'~ (Digestible energy, DE) "'~Hl'U~'~1Il::1tl'lfU 

,~ (Metabolizable energy, ME) U'(l::"'~~~l'U~'YIi (Net energy, NE) 
. " 

2.5.2.1 1~fll11l1::1ij'Ufl11lJ~V~flll"'~~~1'U~'YIil";Vflll~1l ~;.." 'U 1fllUV 

NRC (2000) ij'H~flflll U'(l::1::tltlfll11l1::1ij'Ufl11lJ~V~flll"'~~~1'U~'YIi (concept 

of net energy system) ~i¥1Pl1~V~fllll~Vflll~lH;'" U'(l::flll'(1'~HN'(lN~\PI ij'H'(lltl1~flll~ijtllJ'~ 

''Uil~~,j'Uij 31~ fiv 

1) fll11fl'(1'lJ~'(l"'~~~1'U''U9i1i¥1Pl1 'HlV Calorimeter method (ARC, 

1980) 1 rI 'U1~ fll11fl"'~H l'U fl11lJ ~V'U ~lnfl~'U' 'U 9i1i¥1Pl11~V 1fl1l1:: a'YIi Ill..,.., ~H l'U ~,~ 
111::1tl'lf'U1~'U9i1i¥1Pl1ci1~1r1'U1~flll~~fl~V~1L'(l::U1j'Uih u,;ij~v~lnflfiv ~V~VlfftlM'v~1I~,j~flll 

~ijfl11lJ"'~VlJ~1'Ulfl~V~ijV u'(l::~1Imw';H'l~ijllfllflV'U~H"l~ 1~fllnh'~1fltl'M'i¥lPlfl~i'tl 
"'~Hl'U (Energy intake) ~lflfll'Hll''U1Il1Jl\li'fl~lfitl~'HlVmUVfl111::~tlfl11lJ~V~flll'''~Hl'U 

l~Vflll~ll~;"'l~mrVtl U~1't;'fll11l1::1ij'U"'~Hl'U~nfl1~tl''U-iHflltl (Energy retention, ER) 

1fltl'H~flflllU~1 \Ii ~fl~"'~~~1'U'~1Il:: 1tl'lf'U1~~n'U'~ (ME intake) ~,;,'M' ER = 0 (hjijflllnfl 

l~tl"'~~~l'U~n'Ul~l'111m:: hj"lqJl~tl"'~Hl'U~nfl1~tl'~) 'M'i1V111r1'Ul::~tl'UV~"'~Hl'U~'~ 
.1 'i o(l/J"d ... ,"'" 0"1Jl:: Ltl'lf'U Lfl'YIfl'U fll..,VflllfllH'lf'" (ME requirement for maintenance, MEm) 
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MEm (ER=O) 
I 
I 
I 

- - - - - ­ _... --.1(11 (~ER I ~ME Intake) 

ME intake (kJlkgBWo.1S 
) 

1Jl'Vt~ 2.5 f111lJ~lJi\nr'l:l1'h~l't~.:J,ntA~'ftJ'l:lV'lftA1~~otA'~ (ME intake) nlJl't~.:J.:JltA~nO 
d ,}/III }'Ill I ... .. ... ... ..;, lilA 1 1 ..--. " 

10lJ 'J L~ LtAl1.:J01Vff'1l1 (Energy retention, ER) U('l:'l::~lJl't(;H.:JltA'YI 'lflJ'l: V~tA 1ft 

l~OOl'lA1H;l't (Metabolizable energy for maintenance level, MEm) tJ'l::i1'Y1iilJll't01'l ' 

'~tJ'l::1V'lftA1~l~001'lA1H;l't (Efficiency of utilization of ME for maintenance; 1(m) 

U('I::tJ'l::i1'Y1iilJll't01'l',*tJ'l:: 1v'lftl''Uo.:J ME lv1001'll\l;tyl9ilJI'll (Efficiency of 

utilization of ME for growth; K,,) (A'~UtJ?I.:JlJl\l10 McDonald, P., et aI., 2002) 

2) Ol'l 'YI~ ffOlJ O1'lOtA t:l1l11'.i uti'11~m'l ltJ~ 
, 
VtA 11tJ M 'Uo,nl 

.. 
ll1U0 ~1 

(long - term feeding trial)(Taylor, St., et at, 1986) lritAOl'lffO'llll't~.:J.:JltA~',*tJ'l::1v~tA1~~ntA'~ 
l~OO1'l',y~('I~';'1I (ME requirement for production, MEp) ..;"~1~V,,yt:l1l11'l~iil't~.:J.:JltA 

"OIl ~ Q.I A o.c::l • , tJ QI ~_ d d 
ll1tAO'l::ftlJfl11lJ'1IO.:J01'll't('l.:J.:JltAll't001'lftlH'lfl't l1'JOt:l1\l l1 ff'1l10tAt:l1l11'l 11lJlJl'1llJ'YI (Add lib) 

.. , 
'Il1l1UO'UO.:Jll.:J01V (ARC, 1980; Johnson, D.E., et at, 2003) (~.:JUffft.:J'tAlJll't;; 2.5) 

(Measurement of energy retention by Comparative Slaughter technique)(Lofgreen, G.P. and W.N. 

.... ~ " '" .... <!I"; I ,,, ...Garrett., 1968) llJO.:J\l1001'lnO'll1 Calorimetric '1IO.:J ~lmO.:JlJO'YI~.:JV10U('l:ffllJ1HI'YI~?lO.:J ~OlJ .. . . 
~'1I{'ltA1lJ.JOV ~.:JUtA \l.:Jii01'Jl'tV1V1lJ1~'YH;.:J.:JllJ yitim~lJ'~'tA ll.:J01V lftV11iOlJ ~1V01'lffO'll1 

, .d I"; ?t : ...... .. '" A I"" ...A~('I 01'l '1IOlJfftAO.:J'1IOt:l1l1l'l'YIllJ?lVtAllJlJ tAll1 tAO'1l 1 (Feeding trial) 'YIl l1L'l1'Y1'l llJlJ 'JlJ1tul't('l.:J.:JltA 

~tlov'~ U?l::tJ;lJ1tul't~.:J.:JllJ~l~l~?I1qJ'~ U~l't~.:J.:JltAtim~lJtJn:djlJ'~'ill001'l,tJ~VtAutJ('I.:J 
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"" • II •

,hH'l1o~"mhJ'U mh-1h~"'lJJmlL11~fJ'UU'lln,nlnl'l1o~1 ilifflJJ1Hlti-1a-111'iJJ1W't'Ca-1-11'Uiitio 

d i~'" ,., '" :.1.lt
Ln1.1 1 L~QO;JfN'UO 'YH'UL'lJfN'ill0 

'" I' " 
,1111 'l1061'il 'il:a11~fJ'Uu11l1Uil6-1 'ill01.l'ilJltu 6111U 1'U ill i ~ Ul1 'UOl ::L't'Cl:: 

41: , d, ,., ~ I 1,., : 1 ,., 0 1'"
;Jffffl1:::11l6'U11'U11-1mfJo ~ 'ill0mlnO'hll't'C1.111 ml 11UO::6~'Ul 'Uffm't'C61mft'l6'U61'il'Yll 11 

Jl11'l10~111~'fNa-1 23 % 1"fJ'\I6-1L11111~6~'U6mCJfl1a (Extra - cellular fluid) l1~M 45 % 

u,jLdV-1 'il 1mIl 'liii't'C aHl'U A-1,r'U~-161'il 'li11l::1ii'U11'ilJ1W't'CaHl'U~tim~1.11'U·.h-1mfJ~'1t 
11'ilJ1W't'CaHl'U 1 'ULli tll~V~QOff:;ffJJ 'il'i~'1,r'ULL11 l11 l1'Umo ~'U 6dti1.1-a~th'U 

'" " " II, " 
'\IV~Ol:;~O olllJJLu6 LLl1:::''\I)j'U 11~ilml1:;LuvLtj6U,j11:::11l:;LfI'Ylii't'Ca~~1'U~6 111'1.bfJU111'l10 

,jH ti'U -a;J1~iimn11~fJ'Uo 1I1lJ ,if6lJ1L~'U''\I)j'UU~11'il ::iiJl11 'l1O~1fl ~L~lJ ~ 'il:: iiou ff:; fflJ 

.., ~.1 '''' ... ''' I 11,1 'id ",d '" 't'Cl1-1~l'Ul't'ClJ'\I'U 1't'C11:: '\IlJ'UlJ't'C11-1-11'UtJ-10110nllJL'U6 vm~ lO;JllJ mlOm01.1't'C11'Hl'UffllJ1Hl 

" 1~ 1"fJ1~ Feeding trial ill 1~fJ1,,11'ilJlw't'Ca~,n'U1'U~1-a"'1ti6'UUl1:;11a-1'ill0ml'Yl~116~ iiil 
... '''''... '''' " .1'" ... .ok 1 ,~" ~0llfJ01111i1Lfln:;11CJfl0LlJl fJ1.1L'YlfJ1.1 (Comparative slaughter method) CJf-1'Yll ~fJU1.1-1,,,;J16VmIJ'U 

2 't'C10 't'C1011i1-1lihti6'Uml'Yl~l1V-1 'Ill~16dl-1~-161'il'il::1~-a~r).tf-1~11.1"1..rL~lti'U 11;6'ill0.;f~ ff1'U 

,jl-1 '1 '\I6~il-1mfJ~'1I JJl1~111fh't'Ca~-11'U1l1V Bomb calorimeter 'il::'Il11'ilJlw'Wa~-11'U,j6Jl11lrO 
~1-a;J1~~ntll~'U11'ilJltu't'Ca~-11'UL~lJ~'U th11'f1.1-a;J10~JJ~ 2 'il:;QO~1;JV'U~lVml'Yl"116-1 fi6 

." " L1jvml'Yl"116~tim~1.1ii'U t'£~11.:J u1l11Lfll1::..f1l1viiL;)fJ1ti'U 'il10'l! 'U U1lJltl1'U1W111fl1't'C a.:J.:Jl 'U 

.. ~ .I ,11 ""'...... " • t;! ... .1, '11 .It 41" I I,., .t 41
'YlL't'ClJ'\I'U tI Tfi1Lfll1:;11CJflmulV1JL'YlV1.1'U lJ~6-1mlLfllV.:JlJV'YlQ.:Jmo U;J;J6-111~'YJ'UUl1::ff'Ul11116-1 . " 
m-1-11'UJJ1m1j6vhti1.1-a;J1111t1j iiil 'il:;Lffml1 1 ~~lfJ'Il'6Vl1'H~11,,11'imw'Wa-1-11'U l~vilivh1..r-a;J1 

L~'U fl'U "'llV ~-161 'il 'il:dh '1l1~v11 l:;lii'U fllff1'U 11 l :::061.1'\16-1 i HmfJl~V61ffVii'YlH Lfliiu1.11.1 

'" d41 .1"" : l' 1 1'" .ok 1,.,In vivo 11110mlOflV111ulJJ1W'U1 'UlHOlfJ "V 'If Dilution technique CJf-1VH'il:: 'Ifff1l 

Antipyrine 11;6 Analog '\I6~)j'U11lV Isotope deuterium 11lV Tritium ~'Il n"ff1lifL~1'111'U 
. " " 

il~mVl6 'il'U m::11-1 ff1l 'l1'U m::'illV~16~1 'U fflJ~l1 qlJ~16dl~Ul1'Ui1~OlV660lJl111fl11lJl~lJ~'U 

'\I 6-1ff1lif lill11'Yl111.111'imwff1l~n"l~l i 11uu'U V'U ~'il:;ffllJ1l tltl1'U 1tu11111'imtu Jl1'Ui HOlV 

i ,., :. .I"" ,., 1 1 ,., .It 
"'il10'U'Ufl1'U1tuullJ1W '\IJJ'U "V 'IffflJml Y = 355.88 + 0.355X - 202.91 logX ; LlJ6 Y = 

" It. 

11'ilJ1W''\I)j'U (%); X = 11'imtu'lll (%) lU6-1'ill011'ilJ1W111l;)'UUl1::Lli1'il::fl.:JYh1j6fl~l~'U % '\16-1 . " 
i1.:Jmvii11l1ft''il10''\I)j'UUl1:::U1 (Fat and water free basis) fi6 80.3 Ul1:::19.7% ;JllJ,;'A1.1 

" "" 
l't'Cl1::11:;'l1'U 1 l1'il:: fflJJ II tltl1'U1W111ff1'U1.Il::O 61.1 11-1 2 '11 'ill0 'l1'U~~U1JJltl1'U1 WL ~'U't'C a -1-11'U 

" 
,j6i11 1"m61't'Ca-1~1'U,j611U1V'Ill11'l10 (Calorific value) '\I6-1111l;}'UUl1:: i'\l)j'U tlwti1.111'imw 

1 11lil'Ulm:; i'\liJ'U;J1lJlhA1.1 
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2.5.3 1.h::ii'nifllftfl111tith::lu'U11ful'-1-11'U (Efficiency of utilization of energy; I() 

nD:: tn1'ftnaihJftD-1-11'U (Energy retention; ER) 

~lm1tJ~1'U'Ufl~ NRC (1980) '~'::'4'.h f11,'11,::,ii'U'11'::ffl'lifllftm"~ 

'11,:: ltl'ln1ft "'H1'U ,rI'U flu'11,::,ii'U '11, ::ffl'lifllfHl1" t'11,:: ltl'lf,r1Jfl~fl1'11U~"1'fl'U' 'Ul'111JlHI 

ft"-3~l'U~'t'11,:: ltl'lf'U1~11\1m'11~tJ'U ''11,rI'Uft''-3~l'Utll'li (Net energy, NE) ~U11Jl'mhhl1t 

''';fl f11,,, l' ~;ift '11;flijflU nm~ lJ'~1J1mrfltJ1-W tJ.:j'" 1"tltY1'U ~'I11tl' '11' 'U f11" '11~ tJ'U 1'111J fl.:j 

ft"~.:jl'U ~lmhft".:j-31'U~'~'11,:: ltl'lf'U1~l'11~tJ'U ''11lr1'Uft''.:j~l'Utll'l i ~~'I11Jltlii~ Heat increment 
q; "..=::l , AI 4# fI ~ ~!IV .oQQ Q 

(ft",H~1'Ufl111J'fl'Ul'I"ln.J1UtJflflfl~lmHmtJ l'Ufl~~lflm'fl'Ufl1'11U1Jfl~U9I1) 91~'U'U VHH~l'Utll'lti 

ijflll'vhnlJ ft".:j.:jl'U~''Ii''11,:: ltl'lf'U1~~ff9l1fi'U,~,rnalJ~1tl Heat increment 'I1;fl NE = ME - HI 

1"tl'l1"flm, '11, ::lii'U'11,::ffl'lifllftm,'~'11n ltl'l1u'U fl~ft"~-31'U~' t'11,:: ltl'lfU'~Ul1J1Hlmh 
flflmrl'U 2 tY1'U'I1"fl (McDonald, P., et aI., 2002) '~url 1) '11,::ffl'lifllftflU't'11,:: ltl'lfU1Jfl.:j 

fta.:j.:jl'U~'t'11,:: ltl'lf'U1~1";flm'''lH;ift (Efficiency of utilization of ME for mainte~ce; ~) 
.1 ... "" , "_1 '1''' ., ...;, ,,_ 1 'I' "-' " .a ...... 'I'

Ui'l:: 2) lJl::Ul'ItifllftflU 'I1lJ':: Ltl'lf'U'Ufl~fti'l.:j~l'Ul'I 'I1lJ':: Ltl'lf'U L9Ilftflf11H~H1Jl91lJ L9I 

(Efficiency of Utilization of ME for growth; '<.) ~-3UU".:j''Ufllft~ 2.6 ~UU"~hl',if'U11 W ~91~91 
'" ., d .". ,.,,,... !'It " .,...;, " 

llfl'U x f1fl flUflmfllJ'UfNfti'l~~l'U 'U'Hf11tJ1l'11fllJil'UtJ • .:jl1J'Ufl111J9Ifl-3m,fti'lHl'Ul'I '11 

'11,::ltl'lf'U1~1";flflU"lH;ift (MEm) Ui'l::filf1111Ji'U'Ufl-31-N'Ufln~~fl~'~Ufl'U x flfl '11'::ffl'lifllft .. ., 
m,'c:N'11,:: ltl'l1uftn-3,n'Ul1'c:N'11,:: ltl'lf'U1~LY4flf1l'''lH;ift (~) fll'U1W "~~lflU1Jf1l' ~.:j~fl ''11il 

HeEIMEm 

8 Energy retention I 8 ME Intake 

Km '11,:: ffl'l i fllft fl n' ~'11 n: 1 tl'lfU ft".:j.:j 1 'U ~,~ 
, tI. "tI , 

'11,::ltl'lf'U1~ LY4flm'''lH;ft; HeE = ft"~~1'U'Ii'U,htl9l'li'UY4'UJ1'ULY4tJf1l'L1J9IllJflaoi11J'UtH 

~l.:jf1ltl (Basal metabolic rate, BMR) 'I1;tJft".:j~1'Ufl111J'ftJ'U~~a91 '~''UUfll1::~ff~1fl9lfl1'111' 
(Fasting heat production, FHP 'I1;tJ Fasting metabolic rate, FMR ); MEm= ft"~~l'U~'~'11,:: ltl'lfU 

'~L";tJfl""lH;ift (Metabolizable energy for maintenance: MEm) 

KII = '11'::ffl'lifllftf1l'nm~lJftaHl'U~'c:N'11,:: ltl'lf'U1~ 
, ~''U il-3f1ltJ'I1;m";tJm,',r~a~a91 191tlfll'U1W'~~lflf1l'l'11~tl'UU'11i'l~'UtJ.:jfta.:j~l'U~nm~lJ'~ 

(8 Energy retention) ~tJ'I1-d~'I1,j1tl'UtJ-3ftn.:j~1'U~'~'11,::ltl'l1'U1~~ff9lfl~i'lJ (8 ME Intake) 

'I' • • ....,.1 ,P.1 ,.,
L9Itl McDonald, P., et al.(2oo2) '::'411fll K lmnJfl1UI~'UUlJ' tl1J'Ufl~fllJ ., 

i1~~tl~l.:j"~-3~fl ''11il 
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""tI 1 " ...... " 2.5.3.2 fll'j l'Jf 'j:; tJ'Jf'\.J tllfif11'j nnn'j'Un~~1f1~1 

... 
2 'U1.11'\.Jfll'j fin 

(1) Catabolism L~'\.J'U1.11'\.Jfll'j f1a ltJ llJLafla'Un~f11'j6'\.J 'Y116~iihna fla 1l1t:Y1 ..rL~'\.J 

1lJLafl~Hafioj mn11 tI aAtI· IV ...".d. • ,tI""tIl'Jf 'j:;1 tJ'Jf'\.J ""'" l'\.Jfitlm'jlJ~l~'1• 'Un~antJ'VH'~~l'\.JnnfilJll1a:;'\.JntJ L'YW'\.Jl 

-:InllflltJ L'Jf'\.J fll'j ~ ~" .• • ~Lfl'jl::l1"1'fl'Jf'\.J::~l~'1 fll'jl11tJ l " tI ua::fll'jLflan'\.J.d. , l11 LlJ'\.J9I'\.J 

~ ..,,, 1 oj ~ ~ • 'tI"""" 0(2) Anabolism llJ'\.J'U1.11'\.Jfll'jf1-11LfI'jl:;l1f11'j lJLaflalafill1m'\.Jf11'j11'l'1~flltJ'\.J1 l'Jf 

" 1 "".., ~'11 ..,,,.6.., I ......
tI 'j::1tJ'}j''\.J AtJ l'Jf'Via-ll~l'\.J'Y1 t1t11fifll'jf1altJf11'j'Via-ll-ll1'\.J1l~ l'\.JLGJfa GJf~LGJfa'Un~n1tJ1::U9la::'Jf'\.JfllJ 

ffAfh'\.J 'U n-llfll'j L flALlJ 9111.1n a~lJ~l~n'\.J 1 A tJ'j::l11H~iifll'j1tiltyL~1J 191 tI::ii fll'jf1!l~1J1fifi'hfil'l' 

f1altJ A~J'\.Jff9l1t1::iifll'jLtlltyL~1J 191L~lJ~'\.J Ldn-lltllfifll'jl~lJ~1'\.J1'\.Jua::'U'\.Jlfl'Un~lGJfa L~n';l-llflltJ 
, • Ii' If 

Ltlli\!l~1.1 1f1L~lJ.yj f1l'jL'nlJlhl1'Jm~'\.J NalJltJ lfifll'j f1::f1lJ' 'U,j'\.J lJ lfi fi11tlfi~ l~ tJfil'r1ll1::U11 

obesity A~J'\.Jfll'jffm:llL~tJ1n1JLlJ9I11JnaCHlJ'Vi ~-II~ 1'\.J ";1'..rl1n1J11'Via-ll-ll1'\.J~ Nafl~'\.J tllfifll'jl'ra1tJ 

l'rl'j nll1l'l'Qmh'til'*tI'j:: 1tJ'Jfun~l-11''j 

Calorimetry tin fil'l' 1A 'Via~~1'\.Jfl11lJ ~n'\.J ~lflA~'\.J tI lfi'U1.1 1'\.J fll'j LlJ9I11Jna~lJ lAtJ . . ., 
lfl;n-llijn.yjl,*1AUL~tJfi11 Calorimeter 

fl11lJ!n'\.J~lflA~'\.J tllfi'U1.11'\.Jfll'j LlJ9Il1Jna~lJ iil1U1m~'\.Juflan~ 
1AtJ 1 Hflan~ tin tlllJ1Wfl11lJ~n'\.J~";11..rJ11 fii'lJ iif2Wl11JijL'vilJ~'\.J 1 DC tin tllfi 

o ~ 0.6· .... 
14.5 C LlJ'\.J 15.5 C GJf~l111fi1J 4.185 Joules 

1 kilocalory (Kcal) l'rho1.1 1,000 calory (cal) 
I ... 

1 Meal Ll11fi1.1 1,000 Kcal ... .l, . ..,,, ...."~ ~ .6 
fl11lJ'jn'\.J11f4a9l'U'\.J '\.J'l'1-11flltJl'r9l1 (Heat increment, HI) llJ'\.JL'VitJ-IIl'r1'\.Jl1'\.J-II'Un~fl11lJ 

., '.1" .,
~n'\.Jli~l1lJA (Total heat production, HP) .yjf4a9l'U'\.Jl'\.J';1~flltJnhJ'\.J lAtJtlfi~'Vi~~-II1'\.Jfh'\.J;jtl:: 

l~'\.J'Via-ll~l'\.JlltyLtial rJm~'\.Jmw~ff9l1ndl'\.Jl'r1ll'Viu1AlInlJ~iif2wl11Jij~1 (Critical temperature) 

http:1f1L~lJ.yj
http:lJLaflalafill1m'\.Jf11'j11'l'1~flltJ'\.J1
http:L'YW'\.Jl
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" I ~." IlI'I'" "..:IQ ,,,o.r A o.cl 
f1111J'H)'\.Jff1'\.J'IHI::'lf1t1hffl111H)1JfJ'\.J L~ ff1'\.Jfl111J'H)'\.J'YI1n~~lflfll'j 'If'VHI.:HI1'\.J1'VH1fllHIlH'lf'V4 

(NE
m

) ff~rrl~~'V4-n~,n'\.Jri1'\.Jrl',,r1;j'\.J1.h:: 1t1'lfU11""1~~fJfl1tJgtl'\.JltILtJ1;j'\.Jfl111JftJ'\.J 
o-~ 1! ~ ..1 ... .1,' . .oi!'lt
~H'\.J'\.J f1111J'ltJ'\.J'YI~'\11J~'YI~fMI'U'\.J '\.J'j1~flltl (Total heat productIon, HP) ~~111'\.J~~'j11J 

~ .ell ..:!II 1:~.cI oQ.P

'UtJ~ HI + NEm C)f~t11~1Jfl1tJ'j::1J1W 40 - 50 %'UtJ~ GE '\1'jtJ1J1flfl11 'YI~'\.J HP 1Jfl111Jff1ml!''\.J'YI1~ 
~o- ~ 4, ... " 0-' 1! ..1 ... .1 lIJ"

1fl'lf'\.J::fI'lff~'jff~11J1fl 1'\.J tJ~ ~lfl '\.J'YI1~1fI'nj!fl~ m1'j1~~ff~ff1'\.J 'UtJ~f1111J'l tJ'\.J'YI ~~~'U'\.J L~1J1fl 

, , ""1 ..:. ... .1lIJ"
1'Y11 ~ ~::1J tJfllff1'V41J~~~~~ L~1J1fl'U'\.J 

CLI CLI V~CLlCLlJo\llV~~ 14 
m11~ ...nH.:J1Ufl111110U,Ug)1«g)1 'n1 I~ 2 111't'1ty flO 

2.6.1 	 fll'j1~'V4-n~~1'\.Jfl111JftJ'\.J''\.J~1ff~11~tI~H (Direct calorimetry) 

2.6.2 	fll'j 1~'V4-n~~1'\.J f1111Jf tJ'\.J' '\.J ~1ff~11~tlti'tJ1J (Indirect calorimetry) 

.6 ~1t.1 "..I " .1, 0- ~ 0­0-	 0­
C)f~ 111 '\.J fl1'llJ 'j:: 1J 101 'V4 ~.:HI 1'\.J f1111J 'j tJ'\.J 'YI ff 'j H 'U '\.J '\.J g) 1 ff ~ 1 ~ 1 fl fl1 'j 1f1 fl1 'j 

11~fl1tJgtl'\.Jti'lC)f (O/C02 Respiratory gas exchange) 1~tlt11fftl,rtJ~1f1fll'j'\11t1'~ (Respiration 

chamber) 

2.6.2.1 Direct calorimetry 

1;j '\.J fll 'j1~'V4 -n~~1'\.Jf1111JftJ'\.J ~tJ~~ tJ '" tJ tJtJ6 fl ~ 1fl ~ 1~ fl1t1ff~11~ tJ~ 'j ~ 

'YIN Sensible heat loss ~1t111ifllnh (Conduction), fll'j'V41 (Convection) 11~::fll'j11Hi'~ff 
.Q QI 	 ".Q.cI QI I 

(Radiation) tJtJfl~lfl~1'\1'\.J~ (Body surface) 11~::'YIl~ Evaporative heat loss ~1t111ifll'j'U1Jmtl11~:: 
~. 	 ~ 

fll'j 'j::mtI'UtJ~'UtJ~m~1 1 ~ tI'YIHilffffl1::, 111'\.J1J, fll'j;r1Jm~tJ'YI1~ ~h'\1'lr~11~:: fll'j 'j::m tI'UtJ~'\.h 

~lm::1J1J'YI1~1~'\.J'\11t11~ (tJtJ~) 

'\1-nfl fll'j 'UtJ~ Animal calorimeter fltJ fll nh ff~ 11~ 
~ 

tJ~ 1,rl' tJ tJ d' '\.J 

.6 !'It "..I"" ~ 0-" l' ..I !'It >I 0- ""0-	 " Calorimeter C)f~111'\.J '\1 tJ~'YI1J'j::1J 1JlJ~ ~'\.J ~'\1tJ~'ll~1t11ff~'YI111'\.J ~ '\.J 1'\.J11tJ~ fl'\.J fll'j ~f\!1fftlfl111J 'j tJ'\.J . 	 ~ 

11~::n'\.Jt11fllfl'l,r1tJtJfl11i f1111JftJ'\.Jlh::lJltJtJtJfl1~tlfll'j'j::mtJll1 (Evaporative heat loss) 1~1~tI 

oU'\.J Vi fltJ~1J 1~'j t11 fllfl'~ L'\1 ~H1'\.J1,r111~:: tJtJfl~lfl,rtJ~1~ fll'j '\11t1' ~ 'UtJ~ ff~ 1 (Chamber) 11~:: 

~ . 
fJW '\1 fJij'UtJ~,rtJ~ntJ'\.J 11 ~::'\1-n~fllnn~'\.J11t1'\.J1,r1'tJ'jtJ1J'l fh~,r~ Chamber 'j ::1J1JiHj;1tJ1~ tlfl11 

.. 	 ~" "" ...Heat Sink calonmeter (flq~'V4~ ff1J1J1~tI, 2550 ; 'llf\!~tJ1J 'lf1::tJff'j::fl~, 2532 ; Blaxter, K.L., 1969) 

~ ~ 	 Q.cI QI' Q.d .Q ,I QI .:.. .Q .d I " ,

C)f~11J'\.J11i fll'j1f1f1lfJ01 '\11.}1J'YI1'V41J~ ~'U'\.J'UtJ~1ff~ 1'lf'\.J '\.J 1 '\1'jtJ fJW '\11.}1J'U tJ~t11fllfl''YI~l'\.J 1'U 1 tJ, '\.J 

" 	 QIQ,I .. ~Qlo' ,. .d...::l,
~'\.J~'j::1J1J '\1'jtJ'\1tJ~1~tI~ff~1 (Chamber) ff1'\.JfIl'V4~~~1'\.J'YI~f\!lff tI tJ ~lflfll'j'j::m tI (Evaporative 

~ .. 
loss) ff11J1'jfl1~~ 1fltl1f1111J;1'\.Jih~1J'\1-n~~lflfll'jH1'\.Jt11fllfl'l,r11tJ''\.J~1ff~1 ff1'\1 i'1Jff~tJ''\1~'~ 
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Gradient layer calorimeter llflmJllJ1Wfl11lJ!tl'\.Hl::\lfrllfl~..ltJd'tyqj1WOLgfl't1'H)Umf hn::"rh~ 
d Q.r ,., I GI" 0'" GI ".J :'t1'V'H'~~11Jfl11lJ1tllJN11JN'H'Utl~l1tl~ (Chamber) 't11 11n'llJ11tl1lf1fl11lJ1tllJ't11::1J1fJtltlfl 't1~U1J1J 

Sensible loss U'fI:: Evaporative loss 'Vt!tllJtilJllflfJtl~ llJ~~ 

2.622 Indirect calorimetry 

LrJlJ01111f1'Vt~~~11J't11~~tllJ ~1fJ0111If1011u'fImugfJlJfj,91 (Respiratory 

gas exchange) llflfJtllfffJmlflO11fltl fl11lJ!tllJ~Nii~~1J'1J~h~01tJLO;ndtln1fld'~fl~i'1J'Vt1l~~11J 
.. ""... : ~ ...-olfl'U1J11J011 Oxidation 'Utl~tll1111 91~~tl~'~ 02 U'fI::Lflfl CO2 , CH4 U'fI::1J1 fJl1n't1'n1JU1lJ1W

!4, " .J "'" .I • ~ ,~.. • .J ... lI!<I
02 l' ~,C02 U'fI:: CH4 't1N'fI~'U1Jn'llJ11tlfl11J1WL1J1J Heat production I'l 91~fl1't1Lnll::1J1lJ1'~ ,1..1 

II 

O1n;'1J1W Metabolic rate fltl Respiratory Quotient (RQ) O111fl~1fJ1iil'~i'1Jrn1lJUfJlJtlth~ 
• II 

fl~1~'U11~' 1..1 mllJUfl1;fJ Li7tl~-olfl)jfl11lJU,jlJt'h 11fl1\lfl ,cf1::fJ:a1'f11d'1J'lJ011't1fln'tl1J 11f1fJtllfffJ 

".., .. ..,,, '" .4 <II AI".J .., _I"'"011 tltlflLL1J1Jl1 tl~1flO11111fJ '1l'Utl~n'~1 ~Lfl1tl~lJtlU'fI::~lJmOl 't1 n'llJ11 (11fllJUJlfl 1tl101fl'U'fI:: 

ff11JU1:: fltl1Jl1ltlfl11lJL~lJ1~1..1 'Utl~fll91'1..1 tl101fl' titllJU'fI::1111~1l1fl H11JL~1'U,1J..rtl~1flO11111fJ' 11 

.., "" '''.., ,.., " "0 ... _I'" ~ ff~1L'U1't1flfftl1J 1J11tl~1flO11111fJ -o'Utl~n'~1 (Respiration chamber) U'fI1't1101nfllJ1lJ1W0191 

.J "'" .I AI- ~ .J, lI!<I 1 I .., "'" , 1 .J .... •CH4 U'fI:: CO2 't1N'fI~'UlJ U'fI::lJ1lJ1W0191 02 't1 ~ llJ011111fJ -0 11lJfl1JU1lJ1W 1..1 ~1LlllJ't1'U1JmfJ 
~ 1..... ".J " .1 _4/.. I I,''t1HlJ n'n'11:: fl fJfl1'Vt M~l1..1 fl11lJ 1 tllJ't1 ff1 H'UlJ -01 fl'U 'U11J O1'HlJ~1'Utl'fl91lJ llJ 1 H 01 fJn'11J 11 ty 

, ,,...... "" AI.J ~ •
11:: 'l111i0111flO11U'fIflLlJ'fIfJlJ0191 (Respiratory gas exchange) 

Respiratory Quotient (RQ) fltld'flff11Jl::W.iHUllJ1~1'Utl~ CO2 ~Nii~ 
.1 • I­ .J ,.J!.4 , <II .4A 

'UlJfltllJ'lJ1~1'Utl~ 02 't1\lfl '1U'VttlO11111fJ -0 111tl1'VttlO1'HN1N'fI1tyn'l'Itlll1l'I Lnff1lJl'I(1 

;;11J101111r11 RQ '~-Olfl 

Volum of CO2 produced
RQ 

Volum of O2 consumed 

l1ltl Ldtl~ -olflfl1fJ,~~W 11IJiiLL'fI::fl11lJ~1J L~fJ1tilJ fll91~)jUllJ1fl1 
niltilJ -o::)j~11J11J llJL'fI Q'fIL'thtilJ 

Mole of CO2 produced
RQ 

Mole of O2 consumed 

1,1tln1fl~Ufl'Utl~tll1111~OlJ)jN'fI~ tltl~11flll'cf 02 11..1 011 d'lJlfl1U 

tl11111 J1J~ 11..1 UllJ1W ~U~flph~ ti1..1 ~~,f1J 'Vt 1l~~11..1 ~LOfl ~1..1;~ tug fJlJ U U 'fI ~ ~llJ~Ufl'U tl~tll'Hl' 
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1il1flfll RQ ";1'I.»ln\1nll'hVl'l11'l"Jfii~'I.~\lfl Oxidized h.Jtl9l'l1~b\Jl'rh'I.~ 'i'i,mff~~ 'I. \J9I1n~~ 2.4 

uil~ihh~ltJ"Jf.u'l.\Jfll'lfl1\J1Wl~tJ10'U Indirect calorimetry 

Pure Pure Pure 

Carbohydrate Fat Protein 

02 consumed I gm. (liters) 0.75 2.03 0.97 

CO2produced I gm. (liters) 0.75 1.43 0.75 

RQ 1 0.71 0.80 

~lJ1 : Viff\1t il1'l'lW 1"Jf~ (2547) 

1~tJ'¥h1,jU911~fh.lVl'l11'lfn11'U'sl~'l91 ijfh RQ &'thO'll 1.0 tY1\Jfh RQ 'U6~ 

''Uij'\JNfflJ "rho'll 0.7 Uil::: RQ 'U6~ 1,j'l~\J 1'tho'U 0.81 'I.\Jfl11~~lii~~\JIil;~ U9I11il~il(i''U'rH;~~1\J 
" 1il1fl fll'l lN1NCl1ty'U6~ ffl'lVl'l11'l'l1f11tJ,j'l ::: lfl \1l1n1 flf1111 'u 1 SL~ 'l91UCI:::''UiJ\J L'llff1lJ1'l ilfl1\J1W 

I '" "..; ... .z AI'" 'I." .. I ... 1~
fllftilH1\Jfl11lJ'l 6\J\1 NCl9I'U\J l1C1:::lJ'l:::llJ\Jfll'l "I 02Lft6fl1'llN1 NCl1ty ffl'l Vl'l11'lU91Cl::: "Jf\J~ i'1 

1~tJ~lLrI\J~6~\1n'U,j;lJ1W 02 ~'I.~1~6fll'lLN1NCl1ty lfl"Jf\J~lL~il~,j'l:::lfl\1 'I.\Jmru~\1'll'Ufh RQ 

U~ff1\J'U6~fll'l LN1 NCl1tyff1'lVl'l11'lf1111 'u 'Sl~'l9lUCl:::1 'UiJ\J il:::ff1lJ1'lilm1ilU~ff1tl66flcifLiltl 

~'I.~ 'I1l6ff~ff1\Jti1ftti~~1\Jfl11lJf6tl ili'il1fl9111HlJl91'l!ltl 'i'i~Uff~H 'I.\J91l'lH~ 2.5 Uff~~ti1 
ft5~~1\J fl11lJf6\JLii~ il1flfll11N1NCl1tyVl'l1l'l 'I. \J ;HflltJ il1flfl1'l 'I.~ 02 UCl~ fll1 Nfl91 CO2 1 ~ tJ 

fl1tJ 'I.~fffll1::: ~ lL91 fl~Hfi\J ff~ ff1\J'U 6~ft5~ ~1 \J fl11lJf6 tl ~ Nfl 91~\J il1flfl1'l L N 1 NCI 1 ty 

"'1 , .., i '" "".z 'I. '" ,..; I ",.t ... ~ I 1A I 1;" iA IIfll'l'U SL~191fl'U 'UlJ\Jil:::Lfl~'U\J \Jff~ff1tl\1U91fl911~fl\J 'lHil:::N\JUlJ1 lJ91llJf11 RQ ~tJYl1 lJ 

til RQ ijti16d'l.\J"lb~ 0.7 - 1.0 u~ij~6tJfll1'\J'I.\Jmru~ RQ ijti1lJlflfl";h 1.0 ,rtl'l1ll1tJil~fffl11::: 
..; .....," "'11 .. .., "'1'" 4 'I. ... ..; ... AI'\1ff911 "Jffll'l 'u Sl~'l91Lft6fl1'lff~lfln:::'I1 'UlJ\J (Fat synthesis) '1116 \Jfl'lW\1lJflUlJCl6tJ 

f111 'U6\J 1~66fl i91,)66fllJ1\11~fll'l'l1ltJ'I. illJlfl ~lLii~fll'lffCl1tJ i 'Uij'\Jl~6Lrltlf1111 'u 181~'l9l~ft'U 

'\JU911'U1~ft5~~1\J ~lffCl 'I1l6 mru'U6~U9I1~Lii~fl11:::Vlfll1N~,jfl9i UCI:::\1ft lfl"Jftllfll'l l,rtl fll1• 
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..1 01 ')J .. , '" "'1 , , 01
Vl11H'n 2.5 VHH{/lUfl11lJ'HIU'illnflllOOnC)! f1C)!'I:\'ll611fllfill 'l.J @JLfllvUU'l~ 'IIlJU 

R.Q. Percentage of Total Heat Produced by Calories per Liter of Oz 

Carbohydrate Fat 

0.70 0 100.0 4.686 

0.71 1.10 98.9 4.690 

0.72 4.76 95.2 4.702 

0.73 8.40 91.6 4.714 

0.74 12.0 88.0 4.727 

0.75 15.6 84.4 4.739 

0.76 19.2 80.8 4.751 

0.77 22.8 77.2 4.764 

0.78 26.3 73.7 4.776 

0.79 29.9 70.1 4.788 

0.80 33.4 66.6 4.801 

0.81 36.9 63.1 4.813 

0.82 40.3 59.7 4.825 

0.83 43.8 56.2 4.838 

0.84 47.2 52.8 4.850 

0.85 50.7 49.3 4.862 

0.86 54.1 45.9 4.875 

0.87 57.5 42.5 4.887 

0.88 60.8 39.2 4.899 

0.89 64.2 35.8 4.911 

0.90 67.5 32.5 4.924 

0.91 70.8 29.2 4.936 

0.92 74.1 25.9 4.448 

0.93 77.4 22.6 4.961 

0.94 80.7 19.3 4.973 

0.95 84.0 16.0 4.985 

0.96 87.2 12.8 4.998 

0.97 90.4 9.58 5.010 

0.98 93.6 6.37 5.022 

0.99 96.8 3.18 5.035 

1.00 100.0 0 5.047 

..I 
'YIlJ 1 : Dukes, H.H. (1984) 
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~ 	 ~ 

,}~,r1..l 'Hl mll~tllJa \llfltnnl ~a 'fH 1J1fll1..11Wfll'Vt a~~ll..1 fl111J r V1..1 , 'UJ ';~'H 1J ~ .. 
..: ... J 	 1 I AI ... I.... )!..: ... J 
'YIF-Ia~ 'U 1..1 (Total heat production) 1..1, l~tntl \lZffl1J1HllJ'Z L1Jl..Ifll'VtM~11..1fl111JlV1..1 'YIF-Ia~'Ul..I \llfl 

tn'jlF-llF-ialtyflli'11.1lfJL~'~ ua::1'Uill..Il~ 
t'1d A 	 ',IV'I'I,,!'.Q 	 0

VtlH l'flfll1J Il..1V~~lflfffll1::\lH'UVW)mn~f11t1 l..Iff~1\l:: l1Jffl1Jl'Cl'YIltn, 

LF-I1F-ialty 'H~V VVflcHl~'11l1..l1mL\l1..l~lfll,j,9il..ll~mh~ff1J\lHu (iiffl'Vl'Hn 1,j'~1..I1.1Hff11..1 . 	 ,~ 

ii;r1.lVVfl'YIHi1ffff11::'1..I1,j'UV~1LV1J l1JLiltl 'H~V ~1'itl ~lfltnHyalt1m~v::in1..1) ,}~,r1..l1~tI'ti1l,j 

\l:: ~tH'; ltn,,j l1.lfll ,,r\lfl~tH~1tJtn'Mfla1.l fll'Vta~~ll..1'1..1 ff11..1 ~;r1.lVVfl'H~VLn ~ tn, VVflcHl~'11 
lIJ I " L1Jff1J\I'01 

o ........ ".: .: ttl ... ..: ... J 1 1'" """ 
ffl'H' 1.1 ff~11fltJ1lVV~ tn9l'1JL'YI1..I (CH4) 'YIF-Iafl'Ul..Iflltl 1..I111J1..I ~tI~al..l'YI' tI 

... !'It "". ..& .... ..: ... A ~ I ".... : 1 ".:...lIJ 	 ....
ClVLU 1..1 V flff11..1 'H 1..1 ~'UV~'Vta~~ll..1'l\1tylfftJLl..IV~\llflflU VVfl9l' l~9I' l1J ff1J \I 'IW ~~1..11..1 1..1 fffl1lfltl1 

.: .t lIJ)!""" lIJ )!.... ... 1 1" A 0 I.... "..: " J
Lvvn~ l ~1J 'UVflfla~LLa:: L~ 'I 1.1fl111J 1..1 tl1J 1..1 tn'I '11L'VtVtn'I fll1..l1W fl TYta~~11..1fl111J 'IV1..1 'YI ff'IH'U 1..1 

1l..I'.i1~f11t1 1 ~tlff1Jtn'I lrll..l~~fla~LLa::tlV1Jl1.l11..1 'YIH1'111'I::,}1.I1..Il1..11'111~Lffl..lvl~tI Brouwer, E. 
~, tI " 

(1965) ~~L'itlfl11 ff1Jtn'I'UV~ Brouwer 'Vta~~11..1fl111JrVl..IiiF-lil~11..1~HtntJ'ti~'H1J~'UV~U~1lntl~ 

n'11Jl'IClfll1..11W1~\llflff1Jtn, 

... 
Total heat production (KJ) 16.18 V02 + 5.02 VC02 2.17 CH4 - 5.99 N 'H'IV 

Total heat production (Kcal) = 3.866 V02 + 1.200 VC02 - 0.518 CH4 1.431 N 

A I'" "', "..: ... J ...VC02 	 lJ'I1Jlf1'I'UV~fln1.lVl..I ~VVfl 9I'~'YIF-Ia~'Ul..I (a~'I) 

AI'" ttl "" ..: ... J ...
CH4 lJ'I1Jl~'I'UV~tn9l'1JL'YI1..I'YIF-Ia~'U1..I (a~'I) 

N ,j;1J1Wl1..l1~'IL~1..I~;r1.lVVfl1Jl'Y11~i1ffn'11:: (fll1J) 

( Indirect calorimetry by the measurement of respiratory gas exchange in respiration chamber) 

Lfl!V~jjv~i.fiivd 2 U1.I1.Ii'Hqj CO) flV 

2.6.3.1 'I::1.I1.I'H~l..IL1t1l..1VltnffLL1.I1JLiI~ (Open - circuit respiration chamber 

type) 

" Q,f "IV' (Chamber) Vlfftl'Hafltn'I1;'1...........
(Face mask), Ll1.l1.l~mV1.I'H1 (Head box) LLa::LL1.I1.I'HV~1;'1tn'I'Hlt1 " 


fl111JL,r1J.u'1..I'UV~ O2, CO2 ua: CH4 'UV~VltnffriVl..IL,rl',j11..1,rv~ LLa::fllfl111JL.u'1J.u'1..I'UV~Vltnff 
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fI17lJV'U '~VVtl lCJf~~tlrivtJvVtl1Jl Lfl~V~ijv~i~d::V1~'t'l~'Nl'U fl111J!V'U i 'U~1ff~1'-j''YI1~V'V1J 

~1tJtl1'i'1~tll'mi1mtlgtJ'UnlCJf~'HltJh (Respiratory exchange) u~~,j'U '~i'1Jfl111JUtJ1J l~tJmfftJ 

tl1'i'VVtlU1J1J tl1'i' 'VI~i1V~i 'U-H'V~1~tl1'i''H ltJ i ~ (Respiration chamber) ffl1J 1 Hutti~tl 'i':::ttl 'VI-H'V~1~ .. 
tl1'i''HltJ'~'~'Hi11tJU1J1J~~~V ltlil 

1) Open circuit respiration chamber .. 
'i':::1J1Jil~:::";1tl1'i'~n~1tfln:::"''t'b'Utl'i':::flV1J'UV~Vltl1f1 ffl1JU(} 

.. .. 
';~'H 1J~ ~1 tlfhfl111JU~tl~1~ 't'f1'U tl 'i':::tlV1J'UV ~mtl1f1riv'UUi1:::'H ~~ ~ltltl1 'i' 'H lVi ~ 'i' :::1J'lJil iifl111J 

o ~ .J." i" Jt A.d4 " I 0 i .Q" ~ jJ Q,I ci 
~111J'U'VI~V~ 'lHfl'i' V~1JV'VI1Jfl111J Qtl~V~Ui1:::U1J'UtJltl~ 'U tl1'i'~n~11fl'i' 1::: 'H 'U Vtl~ltl'U "i11tJ~ 1J 

fl111J ~11rl'U IIv~ i ~Lfl~v~ijV~ ffl1Jl'i' (}1~tl~;1tlU''H i1 L~lVVtl'UV~ mtl1f1~ iifl111J Q tlllv~u i1 t 

uJJ'Urhtl~~1tJ mh~h~~l1JU~~,j'Ul'VIfll 'U li1V'VI1~~1'U~'Uvh11'i'~ (Infrared analyzers) Ui1t 

lfl~V~1~tl~'i'ltlU''Hi1fll'U'UV~Vltl1f1 (Gas flow meter) fl'11'H,rlVdHn~l!1";li-H'ffl1J1Hl 
A ...~... ~ ." i" '" 0' ~ ~ 0' A ... 

VVtlU1JmmV~1JV'VI1Jnfl1QmH1Jltl !li1::: L1J~V~ 'lfffl'i'~~CJf1JfI1'i'lJV'U L~VVtl LCJf~ l'UVnltlm~1J 

r-m";l i -H'ri1'Utl'i':::flV1J'Uv~mtl1f1ltlgtJ'UUtli1~1 tl u~~,j'U l:mmil~1 A'i'1Jfl111JUtJ1J tl~~'U1I1tltl11 

l:::1J1JiI~ 

l'dV~~ltliitl1lflii~nlCJfiil'VI'U i'U'VIHlfl'UV1'H1'i'ri1'U,h~ (til'-K1'Hilil 
I Ii f. 

1~~~) ~:::QtltlriVtJVVtl'VIH'VI1U l:::1J1Jil~lL~'Ullv~,j'UYitl~V\li1~m;jv~~i1V~ 24 i111J~ 

(nlCJfiil'V1'U nlCJffl171JV'U'~VVtl'CJf~ nlCJfvvtlcil~'U l1i1:::tl~'i'ltl1'i'1'Hi1VVfl) ~~J'U i 'U'VIHtlB,j~~~ 
ufl'rJty'Hl~1tJtl1'i' l~V1J~V~V\Ii11~ln1JfJtlmor,j'UYitl~m.!i1tl~ 1 'U ,j~~l; tJfl11 ~1~1i1VmtlV7 

A • cI. J! 1 " "A ... !'III"(Data logger) l't'lV'lf1tJ1tlmJV\li1Ui1tffl1Jl'i'(} V'UtJ1tJ1'Ul1mV~flV1JVi11~V'i' L~ 

2) Open circuit calorimeter 

... .. '" 1 tl •0''i':::lJlJ'U't'lPll'Ul ~tJ Blaxter, K.L. (1972) 'i'zqtl~~V~lfl'i'ZlJ1J 

Closed circuit calorimeter 1~tJ'1illv~ifffl'i'i1:::i11V KOH li:lVtl1'i'~~i1J CO2 i,*'H~tltl1'i'~~mtl1f1 

~Yil'Ul~lltli'U-H'v~iI~ffU'VI'U'Ul~ i 'HtYtl1Vi'U'i'ZtJtl1i11'Ul'U tl'i't1J1W 30 'Ul-n U~1";1tl1'i'~n~ 
1Lflnt'"'t'f1'U tl 'i' ttlVlJ'U V~V1tl1f1I~1J1I'Uui1:arlvi'Utl~tl1'i' 1~tl1'i' 'H ltJ i ~ ffl1J 1 'i' m tlg tJ'Ufl1VV1tl1f1 

i'H lii'U'i'VlJ~V'tl'~'H i11tJflf~ 1iiifiifl111JQflllv~~a~~'UnlvH ltl''VI'i' l1Jtl;1I1~'i' Vltl1f1~~~ 
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4 " '_11 I I I"" <d 1 I '" I'tflfUl1tJ'\.J1'\J1 lJ '\.J l:: 1.J1.J 1111 ::f11f111lJll;!fwnn:: 'tf11.:11'\JlJ'\J '\.J '\J 0.:1 fllC)f '\.J O1fllfffl O'\.Jll11:: 'tfll.:l Nl'\.J 

1oU'l'tJ1'\.JM'O.:l1~'tfltJ1 \l\l::ijfl1"l.:lfl11l::1.J1.Jll1.J1.J Open circuit calorimeter 

3) Open - circuit respiration with hoods / face mask - indirect 

calorimeter 

QI I" .cl 1" ,,, .
'tfllflflll~~01fllffNl'\.J'tf'\.Jlfllfl (Face mask) 'YIOOflll1.J1.J 'tfffllJ1Hlff1lJff1'\.J'tf'\.Jlfllfl (Ammal face .. 

..AI_,!'" '" '" .d ... 1\lmask system) C)f.:l'lf1tJlJO.:lfl'\.Jflll 'tflltJO'\.Jflll1.J'\JO.:101fllff'YI00fl\llfl'YI1.:11~'\.J't11tJ 

o I "4-"=',1,QI I 

fl U f11 '\.J 1 W f11 .... II H 1 '\.J f111lJ l 0 '\.J 'YI NII ;! '\J '\.J '\.J l H fll tJ (Heat 

production) ffllJ1Hlfll'\.J1W '~\llflflll~l1\l11f1l1::...rV;!llflll' 'tfllFh'\.J O1fllff (Flow rate) l1lJn1.J 
• II. 

f111lJll;!fl~l.:1'\JO.:l'ti1'\.JtJl::flO1.J01fllffn'tfltJ1\lloU'l - 'tfltJ1\l00fllJl (li.:l C021111:: 02) njo.:l\llfl 
II II 

f111lJff:: ~1fl1'\.J flll f111.JtJlJ ff;! 111Hl ~11rJ'\.J~O.:l~hl'Q '\.J flll1~1rJ'\.J 'lf1.:111111ff'\.J '1 (1~ flll 'tfltJ 1 \l1rJ '\.J 
II· II II 

l::tJ::11111'\.Jl'\.J 5 - 10 '\.Jln~Of1i'.:I ~1'\.J1'\.J 10 - 12 f1i'.:I~01'\.J) ;.:If11nhflll1~'tfllltJf1i'.:I1'\.J1l~1l:: 
II 

1'\.J '\.JOfl\llflilll""1flll1'*mrlfllfl (Face mask) lil1M'ff;!1l,jffllJ1Hln'\.J01'tfll '~lrJ'\.JtJfl~ ;.:1 '~ij 

flll~'1lI'\.J ltJl::qfl~1~lJ1~lJ 1~tJflll1 '*m;flflll'\J0.:1 flll ff1lJ1~""1:: ff1'\.JM 1 (Head hood respiratory 

'tflO Head box respiratory; ~.:Im""N'\.J1fl~ No 12-15) l1lJn1.J Open circuit chamber lh1M'ffllJ1Hl 
• I II II II 

1~ '~;!1l0~ 24 ci11lJ.:I~~~on'\.J lijo.:l\llm::1.J1.Jil ',j'~nflff;! 11~tJ.:I1 '\.J M'O.:l 1~flll'tfltJ1 \lli.:li1 
II • • 

~.:IU'\.JflltJllJ1WnlC)fij1'YI'\.J n 1~'~.:I ,,jl1lJff1'\.JnNii;! \llfl'YI H1~'\.JO1'tfll ff1'\.J rll.:1 

2.6.3.2 l::1.J1.J'tf~'\.J11tJ'\.J01fllffll1.J1.JiI~ (Close - circuit respiration chamber 

type) 

l::1.J1.J'tf~'\.J11tJ'\.J01fllffll1.J1.JiI~ (Close - circuit respiration chamber) 
II • 

'YI~llO.:l1 ~tJu1101n;!1LoU'l' tJL~tJ.:I'Ii.:l OgflltJ1'\.JM'O.:l1~flll'tfltJ1 \lnffllJll(lf111.JtJlJ~W 'tffJijflltJ1 '\.J 
II •" , " 41" '" 4 1 !!'I 4 " ,,'"'tfO.:l ~ l::1.J1.J'\.J 'If'tfllflflll'tf~'\.Jl1tJ'\.J01fllff '\.Jl::1.J1.JlJ~ (Air tight) O1fllff'YI1'\J100fl\llfl'tfO.:l1~flll 

I ':-1 4 1" ... ~ '" '" 'tfltJ11 lJ.:I l::1.J1.JlJflll 'lfffll11::11ltJ KOH 'tflO Soda lime 11J'\.J;!1~~C)f1.J\l '\.J'lf1.:1l::tJ::1111124 'lf1 .. 
'tflO~1.J CO2~ff;!1'tfltJ1\l00fl ij11iflll1~lJtJllJ1WOOflci1\l'\.J (02) 1oU'l'tJ1 '\.Jl::1.J1.J1l40'YI~11'Y1'\.J CO2 
.dQl"SI .cI Q,I QI 1 1".cl .. ~Q,I I

'YI \l1.J 111111::lJfllllfl1:l1l::~1.Jf11f111lJ~'\.J'\JO.:101fllffmtJ '\.J l:: 1.J1.J 'tff1.:1'Y1 llJOff'\.J tl~l::tJ::11111flll 

1~flll't11tJ1\l~ nl'tf'\.J ~ \l::lilflll ;!l1\l11f1l1::...r1l40 1~ff1'\.J tJl:: fl 0 1.J'\J O.:101fllff~'tf~'\.J11tJ'\.J 'tfl0 1 '* 

1l4oflll'tfltJ1\l 1~tJ~1'tJ\l::lhfllHll1\l1~flll'tfltJ1\l;!1l0~l::tJ::11111 24 i11lJ.:I 1~tJfllli.:l 
Jl'tfUflOOflci1\l'\.J~1~lJ1oU'l' tJ ff1'\.JnlC)ff11{1.J0'\.J '~OOfl 'C)f~1~ ,~\llflfllli.:lJl'tfUfl~l~lJ~'\.J '\JO.:l 

ffll11::11ltJ~~ci1.J (Absorbent) ff1'\.J nlC)fij1'YI'\.J ffllJ1 H111f1l 1::...r \llfl ff1'\.J tJ l::fl o mJO.:I 01 fllffflltJ1 '\.J 

http:ff1'\.JM
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" 1::1J1J,f'fl~1'i'lfll1't11tJ ,,, 1::1J1JU)jfl1111U,jtJV1ff~ Uft::ff11l1Hl'vh ''''~1tJ U~)j,r'fl~1tii'lfl'fl iifl1111 
" 

'II .. 
l't1111::fflJ1tJ vn~1I~u~tim1~rr'UtJ1i'llgfll'rhutJ A~Uffi'l~1tJm'nfi 2.6 lii'fI~"1fl~1tJ1tJ ff11 ft::ft1tJ 

.,: .. 'JI" ~ 'JI "y'o ... 'I _I'
KOH VI L'IU'n'flfll1"1J CO2 ~'fI~ l'.D"1tJ1tJ1l1flUft::nfl1U'n~ 't11fl1lfl1nntJ L"Uft::1Jft'fltJ CO2 

1i'ltJl~rrn::'fIrh~ti~mtil~)jfll1F~fi~n1C)1 CO2 'fI'fIfl1l1~1tJ1tJ1I1fl mtilltJfft;rl'l't1qjtJfl~1'f1d1~u,j1f1 
" 

U1't1Ufl 500 fi1,lfl;1I 'fI"'~'fI~1;; KOH ~1tJ1tJ 100 fi1ftfl;1I Uft::'f Silica gel 1I,::1I1W 250 
. " fi1 ft fl;1Iliil'fl~i'lci1JU1 

TO PUMP 


A.C. = animal chamber, E = meter for measuring rate of ventilation, Bottle 1 and 4 

contain KOH for absorption of CO2, Bottle 2,3 and 5 contain silica gel for absorption of water. 

~111 : Ai'lullft~nfl Ensminger, M.E. et aI. (1990) 
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.., .., If .., 1...... .." j, 1 
2.7 nnl1iln11nmn1JYUI,H1U 1iltlllin1111ilfllfll1t.l&Jt.li.la"f)~fln1Jf)UUa~ U VllIilU 

(Measurement of energy retention by Carbon - Nitrogen balance technique) 

~""N1\.1thU''Hqj~ff~l'lfh"',u~;iUl~'U l?lU~::: ff~rl'IJ\.I ilm~'U'~ ~::: f)d'\.1111111'S ~\.IU~::: 
,'U ~\.I ff1\.1fl1{1'U 'fHfl'S?l ~:::\lnilm~'U'n1IU'f)t11J1 mm::: 11; 1J1Wfi f)\.IoG'HfH~ l'S 1~::'Vl'S Tu11;1J1W 

i'lh;}\.Ium:: 1 'U~\.I~\lnff:: ff1J 1 ~1111~t1m'S'H1ff1J~~'U f)~fl1{'Uf)\.IU~::' \.11m 1~\.I (Carbon and 
~ ~ ~ 

Nitrogen balance) 'ti~ilL~'.i1::fl1{'Uf)\.Ilrl\.lff1\.111'S::nf)'U'Uf)~'ti~ i11'S~\.Ilm::: ''U~\.I ff1\.1 1 \.Il?l'Sl ~\.I 

lrl\.l ffl\.111'i:: nf)'U'Uf)~111'S;}\.I 

.. , 1 0 '1'1 ... _I'" t ,1,.;."
m'i'H1ff1J~~'Uf)~fl1'S'Uf)\.Ilm::: \.I ?l'Sl~\.I'Vl1 Y'I ~t1m'S1fllJ'S1J1W'Uf)~ff1'.i'Vl~ 2 \.I'Vll'U1 

u~::f)f)n~ln;l~mv lrlf)'Irn~'Uil\.l~~:::11111;1J1w~\lnilm~'U1~ ff1\.1~ "'~~l\.1~ff::: ff1J' ~~'H11~~1n 
~ 

m'ifJw11;1J1Wlfl'}f\.l:::U\.l1l1t1fi1~"'~~1\.1 (Calorific value) 'Uf)~~\.1 
, 1"..... 1111 "'_Id 'i ,t ...
'iHmtl~::: fl'i'Ufl1'i'Uf)\.IU~:: t\.l ?l'Sl~\.Il'U1 lJm\l~l::: 1~t1'VlHf)1'Hl'.il'Vl1\.1\.1 C}f~ 

'\.Ilfl'il~\.I~:::f)f)n~lni1~mt:l'1I1fltl'Vl1~1J~U~:::i1ffffll::: U~fl1{'Uf)\.I~:::f)f)n~lni1~mtl'~lfltl'Vl1~ 

l11f)\.If)nA... l'lf\.l" _I <:'... ..".. ,.g" '"'' ...t,\.IllJ'Uf)~mC}f1Jl'Vl\.lU~::fl1'i'Uf)\.I flf)f)n C}f~ \l:::\.I\.I \.Im'i'H1ff1J~~'H?lf)~ 'If'HfH1fl 

m'i'H1vh (Respiration chamber) 

44 0 QJ' d t.I QI t/ 1 ,1 dd,ft 'I 
11im'ifl1\.11W~~~~i\.l'Vlnmn'U 11fltlf)1fWff1J~~'Uf)~fl1'i'Uf)\.IU~::: 1\.1 ?l'iL~\.I\.I ~:::l'H\.I 

1~oMfl' \.I ff?l1~ff::: ffmf~,'U~\.IU~:::1 11'i~\.I ff?l1~~mh1~:::fl\.lfl1{'Uf)\.IlU':::' \.Il?l'i L~\.IloG'l' 11 
t • JI • 

1J1nn-:h~l\.11\.1 ii ~\.I'ii'U U1t1f) f)n1J1 U \.I Mlf)ii ff1J~~ 'U f)~ 1iUl'ti~ fff)~ Lrl \.I'U1n 11;1J1W i 11 'S~ \.I ii 

ff:::ff1J'~ln1111fltlm'SfJw'\.Il(fm~\.Ifi1 6.25 l~'.i1::1 11'i~\.I '\.Ii1~mtlii'\.I1?l'Sl~\.I,h:::1J1W 16% 
~ . 

U~:::iifl1{'Uf)\.I 51.2 % ~lnfi1\j~::ff11J1HI'H1tl;1J1Wfl1{'Uf)\.Iiiff::ff1J'~' \.Il11'Uf)~ hh~\.I'~ 
_I'" ..,.;.... ,1"l _I' ... ...... .. t '" 111'"lJ'i1J1Wfl1'i'Uf)\.Iv\l'H~f)~::\lnff::ff1J 'J l\.IllJ 'U1J\.I C}f~1Jfl1'i'Uf)\.I 74.6% \l::\.I\.I~::'H111'i1J1W l'U1J\.I 

~ff:::ff1J1111fltl,rnfl1{'Uf)\.I'\.I111'i~\.If)f)n~lnff1J~~fl1{'Uf)\.IU~1fJW~1t1 100174.6 ff1\.1~"'H1\.1if 
ff::ff1J 1~'\.1111''U~\.IU~::111'i~\.I~fi1\.11W'1I1fltlm'ifJwII1t1fi1~ "'~~l\.1m ~t1'Uf)~,iff)laf);l~mtl 

. • ... 1,1 ... _I, ..... ' ''' , 'i
(Average calonfic value of body tissue) C}f~fl1\.1 ~::N\.IUlJ'i \.I ff?l1U?l~::'lf\.lfl (Species) \.11 flU~:: 

un:: '~fi1 9.37 Kcal ~f)ni'1J'Uf)~1'U~\.I U~:: 5.32 Kcal ~f)ni'1J'Uf)~ l11'i~\.I ~1f)dHm'Sfi1\.11W 
... ,.;. ... d '" ",.;. '" .I 1 ....... ,1,1' 1II1"l ,.;.~~~~l\.1'Vlnmn'U 1U~:::fl111J'Sf)\.I'VlN~?l'U\.I fltl11i\.l ~Ulfffl~ n L\.Ifl1'.i1~'Vl 2.6 

http:11fltlf)1fWff1J~~'Uf)~fl1'i'Uf)\.IU
http:fl'i'Ufl1'i'Uf)\.IU
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.::i 0 Q,I 9J Q,I..d d -.~ • 4Q4.Q Q,I 

VI11H11 2.6 m'ifllu1tum'H"'''91'Vtt'l.:J.:J1Ufl11lJ·H)UUt'l~'VHH.:J1Un1fl1Jf1f1 n LU'il.:JmfJ~1f111im'i 

191f111lJUlJfJt'l1il~m{m)UUt'l~'U191'i1~u 

Results of the experiment (per 24 hours) C (g) N (g) Energy (MJ) 

Intake 684.5 41.67 28.41 

Excretion in feces 279.3 13.96 11.47 

Excretion in urine 33.6 25.41 1.50 

Excretion as methane 20.3 1.49 

Excretion as CO2 278.0 

Balance 73.3 2.30 

Intake of Metabolizable energy 13.95 

Protein and fat storage 

Protein stored, g , (2.30 x 6.25) 14.4 

Carbon stored as protein, g (14.4 x 0.512) 7.4 

Carbon stored as fat, g (73.3 7.4) 65.9 

Fat stored, g (65.9/0.746) 88.3 

Energy retention and heat production 

Energy stored as protein, MJ (14.4 x 23.6) 0.34 

Energy stored as fat, MJ (88.3 x 39.3) 3.47 

Total energy retention, MJ (0.34 + 3.47) 3.81 

Heat production, MJ (13.95 - 3.81) 10.14 

~ 
11m : McDonald, P., et al. (2005) 
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fll'l1it.Jfli'.:Jilm.i.:Joomrtu 3 fll'l'YI~ao.:J i~rJU~a::fll'l'YI~aO.:JUtJfHllfltiUodH6tl''l:: 
tI 

i~tJih1tJa::lfitJ~~.:Jil 

, 
... ... 	 '.1 ...," ..., , 41

3.1 fl11f1~a8.:JfI 1 fl11ftn'Hltf1'UlJ1::nf)UflHlfltl flWfllflH &.fl'm::lla::,.n:'.:J.:r1W"f)~tf1'U &tJ 

"U8.:J'HtY1 Mulato II lIa::'Hq!lgnNtftltfQa Bracbiaria 15 'lfU" 

tff.ll'U~fI~aM: ,r8.:r11iitr~fll'l"[fl'l1U::ff1tl'91{ ua::l'h{llff9111irJ11tO.:r "hUfl.:r1U Htlfl 

'YI~a O.:J U a::'lf 0.:J11 ii,j~fll'l fltl1.:J flW:: 1fl1l91'lff1 tl'91{ 11 'l111'Y1Vla tJfJtJa 'l1'111i1il 

3.1.1 . -l~QtJ1::tf~~ 
'"'0 ...... .l'JI 	 'i 'JI•3.1.1.1 1'W0'Yl1fll'lfl~momtJo.:r91'U (Screemng test) tl'1U tJ'UO.:J't1\\P Mulato II 

'JI • 	 ... "[ i 'JI' .1 "" Iua::my10flNtl'1ltl'fla Brachiana (Brachiaria spp.) 15 'I1U~ ~rJ 'I1tl'1UlJ'lZflOtJ'YIHlflll fJWfl1'Y11.:J 

"[fI'I1UZlrtU1flWcvli'Ufll'lfl~'nOfl 
.1 J ...... 

3.1.2 	~lJn1W lIa:: 11011 

... ..:" 'JI 1IJ 'JI' 'JI .1":1IJ ~ " 
3.1.2.1 'W'I1'Y1 L'I1'Y1~ao.:r ~~Ufl (1) 't1\111 Mulato II lJOfl'YI L'lNfl flW::lflll91'lff1tl'91'l 

1l't"1'Y1tJ1arJ'l1'11fi{}~tJan'l11i1ill~tJi~11lg~ 'l:: ..d1.:Jl~OUijQU1tJU - 'la1fl1l25491~tJ'rhfll'l~~ 
tI 

llfl~ 4511.,1 (i1U1U 2 fli'.:J) ijfll'l't1'".h'U~fJ N-P-K i1U1U 200 Kglha 1'liU'~tJ1titJ't1tY10flNtl'1ltl'fla 

Brachiaria (Brachiaria spp.)15 'I1ij~~fffl1l11~fJfl.:J~ 1 1U~ 1 ff.:J't11flll 2549 ua::flf.:J~ 2 1U~ 
1 tiUtJ1tJU 2549 (2)'t1tY1aflNtl'1ltl'fla Brachiaria {Brachiaria spp.)15 'I1ij~ i~uri CIAT 

BR02l... 1752, 1747, 1718, 1245,0771, 0799, 1372, 1728,0465,0768, 1794, 1485, 1452 ua:: 

CIAT MX02/1423, 1263 ~~~'lZ't1'".h.:Jl~OUijQ'U1tJ'U - 'WqffiflltJU 2548"[~tJ'ti1fll'l~~llfl~ 451'U 
tI tI I' 	 tI t r 

(~1'U1U 2 fll.:J)ijfll'l't1'hu~tJfll.:r;t 1 1'U;t 2 ff.:J't11flll 2548 ua::fli'.:J;t 2 1'U;t 19 tiUfJ1fJ'U 2548 
tI • 	 tI 

~1'U1U 200 Kglhallfl~fli'.:J;t~~\l::'ti1fll'l~1l1~tJ~1mh:mtYl'rT.:r 15 'I1ij~1l1'11ij~az 4 nlafllll 

,h1ll0tJi'U Hot air oven ~~W't1lJii 60 - 65 °c th~1mh.:r't1tY1~~1l1~tJtl'Ztl'1l~m~fll'.i~~ 4511.,1 
II 	 II fI • t 

(~1'U1U 2 fli'.:r) 1l1Ntl'lltiuv::i~~10lh.:r'ti'.:rffU 15 ~10VH;t1~fffl1l11~tJ~U;t11amrtu~u'11~ 
'JI d ~... "'.1 "" 'I'JI 'I
'lOfJ!O~fJWtll'W911 fll'l 11fl'l1Z't1 tl'1'UlJ'l::flOtJ'YIHlflllV:: 1'111\1'W1:: 1 tJ (Leaf) 
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3.1.2.2 ff~1'Y1"ao.:J "Ufl fltJlJtvtf1~~OtJ~flNfflJ ~aff ~tJnlL"lWtJ (Crossbredq, " '1 " "l' .'" .1"'* "'* . .
.'01 ~ 0 .cttlQI

Holstein Friesian steer) 'YIN1~"L~1:::m:::Lvtl:::f'I.:J rumen fIstula ~ltJ1tJ 2 ~1 Ol~matl l:::lJ1N 

d: ., .Ql ~ 4 : 1"... , " "d QI QI

6 -7 iI tJl1ftJflL\1atl 450 fl amlJ Latl.:JUlJlJ'tI.:JflOfllJtJlff:::Ol" 1ffltJ~aOillnf1l ua::: 1f611fll'tltJ 

~ltJ1tJ 2 filafli'lJ/~1tltJ 1'1fmall;~Ol~flll~ill451tJ &i~tJOl1flnWl1Jm;fl1'1ffitJo~1.:Jl~lJ~ 
.. ~ . '''1' , " 3.1.2.3 UNtJflll'YI"ao.:J LvtOnfl'l;llfllltlOtl " tJff1tJ'tIO.:J lJ'tI6.:J1ft:yl Mulato II 

ua:::1ftQ'l~flNfflJfffla Brachiaria (Brachiaria spp.) 15 ")fijill1tJm:::Lvtl:::1LlJtJhw1fuNuflll'YI"ao.:J 

UlJlJ Randomized Complete Block Design (RCBD) 

... " ......... " 1.1 1.1 -~ ...
3.1.2.4 flll1Lfln:::1fNa'YI1.:Jffo~ 1tml:::1ffl11lJU l l1tJua:alJltllJL'YItllJfl11lJ 

U~fl~Hm.:Jff(l~'UO.:Jfhl\1~eJ lilleJn Duncan's New Multiple Range Test (DMRT) 

3.1.2.5 nflll'YI"aO.:J 

... ". 1.1 ... 1 ......1) flll1Lflll:::1fff1tJ l:::flOlJ'YIHLfllJ "tl1'D Proximate Analysis 

(AOAC, 1990) ua:::1Lml:::..rL~o1t11"tl1i Detergent Analysis (Goering, V. and P.J. Van Soest, 

• ... "" ... ... "11.1 "'*".. 11970) l:::1f11.:Jt"OtJflUeJltltJ - vtqf1~flltltJ 2549 1tfln:::1f l~tJ "1mmo.:J Dumas ltJ FP 528 

ua:::1Lfln:::..rL~O1t1 ~1mfl~O.:J Fiber Analysis ltJ VELP scientifIca 

2) fllltll:::tijtJrl ;flll ~Otl 1~1"eJ1ft 'YIflijflQ.:J1 tJ ~ otJ (Nylon bag 

technique) l:::W1H 1U~ 7 - 22 itJ11fllJ 2549 1"tlill~10tiH1ftQ'1~f1fl'l;l1~lJ"FhtJ~:::UflH'UtJl" 
. "t , 

2 ijaiillJ~llJ10lJ-n~N1f1Jij 60 °c ~tJill1f17flfl~-n i~~10tiH611flltll:::lJ1N 3 fli'lJ (Wz) hi 
•• JI , • 

Q~1u~otJ-ni~ill1fil'flLL~1 (WI) ill't1UlJ (Incubate) 1num:::tvtl:::1LlJu-ni11lJ~ulJAH'lnu flO 

4,8, 12,24, ua::: 48 ~11lJ.:J (~lll.:JNtJ1fl~ Not) '~Om1Jfil1ftJ"nf1lillQ.:JOOfl~lflm:::tvtl:::1LlJU 
" til, II 

U~1illlJl~1.:J~1t1ill {{Ofl LVi 0 1 'lfiuff1tJ611f n-n~"oduo fltl.:J1'lf1fq"ooflua:::iJlJiJ~flln1HltJ 
II I " , 

'Uo~,iitJ'YI~61"tlu';tl.:J1tJt1.:JlJll,illU~~-n,~~eJlJ'1' m;~~llflil'tJill1t1~H1~w1f'fl~o.:Jcjmlltrlu 
, I " • ," 

naltll:::lJ1N 15 tJl-n tYl1fi'1J-n 0 i11lJ.:J 'ilZill 1t1u';ill~tJ-n 39°C t1lZlJ1N 1 i11lJ.:J ~lmrU 
, ,,,, ." 

illlJl~l~UaZ01J-n~N1f1Jij 60°C ,r1tJl1a148 i11lJ~ 1f~O'iltJill1fil'flfl~-n u~1i~'ll11fil'fltl.:Jua::: 

~10~H611fll~L1faO flltJ1N % 1~tlu'lf.:J~1fleJ1t1 'illfl~~l 

tyoDM disappearance 

~ .. 
o cv QI I GoQ " 

= tJl1ftJfl~10eJl.:J611fll'YILllJ"tJW2 ., 
o Q,I QIQ,I'

W1 = Ul1fUfltl~ + ~10eJH611fl':i1fa~OlJ 
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\'IlflJt.l1l1ft 1~'~1I1ftlt.11Wftlfll'l VtltJ'~ lflfl' cgl tI 'lll fl 'l1l tTl 1 ~ \'II tI . ~ 

NEWAY ihifllt.ll1fltJ 0rskov, E.R. and P. McDonald (1979) ~IIMtl'tlil 

P 

P ltl'lft.lZ~'HltJ'tI~nal t (Degradation at time)(%) 

A ftlm'lVtltJffaltJ~i111111 0 (Y intercept) Iflt.lftl~Uffflllilllff1t.1~ 
~ 

azaltJ1~1111'HlIfl (Immediately soluble material, Soluble water)(%) 

B ftlfta9ill1'lZ'H11I1ftl Intercept (A) n1.1ftlm'lVtltJffaltJ~i111111 
f£fl~ltJtfl t.I ff1t.1 ~1~azaltJUMffl111'lfl'H ,j'flVtltJ 1 ~1fltJ,at.l 't11V 
It.lmzl'n1z111lt.l (%) 

c Vf'l'llm'lVtltJffaltJ'Iltl~tll'Hl'lff1t.1 B (Degradation rate) ihnl1tJ 

Iflt.I Fraction I h 

3) m1t1'lZlijt.lm1VtltJ'~'Iltl.fJiit.l't11tJ1f'1Q (Organic matter digestibility) 

uaZ'n~~~lt.1,cgtl'lZ ltJ'lft.l1~ lfltJ'~I't1f1iiflm1ftaf'lfllt]f ( In vitro Gas production technique) 

. ., '". 
'lZ'H11~1t.1't1 5 30 lImlflll 2550 

(1) i.fJ~1tlVHtll'Hl1~'~'t1flatl.fJ~mHht.lf'lZUflH I ijaalllf'l'l 

tI'lZ1I1W 200 ijaafli'1I191QU~.fJlfflt.l'Hatlfl ~lIijlt1;Hfla'ltJm:1.1tlflUfltJl 'Ilt.llfl 100 ijaaa9l'l 
, • • tI w 

't1111ff~t.liiUflt.l ~t.I 111tl 1~'~Uflt.l~t.l1Jfl 1.11no. tla lf1'HatlflijffltJtJHuaz fl atl 'nftllll1~ilflfl atl 
~ . . 


1.1;nwffltJflH 'H~~\'Ilfl,rt.l1l1'Hatlflll~1 'tllff't.I~,jll (~~Ufffl~ 't.lfJ1'nftt.l1flii R3) ii~w 'HtJij 

39° C l~tltli'1J1Ytl1'n~1tlVH''lfij~w 'H lJijlfla'lfitJ~n1.1' t.lfl1:1'n1Z1111t.1 

(2) If'lltJlIffl'laZaltJlll1t.1 (Rumen liquor buffer) ~lItI'l:fltl1.1~1tJ 
~ . 


ffl1a::altJ Macromineral, Micromineral, Buffer, Rezasurin solution, Reduction solution, 1l1fl~t.I ua:: 

,~ ..; '" l' 0 .... ";1~-1""'Iltl~I'Ha1\'11flm::I'nl:IllIt.I 1fltJ 'Ir'lltl~I'Ha1't1tf11.11Il 'H1I '1 \'Ilflm::I'nl::111lt.l \'Ilt.11t.1 2911 't1 ¥iJlJ11.1 

fffJ1'n lfltJ1'1ftit.ltll'Hl1~t.I'lt.11t.1 2 tilafli'1I/~1tlt.l '..r'HtYl1;tll~m'l~fl451t.1 Iflt.ltll'Hl'l'HtJ11.1 

QI , d.=l. It:I. : ,,, 1"... '" 
'HafltltJ1~19I1I't12I1al fltl 08.30 ua: 16.30 t.I. lIt.11ff:tllflUa::mU1'lfltlt.l 'Hflt.lf'latlfll1al m'llf'l1tJlI . ~ 

ffl'la::altJ If'llflll't.I'Il1fllt1'1f1l~U1.11.1 3 fltl iiu';1t.1f:h~1l1~t.I (Water bath) flW'HtJij 39°C lfltJfltl'll1fl 

~lt.1'Hd~\'I::' ffffltJtJl~a~ 1t1I~m1t.1fllt]ffl1{1.1tlt.l1fltltlfl't]fft (C02) a~1 t.I'Il1flf'latlfll1al 'ih1..r 

http:ltJ'lft.l1
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.... ,,,.. " '" " ..
ffl'H'1:::fl1t1'llfffll'n 'HHlflCJfl'ilU (02) 'n'H)'llfl1JflUff11f1:::fl1t1~1Vlfl'HI~fl1Uff11f1:::fl1V (Magnetic 

"'.... ~" '.1'12'" .... '" 'I ..:0stirrer) 'HfI~'il1fl1~1V'llff11f1:::fl1Vlff1'il~O~U1 lJ l':IJ'YIU'YI (~~Uff~~ lUm'nNU1fl'YI N. 4-5) 
!II 

(3) i.nllU~O~lu~;j i1'llff11f1:::fl1V1L'llU ~lU1U 30 ijflaa911 fI~'U 

'HflO~~-i~Ol'H11'ril~~V'll'~ N1U'YI1~ff1Vtl1~~Ufl1t1'HflO~ flUUflU 'CJfl ~fll~O 'ri01flltYOOfl 'il1fl 
!II • 	 iI 

'HflO~'If'H'llPlil~flaU t11'HflO~iriiu Rotator Yi.yh~lu'u5mltu:::'H1!U101JUflUiuuu 1i~oth~ 
" ~... i J!' ":.1'" ... •• rd ..: ... .1 i I
'if1'1911'llL'U'llU1Kfll U~1J'll'YIlJ11JfJtu'Htj'll 39°C 01Ufl1fllCJf'YINfl91'UU U'if1~nfl1 2,4, 6, 8, 12 UfI::: 

• 	 iI 

24 <i11'll~ iUfll'j'YIPlflO~'iI:::.,hi1mh~fI::: 3 911 ufl:::~onh Blank (',j'rii10V1~01'H11) 'nfO'l101J 

i10V1~'ll1~1i1U~'YI111Jfhul'llltun1CJfutluoU~lU1U 2 i10VH flO 'HtY1ulf~Ufl:::01'H11.y'UlJfl 
iI • 

fli'~ L.wO~11'i1 ff01JfJWfll'n'UO~ff11f1:::fl1V'UO~L'H"1'i11fll1'llU ",,::: ,ft'il'H i'1JfllU1Wt;, Correction 

factor 

iI 

thU1Wthn1CJflrJuijflaa~19im.h'H'lrflO1'H11 ulf~ 200 ij"Hfli''ll lPltl h\'H'flUl'llltun1CJf"lfl'H flO~ 

.Blank U"::Ui'1Ji11"'Ul~viffh Correction factor ~fi1U1W"lfli10V1~'lllmi1U ~1'll11ifll'j 
.Q tI ell,'':1Lfll1:::'H'UO~ Menke, K.H. and H. Steingass (1988) ~~910 UU 

GP (m1.l20Omg. OM, 24 hour) = [(V24 - Vo GPo) x 200 x (FH + FC) / 2] / W 

.... 
1'llO GP 

... 14 I ~,~ 51" , ... ....: 

Vo 	 lJ1'll1~1'UO~ff1UNff'll'YI~'H'll~'YI01U IPl'U1~ CJfHflflOU Incubate 

.1'" rd" , " .:. 1lJ1'llltufllCJfl'110 Incubate Pl 24 'if1 'll~V24 

GPo fi11~~tJ'Uo~n1CJf~Lfi~'u'CJfl~n~LrJu Blank thu~ 24 -i11'll~ 
FH 44.43/ (GPh - GPJ; Roughage correction factor 

FC 	 65.18/ (GP - GPo); Concentrate correction factor e 
iI 

W = 	 \h'H'lrflA1mh~LrJuijflafli''ll1~qulf~ (mg. OM) 

iI 

OMO, ME UfI:: NE 1~tlifff'llfll1'Uo~ Menke, K.H. and H. Steingass (1988) fl~9io'uu 

OMD (%) = 15.38 + 0.8453 GP + 0.0595 XP + 0.0675 XA (R
2 = 0.91) 

2ME (MJlkgDM) = 2.20 + 0.1357 GP + 0.0057 XP + 0.0002859 (XL2) (R = 0.94) 
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2
NE (MJlkgDM) = 0.54 + 0.0959 GP + 0.00038 XP + 0.001733 (XL2) (R = 0.93) 

4 ttl C\ caQ" ci ClIo .I .4l~tJ~ GP UuntuflleJf (lJ'f1aafll/UU.U'H~tll'H1'.i 200 lJfi.) 'YUfi~'IJU'lJtl 

incubate 24 i11lJ~ 

XP = UllJltu lUltiU'Utll'Hll (g I kgDM) 

XL = UllJltu''IJ:UUi Utll'Hll (g I kgDM) 

XA = UllJltul0'1hml1:11l (g I kgDM) 

.:l ....1 fI Q Q,f " .... .c:::l Cl.I.Q Q,Q tI tl4 Q,I

1T01UYlYlil1UH: 111llJ1~tlUaZ'Yl~atH uaz'Htl~IJ{]'Uflflll'fllJ11flllZ'H «Utl1'iltJUaz 

i~Ul tll'Hllfffl1'IJtluur\u ~l'Ua'thrn:: thUltllijtl~ ~~'H1~'IJtlUUr\U 
"'.1 J

3.2.1 1~Q1J1ZiHfl 

3.2.1.1 l\4tlUl::'iiUfJtuth'Yll~11l'lfu:: l~tJffm":llflll Vtltl '~'IJtl~11l'lfU Z,U'HtY1 

Mulato II 

A.I ... I ... ,91. 1 1 (1q 91. i3.2.1.2 l'fitlIJl::'lJUfll'fia~~lU "IJlZ tJ'lfU L~ (Metabohzable energy; ME) U 

91 
'Htyl Mulato II 

.1 J ......
3.2.2 ~1Jfl1flmQZllim1Y1i1Q8~ 

3.2.2.1 Vl,,~'.nUflll'Yl~Cltl~ 
91 91 91.1 91 91.1"
"'Htyl Mulato II U'H~ ~lfiUIJCl~'Htyl'IJtl~'fi'tJfllmf.tlJ\1fi'HfYl Mulato II 

'l\4tlHft(PUlJ~~iu{~l'HUltJhrn'U lflHf11l1~tI lJ'Hl1'YltJlatJQ'U an"tnU i U~~ 1:11~thu 1'il1~lfY 

hwi~~tJ~lfi\lCllfl i~'UL~tlU'fiqffiflltJU 2550 ~tll~fi1'.ii~UlZlJltu 451U'Ha~'illm~'ULlJ~~ 
... " .d'fiU~ (1ll'fiHU1fi'Yl H.7 • H.8) 

.... .. 
3.2.2.2 Cl'fl1'Yl~CltH 

911 .l. 4· "J1 cI J: .., J J ~I 
'If fl'fiUllJtl~l'fiffF;;!'Yl fllfllJ'Yl Ul'HUf1IUatJ 350 fifi . .t'J1~L\latJ 3 1J 

.. 0 v .d. "1 " ~J",Q Q,f t/Q. 01..., 01 tI '0
'61~tlU 'illU1U 4 fl1 'Yll~'illfi111llJ1'iltJua::'Yl~Cltl~ fJUtJ1~tlUCl::'fi~Ultll'HllCl'fl1'IJtlUUfiU fll'UCl 

.. 
'thrnz ~~'H1~'IJtlUUr\U r\tlU'Yl~atl~'~rlltJ'fitJli UCl::U~1,niiu A D UCl:: E latJ~ lflu'U'U;r~ . .. . ... , 4." 0 i 91... ... 
l~tJ1 Ufltlfi'Yl~Cltl~ lJUl1l19JfitlU UCl::'\.J1Cl'::m~ 1:1fiUflCltl~I1Cll (1ll'fiHU1fi'Yl H.6) 

...... 
3.2.2.3 11lflll'Yl~Cltl~ 

q tI f AI .4
I) ml1Lfln::'HCl'1UIJl::ml'U'YlHlfllJ 
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10 10" Ql4I I 

'UtlUUflU ~l'lH'rm'Vt'J:: tlll.fltlllJtl.:J ~.:J'H 1~'UtlUUfl'U 

- tll'Hln1~"'tl.:J lJ'" U",::i11',..tY11::'\.hlJl11fl'Jl~»1'huu'J::fltl1Jl'lH... 
... 1....... ... "·'1"'''' ..
lfllJ ~t.n1i Proximate analysis (AOAC, 1990) 1'fln~'Hmtl fJ ~fJ11i Detergent analysIs (Goenng, 

V. and P.J. Van Soest, 1970) u"'::'Vta.:J.:J1U (Gross energy, GE) 1~r.J'~ Adiabatic bomb calorimeter 

o , .., _I Q J , ~"1 '1 ''01'' - fll'U 1tufl1'tYlJlJ'J~'tYl'l1ifl1'JfJfW 1~'Utl.:J tl'Jj'U~ fl1 tl'Jj'U~fJtlVIi'l 
~ ~ 

il.:J'HlJ~ (Total digestible nutrient, IDN) ~.:JU 

. . 
ltl''l1u::;;nu - ltl'l1u::;;'Ii'Utlflfl 
------------,--------Xl00 

ltl'l1u~;;nU 

% TDN = DCP + (DEE x 2.25) + DNDF + DNFE 

l~ltJ~ti1 DCP, DEE, DNDF U"':: DNFE lrJUthff1J'lh::al'lifl1'J~f1fJ 
'~'UfI.:Jlu'J~u ''Uiru FnlWltn (Neutral detergent fiber) u",::'u l~'Jl~U't~;lgflUl'l'Jfl (Nitrogen free 

extract) ~llJ1h~'U li'lfJtilfl.:J~ 2.25 lJl~lflfl1'J~''U,j'Uij'VtaH1Ull.:Jfl'hfl1{1 'U'81~'J~ 2.25 nil 
~ . 

~.:JUU~tl.:JUlltl1 2.251J1tlwti'mnlJlw''Uiru;;uflv'i 

- tllU1tu'VtaHlu~'~u'J::lv'Jj',r'i ~llJ'tYlJfl1'J~''tYUfI l~v 
McDonald, P., et al.(2002) A.:J~tl'tJU 

~ 

ME = GE-FE UE-CH4 

li'lfJ~ Metabolizable energy (ME) = 'Vta.:J.:Jlu~'~tJ'J::lfJ'Jj'u1~ (MJlkgDM) 

Gross energy (GE) = 'Vta.:J.:J1U'J1lJ'UfIl'Hl'J (MJlkgDM) .'" ... ...
Feces energy (FE) = 'Vt"'.:J.:Jl'Ul'lllqJl'tYVm~1J'" (MJI kgDM) 

Urine energy (UE) = 'Vta~~lU~"lqJlffVl'l1.:Ji1'tY'tY11:: (MJlkgDM) 

Methane production (CH4 ) = 'Vta.:J~lU~"lqJ,ffvm~fil9t;jmu (MJlkgDM) 

- fl1'JU'tYi'l~fI"'fl1'Jl'li'l"'f1~9iH 'llrJuth1i.l~V (Mean ± SD) 

2) fl1'JtJ'J::lijutil'Vta~~lU~'~lh:: lv'Jj''U1~'Utl.:J'H~1 Mulato II 

".AI dOl': ..hW''Jj'11ifl1'Jlfl'U~1f1VHl'l.:J'HlJ~ (Total collection) lJ'J::v::n"'l 

l'l~"'tl.:J'J1t1 21 1U li'lr.Jut.i~f1f1mtJu 3 ';1.:J li'lv';1.:J~ 1 ""':: 21rJU';1.:J Preliminary period 'J1lJ 14 . 
1U U"'::';1.:J-n 3 ltJU';1.:J Collection period 71'U li'lv;j'Jlv"'~,~Vi'l~.:Ju 

~ 
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';'H~ 1 Adaptation period 1~r"Hn 10 1U lAV1,nflflU11tY1 Mulato 

II u11"H1Vl,:j'~1J~ 1~VU;'IJ~1111'~U'flVf1'IJfll1flU11tY1U11',:jVVH1~V11AVU1h111'flU1Ui'I~ 2 flf,:j 

AQ,I ct IQ "" d1 ... ,,,. d ct •
11i'11 09.30 U. Ui'I~ 16.30 U. 'lJUYlfllJ11J1W11qJ1U11,:jYl flflU ~VtJ1,:jlA1JYI (Voluntary feed mtake, 

VFI) 

';1,:j~ 2 Adjusting period 1~11,n 41U 1AVU;'lJi'lAUl1J1W11tY1U11',:j 

~1,nflflU111ilv 90 %'lJV,:jUl1J1W~flU'~1~1J~ l~V 'l1ijV11111111ilv 

. ~ 1"'" 1"1'" " "'lf1,:jYl 3 Collection period 'lf11i'11 7 1U 11 flflU11qJ1UWl 90 %'lJV,:j 

Ul1J1W ~flU'~1~1J~ UUnflUl1J1WV11111 ~111' Ui'l~ ~1J'~'IJ~1VVH\li'lUi'ltUffffl1t~'Iimhv1'Wu~ 
" i'lt1U'lJV{I lmlfl~11'Wi'I~ 2 fl;,:j flV 09.30 Ui'l~ 16.30 'W. 1rl'W11i'11 61'W n111;'lJfl1'1f'Wt1V,:j;'IJ 

Q,I - d4 " Jt! A I: Q oCIlQ ....Uffffl1~\)t'IJn~flHICJfi'l~1flYl1Jfl111J1'IJ1J'UU 20 % lJ1t1J1WflHi'lt 150 - 200 1Ji'li'li'l911 'YW91H 

"'U19111\)'W1'WUffffl1::Ui'I::'lhvii''lJii',:jfllll\)1qJl9l'IJ191'IJV,:j~ii'WYl16 1An1CJf\)lfli'l1J111V1 \)'lJV,:j 1mlfl 

~1 ~1i'1:: 31U 1U1::1111,:j1'W~ 16 - 18 'lJV,:jfll1Y1Ai'lV,:j 'il::1An1CJf'il1fli'l1J111V'" Chamber ~ 1 "i'I:: 

31U~ 19 - 21 'lJV,:jfll1Y1~i'lV,:j 1An1CJf'il1fli'l1J111V1'il Chamber ~ 2 Ui'I: 4 1AV1~ Respiration 

chamber (fl11'tR'W1fl~ R 1 - R.2) fll11An1CJf'il1fli'l1J111V1'il'il::1A69111fll1 '11i'1'IJV,:jV1fllfl' fl111J 

4 .4 ~ f:I 00 ... 1_ (d Q

fl" Calibrate 1fl 1 V,:j 1J V '111 Vfl1 CJf 1J 1 A 1 ! 1U fl1 U 1 W 111lJ 1 1J lilt fl1 CJf V V fl CJf 1\) 'W (°2) 

fl11'IJV'W 'AVVfI 'CJf" (C02) "i'I::ij1Y1U (CHJ \)lfli'l1J111V"''lJV,:j lflU~i'lt~1'il1flfi1m~V'lJV,:jfll11A 
" 11flfl;,:j1r1U1 1V1'W 

, d (II 1 Q tlOtI r Q)" ,d 
- fll1ty1J1fl'IJ911VVHUi'I:: fllnlfl1 1::11911V VH 'IJ UYlflUi'I:: ty1J1fl'IJ 

.... ~1 v ~..... ... _I" ... ,~
911VVHV11111Y1 11Ui'I::Yl111i'1V11'tV1AlJ11J1Wfll1fl'W 'fI (Voluntary feed intake) 

- uunm'i'I::~1J'~'IJ~1VV1,:j\li'l - Uffffl1::1'W69111 5 % ,h'u,~'IJ'~ 

~'flW11t.Jij 4 °c ,;1viutyAfll'YlAi'lV,:j th~".mVH\li'l1J1fli;]mfln'lRff1J111'l.rJ1f1U 9111JffAtbuufii'l:: 

1U1rI 'W 1 1V ~1 U i'I ::~1J~1vtiH\li'I 1J 1~1 l1:: 500 fl;1J 1~V 11fl 1 l::Mth 'W U 1:: fl V 'IJ YI H 1fl ij 

tY1Ui1ffffl1::'ll11J1Rff1J 1 lf1.rJ1f1U 9111JffAtY1uufim:1u,rI'W'lV~1 Un'1~1J~1VVHUffffl1::1J1~1l1:: 
Q Q_ A 0 ' .... 14 tI, Q,I1,000 1Jl1i'1i'1~1 11'tV'W1 lJ11fl11::11111fl11'tl1,:j,:j1'W 
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Q1 Q,I t/ • 0 , 0 4 Q,I Q,I t 

'n\i.ll'IJ10111l'H"~1'IJfl'IJUfl'IJ ~11H'I111'n1:: O1u)flnJfl~ ~~'H1A'lJfl'IJUfl'IJ 

OJ.I I
3.3.1 	 If'1tJlJ1::D\1,. 

A ~ ... ..e... AI'" t " ... A
1'nfll'ffl'l;j 11lJ~11J fl ~C)tlJ'IJ fl ~'n~~~1'IJ 11~:: lJ 1 ::llJ'IJ fl1fl11lJ ~ fl-1 flll 'n~ -1-11'IJ 1'n flfl11 .. 

1\)ltyl~1J1~ 'IJfl-11fli'IJ1'nff~,:r'IJi'iif'IJlijfl-1lt1fJ .. 	 .. 
fl1nlA~fl-1ihnhflflm1j'IJ 2 fl11'V1A~fl~ lAfJn-1 2 fl11'V1A~fl-1\)::'tl1fl11'V1A~fl-1 . 

I ... 	 ... 

~fll'IJfl~fl'IJ 

3.3.2 nl1nAD8~ 

3.3.2.1 	 fl11 'VIA ~fl-1 ~ 3.1 fl111..h::dj'IJ rl1fl11lJ~ fl-1 flll 'n n H 1 'IJ l~fl n11 .. 
l\)ltyl~1J 1~'IJfl-11fll'nff~,:r'IJi'iif'IJlijfl-11 'VIfJ 

... 	 A I " 1) 	 1~Q1J1:::U~fl 

1~fltJl::lij'IJrl1fl11lJ~fl-1fl11'nli-1-11'IJ l~flfl111 1Il tyl~1J 1~'IJfl-11fllffff~ 
cv 	 ".I ... ~ 

'n'IJ l'n'IJllJfl-1 L'VIfJ 

II II • • 

, ~l fl i '\,II 'n ff~,:r'IJ i'iif'\,llij fl-1 U1'H 11fllllJ ~ 'IJ 1un fJ 84 nl ~ fl llJ 

(01~fldl'IJ,h-1 10 - 12 lAfl'IJ) ~1'IJ1'IJ 18 ~1 ~1~\)lflumij'VIAUfl1J,:r'IJi'n~1qm\11'fJjl'O 11\bfJ .. 
1.JtuCfllfl ~~111Aq1J~11'1f1i1ij tifl'IJ'VIA~fl-11~'tl1fl11(hfJ'nfJ1WU~:::~A b~lij'IJ A, D U~::: E lnfJ-1 . .. 	 . 

1flU1J1JoU-1lftfJ1''lJflflfl'VIA~fl~ ijld1i1~~fl'IJU~:::U1U::01A1-H'fi'IJ~ ~flAl1~l (m'n N'lJ1fll1 N.9) 

- 011111u~:m11'-H'011111'V1A~fl~ 
do" AlGI 	 4,1QI Q,I 

fl11111'V1A~fl-1'V1fl111'IJA flfllJ11J1:::A1J'n~-1~1'IJlfflJ'IJ'IJ 30% ~lfl 

fl11lJ~fl-1fl111f1flfl11~lH;'n (Maintainence, M) ~llJfhU'IJ:::U1'IJfl-1 NRC (1996) lAfJij'::~1J 
ffnH1'IJ''lJfl11111~1-H'n~1n'IJU~fl9iHt1'IJ 3 1::~1J flfl 1.3 M (TO 1.6 M (T2) U~:: 1.9 M (T3) 

~llJ';'~1J lrlflfl11lJ~fl-1fl11'nn-1-11'IJ1~flfl111l11~;'n n;,t11J 477 kJlkgBWo.7S/d (";l'nll..1 ij~'nll..1,... 	 , 
2549) ti111'IJA'-H'1fl'tlfl~1fi'IJ011111''lJtJllJ1tufl-1lh:::~1J 2 % 'IJfl-1U11111fl~1 (nAfb'IJ011111l11-H' 

AI 	 ",. AI" ~jI I " ..l " flfl 011111'HfJ11J 40 : fl11111'IJ'IJ 60) LAfJfl11111'V1A~fl-1lJ1::flfl1JA1fJfl1111111fJ11J LflUfl11ty11C)tU11-1 . 	 , 
Q,I 	 Q,I d sr .. I ~ Q,I"

01~fl11~A 45 1'IJ (m'nN'lJ1fl'VI Ftll - N.12) U~:::fl11111'IJ'lJ1J1::flfl1Jfl1fJfl1fl(l1111~fl-1 34 %, 
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0, " Q! ... I 01 '1 " "".­11"1119 %, lI'UtTl1J::'I1n~ 47 % un:: U'.i1il~ 0.5 % AflO11NtYlI61'1111"'U ,,:: L'lflf1HHNtY1I61'1111 
,., . 

U1J1J~~~~1flnfl'l~ (Il1'rtN'U'lflVi NolO) 

fll1i~61'1111lmlAn6~ ih lAfI'A lfll~1f16fl';~1~lJ11.~1f1u~n:: 

mill '~i'1J61'1111V1An6~~\lflui'1I1.~lifl'l1111~1I~'U" 6~Yf~~ ~l'UUI9l fl~Htl'U 1Aflliu'; 1I1~ ~6'U 
• 
" 

'I "... , " 1 " " ,,"".."" · .., ,"""un:: 'UltY::61A L'I1 fl'Ul9ln6Al1nl 011 '1161'111''':: 'I161'1111,,'Uun::m:1I11C)f'YIN1'Ufll1tY1.1 'I111"'U1A . ,., 
5 - 10 lC)f'U9111119l1 l'n6116~tl'Uflll1n6fln'U61'1111 U'lh1.~n'U1'Un:: 2 f1i'~ 11m 8.30 'U. un:: 

16.30 'U. VilO11ui'1JU;1I1W61'1111~'~9Ill1Ul'11iffl~'l~1~1I~'U'lfl'l ffUA111 

- UN'U011'Y1An6~ 

'YIlo fl11 'YIA n 6~1AV '"'lfUN'U fl11 'YI A n 6~ U1.1 1.1 1J nd 6fl tY 11\1 1 W tI 

" (Randomized complete block design; RCBD) U1::fl61J~";lV 3 Treatments ~1'U'l'U 6 cHl 

(Replications)('~lf11'rtt1~li'U i'if'U1ij6~' V1f1 ~1'U1'U 18 ~1) lAva ~V1A n 6~ (treatment) 

U1::fl61J~1V61'1111~li1::fl1J'rH;Hl'UU9Ifl~1~tl'U 3 1::~1J fi6 1.3 M (Tl) 1.6 M (T2) un:: 1.9 M 

(T3) 19l111thfl1J 

" 111.h011'Y1An6~66mrJ'U 2 1::fI:: fl~ij 
... 1<V QI fl. ",

(1) 1:m::1J11.1tYl9l'lfl6'Ul"1~1'U'YIAn6~ (Preliminary period) 

UlffI9l11~1f16fl';~1~fI'lLYl6Ui'1J tYft1ft'~~'U'f1Vtl1Jfl6 flUn::f1'U 
" ,., " 

lnfl~lrJ'U1::V::l1nl 14 1'U h.l'lh~ijVilfllHhflftlJ1iun::\1A119l1ij'U (AD)E) liUltY::61A'~n'U 

I9ln6Al1nl unt'~i'1J61'1111~'UtTl1~lj)lU~lilu1;\'U 17 % 1::'I111~1'U~ 10 ~nlf1l1 2550 il~1'U~ 
d 

24 ~nlf1112550 (111ft N'U 'lfl'YI NoB - N.14) 

(2) 1::fltVlAn6-1 (Experimental period) 

" GI I 001 4.VilO111nV~lfl'YIAn6~ ,rJ'U1::Vtl1nl 120 1'U 1t'l11H'l'U 'YI 

25 ~nlf1l1 2550 il~1'U~ 22 flllll1li'U12551 unt ''U1::'I1''h~1'U~ 5 lIfll1f1l1 2551 il~1'U~ 
6 flllll1li'U1 2551 ih011~1I1f11~1~~1'U'YIAn6~~ 2 (~~utYA-1i'U9Iln~N'U'lfl~ No 3) 

d " , d ... , 
- fll11fl1.1"6\1nUnt01Hlll1fl1J19l'l6lJ1-161'1111 

O11L~1.1~6\1nU;lI1W011n'U'~ un::fll1~1I1~1J~16~1-161'1111 ';1 

O11"A,j'UnflU;1I1W61'1111'11Vl1.1 61'1111~'U~i~ UntU;1I1W~ffI9l1n'U1'I1n6 lAlJfll1Ul61'11111fh 
" ,., 
w • i " 'I " t" 'QI 0 " .,66fl'lflflHfl6'U011 '11 61'1111 L'1111 'U'lf1-11'lfl"6~U9Int'l'U9In6A 1 t fit nnl'Y11fll1 'YIAn 6~ ft 1611'Y1~ 

Vil O11~1I1~1J~16~1-161'1111 'lfl'l ffUA 1111Yl6yh01111f11It11'YIl-11f1li 
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\lli1nthn:m11'Un'tilfll'i1Lml::Hm.:jLflii 1fwfll'in1.1~flW1ffJii 
60°C 'l..tl'l..t 48 i111l.:j LL~11.1,uh'l..tfl:mnH'U'l..tlfl 1 iiilBLllfl'i LLil::\llhJ1lfln::H1f11f1tlUM'.:j (Dry 

matter, DM), L~l (Ash), 1th~'l..tmn1.1 (Crude protein, CP), ''UU'l..t (Ether extract, EE), ,gnLtf1fV11.1 

(Crude fiber, CF) LLil::f11{11.1'8LfI'ifl~Vntf41tf (Nitrogen free extract, NFE) fll1l1i'lJn.:j Proximate 

'" ... "'" Gf 	 •analysis (AOAC, 1990) (tll'VU-I'l..t1n'Yl N.19) 1Lfln::1f1flWn Ltf Neutral detergent fiber (NDF), ACid 
...... 

detergent fiber (ADF) lm:: Lignin (ADL) 1,W11i Detergent analysis (Goering, V. and P.J. Van 

Soest, 1970) Uil::VHlHl'l..t'i1ll (Gross energy, GE)lf1tfL-Nlfl~n.:j SHIMADZU Auto-calculating 

Bomb calorimeter (SHIMADZU CA-4PJ, SHIMADZU Corporation, Japan) (tlTWN'l..t1n~ N.20) 
-4 0' 44 

- fll'i1lfl'il::1fNil'YlHf'I't:lfl 

\l1~n1JilOfl'ilfll'iL\llDJ'~1.11f1 (ADG) Uil::6f1'i lfll'i LU~tf'l..tfll1fl'i 
" lrJ'I..t\l11f11ni1(FCR) 1l11lfl n::Hfl111lUunh 1'1..t 'lJn.:j nl1fl'i'Ylfl iln.:j fll1JUN'I..t fll'i'Ylfl iln.:jU1.11.1 

RCBD lm::1lfln::H1flfl111lfflli'l..ti'i::wh.:jVfl'ilfll'i 1 \1ltlll~1.11f1 Uil::'i::~m'''''Hl'l..t ~1f1 '~'1.1 
1f1tfL-Nf'I'llfll'i;lmf'l'i'l..t ~'I..t~liln.:jU1.11.1L~'l..tflH (Simple linear regression) Uil::f'I'1ffflli'l..ti Uil:: 

11fln::"'f1111l11flMh.:j'lJn.:jfilLU~tf1f1tf1i Duncan's New Multiple Range Test (DMRT) 

3.3.2.2 fll'.l'Ylfliln.:j~ 3.2 fll'.lu'.l:aii'l..tfll'.lVntf'~'lJn.:j1tl'11'1..t:: Uil::Lllfl11.1nB~1l 
" .

'ff~.:j.:jl'l..t'lJn.:j 1f1Vl'l..tlijn.:jl'fff1~ n'ft'11.1nl1fl'.l'ff~.:j.:jl'l..tllfln~1.:jti'l..t 3 'i::~1.1 

,rJ'I..t.:jl'l..t'Ylfliln.:j~nl.an.:j\lln.:jl'l..t'Ylfliln.:j~ 3.1 

"'.1 " 1) 	1f1tl1Jl::f'I'.:jfl 

lv1nu'.l::lii'l..tnnvntf'~'lJn.:j1tl'l1'1..t:: LLil::Lllfl11.JnB~1l'lJn.:j'ff""Hl'l..t1'I..t 

1 	••" "d,. SlQI QI I 011 QI 

fl'ff'l..tllln.:jl'fff1~ 'Yl f1'.l1.1fll1fn'ffil.:j.:sl'l..tUflnfll.:sn'l..t 3 'i::f11.1 

2) 	flumWUil::1inn 

...., " 
t]f.:sn~'i::'I11Hflln1f1iln.:s L'I..t 

"'.1 ,,'" 1'"l' 0 • 1 "'. ... " '" .f ..f'l'lJfll'l1'Yl 12 - 14 fltf Lt'I'Yllnl1ty1J f1'Ylfliln.:s\llnfll'i'Ylfliln.:sPl.:jnil111l1'Yl'ifllll'l..tflil:: 4 fl1'lJ'l..ttf'l..t 
. 	 ." 

1.1'I..t Metabolism cage (tll'ffN'l..t1nn fl.15 - N.I8) u'j::nn1.1~1tf 'Yl;fll1J'I..t~n 1 (1.3 M) 1f1\l1'l111n 
I • tI, 	 • 

lUfttf 137 ii1ilnlll 'Yl;fllll'l..t~n 2 (1.6 M) 1f11h'l111nLUfttf 172 nlilnl1J Uil::'Yl;fllll'l..t~n 3 (1.9 M) 
" . 

1fl\l1'l1\lmUfttJ 192 ii1ilnl1J fll1lth~1.1 

- fll'l11nm::fll'i1t1'fll'l11'.l'Ylfliln.:s 
" 	 . 

nl'l11'i'YlPliln.:s L'l..tfll'.l'Ylfliln.:sijlrJ'l..tnl'l11'i"lPll~tf1ti'l..tti1.1fll'i 'Ylfliln.:sn 3.1 
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- UF-!'Uf11'I'YIiU'lf).:J 

'VI 1fll 'I 'YI fI ~ f).:J 1 fill 1 ~UF-! 'U fll 'I 'YI fI ~ f).:J U1J 1J 1J gf) fl ff 1.1 \l 'I fll' .. . 
(Randomized Complete Block Design; RCBD) 1f1v1ifl1furi'U 3 mllJ"l~:: 4 91'1 (Ul11'l1flL~aV'tlf).:J 

1fl1'UmilJ~ 1,2 U-a::3 nhn1J 137, 172 U~:: 192 fn~fli'lJ ~llJ-al~1J)1fluvi~:::fl~1J '~i'1Jf)Tt11'I~ii 
n:~1J'rtft.:J.:Jl'UU~flvil.:Jn'U 3 'I::~1J flf) Tl) 1.3 M, T2) 1.6 M U~:: T3) 1.9 M ~llJ-al~1J 1fl'~i'1J . .. 
'rtft.:J.:Jl'UUflflviHl'U61111'IU1J1J~lnfltJ;1J1wvh::~1J 2 % 'tIf).:JU111'l1fl91'1 

...... 
- 11if11'I'YIfI-af).:J 

fll'ItJ 'I:: lij'U fi1fl1 Hif) II h"411 f).:J 1 fl 'l1'U::: u -a:: llJ fll1J f)fi.lJ 4ll f).:J 

r ... · 'l11.:J'YI 1 Adaptation period 1~11-a1 10 1'U 

r "" · 'l11.:J'YI 2 Adjusted period 1-l11-a1 4 1'U 
, ...· 'l11.:J'YI 3 Collection period 1~11-a1 7 1'U 

,.d .11 ,,,... "" 'l11.:J'YI 1 - 3 'U fl~:: fI'I1Jf)l111'I1L~::fll'I l11f)1111'I'YIfI~f).:J 

1'1i'U1~tnn'Un1Jf11'I'YIfI~f).:J~ 3.1 fl~11flf) iif11 'I U'U iifltJ;1J1W 61111'I ~1M'U-a::: ~1J1~1J91'1f)~HlJ~ 
!1 .d..., 1 r... 1 ... 1 ......... ... d...,

lL~::lJffffl1::'YI'tI1Jf.11V 'U U~~::1'U'tIf).:J fl'lfl~1 flV1J11im'I'YIfI~f).:JU~::'I1tJ-a::: Lf)VfI f11'I Lfl1J~1f) tJ1.:J 

'.Q,lQI ~" 
1'l1'ULflV1fl'Ufl1J.:Jl'U'YIt'l~f).:J'YI 2 11'Ul 48 

d " , d ... , 
- m'ILfl1J'tIf)lJ~1L~::m'I~lJLfl1J~1f)V1.:J 

Q,tdo" .. ...QlQl4A'jI " 
1J'U'YIfl'U111 'U fl~ 111.1 f)L'I 1J~'UU~:: ff'U ~f1 f11 'I 'YIfI ~f).:J 

Q,I ... r d QI , .d~" ~.. A QI.- .. '" 1J'U'YIflU~::~lJLfl1J~1f)lll.:J'YI mU~::'YIl11~f)L'rtf)1f1,.h1J1Wmm'U t'l 

(Voluntary feed intake) 

U'UiiflU~::: ~lJ1~1J91'1f)VH'J-aU~::11 ffff11:: 1 t'lv~lJii Manual 

..... "!1 ... ".d 1 ,'"collection flf) mffVUH.:Jl'Ufl'U l'Uf11'IUVfllJffffl1:::U~:::lJ-a f1.:JUfffl.:J l'Ufl1'rt'YI 2.7 f1t.1~lJ1fl1JlJ-a . . .. 
U-a::llffffl1:: l'Uuvi-a:::1'U ''U6f111 5 % 111 'tJL~1J 'i';l~W11fJij 4 °c llif)iY'U~f1f11'I'YIfI-af).:J 111 

91'1f)Vl.:J'J-alJ1flqmfl~1F-!fflJn'U~llJffflfb'U'tIf).:JlLvi-a:::1'ULri'U'I1v91'1 U~1~lJ91'1f)V1.:J'J-alJ191'1-a:: 500 

<II 1 Q d d.d Q .d .. til 
mlJ 1J'I'I, 'UQ.:J'rt-a1ff~fl'YI'Ufl111JW'UU-a::Lfl1J'YI~W11fJlJ -15°C L'rtf)'If)f11'I1Ltn1::11ff1'UtJ'I::flf)1J 

'YIHLflii "h'Ull ff ff11::il 11.1 1F-!fflJ 1,.T1~ln'U ~llJ fft'l"h'U 'tIf).:Juvi -a:: 1'Ulri'U '.nv91'1 U~1~lJ91'1f)th~ 

llffffn:: lJ1i1-a:: 1 ,000 ij-afifi~'I L~f)il1 'tJi1fln::H'111'rtftH1'U 
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Total feces collection 

Collection should be done 
at 24 hours interval. 

.fll'Vt~ 3.1 Manual collection of feces and urine (Nishida, Personal communication) 

..c:It. tI oIIII:It...c:It. 

- fll'J',)lml::'I1FH'I'YIHfftl~ 

o !II .... d 1 !II_ I "i "WJ !lid... WJ!II 
\Jl'1lfllJ"'Ilfl~'VHIH1\J'YI "lflJ'J':: ItJ"lf\J 1~'YIfl\J I~ (MEl, kJ / 

o7S .... d , .... d , !II, !II 0 7S ... .. ........ ..

KgBW . )lm::'W"~~l\J'YI'J'l~flltJflfl1fllJ ') ~ (ER, kJ / KgBW' ) lJl,)lml::'I1fl11lJfflJ'W\J1i 

(Correlation) 'J'::'\1'h~'W~~~1\J~1oMtl'J':: ltJ"lf\J1~~n\J'~ (MEl, kJ / KgB~7S) lm::'W~~~1\J~11~flltJ 
.... d , !II, !II •• .o.7S "i 1!II .ct .:" 0 !II
flfl1fllJ ') ~ (ER, kJ / KgBw ) l~tJ 'll'fflJfll'J''J'1fl'J'ff''lf\J 'I1\J~l"V~l1lJlJlff\J~H (Simple linear 

regression) lm::1lml::,.rfl,)llJll~fl;il~'IlV~rill~~tJ1~tJ1n Duncan's New Multiple Range Test 

(DMRT) 



• 

'U1l1l"" 4 


... .I, tI ...
4.1.1 	 mnlA11::'t'Ift'lU 1::fl8UflHIA2J (Chemical composition) 

~lmhutI'.i::m)1Jm.:JLflijhHhU'tIfH1'll'tl~Hl1tY1 Mulato II U~::l1tY1t!ONfflJ 
• " tI , 	 I 

fffl~ Brachiaria 15 'lfUft i11~flo1l11ufli'.:Jil Uff~H1U¥l1'.iHi14.1 Vi'll'h fi1LUHfJ'lJ;lJ1tu6U'¥I'iV1¥1Q 

(OM) ijfi1nhn'll 85.82 ± 1.69 % iftVl1tY1 Mulato II (Tl) ijfi16U'¥I'itl1¥1Qtl.:Jtyft L"hn'll 88.62 % 

LL(I::l1tY1 BR02/0768 (TIl) ijfi1~"'lft nilti'll 81.70 % thUfi1m~V%itll~U (CP) ijfi1LYlln'll 

" ... , i-I ... , .., 	 " 13.56 ±0.99 % i fttll1qJ1 Mulato II (TI) lJfl1 lJ'.i¥lUtl.:JtyftL'¥I10'll 15.37 % U(I::l1qJ1 BR02/1718 

(T4) ijfi1~"'lft nilti'll 11.32 % L-dO'i~110ij01'l1Lfln::H'LuVi1::fflU'tIfH1'llvhhfijfi1 itll~U 

fiOU.f11~~.:J U~Lrt01l1lJ1t11U1tu111f{ftfflU'tIO.:J itll ~U 'tIO.:J1 'llti'lld l~U i ftV~1.:Jfl.:J.f102J (I ~10 

I .:':I' • QI .. I ~~~.! I ,,~
Michael, H. (Personal communication) Vi'll11lJfI1LmO'll 11.01 % c:tf.:JfI1'¥1 L¥lUtl.:J01111qJ1c:tfOUU~ 
" 	 . . 

~.:J LL~::~OLLU~UOui101q01'.i~ft 45 11..1 Yi (The working committee of thai feeding standard for 

lIJ"'" ... , .... .ok '" lIJP' ~" ... .t
ruminant, WTSR, 2008) 'lltl.:J1U n flO lJfl11mO'll 7.9 "(1::7.4 % c:tf.:Jt'lO L¥l11LlJUl1qJl61111'.iff¥l1 

" fltumVi~lJ10 ijtJ;lJ1tu11..1 i¥l1 1~ULfCtl.:JVimhl1 i''ll1~1rlU61111'.i l1V1'll11..1 011 La tI.:J f{¥l10'.i::1Vi 1:: 11lJ 

(Milford, R. and D.J. Minson, 1966) "(I::~10011~lJ~10VHl1tYl611111f{911 ~m1l9l1mUtllJtJt!0 
A 1" J ..,.t lIJ" • " ~I.t " i'" " ...... 'JI .., i 'JI , 'JII'rW 'lfL(ltI~ff9l1 LftllO l1ty1LULlJV'.i, l1qJ1HVi.:J om, l1ty1't1U, l1ty10U U(l::l1qJ1~lJ 'll Vi'll1111qJl 

011111f{~1~ijflDU11Vi~1~::ijtl;lJ1tuitJl~U,rOVO':h 5 % fltufllVitl1Ufl(lHijtJ;lJ1tu itJ'.i~U 
5 -7 % fltufllVi~ijtJ;1J1tuitll~U 7 - 10 % "(I::fJtutllVi;ilJ10ijtl;1J1tuitJl;iUlJ10n--ll 10 % 

. 	 " 
(OO.:J011111ff9l1, 2538) 01'.ii111tYl61111'.iff~11U011'¥1ft~o.:Jil ijtJ;lJ1WitJlflUfiou.f11.:Jll~ 011lij 

N(lI-dO.:J1J1~10ff1t1";ui fftllViAU 0111..rtll U(l::~V ~(lOft~U61qOll~ft~QOfl1'llfllJ~U~1rlUOV1.:J 
"'1 _I _I '" .., .t .t ....., ...
ft 1..1 UlJ(I.:J'¥I ft (lO.:JlJ \lOVi'lf011111ff9l1't10.:Jfltu::lflll~1ff1ff~'.i lJ1111'¥1t11(1VfJ'll(l'.i 1'lf1l 11..1 

.. .t, _I ... A .. 1 'JI IV .t I .... 
0l111f111::11ff1UlJl ::fltl'll'¥lHlfllJ'tItl.:J WO LV 1..111 tyl611111 ff~ 1U~(I::'lfU ft c:tf.:J 

tJl::00'll1tJII1t1 Neutral detergent fiber (NDF) Acid detergent fiber (ADF) 11(1:: Lignin (ADL)~:: 

l~U111'hfi11UgtltJ;lJ1tu,gO'V NDF ijfiwvhti'll 61.18± 2.07 % fi1~ 1111m\'ltiv~n'lll1tY1';II..r.:J 
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mqfl1':iflfl 451U ~ WTSR (2008) ':iltJ~lUB'iifl1l'rhtitJ 63.20 % LLa::'flft'lfitJ~titJ Van Soest, 

P.J.(1994) ntJ~lu'~iifll1,htitJ 65 % lf1tJ l'm'h 'HtYl BR0211747 (T3) iifll NDF ~~ty~ll;,titJ. 

" .cit 0 'QI

64.42 % ua:::'HqJl BR02l1245 (T5) 11fl1 NDF flltyflll'llfltJ 57.04 % 

fllLu~mJl1l1tlH~V'tJ ADF iifll1,htitJ 31.60 ± 2.03 % fll~'~flft'LfifJ~titJ'HtYl 
1~u..r~mqfl1':iflfl451U~ WTSR (2010) ':ilfJ~lU'~iifll1,htitJ 29.2 % 'ntJ':h 'HtYl BR02l0465 . 


d , , c:v " 4i!:I f 0 • Q,I

(TlO) 1Ifll ADF "l~tyflL1'llfltJ 36.47 % ua:::'HqJl BR02/0799 (T7) 11fl1 ADF fllty~1YllfltJ 29.13 % 

fllm~mJl1l1W nflUU (ADL) iifl1l'rhtitJ 1.55 ± 0.51 % fll~'~~1fl'".h'HtYl1~ 
~Ufffl mqfl1':iflfl 451U ~ WTSR (2010) ':ilfJ~lU'~ iifl1l'vhtitJ 4.4 % 'ntJ'h 'HtYl Mulato II (Tl) 

41 'ell 91 ~dof 1001 

1Jfll ADL "l~tyflll'llfltJ 2.92 % ua::'HqJl BR02l1372 (T8) 11fl1 ADL ~lty~lY11fltJ 0.96 % 

""
, 

',j ...,.,,, " Pll1HYl4.1 ff1U ':i:flVtJl'lHlfl1l Uff1U'UV~ tJ'UV~'HqJl Mulato II ua:'HqJ1\lflf.lff1JffQa 

Brachiaria 15 ")fU~ Vlqfl1':ifl~ 451U (on DM basis) 

Item DM OM CP NDF ADF ADL 

TI Mulato II 21.78 88.62 15.37 59.39 33.12 2.92 

T2 BR02/1752 20.98 86.98 14.06 61.91 29.49 1.52 

T3 BR021l747 21.06 85.40 13.14 64.42 30.93 1.99 

T4 BR02l0465 20.98 85.43 11.32 59.90 30.85 2.35 

T5 BR02l1718 21.52 86.86 13.34 57.04 31.04 1.41 

T6 BR02l1245 22.55 84.85 12.93 63.04 30.59 1.16 

T7 BR02l0771 22.60 87.10 13.62 62.61 29.13 1.62 

T8 BR02l0799 22.05 86.68 14.34 58.49 32.01 0.96 

T9 BR02/1372 21.14 85.76 13.47 62.07 32.08 1.32 

TIO BR02/1728 22.09 84.28 13.84 61.93 36.47 1.67 

Til BR02/0768 22.76 81.70 13.59 63.36 29.37 1.17 

TI2 BR02l1794 21.88 86.45 12.10 60.27 30.27 1.48 

TI3 BR02/1485 21.46 85.96 14.08 61.69 35.20 1.22 

TI4 BR02l1452 21.16 88.16 15.06 58.37 30.70 1041 

TI5 MX02I1423 21.48 84.38 13.16 61.41 31.37 1.04 

TI6 MX02l1263 22.36 84.49 13.58 62.98 32.94 1.55 

Average 21.74 85.82 13.56 61.18 31.60 1.55 

±SD 0.61 1.69 0.99 2.07 2.03 0.5\ 

DM =dry matter, OM =organic matter, CP = crude protein, NDF =neutral detergent fiber, 

ADF = acid detergent fiber, ADL =acid detergent lignin, CC =cell content (l00 - NDF) 
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4.1.2 mlt11::!;:;UmldBtI'A'UB~lAtaUfl~ iUlhu'UB~itJ'UB~lI,;yl Mulato II Ua::lI,;yl 

90NUUUQa Brachiaria 15 '1ilft lfttlij'Tlflilflta~'uaBu (III sacco techniques) TUI. 2549 

A 01' 1" " LlJ6'Ul 'Ufr1'U'U6.:a U'U6nttyl Mu1ato II un::11tyl~nHfrlJfrfJn Brachiaria 

15 'lfij~ 'tlu'lil'UlLlJ'U'U6.:a lfl~'l::tJ::nnuh.:a '1 O'U U"'1UllJl"'1.:a 6U i'.:a 11T)~Qulf.:a~111it66d 
" 0 I </ cI </'" -'!!..;, , ~ ,11' '" 1 ..;Amnfl1'U1tu111L1J6Wlt'U~1~QUl1.:a'VItJ6tJ 'I'l (Dry matter disappearance) 'j>lfll~.:alLfr~.:a 'U~ln.:aTl 

4.2 un:: mVi~ 4.1 ViU'",h m'lv6tJ'l1m~tJ'U6.:a1~Qulf.:al'U11~lm111'lff~1J.:a 16 'lfijfl~ffm':I1 ij,h 

ln~LfltJ.:ao'Ul'U'l::tJ::mfl (4· 8 ~11lJ~) ua::\l::;L~lJLlf'Ufl111JU~fl~H11lr.:a1iJ1fl~11lJ.:a~ 24 'U6~m'l 
, 1 4' ~ ~ -=*~ .. I cI ~ d jJ.cI., " ..;jI -	 flQ,IU'lfq~ ~tJ11tyl~l111'lfr~1T1~ 16 'If'Ufl 'VI"fl1:l1lJfllL~nmtl~'lLClf'U"1~QU11~TltJ6tJ ;}tJ~"lfl'VI 48 

~11lJ~ ijrim;,ou 75.10 % ril~'I1\(~fl1111tYll~~ mflffTl; fr1Jf)tul (2541) 'llfJ~l'U'1' ijriwrhou 

A ... • AI </ cI </'" " ..;. ,11 " ..;~ :iI ... ..;.:, 1
63.6 % llJ6Vi\ll'ltulflll1J6'lLClf'U"1"qU11.:aTltJ6tJ 'I'l\(.:a"l~'U6~11tylTl11fl1:l1L1J'U 'llfJ'lf'UflTl 48 'lf1 lJ~ 

• " 4"<l/ 	 jI 4': 'ill
ViU1111tyl Mulato II (TI) lJfll\(.:a"lfllTllflU 80.56 % un::11tyl MX02l1263 lJfll"ltyfllTllflU 70.05 % 

, 
.c:I 	 I"""'''1 1" 	 " AllHTI 4.2 	m'ltJ~tJ fl'U~~1~qU11~ 'Ufr1'U'U6.:a U'U6~11tyl Mulato II un::11tyl~flHfrlJfrfJn 

Brachiaria 15 'lfijfl ~mqm'l~fl 451'U 1~tJl.fl'VIflijflm'l~6tJl'UQ.:a''Url6'U 

Incubation time (hrs) 
Item 

4 8 12 24 48 

TI Mulato II 2S.791> 39.53 
00 59.62" 74.5S" 80.56" 

T2 BR02l1752 25.331>< 30.32 b 46.9So
( 61.92c , 74.95

00 

T3 BR02l1747 12.92
h 

25.S5 j 37.50' 74.58" 74.5800 

T4 BR02l0465 19.67( 43.8S" 44.8l 54.67' 76.02"" 

T5 BR02l1718 2S.82" 34.57(& 54.22< 63.71 
dcCg 75.53"" 

T6 BR02l1245 19.79' 24.91j 59.30' 64.55<de 74.97"" 

T7 BR02/077I 19.73' 35.96°( 35.56' 59.16
h 76.27dc 

( 

TS BR02/0799 28.82" 40.281>< 49.30dc 62.160 (& 76.29
c 

T9 BR02/1372 17.8gi 39.72"" 51.94"" 64.3I<de( 75.96"" 

TIO BR02/1728 24.12"" 34.70(' 45.46( 56.16; 76.62(' 

Til BR02/0768 25.861> 30.91 
h 

36.27' 61.46 811 72.940 
(' 

TI2 BR02/1794 18.41(' 41.791> 55.011>< 66.39· 76.lOc 

T13 BR0211485 25.501>< 44.33" 58.18­ 64.60<de 72.19' 

TI4 BR02l1452 22.08" 35.84°( 44.86( 71.111> 76.18c 

TI5 MX02l1423 22.~ 28.06; 46.63or 65.19"" 78.391> 

TI6 MX02l1263 18.75(' 33.lgi 51.73"" 64.23 <def 70.05
b 

Average 22.67 35.24 48.59 64.30 75.10 

±SD 4.47 6.10 7.78 5.58 2.39 
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.,; I i'i 'jI .... <I "".,;~
~lfUll'n'YI 4.1 'n'IJ11 'Uff1'U'lJfH 'IJ'lJfl~l1tyltlll11'iff\P11'.l0'f'Utl'YIl'lfUll 

ljtl~1I1tl.11\P1QU,r~~VflfJ'~~T~tl i 'U'Ji1~ 4 i1hmt'io IIfl~ljtl~1I1tl.l1\P1QII,r~~VflfJ'~l\l~~tl~ 
c::.. Q.I ~ tIJ 'JJ Q <l! 'JI,J. tlJ3I 	 .c!~J 

48 'f1111~ ltlfJl1M~1f148 'f1111~ !tlllfl1t1'illltl.l1\P1QUl1~'YIfJflfJ !tl~~fltlfl~\P11m~fJ~t1fll'YIt'n1l'IJ'W 

0 10 20 30 40 50 60 
MX02/1263 

incubation time (hr) - Average 

!rtf)'lhfh1\P1Qu,r~~VflfJ'~~i1111~~H"1 , tlfi l'U1tl.1ltlfJ i 111t1'iUf1'illlh!~ ~ltl 

NEWAY ~~'~Til'nlnijt\P1fl{~H "1 fl~Ufftl~'1'i'U\P1ln~~ 4.3 
I 	 >I >I 

~1f1\P11'iHi14.3 'n'IJ'h ''Wf1l'i'YItlflfl~il i'Wt.T1'W'lJfl~i'IJ'lJfl~l1Wl1i~ 16 61fUtl.. 
~ffmn ljTilt1111lffllllH) i'Uf1l'iQOVflfJfffllfJ'~ (Potential degradability; A+B) l\l~~~U~~fJ 
75.10±4.87 % ltlfJl1tY1 BR02/0771 (T7) lith A+B l\l~~tl t'filti'IJ 85.80 % (P < 0.05) Ufl~l1tYl 

.ct.. ~ 'f,V 	 .d y ~1 
BR02/1485 (T13) lim A+B \P11~tl t'YIlf1'IJ 70.30 % (P < 0.05) C)f~l1tyl BR02/0771 (T7) lim A+B 

l\l>1f11111tYll~~ tflf1ff'YIi ffll fJtl.I 1 (2541) nfJ~l'U'~ t'.lltitl 72.70 % (P < 0.05) 
• >I 

J t.c:t tIJ 'jJ <:V 	 I 'jJ 

t11ff1'U'YIfl~fllfJ !tl'YI~l1l1tl (Washing loss; A) 'n'IJ1111tyl BR02/1718 (T5) 
.c:t , , Q,J 	 'jJ.d I ~ , Q,.I 

lIflll\l~~tl !motl 27.20 % (P < 0.05) IIfl~l1tyl BR02/0465 	 (T4) lIm\P11~tl !'YI10'IJ 21.40 % 
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4 r"~.J 01 d 4 1~QI Q,I

(P < 0.05) 1l]f~"l~n11't1tl!11Il]fflfll~fl1~~fI 45 11..1 flll~",tl1l1"OHI1U'l~fltu:: (2544) ntl~ll..1 -J 

" . 
l'thO'u 20.88 % Ufffl~'h 't1tYl BR0211718 (T5) 'l..Ifl1~flfI"fl~U~t'hl..lfiffllJl~fl"::ll1tlh""l~ 

(Soluble part) n~lfl;11cK1nltYl BR02/1718 (T5) ntl11.1~lJltu cc "l~llflil~ 42.96 % lf1mY1l..1~ 
ffllJl~fl"::"ltl1cKif1rll..l ~Y1l..1~fld'1..I11l]f" 1"'urlltJ~~l..Iu"::fl1i'lu1enfl~~~hi1';1flHfffH (Non­

structural carbohydrate) U~ltrll..lfl1i'lu181fl~~~fld'1..I1tJf)1't11~ff::fflJ'Ufl~-W", 1cKun .... 1m1-ll~ u,,~ 
" , " 
\h~l" fiQnVfltlff"ltl1~~ltl"'1tllfll..l 1Il]flf'illn;i1ti'~1 (1Jtlrn'fllJ ;b~tiff~~fl'" 2532) l..Ifln'illnUnn 

..d .d 1 d 1~ d 4 ~"o · , " q

fI BR02/1718 (T5) lJff11..1f1"~"ltl tl"l~ 'il~ffllJl~fl"fI~::tl::n"1f11"1..If1~tll'Ulf11nntlf)lJffmtl 't1 

;1..1"~ fil'~ntll Lag Phase nhO'u 1.80 i111H :b~~ln11'l..ItY11..1'Uo~hJ'Ufl.:J't1tYl0l't1nti'~1 
JJ • ,I 

lln",ufI' 1..1 fl1~fI fI"O.:JU u,,::ntlUhn11't1tYl .... lff.... TalJfJU"U"~'t1tYl1CVfiOl~fl1~,j'fI 45 11..1 

~ 1l~itl1l1~~tua U"~fltu~(2544) ntl~11..11~ ntll1fhO'u 3.3 LU'I~ 2.6 i11lJ~ 
tllfl1~ VOtlff"ltl'UO.:JtY1l..1 ~1,j" ~"ltl H~ffllJl~flLnfl'UU11..1 fl1~'t1iJn VOtl 1~ 

tl • " .ei t
(Degradability of water insoluble, B) 'l..Ifl1~flfI"O~l..I ....U11 't1t\11 BR02l0771 (TI) lJfl1 B "l~llfl 

L'thO'u 62.20 % (P < 0.05) lf1tl't1tYl BR02/1485 (T13) ntll B ~lllfll'rhO'u 45 % (P < 0.05) lf1v 

" .c:t.,,, .e:l 
. 

Q,I 
. 

...GI QI old.., 

't1t\11 BR02/0771 (T7) lJfl1 B ~~n11't1t\11....1ff.... l"lJfJU"flf)1~fl1~~fI 45 11..1 fI ll~"'V 1l1~~tu" 

" , '1 1 " QI ...,:~ ,QI IH"~fltu~(2544) ~ltl.:Jll..1 11 Lflln1.1 56.31 % uff~H11 l..Iff11..1'UO~ 1.1'Ufl.:J't1t\1101't11~ff~1f1l'lnlll 1..1 
" " • t • 

fli'~U nt'hl..l'UO~fnr~11l]f"fiffl111~flVfltJ1"',rOtl u~djonlJO'1.1tll A fitlO1..l<U'H~~¥l.:Jnrll1<U'1.:J~1..I 

fil'~ntllfl11lJffllJl~fl'1..Ifl1~\lnVOtlff"ltl~.:Jllfl (A+B) tlOl..l<U'l~"l~ lf1tJ11tY1 BR02/0771 (T7) 
ell 101 ,,,..J QJ' 
lJfl1 A+B "l.:Jllfl lflln1.1 85.80 % (P < 0.05) u"~q~n11't1t\1111l]f 'illfl.:jll..1't1~U'lO~'UO~ LOnffflll 

fflJ'ltul (2541) ntl~11..11~ ntlll'thO'1.1 72.7 % (P < 0.05) 

OVH h~~llJ nn~tl1111~",Ufllfl'il~~fh A+B qn!l..I 01'iln~"lJl'illntll B 

lllnn11tll A m~l~tll B fiOff11..1~1,j"~,,ltlll..l'tiufi Ll~lrlon"lFhu1tJf)111n'il::Qn't1iJnvotJ1tJ 
l~fltJ4"] 1,julO'fln"11um::1....l::11lJU ~~tll B ff11..11 't1f;y'il:arlU....1m~flltl~Lrluff11..1'UO~1flHfffH 

-W'1flrl1..1ff1U 1 't1 tli nnVOtlff"lm~fl ltl1l..In~~L""1~11lJ1..I il1rl1..l~O ~Olfftl1liufI;6~od11..lm ~'''''l:: 
11lJU 1fI tl1lil..l fI; 6u91"::,,,U fllI ~ij fl11lJU 11.... 1::1'1~ .~t;lO fl1 ~ VOtlff"ltll~oltl1~ufln91HO'u 

,!." J I cal • AI ,. QI d QI (It.l'QI ~ 
UOmnnUtl~'Uuo~n 1.1 ff1U 1J~~nfl1.1 fll~lfllJ Ll"::"nlltu~ 't11~fl1tlfl1....'UO~f)1't11~fIff~11tl~1.1tl1tl . " . 

Li10,"'ilntultll c 't1l0 tlltl~~lnnvotJff"ltl .... 1.111 't1tYl'ti~ 16 '1fuflfiffnllln 

tll1'ilgtJ'UO~tl~~1fl1'jVfltlff"ltlq~llfl 1,ju~n~1~O'u l'rhO'1.1 8 %91oi11lJ~ (P < 0.05) tll~1~q~n11 
. , " r" 

't1tV11CVfi Lonfffli fflJ'ltul (2541) ntl~lu1~ ntll1fhO'1.1 5 %~oi11lJ~ (P < 0.05) tll c UffllJl'jfl 

" '~lrlU,j'1th;;il~tl~~1fl1'j1't1"Fill..1 (Outflow rate) 'UO~f)1't11'j 1~ d'lfll't11'j'1fUfI'flntll c q~ Uff~H 
" " 1181't11'jUuihi~nfl1~dfltlff"ltl1~lJln UOn'illnUtll c 6~ffllJl'jfll~lrlU,j'11mtJ1J1fitlu'ltufl1.... 
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'UfHm'l11'U~l1::'tfU~ili~ mh1flo m'l11'fJtlU11'n~,joiifllfl~'lfll'VOVrrl11V,litJ'I U~'h01'111,ii . ." 
,::v::nl110gLulllJU (Retention time) ihn~flO mavtI'::1l1W 24 i11'lJ'I ~'1uUm'l11'mll',j'1i-w0 

~1LU11'lJUU1UllUll'l Asymptote (flO fhfl~nfll'VOVrrl11V'litJ'I1l~ '11;0 Potential degradability, 

'I1~OfhED ~'1 = A + B; 'I1'lJ1Vll'l fll'Vmml11V'litJ'I1l~1~v',j~lnlflnl11~01'111,odlUl''lJU)
d", . .s '''' '" · AI!JI.Q ...O~O 'I 'I1l1N1UOOO1l1011'lJUmn Clf'l1l::'UUOgOUl1011 W::VI1'1fl1Vfl1'n Ul1:: rr1UlJ'::00UVI1'11f1'lJ 

.. AI ... Co 0 .......... '" '" "!J! 
Lum'l11'~l101f11lUlJ'::rrVllifll'nfll'Vl1'11U'U0'l'l1UVI'V LU11'lJULLl1::~1rr~1~11V 

LrtO-W1l1'W1fll Lag phase (L) ~'1~flOfl1'U0'l'h'lnl11~,ol'tf,auVll6L~'lJL,r1VOV 
rrmVm'l11''I1 el'l1l10~01'111nhuL,r1~lL'lJUuI11 oa11fl0 ,::V::-WO~1riOULfl~fl1' tioVrrl11V1!ULO'l 

" " • J 

\l10m'Vlfll10'lfli''1U'nu'h 'HtY1m'l11'n~illO'tfU~nflOlll iifl1LuaV'U0'lfll L n;,nu 4.48 ± 1.28 

i11'lJ'I (P < 0.05) fll~'.xtJ'I011'HtYl'nlrr'nlel'lJfJUl1~ 1l,iVUl1::f1w:: (2544) nV'I1U '~n;,nu 
• ., II 

iifl11fhnu 3.3 i11'lJ'I m'n'l1tY1U~l1::'tfU~nflOll1iifll L U~O~HnuUU 011liirr1L'119J'lJ11l10i11l~V 

~1'1'l 'liuri f111'lJ'I1U1UUU'U0'l,aUVI;6~,,r1't1~U01'l1" lIf1Vll::Lriv1.u'0'lnUelOllW::Vl1'1mVflTW 
" .

Ul1::ff1utI'::00UVll'lLflii'U0'lm'l11''tfil~uu'l n~0'liitll'lJ1W'U0'ltl'::'tflmodoV1'11-WV'I'nOLLl1:: 
~ Q,I rI 

f1'1V1 (L'lJli11HW'nmu, 2533) 

,rto-w 111' W 1fl 11.1,:: itVlj fl1'n 01' VO Vrrl11V' ~tJ '11l~11..1 1 L'lJ 1..1 (Effective 

degradation; ED) lf1V\hfl1fl~'1fl1"'I1l1~hu~ 2 ttl1:: 5 % 9l0i11'lJ'I (0.02 Ul1:: 0.05 h'l) 

'lJ1tllU1Wl~vl~h"LLO''lJd11~1l1t1 NEWAY 'nU11 lUff1U'U0'llu'U0'l'HtY1i'l 16 'tfUIfI~flm:ll 
iifhm~v ED ~ 0.02 LLl1:: 0.05 h'l nhnu 62.56 Ul1:: 49.69 % lf1v 'I1tY1 Mulato II iifl1 ED ~ 0.02 

Ul1:: 0.05 h'l tJ~ll~ nhnu 68.70 Lll1:: 56 % (P < 0.05) fll~'litJ~0'hfl1 ED ~ 0.02 LLl1:: 0.05 h'l 

"d~ .Q ct ,~ 4. f • Q,I QI J 

'U0~'I1f:U11ClfVl LoorrVlli rr'lJfJW1 (2541) ntJ~lU 'J 'lJfl1l'Y110U 57.2 LLl1:: 45.7 % Ul1::rr~10~'nU11 

'" ~ '''' ~, ~ . .:.,. ... 0"'" "" .Q ...
1'lJ0l'n'lJfI10~'lm' L'I1l1N1U1l10 2 LlJU 5 %~0'tf1 &'lJ~ \l::'lJNl1V11 L'I1f11LUl1tJ'UO~ ED l11f1l1~ Clf~Olll'lJ 

... . ... '.. " 0" ". ..dI"Nl1LUO~'lJ11l10m'l11''lJnl110g Lum::L'n1::11'lJUUOV Vl1 L'tfm'tlOtlrrl11tll1If1l1~ fI1 ED \l~l1If1l1~fl1tl 
tI t • J 

uoo1l10ilm,n01'111,iiff1UnVOVtllO (B) tJ~ Ul1::iitl~nm'VOtlrrl11tl (c) tJ~ flll"LtlatlUutll1~fll 
tI " ,. 

Outflow rate \l::iiNl1910fi1 ED 'lJ10 li~ill'wn::Li101-n'lJfl1 Outflow rate 01'H1n::iinl110gLul1'lJU 

... ... ..... ,. • ,!J!" , .dI 
l1~l1~ ,l1UVI'tl'lJ LOfllrrVOtlrrl11tl 9'lUOtll1~ fl1 ED 1l~l1~l1~ 

fll'~'nii1'11Ulflflltl~nm' ''I1m.hu~ % 9l0;r11'lJ~ ~dO~1l10LUm'tl1U1Wfl1 

,: .. , QI ... t " d ,,~ !II 'Q .J QI "Q " 
ED UU1l::'lJfl10Plnfll' L'tfl1N1U 1'U1'lJ1LnV1'U0~~1V OH1lJU1'n n::11t1''lJ1W m'l11'VlrrPl10U1'U 1 

'1.111:: iiN l1 'th1'tf1fllfltlPl nm,''H l1FhUOOO1l1011'lJU Oal1flO ~lnPliflU01'l11''lJ10 ihL 'tfii flPl , 1 

, • d .s ,. ~!JI • .., '" ~ •
01' 'I1l1N1UOOO\l101L'lJU111'UU Llfltl AFRC (1993) n'lUU::U1ml1~OPl" &'I1l1N1U'U0~01'111' 

000\l101L'lJU ii'l1U1tl1~U % 9l0i11'lJ~ 1~tliifhodlu'li1'1 2 ll~ 8 % 9l0i11'lJ-3 (0.02 - 0.08 h'l) 
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. '" . 

ARC (1984) i~'1h::1Jlrut1~nfl1l i M~"'l\JfinnJl::n'1J 1f1Vfhil~::lntJ1.u'tHtitJ 

l::fltJ01Mll~tY~fl~i'tJ i~uri tY~1~i~i'tJ61Mll'Ul::fltJ~l tio~ l::fltJl\40fl1lPilH;ff ~::iifll 
t1~llflniM~"'l\J,flu 2 % 9iOi111J-1 ,,11M i'tJ 1f1,ifou~::Ufl:~i~i'tJ61Mlll::?1tJ~lfl'h5::?1tJ,\40 
flnPilH;ff 21'rh ~::iit1"llflniM~"'lU,fl\J 5 %9iOi111J~ ~::l~U'~'·.hfht1~llfln'M~"'l\J'il:: 
lt1atJ\JUtlM't1~l1JtI;1J1ru61Mll~tY~fl~i'tJ ~~iifl~9iOtl;1J1ru61Mn~\lflVOtJi~~;-1'\Jl'1J\J 

Vll'H~ 4.3 tilfflnijl~O!9il-1'l ~til\J1ru~lfllt1mm1J',h~~,t1 NEWA y lUff1WUO-11tJ'UO-1 

JJ" Q.ct ., ell

Mtyl Mulato II U~::MtylUflfln'1J'CI'fJ~ Brachiaria 15 1mfl 't161Qfl1l~fI 45 1\J 

Fraetlon (%) A+B" Lag Fradlon (%) EDli 
Item e (% h·l ) 

A B (%) Phase (h) a b (.02h·t ) (.OSh·l ) 

TI Mulato /I 25.00
1 56.70·b 8I.70ib 0.10

1 
4.101 -4.704 86.30' 68.70' 56.00' 

1'2 BR02ll7S2 23.40b 55.70
ib 

79.lO
ib 

0.06" 4.30' 7.20
ib 

71.90" 61.70" 47.90' 

T3 BR02l1747 23.40
b 

56.6O
ib 80.00ib 0.07" 6.80" -14.104 94.10" 62:40

ib 47.60" 

T4 BR02l046S 21.40" 60.40
b 

81.80
ib 0.05" 3.70

b 
9.70

ib 
72.20" 61.10" 46.00

b 

TS BR02l1718 27.20" 47.60" 74.80" 0.08" 1.80" 19.80' 55.00d 
64.00

b 54.20· 

T6 BR02l124S 23.90
b 49.60· 73.50· 0.12" 4.80' -15.6d 

89.10" 62.70·b 
51.60" 

T7 BR02lO771 23.60
b 

62.20" 85.80" 0.04" 6.30" 4.60· 81.20ib 60.80· 44.40
b 

T8 BR02I0799 22.90" 58.lO
ib 

74.30" 0.05" 2.20" 15.50
b 

65.50" 63.50ib 49.90' 

T9 BR02I1372 22.50· 51.80" 74.30" 0.10' 4.60' -11.00d 
85.30' 62.40· 50.60' 

TlO BR02I1728 26.30" 48.30" 74.60· 0.06" 4.30" 11.80ib 62.80· 59.70' 47.70' 

Til BR02lO768 26.90' 57.00ib 83.90
ib 0.04' 5.60· 12.lO

ib 
71.90" 61.30" 46.40' 

Tl2 BR02I1794 23.70
b 50.50· 74.20· 0.13· 4.70' -17.00d 91.20' 63.40ib 52.30· 

Tl3 BR02I148S 25.30' 45.00" 70.30" 0.14· 4.00
b 

-9.80d 80.lO
ib 

61.70" 52.60' 

Tl4 BR02ll4S2 22.80· 56.90
ib 

79.70
ib 

0.01 4.40' 0.80d 78.90·b 
63.80

ib 50.10· 

TIS MX02l1423 25.10" 58.50·b 
83.60

ib 
0.06" 5.40' 3.10" 80.60

ib 
64.40

b 
49.30· 

Tl6 MX02ll263 21.80· 48.80· 70.60· 0.11" 4.70" -11.6O
d 

82.IO
b 59.40· 48.40· 

Avmge 24.08 53.98 75.10 0.08 4.48 0.05 78.01 62.56 49.69 

±SD 1.74 5.15 4.87 0.03 1.28 12.11 10.78 2.20 3.11 

abed t1fl1:ll~U"fl9il-1tiU1\Jfloa1J\rl~tJ1ti\J iifl111JU~fl9i1-3ti\JOVl-3ii,rtJthflty't11-1'C1'il~ (P < 0.05) 

1! 1 I .... "f1111J'CI'11Jlla Ufl1'j\lfltJOtJn'~ltJ (Potential degradability; A+B) 'UO-11~QUM~ 

21 t1- , i~ - .... " ,l1Jlrufl1ltJOtJn'~ltJ n~'UtH1~QUM~ \Jm::lffl::,11J\J (Effective degradability; ED) 

A = Washing loss, B = Degradability of insoluble water, c = degradation rate, A+B = potential 

degradability, L = Lag phase, a = Immediately soluble part of A, b = Immediately soluble part of 

B, ED = Effective degradability 
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40' Q" l' 1 '" '" llJV'Ulf11 .... l'IllJl91V'I A, B UCl::: c 'Uff1'U'UV-:I 'U'UV-:I'IHlll Mulato II UCl:::'HfYl 

ClflP-lfflJffflCl Brachiaria 15 ~ij91 ~1~"nflfll'I11fl'Il:::M1J1Vil'UltJ 191tJ1~fflJfll'I Multiple regression .. . 
~lff'UV191tJ Shem, M.N., et al. (1995) 1l4vVil'UltJfhUl1J1W191qU,r-:l~ff'911ii'Ul~ (Dry matter 

intake; DMI) .... 'U·h 1W11'U'Uv-:l1'U'Uv-:lmYl Mulato II UCl:::'H~l~flP-lfflJfffJCl Brachiaria 15 ~ij91 

ijth DMI m~tJ1'tilti'U 5.04 ± 0.43 iihflllJ/1'U ~-:l1fl~lfltJ-:lti'U'IltJ-:ll'U'UV-:I mll9ltJ 'l'UP-Il (2548) 

~ffm:l11'U'H~1""lff""lcrlJ~'UCl'H,jfl~'I:::tJ:::l1Cll'H,jfl 1 ff'tJ9I1M ijfil1yhti'U 5.16 ii1ClflllJI 1'U llCl::: 

~lfl11'IltJ-:ll'U'UV-:lti-:l11'U li'I'IlJUff-:l (2546) ~f1fl'l:n1'U'H~1""lff""lcrlJ~'UClll,r-:l ijfil1yhti'U 6.11 

iihflllJ/1'U 1rtmhth DMI lJl1~~91'h~'UfJwm.... m'Hl'I'HtJ1'U .... 'U11 'H~l~ffm:l1ijfJwm .... ~h~tJlJ 
5 V'U~'Ull'Ifl l~l1n Mulato II (TI), BR02l1794 (TI2), BR02l1485 (TI3), MX021 1423 (TIS) UCl::: 

BR021 0768 (Til) ijfil1'ti1ti'U 5.91,5.82,5.51,5.42 1m::: 5.39 911lJ,h~'U ~-:lffV~f1~V-:lti'U'IltJ-:ll'U 

'UV-:I Grant, R. (2000) ~l-:1191tJti-:l11'U li'I'IlJllff-:l (2546) ~1~tJllJ1W191qll,r-:l~ii'Ul~ (DMI, %BW) 

" 1 'Ufll'I ~91v'U~'UfJWm .... m'Hl'I'H tJ1'U~-:I~VhJij 

DMI(%BW) 
..I 

fJwm.... wtJlJ 2.86 - 3.16 .. 
fJwm.... 91 2.40 - 2.61 

fJ Wm.... tJ1 'UflCll-:1 1.95 - 2.22 

fJwm........ v1~ 1.50 - 1.73 

1.27 

V~l-:1 h~9I1lJ 11~11~:::ijfll'I1~fil DMI ~-:lfl~111'U~91,h~'UfJwm .... m'Hl'I'HtJl'U 

.... 'U11 'H~l~ijfil DMI ~11l~ 5 V'U~'U1l~~ltJ'UV-:I'H~1'tJfl~ij9l~ffm:l1 ~1'U1r1'U'H~1~ijfJWm .... ~ 
... '''' 
WtJlJ1~'Ufl'U 

ffl'Hl'Ufll'IVil'UltJfiltJllJ1W191qll,r-:l~VtJ'~~ff'911i~l'U (Digestible dry matter 

intake; DDMI) .... 'U11 1'Uri1'U'UV-:l1'U'UV-:I'H~1'tJfl~ij~~fffl'l:nijfil DDMI l~~tJ1Yhti'U 3.92 ± 0.1 

ii1ClflllJI 1'U fh~'~~lfl11'H~11~mQfll'I~91 45 1'U ~ll'IoMtJ 1l1'I'IW~ llCl:::f1W::: (2544) 'IltJ-:ll'U 

,~ ~lflfll'Iffm:l1fJwfinn-:lm'Hl'I'UV-:I'H~lm'Hl'Iff'9111'U9I!V'U 4 ~ij91 ijfil1'tilti'U 4.34 ii1ClflllJI 

1'U 

fll'IVil'UltJV9I'Ilfll'I1~lfY1~'U 1911 1'U (Growth rate, GR) .... 'U11 'H~l'tJfl~ij91 

~fffl'l:nijfil GR l~~tJ 0.39 ± 0.1 ii1ClflllJ l1'U fil~'~1fl~lfltJ-:lti'U'H~11~mQfll'I~91 45 1'U 

~ll'IoMtJ 1l1'I'IW~UCl:::f1W::: (2544) 'I ltJ-:I l'U Hijfil1yhti'U 0.33 ii1ClflllJ/1'U 

http:5.91,5.82,5.51,5.42
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rh'UOl',ninnmh Index value ~'.f~~lh"1.J 'I:1;fJLmtJmiitJ1.JtlWfiTrnnn'l:11l 

~fJ~,"'lffJl'l:11lff1l1 vm'h i'Ufi1'U~fJ-3i1.J~fJ-3'1:1~1't'Jfl'lfU~~~fnniit'h Index value m~tJ"l-3q~ 
• II , • 

l'rho1.J 49.92 ±1.63 fhii,~u'ml'LfltJ-301.J'I:1~11CVfJ1~Oll~~ 45 1'U iiql;ttJ qTIlWii ua~f1w~ 

(2544) ntJ~l'U '1iit'h'fh01.J 53.94 ~~Ufl'~~''U1I1ll-3~ 4.4 

.. .. Q Q,I " d4 i'" .Q; Q,I "t 'A'd QI ,-c.,
fl11H'Jl 4.4 Oll'tll'UltJtJnJ1W111QU'l:1~'tlfl'U ~ (OM!). tJnnW111QU'I:1-3tJfJtJ 'tlfl'fl1fl'U (OOM!). 

1/ 

tl1lnmlL~'ityL;j1.J111 (GR) ua~ fil"'lfUlh'ti (Index value) ''Ufi1'U~fJ-3'1.J'UfJ-3'1:1~1 

Mulato II ua:m~llJflNfI'llfl'Qa Brachiaria 15 'lfU~ ~'~~lflfl'llOll Multiple 

regression ~lfl''UfJl~tJ Shem, M.N., et al.(l995) 

Item A B C DMII' DDMl
v 

GR
Ji 

Index 

(Kg/d) (Kg/d) (Kg/d) value
41 

TI Mulato II 25.00 56.80 0.10 5.91 4.82 0.50 53.21 

T2 BR02l1752 23.40 55.70 0.06 4.67 3.42 0.32 48.56 

T3 BR02I1747 23.40 56.60 0.07 4.94 3.74 0.36 49.57 

T4 BR02l0465 27.20 47.60 0.08 5.23 4.09 0.41 50.62 

T5 BR0211718 23.90 49.60 0.12 5.25 4.50 0.52 SO.74 

T6 BR02I1245 23.60 62.20 0.04 5.04 3.50 0.28 49.90 

T7 BR02/0771 22.90 58.10 0.05 4.61 3.26 0.27 48.31 

T8 BR0210799 22.50 S1.80 0.10 4.74 3.88 0.43 48.84 

T9 BR02/1372 26.30 48.30 0.06 4.70 3.47 0.32 48.65 

TlO BR02l1728 21.40 60.40 0.05 4.44 3.12 0.27 47.68 

Til BR02I0768 26.90 57.00 0.04 5.39 3.81 0.31 51.22 

Tl2 BR02l1794 23.70 50.50 0.13 5.82 4.77 0.56 51.55 

Tl3 BR02l1485 25.30 45.00 0.14 5.51 4.92 0.S9 51.72 

Tl4 BR02l1452 22.80 56.90 0.07 4.81 3.63 0.35 49.08 

TIS MX02/1423 2S.1O 58.50 0.06 5.42 4.02 0.36 S1.33 

Tl6 MX02l1263 21.80 48.80 0.11 4.44 3.73 0.44 47.67 

Average±SD 24,O8±1.74 53.98±S.15 0.08±O.03 5.O4±O.43 3.92±O.S6 0.39±O.10 49.92±1.63 

OMI =dry matter intake, OOMI =digestible dry matter intake. GR Growth rate 

11
OMI (Kg/d) = -8.286 + 0.266A + O.l02B + 17.696 (r = 0.90) 

v
OOMl (Kg/d) = -7.609 + 0.219A + 0.080B + 24.191 (r =0.93) 

Growth rate
31 

(Kg/d) = -0.649 + 0.017A + 0.OO6B + 3.87c (r = 0.93) 

41
Index value = A + 0.38B + 66.6c 
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... ' '"y ..... .., .., 1 <II"'" ...4.1.3 fl11t.I1:'U'UA1nl'UI8t1 &t1'U8~ 8'U'n1t11VlQ IID:"'D~~l'U AtI&"''nA'UAnl1NDVI 

ft1. (Gas production technique) 

m'1.h::lij'Ufhm'.id6t1111'U6~6'U'Y1-;tl1V1tJ ....n~~l'U'1.-r;1.h:: lt1"tf'U111 UlI:: .... tiHl'U 

.. , I '" " ... " .....r{'Y11i 'Uff1'U'U6~ tJ'U6~'Htyl Mulato II UlI::'HtyTQflHff11ffflll Bracbiaria 15 "tf'U~ ~1t111i 

.6 ~ .., • .!, ~ " ..;... .1'" .1" 
Hohenhiem gas production technique tIJf~'1J'UVl1tJ~1f1111J'U'Htyl'Y111flWfI1""1\l~ lJ'.i:l11'UlIlfllJ'111W 

filt1Jf~HitVl~'U~lflm'.iU11m'Hl'.ititJffl'1I:1I1t1'111'U A~Uff~~'1.'UVll'.i1~~ 4.5 ....tJ,h ;jfilmgtJm'.iV6tJ 

111'U6~6'U11-;tJ1V1tJ (OMD) nhtitJ 54.63 ± 3.10 % l~tJ'HtYl~;j OMD 111flfl'h 55 %11111tl 
I ..; 

BR02/0799, BR02l1452, Mulato II, BR02l1794, BR02/1728, BR02l1485 UlI:: BR02l1245 ff1'U11 

L'H~6ijfil OMD 6d':w.h~ 50-55% 111Utl 'HtYl BR02/1372, BR02/1718, BR02/0771, BR02l0768 

UlI:: 'HtYl MX02/1263 ~~1\l~fl'.h 'HtYl1~~~ty~611 ;1::6ff'.i::(2540) ntl~1'U1~ ;jfill'vi1titJ 

48.30 % tJm~'U'HtYl BR02/1747, BR02/1423 UlI:: BR02l1752 ;jfil OMD 6d'.i::'H'h~ 47-51 % 

.... ti~~l'U'1.-r;tI'.i: ltJ"tfU (ME) ;jfilmgtJl'vhtitJ 8.35 ± 0.51 MJlKgDM 1~tJ.... tJ11 

" " ... , I ..,'Hqp BR02l1452, BR02/0799, Mulato II, BR02l1728 UlI:: 'Htyl BR02/1485 11f111\l~r{~ L'Y11fltJ . .., ... " 9.01, 9.08, 8.92, 8.61 UlI:: 8.59 MJlKgDM Vll11111~tJ (P<0.05) '.i6~1I~111fl6 'Hty1 BR02/0465, 

CI' 'QI
BR02l1245, BR02/1372, BR02l1718 UlI:: BR02/0771 11f11L'Y11fltJ 8.46, 8.42, 8.39, 8.34 UlI:: 

8.14 MJlKgDM Vl111l;'AtJ (P<0.05) 1~W'HtY1 BR02l1747, MX02/1263 UlI:: BR02/1752 ;jfi1~1r{~ 

I'vhtitJ 7.68,7.67 UlI:: 7.29 MJlKgDM Vl111i';'AtJ (P<0.05) 

.... n~~l'Ur{l1i (NE) ijfil,~gtJL'VhtitJ 5.26 ± 0.66 MJlKgDM 1~tJ.... tJ11'HtY1 

Mulato II, BR02l1794, MX02l1263, BR02l0799, BR02l0768, BR02l0465, BR02l1245, BR02l1485, 
.. , I QI 

BR02l1752 UfI:: MX02l1423 11f111\l~r{~L'Y11fltJ 6.24, 6.07, 5.96, 5.89, 5.81, 5.59, 5.51, 5.36, 5.06 UlI: . ., ... " ...
4.43 MJlKgDM Vl111111~tJ (P<0.05) '.i6~1I~111fl6 'Hty1 BR02/1452, BR02/0771UlI:: BR02/1747 11 

fimiltitJ 5.52, 4.80 UlI:: 4.51 MJlKgDM Vl11Jl;'AtJ (p<0.05)1~tJ'HtY1 BR02l1372, BR02/1718 

UlI:: BR02l1728 ijfil~lr{~ L\'htitJ 4.47,4.43 UfI:: 4.15 MJlKgDM Vl111ihAtJ (P<0.05) \l::n1'UllI 

- - .11 fil ME UfI:: NE \llflf11'.i'Y1~fl6~fli'~il 'fl~,titJ~titJ'HtY1l'ULiJtJ1Vi NRC (1998) '.i1t1~1'U1~;jfil 
, t .:I t , I 

ME 6g'.i::'H11~ 7.99 - 8.37 MJlKgDM 11l1::11fll NE 6g'.i::'H11~ 4.94 - 5.15 MJlKgDM - ,~lflm'.i'Y1~1I6~il ffl111'.it1ffltllIl11 'H tY161'Hl' ffVl1l',} fl"tfii~Viffflln ff1'U' 'Hqjij 

fil%'U6~1V1tJU,y~6d'.i::'H1H 20.98 - 22.76 %, 6'U11-;tl1V1tJijfll'.i::'H1H 81.70-88.62 %, lt1'.i~'Uijfi1 
I .6 ~ I";, '1'.....,....... .. " ... I 


'.i::'H11~ 11.32 - 15.37 % tIJf~L1J'Ufl111 m1Lfltl~fltJ r{'.i"tftJ r{l'.i'.iWfllIlI::fJW:: (2540) ntJ~l'U 11 11f11 

'::'H11~ 5.24 - 15.13 % l~tJ'HtYl Mulato II ijfil1t1';;'U1\l~r{~ 15.35 %, L86'1.tJ~hjll::flltJ''Uffl'.i 

li6fl~1i~'U flflH (NDF) ....tJ11ijfil'::'H11~ 57.04 - 64.42 %, L86'tJ~hifl::1I1tJLt" ff1'.ili 6fl~1~'U fl'.i ~ 

http:81.70-88.62
http:4.47,4.43
http:7.68,7.67
http:A~Uff~~'1.'UVll'.i1
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I .::I' 	 , QQ' Q' • 

(ADF) l'nJ111lfll'.i::'tY1H 30.59 - 36.47 % U'CI::'CIflUl.I (ADL) 'ntJ111lfl1'.i::'tY1H 0.51-2.92 % 

~llll;'''tJ 'i)lfl~'CIfl1'.i'Yl~'CItHni1i,f'Yl'.i1tJ'h 'tYtV1iUfffl'CI Brachiaria fJfl'JiJ~~f1mn iilJ;1l1W 

* I '" ," QI!'fI" IV II '" .. 'i I '"1lJ'.iAUfltlU'\I1~"l~ 'i)~11JU'tYt:y1tl1'tY1'.iffA1flWfIl'n~1l1fl Clf~tlg 1J'J1~ (Range) fltJfl1n1rJ~11J'tItl~ 

fW~tl1'tY1H1A1 (2538) ~'.i::1J11'tYtV1tl1'tY1'.iff~1tJWfI1'n~1l1fl'i)::iilJ;1l1W llJ'.i9iU1l1flfl11 10 % 

flWfIl'nlJ1Ufl'CIH'i)::iilJ;1l1WllJ,;iu 5 - 7 % U'CI::tJWfIl'n~1'i)::iilJ;1l1W llJ,;iuU'tlrJfl11 5 % 

d1'tYi'1Jfhfl1'.iritlrJ'~"l~f£~ (Potential degradability, A+B) '\Itl~'tYtVl~f1mniiti1'.i::'tY1H 70.30 ­

85.80 % U'CI::tilftflml1'nfl1,ritlrJff'CI1rJ'~"l~f£~ '1.111111.1 (Effective degradation, ED) ~ 2 un:: 

5 ~111l~iiti1tld'.i::'tY'h~ 59.40 - 68.70 % un:: 44.40 - 56.00 % 1dtllhti1'n1'.i1ij1~tl1 A, Bun:: c 

~'~'i)lflfl1'.iritlrJl~rJi"1'YlfliJflQ~ 'urltlU'lJfi11J1Wti1 DMI, DDMI un:: Growth rate 'ntJ11 'tYtV1 

fJfl'JiJ~~ftmniiti1 DMI, DDMI un:: Growth rate tld'.i::'tY11~ 4.44-5.91,3.12-4.82 un:: 0.1-0.59 

fi1nfli'1l!l1J A11lih"tJ til9tH'lLt1rl1ifiiti1titllJ~1~"l~1dtl1mrJtJdirJtJfttJ lJt:y~tlll ~1::eff'.i::fln 
d I tJ.d.cl' 	 , <IV 

U'CI::f1W::(2541) 'Yl'ntJ11'tYt:y11Clfllfll DMI, DDMI un:: Growth rate 1'Yl1fltJ 3.56, 2.53 un:: 0.25 

filnfli'll!llJ ~llllh"tJ dl'tYi'tJlJ;1l1WelJ'Yl;[l1~Q~Vtl[l'~ (Organic matter digestibility, OMD) 

un::'na~~llJ~i"lJl:: l[1'J1J1~ (Metabolizable energy, ME) 'ntJ'll 'HtVlfJfl'JiJ~~f1m:l1iiti1tld 
'.i::'tY11~ 50.52-59.10 % un::7.29 - 9.08 MJI kgDM Allllh"tJ "~Uff~~ilJ~l'.iH~ 4.5 l;jtl~'i)lfl 

~ ,... ~':J! 1 .n. " ... ..." " i , QI ~ ;rfl1lflfll:l1'H1fll'nn~~11J'Yl "JJlJ'.i:: [I'JU l~ [I~1l'\ltl1J'CIlJtl[l1l1fl ulJ'.i::l'Ylfl 'Yl[l ~~l.Il.Ifl1''Yl~'CItl~l.I 
o ~"JI! l" .... I 	 ~ IV QI II 

'Ylli 'tY !~'UmJnltJtl~~U'Ufll'.ilJl::tlllJflWfll'YlHlfl'J1J:am::f1111l"tl~fll'.i'nn~~11J luffA1 

Vll1H~ 4.5 	flllritl[l'~'tItl~eU'Yl;[l1"Q (OMD) 'na~~llJl"lJ'.i:: l[1'J,j' (ME) un::'na~~llJf£'Yli 
(NE) ilJri1U'\Itl~itJ'\Itl~'tYtY1 Mulato II un::'tYtV1~fl~ffllfffln Brachiaria 15 'JiJ~ . 
'" QI QI

'Ylm~fl1'.i~~ 45 11.1 

Item Gas Crudeasb Crude Protein ME NE OMD 

Production (gIKg) (gIKg) MJI MJI (%) 

(mll200mg) KgDM KgDM 

T1 Mulato II 48.34 133.80 153.70 8.92· 6.24" 57.93" 

T2 BR02l17S2 36.51 137.46 140.60 7.29
c 

5.06" 47.95
c 

T3 BR02/1747 39.50 146.00 131.40 7.68
c 

4.5l
b 

50.53
c 

T4 BR02/046S 44.50 145.70 138.40 8.34
b 

4.43
c 

54.65
b 

TS BR02l1718 44.93 131.40 113.20 8.42
b 

5.51" 55.04" 

T6 BR02l1245 42.89 151.51 133.40 8.14
b 

4.80
b 

53.42
b 

T7 BR021077I 49.74 129.08 129.30 9.08" 5.89· 59.10" 

http:Uff~~ilJ~l'.iH
http:un::7.29
http:50.52-59.10
http:0.1-0.59
http:4.44-5.91,3.12-4.82
http:0.51-2.92
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~11H~ 4.5 	fl1':ithW'~'UfHI~'U'Yl~V191q (OMD) 'Vftl~·n'U'~'lh::1V')fU (ME) 11'tl::'n~Hl'U1f'Yli 

(NE) ''Url1'U'U~~1'U'U~~'HiQ'1 Mulato II U'tl::'H~l\,!flNn'lJn'fJ'tl Brachiaria 15 ')fUR . 
.cl Q! QI • 

'Yl m~fl1':i91fl 45 1'U (fl6) 

Item Gas Crude ash Crude Protein ME NE OMD 

Production (glKg) (glKg) MJI MJI (%) 

(mll200mg) KgDM KgDM 

T8 BR02I0799 44.61 133.23 136.20 8.39
b 4,47c 

54.85
b 

T9 BR02Illn 46.32 142.42 143.40 8.61" 4.l5
c 56.29' 

TlO BR02l1n& 45.16 157.20 134.70 8.46
b 5.59' 55.44' 

Til BR02/076& 42.33 138.30 135.90 8.07
b 5.81" 53.21

b 

T12 BR02l1794 47.71 135.50 121.00 8.781 6.07' 57.34' 

Til BR02l14&S 46.15 140.40 140.80 8.59" 5.36" 56.17' 

T14 BR02l14S2 49.08 138.48 150.60 9.01" 5.52
b 58.56" 

TIS MX02l1423 40.00 156.20 131.60 7.67< 4.83" 50.52
c 

TI6 MX02/1263 42.35 155.21 135.00 8.08" 5.96' 53.04
b 

Average±SD 44.3& ±3.66 141.98 ±9.11 m.S8 ±9.&9 8.35 ±0.51 5.26 ±0.66 S4.63 ±3.10 

. 
abc Ofl~'.i'riLL~Ifl~h~n'U' 'Ufl ~~lJU1~t.l1n'U iifl11lJU91fl9il~n'U mh~ihrmhtlf.lJ'Yll~ n'il~ (P<O.05) 

4.2 H11n~aO~~ 2 H111J,:aihlf,l0l,hnHlilYu:: ua::'Vto~,nu;hfu1::1r.JYU'A"UO~'M~1 Mulato 

II U,y~ 

4.2.1 d-;mU1::nO'UnHLflil (Chemical composition) 

.Q "' ... 1 ..," JJ ,d ..,
N'tlfl1n&fl'.i1::'Hn'1'UlJ':i::fl~'U'YlHlfllJ 'n'U11 'Hf.lJl Mulato II U'H~'Ylm~fl1'.i91R 

... "'. .1'" 1.1 '" "', . '" 45 1'U lJflllJ':imW lJ'.i91'U W~ V NDF, ADF 11'tl:: ADL 1'Yllfl'U 7.3,75.58,42.78, U'tl:: 6.62 % 

9l1lJihA'U 1f1Viifll'n~~~1'U'.i1lJ (OE) n'hn'U 15.58 MJI KgDM A~un'fI~1'U911'.iH~ 4.6 
. 	 ,,,,,.J

\llmlt1~l'U'U~~ Pamchpol, V., et al. (2008) 'n'U11 'Hf.lJl Mulato II U'H~'Ylm~m':i 

9ltl 451'U iifll1u':i~'U, 1'U,j'U U'tl::lg~'tJ'HtJl'U l'riln'U 7.76, 1.2 U'tl::: 29.65 % 'U~~191qU,r~ 

9l1lJihPl'U U'tl::: iifll NDF. ADF U'tl::: ADL nhn'U 71.75,35.76 U'tl:: 3.34 % 9l1lJii1Pl'U 1tltlii 

.1'" 1'" "', , JI'" ... " 	 ".J,~ .1 '''''1lJ'.i91'U, 'UlJ'U U'tl:: W~ tJ'HtJ1'U m1&fW~fl'U'Hf.lJl Mulato II U'H~'Yl ')f l'Um'.i'Ylfl'tl~~'U U91lJfI1 
, "" 	 II , 

NDF, ADF 11'tl:: ADL 9ilfl"h l1~iim\liiN'tllJl\llfl n'fI1'nfJijmmff ;;'U;;U\'!fl 11'tl::: fl1'.i~Rfl1':iUU'tl~ 

http:71.75,35.76
http:A~un'fI~1'U911'.iH
http:7.3,75.58,42.78
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.i, 	 d" 91 QI QI

fll1HtI 4.6 ff1U1h:;fltltlfll~lfllJ'lItl~11tyl Mulato II U11~ fllQfll'~f1 45 1U (on DM basis) 

Chemical composition 

Dry matter (DM) 90.73 

Ash 6.28 

Organic matter (OM) 93.72 

Crude protein (CP) 7.30 

Ether extract (EE) 1.19 

Crude fiber (CF) 32.30 

Nitrogen free extract (NFE) 52.93 

Non fiber carbohydrate (NFC) 9.64 

Neutral detergent fiber (NDF) 75.58 

Acid detergent fiber (ADF) 42.78 

Acid detergent lignin (ADL) 6.62 

Gross Energy (GE; MJI KgDM) 15.58 

o7S 1 SI SI ..;.... .... 	 2'" ....
KgBW' fU.I11tyl Mutato II U11~ l1JtllflfJtlfltl"rH1U'lItl~ Grant, R. (2000) vl~tl~'illfl fH11U 

1i"lJUff~ (2546) Vitl'h ~'lli:lU tll111'J11fJlt1fJWt1lViVitl1~ hwihJilJ1W 1f1f:Julf~~1 flflU if{tlg 

• ...1 t/ d t/ : CII 401 .4 0 tC:\ 401 ...~ d 1'" SI'J::::1111~ 1.50 1.73 llJtl'Jl'lSUf1'l1tl~Ul11Uflf11 Ul1::::l1JtlUltJ'JlJ1W1f1f:JUl1Hl flflU11tyl Mutato II 
• tI 	 tI 

Ulf~lJ1LtJ;tJmlirJtlntl NRC (1984) li'::::'l,!':h 1flLiltlltJ;HtJ1Ufll1l~ Ul11irfl~1tJ'::::1JlW 
....1.... .1" SI 1SI : ...... ~ .K ... ....1" SI ...SI320 fl 	 l1mlJ (700 lJtlUiil) mf1tl~fll' 11Ul11Uflf11LVilJ'lIU1Ul1:; 227 mlJ (0.5 lJflUfI) f1fl~flU 

_ ~ ..:::. Q.I "Q.I ~ QI 4 .~ fl'd": QlQI

tll11"flflLlJUtJ'lJ1W1~f:JLL11~ 1Ul1:; 6.76 n1l1mlJ 11'tlLfllfltl 2.11 LtJtl'L'lSUf1'l1tl~Ul11Ufl~1 

Vitlil fll'flUi~'lIfl~ lfl~lfl11~ NRC nl11UflliilfJfll'ilijfHudfl~lJl'i11fl11tYl Mulato II ulf~~'~'u 
ClI "" 4 ...., , ...!I I JI 1 t a , ~ tV • 

fll'flfll1fl~flHU lJWtl tJUl1::::fl11lJTtllJflflU'lIH\1~ iiltJL~Vil::::ff1UflLlJUNU~1'lSl111'tl NDF 

, ... 0 1"Q,I "4 ,.. " 	 dO" !::It " 0 QI

"'lfltl 75.5 % fll 11fff11lJfll111'~flflHtlQ Um::::1Vil::::11lJUU1U Ul1::::lJ'illU1UlJlfl'il~LlJU'lIfl'illfliil 

~tlfll'flU'~ -rllllf1flflUtll111' '~UtltJl1~ ~~fffliilfl~tl~ntl 1'JVi~'tf "limlfl'J (2549) ~'::::'l,!11d'f11 
... ,11 SI " .K , ..... 1'" .4 1 .os .os

'iI::::flUfl1111'J tllJlflUtltJLLfl 11U'lIUtlQfltllJ'JlJ1Wffl'JWtl tJ flfl NDF 11'Jfl Cell wall constituent 
• 	 • tI 

(CWC) liijfldlufll111'J 1iiltJmtUlifll111'J,rUijtJi1JlW'lItl~ CWC tJ'J::::1JlW 50 %11;tl\1~fl11 d'~1 
tI tI 

'iI:::: flU f11111 'J'~UfltJ n~il tJilJ1WflU flU tll111'111 fJlt1 'iI:::: \l flfl1t1fJ lJ 1 fI fJfl11lJ ~ 'lI fl~fl':::: LVi 1:::: 
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(Rumen fill) ~~L~tl1~O~ffllli\.nrn1Jtl'1'lntlllL'H'CIfhU (Rate of passage) '\lO~0l'H1Hnf)lLllU ~l 

Ol'Hllih~o 'Vff~tlllL'H'CIN1U'\lO~Ol'Hll'il1f)m:':Lvn::1l::.J1 l'h'tfff'1'l 10UOl'Hll L~U'OtJ'CI~.. 

Intake 

Kgld %BW glkgBW'5 

64.64 

±SD 34.50 6.94 0.52 0.03 2.16 

Average 307.75 73.48 4.75 1.54 

4.2.3 fhnl1ti8t1'~"'8~11l..'U:.:~h~9 'Vta~~l'U~'i't.h:.:ltl..'U,~ 1U'I:':A1UliI1UJ" 

"'8~ ''Ulflll09'U'H181th91'U 

fll Ifl'Jfu:.:~dOtlL~'\lO~'HtYl Mulato II LLtf~ Ol~tlll~fI 45 1U vm'll fllnllVOtl 

L~'\lO~1'1'1Qutf~ 6U'YIltl1'1'1Q Ith~U L'\l,j"; U'CI:': NFC iifllL'riln1J 60.86±1.42, 64.06±1.14, 

53.00±2.30, 51.00±2.19 U'CI:: 61.73±5.79 % '1'Illlihii1J 

fllf)lldOtlL~'\lO~l~O'tI NDF 11'C1:': ADF iifllL'riln1J 63.05 U'CI:': 53.72 % 
II • 

UOf)'illf)ijJ~'Vt1J"h 'HtYl Mulato II utf~ lrluOl'Hln.h::lfl'YI Bulky feed flO iitlilllflHVOitl NDF 

," .. : "''' .... " d d", 'lIJ1' A
U'CI:: ADF flOU'\lH\1 ~H'CI:':llUl'HUf)UOtl 'YIl ''Hfl11ll~'\lO~m:':l'rn:':1'1'lllLl10'1'lntlll tlOV L91'\lO~LtJO 

iviulillU LrlU L t10dl~.Jl~0l'Hlllifl~1iullllUU1U (0rskov, E.R., 1987) ~~iiH'CI~otlilllflltlll 

OU'~ (Voluntary feed intake, VFI) U'CI:':nlldOVL~'\lO~ lfl 

, lIJ d , 'lIJ1' 'I' ... .r.'" t1"" ..... ' ..
OVH Llf)'1'Illl flltllltlOV L91'\lO~ lfl'ltU:.:tI~'\lUogf)1J llllfll Lignin 'YIllOg LU 

Ol'Hll ~~ffOflfl~O~n1J 111H1:i'ttitl.ft'YIl (2549) ~l:':'lrh Lignin UOf)'illmrluffll~dov',j'~U~1 
v~Lrlui1'thitfnllVOVL~'\lO~fflll~O'Vt\J~ IfltJl~vtl:': Cellulose U'CI:': Hemicellulose 'CIfI'CI~ lflv 

n'CI 'f)~ Lignin hl'CIflnl'SdoVfflll~OitJl~O'hlrlULtI'''' 2 'YIl~ flO 'YIl~nlVfIlvt (Physical) U'CI:':'YIH 

Iflii (Chemical) 'YIHnltlfllvt 'Hllltlil~ Lignin 0l'illrlU~1,.j01rll (Encrust) ~'S01J~ ;h'\lO~ Cellulose 

'QI IU'CI:': Hemicellulose 'YIlo '" cfllJ "I'~91 ffl'H'S1J'YIHlfill0 .. UU1'lt011A'H~'CI\J'YIHI ~ 4LllffllllHH'\llVOVr t 1lll'CIfJ'CI 

A 'I' 'I' .... A,A .,""" ,,~, •'\lO~ Lignin Ol'ill'ltOll LV~ lfltl Chemical bond f)1Jffl'SWO VO\J~ 'YIl 'H~'CIU'YI'SV llJffllllHI'il:':VOV 

'A' dl'Hl1Jfll Lignin '\lO~'HtYl Mulato II utf~ 'UflllH~ 4.6 iifllniln1J 6.62 % ii Cellulose 

Lfhn1J 36.16 % flflirlUffflri1U'\lO~ Lignin ~O Cellulose L'l'hn1J 0.18 ~~'f)~lflV~n1JnV~lU 
.,,; .... , , '" l' ...... , ,

'\lO~ Van Soest (l994) 'YI'S:':1Jffflff1U'\lO~ Lignin flO Cellulose '\lO~'HqJl Ul'\lfllO\J'YIllflll:::'H11~ 

0.11 - 0.24 ii~"fffl~'\Jflln~~ 4.8 

http:61.73�5.79
http:51.00�2.19
http:53.00�2.30
http:64.06�1.14
http:60.86�1.42
http:H'CIN1U'\lO~Ol'Hll'il1f)m:':Lvn::1l::.J1
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4.2.4 ft'll1Ji:nJ~'j)'UtH"UtVl11'OU 

fhtRlJ1WiU 191'H\}Utlfll~tJ (Nitrogen retention) 'Ulfl~flU11til Mulato II u11'.:J 

t){h.:Jl~tn fttJ'h mlJlwiu19111\}U~flUi~'UtH11til Mulato II ~ii CP 7.3 % iifill'tiltltJ 55.34± 2.63 . 
.,., .:II....:It ~. ,D1S.:II 0 _ ~ "" .,

fillJl1U 11ltlfltll1.JU 0.86 gN/ kgBw' LlJtlUllJlluHltJ1'Y1t1tJfltJntl.:J1U'Utl.:J Khuamanlcgom, P., et aI. 
• II • 

(2008) fttJ";h lfliitl;lJlwiu19111\}ufiflUiif1u.:J1U'YItlntl.:Jil iifil~.:Jfl'h lflfiflU11tilfluilihh.:J (CP 

= 6.7%) U~~lfl111fl~flU11tillrtl~ii CP 8.23 % fltliifilL'tiltltJ 49.32 unt 72.54 fli'lJ/1U IPlllJih~tJ 
t1;lJ1Wiu llPlll\}U~,jtJtltlfl'YIHlqIn unt i1ffff11::iifil1'rhtltJ 25.89±3.51 unt 

1S
18.09± 3.08 fli'lJ /1U fifll~U gI kgBW· iifillfhtltJ 0.40 unt 0.27 9IllJih~tJ 1fl~Ifltl.:JtltJfil~itr 
'illflO1l'YIflntl.:J Khuamankgom, P., et aI.(2008) ~fttJ11 filtl;mwiu1911L\}u~,jtJtltlfl 'YIHlqIn'Utl.:J 

lflt}flNfflJ tJnM,ju ~fiU11tililuiliY1b.:J iifilL'tiltltJ 26.04 fli'lJ/1U un::~lfl"hlfl~fhmtillrfl ii 
fill'rhtltJ 30.89 fli'lJI1U ffll1i'tJfiltl;lJ1W iu llPllI\}U~,jtJtltlfl'YI1.:Jilffff11t iifil'fl~LfltHtltJ lfl~ 
... "lel1 .t "". '" ... ...flUl1tyl lfl CJ1.:JlJf1lL'YIlfltJ 20.59 mlJ/1U 

t1;lJlwiu llPllL'ilUtlfl1~tJ iifill'vhtltJ 11.36 ± 0.44 fli'lJ/1U fif1L~U 0.17 gI 

G7S ~ •• ":iP '" ":1"1'" " lel1kgBW' IPllfl11fll'YI 'fIltJ\}lfl.:J1U'YIflntl.:J'YI 11 flflU11tyl lfl'Utl.:J Khuamankgom, P., et aI.(2008) 

.cIf tQl QI GI 

lJf1ll'YIlfltJ 21.07 fillJ /1U 

'illflO1l'YItlntl.:J1..rlflflU11til Mulato II u..r.:J (CP = 7.3 un:: TDN = 58.84 %) 

:; .1 ,,"" " ellflHU un:: 'illflO1l'YIfln tl.:J1111flflU11tyl htl (CP = 8.23 unt TDN = 58.88%) 'Utl.:J 

Khuamankgom, P., et aI. (2008) fttJ";h t1;lJ1W iullPllL\}Utlfll~tJ'U'.h.:J01tli1iiifilL~untJ ~.:J 
I d • 1"1 ~ ... Q ".::"UlPlflIPlH\}lfilltl.:J1U'Utl.:J Kawashima, T., et al.(2000a) 'YIl::1J11 O1l 11 flftUIlJtl.:JflU11ty11CJ1U11.:J 

fif1'~U 1.5 %'Utl.:J,l1'l1'l!fli1 (CP = 2.1 un:: TDN = 52 %) l-WtHtlth.:Jl;]tl1 \}::'t'h1..rlflii01ltlfll~tJ 
G7S

iulf1l,\}u1U',j,.:J01tl iifilL~untJ (-) fltliifil"htltJ - 0.114 gI kgBW • 

fl11lJU9lfl~h.:J~fttJ tlniiff11'l1~lJl\}lfl fJwmft'Utl.:J lt1l~u1um111l~flU ltltl 
• II 

fttJ':h .:J1U'YIflntl.:J'Utl.:J Kawashima, T., et al.(2000b) iifillt1l~u (CP) un:: tmrutfiVtltli~li.:J11lJfI 

(IDN) 1U11till;U..r.:Jfitlu,rl.:J~1 vh'11't1;lJlflliu llPlll\}u~ilutrtltJfl'htl;lJ1Wiulf1l L\}U~,jtJtltlfl 
0o 1t"r " 41 i 1 .: 4 ":""1 "" .t 1'YIl 11 !fllPltl.:J~H U 9Il'\}Ufflltl.:J (Nitrogen reserve) \}lfllUtlWtlft1fl'YIlJ t1l9lU Labile CJ1.:JfttJ U 

• II 

itJ (1Jty~tllJ Y1::6ffl::n.n, 2532) tltlfllJ11.f1U01llN1Nnltyl.ntl1..ritrfta·H1U fffll1::1,fUuiiNn'iil 

· ... i 1 .:It 1 ..." ... 1 .: .:II":"""14 "111f1lO1lflfllfltJ " U IPllL'ilUl1.JUntJ (-) U'YIH9IHflU'UllJfltJ flftULlJtl.:J'YIflU11tyl Mulato II UlH 
II II • 

\}lflO1l'YIflntl.:Jfli'.:JU iifilfl1l tlfll~tJ iu1911 l'ilUL~UtJ1fl (+) Ufffl.:J11 i U 1911L\}ufifiuL,rl i tI 

iitl;lJ1WlJlflfl,htl;lJ1W ~,jtJtltlfllJl vh111'lfl itri'tJ i U 1911 l\}U'-WtHfttl~tlfl11lJ~tl-3fl1l un:: 

ffllJllf.)tlfll~tJi-n~t1l:: ltJ'l1u1ull.:J01tJ ~.:JUfffl.:J1U9Illl.:J~ 4.8 

http:25.89�3.51
http:11ltlfltll1.JU
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Nutrient 

Nutrients digestibility (010) 

Dry matter 

Organic matter 

Crude protein 

Ether extract 

Non fiber carbohydrate 

Neutral detergent fiber 

Acid detergent fiber 

Total digestible nutrient. % 

N Balance (gld) 

N intake 

Fecal N 

Urinary N 

N retention 

60.86::1: 1.42 

64.06::1: 1.14 

53.00::1: 2.30 

51.00::1:2.19 

61.73::1: 5.79 

63.05::1: 1.82 

53.72 ::1:2.39 

58.80::1: 1.23 

55.34 ::1:2.63 

25.89::1: 3.51 

18.09 ::1:3.08 

11.36::1: 0.44 

4.2.5 't'Ia-ll-llly,,ytl,:;l(J'nttAlylfl~nY'ngl Mulato II U'lf~ 
vU;Hl'Ul.f1tJ'j::lV')f'U"'~''U lfl~fi'U'I1tYl Mulato II mf~ 61~fllHifl 45 1'U 

" tJ'j::llj'U~·:w11h~tJi1tldHl1.:J'I1lJfl (Total collection ) "h'l1;tJ,h:j Collection period 'Utl.:Jfll'j 
_ ... t:!I _ i -!!f 0'1' .... ,_ I l' 

'YIfl"tl.:J V::lJfll'j1flfllc:l1lJl'YI'U (CH,J VlfmlJ'I11V v~~n~nv Respiration chamber fl1tJtlO'U 1J~nv 

d .. 0' 44 QI 'I GI 1 ...l ...
V10fll'jH'YI 4.9 U't'l'fl.:JN"'Utl.:Jfllnlfln::'I11lJflltJtl"c:I1lJ'tHH.:Jl'U L'Ufl1 fl'YIO'U 

" 
'I1tYl Mulato II U,r.:J 61~fll'jifl 451'U vm'j, iillJflltJtlii~1J'Utl.:JVf"'.:J.:Jl'U~tl 'tJil 

'VfaHl'U'j1lJ~fi'U'~ (GE intake, GEl)i'U lfl~fi'U'I1tYl Mulato II u,r.:J iifll 

, ... °7S i l' _ ... " It:!l "... -­1'YI10tJ 1,004.04 ±8.06 kJ/ kgBW' /d onlflV.:JotJ'I1tyl 'jfl (Rhodes grass) U":;'I1tylO'U'U't'I' 

1i1.:J (Panz'cum maximum TD58) ~ Khuamankgom, P., et al.(2008) '~nV.:Jl'U'~ (''Uflln.:J~ 4.10) 

7s~.:Jiifhl\'hntJ 1,035.87 ",,:: 1,019.24 kJ/ kgBWo. /d lflV'Vfa.:J.:Jl'U'j1lJ~fi'U'~ (GE intake, GEl) ii 

fll'j~tyli1V'Vfa.:J~l'U'YIl.:Jfll'j;rmhvl.!" i1't'1''t'I'11:: U"::fl11lJftl'U 

'Vfa.:J.:Jl'U~;rtJrllVl'U2.d" (Feces excretion, FE) iifi1l't'i1ntJ 387.04 ± 3.85 kJl 

kgBW·
7s 

ld flfllfl'U 38.54 % 'Utl.:J'VfaHl'UnlJ~fi'U'~ fil~'~V100U'YIfl"tl.:Jflf.:Jrl'~10':h on 

http:1,019.24
http:1,035.87
http:1,004.04
http:51.00::1:2.19
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't1fllrtl.:j Kawashima, T., et al.(2000b) ~'~fffl'l:lllUflllHlii~u~v.:j'na.:j.:jl'W mu:''W 1fl·HIjJ'W~V.:j1fl 

l4''WlijV.:j~litHlhvl1tYl1'ihl1f.:j U{iUfllfl~'m1liv.:j'.i::~1J~h~'1 'n1J'h 1fll4''WlijV~fl~U~Liv~~1V 
l1tYl1~U~~ 100 % ijVH;;.:j.:jl'W~;JmhvL'W\la l'rhti1J 478 kJ/ kgBWo.

75
/d flflLri'W 49.89 % 

~V~'na.:j~l'W~fl'W'~ ~~Ufffl{lL'Wfll'.i1~~ 4.10 

Vth>3h~fllU 1Jiija'VU ;h::6ff'.i::Qa (2532) '~'.i::1J'h fll GE intake ',j'~ 

,j.:j1JVflO~'na{l~l'W~lri'W,j'.i::1V'1S,r~vufl1 n1V~ljJlfl',j'~thi1~O.:j Via>3-1Jl'W~~iijliYv',jL'W fll'.iVVV 

ua::fll'.i LUfll1JV 'a'- LrtVUfl1fl'WV1111'.i'na~.:jl'Wff1'WU'.ifl~111V',j flV'na{l~l'W ''WlJa 'naHl'W 

~~iijliYv',j''WlJa il'1J'hLri'Wff1'W~Ulfl~'lfl ''W1fllm::ufl:: vn~~o.:j 40 - 50 % alfl'WV1111'.il1Vl1J 

I" ... " S"'_IUflmfl'WV1111'.i~'WIjJ::~iijU;IV'na~~1'W1J':i::1J1W 20 - 30 % 

'na~{I1'WVVV'~~fl'W'~ (DE intake, DEI) fll'W1W ''''ljJlflfll'.iill'na~~l'W~~iijliYv 
IjJlflfll'.i;J1J01VlJa (FE) Ul'.rfla1JVVflljJlfl'na~~l'W~fl'W'~ (GE intake, GEl) ijtll1Vhti1J 617.17± 

4.63 kJ/ kgBWo·
7S

/d 'fl"'LflV>3ti1J fln't1flaV~~V>3 Khuamankgom, P., et al.(2008) ~'~fffl'l:llL'Wl1tYl
..' . 

Wfl ua::l1tY1fl'WiliY,j1{1 ''W 1fllUVt1m~ffU1J'.ilM,j'W 'n1J'h ij'na~~l'Wdvv'~;;fl'W'~ ll'llti1J 641.17 

ua:: 525.5 kJ/ kgBWo.75/d fllUi;'~1J 

'na{l~l'W~;J1JVVflL'Wtlffffl1:: (Urine excretion, UE) ua::'na.:j>31'W ''WltJ~V~Olqf 
... • ... I '.... 07S " ....
UL't1'W (Methane productIOn) Ufl11't11fl1J 20.10 ± 0.95 ua:: 68.59 ± 0.04 kJ/ kgBW' /d fllUalfl1J 

ok, "... .., "1l1li"; III"'" I I ....
qf~ flalflV-1Jfl1Jl1iijl HI 't1 Khuamankgom, P., et al.(2008) '.iltJ{ll'W l1Ufll1't11fl1J 19.64 ua:: 

87.24 kJ/ kgBW·
7S

/d 

'na-1J.:jl'W''i1,j'J:: 1tJ'1S'W1~~fl'W'~ (ME intake, MEl) fll'W1W '~ljJlflfll'.iill'na-1J~l'W 
~"liijliYtJljJlflm'.i;J1J01Vtlffffl1:: (UE) ua:: 01qfijl't1'W (CH,J Ull1fla1JVVflljJlfl'na{l~l'WdvtJ'~ 

... I I.., 0.75 L "... '" " 1l1li ..;(DE) Ufll1't11fl1J 528.31±3.22 kJ/ kgBW /d mHflV~fl1J l1iijl 'Jfl't1 Khuarnankgom, P., 

et al.(2008) '.i1tJ~1'W'1'ijtll1Vhti1J 534.29 kJ/ kgBWO.
75

/d 

'na.:j{ll'W~~f!!LiYtJ''WltJfl11U~V'W (Heat production, HP) ''W 1fl~fl'Wl1tYl Mulato 

" .... ..., ~~.o 75 1 .r .... ..;... "..1"I
II 1111{1 (CP 7.30%) Ufll1't11fl1J 361.32 ± 0.18 kJ/ kgBw . /d ~~fl11 fl'n'WlUV~'t1fl'Wl1iijl1qfUl1>3 

100 % (CP = 7.30 %) IjJlml'W't1flaV~~V-1J Kawashima, T., et al.(2000a) ijtllLlhti1J 311 kJ/ .. . 
'" J) 7S 1 ~....... .... _I'" ...... "..." .......
kgBw' /d na:: flt1LfltJ~fl1Jfl'.i::1JV1Jafl't1fl'Wl1iijl1qfUl1~ 92.1 % lff'.iUfllfltl1 7.9 % (CP 6.11%) 

IjJlfl~l'W't1flaV~~V~ Kawashima, T., et al.(2000b) ijtlllVhti1J 357 kJ/ kgBW·7S/d IjJlflNafll'.i .. .. '" ...'t1flaV>3flH'W flaVflljJ'Wm'.i't1flaV~~V~ Kawashima, T., et al.(2000a) na:: Kawashima, T., 

et al.(2000b) Vi1J'll 'na>3-1Jl'W~~f!!liYtJL'Wl,jfl11U~V'W ljJ::r~u;f'Wmu'J::~1J 1,j'.i~'WL'WV1111':i 

..I ... .I 
't1l'nU~'W 

http:528.31�3.22
http:L'Wfll'.i1
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mh~h~~l1J 1Jf.1l""61J ;h:::6n''J:::fJn (2532) '.i:::1J"h 'Vrn~H\"\~"lf.1lLntJ'UltJfl1l1J 
~ Q,I _ Q,I fI Q,oI QoI .::: QI tI, JII ... 
l6U \l:::UtJ'.iFfU9'll1J'YU91'll6~ff9'l1 tJ'J:::lflYl'll6~6111l'J '.i:::911.1'VinH1UYln'9'I1 9l'J1.1 9'In691\lUfl1l1J 

JI 

ff1J~n'll6~ lfl'Yu:::'u 6l11l'.iUU m;l1fl6 ~lijfl1l1Jn'1J~n1Jlfl ;Hfl1V\l:::'~61111'.i '~6th.:Jij 

. , 
• JI 

tJ'.i:::ffYlim'Vin'~ fll Metabolic rate n91n.:J ;~"'I6n''JtJ'~'h 'U1.1'.i'.i91l1fl'YU:::~1,r'Vfn.:J.:J1Uli.:J 
JII..... .cI... ... ..: s, ....r 1- I "1 ~ 3 tJ'.i:::LflYl \l:::1fl91'Vin.:J.:J1UYI'/Ilf.1l,·"tJ UltJ'II6.:Jfl1l1J'.i6U 9'Il1Jnl911.1 9l~U u'J9'lU > fll'J 1.1 l8191'J9'I > 

,'U,jU 

... .., '" . 1 .l ....:... JII .t'
'VinH1UflflLfl1.1 (Energy retentIOn) 'U6~ fI'ViUl1J6~YlflUl1f.1ll Mulato II UlH 

...t ~ JII • I ... ..: .cI "I A I JII ... ...,y.
1'11U1W 191\llflfl1'.iUlf11'Vin.:J~lUYI"lf.1l1n'V LUlufl1l1J'.i6U (HP) 1Jl11fln1.166fl\llfl'VinH1U 'JJ 

tJ'J:: ltJ'Yu1~ (ME) ijt1l1fhn1.1 166.99 ± 3.04 kJ/ kgBW'·7S/d ~lfl".h .:J1UYl91ntH'U6.:J Khuamankgom, 

..:, ft... JII lf1'1 JII ...... ~. ... I I ...

P., et al.(2oo8) YI 11 lflflU 11f.1l 1 19'1 un:::'Hf.1llflUUn1J1~ 1JfI1LYllfl1.1 425.45 un::: 279.65 kJl 
JI JI JI 

kgBWO.
7S

/d un:::\llflFfnm'.iYl91n6.:Jfll~U 'Vi1.1"h lf1-nUlij6.:J 'YltJ ij'Via~.:JlunflL~1.1"l.:Jfl".h lf16uLfiv 

un::'fl"'lfitJ~n1.1 lf1q l'JtJ ~ Tangitwattanachai, N., et al. (2008) '~";lU1Vlh:::ffYlim'Vi'll6.:J 
'Via.:J~lU~l~tJ'J:::ltJ'Y,J L-A6fl1'.i1\l;qjl~1.1 19'1'~ 1911Jn Meta - analysis ijt1l'fhn1.1 109 ± 13.86 kJl 

7S 7SkgBWO. /d un::: 167.68 ± 13.19 kJl kgBWo. /d 9'Ilm;,~1.1 

'Via~~lU'.i11J (Gross energy, GE), 'Via~~lu~d6lJ'~ (Digestible energy, DE), 

... ..:, JII 1 .... JII JII 1 ..:, ~ JII t
'ViM.:J1UYI 'YtJ'J::: lJ'YU \91'll6~'Hf.1ll (Metabolizable energy, ME) un:: fl'YU:::YllJ6lJ 191Yl~l11J91 

" "4,.Q,I OQl

(TDN) '116~11f.1ll Mulato II 1L'lH 1JfI11Y11fl1.1 15.58, 9.59, 6.77 MJlKgDM un:: 58.8 % 9'Il1Jnl911.1 . . 
.<:I 1 0 '.Q .-::I , " " Q'19lV1Jfl19'1lfl1l'J1lJ.:J1U'U6.:J'Vi1J'Vil'Vi'.i 'Vimn'u un:::flw::: (2552) YI'Vi1.11l 'Hf.1ll Mulato II Ul1~ 1Jfll 

JI JI 
'" 001 Ql4 .<:I

GE, DE, MELin:: TDN lY1lfl1.1 17.95,11.10,8.74 MJlKgDM un::: 60.20 % 9'Il1Jnl911.1 'tHU61\l\l:::1J 

JII ":"1 JII, .6 ,... .cI
Ffn\llflflwm'Vi'll6.:J11f.1llY1 L'Y Ufll'.iVl91n6.:J C)f~ U'.i1lJ~lU'II6.:J'Vi1J'Vil'Vi'.i 'Vinln'U un:::flW::(2552) 1J 

JI JI • 

flWm'Vififl1l'Ufll'.iYl91n6~fll.:Jul91lJijt1l11h9iun;,n1.1 7.76 % VS 7.30 %, LV6'lJ NDF nhn1.1 
, OJ • ., 

71.75 % VS 75.60 %, ADF LYllfl1.1 35.76 % VS 42.80 % un::: ADL lYIlfl1.1 3.34 % VS 6.60 % 

tJ'.i:::ffYlifl1'Vi'U6~'Vitl~.:J1U (Energy efficiency) 'Vi1.11l DE/GE = 0.61, ME/GE = 

0.52, MElDE = 0.85, Methane energy/GE = 0.06 un::: Urine energy/GE = 0.02 ~.:Jun'91~'U9'll'.il.:J~ 
, " Q 01 " ltd ,J ~ :tI d' I 014.9 flnlf1lJ~fl1.1 l1f.1ll 'J91Yl Khuamankgom, P., et a1.(2008) '.ilV~lU l11JfllLYllfl1.1 0.61, 0.51, 0.83, 

JI JI 

0.08 un::: 0.01 9'Il1J'fh~1.1 1911Jt1l MEIDE \llfl.:J1UYl91n6.:Jfll.:JU un:::\llflfl1'.iYl91n6~'116.:J 

Kawashima, T., et al.(2000a) ~'~flnl1'~.u'H~U ijt1ln'691fl""6~n1.1 AFRC(l993) ~'J:::1J1l 
'ViaH1U'<U'lh:::llJ'Yu1~ (ME) \l:::LLtJ'.iNU9'll1J'Vitl.:J~lUd6lJ'~ (DE) 'U6111l'J1911Jijt1l ME IDE 6d 

'.i:::111l~ 0.81- 0.86 dl11l1.1 t1l HP/GE ijt111'yhn1.1 0.36 'fl""LfilJ.:Jn1.1~lUYl91n6~'U6~ Kawashima, 
• .II I $I 

T., et al.(2000a) ~'~fffl1:l1L1J9'll1.16iiCit1J'II6~'Vitl.:J~lU un:::'u19'1'.iL\lU'II6.:J lf1YluL2j6~Vh~lJ.:J~1lJ 

http:0.81-0.86
http:17.95,11.10,8.74
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"..;" ... 4.. .... , .t '''i.l.4 ,..;.! p "..;" d,

11QPICJrU'lHlu'nlfllflO'l '~A1I~H'1 CJr~vt1l'll 'flvt\.ll1Jtl~ml1J'YI1f1t.l~~'lt.l11qJ11CJrU11~ 100 % 1Jfll 

HP/GE nho1l 0.33 

Parameters 

Energy balance (kJ1 kgBW'·75/d ±SD) 

GEintake 

Feces excretion 

DE intake 

Urine excretion 

Methane production 

ME intake 

Heat production (HP) 

Energy retention (ER) 

Energy content (MJlkgDM) 

Gross energy 

Digestible energy 

Metabolizable energy 

Energy efficiency 

DEiGE 

MEiGE 

Methane energy /GE 

Urine excretion /GE 

ME/DE 

HP/GE 

1,004.04 ± 8.06 

387.04±3.85 

617.00±4.21 

20.10 ± 0.95 

68.59±0.04 

528.31 ± 3.22 

361.32 ± 0.18 

166.99 ± 3.04 

15.58±0.22 

9.59±0.36 

6.77±0.24 

0.61 

0.52 

0.06 

0.02 

0.85 

0.35 

http:6.77�0.24
http:9.59�0.36
http:15.58�0.22
http:68.59�0.04
http:617.00�4.21
http:387.04�3.85
http:1,004.04
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, ~ 


... ....at ..... 1 ...... ' If ...
fll11~rt 4.10 L1J~11J6l'!CJ11J'Wl'!~~1'U ~'U fl'W'UL1J6~ 'YItJL'WfI'r" Ul'!::fl'.i::1J6 

(This study) Khuamankgom, p.. Kawashlma,T., Kawashima T., Parameters 
et aI. (lOOOa) et al. (2000b) e.t aL(2008) 

Feed A B c D E 


Animal (1) (I) (1) (I) (2) 


Energy balance(kJl kgBW"l$/d.:l: SD) 

GE intake 

Feces excretion 

DE intake 

Urine excretion 

Methane production 

ME intake 

Heat production (HP) 

Energy retention (ER) 

Energy efficiency (kJl kgBW"u/d) 

DEIGE 

MEIGE 

Methane energy tGE 

Urine excretion tGE 

MEIDE 

HPtGE 

1,004.04 

387.04 

617.00 

20.10 

68.59 

528.31 

361.32 

166.99 

0.61 

0.52 

0.06 

0.02 

0.85 

0.35 

1,035.87 

394.70 

641.17 

19.64 

87.24 

534.29 

108.83 

425.45 

0.62 

0.52 

0.09 

0.02 

0.83 

0.11 

1,019.24 

493.69 

525.55 

22.95 

99.62 

402.99 

123.34 

279.65 

0.51 

0.39 

0.09 

0.02 

0.76 

0.12 

958 1,172 

478 553 

480 619 

I3 28 

50 53 

416 539 

311 357 

105 182 

0.50 0.52 

0.43 0.46 

0.05 0.04 

0.01 0.02 

0.08 0.86 

0.32 0.34 

Feed; A = Mulato II hay (cutting 45 day), B = Rhodes grass hay, C = Purple guinea grass hay, 

D = Ruzi hay 100 %, E = Ruzi hay + soybean meal 7.9 % 

Animal; (1) = Thai native cattle, (2) = Swamp buffalo 

http:1,019.24
http:1,035.87
http:1,004.04
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. 

4.3 011f1AG8~n 3 fl11AOllll'IJA1U8D~'IJ"8nUr~~1'U IIGZ1h:aii'Uft11'IJ"'8~fl1'tTta~~1'U 
.. ... ... t t' ...... & .. v111

ITt8fl1't1;'J1tyIAU A"8-3 ft1'UTt'U1Tt'UI'lJ8-3lf1U1TtfUJ 

• tI 

fll'lu'S::dj'Utl1111~f) ~fll'STt5~~1'Ulvtf)fl1'S I\l~tyl~'U1~"f)~1tll 'U -W'U (vt'Udjf) ~, 'rl mTtff~ 
o , (V ~ .cSI Q,I tf •• ~ 0 

'rllfll'l'rlPltlf)~'S::'M11~1'U'rl 25 ~fI1tlll 2550 tH 22 flllfllTt'U1i 2551 "f)~ Feedtng tnal \llfl'U'U'rll 

· 1 · QI 1 ~ QI tI , A ... I .Qfll'lfXlI tl\l1'U1'U 12 ~1\llfl tl'rl~l1l1~ 18 ~1 l"l~~l'U'rl~tlf)~ Metabolism trial LTtf)IJ'l::ll1'ULlI~l 

'Uf)a4iillTt5~.:jl'U 1'U'lZ1111.:j1'U~ 5 lIfl'lltlll n.:j 6 flllfll-W'UI 2551 (~.:jUffPl~1'U~ln.:j~'U1fl~ R 3) . " 
"" '!'t .... "" flUflAG8UI 3 UU-388fl1lJ'U 2 NGflUflAG8-3 A-3'U . . 

"" _I"" v .... .. ...... t "I ' 4.3.1 fl11f1AG8~fI 1 fll'tlJ'tZI'IJ'Ufllfl111Jfl8-3fl11TtG~-31'UITt8fl1'tI;'J1tylflU A&'UYl-3 

12 HUAl1(1l'tO"8-3 Feeding trial 

<iI:l ~. _I .. 
4.3.1.1 fll'S1ltlnZl1ff1'UIJ'lZflf)'U'rl1.:jLtlll 

\llfl~l'SH~ 4.11 fll'S 1Lml::'"ri1'UU'S::flf)'U'rlHltlij"f).:jfl1111'S'rlPltlf).:j 

,f~fl1111'S~'U Utl::11~11~mr.:j (fl1111'Sl1fJl'U) Tt'U11 f)1111'S~'U~\h1l11~1'Ufl1'S'rl~tlf)~tlf.:jd' ij 
U~1I1tu1~filU,r~ lu'S~'U '"iJ'U NDF ADF Uti:: Tt5~.:jl'U'S111 (GE) ijtillyilo'U 90.03, 17.00, 

5.86,28.40, 11.13 % Uti:: 18.21 MJI KgDM ~ll1th~'U 
• , tI JI 

dl11 i'm1 ~11~U,r~vhh1l11~1 'U fll'S 'rlPltlf)~tli'~il Tt'U11 ijU~1I1tu 1~fil 

u,r.:j, lu'l~'U, '"iJ'U, NDF, ADF Uti:: Tt5.:j~1'U'S111 (GE) L'l'i10'U 90.00,4.82, 1.46,65.42,47.21 % 

OQ,l I ".d".d Q,I

111:1:: 15.52 MJ/KgDM ~111t11Pl'U \llfl'llfJ~l'U"f).:j WTSR (2008) Tt'U1111tyl1C)fUl1.:j'rlfl1~fll'S~Pl 

60 1'U ijtil1u'S~'U '"iJ'U utl::laf)1fJl1fJl'U ijti1L'Vilo'U 5.6 1.0 UtI::33.9 % ~111~1~'U Utl::ijtil 
• JJ 

'Vf)1fJ NDF, ADF Uti:: ADL l'tho'U 70.8,42.4 Uti:: 6.3 % ~111~1~'U til~.:jflrll1il ijtil1fl~lflfJ.:jO'U 
.., JI JI t JI II 

11~11~U..r.:j fj'~'Ufll'S'rlPltlf).:jtli'.:jil U~til NDF ijtil~.:jfl11 Utl::til ADF ijtil~hfl11 ";~iltll\l::111 
.., _I" .,," "" .., 'JI A. • " " \llfl fll'S \l~fll'SUIJtI~l1tyl Uti:: fll'l 'rll11 ty1LL11.:j '1 111fH'S f)'U"f).:jfll'lPl~l1tyl LTtf)'Ul111'rll11tylUl1 ~ 

" JI , II 

1PlfJl1~11~u..r.:jfj1~'U fll'S'rlPltl f).:jillri'U l1~lU..r~fj ~Pl.f)linfl ffrnil1~fJfl1111'S ff~11;fJ~V'U i'.:j111Pl 

1I111ffl'Sfl1111ri'U11~1'1J'lf1~UtllfJq~UUfl ~~ lPlfJ..r1'UU~1 Van Soest, P.J.(1987) 'i>i''l::1J1111~1 
• tI • 

fj'i>i'\llflfl1'SiPltli'~U'S fl" f)~q~UUfl \l::ijfltufl1Tt;tfl1111~lfji~1'U'S f)'U~f)'l1l1 1~fJ\l::ijU~1I1tu 

http:1.46,65.42,47.21
http:90.00,4.82
http:5.86,28.40
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Chemical composition Concentrate(1 ) Ruzi grass hay(2) 

(60%) (40%) 

Dry Matter (DM) 


Ash 


Organic Matter (OM) 


Crude protein (CP) 


Ether extract (EE) 


Crude Fiber (CF) 


Nitrogen free extract (NFE) 


Neutral detergent fiber (NDF) 


Acid detergent fiber (ADF) 


Acid detergent lignin (ADL) 


GE (Gross Energy, MIl KgDM) 


90.03 

93.33 

83.36 

17.00 

5.86 

4.82 

65.65 

28.40 

11.13 

2.01 

18.21 

90.00 

89.17 

79.17 

4.82 

1.46 

32.43 

50.46 

65.42 

47.21 

6.47 

15.52 

(1) Concentrate feed, ingredient including 34% of soybean meal, 19 % of rice barn, 47% of 

cassava chip and 0.5% ofmineral mixtures respectively. 

(2) Ruzi hay 

_I"'" 	 ... 'V d"", II) 'V
4.3.1.2 	1J'nJlW1~QU1HVlfl'W L~ 

~lfl~l'H~ 4.12 Y4tJ'h 'LI;lJ1W1~QuH.:!~lfln'W'~mgtJU~fl\ph:afi'W~llJ. 
QI Qf d • Q,f ..., dl 	 0 4" .cS t • Q,I' 

,::~tJY4'C1'Hl'WVlU~fl~Hfl'W 3 ,::~tJ fl61.3 M, 1.6 M un:: 1.9 M ~llJ'C11~tJ lJflllVllfltJ 2.08 ± 0.08, 

" 
2.64 ± 0.08, mu:3.30 ± 0.19 Kg.lheadld ~llJ'I.h';tJ fl~IrI'W%\hl1..rfl~1 (%BW) ihhnhtitJ2.01± 

0.08, 2.35± 0.08 un:: 2.68± 0.08 ~llJi!iuitJ 11~61'Wl'L1 Metabolic weight (g/ kgBWo.75/d) lith 

l'tiltitJ 64.18 ± 2.10, 76.46 ± 2.30 U'C1:: 88.95 ± 3.00 ~llJi!il,;tJ fl11lJU~fl~H~6.:!'LI;lJ1W1~QUH.:! 
• II , 	 , 

fin'W'~'Wfl1'VI~n6.:!uliN'C11U6~lJl~lfl UN'Wfl1'VI~'C16~fi':1H '1'.fi'1~~'W flll1'W ~ i HlflVl~n6~'~i'tJ 

Y4"~.:!l'WU~fl~Hti'W ~llJVI;~llJ'W~~flll1'W~ l~tJfilY4"~.:!l'W~lfl 'Ai'tJi'Wu~'C1::VI'i~llJ'W~~::~.:!fl"h . 
QI 4 0 4 0 0 

'::~tJ1Y46fl1'~lH'11Y4 ~l1lJfl1U'W::'Wl~6~ NRC (1996) 

... .. ........ d",l'~ i'V-1 1 ..
~1fl'jltJ~1'W~6~ Y4,Y4\l'W 'W~Y4\l'W(2549) VI L~lrIfl'l:llfl1' '11lJ'l:: tJ'11'W~6~ 

Y4"Hl'W~i~'LI,::ltJ'11'W1~ (Metabolizable energy; ME) i'Wlmf'Wlij6.:!'VltJlY4flij~6'W ~1'W1'W 4 ~1 

http:ihhnhtitJ2.01
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JI 	 • 

t1nnrfl~'llUatJ 185 ± 16 il1,mi'1J l~tJ1tlh~'i'ullll'tJfl1'l'nft"f)~ 4 'Q;ft'lU'uri I) 11 tY1U'tH1mh 

d "1' "":l/ ...98.69 % + ~1':itJ 1.31% (TI), 2) 11ty1111H fl"140.00 % + 1J'Wln'W 58.34 % + g1':itJ 1.66 % (T2), 3) 

1'j/ I '" " ... "... 	 "11ty1U'W~ fl"l 30.00 % + 1J'Wlff'W 54.81 % + fl1fl1UtJ'l 15.00 % + ~l':itJ 0.19 % (T3), ",,:: 4) 11ty1 

u'W~1mh 20.00 % + Jj''WUY'W 21.12 % + fl1flJj''W~hu::11a~ 57 % + ~i;tJ 1.88 % (T4) l~tJ'll'lf1 
• JI 	 • 

'Ai'Uf)1111'lUUU~ltiftU;1J1WYh::~u 1.5 % 'Uf)~t1111irfl~1 'WU'), 1jfhU;1J1W1ft'lull'~li1tlil'W 

'A'Uf)~11tY1U'W~1mh 20 % + Jj''WLi{'W 21.12 % + fl1flJj''W~htJ::11a~ 57 % + ~i;tJ 1.88 % (T4) 'Q;~ 

fl'h 1f1mi1J~'Ai'u'WaH1'W~'I::~U 1.3 M U~~lfl'hlf1ml1J~'Ai'u'WaH1'Wlu~tJ 1.6 M LL":: 1.9 M 
JI JI 	 JI 

1l1flfl1'I'n~"f)~f1i'~u ijfhll'htiu 2.27 ± 0.03 flfl./~1/1'W (P<0.05) fi~L~'WLUf){Lc:tf'W~t1111irfl~1 
... I I '" ... .1 	 075 d' , ...1

(% BW) 1Jf11L'n1flU 1.26 ± 0.02 (P>0.05) 11'If) 'WllJ Metabolic weight (gI kgBW' /d) 1Jtl1L'n1flU 

46 ± 0.59 (P<0.05) 

.l ..J ",.dl A Q 1"1 tI 	 cvQ 4' 	 I4 QltJ 	 ..
VI11H'fI 4.12 	tl1LU"tJU'I1J1W1ft'lLL'lH'n tl'W'WL1Jf)~fl'W ~ 'W'ln~ 12 ff ft111'Uf)~fl1':i'nft"f)~ L'Wf)1~ 

fl1':iftf)Uff'Wf)~ A1'Wfl1':iL1l;tyl~U1ft 

Parameters 	 1.3 M:l:SD 1.6 M:l:SD 1.9 M:l:SD 

(Tl) (T2) (T3) 


No. of animal, N 6 6 6 


Feed intake (Kg/hid) 


Roughage 0.82 :I: 0.03 1.04 :I: 0.03 1.31:1: 0.07 

Concentrate 1.26 :I: 0.05 1.60:1: 0.05 1.99:1: 0.12 

Total 2.08 :I: 0.08 2.64 :I: 0.08 3.30:1: 0.19 

Feed intake (O/OBW) 

Roughage 0.79:1: 0.03 0.93 :1:0.03 1.06 :I: 0.03 

Concentrate 1.22:1:0.05 1.42:1: 0.05 1.62:1: 0.06 

Total 2.01 :I: 0.08 2.35:1: 0.08 2.68:1: 0.08 

Feed intake (gi KgBW"") 

Roughage 25.30 :1:0.09 30.12:1: 1.00 35.31:1: 1.20 

Concentrate 38.88 :1:1.20 46.34:1: 1.40 53.64:1: 1.90 

Total 64.18 :1:2.10 76.46:1: 2.30 88.95:1: 3.00 

http:1.22:1:0.05
http:fl"140.00
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...... 1 .1...... ,91
4.3.1.3 	fl1'H~'ltyI9l'U 91l1a::1J'l::ffVlliftl'Vtfl1'l ')Hl1111'l 

rn'llrhJ\rl11irn~1l\1grJ'u')h~ 12 tY'tJA1..f'UtH 1f1VlAa6~ 'Vt'U'h jjfl111l 
• • 	 " Si • 

l191n~Htiu 1ArJ1f1ii'~;'U'Vt~~~lUlh:a.r'U 1.9 M jjrn'll,"llUl11irn~1l\1arJ'tl~q91 'HHa~1l1 fl6 

1.6 M l1a:: 1.3 M (71.68
a±3.66 ti'U 61.08

b± 3.15 lIa:: 51.35
c±3.56 fi1an;1l) 9111lth~'U (P<0.05) 

~~UffA~'U9Il'll~~ 4.13 

, 	 ,II ,II 

11l11Hii 4.13 	nnnJatJUl1tJa~ul11irn~1 Ua:almlfl1'lI'11atJU61111'.i L1~Uul11irn~1'U6~1f1Vl91a6~ 

iu')b~ 12 tY''11Al..f (841U) 

Parameters 1.3 M:l:SD 1.6M±SD 1.9M±SD 

(Tl) (T2) (T3) 

No. of animal, N 

Initial weight, kg 

Final weight, kg 

Weight gain, kg 

Total feed intake, kg 

Average daily gain, kgld 

Feed conversion ratio 

6 

76.80 ± 2.84 

128.1 ± 5.53 

51.35
c 

± 3.56 

174.30 ± 10.37 

c
0.61 ± 0.04 

3.40
c 

± 0.23 

6 

81.92 ± 1.30 

143.0 ± 3.13 

61.08
b 
± 3.15 

221.76 ± 3.56 

0.73
b 

±0.03 

3.64
b 

± 0.19 

6 

87.92±4.20 

159.6 ± 7.10 

71.68
a 

± 3.66 

279.72 ± 3.56 

0.85
a 

± 0.04 

3.86
4 

± 0.13 

. . " 
~lnftl'Vtn 4.2 1)j6Yi~1'.iWln9l'llrn'll~ltyl~'U191'U!H1flY1ul)j6~ 'VltJ 

'Vt'U"j, jj"lin~lf1tJ~ti'U"l~nl11UA i UUNUrn'.iVl91atH ~~nl11uA ',",1 fI '~;'U'Vt~~~ lUU9ln~Htiu 

3 1::A'U (1.3 M, 1.6 M Lla:: 1.9 M) 'Vt'U'h 1f1~'~;'U'Vta~~lU1::A'U 1.9 M jjn9lnrn1l~lOJI~'U191.. 
'tl~ilA 16~a~1l1fl6 1f1~'~;'U'Vt~~~lU'l::A'U 1.6 Mila:: 1.3M (0.85 ± 0.04,0.73 ± 0.03 ua:: 0.61 

± 0.04 nn.l~1/1U 9111l~hA'U)(P<0.05) A~UffA~'U9Inl~~ 4.13 jjfil'n~lfltJ~ti'U~lUVlfla6~ 

'litH vVli'Vta I~h ''Vtf11a lIa::ffulOJ 1i9l1-nun(2549) '~fim:l1Na'U6~'l::~'U1tJ'l~uua::'Vta~~lu.. . 	 " 
nfiU~6ff1l11f:lu::Vl1~nul~ltyl~'U191 '.i::tJ::l1alfl11IntJ~ ~U'YJU"l61111'.i ua::flWftl'VtC)fln'U6~1f1 
" 	 . . , 
Y1ul)j6~n'~;'U1tJ'.i~uua::'Vt~~~lund6tJ'~(nn.l~1/1U) 3 '.i::A'U fl6 'l::~'U~1 (0.51 gCPI kgBWo. 

http:9111l~hA'U)(P<0.05
http:0.04,0.73
http:87.92�4.20
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75 75 75 
75 IIfl:t: 2.19 gTDNI kgBWo. ) 'j:t:"'1Jflfl1'1 (0.63 gCPI kgBWo. Ufl:t: 2.82 gTDNI kgBWo. ) Ufl~ 

75 75'j:t:"'1J~'1 (0.69 gCPI kgBWo. Ufl:t: 3.00 gTDNI kgBWo. ) \91111~1"'1J 1P1fJ'rnrh1f1~'~i'1J 1f1'lf'W~ 

~'1 ih)\9l'j101'jt'i1~ilIl~tl1\91~'1"lPl 'jtl'lfl'l1l1fltl1f1~'~i'tl1f1'l1'W:::'j~"'1Jflfl1'1Ufl:t:'j:::"'tI~1 (0.81 titl 
'J/ 'J/ 

0.78 Ufl::: 0.64 flfl./~1/1'W \91111n1~1J)(p<0.05) 'i11fl~flO1'j'YIPlfltl'l1'Wfli''1-Y !lfl:::'i11flO1'j'YIPlfltl'l 

'Utl'l 6'Y1i'Wfllfhhtff1fl Ufl:::ffU1il1 1~\91'j.w'W'ff (2549) fftlPlfl~tl'lti1J Poppi, D.P. and S.R. 

Mclennon(1995) ~'j:::\j11 O1'j~1fI '~i'mYPlri1'W'Utl'l'Wtl'l'l1'W Ufl::: hh;i'W1'WU~1I1W~1'~1I~'W\91111 
'j:::"'1J'Wtl'H1'W vh1 H'lflPlffll1'lfl'Utl'l'Wtl'l'll'WUfl::: 1'W 1 \91 ll'i.l'W t~tl'l'l.llflO1'j~1 fI '~i'1J'Wtl'l'll'Wt~lI~'W 
t 4 I I IIJI e::l ~ dfl d,4! 

'W 'W 'il:::1I~fltlfJ1'1111fl\91tlfl'j::: 1J1'WO1'j ff'j1'11 U 'j\91'W'U tl'l~ fl'W'YI 'jfJ 1 'Wm:::t'W1:::ltll'W 1 PlfJlItl\91'j 101'j 

UftPlUatlfJ'Wtl'l'll'W'l.llfl1ma'l'Utl'l carbon skeleton t,"fJ'I'Wtlti1Ju'i1l1WUtl1l111tijfJ~t~1I~'W vh1H'ij 

O1n'il 'I 1'W·.f1l1n'W tlVNijth~ff'YI ifll'W ~'1ij~ft,jtlflU VtlfJ'~ 'U tl '11f1'lf'W::: flU 1oNun: 1 fJ'lftJ 'l.llfl 
'J/ 'J/ 

tll111mft:::6\91'j101'jl'l.l'iillt~tl1\91 'l.llflO1'j'YIPlfttl'lfli''1-Y fJ'I 1fl~tilfJ'Iti1J 6\91'j101'jl'l.l~ilIt~1J1\91'Utl'l1f1 

.: ... d,f 'J/ 'J/ ... '" "" "" "" 'J/ 'J/ .k "" <v
'W 'Wt1l tl 'I 'YI t ft fJ'I Pl1fJ 11 ill 1 ffPl11 'j tl 'ri 1'1 1111 fl ~t 'j fJ IIft:::lI fl1 'j 1ff'j 11 Pl1 fJ tl1111 'j 'U 'W C)j' '111 tl\91 'j 1 fl1 'j 

"" "" 1 ftl) 41 '" " iJ d tII IIJI 4 <Vt'l.l'jill1\911J \91 tl~ !'W'l11'1 0.60 - 0.93 fl ftmll (tl1fJ!lff'l ~Ufl1 Uft:::flW:::, 2534; tll.:Jtl.:J1l1fl 'i1'j~1'lf'j 

.·\:nrage bod~' weight 
~oo 

• U112-l0
Q£ 

:.c: 

- • • • * • • • • ••••ISU ­- .1611l.:!O!t. 
41 

~ 60 

.. 1.9UII 

,
(I -l (i S 10 L!-

Times ( W uk after feeding) 

• 'J/ 

2) 6\91'j101'jtU~fJ'Wtll111'jlrl'W'll1mrfl~1 (Feed conversion ratio, FCR) 
, jJ " 1 

6\91'j 101 'j tU~fJ'W tl111U trl 'Wib mrfl~1'Utl'l1 fI';'W tij tl'l 1'Y1 fJ 11 '~i'1J 

'Wtl.:J.:J1'WU\91fl~1.:Jn'W 3 'j:::"'1J (1.3 M, 1.6 M, 1.9 M) ~,mffPl'l 1'W\9l1'j1.:J~ 4.13 'W1J111f1 '~i'1J . .., 
'Wtl'l'll'W11'j:::~1J 1.9 M ij6\9l'j101'jlU~fJ'Wm11ulrl'W'llnl1rfl~1~.:J"lfl 'jtl.:Jft.:J1I1fltl 'j:::~1J 1.6 M 

, 
Ufl::: 1.3 M (3.86 ± 0.13 n1J 3.64 ± 0.19 Uft::: 3.40 ± 0.23 \9l111~1~1J)(P<0.05) O1'j116\91'j101'j 

http:9l111~1~1J)(P<0.05
http:91111n1~1J)(p<0.05
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..I !it : ........ :; .1... " 'JI:'" 1 d1

ltJ a tJ'IJ tl1111'HlJ'IJ 'IJ 111'IJfl~1't1 ~Nfll'j 'YItH'fHflH'lJlJf11fltl'IJ 'tI H~l tll ~lJ ~1l11 ;;)lJl\l 1fl fl 'Jf'IJ::'YI fl 

1$l;'1J 1fltJ'Vi1J"hrltl'IJfll'j 'YIfl MI~1flij'tl'IJ1flltJl1~t1tl'IJ-G'Hlgfl littl ~ ~lfl\lmitJ~u1J1J tJ ~mJU'YI::lglJ 
mlJ ~~11 tYl'D'j '1' lJ'Jf1~fJf.Ufll'Vi~1 u~"h~::ijfll'jl~llJtl1111'j-G''IJ i flfl1J 1 m',)fl'11'IJ m;n1flflfl1J l-G'l ~ 

... • "'... d '" .... 11 'I'" ..I '" 11'1' ~l'.itl'IJ1'IJna1 17.OO'IJ. U~ 1fltJ~fl~lJiJfY1111fltJ1fl1Jfllaflfll'j~1'IJ fll'j L11 t11111'j'YI \l fl~tl~ fltJ 

U~lfl~'$l~lfl hj'$lijfll'j~flfl~lJl flfl1J 1fl vhifllnflfll'jurl~uti~tll111'j 1fugfl11;tlt}flLmjfl1~;'1J 
'JI' • • 'I ft d... ...... 1 ",.4 -. 11'" 1 , · ... ...t11111'j'IJtltJfl111fl'tl'IJ1fli11fY 'YI1 L11 LfllafllJfll'jlnfY1fl1J fl'Jf11'IJtl~~lfl L~'j1J fl'Jf'IJ:: lJL'VitJ~'Vitlfl1J 

~ . 
fl11lJ~tl~fll'j'tltl~lHflltJ lnflfll1::'tIlfltll111'j (Undernutrition) li~'ViflH1'IJ um:1fl'Jf'IJ::ih:hflfY 

1J1~tltiH 1fltJ'lJfYLi'tllJ ;1::ii~'j::n.a (2532) 'j::'lJ'h fll'j'tl1fltll111'j~::ijflal'IJUH~tlfll'j1~;fYl~1J1fl 

'1 .I , '" • , ",... 'I ' 'I i 'I' '" Ufl 11'IJ'tI'lJtlgfl1J11 'tI1fltl:: '1' 'tI1fllJlfl'IJtltJI'VitJ~ Lfl 'tI1fl'IJ1'IJ1'Y11 Lfl ua::'tIlfl 'IJ'j::tJ:: Lfll'Jj''IJ (I1't11fl 

.... ....... "'''''' ... : '" "'... '" d '" ...,
'Via~~l'IJUa::/11 '1' tl1 tJ'j ~'IJ ~::'YIl111 ~fl1fltllJlJ'lJ111'IJfl'IJ tltJlI'tI'lJlflfl1Lafl (lfl'Jj'l) ua::lJ flafl tl flU 

Infllllfll1Jtli;CiilJ 1 'IJ;HflltJ 1fltJ1'IJtlfllfl~::'~;'1Jflam::'YI1J~lflfll'j'tl1fltll111'jlJ1flfl'h1f11fl 

Maynard, L.A. and J.K.. Loosli (1965) '~O'l~O~flafll'j'YIflatl~'tItl~ 

Waters (1908, 1910) ~;YfllnO~fla'tltl~fll'j'tllfltl1111'j'j::tll1J~1~'1 ~ij~tlfll'jl1);fYl~1J lfl'tltl~ lflL'Viff 

'" 1 'I "'1 ,11'" 'I '" d 0 'I "': ... '" d :;. ~ .ld.1f.jfltl'IJ fltJ L11 fl ~'j1Jtll111'j L'IJ'j::fl1J'YI'YI1 L11'IJ111'IJflfl1fl~'YI ~lfl'IJ'IJ'YIlfll'j"fll:l1fll'jl1JatJ'lJUlJa~ 
~. . 

'tItl-:)l tJlH 'Vi1J'h U~"htll11Ufl~11)::fl~.yj u~lflii~ijfl1'.iL1);fYl~1J lfl '~lfltJfll'j ,iillfl11lJtJl1ua:: 

fl1111 ~ -:) ua:: 1 fl1):: fltllllJ1miitl n1flij fll'jA~''tI,j'IJ~"n:~1I1111..r ua:: ~lflfl1'jfln1)ltlfl~l'j 'tItl~ 
t QI .,.l Q,I A .. 

O'Donovan, P.B. (1984) and W.J. Ryan(l990) 'Vi1J11 ~fl1'Y1't11fltll111'jllflfltllJ L'lJtl~1)lmflflfll'jIH1 

-. '" d d -. ",d.l .4 '" • 'I ",... "... '" ... "" 1Ha1fY L'tIlJ'IJ'YIlfl1J~::~lJ L1'Y1l'1JtlWtlfl1JUa::m::I'Vi1::tll111'j 'YIl L11 ~fl111fll'j'Jf::~flfll'j IUfYlfl1J fl 

..6 ,.4:N '" "'''' d d '" ...... 1 d, .1 ""...... 1'j::tJ::11'IJ-:) UflLlJtlcfl1 fl'j1Jtl1111'jLflll'YIlJ'IJ~::lUfYlfl1J flnfll'j1fl111Jflfl fltllJfl1'j fl'Jj'fll'JftJ . ~ ~ 

(Compensatory growth) 1)lmltJ~l'IJ.yjflrll1-G'l~~'IJ 'Vi1J':hijfl1111~tlflflLi'tl~fl1J~1'IJ'YI~atl~fl;'~il 

lfltJiju'lJ11 U'lJ1 tJl 'IJ iiff'YIHlfttJ1fl'IJ fitl 1 flrltl'IJ~1)::tl1lJ1'Y1flatl~ij'tl'IJlflt1tl'IJ-G'1~ HtllJ lrttl 1 fl1 fl 

1~;'1J 1fl 'Jf'IJ ::~h ~ '1 fl '1' 1JflllJfl11lJ~tl ~ fll'j lfltJI~ 'Vil::'Vifl-:)~ 1'IJ1 'IJ tl1111'.i ~fh11 'lJfl 1 flij n: ~1J 

'Vifl-:)~l'IJ 1'IJtll111'jIi4lJ~'IJ~lflfl1111~fHfl1'j l~tlfll'jPl1'.i ~;'Vifl1lJtilll'IJ::tl1't1tl~ NRC (1996) vh1fl 

lnflfl11lJ~lJ;;)a'tltl~'Vifl~~1'IJ i 'lJtl1111'j~ijfl1111 UlJi'IJi'fl1Jfll'jYiH1'IJ'tItl~~i;'IJ 'YI; 6~~llJlHI1..r 

.1 tJ'Jf'IJ 1)lfltl1111'j' '''...'''''fl'tltl~1fl'Jf'IJ::ua::lJtlfl'.i1fll'j,tJatJ'IJ... ", ..l tl111 l'HlJ'IJ'IJ: 111'IJ flfl11J'j::1" fl~~ lIfll'jtJtltJ !it ...... 

~ .I 
1'Vi1l'tl'IJ 

.. I" 9J Q,I .1!1 cv 0' , w
3) fll'j1J'j ::LlJ'lJfl1111fltl~fll'j'Via~~ 1'IJ 1) 1flfl11lJ"rllJ'Vi'IJ1!'j ::111H tlfl'j 1 

fll'j l1)lfY'~1Jlfl ua:: 'Vifl~~l'IJ~'..rtJ'j:: 1tJ'Jf'IJ1$l~n'IJ'~ 
1)lflfll'j1Ifln::»fl1111 UlJi'IJi''j::11 'h~ 6fl'j1fll'jl1)lfYl~1J1fll~~tJ~tl 

1'IJ (ADO, gJ kgBWo.
7s

ld) 1~'IJ~1UtJ'jfl111 (X) ua::'Vifl~n'IJ~1..rtJ'j:: ltJ'Jf'IJ1$l~n'IJ 1$l,~~tJ~tl1'IJ 

http:U~"htll11Ufl~11)::fl~.yj
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(MEl, kJl kgBWO.7S/d) lriU~lUth6ff'l:: (Y)lf1tJl~ff1Jfl111~U~Hmh~~ltJ (Simple linear 

, p .. 2 .., 'I oJ 
regression) 9'lff1Jfl1'l fl8 MEl == 34.92 ADG+ 311.7 (n ==18, R == 0.70) (fI~Ufffl~ Llun'n'YI 4.3) 

'illf1ff1Jfl1'lrl' 'n'l.J'h f1111J~fl~ml'nn~~11Jlvtflml~n~;$'n'Ufl~lf1;fudjfl~I'nfl~ !'tiln'lJ 311.7 kJ/ 

kgB~·7S/d (1f1tJll'YIU,h ADG = 0 mi11flfl ,h MEl l~fl'~iifl1ll'il;tyl~hJ 1~) ~~~1f111 'lltJ~lU 
!II !II 	 • 

'Umfltu::.yh~ lU ifl";l1J l~'lil1J fl1'H ntY~1!fitJ116fl~'U flnh::l 'YIfl' 'YItJ (2552) -rh::'!.J 'hfllf1111J 

7S~fl~m'l'nn~~lulvtflml~lH;$'n'Ufl~lf1;fuLijfl~ ''YItJ iiflln;,n'lJ 483.60 kJl kgBWo. /d 

1_ 
1181 

tI'I~ 1'"t-: 

~ .. ­=:'I 
0.1) 

~ AI 

~ •...- 281­~ 
~ • 

MEl = 34.92ADG+ 311.1 

~..(11=18,1'=0.70) ~. 

, I , 

• s 11 IS II 

ADG, g/ KgBWo.7S/d 

.m'rt~ 4.3 f1111JtY1Jiui''l::'H11~V~nmll'il;t)JI~'lJ1~,u~tJ91fl1U (ADG, gI kgB~·7S/d) I1n:: 

'nn~~lu~'~th::ltJ'lSu"'lI~nu'lIm~tJ91fl1U (MEl, kJl kgBWo.
7S

/d) 

4.3.2 m1,,~aM~ 2 m1'l11::,;h'fI11r.i8fJ'~'U8.:.1tn,,'U:: ua::&'lJfll'lJ8aci'lJ'rtG.:.I.n'U 

,. .I.. v..l,P'V 'V.. ..: d' V.4 0'"
'U8.:.1 I fI'rt'U''lJIH l'rtftl!f" ~11'lJ'rta.:.l.:.ll'U ,'U81'H111'rt'lJ'U'Uillnflll'lJfl8.:.1nl1 &'rt8nl1Al1 .:.I,,'rt fll'lJ 

fh,,'U::'Ill'Uf).:.I NRC (1996) 

4.3.2.1 	 f)1'H1'l un:: If\w::~lf1nu'll (Feed and nutrient intake) 

'illf1mn1f1nfl'" 'n'l.J'h lf1~'~i''U'nn''''''lUll~fl911'''nU 3 'l::~'U (1.3 M, 

1.6 	 M un:: 1.9 M) iitl;1Jltu1~qu,f~~1f1nu'lI (DM intake) U~fl911"'n1J iifllL'thn'lJ 2.45 ± 0.16, 

" 3.32 ± 0.13 un:: 4.21 ± 0.28 flfI.I~1/1U ~l1Jt;'~'U (P<0.05) ftfllriU % lh'H'Ufl~l (% BW) iifll 

IQ,t 	 OQ,l 4,1.1
l'YIlf1'lJ 	1.82 ± 0.04, 1.95 ± 0.05 un:: 2.22 ± 0.01 ~l1Jnlf1'U 'H'lfl UI Metabolic weight 

http:Umfltu::.yh
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7S
(gI kgBWO. ld) ijfl11yhflU 61.18 ±3.89, 70.96 ± 2.96 11a:: 82.26 ± 5.39 fl1lJih~U i-311f1'fI-31lJ 

fl1'-H~ 4.14 fl11lJllf1fl~ H 'II fl-3,j1lJ 1 tl.rlflQ11 11'-3~ 1 fI fllJ 1 ~ 1 rllJ 1,j fl1lJ UN lJ fl1 HlPl a fl-3 

~fhMlJPl111'1f11~i'uvn;-3-31lJllf1fl~HfllJA1lJYl;AllJlJt1 ~-3'il1flfl1'-YlPlafl-3'11fl-3 6Ylil'ta lI~h1l'tff1a 

" ua:: l'hnty iVAnilJ1i' (2549) '~d~llJl,j'lJ1;'lJfl-31~tl1fllJ flfl ,j1lJ1tu 1fl6JflJ::Vfltl'~';-3MlJPl~fl 

m»1'-~fllJ'IIfl-31f1fltjlJ~'~i'u1fl6JflJ::,-::iu"l-3 'il::ijfl1"l-3fl"hmilJ~'~i'u1mflJ::,-::iUflaH na:: . 
~1 flV1-3ij,rvti1t1tyYlHfI'a~ (P<0.05) 

,j1lJ1tu6lJYl;tl1f1Q~1f1fllJ'~ (OM intake)(gI kgBWo.
7S

ld) ~vmM'" 

~fllJijfl1Uflfl~HfllJfI1lJYl;AllJlJt1~fhMlJA (1.3 M, 1.6 M 11a:: 1.9 M) l'tu-h 6lJYl;tl1AQ~1f1fllJ 

'~ijfl11l'hflU 55.67 ± 1.03,65.05 ±3.31 11a:: 75.01 ±4.92 1l1lJf;'~U 
7S

,j1lJ1tu1,j,-;jlJ~1f1fllJ'A (CP intake)(gI kgBWO. ld) ~flfl1lf"'~fllJ 
~ I I Q,I .. cf': 0 , 1-1 ... ..11 Q ~ ~Q ,

lJfl1Ullflfl1-3fllJ fl1lJYlHl1lJlJflYlfl1MlJA(1.3 M, 1.6 M 11a:: 1.9 M) l'tU11 lJ'lAlJYl flfllJ It'llJfI1 

n;,nu 6.92 ±0.21,8.62 ±0.47 ua:: 10.17 ±0.60 fl1lJt;,~U (P<0.05) 

7S
,j1lJ1tu NDF ~1f1fllJ'~ (NDF intake)(gI kgBWo. Id) ijfl1uflfl9iHnlJ 

fl1lJYl;flllJlJA'~n1lflJA (1.3 M, 1.6 M 11a:: 1.9 M) l'tu'h NDF ~1f1fllJ'~ijfl1n;,nu 26.42 ± 

0.70, 30.82 ± 1.64 11a:: 35.55 ±2.38 fl1lJl;'~U (P<0.05) 

4.3.2.2 l'tft-3-31lJ1f,jl:: 1tl'lfU' (Energy utilization) 

l'tft-3-31lJl1lJ~1f1fllJ'A (GE intake) flAlrllJ Metabolic weight (kJl 
07S .cI I 'Q,I ... cfd. 0 01 1

kgBW' Id) lJfl1UAflAHfllJ~llJYllAllJlJflYlfl1MlJA (1.3 M, 1.6 M na:: 1.9 M) Pl-3Ufl'~H lJA1ll-3 

~ 4.14l'tU-h l'tft-3-31lJ'l1lJ~1f1fllJ'A (GE intake) ijfl1"l-3~Pl~l::~U 1.9 M (T3) nhflU . 
07S ""... '" .... • ...

1,416.88 kJl kgBW' Id lfl-3a-3lJ1 flVYll::PlU 1.6 M (T2) ua:: 1.3 M (TO lJfI11Yl1flU 1,209.41 

7S
ua:: 1,077.16 kJl kgBWO. ld ~lm;,iu (P<0.05) 

l'tft-3-31lJtiVtl'~~1f1fllJ'~ (DE intake) ijfl1"l-3~Pl~'-::iu 1.9 M (T3) 

7S
lyhnu 1,140.05 kJl kgBWo. ld lfl-3a-3lJ1 flfl ~,-::iu 1.6 M (T2) 11a:: 1.3 M (Tl) ijflll'vhnu 

7S
956.55 11a:: 841.88 kJl kgBWO. Id Pl1lJlhiU (P<0.05) 

'" 1"-1 1 '!'IiI"..I", 1 .... "I" ......1 '" l'ta-3-31lJ 'lflJl:: tl'lflJ LPlYlfllJ flfllJ lPl (ME intake) lJfI1~-3~PlYll::PlU 

7S
1.9 M (T3) 1,}1nU 992.91 kJl kgBWO. ld A1lJihiU lV-3a-3lJ1 flfl ~,-::~U 1.6 M (T2) 11a::1.3 M 

(Tl) ijfl11,}lnU 827.23 11a:: 717.31 kJ/ kgBWo.7Sld fl1lJlhiU (P<0.05) 

'il1flfl1'lYlPlafl-3f1r-3ll 11f1'A-3'11'1~lJ11 l'tftH1lJnlJ~1f1fllJ'~ (GE 

intake) l'tft-3-31lJVmJ'~~1f1fllJ'~ (DE intake) ua::l'tft-3-31lJ 1f,jl::1tl'lflJ1~~1flfllJ'~ (ME intake) 

'il::U,jlHlJA1lJJ1lf,rfl,r1'11fl-31fl~liilJ~lJ 1Atllfl~'~i'Ul'tft-3-31lJ,-::iu 1.9 M (T3) ijJ1lf,rfl~1 

http:kgBWO.ld
http:kgBWO.Id
http:kgBWo.ld
http:1,140.05
http:kgBWO.ld
http:1,077.16
http:1,209.41
http:1,416.88
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. .,. " 
l\1fttl\1~"l~ 189.50 ± 1.12 flfl. V::iifl11lJ~fl~fl1'j't'tn~~11JAfl'H\.bmht1,j'fl\1~"l~ U~:: lf1fiii1l1'H,j'fl 

A1mgtl~1"l~ 134.75 ±3.49 flfl. '~i'tJ't'ta~~llJ 1.3 M (TO V::iifl111J~fl~fl1'j't'ta~~11JAfl'H'U1t1 

Jl'H,j'fl~l"l~ cb~'iYfl~fl~fl~OtJOtJfl1'j'nfl~fl~'\Jfl~ Missouri ~H6nlfl 1Jty~fllJ ;1::6'iY'j::fl~ 
. " 

(2532) filfttl~ lf11~tltil'H1J~'-Hlfliitlfl'l1fl1'HV;fYl~tJ lf1 3 'j::~tJ flfl 0.8, 0.45 U~:: 0.35 flfl.l11J 
, • 4 ... ~ 0 ,Q .t ..::1. 0tI' I : GI

U~1"iJlllJflfll~ ll~fllJ VlJtH 4 i11J1CJflfllJ111ml::'H 't'ttJ11lJfl1'j'iY::'iYlJ't't~HllJflfl'H1J1t1lJl'HlJfl 
.:. .1 4. '" "1 .11't't1J'\JlJllJfl'iYfl1 f1'\J1J 

Vlfl'l1t1~llJ'\Jfl~ Chaokaur, A., et al.(2008a) '~ffmnfilfl11lJ~fl~fl1'l 
'" 1.1 "'* 4. 0 "'* 1 """ ~ ~'" '" I "" 'JI't't~HllJ U~:: 1J'jfllJl't'tflfl1'j~lH'1f't't'\JtH f1tJ'l1'HlJlJ 'H l~'jtJfll'Hl'j'j::~tJflH~ fllJ lJ!'\JfI'jfllJ 

l~tI'-Hlf1'~i'tJfll'Hl'j't'tn~~llJUflfl~l~OlJ 4 'j::~tJ (1 M, 1.4 M, 1.8 M, U~:: Ad lib) 't'ttJ11 

't'tn~~llJnlJ~lf1nlJ ,~, 't'ta~~llJvfltl'~~lf1nlJ'~ u~::'t'tn~nlJ~'~t1'j:: lt1'1flJ"'~~lflnlJ'~ ii 
fl11lJUflflAHOlJ'nl~'iYil~ (P<O.Ol) l~tllf1milJ~'~i'tJfll'Hl'j't'ta~~llJutJtJ!~lJ~ (Ad lib) v::ii 

't'tn~~ll..1 'j11J, 't'ta~~llJVfltlL~ u~::'t'tn~~llJ,...wlh:: lt1'1fUL~~lf1nlJ L~\1~"l~ iifi1l't'ilotJ 1,516, 

1,077 U~:: 943 kJl kgBWo.
75

/d f11lJlh~tJ 'jfl~~~lJl flflmilJ~'~i'tJfll'Hl'j't'tnHllJ'j::~tJ 1.8 M 

iifiwwhotJ 1,291, 911 U~:: 789 kJl kgBWO.
75

/d f11lJth~tJ cb~'t'tn~~11J'j1lJ,'t'taHllJvfltli~ U~:: 

't'taHllJ'~nlJtI'l:: lt1'1fui~~lflnlJ '~iiUlJ111!lJ 't111Jiiff'nH!;l t1101JOtJfl1'j'n~~ fl~f1f~if 
_44 " 0tI • ,: QI~.l44.t"l.l • QI .d. 

fl~11flfl lJfl111Jflfl~fl1'j't't~~Hl.Jflfl'H1J1t11J1'H1Jfl!'t'tlJ'\J1J llJfl'iYfl1 f1'\J1J U~::'t'ttJ11 't't~~~11J'j1lJ'n 

lflnlJ'~ 'j::'H11~ lf1iflJdlfl~ Vlflfl1'j'nfl~fl~if"l~fl111f1tJ'l1H,j1J~'~i'tJ't'ta~~11J (Ad lib) Vlfl 
II tI. ",. fI 

"''''' "'I 1 44 ... 0 .:It14'jltl~l1J'\Jfl~ Chaokaur, A., et al.(2008a) 'n~lJfllV11Jflnlfl fl't'tlJl1Jfl~'nlJllJl'n~~fl~ 1111,1 fUlJfl 

'j ::t1::ilJ 'H;flfld'1J 'j::'H';h~tila~!V;fY!~tJ1 fI ~'iYllJ1'ltltli'tJA11.alOtJfll'H 1'l'n~~fl~ '~;l1 f1nlJ 

" flll11'j L~'HlJ~ 6fl";~6~t1i'tJA11.al0tJ~tu1:1.fJii !!~::'iYm't'tu1~~fllJ'~;l 

't'tn~~llJ~"lfYlitti'1J\!~ (kJl kgBWo.
75

) iifhuflflAl~OlJ f11lJ'n'-iflllJlJ~ 

~til'H1J~(1.3 M, 1.6 M U~::1.9 M) 't'ttJ11 't'tn~~llJ~\1fYlittlllJ\!~1Jlfl~"lflflfl 1.9 M (T3) 
• ,c:l, I Q.! 

'jfl~~~1Jlf1fl 1.6 M (T2) U~:: 1.3 M (Tl) lJfI11'nlfltJ 276.83 ± 3.03, 252.86 ± 3.79 U~:: 

235.98 ± 4.23 kJl kgBWO.
75 f11lJlh~tJ (P<0.05) 

't'tn'HllJ~UfY!ittl'lJ;1'iY'iYl1:: (kJl kgBW·
75

) iifilfl11lJUflmh~olJfll1J 
-=I d'.d, 0 I QI .d.l M ..! "'I 

'n'jflllJlJfI'nfl1'HlJ~ (1.3 M, 1.6 M U~:: 1.9 M) 't'ttJ11 't't~·HllJ'n 1J1J'iY'iY11::lJlfl'n"l~ f1fl 1.9M 
., Q r 'QI

(T3) 'jfl~~~lJlf1fl 1.6 M (TI) 1m:: 1.3 M (Tl) lJfI11'n1fltJ 30.11 ±3.32,24.37 ±5.81 U~:: 25.26 ± 

7.03 kJl kgBWo.75 f11lJdl~tJ (P<0.05) 

http:kgBWo.75
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'rtft'H 1'IJ ~fJtVLfftll 'IJ 1tJfilcuijn'l'IJ 'rt lrh 'rt ftHl'IJ ~fJtVLfftll 'IJ 1tJ filCU 

.. cI.... ... .. f • Q,I 

lJL'VI'lJlJlfl'VIq~ fHI 1.9 M (T3) 'HH-n.:JlJlfltl 1.6 M (T2) u-n: 1.3 M (T1) lJfIlL'VIlfl1J 117.03 ± 2.82, 

104.95 ± 2.24 u-n: 98.61 ±3.12 kJ/ kgBWo.
75 ~llJthi>i1J (P<0.05) 

'rtft.:J.:J1'IJ~fJtVlfftlt'IJ ltJfl11lJftl'IJ 'rt1J'h 1 :~1J'rtft.:J.:J1'IJ ~ 1.6 M (T2) ij 

75ft1fJ.:Jq~1\'h01J 635.60 ±0.48 kJl kgBWO. 1tl.:J-n.:JlJ1 fltl 1:P)1J'rtft.:J.:J1'IJ~ 1.3 M (T3) U-n::I.9 M 

(T3) ijft11'tilO1J 594.48 ± 2.82 u-n: 664.37± 0.56 kJl kgBWO.
7S ~llJihA1J (P<0.05) 

, ,. 4 .. 

1I1flntl.:J1'IJ'Utl.:J Chaokaur, A., et al.(2008a) 'rt1J11 LfllJfll1fJtVLfftl 

'rtft.:J.:J1'IJ1'IJ1tJfl11lJ'rtl'IJU~fl~1.:JO'IJ'VI1.:Jfffi91 (P<O.O1)l~tllflfl~lJ~ '~i'1J'rtft.:Jn'IJU1J1JL~lJ~ (Ad 

lib) ijftl1't'h01J 665 kJl kgB~·751tl.:J-n~lJ1fltl fl~lJ~'~i'1Jtl11111'rtft.:J.:J1'IJ1::A1J 1.8 M, 1.4 M 

u-n: 1 M ijft1L't;'01J 601,537 u-n: 436 kJl kgBWo.
75 ~llJ~li>i1J ~~'rtft.:J.:J1'IJ~\ltVLfftlt'IJ 1tJfl11lJ 

" " " " 	 I 

f tl'IJ 'fl~Lfltl.:J 01J.:J1'IJ 'VI~-ntl.:Jfli'.:Jil U-n:1I1flfll1 'VI~-ntl~fli'.:Jil ff.:JLfl~ 'rt1J'h 'rt ftH 1'IJli \ltV' ffV11..11 tJ 

fl11lJrtl'IJ~tl111.htlJ111,rflll:-n~-n~~llJJ111,rfl~1~L~lJ~'IJ fftl~fl~tl.:J01J Pond, W.G., et al. 

(2005) u-n: V4ff'VIi q111W1,,91 (2547) ~1::1rh 'U'lJ1~~1 ,rltlV41111W1~fl11lJrtl'U l~tlnlJ (Total 

heat production 11~tl Absolute heat production) ff~1~ij;1.:JfllV'U'lJl~l11qjll:ffrHfl11lJrtl'U 
'Q,I~ d .". ~ .J.Q~' ,:.,

lJ1flfl11ff~1'U'lJ1~L-nfl U~ 0l'rtllUW1f111lJ'l tl'IJ 'VIlfl~'U'IJ~011 'IJ 1t1'IJ 111'IJ fl (Mass - specific 

...... I , 	 • ",0''''' 4' • 

metabohc rate) CU.:Jfl~~tl11'U1V Body surface area 'rt1J11 ff~1mfllJfIl Basal metabolIc rate (BMR) 

'T I ~ c:l • .l. f: : Q,lQJ~ • ..r 
\l~ fl11 L~tI'rt1J11 fl11lJ'l O'IJ 'VILfl~'U'IJ~ tl11'IJ 1t1'U111'IJ

Q,I

flll:-n ~-n .:J~llJ'U111 'IJ fl~1 'VI L'rtlJ'U'IJ 

'rtftH1'U~0fl1~1J (Energy retention) fl1'U1W 1~Vfll1,rfl-n1J'rtft~n'IJ 
.J 4".1 ~ <d 4 " "''' • 1 .J'VI\ltVLffV L'lJ1lJ'Utl~\!-n, lJffff11:, fllCUlJL'VI'IJ Lm:: fl11lJ1tl'IJ (HP) 1l1fl'rt-nH1'IJ L'lJtl11111 'rt1J11 fl'VI 

i~i'1Jtl11111'rtft.:J~1'IJ~ 1.9M (T3) ij'rtftH1'U0fl1~1J\l~q~ 1tl-3-n~lJ1fltl 1.6M (T2) u-n: 1.3M(Tl) 

ijftlL'tl101J 328.54 ±2.50, 191.63 ±2.64 u-n: 112.83 ± 0.28 kJl kgBWo.
75 ~llJ~l~1J (P<0.05) 1I1fl 

fll111m1::1.ffl11lJfflJi'IJ;1:11'h~'rtft.:J-31'IJ~1~tJ1:1v,,'U1~~fi'IJi~ (MEl, kJl kgBWo.
7S

) ,fJ'IJ~1 

UtJ16ff1: (X) u-n:'rtft~-31'IJ~;1-3fllVffllJ1H10fl1~1J'~i~ (ER, kJl kgBWo.
7S

) LfJ'IJ~1UtJ1~llJ 

(Y)1~Vl~fflJfll1Ltt''IJ;n~otiH41t1 Simple linear regression '~fflJfll1 fltl ER = 0.61 MEl ­
. 	 " 1 <V , 4 4." '" II"301.80 	(n =12, R = 0.98)(~~Uff~~ 'lJ1ll'rt'VI 4.4) 1I1flfflJfll1'IJ 'rt1J11 fl11lJ~tl~fll1'rttH~1'IJ L" 

75
tJ1:1v"'lJ1~ (MEm) '~tlfll1fl1H;'rt'Utl.:J1f11'IJi'IJi'if'IJ1i1tl.:J i'VIVijft1l'tilO1J 494.70 kJl KgBWO. /d 

· · AI' A 4 	 .. " ~4 <V0(1~VU'VI'IJfl1 ER = 0 fl-n11f10 fill MEl L'rttlflU~lH"'rt = 301.80 + 0.61 = 494.70) CU.:J LmHflV~fl1J 

fl11lJ~tl-3fll1'rtft-3-31'U'~tJ1:1t1,,'U1~L~tlfllnhH;'rt (MEm) ~ NRC (1996) 'lV~l'UH ijft1l'tl101J 

501 kJl kgBWo.1Sld 

http:kgBWo.7S
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.,. . 
fll1H;) 4.14 111'.nrf1~11fl'Jfwdifh.J lUI::: L2J~1t16iiCjj2J'Vii!l~nw 

-., ..., ..l ~ .I ~... .. 
Parameters lZAU'l'til.:j.:jl'UYlI'nSl'U'U910fl'lUI fl.:jn111'nflOl1i111.:j'll'l't NRC (1996) 

1.3 M :I: SD (Tl) U M:l:SD(T2) 1.9 M:I: SD (T3) 

No. of animal, N 4 4 4 

Average Body weight (kg) 134.75 ± 3.49 170.50 ± 6.60 189.50± 1.12 

B~7S 39.01 47.18 51.07 

Feed and nutrient Intake 

DM intake (kg/d) 2.45< ± 0.16 3.n
b 

±0.13 4.21" ±0.28 

DM intake (%BW) 1.82:1: 0.04 1.95 ± 0.05 2.22 ± 0.01 

DM intake (gI kgBWo.7S 
) 61.18 ±3.89 70.96 ± 2.96 82.26 ± 5.39 

OM intake (gI kgBWo.7s 
) 55.67± 1.02 65.05 ± 3.31 75.01 ±4.92 

CP intake (gI kgB~''') 6.92<±0.21 8.62
b
±0.47 10.17"± 0.60 

NDF intake (gI kgB~") 26.42<± 0.70 30.62
b
± 1.64 35.50· ± 23.8 

Energy intake (MJtd) 

Gross energy 42.02<±0.74 57.06 b ± 0.65 72.36" ± 2.60 

Digestible energy 32.56<± 0.69 45.14 b ± 2.54 58.06"±2.12 

Metabolizable energy 26.46<±0.57 40.82 b ± 2.12 53.35"±2.10 

Metabolizable energy (MJlKgDM) 1O.80±0.37 12.29 ± 1.12 12.67 ± 1.19 

Energy balance (kJt kgBW··7 
') 

GE intake 1,077.16< ± 0.71 1,209.41
b 

± 0.65 1,416.88" ± 2.60 

DE intake 841.18< ± 0.48 956.55
b 

± 2.34 1,140.05" ± 2.63 

ME intake 717.31<±0.88 827.23
b 

± 1.71 992.91" ± 1.90 

Fecal Excretion 235.98< ± 3.03 252.86
b 

± 3.79 276.83" ± 4.23 

Urine Excretion 25.26< ± 7.03 24.37
b 

± 5.81 30.11" ± 3.32 

Methane production 98.61<:1: 3.12 104.95
b 

± 2.24 117.03" ± 2.82 

Heat production 594.48" ± 3.92 635.60
b 

± 0.48 664.37" ± 0.56 

Energy retention 112.83< ± 0.28 191.63
b 

± 2.64 328.54" ± 2.50 

Energy emclency 

DEfGE 0.78 0.79 0.80 

MEfGE 0.67 0.68 0.70 

Methane energy tGE 0.08 0.08 0.08 

Urine excretionlGE 0.02 0.02 0.02 

MEIDE 0.85 0.86 0.87 

Heat production tGE 0.55 0.53 0.47 

abc 6mn~u~f1~hu)'W1'WUt11Lflfntl'W 1ifl111JU~f1,h-3tl'W6Vl-3ihrmhti'\!!m-3ffn~ (P<O.05) 
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~ 400 

J= ~ lOO , 

~ 200 -i 

1
(n = 12, R == 0.98) •• 

= 100 ~ C) 

~ 

= 0 ~ 
f! -100..... 
~ -200(I,) 

x 
1200 

= r-l -300 

J Metabolizable energy intake (kJ IKgBWo.
71 

500 l..... -'"';... 	 ER == 0.61 MEl - 301.80 

-400 

..I 	 .., ..,,, • <II ";""'&1 1 0'\)",,,; ... 1OI~ 07S
.fll'fttl 4.4 	fl111Jff1J'V"Uti'l'::'H11~'Vf"'N1U'VI L'lflJ'l': tJ'lfU L~'VIf1U L'fl (MEl, kJ/ KgBW' ) un:: 

....n~~lU~11~f11tJffl1J1Hltlm~1.l'n~ (ER, kJ/ KgBWo.
7S

) 

tJ'l'::ii'VIim....'Uo~.... ""~~lU'\UOl'Hl'I (Energy efficiency) ....1.l",h ff~-rhu'Uo~ DE 

~O GE ~'l'::~1.l .... n~~lU 1.9 M (T3) LLn:: 1.6 M (T2) iifh'f1""lfltl~tlU L'yhtl1.l 0.80 LLn: 0.791tW~ . 	 . 
'l'::~1.l .... n~~lU 1.3 M (TO iifh9ht!~ nhtl1.l 0.78 ff1'Hi'mi'~ri1U'UO~ ME ~O DE .... 1.l.), ~i'I:~1.l 

....""~~lU 1.9 M (T3) LLn:1.6 M (T2) iifh'f1""lfltJ~tlU1Vhtl1.l 0.70 11n:0.68 lin:: 1.3 M l) iith . 
~1t!~ lvhtl1.l 0.67 ~l1Jih~1.l ~lf1f1U'VI~no~fli' 

~ 

~ .... 1.l.;h tJ'l':ii'VIi'fIl .... 'UO~ .... ""~~lU'UOl'HU' 1..1 

, I I A ,J ..,..,..;,J .;j .., 

l'VI01J'UO~ 	 DE ~o GE, ME ~o GE un:ME ~o DE ~::L.... 1J'UU~11J'l':fl1.l .... nH1U'VI"l~'UU ~1'H'l'1.l 

QJ • , 1 	 " 

ff~ff1U'UO~ Urine excretion ~o GE, Methane energy ~o GE un:: Heat production ~o GE .... 1.l11 

• "14 	',' ~... .., 1 41 QJ..d .«:I' 'Q,IYJf1'V1'l'~l1JU~ 1Jfll f1"lfltJ~f1U fltJ'l'::fl1.l .... n~~lU'VI 1.9 M (T3) 1Jf1l1'V11f11.l 0.02,0.85 Ul'l:: 0.55 . 	 . 
o Q,oI 01 QI.cd d' ,., 	 0 QJ .:::I Go' 

~11J1'l1~1.l 	 'l'::fl1.l.... l'l~~lU'VI 1.6 M (T2) 1Jflli'VI1f11.l 0.02, 0.86 un:: 0.53 ~l1Jl'llfl1.l Lil'l:'VI'l'::fl1.l . 
.... ""~~lU;] 1.3 M (Tl) ii,hlVhtl1.l 0.02,0.87 1m: 0.47 ~l1J~h~1.l 

http:0.02,0.87
http:0.02,0.85
http:11n:0.68
http:KgBWo.7S
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.J 1" tI'" 1 1 d QII QI QI4.3.2.3 1fl'.l1lJt'YItJfltJ ~ Utlt '.nnw lJ ~'11~lJflmmJ (flUJ/1lJ) 

, , " ,
'" v .... 4' II. 0;;

Parameters 1:;A'I.I'm'I-N1U't1lfnJ'II'\.Iillflfl7DWI~n"lftfml1Al1-1l Vi NRC (1996) 

1.3 M ± SD (T1) 1.6 M ± SD (T2) 1.9 M ±SD (1'3) 

No. ofanimal, N 4 4 4 

Average body weight 134.75 ± 3.49 170.50 ± 6.60 189.50 ± 1.12 

BWo.7' 39.01 47.18 51.07 

Nutrient dlgestiblUty, % DM 

Dry matter 70.44
b 

± 0.60 70.42
b
± 4.72 74.19" ± 1.21 

Crude protein 69.45
b 

± 5.98 69.40
b 

± 6.01 76.59" ± 2.12 

Neutral detergent fiber 50.13 ±2.20 57.85 ±7.73 59.76 ± 1.07 

Acid detergent fiber 51.94 ± 1.76 54.55 ± 1.89 57.89± 1.l0 

N Balance, g NJ d 

N intake 44.06
0 

± 3.28 64.71 
b 

± 2.50 84.04· ± 4.70 

Fecal N 9.21 ±0.27 11.88 ± 2.36 14.31 ±0.56 

UrinaryN 11.68 ±4.30 14.32 ± 2.40 16.71 ±0.42 

N retention 23.17
c 
±0.23 38.50b ± 0.44 53.02" ± 0.56 

N Balance, g NJ kg8~7' 

N intake 1.l0c±0.19 1.41
b 

± 0.10 1.63" ±0.05 

Fecal N 0.23 ±0.06 0.25 ±O.O9 0.28 ± 0.09 

UrinaryN 0.29 ± 0.01 0.31 ± 0.01 0.32 ± 0.01 

N retention 0.58
c
±O.01 O.85

b 
±O.O1 1.03" ±O.OI 

• 1" QI " ltl.cl 1"" ,4"GItJOtJ ~~fl~1~QU1H Utlt '1~lJ ll~tl~ 1Jflll'Y11fllJ 74.19 Utlt 76.59 % (P<O.05) ~t11Jmfl1'1tJfltJ 

, " 1 ' 'tiI.d, .d1 91~" t ~ ,
~~fl~ NDF Utlt ADF 1JU~fl~l~fllJ CJt~m'YI ~lJ1Jfll~lfl11~llJ'YI~mH~6~ Chantiratikul, A and 

III 

S, Chumpawadee(2009)1~~mnfl1'1V6tJ1~~fl~ lfl'.l1lJ::~h~'l1lJ lflllJi1lJdjfl~1'Y1t1l't'if'i'lijtJ lfl 

'YI~a6~~nrfl 132 ± 11.71 iiltlfli'1J 1l¥lfl 1~i'lJfl1111'1~ijltl'1~lJU~fl~h~nlJ 4 '1t~lJ flfl 6,9, 12 
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UfI: 15 % vnrh 1flmi1l~1~;lI11.h9hJhJfl1111'l 15 % ijfhfl1,df:w1~"6.:J 1t1,;11.f~.:Jttfl l'rhO'll 

88.88 % (P<0.05) "tu:~fl1,d6V1~"6.:J 1AQU1l'.:J NDF UfI: ADF ijfhhjUAO~l.:JO'1.J 

4.3.2.4 fl1111n'1I~f1"6.:J11.J 1Allll1.J (nitrogen balance) 

t1~1I1w11.J 1A'Lll1.J~n1.J ijfl1U"0~1.:JO'1.J"1111l;AL1I1.J~~ti1111.JfI ~.:JUn'fI.:J 

11.J"1'1.:J~ 4.15 Vtt.l111fl~1~;t.I'n~.:J.:J11.J~':~lI 1.9 M (T3) ijt1~1I1w11.J 1""ll1.J~ii1.J1~~~ttfl 
a.l 'GI GI Q,I.dl 4' 'GI 
1Ifl1L1l10ll 84.04-± 2.95 (011l/11.J) '6~f1~1I1fl6 1.6 M (T2) UfI: 1.3 M (TO 1Ifl1L1l10ll 

64.71±2.55 UfI:44.06±3.2 (0;1II11.J)(P<0.05) 

t1~1J1tu11.J lA, Lll1.J~'lill6601l1.:J\lfl (0;1II11.J) .... lI,h1fl~ 1~;lI""~.:J.:J11.J 

~'Z~lI 1.6 M (T2) LLflZ 1.9 M (T3) ijt11111W11.J 1"·Hll1.J~'lill6601lH\lfll0~lfitHO'1.J 1f1Vijfl1. . 
11)1 QI QI OJ''' <II .ct,. tQ.l 

1l110ll 14.31 ± 0.56 UflZ 11.88 ± 2.36 O11l/11.J UflZ.... f1.:J.:J11.J1l'ZfI'lJ 1.3 M (Tl) 1Ifl1911ttfll1l10ll 

9.21 ± 0.27 0;1I/11.J(P<0.05) 

t1~1J1W 11.J 1""ll1.J~'lill6601lH1Jn'n'11Z(0;1I/11.J) .... lI11 ijfl1U"0~H 

O'1.J lflvlfl~1~;lI""~.:J.:J11.J~'Z~lI 1.9 M (T3) ijt11111W 11.J 1""ll1.J~'lill6601lH1Jn'n'11Z~.:Jttfl ij 
fl11't;'O'll 16.71 ± 0.42 0;1II11.J '6.:JfI.:J1I1 fl6 1.6 M (T2) lIf1Z 1.3 M (Tl) ijfl1l'rhO'll 14.32 ± 

0.63 LLflZ 11.68 ± 0.60 (P<0.05) 

fl1'O'01~lI11.J l""ll1.J (fl;1I/11.J) "6~lfl~1~;lI61111'''''~.:J.:J11.JU''0~H 
O'1.J 3 ':;~lI (1.3 M, 1.6 M, 1.9 M) ijfl1U"0~1.:JO'1.J "1111l;"'1I1.J~~ti1111.JfI ~.:Jun'fI.:Jl1.J"ln.:J~ 
4.15 .... lI111fl~1~;lI .... ~~.:J11.J~,:t>ill 1.9 M (T3) ijOTiO'01~lI11.J lAllll1.J~.:JttflnhO'll 53.02 ± 

7S
0.56 0;1II11.J 11;6 1.04 gI kgBWO. '6.:JfI.:J1J1fl6 1.6 M (T2) ijfl1nilO'll 38.50 ± 0.44 fl;1I/11.J 

11;60.75 gI kgBWO.
7S 

111'1: 1fl~1~;lI""~.:J.:J11.J~':~lI 1.3 M (Tl) ijfl1~lttfl1't;'O'll 23.17 ± 0.23 

0;1I/11.J 11;60.45 gI kgBWO.
1S ll:U.:JLO"1..11.J1~111fl'VJ00~1I ijfl1'O'01~lI'1.J 1"lLll1.JLtl1.JlI10 

Un'fI.:J11ijt1~1I1W 11.J 1 All ll1.J ~ n1.Jl;j'11t1111flO 11t11111 W 1 1.J 1",Ill1.J ~ 'lill6601l1 11;6 1~;lI 

11.J 19l"ll1.J1I10011fl1111~6.:Jfl1ll~6mnh' .:J~""U~1ma6O'01~lI1 ~'~1~6nllm '1I~1~'1 ('lJty~611 
ct 4 t/ Q QI , ~ 0 1"taI tid: tal QI .Q. ~ r 

'J11:6n":QfI, 2532; 1'.... .:JlJ tt' [111 II , , 2535) n'm.... ''J11.J1.J1l1 11n'A1111.J1111.Jfl"11....1I"1.J UflZ .... lI11 

"'A I" 1'1 1 ..l ... ~ 1'1 1 ... d ..:..r ... 1'1 1
1111'11101 L1.J ""ll1.J1l"lI6601l1.:J\lfl, 11n'n'11:; UflZ L1.J "'lll1.JflO10ll1....1I"1.J"111':;fllI L1.J ""ll1.J 

..l... 1'1" ..l ..:. .r 
1l01.J Lfl (N intake) 1l1....1I"1.J 

I ..... .. ... ..l 
ll10m,1lf1f16.:J"6.:J Chaokaur, A., et al.(2OO8a) 1 1 1.J fll1.J ....1.J'Illln11111.J1l 

11 , • t 

ijll111..rfli11~n[l 178 ± 27 n1f1fl;1I lfl[l1..r1fl 1~;lIfl1111,nij1t1,;11.JLLfI:""~.:Jn1.J'Z~lI9i1LLflZ~.:J 

U"O~HO'1.J 4 ':;~lI1~LLri ':;~lI LL, LH, HL UfI: HH "111tllt>ill 1flll91f16.:J't}flmj1l ijt1~1I1W N 

7s 7s
intake 6d':;1111.:J 0.72-2.52 gI kgBWo. /d UfI: ME intake 6d':::111H 694 - 1,007 kJl kgBWo. /d 

http:0.72-2.52
http:ll:U.:JLO"1..11
http:kgBWO.1S
http:11;60.45
http:kgBWO.7S
http:11;60.75
http:0;1I/11.J(P<0.05
http:0;1II11.J)(P<0.05
http:64.71�2.55
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... , 1 y .., t ~ .d.cttl4 0.75IIf4 ..1fl tllJfI "I fltl!fltl{lfl'UfIl'rtlfl1'16{1f1'H\J 'YIlJ ',nnw N intake 6g'!i::'H11{l 1.1-1.63, gI kgBW Id U1'1:: 

ME intake 6g'!i::WlH 717 - 993, kJl kgBWO.
7S

/d 'Vt'U'h 1f1iju\J11~lJ'U6{1f1l'!inm~'U'\J l~'!i!\l\JL\J 

~l{lflltl!rt\J'tlL\Jiiff'YI1{l!Atl1n\J fl6 ijfi1lrt\J'U1fl (+) 1fltlfi1 N retention L\J1f1~\J';\Jl'U'!il,.;'ii\J ij 
• .... AI 075 1....".1.4' oJ, ".., ..,

fI11'Y11fl'U fl6 0.16, 0.38, 1.21 111'1:: 1.48 gI kgBW' Id U1'1: fI'l\J'n\Jll'vt\JllJ6{1 'YItl 'YI fl'!i'U'n1'1{1{11\J 
tI tI 

J Qoot QI IIf4 ,cf" t Q.IQ,I'"
U~fl~l{lfl\J 3 '!i:iiI'U fl6 1.3 M, 1.6 M U1'1: 1.9 M \llflfl1'!i'YIiil1'16{1f1'H\J lJfl1l'Y11fl'U 0.58, 0.85 U1'1: 

1.03 gI kgBWO.75
ld ~llJ";'A'U (P<0.05) 

fll'!i11f1'!i1:,.;'fl11'H'l"HtY1J";\J'fh:wh{llt1'!i~\J~n\J'~ (Crude protein 

intake, gCPI kgBWO.
75

) lrt\J~111t1'!i6ff'!i:(X) 111'1: 1t1'!i~\J~~Hfl1tlff1lJl'!iClnm~'U'~'~ (Crude 

protein retention, gI kgBWo.
7S

) lrt\J~1utl'!i~llJ (Y) 1ii1tlL.fff1Jfl1'!i1~\J~H6VH~ltl simple linear 

regression '~fflJfl1'!i fl6 CP retention = 0.86 CP intake - 2.26 (A{l11ffiil{ll\Jm'n~ 4.5) 'lfl 

;r • ..., ".I AI "..." ..... 0'" • ..,
ff1Jfl1'!i\J 'n'U111f11\J'n\Jll'n\JllJ6{1 L'YItl1Jfl111J~6{1fl1'!i 1t1'!i~\Jl'n6fl1'!iiil1H'lf'n (CPm) 1'YI1fl'U 2.64 

gCPI kgBWo.
75

ld 'H;6fliilL\J1t1 gNl kgBWO.
7S

/d ijfill'vhn'U 0.42 (1ii1tlU'YI\Jfi1 CP retention = 0 

• AI. .. 0'" .. ~ ,. " 1t1.....flm1f16 fl1 CPI 1'n6f1l'!iiil1H'lf'n = 2.26 + 0.86 = 2.64) t]f{l~lfl11fl1f1111J~6{1fl1'!i '!i~\Jl'n6fl1'!i 

ri1'H~'n (CPm) ~ Chaokaur et al.(2008) '!i1tl{ll\J'~ d1'Hi''U 1f1";\Jl'U'!i1,.;'ii\J ijfi1ll'hn'U 3.20 gCPI 

kgBW°.15Id 'H;6fliilL\J1t1 gNI kgBWO.75/d iM1ll'hn'U 0.51 
tI tI 
... ... 

'lflH1'1f1l'!i'YIfl1'16{1f1H\J U1'1:'lflfl1'!i'YIiil1'16{1'U6{1 Chaokaur, A., et aI. 

(2008b) 'n'U'h fl11lJ~6{1f1l'!i 1t1'!i~\J1"';6fl1'!iri1H~'n (CPm) ~lfl'h ~ NRC (1996; update, 2000) 61{l 

1ii1tl Senarath, S., et al. (2008) U1'1: ARC (1980) '!iltl{ll\J'~ ijfi11'vhn'U 5.3 Ull: 4.42 gCPI 

075 AI ... 'I tI 075 ... .... 0 ... d ,
kgBW' Id 'H'!i6f1ii1 '\J~ gNI kgBW' Id lJfI11'Y11fl'U 0.84 Ull: 0.71 ~11J1'11fl'U fll'n'YI 4.5 fl1 

.., ..,,, • 1t1'" d... '" 075 1t1 ... d. .., d ,~fl11lJfflJ'n\J'li'!i::'H11{l '!i~\J'YIfl\J iii (CP intake, gCPI kgBW' ) 1m:: '!i~\J'YI'!il{lfl1tlflmfl'U"J 

,~ (CP retention, gCPI kgBWo.75
) 

http:kgBWo.75
http:kgBWo.7S
http:kgBWO.75
http:1.1-1.63
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CP retention = 0.86 CP intake - 2.26 


(n 12, R 
2 

= 0.99) 


2 3 4 5 6 7 8 9 10 11 12 


CP intake (gePI KgBW··:5) 


m'W~ 4.5 fl111J1!Y1Ji\Jn'i~'H·h.:j l1h~\J~n\J'~ (CPI, gCP / KgBWo.
75

) U~~hh~\J~~l.:jmfJfitl 
L~1Jill~ (CP retention, gCP / KgBWo.

71 

http:KgBWo.71
http:KgBWo.75


tJ'nn'"
• 

5 

,qtJr.rtlfl1'lnA'tl0~U'tl~,y0IiJU0UU~ 

J "" _I "" ~ "IV5.1 fl11T1~l:1tHTI 1: fl11ftflllli.T1Uu1:: fl81.JTlHlfllI fJWfllTlH 'll'VU::II~::'rnl~~lU"8~"''Y1 

Mulato II lIa::,.,cgl\lflNi.TlIi.Tfl'a Brachiaria (Brachiaria spp.) 15 'Vil~ 

~ " 4..... _I ..." " fll'Hffl1l1'U tll.,l ~10 fJ1fltJ ff1'\.J u 'I:: fHn.J'YIH L fill'll tl.:J 'H f\ll Mulato II 11~:: 'Hf\ll~ fl N ffll 

Brachiaria 15 'lfij~ ~m~fll'I~~ 451'\.J ~tJ"h 'HtYl Mulato II iifh ltJ'I~'\.J~.:J~~L'YhotJ 15.35% 

l1~::ihgtl'fJ~ '~~::~lfJl'\.Jffl'I~tlfl~L1'J'\.Jfl~l.:J (NDF) L't"OtJ 59.39 % 

rllfll'I~tlfJ'~~.:J~~'Utl.:J1~Hll1M'.:J (Potential degradability, A+B) ~tJ11 BR02/0771 iirll 
4 I a I a I a I 

85.80, BR02/0768 llfll 83.90, MX02/1423 llfll 83.60, BR02/0465 llfll 81.80 11~:: Mulato II llfll 

81.70% 

rllV'\.J'YIlfJ1IP1q~~tlfJ'~ (OMD) ~tJ11 'HtYl BR02/0771 iirl159.10, BR02/1452 iifh 
a' a I a I 

58.56, Mulato II llfll57.93, BR02/1794llfll57.3411~:: BR0211372llfll56.29 % 

fh~~.:J.:Jl'\.J~1~tJ'I:: lfJ'lf'\.J1~ (ME) ~tJ11 'HtYl BR02/0771 iifh 9.08, BR02/1452 iirll 
.... 

9.0111~:: Mulato II llfll 8.92 MJI KgDM 

'Qla'a" I" al al 
fIl~'lf'\.JtJ.:J'lf (Index value) ~tJ11 'Hf\ll BR02/0771 llfl15.91, BR02/1372 llfll 5.82, 
a' 4 I a' a I 

BR02/1794 llfll 5.51, 1JfIl 5.42, BR02/0799 llfll 5.35 U~:: Mulato II 1JfIl 5.25 
" . 

'illflfll'Ifffl1l1L;jtl.:J~'\.J (Screening test) LnfJ10mV1'\.JtJ'I::fltltJ'YI1.:JLflii 'lWrl1'YI1.:J ltl'lf'\.J:: 

" l1~::~~.:J.:Jl'\.J'Ufl.:J'HtYl Mulato II U~::'HtYl~flNffllfffl~ Brachiaria (Brachiaria spp.) 15 'lfij~1'\.Jfll.:J 
II • • I II 

il~tlffltJ'lWm~'Ufl.:J'HtYl'Yi~.yj~~ 5 V'\.J~tJmfl .yj'~'illflfll'Ifil'\.J1Wfh~'lfiltJ.:J; (Index value) 

'~l1n 'HtYl BR02/0771 , BR02/1372, BR0211794, MX02/1263 11~:: BR02/0799 1P11ll,h~tJ .. " 
Li7tl.:J'illflfll'Ifffl1l1~~.:J.:Jl'\.J.yjl~tJ'I:: lfJ'lf'\.J1~ iJ.:Jii,j'tlll~UtlfJlllfl ''\.JtJ'I::L'YIff' 'YIfJ ~.:Jir'\.J.. 
" " " ....... 0 1~"" ..." 1 _I'" 1 "
• ....fl1'I'YI~~fl.:JflH '\.J'YI1 'H! ~'Utll.,l~LtJtl.:JIP1'\.J '\.J fll'Iu'I::Lll'\.J 'lW fIl'YI1.:J tl'lf'\.J:: U~::fl111J1P1 fl.:Jfll'I~~.:J .:Jl'\.J 

1'\.Jff1P11 

~tJ11 1'\.J'H~1 Mulato II iitJl1J1W ltJ'I~'\.J, LgtllfJ NDF, ADF U~::ADL I'vhotJ 7.30, 

75.58, 42.78 11~::6.62% ii fll'I ~flfJ'~ 'Utl.:J itl'lf'\.J ::tldl '\.J LflWentJl'\.J fl~H fifl ii rllfll'I ~tlfJ'~ 

http:11~::6.62
http:lfJ'lf'\.J1
http:il~tlffltJ'lWm~'Ufl.:J'HtYl'Yi~.yj
http:llfl15.91
http:lfJ'lf'\.J1
http:BR0211372llfll56.29
http:llfll57.93
http:iirl159.10
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1IJ0-31th;l'IJ, laO'fJ NDF, ADF UfI:; TDN nilti'U 53.00, 63.05,53.72 UfI::: 58.80 % ffl11;UYU;-3-31'IJ 

'1lJ (Gross energy, GE ), 'Yf"-3-31'IJ~VOfJ'~ (Digestible energy, DE) UfI:::'YH;-3-31'IJ~icNth:; 1fJ'If'IJ1~ 
.a. • Q,I

(Metabolizable energy, ME) lJ'fl11'VIlfl'U 15.58,9.65 UfI:::6.77 MJlKgDM 

~ _I " QI ... Q 1 ,......Q Q 

mlnPliU'~n 3.1 : fl1'lJ':;llJ'lJfl11lJ~0~fl1''WfI-3-31'IJ''W0fl1'LntyL~'U ~1IJ0-3 Lfl'W'lJll 

~ 41, " 'W'IJ LlJ 0-3 'VI fJL'W f't~ . " 
'W'U'h fl11lJ~0-3fl1''W",,-3-31W-W0fl1nhH;m IIJO~IIJO~1 mi'IJ i-wwuo-3 i 'VI fJL'Wf't~ llhti'U 

311.7 kJlKgBWo.7Sld 
, 
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/d 

fl11lJfflJ-n'IJI ':11')1-3 ltJ,;l'IJ~n'IJ'~ (CP intake, gCPlKgBWO.
7S

ld) UfI: ltJ,;l'IJ 

~;Hfl1fJffllJlultim~'Uin~ (CP retention, g/ KgBWO.7S
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7S
Id 1110 

fl~''lJltJ gNlKgBWo.
7s

ld l'rhti'U 0.42 
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lBfll11vlnl1'Hlt11;)l~tlliGtltl (Indirect Calorimeter) 

~ltlli1~nllJ;)lflatl'Hlt1';) (Respiration Trial) 

(Preparation before respiration trial) 

Place Equipment 

- Change the stocking filter (2 layer) at the every place. Outside 

- Check the water level in the drain bottle. Throw out the drained 

water, when water level is over 500 ml. 

* Drained water flow back to the sampling gas tube, when drained 

water level is too high. 

- Change the paper filter that state between pump and cooler every 

period. 

Inside - Air cooling 

unit 

- Tum on Flow meter, every pumps & cooling unit. 

- Tum on a switch of ° 2 , CO2 & CH4 gas analyzer at the day 

before of analysis. 

* Warm up gas analyzer around 24 hours before collection period 

Inside - Power switch 

board 

Checking of equipments 

Flowmeter 

- Flow rate should be in the range of400 - 500 Llmin 

Flow gauge for sample gas. 

- Over 5 Llmin 

02 analyzer 

- Gas flow rate should be around 0.7 Llmin (Check at the flow gauge). 

CO2 & CH4 analyzer 

- Gas flow rate should be around O.5L1min (Check the flow gauge on the gas analyzer) 

* We have to adjust CO concentrate in the head cage with the adjustment of flow rate. 
2 

Adequate range is in 0.1 % - 1.0 %. 
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lfilftnlCJ;)lnDU111fJ1;) (During respiration trial) 

9:00 - Stop the Data logging program "TEST_ HEAD4" by 

changing the mode on menu bar from "Mode-Run" to be 

"Mode-Edit" and then close the file recorder window. 

- Stop the Data logging program for chewing activity "Pico 

Log" by pushing the stop button on the control menu. 

Inside PCI 

PC2 

Tum on the blower on the first day of trial. 

- Open the door ofhead cage 

- Collect the all residue 

- Close the lower door of the head cage 

- Check the hood, too tight or too loose 

- Collect all feaces & urine on the stall 

- Change the feaces box & urine tank to new one 

- Record the water gauge. 

Inside 

Outside 

- Set "GAS SELECT CONTROLLER" Inside Gas selector 

Stream I; "OFF" 

Stream 2; "OFF" 

AIR; "MAN (Manual)" 

- Start calibration (see Calibration) Inside - Gas analyzer 

- PCI 

- Run the Data logging program ''TEST_ HEAD4" 

- Make new files, for example; 

Pen No. Cattle No. 

\ I 
Stre~7r,,1_C84o\ 

Inside -PCI 

Year Month Date Extension 

Stream 1 Avg.; "050210 PI C84a.dat" 

- - ~ average 
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Air, "050210 _AIR.dat" 

... There are 7 files made new that included; 

3 files of extension"; _P ... (1st), _Po .... (2nd) and _AIR 

file; 

3 files of "average": _P...a (1st), _P ..... a (2nd) and _AIRa 

file; and 1 of calibration file, ...Cal.dat. 

- Select" 0 2 calibration file" to gain oxygen calibration 

data made in the same day. (from Calibration section) 

- Check the drained water in the bottle from air-cooling 

unit, never let its' level more than 500 mt. 

Inside - Air cooling unit 

- Check the respiratory gas flow (around 450Umin). 

... The meter showing the volume "45" (xIOUmin) 

... During the measurement, do not adjust which one valve 

that the gas select controller lamp is light on. 

Inside 

Outside 

- Flow cell 

- Brower Valve 

9.30 - Feed roughage & concentrate. 

... Confinn operator in the analysis room calibration was 

finished or not. 

- Mix well roughage & concentrate. 

- Close the door as soon as possible after feeding. 

Outside - Head cage 

- Set "GAS SELECT CONTROLLER", as follows; 

(I) AIR; "LINK" ~Set this switch at the 1st 

(2) Stream I; "LINK" 

(3) Stream 2; "LINK" 

Inside Selector 

- Push "Start", immediately, to start data logging by 

"TEST _HEAD4" 

- Push Record button on the window "Pico Log" 

,., , d "''' ,A-3UffA-3 'WmYfVl N.l '~'U'Ul1fl'n:::'Hfl1''Hlt1 'i) 

(Respiratory analysis system) 

Inside -PC I 

-PC2 
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CALIBRATION 

*Conduct calibration every morning during no measurement, form 9:00 to 9:30. 


*Be sure to do calibration with SPAN gas at the first, and then with ZERO gas. Not fail this order. 


*Finish calibration as soon as possible, 


For example of gas concentration of SPAN and ZERO gas 


SPAN Gas 

°2 ; 20.81% (Never excess 21 %, but over 20.8%) 

CO2; 1.802% (Never excess 2%, but over 1.800%) 

CH
4 

; 1809 ppm (Never excess 2000 ppm, but over 1800 ppm) 

Nl ; Balance 

ZERO Gas 

02 ; 19.06% 

CO 2 ; 0% 

CH4 ; 0% 

N2 ; Balance 
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Calibration Proeedure Equipment 

SPAN - Start calibration in the order, select "File" ~ "Open", the 

menu box showing the program list. 

- Run the program for 02 calibration, "Cal.tst" ~ push "OK" 

button. 

** Changing the mode on menu bar from "Mode-Edit" to be 

"Mode - Run" 

- Make the ° 
2 

calibration file. Type file name in the fill box. 

For example. 

EX 7i~N-Exren&on 

Year Month Date 

- Push the "Start" button. 

*The program indicates the oxygen concentrate and voltage 

continuously. 

- Set the concentrate of SPAN gas and ZERO gas. 

*see the label on the standard gas bottles. 

- PCl 

- Insert enough deep both ° 2 & CO2 - CH4 gas sampling tube to 

the distributor of SPAN gas. 

- Flow the SPAN gas at around 2 Llmin 

* Open the main valve (on the right hand) ~ the middle valve 

~ the flow controller valve (on the left hand) 

- Gas distributor 

- SPAN gas 

bottle 

- Input the SPAN gas concentrate to the 02 analyzer (see 02 

conc. on SPAN gas bottle) 

- Push "Menu"~Select "Manual cal" ~Enter password 

"4000" ~Select "High cal" ~ Enter ° 2 gas conc. ~ Push 

"OK", when indicated value shows stable ~ Wait, until 

monitor change automatically ~ push "MEASURE" button. 

-02 analyzer 
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~-4____________________p_r_o_c_e_d_U_R____________________~__E_q_U_I_'p_m_e_n_t__~ 
- Input the SPAN gas concentrate to the CO2 analyzer (see - CO2 analyzer 

CO
2 

conc. on SPAN gas bottle), push the "DISP" button to 

check set value. If it is the same value, do not need to set it again, 

but if it is different can be setting by push "DIGIT" button to 

choose the position, and "SET" button to select the number. 

- Input the SPAN gas concentrate to the CH 
4 

analyzer (see - CH
4 

analyzer 

CH 
4 

conc. on SPAN gas bottle) in the same way as CO 
2 

analyzer . 

• Push "SPAN' button on the CO2 and CH .. analyzer, when the - CO
2 

, CH.. 

indicators show stable value. analyzer 

- Select "Yes" at the monitor of ° analyzer alyzer
2 

-PCl 

during calibration around 15 sec. 

*The program logs the voltage during 15 sec. 

- Stop SPAN gas flow 

- Push "Span" button, and then "Calibration" lamp lights on 

- SPAN gas tank 

*Close the flow controller valve (on the left hand) ~ the 

middle valve ~ the main valve (on the right hand) 

ZERO - Insert, enough deep, both ° & CO2 - CH 4 gas sampling tube - Gas distributor 2 

to the tube of ZERO gas - SPAN gas 

- Flow the ZERO gas at around 4 Llmin bottle 

*Open in the same way as SPAN gas bottle. 

- Push "ZERO" on the CO and CH
4 

analyzer, when indicator 
2 

shows stable value. 


** For "ZERO" gas do not need to set gas concentrate on the 


°2' CO2 and CH 4 analyzer again. 


*Increase zero gas flow more, if indicated value on the CO
2 

or 


CH.. is far from O. 
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Calibration Procedure Equipment 

- Confinn that it is same the concentrate of ZERO gas on a 

monitor as ZERO gas concentrate on the label. 

- Push "Zero" button, and then "Calibration" lamp lights on 

during calibration around 15 sec. 

- Finish the program "Ca1.tst" by changing the mode on menu bar 

from "Mode-Run" to be "Mode-Edit" and then close the file 

recorder window. 

- PCI 

- Stop ZERO gas flow. 

·Close in the same way as SPAN gas bottle. 

- Return the both CO
2 

& CO
2 

- CH 4 gas sampling tube to the 

distributor. 

- SPAN gas 

bottle 

- Gas distributor 

The da)': changing measurement 

9:00 - Stop the Data logging program "TEST_HEAD4." 

- Stop the Data logging program for chewing activity "Pico 

Log". 

Inside - PCI 

-PC2 

- Open the door ofhead cage. 

- Collect the all residue. 

- Close the lower door of the head cage. 

- Change the stream by the valve. 

- Head cage I ~ Head cage 2 

- Head cage 3 ~ Head cage 4 

• Never close both valves at the same time on the stream, to 

prevent low pressure in the stream tube. 

- Remove the halters and attach them to the next cattle. 

- Move the Network cameras to the front of next head cage. 

- Check the hood, too tight or too loose. 

- Collect all Feaces & urine on the stall. 

- Change the Feaces box & urine tank to new one. 

Outside 
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Aowcelll 

z 

'- -.....I...-of::IIi!IS flow 
-- Bedric si~ 
-- PlM"ge gas flow 
-- Drained water flow 

, 
1ll'W;1 N. 1 'J~1J1J1!ml~,..j'fll':i111U'~ (Respiratory analysis system) 

~1Jl: Department of Livestock Development (DLD), Japan International Research Center for 

Agricultural Sciences (JIRCAS) 
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_ Respiratory gas tube 

- Watertube 
Si~ ailile for mewing activity 
LAN aille for network amera 

'IJI 	 jI • JI JI 

Il1ftii N.2 	 f11'i~fI~~'i~1J1J'Yi'tl1f1tilCJ1111mnJ'Hl(I'1I 'Yimh ~fl~'tI~m11.l1f1~1'U1'Ufli'~'\I'tI~f11'itfitJ1 

m'Hl'i m'~ fl"''tIn~lI'ii1f1 

~lJl : Department of Livestock Development (DLD), Japan International Research Center for 

Agricultural Sciences (nRCAS) 
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. 
... 91'

1l1'ft'fl N.3 ~mJ ( Incubator) 

.... 
1l1'ft'fl N.4 ffl'H'~~ltJ ( media mixture solution) 



117 

,; ; 121 c 
I 

GP( mil 200 mg DM) UY.~ - GPt) J 200 x (FH + Fe) 12 ] 

W(mgDM) 

. .. 
.. Q.I Q Q,I Q r:'I ., • 

.m'..,1 N.S 'U'U~f)'U t'VIfl'Uflflll1~fll'HH'~fllC)j' (Gas productlon techmque) 
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.ei IJI d Q,tIJI Q; 

1ll'W'tl N.7 'Htyl Mulato II UWl 'YImfJfl1'j~fI 45 'l'W 
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. .,... 1...... gIIII ...
1Il'ft'fl N.9 fI'VfWt:IJfN t1'W rrmf;;! el~ 12 - 15 t~eu 

. .., 
lIl'ftil N.10 f11'iNff:IJel'Hn-itu 1~Velffmflle~Nff:IJel'HU UiJiJil~~~tfl~V1fl 

OJ 
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, I j/ , , 

.f11't'tfl N.13 m~i~,hvi1rnlf1'V1~'Hltl~ ~1mflltl~i~~\l~tl~ 'VIfl'UVlJ 4 9ilU111..h (fl~1V!Ii'I:::fl1ml11) 

. ., . 
.f11't'tfl N.14 lf1'V1f1~tl~ !~V~h!Cjftl~oij'~!~V1 
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. . 
.... !II '" 'I d 'I !II • !II

fIlt'itl ~U5 'i:t:'U'U'HtI'i'l~fl1'i'H1fJ ~'iIU'U'U Head cage respiration 11'H1fl ~'iI!'lI1- t1t1fl (ff'l'lJ'H'lJ1) 'iI:t:Qfl 

0'" <I !II !II r:I "" <I ill ill <I 
'lJ11J11~m1:t:'Hfl111Jt'll1J'lI'lJ'lItI'ifl1ttftltlflttf~'iI'lJ (02) fIl'i'UtI'lJ l~t1t1fllttf~ (C02) U~~ 

d !II 
1Jt11'lJ (CH4) (mftttf1fJU~~m'Vt'll11) 

. . 
.... !II.., 'I "" 'I !II I !II

.fllt'itl N.16 'i:t:'U'U'HtI'i1~fl1'imfJ !'iIU'U'U Head cage respiration l1'Hlf.1l'il~'n - t1t1fl (ff1'lJ'H'lJ1) 
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.ci ~Q.,I GI 	 d qil "QI
ilTWYI N.17 	j~'U'UlH)~1~fl1j'l11lJ t'-'U'U'U Head cage respiration 'VI'111lJ t,.t1Jl- mm (ff1U'HiH) 

(1ll....~llJ ml~ 1ll....1J11) 
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1l1't't~ N.20 fll';rltll't'tJ:i'Hl'Ul'Ufll'l11'J U~::; \!~ ~1mfl~O~ SHIMADZU auto calculating adiabatic bomb 

calorimeter (SHIMADZU CA - 4PJ, SHIMADZU Corporation, Japan) 
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.• 
1'U;i 1 

•.., ... 
1'Ufl2 

... ... 
1'Ufl3 

1.00 1.00 

2.00 2.00 

3.00 3.00 

4.00 4.00 

5.00 5.00 

6.00 6.00 

7.00 7.00 

8.00 8.00* (12 hr) 

9.00 9.00 

lO.oo 10.00 

11.00 11.00 

12.00 12.00* (8 hr) 

13.00 13.00 

14.00 14.00 

15.00 15.00 

16.00 16.00* (4 hr) 

17.00 17.00 

18.00 18.00 

19.00 19.00 

20.00* (48 hr) 20.00* (24 hr) 20.00 ** lil1J 

21.00 21.00 21.00 

22.00 22.00 22.00 

23.00 23.00 23.00 

24.00 24.00 24.00 

*'Hdm,.lq.!l~~f).!lm'llL'lhfl\J11f1148, 24, 12, 8 Utt~ 4 ~111J.!l ;tl1Jih~U 
" **lmq.!l';.!l'H1J;tf)f)flVlflm~ll'fl~ll1J'IJ 
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ltJUUUfl11UtlUiJa1U'UH1::ITt 1:: 1III'U 

11fi~~1f1~tn111'n'lfjm::''t'f1::111JlJ o~fl1.h:m)1Ju~a:ri1lJ'Uo~tn111n:ijf111~Omm1lJ~ 
, '" ,. ,~ , 'WI "d '1" t l.d i JJ 4 ,~. d 

llP!f1P!l~f1lJ WI11~U1f1ff1lJ'YItlOtlffa1t1 L~U11 L,Ulf1 ff1lJ'YIa::a1t1 f11110ff1lJ'YIlJ'UlJ1f11af1lJ1f1 ~::t;.}f1 

UOtlffa1t1';lJ;; 'UW::l~tl1t1lJ~ij ,ftlJ'YI~Vl.u'litJ'lJf.l~ ilJti6lJ 1146~6tJffa1t1ri1lJ~ ilia::a1V1f1t1611111 

~ij1:tI::l1a1~6-1116,ftlJ'YI~Vl.u'1~6lJffa1t1 fl61:tI::~1~tlf111Iag phase 

0rskov, E.R.(1992) iA6i1J1t1fif1\1w:f111~6t1ffa1t1'UfHtn1111lL~a:"i!f1~ij6~fi'tJ1::f10U 
" ~l-11t1lJlla::ijfif1\1w::f111U6lJffa1t1iA'11 a1t11tJUUU.r-1l~6 i tJil 

1. 611111 ri1lJ~a::a1t1 i A41t1 lla:: iliih::lJ::l1a1~~6-1116'ftlJ 'YI~V,.u'lV6 tlffa1t1tn1111 

~-1IJlJlrl6tn1111L.u'lfjm::''t'f1::11lJlJ ~~::'~lJV6t1ffa1t1';lJ;; 1f1tlfllf111U6t1ffa1t1~::'~lJ~ 0 % ua:: 

m1111ff1lJ11C1V6t1ffa1t1iA'6~l-11fflJ'U1W' 100 % fflJf111V6t1ffa1t1fl6 

I P=100(l-e-cl) I 
• .. QI o.t a " 

DegradatIon curve lJnf1\1w::f1~lJ 

Degradation (%) 

100 

Time (hrs) 
o . 

;;lJ1 : 0rskov, E.R. (1992) 

,. t ~ iP 'i'. .,J"..... ~" ,2. tn1111lJff1lJ'YIn::n1t1 'j>J UP! lJlJ1::tI:l1a1'Y1P!6-1116,alJ'YI1t1l'U1t16t1tn111' (lag phase) 

~~JlJ,rl6611111L'lfjf1':''t'f1::11lJlJ ~::ijfi1lJ~n:n1t1 iAUn::V6t1fftntl i A'';lJ;; (a) ~llJ1lJ11 rt-1l 1lJ 

'Uw:a~tl1tilJ ri1lJ~ilin:n1lJU~ff1lJ11mfifl'U1J1lJf11'11,jf1r.i6t1iA' (b) ~::t;.}f1V6t1ffn1t1i~';lJ;;1f1t1 
iliij lag phase fflJf111f111U6t1ffa1t1fl6 



• • 

127 

p a+bO-e-cl) 

I 

fhtif)VffillfJil,s1{111ill~1{1 '1 (%) 

a fllfl1'iil::mv '~'\If){I soluble material (%) 

b thlJ~',jil::illfJU~ffllJ1'iiUii~'\IU1'lJfl1n1,jf1tif)fJ'~ 

(insoluble but fermentable material, %) 

c tl~'ilfl1'itif)fJffillfJ (degradation rate) '\If){I b 

t ,s1{1'i::fJ::l1ill~1{1 '1 (incubated time, hrs) 
" .

l~fJfllfl1'itif)fJffillfHI::',ji1{1 100% (a + b < 100) "'{lU'lJth'lJiltif)fJffillfJ',j'~'lJm::'''''lt 
..=:t ,.. '" cI.. Q,I .c:l " 

1111'lJ~{I'Vllf1U 100 - (a + b) Degradation curve lIilf1l:1W::~{I'lJ 

Degradation (%) 

b I, 
I 
I, 
I 
I 

----------------------------------T 
a Time (hrs) 

..; 

run: 0rskov, E.R. (1992) 
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3. e1't111'~~"hlJ~~::l'nfl'~ UlP1~1::fl::11~1~,iilJfI;6~t)~L~1th)flff~1fle1't111 (lag phase) 
, r .d.~ I ... J 01 

mlflt)flff~1fl'\lt)~ff'llJfI Lll~::mfl ~::lfWI'\llJ't1~~'In01::m: lag phase 

Degradation (%) 

a=O Time (hrs) 

lag phase 

Degradation (%) 

I 

I 

I , 

I I I 

: b : b 

I


• 
a ..• Time (hrs) 

I 

I 


I 

I 


I 

I 


I 

I 


I 
 I • 
a I I 


-----------------------------------y-­

, , -ct 
P=a +b (l-e) 

.d 

flll1 : 0rskov, E.R. (1992) 
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4. tl1111':i ij~~ tY1'U~~::~ltJ'~ Ll~:: ij";1~l1~1~A'O~ ':i 0hf,ii1J 'VI! 6l"'lthWff~ltJOTM 1':i 
II .Q II • 

~~U1J;~ij";1~ lag phase ";1~111J~ l1ft~'illnU1J tY11Jli':um:~ltJ;~lflAf11':idotJff~ltJ 

Degradation (%) 

, 
I 

I 
I 
I, 
I 
I 
I 

... 

I bib': : 
, I 

I I 
I 

,I ,
a I I,, ,. . 

r-~/~~-----------------------------~
I I 


I I 

I I Time (hrs) ,,, 

I 

, 
 I 

Ia 
-----------------------------------y-. 

P = at + b' (I e-<:1) 

4 
l1l0 P 

. 
'J .. t • 

fI1f11':itJotJfI'mtJ'Yl'!r1~n~lAl~ ., (%) 

A fhf11':i~::~ltJ'~'UO~ soluble material (%) 

B tY11J~,:U~::~ltJU~ fl'11l1':i mflA'U1.J11Jf11 ':i11,jndov, ~ 

(insoluble but fennentable material, %) 

tl~':iln1':idovfl'~ltJ (degradation rate) 'UO{l b 

I 
(a + b) ­ a .... 

'YllJl : 0rskov, E.R. (1992) 
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W =weight., R =residue, Fl = Feed intake, F = Feces, U = Urine, G = gas, Wt = Water, M = Mix sample 

DATE Day Exp. period Activity Cattle 1 Cattle 2 Cattle 3 Cattle 4 

1112107 Sat 1 Adaptation 7.00 weight W W W W 

9.00 collection 

period start 

2112/07 Sun 2 Adaptation FI, R Fl, R Fl,R FI, R 

3/12107 Mon 3 Adaptation FI, R FI, R FI, R FI, R 

4112/07 Tue 4 Adaptation FI, R FI, R FI,R FI, R 

5112107 Wed 5 Adaptation FI,R FI, R FI,R FI, R 

6112/07 Thu 6 Adaptation Sampling. FI+R FI, R FI, R FI, R Fl, R 

7112107 Fri 7 Adaptation FI, R FI, R FI, R Fl, R 

8112/07 Sat 8 Adaptation FI, R FI,R FI, R FI,R 

9/12/07 Sun 9 Adaptation FI, R FI, R FI, R FI,R 

10112107 Mon 10 Adaptation FI, R FI, R ! FI,R FI, R 

11112/07 Tue 11 Adaptation FI, R Fl, R FI, R FI, R 

12112107 Wed 12 Adaptation FI, R FI, R FI, R Fl, R 

13112/07 Thu 13 Adaptation Fl,R FI, R FI, R FI,R 

14112107 Fri 14 Adaptation Sampling. FI+R FI, R Fl, R FI, R FI, R 

15112/07 Sat 1 Collection 7.00 weight 9.00 W.R,O, W,R,O, W,R,O, W,R,O, 

U,F,WI U.F.WI U,F, WI U,F,WI 

collection period 

start 

16112107 Son 2 Collection W,R.O, W,R,O, W,R,O, W,R,O, 

U,F,WI U,F,WI U,F,WI U,F,WI 

17112107 Mon 3 Collection W,R,O, W,R,O, W,R,O, W,R,O, 

U,F,WI U,F,WI U,f, WI U,f.WI 

18/12107 Tue 4 Collection W,R.O. W,R,O, W,R.O, W,R.O, 

U,f.WI U,F,WI U,f, WI U.F, WI 

19112/07 Wed 5 Collection W,R.O, W,R,O, W,R,O, W,R,O, 

U,F.WI U.F, WI U,F, WI U.F,WI 

20/12/07 Thu 6 Collection W.R.O, W,R,O, W,R,O. W,R,O, 

U,F,WI U,F,WI U,F,WI U,F.WI 

2II12107 Fri 7 Collection 9.00 weight, end W,R,O, W,R,O, W,R,O, W,R,O, 

U,F,WI,M U,F,WI, U,F,WI, U,F,WI, 

period 
M M M 
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.. ..t ~ "''''., ~I'" I " 9tl'nUl N.3 UFfUf111Vl~Hn).:jVl 3 f111fln\llllJ"11Jm'lI)j'lJ'Uf)~'t'tlHnu U~~lJl~LlJ'Ufllfl11lJ "f)~f111 

..4 " ",
't't"'~~1'Ul"'f)f111L'illt:yL~1J 1"'Uf)~1flYi'Ulijf)~'VltJl't'tf1~ \lnnrnm~tJ 84 nn. (f)l~f)d 

i'UcH1~ 12-15 ltlf)'U) (25 ~.fI.2550 - 22 n."'. 2551) 

W = weight, R = residue, FI = Feed intake, F = Feces, U = Urine, G =gas, Wt = Water, M Mix sample 

DATE Day Exp.perlod Activity Cattle 

1 

Cattle 

2 

Cattle 

3 

Cattle 

4 

Cattle 

S 

Cattle , 
25/10107 Thu 1 collection 7.00 weight 

9.00collection 

period start 

w w w w w w 

26110107 Fri 2 collection Fl. R FI, R FI, R FI,R FI,R FI, R 

27/10/07 Sat 3 collection FI, R FI, R FI, R FI, R FI,R FI, R 

28/10107 Sun 4 collection FI, R FI,R FI,R Fl,R FI,R FI, R 

29110107 Man 5 collection Fl. R FI,R FI.R FI, R FI,R FI, R. 

30110/07 Tue 6 collection FI,R Fl. R FI, R FI, R FI, R Fl. R 

31110107 Wed 7 collection FI,R FI, R FI,R FI, R FI,R Fl, R 

1111107 Thu 8 collection Sampling. FI+R FI,R FI,R FI,R FI,R FI.R FI, R 

2111107 Fri 9 collection 9.00 weight-

Feed adjust 

FI,R FI, R FI.R FI,R FI.R FI.R 

3111107 Sat 10 collection FI,R FI,R FI, R FI, R FI.R FI.R 

4111107 Sun II collection FI, R FI, R FI, R FI, R FI,R FI,R 

5111107 Man 12 collection FI,R FI, R FI, R FI, R FI,R FI, R 

6111107 Tue 13 collection FI, R Fl. R FI,R FI,R FI,R FI,R 

7/1 1107 Wed 14 collection FI, R FI,R FI,R Fl. R FI.R FI,R 

8111107 Thu 15 collection Sampling. FI+R FI, R FI, R FI,R FI,R FI,R FI,R 

9/11107 Fri 16 collection 9.00 weight-

Feed adjust 

FI, R FI,R FI, R FI.R FI, R FI,R 

I 

10111107 Sat 17 collection FI,R FI,R FI, R FI, R FI, R FI,R 

11111107 San 18 collection FI.R Fl. R FI.R Fl. R FI, R FI, R 

12111107 Moo 19 collection FI.R FI,R FI,R FI.R Fl. R Fl. R 

13/11107 Tue 20 collection FI,R FI, R FI, R FI,R Fl. R FI.R 

14111107 Wed 21 collection Fl. R FI,R FI.R FI,R FI, R FI, R 
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ft11H'rI H.3 Uf.!Um1'V1fltltH'VI 3 m'"fl1:l1LlJfll1Jtltl'lrlJ'Utl~\'Itl'H1U Utl::1J1::LlJUfllfl11lJ fltl~m1 
t " ".

\'I~~~lUL-ntlm1''\l1fYlii1J lfl'Utl~ lfl-nuLijtl~ ''VIVl\'lff~ 'tlnnl'mDati 84 flfl. (tlllltlg 

lu')h~ 12-15 L~tlU) (25 fl.fl.2550 - 22 fl.\'I. 2551) (~tl) 

W weight, R = residue, FI = Feed intake, F = Feces, U = Urine, G = gas, Wt = Water, M= Mix sample 

DATE Day Exp.perlod Activity Cattle Cattle Cattle Cattle Cattle Cattle 

1 2 3 4 S 6 

• 15111107 Thu 22 collection Sampling. FI+R w w w w w w 

16111/07 Fri 23 collection 9.00 weight­ FI,R FI.R FI.R FI.R FI.R FI, R 

Feed adjust 

17/11107 Sat 24 collection FI, R FI,R FI, R FI,R FI.R F1, R 

18/11/07 Sun 25 collection FI,R FI,R FI,R FI,R FI, R FI, R 

19111107 Mon 26 collection FI,R FI, R FI,R FI,R FI, R FI, R 

20111107 Tue 27 collection Fl. R Fl. R FI.R FI,R FI, R FI,R 

21/11107 Wed llection FI,R FI, R Fl. R FI, R FI,R FI, R 

22111107 Thu 29 collection Sampling. FI+R FI,R FI,R FI,R FI, R FI,R FI, R 
i 

23/11/07 Fri 30 collection 9.00 weight- FI.R FI,R FI, R FI, R FI, R FI,R 

Feed adjust 

24/11107 Sat 31 collection FI,R FI, R FI,R FI,R FI,R FI,R 

25/11107 Sun 32 collection FI,R FI,R FI, R FI,R FI,R FI,R 

26/11107 I Mon 33 collection FI,R FI, R FI, R FI,R FI, R FI,R 

27111107 Tue 34 collection FI, R FI,R FI,R FI,R FI,R FI,R 

28/11107 Wcd 35 collection FI, R FI, R FI, R FI, R FI, R FI,R 

29/11107 Thu 36 collection Sampling. FI+R FI,R FI, R FI,R FI, R FI, R FI,R i 

30/11107 Fri 37 collection 9.00 weight­ FI,R FI, R FI, R FI,R FI,R FI,R . 

Feed adjust 

1112107 Sat 38 collection FI,R FI, R FI,R FI,R FI,R ~ 
2112107 Son 39 collection FI,R FI,R FI,R FI, R FI,R FI,R 

3/12107 Man 40 collection FI,R FI,R FI,R FI, R FI, R FI,R 

4/12107 Tue 41 collection FI, R FI, FI,R FI,R FI,R FI, R 

5/12107 Wed 42 collection FI, R FI, R FI, R FI,R FI, R FI, R 

. 
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• JI 'II. 

'VttlH1UIVf'f)mll\l~tyL9i1J1f1't1m1flVfuli1'f)~ ''YIm'VtfY~ ,h't1um~a~ 84 flfl. (m~'f)d 

'U'1i1~ 12-15 L~'f)U) (25 fI.fl.2550 - 22 fl.'Vt. 2551) (~'f)) 

W =weight, R =residue, FI = Feed intake, F == Feces, U = Urine, G = gas, Wt =Water, M = Mix sample 

DATE Day Exp. period Activity Cattle Cattle Cattle Cattle Cattle Cattle 

I I 2 3 4 S Ii 

6/12107 Thu 43 collection Sampling. FI+R w w w w w w 

I 7/12107 Fri 44 collection 9.00 weight- FI, R FI,R FI,R FI, R Fl. R FI, R 

I 
Feed adjust 

• 8/12107 Sat 45 collection FI, R FI,R Fl. R Fl. R FI, R FI, R 

9/12/07 Sun 46 collection FI, R FI, R FI,R FI,R FI, R FI, R 

10/12107 Man 47 collection Fl. R FI, R FI,R FI,R FI, R FI, R 

11/12107 Too 48 collection FI, R FI, R FI,R F[,R F[,R F[, R 

[2112107 Wed 49 collection F[, R FI, R FI,R FI, R FI,R FI, R 

13/12107 Thu 50 collection Sampling. FI+R FI, R FI, R FI,R FI, R FI,R FI,R 

14/12107 Fri 51 collection 9.00 weight­ FI,R FI, R FI, R FI,R FI, R FI,R 

Feed adjust 

15112107 Sat 52 collection FI, R FI,R Fl. R FI,R FI, R FI, R 

16112107 Sun 53 collection FI, R FI, R FI,R Fl. R FI,R FI, R 

17/12107 Moo 54 collection FI,R FI,R FI,R FI, R Fl. R FI,R 

18/12107 Tue 55 collection FI,R FI, R FI,R FI, R FI, R FI,R 

19/12107 Wed S6 collection FI,R FI,R FI, R FI,R FI,R FI, R 

20112107 Thu 57 collection Sampling. FI+R FI, R FI, R FI,R FI, R FI, R FI, R 

21112107 Fri 58 collection 9.00 weight- FI, R FI,R FI,R FI, R FI, R FI, R 

Feed adjust 

22112107 Sat 59 collection FI,R FI,R FI, R FI.R FI, R F[,R 

23/12107 Soo 60 collection FI,R F[,R FI, R FI,R F[, R FI, R 

24112107 Man 6[ collection FI,R FI,R FI,R FI,R FI,R FI, R 

25112107 Tue 62 collection FI,R FI,R FI,R FI, R FI.R FI,R 

26112107 Wed 63 collection FI, R FI,R FI, R FI,R FI, R F[,R 
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til., , 

'nn~~1'WL-W{)f1l1L~'if\Jl~'U lfl-u6~ lfl-W'Wl1j{)~ ''YItJL'nff~ unnrmuatJ 84 fln. (m~{)d, '" .'W')J1~ 12-15 If}{)'W) (25 fl.fl.2550 - 22 fl.'n. 2551) (fl6) 

W = weight, R = residue, FI = Feed intake, F =Feces, U = Urine, G = gas. Wt = Water, M = Mix sample 

DATE Day Exp.period Activity Cattle Cattle Cattle Cattle Cattle Cattle 

1 1 3 4 S 6 

27/12107 Thu 64 collection Sampling. FI+R W W W W W W 
i 

128112107 Fri 65 collection 9.00 weight­ FI,R FI,R FI,R FI, R FI, R FI, R 

Feed adjust 

I 29112107 Sat 66 collection Fl. R FI, R Fl. R FI,R FI, R FI.R 

• 30112107 Sun 67 collection FI, R FI, R Fl. R Fl. R Fl. R FI, R 

31112107 Mon 68 collection F1, R FI.R FI.R FI, R Fl. R FI, R 

111108 Tue 69 collection FI,R FI,R FI, R FI, R Fl. R FI,R 

! 211108 Wed 70 collection FI,R FI,R Fl. R Fl. R FI, R FI,R 

! 3/1108 Thu 71 collection Sampling. FI+R FI, R Fl. R FI,R FI, R Fl. R FI, R 

411108 Fri 72 collection 9.00 weight- FI, R FI.R FI, R FI, R FI, R FI, R 

Feed adjust 

TlRl T2Rl T3Rl R2 

511108 Sat 73 collection 7.00 weight W,R,G, W.R.G, W,R.G, W.R.G, W,R.G. W,R,G. 

V,F.WI V,F, WI V.F,WI V,F.WI V,F, WI V,F,WI 
9,OOcolIection 

period start 

I 611/08 Sun 74 collection collection W,R,G, W,R,G. W,R,G, W,R.G, W,R,G, W,R.G, 

V,F,WI V,F, WI V,F,WI V,F, WI V,F, WI V,F, WI 

I 7/1108 Mon 75 collection collection W,R.G, W,R,G, W,R,G, W,R,G, W,R,G, W,R,G, 

V,F,WI V,F,WI V,F,WI V,F,WI V.F, WI V,F.WI 

8/1108 Tue 76 collection collection W.R,G, W.R,G, W.R,G, W,R,G, W.R,G, W.R,G, 

V,F,WI V,F, WI V,F,WI V,F, WI V,F. WI V,F, WI 

9/1108 Wed 77 collection collection W,R.G. W,R.G, W,R.G. W,R,G. W.R,O, W,R.G, 

V.F, WI V,F, WI V,F.WI V.F.WI V,F.WI V,F.WI 

1011108 Thu 78 collection collection W.R,G, W.R,G, W,R,G. W.R.G, W,R,G. W,R.G, 

V.F.WI V,F, WI V,F,WI V.f, WI V,f.WI V,F, WI 

I II I lOS Fri collection 9,00 weight- W,R.G. W,R,G. W,R,G. W.R.G. W,R,o. W,R.Ci. 

V,F,WI,M V.f.WI,M V,F,Wt.M V.F,Wt,M 
UJ',W~M U,I',W~ 

Feed adjust 

1211108 Sat 79 FI, R FI,R FI,R FI,R FI,R FI, R 

13/1108 Son 80 FI.R Fl. R FI.R Fl. R FI, R FI, R 
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W weight, R = residue, FI = Feed intake, F = Feces, U = Urine, G =gas, Wt =Water, M = Mix sample 

IDATE Day Exp.period Activity Cattle 

I 

Cattle 

2 

Cattle 

3 

Cattle 

4 

Cattle 

S 

Cattle 

(j 

1411108 Mon 81 FI,R FI,R FI,R FI, R FI,R FI, R 

15/1/08 Tue 82 FI,R FI, R FI, R FI,R FI, R FI, R 

1611108 Wed 83 FI, R Fl. R FI,R Fl. R FI, R FI, R 

1711108 Thu 84 FI.R FI.R FI, R Fl. R FI, R FI, R 

T2R2 T3R2 TIR3 T2R3 

18/1108 Fri 85 collection 7.00 weight 

9.00collectio 

n period start 

W,R,G, 

U,F, WI 

W,R.G, 

U,F,WI 

W,R,G, 

U.F, WI 

W,R.G, 

U.F, WI 

W,R,G, 

U,F, 

WI 

W,R.G, 

U,F, 

WI 

1911108 Sat 86 collection collection W.R.G. 

U,F, WI 

W,R,G, 

U,F,WI 

W,R,G, 

U,F, WI 

W,R,G, 

U,F,WI 

W,R.G, 

U,F, 

WI 

W,R.G, 

U,F. 

WI 

20/1108 Sun 87 collection collection 
W,R,G, 

U.F. WI 

W.R,G. 

U.F. WI 

W.R.O. 

U.F.WI 

W.R,O, 

U.F, WI 

W.R,O, 

U.F. 

WI 

W.R,G. 

U.F, 

WI 

21/1108 

i 

Mon 88 collection collection 
W,R,O, 

U.F,WI 

W.R,G, 

U,F, WI 

W,R,G, 

U,F.WI 

W.R,O, 

U.F, WI 

W,R.G. 

U,F, 

WI 

W,R,G. 

U,F, 

WI 

2211/08 The 89 collection collection W.R.G, 

U,F, WI 

W.R.G. 

U.F.WI 

W.R.G. 

U.F.WI 

W,R,O. 

U.F, WI 

W.R.O. 

U.F, 

WI 

W,R.O, 

U.F. 

WI 

23/1108 Wed 90 collection collection W,R.G, 

U.F.WI 

W,R.O. 

U.F.WI 

W,R.O, 

U.F. WI 

W,R,O, 

U.F, WI 

W,R,O, 

U.F. 

WI 

W,R.G. 

U.F. 

WI 

2411108 Thu 91 collection 9.00 weight-

Feed adjust 

W.R.O, 

U.F.WI 

WtR,Ot 

U.F.WI 

W.R,G. 

U.F. WI 

W.R.G. 

U,F.WI 

W,R.O, 

U,F, 

WI 

W,R,O. 

U,F, 

WI 

• 25/1108 Fri 92 FI,R FI, R FI,R FI,R FI, R FI, R 

2611108 Sat 93 FI,R FI, R FI,R FI, R FI,R FI, R 

27/1108 Sun 94 FI,R FI,R FI,R FI.R FI,R Fl. R 

28/1108 Mon 95 FI,R FI, R Fl. R Fl. R Fl. R FI,R 
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...n;-1-1114L~Vm'LlQi'Y1~tllli1'Uv~lfl~14l;jV~ 'l1lJl'Wff~ ll"l11rm~~tJ 84 f)f). (m~t)d 

114.,$1-1 12-15 l~t)14) (25 IiIfl.2550 - 22 f)'W. 2551) (At) 

W = weight, R = residue, FI = Feed intake, F = Feces, U Urine, G =gas, Wt =Water, M = Mix sample 

DATE Day Exp.period Activity Cattle 

1 

Cattle 

1 

Cattle 

3 

Cattle 

4 

Cattle 

5 

Cattle 

{; 

29/1108 

, 
30/1/08 

Tue 

Wed 

96 

97 

Fl. R 

FI,R 

FI.R 

Fl. R 

Fl. R 

FI.R 

FI,R 

Fl. R 

FI.R 

Fl. R 

Fl.R 

Fl. R 

T3R3 TIR4 T2R4 T3R4 

3111108 Thu 98 collection 7.00 weight 

9.00collection 

W,R.O, 

V,F, WI 

W.R,Cl, 

V,F,WI 

W,R.Cl, 

V,F,WI 

W,R.Cl, 

V,F, WI 

W,R,Cl, 

V,F, WI 

W,R,Cl, 

V,F, WI 

period start 

112108 

212108 

312108 

412108 

Fri 

Sat 

Son 

Mon 

99 

100 

101 

102 

collection 

collection 

collection 

collection 

collection 

collection 

collection 

collection 

W.R,Cl, 

U,F.WI,M 

W,R,Cl, 

U,F,WI,M 

W.R,O, 

V,F,WI,M 

W.R,G, 

V,F,WI,M 

W,R,Cl, 

V,F,WI,M 

W,R,Cl, 

V,F,WI,M 

W,R,Cl, 

V,F,Wt,M 

W,R,G, 

V,F,WI.M 

• W,R.Cl. 

U.F,WI,M 

W.R,Cl, 

V,F,Wt,M 

W,R,Cl, 

U,F,Wt,M 

W,R.O. 

U,F,Wt.M 

W.R,G, 

U,F,WI.M 

W,R,Cl, 

V,F,Wt,M 

W,R,Cl, 

V,F,WI,M 

W,R,Cl, 

V,F.WI,M 

W.R.O. 

U,F,W~M 

W,R,o. 

U,F,Wt,M 

W,RA 

U,F,W~M 

W,R,O. 

U.F,W~M 

W.R.O. 

U,F.Wt,M 

W.R.o. 

U.F,W~M 

W,R,O, 

U,P,Wt,M 

W,R.O. 

U.F.W~M 

DATE 

512108 Tue 

Day 

103 

Exp. period 

collection 

Activity 

collection 

Cattle 

1 

W,R.G, 

U.F,WI 

Cattle 

1 

W,R,G, 

U,F.WI 

Cattle 

3 

W.R.G. 

U.F.WI 

Cattle 

4 

W.R,O, 

V,F,WI 

Cattle 

5 

W,R,O, 

U.F.WI 

Cattle 

{; 

W.R.O, 

U.F,WI 

612108 

I 712108 

Wed 

Sat 

104 

105 

collection 9.00 weight, 

end period 

W.R.G, 

U,F.WI.M 

FI, R 

W,R,O, 

V.F,Wt,M 

FI, R 

W,R.G. 

U.F.Wt,M 

FI,R 

W,R,G, 

U,F,WI.M 

FI.R 

W,R.o. 

U,F.W~M 

Fl. R 

W.R.O, 

U,F,Wt,M 

FI, R 

I 8flI08 Sun 106 Sampling. FI+R FI.R FI, R FI.R FI, R FI,R FI, R 

i 912108 Mon 107 9.00 weight­ FI,R Fl, R FI.R FI,R FI.R FI,R 

1012108 Tue 108 

Feed adjust 

Fl. R FI,R FI,R FI,R FI,R FI, R 

[112108 Wed [09 FI,R F[,R FI.R Fl. R F[, R Fl. R 

[212108 Thu 110 F[,R FI, R I F[, R FI, R FI, R I FI, R 

1312108 Wed III FI,R FI, R FI, R FI,R FI,R FI,R 
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'W5~.:Jltll-WVfll'iUI;0J1~1J lA'Uv.:J lf1-Wtldiv.:J 'flvt'Wff~ Ul'H,rm~t;tJ 84 flfl. (Vl~Vd 
til .... , 
ltl'J1~ 12-151AVtl) (25 A.fI. 2550 - 22 fl.'W. 2551) (AV) 

W = weight, R =residue, Fl = Feed intake, F =Feces, U'" Urine, G =gas, Wt = Water, M = Mix sample 

DATE Day Exp. period Adlvlty Cattle 

I 

Cattle 

1 

Cattle 

3 

Cattle 

4 

Cattle 

5 

Cattle , 
1412/08 Thu 112 FI,R FI,R FI, R FI, R F1, R FI,R 

ISm08 Fri 113 Sampling. FI+R FI, R FI,R FI, R FI,R FI, R Fl. R 

1612/08 Sat 114 9.00 weight-

Feed adjust 

FI, R Fl. R FI.R Fl. R Fl. R F1,R 

1712/08 Son liS FI, R FI.R FI.R FI,R FI, R FI.R 

1812/08 Mon 116 FI,R FI,R Fl. R FI,R FI, R FI, R 

1912/08 Tue 117 FI, R 
. 
FI,R FI,R FI,R FI, R FI, R 

2012/08 Wed 118 FI, R FI, R FI,R FI,R FI,R FI, R 

2112/08 Thu 119 Sampling. FI+R FI,R FI, R FI, R FI, R FI,R Fl. R 

2212108 Fri 120 9.00 weight-

Feed adjust 

FI,R FI,R FI, R FI, R FI, R FI, R 
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'n.fl.2535 

o • '" QI ~ 
61Lflf.ll1Jf.l-3 ~~'I11~fJUlI'n'l1lil\J 

'n.fl.2539 

tlityty11'V1tJ1fllt'l'~1,jWeli~ (m~~lfllt'l'~!) 
41 GI QQ., 

t'l'1~lt'l'~1Ulll1J'I1n'VIUlllU'n'l1fltlfJUll'n'l1lil\J 

'Vt.fl.2544 

mf.1lt1l11'V1Ulflm~11J'I11,jwcn~ (lfl~~lfl1t'1'~!) 

(I 
st
Class HOl1ors) 

t'l'1~ln~1fllt'l'~! 1J'I111'V1Ulcim;u~ '1. 'I1:U 

'n.fl. 2544 - i1~,,j'I.J 

.. QI QI .. 

1J'I111'V1UlllUll'l1fltlfJUlIll'lflil\J 

'Vt.fl. 2548 - i1~,,j\J 

Q Q,I (V 4 

lJ'I111'V1 Ulll Ull'lffltl fJUlIll'lfli 1 \J 

1. 'tlu1m~mlliWI'l.J161~116 l::A1Jtli qJqJllf.lfl ~nfl 
Q QI GI 4 

1J'I1n'VItJ1nUll'lffltl~unll'lflil\J 

2. 'tlUt'l'ir1Jt'I'1j\Jfl111iuirflt1fl~1 l::A1JtliqJtyllf.lfl ~lfl 

i'J1Jll1~~\J 1~utT'l.J61iu1'V1Ulfl1t'1'~!m"fl~~1'I.J1\J1'lf19i 
UM-31.h::l'VIfl~~'I.J (Japan International Research Center for 

Agricultural Sciences, JIRCAS). Fellowship Program, 

2007 - 2008. (Project site type) . 
., .41 fill Q GI 

3. 'tl'I.Jt'I'UUff1j'I.Jl'nf.lml'VtWl'I.Jn'lflmn::~1J 

,jW4i91t1fl~l .,lfllJ,n1'V1UlnUf21J1I'n'l1lilU 
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